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NOVEL FORMULATIONS WHICH STABILIZE AND INHIBIT
PRECIPITATION OF IMMUNOGENIC COMPOSITIONS 10 FIELD OF

wd b5 INYENTION  The present invention generally relatgs-{o¢bg (i@l so

of immunology, bacteriology, vaccine formulation, protein stability and
process development. More particularly, the invention relates to novel
formulations which inhibit precipitation of 15immunogenic compositions.
BACKGROUND OF THE INVENTION It is generally accepted in the
bio-pharmaceutical arts, that improving the stability of an immunogenic
composition (e.g., a protein immunogen, a 20 polysaccharide-protein
conjugate) is a necessary and highly desirable goal. For example, an
immunogenic composition must appear fresh, elegant and professional
when administered to a patient. Any changes in stability and/or physical
appearance of the i |mmunogen|c c %}&osmon such as color chan

clouding or hAYYELS FRRWELAZIONS WHIGH EARYIARAND [ nfldence
in the product. BERMEBRAPOAPAIERMBRABEN ETBIRSSRIB I Mulations

are dispensed in multiple-dose containers, uniformity of dose content of
the active ingredient (e.g., a polysaccharide-protein conjugate) over time
must be assured (e.g., a cloudy solution can lead to a nonuniform dosage
pattern). Additionally, the immunogenic composition must be active
throughout its "expected” shelf life, wherein any breakdown of the
immunogenic 30 compositionfiBLRPTAEIEESFBherwise undesired form
(e.q., an ayjregaieiowetsiibe totataincetiration ahthdigdedattimmunology,

SeVBé@lerWytS\}Qth% |¥F§H§Jféf%rh%\’&e%‘g%ﬁﬁ§%r‘iﬂeﬁrgags§t@9}léwpﬂféﬁt More

partlcur!a m nO%ven ion QQPSI on (/e Igfé Br%%'s” 'Wéﬂuﬂr‘ﬁ ﬁpremg tﬁ;llon of
poly% ?’de -protein conjuga es)ls A1eastn part ependen

sped’ﬂfﬁ%‘é’lf‘r‘ BPTBRRFIEPS5protein (Ho et a/., 2001; Ho etal., 2002;
Bolgiano etal., 2001). For example: stability analysis of meningococcal C

(MenC) polysaccharides am&aﬁmﬂemmmwgﬁz&& type b (Hib)
polysacch rldes co atedt either toxoid (T, )9{?‘ RM th
carrier pro eln evegﬁéc% Gdcﬁ’[()aren'tnsta% ﬁ%c@ﬁécé% gnt gn t%e & carfier

protéfﬁb(‘l% & ala”zdﬁﬂuﬁﬂgﬁﬂﬁth@%QBﬁWd%? al. a20?5?)‘3‘” immunogen, a
Men@GSRiviEgdecpofayates;fiostn) Ssvaondiféesent andnudhbtutesisaergoal.  For

analyzagh(karlhahur@hle wheiaindhenMeasle M aesingaiediferedal
in thejr conjugation che %6@6 ang,lend lﬁ%@H%tSnﬁfszﬁﬁ;%?&?Q&&arance

(bot th havmg the same c rrier roteln qé?g 4. Data from this study
furth%frtn‘i’dfl‘iﬁ’ﬁéfmﬁﬁ‘f’fﬁ%’f&‘és‘gﬁ%hsél%hc%ﬁ?boét?gﬂngﬁeﬁ\?gﬂ’i)g{é’r haziness, may

reductive aniateitnoeitess direrctly bsviaatitespsidal %ﬁa@@dgﬁ%buﬁjuﬁhermom
numbsiaof CeRMoatNMmsIes: IOmprixsrcabasidercbain leagih-@ide stotagers,
buffer.Aioa06: (BRpeia e 5 a@datrt%zwmvxrﬁy@kss a'%%.ygﬁya%@eﬂaﬁotem

stability of an immunogenic composition. wh en develo
formELHBHTOPER, HAIGG GHIE RUTRE forh, SRAFY FRUAETS FROLERe ™
congidiéred desepsnpiieirgaféddiiabflly riisusTANEIRHE edferepiiopBERice active
Suchnhesnrsisierasioasbvtdddenbitiarewnatdimieyd besaxdewicel stabitityuebgenic
the JC%MH&PQ?QI’FIEW&”%(@& JRUEERLESISHAf @Cgﬁ‘régs%gate lowers
de-polymerization of jsacc rides, proteolysis or fragmentation o
proté r%/ P BRYLRERN /ﬁ%g ng?/ gtﬁlgﬁlfy of the immunogenic composition (e.g.:
aggregatioBe¥etifeaicn nadsorfisiyecorvpatisingr st tieainifupghlbicof 2
compasiticar Wwithuhg @ontaineosios Uregsystemtgimieracthioyts be whenccharide-
'mmHﬁﬁaiﬁr&lﬁwﬁ@m@t%'%@rbésﬂdn'%ﬁtW&aéﬁgéﬁﬂmﬁ R Qpet%@c%b%%ﬁ  Sdfsrier
ex0|p|e S, £Iyo n ufacturin osage fo
(e.g.; Iy%phljﬁgeé) Fq%@éq F he en?hrri:)@rq%r’u[a% condatﬁb%rm%'éﬁz c%%rn%ar”%%tfr[lrr%lty
shipping, storage and handling (e.g., temperature, humidity, shear forces),
and the length of time between manufaature and usage. It has been
suggested in the art, that silicone oil, which induces protein 25 secondary
and tertiary conformational changes, might be responsible for the
aggregation/precipitation seen in certain protein pharmaceutical
preparations (Jones et at, 2005). For example, several reports in the
1980s implicated the release of silicone oil from disposable plastic

syringes as the causative agent in the aggregation of human insulin
(Chantelarr and Reraar 102K Chantalair et al 102A&: Chantalarr 20 10Q0-

a non-
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Furthermore, the use of silicone oil is not limited to syringes, as it is used
as a coating for glass vials to minimize protein adsorption, as a lubricant

B event conglomeration of rubber stoppers during filing procedures, as
wai

ié&¢fCceritical to the processability/machinability of glasg%swm 066959

elastomeric closures and as a lubricant to ease needle penetration of vial
rubber stoppers. Additionally, the siliconization of syringes, glass vials,

rUbRESIPHEFR ARG DR PoplaEOEle LROLARRAAIE luenzac

process as such, there is a e of var |ab|I|t oft SI|ICO

contédift #r8 ?reﬁ?rg)()?l%yﬁ)afcﬁgl%ﬁjgﬁ‘lg?mug%teg toge%Fﬁe?e ?Hére Qi dh ongo{?r%\? e
neeeRlfighe driToraaRd atidrisniv i ibnprafies i‘L@P@f&@ﬂfty”aﬁlf iARTISE protein
preghiitatian 260X MuND@ERc tain tos itioas 28UV MARYCRM f ldénjugates from
INVEN Mt mddifaBigeNh iy enlinpdhroadiy i glateseo, Nevgbin the Menc-

forn%gﬁlgngovlehlcpesstgtglhz an Eg}h(l)blt %%Qlt%tlon of |m no ereS nltugate

composifions Maie specifi cérI'Iy N Certal ents
.nve?ﬂirﬁaqgharr%ﬂéa%%%meﬁﬂmﬁ@mgrwm@mﬁMe»dreEﬁfﬁéﬁ%ht@P study
immuniogénicaedtpesiticdos sach s sedjipationteiamisme@ts. kv arigespeindion
emhggimenbdie é,nveaatignﬁmﬁ%@tgga&rngm}psormumgprﬁ whiighstiapilzes,
|mmunoger?]|c %om&osm %ga |I|cone oq{|nteriictlogsfe%nheggtfggg?san q
Shlpplﬁlg ag |a|on and the T R certaih ambodiments, th
invelRRHS/ 18! r%’@l%’”d %%WH%’I‘&E %%Hi‘&h ramimyRugogenic com position.
polysacch@ingepreteiavetmjug stérindaionriol anomoonepesmep(ipasitibh, many
bufferacsaling seluipgideereindhebulfenhassamng ashabert e8stosfrective

aboyl 2y ’%L%S%ﬁ% Gia %%Q‘i'%“ 8%%t°£r£“ orﬁr%%és%a” (%%Su RERIRAof the

conjuga es. In one SpeCI ICem iment, the polysacc protein

com'ﬂﬁ%‘f@oﬂﬂ?ﬁuféﬁ%??%“%rﬁ%ﬁse?yﬂﬁog%%rﬂ&?@cpﬁ@g?% flg-abgpiization of
embstiisaesitaridhe coritaipss widasizndec s d fonOnehgsicadheratthaability
group Qa@smnm@@.wadoapd@h@ﬁowgr YA LIRS BIRSECIQRIdERptRdN),
“‘bb%r C'é’t?ﬁ 8% @st t?rﬁu%aéﬁr .M é%&ffor? v%)(ﬁ'rlﬂé SRR ARG torm,

punger a aker, a graduate Inder, a fermentor, a bioreactor,

tubur‘lﬁeracﬁ%@ Q%‘é{ae'h 5}‘“5?108?%06%“%?%&%&@8 aaacava.gwsaﬁréspéﬁg
In cérttigrs 36@lin bordinieniss ciiiepcdentainter theansnigastiviogi asetess, thgndosage
certasmenahpdipppisetheiptidhuffered\salineqal utnnins th esfebumbaéo RBIring

has g ghétérége ana NaAUIRG SR AMERIEr M) ARG ang e

succinate, histidine or citrate, In certain embodiments, the buffer is

succgiR AT REMESHIBRRHEEHS PO M8 10 mM and pH 5.8 to 6.0. In
one particlildeeberlipeasBStie fiaadohet siliegimh of theigudgreae protein
buffeeisraidnMardn atheirenobedinmaiois| thesghisn thghpHdubesedisalirer the

50'UH%@WF&Q&MEH%%'élmncéliﬂétﬁ%r&&?@ﬁﬁ%c%ﬂl%ﬁ&eé% oAt (Jones

chlori Ination thereof. In one part mbodiment, t altin
the f RGN Saln e BB SO ROG 0 AR ess o

emb‘é&ﬁﬂ“iéﬁ’!' e ﬁﬁﬁaﬁaﬁtRﬁ%yﬂﬂgﬁﬂéﬁ&%q%éﬂ!@twwmhméggf?ﬁ?ﬁon
consisting of jpelyisoxtiatetdd (InveReatet 2038 polisoitbate et TresenThad)au,
5 polyzarkataLd( Hysesul&), Rediserhniefia CLwest, 1@@@5)Chantelau et al.
poly 8 8?“;&321 ﬁ%%]f gg é) Iglsr%%pg' tetﬁc?ra(-/\l;vye%o-rm 2 ’d-grgor%rplgParatlon of

ItOﬂ Xyno nonoxyno tl‘le %ano

tnetwmmamﬁ@ ﬁoﬂ)ﬁ@ﬁ'ﬁﬁ% @@Sﬁ@blﬁowwg@tﬁp%ﬁ@'mlﬁmm?éam@ue
(PEGititoneSal utahtetbbptipol\tbenedihidenen@ir Hgmedetive (Cdetaaghetidaldf the

soy lﬁ&;tmimaﬁltaaa@%/am@éein@J}@d@ﬂ&ﬁw@né&@mb@giﬁ@e&smﬁcomponem
surfa? nt Jsgol sorbat 80. In other embodlment

es as serves BEI’IC te the rubber. er ana%fgcilé /ate trfagfer

concer?tra loR Of the: poly Sorbate 80 in formulation is at least
poIygb%?é’m?hf@%%ﬁm{@%ﬁﬁfé'ﬁéﬁma!%ﬁ ."I‘h"Bﬂﬁ‘é‘feéﬁﬁ‘Bo“'ém%‘?ﬁ@',‘ty of
the fimafcconeéotation of the polysorbate 80 in the formulation is 0.01%
polysorbate 80 weight/volume of the formulation. In yet other

embodiments, the final concentration 15 of the polysorbate 80 in the
formulation is 0.05% polysorbate 80 weight/volume of the formulation. In
another embodiment, the final concentration of the polysorbate 80 in the
formulation is 0.1% polysorbate 80 weight/volume of the formulation. In
certain other embodiments, the final concentration of the polysorbate 80 in

the formulation is 1.0% polysorbate 80 weight/volume of the formulation.
In vat nthear embodimente 20 the final cancentratinn nf the nolvvenrhate QN
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protein D, ovalbumin, keyhole limpet haemocyanin (KLH), bovine serum
albumin (BSA) and purified protein derivative of tuberculin (PPD). In

W@ggn%w%giggc embodiment, the polysaccharide-protein conjugai®usz007/066959

formulation is a 7-valent pneumococcal conjugate (7vPnC) formulation
comprising a S. 5 pneumoniae serotype 4 polysaccharide conjugated to a
CRIM197 polypeptide, a S. pneurnoniae serotype 6B polysaccharide
conjugateduohar@id/] i@ Ls0dY HieBtielell & ot imdedrionjairEoBpiei9Vsed as a

DOW?%%B:&BQ@S%JHQ@%? mn@n%lbt/réébw Q%Béah%;d& Ia iﬁbnemrtmra@@em
Sero ccnaril conjugate a 0] p
oot A SRR B 1A SR B Rl e

pO|yﬁ@ﬁ¥%‘@5§a§l't1/@aﬁh'§am%igé’I@%?@t%@'?ﬁé?—mﬁﬁmgg%ﬁgﬁa@ as a lubricant
conjiegstednedicGRMESHpofyy@ptitleeasidmes. pAdditnoaiadhsestitppaa2ef of

DOW%FF@Q@“Q@&OHB%&Q&&MP adp L adapplypRptidenct a Wedn@iiRlied nor

Spec'tf'CfF r%lze ';%%E%st%%doo'%%%ﬁct'ﬂér%lg Aoﬁ%ﬁ?&?gc%@léfﬁ%%éﬂ{?‘oq'%% i&Bne

a 13:valent pneumococcal conjugate ormulation comprising a

S. pALERABAS g‘é‘&r‘i‘iﬁ/%tﬁ HSEaccharide conjugated to a CRIVII97
polypeptid&heelis Bepfresiarorriaeisenotype BB gblgstovhiatiors vdijhgatedce
to a GdRIMLARi4 Py prRpiisetch of RN SRIedyBasIV polysaccharide
conjugated to a CRM197 polypeptide, a S. pneumonia serotype 14
polysaccharide conjugated to a CRMig, polypeptide, a S. pneumoniae
serotype 18C ponsacchand@%‘f‘ﬁﬁéé’FeH‘ NYRNRR|Y 1197 polypeptide, a S.
pneumonidesseredyteird@Rtipolysacibh axialesconjugatéotolatiGifR MgV stabilize

POly RERff iR AR BMARIBRIBRALRR &i&.&@lysa&@w&m@énm_m@é@gn
to a CRM L rQOIé%,\%tl'%gh?mveR{‘gn”@%gc?eé%or%eel doRals %%%Sgwaﬁ'gne inhibit

conjuga?ecfnto a olypeptide, a S. pneumonia serotype
po|y§ae<s¢<hfatdfabqidwm5%%%% ORINIYP SORPESHIE, R ATl One
serotypeift pohsioehatiteicamfigaieditecaCR MY fpolypéptehiSstabilize
pneu&m@umggaﬁkom&%&@w@i@an@omugat@@haa@ §BM 18des, shipping
poly de a(§thg€? gneumonlae serotype 7F polysaccharide conjugated
T\H%af\ polypeptide and a S. pneumonia seroty?e 19A

polysaccham&% Eb?ﬁﬁ@ﬁt@ﬁ%déinﬁﬁﬁ/l i@?"%fﬂ}‘ﬁ@ﬂﬁ glected tforppaptions which
embsidhifients, tbipsfoohridaiorekirtronicoatpribe sfommalaiomeenprising (i) a pH

MeNnKgeRRCSAhD QBISRECHALERS NS @ PRENINGALECHEIEALGRNIS, (i) a
protes'ﬂ%c?g &%ﬂaﬁ? nafioy) there 09 &M&&M@%@@P%@Hﬂs&@ the one specific

ormu atIOI‘l urther comprises one or more str tOCOCC&

ol CERRAT b T BOHEEIE i SR SOA SR TR Bl caparsee in
combimigiest thramsofin certejp eebrdinetife thenspyditaemesthis ﬁ@f?ﬁi&réfr@ﬁ one
further sRBPSISAS gRBPLoAeKERMMVaNis, Bxeaplappsuidatile adiuvanisglass

are described harainhelaw, Qe ameodigems, %m}ssr&%& 2 syringe
directed to formulatl???s whlch stda\blllze 35 a streptococca %) 9
(SCFPj“é‘Sﬁﬁp%gﬁ%h AR O PP Sh a('%me_r]-?bu WEELling" ™9 @
soluthie, eheseirp i, LITfErRasie PKePBIddsoars 5 sagrAes Pyl g certain
surfastaotiardtHheaattapto caetaliCSrpentidase. In one specific
embod'me%céfé.ﬁ frrRHAtaR. I%%ﬂ%tﬁ@%&@fﬁ@@@%ﬁ rafeﬁ\esfomunanons
certgl n em S tEe Fonﬁgpg}‘n eans S ﬁer is rrsnu%[:?nate
of th rSLPp COI’]SIS mg of DAl aviars o er aV|a clos re

closd}*ét'ch“FUBbéft‘a‘ﬁsur‘é %ﬁ?&%t%@@ﬁ@% é@ﬁ Ry&eq '§y?ﬁ‘@é‘§f‘o[5’bé‘r figal

syringsngdumngen of flask] @ beakdrasdgradifated.0ylinder paBiorlaresttbndanent,

3i0remet§|ﬁaltem&ntaamﬁ%f %Qa&gada@ &utﬁa;rrhogwm a}?aﬂiﬂgﬂ%%@r@nm the
isposable pen n other.embodimen er [

of théFormu atPon %uﬁs?rg&pls-ial"}e Qdm_? goﬁip” %er es% ﬁrﬁgﬁ% &l% 2

Is succinate, histidine, phosphate or citrate. In one specific embodlment,

the buffer is succinate at a final concentgation 10 of 1 mM to 10 mM and

pH 5.8 to 6.0. In another specific embodiment, the final concentration of

the succinate buffer is 5 m M. In yet other embodiments, the salt in the pH

buffered saline solution comprises magnesium chloride, potassium

chloride, sodium chloride or a combination thereof. In certain

embodiments, the sOrfactant in the formulations is selected from the 15

group consisting of polysorbate 20 (TweeM1120), polysorbate 40
(MTween?2"140) nolvvearhate RO (Mween?2"1A0Y nolvvenrhate AR
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30 weight/volume of the formulation. In yet another embodiment, the final
concentration of the polysorbate 80 in the formulation is 10.0%

W@ﬁ% sorbate 80 weight/volume of the formulation. In certain other

S’aﬁ%?éﬁts the SCP composition further comprises one Bf ThGa)07/066959
polypeptides selected from the group consisting of a streptococcal
polypeptide, 35a pneumococcal polypeptide, a meningococcal polypeptide
and g gieNYRRRCCAlRal BERUILE IR A %Q%empqgﬂ@mumee%ﬁ.ment
com&osﬂlon furt}}ﬂ) me%rls es one or more ?/sracgharldes selected

u olutj

alt in the on is SO
from %8 group gon5|s?n (0) as rep OCOCC& ysacceﬁarlde a

pneumocd&@é?loﬁt?ry%‘ﬁ%ﬁﬁ\‘?ﬁé the ﬂé%@'&iétﬁ%ﬁ%%%@ﬁﬁﬂé%@m the
stapfrglacacasipalysagehandate 20 (Tweehmvatipthelyesmaadinseytae™40),
for ﬁg'é)rgaftlém%%r Q?@&H%Pn% ysg}Bé?eS@éjJL{Y%B% E@é?]mmﬂjgorbate 80

suitab uvants are described herein below.

embdHieRR tg%é%%rﬁﬂ@r?% (Gweetecdre FdFﬁﬁh‘I‘aMdHé Hieh IHRie e
indut¢@d precipiatien of gigbiysiranaridetptosemacongugatelyemnijdasecdisai,
silicoBizsY MR OMEARSY B IETHREOM COBREISIAGS]) soRbkRuiRsedss-
sali nfe‘sollu 01 Wher |n t gffer h%%it%i r;?Ka FOf abqut 3.5 to zflrp%l‘;]te 7. gmmar
an aldmindam I?”l]ﬁpand r more poly sadchander) -protein P

conJ9’@8?@@‘fﬁtcﬁfieta‘iﬁr@t‘ﬁ%d'ﬁn@ﬁﬁo’ﬂ’féesﬁ%oHikéﬂ%‘@ﬁft&fﬁ@?q*ﬁ@&hsﬂig final
selectadetnoatioonef cthenpreysdrttade gBOUD Clonsisdiiog A aaviddast Vil 1$toppe%

a VIGA&@&%% @oglmm@%@ @ EH@WH@M% A elﬁéxlerﬁmmm@ the final
syri cf% “”98]«5{,9& Rl%ng%rr{\u%:aatlori |sb8 8'1‘? @olé/sorbate 80

gradu aedc mder afePr en or 2 biofeactor

an a%ﬂ@'%”f%éfﬂﬁ@ﬂé%@’h d”smié&'ﬂﬂé%?d'me”iﬁ 8&1@% concentration
embaddimentisothagdd bufiefednséiive sdlhitnpuiytvebterAllations dlas g He

0L5 RitRufaforn Iﬁtﬁ}ﬁft@mgﬁm%ﬁ; ﬂk@fiﬁﬂﬁ%’nﬂ‘éﬁﬁ@t@f@ﬂl‘?&ﬂ%&%ate 80 in
pho te ccma histidine, 0 ate. |n.yet other odi ents t
buffZEls?%ﬂgi%na e at /?lﬁaglégﬁggn%ratloﬁh fy (iume & tﬁ%}gr'ﬂ}lu g %rtam
to 6.9F FRRPIT PPN AERTTRIAY BAdf r?&lyéBF?@é%ﬁ%f‘dHe&Piﬂé'a"O“ is
succl@tenolyfabae3Boniveidhtstilliothef tvnhodiratons, theaaithier ttreloEiments,
buffered salinecsredatiaioaOBIPIiEES 66@96165@80 chiorigle, RAtRRRIIMis 10.0%
chlorj (fmrgg'éj% \%!@1}% 8&18‘}_@‘%@ 8?91 %g Wereof In one particular
Int f

embbdiment, the sa ep ere |ne solution is sodlum chloride.

In other enibBURMERE “ﬁf&"&%ﬁﬁﬁﬁﬁ?‘&%ﬁ?‘f@%ﬁﬁﬁfﬁ{ﬁw R§AirgRIagomerises one
aluminaer sngyhoxisheakrolyaftanianisies sUfaestain eméasieeific the one or more
embpgimesiodhe RiysatiuaicRlbis algmimiumdakespici®e 4 poll3ReH&ide, a S.
OtheEn‘?éDRQr‘?}HQe@é%t%% fog@%%ﬁggamn@é compyises DoSAPAREhe v

(TweenTm8 In one fﬁeu ic embodiment, the final concentratjon of the

poly8I5AE S0 Brin PAAKRICER 12318 yﬁeo16/0"%@6%“66%%&bat8’§6m°”’ae
weigsriouneni8B0ol saecharinel atidnereumpnian SeretyRaTISG dieiagectingde, a S.

polypacoharide-petRipLonpryaieigampEses oae Of Mok PbLNOsocypd 1
po'y%%%gé‘&%ée I, ce! Sﬁ%@@%ﬁ%@'@é‘r@lﬁ;éhﬁ Q&Wé?#&ﬁe er§ MOEORAlae

po ysacchan% are a neumoniae serqtyp cch

e NS SR BB batcR e o ST ant CERRR B?
polysasemariae, ¥ShphelmeflvESEBH Nt Eo@sﬁééﬁ’aﬁﬁfée asgowpe 19A
pneynigsiacasekotypecd84h polysatchasides aStepneutmo pik@ Seraiy|eeprotein
19F E&lmf&mq%t.&ss %@%‘df@@"f‘ﬂ% R PRE EHfsiRRlYSHCeRRIIJes dcBnus
PreUTRNCE SEIRPSi PANGRCIAINE, 8% PGHIIONBS SEIOBRT
polysacc aride, a pneUmo lae seroty o ysacchar ide,

pnemﬁ@m@éf%@ F@twemuwy%%@éﬁ%ﬂfé,wa@n Mé’aﬁ%rﬁa@w@?ﬁesm
poly saaenaAd@® saAd, 2a SCFneaptioasacieer A prictOdc o |y smoahdrice irblrenzae
certain other embodiments, the protein of the polysaccharide-protein
conjugate formulation is selected from the group consisting of CRM197, a
tetanus toxoid, a cholera toxoid, a pertussis toxoid, an E. colt heat labile
toxoid (LT),a pneumolysin toxoid, pneumococcal surface protein A (PspA),
pneumococcal adhesin protein A (PsaA), a C5a peptidase from
Streptococcus, Haemophilus intluenzae 10 protein D, ovalbumin, keyhole
limpet haernocyanin (KU-fl, bovine serum albumin (BSA) and purified

protein derivative of tuberculin (PPD). In one particular embodiment,
the nolvveaccharide-nrotein conitiaate formiilation iec a 7-valant
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15 pneumoniae serotype 6B polysaccharide conjugated to a CRM197
polypeptide, a S. pneumoniae serotype 9V polysaccharide conjugated to a

w&RKIAIREPolypeptide, a S. pneumoniae serotype 14 polyspeehabile ossoso

conjugated to a CRM197 polypeptide, a S. pneumonia serotype 18C
polysaccharide conjugated to a CRN/1197 polypeptide, a S. pneumoniae
serotype 19F polysaccharide conjugated to a CRIV1197 polypeptide and
a 20sotpinedmoniaerseratype? B et lisacchande (B0H)L gatetk teegum albumin
CRIVEH Qf%ﬁf?ﬁﬁé@ﬁmtem d&n@eﬁﬂmﬁﬁﬁﬁ&jlﬁ @m@Pdlment the
D e Sl SOnARLS [rlalion 5 8. aaient nemasaraal
conjugate r?&? férmufation com pDr e SUMoniae &e erotyp 2
poly8aécHafRiRMdHjeryBReerts! acemy9al 97( bcfyﬁépfﬁ’ﬂ@“'ét‘gn p?f?éﬂﬁ’ﬁ%iﬂ?a@
serqtype®BigEobesaigph drideysecjtgate d¢oj @ @RMIL a7qRMypeptigespids. 255.
pnfgﬁéﬁm@qweav&%%\émumh?meﬁmM@é&@ MQRJVH-)%%;%ME: as.
poly ide,.a niae serotype conjuga
e R R e e W L
conﬂ@?&i’@ﬂ”féeaséfﬁ}‘{?‘iléﬁﬂéﬁﬁ@ﬁﬁé %@’%‘F@Jﬁ]érﬁ' M@o@ﬂ@%ﬁe
polysesaaheariake seorijng dEel nohs RN polypaedites £8Vipneabreniae, a S.
serolypendak dlysassharide zabingaie ddma SR MLIOC RalypamiieideSnd a

30 PRSHRONIAR SSIANBE hPBARREhAKA SAIRREL e RIS

polypep neumoniae serotype saccharide conjugated to a

CRIV1197 DONPLRAEPHFE pHBERIEITR SEroRpE VeI Sonaete
conjipyatéalico & CRAWRBT popyegsidesl a®iugaeUnduRiie Kertatiengamprising

polysaschriigesenigated topaicRiisrigopepids, B S gpeymoRiaptide, a
gerots/%em A\é%%?&ogg Q@f&gﬁy&%mé%%@ww msp&b%g déas

pneumoniae sero 0 ysaccharl e conjugated to a V 1197
o BRBEHEI%S SSTRE S RGBS B RS HGhT qrgHgFPice. & .
comprgrosiqe epraime Thariepsebeiidd ponusatashirid é5ne ReyRRitisle. a S.
meningoeosral ndtgen B Oredpiisciodria < otnRIasiD D theraf,, polypeplide, a S.

anot&%ﬁmggg&%%éh%Ffwgg%ﬁé}.&%ﬁrug&w@%m97 weésnﬁe as.
streptococcal gg%sacc or more. Stl‘ COC ant?% 8%?

prot&ME 64 tﬁ?ﬁt%%r? t%if%%cfc‘?‘a"d% r?onéur?g fher empo
formeNaHEATaRISEIoSEn Jrisdisasrb asiom epeieaier 4ats. @&Mm&q‘ypﬁat@ﬁalé S.
adjupasisiared escripeBhergiadsetowe kogtheteembediREREs ptiv@qrekent S.

Invepngwén%egéﬁﬁy& fs>rmw@¢en§nwwm@ataahf@@sdm@¢ m%esﬁhe as
preci |tat|on ofast .HP occa C5 apgé)tl ase

Do ER STENARAA BoRarahe e ot ERIEC Kihente o S

a pI—Pbﬁffé%’éesﬁ?rﬁé'%%ﬁﬁl%Y%H@}@iﬁ%ﬁé%@ﬁ@d Has &BMavo(foé)@@at@ @@6 a
abol8. G/muthbnae sdutyireing/spdivanck(idde strgpdeeddeal T4 peptigasiEen
certain emmomnéﬁqﬂb@nq&nsain%r ReRNathSRIReLHARRRE MleMPrenore

of the(gqr g 0 S|st|qgaoJaV|aI a vial sto per, a via IcI sure, 8 lass
Ngoc Il rmorem ﬁdCOCC emc ms or a

closure ArIBOaY 8?0%33% a ?as?c closure, a'sy asy yrin opper, a
syrln‘ﬁ@‘ﬁl’ﬂﬁﬁﬁért@rﬁ%k"h%ﬁéﬁm %\”&%‘ﬂ%‘f&d %‘9“ F'aél% ?&‘féﬁoi’oﬁp”ses
bioremetar, tubngireppipeEcal lrayysadararaiesampoulerareastrigtyseoad antigenic
dispesabie pen. dendneiierssplediment, the pH buffered saline solution of

the formu'%' erg%so% 9%0%%%?%@0@&0 rqtﬂépgr{ %Fﬂ%?%%ﬁo%ﬂééstgﬁe %lerlfrﬁ%re

IS succmate %IStIdlne ate or citrate. In certain embodiments

ot NG EARETAIER FHAAE ALHRPAS S EFETA 15°50 Aand pri & 8

to 6.0. In amotther emiloduendmtththie vsalian ishdirgied teffiored iatigiresiiustayilize
COMBrigRpBRene SEMpeblrtse ( Potassimpbsitarite, fealituwbehierifesne &) a

CO”"BW%U%}&Q% 60k s%?d(bﬁ%&ﬁé%”ﬂ%r SRAAEMERS, &#‘Ebf&ﬁ%%%%’aout 8.5,
further co%ﬁ%r%%% olysorbate 80 (TweenTm80).In one specific

emb8Bify |(86ﬁ88ﬁ?|‘8?%‘i‘f%fctﬂae&?8 28FhdPeB TRYfHle embodiment,
formulation is 0.01% to 10% polysorbate 80 weight/volume of the
formulation. In yet other embodiments, the SCP composition further
comprises one or 30 more polypepfides selected from the group

consisting of a streptococcal polypeptide, a pneumococcal polypeptide, a
meningococcal polypeptide and a staphylococcal polypepfide. In
certain other embodiments, the SCP composition further comprises one or

more polysaccharides selected from the group consisting of a
ctrentococeal REnnhvveacrcrharide a nneitrimocecoceal nolvveaccharide A
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In yet another embodiment, the formulation further comprises one or more
adjuvants. Exemplary suitable adjuvants are described herein below.
In other embodiments, the invention is directed to formulations which

WS N, meningitidis 2086 protein composition, the forhfUIALREHY /066959

comprising (i) a pH 5 buffered saline solution, wherein the buffer has a
pKa of about 3.5 to about 6.5, (ii) a surfactant and (iii) a N. meningitidis

208@@%%158&%@&9{&\@@%'é‘%H%%Pﬁ\@d?{@qméé?{a%d&ﬁ%@%nts the

herein Pelow In one s ec embodiment, ti}ei N. menln itidis 208 ] |
protSTA SRR &S S%%?n R RSO I SEH R SH S'S erin e, a v
embtRNAsE MY aHeoswist ﬂ@sm@%%as@ré&re@%m %H@%‘F FoTeHRREinge,
group ssengisting mef aavislrivyd (sl sstoplesk aayisdakes ureradgiass clistae,a
a ru{%%&ﬁls?sarao%m'ﬁ%&wﬁ.p% SYTiRgea RSHINGRAMPEbaftrRENSR 2

plunge fask - beaker, a graduated cylinder, a fermentor, a bioreactor,
sposa
tubing, a plpe % bag a jar, an ampoule, a cartridge and a disposable pen.

In other erfSeRARIFRedMENsH At Rt saia RASIMLPLHE formH iRkt Aas 2
has gH13 pbl tof7%5 toothbr Emotiignenisbtveiméiatss tuedmatte histidineciptatsphate

histiging.RhosRMRISBEIGEMBodMERE HReGHs Brkemlrests MRS iation
succinate gta figal i ”haé' NOE} MM 10 10.mM.and pH 28196 B Bha
anot%er sp eC|f|c em nt, the flnal concentratlc? #the succinate

buffé?nges;tfﬁﬂm ?ﬁ"ﬁ}%tsé?ﬁ'éﬁtér%fff‘dlfﬁérﬁ%"' tHR YA RTPHEE BRIBIGiSy e salt in
salineesgiubidieconpiiselutngesiynsehloagiespotabiiie, ¢lolesgen chloride,

20sQdHikm ehisridenps sordinbipatdbrereof. In certain embodiments,
B Brmaons S aeleciof HAT G AR &Fnsagmafthe

polysorbate 50 Weennl olysorbate 40 (Tweenrm40 sorbate 6

(TWEENR 195051 Sﬂawérﬁaw%éa{?m?&erﬁmwms%wemafa% i (Tween™40),
(Tweenddiiae), pulySodate b, (ThweenbaB5)6d ritoMed™Ns)0 1pdysohate 80
X-100,,0x 0&&&&93@%0%%% 4 'qﬁham'ﬂmmeﬂmﬂammg@xm

polypeptlde oleate é)o lyoxyethylene-660 hyd rox stearate %DEG

Solut 1H1'§T°ﬁ‘éﬂ§9 etHQFé'i’%‘%%mW&noléée[@a(@ GphoP {F)e%gﬁ lecHRRP:
and eopolostaencitorivdpasiterein lbdEment Stietguitiotapeliexyethylene-35-

poiyﬁ&%@&&%l@m&ﬂa&n@_mxboehylae&ahmheafﬁmaé gansanisatiomobibespecific
p0|ysorb t%én O%the f’%cggi a'goé'ol}/sgr‘ggte/o 816’ 19\0/ gfga R%X?b%&r%g t§0the final

Welg?'I olume ormulatio et other em iments,

conc‘é’ﬁﬁ%{ﬁ@ﬁ"& h&pERIBAR 8D 'fh previiiaiH 1 &5, d% pO'ySO*‘bate 80
polyseitte B eveidgt/iroturatoot theyirathdatohodimetitetenibeitnnsanyation
the fipnalcongantration phibecpalysibate 804ndhecfosm BRtier s \@I0a¥wf the

poly §o§0 YK%GQV‘&?AHE‘&%HQ%J& Wé’ll%ﬁé&n%y&t &tl’a%' olysorbate 80 in

embo iments, the final concentration of the po ysorbate 80 35in't

o BT BEPToR (ot PO O ST RETIORITS: Yo G, 1 v
anotbibeiegnivodimests, tedififlalaroneieriieatd tho P iomz8ruatessiomulpion is
formolledigndéD 2987 MaidbhoRG E/MISROBAMOEHEI iis dnbepetisalibate, the

80 V%ﬁ#&“&é\ﬁ%h%% o H%%hf&m%%?mel %d’f# m@qmn@mm@mﬂtpyﬁémg 80

concentration of the polysorbate 80 in the formulati
oy SIS R TR Bt oS T Bl ey coneenrton
embedia@atsohataBhieinSiHaeboBs pPateirdsaipysiidveottraiere of the

compigses@re or more polypeptides selected from the group consisting of
a StreptocQﬁ%}t@H'X@@?ﬁéﬂ%@lrdﬂgﬁgtnﬁp&glmwxgﬁﬁ'ﬂﬁbh%r comprtlses tor?e or
meningococca | ndas ococcal p e. In still o
e R b L
com|§n@é%’@ﬁ@@?%@?@ﬂ%t@@a&:%ﬁ%%té@%@?ﬂ%@@@ﬁtaphy‘ococca'
consstipgptitia sirepliatogcathitpokygacitledtie carpnstiondedoaalomprises one
polysaccharide, a meningococcal polysaccharide and a staphylococcal
polysaccharide. In another embodiment, the formulation further
comprises one or more adjuvants. Exemplary suitable adjuvants are
described herein below. In other embodiments, the present invention is
directed to formulations which 15 inhibit silicone induced precipitation of a
N. meningitidis 2086 protein composition comprised in a silic,onized
container means, the formulation comprising (i) a pH buffered saline

solution, wherein the buffer has a pKa of about 3.5 to about 6.5, (ii) an
alitminiim <alt and (i1 a Nl meninaitidic 202A nrotein |n cartain
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In another embodiment, the pH buffered saline solution of the formulation
has 25 a pH of 5.5 to 7.5. In other embodiments, the buffer is succinate,

W@%q/rmﬁggwosphate or citrate. In certain embodiments, the Qufigtis, /066050

succinate at a final concentration of 1 mM to 10 mM and pH 5.8 to 6.0. In
another embodiment, the salt in the pH buffered saline solution comprises
magnesium chloride, potassium chloride, sodium chloride or a
combinaiienpisieranhsobs certaisdotiver embadumentssisheyfofmukatipbcoccal
furﬂgs@ QQ&E\PJ.’%%S p@xagﬁ%e&ecépﬂwsm‘émé% INeANERBEG 1 Bolysaccharide
em og ntht e ma{ %ncenhra'%on of the polysorbate 80 in the

fornmiufafl orrd ?33606(1%% 81656 pofysorbate 80 weight/volume of the
formulatioll. BN9BEbtABPRAAAirHEnfeMIETeN nieHiRG i ERIP IS 6 Proteinmore
comyuipsitiatn. Ixefupihsrscoabier shs ane oe Hswelpolypeptickkeselected from

thel 9routpdﬁaoérﬂﬁr@?%é&%%m@qw@?'w%% ?Wﬂm%ﬂ inhibit
polypepti n ingococea. | po sta occal

poly%ece f Sleh Uce‘f recﬁa?ﬁogtﬁer Oysa imen sp{ﬁ ! Onéﬁi? PR 2
prot%‘iﬁ%fﬁ)é@i‘ﬂféﬁ%WF%O%?@@E’@H@“O?WBF@'%I%&CE pidsged saline

selessiiatiolrowh ¢heng heup ftoreis timtf @ bbabtraéiidco cbalipoiyddicanhalicé)un salt
PnewraqRPeRa P alyRAsahaIidRRENNEIILeERCEaROISRAGHAsIS ARb RS, the
oS BURONSAGE A Surccsll i BHOIDEIARONEN) Wi or o
form ation er comprises one or more ad uvants Sult a

ad Jm/ﬂn?svﬁ‘rétaé%%’rrﬁé@'ﬁé‘r%ﬁ?baeﬂﬂﬁs C‘Osﬁfﬂnérrréa?u%‘é{ﬁo@éiﬁ%ﬁt%{@%g ©.
of thee smvegsion svilhbe siopeeertt fomothelfolbswiadglidetadebedescripticriuated
frontrhﬂrambqaim@n&s thespafaand femythe sigdms. sEIBRIBF an ampoule, a
DE%S:@I?ZI%N OOFSFBJ AglF%HRES Figure 1 shows the stability of

Streptococca ase (SCP) formulations (filled in syrrnges ) before

and after thFERR 8?‘88%‘@'5%&%0‘#(8@8%)%‘#?% LBy i v lations
shakes. Thl dta-prieséatednimtPeG emhddinteataythel dpfstalbiliieoptheigors is
fornpuigdsshwitbostirany, hauRRRY BS8uGE., Waktwheicasihendats, imé KaffdBis

15 '§Jl§'§n%3éiaé’ﬁiiérbﬁé%@ﬁﬁ%r'ﬁ‘&rprfﬂ{m%a B R QePEE o 6 0 In one

TweenThr80. The buffers used in the formulations shown in FIG. 1

1B a?Fé“‘%@ém‘&?&‘%‘ﬁ@réﬁef&‘lﬂréoﬁﬁrgf‘“Bﬂ8?%&%%&%8%‘5%&? r?ef"(’iﬂB@)S“”
and efs(rrabestiyrmeth yiragalhio retpiame{arRd S3line solutiopjgRAgrEeshBags esieim
totakaptigenigityskoss ahitvizid 3sdanGh fonmtidated withrOAdROD4AN@eE In one

ma/miiand dHeddmenB Bé‘!:)éﬂ?rktﬁéfﬂQ%ﬁr@ﬁ&%&%ﬂ(ﬁb%t&%&%@%ﬁhﬁ%ﬁrm

twenty-fou hours of tatron t50 m an

the total arEtré)énrc y? H‘%%Brﬁ? |5St§d1 ?H"}A 8&"(@ gliminum
mg/ﬁmﬁa*rﬂ!erméalwwﬁr&ﬁi&fﬁ@onr&@a%yﬂr@@ aﬁé?qw%dnﬁsa'érgﬁmo?ﬁ% is
and awentyriquiosionats. of agitation at 500 rpm and 2-8C. 25Figure 4 shows

the total amiggﬂm%msemb%n%ﬁ&Pm@ formidatedoniis AdRMLY ;%)rPysorbate
mg/ I) dfrlle% aVetters r|n e, after WO horfgs fengrlht hour§

twe re Rours of agrté’rfl %n 0 erm"moan Corn—cen rgt'gn of the
shom*xmﬁéﬁ%ﬁﬁm@@m&ﬁspmsab’ﬁﬁﬁé%@% HC ﬂfrrﬁ@!bﬁfé%ﬁ%@rﬁﬁ’ NFighigvolume
(0.25fnng/vinuaidfilled in a Schott TopPac syringe, after two hours, eight

hours 30and JWVJHHB&HH@ ol a&iﬁ@é%@h@ﬁé@ SRR aal %Q:ompnses one
Frgure 6 shows the to ntige crt of the 13vPn for{nlﬂjated wit
”ﬁl&? e

(FIG 6 AT aRd WitliG ot SRR SRR ABE Mo

BakEHESYRSGECHRBY SRS REORS, m@m@m@w&ﬁ;ﬁpﬁmrﬁﬂde as.

agitatienrad B30 ripmoigpel 26BC pbligaceharglzows tiie totaluamtigenicihyotoss o9V

t(ge géx&/r&smeu@t%d R Gie %gr@@pgggv\rmam%era)wB@rrmomae
m ed in a.BOnderGlas S e r two h

e LTS ol SR L) oS of SURGLah 2 SRD T A Sl @ &

pneumoniae serotype 23F polysaccharide, a S. pneumoniae serotype 1

-7 -
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VAR BtS

DETAILED DESCRIPTION OF THE INVENTION 5The present invention
addresses an ongoing need in the art to improve the stability of
immunogenic compositions such as polysaccharide-protein con ates
t%?ﬁ immunogens. Thus, the present invention broaglg/ Flégtﬂw §6959
novel surfactant formulations and/or novel aluminum salt formulations
which stabilize and inhibit precipitation of immunogenic compositions.

Morsonééta&utl%ty e InyRunse descpben heyeipaitateaddIessRs Moniac

need |n the ?rst;locrc éjrlgtlonsgvhlch stablllze and ml‘gthﬁ) ré[écclé %tﬂ e a S

formgt?&t)? ggregaﬂon precff)lteatlon)f oflmm nogenic omp05| Ions

wh.@ﬁea'réoanﬁ:é%@upwfewa@ae%ﬁﬁ%@w Manufreaeh SRIPYRSretPA

in coolianehaneéans such as fermentors, bioreactors, vials, flasks, bags,

syringes, [HbRGL#ORREI SetiiNg e the liksichpAs 8R! f;sznglgalaﬁmmp%%m

Back(%rourld Qf th l{nventloné\{arl us fchtors mfluenca theﬁ ||t
e

rmufation  is se ) group CONsi % Ea anus
mun enic composmons INCiu ut'hot limite tO C mlca sta

of tHex m@tr@@@fﬁc%&?ﬁp@slﬁ%’ﬁ‘Sﬁﬁy&iﬁ%{ﬁtrf’éhﬁalcgfaﬂﬂﬁ&'B?Lthéoxo'd iy

immuneogelyErcioresb sitm aorpasibite of dee umtmmc)gmwwmsmasm
Withptlealﬁont@hagﬁ(plgs LR SHSIRMsdNfRMCtiRdoREIRE IMERIFNARGE Mifienzae
com 0 ItIOB an |gl9mlllp?gg){ %IQQW%FHS%Q%& pnuﬁr%_ ’)Sggﬁne?é%lrﬂtﬁrgﬁjumm

cry Srotectants), manufa uring processes; dosage form, environmental
con @@h%ﬁﬁfb?{éﬁem%@fﬁh?pﬁﬂﬁegiﬁ%@? ghd handling (e.g.,

temperatuie, bhoenidistiostesarcfobodisieatnd ttee thwpdmmm@mewnjugate
mangiacibienasd usagnt pheusiadditiey ebaogamuregs ienamposiinpishg a

the i§";ﬁ%%%h§a5 a0, dBiRupineruS R SiRcRTd tealinigabpics .

are well known and routine to those of skill in‘the art. For exam P Q

immRIRYGERIRSCHHRNGE i RO S R for USRS, B G hitioROVPePtide, a S.
immemsogenietysepavtie A tedosasationtdeprotiigptebireritRition prigertigrl a S.
the likeubyiaetbadsiscludioysishanidinieddedlight sralteripgyaptioal a S.
densing SeAimeitalinn Y@@P(fws%%mﬁﬂdg%ﬁfﬂg%ii"@%r&ﬂ%@ ﬁewgmasna s.

centrifugation, 30 circular dichroism ﬁ) te)(/j |C|nchon|rt1
(Bcﬂ’ieé@%"éy" ATRIBYBS B?ﬁd%ﬂésaa%ath& RAUOAtEINQ 2 Y0 n AR REAIT® an
herefhptisepreige seiplven#ah mélm@@t@r%cawéaﬁéét@@ SMsuRigIpRfide-
results thainfosrughatingpatificn netibogierria, Caimn P esitiatenitita-sutéactanhjugate

SUCho@rﬁJé/t{&?téfo%Q S 'E%N&B%ﬂ@&ﬁﬂﬁe%%%?ﬁqﬂﬂﬁt@hsoompnsmg

pre ation of an 35immun Ic co! osmon For

O AT SRR A A (o R E o Gy Pobpepice, 2
th|rté‘"eﬁﬂ?ﬂ@?ﬂ'%ﬁfﬁﬁﬁ@o@%ﬂp%ﬁﬂﬁﬁ%(@e@%mﬁ@fp tqarﬁﬁwmea%psatﬂ,ﬁpaﬁ
salingentbfilledsiraaysingle hescyrnde conughiddegin PRIdipitatipgepiideot S.
Soluy%bmmgbt@éw@wta,sp@t@a%@mrbgangﬁe@%aél@wa%&%meaala S
orbital shaker ) hor % %gctga eacoeruwatidul:gs é&ﬂlm%lo te té(t%gaé s
proce&e’"s nlioeln% %?"f)cf storageycon fions ofa 1 mm‘f.’fno
ComBERITSRA RIS RREY SEREIER P BSAREE fatte POUBRRICe. @ S.
formunated ireb steteck sl pobisdcdR0ds/cadnveend ta80CRIE ipolmsipile. a S.

dosepﬁy&mﬁa@rgt.g,%uywag&%s&a%&@om@a@tat@l% forMEBuNbepRYS S.
with no visible si nﬁx j]mglstgél n {data no a%}pyxng JQH%JB& 9@&9&3 a s
the additi

demons%rat'ggl that a surfactant Tweenrm8 to an

immARRIRMIE SRIPYRRISrPRYFACTARLTS SionkHRES eas?etﬂ\mfy BP'YReetide. a S.
immpnegenizd Seotwpo Sticelysacchestropiugedility st08Y of tRyISIPHG S.

furthgreeantfinprest itiabdhe: ddiinnrabiacssuinetasd o é@ﬁﬂﬁ@'ﬁlﬂymhde and a
signi Cﬁt@%sn@s@gﬁo@té@et Shepiva0lilifd BNl SERMR N optice

stability (1.e., assayed by measuring change in 13vPnC antlgenlm y) of a
13vPnC formulation with 0.05% TweenTm80 (Table 1) and without
TweenTm80 15 (0.0%, Table 1) was assessed over a two hour time
period. As is shown in Table 1, there wag a significant decrease in
antigenicity of the thirteen serotype polysaccharides (formulated without
Tweenn180) within the two hour assay . Quite dramatically however, the
13vPnC formulation comprising 0.05% Tweenn480 (Table 1),
demonstrated robust stability throughout the two hour antigenicity assay. It
was 20 also observed that the 13vPnC formulated in 250 mL glass bottles
with either 0.01% Tween11180 or 0.05% TweenT480 could withstand

cinnificant chear forcace indiiced via vortevina the formiilatinne for thirty
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were formulated in 5 mM succinate buffer (pH 5.8), 0.85% NaCl and AlPai
(0.25 mg aluminum/nil), without the addition of a surfactant (e.g., no

wd WesAFHR80 was included in the formulation). In these expgipeRbsetR8sos0

13vPnC immunogenic composition (formulated in 5 the presence of
AlIPO4) were filled in various siliconized and non-sikonized container
means (e.g., see Table 3) and subjected to simulated shipping and
handling dongitiotisvieregidatmmsatiz-8@mitlatias obbervednprileesme or more
EXPRISNIISEANIDNE Lha R BRCONRIRER SRRBDSUEHN SMERR THAGRE, or a

con%eorr};[b(‘ergtlli(prgt%dra igher degree of 13vPnC particulate formation and a
higher percent Of 13vPNnC antigenicity loss. An 10 FTIR analysis of the

particulat8 iAdRERe FTRLFIREa iR URIBYZIOAS LG o FRTRISES afRP sAicBIfEe
(datstrapbshain)@ysa dtiatridbe utrg5es obthesti@ibuoCei buatigedidapthieins, or a
AIPQ4svdaesRimihg remaining 15% was free (not bound to APO4) 13vPnC

in solution._In another experin: [ RPnC i ic
composititned e oier SHERIEE AR K WMAREERHS or more
fille @Y YARYSt CAPSMIAY SY 9P 39 FOET PEATRAE v A%GIB e T8rmulated
without AlIPQGihgustatingichgreatier pretigeniviptiossedrdviay 1BidPn@atigitly which
AIPGitn thiecsiENEascRster dpigtione o Hosfepddot@. Cha peplibais tETP)
'”VG&W&S}%?%&%%&W'Qs_lﬁcghri?&éec%&%iHé’r%%E%@T‘M@?&%XYBWQomprismg

stabilize an aggregation or precipitation of iImmunogenic

comBFBRIGAYEIRN S5 5 PBi8ateREI LD PHHER S REGEE Y. 25 to about
13vPACfiareh prireinuimerihege ndi eagstraritreptet sealreBidgseptidaseerain
N. neamiagiichss ORE 2&nprairitgs againstidie Maniosisiactargevbiahe group
influgneedhe &FQQiBFYaniAF&B}?'ﬂSQQE 0I5 CREIPOSIUPIS GoGursRERHAN SRRure,

shipping agitation, silicone oil interactions, adsqrption, manufacturin
proc%% ECPEMp IO A YERGS EABRR of t?ﬁﬁ”ég?e‘?\'%%?{’rﬂé‘ﬁﬁﬁa@t???%ke“ @
and WiagdgiedIptiader. a fermeateairh ebifberfiieieitdintheanvieptiénbizddife e den
to a dmoulation viaiph-stabdizpssabpodgsaccharide-protein conjugate, the

formulation), compaising R AU e Rating SaMERIIGesRIRtRe RIS has
has a 8£_<la 9f (%ut 55 tq ab%ut 7.5, a dsurfactagt ng.one or mor%
h sl n_ .o empodl e

pon%acc Aride -p(r)_o éin conjuggies. n orfheé}rtssd em Uo&frﬁ%n%%?cﬁﬂaee’ hiSﬁdi_ne’
polyBER&aIIBL T cBnfiggale $oTPRATAAD isheoPHfifiséd SHrainethirfefinal
meamschntaniothe’ lemi oalirher, she pveatiod.is directéctersbipimedationsalt
whigh SF@bwﬁe%@é@@p&%C&Mﬁé@ RERHASSE iR cAMPASHIAN. Ji8ssium

formylation comprising. a pH buffered. saljine splution, wherein the buffer
has %@R%eb?oégj@ﬁ% 8%&)30?_1% .g,aq éoglgb?é%?gnt and a streptococcal C5a
peptidase.TceBAAIAES SMBBdMaR < tho S RiRS FHTRSf GATE iSS priIKeibRe
a codlaiiiecen@is. Inlanuihespeniflvodmbedinené itheerfition ¢erdaacitiah tof the
formudptiomahihistabitzamaih $160ingiidisRARM Q5RkaEBeaBRABIRMe of
the formula ilgi %omprising a pH buffered saline solution, wherein the

buffer has a pKa of about 3.5 to about 7.5, a surfactant and a N.

meningitidl8 YB88HRoRIR M taill e MbBTRTANE IR YR TgBRER S PRe o
208 6nfoemoiigiehdes coreges ddintize cortairmes istoans 25ineptdednabppeptide,
embgdineenissdhRiinesptipmits diraetaddecadarpulpéinmisvhiehdniiBitfiococcal
silic%g%g %%(_ed precipitation of a polysaccharide-protein conjugate
comprised In a siliconized container means, the formulation comprising a
pH buffereld SE1IAR SORMIACAINATEH e Hiltrer PRES LK B 0051 8% t5e ©
abounares, nafysdeshiandes sktlesied dramottheioseoplpoasishieride- protisantococcal
conjpgatassHariapothprcimbeasticae pblydiechariday entienitgsisecie fdgsaccharide
formgﬂg@oggawmdggylbggygg&gggdg}duced precipitation of a streptococcal
Cba peptidase (SCP) composition comprised in a siliconized container
means, the formulation comprising a pH buffered saline solution, wherein
the buffer has a pKa of about 3.5 to abowt 6.5, an aluminum salt and a
streptococcal C5a peptidase. In certain other embodiments, the invention

is directed to a formulation 15 which inhibits silicone induced precipitation
of a N. meningitidis 2086 protein composition comprised in a siliconized
container means, the formulation comprising a pH buffered saline solution,
wherein the buffer has a pKa of about 3.5 to about 7.5, an aluminum salt

and a N. meningitidis 2086 protein. In yet other embodiments, the
iNnvvention ic diracted to a2 faormiilation that 20 ontimizec antinan <tahility
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30 (but not well understood) and described in the art, and is often
influenced by numerous physicochemical stresses, including heat,
ressure H, agitation, shear forces, freeze-thawing, dehy Y
209a 6n(%nollc compounds silicon oil, denaturants and thgé(?’tk/%gggqgﬁ dos
deflnedherelnafter a "polysaccharide-proteinconjugate”,a 35
"pneumococcal conjugate”, a "7-valent pneumococcal conjugate

(7vPnC)", @ y%@aH&*?é?tmm@ﬁp%é%ﬁﬁ\M&@ﬁ&&@é&P&ﬁbn@s one or more
str%%toco?ca%%gnas BS e| dtal%% S%S:vpa)n immunogeni rg:eorm'f?s“tlon and a "N.

meni g|t|d|52 n |mmu ogenic compaositon” o ﬁe invention

includes lifUAN S RMBRAIBRRISHBS &Y HRfiar FPhsaietihe ap iyIidnucy stabilize
freezentrieehpolijtip#lige gy dsim ataiomsiion. SeRBACTIN TSreiisiset (forhpH
abOMﬁﬁéF&l ivretighdsdiraeted teformulpiionsruhichustabibze ansdinhibit) a
ag9Leda %Ht %fn!{’m“é‘gg‘fr%ﬁb %Q%é‘é’g?o%%a'rBIe‘iQSJ%?rA?%ef%é%s 2086

WhICsh uence the st Immunogenic composmons (e g ear

forc@?t@H?p?fﬁnaeaai‘Pﬁ’d}?“§ﬂ|EB'ﬂﬁf off! |ﬂ?8r5a°&‘f5ﬁ§"£ﬂ’§6?5ﬂbwe N meningitidis
markituony frovdatess wmpésedune dotaititynéangtinaferiaie dretoboants,
mankéashEenaNE 8:5R4E s@tCtbdl ok 066 BAINOR P RGeS Soths inY &M tioalSa

diregted.[o L%wkﬂgpaésﬁpmraé@g aurecamner clmgrfd%@afc(eroewe a

surface active ag entiﬂls generally def medgas (a) a molecule or compound
comPHi8Rfy A6 SHREGBGY 89%?&18%%?\&'35 FORsHRIT (ﬁ%"f‘%ﬁfﬂﬁ%%Féﬂ'”der
groupfemensisty divtectih) tebinplamine, sipestanes o aopfYisuATaREdge and a
Iowefgp@@a&erggmces surface tension of a solution. As defined herein, a

‘surfactant; gl RESRL 10 BRRNISRAL DAIRCUBRA TR has -

lowers the surface tension Of an immunogenic composition formulation.

L DL TR STt e S e BSHReBLoaRyPe
surfaceirater lrgpespssifitgivpodimanidbedennisirenatsipiasiaplcoRpasiation
aggkggation R010f @n isnh gACE enic &0Mpoaiitie d esetifie enitexitnent s, faal

5“”%8%@59&%1?&%%%%5&%‘%9@&« u?‘étr%ﬁvf‘%' T&ﬂeﬁ%rﬁ&lﬁﬁ%ﬁ’@%@%mt in

(Tweer rbate 40 (TweenTm40

(T T AT Sh RAUER G (T RO, SOFBts Bpesium chire
(TwéeeAHBAY) opes/GHsaRbBSticneseof*185), Triton™ N-101, Tritonrm
X-100, oxtoxysradidemhodimxyizothdsdriethzan ol dmaioen dratithamotamdtee! from the

poly %faadeo%e&tﬁg RPIBXUEEMENR- GEQ Yoy SIBRERISHE FG - HRween™40),
Solutol HlS)i?arﬁyox ethylene-35- ricinoleate %Cremo phor ELTI, s

lecitRRYS5518 &5884 lan RS IEAR e ElamitE" cqg)de(?f)fye?%ﬂ?f)e 80
acid (EstnsMB&oetitonadi Biefhyteiot Bilcojtaffrivatfilmriwaih idd 00, oxtoxynol

meta@xyh%ﬁsi%twlce&%r@%@ﬂi&@OW@d@nﬂ%{%@eS (ﬁﬂ%e%@n oleate,
dextra S“'f%ee%‘) ?éq'(?nc rB?(O@Oa)raPeeP&JQES I §o1utoWﬁ{§Y 5 gn?(yg{h dRands.

dlpeB sm) oil'emulsions, minera
alunﬂﬁ{lﬁ‘?ﬁqﬁfoé%rﬁal‘é)h&hcﬁkﬁ%&?é‘ SRt c%rﬁ%‘@&@&emsdfomg) specific
A pessoodihskil e therfactantaly rendiyrdetedtnine aestaitabiebsdif@ctantter final

SUrf%‘iﬁ!&BEQ{BP'r@t'%b)é&i}@@%ﬁfén%@hensqrxf@c%ﬁﬁﬂém oisa Pafbsular 10%

immu tion formulation in, t e prese enc

surfa?&égqujge;gh ?na R}%T}er;%lbrfp |s evafi %er ﬁrgllt%cﬁr\?g 5 %e nal
visu&PTespeetish of B‘ﬁrtﬂﬂﬂé‘f@?&%t%ﬂj‘%rf@%@h%l)p d%. H%P"bate 80
scattesiig/\veeainmentbtidomraloiony icesttriugatiotimepicéladirsitpncentration of

anti%@is&w&émattes@@hﬂimqorﬁm&@niréh@'ms%r M@yﬁBét@%@r%@H%@Wd the
Imm ormg%?lc ¢ JO ?%ﬁ\orn errl%b menfo‘ WwE nM%Ahlélentratio %ﬁ%”ﬁ& sorbate 80

embodlmen?s the’ invention I8 directed to formulations of immy
comﬁbg”‘ﬁof%%ﬂqﬁ?lé%cpiﬁ‘ya RRIVRARP Sl AFONK O lET & W@ré‘?ﬁ“ ‘éjat'on In
"contairteemaerdnsimehthibgfiegerniendation dhtle delysaraiedit potitiderofilation
matter which is used to "contain", "hold", "mix", "blend", "dispense”,

"inject”, "transfer”, "nebulize", etc. an imgunogenic composition during
research, processing, development, 10 formulation, manufacture, storage
and/or administration. For example, a container means of the present
invention includes, but is not limited to, general laboratory glassware,
flasks, beakers, graduated cylinders, fermentors, bioreactors, tubings,
pipes, bags, jars, vials, vial closures (e.g., a rubber stopper, a screw on
cap): ampoules, syringes, syringe stoppers, syringe plungers, rubber
clociireae nlactie 15 eclaciiree alace eclaciiree and the live A containar
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20 are by no means an exhaustive list, but merely serve as guidance to
the artisan with respect to the variety of container means which are used

W&W&Shold, mix, blend, dispense, inject, transfer, nebugﬁl@gﬁ“ﬁ}a“%g

immunogen or immunogenic composition during research, processing,
development, formulation, manufacture, storage and/or administration of
the composition. Additional container means contemplated for use 75 in
the presettt ipuvpatidatety beifbtinsungulflishedfcatalednes flomyet another

labosatRy-ESH M SRAMEN RS A0 INAB YRGS BYG RS tileMontRtes. 0%

Plastic Carp. (Lima, OH), VVVRTNI (West Chester, PA), BD Biosciences
(Fra%? Fr??l?gf?egg? th:(?%@\(s)) ug]resogi{tgﬁl\t%ﬁsénllﬁ?%?ﬂational Inc. (Hampton, NH)

and Sigma1ARIFRMh PSErIBRSIenys THEJY tHEHBVEI o RNRARITRE GPErposition
predeniidnuenpidseaaparticoiady gerideastigralifam thatdloey siadising of a
andéfﬂéﬂ@é&fc%q:ipBﬁISjQé'bﬁcﬁémrEUr}ﬂ%ﬂi@c&'ﬁau|%6%§&@m$]réseﬁ1@ﬂiﬁgococcal
contaiper means thro ut the various stages of.research. processi

o ERRE T S B E R S e ST W v
the ESHIPEEHON 288 NIPE forTRMARIY of HIE'RiveTiIoN#f5t ol stabilizer®
immeahsgeriieridempesititers agamstiphysicaltheensiltistre sgesa(e grgptococcal
tempeiatcaa RN litneshRasJeHICesy Slshathity alsReRGRBEE SR ABEke
inhi%i[g cpgesggggﬁggﬂcggl iggm%@agﬁ.@%c compositions against negative factors
orin ili

uences ‘such as incompatibility of the immunogenic composition with
the contaitlfeAERIBEH e ERAURPTE. dMea aiMUbHIoR  HHIa FREIARES nR)e o more
Thusdithentovekéomanidatiotdhsanie sentddpyieddieraieisiamicularly
useful in stabilizingnthaiumsnegertse: i datsRGRALIEDIMIRIRtIoNs which
Co”JHH%FFSiﬁ‘cBﬁQtﬁ{ELBé@éf?Q%ﬁlS[%lﬁ%faéW%‘Q nit 3586 SHIGRM Ybmposition

induced precipitation and precipitation described above. For exar_ngl?_ H
co-pERHFReY) '8 aapiireish 2667 798088 daRpIAIYE c9HpE " ap

spedifiteiity ratbepRsYHliet MbasainBherbidiesies, alrse b a8 e &g relyutiord ofi)
Immamagemarsampesiionsin the presanceostipastadil faubetain eomtainants,

meaRs SUER RTINS i @SR rUBRESS RIPPBEIR: YR NG iGNy BRLEIR, o
10the addition of g, iurfactant to the container eans1 ggreventqd the silicon

oil intI P EY o AegBtisR B the<EHR ARG Gehil ReFth5Ssitigng Pastc closure, a
C.ABJUYARTSNER BPPEAR NYCEE TIPS AL AR RIDRASA ROPIENerS yiinder,
In certaimenohadimenisothetingnanpgeaicagompositiansaiithe tavedgoand a
are fysthendrrparlated with an adjuvant. An adjuvant is a substance that
enhances the joymune fegpnios 1ep adminsiered t9asthar i Aoy v
immunogen o antigen: A numiber of cytokines or lymphokines aue been
sho@nPd REvESintin(ifie nib@N&TiF AetRENBnheiRial 18cG8ats akistidine,
adjupbrrshdteckrdaitgatéut Inotditaieehtoodinesntd e treukirierl ia stdd)aks 41 5, Gral

7, 8,chRecké 85 Lot GanMoot RAIEBEANSH 5.8 83612 Tth 4Qikdr dftbddmd®; &é sait
and %8 tF]andt_hts n%ta t interferons-a (a3 and

farms), t , ,
crariida o ST il BLRse: i g, tassiur
U.S.cPgtERt 161U 678866 e RITETIR &&%&8fon Number 39900),
macrophadye @oianoiemerz@adgntactso VGBS Ftignatadiee yaenpokss ypolysorbate
stimglatingdactaoiG CaFdnanshtamdusndodriasitiaeians emisatRidNGD. the
Still r adjuvants in.this.i jon. i '
il T LS YR Tk o of
certdi§ fRents, an adjuvant used to enhance an immune response
of an immunogérithenepessitioentortheldiomdniieithés, 2086 quetimiteaiopgsition
MPLMdBcEmgaasybae o MoRORIMSPIOsY | JHNoAY;, faaiinR, diaupibamisihp)of a
Whlcgrgpgg§&rgp e%&ﬂ/éép%dg atgntd}lgurﬁo%gigcggd'pé{%widg, heelrem(eningococcal

incorporated by reference. Also suitable 30 for use as adjuvants are
syntREMRARYRT RS AFERL Rt BaNRARRsosamine phosphate
compounds (AGP), or derivatives or analogs thereof, which are available
from Corixa (Hamilton, MT), and which are described in United States
Patent No. 6,113,918, which is hereby incorporated by reference. One
such AGP is 2-[(R)-3- Tetradecanoyloxytetradecanoylamino] ethyl
2-Deoxy-4-0-phosphono-3-0-[(R)-3-
35tetradecanoyoxytetradecanoyl]-2-[(R)-3-tetradecanoyloxytetradecanoyl

-amino)-b-D- glucopyranoside , which is also known as 529 (formerly
lknown ac RCE2QY Thie E20 adiun/ant ic formiilated ac an adrianiic form or
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In certain embodiments, the immunogenic composition formulations
comprise a pharmaceutically acceptable diluent, excipient or a
harmaceutlcally acceptable 30 carrier. In one embodiment, the
gﬁg?m%%ﬁtlcally acceptable diluent is sterile water, water fSF?HF X 07/066959
sterile isotonic saline or a biological buffer. The polysaccharide- proteln
conjugates and/or protein immunogens are mixed with such diluents or
carriers injg E&Wﬁ%&%%ﬁé&ﬂ%ﬁtﬁ%@sﬁdﬂﬁﬁﬁk@&i@é@H%&ﬁn composmon

phquqbacegr%cer}lsl so%%egft%%!fe 5 mecgc '%r!é‘ée” %ct from g ar‘n co sxs ing of
solveh RN media, §5p oyafqn S, antl bacterla an r%?u P

ageﬁt§tf@é%9ﬁeaéﬁah§5§%tﬁﬁn @éﬂ@%ﬂﬁ‘@f@@&ﬂtgoﬁfﬁmﬁ@'ﬁ&eadaﬁeﬁaﬂﬁ?éca'
withpadsscistrateoamda Istapfais arcethelysaadiedidge  hosts. The appropriate

carrier is Qﬁi%ﬂéﬁ@tﬂé%ﬁuﬁ&inﬁgnin therarhantowill denenshBidasgh Ot more

upon th T“t%QJn%‘ IMINISIHoN: v ants 2% esc“pjlghgr)é% IS0} that may be
preseﬁ e |mm n genlc CO r&POSI [e]q] formu ation are preservatlves
chemical s@é&ﬁni@?@@ﬁoagaﬁ%ﬂ A5 DPUIBEERYATI Y b A&, a?%ﬁdﬁnpom the

stabiikeregpiesiy dtseptanditbe lilececatmodptimiy thd repfdand frnin éhedalyesst
formulation for efficacy in the targeted recipient (e.g., a human subject).

Examples of preservatlv:éRllEgHg&lgﬁpmg%tﬁ&o& sium sorbate,

sorbic acid, sulfur dioxid g late, the parabens, ethyl vanillin,
glycerin, pﬁ@HEﬂ én&rﬁé’r%cﬁti?orﬁﬁ @Wolotﬁfﬁﬂ@?ﬁaét%ﬂ‘lzﬁ@“dase (SCP)
ingréetievittinel(ileddmsaimins) deides 48 sitRirysedays|atioenyhaaittien(6Q.com)

aming, arm\@nﬂﬁ@a@@iwm&mosnmaaeta@eéesﬁetaﬁtalmnmimhyelmb/aayeuabmty
and %feﬁgéa%ormula@& .&%fé SRQAERS AN FIMURASDIRS téllﬂﬁ%'@%

formulation is prepared for a histration to human subjects In form

of, fé BRAWHISY IRiRREY, ?fd\'hmé%p fosmudalrs vl Q8224 pireR’ 80, The buffers
entetkecoatiad tabhetstioncapsutes, BIGSuppasitotiesrd SuEbingtetheffered saline
Immwweryﬁoeena&o%mégrg&n}?ethnagsv%alaﬂémmwﬁ%mar-nethane
Ilmltszg suspensions, solutions, emulsions in oily or aqueous vehicles,
pastes, and implantable sustained-release or biodegradable formulations.
The immuriyhie éB?M‘ﬁo@ﬁldﬁ*é"o?'t‘r‘@’ﬂi?é&éﬂ%ﬁn@feﬁ‘ﬁo??vgfécn@fm%%ﬂ B
the FeRsetiorRdMiyenlyanyéiaibinad Bihgpalogyoadly, ateeptabbersagigbt bours and

ciluegis e AKCIRIEiSN 100 Salvaia. peffers, aduvants, or other

mgredlent%:usefuél har a%eu |ca 8%/ ggsn%fo thq:{‘y esc ed i
u

otal anti ormu a e
above. The rep ara on o ese an ically acce
comwﬁdﬁgﬁmmnﬁﬁea%é%ddésﬁhyéﬁ'&mﬂlﬁ%émgﬁaﬁﬁ@ H9pPepHaiont
pH isoteninityvwaiabityr angothegicaavensiongnchasasgedstics is within the
skill of the g, 25,0 MM%Q&E'\%@MC&@%@@ HOLRIBRE WSniated with
polysaccharlde é{g&}em cogﬁ‘eé;ate formulation of the inve tlon com rises

one Of Mof& PhBMHEC A Folf Sat ERErRIEEOF BtREMEBEEIRERtd %™ and
poly$aeniitdeid dqweefiactielifo gaidFopmardie’ 6t the invention 30

comprises pgaosRaksStRpieerceabpabisacebasidas. 1B yatoibieilated with
embﬁ$@%6§5 %WW%@S?M@H 'qxea %'&‘Px‘éﬁé%&ﬁ‘éyg%ﬁg@%w@a% Hogts“‘b?ght hours

|nvent|on comprises one or more menlngococca (0] ysaccharldes In still

othe PEMBRIRRH RS R BieR 41k H&@W&%ﬁgate formulation of the
invention cBigyreiSeb@vedmiiite totigehiohe arsridhe phdtnddoosdatbd with (FIG.

poIy%a@@aarmgup@eaoemwem@wa@ﬁg@r@mm@twm B¥Red3HyMige, after
more St stre é)tococ lysa %% d%m one oorfmotra 'str gbco%cgé 0.89C.
polypep es, one or more menin gococcal p ?ysacc andes. and/or oné or
more menlﬁ@éfﬁ)ﬁé&%%Wﬁé‘ﬁﬂb@o“gen'c‘t)&?ﬁ%ﬂfﬁ@ﬁ YN e aRe it FIG-
"poly&sicehdrididbdis (RERNTEY WEAE0LIy raphige nic! siltecharielBéiemeis(6tS2
antigenic unit) commonly used in the immunologic and bacterial vaccine
arts, including, but not limited to, a "saccharide", an "oligosaccharide", a
"polysaccharide”, a "liposaccharide”, a ‘Jlipo-oligosaccharide 5(LOS)", a
“lipopolysaccharide (LPS)", a "glycosylate”, a "glycoconjugate™ and the

like. In one particular embodiment of the invention, the one or more
pneumococcal polysaccharides are a S. pneumoniae serotype 4
polysaccharide, a S. pneumoniae serotype 6B polysaccharide, a S.
pneumoniae serotype 9V polysaccharide, a S. pneumoniae serotype 14

polysaccharide, a S. pneumon fee serotype 18C JO polysaccharide, a S.
nnatimoniae carntvyne 10E nolvveaccharide a < nnalimoniae carntvvne 2E
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7-valent pneumococcal conjugate (7vPnC) formulation comprising a S.
pneumoniae serotype 4 polysaccharide conjugated to a CRIv1197

wd9lRaRiIde, @ S. pneumoniae serotype 6B polysaccharide genjpgaiethiss

CRIVI197 polypeptide, a S. pneumoniae serotype 9V polysaccharide
conjugated to a CRIV1197 polypeptide, a S. pneumoniae 20 serotype 14
polysaccharide conjugated to a CRM197 polypeptide, a S. pneumoniae
seratypegel 8fgpalys doohardhiconsgate dviiensy-OR WadS bpalitpi@ptieke; 6 Som
pneymaegacserotype 19F polysaccharide conjugated to a CRM197
polypeptide and a S. pneumonia serotype 23F polysaccharide conjugated
to a CRMI97 polypeptide. In certain other embodiments, a
polysaccharide-proteirPESAftRPRETORITTIPA R PEIYENTION/alent
pneumocoreapessiil gaken(ibd \ddneiday mulatioing asyarisitg: &S to improve the
p”f%lﬁtlﬂﬂo?d %ﬁﬂ%@g‘éxﬁ@'X&%ﬁSQ%l%es%gglHQ%%’%&%&% & ctonjugates
poly i neumoniag serqtype charide ated to a
e ST S R e
conwafémdoa@mwwqﬁw@é@rﬂwmﬂ ﬁﬁémrwﬁaengerbﬁrp@tamze and
polysaibihatidgitetst ) ugated wageGiR Mibogitilyp e iiste , iSc B3 ip nea rinesiten
serQfypsidROnerRlvsacEhalida sanilgaiedhione GrRIVILATRAMBSRIRI sRitize
e e T B N e L e A

polyp de a gneutnonlae sero sacc arl E‘COI’IJU a

a CR‘PWR%B‘P%eYﬁ gk %{Gspfsr‘i%ﬁ%n‘?&é yﬁé"l“l@éﬂ% fdgred and/or
conjstgate dntaen iRV 18dapo | ypapiad efearSniore Uroordcterse vtippdiddks, bags,

polysacelaridsnepsibigrie disia RMISkeolypeptide, a S. 35pneumoniae
serotype 5,golysaggha !%%&%‘M%a@éjc gu%'c)\’]t%e?%%éfggp“ﬁggu% Sactors

pneumoniae serotype BA po ysaccharl njugated to

polyPayngE, HesSEiiby RioMA WY RIS RS c PRI cBHjUALERIRS 4°:
CRM19Tigbkipaifitidd thediran8inpaenicnaniaestierotypsiddihgolgssieblinricfehe

conjugatasytnia cniddlibnolypeatisify of tHRaSaRehatiEIesAsesRERPRBGhe
by SE%[L%%%# E%%angraeworrg% BR?%%‘EJJL% N the A %é%b%\ﬁo&hgnd

capsu sacc arides set |nt e present 5 invention are prepared
frorﬁ’?é?&?yk?@%e‘i‘e%tszfeé’ GNTBE, FHS i"}(cflf’“i%éryfﬁr&‘ef?ﬁ‘%?na" gyring
Streposseetsdoneumioniacewhenrernehcarsiioty mneoyrews #uang shipping,
soy-siasrd medidraimgd dhe irdiyidataty) olysagharide Sorres them pusifiedth of
thrngIg 8&%@%‘%’8&9@%9&1@@& ultra-filtration, and column

chromatogr Simil afrl streptococcal (fpol saccharides (e ﬁ? %g

o o TP TS oo TG e P W B N eaciy
Stremm@lﬂ@w@m@ﬂﬁﬁﬁﬁmmf@@mﬁbm@ﬂép@d@ém@ Hrsapf
C Stﬂapﬁaaaecms adl gremplés Hiiepiosareis ansbaitanigasagealfor stability,

SaCCAABHHE-Shnfdf mﬁp'Bgrrraraéé%rm%geé%stéﬁrréa@e%.er oss, and

lipo- O)ﬁgac ha“dtﬁo% re pre areg nlirtoe C|Inl(ha| QICE Ieen\(‘ant0 Stecrgt)é nsﬁy

or sefogroups, USIRY eneranﬁéctfml ues an HRBGERASWA t8°8RE ©

skill sedFeEATCDS ‘ﬁ‘i‘éﬁb\urrﬁ@lﬂ"ﬁ&?‘ﬁbcﬁaﬁﬂ@ﬁtﬁf@thw%@fﬁrc&ﬁ?t”fugat'on
activaiech( edghruigrediotiveemiastign btdretakeithedd et des aa palitedy
of reqding, withuibewearrier protein. Once activated, each capsular

polysaccha\rlde |§Ost%parge aer conkuqﬁlted to atcarrl (e Ba CRIA97 q
atv

e resent mvent Hnex ect
to formaglycoconju gte-(or anern gach cap U ar olysacc aride’is

conjBBARYEPIS BESesHs A fABYRte#) 'HHWWHWUW%‘HH?&B‘%‘&H@%SU@C@N
20desagesowaetatiirsignificdiig effemiealractivatigraaf titdbpotlyseiptitandéan
and ﬁ%ﬁ%ﬂ;‘é BthQ%Wn @rtg%%gei %%t%&éh%d & the present invention
polyeaccharldg roéelr& opjyga ’\% are achi V%% ub’goconv ntlorda egag%n o)
See, T examp)fe atent 0S. ﬁ6 Af?%i 506 857

proteins are preferably proteins that are non -toxic and non- 25 reactogenic
and obtainable in sufficient amount andipurity. Carrier proteins should be
amenable to standard conjugation procedures. In a particular embodiment
of the present invention, CRIVI197 is used as the carrier protein.

CRIVII97 (Wyeth, Sanford, NC) is a non-toxic variant (i.e., toxoid) of
diphtheria toxin isolated from cultures of Corynebacterium diphtheria

strain C7 (11197) grown in casamino acids and yeast extract-based

medium. CRIV11,97 is purified through ultra-filtration, ammonium sulfate
nracinitation and ion-evehanne chromatnnaranhy Alternatinielyy CRIN/1107
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W%awg/éézﬁﬁnde to the carrier protein, the polysaccharide- prBfé%USZ

| O proteins, such as ovalbumin, keyhole limpet hemocyanin (KLH), bovine
serum albumin (BSA) or purified protein derivative of tuberculin (PPD) can
also be used as carrier proteins. After conjugation of the ¢ (PSU ar
07/066959
conjugates are purified (enriched with respect to the amount 15 of
polysaccharide-protein conjugate) by a variety of techniques. These

techgigueingluderennreatrationidigfity a,Hog Qﬁﬁ@t&% 8 rlnge would begin
preC|p|tat|on/eIut|on column chromatogq §1%/§&§ Itr tlo
|

o AR D S Sttt g @
fornhaliren it @rpriahabrigenid h@hﬂﬂé@tﬁir@@ﬁ@h@p‘ﬁéééfﬁ@ iw@ﬁﬁ@rmulate typical

Formpralationsabpie) 20 elysaechaiiitRrr aiain soriaypiesaigiie: pxessssition).
Inveniin R PEACFER MWQQ@E%QQ%QW\@%WQ@Q% F@fered saline

instance, the 13 ind |V|duaq neumococcal conjugates can be formulate

d
withPBphPIGtoBNEER SECEISARIE GG SRS SHEPaTe INIRB T BOliRSAt 2-8°C.
Exangsleié sudvarghivle daneivitiendvisiiesigs|ivhitedintativateptudfehown).
zgliﬁ%ugqm@&t@e&lmguﬁsr@a,t@fpwlhsm.g%spg Jifttailpolyethylrreghosed)an

and dextrose solutions ther embodiment V ntu ,
o i T e, frr e R e D EReliE 8 A I Bogenc
(SCF‘)mﬁ%‘lﬂ'ﬂogenlc composition, wherein the formulations comprise a pH
buffered salizecedlatibiifweiehen the1Bufic? habe prirotdliette. Bddition of a

aboytfafedt wsmq@me@sﬁjﬁmamwﬁ%%a penlisang o e CHRRY For
. g nesegggady&%n%Qgeaﬁﬁgsﬁ%nae@n%mss&a&@

tic tre occl streptococcal Groups A, B
For XSHEIE, (BB Dl Rt Tp e Ao Seses o0
(GB®)0Zhagveplitase ass@88d deartiz avéchthe time leoiide Sedugoge in Table 1,
encodipg avéér%lpgﬁﬁtr@aw%%&@%b Ghagbsbiidase. hhugmitacsertaibtype

embo iment fth inventi 19 scomposition against
mfe@t?%’ﬁacﬁuasré e?%og e re&oco%ncg'r%&l%esvéoé@a p(%ﬁ ldase "

|mmdrﬁ0‘@é¢ﬂ'(blha‘r°m\gﬁ§n9‘”'e 13vﬁﬂ6ﬁeﬂpaﬁi@ma@@m5@elm Avesy 80 (Tab'e
peptidassmohiherdaventiarsisaiy ensygnaticakyivastiviesstigpioicoasalyChavas

PePUMASS (€.t A AE Wﬁqeffﬁam%@ Vesnks. g%%er&ﬂ@gw §m@at¢@¢%
6, 951 653, U.S. Patent 6, 355 255 and U.S. Patent 6,270,775, eac

spedittealy HhoPLh RetaiRhs vk tasy sﬂ?'}ﬂ‘ﬁﬁ'ﬁegpgﬁefefﬁ%sénduced via
embuamlieni@pt tthefSORtises forthigryovetitesnandgific wmitsitiormo loss in

formatadionseplde g@gg}gmgggﬂ@m@fgom a Group B streptococci. In
another embqglmentér%%rgs ?éjtam .?tr pttoc Seﬁg)nstr%?e%ﬁ&ctﬁe &529@8& an

genetically "mulatedto ren proteolyt Inactive (e.g., see U
PatdMEEe51ie 850888 P53 RERIIETH | 7‘5?5%) SAEResHpruas apally gnhanced

recowtieméanhploteinvith &.sookhcbdirsarnoth SvemBBttiimént, skenpiveriomig in
diregigd fa fgﬁm%@&'e%w%hééaglag%@#\tsmmt%@&%mm 5 mM

R oA o e EROR RS oS BBt Bty 0

about® BifgsipHatiinthamivene ﬁ‘@ﬁﬁ‘ﬁ@ﬁé%@@% BrotéiiTatPh ], 90%) in the
menguitidis 2i8Gtproteinsvareengodadvay @& rticleitBacick sedii@ncefopens%

reading Ip 4amedORED Wepiified asp %Epa%ﬁange&psﬁ% RIRHAS Bbrior
Publication No. WO 03/063766 A2 élnternatlonal R:/5pllcat|on No.

POT USSR K8 Y9 ARaf LRI Y BRI R S WP B Bt in s Rbserved in
(Inteftfatitnal Application No. PCT/US04/011901), and International

PublicatiomNevANOid40aRe03 Axndodtithaifamalrdgplication 4o .be formulated
PCT R4/ QARGR0 e&ﬁuﬂzﬁﬁe@d&?‘l% 'QWHQW@%%&H‘ RyEierente)-itha

a further 20 embodlment the |nv |on |rect o formulations that
optiniPEaEEIN S ﬁﬁ?/eéW(? rﬁfn centiyE? érﬁna'fuﬁ%mcfncgmffos't'ons
adjuvant (e.g., AIPO4) of a N. menlngl'gl?lhs~ 2086 protein, wherein the
formulations comprise a pH buffered saline solution, wherein the buffer

has a pKa of about 3.5 to about 7.5, a surfactant, an aluminum salt, and a
N. meningitidis 2086 protein. 25All patents and publications cited herein
are hereby incorporated by reference. E.EXAMPLES The
following examples are carried out using standard techniques, which are

30well known and routine to those of skill in the art, except where
Nnthernice deceribed in dAetaill The followina evamnlee are nrecentead for
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IMMUNOGENIC FORMULATIONS COMPRISING 0.001%-0.05%
TWEENTmM80 35STABILIZE AND PREVENT AGGREGATION OF THE
WMMIT}N%%EN The polysaccharide-protein conjugate used B-tissaAmi\Ro
was a thirteen- valent pneumococcal polysaccharide conjugate (13vPnC)
comprising capsular polysaccharides from S. pneumoniae serotypes 4,
66, 9V, 18C, 19F, 14, 23F, 1, 3, 5, 6A, 7F and 19A, each of which were
conjugratiethtoldb M1 Mhedaps blafep Qlyisa ey e tde dlads ke rePar€ol 29ymg
Standzih RFRNWERANAN AR SHSIR 108 2o RSl B3GR inoludes
pneumococca saccharide serotype was grown in a soy-based
smeBilfmomy! ﬂgai\}/dual polysaccharides were then purified through
centrifugatibiepeeiptririonts ulbe MYRRo i MaePeeNmearepreieatdgrmphaied in
ThetpelpiftednpebfsaipChpvideSilveaie eireit cailyraciivaie ddositionjizgationtainer
and gach pelysageharige V‘@%ﬁ@%ﬁ}%‘%&%%&%é@é@ &Qﬂy%?handnng

carrier protein to form a glycoconjugate and formulated into a sin

bt o R T e e e
subdeaj e cedajurjaniorntovitie akeepiitoneinonient extitisabd bigher degree of
conveptinDarmadns {ehfatiseadd. S hidatentNentbOTR P @afigehif82d66)an

CRMER7 LYY S&%f%@ﬂc&%@s'%\&%‘tﬂéﬁh aéb@[‘&ﬁb?es E%QiQL@Ef protein

dlphtherla toxm isolated from cultures of Conmebacterium diphther
e TGS T A e A R D R o the

medilifR«CRITET7 the ensiified Hrovigh Uﬂ?a‘«'mtr@@éﬁd dnM¥BRIN inf&ten
precipitation, and ion-exchange chromatography. The antigenicity

exper|men,1;§ %ﬁéﬁ{épe&t}@%ﬁﬂe&&r%?fﬁimﬁﬂ/%mlHHQJS&e%@VE&%osmons

samples W'tg l{teStnA IS AD o heCIfﬁﬁgm 5l ?eé] SYinges it was

poly&: e R &téCting'™t mu e ight
scatf@ﬁﬁg@dhﬁﬁé%ﬁsd?éﬁf&l@rﬁ}#'%ﬁ%‘ﬁ@liv@ @g@swﬁaﬁ%é@éﬁéﬁm‘gemc'ty
CoultesetrtognFaiieromitc AlR e ttle tecireddightesdatte rieg @ aSanefEn®.

for each ofiihe. %Eﬁ%@éhﬁ&#%@@&%dﬂﬁﬁ%#@ﬁﬂs%%@@ﬁ@ V81 RiAREaEhe Wivien
and r?d%?gee gn Q)Utgemcn t rg S;gsi._c r‘ﬁ talS rn %Sm BD %Y? comgﬁmong such

ands rin esto ers were Urehas

Blos?ﬁ’eﬁ é%aﬁp*ﬁé’ rﬁrﬁfﬁffb@Nk‘Ea@eﬁ}r?oo?oé e VRS WR‘TH‘““OQG”S
Trace@learsTraptetOanil Chittpdidfiesyy -Hnedrelosaties \O&te Hiftihadeid)fragainst
VW@!&W&M&%@@?&B&SL&{?E’MUBTFWE&%& ﬁg & Wﬁﬁﬂ@@?i@)cﬂﬁ&smons (e.g.,
purchased from aker. (Mallinckrodt Baker, illi

g S R A e §°|’1| B s
13vPIRESRRES fISHRSIAING (580 Y_ﬂSPQFW/BTLHWé) %r’@ﬁ? aﬁaaa?ﬁfistﬁage
conc#airations (TweenTh80; 0.001%, 0.005%, 0.01% and 0.05%,

Weight/V0|lﬂrm&)r@§nf@H&B@§m@ﬁ5%h§a|m@r(tib'ﬁo|§nMdN@@|Bo\/\/aﬁ$o@f$|dﬁdo¥9 \ﬁ?ich
one e (0) te n

conc et B R R ool 0 Bt TR PR o
serofF8 b Afligace i 4Wﬁ??f§i’h1‘|'3?é’>?€f8bf‘?Srasaﬁt%éb"“t 88, ‘AR Vs @
8.8 py/fatiinTnd 3ePn Coformmitatiotlyeaesttrsie-dioidied aomufietel5separeiter
glassnviRlgitieftdnth P ejoviedcndnaesiforitheb§uddts &R .Q0RHMpREL% 2
or 0.0 d M REaRASY QWéYQeW@ﬁ@éé‘#ﬁé’nEOtr%‘ﬁ\%HBﬁ fivevialy fH‘Q BRhation

solution filtered th roug um Durapore%fllter (Milli ipore; Bill nca

MA) 8B SERIERRY, 8%‘%%?' & EhPEBITASH W )nﬁ%’Hp?\ KoLt doEmS Rfe"
BD HYPRRITY SO rwfagrdssaiiaispjelionithvppiein shg reyffetdigpargBpf about 3.5
MedicakPharmaceltica-Systems; Braakdpotadoas, O63), papddhe syringesrtain

ﬁ'aca%sfh%.ﬁ&gﬁl%@%&;@@ﬁf@% &%g@lg@ iﬂ%%thnQNH%QﬁsZQJ%%er
W v visual | i
formulgfed m%eﬁgébérévr?ggoof w(é‘erﬁg % tf B8 WSZ wouFd b "'Zes a N.

precipitating out of solution within ten mlnutes at 2-8C upon gentle
agitation via a horizontal orbital shaker.ip-contrast, the 13vPnC,
formulated in 0.001%, 0.005%, 0.01% or 0.05% 10 TweenT"80 and gently
agitated at 2-8C, was stable for up to twenty-five days with no visible signs
of precipitation (data not shown). Thus, this data demonstrated that the
addition of a surfactant (e.g., TweenT"80) to an immunogenic compaosition
formulation enhances the stability of the immunogenic compaosition.
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A second stability experiment of the 13vPnC further confirmed that the 15
addition of surfactant to the formulation significantly enhanced the stability
of the 13vPnC. In this experiment, the 13vPnC was formulated with and

WOMNEIETED5% TweenTv80. The 13vPnC formulated withouf THERIHHIEYS

(i.e., 0.0%) was prepared as follows: 0.85% saline (150 mM NacCl) was
added to a one liter Pyrex@ glass beaker, followed by 50 mM succinate

buff%&?ﬂg{ﬂlo%o DESSEALRM MMIARH, thie 0 hIURNCedhFilRig! & QW pEHefed

500 mL. The 13vPnC formulation with 0.05% Tweerr180 was prepared as
folloﬁ%?ér?eO?@%% d %eée(ié%leréngorga)a é% 8%%@6’%%‘%11%)%) (ﬁ%grp yge%(“(%c ant
glasBeakerMRAaiies RPD RNeBuctirEi@BUsRPRNENtO Hbe et epecal
MM20860680ulatee TBipdsed the d3uBnC rakastotal volume of 500 mL.

:he f'ln"i! QQQERQH?EA@E 8/;1Qﬁmﬁgaﬁ@%mgﬁgﬁggl&@ﬁ%?@o%agon which
ormulatjons.was 4,4 j.i exc or seroty ichwas.8.8 .
ug/rlﬁ'Lt)%' _hes'%cﬁ)aer_nI'_nééjgﬁg]ula[ﬂce)ﬂgﬁ\%gpe ﬁfmao egi %aed %I?ggg'_é o /stator - 92
honfSg@HELsrme 6 Ro0izpfFeotgts fapansothfiidiudatiPAEMenTitine AR hyHered
processecyaaton aheaaidithedbuffeetfage pivilofabdtBiEds pbbhe/siabiligjuoinum
the L3vERGIounmationydadkrbieandonitbass (TRRRAIERRn the
Twe‘ﬁpe'lr;WSOsvg\!agc 2 osg ?&n‘?&%ﬁo% t\)v/\{\?cn%%btl rsnsglig‘,)gnr Ioigo%% fc(i) lé?"cv,%tation of a
Samplés ?56- 0Fht were removed at zero, thirty and one hu c?red-twenty
minStEStANTPEhe R 0657850 DST) RREEHHIN SBTBIRTH 4B AL CPRB ST APRILe"
werenelinreitiel {@rniistore o ijtising @wkafieBB0spiateinlditue whe@at. theobuffer
6h§3ﬁ§é3)s B:e&lﬁmaﬁbgor?!t;%Iasoanl@ra%rm&}m@n@ath%maigm@wc@&alIcsa
thirteen. serotypes of. \ er S; seey .
A A o e P e VS S G b i vor
shoWHiGh Thiiks1 stisans Vinguepdigiariniatide e ds in Mg Sig WGP trpgoten
thirteempseitity penpolysra st hailidesizéd renatzited maene ute\iesean {0 ) opnhiising
the tgHhEERESRAINSSHIRISIY NGBt WMINEVERSs hexbBrRpsutfestelaian? 5,
Comﬂ'ﬁmﬁﬂrrg%%ﬁ ;'%eéay\lln,},%g"@ . Lez&ﬁgﬁk;](égpstrated robust stability

with no reduction in the 5antigenicity throughout the two hour antig\lef\l?icit

assay. TABLEEY PRSI PPYIEE ATV EHIP PSR (P A TR BARATH 4t

AN DMWITAESW0TTVEERENT RSO bindipp e cRitaarI OTANGERBI0US s atydivant (e.g.,

Antigevictyf G vindtasindig @088t yra3@iming tRenirRiiga nicity k2 misw testdred

4.8 @gﬁﬂglsélﬁcﬁgmlerein the buffer has a pKa of about 3.5 to about 7.5, a surfactant,
an aluminum salt, and a N. meningitidis 2086 protein. In certain embodiments, the
formulation is in a container means.

As defined hereinafter, the terms “precipitation”, “precipitate” “particulate
formation”, “clouding” and “aggregation” may be used interchangeably and are meant
to refer to any physical interaction or chemical reaction which results in the
“aggregation” of a polysaccharide-protein conjugate or a protein (or polypeptide)
immunogen. The process of aggregation (e.g., protein aggregation) is well known
(but not well understood) and described in the art, and is often influenced by
numerous physicochemical stresses, including heat, pressure, pH, agitation, shear
forces, freeze-thawing, dehydration, heavy metals, phenolic compounds, silicon oil,
denaturants and the like.

As defined hereinafter, a “polysaccharide-protein conjugate”, a
“pneumococcal conjugate”, a “7-valent pneumococcal conjugate (7vPnC)', a “13-
valent pneumococcal conjugate (13vPnC)’, a “streptococcal Cba peptidase (SCP)
immunogenic composition” and a ‘N. meningitidis 2086 protein immunogenic
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2.4 6g9/m1 3 4.8 ug/ml1 4.1 6gtml 1.7 Ag/m1 4 5.8 6g/m1 5.0 ug/m1 3.1
ugtml 5 3.4 6g/m1 3.0 ggtml 2.0 6gtml 6A 4.9 tigtml 3.8/m1 1.3 6g/m1 68

w&@a%ﬁ’/&&l 5.6 jig/m1 1.4 6g/m1 7F 4.7 6g/ml 3.4 6a/M1  pcr/US2007/066959

composition” of the invention includes liquid formulations, frozen liquid formulations
and solid (e.g., freeze-dried or lyophilized) formulations.

A. SURFACTANTS

As set forth above, the invention is directed to formulations which stabilize
and inhibit aggregation of immunogenic compositions against the various factors
which influence the stability of immunogenic compositions (e.g., shear forces,
shipping agitation, silicone oil interactions, adsorption, manufacturing processes,
temperature, humidity, length of time between manufacture and usage, etc.). In
certain embodiments, the invention is directed to formulations comprising a
surfactant.

A surfactant (or a surface-active agent) is generally defined as (a) a molecule
or compound comprising a hydrophilic group or moiety and a lipophilic (hydrophobic)
group or moiety and/or (b) a molecule, substance or compound that lowers or
reduces surface tension of a solution. As defined herein, a “surfactant” of the present
invention is any molecule or compound that lowers the surface tension of an
immunogenic composition formulation.

A surfactant used in a formulation of the present invention comprises any
surfactant or any combination of surfactants which stabilizes and inhibits aggregation
of an immunogenic composition described herein. Thus, a surfactant of the invention
includes, but is not limited to, polysorbate 20 (Tween™20), polysorbate 40
(Tween™40), polysorbate 60 (Tween™60), polysorbate 65 (Tween™65), polysorbate
80 (Tween™g0), polysorbate 85 (Tween™85), Triton™ N-101, Triton™ X-100,
oxtoxynol 40, nonoxynol-9, triethanolamine, triethanolamine polypeptide oleate,
polyoxyethylene-660 hydroxystearate (PEG-15, Solutol H15), polyoxyethylene-35-
ricinoleate = (Cremophor EL™), soy lecithin, poloxamer, hexadecylamine,
octadecylamine, octadecyl amino acid esters, lysolecithin, dimethyl
dioctadecylammonium  bromide, methoxyhexadecylgyicerol, pluronic  polyols,
polyamines (e.g., pyran, dextransulfate, poly IC, carbopol), peptides (e.g., muramyl
peptide and dipeptide, dimethyiglycine, tuftsin), oil emulsions, mineral gels (e.g.,
aluminum phosphate) and immune stimulating complexes (ISCOMS).

A person of skill in the art may readily determine a suitable surfactant or
surfactant combination by measuring the surface tension of a particular immunogenic
composition formulation in the presence and absence of the surfactant(s).
Alternatively, a surfactant is evaluated qualitatively (e.g., visual i’nspection of

particulate formation) or quantitatively (e.g., light scattering, sedimentation velocity

-17-
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centrifugation, optical density, antigenicity) for its ability to reduce, inhibit or prevent

aggregation of an immunogenic composition.

B. CONTAINER MEANS

In certain embodiments, the invention is directed to formulations of
immunogenic compositions comprised in a container means. As defined herein, a
“container means” of the present invention includes any composition of matter which
is used to “contain”, “hold”, “mix”, “blend”, “dispense”, “inject”, “transfer”, “nebulize”,
etc. an immunogenic composition during research, processing, development,
formulation, manufacture, storage and/or administration. For example, a container
means of the present invention includes, but is not limited to, general laboratory
glassware, flasks, beakers, graduated cylinders, fermentors, bioreactors, tubings,
pipes, bags, jars, vials, vial closures (e.g., a rubber stopper, a screw on cap).
ampoules, syringes, syringe stoppers, syringe plungers, rubber closures, plastic
closures, glass closures, and the like. A container means of the present invention is
not limited by material of manufacture, and includes materials such as glass, metals
(e.g., steel, stainless steel, aluminum, efc.) and polymers (e.g., thermoplastics,
elastomers, thermoplastic-elastomers).

The skilled artisan will appreciate that the container means set forth above
are by no means an exhaustive list, but merely serve as guidance to the artisan with
respect to the variety of container means which are used to contain, hold, mix, blend,
dispense, inject, transfer, nebulize, efc. an immunogen or immunogenic composition
during research, processing, development, formulation, manufacture; storage and/or
administration of the composition. Additional container means contemplated for use
in the present invention may be found in published catalogues from laboratory
equipment vendors and manufacturers such as United States Plastic Corp. (Lima,
OH), VWR™ (West Chester, PA), BD Biosciences (Frankiin Lakes, NJ), Fisher
Scientific International Inc. (Hampton, NH) and Sigma-Aldrich (St. Louis, MO).

Thus, the novel formulations of the present invention are particularly
advantageous in that they stabilize and inhibit precipitation of immunogenic
formulations comprised in a container means throughout the various stages of
research, processing, development, formulation, manufacture, storage and/or
administration of the composition. The novel formulations of the invention not only
stabilize immunogenic compositions against physical/thermal stresses (e.g.,
temperature, humidity, shear forces, etc.), they also enhance stability and inhibit

precipitation of immunogenic compositions against negative factors or influences
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0.9 ugtml 13vPnC with 0.05% Tween80 Serotype Antigenicity O minutes
Antigenicity 30 min Antigenicity 120 min 5.1 6g/m1 5.0 6qtml 5.2 6g/ml 3

wO RPBAMEH-0 6gtml 5.2 6g/m1 4 6.1 6qtml 6gtml 6.2 6qtml-3/Bs LA Bdsoso
3.6 pg/ml

such as incompatibility of the immunogenic composition with the container/ciosure
system (e.g., a siliconized container means).

Thus, the novel formulations of the present invention are particularly useful in
stabilizing the immunogen (i.e., a polysaccharide-protein conjugate, a protein or
polypeptide antigen) against the silicon oil induced precipitation and precipitation
described above. For example, co-pending U.S. Application No. 60/795,098, filed
April 26, 2006, specifically incorporated herein by reference, describes the
aggregation of immunogenic compositions in the presence silicon oil found on
container means such syringes, glass vials, rubbers stoppers and the like, wherein
the addition of a surfactant to the container means prevented the silicon oil induced

aggregation of these immunogenic compositions.

C. ADJUVANTS AND PHARMACEUTICAL CARRIERS/EXCIPIENTS

In certain embodiments, the immunogenic compositions of the invention are
further formulated with an adjuvant. An adjuvant is a substance that enhances the
immune response when administered together with an immunogen or antigen. A
number of cytokines or lymphokines have been shown to have immune modulating
activity, and thus may be used as adjuvants, including, but not limited to, the
interleukins 1-0, 1-8, 2, 4, 5, 6, 7, 8, 10, 12 (see, e.g., U.S. Patent No. 5,723,127),
13, 14, 15, 16, 17 and 18 (and its mutant forms), the interferons-a, B and v,
granulocyte-macrophage colony stimulating factor (GMCSF, see, e.g., U.S. Patent
No. 5,078,996 and ATCC Accession Number 39900), macrophage colony stimulating
factor (MCSF), granulocyte colony stimulating factor (GCSF), and the tumor necrosis
factors a and B (TNF). Still other adjuvants useful in this invention include
chemokines, including without limitation, MCP-1, MiP-1a, MIP-1B8, and RANTES.

In certain embodiments, an adjuvant used to enhance an immune response
of an immunogenic composition formulation includes, without limitation, MPL™ (3-O-
deacylated monophosphoryl lipid A; Corixa, Hamilton, MT), which is described in
U.S. Patent No. 4,912,094, which is hereby incorporated by reference. Also suitable
for use as adjuvants are synthetic lipid A analogs or aminoalkyl glucosamine
phosphate compounds (AGP), or derivatives or analogs thereof, which are available
from Corixa (Hamilton, MT), and which are described in United States Patent No.
6,113,918, which is hereby incorporated by reference. One such AGP is 2-[(R)-3-
Tetradecanoyloxytetradecanoylamino] ethyl 2-Deoxy-4-O-phosphono-3-O-[(R)-3-
tetradecanoyoxytetradecanoyl]-2-[(R)-3-tetradecanoyloxytetradecanoyl-amino]-b-D-
glucopyranoside, which is also known as 529 (formerly known as RC529). This 529
adjuvant is formulated as an aqueous form or as a stable emulsion (RC529-SE).
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Still other adjuvants include mineral oil and water emulsions, aluminum salts
(alum), such as aluminum hydroxide, aluminum phosphate, aluminum sulfate efc.,
Amphigen, Avridine, L121/squalene, D-lactide-polylactide/glycoside, pluronic polyols,
muramy! dipeptide, killed Bordetella, saponins, such as Stimulon™ QS-21
(Antigenics, Framingham, MA.), described in U.S. Patent No. 5,057,540, which is
hereby incorporated by reference, and particles generated therefrom such as
ISCOMS (immunostimulating complexes), ISCOMATRIX (CSL Limited, Parkville,
Australia), described in U.8. Patent No. 5,254,339, Mycobacterium tuberculosis,
bacterial lipopolysaccharides, synthetic polynucleotides such as oligonucleotides
containing a CpG motif (U.S. Patent No. 6,207,646, which is hereby incorporated by
reference), 1C-31 (Intercell AG, Vienna, Austria), described in European Patent Nos.
1,296,713 and 1,326,634, a pertussis toxin (PT), or an E. coli heat-labile toxin (LT),
particularly LT-K63, LT-R72, PT-K9/G129; see, e.g., International Patent Publication
Nos. WO 93/13302 and WQ 92/19265, incorporated herein by reference.

Also useful as adjuvants (and carrier proteins) are cholera toxins and mutants
thereof, including those described in published International Patent Application
number WO 00/18434 (wherein the glutamic acid at amino acid position 29 is
replaced by another amino acid (other than aspartic acid), preferably a histidine).
Similar CT toxins or mutants are described in published International Patent
Application number WO 02/098368 (wherein the isoleucine at amino acid position 16
is replaced by another amino acid, either alone or in combination with the
replacement of the serine at amino acid position 68 by another amino acid; and/or
wherein the valine at amino acid position 72 is replaced by another amino acid).
Other CT toxins are described in published International Patent Application number
WO 02/098369 (wherein the arginine at amino acid position 25 is replaced by
another amino acid; and/or an amino acid is inserted at amino acid position 49;
and/or two amino acids are inserted at amino acid positions 35 and 36).

In certain embodiments, the immunogenic composition formulations comprise
a pharmaceutically acceptable diluent, excipient or a pharmaceutically acceptable
carrier. In one embodiment, the pharmaceutically acceptable diluent is sterile water,
water for injection, sterile isotonic saline or a biological buffer. The polysaccharide-
protein conjugates and/or protein immunogens are mixed with such diluents or
carriers in a conventional manner. As used herein the language “pharmaceutically
acceptable carrier” is intended to include any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying

agents, and the like, compatible with administration to humans or other vertebrate
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6.2 ,ag/m1 19A 6.8 6g/m1 6.8 6g/m1 6.8 6g/m1 19F 6.1 6qgtml 6.2 6g/m1
6.0 itqtrni 23F 5.2 6g/m1 5.2 6qtml 5.2 0g/m1 10The

Wégy@ﬂg&geerilMSO formulation was further tested for stalqj&twm%ww

high shear forces. In this experiment, a 100 mL 13vPnC composition (4.4
ug/mL serotypes 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F, 23F and 8.8
ug/mL serotype 68, 5 mM succinate buffer, 150 mM Nadi and 0.25 mg/mL
AlPagswas leddgdduitisear@&0smlidgiass thotibeskidedriptisiragt eittiedli0iOfénd in

0.03% 95%@@@&@@%“}%@(% IS bottles were then vortexed for

thirty minytes (2.8 %)Sx”ma" e %V%”@ée?e% e 2RI eIIC  mposition
Industries, Pnc a&?héma anda air-l UId mr{er ace wa createop %

the fﬂ@?&fﬁt{i’r’h §Bé@£?%%’ﬁ?ﬁ§e%ﬁ8?‘ﬂ'ﬁﬁ&%ﬁ § f@%@%ﬂ?@&?ﬁpﬂéﬁ\ﬁi&@”ﬁl
takeagérosn egobalipttieptdetedtRnvaivean(, 86 0kpratevpiilzentadettivaine
antiw't@'&v RhihatbitesneeielyResassayed AsLaRANTAY(N3QMaNSIeRkct).

seen |n 'Fable 2 b low tne 13\(1 %f rmulat dWlthoutT een m80
preserva efO de chloro anoI ss um_sorbate, sor IC _laﬁld

?:I‘g on average a ecrease In antl emcﬂg?after vortexm

13v @rfﬂf‘?ﬁlﬁ‘%té’éowi‘tr%”@fw FEARERAHS0 FaY AW eég’é%”ar?f‘ﬁé?flcﬂﬂ}d
rangiagdnonhaow (Evenmies 85 stahilizng 1RVATE Horntidee chodthind, O5ids,

TweaMar80 hasia daerrsedn RIIgaNiCywangagdsRm &S AYeagetose,

3%) ol S le2 WO

200r7a; %@66?&@3@ #d%%ogg'};e%%é%é— emonstrate that the 13vPnC

formulated VWA ABPELEIN L AD BEH ol PPBESIaPd LTy tiea figrerared
stabitizedragsiiates e o e sybiesiativehe ivre KBvionexanrpifulbredsnpewders,
abseBrRK TanennadesiekABhErigcoated tablets or capsules, or suppositories.

Thus, the immunogenic composition formulations may also include, but are not
limited to, suspensions, solutions, emulsions in oily or aqueous vehicles, pastes, and
implantable sustained-release or biodegradable formulations.

The immunogenic compositions of the present invention, are not limited by
the selection of the conventional, physiologically acceptable carriers, diluents and
excipients such as solvents, buffers, adjuvants, or other ingredients useful in
pharmaceutical preparations of the types described above. The preparation of these
pharmaceutically acceptable compositions, from the above-described components,
having appropriate pH isotonicity, stability and other conventional characteristics is
within the skill of the art.

D. IMMUNOGENS

In certain embodiments, a polysaccharide-protein conjugate formulation of the
invention comprises one or more pneumococcal polysaccharides. In other
embodiments, a polysaccharide-protein conjugate formulation of the invention
comprises one or more streptococcal polysaccharides. In yet other embodiments, a
polysaccharide-protein conjugate formulation of the invention comprises one or more
meningococcal polysaccharides. In still other embodiments, a polysaccharide-
protein conjugate formulation of the invention comprises a combination of one or
more pneumococcal polysaccharides, one or more pneumococcal polypeptides, one
or more streptococcal polysaccharides, one or more streptococcal polypeptides, one
or more meningococcal polysaccharides, and/or one or more meningococcal

polypeptides.
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STABILIZING EFFECT OF TWEENTh480 AGAINST SHEAR FORCES
Serotype Antigenicity 0.0% tw80 Antigenicity 0.0% tw80 + vortex
Antig&/enicié% 0.01% tw80 Antigenicity 0.01% tw80 + vortex Anti enicity

X Antigenicity 0.05% tw80 + vortex 1 4.7 gg/mL 3 12‘(9%‘1)3 44>
I.tgint 4.3 gg/m1 4.7 gg/m1. 4.6 gg/mL

As defined hereinafter, the term “polysaccharide” is meant to include any
antigenic saccharide element (or antigenic unit) commonly used in the immunologic
and bacterial vaccine arts, including, but not limited to, a “saccharide”, an
“oligosaccharide”, a “polysaccharide”, a “liposaccharide”, a ‘“lipo-oligosaccharide
(LOSY", a “lipopolysaccharide (LPS)”, a “glycosylate”, a “glycoconjugate” and the like.

In one particular embodiment of the invention, the one or more pneumococcal
polysaccharides are a S. pneumoniae serotype 4 polysaccharide, a S. pneumoniae
serotype 6B polysaccharide, a S. pneumoniae serotype 9V polysaccharide, a S.
pneumoniae serotype 14 polysaccharide, a S. pneumoniae serotype 18C
polysaccharide, a S. pneumoniae serotype 19F polysaccharide, a S. pneumoniae
serotype 23F polysaccharide, a S. pneumoniae serotype 1 polysaccharide, a S.
pneumoniae serotype 3 polysaccharide, a S. pneumoniae serotype 5 polysaccharide,
a S. pneumoniae serotype 6A polysaccharide, a S. pneumoniae serotype 7F
polysaccharide and a S. pneumoniae serotype 19A polysaccharide.

In certain embodiments, a polysaccharide-protein conjugate formulation is a
7-valent pneumococcal conjugate (7vPnC) formuiation comprising a S. pneumoniae
serotype 4 polysaccharide conjugated to a CRM,o; polypeptide, a S. pneumoniae
serotype 6B polysaccharide conjugated to a CRM;g; polypeptide, a S. pneumoniae
serotype 9V polysaccharide conjugated to a CRMig; polypeptide, a S. pneumoniae
serotype 14 polysaccharide conjugated to a CRM.y; polypeptide, a S. pneumoniae
serotype 18C polysaccharide conjugated to a CRMyy; polypeptide, a S. pneumoniae
serotype 19F polysaccharide conjugated to a CRMyg; polypeptide and a S.
pneumoniae serotype 23F polysaccharide conjugated to a CRMig; polypeptide.

in certain other embodiments, a polysaccharide-protein conjugate formulation
is a 13-valent pneumococcal conjugate (13vPnC) formulation comprising a S.
pneumoniae serotype 4 polysaccharide conjugated to a CRMig; polypeptide, a S.
pneumoniae serotype 6B polysaccharide conjugated to a CRM.g; polypeptide, a S.
pneumoniae serotype 9V polysaccharide conjugated to a CRMsg; polypeptide, a S.
pneumoniae serotype 14 polysaccharide conjugated to a CRMyg; polypeptide, a S.
pneumoniae serotype 18C polysaccharide conjugated to a CRMe; polypeptide, a S.
pneumoniae serotype 19F polysaccharide conjugated to a CRMg; polypeptide, a S.
pneumoniae serotype 23F polysaccharide conjugated to a CRM.g; polypeptide, a S.
pneumoniae serotype 1 polysaccharide conjugated to a CRMsg; polypeptide, a S.
pneumoniae serotype 3 polysaccharide conjugated to a CRMge; polypeptide, a S.
pneumoniae serotype 5 polysaccharide conjugated to a CRMye; polypeptide, a S.
pneumoniae serotype 6A polysaccharide conjugated to a CRMyg; polypeptide, a S.
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34.5gg/mL 3.4 gg/m1 4.7 gg/mL 4.2 6g/m1 4.7 .i.g/mL 4.4 gg/m1l 5.5
gg/m1 44 gg/mL 5.9gfmL 5.4 gg/mL 5.9 pgimL 5.6 gg/mL 5 3.2 gg/mL

w8 Rd7329698/m1 3.2i.9/ITIL 3.3 ggimL 3.3 gg/m1 6A 4.3 ga/pe-BeRiMlss066950

pneumoniae serotype 7F polysaccharide conjugated to a CRMyg; polypeptide and a
S. pneumoniae serotype 19A polysaccharide conjugated to a CRM;qg; polypeptide.

Polysaccharides are prepared by standard techniques known to those skilled
in the art. For example, the capsular polysaccharides set forth in the present
invention are prepared from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F
and 23F of Streptococcus pneumoniae, wherein each serotype is grown in a soy-
based medium and the individual polysaccharides are then purified through
centrifugation, precipitation, ultra-filtration, and column chromatography. Similarly,
streptococcal  polysaccharides (e.g., one or more polysaccharides (or
oligosaccharides) from a B-hemolytic Strepfococcus such group A Streptococcus,
group B Streptococcus, group C Streptococcus and group G Streptococcus) and
meningococcal saccharides (e.g., an N. meningitidis lipo-oligosaccharide (LOS) or
lipo-polysaccharide (LPS)} are prepared from clinically relevant serotypes or
serogroups, using general techniques and methods known to one of skill in the art.
The purified polysaccharides are then chemically activated (e.g., via reductive
amination) to make the saccharides capable of reacting with the carrier protein.
Once activated, each capsular polysaccharide is separately conjugated to a carrier
protein (e.g., CRMg;) to form a glycoconjugate (or alternatively, each capsular
polysaccharide is conjugated to the same carrier protein) and formulated into a single
dosage formulation.

The chemical activation of the polysaccharides and subsequent conjugation
to the carrier protein (i.e., a polysaccharide-protein conjugate) are achieved by
conventional means. See, for example, L1.S. Patent Nos. 4,673,574 and 4,902,506.

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

CRMg7 (Wyeth, Sanford, NC) is a non-toxic variant (i.e., toxoid) of diphtheria
toxin isolated from cultures of Corynebacterium diphtheria strain C7 (3197) grown in
casamino acids and yeast extract-based medium. CRMg; is purified through ulira-
filtration, ammonium sulfate precipitation, and ion-exchange chromatography.
Alternatively, CRMg; is prepared recombinantly in accordance with U.S. Patent No.
5,614,382, which is hereby incorporated by reference. Other diphtheria foxoids are
also suitable for use as carrier proteins.

in other embodiments, a carrier protein of the invention is an enzymatically
inactive streptococcal C5a peptidase (SCP) (e.g., one or more of the SCP variants
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4.6,,q/1-61. 4.5 ig/m1 4.7 gglmL 4.8 gg/m1 66 9,7 gg/mL 7.7 n.g/m1 10.2
,6g/mL 9.6 ggimL 10.2 gg/m1 10.1 gg/ml. 7F 4.6 .6g/m1 3.5 6g/m1 5.4

W(g /m1 5 0 gg/mL 5.4 ugimL 5.3 gg/m1 9V 5,3 Lig/m1 4.1 1. t%T/USZ()07/066959

278! ,ag/m1 5.6 wg/mL

described in U.S. Patent 6,951,653, U.S. Patent 6,355,255 and U.S. Patent
6,270,775). |

Other suitable carrier proteins include inactivated bacterial toxins such as
tetanus toxoid, . pertussis toxoid, cholera toxoid (e.g., CT E29H, described in
International Patent Application W02004/083251), E. coli LT, E. coli ST, and
exotoxin A from Pseudomonas aeruginosa. Bacterial outer membrane proteins such
as outer membrane complex ¢ (OMPC), porins, transferrin binding proteins,
pneumolysin, pneumococcal surface protein A (PspA), pneumococcal adhesin
protein (PsaA), or Haemophilus influenzae protein D, can also be used. Other
proteins, such as ovalbumin, keyhole limpet hemocyanin (KLH), bovine serum
albumin (BSA) or purified protein derivative of tuberculin (PPD) can also be used as
carrier proteins.

After conjugation of the capsular polysaccharide to the carrier protein, the
polysaccharide-protein conjugates are purified (enriched with respect to the amount
of polysaccharide-protein conjugate) by a variety of techniques. These techniques
include  concentration/diafiltration  operations,  precipitation/elution,  column
chromatography, and depth filtration.

After the individual glycoconjugates are purified, they are compounded to
formulate the immunogenic composition of the present invention. Formulation of the
polysaccharide-protein conjugates of the present invention can be accomplished
using art-recognized methods. For instance, the 13 individual pneumococcal
conjugates can be formulated with a physiologically acceptable vehicle to prepare the
composition. Examples of such vehicles include, but are not limited to, water,

" buffered saline, polyols (e.g., glycerol, propylene glycol, liquid polysthylene glycol)
and dextrose solutions.

In other embodiments, the invention is directed to formulations which stabilize
a streptococcal CbHa peptidase (SCP) immunogenic composition, wherein the
formulations comprise a pH buffered saline solution, wherein the buffer has a pKa of
about 3.5 to about 6.5, a surfactant and a streptococcal Cba peptidase. The Cha
peptidase is a highly conserved serine protease and is expressed across all -
hemolytic Streptococci (e.g., streptococcal Groups A, B, C and G). For example, the
nucleotide sequence encoding a Group B streptococci (GBS) Cha peptidase is 98%
identical to the nucleotide sequence encoding a Group A streptococci (GAS) Cha
peptidase. Thus, in certain embodiments of the invention, an immunogenic
composition against infection caused by B-hemolytic Streptococci comprises a Cba

peptidase immunogen (or antigen).
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5.3 gg/mL 14 6.8 g. /m1 54 t.g/mL 7.3 6g/mL 4.5 gg/mL 6.7 gg/mL 4.3
j..ig/m1 7.4 ggimL 4.5 4.g/mL 6.8 6g/mL 4.5 gg/mL 18C 4.1 gg/mL 3.4

w&9TH4276659A © 5.1 ga/mL 4.2 gg/m1 5.5 :tgimL 5.3 ga/m1 5E6¢iRboo7/066959

In one particular embodiment, a Cba peptidase of the invention is an
enzymatically inactive streptococcal C5a peptidase (e.g., one or more of the SCP
variants described in U.S. Patent 6,951,653, U.S. Patent 6,355,255 and U.S. Patent
6,270,775, each specifically incorporated herein by reference). In another specific
embodiment, the SCP used in the novel immunogenic composition formulations of
the invention is cloned from a Group B streptococci. In another embodiment, the
Group B streptococci SCP sequence has been genetically mutated to render it
proteolytically inactive (e.g., see U.S. Patents 6,951,653; 6,355,255 and 6,270,775)
and is expressed as a recombinant protein in E. coli.

In another embodiment, the invention is directed to formulations which
stabilize a N. meningitidis 2086 protein immunogenic composition, wherein the
formulations comprise a pH buffered saline solution, wherein the buffer has a pKa of
about 3.5 to about 7.5, a surfactant and a N. meningitidis 2086 protein. The N.
meningitidis 2086 proteins are encoded by a nucleic acid sequence open reading
frame (ORF) identified as “ORF 2086" (e.g., see International Publication No. WO
03/063766 A2 (International Application ‘No. PCT/US02/32369), International
Publication No. WO 04/094596 A2 (Intermational Application No. PCT/US04/011901),
and International Publication No. WO 04/065603 A2 (International Application No.
PCT/US04/000800), each specifically incorporated herein by reference). In a further
embodiment, the invention is directed to formulations that optimize antigen stability
and binding percentage to an aluminum salt adjuvant (e.g., AIPO,) of a N.
meningitidis 2086 protein, wherein the formulations comprise a pH buffered saline
solution, wherein the buffer has a pKa of about 3.5 to about 7.5, a surfactant, an
aluminum salt, and a N. meningitidis 2086 protein.

All patents and publications cited herein are hereby incorporated by
reference.
E. EXAMPLES

The following examples are carried out using standard techniques, which are
well known and routine to those of skill in the art, except where otherwise described
in detail. The following examples are presented for illustrative purpose, and should
not be construed in any way as limiting the scope of this invention.

EXAMPLE 1
IMMUNOGENIC FORMULATIONS COMPRISING 0.001%-0.05% TWEEN™80
STABILIZE AND PREVENT AGGREGATION OF THE IMMUNOGEN
The polysaccharide-protein conjugate used in this example was a thirteen-

valent pneumococcal polysaccharide conjugate (13vPnC) comprising capsular
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5.4 6g/m1 19F 4.8 gg/m1... 3.6 j.t.g/mL 5.2 gg/m1 4.9 gg/L 5.2 gg/mL 5.1
gg/mL 23F 3.0 gg/mL 2.4t.g/r-n1 3.4 j.,g/mL 3.3,,g/ml_ 3.5 gg/mL 3.4
gtﬂmL EXAMPLE 2 FORMULATIONS COMPRISING SURFACTANT

REIRT¥E AND 10PREVENT AGGREGATION OF STREPTOEBUER

CEA PEPTIDASE The streptococcal C5a peptidase (SCP) used in

this example was expressed and purified as follows. The SCP was
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at 7 ¢e0rdbia)Mrl6iShtheria toxin isolated from cultures of Corynebacterium diphtheria
strain C7 (197) grown in casamino acids and yeast extract-based medium. CRM;yg;
is purified through ultra-filtration, ammonium sulfate precipitation, and ion-exchange
chromatography.

The antigenicity experiments described below were performed by mixing the
13vPnC samples with one of thirteen antisera (Ab) specific to the each of the
polysaccharide serotypes and detecting the immune compléxes via light scatiering
measurements on an Array® 360 system (Beckman Coulter, Inc.; Fullerton, CA).
The detected light scattering measurements for each of the thirteen serotypes were
then compared to a standard curve and reported as antigenicity (ug/mL).

Syringes (BD Hypak SCF™) and syringe stoppers (BD Hypak SCF™) were
purchased from BD Biosciences (Franklin Lakes, NJ). Clear borosilicate vials (VWR
TraceClean™, 40 ml) with Teflon®-lined closures were purchased from VWR™
(West Chester, PA). Polysorbate 80 (Tween™80) was purchased from J.T. Baker
(Mallinckrodt Baker, Inc.; Phillipsburg, NJ). Buffered saline was succinate (5 mM)
and NaCl (0.85%) at pH 5.8.

The 13vPnC was formulated (500 ml. total volume) at different surfactant
concentrations (Tween™80; 0.001%, 0.005%, 0.01% and 0.05%, weight/volume) as
follows: 0.85% saline (150 mM NaCl) was added to a one liter Pyrex® glass beaker,
followed by 50 mM succinate buffer (final concentration 5 mM) and the 13vPnC. The
final concentration of each serotype conjugate was 4.4 pg/mL (except for serotype
6B, which was 8.8 pg/mL). The 13vPnC formulation was then divided into five
separate glass vials (30 mL per vial), wherein either 0.0%, 0.001%, 0.005%, 0.01%

~or 0.05% Tween™80 (w/v) was added to one of the five vials and each solution
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buffer at pH 7.5 and filled in separate BD Hypak SCF1Im syringes. The
syringes were then placed on an a horizontal orbital shaker at 2-8C,

wahaken 180 cpm for two days and the SCP protein conceipgati€o /66959
-determined by the modified Lowry assay. As shown in FIG. 1, the

stability of SOP was greatly enhanced when formulated with TweenTm80.
For example, after two days on the orbital shaker, the SOP formulated
withigtdanveendhmB0.ZE ke DAhpepm fisdraiditisosigBificant Marreasadgugnily,
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Jar process of siliconization resulted in 150 to 300 ttg/cm2 of silicone on

the A OLHR7SIDETRY. BAL YAt theo i camP e atoAL g d dt f5%Bten
of théiisemfa@eray@a 30t recttop pidwdst elprisdtb 1B 36300 dReckddn iCtaker Inc.;
syringfeabg9eatinadhat fandhshiciybsr andhirkpresegsdebvarn darke dvere
ug and 225 to 4.'}41:9 of swco eis %Xb%lctai?le from the stoppers,
respecﬁl\ye ( Fhatetials 1o “Phe Sicsne Wag bow Corning@ 360 Medical
Fluid 1000 centistokes (batch No. 0001846266). The 7vPnC was
formulated in 5 mM succinate buffer containing 15 0.85% NaCl and 4.4
lig/m1 of S. pneumoniae serotypes 4, 9, 14, 18C, 19F and 23F and 8.8
jig/ml of S. pneumonia serotype 6B, with and without 0.25 mg/ml

aluminum phosphate. The 13vPnC was formulated in 5 mM succinate
buffer containing 0.85% NaCl and 4.4 jig/m1 of S. pneumoniae serotypes
1,3,4,5, 6A, 7F, 9V, 14, 18C, 19A, 19F and 23F and 8.8 jig/m1 of S.

pneumoniae serotype 6B, with and without 0.25 20 mg/ml aluminum
nhnenhate Monovalent K nneirimoniae carntvvne AR wace formiilated (B
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Protein Assay. The total protein and protein bound to aluminum was
35determined by measuring the total protein concentration in the
fo;m%llazg%%jslmmunogemc .composmo.n and the proteln asso%‘a;,&ggs\%st;/&ggsg
luminam-pellet, respectively (an aliquot of the immunogenic composition
was centrifuged and the pellet was re-suspended in saline). Assays were

performed using the Pierce Modified Lowry protein assay (catalog #
23240) witks hoviagsaryanialpumir aadsipnmasd: ftble TPantigentBitt & the

first series of experiments, the 13vPnC immungogenic co itiops were
R e e e R R
listeboHERSHRIN PatiitesBnificanky dlenRyeavitfehivromm e daten Tapress) thek%
the qoRtailer NMEANs componeRteathat roera teemitg with siicoegidibn in the
induged She AR ahYbiterbA- RAficlRs: Baptrast, no particulates
were detected in the presence of the nonsiliconized Daikyog stoppers
(Daikyo Seiko, Ltd., Japan) and Schott vials (Schott North America Inc.;
Lebanon, PA). WO 2007/127665PCTBEEAm7/066959 TABLE 3 EFFECT
OF DIFFsfiNTy Ae¥NT ¢ MERNRGEARNY CACHWOHNRD WEFHOUF TRWEING)
FORMULATED WITHOUT ALPO4 Container Means Components

Number$vBuhwithopMamesdomponents Addédy Pnbedta 8650 iweans0
IhspasidtDieaiitYorT SIP L MRTHER|P Q4 Nope MISEEANIEEY) MR
BSTE 1-3481 g4 Y720 (aipy LW \YiStoppers 10 Sareilaies ug/ml | 5.2 ug/ml
3 4.8 ug/mi | 4.1 ug/ml 1.7 pg/mi 3 5.0 pg/mi | 5.0 yg/mt | 5.2 ug/mi
4 5.8 ug/ml | 5.0 pg/ml 3.1 pg/ml 4 6.1 ug/ml | 6.1 pg/ml | 6.2 ng/mi
5 34 ug/mi | 3.0 ug/ml | 2.0 ng/mi 5 3.6 pg/ml { 3.6 ug/ml | 3.7 ug/ml
6A 49 ug/ml | 3.8 ug/ml 1.3 pg/mi B6A 54 pg/ml | 54 pyg/ml | 5.6 ug/imi
6B 10.0 ug/mi| 5.6 pg/mi 1.4 png/ml 68 10.6 ng/ml [10.6 pg/iml| 10.5 ug/mi
7F 4.7 ug/ml { 3.4 ug/ml 1.0 ug/ml 7F 53 ug/ml | 5.2 pg/ml | 5.3 ug/ml
N4 56 ug/ml | 4.7 ng/ml 2.5 ng/mi Y 6.1 pug/ml | 6.4 pg/ml | 6.2 pg/ml
14 76 ng/mi | 6.4 pug/mi 3.0 ug/mi 14 8.2 ug/ml | 8.3 ug/ml | 8.3 ug/mi
18C 56 ug/ml | 4.4 pg/ml 1.7 pg/ml 18C 6.2 pg/mi | 8.1 pg/ml | 6.2 ug/mi
19A 6.4 ug/mb | 4.5 ug/mi 1.9 pg/mi 19A 6.8 pg/ml | 6.8 pg/ml | 6.8 ng/ml
19F 54 pg/mi | 2.6 ug/ml | 0.0 ug/ml 19F 6.1 ug/ml | 6.2 ug/ml | 6.0 ug/mi
23F 45 pg/ml | 2.8 ug/mi | 0.9 ug/ml 23F 52 pg/mi | 5.2 ug/ml | 5.2 ug/mi

The 13vPnC/Tween™80 formulation was further tested for stability against
high shear forces. In this experiment, a 100 mL 13vPnC composition (4.4 ng/mL
serotypes 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F, 23F and 8.8 ug/mL serotype 6B,
5 mM succinate buffer, 150 mM NaCl and 0.25 mg/mL AIPO,) was added to three
250 mL glass bottles comprising either 0.0%, 0.01% or 0.05% Tween™80. The three
botties were then vortexed for thirty minutes (2-8°C) on a vortexer (Vortex-Genie® 2;
Scientific Industries, Inc.; Bohemia, NY) and an air-liquid interface was created at the
maximum speed setting. After thirty minutes 10-30 mL samples were taken from
each bottle, diluted 1:2 in Array® 360 protein diluent and the antigenicity of the
thirteen serotypes assayed on an Array® 360 system.

As seen in Table 2 below, the 13vPnC formulated without Tween™80 (0.0%)
had on average a 20% decrease in antigenicity after vortexing. The 13vPnC
formulated with 0.01% Tween™80 had a decrease in antigenicity ranging from 2-10%
(average 8%) and the 13vPnC formulated with 0.06% Tween™80 had a decrease in
antigenicity ranging from 0-8% (average 3%). Thus, the data presented in Table 2
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BD Hypak BSCF 1-3 nil 4432/50 Grey Si Huber Processed Stoppers 10
Particulates West 890 Ready to Sterilize Stoppers 10 Particulates BD
Wma}iﬁ&glz 1-3 ml W4416/50 Grey Si 1000 WWD Stoppeférﬂfgszoﬂwo()‘ﬁgsg
Particulates Helvoet 6213 Stoppers 10 Particulates Daikyo Vial Stoppers
(D777-1 82-40 F451 plug stoppers) 10 No Particulate BD Hypak BSCF
1-3m1 LLA EZGTC W7025/65 Syringe Barrels 4 Particulates Hypak
NS@énmb3tnmted 028 1150 B2PAC DaikyatStoppeedtiEd Blo1RParticul®e Swengeso

E-Z, GHP TRy LEBR2405: il TnelhP DieE aisiat® the 13vPnC formulated

in the absence of Tween™80.

TABLE 2
STABILIZING EFFECT OF TWEEN™80 AGAINST SHEAR FORCES
Antigenicity |[Antigenicity|Antigenicity|Antigenicity] Antigenicity | Antigenicity
0.0% tw80 | 0.0% tw80 | 0.01% tw80|0.01% tw80 | 0.05% tw80 | 0.05% tw80
Serotype + vortex + vortex + vortex
1 4.7 ug/mL | 3.6 ng/mbL 1 4.8 ng/mL 1 4.3 ng/mL | 4.7 ug/mL | 4.6 ug/ml
3 486 pg/ml | 3.4 ug/ml 4.7 ug/ml | 4.2 ng/ml | 4.7 pgiml | 4.4 pg/mb
4 55 ug/mlL 144 pg/mL 159 ug/mbL 5.4 ng/mL | 5.9 ug/mb | 5.6 pg/mb
5 3.2ug/mb |25 ug/mL | 3.5 ug/ml | 3.2 ng/mi | 3.3 pg/imlL | 3.3 ng/mL
BA 43 ug/mb |36 ng/ml 14.6 ng/mL | 45 ug/ml | 4.7 ug/mb | 4.8 ng/mb
6B 9.7 pg/mL | 7.7 ug/mt }10.2 ug/mi | 9.6 pg/ml [10.2 ng/mt | 10.1 ng/mt.
7F 4.6 ug/mb | 3.5 ug/mL | 5.4 ug/mL | 5.0 ug/mL | 54 ug/mk | 5.3 ng/mL
oV 53 pg/mL | 4.1 ug/mL § 5.7 pg/mL | 5.1 pg/mi | 5.6 ug/ml | 5.3 pg/mL
14 6.8 ug/mL {54 ng/mL § 7.3 ug/mL | 6.7 pg/ml | 7.4 pg/ml | 6.8 ng/ml
18C | 4.1 pg/mL | 3.4 pg/mlL | 4.5 ug/mL | 4.3 pg/ml § 4.5 ng/mt | 4.5 pg/mL
19A 51 ug/mL | 4.2 ug/mL §} 5.5 pg/mL | 5.3 pg/mL | 5.6 ug/ml | 5.4 png/mb
19F 4.8 ug/mlL 3.6 ug/ml | 5.2 ug/mL { 4.9 ug/ml | 5.2 pg/ml | 5.1 pg/mt
23F 3.0 ug/mL | 24 pg/mL | 3.4 png/mL | 3.3 pg/mL | 3.5 ug/mb | 3.4 pg/mL
EXAMPLE 2

FORMULATIONS COMPRISING SURFACTANT STABILIZE AND
PREVENT AGGREGATION OF STREPTOCOCCAL C5A PEPTIDASE

The streptococcal Cha peptidase (SCP) used in this example was expressed
and purified as follows. The SCP was expressed recombinantly in £. coli using an
arabinose inducible system. Standard fermentation protocols for E. coli using
animal-free defined medium and subsequent cell lysis were foliowed. Recombinant
SCP was purified from the soluble fraction of the cell lysate by saturation to 60%
(approximately 3 M) ammonium sulfate while stirring for 12-24 hours. The saturated
lysate was centrifuged, supernatant retained and loaded onto a phenyl Sepharose
hydrophobic interaction column. Bound material was then eluted with 1 M
ammonium sulfate, 20mM Tris-Cl, pH 7.5, concentrated, and diafiltered against PBS,
pH 7.4. The purified recombinant SCP (rSCP) was diluted to ~10 mg/mL with PBS,
pH 7.4 and passed through a Posidyne filter to remove endotoxin, followed by a final
filtration (0.2 mM) for sterility and stored frozen (-25°C).

The purified SCP (55 pug/mL) was then formulated with 0.025% Tween™80 or
without Tween™80 (0.0%) in the following buffers: 5 mM succinate buffer at pH 6.0,

10 mM phosphate buffer at pH 7.0, 10 mM phosphate buffer at 7.4 or 10 mM Tris
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2 ml, 13 mm Schott Type 1 glass vials 4 No Particulate Silicone Oil (Dow
-Chemical Medical grade 360) 500 pL (1.43%) Particulates Schott TopPac

es 4 No Particulate The monovalent S. pneurnop erot
WO AP e

48 dsen as a model for the 13vPnC and was formul
ug/m1l (without AIPO4) to simulate the total saccharide concentration in
the 13vPnC formulation. Silicone (Dow Corning 360 Medical Fluid) was

igga%@ & Tuwe@ ﬁdthﬁéqngg&@@ @@@%@i@ﬁﬁﬁswggm@yﬂe&v@e

mlxture were placed o line(r) Or a
1OhtouPspaatC§§ Pprﬁnﬁs ﬂ&%%fﬁ %‘é (‘)\?V mn eIcaaglbe %gfl % t&Iek gl Cpm%or two
partigifcaes %?@Btﬁ’ﬁ@t%@oaﬁ%m@ﬂﬂfbﬁ’ﬁée@if@fb%@ﬁtmﬁ%@. LW’U assay.
2007/127865XaWAJ)B20I05 /06686 B BAIRBY. ot EIFFREST ddathlldC@NEd when

CORMFARMIBARON NBbIEAS P&%Téoﬁle%vé’é’a@ K/ ol i SN Ghe

Concentration Appearance (Visual Ins é%ectlon pm (1 01 of Si to 500

mL BSFieiatE A FBER kB RRe PartiCtidte %"boﬂﬁﬁ"??%ilsigaf'gﬁ%déﬁrﬁase
mL fearmatatien)tibeddike wHie Séificetatestration each of the buffers tested.

However, as shown in FIG. 1B, the addition of 0.025% Tween™80 to the SCP buffer
formulations, prior to being placed on the orbital shaker for two days, compietely
inhibited the SCP loss which was observed in FIG. 1A.

The storage stability of the SCP/Tween™80 (0.025%) formulation was also
assessed at 25°C and 37°C for eight weeks and six weeks, respectively (data not
shown). Briefly, the SCP (200 ng) was formulated in either succinate buffer or
phosphate buffer as follows: succinate buffer (5 mM, pH 6.0) or phosphate buffer (15
mM, pH 7.4), 0.9% NaCl and 0.025% Tween™80. The stabilty of the
SCP/Tween™80 formulations were assayed by size-exclusion-HPLC, modified Lowry
total protein assay and visual inspection for precipitation. It was observed in this
study, that the SCP/Tween™80 formulations (in either buffer) were completely stable
at 25°C and 37°C for the entire stability study (i.e., up to eight weeks and six weeks,
respectively).

EXAMPLE 3
THE INFLUENCE OF SILICONIZED CONTAINER MEANS ON THE STABILITY OF 13vPNC

Previous experiments indicated (data not shown) that 13vPnC immunogenic
compositions precipitated and/or aggregated when filled in ready to use (single-dose)
Becton Dickinson® (BD) Hypak Type 1 borosilicate glass syringes treated with Dow
Corning® medical grade DC 360 silicone and capped with West 4432/50 latex free
stoppers (chlorobutyl) and EZ tip cap West 7025/65 (Synthetic Isoprene Bromobuty!
Blend; West Pharmaceutical®, Lionville, PA). In these experiments, the 13vPnC was
formulated in 5 mM succinate buffer containing 0.85% NaCl and 4.4 pg/ml of S.
pneumoniae serotypes 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F and 23F and 8.8
ug/ml of S. pneumoniae serotype 6B, with and without 0.25mg/mL aluminum
phosphate as an adjuvant. It was observed that, in the absence of AIPO,, the
13vPnC particulates were readily observable, whereas, in the presence of AIPO,, the
13vPnC particulates were significantly diminished and more difficult to detect.
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10 ppm (5 Ol of Si to 500 mL Formulation) Fiber-like white particulates 15
ppm (7.5 01 of Si to 500 mL Formulation) Fiber-like white particulates 20

wOBH1Peld of Sito 500 mL Formulation) Fiber-like white pastigitlates 408 s0

ppm (201 of Sito 20 mL Formulation) Fiber-like white particulates 5The
amount of silicone in 13vPnC formulations (without AIPO4) was also
examined. The silicone concentration was determined by DC Plasma
Emission Spietrosso\exXdatdenatsshieswor) conttinsrmedhdckuleecoopteatief(ie.,
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of particulates.

Protein_Assay. The total protein and protein bound to aluminum was
determined by measuring the total protein concentration in the formulated

immunogenic composition and the protein associated with the aluminum pellet,
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WO 20071127665PCT/US2007/066959 TABLES EFFECT OF PROTEIN
CONCENTRATION ON THE FORMATION OF PARTICULATES

W (@gpﬁggggce (Visual Inspection) Without AIPO4 With AIPO? 87%5/‘_?%@%%95 0

&%fike white particulates No particulates 50 bg/mL o
white particulates No particulates 75 pg/mL of 6B Fiber-like white
particulates No particulates 100 ittg/mL of 6B Fiber-like white particulates

No papiculaips20Rikiairek @ GRiriResike whitesaricaaiasifilgidliked the
WhI%%l%?r%%%la%‘tee-guspended in saline). Assays were performed using the Pierce
Modified Lowry protein assay (catalog # 23240) with bovine serum albumin as a
standard.
RESULTS
in the first series of experiments, the 13vPnC immunogenic compositions
were formulated without AIPO, and exposed to a series of container means listed
below in Table 3. It was clearly evident from the data (Table 3), that the container
means components that were treated with silicone oil induced the formation of white
particles. In contrast, no particulates were detected in the presence of the non-
siliconized Daikyo® stoppers (Daikyo Seiko, Ltd., Japan) and Schott vials (Schott
North America Inc.; Lebanon, PA).

-32 -



10

25 bg/mL of Type 4 Fiber-like white particulates No particulates 50 ag/mL
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Type 4 Fiber-like white particulates Fiber-like white particulates
5EXAMPLE 4 ALUMINUM ADJUVANTS INHIBIT THE FORMATION OF
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No Particulate

BD Hypak BSCF 1-3ml LLA EZGTC W7025/65 4 Particulates
Syringe Barrels

Hypak NSCF 1-3 ml 4023/50 B2-40 Daikyo 10 No Particulate
Stoppers

Syringe E-Z Grip Tip Cap W7025/65 EZ ITC 10 No Particulate
2 ml, 13 mm Schott Type 1 glass vials 4 No Particulate

Silicone Oil (Dow Chemical Medical grade 360)

500 L (1.43%)

Particulates

Schott TopPac Syringes

7

No Particuiate

The monovalent S. pneumoniae serotype 6B was chosen as a mode! for the

13vPnC and was formulated at 61.6 pg/ml (without AIPO,) to simulate the total

saccharide concentration in the 13vPnC formulation.

Silicone (Dow Corning 360

Medical Fluid) was added to aliquots of the formulated monovalent 6B, ranging from

2 ppm to 100 ppm. The mixtures were placed on a Labline® Orbit Shaker for 2

hours at 50 rpm. As indicated beiow in Table 4, fiber-like white particulates were

observed at all silicone (Si) concentrations.
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WO 2007/127665PCI/US2007/066959 The 13vPnC was formulated in 5
mM succinate buffer containing 0.85% NaCl and 4.4 1.1g/m1 of S.
(gneumogia serotypes 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F and 2730F6 0
w ﬁ?irg.lyu(bs/ml of S. pneumoniae serotype 6B, with and withoUf 028 106695
mg/ml aluminum phosphate. The container means tested are listed below
in Table 6. 5 TABLE 6 CONTAINER MEANS Container Means
Description 1 Vetter syringes Type 1 untreated glass Imi long bulk format
2 Schott TopPac(r) syringes Plas ¢ Ar'f’hﬁés 3 BD Baked syringes Type 1
untreateBRGREIPO JILIGGNS ENRENTRAEPN ON THE FORMATION OF PARTICULATES

Appearance
Silicone Concentration (Visual Inspection)
2 ppm (1 ul of Si to 500 mL Formulation) Fiber-like white particulates
5 ppm (2.5 pl of Si to 500 mL Formulation) Fiber-like white particulates
10 ppm (5 pl of Si to 500 mL Formulation) Fiber-like white particulates
15 ppm (7.5 pl of Si to 500 mL Formulation) Fiber-like white particulates
20 ppm (10 ul of Si to 500 mL Formuilation) Fiber-like white particulates
100 ppm (2ul of Si to 20 mL. Formulation) Fiber-like white particulates

The amount of silicone in 13vPnC formulations (without AIPO4) was aiso
examined. The silicone concentration was determined by DC Plasma Emission
Spectroscopy (data not shown). In this method, the content of 25 syringes were
pooled and extracted with two 50 ml portions of cyclohexanefisopropy! alcohol
mixture. The extracts were combined and evaporated. The residual was solubilized
and tested as per existing methods for silicone determination on rubber stoppers.
The results indicated that between 15.8 to 19.0 pg of silicone is extractable from
each syringe. This amount corresponds {0 2.7% to 3.3% of silicone.

In a separate series of experiments, in which the 13vPnC was formulated in
the presence of AIPO, and subjected to the same container means set forth in Table
3, it was elucidated that the silicone and the “free” protein (13vPnC) in solution was
responsible for the formation of the particulates (data not shown). FTIR analysis of
the particulates also indicated that the particulate consisted of protein and silicone
(data not shown). it was determined in these experiments, that about 85% of the
13vPnC is bound to the AIPQ4, wherein the remaining 15% was free (not bound to
AIPO,) 13vPnC in solution. In contrast, it was observed that 7vPnC formulated with
AIPO, was 100% bound to the AiPO, (data not shown).

To elucidate the effect of free protein-polysaccharide on the formation of
particulates, 25 mi of both 7vPnC and 13vPnC were aliquoted and transferred to a 50
ml centrifuge tube. The samples were centrifuged for 10 minutes at 3,000 rpm and
the supernatant was carefully extracted and transferred to a Nalgene® bottle. Ten
siliconized stoppers (4432 Stoppers) were added to each bottle and placed on orbital
shaker at 50 rpm. After careful visual inspection, it was observed that the 7vPnC

supernatant exhibited no particulate formation, thereby remaining clear and colorless.

-34 -



10

15

4 BD Baked syringes Type 1 untreated glass 0.04 mg silicone/barrel 5 BD
High viscosity syringes Type 1 untreated glass 2.25 ml syringes 12500 cst

woibsPne-&PD High viscosity syringes Type 1 untreated glase #8580h7/066959
syringes 12500 cst silicone 7 BunderGlas syringes, PS2 Type 1 untreated

glass 0.056 mg silicone/barrel 8 BenderGlas syringes, PS4 Type 1
untreated glass 0.14 mg silicone/barrel West 4023/50 Flurotec(r)132-40
plurtdysvitufotetivP plisgegatant began to show low levels of particulate in the

fourth hour of observation (data not shown). This result suggested that the free
protein-polysaccharide in solution, in conjunction with silicone, is responsible for the
formation of the particuiates.

To further elucidate the contribution of the free protein-polysaccharide in
solution to the formation of particulates, monovalent S. pneumoniae serotypes 4 and
8B were chosen for their high and low binding to aluminum, respectively. These two
monovalents were formulated at protein concentration ranging from 25 pg/mi to 200
ug/ml in the absence and presence of AIPO,. Ten siliconized stoppers (4432
stoppers) were placed in each formulation, which were then placed on the orbit
shaker at 50 rpm. As indicated below in Table 5, fiber-like white particulates were
observed for both monovalent serotypes at all protein concentrations in the absence
of AIPQO,. However, in the presence of AIPQO,, particulates were detected at lower
concentrations for serotype 4 (100 pg/ml) versus serotype 6B (200 ug/ml), data not
shown.
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10Formulation and Fill Procedure. Listed below in Table 7 is the recipe for
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Beckman rray 360 nephelometer. TABLE 7 13VPNC FORMULATION

TABLE Component

ExampLE 4
ALUMINUM ADJUVANTS INHIBIT THE FORMATION OF 13VPNC PARTICULATES IN THE
PRESENCE OF SILICONIZED CONTAINER MEANS

As set forth above in Example 3, a 13vPnC immunogenic composition is a
liquid formulation comprising 4.4 pug/mbL of S. pneumoniae serotypes 1, 3, 4, 5, 6A,
7F, 9V, 14, 18C, 19A, 19F, 23F and 8.8 pg/mL of type 6B in 5 mM succinate buffer
(pH 5.8) and 0.85% NaCl, which may also be formulated with or without an adjuvant
(e.g., an aluminum adjuvant). The 13vPnC may aiso be formulated with or without
an adjuvant, such as 0.25 mg aluminum/m! aluminum phosphate (AIPO,). it was
observed in Example 3, that 13vPnC formulated without AIPO, and filled in BD Hypak
SCF™ syringes (capped with Hypak plungers) failed visual inspection due to the
observation of particulates, wherein further studies revealed that the particulates
were in part a result of protein-polysaccharide interactions with silicone. In the
foliowing example, syringes (and plungers) from various vendors were evaluated
with 13vPnC formulations, wherein shipping and handling conditions were simulated
via agitation (described below).
Materials
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Batch Size (L) Bulk Cone (mg/mL) Required Cone (ug/mL) 13vPne with
AIPO4 Volume (mL) 13vPnC without AIPO4 Volume (ml) serotype 1 2000.
w8 R BA6L7-39 17.39 serotype 3 2.000 0.256

10

15

20

PCT/US2007/066959

The 13vPnC was formulated in 5 mM succinate buffer containing 0.85% NaCl
and 4.4 ug/ml of S. pneumoniae serotypes 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F
and 23F and 8.8 ug/m! of S. pneumoniae serotype 6B, with and without 0.25 mg/ml

aluminum phosphate. The container means tested are listed below in Table 6.

TABLE 6
CONTAINER MEANS
Container Means Description

1 Vetter syringes 1mi long bulk format
Type 1 untreated glass

2 Schott TopPac® syringes Plastic syringes

3 BD Baked syringes 0.1 mg silicone/barrel
Type 1 untreated glass

4 BD Baked syringes 0.04 mg silicone/barrel
Type 1 untreated glass

5 BD High viscosity syringes 2.25 mi syringes
Type 1 untreated giass 12500 cst silicone

6 BD High viscosity syringes 1.0 mi syringes
Type 1 untreated glass 12500 cst silicone

7 BinderGlas syringes, PS2 0.056 mg silicone/barrel
Type 1 untreated glass

8 BlinderGlas syringes, PS4 0.14 mg silicone/barrel
Type 1 untreated glass

1 West 4023/50 Flurotec® B2-40 Flurotec® plungers
plungers

2 West 4023/50 Fiurotec® B2-40 Flurotec® plungers
plungers

1 13vPnC with AIPO, in BD Hypak Positive control, high
syringes with West 4432 ready to silicone
use plungers and 7025/65 EZ tip
caps

2 13vPnC with AIPO, in un-siliconized | Negative control, not
syringes with West 4023/50 treated with silicone
Flurotec® B2-40 plungers

Methods

Formulation and Fill Procedure. Listed below in Table 7 is the recipe for a
2 liter 13vPnC formulation. Briefly, the 0.85 % saline was first added to a glass
beaker, followed by the 5 mM succinate buffer (pH 5.8), and then sequentially each
of the S. pneumoniae serotype conjugates. The formulation was then gently mixed
on a stirrer plate and filtered through a 0.22 um Millipore® filter unit. For formulation
comprising AIPQ, , the AIPO, (0.25 mg/ml final concentration) was then added and
the formulation gently mixed. The test syringes were then filled (0.58 ml/syringe) and
capped with plungers.

Shipping Simulation via Agitation. A VWR® signature Digital Multitube
vortexer (Catalog No. 14005-826) was used to agitate the samples. The syringes
filled with 13vPnC were placed horizontal and fixed by the two support plates of the
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4.4 34.38 34.38 serotype 4 2000. 0.530 4.4 16.60 16.60 serotype 5 2.000
0.5154.4 17.09 17.09 serotype 6A 2.000 0.519 4.4 16.96 16.96 serotype

66 2.000 0.489
WO 2007/127665 PCT/US2007/066959

vortexer. Samples were held at horizonta! position and agitated at 500 rpm pause
mode at 2-8°C for twenty-four hours.
Nephelometry. Serotype specific antigenicities were determined by a rate
nephelometry assay using type-specific antibodies. For 13vPnC with AIPO4, the
5 aluminum phosphate was solubilized by adding 1IN NaOH. The solution was
immediately neutralized by adding 1M citric acid. For 13vPnC without AIPO4, no
solubilization and neutralization procedures were performed. The assay measures
the rate of change of light scatiering intensity derived from the antibody-antigen
complex formed in the sample using Beckman Array 360 nephelometer.

10
TABLE 7
13vPNC FORMULATION TABLE
Batch Bulk Required 13vPnC with 13vPnC without
Component Size Conc Conc AIPO, AIPO,
(L) (mg/mL) (ug/mL) Volume (mL) Volume {mL)
serotype 1 2.000 0.506 4.4 17.39 17.39
serotype 3 2.000 0.256 4.4 34.38 34.38
serotype 4 2.000 0.530 4.4 16.60 16.60
serotype 5 2.000 0.515 4.4 17.09 17.09
serotype 6A 2.000 0.519 4.4 16.96 16.96
serotype 6B 2.000 0.489 8.8 35.99 35.99
serotype 7F 2.000 0.500 4.4 17.60 17.60
serotype 9V 2.000 0.521 4.4 16.89 16.89
serotype 14 2.000 0.518 4.4 16.99 16.99
serotype 18C 2.000 0.509 4.4 17.29 17.29
serotype 19A 2.000 0.511 4.4 17.22 17.22
serotype 19F 2.000 0.520 4.4 16.92 16.92
serotype 23F 2.000 0.511 4.4 17.22 17.22
Succinate Buffer
in 0.85% Saline, 2.000 50.0 5000 200.0 200.0
pH 5.8
AIPO, 2.000 3.250 250 153.85 NA
Saline 2.000 NA NA 1387.62 1541.46
RESULTS
15 In this study, syringes from different venders, having different silicone levels
(Table 6), were subject to controlled agitation conditions. The total antigenicity of
each serotype was measured by Nephelometry assay for both pre-agitation and post-
agitation samples. Antigenicity loss following agitation (percentage) was calculated
and is shown in FIG. 2 through FIG. 7.
20 Prior to the study, the agitation conditions were optimized based on the

antigenicity loss of the two controls: (1) the worst-case control (positive control, high
silicone; FIG. 2) and (2) the best-case control (negative control, no silicone; FIG. 3).

The conditions were then optimized such that the antigenicity loss was low in positive
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8.8 35.99 35.99 serotype 7F 2.000 0.500 4.4 17.60 17.60 serotype 9V
2.000 0.521 4.4 16.89 16.89 serotype 14 2.000 0.518 4.4 16.99 16.99

wEShRg4SC 2.000 0.509 PCT/US2007/066959

control, yet detectable in the negative control. This was to ensure that the agitation
was neither too weak to produce precipitation in the syringes; nor too strong, such
that the precipitation might be caused by factors other than the silicone interaction
(e.g., by shear forces). Thus, agitation at 500 rpm (pause mode) for twenty-four
hours was chosen as the most suitable agitation condition, while a temperature of 2-
8°C and a horizontal position were used to simulate the conditions in real time
product shipping and handling.

The results of the study are summarized as follows: The largest antigenicity
losses of the 13vPnC formulated with AIPO4 occurred in the syringes with higher
silicone levels (data not shown). For example, of the syringss listed in Table 6, the
BD Hypak syringe (control 1), the BD baked syringe (syringe 3; 0.1 mg silicone), the
BD high viscosity (syringe 5) and the BiinderGias PS4 syringe (syringe 8, 0.14 mg
silicone), each had one or more of the 13vPnC serotypes with greater than 10%
antigenicity loss. The smallest antigenicity losses of the 13vPnC formulated with
AIPQ, occurred in the syringes with lower silicone levels. For example, the Vetter
syringes (FIG. 4) and the Schott TopPac plastic syringes (FIG. 5) were most similar
to un-siliconized syringes (FIG. 2), both demonstrating minor antigenicity losses for
13vPnC formulated with AIPQOs.

The influence of the aluminum phosphate on stabilizing the 13vPnC and
inhibiting particulate formation in the presence of siliconized syringes was analyzed
in experiments using 13vPnC formulated with and without 0.25 mg/mt AIPO., wherein
syringes used were the BD baked low silicone syringes (syringe 4 in Table 6) and the
BinderGlas low silicone PS2 syringes (syringe 7 in Table 6). The BD baked low
silicone syringes (0.04 mg silicone/barrel) typically had iess than 10% antigenicity
loss for the 13vPnC serotypes formulated with AIPQ, (FIG. 86A), whereas the
antigenicity loss for the 13vPnC serotypes formulated without AIPO, (FIG. 6B) had
antigenicity losses ranging from 5% (serotype 1) up to about 50% (serotype 23F).
The BinderGlas low silicone PS2 (0.056 mg silicone/barrel) syringes had less than
5-8% antigenicity loss (depending on serotype) for 13vPnC formulated with AIPO,
(FIG. 7A), whereas the antigenicity loss for the 13vPnC serotypes formulated without
AIPO, (FIG. 7B) had antigenicity losses ranging from about 5% to about 30%
{(depending on serotype).

Thus, these data taken together indicate that: (1) the antigenicity loss of
13vPnC was greater in the syringes with higher silicone ievels and (2) the 13vPnC
formutated without AIPQ, sustained greater antigenicity losses than 13vPnC with
AIPQy in all of the syringes tested. ‘
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WO 2007/127665 PCT/US2007/066959

EXAMPLES
FORMULATIONS COMPRISING SURFACTANT OPTIMIZE THE BINDING OF

MENINGOCOCCAL ANTIGENIC PROTEINS TO ALUMINUM SALT ADJUVANTS

The recombinant lipidated N. meningitidis 2086 protein (rL.P2086) used in this
example was expressed and purified as follows. The rLP2086 was expressed
recombinantly in E. coli utilizing a native leader sequence. Standard fermentation
protocols for E. coli using animal-free defined medium and subsequent cell lysis were
foliowed. Recombinant lipidated N. meningitidis 2086 protein was purified from the
membrane pellet with 50mM Tris-HCI/5mM EDTA/1% sarcosyl pH 8. This sarcosyl
extract was adjusted to 1% Zwittergent 3-14 (Z3-14) and dialyzed twice against a 30
fold excess of 50mM Tris-HCI/5mM EDTA/1% Z3-14. The dialyzed rl.P2086 extract
was precipitated with 90% ethanol to remove remaining sarcosyl, and solubilized with
50mM Tris-HCI/5SmM EDTA/1% Z3-14 pH 8. Insoluble material was removed by
centrifugation, the supernatant was passed over an anion exchange chromatography
column, and rLP2086 was coliected in the unbound fraction. The unbound material
was then dialyzed twice against a 30-fold excess of 25mM NaAc/1% Z3-14 pH 4.5,
and passed over a cation exchange chromatography column. The rLP2086 was
eluted with a 0-0.3M NaCl gradient and stored frozen (-25°C).

The purified rLP2086 was then formulated with 150 mM NaCl, 0.020%
Tween™80, 0.25 mg Al/mL of AIPQ,, and in the following buffers: 10 mM phosphate
buffer at pH 7.0 and 5 mM succinate buffer at pH 6.0. Table 8 compares protein
binding percentage to the AIPQO, adjuvant.

TABLE 8
RLP2086 BINDING TO ADJUVANT
Buffer Total Protein Conc. AIPO, Bound Protein (%)
(ug/mL)
10 mM Phosphate buftfer
pH 7.0 containing 150 mM 400 68
NaCl, 0.02% polysorbate
80 and 0.25 mg AVmL of 120 82
AlPOy
5 mM Succinate buffer pH
6.0 containing 150 mM 400 81
Na(l, 0.02% polysorbate
80 and 0.25 mg Al/mL of 120 100
AlIPO4
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The conditions were then optimized such that the antigenicity loss was low
in positive control, yet detectable in the negative control. This was to

wo ®Bisurasthat the agitation was neither too weak to produce RFEGIPRRRTHI$GASO
the syringes; nor too strong, such that the precipitation might be caused
by factors other than the silicone interaction (e.g., by shear forces). Thus,
agitation at 500 rpm (pause mode) for twenty-four 5 hours was chosen as
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horizontaliipasitioh GeereoliSet] 46:43601860the conditions in real time
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summarized as. follows: The lar estan i‘g_&ggcity losses of the 13vPnC
formulategg%vﬁ?{ngl Jof égg;gir%%%m’the)}syringes with higher I 0 silico
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BD Hypatssyritage.(control 1), the BD baked syringe (syringe 3; 0.1 mg
silicone), the BD high viscosity (syringe 5) and the BlinderGies P34
syringe (syringe 8, 0.14 mg silicone), each had one or more of the
13vPnC serotypes with greater than 10% antigenicity loss. The smallest
antigenicity losses of the 13vPnC formulated with 1.5 AIPO4 occurred in
the syringes with lower silicone levels. For example, the Vetter syringes
(FIG. 4) and the Schott TopPac plastic syringes (FIG, 5) were most similar
to un-siliconized syringes (FIG. 2), both demonstrating minor antigenicity
losses for 13vP nC formulated with AIPO4. The influence of the aluminum
phosphate on stabilizing the 13vPnC and 20 inhibiting particulate
formation in the presence of siliconized syringes was analyzed in
experiments using 13vPnC formulated with and without 0.25 mg/ml
AIPOL, wherein syringes used were the BD baked low silicone syringes
(syringe 4 in Table 6) and the BOnderGlas low silicone PS2 syringes
(syringe 7 in Table 6). The BD baked low silicone syringes (0.04 mg
silicone/barrel) typically had less than 10% antigenicity 25 loss for the
13vPnC serotypes formulated with AIPO4 (FIG. 6A), whereas the
antigenicity loss for the 13vPnC serotypes formulated without AIPO4 (FIG.
65) had antigenicity losses ranging from 5% (serotype 1) up to about 50%
(serotype 23F). The BOnderGlas low silicone PS2 (0.056 mg
silicone/barrel) syringes had less than 5-8% antigenicity loss (depending
on serotype) for 13vPnC formulated with AIPO4 30 (FIG. 7A), whereas the
antigenicity loss for the 13vPnC serotypes formulated without AIPO4 (FIG.
75) had antigenicity losses ranging from about 5% to about 30%
(depending on serotype). Thus, these data taken together indicate
that: (1) the antigenicity loss of 13vPnC was greater in the syringes with
higher silicone levels and (2) the 13vPnC 35formulated without AIPO4
sustained greater antigenicity losses than 13vPnC with AIPO4 in all of the
syringes tested. EXAMPLE 5 FORMULATIONS COMPRISING
SURFACTANT OPTIMIZE THE BINDING OF MENINGOCOCCAL
ANTIGENIC PROTEINS TO ALUMINUM SALT ADJUVANTS The
recombinant lipidated N. meningitidis 2086 protein (rLP2086) used in this
5 example was expressed and purified as follows. The rLP2086 was
expressed recombinantly in E. colt utilizing a native leader sequence.
Standard fermentation protocols for E. colt using animal-free defined
medium and subsequent cell lysis were followed. Recombinant lipidated
N. meningitidis 2086 protein was purified from the membrane pellet with
50mM Tris-HCI/5SmM EDTA/1% sarcosyl pH 8. This sarcosyl 10 extract
was adjusted to 1% Zwittergent 3-14 (Z3-14) and dialyzed twice against a
30 fold excess of 50mM Tris-HCI/5mM EDTA/1% Z3-14. The dialyzed
rLP2086 extract was precipitated with 982 ethanol to remove remaining
sarcosyl, and solubilized with 50mM Tris-HCI/5mM EDTA/1/0 Z3-14 pH 8.
Insoluble material was removed by centrifugation, the supernatant was
passed over an anion exchange chromatography 15 column, and rLP2086
was collected in the unbound fraction. The unbound material was then
dialyzed twice against a 30-fold excess of 25mM NaAc/1% 73-14 pH 4.5,

and passed over a cation exchange chromatography column. The
rl P20O2A wac alitted with 2 N-0 2M NlacCl aradient and <ctored frozen



TABLE 8 251892086 BINDING TO ADJUVANT Buffer Total Protein Conc.

(ngimL) AIPO4 Bound Protein %) 10 mN1 Phosphate buffer pH 7.0

containing 150 mlvl NaCi, 0.02% polysorbate 80 and 0.25 mg Al/mL of

AlPat 400 68 120 5 mlvl Succinate buffer pH 6.0 containing 150 m% SLLP
Atk 0.02% polysorbale 80 and 0.25 mg AlimL of AIPO4 400 120 8 )
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protein conjugates comprising one or more pneumococcal polysaccharides.

2. The formulation of claim 1, wherein the polysaccharide-protein conjugate formulation
is comprised in a container means selected from one or more of the group consisting of
a vial, a vial stopper, a vial closure, a glass closure, a rubber closure, a plastic closure,
a syringe, a syringe stopper, a syringe plunger, a flask, a beaker, a graduated cylinder,
a fermentor, a bioreactor, tubing, a pipe, a bag, a jar, an ampoule, a cartridge and a

disposable pen.
3. The formulation of claim 2, wherein the container means is siliconized.

4. The formulation of claim 1, wherein the buffer is succinate at a final concentration of
1 mM to 10 mM.

5. The formulation of claim 1, wherein the polysorbate 80 has a final concentration of at

least 0.01% to 0.05% polysorbate 80 weight/volume of the formulation.

6. The formulation of claim 1, further comprising one or more meningococcal
polysaccharides, one or more meningococcal antigenic proteins, or a combination

thereof.

7. The formulation of claim 1, further comprising one or more streptococcal
polysaccharides, one or more streptococcal antigenic proteins, or a combination

thereof.

8. The formulation of claim 1, wherein the polysaccharide-protein conjugate formulation
is a 7-valent pneumococcal conjugate (7vPnC) . formulation comprising a S.
pneumoniae serotype 4 polysaccharide conjugated to a CRMyg; polypeptide, a S.
pneumoniae serotype 6B polysaccharide conjugated to a CRMqy; polypeptide, a S.

pneumoniae serotype 9V polysaccharide conjugated to a CRMjg; polypeptide, a S.
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MC SLLP CLAIMS: 1. A formulation which stabilizes a

polysaccharide-protein conjugate, the formulation comprising (i) a pH

buffered saline solution, wherein the buffer has a pKa of about 3.5 to

about 7.5, (ii) polysorbate 80 at a final concentration of at least 0.001% to
18- FRLBANALAE: L MEIB RIS e 8 S RSOETHHALAR. BN (HHARE Ristidine or

‘more polysaccharide-protein conjugates comprising one or more
CiBREumococcal polysaccharides. 2. The formulation of claim 1, wherein

the polysaccharide-protein conjugate formulation is comprised in a
rFoRaRsrlERts selesled fam.aner DarGalde AUPHR.CoRBInEAL3 o

vial, a vial stopper, a vial closure, a glass closure, a ru osure, a

MCSLLP

plastic closure, a syringe, a syringe stopper, a syringe plunger, a flask, a :
1 epkSromraiashRigdiaindernatarnenyM. riiipsaaEMe thiBnE ORI & sodium

ag, a jar, an ampoule, a cartridge and a disposable pen. 3. The

Glation of claim 2, wherein the container means is siliconized. 4. The

formulation of claim 1, wherein the buffer is succinate at a final
16OPRERFAHARSH LIMitR 18 ikrem tHesoiararWatianpbEali knh&lSdantration

the polysorbate 80 has a final concentration of at least 0.01% to 0.05%
Ofp%fg?%rbate 80 weight/volume of the formulation. 6. The formulation of

claim 1, further comprising one or more meningococcal polysaccharides,

remor ' ccal antigenic protej bination thereof.

SR TR R R oL

streptococcal polysaccharides, one or more streptococcal antigenic
2protetim PatR S RRinaliapithesepbof st fodaadiem Worlatiatd, whdeeimulation

the po.lxsaccharide-protein conjugate formulation is a 7-yalent
C%W (fctocceal conjugate (7vPnC) formulation comprising a S.

pneurtibriad-sbritgrsst 4sphings sotiiand endenpinydted boffeCRMLgFINate at a final

PolypepfidenimorPBestBaniag FEEO B/ OB ReIasehsride conjugated to a
CRN/1197 polypeptide, a S. pneumoniae serot_yge QVéJonsacchari

1 ¢ e o
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p”eufgﬂ”&%&%@%&%ﬁﬁ&%Xéé\%&?}ﬂ%%é%@%@ﬂf&%ﬁuﬁch%prising asS.

polypeptide, a S. pneumoniae serotyEe . polysaccharide conjugated to

a ORMTS?THEIFE SN R G R DY TRFENRGRISLUHRITE 538 SttkeacRApaRide. a
conjugatep-aumomiél 9epstiyre pde. pBlyhecfreimiglabonjofsiedmtd, a CRM;o,
wherein the polysaccharide-protein conjugate formulation, is a, 13-val

prou OB oot (LS B com by S3Alfhed o o

pneurhfiliae SOPRRRELE palysavetidnaead rrRIghteel 18 #eRRPLYFride conjugated
polypeptislecrig, Pnssijpepis Seiol P Al PrhiaaceBrsifseCariodpiR dedharide
CRI1/1197 polypeptide, . pneu onia? erotyp 9V’£ol sac;charidet 19F
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RGO IR & B o Do oSty Lo a8 harde
conjugatddoried GRMABY polyplepeidiide 10. The formulation of claim 1,

wherein the formulation further comprises an adjuvant. 11. The

formulation of claim 10, wherein the adjuvant is aluminum phosphate. 12.

The formulation of claim 9, wherein thé¥ormulation further comprises an
adjuvant. 13. The formulation of claim 12, wherein the adjuvant is

aluminum phosphate. 14. The formulation of claim 13 wherein the

aluminum phosphate is present at a final concentration of about 0.25

mg/mL. 15. The formulation of claim 9, wherein the buffer is succinate at
A final cancentration of 1 MM 0o 10 MM andnHE QAN MC< 1A The
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17. The formulation of claim 3, wherein the succinate buffer has a pH of
5.8 t0 6.0. 18. The formulation of claim 1, wherein the pH buffered saline
solution contains sodium chloride. 19, The formulation of claim 5, wherein ~ MCSLLP
the buffer is succinate at a final concentration of 5 mM. 20. The
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Which stabilizes a polysacc arldSe-pro ein conjugate, the tformulation
isdomidkising (i) a pH buffered saline solution, wherein the buffer is

succinate at a final concentration of about 1 mM to 10 mM and pH 5.8 to

6.0; (H),polysorbate 80 at a final concentratiop of gt least 0,01% tp 0.05% . .
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sqdisomeblooiceal conjugate (13vPnC) formulation comprising a S.

pneumoniae serotype 4 polysaccharide conjugated to a CRM197

polypeptide, a S. pneumonia serotype 6B polysaccharide conjugated to a
2R JPrPBlASeptiak CR18! gRelVRBIFEe BErSETERVPRHIBRAGRHRIRRRN at @ final
coacgugatied 9 asGRWILI7 polypeptide, a S. pneumoniae serotype 14

polysaccharide conjugated to a CRIV1197 polypeptide, a S. pneumoniae

serotype 18C polysaccharide conjugated to a CRM197 polypeptide, a S.
2bnEerfonmasadierod)sta 1R pvi)sErRIBHER f ewigtigafaaher sepavisesan adjuvant,
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a CRM197 polypeptide, a S. pneumoniae serotype 1 polysaccharide
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pneumoniae serotype 6A polysaccharide conjugated to a CRM197.
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conjugated to a CRM197 polypeptide=4nd (iv) an adjuvant comprising
aluminum phosphate present at a final concentration of about 0.25
mg/mL. -46-



