VACCI NE Field of the Invention The present invention
relates to an i nproved Streptococcus pneunoni a
%@%%&7@%71‘5 Background of the Invention Chil gé@EpbdRgeer7
an 2 years of age do not nount an inmmune response to
nost pol ysacchari de vaccines, so it has been necessary
to render the polysacchari des i mmunogeni ¢ by chem cal
conjugation to a protein carrier. Coupling the
pol ysaccharide, a 10 T-i n\ﬂ%{)‘[éhgent antigen, to a
protein, a T-dependent antigen, confers upon the
(ﬂie}tefdbhlavﬂt!lenthe operties of T dependency
i rT & BGP%'"Y%‘BQ’VB‘E‘G%{;AEF ETARYgY StERPACPRCEPIRHTATRREH®:  and
5 mam)ry i nducti on. However, there can be issues

jr&ﬂ%ﬂ%‘imeﬂhét ration of pol ysacchari de-protein

gat es conbi nati on of

hidselt (998 thase 2 pre8EePinaqeoy gL IMOLT: 3 {TPYACH{FERA"E (1R fRos!
1 E‘polvmmmms vaddloes, soaitrhbe beert nbaessane én rand@o the eblysdrsbarides
y cRérhit? B Riatol REa RotBif kiféC @B@H ihgRe So‘ﬁBE’Qchande.

cclne using tetanus toxoid_(TT) a
34??9@?"%5 SRkt ol PP a o JEPPEE SR ST 4R e
| posacehatideo thewproerties rd€l) damendendy anciydioa rientpe cewitching,  affinity
p%ayﬁﬁﬁﬁwhgﬁmﬁﬁdm ugat e vaccine follow ng a

et R st A B L SO o b RErare st
r sapenates. ardhe sRMbIPREDN T PelisagaardeHPEIteIn EOnBISRIES iorfort mulfivalent
15 HivBecies)] rgabampre @iHae b\éﬁ'Srdii&tHdetﬁﬁt&d Hasrisbhiatibflvgnzasmpps b
' Qp%ﬁéa;;S{ afdERE vakar% R @a?ﬂé? Q}ryca}/ri awmsstea

carrie rotern
| ¥iv@ fosage-Fogs with simpitapequs 89:37n|zatnon wnthq{ﬁ%e)ér‘rfaé'lgta meumoca
C blysaethafidedT T ot jate agecien flidvéngh & natandard riffepossbeiuteo Ahidhe

pfdegzﬁ #h[ei:ﬁétfmo@&%a@k&:%emag‘{rﬁ:&a&éa {8 ifdre é%ﬁée%’ {hel PRP

ts 1t was _reported |ncreas @1
20§ GabpERioe Pt h i, Hi, COnBpUa aE D SR EaSR: Jpszie Phrune
r argterfetenc oftheepolyssrrieidee dossibly pie theaise of tidhmmegarden psotein (Dagan

C o &, ﬁ..liec{l%gﬁl’h@b)’:lb_ 25e8doed) Cl assical analysis of
t hese

ati.on vac
descri ﬁ?oﬁ%cﬁgt o g’lﬁr“‘iaré"?""?r{’:' N e8epos o t%'o‘{)]'l1 0?3{) D P‘;e%‘gg 15,the protein
whtseithas glseprovene bymuitifacstedt ddwiman infanisdt waéwaﬂwbth?téwﬁfmg
25 f rt oDf 6 ASvaNTDIeBhudbxofiBdohjugite REMEEINT debRbdedmsponse to

17:.1 T
ﬁggtlgiggl{s cgrnerfz(g?éa%ih %gf)eﬁllf:ra) lea%s@zﬁ Bﬁa@&% é::f \ﬁé&%ﬁéﬂé of 'eﬂmbmatnon
ca’P?q'fEF hayedeen desaibed apcarsr rr@uqee epiloRic SuppyRsale Hach dgnot fufy
t haddpsto®l, bst Bebevell @o B30I frém apreateas Ampuore do warmert @otein [{Eatiem,
ar\,%cg,%t.,-,e U(%’egﬁ hTH?%ﬂpﬁar@%&zﬂm o%mfpat.Qﬁ V&I, B the B-cells

necessar. or t

30 o dp i §5%'E¥ré?ﬂ' b bl Byt SRS b Brrels b P8 gfrisgprote
efpresiotinatadbere breopt enpugb ﬁbwisemllablwommvph é\etne@eamdiﬂnfmm

ofaseag §deBific 1B HR{pBly$hckHArdeD MAwERE LR B SGvad i@ RBEI0Y effidts have
m?ﬁn mccgng fgglnﬁn%ﬁ lhg?o({ial allr;lloa]?_|e %Fgarrfeﬁé%%m |l'1 %rma %@Jaﬂ tIAEPeasmg

tec
dithei 'F’EIH'PQ ’9829“?% snddmeihericasgs siminishia é!‘%ﬂ’[“%dﬁ?ﬁ%ﬁel d e
conjugates into a single, efficacious, vaccine
formul ati on. St rept ococcus pneunoniee is a
G am positive bacteriumresponsi ble 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
treat ment 10Pneunpcoccus i s encapsulated with a
chem cally finked pol ysaccharide which confers
serotype speC|f|C|ty There are 90 knomn serotypes of
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The present invention provides an i munogenic

conposition conprising Streptococcus pneunoni ae

%I%(H 0e{,,,msaccharl de conjugates from serotypgsyEftheREd77
erein '19A is conjugated to a carrier protein

vvhr ch Is a first bacterial toxoid and 19F is

conjugated to a BOcarri er protel n which is a second

bact e 0 r C

i ncl udieegl:%g%éau aramp )';Js?glc ar i dgus%%%% Rﬂ%@%? Bar, émde

d &PNivgalss ivtorg Hgles Fiticagialiss Yaceire femulpienc char | de An

ol i gosstepbedctude paaunionke Sis ab  Cansposifives bgetsriuve Teshodsinle for

T H t » . -
CAEABE AR PB4 g o
?quﬁsuch %Pnepwem% Lppgggggla an rp?nlrgmﬁ.rﬂpg mqu_eﬁs assoc:ated with
" icolonisatian, agh as houtaOtith oetlia e irate tf prraeeodzaltdneursonafin the US
Cedp ers&{s ovérraﬁ%ag?gft Pls d@ﬁrﬁé{é’cﬂb XL t@écﬁg-ﬁﬁﬁ BoPah h@r@ of &Ees

uctlon In sev exacer bati on?
og; 'F%dsttB b%g‘?’ WRIE ErH AP %ﬁ“ﬁ'ﬁ??c%‘%?s P‘)S'E'%G"lif Wit portality
e xededodedd 30%nevel ivithr antivieticamatment r eduction in rate of
0.1, Graumdeocels réené&um%m arereﬁioau,f ﬁerd ansa&ﬁsnae which

n as atl nt grou ni zed
o G o Grek S el FHeff B WA Srothes o eruumogoset apg the
b gerstie isgthe pmcwleowmlﬁmewe@mmtfoe pmeerrnoemr asthovesnsie apteonly
| pRvtdcisV b Gifne | dufgde bNtr@emtelns frand @bmﬂémrbymﬂhiemsaralpoony

" .

¢ SIrERENc, Conemlen B A ndBfenah 'a’*ﬁ o D R progessed o
péﬁ?ﬂ%@r @ W& drolfcu'ﬁa@t"é?fﬁ‘almb )thﬁi'sy herscaa OWKE ﬁtﬂ‘%? ghe
1 @nrinie adtem thraigh pi elterikey@édnartidth wichiaviiveb emss-iheing bi duefake

v%cg% %g@g& khe toxicity of pneunolysin (WO 90/06951,

? Simlarly, genetic nutations of .
di pht Hb‘fﬁséh?WP ReVRA SRer] rthgt potectipgagaips) imysiye pRarRiqeocc
( giseasbdé @wyelatéd mesti strahdhy wille taotitiofly epbcifin dbrothe espsofe, and the

dioRBcfifid Srdopsispecihicl ude CRMLO97 and ot her nutants
déscri ed in US 4,709 017 US 5, 843 711

.9, 0601 827
ang. USBPBER@ueuCeo s e Mo bt O IR R
didjséash @nd Qlitisanedia ibiafanisand wawna ohidigh daiewige, the elderly mount poor

' mb%éw%hém&@arw@mérh HtisR 2] (19878, QX Bdtont SRR 27,
P orgcg Tg%sed in c% 8F %a'c%nal ngu%oﬁig up t&gm&%{n ;\?e)f h%?@én%

OXC rosoguanl

oiBe'ikh(é MPW(E‘*’M@GBWH&M (Uchi da et al Nature
New Bi ol ogy (1971) 233; 8-11). The CRML97 protein has

*1 S $%n 'B%Jma%#'ter pae@éng Rb?nr}ab h&vg{;][P bi 'rrﬁrrwad tchﬁ(rbiQtlthgf a
sfrrurrer arrarnez'%rreaewewsmf@m@aa@vswh@rdg oHe veefme

gl ut am ne change of am no acid at position 52 which
W@ﬁﬁﬁdegemgﬁaﬁp@,rggabl e to bind NAD and therefore

| penhei ner 977 Ann. Rev he

ooyt ¥ et HERRANES TE el copi G i Rikedy it 1 Pl s
sepnkem sﬁieﬁeetet %ﬁ)’ep%f‘f'ﬁh@e GMG afterdwel inpewialiens Milettérve Ft
t Qurlgee immapmipRm fhesphalediavandi TeedaeRt bark\hpresent i GIC Sifter
a ifferent, it is
nem%r{tﬁ&ﬁﬁﬁb? Pﬂﬁ@‘e‘{%’%\@e‘”@@%ﬁ ?ﬁdrj'ie}%'t‘?t Ggm no acid sequence.
For exanple, 19A and 19F may be conjugated to tetanus
toxoi d and tetanus toxoid; 30 diphtheria toxoid and

di pht heria toxoid; Cnml97 and CRML97, pneunol ysin and
pneunol ysin, tetanus toxoid and di phtheria toxoid;
tetanus toxoid and CRML97; tetanus toxoid and
pneunol ysi n; di phtheria toxoid and tetanus toxold;

di pht heria toxoid and CRML97, di phtheria toxoid and
pneunol ysi n; CRML97 and tetanus toxokl, CRML97 and

di pht heria toxoid; CRML97 and pneunol ysl n; Pneunol ysin
and tetanus toxoid; 35 pneunolysin and di phtheria
toxoi d; or pneunolysin and CRML97 respectively. 1In an
enbodi ment, in addition to S. pneunobni ae sacchari de
conj ugates of 19A and 19F, the inmmunogenic conposition
further conprlses conjugates of S pneurrlonlae

o o o o A NP~ P — = a1
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The conposition in one enbodi nent includes capsul ar
saccharides derived fromserotypes 1, 4, 5, 6B, 7F,
§,\é,20 neC 19F and 23F (optionally conj ugséRebaooshkes
urther 20 enbodi nent of the invention at |east 11
saccharide antigens (optionally conjugated) are
i ncl uded, for exanple capsul ar sacchari des derived
fr I : otV el A
aur DU 8] B Spclungarry 8 calffr 3 sy pochfaorut g o
| Earyygatein griuvent Cof aluminiumrbospiete gdventar e i ncl uded, for
exanpl e a vaccine may conprise capsul ar sacchari des
desid f - : A -
S T YA it ne i e i
d &he xalent Rlaikpasacsharidesand thes-vaent dPly copjugates. gy, 14,
18C, 19A, 19F, 22F and 23F, although further
s A1 85 AR | : 827 ity
AT Aac M L
1318 -pipnt pfaghpolipaqeharigasand the 4-valegPhiD epniugates. ' o3F and
33F), are also contenplated by the invention. 30 The
Vagrd®  ®hr $BR siwRG QR-23FNYE RishdhBe HBXIbROMRY | S€ protein
D (PD) from Haernophilus 1nfluenzae (see e.g. EP
0594610). Haeroptulus influenza is a key causative
oFigure & nBarfchart showigg anticA2h opsenetPhalecyiesie tigastn Batkiemicer s
have shown that including this protein in a

oGP, 7 26 DTG g YERBIRBE ntdes I b oy RIS per
otMPyrisatignrity 18 Valprt cenikaate pagcne fngpyiatedsip diferent afiyvagive

enbodi ment, the 35 vacci ne conposition conprises

grrgquﬁw r chihn Qﬂﬁin&ﬁ@%&ﬁec?@? c&yefgﬁegﬁ@néﬁmm ina

rotein for one or nore o e sac . I'n anot her
adipakay Preymopiaimedel coul d be present in the vaccine
conposition as a free protein. In a further aspect,

]Prﬁ&u% ) ?a!' &haRl L o aa%irkb @&braspe@s@g@saum ﬁﬁcﬁia’fierﬁrﬁﬂur?sﬁiﬁon
ree in r n e used as a fu eng
prgh 6%8’8'3%?%%’?\%%#95?%0056360) . In a further
aspect, protein Dis present as a carrier protein 5

f Figurdifo NBYbREtIch Ygdist iy SrRGRELREdaldSIenf®ih nicéarR iBmbnisation
8,w“?EE_P@[)%ZQI%F}_&%_%CChar i des may be conjugated to
protérn D I'n thi's aspect, protein D may al so be
present as free protein. The vaccine of the present

| DéeEription otAePvitdA Oone, two or nore different types
of_carrier protein. Each type of carrier prqtej

0P Geesert iyvBntipn prgpdesAndmAIgeTn cordapatien. FomEsing, BrepfraeRLs
s RERHRIOPIAR EAPstiaFagrhanidn conugales Bpm gerptypes R e, |OF WD 1A Is
s EPUYaaIed do BoariiRy Pretalpayhiohds 2 8| Ragiatial ipxpid apd 19Fdg pRmiugated to a
c &Aipreprotein wiieh ipa secondeactetiad toxbid sane nol ecul e of

carrier protein or to different nol ecul es of the sane
c dhe it qapsadae isanchdride dnoledesndapsliangolysacthaddes randwlignsaccharides

digkfivabie fbm HRCGEPa Qctﬁ g%ﬂﬂ%(an.GArP&BBééQ@aE% dRaibd st 1SR P sugar
|

carrjer._protein, e to e sanme nolecul e o

c HFIUET THE B g grenibesbel r o PO BEnse ity
c dended to peagieeprptein15 Any St rept ococcus pneunoni ae
capsul ar sacchari des present in the i munogenic

conposi tion of the invention apart from 19A and 19F
may be conjugated to a carrier protein independently
selected fromthe group consisting of TT, DI, CRML97,
fragnent C of TT, PhtD, PhtBE or Pht DE fusions
(particularly those described in WD 01198334 and 20 WD
03/ 54007), detoxified pneunolysin and protein D. A
nore conplete list of protein carriers that nay be
used In the conjugates of the Invention is presented
bel ow. The carrier protein conjugated to one or nore
of the S. pneunonia capsul ar saccharides in the

conj ugates present in the inmunogeni ¢ conpositions of
the Invention is optionally a 25 nenber of the

pol yhistidlne triad famly (Pht) proteins, fragments
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25 N19 protein (Baral dol et al (2004) Infect |nmun 72;
4884-7) pneunpbcoccal surface protein PspA (WO
, iron uptake proteins (WO 01/72

Nl it USRS (WD 00/ 61761) . Nur  oPCTErabSesd
Pediatric Infectious Disease Journal. 23(11):1008- 14,
2004 Nov. 30 described an 11 val ent pneunobcocca

ne Serotypes conju ated to PD. However,
t?f%' ?@g'@ﬁ%esmﬁ B B By T, IR S GEln of

A 0y Iropiment ﬁbﬁ"&‘(?é'é?"@b?"aa?ﬁﬁﬁ“%cﬂf SQPPn‘H u@é‘d—"'w it Reverity of
c&ﬂﬁwwmm fefersl DR edystiengatinsigence oDTate oifRR e exapgrbdiions
1 9fer ipgiarice g sadadlion i rat®of Q.1 0&dHi2 $,00, 2084w mpred Jeriistance within a
i Ipaiiznt group inaudzes dihvne toradositiong loeakiesof DS Bivértiact | Vit y
to 19A is seen with 19F conjugated to DT. It is

t heg efn%saasaf tea:wa&aeé bdcltRlal 3okirs WNRR BleliddRlVafel olEf by Eenet;c

pr.e enI| hat ser ot

DR A YEQis baltont g7 5. BB utsi SRy Biide e
ortetaTmp/toHgH, dﬁpmhaﬂnéowpmss-ssmmwpete@gswlwmmmmgmoydn
tmuEaTonsl bf pReutlo§€n Pk Abver Beshl ddsBibeti NI iowsr &H’éatoxmty of

o PhellohSin 1 odneB60 vt Shhal) StuBRf HELLElpulafSE o cickiRbra
smmd@% @P“?'ﬂ’e%e lsTown Hiaee  belav Sgeatically édﬁﬁﬁfﬁ@?'@ﬂves of
maiphthbria fogin Grfudel CRMEIC? tand other Miitali® rd@sdtibad inews 3,709,017, US

T A9F t
Py o 5 Sk, 48 Bobinr, BRlter g el B he
pdiphiBeriss toxinglut e emmw@mlbtnmd@mgwmblﬁffmm ihep dightheria toxin.

e TPRAAB RN produb&d- by €. %ﬁh%@tlﬁgctédobﬂ_ﬁe HonteXgdnit phasen F1 gtlok-

of t i ng,.ser n ated to

0 b oY SR DRR il BB Gh6n b st o e
1 diptures New Blelogy éwanrﬁSﬁgB é‘E)r Biey‘ééw %3 rreoteip hpg the cene applaopiar
amlgiﬂésqnie diphtr¥ia RN difers! frorait Syl §idfe bR e Bisbd B Me strk&ral

S t T 7

3515 TR IR £ bt Blauinitd YotH o ilind R W Sebgi R 0
er'ﬂ!?b%ﬁ fragient Adnptle gr?é‘dé%&ﬁ'fﬂ theesfore aonteie (B?prﬁp'mel' A97%, Ann
f WReb,Bigchen im0 63ven RapplBiF Apslied @ng Bodrbetkntad MidlobdiogCRbt 1 963
agg jrore than two sactharides are conjugated to TT.
In a urther enbodi nent, 19F is conjugated to DT or
CRM 197, and the remaining serotypes are split between

Pidhe firgt a0 $eTd SRCteriRIpXDis may ke thersame 9e flifferent ips5R) thardirst and
1Q&cohd badttipligide chrd GifideEnt,af is Glélhtthat thegteved he.fféremummmm
S?%ﬁ:%%ﬁs are split between PD. IT and pneunolysin. In
a er enbodi nent, 19F is conjugated to DT or CRM
197, and the renmi ning serotypes are split between PD,
TFoamamBRMISOFnd 19F @may be cénfugateditm thtames toxoid @Fd itetanus toxoid;

cer,ahm%t ed;io.& oanQTdna&heQBN%% afyeh16F Gank CORMAY?D qmaﬁﬁd%mpaﬁn

A PRl DRSS D bl BS DS LD, 200 PAI0RR) et
e¥eid| ang rRneunaysing gipktBerjauigericand etanys dpeidripghena ftoseid and

C @RMAgA tapethbrd thRL&Ta pyainiblydih; GRM AN Gnd entLRdid) ICR§1197 and

S e e 1
ot Rordly, o e Myt PheuriEh™Shy Shipdnthyoia
er?B?i’d?"Hé’H?"d drgheriatoxqich PLRTSYBIYSINGNBHERMY 97@%@9"3"’ 19A i's
conjugated to pneunolysin or TT, one further
saccharide is conjugated to4TT, one further saccharide
is conjugated to Phil) or PhtDE and all further 25
sacchari des are conjugated to PD. In a further

enbodi nent 19F is conjugated to DT or CRML97, 19A Is
conjugated to pneunolysin , one further saccharide is
conjugated to TT, one further saccharide is conjugated
to pneunolysin, 2 further saccharides are conjugated
to PhtD or PhtD/E and all further saccharides are
conjugated to PD. 30 In one enbodi nent, the

I munogeni ¢ conposition of the invention conprises
protein D from Haernophflus influenzae. Wthin thls
enbodi nent, If PDis not one of the carrier proteins
used to conjugate ‘any saccharldes other t han 19F for

o o o A N - T T ~—— R " o,
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For the pur poses of the invention, "native
pol ysacchari de" refers to a saccharkie that has not
cted to a process, the purpose of
to r‘@ﬁgg@the size of the saccharide. A pol§§2hﬁﬂ%$?9
can becone slightly reduced in size during nornal
15purification procedures. Such a saccharide is stil
n e saccharid S bee suhj. ect
% 'a%{ Smbogﬂ'llgééa hn autdstson B(g é?ed:mf)ﬂ%e gg Caq;gg Hgg Iejcg%F
c dFFs lﬂ!ﬂféwwnﬁ &ﬂmwiﬂmﬁmh?r Iremprisep oxniigates of ﬁeonﬂmwmcemsular
" sdazdheriday 4,8Bf AGHer180Rnd ZBFX2" neans that the saccharide
is subject to a process intended to reduce the size of
the saccharide but to retain a size 20 nore than half
t He 2% prakedigent, freadditien ipS. peaupeniee sRaphatide coriggatesof dpa andytak,
t dhebienniundgenip rcemmmbmfuhhm compises\Eahjuates oft $)@neiresnia chisklar
| SasbHdBEY, Y ﬁ;%e‘gsmb%@ pged to reduce the size of
t he polysaccharidée but' to retain a size nore than a
third, a quarter etc. the size of the native
pdlh uIs aobmmcl & adbitioratn Sappeobniad sactharidenvosjngatasif 194 end 19F,

ARG ehic SO AL fuRﬁer:Qlﬂst u§£t5§&t§ GRS SrhbRiad Rapsular

”eucgogﬁ&%ag%gafja&%grwg%é %%vvherlce)l noat 1 bast 1,

2, 3, 4, 5 6, 7, 8 9 or each S. pneunoni ae
S ag 6 afbddPnah® in"kAllitioHEo RO bakB BRSPS dcshBridel BAnadht@S 94 artdf 19F,

t he inventi.on iC CO S|t n_conprises
LI B8 domblior (IR OGSRLE, SOIRGRL U € E AL 2SS
1Gacrepigey bSs4.§off doeVett 166 azf:cfa\dﬁﬂér protein, wherein
at least 1, 2, 3, 4, 5, 6, 7, 8, 9 or each S.

b gfr‘ Hﬁ‘%ﬂéo%@weﬁ? @CJ@;E}&nde § Bnegln%:%je %chgrcfea&h%atéépof 46a %&% 19F,

ofthe ifmunagepie cpmpaskien fvelies CPPRTises conjygatesaelch &ﬂ?wgfae Wsular
exatthhrileS1, 374, 58670 6B, 1761 &, of, 18 226 aadssr kl es are si zed
by a factor up to x2, x3, x4, x5, x6, x7, x8, X9 or X
10 35 The nol ecul ar wei ght or average nol ecul ar

ght of a saccharide herein refers to the
méwﬂﬁﬂY HhecHapiacarsisarprariiageperie of R)rresent inventon vitheampgee
Meassuiae Gadeharde dntigene Njoptgadily Csnjaguted), S wiheeels e dadeiarides are

M%Ev'wgd fr’ém-gl1 fea%&r&fp%gryf gu&ebrﬁ l |T|-,E QlQWBer'O? st Br?eu%r‘i;ae
and 1s %ca gﬁ carried qut _as described In exarrg

2 Cansypr REhaEdemeAnyanae ™ JR SifssELtarsiyPes é?! carP§ess) oy
cdﬁbmn@e(o’d‘yﬁ@%o ireove e5OOdIRuM fereremey 100 41,UReB, thor 15 different
C %Qr’létyﬁést 'l%oﬁ@%ﬁbﬁ&m&ﬁ%@ﬁ@ﬁb&ﬁ&r ik Sactint gl cdribri¥bdoRfugated

S B AES L del 26 | CnhiSh DS bicillee SEARLEEL Botonayy
1Aral el of sagchgride mb'l’eﬁ)'s Iepilthamon eapal e gt Forexample, the
r efveritioh oaptapriéd 1 codfigataiissemtypes afialB unddhjugady daGiRarides. In a
e%h%nﬂrprﬁ%n)é\ﬁ ) »écan%%y%@JnLﬂs@ﬂq & h8d4fh H%%nj bied 958 rides

it 02 Tty Ak ahar et U@onﬁ%i%"@'sf‘cﬁasééic?{];r i des whi ch

have been reduced in size during a nornal extraction
p fho&lé%ﬁ-nboéhéerlt he@uIiAIH em.séocmi ha%cu% ofmmh m be selacted

 REOAR o S BBt Sk PRl Softl e n A, 15,14, 168,

M crofluldlsatlon and sonicgtion have the advantage of
decreasing the size of the larger native

pol ysaccharides sufficiently to provide a filterable
conjugate. Sizing is by a factor of no nore than x20,
x10, x8, x6, x5, x4, x3 or x2. 20 In an enbodi nent,

t he i nmunogeni ¢ conposition conprises S. pneunoni a&
conjugates that are made froma m xture of native

pol ysacchari des and saccharides that are sized by a
factor of no nore than x20. In one aspect of this
enbodi nent, the majority of the saccharides, for
exanple 6, 7, 8 or nore of the saccharides are sized
by a factor of up to 25 x2, x3, x4, x5 or x6. In an
enbodlnent the Streptococcus pneunonlae saccharlde S

T T o - .
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A further nmethod involves the coupling of a cyanogen
brom de (or CDAP) activated saccharide derivatised
Wolbo7Adi7 ¢ acid dllydrazide (ADH) to the pﬁ@flﬁzﬁbmsgg-,-,
car?ﬂ’er gdy Car bodi i m de condensation (Chu C et

Infect. Immunity, 1983 245 256), for exanple u3|ng
EDAC. 5 In an enbodi nent, a hydroxyl group (optionally

SrTEEi DR 2 st B! SRR Rt bg e wo
CIBAP] sergiypes %ww deperidink @d thecageof thaFetipienk receiving the

C ara&wvéydnlu CGthe) GEdGRapRital aoth’dht Wieie @it \Faeémecl w1n ers:-,L difitered.  For
| C I a 1 N

p?egérﬁ‘? 4 1)5-\:% ﬂvgéé%ﬁ n?aly &Lj'g# alysg%cge%dg sFrg{ypes1 4,5, 6B,
opFi Bhaf1BCy Yﬂﬁl@é@l%%':o Ao 1aﬁleatrnamegnamtﬁomluae racphasides from
f cerogpaaphe 2y 131@ieng pdeBiaine Qiﬁfﬁnjltp@a&md)rﬁay #sd ihdiide aNe AIMalRat

gﬁ&M&aﬁoﬂ sa.ggﬁﬁnleh@&@ﬁh L&é%;%émkﬁ eAfLﬂx z{ﬂ@ o%waw?épegr

a carb pf ote
b PARee hef é’é i 1RP cRE %'h@?ﬁ @Prvhersfaala 1@>¥ﬂﬁﬁ|e@e$yvae@nedgav
ED®Gde 1h|a 1aor tinia@di forolationt SapplgnMEted B S€rot/pes 3 P HhEZ2F, 8 and

S3eEhRB 'agcf{@ of §arE!Q§AH:Q @‘aﬁ&jzéFoortt}graH gérﬁ%r el 19€5P1 %
RN RSP S SRR AR K

c AP valent fdpwifigtiop dessrijed ghdve suppiemenied witthgsrdtgpes deBA, AOA and 22F;
c @aiag%'@tmom 19A aﬁ@ﬁ?%éﬂé{ﬁﬁs BRW 215\' 198 2@ 23#5 Slotypi 6h, f‘sﬂ”ﬁm

SR8 i 8L S 2 AR 38 A SHERE b s

f GPA end 325 seyqinpes B6ACH andl 2251 segatvpeh 3. 6An13K god 82F ionserotypes 3,
Cap[is8lan€2dF. be used for coupling / conjugation: A)
Car boxyl (for instance via aspartic add or glutamc
acid). In one enbodinment this group is linked to am no
gri8e p“§mB?F"‘§&c‘B hefR densbedinesic nclpdesy capsulaly sagRhafgesy F’%ﬂ!{ﬁd dem
a sbrotgpeart, W 3, BB.27F, @gnbodc| rardmd ebfe@biichally conjghated). tih a further

E
gﬁ%dd"ﬁ%"ﬁ?m“ﬁﬁ“mﬁﬁﬁ"“ B EARCng opl &fa”’%’ﬁb%%‘“@ o
S b, Togiaule cathu Sagragiepe eyl 5HroMReB > an

| i1AKEAC, WBR land 280 & firtier erftrodimetlr of taa pventiort, at Emaz o3
aRgich&ide edmgé;ts NG tinciudbd® fe.r QitinpleS al ¥R nla® hphded EQXNAr

t d
L O AN ) 8%% o 14 qﬁg S ﬁier%%
ofor ¢appiitar secchanidbsdperivad Triemdetolydes HRol |§; 68, 6F SHcth APG.(BA. 18F.
| iobk @R ZﬁlaVéltﬁﬂlgﬁ f&"ﬁl‘l@tcéd%bﬁﬂnﬂgi‘ aRBbrR fd@Raliple 28 )valent (such as

S“' Q@! y% %‘%loé ep"A %n 9\’/' ﬁ%g Fﬂ,gbf‘qg 155”17%”‘?& 198, J9F,

group T onb 'or'o
a@%tzﬁl: ZoEaNSHE L ﬁ@r@sa@rﬁ?mﬂ'ﬁt?%ﬂ“wvﬁﬁ“%l ei m de
chem stry. In one enbodinment this group is

aghd V@Jcﬁg/omg'pfrésﬁlq wWeﬁtBn ey dingrisa pRiidh & @'9} from '-_I))aemophflus

r ox ro stance via t
IR T SBHIRT T Aeoap AR P eB 7 FRrotgeiR By
dich2idis enediad ﬁrmeme Eyesenti rm»zt@ﬁ yaveyshowp tat dncluing thimpreteipi ip a
h ISﬁ'bm&UoEHa} pnduﬁroﬁfélﬂa@dﬂ&ﬁill proide o IBlebof@FdtPon dyainst Haemophiius
a?ntaﬂlrllel gé hIls!» %edté/\n(r&@rtegéneiz(g%f él%lﬁcaﬁg I dl n?ne gqu?mgpt the
gMengee (°P'BP°5I“P!§P‘HFRE'é95erate*E‘ B pf’b%aﬁﬂ’em 1%3 Brpresent as a car ”ef
saccharide, in general the fol |l ow ng groups can be
used for a coupling: OH COON or NH2. Al dehyde groups
can be generated after different treatnents known in
the art such as: periodate, acid hydrolysis, hydrogen
peroxi de, etc. Direct coupling approaches:
Saccharide-OH + CNBr or CDAP --> cyanate ester +
NH2- Prot -> conjugate Sacchari de-al dehyde + NH2- Pr ot
--> Schiff base + NaCNBH3 -> conj ugat e Sacchari de- COON
+ NH2-Prot + EDAC --> conjugate Saccharide-NH2 +
COOH Prot + EDAC --> conjugate Indirect coupling via
spacer (linker) approaches' Saccharl de-OH + CNBr or
CDAP -> cyanate ester + NH2--NH2 ---> sacchari deNH2 +
CCEFLProt + EDAC --> conjugate Saccharlde CH + CNBr or

NN A N e e
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In an enbodi nent, the I munogenic conposition of the

i nvention contains each S. pneunoni ae capsul ar
VacePakige at a dose of between 0.1-20pg; OpSrefdhdiosserr
0,5- 5p.g or 1- 3pg of saccharide. In an enbodi nent,
capsul ar saccharicies may be present at different 15
dosages for exanple sone capsul ar saccharides may be

pg)?u? Lfor %lta o?mgﬁso@thgfs?og%%géé Mrg ;namggasgg lfpre x"é @? Elé‘ ge present
| dp n@ﬁ%eﬂmveﬂton ag a@enerptene@ & fucher aweet Ripieis 035 pr&% bath
arad ak8er(pedtein andl Gea pteinO Frotéis B nj2k 66 0§¥d a8t fdl IdHghedtein or

d fbs I

cip PR AR BSE IALHAGSroel oB0B 5 BRE B otk rotom
1 e fhecpioTtyt Berspockinoss. & ST a7 A" BPToGK e SAGghdesyay
p tpe edijugsted @ipneein Bahalissaspeka protein D @y blsdbyneERni 23 free protein.
conp05|t|on are present at a dose of around or exactly
1pg. "Around" or ‘g r oxi mat el are defined as within
1095 1R5FiRe ofithe Reesentdy F‘H@ CPRAEPS %’Pg‘ﬂ? & TSP diffefent bpppefsawer
ofpratdire Eavh dypeiof narriét prdtein anay ectias damiemibr, mare thepase sactbartib,
t h@.acﬁsacemuégwyesgmfsana o mréecmatahraessaay gl § s&ti May be

[ ugAt
" SARRE g Sari 3 nrfbin i ieﬂ%yﬁﬂm@?ﬂ*’sg{am Pio or o
didifferent molasuing of dhesahe WQE[DME!H | In opgerehedigngntniwntor monagifferent
maja&ﬁérmys @by bd\@nRgdsiub e sSAE esraéﬂ ;ratﬂan,fenﬁer QR B Boleddle

[ .t e carrier 30
pro gpﬁmﬁémgg&%ﬂ?seeQVEﬁ%%%gg an r%@# /29092) The
i munogeni ¢ conposition nmay conprise Streptococcus
P Ae} Ne¥epiat IS ObmtiMGniach edpsilar battiaadesShiesydt (€ QI imunogenic
m’&@r\tg}aﬁlbr?& Hé %@Aﬁﬂﬁ afrt Hﬁ?w&‘t{ﬁﬁ’iéﬂﬂay %E&gﬁt@& & B Sarrier

used as carder protelns, or nt as
f P@éﬁ"]df“lﬂp%'?dﬁs“y SB'FC‘?Pa'F“b‘Qe B’P\é‘s‘é’ﬂffs“ﬂ%% alT 198, fragment C
prbf)l'emhm EnBExs Pﬁ@Eeuqhmot:enmarlyTlme BbscelpEd ot WEr 0538334 and

gmﬁ?‘ g&o{gﬂ Eét%fﬁb rﬁﬁet.{ﬂ'fglggin 8nd PRt b.OR rﬂ&e oétﬁﬁet@ 'I|§t fb@ brotein
o SR Fef e e siitetes Bl e Gis Riset pioh o o

secreted or rel eased by the pneunbcoccus. Optionally
t h‘ﬁe Bein@dr Blotei cBhjuddtd th BrEeI iR bf m@e a@b@@ﬁ,&chaﬁsmscbﬁndes

ot:""oﬁngugatésg%u ﬁtgré e 1r?rr§¢n%€e}n?cﬁ Et ? theil‘(veuﬂ%n ) )?ptYoRSIH a
awmber ¢f. the tppishisiidipe [tYad; lemiha(FE Areteing ﬂnarmnt-fy of fuslprxpyoteins
C ltfakdoh erhbi FIbE, FOED IPREDE bBhtE Gatef)s mBy Bdvel dhSariny iatlg séquence

TBépa%né’:éJB %%%T@%‘E %& n&a% @B‘% ofr >§Oe/o igc:;g:glihoalgequﬁﬁg td@él&l%d in

SH12 80137403 90Y© 034?82%96%9 e @8‘"@ acid spqupncepi B30y 2183 FiER

t 2 81O: ¢ at WHRWZ S0 for Phid) Ftﬁrg)carame fusive prajéinsoace pemposed of full

?Léhbiﬁ'oﬂﬁagn%tslmw 43&|F¢|@| bMtth PRI L BHiE) Exarfslél of s lofoteins
er n [

3 G, BB FIBRPRER poblt” SR 2R o e
pPa ?Pds%lt%f@t e@e'ter'dm paiging @m'wk%dowwu tge figymertionadcat g N-
Hiteginad (8€ foi dxardlplé ol gax3Pht X) , Chol i ne Bi nding Protein
famly (CopX), CbpX truncates, LytX famly, LytX
truncates, CbpX truncate-LytX truncate chineric
proteins (or fusions), pneurnolysin (Ply), PspA PsaA
Sp128, Spl1l01, Spl130, Spl25 and Spl133. In a further
enbodi nent, the immunogenic 15 conposition conprises 2
or nore proteins selected fromthe group consisting of
the Poly Histidine Triad famly (PhtX), Choline
Binding Protein famly (CbpX), CbpX truncates, LytX
famly, LytX truncates, CbpX truncate-LytX truncate
chinmeric proteins (or fusions), pneunolysin (Ply),
PspA, PsaA, and Spl28. In one nore enbodi nent, the
I Mmunogeni ¢ conposition conprises 2 or nore proteins
sel ected fromthe group consisting of the Poly 20
Hi stidine Triad famly (PhtX), Choline Binding Protein
famly (CopX), CbpX truncates, LytX famly, LytX
truncates, CbpX truncate Lth truncate chlnerlc

Y o s
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15 general, choline binding proteins conprise an N
termnal region (N), conserved repeat regions (Rl

Wodh@forfid) . @ proline rich region (P) and ap (aqmgd'ﬁ)ﬁggw

choline binding region (C, made up of nulti
repeats, that conprises approximately one half of the
protein. As used in this application, the term

n H f | t d

¢ O REmENE B PRl B e oreitshi o B b Aen P e
aéfasra% ?WtPPﬂﬂu YNYRAINAPOF pyMars histidriedmad nzcmf(SpedXor d@itgd@pil regions
Clop Auch Golghiptiéusd AGiiSine (RS frolifSis MheS SdrfdR e pb g&%ﬁ%%@lhe

AR e SN !a”%%%qg@e%hqrﬁ%n nislane. A
VEYisA salrsgiondp @ Aegiag predicteg by rfeoilsSi alagiithy Lypust Aetel (198 Sisach

i R52\D16B1188.468n efpddinentihk r s4th fedednt MEludds l%ﬂé BiOmore hlsudine
P‘irﬁﬁ Q'hcm; ad Uv@ll %@ la?@és‘lfl g %w%& IGQE reg{g;r? YR 5 Uik qgth? (9%, each

‘enbodl Nent
e SIS AFRT S8 B 21 I et BSIUTR 58, moiscipiRal swit
deatIVﬁ &0t sEqaenee beteednt thel came triadef @ lirdratttad Gapuéney BhtaE Fdre

| aakiZo0eh0R0 6, ﬁo&em@f%tﬂbﬁncgtfb' %ﬂ&v@:ﬂ%nﬁ&a&?ﬂh@té&m

tlonaII el ns e entir
SR BRS!- Lo b elsRd SadlBnce Shonntin RO IDUNG: At v HESB dr
| £6Y0)- (ln 3n anmd-mnmn thener ephfigmgnt icodainerexaatiyl o dt Iepst, a4t doited
Otoilt fagiony: ln?>£}1 &rﬁ!&dailn’féﬂ! a lpa! ﬁm@fn digdRsddl K& MoiBdesHRd hun 19hGth

OEF"?E‘"“"'W . =k 3540, ittt (e bt i iepe
RPgPtidetior ﬁﬁl'@!@ %ﬂ‘a'@'?ﬁﬁ?fdé ﬁb‘dreerrn@wﬂ empyest, mumlmcmg variants

Fol RtiRrosin bid infriufictiesicl fragnedRO9 Fhil p6@inQe. g%%%ﬁ& 18 @escribed

h i 0 c

R S oty Rl DA S0 B8 3 8 20 Bh Bl s M e
WAt pEAuEncE '%E’&ﬁ@%@ﬁﬂhﬂ@%%%?ﬁtwhewm 3k polypeptids {s)capable of

f elitihg an nrmopEipesporse apaidic ifatseid aminotagid vequRRGOIR IVROIDIR7Y6S &

C@dookysbs- The N-terminal domain conprises choline

bi ndi ng domai n(s), however the LytX fam |y does not

have all the features found in the CbhpA famly noted

alyopaeicardhe fecms "Fhtl)” as heed herels dnstudésrthetiol leagth profein Wity th signal

f 8dhubnte laBach &) HeGRilAs! iufl leh Xﬁth Bﬁﬁemf WiAthd a%%ef(@mula)hplelﬁ

C [ ast vv|t t he Cb term na

CaRR Rlos "t b8, PR Sy BRSg LehmS L]
f mUnogeniyHeagmenis bl P@Bn(pm fsaomenigtas, deBoribed 2i@ve \AF tphlypeptides
I g@pFislsg dtTeabi ™ ok 3d configibild amind atdé\rrbh atihECdmscsatid sléqtﬁﬁﬂéjlﬁ

eWO%}]/SH OEUF Mg@h%&?%%gﬁi gégpe@%g llsgo(])ig?BDQ of el‘é(tlag Fn mémune
sﬁﬁ%’"svﬁeef G ©r 5914 Ghi %?%@%WPP"?D"Q‘QPQ@%@ onWP0/39299
alesgo SF@ fIENOelbf N G837 Bp5dr. Ph). enbodi nent of the
|nvent| on conprises LytC 10 Anot her enbodi nment
S tXt uncat defin

ove rgﬁ 'eﬁr?c ?ggme %fz\éhr '“?'8 %ﬁ%‘%‘{?ﬁd’f gpn@rqu%tpp nig®
5@9&@“%@” de conjugattiolei thre sashen tilagyler efgihe mrotelip cardandpanyer
imahcmoﬁemgns moRL tifférére sedtharides 6dMUghta® tdoi)steer h&gice'Wo

e

IR, S ER e Rt i fech Y Bl SRIG  Breren
fusions). 15 Optionally th| S conprl ses NRLxR2 (or
RixR2) of CobpX and the C-tegminal portion (Cterm
i.e., lacking the choline binding domains) of LyDC
(e.g., LyteCtermor Sp91Cterrn). Optionally CopXis
sel ected fromthe group consisting of CbpA, PbcA, SpsA
and PspC. Optionally, it is CopA Optionally, LytXis
LytC (also referred to as Sp9l1l). Anot her enbodi nent of
the present invention is a PspA or PsaA truncate
| acki ng the choline 20 binding domain (C) and
expressed as a fusion protein with LytX. Optionally,
Lyt X is LytC. Wth regards to PsaA and PspA, both are
know in the art For exanple, PsaA and transmenbrane
del etion variants thereof have been described by Berry
& Paton Inf ect Irmun 1996 Dec 64(12) 5255 62. PspA

s o I o, . oy o Y ~ -
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combi nation of three proteins is given, simlar
possibilities exist. Conbinations include, but are not
Wolhd-AthiP, PhtD + NRIXR2, PhtD + NRIXR2- SpRdfg8hddlesesr7
chimeric or fusion proteins, PhtD + Ply, PhD + 5p128,
Pht D + PsaA, PhD + PspA, Pht A + NR1xR2, PhtA + 30
NRLxR2- Sp91Cterm chinmeric or fusion pr otel ns, PhtA +

b P e P v Bk

Rfﬁmaﬂﬂeewusatem + PspA, Ft1xR2 + PsaA, RIXR2 +
Sp128 RIxR2 + PhtD, RIxR2 + PhtA Optionally, NRLxR2

X%%Rﬁa cin’?’erf r&&l?asCR% A tlsepg;edgﬁtﬂll ??elséxrx i}.wtentioﬁ ;.—QCH'?

natil on
cé'ﬁ*BhtFP&'P e g naty s LcTuce or TTEPT CRMASY @i Trmtant
+ ol X Rbint midfabls, duth mwnbmkmax CRM B%(Uchia® étrae). Biol. Chem.
C%‘ifé’%‘ébé-ﬁa% fREPERRMES caﬂﬁaso M‘n g%{ﬂf Aenp%mﬁa M%Q

t DE as_carrier pro el ns.

tw&'ﬂﬁ%aeﬁ@ bedplrbplsiant, @Eﬁfﬁﬁeg%'ga"aéﬁwmaam Eot Frank,
p Meaeab Dyldeming N9 2Pt Blicpror Plothidis i SiuF148¢o PspoGaionSer dnd/on Ala

ansa HAGY SRAGMr nBGHEdischid upﬂﬁi%bbﬂ &Wids@ﬂ @%ﬁdﬂe& at

|
DRBE B SomTn JERAY L% VT e o, Saander L5 53 A g

savdionsi disdpsed UG $FEP@ner G %ﬁ%ﬂﬁmm mw disgigsed; in US
\Mseaaenn ;ﬂ.bud]&ﬂaﬂ PREmBIFGHE (Kol leal | (SogBP Mitatd kh@dh 68 Fiob3)

T | %5} 9 | %1%% 2‘1" %gﬁr Ff‘as;non r}g t){%ﬁ!ﬁ‘e"&éﬂrﬁ.qe gWO 04081515,

i r?ﬁuﬁ&??oé@ﬂ@ﬂﬁéb °hgak‘hf§mh‘?h§< 'W-'dm Bhth, eE'{i’fﬁv BhPmithifeand
r a&mﬂ&@na;gatmnﬁor Blample PRDEUSEIcAE AN fedidhs (WO 0808334 3nd WO

! h 3 h’c@ érf? &%&%’H&%&n@&’ P%% %Ln%nké@p &?ﬁ@gm%gco@él outer
r é‘?ﬁ‘@%% PEStegsyT gl Vﬁ“@%@"ﬂ@%’e%‘%”s gerogrour ;- BE§32501):
O (PeBs(tro NV ekningitti), DA Hbeptophilna Infigengge pratéitnDa- see, e.g., EP 0 594

h%ﬁféP A& uﬁotoatcwf&cuo%\eamvaéaﬁtm&&f 7;@1?;.& sgﬁ@es%tmmm
)

15 th I t
\ BEOATH R oty rateine ki £ Weleoal i pldiins Vo
tlﬁé!ﬁ%ﬁﬁﬂ ERDA7a 1 TTat eylakings, Ianpt'@mf@ctgrw ifantamn @r rhosrons WO
a@aﬁonﬁh) Brfcai brSteﬂE@&hHi’nﬁﬁb Riftigie-HuPan 884-41€ 84ildpRpEs rdin various

26349

o ARl Fiveq Mot b 4 of OB Burf ﬁf?@ﬁt"%éoé%%?&%ﬁ Syges

5009 PSin (Baraigy 6t al (FOAM) iest Imppin 7314884 Brpppusnocedsal surtace protein
| PSR (VB RS TROSDI UptaRE pRMINS (WSEEI//2B37),aed Adr B C4 difffoile
6. wb: or 10 S. pneunoni ae capsul ar sacchari des
flfw 08| ?fe)r'ent setrotypes conjugated to Phil) or
fusion protein thereof. For exanple serotypes 22F and
1 Nuikka 8t alPedBtricCInbectioud tiseher Jaeta.cE23d1):1008-341 200D osv.

1 oribed: arft 41 %Ierﬁ?nm]ﬁoco&al okine W a Q4o aégpbonjlngﬁed &PD.

17E, Q, 23F a
o BeNgh e presgip s %"ﬁ“"a?ﬁ"“@'\%ﬁ?}8P??€ﬁ‘i"a?‘fﬂ5“°€?“'?¥ﬁ”%“ém8‘f"’ed
s éar aniibodies Bducehwitnebnipgetescharing 9] ergiugale o O TRIempared with 19F
f ushj@RteROPOI ﬂn bidRioR Othe pleBen® hvéHido HivaEshbwn thBea greater cross

n i Qvent.i r

| g%agg?ﬂg?o ll% 5 el §ntl¥ H%;LCOCL Ligtf o B‘\Slag er&doe ggoflﬁgl&aac?t&f
t GOPRASitioLef “felP!,‘?Sé'ﬁ “IYP'B'P@ fhat qew@ipe é?F ‘@P%{‘l%aﬁé 93 Fial taxgig,
exanple ADH. In an enbodi negt, one of the conjugation
chem stries |listed belowis used. In an enbodi nent,

t he i mmunogeni ¢ conposition of the invention conprises
at | east one S. pneunoni ae capsul ar sacchari de
conjugated to PhtD or fusion protein thereof, wherein
35 the ratio of PhtD to saccharide in the conjugate is
between 6:1 and 1:5, 6:1 and 2:1, 6:1 24 and 2.5:1,
6:1 and 3:1, 6:1 and 3.5:1 (ww or is greater than
(i.e. contains a |larger proportion of PhtD) 2.0:1,
2.5:1, 3.0:1, 3.5:10r 4.0:1 (WwWw. In an enbodi nent,

t he i mmunogeni ¢ conposition of the invention conprises
pneurnolysin. 5 The present invention further provides
a vaCC|ne contalnlng the |nnunogen|c conp03|t|ons of

. T
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| mmunol ogy, 7, pl45-173). Traditionally, Thl -type

responses are associated with the production of the
apgh | L-2 cytokines by T-1lynphocytes. 006/069977

g@*o Ines often directly associated with the’?ﬁ%uctfon

of mil-type i mmune responses are not produced by 30

T cells, such as IL-12. In contrast, Th2-type

cihate he sec etlon
| RO RASRIET TR 1 85, AL S A b
pﬂ%%t'b's alsp PRI Pithe lnyenmthwésapb'n% 494 ncspru!wsted to a bacterial
Muxeiph @8 Rgrhyd TiT| BhélmBlyglh, BT dRréRMBY.ETHSN %ﬁmfng(ﬁbchande

ng;gggéf&g Heyplrtagd SrPERD Hay 21 BE Soreh BEh8 B fors carer

FRIS 3l A rnpt DF (ipi AyASE Wa}ed(l? 8. pt @asptreeq@wbatwe@none
seenﬁ& 0 Pilclein) thatodnél not B afd Wi 3at. | Onor@f embodiment, 19F is

TRRRBRARNGE Ul ol bl o1 O e Mo icBeDaATHITRRE 1 po.
al' /i e g@waber & Consates e BT J8pratddhe remaining

alsemtypasrardspitrbetiedrelfD,and AMordT or ICRMASY ein adothesembudinent, 19F
S%njﬁ_&im t%tﬁda%m @atah@ﬁ@ma@dnaﬁ%n LocidriBe %ﬁj%aﬁb%% il

sane gartl cul ate structures

ef'? P& BB R (s, BDrdtspent; spif g'éﬁlsed’a?ﬂﬁ'a ‘ﬁm’ﬁfﬁ&%ﬂ? ot tper
s iegphedirgent, 381 iceryjudated & BhoGiRM 18T tan@ s bt thag tvedodaechddeS are

f WbdidiBled BIACNE S kRS emmmg Qb gl.;gi i@fed mﬂrwﬁ%h%

gntl ig |Tgoelen eth%@ﬁevagﬁeﬁf é'&§ﬂ7&§ 1m . rmer

c embodiment, JAF GfCOﬁugam&pﬁ'bgrrﬁm 97, pdihelremaining serotypss@rd spiit
d @btweed pO,aT dﬁé\bﬁéuﬁid ah.| i o flvhel eridinidhi, OSF i9 korllidthd #0T or

B%RMD ag'nddthé 9ema§h tw%ﬁ%&Q sgﬁ’/ﬁggé%%m OIr'I' ai?\dl 19 In a

react ogénic I's quenc
V\A“Ltrﬁefceﬁ'@%’@?'éﬂ@ tsagmeaa?eﬂ%%ef GRM P rrsinesremaiging ;!Fm"YPes are
pam& betwbay P, TIO brsdinoRsih Bivbdiitiorfatly FrtDadk iPofD/E fugioh piotetn. In a
er. abddinte @%thcﬁnﬂﬁt td B}ra& @hllmd?” 1‘§ﬂt|§rconjugated to

enmul si on IS eSCTI ,

e RBYICKER LT TThad Re(AMRER 38"’6’8??&5% F‘?"f W%?ﬂc? IEl' Rn%‘ﬁ‘l"?"'ys'“
c engooptismsdly BhtD ap BitDIE, fusidmi pu:cheumlya Mh@ﬁ@pdlm 19F is conjugated
e ﬂvloabmﬁbmy;x &l @A 6' ASIrRSIP1 br TN oMPhuRer GEBshAIO R

cokapep S o|°|1@8'n?%|sa %é?%%%?@%@y' BhlE i furnr

i saasharidesiare sonjuopted ey BRUIC ladurtheti ersbadin@ 00 185 76 Fonjugaled to DT or

V\%@ﬁ@i 83R lsabRugateddo &feaﬁ\aysﬁmdnakunh&@ummewmajuaatﬂd to TT,
agﬁg 158 and.are sujitable for

Sa%arlggr ti & {ug?ted i) alfﬁoév SBr e2h ?%"ggsrzgamﬂga"d %ed™
f roefmgﬁﬁe "Gg‘F"GRI?I R0 EaRdl fL!S‘HF'tS@“"?ﬂdPS 7R comtoated YRR si ons,

Toll like receptors agonist, (in particular Toll Iike

I G 6t Hibodinm@RtORk Hhmundinte dohb&sitoR BERE Mverfo Eirisds: prdt&h b

e
O VL e tion VB e o0 A e B e
agueteinst Ysed stgpephivgate @ny cetrbarndas iches lloaﬂei%foffor o@mple 19F is

adhrpgail té DIt wHIShS Bthbs Sffotyies lard Elﬁjuyﬁé‘d? toéhe or more different
C%agrﬁgr Irct)telalr%nw |c?1faré rhl)? anf]{ng nH) b?rprese elpthg (rac%lr{% S&m osition as
esi cle prepara i ons am negat i Ve
bacterlal strains such as those taught by W02/ 09746 -
particularly N. nerringitid?& bl ebs. Adj uvant
properties of blebs can be Inproved by retaining LOS
(l'i pool | gosacccharide) on its surface (e.g. through
extraction with [ ow concentrations of detergent [for
i nstanct 0-0. 1% deoxycholate]). LOS 30 can be
detoxified through the nmsbB(-) or htrB(-) mnmutations
di scussed in W02/ 09746. Adjuvant properties can al so
be i nproved by retaining PorB (and optionally renoving
Por A) from neni ngococcal bl ebs. Adjuvant properties
can al so be inproved by truncating the outer core
saccharl de structure of LGOS on neni ngococcal blebs -
for instance via the I1gtB(-) nutation discussed in
vm2004/014417 Alternatlvely the aforenenti oned LOS

o o,
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3 D-ML has a particle size such that it may be

sterile-filtered through a 0.22Arn filter. 35 Such
oHAPns are described in International pLatsbdsnsserr

%eﬂgﬁat?on No. WD 94/21292. 27 Synthetic derlvat{ves

of lipid A are known and thought to be TLR 4 agonists

i ncl ud| ng but not limted to: OW

gé% BRI °Wo 18 oﬁ)e §?heywmel[ ;sro Ains use8 %ec%%gg | O)éé/hta%eg %tth tggn

pﬁagﬂmm@y@mmamwIn]th@ab@t)e-@mbgsﬂlpmay&eetprmtmano
yl am no] - a- D- gl ucopyr anosyl di hydr ogenphosphate), (WO

O3 0B dmcrtaridhl Sraeien 1S sestiion Sy odcale geeEeasde. o

( Rygoﬁq’ande and includes both. Polysaccharides are isoclated from bacteria and may
3 b yElsdns wbrid deRelR nw&namtmé &e@ﬁﬂeﬁm&!aﬂ@wsziad&mﬁzsb

0 d 0/
| e bﬁ%ﬁé‘@%{% @@@L&Qag r{Qgéée% b 9208 QURARS
- diseRsthEin 898 *&eﬁa@e‘m&w riTprgeiterriitsloggopiugated products
[ (ORyos3echyridieo b atiswaciesbendyrbpael undd aerany-5130l8paat anlts)land are

0‘1%%@2@?&%9%?&% Oﬁ?éaﬁ?;nag?éﬁngg;e%e(xged are

al kyl d ucosam ni de phosphates (AGPs) such as those
diCapsuias e grolysactNB8RS 0399 SteptdS6E6 3 Phduniqpiae c comprsel arpeating

p%ﬁd&@éﬁdﬂ@@ ufiifs vﬁ@ﬁ%&@'r&nt@hﬁﬁ 1818552 588ues. O For a review of the

ph rmace ca salts of AGPs as disc
eesiatts, Gty TS b Sapaosp e mainig, terobiagt 8% JONES.

aﬂ;ﬂw amqgm baged . orBdheh cell sut@et tatbajiydrates bk patbeganic

a%aﬂ@di#mm\ébd BYBs, fwa”nc.i NOWE 20GE, LT, aRt2, h.0ga-3MBEISER CbiE3765.

ent ve i | [ rd.va

L T
Aﬁewerve'ah qthesseit 13y [bgjoRe Sigesirsharde Mt Pha Smf g8 rafvedength
descthariae théle oh dspbiitipg allgdsNdNnda Ginits | Try ordy eiddm@aRrall of tthe

al
sty o S oR B, Fullagh Kt may
BoR I ‘$igpd }m@'rﬂ&)maymfr efyoRg) by ms%m&@o ueh 2% g d hurabsis
bereatmistohydtogeh perosidal ttaatment Isnmglbmermulaﬂq:@ﬂameam iaVhytinggen
bBRsd tréﬂ%nt@ﬁé&%é’oli@&%&fhbrﬂe ﬁMMr Citkdnuibizdtlel, 0 362
7D for exanple Q57 and S21 (al so known as QA7 and
QA21) 05-21 I's a natural saponin derived fromthe
b &hk ingdntauivdve alsandedibatdie facusiof the art tas kean louse olgosacoi@rides
CY&Q&% EonT:gSlS Ho&uo@l&:u-r lI-'ﬁQ invehidds halk BEid tﬁat BPGE!@ native or slightly

redoni.nan body respo oni n
P REe BoaRrat Sfdiles. 386 nioH SRR Blbfink PacorPRE Heb be
f eR¥leedat)i oepalugate b@fm Wﬁ‘v@mb@@m%%@ ischitesapip.c B) d?%fa!ﬂwf
elrﬁblsaaibxﬂ‘ﬁﬁde foopibled innihe ndonjogate tcede Sleredusuab i thaiSthe ratic of

I?Jé@éhaﬁd}qpar ; O?«I\@tlfr‘ fr! coﬁ%%ﬂ&ma&@ WQQH hE\V® an

n esent invention
< B85 30 55 LA hon AUPRTERS I SScH B IPPISSSTH SPOUIGeHE Bofece Py

( WVI%MM"WMthe b$d of laraért sapchatidepday doriudation: Tbe ey of larer
| Dsirbdralidel S résit i mbR9%crEd4dinikd) with the RRAIOGERS chitfier and may

elssaetnetglﬁ ci‘gér‘l:ilfy{\ do? lfreg tsgcc%andrz efrsoms Mg hcoﬁle%aY\D rﬁ&r% lccs#)< l?gél? vaccines
S#P%Mﬁ'éﬁ‘e ang a{‘ @'Fé tq @eolvme!ﬁe F’S Pﬁltﬁaa@‘eeﬂemm to conjugation in
chol esterol and lipid, or ipthe formof an oil in
wat er enul sion (for exarrpl e as In WO 5 95/17210). The
saponi ns may be associated with a netallic salt, such
as al um ni um hydr oxi de or al um ni um phosphate (WD
98/ 15287). OptionaNy, the saponin Is presented in the
formof a liposone, |ISCOMor an oil in water enulsion.
10 An enhanced systeminvol ves the conbi nation of a
nmonophosphoryl lipid A (or detoxified lipid A) and a
saponin derivative, particularly the conbination of
0521 and 3D-MPL as disclosed In WD 94/00153, or a |less
react ogeni ¢ conposition where the 0521 is quenched
with cholesterol as disclosed In WD 96/33739. A
parti cuI arI y pot ent adj uvant for rrul at| on i nvoI VI ng

Y A=A o n I~ R L 1
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10 The adjuvant may be an oil in water enulsion or nmay
conprise an oil in water emulsion in combination with
{loesdfhd'vants. The oi | phase of the enul spEfpSYstissy
optionally conprises a netabolisable oil. The meani ng
of the term netabolisable oil |s wel | known in the art
thabolisable can be defined as "bei ng capabl e of

f

%? Pio llj;l;‘t%% oﬁ)égaaaﬂor‘b ¥r51p§ slréEt ﬁliv?ﬁikﬂs%\gféugg&hg?sgccl%de cgpwgate
25??9’”@%1 relaiging @ Jayger)sjze OTh‘oéccaadde PaYy Piswide aygopd demensl kesponse
0|dga|nsftpﬁdnmowcbaid.a@gaal or synt hetic oil, which is not
toxic to the recipient and is capable of bei ng
transfornmed by netabolism Nuts, seeds, and grains are
c JhfromMuRRgPRe Sompostian &f A dvaition may, Rup comerisgi pne g gore
alsaahma teorgdgatel Mﬁerbm\ilﬁ’ﬁvbﬁge sird(weight-aviradeldiGlacuiar weight; Mw)

EEht E%Br\a\‘nd@‘ﬁ gng{gﬂoilg %g&? SRDAE(BkR> Rbiba, 300kD,

S ua
'900691 ol Pﬂe E%D%Q‘BPHF? SROBGEIA B EefiUgation shyld
u nps aeadﬂydmesable tHrough m k2 misroh Gken duchnh&t alygel of o@ret than 505 60,170,
S fb@rdﬁ'dr 635 1s oStbined eathitttafior &wssww%e frb it atioR sQ"'ndlé’ e oil,
wheat germoil, rice bran oil, d yeast, and is an

oil for use in this Invention. Squalene is a
nmérabe purness$ of toe invenijonyInetive @olipfacehhedel refars tolacsiaciharidedha has
l mbesm%q&&w 1 4 bRcdis OmY DLES & wiicnOb @ RsLey Bk stbb)k ale
I ndee‘fﬁ?"ﬁ %o'%yglaccru 'ﬁe ente%e\éargé; cf? %{y reclu‘g‘esd ?Ogigé S’dus - Hormal
adpifigatien $’f°GEPfe@ Sgh azmpgchgide 'USEG‘@‘WPSQ“’Y V\@WY&W@F@ has
Toeer subjd@adko siding teehnijubs didl thd sHEacckedtie A 8k bonsiBérkd hative,
wat er emul sions) of the invention may be formulated as
described in EP 0 382 271 51, in that_the tocols may

b&ouhe papeseydhaipventintolsizen Eyp'ﬂ‘ fopter urdp ¥ gRRANg hat the sacchiaride
C Gngubjestitt @ paesarintéraied fogeducefhe 3Be ofthe savalidriye b sretaimamside
mnu@haﬁ Ra Wg@s@ &'ihe réwee;ro@e;dcwa%ha/ xal iheet& %odo%e wpfbsd in

used I n conbl nati on §1 anot her o

HESEBNGLL BF PTICE POt AEIoEs ThreBy 9 "EHEF LP BFEo! e
wirblg$acehagdeait togetain iarsize ovets thant a thind, \aiquérter bis. the sizd of dreanative
dqgg&kggﬂkhereln such as the netabolisable oils

SO R OB AR (st o Presetls EPpisdY s e epecBtus
c engnoniep saeshirieps Gom o By serplyras Qoahgﬂtwa[q 2 5amiert pretein,

| vhifRinedt 181, T, BNS, RIEl 708, Neor ich ISV Pred@Rbe sdtonaRidd Berative
§§I h&ﬁ%jas adjuvants for vaccines (WD 95/17210; WO

9 WD 99112565; WO 99/ 11241). Other oil

enul si on adj uvants have been 5 described, such as

. Wani en aspeclodfl thee Imwdrdion) e Wﬁn@emﬁmmmm@c@mﬁ% SBPoBRpuS

30

35

anHeihn@b shitnSdks krBmVRtGEt SN Scohjhb%te% 24 cBfer ;EEIeIQ

439 h for on.s tenB
SAeREat B it ot B b S A bTSP SorelTone SR RIS Heesv e

arﬁaft% P oS 3. esﬁsxﬁoﬁ B, xP es el In Pﬂﬁeﬁmﬁo@mentmtfw agpect, the

e mqsityoe thb sactcmdéa. for @@kHpRIEET| 8(dr fbrd of e 386LRaridbs aré Bized by a

r i S qhﬁrlses an enul sifier such
\%gé%WEKﬁgéggﬁ L%Qgé?gl such as cholesterol. In an

enbodi nent, the 0|I ermul sion (optionally oil-in-water
emul sion) conprises a netabejisible, non-toxic oil
such as squal ane, squal ene or a tocopherol such as

al pha tocopherol (and optionally both squal ene and

al pha tocopherol) and optionally an 15 enulsifier (or
surfactant) such as Tween 80. A sterol (e.g.

chol esterol) nmay al so be included. The nethod of
producing oil in water enmulsions is well known to the
man skilled in the art. Commonly, the nethod conprises
m xi ng the tocol -containing oil phase with a
surfactant such as a PBSTTWEEN8OTh sol ution, followed
by honbgeni sation using a honogeni zer, it 20 woul d be
dear to a man skilled in the art that a nethod
conpr|3|ng paSS|ng the n1xture tmnce through a syringe

Y o o



10

15

20

25

30

32 In the emulsions used in the invention. In sone
cases it may be advantageous that the irmmunogenic

ﬁRﬂ? hi#@ns and vaccines of the present i nyebaitie0977
wi | urther contain a stabiliser, for exanple other
enmul sifiers/surfactants, |nclud|ng caprylic acid
(merck index 10th Edition entry no. 1739), for

eﬁ@tgllp,lg%gg ? gyl éera%e'sl}ﬁﬁEfuﬁ‘a r 2%@”1‘4 &Q‘-’sa%? %el'%ge?flt%i'eﬁoto the

< H’f&fﬂ arelght (M, £1 1 sracharids, Mmegsurad RPY torcgnivgation
f endrisimebsuwed e MALRE.s al I ows a reduction In the total
| evel of oil in the enmulsion. This leads to a reduced

cqQst uf act ur vene of the o

C 3t ML RIS o e ke, S A ' Pl Gahd 4 P, desgrhgd i
O PXaT0R & &fwmhuﬁmnemmmmnmmgamubs. &t counme HESKGE000
r %ﬁ@@mm $4G Ibe ABed mu.ﬁa.oh BN Yhe LcdREREY Glel dhied In water.

A e, ad| uva ste

SRR alorEq Pl R R Bh Bl [t ity fvmgisE
mﬂpwwﬁdﬁhrﬁ (Qm‘Ml)argon 'E!Sheatr 48%gw) ofd Fobleomesic3efmctometgr ey
t tapELRRIRIONIAD \DSR el ibes @ith HP100%EINankd 3 réd Aot @88nm).f or m
the optional range of which is 1:1 to 200:1,
optionally 20:1 to 100:1, or substantially 48:1, this
v dreen pmbadimenl the St prsuiyoniasf dacthalides dreunsative: polysansbaridescer nafive
alpblygbchiafides (AW AAVE Bbdh redllbddin SzdMiARy 4 ASMBIRWraction process.
reactogenlcity profile. 15 Accordingly, sone
enbodi ments have a rati o of squal ene: Q821 (w in the
r dhyrergiediment, the, Soopgunoniagsacetyarigey e Siggst by meghanizgl cleayage, for
1@'Qtaihc:e by nfidadfiidisdtioh ar | synidsionl . MiEPRuidEaRINl yhdasdmicetion| have the

( Serrta é“a 9&&&%@5{; )me' Lfsfﬂe'né?gé LH%E‘\% Hﬁ:?c%ﬂénd@{r ickelty B

0 sap ni n:ster escn

eRIAvE? g filtasghig %’ﬁ‘%‘gﬁ? s’dzHE 'ﬁ?@%@ﬁ‘?’ ?’rﬁ’?é‘??ﬁ Han f?ﬁt f@n’&q K X5,
hat.e3areral | oil droplet size in the sub-mcron range.
Optionally the oil droplet sizes will be in the range

1%1 ar¥ ?mgo%l P lh%%mgrﬁolggr(m? I*Brr\??% %o%ocggﬁﬁeg br?em(:i%r%e conjugates

u I"tai‘ ﬁ'ﬁt"@%@?fb? ﬁmww nive mowamﬂqeﬁ af"h%"’?*ﬁﬁ‘!ﬁﬁd@j’é?ﬁ &ized by
C @QNped& | df in6 MibreDfhan RZV. | v el 2spedt of hisOdrbesimants tip awdianity of the
( i [

%f&“a'QFs. o 7 LB T kSt Bples L PR e o
oP‘F Bt - enul si on) as described in WD 95/17210 or
in WD 99/12585 (in particular 25 adjuvant fornul ation
11, éﬁbn@&@iﬁﬂhtelhg Ster?dEb&uslanawﬁmE@&arﬂig iPoonjubated 18- HaRbSEr

i ncl ude

oS S SRl O Bt o RABIRNCher, Theranter, i sptpram
aﬁe‘ewhmmh@mmnstma‘ anf%ew&meepﬁmmwamwd@
km@aﬁ\re&iﬁo@g@mgmﬁp ‘B'Lraii:tuvmadﬂwrgratapsaan dwol teBtive Barbdx@ie) acid

WRRTLEASThl hgs Fﬁ?ﬁgae am 25 bita 10 trbon atoms.

ng
(pol yI posy ni c- Eg ONMe[ C
(et c‘rnm{’ o O laferyjuce B-gropisramtion M0 7011699
3 nitrgphengethylaBine NPt;ver st an(18x A ndde Midrobip!. ﬂnmndgdﬁﬁ si71-288),
Whbibslkyl Ghiffed BuSAD578¥S) " RYBsiQE likaddsRYUSAGABT4S 1US4808700), Herbhe
i unogeni ¢ conposition nay conprise an antigen and an
i mmunosti nul ant 35 adsorbed onto a netal salt.
Al um ni um based vacci ne forml ati ons wherein the
antigen 33 and the imunostinul ant 3-de-0-acyl at ed
nmonophosphoryl lipid A (3D-MPL), are adsorbed onto the
same particle are described in EP 0 576 478 Bl1, EP O
689 454 B1 , and EP 0 633 784 91. In these cases then
antigen is first adsorbed onto the al um nium salt
foll owed by the adsorption of the immnosti nul ant
30-MPL onto the sane alumniumsalt 5 particles. Such
processes first involve the suspension of 3D MPL by
soniceation in a water bath until the particles reach
a size of between 80 and 500 nm The antigen is
typically adsorbed onto alum niumsalt for one hour at
room tenperature under agltatlon The 3DVPL suspensi on

N a o o o
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30 or 10-11 nyg) netabolisable oil (such as squal ene),
0.1-10, 0.3-8, 0.6-6, 0.9-5, 1-4, or 2-3 ny (e.qg.

®o 200],,0.]17102 3 or 4-5 ng) enulsifier (such asp&?@ﬁlib(ﬁﬁ@)ﬂ
an e.g.

optionally 0.5-20, 1- 15, 2-12, 4-10, 7
11-13, 5-6, or 2-3 ng) tocol (such as al pha
tocopherol) Thls adj uvant may optionally

I r tlse or 20-
ot agf SdgBbrog &, i) O 7 sl Apfl s etz o
( ﬂnajqer fpfr@t\laﬁﬁileg mfmmrotwné@fé adj uvants are
particul arly SU|tabIe for infant or elderly vacci ne
f:gh‘po St’:gia}w%eﬂc%h S, pge%ﬁr% dllm%g eFuQ & Vp%(s;n sof the invention may
s &8 PreRped &Y @Dh]"!?g’&tcé@’ '@Eabpmef rTmeQIJUga@ﬁ'sme‘bﬂdl mayhigly on
f @btivatith Y tResaRERARGS withd 1-cRbo-4 Avhethlbmind Siyrdickihr tetdforobbrate

c§AP) X foﬁvgg gﬁ&xﬁﬁlﬂs 0rhg 9%5; § ﬁ%ﬁdé’ﬁmfﬁ&seg\%gﬁkd directly
At %aa&aeﬁr (ke BreuR loan N9 P riae GieRFPleing BRr examfe, the
t Iamcmamolu e cmnpmmrcvmﬁ-;meeﬁsgwé)h/thmlabd fo8EacchDife ahich &nld

| $e BAUpled kb f:érﬁé‘%'aymbﬁﬁe? 5ihKae Sttaiied Bherls saiwm%sna.ﬂwe.

Pr evnar Cl nees s ad t

vac
SV F45H5 PP R e S0 GWBS Lo &gaigacebiale camar ot (o
0 eaFiple) LgiBg m@::@rr&a {xg. Oethy? Slod@catimidey HCB. gor ON-SucBini®jdyl

Obﬂewraaée&te &-sths, oF sfh, M@am)o ibridiy? hhe(éymaté %?%bﬂ&any made
CLFLE3P iy & i eyt AP 26 iy idpteee

( SeAcharide {sc0e0iugate)- tithe) carrigh protsinasing 1@rbdimidsr (eBOEBAR pr EPC)

g ];thinist@'vih»ra caftdxy @ro)uﬂ On thzgrots'ﬁ'ocarrﬂe@ Sﬁch%nju@ﬂess‘a?@dﬁrﬂbﬂbled in
G

SEET L BBEPE aleaioh) wo Budeied Gt Rerkihe Pfilerdy) i Wo

eﬁ@@ﬂ?ﬁéﬁﬂNPﬁ@QW§ﬁC|ne conp03|t|on conpr|5|ng this

adj uvant conpri ses sacchari de conjugates derived from

ag)glef"%g%bg Jfgcnﬁgeg oid Mmg s, ﬂydra@ﬁes.gééuveléste;s

naprémﬁ% r?f’%tE’P%iFQ'ﬁé‘S“’ 3N-h xval@'i\"' ey S- 2'2‘%3 EBGHISTal Heppare
2 Gles@NRdain WD S8Y2121 ¢ Ceniligabnceay Iavsive rescarsmyg lioker iwhich riayrbe

alfdn%e& %ﬁreﬁ(&i@ﬁ biNE rEPRIBRINE Qo 4F thé Baocﬁéf’de Min cbBGethdiPét al J.

o P A ol e 8, £ b M

e v crdictivn 1of witha peatejnuto S a padbgmpte dinkape This ipry d1velve Fegugipn of
t lm% dnw&ﬁttérﬂ.muaarwnma@&y&&yadram Spitic prolediehvasdsotédich ¢ the

erjvatl Ve s U DA
ﬁ@ g%éj fe?rouﬁ) i ?H(g ?91 %W %6 h%b)yl %’g@’ ‘éﬁbagbqum 48!
wd'aA@, agg &?HPI‘ﬂgu (G0 sprhareate Intasrediate; (ith £ _agino

ommﬂﬁaﬂﬁpmgm(e g. 5-15, 40-50, 10, 20, 30, 40 or 50
My) lipid A derivative (for I nstance 30-MPL). 30This
adj uvant cul ar| itable for der
et s s B Hrapaed it Febue Singish hibige Foggscrved
v S MBSt prmoingd) end U ﬁﬁiﬂﬁ"sﬁ {fhodersion)s Qi methads Qf%ﬁ?ﬂ"fib@é@
S xeahn 1168 EPQOB3rgahesp-dariseed from at |east all the
follow ng serotypes: 4, 6B, 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
anti body titre induced agai pgt one or nore (or all)
t he vacci ne conponents 4, 68, 9V, 14, 18C, 19F and
23F Is not significantly inferior to that induced by
the Prevnar(r) vaccine in human vacci nees. The vacci ne
preparati ons containing i mmunogeni c conpositions of
the present invention 5 may be used to protect or
treat a mammal susceptible to infection, by neans of
adm ni stering said vaccine via system c or nucosa
route. These adm ni strations may include Injection via
the intranuscul ar, intraperitoneal, intradernmal or
subcut aneous routes; or via nmucosa' administration to
the oral/alinmentary, respiratory, genitourinary
tracts Intranasal adn1n|strat|on of vaCC|nes for the

.. Y - oy ", - AN " o
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I'n one aspect of the invention is provided a vaccine

kit, conpr|5|ng a vial containing an inmunogenic

?,g Pn of the invention, optionally inNpermpaososesr
op |I|sed form and further conprising a via

contalnlng an adjuvant as described herein. It is

envi sioned that in this 25 aspect of the invention,

t he juvant wi |l he reconst it ut h ‘

| oA i, ol B8, 25 ) 8 FRRBRY DI ol DR setvatec

vaawharids dsfivetised withesdipit acid\dihytiiagde (ADH)ble thel rpratdins carierdby
b\camNiimidaUdcRdengsligh (drut . ak boRea! InmMifityd qgsarm%e)va%kd?@fe
i nt.o ﬁﬁf#Skln (I1D) forms one enbodi ment of the 30

p#?gﬁ nvention. Human skin conprises an outer
"horny cuticle, called the stratum conmeum which

|0\!l9§r| atRdieR, é?l%ldﬁgil Giobp (cplRAaIy AR Akthated hﬁlrcﬁﬂlgﬂﬁb ¥Br Sxaripled
I S
BBt Ao als 5 g N o K e

i fipked tq Frengho o prRelicareYNG RFPF@" §iitien diregtiygorijinglirectly (through a
pdinker)CWheé atlifier id presers,,a @ﬂrbfwgraﬁm aafaci:mimme optieAfY Wied to

I f
o8 A e &8 Sl el Wil brihe) URGtof A e, qmino
t GEOUR incthe nker f?feﬁs‘erf‘qﬁéa Hé?ye‘?er@f“&ﬁ'%‘é’ aﬁ B ’fYEﬁ\%H'd group on a
f eattair, or @kantplechyusiag earbodiimide niendstry, fa"rrm:ampmbyemlngfnﬂc In an
t %ﬁﬂau.rm R pﬁeratnaaﬂgx @gdsuubma%&kh&%) id &ﬁuugmio% linker first

procedur se ani
D HBfot i Taker B GBS/ 195 GAET R SIRPEArach e s doay be
ofconjugated todbe cpmieq before eatugation @ tBd sagehages f aci ng upwar ds
t he needl e is inserted at an angle of between 10- 15

of the needle nserte
o bR Y e Bles 15,45 S e vl B85 ekt s
pheing ErPPRgedevsﬂqA@'h!ndGP'@SBUP@lct“@ a@}'r@%& e it under t he
skin. The liquid is then injected very slowy thereby

f ng plb",\%/%& ﬁ&g%lﬁﬁo%iyﬁﬁ‘ﬁgph%i l'b?c}ufs% hﬁ‘a# eg#ﬁrﬁs%/gcan be used for

ré’@@h‘ﬁg )¢°”l'é£@9‘?”ces that are specifically designed to
adm nister liquid agents Into or across the skin have

bee Sgrﬁ&iﬁfo'r m@tgnce VQ sfaﬁﬁ@@ild Br g}hhﬁ'nfg Sc\.fd)clﬁ SndigsfpotieRdhid foup

850 a 2444 "al so toi ecti
i, IR o i of B7CokapaseHTac Br iSOy % & e it
5 c4Boditgié chapBstly egORIhEDAC. US 5, 334, 144, US 5 993 412,
US 5, 649,912, US 5, 569, 189 US 5,704, 911,

83,851, 93, 397 466 5 339, 16
u§?§%9fg@5ﬁ°f 3 ace i3 '&sﬂ‘r 'w‘% B@ﬁ%ﬁf?ﬁ"wmgp ﬂs‘zk?%éd fo
Gserbonmsgzpuesegen 539echaniges 4d'r¢% @2t a wgbaxvg@!pussw aJigker with
4 c2B0diidhie , chiiisthy7é.q Aith TEDAIT InVdofhér drindimentNihisayrduntis lirked to

”%gé}ssgﬁ%mgs amvsée#% nf'?b/auée‘gf@:rﬁﬁr% rs%&[&e@élre%r\(@&ﬁh Bl%ups

ns e conve I n
né’é&l ligker: tg pacghay “E?é’& e gﬂ%ﬂ%ﬂi&‘w&%wv& éa%@'ﬁd?ﬁe?@qﬁf
S diaving a/ucgnimids eftan@r®P/ 27961), or transdernal patches
(WD 97/ 48440; WD 98/28037); or applied to the surface
of the skin (transdermal or transcutaneous delivery WO
98/ 20734 ; WD 98/ 28037). When the vaccines of the
present invention are to be adm nistered to the skin,
or nore 25 specifically intgsthe derms, the vaccine
isinalowliquid volune, particularly a volune of

bet ween about 0.05 ml and 0.2 m . The content of
antigens in the skin or intradermal vaccines of the
present invention may be simlar to conventional doses
as found in intranmuscul ar vacci nes (see above). 30
However, it is a feature of skin or intraderm

vacci nes that the fornulati ons may be | ow dose.
Accordingly the protein antigens in "l ow dose"
vaccines are optionally present in as little as 0.1 to
10pg or 0.1 to 5 gg per dose; and the saccharide
(optionally conjugated) antigens nay be present in the
range of O 01 1ug, or between 0.01 to O glg of
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of the vaccine of the invention, optionally in
conjunction with one or two S. pneunoni ae proteins
Roosenb7as free or conjugated protein, Wi ChefkBfisReserr
pneunoni a proteins may be the sanme or different as any
S. pneunortlae proteins used as carrier proteins. 5 A
further aspect of the invention is a nmethod of

0 . .
pn@(g% mgﬁ%@ge angé{m%? Ivla c}%tla.ﬂ%]_‘lan&k eﬂ'|b g’rﬁ ﬂﬁfagl%%g lsblh(tké to a
PfoFF“%r?ﬁF'V@Pﬁg‘a%?ﬁdﬁl ¥t '@an\g"ht @aleﬁéd%al?m'% In one
| mnmmpmm&cgmws adngrdaiodifidtenith BRWREGR AdidneC ONMPOSI ti on
or vaccine or kit of the invention. 10 A further
aigect of the invention is an inmmunogenic corn
RYOEsPY! ogroum &0k iFlants WA Bgsinals in ORS ambodiment g ngrowt is
praeﬂwelawmmreﬂfthdbnsensbemzaimed by S. pneunoni ae and
optionally Fbennphilus i nfluenzae infection A

further pect the inventjon is use

IR Breuh s 4P En VB POLRE) 118 BB qaRedirgiofis, graue s
|ﬁ0tynie@!mndlﬂadvnthéi8ﬁambémrare of a nedi canent for the
treatment or prevention of diseases caused by S.

[l hi ! i nfl
R B Rods er REnp R oot o C g™ * Compr 1 26" anc

"conprises" herein are intended by the inventors to be
om;)ir{aaglglrdﬁpgmbﬁajn&wia@pebpmng,h the terns "consisting

of, "consist of" and "consists of, 20respective|y, in
every i nstance. Enbodi nents hereln rel ating

PRI RD Rt GeeF dedollowing SreuPs 630 éﬁ#feaﬁOférer%{in%&H COCH
ajpp NHe. adidebydeogreupis ein be gerterate] atfer ditlerérod tréatmants bopauniic the art
c i vice versa. 25 Al
rg %énﬂggé&%r aégd;?"lé%?s'%gp [ ch or@ngﬁct ed within this
patent specification are |ncorporated by reference
he¥re¢taoupBy doproadheder t hat this invention nay be better
understood, the foll ow ng exanples are set kith. These

| foill |
gt e e e 'f“lﬁﬁtu'sé NS ERL byt
i Bpeshanideraidenyda rmNHReRnteT-> ST trage mRENBHIEZrRonikgele

EXBRE&%&E@dW%Hﬁﬂﬂabtﬁh¢benam@@&us I nfluenza protein

D GEREIdo G OPShONGHU OAR_ LBl D expr essi on

ing materrals r ot el encodi ng DNA
Protein Dis highly conserved anong H. |Influenzae of
alihdired? 6ol e sphddr MicKar) eygre:ahdse strains. The vector
pHI C348 cont ai ni ng the DNA sequence enooding t he
entire roteln D gene_has been obtain
F&R F@f? FPAR—NEENE este* MET d{‘!"zm ogfmé’"de“‘
UrlNHZe'f@QPmef +LE@ﬁ§,—-Habomlg&ner al Hospital, Ml no,
Sweden. The DNA sequence of protein Cl has been

puhl i t al ect, | ).
%éhﬁ%%bﬁ CA@‘%?;QSAE I 0 % %ag%:t% getdy I\%:l §H1e expr esggons H

v etc BldrProb Mnative mte'el it @atempée%ﬁvsmm .?bmrfb after godifjgation of

1 8o groups\dithlprdaea byeSROFThrdgtanée) der saedhartders-8-8tot

el ements for transcription and translation of foreign

i nserted genes were introduced (Shatzman et at, 1983).

In addition, the Amplcillin resistance gene was
exchanged with the Kananyci Rgresi stance gene. 20 The
E. coil strain ARS8 The E. coil strain AR58 was

generated by transduction of N99 with a P1 phage stock
previ ously grown on an SA500 derivative (gal E: : TN1O,

| anbdaKi r ¢1857 AHl). N99 and 8A500 are E. cols K12
strains derived fromDr. Martin Rosenberg's | aboratory
at the National Institute of Health. 25 The expression
vector pM5 1 For the production of protein D, the DNA
encodi ng the protein has been cloned into the
expression vector pMc 1. This plasmd utilises signals
from | anmbdaphage DNA to drive the transcription and
translation of inserted foreign genes. The vector
contalns 30 t he pronDter PL, operator OL and two
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15 | anbdaphage ri ght operon and the hosts bio, uvr3,
and chl A loci. The ARS8 strain was generated by
Wodisayetd on of N99 with a P1 phage stock pﬁ lo¥o977
gromﬁﬂcn an SA500 derivative (gal E:: TNL1O, éﬁﬁ?aﬁ%
c1857 AHl). The introduction of the defectlve | ysogen
into N99 was selected with tetracycline by virtue of

t re e a 0 transposon for .

t SRR 7 ol & chAB - AARRES T BB I e geeenarrs
Cariealeimide-Poh(moefifisation of pmind braGDPPr ®njugate  The pMG 1
vector which contains the gene encoding the

ALY Bl cBiE S0l | IZCE 14 UED
mé@b%ﬁﬁhﬁﬂfgﬂ"bycﬂmmaﬁron1the pHI C348 vector (Janson
et al. 1991 Infect | mun. 25 59:119- 125) wth PCR

' S
e B M o R e 2 A
P&ﬁﬁﬁﬁ?”%ﬁ§ethen i ntroduced into pNENSl bet ween Ncol
and Xbal thus creating a fusion protein containing the

Ns%&‘h dBROCH + EHABY ML I8 Of -—I—'ﬂ\;\%lgg&ﬁ%ﬂ%e r-?' f sf’{r/g\mpﬁﬁve

the PD protern. This vector
B o ePeRRd <riteins ofcbianed e magiferlion I’-le*'Wl M @pups of the
cormrrhrcﬁPDPdwr instaoted H->Ba@PareizSreBel on was generated. A
BanHl/ BanHl fragnment was renmoved from pMaNS1PrD. Thi S

O Bl 0G0 L S SRS, 6B

rémcg’mﬂoonfammqmw)ec?@pnmagene encodi ng a fu3| on
protei n wth the foll ow ng N-terrri nal arri no acid

TIENEFR ei n D does not contain a | eader peptide or the
N—terninal cysteine to which lipid chains are normally
E\»Er@- AdERfde AL HS L S\IR1 4 1K %@)b‘r’-rtﬁ —
into t SpE@?plasnrnor IIE§Q§%@% gﬂg rené%ns int g
c PR e 8smin a soluble form The fi nal construct
pMG MDPPr D was i ntroduced into the AR58 host strain by
hegle: dieslor emcSZboCe ahy fsBiaRRBInfdd hdybeliagt €7 i a were
sel ected in the presence of Kanamycin. Presence of the
protein D encoding DNA i nsert was denonstrated by
dilyesmant theftyres of proteiln cpirisrseheaticaigroupthah maie be gensrplly used for

e B@ljbmg%@raé 9§ccha-ﬁﬂ€ ak%ﬂ@ér&ﬁﬁ t(foEinstﬁrQ:ie' onl{ser radiduei)s COOH

ref D
e s Pt e g PRSP S P ff it
oWferagtasre omayeleing @6iduesr aj n ARS8 contai ns a

tenperature sensitive cl gene in the genonme which

b' AN 65 ket prortm th %rmgmgﬁree%ﬁc&r@r\ﬂe iSHIRREAT: uaﬁa Y.

0 erature is el eyated. cl

Q%& OB L0 el B ot 3 e Findomtet Sor
smnrples&; & % 9 egrerdh thewaniviates heveewehcmf cpifier praleiniorRagahpisie
t It i6 glektsr thdret . 1 @in eipleat €4 12N¢l1.8:0, 0Z€1 1.5:1 or 1.6:1The
extraction fromharvested cells and the purification
of protein D was perforned as foll ows. The frozen cel
culture pellet is thawed and resuspended in a cell 20
di sruption solution (Gtratg buffer pH 6.0) to a final
OD 650 = 60. The suspension is passed tw ce through a
hi gh pressure honogeni zer at P = 1000 bar. The cel
cul ture honogenate is clarified by centrifugati on and
cell debris is renoved by filtration. In the first
purification step the filtered |ysate is applied to a
cati on exchange chronmat ography colum (SP Sepharose
Fast Flow). PD binds to the gel matrix by ionic
interaction and is eluted by a 25step increase of the
ionic strength of the elution buffer. In a
second purification step inpurities are retained on an
ani oni ¢ exchange matri x (Q Sepharose Fast Flow). PD
does not bind onto the gel and can be coIIected |n the

.
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and the DNA sequence was confirmed. Subcloning of the

fragments in the TCMP14 expression vector was then
sing standard techniques and the

¥ra 2rn¥d into ARS8 E. coil. PhtD Purifi ca(fel% Eog)ﬁ@sﬁw

PhtD purification is achieved as follows: Gowh of

E col i ceIIs ki the presence of Kananycin: growth 30

QuLs a hen ndctlon 0 hours at 39.5C .

e e i L
(]Df°1@1"5\fi$ H "ﬂfeegemu:@%? a!ED'q‘WCS Fri\éxaOpied19eVERy 2 eonjugated to a
PhfttiRiLa nrn&u dar 5xable uBamruﬁwo Rydi%%fﬁ& aﬁﬁé‘a at #)4Hs Bth 9s ADH)

An
%hﬁggﬁﬁ r ea | nees%%%ta ke aétﬂ 6#?&‘{58‘8 %Egﬁp’“a:!?"e used
r &Fﬁ“!”ﬂ% dheaiagehariqenio @) linkerrpad EGAGTRYI thenpesured tanvpanfugada dhe

1 Gifkerid atprétsip log @Rerfatiddh/ EPAL Map b Gsdd @i}sufoQﬂnNgalJHhMbr 16 Q6

rri}{H %&%ngﬁé%* %r&?? %@@g%;r Sﬁl|t‘)e}rIl (Elg ntRﬁ]%%gb"g rtrid ge

(0.45 + 0.2 pm) Antigen binding on Zi a" Chelating
S&!pbsme(as thefRmlidéehic onpositonal e nvestion pidy Corprisé a dose of each

ROl 1 01 By of 558 WP

W|th 50 mM i m dazole, both in 25 mM potassi um
p liro ap learbeditbertt.f e ipurdgéhic cddpmkitiannofothe doventang@ntains each S.

Z?"’%’i@?‘%@%ﬁé&n& 3ok 4 BPSRe0 12055 B8R0, Y o
c 3rq A Papchanidgs treap W@H'"‘fﬂ*@%‘#ﬂé&mﬂﬁ*ﬂs ey Paseresent at@iffereny
Nat&‘dagm idr @xdhapd Somecapsufar adchdridesHayd bl prbbdA) atr 20086 Rf exactly

nLra
CIEE 21 Sy bl SRS Ty o RS T Pl o By g, Incag
kwb%n%\&tﬁﬂaqﬁ'éﬂdesﬁp@rmh@%é 18 F‘PdaﬂQFoi?fd-f 18 @nd 19F) are
P prelsérit &€l a highkr dtl?.eéhaM ditler padchatided). A gmeakpdct 6f this embodiment,

CaLdh, &%emfm for b Crac AT Ty St Ddch P DGLIND Sl oP Brccty

Pneu coctca neu ysi n was ' prepare toxifi

as P@éﬁ@?‘l%ﬂﬁ%@@ﬁ'ﬁ%’fme%@"wt@ﬂ@f QELIPobat a dose of
Exaipd & edactiPrgpar ati on of conjugates 401t is well

known In the art how to nake purified pneunococcal

pol ysaccharides. For the purposes of these exanples

t Kol rSarperatelye areiined ARENinel0SReTP 81 IpSP o the given figure for
d eequuipbed of the biANAD13 or by cl osesly-rel ated net hods.
Bef ore conj ugation the polysacchari des may be SI zed by
m crof | ui di sati on as descri bed bel o

adt 7R §Tboginesh &t et e ﬁb*“‘éoﬁw&i"?"ﬂ?ﬂ‘g" S?Pé“'§’p9é‘6‘?"PP‘l?5f' gfirecty
e aorjugeeH yeacariea piothin. Ofttvealip theerat legst wenofite I apkwncbiae Sipselar

D%d&ﬁﬁﬁ@bﬁfdu@&w(&éﬁ@d@d zﬁyocoﬂ%,m QrBeﬂlB&hrReonF)mﬂvﬁﬁjomy of the

::ilﬁg%gllf'ved S for eﬁ]né&e or mo hd; recfy tl sked t®lhe carrier
c@mﬁyr%‘i dre %@9@9@4 a‘%déﬁoﬁ’g/?ggéf‘ t he ser otypes. All

serotypes except serotype 18C were conjugated directly

t Gl'h& lﬁ%lﬁ@ﬁeﬁc%mﬂsﬂ&rﬁh% @ ﬁ’é:étS?rb)Jtﬁc%cgﬁ |p9é’¥mo;la_399protems herein

alternative serot FCO made;

c e, Seeetpoor T AR on 8 R TR P PTG Tt B et
1 @6 cargér pliotelisoorimay ik ptesen as freecpeeteion iot indebecpresent both as carrier
QBRI dni ok Y oins.5 96 BRobSLeB bl (AR GIGRAIdREon
ratio 0.5-1.5 ng/nmg PS) wasyg@dded to the
polysaccharlde solution. 1.6 mnute later, 0.2M0.3M
NaOH was added to obtain the spedfic activation pH

The activation of the polysacchari de was perforned at
this pHduring 3 mnutes at 25 C. Purified protein
(protein D, PhtD, pneunolysin or 01) (the quantity
depends on the initial PS/carrier protein ratio) was
added to the activated pol ysaccharide and the coupling
15 reaction was perforned at the specific pHfor up to
2 hour (dependi ng upon serotype) under pH regul ation.
In order to gquench un-reacted cyanate ester groups, a
2M gl yci ne sol ution was then added to the m xture. The
pH was adJ ust ed to the quench| ng pH (pH 9.0). The

o o, . o, o, ~ - ~ I T
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5 The pH was raised up to the activation pH 9.0 by the
addition of 0.3M NaCH and was stabilised at this pH
Woldod7028ed tion of TTAH After 3 mnutes, depiMpdbiREbe7T
TTAK, (20 mg/m in 0.2 M Nadi) was added to reach a
ratio TI'AH /PS of 2; the pH was regulated to the
coupling pH 9.0. The solution was | eft one hour under

%?f“%”n@“*&%& Poast ”ﬁ“ﬁ %ﬂ?ﬁ?@%ﬁ%ﬁ%@aws or
p Rt whisheate Sscf? Fee0r RY heHPEpmeceys.  Qpfignally the
sa:mnimsoof tinva vestion anedsefeoted FOmrthen foidwingbealagodasd sichai pdratbibs
OVghiky Ql?f%peaﬂ s.anmea%ﬁct; P nsételtﬁnéé QU §.§,1 H.h@&m 1,% the

| Boiepn e Bty By ctping Lt e otes (ChaRl PRE favrg ee |
PSkpairten®nce motifgati Sallibtoindeinssheying ai kPXTGbhetif Tyher2RFs any

Xfamdlolae#a s§1§§1g p Y, rahuetbx..m etgepg \Exﬁm;g?]éa\&rnlﬂlﬁ%ese categones
bRl Ph B S BB B"F’%""%%‘ﬁ% g pauerisaher

derivatizatlon Activation and coupling are performed
atin %Temu&d&kmpmaﬁmmmgm itio6 of the @vention comprises at least 1

PR Sl O OB phinh 1R ld G MGAD ridt Bl foroc
ofChglinadingding Protein fQ‘MVI(ﬁ'EBx) WW@%ILWI"%WVM tﬁ-ﬂm ebpX
attrupdeted yOStrurdatd chiimiehc ProfliNs sl fusiésD\Pnauhdlysin QRIyY, FBRA, PsaA,

i, SERANLHBr AR s 63O T d oMb ﬁfi@%ﬂo&m

tO reach pro rlate rati o .
CafgmPoslion comprees 24¢ Rt RIPELAHSGISY {1 {1%.8rSHp CPYRHHSH Ty Foly

9 . HiElidin€) Tr@B famyily (Fh‘ﬂ()atl'@lfrtelBmdnnoﬂ’rdhlrSMﬂﬂHG!b)arﬁpr(ﬁumtes LytX
Stratily! LR drubatdshi Ic;»,pﬁ HrdrlEHté—i.yD@Cﬂ:dhéabeo Bhidéric”\BBleinéf (be hs%rgg

m nut e ch the a r eADH/
ppireran . SR, AR H00 8B I ohe i SRR PBA. B i

9 .compaotitien eapiptisas@rer et Arelémns Sedpcted frpm the m@pnqﬁmg of the F’olv
r EPﬁBﬂhﬁé Tri20 famiip PHBGAtholfHRIBindmg IPYdleiy\B&ilyCCBHa NttpX itraftat8 dytx

il LR Bflt? 5B R i Bl iR iel? (8 flons)
r @aeuTolysipfRily apSS8pt88ki ratio of 411 (ww). The pH was
adjusted to 5.0t 0.05 with HC. The EDAC solution (20

Wat’(ﬁb%;lwlngﬁhﬁ) I ){ wﬁllszeé rom Pﬂg\d ﬁﬁ{Brﬁ'ﬁW%M VhtE NThe

nr 1 0 reac PS2
o et b & IRKSHOT o oanR AR SEbarkg P pojne-rch
( trégimgimd GBveral istidiveestriadss possible divoledd 1R Swetal vd ewclesside bindigg or
aRHzyiatid L QE—B[?_&BIIME@@BMJE 'o&BeM&ﬁN RAHiRsHn Eﬁgiemgjeneous

V%Ierfj?l%l}us aﬁ% Hregfntgbaﬁlrﬁt%sa«? pg%x m][estqgr "%’F‘Olf’%"“f ﬁfé)l:elns have
e13i5e beAn feund Beqihen Sirsptoosee Nefserig.hta ope ppbRgiTast gfdhe invention,
C ltta PHt p@téinUs tHagnvantiop i PRIV nisSaddrsiddd| havever, Tthat thiectBrtistRhng,
C @bugﬂtﬁegﬁta p?bk{)ﬂsrﬁaﬂhnd: A%Elgn o‘is@tBée‘a np&e élta%orﬁ%l\% as fell as

free PS con Yo an

(25 ndsmersoaial e oSt ks Ageiepre Sprmgipay ol
7 I48teast3RYr iddnticah oi it refefentddapraieims. dptioredly it isBhigast 95% identical
CRPhtugat s idpfi@l purified by gel filtration using a
Sephacryl S400HR gel filtration colum equilibrated
with 0.15M Nadi (S500HR for 18C) to renove snall

nol ecul es (i ncluding DVAP) end unconj ugated PS and
protein. Based on the different nol ecul ar sizes of the
reacti on conponents. PS-PD, P5-17, PS-PhtD,

PS- pneunol ysin or PS-DT 20 conjugates are el uted

first, followed by free PS, then by free PD or free DT
and finally DVAP and other salts (NaCl, glycine).
Fractions containing conjugates are detected by UV no
nm Fractions are pooled according to their Kd,
sterile filtered (0.22pn) and stored at +2-8C. The

PS/ Protein ratios in the conjugate preparations were
determ ned. 25 Specific activationi couplinal auenchi na
conditions of PS S. pneunoni ae-Protein

Di TT/ OT/ Pht O’ P| vconl uaat es V\here pr UI d appears

o o .y " o, " o o
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[Auld PS conc.(mg/nl) 2.5 2.5 7.1 5.05.05.0 W
20071071710PCT/ EP20061069977 PS di ssol ution

Wbl200Mfub17 W1 NaCl 2M NaCl - 2M NaCl 2M PD_concCpcwie20bhess 7
10.0 10.0 5.0 5.0 5.0 10.0 initial PD/PS Ratio (w w}
1.5/1 1.5/1 1/1 1/1 1.1/1

With regards to the PhtX proteins, PhtA is disclosed in WO 98/18930, and is also referred
to Sp36. As noted above, it is a protein from the polyhistidine triad family and has the type
Il signal motil of LXXC. PhtD is disclosed in WO (0/37105, and Is also referred to
Sp036D. As noted above, it also is a protein from the polyhistidine triad family and has
the type 1 LXXC signal motif. PhtB is disclosed in WO 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 also is from the polyhistidine triad family and has
the type Il LXXC signal motif. For example, an immunologically functional equivalent is
the protein Sp42 disclosed In WO 98/18930. A PhitB truncate (approximately 79kD) is
disclosed in W099/15675 which is also considered a member of the PhtX family. PhtE is
disclosed in WC00/30299 and is 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 PhtD or PhiB is also a reference to PhtDE
or PhiBE fusions as found, for example, in WO0188334.

Pneumoalysin is a multifunctional toxin with a distinct cytolytic (hemolytic) and complement
activation activities (Rubins et al., Am . Respi. Cit Care Med, 153:1339-1346 (1596)). The
toxin is not secreted by pneumococci, 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 lo be detoxified (i.e.,
non-toxic to a human whan provided at a dosage suitable for protection} bafore it can ba
administered in vivo. Expression and cloning of wild-type or native pneumolysin is known
in the art. See, for example, Walker et al. {Infect Immun, 55:1184-1189 (1887)), Mitchell
et al, (Biochim Biophys Acta, 1007:67-72 (1989} and Mitchell et al (NAR, 18:4010 (1990)).
Detoxification of ply can be conducted by chemical means. e.g., subject to formalin or
glutarzldehyde treatment or a combination of both (WO 04081515, PCT/EP2005/010258).
Such methods are well known in the art for various toxins. Alternatively, ply can be
genetically detoxified. Thus, the invention encompasses derivatives of pneumococcal
proteins which may bse, for example, mutated proteins. The term “mutated” is used herein
o mean a molecule which has undergone deletion, addition or substitution of one or more
amino acids using well known techniques for site directed mutagenesis or any other
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1.2/1 CDAP conc. (mg/mg PS) 0.50 0.50 0.79 0.83 0.83
0.75 plianpHepHg 9.0/9.0/9.0 9.5/9.5/9.0 9.0/9.019.0

R0 0 9.5/ 9. 5/9.0 9.5/9.5/9.0 Seroty 06/06 77
pflu(?,ﬁl4 pfluid 18C pfluid 19A pfluld 19F p f%l}éd 22

pfluid 23F PS conc. (nmglnil) 5.0 5.0 4.5 15.0 9.0 6.0
2.38 PS dissolution

conventional method. For example, as described above, a mutant ply protein may be
altered so that it is biologically inactive whilst still maintaining its immunogenic epitopes,
see, for example, WO90/06951, Berry et al. (Infect Immun, 67:981-985 (1299)) and
WOS5/03884,

As used herein, it is understood that the term “Ply” refers lo mutated or detoxified
pneumolysin sultable for medical use (i.e., non toxic).

Conceming the Choline Binding Protein family (CbpX), members of that family were
originally identified as pneumococcal proteins that could be purified by choline-affininty
chromalography. All of the choline-binding proteins are non-covalentty bound. to
phosphoryicholine moieties of cell wall teicholc acid and membrane-associaled
lipoteichoic acid. Structurally, they have several regions in common over the entire family,
although the exact nature of the proteins (amino acid sequence, length, etc.) can vary. In
general, chefine binding proteins comprise an N terminal region (N}, conserved repeat
reglons (R1 and/or R2), a proline rich regionh (P} and a conserved choline binding region
{C}, made up of muitiple repeats, that comprises approximately ona half of the protein. As
used in this application, the term "Choline Binding Protein family (CbpX)” is selected from
the group consisting of Choline Binding Proteins as identified in WO97/41151, PbeA,
SpsA, PspC, CbpA, CbpD, and CbpG. CbpA is disclosed in WO97/41151. CbpD and
CbpG are disclosed in WO00/20434. PspC is disclosed in WO97/09994. PbcA is
disclosed in W098/21337.SpsA Is a Choline binding protein disclosed in WO 98/39450.
Optionally the Choline Binding Proteins are selected from the group consisting of CbpA,
PbcA, SpsA and PspC.

An embodiment of the invention comprises CbpX fruncates wherein “CbpX" is defined
above and “truncates” refers to ChpX profeins lacking 50% or more of the Choline binding
region {C). Optionally such proteins lack the entire choline binding region. Optionally, the
such protein truncates lack {i) the choline binding region and (ii) a portion of the N-
terminal half of the protein as well, yet retain at least one repeat region {(R1 or R2).
Optionally, the truncate has 2 repeat regions (R1 and R2). Examples of such
embodiments are NR1xR2 and R1xR2 as illustrated in WO29/51266 or W(O09/51188,
however, other choline binding proteins lacking a similar choline binding region are also
contemplated within the scope of this invention.
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NaCl 2M NaCl 2M NaCl 2M NaCl 2M NaCl 2M NaCl 0. 2M NaCl
2M Carrier protein conc.(ng/nl) 10.0 10.0 20.0(U 10.0

43 Har04if (DT) 10.0 (PMD) 5.0 initial carrp@fgeproosossstr
proté’u’n%s Ratio (Ww 1.2/1 1.2/1 2/1 2.5/1 1.8/1 S/ 1

1/1 CDAP conc. (nmg/nmg PS) 0.50 0.75 0.75 1.5 1.5 1.5
0.79 pti,=pHc=pHil 9.5/9.5/9.0 9.5/9.519.0

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 CbpA family noted above and thus for the present
invention, the LytX family is considered distinct from the CbpX family. in contrast with the
ChpX family, the C-terminal domain contains the catalytic domain of the LytX protein
family. The famity comprises LytA, B and C. With regards to the LytX family, LytA is
disclosed in Ronda et al., Eur J Blochem, 164:621-624 (1987). LyiB is disclosed in WO
98118930, and is also referred to'as Sp46. LytC is aiso disclosed in WO 98/18930, and is
also referred to as Sp91. An embodiment of the invention comprises LytC.

Ancther embodiment comprises LytX truncates wherein “LytX” is defined above and
“truncates” refers to LytX proteins lacking 50% or more of the Choline binding region.
Optionally such proteins lack the entire choline binding reglon. Yet another embodiment
of this invention comprises CbpX truncate-LytX truncate chimeric proteins (or fusions).
Optionally this comprises NR1xR2 (or R1xR2) of CbpX and the C-terminal portion (Cterm,
i.e.,, lacking the chaline binding domains) of Lyt (e.g., LytCCterm or Sp91Cterm).
Opticnally CbpX is selected from the group consisting of CbpA, PbcA, SpsA and PspC.
Optionally, it is CbpA. Optionally, LytX is LytC (also referred to as SpS91). Another
embodiment of the present invention is a PspA or PsaA truncate lacking the choline
binding domain (C} and expressed as a fusion protein with LytX, Optionally, LytX is LytC.

With regards to PsaA and PspA, both are know in the ar.  For example, PsaA and
transmembrane deletion variants thereof have been described by Berry & Paton, Infect
Immun 1996 Dec;84(12):5255-62. PspA and transmembrane deletion variants thereof
have been disclosed in, for example, US 5804193, WO 92/14488, and WO 99/53940.

5p128 and Sp130 are disclosed in WOD0/76540. Sp125 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 pneumccoccal surface protein with this
motif has been found to be useful within the context of this invention, and is therefore
considered a further protein of the invention. Sp125 itself is disclosed in WO 98/18930,
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 characlerized by a Type | signal sequence.
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( Ehtrs ptiGatly, SRDR2((beBRIXR2) is from CbpA or PspC. Optionally it is from ChpA.
Other combinations include 3 protein combinations such as PhtD + NR1xR2 + Ply, and
PhtA + NR1xR2 + PhiD. in one embodiment, the vaccine composition comprises
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3.9% 4. 8% 87% 95% 1715 4.7- 1303 - PS4-PD 93-100

SgBndndyfhy 5% 3. 2% 4. 0% 90% 96% 1606 8. T-pcri@imgnco
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detoxified pneumolysin and PhtD or PhtDE as carrier proteins. In a further embodiment,
the vaccine composition comprises defoxified pneumolysin and PhtD or PhIDE as fres
proteins.

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

An effective immune responss against PhtD or fusion protein thereof is measured for
example by a prolection 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 helerologous,
the protection afforded is due to the immune response against PhtD or fusion protein
thereof.

Altematively, an effective Immune response against PhiD is measured by ELISA as
describad in example 14, An effective immune response gives an anti-PhtD lgG response
of at least 250, 300, 350, 400, 500, 550 or 600 pg/mi GMC.

For example, the immunogenic composition comprises at least 2, 3,4, 5,6, 7,8, 90r 10
S. pneumoniae capsular saccharides from different serotypes conjugated to PhtD or
fusion protein thereof. For example serotypes 22F and 1, 2, 3, 4, 5, 6 or 7 further selected
from serotypes 1, 2, 3, 4, 5, BB, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A,
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 saccharida 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 embodiment, the immunogenic compaosition of the invention comprises at least one
S. pneumoniae capsular saccharide conjugated to PhtD or fusion protein thereof, wherein
the ratio of PhtD to saccharide in the conjugate is between 6:1 and 1:5, 6:1 and Z:1, 6:1

24



1100- PS6A- PD 1540 0.61 4.5% Not done 45. 9% Not
done P868- 1069- 1. 3- 4778- PD 1391 0.7-0.8 1.6%

%2904?19@{ 75% 5235  255- 3907- PS/F-PD %P2006f069977

10

15

20

25

30

35

<1% <1. 4% 58% 4452

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 larger
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 pnaumolysin.

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 elderly 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 insolubla suspension of acylated tyrosine, or acylated sugars,
cationically or anionically derivatized saccharides, or polyphosphazenes.

The adjuvant is optionally selected to ba a preferential inducer of a TH1 type of response.
Such high levels of Thi-type cytokines tend to 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 respense is not absolute. In reality an
individual will support an immune response which is described as being predominantly
Th1 or predominanily Th2. However, it is often convenient to consider the familles of
cytokines in terms of that described in murine CD4 +ve T cell clones by Mosmann and
Coffman (Mosmann, T.R. and Coffman, R.L. (1983) TH1 and TH2 cells: different pattemns
of lymphokine secretion lead to different functional properties. (Annual Review of
Immunology, 7, p145-173). Traditionally, Th1-type responses are associated with the
production of the INF-y and IL-2 cytokines by T-lymphocytes. Other cytokines often
directly associated with the induction of Th1-type immune responses are not produced by
T-cells, such as IL-12, In contrast, Th2-type responses are associated with the secretion
of li-4, IL-5, IL-8, IL-10. Suitable adjuvant systems which promote a predominantly Th1
response include; Monophosphaoryl lipid A or a derivative thersof (or detoxified lipid A in
generai - see for instance WOQZ2005107798), particularly 3-de-O-acylated
monophosphoryl lipid A (3D-MPL) (for its preparation see GB 2220211 A); and a
combination of menophosphoryl lipid A, oplionally 3-de-O-acylated monophosphoryl lipid
25
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A, together with either an aluminum salt (for instance aluminum phosphate or aluminum
hydroxide) or an oil-in-water emulsion. In such combinations, antigen and 3D-MPL are
contained in the same particulate structures, allowing for more efficient delivery of
antigenic and immunostimulatory signals. Studies have shown that 3D-MPL is able to
further enhance the immunogenicity of an alum-adsorbed antigen [Thoelen ef a/, Vaccine
(1988) 16:708-14, EP 689454-B1].

An enhanced system involves the combination of a monophasphoryl lipid A and a saponin
derivative, particularly the combination of QS21 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 QS21, 3D-MPL and tocopherol in an oil in water emulsion is described in WO
85/17210. In one embodiment the Immunogenic composition additionally comprises a
saponin, which may be QS21. The formulation may also comprise an oil in water emulsion
and tocopherol (WO 95/17210). Unmethylated CpG containing oligonuclectides (WO
96/02555) and other immunomodulatory oligonuciectides (WOQ0228757 and
WOQ03507822) are also preferantial inducers of a TH1 response and are sultable for use in
the present invention,

Particular adjuvants are those selected from the group of metal Salts, oil in water
emulsions, Toll ike receptors agonist, (in particular Toll like receptor 2 agonist, Toll like
receptor 3 agonist, Toll like recepfor 4 agonist, Toll like receptor 7 agonist, Toll like
raceptor B agenist and Toll like receptor 9 agonist), saponins or combinations thereof.

An adjuvant that can be used with the vaccine compositions of the invention are bleb or
outer membrane vesicle praparations from Gram negative bacterial strains such as those
taught by W0O02/09746 — particularly N. meningitidis blebs. Adjuvant properties of blebs
can be Iimproved by retaining LOS (lipcoligosacccharide) on its surface (e.g. through
extraction with low concentrations of detergent {for instanct 0-0.1% deoxycholate]). LOS
can be detoxified through the msbB{-) or hirB(-} mutations discussed in WO02/09746.
Adjuvant properties can also be improved by retaining PorB (and optionally removing
PorA) from meningococcal blebs. Adjuvant properties can also be improved by truncating
the outer core saccharide structure of LOS on meningococcal blebs - for instance via the
igtB(-}) mutation discussed in WO2004/014417. Alternatively, the aforementioned LOS
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(e.g. isolated from a msbB(-) and/or igtB(-) strain) can be purified and used as an adjuvant
in the compositions of the invention.

A further adjuvant which may be used with the compaositions of the invention may be
selecled from the group: a saponin, lipid A or a derivative thereof, an immunostimulatory
oligonucleotide, an alkyl glucosaminide phosphate, an oil in water emulsion or
combinations thereof. A further adjuvant which may be used with the compositions fo the
invention is a metal salt in combination with another adjuvant, In an embodiment, the
adjuvant is a Toll ilke receptor agonist in particular an agonist of a Toll like receptor 2, 3,
4, 7, 8 or 9, or a saponin, In particular Qs21. In an embodiment, the adjuvant system
comprises two or more adjuvants from the above list. In particular the combinations
oplionally contain a saponin (In particilar Qs21) adjuvant and/or a Toll like receptor 9
agonist such as a CpG containing immunostimulatory oligonucleotide. Other combinations
comprise a saponin {in particular QS21) and a Toll like receptor 4 agonist such as
monophosphoryl lipid A or its 3 deacylated derivative, 3 B — MPL, or a saponin (in
particular QS21} and a Toll like receptor 4 ligand such as an alkyl giucosaminide
phosphate.

In an ambodiment, adjuvants are combinations of 30-MPL and Q521 (EP 0 671 948 B1),
oil In water emulsions comprising 3D-MPL and QS21 (WO 95/17210, WO 98/56414), or
3D-MPL formulated with other carriers (EP 0 689 454 B1). In an embodiment, adjuvant
systems comprise a combination of 3 D MPL , QS21 and a CpG oligonucleotide as
described in US6558670, USE544518.

in an embodiment the adjuvant is a Toll like receptor (TLR) 4 ligand, optionally an agonist
such as a lipid A derivative particularly monophosphoryl lipid A or more paricularly 3
Deacylated monophoshond lipid A (3 D — MPL).

3 D -MPL is available from GlaxoSmithKline Biologicals Morth America and primarily
promotes CD4+ T cell responses with an IFN-g (Th1) phenotype . It can be produced
according to the methods disclosed in GB 2 220 211 A. Chemically it is a mixture of 3-
deacylated monophosphoryl lipid A with 3, 4, 5 or 6 acylated chains. In an embodiment,
the campeositions of the present invention small particle 3 D- MPL is used. Small particle
3 D -MPL has a particle size such that it may be sterile-filtered through a 0.22pm filter,
Such preparations are described in Intemational Patent Application No. WO 94/21292,

27



10 |

15

20

25

30

35

1.4- 137% 2933- PD' 914-980 0.5 1.9% 3. 7% 4. 9% 154%
3152 * PS size following nmlcrofluidization of the
R v A 10 val ent vacci ne was made by e Behaoseser?
Jerotype 1, 4, 5 68, 7F, 9V, 14, 18C, 19F and 10 23F
conjugates (e.g. at a dose of 1, 3, 1, 1, 1, 1, It 3,
3, 1 ug of sacchadde, respectively per hunan dose). An
1 | Hﬁ%e her ing.the .
JS;M??LH%%L@/\A@%% o{ll g}&%? gk Towr an%tpoug&% t? §e 'é‘@lgg Pg(%'s%dn%'fjmg‘ but
sd@Uﬁﬁ?¢He per human dose). A 13 valiant vaccine was
nade by further adding the serotypes 19A and 22E

ates
P10, 51 CERGy b Bedg 210k Bdecilg ket tﬁ“{ﬁﬁ%ﬁ&?
a PhespBongiB-Bglgeopyrpngs ﬁﬁ)@fhvérawtratm@yperno n dose]
Agmopmheswmymhmsmmwmmzw further adding the
serotype 6A conjugate above [e g at a dose of 1 ug of
sacchari de per human dose. npl e 3: Evidence that
i (M R4 RFh 3§ 9 Bbehﬂﬁwqﬂgwnwwe??ﬁawn%ﬁlwow A RE (R}
I mhydmgtatradacampmmbpecemﬂb—dbhmu-ms(@liywogéhoﬁmprmd)v| (eoa9
ﬁ@ |on agai nst acute otitis nedia (ADV.
Stu S|gn e study used an 11Pn-PD vaccine -
conpr|3|ng seratypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 10
186} 197NP-A0 OP 2 35, BRIG B-[(BDdpdegariogioxytetragrcartopibming)-4-0x05akzh-9-

' t@-@waaa&;ﬁtasynsrmmmm Po-4id, 1Exaériwdr%gér)op?o§umeectﬁ.(a

wer e an 0 g_two groups to recerve four doses
ofa”'@'\“ M'&é‘ﬁgfﬁ’ﬁg% vacci ne or Havrix at
approximately 3, 4, 5 and 12-15 nonths of age. Al

?tgrmeg FLFM ilg \}_ .5’%3 }vh‘-ﬁﬁ‘ m&ke @wbregmﬁ @I&o?az'g{]}flo%rbﬁb%hat@ﬁ(%@%) such
& Giciogantn Wobbschfl & (MBofir BIBAGH o mrBharglon o A4 o

P@GP a#!ﬁcmem I bphatmeaseltipaly caceepiableg @afisn ok tAGES| 8% . disclosed in
Efsezeusyn. f sthrle AP Aref TUR4 blidhists \GiG0RE BE-TLR4 Bhta§onRe| Both are
aq,agu%ﬁitosbe%g’[“taggggva}q@eks after adm nistration of the

third vaccrl ne € and continued until 24-27 nonths of
age. Nasopharyngeal carriage of S. pneurnoniae and H.
i hbtheriaeenastrulait &r wed icthe presens blentidreld CRiilldsatd iBfderivatives.

SYRIRGE § sarBﬁlFt %&E}éﬁ s%la%q\fﬂgﬁﬁﬁe é&trpﬁﬂé o tréer@unlaja Saponaria

was Si ck ear

I nv est | gat or_|
P B NS TR CPTSTIORd 25, PG YA Atk bY DRSBRRTeL AL 1674
s m@ammlmar@rmmﬂs dlvaeggesarhte Virneforsahungs Vilg &4, deringer Verlag,

SURAR C;tz@:dzasl ERkeOrRImehts 6\@4.: Atﬂaee Sé%h ||§3Ia’é@%y HBTE dhigt Rlah

referr S List
£ Gpiotenf ot oyl Biitof e Sxspllp O & (110 ). B ol
diQRJr7ed RS2 bEIspEnawRES %&eebl%?ﬂ) é?ft'?ﬂeiﬁ anpferalgapen) derived from
a RetRIredT CRilaE saﬁwartamammcmamsaoea( tytofoxicl TegHile (CTLs), Thi
b%}%‘ 9 a nélg tdzd [p o Je&)&?mseoéng%@ sdPofin %ﬁﬁ&‘ c&hftext of the
ear tusi on enonstrated

ingnt eunatic ot oscopy or by m croscopy). In
addltlon at | east two of the follow ng signs or

S%ﬁ&@&&orhﬁﬁh&n@ o QS@‘Y R&Rbeen @e%E:an&l which @AY arCériolifesiSio the

hear i n Iethar orexi-a
vomt “°9 c?rhh"'g ey S5 é‘rxﬁ‘”%@'g éa‘t{h ¥ )?ﬁ‘nfsﬁp""‘%?
t mfmelaumﬁ @élheonr%ﬁgwds\tegﬂonmp@cmerﬁtedn the; faem ef wigelles,| ke
was col |l ected by tynpanocenbgsis for bacteriol ogica
testing. 30 For subjects with repeated sick visits, a
new ACM epi sode was considered to have started if nore
than 30 days had el apsed since the beginning of the
previ ous episode. In addition, an AOM epi sode was
considered to be a new bacterial episode if the
i sol ated bacteriunf serotype differed fromthe previous
i sol ate whatever the interval between the two
consecutive episodes. 35 Trial results Atotal of
4968 infants were enrolled, 2489 in the 11Pn-PD group
and 2479 in the control group. There were no najor
di fferences in the denographic characteristics or risk
factors betmeen the tmo groups. 5 d inical e0|sodes

A/~ R ' o - oy



10

15

20

25

35

20 increased inportance of H influenzse as a major
cause of ACMIn the pneunpcoccal conjugate vaccine
Ve ddhibh e W th the protection provided ag ”F‘H"ﬂd%%?
the 11Pn-PD vacci ne al so reduced nasopharyngea
carriage of H influenzae follow ng the booster dose
in the second year of life. These fi nd| ngs are in

C %E{)@é {gpﬁ}ﬂné@lv% %}(é S & '?-%‘g Y HQ B sg:o%@%\gﬁgwgfﬁ f1'100

nocoecal conj u a
i dfcBlle nqsomes ‘ZSTe@EF’S@H@!? d!!’ec“treﬁ PIJChl 26t WaEmlikg coring-iike

obrmwtimegicl corbiiaies loa nﬁmcfayerémdtrumlanaflaraéuhe aaﬁerﬁrerrﬂuﬂé}&ﬁ with
of cn@ibdisbiol GRd, Jr%mhigﬁﬁﬁﬁgn o‘A‘m L e?q%sfoa ({%F 'aa%rr}ng Hﬁsﬁeg{b

pr ogectl on ?Fgal nst
et 8104 &P REPONINg Y altey ?Séwatwdow@q A rastalls fels $VGh abaluminium
eswa‘b*IdMaummhm Ahosphatp (Woras/y52am i - PD 1 gG 30 anti body
Ui, el APhr 19 prbd bl WA R Fosorhd! TG BPL i bbter
F I'sode-tree, were essentially the sane as _
E1 mary anti-PD 1gG anti body | evel s neasured | n
11Pn PD vacci nees that devel oped at | east one HI

e M%o&ﬂ%’y&t@ﬂ ﬂvBﬁ%an; mﬁﬁuofn%& HéhdBRodPRG m\ﬁﬁﬁ"ed
lég(}bjgh no go'rnlr rlccpﬁgy Q,hggerﬁﬁt al“bl Ials and 3%MI£L as

<5’§t=‘9$9ﬂ| 9 401 53 tor aPDS$ mepglogRyisntanipegitioni where the Q821 is
r e;a&mnabhlm chblest@5i1Hd s cibdaatin W@QB%@?@@N Féiﬁcul&ﬁ? &b adjuvant

has contr%%éﬁp%%? sg’eg, ‘{t%ﬁ?" THe mducﬁ%lt%ﬁ'{ g"%té

t IPEUISIoB ¢ ie cdeseiiedi g WSt © 10rhelnevrfeeembqwmequweuu@@mm
wasmpestionaatioely dynpeses efsﬁpbﬂh. WHichiidy ®@p kngei.ngeal
carriage 5 that was of simlar magnitude for VaCCI ne

ser ot eunpcocci and H infl|luenzae (Fi

T T@“%gw@%% Rliagrucienides, gy ey hekike r%?aﬁgt?r (gg@ Qovsomst may
i rafsb lhenesed The clbewEiEetidenfoigsd & edineants @e yazinepof tre fprosent
h%ﬂ’@ﬂib’ﬁﬁ%l’eso&lf)nﬂy @pf;eéaﬂaﬂrnetoﬁé‘t;nbé@oh@ésf 8tondhy cbmﬁnmg two or

PD— |
s Hn RIS R R iCaRIRL DY o et i, Bl o e s e

ar'i't"F’eqb'éPSI HErGaifie a Cyiopitmsisotids folleveed by @ Gubnineiucieptide.] The

| Tp8 iigbrurestiogs Bp(ﬁgrpiﬂmtlnv%ntﬁ)hldﬂ@@plcblﬂ RbokynldieciBRd] aln an

rr%ﬂﬁ!x{ rﬁ@'&? t’iés ?ﬂfﬂc[eo?d%fhgwg? OHUCIFOtI ALY IS ”Jh% h%r é{r‘%}‘ te\NIO{ i
t IRBOSRLPrRisipale, Porda alihongh ahosphedipgipreand qtaeéenta'nwotr%mdq are
amtma trendoEOT IR ingentidre I ALK HEllded WABihthg)8b& of el ivention are

hude%@tﬁg rvﬁg u%ulegn ilgéch%Shc%e rlﬁ@égé‘g q‘\ne‘i}‘l‘odém Ifor;ralpﬁaducrng

é ot|'t1|s : di a ver sus mrune serum g{ﬁ
TIRAFR Irhipeie QllagpHcieptost, pr M%Wéfek?é? desrigeridn Y85 848153,
1VSOSTHHR2 anehW99/2286 s. Thi s denonstrates that both
vacci nes have a simlar potential to Induce protection

" eyt 3 oldoh Tl haiPHE gyl B8R S8 Baiees pptergy
PEaN ISR trgte modifiedifismucieptidediskagesi on of carrier
PIOLIGE TSEQID K@M PTGPATE ABGHTCRNGIaEYT (Cpadasiihe 22F

| Bhidd 2 {s2 IFNOIA 18 deachaBgTE BB ATILLY ragsed on an

nce rasch_and
B SER I Ref M SRS TE S B e fla ane
Vacci ne | mmunol ogy 13:356-3&. Briefly, purified
pneunococcal pol ysaccharides were m xed with
nmet hyl at ed hunman serum al bum n and adsorbed onto Nunc
Maxi sor pu4 (Roskilde, OK) high binding mcrotitre
pl ates overnight at 4C. The pl ates were bl ocked 10
wth 10%fetal bovine serum (FBS) in PBS for 1 hour at
roomtenperature with agitation. Serum sanpl es were
diluted in PBS containing 10% FBS, 10 pg/niL cell-wall
pol ysaccharide (SSI) and 2 pg/nL of pneunococcal
pol ysacchari de of serotype 22F (ATCC), and further
diluted on the mcrotitre plates with the same buffer.
An Internal reference calibrated against the standard
serum 89 SF u3| ng t he serotype speC| f| c IgG 15

o oy o, NN N o R o




nonth follow ng primary vaccination with these 19F-DT
formul ati ons are shown in Table 8 and9 respectively. 10

WPWe e efis ELI SA 10 anti body concentrations ? }EP2006/069977
per cent ages of subjects reaching the 0.2 pg

t hreshol d before and after 23-valent plain
pol ysacchari de booster vaccination. The

0 : I y
OSSO G, RS i i HBE OBF TP RTE o2 Gy
LGP 2(PRMD NESHEONES AGEJIC BYCHTEHEN(CRG1BASbsi ti vi ty
r s4GO 6 SEDIDNMEDOY ACG TIT res SCi &IC aod GGBHG 6hdEs one
nmonth follow ng primary vaccination 15 (Table 9). One

month after 23-val ent ai n pol ysacchari de booster
> v4LUBTAYEIG6R, epsueel JE?;YC%?FPESB papLerpeg fboygn that they have
arncohssdicptial ddetimnswraddiiogsihbiebant | y better for children

pWhH%GNII%&hU&I&EHQTMﬁ&BWh’ﬁtdr&@ﬁt évlé_ﬁtroﬂ ay%%fs?ﬁtﬁ&fzgd by any

sour 0 Error! erence sou

f SO 'b"s E r@sgﬁt ;i { BRI et §F adft®a?Pol (Comrenignty. such
1]9#!9"@@“@ Ny bs sypthesizedaitiising o addraated gyntbesizeus!| y pri ned

1owth 19F-DT or 19F-PD conjugates conpared to a 4th

the b kth
YD Nt a8 S8 o lef R i) o T BT 0 STy HEn o
t h’@mwt‘% Méth jofisF edievantsp sHheopihrhges ot the eamision sygter crptionaty
S ebmprispea hBEborkuik of OThe igeshiag oftths tiEméddboisibleiof is wall Ridkh fh
m?ﬁ/e th‘ aﬁk}t:?og?(s%% acgﬁ bfeoéenﬂ aﬁ?ao'&ﬂé dc%&a%levglcgeu}?e r%fm by

15 aﬁ'affaépli&"ﬁd?%f‘aﬂ‘b? '%Uﬁ'@tefgrﬂmai Qigipaaghat . Bwswer%gfﬁ@eqnvt 85"
t leditiar (087%))r Eaectil ray be @nptegtabld Qibfish| bil, svirial bogynteticva twhich is

196¢ tb¥e th mtll&?p?enk Q'W imbab‘ﬁal A8kikd lgac'f:\g%nr@ By AEtabofikrhY Nuts, seeds,

%al nst 19 neurm COﬂ ugat € vaccl ne

Pl s o R PO 1 Riane S, GyERSlc ot e Ss0iRGH o s
Prm'arlt'ge @0t a4n Bepdst sorenepinll availatdy oilsrauthe s NEPBEE® and others.

20 | %ﬂlﬁaler’em@bﬁﬁhgw 1%&5&@1&%{3 3%14 18\@tetracosahexaene) is an
2(8'957 J&IOF;‘C% :Elg % n‘H(Iat | j Igno rmcoc ?
s SPEBE Yot s epnddp {gquarMpssrﬁﬁh l FICIBOWE GRPYT
in olive oil, w eat germ oll, rice bran oil, and yeast, and Is an ¢il for use in thls invention.
Squalens is a metabolisable oit by virtue of the fact that it is an intermediate in the
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25
Tocols {e.g. vitamin E) are aiso often used in oll emulsions adjuvants {(EP 0 382 271 Bf1;
US5667784, WO 95/17210). Tocols used in the oil emulsions {optionally 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
30 optionally less than 1 micron in diameter. Alternatively, the tocols may be used in
combination with another oil, to form the oll phase of an oil emulsion. Examples of oil
emulsicns which may be used in combination with the tocol are described herein, such as
the metabolisable olls described abave.
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18C 19F 23F 11Pn-PD 1/PD 1/PD 1/PD 1/130 1/PD 1/ PD
1/PD 1/PD 1/PD 1/PD 1/ PD <0.8 19F-DT Form 1 3/PD 3/PD

/R B 10101 3/ PD 3/ PD 3/ PD 3/PD 3/01 5/,
OE S!Qrd Form 2 3/PD 2/ PD 2/ PD 3/ PD 5/ DT 3/PD é?’%%“‘%?’mw

2/ PD 3101 5/DT

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
98/66414;, WO 99/12565; WO 99/11241). Other oil emulsion adjuvants have baen
described, such as water in oif emulsions (US 5,422,109;EP 0 480 982 B2) and water in
oll in water emuisions (US 5,424,067,EP 0 480 981 B). All of which form ol emulsion
systems (in particular when Incorporating tocols) to form adjuvants and compositions of
the present invention.

In 2n embadiment, the oit emulsion (for instance cil in water emuisions) further comprises
an smusifier such as TWEEN 80 and/or a sterol such as cholesterol.

In an embodiment, the oil amulsion (optionally oilin-water emulsion) comprises a
metabolisible, non-toxic oil, such as squalane, squalene or a tocopherol such as alpha
tocopherol (and opticnally both squalene and alpha tocopherol) and optionally an
emuisifier (or surfactant) such as Tween BQ. A sterol (e.g. cholesterol) 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 ol phase with a surfactant
such as a PBS/TWEENSQ™ 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
fiquid. Equally, the emulsification process in microfluidiser (M110S Microfluidics machine,
maximum of 50 passes, for a period of 2 minutes at maximum prassure input of 6 bar
{output pressure of about 850 bar)) could be adapted by the man skilled in the art to
produce smaller or larger volumes of emulsion. The adaplation could be achiaved by
routine experimentation comprising the measurement of the resultant emuision until a
preparation was achieved with cil droplets of the required diameter.

In an oil in water emulsion, the cil and emuisifier should be in an aqueous carrler. The
aqueous carrier may be, for exampls, phosphate buffered saline.

Tha size of the oil droplets found within the stable oil in water emulsion are
optionally less than 1 micron, may be in the range of substantially 30-600nm, optionaily
substantialiy around 30-500nm in diameter, and opticnally substantially 150-500nm In
diameter, and in particular about 150 nm in diameter as measured by photon correlation
spectroscopy. In this regard, 80% of the oil droplets by number shouid ba within the
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50. 35 19F-DT Form 3 3/PD 3/PD 3/PD 3/PD 343D 3/ PD
3/PD 3/PD 3101 3)PD -..- 0.5 Table 5Specific

&) doyalziif coupl i nal ouenchl na condi tions of pEREp20sseeerr
S. Dneunoni ae- Protei n | af TT/ DTconl uaat es Serotype 1

Native 3 pfluid 4 Native 5 Native 6B Native 7F Native
PS conc.(ng/nl) 1.5 2 2.0 7.5 5.5 3.0 PS dissolution

mgge&,%%ny mare than 90% and optibnally more than 95% of the oil droplets by
number are within the defined size ranges. The amounts of the components present in the
oil emulsions of the present invention are conventionally in the range of from 0.5-20% or 2
to 10% oif (of the total dose volume), such as squalene; and when present, from 2 to 10%
alpha tocopherol; and from 0.3 to 3% surfactant, such as polyoxyethylene sorbitan
monooieate. Optionally the ratio of oil (e.g. squalene): tocol (e.g. a-tocopherol) is equal or
less than 1 as this provides a mare stable emulsion. An emulsifier, such as Tween80 or
Span 85 may also 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 emulsion systems are dascribed in WO 85/17210, WO 99/11241 and WO
99/12565 which disclose emulsion adjuvanis based on squalene, a-tocopherol, and
TWEEN 80, optionally formulated with the immunostimulants Q521 and/or 3D-MPL.

Thus In an 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., Plenum Press, New
York and London, ISBN 0-306-44867-X.

In an embodiment, the adjuvant and immunogenic compositions according to the
invention comprise a saponin (e.g. QS21) andfor an LPS derivative (e.g. 3D-MPL) in an
oil emulsion described above, optionally with a sterol (e.g. cholesterol). Additionally the
oil emulsion {optionally oil in water emulsion) may contain span 85 and/or lecithin and/or
tricaprylin. Adjuvants comprising an oil-in-water emulsion, a sterol and a saponin are
dascribed in WO 99/12565.

Typically for human administration the saponin (e.g. QS21) and/or LPS derivative
{e.g. 3D-MPL) will be present in 2 human dose of immunogenic composition In the range
of 1ug - 200ug, such as 10-100ug, or 10ug - 50ug per dose. Typically the oil emulsion
(optionally oif in water emulsion) will comprise from 2 to 10% metabolisible oil. Optionally
it will comprise from 2 to 10% squalene, from 2 to 10% alpha tocopharol and from 0.3 to
3% (optionally 0.4 ~ 2%) emulsifier (optionally tween 80 [polyoxyethylene sorbitan
manooleate)).  Where both squalene and alpha tocopherol are present, optionally 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%
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NaCl 2M W1 WFI Nadi 2M Neel 2M PD conc. (ng/nil) 5.0
5.0 5.0 5.05.05.0Ilnitial PS/PD Ratio (ww 1/0.7

%"’%g%ﬂ’“;#é 1/1 1/1 CDAP conc. (ng/ng PS) Op%ﬁnﬂo%%@m

75 0.75 pFl a=pFl o=pH, 9.0/9.0/9
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 tinme 60 mns 60 mns 45 mns 40

M the @gumsusad 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/swfactants, including caprylic acid (merck index
10™ Edition, entry no. 1739), for example Tricaprylin.

Where squalene and a saponin (optionally QS21) are included, it is of benefit to
also include a sterol {optionally cholesterol) to the formulation as this allows a reduction in
the tolal level of oit in the emulsion. This leads to a reduced cost of manufacture,
improvement of the overall comfort of the vaccination, and aiso qualitative and
quantitative improvements of the resultant immune responses, such as improved IFN-y
production. Accordingly, the adjuvant system of the present invention typically comprises
a ratio of metabolisable cil:saponin {w/w) in the range of 200:1 to 300:1, also thé present
invention can be used in a “low oil’ form the optional range of which is 1:1 to 200:1,
optionaily 20:1 to 100:1, or substantially 48:1, this vaccine retains the beneficial adjuvant
properties of all of the components, with a much reduced reactogenicity profile.
Accordingly, some embodiments have a ratio of squalene:QS821 (w/w) in the range of 1:1
to 250:1, or 20:1 to 200:1, or 20:1 to 100:1, or substantially 48:1. Optionally a sterol {e.g.
cholesterol} is alsc included present at a ratio of saponin:sterot as described herein.

The emulsion systems of the present invention optionally have a small cil droplet
size in the sub-micron range. Optionally the cil droplet sizes will be in the range 120 {o
750 nm, or from 120-600nm in diameter.

A particularly potent adjuvant formulation {for ulimate combination with AIPO4 in
the immunogenic compositions of the invention) involves a saponin (e.9. QS21}, an LPS
derivative (e.g. 3D-MPL) and an oil emulsion (e.g. squalene and alpha tocopherol in an oil
in water emulsion) as described in WO 85/17210 or in WO 99/12565 (in particular
adjuvant formutation 11 in Example 2, Table 1).

Examples of a TLR 2 agonist include peplidoglycan or lipoprotein.  Imidazoquinolines,
such as Imigquimod and Resiquimod are known TLRY agonists. Single stranded RNA Is
also a known TLR agonist (TLR8 in humans and TLR? 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 TLRO agonist.

The immunogenic composition may comprise an antigen and an immunostimulant
adsorbed onto a metal sall. Aluminium based vaccine formulations wherein the antigen
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60 m ns Serotype 9V Native 14 Native 18C Native 19F
Native 23F Native PS conc.(ng/nl) 1.75 2.5 1.75 4.0

Robrdhesol ution Nadi 2M Nat.! 2M W NaGhoghbbizfekoor7
2M PD conc. (nmg/nl) 5.0 5.0 5.0 5.0 5.0 Initial PS/PD

Ratio (ww 1/0.75 1/0.75 1/1.2 1/1 1/1 CDAP conc.

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 0 833 784 B1. in these cases then antigen is first adsorbed onto the aluminium salt
followed by tha 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 between 80 and 500 nm. The antigen is typically
adsorbed onto aluminium salt for one hour at room temperature under agitation. The 3D-
MPL suspension is then added to the adsorbed anligen and the formulation is incubated
at room temperature for 1 hour, and then kept at 40C until use.

in another process, the immuncstimulant and the antigen are on separate metal particles,
as described In EP 1126878. The improved process comprises the adsorption of
immunostimulant, 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
composition comprising an immunostimulant, adsorbed onto a metallic salt particle,
characterised in that the metallic salt particla 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
from other antigen, and in that the particles of retallic sait which are adsorbed to the
antigen are substantially free of other immunostimulant.

Accordingly, the present invention provides an adjuvant formulation comprising
immunostimulant which has been adsorbed onto a particle of a metallic salt, 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 vaccine comprising admixing an adjuvant composition which is ona or more
immunostimulants adsorbed onto a metal particle with an antigen. Cptionally, the antigen
has been pre-adsorbed onto a mataflic salt. Said metallic sait may be identical or similar
lo the metallic salt which is adsorbed onto the immunostimulant. Optionally the metal salt
is an aluminium sait, for example Aluminium phosphate or Aluminium hydroxide.

The present invention further provides for a vaccine composition comprising
immunostimutant 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.
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(my/mg PS) 0.75 0.75 0.75 0.75 0.75 pl-le=pl-1,-zpFie
8.518.519.0 9.0/9.0/9.0 9.0/9.019.0 9.5/9.519.0

Q0208109179 0 Coupling tine 60 mns 60 m NS 4pcfHfBoshtesr
mns 60 mne Table 6Specific

acl i vati oni coupl i nu/ auenchi na conditions of PS
Sanmeunoni ae- Protei n D/ DTconi uoates for the 11
Pn- PD&DI - 001 study Serotype 1 pfluid 3 pfluid 4

pfluid 5 pfluid 6B pfluid 7F Native PS conc. (ng/nl) 4
2_L882>r 505', deyivgtyyes 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 moietles described herein.

in one embodiment the adjuvant used for the compositions 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 - see above] andfor
saponins (such as QS21 - 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 mg) sterol (for instance cholesterol), 5-60, 10-50,
or 20-3Q pg (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).

This adjuvant is particulardy suitable for 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 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, 8B,
8V, 14, 18C, 19F and 23F is not significantly inferior to that induced by the Prevhar®
vaccine in human vaccinees.

In one embodiment the adjuvant used for the compositions of the invention comprises an
oil in water emulsion made from a metabolisable ol (such as squalene), an emulsifier
(such as Tween 80) and optionally a tocol (such as alpha tocopherol). In one embodiment
the adjuvant comprises (per 0.5 mL dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6myg (e.g. 2-3, 5-6,
or 10-11 mg) metabolisabie 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 mg) emulsifier (such as Tween 80) and optionally 0.5-20, 1-
15, 2-12, 4-1C, 5-7 mg (e.g. 11-13, 5-6, or 2-3 mg) tocol {such as alpha tocopherol).

This adjuvant may optionally further comprise 5-60, 10-5¢, or 20-30 pg (e.g. 5-15, 40-50,
10, 20, 30, 40 or 50 ng) fipid A derivative (for instance 3D-MPL).
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These adjuvants are particularly suitable for infant or elderly vaccine formulations. In one
embodiment the vaccine compasition comprising this adjuvant comprises saccharide
conjugates derived from at least all the following serotypes: 4, 6B, 8V, 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 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.

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 cholesterol), 5-60,
10-50, or 20-30 pg {e.9. 5-15, 40-50, 10, 20, 30, 40 or 50 pug) fipid 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
ug) saponin (for instance QS21).

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 all 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 one or more (or all) the vaccine components 4, 6B,
8V, 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 g Al as aluminium phosphate,
and 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 ug) 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, 8V, 14, 18C, 19F, 23F,
1, 5, 7F (and may also comprise one or more from serotypes 3, BA, 19A, and 22F),
wherein the GMC antibody titre induced against one or more (or all) the vaccine
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components 4, 6B, 9V, 14, 18C, 19F and 23F Is not significantly inferior to that induced by

the Prevnar® vaccine in human vaccinees,

The vaccine preparations contalning immunogenic compositions of the present invention
may be used to protect or reat a mammal susceptible to infection, by means of
administering said vaccine via systemic or mucosal route. These administrations may
include Injection wia the intramuscular, intraperitoneal, intradermal or subcutaneous
routes; or via mucesal administration to the oral/alimentary, respiratory, genitourinary
tracts. Intranasal administration of vaccines for the treatment of pneumonia or ofitis media
is possible (as nasopharyngeal carriage of pneumococci can be more effectively
prevented, thus attenuating infection at its earllest stage). Although the vaccine of the
invention may 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
used. For example, saccharides or 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 administered 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,
optionally 5-50ug, most typically in the range 5 - 25pg. Following an initial vaccination,
subjects may recelve one or several booster immunizations adequately spaced.

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

The vaccines or Immunogenic compositions of the present invention may be stored in
solution or iyophilized. In an embadiment, the solution is lyophilized in the presence of a
sugar acting as an amorphous lyoprotectant, such as sucrose, trehalose, glucose,
mannose, maitose or lactose. In an embodimeni, the solution is lyophilized in the
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lmproved cake s*ructure such as glycme or mannitol. The pres nce of a crystalllne bulking
agent afiows for shortening freeze-drying cycles, in the presence of high salt
concentration. Examples of such mixtures for use in Iyophilisation of the immunogenic
compositions or vaccines of the invention include sucrosefglycine, trehalose/glycine,
glucose/glycine, mannosefglycine, maltose/glycine, sucrose/mannitolf trehalose/mannitos,
glucose/mannitol, mannose/mannitol and maltose/mannitol. Typically The molar ratio of
the two constituents is optionally 1:1, 1:2, 1:3, 1:4, 1:5 or 1:6. Immunogenic compositions
of the invention optionally comprise the lyophilisation reagents described above.

The above stabilising agents and mixtures of stabillsing agents can further include a
polymer capable of increasing the glass transition temperature (Tg') of the formulation,
such as poly(vinyl-pyrralidone)} (PVP), hydroxyethyt starch or dextran, or a polymer acting
as a crystalline bulking agent such as polyethylene glycol (PEG) for example having a
molecular weight between 1500 and 6000 and dextran.

The immunogenic compositions of the Iinvention are optionally Ilyophilized and
extemporaneously reconstituted prior to use. Lyophilizing may result in a more stabie
composition (vaccine) and may possibly lead to higher antibody titers in the presence of
3D-MPL and in the absence of an aluminum based adjuvant.

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

Although the vaccines of the present invention may be administered by any route,
administration of the described vaccines into the skin (ID) forms one embodiment of the
present invention. Human skin comprises an outer "horny” cuticle, called the stratum
comeum, which overlays the epidermis. Underneath this epidermis is a layer called the
dermis, which in tum overlays the subcutaneous tissue. Resesarchers 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.
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Intradermal vaccination with the vaccines described herein fooms an optional feature of
the present invention.

The conventlonal technique of intradermal injection, the “mantoux procedure®, comprises
steps of cleaning the skin, and then stretching with one hand, and with the bevel of a
narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at an angle of
between 10-15°. Once the bevel of the needle is inseited, the bamel of the needle is
lowered and further advanced whilst providing a slight pressure to elevate it under the
skin. The liquid is then injected very slowly thefeby forming a bleb or bump on the skin
surface, followed by slow withdrawal of the needie.

More recently, 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 5,993,412, 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 5064,413, US 5,520, 639, US 4,596,556, US 4,790,824, US
4,941,880, US 4,940,460, WO 97/37705 and WO 97/13537. Alternative 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 88/20734 ; WO 98/28037).

When the vaccines of the present invention are 1o 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 antigens in the skin or intradermal vaccines of the preseni invention may
be similar fo conventional doses as found in inframuscular vaccines (see above).
However, it is a feature of skin or intradermal vaccines that the formuiations may be “low
dose”. Accordingly the protein antigens in "low dose” vaccines are optionally present in as
little as 0.1 to 10ug or 0.1 to 5 pg per dose; and the saccharide (optionally conjugated)
antigens may be present in the range of 0.01-1pg, or between 0.01 to 0.5 ug of
saccharide per dose.
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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 necessarlly be located exclusively
in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
mm from the surface in human skin, but there is a certain amount of variation betwesn
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 suiface of the skin. The dermis is located between the
stratum comeum 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 (fitis media caused by Haemophilus influenzae by the addition of
Haemophilus influenzae proteins, for example protein D in fres or conjugated form. In
addition, the present invention further provides an improved vaccine for the prevention or
amefioration of pneumococcal infection in infants (e.g., Otitis media), by relying on the
addition of one or two pneumococcal proteins as free or conjugated protein to the S.
pneumoniae conjugate compositions of the invention. Said pneumococcal free proteins
may be the same or different to any S. pneumoniae proteins used as carrier proteins.
Cne or more Moraxsila 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 Otitls media in infants.

in another embodiment, the present invention Is an improved method to elict 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 antlgenic 8. pneumoniae conjugate compaositions 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, typlcally over
55 years and more generally over 60 years) by administering a safe and effective amount
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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 camier proteins.

A further aspect of the invention is a method of immunising a human host against disease
caused by S. pneumoniae and optionally Haemophilus 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 S. pneumoniae and optionally Haemophilus influenzae infection.

The terms “comprising”, “comptise™ 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 purpeses of illustration only, and are not to be construed as limiting
the scope of the invention in any manner.

Examples
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Starting materlals
The Protein D encoding DNA

Protein D is highly conserved among H. influenzas of all serotypes and non-
typeable strains. The vector pHIC348 containing the DNA sequence enocoding the entire
protein D gene has been obtained from Dr. A. Forsgren, Department of Medical
Microbiclogy, University of Lund, Malmé General Hospital, Malms, Sweden. The DNA
sequence of protein D has been published by Janson et al. (1991) Infect. Immun. 53: 119-
125.

The expression vector pMG1

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

The E. coli strain ARS8

The E. coli strain ARS8 was generated by transduction of N99 with a P1 phage
stock previously grown on an SA500 derivative (galE::TN10, lambdakil cl857 AH1). N9g
and SA500 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 proiein has been cloned
into the expression vector pMG 1. This plasmid utilises signhals froms lambdaphage DNA
to drive the transcription and transtation of inserted foreign genes. The vector contains
the promoter PL, operator OL and two utilisation sites (NutL and NutR} to relieve
transcriptional polarity effects when N protein is provided (Gross et al,, 1985). Veclors
containing the PL promoler, are introduced into an E. cofi lysogenic host to stabilise the
plasmid DNA. Lysogenic host strains contain replication-defective lambdaphage DNA
integrated into the genome (Shatzman et af., 1983). The chromosomal lambdaphage
DNA directs the synthesis of the cl repressor protein which binds to the OL repressor of
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PreRY veled! anf pheRbHtEbiftding of RNA polymerase to the PL promoter and theraby
transcription of the inserted gene. The ¢l gene of the expression strain ARS8 contains a
temperature sensitive mutant so that PL directed transcription can be regulated by
temperature shift, L.e. an increase in culture temperature inactivates the repressor and
synthesis of the forelgn protein is initiated. This expression system allows controlled
synthesis of foreign proteins especially of those that may be toxic to the celi (Shimataka &
Rosenberg, 1981).

The E. coli strain AR58

The ARS8 lysogenic E. coli strain used for the production of the protein D carrier is
a derivalive of the standard NIH E. coli K12 strain N99 (F" su™ galk2, lacZ thr ). It
conlains a defective lysogenic lambdaphage (galE::TN10, lambdaKil- cl857 AH1). The Kir
phenotype prevents the shut off of host macromolecular synthesis. The cIB57 mutation
confers @ temperature sensitive lesion to the ¢l repressor. The AH1 deletion removes the
lambdaphage right operon and the hosts bio, uvwr3, and chlA loci. The AR58 strain was
genefated by transduction of N99 with a P1 phage stock previously grown on an SA500
derivative (galE::TN10, lambdaKil" ci857 AH1). The introduction of the defective lysogen
into NO9 was selected with tetracycline by virtue of the presence of a TN10 transposon
coding for tetracydlin resistance in the adjacent galE gene.

Construction of vector pMGMDPPID

The pMG 1 vector which contains the gene encoding the non-structural S1 protein
of Influenzae virus (PMGNSI) was used to construct pMGMDPPrD. The protein D gene
was amplified by PCR from the pHIC348 veclor (Janson ef al. 1991 infect. Immun.
59:119-126) with PCR primers containing Ncol and Xbal restriction sites at the 5' and 3'
ends, respectively. The Ncol/Xbal fragment was then introduced into pMGNS1 between
Neol 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/BamHM| 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 following
N-terminal amino acld sequence has been generatad:

~—-MDP SSHSSNMANT .-
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The protein D doss noi 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 cytaplasm in a soluble form.

The final construct pMG-MDPP/D was introduced into the ARS8 host strajn 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 isolaled plasmid DNA with selected endonucieases. The recombinant £, colf
strain is referred to as ECD4.

Expression of protein D is under the control of the lambda P, promoter/ Oy
Operator. The host strain ARS8 contains a temperature-sensitive ¢l gene in the genome
which blocks expression from lambda P at low temperature by binding to O,. Once the
temperature is elevated cl 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 calls and the purification of protein D was
performed as foliows. The frozen cell culture pellet is thawed and resuspended in a cell
disruption solution {Citrate buffer pH 6.0) to a final OBDgs = 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 lysale 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 strength 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 aniohic exchange column chromatography containing the purified
protein D is concentrated by ultrafiltration.

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

Large Scale Preparation
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The extraction from harvested cslls and the purification of protein D was
performed as foliows. The harvested broth is cooled and directly passed twice through a
high pressure homogenizer at a Pressure of around 800 bars,

in the first purification step the cell culture homogenate is diluted and applied to a
cation exchange chromatography column (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 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
fiow through of the anionic exchange column chromatography containing the purified
proteln D is concentrated and diafiltrated by ultrafiltration.

The protein D containing ulirafiltration retentate is finally passed through 2 0.2 um
membrane.,

Example 1b: EXPRESSION OF PhtD

The PhtD protein is a membet 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 MedImmune WQ00/37105 SEQ 1D NO: 4 for
amino acid sequence and SEQ ID NO: 5 for DNA sequence). PItD also contains a proline-
tich region in the middle (amino acid position 348-380). PhtD has a 20 aa-N-terminal
signal sequence with a LXXC motif.

Genetic construct

The gene sequence of the mature MedImmune PhtD protein (from aa 21 to aa 838) was
transferred recombinantly to E. cofi using the in-house pTCMP14 veclor carrying the pA
promoter. The E. coli host strain is ARS8, which carries the ¢cI857 thermosensitive
repressor, allowing heat-induction of the promotor.

Polymerase chain reaction was realized to amplify the pAtD gene from a MedImmune
plasmid (carrying the phtD gene from Sireptococcus pneumoniae strain Norway 4
(serotype 4) — SEQ ID NQ: 5 as described in WO 00/37105). Primers, specific for the patD
gene only, were used to amplify the phtD gene in two fragments. Primers carry either the
Ndel and Kpnl or the Kpnl 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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d vvlth 9'J g 19F- DT,
; %’gﬁ bejoning Lf e
Pre ) ﬁ‘g“’ﬁﬁbﬁﬁm ddlﬁl?éf"é‘!"”\‘}“%? ﬁﬁf?"ﬂﬁhwrﬁﬁﬁth

Qo8 S“’Booster Primary group N % 2 0. 20
p glinl) N%2 0.20 pghn I. GVC (pghnl)
8@&8@@(‘%’3&& Cl) (95%Cl) (95%Cl) 11Pn-PD 70 771

08@7'3 Pty icpmighp e lol or ormt 55

Growth of E.caoli cells in the presence of Kanamyein: growth 30 hours at 30 °C then
induction for 18 hours at 39.5°C

= Breakage of the E.coli celis froam whole culture at OD £115 in presence of EDTA 5 mM
and PMSF 2 mM as protease inhibitors: Rannie, 2 passages, 1000 bars.

@ Antlgen capture and cells debris removal on expanded bed mode Streamtine Q XL
chromatography at room temperature (20°C); the column is washed with NaCl 150 mM
+ Empigen 0.25% pH 8.5 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 pm)

= Antigen binding on Zn™ Chelating Sepharose FF IMAC chromatography at pH 74 in
presence of 5 mM imidazole at 4°C; the column is washed with Imidazole 5 mM and
Empigen 1% and eluted with 50 mM imidazole, both in 25 mM potassium phosphals
buffer pH 8.0.

= Weak anion exchange chromatography in positive mode on Fractogel EMD DEAE at
pH 8.0 (26 mM potassium phosphate) at 4°C; the column is washed with 140 mM NaClI
and eluted at 200 mM NaCl while contaminants (proteins and DNA) remain adsorbed
on the exchanger.

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

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

Example 1¢: EXPRESSION OF PNEUMOLYSIN

Pneumococcal pneumolysin was preparcd and detoxified as described in WO2004/081515
and W02006/032499,

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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91.2 0.71 69 98.6 14.50  (81.8-963) (0.54494)
(92.2-100) (10.47-20.07) 19F-DT Form 2r 74 81.1 0.59

o W71 Re 90 (70.3-89.3) (0.43-0.80) (88,3
(6.74?11ﬁ%4) Pr814781 65 64.6 0.40 87 100 tZgE%QM$%MmW7

(51.8-76.1) (0.27460) (94.6-100) (6.95-12.71) _
conposition of the different fornulations is provided

i ndegérfb% !in F@F&ﬁﬁﬁgc br %9 uélgs%slﬁpeﬁatefdo H‘\neg'IOé-S &eﬁcre conjugation the
polysaccharides may be sized by microfluidisation as described beiow.

The activation and coupiing conditions are specific for each polysaccharide. These
are given in Table 1. Sized polysaccharide (except for PS5, 6B and 23F) was dissolved in
NaCl 2M, NaCl 0.2M or In water for Injection (WFl). The optimal polysaccharide
concentration was evaluated for all the serotypes. All serotypes except serotype 18C
were conjugated directly to the carrier protein as detailed below. Two allemative serotype
22F conjugates were made; one conjugated directly, one through an ADH linker.

From a 100 mg/ml stock solution in acetonitrile or acetonitrilefwater 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 NaOH was added to obtain the specific activation
pH. The activation of the polysaccharide was performed at this pH during 3 minutes at 25
*C. Purified protein (protein D, PhtD, pneumolysin or DT) (the quantity depends on the
initial PS/carrier protein ratio) was added to the activated polysaccharide and the coupling
reaction was performed at the specific pH for up to 2 hour (depending upon 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
8.0). The solution was stired for 30 minutes at 25 °C and then overnight at 2-8 °C with
continugus slow stirring.

Preparation of 18C;

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

Derlvatization of tetanus toxoid with EDAC

For derivatization of the tetanus toxoid, purified TT was diluted at 25 mg/ml in 0.2M NaCl
and tha 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-sthyk-3-(3-
dimethyil-aminopropyl) carbodiimide) was then added to reach a final concentration of
0.02M and the mixture was stirred for 1 hour under pH regulation. 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 diafiltrated (10 kDa CO membrane) in order to remove residual
ADH and EDAC reagent.

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

Chemical coupling of 7T, to PS 18C

Details of the conjugation parameters can be found in Table 1.
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ﬁﬁﬁgﬁgjlﬁ 1pg 19F-PD, 3pg 19F-DT or Pr Conder Bitlsiesor

19F-CRM (Total cohort) 11 Pn-PD&131-002 Prior to
boost er vacci nati on One nonth post 23-val ent

PS
1 0, . 0, . 0,
o Bt B el 5
g22djusied tp 2 NaGQl hpNaCl powder gsition. 23, 7)  (63. 1- 93. 9)
( 1GTARsclBb® (18) mb@hit-eShiyrsrepareliin 58156Hiv 4celdhitdlehB1) 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 NaCH and was
stabilised at this pH until addition of TTx.
After 3 minutes, derivatized TTay (20 mg/mf in 0.2 M NaCl) was added to reach a ratio
TTan /PS of 2; the pH was regulated to the coupling pH 9.0. The solutlon was left one hour
under pH regulation.
For quenching, a 2M glycine solution, was added to the mixture PS/TT,/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
continuous slow stirring.

PS22F »-PhtD conjugata

In a second conjugation method for this saccharide (the first being the direct
PS22-PhtD conjugation method shown in Table 1), 22F was linked to the carrier protein
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-
controlled waterbath.

Microfluidized PS22F was diluted to obtain a final PS concentration of 6 mg/ml in 0.2M
NaCl and the solution was adjusted at pH 6.05 1 0.2 with 0.1N HCI,

CDAP solution (100 mg/ml freshly prepared in acetonitrile/WFI, 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 NaOH and
was stabilised at this pH until addition of ADH.

After 3 minutes, ADH was added to reach the appropriate ADH/PS ratio (8.9/1 wiw); the
pH was regulated to coupling pH 9.0. The solution was left for 1 hour under pH

regulation,

The PSay derivative was concentrated and diafiltrated.

Coupling
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& Thg el ag adjugted 40,30, #908 #ith Hgh &he EDAC
nﬁHFPP"S?‘meM" 1M111fisr'rlqbeﬁ B5) wascadried manyalytin 10 iy (250 ul / min)
cHe Iefck ] Mg ERAB/ME; R$22fmgTheoRsyiting sBlutipn]voss- iBibated Rir 3G awin
( ZWgugp@D-rm,)vas( et ueled)oad (2B Ynder stiring and pH regulation. The solution
was neutralized by addition of 1M Tris-HCI pH 7.5 (1/10 of the final volume) and let 30 min
at 25°C.

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

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

Purification of the conjugates:
The conjugates were purified by gei 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 fres PS, then by free PD or free DT and finally
DMAP and other salts (NaCl, glycine).

Fractions containing conjugates are detected by UVasy m. Fractions are pooled according
1o their Kd, sterile filtered (0.22um) and stored at +2-8°C. The PS/Protein ratics in the
conjugate preparations were determined.

Specific activatlion/coupling/quenching conditlons of PS S. pneumoniae-Proteln

DITTIT/PhtD/Plyconjugates

Where "pfluid” appears in a row header, it indicates that the saccharide was sized by
microfluidisation before conjugation. Sizes of saccharides following microfiuidisation are
given in table 2,

Table 1 Specific activation/couplingiquenching conditions of PS 8.
pneumonliae-Protein D/TT/DT/PhiD/Plvconjugates
Serotype 1 4 5 6A 6B 7F
pfluld pfluld pfluid
PS 25 25 71 5.0 5.0 5.0
conc.(mg/ml)
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11 Pn-PD. 501-002 22F-ELI SA assay OPA assay Primary
group N %L 020 pg/nL GVC (pglm N %.1:8 GMI

(95%

wohodRBMALC ) (95% Cl) (95% CQ 11Pn-PD 70 1fEr/eeiudnedr7
100 255.6 (94.9-100) (3.7-5.5) (83.9-100)
(135.5-481.9) 19F-DT Form 1r 66 98.5 3.45 23 95.7
374.0
PS WFI WFI WFI NaCl2M | NaCl 2M | NaCi 2M
dissolution
PD 10.0 10.0 5.0 5.0 5.0 10.0
conc.(mg/ml)
Initlai PD/PS 1.5M1 1.5/ 171 11 1.1 1.21
Ratlo (wiw)
CDAP conc. 0.50 0.50 0.79 0.83 0.83 0.75
(mg/mg PS}
pH,=pH.=pH, {8.0/9.0/9.0]9.5/9.5/9.0(9.0/9.0/9.0|9.5/2.5/8.0|9.5/9.5/9.09.5/9.5/8.0
Serotype av 14 18C 19A 19F 22F 23F
ufluid pfluld yfluid ufluid yfluid pfluid
PS 5.0 5.0 4.5 150 2.0 8.0 238
conc.{mg/ml)
PS NaCl 2M | NaCl 2M | NaCl2M | NaCl2M | NaCl2M | NaCl 0.2M | NaClzM
dissolution
Carrier 10.0 10.0 20,0 (TT) 10.0 20.0 10.0 5.0
protein (Ply} (DT) (PhtD)
conc.{mg/mi)
Initlal carrier 1.21 1.21 21 2.51 1.5/1 3N n
protein/PS
Ratic (w/iw)
CDAP conc. 0.50 0.75 0.75 1.5 1.5 1.5 0.79
(mg/mg PS)
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] 9.0/9.0/9.0| 9.0/9.0/9.0 | 9.5/9.5/.0

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

Characterisation:
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Free polysaccharide content (%):

The free polysaccharide content of copjugates kept at 4°C or stored 7 days at
37°C was determined on the supernatant obtained after incubation with a-carrier protein
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
supematant. The absence of conjugate was also controfled by an u-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 o-PS and o-Protein
respectively.

Free protein 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 te 50
pg/mi of carrier protein). Free carmrier proteln in % was obtained as follows: % free carrier
= (free carrier (pg/mly/ (Total concentration of corresponding carrier protein measured by
Lowry (pg/mi) * 100%).

Stability:

Molecuiar weight distribution (K,) and stabllity was measured on a HPLC-SEC gel
filtration (TSK 5000-PWXL) for conjugates kept at 4°C and stored 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 onto aluminium phosphate and pooled to form
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 CarriadPs Free PS Antigenicity | Corj. Siza
Conjugates | Dax10® | Ratie (Elisa) Fres Camer | (Ellsa) Da)
349- 1.0%- 1489 -
PS1-PD 382" 1.5-1.6 1.2% | 3.9%4.8% | 87%-95% 1715
4.7- 1303 -
PS4-PD 93-100* | 1.5-1.6 6.5% 3.2%-4.0% | 90%-56% 1606
87- 93%- 1998-
P35-PD** | 367-443 0.80 11.2% | 2.2%-3.8% 108% 2352
1100-
PS6A-PD 1540 0.61 4.5% Not done 45.9% Mot done
PS6B- 1069- 1.3- 4778
PD** 1381 0.7-0.8 1.6% <2.0% 68%-75% 5235
255- 3907-
PS7F-PD 264" 1112 <1% <1.4% 58% 4452
268- 9073-
PS9V-PD 280" 1.3-1.5 <1% <1.3% 67%-69% 9572
232- 3430~
PS14-PD 241* 1.4 <1% <1.5% 70% 3779
15- 5464-
FS18C-TT" | 89-97* 2224 2.2% <4% 46%-56% 6133
PS19A-Ply* | 151 3.2 <1% 29%
133- 4.1%- <1.2%- 20598-
PS18F-DT 143* 1.4-1.5 5.9% <1.3% 82%-88% 2335
PS22F-
PhiD* 159-167 217 5.8 | Not done 37% | Not done
PS22F-AHPHD"159-167 | 3.66-4.34 | <1% Not done 28-31% Not done
PS823F- 1.4- 137%- 2933
PD*** 914-980 0.5 1.9% 3.7%-4.9% 154% 3152

* P8 size following microfluidization of the native PS

A 10 valent vaccine was made bg.;' mixing serolype 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and
23F conjugates (e.g. atadose of 1,3, 1,1, 1, 1,1, 3, 3, 1 pg of saccharide, respectively
per human dose). An 11 valent vaccine was made by further adding the serotype 3
conjugate from Table 6 {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 directly linked to PhiD, or alternatively through an ADH linker) [e.g. at a dose of 3
g each of saccharide per human dose]. A 14 valent vaccine may be made by further
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collected by tympanocentesis for bacterioiogical testing.

30 For subjects with repeated sick visits, a new ACM episcde was considered to have
started if more than 30 days had elapsed since the beginning of the previous episode. In
addition, an AOM episode was considered to be a new bacterial episode if the isolated
bacterium/serotype differed from the previous isolate whatever the interval between the
two consecutive episodes.

35
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Trial results

A total of 4968 infants were enrolled, 2488 in the 11Pn-PD group and 2479 in the control
group. There were no major differences in the demographic characteristics or risk factors
belween the two groups.

Clinical episodes and AOM case gefinition

During the per protocol follow-up beriod, a total of 333 episodes of dinical AOM were
recorded in the 11Pn-PD group and 499 in the control group.

Table 3 presents the protective efficacy of the 11Pn-PD vaccine and both 7-valent
vaccines previously tested in Finland (Eskola et al N Eng! J Med 2001; 344: 403 - 409
and Kilpi ¢ a/Clin Infect Dis 2003 37:1155-84) against any episode of AOM and AOM
caused by different pneumococcal serotypes, H. influenzae, NTHi and M. catarrhalis.
Statistically significant and clinically relevant reduction by 33.6% of the overall AOM
disease burden was achieved with 11Pn-PD, irespective of the eticlogy (table 3).

The overall efficacy against AOM episodes due to any of the 11 pneumococcal serotypes
contained in the 11Pn-PD vaccine was 57.6% (tabla 3).

Another important finding in the current study is the 35.6% protection provided by the
11Pn-PD vaccine against AOM caused by M, influenzae (and specliically 35.3%
protaction provided by NTHi). This finding is of major clinical significance, given the
increased importance of H. influenzae as a major cause of AOM In the pneumococcal
conjugate vaccine era. In line with the prolection provided against AOM, the 11Pn-PD
vaccine also reduced nasopharyngeal carriage of H. influenzae following the booster dose
in the second year of life. Thesa findings are in contrast with previous abservations in
Finland where, for both 7-valent pneumococcal conjugate vaccines, an increase in AOM
episodes due to H. Influenzae was observed, (Eskola ef af and Kilpi ot af) as evidence of
etiological replacement.

A clear correlation between protection against AOM episodes due fo Hi and antibody
levels against the canier Protein D coukd not be established, as post-primary anti-PD 193
anlibody concentrations in 11Pn-PD vaccinees, that remained Hi AOM episode-free, were
essentially the same as post-primary anti-PD IgG antibody levels 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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W J\ar? wgg] ttaflsgn%lgf magnitude for vaccine serotype pneumococci and H. influenzae (Figure

1). This reduction of the nasopharyngeal carriage of H. influenzae in the PD-conjugate
vaccinees supports the hypothesis of a direct protective effect of the PD-conjugate
vaccine against H. influenzas, 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 chinchilla otitis media mode! 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 potential fo induce
protection against otitis media caused by non typeable H. influenzae in this model.
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Opsonophagocytosis assay '
30 At the WHO consultation meeting In June 2003, it was recommended to use an OPA

assay as set out in Romero-Steiner et al Clin Diagn Lab Immunol 2003 10 (6): pp1018-
1024. This protocol was used to test the OPA activity of the serotypes in the following
tests. .

35 Preparation of conjugates
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0.1pg/ 50p1 Adj C 11V 19A-DT 22F-PD 0. 1pg/ 50p1 Adj C

In studies 11Pn-PD&D001 and 11Pn-PD&DI-007, three 11-valent vaccine formulations
(Table 4) were included in which 3ug of the 19F pelysaccharide was conjugated to
diphtheria toxoid (19F-DT} instead of 1ug polysaccharide conjugated to protein D (19F-
PD). Conjugation parameters for the studies 11Pn-PD, 11 Pn-PD&Di-001 and 11 Pn-
PD&DI-007 are disclosed in Tables 5, 6 and 7 respectively.

Anti-pneumococcal antibedy responses and OPA activity against serotypa 19F one
month following primary vaccination with these 19F-DT formulations are shown in
Table 8 and 8 respectively. [EIIIINGGNGEEENNEEEE 10 showvs 22F-ELISA
antibody concentrations and percentages of subjects reaching the 0.2 ug/mL threshold
before and after 23-valent plain polysaccharide booster vaccination.

The opsonophagocytic activity was shown to be clearly improved for antibodies induced
with these 19F-DT formulations as demonstrated by higher seropositivity rates
(opsonophagocytic titers > 1:8) and OPA GMTs one month following primary vaccination
{Table 9). One month after 23-valent plain polysaccharide booster vaccination,
opsonophagocytic activity of 19F antibodies remained significantly better for children
primed with 19F-DT formulations (Error] Reference source not found. 11).

Errorl Reference source not found. 12 presents immunogenicity data following a 11Pn-
PD booster dose in toddlers previously primed with 19F-DT or 19F-PD conjugates
compared 1o a 4™ consecutive dose 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.

Error! Reference source not found. 13 provides ELISA and OFA 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 activity against 19A,

Tabled Pneumococcal conjugate vaccine formulations used in clinical
studies,

Formuiation Pneumococcal serotype pgicarrier proteln

1L3 | 4|5|65L7F|9v|14|15cj19r-'|23|=

AR+
mg
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avengel3l. 70101. 2083. 0082. 4087. 9085. 50 Pool

2007/ 071710PCT/ EP2006/ 069977

Wo 2060k 21e3 8. 83 8.73 14.98 Pool
127.0 104.4 95.0 113.6 114.2 Pool

WO

3average 21.85

4av epgfirraosnterr
Saverage 21. 38

Formulation Pneumococcal serotype uglcarrior protein AP+
1 3 4 § éB TF oV 14 18C | 18F | 29F mg
11Pn-PD 1°D | tP0 | 4PD | 4PD JPD | 1PD | 1PD | WPD | 1PD | 1PD | 1PD | <08
19F.DT Form 1 aPD | 3P0 | PD J APD J10DT | APD [ APD f 3D | aPD | DT | 5DT [ =035
19F-DT Form 2 3PD { 2P0 2PD | 3PD | SDT | IPD ZPD ) 2P0 | 2/PD | IDOT | SOT | <035
19F-DT Form 3 IPD | 3PDJIPD | APD JAPD ) IPD JWPD | 3PD J APD | ADT | 3PD | =05
Table 5 Speciflc a ion/coupling/quenching conditions of PS
S.pneumoniae-Protein DITT/DT¢onlugates
Serotype 1 3 4 5 6B 7F
Native phluid Native Native Native Native
PS 1.5 2 20 7.5 5.5 30
conc.(mg/mi)
PS dissolution NaCl NaC| 2M WF! WFI NaCl 2M | NaCl 2M
150mM
PD 5.0 50 5.0 5.0 5.0 5.0
conc.(mg/ml)
Initial PS/PD 10.7 "M i " (0] 11
Ratio (ww)
CDAP conc. 0.75 0.75 0.75 0.75 0.75 0.75
(mg/mg FS)
pH.=pH,=pH, | 9.0/9.0/9.0 19.5/9.5/9.0/8.8/8.8/9.019.0/2.0/9.01{9.5/9.5/9.0/9.0/9.0/9.0
Couplingtime | 60mins | 60mins | 45mins | 40mins | 60 mins | 60 mins
Serotype oV 14 18C 19F 23F
Native Native Native Native Native
PS 1.75 2.5 1.75 4.0 25
conc.(mg/mi)
PS dissolution | NaCl2M | NaCl2M WFI NaCl2M | NaCl2M
PD 50 5.0 5.0 5.0 5.0
conc.{ma/mi)
Initial PS/PD 1/0.75 1/0.75 1.2 1 171
Ratio (wiw)
CDAP conc. 0.75 0.75 0.75 0.75 0.75
{mg/mg PS})
pHe=pH.=pH, {8.5/8.5/9.0 |9.0/8.0/9.0 |9.0/9.0/9.0 | 9.5/9.6/9.0(9.5/9.5/9.0
Couplingtime | 60mins | 60mins | 45 mins 30 mins | 60 mins
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Table 6 Specific activation/coupling/auenching conditions of PS
S.pneumoniae-Protein D/DTconjugates for the 11 Pn-PP&DI-001 study
Serotype 1 3. 4 5 6B 7F
pfluid pfluid piluid ufluid ufluid Native
PS 4 2.0 25 7.5 10 3.0
conc.{mg/ml}
PS dissolution | NaCl 2M | NaCl 2M | NaCi2M | NaCl2M | NaCl 2M | NaCl 2M
PD 10.0 50 5.0 5.0 20 (DT) 5.0
conc.(mg/mi) NaCl 2M | NaCl 2M
Initial PD/PS 1.211 1/1 1M imn 1.5M1 1
Ratio (w/w)
CDAP conc. 1.50 0.75 15 2 1.5 0.75
(mgimg PS)
pH=pH.=pH, 19.0/8.0/9.0|9.5/9.5/9.0|9.5/9.5/9.0/2.0/2.0/9.0(9.5/8.5/0.0|  5/g/9
Coupling time | 60 mins | 60 mins | 60 mins | 60 mins | 60 mins | 60 mins
Serotype oV 14 18C 19F 23F
Native Native pfluid ufluid pfluid
PS 1.75 25 5.0 8.0 10
conc.{mg/ml)
PS dissolution | NaCl2M | NaCl2M | NaCl2M | NaCl2M | NaCi2M
Carrier protein 5.0 5.0 5.0 20 (BT 10 (DT)
conc.{mg/mi)
Initial carrier 0.75/1 0.75M1 1.2 1.5M1 1.5/1
protein/PS
Ratio (wiw)
CDAPcone., | 075 0.75 15 1.5 0.75
(mg/mg PS)
pHa=pH.~pH, [8.5/8.5/9.0 |9.0/9.0/9.C [9.0/9.0/9.0 | 9.0/9.0/9.0]|9.5/8.5/9.0
Coupling timeé | 80 mins | 60 mins 30 mins 60 mins | 60 mins
Table 7 Speclfic activation/couplina/quenching conditions of PS

S.pneumonliae-Proteln D/DTconjugates for the 11 Pn-PD&DI-0G7 study

Serotype 1 3 4 5 6B 7F
Native pfluid Natlve Nativa Native pfluid
PS 1.5 20 2 7.5 5.5 5.0
cone.(mg/ml)
PS dissolution NaCl NaCl 2M WFI WEFI NaCl 2M | NaCl 2M
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30.7 26.5 21.4 23.4 28.3 Pool l4average 28.78

27.67 26.23 21.54 24.34 13. 73 Pool 18Caver age
3P0 009en6 46.5 57.8 47.8 75.8 Pool 138 %Rs 669977
186. 6
150 mM
PD 5.0 5.0 50 5.0 5 10
conc.{(mg/mi)
Initial PD/PS 0.7/ 12 1 171 14 1.211
Ratio (wiw)
CDAP conc. 0.75 0.75 0.75 0.75 0.7% 0.75
(mg/mg PS)
PH,=pH.=pH, 19.0/9.0/9.0}9.5/9.5/9.0(8.8/8.8/9.0/9.0/9.0/9.0|9.5/9.5/9.0{ 9.5./9.5/0
Coupling time | 60 mins | 80 mins | 45mins | 40mins | 60 mins | 60 mins
—
Serotype oV 14 18C 19F 19F 23F
pfiuid ufluid Native ufiuid pfivid pfluid
PS 50 5.0 1.75 9.0 10.0 9.5
conc.(mg/ml)
PS dissolution | NaCt2M | NaCl2M WFI NaCl2M | NaCl2M | NaCi2m
Carrier protein 10 10.0 50 20 (DT) | 5.0(PDY 10
cone.(mg/ml)
Initlal carrier 1.2 1.21 1.211 1.5M 1.21 1M
protein/PS
Ratio (w/w)
CDAP conc. 0.5 0.75 0.75 1.5 0.75 0.75
(mg/mg PS)
pH.=pH=pH, |9.5/9.5/0.0 [9.5/9.5/9.0 |9.0/9.0/9.0 | 9.0/9.0/9.0(9.0/9.0/9.0 }9.5/9.5/9.0
Couplingtime | 60mins | 60mins | 45mins | 120 mins | 120 mins | 60 mins
Table 8 Percentage of subjects with 19F antlbody concentration = 0.20 pg/mL

and 19F antibody Geometric mean antibody concentrations (GMCs
with 85% C!; pg/mL) one month following 1ug 19F-PD, 3ug 19F-DT or
Prevnar {2ug 19F-CRM) primary vaccination {Total cohort)

11Pn-PD&DI-001 (22F-ELISA} 11Pn-PDRDI007 (22F-ELISA)
Group N | %2020pgmt [GMC(pgimL) | N [ %=20.20pg/mL | GMC (ugimL)
(95% CI) (95% C) (85% C1) (85% C1)
11Pn-PD 152 887 193 50 100 2,78
(953998) | (1.67-222) {92.9-100) (2.31-3.36)
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157.7 169.3 178.9 161.9 223. 2 Pool 23Faver age
4.98 3.9 5.11 0.57 3.13 4.57 Pool 19AGL. 1C 0. 4

o BoAbrAo21. 6 18.9 23.5 1C 0.2-0.6 26. 4- 40 p&r/ep2006/059977
20.6-30.6 17.5-28.7 15,1-23.5 195-28.5 %ser o 9304

19F-DT Form 1+ 146 99.3 2.88 - - -
(96.2-100) (2.45-3.38)

19F-DT Form 2 150 96.0 24} - - -
(91.5-98.5) (2.01-2.94)

19F-DT Form 37 - - - 50 96.0 370

(86.3-99.5) {2.58-5.30)

Prevnar 148 986 298 4 916 291

(85.2-89.8) | (260-347) {87.1-99.9) {2.15-3.94)

“"The composition of the different formulations is provided in teble 4,

Table 8 Percentaga of subjects with 19F OPA titer 2 1:8 and 19F OPA GMTs
one month following primary vaccination with 1ug 19F-PD, 3ug 19F-
DT or Prevnar (2ug 19F-CRM) (Total cohort)

11Pn-PD&DI-001 11Pn-PDADI-007

Group N 218 GMT N 218 GMT
{95% C1) (85% CI) (85% CI) {35% CIy

11Pn-FD 136 84,6 1.8 46 95.7 167.8
(77.4-90.2) {68.1-104.4) (85.2-89.5) (118.1-238.8)

19F-DT Fom 1" 137 936 2632 . - -
{90.7-98.4) {209.4-330.7)

19F-DT Form 2¥ -] 924 2189 . . -
(86.3-66.0) (166.5-287.9)

18F-DT Form 3 - - 49 .8 403.1

(80.4-97.7) (225.7-716.9)

Prevner 13 8.3 82.8 k) 816 85.0

{79.2-91.6) {61.1-111.6) (85.7-92.3} (37.7-112.2)

" The composition of the different formutations is provided in Error! Reference source not found.4,

Table 10 Percentage of subjects with 18F antibody concentration 2 0.20 pg/mL
and 19F antibody GMCs (ug/mL) prior to and one month following 23-
valent plain polysaccharide booster in children primed with 1pg 19F-
PD, 3ug 19F-DT or Prevnar (2ug 19F-CRN) (Total cohort)

11Pn-PD&DI-002 (22F ELISA)
Prior to booster vaccination One month post 23-valent PS booster
Primary group N [ %2020pgmL | GMC (ug/mi) N [ %2020ug/mk | GMC(pghml)
(95% CI) (95% CI) {85% CI) (95%CH
11Pn-PD 70 774 0.67 67 94.0 1150
(65.6-86.3) - | (045-0.98) (85.4-98.3) {7.76-17.03)
19F-DT Form 17 88 912 0.71 69 98.6 14.50
(81.8-96.7) (0.54-0.94) (82.2-100) {10.47-20.0
19F-DT Form 2 74 814 0.59 72 958 9.50
(70.3-89.3) (0.43-0.80) (86.3-99.1) {6.74-14.54)
Provnar 65 64,6 0.40 87 100 9.40
{61.8-76.1) 0.27-0.60) (94.6-100) (6.95-12.71)

 The composition of the different formulalions is provided in Error! Refgrenca source not found.4,

Table 11 Percentage of subjects with 19F QPA titer 2 1:8 and 19F OPA GMTs
prior to and one month following 23-valent plain polysaccharide
booster in children primed with 1ug 18F-PD, 3ug 19F-DT or Prevnar
{2p9 19F-CRM} (Total cohort)
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100% 100% 100% 100% 100% 22FGMC NR 3.99 3.76 6.27 8.70
18.76 IC 1.9-8.42 1.8-8 3.8-104 5.4-13.9 15.2-23.1
WePobr Bk P3% 100% 100% 100% 100% Exanpl e 18ermpaosmsssrs
I munogeniclty In Guinea Pigs of 13-valent P

conj ugates containing 19A-dPly and 22F-PhtD 5 G oups

of 20 young Guinea Pigs (Hartley Strain; 5 weeks old)
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2007/ 07 710P"T/(MO_8/_O@98:7)7 The 11-wsognt | vamscme

f qi'AAlat i onj s Cgaﬁ&%edrgégga% p@ achn de ofeeach

of - A ”g E } ugcf e ! Gl

P E%“"’%SSL- Ry PD) (p;ﬁ\,iPD 2N 99!; 1@@%]
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' sHssddd |undaisdiTapl e 2) (87740 13552416590 |
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& composition of t e IF E resics somea ot
conmen val ent vacci ne ol scusse Table 2

[using directly-conjugated 229). In group 2 and 4 the
priebledRysi Rercantagecof subjactsiwith antiodylcanicentraBbBS> 0.2 pg/ml,

t r eat ment, OiPh QMWB aaalnm@choml%g;:whor:th

f or mal dehy n

conj ugat e ng"g l%a%fﬁrfd@""é;ai%"? -CRIN{Tetakeohad)
(the constr A0%2007)  vas used. In
10_9grou ' 2 S _'-'" dipht heOCPARStan Yy 0 d ¢
0 PRy Foteilﬁ 2 MF '

A1

WETIBRROS e [ Tig TJTOT pgd et Y 75 6
ELLl SA IgG responsg.gaeunerat edsso I he ot h&n-wEiS MRIS5.5-481.9)

#EOFed 1l 1| #Ho| ed %%era.| Tabbe 177,2ZP§ | Ainogeni Fkdy
i \lnllna_ | L}I c n{91~ﬁ31001 nr st {2643 1 0G| evap - 3

! e SePVETE ;
pil § PRe 1 2 Gﬁw!ﬁ’ 3 (822-999) | (14474287
Prevnar 69 97.1 2.56 31 6.8 528.7

(809998 | (2033} (823989) | (3194-875.2)

¥ The composition of the different formulations is provided in Ervorl Reference source not found.4.

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

11Pn-PDADI-0N
22F-ELISA assay OPA assay
Group N %2020pg/mL | GMC(wgimk) | N %= 1:8 GMT
{85% Cl) (85% Ch) {95% CI) (85% Cl)
tHiPn-PD 45 289 0.08 52 1.7 5.2
(16.4-44.3) (0.07-0.11) {2.1-18.5) (4.0-6.8)
19F-DT Form 2 51 24 0.11 59 274 124
{17.5-43.8) (C.08-0.16) {16.4-40.3) (7.620.3)
Prevnar 55 18.2 6.10 61 33 48
(8.1-30.9) (0.08-0.12) {0.4-11.3) (3.8-5.6)

T The composition of the differant formulations |s provided In Error! Reference source not found.4
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GROUP 4 GROUP 5 GROUP 8 11V 0.1pg/501.41 Adj C 11V
19A-dPly gnbs 22F-PhtD 0. 1p9/50p1 Adj C 11V 19A-dPly

W #@o7eid6- Pht D 0. 1pg/ 50p1 kil j C 11V 19A- de’le?m&mGst
22F-Pht D- E 0.114/500 Adj C 11V 19A-dPly fornma

22F-Pht D-E 0. 1p9/50ul Adj C 11V 19A-DT 22F-PD 0. 1450p1
Adj C laverage Pool 78.00 77.21 76.15

Example 5: 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 § elderly Rhesus monkeys (14 lo 28 years-old) were immunized
intramuscularly (IM) at days 0 and 28 with 500 pl of either 11-valent PS conjugates
adsorbed onto 315 pg of AIPO4 or 11-valent PS conjugates admixed with Adjuvant C.

in both vaccine formutations, the 11-valent PS conjugates were each composed of the
following conjugates PS1-PD, PS3-PD, PS4-PD, PS5-PD, PSTF-PD, PSOV-PD, PS14-
PD, PS18C-PD, PS18F-PD, PS23F-DT and PSEB-DT. The vaccine used was 1/5 dose of
of the human dose of the vaccine (5 ug of each saccharide per human dose except for 6B
[10 pg]) conjugated according to Table 6 conditions (Example 4), except 19F was made
according to the following CDAP process conditions: sized saccharide at 9 mg/mi, PD at 5
mg/ml, an inital PD/PS ratio of 1.21, a CDAP concentration of 0.75 mgimg PS,
pHa=pHc=pHg 8.0/8.079.0 and a coupling time of 60 min.

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

Accorging 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 litres (Table 14). There was also supportive evidence that
the frequency of PS3-specific memory B celis is increased by the use of Adjuvant C
(Figure 2).

Table 14, Conjugate immunogenicity in elderly Rhesus monkeys (postdl opsono-
hagocytosls titres)

P31 PS3 PS4 PS6 Pian PBTF PaBY PS4 PSI8C PB1AF PB2IF
1-aiont [ Pre-imms <3 8 <A & L 1. <8 < =B L] <h
AIPO4
day 1époat it 3 13 o4 £9 84 4085 a2 7 163 64 <64
Hivalent | Preimmne [ L} <8 5 L x <8 <8 <3 <3 <
Adj-C
Jay 14 post i 78 13 81 ars 5208 16304 m 181 R 2048 <64




68. 77 68.59 81.04 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

W 20870346 age Pool 109.10 117.10 110.70 15?C§Q:§ﬁm%%T7
10140 6Baverage P0O01 3.14 4.26 14.4 7.63 6. .g
7Faverage Pool 154.2 218.0 240.0 181.0 142.0
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B Cell Elispot

The principle of the assay relics 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
memory 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 on Pneumococti and Pneumococcal
Diseases, April 2-6 2006, Alice Springs, Central Australia.

Specificities of immune responses against a serotype 3 pneumococcal conjugate,
Schuerman L, Prymula R, Poolman J. Abstract book p 245, PC10.06).

Example 6, Effectiveness of detoxified Pneumolysin (dPly) as a protein carrier to
enhance the imnmunogenicity 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 pi 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 pg (quantity of saccharide} of each of
the following PS: PS8, P512F, PS19F and PS22F,

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

The anti-PS19F rasponse, 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 aobserved for the anti-P38, 12F and 22F [gG responses (data not
shown).
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179.1 9Vaverage 90. 69 105.45 98.20 93.45 54.12 73.05
WO 2007/ 071710PCT/ EP2006/ 069977 Pool l4aver age

Wo 28707{nd8 46. 53 59.67 38.47 53.69 Pool PCT/EP2006/069977
18Caverage 109.4 122.3 137.1 79.9 73.7 um Pool

Example 7, Effectiveness of Pneumococcal Histidine Triad Proteln D (PhtD) as a
protein carrier to enhance the immunagenicity 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 pl of either 4-valent plain PS or 4-valent PhtD-conjugated PS, both admixed with
Adjuvant C.

Both vaccine formulations were composed of 0.1 ug (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-PS22F response, shown as an example in Figure 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 C57Bl mice of 13-valent PS conjugates
containing 19A-dPly and 22F-PhtD

Groups of 30 old C57BI mice {>69-weeks old) were immunized [M at days 0, 14 and 28
with 50 ul of either 11-valent PS conjugates or 13-valent PS conjugates, both admixed
with Adjuvant C (see below).

The t1-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, PSOV-
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 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 detoxifled with GMBS treatment, in group 3 and 5 it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate P8 22F, in
Groups 4 and 5 a PhtD_E fusion (the construct YP147 from WO 03/054007) was used. In
group 6 19A was conjugated to diphtheria toxoid and 22F lo protein D.

Anti-PS18A and 22F ELISA IgG 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 vaccine formulation
were shown immunogenic in old C57B1 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-lll |G levels})
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19Favenge 73.9 102.5 112.2 75.5 62.3 72.1 Pool
23Faverage 19.19 30.74 29.44 31.52 19.13 24.94 Pool

Kosdofndg 25.58 41.49 14.25 27.49 8.74 |1 C QcedarRoseser

12-54.5 24.4-70.5
Old C57 Black mice
ELISA GROUP1 | GROUP2 GROUP 3 GROUP 4 GROUP & GROUP &
11V 11V 11V 1v 11V 11V
19A-dPly | 19A-dPly 19A-dPly 19A-dPly
gmbs formol gmhbs formol 19ADT
22F-PhiD | 22F-PhiD | 22F-PhtD-E | 22F-PhiD-E | 22F-PD
0.1pg/50pl | 0.1pg/50ul | 0.1ug/S0u 0.1pg/50pl 0.1pg/s0ul | 0. 1pg/50u!
Adj C Adi C Adi G Adj C Adj C Adi C
1 average 19.30 20.20 24.40 12,80 12.10 13.60
Pool
3 average 6.32 4,84 521 6.74 2.38 254
Pool
4  average 60.9 87.1 51.4 47.4 45.5 1.4
Pool
5  average 1.34 3.81 3.08 2,78 1.28 123
Pool
6B  average 4.41 412 5.88 1.58 2.31 5.64
Pool
7F  average 0.83 0.81 1.685 1.98 0.89 0.99
Pool
9 average 13.8 23.7 20.0 131 15.5 9.6
Poal
14 average 25.73 4296 34.12 32.53 23.97 15.60
Pool
18C  average 13.4 201 11.9 8.1 8.3 8.4
Pool
19F  average 57.5 90.0 63.8 36.5 47.0 89.1
: Pool '
23F  average NR NR NR NR NR NR
Pool
19A GMmc 0.06 0.09 0.25 0.08 0.23 0.19
Ic 0.04-0.1 0.05-0.14 0.15-0.41 0.06-0.12 0.14-0.38 0.09-0.3

67




10

15

20

25

5.9-34.8 18.8-45.4 4-11.3 ¥%sero 75% 100% 100% 100%
100% 100% 22FGMC 0. 12 2. 51 3.67 45.74 30.88 98.33 IC

K RoFb7ike 0. 944. 73 1.59-8.42 29. 3-71. 4 17- SBcBrpr2006/069977

73.5-128.4 Y%sero 10% 95% 95% 100% 100% 100%
11: Fornul ati ons being made and tested a) The
follow ng formul ati ons are nmade (using the 13 val ent

vacci negfLom f akbe 1| angqgserot y3g 3 |f r oggt ab

Exanpl e

€ 3o S9€ 7ay

I'a Iag P4

C OTZRNT dé?':raect valgnt arSEusyed oeT .
1

VagTrme
[ Wsi ng y-conj ug@_f:ﬁ)gg 22F1‘Q;.9t rrng_ ,an

| | nked) gsold1e Bacghar| degear e f gpgul gt edpwi t h

417 .
al gy ni ym

202
1.2-3.4
97%

phosphat e and 30- VPL_as snown ber ow. 10 T
SAC Al um nium 25ut ONL -> | F

SUlT Of

Example 9, Immunogenicity In young Balb/c mice of 13-valent PS conjugates
containing 19A-dPly and 22F-PhtD

Groups of 30 young Balb/c mice (4-weeks old) were immunized IM at days 0, 14 and 28
with 50 ul 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 saccharide of @ach of the
following conjugates: PS1-PD, PS3-PD, PS4-PD, P85-PD, PSGB-PD, PS7F-PD, PSov-
FD, 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 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 pneumnolysin carrier was detoxified with GMBS treatment, in group 3 and § 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 PS was measured in pooled sera.
19A-dPly and 22F-PhtD administerad within the 13-valent conjugate vaccine formulation
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 immunogenicity in young Balb/c mica (post-lll igG levels)
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BalbC mice
| ELISA GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP &
1"v 11V 1MV 11V 11v 1V
19A-dPly 19A-dPly 19A-dPly 19A-dPly
gmbs formol gmbs formol 19A-DT
22F-PhtD | 22F-PhtD 22F-PhtD-E | 22F-PhtD-E 22F-PD
0.1pg/50p! § 0.1pg/50p1 | 0.1pg/50pl 0.1pg/50ut 0.1ua/50ul | O.1pug/50u1
Adi C Agj C Adi C AdiC Adj C Adj C
1 average 131.70 101.20 83.00 82.40 67.90 85.50
Pool




141131 M Sam ORAC Al um ni um Per

MPI -

magma -> FP

Jose: Pr-Doom cool ant PS carrier pg PS pg AW
Wiﬂﬁ?ﬂﬁﬁl@\' I/x pi Al PS carrier pg PS pg W’fmpzooﬁ/omsw
mioPS/A1 1 Ix Az | PD1 10 10 1 PD 1
3 average 21.8% 10.38 12.53 8.33 8.73 14,98
Pool
4  average 147.4 127.0 104.4 95.0 1136 1142
Pool
5 average 21.38 20.29 18.26 1885 18.02 23.04
Pool
6B  average 1.97 4,76 a7 235 1.43 1.05
Pool
TF  average 7.69 458 477 424 392 3.84
Pool
9V  average 30.1 30.7 265 21.4 234 28.3
Pool
14 average 28.78 27.67 26.23 21.54 24.34 13.73
Pool
18C  averape 534 52,37 46.5 57.8 47.8 758
Pool
19F  average 186.5 187.7 169.3 178.9 181.9 223.2
Pool
23F  average 4.98 39 5.11 0.57 3.13 4.57
Pool
19A  GmMmc 0.4 328 25.1 218 18.9 235
Ic 02-06 | 254407 | 20.6-306 17.5-26.7 15.1-23.5 19.5-28.5
S%garo 83% 100% 100% 100% 100% 100%
22F GMC NR 3.99 3.76 6.27 8.70 18.7¢
Ic 1.8-8.42 1.8-8 3.8104 5.4-13.9 15.2-23.1
%sero 0% 83% 100% 100% 100% 100%

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

Groups of 20 young Guinea Pigs (Harlley Strain; 5 weeks old) were immunized IM at days
0, 14 and 28 with 125 pl of either 11-vatent 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, PSEB-PD, PS7F-FD, PSOV-
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 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 pnenmolysin carrier was detoxified with GMBS treatment, in group 3 and 3 it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate PS 22F, in
Groups 4 and 5 a Ph{D_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 fo the other PS was measured in pocled sera.

Table 17, PS immunogenicity in young Balb/c mice (post-lll 1gG levels)
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Guinea pigs
ELISA GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP 6
v 11V 11V 1V 11V 11V
19A-dPly 19A-dPly 19A-dPly 19A-dPly
gmbs formol gmbs formol 19A-DT
20F-PhtD-
22F-PhtD 22F-PhtD E 22F-PhtD-E 22F-PD
0.1ug/50ul { O.1ug/50ut | 0.1pg/50pt | 0.1pg/50u | 0.1pg/50p1 | O.1pg/S0p!
Adl C Adj C AdiC Adi C Adi C Adj C
1  average 78.00 77.21 76.15 68.77 68.59 51.04
Pool
3  average 7.5 9.31 1273 7.94 4,75 9.59
Pool
4  average 130.7 94.4 132.8 166.8 85.0 101.3
Pool
5  average 109.10 117.10 $10.70 158.40 74.10 100.40
Pool
6B  average 3214 4.26 144 - 7.63 6.3 7.52
Pool
7F  average 154.2 218.0 240.0 181.0 142.0 179.1
Pool
9V  average 90.69 105.45 98.20 93.45 54.12 73.05
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60 PD1 10

tO71, PD1 tO10 71' PD1 10 10 v PD 1 10
WO 2007/071710 PCT/EP2006/069977
Pool
14  average 7119 77.18 48.53 59.67 39.47 53.69
Pool
18C  average 109.4 122.3 137.1 79.9 73.7 83.1
Pool
19F  average 739 102.5 112.2 75.5 62.3 72.1
Pool
23F average 1919 30.74 29,44 31,52 19.13 2434
Pool
1A cmc 0.4 25.58 41.49 14.25 27.49 6.74
ic 0.24-0.88 12-54.5 24 .4.70.5 5.9-34.6 16.6-45.4 4113
%sero 75% 100% 100% 100% 100% 100%
22F cmc 0.12 2.3 3.87 45.74 30.68 96.28
Ic 0.09-016 | 0.94-6.73 1.50-8.42 29.3.714 17-53.3 73.5-126.4
%usero 10% 95% 95% 100% 100% 100%

Example 11: Formulations belng made and tested

5
a) The following formulations are made (using the 13 vaient 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 below.
10
14V MP 1dv
Swen of BAC Atuntiniom content > FF Sum of BAC Alumbsivm costent -> FF
Ps caamier ng ks P.:.llfl. mliol':fml ng Al PS carrior ugP3 lﬁ mio ?‘S/A.I g AL
FD M 16 FT 1
PD 10 PLX 1
4 FD 30 4 D J
5 PD 10 5 D 1
[T [57) 10 6A PD_ 10 10
&8 FO__ 10 ] ED 10
¥ FD [T] IF D } 10
9V FD 1D v P13 in
14 D 10 10 14 FD 10 10
|_18C Tl 15 45 RC TT, 15 45
[_15A 10 30 A aPly i0 30
9F DT 10 30 9F DT 10 30
2F PitD 10 30 Phtd 3 10 30
2F PD 10 10 23F PD 1 10 10
BAC MPL 50200 25 4 100 BAC MPL 50,200 10 4 40
FF Alemininm Sum = 155 FF Alumirium conlcal Sum = 99
canbent
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b) The same saccharide formulation Is adjuvanted with each of the following adjuvants:

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

Adjuvant A1 Adjuvant A2 Adjuvant A3
Ingredients 250pt ofw 125u] o/w 50ul o/w
emulsion emulsion emulsion
alpha 11.88mg 5.94mg 2.38mg
Tocopherol
Squalene 10.7mg 5.35mg 2.14mg
Tween 80 4 85mg 2.43mg 0.97mg
Adjuvani A4 Adjuvant AS Adjuvant A6 Adjuvant A7
Ingredients 250ul o/w 250ul ofw 125ul o/w 50ul 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 25pg 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

- cholesterol 0.26 mg

3DMPL 50 ug

Q82150 ug

KH2PO4 13.124 mg Buffer
NazHP04 10.280 mg Buffer

NaCl 2922 mg

(100 miM)

WFI q.s. ad 0.5 ml Solvent

pH 6.1
1. Tolal POs concentration = 50 mM

Composition of Adjuvant B2

Qualitative Quantitative (per 0.5 mL dose)
Liposomes:

-DOPCO0O5mg

- cholesterol 0.125 mg

3DMPL 25 pg

QS2125 19
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Rid 2ho7/071710 PCT/EP2006/069977

KH2PO413.124 mg Buffer
NazHPO4 10,290 mg Buffer
NaCi 2.922 mg

(100 mM)

WFi g.s. ad 0.5 m! Solvent
pH 6.1

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

Qualitative Quantitative (per 0.5 mL dose)
Oil in water emulsion: 50 pi
- squalene 2.136 mg

- a-locopherol 2.372 mg

- Tween 80 0,97 mg

- chalesterol 0.1 mg
3DMPL 50 ug

Q52150 pg

KHz2PC4 10.470 mg Butfer
NazHPQs 10.219 mg Buffer
NaCl 4.003 mg

(137 mM)

KCI 0.101 mg

(2.7 mM)

WF1 q.s. ad 0.5 ml Solvent
pHES8

Example 12, impact of conjugation chemistry on 22F.PhtD conjugate
immunogenicity in Balb/ec 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 ug saccharide / conjugate for the other PS),

PS 18C was conjugated to Tetanus Toxoid, 19F {o Diphteria Toxoid, 19A to formol-
detoxdfied Ply, 22F to PhiD and the other PS to PD.

Two formulations, constituted of either 22F-PhiD 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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Groups of 40 female Balb/c mice were immunised by the 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 / conjugate for PS 4, 18C, 18A, 19F and 22F and 0.1 pg /
caonjugate for the other PS).

PS 18C was conjugated to Tetanus Toxoid, 19F to Diphteria Toxoid, 19A to formol
detoxified Ply, 22F to PhiD and the other PS to PD. See Example 2, Table 1 and
comment under Table 2 for characterstics of 13 valent vaccine made with 22F directly
conjugated.

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

Anti-PS, Ply, PhtD and PD ELISA IgG levels were measured in sera collected at day 42
and pooled per group. The following ratio was calculated for each antigen: 1gG 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
conjugates compared to the classical AIPO, formulation (figure 7).

Example 14, protective efficacy of a PhtD/detoxHietd Ply combo in a pneumococcal
monkey pneumonia model

Groups of 6 Rhesus monkeys (3 to 8 years-old), selected as those having the lowest pre-
existing anti-12F antibody levels, were immunized intramuscularly at days 0 and 28 with
either 11-valent PS conjugates (i.e. 1 ug of PS 1, 3, 5, 6B, 7F, 9V, 14 and 23F, and 3 pg
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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GOResIT#en of Adj uvant B Qualitative
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ng - cholesterol 0.25 ng 3DVPL 50 pg Q@S21 50 pg 20
KH2PO4i 3. 124 ng Buffer Na2HPO410. 290 ng Buffer NaCl
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d(yaezjneaﬂl famntammre supdmaeﬂwﬁhadagantochol esterol 0.125
3DVPL 25 pg 821 .25 pg KH2PO413. 124 Buf f er
NGPYPESF rognosges fRyTOBsefi) ware joaelatenl in she right 'mm danf2. Spiopies
5 g.vere emin®d T brbnchehiveitr lqsvagbs cdlledipd Bheays ac 8 land 7 gest-cadlienge.

g roiTe! Sraite el AR df PR B HHSin! e el uno
nB'i‘fe&t"i'%af%ﬂﬁéH?ﬂ%fPr 'B%r 0.5 nL dose) Gl in

ey ohe ol Bed %3%”“’*3@3”@4&6‘9%&3%@3%% (despte th tow
IS & Bty SparhyaS 3pisios o TR catjogsipsyengliess FUR 145

10 npoiBbg fperd. 120Fidtel EO14). cBrhBareto BiefatjgvanNalttle gdoup03 ny
(137 mMV) KCI 0.101 ng

Example 15, impact of conjuqation chemi on the anti-PhtD antibody response
and the protective efficacy against z type 4 challenge Induced by 22F-PhtD

conjugates

Groups of 20 fernale OF 1 mice were immunised by the intramuscular route at days 0 and
14 with 3 pg of either 22F-PhiD {prepared by direct CDAP chemistry) or 22F-AH-PMD
(ADH-derivitized PS), or the adjuvant alone. Beth monovalent 22F conjugates were made
by the processes of Example 2 (see also Table 1 and Table 2). Each formulation was

15

20  supplemented with adjuvant C.

Anti-PhtD ELISA lgG levels were measured in sera collected at day 27.

Mice were challenged intranasally with 5.10° cfu of type 4 pneumococci at day 28 (l.e. a
25 pneumococcal serotype not potentially covered by the PS present in the vaccine
formulation tested). The mortality induced was monitored until day 8 post-chalienge.

22F-AH-PhtD induced a significantly higher anti-PhtD 1gG response and better protection
against type 4 challenge than 22F-PhtD.
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(2.7 M) 25WFl g.s. ad 0.5 m Sol vent pH 6.8 Exanple
12, inpact of conjugation chem stry on 22F-PhtD
conj ugate i munogenlcity in Balb/c mce 30 G oups of
30 female Balb/c mice were imgunised by the
intramuscular (IM route at days 0, 14 and 28 with
13-valent PS fornul ations containing PS 1, 3, 4, 5,
6B, 7F, 9V, 14, 18C, 19A, 19F, 22F and 23F (dose: 0.3
CLggﬁsaccharlde conjugate for P54, 18C, 19A, 19F and

and 0.1 ug saccharide / conjugate for the other
PS) . PS 180 was conjugated to Tetanus Toxoid, 19F
tb DiAsrimenncgenioseaipesition oanariging 6erI"GE"aaé%%%ii’fsia%fdafﬂef"“luga‘es from
22F tsaroBbédDignahd oF whdner 18Sist @njefatedlaoa fisr bactegitli toxpdd and 19F is
c g NStdobitkard 19F s8ohdSicteda Eczx@’ataa‘i Rhﬁ&_&brﬁdislgy ;%%)i Uges oBAReumoniae
c em r - ize , were

C%és(rﬁ'}ér gtéh%@g%éggg'?ﬂégﬁeﬁ%ﬁg# ‘comment under
Table 2 for characteristics of 13 val ent vacci ne nade .
e?-t hehe igrmunogepic cainpasition §f claish)] wpatiete fist Rapiarial FpxQighis 2 different protein
spacas the Shendmeririsi@xhor nul ati ons were suppl enented 40
with adjuvant C. Anti-PS22F ELI SA 1 gG | evel s and
insonl%e %&éf&ccb%lnéosg %%B%IM@{ EL %Ur'h&’gmb @0@@5@3 of 8. pneumoniae
col l ecte Al-1-PhtD was shown nuch nore
|ﬁﬂUﬁﬁ§@ﬁfﬁ“ﬁﬁ Din terns of both 1gG|levels
(figure 5) and opsono phagocytic titres (figure 6). 5
Ex anpihe isiBunopenracdmpodition esfvciaidis uvd furtier axamprising reo §ewrleginenjae capsular
of St&heahRreeReGUBIsPNeUNnDni ae capsul e PS conj ugat es
C}oups of 40 female Balb/c nice wer e i muni sed by the
For i oT e aionn oy pae 5P b SomgishE S ginapiae capsur
18C, Sf%af'dEQFWMF*Gand 23F ( dose: 0.3 pg / conjugate
for PS 4, 18C, 19A, 19F and 22F and 0.1 pg / conjugate
for tihe imhitRienRQomp&itiod SCaryatecéiy dd)@ v tidthdredompiises one or more

Toxoi I A to forrnol -
det oxLlﬂ gge{&CRQ%E§ gl p?’ehtiﬁ%%g%gmtteﬂhag other PS to PD

See Exanple 2, Table 1 and 15 comment, under Tabl e
for chaiBrEnessns Gopeossion ¢hriaim Barerep-atd e ohuae W’P?ﬁ*mzﬁ"ﬁe proteins
di r ectrd yelestedjfragaitolycHistiBipe Tridgdofemid EhiXb Boling (Bindine iegigie éhmily (CbpX),
Wit h adipk @hcatd, A tamil, UptR irunclles, G Wrvadate-LAKX t@uncate chimeric proteins,
adj uy APApRPsan, SphSH Bp1d®, spirhd/ spf28lakl §5da.
PD ELOI%%}&%%%&EW%”?V\H e rrleasur'y(gi(JlBt [ ?1 serpa cofl ect eg@lat
day 42 20 and pool ed per group. The follow ng rati _
vias AP ERPuReeaRIceaPPaseof apk 9 gai 8 9 g C‘éhicgﬁ‘é“p”'f‘%&f @dem‘e'"'
wWith the new adjuvant tested / 1gG |level induced wth
APO, . ThAlihmindgenfessmadtitiay actbint es argythrécaggalad waltch figihertcomprises an
2-fol gitdwe i mrune responses to 13-val ent conjugates
conpared to the classical AlPO4formul ation (figure 7).

npl e 14. protective efflca%% of a P tlhbletOX|f|id
pﬁoy "o asging ﬁorapfﬁﬂ%m?owegﬂemz TR ohAMLSN? By & 10 9 and a
G ouprhaiglcaitiRicargeptablerskeyent. (3 to 8 years-ol d),
sel ected as those having the | owest pre- existing
afit | -Al Qbcedd ol pl@ﬂr}@ th&V&kifie ad¥BldMg tdFIaNA 118 &Rich comprises the step of mixing

i ntr QWMP% % c%péi@)‘r?‘ opar?rl:ﬁl §%§nswf Io 9 Witﬂ Q%’ha%céﬁ%aﬁptaoceptable

PS conj.u

and 2§é?g5nd 3 pg 30 of PS 4, 18C and 19F [of
saccharide]) or PhtD (10 jag) + fornol -detoxified Ply
(10 pg) or the adjuvant alone. PS 18C was conj ugated
to Tetanus Toxoid, 19F to Di phteria Toxoid and the
other PSto PD. See Exanple 2, Table 1 and conment
under Table 2 for characteristics of 11 val ent
vaccine. Al formulations were suppl enented with

adj uvant C. Type 19F pneunococci (5.108 cfu) were

i noculated in the right lung at day 42. Colonies 5
were counted in broncho-al veol ar | avages col |l ected at
days 1, 3 and 7 post-challenge. The results were
expressed as the nunmber of animals per group either
dead Iung colonlzed or. cIeared at day 7 after
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30 76 CLAIM5S 1. An inmunogeni c conposition conprising
S. pneunoni ae capsul ar sacchari de conjugates from
serotypes 19A and 19F wherein 19A is conjugated to a
first bacterial toxoid and L9F is conjugated to a
second bacterial toxoid and further conprising
conjugates of S. pneunoni ae capsul ar sacchari des 4,

6B, 9V, 14, 18C, 22F and 23F. 2. The i nmunogenic
conmposi tion of claim1l wherein the first bacteria

toxoid is a different protein to the eco
1% xi He uge o%wwag p85|Eq9er5%chE1? cal 5 P‘{g 9. o@%c?ﬂ Qtlcla!m 10in

f ur t hemaodaqure Sf Agnasisanend 4ardie Hpatrmpent ﬁhé’iﬁh%'ﬁ‘?rh%f diseases causad by
capssteplocGoganatmdahas inlectidn. and 7F. 4. The i nmunogeni c
conposition of clainms 1-3 further conprising a S.
pneunoni ae capsul ar saccharide 3 conjugate. 5. The

i mmunogeni ¢ conposition of clains 1-4 further
conprising a S. pneunoni ae capsul ar sacchari de 6A
conjugate. 6. The i mmunogeni c conposition of any
precedi ng clai mwhich further conprises one or nore
unconj ugat ed or conjugated S pneunoni ae proteins. 7.
The i mmunogeni ¢ conposition of claim®6 wherein said
one or nore S. pneunoni ae proteins are selected from
Poly Histidine Triad famly (PhtX), Choline Binding
Protein famly (CbpX), CbpX truncates, LytX famly,
Lyt X truncates, CbpX truncate-LytX truncate chineric
proteins, detoxified pneunolysin (Ply), PspA PsaA,
Sp128, Spl101, Spl130, Spl25 and Spl33. 8. The

i mmunogeni ¢ conposition of any of claim®6 or 7 which
conprises a PhtX protein. 9. The i mmnogenic
conposition according to any preceding clai mwhich
further conprises an adjuvant. 10. A vaccine

conpri sing the inmunogeni ¢ conposition of any one of
claims 1 to 9 and a pharmaceutically acceptabl e
excipient. 11. A process for making the vaccine
according to claim 10 which conprises the step of

m xi ng the i mmunogeni c conposition of any of clains 1
to 9 with a pharmaceutically acceptable excipient. 77
12. The use of the inmunogeni c conposition or vacci ne
of clains 1 to 9 or vaccine of claim10 in the

manuf acture of a medi canent for the treatnent or
preventi on of di seases caused by Streptococcus
pneunoni ae i nfection.



