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WD 2004/ 039399 PCT/ EP200310121611 1 | mrunogenic
conposition The present invention relates to

i mrunogeni ¢ conpositions conprising a dried solid or
hivah 206la08mi ty 1iquid formulation of inactiva '
virus (I'PV) which retains 5 innunogenicity._T&gqmpgkh&zmn
i nvention also includes a vaccine conprising a dried
solid or high viscosity liquid formulation of IPV. A
further aspect of the invention is a process for
preserving inactivajed polio,virus lE%ﬁ as a dried
solid or high vi scgiﬂlwﬂ‘qge&éﬁ a‘?mﬁ‘ﬁggﬂ ocess
conprises preparing a sanple by suspending or

di SROlr¥deRdnidnNon Aks3o RARLRIZEAL cRApILARES botipridthgiatirRd solid

sol ution of a stabilising agent and subjecting the 10
s eprptigh vigosibriimmidiormuatione! prastitndepolie ihs (TBYL Wi Egtams
r %ﬁog&gﬁ% ?@Jﬂ%v&ﬁbﬁ‘ flsd Refudds ABecihd ConfHERIg®: dried solid or

Pressur erature conditions are nalntai ned or
adjighs viewbsityliguid formulationeeft IVs A furtheraspeghef thevaveniiop ixa

drj . ' [ e VSO0 ald¥ied LAl o highWiddosi
f rrrr‘isjef Ja{g)lr %%éé}l#g eﬁ‘;rgteegg n s% ?i?ﬁst ed Séiag*eé .%)&}L(}sd(iel_ hlogr§ us eséty
diliquixt [This pldBedsRompsseapteparingoviamale by svenepding or digfolving IPV
vacei . q:l- .S . | i ¥

o A R EB el SR nanl i oo oW 251080 il A bt
f rsample-ioltepipenpiviréadpasssive eonditims suhichtreskltin sdlverih beihg bost from

of ,antigenjcity so that it is.difficult. f e

o EPof Mot i remaBlanin sondicly o Birhahedor B iedfifynac
Drsbolént\isefioned indrthadagipleatiies & forrt acumlid or high tiscositakiduyd.iSach
the case of bacterial F@&%S cchar#ﬁ%&ﬁ" I}ge PRP
pdPYULAHORS FIPY Be TPOonsHty Pl e T&h¥ae b (Nib) is
frequently fornulated as a dried solid, for exanple

i APV 1if weil knownmsa comporfedDeOadbaaShoweTeitds farmulated a3 aliquid,

reasons wh dried forpul ation_of | RV .wo b

It e e R N S N T

P ragaGiatel] @& thahslosauT aiIJ EhiR €o thiaeit _&bliﬁﬂifml_ i k tof ?ngjlat_aanailfe;)c\t/ive
vacci ne cont.ai ni,ng : e _possi bi li L dryi

alVass eeREBTIFipg /2 rishiomm of Y- 6#@3\7399& exa'@ﬂmgﬁgﬂf’wa’nd
e paRicRiarly in thOcdl€ of BB oBRadcRaritRY THe PRP bl ysedtharide of
vacci nes. which were not previously possible. Sone

v &logrebilug Bifueizae b (1) 1 ferauendly feradsgrd a » drigdl fofih 5 cample

'E@Tﬁ;( j ' ior to admi nistration (for
\é\@anp e ?ﬁ#ga%?iwggég?g@%i)). I nfanri x Hexa contains a
dried H b conmponent which is reconstituted with 30

a-HepB-1 RV [ ust .nrior .t . Lat.i
?;’l:geerg ﬁtée%ewr%lﬁeéﬁ? S vglfér aa&l(frdif(gr&*ﬁa%on %¥ IIJ\P{;ngld%te aﬂwgan{ag%us
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 PV 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
ot herwi se be inconpatible with I PV. WD 2004/ 039399

Pl Jahaddes36 012160 2 Several techniques for dgefyEoosnizieo
vacci ne conponents are known in the art.

Traditionally, this has been acconplished using the
process of freeze drying in ich a solution of the
substance is nade and the sanple is frozen. During the
primary drying phase, 5 nost of the water is renoved

by sublimation fromice under reduced pressure .

C Wedérhl tehiiqaedfondyipvasinecatopbnants aroknomd. in e agt. mditionally,

ally foll owed.by a condar dryi ;
e e e prsonalney ues B APt NG A i IAE 1B bR 6e
le\tmh bftpxﬁfé (ijs :fqﬁ@rml il hﬁ sapl b ﬁmk.d)uﬁn'gml@ priveany thiymg phgse,

ophi | i sed sanpl e s I.nproved stabiliit to
L st the Wl PRV Y PRI S soetbauctf PRALR
PlcBf@fsnsiafid b 92&%%@ i f&@aaamges dgﬁﬁilyrfallceyddik?yia_tm_dary
step in a production prqQcess. Produgt variabi
2 000 D B FRSTPOHLAR) CRFERAE ot s AT Ry bvdpbrated
| YRBihe s8R callen The hesuBiag Boykilisddshinple Hasingoondd stabiligy on
the shelves_of the freeze drye ary .bet ween . d
dicpmerefo AiNd fopmulaion BoVEYer e HFFF AT RSRGHS is longy 2p
didf 6& 8B _5|ﬁﬁ,ﬁ§1gggg%aglioa,§cgbﬁpiocag'§_ condi tions. For

certain biological mterials such as live virus, there
can be significant |oss of activity during the freeze

dry mﬁgﬁ T én Al saHIPRA St Beingbatch lyophilised
12%110%%%? nils%%gygﬁé?% su%{ ances are still yop
uris & despedryer vaitTheronditionsen dhe shelves afthe,fppze Aryes vagy between
( AGshi | L{@gé@, ; iiikthfat ditfereRPARE GndeR diffecknt
b)??i?%lém roé@ségagﬁlgfree Feﬁd%ﬁﬁéagl rcunvented to sone
d egnditiortsy Fortckmain bielogicabmstenale sush aahivasviny dhers §arpby sjgyiidcant
Fyrther | nprovenen f LinbSsdoh 967
hg?fé* °gf1°§lé’ﬂgg'é?fl d}erg%g %GPJ?%BS% i eeggg? %ﬁg is'glgllbn'pl e
dur0+183) Many feeedsisd aubstancesrareishilj unsiable atiambisst tempgrature
(\W96/ 40077, 45) . .This,neih i nvol ves
p\rfgi')"gl"?tﬁgetﬁl Qﬁﬁﬁwm&@grﬁ%{ﬁj@ forning materi al
in a suitable solvent 25 together with the sanple to
be preserved, evaporatipg bul k solvent f t
DeRRES s e POt of Pergmemay s cigipyeated Plfg'%{' goggee by
p ][t&i&habﬁcﬁsﬁofe&msd Eath 4E Pol$olh. Hueth d' a1|1mpfo|remmtsm theprdcessef
of the syruyp and renoving resj.dual solvent. ar
voRisaee Mucilry trenmae Bewories et el il e
PhRsessand FerdvitSwater by boiling (WO96/40077; 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



10

15

20

25

30

30 partially renmoving the water to forma vi scous
fluird and further subjecting the syrup to vacuumto
cause it to boil' and further drying at tenperatures

ly lower than 100 C. This net hod
?HB?@?@EPg%n1sone of the probl ens of convent#%%g#&%Q?lu6o
2004/ 039399 PCT/ EP2003/ 012160 3 freeze-drying. \Wen
the process is carried out £ a large freeze-dryer,
sanples will dry at different rates depending on

their position on the shelf and t 1 ead
dﬁwzmdawg Ihen thasprperssis sgriad PR éﬂ%"g% ?IYS‘F’ samples will,

H.th) 22 8i et Atk dBCEnBing 6 BiRir pbiition of M8 gEelf md shit Rads tof
sistency wthin a batch. 5 To, date, t&%&uc essful

estifiepsntsaoiplodeasing diffeamt agowsiof sty y difpg RETEH
| RYas th Ak’ E& %@{tﬂﬁa@%ﬁee of antigenicity and/ or

nnunogen|0|ty een reported. Accordingly, the
present invention discloses an imunogeni c conposition

190 A eg&&&ﬂh%ﬂ Qof"mﬁlhﬁ?h i datia 8L He forklatich of BOV

conpos |1 on or Vi scous I| UId
mkhatnletaafstadngh@glmsfantmmw andfowpmsmgewng orer Tepeytedn
i mmune response against polio virus. The presence of
a stabilising agent is crucial to the preservation of
anbmmgyahdpmﬁnymsntmudlsshmmm@ﬂwéﬂﬂpwml PVis

Bé%éé@%%ﬁ’a&'@ed b Sl THERATA R e BR B RISt o ahly

pei@&ﬁ@ liqge, vallichi dfeer ddnomstitugion & capatde ofegroerating anyipEIUge response

U e L BSOS ] Bl rotino

C SRSy dnld Blyﬁlﬁfﬁ ghewh ¢ Bedffectiver BFVE isaindferably dnhdam the presence

" esen%gﬂ%lﬁﬁfgﬂé%ﬂ%&d‘?“& AarekPieRar AREIR BerORid s,
| rigifd1 ahiRss mLthbhtﬁg%hicﬁylaﬂﬂorlﬂﬁ‘rﬁumgmMy Pregssemte of

pol ysaccharides | eads to an | nproveng

rwawp@n%%aepme@e%mm&mﬂﬁﬂ ?°3’§1%ﬁ§5'ﬁ%? | PV
$eh&of alpdsyol MMM RGRARpoltadtharidepwhareinathe 0

h d by f | at ed t th th | PV
dmééléém g Smipapacpioity o LIBY S nALE:, LYORbHSRSAR T R the
“g&%&nﬁé&ogggg ﬂesqmw&ra?%wm tipeh keetition BERPV

CCl nes ed bel ow) he i nventors havge, f%&
t bomtparddiso ﬂyoph@sat@n@f FROF algme. reasidition, the JepRogspiGity §

R TRitd 36¢ 2015 4381 608 behightye
bé%h ﬁa%dﬁgggggﬁﬂEMBﬁout ﬂﬁ% presence of |PV.
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 ofa 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.
A foam dryi ng process for drying | PV was nore

eflohbiodsiesntt retaining antigenicity of |PV tjhamepzoosniziso
conventional freeze drying techniques. 30

Surprisingly, the inclusion of a freezing step in the
foam drying process did not Lead to |oss of
antigenicity but rather led to the devel opment of a

qui and effectjve preservatjon. %H&ﬁhpv
pl”g?f& ?‘g"&e%l%’h‘g’g} OB IPREE” rr’1l\°/1\l<§$1‘{§)|l %ﬁ‘ng(@% %lg%?erﬁ&é. | ével s
Qi Qo3 6 foRE TorifAA6) Béslting G0the formmatignFuf 2 dried formulation,
antigenicity. and/or,.i nogeni city by drying the

s zi’ﬁ‘if%éﬁg 8 h{%}yn‘f‘??ﬁuﬁ lw%?ﬁ%qn. freezing or foam
formation, resulting in the formation of a dried

f dhmidvattionrprovides e deed fonpulation of IPY whichcwillhaye brmefits of storage

fo | atlon. The .invent | L QM ' : <
t SPRitoh The fiegfromiauof cGhbd AforRlitel SEucy ol GRSl just pricr o
s tadininlistriation. Wierathé prefebed fosnedring poaassheuscdhn feimpd, pakg is

okl d TN . g .
N S T S
foamed cake is particularly easily reconstituted due

to t.hi t f X f .th k | g
peiiond vEfocE of A T §9i4 BanBivicetis fPHC ottt 03
f efivHcRilé Sihafided li:fRMtuﬂJgéh Eli_cfbr!'z bf the Hiwdmﬁnt | fm_ric scbveilll known that in
i mmunogeni cit e Hi b componen .S We nown

t R SODORER e R RS R YESe BB ig0oado e
e e
i Mmunogeni ci , : e i.ncl.usian
oot et dvcbladom Wi Pl f5vicahep Rt pblesnespecitiBut T Aged
PP R borfuRftioh & thiked tvith Afhkti& Yetankis ahdPerttissis components

conposition I's mxed with diphtheria, tetanus and

perionte giministrat@Inent s  prior to administration.
Al t hough | yophilisation of IPV in the presence of a

bacterial polysaccharide is possible using a .

c vithoughilpophilishtionad 8P iny the preaqnos obabacterial polyspecbarideigy

tg irfe ' ' is Prefigiidlts usk SR

oot Rine iy aliofdl Heb dbf oAl s profti us

f dryirs tbchniqué bes gentle dodssyracesewhich does not/iavelye Eagzing or foam

antigenicity and/ or i nogeni city,. VO i \ it

2 . Fhesk pPoree ol 3Vt e abiechehf BBl

I fegekisi i IBVeand Tearesuitanteelesie slsa Easier and quicksy tormeeqpstitutenThe

bei n ui cker d . .nore gner effici rd

¢ Proadas s tte SRR, o EASRORE! pidibRl bndrkP SmcBhARER

S siemlatdsfrexfé-dnviigtechnizjues. 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
vacci ne production wi t hout additional investnment in

i ntroduction of a freezing step i
b Ay

23?‘("8%”? oam drying process also |eads to
batch reproducibility. 30 Description of figures WD
2003/ 039399 PCT/ EP2003/ 012160 5 Figure 1 -
Phot ogr aphs of vials containfng the preservation

sanple at different stages of the foam dr
plthuEsB PHotegﬁﬂcmﬁW@ﬁpp@ﬁM@eW?'hiﬂ“ﬂ’i %Pﬂfﬁ?“it gipees
s a d into the freeze drying as a
g@l g’@o&%nlgig&% 5 B - Shows the appearance  of the
p rAe—s Shomtthmppsaamﬁeﬁ the prestwatmeewples 2y inserted ipte thedigeze
15r.r‘oarshq}‘u2\&efg es begin to freeze at slightly

o AP 48 eto differing conditions in each
V Bal Shdwrs-théippearaiceef the peacmatva sahplehss the pressuiedis ragnced to

I rs ere

c Srpbao e sinplpe o 5 e Rl PR S AR DA
Db&ﬁi@t{dﬂatmeﬁbh&mm es as the pressure is increased to
0.8 -. 3. 5pbars e Iasis
p Fés%'?%tﬂbwpgﬁﬁw 89?’8 eﬂﬁsg'é‘\'ﬁ on EgiP cé na{%g\[/'g’%f)sf g'tﬁgg all
'M&%ve?&leh@gbﬁﬂbtegfﬁdz}aﬁdhhghl y viscous liquid in
inverted vials taile escrjption_| '
c BmpBhgws thnapreranasof Eﬁ\%ﬁﬁ?f"ﬁw ﬂffg 1Re Ricpsui 8 Hickeaked to
' Ofswﬂﬁﬁbd:mﬁ%smﬁl sGORAAE] dsithibreseiaation bantpelfoams and
dried solid or ighly viscous liquid conprising WV

apelvent gYappRates.s ng agent, in which the antigenicity
and/ or i mmunogenicity of IPV is retained follow ng
reconstitution. The dried solid or , highly viscous

| Figurec?—fRhotagrephiof dhedrighlpviseeys liguid in @Vﬁgedd@%r ating an
i mmune response, preferably a protective inmune
response, against polio virus, preferably 25 after

r Detailed desgtription and i nocul ati on.

Immunogenic compositions of the inveption

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 [PV 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 IPV 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
vaccine art, nost preferably the Sal k polio vaccine).

A [ ose of IPV contains 20-80, prefer
orvy(gg ng%g?i gen units of type 1 (Mahoney), 4 ggjr%léf’b@mlmu

preferably 8 or 16 D-antigen units of type 2 (MEF-1)
and 20-64, preferably 32 or 4 D-antigen units of
type 3 (Saukett). WO 2004/039399 PCT/ EP2003/012160 6

When dried by a nethod of .the invention. prefer

| g it R metyodat i impenti, peg gy by g G P 2. bt
3 SHtyReh! Pand 3 $¥polb irisr@ioRentd; Mbrepreferablgtiainyigetiaty of type
antigenicity of type 1. type 2: type 3; txg&:) L,.and .,
CyBOTE2: ypes rpeh i ype2sdyPa e e e gl e 3 SR
1, typd ¥ BSI t9p@9 6 rbiiREd & 2l 16vel 61A12QA084, 56%| 6026, 7004, 8036, 90%,

' typ
| eaSt” 40% 50% 60% 70% 80% 90% 5 95% or 98% of .
t HS%anx $85enf @PWWW?&I@&&%@%W@%@ Se0 fygected o

begp 3’?3? pﬁ%ﬁﬁj Thi? cart BEmEdsitrel FolMdwABL Beonstitiition 6fthe dfied solid

meas ) ow ng reconstitution of the drie_slidb
ororthighly visapius boud in anpanepus oluipnalby episitails wethgd incipgmg by

a i | ' ' 38 virus type 1, 2
pglly Ii/@?&o'}r?g'% p?%%?%ﬂ@lh%%ylﬁgla%ﬁ%% a??"g‘g’gi nst polio
viadorBype 1, 2 and/or 3. 10 Wen dried by a nethod
of the invention, preferably the immunogenicity of 1,
2, or all 3 of types 1, 2 and 3 of polio virus are

r eWaeménikd byor eethodadfahesinyeptiomereferably EPEERiaity of J ok or
1; pe. 2 e, 3; : : , d type
3;allt:{/|8gty§es ];iédmflé (febéﬁ’;evuc;‘)l? g:‘t[g:;‘}tf)te %?r%?}’%g%g&%%&lt@ype 3

| Sinfnfindpertdtyaifl type 1etypt 20fped; tipedstnd 49%2; 5080 and type §; type 2
70%, 80% 90% .95% or 98% of the i n [ 0 o
! ol s b e SPh A R ORG it BT T BER ek R0
dré0sa T O, 90%§§U%,PSM§0I@8%_ &fghdﬁﬂfi@i;bgehc:]tf Ofdl efirerge sample
reconstitution qf. the dried soll .ni VI SC .

| Pbibgsoh bR NHiERR @ Sl BR Tobrs Ty B e Fashp L Hlowing
,”%Sﬁm!ic;ih n?fttﬁé cg{eﬁrsbﬁﬂoﬂﬁgﬂlﬁdiscdub ﬁlqﬁiaiixem éqngcﬁmlsamﬁan by
is reconstituted in _an_aquequs sol yution and.is . .
i Aoy Sritablemetheds Ik prgfemsd F}eﬁﬁﬁea’eﬁgﬁﬁij @"”é‘“%ﬂg?‘.‘ is pqopstityfed in
S Uintagllcts SSluish dn@k ibculdtétBintodi iahivl, refebly el rhic Alfiech suitable
fromthe inocul ated ani mal s and seroconyersio

t chsriedtof tmatiser 7o caloptel oMb PeFHHEd aEpRlS And gspuversion
0.;¢ tesgd.Elgc@mgly, Drelativl pSrefly I aPlehst 0.426.5] &5, ok, 0B isd
to an undrie re%eer g

ence sanpl e.
achieved, compared to an undried reference sample.

A dried solid composition is a formulation which has had solvent removed by a
process of Iyophilisation, 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,
sublimati on evaporation or desiccation so that |ess

t han, or ual to 15% 12% 10% 71/ 0, 5% 4% p

390 72]9/'"5’? st preferably 1% solvent renai nsﬁ@ﬁtﬁéﬁ@ﬁnm
term dried solid conprises glasses, rubbers or
crystalline solids wth a s? i d appearance. Any of

t he met hods descri bed above can be used to nmake such

a dried solid. Solvent is renoved b%/@ubl I mat i

boh highly viscows/kigsad dpned a3 mstegipbyigh? selRpt 'é%%‘bfﬁé% thaor
%&’19% 389 pPe@JAﬁFQCH)&/ 812460, ﬁeﬁléﬂ)@hhdb\lyh@ﬁ@h& g

efi'ned as a nateri al with a_sol ve Econt

| eeslﬁqiwdm loy solgqgggqntqn@,su}_;g thag the agtiye aﬁ?éf%ﬁ‘r% gna §a grstate
,/ , 1%l g:FHnﬂls Vit 568 Ufowinghdach@s ag%nt to retain at least

su %I (o] e ow sol vent cont ent Such that the actlve
agm;mso |6§ [p-eﬂmblwlﬂd 8019020584 ofilscntigeaicity ané/pr immynegencity over

gtEﬁ o e iy ol it flng ot Bish HhhR e@%ﬁfﬁs of

8Ghubbies ttl]ﬁﬁ%/mﬁiblvleg in ?_f]m ifoperation. ﬂ’yefa‘ahly,dhe hmw@g@wdmp}ﬂ hasa
t
pglid gty o 3 e End s et S gL B Wy,

rpf@feme@wd@kimlﬁefemmmmhd?r eferably, the highly

viscous liquid has a solid appearance but is a gl ass
and is able to flow very slowy over a period of days,

Priginafdfnic suRelesitioRsfahdinedtion ateyformulated as 4 Aried solid or highly

| mrunogeni ¢ conpositjons of t jnventio

f orvann figwd fompriging oV S@F%ﬁ‘iné rAESR! G RisTrLeblY g bagterial
hitthe! THe faMisin, ii§ rfi STIheP@Ribosifibh desaibed bklbw. The

a bact_eri al  pol ysacchari de. The stabili s ng eri%egt |s

arb,rw@ﬂ tn@mmtmgsﬁegﬁns ed

Ratdofke Mﬁh§ﬁz§v ayl Bhemophilus influenzae
E}fag/sacc arlgxmrl Veod ?rom an ’ act eri Ump

prtef&rfafmcycayn epeuaine SroukeiAs Cﬁ%q (&PER B sStreptococci,
loddcaseh@BtRgQCcCcuUS pneunoni ae,
Io %‘%t r eﬁ;%%o%g?@fzve oﬁp t§£’St r'ept ococci ,
St aphyl ococcus aureus or Staphylococcus epidermdis.

ng?gfpﬂﬁgl e PR ﬁ)u la | iRUDRHOPRs Qrg'h@f:zae b is prwent as

I"US T h S present as
sal dded solid @ihllyghlysmms hqu}m & al further praferead pmbtfcbmrréd the

enbodi ment, the..i muna Ji§ B¥mulati
dr‘?‘E’é‘%@H%’"WﬂFﬂh‘f"? nl c %S?nog&'ltl}gr rrui aﬁons aHons
of capsular potysaccharides derived from one or more of serogroups A, C, W-135

any

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,
9N, 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, 15F 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 II
or Type I 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

nmeni ngi ti dis (meni ngococcal polysaccharides). A

further preferred enbodi ment conprises dried '

hi ?"9"' Yous i quid formul ati ons of capsul arég)%hq'“"’%‘““"
pol ysacchari des derived from Streptococcus pneunopni ae.
The pneunobcoccal capsul ar pql ysacchari de antigens are
preferably selected from ser@types 1, 2, 3, 4, 5, 6B,

7F, 8, 9N, 9V, 10A, | 1A 12F, 14, 15B, 7F, 8C .
1gnlysamsharides o Group 3 pirepingoasy 4 .ﬁﬂé{er Pﬁ?‘gﬁﬁéﬁg{k‘f’ t cpntaing
; g%’ E%%lﬁ% J:ﬂ:rtlysgcché'idé of 6Rup WstreBcockds, pledérably Flrttitn Comprising

her preferred enbodi nent contalins the
Tyab teag onTYperoginand 26¢ prgfesabhamulbipleymes ehMBIEW. of 30
St aphyl ococcus aureus. A further preferred enbodi nent
contains the Type I, Type Il or Type |1l capsul ar
pdh yoma cotbedinget oH theSnvqakion,obo beweris Folysrcehatidgs apg full length,
fuyr ; ' ' béfim inventio
Tfedurisll G pBleRERELE hn SRAMFYD SbRERRRE dSipsenton,
PGh¢ pHRGOABEAR1E0 sizZéd betwesn Ccirdr 20 menfprefershly BS times, 5-10

e REEF s o AT b o B DREIAT0 sn I 8 8 for

prgpéater atvhiyagkabiilitge rOligosguchasidesy aratusédednt a oprefenedr enlrdiment.

and, nor r.ef era [ tiple Ly tein. 5 1n

oSO Er PR SR R S o P REe o

pol ysaccharides are full length, being purified

native pol charides. In an alternative enbaodi

ot & netuder gytop e SomiieRbt g BB HgTE Han one

b &fa¥¥8i9d) palysddchaide ahdIPY; asfy diice kelidl of hikhly ¥isovrsliquid. Feferably,

times, 10-15 tines or 15-%% ti#rres, ,§o that the b) PRP

pdPY dscombined yith ope o meER 9f b (Hpezoplslys jluepzag syngb)
5kirlde i d/oThiHRFHREERAPA, CloW aAd/6r Y p6lsdcohadides and/or

g?)gggrred embodi nent . 1?)%i osaccha?iexgses t icaIJayY

c onewmerossel pRlEsacchardes. Mostnesierably thy active ageats cHEe B and

F 45bNSY 2h MtEC iV SAIINBARE MenCO TP ihd MORA 2@ CPIFVSAHAGHib

more than one bacterial polysaccharide and ] PV as a

drand ¥endy and GIPWiané Bijb andddend and Gand Y; pr 876 adhHip and Msp C

isﬁP gbined with one or nore of H b (Haenophilus.

intfluenzae type b) PRP 15 pol ysaccharide and/ or

meni ngococcal A, C, Wand/or Y polysacchari des and/ or

p ccal '
L B
| espsalacipdiidacchadddstan @esciibdd hefov. MenA and C;, IPV and Hi b
and Mn A and C, IPV and Hb and Men A and C and Y; or
I 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 capsul ar
polysaccharides as described below. In the above
Sihokds E@s wher e pol ysaccharides are used, pcr/EP2003/012160

ol igosacchari des may al so 25 be enployed (as defined
above). Al though these conpositions may be adjuvanted
(as descri bed bel ow), they ape preferably
unadj uvant ed or preferably do not conprise al um ni um

S 30 Pre the ool saccharlde
(];agggagcpﬂyé‘. g@},& 8 c% Boe 1’;1{091(% gf (tjhe invention are
C afnbdripigated @F ebtﬁugmm& Iaé‘chﬂ@r rohiii (Etdnop txoida tetanus toxoid

i Bt . g B, 7 e

COIfE&ﬁﬁd idxgﬂ Sd.lﬂfthérﬁetokﬁvﬁﬂt p@ﬁmary&n aramthif@ﬂt gthenby genetic

conjugate to a carrier ein suc t et anus

C Gtipn ion Reema b heRieRl Ao AjpSARA SRAPoLERest gf e
Teon 1R SLE Bl afbd tEiebhed 1Bxdi.( US6342224) Tet anus

t oxin, d| pht heria toxin and pneunol ysin are detoxified

ei t her by genetic 5 rrut ation and/or preferably by

C RPREE fibret He%Bhjug sﬁé’cﬁﬁﬁle@ SinPRthe RAmibrdY@enic

|nvent|on Hi b co ug ated to tetanus toxoi d. \Were,

rmpmp@smw of ﬂee mmmpg@aﬂmlﬁmcbm A cPRiuEated g tarsame caggier
ténmﬂ" caﬁﬁ fobils! BOreREd EiBodiMRNbf tASinvEktRn contain

ysacc ar| s are conjugated to the sanme_carrier 10
p rnmnmgncoccal olysicthasideseoningnted tora qaprisr protein. \Bhere sppiugpted

o5 ARl e hock MRS e AL, oy ROCBREARIS e same

C eariegprbieth or Hohliffereht vamiengroleimscal pol ysacchari des are
present, they are conjugated to the sane carrier
protein or to different carrier proteins. 15 The

pQihy lﬁ;ﬂl?sﬂaﬂrahge caﬁxig'ategmsdoermpataﬂ bryragp hnce'dll dopplimg/tedhmique. In
couplin n erred counl i Nga. .

g(pﬁq{?ra% Cng t%gmmgg%m c{e 15 6%1.1p % via agﬂ)éoemer linkage.
t frihﬁe;bﬁjagaﬂohm:Mgﬂ relickloh actﬁxaﬁq)mmhe polysaethhnde with i egamrd-

gct i vation of .he pol ﬁﬁacghaﬁé&ﬁﬂp&@%cyano 4- er, '(I)‘he

f Qédard M@E@Eﬁarﬂé bRl thubibe couptdd dibiblorad y spaceipasupde an
may t hus be coupled directly or via a sg‘acer r i)eﬁp Eho
a@mino group on the carrier protein. Preférably, the cyanate Cster
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

am no-derivatised pol ysaccharide is conjugated to the
0%6?@”0399; ,ot ei n using heteroligation chem st E¥TlEP20031012160
i nvol'viing the formation of the thioether [|inkage.

Such conjugates are described in PCT published

appl i cati on W93115760 Uni ngrred Services University.

25 The conjugates can al so be“prepared by direct
reductive am nation nmethods as described in US

4365170 (Jenni ngs) and US 4673574 (Anderson). QO her

biateE s ﬁarﬂ&fkhéﬁ&nuﬁ&lﬁ@&ﬁﬂ@smd of
P- 0= 477508 30 A furt er method involves the cgwol i ng

ofthauwwg;aw hervaasqebed of abserbedionto, an duyanhRIEigE

d 951 ufﬁﬁﬁd-ﬂ‘ el (}Mu&rﬁhgﬁlglpﬂbﬁahﬁ@ bl g hiBokiddHhodt ?rdf&ﬁbly
proteln carrier rbodi i m de condensation (Chu C.
etalmmnﬁmphqsphﬂtmmm ty, 1983 245 256). WD 2004/ 039399
PCT/ EP2003/ 012160 10 Pol ysacchari des which are

i ncorporated as part of the inmunogenic conposition, of
t henrhwnpgertic compuaiionsofitheipyentipe oraprisg jStsbilisne gpenh Whjeh can

il adpie b gk i ﬂgﬁ;@w

al deseritied bejolvoiploding glalssﬁm:mmg poliyels cambrissarperpisd ifto

i nvention.co J
t GIPPYROBSHHC ‘&’%ﬁl o8y %“%P%ﬁw (fgsn g? %"‘é’?@&%o ess. ly
of vikdogs Hauid cém;msimgn agagl the pteesses dfdh ineénting. Brefetredistahilising

glass fo n an be orated into the 10

i rﬁﬁﬁﬂ%é’?ﬁ‘}rg S@%&Pﬁo{f’&ﬁ’bﬁ“%%ﬂ]‘é"?‘ ‘a dried solid, a

foamed glass or a highly viscous liquid conposition
he inventi op Pr ef

St B e e, i it BREteed T gy iRl iy b goptined

angith 6@EdnES&hs i d anﬁunﬁétaﬁ Wesineaviidhat desiteated oi leaqi.ud)y
the processes of the inventio be conbj ned 15
i OHIRERES VIR (eSS RO OPROEP e whi ch ar e
desiccated or liquid fornulations which are used to
reconstitute the dried conponents. Additiona

Additienal eorgnewts ed solid or highly viscous |iquid
fornmul ati ons of the invention incorporating 1PV

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 IPV and a bacterial polysaccharide which may be mixed with a liguid

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
prefered 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
contains a dried solid or highly viscous liquid

f | at of I'PV and a bacterial pol ysacchagj 012160
\M%l{ M“_\'ﬁﬁg e pCHRP2003/01216¢

mxed with a liquid formnulation
conprising additional vaccine conponents. After
reconstitution of the 25 solif conponents with the
l'iquid conponents, the conplé e vaccine is

adm nistered by injection. The additignal conponents
i Wdissdnia c mewagitifisp oh y Sxthen prefiared qepbedigent, S#Eﬂ%es oy apsular

. + SRt IcbELSS preatioRiat g@mococcal capsular
el gt Hgﬁ{slttﬁ%gt SCoeE T Rh & oup

B
Stadysecbaids antigang srenrefembly seleeted Bom sewomg»r%y Boboe fBsE 3
Ry %Wl%i 1AM, ﬁ’lti,ﬁfsﬁf (R 1800 P6K MRt 20,128, 23F and 33F (most

i mmiriodeni &t conposi t'ion conpri ses capsul ar

pQiryfemblyhremh derstypes 1.32ed, 5.+ & Bn8Ve l4.i$Ce 18F aad 23R St father

A. 1 n : 4 lysaccharides of
oot Gl Syt R0, 15080356 capmlappolyssocharides o
f u."l;'t&ﬁ}@tocpnfce._f ﬁumﬁ Aefuﬁbdiﬁcn@fmmmdim% ceniping thgrType 1, Type II
pol ysacchari des. deri v . USs,,j Nia8 Gurth
THE ‘Eﬂ:éeu E@ccélesc“i?r E%Fggﬁ%%?é&g%fﬁ@%’ﬁ‘g% eg%dral%}?g%ﬁsAar e
prieéferred kyibaiinenit @ttafns ahe Tgpeotay fiype Ie, Type 3 on Typs OEpapsular
7F, .8, 9N, 9V,. 10 1A 12F . ,

1 gislysiasharyisp o1 P B solooqi A duiRE proitied efbodimelitwould
;gfg)ﬁfaﬂpﬁﬁf&p?ﬁm #hlys&c?ﬁﬁes d'bE,Gnrtﬁ)ﬁb _Aléiripmcu&we&lﬁbly further
- urther _ preferr enbodi pen nt.ai .

Tyqe@wpgsing ijsashons; Mpsieip Apd BT P 87%&%%‘%@??@85 S rotein.

St aphyl ococcus aureus. A further preferred enbodi nent
contains the Type I, Type II, or. Type LII_capsular. -
o T BB SoPOSoRy B, s e Eion B BF PR, Wit protein
f Uinti&ls. PiefRes Ph&%&ﬂ&aﬁwﬁﬁk afiféns laftsthbeepréypecdessl proteins

Type Ilc, Type I'l or Type Il1 capsular 10 .
povisietn etsh exmogrss o fthaceas, susfase (of Fhe PBeHReocws ((GpRaRlE, of being

pr b b ulP$stim @4t Nedsh par€ ap8id Bfe cycle of the
por%aggfcsg(ﬂaﬂzggsa g?HﬁC:‘_r ouw_ A str ep%?%coccus, Er ef er abl
f umetraococensher iatsi prgteias Whishgre egestad Prreleased Dy e HfspRgOcoccus.
prﬁgsﬁ:ﬁgfle%bf}u ltﬁne_'pﬁjoﬁmt %paeﬁ)g(ﬁ{ a%&ftgtﬁédﬁlponaﬂi%i%ml tranducer, or
i Mmunadgeni c"to sition of the invention rmﬁ/ e od
f dipoptotiedf Strdprrcpeas phavmbBiagor fipgments fhespaf; Faspcularly preferr
pneunoncacga roteins, ant.] s b Rfited by
prESRIEPR sm&W#l’ @1?9 are nétx %(%Isl,{eeg e%’n P ? Elgn oggtﬁg ﬁme of
t hbeialiremaenus fHoaped| Bichelbei af Nuckiodeids é’eﬁswﬁ’%o Jut 11;
2?}%&1@3:04({% 280:?1}43&53{” o Hﬁéu%%l;%%n L&%? tancp Bfo&ei&f ﬁ'BBeSnLépfo@occus
pneumoniae types 1 and 2.", Mitchell ef 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 (WQ 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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pneunobcoccus), or are proteins which are secreted or
rel eased by the pneunococcus. Mst preferably, the
protein is a toxin, adhesin, 2-conponent signal

t NG S HTos000r 20 i poprotein of Strept 0COCCUS peyEp2003/012160
pneunoni ae, or fragnments thereof. Particularly

preferred proteins include, but are not limted to:
pneunol ysin (preferably det oﬁgfi ed by chenical _
treatment or nutation) [Mtchell et at. Nucleic Acids
At Lo AR bicof Abo o AR delgion varants
e O TD Aty ety S .
IEJOFS s Acta an : ) -
- ey deama Gpicoh BB niIG Rk HSRTELNR S4929): PopA
C OfShnchbABESo ePM! FEMSIicPobiat 10008, 0540l - 10); M aikeippstein, (EP
96/ 05859 (A. anani d&s WD 90/ 06951  (Paton et al), . .
WO 3 mhadri AN 27, GRI0834HE ) Pasther At B eIBIEpocgl froten

v Ei?éb%sm LRRE ARki10kddSind B9 WA 893 1B PaktRS1aAY (Résk; seReRE in WO
an ra I

nsmenbr ane del etion variants thereof (WO
98B and BEGF/IJER/2Q394] ). PsaA and transmenbrane
del etion variants 30 thereof (Berry & Paton, Infect
I mmun 1996 Dec; 64(12):5255-62 "Sequence heterogeneity
ofPrefeaad Neisseralipréteigsitotherfopuated with the immunogesicsampegdition of

b ¥ b1 ugR rop RUGRRARCREE w85 BOBY WRIOBRIST, USS912336),

2 (AbpBABCHBLGRET; I BPEIEREE), G2 (WO099/3 D1 32), aNsphe(W096(29412), Hap

< \ ; . n )

G PETIERR0N sk Hota Rip Oupa TGO UBRY hATS TR EB33), pie

S o T e o

( SN 3, ErpdorHpC B o fonseeiegL a1 Sp gD £ Hoth 66 foast 30, 50,

B T o oo i, IOt Ep 8 PPCRFSROS117;

o o B Mol MisaptioL. 15805, s K 7S Poah (RIcBREREED ek |
@@/5?6%%89@3&6} BOSHIRIES), MBAGWHOH/5728¥)And ctrA

98/ 18930 and [ US99/ 30390. Preferred Neisser.i al

piBEERODL 352 Neisserial piotsin mpy be added AT RIS Bryieins or as part of

cq%&éhbm&aﬂévesﬂc&zﬁrgﬁamﬁenti on_incl ude ThpA
(W93106861; EP586266; W92/ 03467; US5912336), ThbpB

(W93/06861; EP586266), Hsf (W99/31132), NspA
Y935, U AL Y B i
( POTHCHMY RELABS0G)e, oP Tepxe (FECPiphtbe0A0BNg angrFBdetelia pertussis
( Yéﬁ&%ﬁ‘sl &he p%ﬁ?%&n{:&lent 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 comen

to both of at |east 30, 50, 15 100, 500, 750 am no

aci ds (W92/01460), LbpA and/or LbpB (PCT/ EP98/05117;

S t al Med. Mcrobiol. 1999 32: 1117
3@%’)‘@‘%@%{5’5 HasR ( PCT/ EP99/ 05989), |i poC2 berER@bsoren
(PCT/ EP99/ 08315) MLt A (W99/57280) and ctrA

(PCT/ EPOO/ 00135). Nei sserial ,protein nmay be added as
purified proteins or as part1 f an outer menbrane

vesicle pre aration. . 20 The i nmunQgeni c conposi t.i.o
i sAlrestplishsmemegenie eMRASKIAT 8hP ggﬁ%“%rwr% I?fa‘"de‘P as a kit

Pr itk dRBd 8R! fatne® BRsHr HighEvisdondliphd hesdedontaitien Mmasliquid
and Bordetella pertussis infections. The pertussis

C dﬁcﬁ%%DTRﬁymb@OﬂJef cenfaingfo Puchckifs) cap fop gxample, compaif 2 dual
or nS i %m Mle%i%h 'aﬁﬂ ?(é 1(?86(15156?151‘1@ c&ﬁ’ﬁ)ned/ﬂﬁl tﬁé] same synnge

con east one ant pre er ab y t wo

aI tut urhd:@@yent chombers, The-iricdmenponams ispben samsat%lrwﬁh #le liquid
aﬁém?ﬁ-a %&%&gﬁﬁa&g r@@%aﬁ‘lassé)s %9 Diing, 'ﬁgﬂlféi‘téxﬂlﬁﬂﬁnﬁe dried

suc and t se vacclines are al so

c cnohda,rfp#m@degiaa‘smr highty Viscouhhqmrh vEthe fiyention isirecgnstifuted fyith the

Tl TeR b P RaPhO LR oxBABbAR oY B Bk i s o

t Gmylﬁj&ccmb éI'ltd’]B’ﬂfPa: ai‘ W‘lenmtmw stpamdlly o adjayanfedrat least in part

V;Eliﬂﬁl e foll. ovmg?%dst rgat vp"“t‘?&gh%p?m%g g&Lq;ﬂéﬁ%‘rﬁm fdroxide

pC(fditmstmehE Fhizfis ® ME 2803A0B9RROInECH BRAOSAIHK Rid Bioldgcals

Al ternatively the inmunogenic conposition of the

i dnt i on may be provided as a kit wth the dried

solid, foaned glass or highly viscous liquid in one

contai ner and liquid DrTPa, or DIPw j n anot her
aﬂxeamﬁémogewcwnm@%me an optignally, forppiated ‘&%PP% ar oy, gjtigens

X‘%ﬁ ) RB®¢Hnd/or one
cont al n%lg |n t anme Sytﬁﬂdgﬁmfﬁk&% eﬁ%r}gnt
c loarthere santigtns diati ean p@rpgbﬁelwst peninsh anflicezso wises. (Rrpfegred non-

t%;ll 1%1@?1' hfldntle ng Eﬂ*ﬁ&h% f)refeuf S 5766608) and

:(‘D

I on € va CI ne examnp l e,

d fusehs ®llipﬂ6i¥18 fpeptivies threfom (g LB ﬁ'D-?ORDl &50@3043% o ,anchtate

o EainRicat QARG AOER, 1 Ay Sopst L Baft Frmw,

ad—]fq:mudt[ﬂﬁed as a single vaccine. The DTPa or DTPw
vaccine typically is adjuvanted at |east 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



10 with an alum niumsalt, such as al um ni um phosphate

and/ or al um ni um hydroxide (for instance Infamx (r)

and Tritanrix (r) vaccines of d axoSm thKline

\’fﬁ f:’?i s.a.). The imunogenic Conpos't'PEr/tﬁgosmlzmo
ronalTy fornmul ated with one or nore antigens

that can protect a host against non-typeabl e

Haermophi l us i nfl uenzae, RSV and/or one or nore

antigens that can protect a Bst aga| nst influenza

virus. Preferred non- typeabl e H, | uenz
anHljbgempongst pirdes lowien heh tasp eligited PYJ é@g‘j BE inbeutated
E ld%b%g% éﬁ 6@@&! BileR@reREPith @thet BSHRInEREOf € \kaBJ:mé:ufﬂtlmngh this

Chio State Research Foundat i.on
Peproblmtrélwlbknqmm thytn B, angj has ?‘Hfﬁﬁﬁé % B’ays’ the

RT:BHQF‘;IEJ BB dsiind BF H4SRTGiYA i ﬁrhfbﬁtHﬁeﬂa nwcsra Cfemmlated
Ive or inactivated virus, split influen

5 vi togeshercps @verieil solis g highly NiscRus: quid progjdes/ap alt%?qvg 58131“0“ to
@l{%uf,ﬂ virosones (as described by R @ uck,

vacci ne, 1992, 10, 915-920) or purified or recorrbi nant

25 proteins thereof, such as HA NP, NA or

rote
pR@%p| e o?ém‘g ?%P?\/F ! ugﬁ‘yegﬁ{uf glegg&??] g% g§§\6accme kit in
gl yitiol IR eidHi dre preseny fity ongpecanpenent of s kg fttlesr gompogents,

10y Rbina iepfr it KRB b Brmplledt B cPRAG, vt chamber

I—losyanger aé descabalr herexpr aht ¢ws caspomenist @d mixedh twtheauwt before

t h
ot HEnRIn a6 e RS Sty FrRiplorsy Hol SrPinek Spmittd v
Sy iy s mdmuat s i
conpon can, he r
t g eBtiomally. formylated af g iquig, T Srmufzhion fegiles 18 andihs g‘re@ against
15 Sebﬁ@rlﬁb Sdovhpofidhe Yelhg EliridallGr RopmbW toh pruviter pmmnﬁmn egdimst the

of the vaccCi ne. Althoughthls blemi.s well
 reemeniie e pubeEen thmacblihe moipedy G iy Sotbipeto

RO5B aLClesP BPRSII% gﬂérel%l yiaB6uti100% Vr infoie bmmleﬁﬁtaulug the
[PV are fornulate together as a dried solid or

husgme;dosﬁcg’&blwqmqreﬂvelep%\buva@éman al ternative sol ution
to this problem The i munogenic conpositions of the
i nvention rmy formpart of a vaccine kit in which IPV

20 an¥iackinks ¢ ventlont i n one conponent of the kit and
further conponents

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

25  include, but are not limited to, aluminium salts such as aluminium hydroxide and
aluminium phosphate, squalene mixtures (SAF-1), muramy] 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

30 (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

descri bed herein. The two conmponents are m xed

t gge | Ust before admnistration of the v

I ﬁ%sgg\ﬁ(fs?ig?‘wl ations, the conmponent conpri si ngé;f’ D3/012160
and H b is preferably a dried solid, foaned gl ass or

hi ghly viscous |iquid, altho¥?h it is optionally
formulated as a liquid. This*formulation results in

anti body titres against 15 the H b conponent being
clinically acceptable to provide protection agai nst

t hf}.e Rl iktonk Bﬁﬁﬂ:‘ SRéffonrd Rt RABR Tecohiitiea phivs totube
ant |1 body

titre In the conbination vaccine are at.

| ResonsgBuipn GO vep themeixiag pia liged eompsnont of theypes i *ilhiice
el difeh (8, g%n{?ﬁglasémghgm oRf 1iili® FdrRuRLAPHRNSINS Biition The
. acclnes of" t

vaccl ne the I nvention The immnogenic
canysntion dlsnencompasses & couigiver with awater repellpnbisgral gpriace
pfc%h%{n%%'cti{c inke DAkt S(QTnD;?o%ti@n YAGALRE of BE &f85tRR! The §s8Qf such
vacci ne“contalrns“an a unlt of an adj uvant ] _suf ficient

t & confaimecs atl vemtagoonsibecaussiplradsdo the dried compasitiogsiiting at the

I tabl [ UV, iAcl. el M ted :
o R TR T 8 Lt o frord Wy B EediBlale T €4 10

al um ni um phosphate, squal ene m xtures (SAF-1),

ranyl peptide, sapopin .deriyvati i
ot B Pk S paopBRe <plsEab b B prekanahitble e
mts feil&va casitf ivﬁgi_%ﬁﬁdx&ffithﬁeilﬁzd bamnpdsitivnof the dmientbap Ghisrie r
sur f act ant s, | , cholera toxin ubuni t .5 .

R et I hatng Py 15 s et A boig Ay
C QARbENREIdHS tH Yconistitite@pridrioas. Preseably ¢tk dojoured dye
Takahashi et al. (1990) Nature 344.873-875. .Fgor ent.
v ENAIREIRE S cqletE a&ﬁaewpfﬁ%aE?‘PWb&rwéHﬂeﬁ%?ﬂ‘Q ppt
arﬂﬂi@bﬁfer&ﬂ&ﬁﬂ%ﬁioﬁreﬁqgi)ﬁg)ﬁ&bﬁredpf Freund' s adj uvant
can be used. WD 2004/039399 PCT/ EP2003/012160 15 The
vaccine formul ati ons of the invention are preferably

r | !}{Lﬁg] li vRRSIRE Sthé urfdlogh leffective
tﬁ%%nﬁ{(é%g 0 og%ggolﬁ%sﬁgﬁspognent o%t%ghvaccﬁldr?gs)with

t fagnounts pEtdhe somimogensymus de determinedempingally. Facters tpbe

| o ghidbrd QhTHA AL BiflockhiGie), WHERE! 6hot 0 SuruddBef BN 6O

al’So enconpasses a COITt al nér wth a water repellent
i ntmpleadd with dmmowalenttyrattacheil teyart dskiuvantay seigierprotein or other

composition. or .vaccine ' uf2Sm of

s GRREE o it a%imﬁlés?mﬁé a (\E/)glr? %gglg%ljl}g%%’c ausgﬁpfﬁgi’%gg S to

t admitsiersd. Socipfasiots aekmivintin thy vatcindwst 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



bottom of the tube in a formin which it is nore easy

to reconstitute. 10 It is advantageous to incorporate

a col oured dye into the preservation sanple in order

tgv?ak oQMeSRSI er visualisation of the dried CO?EQI?H&Q&HGO
e |nvent|on This is particularly inportan

during reconstitution to ensure that the dried solid

or highly viscous liquid is _thoroughly reconstituted

prior to use. Preferably, t hd®col our ed dye naintains

its colour at a neutral pH and is_conpatible wt

i npesespyfon tieastivityypon Esspnstifusiongad themepuy pgpc{nmeatxon is at the
COh S £ Y hilH & HooPABR R sudpRRkion’ Sankét!bd niditaihedIIR G@R8keCof

conposi tions or Vaccines, the_ i nmmunol ogical |

ef single1osed unitsy theamopnt is qltpét qugygtgﬁgp ggpp&l@Znon Generally, it

defsQiping %a? BRh abseabili¥om Fﬂ&t of ngﬂ%tenﬁﬁﬁﬁélg Bfefatably 5-
i ncl ucFe e | nmunogeni Ci or not
i rﬁﬁm@gémownmfemuy%@s@ad’gefemhdwa of besawé%\vabréqudes are 10-

atg hﬁPSJrgb 5 ?%u M¥aHL. 'ﬁl% b rrddCimARhOS fEhd buBstarite I9@1"1&33 from

carr adm nstr t| ons and the nunber of

i nyubstinse tysubsigsgdut i easily detetininahde by ent: of skillfin thgattor s
are known in the vaccine art and it is well wthin the
skill of inmmunol ogists to nmake such determ nations
vwmmuﬂéofmhhjavm'mri nent ati on. 25 The substance can be

10 pr esent I n varyl ng _concentratl ons in the i mTunogenl C
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CORRIH Af-ﬂf. fegya. Sugsk,&gew&e'c% HtiontddBipREiRE MW hnd 2

concentration ance “1s ah anount necessary
t cetabdiising\agents nssulungen asgunwetnonm iwhichtthgeantigsaieityraf IPV is

AR R ARy Blch SR AR Rl fAR Wl R B

i rdrfedal m xture. For i nst ance the m ni mrum anount of a

therapeutic agent is 30 preferably one which wll

provi de a single therapeutically effective dosage.

SLIﬁe’he er&bﬂdmait,etﬁe method obths invaiiticnl iswhes doderPVi and comprises
ass is formed prior to crystallisation. For

b| %@?1?53’ L subst ances, the mninmum concentration is an

AND UkepMRe ARALARRA M PO Ty ER2RA8AP SLS01ViskAPYHA e S6latioh of a

for oact|V|tyu nreconstltutlon and the
conc#nhiliging agant gre%rabbh@ a@g%%&g
Sus %l%ﬁ&@ﬂqﬁﬂ{é%&&vﬂﬁé}iﬁﬁﬂe I'n the case of

singl e-dosed units, 'the anount 1S that of a single
t tver aquhngﬁhapqgsm'mn samygte tresugh fepetature fngd presseretcprylitions

t hat g ea6ioft ;e/qcl E.Ié»é& &f protein
anti gen, pr e nﬁtb%‘}g& ug alzfllgrmst preferably
5-+2 SgBiofFing Salvent dntdabae;ues;fvabm sampiledrigsdd femachld pokighly

are J0:us liquid in which the antigenicity and/or immunogenicity of IPV is retained.

In a preferred embodiment, the preservation sample is inserted info 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

but is easily determ nable by one of skill in the art.
!\/%&1?}?393 :fggthe invention 10 The nmethods of tperreraesmnizic
i nvention are for preserving a conposition conprising
]PV and a stabilising agent, resulting in a

conmposition in which the antigenicity of IPVis

retained. Preferably, a bacté?ial pol ysaccharide is

incorporated in the sanple to be dried. 15 In oned.
embostibjrsting the presereation gample taich frmperaiys and RrssyRg conditions

r i 0 hP¥red o BREYE Rhms b A5y iPS Of . Preparing a

preservatfon sanp y suspending or dissolving |PV in
a & otentoving solvert ungkthpfdamsineg todfigeme soljstia dickshe andigenicity
bact et j ol RELYRASADSE e pclhgy @ gl ass forning 20

pol y%'f are ‘pre%en{ I'n the preservation sanple;

subj ecting the preservation sanple to such tenperature

an essure conditi.o t hat v lS,. caf he
o eBi A st SSEre et g Pt (P plant S 4 P
priegatiemaitefict sarfiqelatd dontsifs hestbpyrof a solid or highly
viscous |iquid in which the antj.genicity.a r

i rPUPRSRAIRE APrSFeryptionsgmple by spspending or ‘5@"?‘!11%&98?’8? Rrefergbly a
enmboglictaRBt polfsiRhBiRIRk kalidiéofsaalIRigagtmSer ted into a
container with a water repellent interi orPlprl ?{%t.o .
dreyi weerting the preprsyationsaraple fio f FRNHIRRF Yt aO¥ALPT nterior
foamdeying, conprising the steps of. preparing a

preservation sanpl e by suspending or dissolving IPV in
a s ofubjecting thé centaifkd centainingitks presenration sampletp sueiepperature

bact er, al _pol ccharj / ' )
ol y it s S po R0 8 PR fllodlln fucte onfl by,
2 Q0 47ei39iaR JolRéat HERARO DM RIS th) fornd & solRiib whichi theyarttigenicity

preseryation sanpl e uch .t enmperature and pressure
cond %Hgm“??gépclt}ﬁ%}l%rvs& ‘i%'ron sanple forns a foam
and renoving solvent until the foamdries to forma
solid in_which the anti genjci . . .
The foam drying methods of the itgvention c{egcnbed 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;

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

s 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:



and/ or i mmunogenicity of 1PV is retained. 5 A .
preferred foamdrying nethod of the invention uses a
container with a water repellent interior surface and

CQPbIbddRassee Steps of 1 preparing a preservat ipgphmponnsnizi60
sanpl e by suspending or dissolving |PV and pre era%ﬂoy

a bacterial polysaccharide in a solution of a

stabilising agent; 10 i nsertli ng the preservation
sanple into a container with a water repellent

interior  surface; subjecting the cqntai.ne
CoMt GRTRRFIBE ¢ FRESGEYALion 7Rl B SUSBEMSIIE OF BLoSviRE R0y, A mrpfsrebly @
and Haaie$H pelyssBkrdb BSsohftioh bk sthbifsifd ggeat;vat i on

sanple forns a foam, renoving solvent until the foam.
dr e subjecting the ressoiation samplgHp agducedepressire gl thatthe presgrvation
and/ 'ggﬁgl | ol ch:S retained. The foam

dryi (r%émt!rlet og%?g#%gﬂﬁ%l\#eﬁél on descri bed above

Sopei cnbjkdting Germp tdasteadially frozsnipreseryatiqn sample tp sechdprypATHBIY
sanpl e e | I L.al e e
come TEPREHE csRiRpy b ARl bl s I RRECARLD

| pr epaemevingudlahnt drtih thie fewm diialtd Yorfaracolid ipwhisk theatiigenicity

sanpl e by. suspendi.n .di ssolving I PV and preferably
a ba@fl@}??’ly%m‘ﬁ'ggipéﬁg%{géYlfewﬁa}?@ solution of a
stabilising agent and freezing the m xture;

subjecting the at |east ,partially frozen pre vation .
10 3 o fifiine BreGegee mRedigat Sieueentionis Ui SQRRIFEBipl I 1) pommprises

t ke slepfofpr eservation sanple forms a foam and 25

renovi ng solvent until the foamdries to forma solid

i ne wisrephringrpraservagen pasnle by ssprndingion distptae H \C i asoltion of 2
| PV ig ﬂﬁhg%@g The freezing step of the above net hod
IS prefera )y the process of quench freezing in

wh# c lsubjexting thepnesefvationsampledo suchitéraperatursaind prefyuregangdyiions

by e ration...This S ' '
15 2 o N i Bl o Vo e HRES solfind B e b o bubbife to
D004 180356 BT, ER700h 012180 1o Rrenating o e
) r.eparin e g .
b SRRV AL g serele fd Rt g Vs Tiguid g which

and preirtipatity add/or immunogenicity of IPV is retained.

20  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 PV 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

25  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

30  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
to reduced pressure such that the preservation sanple

b 4?039359' east partially frozen; 5 subjectpRgebdifseizieo
at least partially frozen preservation sanple to such

tenperature and pressure conditions that the
preservation sanple fornms a I am and renoving
solvent until the foamdries*to forma solid in whi ch
the antigenicity and/ Qr |nmupogeni,ci

botis

r dewigrgapcentrgion of theglass fo&ngxgé)p Adyay e%.F. afx Qr v'vﬁere a

| rm@l{gru%gﬁm&g@gpf,ggn@r eserving | PV and conprises
the steps of: preéeparing a preservation sanple by

suspendi ng or dissolving IPVin a solution of a

st%ﬁ#%% gnidgent;  subjecting the preservation sanple
suc nperature and pressure conditions 15 that
t he preservation sanple | ooses sol vent by evaporati on,

’lxhﬁgfé%1l1$iﬂg Qgénraa, Beused B0 ﬁetfx&ﬁ'@f%%&hﬁéﬁﬂbﬂwfembly

removi ng solvent until the sa
drcomprigecgldss fm&p@mly Svitablegnatenialsjariyds, Hut e pof lma o, all
ant nci |1§ f&ﬁb tﬁ]@d
B e A e g
ofstabiﬁ‘sing palyol fmahlbds éxctamwagm toehecstored wishaié aulgtaetd%ld@s of

dur i ng ,wh t he anti r

1[3?}“f8’b %FMH@S grﬁga%&é&a‘% ?1?%69 Plgb ret gl ns atﬁlytc,%s

| @tehidedigar Gugab Blcolidls axﬂmabehnﬁtyd@ﬂratl% Profambly; the; glags

ori gi.nal .a angd/ or r

Dt et e v dR e REGS IO E b Y BUE mitulos,
fl.ﬁ-mﬂgiééﬁ cladtalobs) swdneke; mal?ucr} %&m ,Asc-maliose, buladuwbd@dtol,

after reconstjitution o in a suita

o oelativib Rchalpe, Tadtingge sachyop Bicleaiise gp dextal nGst Bty

t %ﬁﬁo&eﬁﬁfdsb QErbRBR ¥ilfinobé) endiBiidlpkctofe, lizbmohgr palatinisut

freezing or foam formation is particul arly applicable

for use where the active agents to be dried are prone

t ‘Bal:t@ﬁﬁ polysatehiridel ¥ot 386 éaHilishal Spdhi e Preferied dhibiodingentsod the
ying process due to exposure to freezin Eg

bmqugncma@baﬁt@eﬂwlwwmaﬁ%‘faa@ﬁaﬂﬂaﬁﬂg P? {‘\°§ flisipe
ggréu'é 83%&012%@&@18&1@ ¢ hRYs 2GR WISERDIMR O A39399

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.



| ower concentration of the glass forting polyol is
advant ageous and/or where a shorter drying process is
preferred. Stabilising agent 5 The stabilising agent

t Qy 900%?9999i n the methods of the invention W llwroseesn12160
preferably” conprise glass form ng pol yols. SU|tg€fe
materials include, but are not limted to, all

pol yol s, including car bohydr&te and non-car bohydrat e
pol yols. Preferably the sta 9 i sing pol yol enables
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t hiactulose end mngiulésncor por at e bact eri al pol ysacchari des

as a constitutent of the stabilising agent. The
bacterial polysaccharide plays a dual role of

st Ritibiladyyrefereditarohgydtes arrtrehalgsensucrose, sobitelypaititolelactitol,
Car%ggﬁdrat ies i ncl u)ggl ut are not limted to,

mof tA7d elugeryTangPE A R AMOEY:  tri sacchari des,

ol i gosacchari des and their correspondi ng sugar

al cohol s, . pol yhydroxyl, conpounds such, as, car bohydrate
deAming soidscan sl ag Frainhising sasntaed andg u&%@r%hwg‘feéé?g 25
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and synt’hetic carbohydrates are suitable for use. .
SymeriBe argining, bstngand gtaming ltgugh aaymmaaaci pr ¢ pomplisgjion of
to

a

i befA ciact as
?Hjlnglgagsr’ Pt arc%’:)hr; Eo%ga Bl(E%BJot bﬁ d[})%gdrﬁ%h @&%?%ﬁﬁgfh t he
cas Mebilidngagest. nay be used. The carbohydrate naybe
non-reduci ng or reducing. Where a reducing
carbohydrate is used, the addition of inhibitors of

20 t hBreffablifh itiel preservationctaimple will containgroosponanrapabls b6 @Y diing
PCILE30934i94 89 driésolid or highly viscous liquid of the invention. Salts and

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

10

The concentration of the stabilising agent used in the process of the invention may be
25  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.
30

Container
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Reduci ng carbohydrates suitable for use in the

i nvention are those known in the art and include, but
are not limted to, glucose, naltose, |actose,
fwiogﬁ‘%%ggal act oase, nmannose, maltul ose andpcper2003012160
| act ul ose. Non-reduci ng carbohydrates include, but are
not Ilimted to, non-reducing gl ycosides of

pol yhydr oxyl conpounds sel ectzgd fromsugar 5 al cohols
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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.



21 Different m xtures and various contai ner shapes and
sizes can be processed sinultaneously. ldeally, the
contai ner size used is sufficient to contain the

| W d@bnseshxt ure and accommodate the vol unme opct/BRoesoi2160
drie ornul ation formed thereof. Typically, this is
determ ned by the mass of the glass formng material,

the surface 5 area of the congainer and the

tenperature and pressure conditions, which determ ne

wh er ., fpam ng occurs. The nmass of, gl or.n

aAppigh SRR PnCRY beteRforp: D e S bl B, more

OpthaR B 4dﬂitfve, 46 nfopemiBslond subtarics ang bepesenpr Eﬁtdﬁwa?mgamts of

as_ a mninmal mass_per unit area.of container surface.

T Gse CompGneRls oY GHPHRIBEC 9 o0 BCTRIR AR A

container used, but is easily determned enpirically

by one skilled in the art by 10 foll owi ng the
5préelEenires set forth herein. Any such containers can

be used including Weaton noul ded and tube-cut vials.

The processes of the invention preferably us

coFRGRTEREFation sample ifmads by é‘ﬁ'éll‘%&fi“s?‘?“ﬂ’c"é#% Pﬂ‘i 3 pipbjligng agent

ThinSwdtet 1Rk EXEHubdbs Qoo PRIy, Wieriidiredentin thdréstpation

with a 15 hydrophobi c conposition, for |Instance

si sampiatadeviebef. 5 1898 Yadriobmes, Biors ReRERlYSPSE Y voluhe, most
Ik to th killed in th
10 g:@g&fﬁ%ﬁﬁgiﬁ%bgg@uﬂg nown to those skilled in the

one met , the container is siliconised by
rising the interior of the container with an enul sion

of Sl i | ' [
e R T
t herbsiancerto beinedrpemted anwell aomysddifivese The reigimay golutyp
o e ghonoEndien b ERHE pébBLLLoskiSRE Hiweyer,

15 t hisonoopehainsle disparkasupeasivisaf thet substance(s)ecan lalsk bk ysedo Suitable

occur and nore repraduci hle. .,This allows. | [ .

o R o thegepratsn Strets Srpopinif AR, S BRI hose
wWhikdlfed i thie Wt in TR bE e @Sariyfles providédhepdint | N necessary

25 to dry the sanple, reduces the effect of Maillard

reactions or other interactions with the polyol

hay gdns addifved cir Bepu efdthe pHREHRidnRemPlee Topivaly, T additives
sanpl es conprises a_ vaccine, the resultant foage?
he

20 ¢ ephance foanpiogmatiqniagd & the dryieg proserg apd(es gopirbyte 1o
| QiRIbiliz @R th SfubRRK O A 1B, tRAEdEVEs dofeMhieadthe stability

vacci ne_solution is | ess viscous, allow ng, . easier
adhiten sybstance invorppraed wsithin the splid. | nerormare addifives may he gresent.

all ows easier reconstitution 30 of the dried solid or

highly viscous liquid since it encourages the sanple
t anpxpmplssaddition of volatile/effervescent salts aliows larger initial volumes and

25  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

30 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 2001/ 039399

PCT/ EP2003/ 012160 22 Al though singul ar forns may be
u%ﬁijzolaﬁffs?bg nore than one stabilising agent, ,APkBro03012160
t han oneaddi ti ve, and nore than one substance nay g
present. Effective anmounts of these conponents are
easily determ ned by one skilled in the art. 5 Sol vent
The preservation sanple is e by

dlssoIV|ng/suspend|ng PV and a stablll ng{a %%% iH

wesuiiable r padcrein. Tapresltantdeamed; glass hasymifopm 399 CopirEpion

'San E60kicdnfly H1& BipHSE ¥AbAR 8@ P WRicA voRtileRffRivesntd
é/o@?y S Pﬁms rmrSe preferab%y 80-98% by vol une,

nvgﬁsmigmpﬁeierably 85-98% by vol une. The vol ume of

sol vent can vary and will depend upon the stabilising

agent and the substance to be incorporated as well as
ardnaothid stifablesdditiveisi foamstabilising pgent, whighicar be psgd ik

a%i‘ﬁ% mﬁ&ggﬁﬁ Sfter b vﬁﬁhrémr géc%ﬁagt)g!ﬁ e Vil TS EPEIeNRIY S -

onbgeneous I spérsed suspensi‘ons of the
s m@mw@onqmem hh aben mﬂdpaﬂsq molgistile (i.e Anl s phespholipids

the,c ts. in
o dod RREERL by RRlE llepte GEHRLATRE o BBy poch ps o
t hiicleenipragest spchnslgﬂarcgub:emﬂithnirdteﬂwhmg addi ti ves can be
put into the preservation sanple. Typically, the
additives 20 enhance foam formation and /or the
drAfottgr gddidveds aaintibitor afoi Mhiﬂiumieeacﬁom hRreferably, if the substance
sol ybi l.i zatign_.of .the su st nce grlaa 'ivekﬁﬁnotope

adaver glass mafix-forpinedgtenal
ﬁg&hﬁfw Eroups; @icuompbeidonsl fﬁﬂﬂieﬂ cdd‘b:ﬁn silkdse onecmvsnorogmmp
1t

i ves be present As an exa 2 ition o
o BRI P PG SE ALY o i GRS GEP=A 1% ipanaly
%oﬁd&‘:sﬁﬁnro?%b%rdl?s hidranive birb@fe gRussinhé hi n
the foanmed glass, thus effectin % superior foam

f GpwBestinn. kg inkibitor phthe Madliap RS BB EHEPERn the art. The
V Qiabitor § pi&dehSinah Sma@t %m%ﬂb pre‘#%t,a&' shbs‘iﬁmﬂll‘ﬂﬁrevélﬂe

conditions used to produce a foaned gl ass. | es of

s gpadgptation gHmainp REURRANUIeactvg %@nym% d yalael ¥ K aenigp
a uﬂ mB %%&gﬁhﬁ?ﬁt st hgt de o%{gggsre]ﬁt greg‘?egnthe glass
gaww’brtpmmmrsﬂ ®0the lcomverskf Hewewﬁhhmofd@dﬁﬁnd carbonyl
f%orﬁ? ma bgmgr "Bfeg | Ca?tgngi efll.lgs E&? e.

e SO ona sodi um
netablsulphlte. Preferably, the volatile salts are

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
PCT/ EP20031012160 23 suitable for use herein. The

I §60'hdo@dozb0amed gl ass has uni f orm f oam conf opgREbRME012160
and is significantly drier conpared to foaned glass in

which volatil e/ effervescent salts are not used. 5
Anot her suitable additive is -y foam stabi |l i si ng agent,
whi ch can be used in conbi ngtion with either the

vol atile or deconposing salt. This may either be a
suﬁk—%}a‘@e@%ive conmponent such as an anphi pat hic

nol ecul e (i.e. such as phospholipids and surfactants)

or, an agent .to.increase t vi scosity. af .t A '

oy FirmaEent e iy e wi fRpremerubiel g RGBS O
an;ﬁefemiyood? isiH@typYER 2 ahl 3A8 Biidentard dithibt ivieidesrtomost
inhibitor of the Millard react. on. d:refer bl% éfD-thteen
s uBeRERbIhe Salipelio greing: JRY Frtains A5G graferrily #dpr 8- D-anlle
c O(Eiﬁ@w@?& a{MRky)24.00, 357 £5/blyi 8'4r Q6 W-antipu@ it of eype 2 (MEF-1)
groups, the conpositions further cont e}gn at &,ﬁgﬁ;‘v one.
pHApd 28t 6 grefisrably 32:05 64 Bransizen piisiob s 2 (Beuketle TREFNY wegne
I eRfhh1@fbn! if'sfEb18 R Whbctioh aREl eddhstitticy i ah afidod doYutibh which
prevent condensation of am no groups and reactive

c dirpletaply contaimp addiviornpheaccipd AYBRADERHN.  The i nhi bitor of
the Maillard reaction can be any known in the art. The
inhibitor is present in an anmount sufficient to

prEhechrcterial palyiacehands icpiporstedy e the preense of dbn ingpption are for
an r [: -han r Q4P | Gl IAicser:

£ epipf SuASaP OLSEARAAE GBI Mop D B Y O Wefssria
c andingjhidisyr Hogmopkiles gnféeemte bn Steplogpcans meumanied, xGroup A

fag,m mat gr i al the co [,SE. '
| S S ) S BN er Ui b S s
W dphidepmidist preferablycihs PRB tasolar palydabahaddasiod Rigpemerthélus influenzae..
Various, cl asses pf ¢ ounds.a Q t.o .exhi hj
AP PR 2oDeashEes AR e RO Qebfed G ghd, of hore of
t (ﬁseh@tﬂf:s Ase€, mlis:jﬂﬁﬁldcﬂ P Deisherint I lvaerﬁ%&ﬁdh is. [Racthéyqmrefiemmed capsular
These 25 conpounds ar eper a ei ther co titive or
nGRDEHBEIER (%5 PYROLIFeR, Sretocelfes AGETPfG s, Bpaegttecel
Coapsilar b Sacthifide khtieis hrd blylselectad Eroficderdtypes 1£2] 3, 4, 5,
to, amno_acid residues (both D and LL%%C%%JO#Q% oﬁBSF d
o6 i NG 0Y 104 thded ZBntf 5B FHCASC, g 1oEupl Ry, 23F an
Pr8f @fb& Predériull Yoh! Rrotifed 113,12 5, 4B, ¥ 9V &1, 28T, 19F and 23F). A
trﬁy-{rpt)lt1 ophan. Lysine and .
er 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

not limted to, am noguani dine and derivatives and
aw, bdah N B. EP-A-0 433 679 al so descri bespspikbal¥ng2i60
Mai | Bﬁ%bsﬁ%hi bi tors which include 4-hydroxy-5,

8- di oxoqui nol i ne derivatives. WO 2004/ 039399

PCT/ EP2003/ 012160 24 Acti vgsagents The net hods of

the invention are used to préServe inactivated polio

Y condion . pelsgacharies il rarppc RRliinad: Pl D oo
SAaLRlibR HASS IP7)and LY [P BHEMRACTTI VG Nomekl SRILTITTY 407
O b andbiep oot dPvaliitpMend ! Bt RnARA s es may be

a es%&iﬁﬁose@ﬁ?f-@ﬁ%}@-wpﬁ,zl(PﬁOp@Am@Oﬂﬂﬁﬁ.glen units of type
3 (Saukett). The TPV vaccine formulation is suitable

for injection after reconstitution in an aqueous

i %ﬂ%ﬁ%&% E%%@thygate@%} Borfspafd % 4 taAe pryR as

acteria Ggol ySacchari de
RP

i rictomysdoxeids tetinys toxeidfragmentC.okphtieaia torpids CRYKL OFy oepgplysin
exoqmt%nﬁggfs%ﬂn@)ol ysacchari des derived from one or
S

noré o seria“meningitidis, Haenophilus
i nfl uenzae b, Streptococcus pneunoni ae, G oup A

St.r.ept i, O ' .

SRR Es R o bl 6046 knobh SBDIGARARE, A

t heefBiRA majgatiormgibddsheahaciidéon of theipelysseharide with 1-cyano-

i . Pr.ef. d j

| RS B Py G FRRSRESHAR [CBARY BIGH LGS ol: The

A ac%vatéﬂfpg%@a@ﬂﬁ‘lidé i@éou*ﬂ&f&eﬁﬂﬁra)rm spaier gubup to &mmhf' @ group
referred capsul ar sacchari des are det rOm;

D i e SO G oA dhe CH 70 T peed Pt HE St afiine

D Qi RGETHRS B U BGcLIte Y RHRE AN 1 (e pant ot A e

S S : " el .. . )
 eterofigstonghergisty invphving e formafion of he tisgiher kags il |

3%Enjﬁ€£&tar@a&£m% pCTHaphshed AipYibafon WOSR/157603nibHned
7F, 9V, 14, 18C, 19F and 23F). A further preferred

erfispd¢esbiaiversiiit ai ns the Type 5, Type 8 or 336 capsul ar
pol ysacchari des of Staphyl ococcus aureus. Further
preferred pol ysaccharides include the Type |, Type |1

oThEppgugates arssqrsionally nyenagedydirgetiredustivy anypatiopm @is
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).

Drying 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

strept ocoocus. Further preferred pol ysaccharides

[ capsul ar pol ysaccharides of G ou
s?‘sr:de%’?@g%ggus, preferably further conprising g?ﬁ Ezggst/mmo
one Mprotein and nore preferably nultiple types of M
protein. 30 Preferred conbingéions of active agents to
be preserved using the proce$ses of the invention

conprise |PV. Preferably, |PV is conbined with )
badf &€ionl-20%T, yurae pisferablied0 °6 G0 °6: WBE BrRwSuER s FRdpeed ip less

2] DhiBde BE5 Aty 813 B SBLOSAN T pReq erdrebly GASHD

p 0.9 smbat B redused teiporatusnandrraesee gPndiiang sidnaaiamgd for at

Pr.ef ' | iNel b Bours. R veatis
et 132 16720 b0 z8, b TR ) Bt R

| RemotéduntiMae presamatiof sarple ribrdto fami sgolidol ysacchari des
may be. present in doses of 1-5g, 5-10g, 10-20g or
20-40g. 5 Bacterial polysaccharides are unconjugated
0 rm&gg'hugahie dpglieations ajéxﬂ?miuq@s glagses; rehbets ané crystalsarhigh form
toxoj d, tetanug, toxoi agment . C, i | @l s
cravteampfr i et s profsp e YRR g A0 REEbE S
POl 0%/ PTG ALY § 5%, ARG %R B9 | & 3% paowepréferablyyl -2 onbrl%
coupling technique. A preferred conjugation nethod

r ¥5 on activation of the polysaccharide wth
1-cyano- 4-dinethylamno pyridiniumtetrafl uoroborate
(CDAP) to forma cyanate ester. The activated
pdfoamdryiBgr i de is coupled directly or via a spacer
group to an amno group on the carrier protein.
Preferably, the cyanate ester is coupled wth hexan

di 4 prefared progess of e iaventien mEelyeanbieeing bt yresEEigR Flp o
c os%ﬁ'gﬁ%ésﬁfé an@ t&%ﬁdﬁﬁé Eodlitidnk 83 Bktthé! $dnfifle begins to bubble, forming
het erol'i

gation emstry 1 nvolving the formati on of
t reefoami oet her |inkage. Such conjugates are described
in PCT published application W93/15760 Uni forned
Services University. 20 The conjugates are optionally

prEpadempkriyre ovithicthe preservdtion sampie mall bodifferenhiiem that external to

described.in LS 436517 ennj t

( A e o R Pt fac Y B SlapBililon progd eftrnces to

EReciOpdrtire bf8tp theReon0ffidiSextemhl EPthe preget8@ion sample, for instance,
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
maihtainjng 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 10 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

adi pic acid hydrazide (ADH) to the protein carrier by
jinide condensation (Chu C. et al Infec

mﬁ)ﬁ{'@ﬂg 983 245 256). Drying Processes In Iaﬁrempzoosmumo

enbodi nent the process of the invention involves

drying IPV in the presence 59 of a stabilising agent,

preferably in the presence of"a bacterial

pol ysaccharide. In this process, the preservati.on

s apither pmbedimertof the mvsntienashisyes foap drapLiobyFianging the

pr hdihesi ofiditisns. TRe!CAbetature

[ CEEBre ARGl o] BOPRISI o dhion, T petae

200Hihg BU8QBasPOI dPROLBID prfaely wehretvign A0iC andF0CC; 3t

pr ef | 40 C of. -6 T es i ced: t

" i T S0 e &g Sl D G5 BEQY el E UL e
t HakpeQf 20-50 °C]lprefeRbEy 20401, aldry plfQibIp2S-39°C Pradsare.

The Teduced tenperature and pressure %ondl tions @r5e4 3
mesopditionsenge majntained a} aigdyoed develiof or bgjow S 7, QPEstEElly %y 4.
24nore gr féjﬁ%lf |2P1; .ﬁ,fl?fnaalpyeféfébls) 0.870% 01X THRS MRiitions ar

renove e preservation sanple dries to forma

s ohdigtaingthfos gbieestil, 2 Ri 4 SepdPi Half 6124 BB¥S d i ncl udes

gl asses, rubbers and crystals which form as the

sanpl e dries. Such solids preferably retain a water
pyingcsbivent to piofmed|giass 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 .

i v aibsamenst skige of the fhatrhiryipg ewthod af theinvenhiqrl iavelyesrsmayiag

pressure and .t enper at It . hdEveRioR! i

béﬁﬁ'ﬁ’% “PBP ﬁig%fng'fpn gorf;#rﬁa%&gf 1%%1% i%hgmiegﬁ%ferat ure :

Wii§ fuhievediBy miabstsining theqmessuraphdtemperatupeconilitions &ihose applied

that external to .the.sanpple due to the e %En '

naR (rder grachifve foam Sorpaapipn f)%t&%cgst.he & %rrce{(]n’ces ?%EH%(SW

t QR B T I6epréfegablyos, UNB, noore piefdrabip 2,608, d; mast preferably 0.8 or 0.5

preservation sanple, for instance, wher aﬁbar gﬁ"

i mhﬁwmlﬁmﬂww&maﬁwfﬁ“gea@%ﬁa%@%ﬁ?f& eteat oFe of

t etwhkdh 2 °CUSHAYd °C §65¢ SRS 200Cte 36 PEETEC and

d:}geg?&? frtf'perat izrgjsetti ng. A preferred embodi nent of

t 36 °Cr&tQ anividChiest pefardtily basyemet e andg2 5t We These sempegature

Wnallé grcssure 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



25 mai ntaining tenperature conditions. The pressure is
adjusted to at or below 8 , 7, 6, preferably 5, 4, 3,
nore preferably 2, 1.5, 1, nost preferably 0.8 or 0.5

PG 2004Hekdd I Nt ai ning the tenperature sett ppgrpiooBoi2ico

tenperature above 0 C, preferably of between 10 Cto

15 C 15 Cto 20 C 20Cto 25 C 25 Cto 30 C or 30
Cto 37 C. These conditions,are mai ntai ned for at
least 1, 2. 3, 4, 5 8, 10 19 16 or 24 30 hours. WO

2004/,039399 PCT/.EP L0121 | ;
RS SRR 7ok % Sk o7 SR AR R o

t hebtaih @Rpléd withiless thini 100 8) % dnpraferdbiyds, Reat mnetj:refhmbly 1% (wiw)

pressure. c nditions. The tenperature setting is
i NWPEROBE 0 above 20 C, preferably to between 20 C
and 30 C 30 C and 40 C, 40 Cand 50 C, or 50 C and

7OC or erature setting is in the 5, ran

OABHhe emippmenLi i IUmiER edips e RResEe PR ASRE Selvat
Pf:%ﬁfékiil@o a m&epi&h&%&eﬁmg tHER Rk aseﬂ@idnﬂg foﬁmffeﬁhwﬁeﬂ Teyel
of or bel ow 8 preferably

D r*@f"é‘%&fP‘}SllQalk’l"sfShe wive%tg feaye @Pé?laﬂp 9t %)q‘BCIGF ratp | % tagthe

Thﬁ&ﬁo&mﬂe foly &l¥on Bdrfbe Mgm iR 8 @hdrRE tifte. K@ @fstands, & préssure
4, 12, 16 or hours. 10 Renovi ng sol vent

t osemsm @cree@ﬁé‘aatgar helow &, dubueferably 2s { Q% more preterabiy s

10 Ar/{ RRostRieRp1P.0§ .0 12MAR WHIR nlatiahing %ertaﬁpemﬁ& at or above
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solvent until the foamdries to forma solid. In one
e e ipraferablp betwioen 1(Hbandi26h7C; 2076 and 30 K AP &G @nd B/ °C or

A R L R R e T R e
F03 61 £90217; €8 héli€omhérs %Uditﬁeﬂ t6 obRin'H solid &dkhalsolvent chfleniess

1 opp ot S4B 72 o ot b Aol it i i g

the tenperature setting at a tenperature above 0 C,

preferably bet ween 2 *C and 10C ,10 C and 20 C, 20 C
gludingadreedne iep 35 C and 40 C nost
preferably betvveen 5 Cand 25 C. These tenperature 20

and pressure conditions are maintained for 1, 2, 3, 4,
5, Thg meghod v thepvention epsignallyinvalisdrecring Bregenple Frensing the
7 galplepbh iy Todhn ST 16 Ut L FABch B Rghar iy pefroen

( whmjples iradtareby Tbsds@lw: maail the fanyfies stantingg the proecéss fomctbe same

t tﬂﬁy&]&mﬂoﬂ ?bgigé I‘rbﬂeg. Mﬂr&%ﬂ%ﬁ&ﬁ/ &El{pl&e 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 ata
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

advant ageously all ows the solvent to | eave the sanple
atw@ hRkRr rate so that the nmethod of the ippygpidHE2160
can be conpleted in a shorter tine. For instance, the
tenperature setting is increased to above 0 C
preferably between 2 C and 19 ;10C and 20C, 20C

and 30C, 30C and 40C; 40C and %OC 50C and 30 60 C while
maj nt ai ni ng _t he ressure at or belo Y/ 0
priEgess Wpp @egﬂw y-pt aggle of less than or st tognfssl’ 3 s 5t C Per
PRHE Gtk Yoflndditis Grepré¥iiatd mdasctivelyis fhdeking n&[hﬂtaneously,
pressure WO 5004/ 039399 PCT/ EP200Q3/ 01%180 28 al
c daeinstaRsE Y apap Traseing &) Hped pigpsen. T is pgrticylarly beggfici

1 Zor ]Jrgﬁ l&f §Lraq gm‘ﬁEfeﬁ Fré&tzRE 89 Evép@rah@@hlﬁd FesiltsSf kdpid fbdzing of
| ess t 4, preferably 3, 2 or nost
prtbtﬁmﬂﬂy 1%(vv/vv) wat er content. 5 Anot her

enbodi nent of the invention reduces the pressure

setting during solvent renoval to a | ower pressure

s ehitarmadiveliizthe pricservation saneple isfpzehynsubiseting the Pﬁmpmosfed“
dp@g%g?.&g%ﬁdt e Mo BBl cifes SR B pal il G4, Blth GRADH

rate at the f thelnventlon
c drecking seawled batiwitlin a bulkdreezerdryer appargtey; a\ aghelfteraperatyre of

pres s ear b
A Dty G181 05 TSy G Rty e it dgure i
mtweeﬁ shfd wwmargﬁeﬁfabg Hofhrdea 110 amd2d %€, prmistyirederabhygat
the tenperature at or above 0 C, pref%ssp % f65%0
1GSCCa wesswe ipeptionallyedigedinitiagy ¢ 200mbaniogSo}0 &
qgg £ RSl [
rral n a| ne %W%%h%ﬁg%@r&f E@thﬁ@é}ﬂlbllE e hours
orrcdmedeﬁ:rtherdo aleresslme wﬁbtpnr‘aele‘@ﬂi H O OR,@J@bﬂfvm pressure is
cont.
o bed PE ol it 0780 ik Byt sl e sl AR, of ffialy
a fioz@ezi ng step The met hod of the invention opt| onal Iy
i nvol ves freezing the sanple. Freezing the sanple
prior to foamdrying has the advantage of increased
I Spbegudit stbps df Yodae formation a6 rawovidgeslvent ta fret <éplid B as
i's due all the sanples starting the process from
&scg K$si cal condition of being frozen. The

pr eservation sanpl es may be wholly or partially

f
rIr% Srlgferred 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
preservation sanple at a tenperature below O C for a

SWd apbGegount of time to allow the sanpl e p@rEp2003012160
freeze. E’referably t he tenperature used is at or bel ow

-10C -15C -20C, -30C, -40C, -70 Cor -140 C
The sanpl e maybe left at a gﬁrrperature bel ow 0 C for
1 2, 3, 4, 5, 8, 16 or nore hours to allow freezing

occur. 30 For sone | es, partic
t hgie PEfesssER S the Inyention BEF ﬁ%ﬂ?%ﬁ@g?%ha%&%% i on
S o 0 2004050309  PTL EP200T 0
is preferable to
) chorpBallc sposiap 8F FEREe DY ACoRlpR: RPN AeL by
e OtadesdeR tHat dre Wil Rnovia to&hoss skifted i8 K2 € A ltchmtively, Gicheater
conpositions are preserved nore effg’ct [ veI

f riepelientgnieriensurfecerieenbiqvgd by the pontamer bAIg Hif §%Ha‘“ repelient
fr&%bﬁ? od.N liquid nitrogen. This method is
particularly beneficial for proteins or viral
particles. Freezing by evaporation also results in

r aﬂ{e bR DE B Frakdh fcgéllémt:' te?i%{:'mrﬁcc S th&EdRdiner Makes fobid

rvation sanp rozen o%/ subj ecti ng t he san‘pl e
tdommn gobre wfegswmchrgmmomgpr yeible m We dayyee golyol

whal, .L"é‘ B ﬁé%&’h an§ﬁ'§a!‘.h il in PRl cAs 0

carr reeze ryer apparatus, at a
S Hength bmwmwsw t@ﬂmme samplebreduces the, effpcat of Majlargreagtipns or

b SR LS piagii b o ppfip (ol e oD el e B
C pré@s/atign sfnples bbmprides 4 Sactine;theresulantsolid it recanstitutpdaguickly
TSl P Bl bl P s

thﬁsc&@ﬁﬂl&mﬁ.éﬁwﬁﬁmﬁﬁm&uﬁtﬁ reduced further to a
pressure equal to or below 2, 1, 0.5, 0.2, O.I|nbar.

This pressure is 15 maintained for at |least 5, 10, 20

OrDrhgithaltSPecting bt fdafogmtibhe i s whol Iy or partially

frozen. Subsequent steps of foam formation and

renoving solvent to forma solid are as described

aq@iﬁﬁmﬁﬁly 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 rative drving — b

The process of drying without freezing or foam formation involves subj ecting 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
foanrfornation are perforned at a constant
, preferably altering the pressur
con pg%grgs 25 In a further preferred enbodi WE%T’EPII?OWIZMD
steps of freezing the sanple within the freeze dryer,
foam formati on and sol vent re val to forma solid,
are performed at a constant~-tenperature, preferably
altering the pressure conditions. In . a furt .
e rAeRETVARM sa@rlr’P Teses sRlvsAt PYosYaPesation. Bt 6‘?%‘-““5‘3[? freczing or
t QBREARL H? SuCoRahiions 30 are different during the
steps of freezing the sanple, foam formati on and
solvent renoval to forma solid. WO 2004/ 039399
'fé?é%?a%g pieseH E&Qﬁ;ﬁé&m aPimbd)Be Hifferit froim that
ﬁﬂger u se ©

se cont ainers wwth a water repel |.ent

i mmmabro th@sarmvéeduemﬂ@ epdotheamicapgye pHAS EYPROEHSR PREESE-he
"ﬁe?ance@ b d Yo e dAMBHOR Kirkal EORP pbdrlation shifiple,

i NS Iconisation. Siliconisation is achieved

b)for mﬂmsme 2 hege industriabfrpezk Anwnismecd; tndbe tegperafuseiof the

o258kt oS ciissoniy e

vvater repel I ent corrposrtr on The presence of a water

| | ept i nd
¢ STaniie srpiGmpiesp T pEaGiR ipd BfEart bR siifle WSSy B0
Thieshodl dfmmw The bgesdure it Gednceticte t erdrelosn200ndBane pwimbly
th L
| Briyten B0 A tRaR 6 APp S ot b G AR ES e B
tmmmﬁJﬁﬁmmﬂf Mail |l ard reactions or other harnful

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

t hepreRfred baBddimehtiof tHeSmFeﬁﬁ&ﬂﬁ:hiebéH @dpdwmkiryrng Byredteing the
t he | ower anount of pol yol @. d the resg& %gh t or
v REssrurewWhide epntraHing éhqt fsll%\r’r’g PIERGYS A& ®

agBlohi Bt £5b0 q;}efeﬁmyw r19i RestWrdrsanly 1brse,ez 68} 408, 4 Grdlnibar,
formati A particularly preferred met hod of the

i mwhiln mabyiaining dieempenstipe seftingat 4 tAmperatuys abews 05 C, prsfegrblyof
S L |o RL 4 o ef I o 61 1ol rtbéboc 20 °C to
%?@’ i gqr 2 aulé'r ?gmgaeggﬁ?f)gég%(})%e@ swe
25°C; 25 °C to 30 °C; or 30 °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 aparticr.ﬂarly 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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t hat avoi ds exposure of IPV to freezing or foam
formation so that IPV is subjected to |ess stress
during the drying process and a hi gh degree of

ang i icity is retained. This nethod is partj

agi ?@ggﬁgﬁfor use where a | ower concentratiohgﬁhgﬁganme
glass 25 form ng polyol, for exanple at concentration
bel ow 10% (W v), nore prefergbly below 5% (wWvVv), is
advant ageous and a shorter drying tinme is preferred.
Loss of solvent by evaporation (evaporative drying -
step b) 30 The process of drying w thout freezing or

f oaRRef By Bk pR3ervition saRSle ShOUERI ifRezetdd oil fur fose n iaaT i
sanple to such pressure and %ﬁggﬁraturﬁ.c%pditions SO
t Haeses spivepisotoms iswys Yapde FFGIEIHG 31
preservation sanple | ooses sol vent by evaporation,

W thout the sanple freezing or. hubbling to forma

f Removingsolvenkie formahiehly viseqys liged b eser vat i on sanpl e
will, at tinmes, be different fromthat 5 external to
the sanple due to the endotherm c nature of the

e vA palisequenstage oftbe methofkef te dpyeation igval wrhsupeling whugriumt) the
t i1 : ; . d
¢ g:?es:éﬁgﬁ&f dafiipfe e @rfgﬁ+ a h%thcBﬁseﬁ:ﬁﬁd’ Rthd foai folRation an

ance, rge’industrial freeze dryer is
ugweferably without fegepieg.at ure of the shelf. This usually
corresponds to the freeze dryer tenperature setting..
10 Optionally a prelimnary step of degassing the
priaset embddimers afitht invesstiqny thisdmachieved by maieteining thsf presgure and
invention. T ressure i.s; . . F.
2B PP acror Bej e erbpribedbatE i ror
pdnitade,afie pressurdsinaintainied at erdbelvsf 1 oebelbe 30,255 3¢ preftrablyls,
reduced fuyrther A pre red enQadj | @[
i ﬂlpf’t@ﬁelyg’gﬂwégeﬂ?’ega%&%g ‘173 n&?g’i ng C@E@é e u@.tdr{% t he
Prigspathtire Whkihg atrahip@htuiei®otd 0 *CoprpRtalysidemeanlis i ts .
The pressure I's adjusted to at or Dbel ow 30,°§§2 %9,
prag°6r. 10y o510 0, 108640 1976 6 Ship g0 16; 23°C 1025 %6 25 T 4o
3, L 37 o W] ' L o of CNPREMIEIS-
se%O%Fﬁﬁr%qJ@%tgng}é\?g{aﬁtng g‘%@\%&gﬁg&.g?e@ér bl'y of
b ettoneFars, preferdbdy G ImBars, Hiodf pteferilily aSund 8mBais ¢s mhain@ined SorC

by et Bt foiip bl el T e e

qji?s&ire l:«lﬁﬁm%onl arefnairtainéd 1‘12352, %3,4,0, G,A;& ,10,?]16, .4 h@gs cg'(mms in
pretera [ [ et ween, -4, NOUr.S - ur -

P e o s s DG poeiaekigh A P vent R K gy B o 0 15
prief grefeRly 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 prefcrably 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,
8,7,6,5,4,3,2 or 1 mbar. These temperature and pressure conditions are
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enbodi nent, the pressure is maintai ned above 2nbars
where the tenperature setting is 15 Cin order to
prevent freezing of the sanple. In a preferred
qu%kﬁgggw the 25 tenperature is maintai ned a¢rd®oanizie
e pressure is set to between 5-10 nBars, nore
preferably 6-9nBars, nost preferably around 8 nBars.
Where a higher tenperature tting is used, slightly
| ower pressure is possible wthout freezing the

e aELr & £ ot Pt 10 T I Aot i kbt pButiatoig

t Gwif lessqhdn éreqaﬁxtdn 1Bpedfankipllg, 8, Hed,Gonadi t%oﬁss eipeodipent

mai ntai ned for a suffic riod

TS N Gt age Rl heat e A5t BRafeuicafR B didllndd 6 be

Ofcatr{eg oGEwipdegsfilly. appr oxi mat el y the same as that

external to the sanple. WD 20041039399

PCT/ EP2003/ 1112160 32 Preferably, the preservation

| S plefeneh l@Mb&Huﬁait o?‘ﬂﬁeﬂx%nﬁ@n ﬂe&hdcstlﬁpiessm settinmluna_ 'hlgelolvent
ooses _solvent to forma vi,scqus gui [

virereeab (sfap gy Iop lswmwge@%&éﬂ Bseﬁsﬁ?f Jﬁ?@?xs (step

Vip§ CiSalloWd HieboReRtHb RAM BB bargla Bt @ﬁckehatemem theafethdieof
i nvention involves renovi ng sol vent_ unt

t
prikssiavention ean bespppletedrin a shartsr el alspyf G@E’fdﬁgmmn of
' 'tﬂéﬂoﬁcm th ?8 Wst, PR RsaREd BHe ppiei2d gemﬂglstsa k! of belotw T B}

freezing I'n ‘one enbddi ment of the |nvent|on this

| prefonblEsed 3pporeirefemablyi2ad St hanqst peTAbl O3, 0.0, 0.1, 035,
t e t & t
e??%bé R b e ko A

| preferalily detivech £0 *@andBe °0n2afC and BETC3030 and 83 °Qor above
preferanyIS 12, npst preferably 10, 8

405 Fhes? {pmippraityg AP resanT a{%*&‘%'h?%f?ﬁgr%@u“ .68,

S €ibt 1% lﬁthoﬁ'rs B?ﬁgfer 1§Bi'ﬂ'e?t093?;%?a Ebl@mﬂf Hdobleatidontedt less than or

betWween *C,.10 Cto 15 C,, 1
Cequpl golicu.zmef@abla 1958 é, 4 2752 or i% (wg@) refergply gg detepginegby
G, L 1 Bioph &S (XD0Ps0;
SKEESJ ﬁ?llscgﬂ%rﬁlrg?&r a gh%l%?isur jrsnl))%mbr teo?er abl% P
a2eltAd)8nBars is naintalned for between 4-24 hours,
preferably 1-4, 4-8, 8-12 or 12-16 hours. These

tenperature and 20 pressure conditions are nmaintained
f Breférablg, steps bands) sigouldhe cobypletel in ngintecngral topr Jopsthar 1§

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 135,
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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order to obtain a highly viscous liquid with a sol vent
content |less than or equal to 15, 12, preferably 10,

8, 5 4, 3, 2 or 1 %(ww. Another enbodi nent of the

| QMERbd/RBob NCr eases the tenperature setting dp¢i/BBkoosio12160
solvent 25 renoval to a higher tenperature setting

than that maintained earlier in the process. This

all ows the solvent to | eave %{pe sanmpl e at a qui cker

rate so that the nmethod of the invention can be

conpleted.in a shorter time.  For. ipsiapnce.obd -15% _
© e Pigfered g o spivent o s B 306 S10K & 10152 (wiw)
prigk eigab) m?joabsﬁ@i&ﬁhs@, sufﬁ‘cﬁgﬂy ol splveet m@ntj @cicthahiye agive
C, 5 Cand 10 *C,_ 10 C_and. 20 _C n , 0 ;
BB SIS Tprvsd ea Sobla A A et aeo3f of 2 DR o °C Bidyine
5 QndactivOSdeaPloGtsinablelist 26, 50, 60) Preflaily WhiB0p90 oreisei afiitsi ng
the pressure at or below 30, .25, 20, p egie abl 151i d has
1 2ctivityondier atigenipttyovepthis ggriog. P ,fers?ly’zf,[le g "bs?é‘"? au

. ” PTGy SIoWa dvep B perirden D01,
g%%&}’% 593 éﬁ%éﬁ%%%%ﬁg%gf Ay ntgid%med fg{y #ngw

3,01 § das, mere [geferrbly 112, 3, 456,01 o 13rmepshse Thiexireme

ot g b6 Vi i i usli¥gnid and
oI Bl By igVhcifle 4 RS Xhnia FEIMANIES Whieouslifnid an
r depvinges raohetemperates untibthe highlysdschusliquid isiebeerved tp fgw. Ina

t . .
| REERRgE b 505 Moo B o [ e e, 4 on
| ey piofitalrt LRS! w vk, prcrs prefezable?. 4 i, A0 eT Hymewhy B

r enpva tep c) to a |l ower pressure setting than that
uérév(fnéﬁsﬁoﬁl'i n the process (step b). This allows the

solvent to |l eave the sanple at a quicker rate so that

the pet hqd .Qf he, i nvent i o n_be conpl '

Srbres bl s 4ong) gl ol B prE IR ity rengval
1Gné &R of Hhithithe Qo df@agcr?t Ewb;’em rgtmom ﬂ}etsmgrr Hsis peiat can
setting is set tQ at or bel ow , refer

3 besmsopnipridatuan by e Sfevporgion uys g b g fmrart of
0.t5o safhpie refienk to tHe-altbient tefipBrdturdasile endbthemio biftxa nf bulk

whil e naintaining the tenperature at or above 0 C,
pEEIROFAI9N S 198t wveen 10 C and 20 C; 20 C and 30 C, 30 C

and 35 C or above 40 C. These tenperature and pressure
conditions are maintained for 1, 2, 3, 4, 5,

) 6,.8,..,15
10\ foamed glagseis p dripdcompopiiipr containipgia Blass,fopping palyal Bhich
Wi | %)Hdvg]&% is fib§aled t@subh terdpirature
prfé’{aleerﬁgg?)?y , 8, 5‘?&%})&%,&%&%&%{8&\// V\i;@ IE) r ef ?ar algl l-as.
d end pressueaicopditions that the sample bubbles vigorously or boils so that a foam 1s

formed as the sample dries.

All references or patent applications cited within this patent specification are

incorporated by reference herein.
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Karl Fi scher coul onetric noisture analyser (Eur. J.
Pharm Bi opharm (2000) 50; 277-284). 20 Preferably,
steps b) and c) should be conpleted in a tine equal to
0 han 18 hours, nore preferably 16, 1
n&é‘i%ﬁ‘@%g?abl y 10, 8, 6 or 4 hours. A dried fertbamsnizic
conposition is a conposition fromwhich solvent has

been renoved by evaporation,_boiling, or sublimtion

| eavi ng a sol vent content | ed¥ than or equal to 15,

25 12, 10, nore preferably 8, 5, 4, 3, 2 or 1% (wWw |,
prExampbes; as determined by the Karl Fischer method.
Preferred ranges of solvent content are 1-3% 3-5%
5-10% or 10-15% (ww). The term i ncl udes highly

Vi Beeismplegbilsls arsaitiel buasingrstandard ¢cahwiguay] wisich arg vl known

| yophi | i sed,soli .30 A highly.viscous. | QU : :
P RS Oal SRR th Ayt s SRR G f dotil. The
I ed¥RMERs are YIRWADQ[ Bitido RoMinihthe inventidr. ng, | eaving a

sol vent content |less than or equal to 15, 12, 10,
preferably 8, 5, 4, 3, 2 or 1% (ww, preferably as

d et Bimif1 e £.AE Papoiritbvel fféezing ip¥odesy WO 2004/ 139399
PCT/ EP2003/ 012160 34 nethod. Preferred ranges of

sol vent content are 1-3% 3-5% 5-10% or 10-15% (wW w) .
ThhebrtBdsvasicaeiol dut dsﬂa%iatiielﬁﬁbrﬁriﬁiéfr BigsifReid-JrybiGwwhich shelf
t

sol vént content such that the active agent is
priemperatarg may he regulstedtogyithine] 76 thy fingl¢eraporauys of he pondgpser
24 mpnths_at 4. ' H\g] Clo Sl Bl
at’®T a?th’ pﬁfur%fige%’g%t pre %lrﬂa y %O&héghé}%g%ulp ieggf%) of ©
i tt6 nfzashed the ptoduatnemmaratanat | geni city over this period.
Preferably, the highly viscous liquid has a solid
appearance but is a glass and is able to flow very

s| pleyer@itioh s@mple wWadthadd byladdihg a seabilingagent (¢ither10% trehalose
preferably 1, 2, 3,.4, 6, 7, 10 or 12.nogths, Th .

e POV PLAR A A 5cin A SCISRRR. PHIPY YRS P

I QEERERS iRk ANl Mempdauiti rgdihtiinkd SCHfsed températurerseiting of
| eaving at roomtenperature until the highl gq#do%fsous d

| i 1§ Cathranghons diomseress, The prassurevag inigatly reduced ar an
enhadbiE i ' inviles 6% rbftitgdhdhredsurtrtidp Nenr
tomﬁﬁ%l\jn\/a{]a ttﬂg%lkgflt}b%irﬁ%m\idays, prefergg%% 2, 3 or 4
welefuBar the solytiaat begapity freeze due i evaporatiye 6poling agshvsinfigure
a il

£ e ThE by BB e 0 O1ARGT Al BuploCe vebithe iy
atfrozd&b Thépressuck wis théri intreashé torheweren t0,8mBar god §.5mBangigvhich

b %(enrr]lt :la, ?osagn orm z}sr%?atesr%v Ho%t ﬁ'c-m itl’?e dgﬂlbﬂ:t U84 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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be recogni sed because the rate of evaporation slows

down so that the tenperature of the sanple returns to
the anbient tenperature as the endotherm c effect of

byl 20054 RRRr ation is lost. 20 A foaned gl ass pgrRproose1zie
dried conposition containing a glass form ng poryof,
which is formed by a nethod wherein the preservation
sanple is subjected to such &gnperature and pressure
conditions that the sanple bdbbles vigorously or boils
so that a foamis forned as the sanple dries. 25 Al
references or patent applications cited within this
Pai@sihpie BE BsiablAioé offreezing oadponat ed by reference
herei n. WD 2004/ 039399 PCT/ EP2003/ 012160 35 Exanples
The exanpl es bel ow are carried our using standard

t eGhisURse mabé G dido R ubrolidiawter &give 0%, 5%£10% aid 12026

of skKill in the art, except where ot he m%se descri be ined
| nscleion |Samyles wers puk aiepibe Seaze Aryer PiRS £ LRTT GEPETBREC BED

NOJy 1lsioflyirod idut Y q‘_:ﬁgésg.nf'he EXRERE FaslinithV? P&uddd & 200mBar and

freezing process rocéss was carried out using a

HetnainBingdatthisrled! 85 16 mintes-befopereduging/he presseiuptherto

) o vt b ) .
B
r elgwd] atag thainittidedfols Oaeiiutes to/dlowrthe ©@mperahnetocgpilibrtegnd the

avai |l abl e measur r Qg e

o BiopfOnf of e RRELN G bl Rl kool were
aggathedes sdneleshitth differknt sosrese cbbcentrations Ynd the tageyatums
an acrhi v.e e{]t to an .a u?%s,t sol ytion. Sanples were
putes n@gee ‘FFE?Q%V‘HP%@ ?Iﬁpeé&g'ﬁ%lf t enper at ur e
mai ntai ned at a fixed tenperature setting of 15 C

t hroughout the process. The pressure was initially
re@@&gﬁj to 200nBar and maintained at this level for

10A i1 eSidae hetwRer £66!8nd 101 trilard) irfSSettiOe bLthé bicentiition of
1.5nmBar, the solutions began to freeze due to

e VAPOFERTESFRL. g‘g@remﬁraggeweqi at dpﬁt'@mt@refe\ris WEfR Xery close to
PrfiS\Preiceed foth Eﬂ%@{ipllﬁ P%Fﬁﬂvé. ThétefbPeRBE preSendb bPyicids€does not
u

sanpl és to becone frozen. The pressure was then
i rRppeas sckpve @ lasee effeshomths femperaire obths sasaples:t differen, pressurcs.
point a foamforned as water was | ost fromthe sanple.
Under the conditions of 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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experinment, no boiling was seen in a control sanple

containing only water. The sanples may be | oosing

wat er t hrough evaporation rather than through boiling.

A ogoga;gg hours under these conditions, thepspRPlofSo12160

are dried and the foanmed solution becones a ?oaned

glass. A simlar process was successfully perforned

keepi ng the shel f terrperatur(re1 at other tenperature

settings up to 37 C WD 2004 639399 PCT/ EP2003/ 012160

36 _Exanpl e 2. Establishnment of freezing conditions

Sa%ﬁ%% were made by dissol ving sucrose in water to

Oi piBssind D7) MEREaANncmpifare SDhaskdtioaldemistanuees| Liguid/fipaen

into the freeze dryer with shel ftenperaturie: 3
108PmBaed | B1°A5 C throughput the process. Higui

p e vvabgg'tidiiy redured 10 200mBar - and Jiquid
I'ntal ned a% this level for 10 m nutes beforie

eshhRarng theipressure furthereco 50nBars, Snfauid
SnBars_Ql 75 c_and N 2nRarc A

o

\)q

=TT I,

ank
238BIe | bveC was mai nt ai EdG or 20 m nut ed ) | ow
'U‘?ﬁ eTal ghesto equi T OrpLgeand The 10 T enedzea ur e
0

O

~—+

0 e sanp| € wdas read using a thernocouple.
ThessiBaoupl Eg2wer e att acheg-2r6Csanpl es wi t h |didzeer ent
ucr.ose concentrations—and-t-hetenperatdres—ecorded

¥

D2mBre 1 p2d *Rean val ues pB2fFe tenper at ur d

esutts—15 AH—sanptesfrozebetween 1. 66 and
1. 11nbars, irrespective of the concentration of
sucrose present. The tenperatures neasured at
di fferent pressures were very close to those

P r]fﬂinﬁflg g ?Bsﬁﬂfn REnditibkY 6 BRIPIEs With UiferdliSugdr0dof cénintions

preserice of sucfose does not appear to have a large
effect on the tenperature of the sanples at different

P[ﬁés%Waﬁs‘n saég:rl%/s Q?lgta%gngifog/g,?@g 16%! hag Z?Jf%h HB8, dnh SO duSidse

I's neces réezi hg of the sanple. This
Cc owtirelmiade. Sainpley weiretpyt intd the eeredgyer with pshelStemperaiies)

¢ armeniap a8 Brppn B ERERR, e oyt v oty Wlead o

hizobgbark avEhaintiirie asthisdevebfor a0 hiigherbeforepdnaingithe preselird

e e o2 U e duced 4 ot o 16 ol s f Bhome
fully frozen. The pressure was then increased to either 0.788mbars, 0.8 12mbars 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.

Resulis

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.
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Measured tenperature Theoretical tenperature

Li qui d/ frozen 1000mBar 15 C liquid 50mBar 15 C

'\%i(ﬂ-ﬁ/@;ﬁﬁ@r 1C1lCliquid 2. 5nBar -5 C -7 Fch!lsﬂitihﬁmmo
mBar -21 C -21 C frozen O0.4nBar -22 C -27

frozen 0.2nBar -27 C -32 C frozen 5 Exanple 3.

Foam ng conditions for sanpl § with different sugar

concentrations Preservation~ sanpl es containing 0%

5% 10% 15% 20% 25% and 50% sucrose were nmde.

Sanmpl es were put into the freeze dryer with a shelf

temagéature nmaintained at 15 C throughout the

pPFecess—Fhe—pressure was—h-tpd teer

2DBWERFS and i nt ai [WARCEEC t hi s Pb‘(yf ‘iaf‘l" aelegt csnut es
bER GhBark €AUCI Ng The [ppgessure T | #istibaned, THeviseowsligmic
hs further reduced to O lnbars’

n3fsbase fully frdZn. The pr¢d@dpamethd/ ivirenus liqu
En%lga}gu to—erther (&7 88mhars, | §sGane’ S or

ars in subsequent experinepi These conditiaons
20.812mhiant ai ned for [F hours for Ringof3nsiaflisptiongng bubbles
S2ahat-s exXpet —rents—and—for—6i for—tTe 0. 788
ogggnﬁ?ﬁexperl nent . 1?he physi ¢ 1@?%@?2{1& eristics of
hoR1ZwbaY € were evalldated. Re ;JAJlltfsame;i shown in table

Bressure--6+3 5rrbu.g, a+-hi rose
D_Prm%mn of 50%%%20 was reqétur ?da reliable
Of WAk 01 1 oam [T[pscontrast, | allfemesd pressure of
8nhars allowed rdgliable fnamL@J—ual—i—en—ax—.-lW
@ 788mbagsoncent rat i difs of 10- 259Ringpf cstallisgtion pbbles
oTCEentTatT "ZbOCOUi U be aadYABEALEOUS T Of
e

rg'serve sanples td used ip vaccines for
@.788uttars Ther ef or e {@5pr ocess u$Alifoam@hbars and a

0. 2006 cHer6S £ £ . VDTN
sSteroese—cont —t+S—pt=ei U4 US5959Y
97853855 012160 | > Foan and Syrdp
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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 howrs. During
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38 Table 2 Pressure %sucrose Physical characteristics
3.5nmbars 20 4/5 foaned, 1/5 viscous liquid 3.5nbars

25 2/5 foaned, 3/5 viscous liquid 3.5nbars 50 5/5

f 2nmbars 5 Ring of crystallisation a

bub eé"% .812nbars 10 All foaned 0.812nbars f:{kgrf%zrmsmumo
foanmed 0.812nbars 20 Al foanmed O0.812nbars 25 All
foamed 0. 788nbars 5 Ri ng of ystal lisation and

bubbl es 0.788nbars 20 Al foamed 0. 788nbars 25 Al
foamed.  0.788nbars 50 Foam and syru Exa

efhispariogsthe prepryrasfell o bmoharE 35 ihy BIPSHEPE ﬁ%\‘aées?g%’g'{ ﬁ‘?‘fﬁ‘;rag&‘
S eHPpRRicaHamkidliftis 6P6ac Sitapld witeanaludedo sucr ose were
made and added to vials, sone of which were
siliconized. In one experinent, sanples were put 10

i iishe freeze dryer with a shelf tenperature

nmal ntai ned at 15 C throughout the process. The

pressure was initially reduced 200 ) :

Sl Hion haf 2 st PAE ACERE ol oe RS apg o of _

I pRikGd @ 20bbats RSSikiien Bépatsiy of stifiplepinailivutieedrzals but not in
further reduced to 2.8nbars

ner, ! for.3 rs. ring this
ERFiprioed wesr Dessiing 18P &y OBASIE Szl
presence of water vapour decreased. The physica

characteristics of each sanple were 15 | yated. I,n
aTheglisrnisaligneef theviel 2lspdiide deam RrRatRR M fiely fodeptang dnore
d thduﬁ%%{ltatﬁhesﬁ%iﬁcon}s%%f@hﬂgQlo%'fé&lﬁfoﬁﬁﬁﬁcﬂltto 3dkr

t hroug e process. The pressure was initiall
r epusdblyst RoGrbelyel capesnivetions.aTrlgwat Palypl SonceyEqtiop o

19413 0ul 4G URPime B8 HiFroditis Bioeiroctoe

p?%%%%%%ﬁiﬁg 3?ﬁﬁé§ reddced t o %&%ﬁbars for 3, hours.

Divfailtegd reactions or other interactions with the polyol harming the active agent.
Where the sample involved is a vaccine, this reduces the viscosity of the sample and

allows easier administration.
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pressure fell to 1.06nbars as the presence of water
vapour decreased. The physical characteristics of
edd0086046 Were evaluated. Results 5 Silicopigpbie@doizieo
had an effect on the degassing of the sanples. The
reduction of pressure to 200nbars resulted in
degassing of sanples in sili Q@ni zed vials but not in
unsiliconi zed vials. Degassing was seen by bubbling of
t mple. 10 The siliconisation of the vial also
n'gﬁé’fgrajaamfornation nore likely to occur _and nore
rlermgdtirbhdl ({abhrrddd . Si | Clerdcsenisiisn off Chambisrigtick ows
floam formation|to occur reproducibly a ol
c|ReEWer ati ons.| The | ower p W%ﬂﬁ&’ﬁﬁr @éﬁ{wéﬁ%ﬁ

eGreaEgabLe 1[8npth of tinevResese@y tq dry the
anp e and reduces the effelct of Miilland reacti-ons—

r156€ /&8mbans ercldﬂ%ons wi th tWéc%léﬂb‘@I har r‘f‘i’Wdt he

L;LI (o4 3 § \IICIC e volved T35 a

v ¢;%€'H'fqﬁ?s reaﬁ’ces t he vrglg%bsll:g{]h{&of t he sanpl e and
AT {5005 GAGIET 4d8¥NI strati onvls&wsaﬁm/ 039399
ACT/ EP20031012160 40 Tablle .3 Tenperatude and % ——

ucrose Char act eri sti CS Ch‘Ikr acteristics |pressure

TRART B o LR, T

(7))

Q

w

(=)

\
15 at o Vi-seots—f 70
\lgcg’:?s‘ﬁ?"? 396 2. 4nbars%%10‘?ls§8w sco 1“3};&&){
freoared °7P Fbagrs—3-60%6A scots—H ul 5 |ua||cu T
viX s "FIPE’H d. 15’% Aﬂf aed

37°C, 2.4mbars 25% All foamed

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 selution.

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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WD 2004/ 039399
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MbBitdraking thel foare sy teeimiqub odnpwh@answstconwm freqzp drying.
instance 5 by ELI SA or Western
bl otting. The degree of protection is assessed in a

pol ysacchari des,

cimableange

for
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sucrose or trehal ose as the polyol,

Resul ts

10 Using either
the antigenicity

¢ STt ar CLC] usSTT1Tg lll f [T Ilﬁg;cy
tE@%ﬁ?ﬁﬁgk%%%pared 180 Uanﬁ%onventlon L??%eggg ’
drying. Table 4 Me{hod of drying Pol ybPolyaenabnt Nonoclsnal
-| FretR@drding/ 3 % 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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Pol ycl onal Mnocl onal 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%trehal ose 47/ 43/ 58 Foam

dryd dadeet rehal ose 93/86/84 72/75/87 15 * ;??Epmmymzmo
experinment freeze drying in the presence of 3 d

sucrose was repeated five tines and the results shown
are fromone representative ? periment. 20 Exanple 6.
Protective effect of freeze drying IPV in the presence

sacch Pres r
é?gﬁ a|n|qguggfg/asucggéghg%g“éggghﬁ§mﬁﬁ$x ure
of reteﬁk{orﬂcsfdmh’gémqmloi grdvbapoldetms sthuinss Thiek 6 nwémr@l antibodies,

iy el SRt R e B B K

4 OreheptidrSin il ﬂemﬁtuh:ﬁ, fegend drivdaample yomparad toh refekamee dinple that

hour.s. 004/ 99 PCT/ EP2003/ 012160 .42 The .
sams‘wegb%ffe 8 F’t‘&t“é@l?‘fﬁw miagecfihe %ﬁ‘tﬁ%ﬁ\ﬂmf“a

UsQehpleOvlasisadmot iklerdofié @8 tieest d@¥ingbr foadrying procddutcne
three polio virus strains. Three nonocl onal

anti bodi es, one against each strain, were used in
sepaid © ELI SAs to assess the degree of antigen
retention in the reconstituted, freeze dried sanp

c opshowa i @bls 5y the presence oS Hihgrolysaqeharids in the meswswample
f romeiby, Basy e?fe?enﬁ&r?éﬁ?V‘%ﬂhée%s BRASF L8 g@huﬁd@e

readi ng give e which had not under gone
ety loshendPY g iseaoidieh lans, Tho i bRIEERbeTOcsRENEA ¢
chﬁ sac ég‘{éf; %fglqlbﬁ a?ﬁ% pr ggﬁervatl S%Q%g%ph%vedb%hawn oo
I Hiwsent@daﬁtab@lﬁmatamtret ention of IPV antigens after
freeze drying than that achieved when | PV was freeze
dried alone. The H b pol ysacchari des have a

prEblSvi ng effect on PV antigenicity in addition to
that achi eved by having sucrose present as a
stabilising agent. 15 Table 5

Composition freeze dried | Polyol content ELISA — type 1223 %
PV 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 Iactose;
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 cyvle in a batch freeze dryer. '
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Conposition freeze dried Polyol content ELISA-type
1/29%8 % ]PV 3.15% sucrose 26/25/0 | PV-Fhb 3.15%
sucrose 52/68/0 20 Exanple 7. Effect of different
S agents on freeze drying IPV-H b

P&@gg{vatﬁgns sanpl es were made cont ai ni ng IPVLFFBﬂmymzm"
using either 3.15% sucrose; 2.5%sorbitol, 0.8%

gl utam ne and 0.01% HSA;, M 4 stabiliser and | act ose;
3% gl yci ne, 2% argi ni ne and /6sucrose; or 4% sucrose

and 2% gl ycine as stabjlisin nt. The e hpent
@aa%es"awgramfp@ﬂwt?‘}ﬂﬂé"ai?s@f?‘% RBA s wpd g RE e
tion'o¥ hﬂtgge Hpbené hﬁeegﬁﬁs Qithd :ﬂiair@m‘tﬁée paByéldriabantibbdies
sa es were reeze dri

usi ng \zentl géukhree
da;ad tm@evz@qgloymﬁ@neygwt Far‘?hétfﬁﬁt‘{‘f‘ﬁe f'? é‘l%eP
2 $2tHe Qead foraqalnpte wisiciehad not
r%gﬁgs%?e? te \}E\gter aggd an eEL&%fTWaS used to assess
t odergaiede ﬁmedrmr.fga@hﬁmnswrw ¥He three polio
virus strains. Three polyclonal antibodies and three
nmonocl onal s, one agai nst each strain, were used.in 1
S Tha peeserv el safies arerassasser Sordheir isppunogenigity 8 viyo by inoculating
per cent vnﬁfboaq fbﬁ:o\ﬂmomhb afce
n&tOEs § ﬁ%@?‘gon&eﬁfﬁg? esggjggj ryi ng or foam dryin
prand mma—mgnmmmmmma amﬂéémwb@gb@wwq% for instance

t hei enl l:

¢ O B E eR bube ge fhatth ey BORH At SRS
blngsade fb@¢h t he m ce and nonitoring | evels of

anti bodi es against |IPV and H b pol ysacchari des, for

i nstance 10 by ELISA or Western blotting. The degree
ofRepil@t ection is assessed in a challenge nouse nodel.
Results 15 Increasing the dose of PV from 40/ 8/ 32
DU/ dose to 80/ 16/ 64 DU dose led to an increase in

I h@Bsin@Ahddosa bf IPYeRém 40/8/32 DU/Adseas 86/h6/ G DiLiidase ddo 6n

Vi t th t abi | t fl
! ancsrrer Brroismtion AT egReH PRI RAIET B LLpDe s, il F e
s@% F&R (s ﬁf&ﬁﬂe@ Eﬁéﬁhﬂﬁb@aﬂi@%&ﬂ& 43% @drhrosdﬁj/o glycine

2 @nd 2. 5% sorbel{]otlll()%[’/]f: glumgrlgebog(ﬁc’]/f HAaSSprg hxgixer re entlon oit 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 55112172 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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Table 6 Stabilising agent Pol yclonal ELISA results

Monocl onal ELISA results 3.15% sucrose 50/ 50/ 70

25/ 0/ 0 2.5% sorbitol 55/72/72 33/50/0 O. 8% gl ut am ne
0.v0d YooliidsyMR st abi | i ser 59/62/ 65 28/ 25/0 9&?[?92003/012160
3. 15% sucrose 84/92/120 102/ 138/ 0 Doubl e dose 0

| PV-H b WD 20041039399 PCT/ EP2003/ 012160 44 3%

gl ycine 2% argi ni ne 4% sucrgge 4% sucrose 46/ 62/ 78
25/50/ 15 2% gl yC| ne Exanpl e 8. Reprodum b| ity of

6>’I o goaty—af-tefr—f+reeze—dryrag—fopmdryrng—5"0t
i

Prng with a fireezing step. Presprvation sanples
r®; aRienaip conpri siing | PV, nunps, neasles, rubella,
a‘g/ Lcella zoster vilrus, CW, hepatitipg, HSVI, HSV2,
pPYS6ry syncitial virus, dengue, ar anyxovi ri dae
uph swtiospar ai nf I uenzag/gbggavi ri dae and} 29150/1Lnza
iruses, and/or H bjl0 as the active agent. The active
g'%/hBYF‘§°d| ssol ved ifln an aqueous sol utjon containing a
polryol- MIlTiple sanpl es are preserved by elther
freeze drying, foamdrying using a freezing step
followi ng the protocol described in exanple 1, or foam
drying without a freezing step using a protocol
d d%xani;iteﬂi Represucipility of sa®pleyjudityoafeer freepndnying, foagn drying
ous t their activity assessed. This
|s°r§?:c nﬂlf'gﬁﬁé%ufg‘foe%& SA 15 assays as described in
exanpl e 5 using antibodi es specific to native

o T oS Ain ePeled e iR PeRemea i V) R ook st Varcela

| Zbstedvirus, CMV, hepatitis, HSV1, HSV2, respiratory syncitial virus, dengue,
paramyxoviridae such as parainfluenza, tngaviridae 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

-m

S
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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 plague 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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ect suita ost cells and assessing
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



the infectivity by plaque formation or by
i mmunocytochem stry. Results are 20 conplied, first by
conparing the activity of the active agent after
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of antigen retention when used to dry IPV.

25
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

30  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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20 antibod ing without foaming or freezin
Formulation 1¥ experiment 2™ experiment 3% experiment
(18 hour cycle) (18 hour cycle) (12 hour cycle)
10% sucrose 75% 78% 91%
10% trehalose 82% 7% 93%

25

These levels of type 3 [PV 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 .




15 The dried sanples had a solid appearance however
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e Yo Rssels tAé RtenBY 6F ddfifhidity oF Gieakret Polfd +iulsirdias. Three
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 reconstitated 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 BLISA Type 3 ELISA
Dried/reconstituted 72% 5% 38%
Not stored |

'} Dried/reconstituted 70% 94% 90%
9 months 4 °C
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15 assess the degree of antigen retention in the
reconstituted stored sanple. A simlar ELISA had been
carried out on reconstituted sanples fromthe sane

b shodsbh to storage. Al results were conpargphobsiizico
a reference sanple that had not been dried. Results
are presented as a percentage of the reading given for
a sanpl e whi ch had not unde&gone a dryi ng procedure.
20 Results Table 9. Retention of IPV antigens after
storage as a highly viscous liquid for 9 nonths 25
Treatment Type 1 ELI SA Type 2 ELI SA Type 3 ELISA

Dr 106612 39V Swihiidh\Ha6 Beeh Aed 594h8 @4thoklalescsibed mdExample 11 can be

DigioRé o 800151t 1okt Sniifio WilfbuDRE6 ofmtigntchis. 4 C WO
2004/ 039399 PCT/ EP2003/ 012160 49 Therefore | PV which

has been dried by the nmethod descrjbed i gx | e .11t
c &xample 13 Goraparison of theripymunogecity ingivp bR mg o
| Gexm ahighix viseons Hpwig and resonpiifution gorpasd o uy e

I mmunogenicity in to of |PV after_drying to orm
hiGypupg of i1 & Wstar mﬁsm@nawépt?de%mm%&mﬁ%%ﬁ &rf’g‘&cﬁa@d
uibeen dritd P preseRspof H1% SToRp 89 formiade Y BReous Ha u{;ﬁ%ﬁw
wintethodasisolpse! idi Examipintp asfl reconstifpted Furibey exypel H PERETTHE

t nerepinesdatesbwitli refgencs sammiescofIBV pdvigh bad heeprgpapedsin
| racpyibult wisicinbadtiegbaed died.-hod di scl osed in Exanple 10 and
reconstituted. Further groups of 10 Wstar rats. were
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Table 10. Inmunogenicity of IPV after drying to form a high viscosity liguid
(JLE017/05) and reconstitution compared to an undried reference IPV (JLEQ97}

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 2 293

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.



| PV dilution, b) the ED50 which is the dose that is
required to ensure that 50% of the rats seroconvert

as assessed by the i mmunoprecipitation assay and c)

t Ko so8k/adosode 20 potency of the dried and recopgi-;ﬁ.%ggﬂmm
| PV conpared to the undried reference | PV. Table 10.

| mmunogenicity of IPV after drying to forma high
viscosity liquid (AM 17/05) nd reconstitution

conpared to an undried reference | PV (JLEO97) 25
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15 r ctyphplese ab stabilisipgmgention the abilitysof IRy eliciean cj ted t he 5
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Groups of 10 Wistar rats were inoculated with IPV which had been dried in the
presence of cither 10% sucrose or 10% trehalose as described in Example 2, and then

20  reconstituted, Further groups of 10 Wistar rats were inoculated with an equivalent
amount of IPV that had not been dried, as reference samples.

Afler 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
25  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.

30 Resulis 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)

Je017 10% trehalose | 0.95/0.82/1.05 nd

31CO3/01 | 10% sucrose | 0.69/1.207 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

35
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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stabilising agent with approximtely 5% humdity

remai ni ng conpared to WO 2004/ 039399 PCT/ EP2003/ 012160
51 approxi mately 10% when trehal ose was used as the
stabilising agent nmeasured by the Karl Fischer

met hod. Both sucrose and trehal ose were effective at
stabilising I PV during the é?yi ng process 5 so that
the reconstituted | PV gave rel ative potency readi ngs
approaching 1.0 for nost of the different types of
polio virus. The relative potencies were particularly

Ciaiow dsoamengded 3 polio virus which | ooses its
i mmunogenicity relatively easi I;. Exanpl e 15: .

1 VAsimnaunagenisfcompeisition womprigiag| IPY; 8 basterialpplysascharide or
3RaBRcEFRer i o el ac S B ol 3R o Uirct Bposon, which
o afterregopstitiation, iscapablecof geparaling andemunejesporsg against polio
Tgﬁuéanpl e was flushed with nitrogen gas and then
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2 ThR itnwpapéil FORUBGHGT bErERT P 83inbliag 3XAREU3) Bllytddharide or
s bligusaceharigeaptigen fratm Haemophilys dnfluspzae b (Hib)
conposition, which after reconstitution, is capable
of generating an i nmune response agai nst polio virus.
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i mmunogeni ¢ conposition of claiml or 2 wherein the
‘ har i d i e . ¢
4. o Eb B comeo SarE i bR heiiePRiidest °
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is conjugated to tetanus toxoid. 5. The i munogenic
conposition of claim2-4 wherein the polysaccharide or

5. OThegismusdyenicieompositibhafleiaim @4 ehereinitive polysacobaride: ar.
oligosaccharide is adsorbed onto aluminium phosphate.

* 6." The immunogenic composition of claim*1-5' comprisinga capsular polysaccharide-or -~ - -

oligosaccharide derived from N. meningitidis C.

7. The immunogenic composition of claim 1-6 additionally comprising a capsular
polysaccharide or oligosaccharide derived from any of N. meningitidis A, Y or W or
combination thereof.

8. The immunogenic composition of claim 6-7 wherein the meningococcal
- polysaccharides’or oligosaccharides are conjugated to a casrier protein.
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dri ed conposition is a foaned glass. 14. The
I mmunogeni ¢ conposition of clainms 1-11 wherein the
12]The immanpgeniic compositian ohdlaiiv 117 iwheseis the duedicompositiereis freeze
i ﬂogenic conposition of claim 14 wherein the highly
vPd%%us liquid has not been frozen. 16. A nethod of
maki ng a vacci ne conprising the step of reconstituting
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ghly viscous liquid.
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15. The immunogenic composition of claim 14 wherein the highly viscous liquid has not

been frozen.

16.A method of making a vaccine comprising the step of reconstituting the
immunogenic composition of claims 1-15 in an aqueous solution.

17. The method of claim 16 wherein the aqueous solution comprises Diphtheria toxoid,
Tetanus toxoid and Pertussis antigens (acellular or whole cell).

18. The method of claim 17 where the DTP vaccine is at least in part adjuvanted with

aluminium hydroxide.



54 19. The nethod of claim17 or 18 wherein the
aqueous solution conprises Hepatitis B surface
antigen. 20.A kit conprising the immunogenic
conposition of clainms 1-15 in one container and
l'iquid DTP (acellular or whole cell) vaccine in a
second container. 21.The kit of claim20 further
conprising Hepatitis B surfagge antigen in the second
contai ner. 22. A vaccine conprising the inmunogenic
conpositions of clainms 1-15. 23. The vaccine of claim
22 which is reconstituted into an aqueous sol ution . )
1PThe mdtRod 6Eclain? 7 ér t®Whareit thevadueoas salution capptisasiitepatitis 8
internal surface containing the vaccine of claim
2surfage 3nig8Nnet hod of preserving a conposition
conprising | PV, a bacterial polysaccharide or
ol i gosacchari de and a stabilising agent copptisin
20.Adit comagisingithe IFMUPaGAINF RO B Gaims i 15 i G Cappainer and
SkEURE B P \@cBllutal orsitord B8ll) VBXciAGTh & dessiecomthiner.
po ysaccharlag or oligosaccharide in a solution of a
stabilising agent; b) subjecting the preservation
SEHQ RR&SoM ﬁgﬁquﬂﬁ@ $Sslirace @ntigén inthe second
21f atkggfggﬁ#qggmlost freﬂnt e preservation sgnple ;
aerhtemer.enovi ng sol vent until.the preservation sanple
dries to forma solid or highly viscous liquid in
whi ch the antigenicity of IPVis retained. 26, The
220h vaceine tomptising the imraunagenigrompasiions of tigims Adst e i s
dried in a container wth a water repellent interior
surface. 55 27. The nmethod of claim25 or 26 erein
23t The yaosiner of claioy22whih és reepnstituted dnto @naqyeoys, slption prgy to use.
step b). 28. The nethod of claim27; wherein the
sanple is at least partially frozen before .commencing. .
24t A eouliairien with aovaler repetientintermal sudace sortaining the vagrine ot claim
the preservation sanple becones at least partially
froZzen during step b). 30. The nethod of claim25
wherein, during step b) the preservation sanple is

25.A method of preserving a composition comprising IPV, a bacterial polysaccharide or

oligosaccharide and a stabilising agent comprisingthestepsof........ . ... .. -

a) preparing a preservation sample by suspending or dissolving IPV and a bacterial
polysaccharide or oligosaccharide 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
c) removing solvent until the preservation sample dries to form a solid or highly

viscous liquid in which the aﬁﬂgenicity of IPV is retained.

' 26.The method of glaim 25 wherein the preservation sample is dried in a container
with a water repellent interior surface.



subj ected to such tenperature and pressure conditions
so that the preservation sanple |ooses solvent by
evaporation, wthout freezing or bubbling involved in
foam formation, to forma viscous liquid and during
step c) solvent is renoved until the preservation
sanple dries to forma highP§ vi scous |iquid. 31.The
met hod of clai m 26-30 wherein the preservation sanple
conprises H b polysaccharide or oligosaccharide.

32. The net hod .of ;. Cl aj - . i 0 -
27s et hqf{?&ﬁ?q'@&‘{ 9&6‘%0 3?'5"2%‘8 ar Iegfga.gp%nmsaewes toform 2

pBy derived fromany of N. neningitidis A
C, Y or W or conbination thereof. ’ >

28. The method of claim 27, wherein the sample is at least partially frozen before

commencing the drying process.

29.The method of claim 27 wherein the preservation sample becomes at least

partially frozen during step b).

30. The method of claim 25 wherein, during step b) the preservation sample is
subjected to such temperature and pressure conditions so that the preservation
sample looses soivent by evaporation, without freezing or bubbling involved in foam
formation, to form a viscous liquid and during step c) solvent is removed until the
preservation sample dries to form a highly viscous liquid.

31.The method of claim 26-30 wherein the praservation sample comprises Hib

polysaccharide or oligosaccharide.

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

polysaccharide or oligosaccharide derived from any of N. meningitidis A, C, Y or W

or combination thereof.



