Modi fied Vaccinia Virus Ankara for the Vaccination of Neonates The
tnvention concern the use of a virus for the preparation of a nmedi canent
“for the vaccination or treatnment of a neonatal or prenatal aninal,
Including a 5 human, wherein the virus is capable of infecting the cells
bf the neonatal or prenatal animal, including a human, but not capabl e of
being replicated to infectious progeny virus in the neanatal or prenatal

ani mal , i ncl ublodifedhVaacinia ViveisvAhiksrd forihel i@ihytion Woliddrgdeyacci ni a
Virus Ankara. in particular, the invention concerns the vaccination of
neonates against to infections with viruses bel onging the sanme virus group

"than t I; for cci nat.i on. regver, the invention_concerns the
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(T orPeeen s BBebng iR IHE M AR Ch RSl i inels ruimiehe of
ani mal sThaditusnsnpiederasly colloaiffts] ¥abainge Vinar Agtara0f i nfectious agents

such az viruyses, bacteria or fungi. Many of these Infectious agents may
cause diisRASELIRR Hifeinvendoncaprivesns thevdecinadiomedf r@preites ngsinatces t he

i nf,gct - f t he di i nd db he infectious agent
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(i nnat b reaction thoulgél both 2 cooperate closely. The unspecific inmmune
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associated with the virus. The invention further concerns the use of viruses as
15  defined above o increase the level of factors which activate dendritic cells or
their precursor cells and/or to increase the number of dendritic cells or their

precursor cells and/or to increase the production and/or celiular content of an
interferon (IFN) or 1L-12.

20 Background of the invention

The natural environment of animals and human beings caontains a large
variety of infectious agents such as viruses, bacteria or fungi. Many of these
infectious agents may cause diseases in the infected hosts. Under normal

25  circumstances the infected host recovers from the disease induced by the
infectious agent after a certain period of time. This recovery is due to. the

immune system of an animal or a human being.

The immune system is the part of the human or animal body that is
30 responsible for eliminating the infectious agent. The immune response is

divided into a specific and an unspecific (innate) reaction although both



against a wide variety of foreign substances and infectious agents. In the
i nnat e inmmune response against viruses, Interferon (IFN)-a and I FN-(3 are.
“absolutely essential to control the" THETal Vi US replication and to
activate 5 natural killer (NK) cells for imediate killing of infected
cells. Intracellular bacterial or pagasitic pathogens induce IL-12 that up
regulates |FN-y in NK cells and/or sone T cell subsets.. IFN-y activated NK
cells can now kill intracellular pathogens. Moreover, ‘FN—y al so activates
nacrophagpeﬁamdﬂosﬁabrhsLﬁh@ﬁtﬁm:knhkwmnwép@asez&dhpamﬁﬁg@ﬁéeCﬁﬁemwefar t he
richest source of IFN-a/0 on a per cell basis are dendritic cells (DC), a
speci aldgaésiceWidpuptiei ofoioreignatdestearey aaddhfeiipusdegeitisulhée®  t he body.
Pl asnmocytoid DC or CDl | c+ CD84 DC are anon theE$ st producers of
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For thi lh% Iu{@ﬁ‘ p\é%lﬂa;ﬁ%nzf? wot&he ztntﬁ:ll\gg aﬁ%ﬁ?ﬁ}@%%gﬁggﬁ%ﬁ ye%gz?n %at hogen

recognlﬁﬂb@tﬁmgq{,mf,gre@ﬁéhﬂgjlgaﬁ%gé@t| on in DC and thus a pat hogen
adj usted prinmng of | s. The specific i mmune response is highly

ef fjpcient and is respon5| ble for 30 the fact that an individual who
recovers froma specific infection is protected 3 against this specific
infection. Twsar thestehd sonkee b BFNw/Bh onhe peawelldrasas wee ylendritic

cells (DC), a specialized cell population strategically distributed throughout

the body. Plasmocytoid DC or CD11c* CD8* DC are among the best producers

of IFN-a/f. CD8* DC that are infected with intfacel!u!ar non-viral pathogén_s are’
15 the crucial cells able to secrete IL-12 essential for the early steps in immune

defense.

A specific immune response can be induced against a particular foreign .

substance (antigen) after a lag phase, when the organism is challenged with

20  this substance for the first time. The initiation of the specific immune response
is coordinated by DC, too. There is a constant traffic of these cells from the
periphery to the secondary lymphoid organs, the lymph nodes or spleen where
naive T and B cells recirculate. Antigen that is carried by DC to these organs
enables activation of naive T —and B cells to become effector T~ and B cells.

25  For this, DC not only cakry the antigen, but the plasticity of pathogen
recognition allows different gene activation in DC and thus a pathogen

adjusted priming of T cells.

The specific immune response is highly efficient and is responsible for

30 the fact that an individual who recovers from a specific infection is protected



simlar infectious agent causes nuch mlder synptons or no synptons at all,
since there is already a "pre-existing specific imunity" to this agent.
Such inmunity and the i munol ogi cal nmenory, respectively, persists for a
long 5 tinme, in sone cases even lifelong. Accordingly, the induction of an
t mmunol ogi cal nmenory can be used for vaccination, i.e. to protect an

i ndi vidual  agai nst infection with a specific pathogen. For vaccination the
i mune againehihis pealifiehofedtiont Aharsy acsdovedwinfedtionlwitht 88l §arne dresgedyar nf ul
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| ead t an¥Ryidual biheat iﬁi‘é!&@ibh'@ﬂﬁégpe&ﬁ\éﬁ%’cﬂé gRd suckling, there is an
interest to vaccinate children or newbor angma'l s as early as possible.

Exanpl es for conditions against which a vaccination is desirable are

poxvirus infections, j.nclyding smallpox. However, 25 the attenpts to
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that is part of the vaccine.

15
Typical vaccines are attenuated or inactivated viruses (e.g. the polio or
small poxvirus vaccines), recombinant proteins (e.g. recombinant Hépatitis B
virus S-protein), heat inactivated bacterial toxins (Clostridium tetani toxin) or
polysaccharides of the bacterial capsule wall (Streptococcus pneumoniae).
20
i Since infectious diseases might lead to very critical conditions in

-newborns and suckling, there is an interest to vaccinate children or newborn
animals as early as possible. Examples for conditions against which a
vaccination is desirable are poxvirus infections, including smallipox. However,
25  the attempts to successfully vaccinate newborns are hampered by the fact that
the immune system of newborn mammals is not yet mature. The immune
system of neonatal infants and mammalian animals is thought to mature
gradually over a certain period of time. For humans the maturation occurs
during the first year of life. This is the reason for the fact that the neonatal age
30 group is left open to various infections during this first year (Gans et al., J. Am.
Med. Assoc. (1998) 280, 527-532). More particularly, the neonatal infants

have impaired B-cell function, deficiencies in primary antigen presentation by



have inpaired B-cell function, deficiencies in primary antigen presentation
by 4 dendritic cells and |imted T-cell proliferation (Gans et at., J. Am

Med. Assoc. (1998) 280, 527-532). Shortly after birth the levels of T —
cells in the spleen are 1,000 fold lower than in adults. In order to '
achieve at |least a weak immunizationsit was suggested to use either
replicating viruses or formulations 5 conprising an adjuvant for

| N zRtricRTtic EEVERA . limitel TRRII SRTFOALGN (GASs cther e i Amalmaysasdig.ri sk
that the i mmature imune s[\;stem may become overwhel med by virus infection

or |ivdloPBaIRBaEA hes23i Bbertly aéler bidhethedesskapy T dadls i thal spleearcaace
Hasset.t .., ,J. Vipol. (199 71, 7881-7888). ,Since ere, is a [educed
éroduct]i’Qﬁbo%@yti%‘ﬁ’%e@'% ’Sﬁn%m{g?pé‘ﬁ e | i)E?F‘LHE‘b%a?tg??%ea 1¥CAEsponse
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i mune systemafter hirth is not yet mature._ In newborn 15 mice, the
nunber BEre i6 edlivg@yepe tide thal iegemonatusfdimAaYNSfSHIBIM ek hecareo fol d
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site of infection. In addition, f he | ow hunber and possi bly inadequate 20
acti vatis anredugpsl pfoduchiore afetytokies bydh-lnfielpert b asdiseinvnednaties, thpi dl y

expandi n at h s.or replicating viruses, used for vaccination.._Due to the
‘1R adesebareRY NS HMlanye Ty aroUHERRHEd 2. ConseAupBEynruiedc TEells ©
vaccin i S .%-%’Ia LI jth replicating viruses.
E. g. %@ﬂbﬁi?g@ﬂ;@gﬁ%n Iie%l r(flcl) tggégggpggtﬁg%ﬁg%or ns agai nst small pox with
the vaccinia virus strains that have been used until the eradication of
smal | pox, such as strains El stee, Copenhagen and NYCBH According to
recent recdmgesiidiiondni marn@alisn, ananilesisywivgsimtiaaio ihenghsaiioniinage
should hunn%ng,e{e.t teesi%%”tlu %Xsy\//s & HterCBING i Ial(l) Zyee %tﬂ?er.' In newborn
15  mice, the number of splenic CD4+ T cells is 80.000 and that of CD8+ T cells
1000 fold lower than in spleens of adults. Moreover, the Interferon (IFN)
producing system is immature in these mice. Therefore, neonatal mice are
unable to efficiently control the expansion of intracellular pathogens by [FN at
the site of infection. In addition, the I_ow number and possibly inadequate
20 activation stage of immune cells are too limited to cope with the rapidly

expanding pathogens or replicating viruses used for vaccination.

Due to the ﬁsk associated with live viral vaccines if is not recommended
to vaccinate neonatal animals, including humans, with replicating viruses. E.g.
25 it is recommended not to vaccinate newborns against smallpox with the
vaccinia virus strains that have been used until the eradication of smalipox,
such as strains Elstee, Copenhagen and NYCBH. According to recent
recommendations in the USA, babies younger than 12 months of age should
‘not get the smallpox vaccines commercialized so far.
30
The vaccination of neonates with formulations comprising an adjuvant

has the disadvantage that numerous harmful substances are introduced into



30 The vaccination of neonates with formul ati ons conprising an adj uvant

has the disadvantage that nunerous harnful substances are introduced into 5
t he body. Thus, a vaccination in human neonates is only done in energency
‘cases, e.g. in case of the Hepatitis B virus infection. In summary, it is
to be noted that the imune systemis pot mature at 5 birth. Since the
vacci nation wi.th replication conpetent viruses or formulations conprising

an adj upnanbodrave h%l'sgréi f\/bE@l’Pltat Sﬁpﬁﬁﬂfeﬁﬂp ?ésa&t 3nﬁ‘fsﬁ8ﬂ§tla g{ﬁgﬁéennaé ed
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the mbihtlethdosl bhremnidadion Saheduieetngied:. Statetead the calf recei ves a
m xture of mlk powler, starter and specific concentrated feed, sonetines

?l F%ady inthe first week after birth. Consequently, the calf does not
eceive the C i et of maternal, anti bodi es so that
the i mmat ur gﬁl%ngr%%? ?shyg}?%#&g%%ﬁ?& gﬁé rgpge S¥Sien dg ogHensaled Her nor e,
f ar mer @aWh@F\](btmdrmwesofaﬁfhtehﬁws&t\m:b%‘ f8nt REhBthdreR) 1iRL Qiklihgn are
often not the sane. At to
during pregnancy or by breastfeeding. However, not all infants are breastfeed
due to various reasons. Thus, there is a very critical period of time of about 6-
15 8 weeks in humans during which the infant having an immature and thus a not
fully functional immune system does not receive maternal antibodies and

during which a vaccination is usually not successful or too dangerous.

The situation is very similar in mammalian animals, in particular for

20 economically important animals such as cows or companion animals such as
{ cats and dogs. To reduce costs the amount of milk the calf receives from the
mother is often drastically reduced. Instead the caif receives a mixture of milk
powder, starter an_d specific concentrated feed, sometimes already in the first
week after birth. Consequently, the calf does not receive the necessary amount

25  and variety of maternal antibodies so that the immature immune system is
very susceptible to infections. Furthermore, farmers who breed calves and
those who raise them for meat production are often not the same. At 4 to 6
weeks of age calves from different breeder farms are pooled and shipped to
other farms for meat production. At this time maternal antibodies are fow and

30 the immune system is not fully developed but the animals are exposed to new

infectious agents under stress conditions. This increases the risk for infections



weeks of age calves fromdifferent breeder farns are pool ed and shipped to
other farms for _meat production: At this time maternal antibodies are |ow

and 30 the i nmune systemis not fully devel oped but the animals are exposed““”""‘
to new infectious agents under stress conditions. This increases the risk
for infections 6 that could be prevented by vaccination. A simlar

situation can be found in catteries or dog breeding facilities where the

i nf ectthatiscaiasseeeventeidoby hicteatioh. theirhiyenttiuationscht be fohiadohj ect of
the present invention to provide neans to vaccjinate newborn hunmans and

ani malcgtteréspec dogdirpedigaiastitiaowbiesn thatinigehiouamiessinie gt hat are
associ ated with diseases in humans and aninmals, respectively. Mire
particularly, it is the object of the present i nvention to 10 provi de neans
al | owi ng the accel erated matgpgictt i@k flentiBAUNe system of newborn
animals and humans. It is a further object of the present invention to
provide means that allow vaccinating neonatal animals, including humans,
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Vi I’US 0 a specitic inmune response agai nst. the virus used f

vacci natdvidie andans mtaalgﬁmaraicwmngnmmmah@mﬁﬁsfmfcdugm@rhurgans and

t unor antlgens as explained below in nore detai|. Mreover, the viruses
used against poxvirus infections, in particular against smallpox.

15 , Detailed description of the invention

According to the present invention it was unexpectedly found that it is possible
to safely and efficiently vaccinate and/or treat neonatat or prenatal animals,
including humans, with viruses that are capable of infecting cells of the

20  neonatal or prenatal animal, including a human, but not capable of being
replicated in said cells to infectious progeny virus. In particular it has been
shown that the viruses used according to the present invention, such as MVA,
in particutar MVA-BN and its derivatives (see below), can be administered to
newborns without showing any harmful effects. The vaccination of the animal

25  with the virus leads to a specific immune response against the virus used for
vaccination and/or to a general vaccination against foreign antigens and tumor
antigens as explained below in more detail. Moreover, the viruses used
according to the present invention lead to an induction and/or enhancement of
the maturation of the immune system, which is associated with an increase in

s0 the number of dendritic cells and factors such as interferons, The vaccination
with the viruses used according to the present invention is possible even if the

formulation that is administered to the animal does not comprise an adjuvant.



according to the present invention lead to an induction and/ or enhancenent
of  the maturation of the i mune system which is associated with an
increase in 30 the nunber of dendritic cells and factors such as

i nterferons. The vaccination wth the viruses used according to the
present invention is possible even if the formulation that is admnistered
to the animal does not conprise an adjuvant. } 7 In sunmary, the viruses
that are used according to the present invention (i) elicit an effective

i mmune response in neonates, (ii) can be admnistered without the need of

an adj uvant nsuiiraly, dhenotudmsahathferiss 8fcordiny &5 whehpidgt he organi sm
: Accordi.ng tg tl&%e&r.egent invention the protective effect is exerted for at
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vacci nadd i M t are "capable of jnfecting cells" are viruses
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beconmes incorporated info the host cell. Al though the viruses used

according to the present invention are capable of infecting the host cell,

t hey are not | e,of, being replicated to 15 infectious progeny virus in
the i nf ect ed‘\@gq[}?@?g A Ut"ﬂé)r@g%‘i‘fe&l\’eﬂ ofHEeppedestive elivensiaxertekforatm "

Vi rus neisics se pErh g | 4] d4t,0.1 ghectj o L ogen virus, in said
cells" refer ?%?)o \'/:)?r lﬁgg%ﬁ%&g%@ﬁ{e%#&m 2% C%)Saq%qr‘gtg@%'ﬁgygpgp@ on,
transcribed and translated into viral proteins or even replicated, however,

nog packags;j into, infectious vi ral_mpar.ti cles. Thus, the viruses used
{{_ae]cpordi ng t o P htgrarsemanabient iviecting cdlistises viresds harboriagart the

fect i ‘ Abor t i i nf ect . . f t :
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virus e S8 cedl Althouigixiiresisedeandbdraceedient to2hd prasBat HiveRtiopengme. An
exanpl ?:abgfatet g{: ;Snftety,ﬁﬁgqcplevﬁcgs%sce?f %ﬁéﬁ' Iarr]g ntoct) ctar]_];gb EI gfs ggitng replicated to
15  infectious progeny virus in the infected cells. In the context of the present
invention the term ,, virus not capable of being replicated to infectious progeny
virus in said cells” refers to viruses the genome of which is at least partially
transtribed and translated into viral proteins or even replicated, however, not
packaged into infectious viral particles. Thus, the viruses used according to
20 the present invention are viruses leading to abortive infections in the host.
{  Abortive infections may occur for two reasons: according to the first alternative
' a cell may be susceptible to infection but it may be non permissive for
multiplication of the virus, e.g. due to the fact that not ail necessary viral
genes for multiplication of the virus in said cell are expressed and/or present
25 in the viral genome. An example for this type of virus according to the present
invention in human celis is Modified Vaccinia Virus Ankara (MVA), which is
explained in more detail below. According to the second alternative an abortive
infection may also result from infection of cells with defective viruses, which
lack a full complement of viral genes. An example for such a virus according to
30  the present invention for htuman cefls is DISC-HSV1 (disabled single-cycle
Herpes simplex virus), i.e. a Herpes simplex virus, which is restricted to a
single cycle of infection (Dilloo et al., Blood 1997, 89: 119-127). This virus



i nvention in human cells is Mdified Vaccinia Virus Ankara (MVA), which is
_explained in nore detail below According to the second alternative an

abortive infection may also result frominfection of cells wth défective

viruses, which lack a full conplenent of viral genes. An exanple for such
a virus according to 30 the present ignvention for human cells is D SC HSV1
(di sabl ed single-cycle Herpes sinplex virus), i.e. a Herpes sinplex virus,
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I mune, system of ..t he neopate.. I & | G theiipargeANt

i nvent WJ%SW Bét%@rqﬁeﬂr}Saqeg,\g%%iolihﬁlg;gg@ﬁeggﬁﬁdﬁf%gﬁtﬁ% Hgglll%ﬁog t he

ani mal byt et A1GRRIPIAIRT BYithd ifrfRhiw@tiatmune dystent obtle peagsiey virus in
sai d Cgﬁi@tyﬁatﬁ? to ﬁ)e undgr stood, that a virus that is capable of
Infecting cells of a first animal species but not capable of being

replicated to infectious, progeny virus .in said I | fferently
i nita 15 sec®RE VARSRACOSHES E%fh%P{Sﬁ%effS’fdPV%”uii%%ﬁ%K/kﬁ%ﬁéH@S?? ggEgri vatives .
(see hel r.€. Vi : | ' dgicated he human
bt - haePare OB APt o B B R e gty Vi rus
i n hunptreeRbli$ prfény @i@g@twisei@eanmimoltﬁeam@erisrhowi s yirusahat i
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b maplokeont ifetrpopabg st araal shoats CerEage SAReBE "Pr s
Spec f ok Rl oIpEsTeuS 1 qessy VIAKs ke gl cg Rl oo HAe BnREREr, [P
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helow) are viruses that are capable of infecting cells of the human but that are

not capable of being replicated to infectious progeny virus in human cells. The

same viruses may replicate in chickens, i.e. in chicken MVA-BN may not be a

virus thai that is not capabié of being replicated to infectious progeny virus in

20 cells of the chicken. [t is known to the person skilled in the art which virus has
to be chosen for a specific animal species. A test that allows to determine
whether a virus is capable or not capable of being replicated in a neonatal or
prenatal animal is disclosed in WO 02/42480 and uses the AGR129 mice
strain. The results obtained in this mice model are indicative for humans.

25  Thus, the term “not capable of being replicated to infectious progeny virus” as
used in the present application corresponds to the term “faijure to replicate in
vivo™ as used for mice in WO 02/42480. More details on this test are given
below. The viruses according to the present invention are preferably capable of
being replicated in at least one type of cells of at least one animal species.

3o Thus, it is possible to amplify the virus prior to administration to the animal
that is to be vaccinated and/or treated. By way of example reference is made

to MVA-BN that can be amplified in CEF cells but that is a virus that is not.



prenatal animal is disclosed in WD 02/42480 and uses the AGR129 m ce
strain. The results obtained in this mce nodel are indicative for humans.
25 Thus, the term "not capable of being replicated to infectious progeny
virus" as wused in the present application corresponds to the term"failure
foreplicate in vivo" as used for mce jn W 02/42480. More details on
this test are given below The viruses ‘according to the, present invention

are prefepabbye eapa : i : licated in at |east opne type of cells
of at Ieas?aoge, ani nI’I’L r@%’é%%{gg%sfé?ﬁ%ﬁ S PROgERY jdE 1) Bereaiiiel oy t he
virus prpsenatalddmaistm ahisotoritexit #9s 2 i | nat ed
‘and/ or treated. gy.way of exanpl e re?ggﬁoﬁe?@n%ﬁée&emcmﬁg%Wﬁ%ﬁXan be.
anpl i fi e 4GiNaERAdNYeade notdtavesilbthd propdrbiat dfshioprderreanalhsdi %ﬁei ng
replicat i i rogeny virus in _the neonatal or prenata uman.
In this %@rﬁe gﬂa’&{tﬁgl{%c?'td @U%QS%’(SF&ap@[Q% OEW@WW the eelipioy she akbyatal or

I nactsi vapeehatial @as1a¢ o nRatdipav rt this preferred

enbodi ment.  since i nactni yat@g %P?hiaeigﬁ?E{Oggggﬁbzggfgpﬁ%r&qmﬁé{qi cells of
the neond¥8ftiows Hrpgenuivaiusain tiwl nedrmthligh PBe Rty BRMAN dn Ak R - 1

bei ng rel?btfﬁ%f% 1o infectious Er ogeny virus in the neonat aIl rp Nat al
ani mal , T ncludt ng HSReRER MOtk@papkeekrapliaading br at least capappe optells of
replicatianga el YPE of cells of at |east one ani mal species.
10 Preferabl i@tﬁrg %/r??ﬁél (S a{e%)NA virus. More preferably, for manmalian
cells, in particular for human cells, the DNA virus is selected from

DI SC-Hepes viruses and Modified Vaccinia virus Ankara (MVA). Modified
{acépni a Ankar Eeferaly thierdsus &s a &N gt uso Méaeghriferablly, Usy ndambmaligber of
-he gen O virus iin the fam|y of Poxviridae.” MA has been

gener at g‘r(?qlbs;’/ "g?%qgé}ll% 1%155{'%568§e®ﬁv {:’Tﬁ élﬁ@n\f'éﬁﬁW@efEiCb@d)ﬁbmt{ESGfH&m@
Ankar a_vtustisnand MEEIdd Ra¥éihtsyi REMi ew see Mayr, A, et at.
Infection 3, 6-14 [1975] )E.H&ﬂg‘%;\”g%?en&égﬁgg%\s‘ these | ong-term passages
the resulting MVA virus del eted about 31 kil obases of its genom c sequence

and, theref ONGndles, descri bed as hi}ghl y host cell restricted to avian
cell's (Meyer, EANRd Nacgniagémkara (MVA) virus is related to Vaccinia virus, a

15 member of the genera Orthopoxvirus in the family of. Poxviridae. MVA has been
generated by 516 serial passages on chicken embryo fibroblasts of the Ankara
strair“w of vaccinia virus (CVA) (for review see Mayr, A., et al. Infection 3, 6-14
[1 97”55]). As a consequence of these long-term passages the resulting MVA virus
deleted about 31 kilobases of its genomic sequence and, therefore, was
20 described as highly host cell restricted to avian cells (Meyer, H. et al., J. Gen.
{ Virol. 72, 1031-1038 [1991]). It was shown, in a variety of animal models that
the resulting MVA was significantly avirulent (Mayr, A. & Danner, K. [1978]ADev.
Biol. Stand. 41: 225-34). Additionally, this MVA strain has been tested in clinical
trials as vaccine to immunize against the human smallpox disease (Mayr et al,,
25 Zbl. Bakt. Hyg. [, Abt. Org. B 167, 375-390 [1987], Stickl et al., Dtsch. med.
Wschr. 99, 2386-2392 [1974]). These studies involved over 120,000 humans,
including high risk patients, and proved that, compared to Vaccinia based
vaccines, MVA had diminished virulence or infectiousness while it maintained
good immunogenicity.
30
Preferred strains according to the present invention are MVA 575,
deposited at the. European Collection of Animal Cell Cultures (ECACC) with the



Virol. 72, 1031.1038 [1991]). It was shown, in a variety of aninmal nodels
that the resulting MA was significantly avirulent (Mayr, A & Danner, K

[1978] Dev. Biol. Stand. 41: 225-34). Additionally, this WA strain has

been tested in clinical trials as vaccine to i munize against the human
smal | pox di sease (Mayr et at., 25 Zpm. Bakt. Hyg. I, Abt. Org. B 167,
375-390 [1987], Stickl et at, Dtsch. ned. Wchr. 99, 2386-2392 [1974]).

Thes G‘de?o%ﬁﬁc%% nURYISE V00 D267 01 2 DIV ABtandepositer] atitivg sangh instélutjsat i ent s,
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Pr ef d strai , di toth t i
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the ---2---3- ----- ------ 10 deposition nunber V00120707 and MA- BN,
depos'?rf%ed’r%@'

the sane institution wth the deposition nunber V000083008, -
and derivatives thereof. If it is intended to vaccinate/treat hunans

MVA-BN and its derivatives are particul arl preterred.. T rties of
particul arTlye pf@iﬁ@’ﬁi@opfmmt@w%‘)ﬁﬁrei?ﬁ’éff%r@%ﬁ{rtal’fésrrgﬁfer%ﬁ%]&égﬁﬁggtst rai ns
for humans, such. as MVA-BN and_i risvat he : v -SENEERT ¢ S
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fi bro%lu@ﬁgﬁéeng% 8nswsn the cell line BHK, but no capability of

repro ve replication in the human cell line HaCat, (ii) failure to
replicate (ip vioapalfility ) of ndeprodnctivea tepiseHoNnMinoddHFkEst y &BRFY Y ed to

e knoun St o WA TS, YOI oA ehlg o el B0 o

'n reproductive replication in the human cell line HaCat, :
an o failure to replicate in vivo,

.(iii) induction of a higher immunogenicity compared to the known

strain MVA 575 (ECACC V00120707) in a lethal challenge model

5 and/or ‘
(iv) induction of at least substantially the same tevel of immunity in
vaccinia virus prime/ vaccinia virus boost regimes when

compared to DNA-prime/ vaccinia virus boost regimes.

0 The preferred MVA strains according to the present invention have the
property (i) failure to replicate in the organism, which is to be vaccinated or
treated and/or in the corresponding test system as explained below and
preferably one additional of the above properties, more preferably two
additional of the above properties. Most preferred are MVA strains having all of

5 the above properties. An example for an MVA strain having all of the above
properties in humans is MVA-BN. Preferred derivatives of MVA-BN are
derivatives having in addition to feature (i) at least one of the above
properties,. more preferably at feast two of the above properties. Most
preferred are MVA-BN derivatives having _a]l of the above properties.

30

For detailed information regarding to the assays used to determine

whether a MVA strain has one or more of the above features (i) to (iv)



vaccinia virus prime/ vaccinia virus boost regimes when conpared to

DNA- prine/ vaccinia virus boost regines. :0 The preferred MA strains
according to the present invention have the property (ii) failure to
replicate in the organism which is to be vaccinated or treated and/or in
the correspondi ng test system as expl atned bel ow and preferably one
addi ti onal of the above properties, nore preferably two . additional of the

above prafpeendesis Mude ploefWOr € ADaSNATALY YubsicARshnai 'di%cfioé’é Hog, above
properties. An exanple for an MVA strain having all of the above

pr opertY’éHS‘?%qﬁ%‘HﬁEsth% AASAEBN. Dropefides exhrddei vhtained. oflnMyARN i@ VO
- derivat | L. _addi ti.on to.feature (ii) .at |east one of the above
“proper t?gz,azrgfogpegg?\gﬁggaﬁléﬁtéﬂeﬁqufm%'\% 8’% h'l‘%ée%\tl%%% Prd¥ABN eand pbst

pr ef er rderinatty SMIE BIVAIEIN vatd WScRAKE T ablaiPint NoRRANA BLORET 185, 30 For

detailed information regarding to the assays use
MVAS st ré$ed fiagleasndne mirathef anhiVabsireirf maliyreBN ) alderivia¥ive YhefeRf efence

i s made 02/ 42480, This publication also discloses how viruses having
t he des‘?‘f’%&@%ﬁér tzt?'«?sf%%tHr Be %@M%—&N, the pdesartniiasr of vidolagical2 assays
provi defi|éw h1 jﬁiﬁf TR f e [ &Sy, Qf A- BN, and , of :
deri vat ir;;/x:(ia 0 @I\/?/A- | ar?ldwgl}elst@ %%egwi%smﬁ? ﬁﬁg'%roai%%ﬁwaég@a@?r??fat are
5 used and deethadnellohétfan ePtMWAIVAIBINTGI § MY bV s
t her eof.. W ét her wor dsfg the features of MA- BN,a@t}}ﬁgtlrh e%sélf%':oet I@E%(]:Yc(;%fed
bi ol ogi'BalV@sSay§2480 olit thet follewdngaiteisvsbottly sanWhridedahowi & PMACRN or a
derd vatd nd._met hads owing to Qbtain MVA-BN or a derivative
hédr eofémefﬁ%aﬁgﬁ%s '% gfﬂ"'%'ﬂz?’%égalﬂﬁ hadng Pnevirngiare ok thecrhavg.
‘summar ifzetlireevand 156 He £8nStesh! ' s art I ' rai ns :having
one.or nmore of the above Pzﬂagtstltjr@getg%ﬁg{/\'/%he“ﬂ?gnéﬁ%@ h&%%ﬁft H?CH? n MA
strai n 9%¢ Hadumes mnck isfthisaiad niestt preferaad virsist Aecordin@Ib Meeipessd virus
accordi.ng ttg th@.ﬁ)rﬁsﬁnt . invention. The follow ng summary is not to be
under st BOT Rt o 11§ APHOWHRE summary is not to be understood as to limit the
relevance of WO 02/42480 for the present application to the foliowing
15 information. Instead, WO 02/42480 is herewith incorporated in its entirety by

reference.

~The term *not capable of reproductive replication” in the cell line HaCAT
(Boukamp et al. 1988, J Cell Biol 106(3): 761-71) is used in the present

20 application as defined in WO 02/42480. Thus, a virus that is “not capable of
{: reproductive replication” in the cell line HaCat is a virus that shows an
amplification ratio of less than 1 in the human cell line HaCat. Preferably, the
amplification rate of the virus used as a vector according to the invention is

0.8 or less in the human cell fine HaCat. The “ampilification ratio” of a virus is

25  the ratio of virus produced from an infected cell (Output) to the amount
origfnaﬁy used to infect the cells in the first place (Input) ("amplification
ratio”). A ratio of “1” between Output and Input defines an amiplification status
wherein the amount of virus produced from the infected cells is the same as

the amount injtially used to infect the cells. The term “derivatives’ of the viruses

30  as deposited under ECACC V00083008 refers preferably to viruses Showing
essentially the same replication characteristics as the deposited strain but

showing differences in one or more parts of its genome. Viruses having the same



rel evance of WO 02/42480 for the present application to the follow ng 15
Lnformation.. Jnstead, WD 02/42480 is _herewith incorporated inits entirety

by reference. The term "not capabl e of reproductive replication® in fhe™™

cell Iine HaCAT - (Boukanp et at. 1988, J Cell Biol 106(3): 761-71) is used
in the present 20 application as defined in WO 02/ 42480. Thus, a virus
that is "not capable of reproductive replication” in the cell |ine HaCat

is
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the amount initial Iy used to infect the cells. The term "derivatives" of
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teposi 1250 SR HroB0. LAGheNE0a  HREr eriaaer it ShETs, ey Coga et oo FRy ™
genome. - MitUseH RAIde ARG i8d rh?ce mro%l h§@xb%nehqhaﬁtﬁ02$nmgb than the

deposi te§IIV|rus are viruses that replicate "wth simlar anplification
rat | 0s henubid il §Y0sO 424 BDaane incapibleced psodmdngh@atnm B- lanke $- s,

HeLa, HaCat and 143B and that show a sim| i cati v
det1§r mAéR i12% ﬁéc%biﬂ%a‘fticéﬂ@géﬁf% Br?il%‘g 'ﬁ%d&r V(astB’é’sb‘g k[g ‘%ﬁfé?égr m
“failur 0 egk: i h I
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repliceg@ ddyshypaas pperdrably t RN OO aiaylglafaﬁr fhelisientdni of W 0RICE2480.  The

mce used in WO 02/ 42480 afe incapabl e of producing mature B- and T-cells

Zo (AGRQ2phinvice} admimpsiareduntie pmiBaabhdPiaferaldyi tha vireseadhabshem |

AGRL29 “failure to replicate in vivo" are further characterized in that no virus can be

15 recovered from organs or tissues of the AGR129 mice 45 days, preferably 60

days and most preferably 90 days after the infection of the mice with 107 pfu
virus administered intra peritonealy.
Instead of the AGR129 mice any other mouse strain can be used that is
incapable of producing mature B and T cells and as such is severely immune

20 compromised and highly susceptible to a replicating virus.

The details of the lethal challenge experiment used to dstermine
whether a MVA strain has “a higher immunogenicity compared to the known
strain MVA 575" are explained in WO 02/42480. In such a lethal challenge

25 model unvaccinated mice die after the infection with replication competent
vaccinia strains such as the Western Reserve strain 0929 TK+ or [HD-J. The
infection with replication competent vaccinia viruses is referred o as
“challenge” in the context of description of the lethal challenge model. Four
days after the challenge the mice are usually killed and the viral titer in the

30 ovaries is determined by standard plaque assays using VERO cells. The viral
titer is determined for unvaccinated mice and for mice vaccinated with MVA-

BN and its derivatives. More specifically MVA-BN and its derivatives are



i mce within a tine period of at |east 45 days, nore preferably within at
Feast 60 days, nost preferably within 90 days after the infection of the
mce with 107 pfu virus adm nistered intra peritonealy. Preferably, the
viruses that show "failure to replicate in vivo" are further characterized
in that no virus can be 15 recovered fgpm organs or tissues of the AGR129
m ce 45 days, preferably 60 days and nost preferably 90 days after the
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‘expl ai ned in WO 02/42480. In such a lethal challenge 25 nodel unvaccinated
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BN and ﬂeglvaaresxatas/esve!lvbras speriesporading Miedhbanhti t @rckessi viaéﬂbtﬁm%se 13
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i nvent i onmunith tws Pokirdsespartis Whar mMdér We?é?gerﬂtﬂng@réé&wil\ﬁ Sto %
useful for prl me/ hoost administration. The viruses, In partic
st r ai nsPEg@NtdA¥ention induces at least substantially the same level of mqmumty in
vaccinia virus prime/ vaccinia virus boost regimes compared to DNA-prime/

15 vaccinia virus boost regimes.

A \/accinia virus, in particular an MVA strain is regarded as inducing at

virus boost regimes when compared to DNA-prime/ vaccinia virus boost

20 regimes if the CTL response as measured in one of the ,assay 1“ and ,assay
é: 2% as disclosed in WO 02/42480, preferably in both assays, is at least
| substantially the same in vaccinia virus prime/ vaccinia virus boost regimes
when compared to DNA-prime/ vaccinia virus boost regimes. More preferably

the CTL response after vaccinia virus prime/vaccinia virus boost

25  administration is higher in at least one of the assays, when compared to DNA-
prime/vaccinia virus boost regimes. Most preferably the CTL response is

higher in both assays.

The virus used according to the present invention may be a non-
30 recombinant virus, such as MVA, i.e. a virus that does not contain
heterologous nucleotide sequences. An example for a non-recombinant

vaccinia virus is MVA-BN and its derivatives. Alternatively the virus may be a



nost preferably used in the present invention, such as WA-BN and its
.deri.vatives.as.wel.l. as correspondi.ng reconbinant viruses harboring to

het er ol ogous sequences, can be used to efficiently first pri me ‘and then T

boost immune responses in native. aninmals as well as in animals with a
pre-existing imunity to poxviruses.i;uThus the nost preferred virus
according to the present invention induces at |east substantially the sanme
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conpared to DNA-pri me/ vacclnia virus boost reginmes. A vaccinia virus,
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the sanme level of immunity in vaccinia virus prinme/ vaccinia virus boost
regi nes when conpared to DNA-prime/ vaccinia virus boost 20 regines if the

CTL f
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subst agbhebihytibheoisatelein acat cequanyés ltha’p i medt nanﬂaﬂyafdunrmmthm%iy
regi nes when conpared to DNA-prine/ vaccinia vi rus bogst reginmes. Mre

pr ef er asbgciatath WOt ihes piseiraiabure, avesthiirug iusalpei sallechcesaarabinants
boost 25 agm nistration is higher in at |east one of the assays, when
conpar Yo DNa- prime/ vaccinia virus boost regines. Mdst preferably the
CTL response is higher in both assays. The virus used according to the
present invention nmay be a non- 3o recombinant virus, such as WA i.e. a
virus thathedberoligmontadieic amdeianjtmgmessmref@ﬁhhdse@emmm a An exanpl e
for a non-reconbipant vaccinia virus ISﬂ%Ag/ and it tives

Al 28r ngefivense epeing iatiggsiene ankigpacs mew?la% 5% thagpsotemS
r econbi gaz& ég, %)ggtt\(f\c(?d&hsbqﬂgaddl tional nucleotide sequences, which are

het er oP0G6US 't term "heterol ogous” as used in the present
application refers to any 5 conbination of nucleic acid sequences that is
not normally found intinmately associated with the virus in nature, such
virus is Bistercal,bedeficiet privieiesit as used in the present application refers to

any proteins that are helpful in protecting an animal against an antigen

15 selected from tumor antigen and foreign antigen, wherein the tumor antigen
and the foreign antigen is different from the antigens associated with the virus.
Alternatively and more particularly the ,beneficial proteins® are active in
increasing the level of factors which activate dendritic cells and/or active in

_increasing the number of dendritic cells and/or active in increasing the

20  production and/or cellular content of an interferon (IFN) or iL-12. Thus,
examples for such beneficial proteins are interferons such as {FN-alpha or IFN-
beta, IL-12, Flt-3-L and or GM-CSF.

The antigenic epitopes may be any epitopes to which it makes sense to

25 induce an immune response. Examples for antigenic epitopes are epitopes
from Plasmodium falciparum, Mycobacteria, Influenza virus, from viruses
selected of the family of Flaviviruses, Paramyxoviruses, Hepatlitis viruses,
Human immunodeficiency viruses or from viruses causing hemorrhagic fever
such as Hantaviruses or Filoviruses, i.e., Ebola or Marburg virus. Thus, if e.g. a

30 recombinant MVA expressing heterologous epitopes is used to vaccinate
neonates according to the present invention, the resuilt of this treatment is not

only a general vaccination due to the accelerated maturation of the immune



virus'. The heterol ogous nucleic acid sequence is preferably selected from
a 10 sequence coding for at |east one antigen, antigenic epitope,
beneficial proteins and/or therapeutic conpound. The term "beneficial
proteins” as used in the present application refers to any proteins that
-are hel pful in protecting an ani nal agﬁénst an antigen 15 selected from
tunor antigen and foreign antigen, in the tunor antigen and the

foreign Lffer romthe anti ssociated with the virus.
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‘increasing the 20 production and/or cellular content of an interferon (IFN)
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Human i mmunodefi ci ency viruses or from viruses causing henorrhagic fever
such as Hant ayj , 1.e., Ehola or Marpurg virus. Thus, if
e.g. a 30 reco |nanF'8M 'églérg OHé M@Fﬁ%@&%%%ﬁa@rﬁf@ab%wtﬂcﬁ
vacci naten- -EENRMRIE S r @EI6Ar e nghd ov,hﬁegé;]atl on ?‘?"?ﬁ’é ytge e$$ It of this

treatnent is not only a general vac
.natwr at NyRlede ach@ sagueTeell yerted bt whiseal %mmhg d@éﬁb@%ﬁt@% figai nst
WA

he het essed fromthe heterol ogous .
"t her apg{fgl %% E‘!r?dl'cmgﬁc‘g &391%‘;{ %%Cﬁék:—BB@I/@éBQﬁ)nMﬂtbods élowdtu imsehe 5
nbi tic n Ie|c aci d such as an
ant sannetbroldg %?SC%EQUEHC@%% i1 28L BBEIeCA iR S aSiitah Ebremegriea
acti vi t gnown to a person skilled in the art.

15 The present invention also provides.a pharmaceutical composition and a
vaccine comprising a virus according to the present invention, such as MVA,

e.g., for inducing an immune response in a living animal body, including a

human.
.. 20 The pharmaceutical composition may generally include one or more
{ pharmaceutical acceptable and/or approved carriers, additives, antibiotics,

rpreservatives, adjuvants, diluents and/or stabilizers. Such auxiliary
substances can be water, saline, glycerol, ethanol, wetting or emulsifying
agents, pH buffering substances, or the like. Suitable carriers are typically

25  large, slowly metabolized molecules such as proteins, polysaccharides,
poly[actic acids, polyglycollic acids, polymeric amino acids, amino acid
copolymers, lipid aggregates, or the like. |

For the preparation of vaccines, the virus or its recombinants is
30 converted tnto a physiologically acceptable form. Such methods are known to
the person skilled in the art. For MVA and other poxviruses the vaccine can be

prepared based on the experience in the preparation of poxvirus vaccines used



The insertion of heterol ogous nucleic acid sequence is preferably into a

..nhon-essenti.al. .region of _the virus_genone, Alternatively, the heterglogous

l o nucleic acid sequence is inserted at a naturally occurring deletion site
of the viral genonme (for MA disclosed in PCT/EP96/02926). Methods how to
insert heterol ogous sequences into tihe viral genone such as a poxviral
genone are known to a person skilled in the art. 15 The present invention

al so prgyy ﬁi&hé@ﬁgﬁg%ﬁﬁl%ofﬁgg@éééﬁ@éd apdick!VRC et B [aomdliisen, a

virus according to resent ntion, such as WA, e.g., for inducing

an i mmanel.r Wspbnse9i 386 AAR). &or marbplty , thenpltfiedgvisus hardared@tthe
h tical i ti Iy i d
Phar g woh aaabByehbx L% ol am AR Joeviuatdt I abSE 18T e, 140 ot cs.

preservatives, adjuvants, diluents and/or stabilizers. {Such auxiliar
subst aiNa8 paT.Ae Fauttie, peaparation gifyaacine sbohandig-, W& t18g RAtEIRE §i¥f yi ng
agents,, pH. bufferin st ances, .or the.ljke. I ri

C Yo calthh Vi) s S 9 msenbirerbl sl BkpbESs el isele Safine

pol ysa I i ' I bR ABLATN POAY ERRPEURIT NO
aci ds, ?g%gpuclﬂggf’\&)l%ggbé%??fm%%ﬁgpgp%gdg?Zéggje@?ﬁor. thenlii ke. Fol? Ltjhe

pr epar @iriaf@lﬂal@!?f ¥ atssnasmpdlie. Witeusakively} $he emoohienahots can [30 prodveeded

into a physiologically acceptable form Such t hods ﬁre kno[:]//Yh to the
per son bykétiepedse fragrs-Aning msrtheiras dn o Aermgiaier-udes THEWREO M MEA an be

3 q h . . . - .
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between 4°C and room temperature for several months. However; as lon_g as
no need exists the ampoule is stored preferably at temperatures below -20°C.
15
For vaccination or therapy the lyophilisate can be dissolved in 0.1 t0 0.5
mi of an aqueous solution, preferably physiological saline or Tris buffer, and
administered  either systemically or locally, i.e. by parenterally,
intramuscularly or any other path of administration know to the skilled
20 practitioner. The mode of administration, the dose and the number of
administrations can be optimized by those skilled in the art in a known

manner,

The virus according fo the present invention, in particular MVA can be

25 administered by oral, nasal, intramuscular, intravenous, intraperitoneal,

intradermal, intra-utero and/or subcutaneous application. in small animals the

inoculation for immunization is preferably performed parenterally or nasally,

whereas in larger animals or humans a subcutaneous, intramuscular or oral
inoculation is preferred.

30
MVA is administered preferably in a dose of 10' TCIDsp (tissue culture

infectious dose) to 10° TCIDsg.



(PBS) in the presence of 2% peptone and 1% human al bum n in an anpoul e,
preferably a glass anpoule. Alternatively, the vaccine shots can be
produced by stepwi se freeze-drying of the virus in a formulation. This
formul ation can contain additional additives such as mannitol, dextran,
sugar, glycine, lactose to or ponvinyIByrroIidone or other additives such
as antioxidants or inert gas, stabilizéers or reconbinant proteins (e.g.
human serum al bumin) suitable for in vivo adm nistration. The gl ass
anpoul e is then seal ed and can be stored between 4C and room tenperature

for several nBatpsinteldweyer: i Xi oul.e is
.stored preferlﬁglgﬂat te _era,abtoﬁEeﬂsh%Bgirg\?v §é§8}éaﬁ?§g8%¢é @5%%?%3&?‘8#‘%‘?1 n

“therapy PAEG Yfs stiehcam MIA-BINs sabiviesl denivtives anBy Be éﬂimﬂ{is@i’eéquﬂous
sol uti O%h&éﬁésﬁﬁﬁw @@(%/%Lol ogical salipe or Tris buffer, and admnistered
-ei ther systehcalfy’o 84 pinoYntein gy ik evceiationy (“printingrinsculatiohy) or
“any 6t haangat b sdcaftimb&iipab |44 ed 20 practitioner. The
node of adm nistration, the dgg?%m%g‘&n&u%@&&r adm ni strations can be
optim zed by those skilled in the art in a known manner. The virus

according to the present invention, in particular M/A can be 25
adm ni stere \ HE gnaen inet teaae spalf pbyapeiizgonea 1,
dmi ni d 't&/ﬁ@%?“tﬁés%the'meﬁmw n&on thet teawre fanishal! abrereilss

I nt r aderighani dihas U sybcut aneous appl jcation. In small animals

the inoculati on’hgg‘r wm%}g‘%[’%nﬂlesala'ﬁa?@ﬁébl\’gﬁﬁbm@%aﬂqdap@ie@béy Ry or

nasal | y,mamrealas ammalrigetudins Behs [%Em eous. .intramuscul ar

or 35 al _ipoculation is prefer%ed. %’%{n. s %gﬁﬁﬁﬁjﬁ%e@agmmi%ﬁ%%yﬁ n a

geg of SHSY a%Ap8s, catssroromicaly impdreatti amisnalesticht £ eI QER. 17 As

oi nt ed a t virus accordjng to the present invention, IR

parti cuIsg"r%tef‘\)/f\/%?3 \é‘gstc'ﬂ(???SNﬁﬁgW‘iﬁgh?'tg@“HBﬂ S asaningy rbts. admthes¢ ered in a
animal species and for humans MVA and DISC-HSV are particularly preferred
viruses. The invention may also be used for economically important birds such
as turkeys, ducks, goose and hens if viruses are used that are capable to infect

15 the bird’s cells but not capable of being replicated to infectious progeny virus
in said cells.

_ - The term “domestic animals” as used in the present description refers
preferably to mammalian domestic animals, more preferably to dogs, cats,
20  calves, cattle, sheep, goat, pigs, horses, deers.

According to a first alternative the viruses according to the present
invention, in particular MVA-BN and its derivatives may be used as specific
vaccines, i.e. to elicit an immune response that protects the vaccinated

25 newbom against diseases caused by a virulent virus belonging to the same
virus group, family or genus than the virus that was used for vaccination. By
way of example MVA as defined above, in particular MVA-BN and its
derivatives can be used to vaccinate newborn humans against poxvirus
infections, in particular against smallpox. MVA, in particular MVA-BN and its

30 derivatives, may also be used to vaccinate vertebrate animals against poxvirus
infections of veterinary importance. According to this first alternative the virus

used for vaccination may be a non-recombinant virus, such as MVA-BN or its



therapeutical ly effective amount in a first inoculation ("primng
_inoculation”) 5 and in a second inocul ation ("boosti ng. i noculation"). In

the context of the present invention the term "animal™ covers al §6” "human

bei ngs. More generally, the aninmal is a vertebrate animal, preferably a
mammal i an ani mal including a human. Specific exanples for aninals are pets
to such as dogs, cats, econonmically inportant animls such as cal ves,

catt| e qorRBgREs c?roétr%comﬁlﬁ&‘?t %Q%ﬁﬁériﬁwn@ﬁhﬂ\ﬂe Wrglpammedbatr at s.
humans

For these "animal species and DI SC-HSV are particularly
pr ef er ¢ notinatsesly fthad mwmtjlg:ﬂmmay El’eﬁ&rbbiyu§bel reeYMBTRYNIESS | y
ens if viruses are used

| nportant birds such_ as tl“ﬂ ? yS, rcfkf gg % AT
that at@rbapasrditianal geses 8t afe heiyl i B8 Gt TUTNER 'EBPV5ET ng
I I d
ot el Eub sl Bt HS o SRR og DS 2 el oA eI, el an

donmgstic aninaels, nore preferably to dogs, cats 20 cal ves, cattle, sheep,

goat, pigs, horses deers. According to a first alternative the viruses
accor di ng td\mbédﬁ@"sbatsecﬂﬂdémhr@ﬂﬁteﬁnalﬁfama’fbl@l RROTNAVRS BKE AAgcinaded

derivati. esma dass cific I N ne
responé’)—’; 'E‘t?a’fe F'%l’ Virl'fé hﬁﬁgeflﬁlgt%&]eg%';%ﬁ%ﬁ‘ hugr&'li(ls %gﬁj é%%a@%‘%b?amused by
a virul an%; 08NS #EBpoNSS HEalsPURe afnamd Ncidrsegpmsiscd han

t he vi r(ﬁég %Bt?/\\llaeg%s (;égerlﬁ\?@cm ngt ?%%O By gway of exanple MVA as defi ned
above, e)d]!)rBBSéd frohathdtietdn] egulg neclmteacmseaesnmrBywayge‘oB&a@np&bc| nat e
newbor n humans, agai nst poxvirus infections, | articular. a tant

snell| pdke mugieici atig FaqueiramaN/aooR fahan %@t'%%ﬂ &Eﬁr\@ﬁl%@ B85 be -
Veteri AR G S R BB T AR PR R BREL U s used
for vacghpakiRenBye PEcanBRETTAVADImartivifarsecondinast MMA-BN or a ts is
derivatives, or a reconbinant virus harboring genes in the viral  genone
that aderivativertiteneaf, loprhpiasicg a heitrologousBUCRIe PeicheP§ing fos adigRns nant
virus from (i) viruses other than MVA, such as HiV-1, HIV-Z, Denguevuus, West-Nile
15 Virus, Japanese Enzéphaiitis virus, measles virus, (ii) tumor antigens, (i)
bacteria, (iv) fungi. If the antigen expreSsed from the recombinant virus is e.g.
an HIV antigen it is possible to use the recombinant virus to induce an immune
response in the vaccinated neonate against HIV and to prevent AIDS. In a
broader sense the recombinant virus expressing the antigen or antigenic
20  epitope is used to induce an immune response against the agent from which
the heterologous sequence is derived and/or against the agent that comprises

the antigen or antigenic epitope.

According to a third alternative it has been unexpectedly found that
25 viruses that are capable of infecting the cells of the neonatal or prenatal
animal, including a human, but not capable of being replicated to infectious
progeny virus in the neonatal or prenatal animal, including a human can be
used for the preparation of a medicament for protecting an animal, in
particular a newborn animal, including a human, against an antigen selected
30 from tumor antigen and foreign antigen, wherein the tumor antigen and/or the

foreign antigen are different from the antigens associated with the virus.



har bors additional genes that are helpful in stimulating the inmune
response. Exanples for this kind of genes are cytokine genes and
interferon genes. 5 According to a second but related alternative neonates
are vaccinated wth a reconbinant virus harboring a heterol ogous nucleic
aci d sequence as defined above to induce an i mune response against the
am no aci d sequence expressed fron1the1ﬂeterologous nucl ei ¢ aci d sequence.

By way of exa el ci d sequence may code for an antigen or

an antigenic er%‘% @o@@%gf@ﬁ“}(éﬁa%m@ma%%o% fagcinatedogitbithaniruses us

accor di nactortiiigsto Hrbadh et ihgCHM) ipaparticul

-reconbi nant M/A-gSB[\I or g gﬁ?i“\)g{%i?t\]/‘gﬁ’tw%@@m%%i“é?ﬁgggch@@ﬁgﬁb%@us

nucl ei ¢ ABKditEstrigtives, are poelested mpmitdt)a vhalkses WRASH; ﬁfﬁ]ﬂi’{é‘%{né”c“ as
phalqti

H V-1, HLV-2, virus, West-Nile 15 Virus, Japanese EnZe S virus,
-neasl es %lg‘l;ﬁsgf%r}%ﬁ?%ﬁgeﬁﬁ-isgﬁér%,th@i\llrl.)seslmmomlihg,to(ﬁhe)prfamgt. I f the

“ant i gen BHEsSednf Jag o] t virus is £.9. .an HYV antigen it is
possible to use ’?ﬁeéér}?g?g% nan ge‘% E@ef{%aﬁﬁﬁ?&e %}{%Wé‘&ﬂ@spﬁnse- in the
vacci nat ¥aceisettenagbonss thWW@'ithe@é@&?r‘&ﬁﬁcPﬁe épggenet%ﬁ?%&iéqéﬁnse the

reconbi nant,.vi rus .expressi ng the antigen or antigeni used to
i nduce aﬂaﬁ‘rﬁﬂ{%ﬁwggﬁbﬁs'é?'@géjﬁrﬁeasterhreobﬁmmtevbbmmsvwécdﬂneé RRoREESRPbRAGRUS

sequencerd b .agai nst . the agent that conprises the antigen or
ant i genietcd gglgfg%ﬁﬂ)&g@ gﬁﬂégfﬂ%sacmﬁ% Wrasesedidie esamplasecbearthis is
unexpectedmplidisadcr RatcimdRioH e r | f infectjng the cells
of the neonapleil or ° reng!trﬁlowaﬁmﬁ\;ﬁpﬁﬁ?%dﬂ%%ﬁa%ﬂﬁﬁﬁ?”%ﬁge% %ﬁﬁ%ﬂﬂ e of
er AY repreleredranlype clhuesif theogeany avédrding fo tmpmﬂtiﬁpe,%%r.ﬁnat al

ni mal , b%ﬁ}#génﬂﬂ@%hurmn can be wused for the preparation of a dl'canent
for protect 5 isHfedifar thavarcimadionofmaniormsdhe naiccinatet udiimala
human, agai ' i t 30 _f.rom tunor antigen and foreign

anti gen, m@@gﬁﬁﬁﬁ@ﬁ%ﬁeﬁ%ﬁggfﬁdﬁ%ﬁaﬁ.gf,n% M HBY@tgnatad rgnalsrie the

di ff er emriicahiitrteespant Lgeina ReeaBR! AAWHRLENMMLRESy st is established.

15 According to the present invention “the tumour antigen and/or the
foreign antigen is different from the antigens associated with virus™, This term
is to‘i::e interpreted in that according to this embodiment the invention is not -
prim‘é"rily intended to use a virus such as MVA to induce an immune response
against the virus itself. Instead the virus is usef:i to induce a immune response

20 or at least a general immune stimulation that protects the host against foreign

€ antigens and turnour antigens, respectively, that are not associated with the
virus. The term “antigens associated with the virus” refers to epitopes and
antigens of the virus particle and to antigens and epitopes on the surface of a

cell infected with the virus that are the result of the expression of the viral
25  genome.

In the context of this embodiment the term “foreign antigens” refers to
any antigens and epitopes that are not naturally a part or a compenent of the
animal body. Foreign antigens are especially antigens and epitopes from

30  infectious agents and toxins, Typical infectious agents are viruses such as

herpesviruses, retroviruses, rabiesviruses, rhabdoviruses, adenoviruses;



According to this third alternative newborns vaccinated with the viruses

according to the present invention, in particular wwth M/A such as WA-BN .

“and its derivatives, are protected against a challenge with foreign
antigens such as infectious agents. Thus, the viruses according to the
present 5 invention, in particular Wh,are a general vaccine for newborns,
i.e. by vaccinating newborns with the viruses according to the present

inventign,, in rticular A the i ne rns comes
ror o conpsienth stk SHRRnEHa: M S BIFSHR: VLTS EhE s TR RIRIRAS pRfGRD
exanpl e;sqagidion this is exenplified for vaccination with MA and a
subsequent challenge with Herpes to sinplex virus type 1. Thus, if the

virus according to the present invention, in particular MA is used for
t he vacci nation_of newborns.the.vacci nated ani.m are nore t ect ed

agai nst f or ef §f IARNTHRENS @@ta@ﬂiﬁrﬂfé@@rﬁ‘é‘i %Vﬁﬁlﬁﬁiéapﬁnﬁﬁag@ﬁi ?‘E"éﬁ‘g‘?i me
D2 o atiglng BOE SRR R BT BT, RYAEE T tarRe 18 Vb it

15
Accordin pre I'nvention he” Tumour ~anti gen and/ or tﬁe foreign

- anti genagsirdt thgoeptarfigemst Feudiir geRRerss erkbalriibedst dssdotaietd withi s term
is to beinterpreted in that according to this enbodi ment the invention is
not prEedain umharallisepses. Jseneuvaniigers she asomalten antigess eneadaddine

mone PudBRREBOm B th hp bt Hayelas Sl RnbRErs Tl b= SIAER bl ot ec o

the hOSfu;ﬂ%ak%ﬁhggﬁé &rd rﬁot@aﬁéig%ﬁt@ﬁs.t By H808 antigeRe drbvBling t hat
are not associ at with the vrrus. e term"antigens associated with the
virus" irefign#fidamt ephbopesinanmnoans, wrensasfthe eneinusf pambiue lantegshst o

antigens and epitopes on the surface of a ,cell infected with the virus
that arBOfma! Hissues isosignificasilyrlewer andomosk ofian ae tumiiiRkigenhatde

cont ext hi S € i nent__the " i gn ' " ref y
cont ot S ok 31 FRBUHIR Moo BeckSFM 85 FodP5h9BER: AEUERRAI SilY |,
ani mal Beghon Siared 9n tR8LIHDENE iAEIRdesPectin MAGRIdaRh<aMVARS beeesiver om 30
infectious agents and toxins, Typical infectious agents are viruses such as
her pesvagasss thes tuovbnusedigenalsiressvihrugessinatiapdd\aniosds Jeadfet®anr uses:

15  activation and/or accelerated maturation of the immune system which then

may lead to the destruction of tumour cells.

The term "protecting against an antigen” refers to the development of

an immune response, which is directed against the foreign or tumour antigen.

20  |f the foreign antigen is an infectious agent the host is protected against said
agent, i.e. the host develops an immune response against said antigen.
Consequently, the infection with the infectious agent leads to a less severe
disease or to no disease at all. The term “protecting” is not to be understood
in the sense that there is always a 100% protection agaihst the foreign or

25  tumour antigen. Instead, the term “protection™ as used in the present
application refers to any beneficial effect that helps the animal {o deal with the

foreign antigen and the tumour antigen, respectively.

According to the present invention such a protective effect is exerted for
30 at least 5 days, preferably for at least 7, 14 or 28 days after the first

vaccination. In other words, the vaccinated and or treated animal is protected



20 bacteria such as Sal nonella, Mycoplasm Meningicoccus, Henophil us;
prions or fungi. The invention is not only of interest to vaccinate
animal s against foreign 5 antigens but, in an alternative enbodi nent, is
al so suitable to vaccinate against tunour antigens. "Tunour antigens" are
antigens associated with certain tunor di seases. Tunour antigens are
nost often antigens encoded by the genone of the host that devel ops the

tunour. &lisagdinsiBa hFdj : ._antigens. are not-foreign antigens.
However , tqrmgur antigeﬁgﬁﬁg@gbﬁgl’{%ﬁ@%ic %ri’ffﬁ @3%@05 n¥4hisaid unour s,
wher eas @RHgerwitar of 71 bmnd Bt d PPN TekPechipsiyrl tissues is significantly
‘| ower and nost often no tunobur antigens are ound at all in normal tissue.

"Exanpl es for tumour antigens are known to the person skilled in the art
MVA i.s effective against these tunour

and 1 nclude ensind B MG ARl 928, AR EhlSChLYer f03kmet lese, turou
| : ARaAatemBht BhmatulhtiGebethagal nst
R R e M A R IR UG
i nf ect 5‘3?“2’5%5{'@?2‘%%’???%%9%'@fi@%?@‘"31?%3&%&%@1%@%%%&5%522 Al
M e e A
Seltint bl epri ol b g
and t he}tt@tnr}?gd?a?g%{%rggkp &_e@}?e %V@%ﬂ Aeéﬁﬁjirﬂ@%f@ Syedopy asent ?nvent | gn
2t east 7 10 or 38 qacdBHRERIECol e iy Rle i e T her words. the
vacci nal'¥@rahangeablydativds descrptios. pr ot ect ed
The “activation of the immune systern” is characterized by the
15 expression on the surface of cells of molecules and hormones that ease
cell/cell interaction or trafficking and/or by the secretion of said molecules
and hormones by the celis. Specific receptors take up these signals and
respond. Activation markers are inter alia Flt3-L, IL-12, IFN-alpha, MHC-If and
CD8, in particular CD8alpha (see below).
20
{ The accelerated development/maturation of the immune system is
correlated with an increase of the level of factors activating and or mobilizing
dendritic cells (DC) or their precursor cells and/or an increase in the number
of dendritic cells and their precursor cells and/or an increase in the
25 production and/or cellular content of an interferon or IL-12. An example for DC
precursor celis that are induced by the virus according to the present
invention, in particular by MVA, are plasmocytoid DC precursors that are very

important for the defence against viral infections and that seem to produce
N o/,

30

More specifically, the enhancement of the maturation of the immune

systgm is preferably defined by an at least 2-fold increase in surface markers



21 e.g. against a foreign antigen if the animal cones into contact with
.said_antigen after 5, 7, 14 and 28 days, respectively. In the context of

the present invention “the effect of the vaccination of 5 newborns with tHe

virus according to the present invention, in particular wwith MWA may be
expl ai ned by the induction or enhanceggnt of maturation of the inmune
system and/or the actlvatlon of the immune system In the context of the

present, i nvent i turation
Dt % e oA LRS b 4SBT $HE0 Fh o PRI el uiealin v 36 of
dendri tiher&old S hd hidsuPe8GHREHobA. F@ﬁ%‘eﬁ%ﬁérﬁe@t ab icharacteciortaml s. The
terms "accel eratiron of the maturation"” of the inmune system an
" enhancenfenicotienaf Bt uEuralion of (hedrimunmeysips o B3 Lsbdl 2, IFN-
i nterch eably in this descri ‘actjvation of the st ent
i s char%@?‘@r Mlé@ lb(;m@ r&‘é)gal@%%g?@@ 5\1 %ﬁ?vteﬁfetrheu"i‘(f%% %@d{gp#ﬂpﬁg ecul es
and _hor ff isC &eisgr by the
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t ake uppitdteslyiaana lsagingd.o r@anan@bas%cm ey mmmbmrdié)[sl be positiver cells a
see

FIt3-L, IL-12, I FN-al pha, MHC-11_ and , artlcular %%g}t
bel ow) . 1n2kbie'ﬂhk§30a¥c@’ml/é}f ath@cﬁ?d@@@%@m;lﬁﬁﬁ@ﬁtth? n@'rﬁ“ﬁf atipR o V&t emis
| at ed th f th | f
RUGECRTORINGEE RN T D
| ncreasgorBofdie tﬂé‘@‘gﬁénc%eﬂ%%hémaﬁ%hléftﬁ%@tnﬁdﬂ@n@ sg(rswrmy cel I's and/ or

an i ncrease I n production and/or cellular content of an interferon
or 1oL- Igrefévaisiydeterrélated@itipenatrisast ¢ faldtinareasee morguprsderablyten virus -

D pr oot I6oRt 2 A dvidanrase,of fHaeeRcarit abon oh g Took shba Sgafietele ra 7
infecti \?Qcc:iﬁgﬂoﬁ R3heB A5 Qi RANGS aé(%}ld%é %o the present invention, when

compared to age matched controls.

15 In this context it is to be noted that there is an association between the
phenotype and function of murine and human DC populations that can be
characterised by their surface phenotype (Hochrein et al. 2002. Hum. Immunol.
63: 1103). DC in the blood can be detected using flow cytometry using a range
of surface markers (MacDonald et-al. 2002. Blood. 100:4512) that also altow

20 specific populations of DC, such as the plasmactoid DC to be identified
(Dzionek et al. 2002. Hum Immunol. 63: 1133; Dzionek et al 2000. J. Immunol.
165: 6037). Using similar techniques DC can also be detected in other human
tissues ( Summers et al. 2001. Am. J. Pathol. 159: 285).

25 According to the present invention the viruses as defined above might
also be used to treat neonatal or prenatal animals to increase the level of
factors activating and or mobilizing dendritic cells (DC) or their precursor cells
and/or an increase in the number of dendritic cells and their precursor cells
and/or an increase in the production and/or cellular content of an interferon

3 or IL-12. It has been demonstrated that following vaccination with MVA-BN
the plasmacytoid den‘dritic cells make significantly more 1L-12 and have an
increased |FN-alpha production and up regulation of MHC-l and CD8a. The



30 More specifically, the enhancenent of the maturation of the imune
systemis preferably defined by an at |least 2-fold increase in surface
mar kers 22 found on DC, such as MHC- 11, CD40 and/ or CD80/86. Preferably
such an increase nay be neasured in the blood. Further markers to
tharacterize an enhancenent of the maturation of the i mune system are
FIt3-L, IL-12, IFN- al pha, MHC 11 and CBBa (see bel ow). .Moreover, the
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cont r ol sl..51sld nmiohe prefrbbiE 21d t there is an association
bet ween the phenotype and*51Jé unct? gnwﬁ?ﬁ%ﬁ?é\%%gn tﬁaegé:ﬁﬂﬁré‘fﬁ'ons t hat -
can be characterised by their surface phenotype (Hochrein et al. 2002.

Hum | munol .+ 6%: 11031).. DC I@? t he bl ood can be detected using flow
cytometry usi L ngetivion of teselritin Relissof iesiDpnatut setsalefe20@2%heBl 00d.

100: 451 atrationl I 1 fi.c popul ations of DC, such as the
pl as mg@l oi d DSQ? oﬁg%@itgégrﬁt?%rzg% %%iﬂﬁ?@%“'%fh@ygﬁz@@zfulqﬁmihﬁtag@s. 63:
| A138, DériveekbyhoanoR@8tind stihfuTi i edfd ' i.m Lar techniques
% éc can al so be detected in other Eﬂ%n%hntéfﬁgsuesg%fgjén#gggéwgl. 2001. Am
J. Pat hBI¢CY5grs.opngse iprguse MG geach the peripten). Direeati Qihildamiyi ruses as
defi nedsﬂﬁﬂ){l? m,g%ltte @I ?\g be .used to treat neonatal or prenatal animls to
i ncrease the ‘laeve of©- Petvation marers, Hdtieh @re upresiliaited hy adtnatedt i ¢ cel | s
(DC) ordehdriticneeud®omteehlis Fits-1, IL-12, IFN-alpha, MHC-1I and CD8a (see

below).

15

[t was noted that hormones such GM-CSF Jead to more immature DC in
the periphery. Because GM-CSF leads to more DC precursor in bone marrow,
blood and peripheral organs (and the cells have fo move there), this
phenomenon has been termed “mobilization of dendritic celis ar their

20 precursors”. This definition is also used in the present description.

Consequently, the vaccination of animals including a human is
especially useful, if it is intended to increase the Jevel of factors activating
dendritic cells (DC) or their precursor cells and/or to increase the number of

25  dendritic cells or their precursor cells and/or to increase the production

and/or cellular content of an interferon or IL-12.

Factors that activate dendritic cells'comprise inter alia FIt3-L (Lyman et
al., Cell 1993, 75; 1157-1167) and GM-CSF. Typical interferons according to
30  the present invention are IFN-alpha and IFN-beta. The viruses used according

to the present invention induce Fit3-L and it is assumed that some of the
beneficial effects observed are due to said induction,



and/or an increase in the nunber of dendritic cells and their precursor
.cells _and/or an_increase in the production and/or cellular content of an

interferon 30 or IL-12. It has been denpnstrated that fol lowing vacgination

with MWA-BN the plasmacytoid dendritic cells make significantly nore |L-12
and have an increased |IFN-al pha prodgﬁtion and up regulation of MHC-11 and
CDBa. The 23 increase of IL-12 after the adm nistration of the viruses used
according to the present invention is preferably 2 tines, nore preferably
100 tinmes, 500 tinmes, 1000 tines, 2500 tines or 5000 tines. The increase
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DC. Activation nmarkers, which are upregulated in activated dendritic cells
are i ntlnowniTaamd Baeall functions arsipiogkgts amad plagha!TcPBRIIEY®E  bel ow). 15
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has beerm ternmed "nobilization of dendritic cells or their 20 precursors”.
Thim defélativé bmailslta) by ansiéd?N prodhetipncgbich iddewrignpaned t@@ﬁ@é‘iﬁa@ﬂd y, the--
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may be defined as an infant animal having a number of splenic CD4+ cells
being preferably at least 2-fold, more preferably at least 20-fold, more
15 preferably at least 200 fold, more preferably at least 2,000 fold, most
preferably at least 20,000 fold lower than the average number of splenic CD4+

cells in adults-

In mice the immune system is mature at the age of 4 weeks. fn humans

20  maturity is probably 6 month to 1 year. In cats and dogs the immune system
is mature usually at the age of 6 month, in calves, sheep and pigs at the age of
4-12 weeks. The vaccination with the virus according to the present invention,
in particutar with MVA is preferably done during before the immune system is
mature. However, since maturity develops almost exponentially after birth it is

25  most preferred to vaccinate with the virus according to the present invention,
in particular with MVA as early after birth as possible. Since in all relevant
domestic animals and in humans the immune system is mature not earlier
than 4 weeks after birth, it is generally preferable that vaccination with the
virus according to the present invention, in particular with MVA, is done |

3¢ preferably within 4 weeks after birth, more preferably within 2 weeks after
birth, even more preferably within 1 week after birth, most preferably within 3

days after birth. These general terms are applicable to all important domestic



and/or cellular content of an interferon or I1L-12. Factors that activate
~dendritic cells conprise inter alia F1t3-L (Lyman et al., Cell 1993, 75:
1157-1167) and GW CSF. Typical interferons according to 30 the present
invention are | FN-al pha and | FN-beta. The viruses used according to the
present invention induce FIt3-L and it ,is assuned that sone of the
beneficial effects observed are due to said induction. 24 In the context of
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-0-1 year. In cats and dogs the i mune system is mature usually at the age
of 6 nonth, in calves, sheep and pigs at the age of 4-12 weeks. The
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particular MVA as a general vaccine are observed if the virus is administered
to an immature immune system, it might be preferred to vaccinate even
15 _ prenatal animals including humans. Prenatal vaccination may be desirable in
economically important animals such as cattle or pigs. If the placenta lets
through the virus the prenate can be vaccinated simply by vaccinating the
mother animal. Thus, the vaccination of the mother animal to vaccinate the
prenate is particularly promising in an animal having a placenta
20 endotheliochorialis, such as dogs, cats, rats and mice or having a placenta
( heamochorialis, such as primates including humans. in animals having a
) placenta chorionepithelialis, such as cattle and sheep or having a placenta
syndesmochorialis, such as pigs and horses, the vaccination of prenates éan
be preferably done by in utero administration. Of course, this mode of
25 administration can be also done for animal having a placenta

endotheliochorialis or haemochorialis.

Since the viruses according to the present invention, in particular MVA
lead to an accelerated maturation of the immune system and since the viruses
30  according to the present invention, in particular MVA are thus useful as a
general vaccine, the vaccinated animals are protected against a variety of

diseases. More specifically the viruses according to the present invention, in
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mat ure. However, since maturity devel ops al nost exponentially after birth

it _.is. 25 nmost preferred. to.vaccinate with the virus according to the =

present invention, in particular with WA as early after birth as .
possible. Since in all relevant domestic animals and in humans the inmune
‘systemis mature not earlier than 4 jeeks after birth, it is generally
preferable that vaccination with the vi rus according to, the present

Vet ORtich B AU G BE JANONYRonTfodane S0z enaeiall yergtina 4 veeks

nore prefer s ter birth, even nore

pr ef er alaynspifehha hbrp&ebr @éitrﬂ irffectidus masrtorptref Ehabﬁrwmstanomrdmglays after
birth. These general terns are applicable ﬁt%é al | ortant done t'(f 25
ani mal $heinfepent invantien: b aprticuipbM\éhinao $15eel i ArEenf |

i ncl udi,n n e i the fact
t hat e\Feegn%Iaﬁgﬁaosaéﬂ%%sﬁ?@8%§%r%8§g%ée§té§£&rlre\r\lﬁ)g\r{gréél r?goggt@gé@% t he
CO”EeX-tac%B aﬂﬁg ﬂért%%e@"esehﬂwetﬂtm @rﬁ"ﬂ)ai’h@miarti\mﬁﬁ\ m V\Xeaelagecﬂ papignforay al so
esuccess y carried out 5 with older aninals, en the i mune systemis
not yetganerairwek betekandfagainstierophibigsyr Mycopiasns immt!@a@ceﬁa@riaﬁymy be
carried out. wwthin 6 nonth after birth, nore preferably within 3 nonth
after HDAaHenigrRigSreferably within 2 month after birth, more preferably
within 4 weeks after birth, nore preferably within 2 weeks after birth,
even nore preferably vvlthrn 1 week after 10 birth, nost. preferably vvlthrn 3

days after Qg rtad?rnt&ﬂ @ee it sea pesferadd enttmdifanhdoviseutheavicose accomlinge
present invention, particul ar MA as a general vacci ne re obfsbgé/ed | f

t heovi rt@stl'arespr@aﬁﬂhrrmeetiea, In paghicilamd (R ein iewhernsy et erenata ﬁﬂgﬁe

pr ef erred va ci nate even,l15. prena ni enat al
Dacct vtk A et ERies 5 r eI D oY Sr.adfiridh AR IRe eh©,

cattle dtla ?rkﬂ‘: 4 afrarent ﬁfoh?rtﬁe ahﬂ?@HQ%s&B@ra\Keﬁ Wgith ige mre@,a:u@ad:an be
vacci na si nply y vaccinating t her ani mal. Thus, the vaccination
of the ﬂniotvbecr:rnatllorraHohf\@vead:hlmhbodheenbrsena‘t eedtsicped ttommé)dry Frdnmising in

o Nl ey 0 aBl een e 20, endotine Lochorl gl Loy (RS SRiSIPESN 58S

15 carried out for animals of all ages, since a beneficial effect can be observed
also in adult animals. Thus, according to this embodiment the viruses as
defined above, in particular MVA-BN and iis derivatives are useful to protect
an animal, including a human, against an antigen selected from tumor antigen
and foreign antigen, wherein the tumor antigen and/or the foreign antigen is

20  different from the antigens associated with the virus. As pointed out above, the
viruses used according to the present invention are capable of infecting cells of
the animal but not capable of being replicated to infectious progeny virus in
said cells. All information, definitions, including the definition of the duration
of the protective effect, examples as well as the preferred, more preferred and

25  most preferred embodiments given above for neonates also apply for the
present embodiment according to which the virus may also be administered to
adufts.

In contrast to newborns, the immune system of adult animals has
30 aiready matured. Nevertheless, it might be that the immune system is
weakened due to certain diseases or simply due to the age of the animal.

Especially in immune-compr__omised people and in elderly people the '



heanochorialis, such as primates including humans. In animals having a

pl acenta chorionepithelialis, such as cattle and sheep or having a pl acenta
syndesnochorialis, such as pigs and horses, the vaccination of prenates can
be preferably done by in utero admnistration. O course, this node of 25
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renatal animals. Instead, in an alternative enbodi'nent t I'nvéntion can
be 15 carried out for animals of all ages, since a beneficial effect can be

Viruses as dort RuRtHls AR onqeriRi P Ve eadin e RS abs ar o
usef u eﬁ“??&‘%@?ﬁﬁ‘o Eag%?gggﬁhvm&cm@bwpﬁra%w’a AARIiBheAR 15 BY! 92N
aaministered to an animal, including a human, wherein said medicament
15 increases ‘the level of factors which activate dendritic cells and/or increases
the number of dendritic cells and/or increases the production and/or celfular
content of an interferon (IFN) or {L-12. All definitions given above for the other
embodiments are also applicable for the present embodiment. According to
this embodiment the invention does not aim primarily at inducing a protection
20 against foreign antigens and/or tumor antigens. Instead, this embodiment is
é‘ aimed at treating conditions and diseases characterized by a low level of
factors which activate dendritic cells and/or by a insufficient or too low
number of dendritic celfs and/or by a low production and/or cellular content of
an interferon (IFN) or IL-12. Thus, according to this embodiment the treatment
25 with the viruses according to the present invention, in particular MVA could
protect against allergies or autoimmune diseases. Again this treatment is
particularly promising if the viruses according to the present invention, in

particular MVA are administered to newborn animals.

30 Additionaﬂy., according to a further embodiment the virus according to
the present invention, such as MVA, in particular MVA-BN and its derivatives,

is particularly useful to induce immune responses in immuno-compromised



and foreign antigen, wherein the tunor antigen and/or the foreign antigen

_is.20 different fromthe antigens associated with the virus. As pointed out

above, the viruses used according to the present invention are capabie of

infecting cells of the aninmal but not capable of being replicated to

-infectious progeny virus in said celts. Al information, definitions,

including the definition of the duration of the protective effect, exanples
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ani ‘mal icial effect inter alia by increasing the |evel of
factors activating and/or nobilizing dendritic cells (DC) or their
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deal with Torel ntigens and/or tunour antigens. In other words, the
vi nwsesnuesEibradn gadtioglar Modidiedr éseninia drishehara VYA, wherein ther t he -
activation of the i ne _systemin ?ener al, . %_1%[6 i nventi o% further concerns'

the vi tuEWS ALEARMY Arothererggsantigen adifierent P Hag antiged® MvA for the
pr epar at | . |.C t to be admnistered to an animal, including a
humn,%@&@?%d g’éﬁﬂ%@?@ ment 15 i ncreases the | evel of factors which
activate dendritic cells and/or increases the nunber of dendritic cells

and/ or increases the production and/or cellular
in a further embodiment the invention concerns a method for the

15 treatment of an animal, including a human, to increase the level of factors
which activate dendritic cells and/or to increase the number of dendritic cells
and/or increase the production and/or cellular content of an interferon (IFN)
or 1L-12, comprising the administration of a Modified Vaccinia virus Ankara
(MVA).



content of an interferon (IFN) or IL-12. Al definitions given above for
t-he other enbodinents are also applicable for the present enbodi nent.
According to this enbodinment the invention does not aimprimarily at

i nduci ng a protection 20 agai nst foreign antigens and/or tunor antigens.
Fnstead, this enbodinent is ained at Eéeating condi tions and di seases
characterized by a low | evel of factors which activate dendritic cells
and/ or- ! el too-low nunber of dendritic cells and/or by a
Iom1progﬁgﬁpg§§§?g orﬁ§%¥ﬁthr content of an interferon (1FN) or [IL-12.
Thus, according to this enbodi nent the treatnment 25 with the viruses
-according to the present invention, in particular M/A could protect
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status of the i mune system of an individual, which shows only inconplete
i mmune responses or has a reduced efficiency in the defence 5 against

an ani i ormol o o T, PRl AT r SRR B PRREa Rl uror

an aninal, including a human, agains t unor

gnﬂiﬂgenm&w g diugnamncogwpmisity thes BUMinl R4 TION Pk Brid, tferBPEiAg Lo the
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i ncr easieedrtal evgreatitdlantialg, including a human.

15 Virus for the vaccination or treatment of a neonatal or prenatal animal,
including a human, wherein the virus is capable of infecting the cells of the
neonatal or prenatal animal, including a human, but not capable of being

replicated to infectious progeny virus in the neonatal or prenatal animal,
including a human.

20
€ Use, method or virus as above, wherein the virus is a DNA virus.
Use, method or virus as above, wherein the virus is selected from DISC-
Herpesviruses and Modified Vaccinia Virus Ankara (MVA).
25

Use, method or virus as above, wherein the MVA strain is MVA-BN, deposited

at the European Collection of Animal Cell Cultures (ECACC) with the deposition
number V00083008, and derivatives thereot.

30 Use, method or virus as above, wherein MVA is administered by oral, nasal,

intramuscular, intravenous, intraperitoneal, intradermal, intra-utero and/or
subcutaneous application.



whi ch activate dendritic cells and/or to increase the nunber of dendritic
_cells_and/or _increase the production _and/or cellular content of an

interferon (IFN) or IL-12, conprising the adm nistration of a Modified =~~~

Vacci nia virus Ankara (NWA) 29 Summary of the Invention Use of a virus
for- the preparation of a nedicanent fgy the vaccination or treatnment of .a
neonatal or prenatal animal, including a human, wherein the 5 virus is
capable of infecting the cells of the neonatal or prenatal aninmal,

i ncl udi ng a human, but not capable of being replicated to infectious

pr Ogenyuwlﬁ'lé%hb@dlh@nﬂ;e@sr@&@?e Qﬁh@t@fﬁlMW\ ianidministered udang a hunman.
Method for the treatment or vaccination of a neonatal or prenatal ani mal,

10 i ncl tlmarage!atmaiﬂmaﬁewfapan@ung i Irefiesd inacelation GRUGING ’@pﬁU?ti%ér ein the
Vi rus | s capabl e nf ng, the,.cel.l s t he, neonatal or prenatal

ani mal , énﬁd?%?é’r@ 1nﬁ%@ﬁiOnlﬁpo%’{lngdggg?‘@tlgp bei ng replicated to

i nf esctl ous progeny virus in the neonatal or prenatal animal, including a

humgn. 15 Virus for the vaccination or treatnent of a neonatal or pr enat al
ani mal , Usépaiatbbd oravilus@nabohg neherdihdiVArissidrsindstpedd &o dheianfigedi ng t he
cells of the neonatal .or prenatal  animal N a hu but not
capabl eifelugieenayh Uﬂwrllﬁmﬂpéniﬁﬁcé’éﬁﬁlgrgéﬁﬁﬂ (&S,SH& (?':ﬁ{]q "Re neonatal or
pr enat a cluding a human. 20 Use, nethod or virus as above,

wher ei nirﬁ%&%ﬁgs%ﬂ a DNA virus. Use, nethod or virus as above, wherein
the virus is selected from DI SC Herpesviruses and Mdified Vaccinia Virus
Ankara (MVA). 25 Use, nethod or virus as above, wherein the MVA strain is

MALBN, Udeposithed oratirushas BhovpeaheGsnitbeniassimsriomisngainst o ruMtises

(ECACO) , \Qnth t he deposition nunber V00083008, and derivatives thereof.
infection.- _

Use, method or virus as above, wherein the poxvirus infection is a smallpox
infection.

15
Use, method or virus as above, wherein the virus genome comprises at least

one heterologous nucleic acid sequence.

Use, method or virus as above, wherein the heterologous nucleic acid
2 sequence is selected from a sequence coding for at least one antigen,

antigenic epitope, and/or a therapeutic compound.

Use, method or virus as ahove, wherein the vaccination is against the agent
from which the heterologous sequence is derived or the agent that comprises

25  the at least one antigen or antigenic epitope.

Use, method or virus as above, wherein the vaccination is for protecting the
animal, including a human, against an antigen selected from tumor antigen
and foreign antigen, wherein the tumor antigen and/or the foreign antigen is

30 different from the antigens associated with the virus.



30 Use, nethod or virus as above, wherein MVA is adm nistered by oral,
pnasal, intranmuscular, intravenous, intraperitoneal, intradermal
intrautero and/or subcutaneous application. 30 Use, nethod or virus as
above, wherein WA is admnistered in a therapeutically ef fective anmount
fna first inoculation ("primng inocul gtlon ) and in a second inocul ation
("boosting inoculation"). 5 Use, met hod or V|rus as above, wherein MVA is
‘admi ni st d inclu in.an amount  of at | east
101 TCl g%g(ﬁeggéé%ﬁt 35 aPoyEe ?‘ 8‘@6 UEEes RSPt Kafus as
above, Whfgdtidud BgeNBCEHAAGLIAG, | S agal nst a pOXVI rus infection. Use,
.method or virus as above, wherein the poxvirus infection is a small pox
“infection. 15 LBe met hod or virus as above, wherein the virus genone
conpris st one heterol ogous nucl eic acid sequence. Use, nethod or

virus a Q\ﬂé’ﬁ Sl A% aRever y Sg%ﬁsthﬁuaf@ttﬂuécagﬁﬂtmS§1@qt&thfrem s
“sel egt e@,ﬁu% %a%‘f&‘?ﬁn Pxoﬁ (ynl&gfuf"%{) at least one antigen, antigenic
(6]

epi t ope, and/ or a therapeu icc und. Use, method or virus as above,
wherein the vaccination is against the agent fromwhich the heterol ogous
sequence,is derjved or the a ent that conprises 25 the at |east one

anti gen @@ﬁil% VéiBI apa! Ovs,ewhﬁ’eelﬁdhemacmmailmmr wbatreeniMzensichid he

vacci na t ni .ncl. udi a. human, a| nst an
ant i genhg(g'? %?’éﬁqag{ﬁ%ﬁ% agwgzﬂb% QZ% potikg QEETG‘gKﬂmW%?}@ % he tunor
antigen and/or the foreign antigen is 3o di ffer ent fromthe antigens

associated with the virus. 31
( L 10 Use, method or virus as above, wherein the treatment is used (i) to increase

the level of factors which activate and/or mobifize dendritic cells or their .

precursor cells, (i) to increase the number of dendritic cells or their precursor

cells or (iii) to increase the production and/or cellular content of an interferon

{(IFN) or IL-12.
15
Use, method or virus as above, wherein the factor which activates dendritic
cells is FIt3-L and/or GM-CSF.
Use, method or virus as above, wherein the interferon is IFNa and or I[FNS.
20
{ Pharmaceutical composition comprising a virus as above.
Vaccine comprising a virus as defined above.
25

Short Description of the Figures

Figure 1A: Newborn mice were injected once within 24 — 48 b of birth with 10°
p-f.u. of MVA or DISC HSV-1 or treated with physiological saline (NaCl) as

30 controls. At 7 days of age, CD11c, a pan DC marker was used to determine
these cells in peripheral blood by flow cytometry, Mean and standard deviation
of 3 to 5 experiments are shown,



- Use, nethod or virus as above, wherein the foreign antigen is selected from
i nfectious agents and toxins. Use, nethod or virus as above, wherein the

infectious agent is selected from "5 Vifuseés, bacteria, prions and fungi:
Use, nethod or virus as above, wherein the vaccination or treatnent is used
to induce or enhance the nmaturation and/ or activation of the inmune

system 10 Use, nethod or virus as abo e, wherein the treatnment is used (i)

to incr e |l evel of fact h act i e and/ or hob Ilze dendritic
cells o gﬂ'é‘? lt]'E FrREUMSH 2N ’g & ) ‘?Véﬁe‘f%cﬁ@s]é ERILS MEHBIctBrMismitti ¢

celI's orghihgi i ells or (iii) to increase the production and/or
cel | ul ar p?:ontg Il?0‘6\1&:a‘:szfa@aﬁie’r‘;[trlgrferon (I'FN) or 1L-12. 15 Use, nethod or virus

as above, wherein the factor which activates dendritic cells is FIt3-L
and/ or ?ACSF Use, nethod or virus as above, wherein the interferon is
| FNa andigure i Expenmentaaimtige dti. dowemipb8 tioeelbowsre daigrmingd is as

above. i ng vi rus as defined above. 25 Short Description
of t%e rﬂ\%ﬁ%ggﬂf@%ﬁ% W\ﬁ%@r’fﬁym ce were injected once within 24-48 h of
birth with 106 p.f.u. of MVA or DISC HSV-1 or treated with physiol ogi cal
saline (NaCl) as 30 controls. At 7 days of age, CDllc, a pan DC marker was
used t o Fguwe & Mice wees eacelraged iwiple MWhENEs bhdadtey if thw lefttaieqiry,. Mean
and stﬁgﬁ? devi tlon of 3 to 5 experinments are shown, 32 Figure 1B:
Exper i ergyq ye %t q peregitege of l¢'csipalg é“@&@lb@v&'ﬁgﬁdﬂuﬂﬁ spl een

by flo tp%’é‘i‘t?\ma& If's Th Y Snd RSO T re ot by Hrov QYRS Hhtry DL € cells

wer e de rm ne

Figure 3: Newborn mice were injected with MVA or NaCl as control at day one
and 5 of age. At day 8, murine FIt3-L was determined in serum of these mice

by ELISA and the values are given as pg/ml

15 Figure 4: Newborn mice were injected once within 24 — 48 h of birth with 108
p.f.u. of MVA or treated with NaCl as controls. At 7 days of age, all mice were
exposed to 100x LDsgg of HSV-1 strain F. The number of surviving animals was

. monitored for 21 days.

20 Figure 5: Mice were treated as in Fig. 4. The data represent 9 different
challenge experiments with 100 LDsg of HSV-1. None of the control animals

survived the challenge.

Figure 6: Survival of adult mice vaccinated on the first day of life with MVA-BN
25 following a lethal vaccinia challenge. Three litters of 6 1-day-old pups (18

mice) were vaccinated with MVA-BN (2.5 x 107 TCIDsp) and at 4 weeks (adult

mice) challenged with a lethal dose of vaccinia. MVA-BN vaccination clearly

induced a protective immunity in neonatal mice that lasted until adult hood.

30



5 peritoneal fluid by flow cytonmetry Figure 2: Mce were vaccinated with
MVA-BN as indicated in the left colum. After two weeks the percentage of
. CD11c* single and CDllc+/ CD8+ double positive cells in spleen and in bl ood
were determned by flow cytonetry. 10 Figure 3: Newborn mce were injected
With MVA or NaC as control at day onesg and 5 of age. At day 8, nurine
FIt3-L was determned in serumof these mce by ELISA and the values are
given as pg/m 15 Figure 4: Newborn mice were injected once within 24 - 48
h of birth with 106 p.f.u. of MVA or treated with NaCl as controls. At 7
days of age, all mice were exposedEtampbix LD50 of HSV-1 strain-F. The

. nunber of surviving animals was nonitored for 21 days. 20 Figure 5: Mce
"were treated as in Fig. 4. The data represent 9 different challenge

o eng thbtohBRte e o BE Wi R i flst B GRIGFHenf VRt Dn RMLYSS

~of 5 f ebwividll MdleBMtoxbhi el berddigsidiitdtilahe wat ¢hat theepedlieag exarhipiesin
litters of 6 1-day-old pups (18 mnmice) were vaccinated with MVA-BN (2.5 x

107 TCO DBOYandnay hewkdesprelad! in anivay thedl lientredhai eppkcalitibalofdiee of
vacci ni a. . MVA- BN vaccj nat i clearly induced .a.protective imunity in
neonat afecmrl%og}ﬁgf’ OY'&Lelcgﬁy gﬁ?iﬂrea‘éﬂﬁy ‘Pvﬂ'aﬁaﬂ%ég'g;%xaé%@ ‘es The foll ow ng
exanples will further illustrate the present invention. It will 5 be well
understood by a person skilled in the art that the provided exanples in no
way may be interpreted in a way that |imts the applicability of the

technol ogy provided by the present invention to this exanples. 10 Exanple 1
é-—i )10MVA- BN. and DI SC- HSV i nduces DCE@mple £D11c+ and CD8{

(i) MVA-BN and DISC-HSV induces DC of the CD11c¢* and CD8*
phenotype in newborn animals
15
First set of experiments: Newborn mice are naturally immunodeficient
because the IFN system is not mature. The number and activation state of DC,
the best producers of IFN know today has not been analyzed. DC can be
induced in vitro as well as in vivo by a variety of stimuli. in these studies it was
20 tested whether a controlled MVA-BN replication could induce DC and analyzed
{ their phenotype. Groups of mice were injected with 10° plaque forming units
(p.f.u.) of MVA-BN or saline only within 1 — 2 days after birth and in some
cases 5 days after birth. Blood and spieen celis from individual mice of both
groups were analyzed by FACS and the data compared.
25
Data from 7 to 8 individual mice indicated that treatment with MVA-BN
increased CD11c* cells 2 - 3 fold accompanied with increased expression of
MHC Il and increased presence of T cells of the CD4 or CD8 type Interestingly,
CD19/54, a marker for mature B cells decreased indicating that these celis
30 emigrated in organs other than spleen or that precursor of B cells were
recruited early to other lineages notably DC of the plasmocytoid phenotype

that carries early B cell markers (B220).



phenotype in newborn animals 15 First set of experinments: Newborn mce are

been anal yzed. DC can be induced in vitro as well as in vivo by a variety
of stimuli. In these studies it was 2034 ested whether a controll ed MWA-BN
replication could induce DC and anal yzed their phenotype. G oups of mice
were injected with 106 plaque formng units (p.f.u.) of: WA-BN or saline
only within 1 - 2 days after birth and in some cases 5 days after birth.

Bl ood and spliida feen threealifforatitvxpealmeniceimoficdiedhrefgodupibiter gn@nal yzed
ed. .25 Data from7 to 8 individual mce

by FACS d.th ) :

Y i oot SRS A R ED R mAn B D a4 e different gepicatior ol d
e BNy i f
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B celsl s mecatasadming] cating that these cells 30 emigrated in organs other

than spleen or that precursor of B cells were recruited early to other
| i neages notably DC of the plasnocytoid phenotype that carries early B

¥ epr oduc bi 1 141 TEHtSeH S s TBLATAAa] FY EerkdsE: Experi mont s wi th DI SC.HSV- L
a different replication <controlled viral vaccine, induces simlar anmounts
of CDllc+ cells after 5 neonatal primng. The results are sunmmarized in
Fig. 1A-C. Tdoffurtiterinvesigaliegatbmonutipieus af D eloddCaht dieed appid spl een
and o 3BV EdpaedRam sl Bealsans! wihagWA-RN. wefls initeogaina spiseat od
agierkralof \'Jaégg a@%ﬂgaec_j_ étﬂ"z%én&eoﬁé‘g@ %t t%fis %I%el %B?r?tl, lt?eétréds rlli%?eaqsthgacpagct)ug ne
twice the number of CD11c¢*cells in spleen than at one week of age but a
single treatment with the virus at birth lead to a 3 fold elevated number of
these cells in spleen 2 weeks later (Fig. 2). Similar effects were seen in blood
15 with the exception that CD11c+ /CD8a+ were about 4 times higher. A single
treatment with MVA-BN at 7 days of birth lead to an increase of CD11c+
/CD8a+ from 13 to 40 fold with a less dramatic effect on the CDilc+ cells. As
expected, two vaccinations at birth and day 7 had a significant effect on
CD11c* celis. The various effects are shown in Figure 2.
20
Second set of experiments: One-week-ofd mice that were vaccinated at
birth with 2.5 x 107 TCIDsy of MVA-BN showed a different composition of
immunologically refevant cell populations in spleen and blood than controf
mice (Table 1). In blood there was an increase in the CDS positive lymphocyte
25 population as well as an increase in the number of NK cells. The number of
CD11c positive cells was about 3 times higher than in controls and the percent
of B-cells (B220 and CD19 double positive celis) was significantly decreased.
In the spleen the total number of cells did not differ between immunised
animals and controls. In contrast to the blood, the spleen of vaccinated
30 animals had more CD4 positive T lymphocytes than controls and the number
of NK cells was not increased. Similar to blood the relative number of CD8

positive lymphocytes were increased and the number of B-celis decreased. The

~naturally_immunodeficient because the |FN systemis not mature. The number
and activation state of DC, the best producers of |IFN know t oday has not '

i



single treatnment with the virus at birth lead to a 3 fold el evated nunber
of these cells in spleen 2 weeks later (Fig. 2). Simlar effects were seen
in blood 15 with the exception that CDllc+ /CDBa+ were about 4 tines

hi gher. A single treatnment with MWA-BN at 7 days of birth lead to an
ncrease of CDllc+ /CD8a+ from13 to 4Q fold with a less dramatic effect
on the CDllc+ cells. As expected, two vaccinations at hirth and day 7 had
a si gni fpeaintafEest The various effects are shown in

i aure 2520 Secand Saf airae €61 ool ABalP S Bieerighty Badi frcombiots.

vacci nat'We §irst meoagmived fa aiffemné@?nﬁ@'e%@rc%fnt%%/@"ogl\&e?ﬂ?ﬁﬁ:dcé’ilgiag; ry:ﬁé

-conposi tdan_of inmungl ogi cally rel evant cell pul at1ons 1 n spl
"bl 0od ttf?ﬁoéé"dﬂgr‘{ﬂ%“?ﬁ mﬂbﬂ\%\f&—ﬁm whisinotite nbienteerveisCBI 1enssgase deflst he

CD8 posijhi ul ation as |1 as an increase in the nunber
of NK cei‘g;?f% SRR Sirf e RO L o oS 67 €Ot BB 0r S % eV VAghor

thanSin nvaotisiabed i, of B el 3 bl,e, positive

cells) was significantly 8@2?2%53@3__E@Whéﬂ‘%‘%ﬁﬂﬁﬁ%ﬁgﬁ%nﬁg I?-@i

cel s’ diF@UYs6t Ui fegnifeamkeshangeunnstie el nedpsulatigng catao G cclihte@N iy ast

to the . spl.een of vaccinated 30 aninmals had nore C04 positive T
I yrrphocﬂeg)g%tﬁ;ﬁ%g %nhfgpgi’%g] OtWr%FQJﬁt@ata grotnshayen). sTheainitial vacoinatised.

Sim | ar dicgseblyaps ehatiivenu ositive | ynmphocytes were
i ncreased and th%%e%@%ﬁ%{!@ewgrdggrr%@? a:“:r'e ingeculya wensalpcted @Dl | ¢
poSi t véiaetiaed wiaseabb @5 X TOTETCID GG FAiaihdibis 10! Qs e ] the

gni e%l.@i di fferencse. in the percentage of dendritic celTs d
fol 1-owi ﬁB ERFEITBRUwiAtt Hhka/poBR, maminal henmﬂmmm@blmd@l@édt{[‘é%!(,ﬁe' I's
ELn'the spl een of 4 untreated controls were 3.6 % conpared to 4.8%in 4 WA
5 BN vaccli nated m ce. The sane anount of UV-inactivated MVA-BN did not

cause any significant change in the cell popul ations after vaccination of
ce conpared to controls (data not shown). The initial

neonat i
vacci lng'h‘ e boshanges dmdiseat ém hiloodrdrd spRidresaltd td AlvPBrfmideripagu! um
we SPT egittgg i%munization with 2.5x107 TCIDso MVA-BN

15

Parameter % Blood Spleen
NaCl MVA-BN  p* NaCt MVA-BN P

Total cells x 10° 79519 241226 0.105
%CD11c 5413 18.6x1.5  0.001 | 28201 7.940.8 0.001

{ %CD11c/CD80c | 0.5+0.1 2.7+0.3 0.001 L1+0.1 4.6+0.7 0.002
%CD4/CD3 169411 16.1x1.5 0999 |4.8403 8.1:L5 0,004
%CD8/CD3 6.0£09 10309 0002 |4.7:03 §.4+1.1 0.002
%BNK . 1/DX5 16412 244433 0032 25403 24202 0.862
%CD19/B220 223405  8.40.8 0001 |162%13  8.6209 0.004
* Mann-Whitaey U-Test B

Table 2. Induction of CD11¢ positive cells in the spleen of 1-ay-old wt mice

. and mice with gene-targeted disruptions within 7 days after MVA-treatment
2 . . . :



standard dose of 2.5 x 106 TCI D50 for vaccination (10 tinme less than in the
~to initial experinent). At this dose maxi mal nunbers of DC were induced

(Table 2). Table 1. Changes induced in blood and spleen cells in newborn

mce 1 week after immunization with 2.5x107 TCI D50 MVA-BN 15 Paraneter %
Bl ood Spl een NaCl MVA-BN P* NaCl MVAsBN P* Total cells x106 17.9 1.9

24.12.6 0.105 %CD11c 5.41.3 18-61.5 0.001 2.80.1 7.90.8 0.001 %CD1l c/ CD8a

0.50.1 2.70 Iéiogséléiﬂajrk- OV A 365 7] @ndol  VEDAABDB [16491,4 16.11-5 0.999
4.80.3 8.11|5 0. 004 ucp8a/ CD3 6 00.9 10.80.9 0.00pR 4.70|3 8.41.1 0.002

ONK1. 1/ DX5 [16.41.2 24.43 "r?(éIQ}u? Q%@@)@cz 4012119. 862 YCP19nR20 22.30.5
8.40.8 0.001 16.21.3 8. 6 07004] * Mann V\hitney - Test | Tabl e 2. I nduction

of CDllc po"'f"'" eel—s He—sp mof —Iwgy-ord Wegm C and mce with

gene-t ar get Wi sruptio 25%}4 hi n 7£§ays af ?gr M/A— reatmgnt. 20 36 Muse

strain MVA ¢dose control §_MVA BN rg%i o] (T(:Ilgé ng6 D lc wt a 2.5x107
6 w 27°5%105 2

S. 7.9 2.8 |wt 2.5x106. {Z5¥1%1. 9 B 2.6 RAGV 2.5x107
4.2 5.4 1.3| AGL29 c 2.5x103 2.6 .7 1.0

wi 2.5x10° 25 6.6

RAG? 2.5x107 42 54 13

AGI129< 2.5x10° 26 27 {10

A Wt = either CSTBL/G or 129 Sv/Bv mice.
® R AG mice deletion in recombination activating gene (i.e no functional T and B cells).

¢ AG129 gene targeted disruptious of IFN receptor Type 1 (IFN-¢ and -f3) and Type Il (IFN-Y)
(ii) MVA-BN induces preferentially plasmacytoid dendritic cells (pDC).

According to other authors CD11c positive cells that also expressed CD45RA

or CD45R were considered as pDC (Asselin-Paturel, et al. 2001, Nat fmmunol,
10 12: 1144). 1t was asked whether MVA-BN induced an increase of pDC A

further experiment was performed in which also CDASRA or CD45R on CD11c

positive were analysed. The percentage of CD11c and CD45R double positive

cells was significantly higher in MVA-BN treated mice (5.6+0.7%) than in both

control groups (untreated 3.0 * 0.3%, p=0.01; UV-inactivated MVA-BN
15 3.0+0.29%, p=0.006. Mann-Whithney U-test).

(iii) Neonatal mice treated with MVA-BN have elevated levels of serum FIt3-L

20 FIt3-L is a hematopoetic factor that leads to increased levels of DC in
adult animals. In human and possibly mice the richest source of this factor are-
activated T cells. To determine whether the elevated numbers of DC could be
the results of induced FIt3-L, serum of MVA-BN treated mice was compared to

mock treated animals for the presence of this factor. Animals treated a‘; day 2



W = either C57BL/6 or 129 Sv/Ev nmice RAG nice deletion in reconbination
activating gene (i.e no functional T and B cells). AGL29 gene targeted

di sruptions of RN receptor Type | (IFN-a and -R) and Type Il (IFNy) 5
(ii) MVA-BN induces preferentially plasmacytoid dendritic cells (pDC).
According to other authors CD|Ic positive cells that al so expressed CD45RA
or CD45R were consi dered as pDC (Assel iH- Paturel, et at. 2001, Nat |nmunol,

10 12: 1144).. 1t ked wh A- BN i nduced e of pDC. A
o ey S Dbl G BT it R AT YA ER S5 wies RANSIA COdoRoEHIOHL 1,
e A i
DOrT ¢ ek reRey A fina i R B0 % Rhe SIS BTG S AR |
both caespohsgriedps elavatedaigtbdrdof OC3FE,3p=0. 01; UV-inactivated MA-BN

15 3.00. 2% p=0.006. Mann-Waithney U-test). (iii) Neonatal mce treated
- with MVA-BN have el evated levels of serumFIt3-L 20 FIt3-L is a

" h ti ' d L I f DCi dul t i mal s.
' Rtman and paese s 5P PR LdnaGEHn T ih bty miseotrs Bessadl var oc
T cells.affer setanistngiohef MYAIRN. # B¥RbSH WIPEEN b cBRatidh!iHdR8ed gﬂe
results _of induced FIt3-L, serumof MA-BN treated mce was conpared to

mock t r éaERRSENIMEILS-If oonctrtrptionemitkino?4 thoiuss f et dndudivmedsHetieat ed at
day 2 r 3

%and 5 had twice the levels of FIt3-L in_the serum when conpared
Lo serulBXIMHELRIEE &3 BAlEsARE Was sEflduesent at day 7, dhe tome the sidear s t hat
could b i u 10..3).5 The tine
cour se_ oPBNgers BSRAY aRafiaelf i THERE I Bl B VLl st by

: dmimi sbegbmw;i).ni rothdWwideBNatddh rﬂﬁ@%ﬁ@!ﬁaﬂﬁt&%ﬁ@nt’@%ﬁirﬂﬁ I:Hér!sérﬂﬁ&lﬁ%g tA8-

§.ner eaﬁfqlf:f FIt3-L concentration within 24 hours. The i nduction reached a

maxi mu
- cells wg%% rlﬁ%lﬂéhéé{ C%Pl%llc}ﬁzaenqmaa gl resi st anpe agai nst HSV-1 was tested (see

Example 2
15

(i) MVA- BN treated neonatal mice survive a challenge with 100 to 500 LD 5
of HSV-1

Groups of mice were treated with the standard dose of MVA-BN one or 2 days
20 after birth and challenged at 7 — 8 days of age with 100 to 500 LD 4 of Herpes
€ simplex virus 1 (HSV-1) (Fig. 4). MVA BN treated mice survived the challenge
with HSV 1, whereas all the controf mice died within 5 -6 days after

inoculating the challenge virus.

25 To further support these observations, 9 chalienge experiments were -
performed with 40 MVA BN treated and 45 contro!l mice. Mare than 80 9 of

the virus treated mice survived the challenge, whereas all the control mice
died (Fig. 5).

30 In a separate set of experiments the mice were treated at birth with MVA-BN
(2.5x10° TCIDso/mouse). At day 8 a challenge with either 103 (1 LDsg) or 10°
(100 LDso) PFU of HSV-1 was performed. Following MVA-BN vaccination ©5%

Bicraasedwdshanes aad 48 ihaurs alies the aacdiaatipn, chapdred witken spl een .



10 below). In the vaccinated mce the FIt3-L concentration in the serum was
~two-. fold increased. 24 hours and 48 hours after the vaccination, conpared . -

with age matched control animals. Exanple 2 15 (1) MVA- BN treated
neonatal m ce survive a challenge with 100 to 500 LID 50 of HSV-1 G oups
of mce were treated with the standard,dose of MVA-BN one or 2 days 20
after birth and challenged. at 7 - 8 days of age with 100 to 500 LD 50 of

S gR e KN e ol b et Rined B0 % BLEGP bR REE LY oy
after inpgyl atd WoLhanehald 8nasevitiaskilgg 4%9.9%rdihefe é@ﬁ%?sﬁl 61 WAS%%N'”

observations, 9 challenge experinents were perforned with
t r eat eda@ddiors! esperiotentscegroup of hanic8vastiotted mathy LAGinactvated WMV Ae

[ h hal | .al l trol,, m di Fig. . 5). 301
g A T e e O TN
2. 5x1086; hal | ] ' 03.:
(105%)(( Rl o%gdé%sg% el %‘%ﬁeﬁeaftf Bay 95pH 29, THERSforENTES SRS (oo
38 of with M\eeBblureached a statabf deseatbdtrekidthrck gAY <tf HENel apat veas m ce
(100 LD50) ,and 90% survived a dose that killed 45.5% of the controls (1
LD50) . @psockaf@ctwidhdivedyérBiebud net dractivaied M¥AdBNvacci nated with

UV-inactivated WA- BN were infected with HSV-1. Five of themdied within 7
days. The remaining 2 5 aninals ceased to grow and died at day 22 and 29.

Therefore, njice t ' : fha .
MirC Bohfref e\%‘/@fr%]érltilsw&ng'\!vﬁﬁ%ﬁh@ tBab iRt BoPfhdec 'fmatﬂ 'got

resi stance against HSV-1 that was associated wth live WA-
i naidt i veelisd ivwasBiietdnmicedt tret thepgrotetion dgainsti HR VR caftehatcdmation have -
functional T- cells it was determned that the protection against HSV-1 °
aft er V\g?{lgi Myﬁ}@hl was not dUs to cross-reactcljng cy otoxic T- ?ymp ocytesgﬁldup_:ed

by MVA-BN.

It was tested whether DC cells were responsible for the protection of

15 mice. from HSV-1 after vaccination with MVA-BN. To this end naive 8-day-old
mice were challenged with 5x10% PFU HSV-1 4 hr after transfer of cells from
MVA-treated mice. In a first experiment splenocyfes from 8-days-old mice
treated at 1 day of life with MVA-BN were separated in DC rich (low-density)

and DC poor (high-density) fractions. Mice receiving 5x10° cells from the DC

20 rich fraction survived the challenge to 50% whereas all the mice receiving 10
times less DC rich suspension or untreated mice died within 5 days. A second
approacit was done by iransferring positively isolated CD11lc positive cells
from 8-days-old mice freated at 1 day of life with MVA-BN to naive age
matched mice. A suspension of 2 x 108 splenocytes containing more than 809%,

25 CDlvlc positive cells from MVA-BN treated mice protected naive mice from
HSV-1 infection. In confrast, 4 untreated littermates as well as 8 additional
untreated animals died after the challenge. Furthermore, mice receiving the
same amount of spleen cells or mice receiving one spleen equivalent (50 x10°
cells) from the negative fraction did not show increased resistance against

30 HSV-1. Thus CD11c positive cells are able fo protect mice from HSV-1.



with MVA-BN was not due to cross-reacting cytotoxic T- |ynphocytes induced
by MVA-BN. It was tested whether DC cells were responsible for the
protection of 15 mice.from HSV-1 after vaccination with MVA-BN. To this
end naive 8-day-old mce were challenged with 5x104 PFU HSV-1 4 hr after
transfer of cells from MA-treated micg. In a first experinent splenocytes
from 8-days-old mce treated at 1 day of life with MVA-BN were separat ed

recer vi ng sx108 aaT oy P gARER A B S Dt TS ad” e rMt PBnge
to 50% \ABBDG&Q%M@\%F@ d@séﬁﬁ@d\ih"cﬁeéﬁmr dér’f‘?‘?/ﬂ%ﬁw%?% BgongktgrﬂﬁPSi on or

-unt r eat eﬁi mce died within days approac
't r ansf er f IHG posMsichel 912§6998éd3®91333))d§th0u@1 tred iissusésr Ql%@ﬂdgx@- old mce

suspensi BuChPATSn UrselfitlasS el b ich chpalTond! Beinirerioaeb @b1 Lc
poS! 1 etrtabiiout ST A SALAS LA dF BLSEHSE AT St

i nfection. In contrast ntreate er

unt r eat ewh@mﬂaﬂle thaete af aetion ke dikeldsedds Vi@ﬁéi@?ﬁ@@ﬁﬁbiam&%é ﬁﬁﬂev(%fng the
same anouny. of sp ‘t%?g cells or mce receiving one spleen equival ent
x106 ce‘F?E iR ﬁtﬁ’r\ﬁéeﬂié@ﬂhﬁaﬂﬁﬂd e perbouianby, ddksakiersi st ance

R 9%§ ‘%@éi“ YA, PRPREvAGRr ikaciRled MelAniBRIsEac p éorteg%x?%rc.enf[ﬁ?
range ofababibgt fﬂﬁlﬁso%ste%mle@ﬁéﬁEhé’%grérﬂuhl‘}ggé?gégg)coa Aﬁ %Mo' T%P‘F B..,

Berl. Munch. Tierarztl. Wschr. 112 999) ough t VI ruses
sed0in %@tactlpﬁ@@ﬁﬁ@‘éﬁ awf%ﬂiese@un\the lmesentrmpiacraftnommx@@rzablh@r@fofbel ng

“epl i cat infecti \ s in the neonatal or prenatal aninal
used, i tﬁ'\/\ﬂi%tezg é&“%@ﬁﬁéﬁ’ %’%’ ﬁﬁ\@ N gk twish inactivaded d¥a-BM. Al Vsmei er
S S|ml@€q§@fg@t f lLcation.
More parti cu arty, ﬁp| 'sdr%evl\[%‘%c& | scﬁ%&f h{?'heg éﬂ%ﬁkt}%ﬁg ﬁiﬁ{? éﬁﬂgj IDFﬁaot i vated
MA, i nduBEslfy. Pavactinated f:ontro&b@i@b cﬁéd days after chalieNBet A-H thBnice
par amuni tay effect counts also for th
ccinated with tnactivated MVA- BN were not protected against a challenge
15 with HSV-1. The number of DC cells in these mice was not elevated. In
contrast, the mice vaccinated with non-inactivated MVA-BN were significantly
protected against a challenge with HSV-1. 30 days after the challenge more
than 80% of the mice were still alive. Two days after vaccination elevated
serum Fit3-L was found in the serum. Elevated numbers of DC were found in
20 the spleen. The enhanced FIt3-L was associated with elevated numbers of DC.

( 7 This confirms that paramunity effects are not responsible for the observed
protection.

(ii) MVA-BN induces a specific immunity in neonates that lasts untll adult
25  hood

One-day-old C578B1/6 mice (group size of 18) were vaccinated (i.p) with MVA-
- BN (2.5 x 107 TCIDg0). Four weeks after vaccination, when the mice were
considered adults there where challenged with a lethal dose (1 x 10* TCIDsg)
30 of vaccinia Western Reserve (VV-WR). With the exception of one animal all
other MVA-BN vaccinated animals survived. in contrast, all placebo vaccinated

animals died within 7 days and demonstrated severe clinical symptoms such



to protective effects as disclosed in the present application mce 24 hours
~of _birth were vaccinated either w th M/A-BN or with inactivated MA-BN.. At ..
7 days of age the mce were challenged with a | ethal dose of- HSV-1 (105PFU
HSF- 1f). Unvacci nated control mce died 6 days after challenge. Also the
mce vaccinated with inactivated WA,BN were not protected against a
chal  enge 15 with HSV-1. The nunber of DC cells in these mce was not
el evat e t ' ' [ ' s {Mat ed MVA- BN
vere st ni'Pecho, RS 038 RCRANREE QAN SUIPIS RAERER 30 Gays after
t he chaldeergstration tidtanvBEMNofactheitiorcls net snistddit ialdevmatdvenidems, af ter
vacci nation elevated serum FIt3-L was found in the serum El evated nunbers
of DC whtié i3 sapeblprpiiodusiagspipseiectivadnynnaadedpenssagaing aakatbal ated with

el evat ed_nunbe f.,DC. .This,.C i.r that paranunity effects are not
responsgﬁ?énﬁbéakﬁgddﬁgﬁ%w%@ﬁuhggbé%@%gﬁﬂ'(ii) MVA- BN i nduces a specific
imugity in neonates that lasts until adult 25 hood One-day-old C5781/6

m ce (group size of 18) were vaccinated (i.p) with MWA- BN (2.5 x 107

TClI D50). Four weeks after vaccination, when the mce were considered

adults there where challenged with a lethal dose (1 x 104 TCl D50) 30 of

vacci nia Western Reserve (W-WR). Wth the exception of one ani mal al

ot her MVA-BN vacci nated aninals survived. In contrast, all placebo
vaccinated aninmals died within 7 days and denonstrated severe clinical
synptons such 40 as ruffled fur, weight |oss and reduced activity. Cearly
this is clear denonstration that MVA-BN vaccination is not only safe in
neonatal animals, but is capable of inducing a protective imrune response -
against a lethal vaccinia (related virus to WA-BN) infection. 5 41 '
Applicant's or agent's file InternationatapplicationNO
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D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (i the indications are not for all designated States}

E. SEPARATE FURNISHING OF INDICATIONS (leave blankifnatapplicable)

The indications {isted below will be submitted to the International Bureau later {specify the general nature of the indications e.g., “Accession
Nuiber of Deposit”)

Forreceiving Office use only ForInternational Bureanuseonly
m Thissheet wasreceived with the international application E] This sheet was received by the International Bureau oxn:
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SIS 07
"PCT/RO

Farm PCT/R0/134 (Tuly 1992)



SIS 07 ' PCI/RO Form PCT/KO01134 (July 1992) 42 Centre for Applied
_M_crobiology..and Research European Collection of Cell Cultures This

document certifies that Virus (Deposit Ref. V00120707) has beén accepted as

a patent deposit, in accordance with The Budapest Treaty of 1977, with the
Eur opean Col l ection of Cell Cultures 3h 71H Decenber 2000 Dr PJ Packer -
Quality Nhnager ECACC gr.~ : : —

1 shi Ry £ v E

GERMANY NAME AND’)"-’@DNSS e DEPOSI TOR

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

This document certifies that Virus
(Deposit Ref. V00120707) has been accepted as a patent dep051t
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

Crapean Sollesie wf Call Cultiras, CARE, Salistmy, Wiltshire SRS DJG UK.
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(ﬂ XIIr. RECEIRPT AND ACCEPTANCE
R international Depository Authority accepts the microorganism identified under I above,
- .Ch was recedved by it on 7™ December 2000  (date of the original depositil .
| ' .
Iv. RECEIPT OF REQUEST FOR CONVERSION

L |. | DENTIFICATION OF THE M CROORGANI SM I dentification reference given by
tshe Accession nunber given by the 4 EPCSI TOA: _ | NTERNATI ONAL. DEPGCSI TARY
AUTHORI TY:  MWA-515 'V001 20707 11, SCIENTIFIC DESCRI PTI ON AND/ OR PROPOSED
TAXONOM C DESI GNATI ON  The mi croor gani4 midentified under | above was
acconpani ed by: a A scientific description A proposed taxonom c
designation (Mark with a cross where applicable) 111. RECEIPT AND )
ACCEPTANCE ".s International Depositsdpedid hority acceptss the mcroorgani sm
identified under | above, ch was recgiyed by it on 7Ta Decenber 2000 (date

of the original deposit)' |V. RECElIPT (’]:?REQJEST FOR CONVERSI ON | CI The

. mczoorgani smidentified Lﬁ&%f%i?%%%%@%ﬁﬁ%sgy this International
boreos

*DeaosLtory Aut hority on (dat eorof: ey okt pbepesi t) and A request to
ver

co t the original deposif to a:ﬂ&ﬁ%ﬂo&m%ﬁ“ t he Budapest Treaty was
re

. I eCelvRthy¥adk B lglat e of receipt o guest for conversion) V.
© | NTERMATIONd2 DEPOSI TORY AUTHORI TY Nanme: Dr F J Packer _ Signature(s) of

per sPRh ey et the power to represent the International Depository
Aut heriaty or or-authorizZed officials (s) - Address: ECACC CAMR i ... ;
Porten Down Date: 1' -".. - %:1 ~ Salisbury SP4 QJG where Rule 6.4(d
appl i es, . supd dateriss t he date on which the status of international

de|:|OSI tar y QF DEPOSITCR . l

( I, IDERTEFICATION OF TRE‘MCROORGBNISM

' Identificdation referemce given by the - Bccession number given b.;r the
l"E:‘?OSI‘l‘OR: - IRTERNATIONAL DEPOSITARY AUTHORITY:
uvA-STS ) Veo120707
II. SCLENTIEXC DESCRIPTION AND/OR PROBOSED TAXONOMIC DESIGNATION

The wmicroorganism identified under I above was accompanied hy:

X A scientific description

A& proposed taxonomic designation

(Mark with a cross where applicable]

The microorganism identified undes T ahave was received by this International

Depositary Autharity on {date of the original deposit) and

A Tequesf to convert the origlnal deposit to a deposit undec the Budapest Treaty

was received by it on {date of receipt of request for conversion}

Iv., INTERNATIONATL DERQSITORY RUTHORITY

Nam_e: ) ofll Y | Packer_ i Signature(s) of person{s) having the power

to represent the Ianternational Depasitoxy
Authority or of-authorized officials{s}:

hddresa; BCACC - I
CaMR ’ Jgec it 4 P
Porton Down pate: 17 .3in L £ W ifas
Salisbury §P4 QJG - -

Where Rule 6€.4(d) applies, such date is the date on witlch the status of iaternational depositary
auchority was acquired B .

ofm 38/4  {sole page} o



authority was acquired armBP/4 (sole page) 1991 44 APPEND X 3 Page 24

NI CROORGANI St 1S FOR TEE PURPCSES OF PATENT pROCSDURE | NTERNATI ONAL 'FORM

TO VIABILITY STi TE EAVARXAH NORDI C RESEARCH tssied pu uant'toNT | NSTI TUTE
GVBA | NTEN OALt to SITe 10.2 by the FRAUNROFERSTRASSE | $8 | NTERNATI ONAL )
DEPCSI TARY AUTHORI TY D-$2152 t . TINSRIED identified on the follow ng page
GERMANY NAME AND ADDRESS OF THE PARPY*=*9®93L WHOM THE VI ABI LI TY OF STATEMENT
Is | SSUED 1. DEPOCSI TOR I|. | DENTIFI CAMLQON OF TEE M CROORGANI SM  Narne:

BAVARI AN NORDI C RESEARCH | NSTL T ENBY A cEssi-amanuber gi ven by the
XNTEANATI ONAI DEPCSI TORY AkSOHOBRNIME taz Qb 60 Hacrobbairess: FRAUNNOFERSTAASSE
18B D- 82152 NARTI NSRI ED Dat e¥%5f% e f5 P oF8f™ he transfer: , ERNAgy
7Ta Decenber 2000 . I1. VIABI LI TYaShikMbEsThe viability of the

m c ganismidentified er Il above was tested on On that date, the
sai F-T?n' Croor gani sm was

BAVARTAN WORDIC RESEARGH VIABILITY STATEMERT

Tasued pursant to Rule 10.2 by the
T oo INTERHATTIONAL DEPOSITRRY AUTHORLITY
O identified on the following page
D-92152 MARRTIRSRIED .
GERMANY

NAME AND ADDHESS OF THE PARTY

PO WHOM THE VIABILITY OF STRTEMEWT
1 Is ISSUED 1

I. DEPOSITOR . . II. IDENTIFICATION QF THE MICROORGANISHM
Hame3 . BAVARTAN NORDIC RESEARCH INSTTIUTE GMBH Accession number given by the
TRTERNATIONAL DEPOSITURY AUTHORITY:
N - 40120747
1 Addresss: FRAUNHOFERSTRASSE 18B B}
D-§2152 MNARTINSRIED Date of the deposit or of the krangfexm:
GERMANY 9™ pecember 2000

II. VIABILIYTY STRTEMENT-

The viability of the microorganism identified under IT above was tested

on %, pon that date, the said microorganism was
3 viable
i 3 1o longexr viable :
1 Indicats the date of the ariginal depesit ox, whexe a new deposit or a transfer has been
made, the most relevant date {date of the new deposit or date of the transfer).
z In the cases referred to in Rule 10.2 {a} (ii} and {iii}, xefer to the most recent wviability
test,

3 Hark with a cross the applicable box.

Fom BEf4  {first page]



viable 1 a no longer viable 1 Indicate the date of the original deposit or,
where a new deposit or a transfer has been nmade, the nost rel evant 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 recent viability
test. 3 Mark with a cross the applicabl’'e box. FormBP/ 4 (first page) 45
Appendi x 3 Page 25 |V. CONDI TI ONS UNDER WATCH THE VI ABI L] TY TEST HAS BEEN
PERFORVED MWA-57S - V00120707 THI S%J'F S_WAS TI TRATED ON BHA CELLS TCILD, .
10" - _ V. | NTERNATI ONAL DEPCSI TARY Al I'TY xane: Dr P J Packer ECACC
CAMR Signature(s) of person(s) havi ng3ehe power Address: Porton Down to
.represent the International Depositary Salisbury Authority or of

"aut hopized—offH+etrat{s)———Wltshire 7 SP4 QG Date: Z' JtrDt C1 4 Fill inif
t he ijfor mateomrrhaswie erd: G4 95k d. i f. the results of the test were
. negat f-we——Form B2/9_(second andﬁ%at?{}grplé%e Emz?lgmffer ificate of Analysis
Product Description M YA-575 Accession Nunber 00120707 Test DeScriptiofr—-

Det ecft i on _of copl asma using a Vero indicator cell |ine and Hoechst 33258
MVA-575 - V00120707

THIS VIRUS WAS TITRATED O BER CELLS TC1Dg » 105

——

v. INTERNATTORAL DEPOSITARY AUTHORITY
.

Name = br P J Packer .
ECACC CBMR .{ Signature (s] of person{s) having the pcrwea.:

Addresss Porton Down to repx':esent the Inter{lational.ngpositary
Salisbury Rutharity or of authorized official(s};
Wiltshire : o
SP4 036 - pate: 2 {3z Q’SQ‘,(/ '

4 Fill in j ; i e 6
111l in if the information has been requested and if the results of the test were negative.

Form BP2/9 {second and last page]



fluorescent detection system SOP QC/ MYCO 07/ 05 Acceptance

~Cri.terionl Specification:.The Vero cells in the negative control_are clearly.

seen as
control
pl us ex
appear

show no cytopl asmi c fluorescenc€ efedlichifebetf Axid

Resul t:

fl uoresci ng nucl ei

with no cytoplasm c fluorescence.

Positive

(M orale) nust
tra nucl ear fluorescence of
as extra nucl ear fluorescence of

Positive Control: Positive

show evi dence,of nycoplasma as fluorescing nucl ei
nycopl asma DNA. Positive test

results
_nycopl asma DNA Negative results
ispat e: 12/ 02101

Resul t: Negat Py@lucPrRi@idedgesul t:

Negative Contro

Negative Test

_§7§est Descri ption: Detection of

bacteria and faipgi

b
. ti
Thi ogl ycol | at.e Nbd?g¥$%@$5§h{
Al |

Criterion/ Specification:

one Soya Broth (TSB) and

in Fluid

on %
S / 01/ 02 Accept ance
positive controls (Bacil/is subfilus,

Clostridium _sporogenes and Candi da al bi canr) show evidence of m crobi al

growt h (turbi dist Ddsciynidnt he negatidnbeMyapPRinkQlshg 8 awinticu® vildeame Hedchaizes oI al

growh (clear).
the test broths.

The criteri fuofeeentdetpption dysive t est
Al | brot hs 3bioQl/avige/osiogar f or

is turbidity in any of

negative test

result. Test

Nunber :

21702 Date:

12102/ 01 Result:

Positive Control:

Positive

Negative Control: MNexgeieioy EriteTion/$peptieatibn: Tholkera el & thegrativalcontplaslenrly sBASS

ECACC Head of Quaflforescing: nuclei with no pyjgplasmic fluorescence. Positive controf (M. orale) must

show evidence of mycoplasma as fluorescing nuclei plus extra nuclear fluorescence of
mycoplasma DNA. Positive test resulfs appear as extra nuclear fluorescence of
. mycoplasma DNA. Negative results show no cytoplasmic fluorescence.

Test Number: 21702

Date: 1202101

Result:
Positive Control: Positive
Negative Control: Negative
Test Resuli HNegative
Overall Result: PASS

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

in Fluid Thioglycollate Medium (FTGM). S0P QC/BFAQL02

Acceptance Criterion/Specification:

All positive controls (Bacillis subiifus, Clostridium

sporogenes and Candidi 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 {fest resuit,

Test Number: 21702
Date: 12/02/01
Result:
Positive Controf: Positive
Negative Confrol: MNegative
Test Result: Negative
Overall Result: PASS
S 1) { L
RN - . _?“Z 5ot {
Authorised BYeernd2 3305000 e L WECACC, Head of Quality. W 5niiL...., Date

Page 2ol 4



Authorised by ........:. .- . ...i:.a .... Page 2 of 4 47 Certificate of
Anal ysis Product Description MVA-575 Accessi on Nunber 00120707 Test
Description; Determ nation of Tt D5Uof cytopathicVirus titration. (sop
ECACC/ 05.5). Cell Acceptance Criteri on/ Specification/Criteria: Negative
controls should show no sign of Cyt opﬁthi c effects. The Test Sanple is
serially diluted intoin 4 wells of indicator cell lines for each
dilution. Cytopathic effects indicate that virus is present. Virus titre
is cal culated using the bel ow g t L Of ere i s $he. val ue obtained from
a standard TCIDso Table as a re%kﬁac Gfs@hﬂ% $5n of the wells :
di spl ayi ng | s(ﬁ{]?.@ 4 positive wells per dilution, and y is the val ue of
-the hi ghest:?q °F SRSSRHERR al | AVAVEA535are positive: TCIDso | x 10t" vy
Date: 19101/ 02C#gom (Numhert cat or @HR2D74F ne.- BHK 21 CLONE 13 Negati ve
. Control: NO CRE-Test_ Sanple: CPE _Distribution of |ess that 4 positive
wells: 4,4.0 . 'Degé???. Y. 10's. TCIDn¥ 1 x 10t+030 |os = 1063 Oveérart
Result: Virus Preseft™Fest DESERHionsirCy af cpiepaia VightitafionMEOS BEACIRSSDG: -
| sol ati on on Mycopl asrraAnggméeéum. )
e Criteri

@tggprecig(%jiunf(}iteria: Negative controls should show nio sign of
Cytopathic effects. The Test Sample is sedally diluted into in 4 wells of
indicator cell fines for each dilution. Cytopathic effects indicate that virus is
present. Virus titre is calenlated using the below equation where x is the value
obtained from a standard TCIDs, Table as a result of the distribution of the weils
displaying less than 4 positive wells per dilution, and y is the valke of the
highest dilution where all 4 wells are positive: :

( - : TCs= 1 x10™
. y
Dates - 1%/01/01 '
Result: Indicator Cell Line: | BHEK 21 CLONE 13
Negative Control; NQCPE
Test Sample: CPE
Distribution of less that 4 positive wells:  4,4,0
X . .50
Y: 10
TCIDg= 1 xIQ'*o¥
10°
= 165
Overall Result: Virus Present
{ Test Description: The Detection of Mycoplasma by Isolation on Mycoplasma Pig Serume Agar and
: - in Mycoplasma Horse Serum Broth.
SOP QC/MYCOAL/02
Acceptance Criterion/Specification: All pésitive coatrols (M. preumoniae & M, orale)

must show evidence of mycoplasma by typical colony formation on agar plates. Braths
are subcultured ento Mycoplasma Pig Serum Agar where evidence of mycoplasma by
typical colony formation is evaluvated. . 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 Coutrol: Positive
Negative Control: Negative
Test Result: Megative
Overall Result; PASS
N L , .
Authorised by‘\(’"‘, e Taasaresacreasarannn ECACC, Head of Quality..:ng:{{.{c.'.l ..... Date

Pagelof



in Mycopl asma Horse Serum Broth. SOP QC/ MYCO' 01/ 02 Accept ance

—&r+t-eri -on/-Speci-f-+ cat+-on:-— Al I--posi-tive.-controls (M pneunoniae.& .M. orale) -

nmust show evi dence of nycopl asma by typical colony formation on agar
pl ates. Broths are subcultured onto Mycoplasma Pig Serum Agar where

evi dencmMWW-em'
negat i | eete@@Rdut: agar pl at M¥dt show no evi dence of nicrobial growlh.

The criteria for a positive test result is evidence of nycopl asna by
typical colony formation on agar. A negative result will show no such
evi dence. Test Nunber: 21702 Date: 12102/01 Result: Positive Control:
Positive Negative fSortAoNS Regatinggo sinFtsResnntrdogahNioes Overal | Resul t:
PASS y ) Aut hori sed by...... 1 ..:. ECACC, Head of Qualify
................... Date Page | OFPCTRut83)r Applicant's or agents file BN
PCT | ntenational applicationNo. eferencenunber 44 | NDI CATI ONS RELATI NG TO
ADEPCSPTED M CROORGANI SM . (PCT Rule 13his) A Theindications nmadebel oy
rel at et{a@t ﬁmmd@n@ma@mwswmmrewamnw@#@d@s@wwm on onpage 40 |line Z|B.
| DENTI BYCATiENCEREPOSL T Fur t-her.tiepodi t sareidentifiedonanaddi ti onal sheqt fl
Nameof 5P M RICAOROFhtobR ECACE Eur opeany (ol 4 g&éake%neJmC;st&m%;ﬂy[js
Addr es epositary. i nq'r i.tution (including nnq'r al__code _and_comary
Namcofdcposuarymsumuau ECACC

European Collection of Cell Cuttures

Address of depositary fnstitution (including postal code and commry)

Centre for Applied Microbiology & Research
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acquired orm BP/4 (sol e page) 1991 53 Cdains 1. Use of Modified vaccinia
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or treatnent of a neonatal animal incl ng a human, whereln t he
der i Vat | V89083808 heir d@tﬂéatlvﬁédﬂ'(&l'?of rforbéhmgoreaempa of a apedigamentdor the

replicat C 3
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nmedi canen m ni ste oral ntramuscu I Nt ravenous,
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highly susceptible to a replicating virus.
2. Use according to claim 1, wherein the human cell line is HaCat or Hel a.

15 3. Use according to claim 1 or 2, wherein the medicament is administered by oral,
nasal, intramuscular, intravenous, intraperitoneal, intradermal, intra-utero and/or

subcutaneous application .

4. Use according to anyone of claims 1 to 3, wherein the medicament is
20 administered with a therapeutically effective amount in a first inoculation (“priming
inoculation”) and in a second inoculation (“boosting inoculation™).

5. Use according to anyone of claims 1 to 4, wherein the medicament is
administered to the animal, including a human, in an amount of at least 10" TCIDsg

25  (tissue culture infectious dose) of MVA.

6. Use according to anyone of claims 1 to 5, wherein the virus genome comprises at

least one heterologous nucleic acid sequence.

30 7. Use according to claim 6, wherein the heterologous nucleic acid sequence is
selected from a sequence coding for at least one antigen, antigenic epitope, and/or a

therapeutic compound.



subcut aneous application . 4. Use according to anyone of clains 1 to 3,
wherein the nedicanent is 20 admnistered with a therapeutically effective
anount in a first inoculation ("primng inoculation") and in a second

i nocul ation ("boosting inoculation"). % Use according to anyone of clains
1 to 4, wherein the nedicanent is admnistered to the animal, including a
human, in an anmount of at least 101 TCI D50 25 (tissue culture infectious
dose) of gMy&e aBcoldhty RFERIA 'W%hb?enﬁ@ﬂ@ﬂ@té?&lo@bﬁb Wiclid Acid. sefaghesn the
virus genone conprises at |eéast one heterol 6gous nucleic acid sequence. 30
7. Use aencodiisng prateir selected fuime Inderfetdre hd2e Fitdgand GMEISF ¢ aci d sequence
Is selected froma sequence coding for at |east one antigen, antigenic

epi tope, and/or a therapeutic conpound. 54 8. Use according to claim7,
wher ei n phgs@ekesliman 6f slaiftd 916 8OWRBESN tiee gedefent dineiceinatiseliect ed
fromlinterferon, [L-12, -3L and GMCSF . 9. Use accordin 0 anyone of
clai s 1deae & pragiestdhe atmréal insldingnthediuman agaist an andiges S@%ﬁée 4 BOBY ot ect

t he ani G | | t unour
bt i gon Himogicatitend fordHhBeR; ALiAR 1RIGhARh R feienf rohPfe L Ui
epi t opesepitcherndnd antgaris d)frtee\mmsqnanme ianldetheratmngbﬂs antliepitopesnd thei t opes
on the surface of a.cell infected with the virus, that are the r ult of
Che. expr S4ERGHOUE ceintovieA My Bieofieis thet 36 thegEsak e e SHpTessena B,

wher ei n WQC# bl antigen is selected frominfectious agents or t oxi ns.
11. Use acc d| ng to claim 10, wherein the infectious agent is selected
frorvi ruses, 15 bacteria, prions or fungi. 12. Use according to claim11,

wher ei ted from.h t bi e
e BCU St G5, PSR o ger B SR o r PR
12, wher ghantshe thxiqsective effect is

11. Use according to claim 10, wherein the infectious agent is selected from viruses,

15  bacteria, prions or fungi.

12. Use according to claim 11, wherein the virus is selected from herpesvirus,

refrovirus, rabiesvirus, rhabdovirus and adenovirus.

20  13. Use according to anyone of claims 9 to 12, wherein the protective effect is

exerted for at least 14 days.

14. Use according to anyone of claims 1 to 8, wherein the treatment or vaccination is

done to induce a specific immune response against the virus used for vaccination.

25
15. Use according to claim 14, wherein the treatment or vaccination is against a
poxvirus infection.
16. Use according to claim 15, wherein the poxvirus infection is a smallpox infection.
30

17. Use according to anyone of claims 6 to 7, wherein the vaccination is done to
induce an immune response against the agent from which the heterologous nucleic
acid sequence is derived or against the agent that comprises the at least one

antigen or antigenic epitope.



exerted for at |east 14 days. 14. Use according to anyone of clains 1 to 8,
wherein the treatnment or vaccination is done to induce a specific imune
response agai nst the virus used for vaccination. 25 15. Use according to
claim 14, wherein the treatnent or vaccgsnation i s against a poxvirus
infection. 16. Use according to claim15, wherein the poxvirus infection is
a smal l pox infection. 30 17. Use according to anyone of clains 6 to 7,
wherein the vaccination is done to induce an i Mmune response agai nst the
agent from which the heterol ogous nucleic acid sequence is derived or

agai nst flBeUsgaccording te dhprherein thechaterdlegous oudeicanid getesfor antiogesi c

epi tope. ;55 . 18. L§61§CCOﬁ%in8 to 17, ﬁhe%giﬂw e heterol ogous nucleic acid
codes fOPDHhFVﬂ@ﬁS agiEhmh it %Ymﬁﬁfﬁg PN 8 "or viruses other than MA.
5 19. Use according to anyone of clainms 17 to 18, wherein the virus from
whi ch the heterologous nucleic acid is originated is selected fromH V-1,
H V- 3 DafgUseiacgerdingissany@necofglais 16 ipafcwberain Sphvirus framavhigh thad

nucrei o Hefeidiogdls HERICAEATObAF ST RENTHAVY IS EAAIRRES .
i nduci ngVvestiNitaWirus elpaneee Ergaphalitisilis and measles virus.

20. Use according to claim 19, wherein the heterologous nucleic acid codes for an
10  HIV antigen and wherein the medicament is for inducing an immune response

against HIV.



