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WO 2004/ 039399 PCT/ EP2003/012160 1 | munogenic
conposition The present invention relates to

WO pow0893eNni ¢ conposi tions conprising a dried spCT/E#P2008/012160
hi gh viscosity liquid forrmulation of inactivated polio
virus (I PV) which retains 5 i nmunogenicity. The
invention also includes a vaccine conprising a dried
solid or high viscosity liquid forrmulation of IPV. A
further aspect of_the invention is a. process for
preservi ng inactEUQWEBntPPH:QQ?ﬁgm%?%@) as a dried

solid or high viscosity I|qU|d Thi s process

B BB ALy o AT g i i

oKkl tvis@@sr@f licuids foataiulatisn 06 iragevitedapudiosiibis €V nghich ectdis
sanple to tenperature_and pressure. condit.ions whic h1 d
inpegnegenicHys Bhs ENention akyy Inelafesd Yarrine sempHFipE g dried solid or
d 108ds 9
WERTRRNE B LAY heng o i cinad:
pﬂfce@sfot preﬁmmg anastivated polidwigis (\H"s’):m diyed sodidiod highudseosity

formu ati ons be reconstit ut rior 1o us
PR bEF Fycss PP WEPR AT ING G Sisghmulie i Gafbving TP
P8 BAAESa B)éﬁééﬁémdé ih o DIfiREBhAtBisdfy Achi ﬁidl sdbjecfi® the

exanpl e 'nfanrix penta (r). The process of
saimpie zmamgpra’ugelaﬁt]/pmgurb eenditionssulich tesdlt i sdiver bellngé@st from

ttgrﬁaa % rg%sé}et grphgr% %(}qdit cﬁlléfafgé C#llnéaane?iofr%rd ?t %Ithat
stERds HatRedand HoHndld BRS t@FRnk NI or Viksbgltatigyidi Such
the case of bacterial polysaccharides. e PRP
fpoiwatinos heyibdaewhsRotadasiob ghideps usert dltR@HYae b (Hb) is
frequently fornulated as a dried solid, for exanple
b} ' e I
10 KR AP VBRI REE RS, B e i
f@lc%kaﬂﬁ)&glﬁ%ﬁnnx pehte ®. Thepidass offcdzedeying TRV himlnage
properties and can increase the shelf |ife of

a
am@rqdml@meéoss.oﬁ@nmmmw thas disis Witificely t%ﬁonalalﬂer@l qffﬁgtwe
| so make [ [
L R
puARalaf§sn thHUa@d‘loﬂch:nraDpolpxaevhamdSé )Th@d&@ dlpsacSomige of

vacci nes contain_ | UId and rled

Haemenhidigsdnfiysriege p Qébc )F. ﬂ)sr frefuep %4 B4 fﬁbeﬁp 3(0? gT fof example
e f r)). Infanrlx Hexa contains a

%rl ﬁb%a‘§3%%nen ?ch Is reconstituted with 30

DTPa- HepB-1 PV just prior to use. By fornulating | PV

together with Hb as a drie
There are several reasons why a dried formulatlon of IPV would be advantageous.

(D1

Dried formulations have good storage properties and can increase the shelf life of a
vaccine containing IPV. The possibility of drying IPV also makes IPV a more flexible
vaccine constituent and enables it to be formulated in new combination vaccines
which were not previously possible. Some vaccines contain liquid and dried solid
components which are mixed just prior to administration (for example Infanrix

hexa ®). Infanrix Hexa contains a dried Hib component which is reconstituted with
DTPa-HepB-IPV just prior to use. By formulating IPV together with Hib as a dried
solid, it would be possible to add further components to the liquid part of the vaccine,
which might otherwise be incompatible with IPV.
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solid, it would be possible to add further conponents
to the liquid part of the vaccine, which m ght
W@Rensu3se be i nconpatible with | PV. WO 2004/ 0BOBEPR2003/012160
PCT/ EP2003/ 012160 2 Several techniques for drying
vacci ne conponents are known in the art.
Traditionally, this has been acconplished using the
process of freeze drying in which a solution of the
substance is made and the sanple is frozen. During the
primary drying phase, 5 nost of the water is renoved

Shra wkhhizBtd RR dhyigsvidemewdaponéts medtopnes sieret. Traditionally,
conditions and a porous "cake' is formed., This i

thisshaa besn dasbmplislkpdpizing theprosersof fregrsAmpHgin 'C%x%ﬂuté%of

r ure.and.te . h . ¥
B 5ot 160 SR S BIAFE LR By phase
mbytlct_rffmé %&Iﬁt};@ﬂis&&:ﬁbt&&i lkmkil)imﬁon ﬁdnﬁica nhdértryduced preaswed t o
a liqui ormul ati on, wever, .t '
cqndiecas gnd § PPERYS { $R)e ai dornerde Thisie by afeadth ¢ shegndary
o AR :

oS s B0 JBARGEREw BN AR Rt o oracd
frbyapbsdlidsedke’| Therebdting lysbphidisedisantple Mrsimpwendidtstabilsty on

h hel .
com P i LGSR ERIOTORAREFS Be it Ga ISPt gy fnd
ol §d BE e liﬁﬁﬁlg?stgif‘ﬂlei }gt@ﬂﬁét%%&cé@ condi tions. For
i'ol ogf cal ~ na

certarn biol o erials such as live virus, there
can be significant 1loss of activity during the freeze

Brodics Sayabikfy s all b SEabI Whah oiany e ARg Sk fBipfiatch Iyophilised
iﬂJ'(?_ %‘6 ) eini@MAL AR diti QISR 1BE Hiedves(0ERPREIze dryrk valy between

( \CS Synposi um 567; 134-147). 20 Danmge caused

dtjﬁ}ertm pogitioneksading tf saami¢siyophilising aicdiflerent s amderyliferent
egJ.ee the .use of. cr r C .

critlinily Pt aUeEeR LR S LA e af B Yt icant

158 e a@ls9 Reap ipebinanepices (Pikab@iong) AGS Syampkiam 567:
during the process and renoving water by hoilin

12Q183). mwfree@gé@%myameﬁwr%stﬂgwle RN §6m19€ramfe
repar.i ' . -matipx form terial

PTG AL DL s o BT T Sarpl e To

be preserved, bevapor ating bulk solvent fromthe

mxture to obtain a rup, exposi th t

Dvees Gresett R theopiogssa ok Hes s TP RowDv el bo Sopis fsdigs by

| tl?ré; %?g)g c%@’(ﬁe&&% E)tgcgt%lﬁ hegfo[s‘? b limpRIvéRRhAts oﬁ tﬁé;] fgiiolc@srs of

escr i US5, 766, 520, in which t
Ipophilesation hmal alesbeen made by avoiding freezing the sample during the

process and removing water by boiling (WO096/40077; US6306345). This method
involves preparing a mixture of a glass-matrix forming material in a suitable solvent
together with the sample to be preserved, evaporating bulk solvent from the mixture
to obtain a syrup, exposing the syrup to a pressure and temperature sufficient to cause

boiling of the syrup and removing residual solvent.

A similar method was described in US5,766,520, in which the process involves
partially removing the water to form a viscous fluid and further subjecting the syrup
to vacuum to cause it to ‘boil’ and further drying at temperatures substantially lower

than 100 °C. This method still suffers from some of the problems of conventional
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30 partially renmoving the water to forma vi scous

fluid and further subjecting the syrup to vacuumto
w@2aw3®39399 t o " boil' and further drying at tenpRCHEP206%012160

substantially Iower than 100 C. This nethod stil

suffers fromsone of the problenms of conventional WO

2004/ 039399 PCT/ EP2003/ 012160 3 freeze-drying. Wen

the process is carried out in a large freeze-dryer,

sanples will .dry at different.rates dependi :
B B b o S Cuhi S (ERaary e hefbles wil
drg" of BTt e MpRAdihS 8f i shsitfonrdathe sliBdUutd thfs leadsityi ty

uring the drying process. This |eads to a |l ack of )
ditforest sanelesylonbing diffeseri amennt of apgvigadwing e dpdpgpores. This

exanpl.e .of . maki ng a dr.ie lid vaccine formul ati on of
lef“gj}o atlﬂgiot}cgpgﬁqgcyaw g c'f‘z‘%lr ee of antigenicity and/or
i mrunogeni city has been reported. Accordingly, the

present invention discloses an,i Jjnogeni c. conpQsi tj
Ta gateompuicsesiil Prynpla @f makngss 4ﬂe§$§§d HHEHte fOFBP%P%Ptﬁ’Qf

a dri Mol ) . higuid
reitld Elp SOERERE M Bl Ry MOl GRBSR bt reported.

I mmune response against polio virus. The presence of

a stabilising agent s grucial to the preservati on of
Aserrrigahs theressal Py paion Esclofehan {BMPROSICORAEUOP Py | 5

- ) Sl r fa & biiftbn or highl

BB EERY aitly S Dol PHEIERA & BicI5HBOMAN or hichly
visesusdiguat evhidh dftee recbngitutipmialcapable ofegeseiating en rgmyhe response

DTSR SR L MNCASEL L Lty T8 A5 s o

afBEROghd HS1D0IS AL FNRE bE Bifectiviel BAVEIsdhbférably difidl in the presence
presence of a polyol and a bacterial polysaccharide,

ofvlbactérinl phlysaczharidgewiich {aadatedetsntipnatinm bighei Raresptage of te

i.s. retained. L i lj.sati. . PV j h f
opgrgCisdenin b anl S ol o uileeriy: ThEPGRER ©
ilvRh&H LRBndpassed M¥ihdAs 60pRRadreitlgtaohipapifioh cs@ptising PV PV

alone. In addition, the inmmunogenicity of Hbis .also
peafitrablydn theyprossnegyof ppatieland @ heslgaeiralysapehsrdpwhegeiy the

dried.soli r_highly., vi i- QLU . ' .
o e Rl PR EhAL Lyoh B tegtin
prRESIeE Spdiphaseariaedehdl towh impive eiprisintaatigerh@teatibn fordPV

that H b titres are _not as reduced - by the al umni .
cppaTes ilyopbEBifa At IBY Ame. ISTasoiie fHedmERnage e o 2L is

R nddiEd b9 BB FEMMIAEP WeelREWRh 506§ dPled SEM or highly

viscous liquid. In particular, when reconstituted extemporaneously with liquid DTP

vaccines (described below), the inventors have found that Hib titres are not as reduced
by the aluminium hydroxide component of the DTP vaccine as would have been the

case without the presence of IPV.

The method of drying used can also influence the antigenicity and/or immunogenicity
retention of IPV. A foam drying process for drying IPV was more effective at
retaining antigenicity of IPV than conventional freeze drying techniques.
Surprisingly, the inclusion of a freezing step in the foam drying process did not lead
to loss of antigenicity but rather led to the development of a quick and effective

preservation process. A further preferred method of the invention retains high levels
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The nmet hod of drying used can al so influence the
antigenicity and/or inmunogenicity retention of |PV.

wQo\2G0em8030 yi ng process for drying | PV was nor ePCT/EP2003/012160
effective at retaining antigenicity of |IPV than
conventional freeze drying techniques. 30
Surprisingly, the inclusiongof a freezing step in the
foam drying process did not lead to |oss of

n|c|1 but rat her
oAV ATk puttr pRhEeeEly bY bife PEELBY ERithe Y
wiRh&ft&Feegitle BB thaatiRhatiBie rbsiniiptih @i fothatisiso died femillatlon,
WO 2004/ 039399 PCT/ EP2003/ 012160 4 of | PV
preferilye aihighly viseisdiquidiietmalgéaici ty by drying the
sanpl e contai ning | PV mﬁthout freezing or foam
T%é) VBt rbro{}iﬁgéjé B#i&gfo ufaﬂs E’W{V'h% Wil Iﬁwg 'bél?éhts of storage
ormulati‘on,  preferably a l'y viscous |liquid

sthisitityu Tae dfed fdrmititetion wee be 're(cnnqmtlatvd duiskly andieesily just prior to
formul ation of | have benefits of. storage.
oy Wi (o el ied o SryBR O pR et bR e e i
l:&lglll%’ ﬁ%ﬂg rEGRbtithtdd ¥Rk t@fﬁe%eeﬁ& suffaed b$bf Mk icaite.
ere referred foam dryli ng process is used, the
foamed cake is particularly easily reconstltuted due

Agivonsinghts 3 a e S5 RN OHE ospiih o PV aha
Hitidelag themced 1ﬂu8}sﬁ1@g'éﬂ101t il tHd 1 budeponbanG esdweu known that in

I mrunogeni city of Hi b component. It is well known
ntuﬂtapomponenmwmcm@,rmhamatts ohibeivaesine frmelatign P%l”sle@@ ¢ he

i ne ation can.|
AL MR Arg e SVl pe oS A ARER: b hctson
offPV M dhﬁ\edafoﬁhul%ﬁoﬁ QR B tch® Fedutd thidproblean espiadmﬂ:lg if the dried
Dgroblenl especially if the dried 15 IPV-H b
\orHbsPmpositips isnied Wilhidipldheste Fréaug and Beriisis cqpgonents
ertu onents prior to admnistration.
gf?%oﬁﬁh&§§%p ilisation of PV in the presence of a
bacterial polysaccharide is possible using a
conventional freeze dr g appro ch i 1 re
Alhouglelygrhigsationsy I%Yynﬁge REgRehP fuebasierial a%‘%?%cs lf‘lg
fi
PBESERApEOORTRLd BE Byl ER ArrtoTe o oam
deyihg pehiqid yr agehtierdryinpypregenvitich doesrmet awton\@rﬁﬁeﬁmlgw foam

and the_resultant cahg i S alsoteasher agﬁ%@EIC er "
oG THSGE BLoCRES 1oph b TLe GBS SIS GG B S Blump fenicity
?ﬁ@ljltﬂ'gl iHYP kAl tREsiTREcARRBEE A¥o BistdrGh& Gliick&aB recohadar The

reeze- ylng techni ques. Since the |yophilisation
psdcesses slsohtenadvartagestie being quicker and more energy efficient than

standard freeze-drying techniques. Since the lyophilisation step is often the rate
limiting step in vaccine production, the use of the preferred processes would result in
higher levels of vaccine production without additional investment in plant. The
introduction of a freezing step into the preferred foam drying process also leads to

improved batch reproducibility.

Description of figures
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25 limting step in vacci ne production, the use of the
preferred processes would result in higher |evels of

WO 208/08889pr oducti on wi t hout additional i nvest nRCI/EP2903/012160
plant. The introduction of a freezing step into the
preferred foam drying process also leads to inproved
batch reproducibility. 30 scription of figures WO
2004/ 039399 PCT/ EP2003/ 012160 5 Figure 1 -
Phot ographs of vjals containing the preservat.i

Figeieph o AORPEHORTIS SoHgatis 1ge i VRS RIR)F gtfferent stages

drviheprotiWs the appearance of the preservation
Ofg[g?rp es g(s%glpr{serted into the freeze dryi ng as a

Al-i Shiives the appeasncenf ths pBeservahionsantes asipesatea iele thyf freqre
reservati S | es as the pressure is reduced to
F@fﬁ@&F@yggﬁ@%ggﬂﬁles begin to freeze at slightly

Bdi §fRrant apRhenicsUethb predbivhesn Sinplevadhé pessire is redurled to

vial. C - Shows the appearance of the preservatjon,
1.5ovptseEhasantplasisginsto figeae at ightly diffppemd §atP§a§‘é“ g Leiderng
C | etely frozen. 10 D - Shows the appearance of the
“Hﬁgg%?&ﬂf%@%VI npl es as the pressure is increased to
CQ. Showshb BpFatancéof HRNRsgvaRs samplosrandd natsarg, wéhere all
preservation sanple foans and solvent evaporates.
samipes leave begming egrrlpislioitozele hi ghly viscous liquid in
nver t ) . Y ,
Dotk the Shfynop LT AL AoH SEAAIEDA OO pldfyu iMbictsed to
0igncl seidsrsi Arfouingeglass is forpediab ilenweseiaition samnpld fagmsuiand
dried solid or a highly viscous liquid conprising |IPV
seiMePt §V&405¥EY- i si ng agent, in which the antigenicity
and/ or i mrunogenicity of IPVis retained follow ng
reconstitution. The dried solid or highly viscous

Figueei2-dPhatograpladf dire lnghllyiscoss bapdin imvefiedjaialsr ati ng an

i mmune response, preferably a protective inmune
response, against polio virus, preferably 25 after

DeBfiRdstesddipdiqn and inocul ation.

Immunogenic compositions of the invention

The invention includes immunogenic compositions, formulated as a dried solid or a
highly viscous liquid comprising IPV and a stabilising agent, in which the antigenicity
and/or immunogenicity of IPV is retained following reconstitution. The dried solid or
highly viscous liquid formulation of IPV is capable of generating an immune
response, preferably a protective immune response, against polio virus, preferably

after reconstitution and inoculation.

IPV is defined as inactivated polio virus (preferably comprising types 1, 2 and 3 as is
standard in the vaccine art, most preferably the Salk polio vaccine). A vaccine dose
of TPV contains 20-80, preferably 40 or 80 D-antigen units of type 1 (Mahoney), 4-
16, preferably 8 or 16 D-antigen units of type 2 (MEF-1) and 20-64, preferably 32 or
64 D-antigen units of type 3 (Saukett).
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IPV is defined as inactivated polio virus (preferably

conprising types 1, 2 and 3 as is standard in the
woameiosmsoart, nost preferably the Sal k polio VBCEP®)3/012160

A vacci ne dose of IPV contains 20-80, preferably 40

or 80 D-antigen units of type 1 (Mahoney), 4 30 16,

preferably 8 or 16 D-antiger units of type 2 (MEF-1)

and 20 64, preferably 32 or 64 D-antigen units of

@E)i gl'}%‘gﬁ%{g gfet%{\o 2004(4110%33 ?rﬁvlg’ﬁin tl%%g%{tg%%%g? or gll 3

of tli}gesaﬁ bi HANY FigoYio Hrud aredetaBled nbredpreftably ﬂﬁ&nﬁgerﬁmﬁm@f type
olio virus are retained; nore preferably the

1 atmpé @HNP@BItyP@i ang pwe 21typp>1pﬁé1d2}’13@t gl alildy‘i.‘/@e 3 seffype 1,
tyfx Qeapéﬁg)%ij gﬁé g 8{ %Pe%el?’of Y& "/a% /}),3@6% 0%19 r8O‘t/oy B6%,

Aine evél
95231084000 thd AiicebRYy of @Yefeitite sz@nﬁ%: @11915%50’[0‘5 98en S]fl)_] ected to

the antigenicity of a reference sanple whi.ch
et St v 5 B A

orgl‘F3 gﬁfﬂl v?%’(/)uw él!uﬁ\{\ﬁ sst}lﬁtﬁdht 'og Onf Eunt.alafe HEh6d 1&91&11&% by

cous P UI I n an’ agueous sol ution,
FRIVA sising pblyelomel ddibrinalostbnabantipodies bGhnsh polig virus type 1,2
pol ycl onal and/or nonocl onal anti bodi es agai nst polio
anq/pid; type 1, 2 and/or 3. 10 Wen dried by a nethod
of the invention, preferably the inmmnogenicity of 1,
2, or all 3 of types 1, 2 and 3 of polio virus are
Wl&tnalrredmy amoethog pEthe nmtdn;aom,tpeeferabiwtﬂm damuopgenialy afylpad, or

d t d
o435 pffaent. 2 3 gfa@‘h gl mpyartB bR, . 5°

t A
o o, et g St e A6 4 o

anéfypednae tgmﬂp It}pehZ/mdcthﬁéss netrinadent g lesighpeaitledst 4@yt ﬂé/o,
ot 50 RO 5% ol S e EBARHS i) G S10ARe sy

WHiGHhA doPbédh sABj¢eRE %o 8l dijing Prodeys. ThlR)taf bk hddakred, following
method. In a preferred method, the dried fornulation

reconstitptors of thadded pelid erhighy stsgausdliuid g agygoysssolution, by
algg (F)'l%gar? { ed%lbgtel%ql }aef%ﬁj {fﬁ{r%ho%r Qlfleem Hritufaflb fﬁfe&ﬁ%hﬁted n

ISera are co
ahagiiRdub Solutior thdisétoaktebinto anshimel, posderdblysi rah Aﬂea; a suitable
tested. Preferably, a relative pot c of at | eas
periad ofitime, antigeragrezcoligeigd dionpthg i uixgcu al§ an@ 6?Fﬁ‘é(fr’é(8rsmn

i RsBR, MRALRY I RIALEPERNSPIM Feast 0.4, 0.5, 0.6, 0.7, 0.8 or 0.9 is

achieved, compared to an undried reference sample.

A dried solid composition is a formulation which has had solvent removed by a
process of lyophilisation, sublimation, evaporation or desiccation so that less than or
equal to 15%, 12%, 10%, 7%, 5%, 4%, preferably 3%, 2% or most preferably 1% .
solvent remains. The term ‘dried solid’ comprises glasses, rubbers or crystalline solids
with a solid appearance. Any of the methods described above can be used to make
such a dried solid. Solvent is removed by sublimation, boiling or evaporation,

preferably by evaporation.
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A dried solid conposition is a formul ati on whi ch has
had sol vent renoved by a 25 process of |yophilisation,

W@ aivkiosmpe on, evaporation or desiccation so thedT/ER®83/012160
than or equal to 15% 12% 10% 7% 5% 4%
preferably 3% 2% or nost preferably 1% . solvent
remains. The term "dried solid conprises glasses,
rubbers or crystalline solids wth a solid

t h h
AJBEBSE R o LG 9 SR
18419, 110810, @efedablyl §, 394,08, By Blid I\nghlyaﬂscpneﬁ@mdlhhya

lHy evap oration. WO 2004/ 039399 PCT/ EP2003/ 01221 7 Q
ﬁgwns}y lovs edvent |cpléfemcﬁuplzet1@é¥heﬁéavea%%e§t rdreservar e sigbie state

fo%l%lé Yeg?c a&b@??]?e r524 rﬁ&’?tgg Q@d‘ ailog/ﬁﬂg?h taﬁtl\;]%a}gyﬁétlo Sr%tgﬁlsat least

40, 60, graf@rably $0If80i 90,864 of iksumtigotiven indonineninagendity over
that the active ag ent is greserved in a stable state

tifipperigd. | Thgdugtdy 8180@511211“& poBernfxpasedfo the formalgns et
oL bRl g o Rt 6081, B3 g o

solmagpegancd But ioy glass 4ndiis alpieté fdw V'Ekbeslhwg,lw\aer wipsriodisf days,
liquid has not been exposed to the formations of
PrdierBblyvackamers PFQf%MYéHOI}thS -f oam f or mat i on.
Preferably, the highly viscous liquid has a solid
appearance but is a glass and is able to flow very
Ishrombyendo esmpositimis ad thof inderytion arp fafedatd gs addkd solrdaolelnghly

f er.ahl th ¢
Rk DA AR a0 B e GO R4 BT Bicterial
pxhg&gyé?dé qgé a6 ARG a3t hl%yo?t‘ﬁg c mﬁbﬁﬁbﬁé &é_ls_&%e@%IHw The

erably a bacterial “polysaccharide
battettiall pelysapchappdet cosprings chpsules pohpmhm@asd@r@@dr ifipey any

bel ow. acteri al acchari de
DRSS SBE R POBRS, NER Ry sty HeGrephilus influenzae
boaSH&1blbRtusP b RhaRkLY, Q}}@u}WAmSh%pﬁ)Eod\d@l Hehp aB  Streptococci,
meni ngi tidis, Haermphl | us infl uenzae b, Streptococcus

Spwbukeoedcae aur@rsd apSiapBtlecstiescapidarinidiy.oup B

Streptococci, Staphylococcus aureus or Staphyl ococcus

epidermdis. Preferably the PRP capsul ar

P@ﬁ%ﬂéﬁgﬁtﬁb ERIPARpflarRsyEapdtiatius of Hubrmepzas ikfliedzdy ‘te&q:ﬁrésent as
dried solid or hi ghlﬁ/1 viscous liquid. In

af driechepligr et Bighby visepe ligiide | It A cfurtherpreSeras smbodiment, the

iﬁﬁjq s géng% ?%nﬁo%ﬁf?orﬂ c%ﬁf‘prgéé cﬁgedss% i 9 Rlenl GBlohs HiqhfCifmulations

[
of capsular polysaccharides derived from one or more of serogroups A, C, W-135

and Y of Neisseria meningitidis (meningococcal polysaccharides). A further preferred
embodiment comprises dried solid or highly viscous liquid formulations of capsular
polysaccharides derived from Streptococcus pneumoniae. The pneumococcal capsular
polysaccharide antigens are preferably selected from serotypes 1, 2, 3, 4, 5, 6B, 7F, 8,
ON, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F (most
preferably from serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F). A further
preferred embodiment contains the Type 5, Type 8 or 336 capsular polysaccharides of
Staphylococcus aureus. A further preferred embodiment contains the Type I, Type 1L
or Type III capsular polysaccharides of Staphylococcus epidermidis. A further
preferred embodiment contains the Type Ia, Type Ic, Type II or Type III capsular
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of capsul ar pol ysacchari des derived fromone or nore

of serogroups A, C, W135 and Y of Neisseria
woreevisispspe di s (meni ngococcal pol ysacchari des) . PGI/EP2003/012160

further preferred enbodinment conprises dried solid or

hi ghly viscous liquid fornul ati ons of capsul ar 25

pol ysacchari des derived frog Streptococcus

pneui noni ae. The pneunococcal capsul ar pol ysacchari de

SR B A S 5GP g P
thg: ngsuﬂﬁ goly%%haﬁ@ég of@ouﬁg':stregﬁf:oaﬁl@ Féferdbip Sirther comprising
preferably from seroty 4, 5, 6B, 7F,. 9V, 14,

at1es; oeg¥t IO PR MoK m@fptalbbfmubméﬁr apesef Miefaitment
contains the Type 5, Type 8 or 336 capsul ar
pol ysacchari des of 30 Staphyl ococcus aureus. A further
InPb&f 8ibedinfiabd @.ﬂ ithee Eﬁvleﬁ'@dsﬁ aha $>agthﬁalTp'¢1§25alccha"r“§dpe atd fulbiength,
Type |11 capsul ar po ysacc ari des of St | ococgcus .
b@pg e fednaiive mofyspeqharidesy fpap ak%a%mqﬁﬁlﬁ?ntégﬁﬁ%?%mm

the,T p 152
s oGRS B Brsb bR 7ot 80 Al RECREPREE S ikl 510
tifeQUD-B Gineept 05Q0dinses, 4o fhat tHeegrolysaedharidedarerspmdlenisnsize for
contains the ca&gular ol.ysacchari des of ug A ent
giepter pnarageaItty. Lrdhelselofhri SATRtFTe, epRgdiment.
r ddtphis.t ypes of M
oGk ﬂ@l%ﬁg%wé%d%%? . e
bacterlal pol ysacchari des are full Iength belng

url fied i ve | ysacchari.des. |n.an ernat iy
TheaptiHe rfiaFr Wﬁ@lﬁiﬁﬁﬁ;‘@ﬂw&ﬁmc CPWQO%BPVS%?;%W%‘“S % thap one
be?’dt@rfa‘ii pQSfEél&ﬁﬁufe eﬁﬂng’oastzﬂ d¥Re.soRd 6f BigAR! WscdublijhidEBeferably,
‘fmes, 10-15 tinmes or 15-20 tines, so that the

Hﬁmgfmmwwmgnaommﬂféb (Haempptalup difluegrasdypq b) PRP

bj
NI
pEARMGHoBcA) b1BRIhZiRRAMI: freferdly thBiatitve @&ﬁtslcbﬁ@mhe (IBV and

further includes inmunogenic congﬁ3|t|ons conprisin
e Ve IPHamdé—hba@mdé@ 214 MnA 40 (g §.ang Hib

L S R I
SN ERMLE: B TSR ai 0l AT, B o wd B
ahdiyl uenzae type b) PRP 15 pol ysacchari de and/ or
nmeni ngococcal A, C, Wand/or Y polysaccharides and/ or
pneunococcal pol ysaccharides. Mst preferably the

@E%B O&Eﬁgﬁ 38 %ﬁ\;és%e&(s/%ﬁ% cno’giﬂgﬁg 'o{él;é/ of‘%@réﬁ%‘@mococcal

carsdlavpolydacehalidss ak Bvscaibed bélbwand Men A and C and Y; or
PV and H b and Men C

In the above compositions where polysaccharides are used, oligosaccharides may also

be employed (as defined above).

Although these compositions may be adjuvanted (as described below), they are

preferably unadjuvanted or preferably do not comprise aluminium salts.

Preferably the polysaccharides or oligosaccharides are conjugated to a peptide or

carrier protein comprising T-helper epitopes (as described below).
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and Y. 20 The above particul arised active agents nay

al so conprise one or nore pneunococcal capsular
w@oigszsehari des as descri bed bel ow. I n the abPWBEEP2003/012160

conposi tions where pol ysacchari des are used,

ol i gosacchari des may al so 25 be enployed (as defined

above). Al though these conpasitions may be adjuvanted

(as described below), they are preferably

unadj uvanted or preferably do n i ol
it PoiamarisTreor ot AL nfaffadilo SHTRIELRG B Bhvéifion are
ufdonfRSRAR bhjlgstcd i@ a Comied gRitef sheh & Reepus texold, tetanus toxoid
carrier protein conprising T-hel per_ epitopes

as
fragmenti bedliplthesia) toxar, 20 1(?§93?9ng@7#@@’@@@%&&£§663‘§2224)-
DS - b i b i _

TEARE in O HEPAF 13K 7 BEERRMcih et WERAREDLfher by gonctic
nfu@ljougaidas prefeeabtibli chemiabttehmenticA @sfetietl amisodiment of the
.toxoid, tetanus toxoid fragnment C, diphtheria toxoid,
invri@rhasdHb ¢rpiugeted to @Fﬂ&%mog (US6342224). Tet anus

toxin, diphtheria toxin and pneunol ysin are detoxified

either by genetic 5 nutation and/or preferably by
Witeeerinoad thhn en¢ camogated i pdaechaeide ermrestintrimrthe ofimuhegenic

. i H b ' t t.g tet t id. Wh .
ChRPEGHER (B e R Y Por L et ruer el g s pifrir
p{')dgﬁll R TR/ MOQRRL CarriCOPMBRMS. PRIFerRd dnld dirAMRObf P8 indedflon contain

sacchari des are conjugated to the sane carrier 10
neniigecercel palysadétfafideseermjugatedite m cprrist gratein. Wihefegonggated

R RGEaTER b e B SR BB PARERRS g
caeRl poadiger tdliiferdtl cABRl padsAccal pol ysaccharides are

present, they are conjugated to the sane carrier
protein or to different carrier proteins. 15 The

B8 R PRE MR GrfRRLEY B FRFupELP P RS Pyl e, n
alpesiBiRedietpli P echniqys,ate pelysatehdrkledocqipta wia a thioether linkage.
t hi oet her |inka Thi s .conjugation nethod relies on

Thistqopingpien mpthoagéléfémysaﬁ%%m dhepalysagchayidg guth. 1-cyano-4-
. N e .
oL A AR oM TSR0 DR £ Rl ome

abinyatddpodydaectmeidp ey thins leodoupleddirecty ar Wpaspaceggmup t¢ an

an : : .
amino group on the carrier protein. Preferably, the cyanate ester is coupled with

hexane diamine and the amino-derivatised polysaccharide is conjugated to the carrier
protein using heteroligation chemistry involving the formation of the thioether
linkage. Such conjugates are described in PCT published application W093/15760

Uniformed Services University.

The conjugates can also be prepared by direct reductive amination methods as
described in US 4365170 (Jennings) and US 4673574 (Anderson). Other methods are
described in EP-0-161-188, EP-208375 and EP-0-477508.

A further method involves the coupling of a cyanogen bromide activated
polysaccharide derivatised with adipic acid hydrazide (ADH) to the protein carrier by
Carbodiimide condensation (Chu C. et al Infect. Immunity, 1983 245 256).
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20 am no group on the carrier protein. Preferably, the

cyanate ester is coupled wwth hexane diam ne and the
w@piono3wey i vati sed pol ysaccharide i s conjugat eRCT/BP100&012160

carrier protein using heteroligation chemstry

involving the formation of the thioether |inkage.

Such conjugates are describ?@ in PCT published

appl i cation W93/ 15760 Unifornmed Services University.

25 The conjugates can al so be prepared by direct

reductive am nation nmethods as described in US

i ) Ahé ARLeRS@Rlc cogbeition of

PYFSRLIRided SHUNGE IncBIfo kb At Tine 188, EP- e
tHERa ContiiGiT 53§ . be3Maksofhadtdrebsarbecherdo anedivye  PrEcEblYFN ng

f. .brom.d tivated. I '
oty SLdd R e s AR SRR R gty
aRhighpHeRpder by Carbodiim de condensation (Chu C

et al I'nfect. Immunity, 1983 245 256). WD 2004/ 039399
PCT/ EP2003/ 012160 10 Pol ysacchari des which are

i ncor pot at ed as. par f. ' WeRTe AN
G e s
h@lgjtbl pARtnt dfke dabhy thanlesiadatioh prodess Alnty of shastabilising agent

phosphat e or al um ni um hydroxj de), nost E;efe I

5
deseribb el p S SR 82 ARG BRHPIS o p s aEriEd I o

itV | ' ol drid i oGls 620 hi Y
PR e TRy AR AR SRS SOnielS P
viatoilid1eusd edrhpisitiongusageht pratesses ofitbe irehtiow. Prefeiredistabplising
gl ass form ng pol yols can be incorporated into the 10
ag@ﬁi@%b@ﬁiwrewﬁ}@i’ bstosgaad H%P?%?s- a dried solid, a
foamed glass or a highly viscous liquid conposition
using the processes of the invention. Preferred ,
Th pbéfbired combinapems sdrieddiyitie pegessosef the irvishtien may e corbined
and trehal ose. The. preferred conbi natjons ried.by

e ReoobeSedn aFoRhERg ShE e e SEarhBh oy

fgﬁmaﬁn'a%&mﬁmre ASABtoirBcdhsG@itho atibdogsiehite whi ch are
esiccated or liquid fornulations which are used to

reconstitute the dried conponents. Additional

cg(ﬁongnts 20 gi ed solid or highly viscous liquid
4 %8¥ the invention I ncorporating | PV

Dried solid or highly viscous liquid formulations of the invention incorporating IPV

and a stabilising agent may additionally be formulated with further vaccine
components. A preferred vaccine contains a dried solid or highly viscous liquid
formulation of TPV and a bacterial polysaccharide which may be mixed with a liquid
formulation comprising additional vaccine components. After reconstitution of the
solid components with the liquid components, the complete vaccine is administered

by injection.

The additional components include capsular polysaccharides derived from one or
more of Neisseria meningitidis, Streptococcus pneumoniae, Group A Streptococci,
Group B Streptococci, Staphylococcus aureus or Staphylococcus epidermidis. In a
preferred embodiment, the immunogenic composition comprises capsular

polysaccharides derived from one or more of serogroups A, C, W-135 and Y of
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and a stabilising agent nmay additionally be formnul ated
with further vaccine conponents. A preferred vaccine

W@ oowas93%9 a dried solid or highly viscous |i quPdI/EP2003/012160
formul ati on of I PV and a bacterial polysaccharide
which may be m xed with a liquid formnulation
conpri sing additional vaccipg conponents. After
reconstitution of the 25 solid conponents with the

| i quid conponents, t conpl ete,vacei ne | .
NS’d‘Fﬁ’?ﬁ Srepagndly An j 1@.&1@0 :ﬁ%e%:{gd a %%?ﬁlghegf comprises tc%psulaur
pbIPSdcHERi deR BESN I fr R IS PRSI PRsmitBide Tle bhamesdeca tapsular
nmore of Neisseria neningitidis, Streptococcus
pplysagaiarideanti @nsupe prestralgms@lé@ie@ from spmotEpesuly 283, 4, 5, 6B, 7F, &,

OB DGEMIRSEER 17 LY UESPASR AR paBra el PRSP o

pHIRTHRIQ dRith Gelo®FROI| BI HN5, GBIPIH, 985 1¢aP80) BIF and 23F).. A further
pol ysacchari des derived fromone or nmore of serogrou 3
%%gg es of

pm{er&d_ abgiimenieontas ol vr0%/ 1089 899 SPEFARPIBPING
. sserl n i
SRR Rl Db s L Dn AR 8 ype 1 Type
of: ;%?SFEE e@ngfl@ns: Zglgﬁ?;tihgugdngkgﬂ&dm@lopammqﬂd@aiidis. A further
) S are_pr
s i N e g S S S S TR
pg%s_acl:g%:deé ﬁ Cj}%}éﬁ ’(B Jsffept%éc%cu% US fu%tﬁgf’ prle%ed@ﬁbod@ﬁent would

nost™ 5 preferably from serotypes 1,
cBntaid, the, capBilar7 polySidchatities DECrotp FA atigp@86ocus, prefanphlyirther

pref.erred enbod nt .contai ns the e .5, Type .
cBroerisipaLIean o M BRI AN BB I FgRile BT oF M broten.
aureus. A further preferred enbodi nent contains the

Type I, Type Il or Type Il] capsul ar ggltysacchari_des ,
Tob iSimawingenic ooruposiivndef thedinyentiorf grayhee foppulpted raigh protein

enbodi t contains the Type la, T :
og: Pergatiearos BoPy B lier it S shSigpp¥fifigtdecd proteins
vl EE RED %9,%‘5@@ -ontHeUsitBe burPcel 6f firdprstiaadoomist (capuble of being
contain the caps.ul ar pol ysaccharides of Gqoup A
regogeised byox best’ spinunercapisient dexing et l@shpatt of tep Hfe pycle of the
one M protein and I ef er j
EBP Pt B TR AP SR 8 sty P b REE Rl RE P imclocus.
I8t phrefefadiyTuthatpesteln isha podh,eadhedib, arbipenent $Ppredl eranduier, or
pneunococcal proteins antigens_are those (gn}gum)co
u

Ipoprastinof SERPOROGsHEPRSUTIEEE, R TpgmeRsy hsre Feulery Breferred
DB RIS S0P R DA S SpRISET Dithired by
chy@ical efeatnit@t or mutation) [Mitchell et al. Nucleic Acids Res. 1990 Jul 11;
18(13): 4010 "Comparison of pneumolysin genes and proteins from Streptococcus
pneumoniae types 1 and 2.", Mitchell et al. Biochim Biophys Acta 1989 Jan 23;
1007(1): 67-72 "Expression of the pneumolysin gene in Escherichia coli: rapid
purification and biological properties.", WO 96/05859 (A. Cyanamid), WO 90/06951
(Paton et al), WO 99/03884 (NAVA)]; PspA and transmembrane deletion variants
thereof (US 5804193 - Briles et al.); PspC and transmembrane deletion variants
thereof (WO 97/09994 - Briles et al); PsaA and transmembrane deletion variants
thereof (Berry & Paton, Infect Immun 1996 Dec;64(12):5255-62 "Sequence

heterogeneity of PsaA, a 37-kilodalton putative adhesin essential for virulence of

Streptococcus pneumoniae"); pneumococcal choline binding proteins and
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pneunococcus), or are proteins which are secreted or

rel eased by the pneunococcus. Mst preferably, the
wWEe@ies9399 s a toxin, adhesin, 2-conponent si gnedT/EP2003/012160

tranducer, or 20 |ipoprotein of Streptococcus

pneunoni ae, or fragnments thereof. Particularly

preferred proteins includejpbut are not limted to:

pneunol ysin (preferably detoxified by chem ca

t r eat nent nmut a
Sy Gl Sk 5 e DS b
theRey nD('W@I n9g/am13§1 anw@r o9%5 1660, omlﬁeraa&me@psosphate -
pneunoni ae types and 2.", Mtchell

chi
debiydpsiggeasactlaterpsbnmun. 1896 28T BSP7@7(W9 36750028 Pepa
(S@BE%(IPG_Z e}&og‘c acﬁpgtﬁ?‘fﬁ' @Pa r.%gmol %%g']gggn?@i EO’}Eﬁ: ?\ﬁ'lﬁ(’@ p%te;,n, (EP

ion an ol ogi'cal

0849196) ARBaBeliA 136YB BRI 08845680 DAL %eiferrcéd:’mejnmwbccal protein
WD 99/ 03884 (NAVA)];. PspA and transne @gbrane deI n,
anjigens #ts thasp éh%.féﬁse%l §0280393 1. ppariigylardy thgseys selsiggcin WO

s[;@g@lr etion variants thereof (V\D
9%@?%%%@ - rlﬁ@gg’ g?d'al ); PsaA and transnenbrane
del etion variants 30 thereof (Berry & Paton, Infect

| mmun, _1996 Dec; 64(12 255-62."S het
AEATRLE B SRR 2 A (TG T

e QhvehibH iR C’ﬁJgrA ﬁfvbg @gﬁ@ﬁ%s@mwap@m)w US5912336),

pneunococca ing proteins and WO
TBAB {WIRB3BOPCEP F162663 H31 GV 699/31232), A¥epde(WBO26/@9412), Hap

G} B SRo12D! BP0 5es R AN LA iR P

d I
A g R ) s

NCB38) Feph BeBip€ @sta cainserFe\gTiib iotsingnen it hoth 9@@ least 30, 50,

0075k S B SR AR posost 1

SERSVER ePLIavkd. IVIRESHisL. 199% 308N 57)aFRaB (WSES!:OZSQ’V)QHedRI n
WO 98/ 18931, Bartl cul arI t hose sel ect ed

(RET/EFISO55Y, Y, A EA ORI E2sD) g ctrA

P e e

aﬁ%&ﬁhﬁﬁﬁﬁéneﬁﬁ5ﬁﬁ&6@:raﬂfﬂ192/ 03467; U85912336) TbpB
(WD93/ 06861; EP586266), Hsf (W99/31132), NspA
(WD96/ 29412), Hap (PCT/ EP99/02766), PorA, PorB, (]VP85

RS OB, s i s proviae

pt3i6QAh3 ikt see SE@Quo® of Diphtheria, tetanus and Bo: detella pertussis
infections. The pertussis component may be killed whole cell B. pertussis (Pw) or is
preferably acellular pertussis (Pa) which contains at least one antigen (preferably two
or all three) from PT, FHA and 69kDa pertactin certain other acellular vaccines also
contain agglutinogens , such as Fim 2 and Fim 3 and these vaccines are also
contemplated for use in the invention. Typically, the antigens providing protection
against Diphtheria and Tetanus are Diphtheria toxoid and tetanus toxoid. The toxoids
are chemically inactivated toxins, for example following treatment with
formaldehyde, or toxins inactivated by the introduction of one or more point

mutations.
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NO 38), FrpA or FrpC or a conserved portion in commen

to both of at |east 30, 50, 15 100, 500, 750 am no
W@ei0d®393¥092/ 01460), LbpA and/ or LbpB (PCT/ EPO9S¢DBERDF3/012160

Schryvers et al Med. Mcrobiol. 1999 32: 1117), FhaB

(W098/ 02547), HasR (PCT/ EP99/05989), i po02

( PCT/ EP99/ 08315), MLtA (VDQ?éS?ZSO) and ctrA

(PCT/ EPOO 00135). Nei sserial protein may be added as

urified proteins or as pal.t of.an out.er r :
Betpliv g g Giirteatic 53508 i ShindinGekPh i TRaEbfugg s a i
with the 8h&T sdY fdaafeaplat of hithiyhviscdus giguil iBrdicehtather and liquid
protection against one or nore of Diphtheria, tetanus
DARd BoPTBweinl anofeartagutaingr. Syghekity e forTpeampde.t qoaaprise a dual

conponent may, he kille .  f LSS :
o S i Ao R EorilonooB AR i S0 ovrings
bEORt Bfftnfthangsd, ToREalrRA tdogponérie tithabtonstitmwewithrhe liquid

all three) from PT, FHA and 69kDa perta tiE certajn .
vmcrr@rm@@@?} gtely @rioy figiasen a %mg]@aﬁ?%nﬁﬁ’g‘ﬁ Qrthﬁ%L@n@e,dﬂed

LE Ad .- . .

<SS B ATl b D B8 MRSl el v o
lighidi VEPS op DAPWA i augirer (prefatblyrextagairasoushy p and edmpisierdd as a

Tetanus, are Diphtherja toxoid and tetanus toxaoid.. The
singleoyageine gL he Eﬁg’,ﬁ LPLPW, Y?gelp!a\;gﬁlg@%f &§cﬁg\’ran1tegllrac{ least in part
WP bR i Qb O Qg&[) g@g Eftfiutd %d uséﬂatf: QLARE AeMNiHRm Bydroxide

toxins I nactivate Intr tion of one or nore
(feiinstanceUlininiriar® . and(T 2120dx G393@nRCOH GRROSBDEDLE Biolbgicals
Alternatively the i munogeni c conposition of the
sidvention may be provided as a kit wth the dried

solid, foaned glass or highly viscous liquid in one
container and liquid DTPa or DIPw i n anot her
TherifmaivumegeniStompksitien ¢anptiamallgxanpileted cuitlp ohs @r aneta aintigens

chanmber syringe with the dried and Jiquid co t
tlgaéﬁ@rapwéqf){p,lpo q.péa E%olggyppqpé%?lgeig%)u? 7 iqefz@%Wansd/or one
o\?vi £ te%]rgi%eﬂ? ShAl" daROpORIP ANERN: doBinkh BFlUeREL REub.t Pe@éred non-

Iquid vaccine i mediately prior to
typepblet Hoinflasnzae giroiglreantigens irsludehiismbiior prejeamtl8, 5168€08) and

e N RN e
RkedliPWoladgions (()M'P%,GP@,bbﬁbt&%_tD,WP@%_/%gT%%%' Wla, 3d6iwl, Hmw2,

adm ni stered as a single vaccine. a or DTPw
Hepcand@ld.ypically is adjuvanted at |least in part

Preferred influenza virus antigens include whole, live or inactivated virus, split
influenza virus, grown in eggs or MDCK cells, or Vero cells or whole flu virosomes
(as described by R. Gluck, Vaccine, 1992, 10, 915-920) or purified or recombinant

proteins thereof, such as HA, NP, NA, or M proteins, or combinations thereof.

Preferred RSV (Respiratory Syncytial Virus) antigens include the F glycoprotein, the
G glycoprotein, the HN protein, the M protein or derivatives thereof.

Combination vaccines comprising DTP-Hib are known in the art. However there are
problems associated with certain formulations which involve simple mixing of Hib

with other antigens. Unless carefully formulation, the antibody titres raised against the
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10 with an alum niumsalt, such as al um ni um phosphate

and/ or al um ni um hydroxide (for instance Infanrix (r)
w@ea4/0893vanri x (r) vacci nes of d axoSm t hKl i nePCT/EP2003/012160

Biologicals s.a.). The i munogenic conposition is

optionally fornulated with one or nore antigens 15

that can protect a host agajjst non-typeable

Haenaophi |l us i nfluenzae, RSV and/or one or nore

antigens that can protect a host .against influ a.
£ REPoTBRLFBY PR (DSBSt i POBRSHE pf ibipeulated
s%ﬂfdt&ﬁ,néué fRCihpdRrddc-aRY it olREPEGhPorekis §71866@8)in@lithough this
usi ohs conprising peptides therefrom (eg LBl Fusion)
p{dbSnb 8¢ 3Bl knowhiin Bt atre anRdwedesh Fdiaseest iypriogveags, the

. P6 rotein D, . TbpA. JbpB,_ H a,. H -
HHWHH‘%@!C epsitiony qfipe Elé‘ﬁe?g'm\%iurl l}xgﬁli%}}] |1gen(s1 Ill)ﬁg?ﬁlz@mulated
tOMIBeL as hidtRdQolill RRGiFHIR vedowd ligtid pslitlds ar Bltdrigthzasolution to
virus, grown in eggs or MDCK cells, or Vero cells or
thipptoblei.u vi rosoi nes (as described by R d uck,
Vacci ne, 1992, 10, 915-920) or purified or reconbi nant
25 proteins thereof, such as HA, NP, NA, or M
TRE An@iAdgerds cERpbiifiais OMbe tieneoh m&r &frer pat oR8Waccine kit in
vég{es&i ratory Syncytial Virus) anti gfe s.include the F

el andHib aterpucseny Y QREFIMBOBERH, O the kitpgngd fggthsrpontpogents,

Ml ohel BofVe gx%éir%sgh%#%? ﬁtcgﬁ(ﬁ @&&Eof&t,%mwlé,oﬁdual chamber

vacci nés conpri si are known In the art.
stiowgey ey dedeeibed dieeein. pTiod beosoagpsneitataee miked tegstheaijnst before

e AT AR iy i v
aﬁ%@%ﬁ%rgée&%i{gﬁ driRl 3664, 39&h AP blabh& MENSRRoAS 8334, although it

160 14 H b conponent can be |ower than
i¢ beiomaly farintudadedss 4 Heuid aflis dorswilgfonHiesnlisin @otibadytitres against

e N g Ly (N
HeldndoBBilW fnfld8hab 3Spdaenen aPGiease thd dntibady aus inasconibigation

I nmunogeni ¢ corj)o& tions of the invention in which H Db
vagng 8¢ ahloastf&5PmM0%e etelerablypdrhel008s onmer elthess gligited by the
hi ghl v vi.scous | iquid V| an alternative solution
Sf%lgla?# @%ﬁé%ﬁé?ﬂn%ﬁl nﬁflnlr%uvr?g‘gle%i c conpositions of the
invention may formpart of a vaccine kit in which |IPV

and Hi b are present in one conponent of the kit and
Yacempeo! e mysnton s

The immunogenic compositions of the invention described above are preferably
formulated as a vaccine. Preferably, the vaccine contains an amount of an adjuvant
sufficient to enhance the immune response to the immunogen. Suitable adjuvants
include, but are not limited to, aluminium salts such as aluminium hydroxide and
aluminium phosphate, squalene mixtures (SAF-1), muramyl peptide, saponin
derivatives, mycobacterium cell wall preparations, monophosphoryl lipid A, mycolic
acid derivatives, non-ionic block copolymer surfactants, Quil A, cholera toxin B
subunit, polphosphazene and derivatives, and immunostimulating complexes
(ISCOMs) such as those described by Takahashi et al. (1990) Nature 344:873-875.
For veterinary use and for production of antibodies in animals, mitogenic components

of Freund’s adjuvant can be used.
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10 as described above, are present in a second

conponent, for exanple, a dual chanber syringe as
walemansdsed herein. The two conponents are ni xeBCT/EP2003/012160

toget her just before adm nistration of the vaccine.

In such formul ati ons, the conponent conprising |PV

and Hib is preferably a drigg solid, foaned glass or

hi ghly viscous liquid, although it is optionally

formulated as a liquid. This formulation results in

antibody titres against 15 the H b conponent being
Tﬁ%1 Vsl odn AEESRIARLEInY ehtmQiré fRIREKIY e€donsituRdPrids o use.

Haenophi l us infl uenzae b pathogen. Typically, the

Ramnsbmdyn ol s the mpang ofebliquid componcat ef e Vaganewith the

.e 8 0
oGRSy e B BB Pl SRR TR P
iMREGINEso SfboNpasdes 8 softhinth&ith Aveér ropellBheintemal soges ¢
conposi tions of the invention descrlbed aboyve %
C@ttémmgém {MmMPEY S CaROEIPOSIIOR OF Neceinseof the wventon: 3 e pipfeof such
vaccine. G f
SRRSOV RS ATRAT e B lon S sl 6
bStgbrh kiR tasb vafold iR Whidhdt isdeorelzaty mrrecdmsmmta mted to,
alum nium salts such as al um ni um hydr oxi de and
al um ni um phosphate, squal ene m xtures (SAF-1),
L [ Vi
AR naBoR o BRI o L0 BROE o
tcﬂyld:cﬁ)lr easieratsudlishtioh whthiewkrmd compesiton of thle@mk%nuglpélf hisvisr

f [ ho)
péﬁqgﬂam i a8 duping SrsPrg et el St T MGt hE s gty
E@%ﬁﬁ:ﬁ& 15%9016{1 @on&ﬁﬁféd%off ROSR. PREFIHID, ecﬁe Bdloured dye

et al 990) Nature 344:873-875. For
nvahteins ntalcylousﬁ aamltrhmﬂ pndthueonipatiblefwithninj dstiem &xo ppatient.
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nposition sitting
adminstered. Such factors are known in the vaccine art and it is well within the skill

of immunologists to make such determinations without undue experimentation.

The substance can be present in varying concentrations in the immunogenic
composition of the invention. Typically, the minimum concentration of the substance
is an amount necessary to achieve its intended use, while the maximum concentration
is the maximum amount that will remain in solution or homogeneously suspended
within the initial mixture. For instance, the minimum amount of a therapeutic agent is
preferably one which will provide a single therapeutically effective dosage. Super-
saturated solutions can also be used if a foamed glass is formed prior to

crystallisation. For bioactive substances, the minimum concentration is an amount
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bottom of the tube in a formin which it is nore easy

to reconstitute. 10 It is advantageous to incorporate
w@2@elanived dye into the preservati on sanpl e i PCDER®D3/012160

to all ow easier visualisation of the dried conposition

of the invention. This is particularly inportant

during reconstitution to enggre that the dried solid

or highly wviscous liquid is thoroughly reconstituted
o, use. Preferab
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are known in the vaccine art and it is well within the
skill of immunol ogists to make such determ nations
t perinmentation. 25 The substance can be
present in varying concentrations in the inmunogenic
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concentration of the subStance is an amount necessary
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dhiBati aI m xture. For instance, the m nimum anmount of a
therapeutic agent is 30 preferably one which wll
provi de a single therapeutically effective dosage.
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1l fgstdfve subst ances, the m ni mum concentration is an
amount WO 2004/ 039399 PCT/ EP2003/ 012160 16 necessary
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therapeutic application Generally, it 1is expected .
-t hewbjestio g theqwesenyation sempleite such. tempergtuse it preasvie conditions

r preferably
5- %ﬂ%olvqgft) ésfelggcriggn ﬁl&pégseg‘%“%%g@ﬂ?ll%gﬁh%ol ysacchari des
a6 Rrdd¥ing solvent until the preservation sample dries to form a solid or highly
viscous liquid in which the antigenicity and/or immunogenicity of IPV is retained.
In a preferred embodiment, the preservation sample is inserted into a container with a

water repellent interior prior to drying.

A further method of the invention involves foam drying, comprising the steps of:
e preparing a preservation sample by suspending or dissolving IPV in a solution of a
stabilising agent; preferably a bacterial polysaccharide and/or a glass forming

polyol are present in the preservation sample;
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20ug, 10-5ug, 5-2.5ug or 2.5-lug. The preferred anount

of the substance varies from substance to substance
wheao4i0393ensi | y determ nabl e by one of skill i nPCTEPZNI/ 012160

Met hods of the invention 10 The nethods of the

invention are for preserving a conposition conprising

| PV and a stabilising agenfjy resulting in a

conmposition in which the antigenicity of IPVis
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dryé%ng P\?rZ\nd conprises the steps of preparing a

« prremevingtsblvanisanip the fogmsisiepeniima sotid di whish\thegptigeyicity

a solution of a. stapil.isin gent; preferably a
b&@W@FFW“BS@%%@’&@P}Jd%I%?}% r a glass formng 20

pol yol are present in the preservation sanple;

subj ecting the preservation sanple to such tenperature
Agpreifepned Seam drydagaiethiod 08 thetihgention ugess canéaings syith ¢ wigier he

reser.vat.i on sanpl - .and. renpving solvent until the
r%l“ﬁ%‘%ﬂ@tﬁ??rosﬁuéﬁ%(gco&taﬂ%ssﬂlf S{%P Sc‘)(r)frp'n a solid or highly
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contaji.ner, with a. water. repellent interior pri -
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f ogppdLyi ng, conprising the steps of: preparing a
preservation sanple by suspending or dissolving IPVin
ea sibjecting theafontined Gorgaiabig the pregeraigiéan samplefossuglh fynperature

D e RS BT e R SR,
20080 KRl RO 3L 89 forth/a sotidih S&fidH e b®zenicity

preservation sanple to such tenperature and pressure
c omli/driiomsmogtracity dEIPHrisseainad.i on sanple fornms a foam
and renoving solvent until the foamdries to forma
solid in which the antigenicity

The foam drying methods of the invention described above optionally comprise a
freezing step. The preservation sample may be wholly or partially frozen. Therefore
some methods of the invention comprise the steps of:

e preparing an at least partially frozen preservation sample by suspending or
dissolving IPV and preferably a bacterial polysaccharide in a solution of a
stabilising agent and freezing the mixture;

e subjecting the at least partially frozen preservation sample to such temperature
and pressure conditions that the preservation sample forms a foam; and

e removing solvent until the foam dries to form a solid in which the antigenicity

and/or immunogenicity of IPV is retained.

The freezing step of the above method is preferably by the process of quench freezing
in which reduction of pressure is the cause of freezing by evaporation. This causes
rapid freezing of the sample which leads to less antigen loss. Therefore a process of

the invention includes the steps of:
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and/ or immunogenicity of IPVis retained. 5 A

preferred foamdrying nethod of the invention uses a
weonwtasasery with a water repellent interior sup¢HER20831012160

contains the steps of preparing a preservation sanple

by suspending or dissolving IPV and preferably a

bacterial polysaccharide inja solution of a

stabilising agent; 10 inserting the preservation

sanple into a container with a. water,. repel
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Lxture; . sybjecting the at |east, partiall zen .
iohiber st i et ioaaron & dnet B areSink T Bl ppprises
1oRdistdrons that the preservation sanple forms a foam
and 25 renoving solvent until the foamdries to form
ea mopirihg apreseredtiontsematet ygmapanding orakssplying IPV in a solution of a
[ nﬁgeni Ci tt'y of IPVis retained. The freezing step
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cause O reezing by evaporation. This causes 30 rapid
f r thetzihngrestrvatien sample Boats olventbylsvaporatienswitheut dahbling to

| oss. Therefqre ocess.qf .the invention includes
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or %@g{vﬁl{ggso@ve% G MAEdniile 3AEPLTORY a BUSDERREAS 1Rfuid in which

di ving | PV and preferably a )
and antigencity and/or immunogenicity of IPV is retained.

The methods of the invention produce a formulation of IPV that is able to withstand
extended storage during which the antigenicity and/or immunogenicity of IPV is
maintained. Preferably the IPV retains at least 40, 50, 60, 70, preferably 80, 90, 95%
of its original antigenicity and/or immunogenicity over a period of at least 3, 6, 9, 12,
24 months storage at 4 °C. Antigenicity and immunogenicity are measured after
reconstitution of IPV in a suitable aqueous solution, and using a suitable method, for

instance those described above.

The method of drying without freezing or foam formation is particularly applicable
for use where the active agents to be dried are prone to loss of activity and/or
antigenicity during the drying process due to exposure to freezing or the bubbling

associated with foam formation. It is also particularly applicable for use where a
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bacterial polysaccharide in a solution of a
stabilising agent; subjecting the preservation sanple

W o00s@shieed pressure such that the preservati oPCT/BP2UPS/€12160
becones at |east partially frozen; 5 subjecting the
at least partially frozen preservation sanple to such
tenperature and pressure comditions that the
preservation sanple fornms a foam and renoving

sol vent unti |l e fo dries.to.form.a solid.i I.ch
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sHoPlePUR R profesdid prefcher. preferred method of the

I nvention is used for preserving I PV and conpri ses

the steps of preparing a preservation sanple by

S endi ng or dissolving IPVin a solution of a
%Ei%qgi—@?@%g agent; subjecting the preservation sanple

to such tenperature and pressure conditions 15 that

the preservation sanple | ooses sol vent by ey&gorati on,
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t hgse descri bed. above. The net hod.of dryi ' t
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for use where the active agents to be dried are prone
to loss of activity and/or 30 antigenicity durin

. . 1g t he
Bartetialpqlysacersidenrst eda siepiisingasen and pesiprel gpbediments of the

.bubbl | ' i f ' ' .
L e LR e S AR
apéat/ ER2AORBHRALEAGccHAide plays a dual role of stabilising agent and

immunogen in this embodiment.

Carbohydrates include, but are not limited to, monosaccharides, disaccharides,
trisaccharides, oligosaccharides and their corresponding sugar alcohols, polyhydroxyl
compounds such as carbohydrate derivatives and chemically modified carbohydrates,
hydroxyethyl starch and sugar copolymers. Both natural and synthetic carbohydrates
are suitable for use. Synthetic carbohydrates include, but are not limited to, those
which have the glycosidic bond replaced by a thiol or carbon bond. Both D and L
forms of the carbohydrates may be used. The carbohydrate may be non-reducing or
reducing. Where a reducing carbohydrate is used, the addition of inhibitors of the

Maillard reaction is preferred.
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| ower concentration of the glass formng polyol is

advant ageous and/or where a shorter drying process is
wee@heseed. Stabilising agent 5 The stabili siPQI/EP®N$/012160

to be used in the nmethods of the invention wll

preferably conprise glass form ng polyols. Suitable

materi als include, but are t limted to, al

pol yol s, i ncluding carbohydrate and non- carbohydrate

pol yol s. Preferabl stahi l.i si ng_pol enabl.e
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amihdaddls, peptide; hpdrolysediproRshorPretei such Apsememaibupniia can act as
car boh dr at es may be used. The carbohydrate may be
THS8R8%RY or  reducing. Where a reduci ng
carbohydrate is used, the addition of inhibitors of

the 30 Maillard reaction is preferred. WO 2004/ 039399
PREE BB (grosepvadion sa@ple will contain a component capable of inhibiting

crystal formation in the dried solid or highly viscous liquid of the invention. Salts and

other molecules including amino acids and phenol red inhibit crystal formation.

The concentration of the stabilising agent used in the process of the invention may be
between 1% and 50% weight/volume, preferably 1-5%, 5-10%, 5-10%, 15-20%, 20-
25% or 25-50%, most preferably less than 25% (w/v). The amounts of stabilising
agent required is proportional to the amount of salts present. Therefore, although
levels of stabilising agent between 3% and 10% are preferred, higher concentrations

of 10% to 25% (w/v) may be required to dry samples with a high salt content.

Container
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Reduci ng carbohydrates suitable for use in the

i nvention are those known in the art and include, but
w@e@408m399 i mted to, glucose, maltose, |act osePCI/EP2003/012160

fructose, gal actoase, mnannose, naltul ose and

| act ul ose. Non-reduci ng carbohydrates include, but are

not limted to, non-reduci hg gl ycosi des of
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sing agent. 20 Preferably, the preservation
VWhasapremealded awhtube-qutaviglonponent capabl e of inhibiting
crystal formation in the dried solid or highly viscous
liquid of the invention. Salts and other nol ecul es
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Cont ai ner WO 2004/ 039399 PCT/ EP2003/ 012160
made of a water repellent composition.

The water repellent interior surface of the container makes foam formation more
likely to occur and more reproducible. This allows lower polyol concentrations to be
used in the preservation sample which in turn decreases the length of time necessary
to dry the sample, reduces the effect of Maillard reactions or other interactions with
the polyol harming the active agent. Where the preservation samples comprises a
vaccine, the resultant foamed glass is reconstituted quickly and easily due to the lower
amount of polyol present and the resultant vaccine solution is less viscous, allowing
easier administration. The water repellent interior surface allows easier reconstitution
of the dried solid or highly viscous liquid since it encourages the sample to remain as

at the bottom of the container so that it is easier to reconstitute effectively.
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21 Different m xtures and various contai ner shapes and
sizes can be processed sinultaneously. ldeally, the

W@ oowas93er size used is sufficient to contai n PEEEP2003/012160
initial mxture and accomodate the vol unme of the
dried fornmulation formed thereof. Typically, this is
determ ned by the mass of the glass formng nmaterial,
the surface 5 area of the container and t he
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SBwege skilled in the art by 10 foll owi ng the

“procedures set forth herein. Any such containers can
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he npr
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hi ghly viscous liquid since it encourages the sanple
to remain as

As an example, addition of volatile/effervescent salts allows larger initial volumes and

results in higher surface area within the foamed glass, thus effecting superior foam
formation and more rapid drying. As used herein, volatile salts are salts which
volatilise under the conditions used to produce a foamed glass. Examples of suitable
volatile salts include, but are not limited to, ammonium acetate, ammonium
bicarbonate and ammonium carbonate. Salts that decompose to give gaseous products
also effect enhanced foam formation and more rapid drying. Examples of such salts
are sodium bicarbonate and sodium metabisulphite. Preferably, the volatile salts are

present in an amount of from about 0.01 to 5 M. Concentrations of up to 5 M are
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at the bottomof the container so that it is easier to
reconstitute effectively. WO 2004/ 039399

WOEOABPBO03/ 012160 22 Al t hough si ngul ar f or mTePCEHEP1963/012160
used herein, nore than one stabilising agent, nore
than one additive, and nore than one substance may be
present. Effective anounts ? t hese conponents are
easily determ ned by one skilled in the art. 5 Sol vent
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nost 10 preferably 85-98% by vol une. The vol une of
sol vent can vary and will depend upon the stabilising

Aagiet siafilld diditive b s fRinc stabilising apeiaowhioh atiebe asedviel | as
any additives. The mninmumvolune required is_an

c omweB sitheryhe volaiewslprosepase sphir 1 8MBOTHIGhBAE s .
ST e AP L i RS SR CRNERR D Rl

ahd eur€emnes) on tis agent fpincichiecthe nisookiityefitlse fonmirgpsyiripy such as a
det er m nabl e

by those ski|ll.ed in the art in Iight of
ﬂﬂﬂ@“&%&rﬁ%@%‘%%%‘ﬂ%&‘iﬂ@h@hﬂ? YAYAUSES additives can be
put into the preservation sanple. Typically, the
additives 20 enhance foam formation and /or the
Adottiengdditive Bss ishibitarofdlonMailbud esatidon. Ryeferably, if the substance
sol ubilization of the substance. Al ternati.vel. t he
oSSlaT BevuE e IO r R B ERUEDE SRR gy iind
MR 88 REGips e LBApSdifchsiuifthértohiagh £Qtdsdond By slogitully

additives may be present. As an exanple, addition of
avaEpiebld ishibitbrefiths daitlard geacsion in avempur gélective tp isapstantially

vol unes .and..25 results in higher.. sur rea: Wit hin
et Saa gL el stousp el AT L ARE st Bt

chRb BBt b2 NTROFNIBHOE of B Miai HindirBabtioASan/BE BnyieicRvin the art. The
volatile salts are salts which volatilise under the

igfubidortis presenidan powr suificiens i prgvem, ¢ sHbsfantpally prevest, of
g el . PY
N L L

cBGUPS A iReSeRk b Hatstbstaiadetand tiadarblayd proope ategregewrieon the glass
gasequs products 3Q also effect e

TRIFIRQITIINE ENEPTIRD 08 hesomHerey- yHﬁ@?V%r}gg_%%g%J Fhdsngiparbonyl
AR AR apach e o e
Various classes of compounds are known to exhibit an inhibiting effect on the
Maillard reaction and hence to be of use in the compositions described herein. These
compounds are generally either competitive or non-competitive inhibitors of the
Maillard reaction. Competitive inhibitors include, but are not limited to, amino acid
residues (both D and L), combinations of amino acid residues and peptides.
Particularly preferred are lysine, arginine, histidine and tryptophan. Lysine and
aarginine are the most effective. There are many known non-competitive inhibitors.
These include, but are not limited to, aminoguanidine and derivatives and
amphotericin B. EP-A-0 433 679 also describes suitable Maillard inhibitors which

include 4-hydroxy-5, 8-dioxoquinoline derivatives.
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present in an anmount of from about 0.01 to 5 M
Concentrations of up to 5 Mare WO 2004/ 039399
weFonABPB0N3/ 012160 23 suitable for use herei nPCIVAR2003/012160
resul tant foanmed gl ass has uni form f oam conf ornati on
and is significantly drier conpared to foaned glass in
which vol atile/effervescentyysalts are not used. 5
ﬁﬂotﬂer suitable additive is a foam stabilising agent,
ich can be used in conbination with either the
AGYeageMls or deconposing salt. This may either be a
surface actlve conponent such as an anphi pat hic
nol ecul e (i.e. such as phospholipids, and surfactants)
The methodgefithe umyenh@m ereged mrvsegwga@tgﬂa@ﬂ noke virya APy

h
o aPPbaRE odhep ot SNE0 RN PRGN YR £8n0 4R, molT
prefdRhtli tiey Sk pblhievadeine).alrl c@asihs o080 refeeatdp iy or 8 Didntigen
substance and/or glass matrix-formn

ugisrfdypes] Qrlnsy): 4ot PEcfeTABLY & 9F 1o 3R lgaUHHFSdﬁ?HB’e 2 (MEF-1)
o B3t LY S 66 DA T ) R, TEERY Sigine
forfatdtioq s suitaBle faﬂimymtloﬁﬁftﬁa'ecomtmmos s aquedad $0}ut1kﬁl Whlch
prevent condensati on of am no oups and reactive
p@é@rblaiwpnfﬁ% GAdIPRALVRECTNG APIRAIIESon.  The i nhi bitor of
the Maillard reaction can be any known in the art. The
inhibitor is present in an anount sufficient to
The émeuenal pmlysastbhﬁmht lmadmpyrap;ﬂdeb}e thg prasssrdefidlt inyientggn are for

o O BAPEEREI5H o dBRT o e B nol MR ot At

r%&%mt} BloMBEHiBlsC erd%ﬁfd’ét bONSHERoWcassS phlumBhiteX Group A
ng material, or "the converse. However, the amino

Sﬁepfdsocand Grauth dhy$trepjoaapis mh}tl;@cocer dﬂmuéc af a¥aphylococcus

Ry etk Ui PR S ARGE nOlyod bk B RUE B Bt influenzae..

Pkéf@ﬂr&l tdaiagﬂﬁf p&agdacemuridee alsh/bhdthdy ﬂloﬁ@ aérﬁvddnfrémct)ﬂ&aﬁcmore of
be of use in the conpositions described herein

samgm@pw &oﬁﬁﬁd@ﬁop@daiﬁf of é\@weqeraq mgniggitigés. Foshpeptefared cgpsular
%Célgfql]ti)(? erbv%? R&Iﬂog‘ﬁ chjgtgu lpwgmunng ?l‘ﬁ@%'e%ﬂococcal

or & Act are not
chp’s,ula’;liﬁo[}@a@ﬁaﬂde netiesi e ;(rbf&td’mlﬁseimied_fronnmndﬁypmftl s, 4, 5,

aci d residues_and pepti des, t r
6@.; gﬁeg,r% Q¥ .e1QAsch e 128y dftnt 35, 17K ;gq:dfegé, dz% b¥, 23F and
BEXRLERRER bty FbRCeMhes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F). A
further preferred embodiment contains the Type 5, Type 8 or 336 capsular

polysaccharides of Staphylococcus aureus. Further preferred polysaccharides include
the Type I, Type II or Type III capsular polysaccharides of Staphylococcus
epidermidis, the Type Ia, Type Ic, Type II or Type III capsular polysaccharides of
Group B streptocoocus. Further preferred polysaccharides include the capsular
polysaccharides of Group A streptococcus, preferably further comprising at least one

M protein and more preferably multiple types of M protein.

Preferred combinations of active agents to be preserved using the processes of the
invention comprise IPV. Preferably, IPV is combined with bacterial polysaccharides

comprising one or more of Hib PRP polysaccharide and/or meningococcal A, C, W
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aarginine are the nost effective. There are many known

non-conpetitive inhibitors. 30 These include, but are
woea044089394 ed t o, am noguani di ne and deri vati veBCHREP2003/012160

anphotericin B. EP-A-0 433 679 al so descri bes suitable

Mai |l ard inhibitors which include 4-hydroxy-5,

8- di oxoqui nol i ne derivativegs WO 2004/ 039399

PCT/ EP2003/ 012160 24 Active agents The met hods of

nt| ed to preserv
o po S fsmol e pye dasrr P SRS P B 5° 0
cblﬁbﬁﬁ%}i@ﬁ@iu&@ﬂi\h SndVBIS TP afd MenTP SRV and M@l &dl §; IPN’Eand
Sal k polio vaccine). | PV contains 20- 80, prefer abl y 4

Hab aigl M@néh@n 1§k Hier¥es Aoﬁndt@ﬁ peach begierral pelpsaccharides may be
f f ot 2 (MEF-1
geﬁ‘glt% g}gﬁgrgﬂ% ry&@ﬁ% ge¥p5n| tg of tz/pe

3 (Saukett) The | PV vacc:| ne fornulation is suitable
for injection after reconstitution in an aqueous
Bedieriali polysatibetidesare fracaniigatedoncaningataditn @ PBHEN PIotesE W?é as

SHRRIS et S R BALE aPSLURPRRR, ERS g o

oERRNIRL® ubaz4)pol ysacchari des derived from one or
nor e of isseria neningitidis, Haenophilus
i nfl uenzae b, Streptococcus pneunoni ae, G oup A

r )

ThE PERARERTHe cof R o pleb Rl 866 knoith SOMI-HR0S

ptdferdRRnpaatoh afetlpdl ryiactimtivatem fothé-iatflymhhdrlds w1th 1-cyano-
i nfl uenzae. Preferred ca suI a ol s cchari des al so

4 dipetiprianiing puridisrmy isiraflnes tg o 2 STt e5tegs The
B Ay asr&‘lgi??ﬁféﬁﬂ @f R LPEeL P 1o S IE v
obtthe@irnaqucten. dreferabiy, diee cyﬁha!e ;ﬂ:ﬂtemmoop:ledz Iw1thdwyxsmﬂ thamme
oBS i dptiviscgpoliSacghitids I Heletd BReargY rplg ting

h@ﬂ:ﬁ)llg%agn cHehnistty ﬁzvoﬂv?fgothé 3&rmakidfof #Fhiodfher ﬁ%geZQEch

nost Ppreferably from serotypes 1,
c6Ejugates a@‘dpscj:ﬂ;pd i8PCT pablished applicatiom WORF/1 5]'%,60 Umformed
referred enbodi mnent contains the Type 5, Type 8 or
BECSAPLYTEF- pol ysacchari des of Staphyl ococcus
aureus. Further preferred pol ysaccharides include the

Type |, Type Il or Type |1l capsul ar pol ysacchari des
T csujagatyq; aeoptionally prepared by direct reductive amination methods as

described in US 4365170 (Jennings) and US 4673574 (Anderson). Other methods are
described in EP-0-161-188, EP-208375 and EP-0-477508.

A further method involves the coupling of a cyanogen bromide activated
polysaccharide derivatised with adipic acid hydrazide (ADH) to the protein carrier by
Carbodiimide condensation (Chu C. et al Infect. Immunity, 1983 245 256).

Drving Processes

In one embodiment the process of the invention involves drying IPV in the presence
of a stabilising agent, preferably in the presence of a bacterial polysaccharide. In this
process, the preservation sample is subjected to reduced temperature and pressure

conditions. The temperature is reduced to less than 20 °C or 0 °C, preferably less than
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25 epidermdis, the Type la, Type Ic, Type Il or Type
I'l'l capsul ar pol ysaccharides of Goup B

wa@eooepswseoocus. Further preferred pol ysacchar i BEFEP2003/012160
i nclude the capsul ar polysaccharides of Goup A
streptococcus, preferably further conprising at |east
one Mprotein and nore preberably multiple types of M
protein. 30 Preferred conbinations of active agents to

R S el B 0GR O L NS 10 s
et S, Bl PAL AR ERAL, HEGr SO (54 00, it Prefebs 0.gs

020 Q4. m%dl%d' /téa‘ﬂ%?ﬁlﬁteoakﬁm@ssu@&oadudbm ary maintained for at
iopdeTad 2baREie RN T e RIELer B 468 17 By Sy eRGs
r F%{}Ed ﬁ#@%h%g%s%ﬁfb@%ﬁe di&ModBh alkbld.and Men C or

A and C. "Each bacterial polysaccharides
may be present in doses of 1-5¢g, 5-10g, 10- ZOg or

0- I d .
Througli s B o b B ep e oLt e A EE form
ad @%Qhlplel @ledMiRh ONM ﬁefefa@ﬁﬁfﬁf&m @wakdrRbhiear éfal ot :m% |oel 5-

I\/[L97, pneunol ysin ‘or Protein D (US6342224).

19%, prdaeilnbree, £5%), ayatide api-pYe prrenrchsatliy -4 éWQ 1%
cp%pllng technique. A preferred conjugation mnethod

fes on activation of the polysaccharide with
1-cyano- 4-dinethylamno pyridiniumtetrafl uoroborate
(CDAP) to forma cyanate ester. The activated

haride is coupled directly or via a spacer

group to an amno group on the carrier protein.
Preferably, the cyanate ester is coupled with hexane
Adpraferied pidresnsl thd eventidioinsielvey abi ecedg fid preseccitianisaimplego
conjugated to the carrler pr ot ei
SHey RpBITeRd; IRPERBES Cndtiqns op At ﬂ& ROt beginsitp GHOYp, forming

t hi oet her |inkage. Such conjugates are described

CT publ i shed application W93/15760 Uni f or ned
Servi ces University 20 The conjugates are optionally

BBt oL BB o

tl(dag?ﬂﬁﬁ 2 880 tﬂ%hm%u@ro?thec@§ rh@&ﬂpﬂoﬂess References to
EP-0-161- 188 EP- 208375 and EP-0-4

temperature are to the conditions external to the preservatlon sample, for instance,

Q.

where a large industrial freeze dryer is used, to the temperature of the shelf. This

usually corresponds to the freeze dryer temperature setting.

A preferred embodiment of the invention achieves this by reducing the pressure while
maintaining temperature conditions. The pressure is adjusted to at or below 8 , 7, 6,
preferably 5, 4, 3, more preferably 2, 1.5, 1, most preferably 0.8 or 0.5 mbar, while
maintaining the temperature setting at a temperature above 0 °C, preferably of
between 10 °C to 15 °C; 15 °C to 20 °C; 20 °C to 25 °C; 25 °C to0 30 °C; or 30 °C to
37 °C. These conditions are maintained for at least 1, 2, 3, 4, 5, 8, 10, 12, 16 or 24

hours.
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A further nmethod involves the coupling of a cyanogen

brom de activated 25 pol ysaccharide derivatised with
w@ehopiozoderi d hydrazi de (ADH) to the protein carPCi/EP2003012160

Car bodi i m de condensation (Chu C. et al Infect.

I munity, 1983 245 256). Drying Processes In one

enbodi nent the process of t i nvention involves

drying 1PV in the presence 30 of a stabilising agent,

preferably in the presence, of a.bacteri.al :
ApibgC e et T RO b GeeCoay REnRa sy hapeiss the
te e vhiRURLIRGIESL felusRAAHE BRbsheeBRid dtiseTBd @ mperature
pressure conditions. The tenperature is reduced to

sdtissistiaeas2d taCbmve Q0 CC, preéifrahiziy Yeteers 2018&rendB0 °C; 30 °C
2004/ 039399 PCT/ EP2003/ 0121 6 -10 C or -20 nor
ot 4t i o °<él:d?ﬁ%°<§rog§%ﬁe@pﬁgaﬂ+rsaﬁ§aa e
ess 1k fo -
hERr 19 30°, AR Do O D pioR IR S8 g eRe
coREEGRGE fEREIASALR radtep 1@sbof ¢ betowlB { 7pfprafembly 5, 4, 3,

mai ntai ned for at least 10, 12, 16, 2Q, preferably

e preErabipRel fr biteqshpraferaly 8 or0.paihes Thest capitiqns ase
r i | .tih reseg vat i I ries to forma
e BTRAEE A et o Br 2 R AT %l utes
gl asses, rubbers and crystals which form as the
sanpl e dries. Such solids preferably retain a water
REBQVHEIA ent (g form.a doansed glass, preferably 5-6% 4-5% or
3-4% or 2-3% nore preferably 1-2%or 0-1% 10 (w w).
Foam drying A preferred process of the invention .
Al subséquest stagej ofthe fogmt drgingmestkod/eff the mvsaiigrl wvelyed Bmayete

By RO b 5880 R e b B s
i%&i@v@d b EmPheHRhY Blcl REsaRMAH SerpdrhtuRecdititfoas enthodd applied

at external to "the sanple due to the endothermc
imatder ® avhievh doany fpymatioi.dier prstanee.she mssBi@isdpainiaged apor

WFARE! S EER DS LRN L5 ARk Ak 05 0
nitnﬁii Witk in]?dintfafn?rﬁgztﬁe drYiatl® ¢8R at b CerbftRatiRIEdOVAtONG Of

e shelf. This wusually corresponds to the freeze
pify@blyt enpemal (Cearskl@ 1G1d.0 °& mdeX0eiC; 80 *Erand FOrfenB0SE and
the i ti hi thi b duci
350 Iég \é(elrlmld 918 °%Cm(l)s$\1/)$esferabllysbetv¥eerﬁ% °léﬂlr{]dg25t ‘Ite Iqqreges tseynrp%rature

and pressure conditions are maintained for 1, 2, 3, 4, 5, 6, 8, 10, 12, 18 hours or more

in order to obtain a solid with a solvent content less than or equal to 10, 8, 5, 4,

preferably 3, 2 or most preferably 1% (w/w).

Another embodiment of the invention increases the temperature setting during solvent
removal to a higher temperature setting than that maintained earlier in the process.
This advantageously allows the solvent to leave the sample at a quicker rate so that
the method of the invention can be completed in a shorter time. For instance, the
temperature setting is increased to above 0 °C, preferably between 2 °C and 10 °C;
10 °C and 20 °C; 20 °C and 30 °C; 30 °C and 40 °C; 40 °C and 50 °C; 50 °C and

60 °C while maintaining the pressure at or below 8 , 7, 6, preferably 5, 4, 3, more

preferably 2, 1.5, 1, most preferably 0.8 or 0.5 mbar. These temperature and pressure
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25 mai ntaining tenperature conditions. The pressure is
adjusted to at or below 8 , 7, 6, preferably 5, 4, 3,
woreeoe/opa3ed erably 2, 1.5, 1, nost preferably 0.BCDEP®NE012160
nbar, while nmaintaining the tenperature setting at a
tenperature above 0 C, preferably of between 10 Cto
15 C 15 Cto 20 C 20 Ctoyg5 C 25 Cto 30 C or 30

Cto 37 C These conditions are maintained for at

ok Bkttt SR R B R

obthint @ LAV ek PMRaR Ch &85, FreRbiyos, s rasst Byefefablygi% Gw/w)
the tenperature while maintaining reduced the
waicesenie®. conditi ons. The tenperature setting is

i ncreased to above 20 C, preferably to between 20 C

and 30 C 30 C and 40 C, 40 C and 50 C, or 50 C and
A?lgthgiéexgbodihﬁ?t (ﬁﬂfgf fbhtich 1siidek g IirSssiu?a stettihlg'&lurm' ngelveht
10-5 , preferably 20-40 C, nore prefera 25-35 C
rempagh for aeloweh REFSTUT® Friting WapHiah pesd-iingtfoam E%%‘E?&’@B- f@%a

! ' a qRickefiiEso that th

a&p}gaél?d &F @%ﬁ’gw@ Sltbg ,SOI??nt?r%g{a@%?}e%f%rrngbel a;% an.%180kce) r 0. SSO rr%ar(.e
mEfiete ftlongiventnscaabe completddain nestoftartia¢. Hoe astants, tRg pi@ssure
4 5, 8, 10, 12 6_or 24 hours. 10 Renqvi ng sol.vent
sething isrdepreasede Oéreé%‘g Sa%s g&f@%{?&#{ 2.0k Jge nte PW@“%@%{ >
odr o@ﬁqlgfé;{b@f 095 ot DD 11BUE WHiRMAiBMBLIYEhe tEHPhIAE: at or above
sol ve until the foamdries to forma solid. In one
oeah prtifarabiiy befwechd 0i°O\vamdt209E; 26 RCsaindi38 °¢BP eCeadd B °C or

mai nt ai ni ng the pressure and tenperature condit itgi())ni 2at
abowsA) 4p plheestemperafire PREPIFHTaeqRdEicns pEamrngRgs fop b, 2, 3, 4
For, i,pS e d ' I t

55518 105121 oy R PO L VRO P ey s
tHan d¥Rghialpé 6f 4rpaéfesabB; Bool oOmbre proferabiiil Yea(wiwi.nt ai ni ng
the tenperature setting at a tenperature above 0 C,
preferably between 2 C and 10 'C, 10 C and 20 C, 20 C

'- . . 35 C and 40 C nost
P%M(ﬁ bty du%%%’_%g@%ﬂ%d 25 C. These tenperature 20
and pressure conditions are maintained for 1, 2, 3, 4,
, 6, 8 ,.12,..18 hours or r i.n order fo_obtai

The gesthestof ok iy okt eationE b vl Beetif i seielqBiering e

leSrioP to fham BYfiotd Mead?antdedbs ifBRhscR r&irodambitityl Kotw
S%evyve\}/)%oAnoot her rrt%ogi rren% %If1 %he 1i n\_/esr?t irﬁé}r incrleay;es o
shmples enpbatel. s salut togll thersamgles stavting the process from the same

physical condition of being frozen. The preservation samples may be wholly or

partially frozen.

Freezing is optionally carried out before subjected the sample to reduced pressure by
placing the preservation sample at a temperature below 0 °C for a suitable amount of
time to allow the sample to freeze. Preferably the temperature used is at or below -
10 °C, -15 °C, -20 °C, -30 °C, -40 °C, -70 °C or -140 °C. The sample may be left at a
temperature below 0 °C for 1, 2, 3, 4, 5, 8, 16 or more hours to allow freezing to

occur.

For some samples, particularly samples that are easily damaged by solvent crystal

formation such as cell preparations or other biological systems , it is preferable to
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25 renoval to a higher tenperature setting than that
mai ntai ned earlier in the process. This

w@coanssgeously all ows the solvent to | eave t heCHEPPOLE012160
at a quicker rate so that the nethod of the invention
can be conpleted in a shorter tine. For instance, the
tenperature setting is incrgased to above 0 C,
preferably between 2 C and 10 C; 10Cand20C, 20C

and30C; 30Cand40C; 40Cand50C; 50Cand i 0
fropge meaﬁamp.lﬁgﬁ?w@ Hadae S 10, a1 @q &,5’“@,5’3 4,5 *Cper
iti elegfeaildly By frbeing thstaf®stously,
h%?gp@rggﬁr%/{pog%oﬁgﬁ% O?rgé&rrﬁegrﬁé Tr?es e te}Frpr’(’er.a(te u?%e gr?d Ous'y
fopirsaside by WRpXDR4inR3 BgeidrdTeger2 Thig neetixdbis patigularly beneficial

conditions are i ntained for 1, 2 4 g .
foX protes HOVFS PEICIRS BePANBPY Srenpiptiopig el in il fogrdhe of
ﬂk@é@.khan 10, 8, 5, 4, preferably 3, 2 or nost

preferably 1% (ww) water content. 5 Another

enbodi nent of the invention reduces the pressure

ettin ring solvent .re
ARGty o i Gatool FTIREE) B Ayt flihe BRAREH, Rauced
prasRa§RE €0M She/sadlplOVesohfes wholly enpartially &axen. Sheh quemph e
at a quicker rate so that the nethod of the invention
freezingyis cewieglont withinp bulk fsprectryer apparafigy at ashelf ferperpiyes of
ressur, gLt [ o}0 :
ofpereab §750 %) B CoibTERg Lo el Ay df it gengfleraf i
b&ﬁ%&n pukd 85D Inyord P%er%l Qeilednan.andh2ol e, FRishpraferabigat
the tenperature at or above 0 C, preferably between
14.6C (Iianstes0reGs opfior@llgnedu®8d @itidly 6 20Athba6IoESot0, 28hHYu &0
40 C. These tenperature and pressure conditigns are .
miRteR AitAYg 19 allow ’degqsmgg. I,g’ord% ’to gr’eezg’ thﬁ éa}malﬁ,’ t G Bresfip Is
e{IPﬁ]?[ ' I (g ijdowi 6.0, @18®bY GMis pressure is
re?g% en hHe]tgg ﬁtgﬁgltne%gﬁgggl?glba?g@é,l’ (A)fw’ %ra’e(?(ler ably 3 por 2
maintainediopnefeestah1§, 2D Gn30whinytes UBtiFthe sardplgiihwho iy PpArfigly
a freezing step The nethod of the invention optionally
%ol ves freezing the sanple. Freezing the sanple
prior to foamdrying has the advantage of increased
reproducibility between 20 sanples in a batch. This
Sitkseduent stepabf foamefosmatineandgempying gokvivet tpferae 8 solid gmas

the s hysi cal condition of being frozen. The
diicg %‘?%"Eon sanpl es may be wholly or partially
frozen.

In a preferred embodiment of the invention, the steps of freezing the sample within
the freeze dryer and foam formation are performed at a constant temperature,

preferably altering the pressure conditions.

In a further preferred embodiment the steps of freezing the sample within the freeze
dryer, foam formation and solvent removal to form a solid, are performed at a

constant temperature, preferably altering the pressure conditions.

In a further embodiment of the invention, both pressure and temperature conditions
are different during the steps of freezing the sample, foam formation and solvent

removal to form a solid.
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Freezing is optionally carried out before subjected

the sanple to reduced pressure by 25 placing the
wWEe@sms9sad i on sanpl e at a tenperature bel ow 0 ET/BP2083/012160

suitable anbunt of tinme to allow the sanple to

freeze. Preferably the tenperature used is at or bel ow

- 10C -15C -20 C, -30 Gy-40 C, -70 Cor -140 C

The sanpl e maybe left at a terrperature bel ow O C for

1, 2, 3, 4,. 5, 8,.16 o r
Tl@eoprog,@é?ﬁof t%mlyslixtl@dﬁg € %g}eﬁ \&yﬁ*l g r\)Ya‘cer rg Z1 en9
1nH?'ﬁﬁr sﬁ'ﬁ%eeﬁﬁb hyacipvRg affolh &ﬁhﬁ ﬂie iffeyict éiirfacé «mmaat I on
such as cell preparati ons or ot bi ol ogi cal systens

hydroghobie qmmfoert@nl for fnstance bp @Jup@g%@g &@FPIEP%WSF eaipasd by
29 f th
prgaeﬁa%se §%e JeuGAGRN o TSl indnf B Ca Rl Einty, e aseh

OING Sltéri ANEridéSis REES I aheesRaiEf Bt iatly oby water repellent
reezing instantaneously, for instance by snap
cdmpasitiong in |iquid nitrogen. This nmethod is
particularly beneficial for proteins or viral
particles. Freezing by evaporation also results in

Thépieterict 6€2 wageraépellbnitinerisnsplaee oAtheenntairey elajes folam
preservation _sanple is frozen H ubj ectgn??f he sa
forgatierimermilikely isaqsreand mprerpodigles ts pdowe

cm%tlrz}f ?15 tc{’@g {de lllll he Itgﬁéﬁ\fhpol'?'ééiﬁplg Ya&in tﬁﬁte@e%ké%ges' the

carried reeze dryer apparatus, at a
lenp@l of timammmmrte dmy t}lb&ampleabanlueeﬂhéipff&ctl o@MaLBar@ee@Uons or

C, 30 37 C Preferab y t S erat e i
othex weraﬁulantéf?&ﬁs%@e%%tlﬁpe }%&ﬂe {126 BEF h Vg s
ﬁ}&?&c? RERIET i@id r‘éc&ﬁhtlﬂétpddlb’kl
plr%ge uced 1 nrti ac?%p\ﬁtsgg %%%ﬁ‘%grtﬁfe 2?d9[t’§1§tisgr& 20, Y
dus touthe boverr amouet ¢fpodyd] presdrgad dhawgsuliant vrcgme Spbltlpﬁ delges
the s l.e essure is reduced further to a
VBF%S @”laéﬁ%ﬁlertag’%’?ls%tfo&m 2, 1, 0.5, 0.2, O.lnbar.
This pressure is 15 mai ntai ned for at |east 5, 10, 20
or 30 mnutes until the sanple is wholly or partially
Drrying svithos fieazingeortfoam deyanatipnf oam f or mat i on and
renoving solvent to forma solid are as described
above. 20

A particularly preferred method of the invention involves drying IPV in the presence

of a stabilising agent, and preferably a bacterial polysaccharide, using a gentle process
that avoids exposure of IPV to freezing or foam formation so that IPV is subjected to

less stress during the drying process and a high degree of antigenicity is retained.
This method is particularly applicable for use where a lower concentrationof the glass
forming polyol, for example at concentration below 10% (w/v), more preferably

below 5% (w/v), is advantageous and a shorter drying time is preferred.

Loss of solvent by evaporation (evaporative drying — step b)

The process of drying without freezing or foam formation involves subjecting the

preservation sample to such pressure and temperature conditions so that the
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In a preferred enbodi nent of the invention, the steps
of freezing the sanple within the freeze dryer and

wo camssrat i on are performed at a constant PCT/EP2003/012160
tenperature, preferably altering the pressure
conditions. 25 In a further preferred enbodi nent the
steps of freezing the sanplg within the freeze dryer
foam formati on and sol vent renoval to forma solid,

are perfor at a . constant t er.at
PRFTER TSR s S B e BRes W Aoy f oSttt o
bmggi’[&%é)foafnhe i nvention, both pressure and
tenpérature conditions 30 are different during the

steps of freezing the sanple, foam formati on and

f id.. ;
RS S0 ot MR LR B EORER o

cREhEOAR ¥ansie GOl the BRiBhabinidnauealf die ¢svapedatiemprocess.
interior surface. This is achieved through coating th
Referanceoto temperaiee dietio the copfitieppresmal dhpprsseydten egple:
s ot et i eoni : . .
AR R 31 BRAE e B PSSO e e
siidi Tatstusudllyt @ireapande ko thetfireezavdityer tempempet Isething.i nt er i or
surface is achi eved by the container being made of a
wat er repellent conposition. The presence of a water

R T T o
miEttiosl eflthoivsentione Thepleymire isTeduwed teeattor delown200naBire, referibly

b giegt ROG S TDHECRs 8 2PYd ol Bigrt h B ailfpp eSS BERERR
ddieeLhf@et of Muillard reactions or other harnful

I nteractions between the polyol and the active agent.
Were the preservation sanples conprises a vaccine,

the.resul tant sol | i.s reconst.itute i . .

A RS T b PR g Bl e e

pY@&hEt Mhile Qbﬂﬂ’rd)lﬁﬁ%ﬂ}% tbiBpSraftibe YorRIQUES, TIRd prowungis @dfuised to at or

adnm ni strati on. iing wthout freezin% gr4f
2 f »

belowrf PErOAPPRFEbloLD o2 Thost BFEFHEN 1%t 18, 14 e or 1 mbar,
kGt S B e e a by B REAREP . BerBhunf of
bRl AL ER Y 3 A€y | WSENG @ WeMd € B BLESSI5 dWRR20AMYSC to
exposure of IPVto freezing or foam formation so that
26P¢; 25 °6 uoj 302 dr 80 °C to 37 °C; or 37 °C to 45 °C. These conditions are
maintained for at least 1, 2, 3, 4, 5, 8, 10, 12, 16 or 24 hours, preferably for between
2-4 hours, 4-6 hours, 6-8 hours, 8-12 hours or 12-18 hours. In a particularly preferred
embodiment, the pressure is maintained above 2mbars where the temperature setting
is 15 °C in order to prevent freezing of the sample. In a preferred embodiment, the
temperature is maintained at 15 °C and the pressure is set to between 5-10 mBars,
more preferably 6-9mBars, most preferably around 8 mBars. Where a higher
temperature setting is used, slightly lower pressure is possible without freezing the
sample and where a lower temperature setting is used, the pressure should be
maintained at the higher level to prevent freezing. Preferably the conditions are
maintained for a sufficient period of time so that the evaporation rate has slowed so
that the temperature of the sample is approximately the same as that external to the

sample.
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| ess stress during the drying process and a high

degree of antigenicity is retained. This nethod is
w@aroaiosasbar |y applicable for use where a | owerPCT/EP2003/012160

concentrationof the glass 25 form ng polyol, for

exanpl e at concentration bel ow 10% (wv), nore

preferably below 5% (wv),3js advantageous and a

shorter drying tine is preferred Loss of solvent by

evaporation (evaporative drying step b) 30 The process

of drying wthout freezing or foamformation involves
Pr® mﬁ9tth@§re*s$16au&rs%%®né/§ioumﬁ kot tvilsio dhimp b s ped

an enperature conditions so that the MD 2004/ 039399
1o@@5/s5mot03/fma sBcowlliquiders highlyorsceuspawd ooses

sol vent by evaporation, w thout the sanple freezing or

bubbling to forma foam The tenperature within the
RENEFIAE alvb@No S Bighiyl Viscoask litiides, be different from

that 5 external to the sanple due to the endothermc

nature of the evaporation process. References to

g? LalY5e 3F ﬁ'reﬁﬁetfl&? 48 %\Iehﬂ&f'm%ﬁfv% f]s?i}llovtn?g §d¥ent until the

Aﬁ?‘ PVation sa for I nstance, where a large
pieBdiugtidn salnpla ddsseo toryed hllghlyu\ssmims thulﬂhmthoatrﬁnrrafommetlm and

the shelf. This usually corresponds to the freeze
pgfsyahly mathout esFing set ting. 10 Optional Iy a prelim nary

step of degassing the preservation sanple is present

in the method of the invention. The pressure is
it @thusatsbdimernttof dre 1he¢rrbwn2ﬂmn8ad$¢qurhs'f maabalymgﬁb@ prsegyre and

200 and 35nBars, for a f. at e
ggesmaecrB ppasissherBrtalindie frs BlannEs Bk MbE For
iREGEE hEF QHRORINTBNGinel af HbeldW &y Wafbveh 25 26, preferablyls,

evapdrative drying by reducing the pressure, whi | e
12,anost cprdfcna‘glytll@e& én@ér, AI Br2eorclombint; WoHg mapaingedhe ur e

SRS o PG S 3002, SLALP A

, b t |IRES@L dMmasat &
S?Emiesr g@lﬁie@a bve %It(gwg(r:e%r%bl y o(? Z%Et\?\)/?esrr O}Qg Fo
38CCors 304 Ctd 37 A0 Féa tk&p@rahﬁre §&tiflg ofl BS €C t @ pRBsUEE 029 C
to 20 25 C 25 Cto30C or 30 Cto, 37.C, .or 37 JI%
19mBers, Mfé@éblé’én%mBﬂrén@O%IrPéefe’f?HNﬁrﬁWWe%nBBl‘rs i majntajag :
bst‘w{e%n 44 l‘gYuiSS I‘%el]f%gbl%fil Aél% 538 ?Slé%érigulh%orugsr qfh_%eat@ngleﬁagﬁe and

pEdssukrd c&ﬁdlﬁ@m;r @e maintaingbforilc?) B §, Gi8el@ri2e 8 hours or more in

o%gg?cg'oﬁ@tat lgtgl;g,lgpfgs{cgﬁéllijég@ vasl‘ql}gaa slo Ven!t Qo%‘%elg li)ess ?han or equal to 15,

12, preferably 10, 8, 5, 4, 3, 2 or 1% (w/w).

Another embodiment of the invention increases the temperature setting during solvent
removal to a higher temperature setting than that maintained earlier in the process.
This allows the solvent to leave the sample at a quicker rate so that the method of the
invention can be completed in a shorter time. For instance, the temperature setting is
increased to above 0 °C, more preferably above 20 °C, preferably between 5 °C and
37°C,5°C and 10 °C, 10 °C and 20 °C; 20 °C and 30 °C; more preferably 30 °C
and 40 °C; more preferably 40 °C and 50 °C; most preferably 50 °C and 60 °C while
maintaining the pressure at or below 30, 25, 20, preferably 15, 12, most preferably 10,

8,7,6,5,4,3,2or 1 mbar. These temperature and pressure conditions are



10

15

20

25

30

is 15 Cin order to prevent freezing of the sanple. In

a preferred enbodi nent, the 25 tenperature is
woradoanzgdmed at 15 C and the pressure is set toPOEER®E3012160

5-10 nBars, nore preferably 6-9m Bars, nost

preferably around 8 nBars. Wiere a higher tenperature

setting is used, slightly |gyer pressure is possible

wi t hout freezing the sanple and where a | ower

t enper at ur e, sett i [ e T : :
TR B e P O pert 21 Cy S oPRERGH e A9 bt ot
whth @ése tahl of el 6 0ndiZ prtarablye 038, Sya Bt homid. Tlds embodiment

sufficient period of tine so that the evaé)do ati on a&e
requisessthe weléy esagent ta be hepfstablapidhe tepmneratyreused 1oz thy ethad fo be

a ' he sanme as that external to the
C%ﬁf%?ﬁ%%% 039399 PCT/ EP2003/ 012160 32

Preferably, the preservation sanple should not freeze

or boil to forma_ foamand | ooses solvent to forma
Apreiergd em%a@mfnb?f the vsRtign Tiess B Pres I Qs tBnEHE sy ent

! Lsgie Xetfihg BRMShAT R BarferSiH IBEHEEEE (ste

r"}?‘lg}é‘g&geﬁ’@té Qﬁ(ﬂifﬁ ggéso eYetting ; , BHEEYs (step

he net t he rnvention i nvol ves renDV|ng
b} Ghiseailowsrthé solvéne to leresthe vanplerat 8 gnisker rdtei soghatdhd methog of

hi.ghly. vi scous liqgui.d without. foamfor ion.and .
th&rlg‘r’e_éﬂ}ﬁ% g fmﬂgtefif%affl il ieg ?tﬁl%n%l%sﬁi@smf%f’mm of
HeNB VeV O He 1981, FbhinStahe, A Yressarb Ritinak Bdtas Bi sidbeldve7, 6,

pressure and tenperature conditions at those applied

prefierably 5t #r 3 ma aperabinge 1 §i mgstorelgeablyfds, 0.5.r(s2.dht 005,
B Y e LS LA 2l B g 20
P ergbllydb’etvg’eenzl 00C ahdWeRia; 2R £araiogt ahrChgd BBl above

enperature setting at a tenperature above 0 C

4pref ehablampdratart amderesu@ doaditidils ar€méint@ined fardl, 23, 4.6, 6, 8,
Cto 15 C 15 Cto 20 C 20 Cto 25.C. 25 Cto

25 3Q G
18,1230y 18 hayrggr raprepp prdgr feokiaingsehd vatt 3 Msgen&fwry?snt@%,s than or

[.8SS of 5- : fera - ;
RS Ay bt Thok, 471 2 PRI PP R rmined by
KX sdheticaulopeteit endithye dhalyserdERr. J8PHARm0 Bidpha. (R00NH)S0;

These tenperature and 20 pressure conditions are
2%éi28fhi ned for 1, 2, 3, 4, 5 6, 8 10, 12, 18 hours

or nore in order to obtain a highly viscous liquid

with a solvent content |ess than or equal to 15,
Preferably, steps b) and ¢) should be completed in a time equal to or less than 18

hours, more preferably 16, 14, 12, most preferably 10, 8, 6 or 4 hours.

A dried composition is a composition from which solvent has been removed by
evaporation, boiling, or sublimation leaving a solvent content less than or equal to 15,
12, 10, more preferably 8, 5, 4, 3, 2 or 1% (w/w) , preferably as determined by the
Karl Fischer method. Preferred ranges of solvent content are 1-3%, 3-5%, 5-10% or
10-15% (w/w). The term includes highly viscous liquids as well as dried foamed glass

and lyophilised solids.

A highly viscous liquid is defined as a material from which solvent has been removed
by evaporation without boiling, leaving a solvent content less than or equal to 15, 12,

10, preferably 8,5, 4, 3, 2 or 1% (w/w) , preferably as determined by the Karl Fischer
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12, preferably 10, 8, 5, 4, 3, 2 or 1 % (ww. Another
enbodi nent of the invention increases the tenperature

W@ edotiosegodur i ng sol vent 25 renoval to a hi ghePCT/EP2003/012160
tenperature setting than that nmaintained earlier in
the process. This allows the solvent to | eave the
sanpl e at a quicker rate sogthat the nmethod of the
i nvention can be conpleted 1n a shorter tine. For

ot et R TSN Syl Do S A ARAR o) e o
Tl%ﬁigﬁl?{/is%oﬁ% Bdld hdsa sificiently BvdsclPent Contdhk sticlntitdt 248 aQlive

nd 30 C' nore preferably 30 C 30 and 40 C nore .
agenefs@rasbived 402 SabledtBOfoCat leasit3, (b Pel2eqradd ombs & 4¥e aflgwing

tho ety et Quryins oA 000 HRlr B B ) o S sTor 2
ac'%i'vitg an@or gnt%’enfk\i/’%%%r thisHRE6d.! PreRFably fig: ldpklyisessuliquid has

conditions are 2004/ 039399 PCT/ EP2003/ 012160 33
a salidippiarenceftott isls glass @d igable fo owgerydowhyover g PadRf of 2. 4,

of .nore in order bt ai ' It r
b perem Sty b P2hR P, T 51 hogths, Phd, BgnldA o ow
mli? ibs nRANGEH B Mvertigtilict gRadld oragihingehakighly Wisobelitpeidtand

stable at the tenperature used for the nethod toﬁﬁF
legwing iabrpogutemparaters #ntil thy highlywvigeass didpidds ehtssrdiefiovofn a

t he invention.r - s i '

B R By N bR R R AL RO Afer 2 d or 6
diyRapretdiadily 5B or & arekks; more piciaaliiy @c 456 8 $0 epl2 montlishi gn
_alfoms the solvent to | eave the sanple at a quicker
invgrted BOFIat the method of the invention can be
conpleted in a shorter tine. It also enables a higher
proportion of 10 the solvent to be |ost. For instance,

At Vigcos tigsidrie defiredian ghd [wodwtt of theatringary pbasswi 2olvent removal, at

v epr g athich the maiosi of golgel gy becagogiatom tis dgabley TB ojgt can

N L Bt &laPbraflof B8 wk QBWA Bl ehetbmPErature of
bgé%ggﬂgé"fé?e&%%e&ﬁ%ﬁ%?@@é‘gt SR RS TR b AL

tiB0saflipl SRtiEhstodthe Bmbicot teniporatura s the endethernie geptal bk
and ressijr conditions are maintained for 1, 2, 3, 4,
GS?POG%%,IS Ofg 10, 12 or 18 hours or nore in order to
obtain a solid with a solvent content |ess than or
equal to 15, 12, preferably 10, 8, 5, 4, 3, 2 or 1% .
A fomied glass israadrisd composition sppteminga glrsg forminggebyol, which is

S | gﬁ#é@go &a%}eg%ﬁqe%?gsley\%ﬁgn gé’:nlﬁgle i subf&?erd% such temperature
and pressure conditions that the sample bubbles vigorously or boils so that a foam is

formed as the sample dries.

All references or patent applications cited within this patent specification are

incorporated by reference herein.
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277-284). 20 Preferably, steps b) and c) should be

conpleted in a tine equal to or less than 18 hours,
woreeoe/opa3ed er ably 16, 14, 12, nost preferably 1BCT/BP2063/012160

or 4 hours. A dried conposition is a conposition from

whi ch sol vent has been renoved by evaporation,

boiling, or sublimation |eaying a solvent content |ess

than or equal to 15, 25 12, 10, nore preferably 8, 5,

4, 3, 2 or 1 %(ww , preferably as determ ned by the
Examplesscher method. Preferred ranges of sol vent

content are 1-3% 3-5% 5-10%or 10-15% (ww). The

termincludes highly viscous liquids as well as dried
Theatmhled Rsew apnchriistophrivsingathndaiditeshniB@s, Aviiitly lteywell known

viscqous liquid is defined as a nategiaL from. Lc% 1 Th
andpopipg torfhgsedakill igtas 6 cxpgpt APSHOYEETMESF YRSy detatl. The

i 1q] : I: : vhess than or equal

o bty YRR L SPRKI: GRTRRAORSSS )t TR %% (i

, preferably as determ ned by the Karl Fischer WO

2004/ 039399 PCT/ EP2003/ 012160 34 nethod. Preferred
Examples].cEvapratine egrpg RIOSesS 1-305 3-59% 5- 10% or

10-15% (w w). The highly viscous liquid has a

sufficiently | ow sol vent content such that the active
Thgpritcesssvasreaseadved using a Hatabrevioner &85 fieezer diyewigtwigclsshelf

9,12 or 24 nont t 4.C oW he active agent
RS Bt i RS i idhel et o O g genser

. O 950 . oo . . ) )
785 8 pRispirp I Rl BRI DA BIR GRRKELCHRERE: biRble
i pbisirapp pasdocenpetatirs. a gl ass and is able to flow

very slowy over a period of 2, 4, or 6 days, nore
preferably 1, 2, 3, 4, 6, 7, 10 or 12 nonths. The

Afér%géeg@ic Sin gi’g WA ddBYa El}ggff’r%ﬁi;ﬁﬁg BYert l@éﬁﬁfe{f 0% tgehalose

i
ntal ni ng t'he y viscous I'iquid and
of 8% nigrae) aralan dotinp egaitt ty &1 aquiedhs sohgiom Jimapley wstaopiy into

liquid.is observed to flow In a 10 preferred .
hesaP BT W IR DO BB AR . () (e Beraiyppssiing of
ecf ; 4 and
152G LUBbb e Brockl MOpreaite yaP fthlyAstitecg to S0RbEt: an
nadintainad et thisd eyed $o1t T 0ominufes\biefore teslubing thealpressudefurthed Ads

t he product .of the r%rggz[ey phase of s

ol vent repoval
1epmBAr5healgRGs e E R PrPPT VB oA OR AL fisure
1P@ROpleOte fs RN NEIRRIR 6.1mBak b ARIWHheGARpleB € become fully

r ecognl sed because the rate of evaporation slows down,
foaen. ke préseuteevasdhent increassil to between 0.8mBar and 3.5mBar at which
point a foam formed as water was lost from the sample. Under the conditions of the
experiment, no boiling was seen in a control sample containing only water. The
samples may be loosing water through evaporation rather than through boiling. After
18 hours under these conditions, the samples are dried and the foamed solution

becomes a foamed glass.

A similar process was successfully performed keeping the shelf temperature at other

temperature settings up to 37 °C.
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the sanple returns to the anbient tenperature as the
endot herm c effect of bulk evaporation is lost. 20 A
WO canesh3gd ass is a dried conposition contai ni NBCHEPB108%612160
form ng polyol, which is formed by a nmethod wherein
the preservation sanple is subjected to such
tenperature and pressure cgaditions that the sanple
bubbl es vi gorously or boils so that a foamis forned
as the sanple dries. 25 Al references or patent
applications cited within this patent specification
Eg%_?_lplé JCRiRRNdRht Y fFRbmbRofaitldas ei n. WO 2004/ 039399
EP2003/ 012160 35 Exanples The exanpl es bel ow are
carried our using standard techni ques, which are well
known and ut L.ne t.0 th . [ I e T 1 0
SERBEpperHar By T 6 SRR Ml iy ghy %6 {086 and 20%
sEASR! SSmples wietd pis tnitathe/Reezb diyet ovithat shkiftérhpdriiare maintained
i nvention. Exanple 1. Evaporative freezing process_The
apr ot theoughouicthe prasassolhe prssige WarB Rl TpdiGed dp 280mBar and

freeze-dryer i ich. shelf. 10
el Bbegeve (g rngees veRee o hEE BT Bt gto,
50RRIRNSARArs 3.5n8%rE 0.7 REBES W AnBars hed 0/2aiBds ach peessure
bl eed val ve and 6 thernocouples are avail abl e

1o
levehwes maintringsk for 20 mingagpierallonr the tompsratare o savilhraie,sns the

was_made addi i | i sq ' 9
Rt Bl S5 oyl TR T Ao O MRhORupkR ere
afiched UL eiasHleifh differerbanmbssconestrapiohs amt the tdngerdtnesze

dryer with a shelf tenperature majntained at a fixed
recotdsdintable] awmeangyabics of edempegiiSout t he process.

The pressure was initially reduced to 200nBar and

mai ntained at this level for 10 m nutes before
ReedltsCi Ng the pressure further. At 1.5nmBar, the

g, SSaEn 10 [ sere, fhe 10 cuapelal e o0l 0t o
s?ﬁﬁ%’e?ﬁg?eh? The YRR afufesBhd RuYel DEASRIME BleséiRedRE@Rry close to

rozen. The pressure was then I ncreased to
thaese peelictéd BoBahe tipde BoiBhBave. Athewfivretthe prosamce af susaepe does not

G s o B AR 5T Rfy R0elfsre

a control sanple containing only water. The

In a preferred method of the invention, it is necessary to avoid freezing of the sample.
This could be achieved by maintaining the pressure above 2mBars using a shelf
temperature of 15°C. At lower temperatures the pressure should be maintained at a
higher level whereas use of a higher temperature would allow the pressure to be

reduced further without the samples freezing.
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sanpl es may be | oosing water through evaporation
rat her than through boiling. After 25 18 hours under
wo bage3seondi ti ons, the sanples are dried and tPer/EPa0®02160
solution becones a foaned glass. A simlar process
was successfully performed keeping the shelf
tenperature at other tenpegature settings up to 37 C
MD 2004/ 039399 PCT/ EP2003/ 012160 36 Exanple 2.
bl'i shnent of freezing conditions Sanples were nade
di ssol ving sucrose in water to give 1% 5% 10% and

PrdYere SOl UMeadiBed epipRtBisre WeTlReodtical Rimpetange f r|eleigeid/frozen
dryer with a shelf tenperature maintained atl 15 C

1000moBgrhoul 1% M@ process. The pressure vas |n|tﬂéﬂm@

I
r educedto-200Bar—and—maintat-ned—at—this

feT -1 0
S4By nutesl%cé(?ore reduci ng| t he pressure furthel}qul1

55 Bars; !E 2 5mBars,; [P LonBars, u.4rrbarsl-%ri1&‘1
ars. | Ea h pressure | eVel was mintai ned t 20

[ es tp.@ddow the tenpefatyqre to equili bratiguadnd
the 10 tepperature of the sanple was read usijng a

ot7semBupcouplod.°CTher nocoupl es-20C2  att ached t o &eaepl es
with different sucrose concentrations and-the

0%@ﬂﬁ§raturé§°CFecorded in t&1°€ 1 are nean vaﬂ@@@mof

ho + annmmer R M| 1L Al.l

£ WLl LA "4 aL U| €S- ReStH LD 1 Dallpi [S3S) fl UL
0 en 1|89 4&nd 1.11lnbars Jﬁr%spective of th%ozen

CONCENtTationm of — SUCr0Se present. The tenperatures
neasured at different pressures were very close to
those predicted fromthe triple point curve. Therefore
the presence of sucrose does not appear to have a

I ar %ﬁ? gn%ect onfﬂ—ﬂgﬁtl 0}e rﬁgltgi.l)[?g gﬁ&} {l@%r%@{gﬁlggls %(?ntcfaﬂté'ations

|nvent|on IS necessary to avoid freezing of the

sanpl e. ThIS coul d be achi eved bg mai nt ai ni ng t he
Pptvsewtm@ samdvecmgmg 0sidie 18%sHEVE, 20Ve Apér andp0&o gfcrose

5C. At r te the
TR e e AR Rk R RS Sl Pl
hERRRA LU So@eibaktRlt B pkbiRsd ThS pressurt &vabénitislepedackd to
further without the sanples free2|n% f25 WO
CIO

2000WAR 308 aiRaneERRDGIL el Jasl® minutes re reducing the pressure

further. The pressure was further reduced to 0.1mbars to allow the samples to become

fully frozen. The pressure was then increased to either 0.788mbars, 0.812mbars or
3.5mbars in subsequent experiment These conditions were maintained for 3 hours for
the 3.5mbars and 0.812mbars experiments and for 6 hours for the 0.788 mbars

experiment. The physical characteristics of each sample were evaluated.

Results

As shown in table 2, at a pressure of 3.5mbars, a high sucrose concentration of 50%
was required for reliable formation of foam. In contrast, a lower pressure of 0.8mbars
allowed reliable foam formation at lower sucrose concentrations of 10-25%. The use
of lower sucrose concentration could be advantageous for preserved samples to be
used in vaccines for instance. Therefore a process using 0.8mbars and a 10-25%

sucrose content is preferred.



37 Table 1 Pressure Measured tenperature Theoreti cal
tenperature Liquid/frozen 1000nmBar 15 C liquid
wWGhvHBas93db C liquid 5nBar 1 C1 Cliquid 2. 5mBar/EPH0IN12160
-7 Cliquid O0.75nmBar -21 C -21 C frozen O0.4nBar -22
C-27 Cfrozen O0.2nBar -27 C-32 C frozen 5 Exanple
3. Foaming conditions for sagples with different sugar
concentrations Preservation sanples containing 0%
5% 10% 15% 20% 25% and 50% sucrose were made.
Sanples were put into the freeze dryer with a shelf
The@perature maintained at 15 C throughout the
process. The pressure was initially reduced to 10

Pﬂﬂﬁurbars and mai nt pYasecdtosst t hi $ Phﬁ&l@al chagactenstigsnut es
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Example 4. The effect of using siliconized containers

Preservation samples containing 5%, 10%, 15% and 25% sucrose were made and
added to vials, some of which were siliconized. In one experiment, samples were put
into the freeze dryer with a shelf temperature maintained at 15 °C throughout the
process. The pressure was initially reduced to 200mbars and maintained at this level
for 10 minutes before reducing the pressure further. The pressure was further reduced
to 2.8mbars for 3 hours. During this period, the pressure fell to 2.00mbars as the
presence of water vapour decreased. The physical characteristics of each sample were
evaluated.

In a second experiment, samples were put into the freeze dryer with a shelf
temperature maintained at 37°C throughout the process. The pressure was initially
reduced to 200mbars and maintained at this level for 10 minutes before reducing the

pressure further. The pressure was further reduced to 2.4mbars for 3 hours. During
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15  Where the sample involved is a vaccine, this reduces the viscosity of the sample and

allows easier administration.
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Example 5. Comparison of preservation of Hib-IPV by conventional freeze

drying or by foam drying

The active agent to be preserved was a mixture of the PRP polysaccharide of

Haemophilus influenzae b (Hib) and three strains of inactivated polio virus (IPV). The

preservation sample was made by dissolving Hib-IPV in either a 3.15% sucrose

solution or a 10% trehalose solution.

The samples were lyophilised either by using a conventional freeze drying sample that

required three days to perform in a large freeze dryer, or by using the foam drying

method described in

example 1.

The samples were reconstituted in water and an ELISA was used to assess the

retention of antigenicity of the three polio virus strains. Three polyclonal antibodies

and three monoclonals, one against each strain, were used in separate ELISAs.

Results are presented as a percentage of the reading given for a sample which had not

undergone the freeze drying or foam drying procedure.
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bY WLESA e W Steth blottisd. Mak degred bf @etdotiby &l assmbedainta dholiéres
and three nonocl onal s, one against each strain, were
megeeimofelsepar ate ELI SAs. Results are presented as a
percentage of the reading given for a sanple which had
not 20 undergone the freeze drying or foam drying
Refulgedur e. WO 2004/ 039399 PCT/ EP2003/ 012160 41 The
preserved sanples are assessed for their
i mmunogenicity in vivo by inoculating groups of ten
i cei i VihbiaRiigaMi ity faphngadih Sigehined
B e e o B e e
batyeriusig theiaandrylighieguiqeaouiparadde $sing gpnventioesl deese dying.
ELI SA or Western blotting. The degree of protection is
assessed in a challenge nouse nodel. Results 10
146l either sucrose or trehal ose as the polyol, the

—antigenicity of IPV was maintained better using the
f oam drying technique conpared . to usin

Methedef diyingng. TabPelyal sasieibd of dryi n@ff@{;g{ﬁeol%a/‘ 3%
content ELISA - type 1/2/3 % Polyclon ai’ol%’l%ﬁ&ll ONRtonoclonal

Freeze drying 3.15% sucrose 46/49/58* 25/0/0

Foam drying 3.15% sucrose 85/97/106 55/68/57

Freeze drying 10% trehalose 47/43/58

Foam drying 10% trehalose 93/86/84 72/75/87

* The experiment freeze drying in the presence of 3.15% sucrose was repeated five

times and the results shown are from one representative experiment.

Example 6. Protective effect of freeze drying IPV in the presence of Hib

polysaccharides.

Preservation samples were prepared containing 3.15% sucrose and IPV or a mixture

of IPV and Hib polysaccharides. The samples were inserted into a Heto Drywinner 8-

85 freeze-dryer and freeze dried at a temperature setting of -32 °C for 40 hours
followed by continued drying at 4 °C for 16 hours.
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aqsluamddmlyandg\/pmc@mp éned Rese Tthe Hib p@b@*mhand%d@lve a5,
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pgegw %@g on ﬁJhV Cét ) g&gﬁ X tlat ag ?cirl) éﬁﬁg‘%ﬁ{?%&ﬁ&e
p?é@&ﬁt&@@%ta@fﬁs g%@ﬁpze dryi ng than that achi eved when
PV was freeze ied al one. The H b pol ysacchari des
have a preserving effect on IPV antigenicity in
Eld'ét' on to that achieved by havi ng sucrose present
stabilising agent. 15 Table 5 Conposition freeze
dried Polyol content ELISA - type 1/2/3 %

Composition freeze dried | Polyol content ELISA —type 1/2/3 %
14% 3.15% sucrose 26/25/0
IPV-Hib 3.15% sucrose 52/68/0

Example 7. Effect of different stabilising agents on freeze drying IPV-Hib

Preservations samples were made containing IPV-Hib and using either 3.15%

sucrose; 2.5% sorbitol, 0.8% glutamine and 0.01% HSA; MMR stabiliser and lactose;
3% glycine, 2% arginine and 4% sucrose; or 4% sucrose and 2% glycine as stabilising
agent. The experiment included a sample with 3.15% sucrose as stabilising agent
using double the concentration of IPV-Hib. The samples were freeze dried using a

conventional three day freeze drying cycle in a batch freeze dryer.
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lts 15 Increasing the dose of I PV from 40/8/32
ose to 80/16/64 DU dose led to an increase in
retention of antigenicity of 1PV as shown in table 6.

Vi t t t abj Li-Si t
Incas Br oo SV SR A o BRE Rl 64 Y AETERE, o
iferadt ffckintioh bPaftlieaicitl dfTIe AsHIWH ihlAghlp 6oV aidativg in the

hi gher retention of anti gzens as shown by ELI SA29 t1
st2biliFiglage® also influenced retention of antigens with 4% sucrose/2% glycine

and 2.5% sorbitol/0.8% glutamine/0.01% HAS producing higher retention of antigens
as shown by ELISA data.

Table 6

Stabilising agent Polyclonal ELISA results | Monoclonal ELISA results
3.15% sucrose 50/50/70 25/0/0

2.5% sorbitol 55/72/72 33/50/0

0.8% glutamine

0.01% HSA

MMR stabiliser 59/62/65 28/25/0

lactose

3.15% sucrose 84/92/120 102/138/0

Double dose of IPV-Hib
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29y@he H b 10 as tjhe active agent. The active agent is

dissolved in an adueous solution contd _

Miul tiple sanples are preserved by either freeze
drying, foamdrying using a freezing step foll ow ng
the protocol described in exanple 1, or foamdrying

w thout a freezing step usin rog ocol _descr.i be
Eé&@lﬂﬂ & Reprodupibility of éamﬂl?dl‘rbat%utl’ aﬁ% freereshying, S‘éﬁdﬁg‘ry‘“g

corrp ﬁqgthtzbﬁjeﬁm % klty assessed. This is

u3|ng 15 assays as described in
exanple 5 using antibodies specific to native
antigens. In the ase of live _viruses
By

f .
@a%rﬁagod}ﬁg{rg)lqssar%@[a PP seraprisipe Y gupR ngﬁ elg %eqlaovancella
20§, ¢ ty @gﬁa& tROFSV %592%%1%&2%%({1@2&th dengue,

aque or mat1 on or
paramyxoviridae such as parainfluenza, togaviridae and influenza viruses, and/or Hib

as the active agent. The active agent is dissolved in an aqueous solution containing a
polyol. Multiple samples are preserved by either freeze drying, foam drying using a
freezing step following the protocol described in example 1, or foam drying without a
freezing step using a protocol described in example 4. Samples are reconstituted in an
aqueous solution and their activity assessed. This is accomplished using ELISA
assays as described in example 5 using antibodies specific to native antigens. In the
case of live viruses, the titre of each sample is established by using the virus to infect
suitable host cells and assessing the infectivity by plaque formation or by
immunocytochemistry. Where immunogenic compositions or vaccines are foam dried,
the retention of immunogenicity can be tested in an animal model by immunising
groups of animals with vaccine which is foam dried or freeze dried and boosting the
immune response for instance at 14 and 28 days after the first immunisation. Serum is
isolated from animals at the end of the immunisation schedule and its titre against the
vaccine is tested using standard assays, for instance by ELISA,
immunocytochemistry, Western blotting, immunoprecipitation, serum bacteriocidal
assay or agglutination assay. Results are complied, first by comparing the activity of
the active agent after freeze drying, foam drying with a freezing step, or foam drying

without a freezing step. Secondly, the degree of reproducibility of the preservation
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subjecting samples to each set of conditions.

Example 10. Method for drying without freezing or foam formation

Preservation samples containing 5%, 10%, 15% and 25% sucrose were made and
added to vials. Samples were put into a freeze dryer at a temperature setting of 15 °C
throughout the process. The pressure was initially reduced to 200mBars and
maintained at this level for 10 minutes to allow degassing before reducing the
pressure further. The pressure was further reduced to 8mbars for two to three hours

during which time thermocouples inside the samples showed that the sample
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hoktimg the diighly ¢isca@sdiqnizkcantve inearted ofithoutiproveking immgdiate flow

zl OW.. Flurther drq){' ng took place and the resultant

0 m?g}%h KABPoPARY appearance. If the sanple was pl ace

on its side, the sanple contents slowed very slowy,

over a period of days or nonths showing that the

Example 11 RetentionafdPY| immunggenicity aftes dygingwithouf freezing or

felmodermatién t he contai ni ng 15 hol di ng the highly

vi scous liquid can be inverted w thout provoking

i diate flow of the high Vi SC | i qujd. anpl
ST PRSP RrB G TR ae ot oot fo
Wb s8OS 0 {588 #ifhGhObubbling that accompanies foam formation or freezing.

Experiments were performed to determine whether this method produced a high level

of antigen retention when used to dry IPV.

Three separate experiments were performed in which IPV was resuspended in an
aqueous solution with 10% sucrose or 10% trehalose as the stabilising agent. The
samples were put into siliconised vials which were placed into a Heto Drywinner 8-85
freeze-dryer and the temperature was set to 15 °C. The pressure was initially reduced
to 35mBars to degas the sample. After 10 minutes, the pressure was further reduced to
8mBars and was kept at this level for two hours. During this period the temperature

setting was kept at 15 °C and the temperature into the sample was monitored. As
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foam formati on 20 Sanpl es dried according to the
met hod of exanple 10 have not been subjected to

W@ 2008939399 associ ated with the bubbling that acPCOIPR2EE12160
foam formati on or freezing. Experinents were
performed to determ ne whether this nmethod produced a
high level of antigen reteption when used to dry 1PV.

25 Three separate experinments were perfor med in V\,hl ch
| PV was resuspended

queou
W@%V@E@a@ﬂ ki o P BT Fuopfod bl AT By iRiline
2 bfa
Rt S S t%&?%%““ﬁ%sé“%?*;z‘t@aném“

sléwel. t\wmtbbnﬁgJ 616fomsfoﬁﬁﬁt1ctmocfc5rréﬂ uikdee tmsescmsﬂnteama'ﬁhe pressure

initially reduced 30 to ggggars t as t he g@ggge. 6
waf thewk redipCesi frthedo O lngbass P9 GRE mPB VR g ot 4

r .54 d

R R AGE B Rlot D Bara) R b e

at 15 C and the tenperature into the sanple was

noni t or ed. WD, 2004/ 039399, P 003/ 0121
e b A0a R B LR PRI o
reFeElﬂBR S fardteflicfty BeiheltRMBHER0 Vs stifsh. The hfdoéisalhatibsdy

tenperature returned to 15 C as the rate of

agausptypatiIBN, was oseddn am@m&bm astsgssdhe flegias plantigen gitention in
occurred er the ndition S
PG o o GO PR Lo &R pESSHirfe AP not
bMRROZER st ad p?é%ént@@ ada béméﬁag@@ﬁihe reatling divensfor & wample
experinments and f 10 hours nore in the third
w@x&dmdmeh@ﬂbﬂﬁmeaS@ﬁ%E@§XﬁéW@ reconstituted in water
and an ELI SA was used to assess the retention of
antigenicity of the three polio virus strains. The
RE&mMac! onal anti body agai nst type 3 IPV was used in

an ELI SA to assess the degree of t o 0 of
The driebsanepdesrieadi & solid @pPearais éIOWPve %‘/ F%fe&%% FB’m °

a gltgéﬁbflégoeu%t%ggﬁlzggﬁ siddl o é)gﬂ%(% ofﬁ%@ rtﬁé QAENso1fBF A dble to

a percenta eadi ng given for
flawsathel entaer elas hndrted bt roomeemperatuge.dr yi ng pr ocedur e.

Results 15 The dried sanples had a solid appearance
however they appeared to be in the form of

Table 7 Retention of type 3 IPV antigen as determined by ELISA using a monoclonal

antibody (drying without foaming or freezing)

Formulation 1** experiment 2" experiment 3" experiment
(18 hour cycle) (18 hour cycle) (12 hour cycle)

10% sucrose 75% 78% 91%

10% trehalose 82% 79% 93%

These levels of type 3 IPV antigen retention compares very favourably with the freeze
drying results shown below where very low values were usually found in the same

ELISA format when a monoclonal antibody against type 3 was used .
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a highly viscous |iquid/glass since, over a period of

days, the dried solid was able to flowif the
W@eowaa3er was i nverted at room tenperature. Te@I/EBP2003/012160

Retention of type 3 | PV antigen as determ ned by ELISA

using a monocl onal 20 antibody (drying; w thout

foam ng or freezing) Formulgtion 1St experinent 2"

experiment 3r experinment (18 hour cycle) (18 hour

m dl fﬂaﬁ Bcﬂ%lbﬂa{laﬁﬁmlﬁése(%e&ﬁd/rvfﬁyour ably vvnth t he

eze drying results shown beIOM/mhere very | ow

_values were usually found in the sane CL L SA f or nat

2004/%3932%%’%?? lEFg?Jg}éc;i@Qmeabal e, typ@lésﬁa—stmg;@/ﬁ‘v’b
012160 48 Tablig ent
of type 1, 2 and 3 I PV antigens as detje %Cl(ﬁgﬁ by N[/—%ﬁﬁbsc,&onal

Fiéerd\@yihg Monocl onal 3. aswd spgbye! onal antmbﬁﬂvﬁg‘(fﬂeéz%o
drying) Method of ldrying Polyol conteqt_ELLSA - type

Ffeb@d&y%g Pol ycl ona| 100 frbalessal  Freeze ‘H{‘VI/% 3 | 250

nnnnnnnn &l A0/l L Q% 10L95]

Suefrose—46/49/-58*—19/25(0—Freeze drying 10% trehat 0se
47/ 43/ 58 25/0/0 5 * The experiment freeze drying in
* TG eﬁ%&ﬁﬁé}ﬁ Erebie &Kﬁé%l FCHreseAcHB3. [ ENsatest Waympedtedriise
and the results shown are fromone representative
timepand themesultErkay @ref@nkgn@repgqsﬁﬁtgtf\@rea@gn@pgb, lity of
dried IPV stored as a highly viscous [|iquid/glass. 10
| PV dried using the nmethod described in Exanple 11 was
Exhfipfs1 Blodg ferinstoPageneibility of driedsENVitosed ey £highly viscous
ligRfPgasd tuted in water with 150mM Nad and an ELI SA
was used to assess the retention of antigenicity of

I[Eaﬁ ?PB‘E 8? 60 B rh&hgéi ﬁé’s%n?éd Al TQ[ £Gras SBRAGK qn@ for 9 months.

one al nst eac rain, were used
ThEBah §w5i=d r%stlmt&ﬂnmﬁasltﬁ h@rﬁMgﬂ @ amfl aarEILIQArwas used
retention in the reconstitute stO{ed sa _[A
taspssegsahe retention of antigenicity of the three polio virus s ams hree

monoclonal antibodies, one against each strain, were used in separate ELISAs to
assess the degree of antigen retention in the reconstituted stored sample. A similar
ELISA had been carried out on reconstituted samples from the same batch prior to
storage. All results were compared to a reference sample that had not been dried.
Results are presented as a percentage of the reading given for a sample which had not

undergone a drying procedure.

Results

Table 9. Retention of IPV antigens after storage as a highly viscous liquid for 9
months

Treatment Type 1 ELISA Type 2 ELISA Type 3 ELISA
Dried/reconstituted 72% 75% 88%
Not stored

Dried/reconstituted 70% 94% 90%

9 months 4 °C
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ELI SA had been carried out on reconstituted sanpl es
fromthe sane batch prior to storage. Al results
woweng/osoapared to a reference sanple that had POI/EPIe5012160
dried. Results are presented as a percentage of the
readi ng gi ven for a sanple which had not undergone a

drying procedure. 20 Resultg Table 9. Retention of

| PV antigens after storage as a highly viscous liquid

for 9 nonths 25 Treatnent Type 1 ELI SA Type 2 ELI SA

Type 3 ELISA Dried/reconstituted 72% 75% 88% Not
RATEY W 1RS ‘B@@d aﬁé& 1hé QUHRALAROTbedIn Bxaipke U &n be

st%%d %ﬂ@ ¢ OR3P 941%&6 anﬁ enipgy.ef ore | PV

has been drie e net escribed in
Exanpl e 11 can be stored at 4 C for at least 9 nonths
Eﬂ‘zhh uB ¢epaionstithe dintinogenibitinvivh of IBV Gtepalryingrto
fo? Rehiy WSQRE Higusd Aivd FétoMititatioh compaséd &y wedniedIPY o
forma highly viscous liquid and reconstitution

Glco 8 V&} & wad. 11113:> Miat @Hﬂ%aﬂtusjc@lu%ﬁ il ]PWﬁch’ﬁﬁ@
egf(?@a p;{:ﬁgﬁ% 0 10 o égelﬂé kS fﬁéhfly% oMk fifuiBding the

o1y, Exam %%u 9 o) 0?6 gar rats
Wes@a u@tqcbwgh aefrar@eswm& %ﬁgﬁ%{ﬁ% g R Hghe seie
WWb’{lfthlﬁ]ah%d neideen ek ul ated with reference sanpl es of
| PV whi ch had been prepared in the sane way but which
Aftar hddysheemwelrei telckn A5 el tikdratieand the sera Wigksr tested iteseparate
infrfr@mapaddipitdtien medags asing Thge bePpedend Typs Bawliorvidiepar at e
15 i munopreci pitation assays using Type 1, Type 2 and
RENDS a PBYinGn YAb1d! 50 thReSokdifs: a5)ahs hewBer of résplohsnt 18is fdradach
W@}l@i@sb th ﬁébew HH‘Ps%e GBsertﬁ§tH§’ Rired & EnshRth@e% of the
raits LrHoh bl Qs Bk }’ Stid SsAP R HARY reldive
potel(iy ofetge Qe ansd 1oConstf) rted% Y, I;P Ii]e,ed to the undried reference IPV.

Table 10. Immunogenicity of IPV after drying to form a high viscosity liquid
(JLE017/05) and reconstitution compared to an undried reference IPV (J LE097)

Sample Number of | respondant ED50 RP relative
undiluted | 1/1.25 1/3.125 1/7.81 potency

JLEO17/05

Type 1 10 9 6 5 6.37 0.956

Type 2 6 4 3 3 7.14 0.825

Type 3 6 8 2 1 18.18 1.051

JLE097

Type 1 10 10 10 7 3.33 1.120

Type 2 8 6 5 2 3.12 0.951

Type 3 7 6 4 1 16.91 1.172

Reference

Type 1 10 8 4 6.37

Type 2 7 5 2 2.93

Type 3 5 3 0 22.57

JLEO17/05 is a IPV batch that was dried to form a highly viscous liquid and
subsequently reconstituted. JLE097 is the undried reference.
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rats seroconvert as assessed by the
i munopreci pitation assay and c) the relative 20
wW@oienddponf the dried and reconstituted | PV cOPQGHERHOI/@12160

the undried reference IPV. Table 10. Inmuno eg nicity

of IPV after drying to forma high viscosity liquid

(JLEO17/05) and reconstltut gn conpared to an undri ed

reference | PV (JLEQ97) garrpl e Number of respondant
relatjve nw%ted 1/1 25 1

i LML ek S N o i T

refynsacelsamplel dn generalgTg® h [P glicited SBmésmBn@zfe?P?Pée it

TPpO3 tlicifigpen Bniuge response ngqhghﬂy owermatse Farfcehsjisd the 10

wBallesbindfiundhepmon@e.7 5 2 2.93 Type 3 5 3 0 22.57 30

JLEOL7/05 is a | PV batch that was dried to forma

Iiﬁb ftlc)éssvc;fsﬁ HS td fori £highl§ vissubskgiie ridey noteiampasitihd aiby. of

WRGitaBHg hEHIRIIRRGE vivIDAZERAL O BORAS (RP) reading

of f&lﬁ(lf ge?cgghgllt‘ﬁéggn 1%%113@5%%3% R W pbikRtio tHeEreTtéTRE sample .

s} n"il% %odhﬂ:ggi#" b ﬁ o361, ()df& Wfi 1938 Rhed Et\{)oho

V}I‘g%gﬂéﬁal{l%{hg rpﬁ%,pgchcgss[ 0€s 389 rﬁ; ?ﬁae%fo%lg 8§ i ee%saRﬁ}I tg elicit an
INRIUgE FRSPARSe: Type 1 | PV eI icited the best i mune

response, with Type 2 eliciting an inmune response in
Exiamytle 14 Effeos of dexing tor{gym 3 highly viseesediqidugipg pugiose or
tiehainse as stapiising agené op the akilityof YY) tawicitaX or m a
iminghlopredipitatitgg iniguie rebpensaintviverpai r the ability of

Groups of 10 Wistar rats were inoculated with IPV which had been dried in the
presence of either 10% sucrose or 10% trehalose as described in Example 2, and then
reconstituted. Further groups of 10 Wistar rats were inoculated with an equivalent
amount of IPV that had not been dried, as reference samples.

After 21 days, sera were collected from all rats and an immunoneutralisation assay, as
described in Example 5 was used to assess the amount of immunoneutralising

antibody that had been raised against each of Type 1,Type 2 and Type 3 polio virus.

Relative potencies were calculated for each sample by comparing the immune
response to that elicited by the undried reference sample.

Results are shown in Table 11.

Table 11. Comparison of drying in sucrose and trehalose

Lot Number | Sugar present | Relative potency in vivo | Humidity % | Duration
Type 1/ Type 2/ Type 3 | Karl Fischer | (hours)
J1e017 10% trehalose | 0.95/0.82/1.05 nd 7
31C03/01 10% sucrose 0.69/1.20/0.97 4.6% 18
31C03/02 10% trehalose | 0.60/0.94/0.9 11.5% 18
03D02/01 10% sucrose 0.74/1.05/0.96 5.9% 12
03D02/02 10% trehalose | 0.58/0.98/1.06 10.6% 12

The amount of water remaining in samples was lower when sucrose was used as

stabilising agent with approximately 5% humidity remaining compared to
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PV to elicit inmmunoprecipitating antibodies in vivo.
A relative potency (RP) reading of 1.0 indicates that

wo bh@4p303pd e elicits an equival ent response to PEEEP2003/012160
reference sanple. 10 Both dried sanples produce RP
readi ngs of close to 1.0 for all three types of polio
virus indicating the dryingsprocess does not effect
the ability of the sanple to elicit an inmune

. I 4 Effect qf [ L. '
RSB Hih Hendiangostt Rotsaar tenuliifl pSEhRalialby e
K& @ichéshago@oent on the ability of 1PV to elicit an

I mrunopreci pitating i mmune response in vivo G oups of
10 Wstar rats were inoculated with | PV which had been

dried in the resenc f..ei 1309 r 9
Bihefarss e Gl RE R Bt T U B Ty LB iR ryfidprocess
sd @EOMS kédoditabted FRVIdaeS redativepdienty fdddites bpproncitisg Worfer most

i nocul ated with an equival ent anount, of |PV t_ha]f3 had
ofibe diféwent dypes@f pakio vive lha selativemotensies Ayare parsigulatly good for
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was used to assess the anobunt of inmunoneutralising 25

anti body that had been raised i.pst each of Type
Examplgel Mﬁ%F“TWé“%’OfHB!m'GWﬁWJg% FDI@E‘SH ve potencies
were cal cul ated for each sanple by conparing the

I mmune response to that elicited by the undried _
Anefysisenseasdpuein SRafkFswherditamestet(dwna BA.09abFlektrachemie

Tabl e 11. Conpar i f drying .. d. . .
Hafleh dhe senplgm oS 1o S0 AGEARIO (e L Yé SUPERLsOr s

i | Jidh e ' X iedel
R e e S
dé Fabn)id ofdé ko pOT610d theQ¥alysis bgseulomsgy/ 1.20 / 0. 97
4.6% 18 31C03/02 10%trehalose 0.60 / 0.94 / 0.9

11.5% 18 03D02/01 10% sucrose 0.74 / 1.05 / 0.96 5.9%
12 03D02/02 10% trehal ose 0.58 / 0.98 / 1.06 10.6% 12
35 The anount of water renmaining in sanples was | ower
when sucrose was used as stabilising agent with
approximately 5% hum dity remaining conpared to



5

10

15

20

25

30

WO 2004/ 039399 PCT/ EP2003/ 012160 51 approximately 10%

when trehal ose was used as the stabilising agent
wore@sg0ssed by the Karl Fischer nethod. Both surCDER20a831012160

trehal ose were effective at stabilising PV during the

drying process 5 so that the reconstituted |IPV gave

rel ati ve potency readi ngs apgproaching 1.0 for nost of
the different types of polio virus. The relative

c501 encies were particularly good for Type 3 polio

PIRY which | ooses its inmmunogenicity relatively

easily. Exanple 15: Measurenent of humdity by Karl

Fi scher 10 Analysis was carried out in a Karl Fi cheE

1t | ApomBEEPSIIG CRIMBEIEY conprising IBY i astabiliging sgent fgmulated

Sa . | . . .
ol G onlls o yith BB AGR R isnabythe PR an
gainmaick tebgonsadgtdnkt polibyduanal reagent (Riedel de
Hahn) in order to performthe analysis by coul onetry.
WD 2004/ 039399 PCT/ EP2003/ 012160 52 dains 1. An

_ it i L .
2 T A ool Ao SO oF PR | SoRriiY LAV s bacertal
whpalgsaathazides watb fierivlaied amg diisl cagaisitnpvhighradentecomptitution
an, 5 i ne response.agai nst polio virus. 2. The
i MiRLAABYERP gf‘é’&?ﬁ%&%ia{li“&m&? I%Pg?%aﬁa% O 1 PV and
a bacterial polysaccharide, both formulated as a
dried conposition, which after reconstitution is
% ajphbiremohogpaivecomposigioant cliim A et 2aopimismeaRabhder pol i o

virus. 10 3. The | nogenic ¢ osition, of claj .

2 bl e ORRE Do SRRl AL B,

ol i gosacchari de anti gen from Haenophilus influenzae b

(H b). 4. The inmmunogenic conposition of claim2 or 3

dah&heimmuhegapis spvanosiigniod slagn 2103 3gvhejeiadbe pelysageharile or

conj.ugat ed .t 0. rj rot.ej The i munogeni c
iSRG itarRiebief o R Prve P

co erern € pol ysacchari de or

5. The immunogenic composition of claim 4 wherein the polysaccharide or

oligosaccharide is conjugated to tetanus toxoid.

6. The immunogenic composition of claim 3-5 wherein the polysaccharide or

oligosaccharide is adsorbed onto aluminium phosphate.

7. The immunogenic composition of claim 1-6 comprising a capsular polysaccharide

or oligosaccharide derived from N. meningitidis C.

8. The immunogenic composition of claim 1-7 additionally comprising a capsular
polysaccharide or oligosaccharide derived from any of N. meningitidis A, Y or W

or combination thereof.

9. The immunogenic composition of claim 7-8 wherein the meningococcal

polysaccharides or oligosaccharides are conjugated to a carrier protein.
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ol i gosaccharide is conjugated to tetanus toxoid. 20 6.
The i nmunogeni ¢ conposition of claim3-5 wherein the

w@oigsssehari de or ol i gosaccharide i s adsor bePCDRP2H03/012160

al um ni um phosphate. 7. The i mmunogeni c conposition of
claim1-6 conprising a capsul ar pol ysaccharide or

ol i gosacchari de derived from N neningitidis C. 25 8.
The i mmunogeni ¢ conposition S claimi-7 additional ly
conprising a capsul ar polysaccharide or )

16l The amuhegenibecogigositiod oﬁpém&rgonmﬁsmg i prdveacehasida or

Y o, W .conmbj nat | t her.eof . 3Q.9 i ' .
coneteRaHSO PR Ar PGPS R A A S SO heharide
PoLy§AcALPI0 tHESarfd typk bgesAcEhatditles are conjugated to

a cafrier protein. 2004/ 039399 PCT/ EP2003/ 012160
53 10. The imunogeni ¢ conposition of claim?9

ogprisin ' ol : | . &l hdes
G0ARE ! SRR ST 00l PR Bcd i o
ol bpgssacshadt aied atdeds} ogameningocdcha podysecdhypée of oligosaccharide
carrier protein. 5 11. The, i mmunogeni ¢ conposition of
c| apnirgatediogtifisicAbcariey oW Sy sacchar i de or
ol i gosacchari de and at | east one nmeni ngococca
pol ysaccharide or oligosaccharide conjugated to
. fihe iraninegenid exmpmsittoni afslaith2 -1 Mfethenpemprising phenol red.
conmposition of claim1-11 further conprising phenol
red. 10 13. The i mmunogeni c conposition of claim1-12

Waheifnfuli8edhid SShFRIRASIclam 1-82 wheRez tediiice dompdsition is
The i nmunogeéni ¢ conposition of claim1-13 wherein the
dr ifiedzecdmgdosi tion is a 15 foaned gl ass. 15. The
I mmunogeni ¢ conposition of clains 1-12 wherein the
dried conposition is a highly viscous liquid. 20 16.
T Ehic RS L1 € cEapFRMTIr ¢ fOflaimh 1al3aiierdin thdére congusition is a
hi ghly viscous liquid has not been frozen.
oamed glass.

15. The immunogenic composition of claims 1-12 wherein the dried composition is a

highly viscous liquid.

16. The immunogenic composition of claim 15 wherein the highly viscous liquid has

not been frozen.

17. A method of making a vaccine comprising the step of reconstituting the

immunogenic composition of claims 1-16 in an aqueous solution.

18. The method of claim 17 wherein the aqueous solution comprises Diphtheria

toxoid, Tetanus toxoid and Pertussis antigens (acellular or whole cell).

19. The method of claim 18 where the DTP vaccine is at least in part adjuvanted with

aluminium hydroxide.
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17. A nmethod of making a vaccine conprising the step
of reconstituting the imunogenic conposition of

W@ L@i039399 16 i n an aqueous solution. 25 18. TheRCTEP1¥03012160
of claim 17 wherein the aqueous sol ution conprises
D phtheria toxoid, Tetanus toxoid and Pertussis
antigens (acellular or wholescell). 19. The nethod of
claim 18 where the DTP vaccine is at least in part

oSt E i S b B SR Qs s B
claliRelBt®en 19 Wherein the aqueous sol ution conprises

Fbpatitis B surface antigen. 21. A kit conprising the
i mrunogeni ¢ _conposition of clains 1-16 in one

ner d | iquid .DT &
2 Rkl eprisibe Ei b e bS50 24 1 YO Sy nlalyer
f %Hhig[ﬁlcpl@@ r(ho‘éllﬁﬁr bewBble ck) Vacsint it emseestid @atuinen. t he
secon contai ner. 10 23. A vaccine conprising the

i mmunogeni ¢ conposi tions of claims 1-16. 24. The

Zg.gigtg.lﬂngotg f aﬁ% 3 Wb ?HSlhg HGS&?;%S% Eﬁﬂ*ﬁc%%nh {PindRe second

ifonprior con al ner
Wi dolatainapat er repel l ent internal surface containing the
vacci ne of claim 23-24. 26. A nethod of preserving a
conposi tion conprising IPV and a stabilising agent

25 oﬂ%écﬁﬁ{&éﬁnﬁiﬁl%@%gﬂiu &Rﬁ{nh R9cRims 1-16.

preserva or dissolving IPV in
a solution of a stab|I|S|ng agent b) subjecting t he
preservation sanple tﬁ}such ure an

28l acane f R8T Fecope G g AP B S SRR PO

le ; and c) renoving solvent until the
preservation sanple dries to forma solid or highly
25 viscous liquid in which the antigenicity of IPVis
ai ned. 27. The d, of cl 26 whe t
2&&@9@3@ &’nthsaa‘ﬁ‘btis’erepg?@t RS RS e R d Ptcine of claim

23-24,

26. A method of preserving a composition comprising IPV and a stabilising agent
comprising the steps of:
a) preparing a preservation sample by suspending or dissolving IPV in a solution
of a stabilising agent;
b) subjecting the preservation sample to such temperature and pressure
conditions that solvent is lost from the preservation sample ; and
¢) removing solvent until the preservation sample dries to form a solid or highly

viscous liquid in which the antigenicity of IPV is retained.

27. The method of claim 26 wherein the preservation sample is dried in a container

with a water repellent interior surface.

28. The method of claim 26 or 27 wherein the preservation sample bubbles to form a

foam during step b).



with a water repellent interior surface. 30 28. The
nmet hod of claim 26 or 27 wherein the preservation
W@ a09ploz93pubbl es to forma foam during step b)PCEAEP2003/012160
2004/ 039399 PCT/ EP2003/ 012160 55 29. The net hod of
claim 28, wherein the sanple is at |east partially
frozen before commenci ng tlgg dryi ng process. 5 30.
The nethod of claim 28 wheréi'n the preservation sanple

SR A S ot
%%g{lg&tl g}q}gé JoSss. Subj ected to such t enperat ure

press ions so that the preservation 10
sanple Iooses sol vent by evaporation, wthout freezing
or bubbling involved in foamformation, to forma
viscous liquid and during step c) solvent is renoved

5 38MPhd m {Fﬂ%dg?%ﬁl\@t\k’ﬂ&eﬁq}ﬁ) RsHrhtesh saghpled bBR dndyi o Nayt
vl scous |1 The nmethod of claim 26-31 wherein

tmamﬁﬂbs&ommnwongsémﬁﬁe conprises a bacterial 15
pol ysacchari de. 33. The nethod of claim 32 wherein the
preservation sanple conprises H b polysaccharide or

30! TROSRGGN I cREn 28 Whdfein, HueinERieh QN tif prédeavatiodampleds
wherein the preservation sanple conprises

po$t3bm@ﬁa sheletemperature 68GRCRHEN? a@ldd@ns\ﬁe dhat theRrasayvasion
10 samprie po%ses soﬁvenfaby eqzapXra%on %Yﬂ%ut %%Qﬁhg 8t B@Jblﬁlg Sheted in

foam formation, to form a viscous liquid and during step ¢) solvent is removed

until the preservation sample dries to form a highly viscous liquid.

32. The method of claim 26-31 wherein the preservation sample comprises a bacterial

15 polysaccharide.

33. The method of claim 32 wherein the preservation sample comprises Hib

polysaccharide or oligosaccharide.

20  34. The method of claim 32 or 33 wherein the preservation sample comprises
polysaccharide or oligosaccharide derived from any of N. meningitidis A, C, Y or

W or combination thereof.



