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Background of the invention

iridae comprise a large family of complex DNA viruses that

in the cytoplasm of vertebrate and invertebrate cells. The family

of poxviridae can be divided into the subfamily chordopoxvirinae

(vertebrate poxviruses) and entomopoxvirinae (insect poxviruses).

The chordopoxvirinae comprise several animal poxviruses (classified in

different

genera) of significant economical importance, such as camelpox

viruses, sheeppox virus, goatpox virus or avipoxviruses, in particular

fowlpoxvirus. For the vaccination of livestock against sheeppox and

goatpox attenuated live-virus and inactivated vaccines are available. For

the vacci

nation of poultry recombinant vaccines have been developed

using fowlpox virus as a vector.



Since fow poxvirus infects human cells it is assuned that it can al so be
used as a vector to express heterol ogous genes in humans and to induce a
corr espormiprig/os4amune response. Fow poxviruses contai ni ng PCYEpened79in the
genone are disclosed in US 5,736,368 and US 6,051,410. 5 In humans the
variola virus, a nenber of the genus O'thopoxvirus, was by far the nost

i nportant poxvirus. Vaccinia virus, also a nenber of the genus
Orthopoxvirus in the famly of Poxvirida2, was used as |live vaccine to

i rmuni ze agai nst smal | pox. Successful worl dw de vaccination with 10
Vaccinia virus cul mnated in the eradication of variola virus (The gl obal
eradi cation
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non-essential for the Ii'fe cycle of the virus, it is possible for the
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eradication of smallpox. Final report of the global commission for the
certification of smallpox eradication; History of Public Health, No.4,

Geheva: World Health Organization, 1980). Since that WHO declaration,

vaccination has been discontinued for many years except for people at
15 high risk of poxvirus infections (e.g. laboratory workers). Vaccination

programs are again becoming of interest in view of the risk that variola

virus is used in biological warfare or by bioterrorists.

More recently, Vaccinia viruses have also been used to engineer viral

20 vectors for recombinant gene expression and for the potential use as
recombinant live vaccines (Mackett, M., Smith, G.L. and Moss, B. [1982]
P.N.A.S. USA 79, 7415-7419; Smith, G.L., Mackett, M. and Moss, B.
[1984] Biotechnology and Genetic Engineering Reviews 2, 383-407). This
entails DNA sequences (genes), which code for foreign antigens being

25 introduced, with the aid of DNA recombination techniques, into the
genome of the Vaccinia viruses. 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 newly produced recombinant Vaccinia virus to be



3 infectious, that is to say able to infect foreign cells and thus to
express the integrated DNA sequence (EP Patent Applications No. 83, 286
and No. w003/0383) . The reconbi nant Vaccinia viruses prep&Ce@pPoni4in s way
can be used, on the one hand, as l|live vaccines for the prophylaxis of 5

i nfecti ous di seases, on the other hand, for the preparation of

het er ol ogous proteins in eukaryotic cells. The use of Vaccinia virus as
vector for the devel opnent of reconbinant |ive vaccines has been affected
by safety concerns and regul ations. Most to of the reconbi nant Vaccinia
viruses described in the literature are based on the Wstern Reserve

strain of Vaccinia virus. It is k h t hi i i
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272, WA 575hé¥é¢olwggu5%rdﬁmﬁ§iirﬁ edkas/otichsellBur opean Col | ection of Ani mal

Cell Cultures (ECACC), Salisbury (UK) with the deposition nunbers ECACC
V94012707, ECACC V00120707 and ECACC V00083008, respectively. MVA is
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(Meyer, H., on the Western Reserve strain of Vaccinia virus. It is known that this

strain has a high neurovirulence and is thus poorly suited for use in

humans and animals (Morita et al., Vaccine 5, 65-70 [1987]). On the

other hand the Modified Vaccinia virus Ankara (MVA) is known to be

15 exceptionally safe. MVA has been generated by long-term serial passages
of the Ankara strain of Vaccinia virus (CVA) on chicken embryo
fibroblasts (for review see Mayr, A., Hochstein-Mintzel, V. and Stickl, H.
[1975] Infection 3, 6-14; Swiss Patent No. 568, 392). Examples for MVA
virus strains deposited in compliance with the requirements of the

20 Budapest Treaty are strains MVA 572, MVA 575 and MVA-BN deposited
at the European Collection of Animal Cell Cultures (ECACC), Salisbury
(UK) with the deposition numbers ECACC V94012707, ECACC
V00120707 and ECACC V00083008, respectively. MVA is distinguished
by its great attenuation that is to say by diminished virulence or

25 infectiosity while maintaining good immunogenicity. The MVA virus has
been analyzed to determine alterations in the genome relative to the wild
type CVA strain. Six major deletions of genomic DNA (deletion oA LY,

V, and VI) totaling 31,000 base pairs have been identified (Meyer, H.,



WO 03/ 054175 PCT/ EPO2/ 14179 4 Sutter, G and Mayr A. [1991] J. Gen. Virol.
72, 1031-1038). The resulting MVA virus becane severely host cel

restrict esotog/oamiran cells. Furthernore, MA i s charact eriPe@&®Poy1410%
extrene attenuation. Wien tested in a variety of animl nodels, MA was
proven to be avirulent 5 even in i munosuppressed aninmals. Mre
inportantly, the excellent properties of the MVA strain have been
denonstrated in extensive clinical triaks (Mayr et at., Zbl. Bakt. Hyg. |
Abt. Org. B 167, 375-390 [1987], Stick) et at., Dtsch. med. Wschr. 99,
2386- 2392 [1974]). During these studies in over 120,000 humans, including
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susceptible to infection with the respective poxvirus are_cultivated.

I n
case of MA trhéssﬂyﬁ)é;ﬁtlaﬂ LhdeBpkt. dtvg. il. bt. c@lr&lgeﬁ6gn§r7>5039@lﬁll8ﬁl7ist s. The
suscepti bl e ar e cted th t atine
period suffi g@kfe’i al- abP ﬁ%'? [?%%é %@é@fﬂ%n?u%gghg |'s then
25 are frozegyfdsiha ‘0§ﬂ130 M@%ﬁrﬁ&sd%élﬁﬂl ﬁ:mg‘?ﬁhklﬁ phtientd, i sidet ur e vi al
surface and to parti al I srupt the cel e mxture of intact and
di srupt ed CebffschSSNethalsshmwtedUMltln dbowsd ofﬁvl\AAa@ctmeermac@olaant MVA

useful as vaccines have already been constructed and used in clinical
trials. WO 98/13500 discloses a recombinant MVA containing and

capable of expressing one or more DNA sequences encoding dengue
virus antigens. The foreign DNA sequences were recombined into the

15 viral DNA at the site of a naturally occurring deletion in the MVA genome.

Before using poxviruses or recombinant poxvirus for vaccination it is
necessary to purify the virus to a certain extent in order to meet
regulatory requirements. The traditional way to purify poxviruses, in

20 particular MVA and recombinant MVA is as follows: in a first step cells
susceptible to infection with the respective poxvirus are cultivated. In
case of MVA the susceptible cells are i.a. chicken embryo fibroblasts. The
susceptible cells are infected with the poxvirus and cultivated for a time
period sufficient to allow the generation of virus progeny. The cells then

25 are frozen and thawed in order to detach the cells from the culture vial
surface and to partially disrupt the cells. The mixture of intact and
disrupted cells is spun down. Ultrasound is used to produce a

homogenate. Virus is purified from the homogenate by sucrose cushion



honobgenate. Virus is purified fromthe honogenate by sucrose cushion WO

03/ 054175 PCT/ EP02/ 14179 5 centrifugation (Joklik WK. ,,The purification
of four swoaBns41ef poxvirus”™ Virology 1962; 18:9-18). Thechkapoziapin this
process is the honogenization by using ultrasound (Hedstr(err)m K G and
Li ndberg, U., Z. Inmmun. Forsch. 1969 137:421 - 430; Stickl, H, Korb, W
and 5 Hochstein-Mntzel, V., Zbl. Bakt., I. Abt. Oig. (1970), 215, 38 -
50). In industrial processes it is preférred that all process steps are
easy to control and reproduci ble. However the di sadvantage in using
ultrasound to honogenize the virus-cell suspension is that the ultrasound

and it i s LOCBNFIHEENeN (o0 e Kup TR it e P et of BPgHpes” © 2 1!
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difficult to reproduce in an identical manner, difficult to adjust and it is

10 difficult to scale up the process from laboratory to industrial scale.



honogenate. 20 It was unexpected that intact and infectious poxviruses can
be recovered by the nmethod according to the present invention. High-
pressure womsgesirzati on i s conmonly used for the destruct ipam/EP02/148 | ul ar
and subcel lular structures in order to isolate proteins or lipids from
eukaryotic and prokaryotic cells. US 3,983,008 discloses a 25 nethod of
extracting useful conponents frommcrobial cells by using high pressure
honogeni zati ons. The extracted conpoundséwere yeast proteins, bacterial
enzynmes and yeast |ipids. DE 19918619 di scloses the use of high-pressure
honogeni zation to isolate HosAg fromyeast WO 03/054175 PCT/ EPO2/ 14179 7
cells. US 4,255,521 descri bes a(ﬂ?@ﬁ?ﬁ?tﬁ@ﬁn #&rting glucose isonerase
from m croorgani smcells by high dressure rel ease. Hi gh- pressure
honogeni zati on has al so been used for the isolation of virus- |ike
particles (VLP) fromreconbi nant Saccharonyces cerevisiae 5 (M I burn and
Dunni | | (199FhuBj dtis@mobjegy ohhide Bivestipmisepronda s me?b,gdfqm§h%nd for the

duct i d ificati f .adenovi r al t . 6, , i VLP: d
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ast oni'shi ng pressure 10 honogeni zation that has been shown to
be suitabl e frifectdtecéldolatemodatibler easi tsconol estiallayemaaleesysealisgd f or

the isolation of Adenoviruses  and \_/LlPs from eukaryotic cells. In contrast,

the intracel H@lfaemiaberatorydunAUstialiSCe (1 W, see bel ow, see Fiel ds et

al., Fields Virology, 1996, Lippincott-Raven publishers, Phil adel phia,

USA, | SBN 0-7817 15 0253-4, chapter 83, pages 2654-5) have a very conpl ex
nor phol ogy that involves inter alia |ipid nmenbranes. The norphol ogy and
hysi cal

P 10 Detailed description of the invention

The present invention concerns a method for the recovery of
poxviruses, in particular vaccinia viruses, such as strain Elstree or
Modified Vaccinia Virus Ankara (MVA), from infected cells. The method
15 according to the present invention for the recovery of poxvirus from
infected cells comprises the step of subjecting the infected cells to a
high-pressure  homogenization to obtain a poxvirus-containing

homogenate.

20 It was unexpected that intact and infectious poxviruses can be
recovered by the method according to the present invention. High-
pressure homogenization is commonly used for the destruction of
cellular and subcellular structures in order to isolate proteins or lipids
from eukaryotic and prokaryotic cells. US 3,983,008 discloses a

25 method of extracting useful components from microbial cells by using
high pressure homogenizations. The extracted compounds were yeast
proteins, bacterial enzymes and yeast lipids. DE 19918619 discloses

the use of high-pressure homogenization to isolate HbsAg from yeast



properties of a poxvirus | MW are in sone aspects nore closely related to

t he norphol ogy and the physical properties of a cell than to those of a
non- envelwpadosdiirus. Consequently, it was expected that tireTaPOZON@ tioONns
used for the disruption of cells by using high-pressure honpgenization
woul d al so lead to the disruption of poxviruses. Thus, it was a surprising
result that high-pressure honogeni zation disrupts cells but |eaves intact
a sufficient anobunt of poxviruses that may be further purified. In other
wor ds, one woul d not have assumed that high 25 pressure honopgeni zation
could be used in a nethod for the recovery of poxviruses frominfected
cells. Indeed, the known_pethod for the recover% R) )%VIFUSGS from
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preferably of the genera orthopoxvirus, avipoxvirus, capripoxvirus and
sui poxvi rus. (WVBsh, 194, £ &).abLRys tanel Adeanviruses ane eonservelepad dndhrathes

of Vace! ni a SUlALsanGos B 853N dBBponPtus! MR pORVPLs PAAEE -
| qu pox! AR SHb e, PIETETHEY, ASoHRSERE) Tt s, AL BRrbor
i nvenfoi on ar gokksgenization that has been shown to be suitable for the isolation of
proteins from cells can also be used for the isolation of Adenoviruses
and VLPs from eukaryotic cells. In contrast, the intracellular mature
poxvirus virions (IMV, see below, see Fields et al., Fields Virology,
1996, Lippincott-Raven publishers, Philadelphia, USA, ISBN 0-7817-
15 0253-4, chapter 83, pages 2654-5) have a very complex morphology
that involves inter alia lipid membranes. The morphology and physical
properties of a poxvirus IMV are in some aspects more closely related
to~the morphology and the physical properties of a cell than to those of
a non-enveloped virus. Consequently, it was expected that the
20 conditions used for the disruption of cells by using high-pressure
homogenization would also lead to the disruption of poxviruses. Thus,
it was a surprising result that high-pressure homogenization disrupts
cells but leaves intact a sufficient amount of poxviruses that may be
further purified. In other words, one would not have assumed that high-
25 pressure homogenization could be used in a method for the recovery of
poxviruses from infected cells. Indeed, the known method for the
recovery of poxviruses from infected cells uses ultrasound for

homogenization, which is a rather gentle way of homogenization.



strains Elstree, Weth, Copenhagen, Tenple of Heaven, NYCBH, \Wéstern
Reserve. The invention is not restricted to those specifically nentioned
vacci ni a wporoa®sears ai ns but may instead be used with any 2@CTrawor/niiad vir us
strain. A preferred exanple for a Vaccinia virus strainis the nodified
Vaccinia virus strain Ankara (MVA). A typical MVA strain is MA 575 that
has been deposited at the European Collection of Animal Cell Cultures
under the deposition nunber ECACC V00120¢07. Most preferred is MVA-BN or a
derivative thereof. MVA-BN has been 25 described in WO 02/42480

(PCT/ EPO1/13628). Said international application discloses biological
assays allowing to evaluate whether a MA strain is MVA-BN or a derivative
t hereof and nethods allowing to obtain MVA-BN or a derivative thereof. The

content of this i,cat i j 7 i din
t he present érbpqol%gg%gtoﬁo E@Q#g?g%ﬁ/gg'{eotﬁéiz gﬁq%gég{gé{r{%é%@%sﬁee aJEItl=| gtehe
Eur opean Col beebiciRgof t&ni fmé Celdse@l t ivemtint h dihavs deposiépraducitber
ECACC V00083008. 5 %he viruses to be recovered may be native viruses,
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gene can be a therapeutic gene, a gene coding for an antigen or a peptide
conprising at |east one epitope to induce an immne response, an antisense
expressi on casset te the cantextbozihee poesent iMeettools the tebmaipoxvitsiieferst
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10 subfamily  chordopoxvirinae, more preferably of the genera
orthopoxvirus, avipoxvirus, capripoxvirus and suipoxvirus. Most
preferably the invention concerns a method for the recovery and
purification of poxviruses selected from the group consisting of Vaccinia
virus, goatpoxvirus, sheeppoxvirus, canarypoxvirus and fowlpoxvirus.

15 Pérticularly preferred is Vaccinia virus. Examples for vaccinia virus
strains used in the method according to the present invention are the
strains Elstree, Wyeth, Copenhagen, Temple of Heaven, NYCBH,
Western Reserve. The invention is not restricted to those specifically
mentioned vaccinia virus strains but may instead be used with any

20 vaccinia virus strain. A preferred example for a Vaccinia virus strain is
the modified Vaccinia virus strain Ankara (MVA). A typical MVA strain is
MVA 575 that has been deposited at the European Collection of Animal
Cell Cultures under the deposition number ECACC V00120707. Most
preferred is MVA-BN or a derivative thereof. MVA-BN has been

25 described in WO 02/42480 (PCT/EP01/13628). Said international
application discloses biological assays allowing to evaluate whether a
MVA strain is MVA-BN or a derivative thereof and methods allowing to

obtain MVA-BN or a derivative thereof. The content of this application is



inserted at a naturally occurring deletion site of the MVA genone

(di sclosed in PCT/EP96/02926). 20 An "attenuated virus" is a virus that
upon i nf ewy0ioansafst he host organism results in a | ower mpcrapPor/yi1and/ or
norbidity conpared to the non- attenuated parent virus. An exanple for an
attenuated Vaccinia virus is strain MVA, in particular MA-575 and MA- BN.
25 Poxviruses, such as Vaccinia virus, are known to exist in tw different
forms: poxvirus attached to cellular nmenpranes in the cytoplasm of the
infected cells (intracellular mature virions (1MW)) and viruses that have
been externalized (extracellul ar envel oped virions (EEV)) WO 03/054175

PCT/ EPO2/ 14179 10 (Vander pl asschen A, Hollinshead M Sr\T)' tg %
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| i poprotein é@%@&i@i@)@\-n&mrr AR oelvougglmegances | W particles are nore
abundant than EEV, but in the nethod according to the invention both types

of particles can be obtained. The starting materials for the honopgeni zation

step accordi to the 10 present jnvention are cells infected, w he
respeétive pggﬁ\f‘[}és.esT%%et réerc,q]ve{er# &% ec@"f’ﬁ%e VU'éJéﬁgt Sﬂgg‘ﬁ?ﬁ%d yhry}’éarti ng
material for.t hRgan;; j.on according to the present invention refers
to intact cepfg&? nglect egvlvzﬁéﬁ'the respective virus, to parts and fragnments
of infected cells to which the respective poxvirus is attached or to a

m xture of 1s intact cells and |ysed/disrupted cells. anples for.a part

or a fragmehheoterimf sReambimantsVitie ERfers ﬁ@n%?)éﬁggsolﬁalz\xﬂﬂgr'ﬂﬁﬁgéﬂl &d
CoL S 1O R A deRRRTE ' KErBINEdU gbite TbE STt ltr &P £t B | &
10 viral genome. A heterologous gene can be a therapeutic gene, a gene

coding for an antigen or a peptide comprising at least one epitope to
induce an immune response, an antisense expression cassette or a
ribozyme gene. Methods to obtain recombinant viruses are known to a
person skilled in the art. The heterologous gene is preferably inserted
15 into a non-essential region of the virus genome. In another preferred
embodiment of the invention, the heterologous nucleic acid sequence is
inserted at a naturally occurring deletion site of the MVA genome

(disclosed in PCT/EP96/02926).

20 An “attenuated virus” is a virus that upon infection of the host organism
results in a lower mortality and/or morbidity compared to the non-
attenuated parent virus. An example for an attenuated Vaccinia virus is
strain MVA, in particular MVA-575 and MVA-BN.

25 Poxviruses, such as Vaccinia virus, are known to exist in two different
forms: poxvirus attached to cellular membranes in the cytoplasm of the
infected cells (intracellular mature virions (IMV)) and viruses that have

been externalized (extracellular enveloped virions (EEV))



al so contain free virus particles that are neither attached to cellular
menbrane nor located intracellularly. 20 In order to obtain the infected
cel |l s thawoases4ie starting material for the method accordirmporotivhe
present invention eukaryotic cells are infected wth the respective
poxvirus. The eukaryotic cells are cells that are susceptible to infection
with the respective poxvirus and allow 25 replication and production of
infectious virus. Such cells are known tg the person skilled in the art
for all poxviruses. For WA and vaccinia virus strain Elstree an exanple
for this type of cells are chicken enbryo fibrobl asts (CEF) (Drexler 1.,
Hel I er K, Wahren B., Erfle V. and Sutter WO 03/ 054175 PCT/ EPO2/ 14179
11 "Highly ai(‘t/éﬂ@@t@dsmnfﬁeUOUHtﬁé”ieﬁiddV'Aﬁmlﬁb Glepinteagadylanapdby hanst er

ki dney cells tial host.for_ virus 0 arious
human transf@?(ﬁ@g QH rﬁﬁ“ﬁﬁ?@ v&récpngenger é[‘? 8@9’?@%’% {’8%@3&9%34'5“3}47 352).
CEF cells cagehe G|t { Vo gyl w@ngml !Mva%r}@emsta?etmﬁhﬁnf&;rtm ski | | ed
inthe art. Preferabiy the ' CEF cells are cultivated in serumfree medium
in stationar jouftlraetq:mmogncallye:hffbmrttl%ece ERY ¢ortabaanaddiposter abl y takes

| ace 48 to 96 hours or thelnfetlon es are
D1 of oriabl y uLREPERtEn AT EIRR: P aoTma darsnstanser MY BarbeREcE

TaD(err) angnbhe,hRgy C‘Etlﬂ%’h PEG! BB?'HJ\ ¥hd %%Eh@{’, %E@oﬂﬁn Qo7t%e319véﬁﬁéﬁ at 37

C 2 C Progress of in I'on cah be observe | ooki ng at cytopathic

effects (CPBpthttypésaf burtigpsaannge biptaingdi fi cant rounding of the infected
cells. 1s The present invention allows the recovery of poxviruses, such as
El stree or WA frominfected cells. By the term"recovery” it is meant that

the method gf, t4e PLESENerldlY B nE RN Z2idH STepPhc YA ¥S thef ected

10 present invention are cells infected with the respective poxvirus. The
term “infected cells” used to define the starting material for the
homogenization according to the present invention refers to intact cells
infected with the respective virus, to parts and fragments of infected
cells to which the respective poxvirus is attached or to a mixture of

15 intact cells and lysed/disrupted cells. Examples for a part or a
fragment of infected cells are cell membranes of disrupted/lysed cells
to which the respective poxvirus is attached. The starting material may
also contain free virus particles that are neither attached to cellular

membrane nor located intracellularly.

20
In order to obtain the infected cells that are the starting material for the
method according to the present invention eukaryotic cells are infected
with the respective poxvirus. The eukaryotic cells are cells that are
susceptible to infection with the respective poxvirus and allow

25 replication and production of infectious virus. Such cells are known to

the person skilled in the art for all poxviruses. For MVA and vaccinia
virus strain Elstree an example for this type of cells are chicken embryo
fibroblasts (CEF) (Drexler |., Heller K., Wahren B., Erfle V. and Sutter G.



cells and/or to detach the poxviruses fromthe cellular nenbranes to which
they are usually bound, to such an extend that a further 20 purification of
t he poxviwoasbeashes feasible. Thus, the product of the mrearmpor/y4109
poxviruses frominfected cells (referred to as "poxvirus- containing
honobgenate” in the present application) is a honobgenous m xture of free
poxvirus and cellular detritus containing only mnor anounts of intact,
undi srupted cells and virus bound to cel fular 25 nenbranes. If the infected
cells are cells that can be cultivated in suspension culture the infected
cells can easily be harvested by centrifugation. WO 03/054175

PCT/ EPO2/ 14179 . 12 If the infected cells. are nore qr | ess intact adherent
cel I's they shblighly aleenisateddnegified é@ccr'@ﬁ)é%a'ﬁ B?Hqt%e%m P@hﬁ‘ﬂ@? CThef ore

subj ecting ! Befieyf Geifd) BoBINRIIRAN TG, PRIRGEBPABLLION. bEHABE FPLAAGEs AT ©

known to the Tper'son e ar techniques are nechanic

met hods (e. ghubndy tksistigrractuepriesdrly ctisdpeQen. phiysli ¢aD9BRt THA347e. g.
freezing below - 15 C and thawi ng the culture vessels above +15 C) or

bi ochem cal 3PDh6EE qealleamdpe cultivated mpses canditions pewm ta iedet ach t he

s f th | ; 1), oLf hj th
Chcubat | on PERaSERbleR HeRRSHG B lREN R St RS G e PO G e
the 10 virugefyh. ftee irREYRA iR 3tationdielABKshadr ARG Astitieg, Thetiheulbattsrnt

invention the infected cells, nore specifically the harvested infected
cells are thpmekubpbctakestplaae 48 whopressarad HonOgedl Lathosrthetigfection t he

t ificati the 15 t " hj h i. i N
oot 1 mes. abROSVITHESD 268 Prefapebly vard A GH B PLonBTEgua SR has a
dual effect. ,Igttgglt 0D NaRd thBSn b ISR & Batdr SoloResHIZat ugtd pads to the

di sruption o
10 hours at 37 °C = 2° C.

Progress of infection can be observed by looking at cytopathic effects

(CPE), typically appearing by significant rounding of the infected cells.

15 The present invention allows the recovery of poxviruses, such as Elstree
or MVA from infected cells. By the term “recovery” it is meant that the
method of the present invention allows to disrupt poxvirus infected
cells and/or to detach the poxviruses from the cellular membranes to
which they are usually bound, to such an extend that a further

20 purification of the poxvirus becomes feasible. Thus, the product of the
recovery of poxviruses from infected cells (referred to as “poxvirus-
containing homogenate” in the present application) is a homogenous
mixture of free poxvirus and cellular detritus containing only minor
amounts of intact, undisrupted cells and virus bound to cellular

25 membranes.

If the infected cells are cells that can be cultivated in suspension

culture the infected cells can easily be harvested by centrifugation.



cells. Thus, the IMWs are freed and becone available for a further
purification. On the other hand the high-pressure honbgenization has 20

t he ef f ecwotdams4ivhe poxviruses are detached from cel |l nenPCarErs2/o67at

| east that the size of the cell-nmenbrane-virus aggregates is reduced.
Again, this sinplifies the further purification of the poxvirus. The person
skilled in the art is famliar with the general principle of 25

hi gh- pressure honogeni zation (Wite MD, Marcus D., "Disintegration of

m croorgani sns", Adv. Biotechnol. Processes 1988; 8:51-96). HPH Systens are
based on the use of high pressure to force a sanple through a small fixed
orifice at high speed under controlled and WO 03/054175 PCT/ EPS&%/J[ 179 13
repeat abl e cHrittietinteased joglisrasepnesent lerstitapt pdnetend aedispimey) ol

"orifice" " |e" d | T |
di st upter 1908 HTCREiRch o RETR Ve SEom CRpeRare kalakerOff shoRiR hef .
of (1) a highy Pﬁf@%ﬁ-gr%@%ﬂdrﬁ&sg%ﬁﬁ@ﬁon( E,h)chanem@cﬂs BFE&ALOWE i #feon whi ch

noves into the ¢ er/cylinder an thereby increases the pressure in the
chanber/ cyl i pdesoraskilletlin)tha arhodzefyl jtechniqueadgrewneehanicenetaehe(e.gont ent

is ejected. The ejecte chanber content is directed to r rface
such & a pi Q_b,"éiségﬁgfd |Ceﬂ'h%&faafﬂ@ré¥‘éa§f%?'ﬁ'a%ﬁ‘£ e@tg'eﬁg%éﬂggées@ face

al | owi ng coohisag 549 tPEWirH the EURu?é%%%@ﬂ@%M@_ nbese coranbchddicstemis
provided with means tor collection of the disrupted Sanple (terned

"col | ecti on nedtaober(tieat ey pvitkalenkiygtespeessypsinptogetactathecelaiftormns

Basic Z+ from Constant Cell Disruption Sys &m; Low March, Dav%rn?"tgr%1 15
Nort hants, NiagsBurenessr))-Kf ggdpmes ane Lés%i Y e BUERPH e HICUIEIE! ar e

three st agesyk‘g%%fpgﬁ b%ﬁcl)oln'&roqfe%r, WPh APt é]rgzﬁrﬂgs B A2 N FLESMHRe the

honogeni zat i
10 virus during incubation.

In the method according to the present invention the infected cells,
more specifically the harvested infected cells are then subjected to a
high pressure homogenization step. In the present specification the

15 term “high pressure homogenization” is sometimes abbreviated as
“HPH". The high-pressure homogenization has a dual effect. On the one
hand the high-pressure homogenization leads to the disruption of intact
cells. Thus, the IMVs are freed and become available for a further
purification. On the other hand the high-pressure homogenization has

20 the effect that the poxviruses are detached from cell membranes or at
least that the size of the cell-membrane-virus aggregates is reduced.

Again, this simplifies the further purification of the poxvirus.

The person skilled in the art is familiar with the general principle of

25 high-pressure homogenization (White MD, Marcus D., “Disintegration of
microorganisms”, Adv. Biotechnol. Processes 1988; 8:51-96).
HPH Systems are based on the use of high pressure to force a sample

through a small fixed orifice at high speed under controlled and



sanple is introduced into the high pressure cylinder/chanber. Then 20 the
pressure in the cylinder/chanber is built up. To this end the high
pressur e woasomidescends. (I1) The piston then forces theprsampozi4ivhr ough
the nozzl e at high speed. The rapid transfer of the sanple from a region
of high pressure to one of |ow pressure causes cell disruption. (I1I11) The
sanple hits the target and is spread radially across the cool ed 25 heat
exchange surface. The product then flows;jnto a chanber for collection.
The hydraulics is recharged and the cycle continues. WO 03/054175

PCT/ EPO2/ 14179 14 At the end of the process the ejected honpgenate is
collected in an appropriate vial, depending on the volune. For the
recovery of pepeatabdesondimns.dg the arasemt dessiptiondieitermsneets: nozzl e

shoul d have g diangter, jn the range of 0.10 to Q.6 mMm 0.15 to 0.6 nmm
0.15 to 0.50 AMICHrengr :ﬂﬂz%ﬁ]? nartenlgsef‘gﬁggr%]?ar@efgﬂ?‘o 0.40 mm 0.20 to 0.50
mm nore preferably 0.20 to 0.40 nm nost preferably 0.25 mmto 0.35 mm

Exanpl es for nost preferred diameters are 0.25 nmmand 0.35 nm 10 The
pressure in fThe ears ofracbhabdisteptarngder dissugidonthead. Vdleudisruwptioe range

f 200 1000 bar, f bl 0 000 b 20 800 b
grefer%t)loy 48§aggtgr 2 eggﬁé%ﬁ@?ﬁ'&%d%g rPreg%Eﬁe ﬁgﬁéq%eﬁ?gylﬁi%'&ngég to
900 bar, mos @ng)gggﬁﬁlgép%% h@iﬁgﬂw&@s-inw%é@ﬁ%mﬂé@ BhGEN §Hdpressure is

800 bar. The nogenate at the outlet preferably should
not exceed tR&reBy idfesdtauie preskarait Yhedehbaitmer/dplitiemasd (Bhet er abl y

bel ow 10C. 20 . .
nozzle/jet through which the chamber content is ejected. The ejected
chamber content is directed to a target surface such as a piece of

10 metal that preferably has a heat exchange surface allowing cooling. To
collect the disrupted chamber content the system is provided with
means for collection of the disrupted sample (termed “collection
chamber”). A typical high pressure homogenization unit is Basic Z+
from Constant Cell Disruption Systems (Low March, Daventry,

15 Northants, NN114SD, United Kingdom).

In a preferred embodiment there are three stages to effect cell
disruption using the high-pressure homogenization system. (1) A
sample is introduced into the high pressure cylinder/chamber. Then

20 the pressure in the cylinder/chamber is built up. To this end the high
pressure piston descends. (I1) The piston then forces the sample
th'rough the nozzle at high speed. The rapid transfer of the sample from
a region of high pressure to one of low pressure causes cell disruption.
(1) The sample hits the target and is spread radially across the cooled

25 heat exchange surface. The product then flows into a chamber for

collection. The hydraulics is recharged and the cycle continues.



The net hod according to the present invention can be scal ed-up al nost
| inear and can be run either as batch or as continuous process. In a batch
process ewohshatich of the cells to be honbgeni zed can be PEI/EObjacted to
t he hi gh pressure honogeni zati on step once or several tinmes. Preferably
each batch is subjected to the honogeni zation step one to three tines,
nost preferably only once. WO 03/054175 PCT/ EPO2/ 14179 15 The success of
t he honogeni zation step may preferably be checked by determ nation of the
virus titer (equivalent to the nunber of infectious virus particles,
measured either in tissue culture infectious dose (TCID(err)), or plaque
formng units (pfu)) of the starting material as 5 defined above and of the
mat eri al obt é‘itr’(gﬁ e4fct of thenpransssdesi eagtieshhomogpnateioePkeCctRe BN he virus
titer is determned Eﬁgf.ore and after fhe |hi h- pressure honogeni zati on. The
starting mat @PPEPPEBHpYRLLCRFIUNSHN HISLOIUNSet cells and a rather high
percentage of |arge aggregates conprising poxvirus particles bound to
cellular menbranes. If such a 10 nmaterial is used for the determ nation of
the viral ti tFer theeeobieryrnEdoxvitusesiacoodiag tohtne praseadtioentinmbiee of
infectious particles. This is due  to the fact that e test sy used
for the deter9ZAl $|'(‘)9P|Qn75{‘4?ea digreter in @@%%ﬂ@%@%&é nam’tcﬁﬁ?@yst ens
(such as the isgl i | i j f
i nfected cel I@gﬁWh%%§$£g?ﬂzﬁ%5 nggz%e Iﬁs@%oﬂgﬁtg\g&%&ﬁ%aoﬂﬁnrﬁcan
not di sti nguiGsROketoveOnman, pasetpreteragduli20 hat0.46 mMoe most peefenélelyt i on of
a cell by just one virus_ _particle and the infection of cells e.%. Eg a
| ar ge aggr eg&-85dNnvie Bs38 MBb@MBlesdor imast prafersH«diametess a0
hi gh- pressure_honmo Lzation the poxviruses becone detached fromthe
dghapdnnto ¢

cel lular mentP3hal he size of cell nenbrane-virus aggregates is
signifJ cantly reduced,

The pressure in the pressure chamber/cylinder is set to a value in the
range of 200 to 1000 bar, preferably 400 to 1000 bar, 200 to 800 bar,
more preferably 400 to 800 bar, 600 to 1000 bar, even more
preferably 600 to 900 bar, most preferably 700 to 900 bar. The most

15 preferred pressure is 800 bar.

The temperature of the homogenate at the outlet preferably should not

exceed +25 °C, and should preferably be below 15 °C, most preferably

below 10°C.
20
The method according to the present invention can be scaled-up almost
linear and can be run either as batch or as continuous process.
In a batch process each batch of the cells to be homogenized can be
25 subjected to the high pressure homogenization step once or several

times. Preferably each batch is subjected to the homogenization step

one to three times, most preferably only once.



which [eads to a | arger nunber of snmaller aggregates. If this material is
used for the determnation of the titer the obtained results are higher,
even if twe mamsuas anmount of infectious virus particles hacTrrn2/changed.
Thus, the success of the honogenization is preferably reflected by at 25
| east an equal or higher TG D(err)/mM ("TCID' is the abbreviation of
"tissue culture infectious dose") of the honbgenate conpared to the
starting material. In the exanple sectiopg it is shown in detail how the
TCI D50/ m val ue can be determined. Alternatively, the quality and the WO
03/ 054175 PCT/EP02/ 14179 16 success of the hi gh-pressure honobgenization
can be determ ned by electron mcroscopy. For further purificatiop the
obt ai ned hondyersatcsess of (ibp doreogeization steraray onefepabliyihe ahededkP¥p to

oDt a1 1 2 DO ek 5 P Eb ! AELE B b PR S RE e MR PP PRI GRE o2
Lon' b Phny oS b s e mpuarieptbmon e o L
I ow ul tr ace(TCiDdaYai praqueUoroseg gmitd (@gﬁu}s))of(tlhiel stenu@ggé'iér%rl ashi or R
o STkt o ha oFk o] Shr iR P Rl
e e
chr omat ogr aphygH-grgsstrerhaxoganizetiohy Themtakting inmater et coomprisiszmogec! usi on
2 Son o o s PR EY o enteBE T Bia gl
comprising poxvirus particles bound to cellular membranes. If such a
10 material is used for the determination of the viral titer the obtained
titer is lower than the actual number of infectious particles. This is due
to the fact that the test systems used for the determination of the viral
titer are usually cell culture systems (such as the system as disclosed
in Example 2) in which the number of infected cells or the number of
15 plaques is counted. Such a system can not distinguish between a
positive result that is due to the infection of a cell by just one virus
particle and the infection of cells e.g. by a large aggregate of viruses
bound to cellular membranes. After the high-pressure homogenization
the poxviruses become detached from the cellular membranes and/or
20 the size of cell membrane-virus aggregates is significantly reduced,
which leads to a larger number of smaller aggregates. If this material is
used for the determination of the titer the obtained results are higher,
even if the actual amount of infectious virus particles has not changed.
Thus, the success of the homogenization is preferably reflected by at
25 least an equal or higher TCIDso/ml (“TCID" is the abbreviation of
“tissue culture infectious dose”) of the homogenate compared to the
starting material. In the example section it is shown in detail how the

TCIDso/ml value can be determined. Alternatively, the quality and the



Korb, W and Hochstein-Mntzel, V., Zbl. Bakt., |I. Abt. Oig. (1970), 215,
38 - 50) or - a conbination of all of the above (Masuda, N., Ellen, R P.
and G ovewO oBoa175J. Bacteriol. (1981), 147(3), 1095. 1104pCTAPOANM 7Dt her
purification methods known to the person skilled in the art are also

wi thin the scope of the present invention. WO 03/054175 PCT/ EP02/ 14179 17
Preferably the purification step is an ultrafiltration step. Mst
preferably the ultrafiltration is a crosggflow filtration. The principle of
cross-flow filtration is known to the person skilled in the art. See, e.g.,
Richards, G P. and Goldmntz, D., J. Virol. Methods (1982), 4(3), pages 5

147. 153. "Eval uati on a cross-flow filtration techni que, for. extraction of
pol i ovi r uses SHEBRSS ﬁg&‘lﬁ RtEyPEssStES hﬁ@%@“'ﬁ%ﬂ%@&ﬁ&n%%d.et%m'ﬁggﬂ one

purification ml'.g- fficient to nmeet regulatory requirenments for
bi ophar rraceutefé:cgro pr o'gh%%t?p%)t:lv\o or nore of the above 10 nentioned

purification steps can be conbined in order to obtain an even nore pure
product. In the nost preferred enbodinment the first purification step is a

cross- fl ow fFior fuethies purdiqasigsdthsyoltiai ned sompgenale imnsUBHGad 8 dtaphy st ep.

15 Most preferably the .col um I a s gg, or

hydr op?nobi C ??ﬁ%r(é‘ﬁ PBH%g%ﬁgnoc‘g?é?%&?g'inr%@6@1(2&8(8:r?gzléhggcﬁlégﬁgﬁ'smopti onal |y
freeze-dri edpMaEORESthéde {tepezemiby icaeried ®ukHona vaeciie wersson skilled in
the art (Day J. and 20 McLellan M, Methods in Ml ecul ar Biology (1995),
38, Humana Prestaintry hopragemateifiibns anenteddodudtnarmy iiyciade oascinia The

i nvention further concerns the poxvirus-enriched fraction and/or the

poxvi rus- conVdiY§i ng honbgenat e obt ai ned by the nethod for

10 The purification step inter alia can be
- batch centrifugation (e.g. using sucrose cushions) or continuous-
flow ultracentrifugation (sucrose gradients) (Hilfenhaus, J., Kéhler,
R. and Gruschkau, H., J. Biol. Stand. (1976) 4, 285-293;
Madalinski, W., Bankovski, A. and Korbecki, M., Acta Virol. (1977)
15 21, 104-108),
- ultrafiltration (e.g. cross-flow filtration using a membrane with a
pore size bigger than 500 kDa, but equal or smaller than 0,1 pm),
- column chromatography (e.g. ion exchange, hydrophobic
interaction, size exclusion or a combination) (Hedstrém, K.G. and
20 Lindberg, U., Z. Immun. Forsch. 1969 137:421 - 430; Stickl, H.,
_ Korb, W. and Hochstein-Mintzel, V., Zbl. Bakt., |. Abt. Orig. (1970),
215, 38 -50) or
- acombination of all of the above (Masuda, N., Ellen, R.P. and Grove,
D.A., J. Bacteriol. (1981), 147(3), 1095-1104).
25 Any other purification methods known to the person skilled in the art

are also within the scope of the present invention.



25 recovery of poxviruses according to the present invention, i.e. the

nmet hod that conprises the step of subjecting the infected cells to high-
pressure Wormmgenirxzation. In particular the invention conc@ChEPhhet179

poxvi rus-enriched fraction obtained by the recovery/purification WO

03/ 054175 PCT/ EPO2/ 14179 18 nethod according to the present invention,
i.e. the nmethod in which the poxvirus-containing honbgenate obtai ned by
HPH i s subjected to at |east one purifigation step. The poxvirus may be
any poxvirus as defined above. In particular the poxvirus according to the
present 5 invention is a vaccinia virus as, such any strains that are
suitable for vaccination, in particular strain El stree or nodified

vacci ni a vi r sefesakbyr athenppurificatienalsitgp Mig- BR. tltafitabionusstepnt Mestng
honogenat e and/ por the poxvirpus-enriched 10 fracti.on_obtained by a pragcess
according toPrRETAPNCHIR WirgRTaion dha creswiipiitialiohy TeecpingihIE
characterize ) [ i ; i 0. The
term"free | (l%l/{/'@é/sf googgﬁe%réfigghiiwbgswg@é ﬁg%gwﬁeﬁkglgggzﬁhg?f\ér%ﬁi%gé'gél | ul ar
menbr anes af Recharust &.B. anddaolidmgintdi Br,ubtViosl. Methbdsi(10&2)ed(3pIdageand

that therefore_c be further purified. 15 In.all industrial progcesses for
t he priepar at ilﬁﬂ'ig%‘%%@hﬂéf&o ﬁé@ﬁ%‘?lﬂ*"hg'tr%ﬂﬁ%mwn'GHﬁﬂPr§é ac Qniqf ect ed
cells as V‘B:V:goﬂﬁvfr[]?esc'ﬂ]owrin?(;tﬁﬁgécﬁ‘l@%?t{ék'tissﬁg%wgggga wting material

conprises | poOXVvIiTuses co e I nfec s'as well as EEV
poxvi ruses which are mainly found in the supernatant. The known net hods
for the disruption of cells and the 20 subsequent honogeni zation (e.g. by
usi ng ul t r asAliPugioonetpurdfication tent Mgl seupifficiantcl ReeinteHatiach

| ot her wor AedREEreBF or Blanfa? madrtlichy et 8 VBT DrR Al ER Ak, >
debri g Thusméh@orad ifurification steps can be combined in order to obtain an

even more pure product.

In the most preferred embodiment the first purification step is a cross-
flow-filtration followed by at least one column chromatography step.
15 Most preferably the column chromatography step is ion exchange or

hydrophobic interaction.

The obtained virus enriched fraction is optionally freeze-dried. Methods
of freeze-drying are known to the person skilled in the art (Day J. and
20 McLellan M., Methods in Molecular Biology (1995), 38, Humana Press,

“Cryopreservation and freeze-drying protocols”).

The invention further concerns the poxvirus-enriched fraction and/or
the poxvirus-containing h.omogenate obtained by the method for

25 recovery of poxviruses according to the present invention, i.e. the
method that comprises the step of subjecting the infected cells to high-
pressure homogenization. In particular the invention concerns the

poxvirus-enriched fraction obtained by the recovery/purification



of free IM to EEVis lower than in the nethod according to the present 25
invention. In the nmethod using ultrasound this ratio does not change

si gni fi cawOlog/osiars ng the further purification steps sincePCh&Pori410¢ ar
debris to which IMVs are still bound is usually renoved. In contrast to
the known recovery nethods for poxviruses the recovery nmethod accordi ng WO
03/ 054175 PCT/ EP02/ 14179 19 to the present invention results in a very
effective disruption of the infected celi4s and the | Ms are very
effectively detached fromthe cell nenbranes. Thus, the overall anmount of
free | Ws that becone available for further purification is higher than
for the nethods known in the Qrior 5 art and consquentl also the ratio of

free IW to EBSthoskareershagite thairgreent NENHBRYI-PusDe BMIACHI iRgVRGHIGENat e
he pr esent " HRVTEReYpB1RE ool 8ol AR ST st By o TF lBletBa 65 &1 no fo

t he present cCcines.

pOXVi r us- contigadt dite RORMigatiahestapdTRE gokQirRexvy W &Ry pokedusfasaction
conpri se unnodi fi ed poxviruses or attenuated poxviruses, such as vaccinia
vi rus strai nslefinedraeovs. IMparticularaineneoxyirat aegording tadbhe preiditagai nst

poxvirus infectiqgns. .E g. a. virus containing honogepate and/.or h

Vi rus-®enri chéfdv?fﬁé%? f%ﬂg’@ﬁ&fmadh%'rsi%é%ﬁcﬁn?ﬁa{f&r sar&ﬁ:l‘HPaaPs!etsf?Eai n
El stree or MAccifatRA, lih PHricuMAtBNnoRaBte8 d1Seddised viaEiRi410iragai nst
smal | pox infections. 20 I'f the poxvirus-containi ng honbgenate and/or the
poxvi r us- enr iActkada, fmasttpreferabhipMVgeBNa poxvi rus that contains and

expresses one or nore heterol ogous gene(s) the poxvirus-containing
honobgenat e and/ or the poxvirus-enriched fraction can further be used to

vacei nat e aniv soxiflfy- Ui R TGS RAS ABPbPThe HRSVRLSKFIRAEAPT essed by

10 fraction obtained by a process according to the present invention that
comprises a HPH step is characterized by a very high free-IMV poxvirus
to EEV poxvirus ratio. The term “free IMV" is used for IMVs that have
been detached from the cellular membranes after, before or during
disruption of the infected cells and that therefore can be further purified.

15 In all industrial processes for the preparation of poxviruses the starting
material comprises the infected cells as well as the culture supernatant.
Thus, the starting material comprises IMV poxviruses contained in the
infected cells as well as EEV poxviruses which are mainly found in the
supernatant. The known methods for the disruption of cells and the

20 subsequent homogenization (e.g. by using ultrasound) do not as
efficiently disrupt the cells and/or detach the IMV poxviruses from
cellular debris as high pressure homogenization. In other words most of
the IMV remain bound to cellular membranes and debris. Thus, the ratio
of free IMV to EEV is lower than in the method according to the present

25 invention. In the method using ultrasound this ratio does not change
significantly during the further purification steps since the cellular debris
to which IMVs are still bound is usually removed. In contrast to the

known recovery methods for poxviruses the recovery method according



25 heterol ogous gene(s). For the preparation of a vaccine, the

poxvi rus-cont ai ni ng honogenate and/or the poxvirus-enriched fraction

obt ai ned W9 oBlstinet hod accordi ng WO 03/ 054175 PCT/ EP02/ 14PT3/EPAD14109 t he
present invention are converted into a physiologically acceptable form
This can be done based on the experience in the preparation of poxvirus
vacci nes used for vaccination against smallpox (as described by Stickl, H
et al. [1974] Dtsch. med. Wschr. 99, 2388 2392). For exanple, 5 the

poxvi rus-cont ai ni ng honogenat e and/ or the poxvirus-enriched fraction are
stored at -80C with a titer of 5x10(err) TAAD50/m formulated in about
10mM Tris, 140 mM NaCl pH 7.4. For theqpr%pa tion ccin shots, e.g.

103- 109 TCl D& ths pfﬁ’»&er\h”ﬁwtmrﬁwgﬁHﬂl Ct%dﬁﬁ%ﬁ OhFINE ed oal ino
(PBS) N ! heiRbeRtnedisoln P Aﬁ{tt/%‘?e%gr LffeL R RRGHRFOM e 881 ampoul e,

preferably a g%ass anp erna e vaccli ne shots can be

produced by Membfra@sf I’Tm;&tlﬁhf yvmllcémbbat of fres IM\fs- theat fomconteatvailebl@hi s
formul ati on can contain additional additives such as manni tok dextran,

sugar, glyci f, urﬁmrdwftﬁa o6l wlgmrptharrbtqrdbﬁén@thod&mwwa & PESTsuch as
ant i oxi dantsaotb ng%ﬁf%ﬁ}gtg thé%?oodrf e NG R RIERA BX\HFL%Ie%' s (e.g.

human >ser um VPVO TTadmi hitst rat typical virus
containing fae ratl on suitable for freeze- drying conprises 10 nmM
Tris-buffer, 140 MM NaCl, 18.9 g/l Dextran (MAN 36000 - 40000), 45 g/l
Sucrose, 0.108 g/l L-glutamc acid nono potassium salt rmnohydr ate pH 7. 4.

The gl | th |l ed 20 and d.b d
Lo g oo aMHBE B R o finednars aRd7 s e AR BTt fod aom
anpoul e is S?r% &dn 488 r%'aatgst Yhé@ndtBARYRbHE t%edh@\/bregeﬁ‘t ifvehtivaGrenat i on

t he Iyophlllze or freeze-dried product can be dissol ved
10 useful as vaccines.

If the poxvirus-containing homogenate and/or the poxvirus-enriched
fraction comprise unmodified poxviruses or attenuated poxviruses, such
as vaccinia virus strains Elstree or MVA, it can be used for vaccination
15 against poxvirus infections. E.g. a virus containing homogenate and/or
the virus-enriched fraction that comprises vaccinia viruses such as strain
Elstree or MVA, in particular MVA-BN can be used as a vaccine against

smallpox infections.

20 If the poxvirus-containing homogenate and/or the poxvirus-enriched
fraction comprises a poxvirus that contains and expresses one or more
heterologous gene(s) the poxvirus-containing homogenate and/or the
poxvirus-enriched fraction can further be used to vaccinate animals
including human beings against the protein expressed by the

25 heterologous gene(s).

For the preparation of a vaccine, the poxvirus-containing homogenate

and/or the poxvirus-enriched fraction obtained by the method according



25in 0.1 to 0.5 m of an aqueous sol ution, preferably physiol ogical saline
or Tris buffer, and adm nistered either systemcally or locally, i.e.
par ent er aWloy3/os4105 amuscul arly or by any other path of admpargPoaidiion know
to the skilled practitioner. The node of admi nistration, the dose and the
WO 03/ 054175 PCT/ EPO2/ 14179 21 nunber of adm nistrations can be optim zed
by those skilled in the art in a known nmanner. Most preferred for poxvirus
vectors i s subcutaneous or intranuscul agg adm nistration. 5 The invention
further relates to a nethod for the vaccination of animals including
humans conprising inoculating an animal, including a human, in need
thereof with a poxvirus-containi ng honngenate or a. Bgévirus-enri E@d

@ .10

fSr action ](c)bt 40 fle® PEGSAMR KR IIY AER EBP " gF ot BNy pirkasing!ly AcchRte

unmary o nyent i i | & GOIRY | f@l | ow

al one or in tﬁcgrghb?’ﬁlgtc%agﬂpa_%nﬁ@%g @‘g}ﬁ{%gﬁ?@%@cﬁery ofbp X\;%{r]ﬁg O?ro?nWI "9

Ih Infg ﬁC:) ?2323' Ip@ﬁci(mmh.@éintg.sm@dtf@t Qg%@'f'\aﬂUbja@etdmgsmalmmm(aﬂ:destrttmd byto a
- re honogeni zati on 0 obtain a - taini h .

20 et hod_as Sk osfat o SA4L Bt mesh Weslr. 50,4 10 40 el B el Rom t he

group consi sting of. ort hopoxviruses ' ' ] I d

capri ﬁoxvi ru lé%%%Y'HB%’CSQ&HBB\geh%nggg§¥g$$§%@rﬁ%f%%wﬁg§&éﬁﬁ3sains

sel ected fromidien A2 A6RUPaEORBPSWiflDaAftel 8F 5k IR TOI DikymideatRdatedrins,

sheeppoxvi rus, canarypoxvirus and fow poxvirus
about 10mM Tris, 140 mM NaCl pH 7.4. For the preparation of vaccine

shots, e.g., 103-109 TCIDsg of the virus are lyophilized in
phosphate-buffered saline (PBS) in the presence of 2% peptone and 1%

10 human albumin in an ampoule, preferably a glass ampoule. Alternatively,
the vaccine shots can be produced by stepwise freeze-drying of the virus
in.a formulation. This formulation can contain additional additives such
as mannitol, dextran, sugar, glycine, lactose or polyvinylpyrrolidone or
other additives such as antioxidants or inert gas, stabilizers or

15 ' recombinant proteins (e.g. human serum albumin) suitable for in vivo
administration. A typical virus containing formulation suitable for freeze-
drying comprises 10 mM Tris-buffer, 140 mM NaCl, 18.9 g/I Dextran
(MW 36000 - 40000), 45 g/! Sucrose, 0.108 g/I L-glutamic acid mono
potassium salt monohydrate pH 7.4. The glass ampoule is then sealed

20 and can be stored between 4°C and room temperature for several
months. However, as long as no need exists the ampoule is stored

preferably at temperatures below -20°C.

For vaccination the lyophilized or freeze-dried product can be dissolved
25 in 0.1 to 0.5 ml of an aqueous solution, preferably physiological saline or

Tris buffer, and administered either systemically or locally, i.e.

parenterally, intramuscularly or by any other path of administration know

to the skilled practitioner. The mode of administration, the dose and the



WO 03/ 054175 PCT/ EPO2/ 14179 22 Met hod as above characterized in that the
vaccinia virus is nodified vaccinia virus strain Ankara (MVA), in

parti cul awoNWAsBM Wit h the deposition nunmber ECACC VOO08PQ0&PoL14¥E¢ hod as
above characterized in that the poxvirus is a reconbinant pox virus.

Met hod as above characterized in that the high-pressure honogenization is
carried out by putting the infected cells into a high 1io pressure chanber,
increasing the pressure in the chanber amd ejecting the infected cells

t hrough a nozzle. Method as above characterized in that the pressure in the
chanber is increased to a value in the range of 200 to 1000 bar. 15 Met hod

as above characterized, in .that. the nqzzl e has di.anet er.,i.n . 1ge  of
010 1o 0-6 RRMNE Harisgaliehs aPd upified pY AT Skl hifie 4279

poXVi r us- conigipj TRRR | Fo S LA stvRcBbr sl i§asibcRrRgndBlld &i cat i on
step to obt a%?@wqggﬁﬁs-en?% fee:gl fraction. Mt ﬁod as above characterized
in that the attrheascutaneadmmiftreonon step is an ultrafiltration step. 25

Met hod as above characterized in that the ultrafiltration is a cross-flow
filtration. WO 03/054175 PCT/ EP02/ 14179 23 Method as above characterized

e Lot IBehORRn 0 L HEREOR, 3 MRtRod TR RiflatBR b ifales 2
including humans comprising inoculating an animal, including a
human, in need thereof with a poxvirus-containing homogenate or a
poxvirus-enriched fraction obtained by the method according to the
present invention.
10

Summary of the invention

The invention inter alia comprises the following, alone or in
combination:

15
Method for the recovery of poxvirus from infected cells comprising the
step of subjecting the infected cells to a high-pressure homogenization

to obtain a poxvirus-containing homogenate.

20 Method as above characterized in that the poxvirus is selected from the
group consisting of orthopoxviruses, avipoxviruses, suipoxviruses and

capripoxviruses

Method as above characterized in that the poxvirus is selected from the
25 group consisting of vaccinia virus, goatpoxvirus, sheeppoxvirus,

canarypoxvirus and fowlpoxvirus



or smaller than 0.1 gm 5 Method as above characterized in that subsequent
to the ultrafiltration at.least one columm chromatography step is carried
out Met howoag/atizve characterized in that the obtai ned po¥eirmps2/cam ai ni ng
honbgenat e or poxvirus-enriched fraction is freeze-dried 10

Poxvi rus-cont ai ni ng honogenate or poxvirus-enriched fraction obtained by a
net hod as defined above. Poxvirus-containi ng honogenate or
poxvirus-enriched fraction as above 15 gs vaccine. Use of the

poxvi rus-cont ai ni ng honogenat e or poxvirus-enriched fraction as above for
the preparation of a vaccine. 20 Method for the vaccination of an ani mal,
including a human, in need thereof characterized by the adnini%tration of

a poxvi r us- cHethpdiasgabosregeraateriged pothat the é@ﬁ@@%’eﬂ'r\‘i?é%m% 66 a

vacci ne as defined above, t. e ' : / :

PCT/ EP02/ 14178°¢'5¢ ﬁraaa&r%'ﬁ&&ﬂ@éggwﬁfi%&@'émgﬁi@?ﬂ@é% th M/A-BN
wer e subj ect gdpbgitir AGERHIIECADBW B3OS, to obtain a virus-cell _
suspension. The virus titer of the 5 suspension was determ ned as descri bed
in exanple 2 without further purification of the cell-virus-suspension
("0-val ue"). virus-cel |l - suspensi,on was, subjected.t h i zation
net hod knom'\ér‘?qg'ﬁptarﬁaab%‘ﬁ SPa'é?rCtSEB%eglé? ﬁaaﬁmer 5@)&}5@9{5 %d’%lc?ﬁﬁg?ﬂ%r to the
honogeni zat i %% @}Shod according to the present invention ("HPH') as
described in 5 anple 1. In the HPH step the pressure was 800 bar and the

nozzl e

Method as above characterized in that the high-pressure
homogenization is carried out by putting the infected cells into a high

10 pressure chamber, increasing the pressure in the chamber and ejecting
the infected cells through a nozzle.
Method as above characterized in that the pressure in the chamber is
increased to a value in the range of 200 to 1000 bar.

15
Method as above characterized in that the nozzle has a diameter in the
range of 0.10 to 0.6 mm.
Method as above characterized in that the poxvirus-containing

20 homogenate is subjected to at least one purification step to obtain a
poxvirus-enriched fraction.
Method as above characterized in that the at least one purification step
is an ultrafiltration step.

25

Method as above characterized in that the ultrafiltration is a cross-flow-

filtration.



had a dianeter of 0.25 mm At the end of the honpgenization step the virus
titer was again determ ned. WO 03/054175 PCT/ EP02/ 14179 25 Exanple(s) The
fol | owi ngwexawpiiexs) will further illustrate the present iPer@pPn/ons9 |t

will be well understood by a person skilled in the art that the provided s
exanple(s) in no way may be interpreted in a way that limts the
applicability of the technol ogy provided by the present invention to this
exanpl e(s). Exanple 1: Honobgeni zati on of23poxvirus-cell-suspensions by using
a 10 high pressure honogeni zer Chicken enbryo fibroblasts (CEF) cultivated
inroller flasks have been infected mﬁth NVA—BN ( ECACC V00083008). The

i nfected I bj ecte fr t

Uit cel |- s NESBRG RAbaYs G aasherizad b bR T CRrs LT AN GLfp 2

Di ti , 3Dy

Ki ﬁgggn; O\r/]va%éfet g&j&%‘ﬂ%&‘@gﬁ% hﬁgt e@ésr%éd\? rus- ceEF‘P@suspeH{sJ?oEgEor each

run. I n ordeor smaliedehtnf@.1tha. opti mal honopgeni zation conditions nozzle

dianeters in the 20 range of 0.18 to 0.40 mm and pressures in the range of
200 to 1000 bar were tested. The crude suspension was subjected to the

hi gh _pressu e er was
used accor di N&tﬁgg{%‘}? &%’(ﬁ\%t ¢|ﬁ)%ta|%g§@2é% ﬁiatn%ﬁ%%i e{Jﬁ?Z{P tﬁ?%l%ﬁg ﬂg i on of
the met hod \A@ﬁle@s@%teeéblmhm@mdrﬁétdgabhz dtbp@s cagrie@oudescribed in exarrpl e
2. In prelimnary studies it was found that jet dianeters |arger than 0.4

nm have no positive influence on the honpgenization results. Wth the
Method as above characterized in that the obtained poxvirus-containing

homogenate or poxvirus-enriched fraction is freeze-dried

10
Poxvirus-containing homogenate or poxvirus-enriched fraction obtained
by a method as defined above.
Poxvirus-containing homogenate or poxvirus-enriched fraction as above
15 as vaccine.
Use of the poxvirus-containing homogenate or poxvirus-enriched
fraction as above for the preparation of a vaccine.
20 Method for the vaccination of an animal, including a human, in need

thereof characterized by the administration of a poxvirus-containing
homogenate or poxvirus-enriched fraction or a vaccine as defined above

to the animal body.

25



WO 03/ 054175 PCT/ EPO2/ 14179 26 nozzle dianmeters of 0.18 nm 0.25 nm and
0.35 mmthe best results were obtained by subjecting the virus-cel
suspensi oWomnosHrd a pressure of 800 bar. At these condi PCOEPONOHMA] Or
difference in ternms of titer have been observed. 5 The nethod according to
the present invention was conpared to the direct flowthrough ultrasound
treatnent known fromthe prior art. The results are sumarized in figure
1. Conpared to the ultrasound treatnent,fhe nethod according to the
present invention resulted in a 10 higher virus titer and a better
honogeneity of the suspension, so that it is nore suitable for further
downst ream processi ng. Exanple 2: Titration of Mdified Vaccinia Virus
Ankara (MVA) 15 The titration of MHEI8Yredeg8REsni a virus Ankara (MVA) is
performed in a TClID50-based assay using 10-fold dilutions in a 96-well
format. At the endpoint of the assay, infected cells are visualised using
an anti- vacqipupe Yi CEF @i iPPebte@WitAMERIBIOWdral &yt5beidd fifaFRdadim@n. 20
2-3 day old primary CEF (chicken enbryo fibroblasts) cells are diluted to
1 x 105 cel | ghawing cyeteRRNObtaio af i s-dell suspersiane Toenkrws tikersof thepl i cat es

per dilution. Follow ng di]ution 00 (err)| ,are seede e Il of
6. wel 1 bl at suishepRidn ps defeimiind gackschbes TigRrTae 2l tuiftes2 25
Di lutions of il bl S i i ey i O 0lgdyst eps
(10(err) to 1|:;0J(”grI r trcgioggﬁ g%lr' :Vgt@es)sﬁlusibitegg[baPﬁlc}emﬂ?%oLtm%t 'épgggf f serum
Then, 100 | duspeasiorvivassubiaqiked tosa adoexgenizdtiven cedthocokavmifrgnibel s. WO
03/ 054175 PCT/ EP02/ 14179 27 The 96-well-plates are incubated at 37C with
5% C02 for 5 Ridfsaftdy using ultrasound (“Sonifier”) or to the homogenization

method according to the present invention (“HPH") as described in

10 Example 1. In the HPH step the pressure was 800 bar and the nozzle
had a diameter of 0.25 mm. At the end of the homogenization step the

virus titer was again determined.



allow infection and viral replication. Cells are stained 5 days after
infection with a vaccinia virus specific 5 antibody. For the detection of
t he speciwoasastizbody, a horseradi sh peroxi dase (HRP) cowrgrgpozeaondary
anti body is used. The MVA specific antibody is an anti-vaccinia virus
anti body, rabbit polyclonal, 1gG fraction (Quartett, Berlin, Gernmany
#9503. 2057). The secondary antibody is anti-rabbit 1gG antibody, HRP
coupl ed goat polyclonal 10 (Pronmega, Mamggheim Germany, # W011). The
colour reaction is <carried out according to known techni ques. Every well
with cells that are positive in the colour reaction is marked as positive
for the calculation of the TCID50. 15 The titre is cal culated by using the
formul a of Spearman [1l] and KaerberEfQ?Uﬂﬁﬁﬁause all assay paraneters are
kept constant, the following sinplified fornula is used: Ca+l, 5+8+8+8
Virus titre [TclD50/mM ]=10 a = dilution factor of last columm, in which al

ei ght vells gpe foRBWRAS kb I&E) il eierofluBRsitbithe peIdent iinverttiommita+l
xb = nunber of positive wells in colum a+2 xc = nunber of positive wells

in col um a+@i\DeOBEDIALRESROT BPOR peAIqTe skillesl incthir agt Hratadwnprevidede BN
42 PCT Intemati onal plicati No. f. b | NDI I . ATl NG
TO A BEPCS| T ) e hﬁgﬁag’? pesy péﬂeéﬁé%ﬁ?%e%/‘im%ewmﬁ%l; it T

bel ow r el at et gl hg, i HP PRI RBEISRIBEY §rooRIdLby Rhb tedBRE RNt M tthiBage 3
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example(s).

Example 1: Homogenization of poxvirus-cell-suspensions by using a

10 high pressure homogenizer

Chicken embryo fibroblasts (CEF) cultivated in roller flasks have been
infected with MVA-BN (ECACC V00083008). The infected cells were
subjected to freezing and thawing to obtain a virus-cell-suspension.

15
A Basic Z+ homogenizer from Constant Cell Disruption Systems (Low
March, Daventry, Northants, NN114SD, United Kingdom) was loaded
with 50 ml of the crude virus-cell-suspension for each run. In order to
identify the optimal homogenization conditions nozzle diameters in the

20 | range o;‘ 0.18 to 0.40 mm and pressures in the range of 200 to 1000
bar were tested. The crude suspension was subjected to the high
pressure homogenization one, two or three times. The homogenizer
was used according to the instructions of the manufacturer. The
evaluation of the method was executed by monitoring the titer as

25 described in example 2.

In preliminary studies it was found that jet diameters larger than 0.4

mm have no positive influence on the homogenization results. With the
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treatment the method according to the present lnventlon resulted in a
10 higher virus titer and a better homogeneity of the suspension, so that it

is more suitable for further downstream processing.
Example 2: Titration of Modified Vaccinia Virus Ankara (MVA)

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

vaccinia virus antibody and an appropriate staining solution.

20 2-3 day old primary CEF (chicken embryo fibroblasts) cells are diluted
to 1 x 105 cells/ml in 7% RPMI. 10 fold dilutions are done with 8
replicates per dilution. Following dilution, 100 ul are seeded per weil of
96-well plates. Cells are then incubated over night at 37°C and 5% CO..

25 Dilutions of the virus containing solutions are made in 10-fold steps
(10! to 1012 as appropriate) using RPMI without fetal calf serum.

Then, 100 pl of every virus sample is added to the cell containing wells.
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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
5 antibody. For the detection of the specific antibody, a horseradish
peroxidase (HRP) coupled secondary antibody is used. The MVA
specific antibody is an anti-vaccinia virus antibody, rabbit polyclonal,
IgG fraction (Quartett, Berlin, Germany #9503-2057). The secondary
antibody is anti-rabbit 1gG antibody, HRP coupled goat polyclonal
10 (Promega, Mannheim, Germany, # W4011). The colour reaction is

carried out according to known techniques.

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

15 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:

[aﬂ,sﬁ_ux_ui]
Virus titre [TCID50 /ml] =10 580
a = dilution factor of last column, in which all eight wells are
20 positive
Xa = Nnumber of positive wells in column a+1
X, = number of positive wells in column a+2

X, = number of positive wells in column a+3
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Salisbury, SP4 OJG
United Kingdom

Date of deposit AccessionNumber

January 27, 1994 94012707

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet I:l

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated States)

E. SEPARATEFURNISHING OF INDICATIONS (leave blankifnotapplicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession
Number of Deposit")

pr—mmeee  For receiving Office use only For International Bureauuseonly =~ ee————

m This sheet was received with the international application D This sheet was received by the International Bureau on:

Authorized of] Authorized officer

Fopfhi PCT/RO/134 (July 1992)
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TO Prof Dr Dr h.c_ nmult Anton Ma r VIABILITY STATEMENT Bockneyrstrasse 9

i ssued pursuant to Rule 10.2 by the 80992 Munchen | NTERNATI ONAL DEPCSI TARY
AUTHORI TYWoG@ansany, identified on the followi ng page NAMBCANIPOAXDDRESS OF
THE PARTY TO WHOM THE VI ABI LI TY STATEMENT IS I SSUED -1. DEPCSI TOR ||

| DENTI FI CATI ON OF THE M CROORGANI SM  Nane: Prof Dr Dr h.c. nult Accession
nunber given by the Anton Mayr | NTERNATI ONAL DEPGCSI TARY AUTHORI TY:
V94012707 Address: Bockneyrstrasse 9 80992 Munchen Date of the deposit or
of the transfer: Germany 27th January 1994 111. VIABILITY STATEMENT The
viability of the mcroorganismidentified under Il above was tested on 27th
January 1994 2. On that date, the said mcroorganismwas 3 Al viable 3
F-1 no longer viable |I Indicate the date of the original deposit-or, where
a new deposit or a transfer has been nmde, the nost recent relevant date
(date of the new deposit or date of the transfer), 2 In the cases referred
toin Rule 10.2(a) (ii) and (iii), refer to the nost receng vi apidiity

tort. 3 Nﬁéf with a cross the applicable box. R
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Dr. Alan Doyle,

Curator.
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Form SP/9 (first page) 31 WO 03/054175 PCT/ EP02/ 14179 V. CONDI Tl ONS UNDER
WIIC I TI1E VIABILITY TEST HAS DFEN PERFORVED V. | NTERNATI ONAL DEPGCSI TARY
AUTHORI TYWwhNaams41DF A. Doyl e Signature(s) of person(s) havipag/mPamigoner to
represent the International Depositary Authority or of authorized

official (s): Address: ECACC CAVR ~I™TEPRFIOM i98%n Date: 28th Ju Salisbury,
SP4A AJG UK. 4 Fill in ii_mthe I nformati on has been rergg%ggxgd and if the
resul {® of the test re hegat i RFEEIPT Poryh BRY OF eHa: ast page) 32 WO
03/ 054195 BCYTEPG2/ 14179  Appl i GRBE.B85s °r“;é‘é§&§'(:§§2%ﬁgy BN 42 PCT

| nt er nat*PERTat@8Hpl i cation No. retersacentmberor NDI*EATONS RELATI NG TO A
DEPOS| BPER " | SM (PCT Rule 13bis) A The indications made bel ow

rel at %g@@ﬁ%cﬂ?%roorgani smreferred to in the description on page 8 ,
|ine 22~ 93 Y@xe MBEMPRESF CATI ONOFDEPOSI T Fur t her deposits are identified on an
addi t benal sRBBFK&he of-/depositary institution ECACC European Col | ection
of Cell Cultures Address of depositary institution (including postal code

h_ Col K
y—&—Researech—Sal+sbury

. i |
and country) Centre-for Applied Mcrobiology—&Res

I. IDENTIFICATION OF THE MICROORGANISH

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Vacciniavirus Strain MVA V94012707

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
[ § | a scientific description
| ] a proposed taxonomic designation

(Matk with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

This International Depositary Authﬁzity accepts the microorganism identified under I above,
which was received by it on 27/1/94 (date of the original deposit)

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depositary Authority on (date of the original deposit) and
a request to convert the original deposit to a deposit under the Budapest Treaty
was received by it on (date of receipt of request for conversion)

V.. INTERNATIONAL DEPOSITARY AUTHORITY

Name: Dr A. Doyle Signature(s) of person(s) having the power
to represent the International Depositary
ECACC, CAMR Authority or of_authorized official(s):
Address: Porton Down bate: P(i\;ﬁ-x—'
Tes3:  Salisbury, SP4 0JG, UK 28th 994
L Where Rule 6.4(d) applies., such date is the date on which the status of international depositary

authority was acquired.

Form BP/4 (sole page)
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Wltshire SP4 QJG United Kingdom Date of deposit Accession Number Decenber
7, 2000 00120707 C. ADDI TI ONAL | NDI CATI ONS (| eave blank if not applicable)
Thi s i nf owoaBiosn17s s conti nued on an additional sheet |n PexmPor/14f9 al |
designated States to which such action is possible and to the extent that
it is legally permssable under the |aw of the designated State, it is
requested that a sanple of the deposited m croorgani smbe nmade avail abl e
only by the issue thereof ttrortan 1rirdeperdent eesseane,. | n accordance wth the
rel evant patent |egisl é{iﬁ(’agﬁ?,%?dm},g;gg@ SRR e hih: UK Patent Rul es 1995,
Schedul e 2, Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act
Sections 22 and 33(3) and gener%[é@( sTi m | ar provisions mutatis mutandis for
any ot her designated State. D. GNATED SFATES FOR WHI CH | NDI CATI ONS ARE
MADE_(if the indications e notfor all designated States) E. SEPARATE

FURNP SHI NG OF | NDI CATI ONS (| eave blank if not applicable) The indications

| i sg'é B‘éID(EV\P\ﬁi'IleeA“%’br%a fed tQuthey kiterRati onal Bureau |ater (specify

t he BEBELA "l uf e of the indi catis RS pexsgans coAucessizow sunber of Deposit™)
For cLeGeyving Ofice use only FRTERHY e Na OF Ok lg:qgfé%ﬁi'rhseonl y This
sheetwas received with the international applicati oh'°Thi s sheet was
received by the International Bureau on: Authorized officer KEG'

Aut hori zed officer 1IA"N ~~1 L F TIRO 134 (July 2) 33 WD 03/054175 ..

PC/ B P Y at Srp S E Ohedn Coll edon of Cell Cultures Centre for Applied
M dr obi ol ogys amsueResear ch [European Col | ection of Cell Cultures

1. DEPOSITOR II. IDENTIFICATION OF THE MICROORGANISM

Name: Prof Dr Dr h.c. mult Accession number given by the
Anton Mayr INTERNATIONAL DEPOSITARY AUTHORITY:
V94012707
Address: Bockmeyrstrasse 9
80992 Munchen Date of the deposit or of the transfer:
Germany 27th January 1994

ITI. VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested

on 27th January 1994 2 on that date, the said microorganism was

3
viable
3

[::] no 1ongef viable

Indicate the date of the original deposit or, where a new deposit or a transfer has been
made, the most recent relevant date (date of the new deposit or date of the transfer).

In the cases referred to in Rule 10.2(a) (ii) and (iii), refer to the most recent viability
test.

Mark with a cross the applicable box.

Form BP/9 (first page)
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Thi s docunent certifies that Virus (Deposit Ref. V00120707) has been
accepted as a patent deposit, in accordance wth The Budapest Treaty of
1977, w twodesdas opean Col | ection of Cell Cultures on 7ThdxErewer7o 2000
L Dr P J Packer Quality Manager, ECACC "\ |
V) European Col l ection of Cell Cultures, CAMR Salisbury, Wltshire SP4 QIG
UK. T;:'" " r,741''n Tel: 44 101 1380 612512 Fax: 44 101 1980 611315 Enmail :

ecacc@am e, g 34 054175 PCT/ EP02/ 14179
Pagd’ LR SLBI{}EYF%\E&L@T( e T RTER “'%k” ’% '%) ; | TI ON_OF THE DEPCSI T OF
M AN SM5 FOR THE PURPOSES OF PATENT PRCI:EDURE TO | NTERNATI O\IAmM
BAVARI AN NORDI C RESEARCH | NSTI TUTE GVBH FRAUNHOFERSTRASSE 18B D- 82152
MARTI NSRI ED GERMANY NAMVE AND ADDRESS L_ OF DEPCSI TOR |. | DENTI FI CATI ON OF
THE M CROORGANI SM | denti fication reference gi ven by the Accession nunber
given by the DEPOCSI TOR | NTERNATI ONAL DEPCSI TARY AUTHORI TY:

V. INTERNATIONAL DEPOSITARY AUTHORITY

"1 Name: Dr A. Doyle Signature(s) of person(s) having the power
' to represent the International Depositary
- Authority or of authorized official(s):
Address: ECACC A L;_ I

CAMR %

Porton Down Date:  ogiy JU 4
Salisbury, 3P4 0JG, UK.

4 Fill in if the information has been requested and if the results of the test were negative.

Form BP/9 (second and last page)

32



MVA- 575 V00120707 1i. SClIENTIFI C DESCRI PTI ON ANDY OR PROPOSED TAXONOM C
DESI GNATI ON The m croorgani smidentified under | above was acconpani ed by:
A sci ent i Wio3@e605 i pt ion A proposed t axonomi ¢ deS| gnat i on Pc(rl?\mmkllwn h a

Cross Whers il e ©)

Deposi t qrferedertubtor | ty acceot%"‘izﬁé”m croor gani sm | i fi A l
whi ch was received by it on 7TH Decenber 2000 (date of the original
deposit)' V. RECEIPT OF REQUEST FOR CONVERSI ON The m cr oor gani sm
identified under | above was received by this International Depository.
Aut hority on (date OINDICKTIONS BELXINING 80 ADEPPSITEN MICROORGARISM t 0 convert the
original deposit to a deposit under the Budapest Treaty was received by it
on (date of receipt of request for ®IRHEA¥isbn) 1V. | NTERNATI ONAL
DEPOSI TORY AUTHORI TY Nane: Dr P J Packer Signature(s) of person(s) having
the power _to represent the | nternational Depository —Adt-hority—or—ef—
aut hor i Zed Tfinfif ﬂéqna’lldée(béawfel%zme'SYS‘”g“E@R@&dm/“me@XW‘POrton Down Date: 1~ J
231310 || Sukicsbury SP£ Q3G 1 Whbre Rule 6 %) —appties, such date is the
ggt e (r)gd msﬁmﬁf&ﬁii@kyﬁo@ﬁ I nt er nat i onal dx«%mslgpt)samlderammrraamnama ]

[ AC
24qu Nameofdeposntarymsntutlon ECACC
European Collection of Cell Cultures

Page

Address of depositary institution (including postal code and country)

Centre for Applied Microbiology & Research
Salisbury

Wiltshire SP4 OJG

United Kingdom

Date of deposit Accession Number
December 7, 2000 00120707

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATEFURNISHING OF INDICATIONS (leave blankifnotapplicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession
Number of Deposit”)

Forreceiving Office useonly For International Bureauuseonly — se——
@ This sheet wasreceived with theinternational application l:l This sheet was received by the International Bureau on:
Authorized off] Authorized officer
Y N \Q\C?
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BUDAPEST TREATY ON THE | NTERNATI ONAL RECOGNI TI ON OF THE DEPOSI T CF
M CROORGANI SM5 FOR THE PURPOSES OF PATEI\FI' PROCEDURE | NTERNATI ONAL FORM TO
T | NSTI TUTE GVEHTVmwed7 ur sant

£ SELL SDUJTioN ‘ -
NTIFICATIChggﬁ THE M CR NI'SM NaWE BAVARI AN
GVBH Accessi nunber given by the .1 NLERNATI ONAL

>00120707 Address: FRAUNHO ERSTRASSE 18B D- 82152

VK : ate of the deposit or of the trang enber

“I'l. VIABILITY STATEMENT The viability of g tlfled
under 11 above was tested on On that date, tH# s
viable F-] 3 no longer viable 1 Indicate thefx p05|t
or, where a new deposit or a transfer has be¥ rel evant

dat e (date of the new deposit or date of the transfer) 2 In the cases
referred to in Rule 10.2 (ai (ii) and (iii), refer to the npst recent
I

viabili t@entre for Applied Microbiology and Research
&
European Collection of Cell Cultures

This document certifies that Virus
(Deposit Ref. V00120707) has been accepted as a patent deposit,
in accordance with
The Budapest Treaty of 1977,
with the European Collection of Cell Cultures on 7™ December 2000

Dr P J Packer
Quality Manager, ECACC

( R ,\ \I P Eurapean Collection of Cell Cultures, CAMR, Safisbury, Wiltshire SP4 0JG UK.
T it Tel: 44 (D) 1980 612512 Fax: 44 {0) 1980 611315 Email: ecacc@camr.org.uk Web Site: ecace.org.uk
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test. 3 Mark with a cross the applicable box. FormBP/ 4 (first page) 36 WO
03/ 054175 PCT/ EP02/ 14179 Appendix 3 Page 25 |V. CONDI TI ONS UNDER VWH CH THE
VI ABI LI TYWOESDsHAS BEEN PERFORMED MWA-575 - V00120707 THIPSTHPRLSHTAS
TI TRATED ON BHK CELLS TClD50 106.5 V. | NTERNATI ONAL DEPGSI TARY AUTHORI TY
Name: Dr P J Packer ECACC CAMR Signat Uf&(%) of person(s) having the power
to rﬁpreSEnt thg IPFernafzéggﬁaﬁgd?igggg ;EAmmmmﬂmngégton Down Aut hority
or of authorized officia e: 23131L~Q SP4 AIG
~a [TIVW 4 Fill inif EDTE ofhatlé%zgﬁ%pégggﬁfgquested and if the
re}E?Es of the test were nedative. *NFRHMBPFRY(second and | ast page) 37 WO
03/ @5%1Ip8 NpROTY ERERRFHIA179 Certificate of Analysis Product Description
NVATﬁiﬁwéﬁggﬁghqaaNunber 00120707 Test Description: Determ nation of TCl D50
oyt2opatrRitesrRMor us titration. (SOP ECACC/ 055) Cell Acceptance
Crlﬁ‘WPHn/SpeC|f|catlonlcrlterla Negative controls should show no sign of

Cytopathic effects. The Test Sanple is serially diluted intoin 4 wells of
NAME AND ADDRESS

I OF DEPOSITOR I

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the )
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
MVA-575 v00120707

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

A proposed'taxonomic designation

(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

This International Depository Authority accepts the microorganism identified under I above,
which was received by it on 7™ December 2000 {date of the original deposit)!

Iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository .Authority on - : (date of the original deposit) and

A request to convert the original dep031t to a deposit under the Budapest Treaty

was received by it on (date of receipt of request for conversion)

Iv. INTERNATIONAL DEPOSITORY AUTHORITY

Name: Dr P J Packer Signature(s) of person(s) having the power

to represent the International Depository
Authority or of(iithorlzed officials(s):

23/310.

Address: ECACC

CAMR ,S‘Z
Porton Down Date:

Salisbury SP4 0JG

1 Where Rule 6.4(d) applles, such date is the date on which the status of international depositary
authority was acquired

Form BP/4 (sole page) 1991
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indicator cell lines for each dilution. Cytopathic effects indicate that
virus is present. Virus titre is calculated using the bel ow equation where
X 1s the wela®s41epht ai ned from a standard TCl D50 Tabl e as &Cmapor/ia410d t he
distribution of the wells displayi ngPI ess than 4 positive wells per
dilution, and y is the value of the hi‘ghest dilution where all 4 wells are
positive: TCID50 = 1 X 101+"BUDP§:5TM_! oN QEQINTERIATRBL| t © | ndi cat or Cel |

Line: BHK 21 CLONE 13 Ned&tEy & baRatnl e o P s e e ™ anpl e:  CPE
Distribution of less that 4 positive wells: 4, 4, 0 X 0.50 Y: 10-5
TCID50 =1 x 10' + 0.50 10-5 = 10GRPTOM 8FY Result: Virus Present Test
De i ption: The Detectio f Mycopl asma by Isolation on Mycoplasma Pi g
SeEEJr'n Agar and in Mcopl as Horse Serum Brot h. SOP QC/ MvCO/ 01/ 02
Ackcepytramc BorGYci teerarain/ Speci f il cat i ofpogit T BBSTETVE Gontygls (M pneunoni ae &
M %&ﬂéﬁ;ﬂ%g .Show evi dence of BsaBsERysIiAypheskieol ony formation on
agap-splsateginsBrent hs  are subcul t uridertohtdoenMpe dprasnaP®®t g Serum Agar where
evi B&E€ of mycoplasma by typical colony formation is evaluated. All
negative control agar plates nmust show no evidence of m crobial grow h.

The criteria for a positive test result is evidence of nycopl asma by
Sahecuk, Elsflfﬁrggﬁﬁ;mmon agar. A negative result will show no such

typi
ev] dence. IS ISSUED ‘

I. DEPOSITOR 1I. IDENTIFICATION OF THE MICROORGANISM
Name: BAVARIAN NORDIC RESEARCH INSTITUTE GMBH Accession number given by the
INTERNATIONAL DEPOSITORY AUTHORITY:
00120707
Address: FRAUNHOFERSTRASSE 18B
D-82152 MARTINSRIED Date of the deposit or of the transfer:
GERMANY 7™ December 2000

II. VIABILITY STATEMENT.

The viability of the microorganism identified under II above was tested
on 2" On that date, the said microorganism was

viable

no longer viable

1 Indicate the date of the original deposit or, where a new deposit or a transfer has been
made, the most relevant date (date of the new deposit or date of the transfer).

2 In'tﬁe cases reférred to in Rule 10.2 (a).(ii) and (iii), refer to the most recent viability .
test. '
3 Mark with a cross the applicable box.

Form BP/4 (first page)
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Test Nunber: 21702 Date: 12/02/01 Result: Positive Control: Positive
Negative Control: Negative Test Result: Negative Overall Result: PASS
Aut hori seWOMBIOS4175 . . . .. .. .......... ECACC, Head of QualityPCTSiPpmyid4179. ..
Date Pagel of | 38 WD 03/054175 PCT/ EP02/ 14179 Certificate of Analysis
Product Description M/A-575 Access!™8H*Nuftber 00120707 Test Descri pti on:
Det ecti on of Mycopl asma using a Vermgénsli cator cell |ine and Hoechst 33258
fluorescent detection system SOP QC/ MYCO 07/ 05 Acceptance

Criterion/ Specification: The Vero cells in the negative control are clearl

seenfas fluorescing nucler wth no cytoplasmc fl|yorescence. Positive

cont £ O+ ( MONBIFEINE \ONGD SEXCH SHoW P BRI SRT O My Copliasma as fl uoresci ng nucl ei

pl us [extTa nuctear fiuorescence of nycopl asima DNA. Positrve test results
appear as extra nucl ear fluorescence of mycopl asma DNA. Negative results
show| pa-sytopbasi,c fluorescence. Test Nunber: 21702 Date: 12/02/01

Resuljt: Positive Control: Positive Negative Control: Negative Test
Resul| %18 NEJA TP 8TTREB5R PAPTF RESUICL PASS

V. INTERNATIONAL DEPOSITARY AUTHORITY
: Dr P J Packer .
name CC CAMR Signature(s) of person(s) having the power
' ECA to represent the International Depositary
Address: Porton Down Authority or of authorized official(s):
Salisbury :

Wiltshi ' ‘
wileshize ee: 23030 SR

"4 Fill in if the information has been requested and if the results of the test were negative.

Form BP/9 (second and last page)
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Test Description: Detection of bacteria and fungi by isolation on Tryptone
Soya Broth (TSB) and in Fluid Thioglycollate Medium (FTGVM. SOP

QC/ BF/ 01/wd 0dosaps ance Criterion/ Specification: Al positipce/BPoni4104 s
(Bacillis subtilus, Costridium sporogenes and Candida al bi cans) show

evi dence of microbial growh (turbidity) and the negative controls show no
evidence of mcrobial growh (clear). The criteria for a positive test is
turbidity in any of the test broths. Al broths should be clear for

negative test result. Test N . : @2/ 01 Result: Positi
Control: Positive Negative ﬁ%@ﬁ&ﬂéﬁmﬁ%ﬁmm t: Negati ngI thve
Overall Result: PASS , S~31o tz PL_ECACC Head of Quality.. ..... Dat e

Aut hor i sed Bxpduct Description MYAR%e 2 of 4 39 WD 03/054175

PCT/ EP02/ 14A0@ssigpp¥umbert ' s or (432007s file BN 42 PCT | ntemational
application _No. reference nunber | NDICATI ONS RELATI NG TO A DEPOSI TED

M CROORGANLSM (PCT Rul e 13bis) A. The indicatiqps made e.t.0 the
ni cr oor gani 553 Pesgriptiensd t o ?ﬁ‘?”f“ﬁ%“"ﬂ%fg(,ct“?sb?ficlﬁtﬂpathbcgnrﬁﬁtﬁrét'@" ,Psapi%#é‘rcﬁogst)Bc.eh ‘
g D OBk ol L ASRAR L Qo AE: b SRR 8 ol
eposi ar(YythpBﬁi lebttts! Ofhebes mple is serially diluted into in 4 wells of
indicator cell lines for each dilution. Cytopathic effects indicate that virus is
present. Virus titre is calculated using the below equation where x is the value
obtained from a standard TCIDs, Table as a result of the distribution of the wells

displaying less than 4 positive wells per dilution, and y is the value of the
highest dilution where all 4 wells are positive:

TCIDy= 1 x10™*

y
Date: 19/01/01
Result: Indicator Cell Line: BHK 21 CLONE 13
Negative Control: NO CPE
Test Sample: CPE
Distribution of less that 4 positive wells:  4,4,0
X 0.50
Y: 10°
TCIDso= 1 x10'*%%
10°
Overall Result: " Virus Present
Test Description: The Detection of Mycoplasma by Isolation on Mycoplasma Pig Serum Agar and
in Mycoplasma Horse Serum Broth.
SOP QC/MYCO0/01/02
Acceptance Criterion/Specification: All positive controls (M. pneumoniae & M. orale)

must show evidence of mycoplasma by typical colony formation on agar plates. Broths
are subcultured onto Mycoplasma Pig Serum Agar where evidence of mycoplasma by
typical colony formation is evaluated. All negative control agar plates must show no
evidence of microbial growth.
The criteria for a positive test result is evidence of mycoplasma by typical colony
formation on agar. A negative result will show no such evidence.

Test Number: 21702

Date: 12/02/01
Result: Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
Authorised bylg(z\/[‘/ ..... Seveseneens ECACC, Head of Quality..§(—.g.(9/. ..... Date

Page lof 1
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European Col l ection of Cell Cultures Address of depositary institution

(i ncluding postal code and country) Centre for Applied M crobiology &
Research walsbury WIltshire SP4 QJG United Ki ngdom Dat @ecafEpdzpas? t
Accessi on Number August 30, 2000 00083008 C. ADDI TI ONAL | NDI CATI ONS (| eave
blank if not applicable) This information is continued on an additi onal
sheet In respect of all designated States to which such action is possible

and to the extent that it is | 3 ' er the |l aw of the
designated State, it is reques‘t?g?tiw gaﬁ%algbgygiﬁe deposi ted

m croor gani sSm be nmade avail able _only by the issue thereof to an independent
expert, in XeedwetDeseriptipn h t he M¥EPY/Ant patent legislation, e.g., EPC Rul e
28 (4); UK PecessionRNuaberoos, sSOABMIPE 2,  Paragraph 3; Australian

Regul ation 3.25(3); Danish Patents Act Sections 22 and 33(3) and generally
simlar provisions nutatis nutandis for any other designated State. D.

DESI GNATED -\, = theTndi ' are
notfor all SIF ﬁlogﬂc Vel(o =ui rﬁl%tggés(l eave
bl ank if not applicable) Thkep IS isted below will be submitted to -
the International Bureau |later (specity the general nature ofthe

i ndications e.g. 1Ac'c'e$€h(ﬁ€esé'iit%n/§})tm&fonpfheD@@Q&is‘in"the e@kivd BRli od dgrifediace use
only For InternationalfuBecBg tudks &itoml cytopiiting: fRbreeéncaressitive Cartrdl @d. ondl/é) mutthe

i nternational appli catshawevldencd bfinsycsphaed as fiesestiagiivigbhs txyra turkarlfingrescanet df onal
Bureau on: Aut hori zeonyceplastialDRAr Positiedestrsuitoappearns xiraauclemflupeso@ey of/ 134 (Jul y

1992) 40 WD 03/ 054175 nBOHaERODNA 4Neggive results shppv no cytoplagmig fugrescence.nry ~  g'  ~

\~rg4~r~l~lll- 1 >~,,, - Z)k- _-Yi d +r

Test Number: 1702

Date: 12/02/01

Result: ,
Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS

Test Description: Detection of bacteria and fungi by isolation on Tryptone Soya Broth (TSB) and

in Fluid Thioglycollate Medium (FTGM). SOP QC/BF/01/02

Acceptance Criterion/Specification: All positive controls (Bacillis subtilus, Clostridium.
sporogenes and Candida albicans) show evidence of microbial growth (turbidity) and the negative

controls show no evidence of microbial growth (clear).
The criteria for a positive test is turbidity in any of the test broths. All broths should be clear for

negative test result.

Test Number: 21702

Date: 12/02/01
Result:
Positive Control: Positive
Negative Control: Negative
Test Result: Negative
Overall Result: PASS
Authorised by........ P’SPJ/ ................ ECACC, Head orQuality...‘.S.'.(é./Q.( ..... Date

Page 2 of 4
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{yJ, 6aL.? *. , e..cjcc .. iii 4 . "i . ail, {fr Centre for Applied
M cr obi ol ogy and Research European Col | ect | on of Cell Cultures This
docune.n.r__wemBA'OSaileﬁ_LhaL_M_Lus_(_De.po&i V00083008), ha®ClygPa2/a0¢ d as
a pat|efipicaepperts c i n accan dapce with @mﬁﬁﬁgﬁ8§WNTreaty of 1977, with the

Eur of ean—correctomof—€et—€utttres SOTH AuUgust—2066—Dbr—P—3—Packer
Qual ity Manager, ECACC European Collection of Cell Cultures, CAMR
Sallsbury, Wltshire SP4 Q)G UK. ""Ji;;,l,", Tei: 44 (01 1980 612512 Fax:

44 (01 ' 1980 691315 Email CCacCh4COnr-urn uk Web 5it:: ucacc.org.uk 41 WO
03/ 054175 PCT/ EPOZ'NP!@WONIEBFMBWT‘MPFEPS EDMICROORGANISM  page 25 | V.
CONDI TI ONS UNDER WHI CH THE VI ABI LI %E ?&E égg?\y BEEN PERFORVMED V00083008 -
MVA- BN VI ABI LI TY OF WA-BN WAS TES NG THE VI RUS ON BHK CELLS AND
CALCULATI NG THE TCD50 V. | NTERNATI O\IAL DEPOSI TARY AUTHO?I TY Nane: Dr P J

Packe gn of—pe rg
Por t dri G@mlcmnsmfﬁ P%@é‘ﬁ‘t‘c “t“l’?é“cr"ﬁ"ta’fé?“hréff‘i“eéﬁ Hthe B&ﬁ@@? tar y
onpage ,line
B. IDENTIFICATIONOFDEPOSIT Further depositsare identified on an additional sheet D

Name of deposxtary institution ECACC
European Collection of Cell Cultures

Address of depositary institution (including postal code and country)

Centre for Applied Microbiology & Research
Salisbury

Wiltshire SP4 OJG

United Kingdom

Date of deposit Accession Number

August 30, 2000 00083008

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet I:l

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a sample of the deposited
microorganism be made available only by the issue thereof to an independent expert, in accordance
with the relevant patent legislation, e.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated State.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATEFURNISHING OF INDICATIONS (leave blank ifnotapplicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession
Number of Deposit")

———————— Forreceiving Office use only ForInternational Bureauuseonly = se———
m This sheet was received with the international application E] Tkis sheet wasreceived by the International Bureau on:
=7 a
Authorized gHficer Authorized officer
. .. ‘Q
. ARk
N I\ R

Form PCT/#0/134 (July 1992) o



Aut hority or of authorized official(s): Salisbury Wltshire Zz SP4 QIG
Date: | tt I1 ~~~:. ~~"" -"LC'" 4 Fill inif the information has been
requestedwemd/OSﬂH he results of the t est ver e negatlve 4?2TX1§D02)B¥1®554175
PCT, N R E;ND[E,% e 2 S e A 2V SR S 1k

) | TARY AUTHORI TY D- 82152
MART! NSRI'ED. i dé¥~i f i ed on the f ol | owi nglpage GERIVANY NAME AND ADDRESS OF
THE PARTY" TO WHOM THE VI ABI LI TY OF STATEMENT
I'I. 1 DENTIFI CATI ON OF THE M CROORGANI SM  Narne:
Accessi on nunber given by the I NSTI TUTE GVBH I N
AUTHORI TY: V00083008 Address: FRAUNHCFERSTRA}' E 18

3 | D 82152 (NHRTL“NSRI ED
Date of the deposit or of the transfer:

T s

Centre for Applied Microbiology and Research
| &
European Collection of Cell Cultures

This document certifies that Virus
(Deposit Ref. V00083008) has been accepted as a patent deposit,
in accordance with
The Budapest Treaty of 1977,
with the European Collectlon of Cell Cultures on 30™ August 2000

DrPJ Packer
Quality Manager, ECACC

European Callection of Cell Cultures, CAMR, Salisbury, Wiltshire SP4 0JG UK.
BRI Tel: 44 (D) 1380 612512 fox: 44 (0} 1580 611315 Email: ecaceoameorg uk Web Site: ecace.org.uk
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GERMANY 30TH August 2000 1. VIABILITY STATEMENT The viability of the

m croorgani smidentified under Il above was tested on 2. On that date, the
sai d m crworoganilizsn was 3 viable 1 3 no longer viable 1 | mdrERhB141n® dat e
of trh& Vi gimak deposit or, where a new deposit or a transfer has been
made, the nost relevant date (date of the new deposit or date of the
transfer). 2 In the cases referred to in Rule 10.2 (a) (ii) and (iii),

refer to the nost recent viabilityppetgts. 3 Mark with a cross the

appl i cabl e box. 43 WO 03/054175 PCT/E EP%\I/ 14179 APPENDI X 3 Page 14 BUDAPEST
TREATY ON THE | NTERNATI ONAL  RECOGN('T OF THE DEPCSI T OF M CROORGANI SMS
FOR THE PURPCSES OF PATEI\FI' PROCEDURE TO I l\rI'ERNATI O\IAL FCRM BAVARI AN NORDI C
RESEARE - 2

GERIVI@\NY NAMEITQ\NB ADBRESS THE VGEIIE)EP%T TmEEN PERWI ‘FI CATI O\I OF THE
M CROORGANL-SM

V00083008 ~ MVA-BN -

VIABILITY OF MVA-BN WAS TESTED BY GROWING THE VIRUS ON BHK CELLS AND CALCULATING THE TCD50.

V. INTERNATIONAL DEPOSITARY AUTHORITY
Name : Dr P J Packer .1 . (s) of (s) havi the power
ignature(s) of person(s) having W
ECACC CAMR to represent the International Depositary
Address: Porton Down Authority or of authorized official(s):
Salisbury
Wiltshire ' ;)1:3‘? 2
SP4 0JG Date: i [(2fcl Y EV LS

4 Fill in if the information has been requested and if the results of the test were negative.
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Identification reference given by the Accessi on nunber given by the

DEPGCSI TOR: | NTERNATI ONAL DEPCSI TARY AUTHORI TY:  MVA- BN V00083008 I1.

SCI ENTI FIWODBSSRIFPTI ON AND/ OR PROPOSED TAXONOM C DESI GNATIPOWEPaZ/14179

m croorgani smidentified under | above was acconpanied by: F-1 A scientific

description F-1 A proposed taxonom c designation (Mark with a cross where

applicable) 111. RECEIPT AND ACCEPTANCE This International Depository

Authority accepts the microorgani sm¥d&Hti*fi ed under | above, which was

received by it on 30TH August 2000 (dagee2:0f the original deposit)' 1V,

RECEI PT OF REQUEST FOR CONVERSLON.Ihe mi.grogtdapbem identified under |

above was received by t hirgcdsitrednnatnd Biros:r (08 pocbdrotiysvdut hority on (date of

the original deposit) and ACY BHUREBROSESPF COTRIRFPICCEPH®E ori gi nal deposit to a

deposit under the Budapest Treaty Wasati&&ek3gd by it on (date of receipt of

r est for conversion) . | NTERNATI ONAL DEPOSI TORY AUTHORI TY Nane: Dr P

J Packer Signature(s) of pgrson(s) having the power to represent the

itory Authori $xys:0fry @iaraMgkhor i zed of ficial s(s):
éﬁﬁ%«gﬁjﬁ&&%ﬁ Porton Down Bate: Purssaltlc’o%%ﬂ N’%an t®JG 1 Wiere Rule
'}HO gMSéE 1such date is the Halieron oo boRhes Stgt us of international
de@ tifhority was, acquired Form BP/ 4 (sol e page) 44 1991 WO
03/ 054175 PCT/ EPO2/ 14179

NAME AND ADDRESS OF THE PARTY

TO WHOM THE VIABILITY OF STATEMENT
I IS ISSUED ‘

I. DEPOSITOR II. IDENTIFICATION OF THE MICROORGANISM
Name : BAVARIAN NORDIC RESEARCH Accession number given by the
INSTITUTE GMBH INTERNATIONAL DEPOSITORY AUTHORITY:
V00083008
hddress: FRAUNHOFERSTRASSE 18B
D-82152 MARTINSRIED Date of the deposit or of the transfer:
GERMANY 30™ August 2000
II. VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested
2

on . On that date, the said microorganism was
X 3 viable
3 no longer viable

1 Indicate the date ofithe original deposit orj where a newvdeposit or a transfer has been
made, the most relevant date (date of the new deposit or date of the transfer).

2 In the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viability
test.

3 Mark with a cross the applicable box.

43



Certificate of Analysis Product Description MVA-BN Accessi on Nunber
00083008 Test Description: The Detection of Mycoplasma by Isolation on
Mycopl asnwoRi3gs8es um Agar and in Mycopl asna Horse Serum BCariro2/0R9
QC/ MYCO 01102 Acceptance Criterion/ Specification: Al positive controls (M
pneunonfae & M orate) nust show ev?%fé’?%’é%f nycopl asma by typical col ony
formati on on agar plates. Broths areersubeul tured onto Mycopl asna Pig Serum
Agar where evidence of nycoplgsma by, EQ’Q&EC%IrERﬁﬁE&ﬁY formation is
eval uated. All negative cemibtQrioR@ak:dbadses ofMikoosasI0 cvi dcnce of
m bial growmh. The cri F& THOPURGOSED ST PATYNT RREIFPUREesult i s evi dence of
rr%{d@pl asma by typical coljaﬁ{/ f or nRbd-0R: R agar. A ncgativc result wll
SRoW, RO SHeil - G dence. Test ' Nunber: 21487 Date: 27/11/00 Result; Positive
Contvsnkure Rosi t 1 ve Negative Control: Negative Test Result: Negative
O/eglfgﬁggF&@ﬁ;Fﬁ;BPASS Test Description: Detection of Mycoplasnma using a Vero
I Nnddee@dfor cell1ine and Hoechst 33258 fluorescent detection system SOP
QC/ MYCO/ 01/ 05 Acceptance Criterion/ Specification: The Vero cells in the
negative control are clearly seen as fluorescing nuclei with no
cyt opl asmveefdvuaesessence. Ppsitive control (M orale) nust show evidence
of’ nmycopl aste=&#8 Pk uor esci n§ nucl ei plus extra nuclear fluorescence of

t results appear as extra nuclear fluorescence

of .
I. IDENTIFICATION OF THE MICROORGANISM
Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
MVA-BN v00083008
II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

X A scientific description

A proposed taxonomic designation

{(Mark with a cross where applicable)

III. RECEIPT AND ACCEPTANCE

This International Depository Authority accepts the microorganism identified under I above,
which was received by it on 30™ August 2000 (date of the original deposit)’

Iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International

Depository Authority on . (date of the original deposit) and

A request to convert the original deposit to a deposit under the Budapest Treaty

was received by it on (date of receipt of request for conversion)

Iv. INTERNATIONAL DEPOSITORY AUTHORITY

Name: Dr P J Packer Signature(s) of person(s) having the power

to represent the International Depository
Authority or of authorized officials(s):
Address: ECACC
CAMR EXS B ;
Porton Down Date: N . ':nfi
Salisbury SP4 0JG

1 Where Rule 6.4(d) applies, such date is the date on which the status 6f international depositary
authority was K acquired

Form BP/4 (sole page) 44 1991



Test Nunber: 21487 Date: 27/11/00 Result: Positive Control: Positive
Negative Control: Negative Test Result: Negative Overall Result: PASS

Aut hori sedWomgos417s. ... 1 "~6 . ................. ECACC, HeadTafpotual?yty
..... hDate Page 1 of 2 nuroj98n colleceion of cril cultures ---A EMPFANGEN
04-17Z-00 18:34 VON - AN - TE 02 45 WD 03/054175
PCT/ EPO2/ 14179 Certifi cat eQMF%b?m&&%scri pti on MVA- BN

Accessi o %ﬁnbﬁ 00083008 Te scription;, Detection of bacteria and fungi
by i sol al TSN <bRy T AHBhe Soylgi.‘fig)e (TSB) and in Fluid Thioglycollate

Medi um (£FEY BF/ 01/ 48 Aﬁ%pt ance Criterion/ Specification: All
positive cont roI s (Baeillis subrilus, Costridium spor ogenes and Candl da
al bi canstesthQWigeh:d€NC ETRTDeiRttioh OFNRbpIAMPYY ool e tive
controls show n'g evi denﬁmwéplmm@ﬁlgéﬁm@% hB(JE;: e)glr'ﬁ]%*aﬁggﬁrf‘tﬂ a??gaf or a
positive test I s turbi dbeRQENYEMO10E the test broths. Al broths shoul d be
clear for ative test result. Test Nunber: 21487 Date: 27/1 1/00

Resul t: P05| t frePtaRsh CritsFion/FRsaifigations bROsij¢e comTS (M| preuxianfea & Yeorale)

must show evidence of mycoplasma by typical colony formation on agar plates. Broths
are subcultured onto Mycoplasma Pig Serum Agar where evidence of mycoplasma by
typical colony formation is evaluated. All negative control agar plates must show no
cvidence of microbial growth,
The criteria for a positive test result is evidence of mycoplasma by typical colony
formation on agar. A ncgative result will show no such cvidence.

Tost Number: 21487

Date: 2771100

Result:
Positive Control: Positiva
Negative Control: Negative
Test Result: Negative
Overall Result: PASS

Test Description: Detection of Mycoplasma using a Vero indicator cell line and Hoechst 33258

fluorescent detection system.
SOP QC/MYCO/07/05

Acceptance Criterion/Specification: The Vero cells in the negative control are clearly seen as
fluorescing nuclei with no cytoplasmic fluorescence, Positive control (M. orale) must
show evidence of mycoplasma as fluorescing nuclei plus extra nuclear fluorescence of
mycoplasma DNA. Positive test results appear as extra nuclear fluorescence of
mycoplasma DNA, Negative results show no cytoplasmic fluorescence.

Test Number: 21437

Date: 27/11/00
Result:
Positive Control: Positive
Negarive Control: Negative
Test Result: Negative
Overall Result; PASS
Authorised by......... QSDJ' ................. ECACC, Head of Quality.....k.}.!?—lé‘d. Date
Pagelof 2
rurapsan collectian of crll cultures [ s eomce . arg |
EMPFANGEN 04-12-00 18:34 VON - AN -BAVARIAN NORDIC MART = SEITE 02
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Test Result: Negative Overall Result: PASS Test Description; Determnation
of TCIDso of cytopathic Virus titration. (SOP ECACC/ 055) Cell Acceptance
Criteri onrwBpamsfirzati on/ Criteria: Negative controls shoul @csmpee/na7si gn of
Cytopathic effects. The Test Sanple is serially diluted into in 4 wells of

i ndi cator cell lines for h di utd on, hijc effects indicate that
virus is present Vi rus iﬁ%ﬁ’é @&f& Qlf&légliﬁé? g the bel ow equation where
x is th obht ai ned fro a standard TCI D50 Table as a result of the
distrib f"i"g‘#t&es?"r%ﬂ%bl |'s ﬁlﬂzl ng less than 4 positive wells per

di | uti oftecessignyNumbeRe va| u80 hi ghest dilution where all 4 wells are
positive: TCIDO =1 x 10" Y Date: 01/12/00 Result: Indicator Cell

Li ne: m Igj EE r‘%t‘by(? g@i%&lwusloi; :l E E ltt .S-§%1rH)ItE(TSE!E
Distribution of Iess tﬁaﬁuﬁrm&gﬁ;ﬂi@memmew sdp Qdmriind) X 1.25 Y. 10"
TC1ID50 = 1 x 10" +01.25 10.1 =10t s Overall Result: Virus Present End
ot Certifi catekbtana@ritesion/Spatiftostion: . . . All positive contwols (Bacillis subrilus, Cleswidivm, . . . ECACC,

Head of Qual iReyegenes and £undtfa afbicans) shaw @ndewag@mzwb}ﬂ SoWER [puryris prd e pegativer  of
call cultur eg_h ols show no evidence of microbial growth (¢léar).
e criteria for a positive test is turbidity in any of the test broths. All braths should be clear for
negative testresult.

Test Number: 21487

Date: 27/11/00
Result:
Positive Control: Positive
Negative Control: Negarive
Test Result: Negative
Qverall Result: PASS
Test Description: Determination of TCIDs, of cytopathic Virus tivration. (SOP ECACC/055) Cell

Acceptance Criterion/Specification/Criteria: Negative controls should show no sign of
Cytopathic effects. The Test Sample is serially diluted into in 4 wells of
indicator cell lines for each dilution. Cytopathic effects indicate that virus is
present, Virus titre is calculated using the below equation where X is the value
obtained from a standard TCIDsy Table as a result of the distribution of the wells
displaying less than 4 positive wells per dilution, and y is the value of the
highest dilution where all 4 wells are positive:

TCIDyp= 1 x10'

' ' y
Date: 01/12/00
Result:
Indicator Cell Line: BHK21 (Clone 13)
Negative Control: - NO CPE
Test Sample: CPE
Distribution of less that 4 positive wells:  4,4,4,3,0
X: 1.25
Y: 107
‘ TCIDp= 1 x10 +01.25
107
= 10%
Overall Result: Virus Present
¥ End of Certificate™* ©
Authorised by.......... OSM ............. ECACC, Head of Quality.....4/(%{c%... Date
Page2of 2
rurnpean collection of call cultures
EMPFANGEN 04-12-00 18:34 VON - AN -BAYVARIAN NORDIC MART  SEITE 03
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EMPFANGEN 04-12-00 18: 34 VON - AN - BAVARI AN NORDI C MART SEI TE 03 46 WO
03/ 054175 PCT/ EP02/ 14179 Clains 1. Method for the recovery of poxvirus
frominfewbad/osal’ds conprising the step of subjecting thedvdpeetaadcel | s
to a high 5 pressure honbgeni zation to obtain a poxvirus-containing
honogenate. 2. Method according to claim 1l characterized in that the
poxvirus is selected fromthe group consisting of orthopoxviruses, 10

avi poxvi ruses, suipoxviruses and capri poxviruses 3. Method according to
anyone of clainms 1 to 2 characterized in that the poxvirus is selected
fromthe group consisting of vaccinia virus, goatpoxvirus, sheeppoxvirus,
canarypoxvirus and 15 fow poxvirus 4. t hod according to claim3
characterized in that the vaccinia vi®®MS Estree or nodified vaccinia
virus strain Ankara (MVA), in particular MVA-BN with the deposition nunber
ECACC 20 V00083008. 5. Method according to anyone of clains 1 to 4

characterized i t the poxvirus is a reconbi nan oxvirus. 25 6. Method
according to an{/]-opféeqsf)d(fpéitﬁ% reCREry %MHF@BP‘%%’W%% efjh%ﬁlPst he

hi gh- pressure ho ' j [ Ik ' hHiggt ed cells
into a high pr esggggmg@h%gﬁ? ?%gﬁgasg? g&meﬁyeﬁﬂg\%ég%?%ﬁ%g%gﬁ

PCT/ ER02/ 14179 ppesssurre iombgenizhéioheo alidire pamaxivimgi st bentiaiiagt ed cel |'s

through a nozzle.
homogenate.

2. Method according to claim 1 characterized in that the poxvirus is
selected from the group consisting of orthopoxviruses,

10 avipoxviruses, suipoxviruses and capripoxviruses

3. Method according to anyone of claims 1 to 2 characterized in
that the poxvirus is selected from the group consisting of
vaccinia virus, goatpoxvirus, sheeppoxvirus, canarypoxvirus and

15 fowlpoxvirus

4. Method according to claim 3 characterized in that the vaccinia
virus is Elstree or modified vaccinia virus strain Ankara (MVA), in
particular MVA-BN with the deposition number ECACC

20 V00083008.

5. Method according to anyone of claims 1 to 4 characterized in

that the poxvirus is a recombinant poxvirus.
25 | 6. Method according to anyone of claims 1 to 5 characterized in

that the high-pressure homogenization is carried out by putting

the infected cells into a high pressure chamber, increasing the
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7. Method according to claim6 characterized in that the pressure 5 in the
chanber is increased to a value in the range of 200 to 1000 bar. 8. Method
accor di ngwoosasyighe of clains 6 to 7 characterized in tha@&cTEre2mazel e has
a dianeter in the range of 0.10 to 0.6 nm 10 9. Method according to
anyone of clainms 1 to 8 characterized in that the poxvirus containing
honogenate is subjected to at |east one purification step to obtain a
poxvi rus-enriched fraction. 15 10. Method according to claim?9
characterized in that one of the at |east one purification steps is an
ultrafiltration step. 11. Method according to claim 10 characterized in

that the wultrafiltration is a cross-flgwfiltration 0,12

according to clai MEISWRAIa eq:qazrgge[ ﬁ”ﬁrﬁé‘?cﬁ"ﬂg?ﬁ% mfclercies%_c]e“g%écﬂféh tion
step a nenbrane is§ li?pec_i that has a pore size bigger than 500 kDa but equal
or smaller than O.ij am 25 13. Method according to anyone of clains 10 to
12 characterized in that subsequent to the ultrafiltration at |east one
col um chr omat ography step is. carried out. 48 VDZL%%{&.OS 175t PCT/ EPO2/ 14179
14. Met hod acco di'@@t WHVANDIO glaame chargctesizasainiia thedy esilithe

poxvi rus-containin . 0 ' : ' [ i's
freezeijdri ed. 5 1@38t%%@lgﬁ@é@ﬁr':hghge]a%'efd&%g:véﬁfeoﬁpgﬁoé:XV| r écsg)ﬁggtbcat:ani ng
honogenat e obt ai ng@hydryphhe net hod according to anyone of <clainms 1 to 14.

8. Method according to anyone of claims 6 to 7 characterized in
that the nozzle has a diameter in the range of 0.10 to 0.6 mm.
10
© 9, Method according to anyone of claims 1 to 8 characterized in
that the poxvirus containing homogenate is subjected to at least

one purification step to obtain a poxvirus-enriched fraction.

15 10. Method according to claim 9 characterized in that one of

the at least one purification steps is an ultrafiltration step.

11. Method according to claim 10 characterized in that the
ultrafiltration is a cross-flow-filtration.
20
12. Method according to claim 11 characterized in that in the
cross-flow-filtration step a membrane is used that has a pore size

bigger than 500 kDa but equal or smaller than 0.1 um.
25 13. Method according to anyone of claims 10 to 12

characterized in that subsequent to the ultrafiltration at least one

column chromatography step is carried out.
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16. Poxvirus-enriched fraction or poxvirus-containing 10 honogenate
according to claim 15 as vaccine. 17. Use of the poxvirus-enriched fraction
or poXxvi rwe-03meaU&i ni ng honogenat e according to claim15 from/HPo®14179
preparation of a vaccine. 15 18. Method for the vaccination of an ani nmal
including a human, in need thereof characterized by the adm nistration of
a poxvirus-enriched fraction or poxvirus-containi ng honogenate according
to claim15 or a vaccine according to claim16 to the 20 aninml body. 49

14. Method according to anyone of claims 1 to 13
characterized in the poxvirus-containing homogenate or the

poxvirus-enriched fraction is freeze-dried.

5 15. Poxvirus-enriched fraction or poxvirus-containing
homogenate obtained by the method according to anyone of

claims 1 to 14.

16. Poxvirus-enriched fraction or poxvirus-containing
10 homogenate according to claim 15 as vaccine.
17. Use of the poxvirus-enriched fraction or poxvirus-

containing homogenate according to claim 15 for the preparation
of a vaccine.
15
~18. Method for the vaccination of an animal, including a
human, in need thereof characterized by the administration of a
poxvirus-enriched fraction or poxvirus-containing homogenate
according to claim 15 or a vaccine according to claim 16 to the

20 animal body.
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