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present invention relates to bacterial polysaccharide antigen vacc ! g

t hei r manwagdatte and the use of such pol ysaccharides in npdrgipiesysed N
particular the present invention relates to vaccines conprising a
pneunococcal pol ysaccharide anti gen, ,J. &8@@5' y a pneunococcal pol ysacchari de
conjugate antigen, formulated with .a ‘% n antigen from Streptococcus
pneunoni ae and optionally a Thl inducing adjuvant. 10 BACKGROUND OF

| NVENTI ON St reptococcus pneunpbniae is a Gampositive bacteria responsible
for consi derEHELY OBINVENTIOMd nortality (particularly in the young and
aged), causing inyasive djseases %Fch \z,aﬁatcﬁneurmni a, bacterem a and

meningitis, and di‘Q8REEnt BYERIOBTRRfes o nigh, pojxsas f A0UZAOL VAREIOaR UL e
Qitis neda. 5@%@ URRRIA i US for persons over
60 years gf %%pﬁ%ﬁ@éﬁugnfg%&égggo eES ocl)y%a%er f%gjegl(sgl@l n 20% of cases this
| eads to bact er enil@, paticilat hier pigontf dsteativron@lasidcito asaccifenivogipiising Wi th a
nortality rate close to 30% even with antibiotic treatnent. Pneunbcoccus is
encapsul at ed BREERACCEh cpAlysarqhgride apidgeny SYRiSal ¢ Rapreymonpfcal polysacebasider s

ser ot ype Specbighil Yoyt e enhed WnMASHIOLY BER QepPISUIPEOSGongNd e
capsul e i s the princi p5e virulénce erm na or pngum)coc i, as the
capsul e not a@8bjtiqhaldy @Ths iddacing Bdjevansur f ace of the bacteria from
conplenment, but I1s itself poorly imunogenic. Polysaccharides are

T-i ndeperient antigens, and can not be processed or presented on MHC

nol ecul es to 4 UWD.t hﬁ’ﬁ hey can however, stinulate 25 the

i mmune syst er#‘?@ﬁgﬁg% a0 at ter ﬁtlgogchani sm whi ch invol ves cross-|inking of
surface receptors SpapdBedild Dredmkoni@s i NOVGrailpSaKRT Bhet@iEP QEJpBRIIbIE Fdrat
protection against invasive pneunococci disease is correlated nost strongly
wi t h ant i bodyongidssitile enorlpidity med mestplkityl| (Partiawarly e theriwuag rhdpged, sarsisgy pe

specific. 30 .Polysaccharide.antigen based vaccines are. well known in the
art. Four thé}fms% v Seﬁ@%ns‘?cpc%snggmoﬁa‘h TSR e e™ n@lcﬁl&\é\l%fhgn |alivipea‘°":‘S

pol ysacchar i ggsoefatedak i Bgbhidatio Phich as tabte RRitis RIS g okl dfgnbrapeddagnophi | us
i nfl uenzae, the tetraval ent neni ngococcal
: poneumnonia in the US for persons over 60 years of age is estimated to be 3 to 8 per

100,000. In 20% of cases this leads to bacteremia, end other manifestations such as
meningitis, with 2 mortality rate close to 30% even with antibiotic treatment.

Pneumococcus is encapsulated with a chemically linked polysaccharide which

20  confers serotype specificity. There are 90 known serotypes of pneumococci, and the
capsule is the principle virulence determinant for pneumococct, as the capsule not
only protects the inner surface of the bacteria from complement, but is itself poorly
immunogenic. Polysaccharides are T-independent antigens, and can not be processed
or presented on MHC molecules to interact with T-cells. They can however, stimulate

25  the immune system through an alternate mechanism which involves cross-linking of
surface receptors on B cells.

It was shown in several experiments that protection against invasive
pneumococci disease is correlated most strongly with antibody specific for the
capsule, and the protection is serotype specific.

30 Polysaccharide antigen based vaccines are well known in the art. Four that
have been licensed for human use include the Vi polysaccharide of Salmonella typhi,

the PRP polysaccharide from Haemophilus influenzae, the tetravalent meningococcal



1 WD 02/22167 0 2 MAR 2005 PCT/EPO1/ 10568 vacci ne conposed of serﬁt%mi ﬁ}
C, W35 and Y, and the 23-Val ent pneunbcoccal vaccine conposed of Ut 05

pol ysacchawa@les:aer responding to serotypes 1, 2, 3, 4, 5, 6Bcr/efoiidss ON
ov, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33

(accounting for_ at |east 90% of pne C I ood, |, s s). 5 The latter
three vacci nesV%CSWFéP%?%agéﬁ?IBWB?ggingsﬁggé?‘g Pén%g‘ﬁgﬁ%??%gb‘f%qcfﬁ
infections resydine@GomPoe Ve paBisRicHiddts @&E'esﬁ@:[dﬁ@é tols¥robyped E,fz?@t&’s,)éBE these
vacci nes have not been licenséd for use in children | ess than two years of

age because t heél, &9, IvVpddeglbh,el2y, 1 4niblodéh; BA, i o8hil 8F, e 28F, AP, pRkl1 ol a et
al.(1984), N Engl. J._.Md. : 1561-1566] .- .St rept ococcus pneunoni ae is the
nmost conmon ca(Efégp"tS‘Pnﬁ Mﬁ&ﬁ%gé% o%agq@chq:éabplg §8]a§§pd otitis nmedia in

i nfants andk young cy [ | rlov: : r sto
pneamcoceal  vacei no PHEonara  aes Spuitf oy definsRiake RARIg 76RO
hence t he i ncradaednd reculdsg e sevkrelracibédiiyedndpmentaiion ina irifimts, hies thepOpadeats on

[ Verghese and Berk, (1983) Medicine (Baltinore) 62:271-285]. Strategies,
whi ch have beehavgat bysadicensed s ved Hechildren lpgdhangwo vearsiofagmbsgeise dhayyarg n

infants, includ : . ide . to.d léqnﬁn ni c
pr ot ei ns, -whi CW%B%’I@\%A e@%%ﬁ%%wﬁsgg#ﬁygﬁﬁeﬁ? yﬁ %’?&%ﬁgﬂz‘hﬁé‘ YR

i munol ogi cal Hmmsaa-lesgaq. WHeplobR cROpySAOBINR 1 de: KOst @etindOcadd 6D inviasive
conj ugated. Pneunpbcoccal glycoprotein conjugate vaccines are currently

bei ng eval Lt ebactesial disegseand ottismadingiarintaptsyang yaung ¢hildeeay Likawisarthe eldetdiye
groups. 20 The_23-val ent unconjugat ed pnewnpcoccal,vacci ne has a w de
Variati on i PRI BPSTarPRESEy © RGeS st aiBRat o G4 A oh
Intern Med_  1B4rondd3b-23300), hthe: @b fihGaryd aRlieadeSoftackiall Mleabbfatip tihe ri sk
group that is being imunised, such as the elderly, Hodgkin's disease,

spl enect ony, spegkilatiop &V erghiiss endBerkatl 38 2)ddedreigt GhallihenshdL871-H5he et al .
(1994) Arch Intern . .154: 2666-.2677 and 25 also to the djsea

mani festation. The %’%‘% Senf’v_%{fgcgl?aﬁﬁ 3?8%}’5 ﬁ%ﬁegna‘@nf%sw%?%m p{hfft e%'f%foﬁf
agai nst  pneyUNDERGEH geMBRH TR Nnfintd Nn&iGAd %@_Hﬂk&% bf Ske PoBMRRhSENtATarkhe

el derly) and otitis nedia diseases. There is therefore a need for inproved
pneunococcal vaeoiregenonprotinsi oviech ppavidel bystandey Toerdks helpi add wibidh asdupor e
effective in the prevention or anelioration.of., 30 pneunpcoccal disease
Cparti cul ar 1y PBERRSHGE Teforh e en LR aRtr R, ARG BHPRGH G roriesied

Pneumococcal glycoprotein conjugate vaccines are currently being evaluated for

safety, immunogenicity and efficacy in various age groups.
20 The 23-valent unconjugated pneumococcal vaccine has shown a wide
variation in clinical efficacy, from 0% to 81% (Fedson ef al. (1994) Arch Intern Med.
154: 2531-2535). The efficacy appears to be related to the risk group that is being
immunised, such as the elderly, Hodgkin’s disease, splenectomy, sickle cell disease
and agammaélobuli.nemics (Fine et al. (1994) Arch Intern Med. 154:2666-2677), and
25 also to the disease manifestation. The 23.valent vaccine does not demonstrate
protection against pneumococcal pneunonia (in certain high risk groups such as the
elderly) and otitis media diseases.
There is therefore a need for improved pneuinococcal vaccine compaositions,
particularly ones which will be more effective in the prevention or amelioration of
30 pneumococcal disease (particularly pneumonia) in the elderly and in young children.

The present invention provides such an improved vaccine,



The present invention provides such an inproved vaccine. 2 0 2 MAR @20& R“%DS
02/ 22167 PCT/ EPOL/ 10568 SUMVARY OF THE | NVENTI ON Accordi ngly the preSe ‘P‘

i nventi onwgy@yi2ekgs a vacci ne conposition, conprising at |pastpanesss

St rept ococcus pneunoni ae pol ysaccharide antigen (preferably conjugated 5 to
a protein carrier) and a Street ococgus pneunoni ae protein antigen sel ected
fromthe gr ?’IBFSQFII&H% - QIT§ Nistidine Triad fanil y (Pht; e.g. PhtA,
PhtB, PhtD, or PhtE), Lyt famly (e-g- LytA LytB, or LytC), SpsA Spl28,

Spl130, Spl25, SplOl and Sp 133, or truncate or inmunologically functional

equi val ent t her eofAccoringhntk Ipyeswit idveaiionlfrbvidel dviebine taipatljodVandprisinduci ng a
predom nantly Thl immune response). 10 Preferably both a_ pneunococcal
protei n and Tilleagidingiplogecsiy prautrdeige palysasabanigde ankgendprEfesbist ¢amigatednpr i si ng

conmbi nati q@ns .0of the aboy n coccal proteins .the. invention with each
ther and wt (8 2ariicn R BT ORR Bk 8% aley! Bl FSRY R

conposi ti ons Hhug B&sisﬂﬁ%%‘f:' Pély B¢ Triad | faklly (Phth tegd Phint @B ! PEE, gent  of

el derly pneunonia. 15 Pneunococcal pol ysaccharide vacci nes (conjugated or

not) may not BeEmbyefamdy (pgdivdst LuBaemistChdeshoiplas.iSpidhptisd8plal apdpul at i on
for which the,ingidence of .this  disease LS ver i gh. The key. defense
nmechani sm ag%ﬂ*g?’%ﬁ@nmﬁwmm %ﬁmf)tb%“&ﬁ%ﬁvﬁ‘g%‘g@?rggﬁgp?"&%ﬁﬁﬁ&l B- cel |
I neutrophi| Rdiahesht eUENhdjGA4S SEdRYng e prepb@tidelly OFhi0tmAlld hagdbes).agai nst
t he pneunococcal pol ysaccharide, the bacterium 20 ‘eventual |y beCom hg

phagocyt dfed)Prefembivmth ppudusmogbecalpoicimvapd idd adipyaniars inchedsdahi cntagerus
inpaired in the elderly, i.,e. superoxide ro%ction b PVLWLI .

(pol yror phon RFBEFIgR $eprisiieipRaons o6 b, S5En PERERIcassal, PRl phite

mobi i zat i on iQfentiEMVithdRER LARE Snd itk Miher S8ERASTBELAL bicYeiff arPMNo dbRkibERY
responses may also be inpaired in the elderly, 25 Contrary to the normally
accept ed dogritye smprsitiotseofethe imfentom ire papsulady suitsl pbe tbamedeofsiderlyodi es
may not be effective in conplete clearance of bacteria, as pneunococci nmay
i nvade host J&FIEYY evade this branch of the i mune system Surprisingly,

the present i ”Ve”tméh@%é‘ﬁaéfp?%ﬁ%ﬁgg ;’?%eﬁqﬁ% ?%J;n}@%@ WShot) m3f hc?’fllﬂeaaﬁoie“tg t he

cell nediated branch o I'nstance” T-ce 30 neditated
i muni ty) in motdéttageinst petenialimheéldériasdpubdtion fer whichnie syt (fBhsel |
redtated)  a myer Y. (orCROREl AL} bl B LS ! uSERERLS o
opsonophagocytosis (a humoral B-cell / neutrophil mediated event caused by the
production of antibodies against the poeumococcal polysaccharide, the bacterium

20 eventually becoming phagocytosed), however parts of the involved opsonic
mechanisms are impaired in the elderly, i.e. superoxide production by PMN
{polymorphonuclear cells), other reactive oxygen species production, mobilization of
PMN, apoptosis of PMN, deformability of PMN. Antibody responses may also be
impaired in the elderly.

25 Contrary to the nommally accepted dogma, normal levels of anti-capsular
polysaccharide antibodies may not be effective in complete clearance of bacteria, as
pneumococci may invade host cells to evade this branch of the immune system.

Surprisingly, the present inventors have found that by simultaneously
stimulating the cell mediated branch of the immune system (for instance T-cell

30 meditated immunity) in addition to the humoral brach of the immune system (B-cell
mediated), a synergy (or cooperation) may result which is capable of enhancing the

clearance of pneumococci from the host. This is a discovery which will aid the



cl earance of pneunococci fromthe host. This is a discovery which w|ll § ‘
the 3 WD 02/22167 0 2 MAR 2005 PCT/EPO /10568 prevention (or trea\tﬁlrr%ngd f]ﬂﬁ
pneunococca0 dntxretion in general, but will be particularlydnwgrenaesss for

the prevention (or treatnent) of pneunonia in the elderly where

pol ysacchari de based vacci nes do not show effi.cacy. Wthout w shin 0 be
Dound by any { eSO (16 A2t GhnPRrPBreccA el 57FRht PHotR aPirs  of

t he i mune sys i ' ' | NGUWIR gl

pol ysacchari deﬁ%g%‘g%gra gé‘%o%fﬁﬂégfé" tﬁ?) ptl;%?ﬁéeinﬁ carrlﬁig%@i% ttflaledErzrlimﬁlrilyster ed
with a pneunoeheeablypicoharida bssell @adcaas flo oonshive efficacyp consi sting of: Pht A
Pht D, PhtB, PhtE, SpsA, LytB, LytC, Lét A, Spl25, Spi 01, Spl28 35130 and
Sp133 (proteins whi Withogtrshing ioschaamd gy any thspws HgtRsesentinyqniors BavecRprnd:f
Class Il a t-he | ' ).

Al t hough og o] gtrrgértg%gnfl4 P ﬁ@gégglr%gg%%%%ca 59%? éelﬁ%h?%g%??:? é%%?“"%gHaF

medi at ed | MMUNhdiysabohatifé hreferdblie corfi@iddotosa peotein adafrierf BUATiniskadd it 2
presence of a Thi inducing adjuvant 1 n the vaccine formul ation hel gs this

arm of the i npuevaossosaleprpteinriglestad Fmsthp groyr copsistiag of At ddsDy PleBs UEr gy

bet ween bot h rng ,0f, t [ n Tl -~ JHE, | ON The
pr esent invent?%s}f"ﬁ‘ryg\;/ilggg’ %ﬁﬁf@ﬁ@a@%ﬁ@%ﬁggﬁy&@ N@Qﬂ
prevention or afPhd Soddsk@ardl priRarBGe Getontdit @€ U1RH [0ind MBIEIcHes | yn (tBe1d/ or
infants and 20 toddlers). In the context of the invention .a patient is

consi der edi®| denfage pf infévtsd maremalian sellsk dlibpughvene drmergef thepp peermagoenabr 60

years and nore generally over . 65 year.s. Thus i. ne enbodi nent of the

i nventi on ther%‘%lteénsp%#%(ﬁ el W&%ﬁ%e‘%‘ﬁ‘ﬂ%}gi&f*@n,&e SRIEPRR 2 Sot#g&nclln t he
el derly. (and/ ofa} Mt BRkEhca Bfla TROGIIBERY adiOVERE inSthé Yackine fatthul £7% thelPl ehis arm

St rept ococcus pneunoni ae pol ysaccharide antigen and at | east one

St rept ococcus phtwrimnivae spstaneind srprisqety 8ithertnbenass the pymetglyebegresndoth
consisting of: PhtA .PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl25,
Sp10l, Spi2s, %%%W@ﬁi%?m'ﬁe vacci ne may optionally conprise a Thi
adjuvant. {1 a second, preferred, enbodi nent, the present invention provides
a vaccine 30 (suitable for the prevention of pneunonia i Mh the elderly)
conprising at DESSRIBAEONZF THE INVENTION

The present invention provides an improved vaccine particularly for the
prevention or amelioration of pnemococcal infection of the elderly (and/or infants and
20  toddlers).
In the context of the invention a patient 1s considered elderly if they are 55
years or over in age, typically over 60 years and more generally over 65 years.
Thus in one embodiment of the invention there is provided a vaccine
composition, suitable for use in the elderly (and/or Infants and toddlers) comprising at
25 least one Streptococcus pneumoniae polysaccharide antigen and at least one
Streptococcus pneumoniae protein antigen(s) selected from the group consisting of:
PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl125, Spl01, Sp128, Sp130 and
Sp133. The vaccine may optionally comprise a Thl adjuvant.
In a second, preferred, embodiment, the present invention provides a vaccine
30  (suitable for the prevention of pneumonia m the elderly) comprising at least one (2, 3,
4,5, 6, '7, 8, 9 or 10) Streptococcus pnewné)niae polysacchande antigen(s) and at least |

one Streptococcus pneumoniae protein antigen selected from the group consisting of:



4, 5, 6, 7, 8, 9 or 10) Streptococcus pneunoni ae pol ysacchari de angigmmné
and at | east one Streptococcus pneunoni ae protein antigen selecte

group congpstiengyof. 0 2 MAR 2005 WO 02/ 22167 PCT' / EPOL/ 10&68€ERNbsssPht D,

Pht B, PhtE, SpsA, LytB, LytC, LytA, Spl25, Spld, Spl28, Spl130 and Spl33,
and, preferably, a Thl adjuvant. In the above enbodi nents vacci nes

advant ageous Phtés Sl Bithd oripsAak 11BnEtCoLyishSrabbve 1 PhSmidt dwdaP asdot ei ns
of the invenhi g& Wi(%h e?ackﬂ other ar‘lrd Wi th other 5 pneunpcoccal proteins are
al so envi si ohBI a8 RN E B AW i s envisaged that such a vaccine will
be al so useful inpfheabbRERHIARNEOGEGhes dNEAEEd0RNy ChAPritiRg tambiRa®drst | S

media) in other high risk groups of the population, such as for infants or
t oddl ers. 10oBtheapvur prmoocealprotticaef el inventionarithoeciotlicgend vwoth athes

I nventi onSTy ically the Stre tajcoccusoégge%oni.agbv ccine of the present

i nventi on’w PREURAS RIQeHS RO psToad & eSerLs flg?vef erably conjugated to a
carrier protein), i [ I east

four serotypes of Itﬁgv%ge&%%}l&péyﬁgggﬂjl?gtgﬁ%a%%&?ﬁgg%&g% Sggf@‘ﬁ;gf%de 6B,
14, 19F and zdectioMifoe ipmstante nhfid pedial inl cdlaes thigh A6 geumst ofjibs pangationcbustied i n

t he conposition, for exanpl e those derived fromserotypes 4, 6B, 9V, 14,
18C, 19F, ands ®3infapppetoddlemer ably still, at least 11 serotypes are

i ncluded in the conposition, for exanple the conposition in one enbodi ment

i ncl udes capsul ar pol ysaccharides derived fromserotypes 1, 3, 4, 5, 6B, 7F,
9V, 14, 108CSrifbratd pdkmépnelsvsabtharie Aptigads efite dnantar rier protein). In a

preferred 20 enbodi nent of the invention at |east 13 pol ysacchari de_antigens
(preferably conj hyaically he SEeReGace s PrgYIBRaTsYacsing of el Riefent mXeRBIGH f ur t her

pol ysacchari AL r T \ d, 2, 3,
4, 5, 6B, 7F?S}‘§?H%|€,%E§€f°hﬁ‘}%,mﬁééﬁ‘g,&g%%@y %E%Eg?&%@&l%@{e%‘?ﬁ%‘%ga 20,
22F, 23F andti3plysatitarides are dadedpirahiedt Ryst fdue servvgrs i dnpnemobescusl der |y
vacci nation (for instance for the prevention o ?neum)ni a) it i

f t
advant ageous PrECrblE ks uSErasYRFs & e SHd | 4 ARF eahas hroMere ek eblibRyleass Tand 22
3 pesiiges Fe p :
T8 vl ondSy o etBapdstan Mhcilled UGB BOTROP el BES IS SARP%E s O M 2

of nore concay BB, $¥| 04 yI8ES 1R, aRhO3F Yo Refetibinidipaolaky 1] sabtygedateo form a
13 val ent vaccine. 30 Although the above_ pol ysaccharides nmay be used in
their full-| &wded Ratheyeomgosiign. far exmpla U compesiiano & anpa¢mRqdiEeteduced

pol ysacchari gﬁﬁld@?)ﬁap@hﬁ?p&?saﬂéﬁgdes derived from serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14,
18C, 19F and 23F (preferably conjugated to a carrier protein). In a preferred

20 embodiment of the invention at least 13 polysaccharide antigens (preferably
copjugated to a carrier protein) are included, although further polysaccharide antigens,
for example 23 valent (such as serotypes 1, 2, 3, 4, 5, 6B, 7F, 8,' ON, 9V, 10A, 11A,
12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F), are also contemplated by
the invention.

25 For elderly vaccination (for instance for the prevention of pneumonia) it is
advantageous to include serotypes 8 and 12F (and most preferably 15 and 22 as well}
to the 11 valent antigenic composition described above to form a 15 valent vaccine,
whereas for infants or toddlers (where otitis media ié of more concern) serotypes 6A
and 19A are advantageously included to form a 13 valent vaccine.

30 Although the above polysaccharides may be used in their full-length, native
form, it should be understood that size-reduced polysaccharides may also be used

which are still immunogenic (see for example EP 497524 and 497525).



which are still inmmunogenic (see for exanple EP 497524 and 497525) m%ﬁ)zmﬁ
02/ 22167 0 2 MAR 2005 PCT/ EPO1/10568 For the prevention/aneli oratqg
pneunoni a wip i2helsel derly (+55 years) popul ation and Qiti spoediParsioded nf ant s
(up to 18 nonths) and toddlers (typically 18 nonths to 5 years), it is a
preferred enbodi nent of the invention to conbine a 5 nultival ent
Streptococcus pneunpni a pol ysaccharide as herein described with a

oht A PatD, Pt B, TEE bR adlonioicof PR BT MY o,
and Sp133, or poplikkdOhed Ofah medfalindhianatup U8 \nedmeh) ahd exddbts (tfpicaiybisnat i on

of pneunobcoccal proteins may al so be advant ageousl}g utilised as descrl bed
bel ow. 10 Pneunwslsctab ﬂaw),eﬂris 2o prefemesdi embodimesh ofdbe EREITRR HoSRBOBE & hi s

i nvention, "i 0 functlonal i val |s f S eptide
of protein Scorfpi 1§3r17f8 ‘S‘F th ‘E“Soﬁ’éeuﬁ'%’laeg‘%iysagd%ﬂd?o hef“ﬁ% Ae? ﬁ-ﬂ)eﬁ Wﬁ?gﬁ ns of
the invention, Srég%o&%%ﬁm%nﬁ{e Gréba seleked ﬁsﬁﬂtﬁ@g}ompamisaﬁgoﬁmgsenmhl ghly
15 conser ved, can elicit an bactericidal antibody response in a host or

prevent toxic P]:eB,fHuESSpﬂ diyeBabjtf, Lytle SpudttSrdAdl S;éaﬁu S&dﬁ@nm%%ﬁ”ét of east

15 and preferably 30 cont i cids.fromthe prot of the
i nventi on. ‘ft’r"é‘ﬁﬁﬁ ﬁgacferﬁd@':rg?fdﬁ “ Sbl RARan 9 o{;”ilﬁD guc as

transmﬂbrane L0 YR HedRb SrlgRSEROkil(shad R8RSR bObw, t he extracel | ul ar
dormai n of the I%rg el ng) s%f SSI onséggchg}‘r)n&(l:a l'y or genetically detoxified 20

derivative® and the |ike can be used with the proviso that they are capable
of raising substantially the same inmmune response as the native protein.
The position rﬁneuﬁmqfﬁﬁisﬂmemsroﬁh_&fﬂf_@bes in a protein sequence may be
readi |y deter m ned gy ynd ARRiE! ¥ G RRRbAC SuhlAlo AL AL dRo Rl chdva B s od
and antigenic usi ng ac natron of two nethods: &structure prediction
and antigeni ¢ defidleXapageptidd ofpro¥ie c@fpongs st lset wme pmieniwctepmec&mﬁbc made

usi ng the PSI PRED praogram (fro vi d Jones, Brunel oi.nfornat | oup,
Dept. Bi ol ogl cﬁptegépé Ventoy b P‘B@P@fet%?ara@‘c’ﬂ LS "“’kﬁl% ‘Lﬁ]ﬁé Y The

antigenic t 88b RbpdnleinEhdied Iféeéﬁrtd»b@d by
Janmeson an W) 9%%%%?%&???5?@]@ Tcﬁ,e r ot ellnns of 1H"ne i nvention
are the fol | owfrgtspPreferiblg, thafuncidnaldrjuitaleat bas B CaexiSome graerably & Oou mreore
surface Of ' heco?]?lgllﬂoﬁrlso(;gl(igouascld(scggn? ltoltlxeeprgt];mb?Iﬂane%n\r/een%%g.%gsef‘%re?’éaﬁy, fragments,

deletions of the protein, such as transmembrane deletion variants thereof (ie the use of

the extracellular domain of the proteins), fusions, chernically or genetically detoxified

20 derivatives and the like can be used with the proviso that they are capable of raising

substantially the same immune response as the native protein. The position of

potential B-cell epitopes in a protein sequence may be readily determined by

identifying peptides that are both surface-exposed and antigenic using a combination

of two methods: 2D-structure prediction and antigenic index prediction. The 2D-

25  structure prediction can be made using the PSIPRED program (from David Jones,

Brunel Bioinformatics Group, Dept. Biological Sciences, Brunel University, Uxbridge

UBS8 3PH, UK). The antigenic index can be calculated on the basis of the method
described by Jameson and Wolf (CABIOS 4:181-186. [1988)).

The proteins of the invention are the following proteins, all of which are

30 exposed on the outer surface of the pnenmococcus (capable of being recognised by a

host’s immune system during at least part of the life cycle of the pneunococcus), or

are proteins which are secreted or released by the pneumococcus,



host's i mune systemduring at |east part of the life cycle of theU%MAR 2005
pneunococcus), or are proteins which are secreted or released by th
pPNeundcocyS)226:1¢8 2 MAR 2005 WO 02/ 22167 PCT/ EPO1/ 10568 Thg-1% #igAHQKOCCUS
pneunoni ae protein of the invention is preferably selected fromthe group
consisting of. a protein fromthe polyhistidine triad famly (Pht), a
protein fromthe [hy¢ Stremdtogcuspretrodriacpiiendpinge pentimis ppferady selettadi ng an

LPXTG tif (wh Xi y .am id t ei ns. havi T I Si |
LPXTG oL GLE s SRANRS, AL 0Bl SRR 19 A TIDSY S onal
Type | S gna??‘ﬁatgh&?ﬁ?%‘ﬁ gglﬁ_tf'a&ﬂy,"ﬁ B Wh B PMRLES phbtbial RatihEaR IPHRYOri es

(or notifs) ng “proteins (or truncate or inmunologically
functional egubtfénednt Xtibeneaiino adifg pRittingHaging aHiypt IB8igmal Jequerdty cicifiof y
conprises proteins PhtA, PhtB' PhtD, and PhtE. The fam |y is characterised
by a |ipi fat iLde5G égheradels amysmianasidl and grodipshayinge Bypel Sigstl 58U5°Eh r egi on

and several histidi etr'ggﬁ pe&si-bliy i pyglyved o] £A54 de

bi ndi ng or erﬁ%/n'a fegeréegtllL'W §e,s Eg g){hé%ei e -Oiégéljldnjrqg{gsﬁg sa,rgath@g(g[?lser ed
N-term nus anghteind@r eufGeNGamsuologicailyfufictionsl dqsivalestisbattofi:n al | strains of
pneunococci tested. Honol ogous proteins have al so been found in other

Streptococci  and TheiPss Gala Histdiae diriady familyviromprisgs proteios T PiiBobitDse Pht A,

Pht B and Pht D. r ref er abl ILL.C |, Ses P Pht Lok L

under st ood, %&M ?h‘gt e 1§ & Cterﬁ%?r% agplﬁn%éﬁgga‘l&:mrcgf teR’r0 F%m%?lsot ei ns
havi ng sqguengasaté §¢1a0566helfich! QiR dhatsbwng HaaliDw triads, Pedsibl@svolved in
natural |l y-occurring (and man-nmade) variants thereof that have a sequence
honol ogy t hatmdtal et nheaesideobulingern enzmatie achelty, eBel)epriled-cpH otcaions . 2
Preferably it is at ., least 95% identi_cal nost preferably. it i 7%
dont | cal | 26O iERs 30t peeRr iRl FURIR LI RS el o o
98118930, angnkdnoddk&iQesicdl Honfilbdols Sidtns hAGe 419 19kn &RMEn othér StfepdePE®t €i N
fromthe polyhistidine triad famly and has the type H signal notif of

LXXC. Pht D i endiMeéssersad Brefergd oombasoF, theyfamils conpriserRitdr P ad B®36D. As

noted ahqve, it also is.a protepn,.fr . pol.yhj sti.di thi L1y and
has the type ¥ P%gfﬁé&dtg?‘gws tr@fﬁ ?r%mi?@1910?%53’3(%?’0%03%9?%&9\%%%?% 105, and
i s al so refephed BODSRABEH BrerA0 Qkdi@hs hdRiEhefuetestdn@1oRk B thewtati¥nd Seldvne _
C3- Degr adi ng Pol ypepfide, as disclosed in WO 00/17370. This protein also is

from the pol yphivelli asimburally-edufiagi(hnd marimade) verients {ngeeof that bayx@ seae notif A
preferred I munol Q9 &2l % L0 5hd AR89 mee Rl £ pbfitasP LGBy it is at
least 95% identical and most preferably it is 97% identical.
20 With regards to the Pht proteins, PhtA is disclosed in WO 98/18930, and is

also referred to Sp36. As noted above, it is a protein from the polyhistidine triad
family and has the type II signal motif of LXXC.

PhtD is disclosed in WO 00/37105, and is also referred to Sp036D. As noted
above, it also is a protein from the polyhistidine triad family and has the type I

25 LXXC signal motf.

PtB is disclosed in WO 00/37105, and is also referred to Sp036B. Another
member of the PhtB family is the C3-Degrading Polypeptide, as disclosed in WO
00/17370. This protein also is from the polyhistidiné triad family and has the type II
LXXC signal motif. A preferred immunologically functional equivalent is the protein

30  Sp42 disclosed in WO 98/18930. A PhtB truncate (approximately 79kD) is disclosed
in W(099/15675 which is also considered a member of the PhtX family.

PhtE is disclosed in WO00/30299 and 1s referred to as BVH-3.

7



30 Sp42 disclosed in WD 98/18930. A PhtB truncate (approxi mately UZkﬁ)\Rr 2005
di sclosed in W99/15675 which is also considered a nenber of the Ph

fam |y. Pbw is2déscl osed in WO00/ 30299 and is referred to ®sTB\B/B0568F 0 2
MAR 2005 WO 02/ 22167 PCT/ EPQO /10568 SpsA is a Choline binding protein (Cbp)
disclosed in WD 98/39450. The Lyt fanmly is nmenbrane associated proteins
associated with ceI$PSW§ﬁ§h01m'FéﬂqXPE BPRhEbPHdisdrsedds ME PEE24%8hol i ne bi ndi ng

domai n(s), however the Ly es._not _hav r nd in
t he chol i ne bindi ng—h'b %{n ]a r%{mltx%o ?SS?Céatmfﬁ%ég#oF}egg% 3’5‘#61%3‘ [yg{és for
the present i nygdNit@hindl HSth‘xﬁtcoﬁaﬁﬂbds)éhblﬁ]eQﬁﬂﬁ Cgmﬁ@ﬁn(rd) sibwenek theflyofastihe Cop
famly. In contrast with the Cop famly, the termnal donain contains the

cat al yti c domadoesabt have all ¢he fpafmpefonnd alrﬂlt 9h01mh émrimnr@zcmé@mﬂr &%) Iﬁaﬁlhf B and

C. Wth re ards t he f tAr C n_Rond t Eur J
5 ochem 15 ﬁéaweéé%s 5 roset o B LR GBis SR ifoeL oi'so
referred tO as Clﬁéorﬁlaﬁ%gitﬁébgﬁ%ﬂyntﬁé’@ 08680 MaiRbchudiss al so
referred to as Sp91 preferred menber that famly is LytC. Another

preferred enbothenamlytiademkbintof tiernfiyt prateiu rﬁuaﬂ;esTMMUmompmes Liy$A, Blefid Ged
above and "truncates" refers t oteins |ac . 5 Chol i ne
bi ndi ng r egi on Vith BEEAK &e;ﬁﬁﬂgﬁﬁbt%& I@f&ése{}ﬁ’@ P areé”ghgl“i Lg Orfgﬁ‘l‘}i ng
region. 15 Spl ) I]%,tg o0BCed/1 46T AREs RIBLEfeRedvid Bs t he
Cell wall Anc or'e% rmt@?g\?fp Pﬁ%&farergérdremx Pg%an%gam nosacr dr) .e ,%\ny protein
wi t hi n thigcl8pss. DftCpiselsndietsed s W0 48485800 0ed is alsd fefaredsometSpPl.has been
found to be useful wthin H} context of this invention, and is therefore
consi dered a fBreferef msabeep fapibpis Litrent i on- Sp125 itself is disclosed in
VO 98118930, and is WnAiRRat o i Bkl RREELOHIRSgs SP101
is disclosed in V\Dé@é%%?éﬁﬁmere It nas tﬁgp er ence #? y85993. rﬁ fs
characteri sed Wfired Type dndSitrgmkw’émftteMprote&m%M§SM$ch'medfihn Gh@hﬁe106734

(where it has the reference # y85 992 al so characterised by a Type |
si gnal sequenchind %%@?raﬁebé&%mrwd&%%me FIFPI”E‘D%’(’)"@ IBEEEAY The

proteins used in th te I Sg&g%l bglq)rwghe
group Pht D§§nd Pht ﬁlagqg%gon%ﬁﬁgﬁro o?ﬁE%({EF]ﬁ ft e%gég{rgﬁie?ﬂes
Advant ageous canmbhdiat ot off LPXRG (whenoX és aryemine add)aAnp poten msthinfthisiséss

i nvention

of pneumococcal surface protein with this motif has been found to be useful within
the context of this invention, and is therefore considered a further protein of the
invention. Sp125 itself is disclosed in WO 98/18930, and is also known as ZmpB — a
20  zinc metalloproteinase.
Sp101 is disclosed in WO 98/06734 (where it has the reference # y85993. 1t is
characterised by a Type I signal sequence.
Sp133 is disclosed in WO 98/06734 (where it has the reference # y85992. It is
also characterised by a Type | signal sequence.
25 Sp128 and Spl30 are disclosed in WO 00/76540.
The proteins used in the present invention are preferably selected from the

group PhtD and PhtA, or a combination of both of these proteins.

Advantageous combination of one or more pneumococcal proteins of the invention
30 with other pneumococcal proteins
In the vaccine of the invention, each of the above proteins of the invention

(preferably either or both of PhtD and PhtA) may also be beneficially combined with



30 with other pneunococcal proteins In the vaccine of the invention@]zeggR 05
t he above protei ns of the invention (preferably either or both of PhtD and

Pht A) may?gé)z@ Re beneficially combined with 8 0 2 MAR 200&-1\/)9,9%/ h2x167
o

PCT/ EPO1/ one or nore pneunococcal proteins fromthe f W ng list:
pneunol ysin (also referred to as Ply; preferably detoxified by chem cal

treatment or,fRILALMRE)pnkWiEbcoR6d ORBRihs ¥ 9Bé GoNGing IBt:OPhdiBBBln (BsaA and
transmenbrane del etion variants thereof (Berry & Paton, |Infect t[%m 1996
Dec; 64( 12) : 5@55re62p, asFipApeefitatly wetendied rityr aw@l%lt@m?ﬁt PRIMERHI0R) eof (US

variants t nelaBEPudQB8Es W’%%g@ﬁ%%&% B PR B

bi ndi ng pr ot f @Mipadon| Qnfiet %ﬁﬁnamcbé U:Feamia pee2)delsphi and vari ant s
t her eof (WO gj!?%ﬁ@@hm 99/51266)], dyceral deh gﬂgﬁr‘g hosphat e -

dehydrogeﬁas&a:(smﬁﬁmne k:inhﬂme vatigts dureb4dJS BO4HSP7H V@%‘?&ﬁﬁ)gm PcpA

(Sanchez-Beato et al M cr ob al tr 1998 protei n
(SB patent apPPPe %WRCI\H‘ @5@8‘? Lixéie) e %eg%vmgs%ﬁeoﬁ%gwwgat ent

appl i cati on Pﬁ?m%% 0@%%&%@) of a@ecmﬁé%mdmgny@&m (@b;@lf&ﬁny EOEOUPHS 386

i mrunol ogi ca rctronal equival ents or truncates of such E?Otel ns (as
defi ned abOV&)msnileﬁabﬁmce.’remung tvhan®h otherzef B{HE r&jr"ﬁriéﬂm WGa by266Menbers of

that famil LIy identif d t could
be.pur 1 eé e ety OB agHIC: At {8 GG bi neil ng
proteins,qr e pony LSS 3%%02%8) @Qﬂﬂ%s&ﬁheméﬁmw Ak RicPRYist Las 1998, cel |

wal | tei c oi ¢ acl rane- assocl ated |i poteichoic acid. Structural l Y,
t hey have seves:ab7-14givbhike iproteianBBrpatent mplBatidreNenEP r837 k@) 3nd adbesidugh t he

t nat f th t

Th General 4RGN OB RsRAtpoBFOLa: e ESmIFT CEvhn bs artiialveh ey af(n
d / - d

conservea r eg?‘?’%ﬂgr %iq% gﬁ&ﬁ%@g fctiBAal eaﬁivﬂéxﬁls bQudch@ of £Gh Protéil (s8N a

conserved ch (O, e up of nultiple repeats, that
conpri ses aﬁeﬁ'uwdiaba{reely one half of the prote| n. As used in this

appllcatlon the term " Chqline. 25 _Bind in fa el ected
fromthelgroup cokerrming et ?pﬁgm%grﬂﬁ 0’?8'?1?%1'5§E chgal)’ﬁqyfwer in WO
97/ 41151, Pb GRRP. dbgcdesed in VO
97/ 41151, Cb%@g iy @)engﬁgtgés ?a Bitnoddbd |pﬁ°t@’ﬁg BRRGUIAHD Puified|b?

affininty chromatography All of the choline-binding proteins are non-covalently
bound to phosphorylcholine moieties of cell wall teichoic acid and membrane-
associated lipoteichoic acid. Structurally, they have several regions in common over
20  the entire family, although ic exact naiure of the proteins (amino acid sequence,
length, etc.) can vary. In general, choline binding proteins comprise an N terminal
region (N), conserved repeat regions (R1 and/or R2}, a proline rich region (P) and a
conserved choline binding region (C), made up of multiple repeats, that comprises
approximately one half of the protein. As used in this application, the term “Choline
25 Binding Protein family (Cbp)” is selected from the group conmsisting of Choline
Binding Proteins as identified in WQ 97/41151, PhcA, SpsA, PspC, CbpA, CbpD,
and CbpG. CbpA is disclosed in WO 97/41151. Cpr and CbpG are disclosed in
WO 00/29434. PspC is disclosed in WO 97/09994. PbcA is disclosed in WO
98/21337. Preferably the Choline Binding Proteins are selected from the group

30 consisting of CbpA, PbcA, SpsA and PspC.
If a Cbp is the further protein utilised it may be a Cbp truncate wherein “Cbp”
is defined above and “truncate” refers to proteins lacking 50% or more of the Choline



WO 00/29434. PspCis disclosed in WD 97/09994. PbcA is disclosed i &m
98/ 21337. Preferably the Choline Binding Proteins are selected fro R 2005
group 30 swmsi/stisng of CbpA, PbcA, SpsA and PspC. | f a Cbp picy/epoeidsgs t her
protein utilised it may be a Cop truncate wherein "Cbhp" is defined above
and "truncate" refers to proteins |acking 50%or nore of the Choline 9 WO
02/ 22167 0 2 NimdippeeioP(Sh/ Hreirabysssh Braieinnipck disi g delinpb@ddig85800s uch

proteins |ack the enti hal i,ne bhi ndi reagi WRE& Be such
protein trunc Eeifrg%f?%ﬁil etSH(éh%Tﬁ eﬂ%"énrlgtle%galgfﬁgﬁ}hggl on an ?fagghfn%glrti on of
the N-term nal ?_\)g@;lﬁtm QF tHeQ-teatA hAlf &% (Weprbieiny & welktyat fetdlh al Ragtonenepeaepeat

region (Rl or ). More preferably still, the truncate has 2 repeat regions

(Rl and 5 R2).regwcarfBles K. et neferblyrstill, Sasourse hes2 snsatNegivr(Rngpdr x R2

as illustrated, .in W99/51266 or. W99/51188, howsMmet, .0 4l { ndi ng
proteins | ck?]ﬁ@' }X@pfﬁsloifucg%?fﬁ% W%Oéillﬂaﬂ% gﬁ}@%xg‘rzeau %?E%R%%ﬁ%l\é%%&% ed
within the Sc%ew@‘99§5h2§6 bIWRTHOINNES, HeRvdr! bIREARTLY binkingeetkRs tdekimrd C
proteins (or fusions) may al so be used in 10 the vaccine of the invention.
Pref erabl y t hi smilanpholies biiBitg R gicnr a@l ARY )contem@lsged withint e Soperdfi ey
portion (Cterm i.e., lacking the choline binding domains) of Lyt (e.g.,
Lyt CCt enn or SBYF98rm). Mre preferably Cop is selected fromthe group

consi sting of CbpA, E%%@gﬁ?%ﬁ;@?ﬂa@%@%egygﬁﬁei% & Fi AUy b lalsb beidsed $n COPA_

Preferably, Lyt is erre s Sp9 1). 15 A PspA or PsaA
truncat e |Hrcki the vabetnechiohe irvettiondi Rrefechbiyathis qo@)prisssdNR bl @5 BduRA)solLSrusi on

rotein with Lyt nay. al so pe use Preferably, Lyt .is.LyitC. ,Preferred

(I?orrbi nati ons o%%%é?ﬁ@ﬁ@éﬁ?orﬁ?%g%% l1“"(3@"“3‘?% %E¥%‘§8§’”@’ngt %Wﬁ\?gﬁﬂ on

Preferabl y t he(Spnblatd@ionSpREARN MGk phiterah Ol isORicBke Rl 8kl @duf r om 2
i

or 20 nore (3 ent” categories such as proteins having a Type ||

Si gnal sequenceonsiztihg fof CTbpAORBcAWSEpsS adi Bsp&ny Mare roefarably, stdl, gt 1s ChpA-

pol yhistidine {riad fam |l t)), . choli i nding proteins (Cbp), proteins
having a Type i"m@? &ﬁ-‘%@é@%ﬁgf@%ﬁr’fﬁ(‘%‘?‘s&%%Spl 0l'), proteins having a
LPXTG nmoti {5 (where § s PFHANGAGHD JacRing - the ShbAK bindide3@pmaikOWiNand €. . ,
Ply), etc. Preferred exanples within these categories (or notifs) 25 are the
prot ei ns nent i exyeessabaecfiision promaimmwothdgi way hlgo bensedi Brefdradydivt Blletes t her eof .

Toxin + Pht, toxin + Cbp, Pht + Cbp, and toxin + Pht + Cbp are preferred
cat egory

Preferred combinations of pneumococcal proteins for the purposes of this invention
Preferably the combination of proteins of the invention are selected from 2 or
20  more (3 or 4) different categories such as proteins having a Type LI Signal sequence
motif of LXXC (where X is any amino acid, e.g., the polyhistidine triad family (Pht}),
choline binding proteins (Cbp), proteins having a Type I Signal sequence motif (e.g.,
Sp101), proteins having a LPXTG motif (where X is any amino acid, e.g., Sp128,
Sp130), toxins (e.g., Ply), etc. Preferred examples within these categories {or motifs)
25  are the proteins mentioned gbove, or immunologically ﬁ;pctional equivalents thereof.
Toxin + Pht, toxin + Cbp, Pht + Cbp, and toxin + Pht + Cbp are preferred category
combinations.
Preferred beneficial combinations include, but are not limited to, PhtD +
NRI1xR2, PhtD + NR1xR2-Sp91Cterm chimeric or fusion proteins, PhtD + Ply, PhtD
30+ Spi28, PhtD + PsaA, PhtD + PspA, PhtA + NRIxR2, PhtA + NR1xR2-5p91Cterm
chimeric or fusion proteins, PhtA + Ply, PhtA + Sp128, PhtA + PsaA, PhtA + PspA,
NRIxR2 + LytC, NR1xR2 + PspA, NRIxR2 + PsaA, NRIxR2 + Spl128, RIxR2 +

10



conbi nations. Preferred beneficial conbinations include, but are not ?,'W\R%U&
to, PhtD + NRLIxR2, PhtD + NRI xR2-Sp9l Cterm chineric or fusion proteq S,

_I:h'lt\l[R)I ;Rgl-égdﬁggf 30 + Spl28, PhtD + PsaA, PhtD + PspA, Pl'l;(ﬁls-ﬁ;”lzlﬁhg%m Pht A

m chinmeric or fusion proteins, PhtA + Ply, §p128,
Pht A + PsaA, PhtA + PspA, NRIXR2 + LytC, NRIXR2 + PspA, NRLxR2 + PsaA,

NRLxR2 + Spil If%z(ﬁg + QR ARVAR p2OO R M2 02 522286 R 1 -ICT AHEPRID] RIGR2 12yt C,
R xR2 + PspA,E%ng ++Pg%[%," RixR2 + %8128, R xR2 + PhtD, RIxR2 + . PhtA

Preferably, RRARPeferblyRNERRR2i(sr R Gojpn Sbpfgs BsolvoMerepaReblnitys i t i s
from CbpA. A particularly preferred conbinati on of pneunbcoccal proteins
conprises Pl ﬁom\:,Cl(Rﬁ:. a truncate or immunologically functional equival ent

thereof) + PhtD (Qqr_.a. LHIRE4BR b ghcamlobdtcil wasiking Bedpeas Pval ent
thereof) + NRIxmg(pgguch%&x%é. T O o o RIxB. 2) 1 from ChpA

or PspC. Wbr gortafnestalot initmdisgiéallyriu@tipmal eqgvahint tregroi BRICHGT 8 FuB@Dound by
any theory, within the conposjtion the ne C At s,

conbi nat i ons odunmrRdesicaily opgl WQFWJ]%H?Q%QE%&@M‘%P% tRRYy T cel |
medi at ed respongs ' w&h% | S8ES PreferR@y tiieBbaArdnpa.r equired for
protection am?%ﬁ%ﬁ%%gg ?%ﬁ\)?g%tper at 2§ ‘\E/\r/it tlhe hur%sr al branch of
the i nmune systemto inhibit invasion by pneunbcocci, and to stinulate 15

opsonophagocytosis. A further advantage of including the protein antigen is
the presentation of further antigens for the opsonophagocytosis process.

Accor di ngby in anmﬁ)‘gim nc%% btehr?ouhr.‘l'% nﬁyo&e&p,eg%sﬂ@rmlj@ﬁoa the

St rept ocoCcus pne e 'vactine conpri Sing a pnheunococcus pol ysacchari de
conj ugat e va%glnﬁo.ﬁeéonfcﬁéiﬂg)rmtnsb&ﬁdcdtaiekqﬂibcchmdesh@ewmﬁ@d cp belpd® | east
four 20 serotypes, prefer abj¥ at | east seven ser OQt,&ﬁe‘i nor e grrt%f erlably at
| east el even indwe ot yloeshl medigted; rospopst a8HBST PAFHOSTASFA GiRfasS o, PEUCYELy

St rept ococcus_pne ni_a o} e} ed fi; 5 OWih GRO Husbtddg of :
Pht A, Pht D, ﬁﬁ‘f”é‘,eg%f Efcﬁ?ﬁg’k, éﬁ%&?@?ﬁﬁkﬁ’tﬁ% L‘%%,[%s%%s,s Sp101, Sp128, Sp130
and Sp133 (Ory@chnEDEREeGE systeai & inhibitantzsioathy queasoagesic A rostmdite

).
i val or { TesenIpREoRBRTS phoNEREL R BHE Of EHER DT H SR S £8r an
| munol ogi Cal;lrgscgtggg& L RheraOK N S e dphGHoBRgbeytosis process.

Accordingly in an embodiment of the invention there 1s provided a
Streptococcus preumoniae vaccine comprising a pneumococcus polysaccharide
conjugate vaccine comprising polysaccharide antigens derived from at least four

20  serotypes, preferably at least seven serotypes, more preferably at least eleven
serotypes, and at least one, but preferably 2, 3, or 4, Streptococcus preumoniae
proteins selected from the group consisting of: PhtA, PhtD, PhtB, PhtE, SpsA, LytB,
LytC, LytaA, Spl125, Spl01, Sp128, Sp130 and Sp133 (or a pneumococcal protein
combination as described above). Preferably one of the proteins is PhtA (or an

25  immunologically functional equivalent thereof). Most preferably one of the proteins 1s
PhtD (or an immunalogically functional equivalent thereof).

As mentioned above, a problem associated vﬁth the polysaccharide approach
to vaccination, is the fact that polysaccharides per se are poor immunogens. To
overcome this, polysaccharides may be conjugated to protein carriers, which provide

30  bystander T-cell help. It is preferred, therefore, that the polysaccharides utilised in the
invention are linked to such a protein carrier. Examples of such carriers which are

currently commonty used for the production of polysaccharide immunogens ioclude

i1




As mentioned above, a problem associated with the pol ysacchari de appr h

to vaccination, is the fact that pol ysaccharides per se are poor |B1ﬁ.|m3305
To over cowm §3m2367 pol ysacchari des may be conjugated to protpgiEma§i6Rr S,

whi ch provide 30 bystander T-cell help. It is preferred, therefore, that the
pol ysaccharides utilised in the invention are |linked to such a Er otein
carrier. ExanpheBipbthesiaehd Eetemisgexigshioh Dir eRMIQY ad T yespeeiishy KedwiE f or

th ducti on .of I hari.de, i incl.ude,.11 02122167 0. 2 MAR
2005 PCT) EPORITBRERHEY B A O LR ePb e Artre ozt dnd CsTOCBF RIS, and
TT respecti vel )iyatl$@ W QuberciliinPeb). Haenocyani n (KLH), OMPC from N. neni nx

tidis, and the purified protein derivative of Tuberculin (PPD). A preferred
carrier for the pneupmfordaiarpofyshe pixaxtodecchhpdpsacehan do bessil gmugmogenic
conpositions (or vaccines) is protein D from Haeni.ophilus i (EP
560870 B) ' orcomphg e & rERedEs PRl et e 2o B R D)
fragments encoipass) 3 Jf.eh’HFgEn I sh@RBS for e RRIKE F4bBEnt@ efioRipRbdindOr-
fragment wl | preggfr;g‘glt%/-ﬂ%ont al net e5 N teorrm' nal u1/3 of thg Sr(?t‘iiilné.)rA
protein D car rieffer iepitepes.piin Parighiyr agebtein Asragmeat mile preferably avpiaiethevker e

mul ti pl e pneunococcal pol ysacchari de anbif gens .are Qo,néu ated. 10 i tope
suppr essi on i semainal| i3 of thedrrpteing AgRotsin Prcarprt ig sprprisingly jUssiu) as S8t &t each
pol ysacchari d E%g PLES NG, Y | JWVEaRaL 8. Radsent oMBd . @lagldn D i's
particularly ng {Sq'l (e’dh?}(gr glr]r%ﬁrﬁlémggf%@gﬁ ﬁeJS?/t %!]Iohl C esupp essi onC ef]f@gct s in
conbi nati qm VEi®pe eoppréRRNds usEle lieBuDemar & the ahys aantears desl fon each

conbi nati on may be advantagequsly conjugated onto protein D, and ﬁr ef erably

al | antigens arodyseeshpidmt Serprgselynitbe Hre€al Ansoiars nhave s vRd aPROSBI Hatd on

vacci ne. A further e rier f ] jde is
t he pneurmcoc%%cmpr t%’ﬁ%ﬁli‘??‘?‘%g@gég‘ﬁ %ﬁg?pggg%@ %%%geg%f?girl\ﬁ%g%gﬁ%%occal
Proteins of tyaecihévaiid 6N'more phélendvotaas aobharchatiessy Deombinkiich myt be
carrier protein by any known nethod 20 (for exanple, by Likhite, U S

Pat ent 4, 372, Gi5aniageobsly Apnugated; onzg protein B, apshpreferablyallgnsigensare cppigpairdp) v,
CDAP conjugation is.canr|. . Preferably the

protein: po%ysa%né?'n r?}eﬁb(%ﬁ%%bﬁg%%%@g?&ﬁgﬁ% the conjugates is 0.3:1to
1:1, nore preferably frtBerl pteferfdScdrierniet hes pngmafcotablpolabahtride is the The

vacci nes of the present invention are preferably adjuvanted. aﬂy tabl e
pneumococcal protein itself (as defined above 1n section “Pneumococcal Protemns of

the invention™).
_ The polysaccharide may be linked to the carrier protein by any known method
20  (for example, by Likhite, U.S. Patent 4,372,945 and by Armor ez al., U.S. Patent
4,474,757). Preferably, CDAP conjugation is carried out (WO 95/08348).
Preferably the protein:polysaccharide (weight:weight) ratio of the conjugates
is 0.3:1 to 1:1, more preferably 0.6:1 to 0.8:1, and most preferably about 0.7:1.
The vaccines of the present invention are preferably adjuvanted. Sultable
25 adjuvanté include an aluminium salt such as aluminium hydroxide gel (alum) or
aluminium phosphate, but may also be a salt of calcium, magnesium, iron or zinc, oI
may be an insoluble suspension of acylated tyrosinc? or acylated sugars, catiorucally
or anionically derivatised polysaccharides, or polyphosphazenes.
It is preferred that the adjuvant be selected to be a preferential inducer of a

30 THI type of response to aid the cell mediated branch of the immune response.

THI Adjuvants of the Invention
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25 adj uvants include an alum niumsalt such as al um ni um hydr oxi gqe gﬁhR 2005
(alum) or alum nium phosphate, but may also be a salt of calciu 2

magnesi umyoimeneer zinc, or may be an insol ubl e suspensi opcEpacyks ed
tyrosine, or acylated sugars, cationically or anionically derivatised

pol ysacchari des, or pol yphosphazenes. It is preferred that the adjuvant be
selected to be a pigif @vert bAIThimehiec eyiokihesatendOtoTHYotuy e afductesipofisellit o ai d
the cell nediated branch of the i mmune response. TH1l K Adjuvants_of the

| nventi on 12 m3dRiagNRDEES respgnsay (o 2 grepRigapo Wiilsh Righstevels g TR¢BIPE of

Thl -type cyt Qki t f.av.o ne Fns I; e i mmune
responses tocéogg{%setﬁg‘gﬁ)tf%g%mn%ev%‘irhfctg? Sﬁf%g’%gv@&ﬁ %%e%%r%-est ype Eﬂltél()?i”tgrtl)'ki nes tend
to favour the indyGtimporaht ueBeber HELAE disOSHONSEThl @nd TR2-&ypeiigdunel t 1S
inportant to renmenber that the distinction of Thl and Th2-type inmmune 5
response s msporsbsohet absolufe. r keateplity agrindivighali willayuppdrt An $TEYBe FESARASE MTrUne

whi ch.i.s .d i bed. as_bei i nant |y _Thi doni.nant |
The Rovever w1 4SERREL Wi arontecty 100 R PR Rt IO BEEART IS 0 nes
interms of {hat GHRSEEABLInSderME IRRIHEDAT ptskidestal teréd @5 Mycbegr@nn and

Cof finan (Mosmann, T.R and Coffman, R L. (1989) TH1 and TH2 cells:
di fferent pantueinasCid4 Hverp ek iatencs dor Mosmannl gnd &atbmap @idsepant. R widt i onal

properties. Annual vi.e I oqy,. 45-173 Traditional ly,

T bype’r osbonses Bte (ol i oB Wi s el R Ao bt rRed iReRNy 1o
cyt oki neggby légfllt(%( BRRAGY hEStioddl PRbedis. OkhiAPROfidRBE Hhﬂh&ﬁdldagy, a,zmsuamd wi th
the induction of Thl -type inmune responses are not produced by T-cells,
such as | L- 17 aditidhallgMHIa5be redfotsésype assedpodi sl tiar podission bfithe dNRivtdndt he

secretion of 11-4, IL-5 1L-6, 15 IL-10. Suitable adjuvant systemnms which
promote a pr dedrvikines py Thiympbeptess cOtherrytakines olem 8¢l peweiied with thea or a

derivative thereof rticularl -de-0- l|ypid A
(30 vpL) " (r ob - ER ERLABY ihiake it RO Rec RPIRMEIB G IEAP
nmonophosphor yh chitfust TAZ-tceieeioalbdsyard asiocifled oythathe dectativapdfdsphids-§, IL-6,i pi d A,
together with either an alumniumsalt (for instance al uniyn'tu]? phosphat e or
20 al um APumiy8r ofuigable adiugnt systemp whithe Progipta &j ypdonppantlyc hbh b 57388PHR51 i ons,

ti d .3 i int ti.Cl ,
a1 oni g or POV HeRbRhopRA AR oL UfvaRBRABRIE SR BACBRLRR. o1y
i gnal s. St udioasphiyiorshid & (GD-MPE) (i frepdvitiont @e fGH RB2021¢nkanae at he

i mmunogeni city of an alum adsorbed antigen [Thoelen et al. V%cci ne (1998)
16: 708- 14: EPOBBmaton cg'lqlgmphosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl

lipid A, together with either an aluminium salt (for instance aluminium phosphate or

20  aluminium 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-Bl1].

25 An enhanced system involves the combination of a2 monophosphoryl lipid A
and a saponin derivative, particularly the combination of QS21 and 3D-MPL as
disclosed in WO 94/00153, or a less reactogenic composition where the QS2! is
quenched with cholesterol as disclosed in WO 96/33739.

A particularly potent adjuvant formulation involving QS21, 3D-MPL and

30 tocopherol in an oil in water emulsion is described in WO 95/17210, and is a preferred

formulation.
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25 An enhanced systeminvol ves the conbination of a nonophosphoryl l::)%tg ﬁm
and a saponin derivative, particularly the conbination of Q521 andd 3 L §

di scl osed iy }M2,P4/ 00153, or a | ess reactogeni c conpositi onpgfvere/iobe Q521
is quenched wth chol esterol as disclosed in WO 96133739. A particularly

pot ent adjuvant fornulation involving @21, 3D-MPL and 30 tocopherol in an

oil in water enul sipéfetablyd@RCiichiael 4daitdEIB5Ldufgises aasbonin, anque efreferably
formulation. 13 WD 02/22167 0 2 MAR 2005 PCT/ EPOCL/ 10568 Preferably the
vacci ne addi t i @Bll. The formprdticagnay alspemaises i @l By wrey %P@lon@e;i‘?m ol
formul ati on I rises an oil in water enulsion and tocopherol (WO
95/ 17210). Theﬁ :Bégéég‘g?wvent i on also provides a nethod for producing a
vaccine 5 formul atTien pfQEm inSinfign N0 PebvaleprDingditiiodofort pwdpding entvatcimeent i on
together with a pharnmaceutically acceptabl e excipient, such as 3D MPL.

Unmet hyl at éd GioGnuletivraicomprsing mpongiel moleindels thevinesey ossBR igeehen wih a

preferential inducers.of a THl, response and itable for use in the
present inventP .a%BuW;l?PF@BTaQ FBERS %"l’cﬂéﬁ?@m]g’si tions of the invention

conprise one or NMOrgnm&RRhiddaERs daﬂﬁﬂﬂﬁgc%ﬁg@duc&@ﬁ&s%apﬂba%/dm,ﬂme #do nor e
pneunococcal proteins of the Tinvention and a Thl adjuvant. Wthout w shing
to be bound byprafeyentible tndpcers lé a THA uetionse efd arec syifablepfir aise dnr B8 gBFssEt by way
of a pneunococcal protein (as described 15 above) and the cooperation

bet ween both a¥ 8P t he i mmune system nay be ai ded using such a Th-1

adj uvant, fqesul ting in a particularly effective vacci ne agai nst

pneunococcal di sease in general, and, inportantly, against pneunococcal
pneunonia in the ePancdlytly prefearef wotrpesitiaspecthe ofivenhien gpmpRIet OlienYPeMOION

there is provided an i mmunogen or, 20 vaccine as herein described for use in
medi cine. In o?@l‘é%d%nﬁ‘éﬁ?cwwép%‘y?@&én Wrﬂorﬁﬁﬁmcpﬁﬁfglpggﬁeqfﬁ%er ating

Dna of Tect i v g o e e N e e &
Strept occocus pdestivarifacell mediated res’pon.se by way of a pneumococcai proterg)(as desc%bed
15  above) and the cooperation between both arms of the immune system may be aided
using such a Th-1 adjuvant, resulting in a particularly effective vaccine against
pneumococcal disease in general, and, importantly, against pneurnococcal pneumonia
P in the elderly.
In a further aspect of the present invention there is provided an immunogen or
20  vaccine as herein described for use in medicine.

In one embodiment there is a method of preventing or ameliorating pneumonia
in an elderly human (+55 years) comprising administering a safe and effective amount
of a vaccine, as described herein, comprising a Streptoccocus pneumoniae
polysaccharide antigen and a pneumococcal protein selected from the group

25  consisting of: PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl25, Spl10i,
Spi28, Sp130 and Sp133, and optiopally a Thl adjuvant, to said elderly patient.

In a further embodiment there is provided a method of preventing or
ameliorating otitis media in Infants (up to 18 months) or toddlers (typically 18 months
to 5 years), comprising administering a safe and effective amount of a vaccine

30 comprising a Streprococcus pneumonice polysaccharide antigen and a Streptococcus

pneumoniae protein antigen selected from the group consisting of: PhtA, PhtD, PhtB,
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pol ysaccharide antigen and a pneunococcal protein selected fromtlﬂe?zgqm.lm}%
consisting of. PhtA PhtD, PhtB, PhtE,. SpsA, LytB, LytC, LytA Spl2b,
Spl01, S 30 and Sp 133, and optionally a Thl adju . $aid
el derly pgf‘?@ﬁ%ﬁ n a further enbodi nent there is provided gé%tpﬂggi‘?)?
preventing or aneliorating otitis nmedia in Infants (up to 18 nonths) or
toddlers (typpgal kysASLABNIRSC, LRAD 6889, SIpl0¢ORPrisSispgs@dmdisplief i agh a safe
and effective anbunt of a vaccine 30 conprising a Stfeptococcls pneunoni ae
pol ysacchar i dept@nsliypethlaniinanSto sejt lofoveusddlggneunoni ae protein anti gen

I f h i sti f: PhtA,. .
051 55167 by Ebos MbBaR e ekt BT RRLGy  B Bl sty BL005. "
Spl 30 and Sp a8dr: il I LARARAE nrole®h Sl nfant or toddler.
Preferably iﬁ#g met %égzg%lgg?gtphéeée@rﬁgg {tﬂ% as d%rgce(rﬂ} begi&gteme t he
pol ysacchayide antigen is present as a polysaccharide protein conjugate. 5
Vacci ne Preparations of the |Invention The vaccine preparations of the
present i nventacsinefaspap@ions 8hihe dv8étlect or treat a manmal susceptible to
infection, by nmeang of Lo ' i oo My LWV SYSIER cosal
route. These adm zllshset¥a§?ﬂ§hgb%§6#%lﬁﬁggférﬁegﬁﬁg% @?%bt )r% ditglli%ﬁ%%%?ryuscul ar,
i ntraperitonegéat al drhaslesusebtisie 6 iietibm rigomnsans ofl hdainistaringi saidnuecinalvia

adm ni stration to the oral/alinentary, r_e,sg{ratory, .genitourinary tracts.
| ntranasal  agHsieRtis toF FapEeEal olouiza ddRsseadmipisUatons gy, Biechtfe ot a or
otitis media i ref.erred (?i asgpharyn i ) i can be
nore effectiv %‘&‘%B% él\F/atra’n ed, nﬁél, 3 .enuat% ?ﬁléb"‘ﬁn é%%?@%egftg??zgnﬂgg‘%ﬁ?est
stage) . Al t hoaghinish@ionaecitne opll/alifientirpy elpiraory meynilduriberyadaitdi kitrenad! as a
singl e dose, conponents thereof may al so be co-admnistered, together at the
same tine or admigisirationerftvagqings Jor the freqtment of PBYSHEIMYIAHEE Mediais Diafeechar i des
could be adm pistered se .el y cat ' Olpe = t t he
adm ni strati o%é’?sotpﬁaéw%%e(%ﬁe%%e ogig?l}en?o%o%g%o%%%?reo{ﬁ%ﬁélﬁg%?ﬁgﬁ’ftg{rh opti mal

coordi nati on gienliftthyl iAT¥LtGh dteGRANBOSHAsEY Mlthesgbabé viwineas theolnhatton ey co 20
adm ni stration, the optional Thl adjuvant may be_present in any or all of
the diffekl®nt be adiministesed ag p Gingle dnsaeipEIPoRgnty bemsphmay alsg ber cq-¢dnigisirekent in

conbi nation wth,the acterial protei nent 4 Qg i
addition to \;\4°§Ftﬁ8| & rLg?JtseamS‘f {E}mfg?d%r na?s r a[t%g{g(r?il,ﬂ%g g?é fer eﬁfgaﬁouk g’lsméoc I
adm ni strati opsipR¥cHacidessdlld eQidnatsiell @epatutdly at the same time or 1-2 weeks after

the administration of the bacterial protein component of the vaccine for optimal
coordination of the immune responses with respect to each other). For co-
20  administration, the optional Thl adjuvant may be present in any or all of the different
administrations, however it is preferred if it is present in combination with the
bacterial protein component of the vaccine. In addition to a single route of
administration, 2 different routes of administration may be used. For example, any
viral zntigens may be administered ID (intradermal), whilst bacterial proteins may be
25  administered IM (intramuscular) or IN (intranasal). Polysaccharides may be
administered IM (or ID) and bacterial proteins may be administered IN (or ID). In
addition, the vaccines of the invention may be administered IM for priming doses and

IN for booster doses.
The amount of conjugate antigen in each vaccine dose is selected as an amount
30  which induces an immunoprotective response without significant, adverse side effects
in typical vaccines. Such amount will vary depending upon which specific

immunogen is employed and how it is presented. Generally, it is expected that each
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viral antigens may be adm nistered ID (intradermal), whilst bacterial
proteins may be 25 adm nistered IM (intramuscular) or IN (int ranaszﬂla.MAR 2009
Pol ysacchawgles:ziey be administered | M (or ID) and bacteri @cTirroteoss may
be admi nistered IN (or ID). In addition, the vaccines of the invention my
be adm nistered IMfor primng doses and |IN for booster doses. The anount

of conj ugat e adisegall dompese . lvEciinef golyeacilsarsie) pefeeablyn$.1a¥) agopraferab®0 whi ch
i nduces an i munoprotective response w thout significant, adverse side
effects in typildlirgveiceiclelto Sug it thersarimrafpebleyaneg. dependi ng upon whi ch

cxpect ed that cach T ERBAIRTED BuaiksBe eV REbHM B ee i 1
conprise 0.1- 1%@@%5%52@?3@%%{&%8&%5%@}3@ 9.45p0 g, preferably

0.1-10 ug, of st” preferabl e range. The content of
protei n antj gens i nptheal umoants ef vérhponentp far @l gaytidndar ivaccideacan da geettainddBby,
preferably 5-50g, nost _typically . in the range 5 - 254g. 5 Optipmal anounts of
component s f or StARdgEd fdie iarolyHECqbsRVRLOR W SPROPERIE AFREe BRFPOSER HUSIUECEYt udi es

| nvol ving obserupliigh A1 ﬁ@@f%&&@ﬁ@b} BHOE 87 RRUSES ohl U Shoosrer

Fol l owi ng an initl vaccCination, s S nmay receive one Or severa

boost er i muni pahidftoaddanata) ypsoanced. Vaccine preparation is generally
described in Vaccine Design ("The subunit 10 and adjuvant approach” (eds
Povel | M F. & NewnaYacking Prenagaios)is pereralih dop@sd g Wacsing Pesigi cEhsswbBRif on

e

the vaccin ventl on ‘nmay be

admi ni strati onygfk)t hEnegsdatidie duithd JipdSfindsNisO dedeeibekibg FhidtohOMURs okt 15
enbodi nent of the present invention. Human skin conprises an outer "horny"
cuticle, calle#28h&/7stratum corneum which overlays the epiderms.

Underneath (hi's PAMELTA td SaclipkPYPloc kL RGLIGHSHIY o ML WD -

overl ays the subcutaneo | SSUE. archers have wn n

a vaccine intordufte dlikdifistratiof b thardescribdrvatdifes GRbDBe il NUbAEESsAORE MUNe
response, which may al so be associated with a nunber 20 of additional
advant ageslS | ncmm;épm of\the citesent srveniiarh fhwenapagén rreBPHERscH] IBBlgr hBP@Y N

forms a preferped, fealed Re ArathliCeieiRe Wni YealPlhie epidermis. Undemeath this
ePidermis is a layer called the dermis, which in tirn overlays the subcutaneous tissue.
w2 Researchers have shown that injection of a vaccine into the skin, and in particular the
dermis, stimulates an immune response, which may also be associated with a number
20 of additional advantages. Intradermal vaccination with the vaccines described herein
forms a preferred feature of the present invention.

The conventional technique of intradermal injection, the “mantoux procedure”,
comprises steps of cleaning the skin, and then stretching with one hand, and with the
bevel of a narrow gauge needle (26-31 gauge) facing upwards the needle is inserted at

25  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 liquid 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 liguid

30. agents into or across the skin have been described, for example the devices described
in WO 99/34850 and EP 1092444, also the jet injection devices described for example
in WO 01/13977;, US 5,480,381, US 5,599,302, US 5,334,144, US 5,993,412, US
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The conventional technique of intradermal injection, the "mantoux R 200
procedure", conprises steps of cleaning the skin, and then stretQIZi Mé V\;qﬁ
one handw@mthM§t h the bevel of a narrow gauge needl e (26c3kErgaugey facing
upwards the needle is inserted at 25 an angle of between 10-15. Once the
bevel of the needle is inserted, the barrel of the needle is |owered and
further advasneeglomhiisss 56w, el UBEQ70a, %] UBES, 386 8SEWRS 8, HWRUStR4d6,220under t he

skin. The quuid is then injected very slowmy thereby form ng a bleb or bunp
on the skin GEr§,3i%16% drS Svida 85, YSons0l 6 Hu NG 06 5 ESnaseleo M

recently, deyi c ecjfi i o] 14 r L pd 30.
agents into %Fgéijr%rs@étﬁeg%s@?h aéégggg%dggsdg%%e ; @;Bfg@hgla@dtﬁ'@devi ces
described i ngyA39/ 34R&MaRR nfeltiol 928 4fliradbfifl blBinisthtidd)] ST heovadEME CeS
described for exanple in WO 01/13977; US 5,480,381, US 5,599, 302, US

5, 334, 1443 USepar®iiis 4149, intl§dd eonventgpalsytipZestand nipedies? 00deviReTedpetl (00568

5. 649, 912, US.5, 569,189 LS 5, 704, 91 851, US 5,893,397, 1S
5. 466, 220 1%{"3‘%%‘,"%3?})&“’5Yﬁ?}’%g@{&%@?,@%s ,"%%@?5%8?%, EFﬁ@{dJUS
5, 520, 639, %ﬂ@%@%@zsdﬁ%ﬁoﬂ%ﬁé% thS st 1oB80, skbdS (arBdmAbQr VO

97/ 37705 and 97/ 13537. Alternative nmethods of intradermal adm nistration
of the vacci bansbutmicopaddivennd Onisy20734 | B2 98BRAENt i onal syringes and needl es,

or devices designed faor ballistic delivery. of solid.,vaccin WD 99/ 27961) ,
or transder nmal pa_ﬁ’gﬁ%gne(wmﬁﬂ%&%eﬁéfenﬁ/\ﬁvﬁé’ﬁﬁgﬁétﬂ?e Mﬁﬁq‘aﬁi‘ﬂ{hﬁs& e )
surface ?6 tﬁlemen&{é's e(ﬁiﬁéﬁﬁ??ﬂ@%ﬂ@?&e{ﬂaﬁ, th FRREYS ANaOWIiqHRIokske pYiB-98A1¢0734; WO

98! 28037 he vaccines o he present invention are to be adm nistered
to the skin, avimenfbemeesgect §.0Tallbyd 0.8md. t he dermis, the vaccine is in a
l ow liquid volume, particul_arl u of . bet ween about 0.05 m and 0.2

y a vol
m. The content o?heaﬁ?qtiﬂérﬁ_qnﬂé?‘ﬁems ? < OF 18P AEACeiPER @ #é‘-‘spﬁfe he
present I nveRLinR HBY bQ?inﬁl&'f”t RbnetieN UBELs |20 TRkndCia S8SarRSschigh Dk clrlds

i ntranuscul ar vacci nes see above)- However, it is a feature of skin or
i ntradermal (aecboesy. Hosteverhet 16 af Guatand @i i dors oredytridlerntidl ovaccidess éltat the

Accordingly the protein antjgens in "low dose" vaccines are,preferably
present ih a@@#@f‘?@ H@Y@elll?‘ﬁ'%; %Cgﬂg}ggybﬁg; ROt gptggns, it 1090485 and t he
pol ysacchari de ref er abl y, conj ugat e nt | y. t i e range
o D01 g, el Sedr sy IRrRan © wie i 0g B oM e Bh R ER Sk e T
dose. As usegoddeh®d the goliBadcRirite (prefdratslg coBugaled) iaMBfeds niwpasasprebehd \ethy of the
vacci ne

range of 0.01-1ug, and preferably between 0.01 to 0.5 ug of polysaccharide per dose.
As used herein, the term “intradermal delivery” means delivery of the vaccine
20 to the region of the dermis in the skin. However, the vaccine will not necessarily be
located exclusively in the dermis. The dermiis is the [ayer in the skin located between
about 1.0 and about 2.0 mm from the surface in human skin, but there is a certain
amount of variation between individuals and in different parts of the body. In general,
it can be expected to reach the dermis by going 1.5 mm below the surface of the skin.
25  The dermis is located between the stratum comeum and the epidermis at the surface
and the subcutaneous layer below. Depending on the mode of delivery, the vaccine
may ultimately be located solely or primarily within the dermis, or it may ultimately
be distributed within the epidermis and the dermis.

30 The present invention also contemplates combination vaccines which provide-
protection against a range of different pathogens. Many Paediatric vaccines are now

given as a combination vaccine so as to reduce the number of injections a child has to
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20 to the region of the derms in the skin. However, the vaccine whzl 205
necessarily be |located exclusively in the derms. The derms is M@@ p

in the skigwgesated between about 1.0 and about 2.0 mm fropcthensaésce in
human skin, but there is a certain anmount of variation between individuals
and in different parts of the body. In general, it can be expected to reach
the derms by gedivg The fompaediamt vheises roitre @ntifent Hiens kiher pbogkhe mdgrd s i s

| ocat ed between the stratum corneum and the epiderm s at the surfa and
t he subcut aneci@smplaipe rwithe thewaceiagie plithegingentiche hydexagplegtie; Yassipes Pﬁg‘e\/acci ne

may ultimately. be | ocated.sol.el rJar 1.t hi 1 S: It may
ultimately be g Ser %%‘h?cefgr%ﬂ?tﬁfx‘ﬁ%ﬁ% aedg}légét%%d\s%%agé&a Y Rg&gél% ﬁd’faisil.e%%??ﬁe
present inventyan kabwe ‘GORI@IPLaiREatamcaat | @mprisiagi Dipathahii abxdid qDITYe

protection against a range of different pathogens- Many Paediatric vaccines
are now giventcasustosoidt(Imatand perrassisi ompersniss [tymcally rlstaxifisdel sriptie foxprd

i nj ecti ild has to. 17 WD 02/.22167 R 2005 PCT/ EPR
Irgjcgfvle?n'srhﬁsc&é{) %@ﬁ%‘?‘@ l%?ﬁ’@ﬁ%'élm"bt@g‘ﬁgh\@i gens f?eg%!é(ﬁ @%g‘?ﬁ%gens
may be fornmul gloaghinW t h+dihe frrackhRgl Ofhet hfarkstv@nvh@ihe FINFARIPDIPEME

vaccines of the~ invention can be Tornmulated with éor adm ni stered

separ at el y but (SatithiKheeBeachan i Bielogichls) - whidhl cemizinh D1.r IValPdntFHA cangi RBN on
vacci ne conprising Di phtheri oxold (DT), 5 tetgnus toxaid (TT d
pertussi s conp¥éhis OFt‘X’/‘Bq ga¥ ‘é‘: 83’& c?fér\‘“ls d“oﬁﬁﬁf]fésﬁéé cf‘?ﬁlglfaas T?gf)mgn%a’
filamentoug, h L Ui 00 ( s W QR ™D [ Hos
aggl ut i ni nﬁ)1+g%?{ﬁ%gﬂrﬁg§fgdﬁh%{n eﬁ%%tﬁ%é%gghvacci ngm{eﬁlg%&%%(( 9%1&55%@/ ©

( Smi t hKi i neBeeghgrisBiothed @ntigens yuchvdsi Hipatits BaswsacBREntigeh (HBsAgRHPolandinRRN

antigens, or with a whole cell pertussis conponent :exappl e as nmar ket ed
by 10 SnithKl i #Bewsdlemninese deaciated gvalent %OéIWFFaTn{PR’fMMﬂ’.‘“x B ?’If?:d
vacci ne may al c | ant | uckr.as tiiAuendBe SULERES,

anti gen (HBsAg ,erPo]I%P%BI\L/a?l?ug&&g%%’i gﬁedr?sgi ?aglr% [ ngt a?é?gp"?né ti?/a'fe rt rival ent

polio virus - Néningivaiak ebteemeBbans pateis. out er nmenbrane proteins,
non-typeabl e Haenophil us influenzae proteins raltﬂ_n Itidis B outer

menbrane pkot ei ns. Eomplesiiregestd Mospels _éamiv&raél\{lska %‘.’%ﬁ?%“? Fi'ﬁ'l“i.bscaﬁrkﬂﬁ ein
preventon of Beuprta (fiRHERH ik GRERAATK IR, RSGIDA of SRCRESY K2 Soc0
(PMC)]; OVP21; OMHRIA6 §W0D 9710PHR [ARe0)B45 5D 66(3RMI) (PMTHp ONPDY; TiyeB &/M0
97113785 & W OL}:?J]E{ %\%’%888/55606 (PMC)]; TbpA &for TbpB [WO 97/13785 & WO 97/32380
. (PMC)); CopB [Helminen ME, et al. (1993) Infect. Immun. 61:2003-2010]; UspAl
20 and/or UspA2 [WO 93/03761 (University of Texas)]; OmpCD; HasR
{PCT/EP99/03824); PilQ (PCT/EP99/03823);. OMP85 (PCT/EP00/01468); lipo06
(GB 9917977.2); lipol0 (GB 9918208.1); lipoll (GB 9918302.2); lipol8 (GB
9918038.2); P6 (PCT/EP99/03038); D15 (PCI/EPS9/03822); OmplAl
(PCT/EP99/06781); Hly3 (PCT/EP99/03257); and OmpE. Examples of non-typeable
25  Haemophilus influenzae antigens which can be included in a combination vaccine
(especially for the prevention of otitis media) include: Fimbrin protein [(US 5766608
- Ohio State Research Foundation)] and fusions comprising peptides therefrom [eg
LB1({f) peptide fusions; US 5843464 (OSU) or WO 99/64067]; OMP26 [WO
97/01638 (Cortecs)]; P6 [EP 281673 (State University of New York)]; TopA and/or
30 TbpB; Hia; Hsfi Hind47, Hif; Hmwl; Hmw2; Hmw3; Hmw4; Hap; D15 (WO
94/12641); protein D (EP 594610); P2; and P5 (WO 94/26304).
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(PMO)]; CopB [Helminen ME, et al. (1993) Infect. Inmmun. 61:2003- Zﬁ]f]MARU?ﬁ’ﬂ‘E'
20 and/or UspA2 [WO 93/03761 (University of Texas)]; OmwpCD; HasR

( PCT/ EP99%@3834)s7 Pi | Q ( PCT/ EP99/ 03823): OWP85 ( PCT/ EPOO/ Odci68ii1/ lokq006  ( GB
9917977.2); lipo | O (GB 9918208.1); lipo | | (GB 9918302.2); lipo | 8 (GB
9918038. 2): P6 (PCT/ EP99/03038); - D15 ( PCT/ EP99/03822): Onpl Al

( PCT/ EP99106781) ; oltiby 30t Redidab M3 R5i4) areaihd paipiocoboeb Pl & pratinnudithe ypeabl e
25 Haenophilus i nfluenzae antigens which can be included in a conbipation

vacci ne ( espweentidnl iy chmbinatien wileviesh eitigeny folaxpmpls, Feiiuengziaigrlatss, nhr i n
rotein US 5766608 .- Ohio State Research F t I

(F:)orrpri si Lg(g p &Rt ?fe%‘g?lﬁﬁgeé'f’rs&ﬂ??ee%ycoﬁﬁ%ﬁsf §cuﬁ%r%#l:a & m?a})‘ﬁ?&%@%@gﬁm (OsU)

or 0 99/ 64047}y MP26 [Roudd/ 10 36ABEWCY6dBASCln. NifordbloR. Bifdkh 3is( B3, e

University o w YorK}]; ThpA and/or 30 TbpB; Hia; Hsf: Hi n47; :

Hf;: Hm ;
HMW2: Hrn$3; 1512 HaRS Ve s., Fval Goutigas 41 F/G fisonaisee, Be(SohmEdi 45 1@)et ab2:  and

PS (WD 94/26304). 18 20 122167, P E POl / 56

corrt()i nati onsJ é’d%ﬂl’éﬁﬂ' g‘?'ﬁd%@ T%3¥\§é‘8ﬁﬁ%%t%mgggobe}n8t %elenS%gP“ﬁﬁga her

| nventi on i“s&ﬁa?!?afiéeﬂa ek 1 oltofuted 2R1EBROGIT OV, CxaIPLEY 0T niluenza
split,

(att enuat ed, or subunit [e.g., 'surface glycoproteins neuram . nidase
(NA) and haersggbiehi()iof MY RAneasBsemuepy rybelal oupka 1. et al, Eur. Journal

din. Mcrobiol. Infect. Dis. 1996, 5 15:121-1271 RS 40. . F and G
antigens or FIG f dsPEigreds Eeadialiys cophypnpn yaccye ‘éqmeﬂp,Yaté‘g t& s pgﬁgri} 2001,
p4594 - 4803). PlLV3c(e, E el dFSotits §8edRC ifghisc@ton8lor mérpr a) ,
Vari cel | gg(e.%yegil%f{%rﬂg{ﬂeg%ﬁﬂy% Fégtegti ns | -UV, etc.), Ig'ﬁg z;r?y 0(ronr1 all)
conponent (s) Selepikdécd frvamshiespolysangharide antigd(s))(prefergin e fanj uagstbdpe auiteiny i ¢

conbi nati on vacci ne contenpl ated by the present 10 invent.ion fg obal
treat ment or LDs BQEORPENS RIFUBRGOEGal P‘i?éedﬁsasegﬁﬁa ogp e eraHe C8P31mge°f%hgi’

e Bl DCoSSUPHRIHIBTAE IRhYEASSIAL, BRAISL I eRE N, SPIRTeEBh dsiissgated to

protein D), "one or ‘nore pn occal proteins selec romthe group
consi sting of(or BRtidmunBlotioallyPhitcssiordah tefyiv8pst Ahedeyf) Band peCor LnparA, suggaps,
Spl101, Spl28, Spl30 and Sp133  (or_an i ol ogically functi.pnal gequival ent
t her eof ) ,15an¢xpered oantigsn o Mgragelia C@&?B%?gﬁ ﬁﬂjﬂ iR L axer F’gﬂ
catarrhalis 6}5#/ oaeOB:i¥ReBPLG IREIRRBLIY e dth! 4E0ZRGeinPERES ForDiean
advant ageousl Be Used as a protein carrier for the ‘pneunobcoccal
pol ysacchar i daguhécoossr pelpmcepriiape swproessepoppr sippessor agroblems (as
mentioned above), and because it is in itself an immunogen capable of producing B-
cell mediated protection against non-typeable H. influenzae (ntHi). The Moraxella
20  catarrhalis or non-typeable Haemophilus influenzae antigens can be included in the
vaccine in a sub-unit form, or may be added as antigens present on the surface of outer

membrane vesicles (blebs) made from the bacteria.

Preferably the antigenic compositions (and vaccines) hereinbefore described

25 are lyophilised up until they are about to be used, at which point they are
extemporaneously reconstituted with diluent. More preferably they are lyophilised in

the presence of 3D-MPL, and are extemporaneously reconstituted with saline solution.
Alternatively, the protein and polysaccharide may be stored separately in a
vaccination kit (either or both components being lyophilised), the components being

30 reconstituted and either mixed prior to use or administered separately to the patient. A
Thl adjuvant (preferably 3D-MPL) may be present with either or both of the

components.
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menti oned above), and because it is in itself an i munogen capabl e of
produci ng B- cell nediated protection against non-typeable H i nf | lignMAR 2005

(ntH ). Theyd/Mhisnet!a 20 catarrhalis or non-typeable Haermpl]jéﬁﬁ,dlm'%genzae
antigens can be included in the vaccine in a sub-unit form or nmay be added

as antigens present on the surface of outer nenbrane vesicles (blebs) nade

fromthe bacteria. Fheelygpiahiayioh B€ vadtinedgivell xAHWH S tHeOss I@Mllﬁ@&cii@ﬁé)
her ei nbef ore descri bed 5 are lyophilised up until they are about to be

used, at whi chvaseinais fré¢ray duedeingle prassocaeizopslirakios egent ferunsancaisegarsiucient .
More preferably they are |yophilised in the presence. of , _and are
ext enpor aneous%/sy Sp né’fil?%/}?%d(w:ﬁeﬁt & 38, JuEY, ﬁ?chzm-a?]om 91‘:38;430.5\,@2 ; )fhga
protei n and po%%é%ﬂ&ﬁ@éﬂ §FicaBY oRErs £6br2 A% AsCfoY irlsthnBe a ¥ &kﬁ%g@g-o- ki t

(either or bot nmponents being | yophilised), the components being
reconstituted el girtduatly adixeithgpo -4 °€ @versichmurs, dickmi refasting b tempae@tecfoy t o

the patient. A Thl adjuvant referably 3D-MPL) may be present wth either
or both of theld é@nﬁom gradually esinsing 06710 °6 REGR boiSST et/ ERiRe J88s The

| yophi | Fsati on Bl MARE kA%SnduSs, Wehlard oS adifidiBqo 3584 o BRI £ BbLY. ABSialigU! d

vaccine is fre€ presence an-anti-caki ng agent stance

sugars such a&mﬁggﬁﬂc@l@eﬂaﬂ@é@@egm@msent at an initial concentration of
10-200 ng/ nL). Lyophilisation typically occurs over a series of steps, for

i nstance a cycl e stlraphiligingt the eprmmsitong)resilialipya myresitahly coppogtiorc(Wer 3

hours, thep, retajning this, t er re r . g I :

adj usting - Té{aﬁcco é’t’cﬁcnﬁot.ﬁ%wfﬁﬁ%oﬁmr 8% Q‘Frﬁ"#gs%?‘é&e ?Ig!%gsr) agﬁérjglao %%g '8
hours, then gr adyaldpyisiagiylebionsibleOfor 3high@VakibSdyh e Sgaiaiciht iphslhdcoccal
retaining this tenperature over 9 hours. Lyophili si gg t he conpositions
results in-a npelgsaschabides. cBripdes theom showr to 1% pasiceade signifinesy dert BSt ¢fe

breakdown of the.polysaccharide antigens). The prqcess i.s | so surpr.i.singl
responsi bl e fo?oné‘%#%h ogll'i‘?fi BEESt pf?t?]g g‘ﬁ?ﬂ?&t ri)s[ ﬁguspr?edwgggs‘gl atghic ' M9
pol ysacchar i degomddiiton @t RERR & PSR t@nfigatP aikjuvattbd ish SDOVIPLi(paMratior PS

6B conjugates. Another aspect of the invention is thus a |yophilised
anti geni ¢ 1xonposid ofalumsipnbsied gdpvass)xBd eqmeugotoscal gravarseisgediom B MPL

bl otei n el cct B FHTRE OF M PRGN G Tty S PREALVoh KRB SPHCE,

SpsA, LytB, Lygfioslyfyso sy §d33. Sp 101,

20 EXAMPLES

The examples illustrate, but do not limit the invention.

Example 1
S.pneumoniae capsular polysaccharide:

25 The 11-valent candidate vaccine includes the capsular polysaccharides
serotypes 1, 3,4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F which were made essentially as
described in EP 72513. Each polysaccharide is activated and derivatised using CDAP
chemistry (WO 95/08348) and conjugated to the protein carrier. All the
polysaccharides are conjugated in their native form, except for the serotype 3 (which

30  was size-reduced to decrease its viscosity).

Protein carrier:

20




Spl128, Spl30 and Spl33. 20 EXAVPLES The exanples illustrate, but do not

limt the invention. Exanple | S. pneunoniae capsul ar pol ysacchari (Bez m?n%
11-val entwoandi@at e vacci ne i ncludes the capsul ar pol ysacohangmrgaossg€er ot ypes
1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F which were nmade essentially as
described in EP 72513. Each pol ysaccharide is_ activated_and derivatised

usi ng CDAP cheni $k¢ prqisip @570 g8letyd an dhec shpubaadrresin Re(BiDofremnNearri er .

Al'l the polys i are i i j.r native form except for the
serotype 3 (Wﬁpﬁéwﬁé u%f”é%%}g%%gﬁerggf%&d%%?téase its viscosity). Protein
carrier: 20 WD 02/22167 0 2 MAR 2005 PCT/EPO1/ 10568 The protein carrier

selected is the reconbinant protein D (PD) from Non typeable Haenophil us
i nfluenzae, EXPRESHON OFPRQETEIN DEXPRESSI ON OF PROTEIN D 5 Haenophi | us

i nfluenzae protein Gepetic construction for protein D expression Starting
mat eri al S?Thé‘paﬁf"&”é‘?‘ff“ﬂﬂ'é%ﬁﬂpwge Protein Dis highly conserved anong H.

i nfluenzae Oheﬁ%&%ﬁﬁ&@@éfo@ﬁﬂoﬁﬂme eds¥peabl e strains. The vector pH C348
cont ai ni ng the sequence encoding the entire protein D gene has been

obt ai ned fr oStdpting Aratérdalsgr en, Departnent of Medical M crobi ol ogy,

University of Lund, Malno General Hospital, Ml no, Sweden. The DNA sequence
of protein DThafreged euaodingd¥¥Apy Janson et at. (1991) Infect. |mmun. 59:

119-125. 15 The e | QR ' MA ndrs @
derivative of pBRgg);&?g%ggsghgfE%SEQ%ggﬁwﬁgﬁhggggsg?ﬁg% agenl derived
control ebhemppeshié Gtraihs, aTtRCvdcpdri HICA48] containblgatht MNAfseqieatectgpodingsthe t ed
genes were introduced (Shatzman et al., 1983). In addition, the .

entire protein D gene has been obtained from Dr. A. Forsgren, Department of Medical

Microbiology, University of Lund, Malm6 General Hospital, Malmé, Sweden. The

DNA sequence of protein D has been published by Janson et al. (1991) Infect. Immun.

59: 119-125.

The expression vector pMG1
The expression vector pMGl is a derivative of pPBR322 (Gross et al., 1985) in

which bacteriophage A derived control elements for transcription and translation of
foreign inserted genes were introduced (Shatzman et af.,, 1983). In addition, the

20  Ampicillin resistance gene was exchanged with the Kanamycin resistance gene.

The E. coli strain AR58
The E. coli strain ARS8 was generated by transduction of N99 with a P1 phage
stock previously grown on an SA500 derivative (galE::TN10, lambdaKil  cI857 AH1).
25 N99 and SAS00 are E. coli K12 strains derived from Dr. Martin Rosenberg’s
laboratory at the National Institute of Health.

The expression vector pMG 1
For the production of protein D, the DNA encoding the protein has been
30 cloned into the expression vector pMG 1. This plasmid utilises signals from
lambdaphage DNA to drive the transcription and translation of inserted foreign genes.

The vector contains the promoter PL, operator OL and two utilisation sites (NutL and
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20 Anpicillin resistance gene was exchanged with the Kananycin reﬁeﬁt %05
gene. The E: coli strain A R58 The E. coli strain AR58 was genera W

transduct i wp @f22N39 with a P | phage stock previously growscpipdhosio00
derivative (gal E:: TN10O, |lanbdaKil' ¢c1857 AHl). 25 N99 and SA500 are E. coli
K12 strains derived fromDr. Martin Rosenberg's |aboratory at the National

Institute of hAARY M rdhecarpiRpEbei pyREtyTfepiwen FD protdie isnsroddeat {Gabssadt
protein D, the DNA encoding the protein has been 30 cloned into the_
expr essi on vead-orlS$NG Yectorsi eoniiningyithe BLi piometers pgniafradyced inte| #nfd&phage DNA

to dri the t i,pt] .1 | At [ t ed ' . Th
vector " cont ai sORREE shoR cPAtice’ BRCPRE T Amd SRRl P RS EOTRaS (Nut L
and 21 WO 02/ 220464 dh-defddiFe #ibaaptRed DRAOhtLAREBink Bed@nd Ghb@ien ef al,

transcriptional” polarity effects en N protein is provided (Goss et al.,
| 985) . Vector d988ntThechrgnastimal PampiaphageddNA alirects tier sydthessi of it ol repreBsorcol i

| ysogeni c host to stahilise the plasm d DNA. Lysogeni ¢ host, strai ontain
replication- dé’F‘éElﬂiW/‘%cbh g‘ﬁﬁﬂﬁ’p‘ﬂ&éﬁ‘ TSRIESOR OF reaester i%ﬂ‘FBref’ngs g’é‘ﬁ’&ﬁé’f t zman
et al., 5 198 T Iﬂ\iﬁ? Qrgp,gagggﬁ ol thess of
the cl repres o%ymega(rggtﬁh% gﬁlﬁt#n stot %S@&}%pc{fggés%?éd%?gﬁé; 1\‘/hgctor and
prevent s bi ndigage &fthébidrespioh yiEin ARES Bteonthine a Rimpetranmetsemsitivedmitie se tyt PL

transcriptiaon of the inserted gene. The ci gene of the expression strain
ARS8 cont ai ns dareetedrizansaripion e ks regulated iy amperaiirg Hfl, im ajicEatedy culture

transcri ptison .can he r.equl ated b rature . .shift .. ;€. - NG I n
culture f(g té%%?%ﬁr%&%ﬁg%i ﬁl\%%’(perés’%?nﬁ%drsé’%trhg%igiﬁ{htgr%le@rﬁrﬁ@g ilg&gﬁﬁg e
foreign proteiThid Spkdibibh 3yRéh allBWS cEtIIES Syrdiesiy st fordighl prowtns @epHclatly logd
synthesis of foreign proteins especially of those that may be toxic to the
cel | (Shi mat akkosetiRomay betaxic tedisioell (Shimatake §1 Rosspheag.d 9BR58" 15 The ARS8

| ysogenic E. soli strain used for the production of the protein D carrier
is a derivative of the standard NNH E. colt K12 strain N99 (F su' galLK2,

| acZ" thr' ) .THelE comkReindRssdef ective | ysogeni c | anbdaphage (gal E: : TN1O,

| anbdaKi|' ¢1857 CHI). The Kil' phenotype prevents the shut off of_ host
macr or nol déul ar sydheeRS. lyRasniccd 8%% syainatseddocbafrspdicaon ehibe rmaetenel

PoTeL e Ll el 8 4l SNSRI £ R YRR RS M2
thr' ). It contains a defective lysogenic lambdaphage (galE::TN10, lambdakKil" cI857

- AH1). The Kil' phenotype prevents the shut cff of host macromolecular synthesis. The

¢I857 mutation confers a temperature sensitive lesion to the ¢l repressor. The AHI

20  deletion removes the lambdaphage right operon and the hosts bio, uvx3, and chlA loci.

The ARS8 strain was generated by transduction of N99 with a P1 phage stock

previously grown on an SAS00 derivative (galE::'TN10, lambdaKil" ¢I857 AHI). The

introduction of the defective lysogen into N99 was selected with tetracycline by virtue

of the presence of a TN10 transposon coding for tetracyclin resistance in the adjacent
25  galE gene.

Construction of vector pM GMDPPrD
The pMG 1 vector which contains the gene encoding the non-structural S1
protein of Influenzae virus (pMGNSI) was used to construct pMGMDPPID. The
30 protein D gene was amplified by PCR from the pHIC348 vector (Janson ef al. 1991)
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
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The AR58 strain was generated by transduction of N99 with a Pl phapg\r}f@c@ﬂs
previously grown on an SA500 derivative (gal E:: TN 10, lanbdaKil' c i\ e
). The iwbrdoatsi on of the defective |ysogen into N99 waspsEkect@dssni t h
tetracycline by virtue of the presence of a TNIO transposon coding for
tetracyclin resistance_in the adjacent 25 gal E gene. Construction of vector

PMGVDPPr D The¥gohiand Xpabthe ciidfies acypPaiPFeiR engEiRe Ecidfmgral id amino
s e on kB PR bR, GPLPRF o8 1S SR RS
p g I y

L.
construct p
pHI C348 vect yMENBIFRDN et al. 1991) with PCR primers containing Ncol and
Xbal restriction sites at the 5 and 3' ends, respectively. The NcolLf Xbal
fragnment was t hen Bagadr ol dlese gorisiues gemaiisl abevewshen fipa oostrughHop @oBeind’02/ 22167

PCT/ EPO1/ 10568 Neat and Xbal thus, creati fusi on protein containing the
Nt erminal SENERI CHE EENGREEn oA NEANEARETT (RBRE Ve ROV BBt i n.
This vector %H@Hﬁb‘?%ﬁ@@%ﬁf&%iﬁ&%%@ﬂﬂgm SR Eseh, &gaﬁr/{bpﬁﬁ above

the final co uct for protein D™ 5 expression was gener at ed.
BanHl / Bar nHI firstaiyee M-temaisalresidues ddonariigag MEDSthe vETtOX 2 Jéne sndoikgra/tisohy si s

removes the NS I, cqding.regio except for the first three N-term nal

resi dues. . UpcPﬁOtF‘él"Ylg‘s?S? floding Yreeripinel gping agidiFETUSREEOMES REFIESRHUEREN  protein
with the following NNterm nal am no acid sequence has been generated: 10
----MDP SSHSSN-N ANT---- NS 1 Protein D The protein D does not contain a

| eader pepti de—MDR BBHBENEIANTab- cysteine to which lipid chains are
normal |y attached. The protein is therefore neither excreted 15 into the
peri pl asm nor¥%} pi dated and rd#¥FBLin the cytoplasmin a soluble form The
final construct pMs MDPPrD was introduced into the ARS8 host strain by heat
shock at 37 C. Plasm d containing bacteria were selected in the presence of

Kanamyci n. Presenqae @totéih® Piegtndi condie atadedygepbitiorn s dN-termiasl demirstor at ed by
di gestion of isolated plasmd DNA with sel| ected endonucl eases. The
reconbi nant Evhiclpbpid sihping pregpqsmaldy pgached e dhe grojein pxtheretars peiesisseretsd prot ei n

D i's undefy tﬁ&to‘%ﬁ’é‘ﬁa?i%lasx?ﬂéﬁg E@g%tme Em?[thHQEftEéIagrix} %ﬁ?ﬁg& Rbm. The host

strain AR§8 contalms a ure-sensitive C ene
The final construct pMG-MDPP:D was introduced into the AR58 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 cndonucleases. The recombinant £
20 coli strain is referred to as ECD4.
Expression of protein D is under the control of the lambda P, promoter/ Oy
Operator. The host strain ARS8 contains a temperature-sensitive ¢ 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
25  expressed. At the end of the fermentation the cells are concentrated and frozen.
The extraction from harvested cells and the purification of protein D was
performed as follows. The frozen cell culture pellet is thawed and resuspended in a
cell disruption solution (Citrate buffer pH 6.0) to a final ODyy = 60. The suspension is
passed twice through a high pressure homogenizer at P = 1000 bar. The cell culture
30 homogenate is clarified by centrifugation and cell debris are 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
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- anioni ¢ exchange matrix
.. gel and can .b&hediowetirawghi of the anfomid bxphadder cubghn chrontatighaphe | comaining the

~through of theuahs

genonme whi ch bl ocks expression froml|anbda PL at | ow tenperature %mﬁféﬂ&
to COL. Once the tenperature is elevated ci is released fromQOL a

Dis 25 exproggzgwd. At the end of the fernentation the cel | BCHMER01/10568
concentrated and frozen. The extraction from harvested cells and the
purification of protein D was erformed as follows. The frozen cell culture
pel | et is thaifeec mifdaqtien @odenheladiy steg aareags of thetipwp stength pbie(ytionat e
buffer pH 6.0 9 a final OD650 = 60. The suspension is passed tw ce

t hrough a hi gh préssure honogeni zer at P = 1000 bar. The cell culture 30

honogenate is clarid h@eold paBfikdtiohUgdt inri@ibs ae ebaind@Rhiah Aidhid efpxee by
filtration. In the first purification step the filtered lysate is applied
to a cation exwri@ESepbaroserBass floaphBD dotsinet bingen®cht gl esdcdidwtcolitwsd in PD
binds to the %l}efl maéj{rri x, by 23 WD 02/ 22167 0 2 MAR 2005 PCT/ EPOI/ 10568 i onic
interaction amf i d by a step increase of the ionic strength of the

clution Dulfer. | fufBoRaA B G RecR SERid TiEhidhGS Rk bgiged on an

ephar ose 0 s not bind onto the

chr omat ogr aphy Stetﬁ% fraction collection is ponitored by OD. The fl ow
pieingl? dscongrntigisd pnlteatile#ionogr aphy cont ai ni ng t he

ough of theUERCHPiire) "BffiPogr aphy co |
Cont al i ng.ul traf | FPYBCRRLC ap aniih et R A S SR B2 ), o,

menbr ane. (§hemshEMbrané\Ct i vation and coupling chem stry: The activation and
coupling conditions are specific for each polysaccharide. 15 These are
given in Table 1. Native polysaccharide (except for PS3) was dissolved in
NaCl 2Mor in ter for injection. The optimal polysaccharide concentration
was eval uat ed“#ISEH| the serotypes. Froma 100 ng/nl stock solution in

acetoni trile, £chiol@ddbiming@lizmidry!>5 no/my PS) was added to the
1.5"m

pol ysacchari de sol ut.i on. mnute“later, 0.2M 20 triethyl am ne was added

to obtain the specilht ectaatiow atd coupling cPhditians are ap¢aific &fr eatie pplyiaggmcidhar i de
was perf orlgre d T%Eesetam: giv 1!,1_' 119 Jllfraglg 9 ]%atrigenﬁjotly?ssacc tan e5(egéep|'c3rfocl)"tPeSi351wgs gi}sgtﬁved in
Na(l 2M or in water for injection. The oprimal polysaccharide concentration was
evaluated for ail the serotypes.
From a 100 mg/mli stock solution in acetonitrile, CDAP (CDAP/PS ratio 0.75
mg/mg PS) was added to the polysaccharide solution. 1.5 minute later, 0.2M
20  trjethylamine was added to obtain the specific activation pH. The activation of the
polysaccharide was performed at this pH duning 2 mminutes at 25 °C. Protein D (the
quantity depends on the initial PS/PD ratio) was added to the activated polysaccharide
and the coupling reaction was performed at the specific pH for 1 hour. The reaction
was then quenched with glycine for 30 minutes at 25 °C and overnight at 4 °C.
25 The conjugates were purified by gel filtration using a Sephacryl 500HR gel
filtration column equilibrated with 0.2M NaCl.
The carbohydrate and protein content of the eluted fractions was determined.
The conjugates were pooled and sterile filtered on a 0.22pum sterilizing membrane.

The PS/Protein ratios in the conjugate preparations were determined.
30

Characterisation:
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quantity depends on the initial PS/PD ratio) was added to the act§ JaMAR 2005
pol ysaccharide and the coupling reaction was perforned at the specific pH
for 1 houwo obleigreacti on was then quenched with glycine ferr/Bthimisyst es at
25 C and overnight at 4 C. 25 The conjugates were purified by gel filtration
usi ng a Sephacryl 500HR gel filtration colum equilibrated with 0.2M Nad .

The carbohydrate @ach REQEEId waonihemttefedt i@ @b the dspbeificitions sleswaibedl et er m ned.
The conjugates were pooled and sterile filtered on a 0.22m sterili zing

|
menbrane. THableS Bhopeysaceharitoeontent {kamborss measusedhetha Resqreiael g ead

determ ned. 30 Char.acterisation:, 24 0.2 NMAR S 16¢ P RPO1/H. 68
Each conj ugat 1R hCzQP{iB& gﬁ@@dbﬁﬁﬁe dSPTY ﬁ%ﬂ@%‘%%%’?g’ng‘ e@?}fblgd in
Tabl e 2. The jpphysefePakise S tedtRGiddl ) Was measured by the Resorcinol
test and the protein content (p.g/m) by the Lowy test. The final PS/ PD

ratio (wf) is determned by the ratio of the concentrations. 5 Residual
DVAP cont ent %g{g@@ The ?thih’\éﬁ i on of the polysaccharide with CDAP

i ntroduces a i} Faptenh (e e ‘@ol ysacchari de and DVAP

(4 di met hyl ani no- gy bvihod St the A akBfkidd Wn CRMabducBMAE £08 R s
determ ned by a specific assay devel oped at SB. 10 Free pol ysacchari de
content (9% : tHhpolfsseebapidt wsh OMAP i (delineahyleninoghridiohjsulgzerasd. Kist residuad C or
stored 7 days at 37C was det erm ned on_ft he sggerna&a{gﬁobt ai ned after

i ncubat i on WRMAR-cppsentvasidstsanesd By, 4 seesiticrasiex PlAR-sul fate, fol l owed by
a centrifugation 15 An a-PS/ a-PS ELI SA was used for the quantification of
free polysaccharide in the supernatant . The absence of conjugate was al so

control | ed byrregpétysdotiearitfz coitenB%)Reduci ng the quantity of free

pol ysaccharide results in an jnproved conjugate vaccine. 20 tigenicity:
The antigenicity dne e pelysacchasie sgater-oh rawteates Kepedt 4 Qés?é?ﬁﬁaadﬁ Yype

ELI'SA wher ei njLbe, capture, and, e d8LaskhPRyRleA A PoflBRdP RaroFFDand a- PD
antibodies and saturated ammonium sulfate, followed by a centrifugation.
15 An o-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-PD/a-P3
ELISA. Reducing the quantity of free polysaccharide results in an improved conjugate

vaceine.

20  Antigenicity:
The antigenicity on the same conjugates was analyzed in a sandwich-type
ELISA wherein the capture and the detection of antibodies were «-PS and «-PD
respectively.

25  Free protein content (%%):

The level of “free” residual protein D was determined by using a method
with SDS treatment of the sample. The conjugate was heated 10 min at 100°C in
presence of SDS 0.1 % and injected on a SEC-HPLC gel filtration column (TSK
3000-PWXL). As protein D is dimer, there is a risk of overestimating the level of

30  “free” protein D by dissociation the structure with SDS.

Molecular size (K, ):

25



respectively. 25 Free protein content (% : The |level of "free" residual
protein D was determined by using a method with SDS treatnment of ( @eMAR 2005
sanpl e. Theoc@mugate was heated 10 min at 100C in presencBCHEPBDSIER 1 %
and injected on a SEC-1 PLC gel filtration colum (TSK 3000-PWKL). As
protein Dis dieter, there is a risk of overestimating the |level of 30
"free" protein D byhédinssemiats@nwiheerfdrmed tonr 2 SHQ-HPBOSgel Miiretoan seluginze
(Kai): 25 WD 02/22167_Q_2 MAR 2005 PCT/EP01/10568 The nol ecul ar size was
performed on 4TSKSE-PRH.)gel filtration colum (TSK 5000- PWKL). Stability:
5 The stability was neasured on a BPLC-SEC gel filtration (TSK 6000- PWKL)
for conjugates kept at 4C and stored for 7 days at 37C. The 11-val ent
characterizatigymilify: 9i ven in Table 2 The protein conjugates can be adsorbed
onto al um ni um phosphate and pooled to formthe finpal vaccgine.

0
Concl usi on5 | mundge stebiligowptgeasssd s pd M eRERrgghfimgon {1l 5%&%% been
shown to be caonponents of a m,sj n i.ne, .bpe optim sed CDAP conditions
for the best {ﬂrhp%ﬂniutg?cfF??é?“g;gorﬂnﬂ@%f%ﬁrgﬁgéﬁgg%%gl pol ysacchari de product
was di scovered for 11,151 §aeh: @hrak87akibn Yediednch qable 26 WO 02/ 22167 02 MAR 2005

PCT/ EPO1/ 10568 Table | Specific activation/couplini/quenching conditions of
PS S. pneunoni ae- Pr dhe protén cagugatryatmbe Sorbeq prsg 3BEEPR phosphate and pooled

to form the final vaccine,
10

Conclusion:

. Immunogenic conjugates have been produced, that have since been shown to
be components of a promising vaccine. The optimised CDAP conditions for the best
quality final conjugated pneumococcal polysaccharide product was discovered for

15 each of the 11 valencies.
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(tluid.) PS2.03.02.07.55.43.0 conc.(ng/m) PS dissol uti onNaC NaCl

2MH, OH20NaCl 2MNaCl12M 2M PD5. 05. 05. 05. 05.05.0 conc. (ng/m ) Initial %yAR 2005

PS/ PD1/ 1343 844546411/ 11/ 1 Ratio (ww) CDAP conc. 0. 750. 750. 75@Tﬁﬁgiﬂ@£

(my/ g PS)

pHa=pH, =pHq19- 0/ 9- 0/ 9- 019-0/ 9- 0/ 9- 019.0/9.0/9.09.0/9.0/9.09.5/9.5/9.09.0/9.0

/9.0 5 Serot - 1418C19F23F PS 2. 52 52. 04(1l 03.3 cgnc (ng/m) PS _
» \ AR, [3 wh | t Q)

di ssol uti on

"nitial P PD /0. 75110 751/ 1110 B1rde dodRadsites (W w) CDAP cone.
0. 750. 750. 750. 750, 75 (ny/ mg PS)

pH, =pH, =pH4B-—5+8-5 B OO+ 9SO 90Ot TS5 9090 02T VO
02/ 22167 0 Nﬁi’é '3’@65 PCT EPQ1/ 16568 > 7F
(nfluid.)
PS 2.0 3.0 2.0 75 5.4 3.0
conc.(mg/ml)
PS disselution | NaCl | NaCl2M H,O H,0 NaCl 2M | NaCl 2M
2M '
PD 5.0 5.0 5.0 5.0 5.0 5.0
conc.(mg/ml)
Initial PS/PD /1 1/1 1/1 1/1 /1 1/1
Ratio (w/w)
CDAP conc. 0.75 0.75 0.75 0.75 0.75 0.75
(mg/mg PS)
pH,=pH,=pH,, [9.0/9.0/9.0{9.0/9.0/9.0[9.0/9.0/9.0{9.0/9.0/9.0|9.5/9.5/9.0] 9.0/9.0/9.0

wn

Serotype A% 14 18C 19F 23F

PS 2.5 2.5 2.0 4.0 33
conc.(mg/ml)

PS dissolution | NaCl 2M | NaCl 2M H,0O NaCl 2M | NaCl2M

PD 5.0 5.0 5.0 5.0 50
cone.(mg/ml)
Initial PS/PD 1/0.75 1/0.75 171 1/0.5 1/1
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 (9.0/5.0/9.0 |9.0/9.0/9.0 | 10/9.5/9.0 {9.0/9.0/9.0
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Example 2 - Beneficial impact of the addition of one or more of the
pneumococeal proteins of the invenmtion +/~ 3D-MPL on the protective

effectiveness of PD-conjugated Il-valent polysaccharide vaccine against

wn

pneumococcal lung colonization in mice

Immunological read-outs
ELISA dosage of pneumococcal protein-specific serum IgG
Maxisorp Nunc immunoplat.es are coated for 2 hours at 37°C with 100 pl/well
10 of 2 ug/m! protein diluted in PBS. Plates are washed 3 times with NaCl 0.5% Tween-
20 0.05% buffer. Then, serial 2-fold dilutions (in PBS/ Tween-20 0.05%, 100 ul per
well) of an anti-protein serum reference added as a standard curve (starting at 670
ng/ml IgG) and serum samples (starting at a 1/10 dilution) are incubated for 30
minutes at 20°C under agitation. After washing as previously described, peroxydase-
15  conjugated goat anti-mouse IgG (Jackson) diluted 5000x in PBS/ Tween-20 0.05%
are incubated (100 pliwell) for 30 minutes at 20°C under agitation. After washing,
plates are incubated for 15 min at room temperature with 100 pl/well of revelation
buffer (OPDA 0.4 mg/ml and H,0;, 0.05% in 100mM pH 4.5 citrate buffer).
Revelation is stopped by adding 50 ul/well HCI IN. Optical densities are read at 430
20 and 620 nm by using Emax immunoreader (Molecular Devices). Antibody titre is
calculated by the 4 parameter mathematical method using SoftMaxPro software.

Opsonophagocytosis assay
The purpose of this assay is to reproducibly measure the opsonising capacity
25  of test serum samples against Streptococcus pneumoniae serotypes 1, 3, 4, 5, 6B, TF,
9V, 14, 18C, 19F or 23F using a method adapted from the published standardized
method of the CDC (Steiner et al, Clinical and Diagnostic Laboratory Immunology 4:
415.1997).
This assay reproduces in vitro what occurs in vivo as the primary mechanism
30 of eliminating invading Sireptococcus pneumoniae or pneumococci. That is
opsonization of the pneumococci followed by phagocytosis and then killing.
“Phagocytosis” is the procéss by which cells engulf material and enclose it within a

vacuole (phagosome) in the cytoplasm. Poeumococci are killed when they are
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i 28 0 2 MAR 2005 WD 02/ 22167 PCT/ EPO1/ 10-568 Exanple 2 - Benefi CH? MW?%S
of the addition of one or nore of the pneunbcoccal proteins of t

i nventi on W0-02BM6YPL on the protective effectiveness of PDPECORPUGHE R
11-val ent pol ysacchari de vacci ne against 5 pneunococcal |ung col oni zation

in mce |Immunological read-guts_ EL| SA dps of - 6 r i.n-specific
serum | gG I\/axipgﬁér%ﬁyﬁfﬁcbyi olﬁ)lfﬂgfngsﬁmanag?%ngédp(?%lrdﬂig&%%ur%s ﬂ%tﬁ %g%@ﬁ !to h 100
1/well 10 of vaﬁaggm oBfteieisnfabliitaddebly i BPSsitibh af @psoaire, washmiba@ytindes with
NaCl 0.9% Tween- 2 (% 05% buffer. Then, serial 2-fold dilutions (in PBS/

Tween- 20 0. 05%pmpteht, pathe apagdn) of an anti-protein serumreference added as

dard [ 670 [ | : [
2 1110 di 1 ution) aiseiaesacrsrSge ey bR RA BN D, O

washi ng asspr e%lle%%h%d%é Elethd8 @ tRECDRYWRSEstdbinGORIltidal eetigo (teiaar ét-alouse
| gG (Jackson) diluted 5000x in PBS/ Tween-20 0.05% are incubated (100

~LUnel 1) for 3J0ARG Beet 16t 2R @004 rheento)yiThist latier. asadnt was gdebiedmy SB pmsg &s are

i ncubated for 15 . mn at .roomt t ith 100 p.| f i

Ut 1 o (GPDA (ToVifR #basi P KoBBABon o R THBRATS 1 e ppeafat ol ©"

Revel ation is 5’3&%@@@;{8@%@%&15&9, 28 i0p¥Rkdd tieshi as QRtiteAldildesig iof k@smar e
an n y

read at 490 2 usi ng Emax inmmunoreader (Mol ecul ar Devices).
Ant i body titr eblesto fadlitatel lallingl ob§0% o vinblsapranmoenccina mhié that isceorrert higeedusi ng

Sof t MaxPro software. Opsonophagocytosis .assay The purpose of i S ay is
to reproddéibifgr %W@ftﬁﬁgoﬁgﬁ?ﬂyéﬁ ifox E@b’ﬁ‘c%ﬁi&&eﬁa t%?%%%’ cg‘élrg Lﬁ%ngl%?repl es
agai nst_SLr eptoga 3 AASKIRNI A SGUPWIBCPoher Rborkioris (Bliner’dtdl, AAGS, 18C
19F or 23F using a nmethod adapted fromthe published standardi zed nethod of

the CDC ( Stei rgspt bd- 28| 2000 Texonta). and Di agnostic Laboratory | nmunol ogy 4:

415. 1997). This assay _reproduces in vitro what urs in viva as.the
primary mechani sm 139 RAERYEHFHYESEH R #ﬁﬁ&?d@%ﬁg@%@&b%? SRS or

preuucect. Wb kNI A I o
engul f matisr i alelldind benColtiseetial. imitHI Nature 270: 347-9). This cell line is composed of
undifferentiated hematopoietic cells, that is 85% blast cells and promyelocytes, 6%
myelocytes and 9% differentiated cells. Polar compounds can induce the
differentiation of the cells into at least two different lineages. N,N-di_methylformamidc
induces granulocytic differentiation which yield polymorphonuclear-like cells (44%
20 myelocytes and metamyelocytes and 53% banded and segmented PMN).

In Version A2 of the assay, the sera to be tested are heat-inactivated and 8
two-fold serial dilutions starting at 1/4 are made in 96-well microplates in HBSS
medium containing 0.3% BSA. The final volume of diluted serum in each well Is
25ul.

25 Four volumes of HL60 cells at 107 cells /ml (5 or 6 days post differentiation
with Dimethyl formamide), 2 volumes of S.pneumoniae bacteria (at the appropriate
dilution) and 1 volume of baby rabbit complement are mixed just prior to use, and 25
nl of the mixture is added to each well of the 96—wel] microplate containing the
diluted sera. For serotypes 1, and 6B, the amount of complement is increased to

30  12.5% final concentration, giving Version A3 of the assay.

After two hours incubation at 37°C under orbital shaking, the plate is put on

ice in order to stop the opsonophagocytosis reaction.

30



vacuol e (phagosone) in the cytoplasm Pneunococci are killed when hZe)Mzhr«i
29 WD 02/22167 0 2 MAR 2005 PCT/ EP01/ 10568 phagocytised by healthb AR 2003
manmal | anWPhREatyt es. " QOpsoni zation” is the process by wWhPCHEPhaYSEsyt osi S
is facilitated by t he deposition of opsonins e.g. antibody and conpl ement,

on the antigen. ere..have be ous nopha ass orted in
the literature. gmﬁe REAHT Slofglde %%@ |[l(r3100a

mul ti-lab setdbmghl SleaboiRh £1370¢., Thd %c eat (OB 1s2déﬁn3@9§3the-r1@l‘.19fﬂcﬂ) Thi s

| atter assay was adapted at S13 since it provided a basis for conparison to

ot her | abor atddlutiens of the sl able dg egviuse Enat &ﬂaﬁtiﬁ% the mth@heramf & gaseramigey

avail able, and it expres | t ti.tr t i,on) ..of .serum
Bbie to fach terEEREEE g Uor SBchaaing; T Bk inbeties B W bubhiR] o
comonl y gseq-o&lglagor this type of assay. Indeed it was shovvn that the
adapted assay could generate results that correponded quite well wth 4

ot her | abor at%kilkrer = (Steant&l etnial wellGABE] saplel / Mean 2B 2800, wefsol¥lo) . The

phagocytic cell used in the assay is the HL60 cell |ine, which originated
froman individual with promyel ocytic | eukemi a and was established as a

continuous 1§, ﬁJoLoécmﬁzrDNas@bAdz@ Ein Ok} mid2 1977 (Nature 270: 347-9). This
cell line is conposed undi fferenti ated hematopoietic cells, that is 85%

bl ast cells and pBewehenkyﬂ@QFlﬁ%almbe)wumnmﬂly Qﬂzfs:ulalfeﬁeméﬂtamaitba;hacel | s.
Pol ar conpounds can; u d|ff entiation of th |1 s into at | east
two diffé ent"”ld} géggggg ‘F\fﬁli“a DIFE O RRTHTREIAE; %?Eﬂ%s-’g L?%O(!’S}]lnlg%
differentiati [ | £ %Q{ eom Glogatizddl L84, 9abot¥m, 48cmyel ocytes
and met anyel Jg’g?éé% agm%ggs@ t?gndeggéand seg rrgnt ed (Efl?t/lr\ls I'n Version A2 of the

assay, the sefaidt Helitht Bsithed TalBs Gdnb}lmvétml a@!rdbla diwon obfd ey i al

dilutions starting at 1/4 are nad croplates, in HBSS nedi um
cont ai ni ng 0.9MOBERES PRRPIA] eﬁa’l"e’\?@%ﬁﬁte”%f% odﬁtcl ‘ft@dhsé‘égﬁ?ﬂt‘i“ﬂmg%?f’tma

25}11. 25 Fouy, W ohiES TAB Opﬁahlo%oam%ﬂ uﬁ@éu'oﬁ i Héteﬁxinarasﬁhslmmost

differentiatioh wth D net fornarnlde) 2 volunes of S pneunoni ae

bact eri a I@at dflﬁé?w:ppmpmpaasaed adildgatithomy uargdteki avohgaPetrctiombmitiabb# fog

conpl enent ar xed just prior to use, and 25 111 of the m xture is added
to each wel | @? 85%6-wel | microplate containing the diluted sera. For
serotypes 1, and 6B, the anmount of conplenent is increased to

Example 2A.  3D-MPL adjuvant effect on anti-protein immune response
In the present example, we can evaluate the impact of 3D-MPL adjuvantation
20  onthe immune response to the protein of the invention.
Groups of 10 female 6 week-old Balb/c mice are intramuscularly immunized
at days 0, 14 and 21 with [ ug protein contained in either A: AIPO4 100 pg; or B:
AIPO4 100 pg + 5 pg 3D-MPL (3 de-O-acylated monophosphoryt lipid A, supplied
by Ribi Immunochem). ELISA IgG is measured in post-III sera.
25 Whichever the antigen, best immune responses can be shown to be induced in

animals vaccinated with 3D—MPL-3upplemedted formulations.

Example 2B  Beneficial impact of the addition of a protein of the invention +/- 3D-
MPL adjuvant on the protective effectiveness of PD-conjugated [l-valent
30 polysaccharide vaccine against preumococcal lung colonization in OF1 mice

intranasally challenged with serotype 2, 4 or 6B.
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30 12.5% final concentration, giving Version A3 of the assay. Aft§r MAR 2005
hours i ncubation at 37C under orbital shaking, the plate is put on 1ice in
order to swomibm7opsonophagocytosis reaction. 30 WO 02/ 221871/0P®R/ 1R 2005
PCT/ EP0110568 An estimate is nade of the the col ony formng units (CFLJ) in

each wel | over nl%g i ncubation at 37'C. The "opsonj cﬂ]txltre" % %Pf’
defined as the recih é’é‘?se“‘cﬁ"?’ﬂ?]ieoﬁ’eﬁ?n ?W@é?%ﬂ’ioa lactic sTHcae ele? BFCRE | east

50% t he nunber,, § h i %tKink! i ng) .
The % killing NS ]g% & at ec €y tpﬁ@%?égﬁér}%\grﬁaﬁ ? }eg%?%ée’: i méﬁ i ng= (Mean
CFUcont r ol welihwentiorCfabls amypiOs) + Bibavmmdpmaﬁmotompdrécs w théGlasiedinAtRtecal

i ntranasal chal Lengz in OF1 m ce Seven week-old OF female mce are
i ntranasal |y iadeubidalletrlien gelysasphesiderprqien Diconixeets WUOEEFU of nouse- adapt ed

S. pneunorzi ae ser U r ggq@ﬂ Hed r
chal | enge and hormgjgé%ﬁ:’%eﬁ 183F¥Eeﬁ%e%@g?ﬁr%r% In $ %&ﬁﬁg%ﬁ{ythﬁ& ot h
(THI 3, G bco) dapdd und 15eHthabrmulidng leentdiningtA-03tspORAIROM B: tiopp §8hetoepear e
pl ated overnight at 37" C onto Petri dishes contai ning yeast extract-

suppl enent ed mﬂ’&gquugameh}m@wdwlysmh@dema@@w N3¢ 2P hPhEd Yk PEhe

nunber 15 of use pres |, 0ga ection
M s 2 14 TR T e R D e s AR LS O E T B FL e
anti-protein iEenf@sPOISRg |APDhE: Br @S eDtMPK ERipHed W Ridh emahotaem).t ho

i npact of 3D-NI PL adj uvant atl oa 20 on the imune response to the protein of

t he i nventlDon.Chatiengsss MnemdiselﬁBAS@eﬁlnhe@kbwtd Bal b/c mice are

intranmuscul arly imuni z and [ e t ai ned
in either A ALP04 ‘088 ‘} sh{ %y 1661 Zﬁé‘i‘l %g‘e‘f]‘&’%%ﬁg{;\# &1(03,3&9{3

de- 0- acyl at ed 1TORRRPQS cMAndel éﬂng.\gﬁwe SALBRE isapbleddnt&] With! fiByReeihes theELI SA
lgGis nmeasured in post-l |1 sera VWi chever the anti-en, best, i rrrrune

responses can ibeengpmvemdt @J%@ntﬂdd‘dﬁ}édﬁpﬁm ariiithl @Wéﬂlﬁcpmaé&ﬁ Rg pignificant

3D NTL- suppl enen d for | at i;ons.,
addi tion of a PPErEnSof Steﬁlgd ’ﬁvaminl %@E—wﬁﬁ uvan?ﬁjgﬁg%ﬁ%ﬁme
prot ectivegsef f@GhpmeneIpPOY forklliAlen) THa k@l ddr y@heﬂm afa apaikiys af hle Proteie
vacci ne agai nst pneunococcal |ung colonization in OF] mce

of the invention and 3D-MPL adjuvant enhances the effectiveness of the 11-valent

polysaccharide conjugate vaccine against pneumonia

Example 2C, immune correlates of the protection showed in example 2B
20 In order to establish the immune correlates of protection conferred in example
- 2B, by the 11-valent polysaccharide conjugate vaccine supplemented with a protein of
the invention and 3D-MPL, pre-challeﬁge serological antibody responses to
polysaccharide 2, 4 or 6B, and the protein of the invention can be measured as
described above.

25 Antibody titers are then compared to bacteria colony numbers measured in
lungs of the corresponding animals collected at 6 hours post-challenge. R’ are
calculated on Log/Log linear regressions.

Calculated R? can show the absence of correiation between humoral immune
responses and protection for both antigens. Anti-6B (or 2 or 4) antibody titers are not

30  significantly different in the groups immunized with the 11-valent conjugate vaccine

or with the same vaccine supplemented with the protein of the mvention and 3D-

32
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intranasally challenged with serotype 2, 4 or 6B. 31 0 2 MAR 2005 ﬂq MAR 2005
02/ 22167 PCT/ EPO1/ 10568 I n the present exanple, we can evaluate the

prophyl acWnéfidicacy of a vaccine containing the 11-val ePET/EPG1/10568

pol ysacchari de-protein D conjugate, a protein of the invention and Al P04 +

3D-MPL adjuvants, conpared to the classical A1P0O4-. adsorbed .l 1-val ent

pol ysacchari ¢& s eDﬁédﬁ?tﬁﬁé‘PémPBWﬁ‘BF%ﬁe%W% f@%ﬂ?}?“o 19 3% %Y e 4
week-ol d OF1 40l &8 REGeriaAER H?féfzr%g SHBeLLanegUShYstor 2daYs 0 and 14 with
formul ati ons dcont alliﬁ?er{g A 50 8 Al PB%?SQB: 0.1 pgorPS sZr otype of

PD- conj ugat ed 11- Takeantogpthéry skac eveitsi chm snagest miet préetiongis AloPOdkdiaed & 0.1 g
PS/ serotype of PD-conjugated 11-val ent polys ccgjari de vaccgi ne + 10..tg
protein of HHEOhVEYRYISrespasses plgnea) guh gathens also py3p qetlrmedi) Ri bi

| munochen) . %@{ ISt b‘ijwf% i a can be
shown by ?)hi & dr]?g? d,deipcgigiar?lﬁ ??ééa rttaf’erf)ar 0 ectg%gﬁ%ngggfg\{? gﬁt Qa?%%?‘héﬁe

11-val ent polaydicioedauppbet toahé adiitien sfomroteineansigayib)enme joent wdjutent(feiophet ei n of
the invention and adjuvanted with AIP0O4 + MPL. On the coptrary,

signi ficant PPPBBQSEEsabaolysacalisids RIUGAT WREIARISS 35 HhtRgrdierte Ml ﬁ“’cl%%g]tgﬁ- val ent
pol ysacchari j : - fornmul ation. This result can prove that
the additi onqwﬁé%%%?%}oﬁtﬁ%@@géoﬁhventi on and 3D MPL adj uvant enhances
the effectiveness of the 11-valent polysaccharide conjugate vacci ne agai nst
pneunoni a. Exanple 2C, imune correlates of the protection showed jn exanple
2B 20 | n 18r ddixampledt apiheskoeprEatiocpph othoprmy &f ég" dmopa6t Betemy in dBiEerred i n

exanpl e 2B, - F. | . i Yoioll enent ed
W eh s prot ety ko8t Bl £RaR SERR KRR I B AR LR

anti body respafbedied Hzaipdlppedachrcil®S 2, 4 or 6B, and the protein of the

i nvention can be neasured as described above. 25 Antibody titers are then
conpared to bacteria colony nunbers neasured in lungs of the correspondi ng
ani mal s col | t h St g . ggﬁ-qi ed prprLog/ Log
i near regr e?‘(siltagﬁlslé 3Cfgl caﬁﬂg(?eggr«’;mg%%&és gw(a{h%g%gésl n‘ge 0 §Ueclgérlr‘glnéag{ailﬂon

bet ween hynomralysidthatde (afitbBPpAstindaRebtqutios AQhinsiPnbatiodioat h anti gens. Anti-6B
(or 2 or 4) antibody titers are not 30 significantly different in the
groups i mmuni zed with the 11-val ent conjugate vaccine or with the sane
vacci ne supplhgnepnted with the protein of the invention and 3D

Vaceine Groups: Four groups of 16 mice were passively immunised {(i.p.} on
day —1 with 100 pl of undiluted rat anti-polysaccharide antisera according to the
20  groups detailed below. (total 64 mice}

Group | Specificity | IgG Concenfration in
Antisera

G1 a-PS -6B 5 pg/ml.

G2 a-PS-6B |2 pg/mi.

G3 a-PS-6B | 0.75 pg/ml

G4 Control 0 pg/ml.

Animals: 64 male CD-1 mice from Charles River, Canada, weighing approx
35g (approx 10 weeks old).
25 Anesthesia: Mice were anesthetized with isoflurane (3%) plus O2(1 L/min).
Organism: S. pneumaoniae N1387 (serotype 6) was harvested from trypticase
soy agar plates (TSA) supplemented with 5% horse blood and suspended in 6 ml of

PBS. Immediately prior to infection, | ml bacterial suspension was diluted into 9 ml
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32 0 2 MAR 2005 WO 02/ 22167 PCT/ EPO1ll 10568 MPL. Therefore, the protgegt“mggns
| nprovenent seen with formulation Cis not solely due to a higher antibody
response twopokysacchari de 6B (or 2 or 4). Taken toget her, p&TEEPESWE S can
suggest that protection is not nmediated by hunoral imune responses al one,
but rather also by a cell-nmediated imunity 5 induced by the protein

anti gen (pref &f 8flsd melten autsienisasar 8BE) g ¥opt pt 41k sMisgnresgived rpEpt POnal
support to thcizo a}ng&ﬁ‘r}sepf a%fﬁ}n%is'ﬁ ntigen(s) and potent adjuvant(s) in the
pneunococcal po% ysacc aridé conjugat’e vaccine, so as to coordinate both arns
of the immune sysydstioal GddyRinideraire tick®otizelQis Bearibte above ahbeinfieader at i on
of both arns of the Immune Systemin mce actively inmunised with a protein
of the invent wath Srpkepmesior 1387 (Fpl s@dleditabterialnsuspansiioe} by getrarbtonchial

pneunococcal PS Exanple 3A - Fipd the CopcentratiqQn of Pgssively.
Adni ni st ered A2 “ismpré}mﬁyaﬁmaﬁaa@aﬁ] bt R %ﬂcﬂ?ﬁawqﬁrff?ﬁé&%‘r\’g

Agai nst Pneu | ' ups. 0 16 mce were
passively i m‘?‘?é’g@%“:a%ﬁy\(%ﬁ an bgf%wétﬁ%mdl%%égé?'qgf wljﬁglg?)&t ed rat

anti - pol ysacchari dSamples:s D dag Gopait irfedtiont Bemic2@rappomre deffieliedy BE20w.
(total 64 mce) Group%pem ficitylgG, Concentration in Anti seraerﬂ(fala- PS - 6B5
g/m. (Ra-PS opsdoss #ad lungsy wers exsissd apd hgmegenizeticint ) BBY. gfsatold Asridlal s: 64
male CD-1 m cgyf.k i l1ghi ng- ox 10
woeks ol dy . 2SI e peBar NS 1 ARER B R0, SR
02(1 L/mnp. ifIHRBS2D 1P mpﬁgmbﬁs T3 Bl4tes SapHEnaReOWiNEY: hafseasdoad from
trypticase soy agar plates (TSA) supplenmented with 5% horse bl ood and
suspended i n @ndiineybateRBernightrati BAt°6] prigyrtp grvalugtiomf Eerthernsets ofymiggpewr i al

suspensi on Wassac%cléltg 819 dzixyn’P gx)nd9 sagpleﬁ?és gbo%c.I\MR 2005

Results:

IgG conc Bactenial numbers 1
(ug/ml) (log 10 cfu/lungs) at days post infection
In rat sera 3 8
5 6.7+0.7 (1/7) 7.2+£0.7 (5/8)

- 2 6.5£0.7(1/7) 6.9 1.8 (4/7)

- 0.75 7.7+0.5 (5/8) 4.8+ 1.4 (2/8)
0 6.7 1.5 (3/6) 6.3 1.5 (3/9) _

15 Figures in parenthesis are numbers of animals that died prior to sample time.

Conclusion: In general, there was no significant difference in bacterial numbers
isolated from any of the treatment groups. This indicates that no measurable
protection was afforded by the anti-polysaccharide antibody at concentrations up to

20  and including 5 pg/ml.
This is similar to what is observed in some human clinical trials, that is, anti-
polysaccharidé antibody is insufficient to protect against pneumococcal pneumonia in

some populations.

25 Example 3B - Determine the protection from pneumonia afforded by active
administration of a protein of the invention with or without adjuvant, and synergy
with sub-optimal anti-PS antibody.




WO 02/ 22167 PCT/ EPOL/ 110568 of cooled nolten nutrient agar (BBL) and ke tmﬁg
41C. Mce received approx 6.0 |oglO cfu/nouse in a volune 50 ul. § 3r MAR K
On day O wbogywere anesthetized as descri bed above and i nfrcit/eehi/wsdsh S.
pneunoni ae N1387 (50 p.| cool ed bacterial suspension) by intra-bronchial 5
instillation via non-surgical intra-tracheal intubation. This nethod was
descri bed by Wodnut and Berry (Antim crob. Ag. Chenotherap. 43: 29
(1999)). Sa s;, On day 3 post infection, 8 mce/group were sacrificed by
Q02 overdos&= | ungs were exci sed and honogenized in 1 m PBS. Tenfold
serial dilutionsahesfs: PrBRadedD NmiBS6 ek eles st et Winilictbactteweels
nunbers. Sanples were 10 inoculated (20 }d) in triplicate onto TSA pl ates
suppl ement edoldiat mf&wiohpirere hkdesdRivemnt. Caotitnst @utbou eFaraghtAmmals we@hsdi or to

evaluation. Furth se of. m wer sacrificed on day 7 and sanpl ed as
above. Resul ?@F%g‘éﬁ‘&&%g“ﬁsﬁa&ﬁﬁﬁ%ﬁ’%ﬁ " (ug/m) (Il og )1/0 cf u/|ung§) at days
post i nfection inAahn8Ras8sRo %.lgé)é))? (6l /fidel afe 1@manissd &y 2ébchtanbub

(1/7)6.9 1.8 (4/7) 0.757.7 0. 4.8 1.4 (2/8) 06.7 1.5 (3/6)6.3 1.5
(3/9) 15 Fi ginjeeson enpayerlthasi sl4mathn@ineof vatkingris walaged bedewd(TeglgZBor to

sanple tinme. Conclusion; |n, eral..fhere was no significant difference in
bact eri al nufRe-D-Mh ’ét"b@”’gggﬂil%‘/t?%e treatment groups. This indicates
that no measur abl rotectio f WL RRLY sae el iyde

anti body at conceﬁ)flr_ i olr’lgp?fbni g%ﬁﬁ%‘_ éﬁ%ﬁ%ﬁ%ﬁmgmg%ﬁﬁﬁg liiFl?flps [ E)si m | ar
to what kg Pg&‘é{v\é@dwitﬂ 2 SORRNIHIRNL Y ISRl (4 Hil kS, ughRt 11 5ml 80Ri rg/ml)

pol ysacchari de ant'ibody is insufficient to protect agai nst pneunococcal
pneunoni a i nmossnantippPydacdhendsantidédyExanpl e 3B - Deternmine the protection

from pneunoni a afforded by active adm nistration of a protein of the
I nvention with or without adjuvant, and synergy wth sub-optinmal anti-PS

antibody. 34 Group | Injection | Vaccine given days —22, -14 Injection | Passive IgG

Volume | (Dosage ug) Volume | (day-1)
Active Passive

1-1 100 pl s.c. | Protein/AIPO4 (10/50) None

1-2 100 ul s.c. | Protein/MPL/AIPO4 (10/5/50) None

1-3 100 ul s.c. | Protein/AIPO4 (10/50) 100 W ip. | a-PS

1-4 100 pl s.c. | Protein/MPL/AIPO4 (10/5/50) | 100 plip. | o-PS

1-5 100 pl s.c. | MPL/AIPO4 (5/50) 100 plip. | a-PS

1-6 100 ul s.c. | MPL/AIPO4 (5/50) None

Infection: On day 0, mice aie anesthetized (3% isoflurane plus 1 L/min O,).

15  Bacterial inocula are prepared by harvesting growth of S. preumonice N1387

(serotype 6) from trypticase soy agar plates (TSA) supplemented with 5% horse blood

and suspending in 6 ml of PBS. A ten-fold dilution (1ml plus Sml) is prepared in

cooled molten nutrient agar (kept at 41 °C) immediately prior to infection. Mice are

infected by intra-bronchial instillation via intra-tracheal intubation and receive

20  approximately 6.0 logl0 cfu/mouse in a volume of 50 pl. This method was described
by Woodnut and Berry (Antimicrob. Ag. Chemotherap. 43: 29 (1999)).

Samples: At 72 post infection, 8 mice/group are sacrificed by CO, overdose

and the lungs are excised and homogenized in 1 ml PBS. Tenfold serial dilutions are

prepared in PBS to enumerate viable bacterial numbers. Samples are inoculated (20

25  ul) in triplicate onto TSA plates supplemented with 5% horse blood and incubated
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WD 02/ 22167 0 2 MAR 2005 PCT/ EPO1/ 0568 Met hod Aninmals: 128 mal e ﬁ@ﬁg ?@5
(6 weeks old at old at imunisation, 10 weeks old at infection) fr r

Ri ver, St.w@ongbsgrt, Quebec, Canada. Aninmals weighed 5 apppox/E20i/gisst 6
weeks and 38g at 10 weeks. | nmunisations: Six groups of 16 mice are

i muni sed by subcutanequs  injection on days -22 and -14 with 100 ul of

vacci ne as det@eraght3d| ewrioy tpovaluationg Fusheiesets of miggrgre isacridlsedpmddy § Posin

Ri bi | Cori xa. - 1. If] roups (see Table bel ow) are i mmnised
(i.p.100 I) %fcggés#/deﬁaég\%gfi#b&vgbncentration of 4.26 p.g/m (4 m of 5
glm + 1.3 mM of 2. g/m) nouse anti-pol ysaccharide anti body. Injection
Vacci ne given days -22, -14 Injection Passive |1gG G oupVol une (Dosage

g) Vol ume ( day-Adalygs ¢fléamssi ve 1-1100 | s.c. Protein/ At P04 (10150) None 1-2100

ot e A B T A
I.p.a-PS 1-5108e B}dgs 8t T addP)- 4 RB¢infsetiof )R sRAn be Breledt&l ds &d80mbans with

s.c. MPL/ Al P04 (5/50) None | nfécti on: On day O, mice aie anesthetized (3%
i sof | urane pl ustanidatd/ deiviations StatisticaBamsl¥sis shoulid ihe patformadenspigaha Suidemsy t-test

harvesting growh of, S, pne ni ae .N1387, (.serotype 6) fromtrypticase soy
agar plates ( §%ﬁ’ﬁ'}“§ﬁgﬁ#§g's\/ﬁ°f’ﬂd‘§5 ﬁ‘é?g‘gﬁmﬁl ood and suspending in 6 m

of PBS. A ten-fold gi hihbRBated TboRl Hi-BodactiRriBé SRAAY aldhe (EGRRIpCH TR en
nutrient agar (kept‘gs!a{i 41 C? im‘r?adl’at eﬁeﬂ'&?i or to ir?ffélctign(. Mpge are

infected by i nber alfadyvmmoh itea laffiords pididction cngaimstagriowtlr af tymegthedceii ot mtatum_g.n and
recel ve 20 20 Bl 8l RS THATRHEE (L1bed 5 R o R, froredt
either, but will do to a better extent when Protein 1s combined with 3D-MPL (Group

1-2).

Most significant protection can be seen in groups with both anti-
15  polysaccharide antibody and protein, particularly i the group having all three
elements, Protein, 3D-MPL and passively administered anti-polysaccharide antibody
(Group 1-4). This conclusion can also be supported by the mortality rate. Groups 1-3
. and, particularly, 1-4 will have fewer deaths compared to the other groups.

20  Conclusion:

As the expeniment is done with passively immunised animals, the synergistic
effect of also actively immunising with protein (+/- MPL) cannot be due to an
increase in the level of antibodies against the polysaccﬁaﬁde antigen.

Significant protection against pneumococcal pneumnonia can be seen in groups

25 immunised with both protein plus passively administered anti-polysaccharide
antibody, particularly if 3D-MPL is also present, indicating the synergy of this
combination.

If the anti-polysaccharide immunisation is caxﬁed out actively (preferably with
conjugated polysaccharide), this effect will be even more marked, as the effect of B-

30 cell memory, and constant levels of anti-PS antibody throughout the experiment will

contribute to the immune response cooperation.
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by Woodnut and Berry (Antim crob. Ag. Chenotherap. 43: 29 (1999)). imﬁz'
At 72 post infection, 8 mce/group are sacrificed by CO2 overdose 0 005
| ungs ar epg)x&iSed and honogenized in | nml PBS. Tenfold serp@fefiukisons are
prepared in PBS to enunerate viable bacterial nunbers. Sanples are

i nocul ated (20 25 p. I&ei n tricgl icate onto TSA plates supplenmented with 5%
horse bl ood &rdmphchibdiettpd3® dgtepmipnryypegs by\eouslape & ProEtierol/ 10568
overnight 37 C prior to evaluation. Further sets of mce are sacrificed on
day 8 post- infection and sanples as above. Analysis of Data 5 The outcone

nmeasure for conparhé gin@ple iiRBAnRDbf protebhn Hathe huddn Balytiged @ dinindtBe | ungs
at 3 and 7 day post infection. Results can. be presented as group neans with

standard deviinfectmgpnegnenocssi it attibadn mpdiatsd shenapphagecypusis Grmadet | GlEp-t he
Students t-tes e P ug,of <0. 05 i onsj dered significant. As
denonst r a%ed%’é‘vﬁg' L‘ﬁ@? 1 ;Sbﬁ?lggbaﬁ@ﬁr&ﬁ ﬁ@crglrﬁlﬁﬁg‘d?eth?% A8V %gg 35V§9?§9 ®Ran 10
be shown not 0 caf AL dnibddlyeEdnk QB SRt Thpslad Woly saichRNRUEP 6 O&steldid dfhe | ung.
Pneunococcal protein adjuvanted wth A1PC}J)4 (Goup 1-1) may not confer

protection eidtesion, blias hetdmaapreenathbtthiesn wixt epsonvpregoPresisessay s gonbi ned
with 3D-MPL (G oup 1-2). Mst significant. protect].o seen in groups
wi th both ant etter Lorrplate\PE REHFEPR ggg%‘ﬁ’f?tﬁﬁgx}m%ﬁtdbﬁ g%ﬁﬁﬁgwgﬁﬁ cularly in the
group having al | ek SRERL prollifl 8 M IRrchBba JAiBASThSIcH BB St er ed

anti-pol ysaccharide antibody (Goup 1-4). This conclusi'on can also be
suppor t edoby pnbemstdahlinfeytionabye meChanisps that3are anffkrerp dran @otibadyymediadwi | |

have fewer deaths conpared fo the ofher, groups, 20 Conclusion: As the

exper i nent isopﬂ‘iﬂ"?éh’%ﬂi"ﬂﬁo%%lsé’i HRemple mvgéaﬂﬁmsw%ﬁﬂ HOUL GAUPBASENE  ef f ect
of al 50_act i yglyal UL DU MALD P! S el 1ol cRRRRL b G iRy an

i ncrease in tqqiéét&lnevel o?'l gn I r%ldi eg égg:'&nst t%e po?ysaccha}gi de aélti jg;en.

Si gni fi cant ppateariticandiffg@nestsines chayree decaine jn dathogroepsc Thubthesresidudln  gr oups
25 i mmuni sed with both protejn plus passiyvely adm nj. st

anti - pol ysacdHeistige thatsen Begpserysd must cAmsy ?fniafsyé%gmcig%%gﬁi@ﬂaﬂfegg&ﬁt ,
i ndi cating thg, SYREEON o0fcd fkvel £ MRbABLbRisiohfcah BereAlHel 1POlMRACSAr | de
i muni sation 1s carried out actively (preferably wth

In many cases, the pneumococcal protens of the invention are surface
associated, and are expected to provide some opsonic activity themselves. [n this case
it is possible to distinguish the mechanism of protection via a quantitative measure of
the opsonising capacity of the the anti-pneumococcal protein, which can be used to

20  estimate the relative contribution of opsonic activity to other synergeic mechanisms of
protection.

In the mouse lung colonisation model, the relative protection of each vaccine
can be estimated from the clearance of bacteria from the lungs. Or alternatively, the
vaccine efficacy can be estimated from case rates, as normally determined for

25  vaccioes.
% Protection = (CFU/lung Control — CFU/lung Vaccine)/(CFU/lung Control)
% Efficacy = (Cases Control — Cases Vaccine)/(Cases Control)

To determine the portion of the protection or-efﬁcacy that originates from the

synergistic effect, it is a matter of determining which portion of the efficacy would be

30  expected based on the ratio of the opsonic titres.
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conj ugat ed pol ysaccharide), this effect wll be even nore marked, as the
effect of B- 30 cell nenory, and constant |evels of anti-PS anti b(ﬂjQ MAR 2005
t hr oughout Wnhe2/28pkeri nent will contribute to the i mMmune redEIERD1/10568
cooperation. 36 0 2 MAR 2005 WO 02/22167 PCT/ EPO1/ 10568 Exanple 4 - Method

to det i , t f0 tecti.on. Th i i pl hani f
L reett onehal e b Soeoud b Bt i PrPloehin i Gron ARl o
anti body nedi %ﬂe&pwem&wﬁera Gl | SorkfRneM® At nd@ither Ghé NproRid MopCthe ddtis. 14

251 (1992)). ereas sev nmet’hods have been devel oped to neasure
t he anti body cprigscharde atibotlp alvapsan @ovigomypslapoteationitemselsescor r el at e of
protection, it has becone apparent that the i.n vitro gpsonophagocyt osis
assay is a better IéésrP@F@&Wﬂ%ﬁ%@%@&%‘@&?{%ﬁ%ﬁon@? tg? .Syn?'?gc ?fﬁe&{ °np s,
182: 158 (2000)) 4.4 - i - [ [ s

or ot et o agalkaps b TREAIRSORRaNPIRYEL TP o of0fic FATRL MBI BY uu

di fferent fromapailibpelysatkdidet atibodyp 0K phaghe whasiis activityexforiéd b2, angict i ve

i mruni sation with both cogé ugate and __ protein can show a synergi ¢ effect,
whi ch can not preuseppespliEatep antihadsyis Y HBeR the oA emseris REBYNGFaR S ¥AWBLC si nce

they are the s iR, b QR LS J: : i an be
observed nust @eg%\e#ﬁ’o%hgh%gnergipg IC %# @gg?%dé‘?#ﬁvét?%%gﬁ%gﬂfg%gg
antibody is adgegrparsiss weddmpatddeto IRTRRivE Ghdtsdtion etfvac of teacdied whareethanpl e
3. In many cases, the pneunococcal proteins of the invention are surface

associ at ed}0 anshtapdlysargerderortion o g ecisome Vs o raediveiefivyy phéedndes. In
t hi it ] i bl et o dishingui. i fproteckd i
quanti tati ve EBSRECH SEREyCCRk B o MERERCHATE R Bl SB00Y' 2 2

ant i - pneunococgditidhaDéfBtdty td ol ndt 3B aRuits@By bsodl} RFivithad Bed Extinfagddaki ve
contribution of opsonic activity to other_synergeic nechani sns of
protection. | nResiduahBretestiveAgidey (Srmesg0)iobomatfel B%heY/Mel¥at i ve protection of

each vaceine can beeSLLIBECY L) ARG £l RAKORE S8l BIEKELLA LT o e

lungs. O alternati vacciné efricacy can ‘be eStima romcase

rates, as [0 MdeipydShed Shorasbrichies of prot@tion Aewe bt Mentified,ithey sou(dbiidedng
Control - CFU lung Vaccine)/(CFU lung Control) % Efficacy = (Cases Control
- Cases Vacci n®)¢stimatsdbis eowrgief $fad det erni ne the portion of the protection
or efficacy that originates fromthe synergistic effect, it is a matter of
determ ni ng which portion of the efficacy woul d be

All publications, including but not limited to patents and patent applications,

cited in this specification are herein incorporated by reference as if each individual

20  publication were specifically and individually indicated to be incorporated by
reference herein as though fully set forth.
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30 expected based on the ratio of the opsonic titres. 37 WO 02/221@209 g 2@5&
2005 PCT/ EPOL/ 10c68 I n Exanpl e 3 above, the % protection by the c A t

is due to synergy between the protein/antibody conponents as neither the
protein nor the anti- polysacharide anti body al one can provi de nuch
protection thenselves. It is possible to estimte the anobunt of protection
of the synergeic effect on 5 the basis of the relative opsonic activity. If
t he opsonielas®si vity afforded by a anti- capsul ar pol ysacharide antibody is

X, and the Opsog%ﬁrgfn%éé&ié/ ¢ aé:?sﬁﬁ’cﬁpc pr?s'ﬂg. it IPREYRDSPES8kocBL b Rhmoaiki Dody

is Y, thenthe oni ¢ Ivity can be shown to "be X +°Y, and the
rel ative pojijds0maeidet BRigeRSAN Gt Adst WrikySwéprbdvecr phainoniapbtbia aMigkeY.
This is conpared to the relative protective efficacy of a_vaccj ne, ere the
10 anti - podejestcichemitie gpop coosistiig afhBhifa&bilhd Iﬁ&htée&%\sﬂf}@g’l&&véy ficacy

f A% d h ' fL f..Lh ' f har i- I
o1 ot ot n-1 ST, FRAO gl SRAPO ARl 1 Rt e hat - e RTRY B e oo

acitivity tlh })gen estimated as Residual Protective Activity (Synergy) = B%
- A% - B% %r\? +Y) This exanple is not intended to limt the ways to
estimate the effect of 15 synergy. Once other correl ates of protection have

been identified, they could be used to estimate .this nergi sic effect. Al
publ i cati ohs, i he$ UEINECEREHS FRIFPISITAN I3 g‘%&h“t@%ﬁ@é%ﬁcgﬁﬁndﬁp@gg%ﬂa % ons,

cited in thi Cif | [ R SEREGAT L reference as if each

i ndi vi dual Pfﬁ%"@%ﬁ it{&%fﬁnﬁmﬁég%ﬁd?%ﬁ% Cgﬁ%?i ndi ¥1dual |y i ndicated to be
‘incorporated by reference herein as though fully set forth. 38 0 2 MAR 2005
Claims: 1. An inmunogeni c conposition caonprising at |east one Str coccus
pneuroni ae3. pol YhademanpgraiaeRmRRsHionRf "i%m! %a“élier@ﬁ&wsf%ﬁ% B’é’ffé‘&b%sc&%%gmni ae

protein antige el ected f 1 p Singt fiqP 1Pnt t B,
Pht E, SpsA%m]%yﬁﬁ, g oy éﬁgly%“ié?@*'s%%f%‘?*ﬁs%%?@i.T,%‘%ng%‘f‘dvs?‘%bﬁgn%y%?} 133,
or i munol Dighgee Haymouparin GOBH), eaeteinadceivative dfchdofcnlia (PAD) ahdrpioteig@hfrom

conposition of claim1, wherein the polysaccharide antigen is
H. influenzae.

4. The immunogenic composition of claim 2, wherein the carrier protein is a
Streptococcus pneumonige antigen selected from the group consiting of PhtA, PhtD,
PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl25, Spl01, Spl128, Spl30 and Spl33, or

immunologically functional equivalent thereof.

5. An immunogenic composition as claimed in any of claims 1 to 4 wherein the

vaccine comprises at Jeast four pneumococcal polysaccharide antigens from different

serotypes.

6. An immunogenic composition as claimed in any of claims 1 to 5 wherein one of
the Streptococcus prneumoniae protein antigens is PhtD or an immunologically functional

equivalent thereof.

7. An immunogenic composition as claimed in any of claims 1 to 6 which further

comprises pneumolysin.
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presented in the fornof a polysaccharide-protein carrier conj ugati]. jﬂ Thzg
i nmmunogeni ¢ conposition of claim2, wherein the carrier protein i 2 @R:t &5
fromthe group consisting of, D phtheria toxoid, Tetanus toxoid, CRML97,
Keyhol e Linpet Haenocyanizn (KLH), protein derivative of Tuberculin (PPD),
and protein D from H. influenzae. 4. The i mmunogeni c conposition of claim
2, wherein the carrier protein is.a Streptococcus unoni.ae, antl

sel ect ed f%om t AR IGIBEEEHBHEPTP IRy Gy 23 '1553,6& Bhi, Oneﬁﬁf{]%m’ﬁnttg% %{)&s%ql%&/’t B,
Lyt C, Lyt Amnffﬁ‘}s%? aégdj ant.SP128, Sp130 and Sp133, or irmmunol ogically
funct i onal “BHII V4t Bn ereof. 5. An imunogeni ¢ conposition as clainmed in
any of clains 1 to 4 wherein the vaccine conprises at |east four
pneunococcal pol ysaccharide antigens fromdifferent serl(l)t ypes. 6.. An

i Munogeni & conposiminunegssice Fempetion aa faiged dp aflage 18, ¢ Wheyeip, cPAHUERE of
the Streptococcus pneunpni ae,protein antigens is PhtD or an i nmunol ogically
f uncti onal 00%3\?5198 PRELELE 7. An i munogeni ¢ conposition as clained in
any of clainms 1 to 6 which further conprises pneunolysin. 39 0 2 MAR 2005
8. An immunogeni c conposition as clained in any one of clains | to 7

addi tional 1§ compinmsurgesn @djpovisinn as @lained implaim de hsrao rogdivya 158
clainmed in claim8§, er&i ngipe adj uvant conprises an alum niumsalt. 10.
An i munogessteEe TV HS BFBYEd in claim 8, wherein the adjuvant is a
preferential inducer of a TH response. 11. An inmmunogeui c conmposition as
claimed in claim210, wherein the adjuvant conprises at |east one of the

f ol | owi ng: 1BD- MBIy, iramsaggenicn compesitogt asnglaamed iorclam 19,nwhesst ithrleguwant CpG

ol igonucleotide. 12. An i n Lc co ition as clainmed in glaim1l,
wherel -t hEPTBEEF dAi1e0% iyt S04 T GHAR] L MBhot SRR GRTEAESEPUAR: oF o
conpri si ngim a0y Qeimdift gauhsidRde. | i posomes, and an alum niumsalt. 13.
An | nmunogeni cncolrrposiogtféolﬁtggoﬁpositi on as clainmed in. any of clains 1 to 12
for wuse as a nedicanent. 14. A vaccine conprising the i munogenic
conposition of clains 1-12, .. . X . ) .

12."  An immunogenic composition as claimed in claim 11, wherein the adjuvant

comprises a carrier selected from the group comprising: an oil in water erulsion,

liposomes, and an alwminium salt.

13.  An immunogenic composition composition as claumed in any of claims 1 10 12 for

use as a medicament.
14. A vaccine comprising the immunogenic composition of claims 1-12.

15.  Use of a pneumococcal polysaccharide antigen in combination with a
Streptoccocus pneumoniae protein antigen selected from the group consisting of PhtA,
PhtD, PhtB, PitE, SpsA, LytB, LytC, LytA, Spl25, Sp101, Spl128, Sp130 and Spl33,
and optionally a TH1 inducing adjuvant, in the manufacture of a medicament for the

prevention or treatment of pneumonia in patients over 55 years.
16. Use of a pneumococcal polysaccharide antigen in combination with a
Streptoccocus pneumoniae protein antigen selected from the group consisting of PhtA,

PhitD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spi25, Spl101, Spl28, Spl30 and Spl33,
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15. Use of a pneunococcal polysaccharide antigen in conbination 'éh a

St rept occocus pneui noni ae protein antigen selected fromthe grou\m oMéRsmﬂﬁg
of PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl25, Spld, Spl28,
Spl130 and Spl133, and optionally a THL. inducing adjuvant, in the

manuf acture of a nedi canent for the prevention or treatnent of pneunonia in

patients over 55 years. 16. Use of a pn,eurnococgil ol ysacg.hari de.antigen in
combi nat i and wiptibnally s{TREbinubsoeuadByRRGMBNPa N %4 MGEAOET Rt &8F f r om

t he group consi.sting of PhtA,..P1).tD. PhtB, . P SpsA, LytB, LytC, LytA
Spl 25, SplPE§ventpyy igTeanealy é’ﬁl&sgt?)fﬁ,’“ ‘g“{i "5‘%@%‘2005 and optionally a THL

i nduci ng adjuvant, in the manufacture of a nedi canent for the prevention or
treatnment of otitis nmedia in infants or toddlers. 17. A nethod of naking an
i Munogeniig. comnpastiiddost mskiaf ah imchunoganiy carfipasitiminres claimed in any ebapyissl ng t he
steps of: selecting one or nore pneunococcal polysaccharide antigen(s);

sel ecti ng tong, @rrnnmrf@tbﬁé@m’)@%ccal protein antigen(s) fromthe group

consisting of PhtA PhtD __Pht . : Liis):LYtA, Sp 125, Sp |
O 1, Spl28, Sp ngﬁé%am gﬂ%?f;p%g‘fl}é%n&%l g%'s%g?éc}il%% ?/Agéclgﬁ%iri de and protein
antigens W th aefidfih@Bh€oeMetddpfinocddeal protein antigen(s) from the group consisting
of PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC, LytA, Spl25, 5pl0l, Sp128, Sp130 and
Spi33; and

mixing said polysaccharide and protein antigens with a switable excipient.
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