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The present invention provides a nmultival ent inmunogeni c conposition having
15 distinct polysaccharide-protein conjugates. Each conjugate consists of a
capsul ar pol ysaccharide prepared froma different serotype of Streptococcus
pneunoniae (1, 3, 4, 5, 6A, 106B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F or
33F) comjugabrdHPOMNVERTIONRr protein, preferably CRLv1197. The i munogenic
conposition, preferably fornulated as a vacci ne on an al um num based

adj uvant rQvi des _broad coverage _agai nst pneunococcal disease
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15Strep, @W eunoni ae i s a significant cause of serious disease
world-vmége. n i%? the Centers for Disease Control and Prevention (CDC)
estimated there were 3,000 cases of pneunbcoccal neningitis, 50,000 cases
of pneutBOSOREFBRENEESH? RELATTUD APPOICATHINSf pri eunpcoccal otitis nedia
and 5500, 000 caseBNof pneunococcal pneunonia annually in the United States.
See “Centers for D'Sease Control and Prevention, MWR Mrb Mrtal Vkly Rep
201997, 46(RR-8):1-13. Furthernore, the conplications of these di seases can
be si gnFIEICROF IWVIEN'KEIONE studies reporting up to 8% nortality and 25%

neur ol ogi ¢ sequel ae with pneurnococcal neningitis. See Arditi et al., 1998,
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ser ot ypeRM 4, 168 imIMinodéhic a&gpqsh%, ?f&@er&ﬁ Yorfalabdgh 4 Vacab V8 aRal@iARsoccal
di sease in _young children and infants at the tinme, was first |licensed in
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in the i . , there 30 has been a significant reduction in invasive
pneumc%@jﬁ%g%?élz&a@g in children due to the WO

2011/ 100151PCT/ US2011/ 023526 serotypes present in Prevnar. . See Centers
for D sBASEK(@OUND ORMHPINVENIION, MMWR Morb Mortal VklIy Rep 2005,
54(36):893-7. However, there are |i n’itatiﬁns in serotype coverage wWth
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conj ugat e vacci ne including serotypes 1, 3, 4, 5, 6A 10 6B, 7F, 9V, 14,
18C0 1919971 @ R&n8): bAE. Fethgimeee, thetcomplispiinns o thesndisenses eatbesigniicantyith
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30 has been a significant reduction in invasive pneumococcal disease in children due to the



mul tival ent pol ysacchari de-protein conjugate m xture consisting of capsul ar
pol ysaccharides from 15 different serotypes of S. pneunoni ae conjugated to
a carrierwpnotigiontsiand (2) a pharmaceutical ly accept abl ecrarseoien23skéor e
specifically, the present invention provides a 15- 25 val ent pneunobcoccal
conj ugat e vacci ne (PCV-15) conposition conprising a multivalent

pol ysacchari de-protein conjugate m xture consisting of capsul ar

pol ysas &%és%?e%e%tﬁﬁ%%ﬁ@t YRE T chiersSfor Disedse Cbhird Bnd Plovedon, MV WIS G108 9A,
19F, 22 S. pneunoni ae conjugated to a carrier protein;
and a prvranahwm RanQO,S é@:(éé})S%?oVeH@aiiewreﬁwrd aie batapescin Sprotwriseiragmvith  he
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ad ]rrp uvant4:i Whisaeya¥ abd Zﬂg’g}pﬁéﬁébj W&&lﬁmﬁ’fﬁécﬁ%‘g ety Wﬂ%%%ﬁ%@ﬁg e,

20117 10041 BT UBROL Y OF3RE0, Pkt DA G| 148L 8. Alracil ym,'fn@trr)@mrn%fe@msl n a

particu énbodi nent o he’ 1 nvention, the adjuvant 13 alum num phosphat e.
The preseBi8i-BV&nti on al so provi des a met hod of i nduci ng an |rrrrune response

to a '. pneunoni capsul ol ni St to a
human an 5 |mmn$0%?) ot pg]?cpggxggg {}B’&ﬁﬂo @E%H@gg%@ o ér’?i i
CoNposi {419 pneumococcal polysARhRiRSHBLein &%a't@%cﬁﬁh&ﬁr&@tﬁdlﬂg OEBS 128, 4, 5, 6A,
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a nul tival ent inmunogeni c conposition 20conprising, consisting egsentrally

of, or &lacenngivenakp4-Rosesiesies ingHerithy gnfanis ene Foddersy Brasctnsh at de- 48 rdich
conj uga i ach ferent capsul ar
pol ysaciﬁ‘gﬁczg ﬁ? gg{l%a&%eetuggc‘grg%leé 88} rEg:f %ﬁgb%g%%‘?\%h%ro fgr n the capsul ar
pol ysacchari des are prepared from serotypes 1, 3, 4, 5, 6A 68, 7F, 9V, 14,
18C20 19AUMPRR 2 ZF, TRBEN&HNTIBN of S. pneunoni ae, together with a

har naceut i cal | ceptabl.e carrier,. In certain enbodi nent the carrier
B o 5 | o i Fhe SRseiE P Ryl on ComuBee TRy TRy Eomerne I co an

adj Uvammuréﬁ&t gélyé&cﬁérﬁﬂ@ﬁw@m%aﬁ?%iﬂﬁ%@n%ﬁ@ oRsaAlilarbavEacBeRRSat €,
al um num sul f at al umnum hydr oxi de. The present invention also
provi degrom t@dﬂﬁf@ebmfserolrygmfn% pawmqwmrr@nﬁ@g@drﬁ@ecweepls&lrp@eﬁ frfi ae

capsul ar aride I Sid n an
ol GUREAT ARy er B At an VorS She s SRR B e thibh B T
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in infant rhesus nonkeys denonstrated robust antLE re poa? to all 15
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refers to a mxture having those 15 particular S. pneunoni ae pol ysacchari de
protein conjugates and no other S. 10 pneunoni ae pol ysacchari de protein
conjugates froma different serotype.?



St rept ococcus pneunoni ae capsul ar pol ysaccharide - protein conjugates
Capsul ar pol ysacchari des from St eptococcus pneunoni ae can be prepared by

st andar d wechniguss known to those skilled in the art. Por/USz@NPRS26

pol ysacchari des can be isolated frombacteria and may be sized to sone
degree by known nethods (see, e.g., European 15 Patent Nos. EP497524 and
EP497525) and preferably by m crofluidisation. Polysaccharides can be sized
in orde [ [ ' i i g ention, ithdr ove
filtera I?‘?‘?%‘%‘F%’?’%c%gnaﬁ‘ﬁg%? g‘?"}gf" ﬁ%c@%%ﬂﬁuﬁ%mgﬁ%?%eéﬁ on, capsul ar
pol ysacatarntsslenieuprmpsehate. f rom serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,

18C, 19A, 19F, 2 23F and 33F of S. pneurnqgni,ae. Jn. . i ach
pneunococcal pol i%c@ﬁ%@?@é]eéé%ﬁ?%?p‘gow St oflr?%én%mgggﬁ-@am;{%gr%g |Slcj;r$18 The
I ndi vi dugl preehysiae eRtiad pslysicehdridencapsiisidgedintiiseriaR 14 Andad gh st eps
including centrifugation, precipitation, and ultra-filtration. See, e.g.,

U. S.5 Paimenenodggicallyiiestiverumpunt at the abas Inpowmeenis 68WR0HHeP-U. S. Pat. No.
5,847, 112. ' ' . : i: Al REE
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pneur noni ae pol ysaccharide to enhance inmmunogenicity of the pol ysaccharide.
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conjugated to the sane carrier protein (each capsul ar pol ysacchari de

mol exul BRIDEF DESCRIPUUAT €F TIHE DBAWINGScarrier protein). In another

enbodi nent, the capsul ar 30 polgsacchari_des are cggé&%at to.t or nore
car ri er Figetst kiGosnnassemol G far Pplr sistating 9 Be vl AR Mgﬁi%at ed to
a i NG| B GALELELBLLDE Mind PD-HUEROAIae BBRAL TRDhdafRFBrCapsul ar

pol ysaccharide of "the same serotype Is typically conjugated to the sane

car ri er Fipnot Z2iSerotypa@p2eifit/G0'E 54 REOF/PusS204 19e0 85:2an infant thesus monlgAMILO7 is a

non-toxic variant. (] oxoj d) ,of diphtheria toxin. In one enbodiment, it
i s isol HEHYEF Wf%&ﬁ‘&lgshgf” {ﬁ%% 9%'5%%%8? W 8PSt heria strain C7 (i3197)
gr oW i PigBASANIMRAE] CsnpdoN 8A8donRXt¢ Aehn DRSS raBidis bihnuheaRGITETY-15
enbodi ment, CRML97 is prepared recornbinantly in accordance with the

met hods witbeer(Dipabol wituASA @y (Posbdoss H1 FrwgbarsPppote 4P 1a/Cl ke ¢aaSAric s
purified th a . conpi-nafd ] [ ammoni um sul fate
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is prepared in Pseudornonas fluorescens using Pfenex Expression
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i nclude additional_inactivated bacteri al tjoxi ns.such as. DTléDi ig.ht heri a
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03/ 5400%%ewﬁrﬁﬁa@éa%(@ui%%pd!?s%@cha%@@dnj@ga@é, RbMPrisiBY 6mBSst@¥Rl thWHuhankay hol e
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der i vat immuoblogishBy efitative ppPmt, of far oyt rowti velentpRmygPganti GmpopHon.

(Ha philus influyenza rotei n-D; e, £ 5] d 94
61008 or 1 mmunor SgTearTS P AP AR B elite? RRER R R iy
pept i degichoaardir @peaaniiaidentspbass 1dch0 3T 8884 pesicl FEROA 2 #dvch) sre beaparable ek
proteins 25 (See |nternational Patent Appliscation Py Ii,cat{lo_n gos WO

93/ 1771 3hesiseponsrsoier BBI0wmmeybsar RSN Broma ns“\lzp%é@ﬁ% PEmgARa Gzl VabsaE ent
Application Publication No. WO 98/ 58668 and European Patent No. EPO471177),
cyt oki nes, |ynphokines, growth factord or hornones (See International

Pat ent Application Publication No. WD 91/01146), artificial proteins
conprising multiple human CD4+ T cell epitopes fromvarious pathogen
derived antigens (See Falugi et al., 302001, Eur J Immunol 31:3816-3824)
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10in U.S. Pat. No. 5,843,711. The purified polysaccharides are chemcally
activated to nake the sacchari des capable of reacting with the carrier
protei n. Woeeliawbistat ed, each capsul ar pol ysacchari de i C3apasaedsye
conjugated to a carrier protein to forma glycoconjugate. The

pol ysacchari de conjugates nmay be prepared by known coupling techniques.
151 n one enbodi nent, the chem cal activation of the pol ysacchari des and
subseq ' |2Btet@cdiie; |08 & Bf REpACHIcEEde BYotbBans
desor i e e e R D e ef 1 .
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20peri qﬁ@b@ocwcazp@rcbigggj,c acid). The reaction |l eads to a random oxi dative

cl eavage of vicinal hydroxyl groups of the carbohydrates wth thF formation
of rleactive al dehifeterih otppaprises” when us.ed WHESHHIMRBESC1EMBP TR A Berrier

(e g (RRRycERAN R BkBHUPLAY RnaMTcRfIohOls Vulict] hafhinAThiaf | Afsikingl Ne

| ysyl groups of “the protein. For exanpl €, conjugation is carried out "by
react i ng” danghxdgelfbethefantifm motirep et pekdpsacts laad extepiantd. cldertétor "gnas@ign with
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SS u
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on activation of t'he saccharide w t'h 1-cyano-4-di nmet hyl am no pyridi ni urn

t et taf | prevoboivapelys@Dh@)de mofcor sanieipa inea diffesant soTalPact i vat ed sacchari de
may thus be coupled directly or via a spacer (linker) 30 group to an am no
group ofré¢decocans irermpniot eipsulaFpolysacampide — rhleinsgempatesoul d be cysta. mi ne

or cysteamne to give. a thiolate ol ac,chari de cou led to
the carrier via ag?l?ﬁub”épﬂlé’ﬁa%ﬁfmé%@gmﬁfgf’ﬁ%%%%ﬂéeﬁmP %’Etﬂg%hg%%? %r%glg?

mal ei m gg:fed ovitigeksdRbihes tREOEIGIE 1 thE X BEIdx@mpSd, PolysBSrides ca be

hal oacetyl ated carrier protein (for exanple using iodgacetim denée. g. ethyl
WO 201 1istRedsiPChrasikoant) o2aBr8z4dde same dpgree 8Y Keryn Brethqds (fsei o nk yypean

br onpaegt.at e or I : i 3

Coptl oncr Py NEHEPRS ek B 265, S tteri e b Chd pid o Bl e can
adi pi ¢ Beiigedlinhydérag rdcd ABtYsitpndpdlhecaniride saapley atd/sed inpeoh diltedbility for
conjugated to the carrier protein using c bod]ié[i m de. %e.%. EDAG ,or EDC)
cheni st F§RIVgatedprediaho i theypserst BryeRiRR: g‘r‘ﬁﬂl Rolysacrhasides a8 PP Uhat es are
descri begd d.n.d nke iA0 gl l1ibgat bemRullt g&t 190 iNOBre MR 23/ 15760,
WO 95/ ogegﬁlgp%snld 3%%%%/& 28%92&%3%%%? al ., 1983, Infect. |?p%ni ty

40: 245- 256. In one eml@dheent saach abtrendeectsh polvsaschmlesaliobipdils godagn a

hydr azi des, active esters,. nprborane -.Ni trobenzai cid .

N, hylir oXgPeRRSEY eHgG, TS e PR ek PR e Rir i tangard steps

| nt er natjcanmig ‘Pe‘%hﬁﬂéati‘éﬁp%ﬂeﬁi@hhm, Rubhlig dtliramoriNBee Wb 98I A Péht AGplijatigat i on
may involve a 10 car Oé%égl I nker which may be fornmed by reaction of a free

b
hydr oxyPulicstipn dfo. 2O/ Hamdd - SwP et Neph, 3¢ 5d&2-Bet hel | et al ., 1979, J.
Bi ol . Chem 254:2 -4 : 0 8. = 1;
Fo | owed by r eact CaniS P, s ShetBiats phly ot o HATRL GG nkeoberkind
may i nvebmabeduelffeinoimbing andpurtyi &\ ¢aerien mrosint ndegoijugatyd bryjdmssd ydithg oup,

optional protection/deprotection of .the primry _hydroxyl ,gr.Qup, r.eaction of
t he?pri MW”W&WSW@%F‘%@F 18 cfpae Eﬁn“_{lggefl&fﬂ%oé%ﬁ%%?%gﬂg -eCPREer nedi at e
and coupld:ngs Eﬂb%léI%nga{aB?cr@%@naa}a bR SRS r¥dlired NN HABAIHb@Rmént of

pr ot ei n.: ~I'n_one enbodi nent, prior to fornulation, each
pneunoc tegatseobipsentan, PBMisais ebert dsdbe emtipgunteins lnwar emboadimept, et $apadas r om

S. i .activat ot | . | |
con, ugaPRR treTR s e vE v ST e R 3P h G e Y
After coBing@shjudRe®fo 4 figgle apsiel plotdd®) I as@hardntiedimertt e capsnlaer protein,

t he pol ysacchari de-protein conjugates are purified (enriched mﬁtg}r.spect
to Bhe @prbfgmchmdep@xwawﬁ@dit@j%arcp@rdp@ser?awﬁ PIRjERR Jcapl CHRBIAbPOIHTFE a&ﬁea
variety of chnj I : chnd ; t he
ki 11 ed e e S b AR Gk P B LSRR cKIR b

ul trafi lpblhy@idchiidepsfand pinteader@ypeab titpially cogjugated ohhe satocaraphyoteamd dept h
filtration. See, e.g., US. Pat. No. 6, 146,902. Pharnaceuti cal/Vacci ne
Conposi tions The present invention further provides

conposi tions, including pharmaceutical, immnogenic and vaccine

conposi tions, conprising, consisting &ssentially of, or alternatively,
30consi sting of 15 distinct polysaccharide-protein conjugates, wherein each
of the conjugates contains a different capsul ar pol ysacchari de conjugated
to a carrier protein, and wherein the capsul ar pol ysacchari des are prepared
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an adjuvant. These pneunobcoccal conjugates are prepared by separate
processes and bul k fornulated into a single dosage formul ation.

As defi newohergiomisian "adj uvant” is a substance that serpceastaimewdsasnce the
i mrunogeni city of an inmunogeni ¢ conposition of the invention. An immune
adj uvant may 5 enhance an i nmune response to an antigen that is weakly
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phar mac @lﬁé@adtéd’maﬁ%ﬁm]ﬁmﬁipaﬁ BUMTLY) deseripehar @S, PaiaNer4,95a0%h&chalgireous

e

dext d | at 10 | uti el I h ] I
or " pol ydimycktie (BpyBoind caflaaboRs b ats soreirelty e CRaN R B Baf o
par tziscml\%rlnté(t%iﬁﬂsz&;nj ectabl e solutions. Exanples of oils are those of

eta

ani mal, veg e, or synthetic origin, for exag(ﬁ{lgte ;F)eanut oi |, soybean
oil, olive oil, suBfdapwen adjuvants,isseh a5 Qe AcriSTINAFNIP RSr3 e rdigenicpr a

lipid frommlKk s. Th at.i | nt.L o contain
a surfa tr%}ﬂ{n.gkwmgge&’ &g.sﬁré-?@m%téﬁﬁ?f‘%%@§%P§%§f°éﬁ°%@’t@1“’ﬁ%ﬁ$e?%%@t o: the
pol yoxy ghdivhengusieadistan eptBiusosi il aoinplekeoformead by thefcembadtibn ofis t he
Tweens), especially polysorbate 20 and pol ysorbaut‘aejwﬁo; ngﬁgqg) nmers of

et hyl eneholestgel(sEpdninghopphiodingl, and eaPipfIc PipigIns fYATATEE ok1eY@E(BO), sol d
undey, the Dgﬁ Eﬁb [ oPil.ock copol yners;

oct ?)?yno‘ﬁsge,n i ¢ %%Q{ég@%@%aﬁ e n%ﬁn%%rﬁg?hggpgaﬁlnjg’ et hoxy _

(oxy- 1, 2- et hanedi y2) bgta@isptipopuitshcahatidesy symihelic (ipid A @nalXeslB0h appminoalkyl
20t - oct yl phenoxypol yet hoxyet hanol ). hei ng of .particul ar,interest; .

Coct yI praswoRBoITpeTaRyCtraar (e e 5o e Rt iiEPias aeietlen
as phosphap icdyks hold gk heteidivhd in DFNPhPRRNGN 1 8D IEXNE 8l@sACRUEH-[9)-3-he
Tergitorrm series; polyoxyethylene fatty ethers derived fromlauryl,
cetyl, stearyl and ol eyl alcohols (known as Brij surfactants), such as
triethyl enegl ycol nonol autyl ether (BFfij 30): and sorbitan esters (comonly
known as the SPANs), such as sorbitan trioleate 25(Span 85) and sorbitan

nmonol aurate. A preferred surfactant for including in the enulsion is Tween
80 (pol yoxyet hyl ene sorbitan nonool eate). M xt ures of

T — ~r~! o~ ~r- 4 oy e Y o



pol yoxyet hanol s (such as Triton X-100, or other detergents in the Triton
series) 0.001 to 0.1 % in particular 0.005 to 0.02% pol yoxyethyl ene

et hers (swohomsiobsureth 9) 0.1 to 20 % preferably 0.1 tPoTAB2001m03526 N
particular 0.1 to 1 % or about 0.5% In another enbodinment, the

phar maceuti cal conposition is delivered in a 5controlled rel ease system
For exanple, the agent can be adm ni stered using intravenous infusion, a
t ransder ' : € des,. ﬁQﬁ‘ib i.otw@ai.kon. | n another
enbodi ﬁ%{r{?i!m%g)&g& re:tﬂg@%%ﬁﬁrﬁiﬁgﬁngieé@gaﬁgee@qgé i 0isn m f:yr g)s[:;()%je?es in or an

i npl anttetradecanoyloxytetradécanoyd pAp(iorEn titdddppnoexyiteivesinednoplanmeo [dobpounds

difi b he . l. h f - sol ubl S .
Pl yet H§ REMBTEYE PIELiS AT RERERGF SR BT HY NG LOGTGEar. THAL Bol yRPBRSh ene

gl ycol , ,CArResyREsMY br &6l disiosaulsdext ran, pol yvinyl al cohol ,
pol yvi nyl pyrrolidone or proline. Such nodifications may incr eagﬁ t he

pol ! ! |
conpound' s~ sol ubi (5) synthaticagieusisotidss gushors oligrnygleniides eiPBRgGShICEHRance
t he physi d ical_stability of the compound, and greatly reduce the
react og@hggﬁgﬁta{f%féc’%@ﬁ%und. In anot her embodi nent, the desired in vivo
bi ol ogi cal acti vi sy citskiaed)isasked ibygritlidna@ng. ILst, TaL] Hrd dl -$0ki6, IL-7, IL-12,
pol ymer - conpound 15 abducts | ess freque tlé or in |lower doses than with the
unnodi f et dbrifotifd, interferons (e.g. g?m‘ﬁaé‘_ltb’i&lg ) R ﬁﬁ‘ﬁdi‘? 2 #e°%acci ne
conposi %irﬁﬂaﬂi%é%gt\r(/}a ﬁ»@@Fjﬁglakfeﬁg%e' i Bl fingWhdthr GLAIN 1GIbPhASSIs

Havi ng descri I ous enbodi s of 'the invention wth reference to the
20 B cofipnyNE), desonilpbivonokodedBavi amgH7-2tetd;endo be understood that the
invention is not bém'te to thcgie pr.eci sg e odiBrrtenEnso an 3tdhat vari ous
changes and nodi f 72 SPBIFEREI B FPEET QHCPRRFEFN BIFSRE K™ led in the art
wi t hout departi ngyf £RfRet BRAbSGRRE, He Pivaht is@fmikhge bNY,BNbi prast tHetboved in

t he appended clains. The follow ng exanples illustrate, but do not |im.t
the i nvaditizoms, e25. SXANPIES ExANEEEcRulsPRabRr Rt $-dsacy gl mepeRieskispdul ar
Pol ysacgharj de hods of culturing pneunococci are well known in the art.
See, e.é?ﬁ%ﬁ%‘gg,%g)%?, Met hods of | nmunol ogy and | mmunochem stry 1:52.

Met pods of prepar Migad@ pepedesisdedg bucap sl lanitpbloy Neaetybmivlesyldr-8redryd wel |

known in the art. See, e.d., European Patent No.. EPQ497524. | sol.at es ,of

pneumcaéé%iu@m@%sMaPégﬁ%wé%@@% La s&?—écﬁ -%\%Dﬁﬁmﬂoyl"sn~giycef0-3-

2011/ 10 Y ; P-PE). etc]he bacteria are identified as
Bﬁé%%%&ﬁ%@ﬁmne (MTP-PE), etc

encapsu tilTe, "G ampositive, |ancet-shaped diplococci that are
al pha- henol yti c oin Gireodemigalimessshy pdisvant & ai diminsnt sakt dde ghntinemsgki s of

Quel ling.reaction usi speci.fic ant.isera. .See ; . S. : )

S a7. 19av R s e i bl oo PR o st i LTEnim bl

pneds NOg@eGHEs SRHVAIMERSnIAh Bxet arldar@@bclibedieseexabipi, tEHafidvorE. tahé IMEank

Cul ture | l'ection (Rahway, NJ) in a frozen vial. |nocul ati%ﬁﬁgﬁ‘% wed seed
p

cul t ur e (188; tntibredier AderbomienidapelCrldrinsing slarbarelriiany aM iate
pr e- st egidfggfgg%g&swsaygﬁgg%rpa% Iﬁgaﬂlonogwa@.tz@bu@@?. | T SthiddhPsd@cigaaun in

the see or "W erature a pH contro The entire vol unme of
t he seeduf emoehibhiied wadydrdafuesingdiluning hedptepglucthanhfdmice A{TdY), domiminni ng
pre- st erhiy(liriatze,egimgnrigumrg ?rihn)%ge{tea, 'alhgtiigoqglé ,tSiugenrfoFs,ewnra%%togél,i minum (1) hydroxide,
25  aluminum hydroxyphosphate sulfate (Aluminum Phosphate Adjuvant (APA)), amorphous
alumina, trihydrated alumina, or trihydroxyaluminum.

APA is an aqueous suspension of aluminum hydroxyphosphate. APA is
manufactured by blending aluminum chloride and sodium phosphate in a 1:1 volumetric ratio to
precipitate aluminum hydroxyphosphate. After the blending process, the material is size-reduced

30 with a high-shear mixer to achieve a target aggregate particle size in the range of 2-8 pm. The
product is then diafiltered against physiological saline and steam sterilized.

In certain embodiments, a commercially available AI(OH); (e.g. Alhydrogel or

Superfos of Denmark/Accurate Chemical and Scientific Co., Westbury, NY) is used to adsorb

9



15The production fernentation was the final cell growh stage of the
process. Tenperature, pH and the agitation rate was control | ed.

| nact i vatwonofiwofser ment ati on process was term nated vi acrthis2adaeiscon of an
i nactivating agent. After inactivation, the batch was transferred to
the inactivation tank where it was held at 20controll ed tenperature and
agitation. Purification Cell debris was renoved using a conbi nation of
centrifugation _and fiddran -5af i hafi | tered.
The bat® %\I/ﬁs}nta ﬁ%ntho éfu%q "eﬁﬁegg&to %)egs)g’lg\?l Z&n@-ﬁbas 3&1 %}{Ig%t%%gﬁg%t?}grg rﬂ’l?(ﬁgl? q% enove

i mpur i tdepsndnd i esal@renfrokdysancdratht gb(Is@lecEANPL & the pRtap andtheghl of the
Pneunococcal Pol ysacchari de- Cﬁh%g? Con{ u%at. s .Ac iva%i on.Pr 0cess reThe

di f f er emediggr b Piies Xatrlorger! sy iRheiPasiET ey CRTsTLYEPEE ™R B R our i fi ed
ORMLOT GiRfelyEihayPh BRI wifhl1loRor SR AGAGRRS 1kl @Wabllsh aldeps dmnpmasist he
saccharide™I's di ssolved, sized to a target nol ecul ar _mass, .chem call

act i at etbasmisliulyfover @ potanygddd bipels. be abvolved at nepspeaic FHvapon P¥magro 97

i th i t i.th th t. d. i . i

R e e e R -

filtrat gl SQVendlc RIDCSES oM. 2kddht 0045 DOET/ WSROl IBAB&ERE 2 paBanet er s

wi thin each step, such as pH, tenperature, conc,erig'raitl o&, ag}d tl(gﬁ.lar(f .

ser ot ypespeci fi c Mongedentibylprquousiogugaigspredypiegiyplandepyteaetier spbMIBET 1% i ed
I har i, d di I ' a i f /m.. 5

The ar s o S e yuaERR VB8 <hlkoBhCtubR R oReRkialy el By, onld Ter

Wi t Ry pr ggsbd 8hdbRseill bomié-si@iledaind afrelhawohgnesiizdumiadmgthogrhatd diguvant
sacchari de was concentrated and diafiltered with sterile water on &e\ 10 kDa

MACO ul addefliasepsical yTiedaget arinal olupisun; copegnraompti? Y0hee bt dhe afBvarisdadj ust ed

to a pH.of 4.1 with odi, um acet gt e buf nM final concentration.
For ser&%&eﬁb%ﬂﬁwgl, gﬁ%dﬁ@ssg%q%%eagélgp édog‘?w%f—sl' 5.0 was used. For
serotype 10 4, thg &2laii droodi@snts,nBebgtretht &ta GPO-coRtallindabi@itiyls sejuaae,

st opped by cool i ng to 20 - 24 C. St eg 2. Per.i odatepggacti,on The
requi r eforssample pEPCowratainiag PHeoRGIFOUds. dmPEtIFWRL BLRSIHIRERESI sacchari de
actiyati [0 Y o IRANARN A ShE AL is YON §2B0%akEh

m xilﬁg, Oﬁg%&lé%%rggﬁsgﬁéﬁ%g’ﬁ@m&g%@h(ﬁ)roceegﬁ%ﬁ?&eeﬁ 3 - ls20 hours at 20 -
24 C f omaglte asqrindypes Celeydiitbacetfcal &moupl519F for which the tenperature

was 2 - 6 C. Step, 3: Utrafiltratian,, . .__The oxi di.zed. chari de

was concentrated a HGﬂiOQWI}I?%P‘éCgG%%Fh QEGW%?IQ%SP%%%%%%%%M@, pH 6.4 (10
mM sodi %ﬂggﬁf%le_%ﬁse," REE dmdlaf REmS REGIY R&ublkomie RolkBulk Bac MG Ieblideafin ldngth  The
per neat e s discarded and the retentate was adjusted to a pH of 6.3 - 8.4

by 20 adlittomtainghn SnikhylatedGnirmeirss phes e 2b 0V argref aboj03gNesone Prdetsdt St ep
1 nju ion .Reaction The canc .Sac i ! k1t 7
car Phor BRSO oy Ot RS PURRSAFGIRE Lois MR AETHE LoniNE?
sacchar igtigoRMb3deinslulE otk diolicberchabtitly sighary Ynthett interfudl¢oside linkages,

The conjugation reaction was initiated by adding a sodi um cyanobor ohydri de
sol ut i ommadfigkhasegrd/er modifisd 0Ugs| es of sodi um cyanobor ohydri de per nol e of

saccharide. The r j anr j 130. houssaat 20 -
54 °C (8 - 12 C rorey S ERE S Y AifUa gL Gil Mty AAgy heunce

. 30
described, for example, in Sur ef al., 1999, J Immunol. 162:6284-93; Verthelyi, 2006, Methods
25 Mol Med. 127:139-58; and Yasuda ef al., 2006, Crit Rev Ther Drug Carrier Syst. 23:89-110.

Administration/Dosage

The compositions and formulations of the present invention can be used to protect
or treat 2 human susceptible to pneumococcal infection, by means of administering the vaccine
via a systemic or mucosal route. In one embodiment, the present invention provides a method of

30 inducing an immune response to a S. pneumoniae capsular polysaccharide conjugate, comprising
administering to a human an immunologically effective amount of an immunogenic composition

of the present invention. In another embodiment, the present invention provides a method of
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WO 2011/ 100151PCT/ US2011/ 023526 Step 2: Borohydri de Reaction At
the end of the conjugation incubation the reaction mxture was adjusted to

4 - V C, wodoa/pbisef 8 - 10 with either 1.2 M sodi um bi earhspatm2isas f er or

3 M pot assi um phosphate buffer (except serotype 5). The conjugation

reacti on was stopped by adding the 5 sodi um borohydri de solution to achieve
0.6 - 1.0 noles of sodium borohydride per nole of saccharide (0 noles of

borohydri de added f , t] i : InaEshatedef or
15 < bovisrRaRees MupBlag it BRSmor LU RRE LRI HE BpE R e
di af i | t@eadman af irkBAnkdDeal MAERCtiVE aradint bEa imintrhogenicOcomipeisitiemod thegesgal unes
of 100 mM pot assi um phosphate, pH 8.4 buffer. The retentate fromthe 100
kDa ul t™a¢qt%er was diafiltered on a 300 kDa MACO ul trafilter with a

m ni mum of 20 di a“@}%ééggéalﬁf)mﬁ{‘s@fm&ﬁ&iitm SHhOTlvEicatre R8s to a2tbsEreqhired to
perneate was di scarded. Step 4: Sterile Filtration The retentate fromthe

300 % DaclMAGHitbdiEs Tt sigiifeantkygedick the Ikl hpedoigeverity of ifewiny ¢fter and
filled into bor?jl Sili ca‘tae %gsilfggéai ners at appropriate volunes for

r el easePTFEOTHG AR BrOEESETE G POFS, and fornul ation (except serotype
19F). The ser ot yperd REteanblyaieenasn passaded forabgpreserlioR apdior faduttem ¢fnt o a

hol di ng tank and incubated at 20 - 24C. Fol | ow _ng i ncubatian, the conjugate
vas di apiinperdiicshsyadsuesicpaseiieS aresmrrqe BEUgE Rol Y F YR IRISEROS0

di avol u gnigég&?%g%ﬁg%ﬂ@a&@eﬁ%ﬂ?ﬁlff{lorggva'siv%‘}nﬁ‘etio-fl@?ad&?ééfﬁﬁtxﬁedﬁ\@,%nd

di scar ded, retentate was ered through a 0.2 umfilter and
filhed knbgtivorosilicate glass containers at appropriate vol umes for

rel ease testing, in-process controls,.and fornul at.ion. .The .fi :

concentrates wer e ASBRISEALGN 03 the GPUPOSEHER %eé‘?"eﬁ ?Iﬁﬁefnalfl?lgﬁlé E(%]?eaﬁlér @é{e\l%] ent

Pri eurm?rﬁ&ﬁi%h VEPIRL YRR MAGE iirﬂ%gagﬂ?t%néaﬁﬂiﬂiréa%ﬂmﬁ%ﬂ%ﬂ@ﬁﬁ&ﬁeobﬂid&t@pdeC\e'mt rat es
u

were ca ated based on the batch 25 vol une and the bul k sacchari de
concent rakbmhsdmiFhwrationts e dralBlipeniatiy aseE2REr & FORPHERNGTINE 8 0P8 a tar get

adsorption concentration.by.th L L] ' 1 andedi

S st amenpae sl do iR ek 2Pt PR SIER Ol OF BRnedia 3.
was 1§t enhddphiivhi@l edribdy @ygbuotbedi cambrendre affectivEhepretaatdd, thub etternlatingd bul k
was m xed gently during and following its blending with bulk al um num

phosphati@fﬁc’fiﬂli\eatﬂé!%ﬂﬂﬁﬁts%elfapci ne was stored at 2- 8 C. 30In an alternate
process, the Conb'm@qnégn@&%bﬂﬁg&@%n VRIS abihd BEE idlidlati@chsta athduat Gt

concentration by the addition of a sodiumchloride and L-histidine, pH 5.8,
cont ai ninmgucbudf BrmuRpkytsaivbatspoBe widpua dgeidican, adversaaifeelon S FRQUNS fardf

i xt or & 51 SPeRBoR L R PRI ERAETOR ORGSR e BT 1o PN EPALTa T (R
commbsi HEon B e e e e hex: 18 'STabl e 1
Conposi teixamplef cadtljdovanmednpride Nih-150] 200ani®d00.5100af@hor PHewgecbdeal?: 3, 4,
conj ugate Vacol ne, mar Tyl & h9ng, DS B 0%, s 50%0%h % 0.9 85.5%2100 pe.
| Optimal arn’ounts of components for a particular vaccine can be ascertained by
standard studies involving observation of appropriate immune responses in subjects. For
25  example, in another embodiment, the dosage for human vaceination is determined by
extrapolation from animal studies to human data. In another embodiment, the dosage is
determined empirically.
In one embodiment, the dose of the aluminum salt is 10, 15, 20, 25, 30, 50, 70,
100, 125, 150, 200, 300, 500, or 700 pug, or 1, 1.2, 1.5, 2, 3, 5 mg or more, In yet another
30 embodiment, the dose of alum salt described above is per pig of recombinant protein.
In a particular embodiment of the present invention, the PCV-15 vaccine is a
sterile liquid formulation of pneumococcal capsular polysaccharides of serotypes 1, 3, 4,5, 6A,

6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F and 33F individually conjugated to CRM,97. Each 0.5
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Adj uvant ed PCV-15 Non-adj uvanted PCV-15 Active Ingredients Pneunpcoceal

pol ysaccharide antigens 32 pg of total polysaccharide (2 ug of each of the
f ol | owi ngvpabysmershar i de scrotypes 1, 3, 4, 5, 6A, 7F, U/ UK401108326 19A,
19F, 22F, 23F, 33F;, 4 pg of serotype 6B polysaccharide) 32 gg of total

pol ysaccharide (2 1,tg of each of the follow ng pol ysacchari de serotypes 1
3, 4, 5, 6A 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F, 33F;, 4 p.g of serotype 6B

pol ys acrgil %{Jéecgg)fgrmu%%c{ JLoecron aﬁrgbeﬂgnofcggbﬂ' ga:{:cﬂaride‘?gxcggt foPgB%t 4 ng; about 32 pg
CRM;g; carrier protein (e.g., 32 pg + 5 ug, = 3 pg, £ 2 pg, or + 1 pg); 0.125 mg of elemental
aluminum (0.5 mg aluminum phosphate) adjuvant; and sodium chloride and L-histidine buffer.
The sodium chloride concentration is about 150 mM (e.g., 150 mM = 25 mM, & 20 mM, + 15
5 mM, £ 10 mM, or 5 mM) and about 20 mM (e..g, 20 mM £ 5 mM, £2.5mM, 2 mM, £ 1
mM, or % 0.5 mM) L-histidine buffer.

According to any of the methods of the present invention and in one embodiment,
the subject is human. In certain embodiments, the human patient is an infant (less than 1 year of
age), toddler (approximately 12 to 24 months), or young child (approximately 2 to 5 years). In

10 other embodiments, the human patient is an elderly patient (> 65 years). The compositions of
this invention are also suitable for use with older children, adolescents and adults (e.g., aged 18
to 45 years or 18 to 65 years).

Tn one embodiment of the methods of the present invention, a composition of the
present invention is administered as a single inoculation. In another embodiment, the vaccine is

15 administered twice, three times or four times or more, adequately spaced apart. For example, the
composition may be administered at 1, 2,3, 4, 5, or 6 month intervals or any combination
thereof. The immunization schedule can follow that designated for pneumococcal vaccines. For
example, the routine schedule for infants and toddlers against invasive disease caused by 5.
preumoniae is 2, 4, 6 and 12-15 months of age. Thus, ina preferred embodiment, the

20 composition is administered as a 4-dose series at 2, 4, 6, and 12-15 months of age.

The compositions of this invention may also include one or more proteins from S.
preumoniae. Examples of S. preumoniae proteins suitable for inclusion include those identified

in International Patent Application Publication Nos. WO 02/083855 and WO 02/053761.

Formulations
25 The compositions of the invention can be administered to a subject by one or
more method known to a person skilled in the art, such as parenterally, transmucosally,
transdermally, intramuscularly, intravenously, intra-dermally, intra-nasally, subcutaneously,
intra-peritonealy, and formulated accordingly.
In one embodiment, compositions of the present invention are administered via
30  epidermal injection, intramuscular injection, intravenous, intra-arterial, subcutaneous injection,
or intra-respiratory mucosal injection of a liquid preparation. Liquid formulations for injection

include solutions and the like.

12



O her Ingredients Alum num (p.g) ' 125 0 Polysorbate-80 (pig) 0 2.5
L-histidine (mMV 20 20 Sodium Chloride (niM 150 150 Water for Injection
QS. b Q Syvo2fQumntsity of el emental alum numin APA. b Qeamttstyr1sedsbé ci ent
to 0.5 nL, EXAWPLE 4: |nmmunogenicity Studi es 10Experinments were designed
to evaluate the i mmunogenicity of nmultiple formulations of pneunobcoccal
conjugate vaccines in the infant rhesus nonkeys (IRM and New Zeal and Wite

Rabbi ts (NZWR) anju@lonifRaRiof of BEARTINIBACEN bOfIrMuRMMd JsRaBUSIFRRKRY Snuler e
designed to closely match the recomended schedul e for prieurnococcal

conj ugatase viabodre prerfilled seidgStat es, with the infant series given at 2, 4,

and 6 nont hs of e. Jhu ' t ST 526

nonkeys were i i%@%?‘%‘?@%&a?g@ﬁ%ﬂn‘%’ rs}lé% %&gé{e}ﬁgﬁxﬁﬁggl rrnéJnl s%‘ ;eséegéii

vacci neprally, 2niary thud fir@nleeddsn a Taen dditibitofeeorahvidministatian,S@., pan tolad otde

recomrended schedule for U S. children was not adm nisjered. Adulhtﬁra bits
S

(NZVR) Weeré pispagtion 89/ orat ormuiatipny iacipde BbIfLs. cansiss ol b ganvigpvieets il e s

wer e p%}e ;?l&lgﬁﬂicﬁﬁ a FRuMAGH iﬂauéé)%ﬁtﬁ&isyﬁ@g%&m@, RsetdiSisakallslots WBRK

5interva mruni zati1 on regi men. For the preclinieal 'eval uation of i mmune
r esponsasl thalikeil | human dose was delivered to rabbits whereas infant

nal - human dose. frPAFEE ARG EYe 6 ad atiaot BT ferridardis SR s aPRe poptike
that cagReuAdNMidnsRERMAsbAs, ieRfuliéns/JI@SLS ERBAKIEY 6f hdhaguddul gl@eritvdeanuscul ar
site. Assessnment of Serotype-specific |1gG Responses

10 propylene glycol, polyethylene glycol, and injectable organic esters such as ethyl oleate.

Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or suspensions, including
saline and buffered media. Examples of oils are those of animal, vegetable, or synthetic origin,
for example, peanut oil, soybean oil, olive oil, sunflower oil, fish-liver oil, another marine oil, or
a lipid from milk or eggs.

15 The pharmaceutical composition may be isotonic, hypotonic or hypertonic.
However it is often preferred that a pharmaceutical composition for infusion or injection is
essentially isotonic, when it is administrated. Hence, for storage the pharmaceutical composition
may preferably be isotonic or hypertonic. If the pharmaceutical composition is hypertonic for
storage, it may be diluted to become an isotonic solution prior to administration.

20 The isotonic agent may be an ionic isotonic agent such as a salt or a non-ionic
isotonic agent such as a carbohydrate. Examples of ionic isotonic agents include but are not
limited to NaCl, CaCl,, KCI and MgCl,. Examples of non-ionic isotonic agents include but are
not limited to mannitol, sorbitol and glycerol.

It is also preferred that at least one pharmaceutically acceptable additive is a

25  buffer. For some purposes, for example, when the pharmaceutical composition is meant for
infusion or injection, it is often desirable that the composition comprises a buffer, which is
capable of buffering a solution to a pH in the range of 4 to 10, such as 5 to 9, for example 6 to 8.

The buffer may for example be selected from the group consisting of TRIS,
acetate, glutamate, lactate, maleate, tartrate, phosphate, citrate, carbonate, glycinate, histidine,

30 glycine, suecinate and triethanolamine buffer.

The buffer may furthermore for example be selected from USP compatible buffers
for parenteral use, in particular, when the pharmaceutical formulation is for parenteral use. For

example the buffer may be selected from the group consisting of monobasic acids such as acetic,
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10A mul ti pl exed el ectrochem | um nescence (ECL) assay was devel oped for use
with rabbit and rhesus nonkey serum based on a human assay using Meso Scal e
Di scover ywokBD)100sechnol ogy whi ch utilizes a SULFO TAGTmpCahmsboitifais2en t s

| i ght upon el ectrochem cal stimnulation. See Marchese et al., 2009, din
Vacci ne I munol 16:387-96. Using a dedicated ECL pl ate reader, an
electrical current is placed across the pl ate-associ ated el ectrodes
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1967, Methods of Immunology and Immunochemistry 1:52. Methods of preparing
30 pneumococcal capsular polysaccharides are also well known in the art. See, e.g., European

Patent No. EP0497524. Tsolates of pneumococcal subtypes are available from the ATCC.
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The bacteria are identified as encapsulated, non-motile, Gram-positive, lancet-
shaped diplococci that are alpha-hemolytic on blood-agar. Subtypes are differentiated on the
basis of Quelling reaction using specific antisera. See, e.g., U.S. Pat. No. 5,847,112.

Cell Banks

5 Cell banks representing each of the S. preumococcus serotypes present in PCV-15
were obtained from the Merck Culture Collection (Rahway, NJ) in a frozen vial.
Inoculation

A thawed seed culture was transferred to the seed fermentor containing an
appropriate pre-sterilized growth media.

10 Seed Fermentation

The culture was grown in the seed fermentor with temperature and pH control.
The entire volume of the seed fermentor was transferred to the production fermentor containing
pre-sterilized growth media.

Production Fermentation

15 The production fermentation was the final cell growth stage of the process.
Temperature, pH and the agitation rate was controlled.
Inactivation
The fermentation process was terminated via the addition of an inactivating agent.
After inactivation, the batch was transferred to the inactivation tank where it was held at

20 controlled temperature and agitation.

Purification
Cell debris was removed using a combination of centrifugation and filtration. The
batch was ultrafiltered and diafiltered. The batch was then subjected to solvent-based

fractionations that remove impurities and recover polysaccharide.
25  EXAMPLE 2: Preparation of Pneumococcal Polysaccharide-CRMigy Conjugates

Activation Process

The different serotype saccharides are individually conjugated to the purified
CRM,o7 cartier protein using a common process flow. In this process the saccharide is dissolved,
sized to a target molecular mass, chemically activated and buffer-exchanged by ultrafiltration.
30  The purified CRMjo7 is then conjugated with the activated saccharide and the resulting conjugate

is purified by ultrafiltration prior to a {inal 0.2 pm membrane filtration. Several process
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parameters within each step, such as pH, temperature, concentration, and time are serotype-
specific as described in this example.

Step 1: Dissolution

Purified polysaccharide was dissolved in water to a concentration of 2 — 3 mg/mL.
S The dissolved polysaccharide was passed through a mechanical homogenizer with pressure
preset from 0-1000 bar. Following size reduction, the saccharide was concentrated and
diafiltered with sterile water on a 10 kDa MWCO ultrafilter. The permeate was discarded and
the retentate was adjusted to a pH of 4.1 with a sodium acetate buffer, 50 mM final
concentration. For serotypes 4 and 5, 100 mM sodium acetate at pH 5.0 was used. For serotype
10 4, the solution was incubated at 50° + 2° C. Hydrolysis was stopped by cooling to 20 - 24° C.

Step 2: Periodate Reaction

The required sodium periodate molar equivalents for pneumococcal saccharide
activation was determined using total saccharide content. With thorough mixing, the oxidation
was allowed to proceed between 3 — 20 hours at 20 - 24° C for all serotypes except 5, 7F, and

15 19F for which the temperature was 2 - 6° C.

Step 3: Ultrafiltration

The oxidized saccharide was concentrated and diafiltered with 10 mM potassium
phosphate, pH 6.4 (10 mM sodium acetate, pH 4.3 for serotype 5) on a 10 kDa MWCO
ultrafilter. The permeate was discarded and the retentate was adjusted to a pH of 6.3 — 8.4 by

20  addition of 3 M potassium phosphate buffer.

Conjugation Process

Step 1: Conjugation Reaclion

The concentrated saccharide was mixed with CRM), o7 carrier protein ina 0.2~ 2
25  to 1 charge ratio. The blended saccharide-CRM 97 mixture was filtered through a 0.2 pm filter.
The conjugation reaction was initiated by adding a sodium cyanoborohydride
solution to achieve 1.8 — 2.0 moles of sodium cyanoborohydride per mole of saccharide. The
reaction mixture was incubated for 48 — 120 hours at 20 - 24° C (8 - 12° C for serotypes 3, 5, 6A,
7E, 19A, and 19F).

30
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Step 2: Borohydride Reaction

At the end of the conjugation incubation the reaction mixture was adjusted to 4 -
8° C, and a pH of 8 — 10 with either 1.2 M sodium bicarbonate buffer or 3 M potassium
phosphate buffer (except serotype 5). The conjugation reaction was stopped by adding the

5 sodium borohydride solution to achieve 0.6 — 1.0 moles of sodium borohydride per mole of
saccharide (0 moles of borohydride added for serotype 5). The reaction mixture was incubated
for 45 — 60 minutes.

Step 3: Ultrafiltration Steps

The reaction mixture was diafiltered on a 100 kDa MWCO ultrafilter with a
10 minimum of 20 volumes of 100 mM potassium phosphate, pH 8.4 buffer. The retentate from the
100 kDa ultrafilter was diafiltered on a 300 kDa MWCO ultrafilter with a minimum of 20
diavolumes of 150 mM sodium chloride at 20 - 24° C. The permeate was discarded.
Step 4: Sterile Filtration
The retentate from the 300 kDa MWCO diafiltration was filtered through a 0.2

15 wm filter and filled into borosilicate glass containers at appropriate volumes for release testing,
in-process controls, and formulation (except serotype 19F). The serotype 19F conjugate was
passed through a 0.2 pm filter into a holding tank and incubated at 20 - 24°C. Following
incubation, the conjugate was diafiltered on a 300 kDa MWCO ultrafilter with a minimum of 20
diavolumes of 150 mM sodium chloride at 20 - 24° C. The permeate was discarded, and the

20 retentate was filtered through a 0.2 um filter and filled into borosilicate glass containers at
appropriate volumes for release testing, in-process controls, and formulation. The final bulk

concentrates were stored at 2 - 8° C.,

EXAMPLE 3: Formulation of a 15-valent Pneumococcal Conjugate Vaccine
The required volumes of bulk concentrates were calculated based on the batch

25  volume and the bulk saccharide concentrations. The combined 15 conjugates were further
diluted to a target adsorption concentration by the addition of a sodium chloride and L-histidine,
pH 5.8, containing buffer. After sufficient mixing, the blend was sterile filtered through a 0.2
pm membrane. The sterile formulated bulk was mixed gently during and following its blending
with bulk aluminum phosphate. The formulated vaccine was stored at 2 - 8° C.

30 In an alternate process, the combined 15 conjugates were further diluted to a target
concentration by the addition of a sodium chloride and L-histidine, pH 5.8, containing buffer.

Polysorbate 80 was added to a final concentration of 0.005%, to the diluted buffered conjugate
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mixture prior to sterile filtration. Following sterile filtration, the formulated vaccine was stored

at2—-8°C.
Table 1 shows the final composition of the adjuvanted and non-adjuvanted form
of PCV-15.
5 Table 1: Composition of Adjuvanted and Non-Adjuvanted 15—valent
Pneumococcal Conjugate Vaccine Formulations
Clinical Formuiations, wnit/0.5 mL dose
Description of Ingredients Non-adjuvanted
Adjuvanted PCV-15
PCV-15
32 yg of fotal
32 ug of total
polysaccharide
polysaccharide
(2 ug of each of the
{2 pg of each of the
following
following
polysaccharide
Preumococcal polysaccharide
Active serotypes 1, 3,4, 5,
polysaccharide antigens serofypes 1, 3, 4, 5, 6A,
Ingredients 6A,TF, 9V, 14, 18C,
7F, 9V, 14, 18C, 19A,
19A, 19F, 22F, 23F,
19F, 22F, 23F, 33F,;
4 f 6B B
ug of serotype
& oF 4 ng of serotype 6B
polysaccharide)
polysaccharide))
Carrier protein CRM, o7 ~32 pg ~32ug
Aluminum (pg)" 125 0
Polysorbate-80 (ug) 0 2.5
Other
L-histidine fmM) 20 20
Ingredients
Sodium Chloride (mM) 150 150
Water for Injection Q.SsF Q.8
? Quantity of elemental aluminum in APA. > Quantify sufficient to 0.5 mL.
EXAMPLE 4: Immunogenicity Studies
10 Experiments were designed to evaluate the immunogenicity of multiple

formulations of pneumococcal conjugate vaccines in the infant rhesus monkeys (JRM) and New
Zealand White Rabbits (NZWR) animal models. Experiments in infant rhesus monkeys were
designed to closely match the recommended schedule for pneumococcal conjugate vaccine in

United States, with the infant series given at 2, 4, and 6 months of age. Thus, infant rhesus

19
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not administered. Adult rabbits (NZWR) were used to evaluate multiple vaccine formulations.
NZWR studies were performed using two vaccine doses given in an accelerated (2-week
5  interval) immunization regimen. For the preclinical evaluation of immune responses, a full
human dose was delivered to rabbits whereas infant monkeys received a half-human dose. The
rationale for selecting a half-human dose for infant monkeys was due to limitations in the volume
that can be administered to infant rhesus monkeys in a single intramuscular site.

Assessment of Serotype-specific IeG Responses

10 A multiplexed electrochemiluminescence (ECL) assay was developed for use with
rabbit and thesus monkey serum based on a human assay using Meso Scale Discovery (MSD)
technology which utilizes a SULFO-TAG™ label that emits light upon electrochemical
stimulation. See Marchese ef al., 2009, Clin Vaccine Immunol 16:387-96. Using a dedicated
ECL plate reader, an electrical current is placed across the plate-associated electrodes resulting in

15 aseries of electrically induced reactions leading to luminescent signal. The multi-spot
configuration used in development and validation was 10 spots/well in a 96-well plate ~ format,
and each well was coated with 5 ng pneumococcal (Pn) polysaccharide (Ps) per spot. Two plate
formats were used to ensure that crossreacting polysaccharides (i.e., 6A and 6B, and 19A and
19F) were tested in separate plates. Plate format 1 contained serotypes 3, 4, 6B, 9V, 14, 18C,

20  19F, and 23F whereas plate format 2 contained serotypes 1, 5, 6A, 7F, 19A, 22F and 33F. Each
well also contained two bovine serum albumin (BSA) spots which were used to assess the
background reactivity of the assay (i.e., the response associated with serum and labeled
secondary antibody in the absence of PnPs). Assay standard (89SF-2), controls, and test sera
were diluted to appropriate levels in phosphate buffered saline (PBS) containing 0.05% Tween

25 20, 1% BSA, 5 ug/ml C-polysaccharide (CPs), 10 pg/mi serotype 25 polysaccharide (PnPs25)
and 10 pg/mi serotype 72 polysaccharide (PnPs72) and incubated overnight at 4°C (2 to 8°C) or
at ambient temperature for 45 minutes. Human antibody reagents and standards were used when
testing the infant monkey samples whereas SULFO-TAG™-labeled anti-rabbit IgG was used as
the secondary antibody when testing rabbit serum samples. Each antigen coated plate was

30  incubated at ambient temperature for 1 hour on a shaker platform with blocking agent. Plates
were washed with 0.05% PBS-T and 25 L per well of the pre-adsorbed and diluted test sera was
added and incubated for 45 min at ambient temperature on a shaker platform. Plates were
washed with 0.05% PBS-T and then MSD SULFO-TAG™ labeled-goat anti-human IgG
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on a shaker platform. Plates were washed with 0.05% PBS-T and 150pL of MSD Read Buffer-T
4X (with surfactant) diluted 1:4 in water added to each well. The plates were read using a MSD
5 Sector Imager Model No. 2400 or 6000. For rabbit studies, the results are presented as geometric
mean titers (GMTs) or ratios of GMTs. For infant rhesus monkey studies, the results were
expressed as geometric mean concentrations read from a standard curve using the serotype-
specific IgG concentrations assigned to the human reference standard (89 SF-2).
Assessment of Functional (Opsonophagocytic) Responses
10 Samples from infant rhesus monkey study 2 were tested in a 4-plexed MOPA
assay (MOPA-4). See Burton ef al., 2006, Clin Vaccine Immunol 13:1004-9. The assay uses
bacterial strains selected to be resistant to one of 4 antibiotics so that the first part of the assay
(opsonization and uptake into differentiated HL-60 cells) can be performed with up to 4
serotypes at a time. The read-out for bacterial killing is done in parallel in the presence of each
15 of the 4 antibiotics to which the corresponding strains are resistant in order to determine killing
titers for each specific serotype. Results are expressed as the reciprocal dilution at which 50%
killing is observed (after interpolation).

Statistical Methodology for Preclinical Studies

Both animal models have limitations related to sample size. In general, 8 infant
20 monkeys or 8 rabbits were used per study arm. With 8 animals per arm a critical fold difference
in geometric mean titer between treatment arms of 2.5 fold was regarded as a meaningful
response threshold. The 2.5-fold difference was determined based on the assumption that for

each serotype, the standard deviation of the natural log transformed titers within a treatment arm
is n(2). Letting Y_, denote the mean of the /n transformed titers in the i treatment arm, »; the

25  number of animals within the i treatment arm, ;> the known variance of the In transformed

titers among animals within the i treatment arm, and setting »; = 8 and o/ = (In(2))* for all

= - Y -¥
then the value of 2.5 is obtained by solving for ¢’/ where ———L— =7, ., and Zy.995
7 N 0.995
Cfv' + o'k
n, o,

denotes the inverse of the standard normal cumulative distribution, with a probability of 0.995
(i.e., Zygos = 2.576). Note that the calculated value of 2.44 is rounded to 2.5 as 2.5 also provides

30  for a convenient reciprocal in 0.4.
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2.32 2.55 18C 0.87 0.6 0.52 0.27 19F 0.66 0.76 2.70 1.25 23F 0.36 0.30 1.22
0.41 Serotype-specific 1gG responses were generally within

2. 5-fol d wd 20hoenr espondi ng responses to Prevnar(r). AQCTASeC@PRIZN6 WaS
serotype (23F), which was > 2.5-fold lower than that to Prevnar(r) in 2 of
4 experinments. The fold-rise in antibody |evels to the non- 15 Prevnar(r)
serotypes fromDay O to Day 28 (Post-dose 2, PD-2) are summari zed in Table

4. Tabl $erdtype-specifiFigiGoRespesse((PdshnidRissudMenkeyd dBEMI) ol V-d& Responses to

oo T o o kil TSR B D
infant rhesus monkeys (IRMs) would be a good model in which to evaluate Pn polysaccharide
CRM ;97 conjugate vaccines. The primary goal of the experiment was to determine whether

5  IRMs (like human infants) would be unresponsive to free Pn polysaccharides but respond well
to conjugate vaccines. Groups of 5 IRMs were injected starting at 2-3 months of age with either
Pn polysaccharide, Prevnar® or PCV-15. Three doses of vaccine were administered
intramuscularly (IM) at 2 month intervals, and serotype-specific IgG responses were measured
prior to the first dose and at 1 month postdose 2 and at 1 month postdose 3 using a multiarray
10 electrochemiluminescence (ECL) assay (data not shown).

The results indicated that IRMs responded poorly, if at all, to free Pn
polysaccharide but very well to the conjugate vaccines. The results indicated that induction of an
IgG response to Pn polysaccharides in infant rhesus monkeys was dependent upon conjugation of
the polysaccharides to a carrier protein and therefore was a classic T-cell dependent response.

15  Thus, the IRM model was determined to be suitable for evaluating PCV-15 formulations.

A second study (IRM-2) was conducted to evaluate a formulation of PCV-15
using a bulk conjugation process that minimized free (unconjugated) polysaccharide and
unconjugated CRMj¢7. Figure 1 shows the postdose 2 (PD-2) and postdose 3 (PD-3) IgG
responses to PCV-15 versus Prevnar® for the 7 serotypes contained in Prevnar® (4,68, 9V, 14,

20 18C, 19F, 23F). PD-2 responses to PCV-15 were equivalent or slightly lower than the
corresponding responses 10 Prevnar” whereas PD-3 responses to PCV-15 were somewhat higher
than those elicited by Prevnar® for nearly all serotypes.

IRM responses to the non-Prevnar serotypes in PCV-15 are shown in Figure 2.
PD-2 responses 1o the non-Prevnar serotypes in PCV-15 were all at least 10-fold higher than

25 baseline (pre-vaccination) IgG concentrations, and titers continued to rise at PD-3.

The results indicate that antibody responses to PCV-15 and Prevnar® were
comparable for the 7 common serotypes and that post-vaccination responses to PCV-15 were >
10-fold higher than baseline for the 8 added serotypes.

Functional (Opsonophagocytic) Immune Response of JRMs to PCV-15

30 In order to determine whether PCV-15 induced functional antibody responses in
infant monkeys, an opsonophagocytic killing (OPA) assay was performed on sera from JRM-2.
Pre-vaccination, PD-2, and PD-3 responses to PCV-15 and Prevnar® are shown in Table 2. The

results shown are the GMTs from serum samples from 7-8 monkeys per time point assayed in
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33.6 16.2 61.5 28.5 5 12.8 70.2 112.0 134.0 6A 21.3 77.8 143.0 123.0 7F
42.0 83.8 194.0 108.0 19A 40.5 79.1 450.0 314.0 22F 45.7 87.8 243.0 135.0
WO 2011/ MO0LBIAGITsWS2011/ 023526 PCT/US2011/023526

duplicate. Also shown are the percent responders (i.e., those with OPA titers > 8) at the PD-3
time point. PCV-15 induced a high PD-2 GMT for all serotypes except types 1 and 33F. After 3
vaccine doses, PCV-15 induced high OPA GMTs to each serotype and a 100% OPA response
rate for all 15 serotypes contained in the vaccine. Of note, PCV-15 also induced a good

5 crossreactive OPA response to serotype 6C, which is not in the vaccine. Prevnar® induced high
OPA titers and a 100% response rate for all serotypes contained in that vaccine, but it induced
only a weak crossreactive response to serotypes 6A and 6C in a fraction of monkeys.

Table 2: Serotype-Specific OPA GMTs in Infant Rhesus Monkeys after
Vaccination with PCV-15 or Prevnar®
10 (Pre-vaccination, PD-2, and PD-3 geometric mean titers and
PD-3 percent responders with a titer >8)

Prevnar PCV-15
PD-3 PD-3
Responders Responders
Serotype | Pre | PD2 | PD-3 | (titers=8) ' pre ppp | pp-3 | (titers=8)
1 n.d. n.d. n.d. n.d. 4 65 340 100%
3 n.d. n.d. n.d. n.d. 3 1442 1548 100%
4 4 11459 5004 100% 4 5280 3453 100%
5 4 4 4 0% 4 1879 1719 100%
6A 4 21 113 57% 4 1188 7807 100%
6B 8 8294 6043 100% 4 2477 9601 100%
6C 4 11 16 29% 4 1038 5134 100%
TE 4 4 71 43% 4 7541 10092 100%
9V 4 1779 748 100% 4 625 1297 100%
14 8 12395 7782 100% 4 11366 9891 100%
18C 4 5571 1718 100% 4 1934 1701 100%
19A 4 15 4 0% 4 2210 1895 100%
19F 4 1365 432 100% 4 2535 4021 100%
22F n.d. n.d. n.d. n.d. 4 2489 7298 100%
23F 4 1789 2126 100% 4 3093 2465 100%
33F n.d. n.d. n.d. n.d. 4 14 11548 100%
Note: Serotypes contained in Prevnar are bolded. Results for serotype 6C are shown in Halics since that serotype is not
contained in PCV-15.
n.d. not determined

Evaluation of PCV-15 Formulations in New Zealand White Rabbits
is PCV-15 formulations were evaluated in 4 studies in adult New Zealand White
Rabbits (NZWRs) using a compressed immunization regimen in which rabbits received a full

human dose of vaccine at day 0 and day 14, and serum was collected at day 0, 14 and 28 for
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Ef fect of Pol ysacchari de Conjugate Vacci ne Dose on | munogenicity in NZWRs
The i nmunogenicity of an increased dose (doubl e dose, 2x) of polysaccharide
conj ugat esowas/@mbse eval uated for all serotypes contai nedTius28@v23526
conpared with the planned 5 human dose (1x) of the vaccine. For the 2x

pol ysaccharide conjugate formulation, the APA concentration was increased
to 1.5x in order to assure that nost of the conjugate woul d be bound to the
al um numahdjsuvdndtudidsweledanclinmrEabivih Brevind endlascsunmbarepp éatalileo 3 EZAVR
significant. benefit in increasing the amount of polysaccharide-conjugate in
t he vacctRfE™MepStlr&k ences across all serotypes were within 2-fold., and the
georretric nmean f okebuliahieBnbh O3 3 TRPEONES lpdhesl GARAY zwamwgne Tabl e
5 Post-dose 2 Geonetric Mean IgGtiters &95% confidence intervals) with

Pr evnarrabbifsexgayeed ajagetiopf @@geqxsem@rmem £ respomss &0 MerdkRC (96 avar NZV\R 15

Tr e&t rrelr;t na'rs%nggogypg%J fo%u%oxfgetg\?@l%{h% 3&‘3“6‘%% PCV- 15/ 1x PCV- PrevnarTM | x

erotype 8) 15 4 736,400 436, 000
472, 100 1.1 Table 3
Post-dose 2 IgG Response Ratios (PCV-15:Prevnar™) of Lead PCV-15 Formulations Tested in

NZWR

1 | NZWRZ | NZWR:3 | NZWi

0.59 0.63 1.06

0.49 1.53 0.45

1.79 1.70 1.31

0.58 2.32 2.55

18C 0.87 0.6 0.52 0.27

19F 0.66 0.76 2.70 1.25

23F 0.36 0.30 1.22 0.41

Serotype-specific IgG responses were generally within 2.5-fold of the
corresponding responses to Prevnar®. An exception was serotype (23F), which was > 2.5-fold
lower than that to Prevnar® in 2 of 4 experiments. The fold-rise in antibody levels to the non-

15 Prevnar® serotypes from Day 0 to Day 28 (Post-dose 2, PD-2) are summarized in Table 4.

Table 4
Fold-rise (Post-dose 2:Pre-dose 1)} in IgG Responses to Non-Prevnar™ Serotypes of PCV-15
20 Lead Formulations Tested in NZWR

Serotype | NZWR1 | NZWR:2 WR-3

1 14.9 30.5 55.1 59.9

3 33.6 16.2 61.5 285

5 12.8 70.2 112.0 134.0

6A 213 77.8 143.0 123.0

T 42.0 83.8 194.0 108.0

194 40.5 79.1 450.0 314.0

22¥ 45.7 87.8 243.0 135.0
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(483200, 1122400) (199700, 951700) (246800, 902900)

196,900 1.1

345, 200 198,900 273,600 1.4

|

33F i 21.7

| 47.9

98.8

613 363, 600 176, 500
(205000, 644800) (72800, 427800) (85900, 451400)
534, 700 580,2600100151

9V 298, 200

(173800, 511700) (362800, 788100) @BEAB0M,/09B000) 14
(200200, 595000)

69.4 I

Bffect of Polysaccharide Conjugate Vaccine Dose on Immunogenicity in NZWRs
The immunogenicity of an increased dose (double dose, 2x) of polysaccharide

conjugates was also evaluated for all serotypes contained in PCV-15 compared with the planned

§  human dose (1x) of the vaccine. For the 2x polysaccharide conjugate formulation, the APA

concentration was increased to 1.5x in order to assure that most of the conjugate would be bound

to the aluminum adjuvant. As shown in Table 5, there did not appear to be a significant benefit

in increasing the amount of polysaccharide-conjugate in the vaccine. Differences across all
serotypes were within 2-fold., and the geometric mean fold-ratio (1x PCV-152X PCV-15 +1.5X
10 APA)was 1.1

Table 5

Post-dose 2 Geometric Mean ng titers (95% confidence intervals) with Prevnar®, 1x Human
dose of PCV-15" or 2x Human Dose of PCV-157 in NZWR

15

Fold-
Treatment Arm Difference
Ratio of
2x PCV-
Prevaar™ IxPCV-15 2xPCV-15 15/1x PCV-
Serotype (n=8) (n=8) {n=8) 15
4 736,400 436,000 472,100 1.1
(483200, 1122400) (199700, 951700) (246800, 502900)
6B 363,600 176,500 196,900 11
(205000, 644800) {72800, 427800} (85900, 451400)
9V 298,200 534,700 580,600 1.1
(173800, 511700) (362800, 788100) (366300, 920200)
14 345,260 198,900 273,600 1.4
(200200, 595000) {94500, 418700) (229500, 326100)
18C 954,508 573,000 455,900 0.3
(815700, 1116800) (396900, 827400) (245100, 8480060)
19F 720,100 548,000 544,300 1.0
(475700, 1090200) (367700, 816800) (269000, 1101400)
23F 816,360 246,200 188,500 0.8
(565100, 1179100) (117260, 517100} {78100, 454809)
1 5,300 91,500 72,200 0.8
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(94500, 418700) (229500, 326100)
1116800) (396900, 827400) (245100, 848000)

188, 500 0.8

6A

TF

19A

22F

33F

(3100, 9200)
12,000
(8600, 16800)
5,700
(4100, 7900)
525,900
(275000, 1005600)
4,600
(4000, 5200)
432,800
(237800, 787800)
6,000
(4400, 8100)
6,600
(4700, 9300)

(62600, 133600)
32,300
(19600, $3000)
245,600
(114200, 528200)
186,700
(71300, 488600)
326,900
(238000, 449000)
260,900
(145500, 468000)
359,800
(239000, 541700)
177,400
(118300, 266200)

18C 954, 500 573, 000 455,900 0.8

(815700,

19F 720, 100 548, 000 544,300 1.0
(475700, WO20R0M154367700, 816800) (269000, 1101400)

(46700, 111600)
23,600
(14100, 39400)
224,600
(136700, 369100)
251,800
(102300, 620100)
212,200
(134200, 335500)
276,100
(153200, 497600)
345,300
(221200, 539000)
138,500
(68300, 280900)

2BFETAK601300352616, 200

(565100, 1179100) (117200, 517100) (78100, 454800)

0.7

0.9

1.3

0.6

1.1

1.0

0.8

*Formulated with 1x aluminum adjuvant (APA)

¥ Formulated with 1.5% APA

Effect of Aluminum Adjuvant on Immunogenicity of PCV-15 in NZWRs
The impact of aluminum adjuvant (APA) on antibody responses was evaluated in

one rabbit study. PCV-15 formulated with the planned human dose of APA (PCV-15 1x APA),
with double the planned human dose of APA (PCV-15 2x APA), and without any aluminum
adjuvant (PCV-15 0x APA), were tested. A Prevnar®™ group was also included in the study.

The PD-2 results indicated that doubling the concentration of APA had little

10 impact on the serotype-specific IgG response to PCV-15. The fold-difference in titer (1x
APA/2x APA) ranged from 0.6 (serotype 6B) to 2.3 (serotype 22F) and geometric mean fold-

ratio across the 15 serotypes was 1.1. In the absence of aluminum adjuvant antibody titers

appeared lower for many of the serotypes relative to PCV-15 with 1x APA. The fold-difference

in titer (1x/0x) ranged from 0.5 (serotype 5) to 2.9 (serotype 23F) and the geometric mean fold-

15  ratio across the 15 serotypes was 1.4. Overall, there does not appear to be a genuine advantage to

doubling the level of aluminum adjuvant and there appears to be a disadvantage to eliminating

the adjuvant (Table 6) in this animal model.

The PD-2 results indicated that there was a decrease in antibody titers for many of

the serotypes in the arm that did not contain Aluminum Phosphate Adjuvant (APA) when

20 compared to PCV-15 containing APA (Figure 3) indicating a requirement for the inclusion of an
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5,300 91,500 72,200 0.8 WD 2011/100151 (3100, 9200) (62600, 133600)
(46700, 111600) PCT/ US2011/ 023526 3 12,000 32, 300 23,600 0.7 (8600, 16800)
(19600, 58000)1/(04k100, 39400) 5 5,700 245, 600 224, 600 @CH/USEH1083524900)
(114200, 528200) (136700, 369100) -

aluminum adjuvant for optimal PCV-15 immunogenicity in rabbits. In addition, no benefit was

found when double the amount of APA was included in the vaccine {data not shown).
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359, 800 345,300 1.0 (4400, 8100) (239000, 541700) (221200, 539000) 33F

6, 600 177,400 138,500 0.8 (4700, 9300) (118300, 266200) (68300, 280900)
*For mul atwad 20itvooisx al um num adj uvant ( APA) For nmul at ed WCThus20190235BW Ef f ect
of Al um num Adj uvant on | nmunogenicity of PCV-15 in NZWRs 5The inpact of

al um num adj uvant (APA) on anti body responses was eval uated in one rabbit
study. PCV-15 fornulated with the planned human dose of APA (PCV-15 | x
APA), with double the planned human dose of APA (PCV-15 2x APA), and

wi t hout any al um num adj uvant (PCV-15 Ox APA), were tested. A Prevnar group
was al so included in the study. The PD-2 results indicated that doubling
the concentration of APA had |ittle 10i npact on the serotype-specific 1gG
response to PCV-15. The fold-difference in titer (Ix APA/ 2x APA) ranged
fromO.6 (serotype 6B) to 2.3 (scrotype 22F) and geonetric nean fold-ratio
across the 15 serotypes was 1.1. In the absence of al um num adj uvant

anti body titers appeared |ower for many of the serotypes relative to PCV-15
with | x APA. The fold-difference in titer (1x/Ox) ranged fromO0.5 (serotype
5) to 2.9 (serotype 23F) and the geonetric nean fold- 15ratio across the 15
serotypes was 1.4. Overall, there does not appear to be a genui ne advant age
to doubling the I evel of alum num adjuvant and there appears to be a

di sadvantage to elimnating the adjuvant (Table 6) in this ani mal nodel.
The PD-2 results indicated that there was a deerease in antibody titers for

many of the serotypes in the armthat did not dontain Al um num Phosphat e
Adj uvant - ( APA, whel 20 gonpaged t& PCV=15 cantadining APA (Figure 3)
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WO 2011/ 100151PCT/ US2011/ 023526 al um num adj uvant for optimal PCV-15
| mmunogenicity in rabbits. In addition, no benefit was found when doubl e
t he amunwoabi1A@fiseas i ncl uded in the vacci ne (data not pelmase)ii/02zseel O 0 \ O
.10 N (1.> 4a4 vg--1tr-?2 0.7 1.1 tl) IN11?. '24?,t11 1-1C zZr-1'?ZZ CG
rer in ;.T.4 qc?) WO 2011/ 100151PCT/ US2011/ 023526 Di scussi on and
Concl usions The preclinical data denonstrate that a formul ation of PCV-15
(foimulated on :

Discussion and Conclusions

The preclinical data demonstrate that a formulation of PCV-15 (formulated on
APA} is highly immunogenic in two species (infant rhesus monkeys and rabbits). Serotype-

5 specific responses to PCV-15 were comparable to those elicited by Prevnar® for the 7 serotypes
in common between the vaccines. For the 8 new serotypes in PCV-15, there was a robust
response elicited in both infant rhesus monkeys and in rabbits, with >10-fold rise in IgG
responses for all serotypes after 2 vaccine doses in both species. Limited dose-ranging
experiments indicated that a 2-fold increase in the amount of polysaccharide conjugates did not

10 result in an increased antibody response. Similarly, a 2-fold increase in aluminum adjuvant
concentration did not appear to significantly improve the immunogenicity profile of PCV-15.
Elimination of the adjuvant did, however, result in lower responses to some serotypes suggesting
the potential need for an adjuvant in humans. Functional (OPA) antibody responses were elicited
by PCV-15 to all 15 serotypes in the vaccine as well as to Serotype 6C, which is not a component

15  of PCV-15.
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APA) is highly i munogenic in two species (infant rhesus nonkeys and
rabbits). Serotype- 5specific responses to PCV-15 were conparable to those
elicited wo 2Priemosn @for the 7 serotypes in conmon bet weem/usb@ 1023526 nes.
For the 8 new serotypes in PCV-15, there was a robust response elicited in
both i nfant rhesus nonkeys and in rabbits, wth >10-fold rise in 1gG
responses for all serotypes after 2 vaccine doses in both species. Limted
dose-ran in% experinents indicated that a 2-fold increase in the anount of
ponsac@%&ﬁ'é%ngﬂhﬁﬂéﬁﬁs did not 10result in an increased anti body
response. Simlarly, a,2-fold |ne e | umi num adj uvant concentration
did not appear toiSignﬁﬁf%§%@P%§§%§$%$§hpﬁgmlﬁ%%ﬁ%genicity profile of
PCV-15. Elimnati of the, adjyvant di.d awever, result in |ower.responses
Lo some ser ot ypest9uoguli R R BHF P HEEG e STl Do rER e
Funct i opatysacEiRMieanbmbeiyfee3pons 8sc AEdR 78 Vi 1ed sby 196 MELD2E @38l AndBF
serotypes in the vaccine as well as to Serotype 6C, which is not a
conponehit StepgIcopEN PrBYmMORiE oTUgHGULSTPTRY PSEO11#B23526 WHAT |'S CLAIMED | S:
1. An i mmunogeni c conposition.conprisin%: _ (1) a multival ent
pol ysacchari de- pr &) ei phavonjeujeally asisttalecardasi sting of capsul ar

pol ysaccharides fromserotypes 1, 3, 4, 5, 6A 6B, 7F, 9V, 14, 18C, 19A,
19F, 22F, 23F, and 33FTbofmBtrephiocoopusitipmeficlnonil aehaanjthgated jfrotem is
carriercﬁé?tein; and (2) a pharmaceutically acceptable
carrier 2 Mhe i mmunogeni ¢ conposition of claim1, wherein the carrier
protein is CRML97- 3. The j mrunogeni c conﬁosigion of claima1l, further
conprising an adj divant e BANHRRECPISEORBEERPR Ob Ay &1 UTtBE COPBFFING, angHBMaRtn
the adjuvant is an alum num based adjuvant. 5. The inmunogeni c conposition
of &laim4, wherefn thébapyyageenicsogwpatipealaip dnivbereingheagiueans ax i ng of
al um nug phosphat g, gl num sul fate and al um num hydroxi de. 156. The

i mmunogeéni ¢ conposition of claimb5, wherein the adjuvant is al um num

phosphate. 7. A nethod i nduci ng. an_i ne response to g Streptococcus
pneur noni ae capsuﬁar pﬁﬁ%g%%8W§?gﬁé?H%%§§P?gfﬁau%éﬁVWF]PZ??% u;%gg human an
i munol egéttal frymehd @otp vensastipy BE alahiiie phoThlme O intn@OsRE dndemudihugl ai m 1.
208, The net hod of claim 7, wherein the inmunogeni ¢ conposition adm ni stered
is a sihylrexides nl dose fornulated to contain: 2 tag of each sacchari de,
except for 6B at 4 pig;, about 32 Jig CRML97 carrier protein; 0.125 ng of

el efent al al uni nufa (0. Shernmieedenigreopiposipipapeylaiad puviaaein thegliwns 5di um
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7. A method of inducing an immune response to a Strepfococcus pneumoniae
capsular polysaccharide, comprising administering to a human an immunologically effective

amount of the immunogenic composition of claim 1.

20 8. The method of claim 7, wherein the immunogenic composition
administered is a single 0.5 ml. dose formulated to contain: 2 pg of each saccharide, except for
6B at 4 pg; about 32 pg CRM; g7 carrier protein; 0.125 mg of elemental aluminum (0.5 mg
aluminum phosphate) adjuvant; 150 mM sodium chloride and 20 mM L-histidine buffer.
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