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1 Drying Process The present invention relates to the
preservation of biological and other |abile sanples,
to such preserved sanples and to a novel process for
preserV|ng such 5 sanpl es. The novel process conprises
addlng a sanple including an active agent and a
stabilising agent to a container, subjecting the
sanple to such tenperature and pressure conditions to
cause sol vent |oss by evaporhtion without freezing the
sanple or bubbling to forma foam Subsequently,
during a secondary dryiDnyipgp®gecessr essure and
tenperature conditions are mai ntained or adjusted so

that sol vent d 10 t T |
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of labil anpl e 5 particularly_ bio] ogical npl es,
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g%rgogltgglng%l S ma deg‘gi &Eleﬁtg'an'p |s frozen %asél}ﬁessure
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ulsraﬂht invéntioh ammm;aysraom gossersted By ilie proaess pkithe @restr invenidon
ssur nd 20 t erature e changed and water is
ﬁ'ﬁ% teﬁ cé’&ecamp%sgtkoém The resul ting

Iyophlllsed sanpl e has inproved stability conpared to

P o et oy e sk R @1 s e el Hrp G e sharp s
dpeml&umgr biélsgcal Rarpled) TOAR LI tH BEDSE aca&nﬁisaecz@smg the

ing can also lead to the |l oss of activ

a?FPFfijéﬁf fé?@ﬁsxdmnsgﬁ Wlicharsplpgon gifen fubstapesyis 'e’éﬁﬁ gd the samplﬂ

bis HoReH. %hﬁ}ysdﬁhh B8, thel 8f b Wafer islrBRbFed
significant |oss of activity during the freeze ylng

pyblimetion frork ige undeygaducadiesyieronditionssed a perpgs ‘cakes)is

ool TR e RIS By o bl Rl By bur e

Sgmpesiuonars 6l7angdBandwazgr is evaporated from the solid ‘cake’. The resulting
lyophilised sample has improved stability compared to a liquid formulation. However,

the freeze drying process is lengthy, expensive and can be the rate limiting step ina

production process.

Freeze drying can also lead to the loss of activity or antigenicity of some active
agents. For certain biological materials such as live virus, there can be significant loss
of activity during the freeze drying process (Pikal (1994) ACS Symposium 567: 120-
133). Many freeze dried substances are still unstable at ambient temperature
{Carpenter et al (1994) ACS Symposium 567; 134-147).

Damage caused by the process of freezing may be circumvented to some degree by

the use of stabilising agents such as polyols, Further improvements on the process of
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30 Danmge caused by the process of freezing may be
circunvented to sone degree by the use of stabilising
agents such as polyols. Further inprovenents on the
process of 2 |yophilisation have al so been nade by
avoi ding freezing the sanple during the process and
renmovi ng water by boiling (W96/40077; US6306345).
This method involves preparing a mxture of a
glass-matrix forming materiad in a suitable sol vent
together with the sanple to be preserved, evaporating
Hiybphilésatioreiutve filso bednhaadeiby aveiding fieezingitha sample dyringshe
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T AQRdify telHol vas ¥WaRHbAI 1R UR50%86.330, lﬁwﬁﬁmeqﬂo&sa inbélve
| arge freeze-dryer, sanpl es W | dr at f er ent

r parallyemering th water tnim ayisspus fd wma#}f syrup
LRIl 1&‘?@%&&5@ it i LRd ﬁu‘tﬁ@{?eﬂugg At @Bﬁérﬂﬂreg 'sﬁ‘tts?aﬁ'nﬁmy lower

anmount activity durin process.
| thaoel $0(t . hisaodthaif stlﬁcsnﬁ'ers fremepmaiof tlme rprqbldm o lqon@ﬂtlonal

T{'re haljose Bﬁﬁ. %%eéﬁsgat §ﬁ1t]£\é?qli! G %eez%-g{ycf, g:'upgllcs will

omuf ﬂxﬁaﬂmt tafde ﬂépenﬂiﬁﬁ ofi ﬂﬁﬁ@bﬁﬂoﬁd&lﬂtbﬁ elieid m‘aﬂlthls leads to

g sforn}(epgﬁdjs ari de E . alnl | 1 foundThl
1 °é’&g Eﬁenttﬁ‘é‘c"ﬁ’rf@ VI AU the S EBAT oS- 1S

dﬁ%&&aﬂaﬁko%&@w%@nﬁﬁhlﬁﬁ@aﬁﬂl mal s. Trehal ose is

useful in preventing denaturation of a w de

Trehalose is a polyol that is favoured for its stabilising properties. Trehalose is a
naturally occurring, inert, non-reducing and non-toxic, glass-forming disaccharide
that was initially found to be associated with the prevention of desiccation damage in
some plants and animals. Trehalose is useful in preventing denaturation of a wide
variety of substances including proteins, viruses and foodstuffs during desiccation and
subsequent storage partly because it has a relatively high glass transition temperature
(ca 120 °C in the anhydrous state) (US4891319; US5149653; US5026566). Trehalose
also stabilises enzymes (Argall and Smith (1993) Biochem. Mol. Biol. Int. 30; 491).
Trehalose and a wide variety of stabilising polyols have also been found to be useful
in improving the preservation of freeze-dried samples, especially in cases where the
sample is prone to loss of activity during the freeze-drying process. Other sugars
useful in lyophilisation techniques include sucrose and lactose.
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25 variety of substances including proteins, viruses
and foodstuffs during desiccation and subsequent
storage partly because it has a relatively high glass
transition tenperature (ca 120 C in the anhydrous
state) (US4891319; US5149653; US5026566). Trehal ose

al so stabilises enzynes (Argall and Smth (1993)

Bi ochem WMl . Biol. Int. 30; 491). Trehal ose and a

wi de variety of stabilising Bolyols have al so been
found to be useful 30 in inproving the preservation of
freeze-dried sanples, especially in cases where the
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WICEQRns iuteﬁer an undried sanple or with sanples dried
by freeze drying or foamdrying techni ques, and then

It is particularly advantageous to dry [PV (inactivated polio virus, the immunogen in
injectable polio vaccine) using the process of the invention. IPV is present in known
vaccines as a liquid formulation (W099/48525), Problems have arisen on attempting
to use a solid formulation of IPV in a vaccine since standard freeze drying procedures
lead to a loss of IPV antigenicity. The process of the invention leads to much higher
retention of the polio virus antigens, due partially to the reduced time required by the

process of the invention.

The process of the invention is advantageous over normal freeze drying since the
running cycle is shorter and requires less refrigeration making it more energy
efficient. Since the drying process is often the rate limiting step of a process, the use
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20 reconstituted. It is particularly advantageous to
dry IPV (inactivated polio virus, the inmunogen in

i njectabl e polio vaccine) using the process of the
invention. I[PV is present in known vaccines as a
l'iquid formul ati on (W99/48525). Probl ens have arisen
on attenpting 25 to use a solid fornmulation of IPVin
a vacci ne since standard freeze drying procedures

lead to a loss of IPV antigeﬁicity. The process of the
invention |eads to much higher retention of the Qolio
vefithe mathpd géthe invautiondesds toigRer ieyels REpTodertion dt fefivge
rg@gﬂ&ed by the process of the invention. 30 The
process of the invention is advantageous over norna
freeze drying since the running cycle is shorter and
r Ld I frigeration making it nore energy
eﬁ%#%@@ﬁ??Fégﬁgg the drying process is often the rate
limting step of a process, the use 4 of the nethod

b e el B B TG e’ 52 0

1- Phot ograph of the high viscosity liquid in inverted
vhq%ﬁ. Det.ai |l ed description 10 The nethod of the

i Retafled deseriBtoR ey for preserving an active agent and
conprises the steps of. preparing a preservation
sanpl e by suspendi ng or _dissolving an,active & ent i nth
aThe;ueihed efthe mvantiondspsed for preserymgian actiVRAgERt AP, fomppLses the
p&aﬁgﬂyation sanple to such tenperature and pressure
conditions 15 that the E;eservati on sanple | ooses |
s®| peeperinga presgyeation senple dispolying an agliyspeenh i 2
to f 033:1: & m a viscous liquid; and

opt isg%g%f?f%%]b%%siggﬁtfurther step of * renoving
se| sabjectingtihd predeevations sanipde toisgeh templeratess and pfassure conditions
hi g % tﬁ/el psrgsgr%saﬁérln s%g{pijé looses solvent by evaporation, without freezing or

bubbling to form a foam, to form a viscous liquid;
and optionally includes a further step of:

» removing solvent until the viscous liquid dries to form a highly viscous liquid.

A method of preserving an active agent produces a form of the active agent that is
able to withstand extended storage during which the activity and/or antigenicity
and/or immunogenicity of the active agent is maintained. Preferably the active agent
retains at least 40, 50, 60, 70, preferably 80, 90, 95% of its original activity,
antigenicity and/or immunogenicity over a period of at least 3, 6, 9, 12, 24 months
storage at 4 °C, Antigenicity or immunogenicity can be measured by standard assays

as described below.

The method is particularly useful for extending the shelf life of labile products which
rapidly loose activity when stored in solution or when exposed to freezing or bubbling

to form a foam.
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20 A nethod of preserving an active agent produces a
formof the active agent that is able to wthstand
ext ended storage during which the activity and/or
antigenicity and/or immunogenicity of the active
agent is maintained. Preferably the active agent
retains at |east 40, 50, 60, 70, preferably 80, 90,
95% of its original activity antigenicity and/or

i mrunogeni city over a periods of at least 3, 6, 9, 12,

24 nonths 25 storage at 4 C. Antigenicity or
i Mqlwiggmdu@tu is propeie 1pss of setivity e/ i9y fodlpssrpd aptigeaiciiy pad/ordass

e e T

r igack such e theseinvelved ip bublding dudngfdamformationi on or when
exposed to freezing or bubbling 30 to forma foam 5
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particul arly applicable for use where a | ower
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which the majority of solvent has been |lost fromthe

sthprpAneple retrras tg dhermbien: temperature e sedothsaminipsiectaibuikat e

ng PN slows down so that the tenperature of
t{w sanple returns to the anbient tenperature as the

endot herm c effect of bulk evaporation is lost. 15 A
r 0
q%%h)éz %#%g?ﬁ@éé s?:&'(%cﬂlgéd}r@; &g%fs%%s%faﬁu r&dﬁ%ec}@t%ﬁe &4 of the
Oprimarg phass obﬁgmgémph&a@xpased fodredadd presms«ufoe af forthex period of
furt eri after .t he end of th rlrmry
gy SR s e </ e & ERAly Vrehurdicid BB e
ssnlveﬁiﬁonmmbsrthad @%qudl balb, 02, 19083, 41 8, Adr, l%av/wl ChrefSrably
5 4, 3, 0 % (W W), ref er abl er ned by
P T AT R
AbiapiiErm. (2000) 50; 277-284). Preferred ranges of solvent content are 1 3%, 3-5%,
5-10% or 10-15% (w/w). The highly viscous liquid has a sufficiently low solvent
content such that the active agent is preserved in a stable state for at least 3, 6, 9,12 or
24 months at 4 °C, allowing the active agent to retain at least 40, 50, 60, preferably

!'

70, 80, 90, 95% of its activity and/or antigenicity and/or immunogenicity over this
period. Preferably, the highly viscous liquid has a solid appearance but is a rubber or
glass, preferably a glass and is able to flow very slowly over a period of 2, 4, or 6
days, preferably 1, 2, 3 or 4 weeks, more preferably 2, 4, 6, 8, 10 or 12 months. The
extremely slow flow may be measured by inverting a receptacle containing the highly
viscous liquid and leaving at room temperature until the highly viscous liquid is
observed to flow. In a preferred embodiment, the highly viscous liquid will not appear
to flow after 2, 4 or 6 days, preferably 1, 2, 3, or 4 weeks, more preferably 2, 4, 6, 8,



10

15

20

25

30

20 Bi opharm (2000) 50; 277-284). Preferred ranges of

sol vent content are 1-3% 3-5% 5-10% or 10-15%

(wWw). The highly viscous liquid has a sufficiently

| ow sol vent content such that the active agent is

preserved in a stable state for at least 3, 6, 9,12 or

24 nonths at 4 C, allowng the active agent to retain

at | east 40, 50, 60, preferably 70,90,90,95%of its

activity and/or antigenicity and/or innunogenicity

over this 25 period. Preferably, the Qﬂ
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Parti.cularl ¥
bGP LRi0nk 18 3R p Qe iyl oGP, attid
t fréhafgsess form ng pol on is a carbohydrate or
derivatives thereof, including glucose, maltul ose,

i so-mal tul ose, | actul ose, sucrose, naltose, |actose,

| BacteRd] oiysacclmgidés dr@bartlbtﬂiﬂy ddeantageaisafbr wketas a stabilising agent

raf finose, stachyose ZItOS dex n
pr%’éF‘&BP?get“%"e‘}? pggzgon %‘E‘Eﬁtg %lbﬁ’h &#’a %ngr%se and gn

"haldden, | act ose, lactitol or palat|n|t nost
preferably sucrose, sorbitol, |actose or

S
as a

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. BothD and L
forms of the carbohydrates may be used. The carbohydrate may be non-reducing or
reducing. Where a reducing carbohydrate is used, the addition of inhibitors of the
Maillard reaction is preferred.
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trehal ose. Bacterial polysaccharides are particularly
advant ageous for use as a stabilising agent in an

i mrunogeni ¢ conposition since they can act both as a
stabilising agent and an 20 inmunogen. Carbohydrates
i nclude, but are not Iimted to, nonosacchari des,

di saccharides, trisaccharides, oligosaccharides and
their correspondlng sugar alcohols pol yhydr oxyl
conmpounds such as carbohydrafe derlvatlves and

chem cally nodified carbohydrates, 25 hydroxyet hyl
sRaduchngaabokydyates mgﬂe tjmrssfsm tiBonyention aredhosg jfeown in the art
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Non-reduci ng car bohydrates include, but are not
limted to, non-reducing gl ycosi des of pol yhydr oxyl

CPIRBB RS A oty oL Sy i s,

c paligotityend gtvespyramkylde->6-+rmdnhitolose, st achyose,

nel ezi t ose, dextran, sucrose, cellibiose, nmannobi ose
and sugar al cohols. The sugar al cohol glycosides are
paafies Aids\caiBn agbtisilisingl §fntsiafid parteised By therhidves and
conpoynds obt ai ned by red % ggmgf di sacchari e such
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Palbhing, akghihy, iRi 80 GRehnGiné DHAMEH ivesniad &id, oph a&uasiﬁauon of

sucrose, sorbitol, maltital, lactitol paI atinit and
gPngBgidameRide. hydrelysed ﬁmt% Pr Drafeit ol a5 syEMme gl oap gct as
s} abhitiking Agnagent s and can be used by thensel ves and

The concentration of the stabilising agent used in the process of the invention may be
between 1% and 50% weight/volume, preferably 1-5%, 5-10%, 5-10%, 15-20%, 20-
25% or 25-50%, most preferably less than or equal to15% or 10% (w/v). The amounts
of stabilising agent required is proportional to the amount of salts present. Therefore,
although levels of stabilising agent between 2% and 10% are preferred, higher
concentrations of 10% to 25% may be required to dry samples with a high salt (over
100mM, 200mM, 300mM, 400mM or S00mM) content.

Preferably, the preservation sample will contain a component capable of inhibiting
crystal formation in the highty viscous liquid of the invention. Salts and other
molecules including amino acids and phenol red inhibit crystal formation.



10

15

20

25

30

15 preferably in conmbination wth a polyol. Preferred
am no acids include glycine, alanine, arginine,

| ysine and gl utanune al though any am no acid, or a
conmbi nation of am no acids, peptide, hydrol ysed
protein or protein such as serumal bum n can act as a
stabilising agent. 20 The concentration of the
stabilising agent used in the process of the invention
maybe between 1% and 50% we8 ght/vol ume, preferably
1-5% 5-10% 5-10% 15-20% 20- 25% or 25-50% nost
pCeftgingbl y | ess than or equal tol 5% or 10% (W v). The

nts_.qQf stabil.is] t re d i onal
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one skilled in t fol]o t.he 10

b
gisthod, he ponigdpsr Fﬁeﬂg‘;"t@rsﬁg bxﬁvmgmq Htprigy of the.gonisiner with
uzsﬁanummbmicaﬁe \f&lﬁﬁieausy gﬁ&gk@é tmaa gh dnldven Giigliedlperature,

The, process of the inven n pre erably uses

cYRicaihE0S Cvﬂtﬂnam@bl {hervtater appellend interior surface is achieved by the

container being made of a water repellent composition.

;_

The water repellent interior surface of the container makes the dried product of the
process easier to reconstitute since less of the water collects on the sides of the

container,
Although singnlar forms may be used herein, more than one glass matrix-forming
material, more than one additive, and more than one substance may be present.

Effective amounts of these components are easily determined by one skilled in the art.

Solution
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preferably a water repellent interior surface. This is
achi eved through coating the 15 interior surface with
a hydrophobi ¢ conposition, for instance by
siliconisation. Siliconisation is achieved by
processes that are well known to those skilled in the
art. In one nethod, the container is siliconised by
rising the interior of the cogntainer with an enul sion
of silicone, followed by progessing t hrough an oven at
aggh temperature, typically 350 C. Alternatively, the
etolveshiatq which thesiabilising agint apdeactive agent axg aured\van b
20010 8igRSE, oP 8 MYt Sof SERMRASIuERR SbIVER o dissolve gj%e

conposition. The water repellent I'nterior surface

t BessapHiiomminmmatedal nndsufiiciod opgapiguwelversiio diseolvemy lndepbobic
er s : : _ _ .
c o Bl 5 REE OLE 4 PRS0l Mool Ehytrophetic

séubgighee(s)f or ns may be used herein, nore than one gl ass
matrix-formng material, nore than one additive, and
nore than one substance naybe present. Effective

afina whoie of sdlvmms wilt deppmdngroh shearature aftht ynatbeibieshobanefor Flyss
one,skilled in the art.. 30. Sol i, on The sol vent
i REEARTRANOP- 8 W pgﬁﬁeinﬁﬁuﬁg‘%ﬁﬂ%ﬁ%&gw&n@@f F‘g’éta%iféﬂ ®are
g’nx?ﬁo@&ﬂ.t ke scﬁ@ﬁﬂeﬂmﬂld mroga {ﬂhtﬁge. Bl oliisxﬁ‘ﬁ%eﬁﬁtrve}ﬁe tb efféot
U I Cl ent, . yeou SOl vent ., I,SSOl ve e ass .
efipage ?%?‘%f%ﬂ%ﬁf%? plass mgirx-Eorppng maprial 35 aaﬁ avanyadditive
t andrbir S6iktanee. I MEREBNAREPIsG hydrbphilie ReferiR YheARuiiSPM preferably

allowm ng the formation of glass incorporating
h{’fiﬂ%ﬁ?ﬂ?ﬁ? gvoad anypotentialdessof activily dpetocdeletrioyniolvent wi | |

ORRRH o PeftRBly AL Yo solvaft ilﬂlahé’ésiaﬁ sﬁﬁﬁﬁ%ﬁgéog% solvent

glass  matrix formation, as we as the nat any

aknovn i dheprdingluding it apidimited thavatéraod bistngicabn et bajutions.

< _ o
By, B 0l R AR ol of 14961 Al
netefersblyf §0-98% by veltmme, abst prefaxadily 85:98% by vabidiet | ve

and/ or substance. If the substance is a hydrophilic

material, the liquid will preferably be aqueous to
alkee b lameyofjsolventt can varly asd wilf depend wjohthedgigss neatrix-forming
del et.

materi rah&) H2 s%s!ta‘ﬁ%‘%o be incorporated as well as any additives. The minimum
volume required is an amount necessary to solubilise the various components.
However, homogencously dispersed suspensions of the substance(s) can also be used.
Suitable amounts of the components in specific embodiments are easily determinable
by those skilled in the art in light of the examples provided herein.

Various additives can be introduced into the preservation sample. A preferred additive
is an inhibitor of the Maillard reaction. Preferably, if the substance and/or glass
matrix-forming material contains carbonyl and amino, imino or guanidino groups, the
compositions further contain at least one physiologically acceptable inhibitor of the
Maillard reaction in an amount effective to substantially prevent condensation of
amino groups and reactive carbonyl groups in the comﬁosition. The inhibitor of the
Maillard reaction can be any known in the art. The inhibitor is present in an amount

sufficient to prevent, or substantially prevent, condensation of amino groups and
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interactions. Preferably, the aqueous 5ol vent includes
any suitabl e aqueous solvent known in the art,
including, but not limted to, water and biol ogi ca
buffer solutions. 15 Preferably, the aqueous sol vent
Is present in an amount of 5 to 98% by vol ume, nore
preferably 80-98% by vol une, nost preferably 85-98% by
vol une. The vol unme of solvent can vary and will depend
upon the glass matrix-formi B4 material and the
substance to be incorporated as well as any additives.
Teastivg eerbrmy] groupsy Jlypieally Swsrmieerpupsae IRtOHe the suhstancs,

t | ubi L ' :

L S e R
sotrersen Hofsyercthn ony SEIOEREINAY Ccyar
th,=.c%ﬁ%§ ers]‘tlbs in Sﬁﬁgéafrt}(o%y odi ments are easily
(%'F’é‘? € sE)ayt/mi?1ose3| ed in the art in light of

t he exanpl es provided herein. 25 Various additives can

j nt r.oduc into the,.preservati.on. ]
et B ompo £ R PR 3RO ot pr e
M hrd @8actibll sideHeaky ti be bf useliethe compaositions dexdtiad heytins These

matri x-formn t.erial cqntains carbanyl .and, ani
i GRPIREunis %ﬂ%&ﬁ!ﬁﬁ PRmRettYS n°B-8WBB§1% ibtiopy gts
ARl Redtion. COSthpdtifife PRIbRbRIRGkdepht Yreawe Bipitadiopamino acid

inhibitor of the Mjllard reactign iin an anoynt
arsidies (hoth Pand L semhinplons of ppwparid re%ﬁ%%ﬁt% of 30

AR P e i ta.'r%ﬁﬁn Q% land) ah Ny and
corrposa?l??on. ?%{yﬁﬁie’bi org’glfiéﬁt he l\/gﬁtﬁfg}d rge(a_ct?non

caginive aterthe maw wffestives Rhera e mapy knoim nes-espPefiy v B R EAs.
| Fhe@infIURL Bht Htﬁtflinﬁ{eﬁgé, agn%m%ﬁﬂcﬁﬂé andYerivatias &t i al 1y

prevent, c¢ondensatli on 0 groups and 10 reactive

canphoteritingt. FiRA-0 433178 alsb describes suitabioMgillardighibiters which

present. o Ng S t carbonyl groups are

py(ggtgen%h%tﬁol{bﬁg 83@%2"&%@%? X 9 %&r‘}%gng material, or the

converse. However, the am no acids and carbonyl groups
| ecul ar  withi

e intra ei.t. her the substance
TR i S poibaRln g folcted o el o Ay O e G Bhcer
keb @QUbw b&i@)oidshﬁishﬁafbﬂﬂﬁﬂ‘drbdb' ' ]Ep'ro"mcﬂa_‘fftmhetbm éfhike intvéritioh. Fids
react.i Qqn_an ence .to be qof .use in the, co i t.ions, .
dis Bt Re bpyamortATt R BCONSHIRHER IPFOS UL gﬂb@ﬁ AR Yiscgpq Kiggpd
Gi9 PR & uighly\tEcoRkti 1M pREHTE éd. Picl@atily thdXdlsuiéd d¥e niditains its
colour at a neutral pH and is compatible with injection into a patient. Most preferably

the coloured dye is phenol red.

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

The process of the invention involves subjecting the preservation sample to such
pressure and temperature conditions so that the preservation sample looses solvent by

evaporation, without the sample freezing or bubbling to form a foam.

The temperature within the preservation sample will, at times, be different from that
external to the sample due to the endothermic nature of the evaporation process.

References to temperature are to the conditions external to the preservation sample,



Mai | lard reaction. Conpetitive inhibitors include, but
are not limted to, amno acid 10 residues (both D and
L), conbinations of am no acid residues and pepti des.
Particularly preferred are |lysine, arginine, histidine
and tryptophan. Lysine and arginine are the nost
effective. There are many known non-conpetitive

i nhi bitors. These include, €Ut are not limted to,

am noguani di ne and derivativks and anphotericin B.

EP- A-0 433 679 also des rrbes surt

iEoingrnce; wheip laRgerindys ﬁé?%‘wa tempBfafire of the
Sk PLAMLARI doftespRRds tY ﬁtei ﬂe%ﬁe drb'ér terﬁpeastuﬂrseagg,o us to
|ncorporate a coloured dye into the preservation

sanple in order to allow easier visualisation of the

ddth
d%@?@ﬁ’ﬂif‘#@ﬂ“%ﬁﬁt“@%ﬁ%ﬁr t“?‘ﬁfﬁt‘??’f‘??f".’%ﬁ*‘?o "““"“il
t:hahoct ¢fdhdingértipn. Fhe@erssure jsq e & &7 b sl d0RywBBays, preterably
@9”3 §%uﬁj;5.ﬁég§’? PeHS& of Ak fa{%rés bifBRe tﬁ@bz@bb'ilﬁﬂs

our at a neutral pH and
Qeﬂmadﬁhlher.thh injection into a patient. Most
preferably the coloured dye is phenol red. Loss of
sol vent by evaporation (evaporative drying - step

28 pldigredreabodiment ofttheinvention békeves exapbrative druimgémrﬂﬂggng the

the preserva sanple to suc r

i G éoeﬁﬁﬂfr& 6 FPEPETi %%‘{ﬂg{'ﬁ? S‘?‘S&fe‘* ‘\}’g‘? sfugtedin g o
| Qs 50,29 megfef&ablyﬁv aPaicat preferably 1)8UT, 6, l5e4,§aﬂ'pr lambar,
freezrng or bubbling to forma foam 30 T

t whilkonainiginingfhe teraperapEe sESEt § IRRSRIYS ﬁ‘gﬂ"g QM G jpreferably of
tr':eg};%en fec W S & Sfic f§ P hig o £15ELD 84 o B 307E; 20RTke

he “end hernrc nat Uire of the evaporatron
PEIURIS °C tBe}beDe moee td 87 £@ o7 A tordd °6r.&hess cph@nons are

di t t to_th
Sl Ao lootie 34 Ty T TPrT 8 RSP AR o tesween
US.8 Ghouts 04-b REurk SR BAE, 8L fursid?@2-18 hehk. In Bipasticullg preferred

corresponds to t he freeze dryer te at e settl 109
Oprbastitaentythe pgssurs ifmaipaned; rf%g ﬂlg étting
Pl8S@EYA b ojﬁ%@frée%m@ bfae @ﬁmﬂlé‘ IﬁQ%re?erPéﬂteﬁ’dUédﬁieni i 173

i nvéntion. ressure i s reduced to at or bel ow
2ppBates mmimtanabms *Cenddepraooe tisdt 18 baideen 5-10 mbBags,

per i od of vRle bR modbikSly RSLES EmblS. RARISHEGRES

temperature seiting 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.

Preferably, the preservation sample does not freeze or bubble/boil to form a foam and

looses solvent to form a viscous liquid or a highly viscous liquid.

Removing solvent to form a highlv viscous liquid
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reduced further. A preferred enbodi nent of the

i nvention achi eves evaporative drying by reducing the
10 pressure while controlling the tenperature
conditions. The pressure is adjusted to at or bel ow
30, 25, 20, preferablyl5, 12, nost preferably 10, 8,

7, 6, 5 4, 3, 2 or 1 nbar, while maintaining the
tenperature setting at a tenperature above 0 C
preferably of between 5 C¥o 37 C, 4 Cto 10 C, 10
Cto 15 C 15 Cto 20 C_ 20 Cto 25 C 25 Cto 30, C
FOsuBsdguers Hiag> of theMetbof of B8 I entRdawoIYEs AR iRg FOIVSP ik the

g’?és%%ﬁ NEdbR aril 1o fﬁ%ﬁﬁ h#hlly%nscgus lf'qmd5 Thé sarrlp@e nekther ﬂ:&zes

ours;y pre era bet ween 4 hours, 4-6
hotibbbles tBfohmiarfeam Buﬂrfg the secondary imnsa)hn%r s. In a

ticularl f
P b irBbigBie® Bl oo ERRENITR! g solvift SERERGADLPor
iegual %o 13,10, 10X fote prefepbing; 61 4,3, Sox il o W) preferablippasure| n
ref d enbo nt, .the te t
PRt St R A o
%gﬂﬁﬁhﬁ &ﬂmﬁ%ﬁaﬁfﬁﬁﬁﬁﬂﬂwﬂwﬁ?ﬁmagﬂﬁ??mahhydaumadde&mc
alr S ere a ni er erature se N
o1 Sier 3. ior g st o § SCgUouioe e Y BOE! s hest
t:R)eso %G{E}L&a@ MBS o8, 9”5% Sl acﬁﬁ%wuﬁ efiRity hktori S

e pressufe shoul rralntalned at, t.he higher
Immemogﬂympwgvmﬂnspm Brgferﬁbheﬂ@rlwlx/mw@s ligyid beg 2 ppdid,
f
o PR BRI B B8 G e it

t23 ﬁpmf(ﬂtagrs @r&féra‘blbré 3 andveckissmene prefstabitilet. . 8,18 o5 dwnoxths.

pHear oty Sfvdhpina? e Bl vy BELERE MdpiabioSppiinos e

flﬁglﬂy alsécma rmqmﬁdnd lsaving at readn vemyerdtare fantilthahighly visgevs hqmd

v Spisreip Aoy el tepichly SRERKMAReML AR

Odppbdio ﬂ@&ﬁﬂ&pﬁofbﬂaysppﬁemabwa i3roe dlvieeks, ummfegablyz 4,6,

solvent until the preser\/atlon sanple dries to forma
h%.dRIoy 12 meaths in a0 1gYred PasiE%s anpl e neither freezes nor

bubbles to forma foam during the secondary drying

phase.
Tn one embodiment of the invention, this is achieved by maintaining the pressure and

temperature conditions at those applied in the first evaporative drying stage. For
instance, the pressure is maintained at or below at or below 30, 25, 20, preferablyl5,
12, most preferably 10, 8, 7, 6, 5, 4, 3, 2 or 1 mbar, while maintaining the
temperature setting at a temperature above 0 °C, preferably of between 5 °C to
37°C, 5°C to 10 °C, 10 °C to 15 °C; 15 °C 10 20 °C; 20 °C 10 25 °C; 25 °C to

30 °C; or 30 °C to 37 °C. For a temperature setting of 15 °C , a pressure of 5-
10mBars, preferably 6-9mBars, most preferably around 8mBars is maintained for
between 4-24 hours, preferably 1-4 , 4-8, 8-12 or 12-16 hours. These temperature and

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

order to obtain a highly viscous liquid with a solvent content less than or equal to 15,
12, prefersbly 10, 8, 5, 4, 3, 2 or 1% (w/w) preferably measured by a Karl Fischer
coulometric moisture analyser..
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A highly viscous liquid is defined as a material wth
a solvent content less than or 5 equal to 15, 12, 10,
nore preferably 8, 5, 4, 3, 2 or 1 %(wWw preferably
measure using a Karl Fischer coul onetric noisture
anal yser. The highly viscous liquid has a
sufficiently I ow solvent content such that the active
agent is preserved in a stable state for at |east
3,6, 9,12 or 24 nonths at 4 8 allowi ng the active
agent to retain at |least 40, 50, 60, preferably 70,
80, 90, 95960f its activity and/or antigenicity and/or

iyth9 I &OHIH’?GI‘&? 5. tgadtemggrg&é éiru{'lﬁf solvent

hlgh VISCOUS %qu| as a so
amnma]em e dighet temperatugd astmgahmi tha nahitan&dceaﬂieom the p:;ocess

2 TS g T 8 T s sk G o ot % Blfipupge

minvedin caﬂ'b«eccmﬂlétamﬁ: dyshette\tiniel Py xmaﬁmaaﬁmﬂ?mﬁﬁe #ting is
|nvert|n are ptacecontalnln t he | yVISCOUS
é%abqua\giﬁn@%m f5rahby ebowseiOa Coprefegably bétwprn 5 °C and

h tD Q
p?"é‘f’“éﬁ oG 040 °C, 3l akpad AR KB, hpfifretbfibfy 30 °C
nand 40a°mo emore prefefabbyn4@rE end 5 °C} numst firefienply, SQICEANArGAITCY while
4 veek 4 6 .8 10
o RS e s R RS0 EH A0 Bréferahty 13,17, HonERE Stp 10,

t Be7,i68 e8] Dor 1 inbars The amlperinge a:bypra@%mtoahdwm ardre

pr essur e f%n attd FF@gt?lv % %n'p eé}p gﬂ ]Z)t fond@%ﬁ%}r &}05%@%%%6?0 obtain

l Qsdlﬂﬂﬁﬂ: sol 8t hRsFleEsIhinSor ¥R s NEX 1@ts 84, bei B R {(whH)
beI ?w 30, 25, 20, preferablyl5, 12 pref erabl'y

blysmeggured bya Fl@hgrco!&lomﬁw TR B ng

taﬁbocﬁlﬁaﬂe%q%hwtﬁ 2&ive aéht R beth L@ﬂ%ﬁf Snéﬁéf

pref erably ‘of be'tsweena Cto © C?Qtolto %ge&%ggorthe
15ethad trchexetmied 2eGuRGSsfuly. 25 30C; or 30 C to 37 C. For

a tenperature setting of 15 *C, a pressure of 5 |

OnBars, preferably 6-9nBars, nost preferably around
shBzeferrsdembodiment ofstle hwcntlotletdneﬁsrtheﬂpﬁﬁumwmg during solvent

1 ho
SR '8 1o Pt ol e 090 i B e ot
f o) THis allgws3he ﬁqlvdi:t todeav8 theldampleit a ﬂr&ch@ w4te sothatdié tethod of
e o b T e B
1B sélyend o ¥k s}, Far i6tark¥) thypiédsufty seftidp itbde}/to@ asuEle7) tB’ a

Kar e coul met ric noi sture anal
pre}'eraﬂ § q 5 more pre: erably2 1.5, 1, most preferably% 8,0.5,0.2,0.1, 0.05,

0.02, 0.01, or 0.005mbar, while maintaining the temperature at or above 0 °C,
preferably between 10 °C and 20 °C; 20 °C and 30 °C; 30 °C and 35 °C or above

40 °C. These temperature and pressure conditions are maintained for 1, 2, 3, 4, 5, 6, 8,
10, 12 or 18 hours or more in order to obtain a solid with a solvent content less than or
equal to 15, 12, preferably 10, 8, 5, 4, 3, 2 or 1% (w/w) preferably as determined by
Kar] Fischer coulometric moisture analyser (Eur. J. Pharm. Biopharm. (2000) 50;
277-284).

Preferably, steps b) and ¢) ( or b) alone) should be completed in a time equal to or less
than 18 hours, preferably 16, 12, 10 hours, most preferably 8, 6, 5 or 4 hours.
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13 Anot her enbodi nent of the invention increases the
tenperature setting during solvent renoval to a

hi gher tenperature setting than that naintained
earlier in the process. This allows the solvent to

| eave the sanple at a quicker rate so that the nethod

of the 5 invention can be conpleted in a shorter tine.

For instance, the tenperature setting is increased to
above 0 C, nore preferably abbve 20 C, preferably
between 5 C and 37C, 5C and10C, 10Cand20C;, 20Cand30C,
nore preferably 30C and 40 C, nore preferably 40 C

angy: nost preferably 50 C and 60 C whil e
%@ﬁé%a%t

g the pressure at or bel ow 30, 25, 20,
preferably 15, 12, nost preferably 10, 10 8 , 7, 6,

r r. . re.
> e o 8 i PR PSPy P R RIIG o
6 pa:ﬁpuliﬂ)y usbﬂll dxt thé Sase of Iab:l@actlw agentsnha labes adivitphidiom a
SO|tLd t ol.vent content .l ess than or epgg‘?l tol 5,
130tigggict é‘m Or igIMugogeRICIEy W‘% ThPrespraRSY Sefeasur ed
by a Karl Fi scher coul onetric noisture anal yser. This

odi nent re uires the .activ nt.to be heat stable
& R iR Biess PR e sin ot 0F G HEYCRR 49 fognpriae s

C Bloldgeshl SidterBdéleeRa Fok thy groflp Bordfstng SxXbeRERasbemaRt Of

the invention reduces the ressure settin duri ng
s GPIResitiong,hactda, optst @gnél)an% ¥esiclq prpparationg @S@Bevmng

t E&ﬂp&d&ﬁ& ok'ﬁﬁt% lﬂé?)khﬁfes I mby ﬁs&é&%‘%ﬁém@&ﬁ@s f&)mstﬁébs

| ows the sol ven | eave the s qgui cker
r at@m% petiides, eminorpsidaaelymiiclgio acide Ohmnkebhﬁhsmrswhandes

o DR R PRl ok ol By R bl

t henjpgaésssure setting is set to at or below 7, 6,
preferably 5, 4, 3, nore preferably 2, 1.5, 1, nost
preferably 0.8, 0.5, 0.2, 0.1, 0.05, 0.02, 0.01, or
0 Eearbplemof, actits :igeninrﬂiantmi h@ipr@eﬁh@uﬂixm)mmmu ofthainveution

228G oy SRR s By b i
t eﬁnﬂh@t aEncd lichited &i;‘»&:hthﬂﬂﬁﬂﬁﬁbﬁylc@ﬁg& daBeslBy, Hhndtjuillistrd, OF
4, 5 6, 2 or 18 hours or nore_jn

oﬁﬁwww msgﬁsglaﬁlica aWil cRregsauts; URTYCRAFESFAnapillisers,
t BRtinRiety REsdharbddic hRtagdiists, @ﬁtﬁfaﬁ&ﬁd&hﬁm]a%ent ,ch@meflgw é’gom%ts,

or 1%(vv/vv) preferably as det'er m ned Karl Fischer

c St INCEtn 1SS, imuBTapnyeEive pERRIS, anhvmlaagmts BREmicasbial

( 2&9@2 a;ﬁ:gtlte suppressants, anticholinergics, antimetrics, antihistaminics,
antimigraine agents, coronary, cerebal or peropheral vasodilators, hormonal agents,
contraceptives, antithrombotic agents, diueretics, antibypertensive agents,
cardiovascular drugs, opioids, and the like.

Suitable agents also include therapeutic and prophylactic agents. These include, but
are not limited to, any therapeutically effective biological modifier. Such substances
include, but are not limited to, subcellular compositions, cells, bacteria, cuter
membrane vesicle preparations, viruses and molecules including but not limited to,
lipids, organics, proteins and peptides (synthetic and natural), peptide mimetics,
hormones (peptide, steroid and corticosteroid), D and L amino acid polymers,
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277-284). 30 Preferably, steps b) and c) (orb) al one)
shoul d be conpleted in a tinme equal to or less than
18 hours, preferably 16, 12, 10 hours, nost preferably
8, 6, 5 or 4 hours. 14 Active agent The nethod of the

~invention.is useful for preserving any active agent

however it is 5 particularly useful in the case of

| abil e active agents that | oose activity and/or
antigenicity and/or inmmunogéhicity during other
preservation processes. The active agent to be ., |
rnﬁgem&haddmimi@a@hﬁédﬁ&oﬂl@ﬁdﬁeﬁﬂ%@%ﬂ“@?ﬁ %é?“@@ﬁﬁ?ﬁ%e

Di. ' t . f
st RS VR FRB B HOR AEaOhBlEbos and
brgsislogiaallyoactiee amitopesthereafe Further, the epdifiersiroaypbeadetved from

Vi ruses, Vvirus onponent s or. i [. ' j t
e Rt e Y PR E R o7 Syieht e SRR de B fiSguch
Rephisd afd h@tidlegs. aci ds, pol ynucl ei ¢ aci ds,

ol i gonucl eoti des, pol ysaccharides, oligosaccharides,
pol ysaccharide - protein conjugates,

OAd €08 as@iﬁa?fo@an’%ﬁ&msb to peptidegatdaslypkptidex.aswhasoteihs
active_ agents that can be %&? erved us) ng a. net hod of
tinelud, bt Bt linpiied fo gRevaes foggicaly ?‘gﬁg’g’_ LgeEh
ag%om%&a@.ﬁﬂam%,%%oﬁésf B6th imeAoSleis hasdtfolonal A fugknidgis

but not Iimted to, anfiinflanmatory drugs,

ahereefeintertoronsinigrenkinsiand p¥okinggat i anxi ety dr ugs,

anti spasnodi cs, antidepressants, antipsychotics,

tranquillisers, 20 antianxiety drugs, narcotic ]

desaponticaus]eicoacid-aaedigents prepaned b thegnethals dpssubegl kerein are
n DNeuU I ‘ E P

A oS b TH BELARE s i, PRI BlcRSHR)

athprepdtieal M gfifertesmoler, acids knaotroini tieeartincloding, tut nettlinited to

i,hist,am ni.cs, , antinm.graine agen r
B ERAC e Bipinaitahy G BB B8Rt il ltRdee py
Cénabd oy dr\nefy, beany védidr&iib®h ircthe gre bf ecormbinant BN A meluding,
antih pe,rtensive,‘?gent s, 25 %ardi OvaSCl{| 1;imtgésugs,

otﬂ'}t gpjur te&‘r?& Rl S fefroviruses an adeno-associa

The preservation of substances which are prophylactically active and carriers thereof
are further encompassed by the invention. Preferable compositions include
immunogens such as vaccines. Vaccines may be for oral administration or may be for
injection after reconstitution. Suitable vaccines include, but are not limited to, live and
attenuated viruses, nucleotide vectors encoding antigens, live and attenuated bacteria,
protein, polysaccharide, oligosaccharide and/or lipopolysaccharide antigens, antigens
plus adjuvants and antigens and/or haptens coupled to carriers. Particularly preferred
are vaccines effective against diptheria, tetanus, pertussis, botulinum, cholera,
Dengue, Hepatitis A, B, C and E, Haemophilus influenzae b, Streptococcus
pneumoniae, Neisseria meningitidis, Neisseria gonorrhoeae, Staphylococcus aureus,
Staphylococcus epidermidis, Group B streptococci, Group A streptococci, herpes
virus, Helicobacterium pylori, influenza, Japanese encephalitis, meningococci A, B,
C, Y, W, measles, mumps, papilloma virus, pneumococci, polio virus, inactivated

polio virus (IPV — preferably comprising types 1, 2 and 3 as is standard in the vaccine
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Sui t abl e agents al so i nclude therapeutic and

prophyl actic agents. These include, but are not
limted to, any therapeutically effective biologica
nodi fier. Such substances include, but are not
limted - to, subcellular conmpositions, cells, bacteria,
outer 30 nenbrane vesicle preparations, viruses and
nol ecul es including but not limted to, Iipids,

organi cs, proteins and peptiles (synthetic and
natural ), peptide mnetics, hornones (peptide, .
s BB Te0st Degfraatiy theiSelspolie saagine), Dibella retaaxmsmsmtqtm syncytial

p .
nuc gggtalﬁd%%ﬁl gl%mggigﬁgégltgléges ang%ﬁ}g el c acl bmauons
i thereofli Hap dDNgenimebnRiAent of vaceines maylso be produred bbmomular

© By T8 pFoR ST B e o B PR B0 AR one

neat mozl posmms oEsproteimdetivedfrom aqmtlbgm rRor fstasge) filsihipeoteins
rreansa cl ude, an es agoni.s nd honol ogs.
eSS ne o b it B B PG oRorBRGHR bbbt B0 S Huce
Ioanll ;tmmid xd@%nse&uﬂfa aﬁﬁgﬁne ISEﬁches el ?989)|Rwé m\?\fﬁﬁt Sci. USA
e . enzynmes, b ar ut.i cal s r.o
hég)ﬁ%hgéf O"@P'aﬁxy e Piytic} / suity a?qrﬁmm drta the singls;
rra@s@gé m@osmed PRAYHEE Qad m@é‘ﬁ’mt‘e[ﬁﬁﬂ&fﬁwﬁnér@ chbiietid®e bnd can

i nterferon, interl]eukins and cytoldnes Ther apeuti c

nBe rediseolurd in sisilsctiluany dmmediptelyisfoseiinggulatinn. met hods

descri bed herein are also enconpassed by the

i nvention. As used herein, "nucleic acids" includes

ahya prefaredrmhodiagnt,ythe imnepndigenic wompesitionawpwld cRmpniae dapsular

56k B8 lind 0 ok St A WY B of

ogi cal Ty "act1ve anal ogues 't
nNets'wtal desngitgis. Arfovbe gefrsd embodimeiiewouly comptise capsular

ROV RlblCacha B BB ot hiad] Tht b ocodti capsutar
agelyeacameide astgenk até prefeeshly a'dh@tqdrmmeaera@pearl 0f3, 4,5, 6B, 7F, 8,
g PR R R L L B PR M o aé%n%aéé%ésém RF (most
|S pnfemmp \I}'onﬂeﬁcg?eahl 8, fgﬁgsms rrgp,n 962 s14o :185;;@? andP3R) Og Sfifther
ag‘i?“ ét F’é‘g’i’ By peonfaip the, FBE |°6W“§Ft pelysaccharides of
r ﬁraan@mzw bfRBrzadtped| £ ﬁ)iﬁl%f?%)féﬁireﬂ N&bédithenp %uﬁr &mﬁﬁi the
limted | ive and attenuated viruses, nucleotid

vérohd YEﬁ Bo%ﬁﬁrfg PIAG gansular polyseceharidestof Stapariegpccus aureus, A
bAGHEF prferred embodiment would contain the Type I, Type II, Type III or PIA

capsular polysaccharides of Staphylococcus epidermidis. A further preferred
embodiment would contain the Type Ia, Type Ic, Type II or Type I capsular
polysaccharides of Group B streptocoocus. A further preferred embodiment would
contain the capsular polysaccharides of Group A streptococcus, preferably further

comprising at least one M protein and more preferably multiple types of M protein.

In one embodiment of the invention, the bacterial polysaccharides are full length,
being purified native polysaccharides. In an alternative embodiment of the invention,
the polysaccharides are sized between 2 and 20 times, preferably 2-5 times, 5-10
times, 10-15 times or 15-20 times, so that the polysaccharides are smaller in size for
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protein, polysaccharide, oligosaccharide and/or

I i popol ysaccharide anti gens, antigens 25 plus

adj uvants and anti gens and/ or haptens coupled to

carriers. Particularly preferred are vaccines

effective against diptheria, tetanus, pertussis,

botul i num chol era, Dengue, Hepatitis A, B, C and E

Haermophi l us i nfl uenzae b, Streptococcus pneunoni ae,

Nei sseria neningitidis, Neiseria gonorrhoeae,

St aphyl ococcus. aureus, Staphyl ococcus epi derm di s,
afﬁr Brlws@ml%o@@igosa@l@u@ew@t 1aadt de o direfersed rabodiment,

% Qﬁg&ﬂ apanese

e%e%ﬁg%ﬂ%‘?% msnll? ﬁg%{%? %MEI& 2 Mid féﬁ%& ﬁ%ts] nmeasl es,

munps, papilloma virus, pneunDCOCC|, polio virus,

Bl 0l Bt AT B s

abglownost preferably the Sal k poI i 0 vacci ne), rubella,
rotavirus, respiratory syncytial virus, Shigella,
tubercul osis, varicella-zoster virus, yellow fever and
cCotobinatidne o twd drenare bf the hisovaattivgages taybepestrvediusing the

R B S R s R R
pusiigothe method bfpresaheation of fae diveliine porti ons of a

protein derived froma pathogen. For instance, fusion
proteins containing an antigen and the B subunit of

ChAgrérered Sotive afay & &%&eﬁ@@‘dﬁné fhe pRRBG RS 1R InVelisH Somprises
response to the, antl Sanches_et al (1989) Proc.

NEtY (an agiivatedani bolfo virpsizsrs). Rfhcpertivalarlyte type 3
p&iﬁﬂoﬁéﬂt,gﬁ Eéﬁsﬁﬁb P PerltiBhall 'ﬁ@@%r cﬁ’ﬁﬁ?e X axgl?ﬁ'ﬁné RBhniques as

si ngl e- dosage conposi tion

i ha@mibyithedpss of palégenafoblowing fmmjr%;ymens foandirping addsubesquent
rRedsgQkygd in sterile diluent imediately before
|noculat|on In a preferred enbodi nent, the

i mmunogeni ¢ conposition woul d conprise capsul ar

SIS U O e el TPV
st m“*“‘ﬂ“%“é‘????iﬁ%‘%?u?&mwm
S PR SRR o’ SR ey JEG S0 R ep Hhis shiContmri

are,pgeamms er wlafamg&ﬂ vhits 6f ©§6¢ EQMEFQ msw er E@z or
9N, 9V, 10A, 11A 12F

3
%ﬁa&%%ﬂ fF‘mﬁ( kethoF 23F and 33F (rmst

preferably from ser ot ypes 1, 3, 4, 5, 6B, 7F, 9V, 14,
1'&%’lcxzen (ln"?e'czi b?rnadmeztgo': of tl:ﬁ: 1fngéntt12n, preferably the antigenicity of 1, 2, or all 3
of types 1, 2 and 3 of polio virus are retained; more preferably the antigenicity of type
1; type 2; type 3; type 1 and type 2; type 1 and type 3; type 2 and type 3 ;or type 1,
type 2 and type 3 is retained at a level of at least 40%, 50%, 60%, 70%, 80%, 90%,
95% or 98% of the antigenicity of a reference sample which has not been subjected to
the drying process. This can be measured, following reconstitution of the highly
viscous liquid in an aqueous solution, by any suitable method including by ELISA
using polyclonal and/or monoclonal antibodies against polio virus type 1, 2 and/or 3.
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preferred enbodi nent woul d contain the PRP capsul ar

pol ysacchari des of 20 Haenophilus influenzae type b. A

further preferred enbodi nent would contain the Type

5, Type 8, 336 or PNAG capsul ar pol ysacchari des of

St aphyl ococcus aureus. A further preferred enbodi nent

woul d contain the Type I, Type II, Type IIl or PIA

capsul ar pol ysacchari des of St aphyl ococcus

epidermidis. A further prefédfred enbodi nent vvoul d

contain the Type la, Type lc, Type Il or Type |l

cWhsuided 35 :pctﬁgcbefdhmwmm, Roeferaply the mwszﬁl@%ﬁ’ dud.or
r L r %@ t he

Am éj ?Bﬁ&pgﬁﬁgégﬁgr, des o ouplﬁ&eﬂept ocghcecus

pmﬁﬁxﬁbgmwyfafntyﬂeé; type Bnypé 35 tm laa.ndl typecd; typad apd @m@ﬁetme 2

?Pg“g%i}e i rg@l ﬁg&jbﬁ gns{ retal z?fevé\flo? E.t%ﬁr 0%, 3b%,

P60, ST0G Ba%; QD% Hrieorf 9884 of thmgxmmnogaﬁltb of arpfpeandefsanple

e B oo E o He s Tt SR Tiine
bﬁw@ﬁﬁu&n afntle E@hlylvmms yukfie Ihﬂbdmeoﬁs @lltuomdﬁj an5'-sﬂ1&ble

t 10-15 t t hat .
o A areated Tt 8 Oy Hi5o%R JOiA 4 Teacpsttiied ip
aBhutibh ¥nd iFirdcenaRe ﬁﬁ’@ﬁﬂ ﬂﬁﬁa]hﬁxefebﬁb%ﬂa tah) ﬁ&ter a suitable
C

preferred enmbodi ment gosac

ari des ally
P omosion tse: Andaata tre Solicted fop BamoaNEtd xpals RSy SEhPETSion
aﬁ% i ﬂ&g&%@grgel R Vgsm e HNGAD 403 66, @, KOs o)At ed

escri |nat|ons Of tV\D or nore of

ta@uqb@mmm@mgéﬂ@@em%wml@aserved usi ng the

nmet hod of preservation of the invention. Part or all

of a vaccine may be preserved using the nethod of
meﬁaeahlyaﬂP’ﬁms aimbtited withvome or mare of GLilA ? egfophiusdnfiusnzagdype

H0ERR bty T G olE0aafie dfor BRGERCEHL A 5w andjor ¥
ppd»ly@cahanaes o@bngosm:hande%d/opmmmcaau polysiveharidseod
R aRiride, Mg ey SonsCuseb G sombay, TR R Y e
aNtenOeIFS7, Bt h-MIIBRC; THIB adEMING; IPY dad MenAnand K iHily amdiden A

SUPSE! GIP'(\afn}-Ilb $on & S L e D8 and V; or TPV, Hib, Men C and Y.

The above particularised active agents may also comprise one or more pneumococcal

capsular polysaccharides as described below.

In the above compositions where polysaccharides are used, oligosacc]ﬁarides may also
be employed (as defined below).

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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1PV 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 vacci ne dose of I PV contains 20-80, preferably 40
or 80 D-antigen units of type 1 (Mahoney), 4 20 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). Wen dried®by a nethod of the
invention, preferably the antigenicity of 1, 2, or al
0. opent® and 3 of polio virus are retained;
nore preferably the antigenicity of type 25 1; type
2; type 3; type 1 and type 2; type 1 and type 3; type
ﬂimrmef:ygbcombmnonsy gaediby the p@c@s afithe inyenticd may heestomibined

kg otEryhies P} codibhcd bbeit Wict deeidcli ol oty o
vﬁq@fohaslam wluelecmﬁ:wbgsebtb eebonshtute the ddieg colgpqmmtseﬁsfen'ed
Th| | owi r,econst | ion qf . the

iR W ConiReatifing bitive Shlila WEGRNReh abo¥ lndlad 8 or
&uoﬁea:h H@hmem:hmdoxdmiamb togpidyywiold ol pafiussis i(P), pediizk onal

e (RLJAE aeihod Sl ipentne 1B ieon b Hpefin VS

lmmmphms mﬂﬁeﬂﬁﬁlﬂiﬂlwaédh&ldmp&wayclﬁﬁdés N2, or
al | of types 1, and 3 of poJio virus, are retained,
n‘ﬁ?‘é%?@f m!mﬂ Prpéem, ﬁﬂ%ﬁ@@%ﬁ?ﬂ&%&gﬁ%ﬂ&?ﬁ@ﬂ@?%@l 2;
tpfsems or &r}éﬂﬁ* tHe @xﬁﬂeﬂs)ﬁ@@d geloﬁm&t%aﬁfﬁyﬁh’d}ﬁn&s R 2

and t or ty is retai ned

aftonhlgpféw a éarnqmrqteagwch@@% tange texoid, mms tepoigl fegmentdy oy,
%&4{91 Cl%gen o eg@ﬁcﬂo‘t’en?% (@gsfiﬁﬁ&m QeABRI ©

as not el to t ryl ng ‘process.
ﬂﬁﬁ@”can be neasured, following reconstitution of the
hi ghly vi scous I|qU|d i n an aqueous sol ution, by any
suitable nethod. In a preferred nethod, the highly
vAsine agents gmise:tvd:dsusim:tha sptdcbsst afdhe mvamonaqauebw $ormulated with
sol uti on.and.i s ?cul into an_ani referab

ot bt Rlectiaides p%’?‘“’] 88 Bt Phdesimt Zigpisitas,

aHeenm@mlmhﬂﬂbnﬁdecun&rbﬁobWrﬁmdua@ I(]TﬁiqSAeﬂtfbptococcl, Group
;€§§conver3| on, .is tested. P rabl a relative

FRECos Pl Siaphylacoceus ayreus °"5 4 epiergridys. I agprpferred
aiboditedht, tROIRRAMRHertiOccibobifieh wedidrceﬁgﬁﬁnfaﬁslﬁ@@saiyeacchandes

Prefer ny, IPV is conbined with one or._ nore of Hi b
GRS (PEE | 957 IQEh Phe Sexpgroups A, C, W-135 and Y of Neisseria

meningitidis. A further preferred embodiment would comprise  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, 104, 11A, 12F, 14, 158, 17F, 18C, 194, 19F, 20, 22F, 23F and 33F (most
preferably from serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F). A further
preferred embodiment would contain the PRP capsular polysaccharides of
Haemophilus influenzae type b. A further preferred embodiment would contain the
Type 5, Type 8, 336 or PNAG capsular polysaccharides of Staphylococcus aureus. A
further preferred embodiment would contain the Type I, Type II, Type III or PIA
capsular polysaccharides of Staphylococcus epidermidis. A further preferred
embodiment would contain the Type Ia, Type Ic, Type II or Type III capsular
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15 b) PRP pol ysaccharide or oligosacchairde and/or
meni ngococcal A, C, Wand/or Y polysaccharides or

ol i gosacchari de and/ or pneunobcoccal pol ysacchari des or
ol i gosacchairde. Most preferably the active agents
conprise, WPV and Hib; IPV and MenC, IPV, M and
MenC, H b and MenC, IPV and MenA and C; Rib and Men A
and C, IPV, Hb, Men Aand C_H b, Men C and Y; or

I PV, H b, Men Cand Y. 20 THY above particul ari sed
active agents may al so conprise one or nore

oPRIgSFRIGE e of GroBR H SFeRiRsP9cAnRIHhecRreeaed swbpdigeet would
bl thdcdpBRaPOyRcARABASI GRP Meego&e&%s BRAEAL) dRher

are used, ollgosaccharldes may
( SIS R rass one N protain aud e pmes@lmn@@kﬂ types |¢§ tﬂbe
adj uvanted (as described below), they are preferably

unadj uvanted or preferably do not conprise al um ni um
shi ene ersbpdﬂneﬂe:rfatbtt snvehtionp theybasterinbpolpeescharides are full lengih,

b APAB R A CARL At B8R 181 B g vemin

diss polysadhiviles e sidél ba%debnt 2 mndilzoannqmp pﬂe-lfetrsbl'yr faes tnnes 5-10

p conbl S t he cess of . th
PHBERIDTR 5 6520 ety il tp R S i BEsize for
Cgﬂ:iibm ailanageahmtscl Oﬁg%ﬁtf‘.dhblnda ﬁiesuse\?mabrﬁﬁa @Ii'efmged embgdlment
pLef er ui ich can be used to
réﬁ%%g‘f“lﬁﬁﬂeé ng B‘h% Otepd WHiSed  anti gens
to be conbined with the actlve agents in the paragraph

gée i ncl ude one gr nore of diphtheria toxoid,
t BHCR FERsUa5 Rlyeaccharidrsamasntq mwewtls?é%q af coRifgatedioa qagrios protein

P&ich La%seﬁnﬁf@&xo{da&eﬁﬁﬁwok&ad dggtgﬁw&oi al t&oﬁ CRM197,

surface antlgen Hepatitis A V|rus

lsine Brojsl yi o €644, Tetanys ctoxia dlphthel’la toxin and
ﬁgﬂa&é d85xifidd exgl:\gr éﬂéﬂbhu@ﬂhﬁ %ﬁ&/ 8F YBRrdBI lay clfermcal
protel pneunbcocca po ysacchar T
piregfments or any of the antigens |ist ed bel ow.
Bacteri al pol ysaccharides may be conjugated to a
carrier protein such as tetanus toxoid, tetanus toxoid
f Thagnﬂ!ysacoﬁandecﬁopjmgkte riag bt prepardd biCEiyillhdwnowplinglischhique.

o%te%!imple tlse ?y%g'c% a'zrf' e cA bed ceo%%fed t\)meaada thioether linkage. This

conjugation method relies on activation of the polysaccharide with 1-cyano-4-
dimethylamino pyridinium tetrafluoroborate (CDAP) to form a cyanate ester. The
activated polysaccharide may thus be coupled directly or via a spacer group to an
amino group on the carrier protein. Preferably, the cyanate ester is coupled with
hexane diamine and the amino-derivatised polysaccharide is conjugated to the carrier
protein using heteroligation chemistry involving the formation of the thioether
linkage. Such conjugates are described in PCT published application W093/15760

Uniformed Services University.

The conjugates can also be prepared by direct reductive amination methods as
described in US 4365170 (Jennings) and US 4673574 (Anderson). Other methods are
described in EP-0-161-188, EP-208375 and EP-0-477508.
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bel ow. 15 Active agents preserved using the process of
the invention nmay be fornulated with capsul ar

pol ysacchari des derived fromone or nore of Neisseria
meni ngi ti des, Haenophilus influenzae b, Streptococcus
pneunoni ae, G oup A Streptococci, Goup B
Streptococci, Staphylococcus aureus or Staphyl ococcus
epidermdis. In a preferred 20 enbodi ment, the

i mmunogeni ¢ conposition woulZd conpri se capsul ar

pol ysaccharides derived fromone or nore of

sArfm@lem upthod, invg]vesyhe3Bupling ofa oyanpesndsernidg activated

lghifd dortyRicet Wikl 6l a0 de TROEH R i v by
SCmbMﬁmde cmmlema&ammma{é et al Mefeqrlavmunityc 98B 2453500 ar

pol ysacchari de antigens are preferably selected from
serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 25 9N, 9V, 10A

1?13&31;1%'&: lﬁl(:leulﬂocoddinroﬂeﬁE anﬁﬁ}ﬁs atkGHhose bﬁ&;m&ﬁccakgﬁteiﬂ:}ghich are
an rom ser S
6eXPod onye outer Surkies of) 'Sﬁa FHEpoSRes CAMPIR pifging recogaided by &

pf.%ft’s ﬁmﬁﬁn@@émi ; e Icamu l‘ilt]:eltd?ae BRerqmeﬁmg@bcus) or
olysaccharil des o I.LUS I N uenzae e

f erp%rf&?mwbwh ﬁ#eéacrétﬁ% W}%@Wf‘ bR RPeEB G M Pf@‘r(?’&@% the
S{Jro?eYtPeis a 192, Oidhg%mez-%énﬁ éﬁeﬁir sahl SafGler, | e dipoprotein of

aphyl ococcus’ aur eus. further preferred

e Strerapaesus pmymanmn%uﬂ’@gmﬁ@s Tihereof; Paytinylarly) prefegied grpfeins

il PAPER Y 02 AT GEEPUAY MU RERA M choric

cunmﬁmt qrimtﬂty:p)s [Mm;he!ltypel NogleiryAnids Resot999dub 115 18(13): 4010
St sor? Q)f Ir%gﬂe!a dﬁlﬁ #B eﬁé Qfgzﬂn {09&1 Y hg%i}r%mae
urtner er r e e ul con

aln th
ciypsail and pdl Withe herrd/dBieckifm Biophm: Aﬁcts tlﬁwplano'&ie d0e7(1): 67-72

nﬁ’t er abl d [gﬁpher ?ﬁ?ﬁlﬁ%@ﬁs'&{]% ggtc zfl ﬁ\?lh ?%} %Apﬁ.[‘lﬁéa%:oﬂ and

oaﬁal@mapﬁfcmmks waoh%/ome AL myanaﬁﬂi&) WaOtm‘osalsl (Paton et al),

poI %ggég%@hﬁi [ ] enﬁt h, y{g&g ur| f.i dHEFFt"f (US

ofssdmgs i rzmeg 'eP Bl ), Hspe ﬂ@'ﬁbﬁ@ﬁ&ﬁlﬂﬁﬂed&aetﬁmevﬁiaﬁﬁdhereof (WO
tines, preferably 2-5 tines

C BHOS95CPrles o4 abs Gois apemEARRY ddlion oty fereo! (Borry &
PPLR AMERATHAES 19668 DB LY 5255-68 1"BEqfeRde heterogeneity of PsaA, a

37-kilodalton putative adhesin essential for virulence of Streptococcus pneumoniae");

pneumococcal choline binding proteins and transmembrane deletion variants thereof;
CbpA. and transmembrane deletion variants thereof (WO 97/41151; WO 99/51266);
Glyceraldehyde—3-phosphate — dehydrogenase (Infect. Immun. 1996 64:3544);
HSP70 (WO 96/40928); PcpA (Sanchez-Beato et al. FEMS Microbiol Lett 1998,
164:207-14); M like protein, (EP 0837130) and adhesin 18627, (EP 0834568). Further
preferred pneumococcal protein antigens are those disclosed in WO 98/18931,
particularly those selected in WO 98/18930 and PCT/US99/30350.

Preferred Neisserial proteins to be formulated with the immunogenic composition of
the invention include TbpA (W093/06861; EP586266; W(092/03467; US5912336),
TbpB (W093/06861; EP586266), Hsf (W(099/31132), NspA (W096/29412), Hap
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greater manageability. digosaccharides are used in a
preferred enbodi nent. 10 digosaccharides typically
contain between 2 and 20 repeat units. Such capsul ar
pol ysacchari des may be unconjugated or conjugated to a
carrier protein such as tetanus toxoid, tetanus
toxoid fragnent C, diphtheria toxoid, CRML97,

pneunol ysin, Protein D (US6342224). Tetanus toxin,

di pht heria toxin and 15 pned@vol ysin are detoxified
either by genetic nutation and/or preferably

REITVERSS/027 66)aPord PorB] OMBSG |(¢sahmnarasdb15bﬁﬁpogéw5le

SRR R0 R GRRLRED 081 E) e LRORRERN( o38O

t KOBS), Fep A bt Fip&ge a climenved ﬁomom ju@ainerto pethirddt least 36,50,

Tocsh R oo A RSl

ShifyvarsGy alVIbE: Misfobiol. 19D%32:a¢17)yPliaBi(WO098/62540)) Eiaskie

Eﬁw‘“‘a‘?’?@béﬁ9§°€§c@§?¥ﬁtfﬂ§§4’bﬂ3 MR BRI Eoy A °

WWS%N&ES& (}ﬁ@tﬂﬁb &€ préftrably A@dedne pifified pi6tedB df as

am no-derivati sed pol ysaccharl de is conjugated to
tPPéthéﬂPP@F%bﬁﬂﬁP@Pﬁa% ng heteroligation chemstry
i nvolving the formation of the thioether Iinkage.
Such conjugates are described in PCT published

aPst va@aup amprefeerblyl forsplatedryithoantigensueiding pratpqtion agaipsf one
-
r‘l)elgﬁlc ﬂgjtrlﬁﬂ%g a'g%t%n‘%?% HZBJ}&Q 0 %gks%gl'rg ﬁ%gd In E%e pertussis
4@ﬁnﬁﬂaﬁa1t(ma5n he kijtey wimde OS] &Wsm(mm e saseljularQpantassis (Pa)
ds ar e cribed | 8
38 F5urRE o 55 St B dprofecb) ) S04} o QP REN ana
CGQ]@aI Maﬂfn ﬂeﬁginlw@e acdiiulnivateines tisy @bmtdin agglutinogens such as
PR SRR 05 B Yl el i 450 1o
éﬁﬂgag&@fﬁm{g@fiﬂd pfovidhg @kotédﬁlf)ﬁcigaltnktllwmﬁeﬁa a8 BetZdfs are
¢ referred pneunpcocca IO ei ns antigens
tﬁg@eﬁhé‘?}mé@c fgtanpy toxreid, She,fpx BYS apec q“@;&ai} JapeErpied foxins

OfibeExapipld, Foowihg ttﬁéﬁniéﬂlewlm TorefaliEh{dR RR bEndinabiBiated by the
reco ni sed by a "host's inmune systemduring at | east

infroduygtion ﬁ%oﬂeiqfénoé%/ml@ et 9WE pneunococcus), or
Altematwely the highly viscous liquid of the invention may be provided as a kit with

the highly viscous liquid glass in one container and liquid DTPa or DTPw in another
container. Such kits can for example comprise 2 dual chamber syringe with the dried
and liquid components contained in the same syringe but in different chambers. The
dried component is then reconstituted with the liquid vaccine immediately prior to
injection as a single vaccine. Thus for example, the highly viscous liquid composition
of the invention is reconstituted with the liquid DTPa or DTPw vaccine (preferably
extemporaneously) and administered as a single vaccine. The DTPa or DTPw vaccine
typically is adjuvanted at least in part with aluminium hydroxide (for instance
Infanrix ® and Tritanrix ® vaccines of GlaxoSmithKline Biologicals s.a.}.
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are proteins which are secreted or released by the
pneunococcus. Mist preferably, the proteinis a

toxi n, adhesin, 2-conponent signal tranducer, or

| i poprotein of 10 Streptococcus pneunoni ae, . or

fragnents thereof. Particularly preferred proteins

i nclude, but are not |limted to: pneunolysin

(preferably detoxified by chem cal treatnment or

mut at i on) [Nltchell et al. Micleic Acids Res. 1990 Ju
11; 18(13): 4010 _"Conparison of pneunolysin genes and
pm cpine may plsSpptiqually cuanrise preenerre aetigens/thatran peaigst a host

by BB RS g BRI
| m&s@h@ralhomaaamﬂlmﬂueHWS purification and
bi ol ogi cal properties.”, W 96/05859 (A Cyanamd), WO
90/ 06951 (Paton et al), WD 99/03884 (NAVA)]:; PspA and

t Prxfesmed nbnanaahie Ifétx'rymnmmr prawrimsadtigenseintlnd&)BimER0 grbldn (US

B : C.and ansnmenbr an eti

it 3 R porpbigsiipeph G beTetan (qacke Cign) fupgagadss

aOHiot St£te Reesavhavanditiot), OMIP262P6itbeint Iy ThBBI His, Bmwl,
P tﬁg, I nbgst I mmun 1996 Dec; 64(12):5255-62

%%E’d%e R MePIPogenei ty of PsaA a 37-kilodalton

put ati ve adhesin essential for virulence of

St rept ococcus pneunoni ae"); _pneunococcal_ choline

b?‘i?ﬁﬁ‘ﬁ@ Bﬂ‘éﬁﬂé? Y Rgtigsns iBdedro vaple, e o | ipactivaied s, split

e
thePeof (WO57! 41%1% W%@%G%‘d@%%mr%d@ﬂﬁ Virosornes

iz describerthy Be Glugkh Vegsing 3992, d@h%ﬁ-?@é e purifiedérorscombinant

(e R, ik A e B S ekl oo Bl

164: 207- 14) MIike protein, (EP 0837130) and adheS| n

AR 55, BB sviafiL g B b B 50850,

p@rgtycoproteir, y‘hetlliﬁ pmotein| theMaotein oY\@erdGitité&IBéednd

5P AR P dPtpeited fhat PeGHG qempest ﬁser e Bifrp T @mptise
| gheetit noR Eapeil mdﬁolﬂa@eﬁaﬁ&@ﬁaﬁnoﬁg peties 62 Gfteria. Antigenic

W92/ 03467, U;l%g12336) ng (W) 3/ 0688 EP586266
od

HOROGHEYy 44: COTRRIEA from one or ‘more
(SpeditFIdAbieA466) , Por A, Por B, VP85 (al so known as

DI5) (W000123595), PilQ (PCT/ EP99/03603), PldA
( PCT/ EP99/ 06718), FrpB (W96/ 31618 see SEQ I D

Immunogenic compositions and vaccines

A further aspect of the invention includes immunogenic compositions or vaccines
comprising the highly viscous liquid of the invention and a phannaceutlcally
acceptable excipient.

Preferably, the immunogenic composition or vaccine contains an amount of an
adjuvant sufficient to enhance the immune response to the immunogen. Suitable
adjuvants include, but are not limited to, aluminium salts, squalene mixtures (SAF-1),
muramyl peptide, saponin derivatives, mycobacterium cell wall preparations,
monophosphoryl lipid A, mycolic acid derivatives, non-ionic block copolymer
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NO 38), FrpA or FrpC or a conserved portion in comon
to both of at |east 30, 50, 100, 500, 750 am no aci ds
(W092/ 01460), LbpA and/or LbpB (PCT/EP98/05117; 5
Schryvers et al Med. Mcrobiol. 1999 32: 1117), FhaB
(W098/ 02547), HasR (PCT/ BP99/05989), I|ipoQ2

( PCT/ EP99/ 08315), MLt A (W99/57280) and ctrA

(PCT/ EPOO/ 00135). Neisserial proteins are preferably
added as purified proteins &t as part of an outer
menbr ane preparation. 10 The vaccine is preferably

fearfertangs, Qlvih cholamatoxie Bsuipmsypalphasphsrencand derivabiyes Fsh
Qi unOdtindliRd Fgé?ﬁe%td%%ﬂg A& AMske ARG B HeE &hhadhi et al.

pertussis In ons ~pertussis conponent may be
K1990p atukeo34d: 8781875 BFonwesterineryivse & /fpr produgtion p{indibodies in

is . ' b NSe: e antigen
(S Bl bbb i o PR Syt BEBL Wl OO ISR
pertactin. Certain other acellular vaccines also
contai n,aggl utinogens such as 15 Fin? and.Fi.m.3 .
R B Sl B0 o Ve bR it Gy o
iamoants ioHthe imibunigeas inyst be detemihédpmsirigailyy Falitorg to be
protectj.o inst Diphtheria and Tetanus are .
et neos RAmIRREeE, RS hALRE P e FEmReEn Ml bey o
cbmplegéd with bin@vhlemb) ffclicdtd Abaditvadl orR¥REPpteid 6 dilspi ng
treatment with formal dehyde) or toxins.inactivated by
(RIS Tofe pcrsisations gidhomumisr el igenesing dospges fbe 20
Rlain8fift@td VSilck fAdiGs RieXbin Wi 86 %Ei_nb 'aﬁ_lihﬂ it@g‘w&mﬁithin the skill

[ n\_/ention‘rm%/ be provided as a kit wt the highly
\Af gegurologigs ioomeiesuch deterpimstiensyvifionicindye experigeRtationT Pa
or DTPw in another container. Such kits can for
exanpl e conprise a dual chanber syringe with the dried
divg attivgugent campropresentinverying cenebniratianis én the highlyywiscngmeliquid
' ' . e dhe.  dri ' .
R adelhe O e elio "IRRID, o i b LSRRI, o Btappe s
poiagouttmeddssarnjocachiepnitainteadsl usg| vehilediteemmdmumitoscentyation is
ampl.e. the hjghlyv..viscous |iquid, conposition of ,the
THOBRE By oo i R U et o SRR oy Flspefiled
Egﬂ’m tha Qrdtial eniftnree fFe ﬁhilayce, the e ipiOAeaIS bf/9 thedapeutic agent is
adm njstered. as .a single, vaccine. .The DIPa or DT
ety 5 ich Sl phiv il a el ertioaly oHbgtve dosgs 1 ¢ 1
Didabtivel substincen, ehel rhigintd® EorlcBRfaBibs B anlafoaftimeXestdry f@nd

Tritanrix (r) vaccjnes &f A axoSm t hKl i ne, Bi gl ogj cal s
g}ogpgww%on réconstitution and the maximum concentration is at the point at

which a homogeneous suspension cannot be maintained. In the case of single-dosed
units, the amount is that of a single therapeutic application. Generally, it is expected
that each dose will comprise 1-100ug of protein antigen, preferably 5-50ug and most
preferably 5-25ug, Preferred doses of bacterial polysaccharides are 10-20ug, 10-5ug,
3-2.5ug or 2.5~1ug. The preferred amount of the substance varies from substance to

substance but is easily determinable by one of skill in the art.
Highly viscous liguid comprising an active agent

Another aspect of the invention is a highly viscous lignid comprising an active agent
which is preferably obtainable or obtained using a method of the invention. The active
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23 The vaccine may al so optionally conprise one or
nore antigens that can protect a host against
non-typeabl e Haenophil us influenzae, RSV and/or one or
nore antigens that can protect a host agai nst

i nfluenza virus. 5 Preferred non-typeable H.

i nfl uenzae protein antigens include Finbrin protein
(US 5766608) and fusions conprising peptides
therefrom (eg LBl Fusion) (S 5843464 - Ohio State
Research Foundation), OW26, P6, protein D, TbpA,
Thgiat prefesablyHmtains its laotivity ahidvor ardigelni EiiySand/pd irPmufiegenieity

I Eoéfeu enza vl {r#lﬁ% ot %} r&tsof b ﬁ.llﬁ\fjeg %ln%vsgtr)sgéﬁe\ffm%nshtuuon
egg:&rahiy hiDedst 405 I5t),950 o0, 8!1;390;) oc%3% of the awmlagerft’ls lactIVIty,
V|rosonBs as descrlbed P...d uc

1 BESRIEITY O ptaged, ThSREY e el eninddthy, g Sitable

U hRi00/ for Bitakteds dblbribddibo¥), Or Mprotel ns, or
conbi nations thereof. 15 Preferred RSV (Respl ratory

Syncyti aI Vi rus) antigens include the F gl ycoprotein,

t by i@ &the m@&ﬂoﬁ'b%e@é’rﬂﬂ? bdinprisB @ gl‘és@fuﬁhﬁig@m@bl

der| vatlves hereof. It should appreciated th

aselecipsirom themroiconsvingof slupse; mal’e#ﬂspadﬁp-mlw %ﬂ’ﬂ?ﬁ“@é":
OBferdie, rﬂﬁgog% Gk BfbildL i SAAGEA Waftfoll [aBifoP pRaal, Srehalose,

species o acteria. Altigenic conpositil ons may al so

c tafpmdss,estachynse nglezitoseand dexttani des derived from one or
nore 20 species of bacteria. |nmunogenic conpositions
and vaccines A further aspect of the invention

i Kaghldeisconstiguid gfthe inventinmasayt dootain amy of theactiesage@s described

RS B0 b ot o By i
Pbipleicabdygtem| e msmﬁum&gle rsh‘scen@]amﬁﬁﬁobmnns; bactariaC buter

ontai ns an am)unt of . Vant suf
fﬂ?ﬁﬁﬁ@e Vesicle preparatiqns ﬂgge rparyeal {wﬁ%b%reé{nﬁer comprise a
Suiolatles; ftxasipe patdifs, pBysdes] Qmiddibcids) 1yt lelciabidk,e d t 0,

alumniumsalts, sgual ene m xtures (SAF-1),, nurany

p gbgqng@eotgdgﬁ @ﬁlyﬁaceléqr}@sdppg@gcchﬁ%m&s%qcpﬂmec el?rPt"Wal I
SAdatds] SHYSsaccHIRASBRASR Bstfjiatel. IPMdy Also S0AGHsk Codbinstions of

derlvatlves non-i oni ¢ bl oCK copol ymner
comprising two or more of the above active agents.

Preferred embodiments include a highly viscous liquid preferably obtained or
obtainable by a method of the invention wherein the active agent is or comprises a
vaccine or vaccine component. Preferred components of the vaccine are described
above and include IPV, more preferably IPV and bacterial polysaccharides, preferably
polysaccharides or oligosaccharides from Haemophilus influenzae b and Neisseria
meningitidis A, C, Wand Y.

Preferred vaccine components include IPV (an inactivated mixture of polio virus
strains). Preferably, IPV is combined with one or more of Hib PRP polysaccharide
and/or meningococecal A, C, W and/or Y polysaccharides and/or pneumococcal
polysaccharides (as described above), more preferably IPV and Hib; IPV and MenC;
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24 surfactants, Quil A, cholera toxin B subunit,

pol phosphazene and derivatives, and inmunostinul ating
conpl exes (1 SCOVs) such as those described by
Takahashi et al. (1990) Nature 344:873-875. For
veterinary use and for production of antibodies in

ani mal s, mtogeni c conponents of Freund's adjuvant can

be used. 5 As with all inmunaogeni c conpositions or
vacci nes, the i mmunol ogi cal Izﬁ effective anounts of
the i mmunogens nust be determined enpirically. Factors

t B Vo Blib ansdenfe b andiMenddPVirad Marduamd §6 Al rad Meniand &
OfpV) Biib, MR A BHEO0GR MM anhjz_; of BRHEN et bty 9
covalently attached’ to an adjuvant or carfier protein
or other 10 carrier, route of adm nistrations and the
rARE o0 oMo Pl RIOME ki w2 Wt o fiflen il il
viret smipdoytett €asgdefihed abote)i nmunol ogi sts to make such
determ nati ons w thout undue experinentation. The
active agent can be present in varying concentrations
i Altlicngh thesghdoynpobistions raay becidju¥antdd(ap Hesebal above)f theyare
inventjon. .Typicall t.he .m ni num.concentration of the
Rl SRati VR S srriots o b TR ATy 16
i ntended use, while the maxi mum concentration is the

X] moynt that will remmin in solution or |
L%ﬁ%%{?éﬁﬁgﬁﬂwgi@ﬁéﬁ&é isSEBREHes e PRREHEA to peplidecr
Featrier Pfvkedi) 66tmprt mapm@w@tdp@ﬁb&i éuae«gapeut ic
agent is preferably one which will provide a single
therapeutical ly effective dosage. For 20 bioactive
TR AN Fidooul i}&ug&bﬂhme&m GEE bRk b onbild AR
necessary for “bioactivity upon reconstitution and the
rARSETRS i & envelinationvierine whiclt are hptiquellndesivcatedvbn préfesbly liquid

NOERESIAE Wi léﬁ;?ﬁé‘éég@ th I%M%%ek}ﬁe &Péd&%bl&ge%fshg{%fe%gg a

case of single-dose unrts, the ano

snfigane tq beegombinedwithethp bontents of the cGetainend  the invéntion include
t h wll .conprise 1-100 f

SHBERER ordlineh? ihol Rt oxo BTG S mipiat g welinar
meﬂﬁamdﬁ?Xaﬁzeﬁﬁitgd a&vgj,é!()epﬂﬁis@ﬁ@ﬁc@énl A ugeg bﬁéﬁhﬁdcoccal

ol vsacchari des are 10-20ug, .10-5ug, - 2..5ug or ,
T N e iy R T Y e N
fprateing BasteAslgplyssch&itRs haf 6&cdifigaied t¢2&drtidr protein such as

dreterm'naleb one of skill in the art. i
ctanus toxoid, tetanus toxoid fragment C, diphtheria toxoid, CRM197, pneumolysin,

Protein D (US6342224) as described above,

A further aspect of the invention is a method of making a vaccine comprising the step
of reconstituting the highly viscous liquid in an aqueous solution. In a preferred
embodiment, the aqueous solution comprises Diphtheria toxoid, Tetanus toxoid and
Pertussis (acellular or whole cell) antigens and optionally further comprises hepatitis
B surface antigen. The DTP vaccine is optionally at least in part adjuvanted with an
aluminium salt, preferably aluminium hydroxide or aluminium phosphate.

Another embodiment of the invention is a kit comprising the highly viscous liquid of
the invention held in a first container and a vaccine comprising liquid DTP (acellular



Hi ghly viscous |Iiquid conprising an active agent 30
Anot her aspect of the invention is a highly viscous
liquid conprising an active agent which is preferably
obt ai nabl e or obtai ned using a nmethod of the

invention. The active 25 agent preferably retains its N

activity and/or antigenicity and/or inmmunogenicity

foll owi ng drying using the nmethod of the invention and

subsequent reconstitution. Pleferably at |east 40,

50, 60, 70, 80, 90, or 95% of the active agent's

aox M«hphy:pll) in mtse@ed; pmtayeroA dushebarobgrsyiigeynayderieeddsned.
edetermned by any suitable 5 method, for

i NSt ance as described above. Hi ghly vi scous I|qU|ds of

t he |nvent|on preferably conprise a glass form ng

b BBl 55 aC R e BB b Bl o=
mHMMymmmdﬁwﬁﬁﬁamehaehltoI i so- naltose, mal tit ol
lactitol, palatinit, trehalose, 10 raffinose,
stachyose, nelezitose and dextran. Highly viscous
liquid of the invention nmay contain any of the active
agents descri bed above. The active agent preserved by
the highly viscous liquid may conprise a biologica
system for instance cells, subcellular conpositions,
bacteria, outer 15 menbrane vesicle preparations and
viruses. It may alternatively or further conprise a
nol ecul es, for exanple proteins, peptides, am no

aci ds, polynucleic acids, oligonucleotides,

pol ysacchari des, oligosacchari des, polysaccharide -
protein conjugates, oligosaccharide-protein
conjugates. It may al so conprise conbi nations of
conprising two or nore of the above active agents. 20
Preferred enbodi nents include a highly viscous liquid
preferably obtained or obtainable by a nethod of the
i nvention wherein the active agent is or conprises a
vacci ne or vacci ne conponent. Preferred conponents of
t he vaccine are described above and include IPV, nore
preferably I PV and bacterial polysacchari des,
preferably
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25 pol ysacchari des or oligosaccharides from
Haenophi l us i nfl uenzae b and Nei sseria neningitides
A, C, Wand Y. Preferred vacci ne conponents include
WPV (an inactivated m xture of polio virus strains).
Preferably, IPV is conbined with one or nore of Bib
PRP pol ysaccharide 30 and/or neningococcal A, C W
and/ or Y pol ysaccharides and/ or pneunobcoccal

pol ysacchari des (as descri beid above), nore preferably
| PV and Bib; IPV and MenC, 26 I|PV, Hb and MenC, H b
akgamples | PV and MenA and C; Hib and Men A and C
PV, Hb, Men A and C, Hib, Men C and Y; or |IPV, H b,
Men C and Y. In the above conpositions where
PThy/@ampiea below Iradatriddsoud using stgrisRaedhniguels hithyarewelDknown

be enpl oye as, lned above).. Although these,. )
cBHd8 it%ﬁ@gm@ﬁ%ﬁ@n@aﬁ %y SHFER k%%otg dgwsibsdsyefeil. The
t Bi@hpRds Are iRsafve) Blibdo A Hnit i Theshtien, Preferably do not
conprise alumniumsalts. 10 Preferably the

pol ysacchari des or oligosaccharides are conjugated to

SERiple 1€ ESfablifihdnt OF trebRhSldndfRaR" | Si ng T-hel per
epi topes (as descri bed aboé\ie). The hi ghly viscous
liquid of the invention are preferably conbined with

oS ics s EELEy AoRifE RGBT IS Bt 16, 800 §B4 3 20%

f eplytions Samples memm; bwar?a Hetoddryratinner 8—&%{:«:@ idfyet in ‘_"“id:j shelf
{S, er.r.e nt1ge 0 pe C L n .

e PRERRETREN FOicBuah B i ot dha B Bl ROBRpitfnser i

| 136 QRessBB i regnlited Witk bREPMINEIHAD thékRibshplds@ledveiable to

toxoi d, whole cell pertussis (Pw), acel]|ular

pefsiedheprogues temperaiiie dhe kel temperatyre setiing tres mupingpined at
p . _ .

oHL oo O brodd e Y EBRAR, was AR 16 Apber and

riahintaged at thizQevst for 0 ninut@defore rediicippthy presainafirtiesto may

b ' d c =] tein_s S et anus

CRRO, SR Rl 075 Blrs el o i S 38 g

ORdl 9as mpinedinsdl fys20nminufes af Alow the (ekipeRiRe AY8quitidrate and the
er aspect of t invention is

dtescrig%dooéﬁ)ove. A furt

2HRTR FRIPIFoas Teadiping S EmePeuple, {hgrmeciples wese;
odttatied e SeniplestvritOdiffBent Buelobd/covit énbraticins lahdl the derhpbraiires
ar%go?'geléls n %a%lleu{ iu'g rx]ﬁeaxll gal%esporf (telzeetgnrzgecllratures.

Results

All samples froze between 1.66 and 1.11mbars, irrespective of the concentration of
sucrose present. The temperatures measured at different pressures were very close to
those predicted from the triple point curve. Therefore the presence of sucrose does not
have a large effect on the temperature of the samples at different pressures.

In order to avoid freezing of the sample, the pressure should be maintained above
ZmBars for a shelf temperature of 15°C. At lower temperatures the pressure should be
maintained at a higher leve]l whereas use of a higher temperature would allow the
pressure to be reduced further without the samples freezing.
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toxoi d, Tetanus toxoid and Pertussis (acellular

t he aqueous sol ution conprises Di phtheria

or

whol e cell) antigens and optionally further conprises

hepatitis
optionally

alum niumsalt,
al um ni um phosphat e.

B surface antigen.

at | east

enbodi nent of

The DTP vaccine is
in part adjuvanted with an. .
pref erably al um ni um hydr oxi de or
30 Anot her

t he

invention is a kit con‘prlsw?@the hi ghly vi scous

l'iquid of

a vaccine conprising liquid DTP (acellul ar
in a second contai ner.
descri bed above.

cell)

|.e
gy

e may be used as

the invention held in a first container
27
chanber

A dual
Al |

and
or

Biesdueces

nat ont.

Meamétbt&tnpampire c
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aﬂzeatralscabten:@draum hi
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R
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'I II\JUI |JUI (J.L CU Uy 1

anpl es bel ow are

Vit

S Ng g
f outl ne

?n@aro techni gy
0 those of sKi

€s, which are werll
Il in the art, ex

lil‘.iﬁlﬂWn
tept where

.)Sianwl se (

acri bed i n det
hllf | |

r*ln not

i11°C The 5 exanpl ¢

flnn —aLan

mf (W] 1 on
T TrveTritlT UlT.

> qu’l e
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<

Hl ustrati
2. S@laﬁm i dnddt

h t of freezin

g7c%nd| tions Sanpl

gu\- II’JI C

1 ?/gan 200

Qaﬁﬁng SUCT 0SE

sol uti ons.

éﬁ' Ter 1o give
anp

‘H%zén%

nto a

HOMmBRF YW I
f-enperaturg

nEx °(B- 85 freeze

t@i%ﬁ@fa&ture -3t ;Qhe condensgr:”?sc _85C, pressl

es _were put |
dey®al in which she
d tn \luthlnl 'r~

> fifozen

fhr\-F

T 1 |

2240

I BQUI dl BU
avai l abl e t

o

VI lll d UI ceu vdl ve dlld © tner mocou
nmeasure the product tenperature.

&5 are
The

shel f tenperature setting was nmaintained at 15 C

 CARR MO B ARG wichdl RodEhl ot For el ¥

for
5 Gmmonsa@ales corpaiBinBals 109@. 5 oraut

R !

ressure further to
% SR et mie

*%h@ﬁa?&ﬁggn%qs c

10 m nutes before reducing the

ressure

Vo Bidpioaiiepts 49 ¢

Jre

§ qu

t i@oughout 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
temperature reduced to 4 °C due to evaporative cooling. After 2-3 hours, the
temperature of the samples returned to 15 °C, indicating that evaporation under these
temperature and pressure conditions was near completion. During this stage of the
process, the sample did not boil to form a foam or freeze so that an active agent within
the sample is exposed to as little stress as possible. The sample have the appearance of

viscous liquid.

Further drying of the samples was achieved by reducing the pressure firther to
0.1mbars while keeping the shelf temperature setting at 15 °C. These conditions were
maintained for a further 10-16 hours. During this phase, the sample temperature
remained at 15 °C since the rate of evaporation was slow. Further drying took place
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tenperature of the sanple was read using a

t her nocoupl e. Thernocoupl es were attached to sanples
with different sucrose concentrations and the
tenperatures 20 recorded in table 1 are nean val ues of
the tenperatures. Results Al sanples froze between
1.66 and 1. 11lnbars, irrespective of the concentration
of 25 sucrose present. The tenperatures neasured at
di fferent pressures were verdf close to those

predicted fromthe triple point curve. Therefore the
p askthe pasulisint samplokad ahebié appsarandealf dhessamplegeasailace 6n ity pide,

t : O S.
| 18 soEBRELALY Boftq 1 aSRIP bR sl ot GUPRbUBIAET K2
s bennpilelistadiquisi glasaofikigh siseosdy. FguerBalrwvsithe appearpmarefof the high
tﬁgg%g)qggﬁig of 15C. At |ower tenperatures the pressure
S .

mai nt ai ned at a hi gher |evel whereas use of
a higher tenperature would allow the pressure to be

reduced further w ut the s l.es freezi.pg. 29 .
Tgmp 3 sseatin oheb Y inimtnogenl ABFarfe e S rpetne or
t formatan | i qui d/frozen 1000mBar 15 C Iiquid

50mar 15 Cliquid SmBar 1 C1 Cliquid 2.5mBar -5 C

- $udh dainfiles Havethot BEERNbjected th strebbes@sdocEedwitlthd ing that
C-27 Cfrozen 0.2nmBar -27 C -32 C frozen, 5 Exanp

) e.
23ccRpPRes Poam fermptionon freern e ExprRBsIth yersPerfarpad to dotermine
f Qh@Ed B meliASREdBsd PR ﬁmoﬁnﬁc’?ﬂﬂ t@liitiol Whedisel W dry TPV.
15% and 25% sucCrose weré made an added to vials.
Sanples were put into a freeze dryer at a tenperature

et Bbhafity arimcrel PO gt BF i EP Sype KAFpPARRTUAL,

t hfusohsspbition with 0% nduamesesr 1086 taghalose adthesisbilisingedeot dhe

r ?Méglvgerg Bl?t into siliconised vials which were placed into a Heto Drywinner 8-85
freeze-dryer and the temperature was set to 15 °C. The pressure was initially reduced
to 35mBars to degas the sample. After 10 minutes, the pressure was further reduced to
8mBars and was kept at this level for two hours. During this period the temperature
setting was kept at 15 °C and the temperature into the sample was monitored. As
water evaporated from the sample, the temperature dropped to 4 °C but towards the
end of the two hours, the temperature returned to 15 °C as the rate of evaporation
slowed. No bubbling or foam formation occurred under these conditions. The pressure
was then reduced further to 0.1mbars and these conditions were maintained for 16

hours more in the first two experiments and for 10 hours more in the third experiment.

The samples were reconstituted in water and an ELISA was used to assess the
retention of antigenicity of the three polio virus strains. The monoclonal antibody
against type 3 IPV, was used in an BELISA to assess the degree of antigen retention in
the reconstituted, freeze dried sample compared to a reference sample that had not
been frozen. Resulis are presented as a percentage of the reading given for a sample
which had not undergone a drying procedure.
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pressure f rther. The pressure was further reduced to
8nbars for two to three hours during which tine

t her nocoupl es i nside the sanples showed that the
sanple tenperature reduced to 4 C due to evaporative
cooling. After 2-3 hours, the tenperature of the
sanples returned to 15 C, indicating that evaporation
under these 15 tenperature and pressure conditions was
near conpletion. During thié“stage of the process,

t he sanple did not boil to forma foamor freeze so

t Bagultin active agent within the sanple is exposed to

G bdidd sBmp fe? fiaPa tid alﬂl‘,?hovm &r th BarbPNDetifd ﬁlefform of

appear ance” o Vi scou |qU|d 20 Fdrther dryin

t hbigbbrmiscous kquid/ glassisingedvone pasiad of daysi the dyigdsgmpleavas able to
f Gy Q{E{h L taiQer |“€§g%{v§ﬂ%{n | e keepi ng the shel f

terrpera ure Set 15 C. These conditions were
mai ntai ned for a further 10- 16 hours Durlng this

2l RE e = 5 3
phﬂﬂﬁjmm@ﬂdnmhafﬁmugbm&ezgghpl e had a soI i d

appearance. |If the sanple was place on its side, the
sanpl e contents slowed very slowy, over a period of

EyenShion Ng t Nak ciﬂiﬁmeﬁtarml b 2P %xperimanti d §l3¥%speiment
ni gh viscosity| Figure ShO\JKIS t he appearance of th
i gh viscosity (1&1%?(9}' cl) Exa ki iouncyea)ent i| 61 R pysie)

gERageni cr ty[afTer ggf yrng- W thout freezigg or 1oam
formalli on Suchlsanpl es have not been subjegted to

fsﬂﬁ&fswes)sassom at ed W h t he|bubbling that | 10

q III Cb IUlIIIIUT WIO“ O| FE]I”B
né‘?"é 8% ned |t o de?errri ne |whet her thls et ho d’éi'?

[rlo%lubhdoa hi gh | eveB2%f antijgen r&9%nti on|when @3%d

o drv LD\/ Thr oo oonar;d'n ool nmnt o

orf-or
ooy ™ v LI = S v S A= 3 B~ L = u/\|uvl_l LILA *ZLELAY \J VVL,I < 'J\,I moT IIUU

in which I PV was resuspended in an aqueous sol ution

Wirhbse 18 %s o 3qpvranﬁ§b?mtamlceﬁ@me§v Gavohrablylwith thefreeze
agent. The 15 sanples were into si |con| sed t\{mal S
w%ﬂ@ﬂ ig@fis shyvaelelow wb@reéremé% Vdflewﬁﬁ gpualy fopn same

fE@%@fd}hx@&h@ra%m%lohﬁrsas:s&awgﬁnmﬁ;e%e&astﬁedl5 C. The

pressure was initially reducéd

Table 3 Retention of type 1, 2 and 3 IPV antigens as d ined by ELISA uging a

monoclonal and polyclonal antibodies (freeze drying)

Method of drying Polyol content ELISA —type 1/2/3 %
Polyclonal  Monoclonal

Freeze drying 3.15% sucrose 46/49/58* | 19/25/0

Freeze drying 10% trehalose 47/43/58 25/0/0

* 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 4 Long term storage stability of dried IPV stored as a highly viscous
liquid/glass.
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to 35nBars to degas the sanple. After 10 m nutes, the
pressure was further reduced to 8nBars and was kept

at this level for two hours. During this period the
tenperature setting was kept at 15 C and the
tenperature into the sanple was nonitored. As 20 water
evaporated fromthe sanple, the tenperature dropped to
4 C but towards the end of the two hours, the
tenperature returned to 15 @2as the rate of
evaporation slowed. No bubbling or foamformation
occurred under these conditions. The pressure was

t IPNdried disiRig thef higthdiibdesdribeq irl Botumpde 3wed stoesisat 4CCrfdi Oinomghs.

re mpjntained for 16 hour [ he, fi t.wo
oAl MereRprrpied 6n g it bt AR A5 g HIE5 A WS used
e%{é.@iebdﬁ@iatenﬁaﬁ ofl iiftigeraéiy Fshe/Wifee pb B diRBitstrhivts. Ahrden
wat er _ a

nd an ELI SA was used tp assess,fthe re j on
ORoRislang LB, 616 ABsL R, ety i taseparts FASH
NRBQS (HRNRbred bE Aiget retedfist Mthe feldiBtithtet BdredV@mples & Girhillar

an ELI SA To assess the degree of antigen retention in

t BelSAding ibeen sagasput pp resonstinedsgmplepfivm thesmerhatrh pgonto
r §bGLe %lereﬁﬁtgmef‘e JOG%E:GH s fb‘?ére&? s%}ﬁ}gg tHat RASdt bédatried.S

are presented as a percentage of the reading given for
aResaftpire preseritedashqurocatags efdks xgading siven for a gample wvishhad not
3 ﬁé.T Ljed sanples had a solid appearance
hé%%&%ﬁg% y g%%gﬁgd to be in the formof a highly

vi scous |iquid/glass since, over a period of days, the
dried sanple was able to flowif the contai ner was

[ ed. 5 Table 2 Retention of tune 3 IPV antigen as
determ ned by ELI SA using a nonoclonal antibody

( Nablg g!' "_‘.'::L!_ll »af IPf _’.g_":' 3 afier ftoragedsadio BGOLS Haa
empnths tent 2 experinent 3 experinent (18 hour cycle)
(18 hour cycle) (12 hour cycle) No sugar 0% 2.5%

cnurnrocn N0L

Db

CTreatment Type 1 ELISA Type 2 ELISA Type 3 ELISA
Dried/reconstituted : 72% 75% 88%
Not stored
Dried/reconstituted 70% 94% 90%

9 months 4 °C

Therefore IPV which has been dried by the method described in Example 3 an be
stored at 4 °C for at least 9 months without loss of antigenicity.

Example 5 Comparison of the immunogenicity in vivo of IPV after drying to
form a highly viscous liquid and reconstitution compared to undried IPVY

Groups of 10 Wistar rats were inoculated with various dilutions of IPV which had
been dried in the presence of 10% sucrose to form a highly viscous liquid using the
method disclosed in Example 2 and reconstituted. Further groups of 10 Wistar rats
were inoculated with reference samples of IPV which had been prepared in the same
way but which had not been dried.

After 21 days, sera were taken from all the rats and the sera were tested in separate
immunoprecipitation assays using Type 1, Type 2 and Type 3 polio virus.
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10% sucrose 75% 78% 91% 10% trehal ose 82% 79% 93% 10
These levels of type 3 IPV antigen retention conpares
very favourably with the freeze drying results shown
bel ow where very | ow val ues were usually found in the
same ELI SA format when a nonocl onal anti body agai nst
type 3 was used. Table 3 Retention of W 1.2 and 3 I PV
antigens as determ ned by ELI SA using -a 15

nonocl onal and pol ycl onal a A€i bodi es (freeze dryi uu~)
Met hod of drying Polyol content ELISA -type 1/2/3 %
FR¢sylis on howin Gl b contans &) the prmberof responagtsasdor each

4E’N4c9h158n b) ¢ )39 witietie she dopshals 1egBired (eipasusE hat 50% of the
Aras4gioseven poagesseditythe ipamopessipitpticneaseay g chie relativie
pradensh ofthe drigd arsbrseonstituicd IRIG sompasedip dlap wdried referepes B
the results shown are from one representative

experi ment. 20 Exarrpl e 4 Long t(}rm st orage st abl lity

3was stored at 4 Cfor 9 rmnt hs The sarrpl es re
reconstituted in water with 150nM NaCl and an ELI SA

\gdmpleed| to asSegambenef [ Rbsadann of ant | GBS0 ci t)RPoklative

he tThre¢yRfinda [Viv1.05 St{asnss Thneesp npnocl onglpotency

BTIHOI90E €5, one [agai nst fach strain, werg used iln

SPIEU R E [T SAS IPf  assepg the dqgree of [ gnRYyl ger 0,956
o OlTgT 11 the g econst{{Uted SyQred salphig. A | 0.825
At EL’l SA g DEET LT l:‘u aqt O T €5 T OTET

5 6953 fHomthe Safre _:_Ja ch pll ot to st age' Al E .

G SR 0P RO OASAGA  oil LE DM B

hiypaz 4 : ol d 2ahichhid2ner L0

uEmehone7a dryi orocetifire  Redldits 6.91 1172

Reference A

Type 1 10 8 4 6.37

Type 2 7 5 2 2.93

Type 3 5 3 0 22.57

JLEO17/05 is a IPV batch that was dried to form a highly viscous liquid and
subsequently reconstituted. The JLE097 is the undried reference.

Table 5 shows that the number of respondants inoculated with each dilution of IPV is
similar between the two batches of dried and reconstituted IPV and the undried
reference sample. In general, Type 1 IPV elicited the best immune response, with
Type 2 eliciting an immune response in slightly fewer rats. Type 3 el1c1ted the
weakest immune response.

The process of drying to form a highly viscous hquld does not impair the ability of
IPV to elicit immunoprecipitating antibodies in vivo. A relative potency (RP) reading
of 1.0 indicates that the sample elicits an equivalent response to the reference sample .
Both dried samples produce RP readings of close to 1.0 for all three types of polio
virus indicating the drying process does not effect the ability of the sample to elicit an
Immune response.

Example 6 Effect of drying to form a highly viscose liguid using sucrose or
trehalose as stabilising agent on the ability of IPV to elicit an
immunoprecipitating immune response in vivo




Table 4. Retention of |IPV antigens after storage as a
hi ghly viscous liquid for 9 15 nonths Treatnent Type
1 ELI SA Type 2 ELISA Type 3 ELISA Dried/reconstituted
72% 75% 88% Not stored Dried/reconstituted 70% 94%

90% 9 nonths 4 C Therefore | PV which has been dri ed.
by the nethod described in Exanple 3 an be stored at
4 Cfor at least 9 nmonths w.thout | oss of

antigenicity. 20 Exanple 5 npari son of the

|nnuno% nicity in vivo of |PV after p to, . forma
{RgBRS 10 SPaSrats a poslted o feY wgul%ﬁ 8%1’5'%
uefencspf pither 10%susresegr 198 B 85, dgpribe kel 4, A en

vieeomstitiedl. Jisther grons oA d 00V istaprats e Fogplated wyith g gauylend

i amomnieoffP ¥ dlat Bed et begndricdcasseferepes BPIRSa hi ghl y
viscous liquid using the nethod disclosed in Exanple
2Afer@1 dayso s wenstcetectad franh alf rags-and gs rpmuneneyiralisatfonyasggay, as
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tixdativaipstendics wire calenlatedfor eachasipld biy compyingdheimmune
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each
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of respon

ant
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33 Results are shown in table 5

thahltcoe iiwmsh Tably 68 he nunber
| PV dil ution,

rats for
b) the ED50 which is the dose that
IS reqU|red to ensur e that 50@6of t he

BB opr eci pi t ation

ssay and iLve. potencyvy of t -
r et fvanbier ut%&ﬂwcébmag-ﬂé@v‘m?t@ﬁlénh‘ﬂml eIé“'F’é]ft@r/ﬂep gration
PV. 5 Table 5. |nunuh®ppeTape 3 Type p\/ S Kischer (h@grs)
tiBetldr m a hlWhtrehedesosi o: 5V0§@/&05(JLE01Wﬂb5) andl&+
%q%gﬁﬂ%‘“ [P R TH 657130/ 995" ' €0 T Ed FETCE IHY
31C03/02 10% trehalose | 0.60/0.94/0.9 11.5% 18
03D02/01 10% sucrose 0.74/1.05/096 5.9% 12
03D02/02 10% trehalose | 0.58 /0.98/1.06 10.6% 12
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10 Sanpl e Nunber of respondant ED50 RP rel ative

undi luted 1/1.25 1/3.125 1/7.81 potency JLEOL7/05
Type | 10 9 6 5 6.37 0.956 Type 2 6 4 3 3 7.14 0.825
Te3 6821 18.18 1.051 JLEOC97 T e | 10 10 10 7 3.33
1.120 Te 28652 3.120.951 e3764116.91 -
1.172 Reference e | 10 8 4 6.37 Type 2 7 5 2 2.93
Type a 5 3 0 22.57 JLEOL7/05 is a |IPV batch that was
dried to forma highly viscols |iquid and subsequently
reconstituted. The JLEO97 is the undried reference.

15 Table 5 shows that the nunber of respondants

N e e e AT

astdbilibieg agedt withl apprefimatelyci®s bamidity renhaining conpdred thype 1

PRSP Wi Elosp ae et R 87 ARt bebnep¥ied by o
TKafl Fischériconlometricigoistire wralik@Rt | nMmune response. The

process of drying to forma highly viscous |iquid does
not inpair the ability of 1PV to elicit

i W%&gﬂi tieBhlo&tOv 18 &fff&?d% Et_i‘stdgﬂisidg\mv dﬁnﬁg{hgurm prlocess
pot enc Jeadln 0 . 0 1.ndi cates that e S e

5% Bt e ORGP ST B By TP PP 10 1o most
S 3Nk Giffefen 5@%%1%!1& CirB2 MRS R3ativE PoteiSes iR PatNES g@d for

t
close to 1. or all three types of polio
Type 3 polio virus which looses its immuriogenicity relatively easily.

Example 7: Measurement of humidity by Karl Fischer

Analysis was carried out in a Karl Fischer titrometer (Aqua 30.00 — Elektrochemie
Halle). The sample was weighed out and placed into the oven at a setting of 80 °C.
The sample was flushed with nitrogen gas and then added to hydranal reagent (Riedel
de Hahn) in order to perform the analysis by coulometry.



virus indicating the drying process does not effect
the ability of the sanple to elicit an i nmmune
response. Exanple 6 Effect of drying to forma highly
viscose liquid using sucrose or. 30 trehal ose as
stabilising agent on the abilﬁ*& of IPVto elicit an

i Munopreci pitating i mune response in vivo 34 G oups
of 10 Wstar rats were inoculated with I PV which had
been ékhﬁf in the presence of either 10% sucrose or
10% trehal ose as described in Exanple 2, and then
reconstituted. Further groups of 10 Wstar rats were

1. Aaha 6 MehSrifls BlAckide Bt AN pfEsghfeis tffughd Beiow 200
sipBars\esrapfsingenéetepy ofm al | rats and an
i mmungneut ral 1 sati on assa as described.in

a) \RIspadRa arseseryatien SRRPIBY Aisseivingiavsranding an.%qmﬁa agéntina

rai sed agai nst each of Type
yped%fégg JIl g@ggpor io vi rusg 10 Rel ative po%/gnm es

b} \wbtemmgtthe ptssértraﬁoreearhpmmwhktempumre apdtfudher reduced
i mune response to that elicit.ed bx] undrle i
m%%ﬂ&engﬁ &0 thatthe rregprvalipg samnie f%ﬂeé lvent Dy evaporation,
Womﬁg«g?ﬁ@% bubibliRg iflor \@Eﬂn‘fﬁaﬁ%hﬁéﬁoﬁ“ﬁ forAAliRE6us liquid and;

ugar present atrve potency I n Vvivo

¢) furthetisupjeatinguthetpreservatien sampleetomuc‘ryqem;mrawre and pressure
Fi scher J1e017,. 10%.t.r e ose_ 0. [. 0. 82,/ .
- Gopdtings 50 Watthe MacoLs iU et Iiogs s highl Visdglig yauic.
4.6% 18 31COA3/02 10%trehalose 0.60 / 0.94 / 0.9
11.5% 18 03D02/01 10% sucrose 0.74 / 1.05/ 0.96 5. 9% ]
2. The mathod/dzl4iord wherneindbe presire iregliced 0@ mbassenbelow during

3tp b).

3. The method of claim 1 or 2 wherein the temperature external to the preservation

sample is between 5°C and 37°C during step b).

4. The method of claim 1-3 wherein the temperature external to the preservation
sample is between 5°C and 37°C during step c).

. 5. The me_thdd of cl,ei'm 1-4 wherein the temperature external to the presenration
~ sample is higher during step c) than it is in step b).
B :', 6 The method of clarm 5 wherein the temperature external to the preservatlon sample

i is mcreased to above 20°C during step c).

£ 7 ‘The method of clarm 16 wherein the pressure is reduced in step c) compared tothe

. 'i_.pressure dunng step b)



The anmount of water remaining in sanples was | ower
when sucrose was used as stabilising agent with
approximately 5% hum dity remai ning conpared to
approxi mately 10% when trehal%ée was used as the
stabilising agent neasured by 5 Karl Fischer
coul onetric noisture anal yser. Both sucrose and
trehal ose were effective at stabilising | PV during the
8. dﬂfé ﬁ%tﬂ&?% %%Imsiowhgfgin HL'B lre%gﬂ i rEH%@%d #d:) )I/mBQY Sr below during
rela ency readings a proa I'ng or
tﬂepdﬂfferent types of polio virus. The relatlve
pot enci es were particularly good for 10 Type 3 polio
Vi rus mhich | ooses its immunogenicity relatively
Misp f
9. Fi sch.)éth yisalﬁg qv\%s caﬁ‘l 5 bb% ?&Hme%?r i IIE:?!% (k:ﬁ)dedr4 hours.
titrometer (Aqua 30.00 - Elektrochenme 15 Halle). The

103 RRUHET ot ol T e B B Gt PRy e an 12
gﬁmngnd t hen added to hydranal reagent (Ri edel de

Hahn) in order to performthe analysis by coul onetry.
36 Cains 1. A nethod for preserving an active agent

11 SRR RRH 1L Rt Sl o] ompripgp, aglass forming
polyiel, sdicted Fromh m@gprs&mswt cif |mis'eymammse isso-maltulose

solution of a stabilising agent; subhectl ng. .t
Inctdlesesucsase.ampltese, dactose, thr iBodpaltessy m%lﬁlﬁ%éactﬂol palatinit,

i’%ﬂ%&gg raffifgse &wgg;hgih%bor o Hhd é’&'\%"ﬂ] eser vati on

free2| ng or bubbling involved in f oam f or mat i on, to
rma viscous liquid and; c) further subjecting the
12, Ehemthad of elajand] wherein the s g agest I5PYCHRSEssur e
conditions so that the viscous liquid dries to forma
hi ghly viscous liquid. 2. The nethod of claim1l

13. The heethod lvf cidirs 12 wiereirdtheasbricenftatiom of stabilising agent is less
durin step b). 3. The nethod of claiml or 2 wherein

thas % erature external to the preservation

14. The method of claim 1-13 wherein the preservation sample comprises phenol red.

16.The method of claims 1-14 wherein the preservation sample is dried in a container

with a solvent repellent interior surface.

E 16 The method of claims 1-15 wherem the active agent oompnses a molecule selected \
" from the group cohsnstmg of protem peptide, amino aCId po!ynucleotlde
ollgonucleotfde polysacchande oligosaccharide, polysaochande-protem conjugate

and ollgosaochande-proteln oonjugate



sanple is between 5C and 37C during step b). 4. The
nmet hod of claim 1-3 wherein the tenperature externa
to the preservation sanple is between 5C and 37C
during step c). 5. The nethod claim1-4 wherein the
tenperature external to the préservation sanple is
hi gher during step c¢c) than it is in step b). ti. The
nmet hod of claim5 wherein the tenperature external to
V1 5o ARBIA £ 49BMrel i Upignt Coghies 40icqical oyt
pselesteddrom megmmjwmlmugpofogellsosqmedidla' conpositions, bacteria,
pr.essure. durlng ste %9 i '%e nmet hod of claim?7
WABHSESh VIR com, Qgﬁ? q Y'@%H@dp? C'®Sibar or bel ow
during step c). 9. The nmethod of claim1-8 mhereln
step b) is conpleted in |less than 4 hours. 10.
18rf’61e1m¢tbq>d of alaim 17ovhereircthe activesagent sampeipea iRV (mactlvated polio
gﬁgghsted in less than 12 hours. 11. The net hod of
1-10 wherein the stabilising agent conprises a
glass formng polyol, selected fromthe group

consi sting of glucose, naltul ose, iso-naltul ose,
19, Ther methad okelaimd&-1Bwheisin the acivesegent soprrises Hib (Haemophilus

iiicRedis bl Polgedinar B ollosalBialle . o0g

dextran. 12. The nethod of claim 11 wherein the
st abi lising agent_is sucrgse. 13. The npethod, of claim,

0. Themethiosh o alaim 8716 waerein fHie,actiye agan comarises Apisrena
g@eeriuzsirﬁdg 43815 8%n e I GigERRRefa e, o 2 M 1- 13

ervation s € conpri ses phenol red.
15. The nethod of clains 1-14 mhereln the preservation
nple is dried in_a container wth a, sol vent

21. fbg énetbed of plaimssl-20 wherein thfeactw@m RePHses BYaggine.

1- 15 wherein the active agent conprises a nolecul e
sel ected fromthe group consisting of protein,
22. Advighlid eviscaus liquit-obtainatlle by ¢the meétHed of claims 1-21.

23.The highly viscous liquid of claim 22 comprising a glass forming polyol selected
 from the group consisting of glucose, maltulose, iso-maltulose, lactulose, sucrose,
maltose, lactose, sorbitol, iso-maltose, maltitol, lactitol, palatinit, trehalose, raffinose,
“stachyose, melezitose and dextran.

- ,221. The highly viscd;jsuquid of claim 23  wherein the glass forming polyol is sucrose.

R 25 The hlgh!y wscous lquId of clalm 22-24 whereln the active agent oompnses P

_ compnses a molecule selected from the group con3|st|ng of protem peptide, amlno :
acid, pofynucleotlde, qllgonucleot:de, polysacchande, ollgosaccharlde ,
- pdlysa’ccharide-protein conjugate and oligosaccharide-protein conjugate.



ol i gonucl eoti de, pol ysacchari de, oligosaccharide,

pol ysacchari de-protein conjugate and

ol i gosacchari de-protein conjugate. 38 17. The nethod
of claim 1-15 wherein the active agent conprises a

bi ol ogi cal system sel ected frd¥h the group consisting
of cells, subcellular conpositions, bacteria,

viruses, virus conponents and virus like particles.

2R Bl P 3 g o
system Qéiéétea&rmhethélgfoﬁmeomsﬁngeofmm subcellular

conprlses H|b ikbenn philus 71 nfluenzae t
pevmpesitions, ibastesia, yiriges adeisaonpronents arm ylrﬁﬁ!lh@@amcies
claim17-19 wherein the active agent conprises
Nei sseria neningifidis C polysaccharide or
279The) BijaBoViscdiliquid of EemEEL-De dvhefeinthe astive agenhesraprises a
the active agent conprises a vaccine. 22.A highly
Wase#@s | i qui d obtai nabl e by the method of clai s
1-21. 23. The highly viscous liquid of claim22
conprising a glass form ng polyol selected fromthe
28 griwuighlyndscausniguid oftlaim 22-27Traherdin flee actve agentieasprises IPV.
| actul ose, sucrose, nmaltose, |actose, sorbitol,
iso-maltose, maltitol, lactitol, palatinit, trehal ose,
F Iz ﬁHbo
20 THe GG SdscoREARKPSElafF 22228 BBk et oorkonfies a
fbacmmgppb'bac&harﬁimmlmaccmidﬂhe hi ghly vi scous
liquid of claim 22-24 wherein the active agent
conprises conprises a nolecule selected fromthe
30. %Bqﬁ%ﬂ? R}fécagé 'ii&u{éf oﬂ!l&frﬁ‘ DO w8 lﬁé actiVé Bgenfebmhprises Hib
pol yn eot | I gonucl eot1 de, pol ysacchari de,
(ﬂ-lagfuepbmsanmaenza@b) polysateharide grraligosacehaidey arefeably
ol i cchande- pr |n conjugate. 39 26. The highly
9?@8 I“’d’b?@f"@fp- %I 22- 25 wherein the active agent
conprises a biological systemselected fromthe group
consisting of cells, subcellular conpositions,

31.%he h@hl)awsuousx tiquid efudalm 22+3fonbenein thecactive rgenticemprises
ﬁelssena memngitldls serogroup C polysaccharide or oligosaccharide, preferably

conjugated to a carrier protein.

32.The highly viscous liquid of claim 22-31 held within a container with a solvent

repellent interior surface.

e 33.An immuhc_igénic composition or vaccine comprising the highly viscous liquid of .

" claim 22-32 and a bha'nﬂacéuﬁcally acceptable excipient.

34 A method of maklng a vacclne compnsmg the step of reconstrtutmg the hrghly
“ Viscous Ilqu:d of cialm 22-33 in an aqueous solution. '



27. The highly viscous liquid of claim22-26 wherein
the active agent conprises a vaccine. 28. The highly
viscous liquid of claim?22-27 wherein the active agent
conprises IPV. 29. The highly viscous liquid of claim
22-28 wherein the active agent4dconprises a bacteria
pol ysacchari de or oligosaccharide. 30. The highly
viscous liquid of claim?29 wherein the active agent

3% 38 IR A ety SE PR i aftedl ¥ 4 agmprises Diphtheria anigen,
CPsianis iaptighh ahdPémtisis Qﬁﬁgjéﬁs\fl&?céﬂqlaﬂ' dewhbiehdell).
vi scous liquid of claim22-30 erein the active agent

conprises Neisseria neningitidis serogroup C
elf . Ie f .
3efPhe FRARASG! SRR oW IR AE TP Y8Eain8 i pElIeEtif part adjuvanted with
valeminiam hyglrogidef cl ai m 22-31 held within a contai ner
with a solvent repellent interior surface. 33.An
I Mmunogeni ¢ conposition or vaccine conprising the
37,30 Mt el e Aighty distaup o e claife 2532 held n a first container and
reslijuid) vaceine congporempin aisegondeontainerof reconstituting
~the highly viscous liquid of claim22-33 in an
aqueous solution. 40 35. The nethod of claim 34
wherei n the aqueous sol ution conprises Di phtheria
antigen, Tetanus antigen and Pertussis antigens
(acellul ar or whole cell). 36. The nmethod of claim 35
where the DIP vaccine is at least in part adjuvanted
with al um nium hydroxide. 37.A kit conprising the
hi ghly viscous liquid of clains 22-32 held in a first
container and a liquid vaccine conponent in a second
cont ai ner.



