PNEUMOCOCCAL POLYSACCHARI DE CONJUGATE VACCI NE Fi el d of
the I nvention The present invention relates to an

i mproved Streptococcus pneunopni ae vaccine. 5
Background of the Invention Children |ess than 2 years
of age do not nount an i mMmune response to nost

P DGR R A TS RIBE CORReRRE PAG ke

conjugation to a protein carrier. Coupling the

pol ysaccharide, a 10 T-independent antigen, to a

pr Beldiofitheanventipendent anti gen, confers upon the

p OFW@GNWP'?}'Q" tefi’éesé? %@P’PY@SS”GJP‘O"PC‘H‘@ pestIeRs vaccine.

si ncl udi ng i sotype switching, affinity maturati on, and

rreHEJk¥rohn&jUﬁLéﬂloant!on However, there can be issues

epeat adm nistration of poli}/saccharl de-protein
coffidgat'ess ey 4 Hears Shifem 40 By Beun
pobohsabave i velesines, 0@ iitnhasolrgen mecessary do fremder rihel Polysatabarddes

15In¥rﬁ|ﬁ leRiE By cHeMica®bAtgaki&h to hbrotbﬁﬁcahﬁﬁrbohﬁﬁﬁme%gigatﬂéfan& a

|Iu tl uenzae e accharlde
10 B E R RRaniaey r?gpqeat AT e Sotsrh, dpon the
capqinseqchamg thee popertidsn ofaTddpsqglenqvalng@m lsmm pwitching eafingty
inmn,iaz@tg,ﬂmnémot-yhncm&roﬁe) TT and a pneurmcoccal

pol ys a?lc\!'v]gv%ll ﬂ‘e agﬂlég %tnirse}{ﬁ g&rﬂﬁ stta%r! & }M)!P%cgnande protein

standard T'Rf ant
pnenivpRese eathe mmnqq@ vfa@'wq?efﬁe%@a‘emtcﬁ@uaam form multivaient
151 e&aame koD ekitfpld? hasXeep odppaad tans iHbempEids ibﬂl.teofaetthm b

,?o geahsagégenpy %&h@ﬁ &aﬂ.ﬁ%ﬁﬁgﬁﬁ as macur wﬂu&sd
erenc sacchar i OSSI Vi a

us'é aﬁ‘”’?ﬂ?é"@&r’fé‘h éﬁf”f‘?’@?“sdf“ﬁ‘f‘%'ﬁ"’"( wb gekett 3%3 a ppeugpgoceal

I nmlynaecﬁahﬁ@ﬂ ;cofj@ate? G28in@ GIBYing a standdifdeiniant echpdute.  tAsethe

Cakdshdef of me%@urﬁbcg&am&.m%&us@ gl mﬁnﬁﬁeoi%&ﬁ:ﬂsé @ :ﬁéﬂpap

ot t t
20 b UARGOHR Py o JRe P EROYEPIE Yo vAe (R BSREP7 re
d optedersé ofthe prllysapcharide tpossiblyainibe usepbihelsanramigarretein (Dagan

regd). t,,ggmn{hlﬁ @gggg gqugb-ﬁ@gponse to the tetanus
carrie

I
heso. 508 BRECH S st Horect B ilthrd Dol T e proen
deltself hasetso proverdp be apititapride é@ht@ﬁ"ﬂfdﬂ%}* %ﬂfﬁfmég%ﬁhatnqcreasmg
25 Whthé Boshige 61 @ttetfavaléry tetHRdEbSidOugdel testiRl incy @drdasedirespahde to
f R eBRus %ﬁ%ﬁ@g&%%gglg U?Ia) _Cllﬂggsicﬁ ranﬂs%toﬂhgse( Q%binatlon

vacci ne pears to resu
cOffrEes MAYSrbepm Aespriped ap F%merwumeempt?ewpgessen tVB“CP FFe"°‘ fully
C alndérétbod) Ibot kxdlieved ad desBit @erh b dxcest lagnoprd| of Saciehanteid Fatiofm,

t :\gacﬁgf@ﬂ hSe (ﬁébs nenig Qﬁdéhrg'io E&tmturEMpBﬁtﬁﬁfbmrﬁlé’éu@ byftﬂé@&ils

s0 B e Zay ey %? S0 e ¥ier Ehare. BBl S e Sirr protei

p diredomineteathere are npianeval Th-cellsavaliBlie topeqyide the gessersy keln for the
efi&m& Spebify© tRgR\sICHRAMS IHY e, thaibbdivddemiricgical 2fieuts Have
Ofbegﬁgn%ngﬁtew Q«ﬁf?{hg t&éﬁ aﬁsﬂﬁ oi‘ &?ﬁe@?f"b@n inrégﬁ'lg ﬁ{aﬂ&s tnﬂ:?easmg

es dimni
| ﬁﬁ%ﬁ'ﬁ‘“ﬂ%?ﬁ&ﬂﬁ% and In other ca3qs fiminishing the IPEHRE 'FPpP'é%h ni cal
difficulties in conmbining rmultiple polysaccharide
conjugates into a single, efficacious, vaccine
formul ati on. Streptococcus pneunoniae is a
Gram positive bacteriumresponsible for considerable
norbidity and nortality (particularly in the young and
aged), causing invasive 5 diseases such as pneunoni a,
bacteraem a and neningitis, and di seases associ at ed
W th col onisation, such as acute Qtitis nedia. The
rate of pneunococcal pneunonia in the US for persons
over 60 years of age is estimated to be 3 to 8 per
100, 000. In 20% of cases this |eads to bacteraen a,
and other manifestations such as neningitis, wth a
nortality rate close to 30% even with antibiotic
treatment. 10Pneunbcoccus is encapsul ated with a
chen1ca||y I|nked polysaccharlde mhlch confers

e —y o ~ o~ e Y

t an immune response to most



30 Figure 5 Bar chart show ng anti-22F 1gG response in
Bal b/c mce Figure 6 Bar chart showi ng anti-22F
opsono- phagocytosis titres in Balb/c mce. Fi gure
7 Bar chart conparing 193 responses induced in young
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278), for exanple 057 and 0821 (al so known as QA7 and
QA21). @B-21 is a natural saponin 5 derived fromthe
bark of Qui Raja saponaria Mdlina which i nduces CD8+
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defansiipn epplyspesheridey  ahd SEEPLSPRSHY n PERYFICYER | GRmprise  repeating
paautgbs“auérardeyurﬁth hie® Fal Revtdio 0p &f 8 Qjt rexkides3 DFdviaLreview of the
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or nore dinudeotide CpG rmtifs separ at ed by at | east
three, nore preferab %/ aht east six or o ' harides
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35phpelyshesheride t thi Rreleie | in ghe cmvo@tepﬁsf é?a?ﬂpfyd guch that the ratio of
phosphor ot hi oate bond, al thogygh phosphodi ester and
ot her internudeoti de bonds are within the scope of the
i nvention. Also included within the scope of the
i nvention are oligonucleotides with m xed
i nt emucl eotide |inkages. Methods for producing
phosphor ot hi oate ol i gonucl eoti des or
phosphorodi t hi oate are described in 5 US5, 666, 153,
1.185, 278,302 and W95126204. Exanpl es of preferred
di gonucl eof i des have the foll owi ng sequences. The
sequences preferably contain phosphorothioate nodified
i nternucl eotide |linkages. OLIGO 1(SEQ ID NG 1): TCC
ATG ACG TTC CTG ACG rr (CpG 1826) 10 OLIGO 2 (SEQ ID
hEIZ) TCT CCC AGC GIG CGC CAT (CpG 1758) (LI GO 3(SEQ
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15 described, such as water in oil emrulsions (US
5,422, 109; EP 0 480 982 B2) and water in oil in water
emul sions (US 5, 424,067;EP 0 480 981 B). Al of which
formpreferred oil enmul sion systens On particul ar when
I ncorporating tocols) to form adjuvants and
conpositions of the present i nvention. 20Most

preferably the o] on . for i nst.ance [ . in ter
PSP o i B0 e SBrudoas e hecRPreaed ltrich S P an
TV\ElEelt @Otha patrieo suppression gﬁec@.lﬁd hnra@ogehml qonjtgates| prona to hydrolysis
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10M Xi ng the tocol -containing oil phase with a
surfactant such as a PBS/ TVWEENBOTm sol uti on, foll owe
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d © wc':ha“dacmate’kw"d’m theravérhge siget (e ghweeighiravepagh geplecular weight;
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Vo EHdHBG 60f 702 801/ 98i0P 5% Eudtah@a poa fikration Corapatiedo@thatndpre ittretion
20bys uti ne experinmentation conprising the nmeasurenent
TWe*resul tant emul sion until a preparation was
achleved wth oil droplets of the required dianmeter In
an Ferithe purposed of thechiehtivh Onativé patysaccharaintreersub gisadeharide that has
sh 9&|bgerP§1bj'eHe@ig n‘&%@&l@ i duﬁﬂcauo?; %e%%b@&lﬁ whidh it leduce

hosphat e buf a
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250i horinal \patifieatioa nprbesdones.aBachpae fseechdridy kestill natiys DOnly if the
' A9 Gi8ndhcridDsd vidiid thd balysan£a0 Ao
pr e?%?g%wggﬁg%egﬁwﬁwﬁy argdli%é %O 508nm [ I!Izlaygl anmet er, ©
an@osi9ered %ﬁerably substantially 150-500nmin
di aneter, and in particular about 150 nmin dianeter

as FoRaRs Wrﬁﬁe@f tﬂbhﬂféﬁtl%n 1@z yracbAdriup o £ eghnsiBat theysacdharide
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erred ranges, no r
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dr tielsems wiayi.entherbaechasidels aibjdat tn aptpessd dnftdndestito saduee theyizpet the
TheoiAaBEds bR to tdiin & QBPABRMaR ARhRS § QliarieRett. IRe $ielof the native
enuIS|ons of the present invention are conventionally

¥a°aif§e of from 0.5-20%or 2 to 10%ooil (of the
total dose volune), such as squal ene; 15 and when
present, from2 to 1096a|pha1tocopherol and fromO0.3
to 3% surfactant, such as pol yoxyet hyl ene sorbitan
nonool eate. Preferably the ratio of oil (preferably
squal ene): tocol (preferably a-tocopherol) is equal or
less than 1 as this provides a nore stable enul sion.
An emul sifier, such as Tween80 or Span 85 may al so be
present at a |evel of about 1% In sone cases it my
be advant ageous that the vacci nes of the present
20i nvention wll further contain a stabiliser.
Exanpl es of preferred emul sion systens are descri bed
in WO 95/17210, WD 99/11241 and WD 99/ 12565 whi ch
di scl ose emnul si on adj uvants based on squal ene,
a-tocopherol, and TVVEEN 80, optlonally fornulated
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A particularly potent adjuvant formul ation (for
ultimate conbination with AIPO4 in the inmunogenic
conmpositions of the invention) involves a saponin
(preferably 0521), an LPS derivative (preferably
3D-MPL) and an oil emulsion (preferably squal ene and

al pha tocopherol inan oil in water emnul sion) as

descri bed 10 or in.WD 99/ 2565
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and Resjgui nod are known TLR7 agoni sts. Single
st?%ﬁﬂ%bqﬁﬁA is also a known TLR agoni st (TLR8 In
Shumans and TLR7 In mice), whereas double stranded 10
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anot her process, the imunostinul ant and the antlgen

are on separate netal particles, as dgscr bed i
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arficle I's substantially
fr &b X3P 8t her anti gen. Furthernnre vacci nes are
provi ded by the present invention and are
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&h& %%Hagé: +:§e/n§ g'uxturrreEt a g?lis%éhamﬁ Qlth s%[:&angﬁes that are 5|zed by

ree rom er ant |gen

35 he fackertof op eoreptham€0q) [N enesagpect ghih BremEpunaTishr H@!ﬂ’"?’é’f the
the antigen are substantially, free of other
i mmunosti mul ant. Accordingly, the present invention
provi des an adj uvant formnul ati on conpri sing
i mmunost i mul ant whi ch has been adsorbed onto a
particle of a netallic salt, characterised 5 in the
conposition is substantially free of other antigen.
Mor eover, this adjuvant formulation can be an
i nternedi ate which, if such an adjuvant is used, is
required for the manufacture of a vaccine. Accordingly
there is provided a process for the manufacture of a
vacci ne conpri sing adm xi ng an adj uvant conposition
which is one or nore inmunostinmul ants adsorbed onto a
netal partlcle mnth an antlgen Preferably, the




1515, 2-12,4-10. 5-7 ng (e.g. 11-13, 5-6, or 2-3 np)
tocol (such as al pha tocopherol). This adjuvant may
optionally further conprise 5-60, 10-50, or 20-30 14)
(e.g. 5-15, 40-50, 10, 20, 30,40 or 50 My) lipid A
derivative (for instance 3D-MPL). 20 These adjuvants
are particularly suitable for infant or elderly
et Uk L7 At P e ER o e e P38 S
sast kRax#.déordnj ugates derived fromat least all the
follow ng serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F, 1,
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Prevnare vaccine in human V&&FIHEES 20 The vacci ne

preparati ons contai ni ng i nmunogeni ¢ conpositions of

the present invention may be used to protect or treat

a mamual susceptible to infection, by neans of

adm ni stering said vaccine via system c or nucosa!

route. These admi nistrations may include injection via

the intramuscul ar, intraperitoneal, intradermal or

subcut aneous 25 routes; or via mucosa] adm nistration

to the oral/alinmentary, respiratory, genitourinary

tracts. Intranasal adm nistration of vaccines for the

treatment of pneunonia or otitis nedia is preferred

(as nasopharyngeal carriage of pneunbcocci can be nore

effectlvely prevented thus attenuatlng |nfect|on at
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The conventional technique of intradermal injection,
the "mant oux procedure”, conprises steps of cleaning
the skin, and then stretching with one hand, and with
t he bevel of a narrow gauge needl e (26-31 gauge)
facing upwards the needle is inserted at an angl e of
betmeen 10-15. Once the bevel of the needle is
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hagetdween described, for exanple the devices described
in V\D 99/ 34850 and EP 1092444 also the jet i nj ecti on
devi ces described for exanp in WO 01/ 13977;
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US|rﬂJSS4ﬂ5%2JenhﬁgsS arsi095 4639574 Shders3i)4 OFkd methiBls are described in

466, 220, US 5, 339, 163,
%E%B‘%g]'% 5525333%%%%7%2-}?% %S 5,064, 413, US 5,520,
639 US 4,596, 556, US 4, 790, 824, US 15 4,941, 880, US
4, ADHES GnethdfD ISBIVES7 8 Soaplit WD TFENDaBBIomide t{ef GRAR)\astivated
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15solusio ML i nes (WD 99/ 27961), or transdermal pat ches
(WO 97/ 48440; WO 98/ 28037); or applied to the surface
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va f LS @ the ddactagad. i ttle as 0.1 to
%g'?lﬁb%;&g?der a%n’;jeﬁ‘%é?@%%ﬁ]l% lig per dose; and the
saccharlde (preferably 30 conjugated) antigens nmay be
pr éswmmbination phiechnigresemayfalsy be vsepiyith spRt SpeRITER-RIptel donjugates
betb\éﬂﬁﬁreﬁhrﬁh]bytdﬁ)ﬂ@ 51dlsb|ge By redtvelzaidatke. per dose. As
&sed erein, the term"intradermal dellvery means
delivery of the vaCC|ne to the reg 8¥f t he derg%usdqa
t hdn grefel tedolieyia Ypphel PEmEs! APURR P 2 PETSMERBESAR P VD
| ocadpinh /esalgatiervel y 35 in the dermis. The derms is
the layer in the skin | ocated between about 1.0 and
about 2.0 mmfromthe surface in human skin, but
there is a certain anount of variation between
individuals and in different parts of the body. In
general, it can be expected tp reach the dernms by
going 1.5 nm bel ow the surface of the skin. The derms
is | ocated between the stratum corneum and the
epiderm s at the surface and the subcutaneous | ayer
bel ow. 5 Dependi ng on the node of delivery, the
vaccine may ultinmately be located solely or primarily
within the derms, or it may ultimately be distributed
within the epidermis and the derm s. The present
i nvention further provides an inproved vaccine for the
prevention or 10 anelioration of Qtitis nedia caused
by Haenophilus influenzae by the addition of
Haenophl ['us influenzae proteins, for exanple protein D
|n free or conjugated forn1 In addition the present
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Ha em nfl uenza protein D Cenetic construction for
protein D expression Starting materials The Protein D
encodi ng DNA Protein Dis highly conserved anong
H. intluenzae of all serotypes and non-typeabl e
strains. The vector pHI C348 containing the DNA
sequence encoding the entire 5 protein D gene has been

b |
0 é?%?f 6%9|ns|%nﬁ? gﬁpa ic a or g{lytaﬁ "i\%"ﬁ ﬂﬁg&ﬁ?ﬂt R group
Hoediniml to aigp mmup%wwaﬂqu"ﬁmos@cﬁneﬁw@ GPUPANGE ltker vith

hagam.dpmm,sﬁnsgmsmnson et al. (1991) Infect.

| mmun. 59: 119- 125. 10 The expressi on vector pl\/Gl

The expression vector pMGlL is a derivative of pBR3

5( GBbéainetgreyp, (for jrstnge via IXgiPX I BRR eBPqdEIRL i stO%PeFH\vw to
C O BarbaXyl @rbmemt Sadchdridbs @lifextly ioptth G carbakyl y@os loat a dinkedfwith

f o'&ﬁ'ﬁ%@@'ﬂ@ %ﬁﬂu&% (?9%‘5 i EB?E Eynl JﬂBlﬁ&deiLh%&thrﬁhﬁL ?FBB;S‘ isSiinked to

| Ci si. stance gene
by actWt%Wthh%dﬁt’aﬂWe PR ﬁ%@%"&?sﬁ%‘yé’éﬁ’é““@%"’“"s
Then Elinke |ld sasthadden oRkérs having ai laldelfyde golip; & saceliaride&RE fhkers
wa duction of N99 with a Pl phage

0st g‘%\%@%r%geér%ﬂg éyétetgrjé‘g\[/}\ft on an SA500 derivative

(gal E: TN10, [ anbdaKir c¢1857 AHl). N99 and SA500 are E.
co'CD SKbIFdet (fari imtande via \cysteie).dmome empedineenh thiRogreypoie figked to a
| aBRMBL &' Shidhd abélﬁaté’@'é’@éché?ﬂéﬂorhﬁﬁérlmw Ralsifnidsedeiltry. Tieone

f
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15t he expression vector pMG 1. This plasmd utilises
Si @ ayarokyl %dpaﬁbdﬁﬁbﬂﬂev@%%f)t i Ofid ‘é&gﬁ?ﬂent this group is
tra SGL n on of inserte oreign

or con arns the pronoter PL, operator
C]_ and two utilisation sites (NutL and NutR) to
r elgh awikadolyR §&0p i (fof iinstbate pial Kastiding). ed foae tepnbodiiment Nhis group is
pr | et at, 1985). Vectors
20co%@gtﬁ?’h&lﬁﬁg’%ﬁg%ﬁ%’?é?e are |ntroduced into an E.
coil lysogenic host to stabilise the plasm d DNA
Ly FpQexnidg! groap (forditstamtenda arginigi N repl i cati on- def ecti ve
| anbdaphage DNA 30 integrated into the genone
zman 0 a The chronosonal | anbdaphage
DN@)HF?'@@E%"{"H@S?{??&T%@PQPW) the cl repressor protein
25whi ch binds to the OL repressor of the vector and
pr g%%ﬁfaéchgﬁcﬁdlh yeneRl ttB%oﬁﬁé BBYs28F bd Oseti i aFtbughng OB{ €0OH
an

ranscription the | e.cl

qeeNGE. Adebvis, pE crope Spihied ARCARIGHh bEfin gL frow 4P ar
t emraamn@aeem hytirpsisyhydseeen BEO¥deaeic.PL di r ect ed
transcription can be regul ated by 35 tenperature
hi ease in culture tenperature

3o|5néj:,: ‘l’t\?%f’ﬁ’g ?ﬂgéc?%[)ressor and synthesis of the
foreign protein is initiated. This expression system
aI ISaveharte«tH & ICNBdor SPAPhes? syapdte esteret W2-Brobt-eganjugate

Edhtﬁrkdezéndeﬁ yab DRBE-pHdiat.> BENY: dage ¢ ﬂﬁdzr@aélso -Bh'.lenjﬁgt%H
0 e coil strain
%gn& fide- 'i'%% *gé%%gﬁ%wgugac[ol t strain used for

35¢ héiaplhgwa@tmohC@@Hm*prﬁerhmll@alﬁr| er is a
derivative of the standard NJH E. cog K12 strain N99
(F'" sugalK2, lad r thr ). It contains a defective
| ysogeni ¢ | anbdaphage (gal E:: TN10, | anbdaKir c1857
AH1l) . The Kil phenotype prevents the shut off of host
macr onol ecul ar synthesis. The ¢1857 nutation 10
confers a tenperature sensitive lesion to the ¢
repressor. The all deletion renoves the | anbdaphage
ri ght operon and the hosts bio, uvr3, and chl A | ed.
The AR58 strain was generated by transduction of N99
with a Pl phage stock previously grown on an SA500
derivative (gal E:: TN10, |anbdaKir ¢1857 aHl). The
i ntroduction of the defective |ysogen into N99 was
selected mnth tetracycllne by V|rtue of the presence
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The protein D does not contain a | eader peptide or the
N-term nal cysteine to which lipid chains are normal ly
attached. The protein is therefore neither excreted
into the periplasmnor |ipidated and remains in the
cytoplasmin a soluble form The final construct

pM5 MDPPr D was i ntroduced into the AR58 host strain by
5 heat shock at 37 C. Plasm d contai ning bacteria were
sel ected in the presence of Kanamycin. Presence of the
pr okigechcdip/ipp eie dpasey (DIKEY) sppsachesivas denonstrat ed by

di gestion of isolated plasmd DNA with sel ected

endonuc| eases.. The mhi nant E. cojJ,.S inds .

¢ oDl S ONBBs RS A, Sy i S ernage
5t hBH ¢ POCHHProff + ERAC |-artbepajugdte pr oot er/ OL 10 Qperat or.
The host strain ARS8 contains a tenperature-sensitive

cl .gepe..in th n ' pressi o _

| a SR E Ol S B%PW“% oot G5 0 s S L Bladfifle—sn
t he $refpler(aative Eroteln witedm expgsed| cvpiging &f E'gé'@fd’ Ffiet, Fedificatigngof
pr amb Brolps! of the Xsidlerty SHDP forislanSp ad-e spdcegrias-3tS-Pmt 15AL

the end of the fernmentation the cells are concentrated
and frozen. The extraction from harvested cells
an 8aGchide O  SNBror GPAR sy aalsisstery DHE 3t To7 hergegede—SH
f ok InGilesmidelPret (fnoditicatipnobahinegrbips) e->pehjiede | s t hawed and
resuspended in a cell disruption solution (Citrate

buffer pH 6. 0 0 | nal OD 650= T, spensj

i s SpeeY] B&O?W %"éérf’hﬁ?%%ﬁ> £ ﬁStﬁrr+e'§'g e Eﬁéagcﬁ?"zdg%ma"t
15P hald:88@latedProt HreCanpightecul t ur e honogenate 20 is

clarified by centrifugation and cell debris is renoved

by fi|tratian he fir purification .
fi F‘?@L‘%@#&?&% e Elséé 5315{ F"é'ﬁﬁ"? o u>a safg'falﬁ%eﬁ“e R @% gﬁ%’% e coon
chPwtatoepnighy col uim (SP Sepharose Fast Flow). PD
binds to the gel matrix by ionic interaction and is
el yte | seypf the (Lo feSt&enokh,
20e| %?‘fco%”%%'u Pg%‘eowg@"%kﬁ a sggg%ﬁ_ér%ari I-Fcatgﬁggg ts{ngae
i CRtdin Wihsanagxgosed wxsteiraor itaiigd aftar Srerticalion plaTee %TPFPE e
25 plofRint9SraP @5 k) b exdchar@®SdoRst not bi nd onto the
gel and can be collected in the flow through.
In both col um chromat ography steps fractign ,
c o PRrehardetORs HnfihACE  ME-myH oD. “‘T‘ﬁesaF"Fhawet"ﬁg%u+gH‘a'8‘f"Id(eFFé°t
25an (rdtkfication ot smrgqraups)cm catiugetent ogr aphy cont ai ni ng t he
purified protein Dis concentrated by ultrafiltration.

RN S L RTINS PR

Sc &briudateepar at i on The extraction from harvested
cells and the purification of protein D was perforned
as . follo Ve d fr ' I ' I
o0t 5 Saghe BiPuogR A ERHEE B shicart - R S EATS cBORTFd -
Pr 684498% of around 800 bars. In the first purification
step the cell culture honpbgenate is diluted and
ap R ' AR Lol @gusdahy col um
(Sgbggpt%@gggégfgkggg@§§_ PD ﬁ?ﬁﬂgﬁ¥§%tﬁe gel matrix
by ionic interaction and is eluted by a step increase
of the ionic strength of the elution buffer and
filtrated. In a second purifjémuion step inpurities
are retained on an anionic exchange matrix (O
Sepharose Fast Flow). PD does not bind onto the ge
and can be collected in the flow 10t hrough. In both
col um chr omat ogr aphy steps fraction collection is
nmonitored by OD. The flow through of the anionic
exchange col umm chr onat ogr aphy containing the purified
protein Dis concentrated and diafiltrated by
ultrafiltration. The protein D containing
ultrafiltration retentate is finally passed through a
0.2 pm 15 nenbrane. Exanple |b: EXPRESSI ON OF PhtD The
PhtD protein is a nmenber of the pneunococcal
histidine-triad (Pht) protein famly 20 characterized
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chr omat ogr aphy at room tenperature (20C); the colum
is washed with NaCl 150 nM + Enpigen 0.25% pH 6.5 and
eluted with Nadi 400 mM + Enpigen 0.25%in 25 mM
15pot assi um phosphate buffer pH 7.4. Filtration on
Sartobran 150 cartridge (0.45 + 0.2 pn) a Antigen

bi ndi ng on Zrr Chel ati ng Sepharose FF | MAC

orrat ogr aphy at i n, 20 e C
C R BB Nped b Mieid corisr ol GRREREEmEY o odfiMaly veeo for
mwwnwgamuagw@%eaﬁa agingtaseupsviferingiencerion iiysing desisiuas), COCH
boﬁl’ﬁudsr@foaﬁstﬁﬂ% PO LpEMAE 8D GG PIRE residuat)f208 SAlgrolpd)if atcessible)

romat ogr aphy in positive node on
%@%%é%@%@%%ﬁd&? 25 pH 8.0 (25 nmM pot assi um
5phosphat e) at 4C, the colum is washed with 140 ni

Na Blefeteiy thd riechf adrrie2 Bidteivb Siepbbunidiide saczbatida vibatuesrs 1:5 and 5:1;

(p%gttfewé%n%% N ﬁfﬁlzﬁ %%Hbé?éh,%mﬁ%&%@aﬁwh 1:1

ncentration an trafil'tration Wt

Lvitlweai i d ei'%"’?j'ﬂeﬂéad m°f®b‘?‘ré1wa\’ﬂé‘“esaf§teéﬁ’?‘? Gilnfy Bor
f | h1bnea1f thercogfigaldsdnayrua retio eticdpier krotein ta sdchdride et BQreatep than
10PMh I ebleGEm@i 14 A9 1 3BX W] 1651 &1, 62XPRESSI ON OF
PNEUMOLYSI'N 35 Pneur nocoecal pneunol ysin was prepared
and detoxified as described in W2004/081515 and '
W) ROGGEOBLinRot, abiRastshe S pney@priag)sacaharian isionjgerigduiga easrier
| t proinWld Imké?rQHiﬂg COAPR Bt EDAC. herexdrfpld|BB@ o2BFinkdy®d conjugated
pn% a epngtg' ﬁ 9g|a |IRIPG{ ngrae%erqsaCC%vﬂh 'ﬁg&e@%@.n&’ Hrr ng;%%?ﬁs Q-Tds such as

t hes
15es ARk} ysing |CPAB§nd BeAC As 'Epéerlqeﬁ atpque) ¥phep 3 ligher fgyused, CDAP may be
cl ase3d Yonfughta tircsatibbiteds = lief aidcEmNinaghtn beudeddo conjugate

POLYSAGE R SAER of Berfiival| ESAL fiy B &Jeefnlsv@%aa&a&eomge Aker to

at
c othgiProfel 3ftep wRicks AR 'F‘?Vcbefué?datg S%FPQB'IG I?'{]?éiggeé f?g'i?‘?u ese

are given in Table 1. Sized pol ysacchari de (except for

20 P5§ gﬁﬁgalafﬂg rﬁ?ﬁfrﬂ)gé@@scoﬁinb&ﬁﬂ ¥Efle InVenﬁoer\g co%'Mlsej\E‘@se @f gdvh

Injection (W
poF%’&EWJ“%‘* E%VR?@ At'r2ae P Mé’? 18%‘?[]5(’%?3%?“8’?%”"? he
ser ot ypes. serotypes except serotype 18C were

PJ &9@{1}9&1 n%]'n[ Qfd inndnBodnliCcohPbditloR Mof e infdriflo SorfiéisabdcR k.

rnative serotype 22F conj ugates re
maARPUmEHEs @affﬂlmgwwdw@éemfbe%ﬁ@ ¢ hEWEho- 10 9nop Sug or 1-
25| | BlPdt sadchatde.a InldAQmiBdifbnt Sdapeilar Sazthikiieamayrbe present at different

tonitril %

?T??ﬁ?loh of b mRle %%gﬁ%%glta{ %%ca{awgeggﬁaf%% &e@%r@alr% ose of exacty
adéﬂeﬁdort wrlen@pwéﬂr pacsbardes mee be gfegent gha dfsesomn%f éug In an
| abr@bodinten® bacBhadlidsiaitdettypesal ditlarida 9P (ur 4) 18Ctahe 195 eeipfesent
acgtj 2 ﬁéﬂfep&sg g‘la yﬂ@r s%%b Li pRndhe fﬁa%f ﬂ@%@&rﬁmrs'egﬁypes 3,

dur| n m nut es  at S
30 puﬁ ?r@dgﬁr«asﬁe1w}9r1af)é}rﬁpr9ﬁen trgos AfARIBY 9%%% Hghilst
(t btRercHacahbiidey irdihe @iroksrogemict doepositioh iasel pré¥@hicatrar doge of around or
pr ' ati o) was added to the activated
?{/agﬁﬂgﬁ'ari de and the coupling 15 reaction was
perfornmed at the specific pHfor up to 2 hour
( depaund’ an Capprokimatele’ 20¢ Yadiedd asrvatbin 1%l moegerlless pithe given figure for
or reacted cyanate ester groups, a 2M
5g %Plﬁ%&%%ﬁ%gﬁ%s then adged to the mxture. The pH
was adjusted to the quenching pH (pH 9.0). The
solution was stirred for 30 mnutes at 25 C and then
overnight at 2-8 C with continuous slow stirring.
20Pr eparati on of 18C: 18C was linked to the
carrier protein via a |linker - Adipic acid dihydrazide
(ADH) Pol ysacchari de serotype 18C was m crofl ui di zed
bef ore conjugation. Derivatization of tetanus toxold
wi th EDAC For derivatization of the tetanus toxoid,
purified IT was diluted at 25 ng/m in 0.2M Neel 25
and the ADH spacer was added in order to reach a final
concentration of 0.2M Wen the dissolution of the
spacer was conplete, the pH was adjusted to 6.2. EDAC




25 Mcrofluidized PS22F was diluted to obtain a final
PS concentration of 6 ng/m in 0.2M NaCl and the
solution was adjusted at pH 6.05 0.2 with 0.1N HGC .
CDAP solution (100 nmg/m freshly prepared in
acetonitril eNVFl, 50(50) was added to reach the
appropriate CDAP/PS ratio (1.511 ww). The pH was
rai sed up to the activation pH 9.00 0.05 by the
addi tion of 0.5M NaOH and 30was stabilised at this pH
untni an ewehgtimenatgeashope of Ahe Sy prBumPNiAS WESUIBABREhRIISeR i directly
t OcdnRigtBd 118 3B Qrﬁfeina(b@ Of Bt bfathé @hdrlistfdsldestithd abdie).
p*%?ab e@gla‘?tleeagt Lrgee ?2%79?/#?!9&& Cap%tﬂﬁ' %ﬁ&egnls V@écﬂy
5depanipaated, Y GRAP.c %%?mboamt Higdmaiariyr of| the gapgar saepharides for
Coexahrpie G, 6,/ 83 atmaldareyiredly linkedto2tid ddaiat proten ba@DAH ($ee WO
tive in order to reach a
thgsl")[}%é%?g rgg?%ogﬂof 4/1 (ww). The pH was adj usted
to 5.0 1 0.05 with HCI. The EDAC solution (20 nmg/m in
CAMelimmgrdgeic airhpdsition may soratide Strapiacocsli4 gnemoriay prateing, BEEn
10 gl teéméal ﬂ,%mb&céﬁ%&m%ngy raaﬁ%me .R@%a&rAPéumeemeﬁuy Bé mﬁd

1on was | nc

For 5
ot S BOP B TP B0 o8 BT P o BechtBoi 5 v
r epralens poghas ﬂmeor@emmﬂhgrﬁtmmwnwm@@a lerﬁdﬂ fhejinygntion

IOf aré gct)ﬁg'r kmﬁfa&gxgaédd 7al@a3ﬂd%ﬂ1g&farttohﬁueﬁrﬂer¢?&le MQhelFeumeddEkus, or
et m n (e}
ScRRPIN Wb A seien o Faflen 19 thd BndllR, O refroy e
155pprptfwohthsamemf°m%ﬁele ef%g'alf?"i"wlgg eaﬁ?qﬁg%tsecma%i’fatems
f i Reving Btvb¥ RSignat dequedte otit of LIKXY (wharefX BanfPSmnmortiend.g., the

Do bfidAcA gl R R P SRUERL R dNAchiDY, ool 8fthe |

ant ‘cat 1 on
cofiord gequeace mqgﬂﬁée Stoﬁ%)atﬁr@?maé‘?@"gpﬁ -PXTR gnofiy (Wgerp X Bany
f i hrire hdid) @.gU ST, 8p1S&)phmﬂD>yds (54 00R Ryefbrredi exémplgs vathin these

20 Ow‘g&arr%%ew Mﬁ#? & ﬂﬁe cul es ?ﬂeﬁ%/: OE%US GI% aénngllgai dhients

unﬁ‘S’ﬁ Plugated PS and protein. Based on the different
nol ecul ar sizes of the reaction conmponents, PS-PD,

PSTnT-ﬁe eFr’ﬁ)tP e thepﬁrrfﬁﬂ@déﬁla %Hp%%ﬂonocff ttPeSn@Iﬂo?uQ:oﬁnQﬁﬂeél gabas 1

f ol
3 SpBinciret (b i i R ALE o el TR 6 PR,
250! GilineBindingr Rretein éantly (nXa ChiXnigineates; Libatamiy, byts trencpies (X
bymH\».’a:&& trufiéA€ EHirfdle pRstaing® @R B C Fraiuftbingn ()l PGIAL PsaA,
g ‘é%f 1@? 64 ijlsqt, %szgsa(ng S% 35@1 aafn$e§ te%c?a‘ﬁne% thezlmgr\qnogemc

I'm the conjugate prepara
V\Bp@p@@ﬂ@pﬁmw@gs 2 JASALL gwteins gelecte frorn the group conslstmg of the Poly
acHistwirei Taad famyaPhtip CaslieaBindingProwindantily (TtpXh ChfSrBcates, Lytx

Opnféi'hﬁi’D glfhﬁﬁtgfe@l BodR TddcbA Rk n&t¥%9ﬁdﬂ9%&§iﬂs (or fuslons)

d
| HertedmefE (i sk eeA, 2ed S138 R spe Tai erped ot i fienic
beéampesitrnriomprises 2 ar M@k preteingfselectercitear ke aoul enbigfing egjthe Poly

m QE@ﬁdeWnﬁH famly PRXRCRoIBE BRling Prolei iRy 20opXRICbEX truncates, LytX

poaew. vl Rielcs! b PR AR, Ao BRI (Bhons)
35Sepvalésim(i’m leod ¥128.pf fuld 5 6A 6B 7F pr uld PS
conc.(mglm) 2.5 2.5 7.1 18




5.0 5.05.0 PS di ssolution WFI WFI WFI NBC! 2M
NaCl 2M NaCl 2M PD conc. (ng/nil) 10.0 10.0 5.0 5.0 5.0
10.0 Initial PONPS Ratio (ww) 1.5/1 1.5/1 1/1 1/1

1.1/1 1.2/1 CDAP conc. (mg/ng PS) 0.50 0.50 0.79 0.83
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The Pht (Poly Histidine Triad) family comprises proteins PhtA, PhtB, PhtD, and PhtE. The
family is characterized by a lipidation sequence, two domains separated by a proline-rich
region and several hisfidine triads, possibly involved in metal or nucleoside binding or
enzymatic activity, (3-5) coiled-coil regions, a conserved N-terminus and a heterogeneous
C terminus. It is present in all strains of pneumococci tested. Homologous proteins have
also been found in other Streptococci and Neisseria. In one embodiment of the invention,
the Pht protein of the invention is PhtD. It is understood, however, that the terms Pht A,
B, D, and E refer to proteins having sequences disclosed in the citations below as well as
naturally-occurring (and man-made) variants thereof that have a sequence homology that
is at least 90% identical to the referenced proteins. Preferably it is at least 95% identical
and most preferably it is 97% identical.

With regards to the PhtX proteins, PhtA is disclosed in WO 98/18930, and is also referred
to Sp36. As noted above, It is a protein from the polyhistidine triad family and has the type
Il signal motif of LXXC. PhID is disclosed in WO 00/37105, and is also referred to
Sp036D. As noted above, it also is a protein from the polyhistidine triad family and has
the type Il LXXC signal motif. PhiB is disclosed in WO 00/371085, and is also referred to
Sp036B. Another member of the PhtB family is the C3-Degrading Polypeptide, as
disclosed in WQ 00/17370. This protein also is from the polyhistidine triad family and has
the type 1l LXXC signal motif. A preferred immunologically functional equivalent is the
protein Sp42 disclosed In WO 98/18930. A PhiB truncate (approximalely 79kD) is
disclosed in WO99/15675 which is also considered a member of the PhtX family. PhiE is
disclosed in WO00/30299 and is referred to as BVH-3. Where any Pht protein is referred
to herein, it is meant that immunogenic fragments or fusions thereof of the Pht protein can
be used. For example, a reference to PhtX includes immunogenic fragments or fusions
thereof from any Pht protein. A reference to PhtD or PhtB is aiso a reference to PhtDE
or PhiBE fusions as found, for example, in WO0188334.

Pneumalysin is a multifunctional toxin with a distinct cytolytic (hemolytic) and complement
aclivation activities (Rubins et al., Am . Respi. Cit Care Med, 153:1339-1346 (1996)). The
toxin is not secreted by pneumococdi, but it is released upon lysis of pneumococci under
the influence of autolysin. Its effects include e.g., the stimulation of the production of
inflammatory cytokines by human monocytes, the inhibition of the beating of cilia on
human respiratory epithelial, and the decrease of bactericidal activity and migration of
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0.83 0.75 pFlinpHe-1pHg 9.0/9.019.0 9.5/9.5/9.0
9.0/9.019.0 9.5/9.5/9.0 9.5/9.5/9.0 9.5/9.5/9.0
Serotype 9V pfluid 14 pfluid 18C pfluid 19A pfluld 19F
pfluid 22F pfluid 23F PS conc.(ng/nml) 5.0 5.0 4.5 15.0
9.0 6.0 2.38 PS dissolution NaCl 2M NaCl 2M NaCl 2M
NaCl 2M NaCl 2M NaCl 0.2M

neutrophils. The most obvious effect of pneurnolysin is in the lysis of red blood cells,
which involves binding to cholesterol. Because it is a toxin, it needs to be detexified (i.e.,
non-toxic to a human when provided at a dosage suitable for protection) before it can be
administered in vivo. Expression and cloning of wild-type or native pneumolysin is known
in the art. See, for example, Walker et al. (infect Immun, 55:1184-1189 (1987)), Mitchell
et al. (Blochim Biophys Acta, 1007:67-72 (1989) and Mitchell et al (NAR, 18:4010 (1990)).
DetoxHication of ply can be conducted by chemical means, e.g., subject to formalin or
glutaraldehyde treatment or a combination of both (WO 04081515, PCT/EP2005/010258).
Such methods are well known in the art for various toxins. Alternatively, ply can be
genetically detoxified. Thus, the invention encompasses derivatives of pneumococcal
proteins which may be, for example, mutated proteins. The term "mutated” is used herein
to mean a molecule which has undergone deletion, addition or substitution of one or more
amino acids using well known techniques for site directed mutagenesis or any other
conventional method. For example, as described above, a mutant ply protein may be
altered so that it is biologically inactive whilst still maintaining its immunogenic epitopes,
see, for example, WO90/06851, Bemry et al. (Infect Immun, 67:981-985 (1899)) and
wW099/03884.

As used herein, it is understood that the term “Ply” refers to mutated or detoxified
pneumolysin suitable for medicai use (i.e., non toxic).

Concerning the Choline Binding Protein family (CbpX), members of that family were
originally identified as pneumococcal proteins that could be purified by choline-affininty
chromatography.  All of the choline-binding proteins are non-covalently bound to
phosphorylcholine moieties of cell wall teichoic acid and membrane-associated
lipoteichoic acid. Structurally, they have several regions in common over the entire family,
although the exact nature of the proteins (amino acid sequence, length, etc.) canvary. In
general, choline binding proteins comprise an N terminal region {N), conserved repeat
regions (R1 and/or R2), a proline rich region (P) and a conserved choline binding region
(C), made up of multiple repeats, that comprises approximately cne half of the protein. As
used in this application, the term “Choline Binding Protein famity (CbpX)" is selected from
the group consisting of Choline Binding Proteins as identified in wWO27/41151, PbcA,
SpsA, PspC, CbpA, CbpD, and CbpG. CbpA is disclosed in WO097/41151. CbpD and
CbpG are disclosed in WO00/28434. PspC is disclosed in WO97/09994. PbcA is
disclosed in WO98/21337.SpsA is a Choline binding protein disclosed in WO 98/38450.

20



NaCl 2M Carder protein conc.(ng/m) 10.0 10.0 20.0
(TT) 10.0 " (P11) 20.0 (DT) 10.0 (PhtD) 5.0 Initial
carrier protein/PS Ratio (ww 1.211 1.2/1 2/1 2.5/1
1.5/1 3/1 1/1 CDAP conc. (nmg/ng PS) 0.50 0.75 0.75 1.5
1.5 1.5 0.79 pliespHenpHg 9.5/9.5/9.0 9.5/9.5/9.0
90/9 0/9.0 9.0/9.0/9.0 9.0/9.0/9.0 9.0/9.0/9.0

10

16

20

25

30

35

2. BBl e e SRR o Gol FeBblr cona

PbcA SpsA and PspC.

Another praferred embodiment is CbpX truncates wherein “CbpX” is defined above and
“truncates” refers to CbpX proteins lacking 50% or more of the Choline binding region (C).
Preferably such proteins lack the entire choline binding region. More preferably, the such
protein truncates lack (i) the choline binding region and (i} a portion of the N-terminal half
of the protein as well, yot retain at least one repeat region (R1 or R2). More preferably
still, the truncate has 2 repeat regions (R1 and R2). Examples of such preferred
embodiments are NR1xR2 and R1xR2 as illustrated in W099/51266 or W(99/51188,
however, other choline binding proteins lacking a similar choline binding region are also
contemplated within the scope of this invention.

The LytX family is membrane associated profeins associated with cell lysis. The N-
terminal domain comprises choline binding domain{s), however the LytX family does not
have all the features found in the CbpA family noted above and thus for the present
invention, the LytX family Is considered distinct from the CbpX family. In contrast with the
CbpX family, the C-terminal domain contains the catalytic domain of the LytX protein
family. The family comprises LytA, B and C. With regards fo the LytX family, LytA is
disclosed in Ronda et al., Eur J Biochem, 164:621-624 (1987). LytB is disclosed in WO
98/18930, and is also referred to as Sp46. LytC is also disclosed in WO 98/18930, and is
also referred to as Sp91. A preferred member of that family is LytC.

Another preferred embadiment are LytX truncates wherein "LytX” is defined above and
*truncates” refers to LytX proteins lacking 50% or more of the Choline binding region.
Preferably such proteins lack the entire choline binding region. Yet another preferred
embodiment of this invention are CbpX truncate-LytX truncate chimeric proteins (or
fusions). Preferably this comprises NR1xR2 {or R1xR2) of CbpX and the C-terminal
portion (Cterm, i.e., lacking the choline binding domains) of LytX {e.g., LytCCterm or
Sp91Cterm). More preferably CbpX is selected from the group consisting of CbpA, PbcA,
SpsA and PspC. More preferably still, it is CbpA. Preferably, LytX is LytC (also referred
to as Sp91). Another embodiment of the present invention is a PspA or PsaA truncates
lacking the choline binding domain (C) and expressed as a fusion protein with LytX.
Preferably, LytX is LytC.
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The proteins of the invention may also be beneficlally combined. By combined is meant
that the immunogenic composition comprises all of the proteins from within the following
35 combinations, either as carrier proteins or as free proteins ar a mixture of the two. For .
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example, in a combination of two proteins as set out hereinafter, both proteins may be
used as carrier proleins, or both proleins may be present as free proteins, or both may be
present as carrier and as free protein, or one may be present as a carrier protein and a
free protein whilst the other is present only as a carrier protein or only as a free protein, or
one may be present as a carrier protein and the olher as a free protein. Where a
combination of three proteins is given, simitar possibilities exist. Preferred combinations
include, but are not limited to, PhtD + NR1xR2, PhtD + NR1xR2-Sp91Cterm chimeric or
fusion proteins, PhtD + Ply, PhiD + Sp128, PhiD + PsaA, PhtD + PspA, PhtA + NR1xR2,
PhtA + NR1xR2-Sp91Cterm chimeric or fusion proteins, PhtA + Ply, PhtA + Sp128, PhtA
+ PsaA, PhtA + PspA, NR1XR2 + LytC, NR1xR2 + PspA, NR1xR2 + PsaA, NR1xR2 +
Sp128, R1xR2 + LytC, R1xR2 + PspA, R1xR2 + PsaA, R1xR2 + Sp128, R1xR2 + PhtD,
R1xR2 + PhtA. Preferably, NR1xR2 (or R1xR2) is from CbpA or PspC. More preferably it
is from CbpA. Other combinations include 3 protein combinations such as PhiD +
NR1xR2 + Ply, and PhtA + NR1xR2 + PhtD. In ona embodiment, the vaccine compasition
comprises detoxified pneumolysin and PhtD or PhtDE as carrier proteins. In a further
embodiment, the vaccine composition comprises detoxifled pneumolysin and PhtD or
PhiDE as free proteins.

The present invention further provides a vaccine containing the immunogenic
compositions of the invention and a phamaceutically acceptable excipient.

The vaccines of the present invention may be adjuvanted, particularly when intended for
use in an elderly population but also for use in infant populations. Suitable adjuvants
include an aluminum salt such as aluminum hydroxide gel or aluminum phosphate or
alum, but may also be a salt of calcium, magnesium, iron or zinc, or may be an insoluble
suspension of acylated tyrosine, or acylated sugars, cationically or anionically derivatized
saccharides, or polyphosphazenes.

{t is preferred that the adjuvant be selected to be a preferential inducer of a TH1 type of
response. Such high levels of Th1-type cytokines tend lo favour the induction of cell
mediated immune responses to a given antigen, whiist high levels of Th2-type cytokines
tend fo favour the induction of humoral immune responses to the antigen.

The distinction of Th1 and Th2-type immune response is not absolute. In reality an
individual will support an immune response which is described as being predominantly
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Th1 or predominantly Th2. However, it is often convenient to consider the families of
cytokines in terms of that described in murine CD4 +ve T cell clones by Mosmann and
Coffman (Mosmann, T.R. and Coffman, R.L. (1989) TH1 and TH2 cells: different paiterns
of lymphokine secretion lead to different functional properties. (Annual Review of
Immunology, 7, p145-173). Traditionally, Th1-type responses are associated with the
production of the INF-y and IL-2 cytokines by T-lymphocytes. Other cytokines often
directly associated with the induction of Th1-type immune responses are not produced by
T-cells, such as IL-12. in contrast, Th2-type responses are associated with the secretion
of 14, IL-5, IL-6, IL-10. Suitable adjuvant systems which promote a predominantly Th1
response include: Monophosphoryl lipid A or a derivative thereof, particularly 3-de-O-
acylated monophosphoryl lipid A (3D-MPL) (for its preparation see GB 2220211 A); and a
combination of monophosphoryl lipid A, préferably 3-de-0O-acylated monophosphory! lipid
A, together with either an aluminum sait (for instance aluminum phosphate or aluminum
hydroxide) or an oil-in-water emuision. In such combinations, antigen and 3D-MPL are
contained in the same particulate structures, allowing for more efficient delivery of
antigenic and immunostimulatory signals. Studies have shown that 3D-MPL is able to
further enhance the immunogenicity of an alum-adsorbed antigen [Thoelen et al. Vaccine
(1998) 16:708-14; EP 688454-B1].

An enhanced system involves the combination of a monophosphory! lipid A and a saponin
derlvative, particularly the combination of QS$21 and 3D-MPL as disclosed in WO
04/00153, or a less reaclogenic composition where the Q521 is quenched with
cholesterol as disclosed in WO 96/33739. A particularly potent adjuvant formutation
involving QS21, 3D-MPL and tocapherol in an oil in water emulsion is described in WO
95/17210. In one embodiment the immunogenic composition additionally comprises a
saponin, which may be QS21. The formulation may also comprise an oil in water emulsion
and tocopheral (WO 95/17210). Unmethylated CpG containing oligonuciectides (WO
96/02555) and other Immunomodulatory oligonucleotides (W00226757 and
WO003507822) are also preferential inducers of a TH1 respanse and are svilable for use in
the present invention.

Particular adjuvants are those selected from the group of metal Salts, oil in water
emulsions, Toll like receptors agonist, (in particular Toll like receptor 2 agonist, Toll like
receptor 3 agonist, Toll like receptor 4 agonist, Toll like receptor 7 agonist, Toll like
receptor 8 agonist and Toll like receplor 9 agonist), saponins or combinations thereof.
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An adjuvant that can be used with the vaccine compositions of the invention are bleb or
outer membrane vesicle preparations from Gram negative bacterial strains such as those
taught by WO02/08746 — particularly N. meningitidis blebs. Adjuvant properties of blebs
can be improved by retaining LOS (lipooligosacccharide) on its surface (e.g. through
extraction with low concentrations of detergent [for instanct 0-0.1% deoxycholate]). LOS
can be detoxified through the msbB(-) or htrB(-) mutations discussed in WOO02/09746.
Adjuvant properties can also be improved by retaining PorB (and optionally removing
PorA) from meningococeal blebs. Adjuvant properties can also be improved by truncating
the outer core saccharide structure of LOS on meningococcal blebs - for instance via the
igtB(-) mutation discussed in WO02004/014417. Alternatively, the aforementioned LOS
{e.g. isolated from a msbB(-) and/or IgtB(-) strain} can be purified and used as an adjuvant
in the compositions of the invention.

A further adjuvant which may be used with the compositions of the invention may be
selected from the group: a saponin, lipid A or a derivative thereof, an immunostimulatory
oligonuciectide, an alkyl glucosaminide phosphate, an ol in water emulsion or
combinations thereof, A further preferred adjuvant is a metal salt in combination with
another adjuvant. It is preferred that the adjuvant is a Toll iike receptor agonist in
particular an agonist of a Toll like receptor 2, 3, 4, 7, 8 or 8, or a saponin, in particular
Qs21. It is further preferred that the adjuvant system comprises two or more adjuvants
from the above list. In particular the combinations preferably contain a saponin (in
particular Qs21) adjuvant and/or a Toll like receptor 9 agonist such as a CpG containing
immunostimulatory oligonucleotide. Other preferred combinations comprise a saponin (in
particular QS21) and a Toll like receptor 4 agonist such as monophosphoryl lipid A or its 3
deacylated derivative, 3 D — MPL, or a saponin (in particular QS21) and a Toll like
receptor 4 ligand such as an alkyl glucosaminide phosphate.

Particularly preferred adjuvants are combinations of 3D-MPL and QS21 (EP 0 671 948
B1), oil in water emulsions comprising 3D-MPL and Q821 (WO 95/17210, WO 98/56414),
or 3D-MPL formulated with other camiers (EP 0 689 454 B1). Other preferred adjuvant
syslems comprise a combination of 3 D MPL , QS21 and a CpG oligonuclectide as
described in USE558670, US6544518,
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In an embodiment the adjuvant is (or comprises) a Toll like receptor (TLR) 4 ligand,
preferably an agonist such as a lipid A derivative particularty monophosphoryl lipid A or
more particularly 3 Deacylated monophoshoryl lipid A (3 D — MPL).

§ 3 D -MPL is available from GlaxoSmithKline Biologicais North America and primarily
promotes CD4+ T cell responses with an IFN-g {Th1) phenotype . It can be produced
according to the methods disclosed in GB 2 220 211 A. Chemically it is a mixture of 3-
deacylated monophosphory! lipid A with 3, 4, 5 or 6 acylated chains. Preferably in the
compositions of the present invention small parlicle 3 D- MPL is used. Small particle 3D

10 -MPL has a particle size such that it may be sterile-filtered through a 0.22um filter. Such
preparations are described in International Patent Application No. WO ©4/21292.
Synthetic derivatives of lipid A are known and thought to be TLR 4 agonists in¢luding, but
not limited to:

15 OM174 (2-deoxy—6-0—[2—deoxy-2—[(R)-3-dodecanosdoxytetra-decanoylamino]—d-o-
phosphono-B-D-glucopyranosyl]-2-{(R)-3-hydroxytetradecanoylamino]-a-D-
glucopyranosyldihydrogenphosphate), (WO 95/14026}

OM 294 DP (35, 2 R) -3-[(R)-dodecanoyloxytetradecanoylamino]-4-oxo—5-aza-9(R)—[(R)-
20 r3-hydroxyteiradecanoylamino]decan—1,10—diol,1,10-bis(dlhydrogenophosphate) (WQ0Be9
164301 and WO 0070462 )

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

Other TLR4 ligands which may be used are alky! Glucosaminide phosphates (AGPs) such
as those disclosed in WO9850399 or US6303347 (processes for preparation of AGPs are
also disclosed), or pharmaceutically acceptable salts of AGPs as disclosed in

30 US6784840. Some AGPs are TLR4 agonists, and some are TLR4 antagonists. Both are
thought to be useful as adjuvants.

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

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

35 Saponaria Molina and was first described as having adjuvant activity by Dalsgaard et al.
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10
Qil in water emulsion adjuvants per se have been suggested to be useful as adjuvant
compasitions (EP 0 399 843B), also combinations of oil in water emulsions and other
active agents have been described as adjuvants for vaccines (WO 95/17210; WO
98/56414; WO 99/12565; WO 99/11241). Other oil emuision adjuvants have been

15  described, such as water in oil emulsions (US 5,422,109;EP 0 480 982 B2) and water in
ail in water emulsions (US 5,424,067,EP 0 480 981 B). All of which form preferred oil
emulsion systems (in particular when incorporating tocols) to form adjuvants and

compositions of the present invention.

20  Most preferably the oll emulsion (for instance oil in water emuisions) further comprises an
emulsifier such as TWEEN 80 and/or a sterol such as cholesterol.
A preferred oil emuision (preferably oil-in-water emulsion) comprises a metabolisible, non-
toxic oil, such as squalane, squalene or a tocopherol such as alpha tocopherol (and
preferably both squalene and alpha tocopherol} and optionally an emulsifier (or surfactant)

25 such as Tween 80. A sterol (preferably cholesterol) may also be included.
The method of producing oll in water emulsions is well known to the man skitied in the art.
Commonly, the method comprises mixing the tocol-containing oil phase with a surfactant
such as a PBS/TWEEN80™ solution, followed by homogenisation using a homogenizer, it
would be clear to a man skilled in the art that a method comprising passing the mixture

30 twice through a syringe needle would be suitable for homogenising small volumes of
liquid. Equally, the emulsification process in microfluidiser (M110S Microfluidics machine,
maximum of 50 passes, for a period of 2 minutes at maximum pressure input of & bar
{output pressure of about 850 bar)) could be adapted by the man skilled in the art to
produce smaller or larger volumes of emulsion, The adaptation could be achieved by
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3/ PD 10/ DT 3PD 3/PD 3/PD 3/PD 3/ DT 5/DT s0.35 19F-DT
Form 2 3/PD 2/PD 2/ PD 3/PD 5/DT 3/PD 2/PD 2/P0 2/ PD
3/DT 5/DT s 0.36 19F- DT Form 3 3/PD 3/PD 3/PD 3/PD
3/pPt) 3/PD 3/PD 3/PD 3/PD 31D1 3/PD r05 Table

5Speci fic activation/coupling/quenching:1 conditions
of PS 5S. Pneunoni ae-Protel n D TTI DTconl uoat es Ser ot ype

routine experimentation comprising the measurement of the resultant emulsion until a
preparation was achieved with oil droplets of the required diameter.

in an oil in water emulsion, the oil and emuisifier should be in an aqueous carrier. The
agueous carrier may be, for example, phosphate buffered saline.

The size of the oil droplets found within the stable oil in water emulsion are
preforably less than 1 micron, may be in the range of substantially 30-600nm, preferably
substantially around 30-500nm in diameter, and most preferably substanfially 150-500nm
in diameter, and in particular about 150 nm in diameter as measured by photon
correlation spectroscopy. In this regard, 80% of the oil droplets by number should be
within the preferred ranges, more preferably more than 0% and most preferably mere
than 95% of the oil droplets by number are within the defined size ranges. The amounts of
the components present in the oil emulsions of the present invention are conventionally in
the range of from 0.5-20% or 2 to 10% oil (of the total dose volume), such as squalene;
and when present, from 2 to 10% alpha tocophero!; and from 0.3 to 3% surfactant, such
as polyoxyethylene sorbitan monooleate. Preferably the ratio of oil (preferably squalene):
tocol (preferably a-tocopherol) is equal or less than 1 as this provides a more stable
emulsion. An emulsifier, such as TweenB0 or Span 85 may also be present at a level of
about 1%. In some cases it may be advantageous that the vaccines of the present
invention will further contain a stabiliser.

Examples of preferred emulsion systems are described in WO 95/17210, WO 99/11241
and WO 99/12565 which disclose emulsion adjuvanis based on squalene, a-focopherol,
and TWEEN 80, optionally formulated with the immunostimulants QS21 and/or 3D-MPL.
Thus in a particularly, preferred embodiment of the present invention, the adjuvant of the
invention may additionally comprise further immunostimulants, such as LPS or derivatives
thereof, and/or saponins. Exampies of further immunostimulants are described herein
and in *Vaccine Design - The Subunit and Adjuvant Approach™ 1995, Pharmaceutical
Biolechnology, Volume 6, Eds. Powell, M.F., and Newman, M.J., Plenum Press, New
York and London, ISBN 0-306-44867-X.

In a preferred aspect the adjuvant and immunogenic compositions according to
the invention comprise a saponin {preferably Q821) and/or an LPS derivative (preferably
3D-MPL) in an oil emuision described above, optionally with a sterol (preferably
cholesterol). Additionally the oil emuision (preferably oil in water emulsion) may contain
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Native 3 pfluid 4 Native 5 Native 6B Native 7F Native
PS conc. (ng/nl) 1.5 2 2.0 7.5 5.5 3.0 PS dissolution
NaCl 150mM NaCl 2M WFI WFI NaCl 2M NaCl 2M PD
conc.(mg/m) 5.0 5.0 5.0 5.0 5.0 5.0 Initial PS/ PD
Ratio (ww 1/0.7 1/1 1/1 1/1
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span 85 and/or lecithin and/or tricaprylin. Adjuvants comprising an oil-in-water emulsion, a
sterol and a saponin are described in WO 99/12565.

Typically for human administration the saponin (preferably QS21) and/or LPS
derivative (preferably 3D-MPL) will be present in a human dose of immunogenic
composition in the range of 1ug — 200pg, such as 10-100ng, preferably 10ug - 50ug per
dose. Typically the oil emulsion {preferably oil in water emulsion) will comprise from 2 to
10% metabolisible oil. Preferably it will comprise from 2 fo 10% squalene, from 2 to 10%
aipha toecophercl and from 0.3 to 3% (preferably 0.4 — 2%) emuisifier (preferably tween 80
[polyoxyethylene sorbitan monooleate]). Where both squalene and alpha tocopherol are
present, preferably the ratio of squalene: alpha tocopherol is equal to or less than 1 as
this provides a more stable emulsion. Span 85 (Sorbitan tricleate) may also be present
at a leval of 0.5 to 1% in the emulsions used in the invention. [n some cases it may be
advantageous that the immunogenic compasitions and vaccines of the present invention
will further contain a stabiliser, for example other emulsifiers/surfactants, including caprylic
acid {merck Index 10" Edition, entry no. 1738), of which Tricaprylin is particularly
preferred.

Where squalene and a saponin (preferably QS21} are included, it is of benefit to
also include a sterol (preferably cholesterol) to the formulation as this allows a reduction in
the total level of oil in the emulsion. This leads to a reduced cost of manufacture,
improvement of the overall comfort of the vaccination, and also qualitative and
quantitative improvements of the resultant immune responses, such as improved [FN-y
production. Accordingly, the adjuvant system of the present invention typically comprises
a ratio of metabolisable oil:saponin (w/w) in the range of 200:1 to 300:1, also the present
invention can be used in a "low oil' form the preferred range of which is 1:1 to 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1, this vaccine retains the
beneficial adjuvant properties of all of the components, with a much reduced
reactogenicity profile. Accordingly, the particularly preferred embodiments have a ratio of
squalene:QS21 (w/w) in the range of 1:1 to 250:1, also a preferred range is 20:1 to 200:1,
preferably 20:1 to 100:1, and most preferably substantially 48:1. Preferably a sterol (most
preferably cholesterol) is also included present at a ratio of saponin:sterol as described
herein,

The emulision systems of the present invention preferably have a small oil droplet
size in the sub-micron range. Most preferably the oil droplet sizes will be in the range 120
to 750 nm, and most preferably from 120-600nm in diameter.
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1/1 1/1 CDAP conc. (mg/nmg PS) 0.75 0.75 0.75 0.75 0.75
0. 75 pFl o=phl o=pHo 9.0/9.0/9.0 9.5/9.519.0 8.8/8.8/9.0
9.0/9.0/9.0 9.5/9.5/9.0 9.0/9.0/9.0 Coupling tinme 60
mns 60 mins 45 nuns 40 mins 60 mins 60 mns Serotype
9V Native 14 Native 18C Native 19F Native 23F Native
PS conc. (ng/nl) 1.75 2.5 1.75

A particularly potent adjuvant formulation (for ultimate combination with AIPO4 in
the immunogenic compositions of the invention) involves a saponin (preferably QS21), an
LPS derivative (preferably 3D-MPL) and an oil emulsion (preferably squalene and alpha
tocopherol in an oil in water emulsion) as described in WO 95/17210 or in WQ 99/12565
(in particular adjuvant formulation 11 in Example 2, Table 1).

Examples of a TLR 2 agonist include peptidoglycan or lipoprotein. Imidazoquinclines,
such as Imiquimod and Resiquimod are known TLR7 agonists. Single stranded RNA is
also a known TLR agonist (TLRB in humans and TLR7 In mice), whereas double stranded
RNA and poly IC (polyinosinic-polycytidylic acid - a commercial synthetic mimetic of viral
RNA). are exemplary of TLR 3 agonists. 3D-MPL is an example of a TLR4 agonist whilst
CPG is an example of a TLRY agonist,

The immunogenic composition may comprise an antigen and an immunostimulant
adsorbed onto a metal salt. Aluminium based vaccine formulations wherein the antigen
and the immunostimulant 3-de-O-acylated monophosphoryl lipid A {3D-MPL), are
adsorbed onto the same particle are described in EP 0 576 478 B1, EP 0 689 454 B1, and
EP 0 633 784 B1. In thase cases then antigen is first adsorbed onto the aluminium sait
foliowed by the adsorption of the immunostimulant 3D-MPL onto the same aluminium salt
particles. Such processes first involve the suspension of 3D-MPL by sonication in a water
bath until the particles reach a size of between B0 and 500 nm. The antigen is typically
adsorbed onto aluminium salt for one hour at room temperature under agitation. The 3D-
MPL suspension Is then added to the adsorbed antigen and the formuiation is incubated
at room temperature for 1 hour, and then kept at 40C until use.

In another process, the immunostimulant and the antigen are on separate metal particles,
as described in EP 1126876. The improved process comprises the adsorption of
immunostimulant, onto a metallic sait particle, followed by the adsorption of the antigen
onto another metallic salt particle, followed by the mixing of the discrete metallic particies
to form a vaccine. The adjuvent for use in the present invention may be an adjuvant
composilion comprising an immunestimulant, adsorbed onto a metallic salt particle,
characterised in that the metalic salt particle is substantially free of other antigen.
Furthermore, vaccines are provided by the present invention and are characterised in that
the immunostimulant is adsorbed onto particles of metallic salt which are substantially free
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4.0 2.5 PS dissolution NaCl 2M NaCl2M WFI NaCl12M NaCl
2M PD conc. (mg/mL) 5.0 5.0 5.0 5.0 5.0 Initial PS/PD
Ratio (ww) 1/0.75 1/0.75 1/1.2 1/1 111 CDAP conc.
(my/mg PS) 0.75 0.75 0.75 0.75 0.75 phl ar-pHc=pHo
8.5/8.5/9.0 9.0/9.0/9.0 9.0/9.0/9.0 9.519.5/9.0
9.5/9.5/9.0 Coupling time 60 mns 60 nmins 45 mns 30
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antigen are substantially free of other immunostimulant.

Accordingly, the present invention provides an adjuvant formulation comprising
immunostimulant which has been adsorbed onto a particle of a metallic salt, characterised
in the composition is substantially free of other antigen. Moreover, this adjuvant
formulation can be an intermediate which, if such an adjuvant is used, is required for the
manufacture of a vaccine. Accordingly there is provided a process for the manufacture of
a vaccine comprising admixing an adjuvant composition which is one or more
immunostimulants adsorbed onto a metal particle with an antigen. Preferably, the antigen
has been pre-adsorbed onto a metallic salt. Said metallic salt may be identical or similar
to the metallic salt which is adsorbed onto the immunostimulant. Preferably the metal sait
is an aluminium salt, for example Aluminium phosphate or Aluminium hydroxide.

The present invention further provides for a vaccine composition comprising
immunostimulant adsorbed onto a first parlicle of a metallic sait, and antigen adsorbed
onto a metallic salt, characterised in that first and second particles of metallic salt are
separate particles.

LPS or LOS derivatives or mutations or lipid A derivatives described herein are designed
to be less toxic (e.g. 3D-MPL) than native lipopolysaccharides and are interchangeable
equivalents with respect to any uses of these moielies described herein. They may be
TLR4 ligands as described above. Other such derivatives are described in
WO0020786737, WO8850398, WO0134617, W0O0212258, WO030658086.

In one embodiment the adjuvant used for the compositions of the invention comprises a
liposome carrier (made by known techniques from a phospholipids (such as dioleoyl
phosphatidyl choline [DOPC]} and optionally a sterol [such as cholesterol]). Such
liposome carriers may carry lipid A derivatives [such as 3D-MPL — see above] and/or
saponins (such as QS21 - see above). In one embodiment the adjuvant comprises {per
0.5 mL dose) 0.1-10mg, 0.2-7, 0.3-5, 0.4-2, or 0.5-1 mg (e.g. 0.4-0.6, 0.9-1.1, 0.5 or 1 mg)
phospholipid (for instance DOPC), 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-0.25
mg (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125 mg) sterol (for instance cholesterol), 5-60, 10-50,
or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative (for instance 3D-
MPL), and 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 ug) saponin
{for instance QS21).
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Tabl e 6Specific activation/coupling/quenching

condi tions of PS S. pneunoni ae-Protein D/ DTconi upates
for the 11 Pn-PD&131-001 study 5 Serotype 1 pfluid 3
pfluid 4 pfluid 5 pfluid 68 pfluid 7F Native PS
conc. (nmg/mL) 4 2.0 2.5 7.5 10 3.0 PS di ssol ution NaCl
2M NaCl 2M NaCl 2M NaCl 2M Neel 2M Neel 2M PD
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the vaccine composition comprising this adjuvant comprises saccharide conjugates
derived from at least all the following serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F, 1, 5, 7F
(and may also comprise one or more from serotypes 3, 6A, 19A, and 22F), wherein the

5 GMC antibody titre induced against one or more (or all) the vaccine components 4, 6B,
gV, 14, 18C, 19F and 23F is not significantly inferior to that induced by the Prevnar®
vaccine in human vaccinees.

In one embodiment the adjuvant used for the compositions of the Invention comprises an
10  oil in water emulsion made from a metabolisable oil (such as squalene), an emulsifier

{such as Tween 80) and optionally a tocol (such as alpha tocepheral). In one embodiment

the adjuvant comprises (per 0.5 mL dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6mg (e.g. 2-3, 5-6,

or 10-11 mg) metabolisable oil (such as squalene), 0.1-10, 0.3-8, 0.6-6, 0.9-5, 14, or 2-3

mg (e.g. 0.9-1.1, 2-3 or 4-5 mg) emulsifier (such as Tween 80) and optionally 0.5-20, 1-
15 15, 2-12, 4-10, 5-7 mg {e.g. 11-13, 5-6, or 2-3 mg) tocol {such as alpha tocapherol).

This adjuvant may optionally further comprise 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50,
10, 20, 30, 40 or 50 ug) lipid A derivative (for instance 3D-MPL).

20 These adjuvants are particularly suitable for infant or elderly vaccine formulations. in one
embodiment the vaccine composition comprising this adjuvant comprises saccharide
conjugales derived from at least all the following serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F,
1, 5, 7F (and may aiso comprise one or more from serotypes 3, 6A, 19A, and 22F),
wherein the GMC antibody titre induced against one or more (or all) the vaccine

25 components 4, 6B, 9V, 14, 18C, 19F and 23F Is not significantly inferior to that induced by
the Prevnar® vaccine in human vaccinees.

This adjuvant may optionally contain 0,025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-
0.25 mg (e.g. 0.2-0.3, 0.1-0.15, 0.25 or 0.125 mg) sterol (for instance cholesterol), 5-60,

30 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 ug) lipid A derivative (for
instance 3D-MPL), and 560, 10-50¢, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
ug) saponin (for instance Q521).

This adjuvant is particularly svitable for elderly vaccine formulations. In one embodiment

35 the vaccine composition comprising this adjuvant comprises saccharide conjugates
34



5.0 Initial PDOPS Ratio (ww 1.2/1 1/1 1/1 1/1 1.5/1
111 CDAP conc. (ng/ng PS) 1.50 0.75 1.5 2 1.5 0.75

phl epHepFl o 9.0/9.0/9.0 9.5/9.5/9.0 9.5/9.5/9.0
9.0/9.0/9.0 9.5/9.5/9.0 9/9/9 Coupling tine 60 nuns 60
mns 60 mns 60 mns 60 mns 60 mns Serotype 9V
Native 14 Native 18C pfluid 19F pfluid
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derived from at least all the following serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F, 1, 5, 7F
(and may also comprise one or more from serotypes 3, 6A, 19A, and 22F), wherein the
GMC antibody titre induced against one or more (or all) the vaccine components 4, 6B,
gV, 14, 1BC, 19F and 23F is not significantly inferior to that induced by the Prevnar®
vaceine in human vaccinees.

In one embodiment the adjuvant used for the compositions of the invention comprises
atuminium phosphate and a lipid A derivative (such as 3D-MPL). This adjuvant may
comprise (per 0.5 mL dose) 100-750, 200-500, or 300-400 ug Al as aluminium phosphate,
and 5-680, 10-50, or 20-30 ng {e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative
(for instance 3D-MPL).

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

The vaccine preparations containing immunogenic compositions of the present invention
may be used to protect or treat a mammal susceplible to infection, by means of
administering said vaccine via systemic or mucosal route. These administrations may
include injection via the intramuscular, intraperitoneal, intradermal or subcutaneous
routes; or via mucosal administration to the oral/alimentary, respiratory, genitourinary
tracts. Intranasal administration of vaccines for the treatment of pneumonia or ctitis media
is preferred (as nasopharyngeal carriage of pneumococci can be more effectively
prevented, thus attenuating infeclion at its earliest stage). Although the vaccine of the
invention may be administered as a single dose, components thereof may also be co-
administered together al the same time or at different times (for instance pneurnococcal
saccharide conjugates could be administered separately, at the same time or 1-2 weeks
after the administration of the any bacterial protein component of the vaccine for optimal
coordination of the immune responses with respect to each other). For co-administration,
the optional Th1 adjuvant may be present in any or all of the different administrations. in
addition to a single route of administration, 2 different routes of administraticn may be
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23F pfluid PS conc. (ng/m) 1.75 2.5 5.0 9.0 10 PS

di ssol ution NaCl 2M NaCl 2M NaCl 2M NaCl 2M NaCl2M
Carrier protein conc.(ng/nl) 5.0 5.0 5.0 20 (DT) 10
(DT) Initial carrier protein/PS Ratio (ww) 0.75/1
0.75/1 1.2/1 1.5/1 1.5/1 CDAP conc. (nmg/ng PS) 0.75
0.75 1.5 1.5 0.75 pH,, =pHepH"' 8.518.519.0 9.0/9.0/9.0

9.0/9.0/9.0 , . . -
used. For eéxample, saccharides or saccharide conjugates may be administered IM (or

ID} and bacterial proteins may be administered IN (or ID). In addition, the vaccines of the
invention may be administered {M for priming doses and IN for booster doses.

5 The content of protein antigens in the vaccine will typically be in the range 1-100pg,
preferably 5-50ug, most typically in the range 5 - 25ug. Following an initial vaccination,
subjects may receive one or several booster immunizations adequately spaced.

Vaccine preparation is generally described in Vaccine Design (“The subunit and adjuvant
10 approach” (eds Powell MF. & Newman M.J) (1995) Plenum Press New York).
Encapsulation withln liposomes is described by Fullerton, US Patent 4,235,877.

The vaccines of the present invention may be stored in solution or lyophilized. Preferably
the solution is lyophilized in the presence of a sugar such as sucrose or lactose. It is still
15  further preferable that they are lyophilized and extemporaneously reconstituted prior o
use. Lyophilizing may result in a more stable composition (vaccine} and may possibly
lead to higher antibody titers in the presence of 3D-MPL and in the absence of an

aluminum based adjuvant.

20 In one aspect of the invention is provided a vaccine kit, comprising a vial containing an
immunogenic composition of the invention, optionally in lyophilised form, and further
comprising a vial contalning an adjuvant as described herein. #is envisioned that in this
aspect of the invention, the adjuvant will be used to reconstitute the iyophilised

immunogenic composition.

25
Although the vaccines of the present invention may be administered by any route,
administration of the described vaccines into the skin {(ID) forms one embodiment of the
present invention. Human skin comprises an outer ‘homny” cuticle, called the stratum
corneum, which overlays the epidermis. Underneath this epidermis is a layer called the

30 dermis, which in tumn overlays the subcutaneous tissue. Researchers have shown that
injection of a vaccine into the skin, and in particular the dermis, stimulates an immune
response, which may also be associated with a number of additional advantages.
intradermal vaccination with the vaccines described herein forms a preferred feature of
the present invention.

35
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9.0/9.0/9.0 9.5/9.5/9.0 Coupling time 60 mns 60 m ns
30 mns 60 mns 60 mns Table 7Specific

activation/ coupl i nat uuenchi na condi ti ons of PS

10S. pneunoni ae-Protei n D/ DTconi ugates for the 11

Pn- PD&DI - 007 study Serotype 1 Native 3 pfluid 4 Native
5 Native 6B Native 7F pfluid PS 1.5 2.0 2 7.5 5.5 5.0

Coq'ﬁé &Wén%?al technique lE;f'slnt(rjaiclg’r&r"ﬂ% iHjte:i:tn%rr:]. the “mantoux procedure’, comprises
steps of cleaning the skin, and then stretching with one hand, and with the bevel of a
narrow gauge needie {26-31 gauge) facing upwards the needle is inserted at an angle of
between 10-15°. Once the bevel of the needle is inserted, the barrel of the needle is

5 lowered and further advanced whilst providing a slight pressure to elevate it under the
skin. The liquid is then injecled very slowly thereby forming a bleb or bump on the skin
surface, followed by slow withdrawal of the needle.

More recently, devices that are specifically designed to administer liquid agents into or

10  across the skin have been described, for example the devices described in WO 99/34880
and EP 1092444, also the jet injection devices described for example in WO 01/13977;
US 5,480,381, US 5,599,302, US 5,334,144, US 5,993,412, US 5,649,912, US 5,569,189,
US 5,704,911, US 5,383,851, US 5,803,397, US 5,466,220, US 5,339,163, US 5,312,335,
US 5,503,627, US 5,064,413, US 5,520, 639, US 4,586,556, US 4,790,824, US

16 4,941,880, US 4,940,460, WO 97/37705 and WO 97/13537. Alternative methods of
intraderma! administration of the vaccine preparations may include conventional syringes
and needles, or devices designed for ballistic delivery of solid vaccines (WO ©9/27961), or
transdermal patches (WO 97/48440; WO 98/28037); or applied to the surface of the skin
(transdermal or transcutanecus delivery WO 98/20734 ; WO 98/28037).

When the vaccines of the present invention are to be administered to the skin, or more
specifically into the dermis, the vaccine is in a low liquid volume, particularly a volume of
between about 0.05 ml and 0.2 ml.

25 The content of antigens in the skin or intradermal vaccines of the present invention may
be similar to conventional doses as found in intramuscular vacclnes (see above).
However, it is a feature of skin or intradermal vaccines that the formulations may be “fow
dose”. Accordingly the protein antigens in “low dose” vaccines are preferably present in as
itle as 0.1 fo 10ug, preferably 0.1 to 5 pg per dose; and the saccharide (preferably

30 conjugated) antigens may be present in the range of 0.01-1pg, and preferably between
0.01 to 0.5 pg of saccharide per dose.

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

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

35 inthe dermis. The dermis is the layer in the skin located between about 1.0 and about 2.0
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NaCl 150 nM NaCl2M W1 WA NaCl 2M NaCl 2M PD
conc.(nmg/mL) 5.0 5.0 5.0 5.0 5 10 Initial PDPS Ratio
(ww) 0.7/1 1/1 1 1/1 1/1 1.2/1 CDAP conc. (ng/ng PS)
0.75 0.75 0.75 0.75 0.75 0.75 pFia=plieripH,
9.0/9.0/9.0 9.5/9.5/9.0 8.8/8.8/9.0 9.019.0/9.0
9.5/9.5/9.0 9.5.19.5/9 Coupling tine 60 mns 60 mns

mm from the surface in human skin, but there is a certain amount of variation between
individuals and in different parts of the body. In general, It can be expected fo reach the
dermis by going 1.5 mm below the surface of the skin. The dermis is located between the
stratum corneum and the epidermis at the surface and the subcutaneous layer below.

5 Depending on the mode of delivery, the vaccine may ultimately be located solely or
primarily within the dermis, or it may ultimately be distributed within the epidermis and the
dermis.

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

20
in another embodiment, the present invention is an improved method to elicit a

(protective) immune response in infants (defined as 0-2 years old in the context of the
present invention) by administering a safe and effective amount of the vaccine of the
invention [a paediatric vaccing]. Further embodiments of the present invention include the
25 provision of the antigenic S. pneumoniae conjugate compositions of the invention for use
in medicine and the use of the S. pneumoniae conjugates of the invention in the
manufacture of a medicament for the prevention (or treatment) of pneumococcal disease.

In yet another embodiment, the present invention is an improved method to elicit a
30 ({protective} immune response in the elderly population (in the conlext of the present

invention a patient is considered elderly if they are 50 years or over in age, typically over

55 years and more generally over 60 years) by administering a safe and effective amount

of the vaccine of the invention, preferably in conjunction with one or two S. pneumoniae

proteins present as free or conjugated protein, which free S. pneumoniae proteins may be
35 the same or different as any S. pneumoniae proteins used as carier proteins.
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45 mins 40 mns 60 mns 60 mns Serotype 9V pfluid 14
pfluid 18C Native 19F !'Auld 19F Auld 23F pfluid PS
conc.(mg/m) 5.0 5.0 1.75 9.0 10.0 9.5 PS di ssol ution
NaCl 2M NaCl 2M WA NaCl 2M NaCl 2M NaCl 2M Carri er
protein conc.(ng/m) 10 10.0 5.0 20 (DT) 5.0 (PD) 10
Initial carrier

A further aspect of the invention is a method of immunising a human host against disease

caused by S. pneumoniae and oplionally Haemophilus influenzae infection comprising

administering to the hast an immunoprotective dose of the immunogenic composition or
5  vaccine or kit of the invention.

A further aspect of the invention is an immunogenic composition of the invention for use in
the treatment or prevention of disease caused by S.pneumonige and optionally
Haemophilus influenzae infection.

10
A further aspect of the invention is use of the immunogenic composition or vaccine or kit
of the invention in the manufacture of a medicament for the treatment or prevention of
diseases caused by S. pneumoniae and optionally Haemophilus influenzae infection.

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

Embodiments herein relating to “vaccine compositions” of the invention are also
20 applicable to embodiments relating to “immunogenic compositions” of the invention, and
vice versa.

All references or patent applications cited within this patent specification are incarporated
by reference herein.

25
In order that this invention may be better understood, the following examples are set forth.
These examples are for purposes of illustration only, and are not to be construed as limiting
the scope of the invention in any manner.

30 Examples

Example 1: EXPRESSION OF PROTEIN B

Haemophilus influenzae protein D
Genetic construction for protein D expression
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protein/PS Ratio (ww) 1.211 1.2/1 1.2/1 1.5/1 1.2/1
1/1 CDAP conc. (ng/nmg PS) 0.5 0.75 0.75 1.5 0.75 0.75
pl i a=pHc=pHgq 9.5/9.5/9.0 9.5/9.5/9.0 9.0/9.0/9.0
9.0/9.0/9.0 9.0/9.0/9.0 9.5/9.5/9.0 Coupling tine 60
mns 60 mns 45 mns 120 mns 120 mins 60 mns Table
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@B %}23 %ﬁﬁp@‘%gﬂ%ﬁﬁﬁ% Qﬁu%ﬁﬁ&g§&quﬂw encoding the entire

protein D gene has been obtamed from Dr. A. Forsgr n Department of Medical
Microbiology, University of Lund, Malm& General Hespital, Maimd, Sweden. The DNA
sequence of protein D has been published by Janson et al. (1991) Infect. lmmun. 59: 119-
125.

The expression vector pMG1

The expression vector pMG1 is a derivative of pBR322 (Gross et al., 1985) in
which bacteriophage A derived control elements for transcription and translation of foreign
inserted genes were introduced (Shatzman et al, 1983). In addition, the Ampicillin
resistance gene was exchanged with the Kanamycin resistance gene.

The E. coli strain ARS8

The E. coli strain AR58 was generated by transduction of NSS with a P1 phage
stock previously grown on an SAS00 derivative (gaiE::TN10, lambdakKil’ cI857 AH1), N99
and SAS500 are E. cofi K12 strains derived from Dr. Martin Rosenberg's laboratory at the
National Institute of Health.

The expression vector pMG 1

For the production of protein D, the DNA encoding the protein has been cloned
into the expression vector pMG 1. This plasmid utilises signals from lambdaphage DNA
to drive the transcription and translation of inserted foreign genes. The vector contains
the promoter PL, cperator OL and two utilisation sites (NutL and NutR) to relieve
transcriptional polarity effects when N prolein is provided (Gross et al., 1985). Vectors
containing the PL promoter, are introduced into an E. coli lysogenic host to stabilise the
plasmid DNA. Lysogenic host strains contain replication-defective lambdaphage DNA
integrated into the genome {Shatzman ef al., 1983). The chromosomal lambdaphage
DNA directs the synthesis of the ¢l repressor protein which binds to the OL repressor of
the vector and prevents binding of RNA polymerase to the PL promoter and thereby
transcription of the inserted gene. The cl gene of the expression strain AR58 contains a
temperature sensitive mutant so that PL directed transcripton can be regulated by
temperature shift, i.e. an increase in cullure temperalture inactivates the repressor and
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(95% Cl) GVC (pWiL) 195% ) N %t 0.20 pghnL (95% Cl)
GMC (paint) (95%Cl)  11Pn-PD 152 98.7 1.93 50
1002. 78  (953-99.8) (1.67-2.22) (92.9-100)
(2.31-3.36) 19F-DT Form1' 146 99.3 2.88

(96.2-100) (2. 45-3.38) 19F-DT Form 2r 15096.0 2. 43

synthesis of the foreign protein is initiated. This expression system allows controlied
synthesis of foreign proteins especially of those that may be toxic to the cell (Shimataka &
Rosenberg, 1981).

The E. coli strain AR58

The ARS8 lysogenic E. coli strain used for the production of the protein D carrier is
a derivative aof the standard NIH E. cofi K12 strain N88 (F" su” galK2, lacZ thr ). |t
contains a defective lysogenic lambdaphage (galE::TN10, lambdakKil” cl857 AH1). The Kir
phenotype prevents the shut off of host macromolecutar synthesis. The cl857 mutation
confers a temperature sensitive lesion to the cl repressor. The AH1 deletion removes the
lfambdaphage right operon and the hosts bio, uvr3, and chlA loci. The ARS8 strain was
generated by transduction of N89 with a P1 phage stock previously grown on an SAS00
derivative (galE::TN10, lambdaKil' c!857 AH1). The introduction of the defective lysogen
into N99 was selected with tetracycline by virtue of the presence of a TN10Q transposon
coding for tetracyclin resistance in the adjacent galE gene.

Construction of vector pMGMDPPrD

The pMG 1 vector which contains the gene encoding the nan-structural $1 protein
of Influenzae virus (pPMGNSI) was used to construct pMGMDPPD. The praotein D gene
was amplified by PCR from the pHIC348 vector (Janson et al. 1991 Infect. Immun.
59:119-125) with PCR primers containing Ncol and Xbal restriction sites at the 5 and 3'
ends, respectively. The Ncol/Xbal fragment was then introduced into pMGNS1 between
Ncol and Xbal thus creating a fusion protein containing the N-terminal 81 amino acids of
the NS1 protein followed by the PD pratein. This vector was labelled pMGNS1PrD.

Based on the construct described above the final construct for protein D
expression was generated. A BamHl/BamH| fragment was removed from pMGNS1PrD.
This DNA hydrolysis removes the NS1 coding region, except for the first three N-terminal
residues. Upon religation of the vector a gene encoding a fusion protein with the following
N-terminal amino acid sequence has been generated:

~—-MDP SSHSSNMANT.--—
NS1 Protein D
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s therefore neither excreted into the
periplasm nor lipidated and remains in the cytoplasm in a soluble form,

The final construct pMG-MDPPrD was introduced into the ARS8 host strain by
heat shock at 37 =C. Plasmid containing bacteria were selected in the presence of
Kanamycin. Presence of the protein D encoding DNA insert was demonstrated by
digestion of isolated plasmid DNA with selected endonucleases. The recombinant E. coli
strain is refemred to as ECD4.

Expression of protasin D Is under the control of the lambda P. promoter/ O,
Operator. The host strain ARS8 contains a temperature-sensitive ¢l gene in the genome
which blocks expression from lambda P at low temperature by binding to O,. Once the
temperature s elevated cl is released from O_ and protein D Is expressed.

Smail-scale preparation

At the end of the fermentation the cells are concentrated and frozen.

The extraction from harvested cells and the purification of protein D was
performed as follows. The frozen cell culture pellet is thawed and resuspended in 2 cell
disruption solution {(Citrate buffer pH 6.0} to a final ODesy = 80. The suspension is passed
twice through a high pressure homogenizer at P = 1000 bar. The cell culture homogenate
is clarified by centrifugation and cell debris is remowved by filtration. In the first purification
step the filtered lysate Is applied o a cation exchange chromatography column (SP
Sepharose Fast Flow). PD binds to the gel matrix by ionic interaction and is eluted by a
step increase of the ionic strength of the elution buffer.

In a second purification step impurities are retained on an anionic exchange matrix
(Q Sepharose Fast Flow). PD does not bind onto the gel and can be collected in the flow
through.

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

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

Large Scale Preparation
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The extraction from harvested cells and the purification of protein D was
performed as follows. The harvested broth is cooled and directly passed twice through a
high pressure homogenizer at a Pressure of around 800 bars.

In the first purification step the cell culture homogenate is diluted and applied to a
cation exchange chromatography column (SP Sepharose Big beads). PD binds 1o the gel
matrix by ionic interaction and is eluted by a step increase of the ionic strength of the
elution buffer and filtrated.

In a second purification step impurities are retained on an anlonic exchange matrix
(Q Sepharose Fast Fiow). PD does nat bind onto the gel and can be collected in the flow
through.

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

The protein D containing ultrafiltration retentate is finally passed through a 0.2 um

membrane.

Example 1b: EXPRESSION OF PhtD

The PhtD protein is a2 member of the pneumococcal histidine-triad (Pht) protein family
characterized by the presence of histidine-triads (HXXHXH motif). PhtD is a 838 aa-
molecule and carries 5 histidine triads (see Medlmmune WQ00/37105 SEQ ID NO: 4 for
amino acid sequence and SEQ ID NO: 5 for DNA sequence). PhtD also contains a proline-
rich region in the middle (amino acid position 348-380). PhtD has a 20 aa-N-terminal
signal sequence with a LXXC motif.

Genetic construct

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

Polymerase chain reaction was realized to amplify the phtD gene from a MedImmune
plasmid (carrying the phtD gene from Streptococcus prewmoniae strain Norway 4
(serotype 4) — SEQ ID NO: 5 as desctibed in WO 00/37105). Primers, specific for the phtD
gene only, were used to amplify the phtD gene in two fragments. Primers carry either the
Ndel and Kpn1 or the Kpnl and Xbal restriction sites. These primers do not hybridize with
any nucleotide from the vector but only with pAtD specific gene sequences. An artificial
ATG start codon was inserted using the first primer carrying the Mefel restriction site. The
generated PCR products were then inserted into the pGEM-T cloning vector (Promega),
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49 91.8 403.1 (80.4-97.7)

and the DNA sequence was confirmed. Subcloning of the fragments in the TCMP14
expression vector was then realized using standard techniques and the vector was
transformed into ARS8 E. coli.

PhtD Purification

PhtD purification is achieved as follows:

=]

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

Breakage of the E.coli cells from whole culture at OD £115 in presence of EDTA 5 mM
and PMSF 2 mM as protease inhibitors: Rannie, 2 passages, 1000 bars.

Antigen capture and cells debris removal on expanded bed mode Streamline Q XL
chromatography at room temperature (20°C); the column is washed with NaCl 150 mM
+ Empigen 0.25% pH 6.5 and eluted with NaCl 400 mM + Empigen 0.25% in 26 mM
potassium phosphale buffer pH 7 .4.

Filtration on Sartobran 150 cartridge {0.45 + 0.2 pm)

Antigen binding on Zn*™* Chelating Sepharose FF IMAC chromatography at pH 7.4 in
presence of 5 mM imidazole at 4°C; the column is washed with Imidazole 5 mM and
Empigen 1% and eluted with 50 mM imidazole, both in 25 mM potassium phosphate
buffer pH 8.0.

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

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

Sterilising filtration of the purified bulk on a Millipak-20 0.2 pm filter cartridge.

Example 1c: EXPRESSION OF PNEUMOLYSIN

Pneumococcal pneumolysin was prepared and detoxified as described in W0O2004/081515
and WO2006/032499.

Example 2:

Preparation of conjugates

it is well known in the art how to make purified pneumococcal polysaccharides.
For the purposes of these examples the polysaccharides were made essentially as
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concentralion was evaluated for all the serotypes. All serotypes except serctype 18C
were conjugated directly to the carrier protein as detailed below. Two alternative serotype
22F conjugates were made; one conjugated directly, one through an ADH linker.

From a 100 mg/ml stock solution in acetonitrile or acetonitrie/water 50%/50%
splution, CDAP (CDAP/PS ratioc 0.5-1.5 mg/mg PS) was added ta the polysaccharide
solution. 1.5 minute later, 0.2M-0.3M NaOH was added 1o obtain the specific activation
pH. The activation of the polysaccharide was performed at this pH during 3 minutes at 25
°C. Purified protein (protein D, PhtD, pneumolysin or DT) (the quantity depends on the
initial PS/carrier protein ratio) was added to the activated polysaccharide and the coupling
reaction was performed al the specific pH for up to 2 haur (depending upon serotype)
under pH regulation. In order to quench un-reacted cyanate ester groups, a 2M glycine
solution was then added to the mixture. The pH was adjusted to the quenching pH (pH
9.0). The solution was stirred for 30 minutes at 26 °C and then ovemight at 2-8 °C with
continuous slow stirring.

Preparation of 18C:

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

Derivatization of tetanus toxold with EDAC

For derivatization of the tetanus toxoid, purified TT was diluted at 25 mg/mi in 0.2M NaCl
and the ADH spacer was added in order to reach a final concentration of 0.2M. When the
dissolution of the spacer was complete, the pH was adjusted to 6.2. EDAC (1-ethyl-3-(3-
dimethyl-aminopropyl) carbodiimide) was then added to reach a final concentration of
0.02M and the mixture was stirred for 1 hour under pH regulation. The reaction of
condensation was stopped by increasing pH up to 9.0 for at least 30 minutes at 25°C.
Derivatized TT was then diafiltrated (10 kDa CO membrane) in order to remove residual
ADH and EDAC reagent.

TTa bulk was finally sterile filtered until coupling step and stored at -70°C.

Chemical coupling of TTa, to PS 16C

Details of the conjugation parameters can he found in Table 1.
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Prevnar 65 64.8 0.40 67 100 940 (51.8-76.1)
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in 2@?&? éf migrofluidized PS were diluted at the defined concentration in waler and

adjusted to 2M NaCl by NaCl powder addition.
CDAP solution (100 mg/mi freshly prepared in 50/50 v/v acetonitriie/WFI1) was added to
reach the appropriate CDAP/PS ratio.

5 The pH was raised up to the activation pH 9.0 by the addition of 0.3M NaOH and was
stabilised at this pH until addition of TTan.
After 3 minutes, derivatized TT44 (20 mg/ml in 0.2 M NaCl) was added to reach a ratio
TTan /PS of 2; the pH was regulated to the coupling pH 9.0. The solution was left one hour
under pH regulation.

10 For quenching, a 2M glycine solution, was added to the mixture PS/TT/CDAP.

The pH was adjusted to the quenching pH (pH 9.0).
The solution was stirred for 30 min at 25 °C, and then left ovemight at 2-8°C with
continuous slow stirring.

15 PS22F,.-PhtD conjugate

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

20
PS 22F derivatization

Activation and coupling are performed at 25°C under continuous stirring in a temperature-
controlied waterbath.
25 Microfluidized PS22F was diluted to obtain a final PS concentration of 6 mg/ml in 0.2M
NaCl and the solution was adjusted at pH 6.05 + 0.2 with ¢.1N HCI,
CDAP sclution {100 mg/m| freshly prepared in acetonitrile/WFI, 50/50) was added to
reach the gppropriate CDAP/PS ratio (1.5/1 ww).
The pH was raised up to the activation pH 9.00 £0.05 by the addition of 0.5M NaQI{ and
30 was stabilised at this pH until addition of ADH.
After 3 minutes, ADH was added to reach the appropriate ADH!PS ratio (8.8/1 wiw); the
pH was regulated to coupling pH 9.0. The solution was left for 1 hour under pH
regulation.
The PS8,y derivative was concentrated and diafiltrated.
35
Coupling
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Tabl e 11Percentage of subjects wth 19F OPA titer 1:8
and 19F OPA GMIs prior to and one nonth foll ow ng
23-val ent plain polysaccharide booster in children
primed with 1pg 19F-PD, 3pg 19F-DT or Prevnar (2pg
19F-CRM (Total cohort) 11Pri-PD&DI-002 Prior to
boost er vacci nation Che nmont h post 23-val ent PS
booster Primary gro %1:8 GMI N %1: 13 GVl $95%

cq PRl emp/ml § § W3 394ed)q the PEERRRrvlesivatiey ingrdeg |

areany @

82 PRIDAR2 6 rahe DAY (wfy). Et)e RHowas-alysteq to SG580.95 gith WGl The EDAC
( 159utRn 129580/@) in QIM-TBFHEDbHT . 5) was Bdded mahualg in110 min (250 pl / min)

5
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25

30

35

Serotype 1 4 5 6A 6B 7F
pfiuld yfluid pfluid
PS 25 2.5 71 5.0 5.0 5.0
{ conc.(mg/ml)

1o reach 1 mg EDAC/mg PS22F,,. The resulting soluticn was incubated for 150 min
(though 60 mins was also used) at 25°C under stirring and pH regulation. The solution
was neutralized by addition of 1M Tris-HCI pH 7.5 (1/10 of the final volume) and et 30 min
at 25°C.

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

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

rification of the conjugates:

The conjugates were purified by gel filtration using a Sephacryl S400HR gel filtration
column equilibrated with 0.15M NaCl (S500HR for 18C} to remove small molecules
(including DMAP) and unconjugated PS and protein. Based on the different molecular
sizes of the reaction components, PS-PD, PS-TT, PS-PhtD, PS-pneumolysin or PS-DT
conjugates are eluted first, followed by free PS, then by free PD or free DT and finally
DMAP and other salts (NaCl, glycine).

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

Specific activation/coupling/quenching conditions of PS §. pneumoniae-Protein
DT T/DTiPhtD/Plyconlugates

Where “pfluid™ appears in a row header, it indicates that the saccharide was sized by
microfluidisation before conjugation. Sizes of saccharides following microfluidisation are
given in table 2.

Table 1 Specific activation/coupling/quenching conditions of PS 8.
pneumonlae-Protein D/TT/DT/PhtD/Plyconjugates
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18 94.4 1063.8
(386. 6-2927.5) 19F-DT Form 2"
(16.5-54.0) (4.7-15.3)
2412.5 8.1 23 82.6 380.9 .

Pr evnar
(3.4-19.6)

(24.4-71.1) (7,2-45.7)

(2.

(72.7-99. 9)

7-32. 4)

(61.2-95.0) (133.2-1089.5) he conposition
of the different formulatbns is p welded in Table4. 5

27 33.3 8.5 28 100 957.6
(87.7-100) (552.8-1659. 0)

Tagbl-e—12Pergentage—of—subject s—wth anti-body
cancentrati nq()?pg/nL QPA_1: and G\NCs/ GMIs
agai nsPS 19F [pn&iho¢odtFl ohe Widnt hNAGQI2Mowia) 2K 1| PHeCPEM gr
Pr edisaplulimodgt er in|children prined with 1pg 19F- PD,
3p9 19F-DT dr Prevnar (2ppg 19F-ARM (Total cohort)
11Pn- RigDi - 402100 10.0 5.0 5.0 5.0 10.0
conc.(mg/ml)
Initial PDIPS 1.51 1.51 11 171 1.1/1 1.21
Ratio {(wiw)
CDAP conc. 0.50 0.50 0.79 0.83 0.83 0.75
(mgimg PS)
pH.=pH=pH, [9.0/9.0/9.0/9.5/9.5/9.0/9.0/9.0/9.09.5/9.5/9.0|9.5/9.5/9.0/9.5/9.5/9.0
Serotype gV 14 18C 19A 19F 22F 23F
pfluid pfluid ufluid yfluid pfluid wufluid
PS 50 50 4.5 15.0 8.0 6.0 238
conc.{mg/mi)
PS NaCl 2M | NaCl2M | NaCi2M | NaCl 2M | NaCl 2M | NaCl0.2M [ NaCl 2M
dissolution
Carrier 10.0 100 |200(1TT); 10.0° 20.0 10.0 5.0
protein (Ply) (DT) (PhtD)
conc.{mg/ml)
Initlal carrier 1.2/1 1.21 211 2.5M 1.5/ an 1M
protein/P$
Ratio (w/w)
CDAP conc. 0.50 0.75 0.75 1.5 1.5 1.5 0.79
{(mg/mg PS)
pH=pH.=pH, (9.5/9.5/9.0(9.5/9.5/9.0 9.0/9.0/9.0| 9.0/9.0/9.0! 9.0/8.0/9.0; 9.0/3.0/9.0 | 9.5/9.5/9.0

Note: pHa,c,q corresponds to the pH for activation, coupling and quenching, respectively

Characterisation:
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22F- ELI SA assay CPA assay Primary group N % a 020
pgtnml GMC (pg/m) N %l1:8 G (95% Cl) (95% Cl)
(95% Cl) (95% Cl) 11Pn-PD 70 100 442 21 100 255.6
(94.9-100) (33-5.5) (83.9-100) (135.5-481.9) 19F-DT
Formf 66 983 3.45 23 953 374.0

10

15

20

25

Each conjugate was characterised and met the specifications described in Table
2. The polysaccharide content (ug/ml) was measured by the Resorcinol test and the
protein content (pg/mi) by the Lowry test. The final PS/PD ratio (w/w) is determined by the
ratio of the concentrations.

Free polysaccharide content (%):

The free polysaccharide content of conjugates kept at 4°C or stored 7 days at
37°C was determined on the supernatant obtained after incubation with a-carrier protein
antibodies and saturated ammonium sulfate, followed by a centrifugation.

An a-PS/o-PS ELISA was used for the quantification of free polysaccharide in the
supernatant. The absence of conjugate was also controlled by an a-carrier protein/o-PS
ELISA.

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

respectively.

Free protein content (%):

Unconjugated carmier protein can be separated from the conjugate during the
purification step. The content of free residual protein was determined using size exclusion
chromatography (TSK 5000-PWXL) foliowed by UV detection (214 nm). The elution
conditions allowed separating the free camier protein and the conjugate. Free protein
content in conjugate bulks was then determined versus a calibration curve (from 0 to 50
ug/ml of carrier protein). Free carrier protein in % was obtained as follows: % free carrier
= (free carrier {(ng/ml)/ {Total concentration of corresponding carrier protein measured by

Lowry (pg/ml) * 100%).

Stability:

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

The 10/11/13/14-valent characterization is given in Table 2 (see comment
thereunder),
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(91.8-100) (2.8-4.3) (78 1-999) (192.6-726.2) 19F-DT
Form 2" 70 981 3.80 29 96.6 249A (92.3-100) (1949)
(82.2-99.9) (144.7-428.7) Prevnar 69 97.1 2.56 31 961
5281 (89.9-99.6) (2.0-3.3) (83.3-99.9)
(319.4-875.2) The conposition of the different

formul ations is provided in Table4. 10 Table

13 ' ' i ent,rati
L5l B IR
pn8lBA 8% one month fol | owing primary vacci nation

with 1pg 19F-PD, 3pg 19F-DT or Prevnar (2pg 19F CRM
( Tebadwgie@ort) 11Pn- PO&D1- 001 22F-ELI SA assay

5 immunogenic conjugates have been produced, that have since been shown to be

10

15

components of a promising vaccine,
TABLE 2 - characteristics of the conjugates

PS
PS pize i Free PS Antigenici ,
Conjugates | tDax10% w (Erile':a) Free Canier (Euﬂsgae) o (;-(%naj) Size
349- 1.0%- 1499 -
PS1-PD g2t 1.5-1.6 1.2% 3.9%-4.8% | 87%-95% 1715
4.7- 1303 -
PS4-PD 93-100* 1.5-1.8 6.5% 3.2%-4.0% | 90%-96% 1606
a.7- 83%- 1998-
PS5-PD*** | 367-443 0.80 11.2% | 2.2%-3.8% 108% 23562
1100-
PS6A-PD 1540 0.61 4.5% Not done 45.9% Not done
PS6B- 1069- 1.3- 4778-
PD* 1341 0.7-0.8 1.6% <2.0% 68%-75% 5235
255- 3907-
PS7F-PD 264" 1.1-1.2 <1% <1.4% 58% 4452
258- 9073-
PSav-PD 280* 1.3-1.5 <1% <1.3% B7%-69% 9572
232- 3430-
PS14-PD 241* 14 <1% <1.5% 70% 3779
1.5- 5464-
PsS18C-TT | 8997 2.2-2.4 2.2% <4% 46%-56% 6133
PS19A-Ply* | 151 3.2 <1% 29%
133- 4 1%- <1.2%- 2059-
PS19F-DT 143* 14-15 5.9% <1.3% B82%-88% 2335
PS22F-
PhtD" 158-167 217 5.8 | Not done 37% | Not done
PE22F -AHPhD*159-167 | 3.66-4.34 | <1% Not done 28-31% Not done
PS23F- 1.4- 137 %- 2933-
PD*** 914-980 0.5 | 1.9% 3.7%4.9% 154% 3152

* PS size following microfiuidization of the native PS

A 10 valent vaccine was made by mixing serotype 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and
23F conjugates (e.g.atadoseof 1, 3,1, 1, 1, 1, 1, 3, 3, 1 ng of saccharide, respectively
per human dose). An 11 valent vaccine was made by further adding the serotype 3
conjugate from Table & (e.g. at 1 pg of saccharide per human dose). A 13 vaient vaccine
was made by further adding the serotypes 19A and 22F conjugates above (with 22F
either directly linked to PhtD, or alternatively through an ADH linker) [e.g. at a dose of 3
#g sach of saccharide per human dose]. A 14 valent vaccine may be made by further
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CPA assay_ G oup N %a 0.20 pgfnL GMC (pg/nL) N %al:8
GMIr (95%Cl) (95%d) (95%Cl) (95%Cl) 11Pn-PD 45
28.9 0.09 52 73 5.2 (16.444.3) (0.07-011) (21-18.5)
(4.0-6.8) 19F-DT Form 2" 51 29.4 0.11 59 27.1 12.4

(17.5-43.8) (0.08-0. 16)

10

15

20

25

30

35

adding the serotype 6A conjugate above [e.g. at a dose of 1 ug of saccharide per human
dose.

Example 3: Evidence that inclusion of Haemphlius influenzae protein D in an
immunogenic composition of the invention can provide improved protection
against acute otitls media (AOM).

Study design.

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

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

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

For subjects with repeated sick visits, a new AOM episode was considered to have
started if more than 30 days had elapsed since the beginning of the previous episode. In
addition, an AOM episode was considered to be a new bacterial episode if the isolated
bacterium/serotype differed from the previous isolate whatever the interval between the
two consecutive episodes.
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(16.4-40.3) (7.6-20.3) Prevnar 55 16.2 0.1061 3.3 41
(9.1-309) (0.08-0.12) (0.4-11.3) (35-5.6) "The
conmposition of the different fornulations Is provided
in Tabl e4 Exanple 5: Adjuvant experinments in
preclinical nodels: inpact on the i munogenicty of
pneunococcal 11-val ent pol ysaccharide conjugates in
eldagm%mghesus nnnkeys 5 To optimze the response
eI|C| ate neunococcal vaccines in the
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Tabl e 14, ConJ ugat e | rmunogenl city In eI derly

o, TSR b Ly RS ES R AR
levels against the carrier Protein D could not be establsshad as post-primary anti-PD IgG

30  antibody concentrations in 11Pn-PD vaccinees, that remained Hi AOM episode-free, were
essentially the same as post-primary anti-PD 1gG antibody levels measured in 11Pn-PD
vaccinees that developed at least one Hi AOM episode during the efficacy follow-up
period. However, aithough no correlation could be established between the biological
impact of the vaccine and the post-primary IgG anti-PD immunogenicity, it is reasonable
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P311C P919F P5236 11-valent PrMavnum 45 5 |1 5 45 16 <8
41 4 4 4 |1 SO On 14 mat | 8 111 64 49 54
4016 42 37 161 84

10

i5

20

to assume that the PD carrier protein, which is highly conserved among H. influenzae
strains, has contributed to a large extent in the induction of the protection against Hi.

The effect on AOM disease was accompanied by an effect on nasopharyngeal carriage
that was of similar magnitude for vaccine serotype pneumococci and H. influenzae (Figure
1). This reduction of the nasopharyngeal carriage of H. /nfluenzae in the PD-conjugale
vaccinees supports the hypothesis of a direct protective effect of the PD-conjugate
vaccine against H. influenzae, even if the protective efficacy could not be carrelated to the
anti-PD 1gG immune responses as measured by ELISA.

In a following expariment a chinchilla otitis media model was used with serum pools from
infants immunised with the 11 valent formulation of this example ar with the 10 valent
vaccine of Example 2 (see also Table 1 and 2 and comments thereunder). Both pools
induce a significant reduction of the percentage of animals with otitis media versus the
pre-immune serum pocl. There is no significant difference beteen the 10 and 11 valent
immune pools. This demonstrates that both vaccines have a similar potential to induce
protection against otitis media caused by non typeable H. influenzae in this mode!.
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B Cell Elispot The principle of the assay relies on

the fact that nenory B cells mature into plasnma cells
5invitro following cultivation with CpG for 5 days.
In vitro generated antigen-specific plasm cells can

be easily detected and therefore be enunerated using
the B-cell elispot assay. The nunber of specific

plasma cells mrrors the frequency of nenory B cells

at the onset of the culture. 10Briefly, in vitro
geFmRled ) asma cells are incubated in culture plates
coﬁ?‘é‘&'%"fﬁ'"ﬁ?ftﬁ"{f@'ﬁ foraaratypei9% pecific pl asma cells

f oFHPAAsEpuRed/ anti gen spots, which are detected by

5convent'P®R20 fibiian IS4 fmethadwas eprepiialyibased amen a&wa&%m
as200arbyrCené2pcien brel. Frhseh tahe wps epartell bytHedykaerts et al., 2006, Clinical
Posaesasdeﬂawmbaws 35080, 'Ekﬁé?@ mﬁgnoaaeuﬁ]u&w %opéae&sﬁdes

in order to res el

R eTP ke il EXRYBER Bz soy 3 L OGS S N Meisore™

me{Roskjides 0@ high binding micratitrerpletes ovemight eie4f6r TheBolated Weare bibbied
10St with/1 @@@l&ﬁb&vﬁé“her&q]( W rES ﬁﬁVhﬁ?aﬁQ&n?teﬁﬁet@!ul’eﬁMih%&hon

knovvn robI em ost abi | i (
| nper ot 3%. Ao BRS PRbRtEo i SRy R vemL cotuan
ane@baf@al(sw §E‘h§el§lmlApfr meummc@d)wysamhﬁm@ SEperatugs 22F

Cemtrcab afdl Surihed dildted 20 tRD Ahdtifre blble® Witk fthel $BM&NKffer. An intemal

B0 Bl ARl PO L KOG
15 PO%“’W”“B@ Fé”aB trepted i the sATIeRY apd ingludeg,gnievery p a‘e After
Pneashing ytbé bound Rinjjodias werepde@cied lisisg perbddasé-confgitad) asti-tiuran

Gﬂgémsgw L@«.b&fy @étéc%dent.rm&m %oﬁa.ln L‘E‘@’ [n],tgf ,,,2%% FBS (i

SRR atinpqheted o] 208, SO feestsigs N AU Hheceolo afes
4 dekloped upihgiieadyRG-use sinfllecamgorenidélttagnethwib¢naigine eeroR&se baxyime
20 admn?&ﬁ&s“ytshbs@giew bR Hercules, @Qtd’s)\iﬂﬁéhiﬁ at room temperature

S TRTSRHL ) PR HOL RS M 5P R Bl Toad at 45

PSlfQ FSermFeqfn doGPsesrtraians {in PEMEL in e $ayBles aveed calopleted by
dol%féﬂanblﬁg SRl denlity §BInBOwifhin abﬁwed%nsmmeambmaﬁ%&ﬁoe serum

ons%ich ﬁ"%ﬁﬁ@%‘%‘s zegl rf) eé(g-rggra%efep }P@s ul‘é)ﬁ te?ﬁaﬂwﬁ calculated with

stron I

25 coﬁ}%éfé‘g“ mmﬁaeaewces rﬁuawwmusmwm cvtwﬁ fay| tag RLISA
PSwas 0105 gaiBgE RIp BIDSSaTpBE taliBinto REca UM @ lifnd bf ddfetion and the limit
an&qu%ﬁé% onl2F and 22F 1gG responses (data not 35
sho 5 Exanple 7, Effectiveness of
Pneunococcal Hislicline Tri ad Protein D (PhtD) as a 5
pr @psenophagcytesisrassay enhance t he i rmmunogeniclty of PS

30 2 oAt theWhig gensuliieryrestingia J'GG@EI?}’S it whs igepmieaneeddo e 35/ QPA
m aﬁb@ay(a%—sbﬂﬁkﬁ ROiInErp-StdireLetianThn IDiag e dad IMraihol denasi006): ph4otend

Mht L s

Pht D- cthn{%mg%ocle‘g;sﬁ%é& IE?JSHAG gﬁé ?(tac@elE’JInyI[EJIr ﬁ\h % uv énntﬁe % 1
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(quantity of saccharide) of each of the follow ng PS:

35 PSFrepdr@ichraf chiffiigiflesand PS22F. Anti-PS ELI SA 1gG | evel s
were dosed in sera collected at day 42. The anti-PS22F
response, shown as an exanple in Figure 4, was
strongly enhanced in mce gisgen 4-val ent PhtD
conjugates conpared to mce immunized with the plain
PS. The 15 sane inprovenment was observed for the
anti-PS8, 12F and 19F 1gG responses (data not shown).
Exanpl e 8, | nmunogenicity in elderly C57Bl mce of
13-val ent PS conjugates containing 19A-dPly and
22F-Pht D 20 Groups of 30 old C57BlI mce (>69-weeks
old) were imunized IMat days 0, 14 and 28 with 50 pl
of either 11-valent PS conjugates or 13-valent PS
conj ugates, both adm xed with Adjuvant C (see bel ow).
The 11-val ent vacci ne fornul ati on was conposed of 0.1
pg sacchari de of each of the 25 foll ow ng conjugates:
PSI - PD, P83-PD, P54-PD, P55-PD, PS6B- PD PS7F- PD
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GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP 6 11V
0.1wg/ 50p1 Adj C 11V 19A-dPly gnbs 22F- Pht D 0. 1pg/ 50p1

Adj

C 11V 19A-dPly fornol 22F-PhtD 0.1119/50p1 Adj C

11V 19A-dPly gnbs 22F-PhtD-E O | pg/ 50p1 Adj C 11V
19A-dPly formal 22F-PhtD-E 0. 1pg/ 50111 Adj C 11V
19A- DT 22F-PD 0. 1pg/ 50p1 Adj C laverage Pool 19.30

201@5&%&- ‘flign-:,’%&ﬁlg)m and 11Pn-PD&DI-007, three 11-valent vaccine formulafions
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(Table 4) were included in which 3ug of the 19F polysaccharide was conjugated to
diphtheria toxoid {19F-DT) instead of 1,g polysaccharide conjugated to protein D (19F-
PD). Conjugation parameters for the studies 11Pn-PD, 11 Pn-PD&Di-001 and 11 Pn-
PD&Di-007 are disclosed in Tables 5, 6 and 7 respectively.

Anti-pneumococcal antibody responses and OPA activity against serotype 19F one month
following primary vaccination with these 19F-DT formulations are shown in Table 8 and 9
respectively.

Table 10 shows 22F-ELISA antibody concentrations and percentages of subjects
reaching the 0.2 pg/mL threshoid before and after 23-valent plain polysaccharide booster
vaccination.

The opsonophagocytic activity was shown to be clearly improved for antibodies induced
with these 19F-DT formulations as demonsfrated by higher seropositivity rates
(opsonophagocytic titers = 1:8) and OPA GMTs one month following primary vaccination
(Table 8). One month after 23-valent plain polysaccharide booster vaccination,
opsonophagocytic activity of 19F antibodies remained significantly better for children
primed with 18F-DT formulations (Table 11}.

Table 12 presents immunogenicity data following a 11Pn-PD booster dose in toddlers
previously primed with 19F-DT or 19F-PD conjugates compared to a 4" consecutive dose
of Prevnar®. Given the breakthrough cases reported after the introduction of Prevnar® in
the US, the improved opsonophagocytic activity against serotype 19F when conjugated to
the DT carrier protein may be an advantage for the candidate vaccine.

Table 13 provides ELISA and OPA data for the 19F-DT conjugate with respect to the
cross-reaclive serotype 19A. It was found that 19F-DT induces low bul significant OPA
activity against 19A.



12.10 13. 60 3average Pool 6.32 4.84 5.21 8.74 2.38
2.54 4average Pool 60.9 67.1 51.4 47.4 45.5 41.1
5average Pool 1.34 3.81 3.06 2.75 1.26 1.23 6Baverage
Pool 4.41 4.12 5.88 1.58 2.31 5.64 7Faverage Pool 0.83
0.81 1.65 1.98 0.89

Tabled Pneumocoaccal conjugate vaccine formulations used in clinical
studies.
Formulation Pngumocaccal serctype pgicarrier pratein AP
1 3 4 5 8B TF ' 14 18C 19F | 23F mg
11Pn-PD 1D [ 1/P0 [ 1/PD | 1PD [1PD [ /D {1/PD | #PD | 1/PD | 1D | 1/PD [ <058
16F-DT Form 1 3PD | 3P0 | ¥PD | 3/PD | 10/OT| 3/PD | 3PD | 3/PD | ¥PD | 30T | 5DT | <035
197-DT Form 2 3PD | ZPD | 2P0 | IPD | 5DT | 3PD | 2PD | 2/PD | 2/PD | 3/DT | 50T | 5035
19F-D7 Form 3 3PD | 3PD | IYPD | IPD | YPD { 3PD | IPD | IPD | IPD | DT | IPD | =05
Table 5 Specific activation/coupling/quenching conditions of PS
S.pneumoniae-Protein DITT/DTconjugates
Serotype 1 3 4 5 6B 7F
Native ufluid Nalive Native Native Mative
PS 1.5 2 2.0 7.5 5.5 3.0
conc.(mg/mi)
PS dissolution NaCl NaCl 2M WFI WFI NaCl 2M | NaCl 2M
150mM
PD 5.0 50 5.0 5.0 50 5.0
conc.{mg/mi)
initial PS/PD 1/0.7 1”1 11 11 11 171
Ratio (ww)
CDAP conc. 0.75 0.75 0.75 0.75 0.75 0.75
{mg/mg PS)
pH.=pH.=pH, | $.0/9.0/9.0 [9.5/9.5/9.0!8.8/8.8/9.0,9.0/8.0/9.0/9.5/9.5/9.0/9.0/9.0/9.0
Couplingtime | 60mins | 60mins | 45mins | 40 mins | 60 mins | B0 mins
Serotype oV 14 18C 19F 23F
Native Native Native Native Native
PS 1.75 25 1.75 4.0 2.5
conc.(mg/mi)
PS dissclution | NaCl2M | NaCi2M WFi NaCl2M | NaCl 2M
PD 5.0 5.0 5.0 5.0 5.0
conc.(mg/ml)
Initial PS/PD 1/0.75 1/0.75 1M1.2 1M1 mn
Ratio (wiw)
CDAP conc. 0.75 0.75 Q.75 0.75 0.75
{mg/mg PS)
pH.=pH.=pH, |8.5/8.5/9.0 |9.0/8.0/9.0 {9.0/9.0/9.0 | 9.5/9.5/9.0]9.5/9.5/8.0
Coupling ime | 60 mins | 60 mins | 45 mins 30 mins | 60 mins
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0.99 9Vaverage Pool 13.8 23.7 20.0 13.1 15.5 9.6
l4average Pool 25.73 42.96 34.12 32.53 23.97 15.60
18Caverage Pool 13.4 20.1 11.9 9.1 8.3 8.4 19Faverage
Pool 57.5 90.0 63.8 36.5 47.0 69.1 23Faverage Pool NR
NR NR NR NR NR

Table 6 Specific activation/coupling/quenching conditions of PS
S.pneumoniae-Protein D/DTconjugates for the 11 Pn-PD&DI-001 study
5
Serotype 1 3 4 5 6B TF
yfluid pfluid pfluid pfiid pfluid Native
PS 4 20 25 7.5 10 30
cone.(mg/ml)
PS dissolution | NaCl 2M [ NaCl 2M | NaCl 2M | NaCl 2M | NaCl 2M | NaCl 2M
PD 10.0 5.0 5.0 5.0 20 (DT) 5.0
conc.(mg/mi) NaCl2M | NaCl 2M
Initial PD/PS 1.2 M 11 1M 1.5/1 1M
Ratio (wiw)
CDAP conc. 1.50 0.75 1.5 2 1.5 0.75
(mg/mg PS)
pHs=pH=pH. [9.0/9.0/9.0|9.5/0.5/9.0(9.5/9.5/9.0]9.0/9.0/6.0/9.5/0.5/9.0] 9/9/9
Coupling time | 60mins | 60 mins | 60mins | 60 mins { 60 mins | 60 mins
( Seroiype v 14 18C 19F 23F
Native Native ufluid Wiluid pflaid
PS 1.75 25 £.0 9.0 10
conc.{mg/mi}
PS dissolution | NaCl2M | NaCl2M | NaCl2M | NaCl2M | NaCl2M
Carrier protein 5.0 5.0 5.0 20 {DT) 10 (DT)
conc.(mg/mi)
Initial carrier 0.75M1 0.75M1 1.2/1 1.5M1 1.5
protein/PS
Ratio (wiw)
CDAP conc. 0.75 0.75 1.5 1.5 0.75
(mg/mg PS)
pH,=pH.=pH, |8.5/8.5/9.0 19.0/0.0/9.0 (9.0/8.0/9.0 | 8.0/9.0/9.0/9.5/9.5/9.0
Coupling time | 60 mins 60 mins 30 mins 60 mins | 60 mins
Table 7 Specific activation/coupling/gugnching conditions of PS
10 S.pneumoniae-Protein D/DTconjugates for the 11 Pn-PD&Di-007 study
Serotype 1 3 4 5 6B 7F
Native pfluid Native Native Native pftuid
PS 1.5 20 2 7.5 556 5.0




19AGMC 0.06 0.09 0.25 0.08 0.23 0.19 1C 0.04-0.1
0.05-0.14 0.15-0.41 0.06-0.12 0.14-0.38 0.09-0.3 %em
33% 47% 83% 53% 80% 73% 22FGMC NR 5.81 3. 76 0.54 0.85
2.02 1C 32-10.6 1.8-7.9 0.3-1.1 0.4-1.7 1.2-3.4 %ero
0% 97% 90% 77%

conc.{mg/ml)
PS dissolution NaCi NaCl 2M WFI WFI NaCl 2M | NaCl 2M
150 mM
PD 5.0 5.0 5.0 5.0 5 10
conc.(mg/ml)
Initial PD/PS 0.711 111 1 11 171 1.211
Ratio (w/w)
CDAP conc. 0.75 0.75 0.75 075 0.75 0.75
{mg/mg PS)
Hy=pH.=pH, 19.0/9.0/9.0/9.5/9.5/8.0|8.8/8.8/9.0 9.0/9.0/9.0(9.6/9.5/9.0{ 9.5./9.5/9
Coupling time | 60 mins | 60mins | 45mins | 40 mins | 60 mins | 60 mins
Serotype oV 14 18C 19F 19F 23F
pfluid ufluid Native ufluid wfluid yfiid
PS 5.0 50 1.75 9.0 10.0 9.5
conc.{mg/ml)
PS dissolution | NaCl2M | NaCl 2M WFI NaCi2M | NaCl2M | NaCl2M
Carrier protein 10 10.0 5.0 20 (DT) 5.0 (PD) 10
cone.(ma/ml)
Initial carrier 1.2/1 1.21 1.211 1.5 1.2 11
protein/PS
Ratio (wiw)
CDAP conc, 0.5 0.75 0.75 1.5 0.75 0.75
(mg/mg PS)
pH.=pH=pH, ]9.5/9.5/9.0 19.5/9.5/9.0 [8.0/9.0/9.0 | 9.0/9.0/9.0)|9.0/9.0/9.0 | 9.5/9.5/9.0
Coupfing time | 60 mins 60 mins 45 mins 120 mins | 120 mins | 60 mins
Table 8 Percentage of subjects with 19F antibody concentration > 0.20 uyg/mL
and 19F antibody Geometric mean antibody concentrations (GMCs
with 96% Ci; pg/mL) one month foliowing 1pg 19F-PD, 3ug 19F-DT or
Prevnar (2pg 19F-CRM) primary vaccination (Total cohort)
11Pn-PDEDI-001 (22F-ELISA) 11Pn-PD&DI-D07 (22F-ELISA)
Group N % 2 0.20 pg/mL. | GMC {pgimlL} N % 2020 ug/mL | GMC (pg/mlL)
(95% Clj (95% CI) (95% CI) {95% Cl)
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87% 97% Exanple 9, fmrunogenicity in young Bal b/c

m ce of 13-val ent PS conjugates containing 19A-dPly
and 22F-Phal 5 G oups of 30 young Bal b/c mce
(4-weeks old) were inmunized IMat days 0, 14 and 28
with 50 pl of either 11-valent PS conjugates or

13-val ent PS conjugates, both adm xed with Adjuvant C
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valent plain polysaccharide booster in children primed with 1ug 19F-
PD, 3ug 19F-DT or Prevnar (2yg 19F-CRM) (Total cohort)

11Pn-PD&DI-002 (22F ELISA)
Prior to hooster vaccination One month post 23-valent PS booster
Primary group N %2020 pgiml. | GMC (pg/ml) N %> 020 pgimt | GMC (Hpiml)
(95% C1) (85%Cl) (85% Cl) {95% Cl)

11Pn-PD 70 74 0.67 67 94.0 11.50

(65.6-86.3) {0.45-0.98) (85.4-98.3) (7.76-17.03)
19F-DT Form 17 68 1.2 0.71 69 98.6 14.50

(91.8-967) [0.54-0.94) (92.2-100) {10.47-20.07)
19F-DT Form 27 74 81 0.59 72 95,6 9.90

(70.3-89.3) (0.43-0.80) (88.3-99.1) | {6.74-1454)
Prevnar 85 64.8 0.40 87 100 6.40

{51.8-76.1} (0.27-0.60) (84.6-100) {6.95-12.711)

U'The composition of the differant formulations is provided in Tabled.

Table 11 Percentage of subjects with 19F OPA titer = 1:8 and 19F OPA GMTs
prior to and one month following 23-valent piain polysaccharide
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114. 2 Pool S5average 21.38 20.29 18. 26 18.95
18. 02 23. 04 Pool 6Baverage 1.97 4.76 3.72 2.35
1.43 1. 05 Pool 7Faverage 7.69 4.58 4.77 4.24

booster in children primed with 1pg 19F-PD, 3pg 19F-DT or Prevnar
(2ug 19F-CRM) (Total cohort)

11Pn-PD&DI-002
Prior fo hooster vaccination One month post 23-valent PS booster
Primary group N %18 } GMT N %218 GMT
(95% CN) {95% Cly {85% Cl) (95% C1}
11Pn-PD 2 278 10.9 24 821 408.0
(12.7-47.2) {5.0-23.7) £3.1-93.9) (157.3-1058.3)
19F-OT Form 17 19 474 8.1 18 844 10638
{(24.4-71.4) {72457 {72.7-99.9) (386.6-2827.5)
19F-DT Form 2 27 333 8.5 26 100 957.8
(16.5-54.0) (4.7-15.3) (87.7-100) (552.8-1659.0)
Pravnar 24 125 8.1 23 826 3809
| (27324 (3.4-19.6) (61.2-95.0) | (133.2-1088.5)

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

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

11Pn-PD&DI-002
22F.ELISA assay OPA ass
Primary group N . %>020ugmL | GMC (ug/ml) N % =18 GMT
(85% Cl) (95% Cl) {95% CI) (95% Cl)
11Pn-PD 70 100 4,52 21 100 2556
{84.9-100) {3.7-5.5) (83.9-100} {135.5-481.9)
16F-D7 Fom 17 86 98.5 345 23 95.7 3140
(91.8-100) (2.84.3) {75.1-99.9) (192.6-726.2)
19F-DT Form 2" 70 98.6 380 29 96.6 2891
(92.3-100) {2.9-4.9) (82.2-99.9) (144.7-428.7
Pievnar 69 871 258 3 96.8 5247
{89.9-96.6} (20-3.3) [83.3-59.9) (319.4-875.2)

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

10 Table 13 Percentage of subjects with antibody concentrations > 0.2 pg/mL.,
OPA = 1:8 and GMCs/GMTs against 18A pneumococcl one month
following primary vaccination with 1ug 18F-PD, 3pg 19F-DT or
Prevnar (2ug 18F-CRM) (Total cohort)

11Pn-PD&DI-D01
22F-ELISA assay OPA assay
Group N [ %>020pugmL [GMCug/mb) | N~ %18 GMT
{85% CI) (85% C) {95% CI) {85% Cl
11Pn-FD 45 289 0.08 52 1.7 52
(164-44.3) | {0.07-0.11) (21-18.5) {404.8
19F-DTForm 2¥ 51 24 0.11 59 274 12.4
{17.5-43.8) {0.08-0.16} {16.4-40.3) {7.6-20.3)
Prevnar 55 182 010 | 6 33 45
(9.1-309) 0,08-0.12) | {04-11.3) (3.8-5.6)

T'The composition of the differsnt formulations Is provided in Tabled
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3.92 3.94 Pool 9Vvaverage 30.1 30.7 26.5 21.4
23.4 28. 3 Pool l4average 28.78 27.67 26.23 21.54
24.34 13.73 Pool . 18Cavenge 33.4 32.37 46.5
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Example 5: Adjuvant experiments in preclinical models: impact on the
immunogenicty of pneumococcal 11-valent polysaccharide conjugates in
elderly Rhesus monkeys

To optimize the response elicited 1o conjugate pneumococcal vaccines in the elderly
population, GSK formulated an 11-valent polysaccharide {PS) conjugate vaccine with a
novel adjuvant Adjuvant C — see below.

Groups of 5 elderly Rhesus monkeys (14 to 28 years-old) were immunized
intramuscularly (IM) at days 0 and 28 with 500 ul of either 11-valent PS conjugates
adsorbed onto 315 pg of AIPO4 or 11-valent PS conjugates admixed with Adjuvant C.

In both vaccine formulations, the 11-valent PS conjugates were each composed of the
following conjugates P31-PD, PS3-PD, PS4-PD, P85-PD, PS7F-PD, PSOV-PD, P514-
PD, PS18C-PD, PS19F-PD, PS23F-DT and PS6B-DT. The vaccine used was 1/5 dose of
of the human dose of the vaccine {5 pg of each saccharide per human dose except for 6B
[10 pg]) conjugated according to Table 6 conditions (Example 4), except 19F was made
according to the following CDAP process conditions; sized saccharide at 9 mg/mi, PD at 5
mg/ml, an initial PD/PS ratio of 1.2/1, a CDAP concentration of 0.75 mg/mg PS,
pHa=pHc=pHg 9.0/9.0/9.0 and a coupling time of 60 min.

Anti-PS ELISA IgG levels and opsono-phagocytosis titres were dosed in sera collected at
day 42, Anti-PS3 memory B cell frequencies were measured by Elispot from peripheral
blood cells collected at day 42.

According to the results shown here below, Adjuvant C significantly improved the
immunogenicity of 11-valent PS conjugates versus conjugates with AIPO4 in elderly
monkeys. The novel adjuvant enhanced the IgG responses to PS (Figure 1) and the
opsono-phagocytasis antibody fitres (Table 14). There was also supportive evidence that
the frequency of PS3-specific memory B cells is increased by the use of Adjuvant C
(Figure 2).

Table 14, Conjugate Immunogenicity in elderly Rhesus monkeys (post-ll opsono-

phagocytosis titres)
1] P31 P84 P35 P36B P3TF PSSV Fat4 P3C PS19F PS23F
11valent | Pre-immune <B B <g 5 <3 16 <8 <8 <8 <3 <8
AlPD4
day {4 poat i 3 " 84 49 4 409% 4z 37 1% “ <
11 valent | Pre-immuns 5 ] <@ 5 2 T <B -8 <3 L) <A
Adj-C
day 14 post i T8 1361 M L1 208 16384 1 19 7133 2048 <b4
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57.8 47.8 75.8 Pool 19Faverage 186.6 157.7 169.3

178.9 181.9 223. 2 Pool 23Faverage 4.98 3.9 5.11
0.57 3.13 4.57 Pool 19AGMC 0.4 32.8
B Cell Elispot
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The principle of the assay relies on the fact that memory B cells mature into plasma cells
in vitro following cuitivation with CpG for 5 days. In vitro generated antigen-specific
plasma cells can be easily detected and therefore be enumerated using the B-cell elispot
assay. The number of specific plasma cells mirrors the frequency of memory B cells at the
onset of the culture,

Briefly, in vitro generated plasma cells are incubated in culture plates coated with antigen.
Antigen-specific plasma cells form antibody/antigen spots, which are detected by
conventional immuno-enzymatic procedure and enumerated as memory B cells,

In the present study, Polysaccharides have been used to coat culture plates in order to
enumerate respective memory B cells. Results are expressed as a frequency of PS specific
memory B cells within a million of memory B cells.

The study shows that Adjuvant C may be able to alleviate the known problem of PS3
boostability (see 5th International Symposium on Pneumococci and Pneumococcal
Diseases, April 2-6 2008, Alice Springs, Central Australia.

Specificities of immune responses against a serotype 3 pneumococcal conjugate.
Schuerman L, Prymula R, Poolman J. Abstract book p 245, PO10.06).

Example 6, Effectiveness of detoxifled Pneumolysin (dPly) as a protein carrier to
enhance the immunogenlicity of PS 18F in young Balb/c mice

Groups of 40 female Balb/c mice (4-weeks okd) were immunized |M at days 0, 14 and 28
with 50 pt of either 4-valent plain PS or 4-valent dPly-conjugated PS, both admixed with
Adijuvant C.

Both vaccine formulations were composed of 0.1 pg {(quantity of saccharide) of each of
the following PS; PSB, PS12F, PS19F and PS22F.

Anti-PS ELISA IgG levels were dosed in sera collected at day 42.

The anti-PS19F respense, shown as an example in Figure 3, was strongly enhanced in
mice glven 4-valent dPly conjugates compared to mice immunized with the plain PS. The
same improvement was observed for the anti-P$8, 12F and 22F IgG responses (data not
shown). '
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25.1 21.6 18.9 23J 1C 0.2-0.6 26.4-40.7 20.6-30.6
17.5-26.7 15.1-23.5 19.5-28.5 % aro 93% 100% 100% 100%
100% 100% 22FCM5 NR 3.99 3.76 6.27 8.70 18.78 IC
1.9-6.42 1.8-8 3.8-10.4 5.4-13.9 15.2-23.1 %sero 0%
93% 100% 100% 100% 100% Exanple 10, Imunogenicity In
Gui nea Pigs of 13-valent PS conjugates containing
19A-dPly and 22F-Pht D

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

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

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

Anti-PS ELISA IgG levels were dosed in sera collected at day 42.

The anti-P322F response, shown as an example in Figure 4, was strongly enhanced in
mice given 4-valent PhtD conjugates compared to mice immunized with the plain PS. The
same improvement was observed for the anti-PS8, 12F and 19F IgG responses (data not
shown).

Example 8, Immunoganicity in elderly C57B! mice of 13-valent PS conjugates
contalning 19A-dPly and 22F-PhtD

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

The 11-valent vaccine formulation was composed of 0.1 pg saccharide of each of the
following conjugates: PS1-PD, PS3-PD, PS4-PD, PS5-PD, PS6B-PD, PS7F-PD, PS9v-
PD, PS14-PD, PS18C-TT, PS19F-DT and PS23F-PD (see Table 1 and comment on 11
valent vaccine discussed under Table 2). The 13-valent vaccine formulation cantained in
addition 0.1 pg of PS19A-dPly and PS22F-PhtD conjugates (see Table 1 and comment on
13 valent vaccine discussed under Table 2 Jusing directly-conjugated 22F]). In group 2
and 4 the pneumolysin carrier was detoxified with GMBS tfreatment, in group 3 and 5 it
was done with farmaldehyde. In groups 2 and 3 PhiD was used to conjugate PS 22F, in
Groups 4 and 5 a PhtD_E fusion (the construct VP147 from WO 03/054007) was used. In
group 6 19A was conjugated to diphtheria toxoid and 22F to protein D.

Anti-PS18A and 22F ELISA IgG levels were dosed in individual sera collected at day 42.
The ELISA IgG respense generated to the other PS was measured in pooled sera.
19A-dPly and 22F-PhtD administered within the 13-valent conjugate vaccine formulation
were shown immunogenic in old C57Bl mice (Table 15). The immune response induced
againsl the other PS was not negatively impacted in mice given the 13-valent formulation
compared to those immunized with the 11-valent formulation.

Table 15, PS immunogenicity in ¢ld C57Bl mice {post-lll IgG levels)
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on 11 valent

vacci ne formul ation c [ ' on 0.1 of
PS:0A—aRly and PS22F gzkgcggz' LB"! : J_e._gf_a.n.d.___l
co \GROURS |, GROUP2o | (GHOUR S| qorpuna, [T arours | crours
[usi ng directlly-¢Bhj ygasé /229 " W nqa}tﬂ_:,;lpe "
pneunol ysin cdrrier wasg {o i Trbemrd t hg S| tormol 19A-DT
trleat ment, ingroup 3 zmehid i t22rvemDdpRFF-RAO-E | 22F-PhtD-E | 22F-PD
f or mal dehyde. |lonugfogl p!sw%muh(h gDl vieteg/tteed D.oug/S0p! | 0.1pg/S0ul
conjugate PS 22FAdi¢n G &difs afatiiC 5 PidiD) E f usididh Adi C
(thhetlcomratagaict] VB2d7 |f r 2e@00O| 0324@840D7) 1288s Ysed2.14 n 13.60
10, groupP®! 19A was caonjugated to di pptheria tjoxoid and
22F ta protein D Antli - PS19Aland 22H FI1TSA 144G | evel s
welr e3dosethgd n |i neldvi dualdsser a cokl ecfedsad day 4238 The 254
ELjl SA | g®o esponse generated|to the pther PS|was
melasured 1n prnl ed sgra Table 17 P irmmnm: ir*ity
i N ydungveBad b/|c eface |(pdBI-I111 FYG | pvekd] 13 Gussea 411
piigs EUSPeeGROYP 1 GROUP 2 GROUP 3 GROUP 4 GRQUPS
ORS 11V Ql1pg/50h1 Adi C 11V 19ALdPly gnfis
22IF- Pht Brefdgdl pg/ 581 |Adj3-8C 11V 39A- dPl y 2#f®Hr nol  1.26 1.23
22F- Pht DP®' 1 pg/ 50pl|Adj C 11V 19A-dPly gnbs [22F- Pht Dt
Eupg@pLﬁ\djL C14\V19A-dbly
6B  average 4.4 4,12 588 1.58 2.31 5.64
Pool
TF  average 0.83 0.81 1.85 1.98 0.89 0.99
Pool
9V average 13.8 23.7 20.0 131 155 0.8
Pool
14  average 25.73 42.96 3412 32.53 23.97 15.60
Pool
18C  average 134 20.1 11.8 9.1 83 8.4
Pool
19F  average 575 90.0 63.3 365 47.0 69.1
Poot
23F  average NR NR NR NR NR NR
Pool |
19A cmc 0.06 0.09 0.25 0.08 0.23 0.18
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22F-Pht D-E 0. 1pg/ 50p1 Adj C 11V 19A-DT 22F-PD
0. 1pg/ 50p1 Adj C laverage Pool 78.00 77.21 76.15 68.77
68.59 81.04 3average Pool 7.75 9.31 12.73 7.94 4.75

9. 59 4average Pool 130.7 94.4 132.6 166.8 85.0 101.3
5average Pool 109.10 117.10 110.70 158.40 74.10 100. 40

f or nol

ic 0.04-0.1 0.05-0.14 0.150.41 0.06-0.12 0.14-0.38 0.09-0.3
%sero 33% 47% 83% 53% 80% 73%
22F gMmc NR £.81 3.76 0.54 0.85 2.02
c 3.2-10.6 1879 0.3-1.1 0.4-1.7 1234
%sero 0% 97% 90% 77% 87% 97%
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Example 9, Immunogenicity in young Balb/c mice of 13-valent PS conjugates
contalning 19A-dPly and 22F-PhtD

Groups of 30 young Balb/c mice (4-weeks old) were immunized IM at days 0, 14 and 28
with 50 pl of either 11-valent PS conjugates or 13-vaient PS conjugates, both admixed
with Adjuvant C (see below).

The 11-valent vaccine formulation was composed of 0.1 ug saccharide of each of the
following conjugates: PS1-PD, PS3-PD, PS4-PD, PS5-FD, PS6B-PD, PS7E-PD, PSO\-
PD, PS14-PD, PS18C-TT, PS19F-DT and PS23F-PD (see Table 1 and comment on 11
valent vaccine discussed under Table 2). The 13-valent vaccine formulation contained in
addition 0.1 ug of PS19A-dPly and PS22F-PhtD conjugates {(see Table 1 and comment on
13 valent vaccine discussed under Table 2 [using directy-conjugated 22F]). In group 2
and 4 the pneumolysin carrier was detoxified with GMBS treatment, in group 3 and 5 it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate PS 22F, in
Groups 4 and 5 a PhtD_E fusion (the construct VP147 from WO 03/054007) was used. In
group 6 19A was conjugated to diphtheria toxoid and 22F to protein D.

Anti-PS19A and 22F ELISA IgG levels were dosed in individual sera collected at day 42.
The ELISA 1gG response generated to the other PS was measured in pooled sera.
19A-dPly and 22F-PhiD administered within the 13-valent conjugate vaccine formulation
were shown immunogenic in young Balb/c mice (Table 16). The immune response
induced against the other PS was not negatively impacted in mice given the 13-vaient
formulation compared to those immunized with the 11-valent formuiation.

Table 16, PS immunogenicity in young Balb/c mice (post-li 1gG levels)
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BalbC mice
ELISA GROUP1 | GROUP2 | GROUP3 GROUP 4 GROUPS | GROUPG
11V 11V 1MV 1V 11V 1MV
19A<Ply | 19A«dPly 19A-dPly 19A-gPly
gmbs formol gmbs formol 19A-DT
22F.PhtD | 22F-PhtD 22F-PhtD-E | 22F-PhtD-E 22F-PD
0.1pg/50p! | O-1pg/S0pl | 0.1pg/50u1 | 0. 1ug/50ul 0.1pg/50ui | 0.1pg/50u!
Adj C Adj C Ad C Adi C Ad| C AdiC
1 aversge 13170 | 10120 | 8300 8240 | 6790 85.50




6Baver age Pool

Pool

90. 69 105.45 98.20 93.45 54.12 73.05 Pool
l4average 71.19 77.18 48.53 59.67 38.47 53.69 Pool

3.14 4.26 14.4 7.63 6.3 7.52 T7Faverage
154.2 216.0 240.0 181.0 142.0 179.1 9Vaver age

Pool

3 average 21.85 10.38 12.53 8.83 .73 14,98
Pool

4 average 147.4 §27.0 104.4 95.0 1136 1142
Pooi

5  average 21.38 20.29 18.2¢ 18.95 18.02 23.04
Pool

6B  average 1.97 476 372 2.35 1.43 1.05
Pool

TF average 1.69 4.58 477 4.24 392 3.94
Pool

8V  average 30.1 30.7 26.5 214 234 28.3
Pool

14  average 28.78 27.67 26.23 21.54 2434 1373
Pool

18C  average 53.4 52.37 48.5 57.8 47.8 75.8
Pool

19F  average 186.6 157.7 169.3 178.9 181.9 2232
Pool

23F  average 4.98 39 5.1 0.57 313 4.57
Pool

18A omc 0.4 328 25.1 21.8 189 235
ic 0.2-06 26.4-40.7 | 20.8-30.6 17.5-26.7 15.1-235 19.5-28.5
%asro 93% 100% 100% 100% 100% 100%

22F omMc NR 399 3.76 6.27 870 18.76
Ic 1.9-8.42 1.8-8 3.8-10.4 54-13.9 15.2-23.1
Ysero 0% 93% 100% 100% 100% 100%

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

Groups of 20 young Guinea Pigs (Hartley Strain; 5 weeks old) were immunized IM at days
0. 14 and 28 with 125 pl of either 11-valent PS conjugates or 13-valent PS conjugates,
both admixed with Adjuvant C (see below),

67




10

15

18Caverage 109.4 122.3 137.1 79.9 73.7 83.1 Pool
19Faverage 73.9 102.5 112.2 75.5 62.3 72.1 Pool
23Faverage 19.19 30.74 29.44 31.52 19.13 24.94 Pool

The 11-valent vaccine formulation was composed of 0.25 g saccharide of each of the
following conjugates: PS1-PD, PS3-PD, PS4-PD, PS5-PD, PS6B-PD, PS7F-PD, PSOV-
PD, PS14-PD, PS1BC-TT, PS18F-DT and PS23F-PD (see Table 1 and comment on 11
valent vaccine discussed under Table 2). The 13-valent vaccine formulation contained in
addition 0.1 yg of PS18A-dPly and PS22F-PhtD conjugates (see Table 1 and comment on
13 valent vaccine discussed under Table 2 [using directly-conjugated 22F]). In group 2
and 4 the pneumolysin carrier was detoxified with GMBS treatment, in group 3 and § it
was done with formaldehyde. In groups 2 and 3 PhtD was used to conjugate PS 22F, in
Groups 4 and 5 a PhtD_E fusion (the construet VP147 from WO 03/054007) was used. In
group 6 19A was conjugated to diphtheria toxoid and 22F (o protein D.
Anti-PS19A and 22F ELISA IgG levels were dosed in individual sera collected at day 42.
The ELISA IgG response generated to the other PS was measured in pooled sera.

Table 17, PS immunogenicity in young Balbic mice {post-lll IgG levels)
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Guinea pigs
ELISA GROUP1 | GROUP2 GROUP 3 GROUP 4 GROUP 5 GROUP §
1V 1V "V 11v 11V 1MV
19A-dPly 19A-dPly | 19A-dPly 19A-dPly
gmbs formol gmbs formol 19A-DT
22F-PhtD-
22F-PhtD 22F-PhtD E 22F-PhtD-E | 22F-PD
0.1pg/50u | O.1ug/50ui 0.1pg/50ul 0.1pg/50ul 0. 1pg/50pl 0.1ug/50u
AdjC Adj C Adj C Adj C Ad[C Adj C
1 averags 78.00 7721 76.15 68.77 68.59 81.04
Pool
3 average 1.75 9.31 12.73 7.94 475 9.59
Pool
4  average 130.7 844 132.6 166.8 85.0 1013 T
Fool
5  average 109.10 117.10 110.70 158.40 74.10 100.40
Fool
6B  avorage 3.14 4,28 14.4 7.63 6.3 752
Pool
TF  average 154.2 216.0 240.0 181.0 142.0 179.1
Pool
9V  average 90.69 105.45 98.20 93.45 54.12 73.05




19AGMC 0.4 25.58 41.49 14.25 27.49 6.74 1C 024-0. 68
12-54.5 24.4-70.5 5.9-34.6 16.6-45.4 4-11.3

100% 100% 100% 100% 100% 22FGVC 0. 12 2.51 3.67 45. 74
IC 0.09-0.16 0.94-6.73 1.59-8.42 29.3-71.4

30. 68 98. 38
17-53.3 73.5-126.4 Y%ans

10

Usero 75%

Pool
14 average 71.19 77.18 48.53 59.67 38.47 53.69
Pool
18C average 109.4 1223 1371 79.9 73.7 83.1
Pool
19F  average 73.9 102.5 112.2 75.5 62.3 7241
Pool :
23F  average 19.19 30.74 29.44 31.52 19.13 2484
Pool
19A oomc 04 25.58 41.49 14.25 2749 6.74
ic 0.24-0.68 12-54.5 244-705 59-346 16.6-45.4 4-11.3
“%sero T5% 100% 100% 100% 100% 100%
22F omc 0.12 2.51 3.67 45.74 30.68 96.38
ic 0.09-0.16 0.84-8.73 1.55-8.42 29.3-71.4 17-53.3 73.5-126.4
%soro 10% 95% 95% 100% 100% 100%
Example 11: Formulations being made and tested
a) The following formulations are made (using the 13 valent vaccine from table 1 and
serotype 3 from table 5 - see comment on 14 valent vaccine discussed under Table 2
[using directly-conjugated 22F or through an ADH linker]). The saccharides are formulated
with aluminium phosphate and 3D-MPL as shown below,
4V 2% MPL 14V 1oug MPL
Sum of BAC Alowisinm content <> FF Sum of BAC Aluminiem content -> FF
PS | camiar | ugPS -3 “""‘I ny AL Al B camier | ugPS 8- '“i‘jf_s"“ ug Al
FD 10 PO | yil 0
PD PD ] 1
FD o P 10
PD [ 3 FD 10
| BA PD 1 0 6A ) 1
[ PD 1 1] 1) P> 0 10
TF FD 1 ] F PD
9V PD Q ki d 2D {
14 FD Q 14 D
13C TTay 4 [ TT, 3
194 Pty ] 30 oA dPly _ 3¢
19F DT | 30 9F DT 3 0 0
prig D 3 16 30 22F PhtD 3 10 30
23F i) 1 10 i0 23F D 1 10 L¢
BAC MPL 507200 25 4 106 BAC MPL 50200 10 4 40
FF Alumininm Sum = 155 FF Aluminium content Sum — 295
cordent
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10% 95% 95% 100% 100% 100% Exanple 11: Fornul ati ons
bei ng nade and tested a) The follow ng formul ations
are made (using the 13 valent vaccine fromtable 1 and
serotype 3 fromtable 5 - see conment on 14 val ent
vacci ne di scussed under Table 2 [using

di rectly-conjugated 22F or through an ADH Iinked) The

A AL SR e

FT P
L 8 o R E 0 oot TR paupon ﬂ%eﬂIs %ﬁﬂ‘?%er's
5Pg PF Kg MPL rahfuB AL | A PigitVam BS carr jpgivaiids PS pg

MPLingredients 250ul ofw 125t o/w 50p1 ofw
emulsion emulsion emulsion
alpha 11.88mg 5.94mg . 2.318mg
Tocapherol
Squalene 10.7mg 5.35mg 2.14mg
Tween 80 4.85mg 2.43mg 0.97mg
Adjuvant A4 Adjuvant A5 Adjuvant A Adjuvant A7
Ingredients 250p! o/w 250pl ofw 125pl o/w 50pl o/w
emulsion emulsion emulsion emulsion
alpha 11.88mg 11.88mg 5.94mg 2.38mg
Tocopherol
Squalene 10.7mg 10.7mg 5.35mg 2.14mg
Tween 80 4.85mg 4.85mg 2.43mg 0.97mg
iD-MPL 50ug 25pg 25ug 10pg

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

Composition of Adjuvant B1
Qualitative Quantitative (per 0.5 mL dose)
15  Liposomes:
- DOPC 1 mg
- cholesterol 0.25 mg
3DMPL 50 pg
Q52150 ug
20 KHzPOs13.124 mg Buffer
NazHPO4 10.290 mg Buffer
NaCl 2.922 mg
(100 mM)
WFI q.s. ad 0.5 ml Solvent

25 pHEA
1. Total PO+ concentration = 50 mM

Composition of Adjuvant B2

Qualitative Quantitative (per 0.5 mL dose)
30 Lliposomes:

-DOPC 0.5 mg

- cholesterol 0.125 mg

3DMPL 25 g

Q82125 g
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ratio PSIAl IhtPg Al I P
PI) I 10 10 3 Pt) 1 |
10 30

DI 10 10 1 Pt) 1 1ID
DIIl 4 PEf 3 10 30 4
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KHzP04 13.124 mg Buffer
NazHPO410.290 mg Buffer
NaCl2.922 mg

(100 mM)

WFI q.s. ad 0.5 ml Solvent
pH 6.1

d) The saccharides are also formulated with Adjuvant C (see above for other
compositions where this adjuvant has been used):

Qualitative Quantitative (per 0.5 mL dose)
Qil in water emulsion: 50 i
- squalene 2.136 mg

- a-tocopherol 2.372 mg

- Tween 80 0.7 mg

- cholestercl 0.1 mg
3DMPL 50 ug

Q521 50 g

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

(137 mM)

KC10.101 mg

{2.7 mM)

WFl g.s. ad 0.5 ml Solvent
pH 6.8

Example 12, Impact of conjugation chemistry on 22F-PhtD conjugate
Immuncgenicity in Baib/c mice '

Groups of 30 female Balb/c mice were immunised by the intramuscular (IM) route at days
0, 14 and 28 with 13-valent PS formulations containing PS 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C,
19A, 19F, 22F and 23F (dose: 0.3 Jg saccharide / PS for PS 4, 18C, 19A, 19F and 22F
and 0.1 ug saccharide / PS for the other PS).

PS8 18C was conjugated fo Tetanus Toxoid, 19F to Diphteria Toxoid, 19A to formol-
detoxified Ply, 22F to PhtD and the other PS to PD.

Two formulations, constituted of either 22F-PhtD prepared by direct CDAP chemistry or
22F-AH-PhtD (ADH-derivitized PS), were compared. See Example 2, Table 1 and
comment under Table 2 for characteristics of 13 valent vaccine made either with 22F
directly conjugated or via an ADH spacer. The vaccine formulations were supplemented
with adjuvant C.
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Anti-PS22F ELISA IgG levels and opsono-phagocytosis lilres were measured in sera
collected at day 42,

22F-AH-PhtD was shown much more immunogenic than 22F-PhtD in terms of both igG
levels (figure 5) and opsono-phagocytic titres (figure 8).

Example 13, Impact of new adiuvants on immunogenicity of Stroptoccoccus
gneumoniae capsule P§ conjugates

Groups of 40 female Balb/c mEbe were immunised by the IM route at days 0, 14 and 28
with 13-valent PS formulations containing PS 1, 3, 4, 5, 6B, 7F, 8V, 14, 18C, 19A, 19F,
22F and 23F (dose:; 0.3 ug / PS for PS 4, 18C, 19A, 19F and 22F and 0.1 yg / P'S for the
other PS).

PS 18C was conjugated fo Tetanus Toxoid, 19F to Diphteria Toxoid, 19A to formol-
detoxified Ply, 22F to PhiD and the other PS to PD. See Example 2, Table 1 and
comment under Table 2 for characteristics of 13 valent vaccine made with 22F directly
conjugated.

Four formulations, supplemented with either AIPQ,, adjuvant A1, adjuvant A4 or adjuvant
A5, were compared.

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

All the new adjuvants tested improved at ieast 2-fold the immune responses to 13-valent
conjugates compared to the classical AIPO, formulation (figure 7).

Example 14, protective efficacy of a PhtD/detoxifled Ply combo in a pneumococcal
monkey pneumonia model

Groups of 6 Rhesus monkeys {3 to B years-oid), selected as those having the lowest pre-
exisling anti-19F antibody levels, were immunized intramuscularly at days 0 and 28 with
gither 11-valent PS conjugates (i.e. 1 pg of PS 1, 3, 5, 6B, 7F, 9V, 14 and 23F, and 3 ug
of PS 4, 18C and 19F) or PhtD (10 pg) + formol-detoxified Ply (10 pg) or the adjuvant
alone.
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PS 18C was conjugated to Tetanus Toxoid, 19F to Diphteria Toxoid and the other PS to
PD. See Example 2, Table 1 and comment under Table 2 for characteristics of 11 valent
vaccine. All formulations were supplemented with adjuvant C.

Type 19F pneumococci (5.10° cfu) were inoculated in the right lung at day 42, Colonies
were counted in broncho-alveolar lavages collected al days 1, 3 and 7 posl-challenge.
The results were expressed as the number of animals per group either dead, lung
colonized or cleared at day 7 after challenge.

As shown In figure 8, a good protaction close to slatistical significance (despite the low
number of animals used) was obtained with 11-valent conjugates and the PhtD+dPly
combo {p < 0.12, Fisher Exact test) compared io the adjuvant alone group.

mple 15, im of conj n chemistry on the anti-PhtD antibod i'es nse

and the protective efficacy against a type 4 challenge induced by 2Z2F-PhtD
conjugates

Groups of 20 female OF1 mice were immunised by the intramuscular route at days 0 and
14 with 3 g of either 22F-PhtD (prepared by direct CDAP chemistry) or 22F-AH-PhtD
{ADH-derivitized PS), or the adjuvant alone. Both monovalent 22F conjugates were made
by the processes of Example 2 (see also Table 1 and Table 2). Each formulation was
supplemented with adjuvant C.

Anti-PhtD ELISA IgG levels were measured in sera collected at day 27.

Mice were challenged intranasally with 5.10° cfu of type 4 pneumococci at day 28 (i.e. a
pneumococcal serotype not potentially covered by the PS present in the vaccine
formulation tested). The mortality induced was monitored until day 8 post-challenge.

22F-AH-PhtD induced a significantly higher anti-PhtD IgG response and better protection
against type 4 challenge than 22F-PhtD.
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CLAIMS

10.

11.

12,

13.

14,

A Streptococcus pneumonias immunogenic composition comprising 9 or
more, 10 or more, 11 or more, 13 or more, or 14 or maore capsular
saccharides from different S. pneumoniae serotypes conjugated to 2 or
more different carrier proteins, whereln the composition comprises serotype
19F capsular saccharide conjugated to diphtheria toxoid (DT) or CRM197,
optionally wherein 19F is the only saccharide in the composition conjugated
to diphtheria toxoid (DT) or CRM197

An Immunogenic composition according to claim 1 wherein seratype 19F is
conjugated to Diphtheria toxoid.

An immunogenic composition according to claim 1 or 2 wherein said
composition further comprises protein D from MHaemophitus influenzae.

An immunogenic composition according to any preceding claim wherein
19F capsular saccharide Is directly conjugated to the carrier protein.

An immunogenic composition according to any of claims 1 to 3 wherein 19F
capsular saccharide is conjugated to the carrier protein via a linker.

An immunogenic composition according to claim 5 wherein the linker is
bifunctional.

The immunogenic composition of claim 5 or 6 wherein the linker is ADH.
The immunogenic composition of claims 5, 6, or 7 wherein the linker is
attached to the carrier protein by carbodiimide chemistry, preferably using
EDAC.

The immunogenic composition of any of claims § to 8 wherein the
saccharide is conjugated to the linker before the carrier protein is
conjugated to the linker.

The immunogenic composition of any of claims 5 to 8 wherein the carrier
prolein is conjugated to the linker before the saccharide is conjugated to the
linker.

the immunogenic composition of any preceding claim wherein the 19F
saccharide is conjugated to the carrier protein or to the linker using CDAP
chemistry.

The immunogenic composition of any preceding claim wherein the ratio of
carrier protein to 18F saccharide is between 5:1 and 1:5, 4:1 and 1:1 or 2:1
and 1:1, or 1.5;1 and 1.4:1 {w/w).

The immunogenic composition of any preceding claim wherein the average
size (e.g. M,)) of the 19F saccharide is above 100 kDa.

The immunogenic compeosition of claim 13 wherein the average size (e.g.
M.} of the 19F saccharide is between 100-750, 110-500, 120-250, or 125
and 150 kDa.
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221 Plats 3 10 30 23F PD1 10 10 23F PD | 10 10
BAC MPL 50/200 25 4 100 BAC MPL 50/200 10 4 40 FF
Al um ni um want Sumi- 355 FP Al um ni um cont est

185.

186.

17.

18.

18.

20.

21.

23,

24,

25,

26.

27.

28.

29,

30.

31.

The immunogenic composition of claim 13 or 14 wherein the 19F
saccharide is either a native polysaccharide or is sized by a factor of no
more than x3.

The immunogenic composition of claim 13, 14 or 15 wherein the 19F
saccharide has been sized by microfluidization.

The immunogenic compaosition of any preceding claim wherein the dose of
the 19F saccharide conjugate is between 1 and 10 ug, 1 and 5 pg, or 1 and
3 ug of saccharide.

An Immunogenic composition according to any preceding claim wherein at
least 8 of the capsular saccharides are conjugated ic the same carrer
protein.

An immunogenic composition according to claim 18 wherein said carrier
protein is not diphtheria toxoid and/or is not CRM197.

An immunogenic compesition according to any preceding claim comprising
2 different carrier proteins.

An immunogenic compasition according to any preceding claim comprising
3, 4, 5 or 6 different carrier proteins.

An immunogenic composition according to any preceding claim wherein
ons or more or all carrier proteins is selected from the group consisting of
DT, CRM 197, TT, Fragment C, dPly, PhtA, PhyB, PhtD, PhtE, PhtDE
OmpC, PcorB and Haemophilus influenzae Protein D.

An immunogenic composifion according to claim 22 wherein cne carrier
protein is protein D.

An immunogeni¢ composition according fo claim 22 wherein one carrier
protein is TT.

An immunecgenic composition according to any of claims 22, 23 or 24
wherein both TT and protein D are presant as camier proteins,

An immunogenic compaosition according to any of claims 22, 23, 24 or 25
wherein at least 8 of the capsular saccharides are conjugated to protein D.
An immunogenic composition according to any preceding claim wherein the
composition comprises capsular saccharide 18C conjugated to TT,
oplionally wherein 18C is the only saccharide in the composition conjugated
to tetanus toxoid (TT).

An immunogenic composition according to any preceding claim wherein
18C capsular saccharide is directly conjugated to the carrier protein.

An immunogenic composition according to any of claims 1 1o 27 wherein
18C capsular saccharide is conjugated to the carrier protein via a linker.

An immunogenic composition according to claim 29 wherein the linker is
bifunctional.

The immunogenic composition of claim 29 ar 30 wherein the linker is ADH.
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Sum - 295 Db) The same saccharide fornmulation is

adj uvanted with each of the foll ow ng adjuvants: - In
the tabl e herebel ow t he concentration of the emnul sion
conmponents per 500pl dose is shown. 5Adjuvant

Al Adj uvant A2Adj uvant AS | ngredi ents250pl1 o/ wl250

o/ ws0pl o/ w enul si onenul si onenul si on

al phall. 88ng5. 94ny2. 38ny Tocopher ol

SquaPene10 . Thaigsnuassey's comprgiliqnel ctrirgore, 8% rpdt H‘?ﬁﬂ’@thﬂﬂijr s
Adj uvant Adfethed tartre geRite proteinrhy cadodijmideaghemialTy. preferably using
| ngr edi ent €280pl1 o/ w250p1 01wl251t1 o/ ws0pl o/ w

emul sg.onentrhsiimnaizgéntd conposHichi 6/nany of claims 29 to 31 wherein the
al phall. 8835&-:33@8“95:0&4@%- a3 Tikeo@BRFROke carrer protein is

Squal enelOf,gryjfgg,gI Reg2. 14y Tvveen

2)041_ % Sacgﬁ é: lgc ltl&?%fyﬁy'(ﬁgg 8 Qemgthé-gam'er
[ posorre b§ Rt "f’e 3 e?%?%ﬁs ik ,-isué@@ﬁa'egfﬂhe
QJa|ItatIV antltatlve

B‘l% dose) . 15 ,
SposSiras. | heryipendgertt e of BopoerIs8 e Joviep tp 16C
pg QS21 50%@“%%@%@3‘&12& the) caier pptelqaorHisdgr using CDAP
10. 290ny BefdmisttyNaCl 2.922 ng (100 M) WA g.s. ad 0.5
ni | 3l venfThe phingehiclcompaditinh dP@y precesingr G ovhereinsHe iRE
Conposi t i oBacaharidéljisuptmpugatBl to the caffaapriokeint orvieker using reductive
Quantitati ¥einggar 0.5 nL dose) 30Li posones: - DOPC 0.5
g - a£hol eshemiunbyehié ofEbsidbiMitlany BreBatlingRidim wherBifl the ratio of
carriar protein to 18C saccharide is between 0.5:1-5:1, 1:1-4:1, 1.5:1-3:1, or
2:1 and 2.5:1 (whw).

as. The immunogenic composition of any preceding claim wherein tha average
size (e.g. M,,) of the 18C saccharide is above 50 kDa.
39. “The immunogenic composition of claim 38 wherein the average size (e.g.

M,) of the 18C saccharide is between 50-500, 60-400, 70-300, 75-200, or
80 and 100 kDa.

40, The immunogenic composition of claim 39 wherein the 18C saccharide is
either a native polysaccharide or is stzed by a factor of no more than x5.

41, The immunogenic composition of claim 38, 39 or 40 wherein the 18C
saccharide has been sized by microfluidization.

42, The immunogenic composition of any precading claim wherein the dose of

the 18C saccharide conjugate is between 1 and 10 ug, 1 and 5 g, or 1 and
3 pg of saccharide.

43, The immuncgenic composition of claim 42 wherein the dose of the 18C
saccharide conjugate is 3 pg of saccharide.
44. An immunogenic compaosition according to any preceding claim wherein a

capsular saccharide conjugate of serotype 6B is present, but is not
conjugated to DT and/or CRM197.

45, An immunogsnic composition according to any preceding claim wherein a
capsular saccharide conjugate of serotype 23F is present, but is not
conjugated to DT and/or CRM197.

48, An immunogenic compasition according to any preceding claim wherein at
least serotypes 1, 4, 5, 6B, TF, 8V, 14, 18C, 19F and 23F are present as
conjugated saccharides.
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KH2PO413. 124 ng Buffer Na2HPO410. 290 ng Buffer NaCl
2.922 ng (100 M) 5WFI q.s. ad 0.5 mM Solvent pH 6.1
d) The saccharides are also formulated with Adjuvant C
(see above for other conpositions where this adjuvant
has been used): 10 Qualitative Quantitative (per 0.5

rrL dose) Gl in water enul sion: 50 pl - squal ene 2.136
t ocopher ol 2 372

choI ezt er ol”P mgnu ‘r’%w‘;@ 9 t%@”{)@"’ﬁ?—%ﬁgﬁ'ﬂ Wregin

nmy Buf fer Z8NEZH 16 68, o7F; fra fceresrrensst Ay are all

(137 m\) Kepnivgatedto prgteip®. 7 mv) 25WFl g.s. ad 0.5 mi

Sol véfit pH . BniEregepic ecompositipmmeeordingf tocany] rreceding relaim  further
cheni stry aom@igRebipchprpisgedsa chnfugatedgascharidey | n

Bal bidg. M CeAn3AminicEms covnposifbnf§ R comdiey 1Baddn a8 Wheréin \serbgpe 3 is
i mmuni sed Rynitdaedigrbginescul ar (1M route at days O,

%4 2%64285\’)44 Hm%%@é%%ﬁwpfsﬁozﬁ %éHrH tio oné]'g Fj«%g Q:iaﬁ‘ug nPrtﬁer

sin ps
(dos 0.3 ,pg B 1
and 93F and'D "fiﬂ%% ﬁgosmafﬁ ﬁ% awm& g o e
PS 13 was B g?@ag % AR RS oo

Di phtri a TYXBIMYNooeaa PPPISIP RIS 1oAY AR yalm Aeher
to PhtD an@@ﬁ@"ﬂﬂ%@ﬂgﬂ@ capsulpsacchplige gseretpaiifons,
constit ut ed\noimmainedesic cRMpositinn W@papewywewﬂ'n@@talﬂcw
chem stry aom@iing AddniRjutdd capsiar shecharde ofmentyPSE., wer e
conpauaed. Ieeimmudsgehie cdmpokaibh @ccbrarigttocaymmedediigdaim further
Tabl e 2 f orcofpiting @oRiligatddi @ gsuf sabshaldd ¥ercypé t2me made

ei thgs wt mna.%ﬁu,%&ﬁ&&draboé;&ﬂJau&?&@%eﬁy MbéedRG cBRHvherein at

5y A Y L Y e e
opso pha%ﬂi‘e’ osi s t'”g%qq_n re Fe%;éure%ﬁg o wherein at

col I
i nmunogeni deaﬁ'rfﬁ'ﬂ °f212?:°§°FH"‘DsF9?h‘i”€?"rl‘§ cepjuaniad 19 theg%ﬂeé%?@ via
(figure 5) adp¥eropsono- phagocytic titres (figure 6). S
Exam$¥e 13.Anlinpansgerid compositna Beppedingdo daimiStnhereindhe lipkear s bi-
of Streptodusterls prteunoni ae capsul e PS conl uaat es

G ougs. of Afe inoabgenBabiadcsiticn of elaEstor ETWAN IS I litkgr is ABH.
| M r gt e atrhg firfunBgenitbompsiitisPorldbintd 46) 57, 2r §8lvBdtbin 1S linker is

formul atio doi
18C, 19A %a&egtféh@aﬁ&' ?é‘e’"d%ﬁ‘?"%"“"g"epgﬁ'“'é fpé%syl e

18C, E%nd 22F and 0, ] 9 t

PS) . Bé',s 18 lgmgrboﬁfrh g?néogs |on of cI gg 5% @neé%enn the
Di phteria T8¥BIHe BoR P%at‘l‘dort%"fe f pRrer B3 'lg'" Is
to PhtD andowwstediqthsiinges { o PD, See Exarrpl e 2, Table 1
and $% comTbaimRaasnic pampasition of Py ¥ (siaims0de PLwhesan e carmer
val ent vacerog genivaaied 9 trdinkerpeferetthe sapdbpidedegoniygatedin the
fornul ati otigker.suppl emented with either A PO4, adjuvant
Al , &gl uvarhe idinunbgenidjcormaasttion’d any\areeeding Ripiar witkrein at least one
Anti - PS, Ploythe Bifisilarasacthitidests keifuga@Gid By edrter pish and/or finker
measur ed i Rsit@EPAEelRey.ed at day 42 20 and pool ed per

grougs, The 19 rr|| |crc§ﬁ1chméM3§f aﬁﬁ%@ dfib @din{ WherdiP&iNeast one

antigen: | gfs,
tested / 196G E—Yi:el nduce s?é"cB 8}[-?&5[}\,@ Pﬁ%ﬂltnagworhnker

adj uvant s e € mproved-' at Ieast 2-fold the immune
responses to 13-val ent conjugates conpared to the
classical Al PO4formulation (figure 7). Exanpl e
14. protective efficacy of a PhtD/icletoxifled Ply
conbo in a pneunococcal 25 nonkey pneunoni a nodel




G oups of 6 Rhesus nonkeys (3 to 8 years-old),

sel ected as those having the | owest pre- existing
anti-19F anti body | evels, were immunized

intramuscul arly at days 0 and 28 with either 11-val ent
PS conjugates (i.e. 1 pg of PS 1, 3, 5, BB, 7F, 9V, 14
and 23F, and 3 pg 30 of PS 4, 18C and 19F) or PhtD (10
pg) + fornol-detoxified Ply (10 pg) or the adjuvant

al on&4  PS Thg mryasgenisspmrepstieniof clainTes wherein hosutar @acchizgife 3 is
t o Di pht er icanjigeted tactheacarier bretetahdlor iRer LongRPBiiucBe@mination.
Exampb.e 2, Thabinmudoganicl compasttioh df ndlsih 83l 0642 whekin capsular
charact er i shich&ridaf1 Jsl corlgaied v aes ichfler Holeinl B4 iRkdrOlking
were suppl earaivedminhtch. adj uvant C. Type 19F

mg;%gfog; 'Th% n fcebmiibn bm.g gle@ c!lJ]n WREreh 1 Yatio of
br oncho- al éaer é a@%‘%ﬁa col T &c Lbr% da 52 _aLnd 2351 nd 3751
post - haI I § € results were ex essed as the
nunb8f of dAF IMEuSogsalc mewtanwe%éea claifm hprein the average
col oni zed 8ie (1% Meithg rSagehigrides (1 the pacehasife @wgate%g above 50
shown | n f kBared. §-1680.58J400 1eR-1090.i 160r5¢0. 05290400 kDa.

st at B&t i calThs iingmurbgenicnecsppsites pif tapy pregedingvcidimndgdsh @imprises
ani mal s useehptypa s (sadiharida eohjwatehhalihg \aa bedgeGacghagatses (e.qg.
and the PhwréiBbtedrO100.00000200r806. 254800, bi 30 @ARd 40030h.

test o, corrpaﬁednh@]og&e éﬂipHéﬂﬂ:ﬂtof % BRcEUirfYUHaim SHAFPEFprises
15, i mpact sgbwson} SH% MVVI Qna f&e%ﬂ&hafogtsge e.g

anti body r agai nst
s B e

intr anusch%[F‘V?eo%iSB“&?"d 96‘°!a'i’?d'"i&" \ﬂ)l’ec’??eéa igp size {39
ei t her 22FMeHf Petvernel98:1e9. FAP-74P.388-p00ops 350 @ &Pay) or
22F- AH- Pht [Bhe mmpungasniovtompesitipn ebjany greceding claii Lwhight comprises
al one. Bot kerntppeo i |(Eathatd@Fcanivpatelgleving ancaveragm daccharide sage
processes @f.g. W poTpetaceh S08-a600atw050@ bl ©00d amntdoTkld. e 2) .
Each74.or mulrad irfunégenic2&bmpbsigdh ieny @ekcadirighciaiflj whichndonprises
Anti - Pht D Elbpf FrQSackieli®d @njifdid) niRRSn 06l ade sasdhbite size (.9.
col I ected ﬂ{,%é?ﬂéﬁ nso-'\('oﬁ@wsisﬁ £03bd, SP5R n& Qéor asal l'y
W th,p. 106 rQunoééﬁF:e pQSrl%Hmi’%Rﬁleoﬁn %)ﬁ\pns%s

25 pneunrococca{'l1

the PS pre§ ﬁ\? 8‘}{'@5‘1’% Je'gq?’)r 'Pﬂﬁ'l"%tai"oq%’e'ia%%f‘% r?é“’
nortality Keh%l }s?f bRReEeh ] A0 108 7 2fh i PY-5 g0 00. o 2 0 and 300
post - chal | BAe. 22F- AH-Pht D i nduced a significantly

hi gh@t. ant iThePimnMinbgemicr eenpesition chady beereding ¢laimtvdichi epmprises
agai nst typeotfipecHgsdcenadds dohjagate) Advirghan Byver@d® sadcharie size (e.g.
St r ept 0ococ tsof béteeEnTH0:14@D, 1001500154500, oCc200[204 250i kDA
Conp¥s.Si NgTRe MimuiiBgedic chbhpditioN®F @ny brecdlfingalid , whicB d@fprises
nore, or 1der@peBFe(sacRidide dbnpaes Ravig(EhSaveragéNsaccharide size
different fgq Fdf'm@n%oﬁ-%dét 0aS0c ﬁad-ug@toedootéa.a 200V kDa.
TOT E7gli ffe’rﬁJ‘Fmr&ﬂ bdenkc’ co tﬁhrb?a which co Erises

conposi ti o_g dﬁ‘ %ac‘ccﬁ'aenﬁ 1S ?E%@p& ?%@ﬂ Sehalt d6e
ont vt o GO L L e

conpositioﬁmkﬁﬂfh QP di phtheria toxoid (DT) or
CRML97 2. An inmunogeni ¢ conposition according to
claim1 wherein serotype 19F i's conjugated to

Di phtheria toxoid. 3. An |nnunogen|c conposition
according to claim1 or 2 wherein said conposition
further conprises protein D from Haenophil us

i nfluenzae. 4. An i ”munogeni ¢ conposition according to
any precedi ng claimwherein 19F capsul ar saccharide is
directly conjugated to the carrier protein. 5. An

i mmunogeni ¢ conposition according to any of clainms 1
to 3 wherein 19F capsul ar saccharide is conjugated to
the carrier protein via a linker. 6. An i munogenic
conmposition according to claimb5 wherein the linker is
bi functional. 7. The inmunogeni ¢ conposition of claim
5 or 6 mhereln the l'inker is ADH 8 The |nnunogen|c

e Y o o o = ”~ - s



17. The i nmunogeni ¢ conposition of any preceding claim
wherein the dose of the 19F saccharide conjugate is
between 1 and 10 g. 1 and 5 pg, or 1 and 3 pg of
saccharide. 18. An inmunogeni c conposition according

to any preceding claimwherein at |east 8 of the

capsul ar sacchari des are conjugated to the sane

carrier ein. 19. An inmunogeni c con;g)osmlon

accor |ng t13® CTRIMPEANC FHRACRIIN ATy PEREPIING: Flaify whieh prrrgises
not di pht h&RiORPY 840 fsgochprle senipgate) deviesRam gverage(pacchpride size
i Mmunogeni de.g.ddw) efdietwesmShand $0e kPry 110band 70 {Par ¢ €308g120-200,
cl ai m conpriB&isyo2A5811 TG raent carrier proteins. 21. An

i mruAageni dhe dmppagénico tondesitiondef Neghy tpecadiyy plaidC®idehn Eomprises
cl ai m conpiskditypd 68, (sdtchafided borfugbtef h@in@Nin §@Fdgk QBccharide size
proteins. Z2gg My of'bHWé&Pﬂﬁ@h&ﬁb@i@&%HiO@Qnﬁ&@R@é ng to
any R, eced'ﬁl& %Qtaéﬂ% 4l pFHEB&ngOEIauﬁﬁ Ednd ﬁées

proteins is.Selecte ey aft
e

23. An i nm3nd n?’r on accor d| ng to claim 22
wher &n ondhe dppinepeniy Wﬂ“q“s“pﬁ"btp@"ﬁ’@ cigipn whigh comprises
i mrunogeni ¢ereyPasds R andRIb axeativi $9gchetdes] ai m 22 wherein
one &&rri eThpimrtupgenicsomositigbof ady piepading clp@mwigersin the dose of
conposi t i ofhezapswiad satghatide conjigas i€ between 12idd 1@ gg,0rand 4 pg, or
wher ei n bot1hand 7 pgsrdatheride bér cbhjddat. Present as carrier

protgpns. Ffie iMfiur QEPBifon CE TEAP Drelcbdiy éléiﬁ%%rﬁéhn& fses
any of clai g%?es %?r%%és 9r18%5an3\’q§f &t d&sa%%s Bfa?gq of.sa Darlde

the capsul Bbr tﬂs es are conj ugat ed to pr

m“ngLF c Sor OSI ttll on_.accor d| aW h comprises
pr ec &t ng ‘?”é [H’E?Bgl %'E‘??,E‘{ é‘ P
capsul ar sﬁE’E‘WQPF BfeseTQ’P,escb A0S 1N °is?ﬂ?§|°i 1/hg of
wher ei n 18@9‘i°§ar'tjﬁ€°r6?i'?l‘jﬂa§acchar| de in the conposition
conj @4at ed The imrewnggans copwostivn (ofidpy pEgedingnclaimmwhichgeonipgses
conposi t i omonjugetes di sephipes @ gndiar Scat desagesadf il ohrechgrride per
18C capsul atnjwaecharide is directly conjugated to the
carriger proh&iinimund§enicAfbriptiien Qf &Ry GreeeliNyOSaiii vich comprises

accordi ng E&J@Qﬁés of sefdtypkdTPoalarddRr 22F WBEREof1BGg of saccharide
capsul ar sgﬁ |s conjugated to the carrier
i

protgin vi z% mpcé%ﬁ 'Eﬂ%ﬂf?gp mq:%igﬂ'?%hﬁc'hof&rther
according to ; rent
bi f unct i oné?mp“élis ”“??{‘é“gf’ s’ﬁ?’lé"e 58 8’ ‘1‘*? f’o"f?“’&f""%i"g? ﬁ1
29 or 30 wHePelRs& W@"an?’?ﬂers befrigf conjugated and

i Munogeni &NBHgRiRS SPF@H‘GSFG'EWW%@E‘“@O&“BW 23

wher 8T-n t hahe jimmenogenic semeestien of @ny Heeceding iclgim pYhish efupther
by car bodi rerriieesc loeariostmyre yncerfiugpiath| ¢ crnivgafedESA@ne@Rniae
The i mMmunogetsins. conposition of any of clainms 29 to 31
wher 83.n t hehes meeinsgenid Gomposiionm pligdmad whichtdd@prisies lsse or more
bef ore theuﬁ@ﬁ,ugawdsabmbmadﬁotsamj ugat ed to the

l'i nkegy . 34Tthﬁwh SHEHIE Q&HRTbs BlorCA XBASAT dr@8 wWhbre@Mid@he or more
claims 29 % g%ko%lrtsh %&&ﬁgmw p&l?'r&ﬂhlﬁe Triad family
conj ugat ed Q;aﬁ'# P&ﬁ&%&q&h&?&s ﬁnx family,

conjugated to
conposi tion of any precedlng claln1mhere|n the 18C
saccharide is conjugated to#he carrier protein or

i nker using CDAP chem stry. 36. The i mrunogenic
conmposition of any preceding claimwherein the 18C
saccharide is conjugated to the carrier protein or

I'i nker using reductive am nation. 37. The imunogenic
conposition of any preceding claimwherein the ratio
of carrier protein to 18C saccharide is between
0.5:1-5:1, 1:1-4:1, 1.5:1-3:1, or 2:1 and 2.5:1 (W w).
38. The i nmunogeni ¢ conposition of any precedi ng claim
wherein the average size (e.g. My of the 18C
saccharide is above 50 kDa. 39. The i mrunogenic
conposition of claim 38 wherein the average size (e.qg.
Mr) of the 18C saccharlde S betmeen 50 500 60 400
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49. An i mmunogeni ¢ conposition according to claim48
wherein serotype 3 is conjugated to protein D. 50. An

i mrunogeni ¢ conposition according to any precedi ng
claimfurther conprising (conjugated capsul ar

sacchari de of) serotype 6A and/or 15B. 51. An

| munogeni ¢ conposi tion according to any preceding
claimfurther conprising (conjugated capsul ar )
sacchari de ¥ ruseates; B wﬁa"’ﬁ{& Incate RhiAeiFaRipteins, detoxified
conposi ti omnwmbns'dl(ﬁig RspAdtepAfird 2t 8p 190, T0130. Br13ranth 8p133.
conpEbsi ng The inpurggeérdc canpositidnast odroc AArdeder & which comprises
serotype 23heur®mBsinAn i mmunogeni ¢ conposi tion accordi ng
to amy. pr eqadinm&lrﬁée%icfﬁoﬁydsiub@bféh?@’f)éléiﬁni; B to SOHidhD Bdnpises
capsul ar sahbegrbigg. of ) serotype 8. 54. An inmmunogenic
conpgsi ti O\aafPhsleRd RE&F&Y Ega.fa) Egdgnﬂrélmrwhlch
conpri Si ng 8&&1&%& gf’?ﬁ%uagg%%arw%% chah! de of

serotype 1 osition accordi
P RN TR 1oy s B i
capsul ar s&BTH! ?ﬂ%’gxf’@tetﬂ'ﬁsg&??’fa@ﬁ' At ed to t he _
carr P&r pr dheimmursgenicaepmpasiien oY) &lqine © 818 $ajdoPhtX protein is
accor di ng thtDamprtB@GEBNﬁ@ﬂ@IOaPMEWher ein at |east one
of tRe capsunemngevetemposia acwrdigrip anyatrasddiogcidimnavhich further
carrier preb@prisesircadmvant.nker. 57. An inmmunogenic
CONMPE6.i t i OAnafifiGHogénitoinBositio b iboRifhg 4 1€41MI9B whérBin liHeddRant is

i's bifunct ig@Rddrentiaitrdudd? 6 d gﬁ;gi c conposition of

cl ai gy 56 OFAnEﬂ, bRt Rorh mJ;d g Sto'%BH'\ 98 %r Q-Ehﬁmereln the

i mrunogeni gy hide® el nfo 2&0{5@0 SderedHomWs21 MPL® or
&SR T or protein

wherein t he
by car bodi P ﬂé’ﬁf?fyr ?%91'% Fably using EDAC Wg
The Pfmuno HP'E‘”'E’@ I GFCop 1o AT laies $helo 9F wherein
wher ei n th %&E%ﬂ"@ésqusngP% ed to the |inker

bef 0f® t he Thaimniupegepic gerapositionsof glgin) 8fg wherejn the agiieant comprises
| i nker. 61alifldseme pamienogeni ¢ conposition of any of

cl ai n80.56 (rbe bfnunbgenie icomjositiorcat iclaime®9, pheéie the adiBvant comprises
conj ugat ed (gepobhaL édséyl@ﬁda@forza b.bs, saocharddegisg. 0.4-06,
conj ugat ed glg0y 1,88 ol { Hbﬁfhospﬁ&rpud?ﬂﬁnét&ﬁ&'ﬂ@géﬁ' c

conmpg ?c‘l' ti oQ‘hQ?m ShlcC&% J}Qn% @xb,m y!“@! ﬁjonw%reehw djuvant
one of the Cr%‘;E% &é‘%‘i 3te) 265282 %to‘? tr &3, or

5
carrier p US|
e v A R e
wher ei n at °F one of the capsul ar saccharides is
conj &¥fat ed The mmunogenia paswopiiast 'e_f. Faimh FPIP1. | wheralt thgsadipyant
reducti ve aormiaes (per.0.5 raladosg)iedO, Hivdh oA A0mg doenSolsi 44-%n 10,
of cl ai m 630.\8et0er B0 wh firiduh derivative Fordmstatice H)-MBL)-

conj tagat ed The irhihogenicr capogiiicnt & ¢airan @8-002, | whekebr thesadiugant
reductive asfhphiaés (Pér.0.50hL dobE)S-GOMTOISLO GEVI0 1 QIR BST5| 405D, 10,
of cl ai m 63p,ab, £br ¥0"y) €4panif BRSHEtaAte @AGharide 1 is

conj ygat ed Tﬁévmhhuﬁog@ﬁie earﬁpros RérQr Bl RN ARdin Inke BUjEVanti@impises
reductive g The i mmunogeni c conp05|t|on

of apy pregg émﬁu& .@msgsgfn 48 2123%3;9 Bhorbif éegd an
-1 ]

proteln to_sa %

2.5:1, 1:  cohEses (beg 05, ﬁén
conposi ti oft %f 0-1, QW%?PBWHEFHS&’FWW@%‘% the average
size (e.g. Mwv of the sacchargydes (in the saccharide
conjugates) is above 50 kDa, e.g, 50-1600, 80-1400,
100- 1000, 150-500, or 200-400 kDa. 68. The inmunogenic
conposition of any preceding claimwhich conprises
serotype 1 (saccharide conjugate) having an average
saccharide size (e.g. M of between 100-1000, 200-800,
250- 600, or 300 and 400 kDa. 69. The i nmunogenic
conposition of any precedi ng claimwhich conprises
serotype 4 (sacchari de conjugate) having an average
saccharide size (e.g. M) of between 50-500, 60-300,
70-200, or 75 and 125 kDa. 70. The i nmunogenic
conposition of any precedi ng claimwhich conprises
serotype 5 (saccharlde conjugate) haV|ng an aver age
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(e.g. Mwv) of between 50 and 800 kDa, 110 and 700 kDa,
110- 300, 120-200, 130-180, or 150-170 kDa. 78. The
i mrunogeni ¢ conposition of any precedi ng cl ai mwhich
conpri ses serotype 6A (saccharide conjugate) having an
aver age saccharide size (e.g. My of between 500 and
1600 kDa, or 1100 and 1540 kDa. 79. The inmmunogenic
corrp05| tion of a recedl n cI ai m whi ch_conpri ses
serot'¥e 37 Eé{E"E‘fTéﬁg "h‘é\‘h%do*‘aﬁ"“ﬁﬂ‘?@r‘é@édfu"a“‘
sacchari de cgmﬁfée e °5IW\79¢Q§F) lﬁ’ét 84-850-68n0.9P0 08, RT3 Mg
60 and 800, (e§®9ahﬁ2@02®4 -S8®) emisified GuchlBTweerd8B00, or
150 apd 250hk DamurdgenicT trenpbsittonna graimse 18461080 $#hdreio rheo bdjuvant
any pr ecedicagprizsbaipan 0\ mt Rloe: 013r 0SB $5, RE1204-YN ST g (B 11-13,
and 23F as saRbi #®m§iasdel \auch 48 Siphaldeopidid). | Munogeni ¢
conpagd.t i onh@f.m:amwgaﬁceeoﬁ%mn%@ﬁw@ﬂﬁvnwﬁaan GRS SojRant
the capsul hmsRECHE AR H@:ﬁﬁ&?ro o2 ﬁs . sh152B8ls0 G,
g, 1 and 5 L it foa et
prec %a dPEIPTYIReTNF ¢ ti| o aiogs in He adjuvan:
ser otypes £omprises (pry0-3 gt 9)0%923'976% 887%975 0.1-0.3, or
sacchari de 0&F02% e (R0 0-84.1-0115¢0. ?fn?hﬁn‘@é 81§} gterol {for instance
conposi t i oshagstesgly precedi ng cl ai m which conpri ses
conj difat es Thd irreunogenzesombpsition of Blainys-1040N8, dereim the23Hfuvant
at dosages cafpridegpef0.soacdadsays-ale 1(p80, ocZOGOUGds.¢. 5-15440-5H 0,
i mTunogeni ©0,30/903 b6 jif) Bagdhin @Bindeines@g21mg ¢l ai m whi ch
conphifses qﬂ@iﬁlﬁﬁﬁ&g%ﬁm@émp%@ﬁﬂdf@ﬁﬁl SAwREh e agju@atnt comprlses
dosages of ;1 R@sAf and R @arn{réiﬁe per conjugate. 85.
L[,“,I”p??%ig” goecomer? E;'.é’%% ﬂ & &5 %%;?9 Le%. a{JLvam
dosages of Ag" c'ﬂgl”f’ff §?5 °é 30 Wlém as
i munogeni 8UE ﬁ of any preceding claim whi ch
furt B cof?b?l“ﬁ'@%@%@&ﬁj"&@ﬂt’%ﬂf dpim AL @hH1#: #herein the adjuvant
sacchar i desonfrisesdpestOypreisdode)siasy €h$0, prafriddnk dse 5-15. 40-50, 10,
conj ugat ed 20,0049 or Batg) tidiccA deriviive (fofinstanog IHMPRI and
uncomjqugat adracmeadt @6msheing @h OhyyhegenicScomeasttioh Bedarding to any of
equal to 23eim871 td @ AdAMURRG Cddivprighiy P Sdohdofiar® f or ddbduential
precedi ng ghmhitaibH é}n:ldfuwni B&den ﬁéﬁ@édy%ﬁ&alﬂg@ﬁ f8lqdiore
uncongugat ﬁ%&fne%e r&r&ﬂphﬁ ARG %g‘ RIcP L A8 of s 1
i |enl

The | mmno CncFa rmaoeutmar?l ge C
gated o
oot Hene® &eoc%’#éor TRHIR PR S5EREE IR A1 Wach somases

or 88 wher BPifteesf a'*xm@'edwmﬁmgem%wmm PO Saset 195113
are sel ect with 2 pharmaogytigalivaceeptahigexcipentad fanily (Pht X),
Chol 1{e Bi AdnetjodPobtihynisingni | umac)ss) ag%pﬂ'spﬁﬁ?nm by
Lyt X fam | pireptdeydchs praymorisecipfectiSh pmprising aemimisteyingkto the host
truncat e cbnimauncprggédtivesdonsof tisbanondgiesiclcqmpeshionlof ariyrof claims
(Ply), Pspsto f3aAacéielf8aim3ps.01, Spl30, Spl25 and
Sp1331s. 90. THNMehBATBNGGRN G, GREFBIAShd h@arOhost Isaéiddily, Sdnd the

88 or 89 WhikdaBe UMM IoP BSth Bf‘ﬁ'léﬂi%ﬁiasbrnnvagae pr;Ehﬁnococcal disease
|rmunogen|6 onposi tion of any of clains 87 to

WA ClyoCONMDILSESH (??’95.3%1% 818k Wherdty Mmam%ﬁﬁt}ﬁaﬂd the
corrp05|t| on_accor rﬁat s?al% lp ebsglé 'ﬁgpéif arm ooy,
conpri ses ﬁﬁ@%ﬁ%? 1988 §' CURAIGPOSTUT BF?St"é?%? &
An i mmunogeni ¢ conposition ggcording to any preceding
cl ai mwhich conprises a PhtX protein as free or
carrier protein. 94. The i munogeni c conposition of
claim93 wherein said PhtX protein is PhtD or a PhtBD
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according to any preceding claimwhich further
conprises an adjuvant. 96. An immunogeni ¢ comnmposition
according to claim95 wherein the adjuvant is a
preferential inducer of a Thl response. 97. An
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conprises (per 0.5 nL dose) 5-60, 10-50, or 20-30 ¢
(e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 jig) lipid A
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met hod of i mmunising a human host agai nst di sease
caused by Streptococcus pneunpni ae serotype 19A
i nfection conprising the steps of adm nistering to the
host an i mmunoprotective dose of the inmunogenic
conposition of clainms 1 to 113 or vaccine of claim 115
whi ch conprises a capsul ar saccharl de conjugate of
serotype 19F but does not conprise capsul ar saccha
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anti body titre induced agai nst serotype 18C is not
significantly inferior to that induced by the

Prevnar (r) vaccine in human vacci nees. 143. The

i mmunogeni ¢ conposition of clains 137-142, wherein the
GVC anti body titre induced agai nst serotype 19F is not
significantly inferior to that induced by the

Prewar (r) vaccine in human vacci nees. 144. The

i muitfgeni & eBdSEelictiesR epteivaimmung grpronasto thiridedy AgaingeS.
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si gni fi canii} e imrfugogemic compesitiad or vaderesd abwy prededing claim (i) one
Prevnar (r) ovadreisngncuinotiaisaiace petdinseelgcted fichbthe gfo@p consisting
[ mmnogeni ©f tRORMR Trdily &Y Pburkdy@in® 137- 144 whi ch
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conpri ses aeqyerrt@!w gongomitagti- e yagenec ﬁwg'aqee'ng claim (ii) one

or more S. pneumorniae surface proteins selected from the group consisting
of the PhtX family and pneumolysin.

137. The immunogenic composition of claims 1-113 or vaccine of claim 115,
which comprises saccharide conjugates derived from at least aill the
following serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F, 1, 5, 7F wherein the
GMC antibody titre induced against one or more of the vaccine components
4, 6B, 8V, 14, 18C, 19F and 23F is not significantly inferior to that induced
by the Prevnar® vaccine in human vaccinees.

138. The immunogenic compaosition of claim 137, wherein the GMC antibody titre
induced against serotype 4 is not significantly infarior to that induced by the
Prevnar® vaccine in human vaccinees.

139. The immuncgenic composition of claim 137 or 138, wherein the GMC
antibody titre induced against serotype 68 is not significantly inferior to that
induced by the Prevnar® vaccine in human vaccinges.

140. The immunogenic composition of claims 137-139, wherein the GMC
antibody titre induced against serotype 9V is not significantly inferior to that
induced by the Prevnar® vaccine in human vaccinees.

141. The immunogenic composition of claims 137-140, wherein the GMC
antibody tifre induced against serotype 14 is not significantly inferior to that
induced by the Prevnar® vaccine in human vaccinees.

142, The immunogenic composition of claims 137-141, wherein the GMC
antibody titre induced against serotype 18C is not significantly inferior to
that induced by the Prevnar® vaccine in human vaccinees.

143, The immunogenic composition of claims 137-142, wherein the GMC
antibody titre induced against serotype 19F is not significantly inferior to that
induced by the Prevnar® vaccine in human vaccinees.

144, The immunogenic composition of claims 137-143, wherein the GMC
antibody titre induced against serotyps 23F is not significantly inferior to that
induced by the Prevnar® vaccine in human vaccinees.
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145.

146.

147.

148.

The immunogenic composition of claims 137-144 which
serotype 3 saccharide conjugate.

The immunogenic composition of claims 137-145 which
serotype BA saccharide conjugate.

The immunogenic composition of claims 137-146 which
serotype 19A saccharide conjugate.

The immunogenic composition of claims 137-147 which
serotype 22F saccharide conjugate.
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