WO 03/ 053463 PCT/ EP02/ 13434 1 Poxvirus containing formul ati ons and process
for preparing stable, poxvirus containing conpositions The present

i nventi onwoalBasas3to a formulation, in particular an aque®dd/EPb2/izssul ati on
conprising (i) a poxvirus of one of the genera orthopoxvirus, avipoxvirus,
par apoxvi rus, capripoxvirus and suipoxvirus, (ii) a disaccharide, (iii) a
phar maceutical |y acceptabl e polynmer and optionally (iv) a buffer. The
aqueous formulation is particularly suitable for freeze-drying processes
resulting in a stable, freeze-dried, poxvirus containing conposition. The

10§ mventigiils O6itaNeToRAafIBhRAAd BlodUseiar idodriecensrel Lo

poxvi rus ~contalning osition and the us o duct .’ Background

of the i nyrRvirR ddntdhfingeomposizivpmsonprise a large family of conpl ex DNA
viruses that replicate 1n the cytoplasmof vertebrate and invertebrate

cells. In humans smal |l pox was by far the nost inportant poxvirus

i nfection_, The causative. agent, of, snall .1s.the variola virus, a nmenber
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vi rus cul mvipdeirusn pahepexardis; atapeipadvinararad auigoxvirus( (inea glisdadharide,
eradi cation _of smallpox.. Final report of the global cqpm ssi (%[rtﬁfor t he
certificafliom Bhagparepdsaléy aareriani poinebaid siptmmalyc(iveabuiferndhg,

Stocke of daskERlOuGAIADIS BolRIualy e e ) felPR oy Ll BRSSP | %can
not be exgbydRrt @btV fricdsesridtd YdxAeruseditBp n8corAPbSiion; Mhike

di seases m ght Tagain becone a mgjor health problem Thus, it is necessary
to be1bn anposien trthencpnoeinses staibbd feaptepasnggalreszepviod, moxvirus

infections, in particular, variaol i nfections, such as vacci nes based on
vacei ni a FRORERINTE COPRIEIBEAZ6S Periiitisgstpdacs product’
Background of the invention

15 The poxviridae comprise a large family of complex DNA viruses that replicate
in the cytoplasm of vertebrate and invertebrate cells. In humans smallpox
was by far the most important poxvirus infection. The causative agent of
smallpox is the variola virus, a member of the genus Orthopoxvirus. Vaccinia
virus, also a member of the genus Orthopoxvirus in the family of Poxviridae,

20 was used as live vaccine to immunize against smallpox. Successful worldwide
vaccination with Vaccinia virus culminated in the eradication of variola virus
(The global eradication of smallpox. Final report of the global commission for
the certification of smallpox eradication; History of Public Health, No.4,
Geneva: World Health Organization, 1980). In the meantime, most of the

25  stocks of infectious variola viruses have been destroyed. However, it can not
be excluded that poxviruses inducing smallpox or smallpox-like diseases might
again become a major health problem. Thus, it is necessary to be in a position
to produce stable vaccines against poxvirus infections, in particular variola

infections, such as vaccines based on vaccinia virus.
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In the past vaccinia viruses have al so been used to engi neer viral vectors
for reconbi nant gene expression and for the potential use as reconbi nant
live vacwormessibbhckett, M, Smith, G L. and Mss, B. [19®2l/iPoMia3E. USA
79, 7415-7419; Smith, G L., Mickett,2M and Mss, B. [1984] Bi ot echnol ogy
and 5 Cenetic Engineering Reviews 2, 383-407). This entails inter alia DNA
sequences (genes), which code for foreign antigens being introduced into
the genone of the Vaccinia viruses with the aid of DNA reconbi nation
techniques. |If the gene is integrated at a site in the viral DNA which is
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anal yzed dfx HEH&! 58 NGe dht@has fonthd progryladaofrinfeetiatis vésdases and on the
other hand, for the preparation of heterologous proteins in eukaryotic cells.
15 Other examples for recombinant vaccinia viruses are viruses harboring

therapeutic genes such as suicide genes, ribozyme genes or antisense genes.

Modified Vaccinia virus Ankara (MVA) is known to be exceptionally safe. MVA
has been generated by long-term serial passages of the Ankara strain of

20 Vaccinia virus (CVA) on chicken embryo fibroblasts (for review see Mayr, A.,
Hochstein-Mintzel, V. and Stickl, H. [1975] Infection 3, 6-14; Swiss Patent
No. 568, 392). Examples for MVA virus strains deposited in compliance with
the requirements of the Budapest Treaty are strains MVA 572 deposited at
the European Collection of Animal Cell Cultures (ECACC), Salisbury (UK) with

25  the deposition number ECACC V94012707, MVA 575 deposited under
ECACC V00120707 and MVA-BN with the deposition number ECACC
vV00083008.

MVA is distinguished by its great attenuation that is to say by diminished

30  virulence or infectiosity while maintaining good immunogenicity. The MVA



the wild type CVA strain. Six major deletions of genom c DNA (deletion I
[, 111, 1V, V, and VI) totaling 31,000 base pairs have been identified
(Meyer, Hvpo3@stsber, G and Mayr A. [1991] J. Gen. Virol. PCZ/EPRDB34038) .
The resulting 5 MVA virus becane seveBely host cell restricted to avian
cells. Furthernore, MA is characterized by its extrene attenuation. Wen
tested in a variety of animl nodels, MVA was proven to be avirul ent even
i n i munosuppressed animals. Mire inportantly, the excellent properties of
the MVA strain have been denonstrated in extensive clinical trials (Myr

et al., Zbl. Bak ol 0 . : ; t ckl et
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even st rqmﬁﬁs@hwmt@friz@d wdsmmemtmmwmwbhaﬂaet@ irsaivasietty of he
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containing H'V genes in the genone are disclosed in US 5, 736, 368 and US
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MVA vaccine. Recombinant MVA useful as vaccines have already been
constructed (see, e.g., WO 97/02355) and are used in clinical trials. WO
15 98/13500 discloses a recombinant MVA containing and capable of
expressing DNA sequences encoding dengue virus antigens. The foreign DNA
sequences were recombined into the viral DNA at the site of a naturally
occurring deletion in the MVA genome.
An MVA strain showing an even stronger attenuation and enhanced safety
20 characteristics is the strain MVA-BN, deposited at the European Collection of
Animal Cell Cultures (ECACC), Salisbury, UK with the deposition number

VO0083008.

Besides vaccinia virus other poxviruses have been used as vectors to deliver

25  genetic information into mammalian cells. In this context reference is made
to avipox viruses such as fowlpoxvirus. Fowlpoxviruses containing HIV genes
in the genome are disclosed in US 5,736,368 and US 6,051,410.

Processes for preparing poxvirus containing compositions suitable as

30 vaccines are known fo the person skilled in the art (see for example Joklik



aqueous, poxvirus containing solutions or in poxvirus containing sedi nents.
The poxviruses in these solutions and sedi nents are not stable, i.e. the 5
i nfectiviwgosfosidee viruses rapidly decreases. However, it PCI/EPOZERISAry t hat
a vaccine can be stored and distributted in a stabilized form especially
when the vaccines need to be transported in tropical regions with limted
distribution infrastructure. A freeze-dried product can be stored at
tenperatures in the range from4 Cto 25 C This is a clear advantage 1lo
conpared to the standard storage conditions for liquid fornulations, which

have to t oy; | . I wati ol iliheersend aémg
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t enper at uvascinadahupe storefoandwistribptedinwastabilizes KrmpyesRrRAJNHPMER under

diti - of d d d hi gh % L The.
boxvi 1 s BURVAFTHG PRrR Bt KRG RCBIEd FbapbTay PRl g RSN 25
di sadvant gagsy, Manyi8fast Rt KROWN FEASEIHEY o UBCICEAN BenitBle@aEPOSI ti ons f or

freeze-drying contai n peptone or haemaccel, which are often of ani mal
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proteins derived fromthe cells of the cell or tissue culture system and
fromthe bwnaeasteasm.used during cell

15 Processes for the freeze-drying of poxviruses, in particular vaccinia virus, and
virus containing compositions and solutions suitable for this purpose are
known (Burke et al., Critical Reviews in Therapeutic Drug Carrier Systems
(1999), 16, 1-83). In general terms freeze-drying of a vaccine involves freezing
of the vaccine containing aqueous formulation suitable for freeze-drying,

20 followed by removing water by sublimation under conditions of reduced
pressure and low temperatures and further followed by removal of water by

desorption under conditions of reduced pressure and higher temperatures

The known poxvirus-containing formulations for freeze-drying have important

25 disadvantages. Many of the known vaccinia virus containing compositions for
freeze-drying contain peptone or haemaccel, which are often of animal
origin. However, there are concerns that animal diseases such as BSE could
be transmitted from animal to man via animal products such as peptone,
gelatine or haesmaccel. Moreover, the poxviruses in the known virus

30- containing formulations for freeze-drying have not been purified. Thus, the



cultivation, respectively. 5 The person skilled in the art also knows
freeze-drying conpositions that do not contain additional conpounds of
ani mal orwg@io/ofshs ch are e.g. peptone or haenaccel). |In tPhirTEPOA$34 he
conpositions contain the follow ng cofpounds alone or in certain

conbi nati ons: sodium gl utamate, sorbitol, |actose, salts, 1o am no acids
and gl ycerin. However, the product obtained after the freeze- drying
process is often rather unstable, i.e. the overall loss in virus titer is

unacceptably high during storage. Mreover, it has been shown that the

poxvi rUs L gDMine KOt O MAGBRRIALESNL orsHEE-OLr e RkRLILARS And that

ot her co preci pi ore or durring ng. 15 US 3,577,526
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of sucr ooe tissuercultirersusgemoana brars the b}QV”‘W\éefWW%@{]QHﬁ'%% Lfurt her
conpri se 500d<%xtran. The tiermground virus refers to virus derived 20 from
pul ps an&uéb\’sat [AdeSBEST¥EAYI y, the Iynph is ground to break up | unps and
separgte the liquid fromthe dead hair and skin. Thus, the protein |oad of
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of the Vheusersd shilaabivise MCHIEPAROWS4BREzeal@bj@eomposithens Hadrdd on 1t is
an object of the present:invention t rovide a poxvirus containing
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poxvirus I'S pre abl'y "a puri east partia rifred virus. It

s a fugldiesoohi esitalf comdimitesentsodivantiutemate, moobitdk lactoaqusalts,
poxvirus containing formulation in which the poxviruses do not tend to
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unacceptably high during storage. Moreover, it has been shown that the
poxvirus tends to form aggregates in some of these formulations and that
other compounds precipitate before or during freezing.
15
US 3,577,526 discloses a smallpox vaccine characterized by the fact that it
is made up of a ground virus material of the vaccine dispersed in sucrose.
The amount of sucrose is in the range of 20 to 40 %. The formulation may
further comprise 5% dextran. The term ground virus refers to virus derived
20 from pulps and pustules. Basically, the lymph is ground to break up lumps
and separate the liquid from the dead hair and skin. Thus, the protein load
of the vaccine preparation is very high and contributes to the stabilization of

the virus.



formul ation, in particular an aqueous poxvirus containing fornul ation,
conprising | ow anounts of non-poxvirus associated proteins. It is a further
obj ect ofwoDlms/ops4esent i nvention to provide a stable, freereTdiFomai43poxvirus
contai ning conposition and a nethod fér obtaining said conposition. 15
Det ai | ed description of the invention The present invention provides
poxvirus containing forrmulation, in particular 20 an aqueous poxvirus
containing fornulation. The formulation, in particular the aqueous
formul ati on may be suitable for freeze-drying of said poxvirus.

Furt her t [ i provi des the freeze-dried, poxvirus containing
pr oduct hBI?ﬁéethAgﬁrqﬁp\ételg%ngccordi ng to the present invention, in particular

the aqueous fornulation, conprises the poxvirus, a disaccharide, a 25
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el at| neforrudabGBel" RBFFHGh i AEp Oy AT PR DR RaLSh, BT ot e
ot o mil BB e B e oyt i n e
f r eeze- dpbedr WO OB ETERAAS P iEiRd2)r184l8ast patisathoBHtifie Y‘é%ilgés Bnf ecti ous
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(Virology, 3rd edition,, 1995 ed.-in- Lef - Fi S i . icularly
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avi poxvi rus ‘are canarypoxvirus and fow poxvirus. . .

object of the present invention to provide a stable, freeze-dried, poxvirus

containing composition and a method for obtaining said composition.

15
Detailed description of the invention

The present invention provides poxvirus containing formulation, in particular

20 an aqueous poxvirus containing formulation. The formulation, in particular
the aqueous formulation may be suitable for freeze-dfying of said poxvirus.
Furthermore, the invention provides the freeze-dried, poxvirus containing
product. The formulation according to the present invention, in particular
the aqueous formulation, comprises the poxvirus, a disaccharide, a

25  pharmaceutically acceptable polymer and optionally further a buffer.
Although the freeze-dried formulation according to the present invention
neither contains stabilizing additives of animal origin such as peptone,
gela‘tine, haemaccel nor high amounts of proteins derived from the system
used to amplify the virus (such as cell culture syétems), the virus in the

30 formulation is surprisingly stable, i.e. the poxvirus in the freeze-dried



Preferred exanples belonging to the famly Othopoxvirus are cowpoxvirus

15 and vaccinia virus. The poxvirus contained in the formul ati on accordi ng
to the prweaansisayenti on can be a naturally occurring poPCTIIEPS2/1384
attenuat ed poxvirus or a reconbi nant 7poxvirus. 20 For vacci nation of human
bei ngs agai nst smal |l pox the poxvirus in the fornulation is preferably a
vaccinia virus strain. Exanples for vaccinia virus strains suitable for
this purpose are the strains Tenple of Heaven, Copenhagen, Paris,

Budapest, Dairen, Gam MRI VP, Per, Tashkent, TBK, 25 Tom Bern,

el st r oo, it qlie, oo Tus Kl Gl A (O bt e o RBPathiEh o Bidet
modi fi ediaragsidtlfed/ biitts aStroahh témikat UM 32ang, i ts derivatives, in

particular the strain that has been deposited at ECACC with the deposition
nunber V00083008 and strain Elstree. 30 WO 03/053463 PCT/ EP02/ 13434 8 The
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subj ect B%seﬁ?sé@%ﬁfc%@ib?)dcor'?é’épérﬁlﬂsstc%rt@ ratuteoPpefter psdcei ther to use
attenuated viru strains or to use a poxvirus that naturally replicates in

a host species 5 different fromthe species to be vaccinated and that is
not pathogenic in the heterologous host. An :"attenuated iruil'f']ei S a virus

A
ori gi nat I ng POXBIFLEEHEP REJEReZe-dr edaBIANY RaXVIrysRmseigetrd Tom &he gheURost

Donant & ot Sing o DR oIRISR, P aBO8 s AT T hate ar & known
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virus Ankara (MA). Typical MWA strains are MA 575 and MVA 572 that have
beemalepeaidiee fat huerEoeingsarr Bumalst(Vielogy, Fiediliotel P9Bupduites under

the depocstiwi%%‘:oﬂepcfsr]%q\f).%%ccu gr%}%%f%?red poxviruses are viruses of the
genera Orthopoxvirus or Avipoxvirus. Preferred examples of poxviruses
belonging to the genus avipoxvirus are canarypoxvirus and fowlpoxvirus.
Preferred examples belonging to the family Orthopoxvirus are cowpoxvirus

15 and vaccinia virus.

The poxvirus contained in the formulation according to the present invention
can be a naturally occurring poxvirus, an attenuated poxvirus or a
recombinant poxvirus.

20
For vaccination of human beings against smallpox the poxvirus in the
formulation is preferably a vaccinia virus strain. Examples for vaccinia virus
strains suitable for this purpose are the strains Temple of Heaven,
Copenhagen, Paris, Budapest, Dairen, Gam, MRIVP, Per, Tashkent, TBK,

25 Tom, Bern, Patwadangar, BIEM, B-15, Lister, EM-63, New York City Board of
Health, Elstree, lkeda and WR. The most preferred vaccinia virus strains are
modified vaccinia virus strain Ankara (MVA) and its derivatives, in particular
the strain that has been deposited at ECACC with the deposition number
V00083008 and strain Elstree.

30



15 and ECACC V 94012707, respectively. Most preferred is MA-BN or a
derivative thereof, which has been described in WO 02/42480

( PCT/ EPOIWD38@83463 The content of this application is incl edadroniide
present application by reference. MVASBN has been deposited at the

Eur opean Col l ection of Animal Cell Cultures with the deposition nunber 20
ECACC V00083008. Exanpl es of poxviruses for which human beings are

het er ol ogous hosts and which are not pathogenic in human beings are

f ow poxvirus or canarypoxvirus. 25 - The term "reconbi nant virus" refers
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anplified nd, recovered frominfected cell cultures. Cenerally, 1n a first
step eukaF‘9 rologqlisi MQStar e infected with the poxvirus that is intended to
be part of the fornulation according to the present invention. The
eukaryotic cells are cells that are susceptible to infection with the
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preferred is modified vaccinia virus Ankara (MVA). Typical MVA strains are

MVA 575 and MVA 572 that have been deposited at the European Collection

of Animal Cell Cultures under the deposition numbers ECACC V00120707

15 and ECACC V 94012707, respectively. Most preferred is MVA-BN or a

derivative thereof, which has been described in WO 02/42480

(PCT/EP01/13628). The content of this application is included in the

present application by reference. MVA-BN has been deposited at the

European Collection of Animal Cell Cultures with the deposition number

20 ECACC vV00083008.

Examples of poxviruses for which human beings are heterologous hosts and
which are not pathogenic in human beings are fowlpoxvirus or
canarypoxvirus.

25
The term “recombinant virus” refers to any virus having inserted into the
viral genome a heterologous gene that is nbt naturally part of the viral
genome. A heterologous gene can be a therapeutic gene, a gene coding for a
peptide comprising at least one epitope to induce an immune response, an

30  antisense expression cassette or a ribozyme gene. Methods to construct



C. For the infection poxviruses are used at a nultiplicity of infection
(MJ) of 0,05to 1 TCID50 (TCID= tissue culture infectious dose) and the

i ncubat i owo w3@akxs3 pl ace 48 to 72 hours at the same tenper &CareP02/2233Pr ogr ess
of infection can be observed by | ooki Ag at cytopathic effects (CPE),
typically a significant rounding of the infected cells. Poxviruses are
known to exist in tw different fornms: poxvirus attached to cellular
menbranes in the cytoplasmof the infected cells (intracellular 25 mature
virions (1 MW)) and viruses that have been externalized (extracellul ar

envel oped reédmphsartEEMIes ManResRhasss BeRsdh sﬁlleé'in’th%-?r@???he\‘hbgf . (1998),

79, 877-887). Both viral forns can be used in the fornulations according to
t he prese®releflashppyyiruTnecErvs YA, &i pprijcller dbYAISES ahddwVARBN (see
supernatagpog%)centrifugation and may be directly suspended in an aqueous
30 fornul ati i ncluding a disaccharide and a pharnmaceutically acceptable
WO 03/ 053463 PCT/ EPO2/ 13434 10 pol yner. However, the virus-containing
fractions nay conprise cellular detritus and other contam nants.

Especi al | }t isdmovat to hiae ipensorfi shillehinbeiengst haw poxvirtiges Rizef 158 beshlihat the
virus is further lrje@'s{g' ed before it is included into a formulation
accor di ng2P'd r@HQV% A iHeetad el cvHLRessGererallve i a fiyst istéfe atikeryatic

i il illed .int . Th ificati
Crep can baTe o MRS Wi RT RSN dn e nfildiy Bbeoial® otBRi oney or
cont i nuouforhhwetioht sceeeting fa18a beasdRUAVESEoS! PHb ¥MS yotidkbnabil iaLi on
(e.g. cross-flow filtration using a nmenbrane wth a pore size bigger than

500 kDa, Biat agusisceptibielto énfectian \0ith theyrespettiven ppavichs amat sgewphy (e. g.
ion eXQZhaPﬁQFg ah?{)dr Oﬁ@obia ipteraction, size exclysion or a combination) or
a conBl nat TIPS REPAYET0BoT e Chinsise’ U rells are gnownytathe eri o
1981) 14 - : j |

harvest ed s i rap ManeReRAeRL RarhEbs f VA En Ra o BT0F R e

i nfected oktelss areechiekes drhbtycfibrisiastul{CENpm@xidr ISESRENI aRLuitsire the
be harvested by centrifugation. If the infected

1:2{ |egt 3?&%%@@@@-@%&&@@&11 beetultvated ynder conditions known to
the person skilled in the art. Preferably the CEF cells are cultivated in serum-
15 free medium. The incubation time preferably is 48 to 96 hours at 37° C + 2°
C. For the infection poxviruses are used at a multiplicity of infection (MOI) of
0,05 to 1 TCIDsg (TCID= tissue culture infectious dose) and the incubation
takes place 48 to 72 hours at the same temperature.

20 Progress of infection can be observed by looking at cytopathic effects (CPE),

typically a significant rounding of the infected cells.

Poxviruses are known to exist in two different forms: poxvirus attached to
cellular membranes in the cytoplasm of the infected cells (intracellular
25  mature virions (IMV)) and viruses that have been externalized (extracellular
enveloped virions (EEV)) (Vanderplasschen A. et al., J. Gen. Virol. (1998),
- 79, 877-887). Both viral forms can be used in the formulations according to
the present invention. The EEVs can simply be obtained from the
supernatant by centrifugation and may be directly suspended in an aqueous

30 formulation including a disaccharide and a pharmaceutically acceptable



possible to harvest the cells, i.e. to renove the cells fromthe culture
vial, before subjecting themto the disruption step. Harvesting nethods
are 20 knwarswss4she person skilled in the art. Useful teclraTres1zaBe
mechani ¢ nmethods (e.g. by using a rubber cell scraper), physical nethods
(e.g. freezing below -15 C and thawi ng the cul ture vessels above +15 C) or
bi ochem cal nethods (treatnment with enzynes, e.g. Trypsin, in order to
detach the cells fromthe culture vessel). If enzynmes are used for this 25
pur pose the incubation tine should be controlled, since the enzynmes m ght

al so damgdymiee. Moweyenf thervipuotongedingntcabidohomay cemprids bemsiafor the
disrupti%{l o&hlcells ﬁre al so known to the person skilled in the art. The
fr eezi ngAHNENIHENAAASH CRBSH RIS abeRecially daryac@satios ofrhumagdeiagsi al

031 055463 BOPHERGST TATSAT=L 158 YRS rFlaE Bl B 15 Hedfimd T ™
ul t r asourdfornedationtacebrdielg 1 trespldsent iventiin. WeBRHidY thg honpgenat e.
For vaccination of animals the poxvirus .containing hompogenate coul d be

used Pn tHEITICEtIN ot Pergrurasare kitpwio to fibe pessentskilleckint thmart-dever, it is
5 again pr I 0 _use poxviruses that. have been purified at |east
partial | :u?kgtaiﬁﬁ %tﬁgacad'b%ée'%ule?ut‘%hf‘?rﬁm%@%%n Zﬁﬁé&n%ﬁecf@ﬁﬁm to the
person skiukhrghs)igt ddiirfidus- I8 AL AR afbR (SORE é‘gpadiﬁnﬂ;e
formulation, in particular in the aqueous o fornulatron rna’

concent r atlirefiltraiiore (of. todss-HowlitBAICBEOSInG, a preaherabd withadorediggnt rati on

range of .e.g. 105 10 8 TCI D50/ m, nost preferably in a concentration
range of bég%e_r t%@@ %@O%:mt,wlrﬁr.snﬁﬁ@ekﬂlmﬁ,l:Uﬁ@erﬁ?tOﬂlam'non depends on

it dodnatogre el BARRRREE I B i TR BN e wfTemEn
Compr i Ses 5 & 108 IO B0 Ear e e e O Lo Rtve SRS ypi ca
vacci nat Ebal.dddzagterioh(haB%) ¢4mprlicss1104).108 TCI D50. As poi nted out above
the poxvirus in the fornul ation according to the
In order to obtain IMVs the cells have to be harvested in a first step and
15 disrupted in a second step. If the infected cells are cells that can be
cultivated in suspension culture the infected cells can easily be harvested by
centrifugation. If the infected cells are more or less intact adherent cells it is
possible to harvest the cells, i.e. to remove the cells from the culture vial,
before subjecting them to the disruption step. Harvesting methods are
20 known to the person skilled in the art. Useful techniques are mechanic
methods (e.g. by using a rubber cell scraper), physical methods (e.g.
freezing below -15° C and thawing the culture vessels above +15° C) or
biochemical methods (treatment with enzymes, e.g. Trypsin, in order to
detach the cells from the culture vessel). If enzymes are used for this
25 purpose the incubation time should be controlied, since the enzymes might

also damage the virus after prolonged incubation times.

Methods for the disruption of cells are also known to the person skilled in
the art. The freezing-thawing method described above already results in a

30  partial disruption of the cells. Other known techniques for the disruption of



20 present invention is preferably a purified or at |east partially
purified virus. The term"purified or at |east partially purified virus"
refers towbheosmes that the virus used in the formul ati orcamror/adi4ag to t he
present invention has a purity that i1s higher than that of the unpurified
virus ("ground virus") as wused in the vaccines used until the eradication
of small pox (such as 25 disclosed in US 3,577,526). Such a higher purity
can be obtained e.g by one or nore of the foll ow ng nmethods: batch
centrifugation (e.g. using sucrose cushions) or continuous-flow

ul t racentcli|§ YeatHRtheSwse 8 8ItEERAI RN He ultkhddird {ﬁe%?ﬁLe‘?ﬂ %%ﬂﬁﬁ%@ﬁ%‘f | ow
filtration using a nenbrane with a pore size bigger than 500 , but
equal or is@atires coht@ininglhpmpogeoateirm 30 chr onat ogr aphy (e.g. ion exchange,
hydr opho%i cC interacti ofn, Si ze F‘XCl usi.on WO 03/053463 PCT/ EP02/ 13434 12 or
a conbi natf JRFCINBAIT laRiMeiSdNerRMVEYS OnfptBRiINAMageBateasel 8 b®at ch

cent ri fUgRLLGR Ak 13N S5 ASCORHRDIBTRe HBSERY HARPERALGRLE. 18 term

"purified or at least partially purrfre rus efers to Vi

pr epas at iagam psafelredato psepaxalruess tisgtmpsves baen Mvhifiud &t ﬁd@@arﬂéM}/.ﬂg a
titer of at |east 106, 5 preferably of at |east 107, nore preferably of at
| east 108\ @ibipedmwvepsugiepapifigatbnanethads as knaws todhespersen siyiledt al
protein.-$ %% ain Elstree typical preparations have a titer of 8 x 108
TCl D50 pé % tal protein. Methods how to determine the titer of a
poxvirus containing preparation are known to the person skilled in the
art; one of these nethods is outlined in 1o the exanple section. The total
prot ei n doetmEmviiuseprarbearatibinedeirettrd foechulationr thi pgrticuiahén rie¢ modieols

Kj el dahl M and Bar gano, D. ni trogen anal )(sis as a

Lynch, J. M, j el dahl
r ef eﬂ%ncé‘grr%{‘ll%tg@nf‘@ra SPaEeNagendames A Jcﬁﬁiilggéﬁql%qzﬁrﬁ ueeterabplynane | nt .
1999 Nov- ; Q) - Remi . ! t. L he total
pr ot ei nvgﬁgeé%?gf'ghtr%ééguoﬁ%d ' ?/p?z Sﬁ(rltl())ESe:T éb%ﬁiﬁ@%ﬁeﬁﬁ%gﬁb&ﬁ& ﬁs? It
was unexpeatestratiah rang@rcml.%.tngﬁt@qrmrT@iDgg/ml.puhéfaic@sﬂal%orwnttia'vt'iéd _

purified virus, a disaccharide and a pharmaceutically active polyner is
stabl e, Siependponide aEouaied it to e aldanigéstaned o §Kefhuman\b'a1'rmg opr ot ei n
in animal, which in turn depends on the type of virus to be administered. For
15 the vaccinia virus strain Elstree a typical vaccination dose for humans
comprises 2.5 x 10° TCIDsq, For the vaccinia virus strain MVA-BN a typical

vaccination dose for humans comprises 1 x 108 TCIDsq.

As pointed out above the poxvirus in the formulation according to the

20 present invention is preferably a purified or at least partially purified virus.
The term “purified or at least partially purified virus” refers to the fact that
the virus used in the formulation according to the present invention has a
purity that is higher than that of the unpurified virus (“ground virus”) as
used in the vaccines used until the eradication of smallpox (such as

25 disclosed in US 3,577,526). Such a higher purity can be obtained e.g by one
or more of the following methods: batch centrifugation (e.g. using sucrose
cushions) or continuous-flow ultracentrifugation (sucrose gradients),
ultrafiltration (e.g. cross-flow filtration using a membrane with a pore size
bigger than 500 kDa, but equal or smaller than 0,1 pm), column

30 chromatography (e.g. ion exchange, hydrophobic interaction, size exclusion



20 the unpurified virus preparations contributed to the stability of the
prior art fornulations. The formul ation according to the present

i nventi onwoiod/opass i cul ar the aqueous fornulation, conpri PEIT/EP02/13434

di saccharide. In contrast to nonosaccitari des such 25 as gl ucose which give
a good bioprotection during freeze-drying but which have a | ow col | apse
tenperature and often freeze-dry with coll apse, disaccharides have been
shown to be effective freeze-drying protectants displaying higher collapse
t enper atures than nonosacchari des. WD 03/ 053463 PCT/ EP02/ 13434 13 The

di sacchagyi desnesinativagdPartidiierly pretdredd analteaftioratiorgand/ohbaprtesent

invention are pharnmaceutically acceptabl e disaccharides hav%n% a col | apse
t enper ateardrifugdtiom by UhingsUsFosmBushiops. n mpregeneraigineatne &¢iMpse

tenperatyures.are - C.for ,sucr T o) Ltr =305, C for

5 | act osé?urﬂﬁé eéla!?i?ﬂﬁta?@’@amgrf%%m?w&gsf égeﬁgéoé@ﬂ%?é%rr%ﬁgts i%glrlléh

accor di ' G‘c%ﬁg it i eianaplaytiter et leasge08f - 50 C

to -20 C pt’?%%%?‘?@ﬁ su _FQE%%@@%%@%? ,C]vtw% 531080, ---36 C to- -‘gl C or

- 35. & t oprefératly Of alteddtel @, abbse phefedhbiyafedriedst L0° seiastigdef rom t he
rred is

group consisting of  trehalo tose an ucr ose. st _,pref

sucr ose. pfﬂf%"%ﬂ')ﬁé’g@ﬁé@%ﬁgj X ]B%e-fé |Rﬁf§lﬁ‘8§&9§%‘, PYCEGNt ;| ﬁg%l‘%i ﬁlsﬁ?g

formul atj on i P te yiTEertimn, r]p%ag ! it he aqueous
f or mul at#@ﬁ?ﬁmbgkéﬁ?@gﬁbgaﬁ%ﬁﬁnﬁ ?‘((}tl on 'r%ﬁdoeéro 16}}fblglgll(gfléiﬁ nor e

pr ef er abjpethod@hoangedeferdtinedfediter ot pmstiryy ederaahing preparatiogearef 25- 60

g/l. For sucrose a typical concentration is 45 g/l, The fornul ation
accor di nignowntthéhprssaan skieshin the arty opgrafitbgsamelwdsiseidineddiinul at i on,

further conprises a pharnmaceutically.ac |.e r : polymer is
br ef 8 abli}F B RE e s rb s SobR Ry s e ey felotinired
pol yvi nyh pysriphd 84986 RYEnodTbeKRRARILyHERd ) Asahe Herbsplbyb.Rl.j n t he
formul atTon according to the present-invention. If dextran is used its
nol ecul aKjelgalghtiticepr af@lyalsl 3s ametdrencangethoid 20, podeinodateorrioationon e
dairy products. J AOAC Int. 1999 Nov-Dec; 82(6):1389-98. Review). It is to
be noted that the total protein content is the sum of viral proteins and

15  cellular proteins.

It was unexpected that a formulation comprising a purified or partially
purified virus, a disaccharide and a pharmaceutically active polymer is
stable, since it was believed that the large amounts of non-virus protein in

20 the unpurified virus preparations contributed to the stability of the prior art

formulations.

The formulation according to the present invention, in particular the agueous
formulation, comprises a disaccharide. In contrast to monosaccharides such
25  as glucose which give a good bioprotection during freeze-drying but which
have a low collapse temperature and often freeze-dry with collapse,
disaccharides have been shown to be effective freeze-_drying protectants

displaying higher collapse temperatures than monosaccharides.



preferably in the range of 30,000 to 70,000, nost preferably in the range
of 25 36,000 to 44,000. The nost preferred dextran has an average nol ecul ar
wei ght ofwo®308%63 The concentration of dextran is in the ramgprowi344to 50
g/l, preferably in a range of 2 to 43 g/l or 3 to 30 g/l. Particularly
good results have been observed in the ranges of 5 to 50 g/l1, 5. to 40 g/l
or 5 .to 30 g/lI. Even nore preferred is the range of 8 to 30 g/l. The nost
preferred range is 30 10 to 27 g/1. An exanple for a preferred
concentration is 18.9 g/l. The WD 03/053463 PCT/ EP02/ 13434 14 preferred

concent maki NB8cAHEH EENEEMIrAddOM TRNMBeRDALIDRX icabrdinigsiaowe padsene, in
particular the range of 5 to 50 g/l and the correspondi ng subranges, have

t he par frivention advphargacetiicalihacezptbhps disacaperideartavong at¢mlasenul at i on
is relatively high,. which nakes i,t possi b tq. carry out,t 5 process in
an i ndus®WiPg a%%(g_c) I alfgpgpﬁf&quﬁi—% néﬁ%c?%pafd'm%@ﬁ?l F@?a%sr eferably in
the ran 0 2408 ppafep i 7 to
360, ooo?&’?ﬁ)féer%@'rfgg%{éa?ﬁo% R pTRse Pl e@?!éﬁé"eé“‘ﬁo e ggﬁé"g/?’, R o e

pr ef er adatobs. Aypieapeoldpse tampetatgrés forodte gnitfeefoahiylationaaccandingf 10 to

40 g/1. 10 The fornul ation according to the present jnyentiqn, in
particul’fgﬁh@m?ée&@ﬂu’fekﬁiwntlﬂaraﬁlﬁleﬁfﬁ%m lﬂ’ﬁhﬁafaﬂﬁjoﬁbé@riéé %ghf er. As

poi nt ed out above, it s_one  of,-t obj S 0 : s i jon to
provi de Péﬁ ezSﬁ?fgéHQr?fbg\?% ?%sg'gcé'%ga(i}&gf%ﬁgsg@’nﬁ$%t ?Qg) %llemgir@:rh ﬁ'gn%ioxvi ruses
do not aggpegate and in 15 which no precipitation occurs upon drying. It

has been shown unexpectedly that such undesired effects are correl ated
with the presence of a buffer containing phosphate in the aqueous

f ormul atj on. anples fo osphat e nt ai,ni ng buffer .ar.e PBS (phosphate
buf f&r eé’rgfﬁr,ag& %g'%ﬁﬁé%ﬁg?égﬁﬁiﬂ?é&?r%rjr'gé OHPI SPOYRVEE Rar ti cul ar
obj ect i i.on i r i i
freeze- grfreyrfeﬂ(gsé,ﬂéﬁ -{Hdéoeeés.hdglaJ Egé)ér%?iﬂﬁéﬁa&%ﬁ%g%ﬁgtg§u§8?§ée)'rmjél'§hésaf&hzaﬁlg et')uf fer
cont ai neflefeiabhesdsrory) &t cartabradirdtvgfdrantlbEopraserdingive the pnesent
preferably selected fromthe group consisting of TRIS TBS, MOPS, HEPES
invention, in particular the aqueous formulation, preferably in a
concentration range of 10-100 g/l, more preferably in a range of 20- 80 g/I,
15  most preferably in a range of 25-60 g/1. For sucrose a typical concentration

is 45 g/1.

The formulation according to the present invention, in particular the aqueous
formulation, further comprises a pharmaceutically acceptable polymer. The
20 polymer is preferably selected from the group consisting of dextran and
polyvinylpyrrolidon (PVP). The polymer used has to be soluble in the
formulation according to the present invention. If dextran is used its
molecular weight is preferably in the range of 20,000 to 100,000, more
preferably in the range of 30,000 to 70,000, most preferably in the range of
25 36,000 to 44,000. The mosf preferred dextran has an average molecular
weight of 40,000. The concentration of dextran is in the range of 1 to 50 g/,
preferably in a range of 2 to 40 g/l or 3 to 30 g/I. Particularly good results
have been observed in the rahgés of 5to 50 g/l, 5.t0 40 g/l or 5 to 30 g/I.
Even more preferred is the range of 8 to 30 g/I. The most preferred range is
30 10to 27 g/1. An example for a preferred concentration is 18.9 g/I. The



and (bi-)carbonate buffers. The nost preferred buffers are TRIS and TBS. 25
The buffer is used in a concentration that is sufficient to exert the

requi red wbhuBfossscxapacity. For TRI'S buffers the preferredPcarrronii4ati on
range is 1-50 mM the nost preferredidconcentration is 10 M The pHis
preferably adjusted to a value that on the one hand is pharnaceutically
acceptable for admnistration in human beings or animls and that on the
ot her hand is not WD 03/053463 PCT/ EP02/ 13434 15 detrinmental to the virus.
Thus the pH should be in the range of 6.0 to 9.0, nore preferably in the

200, el oh TR oSlq BERLSK SR el of e dnarpesi o0y good

er are-obtained 5 irrespectively of

whet herag i, Vi Fﬂ$ti&@l§rhﬁefr@hg@|oit5 & 50sg dmanehfhue corredponplimg f i ed or
partially purified virus. Purified or partially purified viruses ?re
pr ef er rathratiges; bavauthe pertiadesegivagtags thad t}b‘ﬁ&élﬁpﬁeﬁ%‘ﬂ@?@%?r $R

ticul th : ul ati. e t Nadl .
bt cal théisantaen neclrdmehbeln. aruch ares RAGE R SV Hh6 06 ~an
exanpl e, f Q<8 | PLEf Bt & e MeEdal 6 OBt [ @Lised itsSmbAdeiNar Wighblrul at i on
accordihg to the present invention, in particular the agqueous 15

f or mul apiegardoly imetie mayge ofbi0,6@0Ltogt 0@ AAC; raotel psefierablyTinea samge pé

preferably a nonopotassiumsalt or .a nongsodi umsalt. Th Tati f
The L- 70100 £ 3604088 T hESapcendedionyol RV pdngeeorngees 5 o 280l nore.

baucousMbp P PERETLE caler 5] 315 TRY o5 SRS PTEIAAPY, i RehEe R LT
10 v T 0 7747 Tao mvnad - Table 1+ Nod fied First Second Third Rn
in table 6 Vaccinia additive additive additive Virus [g/11 [g/l11 [g/l1
Ankara The formulation according to the present invention, in particular the aqueous
formulation, further may comprise a buffer. As pointed out above it was one
of the objects of the present invention to provide an aqueous poxvirus
containing formulation in which the poxviruses do not aggregate and in
15 which no precipitation occurs upon drying. It has been shown unexpectedly
that such undesired effects are correlated with the presence of a buffer
containing phosphate in the aqueous formulation. Examples for phosphate
containing buffer are PBS (phosphate buffered saline) and phosphate buffer.
Consequently, this particular object of the invention is solved by an aqueous
20 formulation for freeze-drying that does not contain a phosphate buffer. Thus,
the buffer contained in the formulation according to the pkesent invention is
preferably selected from the group consisting of TRIS, TBS, MOPS, HEPES

and (bi-)carbonate buffers. The most preferred buffers are TRIS and TBS.

25 The buffer is used in a concentration that is sufficient to exert the required
buffer capacity. For TRIS buffers the preferred concentration range is 1-50
mM: the most preferred concentration is 10 mM. The pH is preferably
adjusted to a value that on the one hand is pharmaceutically acceptable for

administration in human beings or animals and that on the other hand is not



(MVA) WD 03/053463 PCT/ EPO2/ 13434 16 [TCD50/m ] 5x10 8 25 10.5 0.06 (L-
Gl 8 (sucrose) (dextran) glutamc acid) 5x10 8 34.5 14.5 0.083 (L- GI 8
(sucrose)wpOdensan) glutam c acid) 5x10 8 45 18.9 0. 108 (PICA/EB02/93434
(sucrose) (dextran) glutamc acid) 5¥10 8 60 25.2 0.144 (L- GI 9
(sucrose) (dextran) glutamc acid) 1x10 8 45 18.9 0.108 (L- (sucrose)
(dextran) glutamc acid) 1x10 8 45 3.78 0.108 (L- - (sucrose) (dextran)
glutam c acid) The aqueous formulation according to the present invention
is suitable for freeze-drying. For administration the freeze-dried product

has to be, ,r.eco i WLt I t i
embod moretaTEHR] O MET Ll Tna3 (RHHRpRENF pE g ERG e TEO® PR order 1o
bri ng th‘?noFé)B'ﬂﬁ@F'éiﬂP/iiﬁttﬁesr@hﬁéidimz%ef&é[bieymo@h@rafmum pbf isadded wat er

corresponds nore or Tess to the amount of water that has been elim nated
during freeze-drying..Thus, according to this enbodi nent the conposition of

the reconstituted product is e,.or less [dentical Lol tial: agueous
| o formul %@Xrﬁ&?@@&%%%{%ﬁﬁw Msr']n%ﬁ'e'.!) @%%%gffr%‘%gh@r% égg%?b?lﬂ'&%@“ on
that ghe irrespectively of whether the virus in the formulation is an unpurified,

purified or partially purified virus. Purified or partially purified viruses are

preferred.

The formulation according to the present invention, in particular the aqueous
10 formulation may contain salts such as NaCl. Typical concentrations for NaCl
are in the range of 10 to 200 mM. An example for a preferred NaCl

concentration is 140mM.

The formulation according to the present invention, in particular the aqueous

15 formulation further may comprise L-glutamic acid salts. The salt is
preferably a monopotassium salt or a monosodium salt. The concentration
of the L-glutamic acid salt is preferably in a range of 0.05 - 0.5 g/I, more
preferably in a range of 0.1 - 0.15 g/I.

20  Some particularly preferred aqueous formulations according to the present
application are listed in the following table 1. In all formulations listed in
table 1 the buffer is 10 mM TRIS, pH 7.4, 140 mM NaCl.

Table 1:

Modified First Second Third Run in table 6
Vaccinia additive additive additive

Virus [g/1] [g/1] [e/1]

Ankara

(MVA)




WO 03/ 053463 PCT/ EP02/ 13434 17 aqueous fornul ation according to the
invention is used as a vacci ne.
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The aqueous formulation according to the present invention is suitable for

freeze-drying. For administration the freeze-dried product has to be

reconstituted with an appropriate solvent. According to one embodiment

sterile water is added to the freeze-dried product in order to bring the

compounds into solution. Preferably, the amount of added water

corresponds more or less to the amount of water that has been eliminated

during freeze-drying. Thus, according to this embodiment the composition of

the reconstituted product is more or less identical to the initial aqueous

formulation. It is therefore within the scope of the present invention that the



WO 03/ 053463 PCT/ EP02/ 13434 18 phosphate buffer. Preferably the poxvirus
is apurified or partially purified virus. The term "consisting" as used
in the cowoastsabsoptions (1), (11) and (l111) 5 above, refPemEPID13434
formul ati ons consi sting of the above-tfenti oned conpounds only and to
formul ations containing in addition one or nore salts. Exanples of salts
that nmay be added to the formulations (I), (Il) and (Il11) consisting of

t he above defined conpounds are KCl, NaCd , sodiumglutamte. Thus, the
term"consisting” in the definition of the above defined formulations (1),

(1) 1oa8080(4 M{hdl@@ﬁ)n@éc&&ﬁi%@@ﬂﬁﬂgr@s&ﬁi iBvehtiyntio uadd g vetcire. e
salts. By way of exanple a specitic enbodi nent of the present invention

conpr i seAccaitlingdeausalteraiivat¢rohodonpnt dhedreszpuiried toducharay alspy
purified _poxvirus, ,selected . fromthe group consisti of., Ot XVIruses,
P aporyPF Cbans RS G othel BriagteDie iy deisebiaide il B PRl bee) 3

di sacchap} %4’ ti-s&y I frer, wherein
t he di Sag%ﬂgreidgg I'S Oﬁ%ﬁgsa'g‘??%ﬁ‘%éheSaggggﬁsegg?ﬁ#l?g@%acﬂ;nﬂ%nr&rﬁé%% ein the

pol yreer watetexdmanisimg ohbeorainove of plee icbmgubuamdsiaeleabetl oen gihentohe buffer is
not a phosphate buffer. _By way of exanple anoth speci fic enbodi nent of

t he presglu@erqimdj LH%GQOTB%%PP%E@‘H{%”&&&&%@ i Eﬁlrﬁﬁﬁ)ﬁﬁt'%ﬁg})@ﬂd#@ of a
poxvi rus. sele fyo ( onsi gt lNg: POX Vil

bar apoxel® €60 S i soioini e o2t Uy Er e BlBR Sbr el A ¥ ReLate

di sacchapifey. a pharmaceutically acceptable polymer and optionally a
buffer. The poxvirus is preferably a purified or partially purified

poxvirus. Preferred amounts and exanpl es of 25 the disaccharide, the
pol ymer and the buffer are outlined above. It is.withi.n th kills of the
P ot i BheTREANs dBrs 7orsRi Shingia emiop aorPEUIS Iteh A A dhedalo Wi Gul at | ons
ConLe| oy BRI ER o dbadipals! EnUaRLIAIRIe I paps e ofy VTV e
i nduce aagusous formesitiose cagabmsingtdreevd O3 15848 DFRCHLERBA/ck33a4ialll9
purified poxvirus selected from the group consisting of Orthopoxviruses,
Parapoxviruses, Avipoxviruses, Capripoxviruses and Suipoxviruses, a
15 disaccharide, a pharmaceutically acceptable polymer and optionally a buffer,
wherein the buffer is preferably not a phosphate buffer. Preferably the
polymer is dextran, preferably in the amounts as specified above. (II) A
formulation, in particular an aqueous formulation, comprising or even
consisting of a poxvirus selected from the group consisting of
20  Orthopoxviruses, Parapoxviruses, Avipoxviruses, Capripoxviruses and
Suipoxviruses, a disaccharide, a pharmaceutically acceptable polymer and a
buffer, wherein the buffer is not a phosphate buffer and wherein the poxvirus
is preferably a purified or partially purified virus. Preferably the polymer is
dextran, preferably in the amounts as specified above. (I1l) A formulation, in
25  particular an aqueous formulation, comprising or even consisting of a
poxvirus selected from the group consisting of Orthopoxviruses,
Parapoxviruses, Avipoxviruses, Capripoxviruses and Suipoxviruses, a
disaccharide, a pharmaceutically acceptable polymer and optionally a buffer,
wherein polymer is dextran in the amounts as specified above, by way of
30 example preferably in the range of 5 to 40 g/I. Preferably the buffer is not a



poxviruses itself, in particular if attenuated or non-pathogenic, non-
reconbi nant poxviruses are used. If the poxviruses are reconbi nant

poXVi r usewoan/os3miine response is additionally rai sed agai PEt/RPoz13434

reconmbi nant protein/ peptide expressedisby the poxvirus vector. 5 The term
"formul ati on" as used above usually refers to liquid fornul ations,
preferably to aqueous fornulations, if not stated otherwse. If the
concentrations or concentration ranges are defined in "mM', "g/|I" and so on
this is an indication that the respective fornmulation is a liquid or even

1o aqueopsobphatd BLifen Preférablgttie pasvieas ss basumidied ioppartielptrgified t hose
formulations in which the diluent is water. However, the scope of the
present virogention al so covers those dry fornulations that can be obtained
froma |iquid or even aqueous formnul ation according to the present
invention by renoval of the liquid, irrespective of the nmethod that is

used for i S L SIPMUA, o7 t; i i e dry

f or mul at F@%Qﬁg{ rﬂlﬂat(fr?ar e % t%—?ﬁégd Be%ngﬁbﬁ]gé*%ghgéﬁtg%ﬁgwf{@eé@@gﬁ' ing. In
partigul abové heferseefdrmuiatonhs conkistirgeof the abese-noediomddhodnimoumsepari ng
a stabl e, ﬁ/oxvi rus containing conposition characterized I%Qr] that the 20

f or mul at PBIY are &¢ dpfgutalianseContadeing INRAHEIPBRNG A Faghs saltartXaBPefueous

formul ation_j cze-dried. e | i ' " gt abl e,
S 4 A LR s A G OB e
conposi t kRAahalE desiedd c¥rapehaagereIKCI NaT! selrirad| otdiaard, Sthusl et erm
"stabl e, poxvirus containing conposition"” is used in the present

appl i cat temm 26onsistieil’ ne tpexdafinikor oftthe riboyectafpes tdromglationai{ic i) he
overall loss, in virus, titer at an i bati on, tenperature gf 37 C during 28
daysi9s pBALILhdnconet ciphicle HedpassiBlly teedl AR & BOT6SaISA det i | ed
protocol to determne the virus titer and thus the overall, loss in virus
titer is given in the exanple section. However, any other protocol to

ggt er m n@yt\wey of erhnip|é er spsuifialestbddinusedof 3@ e 23t 0dataRPCINidRIs13434

an aqueous formulation comprising a purified or partially purified poxvirus
selected from the group consisting of Orthopoxviruses, Parapoxviruses,

15 Avipoxviruses, Capripoxviruses and Suipoxviruses, a disaccharide, a
pharmaceutically acceptable polymer and a buffer, wherein the disaccharide
is sucrose in the above specified amounts, wherein the polymer is dextran in
the above specified amount and wherein the buffer is not a phosphate buffer.
By way of example another specific embodiment of the present invention

20 comprises an aqueous formulation consisting of a poxvirus selected from the
group consisting of Orthopoxviruses, Parapoxviruses, Avipoxviruses,
Capripoxviruses and Suipoxviruses, a disaccharide, a pharmaceutically
acceptable polymer and optionally a buffer. The poxvirus is preferably a
purified or partially purified poxvirus. Preferred amounts and examples of

25 the disaccharide, the polymer and the buffer are outlined above.

Itis within the skills of the practitioner how such formulations, in particular
an aqueous formulations containing poxviruses can be administered and
which amounts of virus are used for vaccination. As pointed out above the

30 vaccines might be used to induce an immune response against the



Met hods of freeze-drying are generally known to the person skilled in the
art (Day, J. and McLellan, M, Methods in Ml ecular Biology, Humana Press,
(1995) voWwo 0385346A freeze-dryi ng process usually consi st s pafi/RPam 13464 | owi ng
steps, which are 5 explained in norel9detail below 1. Vaccine preparation;
2. Sanple freezing; 3. Primary drying (sublimtion); 4. Secondary drying
(desorption); 10 5. Product stoppering and renoval; 6. Vaccine storage;

7. Reconstitution. Vaccine preparation: The production and anplification of
poxviruses to be 15 used as vaccines has been explained in detail above.

The poxvpbuEessed Rseldpin paaldwarpifrdttéradtedhe dar-patladgemicanonr ding to the
present invention is obtained by adding the above defi ned. di sacchari des,

pol ymer sreqwdn mﬁtmvwsemrﬁé*sedufgihﬁ BPK G ERASRIENEECSPT PRl y fur t her

aam! e abetiristne R bHE ESRREEl S ePRET i BREFISRRE by pr event i ng.
product Félf%%B&\ﬂ‘ﬁﬂ%d&éﬁﬁ/@ééﬁ@éré?(p'résié%ﬂbyQHe p%’)@ﬁ*ll'sﬂgactbls a two-step

process during water Initially nucleates, followed by 25 grow h of
ice cgystals, resulting in a mxture of ice and sol ute concentrate. Ice

| eat dDb d g th t t ta th
ool od s (BRERSTOHONTIA UM 88 USP ARG DN 16Ee 5t DA G TEHEU aged by
| ner eas! Bg LRGN fo SR ARNASRE RS/ SUIPSIN RS pg0e! Ly, Regar dl ese

of the pretr'se freez attern proliferatron of ice throughout the nedium
3o resul b@n&éht@ﬂtnbﬁ@b@@feﬁc@ﬁt@@ldmt@r@e@mtd@ﬁnwm Birdg| 4ent andrscsohut i on

or WO 03/ 053463 PCT/ EP02/ 13434 21 ) .

this is an indication that the respective formulation is a liquid or even

10 aqueous formulation . The term “aqueous formulation” relates to those
formulations in which the diluent is water. However, the scope of the present
invention also covers those dry formulations that can be obtaihed from a
liquid or even aqueous formulation according to the present invention by
removal of the liquid, irrespective of the method that is used for said

15 removal. Thus, the invention also covers those dry formulations that are

obtained by methods other than freeze-drying.

In particular, the present invention further relates to a method for preparing
a stable, poxvirus containing composition characterized in that the

20 formulation according to the present invention, in particular the aqueous
formulation is freeze-dried. In the present application the terms “stable,
poxvirus-containing composition” and “freeze-dried poxvirus containing
composition” are used interchangeably if not stated otherwise. The term
“stable, poxvirus containing composition” is used in the present application

‘25 to define poxvirus-containing compositions in which the overall loss in virus
titer at an incubation temperature of 37 °C during 28 days is less than 0.5
logs, preferably less than 0.4 logs. A detailed protocol to determine the virus
titer and thus the overall loss in virus titer is given in the example section.
However, any other protocol to determine the viral titer can also be used.

30



suspensi on are damaged or inactivated by exposure to these increasing
concentrations of solute. Rapid cooling mnimzes exposure of the

bi opr oducwotos/os3163 concentrate. Above a critical tenperaturPeT(Pon1HBaSS
transition tenperature) the nass visc¥sity nay decrease sufficiently so
that 5 the glass softens and distorts. It dries to forma structurel ess
sticky residue wthin the vial. The tenperature of the distortion is
termed the collapse tenperature. More specifically the coll apse
tenperature is defined as the tenperature at which the nobility of the
water in i [N g A =Yo T 1 L gRHTil tyrt TO
Aol d e ar s ol Bt el A R BB ARyt

col | apse (Dayper andriMdchbéllameMaduetisodoimivicdddiudar Biblegye 6lurapse Rresper at ur e
can be deterniqgg ccording to nethods known by the person skilled in the
art, e.g.(18P2iHeP8Nhtial thermal analysis (Jennings, T.A

"Lyophi li i_on, I n I G Princi R r ress,
penver, oo cryBly BIRs B RSty 31 sRE 185 Hing e MARElRaTer

t enperat W@iaipetdn heye deediebefv:f usi on fromthe virus may be inhibited,
and inj urf/ by intracellular ice mght occur. Consequently, the person
skilled J.nVeneingrprepiaratienpirically test several freezing tenperatures
whi ch are, a qel ow the col |l apse tenperature of the aqueous fornulation
and he w4 SEBY'CIPSHIGh t enperature | eads to a freeze-dried product

havi ng t ' =1 imigfilh@6L I ous poxviruses. Primary drying

(subli mﬁoﬁ?%ﬁdwﬁﬁgg&gpﬁl&g% s that part of the freeze-drying process
t hat drivksSebend2% duphgfdesonptiain)t he sol vent (ice) fromthe frozen
matrix. The primary drying process starts after the freeze-dryer attains
the rl@quid-ebfredneleriodreringnied semo¥akind chamber pressure. The pressure in
the cha LS. I Jower than 1 nbar, preferably Iower than 0.2 nbar.
Typi cal Intléa't \k{gé%'k%uﬁak%g?’s in the range of 0.04 to 0.12 nbar. Throughout
thi s specifReabh&titutiese 30 conditions are sonetines referred to as "l ow
pressure”. WO 03/053463 PCT/ EP02/ 13434 22

Vaccine preparation: The production and amplification of poxviruses to be

15 used as vaccines has been explained in detail above. The poxviruses are
optionally purified. The formulation according to the present invention is
obtained by adding the above defined disaccharides, polymers and,
optionally, buffer, L-glutamic acid and optionally further additives to the
poxvirus preparation.

20

Sample freezing:

Freezing of the sample does immobilize the components in the solution,
thereby preventing product foaming when the pressure is reduced. Freezing
is a two-step process during which water initially nucleates, followed by

25  growth of ice crystals, resulting in a mixture of ice and solute cohcentrate.
Ice nucleation is encouraged by reducing the temperatures and agitating the
cooled suspension. In contrast to nucleation, ice growth is encouraged by
increasing temperature, thereby decreasing suspension v‘iscosity. Regardless
of the precise freezing pattern, proliferation of ice throughout the medium

30 results in an increase of solute concentration. Biopolymers in solution or



The shelf tenperature is increased such that sublimation of the ice in the
product matrix occurs and the product tenperature is significantly | ower

t han t he wolBapsie3 t enperature of the formulation to ensur @ca/rrormddat el y
frozen matrix throughout the entire p¥inmary drying process and to ensure 5
freeze-drying without collapse. The tenperature may remain constant during
the whole primary drying process. Alternatively the shelf tenperature can
be increased continuously during the primary drying. However, the
tenperature of the product has to be bel ow the col |l apse terrper ature during
t he whol eSUgnaNsRy ade yﬁangagﬁdncémctmated@ye@epaﬂureﬁe tbes&angradllsy”lglg t he
dried product otst f a] I?ta@w nor e t han 5% noi sture(ﬁ&/ . In order to
obtai n a PrYFIEL2 l%]stﬂ aol%?s ggﬂf%{nlpH‘g{Z%%p%{q §&r support

bi ol ogi c r out a
secondar ?l)lg?);cl@ég%&sgfeghé:E%@%ﬁéiﬁiﬁdy@%d[glgggﬂﬁ r?fg%ﬁ%;%ysecondar y
dryi ng watrensitiapoterperks oo rfr‘racsmvum;ﬁwm'@qedeﬂreabe sutfakientlpaio st
formend during prinary. drﬁln This is acconplish ~increasing the..

t enperfat e GIASP SOftees orts. & glyips 4e foﬂwapﬁkygw@e%%stl@lh\afe%ugr is

eyt ng. ar WA SR ERS Fug iR rant etoriR dist SRR S B ekt be n t he
range of Rrfpémataad r@oréf hgecmtaqyQhet@mmgé@ttyﬁﬁaeratwﬁau@diemneru h§engange of

-5 Cto 30 C. Mire referred is a tenperature in the range of 5 Cto 20 C
The secontmﬁperaiuw ag wdueh blee mmpaleiliityr of Woe stadpis in the interrstétialstagion oé the oduct

t t th f bl t

of 0 C toss n%eeme‘eﬁ?ﬂgnﬁeéaan&gimw tEcls kenanBares B8 St e ocand
t fuL th

i ot 1S S R RN OIS Rt IfCof % ASPNRTR ety 1t

pr ef er abl (}OIierpﬁehi.@mpe@@m@taﬁ‘becdét@rm’ﬁﬂe@acébs@l nght® mmeshddalknowirsbytiee
content of the formul ation depends on the requirenents of the product. Sone
product s BY seBetkiheqieihe asive.gr Brughtferandiathaemat analysenflemnings béhi eve

best pr Od‘i?op‘ﬁﬁt?a%&rﬁ%ﬁ?%opq{ IEPQI%A %%%?C Pri%?élples”, Interpharm Press,

Denver, CO, US, 1999, ISBN 1-57491-081-7, pages 132-134).

15
If the temperature is too low, water diffusion from the virus may be inhibited,
and injury by intracellular ice might occur. Consequently, the person skilled
in the art will empirically test several freezing temperatures which are all
below the collapse temperature of the aqueous formulation and he will test

20 which temperature leads to a freeze-dried product ha\}i‘rﬁfg the highest titer of

infectious poxviruses.

Primary drying (sublimation);

The primary drying is that part of the freeze-drying process that drives the

25  sublimation of the solvent (ice) from the frozen matrix. The primary drying
process starts after the freeze-dryer attains the required condenser
temperature and chamber pressure. The pressure in the chamber is usually
lower than 1 mbar, preferably Iowér than 0.2 mbar. Typically the pressure is
in the range of 0.04 to 0.12 mbar. Throughout this specification these

30 conditions are sometimes referred to as “low pressure”.



stability. The optimal residual noisture content as well as the tinme to
reach this has to be determned enpirically. The secondary dryi ng process
is continwed3wsisd the desired noisture is achieved. Mt lredEPOD13I8L €r M N
the noisture of a product are known t22 the 5 person skilled in the art. In
particular the coulonetric Karl-Fischer titration can be used (Jennings,
T.A , "Lyophilization, Introduction and Basic Principles", Interpharm
Press, Denver, CO, US, 1999, |SBN 1-57491-081-7, pages 415-418). The

resi dual noisture content is preferably Iower than 5% nore preferably in
a range ghelimil Qrfier AP0 i ERiGeREE QURRIthat BuBliRAh 8f te idkir ted%
Product stoppering and renoval: Al product-containing vials are seal ed

accor di ngroquoehtaids dovams anal theeprquircidensieratiect isnsighdicntly Oeervi al s can
be seal ed under very |ow pressure

t he flreeiﬁaﬂﬂklércp”ﬁgs?§eﬁl%3W§§f&?@(f@%5%§%gﬁigrd‘ftté@zr\-ﬁ%gﬁg&?f?ﬂ‘@%ﬂ?@fc;l )c/)ri Iness
el 1 um " aeiedPhe St Rt NER Gl BETY Hahe PHGRRWT Yo REReT

pressgre f@ez@QﬂngWithﬂlﬁ adliabsearpe cbagRstaticaireiyakinyaibyconstant doving

rubber stoppers.” Once the product is stoppered the systemcan 20 be
r et ur ned the véiate pphvary deyiegnoseandAttienasively theishpl tampsiadre can be

Af ds, "th ials f h . be- led, with al i f | ong-
Lerm st of SRR RO UL SMAGHINBEN S TR AEUHE . S btacts SamARa ISy ed at
room t enpefAL ﬁr@dﬁgfsgg% t@e béI%UP’(HbSCél?%?éaﬁ%rﬁgte?%tuké%ﬂriﬁ%gﬁ@ﬁ}?ﬁ)le

preferably at "I east weeks nore pre east 22 eks at this

t enper at wramal\Btiaihg @locass.eht digend eimbe atrimery dryiagcitiet @iied peodadt of

time" neans that the loss of viral titer at this tenperature is | ess than
0.5 I18gs SdilirGaryCORiadn tNaEe Haan 88 NMHeIgEE (WAY). 30 akdsl i‘t%@%témawrp%% it is

et epoartdA 2amobH & SERTe i EF B PR Seokfr 808558 BhIERIEIHY or oauct

is store@hiehitBPreactions it is necessary to carry out a secondary drying step.

Secondary drving (desorption):

15 During secondary drying water vapor is desorbed from the surface of the
cake that is formend during primary drying. This is accomplished by
increasing the temperature while the chamber is still at low pressures so
that water is desorbed from the cake surface. |
The shelf temperatures for the secondary drying are determined by tHe 7

20 stability of the product and may be in the range of 0 °C to +30 °C. The
product temperature is usually in the range of -5 °C to 30 °C. More
preferred is a temperature in the range of 5 °C to 20 °C. The secondary
drying can be made in two steps. In a first step the product temperature
may be in the range of -5 °C to +15 °C, preferably in the range of O °C to

25 +10 °C, more preferably in the range of 2 °C to +7 °C. The second step is
made at a higher temperature than the secondary drying in the first step.
The temperature may be in the range from 0 °C to 30 °C, preferably in the
range of +5 °C to +20 °C. Also the residual moisture content of the
formulation depends on the requirements of the product. Some products

30 need higher, some products lower moisture content.tQ achieve best product



dark. If this is not possible it is preferred to use col oured glass for
storage or any other vials, which avoid a detrinental exposure to light. 5
Reconst i twDioans346dr reconstitution of the freeze-dried pr@damrPozam3434
appropriate anmount of a solvent is atded to the freeze-dried product
resulting in a pharmaceutically acceptable fornulation allow ng the

adm nistration to human beings or aninmals. The solvent is preferably
water. Usually the solvent is added to the 1o formulation in an anount that
corresponds substantially to the anount of solvent |ost during the
freeze-d FOGCE M r roduct
obtalnedg%ﬁﬂ?ﬂp1?%%§§%ggbgggor%lhgﬂggﬁgngﬁggégg%ﬁﬁ?msggﬁFgﬁ%@f%'$ﬁ§2p t he

f r eeze- dttigthaer edue dedeanirdichgnipirithiéy.pr esent i nvention conprises (i) a
POXVi r us

f bl f th t.h
s acchaihBGeCoNTRYY dryRgIFacess 5 8o nynHEq st ne cifoaav' MBS ol |y
[ buf f | d
the but r aE1eT6e, MERhE0R thafet BRI K6 md SRR R RRRGCEard REOHR (8¥Fe 27
freeze- dpbeghrpsRidegtinahe @how?amdmgr ti9d Lovigraetriakkel-Rischer éittation

formul ations shown in table he amount of virus is 5 x 108 TCI D50/ m . 25
Tabl e 2: camienused ({85Gings 30.M0"Lyaptilization heteaflieddion angrigesiat i on WO

&%05346%r1%g6IEP92(n erp‘Qharm l}%res efl%r?vgrr PC%)ZQUQ X@@% IéB§P1 §734€9{ I081 9Xt ran
pages 415-418). The residual moisture content is preferably lower than 5%,

more preferably in a range of 0.5 to 4%, even more preferably in a range of 1
10 to 3%.

Product stoppering and removal;

All product-containing vials are sealed according to methods known to the
person skilled in the art. The vials can be sealed under very low pressure

15 (e.g. 0.04 — 2.56 mbar) directly in the freeze dryer. It is also possible to seal
the vials under more or less normal pressure by using a chemically inert gas
such as nitrogen or helium. Typically the vials may be sealed in a nitrogen
atmosphere at a pressure of 900 mbar. The vials are closed, preferably by
using butyl rubber stoppers. Once the product is stoppered the system can

20  be returned to atmospheric pressure and the shelf can be unloaded.
Afterwards, the vials further may be sealed with aluminum caps for long-

term storage.

Vaccine storage;

25 Thefreeze-dried product can be stored at room temperature (25 °C) and
remains stable for at least 18 weeks, preferably at least 20 weeks more
preferably at least 22 weeks at this temperature. “Stable at a certain
temperature for a certain period of time” means that the loss of viral titer at
this temperature is less than 0.5 logs during this time period. However, if

30 cooling is available it is preferred that the freeze-dried product is stored at



36. 000. 44. 000, 150 g/l sucrose, 0.36 g/l L- glutamc acid nonopotassioum
salt nonohydrate) Sucrose[% in 54.7 (36 58.7 (54 ng) 58.4 (72 ny)
freeze- drwedsngydepr oduct Dextran [% in 23 (15.12 24.7 (221880243464 ( 30. 24
freeze-dried ng) ng) ng) product L-Q@4utamc acid 0.13 0.14 0. 14

Monopot assi um (0. 0864 ng) (0.1296 ng) (0.1728 ny) salt Monohydrate [%4 in
freeze- dried product Mean value freeze 65.8 92 123.1 dried cake [ng] (at
filling of 1.2 m) WO 03/053463 PCT/ EP02/ 13434 26 The freeze-dried
product according to the present invention is used for the preparation of
a vacci ngowdptémbergtifet RechreezecdFref BpROHE pFSdudtesdtyps Nigapast i t uted
as descri bed above and adm nistered to a hunman being or an ani nal

accor di nglarbk. Hehlogsndinpessibte ithe prefesoed skiulskexblourachglass far stogeedr
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5  Reconstitution.

For reconstitution of the freeze-dried product an appropriate amount of a
solvent is added to the freeze-dried product resulting in a pharmaceutically
acceptable formulation allowing the administration to human beings or
animals. The solvent is preferably water. Usually the solvent is added to the
10 formulation in an amount that corresponds substantially to the amount of

solvent lost during the freeze-drying process.

The invention concerns also the freeze-dried product obtained by the
process according to the present invention.

15
Thus, the freeze-dried product according to the present invention comprises
(i) a poxvirus, preferably of the genera orthopoxvirus or avipoxvirus, (ii) a
disaccharide, (iii) a pharmaceutically acceptable polymer and optionally (iv)
a buffer, wherein the pox virus, the disaccharide, the polymer and the buffer

20 are defined as above.

Typical compositions in the freeze-dried product are shown in the following
table 2. In all formulations shown in table 2 the amount of virus is 5 x 108
TCIDso/ml.

25 Table 2:

Amount of DSG 20 30 40
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product
L-Glutamic acid | 0.13 0.14 0.14
Monopotassium | (0.0864 mg) | (0.1296 mg) | (0.1728 mg)
salt Monohydrate
[%] in freeze-
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Mean value freeze | 65.8 92 123.1




MA preparations were used. For the freeze-drying experinents (rows GIl- 25
4, 6-10 and 13-15 in table 6) nodified vaccinia virus strain Ankara (MWA)
was used.wohw/0s3462is was purified by 36% and 40% sucrose @®OIIHPOLIE3434
centrifugation foll owed by resuspensi®n in 1mM Tris-buffer at pH 9. WO

03/ 053463 PCT/ EP02/ 13434 28 In freeze dryings experinments GIl-4 (table 6)
no additives were used. The wused buffer systemwas 10nM Tris wth 140nmM
NaCl at pH 7.4. For the freeze dryings starting with nunber GI6 (table 6)
different additives were used w thout changing the buffer system 5 Two
differen bi i I ent it e T dditives
were gi Vtél'rl']]fef[)f g@%eg&bggj%ﬁéfggﬁtt %iczﬁ{)ﬁ%ﬁg(}f)ﬁtﬁgoéﬁse\%@t glg\;cﬁ% %gé}g%dg Pﬂdt ftgrnﬂﬁbuf fer.
The conpesépanicdf of Aeadeinet TonthisiEheriheuseszd-arisbogwodutttie fol | owi ng
tables 3 and 4. The addition of dilution buffer 1 (DSG results in an
aqueous re¢enivedAticonstitwiedmngese ibed aporsand adunistered fhe hisvant
dilution buffer 2 10 results in a formulatign used for.c ative
anal yst s PRET 8RN A ek Bl toamelp PR e h s rese T Sk IE0BR ol e on
[9/1]5 Dgytran (MN 36000 - 44000) 63 Sucrose 150 L-Gutamc acid
Monopotassium 1 0,36 salt Mnohydrate Table 4: Dilution buffer 2(DGG
Concentration in stock solution [g/1] Dextran (MN 36000 - 44000) 63

d ucose 150 -Jutanic gcid I\/bgopot assium 0,36 salt Monohydrate 15
rief explanations to the figures

Figure 1 shows the stability of MVA containing freeze-dried formulation at a
10 temperature of 31 °C. The tested formulation is GT23 (see example section,
and table 6). The virus titer in the aqueous formulation according to the
present invention is determined before freeze-drying. Freeze-drying was
made as described for GT23 (see examples and table 6). After freeze-drying
the formulation was stored at 31 °C. At the indicated time points the freeze-

15 dried formulation was reconstituted and the viral titer was again determined.

Figures 2 and 3 show the results of the same experiment as described in the
legend to figure 1 with the exception that the incubation temperature was 37
°C in Figure 2 and 45 °C in Figure 3.

20



These dilution buffers were used at different concentrations in the final
formulation. Dilution buffer 1 (DSG was used at 16.7% 23/0i 30% and 40%
WO 03/ 053we33ps3iHbEPO2/ 13434 29 (v/v), dilution buffer 2 @POEBPIZ13420%
(v/v). The TCID50/m of the final fo¥ulation was adjusted to 5 x 108
TCAD50/mM with a physiological Tris- buffer (10mM Tris-buffer; 140mM Nad ;
pH 7.4). 5 Sanple freezing The sanples were frozen inside the freeze-dryer
(Christ freeze dryer, Type Al pha 2-4). For the fornulation with sucrose
(DSG) the conparison of different freezing tenperatures (- 30 C to-45 O
showed that the suspension has to be frozen to - 40 C, which is below the
col | apse E%gwfrature of the fornmulation, to get a perfect cake
structure: n"Trozen inside the freeze dryer, - 40 C were reached within
about 3.5 to 4.5 hours (starting at about 20 C). Primary drying 15 For the
formul ation with sucrose (DSG a coll apse tenperature of about - 30 to -
37 C was Tagsiohediog exanglet wifl fuht@ec dllisipste trenpessendrieverftisucit osid bg - 31
C). Therefore; the- product tenperature was a o values in the range

dj ed t J
ot - 37 el uadersTond feng essen SKISHUnAe AHdPaE thaRpYIdos STPSSIN o 04

Ced. SThaCapry iy Be Ely b aaf LIRS et RIR e o ©
pressur eteéﬁrﬁél@ggmvm\@ﬂhé hee s RdneENEHOH tbf’cﬁis@@m'ﬁﬁ!ﬁ%s)pf' the freeze

dryer created their tenperature differential. Alaw nature is that
as the 25 tenperature of water is decreased the pressure over that water

 “Speci BAEMPESLLF thezmundpBacBr Wedote ot ning el PSRRI T ange of
03?85%4%?'9@%%5%&66@%Af in the chanber and the shelf tenperature WO
10
In this example formulations according to the present invention containing
MVA were freeze-dried under different conditions. The freeze-dried product
was stored at different temperatures. The stability of MVA in the preparation
was analyzed by determing the titer of MVA after reconstitution of the freeze-
15 dried product and comparing it with the MVA titer before freeze-drying. The
influence of different storage times on the viral titer was determined. The
protocol for the determination of the titer of a MVA containing formulation is

given in example 2.

20 1. Experimental settings:

Vaccine preparation/ Formulations

To test the freeze-drying process according to the present invention several
MVA preparations were used. For the freeze-drying experiments (rows GT1-

25 4, 6-10 and 13-15 in table 6) modified vaccinia virus strain Ankara (MVA)
was used. The virus was purified by 36%- and 40%-sucrose cushions

centrifugation followed by resuspension in 1mM Tris-buffer at pH 9.



regul ates the product tenperature. This indicates that the I ength of the
primary drying cannot be shortened very easily, because the condenser

t enper at uwe B®5346xed. For increasing the product tenperat ®eCca/EPIZ/13B4 t he
formulation is the limting factor. 528Secondary drying The tenperatures for
the secondary drying are determined by the stability of the product. Al so
the residual noisture content of the formul ation depends on the

requi renents of the product. Sone need hi gher, sone | ower noisture 10

cont ent to achieve best product stability. The optimal residual noisture

cont ent LI t t-hi t rically.
S nce sclommiars BTide bR 814N S ABRS GofR DsdacRE L C2L Ve
0 C 5eCQ@QérbUfiUryay@ﬂemaﬁagqmnNhTﬁ!Wv1$iﬁ qm@mwhi\itamaatimv &1 Bor giel f

tenperature was regul ated for sone hours ange of 4 to 7 hours) in

15 t hat mﬁzeiwyingsestprhdgwtin anpehert GTe ( @iea@bdéfate@t erditivRs varye of 4
to 6 O. that eX|st|ng ice that remained after primary
dryi ng \‘Aié@ ri"é‘lﬁt‘ t%ng}ggﬁgezqﬂbﬁgr %®Tonditions to start the secondary
dryi ying T egﬁelgéﬁt Rfrﬂﬁ’t&‘l%tio%'vkitﬁ%liﬁbﬂidt‘aﬁﬁﬂtiv& WRirsaiHdsent TResecond step

y increasing the product tenperature to values in the range

Of 18 20 gt itdde Gyt o g%n—toS’@témums coﬂil‘mntngmolﬂcbiontsttg/ addorglastikyiiars
strongly dependent on the wa f the f e-dried
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I nterpharm Press, Denver, CO US, 1999, |SBN 1-57491-081-7, pages

415- 408) (DBG)0BE0ES4B3 mwiﬁatiznmtorapmpataiu@ta@awpﬁen ng and renoval
Al'l products nmade during the process devel opnent were seal ed under very

| ow pressure (0.04 - 2.56 nbar) directly in the freeze dryer. The vials

ver e Table 3:

Dilution buffer 1 (DSG) § Concentration in
| . stock solution [g/1]
Dextran (MW 36000 ~ 44000) 63
Sucrose 150
L-Glutamic acid Monopotassium § 0,36
salt Monohydrate

Table 4:
Dilution buffer 2 (DGG) - Concentration in
; stock solution [g/1]
Dextran (MW 36000 - 44000) ; 63
Glucose ‘ 150
L-Glutamic acid Monopotassium t 0,36
salt Monohydrate

15
These dilution buffers were used at different concentrations in the final
formulation. Dilution buffer 1 (DSG) was used at 16.7%, 23%, 30% and 40%



cl osed using butyl rubber stoppers. Once the product was stoppered the 5
systemwas returned to atnospheric pressure and the shelf was unl oaded.

Af t er war dwp mBlos3463 al s were seal ed with al um num caps for [POMEPIBIZMBSE Or age.
Vacci ne storage An inportant aspect of9 the formul ation exercise is to
produce a vaccine that 1o is shelf-stable. Factors influencing stability

i nclude residual noisture content, sealing atnosphere conposition, and
storage conditions, including tenperature, humdity, and light. The

di fferent batches produced during the process devel opnent were all stored

at 4 C apgy ,t%ne%htwr@ggté@ Aﬁr@@%e(mye?h@m%(}ﬁﬁpbﬁﬁwé’\ﬁﬁﬂ 15 al so

stored at 3 37 C and 4 sanples were stored in the dark.

Reconst i {yth QmitiiewhE eRAEstd ©d5 SAn®B axImes anl @6enatiHydidgidal Traut ocl aved
MITi-Q mg@‘ 20 I\/br%lgﬁs?oeci fically thew%wgter (1. 2Fjrr1y;é vva§ added to the

sanpl e usbuffgr §10syWiTrgebutiee; s4€puavidiati; wes 7ndxed by gentl e shaking. The
reconstitution takes only a few seconds. The virus titer of the
reconstituted product was determ ned and conpared to the virus titer
before freeze-drying. 25 Accelerated stability test The stability of the
fornufat i, (i %3ekpge table 6) was assessed at 31 C 37 Cand 45 C. The
viral titer 'was nonitored regularly. The results are shown in figures 1 to

3. WO 03/hp346a %@T\A/@Pé)ﬁfb%%?rﬂsid_%zcheﬁfr??%éwe? @i Bans asH Bfer, WWPHewas

freeze-dried w Ph and w thout using differernt additives. Fornulations
Wi t hout aAdiplha Rvéx Reertbesfoomulatbobevitmstatdse (336@) ttabren®aridan o6 this

context sanpl es were considered as staghle when_t iter, di ot drop nore
than 0. 5@‘%%.9“%{?53,2“?31 em&eﬁ?t%?é&«?@atéat%é‘#%i E§§b%@ﬂaﬁ1ﬂgéﬁﬁor a
certain Lod..: | p t hat I  Of. i ' this
t enper at Erﬁébgﬁssl%eﬁsés%g%qu%q g’gé ¥ u?’n\gﬁm 's? t)t{éllEr%gll tpﬁeéraléglgaﬁ% formul ati on
"faihg" témigeeatiresof the formulation, to get a perfect cake structure.

When frozen inside the freeze dryer, — 40° C were reached within about 3.5

to 4.5 hours (starting at about 20° C).

Primary drying

15  For the formulation with sucrose (DSG) a collapse temperature of about — 30
to — 37° C was assumed on account of the collapse temperature of sucrose
(- 31° C). Therefore, the product temperature was adjusted to values in the
range of — 37 to - 41° C, to ensure a completely frozen matrix. Pressures of
0.04 and 0.12 mbar (- 50° C and — 40° C in the phase diagram of water)

20 were used.

The driving force of sublimation during primary drying is the pressure
difference between the product and the condenser of the freeze dryer
created by their temperature differential. A law of nature is that as the

25  temperature of water is decreased the pressure over that water also
decreases. A specific temperature of water is always associated with a
specific pressure. The condenser was set to temperatureé in the range of —

83° C to - 89° C. The pressure in the chamber and the shelf temperature



of virus titer during the indicated tinme period at the indicated
tenperature is io 0.5 logs or nore. Formnul ations conprising dextran and

gl ucose swowsa@sme3very | ow stability at room tenperature. PChEPIDIIIBS at i ons
according to the present invention c¥nprising different concentrations of
sucrose and dextran proved to be stable. The stability of MVA in the
formul ati ons according to the present invention is at |east 25 weeks at 4
C and roomtenperature. 15 Detailed information regarding individual
experinents is given in table 6: In table 6 it is shown that the stability

of the f ' bhheuteABdl AiveS Thd mblicatBs tREL1HS |¥SLHVER thepoor .

Af ter onﬁ{?ggkf%\klvqg\gg& t hey Igst 0.5 logs of 20 their original starting
titer, wpriimarg dnpingacarepitae shofteaetioremyleasilpnbetause2tin ¢oNIgNIBEG was not
acceptable due to a collapse of the materigl dyring the freeze-drying
process (téml%ﬁr@é‘ﬂres'ﬁd‘\i%ﬁ(f} i’ECEQﬂq”a%gEe W@giéﬁbf%mﬁgﬁté‘rﬁy[rgﬁﬁm%w Tc of
gl ucose, iLch : kedly jncreased by 25 the use of dextran, which
has a hi d“é’?ﬁ\:@l?t‘f\@ii&%e nﬁgbﬂgrﬂ}é%{aﬁ drying the | owest possible tenperature
of the freeze-drying equipnment (- 45 C) was wused. Therefore, it was not
possi ble to decrease tenperatures below the Tc of glucose. The
formulations with 30% (v/v) DGG did not collapse. This phenonenon is

probabl y SReondant @eing gher overal | anmpunt of dextran, which 30 increases-Tc

to a value higher than the tenperature used for, primary dryin .
03/ 053463/ TCtgRPeratusasior the %@QQﬂAﬁj ¥ ArIng ke M ang Uy ¥%%%F%EH\AEEV Phe

e due ¢ aTEraBGts Alsolng ARy PR G el e BRHIaY b tegtlRT, 0™
buffer 1 {DER ruqsiresrRMLs bf MRS brofutheSaxpaidetenigher Themestontsr| ipdstupa Wit h

this additive is very good. Due to the high Tc (- 31 C) of sucrose
col | apse amgenbto achrave! kestprokluchissalbigiynwihe pplimaivessua)i mpiSiued t he

ez 9ot e T XaeR9a0 hhEuEhe ARE MBS B0 (v v)
DSG in t he fardBlbAlb AN dritn@XthHsYwhREn 4hE RBHUEPPERLIRIE keI Ratifre
above 0° C, secondary drying was done in two steps. In the first step shelf
‘temperature was regulated for some hours (in the range of 4 to 7 hours) in
15  that way that the product temperature was above 0° C (in the range of 4 to
6° C). In that way all possibly existing ice that remained after primary drying
was melted. By using such mild conditions to start the secondary drying
damages to product will be minimised. Afterwards, the second step was
initiated by increasing the product temperature to values in the range of 18
20 to 21°C for 20 — 30 hours. The time for the second step is strongly
dependent on the wanted residual moisture of the freeze-dried product. To
obtain different residual moisture contents different times were used.
As assay to measure the residual moisture content of the freeze-dried
material the coulometric Karl-Fischer titration was (Jennings, T.A.,
25  “Lyophilization, Introduction and Basic Principles”, Interpharm Press,
Denver, CO, US, 1999, ISBN 1-57491-081-7, pages 415-418).



proven for all 6 fornulations. The freeze-dried products with 30% and 40%
DSG had a slightly better stability. One of the fornulations (process GT
23, see twblos/o8M4envas anal yzed in detail 15 in an accel er cadipor/adaBd ity
test. The results are shown in figured 1 to 3 and sumarized in the
followng table 5. Table 5: Tenperature [ Loss of titer Loss of 0.5 |ogs
after C] (experinental data) [days] (calculated) 31 0.245 logs in 29 59
days 37 0.321 logs in 35 54 days 45 0.332 logs in 29 44 days 20 At 31 C
t he vacci ne has been stored for about 1 nonth and still net specifications

(loss inpyj } i n half a log). But even at higher WO
03/ 05346?%%&%5%{@@?&@?2%&aturgas it would be possi blg to store the
vaccine fr o iB{iRets BAAAE duFiiE the phocisadRiop@entvsresddaigd espleeivetyy for

tropical regions. For the old smallpox vaccines the WHO recommended a
met hod f dowressiireatd.od o.56 abbaitdireatly irhthe feezaslnyest Theyials Mare1 | og

when ot ofcbeResl Uane by L EURPREPA E oD 6h (BT RELeb AT B RE Sk ne s

055 OF 1GRRrhiAs fetPAbd 1o RROPMErldiBrdRU! kAL B CHEP wagaeiidaaed! o the

present Ul s criterion. anple 2: Titration of
Modi fi ed Afesroidntls, Mg vialfnlcae et MdNvitFha utiinuat icapsdbr Miug-téred staegeni a
virus Ankara (M\/AS is perforned in a 'TC D50-based assay using 10-fold
dilutions in a 96-well format. 15 At the endpoint of the assay, infected
cells are visualised using an anti -

Vaccine storage

An important aspect of the formulation exercise is to produce a vaccine that
10 is shelf-stable. Factors influencing stability include residual moisture

content, sealing atmosphere composition, and storage conditions, including

temperature, humidity, and light.

The different batches produced during the process development were all

stored at 4° C and at room temperature. Furthermore, a few batches were
15 also stored at 31 °C, 37° C and 45 °C.

All samples were stored in the dark.

Reconstitution

The freeze-dried samples were reconstituted with autoclaved Milli-Q water.
20 More specifically the water (1.2 ml) was added to the sample using a

syringe. The suspension was mixed by gentle shaking. The reconstitution

takes only a few seconds. The virus titer of the reconstituted product was

determined and compared to the virus titer before freeze-drying.

25  Accelerated stability test
The stability of the formulation GT23 (see table 6) was assessed at 31 °C, 37
°C and 45 °C. The viral titer was monitored regularly. The results are shown

in figures 1 to 3.



vaccinia virus anti body and an appropriate staining solution. 2-3 day old
primary CEF (chicken enbryo fibroblasts) cells are diluted to 1 x 105
cells/mM woodRPM . 10 fold dilutions are done with 8 repCraPoesiaper 20
dilution. Followi ng dilution, 100 pl 3re seeded per well of 96-well plates.
Cells are then incubated over night at 37C and 5% CO2. Dilutions of the
virus containing solutions are nmade in 10-fold steps (10-1 to 10.12 as
appropriate) using RPM w thout foetal calf serum Then, 100 | of 25 every
virus sanple is added to the cell containing wells. The 96-wel |l -plates are
i ncubated at 37C with 5% CO>2 for 5 days to allow infection and viral
replication. Cells are stained 5 days after infection with a vaccinia virus
speci fi c2, Resuitd bod\Corfebusiohe det ecti on of the specific antibody, a

hor seradi sh WO 03/ 053463 PCI/ EP02/ 1343 35 peroxi dase . (\HRP) coupl ed
secondar N%W%@?@%‘dﬁ'@%‘(‘”ﬂﬂﬁ@&ﬂ(/ﬁ d‘lsﬁm%d'fg@fﬁ’%@(‘fﬁj’{%e%n anti -vacci ni a

Vi rus anti : J: I : I f i , NN, Ger many
#9503- zJs‘?f’f?%@@%@’&hﬁyﬁ%ﬁ?ﬁ%wyﬁ?g@wd ?gb%’fi%?ééﬁ%tﬁagﬁ%??- ke

coupl gd geigtcarbyesamdied Riepaeaasidéranlal stable @omaihe titeridindt) drothe
colour reaction is carried out according to known techniques. Every well
with cel nsonehitaraP & [ssiTthuse the tera ‘soableratr @ getticon temnaiakee fas a positi ve

f th l,cul ation; .the TCI D5 The titre s cal.cul ' th
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al | ei ghof wellsstitar elyrosd the enditstedatimenpetied atfthpdsididatedviehi seriabu oisumm

atl Xb = nunber of positive wells in colum a+2
10 0.5 logs or more. Formulations comprising dextran and glucose showed a

very low stability at room temperature. The formulations according to the
present invention comprising different concentrations of sucrose and dextran
proved to be stable. The stability of MVA in the formulations according to the
present invention is at least 25 weeks at 4° C and room temperature.

15

Detailed information regarding individual experiments is given in table 6:

In table 6 it is shown that the stability of the formulations without additives
(table 6, GT1-4) was very poor. After only a few weeks they lost 0.5 logs of

20 their original starting titer, which is not acceptable.

The formulation with 20% (v/v) DGG was not acceptable due to a collapse of
the material during the freeze-drying process (data not shown). This collapse
is explainable by the low T¢ of glucose, which was not markedly increased by
25  the use of dextran, which has a high To (- 11° C). For primary drying the
lowest possible temperature of the freeze-drying equipment (- 45° C) was
used. Therefore, it was not possibie to decrease temperatures below the T¢
of glucose. The formulations with 30% (v/v) DGG did not collabse. This
phenomenon is probably due to the higher overall amount of dextran, which

30 increases.T¢ to a value higher than the temperature used for primary drying.



xc = nunber of positive wells in colum a+3 20 WO 03/053463 PCT/ EP02/ 13434
36 U EEEa OUoOO+1UUdecar) 00U (1) Mcn C) (n (n a) a)
0 a) U .woasnss46® Qo ~0 al aoaa+U M$mcaO c6 @&TEPv1iB4a) as
4-' d NNEE 41 41 LL- U =caa) @alLal obdnnoQnmO- LU o
ONoalU of QCNNEMpENunpENpPE co(DNOviIi N 00V}
"~~1- 41 00Nimv - O0ONUUCV((NO'" UVNUUdJ) © 25 23 0wU
UO oUoa T3 0'i7C000i) LOoNO Oa O (oCOIS) 00 .- i O-
O- r UCL 1-4

Although the material did not collapse the stability, especially at room
temperature, was not satisfying, which might be due to the low solid state T¢
of glucose (table 6, GT 10).

5  Dilution buffer 1 (DSG) was used in most of the experiments. The
stabilization with this additive is very good. Due to the high T¢ (- 31° C) of
sucrose colvlapse was not a problem with this formulation. The étability of the
freeze-dried material was always good (table 6). There were no big
differences between the use of 16.7%, 20%, 23%, 28.6%, 30% and 40%

10 (v/v) DSG in the formulation. Stability at 4° C and room temperature is
proven for all 6 formulations. The freeze-dried products with 30% and 40%
DSG had a slightly better stability.

One of the formulations (process GT 23, see table 6) was analyzed in detail
15 in an accelerated stability test. The results are shown in figures 1 to 3 and

summarized in the following table 5.

Table 5:
Temperature [° | Loss of titer Loss of 0.5 logs after
C] (experimental data) | [days] (calculated)
31 0.245 logs in 29 59

days
37 0.321 logs in 35 54

days
45 0.332 logs in 29 44

days

20 At 31° C the vaccine has been stored for about 1 month and still met

specifications (loss in virus titer is less than half a log). But even at higher
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temperatures it would be possible to store the vaccine for more than a

month, which might be interesting especially for tropical regions.

For the old smallpox vaccines the WHO recommended a method for
estimation of stability. If the vaccine lost less than 1 log within 4 weeks at

37° C, it was assumed to be stable for at least one year when stored at 4° C

!(acceptahce criterion for use of the old vaccine was loss of less than 1 log).

As shown the formulation GT23 according to the present invention fuifills

this criterion.

Example 2: Titration of Modified Vaccinia Virus Ankara (MVA)

The titration of Modified Vaccinia virus Ankara (MVA) is performed in a
TCIDsp-based assay using 10-fold dilutions in a 96-well format.
At the endpoint of the assay, infected cells are visualised using an anti-

vaccinia virus antibody and an appropriate staining solution.

2-3 day old primary CEF (chicken embryo fibroblasts) cells are diluted to 1 x
10° cells/ml in 7% RPMI. 10 fold dilutions are done with 8 replicates per
dilution. Following difution, 100 ul are seeded per well of 96-well plates.
Cells are then incubated over night at 37°C and 5% CO..

Dilutions of the virus containing solutions are made in 10-fold steps (10 to
1012 as appropriate) using RPMI without foetal calf serum. Then, 100 ul of

every virus sample is added to the cell containing wells. The 96-well-plates

are incubated at 37°C with 5% CO, for 5 days to allow infection and viral

replication.

Cells are stained 5 days after infection with a vaccinia virus specific

antibody. For the detection of the specific antibody, a horseradish
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peroxidase (HRP) coupled secondary antibody is used. The MVA specific
antibody is an anti-vaccinia virus antibody, rabbit polyclonal, IgG fraction
(Quartett, Berlin, Germany #9503-2057). The secondary antibody is anti-
rab‘birt lgG antibody, HRP coupled goat polyclonal (Promega, Mannheim,

5 Gerrvnar;y, #W401 1. Thewcélc;urrv reaction is carried out according to known

techniques.

Every well with cells that are positive in the colour reaction is marked as
positive for the calculation of the TCIDsg.

10  The titre is calculated by using the formula of Spearman [1] and Kaerber [2].
Because all assay parameters are kept constant, the following simplified
formula is used: |

[a+1,5+x—“+x—”+3‘£]
Virus titre [TCIDso /ml] =10 588
a = dilution factor of last column, in which all eight wells are positive
15 Xa = number of positive wells in column a+1
Xp = number of positive wells in column a+2

Xc = number of positive wells in column a+3

20
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that the ng MA'rus is a vaccinia virus. 4. Formul ation according to anyone
of claims 1 to 3, wherein the vaccinia virus is selected fromstrain

El stree and nodified vaccinia virus strain 15 Ankara (MVA). 5. Fornul ation
accordi ng to fAafyrendatibnetaimmsising @) 4, pudféediot parizalty puarifibdtpaxdveuspoxvi r us
is a reconbi nant poxvirus. 20 6. Fornul at} r][ accor.din 0 anyone of clains
1 to 5 char acetaatoedram tgﬁﬁmyﬁéonéisgﬁigc‘?faqgf BRPPYVIE eSe F@le PPOUSES: gr oup

i sti f ! t : -yl gt seoLALNg t
anyone of ol A RSN AEeg, CaRAPB IR es ARy B RRGY e UL SRAEMAREPERITY the

di sacchari d igiapharangeutddaliladoeptdBlegidlym@r Fornul ation according to
anyone of clains 1 to 7, characterized in that the pharnaceutically
acceptabl e polynmer is selected fromdextran and polyvinylpyrrolidon (PVP).

30 VO 03/ 033483 RGI ERWLSRARE to claim 1, further comprising a buffer,

10 3. Formulation according to anyone of claims 1 to 2 characterized in that the

pOX virus is a vaccinia virus.

4. Formulation according to anyone of claims 1 to 3, wherein the vaccinia
virus is selected from strain Elstree and modified vaccinia virus strain
15 Ankara (MVA).

5. Formulation according to anyone of claims 1 to 4, characterized in that the

poxvirus is a recombinant poxvirus.

20 6. Formulation according to anyone of claims 1 to 5 characterized in that the
disaccharide is selected from the group consisting of sucrose, lactose and

trehalose.

7. Formulation according to anyone of claims 1 to 6, characterized in that the

25 concentration of the disaccharid is in a range of 10 to 100 g/I.

8. Formulation according to anyone of claims 1 to 7, characterized in that the
pharmaceutically acceptable polymer is selected from dextran and
polyvinylpyrrolidon (PVP).

30



44 9. Fornul ation according to claim8, characterized in that the dextran
has a nolecular weight in the range of 30,000 to 70,000 and has a
concent r awoaa/osf46d to 50 g/|. 5 10. Fornul ati on accor di ng PCa/EPyo3Is4 of
claims 2 to 9 characterized in that 4shosphate buffer is excluded as
buffer. 11. Formul ation according to anyone of clains 1 to 10 characteri zed
inthat the fornulation further conprises glutamc acid . 10 12.
Formul ati on according to anyone of clains 1 to 11 characterized in that

t he col | apse tenperature of the fornulation isin the range of -37 Cto -
30 C. 15 13. For tlon ac to an%one of. cl ai

é to 1%
c.haracteri.?ed‘:qr 9” acRer 8% Pr M &, & W@‘E'Fﬁgrﬁngg eftErRfeed the
di Ssaccha“d%p'o?ecaﬁfw@gmIﬁ@ﬁem%@mg%wﬁs vamm%h%@ffer is not a

phosphat e buf I atT on according to anyone of claims 1 to 13 as
vacci ne. 20 ddncebatioh of T oo @ @tli on according to anyone of clains 1 to 13
for the preparation of a vaccine 16. Method of preparing a stable,

poxvi rus cont ai ni ng conposition 25 characterized in that the formul ati on of

Cha T o Towily STeneRlah sl Giie Mekiher EIAT 2 S S Fb AR zeRi R et N0
formul ati on ashapfhane tukier dngxclndedfaschiifers 1-13 to a tenperature | ower

than the col |l apse tenperature of the fornmulation to obtain a frozen
product matrix (ii) primary drying of the frozen formulation under |ow

Pein theapr ofup eIl 45 HETER R B BL NS i A S PR L B ek
t he the formulation further comprises glutamic acid .
10
12, Formulation according to anyone of claims 1 to 11 characterized in that
the collapse temperature of the formulation is in the range of -37 °C to —
30 °C.

15 13. Formulation according to anyone of claims 1 to 12 characterized in that
the poxvirus is a MVA strain or strain Elstree, the dissaccharide is sucrose,

the polymer is dextran and the buffer is not a phosphate buffer.

14. Formulation according to anyone of claims 1 to 13 as vaccine.

20
15. Use of a formulation according to anyone of claims 1 to 13 for the
preparation of a vaccine
16. Method of preparing a stable, poxvirus containing composition
25 characterized in that the formulation of anyone of claims 1-13 is freeze-

dried

17. Method of claim 16 comprising the following steps:



col | apse tenperature of the formulation (iii) secondary drying at | ow
pressure and at a product tenperature in the range of 0 Cto 30 C until

t he resi dwalo3msid4ss ure of the product 10 is |ower than 5%pPcI&EpPotimseze-dried
product obtainable by the nmethod of a#fyone of clains 16 to 17. 15 19.
Freeze-dried product conprising (i) a poxvirus, (ii) a disaccharide, (iii)
a pharmaceutically acceptable polyner and optionally (iv) a buffer,
wherein the pox virus, the disaccharide, the polyner and the buffer are
defined as in anyone of clains 1 to 6, 8 and 10 to 11. 20 20. Freeze-dried

Feci dual ot stbre EOR R TosHEUSh 2 gty anBone o ClaBTof b &
freeze dried produeinaeeein! Bk IndRXABRoREDEE BB of the forrOfatioh®

preparation of a vaccine.. 2 or the reconstitution
freeze-dri ed produtetoliadvedreaen procunyonatrof clains 18 to 20 characteri zed

in that the prQduct .is solved in a appyopriate anmount of a

phar maceut i ca{”l y a%ré'é‘&ﬂ’)églrﬁ‘”gd?f&@ﬁﬁfozi?@‘ {%E)TU@? BRAGSICPEaYW EFESIUSAs alig 23.
Met hodsfor the vacgiagid [ae-T 3 i hAHTRA, i oL 1 d
thereof with a fo(r:rgrrlul at :tgﬁmgt&r:%@é?%gw&n%kﬁﬁ%@g%@%@gl ns %Ifg'qgﬁga vacci ne
according to cl ai pprbdiuet naatriec amet tinuthed odadt ¢4 mektatiune ds hywdhigametrrod

according to claim %‘2 5 WO 03/053463 PCT/ EP02/ 13434 1/3 Figure 1 0 co
0) (z coilapse temperature of the formulation
(iii)  secondary drying at low pressure and at a product temperature in
the range of 0 °C to 30 °C until the residual moisture of the product

10 is lower than 5%.

18. Freeze-dried product obtainable by the method of anyone of claims 16
to 17.

15 19.  Freeze-dried product comprising (i) a poxvirus, (ii) a disaccharide, (iii) a
pharmaceutically acceptable polymer and optionally (iv) a buffer, wherein
the pox virus, the disaccharide, the polymer and the buffer are defined as

in anyone of claims 1 to 6, 8 and 10 to 11.

20 20. Freeze-dried product according to anyone of claims 18 to 19

characterized in that the residual moisture content is in a range of 1 to 3

%.

21.  Use of the freeze-dried product according to anyone of claims 18 to 20

25 for the preparation of a vaccine..

22.  Method for the reconstitution of the freeze-dried product according to
anyone of claims 18 to 20 characterized in that the product is solved in an

appropriate amount of a pharmaceutically acceptable solvent.
30
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23. Method for the vaccination of an animal, including a human, in need
thereof with a formulation according to anyone of claims 1 to 13, a vaccine
according to claim 14 or a reconstituted product obtained by the method

according to claim 22.
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