18 APR 2006 | Poxvirus containing fornulations and process for preparing

stable, poxvirus containing conpositions The present inpvention relates to

a formulation, in particular an aqueous 5 formul ation C.ar&)@ipﬁ gaiei) a

poxvirus of one of the genera orth%poxvirus, avi poxvi rus, parapoxvirus,

capri poxvirus and sui poxvirus, (ii) "a disaccharide, (iii) a

phar maceutical |y acceptabl e polynmer and optionally (iv) a buffer. The

aqueous fornulation is particularly suitable for freeze-drying processes

resulting in a stable, freeze-dried, poxvirus containing conposition. The

lo invention further concerns a nethod for preparing a freeze-dri ed,

POXVi r us Pgg9itugicontenii@mshilatioranand peot desfoigpiaparing stabiet,. Backgr ound

of the invention 15 The poxviridae conprise a large famly of conplex DNA

- viruses pleavirpegbhtenmg complositegn®pl asm of vertebrate and invertebrate

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

i nfection. The causative agent of smallpox is the variola virus, a nenber

~of the g - i i nj i f.the genus
Ot hopoxa Rt Sor Tt ROEH G e aSPE ER A Pormtlation | Br T llBF A peblg 2Pt

I munisze fegalLRSonsITRhbNSxg GMEerseinls afaridlnl the gyaerd oethiopoxwirls, Vacci ni a

virus cul mnated in the eradication of variola virus (The global

er adi cat iavipwirssppaEEeXVIFLEaCapEpoxYires anfesWpopdrusdiiadigedharida; he

Caneva WDIRPRBT TP LN AAe bab oy er 19 RBHIRBYi(H0'% AT of Pene 25
ks of, Jnf | ar.i.al | : ,
ot e BeecRed THAERE S e OB R 5 A ER REReR o

hot be eXx
3} seases rBsgiing ipgGAsTabIE CeaszadMBHO boleialit kopt@blemcoliipissitioh. iThienecessary
to be in a position to produce stable vaccines agai nst poxvirus,

i nf ectoi onsyentiprphrtheruicacevas cangthodffec preparing achesre-daee Mexvbased on

vaccinia virus, 30 2 18 APR 2 I.n th ast, vaceinia viruses have al so
been usedAHABIRE FEEPOSILIAY aoggg&tg‘uﬁ&%t MECh R gene expression and

for the potential use as reconbinant |live vaccines (Mackett, M, Smth,
G L. and Mbss, B. [1982] P.N.A S. USA 79, 7415.7419; Smth, G L., Mckett,

M and MBsckddouhd 984he Bhwdreiédwol ogy and 5 Genetic Engi neering Reviews 2,
383-407). This entails inter alia DNA sequences (genes), which code for
foreign antigens being introduced into the

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

j} \Hm&aboawwmbarﬁﬂmgmmsOﬂhmmmmusmthemﬁMyomeWWMa&

20 was used as live vaccine to immunize against smalipox. 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 smalipox eradication; History of Public Health, No.4,
Geneva: World Heaith Organization, 1980). In the meantime, most of the |

25 stocks of infectious variola viruses have béen destroyed. However, it can not
be excluded that poxviruses inducing smallpox or smallpox-like diseases might
agéin become a major health problem. Thus, it is hecessary to be in a position
to produce stable vaccines against poxvirus infections, in particular varioia
infections, such as vaccines based on vaccinia virus.

30




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
non-essential for the life cycle of the virus, it is possible for the ~
new y produced reconmbinant lo Vaccinia virus to be |nfef§ R?R’[m)e- t he
virus is able to infect foreign cells and thus to express e2 ﬁtegrated -
DNA sequence (EP 83286 and EP 110385). The reconbi nant Vaccinia viruses ~
prepared in this way can be used, on the one hand, as |ive vaccines for

t he prophyl axis of infectious diseases and on the other hand, for the
preparation of heterol ogous proteins in eukaryotic cells. 15 Q her-exanples

f or reconbl nant vaccinia viruses are VI ruses-harbori nﬁ ,trmgeu i C genes
" such as @(ﬁh@lﬂﬁétg’é‘ﬁ@@la Virge9s have armesb @en HAes SeRBEINGERYK Vacci ni a
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virus (GYALi @Jmac%% mntsm&hf @L%@M@ss{@f[lggﬂ evwst\es lvsxw
Hochst ei n-M nt zel , V. tickl, H. | nfection 3, S:Wl ss Pat ent

N(r)] 568, 7»481932)741846{?113&&5 Gflor, Mo, ri\ﬁsasd ri\ém&‘, Ri¢posh] Bcﬂ)henhmgngylee]ﬁicg with
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i s di stigegidraded thy Viacsirts @flisat Wehuede and @‘hBNAI recbmbimatidy tabhmigiehed 30
virul ence or infectiosity while naintaini n%mgood i nmunogeni Ci tYf The MVA 18

APR 2006f Shegens inastegeatindaatan gitedn the dbraeDivmwhioh isrnan-eseential fatethgenone
relativ
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e resu ecame severe host™ ¢ restrlcted
to avi arthctc-sl Hosexgress hi&e lwmegratemm\lAssatiwnaet(EPi &m&gnd@’ ¢X0B80.
attenuation. \Wen test iin a . variety of animal nodels, WA wa proven to
be avi r ullEnteeBRITGNt; aupresduepaen mtys Wayrean Be sisean®n fhet he

11 [
oxcel | 1 8RB Hhgpac b BT LaMOMBNS R BEERIR R SRy qupd sl ve
375- 390 k2B Handbtibethe QFeﬁératloﬁtcﬁ%tefmégow9F6te|r%9m clASPtR38214.1974] ) .
During these studies in over 00 humans, including high-risk patients,
no sisde @fHercexamptes fasgemmbmnmawma virsisesfare WAsaabarbmfmgaeconm nant

MVA usefw as vacci nes ha%e al reacfiey
, therapeutic genes such as suici 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] Infec:tionl 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 Cultur:es (ECACC), Salisbury (UK) with

25  the deposition number ECACC V84012707, MVA 575 deposited under
ECACC V00120707 and MVA-BN with the deposition number ECACC
VO0083008.

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

30 virulence or infectiosity while maintaining good immunogenicity, The MVA




constructed (see, e.g., WO 97/02355) and are used in cl i_Ei Cgé trials. WD 15
98/ 13500 di scl oses a reconbi nant MVA cont ai ni ng and capa BeABR mgpressi ng
DNA sequences encodi ng dengue virus antigens. The foreign DNA sequences
were reconbined into the viral DNA at the site of a naturally occurring
del etion in the MVA genone. An MVA strain showi ng an even stronger
attenuati on and enhanced safety 20 characteristics is the strain MWA-BN,
deposited at the European Collection of Animal Cell Cultures (ECACC),

Sal i sbury, UK with the deposition nunber V00083008. Besides vaccinia virus

ot her poxviruses have been used as vectors. to ,de{i ver 25 &?nﬁtlﬁg
i nf or matdras Hast loearaemalyzec te slaterming aRpe QiR BkiNg BRPRIFEIFEVRde to
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4 WK, ofrfal @nénﬁll%?b A,lgl991;t8; GRincMil, 7K, HOR1AbB3B Theeasaliinglem
Bundesgesundhei t sant ({1970),.9, "53-57 7). The known 'puqi f'hcé,q“i on results in
aqueaus, MypAxsiususeczont aeverely besticebresisicted tpauian ¢8llsoAHENG HYSedi ment s.

The poxviruses in these sol.utions and,sedi pent S s kb the 5
i nfecti VY ‘éﬁhﬁl‘?é?tﬂ‘?%@ | %S?(Q‘W%Iégre@é@ggﬂ' ﬁ%@\é@%‘?&%ﬁt Ih?és_)b%ggg?gry t hat
a vaccine_can t ' i, Stk i1 hlihrednbaupbrespsti al |y
when tt@%@@ﬁﬁ%@ghg@@%gg&@@g%ggﬁfﬁgéull%r[?@te?gg?gaﬁm?e ni ongp\]/rvi th limted
distri bl’éﬂi%léﬂ%ﬁéhﬁﬂ@tt@hﬂy, Ahé egealertr prexbeptiod witthedviVhestsaior bavat

stenmperatures in the range from4 Cto 25 C This is a dvant age 1o
“cdnpar edoden demosstmded th exansiee ebnigat toals MGy ¢l ui gEFgéqq& X*ﬁi% s, which

e B i B, A BT rE eng

Hurana Pregelsdkdr 5 PL6SBaRnkamdshalinrazer die TRO@ODGMhaNses, in
parti cul vaccinta virus, armd virus containing conpositions and sol utions
sui t abl ejrcRidihbirsgulspqseicatte, nkreie cffBotkweet aasociated withith@diteeas in
Ther apeutic Drug rrier Systenms (1999), 16, 1- %2’( | .n %(sn ral terns
freeze- dMiingaaine Regamnbmari MV hdisafvbas VASCINGE AYE FaBEHHEEEDNt ai ni ng

aaueouS oL ALLOAE UL LN £ pLERRS S i b eeiaRy vy no
15 98/13500 discloses a recombinant MVA containing and capable of
expressing DNA sequences encoding dengue virus antigens. The foreigh 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
| o0 characteristics is the strain MVA-BN, deposited at the European Coliection 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 o the person skilled in the art (see for example Joklik




pressure and | ow tenperatures and further followed by renoval of water by
.desorption under conditions of reduced pressure and hi ghe‘i&terH)eratures The
known poxvirus-containing fornmulations for freeze-drying- 208F t ant 25
di sadvant-ages. Many of the known vaccinia virus containing conmpositions for
freeze-drying contain peptone or haemaccel, which are often of animal
origin. However, there are concerns that animal diseases such as BSE coul d
be transmitted fromanimal to man via animal products such as peptone,

gel ati ne or haermaccel. Mreover, the poxviruses in the known virus 30:
containing formul ations for freeze-drying have not been purified. Thus, the
18 APR 2 S | 9] PRSI HO ry-39 known in
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used duri n%ﬁcell cul.tivation, respectl vely. 5 The person skilled in the art
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and gl ycerin, wever, the produtt obtained after the freeze- drying
process V@C@Wﬁe@ﬁl‘r be seoraghendidlistribiuted mmastabelnzfld fdrossegpecialiyaghent er i s
unaccept h duri rage. reo it has- been shown that the
POXVi I US 3‘@ Wﬁﬂbé?gaﬁ?wr ?Fiérb @aitrﬁawwrthﬂlrate@ns and t hat

ot her Cowrﬁiﬁlﬂ REH LMD rBoA P SR Y g@%dﬂ§ﬁ8§¢ Qgtstﬁﬁeacf% 3,571,528

di scl oses a smm OX vacci ne characteri ze i s nmade up.

of a grotewhperatiresaneheabngt ftdra %GQb@S‘dCSWﬁrsS@h ERas wel8gtage The armunt)
of sucrose is in th% range of 20 to 40 % _ The fornul ation nay %urt her

conptd seCOuRRIeCk tont eﬁi’@ﬂd@mﬁ@@fﬁgﬁﬁwdIihi@nsé‘f}éhgmcbfarmmlahdes; whEc20 from

Bepar at o TERE P St B P 2R (el ot lich A 6 e2e Vit ef n 1 oad of
the vacchhetducigapayiomERelar i MethRRAGHCABILAL BR 168, 148 £8g81 1 zation

of the virus. PR 2006 ject of the inventi
Humana Press)

15  Processes for the freeze-drying of poxviruses, in particular vaceinia virus, and
virus containing compositions and solutions suitable for this purpose are
known (Burke et al., Critical Reviews in Therapeutic Drug Carrier Sys’tems
(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 containiﬁg 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 haemaccel. Moreover, the poxviruses in the known virus

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




It is an object of the present invention to provide a ﬂ)gxﬁ}éu&ﬂcont ai ni ng
fermul ation, in particular an agueous poxvirus contai ni Bation, for
5 freeze-drying which leads to a stable freeze-dried product, wherein the
poxvirus is preferably a purified orc at least partially purified virus. It
is a further object of the present 1nvention to provide an agueous
poxvirus containing formulation in which the poxviruses do not tend to
aggregate and in which the conponents do not precipitate before or during
freezing. It is a 1o further object of the present invention to provide
poxvirus containing formulation, in particular an agqueous poxvifus

cont ai nigagvifros cuheinog, compnfprtlmsrif@r foeezerdONn g kﬁﬂWﬁolﬁmeiliaG@rEssom at ed
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- 20 an aqy ﬁ%éﬁot?p)%gﬁé@iwtal ning fornulation. The fornul ation, in
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particula e aqueous formul ati on may be suitable for freeze- dry| ng of
sai dspoxvirus. Furthernore, the invention provides the freeze- dr| ed,
poxvirus_containi nq product. The fornmyl ati 0 accor di %F[t Q the esent

i nvent i ome Persparskileg iBrthetard akapl s r&reﬁﬁi Yingntoeh Cboxw rus,
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S}gch as peptone,” gelatine, haemaccel nor high anounts of proteins derived
om t healsys bein ceeth tambimEticng: Ehdlumrgista(r@atm S@ﬁblé@il, lacigpeusaltsyst ens)

h he 30 f I
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d R

per i 0ds Bltd MRicaRYG0 ok L, ec’%’f?%% Otee‘m%@éw‘é{lﬁl%s§ﬁ'ﬁ Vi HiRes

t enper at therw se term"roomtenperature"

as used L'Jrﬁ"addéﬁtatﬁ wg&guhng%@régecm)r@@v@ontﬁasc&m@a dhmven tiearipthtaat.ure of 20
to 25 C. The pOXVI ruses to freeze-dried are any pOXVI ruses selected from

t he gr oupoxwsstestisrig fmfm@ggmmﬁnrﬁ §o83g OPHegsdRUINUlEdens ARFIO%E r uses,
Vatei he PR RTPEERRIECH AR TS (VBN B odition. 1995, ed--1 n-
chi e115' Fields, B.N ). Particularly preferred poxviruses are viruses of ther
US 3,577,526 discloses a smalipox 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
£y 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.




genera Ot hopoxvirus or Avipoxvirus. Preferred exanples gf Vi ruses

bel ongi ng to the genus avi poxvirus are canarypoxvirus an &mp o rus. .

Preferred exanpl es belonging to the fam |y O thopoxvirus are cowpoxvirus

15 and-vaccinia virus. The poxvirus contained in the fornulation accordi ng

to the present invention can be a n&turally occurring poxvirus, an -

attenuat ed poxvirus or a reconbi nant poxvirus. 20 For vaccination of human

bei ngs agai nst snall pox the poxvirus in the formulation is preferably a

vaccinia virus strain. Exanples for vaccinia virus strains suitable for

this purpose are the strains Tenple of Heaven, Copenhagen, Paris,

Budapesphjé&t 6the mghhlyﬁl VP, Per, Tashkent, TBK, 25 Tom Bern,

Patvvadangar BIEM B-15, Lister, EM 63, New Yor k City Board of Health,

El stree, Ikeda and WR The nost preferred vaccinia virus strains are

nodi fied vaccipja,virus strain Ankara é nd its, derlv%\tlves in
dogrshids

parti cuijtahS an pelest Chithe PhaseHalVeBEAN 3 POXHEATEN A HINEhe deposi ti on
nurber a{é(@nﬂ&l%%%%ﬁ@grﬁ%uiﬁ'r%n%g 89\/1 §c@‘ﬁ§;ﬁﬁ%@o§mﬂ"ﬁ iGPXpgyrus in the

f or mul accof the--pf nve ron 1s. a_poxvi rus

t hats i sfreeseriryrld Wh&natela@get@ & @téﬂﬂ@ fesd2etried p&ubueptwhérelrbﬁweyacm nat ed.
For this purpose it is preferred either to use attenuated virus strains or

to use ROpWXVSisprefesablya prsifieg orepl ietaét@@rtlaiixaphaﬁedsfp@@' &sis5a di f f er ent
f th t d d .t hat t th t
ner or of G4308" heet dadfe EEHIG frﬁf@nﬁgm Btaide B2l RIRIRRYE RS 1 rom a
th
pa Ogeeptﬁt?’hfrggsfd?ﬁjuléﬂeh inYPRRRH th eﬁémru d@ﬁoﬂ%d%ﬂ?@‘e?égt o pato a

| ower no or to nmorbidity are to the non-a

rent ,
Vi rus. Iﬁmﬂ‘phi&ﬁhefconﬂfo@m&cﬁﬂnpbpvecmpst%e aeforeranvauring fireszip. dbis aki | | ed: )
inthe art. Most preferred is nodified vaccinia virus Ankara (MWA).
Typieal fwntheglqbﬁqwath@ PIRFANG I eaRi@rVIgaR i de PRYVIFS EOBERRI Ngeposi t ed at

t he Eur t] f osition

nunber s TECABETL 578 Syt 4E BRrert posY s e M oraflghy e "

pr ef err edh Sri W@‘TBN Aot 4 iRl bykvifltes e8dgiatell Slrtbins. Peiem flasket bed in

WO 02/ 42480 / EPO1/ 13628) The content of this application is included

in the qh:]etsremi&trmppﬂaseat ivertijort &5 previde.a siabigNrerze-deed, depdsiit ed at the
containing composition and a method for obtaining said composition.

15
Detailed description of the invention

The present invention provides poxvirus containing formulation, in particular

R

20  an agueous 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,
gelatine, 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




Eur opean Col l ection of Animal Cell Cultures with the dep05| tion nunber 20
ECACC V00083008. Exanpl es of poxviruses for which human élﬂg ug

het er ol ogous hosts and which are not pathogenlc i n human belnggn re

fow poxvirus or canarypoxvirus. 25 .The term "reconbinant virus" refers to
any virus having inserted into the viral genome a heterol ogous gene that
is not naturally part of the viral genone. A heterol ogous gene can be a

t herapeutic gene, a gene coding for a peptide conprising at |east one
epitope to induce an i mmune response, an 30 antisense expression cassette
or a ribozyme gene. Methods to construct 18 APR 2006 9 reconbi nant viruses
are knoygmposdioqperesoains kileclidus ot henguperiotiseoinisie, epeefétiga 50568 us
vector is MVA, in particular MWA 575 and M/f\o N (see above) 5 It is known
to the ’f@érﬂl%l’ratékﬁﬂ $LéC‘dﬂ INTeHE BMPHAW PR RViITuses can be anplified. and
recovered frominfected cell cultures. Cenerally, in a first step

. eukaryotic <cells are infected with the poxvirus that is intended to be
part ofjsijag spfeerfr@é{]@me%s%cwrfélrﬁg“ﬁdbrhft@n%@wme"lem/ggé@@mhahe eukaryotic
cells are cells at are susceptrble to infection wi-th.the respective
pox\§ r usreaeet apkoification eplfasatoinais tanal temgrtuetirenofi?OitafasxtCous virus. Such
cells are known to the person skilled in the art for all poxviruses. For
MWA' an exarrpl e for this type of cells are chicken enbryo fibroblasts (CEF)

Dr exl| b
cu ¢ 1val e rEses e EReiith s raopi ey HedRareR g ipaoen 7°
Pr ef d Th
/rrgug;??%% %ﬂﬁ% pre'?erabVyﬁggngg%@%%ﬁwo%ﬁg@g’mgy@SferseecrmFi)lrjmt he ©

Linf ect | Gappipoxiirusesand Suisediatses. fleseplifudasymight e esefldreg a0 ) of 0, 05

to 1 TAD50 (TCI D= tissue culture infectious dose) . and cubation
takéd pVae@nador BUTBINRIFES & QW@%%W"@L@% GF’@O@&@?%@,?@S@ “of

fect A f4
typi cal PSS, EIEgRraant & SOH R RSB dﬁ*%@@%% PEES ol s are
known tgeﬁéﬁbrtﬂbﬁo‘k’@lrdé bf(@(vﬂﬁtﬁxﬁ mWreWédreJ@na;bl@@Qﬁqmﬁmus@el k-ul ar
menbranes in the cytoplasmof the infected cells (intracellular 25 mature

Viri onsb(achQlD]géndhagemseavtmmvlmwebmﬁrmvlmaﬁ |ai§quVﬁi@©}<‘ddf@H ul ar
I d Vand Vi £ 0ol 1998
0, 77 ety TeBaR Mo IPBEITE EhH B T8 IROPREY TS ALR SEVARMELG ti g 16

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 poxvitus.

. \,_,_/“

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,

o5  Tom, Bern, Patwadangar, BIEM, B-15, Lister, EM-63, New York City Board of
Health, Eistree, 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
VOO083008 and strain Elsiree.

30




t he present invention. The EEVs can sinply be obtained fromthe

supernatant by centrifugation and may be directly suspgggeg bn @E aqueous,__
30 formul ation including a disaccharide and a phar maceufiFc Fly2 cept abl e
18 APR 2006 10 pol yner. However, the virus-containing fractions may
conprise cellular detritus and other8 contam nants. Especially for -
vacci nati on of human beings it is thus preferred that the virus is further
purified before it is included into a formnulation according to the present
invention. Methods for the 5- purification of poxviruses are known to the
person skilled in the art. The purification step can be e.g. batch

cent ri f ugéhé poxgieugin tisé ﬂﬁrﬁ@@%%ﬁac@d’rﬂmé’f}?)théjpmcﬁ%ﬁﬁr?\?ﬁ%t{s- f| ow

ul tracentrifugation (sucrose gradients) tra t%bc’ cross-fl ow
filtrati dHefRiaRY a nevivartbaiis ksacpoally apathogehaaehe bhamhpoP s‘ﬁBﬁectjgt
equal or %é(ﬁé tfjf?f?f Ot%gn% columm to chronmat ography (e.g. 1Ton exchange,
hydr ophobi €' TRt a7 gt it 6h,INE PEIee%8 UisEdefasrec etbabimase amfenumted virgi nat i on
of sone efraihk @fiot : et al.,. J Bacterjol (1981) 147,
1095- %104 " 1n t(%r 8edr$t %.E’%l?gp%@ﬁ%sg@%r@l13&?@%?%”@0“%@ ¥eQested in a
first?st épriarnt fidmdiher specdes to e BRG9 t ; inf . cells are
MteR A Mt S TRy ARGk ER B e

ure BeMPs can

cells that . can be cHltivat ed in suspension

easily b@%ﬁl@%@t&j 8§'t- centrifugation. If the infected cells are nore or
| ess intact adherent cells it is possible to harvest the cells, i.e. to
renove the cells fromthe culture vial, before subjecting themto the

di srupti dm Stepnudia i : : wn to the person skilled in
the art. Useful L’éecﬁ\rﬁ\?ﬁ%ﬁeg@aﬁﬁ%ﬁﬁﬁghﬁ%%ﬂﬁ@s%&%@”ﬁ&’ﬁ@ﬁ@ltéhﬁbbber

cel | scr Hp&N) infemiasi ohtharkobsbbdmed s leatisaazi ; t hawi ng ttie)
AGED RS g i

culture l,.s. above +15 C) or bi ochem cal W th ‘

enzy#rges, }@@ﬁd*&ﬁ’ vhsiRaredhtopthieenon @ttertaded parenteirts. Exampidieotul t ur e |

vessel). 8 r this, 25 purpose the incubation tine should

be cont rgjlttfe?ﬁ:cg?%%i g)e(@trﬁ%é%%%kggwﬁ J@’nthe %‘?@6’”&3‘1‘:‘1&%"}?&6 arix Ddosif t er

pr ol ongeptéfiecrduhisi o difieey f iS¢ jaon.af. cells are al so

known to, the person skill I egc?‘ﬁq£?ﬁgsaﬁk§raﬁw;®éﬁbkg’l %ﬁ@‘ﬂ%?ﬁ%d
WS

descri be @ ad My S7ssthatshave bedd depotitali z4it5E El g% ﬁchfl[é%tif)ﬁl | s.

O her kngpﬂnf,ﬁ%pgl ﬁ}x_ﬁﬁtfor the djsruption of 18 APR 206 ? celI's"1"hcl ude

the use of ul'trassund’ W58 YN{ealvudaresiighnnmbers EBACS YESUPDFOT7i n a

Vi r us cmaimmmgggwm, respectively. Most preferred is MVA-BN or 3
derivatiye 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 V00083008.

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 3 therapeutic gene, a gene coding for a
peptide comprising at least one epitope to induce an immune response, an
30

antisense expression cassette or g ribozyme gene. Methods to construct

g’




For vaccination of animals the poxvirus containing honngfgzgﬁhié | d be

used in the formulations according to the present invent } er, it is
5 again preferred to use poxviruses that have been purified at | east
partially. As outlined above such pyification methods are known to the
person skilled in the art. The poxviruses are contained in the
formulation, in particular in the aqueous to formulation in a
concentration range of 104 to 109 TCID50/m, preferably in a concentration
range of e.g. 105 to 5x10 8 TCI D50/ M, nost preferably in a concentration
range of e.g. 106 to 108 TCI D50/ m . The actual concentration depends on

t he anouRRCHNDIRIFNIYIESearadmmisieBdeetson el pdmmtheeirhg s Mesh nal , whi ch

in turn. - t f.Mifus to . be adm.ni red. t he
vacei ni atPErE PR B d WA SRR EuEr T B ER B e

conpri segh3dyg) x 105 TCI D50. For the vaccinia virus strain MA-BN a typica
~vacci nation dose for humans conprises 1 x 108 TCI D50. As pointed out above

“the poxvirus in the forrmulation according to the 20 present invention is
pr ef er abl 'ﬁ< urified or at |east partially purifjied virus. The term
"puri Pi e&y SrRRwn adhe parsqmapkiieduni theeartiowi ooxyiseses ceps henaniplified hat

puri | | . i e . Io¢ ha
pur i 1y ¢ RAE EsokPrsR o b Rk ) BTEF Gtk dteli VTR SRS sipr blBetdie ) as
used in thiRs was hiBeRdiBRH WL boXNR BIATSGRIdAEPTo BETIA RO thsuch as 25

di sclosed in US 3,577, 526) a higher purity can be obtained e.g by one

or nore @frnouiationl dandrdmngnt tredpredeatidhvesiitni Thgaukanyditc gellysiragegl4cr ose
~eyshi ons% or continuoys-flow ultracentrifugati on (sucrose gradients),
‘whtrafi| thak aighsieceplitde & dnferEanwith theirerpasiing Paxvisubreawealibwh a’ pore

[ bi ik but_ce . | I than 0.1 I
chr ot oar 2 g e HeelEH SRl B o Shsh el ade SO 52 HBCI usi on
. 18 APR 26P&ori 2kidledan tRBRIrDad ANhoxPRULESUESF MV DBRISERSSIe Br this type
ultrafiltration and/or batch centrifugation by using sucrose cuski'ons. In

nore genéf aklls areshidkentembryd fibrolleets (CERY (Dieaddr pattaiall, yGeaur Viroed
as preparations co

virus" r to. VLir reparations (such . S rising WA
or El st rZL?é%?azv?%’géﬁyl%l%r clly %%Jgtbel(ﬂdf“\’%teﬁ é‘ﬂ@?éﬁpi]'ddlﬂo@gﬁﬂ@%’t J(EJQLO?,

nore pre | at. 4l 8 f | f. east 5 x 108
Ta 050 port e et s s fiank e SRR P S B b FESF s ave
a titer dfeeBmedl0. TREDROUbEoNHIhOFeidEelLIN4S EIdpds rBow 37 det erni ne
the titer of a poxvirus containing preparation are known to the person
ski |l ed iCn Fafdharinfecoion pixvitses aretusatsat a routlipiiety ohinfection (MO1) of

0,05 10 1 TCIDgy (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 (CPB),
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 aqueocus

30 formulation including a disaccharide and a pharmaceutically acceptable




io the exanple section. The total protein content is preferably determ ned

according to the nethod of Kjeldahl (Lynch, J,M and Bar ) n
Kj el dahl nitrogen analysis as a reference net hod f or pro@%ﬁggm% natio

in dairy products. J AOCAC Int. 1999 Nov-Dec; 82(6):1389-98. Review). It is
to be noted that the total protein tontent is the sumof viral proteins _-
and 15 cellular proteins. It was unexpected that a formulation conprising
a purified or partially purified virus, a disaccharide and a
pharmaceutically active polymer is stable, since it was believed that the
I arge anounts of non-virus protein in 20 the unpurified virus preparatlons
cont ri buR@simas. Hwaytea,b’tha VIyusfcohlhammg @acéibhs nﬁéyﬂb' ﬁ‘(ise

f or mul atcﬁ%n taccordltg% present invention, particular the aqueous

f or mul atdGhHE SRk GiEEs con @ﬁ%fh@r |E§@eclaﬁ!yd°onwaasna’tlonImmsaa@ftb@mgies such

25 | t d f d but
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di spl ayi ng_zéq%her col | apse tenperatures. than nonosacc i 8 APR 2006
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i nventi q arnaceutlcall pt abl e di sacchari des having a col | apse
tenperaw%ltgcj s 2CTRRGE- Sy é%%@enwue:at!@n(szg Gsirgy plicadsecol | apse

t enper atoyk r trehal ose and -30.5 C for
5 | act otggSﬁ%@?arg&ntﬁLgmsseﬁ?g"rrrg@r?aacten}éﬁ"i% HC@ﬁq BAGBRISM at i on

accor di ngtrafittratien ge gs @nbss-Meantijitem: o 50 Cto
-20 C. . Preferred Eu%?an es arele lé’ﬁ@lsﬁ’f %gﬁ@gg@ﬁ@%ﬂ?t‘ﬁpg%% or -35.7

to - 31Pger hprppRPdami &ﬁ@udf@@sm@élerdbamﬁ 5 @hex tetlifinom t he group D)
| act Most f d .

Sho,D  Cheaflatgbf U B8 ek Sl il ReRicantrrachint Reerachusion s o

accor di bg & oM GFEHH a dd?HBMdt%h of go@gr&lﬂoggvé?fh g@?ggg@ggggggg mul ati on,

preferably in a concentration range o yina
range ofl20. JgBagieriol (598a31t1 4%, eI@%tlll}_\oz;)n a range of 25-60 g/l. For
sucrose a typical concentration is 45 g/l. The fornulation according to
the present invention, in particular the aqueous formulation, further

COTPL ) ST SPAB S TREAN AR ke SERERLAN el IRl R P ST

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
posssb!e to harvest the cells, i.e. to remove the celis from the culture vial,
before subjecting them to the disruption step. Harvesting methods are

20 known to the person skilled in the art. Usefyl 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). It enzymes are used for this

28 purpose the incubation time should be controlled, 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




pol yvi nyl pyrrolidon (PVP). The polynmer used has to be s@lgjl;‘lpg hikat he
formul ati on according to the present invention. |If dextran d its
nol ecul ar weight is preferably in the range of 20,000 to 100, 000, nore
preferably in the range of 30, 000 tq,70, 000, nost preferably in the range
of. 25 36,000 to 44, 000. The nost pre%erred dextran has an. average nol ecul ar
wei ght of 40,000. The concentration of dextran is in the range of 1 to 50
g/l, preferably in a range of 2 to 40 g/l or 3 to 30 g/l. Particularly
good results have been observed in the ranges of 5 to 50 g/l, 5 to 40 g/l
or 5to 30 g/l. Even nore preferred is the range of 8 to 30 g/l. The nost
pr ef er r sllgdRgleidiestnegiseoot witresoynd. The wikiaasiuedch eabtnpnepécebd resulis
concentr.atjon is 1§§98%¥I. The 8 APR 2006 14 preferred concentrations and
* concent ra@ YhUT ZRJEETERE MYXCREAAES shown above, in particul ar the range of

5,10 90 rflyeth i 608 pASTHE Kb I ARASR bbb FRI L bl e advant age

that the coll apse tenperature of 't I ive gh, which

makes i tugedsisi thleeformudabions aotoridieg %o phecesseninaantisdusididlersealse. | f PVP
is used its nolecul ar weight is pref e-r—-ablg i-n the range .of 50,000 to

400, 00,2577 Breiesrast Eblge ipexeryserythalf haveobesn pusifEsDabEast Teatially.
concentrgtjon. of PVP is in the range of 5 to 200 g/l, ,,nore preferably in a
range ofﬂ‘sb‘?%"rf@oa%%? SLHHEPUBﬁgﬁﬁPﬂﬁT‘9“]%1%8?%%@%\%&@1’5@8 Ry S20 31‘[1.(3%10 The
f or nul atihqRegg€ording to the present invention, in particular the aqueous
formul ation, further may conprise a buffer. As pointed out above it was one
of the objects of the present invention to provide an aqueous poOXxVirus
(/\f,ixnt aining fornulation in which the poxviruses do not aggregate and in 15
wwhi ch nd s BeX\THSS e mar@mq@bwed%ym@atmﬂ, Hapabiéewas hiovwne @tpiemes edl y

conts A DL & SenCehlaRifateer i bn TABa e R AR o
cont ai niducBHirlorAMeBRS { pheophatssibid fensd Al imsl: aRdeplshRat e buffer.

Consequently, this pa r “object "of the venti on Ts” so by an

aqueous @hckotraticat fzomefofre.&r @62 ¢e drQfi TOIDRAId0Rs andtiacomi@iitratiphosphat e
buffer. Thus, the buffer contained in the fornulation according to the

present JGRPESIS h the ansetiiapius Bebeadsainsiened e thedupmesneisg oy of
TRI'S, TBS, . j - r bon uffers. The .nost preferred
buf f er ;%’ME'@E@%@%@@%@@??&% g 8%’639033%358?45‘&%{5@ i o that is
suf fisci ehk via@chNEMirushe raipauited 2 Blgﬁi&@lrvwﬁﬁﬂiéb{- d69& tdRhu{d ers the
preferred concentration range is 1-50

comprises 2.5 x 10° TCIDsp, For the vaccinia virus strain MVA-BN a typical

vaccination dose for humans comprises 1 x 108 TCIDsxg,

» 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 2 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




mV the nost preferred concentration is 10 mM The pH u'?amr fg ably
adjusted to a value that on the one hand is pharnmaceuti P& ptabl e for
adm nistration in human beings or animals and that on the other hand is not
?0u6 15 detrinental to the virus. Thus the pH should be i.n-the range of 6.0
to 9.0, nore preferably in the range of 7.2 to 7.8. The nost preferred pH-
is 7.4. The unexpectedly good results by using a phosphate free buffer are
‘obtained 5 irrespectively of whether the virus in the forrmulation is an
unpurified, purified or partially purified virus. Purified or partially
purified viruses are preferred. The formnulation according to the present

i nvent igng domipipativall Rartihgadguretisred ¢ (rafitratiopramdsordmaithi n salts such
as NaCl . Typical concentrations for NaCl are in the range of 10 to 200 nM

An exangardrifogationpbBfusing $URATIC caslionsr Bt Mareigsnenainier mstie sl ati on
accordipg t he present_inyention, .in particular.the aguegus

For mul aumeified O roiSamybas iy Tl Smeiest 18 vl i SRty e

pr ef er t i sio.d i ) n tration of
t he L- 3%%55?}?%&2@?' @ﬁFH@S Mﬁ\qf/g%.gl]%wﬁ_%ﬁ%]&zﬁ{o %Eggeﬁﬁgﬂgﬁ)g/ |, nore
pr efser apfeferably of abdeasif 107, Imor® pt&fegably FitSoast paF,tévenl mory pref erred
aqueous farnul ati ons acco o the present appli catiaggn are listed in

-
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(sucrose) (dextran) gl utam c aci 5x10 $34.514.50. 083

( sucr oskfigwaxtiortie)garaparsidlled in the art; one of these methods is outlined in )
10 the example section. The total protein content is preferably determined
according to the method of Kjeldahll(Lynch, J.M. and Barbano, D.M.,
Kjeldahl nitrogen analysis as a reference method for protein determination in
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.

[t was unexpected that a formulation comprising a purified or partially
purified virus, a disaccharide and a pharmaceutically aclive 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 aqueous
formulation, comprises a disaccharide. In contrast to monosaccharides such
25 as glucose which give a good bioprotection during freeze-dryiﬁg 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.




acid) 5x1084518.90. 108(L- GI9 (sucrose) (dextran)gl utam c aC| d) 5x10 86025.2

.0.144 (L-GT 9 (sucrose)(dextran)glutam c acid) 1x10 $4 ]&mw%(L
(sucrose)(dextran)gl utam c acid) 1x10 8453.780.108 (L-

(sucr ose)(dext ran) gl utam c acid) Thf3 aqueous formul ation according to the
present invention is suitable for reeze-drying. For adm nistration the
freeze-dried product has to be reconstituted with an appropriate sol vent.
According to one enbodinent 5 sterile water is added to the freeze-dried
product in order to bring the conpounds into solution, Preferably, the
amount of added water corresponds nore or |less to the anount of water that
has begine didanichatiets adanpriged rreﬂ'zeefmmwiﬁ@onwﬁr@r@ltﬂ&ﬁ%"ﬁ% Pr&seH s

nmbod h h d I
- .edeﬁtl%ZE%t@n?af§°nnﬁ°r§%a§eﬂﬁa§&sat§c§@ﬁa%i Hirdrianofs AR PalBPEell (him i ne
th t
For il GTOR AIBEER SR 4 e e 2 RO e DEcd S aPRce ne.

~ Accor digg épatﬁﬁeé‘bff@ﬁ@@t"(l\mr enbaticreds 5HE fordegkaldstethp+3auzfCrfay al so
be recons?rtute i n any-ot her -phar maceuti cal. l y .accept abl.e.dil uent. that may
be sisethckosappipai cillpardentreraByesdyr dhe @néwf@rmﬁéahm é@ﬁ@"‘ﬁﬁ‘ﬁbe 5 wat er

conpri sing one or nore of the co und sel ecte glycerol and
buf f er fo mpé@ﬁrﬁfﬁﬁf‘y%ﬂti%a‘%ﬁ pbﬂg%ﬁyllﬁ ﬁéapggﬁst$6gp0§3 prgduc is e.g.

0. 5% ut bufif er P! | -Bmpyphat e
bufferl‘?}stf‘f lﬁﬁ?ﬂgﬁg%ﬁ%l%sg aspec t[c%f ?%%23 i %ﬁ? ?gngégﬁ%g?ns inter alia the
fol | owy ?92 ogartl cularly preferred enbodi nents: (I) A formulation, in

rti-cular an aqueous fornulation, conprising or even consisting of a
*gﬁrlfled or partially purified poxvirus selected fromthe group consisting

gLﬂ&i%@f&éﬁyﬁ%%lsaccahrarl AR f“‘“rr?%%‘é"gﬁ'HBS oncfdi ) PexVi ruses and
trehalose, lactose and sucrose. Most preferred is sucrose. The disaccharide,
preferably suérose, is contained in the formulation according to the present
invention, in particular the aqueous formulation, preferably ina
concentration range of 10-100 g/, 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/l.

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

formulation, further comprises a pharmaceutically acceptablie polymer. The

s k)
‘ '
"‘"erl!‘/

20 polymer is preferabiy 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 mOS;E preferred 'dextran has an average molecular
weight of 40,000. The concentration of dextran is in the range of 1 to 50 g/I,
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 5 to 50 g/, 5.10 40 g/l or 5 to 30 g/l
Even more preferred is the range of 8 to 30 g/1. The most preferred range is

30 10 1o 27 g/l. An example for a preferred concentration is 18.9 g/f. The




15 di sacchari de, a pharmaceutically acceptable polyner and optionally a
buffer, wherein the buffer is preferably not a phosphat

Preferably the polyner is dextran, preferably in the angUﬁng%gémwbeC|fled
above. (I1) A formulation, in partlcular an aqueous fornul ation,
conprising or even consisting of a pbxvirus selected fromthe group
consi sting of 20 Ot hopoxviruses, Parapoxviruses, Avipoxviruses,

Capri poxviruses and Sui poxviruses, a disaccharide, a pharnaceutically

acceptabl e polyner and a buffer, wherein the buffer is not a phosphate
buf fer and mhereln the poxvirus is preferably a purified or partially

purifi | e in the
anount@qgéh%ge0| gﬁﬁggkyaﬁﬁ%P%%eﬁﬂ%®Ohjpgglon?%%Xh%glégﬁﬁBWﬁlar an
agqueoushdwd, ﬂh'[ﬁrtl@!}larc@f@fdrgeﬂgf @f’co%(ﬁg/l%'tﬁé b@lg'eﬁboﬁdlr%oxw rus selected
fromthe group consi sting of Othopoxvriruses, ParapOXV|ruses
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option I I.1) and (I11 above, refers to
t Eel ab%@c(é)&@fﬁé’ i?&)%@O@o(w’m.s)amerdrﬁltyomﬂPVBSlsm fheaengasidotn 30Rigfg i n
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are KQg 4 |, sodiumglutamate. Thus, the term"consisting"” in the

definition of the above deflnedforrrulatlons(l) (rr) 10 and (I11) does."

naty excl ude the pOSSIbI|Ity to add one or nore salts. By way of exanple a

specittc enbodi nent of t %@nt i nvention conprises  an aqueous
f or nul B SRAITEBIRIATS PREO tﬁartpf Presephinveation, ﬁupﬁr’qt@dab&m.aﬂugou%e| ect ed
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phar mageid @é]éc}(s @wﬁ@tpﬁe&@nﬂomiéﬁﬁbn%%r@vm& éﬁfaqu\é’@%%d}(ﬂﬁﬂl@ di sacchari de
is sucrose in the above SpECI I ed anount s, wherein the pO yner is dextran

in theonatbniessiuialdndnouichalhe Wr@lsastdven@mg@regaée rod ia phosphat e
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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 agueous

20 formulation for freeze-drying that does not contain a phosphate buffer. Thus,

the buffer contained in the formulation according to the p'resent 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 oH is preferably |
adjusted to a value that on the one hand is pharmaceutically acceptabie for
administration in human beings or animals and that on the other hand is not

(—




Capri poxvi ruses and Sui poxviruses, a disaccharide, a pha%qg %g;?ﬁﬁlly
aecept abl e polynmer and optionally a buffer. The poxvirus“ﬁt%b‘ ~etfably a
purified or partially purified poxvirus, Preferred amounts and exanpl es of
25 the disaccharide, the polyner an qthe buffer are outlined above. It is
within the skills of the practitionér how such fornul ations, in particular
an aqueous fornul ati ons contai ni ng poxviruses can be adm ni stered and
whi ch amounts of virus are used for vaccination. As pointed out above the
30 vaccines m ght be used to induce an i nmmune response agai nst the 18 APR
2006 19 poxviruses itself, in particular if attenuated or non-pathogenic,
non- regRIbinEthl foKYd vivaesThaue tius edl shulthiee poive rasgs dteOrtecdiihi nant
poxviruses an i nmune response is_additionally rajsed agajn t.tge

" r econbi maate prefe vy pe fbe denex pf dsdéd H§. the rﬁ@ﬁtxpf%@fs&tﬂals Ahe term
"formul ati on" as used above usually refers to liquid fornul ations,
preferably to aqueous fornulations, if not stated otherwise. If the

concent r@at | i I i iANH PV aré @btairsid so on
Chis 1s e DG B P R o e B e even

i n agueqpeshectiviigtdfarhethEheht eiros Tadhedosmiatiom & Boninpetibeds to those
formulations in which the diluent is water. However, the scope of the
present pumfiethor partbb pooliedsyifufodalrdigd pomaitiatly shy THeAYITEERS BECobt ai ned
from-.a liquid or even aqueous formul ati on according to the present

i nventi dWeS e emoval of the liquid, irrespective of the method that is
used for said 15 renoval. Thus, the invention also covers those dry

(ﬁgrnul ations that are obtained by nmethods other than freeze-drying. In
parti cul Bie féreu ptieseicdraentd the prodeminveritatesint jpadicmahbite Boygmuspar i ng
a stable, poxvirus containing conposition char acﬁ erized,in th 0

i . th
f or mid atfosmuiation dnay cobtainsafisesisntas Masit T¥RICa ﬁOBQ?E"U@&‘lOQrSaftPﬁé\I%ﬁﬁeous
f lation is f _dri ed. th i cat "stabl e,
boxvi 1 usaoi e e g RO AR e Bl e T R R e B ont ai ning <

conposi tian’. are;used hphapchangeabl y i f not stated otherw se. The term
"stabl e, poxvirus contalning conposition” is used in the present

application 25 to define poxvirus-containing conmpositions in which the
overall loss in virus titer at an incubation tenperature of 37 C during 28

days i s Feedormulptipreaceaigdne pe ehepapisit IB¥entiRanToPArligye tAC ATy
|to|r ?tet%:?Lf&d‘?@%%ttighmpﬂﬁwetgﬁﬂ%:crg@ré%e% fo-%_rlu%m%cl hust 44165 opgg @kt jk0ss 1n virus
preferably a monopotassium salt or a monosodium salt. The conceniration

of the L-glutamic acid salt is preferably in a range of 0.05 ~ 0.5 g/, more
preferably in a range of 0.1 - 0.15 g/l.

i\“’/’l

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

Table 1:

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

Virus fg/1] 1eg/1] [g/1]

Ankara

(MVA)




However, any other protocol to determne the viral titer ,can al so be used.
30 18 APR 2006 20 Met hods of freeze-drying are generall y? NARR P he .
person skilled in the art (Day, J. and MLellan, M, Methods in | ecul ar
Bi ol ogy, Humana Press, (1995) vol. 38). A freeze-drying process usually
consists of the followi ng steps, whimh are 5 explained in nore detail
below. 1. Vaccine preparation; 2. Sanple freezing; 3. Primary drying
(sublimation); 4. Secondary drying (desorption); so 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 beepterpla/mfd I'n detarl Rbove.  Thg poxviTusesyare optiomalty purified.
The fonmoulation adcording to the present invention|is. obtained |by adding
t he abowx1defi ned [d@5acchari dpsQ ol ynerg.ognd. opticpngl Iy, buffer,
L-glutam c acid and optionally further jadditives t9 the poxvirus
preparation. 20 SansLEreERezi n(ﬁem’r&'ém rgjubtdmiche sanpl e does i mmobilize the

conpongnts in the |solution, {hereby preve ti ng product foam ng when the
pressune is reduced. F_r_ee.z'i__ng is a two-& pr ocess during which water
i ni ti allTsg y€T eat g5zl Towed] by @5 gro & [.cegryskats, resufting in a
m xture of ice and solute congéntTate. ce hucl eafjion™i s encouraged by
reduci ng the tenper@uareseynd| efiitedriing diheam@ool ed suspension. 1in contrast
to nuclieation, ice growh .is}encouraged by incregsing tenperature,
t her eby decreasi ng suspensi onjvi SCOSI tM aCRé@]ar dl es§ of the precitse
freezi germprptiferattptsot .\,c* ghout—ihe-—redi-um-3e—resul ts in
an incﬁgiii of sol 4% concent Z?r n. @ 'S If@%é‘;tl on or 18 APR 2006)
21 suspension are |danRggsOr Qfégg osure to these incfreasing T
concentirati ons of g%l ut e. )O [ofe]o) mg%%?ﬁn@es exposure of the ‘
acid)
5x10 8 60 25.2 1 0.144 (L- GT©
(sucrose) (dextran) | glutamic _
acid)
1x10°8 45 18.9 0.108 (L-
(sucrose) (dextran) | glutamic
acid)
1x10 8 45 3.78 0.108 (L-
(sucrose) (dextran) |glutamic
acid) C)

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

5 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 agueous

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




bi oproduct to the concentrate. Above a critical tenperature (the glass
transition tenperature) the nmass viscosity may decrease sﬂﬁf $3@ y so
that the glass softens and distorts. It dries to forma struc
sticky residue wthin the vial. TR& tenperature of the distortion |s
termed the col |l apse tenperature. e specifically the coll apse
tenperature is defined as the tenperature at which the nobility of the
water in the interstitial region of the matrix beconmes significant. To
avoid the distortion the freezing tenperature to has to be bel ow the
col | apse tenperature of the aquous formnulation. The col | apse tenperature
can be deteous frrandaben dicegrdingnst hederasssinsnticieis 'ﬁbé@%@ﬁ EKPAFFEE-in t he
ana

L yoph EsSiSs H B bR Dat B oo ad*@agﬂ%ﬁﬁ?rr%%%%e%swrLéc‘r‘fdwgmlé?ess
Denver, S:(Peceﬁstltja? e?’m E%theﬁéﬁgﬁh‘é%uf?ai@? eé@&%lé%i‘m,len%ggbf rﬁi&gl o

terrpera ure Is too usi on Vi rus nmay
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skilled inthe art will enmpirically test several freezi ng terrperatures
whi ch aweten COMBEISHE Phe %dﬂpé@e‘étheﬁ@mmndé w#lecksl HeueHieNChr nul at i on

and he test h te erat |.ead freeze t
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(subli mat Ly S f process
et o TEAZ 00 2 LR S By SROBLIPALS pRifeE Ay Aot pridiphage
mat ri x. plifferpri mary drying process starts after the freeze- dryer attains

ftﬂe requi red condenser tenperature and chanber pressure. The pressure in
e chanber is usually |ower than 1 nbar, pref erably | ower than 0.2 nbar.
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sublimation o iceint matri x occurs and the product

t enper atagueols f@rrgulef‘rlomrdolnypmemgror evencomsistingl afs putiéimpesaparialy t he
formulation to ensure a conpletely - frozen matrix fhroughout the entire
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wherein the buffer is preferably not a phosphate buffer. Preferably the
polymer is dextran, preferably in the amounts as specified above. (I1) 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 ahd wherein the poxvirus
is preferably a purified or partially purified virus. Preferably the polymer is
dextran, preferably in the amounts as specified above. (lI1) 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




primary drying process. At the end of the primary drying the dried product
lo still can contain nore than 5% noi sture (Ww. In o ain a »
25 AERs 288,

product wth a noisture content that will not | onger | ogi ca
growh or chemical reactions it is necessary to carry out a secondary
drying step. Secondary drying (desorgiion); 15 During secondary drying

wat er vapor is desorbed fromthe surface of the cake that is fornend
during primary drying. This is acconplished by increasing the tenperature
while the chanber is still at |ow pressures so that water is desorbed from
t he cake surface. The shelf tenperatures for the secondary drying are

det er m @%%s‘&%ﬁﬁ%@ﬁuffép IﬁFeff?HHI% o&@ﬁ‘u?ﬁ?%ﬁ;ﬁ@ﬂﬁ&?o{%& ﬁg%gugpgdrange of 0

Cto roduct ure 'S usu 5 Cto 30
C. I\/brevmmrseferred is a tenperature in the range of 5 Cto 20 C. The
secondary drying can be nade in two steps. In a first step the product
tenperature may be in the range of -5 Cto +15 C preferably in the range
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preferably in the range o he resi dre

cont ent oofy ehd thdomwaiions dep’aldfngom eﬁdi‘@ltlfoﬁmthé emendre itd. @ampldwt Sorre
sone products | ower noisture content.to achieve

ducts_3
Eégt “Sr 3&&% ’frsli akﬁﬂ@%%@@@@%%ﬂw fqrynulm@nmﬂ) ﬁ’éb apddillueonsisiing of e

e 11 cHIE Ao e PR Ol G S, SRR el T sesi e
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known to the 5 person skilled in the art. In particu metric
Kar 10 Fi g&kiel !} |dtoeatnaire>«cmmaﬁmpedsmmdmtorm ofieAr, mbt@/eahsl i zati on, ’
I ntroduction and Basic Principles”, Interpharm Press, Denver, CO US,

1999, ISBN 1-57491-081-7, pages 415-418). .The residual noi sture content is

L IS o D oo S SRR Lk et et tharmen
Al produchceemaforinglatical @orﬁpﬁs&%‘ib%rﬁﬁeﬁpbﬂb@g’cléw wPlhéaﬁad&WW@ to the
person skilled in the art. The vials can be seal ed under very | ow pressure
15 (e. g Seedad framshasmup eendsting af Othepexvamesd Paeapoxvirisssal S0
Posgh bl &l Sosififtlses, Capripoxviruses and Suipoxvirusés, 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 0
20 comprises an aqueous formulation consisting of a poxvirus selected from the
group consisting of Orthopoxviruses, Parapoxviruses, Avipoxviruses,
Capripoxviruses and Suipoxv{ruses, a disaccharide, a pharmaceutically
acceptable polymer and optionatly 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.

It is 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




the vials under nore or |ess normal pressure by using a chem cally inert
gas such as nitrogen or helium Typically the vials may* ?%el n a
nitrogen atnosphere at a pressure of 900 nbar. The vials are ¢

preferably by using butyl rubber stigppers. Once the product is stoppered
the systemcan 20 be returned to atnospheric pressure and the shelf can be
unl oaded. Afterwards, the vials further nay be sealed with al um num caps
for long- termstorage. Vaccine storage: 25 The freeze-dried product can be
stored at roomtenperature (25 C) and remains stable for at | east 18

thi s t cRBeY Y %ﬂ%’%?fsg‘étf'aﬁf%‘“&ﬁ%r“ﬁ%ff%”%‘wq SR Er ST keBicaf IR 2l n per od o

time” @rgﬁn n?at v|rB&Es %?e‘ﬂs%é' lft‘ﬂh(ee;ﬂo@‘irus%@'a?etr%ﬂﬁﬁﬁtﬁhahﬁ is |ess than
ring tHhi

0.5 |l ogs S tinme perio However, if so cooling is available it is
pref err edxvinates tm;rhmewzmelsp)@dsaonscmttmnonallmarsed @gaid8t KRR 1006 24 | ower
tenperatures such as 4 C. Preferably the product, is stored in the dark. If
this isreampbyaitivetsin/pepirerepresecooy ke PoKvilivedeqi@ss for storage or
any other vials, which avoid a detrinental exposure to light. 5
RecofAstitution. For reconstitution of the freeze- dri ed product an

appr opr HaLe -AFPURF MRl atfbon S84 \ﬁ%@& db%végfk%%ll 1g0re W@Z@f Brhadapiopduct

resulting in a pharmaceutically . acce orrm atron allow ng the

adm ni styrafarahiytio éwMSbf@rngHabons anhnohlssatefhetheohwisent!f tise pref er abl y
wat er . Usuallﬁr the solvent is added to the 10 f or mul ff%; on |]p an anmount that
cor r espSaBSeRUBEPARKY FoNngeny atve mhgEAtarerdelgdigntm glir PRY $hen

Cobtar ety SerRRA e n NG I GRRE e PN IR R OB BRI Thus™ he.
freege- digi@dy rf@ﬁ’gﬁtatﬁﬁpombﬂ@rﬁwo‘a‘d%o@%‘ﬂ‘éﬁﬂhiatr‘cyr‘?n?élgﬂwﬂcﬁfﬂﬁdﬁ@s (i) a
pOXVIFUS, pre ra genera orthopoxvirus or avipoxvirus, (ii) a

di sacchaofirdelatidrisi in whiphairl“rwaﬂém&ntc:alvveyteacideweabr ehpotgomes ohtite @pezéemtal |y
(itv) a buffer, wherein the pox rus t he ﬁl saccggg dg‘w B 8 Z\rrer and
Lhe’ buf fle¥entsa alse el hEaos dan éﬂU’?’ifr'ﬁPéat at 6API PPERISCATPREA.
freeze-drje ct
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removal of the liquid, irrespective of the method that is used for said
15 removal. Thus, the invention aiso 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

I25 to define poxvirus-containing compositions in which the overall loss in virus
fiter al 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
fiter 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




25 Table 2: Amount of DS&203040 [% in the aqueous forrrulfﬂm,zﬁ&APR 2006
25 before freeze- drying (DSG 63 g/l dextran MWV 36. 000- 44. X g/l
sucrose, 0.36 g/l L- glutam c acid nonopotassi oum salt nonohydrate)
Sucrose[% in54.7 (3658.7 (54 ng)58.4 (72 ny) freeze-driedng) product
Dextran [% in23 (15.1224.7 (22.6824206 (30.24 freeze-driedng)ng)ng) product
L-d utam ¢ aci d0. 130. 140. 14 Monopot assi un( 0. 0864 nyg) (0. 1296 ny) (0. 1728 ny)
salt Monohydrate [% in freeze- dried product Mean val ue freeze65.892123.1
dried cake [ng] (at filling of 1.2 m) 18 APR 2006 f 26 The freeze-dried
product according to the present invention is used for the

‘Methods of freeze-drying are generally known to the person skilled in the art

(Day, J. and McLeHan, M., Methods in Molecular Biology, Humana Press,

(1995) vol. 38). |

A freeze-drying process usually consists of the following steps, which are
5 explained in more detail beiow;
Vaccine preparation;
Samble freezing;
Primary drying (sublimation); ,
Secondary drying (desorption): o)
10 Product stoppering and removal;
Vaccine storage;

L A

Reconstitution.

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.

JERREN
pN—

20
Sample freezing:
Freezing of the sample does immabilize 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 c:oricentrate.
lce 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-isc:osity. Regardless
of the precise freezing patiern, proliferation of ice throughout the medium

30 results in anincrease of solute concentration. Biopolymers in solution or




preparation of a vaccine. To this end the freeze-dried product is resolved
[ r-econstituted as descri bed above and adm nistered to a MWR 2889 or_an
ani mal according to nmethods known to the person skilled in the 5 art.

Brief explanations to the figures Flﬁyre shows the stability of MA
containing freeze-dried formulation @t a 10 tenperature of 31 C. The
tested fornmulation is GI23 (see exanple section, and table 6). The virus
~titer in the aqueous formnulation according to t he present invention is
determ ned before freeze-drying. Freeze-drying was made as described for

tored atusieroRRrBREm A ol lir AN R HEY P Eps Tl Bl "
- fornul at icoRcuBIgati66oBS bbltE! eHa?Wcé@l‘ﬁwg’MiﬁlmtzeTseéxp}%ﬁ r@gfitRedet erm ned.
Figures 2 and 3 show the resul t he sane experinent as described in the

| egend t dmmmrgxﬂmet 1o dhe nonhen’re&baap%bm 4 baiticehtempeudat & bh¢ ghgssr at ure was

37 Cin ur e and 45 n Figure 3. 20 8 APR 2006 27 Exanpl es, The
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exanpl e(s). Exanple 1. Freeze-drying of fornulations containing Mdified

Vacci ni a tewipeustuser Kione ApleaifeadiyWap ddiapsetibirpertume is defimed ati thies

accordi n to the pres vent ntai ning. MA were freeze dried under
di fferent %}%@w 5 Wik etgﬁéeebqu &ﬁ@r\»@a‘-@&ﬂn thadnisrsiital meiantafeifnt

/tenper at y
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i nfluence of different storage tines on the viral titer was determ ned. The
prot ocol chtiepshéemigesaiviaaaname determeinettacooding Wm&tbndalknmm fogr the at i on
is given in exanp

pr epar at |p§ﬁﬁ%ls Ielgtef‘éhg a?‘Bl? gsEth e&wg@gﬁggﬁaﬂénﬁ Vac G%E&Sdﬂ_ﬁﬁ ito the
present i«nyERL#RBHSAYRAdduction and Basic Principles”, 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
i 20 which temperature leads to a freeze-dried product ha\iiﬁg 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 lower 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”.




MVA preparations were used. For the freeze-drying experljﬁms (rows GI1- 25
4, 6-10 and 13-15 in table 6) nodified vaccinia virus st ra (MA) .
was used. The virus was purified by 36% and 40% sucrose cushion
centrifugation followed by resuspension in 1M Tris-buffer at pH 9. .18 APR
2006 28 In freeze dryings experinment® GT1-4 (table 6) no additives were
used. The wused buffer systemwas 10mM Tris with 140nM 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 different formul ations
with different additives were chosen. The additives were g| ven to the

Vi s COMGRiING mobHN BT, ieraddhd 8B bkl BmabE 6 TRy ppos 1 on of

the dilution buffers used is shown i n the ow n 4. The
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primary drying process. At the end of the primary drying the dried product )
10 still can contain more than 5% moisture (w/w). In order to obtain a product
with a moisture content that will not longer support biological growth or

chemical reactions 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 tltxe : B

20  stability of the product and may be in the range of O °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 0 °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 requiremehts of the product. Some products

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




buffer (10mM Tris-buffer; 140nM NaCl; pH 7.4). 5 Sanpl egffagﬁlzﬁj
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4.5 hours (starting at about 20 C).
W th sucrose (DSG a coll apse tenmperature of about - 30 ,to - 37 was
h@fcﬁtfs@m? i%?za%'.

assuned stabibitye dinst optimeheeg el phprasteasenieilras ve

Therefore, the produit t enper at ur e gas adjusted to values in the range of
|.

- 37 tothis4wsdo be dg

used. Th

el

orce

6 Type

to

Primary drying 15 For the fornul ation

y frozen matrix. Pressures of 0.04

and 0. 12y a0ar. b aRPdfiABShrocdl (5 bohtifieePOARPLIN agtRBUGhoNLee Is 20 wer e

riVing I'mation during primary drying is the

pr essur ghivbHenRRBedbed Wetarmie Heoodwistuandf ehercchdersdtnmin taéher eeze

dryer -

al so

83 Cto
APR 200

created by-their tenperature differenti-al. -

A | aw
as tlhse zﬁrsm&iﬂ|atltjnéhefal‘t\.alﬁ“e@ali’fbﬁtﬁl@l’cﬂ’dﬁa§@dOm‘%”ﬁr}‘é%@?r,'vﬁda

of nature is that
@reﬁ{rﬂ%'aﬁ” wat er

2 “opecinamied (e Eanaancen tia b MRt Brr i ETer Ta Tange o

res in the range of

rggc?Pl%s" fe rﬁrﬁ&’%éé} bdRdharhears andoshsshe] f51apesi.gre 18
e

egul ate

product tenperature. This indicates that the

| engt h ofagiches 1 il @yr Vhelrysingat amisturbecstient snedieebly caser yhabérZuse the

‘of the

morarpreferainyiis at e ge ofi @.0org 4 %o yen MO PEHEERD YA fighn

~cQndenser tenperature is fixed. For increasing the product te eréja_rtfre, Tc

t enper at “Lfnf for the secondary drying are determned by the stability of
.D.

the B odd

Al so the residual noisture content of the fornul ati on depends

on the requirenents of the product. Sone need higher, sone |ower noisture

so content to achieve best product stability. The optinmal residual noisture
cont ent et lst@spdrivee Bhdaetoovagach this has to be determined enpirically.
Si nce secondary drying starts when the product reaches

15

20

25

30

Al product-containing vials are sealed according to methodsakﬁqu'ﬁe&a’cthuer ©
person skilled in the art. The vials can be sealed under very iow pressure
(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 buty! rubber stoppers. Once the product is stoppered the sysiem can
be returned to atmospheric pressure and the shelf can be unloaded.
Afterwards, the vials further may be sealed with aluminum caps for long-

ierm storage.

Vaccine storage:

The freeze-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

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




above 0 C, secondary drying was done in two steps. In the’&iéﬁé fﬁt ep shel f
tenperature was regul ated for sone hours (in the range of FE)urs) in
15 that way that the product tenperature was above 00 C (in the range of 4
to 6 C. In that way all possibly existing ice that remained after primary
drying was nelted. By using such m¥#d conditions to start the secondary _-
drying danmages to product will be mnimsed. Afterwards, the second step
was initiated by increasing the product tenperature to values in the range
of 18 20 to 21 Cfor 20 - 30 hours. The time for the second step is
strongly dependent on the wanted residual noisture of the freeze-dried

product JoWer tetper atudiet fseichrds 4661 guaterBBi\SHY Brohtk 885k aH fif ghent tines
wer e used.rEAff t‘%\&say to measure the residual nolsture content of the
d

freeze- @ & el Pepgbinlilia meetartedkan lusBictthemd: glhsatiratons or

(Jennin - y hilization, |ntroduction and Basic Principles"”,
Interphg?%(&r@gg,lzn?ﬁ%ﬁ?\'@éa 9@%‘%?[@%%65#?4@081-7, pages -
415.418). 18 APR 2006 31 Product stoppering and renoval All products nade
during the process devel opment were seal ed under very |ow pressure (0.04-
2. 565 nh&ecofisti&dtioy. i n the freeze dryer. The vials were closed using,
e.the product was stoppered the 5 system was
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C, 37 GaR@rd3o&t iV V in the dark. Reconstitution The
freeze-dried s%%p?@gh%ﬁgﬁ@%g\é@{yﬁ%bgég%#h autoclaved MIli-Q water. 20
More specifically the water (1.2 m) was added to the sanple using a

syringe., The suspensi on was m xed by gentl e shaking. The reconstitution
takes ohl§ IHVEBUPE £ShKEENS The therfiesas-taiedoprachiet odtaimstl bywitred product was

det er m sk A CURME o tRe &t HSebiibsr Defore freeze-drying.
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Thus, the freeze-dried product according to the present invention comprises
(1) 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 Y
20 are defined as above. o

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
TCIDgo/ml.

25 Table 2:
Amount of DSG 20 30 40

[%] in the
aqueous

formulation




25 Accelerated stability test The stability of the fornulation GI23 (see
table 6) was assessed at 31 C, 37 C and 45 C. The viral ji&tgpﬁ

nonitored regularly. The results are shown
32 2. Results and Concl usi on:
different additives.
unstabl e (see table 6).

viral

In

in figures 1 to 3.
MWA was freeze-dried with and w thout using
For nul ati ons wit hout additives were shown to be
5 this context sanples were considered as
stable when the titer did not drop nore than 0.5 | og. Thus,
"stable at a certain tenperature for a

t he

%ﬁmxéooa

term

certain period of time" neans that

the | oss of titer at this tenperature is less than 0.5 | ogs during
this tinme peefed. frédsAeor muljation "fail if the loss$ of virus titer during
the indicatjed tine period jat the indidated tenperajure is 10 0.5 |logs or
-nmore. For milcayingns conpri sl ng dextran |and gl ucose showed a very |ow
stability at r&qgte eratjure. The for{mul ati ons ac¢ording to thée present
i nvention c&% : Bh%/different concent|rati ons of sucrose and dextran
“proved to Hea&trq%tﬁl B The stability of (WA in the formulations a¢cording to
the present Tnvention is iat | east 25 weeks at 4 Ciand roomtenperature. 15
Det ai | ed i nfag gabisnopegardi ng i ndi vi qual experiments is given iin table 6:
In table 6|it is shown that the stabiljity of the fornul ati ons wjt hout
additives |[(tHbgé Bicr@GH,. 4) was very poor. After only a few weeks they | ost
0.5 | ogs of ngg tﬁgir original starting titer, whigh is not acceptable. The
formul ati on /2 % (v/v)| DGG was not{ acceptable due to a coll apse of the
mat eri al d”glﬁ%bnt\i% é‘iaeeze-dryi ng process (data not] shown). Thig coll apse
4§ explaingbie by the | ow Tc of glucose, which was |not markedly )i ncreased
(b§ 25 the Usfopbpéeiextioam, Which has a high Tc ( 11)Q For pri marly-dryi ng
the | owest| possible tenperature of the freeze-dryijng equi pnent |[(- 45 O
was used. |Hadrefore, it was not possijble to decredgse tenperaturles bel ow
the Tc of %ucoge yﬁ fofmul ations with 30% (v/v)] DGG di d not |col | apse.
This phendfBRBANYE 3 bbab|y due to the hi gher overlal| ampunt of| dextran,
whi ch 30 in T 0 ' N gheEg T r sed for
primry dr yﬁgﬁagg%]z% Al ?%%S%Gt he n5& 'g?@alf h@d ?(?'QCQ%JQS%E t he
stability, \espec.aliéy at rogyp) tenperature, was notj satisfying, jwhich m ght
be due to tlhe low solid state Tc of gl ucose (tablg 6, GI 10).

product '

Dextran [%] in 23 (15.12 24.7 (22.68 24.6 (30.24

freeze-dried mg) mg) mg)

product

L-Gluiamic acid 0.13 0.14 0.14
0 Monopotassium | (0.0864 mg) | (0.1296 mg) | (0.1728 mg)

salt Monohydrate

%] in freeze-

dried product

Mean value freeze | 65.8 92 123.1

dried cake [mg]

(at tilling of 1.2

mi)




5 Dilution buffer 1 (DSG was used in nost of the experinents. The
stabilization with this additive is very good. Due to tﬁﬁ@;f% Tc (- 31 Q).
of sucrose collapse was not a problemwi th this fornul'at B i stability
of the freeze-dried material was always good (table 6). There were no big
di fferences between the use of 16.7%6 20% 23% 28.6% 30% and 40%to (v/v)
DSG in the formulation. Stability at 4 C and roomtenperature is proven
for all 6 formulations. The freeze-dried products with 30Jo and 40% DSG
had a slightly better stability. One of the fornulations (process GI 23,
see table 6) was analyzed in detail 15 in an accelerated stability test.

The resghbSrad.- ' | - 1.zed in the follow ng
abl e 5. Eapre BROMbrOuLt SLt et 0 e Esp R IVERtE s |G R v

C] ( expepiaparailondat ayhdelye] Todalcuhattag)frddis-248d peguiis2959 days 370. 321

l ogs in 35%@@)&@/5 450.332&1!%)35 in 2944 days 20 At 31 C the vaccine has been

stored f%° eCONFHhtAd etarivedrabove pel admanisamsd ¢badsurinanvi rus titer
is | ess f . ven at higher 18 APR 2006 34 tenperatures it
woul d bte“’[erp@%’ugl“e”ﬁ@ﬁ%?@%h@%é@@ﬁﬁ%dﬁ BAchire Hiederaon 'H@H,'g&i}i]iech m ght

be imtepmgsting especially for tropical regions. For the old small pox

vacci nes the WHO recommended a nethod for 5 estimation of stability. If the
vaccine lost less than 1 log within 4 weeks at 37 C, it was assuned to be
stable for ab léast one,.year when stored at 4 C (acceptance criterion for
use of the oPii&ffxRlaRatians to ke dicuress than 1 10og). As shown the

formul ati on GI23 according to the present invention fulfills this
criterion. 10 Exanple 2: Titration of Mdified Vaccinia Virus Ankara (MWA).

TS . AT Shobnis dpiRp s ks AN A pRfer om0 o, )
endpdi nierapetaieirani 84, °G nflee testeddbrsiudaoniis GNA>edeusiantpleresiibh;

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.

e

20




vaccinia virus anti body and an appropriate staining solujjion. 2-3 day old
pt.i mary CEF (chicken enbryo fibroblasts) cells are dilut a ARR 12055 105
cells/mM in 7% RPM. 10 fold dilutions are done with 8 replicates per zo
dilution. Follow ng dilution, 100 piy,;are seeded per well of 96-well plates.
Cells are then incubated over night at 37C and 5% C02. Dilutions of the
virus containing solutions are nmade in 10-fold steps (10-1 to 10.12 as
appropriate) using RPM without foetal calf serum Then, 100 | of 25 every
virus sanple is added to the cell containing wells. The 96-well-plates are
i ncubated at 37C with 5% C02 for 5 days to allow infection and viral
replication. Cells are stained 5 days after infection with a vaccinia virus
speci fi c Exampesi body. For the detection of the specific antibody, a
~horseradi sh 118 APR 2006 35 peroxi dase (HRP) coupl ed secondary antibody is
used. The MVA specific antibody is an anti-vaccinia virus antibody, rabbit
pol yclonal, .1gG fractio ( rtett,. Berljn, Gernmany.#95Q3-2057)., The
secondar %Fﬁ'?%&g @‘é‘”&ﬂ?? wﬁ]&wﬁﬁer I‘[&@etéﬁ § %@d@f%ﬁﬂﬁ'%‘tﬁlﬁf%qgaﬁf be
pol ycl ongly ( Promega i i ERr B a; P 12T : ;hON 0 S
carri edr\g‘!ﬁ't[ @gg‘ég%?}ggﬂf%%%ﬁ%%s@@?hlm queasﬁ.% té\ég%@%%gﬁﬁ\?ﬁt % [é;%? ﬁlﬂét are
posi tg vend Wah@agdeomtereatid pna inyrreimis theesiglicedilitgroftine cal cul ati on
of the TCl Dthﬂlg The tip?re is cal (?G?Tat ed by usﬁjgﬁthe ftg,rrml a of Spearman
[1] and kednbégy jovideBebyn e paeserdsisagnpandmhis exar@laspt constant, the
following sinplified formula is used: la+l,5+8+8+8J Virus titre [TCl D50
Intil] =10 a = dilution factor of last colum, in which all eight wells are
Positive = 7o\ f i< i ‘ = er of
o 11 veREnpLeT; FYGRRARling bl I0RE Rt SR MARH VAN L s 20

.16 APR 936 S¥pairDAnkhi@ (MVA)

10
In this example formulations according to the present invention cbntailj}__;ng
MVA were freeze-dried under different conditions. The freeze-dried produc’t
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 tifer was determined. The
protocol for the determination of the titer of a MVA containing formulation is

PR given in example 2.

20 1. Experimental settings:

Vaccine preparation/ Formulations

To test the freeze-drying process according to the present invention several
MVA ];Jreparations 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.
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In freeze dryings experiments GT1-4 (table 6) no additives were used. The
used buffer system was 10mM Tris with 140mM NaCl at pH 7.4. For the
freeze dryings starting with number GT6 (table 6) different additives were
used without changing the buffer system.

5  Two different formulations with different additives were chosen. The
additives were given to the virus containing solutions by adding a dilution
buffer. The'éompbsition of the-dilution buffers used is shown in the following
tables 3 and 4. The addition of dilution buffer 1 (DSG) results in an aqueous
formulation according to the present invention. The use of dilution buffer 2

(nUm~

"

10 (DGG) results in a formulation used for comparative analysis.
Table 3:
Dilution buffer 1 (DSG) | Concentration in
| — : stock solution [g/1]
1 Dextran (MW 36000 ~ 44000) ! 63
Sucrose (150
L-Glutamic acid Monopotassium E 0,36
salt Monohydrate ;
Table 4:
Difution buffer 2 (DGG) * Concentration in
i stock solution [g/1]
Dextran (MW 36000 - 44000) l 63
Glucose { 150
L-Glutamic acid Monopotassium i 0,36
salt Monohydrate \
15 7

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%
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(v/v), dilution buffer 2 (DGG) at 20% (v/v). The TCIDso/ml of the final

formulation was adjusted to 5 x 108 TCIDse/ml with a physiological Tris-
buffer (L0mM Tris-buffer; 140mM NaCl; pH 7.4).

5 Sample freezing

The samples were frozen inside the freeze-dryer (Christ freeze dryer, Type
Alpha 2-4), For the formulation with sucrose (DSG) the comparison of
(’_} different freezing temperatures (- 30°C 1o - 45° C) showed that the
suspension has to be frozen to — 40° C, which is below the collapse
10 temperature of 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
{ w range of — 37 to - 41° C, to ensure a compietely 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 naﬂ;re 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 {0 tempera’tures in the range of -

83° C to - 89° C. The pressure in the chamber and the shelf temperature
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regulates the product temperature. This indicates that the lengfh of the
primary drying cannot be shortened very easily, because the condenser
temperature is fixed. For increasing the product temperature, T¢ of the
formulation is the limiting factor.

Secondary drying -

The temperatures for the secondary drying are determined by the stability of
the product. Also the residual moisture content of the formulation depends
on the requirements of the product. Some need higher, some lower moisture
content to achieve best product stability. The optimal residual moisture
content as well as the time to reach this has to be determined empirically.
Since secondary drying starts when the product reaches a temperature
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
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 miid 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
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.,
“Lyophilization, Introduction and Basic Principles”, Interpharm Press,
Denver, CO, US, 1999, ISBN 1-57491-081-7, pages 415-418).
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Product stoppering and removal

All products made during the process development were sealed under very
low pressure (0.04 — 2.56 mbar) directly in the freeze dryer. The vials were
closed using buty! rubber stoppers. Once the product was stoppered the

system was returned to atmospheric pressure ahd .’che éhéh‘ was unloaded.

Afterwards, the vials were sealed with aluminum caps for long-term storage.

Vaccine storage

An important aspect of the formulation exercise is to produce a vaccine that
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
also stored at 31 °C, 37° C and 45 °C.

Ali samples were stored in the dark.

" Reconstitution

The freeze-dried samples were reconstituted with autoclaved Milli-Q water.
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.

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 resul’tls are snown
in figures 1 to 3.

UuB
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2. Results and Conciusion:

MVA was freeze-dried with and without using different additives.
Formuliations withop{‘;'a‘dq‘it'{ves were shown to be unstable (see table 6). In
this context samples were considered as 'stablé'Wh-eh-thé titer did not drop
more than 0.5 log. Thus, the term “stable at a certain temperature for a
certain period' of time” means that the loss of viral titer at this terhpera‘cure
is less than 0.5 logs during this time period. A formulation “fails” if the loss
of virus titer during the indicated time period at the indicated temperature is
0.5 logs or more. Formulations comprising dextran and glucose showed a
very low stability at room temperature. The fprMulations 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.

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
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
the use of dextran, which has a high 7 (- 11° C). For primary drying the
lowest possible temperature of the freeze-drying equipment (- 45° C) was
used. Therefore, it was not possible to decrease temperatures below the T,
of glucose. The formulations with 309 (v/v) DGG did not collabse. This
phenomenon is probably due to the higher overall amount of dextran, which

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

in aE

o~
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Afthough 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 coﬂapse was not a problem with this formulation. The stability 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 formu_lations. 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 1
C] (experimental data) | [days] (calculated)
31 0.245 {ogs in 29 59
days
37 0.321 logs in 35 54
days |
45 0.332 togs 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 vaccmes the WHO recommended & method for
estimation of stablhty tf the vaccine iost 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° G

(acceptarice_criterioh for use of the old vaccine was loss of less than 1 log).

As shown the formulation GT23 according to the present invention fulfills
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 98-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° celis/mlin 7% RPM!. 10 fold dilutions are done with 8 replicates per
dilution. Following dilution, 100 pi 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 o
1012 as appropriate) using RPMI without foetal calf serum. Then, 100 pl 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 (MRP) coupled secondary antibody is used. The MVA specific
antibody is an anti-vaccinia virus antibody, rabbit polyclonal, 1gG fraction
(Quartett, Berlin, Germany #9503-2057). The secondary antibody is anti-
r_abbi_t lgG antibody, HRP coupied goat polycional (Promega, Mannheim,
Ge}r-naﬁy, 4 WAD11). The colour reaction.is carried out according fo known

techniques.

Every well with cells that are positive in the colour reaction is marked as
positive for the calculation of the TCIDsg.
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+-xi+3“£’-+f£]

Virus titre [TCIDso /ml]=104— # ¢

"a = dilution factor of last column, in which all eight welis are positive

%, = number of positive wells in column a+1

Xp = Number of positive wells in column a+2

X = number of positive wells in column a+3
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of nonsgngmy@,rgﬁaoag;slg}%@k@gdom oteins. 2. Formulation according to claimgl T}
in the buffer excluding a phosphate buffer 1is selected fromthe group
consijsting of TRI'S, TBS, MOPS, HEPES, and bicarbonate buffers. 3.

For ation according to claim1 wherein the poxvirus is a vaccinia virjus.
4. Foritfifeiesodh according to clai m 3 whereissontim@evacci nia virus 15 sel ec ed
f romit he January 27, 1994 94012707
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group consisting of strain Elstree and nodified vaccinia virus strain
Ankara (MVA). 5. Fornul ation according to claim1 wherein the poxvirus is a
reconbi nant poxvirus. 6. Formul ation according to claim1 wherein the

di saccharide is selected fromthe group consisting of sucrose, |actose and
trehal ose. 7. Fornulation according tg3claim1 wherein the concentration of
the disaccharide is in a range of 10 to 100g per liter. 8. FAQ¥iMmh@ti on
according to claim1 wherein the pharmaceutically acceptable polyner is
sel ected djr;om the group consisting of dextran and pol yvinyl pyrrolidone. 9.
Formul ation according to claim8 wherein the dextran has a nol ecul ar wei ght
in the range of 30,000 to 70,000 and has a concentration of 1 to 50 g/1.
10. For mil at i enfoamulatioh comprairgt ai m 1 further conprising glutamc acid. 44

18 April 2006 11. rmul at,i ' ' i | apse
tenperature is in tﬁﬁe r an%ggﬂfgﬁpwggd Nﬁg‘%?%}} é’%_&%ﬁeﬁuffbé{n #hg_r%&glgcor di ng
to claim| wherein the poXUisiH8e PECHRCRREXIIYSEs diaFPerVIRSFa Y IPORV EYeRe, and

t he di saccharide is sucro$epridgvirfeesandsivipprviacesr di ng to claim 1 wherein
the purified or pag#) allyapuhtdhb@gk; poxvirus is a virus having a titer of
at |least 106 TCl D5 per tal protein. 14. A stable poxvirus-containing
vacci ne whi ch conp‘?ses tﬁgh oﬁﬁﬁFﬁﬁﬁﬁﬁcaﬁﬂé?Hﬂ e“?%dclain1l in
freeze-dried form (@5, The bufferseludings nhosphs hi ng vacci ne defined in

cl ai m 14 havi nédesin #sifoluailationts sbueetiaiyriieenf nompderus angdated plotdins. 3% 16.
The stabl e poxvirus-containing vacci ne according to claim 14 reconstituted
wth a har maceut.i cal | cceptabl e inert solyent. 17. A metho

prepar i ng' a F?: gHyWatinn E’@g{,’r %S‘EF@%EMW%II’E%H%% fi’fFWémgé‘d’é’Pﬁ%laWﬁ?l“gfgf

conpr i seds tefasteddiane Wierggoun aopsisting of TRISSEBBHGMAPS dRES ehdhicarbopate si ng: (a) a
purifiedbaffepartially purified poxvirus selected from the group consisting
of Orthopoxviruses, Parapoxviruses, Avipoxviruses, Capripoxviruses, and
Sui poxviruses;, (h).a disaccharjde; (c) a pharmaceutically acceptable
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accor di n%rc;[u% C%}lseigtin | JF strain Elstree and modified vaccinia virus strain Ankara (MVA).

5. Formulation according to claim 1 wherein the poxvirus is a recombinant poxvirus.

6. Formulation according to claim 1 wherein the disaccharide is selected from the
group consisting of sucrose, lactose and trehalose.

7. Formulation according to claim 1 wherein the concentration of the disaccharide is
in a range of 10 to 100g per liter.

8. Formulation according to claim 1 wherein the pharmaceutically acceptable
polymer is selected from the group consisting of dextran and polyvinylpyrrolidone.

9. Formulation according to claim 8 wherein the dextran has a molecular weight in
the range of 30,000 to 70,000 and has a concentration of 1 to 50 g/1.

10.  Formulation according to claim 1 further comprising glutamic acid.




under | ow pressure and at a product tenperature allow ng sublimtion of the
ice in the product matrix, wherein the product tenperature is |ower than
the collapse tenperature of the formulation, to obtain a freeze-dried
product and (iii) secondarily drying the freeze-dried product obtained
according to step (ii) at |ow pressuse and at a product tenperature in the
range of 0 to 30C until the residual noisture of the fréez%,q;ﬂi@dgproduct
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product &bf at 139°6n the range of 1 to 3% 19. A nethod of reconstituting

the freeze-dried, stable poxvirus-containing vaccine defined in claim 17,
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poXVi r usCORE =M Agivase H¥FTY8d in claim 16 in the preparation of a
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the puritj r; td 1 fd S LS a,vgccinia virus having a
titer of P I(a)thF%aissF%B%%% %ﬁgﬁp@rﬂ?%ﬂﬁ @fgﬁ%}o&ererp%?o\@?mtggr mul ati on
according to claim1l1, wherein the purified or partially purified poxvirus
i s a vacd#ni a Avitahle phrevinupgostainirigemcahe ahich easipriskd the Toitidpeiccd@ing ot al

prot ei n. @3lainTh e &S0 88 fffeduct conprising (a) a purified or partially
purified poxvirus selected fromthe group consisting of Othopoxviruses,

Par apoxvi ruses, Avi poxviruses, Capripoxviruses, and Suipoxviruses, (b) a
di saccharPde, The ytablepasyirscentiniag vaecme defitcdtin elainp bft hendng aredidoel) a buf f er
excl udi nandstpleesplent ia thaubhgyof IWbgegi n the fornul ation is substantially
free of non-poxvirus associ ated proteins and wherein the virus, the

di sacchar,i_de, .t he l?ol yner and the buffer may further be defined as in
anyone ofloc| ajlR§ sigblegoxyruscontpaning yacome aceprding Weshaimgh4 reepnstitrdtitherc cor di ng
to cl ai mph@&nfageutivally aoepable ineg sglvattanmi ¢ aci d. 25. Freeze-dried product

obt ai nabl e by the nethod according to claim 17, wherein the formulation

ot i ned i or 2 Tl AEp SRR Rt 0 e PR oG R T LEEPAP G ght | and
the concent r &Pmpsesshefelowing steps:cl ai m 9. 26. Freeze-dried product
accordi ng to anyong) dteeeingiaforni®ation cdshpvikiagei n the residual moisture
content is in the range of 160,384 or partially purified poxvirus selected from
the group consisting of Orthopoxviruses, Parapoxviruses,
Avipoxviruses, Capripoxviruses, and Suipoxviruses;
(b) a disaccharide;
(¢) a pharmaceutically acceptable polymer; and
(d) a buffer excluding a phosphate buffer, to obtain a frozen
formulation, wherein the formulation is substantially free
of non-poxvirus associated proteins;
(ii) primarily drying the frozen formulation obtained according to step (i)
under low pressure and at a product temperature allowing sublimation of the ice
in the product matrix, wherein the product temperature is lower than the collapse
temperature of the formulation, to obtain a freeze-dried product and
(iii) secondarily drying the freeze-dried product obtained according to step
(1i} at low pressure and at a product temperature in the range of 0 to 30°C until the
residual moisture of the freeze-dried product is lower than 5%.
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18.  The method of preparing the freeze-dried, stable poxvirus-containing vaccine
defined in claim 17 wherein according to step (iii) the residual moisture of the freeze-
dried product obtained is in the range of 1 to 3%.

19. A method of reconstituting the freeze-dried, stable poxvirus-containing vaccine
defined in claim 17, which comprises the step of dissolving said vaccine in a sufficient
amount of a pharmaceutically acceptable inert solvent.

20. A use of stable poxvirus-containing vaccine defined in claim 16 in the preparation
of a medicament for the vaccination of an animal subject, including a human, against
poxviral disease.

21.  Formulation according to claim 1, wherein the purified or partially purified
poxvirus is a vaccinia virus having a titer of at least 10° TCIDs; per mg total protein.

22.  Formulation according to claim 1, wherein the purified or partially purified
poxvirus is a vaccinia virus having a titer of at least 10® TCIDs, per mg total protein.

23.  Freeze-dried product comprising (a) a purified or partially purified poxvirus
selected from the group consisting of Orthopoxviruses, Parapoxviruses, Avipoxviruses,
Capripoxviruses, and Suipoxviruses, (b) a disaccharide, (¢) a pharmaceutically acceptable
polymer;and (d) a buffer excluding a phosphate buffer, wherein the formulation is
substantially free of non-poxvirus associated proteins and wherein the virus, the
disaccharide, the polymer and the buffer may further be defined as in anyone of claims 1-
6,812,13 and 21.

24, Freeze-dried product according to claim 23 further comprising glutamic acid.

25.  Freeze-dried product obtainable by the method according to claim 17, wherein the
formulation used for freeze drying comprises the disaccharide in the concentration as
defined in claim 7 and/or comprises dextran with the molecular weight and the
concentration as defined in claim 9.

26.  Freeze-dried product according to anyone of claims 22 to 23 wherein the residual
moisture content is in the range of 1 to 3%.




