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Figure 8 Bar chart showing the protective efficacy of
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mut ations disclosed in US 4209017 or US 4950740;
mut ati on of at | east one or nore residues Lys 516, Lys
526, Phe 530 and/or Lys 534 and ot her nutations
di scl osed in US 5917017 or US 6455673; or fragnent
di scl osed in US 5843711, pneunococcal pneunolysin (Kuo
et at (1995) Infect | mun 63; 2706-13) 25 Incl uding
ply detoxified in sone fashion for exanple dPLY-GVBS
(WD 04081515, PCT/ EP2005/010258) or dPLY-fornol, PhtX,
I ncludi ng Phl A, PhtB, PhtD, PhtE and fusions of Pht
proteins for exanple PhtDE fusions, PhlBE fusions (WO
01198334 and WD 03/54007), (Phi A-E are described in
nore detail bel ow) OWPC (neni ngococcal outer nenbrane
protein - usually extracted fromN nenlngitid)s
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In an enbodi nent, the Streptococcus pneunonl ae
saccharide is conjugated to the carrier 5 protein via

a linker, for instance a bifunctional l|inker. The

linker is optionally heterobifuncfional or

honmobl functi onal, having for exanple a reactlve am n

gr SlipeamenaeT e vacgiae CEDLEXYPISE Hei'ld JPolp, 12 OFe%‘?cP?Wated
amisacchgides psd 1, 11,W0, 9, 8act, |reeeec1m|3bmngdnjugatataaadct@nmps

The I'inker has for exanple between 4 and 20, 4 and 12,

5 and 10 carbon atons. A possible |inker is ADH. O:her

| i r'ﬂke?%emtr?eWa@hemﬁv'@aﬁ"bﬁgffﬂ%ccewqwi@%wjunowc composition
8ni tor tp lremitlon elilhyd sefecied frGalyeciolloatingadercfyb8d 9)2, BE4l.5, 6B, 7F, 8, 9N,

M Gg0RpQ1 444 WHF'”PJ 15%657F 31%35 2&3)20 Es’z‘# %'Fké(rld b icflfsugn it is
( US4057685? I'ycosidic i

us#Begdeiey ¢ ham*ﬁgh@voat@ﬁ?%@vefﬁ &O%d é“rﬁ%t&ﬁﬁf} girendiog g the age of
( US4A682&16 receiving tue vestinedndrinn igeoghdpihichisocatemdvhase the Vacnikewil be
for dfamme%ab 'Rngeraﬁsecémbw Be feRERSET AL YRe FLBGanipl, an 10-valent

enb | ment 'S used a |1 nker for canjugatin

Os o VBT oY cpwaw'ﬁesoe%ﬁcyfpfé'dezf@m 3098 1o dt Ry T dy: 14 16C, 19F
comnndigaR. esn pr-eseniadcine hieg alsminsiudeg eavctarides s istrotypes 3.0 12 or
thesi vglgﬁrﬂaba i@ e v&rcﬁgaﬂa?dalﬁym&% #8949 ¢QURNeh N brmulation

t echni The conj ugati on_ret 3{ relry gn

actsP P?dd‘f"hﬁ?éot@g éﬁam a?g Varlﬁﬁ and 15B, or'22F and 15B, whereas a

1- dgp-anientdeldtrigetabgiheamaponghde i ttle il uvalene forafilbiicor elppkeateed with
15( C@é%’)ypésoa EHH fQFaorCQ’ Qﬁba#@ 8sk ‘éﬁd 22@"‘% ?é‘ﬁén\éafsﬁdor 12F and 22F, or

sacchari d pl e irectl T%(
paBRreng | 22Fkar Y AR Boecin ekt g e dhe dReleR Prragtion
pr absribed dbove suppiepbiied witheseqhpee rsemiypksl3.(64, 8asd a2fi; nerolypes 3,
CY ShERHI NG 250 oBlo¥ s 8hia0haH & Bp) ysacchari de whi ch
coul d be coupl eo?to the carrier via a thloether
I i nkage obtained after reaction with a

20malTed mModpesitiany it exk @abodimentpindtdes ncapbdar eaahquides weiiveg from
GVBRhiypés A 4h§'e@aﬂ£W' iy Q8k, G9E 5h@£3F§5.%¥eebw ok Bgal. aFR frther

usi ng 1 odoacet m d g % oacetim e Q;}J {
N- EEReTRETOHe %"t'a? h!s %éﬂ a? %ﬂdeentﬁaens (Frefasphly cgyjugated) are
SBAfRpdedRfoe el sapsitidreachantas derved om ¢aptypesriabl 4/ STERIEF, 9V,

by @Dﬁﬁ CIB?'Ené%V) 1h S RAP eRfbodinbh d@qmmeer@tbmt né%sP"l2 or 13
he am no-derivatised saccharide is corJ1 ?ﬁ
Re ((:‘apsular

25t os?‘}’?Ba"E’Sr?’]t'E‘?“s Bt BFlHFegs Mg eaPoal Yaﬁ‘?"bf‘e M. &
or s&RBrides derived irgm veratyesdaB.bio kysA, §BolH 984t heC, pn & endn23F or

Ca'béds§|%r sa'é&%hdé‘s%hdég%ﬁ%e:% esd\e§04 isbgd 7E P4l 18C. 19F, 22F and

1 sh e appl 1 cat | on L forne é?rv
el Eeﬁaermc@eﬁdeepmﬁéorgw%%ef%%@ Gpes 1.2,
suBHak&l % t'r'éc!h 1INQU& 4 OASIdA CERIFb B i SBri @R S BChiedy 89, d@22F, 23F and
oaC%Bl?ear@%@E&teﬂﬂ%&cﬁyaﬁbedlscl%surﬂ' trobenzoic acid,
roxysu00|n|n1de S-NHS, EDC, TSTU. Many are
descrlbed in WD 98/42721. Conjugation may involve a
carbonyl [Iinker which may be fornmed by reaction of 35
a free hydroxyl group of the saccharide with CDI
(Bethell et al J. Biol. Chem 1979, 254; 2572-4,
Hearn et at J. Chromatogr. 1981. 218; 509-18) foll owed
by reaction of with a protein to forma carbamate
| i nkage. This may involve reduction of the anoneric
termnus to a primary hydroxyl group, optiona
protection/deprotection of the primry hydroxyl group
reaction of the primary hydﬁbxyl group with CD' to
forma CDI carbamate 5 internediate and coupling the
CDl carbarnate internmediate with an am no group on a
pr ot ei n. The conjugates can al so be prepared by
direct reductive am nation nethods as described in US
4365170 (Jennings) and US 4873574 (Anderson). O her
met hods are described in 10 EP-0-161-188, EP-208375
and EP-0-477508. A further nethod involves the
coupling of a cyanogen brom de (or CDAP) activated
saccharide derivatised with adi pic acid di hydrazi de
(ADH) to the proteln carrler by Carbodlln1de
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I ndirect coupling via spacer (linker) approaches:
Saccharide-OH + CNBr or CDAP --> cyanate ester +

W27 > saccharide---- 5 NH2 + COOH+ Prpt

-Bé c?ﬂﬁugate Saccharl de-OH + CNBr or CDAP -> cyan@%yﬁ
ester + NH2--SH -> saccharide--SH + SH Prot (native
Protein with an exposed cystelne or obt ai ned after

|f| catl of an s
for ing I1z?mnce 9'9'°§ s'gl‘(':e '?ﬁ'q%ﬁggé 8%5?98‘8*"6#
+ igfRiEIZoe (seCBBFER 05846103n H@@?@Qf&le rnﬁuem@s Sley causative organism
Séw%h%ﬁh&% Sht mermésehm@ato@r bve @m fathﬁ&dd@ﬁ tRié pRREINA a

LB iR PR i prof S ol S b g o
15"@&'!26%6%‘%*% mwp dfefarense PORT lngtarmo's)aclo toae iegnbodin®mi the
ED&&mb Mﬂaosnihmom ssaﬁﬁtwmdm ond\bkpedt, PDA prosdat a1 Qirier

G bR SR it B i i

ei’b@g WE?/?HW@“@F adise H’PW@d "'h? {“@Pe’ ATREFY pretainiCom 9’81*9“‘ both
arss acagjerquqiain ofd dsiee pfotdirEI Riatélly D SiyBe ussd dsnagtiBeR®) prot2in or

S [

%%h@éﬁwg{? g&é%%gjgﬁr I } _‘ﬁﬁtgé_ AspIRE, F%ﬂ %gg‘ﬁ a32 carrier protein
( e T o egech @cﬂﬁ Jraggf ke saccharides may
Sdve chrjugated GOk P. m&saew-ﬁeteiﬁsa may alsShe prhgant asdre&ptotein.
hal oacet yl at ed- Prot --> Conjugate 30
Sacchar i de- Al --a sacc - - NH2 +
SR VA e enEmieglin. rPHRen Y, b PG ALBte D oo carer
alpeein. Bl tyngi of goyrier peetein gy apk @@amyfob@omtw one| saccharide,
S WWHIEB E¥achdriags hasiRIhefam oP difdréht. CRdr Bkeiplel &%ﬁ;@ab afd By be

sac%ﬁ@\éﬁ ar e egér%mer ymt% it her?‘%mggéjrﬁés g\%%'motf ca'ﬁe grotein or to

r é’ng@D'é@e'ec”'ew-W‘%ﬁaﬁﬁﬁéfﬁ?ffRﬁ?te‘i‘ ni8 PameBbadineats o F'@feai'f@mm
glstitcharides may be copfubate® theosathe Satrign wot@s, dithdr [ahe aame mblegule
( foPEan‘.e? ?Jo@m%‘?to%e%\ﬁﬁh&écﬂ@s Bﬁ‘%l SIHE Sarrict ﬁPJlé?rf erably the
rat1o of carrier protein pneunoni ae sacchari de
is between 1:5 and 5:1; e.qg. betmeen 1:0.5-4:1,

1:Ebe!8 SBepiocodcu® pheuBroliipe tapsuldr sacSafde wmaybe botjugeted td aZarrier

anghietn Rdebendbntly saggﬁd’zfa&n (&/4Mp %drnﬁse!ﬁa B ofTH 061 cRaMart tfbgment c
ok 3 bpC EnbRTR BeRERL vese soecaiuRl i Wb, fuslyy hEivo

t G354 h defoxfedt pnaymadlysincand corasein Dhatherliban daccifagde o rgrblgne
1.4d¢ Jvhlcﬂ-bs%lwkys éenﬁgﬂted #.0F 1, 1.5:1 or 1.6: 1A rde éhplete list

dlne St e unopni a cchar |
g e e gy e e R
CDAP and EDAC For exanple 18C or 22F may be
C Ointhel gediaidl carderds (theotagrienfor  dor andrd Bdceiarifiésoin the aorphosition, the

t Qg&ﬁaaefias Bouid\Be 6l 0P 1Ha! BHE Sncldcute Lo? trf‘eng&eﬁ%nlela&aﬂér

scr

" Pilesyi®s g dimoR diimntspomndis St AT e & dimmee wo
s A/6832611d Alteraptizely the Rasehasivrs nEpAEshheysepaietply paniugated)tordifferent
C Oiisd@es &F tidYRothih Bifdr (§h MoREWS 6 photéi car:ﬁﬁrlb_ﬁf/ Emdg\dab wﬁe of

irst to conjugate the linker to the
préﬁgln ugﬁpgégghﬁch CDAP nay be used to conjugate the
linker to the saccharide. 20 In general, the
I mmunogeni ¢ conposi tion of tghe i nvent i on may conprise
a dose of each saccharide conjugate between 0.1 and
20pg, 1 and 1014 or 1 and 3ug of saccharide. In an
enbodi nent, the immunogeni c conposition of the
i nvention contains each S. pneunoni ae capsul ar
saccharide at a dose of between 0.1-20ug; 0.5-1014;
0,5- 5pg or 1- 25 3pg of saccharide. In art
enbodi nment, capsul ar sacchari des nmay be present at
di fferent dosages, for exanple sonme capsul ar
sacchari des may be present at a dose of exactly 1 ngy
or sone capsul ar saccharides nay be present at a dose
of exactly 3gg. In an enbodi nent, saccharl des from
serotypes 3 18C and 19F (or 4 18C and 19F) are
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famly is characterized by a |ipidation sequence, two
domai ns separated by a praline-rich regi on and several

'Os%]ﬁ' ' triads, possibly Involved in neta

gvuc e@g?@’e bi nding or 5 enzymatic activity,{)f-g\s‘;":%sz069974

coil ed-coil regions, a conserved N-term nus and a

het erogeneous Ctermnus. It is present in all strains
neunococci tested. Honol o ei ns have al so
R epRRRe Cep BRSNS ROHENBS e sprvgines

e ntmd iconiygted presdnbinithevmmincgenic ¢compoditions pirtist isventionfis dptienally a

| N¥&Wdel @N tHeSpogfkﬁainel fad foniify ‘éﬁftﬁﬁr@@ﬂs, P&%H@ ror At prbtBifis

Sgﬁﬁ,l%chcﬂ"f @P rot €l ns

t
P o PhE TPl gk e P ATIS 458 seasegee
1Gharioo $P% $55%,@@°éu95% A8 ( Wfkdor 180 iectity with a iseqveacetdiselpsedfin

t had obarms ar mmm @gm&mmd 4bRf selySendd 1Jaw§rtz1%@%f SEQ

P
DGk 3 Mg i BFOLER Bl ptbfy Shitntoegtl @
| dength < dpgmeyiis of 2% ég%ﬁ aisPhtd Rnire PF*QKPlpiEoli@mnes oflﬁhttm Rrejeins
dlafse: P/l Phta/ DR, PRGN Praavy] Finte/El FvD/A afriD/e eehil/B, PRIE/A,
ﬁEﬁBAﬁd BAkA0 ﬂﬁ%‘gﬁ?e iohoteirs o, i %ltlﬁthfarrpsmnte ned st the N-
as

istidine’ tr] e type SI gna
””‘6 fseg iRs@xamplg WOQ188334% ¢| osed i n WD 00/ 37105, and

|s al so referred to Sp036D. As noted above, it also is

a ViHeRd ﬁg&eﬁém Cbﬁemekémhédch&h%wrhggar{ﬁg@}sm g@@rﬁ%ém

e |l nal
OO B Bototih Syt B of miB et Ay En Pl col regions
reofrisech AofypertidesPht Histifineririag modf is Hee &ﬂdbeqj ma&mmgde that has the
PabyRAR HaBixH 3BerdY B HiGHiRs St Jk 13 a\QQnQﬁMZc?d?&herTﬁHnshlstIdme A

in, also.ls fromthe .pQ tria
P ieiefichi BaPis el Bl B s’ St pde 3l dience
i AP oE1B4aln jap emberdiment thglor e@ﬂmmh@mncmesme op marediistidine
Spred ot ot B ds iab 10 D8/cdiRI i rediolNinBant éribid@idest, the or each

[ d
| SRBPSH B ol b bl il 2558 b5 il WA oy Rl Gl
| datikedt sragence ﬁ’e’%ﬂb% 829 g‘omw‘daqss°fr'@tf9éﬁ?de§fqt'%’°%§‘at ls more
measo BheTte Bango Bihtoopwdtetical it amabver predmdébedabinkatried Pht
' tse&u%nége@?b ihb% ':mmﬁ&' dholf PERNINS! 4 foPﬁbodb‘fmos for

of o rotern can exa
S s ko re G ERBoRt FaFIBIBR SYoEly e Sdessidh & oo eoled
f weil cging. lire e @Mmbidirent arBht Ploteinpdisdoséd herdin rirgfudescihe dullt length
Phytdei® wittPht %ghaci s@du@ﬁbeaattﬁ&t}@ rtﬁ‘d"ﬁ)@tultecfulﬁglt: r@(emﬁmﬁ‘l% signal

f

BRI S 28 s o o Mo ina ormved, relbiely ool vorarys
cyf BFW?*em @nd irsnupegesic fegmenthaffThe pestein @ fraamenisres described
aabbveiot paypeftidodtonprishig 24 least 16\00 20R66HGLIcus Gmino @<Ll rdiesh amino
153 L3300k Oy SR o IR 9har§n , B3 pfebith ekl o

COGCI
DRI 8 dting oy S P R S S s ) WPPT105 o

eﬁ"ﬁ’@lﬁ3§299\}+cl ude e.g., the stinulation of the

productl on of i nfl arrmatory cytoki nes by human

ggrp rt}éulgr trheeS | r%ﬂ ora)%lut(se %F]e?r]f mél\fdgsgx ?tll Her!]‘g‘h &;rot%r}s\gllh%he ?lgnal
béé‘!@ﬂ?ecqﬂa‘é'ﬁd doa m%*P'P)f""émthrﬁf Qeimmithoihe e*ﬂﬂai Reptide (gsiekample 20
The nost obvious effect of gneunoblysin is in the lysis
of red blood cells, which involves binding to

chol esterol. Because it is a toxin, it needs to be
detoxified (l.e., non-toxic to a human when provi ded

at a dosage suitable for protection) before it can be
adm ni stered in vivo. Expression and cloning of
wild-type or native pneunolysin is known 5 in the

art. See, for exanple, \Walker et al. (Infect | nmun,
55:1184-1189 (1987)), Mtchell et al. (BiochimBiophys
Ada, 1007:67-72(1989) and Mtchell et al (NAR
18:4010(1990)). Detoxification of ply can be conducted
by chem cal neans, e.g., subject to formalin or
glutaraldehyde treatnent or a conblnatlon of both (WD

AN A ™A ™ PN NVT" ] = raransr= 1 /A A NS\ o o s o o



30 Sp91Cterm. More preferably CopX is selected from

the group consisting of CbhpA, PbcA, SpsA and PspC.
rably still, it is CbpA Preferab '

%’P@"@Z éﬁ referred to as Sp91). Anot her en%%%@%ﬁéﬁdgﬁ'

the present invention is a PspA or PsaA truncates

| acki ng the choline binding domain (C) and expressed

i 560y Dl el il e Vit o o
i rimnbengani¢ fragreantscof D €g.9. Hsgrerss ds tderissicatioven ne polypeptides
dedoRibrisig oY Bhdt 38 bspol BRgBAUS ahiY BciBERih § PRB RSl eddBhdeln

& nf 1996. 1 64(12): 5255-62, PspA
00 e 108 8 doris TR Mherart s Abpatto € nabB of Sl T mayne
S direspresscgedifs, forf sid R @pine acidSe@@0p1io YVOUI7ING drid990/39289
ane.g W HB/Ne? 940woD0BR03 %or PRE),SP130 are disclosed in
W00176540. Spl25 is an exanple of a pneunbcocca
surface protein with the Cell Wall Anchored notif of
L Fixthes Rregpie icarmieq is Shenpamenter BoPrderig sacahafides it Be sompasiipm the
t laGchGidas Sould b RENUITRRAGSE e Sikhel MdeulRr HtRd Protdint darreh i(Grrier

. ; FO it R

10 hde R b ik REHR Sty oy 1448 1 REL wo
f (FH{OR3Z5 1k Alieraatively fhe sprsharidasTaYi e3Fh DesseRarately caniiygpte to different
dirsmdcoisedl thanpritn @8ridrd8ee0 moteodle bfsprateis carkisr@nip hadngdne Brpe of
a abdariddebldaRAtAHei nase. Spl01 is disclosed in WO
98/ 06734 (where it has the reference # y85993). It is
characterized by a Type | signal sequence. Spl33 is

15 dikxampeedd ramaPragnd @ngd nfayher asedt InHthe prdsentriefestioenare DT

| toipRR&Ra4dxoid, tTTl (BiaAlS R R Haghék CZR4TPYT BRIPEE DT mutant)

o 8T PR AARIERG, st o< R e Creinel il 45 e ROV i g
a 23BASBHAMAOIOTIR ERMS QRA A GRMIOZ, GRM 10hend FR K tand jether
of mubdtiohs dosdBel By Nidhos an@VRIOB deVbicRid/Eddidsbled(VORKE EY: Frariké)

8 1 ; A . r LD r _' 33 L ThpA &/ or

2 oJEa Pt Mefins? iR B B S, g e

THBRIG Gipos pher mtatignaiseoreeiin YSH7089 1 PR 450¢5p Butaton o a
[ Hiedstbiee or Mbre etiddes Lyd 398)Lyb rizeCcPhe b30mami/or Lys 534 and other

?&Lﬁ%@%&ag o?. iTexas 1‘?&9{ o (UZD; HasYEFae; Pg%"%égg% 8°s§.c214jn;us
pi%@?ebwép@f@mgs;m iR Piobili 238 est JEmin B S8y
25 ( GRAEDE 187 Fet@ified| in [sohe 6<BBN OB BROBIELYPLY-GIWBI IWCCBI081515,
99:@'@%0@010&585%}%9(%&%%%32&%3@& PhtB, PhiD, PhtE and

/

PCI/ EP99/ 030 D15 EP99/ 5 l
{ ECPERT) ames o oRTPS TP fRepR N S 9ins T b angwo
EX3$AP0EY (Bt A8 eee daserped @ 1Ppre dsiih below) PMPE (eeningococcal outer
ambentpeans peoteird + agNEEradtéka@oON. mnieiRiue 38rofeus Bl ERdRTRSDT),

30 2 FRTRLAN. reRndi@fsS PR HAGHIRS HilohzddBrotkil ® PLEVER £@
G gz e )
C R 2784 hepegbikchesteins ISV 7, WL S4BTR08), peeipssis hesteins (WO
f WBiseers; EPMTTAB A BrokneSUymBHokivEs, %gévﬁﬂ(?@(;&ré d? MéRork Y\ Qo

97 Lortecs)]. P6 | ER.28167 tate University.
o RS o/ oS Sameio i R oDy 558 qontE s oo
35 HipethpgaRderivachaptigepsr{fEiugiahali (2004 Fur Hirmynpi(319 331650824 such as
P2; and P5 (WD 94/26304). The proteins of the
i nvention may al so be beneficially conbined. By
conbi ned is neant that the imrunogenic conposition
conprises all of the proteins fromw thin the
foll owi ng 35 conbinations, either as carrier proteins
or as free proteins or a mxture of the twd. For
exanple, in a conbination of two proteins as set ou
herei nafter, both proteins may be used as carrier
proteins, or both proteins may be present as free
proteins, or both nmay be present as carrier and as
free protein, or one may be present as a carrier
protein and a free protein whilst the other Is present
only as a carrier protein or only as a free protein,

= o - e o o . o
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An adj uvant that can be used with the vaccine
conpositions of the invention are bleb or outer
menbrane vesicle preparations from Gram negative
bacterial strains such as those taught by W02/ 0974. 6
- particularly N neningitidis blebs. Adjuvant

E’?B:B?Ju B%?al@& eplﬂlzg(?i)éz R IndGun P24 3@9‘) gieu%k%cgl élﬁfah%rotem

osaccc on its sdr ace roug
Peoft PUEL G20 P BN oo Plalon eER T W/ GRS tletainghrr B POF. difficile
(WOSbaAes1)0- 0. 1% decocychol ate)). LOS can be detoxified

t hr ough the nmsbB(-) or htrB(-) nutations discussed in
Nug@2ai08 Aeeiatnd] Inteniioup ridipease dxwiroalin 28($8) 3808 ks cAH Nov.
del¥rieBtAH A %Ieﬁf gEeL(rﬁ&%c@a‘Pt\ﬂagarllé Yith SJTOYdr pé:) Oﬁﬁugja'ié?j”}o PD.

meni ngooxcal uvant prop ertles
Howeyero reSent NVeNies Ihﬁ‘(f sown H'&ﬁt @B?WPW@ﬁ@@@Eﬂ%Waﬁéﬂpmved

foﬁémluﬁw Rd@edldR @AjuGRBS nd mrabo {%a tg mom@séoamﬁm
Vil a on discu
coRGPh R el U, el S FaSe et phsuy hel 31 ey cross

redatioity & NFOB( sgenanith 08F lcgtjiBfatgd &t DA ni} |$&mrdﬁﬁemjreatured>f the
coﬁnﬁga .eg‘h i g%/i&ﬁl It Bn tﬁ‘ tb%z%tgé’mgﬁ' k! c%ﬂﬁjg%dttﬁeor The
reqpIning ﬁﬁ@hemtrn%métf@ﬂmmheogenwnmp@ﬁthma}b@l heedositgalgd to

onk 0P Mok Gur @k Priteinthaege 'ﬂbﬂDT lilePbrly forok c@nﬂ@é’téd/ &t D'Meor may be
t hereof , an i mmunosti nmul at ory ol gonudeoti d [ kyl

SPE}I bRIWeShPRS 5 fBPsz‘iﬂﬁ%ﬁrepmféwsth F'rﬁ el BF aé'ﬁ*uPL 'E?ﬁ" rP’/‘ one
enﬂ:@ﬁh"lehaﬁeﬁ %cddl@]éﬁﬂfto DX dnidrdlihs rth@fe&fa&frtg%br@pbss;v@élhommated

h
o PP G Wiareribar e s SRR B Y e prbpvees
artagglmt&ltween 20, gar 7T cul 2 oa®RMyd8T stin 6f fugh&roembddikent, 19F is
coﬁﬁ?xﬁ@& QrD?anoamo r410re7thar?or%r sa%%ha%e & (%ﬁﬂg 55‘ Hw-gtq Itnhoene aspect of

ticul ar refer
th%&m(?@ﬁ'tenls?é@éwﬁ@@ﬁ%}ar%@ 18000 t2Mpe2 AHIhGU aRPdIMeRim!SF is
coﬁjhgalétbthIBT lahg ho mMdie BRInttive hethatidi® 76 Fbhj(@HiédPRSTT. In a further

or B ITpah Ok P OPC oo O £ RE s pERincsSSiimects il begeeen

PR TC@Gd ddnorabRM 1§71 hmainothti emibalinceny, @IF ig oonjogatest tod2T, and the

ren%'F‘uﬁ§ %Qﬁgé‘g%"ﬁ e'&ﬁ‘i?'gl‘?fr‘? Fﬁcﬁgﬂﬂ{dgibgz @o?ﬁ"ﬁ‘mﬂh@r é&w{}od?rﬁent
19@@:@%@6*@6 ﬁmaﬁmﬁm sEmaining pratyss are gphsb@waery Bt Btiand CRM
1981 ¥ Afrih¥CemBodithent MIF is @6nj@gst@PB MM akd e Qé\'ﬁélhi%”séfotypes are

Toll 1ike rece@%o
Sp'ﬁsﬂeeamﬁa%%rﬁwme S e ERighalpERT B P Tty By In o
furthel] embodimerst) €9FCBrdohjogated frs DTS 1980s Mohjugated @b@deufriolysd or TT,

9 t
oS e Uy R e U A, S Mo
corﬁjuﬂmn m EUtEWth RhtBtthend el furiner sa¢daprides68e coBug®ed to PD. In a
fur@epgrﬁb&f RER r1§|"3gs (5'6 [ju%@mo I§Vsl%ﬁq§c&1§f%§&st§ pReumolysin , one (two

nbi nat 1 on
or 6\@8@ Birtren %ﬁhqalée@tls &e@esqt%fa TiTnongguBbsg Gaechaligssis #anygated to

pnédﬁncﬂfkwﬁ‘@Qﬂm&feﬁﬁcché'rii‘jeéldi_réﬂc&gbgdt&i g@PhlbeloﬁpPhﬁEﬁé)ana a;ﬁofulrther
n preferably an agonis

receptor (T 4 liga
sacschﬁrllgeﬁ@ea C]“Hgﬁ% kF%Brl vative particularly
nmonophosphoryi lipid A or nore particularly 3
Deacyl at ed nonophoshoryl lipid A(3 D- MPL). 53 D
-MPL is available from d axoSm t hKl i ne Bi ol ogi cal s
North Anerica and primarily9pronotes CD4+ T cell
responses with an IFN-g (Thl) phenotype. It can be
produced according to the nethods disclosed in GB 2
220 211 A Chemcally it is a mxture of 3- deacyl ated
nonophosphoryl lipid Awith 3, 4, 5 or 6 acyl ated
chains. Preferably in the conpositions of the present
invention small particle 3 D MPL is used. Small
particle 3 D 10 -MPL has a particle size such that It
may be sterile-filtered through a 0.22urn filter. Such
preparations are described in International Patent
Appllcatlon hb mo 94121292 Synthetlc derlvatlves of

'Y o 1 . a - —— P~ A - .



nore preferably a phosphorothl oate bond, although
phosphodi ester and ot her intenucl eofide bonds are
W&ﬁ&ﬁb’/ .,E.ﬁ scope of the invention. Al so incj 006/ 69974
wi thin e scope of the invention are oligonudeot]

wi th m xed intenudeotide |inkages. Methods for
produci ng phosphor ot hi oat e ol | gonudeot | des or
phosphorodi t hi oate are described in 5 US5, 666, 153,

US5, 278, 302 and W95126204. Exanpl es of preferred

di ln one embadintnt teimaundgenié cinposilioncp! dwojoxenticpsomifiises protein D
s wnmpmusmuaaw WRRIA i orRIOFIBRO I D s O Ehe"B1 el il

R EED Tl e o
S N@enygateidy RICehilstEhe Giier SEcly@ATarg Coniated 89 0@ PGDOG( Bt
| Rafder phptoind\whic{#id nbiFD, theh PO S Preafin Hevabilie ddfpsition as

2&‘@8%&% 78 el e %fé@’g%ﬂ%%l ST i

n%w"mﬂwm i ISpECHT: qempesition pElmerteiT TT
TCG GCG CGC GCC G (CpG 5456) 15 Alternative CpG

ol olaliTe " $ %gmf;:gﬁ gien)

10 ab'%h\g}e in %ﬁ%#ﬁ%héﬂg%gﬁm%c nse ue%fﬁéﬁ'ﬁﬁgge&ﬁons g‘r&é or
o RIBSPSsHiIdp 1389 Inclides bothy RelvsecRnarsis 4t vAdlsch o pactena and may
uthelsized th some tikgregiydsemt matinde mee don am;plekﬂmsmtl bad ER493525)

bYand féFEJ rrlfc!%ﬂ%lsinﬁnt 8dchardb Es?%@gﬂécﬁns&ﬁerﬁg reduce

468 nv 0 oI| on of I des. na
sy’ﬁe?fgiwfeasam A gos A MBI THE I 5 P baatod Fgaucs.

15 ad{ligvsenthasidey hine adow ourhber af apaatunite mmgllsohawreme) and are
CQﬁﬁU@;uﬁ-@d@grsdalﬂdnge%r emul sion in conbination with
ot her adjuvants. The oil phase of the emulsion system
preferably conprises a netabolisable oil. The meaning
ofCapiart golysarehasifins| | @abFlepigraccyss ANBUTONERoVRPMIPHSE Srepeiing
afdngddbéoﬁhﬁbmﬁohmmmy ttathedp toeisugar rebigiesg FoRpadlicv 6ff the

= PSRRI ot o
BRI |Yﬂ'f°'m=9m§3d o fhe a0 Splges BRI ChpBBobenic

0| Hactefia.sAm, Acdd BraarGidnal, Jor 2005 tvbig¥) 0.2 ipl293-824. ¢ISN GOONATES.

t QX bfe &rﬂdePf%ntr S%&hﬁmacé}ﬂﬁde' &u&ﬁﬁﬁé}' & Db ﬁﬁétﬂ Polysaccharids,

t ransf or ned raln

R A M R e L
25 alsgcchprgiet chaift of TepealBQ dligesachersie witsl dmiené embedifeent, all of the
g %ﬁ?éﬁe@bﬂe%nﬁ“%ﬁé VaRdnR oRi g swdébs AYHeRIE St harides may
2é’eH8'§9£né? #@ef es'g‘%bélﬂfg‘i% i’é "F'é%“? Nededt Bk &R P hydrgysis
uriEealmepta hyipash Peraride freatraent. cizing by emulsified® tellewred | Byi ackydrogen
S Ipardxidé trasemhendiol generatel oligisadcehaide feagmarits drintiSofiulizatanyve oi |,
3p Wheat germ oil, rice bran oil, and yeast and is a

t f d t hi
D S5 e Bl 1455 o e B
t Herteape of lconjugatePEiduction. el inzantors hrave frundihaldy wsingrdtive esfslightly
C hk @ PoRéetnatidd: Esfughtds| eohe ok Ghdie Alitid mwi@nadvyntages may be

vitamn .F) e of},e ed
e by o per e oy ok P, e o KRB
35 UssbtEETRde \KDPW’!LFM@) conjugate | @n eeditared syrd that the ratio of
emul sions (preferably oil igywater enulsions) of the
i nvention may be fornul ated as described in EP O 382
271 61, in that 5 the tocols nay be dispersions of
tocol droplets, optionally conprising an enul sifier,
of preferably Iess than 1 mcron in dianeter.
Alternatively, the tocols nmay be used in conbination
with another oil, to formthe oil phase of an oi
ermul si on. Exanpl es of oil enul sions which may be used
in conbination with the tocol are described herein,
such as the netabolisable oils described above. 10 O |
in water erul sion adjuvants per se have been suggested
to be useful as adjuvant conpositions (EP 0 399 8436),
al so conblnatlons of 0|I |n mater enuIS|ons and ot her

_____ . o o o . r



20i nvention will further contain a stabiliser.

Exarrpl es of preferred enul sion systens are descri bed
\g@ 17210, WO 99/11241 and WO 99112565?%&%}069974

ose enulsron adj uvants based on squai ene,

a tocopherol, and TWEEN 80, optionally fornmulated with

t he irrrrunosti mul ants QS21 and/or 30-MPL. 25 Thus in a

par arl referred enbodi ment of the present

" rRPMRRGETSROe 1o Rebtei Wk Iy s FEURRIS Ry L nesafphich can have an

ackfiettiop i ¢ayriec suppressian effect], Bpimmiungenio sonjugatea iptope toshydialysis

asméf@ ﬂﬁbilﬂ@d by @fe' 46 Df lahRF SREmariBdldbPEorfi@RRR! TR I.E)sg a)f larger

urt h r i munost nula S are eSCH
SRR, fa- (OB EET SRt iRns JHih s, OVHORS s ond mey
5 Adf%ﬁvrarhe szpﬁ@aeﬂwﬁeelmanﬂwmmmﬂemnmdh Breo(miubatalveg:ywes
VodeddiBedin ﬁﬁcﬁuﬂl&ﬁhbde F\erlseaﬁ%ogmﬁde

Préﬁ& B 'Hﬁer T ea’”g;““éqﬁd rﬁ‘%ﬂg t\??itave fﬂ‘ﬁ%@&@ﬂ? ‘i?"""gale

cd@ﬁ%‘?Ft’?‘é’ﬁ'@g ac'@"GPde@gOftséﬂthﬁ@el w0 mvidern gesdpmingee pesponse
sea@ernstmnémroedoeﬂabbaseOSZl) and/ or an LPS derivative

10 (preferably 3D-MPL) in an oil enulsion described
above, optionally with a sterol (preferably
35880l %GPB'F) Beritiop | B nthe | igveptioa Gy ﬂeﬁmompaw one or more
( peaedhericeixopjugatds whereincthe aveenye Isize (). welglit-avenaya@innledlar weight;

s rwr oP ach ReécRkrde Belobe WoRjugHieh grabsrel SORBA, yr'obr{ba kY 2d0bia,

an o n-wat er emu on, a ste and
S 2Bt SRS B Rovciani o, Sipgseisesors i more sacshandp ticlifes.of
15 f dhe nvantion mm have tan avdrage sizh of ssatherdepré-ponpgetion lof §0-1980.180-
andb® rob-rsood e0L808L dr\eB0-4 Y 18F=E (Rl Mat?meMDd-v):ra@é Lite B9, , kD2’

B g 7 S o
prceﬂleeaérm voqebgreadﬂs b!?é?f%ﬂb@é’ 2 ryionon Glter pugh ttha Yiglgl of more
ertnans&ooso (rpr8nf 80 a5y, iDbbtaihdt Rt ftfati@NttnidaeD Withthk pre filtration
\NF se from2 to 10% netabolisible oil. Preferably
conprise from2 to 10% squal ene, from2 to 10%
aI pha tocopherol and from0.3 to 3% (preferably 0.4 -
2%0r theplpodes of thg prreerfiarr ahhws pbrmemaﬂdb’ Fgbet yooxgeethardectha has

S %M:Jeﬁ@uﬂ%@% @ rEh)StﬂéJaJ § oAHibnd ﬂh&uce

toco he resen e rati.Q of
Pah, ?he K 5@8 ﬁ%@?”&i"’gl Eaﬁ?aresr@ U peciiced d 37549
25 asnomal sptpﬁctatmrd@mommr eSush ad | smcehanides iisorstill Jative. 88nly if the
( %@rywc%ﬂdé :rds%@ra&epaawm sBng ®echfiquat Ge@@the @bry@c&rerr@é nopr,e
Sdog@%tln he enul sions used in the invention.
socﬁ% Cas o8Py may be advant ageous that the |rrrrunogen| c
conposi tions and vacci nes of the present invention
WiFot the purbbees ofthéinddntions "sizbd by & fasier up thaz® revaRsPhth®sdtetaride

30 erryé.ﬁ%u 6 g%&ursf.ﬁsﬁaa@ro%eadc@ o Witk BBHG wrra& bdtdo ﬁe?dirp?] size

P 0 [ e 56,k 58 natiyecpiivoselpasie, i i 91 44 to by abipreted i

s deredageevan el e seccharide ks s@ijedt foar pidriess IGBRIPY tereduce the Isigel efdhe
| tpolySaceHariREm@ td rbtaih @ e Sfdrd e 400, & qubi@dr 8lc. hokied emRDhamve
3@ halI) to the formulation as this allows a

Fr6nTn the total level of oil in the emulsion.

This leads to a reduced cost of manufacture, 20

i mprovenent of the overall gpnfort of the vaccination,
and al so qualitative and quantitative inprovenments of

the resul tant imune responses, such as inproved | FN-y
production. Accordingly, the adjuvant system of the

.present invention typically conprises a ratio of

nmet abol | sabl e oil :saponin (Ww in the range of 200:1
to 300:1, also the present invention can be used in a
“low oir formthe preferred range of which is 1:1 to
200: 1, 25 preferably 20:1 to 100:1, and nost

preferably substantially 48:1, this vaccine retains

t he beneficial adjuvant properties of all of the
conmponents, with a nmuch reduced reactogenicity

profile. Accordlngly, the partrcularly preferred
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I mmunost i mul ant whi ch has been adsorbed onto a
particle of a netallic salt, characterised 5 in the
nis substantlally free of other
%greoveihpthls adj uvant fornul ati on can be gﬁﬁhﬂﬁ&mmmW4
i nternediate which, if such an adjuvant is used, is
reqU|red for the nanufacture of a vacci ne. Accordlngly
ere i S ided a process for the nanufactur a
v 8 o fBeeb e S frBa bt ERRoaste.coaosliy ceBRsSs Sviaroccus
mmnevmm@emecrendawdm tnigash J 8t serotypes conjugated rlda eckagiet profein,
maftRkeirPR kds€E h €2,V9, 14h526) 728! b 8L Bach B Ghesmiplay saéch@nde is native
antbga: 19 has been pre- adsorbed onto a met al
gé J’netalllc salt may be identical or S|n1Iar
%to the metallic salt which is adsorbed onto the

i ﬂmaﬁ%ﬁécﬂﬂd ha tinvedtoR,f tRe ﬁ:hhdho&d?alé déﬁbéﬂmﬁ &bprisés 8eptococcus
s%al‘htandeg glromegﬁalga[& qo ggcf g:}%ﬁ% protein,

AIuwnnlum |nv |on u
predreied ‘qaatﬂ & Ydceitné Q:Br?ﬁe%qhtﬁ BPPUEORARR? asrhigde is sized by a
i riactor@p tid X&) kAN, x0L8) kN ed, x3rur @108 1 bhe émiadinientCdfehiispact, the

10 n%agéwﬁﬁ%h&ha@w f@aia adé&m@ofg%%ma epar§!$¢

Fara terl that Tirst an econ
%I”B QPR fs 5§é7 é‘@ﬁ‘ﬁr"é’feo particles. LPS or LCS

derlvatlves or nutations or I|p|d A derivatives
dems mokaeaarhergﬁt & arsy %ﬁ§ ssceﬁen&e héfaifl refers

an natlv |p ca% ar e
ot P R pSeainr vR B0 P eedplie, mesig prer 1
15 uﬁ@uﬂﬁimméﬁe‘nﬁﬁéﬂl@! W48scri bed her ein. They may be
TLR4 |igands as descri bed above. O her such

o AL B E R AP s B AR R WA Hmed B 4R Hidrbea in
t 1fEaRle 2nFen MALS Al els oft AnBUpRsATsAlPecharies. dyo cakumns (TSKGE000
[ mnersomovwmmmyrueaesa B &&binammmmmmes (areelatedd}h water.

20 k@%%aﬁc%ﬁ% d&ié‘ét%df:&-‘iﬁ% rfbhﬁ&?l A tél%%% insténde 45 onar1DSP

di ol e%y at|C|y1 C
2 GV \m{a O orgeFgseE LT RSt frfarorpayiccfpicometer fo
C dmstanee Wyat@tllabdls)’ eqlipgedaliti\a 860G celhandeged fieuat49&en).3D- MPL
- see above] and/or saponins (such as @S21 - see
above). In one enbodlnent t he adjuvant conprises (per.
0.1 apempadiment the 5. ppgygronee %"'c‘?ha"ﬁﬁss"’%“a"ﬂe Rolysacahpridgs gL Rative
25 mpolysaccharifes4vhdh GaveBedr radubed ID size durind a ngyinal eRBaction process.

phospholipid (for instance DCPC) 0.025-2.5, 0.05-1.5,

0. 075- or. 0.125-

o aerishRtoe 5 brunTtes T a8 5B SPRUY Tearialdeavase,fo
cwwaesq By drigrofluisgtion o (oaication r Mipofiuldisatiep grd genicgtionshave the
4%5&3&39&@# deédleasBg thed Sz bf id 1aiger rkail‘nw Pohadtharidés isifidiently to

30 ﬂ)rvrdb %%ﬁt%ﬁﬁ@g%@gg&)%a@ng b; 3 %Qfo ' qé%guk)a @é g@b% r){ﬁ x5,
( 6T 3°h% ance 0821). 35 This adjuvant is particularly
suitable for elderly vaccine fornulations. In one

eni el eMBslment) theVidBRhdyeni€ BdRpRGitidn RMpaLRET bﬁéuﬁﬁmﬁd’lécﬁuugatas

a

q*#é%@*ad‘éf?%m%ﬁﬁﬁ?oﬁa"%&#%a&%gﬁ%ﬁﬂséﬁﬂai& o' e ey
35 1 gcfactaront no gagre than x20. i opexpeshe) h&l it clin ihe amainily @the

nDre fromserotypes 3, 6A, and 22F), wherein the 5 GVC

anti body titre induced against 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

Prevnare vaccine in human vaccl nees. |In one enbodi nent

t he adjuvant used for the conpositions of the

I nvention conprises an 10 oil in water emrul sion nade

froma netabofisable oil (such as squal ene), an

emul sifier (such as Tween 80) and optionally a toco

(such as al pha tocopherol). In one enbodi nent the

adj uvant conprises (per 0.5 nL dose) 0.5-15, 1-13,

2-11, 4-8, or 5-6ng (e.g. 2-3, 5-6, or 10-11 np)

netabollsable 0|I (such as squalene) 0.1- 10 O 3 8

Y. . . ~ N - o ~ o~ o a2 - =
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35 wused. For exanple, saccharides or saccharide

conj ugates may be administered IM (or 1D) and

Q@}Bﬁ ohfihy Proteins may be admi nistered IN (P{)Tlﬁﬁbuamkﬁ'm
Ion, the vaccines of the Invention nay be

adm nistered IMfor primng doses and IN for booster

doses. 5 The content of protein antigens in the

\Y I be ! the .,ra

pf%?er 19er: f&be "?ﬁ‘%ga;rr%é'tm?ryﬁ Tﬂ"d‘af"ﬂe% A s'ﬁﬁgggg‘f%“”“ lo
Zsﬁgxlﬂoﬁ@wﬁng an initial vacci nat| on, subjects may
recei ve one or several booster i nmuni zati ons

RS LRl B SontocorelR oML SBALA i ork B ASH ke
1 CPreiip i ch finkeg  for Ppsitce Mhﬂuncéprwe\}mﬁ ey lipkeg 1l99@)ttonatly
PI mmw@emsa MwmlEmmawloaémm Wwhaéthé Bminb BRYP BRBa
| SoSiBRELHRBe o B oo bR E BB o YuE FlE Lol ac

sent 1 nve

s IS dhe fpker @?aaaemnmbewmﬁ a1, 3hE2. 56019 BRPangtoms.
| yowhssitiez daker ris tADE. pOtas einkers Gficlaie SB-gaiplosantdo @AWOS O 10598),

?fmt}oaﬁénﬁ%ﬁvylalnine @end: et |al Hrd UM&J‘O ?glcr&;u&f Fﬁrﬁ%ﬁ 168512471-288),
" brRY Felb e bR, BPcree 1DKBe 1SAS1 Shed. HRAE0RTa0) hespne

a dinmire and HeAndnccapipio géid (UB445928@)Ccilme) eabatiinmany ADbISis iuiddyas a
| Gipgebr to@ahﬁ@a% sAdehdrid@ fom §dr&|?fe~°’|8cr\n bR EMBYIRRAN ABH Rf used as a

A o Bl e LR RIS &ipp 35 21 UM UM Dased

proylded a vaccine kit, conprising a vial containing
alrhe Eiﬂdﬁbﬁlﬂeébnﬁgﬁt@s"mégéhttlh @8 m01ﬁunb§€ﬁlclcﬁr‘pfﬁﬂfttbr%rbf the invention may

ORLI l‘edyb kX&RNoLbI‘é? ?ecf»rﬂ{tw ﬁ”dcoL Hg[ag Ch t?&l%} §+J1a1
a Vi a con Y‘I uvan CJ ﬁ

i sat?@ﬁ(}qﬂs?fd% aaqcha&‘ﬂe it (1 WO&MH’@@WWH% W@d'P'H'véhtfﬁﬂwaFate
t henar) wikanta cyanate d3lr. UBRGhclivated @Sdanaide may thus be coupled directly

| YPRg s 'ég%f(ﬂh@ﬁ?&g%‘%ar&%@%d & R car?r% gf%l:e'gh ‘%UHJlaFnHE

vaccl ne sent nt'i o m ni stere
bfpmcqumeecvstaa' P YtipRinetA giyp at“l’i@a%‘% Qlyspechr(idg sbich rrdd
i riecotdied te ke cartierD)a & thioetherdinage plidaickdradtart readtion mn q)maeltm:b

L&F.ﬁg@%}é%{é‘gﬁ ed (tf?:rigidg? at u I \oh %g{&;ﬁ love her pmem (for

g et 'EE%%V@ 174 Sy
t HeonB@calaie an YAB S of ﬁB&Fﬂf Rreferably.| t@slgatiﬂﬁ% esleri{enlionativ made
t iy AP cR&ﬁi@@) mﬁemm&mvmﬂ.mr ADM :ﬁﬁtth@ﬂmﬁéf-déiwatised

vaccine i.nto. n LN parti ular ni

& Rofe St b pard ot Bl oot B3, EGAE Y Eoc)
aSoUbipEL AR WI”PQ’FY'&"WBWD@P Retteim, GaIfiari el wa!e@aéﬁrﬁaage%smbed in
| rRQTagdalished| appioatonn WO G@R/15W60 huiforned asevicess Udiessity | 0a@dd WO
hekpbiksiand Wo dt/Rbhf erred feature of the present
invention. 35 The conventional technique of

i ntradermal injection, the amant oux procedure",

C Githar i syidablesteehpiguesf use| @Mih@ieﬁ.h@d@ww, aetivel estatsnnorborane, p-
StritRberkbid ac.wmﬂayd@mudaaﬁﬁhe SRESVEDA) Tsime N @fe d@écrifled in WO

n e_needl e (26- 3 Ci

ngiéf ?'}g i€ rﬁﬁatlon ma& lnvélveaan ca an }%1119‘%; WIE) %aégoeufgﬂleag real}lon of
t Hdragdydpybgroyr e theesgeharide it Db (Bethgh etiahd BinhrGhem. 1379 294:
needle Is 5 lowered and further advanced whil st
providing a slight pressure to elevate it under the
skin. The liquid is then injected very slowy thereby
formng a bleb or bunp on the skin surface, followed
by sl ow wi thdrawal of the needle. Mre recently,
devices that are specifically designed to adm ni ster
liquid agents into or 10 across the skin have been
descri bed, for exanple the devices described In WO

99/ 34850 and EP 1092444, also the jet injection

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

5, 480, 381, US 5,599, 302, US 5, 334, 144, US 5,993,412,
US 5, 649,912, US 5,569,189, US 5,704,911, US

5, 383,851, US 5,893,397, US 5, 486, 220, US 5, 339, 163,
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10 A further aspect of the invention is use of the
I mmunogeni ¢ conposition or vaccine or kit of the

in the manufacture of a medi canen
th ‘P’OLIBF'I or prevention of diseases caused %C{’@%OJG%E”“
pneunoni ae and optionally Haenophi | us influenza
Infection. 15 The terms 'conprising’, conprise and

" h d t to .

o TRl fen el s F i e A% YRS fEwiha
orrroteig tyrferimsa cagfamatedinkage Thissnay invblve redustiored thevapbipericiterminus
th@ ey printsby. AyisecRyl gmuﬁ%ﬁ%qélr@&&&o@@épﬁh&tdne&fa&é rbﬂm&r? hgdroxyl

clne cQ iti ons e iny 0 e
SBRPL OBrER S B PR rEo sroup G Ch° R RS 5 Eh cebemae

3 cdﬁp’@'@ﬂl@ﬁeaﬂé 'coypfing ?be GOhwarhernaie intesmetiiaje efdh @R @gine gigup on a

r ghr@gi®nces or patent applications cited within this

pat ent specification are incorporated by reference

herein. 25 In order that this invention nmay be better

unde FAtHgaIEs canpisobg PregarRd by deetifprugtive giipatipemethads 5 described

Theos 4sscaTpllemings)and U8 4p1aspo@atersh). | Gthersiettatis &8 destlided in

10 AT @13 188 eP. ebA H@BElLYREas |1 m ting the scope of

the invention in any manner. 30 Exanples Exanple 1:
EXPRESSI ON OF PROTEI N D Haenophilus I nfluenza protein
D AGhurribéri roetoministalves ttheorouplipg b raotyenage® beonjidec®s ICDAP) activated

gtrsagt(,&ey{;rﬂﬂ Jﬁﬁ&éﬁh&y%\ﬁc ?&@i@ﬁ rabdé® r@mﬁ' t?%t}p%tem carn?r by
S, fopehatin o0yt ol et Dby, sobdThes 238 o xempie

15 pHBGBEEA@ontalnlng t he DNA sequence encodi ng the
entire 5 protein D gene has been obtained fromDr. A

rs artnent of al C i plo
O DR frbuintefP S hiaa ety (it on vfed Brcu by forprample
Shserery! gmaqmiedsfe qmaéheéwﬁ!ems@r el with RRAPH e g saccharide is
P Uikeld 3¢ &larBido driadameRii€groad on 4 Pro@ik eithed sty orlinaiedlly (tidugh a

l 1 .

20 i) Rhere by ek 3Bl YBGH O o Sllfrge 5 el incea o
( @ EEnocroup on 3 Ykeh forieargle b USSCERAT oo AA B a0
c @niup @ the Ilracariefnt exafnple ADHpMSCbe hjugatediind dabandd adid groupodn a
;?fnﬁé RorieRstidid @PUCT%? '&Sr‘éodﬁﬁlfd@ &Jﬂﬁéx&%ﬁ&gmﬁﬁs LERPEDAR. In an

I'n ad i on, in resi tan
58 e SRS PRI Seieates it e i o
25 Tipefole the dihker 4% ceniugatedR¥ol the carrier profBine ARemativgly thet linggrrmay be
ARBughRed tORE B4nddr 8o Yorljlig@bm WHRE sRBhapfie. N99 Wi th a Pl
phage stock previously grown on an SA500 derivative
gal E:: TN10O, | anbdal @ ¢1857 AHl). N99 and 5A500 are
E.A egibination 2t teehniguprsmayeaifoiedised: wifh $ame smeahpride-protein conjugates
Rosiag brepaedby GNP, aidabiyie 8f retilvve2iatibronal I nstitute of

3g Heal th. The expression vector pMs 1 For the
production of protein t he DNA encodlng?the rotein
hd 9¢nee, the flqwige |‘%?P%°ft‘i’i'8ml§§ép§’%§§ PR A AR e ugeg for

plcagpting) caviidatiwes si gnal s from | anbdaphage DNA 25 to
drive the transcription and translation of inserted
foreign genes. The vector contains the pronoter PL
operator OL and two utilisation sites (NutL and NutR)
to relieve transcriptional polarity effects when N
protein is provided (Goss ¢ al., 1985). Vectors
containing the PL pronoter, are introduced into an E
coil lysogenic host to stabilise the plasm d DNA
Lysogeni ¢ host strains contain replication-defective

| anbdaphage DNA 30 Integrated into the genone

(Shat zman et at, 1983). The chronosonal | anbdaphage
DNA directs the synthesis of the cl repressor protein
whi ch binds to the OL repressor of the vector and
prevents binding of RNA polynerase to the PL pronoter
and thereby transcription of the inserted gene. The cl
gene of the expression strain ARS8 contains a
tenperature sensitive nutant so that PL directed
transcrlptlon can be regulated by 35tenperature shift,

o e . .



10 Operator. The host strain AR58 contains a
tenperature-sensitive cl gene in the genone which
ression fromlanbda P1 at lowte

g‘%‘%@ﬁ"&%g OL. Once the tenperature is el e\?g?%@ﬁz%@:;

rel eased from OL and protein D Is expressed.

Smal | -scal e preparation 15At the end of the

fe tatjon the cells are concentrated and frozen.

i) Catbo P G ol i gonstp e o UG 681, fpof roodrient s grou

pus linked i grejne grbunsrostsathantesdiseciycer to prmanting group ioh @ligker with

Thaarbobipdd themibtry ¢ Withesagel | et i s thawed and

resuspended In a cell disruption solution (Citrate

buffer pH 6.0) to a final OD eso = 60. The suspension
5 | SBlpfieiae groumilfere instancg Uish lysingli jhongresbediment HbaTsaA| iy dnked o

P carbbd Qrdvps -onThiciRfdds @itskiylore toh @negRdtRoudOoh S linker with

clari fo g i ; OUP™L
oy s, RS b5 OEBAC o Gy Bobodtikt s o £ TR o
f i YEEIb BropRpcasivated vith GRAP oF CHBr on sagghpiisies dikeupige such groups
C honcntinkedptb agpdeharided arninke(sSfavitp ahaldedsde dragt tofsaciride®d linkers
bi he. tE,rg;M,i X by ionic interaction and Is

0 elrﬁgig%g%y&gﬁ%dtggé increase of the ionic strength of the
elution buffer. In a second purification
st@BSulpmadny i(for pstamecviar estaingleth o’ ambogdimedtribis gexup alinged to a

ot of ey 3235l e o Wk il Ak Uty one

PrlapR e T grR TR B R her s on '
15 col lection is nonitored by OD. The flow through of the

anh)ORjdroxgX §RH Afr GRskaabd viah fyRIMEI0 TR 2AB YerRieBim@htn thikd glol® is

purj.f | L.Of e n .S concentrated by ultrafiltration.
3 é‘*e’g’rjmé’?@?‘;n‘"'ﬁb&s@r'ﬁ’s"ﬁﬂm r’l'be‘ultrafi [tration retentate
is finally passed through a 0.2 pm nenbrane. Large

S| mniddeay afr@lpl (Mt instance vial Rtidne).r MCbrie0 Bmbodiwenh &y geue ds

cel m}ﬁ'ﬁ' | oSt hd of protein D was perforned
20 a?ci"\%fe?)gf\%sd. @%&arves[’%%r oth is cooled and directly

passed tw ce through a high pressure honbgeni zer at a

Prie Ssienldy| grbupe(fooinstanc8 0@ algiire). | n the first purification

step the cell culture honpbgenate is diluted and

applied to a 5 cation exchange chromat ography col um

(é'@é’@'rﬂé?”@é@”%?@cﬁéﬁmqph% binds to the gel matrix
25pby ionic interaction and is eluted by a step increase

Of ot § SackiRRile: inSdeheaIdhd folvink Hfoups Sni R Nisdbf £Eoupiivg: OH, COOH

fil ted. In a second purification ste
1508y R aropns, cap hi podsystat hen aBbn tegBion Jnurch, e o
( Gusieashegrigdate. peid bydrivsia) hydrpggnds@sidagic. bi nd ont o t he gel
and can be collected in the flow 10 through. In
30 t I5Yebk BEHIRYEhorBbgERE Ogr aphy steps fraction collection
is nonitored by OD. The flow through of the anionic
exchange col umm chr onat ogr aphy containing the purified
prasceiarideBDhl o Ghin oebRAFat-e¢t candtedistal i+ INH2 &yat d—Pyconjugate
Ul $okcéatidel didthyda* NH2-Prot —> Schiff basB ¢ NaCABRS D-LDedppghiai Ni ng

ulgrafilt I, O ten is finally passed through a

0. éf"% %ﬂ%ﬂé@% Hp Bror t%?%% &> PR PRESS] ON OF Pht D The
35 phiacrchgridsthdish + COOR-RrtHRDACo—>tchriugsite unpcoccal

histidine-triad (F' ht) protgin famly 20 characterized

by the presence of histidine-triads (HXXRXH notif).

Phu) is a 838 aanol ecule and carries 5 histidine

triads (see Medhnnune W00/ 37105 SEQ ID NO 4 for

am no acid sequence and SEQLD NO 5 for DNA sequence).

Pht D al so contains a proline- rich region in the

m ddl e (ami no acid position 348-380). PhtD has a 20

aa-N-term nal signal sequence with a LXXC notif. 25

Genetic construct The gene sequence of the mature

Medl mtme Phil) protein (fromaa 21 to aa 838) was

transferred reconmbinantly to E. coil using the

i n-house pTCWMP14 vector carrying the pX pronoter. The

E. coil host strain is AR58, which carries the c1857

o s " o o,



Exanpl e 2: 40Preparati on of conjugates It is

well known in the art how to nake purified

9pﬁﬁpﬁﬁﬂppal pol ysacchari des. For the purpoggﬁm%wmm74
ese’ exanpl es the polysaccharides were made

essentially as described in EP0O72513 or by

cl osesl y-rel ated net hods. Before conjugation the

pol ysacchari des may be sized by mcroflul disation as

descri bed bel ow. The activation and coupling

c drrdiretticoupingwiasspagse (inkerjapbroachech pol ysacchari de. These

are given in Table 1. Sized pol ysaccharide (except for

e P T TR N S RO

5 pdIHESHEROP ol ¢ EPARCen® cerftigate was eval uat ed for all the

10

15

20

25

30

serotypes. Ad serotypes except serotype 18C were

the carrie det ai |
bRl SIehBForaab o aase B e ob Rl -t e aecere o
netd@rH-Peh e(ngtiyn| Rigjelo edih @b rexeased) cystaine arfoblaingth a&er miggfication of
| iafrrrgroups 6Fhetordtéi by SPDFlfolSihEhise)S-0lUdabharides-S-Prot
acetonftrlle or acetonitille/water 50% 50% 10
sol ution, CDAP (CDAP/PS ratio 0.5-1.5 /' mg PS) was
adecraids-Qhhe CHBY §f SRABhot fvarate et tiNsi3—3H 5—r> sagcharide-—SH
| atreglgimide-Ridk Gnodifitahiad G amntns gavdpkg d--4 conjubatai N t he specific
act ivation pH The activati on of the pol ysacchari de

P(g‘erformad at this pH du Ef::’?1"1,{_3 mnutes at
pacs-t bFEPfrP'PBﬁBt—e? <i¥a't9'° BNHEm —r>y§f‘1°ﬂ'38t’e~‘r‘35t)“

(ti'hleaqguratwﬁrgt-dep?emmteon the initial PS/ carrier
protein ratio) was added to the activated

pﬁ‘ﬁ??f&%‘#'ﬁf @Agpe@%""%yl eactgh_%n %\@?C + COOH-

(d’e?jeﬁdpwgatpon serotype) under pH reguI ation.
order to quench un-reacted cyanate ester groups a 2M

UL AHN OLIUES DERRAId S QLR T XU 2 T (Rl

uenc

S (ﬂ"ﬂ?'f’ d’Hh A §xPepedr ‘Wé*d'n? e °b%"'eﬁ1 aﬁﬁft 'é%d'fﬁth S‘f EIT"&?I @"°PIPPe‘Pf the
O \pedteir BYSPOR fordmstante) Whi>MsacobBrider81®8®t S| oW Stirri ng.
20Pr epar ation of 18C 18C was linked to the
carrr er pr otein_via a linker - Adipic add _dihydrazide

PSrGRAIE 2hERAGTe NE% oty pe TECSARERNRSB T TARATYERProt
betrﬁrMﬁBaIImmfargmgrmps)-Derqomaaaiezatl on of tetanus toxold
wi th EDAC For derlvatization of the tetanus toxoid,

purified TT Il d
Dol 2oat NE dher SR dEST R F Pt
céieglbente at i on of 0.2M When the dissol ution of the
spacer was conplete, the pH was adjusted to 6.2 EDAC
- = Ot a I Iy
{ Racirdi e, SNEEL N 221 SBRRON L PEORS D Ehr g
t IFREN® ure was sti rred for 1 hour under pH
regul ati on. The reaction of condensation was stopped
b)Notenﬁ%Et@étﬁdf BEAG Ebdve, ah T{f_srﬂatﬁe EXoaithidd RASe 384 M NuUt es at
C. 30 Derivatized was then diafittrated (10 kDa
CO menbrane) in order to renove residual ADH and EDAC
reagent. TTAH bulk was finally sterile filtered until
coupling step and stored at 16 70C. Chem cal coupling of
TIAN to PS 18C Details of the conjugation paraneters
can be found in Table 1. 2 granms of mcrofluidized PS
were diluted at the defined concentration in water and
adjusted to 2M Nadi by Nadi powder addition. CDAP
solution (100 ng/mM freshly prepared in 50150 v/v
acetonitrileMFlI) was added to reach the appropriate
CDAP/ PS ratio. 5 The pH was raised up to the
activation pH 9.0 by the addition of 0.3M NaCH and was
stabilised at this pHuntil addition of MN. After 3
m nutes, derivatized TTAH (20 nmg/m in 0.2 M NaCl) was
added to reach a ratio 'Mu /PS of 2; the pH was
regul at ed to the coupl | ng pH 9 O The sol ut| on was

A PN - o



20 conjugates are eluted first, followed by free PS,
then by free PD or free DT and finally DVAP and ot her

3 heroe¥p - glycine). Fractions containi ngp@@a“&ﬁ%ﬁ%

are detected by t1V230 nm Fractions are poo
according to their Kd, sterile filtered (0.22pn) and
stored at +2-8C. The PS/Protein ratios in the

R o, 54 R & ISP clf o st e i e docraly e for
orrevpiing Wi a paesherida arst IMH@OTrombst Ky Mistapce b lysitee residues), COOH
(o[l o sind b ot o i ki
be@o %a?‘la onUsS

re conj "zes of sacc, harides follow ng
Smecrofluldisation are given in table 2. Table
1 Speferably the it bhdtrienpotain tis. Mﬁd&bmg BétvéenQissan@ b:1;
P yae:.Pheteiq, | i . 35
T8 o 0851 Y7} 2001 TR ROAE0L D g alaash:
c GHIE 2{1 i 19 s empbogiment; the majopty 9 the confygatggofor example 6, 7, 8, 9 of
20oré OF ey Cohfegatad-BR0 AGARGS @amier protein to sdcthatidesihatl isi reater than

10 Wy, ¥Fbxaible 12CH 24 M NRa 422M 5.1 or 1.6:1.

In an embodiment, at least one S. pneumoniae saccharide is conjugated to a carrier
protein via a linker using CDAP and EDAC. For example, 18C or 22F may be conjugated
to a protein via a linker (for example those with two hydrazino groups at its ends such as

15  ADH) using CDAP and EDAC as described above. When a linker is used, CDAP may be
used to conjugate the saccharide to a linker and EDAC may then be used to conjugate
the linker to a protein or, altematively EDAC may be used first to conjugate the linker to
the protein, after which CDAP may be used to conjugate the linker to the saccharide.

20  In general, the immunogenic composition of the invention may comprise a dose of each
saccharide conjugate betwesn 0.1 and 20pg, 1 and 10pg or 1 and 3ug of saccharide.

in an embodiment, the immunogenic composition of the invention contains each S.
pneumonias capsular saccharide at a dose of between 0.1-20ug; 0.5-10ug; 0,5- Sug or 1-

25 3pg of saccharide. In an embodiment, capsular saccharides may be present at different
dosages, for example some capsular saccharides may be present at a dose of exactly
Tug or some capsular saccharides may ba present at a dose of exactly 3ug. In an
embodiment, saccharides from serotypes 3, 18C and 19F (or 4, 18C and 19F) are present
at a higher dose than other saccharides. In one aspect of this embodiment, serotypes 3,

30 18C and 19F (or 4, 18C and 19F) are present at a dose of around or exactly 3 pg whiist
other saccharides in the immunogenic composition are present at a dose of around or
exactly 1ug.

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

35  ihe purposes of the invention.
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NaCl 2M PD conc. (ng/m) 10.0 10.0 5.0 5.0 5.0 10.0
Initial POOPS Ftatlo (ww) 1.5/1 1.511 1/1 1/1 1.1/1

conc. (ng/ng PS) 0.50 0.50 0.79
%’."%‘}’6’%@% iepliq 9.0/9.0/9.0 9.5/9.5/9.0 9?%%‘?‘89‘@?’6’4

9.519.5/9.0 9.5/9.5/9.0 9.5/9.5/9.0 Serotype 9V
pfluid 14 pfluid 18C aid 19A 'Auld 19F pfluid 22F

In an embodiment, at least one of the S. pneumoniae capsular saccharides is directly
conjugated to a carrier protein (e.g. using one of the chemistries described above).
Preferably the at least one of the S. pneumoniae capsular saccharides Is directly
conjugated by CDAP. In an embodiment, the majority of the capsular saccharides for
example 5, 6, 7, 8, 9 or more are directly linked to the carrier protein by CDAP (see WO
95/08348 and WO 96/29094)

The immunoganic composition may comprise Strepfococcus pneumoniae proteins, herein
termed Streptococcus pneumoniae proteins of the invention. Such proteins may be used
as carnier proteins, or may be prasent as free proteins, or may be present both as carrier
proteins and as free proteins. The Straptococcus preumoniae proteins of the invention
are elther surface exposed, at ieast during part of the life cyde of the pneumococcus, or
are proteins which are secreted or released by the pneumococcus, Preferably the
proteins of the invention are selected from the following categories, such as proteins
having a Type Il Signal sequence motil of LXXC (where X is any amino acid, e.g., the
polyhistidine triad family (PhtX}}, cheline binding proteins (ChpX), proteins having a Type |
Signal sequence motif (e.g., Sp101), proteins having a LPXTG molif (where X is any
amino acid, e.g., Sp128, Sp130), and toxins (e.g., Ply). Preferred examples within these
categories (or motifs) are the following proteins, or immunolegically functional equivalents
thereof,

in one embodiment, the immunocgenic composition of the invention comprises at least 1
protein selected from the group consisting of the Poly Histidine Triad family (PhtX},
Choline Binding Protein family (CbhpX), CbpX truncates, LytX family, LyiX truncates, ChpX
truncate-LytX truncate chimeric proteins (or fusions), pneumolysin (Ply), PspA, PsaA,
Sp128, Sp101, Sp130, Sp125 and S$p133. In a further embodiment, the immunogenic
composition comprises 2 or more proteins selected from the group consisting of the Poly
Histldine Triad family (PhtX), Choline Binding Proteln family {CbpX), CbpX truncates, LytX
family, LytX truncates, CbpX truncate-LytX truncate chimeric proteins (or fusions),
pneumolysin (Ply), PspA, PsaA, and Sp128. In one more embodiment, the immunogenic
composition comprises 2 or more proteins selected from the group consisting of the Poly
Histidine Triad family (PhtX), Choline Binding Protein family {CbpX), CbpX truncates, LytX
family, LytX truncates, CbpX truncate-LytX truncate chimeric proteins (or fusions),
pneumolysin (Ply), and Sp128.
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pfluid 23F PS conc. (nmg/nl) 5.0 5.0 4.5 15.0 9.0 6.0
2.38 PS dissolution NaCl2M Naa 2M NaC 2M Naa 2M

0.2M NaCl 2M Carrier protein con /
%_9&&%{5’@-?20_0 (TT) 10.0 ' (Ply) 20.0 (D1) %1_‘/%%&?029974
(Phil)) 5.0 Initial carrier protein/PS Ratio (ww)

1.2/1°1.2/1 2/1 2.5/1 1.5/ 1 311 1/1 CDAP conc. (ng/ng
PS) 0.50

The Pht (Poly Histidine Triad) family comprises proteins PhtA, PhtB, PhtD, and PhtE. The
family is characterized by a lipidation sequence, two domains separated by a proline-rich
region and several histidine triads, possibly Involved in metal or nuclecside binding or
enzymatic activity, (3-3) colled-coil regions, a conserved N-terminus and a heterogeneous
C terminus. itis prasent in all strains of pneumococci tested. Homalogous proteins have
also been found in other Streptococci and Nelsseria. In one embodiment of the invention,
the Pht protein of the invention is PhiD. It is understood, however, that the terms Pht A,
B, D, and E refer to proteins having sequences disciosed in the citations below as well as
naturally-cccurring {2nd man-made) variants thereof thal have a sequence homology that
is at least 90% identical to the referenced proteins. Preferably it is at least 95% identical
and most preferably it is 97% idenlical.

With regards to the PhtX proteins, PhiA 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
i signal motif of LXXC. PhtD is disclosed in WO 00/37105, and is also referred to
Sp036D. As noted abaove, it also is 2 protein from the polyhistidine triad family and has
the type Il LXXC signal motif. PhB is disclosed in WO 00/37105, and is also referred to
Sp036B. Another member of the PhtB famlly Is the C3-Degrading Polypeptide, as
disclosed in WO Q0/17370. This protein also Is from the polyhistidine triad family and has
the type II LXXC signal motif. A preferred immunologically functional eguivalent is the
protein Sp42 disclosed In WO 98/18930. A PhtB truncate (approximately 79kD} is
disclosed in WO99/15675 which is also considered a member of the PhtX family. PhiE is
disclosed in WO00/30299 and is referred to as BVH-3. Where any Pht protein is referred
ta 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
theracf from any Pht protein. A reference to PhtD or PhtB is also a reference to PhtDE
or PhtBE fusions as found, for example, in WQ0198334.

Preumoiysin is a multifunctional toxin with a distinct cytolytic (hemolytic) and complement
aclivation activities (Rubins et al., Am . Respi. Cit Care Mad, 153:1339-1346 (1996)). The
toxin is not secreted by pneumococci, bul 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 monocyles, the inhibition of the beating of cilia on
human respiratory epithelial, and the decrease of bactericidal activity and migration of
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0.75 0.75 1.5 1.5 1.5 0.79 phiel pHcapH, 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
%0%?‘3”09{7 0 9.519.5/9.0 Note: pHa,c,q g Qflﬁﬁﬁ[&%ﬂ%
O the pH for activation, coupling and quenching,
respectively 5 Charact erisation: Each conjugate
was characteri sed and nmet the specifl cations descri bed
| n Tab The ontent

Pol e kst BBtel BREDE aoalipeian ¥ oo b fog bl cons,

C mn@mvowwmp thﬁerOL@wse B ista toxfih d npeds 4o ber@arified (le.,
I aoh-LoxlcWé Whurhsh wheh efodisaest awb %unfaﬁlblf& ptectidh® before it can be

¢ %%&%‘er%tf}l Pl re@io% nl glhﬁfl?gzbq dgr n%%igﬁge]%mo&/% fs kann

ree po har1 de con con
5 400 Be 284 &%@fﬁw Watkenat@l. Msctdremm ﬁﬁﬂu -1389 (1ARY)). Mitchell
S g elr mmbmmtsicﬁbﬁsaucmeoboaiswz (1088) expMitcbEl evial (NAR - 1BR010 @090)).
e tr m
P efSiaEyBE bl P e SR b WRERD 4T sBloc 1 Bty o
uﬁévtser?'eﬁth%@awamr?m Tﬁ"ﬁfh%?‘“‘?’@é"%ﬁ% 59955?906@1%3)
t Feaucis opthodsatranvell ke alise at dor 0Brictio ngxing a t Adtemativelg| [ can be

10 CQJehdtithily Rfioedd T CRE mvsrtuop tenéoﬁipsysas Eéwgdvbééf pneumococcal
Ant I %enl Cl t’%ﬁﬁ?{;{ e a‘gﬁln]g‘enl of t%‘lf\m ﬁ‘ef"gl dlgl&sed herein

V\,Herrearm mblecwammmes endergoreadetitione additiom orcEiubsihvtierial dneegr more
wmaat t&&f vl Rh&irﬁte&rfq@é@ﬁﬁ%hé’&l@é&ed @Wﬁtalﬁy other
cont en cQ at e Lier pro can
o ShiBlent) anshy PRE SRS o pesSleh firel Bl oif PR ey oo
15 staltered ¥ thaldibia bislegicaly 'ffﬂPté'e whilst, gt Tedintaining: itsi Immypegenic epitopes,
deks i BRfhpleS WHOREIR, 8¥@) BISHIONnfedi AT, OFrreaPoss (1B54) and
5%@5-, ) followed by UV detection (214 nm. The
el'ution conditions allowed separating the free carrier
protein and the conjugate. Free protein content in
c o wgdtherelny litkis undsstiddethatdieé esnimi ‘PR raf@s 3ol snutated or detoxified

20 Cadnb%an%mww%em 048 (o, Ldn WSl 1 0/ ML of carrier

prot Free carrier protein in %was obtai ned as
follows: %free carrier (free carrier (pg/m)/
( Tenedrning the ekttolireet Biodingo Protei famihyp (FhdX)n gnepiens i of thad famtile | were

g/gnHil@ %ehﬁﬁe& Q%Meu‘rﬁb&téérnb}oﬁeirﬂsqga@ooulésﬁa ?hﬁﬂ:‘? g chollrtle -affini ty
SIPEHBI: a llop CrsEolaiteng trdgind, % Sy e o
25 { phospberyichphinec gndieties  oht cell Cwalh delehotsr eeld f ad ?nea‘ﬁsﬁge-a%soc'a'ed

3 Tifateichoic acid. StARtuldly, el have lbdveral kg dhs i Bahmed @bl thabritiRdTarisy,

gi
5 ah o 5Bt o YO BB e alS SRS o, 863 con vy, n
cAsna. cholng, tinsing Arteins PAmpriv %n#ﬁﬁs'gﬁhrgs'en éﬂid“}ﬁmd"ﬁe@t
f geglorsiR1 andioa R2)/ a pediimerich Gegionl (Bsandre cobdemmatl clgjaenbiading region
30 CQ@} Haad @psofhﬁ}gﬁn% Fé‘ri]ﬁdls RaPipRets abﬁ?&{iapﬁi@}’ﬁwﬁ%ﬁ%#ﬁ&&n As
>R ey O g “orpine gt B ek s s Tom
,tlzee 9w R Gisting phirelinRARinfing Proteins as identified in WO97/41151, PbcA,
SpsA, PspC, CbpA, ChpD, and CbpG. CbpA is disclosed in WO97/41151. CbpD and
CbpG are disclosed in WO00/20434. PspC is disclosed in WO97/09994. PbcA Is
35 disclosed in WQ98/21337.5psA is a Choline binding protein disclosed in WO 98/39450.
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Free PS (Eesa) Free Carrier PS AnligeniellLy (Ma) Cal.
Size (kDa) 349- 1.0% 1499 - PS1-PD 382* 1.5-1.6

YR APIN A 8% B7% 9% 1715 4.7 | 1303 - pBifiebucsss

5-1.6 6.5% 3.2% 4. 0% 90% 96% 1606
93% 1998- P55-PD' 367443 0.80 11.2% 2. 2% 3. 8%

Preferably tha Choline Binding Proteins are selected from the group consisting of ChpA,
PbcA, SpsA and PspC.

Another preferred embodiment is CbpX truncates wherein “CbpX" is defined above and
“truncaies” refers to CbpX proteins lacking 50% or more of the Choline binding region (C).
Preferably such proteins lack the entire choline binding region. More preferably, the such
protein truncates 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). More preferably
still, the truncate has 2 repeat regions (R1 and R2). Examples of such prefemred
embodiments are NR1xR2 and R1xR2 as illustrated in WO99/51266 or WO99/51188,
however, other choline binding proteins lacking a similar choline binding region are also
contamplated within the scope of this invention.

The LytX family is membrane associated proleins associated with cell lysis. The N-
terminal domain comprises choline binding domain(s}, however the LylX famity 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
CbpX family, the C-tarminal domain contains the catalytic domain of the LytX protein
family. The family comprises LytA, B and C. With regards to the Lytx family, LytA is
disclosed in Ronda et al., Eur J Biochem, 164:621-624 (1987). LyiB is disclosed in WO
9818930, and is also referred to as Sp46. LytC is also disclosed in WO 98/18930, and is
also referred to as Sp91. A preferred member of that family is LytC.

Another preferred embodiment are LytX truncates wherein “LytX" is defined above and
“truncates” refers to LytX proteins lacking 50% or more of the Choline binding region.
Preferably such proteins lack the entire choline binding region. Yst another preferred
embodiment of this invention are CbpX truncate-LytX truncate chimeric proteins (or
fusions). Preferably this comprises NR1xR2 (or R1xR2) of CbpX and the C-terminal
portion (Cterm, i.e., lacking the choline binding domains) of LytX {e.g., LytCCterm or
Sp91Cterm). More praferably CbpX is selected from the group conslsting of ChpA, PbcA,
SpsA and PspC. More preferably still, it is CbpA. Preferably, LytX is LytC {also referred
to as Sp91). Another embodiment of the present invention is a PspA or PsaA truncates
lacking the choline binding domain (C) and expressed as a fusion protein with LytX.
Preferably, LytX is LytC.
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108% 2352 1100- P$6A- PD 1540 0. 61 4.5% Not done

. 9% Not done PS6B- 1069- 1. 3- 4778- PD' 1391

g,g ’E‘g@%‘ %766% <2.0% 68% 75% 5235 255- 39(917/17?2006!069974

1.1-1. 2 <1%<1. 4% 58% 4452

With regards to PsaA and PspA, both are know in the art. For example, PsaA and
transmembrane deletion variants thereof have been described by Berry & Paton, Infect
immun 1996 Dec;64(12):5255-62. PspA and transmembrane deletion variants thereof
have been disclosed in, for example, US 5804193, WO 92/14488, and WO 99/53940.

8p128 and Sp130 are disclosed in WOO00/76540. Sp125 is an example of a
pneumococcal surface protein with the Cell Wail Anchored motif of LPXTG (where X
any amino acid). Any protein within this class of pneumococcal surface protein with this
motif has been found to be useful within the context of this invention, and is therefore
considerad 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.

Examples of preferred Moraxeila catarrhalis protein antigens which can be included in a
combination vaccine (especially for the prevention of ofitis media) are: OMP106 WO
97/41731 (Antex) & WO 96/34960 (PMC)}; OMP21 or fragments thereof (WO 0018910);
LbpA &/or LbpB [WO 98/55606 (PMC)]; TbpA &/or TbpB [WO 97/13785 & WO 97/32980
(FMC)); CopB [Helminen ME, et af. (1993} Infect. Immun. 61;2003-2010]; UspA1 and/or
UspA2 [WO 93/03761 (University of Texas)]; OmpCD; HasR (PCT/EFP99/03824}; PilQ
(PCT/EP99/03823); OMPS85 (PCT/EP00/01468); lipo08 (GB 9917977.2); lpol1Dd (GB
9918208.1); lipe11 (GB 9918302.2); lipo18 (GB 9918038.2); P56 (PCT/EP99/03038); D15
(PCT/EPS9/03822);, OmplA1 (PCT/EPS9/06781); Hiy3 (PCT/EP99/03257); and OmpE.
Examples of non-typeable Haemophilus influenzae antigens or fragments thereof which
can be included in a combination vaccine (especially for the prevention of ofitis media)
include: Fimbrin protein [(US 5766608 - Ohio State Research Foundation)] and fusions
comprising peptides therefrom [eg LB1(f) peplide fusions; US 5843464 (OSU) or WO
99/64067]; OMP26 WO 97/01638 (Cortecs)]; P6 [EP 281673 (State University of New
York})]; TbpA and/or TbpB; Hia; Hsf. Hind7; Hif, Hmw1; Hmw2; Hmw3; Hmw4; Hap; D15
(WO 94/12641); P2; and P5 (WG 94/26304).

The proteins of the invention may also be beneficlally combined. By combined is meant
that the immunogenic compesition comprises all of the proteins from within the following
combinations, either as carrier proteins or as free proteins or a mixture of the two. For .
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example, in a combination of two proleins as set oul hereinafter, both proleins may be
used as carrier proteins, or both proteins may be present as free proteins, or both may be
present as carrier and as free protein, or one may be present as a carrier protein and a
free protein whilst the other Is present only as a carrier protein or only as a free protein, or
one may be present as a camier protein and the other as a free protein. Where a
combination of three proteins is given, similar possibilities exist. Preferred combinations
include, but are not limited to, PhiD + NR1xRZ, PhiD + NR1xR2-Sp91Cterm chimeric or
fusion proteins, PhtD + Ply, PhtD + Sp128, PhiD + PsaA, PhtD + PspA, PhtA + NR1xR2,
PhtA + NR1xR2-Sp&1Cterm chimeric or fusion proteing, PhtA + Ply, PhtA + Sp128, PhtA
+ PsaA, PhtA + PspA, NR1xR2 + IytC, NR1xR2 + PspA, NR1xR2 + PsaA, NR1xR2 +
Spt28, R1xR2 + LytC, R1xR2 + PspA, R1xR2 + PsaA, R1xR2 + Sp128, R1xR2 + PhiD,
R1xR2Z + PhtA. Preferabiy, NRTxR2 (or R1xR2) is from CbpA or PspC. More preferably it
is from CbpA. Other combinations include 3 protein combinations such as PhiD +
NR1xR2 + Ply, and PhtA + NR1xR2 + Phil). In one embodiment, the vaccing composition
comprises detoxified pneumplysin and PhtD or PhDE as carmrier proteins. In a further
smbodiment, the vaccine composition comprises detoxifisd pneumolysin and PhiD or
PhiDE as free proteins.

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

The immunogenic compositions 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 a salt of calcium, magnesium, iron or zinc, or may be
an insoluble suspension of acylated tyrosine, or acylated sugars, cationically or anionically
derivatized saccharides, or polyphosphazenes.

it is preferred that the adjuvant be selected to be a preferential inducer of a TH1 type of
response. Such high levels of Thi-type 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 response is not absolute. In realily an
individual will support an immune response which is described as being predominantly
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Th1 or predominantly 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 (Masmann, T.R. and Coffman, R.L. (1989) TH1 and TH2 celis: different patterns
of lymphokine secretion lead to different functional properties. (Annual Review of
immunology, 7, p145-173). Traditionally, Thi-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 assoclated with the secretion
of 114, IL-5, IL-6, IL-10. Suitable adjuvant systems which promote a predominantly Th1
response include: Monophosphoryl lipid A or a derivative thereof, particularly 3-de-O-
acylated moncphosphoryt lipld A (3D-MPL) (for its preparation see GB 2220211 A); and a
combination of monophosphoryl lipid A, preferably 3-de-O-acylated monophosphory! fipld
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 et al. Vaccine
(1998) 16:708-14; EP 689454-B1).

An enhanced system involves the combination of 2 monophosphory! lipid A and a saponin
derivative, particutarly the combination of QS21 and 3D-MPL as disclosed in WO
94/00153, or a less reaclogenic composition where the QS21 is quenched with
cholesterol as disclosed in WO 96/33738. A particularly potent adjuvant formulation
Involving QS21, 3D-MPL. and tocopherol in an oil in water emulsion is described in WO
98/17210. In one embodiment the immunogenic composition additionally comprises a
saponin, which may be Q821. The formulation may also comprise an oil in water emulsion
and tocopherol (WO 95/17210). Unmethylaled CpG containing oligenuclectides (WO
96/02555) and other Immunomodulatory oligonudleotides (WO00226757 and
WO03507822)are also preferential inducers of a TH1 response and are suitable for use in
the present invention.

Particular adjuvants are those selected from the group of metal Saits, oil in water
emulsions, Toll like receptors agonist, (in particular Toll like receptor 2 agonist, Toll like
receptor 3 agonist, Toll like receptor 4 agenist, Toll like receptor 7 agonist, Tolt like
receptor 8 agonist and Toll like recepior 9 agonist}, saponins or combinations thereof.
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OM 294 DP (3S, 9 R) —3--[(R)}-dodecanoyloxytetradecanaylamino]-4-oxe-5S-aza-9(R)-[(R}-
20  3-hydroxytetradecanoylamino]decan-1,10-diol,1,10-bis{dihydrogenophosphate)  (WO88
/64301 and WO 00/0462 )

OM 197 MP-Ac DP { 35-, 8R} -3-[{R) -dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-9-
[(R)}-3-hydroxyletradecanoylamino]decan-1,10-diol,1  -dihydrogenophosphate  10-(6-
25 aminohexanoate) (WO 01/46127)

Other TLR4 ligands which may be used are alkyl Glucosaminide phosphates (AGPs) such
as those disclosed in W0O3850399 or US6303347 (processes for preparation of AGPs are
also disclosed), or pharmaceutically acceptable salts of AGPs as disclosed in

30 US6764840. Some AGPs are TLR#4 agonists, and some are TLR4 antagonists. Both are
thought to be useful as adjuvants,

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

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

35 Saponaria Molina and was flrst described as having adjuvant activity by Dalsgaard et al.
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in 1974 (“Saponin adjuvants®, Archiv. fur die gesamte Virusforschung, Vol. 44, Springer
Verlag, Berlin, p243-254). Purifled fragments of Quil A have been isolated by HPLC
which retain adjuvant activity without the toxicity associated with Quil A (EP 0 382 278),
for example QS7 and QS21 (also known as QA7 and QA21). QS-21 is a natural saponin
derived from the bark of Quillaja saponaria Molina which Induces CD8+ cylotoxic T celis
(CTLs), Th1 cells and a predominant IgG2a antibody response and is a preferred saponin
in the context of the present invention,

Particular formulations of QS21 have been described which are particularly preferred,
these formulations further comprise a sterol (W096/33739). The saponins forming part of
the present invention may be separate in the form of micelles, mixed micelles
{preferentiaily, but not exclusively with bile salts) or may be in the form of ISCOM matrices
(EP 0 109 942 B1) , liposomes or related colicidal structures such as worm-like or ring-like
multimeric complexes or lipidic/layered structures and lamellae when formulated with
cholesterol and lipid, or in the form of an oil in water emulsion (for example as in WO
95/17210). The saponins may preferably be associated with a metallic salt, such as
aluminium hydroxide or aluminium phosphate (WO 98/15287).

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

An enhanced system involves the combination of a monophosphoryl lipid A (or detoxified
lipid A} and a saponin derivative, particularly the combination of QS21 and 3D-MPL as
disclosed in WO 84/00153, or a less reactogenic composition where the QS21 is
quenched with cholesterol as disciosed in WO 96/33739. A particularly potent adjuvant
formulation involving tocopherol with or without Q321 and/or 3D-MPL 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.

Immunostimulatory oligonucieotides or any other ToliHike receptor (TLR) 9 agonist may
also be used.The preferred oligonuciectides for use in adjuvants or vaccines of the
present invention are CpG containing oligonucleotides, preferably containing two or mare
dinucleotide CpG motifs separated by at least three, more preferably at least six or more
nucleotides. A CpG molif is a Cytosine nucleotide followed by a Guanine nuclectide. The
CpG odligonuclectides of the present invention are typically deoxynucleotides. In a
preferred embodiment the intemucleotide in the oligonuclectide is phosphorodithioate, or
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more preferably a phosphorothioate bond, although phosphodiester and other
intermuclectide bonds are within the scope of the invention. Also included within the
scope of the invention are oligonucleotides with mixed internucleotide linkages. Methods
for producing phosphorcthioate oligonucieotides or phosphorodithioale are described in
US5,666,153, USS5,278,302 and WO95/26204.

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

OLIGO 1{SEQ ID NO:1): TCC ATG ACG TTC CTG ACG TT {CpG 1826)

OLIGO 2 (SEQ 1D NO:2): TCT CCC AGC GTG CGC CAT (CpG 1758)

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

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

OLIGO 5 (SEQ ID NO:5). TCC ATG ACG TTC CTG ATG CT (CpG 1668)

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

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

The CpG oligonuciectides utilised in the present invention may be synthesized by any
method known in the art (for example see EP 468520). Conveniently, such
oligonucleotides may be synthesized ulilising an automated synthesizer.

The adjuvant may be an oil in water emulsion or may comprise an oil in water emuision in
combination with other adjuvants, The oil phase of the emulsion system preferably
comprises a metabolisable oil. The meaning of the term metabolisable oil is well known in
the art. Metabolisable can be defined as “being capable of being transformed by
metabolism® (Dorland's lllustrated Medical Dictionary, W.B. Sanders Company, 25"
edition {1974)). The oil may be any vegetable oil, fish, oil, animal or synthetic oil, which is
not toxic to the recipient and is capable of being transformed by metabolism. Nuts, seeds,
and grains are common sources of vegetable cils. Synthetic oils are also part of this
invention and can include commercially available clls such as NEOBEE® and cthers.
Squalene (2,6,10,15,19, 23-Hexamethyl-2,6,10,14,18 22-tetracosahexaene) is an
unsaturated oil which is found in large quantities in shark-liver oil, and in lower guantities
in olive oil, wheat germ cil, rice bran ¢il, and ysast, and is a particularly preferred oit for
use in this invention. Squalene is a metabolisable oil by virtue of the fact that it Is an
intermediate in the biosynthesis of cholesterol (Merck index, 10™ Edition, entry no.8619).
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Tocols (e.g. vitamin E) are also often used in oll emulsions adjuvants (EP 0 382 271 B1;
US5667784; WO 95/17210). Tocols used in the oil emulsions (preferably oil in water
emulsions) of the invention may be formulated as described in EP 0 382 271 B1, in that
the tocols may be dispersions of tocol droplets, optionally comprising an emulsifier, of
preferably less than 1 micron in diameter. Altematively, the tocols may be used in
combination with another oil, to form the oil phase of an oil emulsion. Examples of oil
emulsions which may be used in combination with the tocol are described herein, such as
the metabolisable oils described above.

Qil in water emulsion adjuvanis per se have been suggested to be useful as adjuvant
compositions (EP O 399 843B), also combinations of oil in water emulsions and other
active agents have been described as adjuvants for vaccines (WO 95/17210; WO
98/56414; WO 99/12565;, WO 9¢/11241). Other oil emulsion adjuvants have bean
described, such as water in cll emulsions (US 5,422,109.EP 0 480 982 B2) and water in
ail in water emulsions (US 5,424 067,EP 0 480 981 B). All of which form preferred oil
emulsion systems (in particular when incorporating tocols) to form adjuvants and
compositions of the present invention.

Most preferably the oll emulsion (for instance oit in water emulsions) further comprises an
emulsifier such as TWEEN 80 andfor a sterol such as cholestero!.

A preferred oil emuision (preferably oil-in-water emulsion) comprises a metabolisible, non-
toxic oil, such as squalane, squalene or a tocopherol such as alpha tocopherol (and
preferably both squalene and alpha tocopherol) and optionally an emulsifier {or surfactant)
such as Tween 80. A sterol (preferably cholesterol) may also be included.

The method of producing oil in water emulsions is well known to the man skilled in the ari.
Commonly, the method comprises mixing the tocol-containing ofl phase with a surfactant
such as a PBS/TWEENBO™ solution, followed by homogenisation using a homogenizer, it
would be clear to a man skilled in the art that a method comprising passing the mixture
twice through a syringe needle would be suitable for homogenising small volumes of
liquid, Equally, the emuisification process in microfluidiser (M1108 Microfiuidics machine,
maximum of 50 passes, for a period of 2 minutes at maximum pressure 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 emuision. The adaptation could be achieved by
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In a preferred aspect the adjuvant and immunogenic compositions according to
the invention comprise a saponin (preferably Q$21) and/or an LPS derivalive (preferably
3D-MPL) in an oit emulsion described above, optionally with a sterol (preferably

3% cholesteral). Additionally the oil emulsicn (preferably il in water emulsion) may contain
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The emulsion systems of the present invention preferably have a small oil droplet

size in the sub-micron range. Most preferably the oil droplet sizes will be in the range 120

to 750 nm, and most preferably from 120-800nm in diameter,
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A particularly potent adjuvant formulation (for ultimate combination with AIPO4 in
the immunogenic compositions of the invention) involves a saponin (preferably QS21), an
LPS derivative (preferably 3D-MPL) and an cil emulsion (preferably squalene and alpha
tocopherol in an ol in water emulsion) as described in WO 95/17210 or in WO 99/12565
(in particular adjuvant formulation 11 in Exampte 2, Table 1}.

Exampies of 2 TLR 2 agonist include peptidoglycan or lipoprotein. Imidazoguinolines,
such as Imiguimod and Resiquimod are known TLR7 agonists. Single stranded RNA is
also a known TLR agonist {TLR8 in humans and TLR7 in mice), whereas double stranded
RNA and poly IC (polyinosinic-polycytidylic add - 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 TLRY agonist.

The immunogenic composition may comprise an antigen and an immunostimulant
adsorbed onto a metal salt. Aluminium based vaccine formulations wherein the antigen
and the immunostimulant 3-de-QO-acylated monophosphoryl lipid A (3D-MPL), are
adsorbed onto the same particle are described in EP D 576 478 B1, EP 0689 454 B1, and
EP 0 633 784 B1. In these cases then antigen is first adsorbed onto the aluminium salt
followed by the adsorption of the immunostimulant 3D-MPL onto the same aluminium salt
particles. Such processes first Involve the suspension of 3D-MPL by sonication in a water
bath untit 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 antigen and the formulation is Incubated
at room temperature for 1 hour, and then kept at 40C until use.

In ancther process, the immunostimulant and the antigen are on separate metal particles,
as descrived in EP 1126876. The improved process comprises the adsorption of
immunostimulant, onto a metallic salt particle, foliowed 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 partide is substantially free of other antigen.
Furthermore, vaccines are provided by the present invention and are characterised in that
the immunostimulant is adsorbed onto particles of metallic salt which are substantially free
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Tabl e 5Specific activation/couplinakmenchl n.
condi ti ons of PS 5S. Dneunonl ae-Proteln

haw‘{ﬁlm%a'_lconl upates Serotype 1 Native 3 ;%12%174&%5069974

thve Nati ve 6B Native 7F Native PS con
1.5 2 2.0 7.5 5.5 3.0 PS dissolution NaCl 150nmM NaCl
2M WFI WA Nadi 2M Nadi 2M PD conc.(ng/ml) 5.0 5.0 5.0

5'f|%rn5oﬂper %ht%ek%h'#khap t%é F;;thé%t JJfomeQaVlY{cV\sbalt ]W‘/hig.l'l erela{d%or%édl 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 metaliic 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 one or more
immunostimulants adsorbed onto a metal particle with an antigen. Preferably, the antigen
has been pre-adsorbed onto a metallic salt. Said metallic salt may be identical or similar
to the metaflic salt which is adsorbed onfo the immunostimulant. Preferably the metal sait
is an aluminium salt, for exampte Aluminium phosphate or Aluminium hydroxide,
The present invention further provides for a wvaccine composition comprising
Immunostimulant adsorbed onto a first particle of a metatiic salt, and antigen adsorbed
onto a metallic salt, characterised in that first and second particles of metallic salt are
separate particles.

LPS or LOS derivatives or mutations or lipid A derivatives described herein are designed
to be less toxic {e.g. 3D-MPL} than native lipopolysaccharides and are interchangeable
equivalents with respect to any uses of these moieties described herein. They may be
TLR4 ligands as described above. Other such derivatives are described in
WQ020786737, W09850399, WO0134617, WO0212258, WO030685806,

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 dioleoyt
phosphatidyl choline [DOPC]) and optionally a sterol [such as cholesterol]). Such
liposome carriers may carry lipid A derivatives [such as 3D-MPL — see above] and/or
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, 0.8-1.1, 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) stero! {for instance cholestercl), 5-60, 10-50,
or 20-30 pg {e.g. 515, 40-580, 10, 20, 30, 40 or 50 ug) lipid A derivative {for instance 3D-
MPL), and 5-60, 10-50, or 20-30 ug (e.g. 515, 40-50, 10, 20, 30, 40 or 50 ng) saponin
(for instance Q521).
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1/1 1/1 1/1 CDAP conc. (mg/nmg PS) 0.75 0.75 0.75 0.75
0.75 0.75 pFla=pl-10=pHO0 9.0/9.0/9.0 9.5/9.5/9.0

&O?Bﬁmﬁg,g_{ 0 9.0/9.0/9.0 9.5/9.5/9.0 9.0/9. Q&&I’@%}O%’Oﬁ%ﬂ

ime 60 mns 60 mns 45 mns 40 mns

60 mns Serotype 9V Native 14 Native 18C Native 19F

Native 23F Native PS conc.(mg/nl) 1.75 2.5 1.75 4.0

2. P ) B a1 suitable for elderly vaceine formulations. I 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 serctypes 3, 6A, and 22F), wherein tha
GMC antibody titre induced against one or more {or all) the vaccine components 4, 6B,
9V, 14, 18C, 19F and 23F is not significantly inferior to that induced by the Prevnar®

vaccine in human vaccinees.

In one embodiment the adjuvant used for the compositions of the invention comprises an
ail in water emulsion made from a metabolisable oil (such as squalens), an emulsifier
(such as Tween 80) and optionally a toco! (such as alpha tocopherol). In one embodiment
the adjuvant comprises (per 0.5 mi dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6mg (e.g. 2-3, 56,
or 10-11 mg) metabolisable oil (such as squalene), 0.1-10, 0.3-8, 0.6-6, 0.9-5, 1-4, or 2-3
mg {e.g. 0.9-1.1, 2-3 or 4-5 mg) emullsifier {such as Tween B0) and optionally 0.5-20, 1-
15, 2-12, 4-10, 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, 10-50, or 20-30 ug (e.g. 5-15, 40-50,
10, 20, 30, 40 or 50 ug) lipid A derivative (for instance 3D-MPL).

These adjuvants are particularty suitable for infant or elderly vaccine formulations. In one
embodiment the vaccine composition comprising this adjuvant comprises saccharide
conjugates derived from at least all the foliowing serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F,
1, 5, 7F (and may also comprise one or more from serctypes 3, BA, 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 my) sterol (for instance cholesterol), 5-60,
10-60, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivativa (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
Hg) saponin (for instance QS$21).

This adjuvant is particularly suitable for eldery vaccine fonmulations. In one embodtiment
the vaccine composition comprising this adjuvant comprises saccharide conjugates
34
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Naa 2M NaCl 2M WA Nadi 2M NaCl 2M PD conc. (ng/m) 5.0
5.0 5.0 5.0 5.0 Initial PS/PD Ratio (ww 1/0.75

.2 1/1 1/1 CDAP conc. (mg/ ng PS)
8‘.5(7)’133’3’."17/%710. 75 pl-18=01, =pH, 8.5/8.5/9.0 9.8‘?@%’%’;’ poT4
9.0/9.0/9.0 9.5/9.5/9.0 9.5/9.5/9.0 Coupling time 60
mns 60 mns 45 mns 30 mns 60 mns WO

20 m %71707PCT P20061069974 Tahl pecific

acc{)l vatf5°(')"n7téegﬁ{gqﬁitﬁeoggmnﬁcsﬁp%esc gh%glé oh 1%# 18§ 23F. 1, 5, 7F

SepALmAOAEETPrts ae 97 DPBTooTsemiaesed, Bor t laed 22F), wherein the

PreitDahibo@OitreSAduead dyainiiionb ¥WPMoré (or all) the vaccine components 4, 6B,
9V, 14, 18C, 19F and 23F is not significantly inferior to that induced by the Prevnar®

vaceing 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 ug Al as aluminium phosphate,
and 5-60, 10-50, or 20-30 pg (e.g. 515, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative
(for instance 3D-MPL).

This adjuvant is particularly suitable for elderly or infant vaccine formulations. In one
embodiment the vaccine composition comprising this adjuvant comprises saccharide
conjugates derived from at least all the following serctypes: 4, 6B, 9V, 14, 18C, 19F, 23F,
1, 5, 7F (and may also comprise one or more from serolypes 3, 6A, 19A, and 22F),
wherein the GMC antibody titre induced against one or more (or all) the vaccine
components 4, 68, 9V, 14, 18C, 19F and 23F is not significantly inferior to that induced by
the Prevnar® vaccine in human vaccinges.

The vaccine preparations containing immunogenic compositions of the present invention
may be used to protect or treat a mammal susceptible to infection, by means of
administering said vaccine via systemic or mucosal route. These administrations may
include Injection wia the inframuscular, intraperitoneal, intradermal or subcutaneous
routes; or via mucosal administration to the oral/alimentary, respiratory, genitourinary
tracts. Intranasal administration of vaccines for the treatment of pneumonia or otitis media
is preferred {as nasopharyngeal camriage of pneumococci can be more effectively
prevented, thus attenuating infection at its earliest 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 admiristration, 2 different routes of administration may be
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pfluid 3 pfluid 4 ufluid 5 pfluld 63 pfltdd 7F Native
PS conc.(ng/nl) 4 2.0 2.5 7.5 10 3.0 PS di ssol ution

N e CL2M NaCl 2M NaCL2M Neel 2M NaCl ? R
conc. m’??}a) 10.0 5.0 5.0 5.0 NaCl2M 20 (DT Hibposser
5.0 Initial PD/PS Ratio (Ww 1.2/1 1/1 1/1 1/1 1.5/1
1/1 CDAP conc.

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 priring doses and IN for baoster doses.

The content of protein antigens in the vaccine will typically be in the range 1-100ug,
preferably 5-50pug, most typically in the range 5 - 25ug. Following an initial vaccination,
subjecls may receive 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) (1985) Plenum Press New York).
Encapsulation within liposomes is described by Fullerion, US Patent 4,235,877

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

in one aspect of the invention is provided a vaccine kit, comprising a vial containing an
immunogenic compesition of the invention, optionally in lyophifised form, and further
comprising a vial contalning an adjuvant as described herein. It is envisioned that in this
aspect of the invention, the adjuvant will be used to reconstitule the lyophilised
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 “homy” cuticle, called the stratum
comeum, which overlays the epidermis. Undemeath this epidermis is a layer called the
dermis, which in turn overlays the subcutaneous tissue. Researchers have shown that
injection of a vaccine into the skin, and in particutar the demmis, stimutates an immune
response, which may also be associaled with a number of additional advantages.
intradermal vaccination with the vaccines described herein forms a preferred feature of
the present invention.
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(mg/mg PS) 1.50 0.75 1.5 2 1.5 0.75 pHa=pHepHa
9.0/9.0/9.0 9.5/9.5/9.0 9.519.5/9.0 9.0(9.0/9.0

5 0 919/9 Coupling time 60 mns 60 nj 60
%on{s‘}%éog{? ns 60 mns 60 mns Serotype 9V l\iﬁﬂ@l’@"ﬂ?ﬁ”m
Native 18C pfluid 19F Auld 23F pfluid PS conc. (ng/ mt)

1.75 2.5 5.0 9.0 10 PS dissolution Neel 2M NaCl 2M

Nar%% %ol\{lw'e\%(éjlnal %a%nique of intradermal injection, the “mantoux procedure®, comprises
steps of cleaning the skin, and then stretching with one hand, and with the bevei 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 inserted, the barrel of the needle is
lowered and further advanced whilst providing a slight pressure to elevate it under the
skin. The liguid is then injected very slowly thereby forming a bleb or bump on the skin
surface, followed by slow withdrawal of the needle.

More recently, devices that are specifically designed to administer liquid agents into or
across the skin have been described, for exampie the devices described in WO 99/34850
and EP 1092444, also the jet injection devices described for exampie in WO 01/13977,
US 5,480,381, US 5,509,302, 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, LS 5,466,220, US 5,339,163, US 5,312,335,
US 5,503,627, US 5,064413, US 5520, 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 (WQ 97/48440; WO 98/28037); or applied to the surface of the skin
(transdermal or transcutaneous delivery WO 98/20734 ; WO 98/28037).

When the vaccines of the present invention are io 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 mi and 0.2 mi.

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

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

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

in the dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
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NaCl 2M Carrier protein conc.(ng/nl) 5.0 5.0 5.0 20
(DT) 10 (DT) Initial carrier protein/PS Ratio (w w)

7 5/1 1.211 1.5/1 1.5/1 CDAP conc. / PS
8’."7’3‘4735’7‘(7)’8771.5 1.5 0.75 pFl e=pFl e=pH" 8. 5/8.%9%’“ 974
9.0/9.0/9.0 9.019.0/9.0 9.0/9.0/9.0 9.5/9.5/9.0
Coupling time 60 m ns 60 mns 30 mns 60 mns 60

oI SR Mot hindfie 8 AR ot B BgAiCn pavesen

f ddivichals and ipgiffeeaipiacteof theshadily InQenesalyibean be dapeicied t@reach the

PfdetmisibylgoiNg1i5vem below the surface of the skin. The demis 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
ametioration of Oftitls media caused by Haemophilus influenzae by the addition of
Haemophilus influenzae proteins, for example protein D in free or conjugated form. In
addition, the present invention further provides an improved vaccine for the prevention or
amelioration of pneumococcal infection in infants (e.g., Otitis media), by relying on the
addition of one or two pneumococcal proteins as free or conjugated protein to the S.
pneumoniae conjugate compositions of the invention. Said pneumococcal free proteins
may be the same or different to any 8. pneumoniae proteins used as carrier proteins.
One or more Moraxella catarrhalis protein antigens can also be included in the
combination vaccine in a free or conjugated form. Thus, the present invention is an
improved method to elicit a (protective) immune response against Otitis media in infants.

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

In yet ancther 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, typically over
55 years and more generally over 60 years) by administering a safe and effective amount
of the vaccine of the invention, preferably in conjunction with one or two S. pneumoniae
proteins present as free or conjugated protein, which free S. pneumoniae proteins may be
the same or different as any S. pneumoniae proteins used as carrier proteins.
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WD 20071071707PCT/ EP2006/ 069974 conc. (ng/ ml) PS

di ssol ution Ned 150 mM Nadi 2M W1 WFI NaCl_2M NaCl 2M
BB RGN g/ nl) 5.0 5.0 5.0 5.0 5 10 InitialC PHPEsH
Ratio (Ww 0.7/1 1/1 1 1/1

A further aspect of the invention is a method of immunising a human host against disease
caused by S. pneumoniae and optionally Haemophifus influenzae infection comprising
administering to tha 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 infaction.

A further aspact of the invention is use of the Immunogenic compositian 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 Hasemophilus influenzae infection.

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

Embodiments herein relating to “vaccine compositions” of the invention are also
applicable to embodiments reiating 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 ba better understood, the following examples are set forth.
These examples are for purposes of illustration only, and are not to be construed as limiting

the scope of the inventlon in any manner.

Examples
Example 1: EXPRESSION OF PROTEIN D

Haemophiius Influenzaa proteln D
Geonetle construction for protein D axpression
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1/1 1.2/1 CDAP conc. (mg/nmg PS) 0.75 0.75 0.75 0.75
0.75 0.75 pHephlc=pHa 9.019.019.0 9.519.5/9.0
8.8/8.8/9.0 9.0/9.0/9.0 9.5/9.5/9.0 9.5./9.5/9
YOI i me 60 mins 60 nins 45 nmins 40 mi RSTEGOMHORE™
60 m ne Serotype 9V pfluid 14 pfluid 18C Native 19F
pfluid 19F pfluld 23F pfluid PS conc.(ng/nl) 5.0 5.0

1.75 9St9:rt!ng materials

The Protain D encoding DNA ]

Protein D is highly conserved among H. infiuenzae of all serotypes and non-
typeable strains. The vector pHIC348 containing the DNA sequence encoding the entire
protein D gene has been obtained from Dr. A. Forsgren, Department of Medicai
Microbiology, University of Lund, Maim0 General Hospital, Malm&, Sweden. The DNA
sequence of protein D has been published by Janson et al. (1991) Infect. immun. 59: 119-
125.

The exprassion vector pMG1

The expression vector pMG1 is a derivative of pBR322 (Gross of &/, 1885) in
which bacteriophage A derived control elements for transcription and translation of foreign
inserted genes were introduced (Shatzman ef al, 1983). In addition, the Ampicillin
resistance gene was exchanged with the Kanamycin resistance gene.

Thae E. coli strain AR58

The E. coli strain ARS8 was generated by fransduction of N99 with a P41 phage
stock previously grown on an SA500 derivative (galE:;TN10, lambdaKil" ci857 AH1). N99
and SAS500 are E. coli K12 strains derived from Dr. Martin Rosenberg's laboratory at the
National Institute of Health.

The axpression vector pMG 1

For the production of protein D, the DNA encading the protein has been cloned
into the expression vecter pMG 1. This plasmid utilises signals from lambdaphage DNA
to drive the transcription and translation of inserted foreign genes. The vector contains
the promoler PL, operator OL and two utilisation sites {NuiL and NutR) to relieve
transcriptional polarity effects when N protein is provided (Gross et al., 1985). Veclors
containing the PL promoter, are introduced into an E. coli lysogenic host to stabilise the
plasmid DNA. Lysogenic host strains contain replication-defective lambdaphage DNA
integrated into the genome (Shatzman ef af,, 1983). The chromosomal lambdaphage
DNA directs the synthesis of the ¢l repressor protein which binds to the OL repressor of
the vector and prevents binding of RNA polymerase to the PL promoter and thereby
transcription of the inserted gene. The cl gene of the expression strain AR58 contains a
temperature sensitive mutant so that PL directed transcripton can be regulated by
temperature shift, i.e. an increase in culture temperature inactivates the repressor and
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10.0 9.5 PS dissolution NaCl 2M NaCl 2M WFI NaCl 2M
NaCl 2M NaCl 2M Carder protein conc.(ng/nl) 10 10.0

) 5.0 (PD) 10 Initial carrier protgi
ga"?’u‘%pﬁ(\%v W 1.2/11.2/11.2/1 1.5/1 1.2/1 15’%’%‘3&@’“””
conc. (nmg/nmg PS) 0.5 0.75 0.75 1.5 0.75 0.75
pFl a=pFk=pHgq 9.519.5/9.0 9.5/9.5/9.0 9.0/9.019.0

?n.' s%étﬁ%s%/ ‘%{ tﬁeS %ﬂegg/ngﬁir%t/gi% 'ig imgﬁ'atgc/l.g TEF} %%:q())reg?olrjt pslylstgrg a‘lclswrge cogtgolled
synthesis of foreign proteins especially of those that may be toxic to the cell (Shimataka &
Rosenberg, 1981).

The E. coli strain AR5B

The ARS8 lysogenic E. coll strain used for the production of the protein D carrier is
a derivative of the standard NIH E. coli K12 strain N99 (F" su” galK2, lacZ thr ). |t
contains a defective lysogenic lambdaphage (galE:: TN10, lambdaKil" ¢c1857 AH1). The Ki
phenotype prevents the shut off of hast macromolecular synthesis. The cI857 mutation
confers a temperature sensitive lesion to the cl repressor. The AH1 deletion removes the
lambdaphage right operon and the hosts bio, uvr3, and chlA loci. The ARSB strain was
generated by transduction of N89 with a P1 phage stock previously grown on an SAS00
derivative (galE::TN10, lambdaKil" cl857 AH1). The introduction of the defective lysogen
into N99 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 pMGMDPPrD

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 ampiified by PCR from the pHIC348 vector (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
Ncol and Xbal thus creating a fusion protein containing the N-terminal 81 amino acids of
the NSt 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 BamHIBamHI fragment was removed from pMGNS1PrD.
This DNA hydrolysis removes the NS1 coding reglon, 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 acid sequence has been generated:

-—-MDP SSHSSNMANT——-
NS1 Protein D
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19F-CRM primary vaccination (Total cohort) G oup
11Pn PD&DI -001 2F ELi SA) 11Pn- PD&E! i -OO/&‘&?ZZF ELI SA)

N v > BRI Soes:ams AR SR GIoREe <A TRl G to
0.vihih fipjd chainé @6oro®hally Ehchedp TheliBdtelh Is(t8B8forEngitheiZcreted into the
20084 IoRPiTD SRERASHOR 3L oplésleH'aPQuﬂléf%nQS 7 1.93 50

(2.31- g"eg"é’f‘ ﬂﬂﬁﬁgl‘f_%mg’%p) o5 né@) mééhe ARDR host strain by

heat shock at 37 °C. Plasmid containing bacteria were selected in the presence of
Kanamycin. Presence of the protein D encoding DNA Insert was demonstrated by
digestion of isolated plasmid DNA with selected endonucleases. The recombinant E. coff
strain is referred to ag ECD4.

Exprassion of protein D is under the control of the lambda P_ promcter/ O,
Operator. The host strain AR58 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 exiraction from harvested cells and the purification of protein D was
performed as follows. The frozen cell culture pellet is thawed and resuspended in a cell
disruption solution (Citrate buffer pH 6.0) to a final OCDgg = 80. The suspension is passed
twice through a high pressure homogenizer at P = 1000 bar. The cell cullure homogenate
is clarified by centrifugation and celt debris is removed by filtration. In the first purification
step the filtered lysate Is applied to a cation exchange chromatography column (SP
Sepharose Fast Flow). PD binds to the gel matrix by ionic interaction and is eluted by a
step increase of the ionic 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 anionic exchange column chromatography containing the purified
protein D is concentrated by ultrafiltration.

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

Large Scale Preparation
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(962-100) (2.45-3.38) 19F-DT Form 2" 150 98.0 2.43

- (91.5-98.5) (2.01-2.94) 19F- DT Form 3r -

:&g,;@@@q]d 70 (86.3-99.5) (2.58-5.30) Pf%zo&sﬂi?wu

41 974 2.91

The exiraction from harvested cells and the purification of protein D was
performed as follows. 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 get
matrix by ionic inleraction 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 Fiow). PD does not bind onto the gel and can be collected in the flow
through.

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

The protein D containing ultrafiltration retentate is finally passed through 2 0.2 ym
membrane.

Example 1b: EXPRESSION OF PhtD

The PhtD protein is a member of the pneumococcal histidine-triad (Pht) protein family
characterized by the presence of histidine-triads (HX3HXH motif). PhtD is a 838 aa-
molecule and carries 5 histidine triads (see Medlmmune WQ00/37105 SEQ ID NO: 4 for
amino acid sequence and SEQ ID NO: 5 for DNA sequence). PhtD also contains a proline-
rich region in the middle (amino acid position 348-380). PhtD has a 20 za-N-terminal
signal sequence with a LXXC motif.

Genetic construct

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

Polymerase chain reaction was realized to amplify the phtD gene from a MedImmune
plasmid (carrying the phtD gene from Streptococcus pneumoniae strain Norway 4
(serotype 4) — SEQ ID NO: 5 as described in WO 00/37105). Primers, specific for the phD
gene only, were used to amplify the patD 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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283.2 (209.4-330.7) - 19F- DT Form 2r 139
PhtD Purification

PhtD purification is achieved as follows:

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

s Breakage of the E.coii cells from whole culture at OD 115 in presence of EDTA § mM
and PMSF 2 mM as protease inhibitors: Rannie, 2 passages, 1000 bars.

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

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

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

= Weak anion exchange chromafography in positive mode on Fractogel EMD DEAE at
pH 8.0 (25 mM potassium phosphate) at 4°C; the column is washed with 140 mM NaCl
and eluted at 200 mM NaC! while contaminants (proteins and DNA) remain adsorbed
on the exchanger.

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

o Sterilising flitration of the purified bulk on a Mililpak-20 0.2 ym filter cartridge.

Exampie 1c: EXPRESSION OF PNEUMOLYSIN

Prneumococcal pneumolysin was prepared and detoxified as deseribed in WO2004/081515
and WO2006/032499,

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

44



5

10

15

20

25

30

92.1 (86.3-96.0) 218.9 (166,5-287.9) - - - 19F-DT

Forrn 3r - - 49 918 (80.4-97.7) 403.1 (225.7-719.9)

112.2) Rayner 131 86.3 (79.2-91. 6
?’Z’l’gﬁ’g"i’f '76) 38 81.6 (65.7-92.3) The conpo@?&%ﬂ“@f”m
the different fornulations is provide:|l in Tabl e4.

Table 10Per cent age oflsubjects with 19F anti body
SRS, 1 g 8%, By ooy s b ve

1obsaspharigusanay bp etlzgz@at@dhdmdls@ob es¢gdscnibed helmim | dren

pri medri dclivalldhthnd 8dupiingléondrids QrQEpeQ};c foF o2 EchbriddOThese

Pt fHCS au"“i’ya NN et

Ost BFVEEE B

P§a§b 8&'& NaCPh0; 2 p%y ing walep faq injedtion (Wt g ‘g*hmpm p(obgmm'apde

N chdentthtioh Wad/ \évaioied (dflalb)the serotypes. All serotypes except serotype 18C
were conjugated directly to the carrier protein as detailed below. Two alternative serotype
22F conjugates were made; one conjugated directly, one through an ADH linker.

From a 100 mg/ml stock solution in acetonitriie or acetonitriie/water 50%/50%
solution, CDAP (CDAP/PS ratio 0.5-1.5 mg/mg PS) was added to the polysaccharide
solution. 1.5 minute later, 0.2M-0.3M NaOH was added o 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 fo 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 unreacted cyanate ester groups, a 2M glvclne
solution was then added to the mixture. The pH was adjusted fo the quenching pH (pH
9.0). The solution was stirred for 30 minutes at 25 °C and then overnight at 2-8 *C with
continuous slow stirring.

Preparation of 18C:

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

Derlvatization of tetanus toxold with EDAC

For derivatization of the tetanus toxoid, purified TT was diluted at 25 mg/ml in 0.2M NaCl
and the ADH spacer was added in order to reach a final concentration of 0.2M. When the
dissolution of the spacer was complete, the pH was adjusted to 6.2. EDAC (1-ethyl-3-(3-
dimethyl-aminopropyl) carbodiimide) was then added to reach a final concentration of
0.02M 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 diafittrated (10 kDa CO membrane) in order to remove residual
ADH and EDAC reagent.

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

Chemical coupling of TTay to PS 18C

Details of the conjugation parameters can be found in Table 1.
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(10.47-20.07) 19F-DT Form 2" 74 81.1 0.59 72 95.8 9.90
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2 grams of microfluidized PS were diluted at the defined concentration in water and
adjusted to 2M NaCl by NaCl powder addition.

CDAP solution (100 mg/mi freshly prepared in 50/50 viv acetonitrila/WF|) was added to
reach the appropriate CDAP/PS ratio.

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

ARer 3 minutes, derivatized TTay (20 mg/ml in 0.2 M NaCl) was added to reach a ratio
TTax IPS of 2; the pH was regulated to the coupling pH 9.0. The solution was left one hour
under pH regulation.

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

The pH was adjusted to the quenching pH (pH 8.0).

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

PS22F ,.-PhtD conjugate

In a second conjugation method for this saccharide (the first being the direct
PS22-PhiD conjugation method shown in Table 1), 22F was linked to the carrier protein
viz a linker — Adipic acid dihydrazide (ADH). Polysacchadde serotyps 22F was
microfluidized before conjugation.

PS 22F derivatization

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

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

CDAP sciution (100 mg/mi 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 siabilised 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 PSyy derivative was concentrated and diafiltrated.

Coupling
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1 :88ndhralZ8d By/addition of 1M Tris-HCI pH 7.5 (1710 of the final volume) and let 30 min
at 25°C.

Prior to the elution on Sephacryl S400HR, the conjugate was clarified using a 5pm
Minisart filter.

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

rification of the ates:

The conjugates were purified by gel filtration using a Sephacry! 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 molecuiar
sizes of the reaction components, PS-PD, PS-TT, PS-PhtD, PS-pneumolysin or PS-DT
cohjugates are eluted first, followed by free PS, then by free PD or free DT and finally
DMAP and other salts {NaCl, glycine).

Fractions containing conjugates are detected by UVay nm. Fractions are pooled according
to their Kd, sterile filiered {0.22um) and stored at +2-8°C. The PS/Prolein ratios in the
conjugate preparations were determined.

Specific activation/couplingiquenching conditions of PS S. pneumoniae-Protein
DITT/DT/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 a tion/couplin enching con ns of PS 8.
pneumoniae-Protein D/TT/DT/PhtD/Plyconjugates
Serotype 1 4 5 6A €B TF
‘ pfuld pfluid pfluid
PS 25 25 71 5.0 5.0 5.0
conc.(mg/ml)
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10.9 28 82.1 408.0
(63.1-93.9) (157.3-1055.3) 19F-DT Form 1r

(12.747.2) (5.0-23.7)

19 47.4 18.1

83.8 (24.4-71.1) (7.2-45.7) (7%.817@1%80
*%@@é@éﬁ 7.5) 19F-DT Form 21. 27 33.3 8.5 b
957.6 (16.5-54.0) (4.7-15.3) (87.7-100)
(552.8-1659.0) %mar 24 12.5 8.1 23 82.6
PS WFi - WFI WFI NaCl 2M | NaCl 2M | NaCl 2M
dissolution
PD 10.0 10.0 5.0 5.0 5.0 10.0
conc.{mg/ml)
Initial PD/PS 1.5/ 1.5/1 m”n 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, (9.0/9.0/9.0(9.5/9.5/6.0|9.0/9.0/9,0/9.5/9.5/9.019.5/9.5/9.0(9.5/9.5/9.0
Sarotype WV 14 18C 19A 19F 22F 23F
pfluid pfiuid Mfluid wfluid pfluid pfluid
PS 50 5.0 4.5 15.0 9.0 6.0 238
cenc.{mg/ml)
PS NaCl2M | NaCli2M | NaC!2M | NaCl 2M | NaCl 2M | NaCl0.2M | NaCl2M
dissolution
Carrier 10.0 10.0 20.0 (TT) 100 ° 20.0 10.0 5.0
proteln (Ply) DT (PhtD)
conc.(mg/ml)
initial carrier 1.2/1 1.21 21 2.5M 1.5/ 31 1M1
protein/PS
Ratio (w/w)
CDAP cone. 0.50 0.75 0.75 1.5 1.5 1.5 0.79
{mg/mg PS)
pH.=pH.=pH, |9.5/9.5/9.0/9.5/9.5/9.09.0/9.0/9.0 | 3.0/3.0/9.0! 8.0/9.0/9.0¢ 9.0/9.0/9.0 | 9.5/8.5/9.0

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 conjugates 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

supernatant. The absence of conjugate was also controlled by an a-carrier protein/a-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 carmier protein and the conjugate. Free protein
content in conjugate bulks was then determined versus a calibration curve (from C to 50
ug/ml of carrier protein). Free carrier protein in % was obtained as follows: % free carrier
= (free carrier (ug/mt)/ (Total concentration of corresponding carrier protein measured by

Lowry {ug/mi} * 100%).

Stability:

Molecular welght distribution (K,,) and stability was measured on a HPLC-SEC gel
filttration {TSK 5000-PWXL} for conjugates kept at 4°C and stored for 7 days at 37°C.

The 10M1/13/14-valent characterization is given in Table 2 (see comment
thereunder).
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(135.5-481.9) 1WDT Form 11- 66 98.5 145 23 95.7 374.0
(91.8-100) (2.8-4.3) (781-99.9) (192.6-726.2) 19F-DT

r 98.6 3.80 29 98.6 249.1 (92. 3-
@zga’f{' §70 (822 99.9) (144.7-428.7) Pr evnarﬂ‘g]g'\‘%%ﬂfﬁggﬂ
2.56 31 98.8 528.7 (89.9-99.6) (2.0-3.3)
(83 3 99.9) (319 4-875.2) rThe conposition of the

13Pe iy E%c?qg{fﬁ@ Bh S SR e Bk o ] Bl

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 CamlenPS Free PS Antigenicity | Conj. Size
Conjugates | (Dax10® | Ratio Elisa) Free Camier | (Fiisa) (kDa)
349- 1.0%- 1499 -
PS1-PD 3g2* 1.5-1.6 1.2% | 3.9%-4.8% | 87%-95% 1715
47- 1303 -
Ps4-PD 93-100* | 1516 65% | 3.2%-4.0% | 90%-96% 1606
87- 93%-~ 1998-
PS5-PD** | 387-443 0.80 11.2% | 22%-3.8% 108% 2352
1100-
PSEAPD 1540 0.61 4.5% Not done 45.9% Not done
PSEB- 1069- 1.3- 4778-
PO 1391 0.7-0.8 1.6% <2.0% 68%-75% 5235
255- 3907-
PS7F-PD 264" 1.1-1.2 <1% <1.4% 58% 4462
258- 9073-
PS9v-PD 280" 1.3-15 <1% <1.3% 67%-69% 9572
232- 3430-
PS14-PD 241" 1.4 <1% <1.5% 70% 3779
1.5 5464~
PS18C-TT | 89-97* 22-24 22% <4% 46%-56% 6133
PS19A-Ply* | 151 3.2 <1% 29%
133- 4.1%- <1.2%- 2059-
PS19F-DT 143° 14-1.5 5.9% <1.3% 82%-88% 2335
PS522F-
PhtD* 159-167 217 5.8 | Not done 37% | Notdone
PS22F-aHPHtD*159-167 | 3.66-4.34 | <1% Not done 28-31% Not done
PS23F- 1.4~ 137%- 2933-
PD™* 914-980 0.5 1.9% | 3.7%-4.9% 154% 3152

* P8 size following microfluidization of the native PS

A 10 valent vaccine was made by mixing serotype 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and
23F conjugates (e.g.atadoseof1,3,1,1,1, 1,1, 3, 3, 1 ug of saccharide, respectively
per human dose). An 11 valent vaccine was made by further adding the serotype 3
conjugate from Table 5 (e.g. at 1 ng 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 PhtD, or altematively through an ADH linker) [e.g. at a dose of 3
ug each of saccharide per human dose]. A 14 valent vaccine may be made by further
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%%%Hdl’%glé 1-001 22F-ELI SA assay OPA assay (§oup zw‘s{%;gém
0.20 tigfnmL GMC (pglnmL) N 9%®R21:8 G (95% Cl) (95%
Cl) (95%CO (95% Cl) 11Pn-PD 45 28.9 0.09 527752

%?%"92# s s e dag i of i f S b Rmen

( EPSS5- 43. 8)' (008- 0. 16)

Example 3: Evidence that inclusion of Haemphllus influenzae protein D in an
immunogenic composHion of the invention can provide improved protaction
against acute otitis media (AOM).

Study design.

The study used an 11Pn-PD vaccine — comprising serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14,
18C, 19F and 23F each conjugated to protein D from H. influenzae (refer to Table 5 in
Example 4). Subjects were randomized into two groups to receive four doses of either the
11Pn-PD vaccine or Hawvrix at approximately 3, 4, 5 and 12-15 months of age. All subjects
received GSK Biologicals’ Infanrix- hexa (DTPa-HBV-IPV/Hib) vaccine concomitantly at 3,
4 and 5 months of age. Infanrix- hexa is a combination of Pediarix and Hib mixed before
administration. Efficacy follow-up for the “According-to-Protocol” analysis starled 2 weeks
after administration of the third vaccine dose and continued until 24-27 months of age.
Nasopharyngeal carriage of S. pneumonise and H. influénzae was evaluated in a
selected subset of subjects.

Parents were advised to consult the investigator if their child was sick, had ear pain,
spontansous perforation of the tympanic membrane or spontaneous ear discharge. if the
investigator suspected an episode of AOM, the child was immediately referred to an Ear,
Nose and Throat (ENT) specialist for confirmation of the diagnosis.

A clinical diagnosis of AOM was based on either the visual appearance of the tympanic
membrane (i.e. redness, bulging, loss of light reflex) or the presence of middle ear fluid
effusion {as demonstrated by simple or pneumalic otoscopy or by microscopy). In
addition, at least two of the following signs or symptoms had to be present: ear pain, ear
discharge, hearing loss, fever, lethargy, irritability, anorexia, vomiting, or diarhea. If the
ENT specialist confirmed the clinical diagnosis, a specimen of middle ear fluid was
collected by tympanocentesis for bacterioclogical testing.

For subjects with repeated sick visits, a new AOM episode was considered to have
started if more than 30 days had elapsed since the beginning of the previous episods. In
additicn, an AQOM episode was considerad to be a new bacterial episode if the isolated
bacterium/serotype differed from the previous isolate whatever the interval between the
two consecutive episodes.
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1 Jevals @gainst the carrier Protein D couid not be established, as post-primary anti-PD IgG

30  antibody concentrations in 11Pn-PD vaccinees, that remained Hi AOM episode-fres, were
essentially the same as post-primary antl-PD 19G 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 immunogenicily, it is reasonable
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to assume that the PD carrier protein, which is highly conserved among H, influenzae
strains, has contributed to a large extent in the induction of the protection against Hi.

The effect on AOM disease was accompanied by an effect on nasopharyngeal carriage
that was of similar 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 couid not be corralated to the
anti-PD IgG immune responses as measured by ELISA.

In a following experiment a chinchilla ofitis media moedel 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 aiso Table 1 and 2 and comiments thersunder). Both pools
induce a significant reduction of the percentage of animals with otitls 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 to induce
protection against ofitis media caused by non typeabte H. influenzae in this model.
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the US, the improved opsonophagocytic activity against serotype 19F when conjugated to
the DT carrier protein may be an advantage for the candidate vaccine.
Table 13 provides ELISA and OPA data for the 19F-DT conjugate with respect to the
cross-reactive serotype 19A. It was found that 19F-DT induces low but significant CPA

activity against 19A.
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Formulation Preumococcal serotype pglcarrer protein AR+
1 3 4 5 €B TF v 14 18C | 19F | 23F mg
11Pn-PD YPD | /PD | 97D | 1/PD | 1/PD | /PD | 1/PD | PO | 1/PD | 1PD | 1/PD | <08
19F-DTForm1 | 3PD | 3D | 3PD | 3D | WDT | 3/PD | PD | 3D | %PD | ADT | 5DT | <035
19F-DTForm2 | IPD f2PD | 2D | 3PO [ &DT [ 3PD | 2PD | 2D | 2PD | 3T | ST | $0.35
19FDTFomd | 3PD | PD [APD J IPD | IPD JAPD | IPD [ IPD | 3PD JADT | 3PD | =05
Table 5 Specific activation/coupling/guenching conditions of PS
S.pnetimoniae-Protein DITT/DTconjugates
Serotype 1 3 4 5 €éB TF
Native pfluid Native Native Native Native
PS 1.5 2 20 7.5 5.5 30
conc. (mg/mi)
PS dissolution NaCl NaCl 2M WFI WFI NaCl 2M | NaCl 2M
150mM
PD 5.0 5.0 5.0 5.0 5.0 5.0
conc.{ma/mi)
Initial PS/PD 1/0.7 171 171 i 1M 171
Ratio (wfw)
CDAP conc. 0.75 0.75 0.75 0.75 0.75 075
{mg/mg PS)
pH.=pH.=pH, |9.0/9,0/9.0 |9.5/9.5/9.0(8.5/8.8/8.0/9.0/9.0/2.0|9.5/9.5/9.0|9.0/9.0/9.0
Couplingtime | 80ming | 60mins | 45 mins | 40 mins | 60 mins | 60 mins
Serotype o 14 18C 19F 23F
Native MNative Native Native Native
PS 1.75 25 1.75 4.0 2.5
cone.(mg/mi)
PS dissolutton | NaCl2M [ NaCl 2M WFI NaCl2M | NaCl 2Mm
PD 5.0 5.0 5.0 5.0 5.0
conc.(mg/ml)
Initial PS/PD 1/0.75 1/0.75 11.2 1”7 7
Ratio {w/w}
CDAP conc. 0.75 0.75 0.75 0.75 0.75
(mg/mg PS)
pH.=pH=pH, |8.5/8.5/9.0 [9.0/9.0/9.0 {9.0/9.0/9.0 | 9.5/9.5/9.0|9.5/9.5/9.0
Coupling ime | 60 mins | 60 mins | 45 mins 30 mins | B0 mins
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14. 98 Pool
114. 2 Pool

o

Tabie 6

4average 147.4 127.0 104.4 95.0 113.8

5average 21.38 20.29 18.26 18.95

6Bavenge 1.97 4.76 3pdprducinessrs

Specific activation/coupling/quenching conditions of PS
S.pneumoniae-Protein D/DTconjugates for the 11 Pn-PD&Di-001 study

Serotype 1 3 4 5 éB 7F
pfluid pfiuid pfiuid pfiuid pfiuid Native
Ps 4 20 25 7.5 10 3.0
conc.{mg/mi)
PS dissolution | NaCt 2M | NaCl 2M | NaCl 2M | NaCl 2M | NaCi2M | NaCl 2M
PD 10.0 5.0 5.0 50 20(DT) 5.0
conc.{mg/ml} NaCl 2M | NaCl 2M
Initial PD/PS 1.21 11 " "M 1.5/ 11
Ratio (wiw)
CDAP conc. 1.50 0.75 1.5 2 1.5 0.75
{mg/mg PS)
pH,=pH.=pH, 19.0/9.0/9.0|9.5/9.5/9.0|9.5/9.5/9.0|9.0/9.0/9.0{9.5/9.5/9.0] 9/9/9
Coupling time | 60 mins | 60 mins | 60mins | 60mins | 60 mins | 60 mins
Serotype av 14 18C 19F 23F
Native Native pfluid yfluid pfluid
PS 1.75 25 5.0 9.0 10
conc.{mg/mi)
PS dissolution | NaCl2M | NaCl2M | NaCl2M | NaCl2M ; NaCl2M
Carrier protein 5.0 5.0 5.0 20 DT) 10 (DT)
conc.{ma/mi)
Initial carrier 0.751 0.75M1 1.2 1.511 1.51
protein/PS
Ratio (w/iw)
CDAP conc. 0.75 0.75 1.5 1.5 0.75
(mg/mg PS)
|_pH.=pH.=pH, |8.5/8.5/9.0}9.0/9.0/8.0 19.0/9.0/9.0 | 8.0/9.0/8.0|9.5/9.6/9.0
Coupling time | 60mins | 60mins | 30 mins 60 mins | B0 mins
Table 7 Specific activation/coupling/guenching conditions of PS

S.pneumoniae-Protein D/DTconjugates for the 11 Pn-PD&Di-007 study

Serotype 1 3 4 5 BB 7F
Native pfluid Native Native Natlve pituid
PS 1.5 2.0 2 7.5 5.5 5.0




7Favenge 7.69 4.58 4.77 4.24 3.92 3.94 Pool
9Vaverage 30.1 30.7 26.5 21.4 23.4 28.3 Pool

%&?‘2\{)&4’/@%7 28.78 27.67 26.23 21.54 24.34 13. ZETIE&%!WMWﬂ

conc.{mg/mi
PS dissolution NaCl NaCl 2M WFI WFI NaCl 2M | NaCl 2M
150 mM
PD 5.0 5.0 5.0 5.0 5 1Q
conc. (mg/mi)
Initiat PD/PS 0.7/1 mn 1 11 171 1.21
Ratio {(wiw)
CDAP conc. 0.75 0.75 0.75 0.75 0.75 0.75
{mg/mg PS)
pHy=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./9.5/9
Coupling time | 60 mins | 60mins | 45mins | 40mins | 60 mins | 60 mins
Serotype oV 14 18C 19F 19F 23F
phiuid yfiuid Native ufluid pfluid pfivid
PS 5.0 50 1.75 9.0 10.0 9.5
conc.(mg/mi)
PS8 dissolution | NaCl2M | NaCl 2M WFI NaCi2M | NaCl2M | NaCl2M
Carrier protein 10 10.0 5.0 20(0T) | 5.0(PD) 10
conc.{mgfml)
Initial carrier 1.2/1 1.21 1.211 1.5/1 1.211 M
protein/PS
Ratio (w/w)
CDAP conc., 0.5 0.75 0.75 15 0,75 0.75
(mg/mg PS)
pHs=pH=pH, |9.5/9.5/9.0{9.5/9.5/9.0 (8.0/9.0/9.0 | 9.0/9.0/9.0|9.0/9.0/9.0 |9.5/9.5/9.0
Couplingtime | 60 mins | 60 mins 45 mins 120 mins | 120 mins | 60 mins
Table 8 Percentage of subjects with 19F antibody concentration > 0.20 pg/mL
and 19F antibody Geometric mean antibody concentrations (GMCs
with 95% CI; pg/mi.) one month foliowing 1pg 19F-PD, 3pg 19F-DT or
Prevnar (2ug 19F-CRM)} primary vaccination (Total cohort}
11Pn-PDADI-001 (22F-ELISA} 11Pn-PD&DI-007 (22F-ELISA)
Group N % 20.20 ugimL | GMC (pg/mL) N % 20.20 pg/mL. | GMC {pg/ml)
{95% Clj (95% CI) (85% C1) {85% C1)
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18Cavenge 53.4 52.37 46.5 57.8 47.8 75.8 Pool
19Faverage 188.6 157.7 169.3 175.9 181.9 223. 2 Pool

ﬁ%ﬁg? 4.98 3.9 5.11 0.57 3.13 4.57 PoolPCTIEP20061069974

10

11Pn-PD 152 9.7 103 50 100 278
- - (95.3-99.8) {1.67-2.22) (92.9-100) {2.31-2.36)
10F-DT Fom 1! | 146 9.3 288 - -
(96.2-100) (2.45-3.38)
10F-DTFomZ | 150 96.0 2.4 : .
(81.5-98.5) (2.01-2.94)
19F-DT Form 3" - - N 50 %60 370
(86.3-99.5) (2.58-5.30)
Provnar 148 9.8 268 0 978 269
(85.2-09.8) (2.60-3.41) (87.1-59.9) (2.15-3.54)

Tha composition of the different formulations is provided in table 4,

Table 9 Percentage of subjects with 19F OPA titer > 1:8 and 19F OPA GMTs
one month following primary vaccination with 1pg 19F-PD, 3ug 19F-
DT or Prevnar {2pg 19F-CRM) (Total cohort)
11Pn-PDEDI-01 11Pn-PDADI-007
Group N 248 GMT N 213 GNT
{95% CI} {85% C) (95% CI) (85% Cl)
11Pn-PD 136 846 a8 45 85.7 167.8
(77.4-90.2 (58.1-104.4) (85.2-99.5} {118.1-238.6}
19F-0T Form 17 137 95,8 2832 - - -
{90.7-984) | (209.4-330.7)
19F-DT Form 2 139 924 2189 - -
(86.3-98.0) {166.5-287.9)
19F-DT Form 3° - - 49 918 403.1
(80.4-97.7) | (2257-719.9)
Prevnar 131 86.3 828 38 G 850
{79.2.91.6) (61.1-111.6) (85.7-92.3) {37.7-112.2)

""The composition of the different formulations is provided In Tabied.

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

11Pn-PD&DI-002 (22F ELISA)
Prior to booster vacelnation One month post 23-valent PS booster

Primary group N | %=2020pg/mL | GMC (pg/mi} N [ %=020pg/mL | GMC (ug/ml)

{65% CI {85% CI) (65% CI) {85% CI)
11Pn-PD 70 774 0.67 &7 94.0 11.50

(65.6-86.3) (0.45-0.98) (85.4-98.3) {1.76-17.03)
19F-DT Form 17 68 9.2 071 80 8.8 14,50

{81.8-96.7) (0.54-094) (92.2-100) (10.47-20.07)
19F-DT Form 27 74 811 0.59 72 95.8 9.90

{70.3-83.3) {0.43-0.80) (88.3-99.1) (6.74-14.54)
Prevnar 65 64.6 0.40 67 100 9.40

(51.8-76.1) (0.27-0.60) {84.8-100) (6.95-12.71)

Table 11

"The composition of the different formulations s provided in Tabled.

Petcentage of subjects with 19F OPA titer = 1:8 and 19F OPA GMTs
prior to and one month following 23-valent plain polysaccharide
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0.4 32.8 25.1 21.6 18.9 23.51C 0.2-0.6 26.4-40.7

20.6-30.6 17.5-261 15.1-23.5 19.5-28.5 %sant 93% 100%
0% 00% 100% 100% 22FGVC NR 3.99 3.76 6.27 8. 70

%‘%? 71.9-8.42 1.8-8 3.8-10A 5. 4-13. 9 1BCHEE06{069974
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| mmunogeni ci ty I'n CGui nea Pi gs of 13-val ent PS

of ”jzggi‘éﬁﬁgyo a' 2h &% e 478D, s 45k 5T e Pafrey
ays

wer e |nTrun| 14 and 28 with 125 pl of

eifrer I I-vErernt
cqnj ugat es, | bo iﬁhmﬂm u n F béS¥r,
Primary group N %18 GMT N %218 GHT
{95% CI) (35% Cl) (95% Cl) {95% CI)
11Pn-PD 29 216 10.9 23 821 408.0
[12.7-47.2) (5.0-23.7 (63.1-93.9) {157.3-1058.3)
10F-DT Form 17 19 474 184 18 944 1063.4
(24.4-71.1) (7.2-45.7) (72.7-99.9) (386.6-2827.5)
19F-DT Form 2F 77 N3 a5 28 100 5576
{16.5-54.0) (4.715.3) (a7.7-100) (552.8-1658.0)
Provnar % 125 8.1 23 825 380.9
(2.7-32.4) {3.4-19.8) (61.2-05.08 {433.2-1089.5)

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

5 Table12 Percentage of subjects with antibody concentrations > 0.2 pg/mL,
OPA > 1:8 and GMCs/GMTs against 19F pneumococci one month
following 11Pn-PD or Prevnar booster in children primed with 1pg
18F-PD, 3pg 15F-DT or Prevnar (2ug 18F-CRM) {Total cohort)

. 11Pn-PD&DI-002
22F-ELISA assay OPA assa
Primary group N | %2020ugmL | GMC (pgiml) N %18 GMT
(5% CI) (95% Ci) [95% CN (95% Cl)
11Pn-PD 70 100 4,52 21 100 255.6
(84.9-100) (3.7-5.5) (83.9-100) (135.5-481.9)
19F-DT Form 17 66 98.5 3.45 23 95.7 374.0
(91.8-100) (2.8-4.3) (78.1-98.9) (192.6-726.2)
19F-DT Form 2 70 88.5 3.80 29 $6.6 2491
(92.3-100) {2.5-4.8) (82.2-98.9) (144.7-428.7)
Prevnar 69 971 258 31 96.8 523.7
(89.9-9.6) {20-3.3) (83.3-90.9) (319.4-875.2)

"“The composition of the different formulations is provided in Tabled.

10 Tahle 13 Percentage of subjects with antibody concentrations > 0.2 pg/mL,,
OPA > 1:8 and GMCs/GMTs agalnst 19A pneumococcl one month
following primary vaccination with 1ug 1SF-PD, 3pg 19F-DT or
Prevnar (2pg 19F-CRM) (Total cohort)

11Pn-PDEDI-001
22F-ELISA assay OPA assay
Group N %020 pg/mL | GMC (ugimL) | N %z1:8 GMT
(85% CI) (85% CI) (95%Cl) {85% CI
11Pn-PD 45 289 0.09 52 7 52
(18.4-44.3) (0.07-0.11) {2.1-18.5) {(4.0-6.8
19F-DTForm 2¥ 51 24 0.11 59 211 12.4
(17.5-43.8) ' (0.08-0.16) {16.4-40.3} (7.6-20.3)
Prevnar 55 18.2 i 0.10 61 33 4.5
{8.1-30.9)  ; (0.08-0.12) {0.4-11.3) {3.8-5.6)

T The composition of the different formulations 1 provided in Tabled

61



WO 2007/ 071707PCT1EP2006/ 069974 The 11-val ent vacci ne
formul ati on was conposed of 0.25 pg saccharide of each
t | owi ng conj ugates: P81-PD, P83-PD 4- P
gé‘s’-"%‘é’l’gjées- PD, PS7F-PD, PS9VPD, PS14- PD, Eﬁg’? “l‘%“”"‘
PSI 9F-DT and P823F-PD (see Table 1 and comrent on 11
val ent vacci ne di scussed under Table 2). The 13-val ent
vaccine fornmul ation contained in 5 addition 0.1 pg of
_.PS19A-dPly and P822F- Pht D conjugates (see Table 1 and
C GER@nile S1AdjavatitleRPErHENS inBrediifNEaTHGIbIS! IRBhct GWIhe 2
[ usinighodiehiety dhpreQModdedaP i -2ABhD polysacBhsitde conjulfites thhe

pretterty Riesusewonkegs Was det oxified with GVBS
treatnment, in group 3 and 5 it was done with

5for mal dehyde. In groups 2 and 3 PhtD was used to
C oMy tpfjmitze thiSredpnse eftitéd” mmjuéataaﬁbuﬁmoaocahtv%eé G5 the Neiderty
( topulfionSESK fokmiiedian {1 @niVaIyasckRsnd BRSgateSRicing With a
1q1°gg|gam,a§mh%ms_sg95m&gate to di ht her| a t oxoi d and
22F to protein D Anti-PS19A and 22F ELI SA 1gG | evel s

10
Vﬁ Qngq, 'eﬂie qihgé%%;h%r gg h%; tfa%rsaci%dfgreélgnmumzfg
|na%§°eﬁ°"b§ %ch b "@?H *aZ'

pi ELI SA GRClJ 3 GRClJP

gawTE\pr@uli Rﬁ? icp posed of the

15 2 Jelioysng [90'!!}191? .f;‘ $4PR. S5 ;PSrTB Ro PSPLPD. PR 16

0.PD. B§18557R. ?F- BRartRSPBETH Ihe weccingvsed wes 15 dese of

/%ty humai dosa afthe @mﬁugoffe@mmhammhh@aa doselgxegrbionaB

AdJO ®Ncbkjugated according to Table 6 conditions (Example 4), except 19F was made

according to the following CDAP process conditions: sized saccharide at 9 mg/ml, PD at

20 mg/ml, an initial PO/PS ratio of 1.2/1, a CDAP concentration of 0.75 mg/mg PS,
pHa=pHc=pHg 9.0/9.0/8.0 and a coupling time of 60 min.

Anti-PS ELISA lgG levels and opsono-phagocytasis titres were dosed in sera collecied at
day 42. Anti-PS3 memory B cell frequencles were measured by Elispot from peripheral
25  blood cells collected at day 42.

According fo 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

36  opsono-phagocyviosis antibody titres (Table 14). There was also supportive evidence that
the frequency of P33-specific memory B cells is increased by the use of Adjuvant C
(Figure 2).

Table 14, Conjugate Immunogenicity in elderly Rhesus monkeys (post-l opsono-
35 phagocytosis titres)

L2 ] rs3 P rss P33 Ps7F POV P4 PSIEC  FSHIF  PSIOF

11aalnt | Preimmune <B 5 Lt ] L <2 18 <3 <t L < g
APD4

day 14 post [ 3?1 84 49 &4 406 42 ar 159 [T} <84

11 valent Prs-immune 5 ] <8 5 ] ar <8 <B <8 <2 <8
Ad]-C

day 14 post |} ™ 1241 L1 &7 sa04 18364 m 159 i 8 <54
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19A- DT 22F-PD 0. 1pg/50p1 Adj C laverage Pool 78.00
77.21 76.15 68.77 68.59 81.94 3average Pool 7.75 9.31

12. 73 7.94 4.75 9.59 4daverage Pool 130.7 94
T’é’s?"%”%’.“b 101. 3 5average Pool 109.10 117. 18‘4'[1’%%.%‘768"”“

158.40 74.10 100.40 6Baverage Pool 3.14 4.26 14.4 7.63
6.3 7.52 7Faverage

B Cell Elispot

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

Briefly, in viiro 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 intemational Symposium on Pneumococci and Pneumococcal
Diseases, April 2-6 20086, Alice Springs, Central Australia.

Specificities of immune responses against a serotype 3 pneumacoccal conjugate.
Schuerman L, Prymula R, Poolman J. Abstract book p 245, PO10.08).

Example 6, Effectiveness of detoxifled Pneumolysin {dPly) as a protein carrier to
enhance the immunogenicity 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 p! of either 4-valent plain PS or 4-valent dPly-conjugated PS, both admixed with
Adjuvant G.

Both vaccine formutations were composed of 0.1 pg (quantity of saccharide) of each of
the foliowing PS: PS8, PS12F, PS15F and PS22F.

Anti-PS ELISA igG levels were dosed in sera collecled at day 42.

The anti-PS19F response, shown as an example in Figure 3, was strongly enhanced in
mice given 4-valent dPly conjugates compared to mice immunized with the plain PS. The
same improvement was observed for the anti-PS8, 12F and 22F 1gG responses (data not
shown). :
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Pool 154.2 216.0 240.0 181.0 142.0 179.1 9Vaver age
90.69 105.45 98.20 93.45 54.12 73.05 WO

7PCT/ EP2006/ 069974 Pool 14a
%@"%’9‘%@8 46.53 59.87 38.47 53.69 Pool ¥ET/ER 06065974

18Caverage 109.4 122.3 137.1 79.9 73.7 83.1 Pool

Example 7, Effectiveness of Pneumococcal Histidine Triad Protein D (PhtD) as a
protein carrier to enhance the immunogenicity of PS 22F in young Balb/c mice

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

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

Anti-PS ELISA 1gG 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
contalning 19A-dPly and 22F-PhtD

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

The 11-vaient vaccine formulation was composed of 0.1 ug saccharide of each of the
following conjugates; PS1-PD, PS3-PD, PS4-FD, PS5-PD, PS6B-PD, PS7F-PD, P39V-
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 ug of PS19A-dPly and PS22F-PhtD conjugates (see Table 1 and comment on
13 valent vaccine discussed under Table 2 [using direclly-conjugated 22F]). In group 2
and 4 the pneumoclysin carrier was detoxified with GMBS treatment, in group 3 and 5 it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate PS 22F, in
Groups 4 and 5 a PhtD_E fusion (the construct VP 147 from WQ 03/054007) was used. In
group 6 19A was conjugated to diphtheria toxoid and 22F te 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 C57BIl mice (Table 15). The immune response induced
against the other PS was not negatively impacted in mice given the 13-valent formulation
compared fo those immunized with the 11-valent formulation.

Table 15, PS immunogenicity In old C57BI mice (post-ill IgG levels)
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19Faverage 73.9 /02.5 112.2 75.5 62.3 72.1 Pool
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Old C57 Black mice
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ELISA GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP &
"y "y 11V 11V 1y 11V
18A-dPly | 19A-<Ply | 18A-<dPly 19A-dPly
gmbs formol gmbs formol 19A-DT
22F-PhiD 22F-PhtD 22F-PhiD-E | 22F-PhtD-E 22F-PD
0.1ug/50p1 | 0.1pg/S50ut | 0.1pg/50u | 0.11g/50p 0.1pg/50ut | 0.1ug/50ul
Adj C AdiC AdjC Adi C AdiC Adi C
1 average 19.30 20,20 24.40 12.80 1210 13.60
4.84 5.21 8.74 2.38 2.54
87.1 514 474 455 4.1
s 3.06 275 1.26 1.23
4.12 588 1.58 2.3 564
0.81 1.65 1,98 0.8% 0.99
23.7 200 131 15.5 9.6
42,96 34.12 3253 23.97 15.50
201 1.9 81 33 8.4
90.0 83.8 38.5 47.0 69.1
NR NR NR NR NR
0.09 0.25 0.08 0.23 0,19
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Exampie 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 yl 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 pg saccharlde of each of the
following conjugates: P§1-PD, PS3-PD, PS4-PD, PS5-PD, PSEB-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 ug of PS19A-dPly and PS22F-PhtD conjugates (see Table 1 and comment on
13 valent vaccine discussed under Table 2 [using directly-conjugated Z2F]). In group 2
and 4 the pneumelysin carrier was detoxified with GMBS treatment, in group 3 and 5 it
was done with formaldehyde. In groups 2 and 3 PhD was used to conjugate PS 22F, in
Groups 4 and 5 a PhiD_E fusion (the consttuct 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 administered 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-vaient
formulation compared to those immunized with the 11-valent formulation.

Table 16, PS immunaogenicity in young Balb/c mice {(post-ll IgG levels)
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BalbC mice
ELISA GROUP1 | GROUP2 | GROUP3 GROUP 4 GROUP5 | GROUPE&
11V 11V 1V 11V 1V 11V
18A-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
Q.1ug/50pl | O 1pg/50pl § 0. 1pg/S50ut | 0.1pg/S0ul 0. 1ug/50p1 | 0. 1pg/50p!
AdjC Adj C Ad] C Adj C Adj G Adi C
1 average | 13170 | 10120 | 83.00 B240 | 6790 | 9550




PS carrier vs n AS MPL
pg PS jig MN. ratio

10 1Pcfhebobshoesens

Per mama content-' FP c;
rail/PS/Al INpg Al PS carrier

B9/ By 0 A1 PD 110 10 1PD 1

Pool

3 average 21.85 10.38 12.53 8.83 8.73 14,98
Pool

4 average 147.4 127.0 104.4 95.0 113.6 114.2
Pool

5  average 21.38 20.29 18.28 18.95 18.02 23.04
Pool

6B  average 1.97 478 372 2.35 1.43 1.05
Pool

7F  average 7.69 4,58 477 4,24 3.92 3.94
Pool

9V  average 30.1 30.7 26.5 214 234 28.3
Poot

14 average 28.78 27.67 26.23 21.54 24,34 13.73
Pool

18C  avarage 534 52.37 48.5 57.8 47.8 75.8
Pool

19F  average 186.6 157.7 169.3 178.9 1819 223.2
Pool

23F  average 498 39 5.11 0.57 313 457
Pool

19A GMC 0.4 328 25.1 21.8 18.9 2.8
c 0.2-06 26.4-40.7 | 20.6-30.6 47.5-26.7 15,1-23.5 18.5-28.5
%BEIO 93% 100% 106% 100% 100% 100%

22F GMC NR 3.99 178 8.27 8.70 18.78
Ic 1.9-8.42 1.88 3.8-104 54-139 15.2-23.1
%sero 0% 93% 100% 100% 100% 100%

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

Groups of 20 young Guinea Pigs (Hartley Strain; 5 weeks old) were immunized IM at days
0, 14 and 28 with 125 pl of either 1t-valent PS conjugates or 13-valent PS conjugates,
both admixed with Adjuvant C (see below),
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The 11-valent vaccine formulation was composed of 0.25 pg saccharide of each of the
following conjugates: PS1-PD, PS3-PD, PS4-PD, PS5-PD, PS6B-PD, PS7F-PD, PSGV-
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 ug of PS19A-dPly and PS22F-PhtD conjugates (see Table 1 and comment on
13 valent vaccine discussed under Table 2 [using directly-conjugated 22F]). In group 2
and 4 the pneumolysin carrier was detoxified with GMBS treatment, in group 3 and 5 it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate PS 22F, in
Groups 4 and 5 a PhtD E fusion (the construct VP147 from WO 03/054007) was used. In
group 6 19A was conjugated to diphtheria toxoid and 22F to protein D.
Anti-PS19A and 22F ELISA 109G levels were dosed in individual sera collected at day 42.
The ELISA 1gG response generated to the other PS was measured in pooled sera.

Table 17, PS immunogenicity in young Balb/c mice {post-ll 1gG levels)
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Guinea pigs
ELISA GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP 6
11V 1MV 11V 11v 1V 11v
19A-dPly 19A-dPly 19AdPly | 19A-dPly
gmbs formol gmbs farmol 19A-DT
22F-PhtD-
22F-PhtD 22F-PhtD E 22F-PhtD-E 22F-PD
0.1ug/80pl | 0.1p9/50ui 0.1pg/504l 0.1ug/50ul 0.1pg/50p1 0.1ug/50ut
Adj C Adj C Adi C Adj C Adi C Adj C
1 avarage 78.00 77.21 76.15 68.77 §8.59 81.04
Pool
3  average 7.75 9.31 12.73 7.94 4,75 9.59
Pool
4  average 130.7 94.4 132.6 166.8 85.0 101.3
Pool
5  average 109.10 117.10 110.70 158.40 74.10 100.40
Pool
6B  average 3.14 4.28 14.4 7.63 6.3 7.52
Pool
TF  average 154.2 216.0 240.0 181.0 142.0 179.1
Pool
9V  average 90.69 105.45 88.20 93.45 54.12 73.05




10

ID 10 611 PD1 10 10 71/ PD 1

ID10 7F PD 1 10 10

9V PD | ID10 9v PD 1 10 10 14 BD | ID 10 14 PD 1
WO 2007/071707 PCT/EP2006/069974
Pool
14 average 71.19 7748 46.53 59.67 33.47 53.69
Pool
18C  average 109.4 122.3 1371 79.9 73.7 3.1
Pool
19F  average 73.9 102.5 112.2 75.5 82.3 72.1
Pool -
23F  average 19.19 30.74 29.44 31.52 19.13 24,94
Pool
19A cMmc 04 25,58 41.49 14,25 27.49 874
I 0.24-0.68 12.54.5 24.4-705 59346 16.6-45.4 4113
%sero 75% 100% 100% 100% 100% 100%
22F omc 0.12 2.51 3.67 45.74 30.68 96.38
o] 0.09-0.16 | 0.94-8.73 1.50-8.42 283714 17-53.3 73.5-126.4
%8010 10% 95% 95% 100% 100% 100%

Example 11: Formulations being made and testec

a) The following formulations are made {using the 13 valent vaccine from table 1 and

serotype 3 from table 5 — see comment on 14 valent vaccine discussed under Table 2
[using directly-conjugatad 22F or through an ADH linker]). The saccharides are formulated
with aluminium phosphate and 3D-MPL as shown below.

4V - 25ur MPL 14V 10y MPL
Sum of BAC Alnmininm centent - FF Sum of BAC Atuminiwm centest <» FF
Ps carrier g PS MPgL nlln]:m\! pg Al Ps cotier vg P8 Mﬁ m] E;SIM pg Al
D 14 PD 10 13
3 D 10 3 PO 10 &
4 D 3 4 PO 10 30
5 PD L PO [11]
| __6A PD 10 6A PD 1]
4B D 1D 68 D 10
T* D 1 10 7F D 10
" D 10 kAd PD 10
14 PD 10 14 P 10 10
BC TTa [F d [T TTan 5
1A dMy 3 10 30 SA dPly [] %
19F DT 3 10 30 oF DT [] a
F PiiD 3 10 30 12F PD 1 ¥
23F gl 10 10 2F PD ] ]
BAC MPL S0/200 25 4 100 BAC MPL 30:200 1¢ 4 X
FF Aluminium Som = 355 FF Aluminiuin contont Sum = 295
conlent
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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 500ul dose is

shown.
5 Adjuvant A1 Adjuvant A2 Adjuvant A3
Ingredients 250yl o/w 125ul o/w 50ul ofw
emulsion emulsion emulsion

alpha 11.88mg 5.94mg ) 2.38mg

Tocopherol

Squalene 10.7mg 535mg 2.14mg

Tween 80 485mg 2.43mg 0.97mg

Adjuvant Ad Adjuvant A5 Adjuvant A6 Adjuvant AT

Ingredients  250pl ofw 2501 ofw 125ut ofw 50pl ofw
emulsion emulsion emulsion emulsion

alpha 11.88mg 11.88mg 5.94mg 2.38mg

Tocopherol

Squalene 10.7mg 10.7mg 5.35mg 2.14mg

Tween 80 4.85mg 4.85mg 2.43mg 0.97mg

3D-MPL 50ug 25pg 25ug 10pg

10
c¢) The saccharides are also formulated with two liposome based adjuvants:

Composition of Adjuvant Bl
Qualitative Quantitative (per 0.5 mL doss)
15  Liposomes:
-DOPC 1myg
- cholesterol 0.25 mg
3DMPL 50 pg
Q521 50 ug
20  KHzP0413.124 mg Buffer
NaeHPO410.290 mg Buffer
NaCl 2.922 mg
(100 mM)
WFI g.5. ad 0.5 mi Solvent
25 pHB1
1. Total PO4 concentration = 50 mM

Composition. of Adjuvant B2

Qualitative Quantitative (per 0.5 mL dose)
30 Liposomes:

-DOPC0.5mg

- chelesterol 0.125 my

3DMPL 25 g

QS2125 g
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KH2PO4 13.124 mg Buffer
NazHPO410.250 mg Buffer
NaCl 2.822 mg

(100 mM)

WF! g.s. ad 0.5 mi Sclvent
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

- oi-tocopherol 2,372 mg

- Tween 80.0.97 mg

- cholestercl 0.1 mg
3DMPL 50 ug

Q521 50 g

KHzP04 10.470 mg Buffer
NazHPO410.219 mg Buffer
NaCl 4.003 mg

(137 mM)

KCl0.101 mg

(2.7 mM)

WFi g.s. ad 0.5 ml Solvent
pH 6.8

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

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

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

Two formulations, constituted of either 22F-PhtD prepared by direct CDAP chemistry or
22F-AH-PhtD (ADH-derivitized PS), were compared. See Example 2, Table 1 and
comment under Table 2 for characteristics of 13 valent vaccine made either with 22F
directly conjugated or via an ADH spacer. The vaccine formulations were supplemenited
with adjuvant C.

71




10

15

20

25

30

295 Db) The same saccharide formulation is adjuvanted
with each of the follow ng adjuvants: - In the table

Sidrﬁ’ﬁﬁ%%t he c_oncentrati on _of t he enul _si onﬁgg&pﬁgﬁg&wﬂ

dose i s shown. 5Adjuvant Al Adjuva
A2Adj uvant A3 | ngredi ents250111 o/ wi2541 o/ ws0ul o/ w
enulsionenulsionenulsion al phall. 88ny5. 94ng2 38ny

SoAREReE e, S 136 SRR ol T Sr g BB ATkt S resyeq i sora

A@%ﬁ?ﬁ#éﬁﬁwﬂf | ngr edi ent s250g1 o/ w250p1 o/ wi250

o1 2 Ao et B LR o U35 S B T e of both g
Sq’E‘ﬁ'se(FQé'ﬁﬁ) ?ﬁ@g‘l@%&!}‘&%ﬁgﬁesﬂw Bhween
5804. 85ng4. 85ng2. 43ng0. 97ny 3D- MPL5QuUg25ug25ngl Qug 10
c) The saccharl des ar e aI so fornul ated with two

Qmmng&(per 0.5 at dose)

15Li posones: - DOPC 1 - chol esterol 0.25 ng 3DWPL

50 pg 621 50 20K 12PO413 124 Buf f er
Na2rmrerf 60 mf%%'hmm%wewuwg Q%M(rqmatm@ys O\F and 28

q. with Becral@ntPMiornbmtivisrtontaibind P$6, 4, 4] 5, BYTRI VPR 18C, 19A, 19F,

SR AR 1 A v
o8 68bnes: - DOPC 0.5 - chol esterol 0.125 ny

3

@%%%%9%3@%““ & @ﬂnusﬁ%a%“%z%% (@i a8 frgmot

q. detoxified Bly522R tosgrrtgeqqg leerlPS to PD. See Example 2, Table 1 and

comment under Table 2 for charactenstlcs of 13 valent vaccine made with 22F directly
conjugated.

Four formulations, supplemented with either AIPO,, adjuvant A1, adjuvant A4 or adjuvant
AB, were compared.

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

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/detoxified Ply combo In a pneumococcal

monke mo }

Groups of 6 Rhesus monkeys (3 to 8 years-old), selected as those having the lowest pre-
existing anti-19F antibody levels, were immunized intramuscularly at days 0 and 28 with
either 11-valent PS conjugates (i.e. 1 ug of PS 1, 3, 5, 6B, 7F, 9V, 14 and 23F, and 3 ug
of PS 4, 18C and 19F) or PhtD (1Q pg} + formol-detoxified Ply (10 pg) or the adjuvant
alone.
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d) The saccharides are also fornulated with Adjuvant C
(see above for other conpositions where this adjuvant
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