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VACCI NE Field of the Invention The present invention
relates to an i nproved Streptococcus pneunoni ae
waGsila711d Background of the Invention Chilgrap24086&979
than 2 years of age do not nount an imune response to
nost pol ysacchari de vaccines, so it has been necessary
to render the polysaccharides i mmunogeni ¢ by chem ca
conjugation to a protein & r. Coupling the
pol ysaccharide, a 10 T-in en ent antigen, to a
roteln a T- dependent antlgen confers upon the

6‘? ofthelnyantian { he ies of T dependency
D R eetiy s g BT St PR PRe. anc
nenDry i nducti on. However, there can be issues

vmgagkgﬁap,a%h@qmem,&,t rat| on of poI ysacchari de-protein
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Fmﬁmnhgérﬁ;soyicﬁérﬁlwsmngamm fRotEif baerC ChplingdiRe fdRBRkharide, a
VASELRE S| Dol et AN @X0ld rLIdBT LieP’ Bhls voon me

carrier was I'n"a dosa eous
i RRRFFeaTdeo e irererties rabgl) dgpen olypieg ixpbyBe catching,  affinity
p elayeaies; Bad ineleory thawadj. ugat e vaccine foll owing a

stand Q-qu/e{fé?ft'ﬁ)é}e c&%nges%tth’%peg%mﬁgﬁﬁ%ﬁ of);;ohfsg}%hande-protem

pneunococcal vacci ne was

r E3PsASE S drer qeEbippiion 5% P‘ﬂﬁ?%ﬁ'@&ﬁ%"ﬁ?“b’@?t?ﬁ t9rf°’81‘ mpljiyglent
Hiviccines)] #gasampiac it ihae bessregerted dbe ed Haernrophilua tinfimepzaenioa &
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r éniqrierenek of hegobivasehardeeBrsEiRly a fheeise ¢f therame é?ramsotem (Dagan
Caf &1 mrect(|mgan1$3) & 209&209&) Cl assi cal anal ysis of
t hese @ feGeh ¢ BF SR0YY L'dQ%gy@m%ﬁmrmgpnse{a the protain

descri bed as carrier 1 nduced epitopi C su%aess
whreiHias dlsqgseven i paymultiianetedt Bidmma'bn{anﬁénaé rteddhgt Kigigpsing
f t@dosaye @K & &f svakiDietabusabxoidaonjugate ipsultédcin defradsed msponse to
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ysacc
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Ine res F remai n technica
d| InEOHTS P n%enar@m*w?fgs ﬁ'ﬁ‘f"ts By E‘e W%é%?&?ﬂ“é?u de
conjugates into a single, efficacious, vaccine

formul ati on. St rept ococcus pneunonia is a

Gram positive bacteriumrespgonsi bl e for considerable
nmorbidity and nortality (particularly in the young and
aged), causing invasive 5 diseases such as pneunoni a,
bacteraem a and neningitis, and di seases associ at ed

wi th col onisation, such as acute Qtitis nedia. The
rate of pneunococcal pneunonia in the US for persons
over 60 years of age is estimated to be 3 to 8 per

100, 000. In 20% of cases this |eads to bacteraen a,
and ot her mani festations such as neningitis, with a
nortality rate close to 30% even with antibiotic
treatment. 10Pneunobcoccus is encapsul ated with a

chem cally linked polysaccharide which confers
serotype speC|f|C|ty There are 90 knomn serotypes of




Figure 6 Bar chart show ng anti-22F

opsono- phagocytosis titres in Balb/c mce. Fi gure
woBafethart conmparing 1gG responses | nducedpdierysdeidoro
Cg7Bl m ce after 35inmuni sation with 13 Val ent

conj ugate vaccine fornmulated in different adjuvants. 3
Figure 8 Bar chart show ng the protective efficacy of

g{_)gfelerl-(?%ﬁe Yhﬂe?eg l‘e@‘reagc énlr &L}ﬁs i) c aﬁ@rﬂ'}( E%Itl%@ %H@Q%r%nde
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Chl|dh00d i nfec rot

PR PO ATV T e RO, GF PURE T1FP e and e
preagsglade theforikiie yimleacecdeterminan fbr preumeoesolc anthe warsgle met only

va!rdtectse 1Rdmadt mw%f it badiRT Ran NBMPleEATLIBIt ¢ itsaif tfdory
lﬁlggrgotg&g nﬁélgs%c%?amfeﬁ arghl‘grét? Bgnedtentoaft %ﬁ% IaRAJ &nzngt b%ldzngejssxd or
15 ame:ﬁserrteq m/agweolqmleﬂmete@etam dT Jey W[bpwa\f?a/%wulate the
ex;aﬁ@rreb@&tbra roudh af RRENEE medahis Ohich Bivirds s finking ot aafaes

E}) Re prevented or reduced in severity. For

the urposes of this invention, "immnizing a human
host aljHAsRhPWRIRSeYSF2h SIPETRRNShat eratestionAgaingt invagiygeRpuReocc
pragesdat i iarrafted x@ee stagiy ovits amfnbo@mﬁ}.icufb rfof thedaapsuleo rand rihe

20 S y&g&,&yﬁggmwpeﬁ xacer bations" 25 refers to a
e

duction i n1ncidence or rate of COPD exacerbati %ncs[ al
(for i EBPIORQGEUS, PRRYAIRERS Bnthe sk camigen G2Uee Q). levasiye bacten
5,disk@se #h0 Wit mexis ip jnfants and iyewhgehildeam. Hkewisgy e ieldgriyghougirer

e&aébeﬁée@td FABSmcSccdifbiidiRs [R%Eﬂﬂsﬁ‘:n ef 81 {1'98179)tﬁ06|6ntw 4365-230),

e o o A 7 B B TR ey
26 reRerko (1983) Medidoe(Palimere 2:221-48411 y human host from havi ng
a PneunmRGReis dinicdl sjRASResGaNee By §\pn&infoRipt Bre ARy Fecognized

ggﬂe‘gpnm a% msa‘?l N Xzipc? 55: JeRbGRL LF%EEoéBE &&QH&'DW inL BiStkin SA,
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e CUABIIULMLIG KL MR LA I
| rese)nBgriirataecy, invasive pssamotoctd diseaswriPRidedeflitedes Amisittion im

30 OTwHidiSS, Yidembilss :insoijétg@frdnmﬁ@ Bibybdd? -ano‘?he'r' f&mafy stdhR site (Musher
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orPraciicrif trifestious diseaseeiSihteg). bipw York; Gwehid L!waﬁ%cee B/ 92123'
S ezr1@i)ymo%sﬁde@hmmwseaw@mmwsmﬁee & éreampassing
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m ni st er ed

35 arﬂ-siemeaﬁati emﬁwa?ma() Hyat gftgp ﬁnﬁ«stp%as'amtafqﬁsmxacerqaﬂoreﬁ&fhe"
enbodi ment t he i nmunogeni ¢ cpnposition conprises
St rept ococcus pneunoni ae capsul ar sacchari de
conj ugates from serogroups 19A and 19F, optionally
wherein 19A is conjugated to a first bacterial toxoid
and 19F is conjugated to a second bacterial toxoid. 5
The term capsul ar saccharide includes capsul ar
pol ysacchari des and ol i gosacchari des derivable from
t he capsul ar pol ysacchari de. An oligosaccharide
contains at |east 4 sugar residues. The term bacteri al
toxoi d i ncludes bacterial toxins which are inactivated
either by genetic 10 nutation, by chem cal treatnent
or by conjugation. Suitable bacterial toxoids include
tetanus tox0|d dlphtherla tox0|d pertu33|s t oxoi d,
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In an enbodinment, in addition to S. pneunoni ae
saccharide conjugate of 22F (and optionally 19A and
w8Rdo7n¥hA | mrunogeni ¢ conposition further cRifAbh:8E6v979
conj ugates of S. pneunoni ae capsul ar saccharides 1, 3,
4, 5, 6B, 7F, 9V, 14, 18C, 22F and 23F. 20 In an
enbodinent in addition to S. pneunoni ae sacchari de

C%gﬁc}ﬁ%ﬁqh%t e?e u U nﬁr agéorétateg th1 gﬁﬁéseé{ br%glﬁfessne sla%[c:!)oftenth%?e

ﬂ"CS’aS?S’r@EH’fdhﬁt gey Pﬁa&f@%’é’ﬁ oEmeqHp afrﬂud@@t @U‘UB'C(\?VHSOHBEW Bespir
68,200117:995,10074., COFBGs defindd dipsiolobichily bl el peatbhcg of réversible or
| ﬁé99¢,9&g&&,}é§.&§%ma&%ﬁs& 0, c%tonrc%%nﬁﬁ@%gmr

ion W
ampﬁﬁﬁ%‘a (515?"5?"8? £ ?d'é%ﬁf*%%’tcéfﬁ)‘“ Pafjas Wity £hfgRis obstructive
S Poinioasry dissasa Ametan i Th@skid SaaietyoAm U asdr CrieCars Bedt1gge s of
S.Nob: ﬁ‘?é('f'Ptrﬁ 887124 %x&%ﬁ?@oﬁs of ccdeD %’?&}éﬁ‘&ms@@b RRRM) 7

sacc ar| es can fa erent serot pes %r

" \PreumpEpcpiipiEstiop @eﬁgsd‘ﬂ‘ﬂ?’@ TErfteciers! gysepnadn OBStUGtVEne
e pblognarediteathio2000aa etaté@f-thé-brt reb@y. QB Mictabia Revl 8001
digpf p(8Abe-6Hr Ot ypes. I n anot her enbodi nent of the
i nvention, the vaccine may conprise conjugated 30 S.
pneunDniae sacchari des and unconjugated S. pneunoni ae
s dicie Hiausi ateebiecPefethe peebeny inveriien taodeyslop @niyeprovstl formulation of a
S MEMPR kDG SFDIYRESs PnSurhd®s pbitABchAfide@Bk|@atetvaceid.  For
exanpl e, Ee i nvention may conprise 10 conjugated
serotypes and 13 unconjugated saccharides. In a
s iRwief dascriptionef Flowmee vacci ne may conprise 11, 12, 13,
1#igure 16 BapBhatgsHoRTg SAckkRAl tahRgata dmindgenlcly inl Giderd Rifesus
r %‘?‘opﬁdéilgl ¥I’?| %’gﬁtep 'Egr? %é}%@é@ﬂe%@ﬂ& lglgsi?ocgﬂguoné Witf? I’llG" vahent

enbo pneunococcal vaccln

i PoRvasieoR alyminiuhehosriatecadiart GRS dasker OB ITRRRFSAE ihe SHc' atler
S an®ibyoRBont wit2 11 BilentgonjogatdiAadieBnt ZF, 8, 9N, 9V, 10A,
11A, 12F, 14, 15B, 17F 18C, 19A, 19F, 20, 22F, 23F

d 33F, althou h i t hat one
oS € Brot P Stoka e e S BB 36 Ryt e g T e
agen|edatetiin adjuventi gxir elutniniugcrbpsphatg adinans vacci ne and t he
geogr aphi cal location where the vaccine will be

ter For exa al ent va

SRt 3 S8 o SR Pl B Rerciie dot Proieet iR B0 ERHoe o
7Fthe ‘Bwﬂentlmaln Agsacchgidesand tecFvalenydPlyicotipgadast vacci ne may
al so i nclude saccharides fromserotype 3. A 12 or

n

¢ gty 8 0barRRSE LBk St b8t sk S5 T BT P Bt B
AP e AL WEATE R L0 A

22F, or 6A and 15B, or 19A and 15B, or 22F and 15B,
Nﬁg&@é Batl daM Shig 2Rl-98T 1Y re4psreé RBalBRYnidencl ude the 11
val ent fornul ation supplenented with serotypes 19A and
22F, 8 and 12F, or 8 and 15B, or 8 and 19A, or 8 and
oFiyure$  Bartharhehowng anticR2F ppsonapkpgaymsis fres ipRalin@ice 2 F

or 150 and 19A, or 150 and 22F. A 14 valent paediatric

' c I r
%J ge?y gﬂéé\ate‘]:ogﬁgnn%; h‘ﬁe ]r?sgér?seg r]‘ﬁuéeg (e ; 'ﬁé %%781 lrb\mce z-gter
19'7&“1%"%2@“ 1§é’?'6'ﬁt)¢ﬁ@§aﬁﬁ(ac°8‘° formypataghip d E'F“t ag@y By pes
6A, 12F, 19A and 22F; serotypes 6A, 150, 19A and 22F;
serotypes 3,,8, 19A and 22F; serotypes 3, 12F, 19A and
22F; serotypes 3, 150, 19A and 22F; serotypes 3, 6A B
and 22F; serotypes 3, 6A, 12F and 22F; or serotypes 3,
6A, 150 and 22F. 20 The conposition in one enbodi nent

i ncl udes capsul ar sacchari des derived from serotypes

1, 4, 5, 60, 7F, 9V, 14, 18C, 19F and 23F (preferably
conjugated). In a further enbodi nent of the invention
at least 11 saccharide antigens (preferably
conjugated) are included, for exanple capsul ar

sacchari des derived fromserotypes 1, 3, 4, 5, 60, 7F,
9V, 14, 18C, 19F and 23F. In a further enbodi ment of

t he |nvent|on at | east 12 or 13 25 saccharlde

. o N D o o S



saccharides could be conjugated to the sane nol ecul e
of the protein carrier (carrier nolecules having 2
Wah607@kirier ent sacchari des conjugated to itpeEeehedsre
i nstance WD 35 04/083251]. Alternatively the
sacchari des nmay each be separately conjugated to
different nolecules of the protein carrier (each
nmol ecul e of protein carrier only having one type of
sacchari de conjswglated to | % Les of carrier ,
prid9¥e As BRhFem 98 RGeS ‘ﬁf'cf"l"}'é’rr@ Herend xgechp Gphinations in a
arreonDin&elérﬁﬁnHmdde!H a toxoid), TT (tetanus toxoid) or
fragnent C of TT, DT CRML97 (a DT rrut ant) other DT
5 P tants, such as. CRM 4 (Uch|
5 berigire §" P i Sibirlo 33 D bbpseotipan Bl g)ce SpAImguney
4 5vith CREVR @R or ZRMHLBIBD genibg@®1L07 and ot her nut ati ons
described by Ni choI s and Youle in Genetically

E%ﬂg dﬂ egro?ag ien a al%% f %n B%%co&amfﬁ?gg? %?n%gaﬂerénwh%?atlon
SM"“&H'&F@PON%-‘!BP@S to Ay and other nutations
10 di scl osed in US 4709017 or US 4950740; nutation of at

esi dues Lys 516, Lys 526, Phe 530
aﬁ%ﬁt’""q@ﬁéﬂ%w c?rot her nutations disclosed in US
5 IbE (pisgenmtrinveiod 4668ES an dmmiinogetire cmpdsition| forsiefénts reotBising a
58ABTAdnt SPEALUTEILS PEAMoITNEABEe)DMBrising20r @iorexk.g (7, 898 110, 11,
| nfze e;i i4mnw6&|ar 238arilia )cohjifaled HoRQaithdraht AeroBydsf WRsheih Nhe

15 SQRpé bd?:(ﬁ)bnié&fa 2K 4R RS Emiig4d/BS (WO 04081515, 15
PCT/ EPZOOS 10258) or dPLY-fornol, PhtX, including

Phttﬁ‘d ﬁn&ﬁy fec’tron ngpr%gg { USI Qréjggf p;%g 6 vglés%;&ﬁno;laie
V‘ﬁ“’ﬁ ’&PG PreﬁF"Ee d'?e§ FMRGTES AP W be
398%‘9 878 BBy indlR eruipiionsHelhiBaty 'F%T’E?tr?f serious
20 useuﬁarhr ydisegser aewse@ W & Neroyefi (§eInt iagli @165@?% r%’ﬂ’ﬁ" pnvasive
ERDSFXBOCL), distgsd (IPP) and/od. exaeenbatigrist $fo¢hsonic giptructive puimonary
( HiseasEpiCIOPDY maf beupmented pr oddured D sevesitye Forethg purpgies @f this
5 9dveidn 69hniizing G huniamhost| zgeing akdcgrbbiions bi 00BD” or “treatment or
e QHidvértlor Bt SxabdiguitioRlaf COYD! BetddGoibe pldetteiny df ICOPD/S8inations”
25 EPQ@%?@él?e}iuctlbfr?iﬁtmcﬁiQrgb@ %F ﬂfeg:;f @bﬁ? \?pﬁéégbg $i%/§%g%'1n7stanm reduction
: u
Ewiimg Sl i g et Sl e N
\?f) i?f% o 'c|"a f)tr o{)%&%s conpri g nge
Srﬂﬁﬁilcﬁ'" 1'?8'5’ P epi topes fromvarious

pat hogen derived antigens (Faittgi et al ( 20012 Eur J
30 | bl B ong pmbadinnent 3gvatiod of plgventing 2 eldedly Brmparehgst from having a
( BapaNetcalkdiseate @I Py Sireftesetcus ARAYMOMZe saiggr-22 infection (or
priedwing dceeatrity in Arevivied penarieingadmipister(M\® 90Mad ho9e) host (opan
u ptfark duparopapuinton] MOmBiLhatP@&TYe ddsexi the Anramogedicadomsition or
dithd vazbihe of MOIrRENGH. 2605e. of M ikkraIn®jenia lcorMediiart o vaccine of the
35 | nivasich Mife MERERER of @ Wetiddment’df the previed vol fbauctiBDi sN@vity of
3G diasd daberd @@eé@pé/ﬁr:ea%pre&bemﬁmlae WREREAGH Widrk) hahén
S LM &RerGPM HARhG ddse ALY RPositbhEr BESRE Ydministered

i r}ggrmgﬁtshu ; r?hl% Yﬁ‘?&’% ]gﬁ) opsonophagocytic activity

was |nprove or a I'es i nduced with conjugates
havi ng 19F conjugated to DT conpared with 19F
conjugated to PD. In additian, the present inventors
have shown that a greater cross reactivity to 19A is
seen with 19F conjugated to DT. It is therefore a
feature of the 35conposition of the present invention
that serotype 19F is conjugated to a bacterial toxotd,
for exanple TT, pneunolysin, DT or CRM 197. In one
aspect, serotype 19F is conjugated to DT. It is also a
feature of the invention that serotype 19A is
conjugated to a bacterial toxoid, for exanple TT,
pneunol ysin, DT or CRM 197. The remai ni ng sacchari de
serotypes of the i munogenic conposition nmay all be
conjugated to one or nore carrier 5 proteins that are
not DT (|. . onIy 19F |s conjugated to EW) ~or may be

o o o o o o o o, o, o o
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For the purposes of the invention, "sized by a factor
up to x2" neans that the saccharide is subject to a
Whosesa7iint ended to reduce the size of the wapahakoder
but to retain a size 25 nore than half the size of the
nati ve pdysaccharide. X3, x4 etc. are to be
interpreted in the sane way i.e. the saccharide is
smé&ect é& Focess i ntended to reduce the size of
TEN IPF HEUBYRSNIC GOPRIBIPN FoRPLses SlreRipeccRafipuonias
t I‘FFF?SH'a' %?Cﬂ'li‘ﬁ‘i‘et @niugates frofsgrogiopes 19A and A9, gpjopelly whersin 19A is
p bRjugated oy firgidactgrial txpidzang 49 is odnjughled formserrnd dacteriatioxoid.
i mrunogeni ¢ conposition conprises Streptococcus 30
P ITee! i capsuta sadepdridel @slulesonspaiar peigsicchbfides aind toligp@stcharides
CQQJIJ&Q@ES@ tﬂe%ﬁ%u%?g&ysgémmdgt (ﬂ MBRE R omtbhind S3ei5t £sugar
or eac pneunoni ae
s&SHMET i de is native polysaccharlde In an aspect
of the invention, the inmmnogenic conposition

c Q'HP iR Bcterial tBRIOQNRIES Sacibnal RXFY ‘mf&h 3% iRfafa %Itl{é?Ey fdnfB

| east 1 ser ot es COo ate t rri e
AT by enprRical ot S (psion, Suylbig Bhger tohbidh, madke
p redenue ixaid, diphdhshiartdxdid, pesiusdisziorbid ypacterfah cytalysing pr tposua®|ysin.
X3J|uta>ﬁflns ¥ pnekifolysir » (P haveObédn dés@nbe& mmeloﬁﬁrb%l fmfaty of

h

o o W dape WialoBhida), St gFGE RS o cipffper
b;toxm wfmbthyrer iiptorigity,epe kneyn (seg belpw). Gﬁ@eﬂcaélv detsvsﬂed)@ga'mues( of
%Qiphlﬁer@h?mﬁm’icﬁﬂbﬂm1miagbbﬁﬁ{ maMeE axgscrisey ﬁ:\cwrkh arrosei Qhus

I e C I | s to e
LRy T ofr SACERE U8 aliSHT Brliar b = o ek Toms o e
naipbtherid togini bt is dmmwrglagigaltyi mdfstalgdSHable nieqars (ivee diphiyeria toxin.
M’ﬁs‘d&ﬁm %Oprgﬁl%emlesdfpﬁﬁg}i’bb%f&téds C?A@bl noKtBﬂd!ﬁld phatd 91 Rlok-

{
R
c dlatwrenBey BBk@6 0901)a238: SOVOFKGRMTET\prtein irge thejsame molecular
C %‘@hmttﬁeomprmda tohif bEtRfeRATohESY ﬂ.@l@&m @hnbdinWed uctural

Sacch e ete US| a i ght tter.

dSFE ecte} E')'rs q ? or’ ﬁ@f'%enpé’ '8@“ r}%a‘\;/mc’f[%wo au(ﬁat %81'0%211%'&

1mmsdrag@¢nt|Aa@eble @tbimmrﬁnd gseefosmnanriexda ( ﬁ@ﬁmew‘er 1977, Ann

r &el &B&cﬁéfﬁt:ﬁ[ 64-60 Ragduok MphiRB GAd B¥arbAmdntal Makoblobly Sept 1983

% with a P100 cell and a red filter at 498nn).
an enbodi rent the S. pneunoni ae saccharides are

natlve pol ysacchari des or native pol ysacchari des which

habe filscard seendd baaderiaitoxoids enay be ithecsame wodifierent s are theificsh and

PlsB&AS Bactet@l thibidBhrs Bilaarstit 'VEB tmeahthtRat They HaQLIAGIERA amino acid

S &ﬁﬁg{ldes are sized by nmechani cal cl eavage, for

i nstance by m crofl uidisation or sonication.

M crofl uidisation and sonication have the advantage of

déor easipleg 19dend igFemayf bé banjugaed ¢s tetemiis tozold and tetanus toxoid;

p%ipﬁt‘ﬁ@rﬁac ﬂﬁ&ﬂ ded §|Hr§tf\éri9' ﬁ%d YeifigP fa%' ermeorf 'Hn&ﬁﬁ%ineand

con zin

G A S R A e
tMOfﬂmMrmvg@rmeﬂncdmp!bsnat fognid etshatanye doxgid; Qn@mm@ld and
C QRMAGARBthERAbXORS M1d FRELAhciVEIRTTFM 187 %hdl fefanGd toXeH, ICREN 97 and
pol ysacchari des and saccharides that are sized by a
factor of no nore than x20. gl n one aspect of this
enbodi nent, the majority of the saccharides, for
exanple 6, 7, B or nore of the saccharides are sized
by a factor of up to 30 x2, x3, x4, x5 or x6. In an
enbodi nent, the Streptococcus pneunoni ae saccharide is
conjugated to the carrier protein via a |linker, for
instance a bifunctional linker. The linker is
optionally heterobifunctional or honobifunctional,
havi ng for exanple a reactive am no group and a
35reactive carboxylic acid group, 2 reactive am no
groups or two reactive carboxylic acid groups. The

i nker has for exanple between 4 and 20, 4 and 12,
Sand 10 carbon atons A p033|ble i nker is ADH. Clher

o . VAN AT A A=\
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B) Am no group (for instance via lysine). In one
enbodi ment this group is |inked to carboxyl groups on
WoGhhAr-fes directly or to a carboxyl groupp@femgosnsoore
I'inker with carbodiinide chemstry e.g. with EDAC. In
anot her enbodi ment this group is linked to hydroxyl

gr oups activat ed with CDAP or CNBr on sacchari des

dif 5 on | i nker; t ,

o it (Bl R R AP Gyl elrERRRL B lgpgneg oo

S a?@et!mlﬂsu eigd diphﬂhanﬁ koxeie; ohpremelysin and CEMIP friesirecivelyer

gr oup. C) Sul phydryl (for instance via cyst ei ne).
Qne odi.nent , t.hi grou inked to a bro r

cilt S ARG Ctreldt B 3 Pimgpeq petsnes, Sobodle 2o e

c IegtangivrpA a|1<h1 Bh éhelrommemﬁ Gpemesition fustheicomprispssconjugates of S.

aQhbiednfad capRdbf sabfartles &, 68| 9v, da, agobenzsrdi ne. D)

Hydr oxyl group (for instance vi a tyrosine). In one

enbodi ment this group is activated/ nodified with bis

di'a 2B 1ERedimpMein additign oS qaneympriag FasERIiee GPniysaist fre2E (and

Vicatidmiigyt 104 BE)9F), kHe nﬁmmogég’mﬂﬁ)hﬁﬁ’tbn fuithe comharses ci:oﬁjugates of 8.

a

QIR ARl ol § 08 30N Gh A8 LIS 0
I ndlyl group (for instance via tryptophan). On a
s ac @h aanmibddimentningeidigorato 6.hensumbhige satrchatjde oggugetancf [B2F (and

U%%ﬁbnfalf}ﬁ gﬂamb &tﬁ?}wg% mp&rtlommher&rﬂ&la&d&nﬂng

can f e own in
oo s R Th SRkt h & LT . SRR R ke S
peroxi de, etc. 25 Direct coupling approaches:
Sa@%hairdb%mgﬂ i 4aibn WSCE)ABmomae' ?ac@ﬁéﬂﬂb’ib&ul.@%tbeff 22F (and

I_\I_tHo!23t>oFr:£§ 19@ ]ando gjthfgmm%a_@: %goaq%ﬂ ﬁmpner cérg%;ﬁes conjugates otf S,
S@cedmaried eapsdrmsacchagides Priot 5.15%5‘73.@\’ 14>1%ﬁ?ﬁ@'ﬂt2é':
Saccharide-NH2 + COOH Prot + EDAC ---> conjugate

I rilgl a&hq@'l fnn%ﬁﬁlnr?tosg (%%Bmgnluéenga%rﬂ)arl@eo Qt;n?.ggtgec? 22F (and

Sacc ar| anate es
NIty 19A and 19k, H‘&H’P'HQNBE"Q@@%“PPF’&PEF ForpfAS conjugates of S.
C @npwigpaiae caps Sarcattasrddet, GHt, 6, GANBB, 761 V\CDARSE -22F and/zBffat e
ester + NH2--SH ----> saccharide-SH 5 + SH Pr ot

(W?Lii;a‘(r tngrg sfo%cwstﬁ?:?&%nﬁé QQ&FﬁQ oﬂﬁ%t ?és@ﬁ Nent%Ptvﬁ! &bﬁ%nse

SPesUieh sagelaride raniigens (p@fe@"gﬁc??ﬁww Swherein d{:)e sacr;handes arg
Saleiiviea frol eat @akt-terCdBstypes oCEAMeumoniaey aihainemis tof1S. pneumoniae

IE.'gp L:Igll_lsaoc::ﬁa> dex? hrgﬁdedﬁ‘om 1GQHsfféreHPée%&Beg?orp(lotvalere)ces) to 23

ﬁaﬁewwgwcwe&rn%m%t theis s 141 31 2o 5 ot iterent
NHQrotyp@l In ansth@zambhdimend of (BiHnvenbicyl, tha seacipe may chnprigst conjugated

CanphigiHofiae sacchafdsGRAuhddBudhEd . pnbildfipiad shMdHaridedNHereferably,

ggi‘geg %{ + ibe . ’Eﬁ@%ﬁg@% t _Jsﬁ_rtefual ta S9NEH LR fote, the
s dwenigh Ay camprse. 105nigaiad sefolPes And B Sreeibgalg spcedrides. Ina

expisedarnys theivaeine maylebmprised 1.af2 €3, 1Awdié canihten sabharides

f r instance) -->
o BhdP2, 98,10 resp el Bl e s ' R
NH2- SH - --> sacchari de--SH + nal ei m de- Pr ot
(rmodi fication of amno gr ou%2 --> conjugate
Sacchari de- COOH + EDAC + NI H2--SF-4 --> Sacchari de- SH

+ hal oacetyl ated-Prot -> 25 Conjugate
Sacchari de- Al dehyde + NH2---NH2 ---> sacchari de---NH2
+ EDAC + COCH Prot --> conjugate 30 Note: instead of
EDAC above, any suitable carbodiimde may be used. In
summary, the types of protein carrier chem cal group
that may be generally used for coupling with a
saccharide are am no groups (for instance on |ysine
resi dues), COOH groups (for instance on aspartic and
glutam c acid residues) and SH groups (if accessi bl e)
35(for instance on cysteine residues. Preferably the
ratlo of carrler proteln to S. pneunonlae saccharlde

1. . R — o 1. . o A N
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In general, the imunogenic conposition of the

i nvention may conprise a dose of each saccharide
wenbkgaba between 0.1 and 20j.tg, 1 and 10p&18¢p2dec@dshe
3pg of saccharide. In an enbodi nent, the inmunogenic
conposttion of the invention contalns each S. 20
pneunnniae capsul ar saccharide at a dose of between

Ir;l'or%%mﬁ‘gdugeé th%mwalgnt Eneu%&%c%i Ha](:éine'3 e mveﬁ'@% %vth%e Isglgrtted

acc
at'"-‘@l'u thet fajowing saregaajés 31 8r5. 8l Bs%iﬂr@Vc u1Aar12F 14, 15B,
s acra JNEBC S 10,20 E2FD REFS gttt 338 althoglBSeis @bpreckaéd Ihit ohe oY two

h%ngﬁmfp@Q gwlcﬁfe &?&mrdeﬁﬁﬁ 3?%)( trQeagQ ro?tﬁﬁ 1p%ht rg?eﬂlﬁﬁﬁhe

exact sacc

sé’f’"fﬂ"ﬁ@g t@e 93"(9@95' '@W"(W'ﬂthel‘@@i@nﬂ'"fQFﬁd"HP%e’Ed For
preesete, a2 $0-etlentvdetighmay aopedsetpogsacctialidas fomcehipested, 5, 6A,
ong aﬁﬁs%cofgﬁaha §3;£rmpﬂ' VIRRE vacciR! oy Y8 $ne de éa%&aﬂa& from

, are resent "at a
arssfaérae dr “"e‘%a"ét1 ?ya'%“‘ BRFIIRKIc tgtenth yageipe 5‘3’66‘%1“?‘%“? i Pt
I ivatem dgeviatoncunpEorntEd with aeretyprsédand 134, oabAdasie?2bfor 19A and

arng (rjml BA r@x'l%ﬁt ngh 24 15§0c>r ﬁpoémdw@f wha%r@xs oaénelewerfy
ar e ef

S S.0
7 vaising e o feang R e e eroeafee ) Serpipeg 10N Sk 22,
er®#od i e At 8 ar§t15B-@a§and)wé ot anth@2Fsor 12hendbIf. el 2€ apd tRraer
SagkE Rad 2eke Sr 168 dhd egd oy 16 Bhd g2 @d14 Galdm BaddlarRIvaccine may
ggng}ug 9’\9(‘@ v%len er a lc(J)nn grfbe{ h$ é’% 2?“3%&52'&? %Jtﬁj gé@%ege&d BA,
pﬁ%ﬁ@ﬂﬁi’ﬁeseﬁax?ga P8, H ZPF: geratypas 64y i?é?c!%/anf@ﬁ serotypes
C@GRAj tapatied adﬁ/ZZEDeé?otydee 328, frhed 208 Nderotypbe 3, MeF OTIAL 3hd Gf2F;
t r
aEh R 8. e%ﬂ%ﬁ*“ hEgved"s BAYRC2aP: selbiypls 2%, 32°ind
CEAP o SEyPit3 %) 22fhd V\D 96/29094). 5 The
i mTunogenl C COITpOSI tion may COI’TprI se St rept ococcus

PARE NRRHpaRioR lF?t &ienémbcjaﬁ{eﬁi ThohiGdsTBShs b @&E@a‘ﬁ@é‘s‘: derived from

pneunDnla f uc

PR ONEeR o B TEafNE 18 106y TP APLEEF ooty SRl e
f reedodiment ef ths inventiomatyedse! Ipsaccheride antigens tpseferably ¢anjugated) are
PlirRlu8dd) for @ﬁ%p%&aﬁsﬁ@?sa}?&?ﬁ@s@érwﬂ E?Qn ShrbRs ACOACH BB, 7F, 9V,
pneu iy s e inventi are
SH?T ggC%.ne g pgé g%—e ﬂ’t gr erat{?r llmrt]aat an h?rh atpfea?t 12 or 13
cpagcparigp arﬁ@enpmnm’ée% ufer egampie) aa'fa@c'm maéu FPPGRE E3psular

a&ﬁccﬁ&ﬁé@deﬁ%dﬁfoﬂﬁl’oﬁ@éﬁﬁ 3P4/ 51 62€ 6BITELIN GNABOSIOA, 19F and 23F

?f:a%%\ﬂé? s%/ccfl%}ﬁe@ée?ge%l o s%fot;@@s% '3”zY %”éé 9!9 i 58, %A e@F

of el'ns ng
2?'9 (589 [<pF. ithppgh fg@aua?e'@"%?wpefeﬁ f‘L)@@“’(’%ér"é'e% (F"é“" as
ayrolypesno 2a%; i4d5, 68, TF. 8, ethaVptiay i t1REli1Ae1 5By 17d 18GrtPA.yI9F,
( Ft4)aor GRONIFN Gre bRl 5ioRSmiehiRX) . pr oL el ns
havi ng a Type Signal sequence notif (e.g., Spl01),
proteins having a LPXTG notif (where X is any 15 am no
adngl vac@mg of thgpplg;gnt ngigr_ltgzg)mayagqalprﬂsg)grqﬁgn Pe(PQ) frorp|l-§ﬁ)9mophnlus
Pﬁrﬁlﬁ@fzﬁéﬁe]ﬁ&grﬁ_ﬁ €594640}. hHabniopaRSinmRh £G0 & RSy c(alosanmxtrgén&)n
t,
: uﬁcétélgg-?]{g% é%h\% g){é% lﬁ)et}]}&s h%}} Lr{EWH o %Lgﬂ% s ¥ protein,ip @
Rivizatvis Cand 8”‘?5’&%6%‘(36‘?'%””‘%!”0‘('4’?@ eyR) @rﬁ"‘?@ﬁ‘i"’tﬁﬂ?ﬁ?ﬁ Hagaoppyius
Ieast 1 20 protein selectedsfromthe group consisting
of the Poly Hi stidine Triad fanily (Pht X), Choline
Bi nding Protein famly (CbpX). CbpX truncates, LytX
famly, LytX truncates, CbpX truncate-LytX truncate
chimeric proteins (or fusions), pneunolysin (Ply),
PspA, PsaA, Spl28, Spl01l, Sp130, Spl25 and 5pl33. In a
further enbodi ment, the i munogeni c conposition
conprises 2 or nore proteins selected fromthe group
consisting of the Poly 25 Histidine Triad famly
(Ph0), Choline Binding Protein famly (CbpX), CbpX
truncates, LytX famly, LytX truncates, CbpX
truncate-Lyt X truncate chineric proteins (or fusions).
pneunoly3|n (Ply) PspA PsaA and Sp128 In one nore
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Concerning the Choline Binding Protein famly (CbpX),
nmenbers of that famly were originally identified as
woesiReescal proteins that coul d be purifi egaeicsinssers
choline-affininty 20 chromat ography. Al of the

chol i ne-bi ndi ng proteins are non-coval ently bound to
phosphoryl choline noieties of cell wall teichoic acid

ar}ﬁhugﬁgp ;%YQ tﬁlﬁ%ﬁ\@&lﬁt(r@@rekéeopég 5%&&0 C'|g ‘one embodlmegt the

Structur ave sever regions 1 n conmon

t I’{éccé‘ﬁt‘i"'f"é°sf"3'i‘n°1"99”s%‘% PRSUSh %“Ge"k%%‘it R dsupresept ag Hé‘far“er
p Ipadtedn fosoneanmoe ofittiel ssoelopuiesC dn arothegdspect girately Deaukd beagrysent
| Th @& %ﬁé CGI’TE)GQJI %@a%@&b@ﬂ d&]ﬁﬂepgspgagﬂ&tblﬁﬁ |éaﬁ}e§§nt both

term na regl on conserve e gl ons

afd P GRTigEryoteln and, IfieﬁB"’FeP”c Ty P 517y Ppysed ifg 2 ulildggtn %"f
c las bifragmént UP00G6368) i lna fuftir aspeatd proteip DDk presdnt apd earier protein
r %Wrﬁajori iheggémsdaéﬁ%r@wp% m?é @lonQr@%f mgkéccﬁndéshﬁay

P BRI e P dintetareid B rieg ik be freteiat reg rgiei

fromthe group consisting of Choline Binding Proteins

agrhk GRBL sﬂtﬁgﬂpréﬁm\maﬁdoﬂ éafﬁphsemsmm SEde diﬁ&@f@ Gb&/éamer

a i scl.osed .in W97/
R, "Bt G Ot PR rdytn o7 BHRE S a o s 7 gachde,
divdigh é@!—‘éhﬁ”ﬁ‘?ﬁ nEydeNeg9ga or diferent. | Ror eagpleospadypen3 and 4 may be
WeBgaied To/th Speivfe da&leapr&biﬁl githe? tdothé sHntOndMcle @F Eartbr proledise &

' Qaﬁmnt%éle?&gléé 9! lh a f @Q’ gYOt% ﬂeln Qﬁeoénhd%‘éméh ”&Uo r&gmore fcllfferem

Protelns areée roup conS|S|

Ci5p&haridpt may lsp%omuaaw tpé*ﬁeamema@rwé?‘e"b edhes fq 18gy Sane molecle
e behienpbieinios to@iéntnidistcias efshewhme earfier pognX” | s def i ned
above and "truncates" refers to CbpX proteins |acking
50% or nore of the Choline binding re%ion_éc%., ,
PrABY T8BIPSPeeTC PPeTBTRS RRPSHIEC RACEHAIIRS PP dhdlg famunogenic
bicndpasgior efjihennvehine nmayeieccamhigsted tche @uieh pleint vflependently
t rsale&@aﬁo% hagkoup bansfst}@ &h@l nme:am@;drrra@nénewo@m%eb (FihiDE

dfens g w'a?vaf?’ﬂse 6Bt 1 e gl g S ST e

Repeundysie apd erbleindb| Ay mareicpinplete fig of profeio aarmiern shat Dray eusad in
I @gH PREgatdsbr BB MvdRtion is FsurRb@siowf such preferred
enbodi nents are NRIxR2 and R1IxR2 as illustrated in
W99/ 51266 or W99/51188, however, other choline
biTRelF#ider BrotineqoniyaatasidR PRRGr A10% Gfihe S PREHEIPTIFFCaBTR] Sargharides
I &9the BorfligSteShrB2ni00 the @Hmlrdheit combdiitiong di thereertien Bfopfidniaty a
' We%gal anthe gpggﬂ-gﬁm&}{ﬁ% f‘aﬁbw tlﬂﬁt) &ot&ﬁ@(aﬁvﬂ%t?%ﬁ ﬂﬁfoﬁtp%“éems

proteln N-termn

ddheEah erW‘f &, Hhi P‘nB’“BlFﬁ?i“f‘"ﬂfgm@bHﬁ‘ierﬂ"s?'“'”‘l’]éﬁ\%\?@i”e""e
t hsbarlny B0 f 85F4, P%,B58S 98701t99thay 400% identihe witteasagrense Higtiprdd in

i rw(b b@aﬁb@& \fu@moisyzg@q& golmam ﬁﬂ‘ie&J&H@e {-8d5 dr 2838 of SEQ

e tX fa s
dl 2 t i nc t F’)o&rpt]l:{ﬁ& fi I}eED ¥or Eixam;':p? szuoa rﬁr&gﬂ%é %{;rﬁ%s%d of fgll
Crigysthios fragmentstqh &, @&‘E?frﬁhﬁalf’h oﬁ%tPnPfe%rﬁfamﬂgs ¢ffigsion proteins
C akeaaPthBC PRlaMDR PRAGS PhtB@, PyBI0, PhisieiPRtDbAIFhtD/B, PRETE, PhtE/A,
L?@% Fmékﬁ% loKe, pftefia hreSinkdld m th e 4RY A mémwedta?% N-

Is disclosed In
Bl‘%@%ﬁseﬂéﬂe"e@&'e@@@ B8%4y) . LytB | s di scl osed i n V\D
98/ 18930, and is also refermged to as Sp46. LytCis
al so disclosed in WO 98/18930, and is also referred to
as Sp91. A preferred nenber of that famly is LytC. 20
Anot her preferred enbodi nent are LytX truncates
wherein "Lyt X" is defined above and "truncates" refers
to Lyt X proteins |acking 50% or nore of the Choline
bi ndi ng region. Preferably such proteins |lack the
entire choline binding region. Yet another preferred
enbodi nent of this invention are CbpX truncate-LytX
truncate chineric proteins (or 25 fusions). Preferably
this conprises NRIxR2 (or R1IxR2) of CbpX and the
C-terminal portion (Cterrn, i.e., lacking the choline
bi ndi ng donalns) of Lth (e g., LthIIernwor

S~ NA P~ o o o 7 s o o T
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Al'ternatively, an effective imune response against

PhtD is measured by ELISA as 30 described in exanple
fective inmmune response gives an

‘.*éé"“?@?ﬁfmse of at |east 250, 303, 350, 408’]%%?5%%9979

or 600 ug/ m GWC. For exanpl e, the imunogenic

conposition conprises at least 2, 3, 4, 5, 6, 7, 8, 9

or 10 S. pneunoni a& capsul ar sacchari des from

di fferent serotypes conjugated to PhtD or 35fusion

pVétees fragmirds efdiht prteins e asgsl (sepgrielytoy pepari2? B fusiod prbtein) each

3, fragmerﬁ opt@ndly contdind!dhb 8F m&8 hB6dirRGriadotif §)<ana/&%nua>eaae ibns

A, o 11A éﬁ
Tigh e o Bepltes: it ad it ' g s 5 ot hes e
C GAJuUeDRt kbetHyhh whoere (b is [stidine andiooisi ameamino: agis! aher thandistigifie. A
S @bl X:BBBgien is %g?d?ﬁbr&?eﬁd% ec&u@ rHldégtﬁﬁwQ_dszoA Bhdi B oef) science

f Ush. OHS? y 1|%£| elI %n e%gsgcﬁ%lnl the for ﬂ:ﬁrﬁa%veeng {nclg%es oheto{ll S h!StI ne

i minog I'on 0
| dipgt mfé'ﬁ as el gp eu leadticae cellgd wrhregisach raarer@@d'@em mga:r @ach
t Grafthérd cormaitsUadacy opaDlegdt 12, Bhete®histiting tBad maeioptiohsty, with
X3R! Hht é}!q’blarch %e@gerbm’g%'r %&tmaég Nét @Fa Jné?sesea&[argé‘&att i5 %re

chen1str|es
t K@ FonbProtfe BPcO if0sTer desficabfo & mativerRPeYPcSFraL Biistiad L Bl
atseﬁLea@t e.pethSintrpiriad rsaquemeaapsm InaBECs ichiad pfi e 00/37105 for

C Qi gﬁsﬁanﬂoemP M, RE of 4424 %nﬁﬁ%ﬁh:ﬂs éx@@c& SP4t1eaW1CE B! Icoited

the. ratio. o tDto 53 char a
LS isikne 15 o rabarhent 5 S AaroTsclove hore ek iel b (i Sapatn
amcbtedn ith Be tigeal ded@efre lattgahegy)theomatire fg lergtreproteinawith (e, sgnal
C %@ﬁtﬂb g§r éiallnﬂé SEEMIRG SRRk NOEmPLis) Pétbdva, %atgraﬂy ocgurﬁhg]uananls

 eERaaih and bnvinsedic Rt Pk Rroh B8 PRdpTER o eDtfeec
pmémr petipaptideheomprisingent least A eTRO contigrieus @mise aﬁﬁ-*ofmnd@sanano
Vagh Is@@eﬁmh VUMY 165Ne WOITEOSIEWeFair SHitD P&yplbtide Ss Edpaliid ef

| a8 .mrfa@.% r%sp%ps%fsgga&%a o) Arsfn f&ga&'og .ne«gsb@éﬁeé or

vaccl nes™o resent inven
ady ORPAITER, part|cularly when intended for use in an
eIderIy popul ati on but also for use in infant

fbﬁr@hl’aﬁ b ten‘?‘ubﬂlaqs%sﬁm Yrﬁﬁ‘éhﬁjeé {?1? by %gﬁﬁ B it AT Rignat

t suc roxi d
ph‘@%ﬂ% aétaehed e maturg gl | §h RagteiR, W%b*“ﬁﬁ'ﬁ%ﬁ‘ P?Pé!?%€5’°f§é?f'epéﬂ 20
s wotinoa acidsh @t eN-eimicas) Cemoed. Tagn@ih Wguring ovarients 26 Ehthc and
m.ﬂ@aeggﬁc ﬁébrﬁeﬂécﬂf tmc? (eSdJSﬂQSrﬂé’ité)Qs eéscmlaas\eedor polypeptides

yrosine, t|on|%W$ Yir2

PR R 5% 170 EPDBEPE A AT 0 = D stind acid sequence i

P IVOEYIF L MEPNSS9290 whersingaigfnelypaptide 1h aanablp of elidfingaarimmire

SeépbisRpédichs salnFras emaatab.alsed@ﬁhéqe twan/aa1 66HE Wounessado

r3§$ DNS;QGHJUQ%H/{,%?{% ?n mi-type cytokines tend
avour 't uc

ein Ion of céell 30 nmedi ated i mune
responses to a given antigen, whilst high | evels of
Th2the ypoeiT pérodei indle samrediot @ o anooe sacchszidesnidUbé icompagition, the

h%ﬁ&ﬁéﬂdeé B Be CEARA1RS &S tHesahld Emddtlie 48 he drBGin carrier (carrler

S RelsL g % mde v e AR oo 1 R AT nctafes Wo

i rﬁ#@ﬁ@ﬂ]e%em@wzelwmqe s#cchagidesanayroptict separiely pepjugated to different
predominantly 35 Thi or pre@pn1nant|y Th2. However, it
is often convenient to consider the famlies of
cytokines in terns of that described in nurine CD4 +ve
T cell clones by Mosmann and Cof fman (Mbsmann, T.R
and Cof fran, R L. (1989) TH1 and TH2 cells: different
patterns of |ynphokine secretion lead to different
functional properties. (Annual Review of | mrunol ogy,

7, pl45-173). Traditionally, Thl-type responses are
associated with the 5 production of the INF-y and

I L-2 cytokines by T-Iynphocytes. O her cytokines often
directly associated with the induction of Thl-type

i mmune responses are not produced by T-cells, such as
IL-12 In contrast Th2-type responses are associ at ed

o o o,
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30 B1), oil in water enulsions conprising 3D-MPL and
0821 (WD 95/17210, WD 98/56414), or 3D MPL fornul ated
WobizRihar carriers (EP 0 689 454 Bl). O hegeqpdrioghéon
adj uvant systens conprise a conbination of 3 D MPL ,
0521 and a CpG ol i gonucl eotide as described in
U8655867O US6544518. I n an enbodi nent the ad] uvant
méeculg%ﬁqpeapﬁg’tgiﬁ %%rlrl%r;lieach rrﬁiegtﬁe %fe Hroqgt o x(f 8r|?IR)1aw pe bf
péPW@f!ﬂF&?ﬂl%ﬂahéFvOﬁbhosphor yl lipid A or nore
particularly 3 Deacyl ated nonophoshoryl lipid A (3 D -

Vedons: 3 BridiRhodie 404 LAl L8 QA i Sy or
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p cally acceptable salts of AGPs as disclosed
in 30 US6764840. Some AGPs are TLR4 agoni sts, and sone
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present invention Qi its derivatives
Qﬂ%"'e‘ﬁf the pesentiRRMIATs Hreshput heherroaphapesyicractifly whfimproved
Sdaertantivities indured titteeonfPoatbsahaaing 5BapmjugatechtoN] ¢omparad eitméaE

E!ioﬁﬁ&gagerﬁgts 'i’bbqg a@&hohatﬁb B&séﬂhdﬂrﬁ&g hae! éh‘é'lvﬁ Yhab¥ greater cross

62 15350, i ADE chpriet o5 B . ek Blgaure of e
Sppmp@djpn Ydid regsentiiavention thapseagype 385 is opniwdated daia bactegaioreid.
of Quil A have been isolateg,by HPLC which retain

adj uvant activity w thout the toxicity associated with
Qil A (EP 0 362 278), for exanple Q57 and 0S21 (al so
known as QA7 and QA21). @S-21 is a natural saponin 5
derived fromthe bark of Quillaja saponaria Mdlina

whi ch i nduces CD8+ cytotoxic T cells (CTLs), Thl cells
and a predom nant |1 g&a anti body response and is a
preferred saponin in the context of the present
invention. Particular fornmulations of Q521 have been
descri bed which are particularly preferred, 10 these
formul ati ons further conprise a sterol (W96133739).
The saponins formng part of the present invention may
be separate |n the forn1of ntcelles ntxed ntcelles
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The CpG oligonucleotides utilised in the present

i nvention may be synthesized by any nethod known in
wheodbti7af or exanpl e see EP 468520) . ConvenipgghidrYoos/dd6#0
20 oligonucl eoti des nmay be synthesized utilising an
aut omat ed synthesi zer. The adjuvant may be an oil in
wat er erul sion or may conprise an oil in water

ew'eﬁangaga +10 %,Pe%awbtr%%gw‘r %E ras% L %TQFT&%W%J@
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nedxaibOfor ssadrhige aiT| pheumolbih, BNQWCRW 18B THeeredtalning saccharide
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enuIS|ons S

e of Bl ShEhe Bhofg sebess S Gif o R 5 Hpeusibsin
220d @ionalinPhth at PhiB/EtfimiontrBBek. dn arfuthdsemipdipent,soE issconifigated
t @elT dF @ﬁMﬁI?s 19;0 ratdoﬁmgﬂéduo SRRl SH NG ﬁnor@mhr&k taRFariadis
pr.e er

NPERBRER 1< T 57 L Bt s S5 B e o e
wisddehatidest are conjligated toPP.dp mfwmer emtiodipients'OF df cwmgafec! t0 DT or
eIRMI B N9A BXaMijake I}]@iﬁne&hblysﬁﬂl&nsl fURR& sidtharkle Pon|DEatddIECTT,
| C | . . 0 SCr

o Qs STREP BBl § e M3 onBlfonfi” 2L KRG Bk s ore
i RoegRied ol iFOI/E#d A Athe spehardes 33 NvgaER oy gest ed
to be useful as adjuvant conpositions (EP 0 399 843B),
a'lﬁ&ne@ﬁﬂé&lﬁl@ﬁt' tﬁ@ﬁnrﬁl]‘no&!nk doﬁithB@ bf BEMVEHISN SonidAshs Prdidih D

ot e oA s Ty 8 sk S BN o B e

9970@1@4!1%d tox denlgakt [ank FasCHarisRs a)ajeu\ﬂ@nt ©Fh dyeegmel 195 is
desfghieedo DFUNstate VRbEserdtypedhte @Pmbﬂdad)fﬂssorﬂal.ﬁ more different

5

el okl i 7 34 PR AR B s e et Bytip e
formpreferred oil enul sion systens (in particular
when incorporating taco's) {0 form adjuvants and
conpositions of the present invention. 20Mst
preferably the oil enulsion (for instance oil in water
ermul sions) further conprises an emnulsifier such as
TWEEN 80 and/or a sterol such as cholesterol. A
preferred oil emulsion (preferably oil-in-water
enmul si on) conprises a netabolisible, non- toxic oil
such as squal ane, squatene or a tocopherol such as
al pha tocopherol (and preferably both squal ene and
al pha tocopherol) and optionally an enulsifier (or
surfactant) 25 such as Tween 80. A sterol (preferably
chol esterol) may also be included. The method of
produci ng oiI |n wat er enuIS|ons |s mell knomn to t he
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In a preferred aspect the adjuvant and i mrunogenic
conpositions according to the invention conprise a
wobBsom7{ipr ef erably 0S21) and/or an LPS dergatpd@oceoro
(preferably 3D-MPL) in an oil emnul sion descri bed
above, optionally with a sterol (preferably

35chol esterol). Additionally the oil enul sion

| S . , .
(AR P b 0 Al AU R e 68
c difprtiegiPRgnay ePianplly bR PRERNS in thegPdnesAMPasition & fise PERIN. o

saponi n are described in WO 99/ 12565. Typically

; o . . . . 1
] oe BaBA AR, THAGANP T BT L B i
profagasreharide and\rless &Btge'g sacehrdpoRe Rokled TomRsgiera ansmay
i hetsied o sogedegfeetby gnown2@ads (sselfohexaspik EPA9YGR4)and EP497525)

p[?ﬁzli gfegégéag P thicrona@stlio? SolyS Qe ariddsy RInCed LiYed! iR orddk o reduce

e referably oil ['n water emulsion) wll

C ORI Pt oSt LSyl o dopiapdaspyets
i tOliggseécharimrp have @ Idw oumb2r ofaepkeunis) (hpicellyes-30f regaat Ghits)cand @
alg ||yth?@.g?gq,g§,gysae@‘gmfe§ omO0.3 to 3% (preferably 0.4 -
2% enulsifier (preferably tween 80 [ pol yoxyethyl ene
sor bi tan nonool eatej). Were both squal ene and al pha

t deopiasr eblysacehardes prass (Seploqereys e rpaBIoRiape complise JPpeating

S Qligts faRrid@ LRRAVHBGRIINRAEHh UpSo BHUGAr rbdidueE. IFESS rdvid@rbf the

as,.t hi L ovVide [e | e emul sion.

( BidoRpodt? YhESC Ry TRl iR BRicE oML Al oetiis 180 yones.
0.Ghrigtepher, Mageipere basel| @ dhs celk SHqe satkehypspias: pfo pathpgenic
S MatteGA FRSAdat. Bray disac.adwa 2065 ed.uB, rol2ap.29343241 ISBN 000RIVIESE.
. AL a . of ot , ; '
o eS8 Copkii el anfchf il B8 2 e BisRnerie
eMAVRET Nthers ey Of AR Sligosacehaids HYyt ChpsPeTiet thes fatvg length
( reBecbéride rti@in ol Gdpkating i digasagchaide rupitsnoIn dre3@mbodifentatall off the
Tish &AM brbsehSin B Whdcfh bR! dolsdebrafigds! G length polysddidrBes may

squal.ene. and.a_ saponin ref erabl 2 are included
BP0 1 e TE B Tetop b (el EPELIED F SO MUTYPS
c retlaentehygiopen perpiie treaimenl, seing iy grisifiex® fallowedby a hydrogen
I @eidGlid Pddirhdht th Bnetad Gligodabintriderbgridris dr hidkdliBidi24tidh.S1 ON.
This leads to a reduced cost of manufacture, 20

i nprovenent of the overall confort of the vaccination,
arffie iventeryRRYE Blsa netechthatiiep Taeus ot the ant heschbeenis use eligepacshanfes
t i eb@sdf bdrUdhte ipRSaLbTGN. TRSR@ARAShave Gl tFel by DMgNate or Bihty
prsegéj %@bs%gchaé%cgorm%%ﬁgé %n top %no?edjop )ﬁ%%llo%?t%%nqg L r?r?ay be
prese I'nvention _yplvcafly conprises a fFatio ol i
NETAIRY D fnbioge padigtigh mmpagegicty which és fitsrale & 1arpatia of
t @olgeOchiridea tos protelme inp the se@njugaten vem tbe oaltecsinsuse thes ettle iratioa of
| @utydicéharideth Froidi (wik)18h Be! BRugANESY B in¥iBdse (whichlead hbv@ an
2 Q:C%bnéfe grriefs%ra ls%: %Pvil) @9 r:'IﬁEI)O: ] ic arr]ld aqgsStronet hydrolysis
prefera y LB PRl 48" _'Ioﬁ?rg cf/oa_Jc",’gl e Totains Yy
t IRy herrisbilisgdaly thel uspy efnleragsr wptbatides dor sonipgatiory fThe jee of larger
C polpsHdcHatides doh trdsul il troduitiat Wit GleORR0gatd tarrier and may

profil . | Y. t] fer :
cteen e 1p5Rh My M kaochBe A I Coflials D8 (BhEER, vocepes
r AR%EDIGIN the prigr §ri ang 1oy depalyragfisg i Palysacharides arigydo Fagiuggion in
to 200:1, preferably 20:1 te, 100:1, and nost
preferably substantially 48:1. Preferably a stero
(rmost 30preferably cholesterol) is also included
present at a ratio of saponin:sterol as described

her ei n. The emul si on systens of the present
invention preferably have a small oil droplet size in
the sub-m cron range. Most preferably the oil droplet
sizes will be in the range 120 to 750 nm and nost
preferably from 120-600nm i n di aneter. A
particularly potent adjuvant fornulation (for ultimte
conmbination with AIPO4 in the i munogeni c conpositions
of the invention) involves a saponin (preferably

@S21), an LPS derivative (preferably 3D-MPL) and an
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The present invention further provides for a vaccine
conposi tion conprising i munostinmul ant adsor bed onto a
\ﬁigrztﬁltnnﬂ?f“ cle of a netallic salt, and anti Pm%mgg.,g

sorbed 15onto a netallic salt, charact eri se t hat
first and second particles of rretal lic salt are
separate particles. LPS or LOS derivatives or

de éaa I‘ 0 uﬁgr? orcgllguéjahon ﬁf g;?gsext%vlek{tgrg g%_%ﬁf;%[nj! 'R-?ﬂ gﬁh&{ﬁg‘ie%@ﬂfate

I |VB@HB$ yelaigiegh ardrgrs sizarid Sa?féaﬂdﬁt@i' ®redide @agsiod ippune response
e GighiNa bRilinGcostd Biséseapect to any uses of these noieties
descri bed herein. They may be TLR4 |igands as

descri bed above. Other such derivatives are described

i TheQuTEenNa Tompgrdigh P  invprlien seay7 thug\rgpgrsgsene or more
VBEcAE S E6njudates MherelMioaliernBe sizé (bqy. adighturerbgalisackufad weight;
”MR) SPEQ%F?%ééch%é Breé@ﬁg%/aﬂ{rﬁ@tabm s%ﬁég’ "1b&i®3, 2hokSa, 300kDa,

E Sone carr ues from a
p H @ﬁ?o?qob'?ﬁj%’ 1@9 'agned?wwm PR (S‘%EH’StsP?FW”dE FPB'PJH'Q‘I@S of
[ DéeRtteptionrstioudphave aa bteyaga sixé ef satchhrdaine-ammjugation of 50-1800, 80-

chab@%@i@u )sos&wd? zbcmsmﬁe @rtﬁah o Wdfag P bidali M, P

A derivatives Lsuc I\/gg %Pﬁ 4 nd/ or ¢

s apbnPhvdld (B, epaceg 'G@Z‘l“’““ &l a'BoQP&)em Loy

t wgnfm}lm:mld keonepriiiy Sitegablethrough aB. mlcrordﬂitgegucﬁ)thmmtgof more
tl?a‘n750 6b, 30,%0, b 61'93% i9 bbtinedpbstMlirafiéh @mp&kedtwih Be pre fittration

0.9 .1, 0.5 or 1 ng) 30 phospholipid (for instance

0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or
0. 125- 0. 25 ng (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125

MFor Bk RliPbseé bke nRmtichNGative holyestrafie JeferStoGlsacch@rideQhat Ass

2

2ol e 65 Rl oty il

10'395%129 @ themgcehigridggA @@'Ysgcchsﬂdfs"a" heromg slightly regyped St)s'zesz‘”“g

Ornofihl Ugiflcafgho pirodedufedr Subistanaechfliiz])s sB6 nafllel SOnly if the
. =Gl

OSSR e St ot e

"BWecorrprl sing this adjuvant conprises
saccharl de conjugates derived fromat least all the

f qu ﬁ’a\:‘i" E\Qoszﬁ bthy/ Hﬁ‘e?itlon""sm@@ by #¥ctordp to l@’cneaﬂ@fﬁat RS Eacchbride
< 5 HBiPEOR = ociog e BTRgyos FeyHiS of e SR O egpan @ e

amedré thely hali the ez efdhecrativeapplisansharige eX3ox4 etorage de inferpipted in
t Rk deRfeGal Fe. %'EE&HSHBJE% sﬁbjecﬁ%a Pobessliftendb8 to reduRE tha Ble &3t

ot .Si cant |l y.inf eri 0.t hat
PRI B b A i e Do e RE St e
ermeACHRRAde t he adj uvant used for the conposi t| ons of
t he ah RgEat ofothe GrosAtib, S.I&ESlrrﬁrmnd@nﬂidombcrsltmtanpreemslsépﬂmoccus
”%Surf)cfn%@ s%g)c!ﬂsﬁd%p%hsﬁ%a%t % lserto§hisNcdipoRGH R §8dier ﬁ\'ﬂtem

t |
e T o B Ich % 7o PR SR rate
adplysegdtaridonpri ses (per 0.5 nlL dose) 0.5-15, 1-13,
2-11, 4-8, or 5-6ng (e.g. 2-3, 5 6 or 10-11 ny)

ITPIt %E%s%a%gb%tﬁe Tv%ptlgns h rr%nsu S (uc comp Itlgrg f&r&;?hs%s grregm%%ccgs
nWE'é’PﬁmaglsﬁF@F"des i %téeaﬁbvé ﬁefsb’?esa‘ﬁﬂﬂi%?q @S’nalcﬁ’gﬁf’ protein,
0.5-20, 1- 1515, 2-12, 4-10,4,5-7 ng (e.g. 11-13, 5-6,
or 2-3 ng) tocol (such as al pha tocopherol). This

adj uvant may optionally further conprise 5-60, 10-50,
or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30.40 or 50 iv)
lipid A derivative (for instance 30-MPL). 20These
adjuvants are particularly suitable for infant or

el derly vaccine formul ations. In one enbodi nent the
vacci ne conposition conprising this adjuvant conprises
sacchari de conjugates derived fromat |least all the
follow ng serotypes: 4, 68, 9V, 14, 18C, 19F, 23F, 1,
5, 7F (and may al so conprise one or nore from
serotypes 3, 6A, 19A, and 22F), wherein the GVC
antlbody titre induced agalnst one or nore (or all)

S o ~ - e ~A PN A N N AN



used. For exanple, saccharides or saccharide
conjugates may be admnistered IM(or ID) and
woGh@hh3l1 proteins nay be adninistered IN (giyésosadodo
addi tion, the vaccines of the invention nmay be
adni ni stered | M for primng doses and IN for booster
doses. 5The content of protein antigens in the vaccine

e ISR 6 B8 41 50 0 PGS oL R ELEHARL Yirsa by

Fdadtesw iigyxda md. ixti Si ¥, Xh &B. cﬁgﬂ?aﬂoo rt" Oww@émﬂtﬁiwl& |pegtitee
orrﬁajmy & eéRhactharlaes) $dr ekanipl B/ 1] ZeHimoRd 6t tr%@@létiﬁaﬁdgé ¥re snz%d I(ij a
a is generally describe
qu |t°nxé'2 a)& ké‘ﬁi, Qﬁ'ﬁ‘g xé%tuﬁlpt and adj uvant 10
approach (eds Powell MF. & Newman MJ.) (1995)
Pl 8 writlellifrsaighltor aY@#de) moldcligosdhl @k sigd) ofvd sdttharitie 1eeo ress
' So qﬁeS Wetgnteaqerﬁ% Eﬁlektﬁé}t Qﬁ%ven{,)ngt fhgtsaé’bhggh% ﬁ sgre;ir h&lor to

vacci nes i on may be store
scﬂ"UHQGB?P%‘F'ﬁ'W?ﬁ‘I‘TP‘F Wz'\éﬂ-‘- Preferably the solution is

| yophilized in the presence of a sugar such as sucrose

10 orThB%ﬁ.% %Chl’ll e 'lsswecﬁtkh&vtn in the aft léh% ??ﬁﬁlﬁ?ﬁiﬁ@%@s bERlibed in
" it £l LS 3 B Hretimo-porB e oen e e TR

a amﬂrsgoawatblr@yd:@rq;ers int Gombingtipn God the) sageheriden \rrepelated fnl water.
I %@dta@dee la@thRfec@B LsiRPAMht dchldify ddledid? GomfstsBd WQatdbawn DSP
Cﬁquleperqt %z%ﬂ?{nvgﬁaégopxslgs%? et Qéaninﬂ gr?J m?eii"g] l?r%l reﬁj'%crtoéneier éfar
15 5 instanes Yivetitiab QEF paripRsd wih a PiCgell e@rﬁ red fiteraj 46gpm).
i mrunogeni ¢ conposition of the invention, optionally

in lyophilis form and further co risin i al .
. e SRS e of MBS 3520 TS BfEaecgrdeg or nate
e rmelysdcoedistvinizh have betr redusspia size difring B sormalextiadtienrprocesre
adj uvant will be used to reconstitute the | yophilised
It hmg]éllnorgbogmen &\ ?netgmgnr}ae sa charl D 1zct-: c&gn(féapgécév%re for
r dnﬂf@ce & ri’t‘"PfPfQJtdl'Sa'!qno‘?f wcqtﬁe Mee&wtimw %Pc é?rw@%onu brve the
t heivailidgB of [dbYredstng e giae oEﬂ‘bGd'géfEmﬁtwd)boliﬁﬁ:hﬁmﬁs anfficiently to

FE W oA BT 6P e 20

Yrnis. Underneath this epidernis |s a Iayer
250a||ed the 30 derms, which In tumoverlays the

s URGH bﬁsB&mhLﬁmt tthesmn@eﬁe BbrRgdeitish &bﬁ\‘gﬁﬁse‘é t$0pheuidAke conjugates
(?%t I OQF n&%c;:rc Iop n%ti\ltenpto&%ﬁcthang’es and sa%&ganh& that F?re sized by

st i mune

wrﬂ @ﬁowwoar\% thae X% s Je ioag awpedtiyf FP'saerh‘??HH@F’t tne “majorty of the

ackdbdhaxdes [foradarepid 6 el or rhané pfatkesangiaridea Gmi skt bya fagiot of up to
30 t he Maecidgssdescribed herein fornms a preferred

feature of the present invention. 35 The conventi ona

techni que of intradermal injection, the "nantoux

prio e embadiment theiremecoceys ppeymotiaeciagehalidegs ednivgatig 19 theagdier

t hedteis t iLtC MhiRE ok tifsisnde d1aithctichad liver. NThe dinkee Vie| optibnatly

% Eﬁé‘t‘)’lf&ac'hjoqelsogrﬁ?mt%?qur{(c?o%ap%avglglf@e%arr%)?éfé FbgctH%ﬁEngm gnd a

35 ¢ Hea%ev@rboasvﬁ-c £Fie gruRd wagtive P'ﬁl@% BFERE Ot tHe f??ﬁ?VFéP'bBW"‘t ‘F'Féd

needle is 5 lowered and furtper advanced whil st

providing a slight pressure to elevate it under the

skin. The liquid is then injected very slowy thereby

formng a bleb or bunp on the skin surface, followed

by sl ow wi thdrawal of the needle. Mre recently,

devices that are specifically designed to adm ni ster

liquid agents into or 10 across the skin have been

descri bed, for exanple the devices described in WO

99/ 34850 and EP 1092444, also the Jet injection

devi ces described for exanple in WO 01/13977; US

5, 480, 381, US 5,599, 302, US 5, 334, 144, US 5,993,412,

US 5, 649,912, US 5,569,189, US 5,704,911, US 5383, 851,

US 5, 893, 397, US 5, 466, 220, US 5, 339 163, US
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adm ni stering to the host an imunoprotective dose of

t he i nmunogeni ¢ conposition or 5vaccine or kit of the
wbveRoh#f). A further aspect of the inventi Ogtrp26Mi069979
I mmunogeni ¢ conposition of the invention for use in
the treatnent or prevention of disease caused by

S. pneunoni ae _and optional |y Haenophilus influenzae

| rbfrc%%% TR nnk&rqwaéfofr Eﬁa%{)&%rbe%%?%m"io b6, 1%end 'uf&trﬂo% AT,

mTuno i on of 'vacci ne or
t e PP§pibien finkgh lﬁ r#‘\DHn é3ti‘ﬁ§ niiikers t ipgiusle oB-pepigRamidon MRt 04/ H1699),
t hﬂmbnﬁeaatawvahme NGBV \ee Al (10r9)oMed] i MG S InhalnsIE d6g) Y1 7&233)

ggg@n haRed 155408 icb g g;giox.mtﬁ%ggpﬂdsuﬁwsﬁ || Ja8380). he

nprise
cisrmite) 20d S-anppocanreic A (Ut dgRd mgn F'ﬂ@di'ﬂ?\% APbris “’Eeé’ 3§
0 phke@fmabdnyxgsm@ sdachaitiedinesenstyde 180.an bresmiidiniedDABH Stuseas a
Of e r, respectively, in
e\}'g}?e{/folp%?'gaﬁ%%Qgcc'%ﬂ%n’rr)od| ner%%g ]ﬁer ein relating to
"vacci ne conpositions” of the invention are also 20
apibt sacalride topjugatqulesertin the inehuaibgenig coropositionswhibg @wention may
C QTSHabel B9 Sany Qﬁovln%uéliﬂ@{ ?J&BA: ; The %Hbg%ﬁonVﬁnEtﬁ@d m&g} ety on

r ef erences. or ons Ci

bR dod Facpaiie ith T g %erb%'w&fw g APt Bsborate
hdEBAR). to form ercglametetehtat. Theiastivaled ernchaside may thbebdequpled directly
URE G atpady n.ﬁm gfrcsab ho¥d é}ﬂn@g@mn&ﬁe aarn@rwe.rf partészampne the

uR
o %Wﬁ’fﬁ) G eI 288 p thipoted st harl wfidh You
t the chypladria the arrier vwhwménkagmﬁmd@gemm it maleimide-
E&HRE{SSEQN;r%tW Bkdihpld Using BB brisshaloatdnitazaariepprekiai(for

xér?p?e %?s |0%8£r|1c1%£ml et fe%n jﬂ@g B(E?%Ee(:t‘d'n% Dbﬁtﬁgﬁﬁsﬁ E&lemldyl

Prbbft“lqaﬁp alp PfSSIﬂ? o IS @R RrefeaRhprite ‘I‘Maneft?ﬁ?rt‘ﬂ dpptianglhyade
alby CEaPahymesy) ndupianwithytipesis| dandier aiADs! andhies amicd-derivatised
p'@'k&ﬁé E‘?é) glﬁlﬁdq% thd %%r&%ﬁg g%%g rifoHl e% #é% EBRC or EDC)

entire ene tan

Fcﬁt‘%@'ﬁt@fn‘“a "D&'ﬁ%ﬁ"? op fhensipie U CHOLTPBMERRP, are desirit n
UrHOTe patilished odpplicatich, W [981#5766 ndnifeimekdio8@iices| Unitdasitroand WO
S\%’égﬂa andvdRpegRauence of protein D has been

publi shed by Janson et al. (1991) Infect. | mmun. 59:
119- 125. 10 The expression vector pMal The
eXpreesyitable techoiquss yeRSarbogimideglcydiaziddsy ectyé epiBR3 gTborane, p-
( GitRBenzat acH, N-r{b&%@)sudcmmy SNHBAEHE TP NG ard o@ﬁfnbééﬁldwo

t t d
f Bl ?wgugﬁogi’raaE&agerei‘ga?béorn'wﬁw'reﬁﬁm%”raasg@ﬁg%eﬁaﬁ Ah o
ata freedgdipxyl graup-pf et seepnarideyéth KR iBethel elid! ¥.&49l. Ghamc B78efd
WS 7 B4 CHearmgechl W Chrorbdtegr KeEasamie) 509r18}% fofidwaed by repestian. of MBih a
Ttb?otgn oG a é%&h@ in%&@ Thls may inVhe reduchidl df ﬂﬁtaﬁ&hé?lc RERRus

gener at ed transSdu

5118 L PTRB MR AresPo AFIoBs] Pt eyl o, iy Arony
( gEduB’ TRRKIDN df dhebderkary hed®@BY gk wWith N anidmBAS0DI eareaniate
C Ghtbrmédidte Bhé BbUpingdBs iCoP darbdridié Atermddiid With BOSAMB Fdlipon a
I abqr atory at the 20National Institute of Health. The
e preSS| on vector pMG 1 For the production of
protein D, the DNA encoding the protein has been
cloned into the expression ygctor pM5 1. This plasmd
utilises signals from| anbdaphage DNA 25 to drive the
transcription and translation of inserted foreign
genes. The vector contains the pronoter PL, operator
OL and two utilisation sites (NutL and NutR) to
relieve transcriptional polarity effects when N
protein is provided (Goss at al., 1985). Vectors
containing the PL pronoter, are introduced into an E.
coil lysogenic host to stabilise the plasm d DNA
Lysogeni ¢ host strains contain replication-defective

| anbdaphage DNA 30 integrated into the genone

(Shat zman at al., 1983). The chronosonmal | anbdaphage
DNA d| rects t he synt | heS| s of the cl repressor prote| n

I N a o o a1 .
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The protein D does not contain a | eader peptide or the
N-term nal cysteine to which lipid chains are normal ly
Wwhb@Gagy The protein is therefore neither wuapgiofbsoore
into the periplasmnor lipidated and remains 1 n the
cytoplasmin a soluble form The final construct

pM5 MDPPr D was i ntroduced into the AR58 host strain by

5 1P Bhahoskndleo Byl B ALY GOMLSLANG, BRANE! 30480

nce-o nce o
prfb‘t‘%ﬁ?r@SﬁOeﬁ#RﬁD'dﬂsn gﬂqjm4ﬁ7ﬁ§*@r(f\ndﬁ§§n)d<9ﬁﬁﬁ§ﬂhat%e fhpcribed in
diegestei ass, €P-208376 aheEP-plasos.d DNA with sel ect ed
endonucl eases. The reconbinant E. coil strain is
referred to as ECD4. Expression of protein D_Is under

t Hefurthen rmedtod dpvoivese the 98RIR9 PL 2 FvdieserePremide (@0CRNRr adtisted
Thacchaigé detivatded vAIRDEdio Biidi dhgdrazidee (ADE) ab Ukee pSESITS tdrtiar eby

ol . L ch . ;
P b T e T
tH@"Q%Hﬁ%rature is eIevated cl is released from OL and
protein Dis expressed. Small-scal e preparati on 15At

t hrean%rto&rfne.tt %yﬁewrﬁ,e&pwe%btytaﬁ aacttgéhﬁar&yr GRS %P&:&ﬁ’r?u@q

traction este
o RN 0 aealsto Bk,T SEPAE SPR DO oAb B pestecs s
f dhKed ¥esan anfiep drcarbexyliccgsdup cowd Areteie eiffet irectlyi o indineotie (hreugt a

[) q.?t]ganmt@st lirtkBr .@peeént adr&&ﬁﬁ#%rb@rbn%@abﬂhhr% i frbibraBty fhked to
u e

i SR K RIRY o

paS §&y° %’”8 t"’h gﬂgﬁ” S*W"bah A opsirgd E?B‘H%a Qi & ©
= 90D i theknkerfpreexarndl ARH) mayrhe qa@mﬁgeéﬁeﬁ éartz@wt%acrd group ona
C Ipethdi, o examipleCyUisily Eanglirhio cranibirg b exstailé bybusirg HOMTO NG

b%P%&J rngn?ttneo @%eurlngcolcg? c%dsﬂl% s{ag%ncre ??st cogﬂ?(act%oeB tt'rb ﬁnker first

cﬁFfSWatf‘%gﬂ'r‘kﬁbﬁyc%HQ‘t‘} o( '8P cHEphRIPEE A e vay t!?w)q'nkepc'av be
bicoisiated tot theecagriat bekaé canjughtion tehe sacthatider acti on and i s
eluted by a step increase of the ionic strength of the
el uti on buffe a second purification st

i AgerPinzties °%1‘P'%‘“tqiéﬁtsd‘i‘ﬁ¥é&°8ﬁ used, Wi P bR Haﬁaée'"rfgf'wiéo
25er(1@r€mné@ﬂ1y@6PFexstsorﬁ¢ ymeduc®® achip@tionnot  bi nd onto the
gel and can be collected in the flow through. In

b th c chromat o h ste s frac |on coIIe
Sl BF delSei)s BB HeRBRI oDhs o1 b Farte sei B
exmnﬂngemwﬂhmnm chronatography contai ning the purlfled

protein D is concentrated by uItrafiItration 30The

pr, tainin trafi te

ﬁ():g? 1 Tf gg % Cp i 8%@?}”0 acrgorfiutt me r a erprﬁ)%é %ent%ns aqroup
Pr'se‘b‘ if japyipo groups on metaewrdaetﬂr@hwmnimwes@e%“ft‘e'l wig
anrsrbbdimidp diieinfistrg algi with BEMACPr ot ei n D was perfornmed as
follows. The harvested broth is cooled and directly
passed tw ce through a high pressure honbgeni zer at a
Pressure of around 800 bars. In the first purification
step the cell culture honpbgenate is diluted and
applied to a 5 cation exchange chromat ography col um
(SP Sepharose Big beads). PD binds to the gel matrix
by ionic interaction and is eluted by a step increase
of the ionic strength of the elution buffer and
filtrated. In a sgeond purification step
inpurities are retained on an ani oni c exchange matri x
(0 Sepharose Fast Flow). PD does not bind onto the ge
and can be collected in the flow 10t hr ough. In
bot h col um chromat ography steps fraction collection
is nonitored by OD. The flow through of the anionic
exchange col umm chr onat ogr aphy containing the purified
protein O is concentrated and diafiltrated by
ultrafiltration. The protein D containing
ultrafiltration retentate is finally passed through a
0.2 pm 15 nenbrane. Exanple |b: EXPRESSI ON OF PVMD The
PhD protein is a nmenber of the pneunbcocca

hrstrdrne trrad (Pht) protern fantly 20 characterrzed

o NS N~ o,
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Weak ani on exchange chromat ography in positive node on
Fract ogel EMD DEAE at 25pH 8. 0(25 mM pot assi um
whosRhALR) at 4C the colum Is washed W t hpchAiP2dtbhsosro
NaCl and eluted at 200 mM Ned whi |l e contam nants
(proteins and DNA) remain adsorbed on the exchanger.
Concentration and ullrafiltration with 2 mM Na/ K
EOESPIRL Sl o R o8 R By g 4 o
Mchibpxyhigrogps @n 2sapghpiidep t directly agrt foi @ grerbosk gyl eonl aclinker with
EXaiBEdhmideNneRistNGCS Nk EBIAY. FbarfdiHet aRsdmeal thRIPAUFDL Nitked to

r nd.d hbie S ' [
e BhT GRS 2eRae Wi SEk% 1665 Sn SERTIRF Brosl orto suon groups
Prog gdipkeri to progariges i’ (ikatsdaviaman 2i4e8ydrerqupkin sagsharides gidinkers
arHavitioy\sucanimml est@rgfdupi ed pneunococcal pol ysacchari des.
For the purposes of these exanples the polysaccharides
were made essentially as described in EP0O72513 or b
c|BsuiphyAny dpraipeanchwierryeteine) glir Ase STORHER) A1it GTRUR fedinked 0 a
p Gransa o hisisrb deestylatey saechsrideedt Bkernwith ofalelmidi sismisty. B one
IRHELHRGH RS activateamolifis i bls LR coupl i ng
conditions are specific tfor each polysaccharide These
are given in Table 1. Sized pol ysaccharide (except for
P88, HBBxpngroBB Kipr \matanehi sig otyweitke)i in BnéaeBiboditapnt NBEl groum Id
OlachvBico@ifiedvith bis QlagsbbhRehe( WA) . The opti mal
pol ysacchari de concentration was evaluated for all the
serotypes. Al serotypes except serotype 18C were
cdnj lonislazaidl amup eldar | igstange (e higtigine). dp qoe otretiodimgst it aiPvre dp
b ekcmted/hoBificd with bR AlakobenAdiieot ype 22F conj ugates were
made; one conjugated directly, one through an ADH
l'inker. Froma 100 ng/m stock solution in
ade Cyridytareus (for ingdgnee ¥ARWINTBEL/ wat er 50% 50% 10
sol ution, CDAP (CDAP/PS ratio 0.5-1.5 ng/ng PS) was

a ’”@%&?ﬁ dofigp sol ution. 1.5 mnute
|35§%?&3W%B$8. ?ﬁ@ip@ég a&ded to obtain the specific
activation pH The activation of the polysaccharide
Weth psactiarides th gahersl hhesfolfpliing groupeycad beusattfors e@upipg @), COOH

P iN-b eRadih @ Gbibs(dah Bb Gbrbrdted S1aF BierBRGBIHeMS kRow! in BRE) art
(the %yangﬁ t% d@\ﬁ@ngs, Z_ln the i nl,éll al PS/carrier

prYfE P EaD NSO B Y PE PR By at ed

pol ysacchari de and the coupling 15 reaction was

P i@ cBRAngoplob@especi fic pH for up to 2 hour
(dependi ng upon serotype) under pH regulation. In
order to quench un-reacted cyanate ester groups, a 2M
gl Speshaed GtGNBRORERAR tret crRaiegstelo* NHEPHA! xt iy @nivgafe pH
Weshicahelfldesddetlyde e NH2ePrétLen Shhiffisasp HNapRES 0> cofjugate

S Ol b5 & s bR+ EBAC 30- Binigkes at 25 C and then

DLaeNO N R R e L

carrier protein via a linker - Adipic acid dihydrazide
( Ahdibet Boilpymacapadel fifke @psbathgs: 18C was mi crof | ui di zed
bef ore conjugation. Derivatization of tetanus toxoid
wi th EDAC For derivatization of the tetanus toxoid,
purified TT was diluted at 25 ng/m in 0.2M Nad 25
and the ADH spacer was addeq,in order to reach a fina
concentration of 0.2M When the dissolution of the
spacer was conplete, the pH was adjusted to 6.2. EDAC
(1-ethyl-3-(3- dinethyl-am nopropyl) carbodiimde) was
then added to reach a final concentration of 0.02M and
the m xture was stirred for 1 hour under pH
regul ati on. The reaction of condensation was stopped
by increasing pHup to 9.0 for at |least 30 mnutes at
25C. 30 Derivatized TT was then diafiltrated (10 kDa
CO nenbrane) in order to renove residual ADH and EDAC
reagent. TTAH bulk was finally sterile filtered until
coupling step and stored at -70C. Chem cal coupling of
TTAN to PS 113C Details of the conjugation paraneters

T



After 3 mnutes, ADH was added to reach the
appropriate ADH PS ratio (8.9/1 ww); the pH was
woeabhaied to coupling pH 9.0. The sol ution p@seh@kbeosro
for 1 hour under pH regul ation. The PSAH derivative
was concentrated and diafiltrated. 35 Coupling PhtD
at 10 ng/mM in 0.2M NaCl was added to the PS22FAK

deg i Ave i der reach a Pht 22 rati o of
e AeleH #%f&gépaai B b ENREGNAE bhnge—
TH¥ i-Bro4 tHEGAC( 20> sepiugetei n 0. 1M Tris-HCl pH 7.5)
was added manually in 10 mm (250 pi / mm) to reach 1

- he.r t ut 40N .

| ebpadel & ERBLA CoAPLC ol bR e oS panmide—si
5 usledl)-Pet iive iRt Wb iap PRI AYSIEHE ¢ tainad Eas. mopifgation of

S Gimiittol gpoups\afdheyeotéin bt SROFdolistandeli t--osacearideMs-FPra - HCl pH

7.5 (1110 of the final volune) and let 30 mn at 25C

Prior to the elution _on Sthacsrég/I S400HR, the )

c ORFAGEELRASNBT A O et Travaigjester s WH2ToRN 53 seechandperSH

Thenal@side-Proh nodfcgtiogel aminh geups) F-+-nednjugte D/ PS rati o of
194.1 (Ww, a free PS content below 1% and an

antigenj ci - PShx-PS) of 36,3%and anti-pPhtD.
e alecon ¥ ob o RE "o st M et Crsassharde-sH
c dwaicagpiiates:ProtThe Cotivgategat es were purified by gel
filtration using a Sephacryl S400HR gel filtration
C Ul DERRED Wil 1 AV Nl (85001 Bt 4.
to réenove smal l 'ecut es (i ncl™u mé' an
13 yritS - §eiusatePS and protein. Based on the different
nol ecul ar sizes of the reaction conmponents, PS-PD,

P S ) -HWZ‘J_ l.ysi_n_o = DT 20cong U .
a%&éaﬁ?&&ﬁ ? s":trﬁéf+ 0| ov\ng'a by fﬁ%ﬁ#, t%gnghb@y fr ez'%ﬁﬁ
orPreteip ¢itnan sxResed eYstping oDMYgnes Riergrorification of amipigrepps of the
gl pyateimiey) SPOF fardhstzm0e) --c-ofdaedhaidacs-8-0m ugat es are det ect ed

»g by WV2s0 rim Fractions are pooled according to their
Kd, sterile filtered FO. ZS%gn) and stored at +2- E?C._ Tge
PSEEIBIdE QM. i ERAGH NHRESEhn; gzt sropradien =t brelejpidesPot
ddmedificatracf arfiic $peps) F-i>ccosiedatevat | on/ coupl i naf f | uenchi no
conditions of PS S. pneunoni ae-Protein

ERPlG it SRR Mol Sereont <R RREP R

25 siGonkigdy 30ni crofi ul di sation before conjugation. Sizes
of saccharides followi ng mcrofluidisafion are given

L(’%E&Q@iu%-ﬁ (t:%:%bl Qo S0GH LLCo o naride—H2 + EDAC + GOOH-Prot -—>

rvation upl i'nct hadenchi ndo condi ti ons 0
pIfeUivRSHi ae- Protein DI TT/ DT/ Pht O/ Pl vconi unates 35
Serotype 1 pfluld 4 pfluid 5 6A 68 7F pfluid PS

30 CQldfe: [nSWAJ Yk EDAC abotre, 2iny sultatite Sartodfinide Hay be used.

In summary, the types of protein carrer chemical group that may be generally used for

coupling with a saccharide are amino groups (for instance on lysine residues), COOH

groups (for instance on aspartic and ghttamic acid residues) and SH groups (if accessible)
35  (for instance on cysteine residues.

18



WD 2007/ 071711PCT/ EP20061069979 PS di ssol uti on
W WFI WFI NaCl 2M Naa 2M Ned 2M PD conc. (ng/ ml) 10.0
W88 B791:5- 0 5.0 10.0 Initial P13/ PS Ratio gWmhooko®bh
1.5/1 1/1 1/1 1.1/1 1.2/ 1 CDAP conc. (mg/nmg PS) O.50
0.50 0.79 0.83 0.83 0.75 plia=pHo=pHq
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Preferably the ratio of carrier protein to S. pneumoniae saccharide is between 1:5 and 5:1;
e.g. between 1:0.5-4:1, 1:1-3.5:1, 1.2:1-3:1, 1.5:1-2.5:1; e.g. between 1:2 and 2.5:1; 1:1
and 2:1 (wiw}). In an embodiment, the majority of the conjugates, for example 6, 7, 8, 9 or
more of the conjugates have a ratio of carier protein 1o saccharide that is greater than
1:1, for example 1.1:1, 1.2:1, 1.3:1, 1.4:1, 1.5;:1 or 1.6:1.

In an embodiment, at least one S. pneumoniae saccharide is conjugated to a carrier
protein via a linker using CDAP and EDAC. For example, 18C or 22F may be conjugated
to a protein via a linker {for exampie those with two hydrazino groups at its ends such as
ADH) using CDAP and EDAC as described above. When a linker is used, CDAP may be
used to conjugate the saccharide to a linker and EDAC may then be used to conjugate
the linker to a protein or, aiternatively EDAC may be used first to conjugate the linker to
the protein, after which CDAP may be used to conjugate the linker to the saccharide.

in general, the immunogenic composilion of the jnvention may comprise a dose of each
saccharide conjugate between 0.1 and 20ug, 1 and 10ug or 1 and 3ug of saccharide.

In an embodiment, the immunogenic camposition of the invention contains sach S.
pneumoniae capsular saccharide at a dose of between 0.1-20ug; 0.5-10pg; 0,5- Sug or 1-
3ug of saccharide. In an embodiment, capsular saccharides may be present at different
dosages, for example some capsular saccharides may be present at a dose of exactly
1ug or some capsular saccharides may be present at a dose of exactly 3ug. In an
embodiment, saccharides from serotypes 3, 18C and 19F (or 4, 18C and 19F) are present
at a higher dose than other saccharides. In one aspect of this embodiment, serotypes 3,
18C and 19F (or 4, 18C and 19F) are present at a dose of around or exactly 3 ug whilst
other saccharides in the immunogenic composition are present at a dose of around or
exactly 1pg.

“Around” or “approximately” are defined as within 10% more or less of the given figure for
the purposes of the invention. ‘

In an embodiment, at least cne of the S. pneumoanfae capsular saccharides is directly
conjugated to a carmrier prolein (e.g. using one of the chemistries described above);

Preferably the at least one of the S. pneumoniae capsular saccharides is directly
19



9.0/9.0/9.0 9.5/9.5/9.0 9.0/9.0/9.0 9.5/9.5/9.0
9.5/9.5/9.0 9.519.5/9.0 Serotype 9V pfluid 14 pfluid

wBGoddhiwid 19A pfluid 19F pfluid 22F pfl ul dpc@dp600069979
conc.(nmg/m) 5.0 5.0 4.5 15.0 9.0 6.0 2.38 PS

di ssolution NaCl 2M Ned 2M Ned 2M Naa 2M NaCl 2M Ned
0.2M NaCl 2M Carrier protein conc. (ng/ ml)

conjugated by CDAP. In an embodiment, the majority of the capsular saccharides for
example 5, 6, 7, 8, 8 or more are directly linked to the carrier protein by CDAP (see WO
95/08348 and WQ 96/28094).

The immunogenic compaosition may comprise Strepfococcus pneumoniae proteins, herein
termed Streptococcus pneumoniae proteins of the invention. Such proteins may be used
as carrier proteins, or may be present as free proteins, or may be present both as carrier
proteins and as free proteins. The Streptococcus pneumoniae proteins of the invention
are either surface exposed, at least during part of the life cycle of the pneumococcus, or
are proteins which are secreted or released by the pneumococcus. Preferably the
proteins of the invention are selected from the following categories, such as proteins
having a Type |l Signal sequence molif of LXXC (where X is any amino acid, e.q., the
polyhistidine triad family (PhtX}}, choline binding proteins (ChpX), proteins having a Type |
Signal sequence motif (e.g., Sp101), proteins having a LPXTG motif (where X is any
amino acid, e.g., Sp128, Sp130), and toxins (e.g., Ply). Preferred examples within these
categories (or motifs) are the following proteins, or immunologically functional equivalents
thereof.

In one embodiment, the immunogenic compaosition of the invention comprises at least 1
protein selected from the group consisting of the Pcly Histidine Triad family (PhtX),
Choline Binding Pratein family {CbpX), CbpX truncates, LytX family, LytX truncates, ChpX
truncate-LytX truncate chimeric profeins (or fusions), pneumoiysin (Ply), PspA, PsaA,
Sp128, Sp101, Sp130, Spi125 and Sp133. In a further embodiment, the immunogenic
compaosition comprises 2 or more proteins selected from the group consisting of the Poly
Histidine Triad family (PhtX}, Choline Binding Protein family (CbpX), CbpX truncates, LytX
family, LytX truncates, CbpX truncate-LytX truncate chimeric proteins (or fusions),
pneumolysin {Ply}, PspA, PsaA, and Sp128. In one more embodiment, the immunogenic
composition comprises 2 or more proteins selected from the group consisting of the Poly
Histidine Triad family (PhtX), Choline Binding Protein family (CbpX), CbhpX truncates, LytX
family, LytX truncates, CbpX truncate-LytX truncate chimeric proteins (or fusions),
pneumotysin (Ply), and Sp128.

The Pht (Poly Histidine Triad) family comprises proteins PhtA, PhtB, PhtD, and PhtE. The
family is characterized by a lipidation sequence, two domains separated by a proline-rich
region and several histidine triads, possibly involved in metal or nucleoside binding or
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10.0 10.0 20.0 (TT) 10.0 (Ply) 20.0 (DT) 10.0 (PhtD)
5.0 initial canier protein/PS Ratio (ww) 1.2/1 1.2/1

wWokodn®ldy 1.5/1 3/1 1/1 CDAP conc. (nu/ ng Rrabiose7s
0.75 0.75 1.5 1.5 1.5 0.79 pFl 3=p1-1, =pHq 9.5/ 9.5/ 9. 0
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is at least 90% identical to the referenced proteins. Preferably it is at least 95% identical
and most preferably it is 97% identical.

With regards to the PhtX proteins, PhtA is disclosed in WO 98/18930, and is also referred
to 8p36. As noted above, it is a protein from the polyhistidine triad family and has the type
Il signal motif of LXXC. PhtD is disclosed in WO 00/37105, and is also referred to
Sp036D. As noted above, it also is a protein from the polyhistidine triad family and has
the type 1l LXXC signal motif. PhiB is disclosed in WQ 00/37105, and is also referred to
Sp036B. Another member of the PhtB family is the C3-Degrading Polypeptide, as
disclosed in WO 00/17370. This protein aiso is from the polyhistidine triad family and has
the type Il LXXC signal motif. A preferred immunologically functional equivalent is the.
protein Sp42 disclosed in WO 98/18930. A PhiB truncate (approximately 79k} is
disclosed in W099/15675 which is also considered a member of the PhtX family. PhtE is
disclosed in WO00/30298 and s referred to as BVH-3. Where any Pht protein is referred
to herein, it is meant that immunogenic fragments or fusions thereof of the Pht protein can
be used. For example, a reference to PhtX includes immunogenic fragments or fusions
thereof from any Pht protein. A reference to PhiD or PhiB is aiso a reference to PhtDE
or PhtBE fusions as found, for example, in WO0198334,

Pneumolysin is a multifunctional toxin with a distinct cytolytic (hemolytic) and complement
activation activities (Rubins et al., Am . Respi. Cit Care Med, 153:1339-1346 (1996)). The
toxin is not secreted by pneumacocci, but it is released upon lysis of pneumococci under
the influence of autolysin. Its effects include e.g., the stimulation of the production of
inflammatory cytokines by human monocytes, the inhibition of the beating of cilia on
human respiratory epithelial, and the decrease of bactericidal activity and migration of
neutrophils. The most obvious effect of pneumolysin is in the lysis of red blood cells,
which involves binding to cholesterol, Because it is a toxin, it needs to be detoxified (i.e.,
non-toxic to a human when provided at a dosage suitable for protection) before it can be
administered in vive. Expression and cloning of wild-type or native pneumalysin is known
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used in this application, the term “Choline Binding Protein family {CbpX)" is selected from
the group consisting of Choline Binding Proteins as identified in WQO87/41151, PbcA,
SpsA, PspC, CbpA, CbpD, and ChpG. CbpA is disclosed in WQ97/41151. CbpD and

30 CbpG are disclosed in WO00/29434. PspC is disclosed in WQ97/09894. PbcA is
disclosed in W(098/21337.SpsA is a Choline binding protein disclosed in WO 98/39450.
Preferably the Choline Binding Prcteins are selected from the group consisting of CbpA,
PbcA, SpsA and PspC.
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Anocther preferred embodiment is CbpX truncates wherein “CbpX” is defined above and
“truncates” refers to CbpX proteins lacking 50% or more of the Choline binding region (C).
Preferably such proteins lack the entire choline binding region. More preferably, the such
protein truncates iack (i) the choline binding region and (i} 2 portion of the N-terminal half
of the protein as well, yet retain at least one repeat region (R1 or R2). More preferably
still, the truncate has 2 repeat regions {R1 and R2). Examples of such preferred
embodiments are NR1xR2 and R1xR2 as illustrated in W099/51266 or W(099/51188,
haowever, other choline binding proteins lacking a similar chgline binding region are also
contemplated within the scope of this invention.

The LytX family is membrane associated proteins associated with cell lysis. The N-
terminal domain comprises choline binding domain(s), however the LytX family does not
have all the features found in the CbhpA family noted above and thus for the present
invention, the LyiX family is considered distinct from the CbpX family. In contrast with the
CbpX family, the C-terminal domain contains the catalytic domain of the LytX protein
family. The family comprises LytA, B and C. With regards to the LytxX family, LvtA is
disclosed in Ronda et al., Eur J Biochem, 184:621-824 (1987). LytB Is disclosed in WO
98/18930, and is also referred to as Spd46. LytC is also disclosed in WO 88/18930, and is
also referred to as Sp91. A preferred member of that family is LytC.

Another preferred embodiment are LytX truncates wherein “LytX” is defined above and
“truncates” refers to LytX proteins lacking 50% or mcre of the Choline binding region.
Preferably such proteins lack the entire choline binding region. Yet another preferred
embodiment of this invention are CbpX truncate-LytX {runcate chimeric proteins {or
fusions). Preferably this comprises NR1xR2 (or R1xR2) of CbpX and the C-terminal
portion (Cterm, i.e., lacking the choline binding domains) of LytX {e.g., LytCCterm or
Sp91Cterm). More preferably CbpX is selected from the group consisting of CbpA, PbeA,
SpsA and PspC. More preferably still, it is CbpA. Preferably, LytX is LytC (also referred
to as Sp91). Another embodiment of the present invention is a PspA or PsaA truncates
lacking the choline binding domain (C) and expressed as a fusion protein with LytX.
Preferably, LytX is LytC.

With regards to PsaA and PspA, both are know in the art. For example, PsaA and
transmembrane deletion variants thereof have been described by Berry & Paton, Infect
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Immun 1996 Dec;64(12).5255-62. PspA and transmembrane deletion variants thereof
have been disclosed in, for example, US 5804183, WO 92/14488, and WO 99/53940,

Sp128 and Sp130 are disclosed in WODD/76540. Spi125 is an example of a
pneumococcal surface protein with the Cell Wall Anchored motif of LPXTG {(where X is
any amino acid), Any protein within this class of pneumococcal surface protein with this
motif has been found to be usefu! within the context of this invention, and is therefore
considered a further protein of the invention. Sp125 itself is disclosed in WO 98/18830,
and is also known as ZmpB - a zinc metalloproteinase. Sp101 is disclosed in WO
98/06734 (where it has the reference # y85993). It is characterized by a Type | signal
sequence. Sp133 is disclosed in WO 98/06734 (where it has the reference # y85992). It
is also characterized by a Type | signal sequence.

Examples of preferred Moraxefla catarrhalis protein antigens which can be inciuded in a
combination vaccine (especially for the prevention of ofitis media) are: OMP106 [WO
97/41731 (Antex} & WO 96/34960 {PMC)]; OMP21 or fragments thereof (WO 0018910);
LbpA &for LbpB (WO 98/55606 (PMC)]; ThpA &for ThpB [WO 97/13785 & WO 97/32980
(PMC)); CopB [Helminen ME, et al. (1993) Infect. Immun. 61:2003-2010]; UspA1 and/or
UspA2 [WO 93/03761 (University of Texas)]; OmpCD; HasR (PCT/EP$89/03824); PilQ
(PCT/EPS9/03823); OMP85 (PCT/EP00/01468); lipo08 (GB 9917977.2); lipe10 (GB
9918208.1); lipo11 (GB 9918302.2}; lipo18 (GB 9918038.2); P6 (PCT/EP99/03038); D15
(PCT/EP99/03822), OmplA1 (PCT/EP99/06781); Hly3 {PCT/EP99/03257); and OmpE.
Examples of non-typeable Haemophilus influenzae antigens or fragments thereof which
can be included in a combination vaccine (especially for the prevention of ofitis media)
include: Fimbrin protein [{US 5766608 - Ohio State Research Foundation)] and fusions
comprising peptides therefrom [eg LB1(f) peptide fusions; US 5843464 (OSU) or WO
88/64067]; OMP26 (WO 97/01638 (Cartecs)}; P6 [EP 281673 (State University of New
York)]; TbpA and/or TbpB, Hia; Hsf; Hin47; Hif; Hmw1; Hmw2; Hmw3; Hmw4,; Hap; D15
(WO 94/12641}), P2; and P5 (WO 94/26304),

The proteins of the invention may also be beneficially combined. By combined is meant
that the immunogenic composition comprises all of the proteins from within the following
combinétions, either as carrier proteins or as free proteins or a mixture of the two. For
example, in a combination of two proteins as set out hereinafter, both proteins may be
used as carrier proteins, or both protéins may be present as free profeins, or both may be
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present as carrier and as free protein, or one may be present as a carrier protein and a
free protein whi'st the other is present only as a carrier protein or only as a free protein, or
one may be present as a carrier protein and the other as a free protein. Where a
combination of three proteins is given, similar possibiiities exist. Preferred combinations
include, but are not limited to, PhtD + NR1xR2, PhtD + NR1xR2-Sp81Cterm chimeric or
fusion proteins, PhtD + Ply, PhtD + Sp128, PhtD + PsaA, PhtD + PspA, PhtA + NR1xR2,
PhtA + NR1xR2-Sp91Cterm chimeric or fusion proteins, PhtA + Ply, PhtA + Sp128, PhtA
+ PsaA, PhtA + PspA, NR1xR2 + LytC, NR1xR2 + PspA, NR1xR2 + PsaA, NR1xR2 +
Sp128, R1xR2 + LytC, R1xR2 + PspA, R1xR2 + PsaA, R1xR2 + Sp128, R1xR2 + PhtD,
R1xR2 + PhtA. Preferably, NR1xR2 (or R1xR2} is from CbpA or PspC. More preferably it
is from CbpA. Other combinations include 3 protein combinations such as PhtD +
NR1xR2 + Ply, and PhtA + NR1xR2 + PhtD. In cne embodiment, the vaccine composition
comprises detoxified pneumolysin and PhiD or PhiDE as carrier proteins. In a further
embodiment, the vaccine composition comprises detoxified preumolysin and PhtD or
PhtDE as free proteins.

In an independent aspect, the present invention provides an immunogenic composition
compristng at least four 8 pneumonias capsular saccharide conjugates containing
saccharides from different 8. pneumoniae serotypes wherein at least one saccharide is
conjugated to PhtD or fusion protein thereof and the immunogenic composition is capable
of eliciting an effective immune respanse against PhtD.

An effective immune response against PhtD or fusion protein thereof is measured for
example by a protection assay such as that described in example 15. An effactive
immune response provides at least 40%, 50%, 60%, 70%, 80% or 90% survival 7 days
after challenge with a heterologous strain. Given that the challenge strain is heterologous,
the protection afforded is due to the immune response against PhtD or fusion protein
thereof.

Alternatively, an effective immune response against PhtD is measured by ELISA as
described in example 14. An effective immune response gives an anti-PhtD IgG response
of atleast 250, 300, 350, 400, 500, 550 or 600 pg/m!i GMC.

For exampie, the immunogenic composition comprises at least 2, 3,4, 5,6, 7, 8, 9 or 10
8. pneumoniae capsular saccharides from different serotypes conjugated to PhtD or
fusion protein thereof. For example seroiypes 22F and 1, 2, 3, 4, 5, 6 or 7 further selected
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from serotypes 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, 104, 11A, 12F, 14, 15B, 17F, 18C,
1BA, 19F, 20, 23F and 33F are conjugated to PhiD. In an embodiment two or three of
serotypes 3, 6A and 22F are conjugated to PhtD or fusion protein thereof.

In an embodiment, the immunogenic composition of the invention comprises at least one
S. pneumoniae capsular saccharide conjugated to PhtD or fusion protein thereof via a
linker, for example ADH. In an embodiment, one of the conjugation chemistries listed
below Is used.

in an emboediment, the immunogenic composition of the invention comprises at least one
S. pneumoniae capsular saccharide conjugated to PhiD or fusion protein thereof, wherein
the ratic of PhtD to saccharide in the conjugate is between 6:1 and 1:5, 6:1 and 2:1, 6:1
and 2.5:1, 6:1 and 3:1, 6:1 and 3.5:1 {w/w) or is greater than {i.e. contains a farger
proportion of PhtD) 2.0:1, 2.5:1, 3.0:1, 3.5:1 or 4.0:1 (w/w).

In an embodiment, the immunogenic composition of the invention comprises pneumolysin,

The present invention further provides a vaccine containing the immunogenic
compositions of the invention and a pharmaceutically acceptable excipient.

The vaccines of the present invention may be adjuvanted, particularly when intended for
use in an eldery population but also for use in infant populations. Suitable adjuvants
include an aluminum salt such as aluminum hydroxide gel or aluminum phosphate or
alum, but may also be other metal salts such as those of calcium, magnesium, iron or
zinc, or may be an insoluble suspension of acylated tyrosine, or acylated sugars,
cationically or anionically derivatized saccharides, or polyphosphazenes.

It is preferred that the adjuvant be selected to be a preferential inducer of a TH1 type of
response. Such high levels of Thi-type cytckines tend lo favour the induction of cell
mediated immune responses to a given antigen, whilst high levels of Th2-type cytokines
tend to favour the induction of humoral immune responses to the antigen.

The distinction of Th1 and Th2-type immune response is not absolute. In reality an
individual wiil support an immune response which is described as being predominantly
Th1 or predominantly Th2, However, it is often convenient to consider the families of
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1345 613 7F 91/ 14 18C 19F 23F 11Pn-PD 1/PD 1113D
1/PD 1/PD 1/PD 1/PO 1/PD 1/PD 1/PD 1/PD 1/ PD <0. 8

wohRudhFsr m 1 3/ PD 3/ PD 3/ PD 10/ 01 3/ PD 3/ mdhédheoors
3/PD 3/DT 5/DT 5 0.35 19F-DT Form 2 3/ PD 2/ PD

tn an embodiment the adjuvant is (or comprises) a Toll like receptor (TLR) 4 ligand,
preferably an agonist such as a lipid A derivative particularly monophosphoryl lipid A or
more particularly 3 Deacylated monophoshory! lipid A (3 D — MPL).

3 D -MPL is available from GlaxoSmithKline Biologicals North America and primarily
promoates CD4+ T cell responses with an IFN-g (Th1) phenotype . [t can be produced
according to the methods disclosed in GB 2 220 211 A. Chemically it is a mixture of 3-
deacylated monophosphoryt lipid A with 3, 4, 5 or 6 acylated chains, Preferably in the
compositions of the present invention small particle 3 D- MPL is used. Small particle 3 D
-MPL has a particie size such that it may be sterile-filtered through a 0.22um filter. Such
preparations are described in International Patent Application No. WO 94/21282,
Synthetic derivatives of lipid A are known and thought to be TLR 4 agonists including, but
not limited to:

OoM174 (2-deoxy-8-0-]2-deoxy-2-[(R)-3-dodacanoyloxyletra-decanoviamino}-4-o-
phosphono-B-D-glucopyranosyl]-2-[(R)-3-hydroxytstradecanoylamino]-u-D-
glucopyranosyidinydrogenphosphate), (WO 95/14026)

OM 294 DP (38, 9 R} —3—[(R}-dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-3(R}-[(R}-
3-hydroxytetradecanoylamino]decan-1,10-diol, 1,10-bis{dihydrogenophosphate)  (W099
/64301 and WO 00/0482 )

OM 197 MP-Ac DP ( 3S-, 9R)} -3-[(R) -dodecanoyloxytetradecanoylamino]-4-axo-5-aza-9-
[(R)}-3-hydroxytetradecanoylamino]decan-1,10-diol,1  -dihydrogenophosphate  10-(6-
aminohexanocate) (WQC 01/46127)

Other TLR4 ligands which may be used are alkyl Glucosaminide phosphates (AGPs) such
as those disclosed in W09850399 or US8303347 (processes for preparation of AGPs are
also disclosed), or phammaceutically acceptable salts of AGPs as disclosed in
US6764840. Some AGPs are TLR4 agonists, and some are TLR4 antagonists. Both are
thought to be useful as adjuvants.

Another prefered immunostimulant for use in the present invention is Quil A and its

derivatives. Quil A is a saponin preparation isolated from the South American tree Quilaja

Saponaria Molina and was first described as having adjuvant activity by Daisgaard et al.
29



10

16

20

25

30

35

2/ PD 3/PD 5/01 3/PD 2/PD 2/PD 2/PD 3/DT 5/DT 5 0 35
19F-DT Form 3 3/PD 3/PD 3/PD 3/PD 3/PD 3/PD 3/PD 3/ PO

woRhbrhialy 3/ PD = 0.5 Tabl e 5SDOCIfi C PCT/EP2006/069979
act I vation/ coupl i no/ auenchl no conditions of PS

5S. bneunonl ae-Protein | NI TI DTconi uuates Serotype 1
Native 3 fluid 4 Native 5 Native 68 Native 7F Native

P%n qQﬂc("Sag}Jr{irpg‘djl}vaés".zArchiv. far die gesamte Virusforschung, Vol. 44, Springer
Verlag, Berlin, p243-254). Purified fragments of Cluil A have been isolated by HPLC
which retain adjuvant activity without the toxicity associated with Quit A (EP 0 362 278),
for example QS7 and QS21 (also known as QA7 and QA21). @S-21 is a natural saponin
derived from the bark of Quillaja saponaria Molina which induces CD8+ cytotoxic T cells
(CTLs), Th cells and a predominant igG2a antibody response and is a preferred saponin
in the context of the present invention.

Particular formulations of QS21 have been described which are particularly preferred,
these formulations further comprise a sterol (W096/33738). The saponins forming part of
the present invention may be separate in the form of micelles, mixed micslles
{preferentially, but not exclusively with bile salts) or may be in the form of ISCOM matrices
(EP 0 109 942 B1) , liposomes or related colfoidal structures such as worm-like or ring-like
multimeric complexes or lipidic/layered structures and lamellae when formulated with
cholesterol and lipid, or in the form of an oil in water smulsion (for example as in WQ
95/17210). The saponins may preferably be associated with a mefallic salt, such as
atuminium hydroxide or aluminium phosphate (WO 98/15287).

Preferably, the saponin is presented in the form of a lippsome, ISCOM or an oil in water
smulsion.

An enhanced system involves the combination of a monophosphoryl lipid A (or detoxified
lipid A) and a saponin derivative, particuially the combination of Q821 and 3D-MPL as
disclosed in WO 94/00153, or a less reactogenic composition where the QS21 is
quenched with cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant
formulation involving tocopherol with or without Q521 and/or 3D-MPL in an oil in water
emulsion is described in WO 95/17210. In cne embodiment the immunogenic
composition additionally comprises a saponin, which may be QS21.

Immunostimutatory ofigonucleotides or any cother Toll-like receptor (TLR) 9 agonist may
also be used.The preferred ofigonucleotides for use in adjuvants or vaccines of the
present invention are CpG containing oligonucleotides, preferably containing two or more
dinucleotide CpG motifs separated by at least three, more preferably at least six or more
hucleofides. A CpG mofif is a Cytosine nuclectide followed by a Guanine nucleotide. The
CpG oligonuclectides of the present invention are typically decxynuclectides. In a
preferred embodiment the internucleotide in the oligonucleotide is phosphorodithivate, or
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more preferably a phosphorothicate bond, although phosphodiester and other
internuclectide bonds are within the scope of the invention. Also included within the
scope of the invention are oligonucleotides with mixed internucieotide linkages. Methods
for producing phosphorothicate oligonuclectides or phosphorodithicate are described in
US5,666,153, US5,278,302 and WO95/26204.

Examples of preferred oligonucleotides have the following sequences. The sequences
preferably contain phosphorothioate modified internucleotide linkages.

OLIGO 1{SEQ ID NO:1): TCCATG ACG TTC CTG ACG TT (CpG 1826)

OLIGO 2 (SEQ ID NO:2); TCT CCC AGC GTG CGC CAT (CpG 1758)

OLIGO 3(SEQ ID NO:3): ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG

OLIGO 4 (SEQ ID NO:4): TCG TCG TTT TGT CGT TTT GTC GTT (CpG 2006)

OLIGO 5 (SEQ ID NO:5): TCC ATG ACG TTC CTG ATG CT {CpG 1658)

OLIGQ 6 (SEQ ID NO:6): TCG ACG TTT TCG GCG CGC GCC G (CpG 5456)

Alternative CpG oligonucieotides may comprise the preferred sequences above in that
they have inconseguential deletions or additions thereto.

The CpG oligonucieotides utilised in the present invention may be synthesized by any
method known in the art (for example see EP 488520). Conveniently, such
oligonucleotides may be synthesized utilising an automated synthesizer,

The adjuvant may be an oll in water emulsion or may comprise an oil in water emuision in
combination with other adjuvants. The oil phase of the emulsion system preferably
comprises a metabolisable oil. The meaning of the term metabolisable oil is well known in
the art. Metabolisable can be defined as "being capable of being transformed by
metabolism™ (Dorland’'s lllustrated Medical Dictionary, W.B. Sanders Company, 25"
edition (1974)). The oil may be any vegetable oil, fish, oil, animal or synthetic oll, which is
not toxic 1o the recipient and is capable of being transformed by metabolism. Nuts, seeds,
and grains are common sources of vegetable cils. Synthetic oils are also part of this
invention and can include commercially available oils such as NEOBEE® and others.
Squalene (2,6,10,15,19, 23-Hexamethyl-2,6,10,14,18,22-tetracosahexaene} is an
unsaturated oil which is found in large quantities in shark-iver oil, and in lower quantities
in olive oil, wheat germ oll, rice bran oil, and yeast, and is a particularly preferred oil for
use in this invention. Squalene is a metaholisable oil by virtue of the fact that it is an
intermediate in the biosynthesis of cholesterol {Merck index, 10" Edition, entry no.8618}.
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Cou lintime 60 mns 60 mns 45 mns 40 mns 60 mns 60
mns Serotype 9V Native 14 Native 18C Native 19F

Watdymresr Native PS conc. (ng/ml) 1.75 2.5 derBosthsidsonto
2.5 PS dissolution NaCl2M NaCl 2M W1 NaCl2M NaCl2M PD

conc.(nmg/m) 5.0 5.0 5.0 5.0 5.0 Initial PS/PD Ratio
(ww 1/0.75

Tocols (e.g. vitamin E) are aiso often used in oil emulsions adjuvants (EP 0 382 271 B1;
US5667784; WO 95/17210). Tocols used in the oil emulsions (preferably oil in water
emulsions) of the invention may be formulated as described in EP 0 382 271 B1, in that
the tocols may be dispersions of tocol droplets, optionally comprising an emulsifier, of
preferably less than 1 micron in diameter. Alternatively, the tocols may be used in
combination with another oil, to form the oil phase of an oil emulsion. Examples of oil
emulsions which may be used in combination with the tocol are described herein, such as
the metabolisable oils described above.

Oil in water emulsion adjuvants per se have been suggested to be useful as adjuvant
compositions (EP 0 399 843B), also combinations of oil in water emulsions and other
active agents have been described as adjuvants for vaccines (WO 95/17210; WO
88/56414;, WO 99/12565; WO 99/11241). Other oil emulsion adjuvants have been
described, such as water in oil emulsions (US 5,422,109;EP 0 480 982 B2) and water in
oil in water emulsions (US 5,424,067,EP 0 480 581 B). All of which form preferred ol
emulsion systems (in particular when incorporating tocols) to form adjuvants and
compositions of the present invention,

Most preferably the oil emulsion (for instance oil in water emulsions) further comprises an
emulsifier such as TWEEN 80 and/or a sterol such as cholesterol,

A preferred oil emulsion (preferably oil-in-water emuision) comprises a metabolisible, non-
toxic oil, such as squalane, squalene or a tocopherol such as alpha tocopherol (and
preferably both squalene and alpha tocopherol) and optionally an emulsifier {or surfactant)
such as Tween BO. A sterol (preferably cholesteral) may also be included.

The method of producing oil in water emulsions is well known to the man skilled in the art.
Commonly, the method comprises mixing the tocol-containing oil phase with a surfactant
such as a PBS/TWEENB0O™ solution, followed by homogenisation using a homogenizer, it
would be clear to a man skilled In the art that a method comprising passing the mixture
twice through a syringe needle would be suitable for homogenising small volumes of
liquid. Equally, the emulsification process in microfluidiser (M110S Microfluidics machine,
maximum of 50 passes, for a period of 2 minutes at maximum pressure input of 6 bar
(output pressure of about 850 bar)) couid be adapted by the man skilled in the art to
.produce smaller or larger volumes of emulsion. The adaptation could be achieved by
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110.75 1/1.2 1/1 1/1 CDAP conc. (ng/ng PS) 0.75 0.75
0.75 0.75 0.75 pl-la=pFlc=pH, 8.5/8.5/9.0 9.0/9.0/9.0

W07 0 9.5/9.5/9.0 9.5/9.5/9.0 Coupl i ngtkpIBocbboro
mns 60 mns 45 mns 30 nins 60 mns WO

2007/ 071711PCT/ EP2006/ 069979 Tabl e 6Specific
actiyation/couPlina/auenchi no conditions of PS

S. u lL.ae- rotel Tconl uoat es .for _t
nrg%ﬁigg&aﬁintf On d;omgnsggr Oet measurfmegt of. thae gsmtfml'lt ena.dsi?n until a
pfArepREation vgﬁ%laehleyewtfmﬁl dmp&!smhmemuw dvasreter
In an oil in water emulsion, the oii and emulsifier shouid be In an aqueous carrier. The
aqueous carrier may be, for example, phosphate buffered saline.

The size of the oil droplets found within the stable oil in water emulsion are
preferably less than 1 micron, may be in the range of substantially 30-600nm, preferably
substantially around 30-500nm in diameter, and most preferably substantiaily 150-500nm
in dilameter, and in particular about 150 nm in diameter as measured by photon
correlation spectroscopy. In this regard, 80% of the il droplets by number should be
within the preferred ranges, more preferably more than 80% and most preferably more
than 95% of the oil droplets by number are within the defined size ranges. The amounts of
the components present in the oil emuisions of the present invention are conventionally in
the range of from 0.5-20% or 2 to 10% oil {of the total dose volume}, such as squaiene;
and when present, from 2 10 10% alpha tccopherol; and from 0.3 to 3% surfactant, such
as polyoxyethylens sorbitan monooleate. Preferably the ratio of ol (preferably squalene):
tocol (preferably a-tocopherol) is equal or fess than 1 as this provides a more stable
emulsion. An emulsifier, such as Tween80 or Span 85 may alsc be present at a level of
about 1%, In some cases it may be advantageous that the vaccines of the present

invention will further contain a stabiliser.

Examples of preferred emulsion systemns are described in WO 95/17210, WO 99/11241
and WO 99/12565 which disclose emulsion adjuvants based on squalene, a-tocopherol,
and TWEEN 80, aptionally formulated with the immunostimulants QS21 and/or 3D-MPL.
Thus in a particutarly, preferred embodiment of the present invention, the adjuvant of the
invention may additionally comprise further immunostimulants, such as LPS or derivatives
thereof, and/or saponins. Examples of further immunostimulants are described herein
and in “Vaccine Design — The Subunit and Adjuvant Approach” 1995, Pharmaceutical
Biotechnology, Volume 6, Eds. Powell, M.F., and Newman, M.J., Pienum Press, New
York and London, ISBN 0-306-44867-X.

In a preferred aspect the adjuvant and immunogenic compositions according to
the invention comprise a saponin (preferably QS21) and/or an LPS derivative {preferably
3D-MPL) in an oil emulsion described above, optionally with a steral (preferably
cholestercl). Additionally the oil emulsion {preferably ail in water emulsion) may contain
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1/1 CDAP conc. (nmg/nmg PS) 1.50 0.75 1.5 2 1.5 0.75
pFl a=pFl c=p1-1" 9.019.0/9.0

span 85 and/or lecithin and/er tricaprylin. Adjuvants comprising an oil-in-water emuision, a
sterol and a saponin are described in WO 99/12565.

Typically for human administration the saponin (preferably QS21) andfor LPS
derivative {preferably 3D-MPL) will be present in a human dose of immunogenic
composition in the range of 1ug - 20Qpg, such as 10-100pg, preferably 10ug - 50ug per
dose. Typically the oil emulsion (preferably ol in water emulsion) will comprise from 2 to
10% metabolisible oil. Preferably it will comprise from 2 to 10% squalene, from 2 to 10%
alpha tocopherol and from 0.3 to 3% (preferably 0.4 — 2%) emulsifier (preferably tween 80
[polvoxyethylane sorbitan monocleate]). Where both squalene and alpha tocopherol are
present, preferably the ratio of squalene: alpha tocopherol is equal to or less than 1 as
this provides a more stable emulsion. Span 85 (Sorbitan tricleate) may also be present
at a level of 0.5 to 1% in the emulsions used in the invention. In some cases it may be
advantageous that the immunogenic compositions and vaccines of the present invention
will further contain a stabiliser, for example other emulsifiers/surfactants, including caprylic
acid (merck index 10™ Edition, entry no. 1739), of which Tricaprylin is particulariy
preferred.

Where squalene and a saponin {preferably QS21) are included, it is of benefil to
also include a sterol {preferably cholesterol) to the formulation as this allows a reduction in
the total level of oll in the emulsion. This leads to a reduced cost of manufacture,
improvement of the overall comfort of the vaccihation, and also qualitative and
quantitative improvements of the resultant immune responses, such as improved IFN-y
production. Accordingly, the adiuvant system of the present invention typically comprises
a ratio of metabolisable oil:saponin {(w/w) in the range of 200:1 to 300:1, also the present
invention can be used in a “low oil" form the preferred range of which is 1:1 to 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1, this vaccine retains the
beneficlal adjuvant properties of all of the components, with a rmuch reduced
reactogenicity profile. Accordingly, the particularly preferred embodiments have a ratio of
squalene:QS21 (wiw) in the range of 1:1 to 250:1, also a preferred range is 20:1 {0 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1. Preferably a sterol (most
preferably cholesterol) is also included present at a ratio of saponin:sterol as described
herein.

The emulsion systems of the present invention preferably have a small oil droplet
size in the sub-micron range. Most preferably the oil droplet sizes will be in the range 120
to 750 nm, and most preferably from 120-600nm in diameter.
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pfluid 23F pfluid PS conc.(nmg/nl) 1.75 2.5 5.0 9.0 10
PS dissolution NaCl 2M NaCl 2M NaCl 2M Nad 2M NaCl 2M
Carrier protein conc.(ng/nl) 5.0 5.0 5.0

A particularly potent adjuvant formulation (for ultimate combination with AIPO4 in
the immunogenic compositions of the invention) involves a saponin (preferably QS21), an
LPS derivative (preferably 3D-MPL) and an cil emulsion (preferably squalene and alpha
tocopherol in an oit in water emulsion) as described in WO 95/17210 or in WO 99/12565
(in particular adjuvant formulation 11 in Example 2, Table 1).

Examples of a TLR 2 agonist include peptidoglycan or lipoprotein. imidazoquinolines,
such as Imiquimod and Resiquimod are known TLR7 agonists. Single stranded RNA is
also a known TLR agonist (TLR8 in humans and TLR7 in mice), whereas double stranded
RNA and poly IC (polyinosinic-polycytidylic acid - a commercial synthetic mimetic of viral
RNA). are exemplary of TLR 3 agonists. 3D-MPL is an example of a TLR4 agonist whilst
CPG is an example of a TLR9 agonist,

The immunogenic compesition may comprise an antigen and an immunostimulant
adsorbed onto a metal salt. Aluminium based vaccine formulations wherein the antigen
and the immunostimulant 3-de-O-acylated monophosphoryl lipid A (3D-MPL), are
adsorbed onto the same particle are described in EP 0 576 478 B1, EP 0 689 454 B1, and
EP 0 633 784 B1. In these cases then antigen is first adsorbed onto the aluminium salt
followad by the adsorption of the immunostimulant 3D-MPL onto the same aluminium salt
particles. Such processes first involve the suspension of 3D-MPL by sonication in a water
bath until the particles reach a size of belween 80 and 500 nm. The antigen is typically
adsorbed onto aluminium salt for ane hour at raom temperature under agitation. The 3D-
MPL suspension is then added to the adsorbed antigen and the formulation is incubated
at room temperature for 1 hour, and then kept at 40C until use.

In another process, the imrnunostimulant and the antigen are on separate metal particles,
as described in EP 1126876. The improved process comprises the adsorption of
immunostimutant, onto a metallic salt particle, followed by the adsorption of the antigen
onto another metallic salt particle, followed by the mixing of the discrete metallic particles
to form a vaccine. The adjuvant for use in the present invention may be an adjuvant
compaosition comprising an immuhostimulanl. adsorbed onto a metallic salt particle,
characterised In that the metallic salt particle is substantially free of other antigen.
Furthermore, vaccines are provided by the present invention and are characterised in that
the immunostimulant is adsorbed onto particles of metallic salt which are substantially free
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20 (01) 10 (DT) Initial carrier protein/PS Ratio (w w)
/

iti
0.75/1°0.75/1 1.2/1 1.5/1 1.5/ 1 CDAP conc. (ng/ng PS)

QoksoMRehe 1.5 1.5 0.75 pFl a=pHa=pH, 8.5/ 8. 5}8p&ka00s/069979
9.0/9.0/9.0 9.0/9.0/9.0 9.0/9.0/9.0 9.5/9.5/9.0

Coupling time 60 mns 60 mns 30 mns 60 mns 60 mns
Tabl e 7Specific actiyationl couplinuMienchi na

P o, BRSO APl R e

pfantiged aze supsianfially eenplofhpeimgmnostimulant.
Accordingly, the present invention provides an adjuvant fommulation comprising
immunostimulant which has been adsorbed onto a particle of a metallic sait, characterised
in the composition is substantially free of other antigen. Moreover, this adjuvant
formulation can be an intermediate which, if such an adjuvant is used, is required for the
manufacture of a vaccine. Accordingly there is provided a process for the manufacture of
a vaccing comprising admixing an adjuvant composition which is one or more
immunostimulants adsorbed onto a metal particle with an antigen. Preferably, the antigen
has been pre-adsorbed onto a metallic salt. Said metallic salt may be identical or similar
to the metallic salt which is adsorbed onto the immunostimulant. Preferably the metal salt
is an aluminium salt, for example Aluminium phosphate or Aluminium hydroxide.
The present invention further provides for a vaccine composition comprising
immunostimulant adsorbed onto a first particle of a metallic salt, and antigen adsorbed
onto a metallic salt, characterised in that first and second particles of metallic salt are
separate particles,

LPS or LOS derivatives or mutations or lipid A derivatives described herein are designed
to be less toxic (e.g. 3D-MPL) than native lipopolysaccharides and are interchangeable
equivalents with respect to any uses of these moieties described herein. They may be
TLR4 ligands as described above. Other such derivatives are described in
WQ020786737, WO8850399, WO(0134617, WQ0212258, WO03065806.

in one embodiment the adjuvant used for the compaositions of the invention comprises a
liposome carrier (made by known techniques from a phospholipids (such as dioleoyl
phosphatidyl choline [DOPC]) and optionally a sterol [such as cholesterol]). Such
liposome carriers may carry lipid A derivatives [such as 3D-MPL — sea above] and/or
saponins (such as Q821 — see above). in one embodiment the adjuvant comprises {per
0.5 mL dose) 0.1-10mg, 0.2-7, 0.3-5, 0.4-2, or 0.5-1 mg {e.g. 0.4-0.6, 0.9-1.1, 0.5 or 1 mg)
phospholipid (for instance DOPC), 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-0.25
mg (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125 mq) sterol (for instance cholesterol}), 5-60, 10-50,
or 20-30 ng (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative (for instance 3D-
MPL), and 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 ug) saponin
{for instance QS21).
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This adjuvant is particularly suitable for elderly vaccine formulations. In one embodiment
the vaccine composition comprising this adjuvant comprises saccharide conjugates
derived from at least ail the following serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F, 1, 5, 7F
(and may also comprise one or more from serotypes 3, 6A, 19A, and 22F), wherein the
GMC antibody titre induced against ane or more {(or all) the vaccine components 4, 6B,
9V, 14, 18C, 19F and 23F is not significantly inferior to that induced by the Prevnar®
vaceine in human vaccinees.

In one embodiment the adjuvant used for the compositions of the invertion comprises an
oil in water emuision made from a metabolisable oil {such as squalene), an emulsifier
(such as Tween 80} and opticnally a tocol (such as aipha tocopherol). in one embodiment
the adjuvant comprises (per 0.5 mbL dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6mg (e.g. 2-3, 5-6,
or 10-11 mg) metabolisable oil (such as squalene), 0.1-10, 0.3-8, 0.6-6, 0.9-5, 1-4, or 2-3
mg (e.g. 0.9-1.1, 2-3 or 4-5 rng) emulsifier (such as Tween 80) and optionally 0.5-20, 1-
13, 2-12, 4-10, 5-7 mg (e.g. 11-13, 5-6, or 2-3 mg) tocol (such as aipha tocopherol).

This adjuvant may oplionally further comprise 5-60, 10-50, ar 20-30 pg (e.g. 5-15, 40-50,
10, 20, 30, 40 or 5G pg) lipid A derivative {for instance 3D-MPL).

These adjuvants are particularly suitable for infant or elderly vaccine formulations. In one
embodiment the vaccine composition comprising this adjuvant comprises saccharide
conjugates derived from at least all the following serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F,
1, 5, 7F {(and may also comprise ane or more from serotypes 3, 6A, 19A, and 22F),
wherein the GMC antibody fitre induced against one or more (or aill) the vaccine
components 4, 6B, 9V, 14, 18C, 19F and 23F is not significantly inferior to that induced by
the Prevnar® vaccine in human vaccinees.

This adjuvant may optionally contain 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-
0.25 mg (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125 mg) sterol {for instance cholestercl), 5-60,
10-50, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative (for
instance 3D-MPL), and 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
ng) sapenin {for instance QS21).

This adjuvant is particularly suitable for elderly vaccine formulations. In one embodiment

the vaccing composition comprising this adjuvant comprises saccharide conjugates
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derived from at least all the following serotypes: 4, 6B, 9V, 14, 18C, 18F, 23F, 1, 5, 7F
(and may also comprise one or more from serotypes 3, 6A, 19A, and 22F), wherein the
GMC antibody titre induced against one or more (or all) the vaccine components 4, 6B,
9V, 14, 18C, 19F and 23F is not significantly inferior to that induced by the Prevnar®
vaccine in human vaccinees.

In one embodiment the adjuvant used for the compositions of the invention comprises
aluminium phosphate and a lipid A derivative (such as 3D-MPL). This adjuvant may
comprise (per 0.5 mL dose) 100-750, 200-500, or 300-400 nug Al as aluminium phosphate,
and 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative
(for instance 3D-MPL).

This adjuvant is particularly suitable for elderly or infant vaccine formulations. In one
embodiment the vaccine composition comprising this adjuvant comprises saccharide
conjugates derived from at least all the following serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F,
1, §, 7F (and may also comprise one or more from serotypes 3, 6A, 19A, and 22F),
wherein the GMC antibody titre induced against one or more (or all} the vaccine
components 4, 68, 9V, 14, 18C, 19F and 23F is not significantly inferior to that induced by
the Prevnar® vaccine in human vaccinees.

The vaccine preparations containing immunogenic compositions of the present invention
may be used to protect or treat 2 mammal susceplible to Infection, by means of
administering said vaccine via systemic or mucosal route. These administrations may
include injection via the intramuscular, intraperitoneal, intradermal or subcutaneous
rowtes; or via mucosal administration to the oralfalimentary, respiratory, genitourinary
tracts. Intranasal administration of vaccines for the treatment of pneumonia or otitis media
is preferred (as nasopharyngeal carriage of pneumococci can be more effectively
prevented, thus attenuating infection at its earfiest stage). Although the vaccine of the
invention rnay be administered as a single dose, components thereof may also be co-
administered together at the same time or at different times {for instance pneumococcal
saccharide conjugates could be administered separately, at the same time or 1-2 weeks
after the administration of the any bacterial protein component of the vaccine for optimal
coordination of the immune responses with respect to each other). For co-administration,
the optional Th1 adjuvant may be present in any or all of the different administrations. In
addition to a single route of administration, 2 different routes of administration may be
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9. Lgé@ pArgeXan;%e. %é&hgl’{dgs Qr saccharide conjugates may be administered IM (or
iD} and bacterial proteins may be administered IN (or ID). In addition, the vaccines of the
invention may be adrministered IM for priming doses and IN for booster doses.

The content of protein antigens in the vaccine will typically be in the range 1-100ug,
preferably 5-50ug, most typically in the range 5 - 25ug. Following an initial vaccination,
subjects may receive one or several booster immunizations adequately spaced.

‘Vaccine preparation is generally described in Vaccine Design (“The subunit and adjuvant
approach” (eds Powell MF. & Newman M.J.} {1995) Plenum Press New York).
Encapsulation within liposomes is described by Fullerton, US Patent 4,235,877.

The vaccines of the present invention may be stored in solution or Iyophilized. Preferably
the solution is Iyophilized in the presence of a sugar such as sucrose or lactose. It is still
further preferable that they are Iyophilized and extemporanecusly reconstituted prior to
use. Lyophilizing may result in a more stable composition (vaccine) and may possibly
lead to higher antibody titers in the presence of 3D-MPL and in the absence of an
alurminum based adjuvant.

In one aspect of the invention is provided a vaccine kit, comprising a vial containing an
immurogenic composition of the invention, optionaliy in lyophilised form, and further
comprising a vial containing an adjuvant as described herein. It is envisioned that in this
aspect of the invention, the adjuvant will be used to reconstitute the lyophilised
immunogenic compaosition.

Although the vaccines of the present invention may be administered by any routs,
administration of the described vaccines into the skin (ID) forms one embadiment of the
present invention. Human skin comprises an outer “horny” cuticle, called the stratum
cormeum, which overlays the epidermis. Underneath this epidermis is a layer called the
dermis, which in turn overlays the subcutaneous tissue. Researchers have shown that
injection of a vaccine into the skin, and in particular the dermis, stimulates an immune
response, which may also be associated with a number of additional advantages.
Intradermal vaccination with the vaccines described herein forms a preferred feature of
the present invention.
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lowered and further advanced whilst providing a slight pressure to elevate it under the
skin. The liquid is then injected very slowly thereby forming a bleb or bump on the skin
susface, followed by slow withdrawal of the needle.

More recenlly, devices that are specifically designed to administer liquid agents into or
across the skin have been described, for example the devices described in WO 99/34850
and EP 1092444, also the Jet injection devices described for example in WO 01/13977;
US 5,480,381, US 5,599,302, US 5,334,144, US 5,893,412, US 5,649,912, US 5,569,189,
US 5,704,911, US 5,383,851, US 5,893,397, US 5,466,220, US 5,339,163, US 5,312,335,
US 5,503,627, US 5,064,413, US 5,520, 639, US 4,596,556, US 4,790,824, US
4,941,880, US 4,940,480, WO 97/37705 and WO 97/13537. Allernative methods of
intradermal administration of the vaccine preparations may include conventional syringes
and needles, or devices designed for ballistic delivery of solid vaccines (WO 99/27961), or
transdermal patches (WO 97/48440; WO 98/28037); or applied to the surface of the skin
{transdermal or transcutaneous delivery WO 98/20734 ; WO 98/28037}.

When the vaccines of the present invention are to be administered to the skin, or more
specifically into the dermis, the vaccine is in a low liquid volume, particularly a volume of
between about 0.05 ml and 0.2 ml.

The content of antigans in the skin or intradermal vaccines of the present invention may
be similar to conventional doses as found in intramuscular vaccines (see above).
However, it is a feature of skin or intradermal vaccines that the formulations may be “low
dose”. Accordingly the protein antigens in “low dose” vaccines are preferably present in as
little as 0.1 to 10ug, preferably 0.1 to 5 ug per dose; and the saccharide (preferably
conjugated) antigens may be present in the range of 0.01-1ug, and preferably between
0.01 to 0.5 ng of saccharide per dose.

As used herein, the term “intradermal delivery” means delivery of the vaccine to the region

of the dermis in the skin. However, the vaccine will not necessarily be located exclusively

in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
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ram from the surface in human skin, but there is a cerlain amount of variation between
individuals and in different parts of the body. In general, it can be expected to reach the
dermis by going 1.5 mm below the surface of the skin. The dermis is located betwean the
stratum corneum and the epidermis at the surface and the subcutaneous layer below.
Depending on the mode of delivery, the vaccine may ultimately be located solely or
primarily within the dermis, or it may ultimately be distributed within the epidermis and the
dermis.

The present invention further provides an improved vaccine for the prevention or
amelioration of Ofitis media caused by Haemophilus influenzase by the addition of
Haemophilus influenzae proteins, for example protein D in free or conjugated form, In
addition, the present invention further provides an improved vaccine for the prevention or
amelioration of pneumococcal infection in infants (e.g., Otitis media}, by relying on the
addition of one or two pneumococcal proteins as free or conjugaled protein to the S.
pnaumonias conjugate compositions of the invention. Said pneumococcal free proteins
may be the same or different to any S. pneurnoniae proteins used as carrier proteins.
One or more Moraxella catarrhalis protein antigens can also be included in the
combination vaccine in a free or conjugated form. Thus, the present invention is an
improved method to elicit a (protective) immune response against Otitis media in infants.

In ancther embodiment, the present invention is an improved method to elicit a
(protective) immune response in infants (defined as 0-2 years old in the context of the
present invention) by administering a safe and effective amount of the vaccine of the
invention [a paediatric vaccine]. Further embodiments of the present invention include the
provision of the antigenic S. pneumoniae conjugate compositions of the invention for use
in medicine and the use of the S. pneumoniae conjugates of the invention in the
manufacture of a medicament for the prevention (or treatment) of pneumococcal disease.

In yet another embodiment, the present invention is an improved method to elicit a
(protective) immune response in the elderly population (in the context of the present
invention a patient is considered elderly if they are 50 years or over in age, iypically over
58 years and more generally over 60 years) by administering a safe and effective amount
of the vaccine of the invention, preferably in canjunction with one or two 8. pneumoniae
proteins present as free or conjugated protein, which free S. pneumoniae proteins may be
the same or different as any S. pneumoniae proteins used as carrier proteins.
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1 Fepepby B3 @n@unogiag andg optienalp Heemophilus influenzae infection comprising
administering to the host an immunoprotective dose of the immunogenic composition or

vaccine or kit of the invention,

A further aspect of the invention is an immunogenic composition of the invention for use in
the treatment or prevention of disease caused by S.pneumoniae and optionally
Haemophilus influenzae infection.

A further aspect of the invention is use of the immunogenic composition or vaccine or kit
of the invention in the manufacture of a medicament for the treatment or prevention of
diseases caused by 5. pneurmnoniae and optionally Haemophilus influenzae infection.

The terms “comprising”, “comprise™ and “comprises” herein are intended by the inventors
to be optionally substitutable with the terms "consisting of*, “consist of’ and “consists of®,
respectively, in every instance.

Embodiments herein relating to “vaccine compositions® of the invention are also
applicable to embodiments relating to “immunogenic compositions” of the invention, and
vice versa.

All references or patent applications cited within this patent specification are incorporated
by reference herein.

In order that this invention may be better understood, the following examples are set forth.
These examples are for purposes of illustration only, and are not to be construed as limiting
the scope of the invention in any manner.

Examples
Example 1: EXPRESSION OF PROTEIN D

Haemophilus influenzae protein D
Genetic construction for protein D expression
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Starting materlals
The Protein D encoding DNA

Protein D is highly conserved among H. influsnzae of all serotypes and non-
typeable strains. The vector pHIC348 containing the DNA sequence encoding the entire
protein D gene has been obtained from Dr. A. Forsgren, Department of Medical
Microbiclogy, University of Lund, Malmo Genaral Hospital, Malm3, Sweden. The DNA
sequence of protein D has been published by Janson et al. (1991) Infect. Immun. 59: 119-
125.

The expression vector pMG1

The expression vector pMG1 is a derivative of pBR322 (Gross of af., 1985} in
which bacteriophage A derived controt elements for transeription and translation of foreign
inserted genes were Introduced (Shatzman ef al, 1983). In addition, the Ampicillin
resistance gene was exchanged with the Kanamycin resistance gene.

The E. coli strain AR58

The E. colf strain ARS8 was generated by transduction of N99 with a P1 phage
stack previously grown on an SA500 derivative (galE::TN10, lambdaKil® cl857 AH1). N99
and SAS00 are E. colf K12 strains derived from Dr. Martin Rosenberg's laboratory at the
National Institute of Health.

The expression vector pMG 1

For the production of protein D, the DNA encoding the protein has been cloned
into the expression vector pMG 1. This plasmid utilises signals from lambdaphage DNA
to drive the transcription and translation of inserted foreign genes. The vector contains
the promoter PL, operator OL and two utilisation sites (NutL and NulR} to relieve
transcriptional polarity effects when N protein is provided (Gross et a/., 1985). Vectors
containing the PL promoter, are introduced into an E. colf lysogenic host to stabilise the
plasmid DNA. Lysogenic host strains contain replication-defective lambdaphage DNA
integrated into the genome (Shatzman ef al,, 1983). The chromosomal lambdaphage
DNA directs the synthesis of the cl repressor protein which binds to the QL repressor of
the vector and prevents binding of RNA polymerase to the PL promoter and thereby
transcription of the inserted gene. The ¢l gene of the expression sirain ARS8 contains a
temperature sensitive mutant so that PL directed transcription can be regulated by
temperature shift, i.e. an increase in culture temperature inactivates the repressor and
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The ARS8 lysogenic E. coli strain used for the production of the protein D carrier is

a derivative of the standard NiH E. colf K12 strain N99 (F° su” galk2, lacZ thr ). It
contains a defective lysogenic lambdaphage (galE::TN10, lambdakKil" c1857 AH1). The Kil
phenotype prevents the shut off of host macroemolecular synthesis, The ¢l857 mutation
confers a temperature sensilive lesion to the ¢l repressor. The AH1 deletion removes the
lambdaphage right operon and the hosts blo, uwvr3, and chiA loci. The ARS8 strain was
generated by transduction of N99 with a P1 phage stock previously grown on an SA500
derivative (galE::TN10, lambdaKil" ¢I857 AH1). The introduction of the defectiva lysogen
into N99 was selected with tetracycline by virtue of the presence of a TN10 transposon
coding for tetracyclin resistance in the adjacent galE gene.

Construction of vector pMGMDPPID

The pMG 1 vector which contains the gene encoding the non-structural St protein
of Influenzae virus (pPMGNSI) was used to construct pMGMDPPrD. The protein D gene
was amplified by PCR from the pHIC348 vector (Janson et al. 1991 Infect. Immun.
59:119-125) with PCR primers containing Ncol and Xbal restriction sites at the & and 3’
ends, respectively. The Ncol/Xbal fragment was then introduced into pMGNS1 between
Ncol and Xbal thus creating a fusion protein containing the N-terminal 81 amino acids of
the NS1 protein followed by the PD protein. This vector was labelled pMGNS1PrD.

Based on the construct described above the final construct for protein D
expression was generated. A BamHI/BamH! fragment was removed from pMGNS1PrD,
This DNA hydrolysis removes the NS1 coding region, except for the first three N-terminal
residues. Upon religation of the vector a gene encoding a fusion protein with the foflowing
N-terminal amino acid sequence has been generated:

-—-MDP SSHSSNMANT—-
NS1 Protein D
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The protein D does not contain a leader peptide or the N-terminal cysteine to
which lipid chains are normally attached. The protein is therefore neither excreted into the
periplasm nor lipidated and remains in the cytoplasm in a soluble form.

The final construct pMG-MDPPrD was introduced into the ARS8 host strain by
heat shock at 37 °C. Plasmid containing bacteria were selected In the presence of
Kanamycin. Presence of the protein D encoding DNA insert was demonstrated by
digestion of isolated plasmid DNA with selected endonucleases. The recombinant £ coli
strain is referred ta as ECD4.

Expression of protein D is under the contro! of the lambda P_ promoter/ O
Operator. The host strain AR58 contains a temperature-sensitive ¢/ gene in the genome
which blocks expression from lambda Py at low temperature by binding 1o O.. Once the
temperature is elevated ¢l is released from O and protein D is expressed.

Small-scale preparation

At the end of the fermentation the cells are concentrated and frozen.

The extraction from harvested cells and the purification of protein D was
performed as follows. The frozen cell culture pellet is thawed and resuspended in a cell
disruption solution (Citrate buffer pH 6.0) to a final ODgsy = 60. The suspension is passed
twice through a high pressure homogenizer at P = 1000 bar. The cell culture homogenate
is clarified by centrifugation and cell debris is removed by filtration. In the first purification
step the filtered lysate is applied to a cation exchange chromatography column (SP
Sepharose Fast Flow). PD binds to the gel matrix by ionic interaction and is eluted by a
step increase of the ionic sirength of the elution buffer.

In a second purification step impurities are retained on an anionic exchange matrix
(Q Sepharose Fast Flow). PD does not bind onto the gel and can be collected in the flow
through.

In both column chromatography steps fraction collection is monitored by OD. The
flow through of the anionic exchange column chromatography containing the purified
protein D is concentrated by ultrafiltration.

The protein D contalning ultrafiltration retentate is finally passed through a 0.2 ym
membrane.

Large Scale Preparation
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matrix by ionic interaction and is eluted by a step increase of the ioni¢c strength of the
elution buffer and filtrated.

In a second purification step impurities are retained on an anionic exchange matrix
(Q Sepharose Fast Flow). PD does not bind onto the gel and can be collected in the flow
through.

In both column chromatography steps fraction collection is menitored by OD. The
flow through of the anionic exchange column chromatography containing the purified
protein D is concentrated and diafiltrated by ultrafiltration.

The protein D containing ultrafiltration retentate is finally passed through a 0.2 pm
membrane.

Example 1b: EXPRESSION OF PhtD

The PhtD protein is a member of the pneumococcal histidine-triad (Pht) protein family
characterized by the presence of histidine-triads (HXXHXH motif}). PhtD is a 838 aa-
molecule and carries 5 histidine triads (see Medlmmune W000/37105 SEQ ID NO: 4 for
amino acid sequence and SEQ ID NO: 5 for DNA sequence). PhtD also contains a proline-
rich region in the middle (amino acid position 348-380). PhtD has a 20 aa-N-terminal
signal sequence with a LXXC motif.

Genetic canstruct

The gene sequence of the mature MedImmune PhtD protein (from aa 21 to aa 838) was
transferred recombinantly to E. coli using the in-house pTCMP14 vector carrying the pa
promoter. The E. coli host strain is AR58, which carries the cI857 thermosensitive
repressor, allowing heat-induction of the promotor.

Polymerase chain reaction was realized to amplify the phtD gene from a Medlmmune
plasmid (carrying the phzD gene from Streptococcus pneumoniae strain Norway 4
(serotype 4) — SEQ ID NO: 5 as described in WO 00/37105). Primers, specific for the phtD
gene only, were used to amplify the phtD gene in two frapments. Primers carry either the
Ndel and Kpn} or the Kpn¥ and Xbal restriction sites. These primers do not hybridize with
any nucleotide from the vector but only with phtD specific gene sequences. An artificial
ATG start codon was inserted using the first primer carrying the Ndel restriction site. The
generated PCR products were then inserted into the pGEM-T cloning vector (Promega),
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and the DNA sequence was confirmed. Subcloning of the fragments in the TCMP14
expression vector was then realized using standard techniques and the vector was
transformed into ARS8 E. cofi.

PhtD Purification

PhD purificaticn is achieved as follows:

o Growth of E.coii cells In the presence of Kanamycin: growth 30 hours at 30 °C then
induction for 18 hours at 39.5 °C

= Breakage of the E.coli cells from whole cuiture at OD 115 in presence of EDTA § mM
and PMSF 2 mM as proteass inhibitors: Rannie, 2 passages, 1000 bars.

= Antigen capture and cells debris removal on expanded bed mode Streamline Q XL
chromatography at room temperatura (20°G); the column Is washed with NaCl 150 mM
+ Empigen 0.25% pH 6.5 and eluted with NaCl 400 mM + Empigen 0.25% in 25 mM
potassium phosphate buffer pH 7.4.

o Filtration on Sartobran 150 cartridge (0.45 + 0.2 pym)

= Antigen binding on Zn"" Chelating Sepharose FF IMAC chromatography at pH 7.4 in
presence of 5 mM imidazole atl 4°C; the column is washed with Imidazole 5 mM and
Empigen 1% and eluted with 50 mM imidazole, both in 25 mM potassium phosphate
buffer pH 8.0,

o Weak anion exchange chromatography in positive mode on Fractogel EMD DEAE at
pH 8.0 (25 mM petassium phosphate) at 4°C; the column s washed with 140 mM NaCl
and eluted at 200 mM NaCl while contaminants (proteing and DNA) remain adsorbed
on the exchanger.

o Concentration and ultrafiltration with 2 mM Na/K phosphate pH 7.15 on 50 kDa
membrane.

o Sterilising filtration of the purified bulk on a Millipak-20 0.2 pm filter cartridge.

Example 1c: EXPRESSION OF PNEUMOLYSIN

Pneumococcal pneumolysin was prepared and detoxified as described in W02004/081515
and W(O2006/032499,

Example 2:

Preparation of conjugates

It is well known in the art how to make purified pneumococcal polysaccharides.
For the purposes of these examples the polysaccharides were made essentially as
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1%’am 2%2 I\?a:l:l 0.2M or in water for injection (WFI). The optimal polysaccharide
concentration was evaluated for all the serotypes. All serotypes except serotype 18C
wers conjugated directly to the carrier protein as detailed below. Two alternative serotype
22F conjugates were made; one conjugated directly, one through an ADH linker.

From a 100 mg/ml stock solution in acetonitrile or acetonitrile/water 50%/50%
solution, CDAP (CDAP/PS ratio 0.5-1.5 mg/mg PS) was added to the polysaccharide
solution. 1.5 minute later, 0.2M-0.3M NaQOH was added to obtain the specific activation
pH. The activation of the polysaccharide was parformed at this pH during 3 minutes at 25
°C. Purified protein (protein D, PhtD, pneumnolysin or DT) {the quantity depends on the
initial PS/earrier protein ratio) was added to the activated polysaccharide and the coupling
reaction was performed at the specific pH for up tc 2 hour {depending upan serotype)
under pH regulation. In order to quench un-reacted cyanate ester groups, a 2M glycine
solution was then added to the mixture. The pH was adjusted to the quenching pH (pH
9.0). The solution was stirred for 3¢ minutes at 25 °C and then overnight at 2-8 °C with
continuous slow stirring.

Preparation of 18C:

18C was linked to the carrier protein via a linker — Adipic acid dihydrazide (ADH)
Polysaccharide serotype 18C was microfluidized before conjugation.

Derivatization of tetanus toxoid with EDAC

For derivatization of the tetanus toxoid, purified TT was diluted at 25 mg/ml in 0.2M NaCl
and the ADH spacer was added in order to reach a final concentration of 0.2M. When the
dissolution of the spacer was complets, the pH was adjusted to 6.2. EDAC (1-ethyl-3-(3-
dimethyl-aminopropyl) carbodiimide) was then added to reach a final concentration of
0.62M and the mixture was stirred for 1 hour under pH regutation. The reaction of
condensation was stopped by increasing pH up to 9.0 for at least 30 minutes at 25°C.
Derivatized TT was then digfiltrated (10 kDa CO membrane) in order to remove residual
ADH and EDAC reagent.

TTan bulk was finally sterile fiitered until coupling step and stored at -70°C.

Chemical coupling of TT,, to PS 18C

Details of the conjugation parameters can be found in Table 1.
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2 grams of microfluidized PS were diluted at the defined concentration in water and
adjusied to 2M NaCl by NaCl powder addition.

CDAPF solution (100 mg/ml freshly prepared in 50/50 viv acetonitrile/WFI) was added to
reach the appropriate CDAP/PS ratio.

The pH was raised up to the activation pH 9.0 by the addition of 0.3M NaOH and was
stabilised at this pH until addition of TTau.

After 3 minutes, derivatized TTay (20 mg/ml in 0.2 M NaCl) was added to reach a ratio
TTan /PS of 2; the pH was regulated to the coupling pH 8.0. The solution was left one hour
under pH regulation.

For quenching, a 2M glycine solution, was added to the mixture PS/TTa/CDAP.

The pH was adjusted to the quenching pH (pH 9.0).

The solution was stirred for 30 min at 25 °C, and then left overnight at 2-8°C with
cantinuous slow stirring.

PS22F,,-PhtD conjugate

In a second conjugation method for this saccharide (the first being the direct
P§22-PhiD conjugation method shown in Table 1), 22F was linked to the carrier proteln
via a linker — Adipic acid dihydrazide (ADH). Polysaccharide serotype 22F was
microfluidized before conjugation,

PS 22F derivatization

Activation and coupling are performed at 25°C under continuous stirring in a temperature-
controlied waterbath.

Microfluidized PS22F was diluted to obtain a final PS concentration of 6 mg/mi in 0.2M
NaC! and the solution was adjusted at pH 6.05 + 0.2 with 0.1N HCI.

CDAP solution (103 mg/mi freshly prepared in acetonitrile®NFl, 50/50) was added to
reach the appropriate CDAP/PS ratio (1.5/1 ww).

The pH was raised up to the activation pH 9.00 £0.05 by the addition of 0.5M NaQOH and
was stabilised at this pH unlil addition of ADH.

After 3 minutes, ADH was added fo reach the appropriate ADH/PS ratio (8.9/1 w/w); the
pH was regulated to coupling pH 8.0. The solution was left for 1 hour under pH
regulation.

The PSay derivative was concentrated and diafiltrated.

Coupling
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E@AEI @leh% esumng solution was incubated for 150 min
(though BD mlns was also used) at 25°C under stirring and pH regulation. The solution
was neutralized by addition of 1M Tris-HCI pH 7.5 (1/10 of the fina! volume) and let 30 min

at 25°C.

Prior to the elution on Sephacryl S400HR, the conjugate was clarified using a S5um
Minisart filter.

The resulting conjugate has a final PRtD/PS ratio of 4.1 (w/w), a free PS content below
1% and an antigenicity (a-PS/x-PS) of 36.3% and anti-PhtD antigenicity of 7.4%.

Purification of the conjugates:
The conjugates were purified by gel filtration using a Sephacryl S400HR gel filtration

column equilibrated with 0.15M NaCl (S500HR for 18C) to remove small molecules
(including DMAP) and unconjugated PS and protein. Based on the different molecular
sizes of the reaction components, PS-PD, PS-TT, PS-PhtD, PS-pneumolysin or PS-DT
conjugates are eluted first, followed by free PS, then by free PD or free DT and finally
DMAP and ather salts (NaCl, glycine).

Fractions containing conjugates are detected by UV om. Fractions are pooled according
to their Kd, sterile filtered (0.22pm) and stored at +2-8°C. The PS/Protein ratios in the
conjugate preparations were determined.

Specific activation/coupling/quenching conditions of PS S. pneumoniae-Protein
DATIDT/PhD/Plyconjugates

Where “yfluid” appears in a row header, it indicates that the saccharide was sized by
microfluidisation before conjugation. Sizes of saccharides following microfluidisation are
givan in table 2.

Table 1 Specific activation/coupling/guenching conditions of PS 8.
pneumoniae-Protein D/TT/DT/PhtD/Plyconjugates
Serotype 1 4 5 6A 6B 7F
pfluid ufluid pfluid
PS 2.5 2.5 71 5.0 5.0 5.0
conc.(mg/ml)
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dissolutlon

NaCl 2M

NaCl 2M

NaCl 2M

NaCl 2M

NaCl 2M

NacCl 0.2M

NaCl 2M

Carrler
proteln
conc.(mg/ml)

10.0

10.0

20.0 (TT)

10.0
{Ply)

20.0
(D7)

10.0
{PhiD)

5.0

Initial carrier
protein/PS
Ratia (wiw)

1.2H

1.21

21

251

1.6/1

n

n

CDAP conc.
{mg/mg P3)

0.50

0.75

0.75

1.5

15

1.6

0.79

pH.=pH.=pH,

9.5/9.5/9.0

9.5/9.5/9.0

9.0/9.0/9.0

9.0/9.0/9.0

9.0/9.0/19.0

9.0/9.0/9.0

9.5/9.5/9.0

Note: pHa,c,q corresponds to the pH for activation, coupling and quenching, respectively

Characferisation:
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antibodies and saturated ammonium sulfate, followed by a centrifugation.

An a-PS/a-PS ELISA was used for the quantification of free polysaccharide in the
supernatant. The absence of conjugate was aiso controlled by an o-carrier protein/o-PS
ELISA.

Antigenicity:

The antigenicity on the same conjugates was analyzed in a sandwich-type ELISA
wherein the capture and the detection of antibodies were «-PS and ¢-Protein
respactively.

Free proteln content (%):

Unconjugated carrier protein can be separated from the conjugate during the
purification step. The content of free residual protein was determined using size exclusion
chromatography (TSK 5000-PWXL) followed by UV detection {214 nm). The elution
conditions allowed separating the free carrier protein and the conjugate. Free protein
content in conjugate bulks was then determined versus a calibration curve (from 0 to 50
ug/ml of carrier protein). Fres carrier protein in % was obtained as follows: % free carrier
= {free carrier (ug/mly (Total concentration of corresponding carrier protein measured by
Lowry (ug/mi) * 100%).

Stabllity:

Molecutar weight distribution {K;,) and stability was measured on a HPLC-SEC gel
filtration (TSK 5000-PWXL) for corjugates kept at 4°C and slored for 7 days at 37°C.

The 10/11/13/14-valent characterization is given in Table 2 (see comment

thereunder).
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The protein conjugates can be adsorbed onlo aluminium phosphate and pooled to form

10

15

the final vaccine,

Conclusion:

Immunogenic conjugates have been produced, that have since been shown to be

components of a promising vaccine.

TABLE 2 — characteristics of the conjugates

PS
. PS size CamonPS Free PS Anligenicity | Conj. Size
Conjugates | Dax13} Rali {Elisa) Free Carrler | (Elisa) {kDa)
_ 349- 1.0%- 1499 -
i PS1-PD 382" 1.5-1.6 1.2% 3.9%-4.8% | 87%-95% 1715
4.7- 1303 -
P84-PD 93-100" 1.5-1.6 6.5% 3.2%4.0% | 90%-96% 1606
8.7- 93%- 1998-
PS5PD*™ | 387-443 0.80 11.2% | 2.2%-3.8% 108% 2352
1100-
PS6A-PD 1540 0.61 4.5% Not done 45.9% Not done
PS6B- 1068- 1.3- 4778-
PpD** 1391 0.7-0.8 1.6% <2.0% 68%-75% 5235
255 3907-
PS7F-PD 264" 1.1-12 <1% <1.4% 58% 4452
258- 9073-
PS9V-PD 280" 1.3-1.5 <1% <1.3% 67%-69% 9572
232- 3430-
PS14-PD 241" 14 <1% <1.5% 70% 3779
1.5- 5464-
! PS18C-TT" | 89-97* 2.2-24 2.2% <4% 46%-56% 6133
PS19A-Piy* | 151 3z <1% 29%
133- 4.1%- <1.2%- 2059-
PS19F-DT 143* 1.4-1.5 59% <1.3% 82%-88% 2335
PS22F-
PhtD* 152-167 217 5.8 | Not done 37% | Not done
PS22F-AHPHD*159-167 | 3.66-4.34 ! <1% Not done 28-31% Not done
PS23F- 1.4~ 137%- 2933-
PD*** 914-980 0.5 1.9% 3.7%4.8% 154% 3152

* P8 size following microfluidization of the native PS

A 10 valent vaccine was made by mixing serotype 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and

23F conjugates (e.g.atadoseof 1,3,1,1,1,'1, 1, 3, 3, 1 ug of saccharide, respectively

per human dose). An 11 valent vaccine was made by further adding the serotype 3

conjugate from Table 5 (e.g. at 1 pg of saccharide per human dose). A 13 valent vaccine

was made by further adding the serotypes 19A and 22F conjugates above {(with 22F

either direclly linked to PhtD, or altematively through an ADH linker) [e.q. at a dose of 3

ug each of saccharide per human dose]. A 14 valent vaccine may be made by further
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s@a?teé ﬁm@%ﬁ#ﬁ% & dg}s N@ és étﬂ_ Vl gHPéeﬁ'nS qe4 rMIn oﬁggéﬁevgus si:r%of’ngn
Ph’f’ﬂ"?&‘oﬂ‘]‘ el t°@l§°®§vaskfaf‘%‘ﬁeé?&rf? xe4 "W’t"ﬁc‘ﬁ&f ERISOAS I the Iqqipted
Bdktttenuadserotype difened frarh ittengeviees dsolaenmiateer thé infervbl jzgwveen the
( GWBHnkdMiveepisseghari de) of each of the follow ng PS:
P58, PS12F, BSl9F and PS22F. Anti-PS ELISA I1gG | evels
were dosed in sera collected at day 42. The anti-PS22F
response, shown as an exanpk#£ in Figure 4, was
strongly enhanced in mce given 4-valent PhtD
conj ugates conpared to mce inmunized with the plain
PS. The 15 sane inprovenent was observed for the
anti-1358, 12F and 19F 1gG responses (data not shown).
Exanpl e 8, inmunogenicity In elderly C57BI m ce of
13-val ent PS conjugates containing 19A-dPly and
22F-Pht D 20
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Groups of 30 old C57B1 m ce (>69-weeks ol d) were
i mmuni zed | M at days 0, 14 and 28 with 50 pl of either

Wh d4ePity PS conjugates or 13-val ent PS conpgfpdBssnssste
both adm xed with Adjuvant C (see below). The

11-val ent vaccine formul ati on was conposed of 0.1 pg
saccharl de of each of the 25 foll ow ng conjugates:

PS,;I,,I PR .wf53- PD, P54-PD, PS5-PD, PS6B-PD, PS7F-PD,
89VPD P514- PD, PS18C- TT PS19F- DT and PS23F- PD (see
Tebiole! of 498finfepimirgiaentslieds 3489 Jn b { 1RPRIL oA AW LATASS &g control
urgiep. Trekd veere ho majhediffetenceas it e dedegaphiz charhd@sidsiobsk factors

CQRbRkARE dyréfidi tion 0.1 pg of PS19A-dPly and
PS 2F Pht Dcuat es s?e Table 1 and conmment on 13

#%%Mhder Table 2 [using
dl IfPuacg lhp-p@onqotsvgtatfcdnw-ﬂﬂ Pénod. 4 ot ob8aB &pisdfesant dlinkat AGM were

pr}@ébméh)fﬁhéh@ﬁfﬂdg‘?dup\éﬁ@4®%tﬂébcfnhra Qralpt h GVBS

o581 T Byt o, By g g Bt et B g 7etn
CO’HFWQP@V'F"@)@W inrinfand (fskold ebal & Bnghd Mad BOX: B4k HEHh—- 409

10 (tdng KR B8 BICHE InfedF ¢ oda mﬁ&@%&ﬁ&%ﬂ? ;\;p@aﬁs ot AGKE- ank AOM

d 22F
0 s3hb3a By Miert R P BPLIER ATSlleR. e sl B Sl
d ﬁ@ﬁ“ﬁaw ignificant g | clinieayy f%?ﬂt aequglipnly o gD ?hGB‘?Yeth AOM
EldisBasel bgiden @adahised §th @ TFak REY] irfepekciv® obihé etfoloB\(takssa).

”Eﬁ\é I dfﬂ%&%@glﬁﬁ Aéﬁrégrsac%gﬁmf“o la\é &6 2dretidcbscal serotypes

adm ni st er ent” conj udate vaccl ne
18 £ gPraPertn BR e 2P WreiWIshffoeRi® in ol d C57131 nice

(Tabl e 15). The immune response induced against the
OtAh%{herPxﬁpdi\ﬁﬁt iNAAg IR B LBy éTR@ﬁ(;é 6%"@] prb@cilml BRvigd %Vat ?ﬁ
LR kR PA T SRR enpreerispeqtigaly 553%

i ranenteremiovidet Py NiHIb Tols TEINB 1S afimgjer dlipical significndegaiyen dhgel s)
20 Wik o229 i) &%A&eﬁ@ﬁ/ FAeRRB 305 R8€ ausd ol AGRIh BE aﬁéﬁmabdé&l

1 ﬁ@afel vbg ‘% eia:E:jl E 8%.[‘%‘(}%%% E;: ov:téed n%atnzal %:J)BIPE'IF T D

O VIW B !Led}ﬂ@ﬁd "G?"OB'PW"E%B{'I Fa0¢ of fér"rﬂﬁmza@fzﬂnwmm booster dose

0.id {pg s&Bidlyaacyf ife. Treve firdigelatt jh @ntat wiiprdviatd bbservations in
0. F:ln?ag/d @QQ’& fécﬂothg'-vlaéyt pneumococcal conjugate vaccines, an increase in AOM

25 episodes due to H. influenzae was observed, (Eskola ef al and Kilpi ef al} as evidence of

efiological replacerment.

A clear correlation between protection against AOM episodes due to Hi and antibody
levels against the carrier Protein D could not be established, as post-primary anti-PD IgG
30 antibody concentrations in 11Pn-PD vaccinees, that remained Hi AOM episode-free, were
essentially the same as post-primary anti-PD IgG antibody leveis measured in 11Pn-PD
vaccinees that developed at least one HI AOM episode during the efficacy follow-up
period. However, although no correlation could be established between the biological
impact of the vaccine and the post-primary IgG anti-PD immunogenicity, it is reasonable
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15

19A-dPly fonnol 22F-PhtD-E 0. 1pg/50p1 Adj C 11V 19A-DT
22F-PD 0 | pg/50pl1 Adj C laverage Pool 19.30 20.20

%626])9,0.;1;1180 12.10 13. 60 3average Pool 6.32 &1%2@6,3@979

2.38 2.54 4average Pool 60.9 67.1 51.4 47.4 45,

41.1 5average Pool 1.34 3.81 3.06 2.75 1.26 1.23

6Baverage Pool 4.41
to assume that the PD carrier protein, which is highly conserved among H. infiuenzae
strains, has contributed to a large extent in the induction of the pratection against Hi.

The effect on AOM disease was accompanied by an effect on nasopharyngeal carriage
that was of similar magnitude for vaccine serotype pneurmococei and H, influenzae (Figure
1). This reduction of the nasopharyngeal carriage of H. influenzae in the PD-conjugate
vaccinees supperis the hypothesis of a direct protactive effect of the PD-conjugate
vaccine against H. influenzae, even if the protective efficacy could not be correlated to the
anti-PD IgG immune responses as measured by ELISA.

In a following experiment a chinchilia otitis media model was used with serum pools from
infants immunised with the 11 valent formulation of this example or with the 10 valent
vaccine of Example 2 (see also Table 1 and 2 and comments thereunder). Both pools
induce a significant reduction of the percentage of animals with ofitis media versus the
pre-immune serum pool. There is no significant difference beteen the 10 and 11 valent
immune pools. This demonstrates that both vaccines have a similar potentiai to induce
protection against otitis media caused by non typeable H. influenzae in this model.
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36.5 47.0 69.1 23Faverage Pool NR NR NR NR NR NR
19AGMC 0.06 0.09 0.25 0.08 0.23 0.19 WO

g,@,%,%],;,llpd/ EP2006/ 069979 | C 0. 04-0. 1 0. A5yEradddrossaro
15-0410.06-0.12 0.14-0.36 0.09-0.3 Y%sew 33% 47% 83%

53% 80% 73% 22FGMC NR 5.81 3.78 0.54 0.85 2.02 IC

Example 4:
Selection of carrier proteln for serotype 19F

ELISA assay used
The 22F inhibition ELISA method was essentially based on an assay proposed in

2001 by Concepcion and Frasch and was reported by Henckaeris et al., 2006, Clinicat
and Vaccine Immunology 13:356-360. Briefly, purified pneumococcal polysaccharides
were mixed with methylated human serum albumin and adsorbed onto Nunc Maxisorp™
(Roskilde, DK) high binding microtitre plates overnight at 4°C. The plates were blocked
with 10% fetal bovine serum (FBS) in PBS for 1 hour at room temperature with agitation.
Serum samples were diluted in PBS containing 10% FBS, 10 ug/mL cell-wall
polysaccharide (SSI) and 2 pg/ml of pneumococcal polysaccharide of serotype 22F
(ATCC), and further diluted on the microtitre plates with the same buffer. An internal
reference calibratad against the standard serum 89-SF using the serotype-specific IgG
concentrations in 89-SF was treated in the same way and included on every plate. After
washing, the bound antibodies were detected using peroxidase-conjugated anti-human
lgG monocional antibedy (Stratech Scientific Ltd., Soham, UK) diluted in 10% FBS (in
PBS), and incubated for 1 hour at room temperature with agitation. The color was
developed using ready-to-use single component tetramethylbenzidine psroxidase enzyme
immunoassay substrate kit {BioRad, Hercules, CA, US) in the dark at room temperature.
The reaction was stopped with H2504 0.18 M, and the optical density was read at 450
nm. Serotype-spacific IgG concentrations {in pg/mL) in the samples were calculated by
referencing optical density points within defined limits to the internal reference serum
curve, which was modelized by a 4-parameter logistic log equation calculated with
SoftMax Pre™ (Molecular Devices, Sunnyvale, CA) software. The cut-off for the ELISA
was 0.05 pg/mL lgG for all serotypes taking into account the limit of detection and the limit
of quantification.

Opsonophagocytosis assay
At the WHO consultation meeting in June 2003, it was recommended to use an OPA

assay as set out in Romero-Steiner et a/ Clin Diagn Lab immunof 2003 10 (8): pp1019-
1024. This prolocol was used to test the QPA activity of the serotypes in the following
lests.

Preparation of conjugates
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g | mrune response nduced agal nst
trP@'“S Wy 9P TRt Hegat el y i npacted in nice given

20the 13-valent fornulation conpared to those i muni zed
with the 11-valent fornulation. 25 Table 16, PS
i munogeniclty in young Ball* mce (post-111 1gG
| evel s? WO 20071071711PCT/ EP2006/ 069979 Pool
3alpble dgepresentgimmunpgentcly §ata defowingy g 13PryRD PRoH ot todders

previously primed with 19F-DT or 19F-PD conjugates compared {0 a 4" consecutive dose
25  of Prevnar®. Given the breakthrough cases reported after the introduction of Prevnar® in

the US, the improved opsonophagocytic activity against serotype 19F when conjugated to

the DT carrier protein may be an advantage for the candidate vaccine.

Table 13 provides ELISA and OPA data for the 19F-DT conjugate with respect to the

cross-reactive serotype 19A. It was found that 19F-DT induces low but significant OPA
30 activity against 19A.
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daverage 147.4 127.0 104.4 95.0 113.6 114. 2 Pool
5avenge 21.38 20.29 18.26 18.95 18.02 23. 04 Pool

RENEHs 1- 97 4.76 3.72 2.35 1. 43 1. 05 POoOhcy/Ep2006/069979

Tabled Pneumococcal conjugate vaccine formulations used in clinical
studles.
Formulation Pneumococcal serotype pglcarrier protein Al
1 3 4 5 B TF 2 14 18C 19F { 23F mg
11PnPD WO |[1mPD | 1PD | #PD | /PD | tPD | 1/PD | 1/PD | PO} 1/PD | PO | <08

19F-DT Form 1 3P0 | 3P0 | APD | IPD {IOOT | IPD | 3PD | IPD ! IPD | DT | 50T | 5035

19F-DTForm2 | 3%PD | 2PD | 2PD | 3PD ) 50T | 3P0 | 2PD | 2PD | 2/PD | 3IDT | 5DT | <035

19F-DTForm3 | 37D | 3/PD [ 3PD | 3PD | 3PD | 3/PD | 3PD | 3/PD | 3PD | 3iDT | 3PD | =05

Table 5 Specific activation/coupling/quenching conditions of PS
5 S.pneumonlae-Protein DITT/DTconjugates
Serotype 1 3 4 5 6B 7F
Native ufiuid Native Native Native Native
PS 1.5 2 20 7.5 55 30
gonc.(mg/ml)
PS dissolution NaCl NaCl 2M WFI WFI NaCl 2M | NaCl 2M
150mM
PD 5.0 5.0 5.0 5.0 5.0 5.0
conc.({mg/mi)
Initial PS/FD 110.7 " 7 171 M "M
Ratio (wiw)
CDAP conc. 0.75 0.75 0.75 0.75 0.75 0.75
{mg/mg PS})
pH.=pH.=pH. |9.0/9.0/0.0 |9.5/9.5/9.0/8.8/8.8/9.0|9.0/9.0/9.0/9.5/9.5/9.0/9.0/9.0/9.0
Coupling time | 60mins | 60mins | 45mins | 40 mins | 60 mins | 60 mins

Serotype v 14 18C 19F 23F
Native Native Native Native Native
PS 1.75 2.5 1.75 4.0 25
conc.(mg/ml)
PS dissolution | NaCl2M | NaCi2M WFI NaCl2M | NaCl 2M
PD 5.0 5.0 50 5.0 5.0
canc.(mg/mi)
Initial PS/PD 1/0.75 1/0.75 1M.2 141 in
Ratio (wiw)
CDAF conc. 0.75 0.75 0.75 0.75 0.75
(mg/mg PS)
pH.=pH.=pH, |8.5/8.5/9.0 [9.0/9.0/9.0 |9.0/9.0/9.0 | 9.5/8.5/8.019.5/9.5/9.0
Coupling time | 60mins | 60mins | 45 mins 30 mins | 60 mins
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10

7Faverage 7.69 4.58 4.77 4.24 3.92 3. 94 Pool
9Vaverage 30.1 30.7 26.5 21.4 23.4 28.3 Pool

WORNPRIB1L8. 78 27.67 26.23 21.54 24.34 13. TEcT2bos/069979

Table 6 Specific activation/couplina/auenching conditions of PS
S.pneumonlae-Protein D/DTcon|ugates for the 11 Pn-PD&DI-001 study
Serotype 1 3 4 5 6B 7F
pfluid pfluid ufluid pfluid pfluid Native
P38 4 20 25 7.5 10 3.0
conc.{(ma/ml)
PS dissolution | NaCl 2M | NaCl2M | NaCl 2M | NaCl 2M [ NaCl 2M | NaCl 2M
PD 10.0 50 5.0 5.0 20 (DT) 5.0
cong. (mg/ml) NaCl 2M | NaCl 2M
Initial PD/FS 1.2/1 11 " M 1.5/ 1M
Ratio (w/w)
CDAP conc. 1.50 0.75 1.5 2 1.5 0.75
(mg/mg PS}
pH.=pH.=pH, [9.0/9.0/9.0/9.5/9.5/9.0|9.5/9.5/9.0|9.0/9.0/9.0(9.5/2.6/9.0| 9/9/9
Coupling time | 60 mins | 60 mins | 60mins | 6Q mins | 60 mins ; 60 mins
Serptype ov 14 18C 19F 23F
Native Native pfluid pfluid pftuid
P3 1.75 25 50 9.0 10
conc. (mgfml}
PS dissolution | NaCl2M | NaCl2M | NaCl2M | NaCl2M | NaCi2M
Carrier protein 5.0 5.0 5.0 20(0T) 10 (D7)
cone.(mgéml)
Initial carrier 0.751 0.75/1 1.2 1.5/ 1.6
protein/PS
Ratio {w/w)
CDAP conc. 0.75 0.75 1.5 1.5 0.75
(mg/mg PS)
pH,=pH.=pH, | 8.5/8.5/9.0|9.0/9.0/9.0 |9.0/8.0/9.0 | 9.0/9.0/2.0/9.5/9.5/9.0
Coupling tme [ 60 mins 80 mins 30 mins 60 mins | 60 mins
Table 7 Spacific activation/coupling/guenching conditions of PS
S.pneumoniae-Protein D/DTconjuqgates for the 11 Pn-PD&DI-007 study
Serotype 1 3 4 5 6B 7F
Native pftuid Native Native Native piluid
PS 1.5 2.0 2 7.5 5.5 5.0
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18Caverage 53.4 52.37 46.5 57.8 47.8 75.8 Pool
19Faverage 186.6 157.7 169.3 178.9 181.9 223. 2 Pool

%:ﬁyﬁd'-]flﬂﬁ 4.98 3.9 5.11 0.57 3.13 4.57 POObCT/Epgooﬁl{]ggg'[g

conc.(mg/ml)
PS dissolution NaCl NaCl ZM WFI WFI1 NaCi 2M | NaCl 2M
150 mM
PD 5.0 5.0 5.0 5.0 5 10
conc.(mg/ml)
Initial PD/PS 0.71 1M 1 11 11 1.2H1
Ratio {wfw)
CDAP conc. 0.75 0.75 0.75 0.75 075 0.75
(mg/mg PS)
H=pH.=pH, [9.0/9.0/9.0(9.5/9.5/9.0|8.8/8.8/9.0/9.0/9.0/8.0[9.5/9.5/9.0] 9.5./8.5/9
Coupling time | 60 mins | 60mins | 45mins | 40 mins | 60 mins | 60 mins
Serotype av 14 16C 19F 19F 23F
pfluid pfluid Native pfluid pfluid pfiuid
PS 50 5.0 1.75 9.0 10.0 8.5
conc.{mg/ml)
PS dissolution | NaCl2M | NaCl2M WFI NaCi2M | NaCl2M | NaCl2M
Carrier protein 10 10.0 50 20(DT) | 5.0(PD) 10
conc.(mg/ml)
Initial camier 1.2 1.211 1.211 1.5M 1.21 1M
protein/PS
Ratic {(wiw)
CDAP cong, 0.5 .75 0.75 1.5 0.75 0.75
(mg/mg PS)
pH,=pH=pH, |©.5/0.5/9.0 | 9.5/9.5/9.0 |9.0/9.0/9.0 | 9.0/9.0/9.0/9.0/9.0/9.0 | 8.5/9.5/0.0
Coupling time | 60 mins 80 mins 45 mins 120 mins | 120 mins | 60 mins
Table 8 Percentage of subjects with 19F antibody concentration > 0.20 pg/mL

and 19F antibody Geometric mean antibody concentrations (GMCs
with 95% Cl; pgp/mL) one month following 1pg 19F-PD, 3ug 19F-DT or
Prevnar (2ug 19F-CRM) primary vacclnation (Total cohort)

11Pn-PDA&DI-001 (22F-ELISA) 11Pn-PD&DI-007 {22F-ELISA)
Group N % =020 pg/mL | GMC (ugimL) | N % 20.20 pg/mL | GMC (pgimL}
95% Cl) (95% CI) (95% C) (35% Cl)
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19AGt 0.4 32.8 25.1 21.6 18.9 23.51C 0.2-0.6
26.4-40.7 20.6-30.6 17.5-26.7 15.1-23.5 19.5-28.5 %@ wo

%%%@7%2%71100% 100% 100% 100% 22FGrc NR 3. 9%&,{1@0@,029379
) 18. IC 1.9-8.42 1.8-8 3.8-10.4 5.4-1

15.2-23.1 %sem

11Pn-PD 152 98.7 193 50 100 278
(953-99.8) | (1.67-2.22) (92.9-1003 (2.31-3.36)

49F-DT Form 1F 146 993 288 - . .
(96.2-100) (2.45-3.38)

19F.DT Form 25 150 96.0 243 . . -
(91 5-98.5) (2.01-2.94)

19F-0'T Form 37 . - 50 95.0 370

(86.3-90.5) (258-5.30)

Prevnar 148 936 298 41 97.6 291

{95.2-99.8) {2.60-3.41) (87.1-99.9) (215-3.94)

T'The composition of the different formulations is provided in table 4.

Table 9 Percentage of subjects with 19F OPA titer > 1:8 and 19F OPA GMTs
one month following primary vaccination with 1ug 19F-PD, 3pg 19F-
5 DT or Prevnar (2ug 19F-CRM) (Tota! cohort)
11Pn-PD&DI-001 11Pn-PD&DI-007
Group N >1:8 GMT N =13 i GMT
(95% Cl) {95% Cl} (95% Cl) {95% CI
11Pn-PD 136 B48 778 46 85.7 167.8
{774-90.2} (58.1-104.4) (86.2-99.5) (118.1-238.6)
19F-DT Forin 17 137 95.6 263.2 - - -
{80.7-88.4} {209.4-330.7)
19-DTFom 2" | 139 92.1 2189 - . -
(86.3-96.0} {165.5-287.5)
19F-DT Form 3° - - - 49 918 403.1
(80.4-97.7) | (225.7-719.9)
Prewnar 3 86.3 826 38 816 65.0
(79.291.6) (61.1-111.6) {65.7-92.3) {37.7-112.2)

T The composition of the different formulations is provided in Tabled,

Table 10 Percentage of subjects with 19F antibody concentration = 0.20 ng/mL
and 19F antlbody GMCs (ug/mL) prior to and one month following 23-

10 valent plaln polysaccharide booster in children primed with 1ug 19F-
PD, 3ug 19F-DT or Prevnar (2ug 19F-CRM) (Total cohort)
11Pn-PDAD002 (22F ELISA}
Prior to booster vaccination One month post 23-valent PS booster
Primary group N |%=020pgml | GMC {ug/ml} N |%2020pgmL | GMC {pgiml)
195% Cl) (95% CI (95% CI) (95% Cl)
11Pn-PD 70 174 0.87 67 94.0 11.50
(65.6-86.3) (0.45-0.98) (85.4-98.3) {7.76-17.03)
19F-DT Form 17 88 91.2 0.7 69 98.6 14.50
(81.8-96.7) (9.54-0.94) (92.2-100) {10.47-20.07
19F-DT Form 2 74 8.1 0.59 72 958 9.90
(70.3-89.3) {0.43-0.80) (88.3-99.1) (6.74-14.54)
Pravnar 85 B4.5 0.40 67 100 940
(51.8-76.1) (0.27-0.60 {94.6-100) {6.95-12.71

T The composition of the different formulations is provided in Tabled.

Table 11 Percentage of subjects with 19F OPA titer > 1:8 and 19F OPA GMTs
prior to and one manth following 23-valent plain polysaccharide
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W th Adj UV@Bbstér ik SIRRIrdAGrimel with ¥ 19F-PD, 3pg 19F-DT or Prevnar
2007/ 07171 {HgHoEERAPAIab&MERAY) The 11- val ent vacci ne .
formul ati on was conposed of O 25 pg saccharide of each

off the folljowing c . 1PRADADI02 PS3- PD_ PS4- PD
One val

1Nand nt Qgg%a)l
Ho Il bt.zppbu unwgl TEORET2) - 521 1TE 13- Yoap ©1L
icci ne forjul at i prsegntjai mer7i nj{ 5 addisi-sn) 0, {dsrpapsesi
PSEBLTFRaRlty [arl PS23F4 Pht\D c:t§r1!m ght8s | (se¥4 Tab| e 10§38ang
c ohment-—-—on 13 \'I‘A| 71 SELUSS A[T-?-Z\'W.g)r T@%JG'MJ

PEERPT VST TY Gar [ emnzsas det X1 T1 pdzsWit h 28BS 380.9
Jeat nent . fin o ouR3-33Y and B4+196) was dondi1edsh | (133.2-1089.5)
f J Medmpheiton e diffgrant fogulegionpis pridedin Bbid. Pht D was used to

conj ugate PS 22F, in Goups 4 and 5 a PhtD_E fusion

i Nl gl i,

22F t 0 pr O%SlloWing-11PRPD oPBreviii badilerd Ehl kenPinlegwithayg! s
wer e dosed 19FPDBig 19FID R br Brevrar (2ph hut-cam (Ebtada}non)z The

Elp-SA— gu esponse—generat et Hﬂ.{pﬁa\quurnm PS—weas
mgasur ed i N[ POOI EURRERAassay DI € 17, PS | NoeAmggni Ci Ly

i ) Pisany propp Bal D C | 9t € pdg s GMd (hgmi)l N evelse):s EUSA GROUP
11IGRAP 2 d Pl 3 (BREHP 4 GNP § CROUPSERCY 1 1)/ (95%Cl
pd/BOPL Adj| CO1Lv JOh dRly Sifgs 22 pnt ol 1 pg{agggljg)
ACjQ?F_%;br]:h\(r I0AF e D 28 PhiBR0- 1005001 AUBRb

11 (91.8-100) (2.8-4.3) (781-999) | (19267282
19F-DT Form 2° 70 98.6 3.80 2 96.6 2494
(82.3-100) {2.94.9) (82.2-999) | (144.7-4287)
Pravnar ) 974 2.56 A 9.8 528.7
(80.9998) | (2033) (83.3-999) | (31948752

" “The compostion of the different formulations is provided in Table4.

Table 13 Percentage of subjects with antibody concentrations > 0.2 yg/imL,
OPA = 1:8 and GMCs/GMTs against 18A pneumocacci one month
following primary vaccination with 1pg 19F-PD, 3ug 19F-DT or
Prevnar (2ug 19F-CRM) {Total cohort)

11Pn-PD&DI-001
22F-ELISA assay OPA assay
Group N | %2020 pgiml. | GMC{pgimi) | N %18 GNT
{85% CI) (95% Cl) (95% C) (85% Cly
11Pn-PD 45 2.9 0.09 52 1.7 §2
(16.4-44.3) (0.070.11) (2.1-18.5) (4.06.8)
19F-LT Form 28 51 204 o 59 24 124
(17.5-43.8) {0.08-0.16) (16.4-40.3) (7.6-20.3)
Prevnar 58 18.2 0.10 61 33 4.6
(8.1-30.9) (0.08-0.12) {0.4-11.3) (3.8-5.6)

T The composltion of the different formulations is provided In Table4
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19A-dPly g nbs 22F-PhtD- E 0. 1pg/50p1 Adj C 11V
19A-dPly fornme! 22F-PhtD-E 0.1 pg/50pl Adj C 11V
Wodhzgef - PD 0. 1pg/ 50pl Adj C laverage Pooﬁcﬁﬁz&ﬂmwm
77.21 76.15 68.77 68.59 61.04 3average Pool 7.75 9.31
12.73 7.94 4.75 9.59 4average Pool 130.7 94.4 132.6
166. 8 85.0 101. 3 5average
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Example §: Adjuvant experiments in preclinical models: impact on the
immunogenicty of pneumococcal 11-valent polysaccharide conjugates in
elderly Rhesus monkeys

To optimize the response elicited to conjugate pneumococcal vaccines in the elderly
population, GSK formulated an 11-valent polysaccharide (PS) conjugate vaccine with a
novel adjuvant Adjuvant C — see below.

Groups of 5 elderly Rhesus monkeys (14 to 28 vyears-old) were immunized
intramuscularly (IM) at days 0 and 28 with 500 pl of elther 11-valent PS$ conjugates
adsorbed onto 315 g of AIPO4 or 11-valent PS conjugates admixed with Adjuvant C.

In both vaccine formulations, the t1-valent PS conjugates were each composed of the
following conjugates P31-PD, PS3-PD, PS4-PD, PS5-PD, PS7F-PD, PSSV-PD, PS14-
D, PS18C-PD, PS19F-PD, PS23F-DT and PS6B-DT. The vaccine used was 1/5 dose of
of the human dose of the vaccine (5 pg of each saccharide per human dose except for 6B
{10 png]) conjugated according to Table 6 conditions {Example 4), except 19F was made
according to the following CDAP process conditions: sized saccharide at 9 mg/ml, PD at 5
mg/ml, an initial PD/PS ratio of 1.2/1, a CDAP concentration of 0.75 mg/mg PS,
pHa=pHc=pHq 9.0/9.0/9.0 and a coupling time of 60 min.

Anti-PS ELISA IgG levels and opsono-phagocytosis litres were dosed in sera collected at
day 42. Anti-PS3 memory B cell frequencies were measured by Elispot from peripheral
biood cells collected at day 42.

According to the results shown here below, Adjuvant C significantly improved the
immunogenicity of 11-valent PS conjugates versus conjugates with AIPO4 in elderly
monkeys. The novel adjuvant enhanced the IgG responses to PS (Figure 1) and the
opsono-phagocytosis antibody titres (Table 14). There was also supportive evidence that
the frequency of PS3-specific memory B cells is increased by the use of Adjuvant C
(Figure 2).

Table 14, Conjugate Immunogenicity in elderly Rhesus monkeys (post-ll opsono-
hagocylosis titres)

L] P83 P34 PSS PasB PI7F Agey PS14 PS1IC  PSHF  PS2¥F
1t-vaknt | Pre-immuns B ] <8 5 <8 18 <A <8 <8 <a <B
AlPQs
day 13 post B B 181 &4 49 64 4088 2 ar 189 64 <G4
{ivalenl | Preimmune 5 9 <8 8 a v <3 <8 Lt <3 <8
AdlC
day 14 post il e 135t m 74 8208 18384 1M 161 Hhn 2048 <64
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Pool 109.10 117.10 110.70 158.40 74.10 100. 40
6Baverage Pool 3.14 426 14.4 7.63 6.3 7.52 7Faverage
RePlooroatn g 216.0 240.0 181.0 142.0 179.1 OVpNpEBY&ne9979
90. 69 105.45 98.20 93.45 54,12 73.05 WO

2007/ 0717111' CT/ EP2006/ 069979 Pool l4aver age
71.19 77.18

B Cell Elispot

The principle of the assay relies on the fact that memory B cells mature into plasma cells
in vitro following cultivation with CpG for 5 days. In vitro generated antigen-specific
plasma cells can be easily detected and therefore be enumerated using the B-cell elispot
assay. The number of specific plasma cells mirrors the frequency of memory B cells at the
onset of the culture,

Briefly, in vitro generated plasma cells are incubated in culture plates coated with antigen.
Antigen-specific plasma cells form antibody/antigen spots, which are detected by
conventional immuno-enzymatic procedure and enumerated as memory B cells.

In the present study, Polysaccharides have been used to coat culture plates in order to
enumerate respective memory B cells. Results are expressed as a frequency of PS specific
memery B cells within a million of memory B cells.

The study shows that Adjuvant C may be able to alleviate the known problem of PS3
boostability (see 5th International Symposium en Pneumococci and Preumococcal
Diseases, April 2-6 20086, Alice Springs, Central Australia.

Specificities of immune responses against a serotype 3 pneumococcal conjugate.
Schuerman L, Prymula R, Pooliman J. Abstract book p 245, PO10.06).

Example 8, Effectiveness of detoxified Pneumolysin (dPly) as a protein carrier to
enhance the immuncogenicity of PS 19F in young Balb/c mice

Groups of 40 female Balb/c mice (4-weeks old) were immunized IM at days 0, 14 and 28
with 50 pl of either 4-valent plain PS or 4-valent dPly-conjugated PS, both admixed with
Adjuvant C.

Both vaccine formulations were composed of 0.1 g (quantity of saccharide) of each of
the following PS: PS8, PS12F, PS19F and PS22F,

Anti-PS ELISA IgG levels were dosed in sera collected at day 42,

The anti-PS19F response, shown as an example in Figure 3, was strongly enhanced in
mice given 4-valent dPly conjugates compared to mice immunized with the plain PS. The
same improvement was observed for the anti-PS8, 12F and 22F igG responses (data not
shown).
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122.3 137.1 79.9 73.7 83.1 Pool 19Faverage 73.9
Wo2oProhbd 2 75.5 62.3 711 Pool 23Fav epagep2didndsdre
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Example 7, Effectiveness of Pneumococcal Histidine Triad Protein D (PhtD) as a
protein carrier to enhance the immunogenicity of PS 22F in young Balb/c mice

Groups of 40 female Balb/c mice (4-weeks old) were immunized IM at days 0, 14 and 28
with 50 ul of either 4-valent plain PS or 4-valent PhtD-conjugated PS, both admixed with
Adjuvant C.

Both vaccine farmulations were composed of 0.1 pg (quantity of saccharide) of each of
the following PS: PS8, PS12F, PS19F and PS22F.

Anti-PS ELISA 1gG levels wera dosed in sera collected at day 42.

The anti-PS22F response, shown as an example in Figura 4, was strongly enhanced in
mice given 4-valent PhiD conjugates compared to mice immunized with the plain PS. The
same improvement was observed for the anti-PS8, 12F and 19F IgG responses (data not
shown).

Example 8, immunogenicity In elderly GC57Bl mice of 13-valent P$ conjugates
containing 19A-dPly and 22F-PhtD

Groups of 30 old C57B! mice (>69-weeks old) were immunized IM at days 0, 14 and 28
with 50 pl of either 11-valent PS conjugates or 13-valent PS conjugates, both admixed
with Adjuvant C (see below}.

The 11-valent vaccine formulation was composed of 0.1 ug saccharlde of each of the
following conjugates: PS1-PD, PS3-PD, PS4-PD, P55-PD, PS6B-PD, PS7F-PD, PS8V-
PD, PS14-PD, PS18C-TT, PS19F-DT and PS23F-PD (see Table 1 and comment on 11
valent vaccine discussed under Table 2). The 13-valent vaccine formulation contained in
addition 0.1 pg of PS10A-dPly and PS22F-PhtD conjugates (see Table 1 and comment on
13 valent vaccine discussed under Table 2 {using directly-conjugated 22F]). In group 2
and 4 the pneumolysin carrier was detoxified with GMBS treatment, in group 3 and 5 it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate PS 22F, in
Groups 4 and 5 a PhtD_E fusion (the construct VP147 from WO 03/054007) was used. In
group 8 19A was conjugated to diphtheria foxoid and 22F to protein D.

Anti-PS198A and 22F ELISA IgG levels wera dosed in Individual sera collected at day 42.
The ELISA IgG response generated o the other PS was measured in pooled sera.
19A-dPly and 22F-PhtD administered within the {13-valent conjugate vaccine formulation
were shown immunogenic in old C57BI mice (Table 15). The immune response induced
against the other PS was not negatively impacted in mice given the 13-valent formulation
compared to those immunized with the 11-valent formulation.

Table 15, PS immunogenicity in old C57BI mice (post-Ill IgG levels)
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29.44 31.52 19.13 24.94 Pool
41.49 14.25 27.49 5.74 1C 0.24-0.68 12-545 24.4-70.5
Ysere 75% 100% 10

Voubacu e

6.6-45.4 4-11.3
22FGVC 0. 12 2.51 3.67 45.74 30.68

0.09-0.16 0.94-6.73

19AGMC 0.4 25.58
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Old C57 Black mice
ELISA GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP 6
11V 1MV 11V 11V 11V 11v
19A-dPly 19A-dPly 19A-dPly 19A-dPly
gmbs formol gmbs formol 19A-DT
22F-PhtD 22F-PhtD | 22F-PhiD-E | 22F-PhtD-E 22F-PD
0.1ug/S50ul | 0.9ug/50ul | O.1pg/50ui 0.1ug/50p 0. 1pg/50pl | 0.1pg/50u
Adi C Adj C Adj C AdiC AdjC Adi C
1 average 19.30 20.20 24.40 12.80 12.10 13.60
Pool
3 average 6.32 4384 5.1 6.74 2.38 2.54
Pool
4  average 60.9 67.1 514 47.4 45,5 1.4
Pool
5 average 1.34 3.81 3.08 275 1.26 1.23
Pool
6B  average 4.44 4.12 5.88 158 2.31 5.64
Paol
7F  average 0.83 0.81 1.65 1.98 0.89 0.99
Pool
9V average 13.8 237 20.0 13.1 15.5 9.6
Pool
14  average 2573 42,96 3412 32.53 23.97 15.60
Pool
18C average 134 201 11.9 9.1 8.3 a4
Pool
19F  average 57.5 90.0 63.8 36.5 47.0 60.1
Pool
23F  average NR NR NR NR NR NR
Pool
19A  eMmc 0.06 0.09 0.25 0.08 0.23 0.19
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Example 9, Immunogenicity in young Balb/c mice of 13-valent PS conjugates
containing 19A-dPly and 22F-PhtD

Groups of 30 young Balb/e mice (4-weeks old) were immunized IM at days 0, 14 and 28
with 50 pl of aither 11-valent PS conjugates or 13-valent PS conjugates, both admixed
with Adjuvant C (see below).

The 11-valent vaccine formulation was composed of 0.1 pg saccharide of each of the
following conjugates: PS1-PD, PS3-PD, PS4-PD, PS5-PD, PS6B-PD, PS7F-PD, PS9Y-
PD, PS14-PD, PS18C-TT, PS19F-DT and P$23F-PD (see Table 1 and comment on 11
valent vaccine discussed under Table 2). The 13-valent vaccine formulationh contained in
addition 0.1 ug of PS19A-dPly and PS22F-PhtD conjugates (see Table 1 and comment on
13 valent vaccine discussed under Table 2 [using directly-conjugated 22F}). In group 2
and 4 the pneumotlysin carrier was detoxified with GMBS treatment, in group 3 and 5 it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate PS 22F, in
Groups 4 and 5 a PatD_E fuston (the construct VP147 from WO 03/054007) was used. In
group 6 19A was conjugated to diphtheria toxoid and 22F to protein D.

Anti-PS19A and 22F ELISA lgG levels were dosed in individual sera collected at day 42.
The ELISA IgG response generated to the other PS was measured in pooled sera.
19A-dPly and 22F-PhtD administered within the 13-valent conjugate vaceine formulafion
were shown immunogenic in young Balb/c mice (Table 16). The immune response
induced against the other PS was not negatively impacted in mice given the 13-valent
formulation compared to those immunized with the 11-valent formulation.

Table 16, PS immunogeniclty in young Balb/c mice {post-Hl IgG levels)

BalbC mice
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ELISA GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP 6
11V "y 1M1V 1V 11V 1V
19A-dPly | 19A-dPly 19A-dPly 13A-dPly
gmbs formol gmbs formol 19A-DT
22FPhtD | 22F-PhtD | 22F-PhtD-E | 22F-PhiD-E 22F-PD
0.1ug/50u | 0.1ug/50p1 | 0.1ug/50u! 0.1ug/sou 0.1ug/50ul | 0.1pg/50M
AdiC Ad C Adj C Ad C Adi C Adi C
1 average 131.70 101.20 I 83.00 B2.40 j 67.90 85.50




carrier lig PS og MPL ratiolr PS/A1 x pg MI PD 1 10
ID 12 PI) 1 1010 3 PD1 10 10 3 PDI 10 10 4 PD 3
WO 288076 D 3 PCT/EP2006/069979
Pool
3 average 21.88 10.38 12.53 8.3 8.73 14.98
Pool
4 average 147.4 127.0 104.4 95.0 1136 114.2
Fool
5 average 21.38 2029 18.26 18.95 18.02 23.04
Pool
6B  average 1.87 476 3.72 235 1.43 1.05
Pool
7F  average 7.69 4,58 4,77 424 3.92 3.94
Pool
9V  average 30.1 30.7 26.5 21.4 23.4 28.3
Pool
14  average 23.78 27.67 26,23 21.54 24.34 13.73
Pool
1BC  average 534 52.37 46.5 57.8 47.8 75.8
Pool
19F  average 186.6 157.7 169.3 1789 181.9 2232
Pool
23F  average 4.98 39 5.11 0.57 3.13 457
Pool
19A GMC 0.4 323 251 21.6 18.9 215
Ic 0.2-08 | 264-407 | 206-30.6 17.5-26.7 15,1-23.5 19.5-28.5
%sero 93% 100% 100% 100% 100% 100%
22F GMC NR 3,99 3.78 8.27 8.70 18.76
Ic 1.9-8.42 1.8-8 3.8-10.4 5.4-13.9 15.2-23.1
%sern 0% 93% 100% 100% 100% 100%

Example 10, immunogenicity in Guinea Pigs of 13-valant PS conjugates containing
19A-dPly and 22F-PhtD

Groups of 20 young Guinea Pigs (Hartley Strain; 5 weeks old) were immunized IM at days
0, 14 and 28 with 125 pl of either 11-valent PS conjugates or 13-valent PS conjugates,
both admixed with Adjuvant C (see below}.
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The 11-valent vaccine formulation was composed of 0.25 pg saccharide of each of the
following conjugates: PS1-PD, PS3-PD, PS4-PD, PS5-PD, PSBB-PD, PS7F-PD, PSOV-
PD, PS14-PD, PS18C-TT, PS19F-DT and PSZ3F-PD {see Table 1 and comment on 11
valent vaccine discussed under Table 2). The 13-valent vaccine formulation contained in
addition 0.1 pg of PS19A-dPly and PS22F-PhtD conjugates (see Table 1 and comment on
13 valent vaccine discussed under Table 2 [using directly-conjugated 22F]). In group 2
and 4 the pneumolysin carrier was detoxified with GMBS treatment, in group 3 and 5 it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate PS 22F, in
Groups 4 and 5 a PhtD_E fusion (the construct VP147 from WO 03/054007) was used. In
group 6 19A was conjugated to diphtheria toxoid and 22F to protein D.
Anti-PS19A and 22F ELISA igG levels were dosed in individual sera collected at day 42.
The ELISA IgG response generated to the other P8 was measured in pooled sera.

Table 17, PS immunogenicity in young Balb/c mice (post-lii 1gG lavels)
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Guinea pigs
ELISA GROUFP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP 8
11v 1V 11v 11V 11V 11V
19AdPly 19A-dPly 19A-dPly 19A-dPly
gmbs formol gmbs formol 19A-DT
22F-PhtD-
22F-PhtD 22F-PhtD E 22F-PhiD-E 22F-PD
0.1pg/50 | 0.1ug/50ul 0.1pg/50ul 0.1ug/50 0.1pg/Sopt 0.1pg/50ul
Adi C Adj C AdjC Adj C Adj C Ad] C
4 average 78.00 77.21 76.15 68.77 68.59 81.04
Poal
3  averags 1.75 9,31 12,73 794 4,75 9.59
Poal
4 average 130.7 94,4 1326 166.8 85.0 101.3
Pool
5 average 109.10 117.10 110.70 158.40 74.10 100.40
Pool
6B  average 3.14 4.26 14.4 7.63 6.3 7.52
Pool
TF  average 154.2 216.0 240.0 181.0 142.0 179.4
Pool
8V average 90,69 105.45 98.20 93.45 54,12 73.05




7F PDI 1010 7F PD1 10 10 9v PD1 10 10 9V PD 1
ID10 14 PDI to 10 14 PD1 ID 10 18CIt, 3

WO 2007/071711 PCT/EP2006/069979
Pool
14 average 71.19 7718 46.53 59.67 33.47 53,89
Pool
18C  average 109.4 122.3 1371 79.9 73.7 831
Pool
19F  average 739 102.5 1122 75.5 62.3 724
Pool
23F  average 19,19 30.74 29.44 .52 19.13 24.94
Pool
1A amc 0.4 25.58 41.49 14.25 2749 6.74
Ic 0.24-0.58 12-54.5 24.4-70.5 5,9-34.6 16.5-45.4 4113
%sero 75% 100% 100% 100% 100% 100%
22F gMcC 0.12 2.51 3.67 45,74 30.68 96.38
Ic 0.09-0.16 | 0.94-8.73 1.59-8.42 20.3-7114 17-53.3 73.5-126.4
Ysero 10% 95% 95% 100% 100% 100%

Example 11: Formulations being made and tested

a) The following formulations are made (using the 13 valent vaccine from table 1 and
serotype 3 from table 5 - see comment on 14 valent vaccine discussed under Table 2
[using directly-conjugated 22F or through an ADH linker}). The saccharides are formulated
with aluminium phosphate and 3D-MPL as shown befow.

WV BugMPL 14V Hue MFL
Sum of BAC Alwminium costeat > FF Sum of BAC Aluminlum content > FF
Pex Doeee Per Doses
PS | camie | peps | S| PPV uem Ps coiee | pgps | 3| SN
1 PD i) PD 3 1 10
3 D [] 3 PD i 10
4 D 30 4 PD i 30
5 FD 1] ] PD 1 1]
EA j45] ) 4] 6A PD d
oB ED 1 1] 0 4B PD
7F PD 1 ) { 75 PR
9V PL} 10 [ 9V PP 0
14 PD 10 q 14 D [0 [
18C 1T, 15 45 [1] TT, [F]
19A dPly 9 Y A dPlv EL)
9F 5T 3 10 ! F DT 3 30
22F PhtD 3 10 K 22F Phey 3 30
23F D 1 10 10 231F PD 1 10
BAC MPL, 30,200 25 4 100 BAC MPL 50200 10 4 40
FF Aluminium Sum = 355 FF Aluminium coment Sumh = 294
content
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b} The same saceharide formulation is adjuvanted with each of the following adjuvants:;

- In the table herebelow the concentration of the emulsion components per 500ul dose is
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shown.

Adjuvant A1 Adjuvant A2 Adjuvant A3
Ingredients 2501 o/w 125ul o/w 50pl o/w
emulsion emulsion cmulsion
alpha 11.88mg 5.94mg 2.38mg
Tocopherol
Squalene 10.7mg 5.35mg 2.14mg
Tween 80 4.85mg 2.43mg 0.97mg
Adjuvant Ad4 Adjuvant A5 Adjuvant AG Adjuvant A7

Ingredients 250! o/w 250u1 ofw 125ul ofw 50p] o/w

emulsion emulsion emulsion emulsion
alpha 11.88mg 11.88mg 5.94mg 2.38mg
Tocopherol
Squalene 10.7mg 10.7mg 5.35mg 2.14mg
Tween 80 4.85mg 4.85mg 2.43mg 0.97mg
3D-MPL 50ug 25pg 25ug 10ug

¢) The saccharides are also formulated with two liposome based adjuvants:

Composition of Adjuvant Bl
Qualitative Quantitative {per 0.5 mL dose)
Liposomes:

-DOPC 1 mg

- cholesterod 0.25 mg

IDMPL 50 ug

Q821 50 ug

KH2PQ413.124 mg Buffer
NazHPQs 10.290 mg Buffer

NaCl 2.922 mg

(100 mM)

WFl g.s. ad 0.5 ml Salvent

pHE.1
1. Total POsconcentration = 50 mM

Composition of Adjuvant B2

Qualitative Quantitative (per 0.5 mL dose)
Liposomes:

-DOPC 0.5 mg

- cholesterol 0.125 mg

3DMPL 25 g

Q821 25 g
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KHzPO413.124 mg Buffer
NazHPOs 10.290 mg Buffer
NaCl 2.922 mg

(100 mM)

WF! q.s. ad 0.5 ml Solvent
pH 6.1

d) The saccharides are also formulated with Adjuvant C (see above for other
compasitions where this adjuvant has been used):

Qualitative Quantitative {per 0.5 mL dose)
Oil in waler emulsion: 50 i
- squalene 2.136 mg

- o-tocopherol 2.372 mg

- Tween 80 0.97 mg

- cholesterol 0.1 mg
3DMPL 50 pg

Q521 50 pg
KH2POs 1 0.470 mg Buffer
NazHPO410.219 mg Buffer
NaCl 4.003 mg

{137 mM)

KCI0.101 mg

(2.7 mM)

WFI g.s. ad 0.5 m! Solvent
pH6.8

Example 12, Impact of conjugation chemistry on 22F-PhtD conjugate
immunogenicity in Balb/c mice

Groups of 30 female Balb/c mice were immunised by the intramuscular (IM) route at days
0. 14 and 28 with 13-valent PS formulations containing PS 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C,
19A, 19F, 22F and 23F (dose: 0.3 pg saccharide / conjugate for PS 4, 18C, 19A, 19F and
22F and 0.1 pg saccharide / canjugate for the other PS),

PS 18C was conjugated to Tetanus Toxoid, 19F to Diphteria Toxold, 19A to formol-
detoxified Ply, 22F to PhtD and the other PS to PD.

Two formulations, constituted of either 22F-PhtD prepared by direct CDAP chemistry or
22F-AH-PhtD {ADH-derivitized PS), were compared. See Example 2, Table 1 and
comment under Table 2 for characteristics of 13 valent vaccine made either with 22F
directly conjugated or via an ADH spacer. The vaccine formulations were supplemented
with adjuvant C.
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b) The sane saccharide formulation is adjuvanted with
each of the follow ng adjuvants: - In the table

Wo 6Ly t he concentration of the emul si onp&OEMRIRREDLS
per 5001.11 dose is shown. 5Adjuvant AlAdjuvant

A2Adj uvant A3 | ngredi ent s250p1 o/ wl25p1 o/ ws0pl o/ w
enmul si onenul si onenul si on al phall. 88ng5. 94ny2. 38ny
ToGepRSIOE

o 108 S A G e R et
g | ngr edi ent 2500 o/ w250111 o/ wi25111

i
st e N DR e o

Sd g6 Jigues) i‘l‘? Wi‘ﬁq@ &6 Tween
g 804. 85ng4. 85ng2. 43ng0. 97ny SD MPL50pg25F. t g25pgl10pg 10
c) The saccharl des are aI so fornmul at ed vvlth tvvo

| iE¥ampla 13, Jmpact of. new adiuvants on lmmunogenjcity, of Sirepgoceoccus
2psille i gates (per 0.5 nL dose)
15Li posorres - D(PC 1 ng - cholesterol 0.25 ng 3DVPL

5 0 KH2PO41 3, uf f e
Nﬁﬁsﬁeﬁ@l TsBe %%'béd?'?ee‘re'ﬂm""ﬁe% B R st s it and 28
10 g.with 13nlalent Bsﬁbrn@@hqnemn%mlpaa 31 415. SﬁoTFalgVPbﬂ; 18C, 19A, 10F,

CGREQRD bEH (dedy: 5.3 /EbhjGRtEesks i OTBCOha\dbriRd22FBahd 0.1 g /

QJa|It td ve tatlve(per OSrrLdose) 30
le%%em”heo%()g - chol esterol 0.125 ng 3DVPL

Zﬁoaogsc%zsl cotugREd :&k@&%@éh%x&e%gﬁgo Biphiefs THiaedHEX 10 1ot88)-
m%e%xl{led Isly.l\ﬁg‘-:I tozPh?Ig anﬂe c:xllher F;EVPO PD. See Example 2, Table 1 and

15  comment under Table 2 for characteristics of 13 valent vaccine made with 22F directly

conjugated.

Four formulations, supplemented with either AIPQ,, adjuvant A1, adjuvant A4 or agjuvant
A5, were compared.

Anti-PS, Ply, PhtD and PD ELISA IgG levels were measured in sera collected at day 42
20 and pooled per group. The following ratio was calculated for each antigen: IgG level
induced with the new adjuvant tested / IgG level induced with AIPO,.

All the new adjuvants tested improved at least 2-fold the immune responses to 13-valent
ceonjugates compared to the classical AIPQ,formulation (figure 7).

Example 14, protective efficacy of a PhtD/detoxified Ply combo in a pneumococcal
25 monkey pneumonla model

Groups of 6 Rhesus monkeys (3 to 8 years-old), selected as those having the lowest pre-
existing anti-19F antibody levels, were immunized intramuscularly at days 0 and 28 with
either 11-valent P8 conjugates {i.e. 1 pg of PS 1, 3, 5, 6B, 7F, 9V, 14 and 23F, and 3 g

30 of PS 4, 18C and 19F [of saccharide]) or PhtD (10 pg) + formol-detoxified Ply (10 ug) or
the adjuvant alone.
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5WFI g.s. ad 0.5 m Solvent pH 6.1 d) The sacchari des
are also fornmulated with Adjuvant C (see above for

o5 ePosi tions where this adjuvant has p(?ﬁ%bzl&iﬁﬁ@yﬁ
10 Qualitative Quantitative (per 0.5 nL dose I'n

wat er emnul sion: 50 pl - squal ene 2.136 ny -
a-tocopherol 2.372 ng 15 - Tween 80 0.97 ng -

gmﬁ?%}t\ﬁﬂs% @gagedrf%Tgt% EFI;RI)@)?I P&k l@%%}mteﬁg TRGidhd 4 %Jer PS to
43( %ge]rrg }ggl'a%e ?la oﬁﬂ'm'teﬂt Ufnd?ﬁ%%blgg\f@flchﬂagens% 061 Bvqlﬁnt

So"ﬁmt Alkﬁfm‘@laﬁoniwammwelt@nte{i wittnedjuvarft Cconj ugat i on

on 22F-Phi D con |mTuno enl city in
EL15ED 20 ghePossicieridl o iperh Seti 18 Mot ot b 4 calories
i rYeEmeayatgd imybrofebo- Blmdaarfaymlcedfeaed M) daye Ut @ aed 7 ghagtshdlenge.

141' ha ekulls3 wile! dkpredsed st nBsbdr ot MBdindils Eé?gr&ﬁrgltﬁérndegg T
4, 18C, 19A, 22F and 23

d’o %n'md(?rééaﬁeﬁdtg%ych%réhs&/’geconj ugate for PS 4, 18C,
1%,shavaFna e 325 g@aaobr&eckorpeos%qe SRAGER sihnif@ @stpﬁe fh8iow

iP5 el e e P 5 Vo A ) PR Py
i ooRe i< 2FFisher BXaFt test) cPmpaecin thetakiovapt #kene gRBPL 0 PD.

Two formul ations, constituted of either 22F-PhtD
pr epar ed by d| rect CDAP chem st ry or 22F AI I -.Pht D

_mggam ent vacci ne rrade ei ther W|th 22F d| rectly
conjugated or via an ADH spacer. The vaccine
f &irerb at 40derale@F emise pplednmurtised by e irauszdipiLroae tit d@ys 0 and

Anty iwitP 338Fof Fehﬂe‘ééz#-ﬂtﬁ)'(&u&lr& Wreamﬁoclﬁ%%wtzﬁﬁhﬁ PhtD

ARt P R S A RSP E P IR 4Dt pore mace
2 PFIBHRreyepses b FXAPS 2 (56¢ Alse Gle et 3'8'-'('? Pl Gech foymulafien was
ORspiemeplB@GHCAkUvEntti tres (figure 6). 5 Exanple 13.

| npact of new adl uvants on | mmunooenicity of
Si rent occoccus pneunoni a capsul e PS coni ugates G oups

- Enb IR AT G ol A el Pl 35 s

forrrulatlons containing PS 1, 3, 4, 5, 69, 7F, 9V, 14,

1 19A F F_and 23 conj t

£ $feopserehallbbed inalu e SEF ypois grippoct R s B G o
f @peureeoceat refotyps) not petentRly weveredoly thgaP® chresentTiat tha uegccine
Taotdingtion k8fedl TheDhdplakiteihivbed @Xdrhéhitord® dntil gy 8Q6&Rhallenge.
detoxified Ply, 22F to PhtD and the other PS to PD.

Table 1 and 15 coment under Table 2

f 8?" o 5’”@’6?@%? vigrdficatly highe; aptsRtD \Hé%@ﬁff?és%f@é’ewfﬂ’f?tw
diaganst type € chajlangathad22FIRD. f or mul ati ons, suppl enent ed
with either AlPO4, adjuvant Al, adjuvant A4 or

adj uvant A5, were conpared. Anti-PS, Ply, PhtD and
PD ELI SA 1gG | evel s were neasured in sera collected at
day 42 20 and pool ed per group. The followi ng ratio
was cal cul ated for each antigen: 1gG |level induced
with the new adjuvant tested / 1gG |l evel induced with
AlPO4. Al the new adjuvants tested i nproved at | east
2-fold the i mmune responses7a 0 13-val ent conjugates
conpared to the classical A PO4fornulation (figure 7).
Exanpl e 14, protective efficacy of a PhtD/ detoxified
Ply conmbo in a pneunococcal 25 nonkey pneunonia nodel
G oups of 6 Rhesus nonkeys (3 to 8 years-old),

sel ected as those having the | owest pre- existing
anti-19F anti body | evels, were immunized
intramuscul arly at days 0 and 28 with either 11-val ent
PS conjugates (i.e. 1 pg of PS 1, 3, 5, 6B, 7F, 9V, 14
and 23F, and 3 pg



300f PS 4, 18C and 19F [of saccharide]) or PhtD (10

pg) + fornol-detoxified Ply (10 pg) or the adjuvant

al one. PS 18C was conjugated to Tetanus Toxoid, 19F

to Diphteria Toxoid and the other PS to PD. See

Exanple 2, Table 1 and comment under Table 2 for
characteristics of 11 valent vaccine. Al formulations

wer e suppl enented with adjuvant C. Type 19F
pneufide 6t AIMY BEAIING THE INNENTIDNGEH 4% EQLLOWERe ri ght

lung at day 42. Colonies 5 were counted in

broncho- al veol ar | avages ¢col |l ected at days 1, .3 and 7

oot TeharATURGUROoRE CRBGHIE TRFEnE coretite QUtvaRN Sréstococcus
nunberevgfoniae vaming cpeprisingoi@E redre eg. 116829 ,10] Und2, 13, 14, 15) capsular

CQ 0BIZRMiAR oMl RRCRbrA LindRYt ordlbi! whd@in! (i 98mpositiBf comprises a

shown in flqure 8, a good protection close to, | ]

ot at FRPYRE T2 SRR SHNBSIRISIEE'S i 425 APPRIAIAG fs GPrivgated to s

ani nedrgerysee) vieadinisot ai ned with 11-val ent conj ugates

and the PhtD+dPly 10 conbo (p < 0.12, Fisher Exact

test) compared to the adjuvant. al.one oup. Exanpl e

15, %'rrpa € SNMEBMENY Stk 3‘1"?&1 &%{h?rh%"&’ﬁ'?'ing SRiipgates of S.

aist | bwdyonies papssler seedharides f168 8ty 8GR4ad 23&cy agai nst

a type 4 challenge induced by 22F-PhtD coniugates 15

G oups of 20 female OF1 mce re imupi sed by the . )

| nt r Smus Ol APTHBRReEaFopRFon, O Ay 7€ & CRIME 4 Wierein 2 diferent

ei t hearriez PFotditet D= b¢pranqiely echjlppatedite eUieasCRAFe bl pstemyniar capsular

22F- M hitDsdrippbderiviti zed PS), or the adjuvant

al one. Bot h nonoval ent 22F conjugates were nade by the
Pocesses of Exanple 2 (see also Table 1 and Table 2). _
Eacha.f or (Tbé anmomoganis Opssitinnl efnewtane ofi dams diSuwizenein @e linker is

Ant i afiat D ELI SA 1 gG | evel s were neasured in sera

coll ected at day 27. Mce were challenged intranasally

with 5.106 du of type 4 pneunobcocci at day 28 (i.e. a

25 pheundoedoabnagenigtopmposiiinn ¢fasnymneadf | daireo U wikrgjy the linker is

e RAckASs Halcatddr bRRINVECGEIMIIhBE msgnaatgparekeaﬁﬁmng 3)-50
nortality induced was nonitored until day 8

post - chal | enge. 22F- AH-Pht D i nduced a significantly

hi ghfer arfheé -imubicdege camprsiticre ofirrthy bertet efr clpimst &6t wieerein the 22F

agai f3sthati¥dR chnjGdkidd @m&ﬁag% otB 2 finkL} usimgTEDAPAhMRistry.
DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: - 1. An

i mrunogeni ¢ conposition for infants conprising a

28| t1-val dhe iBmueegenisocampositiore 9freny a8e vicddime 1-6 comprising a 22F

C ONeak&iande aorflgafépﬁvﬁerélﬁ-tge rafio oBecarfler ptélein 1d 22FldaccHatide is between

0

ai 11ET PR LR R SPGB R "conposi 1 on compri ses

a serotype 22F saccharide conjugate and wherein the
22F macchypg i igthuhSgehNictt@fdsRidnt & 8niE Prdcedifg Ridihetdinphsitg a 22F

['inker .. . . The | nogeni ¢_c Ry o
3o T RO P G TR GHr o B o 20 22F saccharid s
pnewabeyd HY Kapsul ar saccharides 4, 6B, 9V, 14, 18C and
23F. 3. The i nmunogeni ¢ conposition of any one of
cl ai 1-2 wherein 2 different carrier pratein r .
Sepdt at ol 0° KUTT99E0E GoTRPslRR 0L AY Prpogig @i ipnie fifor comprises
pneams oF terecmpsniligatedst cotjugatateS. opatgizaprotes. 4. The
kRgMunogeni ¢ conposition of any one of clains 1-3
wherein the linker is ADH 5. The i mmunogeni c
conposition of any one of clainms 1-4 wherein the
l'inker is 20 attached to the cagrier protein by
carbodiimde chem stry, preferably using EDAC. 6. The
i mmunogeni ¢ conposition of any one of clains 1-5
wherein the 22F saccharide is conjugated to the
carrier protein or to the linker using CDAP chem stry.

25 7. The i mmunogeni c conposition of any one of clains
1-6 conprising a 22F sacchari de conjugate, wherein the
ratio of carrier protein to 22F saccharide is between
5:1 and 1:5,4:1 and 1:1 or 2:1 and 1:1 (W w). 8.
The i mmunogeni ¢ conposition of any preceding claim
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20 15. A nethod of preventing an elderly human host

from havi ng a pneunococcal di sease caused by

Strept ococcus pneunoni a serotype 22F infection (or
reducing its severity) conprising admnistering to an

i nfant host (or an infant population) an

i mrunoprot ecti ve dose of the i nmunogeni c conposition

of any one of clains 1 to 11 or 25 the vaccine of

cl ailéa 12The imrgunogenietdomgosifiont b ataimgd ovheprire\seidt oy oa more S,

di sSpasifnoRRd SistellY a7t KEBLIES FOf Polp NIRRT Afad BHAF (PR, Choline
he, st of .a nisterin a .subj. ect

FUH] ; ! .
necl e ek Y (ABPAoEoBh RO SriBmpus; fcties. Copx
of Hwcateeotruedats nigmérid profeinsoremxiBéd paamansina®ior Bsphg PsaA,

50 §h#iesdD1, sp1hd, sfiBs LAFHPRGENI ¢ conposition; a
vaccl ne; a process for neking a vaccine; a use of the

i mrunogeni ¢ conposition or vaccine; a nethod of

pr eVent i thg ‘mmuadgieic| opripositon émsetdingrio mn areicedingclaim which further
pnesdmsReS M adlivasiase; or a method of treating or

preventing 35 Streptococcus pneunontae infection,
substantially as herein described with reference to

@ny 1dne Aovacpipe ecrofristng déheeirampbesnidrompesitdrudliangone of claims 1 to 11

C OB RpHariBaRUMERN SSeptable excipient.

13. A process for making the vaccine according to claim 12 which comprises the
step of mixing the immunogenic composition of any one of claims 1 to 11 with a
16  pharmaceutically acceptable excipient.

14. A use of the immunogenic compaosition of any one of claims 1 to 11 or vaccine of
claim 12 in the manufacture of a medicament for the treatment or prevention of a
disease caused by Strepfococcus pneumoniae infection.
20
15. A method of preventing an elderly human host from having a pneumococcal
disease caused by Sireptococcus pneumoniae serotype 22F infection (or reducing its
severity) comprising administering to an infant host (or an infant population) an
immunoprolective dose of the immunagenic composition of any one of claims 1 to 11 or
25 the vaccing of claim 12.

186. A method of treating or preventing a disease caused by Streptococcus

pneumonige infection comprising the step of administering to a subject in need of

treatment therecf an immuncgenic composition of any one of claims 1 to 11 or a
30 vaccine according to claim 12,

17. An immunogenic composition; a vaccine; a process for making a vaccine; a use
of the immunogenic composition or vaccine; a method of preventing an elderly human
host from having a pneumococcal disease; or a method of treating or preventing

35 Streptococcus pneumoniae infection, substantially as herein described with reference to
any one or mere of the examples but exciuding comparative examples.
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