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serotypes [5,6]. Pneumococcal invasive disease surveillance conducted in the US
30 after licensure of Prevnar suggests that a large burden of disease is still attributable
to serotypes 6A and 19A (FIG. 1) [3]. Moreover, these two serotypes account for
more cases of invasive disease than serotypes 1, 3, 5, and 7F combined (8.2 vs. 3.3
cases/100,000 children 2 years and under). In addition, serotypes 6A and 19A are
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The present invention further provides a multivalent immunogenic
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composition, wherein the capsular polysaccharides are from serotypes 1, 3, 4, 5, 6A,
6B, 7F, 9v, 14, 18C, 19A, 19F and 23F of Streptococcus pneumoniae, the carrier

30 protein is CRMyy;, and the adjuvant is an aluminum-based adjuvant, such as
aluminum phosphate, aluminum sulfate and aluminum hydroxide. In a particular
embodiment of the invention, the adjuvant is aluminum phosphate.
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The present invention also provides a method of inducing an immune
response to a Streptococcus pneumoniae capsular polysaccharide conjugate,
comprising administering to a human an immunologically effective amount of any of
the immunogenic compositions just described.

30 The present invention further provides that any of the immunogenic
compositions administered is a single 0.5 mL dose formulated to contain: 2 ug of
each saccharide, except for 6B at 4 pg; approximately 29 yg CRMy; carrier protein;
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conjugate; and (vii) capping unreacted aldehydes in the serotype 19A
30 polysaccharide:carrier protein conjugate with sodium borohydride resulting in an
immunogenic conjugate comprising Streptococcus pneumoniae serotype 19A

polysaccharide covalently linked to a carrier protein.
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Inclusion of Prevnar Serotypes 4, 6B, 9V, 14, 18C, 19F, 23F
Data from IPD surveillance between 1995-1998 estimated that the seven
serotypes in Prevnar were responsible for around 82% of IPD in children <2 years of
30 age [6]. In Northern California, the site of the efficacy trial, the Prevnar serotypes
accounted for 90% of all cases of IPD in infants and young children [10]. Since
introduction of the Prevnar vaccine in 2000, there has been a significant decrease in

the overall IPD rates due to a decrease in disease due to the vaccine serotypes [3,4].
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30 The addition of serotypes 3 and 7F will increase coverage against IPD in
most areas of the world by approximately 3%-7%, and in Asia by around 9%. Thus,
an 11-valent vaccine would cover 50% in Asia and around 80% of IPD in all other
regions [1,2]. These serotypes are also important with respect to otitis media
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30 commonly associated with antibiotic resistance (FIG. 2) and play an important role in

otitis media [6,19,20]. The ability of the current Prevnar vaccine to protect against

disease due to 6A and 19A is not clear. The rationale for inclusion of 6A and 19A
compenents in a 13vPnC vaccine is discussed below.
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30 Impact of 6B and 19F Immunization on 6A and 19A in Animal Models
Animal models have been used to evaluate the potential for cross-protection
with polysaccharide immunization. In an otitis media model developed by Giebink et

al., chinchillas were immunized with a tetravalent polysaccharide outer membrane
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30 protocol analysis 7vPnC was 84% (95% Cl 62%, 93%) efficacious against ofitis
media due to serotype 6B and 57% (95% Cl 24%, 76%) efficacious against otitis
media due to serotype 6A (Table 1). In contrast, serotype-specific efficacy with the

[6)]

7vPnC was not demonstrated for otitis media due to either 19F or 19A.
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prepare co ant ord Wi t Pat
qlp e6 ﬂleggﬁr{p Wﬁl ch?nl d h%%%%nt n‘? %%gor CPE? gd' %o s%cc%andes are
r efpeer:eraﬁefromlshretypekb phd,He 5. 8AL @Bcoﬁﬁ:i@Vaﬂfé BICs 49A,u19Fadride23F of

forStrléPl%c&%ug YnblifbnidY, Ot §hER: prgdﬂﬂcoééé| kel gu&ante! pared by

rotel'ns 1 nclude 1 nactivated bacterial toxins suc
t etsawgtemsmssﬁs erformudated intp@isingledospes iarmaationg For example

15( €. u.ﬂone %b%b%ﬁggg%ﬁwo[ﬁédﬁ IV%ﬂ'lariaétsélf&ype s grown in a soy-
icatio
STI% 'B‘?(Cg‘frﬂxi n f'?‘ﬁ\‘ﬁ? Pfg ngd%ferqg@, %&g‘apur%ed through

Bac:betrlfughtlomupreclpmhnmrwtraef ilfpatioh camiscobaraichasnategraphy. The purified
g@&%h&%@?leﬁé ghe('n )actl\%%d 'Poc‘ krea fgécrch:ght}gk nc%'p%&e of

I'ns, pneuno Reuneoccal  surface prote
(Psg#&)mgmti@tmmm@t:@mteauhesu n protein (PsaA), Cba

20Pept i dag@ed L@ {eh OBath AaBsul s ;R)‘I&I%a&h%deeﬁts@%}ﬁféwsconﬂ@ated to a
Haenophi | us |an uenzae protein D, can al so be use

Q [8FehPriENnte, fosTch WEOBRMMMBIFNi AN Rey RBPed "F’P?Fp@ta"h capsular

hefﬁblyyﬂﬂhmd(eﬁkldbmugfwed foEths e catried proteif). BH\Ihiembodiment, the
ve of t uberculin (PPD) can

P et aR P Bea B ek i iak Rt Cor ' Con) ugt L on of
t he cap3oe anemicdlyestatibapi the potysadebarnides rand rsupsegitienitreonjugation

251 % B SPAG ALK Uf BERAEH By CONHEMPMeBNE B b Smple, U-s.
(enriched with resp nount
Pat. Nos. 4,673,574 and 4 902 506 [34, 35]

Carrier proteins are preferably proteins that are non-toxic and non-
reactogenic and obtainable in sufficient amount and purity. Carrier proteins should be
amenable to standard conjugation procedures. In a particular embodiment of the

30 present invention, CRM,g; is used as the carrier protein.

CRMyg7 (Wyeth, Sanford, NC) is a non-toxic variant (i.e., toxoid) of diphtheria

toxin isolated from cultures of Corynebacterium diphtheria strain C7 (B197) grown in

casamino acids and yeast extract-based medium. CRM;g; is purified through ultra-
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of pol ysacchari de-protein conjugate) by a variety of
t echni ques. These techni ques i ncl ude

wa@ossem7BAat i on/ di afiltrati on operations, PCT/US2007/087524
preci pitation/elution, colum chromatography, and
depth filtration. See exanples below. After the
i ndi vi dual gl ycoconjugates are purified, they are
conmpounded to formul ate the i nmunogeni ¢ conposition of
the present invention, which can be used as a vaccine.
Forsimuiah | Qﬂm%fmuhhesu\fgfguB%Qﬁ‘ol’ﬂétféncoc{moﬁnté@ﬂar%te tchi®matography.
present i nvention can acconpl i shed usi %@N

ith U.S. Patent No.

ar AteEaigh £EM et ﬁ@@gred EBFoMmbiantiy, fiAccerdan

I Na5 ari4csal wmewwméuyaﬂdormmpwg%raaenﬁ tlbmef diphthkréd @eoids are
eptabl e vehicle to prepare

thealsgosﬁg%%f? O 8% séi?é’n‘%i’gg '?J#) such vehi cl es incl ude,

5but ar e Otioar sluutahlee edrrieo profenseinclube firfastivateds badterial toxins such as

po'tgtgh%yﬁ%lg p %%)&ﬂd’ CP&QrQWBW éegc{.; ATy ldesclr?bg&’ iifl International

pol yet ene ant “dextrose utions. In

cerﬁ%ﬁﬁﬁ%h’@éhﬂ @?@ 4183851 B8linbgehiLe, EareiSdi endbexaigxn A from

Co'ﬁ%’éb&ﬁn&fe\@ Qé'ruémfs% %ﬁctéyalnbﬁter Aﬁelﬁ%h@e&otﬁﬁéeb&h aQ outer
"adjuvant” is a sugﬁ\ﬁ nce efrves t‘?‘f enh

m’f’ﬂﬁf@ﬁ@?ﬁ E?'T‘E/'e’bfc Wm'i’ﬁ[{f&eﬁraes E'{S'ﬁp% g BFP %l?s trﬁ\pgmolysm,
10I n\(ﬁﬁmmmamcél' Isu:saceambtemarxpsm)r pnenihtoetccgl adhesih erddein §saA), Ca

;r tpeg c r?seg %ﬁ? R ang, cﬂ[pe 5 egtoEQ@cWQ 119 ‘[-[agr%oﬁlmué |iSflenzae

adJ uvant's ctrven
of nrMGndbnmsalsw ba used! Othe; phaleinairsichgs dvatbumin k‘temoael)lmpet

al yah Uy ﬁﬁ ﬂ](%\}d@ erdM Cloisin QBEN)GBH%hﬁé@r&&em\edenvatlve of

al um num ate. alum num sulfat
0i |tubqﬁcq}ua{%l?D éﬁfﬂ]la@(?ﬁ UpRSH AR ABAHST BFALEINSA th or wi t hout

150t her spged Edr%g'afﬁﬁdlﬁ?ﬁ\bldﬁﬁt@érl Ms@&fbﬁh@i Sdehb @rier protem the
mur a i des. (de el o e
v R R Rerr e SlUBRER are s, B Be i Bipegblotprgmount
Pulaf polikeacchiide gt dtdiB Sdnjugate)ntyaa Nanedy SP/teSqumJeen g, he@e EPhniques
T 0, I
valiue, cBenbaityippttul GRMERE BrERRBhRAG,  coumn
remrm@éggyamrangllcﬁp@dﬂtraﬂp@ Bemeanwles bS@INtl cles using a

20m crof | ukgi #Rr ingitialal 3yc gaﬂe@;oaYe "'A\Buﬁf e Ithidydhréesom ounded to
(Mcrofluidics, Newon, F, containin

Sqdarmtate thg. IGAHTQRERIS C8EnPOY /%"p?(fﬁ'g%ﬁ’f?%e%rfwe%’a %?@/ﬁ%} be used
Ll% a &izeiné. hFoﬂMﬂE\tlbﬁ eﬁthb%mwo@htchﬁmpmlmr(ﬁfltm phieg&d invention

| arcag?»eagc?%nr%@rﬁlge LIJS{lg ae nﬁelrg%qongzr?\éonﬁett@od%d Fto n%{%??%%e%?individual
adjpmeemocosyal t camjugatas) Gan( Bo ripraulatédhmitht anphykiPlpgically acceptable

5co%ﬁlb|gl 15‘9 eég eﬁﬂé" @})rﬁﬂgsmoq %%éﬂ;wég 3¢ §LQ7h \éﬂféleg eIk, BR'aFe not
bacteri onents from
limited to, water, buffered sahne polyols (e.g., glycerol propylene glycol, liguid

polyethylene glycol) and dextrose solutions.
In certain embodiments, the immunogenic composition will comprise one or
more adjuvants. As defined herein, an "adjuvant” is a substance that serves to
30 enhance the immunogenicity of an immunogenic composition of this invention. Thus,
adjuvants are often given to boost the immune response and are well known to the
skilled artisan. Suitable adjuvants to enhance effectiveness of the composition

include, but are not limited to:
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group consisting of 3-0O deayl ated nonophosphorylipid A
(MPL(tm)) described in U S. Patent No. 4,912,094

w@ Gmsioxe32 trehal ose dimycolate (TDM, and cel Pcwab1007/087524
skel eton (CW5), preferably MPL + CA6 (Detox(tm)); (3)
saponi n adj uvants, such as Quil A or STIMJLON (tm
@S- 21 (Antigenics, Fram ngham MA) (U S. Patent No.
5,057,540) may be used or particles generated
t herefrom such as |1 SCOMs (i mmunosti nmul ati ng

conpl exeg) aluﬁﬁﬁunbaéalﬁr kabm), | RRAO Y S BRI C#ﬁ/%romde aluminum
synthetic lip A anal ogs such as am noal kyl

gl LE’E‘B%“QR‘%%'”'E?WH%&(?@ Lonpounds (AGP), or derivatives
or anal ggs ofi-mewatef ,enwiisrh farrnm!afwas | @lith e of rwithoGordthed, specific

gggmg]% stlm%?n%ggse%{’s s%%lq asm ram%l pep Eﬁjgs {de}i\rl%d b6e1o%%r gélcétj’é.rial cell

52- [\A(aR):OIBPd'r@ntSé\dedamwr@waer adecanoyl am no] et hyl
2- Deoxy- 4

5[y PALEIEER, U5 NREPUIEET, g pgegene 0%

t etTmgge 4nayd SM §P?fh§ amWalb(nﬁq'?@wm RIS @p\yipts b MTP-PE

Ecéml §élowsmﬁioa@h KBD%E ecﬁﬁ%rﬁnﬁ@féaerntoysmqgven articles usmg a
| C | S, an ue rm or

¢ Rfrnieh She e g e Gl Rn Mt P, Gk

100l i gonucl gb) $AR ostainingi 10V BaUGEGe N Y6 f Tinslen B0 Bk pl%mmmocked

(e po@m%f) ?.’I?ﬁ 6;r]d|_ @-)M[ﬁ{ (%é Pﬁg\g) glﬂfelp 6r§1§ro &E}&&# ?M%;]%ubmlcron

Le:mllannLor yortexed to generem 2lefaer cwﬁcle eizg emugr@mm\d
interfer Ofaé) ng.ﬁraaeah\%v %ﬁstéﬁ‘%ﬂﬁ?@ﬁ Stixa Ohé}ﬂmoﬁtmm’doﬂfa'irﬂ@ 2%

factor (GwW nacr o e colony stimulating factor
( MSgagigne, P%Fwﬁ%’w(b@r‘g °f‘%\8‘f @Pre(bPRF)"a' et ¥ell prmegnspty from the

15WD|gQQ|\d|cﬁES|B|719 bof 3r0ld&xftatad mbﬁophbﬁawoﬁwmw (Mredv)assaibed in U.S.

ongPEPER e B pekToAt R e e B4R g s

f O(@YVS), preferablmRs, + (BW@r(é)etohé")gl ut amc acid at am no

aci d pogj %b&&hr?gdjh%nﬁse%béhcﬁ? RN AABOERRAUL t'i‘ﬂfi](lfﬁ‘%?'j‘ﬁ‘l ﬁArglgenlcs

pref er abl accordance w

P N Emioaliabm MA) bl e Reteh pPi 5.461.649) mavther usm QD @etiglas generated
zo(S%ramosoe@a@%@@@@@&n@n@gtma@aé O9836Q)Y); a pertussis

bi | , .
o el bacsStat TRbgghsdornsssas. ynthairggd é%%@sef%ai aigoalkyl
e. glupowlﬁﬁrﬁ'&ﬂﬁﬁe adsrdpdt_@dQ(?A(G@ZGBdenvtaﬁvds o anadddeethereof, which
t . (0]
: %?’e a‘rjl\/a('f?%n ftrorﬁ:ec aﬁé whm cf’ %crlmédﬁ\ o] ?gtgﬁtrﬁqve 193 918; one

ance G 7endds" 3 on ranyl
peputhdeAGP nésl LRIER)- Metraﬂeeanwtoxvtetmdtee@ow@mmo]ethyl 2-Deoxy-4-O-

25\ BREAbdBLOARL 5 iefrséucseawdxytepaae%&%ygtzqm yag (thr-NDP),

N-acetyl - nor nuranyl
di (RieAPRRgY oetriage@peylaminol-b-D- glucopyranomde which is also know as

3- Byglifemydd aGBRe Y | RRarDy, GiHth idfbritiAdTEs B hquedus form or as a
stable emulsion, synthetic polynucleotides such as oligonucleotides containing CpG
motif(s) (U.S. Patent No. 6,207,646);

30 (5) cytokines, such as interleukins (e.g., IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12,
IL-15, IL-18, etc.), interferons (e.g., gamma interferon), granulocyte macrophage
colony stimulating factor (GM-CSF), macrophage colony stimulating factor (M-CSF),
tumor necrosis factor (TNF), costimulatory molecules B7-1 and B7-2, etc.;
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The vaccine fornul ati ons of the present invention can
be used to protect or treat a human susceptible to
wep@snorercal infection, by nmeans of adm ni st epCTgS100B087524

vaccine via a system c or nucosal route. These

adm ni strations can include injection via the

i ntranmuscul ar, intraperitoneal, intraderml or

subcut aneous routes; or via nmucosal administration to

the oral/alinentary, respiratory or genitourinary

tracts. (d mefa&me@:m%:mr% bactéﬁblfmla-ﬁad)sy&dﬁg fokimtsua hA cholera
use e reat nen neu a
(5T Ritp e 8 TR 4y T, st whets, B SR acid

ef faeaininoedcd fositivre 29 Bdepladedyainbibauatino geit nfrefetablyra listidine, in

113 cg"oarrI | S\}nthséaglgl)léd -maer‘n:ﬁm?éf ﬁgaée?f\l‘t) &ﬁ?l%ﬁcgfhlﬁﬂg& %BOM 8434

vacCi ed as a uces an
5i mm¢$mm02/0%836§wdr\f§@ GR{Q9B3RR), & pgiissisdexin (PTAdoeansE. colf

ef frggt |§b.|e5fe>a.h1 LQ"YDﬁé‘?ﬁcu%ﬁ\‘]‘ LYA6Y, @heﬁﬁmmgmgppm-r@mug (see, eg.,
pneunococcal (%/1 General [y, each dose w |

coﬁ%9|9§@3@021a'1dd’vﬁ? 6Ytabl ysacchari de, parti cuI arly

0 1 to m dfsr saa@tamé@ahaaerct s ithalhostiukatndagants (périnaBte the
on nts for a particular vaccine can be

asc? F‘f"é(?'??@& °E{JE§P'§H%SéP°8 studi es i nvol ving observation
100f appr dranatl eepticiesl imelude dpbars @st linvted dd Jl\barteiyl micdhybattirgonyl-

andeb@htgh.n\éagw RSP ONN-a S InEFh Rark uﬁ Spglcgnedlﬁj]mgoyl-sn-

evera I mmdni zat1 ons ade

parghiceretZahydenypitasreayiond-ctmemyredVe RtPEIngtent i on, the
13vPnC YRE Ghdthel ﬁrn%leﬂbﬂé bf ﬁe'ﬂréﬁéhﬁmf/é?ftlw ka bos&d to protect or

pn?r%gtoa(\: g&%%lksusg S’EI%{P%E pSQer%%%gaig‘Eelc lgrg R?h%,%& %g%ﬁm@géhng the

151 NGayditinah b)éysﬂémpld)g miueshat mu@RN’Ithe adnsigistraliobs cdn iddsde ihjection

formJ a 9‘ L CI%r i ra en%nng |nr qulgl {Ing&lse%)ﬁfégt or via
A ppr 3

for”
pr cmbtmosal a@mmﬁrat@w mftheloaifelmnmtaw ramlratqrry Qrog@nmgmary tracts. In

(L?% RHBLERER mgasfafﬁjdnﬂﬂ@%tlon AWed @&'tMr&l%@ﬁt' o‘FI En&ﬂ%nla or

I Um succi nat e as exciplents. I qu
{1 IotiiimerElas nABRRbREBERS! S9F PoRE POFHisaRel gan be more eiectivly

20PT @B&/eHRb] tHes attthlifing Shiedtion gt ltsté%ﬂle‘sﬁaéié‘gelﬂe is a

hoanen e suspensign read
adni ni st %??‘S\Nq O%H‘E‘J‘tq? '8 &35t VAF6LE P %q,:&se(;gt]e ?ﬁé‘" 3t tha
13V1Rim€eevandmmenmmotsd:mbIraspohsn thleoutrsigifitard, Jdvers€ effects. Such

Va%ﬂoﬂg dp‘aE mﬁéndmd‘?poa tﬁ@pr?e@ﬁx%gc?g '?alcg%ro 2 %‘ﬁ&%hy ‘é@é‘n dose

sel ect serotypes, exce
4 il p@npr@eém toThe0 py rohpplmeh\aﬁlde Heastioglagwid. dies1G 1| aend more

25safpgptmu|aﬂmgpgdam city, and efficacy agai nst I PD | n
th sacchari de dose |eve| for serot

14, 18COPHOR ATRIMEGH CRRESNS 6@ PTG PLUAES e g Bscertained

by standard studies involving observation of appropriate immune responses in
subjects. Following an initial vaccination, subjects can receive one or several
booster immunizations adequately spaced.

30 In a particular embodiment of the present invention, the 13vPnC vaccine is a
sterile liquid formulation of pneumococcal capsular polysaccharides of serotypes 1,
3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F individually conjugated to
CRM,g;. Each 0.5 mL dose is formulated to contain: 2 pg of each saccharide,
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The i muni zation schedul e can foll ow that designated

for the 7vPnC vacci ne. For exanple, the routine
waedsamze2 f or i nfants and toddl ers agai nst i NnVPGST/VE82007/087524

di sease caused by S. pneunoni ae due to the serotypes

included in the 13vPnC vaccine is 2, 4, 6 and 12-15

nmont hs of age. The conpositions of this invention are

al so suitable for use with ol der children, adol escents

and adults. The conpositions of this invention may

furt ek sbrés léfjﬁ weapﬁlrom%ﬁeﬁy Qgglgt CRM%% cafiet gﬁ:ﬁ‘én f@ﬁ25 mg of

USG agalnst otitis nedia cause ection

ot EMeaniat plminym €8 Hngba@frg}ulnhph%g B)eaﬁﬁ‘fﬂ“ﬂ?@SIsé’d'um chloride
Ha%HBFS&UiuHﬁsu@fnbtéemr AbsH@iprintsa Thé aaqmbak ified fris BiBGlkeydose

known as cat and Al | :
ot iSYiinges wi E?&ﬁﬁﬁr%%wéfw% d%[ey 6@%'"@) ﬁﬁ%’l"ﬁ ?l?s %gﬁqeous, white
51 nfsLispenziae remdy i‘cgeﬁrammtﬂaikablmlrﬁsdmtmmcl usi on i nclude the

P4 tej
5 6 8 2 0 8 3&5‘ ’c?&%ez rgfn%?%baef%ﬁmeo § ﬁ)P'ﬂC \Pacc:ﬁéJJsSsml?é?'ttS e Marketed

at en I catl on

WOTSPOT 9a53)e (REnaps phei2el; safeﬂhgafwﬁ@ﬁmleaﬁ Wasesetaqtechfor all
t Qe BREME-ckedtit %r%anﬁHnﬁ atBAieper dobe. %é?vmca%mne has shown
| nt ernat i onal Pat ent I i catjon WO010 % %1 B

pr SEEraRle gaely. msrunegRn e end efRﬁ?CVsaﬁa*?atl'} e 2ug’ Saccharide

10HaeBPRI &I i satinpss om\and 'paanewrr aitd 28F, pnabhtethend (g)dGse for 6B.

Pat ent S. 6,245 33

adhesi nl}ﬁ‘? 5'?%'1"]’123? pre E%Q? &t %KE?N %?%eﬁgtn g%g) arﬁéd# N vaccine.
Nu cFAr pxappde, rthe tougine Bereaule fougnfadts 2pd tm)'s a@t@ﬁmvegveaﬂlsease

I |
| Ot ?f%'d & §%b§urﬁ$}ﬁéé cﬁ;eqa’iﬂegﬁﬂgyp%'d Mtaiee [.\ri) @ mmg{sczwceme is 2,

6, 316,andd%- 15trn@1t@jaf[)q%§$ :él'rr]wﬁ cempgsnth%at%gmls iKyention are also stitable

159, ?&%86@{%oldbh&ml&reﬁréao@saerﬁébrﬁadla% ent No. 5,948, 412)

gg? etn[] ef{%él c<§1|1| %lg%g hl%ﬂ'ta/% |og\§n@? RI ﬁréncg.@&%\ai)r more additional
ot iahtighing famndsegamsisotitis aidda ¢ansed by Infestiomwitm othed adtdras eSuch

Vﬂ%@%tlﬁ'a% %% Edgﬂgﬂ{yggtp@ 8@8})hﬂ5§‘9f?[ﬂ%%§p R/}oyag(gﬁé Qéﬂarrhahs {formerly

nvent 1 on
al soowmas atiieh@m@/acml‘aﬂﬁﬁ/@) pabiligiagecaus @ﬁﬂoﬁi rept oco c C u S

20PNEUNMDN RS 5 EX 6er h&ﬁy&BIeSWagﬁibﬁ’fQQQ C/Hﬁue‘h%‘él rﬂhﬂgéﬁ% suitable for
proteins SUIta for inclusion include. t

ho
i ddplysioneicivde |"Pﬁ dh RfqihaPispataWp ?-ﬁoﬁfqt%%t Forﬁ” S. Patent No.
Vm2do@&3855ternaﬁorwerbéteraspplhaﬁond/eeos/omaa)g the P6 proteln also known

I nt er na ona Vw %)é
corpd PhOAEhePHG 1 PRTeh (s PRiey G & 488 ol g otent
or Applicatigr $¥@0108750),0ttme NG psatein a(Urﬁa rReigfuei Ratentt lyqz)e37B741) the
‘HH% A}l‘ﬁlaé’] ha élh%ght i PSR rr@ése'sfb‘iw 337 and
SUI k‘ﬁ%éh %r I nc S?I orﬁﬁﬁ gr fﬁl §2:entf? In
| Nt6eG7B: 4B e LR tip gghesin proteln (U.S. Patent No. 5, 643 725) and the NucA
protein (U.S. Patent No. 6,221,365).
Examples of Moraxella catarrhalis antigens suitable for inclusion include the
UspA2 protein (U.S. Patent Nos. 5,552,146, 6,310,190), the CD protein (U.S. Patent
30 No. 5,725,862), the E protein (U.S. Patent No. 5,948,412) and the 74 kilodalton outer

membrane protein (U.S. Patent No. 6,899,885).
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Appl i cati ons WO03/ 063766, W2004/094596, W01/ 85772,

W02/ 16612 and W01/ 87939. Co-I|yophilization and
w@oosogeEis2 on Process for S. pneunoni ae Ser ot yperC/982007/087524

Pol ysacchari de Serotype 19A is nuch nore prone to

thermal degradati on than other S. pneunoni ae serotypes

due to the presence of phosphodi ester |inkages between

its subunits. In order to inprove the conjugation

efficiency and to control the stability of the

i nher en@xﬂmbl@@ b BIoRRb&IY Bﬁt/cﬂsgﬁqt@@rﬂsyﬁﬁ@lﬂg ?Jrhr%ismﬂ include those

co-lyophilization and con atlon rocess in
pr deaHY 'Bf"t‘?ff‘?%’f‘ﬂ)ﬂateé‘bf‘? 'BBVY%%&F 94 used |n t he

conj ugatrhe rompodifitds St 1titis yrventid/ mpyp lalss deeinir orikeot motehproteins
Car rroglsgt p&%gﬁgfﬁgs‘aﬁngurgﬁé?% E)éarrﬁ@? |r gfg §tfeﬁ)t gcus p%?aumomae proteins
5rm|settahlarfors inzlgsiamdndlicte those aderdified of Irﬁtereetfos;\alc Ehteni Application
fonys65/633688 L2ANEH Mr Sé%cfuﬁédt he IHEfmaRbnaf Olﬂété’.&‘lakbﬂl&at.on

processes IﬂVO?VIng i screte |yophilization of
polWea¥e¥dfi-des and carrier proteins in DVSO or

pr ocessqﬁe |c&¥9$§f‘tloﬂ§ o BESIAVENiIE® may AltHek iné@ﬂé @Re @f more proteins
acchari des ang(gcarrl ote| ns

|y As
Qedr BEUoTIR FEFEIULE apPeh BRAHPFS oL NP Bmenatics type B
1000rnr¢13a$ [ suitalmé foheindesiat yrmtudéOthope | idertifiethaini thesrtatiohdl ePatent

o Aotz 6‘3/0@%%@2(50% 0843980 WRRTLEE SIRRo1612  and

nvo ves perioda
(adWOOH@KBﬂ) to generate reactive al dehyde groups on
t he pol ysacchari de. The activated pol ysaccharide is
the urified by ultrafiltration to_ renove sacchari de

ﬂP@"’%ﬂf@"sﬁﬁ’ﬁ’l Gonjrgation Feogassden S Pnsympprie et dyreritd
15actpdlﬁaeaha)meysacchar| de and CRML97 are then conbi ned

and col yophi | i w th sucros S a .cr r.ot ect ant .
The conPapAePdRR L Hher S TS e Biria dranyRy B ther
r e guetmargacastrotgiasaine tetbh arassmei af phdsphpdiesemniokages between its

Sodlbmey ARG Wbpsiwe% oorhlloBéit el R ool WRSstdtify of

t he
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As described in more detail in Example 17 below, conjugation of the serotype

19A polysaccharide to the carrier protein, CRM,q7, is a two reaction-step process.

The first step involves periodate oxidation (activation) to generate reactive aldehyde

30 groups on the polysaccharide. The activated polysaccharide is then purified by
ultrafiltration to remove saccharide fragments and small molecule reaction by-
products. The activated polysaccharide and CRM;y; are then combined and co-
Iyophilized with sucrose as a cryoprotectant. The conjugation step is performed in
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are chosen to increase the i munogenicity of the bound
serotype 19A pol ysaccharide and/or to elicit

wa@rdoshofBes agai nst the carrier protein which BCERUS2007/087524
di agnostically, analytically and/or therapeutically
beneficial. Covalent |inking of an antigenic nol ecul e
(e.g., a polysaccharide) to a carrier confers enhanced
i mrunogeni city and T-cell dependence (Pozsgay et al.
(1999) PNAS, 96:5194-97; Lee et al. (1976) J.
| NTRAREh - vial L6 rddUktives %lngﬂoﬂt Fleen&isn?! ln (tﬂeg7p%sé3 RESof  sodium
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Although this co-lyophilization and conjugation process in DMSO is described

2

(o]

for use with the serotype 19A polysaccharide, this process may also be used for
serotypes that are structurally similar to serotype 19A, such as 6A, 6B, and 19F
which also contain phosphodiester linkages between their repeat units.

30 The above disclosure generally describes the present invention. A more
complete understanding can be obtained by reference to the following specific
examples. These examples are described solely for the purpose of illustration and
are not intended to limit the scope of the invention.
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F2, and F3). Two additional generations of seed stocks
were produced. The first additional generation was
woraes/ofg7em an F3 vial, and the subsequent geneper/USIV07/087524
was made froma vial of the first additiona
generation. Seed vials were stored frozen (<-70C) wth
synthetic glycerol as a cryopreservative. In addition
to frozen vials, |yophilized vials were prepared for
the F4 generation. For cell bank preparation, al
cultures were grown in a soy-based nedium Prior to
freezing, cells were concentrated by centrifugation,
spent nedi um was renoved, BAAMELES pellets were
resuspended in fresh nedi uexa@plea ni ng a
cryopreservative, such as synthetic glycerol
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cel | baﬁ.{(b\%@ftugﬂ% ?aﬁkt/e%ﬁédndgageu stuiHr%%gfssi?{qﬁtrﬂﬁ SWStihde
contai ning a soy-based qedlunl The bott“Fs wer e

i ncubat ed at 36XIepPa growt h

requi Ir e:se %ﬁ@uﬁ#@ﬁzﬁe §@btype{A1S\ﬁé%d ol?@'hbdi Q’oﬁﬁﬁ\e&lcbﬂ Type Culture
i nocyl at e ntor containin
rodlfioR, ATE o TabGDT 7 S HACOHRIIPE HeTHs R e repted i

S 0 d:lrdimntd: expaad tecstiaidl aridiremove’fdnetonérite ot anirgatorigipt(ger@rations F1,
in 2:? cil \ﬁ@f’ he rl'wg Cala |gbrEa'i QSn?SrSt%gs of rsggcp Istg ksv‘(ﬁgre ;ﬁ&ﬂjc%@ Th& first

con al nin
10ne mddmnaTnewqmowa@s mmadstfv@rm%dF?ww'alham teishleseqerfit gemeration was
carhoRatdn S0l idr % f.rIthé‘doftr%hH‘-‘d%éﬂah&P ‘9@§d bu%'ﬂ:é‘ré“s?dﬁed frozen

after cessation of when th 9 vol une
of (FH8°Qevithentnbietiong cwe'a%wrvomsamtrvsprlﬂaade IR, fipZes vials,

st dehiﬁzeﬁz\%@%?é\/ﬁ'b@éré& ﬁbrWIFJflgér\Mloﬁd%dcéllﬂodnhﬁbreparatlon, all
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comJMCﬁf@bus flow centrifugation followed by depth
filtration and 0.45 mmmcrofiltration. In an

alternate process, the fernentation pH of about 7.0
was mai ntained with ﬁ@ﬂgﬁ@#—ﬁﬂ@—@f“—\e—&,ﬂw el ar get opt i cal
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258 (Qpel ggé’dcf@fhﬁ‘é?ﬁﬁrrvﬁsl (28d itd infoBRat e Brod&cﬁloh y&fhehiaﬁ‘ containing soy-

bact er cel nd rel
base medlum JI'he Sh was malen a%r?edcv%h s%erﬁe soda ium carbonate solution. The

(3]

fermentation was terminated after cessation of growth or when the working volume of
the fermentor was reached. An appropriate amount of sterile 12% deoxycholate
sodium was added to the culture to lyse the bacterial cells and release cell-
30 associated polysaccharide. After lysing, the fermentor contents were cooled. The
pH of the lysed culture broth was adjusted to approximately pH 6.6 with acetic acid.
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pol ysaccharide. After lysing, the fernentor contents

were held, with agitation, for a tine interval between
w@22a8a07242 hours at a tenperature between 70C apdr/tSHE7/087524

to assure that conplete cellular lysis and

pol ysacchari de rel ease had occurred. Agitation during

this hold period prevented | ysate sedi nent from

settling on the fernentor walls and pH probe, thereby

allowing the pH probe integrity to be naintained.
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f eruEQr &doﬂfb d&gmgfthl ho|ka%HU@B+e%€nt§@ d/@ét\é%%dﬁlne\ﬁﬁfr&n settling

concentr at tered usin
( k|qnda%qur@ﬂnt%w@@mrﬁrp%roamth%ra%ﬁlfowwq the @H, probe integrity to be

15D afdihthihed. | NBxtWRe @csﬂﬁ@hyssa@dltfé bRth &8s byi3ted es pbRdemately
| On
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20( HRYIfisrP iR thé Cb?&lp?@{euhé@ﬂ\énoclgﬂlﬁée l?y EbiiRlious flow centrifugation
concentration ol ysacchari de/ HB

pr éeioped By @e%g't@%{)ﬁ‘taﬁ‘l“&fw 59%?5@%% lter and the

filtrate was discarded. The polysaccharide precipitate

was resol ubilized and el uted fb id recircul ating a sodi um
chloride sol ution through EH‘EL%TLE‘CI pi t at e- cont ai ni ng

dept h f iThe gurificatien bf meeprEUW@DeccahemiyaalccfEede wobdisted of several
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P aride SolUtion fro
st @oR depth filtration steps. Al procedures were performed at room temperature

unless otherwise specified.
Clarified broth from the fermentor cultures of S. pneumoniae serotype 1 were
concentrated and diafiltered using a 100 kDa MWCO (kilodalton molecular weight
30 cutoff) filter.  Diafiltration was accomplished using sodium phosphate buffer at
neutral pH. Diafiltration removed the low molecular weight medium components from
the higher molecular weight biopolymers such as nucleic acid, protein and

polysaccharide.
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Nal solution to achieve a final concentration of 0.5%

to precipitate HB. The precipitate was renoved by
wole@slh7dBitration. The filtrate contai ns the tPCDE52007/087524

pol ysaccharide. The precipitation vessel and the

filter were rinsed with a NaCl/Nal solution and the

rinse was conbined with the partially purified

pol ysaccharide solution. The filter was di scarded. The

pol ysaccharide was then filtered through a 0.2 mm
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inline f ers and after the col um.
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30 kDa WHEQartialyt gurified belyszocteeide seltionwes fultiker purified by filtration
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arrde so ution
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(<15 pS '|¥|e polysaccharide solution was then loaded onto the column. Under
these conditions, impurities bound to the resin and the polysaccharide was recovered
in the flow-through from the column. The polysaccharide solution was filtered
through 0.2um inline filters located before and after the column.

30 The polysaccharide solution was concentrated using a 30 kDa MWCO filter.
The concentrate was then diafiltered with Water for Injection (WFI).
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The identity of the nonoval ent pol ysacchari de was
confirmed by countercurrent | mrunoel ectrophoresis
woisesg7speci fic anti sera. High performance gel PCT/US2007/087524

filtration chromatography coupled with refractive

index and nmultiangle laser |ight scattering (MALLS)
detectors was used in conjunction with the sanple
concentration to calculate the nol ecul ar weight. Size

excl usi on chronatography medi a (CL-4B) was used to

profil eﬁ@ed. I?egi \68:&%@.?}%&5% GtioR€wdl Smtaetaumr%hofa 0.2 um
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1 pn@nbr@@%é&w IHSa@eM@ppﬂ@a betieg. oFartiey w§ER eemoved for release
ACttééﬁﬁb laRA thRMHrifed oW@addnadc ot Adre@frozepfat P2a-isf s°ed

pol ysaccharide were thawed and conbined in a reaction
vessel. To the vessel, 0.2 M sodium carbonate, pH 9.0

swas added for partial dedbteiradteatzatiom (hydr olysis) for 3
hours at, 50 [£ [ I C
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Ox i agsighroentiaf sighals @sss@dcte tg proteus Whthserdysdeaheriggamolecule. The
perﬂ-PNKﬁﬁCL Qé’trdnﬁ‘gﬁmﬁ'aosrén% ofnehCres M sighgis ThrstoHs ﬁ'orWQﬁe methy!

stirred r - hours. The activation reactio

m YareHPe f%ﬁ? %@H@é?ﬁ”r“&f@oo -aFRIY! dingtienat @Pé@'"ltb‘?(pwstaﬁd@"@‘%
1oNaCl usrmg adea%’\ W\Ciaeneﬁ&foaﬂent B@@sﬁﬁxen’ﬁeat\ﬁas/\laé‘onﬂmﬂad by

|tered., . The te saccharl s filled into

D GeHIe s RS esi BERPR an®eAc! 1 1 ozen ot

-75C andhgtymmimrmamecgel {Binatioh- mrmogn@ﬂhylwumedmﬁhmjrabme index

pr r f

Pl SRR ch 08 e Bk SeartohAp (HACL S pBBtole iR E i odifbhction wit

roIth%i!%nnkﬁC%Cﬁ@fmlp@&w%@t%ﬁﬁWO&Q?H awveipktg al cohol or

15any ot h%\’ze@ﬁaﬁﬁ&{ brﬁ‘&rﬁattabl‘éhﬁ& méxih an4B)chs| 36d ﬁi‘pr@ﬁl@ﬂ'ﬂé%latlve
is evenly frozen around the insid of a

per"ﬂ‘?'?‘i“faﬁ@'zﬁdEF'QHtE%‘rd\V@IH?Héa@f‘arr'ﬂ?t eri aI to be safel y
processed during each freeze-drying run. These
automatic, refrigerated un| S‘? fchw de a sinple and
efficient neans of pre-freez 8 many flasks at a tine,
producing the desired coatings inside, and providing
suf f i Ryepsratien of eretypedPreywnqcpreal |3éﬁthﬂdeez£?'\aw¢wgugate
Bottles of |yophilized material were brought to room
oot enper ature and resuspetivdasch aritl CdRtiorsol uti on at a
saccharide/protein ratio of 2:1. To the

h | | . H [ . .
Nl ﬁ(aglre%t i R)gfm%it gwsa%!éﬂaﬁﬂg'w&bp{ﬂg\ﬁw%ﬁ B in a
reaction vessel. To the vessel, 0.2 M sodium carbonate, pH 9.0 was added for

partial deacetylation (hydrolysis) for 3 hours at 50°C. The reaction was cooled to
20°C and neutralization was performed by 0.2 M acetic acid. Oxidation in the
25 presence of sodium periodate was performed by incubation at 2-8°C, and the mixture
was stirred for 15-21 hours.
The activation reaction mixture was concentrated and diafiltered 10x with
0.9% NaCl using a 30K MWCO membrane. The retentate was 0.2 um filtered. The
activated saccharide was filled into 100 mL glass lyophilization bottles and shell-
30 frozen at -75°C and lyophilized.
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ionic strength and a pH of 7.5, then sodium

cyanobor ohydri de was added. The reaction was i ncubated
wW@003802231 or 18 hours, followed by a second i neCbhab200m087524

at 370C for 72 hours. Follow ng the cyanoborohydride

I ncubations, the reaction mxture was diluted with

cold saline followed by the addition of 1M sodi um

carbonate to adjust the reaction mxture to pH 9.0.
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t otaalitisreidaiumtmrahytide tyriadubationg 28° Onfions-8 ook, O- acet |

per ngy sacehar | i
e P02 T LRS00 8 o tvouen
Pr éotir abilon pusfiltdvige @rre@ntate\/\tﬁswln Jgheseactignmidurs is diafiltered 30x

ZODnWL@ﬁ L@?éﬁgﬁl@&ﬁ%r W, dal 3bR @fih KA Bhe rEl@RBlctwas filtered
through a0.2 um filter.

The conjugate solution was diluted to a target of 0.5 mg/mL in 0.9% saline,
and then sterile filtered into final bulk concentrate (FBC) containers in a Class 100
hood. The conjugate was stored at 2 ~ 8°C.
25
Characterization
Size exclusion chromatography media (CL-4B) was used to profile the relative
molecular size distribution of the conjugate.
The identity of the conjugate was confirmed by the slot-blot assay using
30  specific antisera.
The saccharide and protein concentrations were determined by the uronic
acid and Lowry assays, respectively. The ratio of saccharide to protein in the
covalently bonded conjugate complex was obtained by the calculation:
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of Pennsyl vani a, Phil adel phi a, Pennsyl vani a. For

preparation of the cell bank system see Exanple 1.
waesosmndzat i on and Harvesting Cul tures from t hep@UR2007087524

cell bank were used to inocul ate seed bottles

cont ai ni ng soy-based nmedium The bottles were

i ncubated at 36C 2 C without agitation until growth

requi renents were net. A seed bottle was used to

i noculate a seed fernentor containing soy-based

medi um A pH of about mfl ¥RshdFRENtained with sterile

sodi um car bonat e sol ut| on. After the target optical

density was reacH®° the—sestternmentor was used to

i nocul ate an inter nediygiht e fermentor. After the

t ar get | density wa t he di
seed fe&D ﬁ/g?o s a?%eqs ﬁb@ﬁ%?%‘“r’%é“"&i@&%e |€ﬁF J. Biol.
5f erOmemt 0849, TS, pHe4gsThearatio af Keacelyil tthneeniationetododi savcharide
car, ; ] t er m nat ed
af t gﬁd%? fﬁg“ﬁ’ya% @Bl\?%%@rrgf:% |'E%ﬂ?é18%>\‘ %%@? was reached.
An appropriate anmount of sterile 12% sodi um
deoxychol ate was added to Ehﬁnﬁglﬁure to lyse the
bacterial cells and release cel |l -associ at ed
polysa har i t th ment.or. .c
her s dptratsn of i Ftgumbpiatcans iar FEDARE-Brigh RotcEEhes
adj usted to appr oxi rratel y pH 6 6 Wi th acetl c acid. The
10| ysate was cl ar ;. @nks i f ugati on
fol | oved Bye.fAkB SEI‘OH)?E%tW&rb%I%OQRﬂ# DFT'Robert Austrian, Uhn|verS|ty

mcrofiltration. Purification The purification of t
pn@br%eawan'apahg}%d&bp@ﬁarpea@%\@ﬁ@t stetl PaTPagalign of  the cell bank
coaggmr@blaxamgleafl Itration operations,

precipitation/eluti O col um chﬁomat% raphy, and depth
filtration steps. )—BW—&&%&#@%—@%?%—%erforned at
15r oom t e@plared from thalmbng)tchﬁalbanls avespesed teethocatar ek dubttles
br OF [ -
%Ha“nS?o&ggst%gﬁm ThE Lb'g&l % 31% déj ?ﬁiate‘&nﬁ iag C without

re concentrate tere

10@gmyan MODOrawth fesuirempris weter aet; e?rﬁ%a@oalemw% tpelaoculate a
USisB&l feRfbiten m&mhga&&/ @e&é ﬁfedmtn NAWH & abe’t 7 0 was | malntalned

Dafjltration renpve ular
co BT ECS BT TRl P e 9 dee s fecned,
20bi mmée,emrﬁ'neﬁmch/aaasmoIIMCOIawrﬂntepﬁ@ﬁm leemfdrmentor After the

ﬁgl&%ﬁ%gﬁcﬂ%?g' q%%%W ésoFeatcﬁ)eot '?r? ﬂ\geq g&:g%_fg)ed fermen or as usgd to

anironi um br om at e
volingrgatef the ma@ct!sn derinestol. utheo pHvwas a@d@dnetdowttm@terlle sodium

co %Qr%Bﬁété‘E?tho%” Ghe 'fé%ﬁwbhtta%rﬁﬁasqg}rr}/ ﬁéﬁl&&@fiﬂe’r 'tr%ewérfa Tﬁ biBRe of the
give a 11 hal concentration of .
fermentor was reached. An appropriate amount of sterlle 12% sodium deoxycholate

25 was added to the culture to lyse the bacterial cells and release cell-associated
polysaccharide. After lysing, the fermentor contents were cooled. The pH of the
lysed culture broth was adjusted to approximately pH 6.6 with acetic acid. The lysate
was clarified by continuous flow centrifugation followed by depth filiration and 0.45
Um microfiltration.

30 Purification

The purification of the pneumococcal polysaccharide consisted of several
concentration/diafiltration operations, precipitation/elution, column chromatography,
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pol ysacchari de was then precipitated by adding HB from

a stock solution to give a final concentration of 1%
woiBogwiars2 The pol ysacchari de/ HB preci pitate WAST/US2007/087524

captured on a depth filter and the filtrate was

di scarded. The pol ysacchari de precipitate was

resol ubilized and eluted by recirculating a sodi um

chl oride solution through the precipitate-containing

depth filter. The filters were then rinsed with

ad [ I u f t
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polbyosalwharauqfeamlamm prateiepraipaltseetighidea 0. 2 nm

filter. Pﬁ&etoo%e)/%é?}ﬁ&@rof G2 xR trinihy W%ﬁ"m‘?d?ﬁlﬁ@rﬂrérﬁlhéd(HB a

on a 30 trafilter and d|a| tered with
sodrlawated | veluMse ol 81 NaG! cﬁtPC"T%?@"'B'& Mﬁsa?qdﬁd 69 rthe |°8'6°e“t'ated and

10IOO:d)éﬁw&@&ablys&cmnhbltsblorbm@\few fir® Eorfehirdtion bf D25 M NaCl. The
Iltration

h
PP EREEPTE MG PEEPTRY by it HETHET BaIEh 1okt fg ove =
wasinalicnsestitratidntof 4 %siol (wi. CTHequolydaccbatidgfHB precipitae was septured

1a%n t%hagyrpﬁfé{ 4 ega tfﬂfeééd%hé’ﬁé%&g@cf ' ﬁfe ﬁ&yéa&h%ﬂde WhRichlate was
polra;s@&@wm pod ejded, by o'ﬁcma@tl@ﬁcm%tcéleﬂ% sglutiqn fyegh the
15W\@chlt§t6%5htlaﬁw% RPH R UHeaflerdividre fhed WhsdiithBdditional sodium

sphate buffer to achieve a final concentration of
0. GQ'BW%%%I’I“GH‘] phosphate. The pH was checked and
adj ust edodiom fodide (Nab. deeamdamtne Mykeoomawtdalutmn(ﬂﬂﬁ) a stock

CoNM i SRR B R, DI F o
comohwitatel wgs (réfbovel) by Teethp Gllrytmcc haei ﬁltfatsommalmml hees target
20! Egglyé&@%@eo%g dr&tn tﬁ%wmsel%g%e ﬁltb‘?%r&ﬁ%ﬂtvhfﬁrbsNaCI/Nal

ties boun e resin and pol ysacchari de

wasolienoped doe mw Wtéasr FORipeg ¥ithHhe rRﬁﬁH?ﬂ'h @U&ﬂﬁ% nﬂ'vsaFﬁ'éa“de

polsyBast hird fifr Was didcHi®Be dTHENS N bcHahde wad tdh fieleld through a
buffer nd was filtered through a 0.2mmfilter. The

poI IR 8¥R2r i de sol ution was concentrated usi ng a 30
k Da M/\Othé pblysacchaliie saotivnerdsr @hesnivatedtdnen3@kRd MWEQ elrafilter

Fer edterTJ\ﬁlthd%chdnH g‘{lg%egghya@ccharl de sol ution was
The par‘ually purified polysaccharide solution was further purified by filtration
through a depth filter impregnated with activated carbon. After filtration, the carbon
filter was rinsed with a sodium chloride solution. The rinse was combined with the
polysaccharide solution, which was then filtered through a 0.2 um filter.
30 The polysaccharide solution was concentrated on a 30 kDa MWCO ultrafilter
and adjusted with a 1M sodium phosphate buffer to achieve a final concentration of
0.025M sodium phosphate. The pH was checked and adjusted to 7.0 £ 0.2.
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menbrane filter into stainless steel containers.

Sanpl es were renoved for release testing and the
w@oooshred2 pol ysacchari de was stored frozen at pCHUSINE7/087524

Characterization The 1H NVR data was consistent with

the chem cal structure by the assignnment of signals

assigned to the protons of the polysaccharide

nol ecul e. The identity of the nonoval ent

pol ysacchari de was confirnmed by countercurrent
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Preparation o coccal Saccharide -
CRM 97 @bﬁjpgky%mham@lﬁ|sobst’¢rbwaaﬁwcmtrﬁt%gmmgm 3@dwadiesfilter.

of 1pEIcbhdcRfiats WaRltNPRIiatItSRE GRARIFIEe were thawed and
conbined in a reaction vessel. To the vessel
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and 1M magnesi um chl ori de was added to a fi nal

concentration of 0.1 M %k@?&c’t@gatloﬂ t he presence of

sodi um peri odat e was performne i ncubation for 16-24
hours at’he3tt-Nfe datet Wﬁt ?%‘ﬁ's’feéfad‘t'thowenf’hﬁ”ﬂj??é $tpvgture by the

15C Oy QGhrhétt %ﬂs@ﬁﬂ’s éﬁs@ﬁédt b&ﬁ@ﬁroib% oﬂhé BolV¥dcchiside %o@tc&l@o K

MACO nmeqgpr ane. tentate Ite ed throu
0 % 0 { BN of (B QOETAT GOMRICRRIC o RRtmEd by
PH céurtlercwaent addad:eteotrdsMreacstusmgtspeblfmkam| de to a

final c
CRMLO7 g%fﬂge'f?%én%? gQI flltﬁ%ﬁﬂc%%g%%%?n? cﬁgplgda g’g'ﬁ refraatlve index
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a 50rL SFF§EEluTe cphror%ﬁggr;aplp%g%(% B)peasyged E&’rﬂﬁ°f"e the relative
|y ot duiat sidle diBpibitionsf the polyshochartiel | zed
saccharide/protein material were brought to room

Example 4
25 Preparation of Serotype 3 Pneumococcal Saccharide — CRM,y; Conjugate

Activation and Conjugation

Containers of purified serotype 3 saccharide were thawed and combined in a
reaction vessel. To the vessel, WFI and 2M acetic acid were added to a final
concentration of 0.2M and 2mg/mL saccharide. The temperature of the solution was

30 raised to 85°C for one hour to hydrolyze the polysaccharide. The reaction was
cooled to <25°C and 1M magnesium chloride was added to a final concentration of
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tenperature and resuspended in 0.1 M sodi um phosphate

buffer, pH 7.0, to a final saccharide concentration of
wQ@0oosmreavB2 The pH was adjusted to 6.5 and t henper/Qso7/087524

nol ar equi val ent of sodi um cyanoborohydri de was added.

The reaction was incubated at 370C for 48 hours.

Fol | owi ng the cyanoborohydri de i ncubation, the

reaction mxture was diluted with cold 5nV

succi nate/ 0. 9% sal i ne buffer. Unreacted al dehydes were
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i e e R ko, g sora el 1AM Al n PH SRR cRMer
st eairlee pfotdin eag thivedtvothEBCsassharalersofution to arqioas 29 posaccharlde
g: r 1;'3?0% RN Ug @o%ﬁe@%&'&ﬁgld @ SAeif s&gtlon w%s filled mto 100 mL

FacY or F2ation 5 26 exclUusion Chr omat
( Clg'asB) lyoriizatinad betdesmithi  5QMHe tfl"é?‘af"i:v%hqué%’hlaér'75 C, and
103| Ffopfilisdd. 1 bution of the conj ugate. The identity of

t he con ate was co rne sl ot - bl ot assa
usi ng SJB@E?'P? io% Car'wipeﬂ%%? h%éﬁ%’ﬁ’i‘?m JEIRY “ﬁf%?’@”ﬁht to room
conémpdratatd arrcsrewsrpen@hzi iarom M&ddlbm gHoephAtd huftenepthdd, to a final

lp_)(r)\(%%éﬁh%ﬁﬁ a&?rﬁerﬁt?a?igﬁ <|5 q ﬁ'l)g){'% ﬂ;IQWaQ agfu?tgél%: Egréng qhén a 0.5

& cova conj ugat € conp
obtradlare dauiyalert eof ceddivum @Namborqhmrtﬂﬁ wae cqgded. d eTfP%tr ?Qﬂl&n was

15rrg/ ﬂgu 9{595?'3‘? EXGR Rods. Prl’%ﬂé\x/lﬁﬁ Itl‘ilé1 noBoroRMRHEREUB&ion, the

saccharl de Ser ot . _pneunoni ae
Serf@%%?'ﬁ'éwtwagvaé@th&%%h ol M suce@?tsf ToEHine PRS- dnreacted
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OB LA, O Wi R B EE R BTGRP L%
chaﬂammemnom’eieotatm\fesséie pol ysacchari de, see Exanple 1.
20 The reaction mixture was diafiltered 30x with 0.1M phosphate buffer (pH 9),
20x with 0.15M phosphate butter (pH 6), and 20x with 5mM succinate/0.9% saline.
The retentate was filtered through a 0.2-um filter.
The conjugate solution was diluted to a saccharide target of 0.5 mg/mL, and
then sterile filtered into FBC containers in a Class 100 hood. The conjugate was
25 storedat2 -8°C.

Characterization
Size exclusion chromatography media (CL-4B) was used to profile the relative
molecular size distribution of the conjugate.
30 The identity of the conjugate was confirmed by the slot-blot assay using

specific antisera.
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Al ternate Fernentation Process Cultures fromthe
wor ki ng cell bank were used to inoculate seed bottles
W@ uBarITBng a soy-based nedi um and a 107M st er PCEUS2007/087524
NaHCO3 sol ution. The bottles were incubated at 360C 2
Cwthout agitation until growth requirenents were
nmet. A seed bottle was used to inoculate a seed
fermentor containing soy-based nmedi umand a 10
sterile NaHCO3 sol ution. A pH of about 7.0 was
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cells and rel ease cell-associ ated pol ysacchari de.
After lysing, the fernmento con{? ts were held, with
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t 0 DaemBi fcaigy@fhpleNext , the Rmehtafidhe hat&sfing Ulpukiication and
bro h was ad ust ed to a%grom el ﬁSﬁH 4.5 wth 50%

acé?f'?r@"tﬁﬂ?%'lw 2Fthe Polysageiagde: t agitation, for

15a tinme i nterval between 12 and 24 hours at a

t enper at ure bet ween n i ficant portion

of the previously s At% a Iger% g;‘L’moahI§°9€p'ped out of

solution as a solid precipitate with little |loss or

degr adaCultiresffrorrh thepwprtioa cash drenlg everquiiset to dpshiaegsged bottles
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E
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Exaideq attRrvapalsal toinoafiat&Se rsewmnamtarmtmwmmbased medium

S i de - 7

ST TR TR Y S N -
t haNesH. after dentigetdbtical densityarasireachee.dbe BeedVermelm@r was used to
Ve%r‘?‘o%lul’azf r{’e“/gﬁﬁgéddﬁ‘ f@ﬁr%n%r con@?’urﬁ; Soy- B‘@s%darqgcﬁgm with a 10mM

atil on pr esence sodl um
25perN€tb'lﬁﬁseC°b9eﬂ“ﬁti% d’ﬂ”?d’f*ﬁ W@? mfmtamedh\wm %N MNaOpB CTherfggmentation

actyasaferifate agter %séﬂtléﬁ Wf Egrv@th 60BN tthetveikigNdolume of the

diafiltered 10x
fermentor was reachc\e/g L]n appropnate amount of sterile 12% sodium deoxycholate

was added to the culture to obtain a 0.12% concentration in the broth, to lyse the

bacterial cells and release cell-associated polysaccharide. After lysing, the fermentor
30 contents were held, with agitation, for a time interval between 8 and 24 hours at a
temperature between 7°C and 13°C to assure that complete cellular lysis and
polysaccharide release had occurred. Agitation during this hold period prevented
lysate sediment from settling on the fermentor walls and pH probe, thereby allowing
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usi ng a 100K MACO nenbrane. The retentate was filtered

through a 0.2 mmfilter. The serotype 5 activated
wgeamshasBte was conbi ned with CRML97 at a ratiBCDUS2007/087524

0.8:1. The conbi ned sacchari de/ protein sol ution was

filled into 100 nL glass |yophilization bottles (50 nL

target fill), shell-frozen at -750C, and

co-lyophilized. Bottles of co-lyophilized nmateri al

were brought to roomtenperature and resuspended in
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phesplinapes tayt ¢@qtrlfuqﬂtlpr@3follta/yﬁgi by(g}@pw fﬂtﬁatlg@pnqq@% mgmcroﬂltrat:on
retentate was filtered through a 0.2 mmfilter. The
conj ugate solution was dil uted *teo a saccharide target
of 0.5 ny/ni, and then sterf@P 9tered into FBC
containers in a Cass 100 hood. The conjugate was
10st or eRreparafion 088&otypers Rrivsinxitaceal Sacéhaide o1CRM1si Genjugate
conj ugate, see Exanple 2. Exanple 7 Preparation of S.

Pneunoni ae Capsul ar Palysa&Eaad s, rptype 6A S
pneunoni ae serotype 6A wWas obtalned Trom Dr.

al d
Schi f f m&gniginerst SQ’PQ/PE 558F<harids \tv9re6lpavméiv9nq&pmbmed in a reaction
Br agkdey n, Td\@we Yedskl, 0~ etiemabedtatonplf 4.vheas eldded dsliowed by

f . L]
oYl B RS ot S B L FRon B33 .
15except {Thatctationrgagion infixteratwas condehtratdd akddiafiaRo 10x with WFI

Congmty r@gk@ébgﬁem @5@3 rTPEQelEHt%teQHsQ@g&Q %r@tﬁﬂ?’nya &5 BRy filter.

is 0 reparati on R
Pneurmcd'b@ atrogae éfﬁﬁlviﬂ%d saccirnide wagsabipad wit @ﬁMﬁtht @rfatio of

and £pn] Vl%%bﬁﬁm&? rs@&dfﬁﬂde@ﬁofém )é&@t%hﬂéé dlﬂed $nt@ M0DOAL glass

nol ecul ar_ wei 5 éﬁgaﬁﬁ“ b7% ée gy &

si é\e_opbuwontbet 6%( (SQany ‘g & %Zreg 5 P&‘H;?B ogipized.
zosacchiar IBdalew&:fe:otwmmdecanr&temn‘wereedrolughtator @aot teprperature and

vesse

{1 e epeBa it ATEREn e B g eI SHAB e wes

howaddeat T@e}]eactlmmgvaseacmba@d at 30°C for 72 hours, followed by a second
addition of cyanoborohydride and incubated at 30°C for 20-28 hours.

Following the cyanoborohydride incubations, the reaction mixture was diluted
25  2-fold with saline and transferred through a 0.45-5 um prefilter into a retentate vessel.
The reaction mixture was diafiltered 30x with 0.01M phosphate buffer, pH 8, 20x with
0.15M phosphate buffer, pH 6, and 20x with saline. The retentate was filtered
through a 0.2 um filter.
The conjugate solution was diluted to a saccharide target of 0.5 mg/mL, and
30 then sterile filtered into FBC containers in a Class 100 hood. The conjugate was
stored at 2 - 8°C.
For the characterization of the conjugate, see Example 2.

29



was cooled to 230C and neutralization was perforned by
adjusting the reaction mxture with 1 MNaCH to pH 6 .
w@zoodatri’en i n the presence of sodi um peri odat eP@BEES2007/087524
performed by incubation at 230C for 14-22 hours. The
activation reaction m xture was concentrated and
diafiltered 10x with WFl using a 100K MACO nenbr ane.
The retentate was filtered through a 0.2 mmfilter.
Serotype 6A was conpounded with sucrose and filled
into 100 nL gl ass |yophilization bottles (501 target
fill) and shell-frozen at -75C and | yophili zed.
Bottles of |yophilized mat &@HPe¥ere brought to room

t enper PrsfsRatiditofl SRHBNMOHRE CapsilanRolpydubiigxSetdtype 6A
(DVMSO at a saccharide/protein ratio of 1:1 . After
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 lyaRICoder SSmBRMS 13oSBPH R g furigarin, doe 30 kDa MWCO

I egphteMrafiin'dtal, Briokas tHelchrbwiatdgr&thy sRpOW @mitRdd MM
prefilter into a retentate vessel. The reaction

m xture was diafiltered 10x with 0.9% NaCl and 30«
10Wi t h succi nat e- buf f er ed NaEkamples8 r et ent at e was

filt \f gg j
col uf R Y brdtull 64 PRblintt fal Sccfafi Dok coniugate
nmg/ nL, and then sterile fil tered into FBC cont ai ners
in a dass 100 hood. Ha&/a8¢ feQHO8HA st ored at 2 -

80C. FOBeF eCqu:FoWéb&ihlaﬁo%h!sthlg(hfmdlé'tﬁlla@%lgHgﬁilﬁaerﬂfa@had to be

CABSRCRR TPz oB HarHEEr G- G soig R Finpaeharice were

S e rtisdwaaieand leombine o it sarieaetidn fvessal. Dro th&eesskll 2 Stheti€ aeidwa$ added

t hqo tf%tafeco“@éﬁifaq §¢ Bf” %?fM Nﬁvﬁygr%r EIS fﬁr‘PQKLQ{rQ ‘at %&6 Y?ﬁé<reactaon

reparation 0O ste and
ferwa@nuwtedot@ ane amve@tahzﬁgwtyfwasmew?%&Mcﬁﬁﬂaﬁtlrwethes@ectfon

Ex gk vith TR NSOH & ﬁﬁ@n@x?daflcﬁf AR Srosdiae 3Nsbdium periodate was
harvest | ngqypr ocess, see the alternate process

20¢ e effpeg! hn%kétf?ﬂlaézcim%ﬁ #4 R4S on The purification
of the pRedBMERsCabctdA Inyﬁa@waarcbd@nmes aad aidfilefed 10x with WFI

sever al ation/di afi | tr ; )
pr é‘(?l“ﬁﬁ@%%&ébﬂ?n&?{a %o hﬁr{ﬁte ovf‘?e?t a'regﬁﬂ{%}ug%a 2 Hm fitter.
dept h f iSetatypei &% vt eppmpoddded prithc ehnesesangefilled patof Blonwt glass
at l%%ﬂﬂiétﬁ%gﬁlé’g H'JBI%L target fill) and shell-frozen at -75°C and Ilyophilized.

25 Bottles of lyophilized material were brought to room temperature and

1

(J'l

resuspended in dimethylsulfoxide (DMSO) at a saccharide/protein ratio of 1:1. After
addition of sodium cyanoborohydride, the reaction mixture was incubated at 23°C for
18 hours. Following the cyanoborohydride incubation, the reaction mixture was
diluted with cold saline. Unreacted aldehydes were quenched by addition of sodium
30  borohydride by incubation at 23°C for 3-20 hours.

The diluted reaction mixture was transferred through a 5 um prefiter into a
retentate vessel. The reaction mixture was diafiltered 10x with 0.9% NaCl and 30x
with succinate-buffered NaCl. The retentate was filtered through a 0.2 um filter.
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unl ess otherw se specified. Clarified broth from
fermentor cultures of S. pneunoni ae serotype 7F were
waeeorseni7sat ed and diafiltered using a 100 kDa MAN20S2007/087524

filter. Diafiltration was acconplished using sodi um
phosphate buffer at neutral pH Diafiltration renoved

the | ow nol ecul ar wei ght nmedi um conponents fromthe

hi gher nol ecul ar wei ght bi opol yners such as nucleic

acid, protein and poI ysaccharide. Serotype 7F does not

forma h

preci pi 128 Gaget Eonllch dilsleR T4 36scnfiRiHaldel B0 ¥, and
solthgan smrllwlltquwmg FBﬁIechBIrf%m a Gasg clie0dwedt i Thg qopjugate was
finaledicapreration of 1% HB. The precipitate was
captured on a depth filter and the filter was

di scar dE8" thqﬁléarfy%?rygg%qupq epRIUgRte: SSFEMREE i n t he
sfiltrate. Sodiumiodide (Nal) was added to the

pol ysacchari de sol ution fr%mr% %tgock Nal solution to
achieve a final concentration Bf 0.5%to precipitate

HB. Th®reparatiqn ¢of8. #neamoniambapsulbyPolygsadeharide Serotype.7F

The filtrate contained the target polysaccharide. The

preci pi tsabh&nna%%ss%lmtmﬁ wgs bbtaln@ framr I§r rGeFeﬂ@@cM\ffﬁ'\Bn 3f the
NaCl / Nal sol ution and the nses vvc?(re co

t hetpaLnivarsity oplipy 1ot Bfﬂﬂkgvg ALhEP*dESH Ptﬁpﬁr@ﬂon gr”?htée cell bank
10; ! :syﬁém\é\@mhﬁ;r mmede%bn éfﬂ%ab\liésﬁ@@fcthabbld&cmmldbhﬁe Example 3.
iltered.,thr a nmm ter
G oIS 0P et BRIy B harvEsting H&eRR 48 6 (i, appcess
andiesgrivkd intBreglemM.t h a sodi um chl ori de sol ution. The
partially purified polysaccharide solution was further

purified by filtration through a depth filter
i npregnated with activat edPe&cBE After filtration,

15t hle car hpa uhlildaﬁén %&er bﬁb%ﬂ%c&\tcbh p@y@@&idﬁﬂé WBhaitbdlef several
sol uti on.

polci?g%?é‘lfﬁ‘é"r”(dé"é'{‘%? PP%Iﬁt'“\ﬁh Pfﬁﬁ'p&%@”éen‘éﬂn £ 594} ggyomatography,
t hraad gleptn fitr&tionmstépsl t eAll prbheduped weseC pdrérmekk as odourt itepmperature
wa - at . a 30 kba MMCO ultrafilter and
adﬁ'ﬂs%gyét% 'IV‘{'% sigi'f\?%hs'odi um phosphate buffer to achieve

a fi nal Ciaifiec hrothafreroferofentyr GoiIBINess ofdf.uprieymesian sewlypgHE were

2opH 5\‘3@&%99@8@6& ARRneh ufsﬁr@d at 900 -KDa MV%oTh%rcgfaamaﬁon was

roxyapatite (HA) columm was equil|jbrated
socﬁcﬁﬂﬁ‘&§'ﬁ'?ﬁﬂo%§lgé°ﬁ'HF‘fFé\°S%Fﬁ Byigy @e%%i.pum%'!taﬂwa@"t%ed the
Obtléw ﬂnbl@ﬁ:lz&pﬂé@ﬁﬁ imddRInT @oAhp6hdntd tfryhm( e migher Pi®ecular weight
e sol uti oadq} qnt o t he

bY I%lgnharI h cielI S Vp‘@% it hnd

coI O PR UL A PITER & PSR bound to
t he r esiSarotype trhdogsoloy samcd arecipdateadthridi olrstaad, immputities were
25  precipitated from the concentrated and diafiltered solution by adding the HB from a
stock solution to a final concentration of 1% HB. The precipitate was captured on a
depth filter and the filter was discarded. The polysaccharide was contained in the

~filtrate.

Sodium iodide (Nal) was added to the polysaccharide solution from a stock
30 Nal solution to achieve a final concentration of 0.5% to precipitate HB. The
precipitate was removed by depth filtration. The filtrate contained the target
polysaccharide. The precipitation vessel and the filter were rinsed with a NaCl/Nal
solution and the rinses were combined with the partially purified polysaccharide
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fl owthrough fromthe colum. The pol ysacchari de was
flushed through the colum wth buffer and was
wo bdosered2 t hrough a 0.2 nmfilter. The pol ysacetBUSZNG7/087524
sol ution was concentrated using a 30 kDa MACO filter.
The concentrate was then diafiltered wth Wl . The
di afiltered pol ysaccharide solution was filtered
through a 0.2 mm nenbrane filter into stainless steel
cont ai ners. Sanples were renoved for rel ease testing
r| h -
For oI AifpulteE et BtaR | e BRyRREFLENE fip fteredhirouch -
Exd@lrefi®r. Exanpl e 10 Preparatl on of Serotype 7F
Pneunocepg %Iy@&%ﬁé?@@'s@@tldn WM ChEe ftRid & 80 ADh 'l\MﬁCOQIT!raf lter

and Conj ugati on Idation in the presence of sodium
perﬁ“@d’é?f@er%y'ﬂbélsP%V%BbW e’r"llmLE'Eﬂ'Exatl on for 16-24 hrs at
523OC Thrae @amawurmed b&l%ﬁcbmldmsnmwmwmmrtbmiﬁéd By Bittation

filte i
oorehice ety SRRt ey AN uRroor
a Gilter was findetiavithSe sadiyp ehibFdenagution| Teel ringet wasl cgmpihed WIth the

ga%ﬁ/ J}aééﬂgmelé @B@g\@léﬂ%dagltﬁ& fﬁtgﬁd%oﬁﬁ ag§t2 pH ﬁllle) and

rozen a zed

| yophi | iThe gokyegcsharide sthl%[hwamwwttﬁéﬁdeorb? 89 @Pﬁ MVMCPdtﬁtfﬁf"ter
10t ergParARAfudicd vt M%H&Qrﬂ%@@bHa&\ bt c2dchidve a final concentratlon of

saccharl de/ rotein r After t it
L heseR The Riwas sk iohsao T RE AL o
at 230CTh@rce8am|ﬂ:Oh)lmmny5patlunI(Iﬁa)ct:eldmal wah edeibraled ewith sodium

Iq ﬁ gbﬂ g h f{ep gglggﬂné s%_!ing%f ch?cprgile ‘{Q{‘OB%W!?% degQ)%thX conductuvuty

he T eact
wag1g usmrb@i pmmsafcmamdwsolhtmom tb%n lpadedanép the gplgmar H@der these

15t hrc%H&Fbr@ mhpiteR Helnd fo%e f’e@fh%n@ tﬂ@ﬁo@ﬁﬁéﬁh@nd@ﬁ%cov@% in the

ction mxture was diafiltered 9% sal i ne

an dlowzrowft fion (hecsdure- Jhe P@W%ﬁfcg%ﬂdﬁ r‘f‘@s ﬂmedrt@ioesm thegolumn

waSyithi dutiér 2 wa@rﬁmmm@h% Omwﬁ*nlﬁltérer- The conj ugate
solutio cchar

get af 0. ,
o/ . 0. TBBPEFACHEErOR e R RES PR e Pt 8 gD RPIGE fler
comnhaicorsentrate was Ghenstafit@@d MibdVFiThe conj ugate was
goStored %ezdiéﬂt%%g ﬁglpséégﬁa{r%t%lﬁt%ﬁt W8 Mbreihfrough a 0.2 um

conj ugate
membrane filter into stainless steel containers. Samples were removed for release

testing and the purified polysaccharide was stored at 2° - 8°C.
For characterization of the polysaccharide, see Example 3.

25 Example 10
Preparation of Serotype 7F Pneumococcal Saccharide - CRM,y; Conjugate

Activation and Conjugation

Oxidation in the presence of sodium periodate was performed by incubation
for 16-24 hrs at 23°C.
30 The activation reaction mixture was concentrated and diafiltered 10x with
10mM NaOAc, pH 4.5, using a 100K MWCO membrane. The retentate was filtered
through a 0.2 um filter.
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Exanpl e 11 Preparation of S. Pneunoni ae Capsul ar

Pol ysacchari de Serotype 19A S. pneunoni ae serotype 19A
wowrmsohizat ned from Dr. Gerald Schiffman of thepSt/asmo7/087524

Uni versity of New York, Brooklyn, New York. For

preparation of the cell bank system see Exanple 1.

For fernmentation, harvesting and purification of the

pol ysacchari de, see Exanple 7. For characterization,

see Exanple 3 . Exanple 12 Preparation of Serotype 19A

Pneunoc 9 ' '

e Sl AR ST NS Rt A
werfid) aﬂdmuifrm at o190 Aedilypphiliged.eacti on vessel . Sodi um
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Tl Boti abronets Riemet Yooty i p Rl Brgeum
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wadhopgh 2§ thpr@fﬂt@wtw retgtateyversebphing FeRaHANGAXYER Wasediafitered

10( S0 ol witht @o@edalihé lahd 3@?‘ Qyith hlctindte Baste@lsalinéd Othafdllentate was
| yaphi |l i zed | yophilized material were

br JHigRe WB“Q“(?OQT‘%P@&@& ature and resuspended i n DVSO,

To t he Faechdgugdatkedqutioneias ditited tor 2 sacsbalidertarget of 0.5 mg/mL 0.9%
cy 0 y 1 Lal) T, a
m%‘aﬁ%Cu% tQélll %Fen @Qefr&y % Fr?gﬁr%grqgiﬂgrgl in Q%Iés@ %d RBd. The
cy anojbeate sl sloths atdc 8@t i on, unreact ed aI dehydes wer e

15quencheeg by ke a g f8 c@fuuéa@g IsdBERQhEBYdr i de by

i ncubation at 23C for 3-20 'hours. The reaction m xture
was diluted 10-fold with cold saline and transferred
through a 5 mmprefilter iptamplenetentate vessel. The

0° a5- nbiepPIaEh o8 s Berrdiies s bbbt SroRER oy

succi nate/ 0.9% NaCI buffer, pH 6. The retentate was
filtered. pheunayiresemiyperPAfwas etainerfeone Brj Grjald Schiffman of the

202 ol 44tk MRSy @'f Nékk %rkt @r&ktyﬁfa&& v8ifk. Gop praphfskiot! S tAE cell bank

succi nat e/ osalne nd then sterile filtered
i ntsﬁStF’BCSE%rﬁxé‘m?@ré i nFe[ @'r&g:gatmo harvesting and punflcatlon of the

polysaccharide, see Example 7. For characterization, see Example 3.

Example 12
25 Preparation of Serotype 19A Pneumococcal Saccharide ~ CRM;s; Conjugate

Activation and Conjugation

Containers of serotype 19A saccharide were thawed and combined in a
reaction vessel. Sodium acetate was added to 10 mM (pH 5.0) and oxidation was
carried out in the presence of sodium periodate by incubation for 16-24 hrs at 23°C.

30 The activation reaction mixture was concentrated and diafiliered 10x with
10mM acetate, pH 5.0, using a 100K MWCO membrane. The retentate was filtered
through a 0.2 pm filter.

33



hood. The conjugate was stored at 2 - 80C. For

characterization of the conjugate, see Exanple 4.
wazasphes3d3 Preparation of S. Pneunoni ae CapsubP@r/us2007/087524

Pol ysacchari de Serotypes 4, 6B, 9V, 14, 18C, 19F and

23F Preparation of the S. pneunoni ae Seed Culture S.

pneunoni ae serotypes 4, 6B, 9V, 18C, 19F and 23F were

obtained fromDr. Gerald Schiffrman, State University

of New York, Brooklyn, New York. S. pneunoni ae

ser ot yp?ré—%cﬁ\%ﬁdopéﬁ%hé}ﬁg \Lgsg%r?mﬁéé%.th SR8 f&%%d oy the
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dettirouged i%mmginesmm saiéritate @essel. utheoeadt@s nsixtdedvasadiafiltered
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contro
7 4))9% ae! hbéfﬁ'péHeﬁt dihe rmatﬁwastﬂ&wﬂ‘éthrwh:?@ 2 poilterThe
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fermentation broth fromthe seed fernmentor. Soy-based
medi um was transferred to the internedi ate fernentor
and sterilized. Then a vol une of 50% dextrose/ 1%
magnesi um sul fate sol uti orFXA¥'%dded to the fermentor.

The pH an? F&li()jérﬂﬂ%@ﬁf 9IPﬁelblﬂmhryeeramdlaaPely§w?ﬁn§rﬂr
were nonitore con p o
t enperat ure vvas%?ﬁ?tm’%ﬁ ‘{&E g? @ 1B, 16F e 2oF

25 Preparation of the S. pneumoniae Seed Culture
S. pneumoniae serotypes 4, 6B, 9V, 18C, 19F and 23F were obtained from
Dr. Gerald Schiffman, State University of New York, Brooklyn, New York. S.
pneumoniae serotype 14 was obtained from the ATCC, strain 6314.
Separately, one vial of each of the desired serotypes of Streptococcus

30  pneumoniae was used to start a fermentation batch. Two bottles containing a soy-
based medium and phenol red were adjusted to a pH range of 7.4 + 0.2 using
sodium carbonate, and the required volume of 50% dextrose/1% magnesium sulfate
solution was then added to the bottles. The two bottles were inoculated with different
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20C. The contents of the seed fernentor were
transferred to the intermedi ate fernentor. The
wo esosmi7ez was mai ntained in pH control and sapPQi/@s2007/087524
were periodically renoved and tested for OD and pH.
When the desired OD of 0.5 at 600 nm was reached, the
production fernmentor was inoculated with the
fermentation broth fromthe internedi ate fermentor.
Soy- based nmedi umwas transferred to the production
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cl %H“H | on H?ﬁlr%e{’ ank. The contents of the

r%rgt osnee & tor.

ank (including the cellular
debri s) Seebasedr mediomedas hiransfeived ioelter irtergediate ferfeatar and

15" a%?enpﬁhwe?ﬁbn\zl\g voRfheB805dd; tdze&f?os%ﬁr% tf'r%ﬁes(uﬁﬁ CRitdte solu’norz:l was

erein the cel bris was di scar ded

th @d¢¢£w thatfermenight dhedHt @%%q'tﬂ)é%hofztse dHermedigty fefrapryor were

PeimdrRsted anPabmicRsd @JH 8. h@o BUp eTH’éatbﬁwBbrth@é Ras HENRSeRRSB6° +
testedfor OD. The desired duri ng

cert®i fﬂﬁaf?rtswtm the §eqd; fermgptey é«erey traremrre&up?emamﬁﬁmed'ate
V\/a$erﬁ1@ﬁtlof culrad aermichtop Ugds Emaﬁiﬂﬂhébl fih | gHerconts@ earial Wamples | were
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{ abforn PURSEAHRANAre efepoduct was transfer o

["'ose tot urification area for
pr ocessﬁmgbasﬂtldl "@ﬂlwméva&béf@esf@m 4¢ | Asproduction fermentor and

(C%fétnﬁieﬁUQWénOE vofdrﬂet 6@5@9@meﬁﬁ&eﬁr@'ﬁﬁgﬁéglurwﬁiuﬁate solution was
perf or ned bet ween

257 o PHAAH 8 INGrToBHRT O ThSsBH A0 ROBEBBL01 By PuBeanaptor were

anGhdalored and controlled (pH 6.7 to 7.4). The temperature was maintained at 36° +
2°C. The fermentor was maintained in pH control and samples were periodically
removed and tested for OD and pH, until the fermentation was complete.

Deoxycholate sodium was added to the fermentor to a final concentration of

30 approximately 0.12% w/v. The culture was mixed for a minimum of thirty minutes
and the temperature set point was reduced to 10°C. The culture was incubated
overnight and following confirmation of inactivation, the pH of the culture was
adjusted to between 6.4 and 6.8, as necessary, with 50% acetic acid. The
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see the alternate process described in Exanple 1.

Purification The purification of each pneunobcoccal
w@elmgdaerehar i de consi sted of several PCT/US2007/087524

concentration/diafiltration operations,

preci pitation/elution, colum chromatography, and

depth filtration steps. Al procedures were perforned

at room tenperature unl ess otherw se specified.
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3%%’(@%@: Cen%&@ iltggskp?egg\og{) a%'ﬁ“{: gs Fth%osg%?mﬁtgpt \xere removed
corwd i stemit foroDD O TThe BediBd OB duying mecoepmquemormtquse Q3F,
whi ch h (?h ﬂY éﬂw?g’@eﬁ%%ﬁewg ?etclrapat&j th?c ? -H?aefllter %sesgrpﬁly until

pol ysacchar reci ate was on a
fi lane®D ahdl 05 ked.q3 \Ivasr aIMVMSTmrstbarsdwnatémmae paSaddhippgh the

1014 ARGSUBAscBBF LR B S AR L el tank

SacC
r esol ubSubsegderdhid tltfl ut@dctbyaedlmefarred ithrgugh stedédipipes to the

chI Lﬁcgﬁ?r%ﬂeﬂdr%bc&@rﬁugh the precipitate- cont a| ni ng

ters were then rinsed w
addl t i ol ofsthgi akAve nprsratigas Jeentfugation. SB'H?*L% ?%Ilt'@@Sfer were

( Npk)omirsl bathied 10TC {olBo° (pol ysaccharl de solution froma

st ock | so n. to gnce ntration of
153 54 t of P ELTSTELE ETRpstaeR AUE e PE eI p o KoY 4 A 6.

hadeetlfaaﬂatnateqnmas dedcriloed ioEx8m@EA) . The precipitate

was renmoved by depth filtration. The filtrate

contai ned the target polysaccharide. The filter was

di scarded. The pol ysacchar Bdéficgiign t hen filtered

t hr oughtge QuadBatidn bt ﬁch &Feﬁn@@ch’eﬁ %@Bﬁché’&le%ﬁnéﬁ&t‘e@rﬁ several

was concentrated on MMCO ul'trafilter and
204 gPnqentptioq/digfiftrtion ge%r?mﬁsc RieSiPItfenielition. | efymnrfaromatography,

paraht alebth ftvtiohi stehbsp ol AIE proedrrésd@emopatiormed wa goohul tenip@rature
purl |ed b f||trf'§e0{0n through a depth filter

[ mﬁ‘P&@%% g iﬁlﬁpﬁCI ‘i vated carbon. After filtration,
t he car G@nifiéd btothr framsthei fageantori cuiuras b dheglegiteldo®.i preeumoniae

So'sHFo'tg@(@: wZQecJHcEﬁPaté/@%nﬁoﬁ’féhﬁb%’d V\’.\sﬁrﬁ tah%  KDa MWCO fiter.

H:%;ij hari de sol uti on, tered
25th fratian ovasmaceqmRlighed vﬁ'eg pwdy@hdq’ma?haé% byferu@t i < 9.0.

WaDisFRFHEEN tenidved thtNod nidledtlar wROEHitmadohipbldnts from the higher
molecular weight biopolymers such as nucleic acid, protein and polysaccharide.

The polysaccharide was precipitated from the concentrated and diafiltered

solution by adding HB from a stock solution to give a final concentration of 1% HB

30 (wlv) (except Serotype 23F, which had a final concentration of 2.5%). The

polysaccharide/HB precipitate was captured on a depth filter and the filtrate was

discarded. (Note: Serotype 14 does not precipitate; therefore the filirate was

retained.) The polysaccharide precipitate was resolubilized and eluted by
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and the filter was rinsed wth a sodium chloride

sol ution. The pH was checked and adjusted to 7.0 0. 3.
wdab@soeyraari ¢ hydr oxyapatite (HA) col um was PCT/US2007/087524

equi librated with sodi um phosphate buffer containing

sodiumchloride until the pHis 7.0 0.3 and the

conductivity was 26 + 4nS. The pol ysacchari de sol ution

was then | oaded onto the colum. Under these

conditions, inmpurities bound to the resin and the

pol r¥§%ﬁ%hﬁ’d 4 98d|diﬁ§h|5ﬁcfec§6ﬁﬁ|8r¢ tHrcShgmﬁ‘e breOYitdidlEHERng & filter.
t he col um. ysaccharide solution was filtere

t hribgdhers “(?fezWﬁf' f”f‘?e@'é'\"th affitionsh AR EMadeRe! Wefhut | on

vvas COﬂ‘S@Bhﬁﬁﬁ)&de wﬁalﬁgaﬁfaaclﬁbd<®ahm§&d‘cbhdrﬂé .soilifiéh from a stock
then_ diafilt

(uf}l? evg al%r}%coqcﬁg |°5fc1 gl X\cgprec;pltate AQ ?except for
5po|§/essawnmaB| shhickohast laoﬂmaV\/asncfantrat@ned 085%ughThe PreRipitate was

b .
5 RG] i, D QLS 0 b, e
Saditeravasgiscarderivl by Patpigcelpide wargen Sigred (fyyrigh 2 0.3 filter.

9V, 14, 1h8Golyddchaad saﬁaForA%é y@fcérqrhté%racsgé kDARMWCO ultrafilter
dlfferent ser Ot%,se saccharides follow different

pataﬁ‘ﬂé‘ﬁ‘ tgrgy Witk 2 SOAYT SROMYR RH LB'PS%Sl s or no hydrolysis
10pri or t crhaqabmm,t ybLmﬁéd aalglsabdﬁanug ablution Wag|fuetberspupifiedDbBMration

Lgﬁ@'gg% LA gﬁgtg fﬂer |mp{elg 0 te?l é\lljt aafs vfafed%%og iﬁfiek filtration, the carbon
corfilteri was gnged withea sedierh ehlovids saiitionThike poteywas cerabingtewith the

vvaspor yaERhSideloftflon, th\é’ﬁ'wa%r!ﬁ’erﬁfﬂg#ek!%r&mﬁﬁ?@ ?Erﬁ filet, @

I nal®” concentration ran

For ser dh§ peksasgharigy, SO'JJE on ‘IW%@“’E&@ orpw%ga z&@%@t%ttﬁf”ter

15t O Rkt flter Wad rinsSy wites @6dﬁﬂﬁ‘ chioridey sb1@hl ane ﬁ‘af—iaﬁééjchecked and
(0.01 {\élfté\zgl (ﬁgl d concentration) was added and the
soladiustsA ubated for 25 - 35 nminutes at 45 20C.

Hydr ol yShe censmist lnjpipeglagajitec ddh)i nguino #asl equil8i€d amith sodium

AdGhBGhid BOFL WBNHARP Bl ' Richad A OB REl /& & 08 Zua the

I N-'process tes i'rman appropr
I eV»‘@hdL@flVl’delerZﬁ/;z 148Bi o rolysacsbprisieygptutiog @as gm@clp@ned Onto the

Oac%luﬁwnac' @Jn&@r Zhd¥bf b&ﬁiltnoﬁQ' %E&lﬁ@@nﬁduﬂﬁ' W)thé\’aﬁesﬁd@ﬁg the
the solution was i ncubated for 205 - 215 mi nutes

at pgg{saeé:bandper\pﬁér rcgyeseqd,Ja the flow through from the column.  The

polysaccharide solution was filtered through a 0.2um filter.
The polysaccharide solution was concentrated using a 30 kDa MWCO filter.
The concentrate was then diafiltered with WFI until the conductivity was < 15uS.
25 The diafiltered polysaccharide solution was filtered through a 0.2uym

membrane filter into bulk containers and stored at 2-8°C.
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then decreased to 2 1 - 25C and 1 - 2 M sodium
phosphate was added to a target of pH 6.8 0.2. Step
w@200Reréi7etlat e Reacti on The required sodi um per PODEEB07/087524
nol ar equi val ents for pneunbcoccal saccharide
activation was determ ned using total saccharide
content (except for serotype 4). For serotype 4, a
ratio of 0.8-1.2 noles of sodium periodate per nole of
sacchari de was used. Wth thorough m xing, the
oxi dation reaction was allowed to proceed between 16
to 20 hours at 2 1 - 25C for all serotypes except 19F
for which the tenperature GEPledE step 3:

Utr aflt | Ptf'éﬁg'rétlbn-réﬁ’n?ml‘nt@béﬁil sSacchadte deRtg.gy Conjugdates
concentrated a i af | sodi um
phosphat e buffEP’gﬁ°€/Rﬁs§o§gs§§%i‘y‘§§ 1%’%"% :Ma 100 kDa

SMNCO ultrafilter (5 kDa ultrafilter for 18C). The
perneate was di scarded a tate was filtered
through a 0.22 mmfilte R&' oAl ophi li zati on For
ser ot ypdbe differeghserefyiee sszpchaﬂéesa:fellm\ew erantaathavaye fpa petyation

va bf/aticH) h€ tohjudatidd @duédik @r DMSO
o] Zggrﬂg%tWer{omyg%m@%rlggggn@gﬁd)storeéudstl @g%oé I'I'he

f r 59RHORS) AE 8pIFIBRLA tis EXATRIS- de- CRM 197 was | yophi | i zed
10and t helPo%éHcBﬁm@wasZ&nstr&d frem theaulk gopahefiBo tHeeactamessel.

23F_ a speci anount of.
ool 86 BGaCso AieB, Ben B 35 REL BT SBHERC elitplite 0B e
I n coheentretijnugedd @i .6 -<a¢tnigbm_. m xt ure. Serotype 18C did
not require sucrose addition. The concentrated
saccharide was then filled into glass bottles,
she¥tép frozen and stored at -65C. The frozen

1500nce%r éér&gpésaa‘st Ber {41eomasy éS@Eﬁ'vJa‘s%@ﬂst@B@o .smlero +0.3.
store n ug ation rocess Two con ation

pr ocef e §eTRIYPR 4u§%°°%‘ﬁé&l?s(oc%n']" gk 25 congenis '|° \ypradded

gB a%tir gthééolms\ﬂrgﬁnlz c@tiztedOWBeb ¢ @) higates gn 45°o§ 251 Bly§ipesis was
3F. ueous nj.u on, St e :

o siprd Phrodan 1o el o5 Seandadkrg . A, BRoskhate to a target of pH

| yaphid |022€d Arctin-patess &at otear doe- CRVPIBM & xappraprigiasievel of

ha&@ﬁ?r gqui librated at roomtenperature. The
Hi zeg activated
For serotype 18C, glacial acetic acid (0.2 M final acid concentration) was added

and the solution was incubated for 205 - 215 minutes at 94° £ 2°C. Temperature was
then decreased to 21 - 25°C and 1 - 2 M sodium phosphate was added to a target of
pH 6.8+ 0.2

uiD

25
Step 2: Periodate Reaction
The required sodium periodate molar equivalents for pneumococcal saccharide
activation was determined using total saccharide content (except for serotype 4). For
serotype 4, a ratio of 0.8-1.2 moles of sodium periodate per mole of saccharide was
30 used. With thorough mixing, the oxidation reaction was allowed to proceed between
16 to 20 hours at 21 - 25°C for all serotypes except 19F for which the temperature

was < 15°C.
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sacchari de-CRM 197 was then reconstituted in 0.1M

sodi um phosphate buffer at a typical ratio of: 1L of
wooilBerorper 16 - 24 g of saccharide for serot yperdszndosrs24

9V 1L of buffer per 6 - 10 g of saccharide for

serotype 14 The reaction m xture was incubated at 37

2C until total dissolution for the serotype 9V and at

23 2C for serotypes 4 and 14. For serotype 18C, the

| yophi i zed saccharide was reconstituted in a solution

of 5@%\@9U/tﬂaﬂtr5t%di basi c sodi um phosphate at a typical

ratio_of 0,11 of sodi um hos hat e 9
sol ut iTB%.oxijzed ﬁ@a'aar'% W3 0P rf‘t@dl d 'Ef]l? Wﬁ'?% %01 M
COI%S@OIanp%bspIrﬂ)e bufer pH 610t exdlotpie £FF) OBQG O0rkDial MVGalltrafilter (5

i(?’ raé er fﬂr QS%Q,P ?Bg%% éea?e \?QS ce%@egdaghdgthg &S&’ﬁ?te was filtered
5Fonhrsaghod g.pzamditand 9V, the conj ugation reaction was
initiated by addi ng the sodi um cyanobor ohydri de
solution (100 ng/nL) to achieve 1.0 - 1.4 noles sodium
cy diterbér liepbiizaien per nol e of saccharide. The reaction

M Xt UES, \WBrdtyhBs Uib@s/e%nfjoﬁ 4t coréntd Saddhadde w%@ mikB8& with
ter%Mrature was then reduced to 23 20C and sodi u

o hIGHN erecaTiesoprolais, Bigddeforaiase Hhotlies ashebirozasnand mpred at < -65°C.
1oboﬁ%Yr@&érﬂ@onea%t&iéd%céﬁlaqeemmxva pAfIERCL NG ftbrRY &t —25°
.2 nmol ar equi val ents of SOdI um bor ohydri de per
m)Iie6 §acchar| de. The m xture was incubated for 3 - 6

hour s F@F sefotypeR G, 1§_I°h Qnf3E HisBediR didubt Fdutbotdwadstiddmwhich
chlorid goan the reactor was rinsed, The dil uted

Comaégf@!qu@ﬁdlﬂ%(?m%’em%?y? i1 3% r WErogs icRReeatration nthe conjugation
Pr @eddtibi Rixtiirgt 9er6tyb@|1dcle HE&tSelire StRfoss %G'tlyrpel?ne%nwﬂated

18C, the co |on re |t|at b ddj

15 PR BT HER g Gt Pty Soal TisEn s Pgriahechal. The
1. GrozenleohcéMiats sAbcraAg Was BYysHIRZBO BeYyeh sdedre r257.lseC of
saccharide. The reaction m xture was i ncubated for 12
- 24 hours at 23 2C. The tenperature was increased to
37 2C and the reactionC dtincBlmesd for 72 - 96

hours. } éﬁ%‘? ﬁf}%&gg@%k%g dﬂ}é&?sd%&nﬂxlggt?bn forzé:e%types 4,

and 0.9%'s was a

20So@Vuid arest BI85 @and BMSExtaniugatipn(faTeryres EBwaR" @mid?@cﬁ to
achieve 1.8 - 2.2 nolar equivalents of sodium
bor ohydri de per nole of saccharide. The m xture was
i nAgieeusCanigation 6 hours at 23 20C. The mixture was
di |3ttt DIsédlutn9% sodi um chl oride and the reactor was

f | lnts Z?glaseu%we& 4;5? agg ﬁ_ﬁ,} ﬁ? @t | I'?lleteg] Ia)étgv%{eg s\é\n@cﬁwal;igee-eRMw mixture

25 was thawed and equilibrated at room temperature. The lyophilized activated

saccharide-CRMqo; was then reconstituted in 0.1M sodium phosphate buffer at a
typical ratio of:
o 1L of buffer per 16 - 24 g of saccharide for serotype 4 and 9V
o 1L of buffer per 6 - 10 g of saccharide for serotype 14
30
The reaction mixture was incubated at 37° + 2°C until total dissolution for the

serotype 9V and at 23° + 2°C for serotypes 4 and 14.
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a holding vessel. Step 3: Utrafiltration 100 kDa The

di l uted conjugation m xture was concentrated and
wob@Bjokd7sat ed on a 100 kDa MACO ul trafilter w poT/@siooe087524

a mni mum of 15 volunmes (serotype 4) or 40 vol unes

(serotypes 9V, 14, and 18C) of 0.9% sodi um chl ori de.

The perneate was di scarded. For serotype 4, the

retentate was filtered through a 0.45mmfilter. An

i n-process control (saccharide content) was perforned

at thig, §ér§tppe ®E Hhé’fiyobﬁhz@@'s‘é%a?&g WEé ‘FéHohéﬂ?uta_dﬂinSa §6I§1ﬁbn of
was only perfornmed for the ser ot%g contlmugate

HA CEhemiy WA sdipasics odim, (AhagRnateqatu itiye2) 84 Sollitdh of sodum
ph Bébihbt@ g ff e lof CRMJ sQlutiéh. 3rhanshctidre mixeeli(-1 D igat eatcharide

W|th 9% sodi um c red retentate
(sé’P%“te)'?B%t'% ) Wagiocyhg Lﬁi’ea(ﬁggrﬁ%jz}%'l tB%FﬂFﬁ?ILﬁlP a flowrate
50f 1. Ohd pHiwas tebirl axainuprosass ovatsdl @tthisi stdge0. 9% sodi um
chloride at a flowrate of < 2.0 L/mn. The product
was then eluted with 0.5M sodi um phosphate buffer at a
f | Sher 2it €onpfgatiorpReackipnmi n. The HA fraction was then

conceppy gl %@sngi Al ahd |tﬂeeEcﬁ'g48@(brﬁre¥%nk\p§s MB&Xed by adding the

menbr ane w m ni mum of vol unes of O 9% sodi um
chisefivmyangharqhdniae soltior &1 98 /AL iyachgve - & - 14 mples godium
105! |c¥§rfbbbr@ﬁydTh@ péﬁtn@l%lt ﬁts%c%lfahﬁé rhe réb@ﬁbrkr@&tdw\ms incubated for
iafiltration s filtered throu
3-8 AR Lo SRRl el ai Tefasd 2t % and
fr @edisracvnlwee d@%lwds ayduditdee mwacter. peodim iebhydrice lselution (100

filter d u ces [
r e{%ﬁ{@t c%g& er ﬁ'rre% f a‘néé%pteﬁ]lﬁvﬁen\?\%off éﬁdﬁ.lﬁ{t?oqohydrlde per
addidle eamhariden cthet macture)lwasdmcarbaﬂed rfert 3 e, haungl AbR3° + 2°C. The

d" %tbr%m%/zeg.ﬁt@emgoéem%#.dg%%% gg@%@gﬁﬁzgg_%@z@med. The

[ ona WwWer e r epeat ed
nedétssdacwugtah@ mlxtttreawesjﬂltemﬁ ugtrgtaet e pe-filter éndo ahelding vessel.

0.9% g &%&J@l ﬂr%n@el g tr%r&%fuggt%n%gét%H%an ﬂlﬂlaﬂ@d by ac]jcdmg the

concent rat n of less than | ease
s a€raePP@BYdida t wHtion dﬂQﬁ SIMEb iRt éﬁ'ﬂle\eﬁqao A3% Tmoles. of Sodium

Sa%?%ﬁbr@ﬁ%@ﬁ@tp@t Moleddfl sAcoMarige. PERS ﬁHaEﬁtﬂw ﬂtxtdrél Was ﬁoaﬂﬁed for
_S%qate vvasflltereds’_g n’g}t)7a

20f | [IRed MU APY *of &i nMBsemapralye Wanngiegred i 37 + 2°C and the

t yl??éi:%n ﬁb@ﬂbuﬂaﬁbdqﬁr 2 696 e e efperAturd Whs theh agtRiced to 23°
e a

y Zq’C andcg 93 sodlum chloride was added to the reactor. Sodium borohydride

solution (100mg/mL) was added to achieve 1.8 - 2.2 molar equivalents of sodium

borohydride per mole of saccharide. The mixture was incubated for 3 - 6 hours at

25 23° £ 2°C. The mixture was diluted with 0.9% sodium chloride and the reactor was

rinsed. The diluted conjugaticn mixture was then filtered using a 1.2 pm pre-filter into

a holding vessel.

Step 3: Ultrafiltration 100 kDa
30 The diluted conjugation mixture was concentrated and diafiltrated on a 100 kDa
MWCO ultrafilter with either a minimum of 15 volumes (serotype 4) or 40 volumes
(serotypes 9V, 14, and 18C) of 0.9% sodium chloride.
The permeate was discarded.
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content, protein content, pH, saccharide:protein ratio
and | ysine content were perfornmed as in-process

w@ o732 Rel ease testing (appearance, free prPOL/@BIV07/087524

free sacchari de, endotoxin, nolecular size

determ nation, residual cyanide, saccharide identity,
CRMLO7 identity) was perfornmed at this stage. DVSQ
Conjugation Step |: Dissolution The |yophilized
activated saccharide serotypes 6B, 19F, 23F and the

| yophid j rat ed
7 ooﬁr%k gegg%géf RJ re?e%é 5 %5% f)ﬁg]e?%a% é\%% 4%%5&#’

di ssoImihﬂmcsmﬁoldmfaﬁmdwpmtcr@t) W9s petfogaed atrtlmmstzps
grans of saccharide (2-2.5 g protein) per liter of
DMSO. Step I1: Cbnlugatlon Reaction The acti vated
sactifiafi 08 CHmrIRIliontonr r i er protein were nixed for 60

5 75 mhRWeswal onBSperfdfmert fothe 8érofpé arReGugte.0. 6 g - 1.0

t oS ic %ar@gg‘éﬁﬂﬁvg%/ 'gs%%ﬁi "'?eC? Biw%@ﬁ?fw&mz g&ip%tg Yuffer (oH

corﬂ Qg el B)oamdr there equilibratas withiold%tsediumychitide.nghe Hikered retentate

o f Bergt]ygg %n@’ﬂg?%?dc’@@ﬂﬁ%gﬁ @ gp o\ ?c‘vvlr%ge"ﬁjrﬂﬂ‘lz/m: Gl The'c3 umn was

Cya!vasben‘ whly 9% eodiom @hleridenbtea dow ratabéd Zs&hl:lohrar iThe prodkdt was

was, a actlonmx etoat f 1%
1075 M it biaf JoBRE bREp B eP ol ol R A2 Bty

20Na@ndion Aifudipn wigse pessigd

at 23 ThemiA Baction rwda:oﬂweihycquedteatsd)laud ideafiltere@ ©nreg 108 kDa MWCO
Fisthnelwith a nfinifuPb 0 Rl Yop sSAGh Wlorid
bo%ﬂ% tgr?dvey per r"?T‘Iue acti vat e§ sacc g\r(l9 aHde V\.!l;he permeate
(ta‘(Yf"@&SCSWW v) were added to the reacti on and the
m xture was incubated for 3 - 6 hours at 23 20C. This
pro ed any unreacted al dehydes present on
gc%@ﬂ’%ﬂ%&at’o’?hen the reaction mixture was
tr ansfree rreéntate afteti 1het1umnkmarhMC®nunaﬁlrnatimg @aé)%ere@lithmugh a
i 150C. Ste Ll 100 k traf atio
Theo%furmf"%a o 2R LompebalSRe b T s PRI, i, herice
Zandrcvénldiet)everapd‘fqrmaé enttlneatiltedeobprddmﬁt dfipldcessecbndmisan filtered

1088)%@%(”']”1 O“g@@g Wg Iﬂéljm% Malﬁ %Afgﬁaﬁ{tratlon

@meng%wirsetgsﬁ)ese e agditionshtests were

vvas,%@afe@aﬁp}gdsambgsretent ate was filtered thr ough a
rocess sacglmarl d

sanpl g\m vagestsﬁ'r}'ewe ftltequl rsonjugate was

order to achieve a final concentration of less than 0.55 g/L. Release tests for

te
ted wit 9 sodlum chioride in

saccharide content, protein content and saccharide:protein ratio were performed at

25  this stage.

30

Finally, the conjugate was filtered (0.22 pm) and filled into 10 L stainless steel
canisters at a typical quantity of 2.64 g/canister. At this stage, yield, saccharide
content, protein content, pH, saccharide:protein ratio and lysine content were
performed as in-process controls. Release testing (appearance, free protein, free
saccharide, endotoxin, molecular size determination, residual cyanide, saccharide
identity, CRM,y; identity) was performed at this stage.
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stage. Step |IV: DEAE Columm Purification This step was
only perfornmed for serotype 23F. The DEAE col umm was
weoeslordrsat ed with 0. 01 M sodi um phosphat e/ 0. P&MUS2007/087524
sodium chl oride buffer. The filtered retentate
(serotype 23F) was | oaded onto the colum and washed
with 0.01 M sodi um phosphate/ 0. 05M sodi um chl ori de
buffer. The col um was then washed with 0.01M sodi um
phosphat e/ 0. 9% NaCl buffer. The product was then
el Weso WohitgficRl M sodi um phosphate/ 0. 5M sodi um
chl'ortde_buffer. Step V: 100 kDa U trafiltration The
r et¥eR AtlUSOMERY 6B and 19F was concentrated and
d:q Iafl ITgenyaﬂ?]muemcmatémtha&aeuaiotypasete)ﬂg@ 936 amxtiine mophilized
c i,de. The perneate scar : fr .
oG gecartt BB Tk el e S HOT Yep T P R Fochflhea i
5m rnmsm] dhe 2idsohdlonwescenfratpnIgpicatiyl ramged fioro 2-Hgram$iod saccharide
r tep VI: Sterile Filtration
TR ot SRR P BSON P L oo i s 111 trati on
vvas filtered through 0.22 mmfilter. In-process

COrgiE®l: scg,,ggga@,la,apbgte,oﬁont ent, free protein, free
acch a1 de e resi dual id
R T o I W s K

100N rhihltt€Red3T eteot Ate raverrangeebf 06nEd 1.0 gdedceharidelgy CRM,g; for

wh th t I trat il ti

anarBeet Pt ter E2RCERuGR el ORMe 1935600 25F e
and adte tcbajngdtiob essciorwere initefeEeiaiyeatiding tﬁB@o@iamrdyembOMydride
8?%@%(% y*IO(S ﬁ‘no}' %eﬁepaugoﬁf Ypgt e 1Sy é Léhﬁlgalg\ﬁtghof sodium

sodi'um c e to achieve a final concentration

of cyapborohydridg teengymple aetiyatedseacehaside. Y\ wap addasttp dre reaction

15COhigte to Q'&%@t‘ dF X WWv?QAd RO FhiS@E %@ﬁdcgsated)f’o%\?ér Qo hadrk 8t 23°
wer e Ber or med his stage. Finally, the conjugate

was ¥°Fl tered (O 22 nmm and filled into 10 L stainless

sth eel sréammsb@m@daae amqmnh 00 YnghhL Atypialgr.8 am. .3 thidlar uivalents
this st

corPuRD S M. PR oA pr e 2o U Jlafogt 5% v were

c onidesd toMBE @edtioh andrihg rakture Fao hesisatebfor 130! & hourke laea3rer 2°C.

I n ear an free i free chari,d
e b0 ROCRIRARE Spy LG Bl bR bl SFTE Gifces. Then
cyalm dexctiore sidurel waiVBansfereask traei diptiord éanki coptaining CRML $Fdium
'd%ﬂfor&é@t g/\qaﬁs?perfor med at this stage. Exanple 15

2

O

Formul ation of a Multival ent Pneunbcoccal Conjugate
Vacci ne
Step il: 100 kDa Ultrafiltration
25 The diluted conjugate mixture was filtered through a 1.2 pum filter and

concentrated and diafiltered on a 100 kDa MWCO membrane with a minimum of 15
volumes of 0.9% sodium chloride (0.01M sodium phosphate/0.05M NaCl buffer was
used for serotype 23F). The permeate was discarded. The retentate was filtered
through a 0.45 um filter. An in-process saccharide content sample was taken at this

30 stage.

Step 1V: DEAE Column Purification
This step was only performed for serotype 23F.
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The final bulk concentrates of the 13 conjugates

contain 0.85% sodiumchloride. Type 3 , 6A, 7F and 19A
wholok/ocerent rat es al so contain 5 nM sodi um SUBCT/D82087/087524

buffer at pH 5.8. The required volunmes of bul k

concentrates werecal cul ated based on the batch vol une

and the bul k saccharide concentrations. After 80% of

the 0.85% sodi um chl ori de (physiol ogi cal saline) and

the required amount of succinate buffer were added to

the prggl Bﬁﬁteéolurﬁﬁ mvasatehmrbry@ésﬁth olmivk SGGIGﬁﬁeBMs%ﬁélo 05M
wer e added rTEaralo serllefl tere

thrsﬁﬂb‘ﬁ‘ ‘é!"@"dzéo%ffﬁ'i hfb filtgRed r%*ﬁ'l&a‘% %Eé%%f?f‘d 23 3nyas 'ﬂ%‘i‘e‘l'b?/‘to the
usigde@ingh bhd bvtamamlmo@wr@dlmn‘ph@paaténoldsm satiint chI'Bhdie buffer.

o e, BTt PRaEa 3G QP Sl phfsRfaglonse KcP Slrer. he

5t hrpmongmt wasethsia piptedliwithé@r0 1¥hsbdn) presplade/D. ﬁMosoplhlm chéride Huffer.

co er ted bul k was m xed gently dur| ng
ggt?ol ] 1OOIB§UL@E% t| on of bul k al um num phosph

The pH hmgte@tﬁt@dt@@rUG%ﬁaﬂ 39f] was @wCPmtraﬁ%twsCé\afgﬂereW@th St feast 30
f orysMinfls@f 0 Y ésd%pw&rde\wﬁe §ér%§t@ vitls dcS@6d. The

formul ated bul k product

bor osi NP &4 fgﬁ‘i’r&é%m%)’;?? |2ﬁ5é‘?588?%"ﬁé"831a%ﬁ¥ %&%W‘th a minimum
10Di cdfRosoIomed bi). 9B G6dHIE chizddaTOThetperreehtatvas digedrded.

intervals for turbidity to ensure the uniformty of

the filling operation. The filled vaccine (Final

Pr ctfee V) Sterde Sitaatied at 2- 80C. Exanple 16

| mungg E?ét‘éﬁt&t\é ARk thBGod Ro/ RS dfé@ﬂdaHMSs ﬁ(@ﬁéﬂi tﬂr%u%fpo 22 pm

dat e, e preclinical studies perfornmed on
vadtﬂeihe Imvarpeesse spntrals r(sassharise seniente fregHPEIRIMOfree agpgcharide,

1#%@&@&@%3{@@%@@%@%%' o@@ fielilon BEFNERE Préfict. In-

ffect of chem ca con at1 on ca
poI Rrecees ReftiolpeRn Tt tﬁfsg)retjwtg%@re %{?tﬁf@' nepeder adtifional

t E&oﬁéérﬁ@ﬁorﬁ?ﬂlaﬂlkwmnﬂ um/@lr:auammae (nééd%@zt)a need EBagT)rgetl These

the i onse aCC|ne|n rabbits

Thea§‘grr§§l§1 %S%eweée er?g? gﬁ' 'g&\;g%%oé; antigen-specific

ELI SAﬁfsmecsmammthegtﬂtea:me wamdilutgedwitto .98 s¢dian ghloride to
20f %Hegé& 37 §P9(§+Egﬁ’tmi89%8ygsb Ghi8.3Y gQLODﬁlatea§ Eé‘iié for fsacchande

exam ned bility
t héommpﬁ@t%@@t% ang s3pcharidesproiely cﬂr'amerq Ber@rm%q' gt the stage.

vacci ighaie Rl ¥ﬂﬁugfdi€eﬁ'b§ hl?éréd"(ﬁ*ﬂew’ﬁ)e%&)ﬂ%SSnto oA stainless steel
pneunpcoccal sero es represented in the 13vPnC

vac@nisters Al lgH@ntl()y %64 g/cgmstgr ét th@Asta%eB yielge sagqyanciedrcontent
18 GrotéBAonttAf-pRNghcehdhide: HRENNGES Mnd§iRe tonies wereoperfd@tkd as in-
5a : p(?'c}{caelséJ agoingas.Of Rteggse testing (appearance, free protein, free saccharide,

endotoxin, molecular size determination, residual cyanide, residual DMSO,

saccharide identity and CRM;,; identity) was performed at this stage.

Example 15
30 Formulation of a Multivalent Pneumococcal Conjugate Vaccine
The final bulk concentrates of the 13 conjugates contain 0.85% sodium
chloride. Type 3, B8A, 7F and 19A bulk concentrates also contain 56 mM sodium
succinate buffer at pH 5.8. The required volumes of bulk concentrates were
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ki netics and duration of the antibody response. New
Zeal and White rabbits were i muni zed i ntranuscul arly
watoos@eksD and week 2 with the planned human PCT/US2007/087524
clinical dose of each pol ysaccharide (2 ng of each PS,
except 4 ng of 6B) formulated with or wthout Al PO
(100 ng /dose). Sera were collected at various tine
poi nts. Serotype specific 1gG was neasured by ELISA
and functional activity was assessed by OPA. Table 3

sh QF@LCJJEQS % tﬁ% batdl @&uﬂhb LR4 tr{ecﬂwm sa%@l@n@c\! %Qndﬁﬂtratlons After

serum sa OMAn doses of
D GPThCo o8 P soRUmiagdn (PTY B OpiGR SelfPL aph heyfedireg gmount o

CORR&yirtatd @.ﬁféﬂWﬁl%Sadcdé@ 5] tWB(pKe Abdled Relatibn vEBSS Soulkedodcentrates
dermnst Tb? at_t

he i 3vPnC
£ oL adeRBn Thr PlareBTion Rh TN lkyis et sl B2 Meporane
Scom@alsscnmdtoonﬂam_er Bsaméng/awhiimee Rirtahoretmenaljramnegfiiter unit. The first
o A e Bl SRR oA 090 s e
weselutiast was passed theauoh hessagng filiee apd collpeiae intothg|second container.

antﬁhgqgﬁhdﬁé@%ﬂlﬁqﬁas\’\ﬁf@d aﬁe‘ﬁﬂ’y @ﬁﬁ@sa@@l fdlleanbthé ta¥ldition of bulk
follow ng I muni zation wth 3vP

f oMU ReSRNPign| dhg)pH Vﬁéﬁhéﬂ??ﬂa?ﬁ%adlv%{é%|'fn%e°essary The
10f ofdrhuRtddaIuk ;w:ddtct Wis sbrebatz-8aglj uvant, hi gher OPA GMTs

wer e ob Al P
v O3B b b A s PR B A R My
t 0 ohtained droui Bestandiokingves The vbedite wasoupstord@aat redwar intervals for
maj a
4 D (& R SRR o AT A RFRUTE S TR glactRE eina

qﬁmpi)weystomeatﬁr%u c responses to each of the
13vPnC vacci ne serotypes were eval uated from serum

15pool s of both treatnent greExapmplei@G titers to each

serotype were neasured f Cand
noeks b o MgRERGHnEy 55 - Py € il iR

conpar edio dutiet tetphesicsa spulies pedbrmedrontthp &3vEnCavactinobigve been
FeSPRPBBES bfﬂ:d%@'#f‘ﬂh? -0b8F Ghy #Hgoﬁgd)ééV\ﬁé}’eedesMﬁgd:id”ﬁdélfe"n@ently

superi or to recei ved nona Juvante vaCC|ne
an@XPBiaR &ip effecheloshom i CoTiaF oot FaPANIPOREISERRTALIS. (Pos) from

20( dat ﬁnél@ﬁonﬂé%‘@)?%@éﬁﬂ 6He| effel:thﬂf aiﬂlﬁﬁrﬁlm ﬁlﬁﬁsﬁl&’ét@ (AIP@I) akbifu@ant on
13vPnC vacci ne for { ?@P\N{;t al um nu

| i SR ROP R VAR ShGERRR, | ol Ry ere
I esharastedzetioby mtngnmeamﬁmﬁmﬂm dapseruar 1gihlcps@Enthizns dw for

con jesponses are
assh@rlgog qel‘élc{\;\?ntlﬂ' c%p\é dasg%@y The responses

observed to the seven core serotypes follow ng
i mruni zation with 13vPnC + Al PO4 are consi stent

25  Study #HT01-0021

Study #HT01-0021 examined the ability of the 13vPnC vaccine with AIPO,
adjuvant to elicit vaccine serotype-specific immune responses. The pneumococcal
serotypes represented in the 13vPnC vaccine include types 1, 3, 4, 5, 6A, 6B, 7F,
9V, 14, 18C, 19A, 19F and 23F. Secondary objectives included an evaluation of the

30 kinetics and duration of the antibody response. New Zealand White rabbits were
immunized intramuscularly at week 0 and week 2 with the planned human clinical
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with historical responses of rabbits to the
hept aval ent fornul ati on. Table 3. Rabbit [gG | nmune

wheaponses (GMIs) Fol | owi ng | nruni zati on w t h FeUB®®es7524

of 13-val ent Pneunococcal d ycoconjugate Diluent with
ALPO4 13vPnCa 13vPnC + ALPO4 Ratio Wek 4 Ratio Week 4
Rati o Serotype Wek O Wek 4 VWk4: WO Week O (95% )
Vk4: VKO Week O (95% C) Wk4: WO 5,926 1 11,091 <100
<100 1.0 50 (2,758-12,733) 119 50 222 (5, 327-23,093) 3

6,7@8%661'3&% 564§Qsc&ha@nd5@2 (1@ ofTeh3h PS, 8x2pt 433 ofsB) Iermiitted with or
B d a0 5k 3 e 0 dr S g ssee

5 %p&ificl10 was anedaburéd byl EDISARNG BB ctidiby adiBity/Mas ds8essed by OPA.
(6,959-40,140) 334 6A 22,415 63,734 141 <100 0.4 74

(11, 987T§|§ie A1how34Re %30&1&\11@ HebnkRe EhP) o6ARVEBIngfkbd serum

<100 8, 10
5

10

15

20

25

30

samples, followmg two doses of the 13vPnC vaccine. A ratio of the IgG GMTs was
used to compare responses from week 4 to week 0. These data demonstrate that
the inclusion of AIPQO, in the 13vPnC formulation elicited higher levels of IgG antibody
in comparison to the same vaccine without adjuvant. Although the antibody
responses were greater when AIPO, was included in the formulation, these increases

were not statistically significant.

Functional antibody responses were also assessed in rabbits following
immunization with the two 13vPnC formulations (Table 4). When comparing vaccine
formulations with or without adjuvant, higher OPA GMTs were observed in the
13vPnC + AIPQ, vaccine treatment group. OPA titers were detected in week 4
serum pools to all vaccine serotypes in both groups. For the majority of the
serotypes, OPA titers measured at week 4 were at least 4-fold higher than those at

week 0 (baseline).

The kinetic responses to each of the 13vPnC vaccine serotypes were
evaluated from serum pools of both treatment groups. IgG titers to each serotype
were measured from blood draws at week 0 and weeks'1, 2,3 4,8, 12, 26, and 39
and then compared. With the exception of serotype 1, antibody responses in
animals receiving adjuvanted vaccine were superior to those that received non-
adjuvanted vaccine and peaked at week 2 of the immunization schedule (data not

shown).

Overall, the data indicate that the 13vPnC vaccine formulated with aluminum
phosphate is immunogenic in rabbits, eliciting substantial antibody responses to the
pneumococcal capsular polysaccharides contained in the vaccine and these
responses are associated with functional activity. The responses observed to the
seven core serotypes following immunization with 13vPnC + AIPO, are consistent
with historical responses of rabbits to the heptavalent formulation.
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1,951 19F 14, 365 <100 <100 1.0 50 24,912

(7,346-28,090) 287 50 (9,243-67,141) 498 23F 5, 323
weai@doxred 1.0 50 15,041 (1, 894-14,962) 106 50pBD1S2007/087524

(4,711-48,018) a: GMIs of pool ed sera consisted of

equal vol unes of serumfrom each individual rabbit

within a group b: Statistically different (p=0.022)

fromtreatnment group without ALPO4 LEGALO2/30637761v1l

46 Atty Dkt No. 50765/335883Table 4. S. pneunoni ae OPA

GMhSbip @r smaamm OPSBMIETOr R2IWRaBE &N FBoksFaNGWIRAT | ON

Wth Twoi Zatioh wikB Twa Dosds oPNBLHIENE PAdlaococcal Glycoconjugate
Ay onjugate I3gimca 13vPncC A -3 HCI+ALPOE T O

Week O W Ser Re Wirhtid\k O @) gk, .4 VW 4 : VK Batio
<8 PHtyPE < °"g’4 16%&<8 gVkg:Wkg | 51%4 <8 164" <8 32wha:HKo
<8 128 32 <835 12 528 OA 85128 1658 512 646PB <8 25615
64 8 4,024 128 7F 8 64 8 8 128 169V 8 64 & 8 128 164

14 16432 2 1% 32 216 4 <8 32 8
5 <8 128 32 <8 512 128
B6A 8 128 16 8 512 64
6B <8 256 64 8 1,024 128
7F 8 64 8 8 128 16
oV 8 64 8 8 128 16

14 16 32 2 16 32 2
18C 8 256 32 <8 256 64
19A <8 256 64 <8 1,024 256
19F <8 128 32 <8 512 128
23F 8 64 8 <8 256 64

A: Pools consisted of equal volumes of serum from individual rabbits within a treatment.group (n=12)

Study #HT01-0036

Study #HT01-0036 compared rabbit immune responses to the
polysaccharides (PSs) contained in the vaccine, after immunization with the 13vPnC
vaccine with or without conjugation to the CRMyy; protein. New Zealand White

10  rabbits were immunized intramuscularly at week 0 and week 2 with a dose of 2.2 ug
of each PS (except 4.4 pg of 6B). Animals received one of three vaccine
preparations: (a) 13vPnC (PS directly conjugated to CRMyy7), (b) 13vPnPS, (free
PS) or (c) 13vPnPS + CRM;,g; (free PS mixed with CRM,g;). All vaccine preparations
contained AIPQ, as the adjuvant at 125 ug/dose.

15 Serotype specific immune responses for all vaccine preparations were
evaluated in an IgG ELISA and complement-mediated OPA measuring functional
antibody. The immune responses were compared between the treatment groups.

Table 5 presents GMT data obtained from week 4 bleeds analyzed in antigen

specific IgG ELISAs. Additional analyses show the ratio of GMT values at week 4 to

20 week 0. The data indicate that the conjugate vaccine preparation elicited greater
serum lgG titers than free PS or free PS + CRM,g7 vaccine. With the exception of S.
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18C 8 256 32 <8 256 64 19A <8 256 64 <8 1,024 256 19F

<8 128 32 <8 5 12 128 23F 8 64 8 <8 256 64 A: Pools
waoonsiozsd7zerl of equal vol unes of serum from i ndi p¢DUS2007/087524

rabbits within a treatnent.group (n=1 2) Study

#HTO01- 0036 St udy #HTO1- 0036 conpared rabbit inmune

responses to the polysaccharides (PSs) contained in

t he vaccine, after immunization with the 13vPnC

vacci ne with or without conjugation to the CRM 97

%%Qbrﬂonlé\@t%%‘wlﬂ?é‘%vwwvgccf st &I%rlr?duﬁmheﬁo?ﬁﬂantlbodles to

ramuscul ar and week 2
2 ;!hengenﬁ?se@b?@w PhaipRxd et PIPUTOREe P FBPPAMGIRA &) After two
r e%mmﬂat@ﬁewﬂﬁ ottt @R VRPAPSSr PIVPRRS at CRMS; vdcaihe IidwhsrGould

(1 s B glers SR et £ s brheds LB IS0 13 sppies

5CRMildédred (Tible 8)acci ne preparati ons contai ned Al PO4 as
the adjuvant at 125 ng/dose. Serotype specific inmune

responsgs Eﬁ{:@dantﬁé%gi it®" A h&n%g%ﬁoﬁvﬁl pat eslvaient

in an 1gG ementh|ae

nmeasu
f urroeyroPRRICCa MBGCEdPPlYs arqupﬁ]grp@ue@gm seruRde@ titers andg overall

CO@P@&&%&%N&F 8Rtibb aétlbﬁqhgﬂ?g@engﬁn‘ﬂw&e ol/3dcRariie alone or mixed
presents GMI data obtained from week bl eeds anal yzed

i n WAAUNERIHOSIEE GRYe7 | gG ELI SAs. Addi tional anal yses
show the ratio of GWI values at week 4 to week 0 . The
data i ndicate that the conjugate vaccine preparation
elicited greater serumlgGtiters than free PS or free
PS + CRM 97 vaccine. Wth the exception of

S. pneunoni ae type 14, the 13vPnC vaccine was able to

i nduce functional antibodies to the representative
strains of S. pneunoniae in an OPA (Table 6). After
two i muni zations with either the 13vPnPS or 13vPnPS +
CRML97 vaccine, neither could induce OPA titers >
8-fold at week 4 relative to week O for 10 out of the
13 serotypes neasured (Table 6). In conclusion, these
results indicate that conjugation of the 13-val ent
pneunococcal vacci ne pol ysacchari des produces higher
serumlgGtiters and overall greater functional

anti body activity than seen with free pol ysaccharide
al one or m xed with unconjugated CRM 97. Tabl e 5.
Rabbit |1 gG Responses (GMIs) to PnPS by ELI SA Fol | owi ng
I muni zation with Two Doses of 13-val ent Pneunococcal
G ycoconj ugat e
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72 7F 6 1 35,702 50 (39-95) 1.2 50 (47-111) 1.4 50
(24, 350-52,347) 714.0 104 9V 169 50, 033 50 (48-195)

W@ 200855767 4- 390) 3.0 50 (34, 765-72,007) 1, 000. FCPO8200%087524

10

15

20

66 195 20,121 (117-757) 4.5 50 (71-535) 3.9 50

(12, 087-32,138) 402.4 1,555 761 18C 89 71, 451

(655-3,688) 17.5 66 (300-1,935) 11.5 101

(32, 745- 124, 641) 707.4 19A 89 80 23, 485 50 (44-179)

1.8 50 (39-163) 1.6 50 (12, 857-42,723) 469.7 19F 6 1

1, 356le 894, phBum&ae( GFEOFiRrs¥orRabbi S8rum FoolsFollowing tninuriifation

67 (12, 566 B®, o83 of238aBntBeurio@eEal §3&:ints, 972 73

(487-2,420) 14.9 121 (311 1, 31¢9A5ma 68

(25, 134- 87 6761 : .

No. 50765/3§§%§3Téﬁﬁ?P%“mEf$pneunensaaaﬁﬁﬁTlters1?ﬁ?c
m

Rabbi t Spr u ool s _Foll owina L muniSRMislan with Two _

Dosemtypd 1Weakdf enWeMﬁeurwﬁfﬂﬁg al Wekdci R PATIVeRkds | Ratie
1 4 16 4 16 4 8 32
3 4 4 1 4 1 4 8
4 4 4 1 4 1 4 64
5 4 32 8 16 4 16 64
B6A 8 64 8 32 4 32 664
6B 8 64 8 32 4 32 32
7F 16 32 2 16 1 16 16
o 16 16 1 32 2 32 8
14 16 16 1 16 1 16 2
18C 4 16 4 16 4 8 64
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a. Used as week 0 values for all groups
Example 17

Alternate Procedure for Serotype 19A Pneumococcal
Saccharide — CRM,s; Conjugation
Overview

The following example describes a process for making an immunogenic
conjugate comprising Streptococcus pneumoniae serotype 19A polysaccharide
covalently linked to a carrier protein. In general, following periodate oxidation
(activation) to generate reactive aldehyde groups on the polysaccharide, the serotype
19A polysaccharide was co-lyophilized with the carrier protein and conjugation was
carried out in dimethyl sulfoxide (DMSO) via a reductive amination mechanism in the
presence of sodium cyanoborohydride. As opposed to conjugation processes
involving discrete lyophilization of polysaccharides and carrier proteins in DMSO, or
processes involving aqueous co-lyophilization of polysaccharides and carrier proteins
without DMSO, the following process improvement provided improved conjugation
efficiency and control over the stability of serotype 19A polysaccharides as measured
by molecular size and the percentage of free saccharide. Although this process is
described for the serotype 19A polysaccharide, this process may also be used for
serotypes that are structurally similar to serotype 19A, such as 6A, 6B, and 19F

which also contain phosphodiester linkages between their repeat units.
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Alternate Procedure for Serotype 19A Pneunobcoccal
Saccharide - CRM 97 Conjugation Overview The foll ow ng
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conj ugate conprising Streptococcus pneunoni ae serotype
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activated polysaccharide was then stored at 5 + 3°C for up to 14 days until the

material was compounded for lyophilization.

20 Co-lyophilization and Conjugation Process

The pH of the activated serotype 19A polysaccharide was adjusted to pH 6.5
+ 0.2 by the addition of dibasic 1M sodium phosphate. The activated polysaccharide
was compounded with sucrose at a ratio of 256 grams of sucrose per gram of
polysaccharide, followed by compounding with CRMsg; at a 0.8 saccharide/protein

25 ratio. After shell freezing, the 100 mL glass bottles were placed in -25°C storage.

The bottles of co-lyophilized polysaccharide/CRMqo; were removed from the -

25°C freezer and allowed to equilibrate to room temperature in a laminar flow hood.

The bottles were randomly sampled for moisture analysis. Dissolution of the co-

30 lyophylized activated polysaccharide/CRM,q; material in DMSO was performed at 2
mg/mL in the lyophilization bottles. The activated polysaccharide/CRM197 DMSO
solution was then transferred to the conjugation vessel and stirred for 60-75 min at

23 + 2°C at 70 -120 rpm. With stirring, one molar equivalent of sodium

51 Att



Cont ai ners of serotype 19A pol ysaccharide were thawed

and conbined in a reaction vessel. Oxidation reactions
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conj ugation ves he ca reaction an
solARduesd Wging the co-lyophyilization wit DM O method described above and six

produced using a discrete lyophylization with DMSO method as described in
Example 8 above. Characterization of the conjugate was performed as described in
30 Example 4, including use of size exclusion chromatography media (CL-4B) to profile
the relative molecular size distribution of the conjugate and a uronic acid assay to
measure saccharide concentration. With respect to the long-term stability of the
serotype 19A conjugate, a decrease in molecular size of about 10% with a
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free saccharide | evel of bel ow about 20-25% As shown
in Table 7 , characterization of the serotype 19A

wa@ oosogerBes produced by bot h net hods showed t hedT/UB®07/087524
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I mproved conjugate characteristics in terns of both
nmol ecul ar size as well as percentage of free
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35. U.S. Patent No. 4,902,506.What is clainmed is: 1. A
nmet hod for maki ng an i munogeni ¢ conj ugate conpri si ng
w@hemsprasnccus pneunoni ae serotype 19A pol ysacedipusze7/087524
covalently linked to a carrier protein, the nethod
conprising: (a) reacting purified serotype 19A
pol ysaccharide with an oxidi zing agent resulting in an
activated serotype 19A pol ysaccharide; (b) conpoundi ng
the activated serotype 19A pol ysaccharide with a

carnjh&tlis @4iMegish; (c) co-lyophilizing the conmpounded
activated serotype 19A pol ysaccharide and carrier

protein; (d) re-suspending the conpounded activated
ser otyp 9 ccharide and carri

oty 2l HRREER e £l ookl SobBlococeus
5c o npoun@eeymatdd seadtyek OArtygamhadi mtlyﬁﬂydlomtp desagied
carri ergpd'i%ﬁe(h S edinbl ¢ ﬁ“é&%@m ng agent resulting in a

serotyp ysacc carrier protein conjugate;

and (f) (@appr%tmrnues&@t@dotwed@ﬁy@é@a%bawq?ewﬁ”@rb? g agent

19A pol y@@ﬁﬁamrﬁm@aﬂéa sRbtyps %Aeﬂ)dﬂys@@dfﬁahi&'it e resul ting

in an i eni c risi ,

pneunonie s QBRIHB '”3&&%‘@%‘@& ﬁ%%’y\?g?%' vith-a carrier
10l i nked fpeotéincarrier protein. 2. The nmethod of cI aim1,

wherei n the carrier.pr C&Rﬁ%{h t hod

of clai rﬁ) “W e?@fzhr% tﬁ%&%ﬂé}ﬁuﬁ% \Zaé?do%emté 113

pol ysac@hhsaoabarwn@nd:mmermratﬁ@, conpounded at a ratio of

0.8 1. 4o THewRBARAR RS cGhdbufiid adRESLBoLBE 1R O

t he actl at ed serot pe 19A pol ysaccharide s adjusted
to 6.5 powsaz:cbarlderanfiearegrrmataw Aigrethvt srifoxide OMSPer
1501 Ot ei Nn.(e)S. Fa&@tlﬂﬁﬁh@@dnwunﬂécﬁla&lvéted%ﬂ)@bI’19A prIysacchande and

activated sero ol sac har ded
Mt ouCrEREP Byt e BR ARl RIS o PR ER Py
pr ot ei np6lysacEhaidewhimedprofeincdonajugaté; arfdur t her conpri si ng

puri fy| t h@@p%ﬁ?&%@ﬁ%lo%ﬂﬂie@%@ser@t e-w mst hod of

claim1, vvher e oXI di zi
peri odatpelys@charise:catsiehpratelt coejuaatmra_suitm é‘r%l IWmL{FﬂégemC

20" educi NgoROGAE cdripra®gi SW8ptococcus pneumoniae serotype 19A

polysaccharide covalently linked to a carrier protein.
2. The method of claim 1, wherein the carrier protein is CRM,g;.

25 3 The method of claim 2, wherein the activated serotype 19A polysaccharide
and CRM,y; are compounded at a ratio of 0.8:1.

4. The method of claim 1, wherein the pH of the activated serotype 19A
polysaccharide is adjusted to 6.5 + 0.2 prior to compounding with the carrier

30 protein.

5. The method of claim 1, wherein the activated serotype 19A polysaccharide is
compounded with sucrose prior to compounding with the carrier protein.
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cyanobor ohydride. 9 . The nmethod of claim1, wherein
cappi ng unreacted al dehydes conprises reacting the
waesostyge2 19A pol ysacchari de: carrier protein CPOJ/USED®087524
wi t h sodi um borohydride. 10. A nethod for making an
I mmunogeni ¢ conjugate conprising Streptococcus
pneunoni ae serotype 19A pol ysaccharide coval ently
linked to a carrier protein, the nethod conprising:
(a) reacting purified serotype 19A pol ysaccharide with
SOG, UM [RE hREBLT B8R, tririhar b&n;ﬂ@in@ﬁbﬁﬁfyiﬂ?l% iMETUAbYERR
19A pol ysaccharide; (b) adjusting the pH of th
act i vat 8OVt ype 19A pol ysaccharide to 6.5 + 0. 2;
(c) compounding the activated serotype 19A
polysac ri Wi t.h. S , : | NG ,
Bot vat AH isiBe S beSh i8R e BHaP RTROHAR Rkl erocare
Sprotein at a ratio of 0.8:1; (e) co-lyophilizing the
corgounggd n%@r{dd\b?%lgi% ﬁ%@l;eyrpmel%cmghgaﬁmrume and
carrier protein; (T) re-suspending Thé conpounded
act i vat EYP"9BPENYISEE19A pol ysacchari de and carrier
protein in dinethyl sulfoxide (DMSO); (g) reacting the
conpounded ctivated serotype 19A polysaccharide and
o or 15 belieH LPef L SR Bpane soPaRy A AR s iRy
10i N a seraxHctimethd 9drotypé V1 8A palpsaccieide aariemrotpinabajugate with
conj UQatsg'iqdﬁngro%garidﬁappi ng unreacted al dehydes in the
serotype ql pol ysaccharide:carrier protein conjugate
wi t h sodi um borohydride resulting in an inmunogenic
COonjougairem&RGPr Makieg St IARINRESGE é%j-fé;@@%i@iﬁg SeENbALREUS
19A pol ysaccharide covalently linked to a carrier
pr ot ei nPIAUMOIIRE SPERNRG ! 991 PONPATChANAS GRKRIGTIY Ankeddo @ SRRk
15pr ot ei n prateifi; AL Aéthod ¢@mpriElig: met hod of claim 1, further
conpri si gpurifin.teirrm%aei 0] te.. 13. .
nmet hod {%r rrfﬂ?lctﬁé pé'ﬂf'ﬁdr%?ﬁ%%oﬁem %o@gﬁﬁcﬁgﬂ;c{egﬂ @osr%r)fl)'ru ?hs’?eﬁ'édate
a St r epresuiiiog irsaravvatechsaetypeol §Asradysheghadee; coval ent | y
l'i nked a d j ' i i +
pol ysac&@ari g@a%ﬂg Ehreﬁg-géﬁg@% ﬁ‘%ﬁ%ﬂf’rzg‘% g?A F?I%sfg%hea fide 0 6.5+
bet weenOr%epeat units, the
20 (©) compounding the activated serotype 19A polysaccharide with sucrose;

(d) compounding the activated serotype 19A polysaccharide with a carrier
protein at a ratio of 0.8:1;
(e) co-lyophilizing the compounded activated serotype 19A
polysaccharide and carrier protein;

25 ) re-suspending the compounded activated serotype 19A
polysaccharide and carrier protein in dimethyl sulfoxide (DMSO),
(@) reacting the compounded, activated serotype 19A polysaccharide and
carrier protein with sodium cyanoborohydride resulting in a serotype 19A
polysaccharide:carrier protein conjugate; and

30 (h) capping unreacted aldehydes in the serotype 19A
polysaccharide:carrier protein conjugate with sodium borohydride resulting in
an immunogenic conjugate comprising Streptococcus pneumoniae serotype
19A polysaccharide covalently linked to a carrier protein.
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met hod conprising: (a) reacting said polysaccharide

Wi th an oxidi zing agent resulting in an activated
w@odgmaeehari de; (b) conmpoundi ng the acti vat edpCT/US2007/087524
pol ysaccharide with a carrier protein; (c)
co-lyophilizing the conpounded acti vat ed

pol ysacchari de and carrier protein; (d) re-suspending

t he conpounded activat ed pol ysacchari de and carri er
protein in dinmethyl sulfoxide (DMSO); (e) reacting the
conmpounded, activated pol ysaccharide and carrier

prqtein
poﬁbsac

EW ! h%ﬁwgd rgF ?CI%J'W(Q? g/h?%{n%%gamgr prJ)te iS 8Rﬁ|697 ()

conjugat e,

cappi ng unreact ed aldehydes in the polysaccharlde
canbi er rpd kb opc%unuﬂ Alrfef &APribihg Quﬂlfﬂn@fhe |rﬂm%‘<§§%ﬁf&' C
conj ugat e conpri sing Streptococcus pneunon

Spol ysaceidatfe coval ently |linked to a carrler pr ot ei n.
14. The method of claim 13, wherein said
polé;acxharlde co r|3|%é hos odlester l.i nk

ek ior ARG sy g GRLGalS SRR & Septococcus

pol ysac piearmatae pelysdogharide oyaldriil linked to acarGil: pritein wWHeeein said

met hod
CRML97.

14.

15.

Bélys% a{a%g‘%mmgg g'pﬂoépngdlgﬁérr Il'n%(gepore%e%'nl?eﬁe%t units, the

method comprising:

(a) reacting said pelysaccharide with an oxidizing agent resulting in an
activated polysaccharide;

(b) compounding the activated polysaccharide with a carrier protein;

(c) co-lyophilizing the compounded activated polysaccharide and carrier
protein; .

(d) re-suspending the compounded activated polysaccharide and carrier
protein in dimethy! sulfoxide (DMSO);

(e) reacting the compounded, activated polysaccharide and carrier protein
with a reducing agent resulting in a polysaccharide;carrier protein conjugate;
and

)] capping unreacted aldehydes in the polysaccharide:carrier protein
conjugate resulting in an immunogenic conjugate comprising Streptococcus
pneumoniae polysaccharide covaiently linked to a carrier protein.

The method of claim 13, wherein said polysaccharide comprising a
phosphodiester linkage between repeat units is Streptococcus pneumoniae

polysaccharide serotype 19A, 19F, 6A, or 6B.

The method of claim 13, wherein the carrier protein is CRMq;.
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