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TModified vaccinia Virus Ankara for the Vaccination of Neonates The
invention concern the use of a virus for the preparation of a medicament
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 hurrian, but not capable-of being replicated
to infectious progeny virus in the neonatal or prenatal animal, including a
numATb iyt AT RIARDA MRdTHEH acrIa YIS ANKRE: e
particular, the invention concerns the vaccination of neonates agaln T
toinfections with viruses belonging the same virus group than the virus
inati regver, the invention concerns. the vaccination of
et anine Ll For B S NaRE S R dlArent
for Giniyensinamisrainticealiment aitigenamdtirthe fenaign antige! Rteiuding a

hurrdhker ) igens iat ith.the virus. The inyention further
e e L STV e e LN R R S e

pPrefatr@nimah Aoaldéngenbtincarel b tiodicppatiesl meltgangiirdted o

infed itic_cel their precursor cells and/or to,

O cacs (he AL A AT AR AN S SN IR B R puran.

The |yirgs IsoBakkarbUNG batisaw StatioirTn¥inasukaliensironment of animals

In p8Ashu ' | > variety of infectiqus agents such as
‘n pviruses@?gggﬁr%ﬁggﬁgéﬁgwgs%a K fgﬁo%sﬂggg?%%%aéﬁﬁise
infeclieuusudin weisedietbhgity thedermerial 2Birsuistantesihas used for
' ] ets from the disease induced by the ipfectious agent
o Seb T e A A L e ity
agaipFhABiERasoreldninthirbeifgreign antiBeeinmineraysieanisdhespatelsin
th i hat is. 30responsible for_eliminating the .
B e A TR L D e
assogispEtindtinite)reaclion atrenigirbitiih2icoopesate clasebt Theiruses as
defitspesific i sg.is the immediate defence against a wide
O e O o B A SaE Tl FBeidos SUBRECT e A o
theingsisenssciganikt aitdges, interferanaIFN)saiars oY daretabokdRYor their

recBPSERtAli0 § e.initial virus replication and tq activate Snatural killer
? NK) cells %or%rgryngéggtle étﬁ%%éegk IREE egdlggﬁjg ﬁﬂ%@lﬁﬁ PEYcEmeRt of an
interpiasitd phtsvgénsanduce IL-12 that up regulates IFN-y in NK cells

and/or some T cell subsets. IFN-y activated NK cells can now Kill

intracellular pathogens. Moreover, IFN-y also activates macrophages and
enables them to kill intBerdgedipdtbbdrasnvention

The natural environment of animals and human beings contains 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 normeal
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 immusne system is the part of the human or animal body that is

responsible for eliminating the infectious agent. The immune response is

d‘i_vicied. into a specific and an unspecific (innate) reaction although both
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10 By far the richest source of IFN-a/p on a per cell basis are dendritic
- cells (DC), a specialized cell population strategically distributed throughout

the body. Plasmocytoid DC or CD11c+ CDS+ DC are among the best

producers of IFNia/P. CDS+ DC that are infected with intracellular

non-viral pathogens are 15the crucfal cells able to secrete IL-12 essential

for the early steps in immune defense. A specific immune response
coopelGRB BRKKlycadh againsi-a PRticHar frelgmenkeianae dantaesd dliier rfagice

phase, when the organism is challenged with 20this substance for the first
againstimeyiteviaiiziionf dbtieecspeoifisiamoem e nek punsai ig.coopdinited bihBC,

too. There is a constant traffic of these cells from theé\geriphery to the

innate JEaBaMry RARBRBR BFGHHY, YHA RRApABHES OF Spiderfintere! halk 4nd
I Ul : i ‘
sbsol I SR ORGP DR bR o gl
naturaGHEG NAY oRINCASRY FRenaBtigrNkRuhihe biasticitcot paghagemcellular
recognition allows different gene activation in DC and thus a pathogen

bacteridjosted pridiingoat Tagsiiss Bidgamst thid Bpatifip irfedtiole THUSain NK
second infection with the same.or a very similar infectious agent cayses

cells aRCH itRE syRiptoris oF o @Mt@%&%%ﬁ M@&iﬁ%&éﬁ&%gf&{f a

intracéﬁ[ﬁé‘?)%%ﬂﬂ%gé,?ﬁ&!f'rﬁlBPQ?M@FV'iF?%E’Q/'ﬁiégeéﬁt%?&'fﬂ{aew}gs%e@%nd
Immunological memory, respéctively, persists for a long time, in"'some

enablcepesBveKifelang-trardipahhdbesdnduction of an immunological
memory can be used for vaccination, i.e. to protect an individual against

infection with a specific pathogen. For vaccination the immune system is
hallenged with a vaccine whjch to jitself is less harmful than the "
A AgRr GGt n i i BB S 2 o dlscsitic
Vacei [ r i '
ol S 0 B e P N o
the boefgapigamihtigqdislimdunizao]agaiD e afentecantainingttbebepitgpe thaters
is part of the vaccine. 15 Typical vaccines are attenuated or

of IFNind BVl Vikiséateage thdqsdel of S posoliubvaeeihes) rero bt are
the cr T e e S e L SR e

defendacterial capsule wall (Streptococcus pneumoniae). 20

A specific immune response can be induced against a particular foreign
substance (antigen) after a lag phase, when the organism is challenged with
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
natve T and B cells recircuiate. Antigen that is carried by DC to these organs
enables activation of naive T —and B cells to become effector T ~and B cells.
For this, DC not only carry 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

the fact that an individual who recovers from a specific infection is protected
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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
smallpox. However, 25 the attempttho successfully vaccinate newborns
i that the immune sys of n orn mammals is
B b T e Lyt o S S WAL AR o = very
similagninials isithougit tocmatarergrachuatly dversy certaim perotoot fimet&ers at all,
. the, maturatiop occurs during the first year of life. This is the
stnce Eﬁa@sﬁi‘%r eﬁg ?é%f tHat'the REGHEI& %8803 CotBtp e ?o AGvaRsas Such
immuimfigctioms dtuingr thisdirst ygara(Gans e g, JedicMedyAssaci(i998) 4 long
. 280, 527-532). More particularly, the neonatal infants have impaired B-cell
IMe,  etigh "deficénGas MYGAmalF Rtgen ieskatagbh bje demdnateallsof an
immuaoebliitad %@ﬂﬂcﬂ*?@“"(%ﬁti%‘e(qwt@r' Ao gl ASSOE. (%89%%?901: an
... .527-532). Shortly after birth the levels of T cells in the spleen are 1,000
indivi b‘la!I@ﬂ@ﬂﬁ%ﬂéﬁﬂQﬁsz‘ﬁfb?dépﬁﬁﬁtﬁhié@@@@@@st a weak immunization
it was suggested to use either replicating viruses or formulations
comprising an adjuvant for immunization. However, with replidation
Vifises eheraipalwhgsitheisietttsteerinisn atuaé smpatne Systevendyie which
; I y.virus infection. or live viral vaccipes since T cells
e i e it e i T R
resporvggis7888)e SindedhereTsa vaduted podueionobcyinkinesdy dpibpes that
are fo hel(%er Tocells in neorclf es, fzhe resp%nse by the infants is predominantli)j/
P e Sha@UISHIRE CyttdRie Foeils 288 NSt retHate dsndafrANakaraHceone.
The ofgantaehieved, is ThedilpEeD HLAARIMR{RNBBHRA RYRIY,SIMIRT $Bitope
. the sjtuation in humans, i.e. the immune system after birth is not'yet
that ispa{i@T IH eWHerHIe5 mice, the number of splenic CD4-1- T celis is
80.000 and that of CDS+ T cells 1000 fold lower than in spleens of adults.
Moreover, the Interferon (IFN) producing system is immature in these
hygicTherseiechedmBlinics ted unableat eificiémisusestiel thethe polio or
asian, of i I IEN at the site of infection. In .
S o s e B b titis B
virus $mmotrickllsené ioadithisddotwapke piith tive rapidivekpanding pathbgexs) or
r.replicating.viruses used for vaccination. . . - Due to the risk associated
Pty R e A e (N S BB era ).
animals, including humans, with replicating viruses. E.g. 25 it is
g—:‘comme ded not to vaccinate newborns against smallpox with the

HaGihid ViRrd 'Srsing thed Have 'HeRtudeacintip theeeYadibidtish oonditions in
newboBMAlpeX. SuekiaLStiabeElStes, @@@Fé@%ﬁ&?%@@#%@%ﬁné\f&?z jg%?t@bom

. recent recommendations in the USA, babies younger than 12 mon
animalggeashdiid Hotiget BRs sikiipdewateitss dommeriilized sagari30 Wtheh a
vaccin?edy: & ingtion | n ates is only.ddne in emergenc

T e Lo B e e o Ll g beer
the attpotedtar tecionsning systerinis teotendtore ata Bebirtn Sineel the the fact that

. ination with replication competent viruses or formulations comprising
the i e g G B BRI oo idhed Sre ROl deoiaear Tmune
systerrbeforedueiagel ofi Zanontlin GermanyA(Empfehlung et Standigen to mature

q Impfkommission STICO, 2001) or 6 weeks in the USA (ACIP ‘
radualhy imen 68 SIS RRn B BAPEaUEs Uifedrstitsatipncoceurs

during the first year of life. This is the reason for the fact that the neonatal age
group ts feft 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
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The delay in the development of the immune system is compensated in
...part by the transfer of maternal antibodies from the mother to the suckling
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 hunfans during which the infant having an

Immature and thus a nat fully functional immune system does not receiv
dendr o B T At TR AVBO R s g ot MED. Rssoc,
(1993 pReressur Gr 309, dangengusiiEhe RitHation iswary Similasin mammalidBen are

animals, in particular for 20 economically important animals such as cows

1,000 ofodgmipaisn Hiitalsiefibcals ati Gigs oo febifecails tast a weak
immurBRIH of Wik the-saliresalves;iromibe Fﬁﬁmééfﬁw%ﬁﬁ?tﬂ-f%%aﬁ%fmglaticms

reduced. Instead the calf receives a mixture of milk powder, starter and
comprERBEiftcadEtratedfedt SBHEtNES alfdanp it thevfildt webk edter birdruses
there {sOBRRAVENHY.thegali doesnat ipceive the negessaLy
© variety Cyf matgrna?angﬁogieg o) m}éhgﬁlﬁlrlnature imm n(ggﬁjst?jn@ir;%grcf me
overw!stisceptibteviouafoditon Forthisrmdre, fermersawhooredd callsesrantdecessary

: ._thase who rajse them for meat producti I n .At4to
for vir ]l UL Yol ites L rat afrts A oGiaa ana ce there
is a reshippgdimalherifarms foytmigatproduction. Adithis timeanatemakonates, the
antibodjes f;t_&e low and 30the immune %stem is not fully developed but
: gﬁiﬁiiﬁ

resPOs Bhim&Id HAY EX po UG I HENARIEE DS adérhs BAUER BiYe S¥ Eltonsells
are noff IBIDEEERSARING HEK (4 1BIRAINNS R Haliequld be prevented by
vaccination. A similar situation can be found in catteries or dog breeding
fa_cilities W_here the infectious_presspre is high._ Object of the inve_ntion 5
18 he phiett of the %rﬁ%lﬂvgﬂfm%@ l%r ayige @ﬁﬁnﬁgqﬁaﬁ‘f@q@ﬁuatéon in
newborn humans and animals, respectively, agdinst foreign antigens an
humargntigenshhatrare assosigbewitfidisdaisés ichawbnsanoahimaldn newborn
- pectively. More particularly, itis the obj fthe present,inventiqn t
mice, (R A h et L R e R R e et
1000 Ghldeveboen ahinmalganghiemans kg tisirthdéo objrelrof the preiseftron (1FN)
d invention to provide means that allow vaccinating neonatal animals, .
Produgii gisd HinSnE TR A E SxVIRRS R iBAShs, IH P& Gl GQARK! mice are
unablesmalipexe Al ejoherbdeseription:ofithe d1ventianAcaarding o he RresemN at
invention it was unexpectedly found that it is possible to safely and

the silgriRfeltipvaeindfe aRdiBitfbathRIRLtarbiplevatanshinRis! feldargauate
activatibiinanss ik vituera taat-aie capabie gt fhiseilng esliegiineAonangataloiq,
or prenatal animal, including a human, but not capable of being replicate
expandingaith deligao srsctiuiecpivge vrises. sedrficutadchaatissen shown
that the viruses used according to the present invention, such as MVA, in
particular MVA-BN and its derivatives (see below), can be administered to
Bewlortisawithio utsslvaidangcamy thaliful ieffe etsc Jine vac¢ination @fdhenended

to vacRGLe 06H 11 Saainbn eI eI Ao SGLRGLSEh: -2

it is rapbgensanddumer apfigenscasexplaingsdeiowpamere defaili MQreoMe!, the
. the viruses used according to the present invention lead to an induction
vactinigniffot ershEHESMER ob e rhgkifatish Gf R Intheine sgéitemomritrs@alipox,

such A5SQeaied WHRALINGREARE Mboen 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.

The vaccination of neonates with formulations comprising an adjuvant

has the disadvantage that numercus harmful substances are introduced intc
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30 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. In summary, the viruses that are used according to
the present invention (i) elicit an effeétive immune response in neonates,
the b %{g%caﬁ be administered without the need of an adjuvant and (iii) do not
r the ek DFRSRAEIMiHY teorganrmmates Aceotdindoodhie emergency
casespresentinventignthe pr tive gffﬁc&gs-%g for at least 5 days,
preferably for at least 7, 14 or 28 da;r/s a%ter t{#zgﬁ'rst vaccination. toViruses
that are "capable of infecting cells" are viruses harboring on the viral
sHriacesiiyeiurgs;capable of interactingwith the host cegs to such an
~ extent that tﬁ?virus or fﬁeggt tgeal%ggghéengﬁ%gn beEoriesiHedrpdrAEeR ture at
birth. iAtetret Hestzeftimationghithereipiisesiunackangoriding 0 thR WSS mulations

' ion. ar able of infecting the host cell, they are not capable of
comp e G o I o el e et e o
vaccinesatbaibite resegt invention the iﬂ”@é'ryﬁﬁﬁr‘@%%@?’l%?ﬁgb&@?gﬁtandigeﬂ

SII

replicated to | lous progeny virus in said cells" refers to viruses the
imp fk%enrgﬁﬁgi%mﬁaéégé% ety s bt aHe frdAdiate d Reeoviratended
Childhpiotelnsroueventieplisaieds haweyef-pptpagkaged into infectious viral

particles. Thus, the viruses used according to 20the present invention are

viruses leading to abortive infections in the host. Abortive infections may

PecuUHigRWGreasons; j the fi native a cell may be .
susceptig eto infgcﬂgx@bﬁgﬁﬁﬂrﬁ&%@e ngnfgiﬁnﬁéglvs %?Wﬁ;ﬁ&@?&%?ted.m

part bihdlir s 2agfefuehomasdane than tibvaline tassathviratgengstionhe suckling
and/or present 25in

; iplicat] irus in.said cell are expresse
g R S R 2 By R A boRIAG ot Drastoed
due topresentinvertionsin Tiunmarikels is Madifipd Maesinia:Mius AnkaR MYt 6.
9 weeR’%qiﬁmi{?r%X Iair&gd in mog&%ﬁ’il below. According to the second
alternative-ah abortive fHetoh Ay aidoaLliero inreatreotied biuits not
fully fuleféativelvivsesiveiclrdaska ddbsomplerant; of viral gengs- éﬂiﬁﬁ»ﬂ?@%‘eand
durin for such a virus according to 30 the present invention for human cells is
€ BIETHRVICEISE5IE8 dhyR-a)elePlerbiss srBpIbovios)dhagataermes
“simplex virus, which is restricted to a single cycle of infection (DiMoo et
al., Blood 1997, 89: 119-127). This virus 8 lacks the gene for the essential
Yireokerehrn (Hy Bt eam bergrowmeortiighlian animals, in particular for

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 calf receives a mixture of milk
powder, starter and specific concentrated feed, sometimes already in the first
week after birth. Consequently, the calf does not receive the necessary amouﬁt
and variety of maternal antibodies so that the immature immuns 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
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
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antigeng, Siihe dist WRoLEAEERe of

titer in a complementing cell line expressing gH. In non-complementing,

..celllines that are permissive for herpes virus growth, it is restrictedtoa -

single cycle of replication, leading to the release of noninfectious virus.
The term "not 5capable of being replicated” refers preferably to viruses
that do not replicate at all in the cefls of the vaccinated animal. However,

also those viruses are within the scope, of the present lication tha .
that cofjigh Pk TR GHD rTCG: Satily B R el by B HrriatRel 10
catteridBUASSYHemiekingenpate:HeThendris acaeising to: the presenth.

invention may be any virus that is capable of infecting cells of the animal

but not capable of being replicated to infectious progeny virus in said cells.

Itis to be understood, fhgfyipis that s capaie of infecting cells of a first
animal species but not capable of being replicated to infectious progeny

virus in said cells may behave differently in a 15second animal species.

Eg i %@%ﬁi@(ﬁ% Bé\éﬁaé‘bg?'tiﬁ gi&iﬁﬂﬂ\ﬁeﬁc§stﬁ?o*\)/%%""?r?é§ﬁ@“ﬂée§#l§8hate

are capa uman but that are not capable o
newborbeihg neplicatedcto anfiectdils progenyivielys iregamah delisigihesdngens and
iruses,may replicate in.c ickerﬁ,\ l.e,.in chicken MVA-BN may no{é be a. |
: in&?%%?i%%?ed ) iﬁ?&@ﬂ%% pr%@ ny%mﬂ@a S
respeciliva@lceleooktheactiskenlyt istknowinito theausrson idlleskinsthet amtwdicton to
virus has tg be chosen for a specific animal species, A test that allows to

provideggieaning WMEtHEr WGirisTs eaphitile 'BRHGt CHBALY JPBetRy Replfcatsati™ Of
newbor REARAMA arerenata animaldsoisrpasadJn \WQ BR8Pt usesdton to

~ AGR129 mice strain. The results obtained in this mice model are
providangicative iBehumbng. PETHOSIAE toaM bR caibié 5f bsIRG EPcdibdmens,

agaénsf.t SRUUS ?ﬁ?@@@%ﬁ@rﬁﬁ' ggrlfﬁﬁﬂé’? ggamgg%ﬁbgﬁggg@tion corresponds to

e term "failure to replicate in vivo" as use mice in WO 02/42480.
More details on this test are given below. The viruses according to the

present inventi re preferably capable gf being replicated in at least one
type of cells ofgt]ele‘tja!els‘%(l)r%!ga gﬁﬁ?&llgge%?e%%ﬁ%gpff?s 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 )
Accord WA@Btmﬁai@c%ﬁwaﬁﬁﬁaﬁéd%n\ﬁ@ﬁé%ﬁ@%@ﬁeﬂ%& SUnehdsehit Is masaible

to safely and efficiently vaccinate and/or treal neonatatl or prenatal animals,
including humans, with viruses that are capabie of infecting cells of the
neonatal or prenatal animal, including a human, but not capable of being
replicated in said cells fo infectious progeny virus. In particular it bas 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 harmtuf effects. The vaccination of the animal
with the virus leads fo 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
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 nol comprise an adjuvant.
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capable of being replicated to infectious progeny virus in the neonatal or
prenatal human. In this context it is to be noted that chemically or
physically inactivated viruses do not have all the properties of this
preferred embodiment since inactivated viruses are capable of infecting
the cells of the neonatal or 5prenatal:animal, including a human and not
capable of being replicated to infectious progeny virus in the neonatal or
prenatal animal, including a human, but these viruses are not capable of
repliggtng i at : !yl\j f at least one animal species
o SN A, MVE DA TErADN o v cels,

Preferably the virus is a DNA virus. More prefera

 inveniippacicaligoiaffiestoellsTthe DN Acsusiissseleater fom DI$CaHepes

admiiEusesand:Mackfi accinia virus Ankar (ﬂMV )..Maodified Vaccinia
Ankara (MVA) viru%c%s\ég’ a(il{e af%%@é‘rh‘@” ir E,di“i})%q dissrthiae risk of
overwhefigra©ithepogerussin. the family of Poxviridae. MVA has been

generated by 516 serial passages on chicken embryo fibroblasts of the

Ankara strain of vaccinia virus (OVA) (for review see Mayr, A., et al.

IAfeotioni 3¢ Gl #H4 ProkeAs ik ¢ORERAHANCS AHNSTE RIS DASSAYES, 4t

least %h resulting MVA virus deleted about 31 kilobases of its genomic
Llincel ST ARBrRSr 8 i b6 dbdoribad abbighk ot e sbstistithtion,

to avian cells (Meyer, H. et al., J. Gen. Virol. 72, 1031-1038 [1991]). It was
hown, in a variety of animal models that the resulting MVA was

ighifieantiphvfaesapaie Af Biabiner d¢lEL0T8} DieusBiohBtanthd bn the
i iti Il 5. MVA strain has b tested in clinical trial
o e o T R o P BaBE Rl Facke o

vaccine to immunize

extentzbrBHRre Fiies hinbt. |Cngt BHEGTiraT H@OFLOBZLStisk! elakpBiati into

1e . 99.,2386-2392 [1974]), These studies involved over 120,000
the ho%é%‘ﬂ?ﬁr%ﬁ?d% Sh"H&éatié%%é’, gREPAHIEtthER ecBresardd ention are

capablvastinitebtisedtviachinescMVAHad diminishedy hinfect
while it maintained good immurllj‘c%gnicitg/. 3[&%0 %ggiﬁgnngu%%@@éﬁs%

. . 0
.mfectr%%ﬂ&%zﬂéﬁdrmﬁ BRE Hes6dreacat _el @é‘m% w&@xmf\ﬁha thesent
inveritideptisition Aumpern 099083008, ang %fwg‘%ﬁ?f Hé‘%%%?fcolﬁﬁfésc{r?n}?%?ﬁ%gen y

: . to vaccinate/treat humans MVA-BN and its"derlvatives aré particu
VITUS ip ik &811s™ e prispaitiesast pastigalzly prefeviad M Astmaint partially

b, s g L L R U ebAbaaver. ot
packageglicdfolaehicken ismipgotibrobl dgts {CER dnddogheealbing BEM: to
the pro¥éiiia saeARUY S eRraduStive fERlication n fhe human cellline Hacat,
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
muftiplication of the virus, e.2. due to the fact that not ali necessary viral
genes for multiplication of the virus in said cell are expressed and/or present
in the viral genome. An example for this type of virus according to the present
invention in human cells is Modified Vaccinia Virus Ankara (MVA), which is
explained in more detail below. According fo the second aiternative 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
the present invention for human cells is DISC-HSVI (disabled single-cycle
Herpes simplex virus), i.e. a Herpes simplex virus, which is restricted to a
single cycle of infection (Ditloo et al., Biood 1997, 89: 119-127). This Virus
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(H)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 and (iv) induction of at least substantially the same level ~

of immunity in vaccinia virus prime/ vaccinia virus boost regimes when

compared to DNA-prime/ vaccinia ¥irus boost regimes. The preferred

MVA strains according to the present invention have the property (ii) .
lacks fffaiE@@@J@éﬁh@a@ﬁ?ﬂi@b@ﬁﬁ%ﬁ{%?&#igﬁ%‘%ﬁ}g&%@%ﬁ B Gltde Nigh

titer in %ngé% %?éﬁ%ﬁ%rﬁ%sﬁ’gﬁ“#ﬂ% teat sysieny agexplaipacd-betpieandnting cell

preferably one additional of the above properties, more preferably two

lines thadditionsioh ihe béve rsperivs UM G0N Elerel 4RS MACSHEINS PEIGy

Il of.the, abov, ries.A lef Ssteaiphavingall-ofthe'not
cycle Ogﬁ%gcﬁ%%%ft%gﬁ%ﬁa?nhseig A-‘%ﬁ. %E%g?g%e}%ﬁderivatives of MVA-BN "o
capablarsf desivathessibavintj incAeiditiorefe febturtn(ijratieadhendler @se appueate at

_ . _properties, more preferably at.least two of 1 i e

o in R R e R A e T oy
the scdielerenEe isrmade oM 9224801 ThiswpublicationralSit dibciaséechiom

__viruses having the desired properties can be obtained. In particular
actvityoab B0 PROVHHES d HEATAH HE BT TocuLre oy A AN e o

a derivative of MVA-BN and discloses in detail the biological assays that
are used to determine whether an MVA strain is MVA-BN or a,deriv%tive

Thersbtseotreiciiards) the el dMMPRBNTIAY Bestipohror that is
capamg"é#oﬁ{%e%tﬂ% WS ”gmﬂr% g evaluatgiyhatbena MY Arst@inds MAHRNDto

~a derivative thereo ods. allowing to obtain MVA-BN or a ,
infecticlesiyative tyerolare sisdlosstsin Wotoherstersipedolbaing yirss that is

shortly summarized h rs ski ' rei i .
capabl G R A BB Bt b
replicathetheraaiven My stiainiassome ridhoet o sald fehwvesdifigisbysia 2

most preferred virus according to the nvention. lowi
secondgmimuty B det g&nﬁ@r&ﬂ%%t&ﬂ?ﬁ%ﬁe e e\l/%z)asngle-pcﬁr %\?l\gg(\)%;%%i%
betow)fQr G RIEseThapRlicatiopiehefoliovinad Fnfermation HosteadpWahat are
02/42480 is herewith incorporated in its entlre%/rga/ referen

) e. The
not capsre mbteipabIeR) FapEdECtVE FaHER RSB the e spagreelts. The
tal, i 3 CalliBi iRedT s weed in therpresent 29
same g%%%g% %s'aé cPeil?ignge%e #]nCﬁél)l %gﬁ%(g)';'ﬂ%ih gyirus that is "rmpable E,i
virus tbitepradisctivé repichtioat ipeiieg s@piisaigadst 88 GAoY THATRHIWS ArHs 11

fification ratjo of | h i | i t K
el o T A TR At et
to be dnemtiofisDdherifssan the lhspeanese| Nites HHGH #Tihe Sakaplifitationne

ratio” of a virus is 25 the ratio of virus produced fro i ted
et g o BAOUE o AN LLR 1) Lok tR%Prﬂéaé"ﬁgﬁ@eﬁr%’%%E%tea‘ o
orena{iMRk-Gamplficationratio Ve GripdofA8bhetwaenO timitdidlApuice
defines an amplification status wherein the amount fv%us produced from

strainthidinfested colis wnRe sardy astHe dhdint HindIN (€40 infedt'tha -
Thus, %g’égéfoiﬁ% ~derivativest,of {he ¥isysass30 asidrpasited LdgEREABE” as

8 refers preferably to viruses showing essentially the same . .
used ireplieatiorsehbrrsistitsas thscaaoskedshint Bl shWiHE difdiantiegte N
or inone or. more parts gf if . i aving;the sAMeck? are given
VIvo al%ﬁﬁgﬁ?tigq{ éﬁéér)gé{éﬂ?g%&ggﬁmf%e@{jﬂ%ﬁgtgd virus are virus-es thatg
belowreptisatewvith simitarcamplificdtiopragios tiaretheale positiesraRih@peble of

_ cells.and the ce|l lines BHK, Hela, HaCat :
108 GGl Ao 1 ] S B G I ACK L8 e voisa
Thus, Modehéseabelondrapiity The tarms failureto aeplicatetia livo s Usedmmal
_the present application as defined i 0 02/42480.. T jd t r
that 1%&QiFt?sé%HHﬁf@%&%()ﬁéaH@ﬁ?%‘bpm R %Xé%bﬁéiérﬁo s Rfffac
to MVEXPRINEFLR AMDO2/4R480:d e Dite vised inMO=02612480 arélintapalié
of producing mature B- and T-cells
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to (AGR 129 mice). In particular MVA-BN and its derivatives do not kill
AGR129 mice within a time period of at least 45 days, more preferably
within at least 60 days, most preferably within 90 days after the infection
of the mice with 107 pfu virus administered infra peritonealy. Preferably,
the viruses that show "failure to replicate in vivo" are further characterized
in that no virus can be 15 recovered from organs or tissues of the

capagRIIPRiice ssdaysienteteratiy 60 daysand.nostRreferabi% 99 Sy,
D f‘eﬁét&ﬂtﬂﬁ [ilqg??tipn of.the mice with 107 pfu virus administered intra
peritonealy. - Instaad 89&#@’5&6@552@ Hic8aRdhek Aisusecstiaimcampecally
inachisert tubvisineapgblasf produg I assuchis .
dugingaty 5@@@@96‘%?ng@geierrzgf?égiﬁgd;mem

Smcge[vere%/ immg}me 20compromised and highly suscepti
Vit SV AL YRS Hiave Jathab th @i dntss Bxpetiment ised toaletesming or

prenabethetignbV Anstigin " h,Lgﬂ(F\ i ogenigity compared to the
e ﬁown strain MVA%?Q?%%Q%iplaingWC? g@?ﬁ%ﬁ?ﬁ '%ﬁ%’t&ﬁ%ﬁd to
TECHAenge 85 Mol srivatitnaesthatieb adie edten thiednfesioTwitliding a human,

but fﬁ@&@&l@iggg@@g,@é@% inja strains such.as the Western Reserve strain

L929 TK+ or IND-J. bie %r%‘gﬁgrﬁg%ﬁ@?&ﬁféggdﬁ] Gonipete R vabiir cells of
at legrhigeiianirenbapedsschallenge” 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

adsagtevsirly WEROrealls Fenviralifiter igdetepmined far upyaccinated .

(smice apg for miXe vaccinated with MVABN and{{%%va%v&e 81rrgmahar;

specificaliy Y Qéf@léﬁ@ﬁs‘:&gﬁvatﬁ‘\%@‘}if‘evﬂ!@&hara@te@fmﬂﬁmthaﬁ)lﬁﬂﬂﬂepes
virustestafteMbel ¥aegination it 162 EI%E@WA jrus the ovary virus titers

are reduced by at least 70%, preferably by at least 80%, more preferably

by at least 90% compared to unvaccinated mice. In a preferred

emhﬁﬁm&ntm%gjmgeg di he. present inyentipn, such as MVA,

in particular MVA-BN angﬁ%%eg\\/gaﬁ%/ s‘,”g]’r!eS u?efﬁ?%?eﬁﬁ&%/y@c?&ma virus, a
membginpisiatisn e Virtiseppixvrartidnlah &K BLABTSHARY I8ABOMIVA has been

sent inventipn, such as MVA-BN and its

e e S el L L St THEbHAbRAMRy BOSYsSAe 1e Anlara

derivatives as

straimetbrolegoiis séqueng@sharberuspaitasefioienyly first prinye qg}gvc}Q]SQ 3, 6-14

[1974 o%g'n% Lne responses %jative animals as well as in anima
6-eXisting Immuniy 1o PoxVFaede EHas The afsadsrefdreecesinliing MVA virus
deletedcarding tadthe pileserkinventioy inducesat | tantially the same
descr% \%pofi m%in vaccinia virus prime/ vé%tciﬁi@aa%ﬁ% o%é?n’eg}ﬂ%g%re’ was
CORThAre Riintél sesisiediniis doost mgimébleyer, Aaetinia J. Gen.
Virol. virgs, 1o parti¢isar  Sfran, | ed as inducing at least
y Substantially the s%é@eﬁ%%%%&%@‘?ﬁ \g%c%i\ﬁ?a”\?i#)(é%ﬁm@/ﬂ%@&ﬂqﬁis that
1€ FHHIS BBt R diRessignéicaothpareidiit: ENAMRTIMA, vadoifiavirug 9131 Dev.

Biol. 2Qegimes i the L nse as measured in one of the "assay 1" and™
o Aot ST G EyAerHo i bt Sesgred &t clnica
trals ragsuetaritally the samedn YRECIRR NIFHSPINBLYRERINAMIS z%% of 2

rime/ vaccinia virus boost regimes. !

i h d NA-
Zbt. gﬁ@ﬁ?@?gﬁ@&ﬁ 'el%%gL Eﬁgf&gnsg LRt AdGME irustisithetvaéeifitsuirusned.
Wschibddt 23adnhisiralion g ighhesinatigastone s We}yﬁ\fﬂﬁ@?fﬂ{gl ans,

jnc[udcom%ar dto N%)_rjrne/vaccinla virus boost regimes. Most pré
CHL é%e[aoﬁ isHGREEN FoW dsa ThelirousearadcandiNgdoithe based
vaccinpegSENEANEREON May 868 N9 combinant virus, such as MVA, i.e.
4 ;j2virus that does not contain hete%g%%ﬁg tﬁ@&@ééau‘@m}%ﬁ tamiaintained
EOOC I aHpRER F Ron-recombinant vaccinia virus is MVA-BN and its
derivatives. Alternatively the virus may be a 14

Preferred strains according to the present invention are MVA 575
deposited at the European Collection of Animal Cell Cultures (ECACC) with the
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recombinant virus, such as a recombinant MVA that contains additional
~nucleotide sequences, which are heterologous to the virus. The term
"heterologous" as used in the present application refersto any 5
combination of nucleic acid sequences that is not normally found
intimately associated with the virts in nature, such virus is also called

"recombinant virus". The heterologous nucleic acid sequence is preferab
depositiosolaarabHoNOR LoLdRerE Sui Yor at RaSE URE Suddeh aftbeRie Tor

with theee'érg% ﬁ*?ﬁﬂeﬂa'; protejpsandienherapgyticiepmponnd. thdhatermit it is
"beneficial proteins” as used in the present application refers to any
intendedproteins thateft ¢l giurie prolddtingbinasitinid dgaivatiyAsantgem ticutarly
5selected from tumor antigen and foreign antigen, wherein the tumor
ntigen 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 |evel of factor ich activa kit S
T%HV&%@\%WH@&%&H%‘E e@\/ﬁ%ﬁﬁ@?%@ggﬁﬁ%l@éls%r‘?f%%%@i\?éﬁ L}anSt
oreferredGi6aSING {he ROprRAuctionandier seliwlasRonient of addntedrer (IEN) be

or IL-12. Thus, examples for such beneficial proteins are interferons such
summargeEas dipalisi (EN-beta, I1t-12, Flt-3-L and or GM-CSF. The antigenic

(i)epito@;?é%dﬁﬂ}% e apy SRIlARes fawhich i makemsensa to 2Biinduce ambryo
immune response. Examples for antigenic epitopes are egitopes from_
Plastiiodtilia sfcipaRim, aytdbatisrsamilienzB ditusDHénvirgaeg bility of
selected of the famil Elavivir r irgses Hepatitis viruses,
Humﬁ?ﬂ\:ﬁ%ﬂ%%\éee |(%%qr189%/|¥?ﬁs®:ﬁ§meflrﬁoﬁm&\r/glr¥js@§g lciliausing hemorrhagic

(ifeversiohasHaplavirises vivBiloviruses, Le., Ebola or Marburg virus.

_Thus, if e.g..a 30 recombinant MVA expressing het itopes;i
(“L‘Psed‘f@&‘é%b‘?ﬁht@gn@oﬁ‘é@eéc@f&% Ethep s%e%t |é%%%§§r$,8th%pr%sﬂjltown

of thistrgaiment is net gpiysdeneal varcinalion duetoihehalelegatedodel

maturation of the immune 15 system but also a specific vaccination

agair%’ﬁ@!fé”heterologous epitope expressed from the heterologous MVA.
(EQ"thﬁﬁ@i%‘ﬁt‘ﬁw%mﬁ?qBQE?%@%%M&*I]? heteralogous nucleiciasidimity in

the Srecombinant virus can be, e.g., a therapeutic nucleic acid such as a

antiseaseinileid Btid dPAPEPLAESEPGlein il dRSRH bidfogicis wnen

aCtiVi(%mpared to DNA-prime/ vaccinia virus boost regimes.

preferre

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

For detailed information regarding to the assays used to determine

whether a MVA strain has one or more of the above features (1) to (iv)
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The insertion of heterologous nucleic acid sequence is preferably into a
non-essential region of the virus genome. Alternatively, the heterglogous
nucleic acid sequence is inserted at a naturally occurring deletion site of
the viral genome (for MVA disclosed in PCT/EP96/02926). Methods how
to insert heterologous sequences intdithe viral genome such as a poxviral
enome are known to a person skilled in the art. 15The present invention

referefice pfovi pharmide it 2oRposition apdtiivabisine dmplisitigzes how
virusedrUs Adeqrding loiihe RIgsRLinvention, such a %\éﬁa g. for E‘gé{%?ﬁar, WO

an immune response in a living animal body, including a‘human:

02/4 gfi&imacavidapcantheiation miayigeherally iuutisonesrand®A-BN and of 2
cerivFiREmaEgRkQeepiaely adlor approvsd aplers, AUAINGS, 2DIOUES: e

gqraeservatives, adjuvants, diluents and/or stabilizers.
Used siiipdRces tanteiaerasding glyeéndls ethanehiwetting oriemusitiBgeof. 1n

pH.hufteri ubstan he,like. Suitable carriers are typically
other 25 ;arg%’, s }i%vlﬁ% r#g a%gliz%d W&ms %h%éﬁ?ﬁ%@lﬂ@, Bél@é%&iﬁﬁbe%%says

allowipelytactiv atidéepelyglyesilie agids, sobmaECAMINBRCHS LAUPRAGIL thereot
For the preparation of

| lipid tes, or the like.
and igZEIES WO VHOE SPird ettt oscsharspEaroof are discloscd
in W(physislogicady a%%bi%ifewmt%%hi@‘%‘HW&W@&H?M&%H‘%BGWSQ%%W

ill Hlle%n the art. For MVA and other poxviruses the vaccine can
S e%r@ﬁ)a 8 e divie Sphhiéhceinine prpagtioncofporvirus vactiresbove
featurdgedndbHenvagccipatiop.a @W@t I ribed.hby, Stick!, H. et al.

. 1974] Dtsch. med. WSE:%W? 99, 2@%?@%%&%@@ tngspﬁﬁﬁe%rvm%re of
said fralierey Andos witka titrenofbx posfac2a5Qimis farmuolatatzin@bdu present

; rs, | pH 74. For the preparation of yaccine shots,
e ol A2, SRR e G ke ke afls o dB0 vt the
relevapbphosphéte-bUfereasalnedPRS)inghespresenop (R A% PeRIOMBA lowing

e TR LG TR T

referefreeze-drying of the virus in a formulation. This formulation can contain
additional additives such as mannitol, dextran, sugar, glycine, lactose io or
polyvinylpyrrolidone or other additives such as antioxidants or inert gas,

“Sabilists orcembinARtdpieIRSE 4 U ma st AR IADIEy - o

for in vivo administration. The glass ampoule Is then sealed and can bé

(Boukaprdbeted P38, ard Fedmtem it foisbvkral months. Howesepresent
lica8ang, . .exi e is stored preferaply at ,

app Ectempera%ﬁ%g@g%dvﬁ Ztg@_t?gﬁdﬁ%%ﬁvi%saﬁ%neb% Shalot capable of

reprocyephifisaeptambedissolveddn il 1665 Mhokaniaqueeus oo shows an

oS Spes e o Lot and et et

- systemica

amplifpathof adminisfratienknow tedbe skiled2Q pragtitionend hs MRAe 9 ntion is
dministration, the dose and the number of administrations can be

0-8 or Sstimizbdlsy bhie Skfifdh ienblaih o RovamitRBARedion ratio” of a virus is

the‘ratio of virus produced from an infected celf {Cutput) to the amount
originally used to infect the cells in the first place (Input) (“amplification
ratio”). A ratio of “1" betweaen Output and Input defines an amplification status
wherein the amount of virus produced from the infected cells is the same as
the amount initially used to infect the cells. The term "derivatives’ of the viruses
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
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The virus according to 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 oz humans a subcutaneous,

intramuscular or oral inoculation is preferred. 30 17 As pointed out above
“replichidosiras aceoieig iesthéhare dém mrveesicec! i sHRiGNRMUINVEE SlibRtageplicate
with SW{Q(BW 1 %ﬁ%ﬁ"%‘%%% r%‘r?%nbﬁn%‘?'&%‘ﬁb%?{@@ Din Eﬁeﬁﬂe%ﬁﬁ.@é%ﬂd the

effective amount in a first inoculation (“priming inoculation”) 5and In a
cell lirsscBhdjndeutibia Chbasiing Aditulatidhyt shon sheicoltexepfition in vivo

25 e AT e ARAO A VMBS AHTWEL ALY 3 Hemiaton

animal including a human. Specific examples for animals are pets such as
dogssi cats, economically important animals such s calves, cattle Sheﬁif;ati ;
“ o}

JoREhBsad b8 ARd BRNEARiMHaY Mchi S SBrGRESS 2R
as defipesies apdios humansMVhand RIRCHEISY aegadrarticulany prefared do not

_ viruses. The invention may also be used for economically important birds
replicaifcdiuiireysa Bacis  §edsecandREAL 3RS BRé! Bl thatare2480. The

mice GERARIS {PcNipsyAothadids ﬁ‘?&@#‘ﬁ}Q%‘?P@Q@c@z@%@t[ﬁ@”@%@lEPT«:e!ls
infectious progeny virus in said cells. The term "domestic animals" as
(AGR 08Ed rinithe. pregent destaipibrréidisind prefdeably ty esadimagiarkill AGR129
. damestic,animals, mqre preferably i@ dogs, cats, 20calve tle,,.shee
mice Qe it Hort Ackeroins o Khver ALl D T BT R feast

60 dagecarding (orterpiesentithvendond iy parfiewlarM\ViAtfENianddfsthe mice with
derivatives may be used as specific va%ﬁci S, I.e. to elicit an immun

. eci n
107 pif Yafis@ HRIPrRias BB BE AR ST i arihags (hat show
“failuRRES S DY@ M ylenfivius belonaingrte thesa®azed in that no virus can be

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.

fnstead 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

compromised and highly susceptible to a replicating virus.

The details of the lethal challenge experiment used to determine
whether a MVA strain has “a higher immunogenicity compared to the known
strain MVA 575" are explained in WO 02/42480. In such a iethal challenge
model unvaccinated mice die after the infection with replication competent
vaccinia strains such as the Western Reserve strain L929 TK+ or IHD-J. The
infection with replication competent vaccinia viruses is referred to as
“challenge" in the context of description of the lethal challenge model. Four
days after the chailenge the mice are usually killed and the viral titer in the
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
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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
char %\%é?ﬁéﬁ%lfhéhﬁmﬁdﬁa tesVadbimditnwaayibe tiomowitécambif@yifus, virus

the o3¢ 3 VVABN arits 18 derivatives, or a binant virus harboring
gen%s in the vira gierrgolme trligt(E are r%f[’]r?gtsdrz@% n%?%gaa{’?tcijg%%(ﬁirﬁ&a“’t 80%.
morepperéeABIY|thiy ret dpalsin @0 ¥irus hprvers additienet genes thatare helpful

in stimulating the immune response. Examples for this kind of genes are

cytokine genes and interferon genes. 5 According to a second but

rélated afteechaticel neonategiaievactieater Wiksa FRRCIMIABNINIG: present
arborin% a heterologous nucleic acid se%uence as defined above to

nverfilles W lAmi e GRETaHARIA BMiRed dis siafiiaibesxarasdsetul for
primdrirdbe ReIeTMegeHs OHCIqIRackssayenge By way-of W@lﬁa]{ﬂ@?hat are

nucleé%acid sequence may code for an antigen or an antigenic epitope as

most 4Bfif .%Bbbe{?%rﬁﬁle%ra%iﬁﬁﬁbiﬁéﬁﬂ@ims asgolding tddHs-BN and its
deriv@mkadiment %@FTGC%@b'%W@%%@ﬁgm?g@ﬁﬁ%@mna%MY@%B atboring

a derivative thereof, comprising ogous nucleic acid coding fo

heterglagiuns forvaNoREsesOtier teadMYAfGasmay M pHIMeand then boost
i Jpen i -Nile 15Virus, Japanesg Enzephalitis yirus, measles . .
’mm viﬁjs, zli;at{#n%%érlvaﬁ?m?a%grﬁsl%(ﬁ?b@g &ri ?(W/?.ﬁuﬁai.gl ﬂ{@%\(ﬁe‘%‘ﬁ&éﬁ%@“ﬂmg
immufroiy the rpcoribinard. vifivs s etige ambiy antigerritds prssiblgdapsiithec the
ombinant virus to indL{c(ﬁean immune response in the vaccinated
t

rec
Dreseﬁ%éﬁg & AgAINS PNt praveHP AT 13N v Breatnseletnd immunity in
vaccimezombinaptivitys exRIessing/ INgsaptigen pEaRLEENc, 20-SPUAPEIHWEEH rime/

? induce an immune response against the agent from which the

1
Vacc'%@té’%\‘b@?@?%ﬁﬁ%ﬂ@@% derived and/or against the agent that comprises
the antigen or antigenic epitope. According to a third alternative it has
been unexpectedly found that 25viruses that are capable of infecting the
c%n%aé?ﬁ"ﬁé%éémﬁaﬂarrméﬁgtdlar an MVA strain is regarded as inducing at

least Substantially the same level of immunity in vaccinia virus prime/ vaccinia
virus boost regimes when compared to DNA-prime/ vaccinia virus boost
regimes if the CTL response as measured in one of the »assay 1 and ,assay
2% as disclosed in WQ 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
administration is higher in at {east one of the assays, when compared to DNA-
prime/vaccinia virus boost regimes. Most pfreferabiy the CTL response is

higher in both assays.

The virus used according to the present invention may be a non-
recombinant virus, such as MVA, le. 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
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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 30from tumor antigen and foreign antigen, wherein the

tumor antigen and/or the foreign antigen are different from the antigens
recompyseciatet with sieliras. 29 recornbbaadingtb/thisttridd atetritive additional

X b ina ith.the viruses accordi . resent invention,

e A LR S HUCEK i 8 ek ives, are protected

against a challenge with foreign antigens such as infectious agents. Thus,

e viruses,according to the prese%tinv ntion, in_particular MVA ar%a
Al b B T RetHBor, 1o by VABEHTHE BB g TS to any
combinttises aceaidiag:tathe pesephimention, v paticianMVA theiimuneately
.system of the newborns becomes more competent to deal with foreign
aSSOC‘é}:ﬁ%e‘P@ uéh®ad ingsét. W@%%Xéﬁ‘ﬁ%‘e Wetionthid 19 exeltistiiegambinant
virus" vaccination with MVA and a subsequent challenge with Herpes simplex
virus type 1. Thus, if the virus according to the present invention, in
particular MVA is used for the vaccination of newborns the vaccinated
Th@HE‘P&‘%l%’gﬁ@‘é’rﬁﬁﬁ%ﬁﬁcé%‘i’oagéﬂl?éﬁ%ig aatgens than Jovaceinaled
animals in"the critical time span until a functional and mature iImmune
sequesystendis gdtabliéieds il BAccardiggrtp ahéi peesere mlaptioh tha ittiedquroteins

and/ora%i] Fan %Elj /or(jtge fooreilgin antigen is different from the antigens associated
WIS Yhic TP 1 %’be interpreted in that according to this

embodiment the invention is not primarily intended to use a virus such as

MVA to induce an immune response against the virus itself. Instead the
ThS T R S i el SR GO SE L PP ERNGR relers to

any prisanyersiimitationihat profestsdhepest against seigrzpatigeRsand

tumour antigens, respectively, that are not associated with the virus. The

selecteghfioBhtigEHe EUE Rt With (REMIRRY FSBrs'th ¥sHBpheanthigahigen

and th%fﬁ%c‘g'r#% RABIG ié’&ﬁﬁ@z‘%’?ﬁ%@ﬁw% epitgpes ondhs suifageplR F?‘?é' vitus.

infected with the virus that are the result of the expression of the viral 25

Alterngiéneine 1 thecontsstiol ity dimbodipmeiiiee el eforeign antigetssin
increalfiR/SRAN ANPERS AN\ oRiapER Nt G0l A AN AR B Active in
co 0 animal body.

ponént of the oreign antigens are especially

~increaantigéns andépitopeddraini30intdttions Agertstara itoxims,chgiicakhe

infectiou ents, are viruses such as_herpesviru etroyir
produg B HCEE AR AT e ByRGEREr on TR or 112 Thus,
examples for such beneficial proteins are interferons such as [FN-alpha or IFN-
beta, IL-12, Flt-5-1. and or GM-CSF.

The antigenic epitopes may be any epitopes fo which it makes sense to
induce an immune response. Examples for anligenic epitopes are epitopes
from Plasmodium falciparum, Mycobacteria, Influenza virus, from viruses
selected of the family of Flaviviruses, Paramyxoviruses, Hepatitis 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
recombinant MVA expressing heterologous epitopes is used to vaccinate
neonates according to the present invention, the result of this treatment is not

only a general vaccination due te the accelerated maturation of the immune
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20 bacteria such as Salmonella, Mycoplasm, Meningicoccus, Hernophilus;

prions or fungi. The invention is not only of interest to vaccinate animals

against foreign 5antigens but, in an alternative embodiment, is also

suitable to vaccinate against tumour antigens. "Tumour antigens" are

antigens associated with certain tumaqgal diseases. Tumour antigens are

most often antigens encoded by the genome of the host that-develops the
SySt&{IndRi! THISD inPa striet Sensesrnowiantigensrare nokfonei GBHgEBS-cpitope
expfég%‘é‘gvﬁbﬁwﬂ%ﬁqaé{%gﬁ%s are f 10|p S|gn|f|cant amounts in tumours,

whereas the amount of tufmour ens in normal tissues is significantly

lower and most often no tumour antigens are found at all in normal tissue.

E for tumour antigens are known to the person skilled in the art
ar)%s‘darlﬂ %%% eeif{g{.ctﬁé} WIREE dnfigereetvn ibefsiare agaisnthder acid in the

recoﬂ&ﬁxﬁtoaﬁ‘am'ﬁhgw&@m%ﬂ@g’.@%iﬂ?é}%@%ﬁ@iméﬁéﬁagﬁﬁ %%ﬁ%%%%%a%%%sense

and/or accelerated maturation of the immune system which then may

nuclefs @A R diontit SurRstiobeinswith dasirembiptogictihgcigatyst an

antigen" refers to the development of an immune response, which is
directed against the foreign or tumour antigen. 20If the foreign antigen is

an et agent ihelRoatigproteodiagairist saifliagestis e ROy into 2

-cdevelops raspo against said antigen. Consequently, the
o infection va?ﬁghe in ecﬁgﬁslﬁgﬁgﬁt le5de'td% Ie@ﬁ%@@éﬁ%’sﬁgé gerelogous
Nuclefisaaié apalliaMhestésninipeotedtiog Hisaotie e 4BerstARd Bt SEN88 of the

. is al .100% tecti inst the forei 25t
et SN PR ROMERoleen st e e of sty

ntigen. |
heter péfesite mh&lmeﬁxsjalr@ﬁGMéhﬁFﬂeMﬁ@”W@ﬁt%Q%ag%ﬁmFQ%@F}% e are

gen and th%‘#@ow antigen, respectively. According to t

ti
know@&e%@n?ﬁ@é?ﬂi g Emééfive effect is exerted for 30at least 5 days,

preferably for at least 7, 14 or 28 days after the first

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.

The pharmaceutical composition may generally include one or more
pharmaceutical acceptable and/or approved carriers, additives, antibiotics,
preservatives, adjuvants, diluents and/or stabilizers.  Such auxiliary
substances can be water, saline, glycerol, ethancl, wetting or emulsifying
agents, pH buffering substances, or the like. Suitable carriers are typically
Earge, stowly metabolized molecules such as proteins, polysaccharides,
polylactic acids, polyglycotlic acids, polymeric aminc acids, amino acid

copolymers, lipid aggregates, or the like.

For the preparation of vaccines, the virus or ifs recombinants is
converted into 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
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vaccination. In other words, the vaccinated and or treated animal is
protected. 21 e.g. against a foreign antigen if the animal comes 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 5newborns
with the virus according to the presént invention, in particular with MVA
may be explained by the induction or enhancement of maturation of the

for vaciHminssy_RiAFhSINGY hedai aRse Ohe mtiHesyster in tAE EBddkech.
med. RS P&se géf@ﬁ%@@é ey inductionierenhancement of ths%afred at —

maturation ‘of the immuné system” reférs inter alia to the accelerate
80°C viidrenst tocffdbrafificéais ofrthele praclikersim saetind@sblative 1d 40 m
controls. The terms "acceleration of the maturation” of the immuge system
NaCl pdh Tefihdrizefvenpobies atetorafiorrosf e imane gystém ardusgarticles of

. interchangeably;i i iption. The ~actjvati ' tam”. ;.
the vilLGRATSRR I 0 GESHIRURD, F09 ey e DG YR e
(PBS) andiommenesdhabelse celttetidanterdclioh butradficking arid/on kythiempoute,

secretion of said molecules and hormones by the. cells, Specific receptor -
prefer R Ao AR s et RE N Rt R T ore L e A Pt Buced
by stepMdd e - tmadpha, MEIGHL and CPR dmpadticitar GRBalphaedéon can

elow). 20 The accelerated development/maturation of the immun

contaigyagshtiRrdRAAES G e i TSI B iRk 16681 Gitaciore beBl4tRG arRftose
or polPliMAPUizingdsndrife eells(DEhprtaeir prepursor-alls,andianr inert gas,

incréase in the number of dendritic cells and their precursor cells and/or- .
stabilizer inoreseomirieant proteins (e.g. human serum albumin) suitable for in
vivo administration. The glass ampoule is then sealed and can be stored
between 4°C and room temperature for several months. However, as long as

no need exists the ampoule is stored preferably at temperatures below -20°C.

For vaccination or therapy the lyophilisate can be dissolved in 0.1 to 0.5
mi of an agquecus solution, preferably physiofogical saline or Tris buffer, and
administered  either systemically or locally, ie. by parenterally,
intramuscularly or any other path of administration know to the skilled
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 to the present invention, in particular MVA can be
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.

MVA is administered preferably in a dose of 10! TCIDss (tissue cutture
infectious dose) to 10% TCIDg.
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25production and/or cellular content of an interferon or IL-12. An example
for DC precursor cells 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 I FN a/[3. 30 22 found on DC, such as MHC-II, CD40
and/or CD80/86. Preferably such an increase may be measured in the

blood. Further markers to characterize an enhancement of the maturation
of the famupe systemaig.FA3-L, IL-12, IFNalpha, MHC-Il and CD8a (see
below). Moreover, the acceélg,ﬁétev rrlf"fcéltt‘;f,rca(ﬁ%)r %EQrﬁﬁﬁlrﬁ%’%%'f@m%@”ﬂOﬂ, in

partigidtarably bossiated so\dniablastitl Stolddnieases meéwa@'xééﬁqﬂ%i%%%d i
ther&%[&%ﬁ?@re@ﬁﬁé@fy};e number of CDJF_lc positive cells in the blood and/or na
ter the R4 r]EﬁiH?st?a (67 o MGAE NP o CeRiBoImEanmalgation )

the spleen’7 days a
and gomseeed oontrolztimalsthat haye matuesgiysth MVA-BN. Moreover,

the enhancement of maturation of the immune system may 10preferably
be correlated with an at least 1.5 fold increase, more preferably an at least
2. Ofblbincebset of thRecpresntiatian Ak ye glter fhe
hum é(ati%ier}ation ﬁ/j neonates with viruses accourdi%éré% e prae%'gﬁ?ﬂn\(f@ﬁ(ﬁﬁ,aiso
Wher CEmpar e tRE5E MbYeHEe coTitrons 1451 thitetontext if i 40 Beeferably a

mamnotdththatihee isa jati t the phenotype and function of
o e e St QB By et e pets

mur
such ﬁﬁfgeg%h%ﬁy%@q@m@*f i :af{:pamwmmm muneh ﬁ%b%#f@@%;f@&fing,
hee t sl ow cytometry using a range of surface
e S RS e oo

markers (MacDona

animahgpesims pupdIfoio s ofDE Mueh asd tgi identified
Vimsé@_zgqglfrg}%?fmog. HurrJ] Ims%{nol. 63???3@3Q%}gkl%%g%gg%ﬁgggé%wed
165: 603 7) Virf sl teChtiqenpmicaivlsoper tetediadinsuch

Immunol.

as tudthis hdmarstissuesd Sunmeers Btah 2001, r“é“us%ﬁggﬁ?(ar%s%{ég %ﬁ? infect

the haAccording to the, present invention the viruses as defined ab
_ © bééﬁsbcee{? e'%"i% HeLCARBR SN oP pref Arp haitads o intretise thertavehpfirys
In saifhctelfs 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

oftaa ipterferan300n Ll as been demonstrated that following
ccination with M.\%SlglaN&t%rﬂegio%]asarﬁa%‘)’/?ﬁd%gﬁgrfﬁﬁe&@ﬁg Rk iption refers
oSy more s vonnimposaS A i o
calvesUR-Ef t ' -

¢ e %é%ir&é%%’ (SYFERCORARG o the present invention is

administration of
preferably 2 times, more preferably 100 times, 500 times, 1000 times,

%ﬁ%pﬁ?gs or 502.0 tgnﬁ% The increase of the concentration of FIt3-L two
days afterthe vaciRhfdh GiHeshakss Wit visusescactoming ke theesent

e 3 B R U
RattedQsitrdlsan immune response that protects the vaccinated
newbom against diseases caused by a virulent virus belonging to the same
Virus group, family or genus than the virys that was used for vaccination. By
way of example MVA as defined above, in particuiar MVA-BN and its
derivatives can be used to vaccinate newborn humans against poxvirus
infections, in particular against smalipox. MVA, in particular MVA-BN and its
derivatives, may also be used to vaccinate vertebrate animals against poxvirus
infections of veterinary importance. According to this first alterpative the virus

use inatio : _
d for vaccination may be a non-recombinant virus, such as MVA-BN or its
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The term "activation of dendritic cells or their precursors” refers to the
...maturation of DC to antigen presenting cells through ill-defined cell stages
10driven by hormones and stimuli. The intermediates of DC are termed
Precursors. These immature DC reach the periphery. Different (antigenic)
stimuli activate DC. Activation markd#rs, which are upregulated in activated
. dendritic cells are inter alia FIt3-L, IL-12, IFN-alpha, MHC-]land CD8a (s%e
derivabi¥ivPa8 recabbalaished tial RoRROIESSERATCNIE S B ERIRIdR that

are ndMMAEGIDEIN-e PEHRNER Berause.GMiGISF irade Lo MBIBAAC virus
precursor in bone marrow, blood and peripheral organs (and the cells

harbotaued détinoué aeerey, inad @M@H@ﬁﬁéﬂﬂﬁ%ﬁgBéé{ﬁj‘ié?ﬁ\@&ie'#ﬁ@mﬁﬂ_ﬁiﬁﬂ%mﬂseo

Exam 230G GRIR o fheir 2nategesorsi Thisdlefinlion siplen wred inhe,
present description. Consequently, the vaccination of animals incfuding a
human is especially useful, if it is intended to increase the level of factors

ctivati dendritic cells, (D r their precursor cells.and/or to_ _ .
e SRR e e Eh e AN Pacrinated
with zimereassitherproguctionrénaiopceltuae csntent sfrauciniertaroh sxdLd e as

Factors that activate dendritic cells comprise inter Fr%I'%fgitS-L (Lyman et al.

defineg Pyl BIAUEy A1 7Y HHE GMESE SHARcal %HE%%M@%U’@“C@
expresiibeRiesent investionase dAN-alphaand Nmbetrcl R Mruses usetinple

according to the present invention induce E1t3-L and it is assumed that
the nugdpiie 3¢ e BaHERCRIBRYESEBIEH AT ard IS8 sAlY MHligapic epiope as

e A A e O e S tem,
embodimengu thisospbuifcatibh/theitepastinelusoiecanimaneaidiMéoRatar a
derivative thereof, comprising a heterologous nucleic acid coding for antigens
from (1) viruses other than MVA, such as HIV-1, HIV-2, Denguevirus, West-Nile
Virus, Japanese Enzephalitis virus, measles virus, (i) tumor antigens, (i)
bacteria, (iv) fungi. If the antigen expressed from the recombinant virus is e.g.
an BV antigen it is possible to use the recombinant virus to induce an immune
response in the vaccinated neonate against HIV and to prevent AlDS. In a
broader sense the recombinant virus expressing the antigen or antigenic
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 anfigenic epitope.

According fo a third alternative it has been unexpectedly found that
viruses that are capable of infecting the cells of the neonatat or prenatal
animal, including a human, buf 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 aniigen selected
from tumor antigen and foreign antigen, wherein the tumor antigen and/or the

foreign antigen are different from the antigens associated with the virus.
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5animal” are used synonymously. A mature immune system is
characterized by the ability to fully activate the innate immune system and
by the fact that all known T and B cell functions and products are in place,
in particular immunoglobulin isotypes such as IgA and IgE. Thus an
immature immune system is characterized by a low number of T cells, B
cells and dendritic cells 10relative to adults, by an IEN production, which

s 10U EBFpagetP6 et dmdtbythe factdhas dhessesassame Y MRROI: irusos
.y

ore specifically a "neonatal” or "newborn™i

t tyre,
acodfanns APde M H?rslr(?\r/} Htién By b dEined AdAN infaitanisidVA-BN

dthée cr;%}]text of the presen
anchiaging e rber af spleote OR4+gelisdeing pigierably,alleast 2-fold,
Id, rﬁe 15preferaé?3{§a€ ?ggét?ggél%ﬁld? Wﬁ[&%ns

re.preferably at least 20-fo
sucﬂ‘%?eiﬂﬁftg? e%;glgg!a %%&g@%ﬁ%@@q@@%@fp@@mér

prefera
invemtintheraperdge M enof spleni IIs | lts- In mice the
va c:cj;rETr]}m"ane system is mature at the %ﬁ%ﬁ%%@%ﬁ%%@%%éﬁnwis
pro%aB%@é %H{Wﬁaﬂi%éﬁqw&&§%amdmﬁmhhmﬁr%@itﬁmﬂﬁfentjon, in
partoatize MsUallyat the, .in calves, sheep and pigs at the age
to qQh4-12 weeks. Th!e vagc,:g]c(i;ena ioggﬁﬁﬁ%ﬁﬁg aggglsd%gegc%"f% prédértompetent
9 diiRlefidh HpartiGnEERTA MVA ispraferablyldane duinghereEig, this is
exeripMing pystemp V&I, since maturity develops almost
, expgn'entiallﬁgtﬁﬂaﬁ%m@%ﬁé@ Bféae"?rﬁﬂ?fé%&%ma@é@\ﬂm witlisHerpes
SIMRAEoVHiHG e lordsent iifvivdionn RatisdaipvitniMY A.3s 63 WeBSTion. in
part@ﬁl}a?‘w&%?!‘}g%“%‘a iﬂ?all relevant domestic animals and in humans =
the immune System is mitiréHdt'Batier threvhesrs dtevbietinialisd animals

are igereraiip {meferhblesthat vagsination; 'ghghﬁw\éiﬁ“&ég/gaﬁgtgg%gab?;%ﬁmﬁzs in the

. nt invention, in particular with MVA, is done
C”t’%ﬁﬁs‘]%f?&%rﬁﬂﬁ#?c#éwg@éaywmmtu@eks aftereististenensBetablishad,
preferably within 1 week after birth, most preferably within 3 days after
bm These general terms are applicable to all important domestic 25
arl %ﬂ’éfgﬁ‘ggﬂiéﬁl%ﬂ@éiﬁ?mhbw&arﬁ@o#ﬁ;émitunmma&@fg@ﬁiwor the
in the art will be aware of the fact

foreigheluginesRUBANE TS RELSAN SKillec {pens assoniated WsHaa s tidis term

ot g1at. even older animals may be reaa
0

| eonteke ot Hresdheinventodiand thei Shushe MAsSINalion May S0 not -
pmmbﬂ@“ﬁﬁ%?ﬂ%%%a[[g%d out 5with older animals, when the immune system
is not yet mature 4 weekes BHarbift .%W%tﬁdﬁ@h@qummmmﬁmnse

Againgd taeried utiwitini 6atanthafier RirthismaEe; Q@fﬁ@?&%%itm&ﬁd%%@s ponse
r

preferably within 2 month after birth, more prefera

irth,. mor !
or a.t ?\%&%lf % A saifmwll? o Hrtterabialvitrierivetie hftet bigthnevetreign
anhgmeipcbfem@bm\@mﬂgﬂeﬁ%?%@ﬂ@étively, that are not associated with the

virus. The term “antigens associated with the virus” refers to epitopes and

antigens of the virus particte 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

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 component of the
animal body. Foreign antigens are especially antigens and epitopes from
infectious agents and toxins, Typical infectious agents are viruses such as

hermesyi , S .
pesviruses, retroviruses, rfabiesviruses, rhabdoviruses, adenoviruses:
1
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birth, most preferably within 3 days after birth. Since the best effects
_ of the virus according to the present invention, in 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 prenatal animals

including humans. Prenatal vaccination may be desirable in economically

important animals such as cattle or pigs. lithe placenta lets through the
bactevieusuhb prefalecarebe, vdgciopted sipidiyrbygiaccioatingltheopdties; prions
or Ecur,a‘r];imal. Thus, t.he vaccinatiqn of t.he mother animgl to vaccinate the

ﬁe‘nate is particularly promising in an animal having a placenta
20endotheliochorialis, such as dogs, cats, rats and mice or having a
placenta heamaochorijalis, such as primates including humans. In animals
h

DG S HIREUNa BROABHESIHEIHE SE e 28 Catabe ARl SHlspAgAHAHG Feign

antigdiacenia syaaesmoehenalis suehins Aigsiand foasa e vacginatiqptal
prenates can be preferably done by in utero administration. Of course, this

AgalnFidHeETsTH5ARHERREalibi Bak basliraene 6r amisarfaviig ol placentdh
certaipNEgthshachrralis. or haamoechoriglis, s 4 2iReENEAIHSESACCALANG Iy o

the present invention, in particular MVA lead to an accelerated maturation
by thegeommohéhsybesh dnd sineelthesvifiuste 3o accdiding o the lpiekertise

. invention, | ticular MVA are, thus usgful general vaccine, the

turmo B e P A B AL RO L8 e round

in signfecifidadynienti uscsiacoording fte the pthseatrioventiontinn 26 partitudars in
can he used to V{?ﬁ?fd ate cats for general well béein and against

MVA
mm%éﬁ%ﬁfi&ﬁpé%%s%ﬂﬁaw UG pEYHIRNS! PhEUinR Y AUt iR S Tieare

foundPsesentanyentien LR RAtIeHRRMNA reanbe usedin far-genriaivgll the
bein% and a%ainst respiratory tract associated (viral) diseases. The viruses

persogelgiifisy th e FredBrt inveHiR® - paaiMir Mantigaypdiiéedsehigstive
againfQrigeneralwelbeingand against Hemarhig i enMycapiasmniections 4

especially in fattening pigs. As pointed out it is a preferred

activadihBodimént reastetidadraset astording toahepresensimientionhich then
may iBQHi?Hlﬂﬁyé/é*tP&é‘?&‘{P%ﬂ%% Qrenatg|.animals to protect said animal
gai '

against a foreign antigen and/or a tumor antigen, wherein the tumor
antigen is different from the antigens associated with the virus used for

vaccination, However this embodiment is nat restricted tp newborn and
ol A tBHOE A i, AHoAVALRE LriGUBimBht i A A Gl o
an imbeithcaskied ot forraohnals otallagegsingerhdbenefigial effecthaan-betigen.
bserved also in adult animals. Thus, according to, this embodiment the

If the39&%@m@%bﬁ bl RE MR BQSHE s aganst said
agentusefuliie potecian rpimak inplyding adpancagainst AL ARtIYRACen.

selected from tumor antigen and foreign antigen, wherein the tumor

Consegiigeiaridvor iectorsignintigeniéczodinereaebinane dntigéass severe
diseadS3RCiAed With,the, vitusy Aspointed, ot abOVE e o4 ¢4 he understood

in the sense that there is always a 1009, protection against the foreign or
tumour antigen. insiead, the term “profection™ as used in the present
application refers to any beneficial effect that heips the animat to deal with the

forelgn antigen and the tumour antigen, respectively.

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

vaccinaticon. In other words, the vaccinated and or treated animal is protected
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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 25most preferred embodiments given
e above for neonates also apply for the present embodiment agcording to
& e HeA RIS i8Ry alda are iAdiminiénesl tocadalsnto conttast With said
antipewbgrag,ghe i f adult anjmals has 30already matured.
%everth@eﬁlegs’s?l’tr@m@gﬁﬁg?%ﬁ%ﬁg’ir%erﬁaﬁg{gﬁl%@m is weakened due to
certain diseases or simply due to the age of the animal. Especially in
le and.in elderly people the 27 administration

o e e B2 06 bom i osivat s iotenoting of

of the viruses according

" BrAalidy Neea heaefioalefiecs nier ey NGIeATRAE SRRl icr wity
MVAf‘?ﬁEQF% Cé'%%yar} ang:gi)r_ 0b|||2|n%dendrlt|c cells (DC) or their precursor
cells’and/or ymgr% ng'thi hlihberdrenbatic el brehaipreatisont the

imMmoeles Szatdior Biydiﬁ@ﬂeﬁﬁqﬁéh@ﬂ%%@%@%ﬁ@é{%ﬁﬁ%t e f]eiﬁgntex’t of

interferon or IL-12. Thus, even in adult animals nistration

the REeGId ARNBRHNG i ddsrsetitdnaionsinphsimdardvy A tiay fead to
matiantnereaseske the.d e.system to deal with foreign

{ qc2nfigens and/o?ﬂ?n%ﬁ?ﬁ%éa@ﬁgg%%eénw%irﬂoasﬁh@iﬁﬁs%%%@@fec{ increase
O degetdftirttithe Bretient anertions arevasefuldos the-antvaion AEBR The

ntion further concerns the viruses

ermiNEREISYSIRIM 199X ﬁﬁ&é’r’{ﬁ‘gﬁ?'}n 8gm|rgpmwf§y§ﬁ@rﬁr§ﬁaraﬂon of

‘according to the presen

neﬂh@r}ﬁ@m@aﬁm@ﬁﬁmmmﬁmﬁmm@ftm&ﬂmﬁnﬁ{ei@gﬂ%gi?ﬂa%‘%@a"

inter¥gISIN S medicament 15increases the level of factors which activate
er dend%%%: Illsnan fog%%?g Qthe number of dendritic cells and/or
intheadasiive pooductine angias el At interferon (IEN) or
expr eli’szlz All definitions given above fo%ﬁéﬁheﬁ%&ﬁ?&% & %ﬁ%jga&g
Applicable 167 HY et episorimente ndesrding twthimembodirentthe
cell/ dellentioradors gt aipyRAmasily ati ' rotection 20against foreign
ang (@ntigens and/or tumor an%@%s%@s@éﬁ&%e%rﬁ%%ﬁﬁgn?%%ﬁg'éﬁoé?cu es
"WERTRG o MifibR<°aHe dieasiivorarapterizes by adadeveliof fagtor
respowhichaetivated itic. cel Qr insufficient,or too low number of
dendritic cells ar‘iﬂ%w%?/% L%vqﬁ?ééua(t:ft?l%?fgédg‘oﬁ &:gﬂ%ia{f EhatetcordRC-1i and

CD8g, ,mm@dmagmgm Thaes, tagieardling to this embodiment the

treatment

The accelerated development/maturation of the immune system is
correlated with an increase of the level of factars 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 ceflular content of an interferon or 1.-12. An example for DC
precursor cells 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 a/f.

More specificaily, the enhancement of the maturation of the immune

system is preferably defined by an at least 2-fald increase in surface markers
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25with 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.
30Additionally, according to a furtherembodiment the virus according to
the present invention, such as MVA, in particular MVA-BN and its
founddanivailvesicis paritidiarly, (efLd tanndivce D8l treBpeinsedin such an
. immuno-compromised, 28 animals, e.g., monkeys (0D4 <4Q0/1.dof .
InoTe A A B VIR S T 1 (TG G. OB AU AR e G6i7E 2"
enharid@munpsompranmiseditigsenes: thestatus ofdherinmufe Systeim dPantN-
individual, which shows only incomplete immune responses or has a

alphadiied emeiédsin(ffeddbineg. AgamthdbfonsEieied Mpfgration of
the iniventos iugher coneetpsiaymetnad fes prefesting amanimal sinelydingase,

human, against an antigen selected from tumor antigen and foreign

preferaifyen) BY SaminsBduon oTasase Hedbrimg b iieddrebnt a masdhtsells

: i i ifie inia.virus ' r
B R DA MDREN fo
newbavithahisndde s o futbietceotyddivhent thel inveatim vomsgrns cemeth 6l A-BIN.

moredgRNeLeLERImentof ananimal, inpluding a uman, o nerase ths level
ofefafc o?s W |ch activat aen fitic cel?s and/or'to increasé ﬁe numbe¥ of

preferddigiitic callerdonindrease thequodustioncandiosaallutaceonteatsrbivty an
ot leo g R v S BRe ko IR R oS ne

vaccination of neonates with viruses according to the present invention, when

compared to age matched controls.

In this context it is to be noted that there is an association between the
phenctype and function of murine and human DC popufations 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. Bloed. 100:4512) that also allow
specific poputations 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 bhe detected in other human
tissues ( Summers et al. 2001, Am. J. Pathol. 159: 285).

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 cellis (DC) or their precursor cells
and/or an increase in the number of dendritic cells and their precursor celts
and/or an increase in the production and/or celflutar content of an interferon
or {L-12. It has been demonstrated that following vaccination with MVA-BN
the plasmacytoid dendritic cells make significantly more 1.-12 and have an

increased [FN-alpha production and up regulation of MHC-1} and CD8a. The
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According to the first aspect, there is provided the use of a Modified
vaccinia virus Ankara (MVA) strain for the preparation of a medicament for
inducing or enhancing the maturation of the immune system of a neonatal
animal including a human, the animal not yet having a mature immune
system, wherein the MVA strain is chagacterized (i) in being capable of
reproductive replication in chicken embryo fibroblasts (CEF) but not

increapaisie!bf tepaitictive mﬂxﬁﬁaﬁ@ﬂémmeM@Wﬁ@k_@@%é&%@%@?@g@&o the

racH A1) by a failure 1o replicate in a mouse strain that is incapa
P espi%%ﬁ%g%&‘tg? ezj%fja'fa@e MG as8eER Bredvetbly intHaukienes, 500 times,

HO0edmpesmisetiatidrhishiy sisoenibie o arenlicatingy s uhereinthe

Fie 3. ngura ion is %orrelated with an increase in the number o
and thé Phret o sRlecosatpg \ﬂfd@ﬂj’mfhemﬁandﬁnﬂasf@ccorc{mg to the
preseredicameirforhe vapenaten. ot t.of,a neonatal or prenatal
15 fag(]_j{nal, including a ht?rﬁngn, Wheﬁgflrirt?ﬁem\)%s% @e(ﬁf%l@%?‘fﬁl‘&ﬁﬁg'ﬁ@" eferably
- T8eils G¥Hfe PictRagkt o preriatal whiemal;dnchming achemeam 2ehBet cortrofs
capable of being replicated to infectious progeny virus in the neonatal or
prenatal animal, including a human. Method for the treatment or

valdetigisn Gealieviatabirpredatat animab ineluding & Npmpans, refors to the
matu_?%@i‘@ﬁ'%P@)@%ﬁg%‘#n'snaﬂon of z%kus, wherein the virus is capable o
infecting the cells of the' hEbhAEA % kit tmined, Hhelatimeracelintmges

drivepumnbocapanies of ieisg replicated 1RtRfRRIGHT RGN V'F%Stger?f%'ﬁg .
tion

atal,or prenatal animal, including a human. Virus for thé vac
pr ec%%%%tﬁnl}%%?p%f’ JHaaHS) %@ﬁr%@f%{ﬁa%% el iNetydiBof e rermbann ihered)
stimuheviivats Capable:piHptssting the el eonatal or prenatal
dend a%imal, including a human, but n%%gé;@ﬁé}ggi%i{rj@rr%%ﬂ%% {g activated
NCAGHASCHBYR prEgeHgnalis iRtRelndbnbRl GiNbreindia) RIMOA MRdDB A (seo
belowhuman. 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

DISCHerpesviruses and Modified Vaccinia Virus Ankara (MVA). 29a Use,
bove, wherein the MVA strain is MVA-BN, deposited

e LA aben CAMLRLD A v o (RO iendare DC i

at the Europ vt
the pefépasitiorBrumbee EIA0B3008 saRd 6HVALVES: tBPé@BPSH?l‘?ﬂ 'BSW@OQH%TOW,

VA is administered by oral, nasal,

/i ove, wherein
biood}ﬁ%ﬁgs eraljlt%% ,Wrgﬂ%ﬁﬁﬂﬁﬁﬁiﬁﬁirﬁd@?m@,tin@e&,khténdsand/or

intra ular, i
phenﬁéiqmmb_@@mt@%ﬁ@@d 858 MEIN0% PHYUS; AR ab ."%X"ﬁ%ﬁ?‘”
recutdV/ ,|s? mlnlste_red in a therapeutically effective amoun I afi _
PrECUiRBEulation T BRAME Moturltentpardd mthseresdinatationithoosting
inoculation™). Use, method or virus as above, wherein MVA is '
administered to the animal, including a human, in an amount of at least

LOTTsIBBU {visélie vakuwedatfootiotsidase)s Wseumeihodiryinys;as

ainst a poxvirus infection. Use,

es peci%h?‘(?sé’f’@ﬁrﬁj nithe ;‘;ﬁ%%%@%é?gﬁma i E,@,)g\m Rilewsesti dadiEassadlpting

‘method or virus as above,
dendrijigeetibn (068, onethoit QI US Ry %@ﬂ‘éeaﬁ\fﬁ‘%?lfbtmgcyggg egﬁ%)rggmber of
Se,

de”d“ﬁ?er%g ses att least one heterologous nucleic acid sequence.

35 RS ST afie ftdrlogousanutieipasitliction
and/or0skguencerissaleqtad fom a:seAUSNGE gading for at least one antigen,

Factors that activate dendritic cells comprise inter alia Fit3-L (Lyman et
al., Cell 1993, 75: 1157-1 167) and GM-CSF. Typical interferons according to
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,
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antigenic epitope, and/or a therapeutic compound. Use, method or virus
-.as above, wherein the vaccination is against the agent from which the
heterologous sequence is derived or the agent that comprises 25the 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 30different from

the gntigens.sssacigted uith te.iip. 5, se, mathod arvins 85 abover, i
wherein’the foreign antPgen i 'sledted from infectious agents and toxins.
definddses methiodadroriris @asabove yehersimthe infebticusiagentdsseleatad

from yiruses, bacteria, priopns and fungi. Use, method o, virus as'abover
Throu g e A B o SR (B IG (AUUCS or B a e e
animdlTaiyatiopRdiriragivalian of thelmraune systemy teblseidnethegdOkrized by

virus as above, wherein the treatment is used (i) to increase the level of

the abijiple WiHivhasdinaie HhRisrabbinedeisaryeeaNahsirihedarddhat all
know$8llsn@ELINETRRRS thenwmber ghidenrddiic gells ordhair @é@f@wmyrce"s

) or (iii) to increase the production and/or cellular content of an interferon
immugpRIpbE|nigohgeses mbthsd i virus B abdoves aheraindhe fadtormich

vt N S o e e
refativobopositibn, conyprisiig arviduscaabevecWdsdioe comprising dvimisils, and
by thg?gicqet g{?%\{g's%%ondary iymphoid organs are not fully mature. More
specifically a “neonatal” or “newborn” in the context of the present invention
may be defined as an infani animal having a number of splenic CD4+ cells
being preferably at least 2-fold, more preferably at least 20-fold, more
preferably at least 200 fold, more preferably at least 2,000 fold, most
preferably at teast 20,000 fold fower 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
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 particular with MVA is preferably done during before the immune system is
mature. However, since maturity develops almost exponentially after birth it is
most preferred fo vaccinate with the virus according o 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
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
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Short Description of the Figures Figure 1A: Newborn mice were injected
once within 24- 48 h of birth with 105  p.f.u. of IVIVA or DISC FISV-1 or
treated with physiological saline (NaCl) as 30controls. At 7 days of age,
CDL1 Ic, a pan DC marker was used to determine these cells in peripheral
blood by flow cytometry. Mean and standard deviation of 3to 5
._experiments_are shown. 32 Figure 1B: Experiment as in Fig.: 1A,
aNIMighindldr 26t 8 IcEnsalidre petermineehinsptesraby fialicy tometnys. including
hum&igy : i in fig. However, CD11c cells were
T eterrainel et LA 5 ol ol B ot aod weon olcer
animagedirayedaviEnviaBhasdndioated inthe et pokiman:AfteKiWe Wesksent

i D11c single and CD11c/CD8+ double positive cells in
m\/erfisﬁpgki%?‘;{?n’gﬁm |%%§SW]£%‘§&’§%FM}%8 RSSO Ry aessiylke airried out

with slewbemi mide were njcrotethwith i\ \haE NaG st Gentrakat Aav onge R0 o
hirth Sﬁﬁ?e{ AEda 8 rr?i rine F1t3-L was determined in serum of these mice

by ELISA' an%'i{?(gi\gia %gsvﬁrcé:m\?éwa{fﬂ)@yrﬁﬁl@fi@@ﬁé ! INeWborrericeth
after weitd jnjectedoreerwithingg4iri j i : I I
5 tr ateg Wig), NFZTST as ccmlg[ﬁghﬁg%%ggg %ﬁ%ﬁc%%%%&%y t‘é”thm

mc"ﬂﬁb)@ S50 B VoI trinfer At niikhbief ofvea vivifio aimls mage
femonitorechfar : ' : M re treated as in Fig..4. The

prete datgmfepreser% gv g%ﬁ%e%?%ﬁa%@r%eMé(ggeyﬁ%ienPsrgv%ﬁaﬁé P OBELE eglatter

birth, \igRatoptréceahiordtiimaig siysvetithéichallenge. Figure 6: Survival of
adult mice vaccinated on the first day of life with MVA-BN 25following a

lethal vaccinia challenge. Three litters of 6 1-day-old pups (18 mice) were
vabentatbe wissMVIREN (2 81 407T GHRERIMAdtatihBrks(AaHILBNEDh in
p%ﬂg&d avgltg a lethal dose of vaccinia. MVA-BN vaccination clearly

pai’ﬂcindgltjced 4 frota @A AT e RiGHaRsERied thabhmyisd uitipdainistered

to an hoodature immune system, it might be preferred to vaccinate even
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
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 ﬁ:an
be preferably done by in utero administration. Of course, this mode of
administration can be afso done for animal having a placenta

endotheliochorialis or haemochorialis.

Since the viruses according fo the present invention, in particular MVA
lead to an accelerated maturation of the immune system and since the viruses
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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33 Examples The following examples will further illustrate the present
invention. It will 5.be well.understood by a person.skilled in the art that the
provided examples in no way may be interpreted in a way that limits the
applicability of the technology provided by the present invention to this
examples. ToExample 1 ()MVA-BNband DISC-HSV induces DC of the

CD11c and COW phenotype in newborn animals 15 First set-of
particighsdriteanNwbid ffceardnaitiFaly TRmERBaEHicidAt ekigsanfe

againdFRYSRE 1300k mafve- ;FW%PH géa{mﬁ@vaﬂ?@ sateof Q&éﬂ%g%

producers of IFN know today has not been analyzed. DC can be induce
the prissttdragwebasiin Vb iby L@K/&ﬁéﬂ/l’ﬁﬁytmmsmhésé%ﬁcf@% genasal well

being %R %;%ﬁﬁqe:lg? 1?a%%r§{c%l‘§9t'\é¥§b saie%o 9 &%lélgt%\%% i%»g % ﬁ%des

not roups of' mice were | jecte aqueé
accordmmhmgtbmgsr@ém)mﬁWMB;NropaalmelamlW@hm&y— @ajayscamermgthfor

genereﬁ]nd |'rg§o§a%cc%% s 5 d‘_gﬁ J@ifter b|rt Bloocé/gy éeaeg gﬁcl?sairg)ggt especially

in fattéemparee.25 Data from 7 to 8 individual mlce indicated that treatment
with MVA-BN increased CD11ct cells 2 - 3 fold accompanied with
increased expression of MHO Il and increased presence of T cells of the

ﬁ%&ﬁ@&ﬁ dypsiinterestivgly LRI R BAte! fofemaling Bie@llsiccording

decreased indicating that these cells 30emigrated in organs other than
to the gffesanon tvanpieeutBopaftE okl Méfe Fednetdensaayo pfraafineagivals to

DfOiBC&%%%);%R@}%IO%&W%?%O&W&QrPQﬁB%%’H%H@}cﬁag 'ﬁfrﬂ%rtjyaﬁt‘fggn, wherein
the tumor antigen is different from the antigens associated with the virus used
for vaccination. However this embodiment is not restricted to newborn and
prenatal animals. Instead, in an aliernative embodiment the invention can be
carried out for animals of all ages, since a beneficial effect can be observed
also in adulf animals. Thus, according to this embodiment the viruses as
defined above, in particuiar MVA-BN and its 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
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 celis. All information, definitions, inciuding the definition of the duration
of the protective effect, examples as well as the preferred, more preferred and
most preferred embodiments given above for neonates also apply for the
present embodiment according to which the virus may also be administered to
adulis.

In contrast to newborns, the immune system of adult animais has
already 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-compromised people and in elderly people the
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34 Data from three different experiments indicated reproducibility and
significant differences. Experiments with DISC-FISV-1, a different
replication  controlled viral vaccine, induces similar amounts of CD11c+
cells after 5neonatal priming. The results are summarized in Fig. 1A-C. To

further investigate subpopulations of D¢ in blood and spleen and
10analyze long-term effect of treatment with MVA-BN, cells in blood and

adnajsleeiatira aﬁdahae@lratsas@ﬁmgmg%/bhwﬁr@@zﬁa??ﬂ%%{éé‘ﬂﬁ particular

" ' about twice the number of CD11c+ cells in spleen t one
"’W’S‘v%*é”@i 2‘3@86? YérgiaveahrineliniptrEsruliepit dad tomasiol the level
of {tévesesotivatiapof thpss ¢alS) (59 g)ySimilar

cell effecCE were see% in blood lSwitrﬁlz’?rFiﬁeE ?&ﬁ%ﬁ%ﬁ%‘%ﬂ%ﬁ@ﬁ%@%&wewrsor
-l ZB&RYM{?H@%@&W\%l‘rh@ﬂéafe@fm%@ndvﬁin VBIA-BNtBRTF days @fsor cells
and binthtead decam iRer 1c+ + from, 13 to 40 fold with a less

| gr mgtic effect [pr;g tﬁzég)[?%%gf@ éﬁ%ﬁ%e%?eé{j?v\rléj 0RLEINaB0AE Htsitaron or
L-1gnd Gy 75vas syt aniomict reGObTicHstelisioThel varoup Rfiecie @ding

to tHeh inFigure 2. . set af experiments: One-week-old mice
O R 2 £ B R ok B erBthed o

ComgitierBne cohipesitiomofitrspsimiegisalyatelavarb eelbRORMRIONS i d /or
tuméﬁleSH@ggr%O?g tg n contral mjce (Table 1). In blood there'was an
i ein the ‘€5 ?bedysﬁf% V WidSes beprlRGenrskngdpdéamresent

Increas

invenitreasesinithdiriimben otk eelisn Tha ImAgs af COLLE Rositive cell
was about 3 times higher than in controls and the pe%(]esiltt oﬁ gf%ﬁeps%(ggzo
and CD19 double positive cells) was significantly decreased. In the spleen

e N IR
inve (%,@@%&,ﬁw@rrmwpm;pr@snnaammm@ammmamwo%
e YAnes et MAULELe S e el bFalaensicament
InCregegreabedevabogiactors which activate dendritic cells and/or increases
the number of dendritic cells and/or increases the production and/or cellular
content of an interferon (IFNY or 1L-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
against foreign antigens and/or tumor antigens. Instead, this embodiment is
aimed at treating conditions and diseases characterized by a low level of
factors which activate dendritic cells and/or by a insufficient or too fow
number of dendritic celfs and/or by a low production and/or cellular content of
an interferon (IFNY or 1L-12. Thus, according to this embodiment the treatment
with the viruses according to the present invention, in particular MVA could
protect against ailergies or autoimmune diseases. Again this treatment is
particularly promising if the viruses according to the present invention, in

particuiar MVA are administered to newborn animals.

Additionalily, according to a further embodiment the virus according fo
the present invention, such as MVA, in particular MYA-BN and its derivatives,

s particularly useful to induce immune responses in immuno-compromised
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percentage of CD11c positive cells was about 3 times higher than in

- controls. We first recognised.a difference in the percentage of dendritic
cells at day 5 following vaccination with MVA-BN, when the number of
CD11c positive cells in the spleen of 4 untreated controls were 3.6 %,
compared to 4.8% in 4 MVA- 5 BNe¥accinated mice. The same amount of
UV-inactivated MVA-BN did not cause any significant change in the cell

animalgopei@tiorseiies wadSidtion ot Pednhtal niikesbmpirsdad coHifolS{Mater in
: 0 d cinati Se P et
LIS st & et e e YA Y08 Tigbbes
the stidugacefndtion (10rtinveclesy shamindhe doinitiad eidedmenthiglh thisidese only
i |Ea5>j<?imal numbers of DC were in ggeg (}I’g Jjec%Z:i Teaiglceiel.CCh%qgﬁ%e defe
RCOMENG céHﬁWHfB%d"%ﬁH%ﬁSén%‘a 9K rievlBorn ice 1 Week After nee
againsimmiewization: patht2.5x107 TCID50 MVA-BN 36 Mouse strain MVA dose

(TC1D50) controls TaCD11c MVA-13N "VriCOl1c ratio wt a 2.5x107 2.8

7.9 2.8 wt 2.5x106

The invention further concerns a method for protecting an animal,
including a human, against an antigen selected from tumor antigen and
foreign antigen, by administration of a virus according to the present

invention, in particular Modified Vaccinia virus Ankara (MVA), wherein the

_tumor antigen and/or the foreign antigen is different from the antigens

associated with the virus.

In a further embodiment the invention concerns a method for the
treatment of an animal, including a human, to increase the levetl of factors
which activate dendritic cells and/or to increase the number of dendritic cells
and/or increase the production and/or celluiar content of an interferon (IFN)
or 1L-12, comprising the administration of a Modified Vaccinia virus Ankara
(MVA).
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Summary

According to the first aspect, there is provided the use of a Modified vaccinia virus
Ankara (MVA) strain for the preparation of a medicament for inducing or enhancing the
maturation of the immune system of a necnatal animal including a human, the animal
not yet having a mature immune system, wherein the MVA strain is characterized {i) in
being capable of reproductive replication in chicken embryo fibroblasts (CEF) but not
capable of reproductive replication in the human cell lines HaCat and Hel.a and (i} by a
failure to replicate in a mouse strain that is incapable of producing mature B and T calls
and &s such is severely immune compromised and highly susceptible to a replicating
virus, wherein the maturation is correlated with an increase in the number of dendritic

cells and their precursor cells.

Use of a virus for the preparation of a medicament 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.

Method for the treatment or vaccination of a neonatal or prenatal animal,
including a human, comprising the administration of a virus, 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.

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.
Use, method or virus as above, wherein the virus is 2 DNA virus.

Use, method or virus as above, wherein the virus is selected from DISC-

Herpesviruses and Modified Vaccinia Virus Ankara (MVA).



a wt. = either CS7B1.16 or 129 Sv/Ev mice. b RAG mice deletion in
recombination activating gene (he no functional T and B cells). AGI 29
gene targeted disruptions of IFNI receptor Type | (TfiN-a and -Il) and Type
Il (IFN-y) (ii) MVA-BN induces preferentially plasmacytoid dendritic cells
(pDC). According to other authors &s11c positive cells that also
expressed CD45RA or CD45R were considered as pDC (Asselin-Paturel,
et al. 2001, Nat Immunol, 12: 1144). It was asked whether MVA-BN
induced an increase of pDC. A further experiment was performed in which

also,CD45RA or CD45R on CD11c positiv e analysed. )
Use, 3SR R o G125 A oA LB oS CEIR ol Lisrie iagpsited
at thbighenipdWYABIN tieated: micr (5160:TPE) thar in; hethaonirat BraHBSleposition
(untreated 0.3%, p=0.01; UV-inactivated MVA-BN 3.00.2%, p=0.006.
”“m%nﬁ%ﬁﬁﬁ%@%-@é@)g@ﬁ)"l@@&ﬁétgljﬁﬁ%ftreated with MVA-BN have
elevated levels of serum F1t3-L 20F1t3-L is a hematopoetic factor that

leads to increased levels of DC in adult animals. In human and possibly
Use, migdAe mehestisourceben thigaeteiaid Witivaremicaisr 76 Meteratinesal,
intraRelRerdhe glevated, numners {9§ QG rond;be thesesults, H{r'%q}ﬂ‘éﬁg and/or
FIt3-1, serum of MVA-BN treated mice was compared td mock treated
subceffaiforthelprelience of this factor. Animals treated at day 2 37 and 5
had twice the levels of F1t3-L in the serum when compared to serum of
mock treated animals. Hence, Flt3-L is one of the factors that could be
made responsible for elevated numbers of DC (Fig. 3) 5The time course
of the F1t3-L induction in newborn mice was assessed after
administration of MVA-BN. In newborns, MVA-BN vaccination induced an
increase in F1t3-L concentration within 24 hours. The induction reached a
maximum after 48 hours and was still present at day 7, the time when
spleen cells were usually analyzed and resistance against HSV-1 was
tested (see 10below). In the vaccinated mice the F1t3-L concentration in
the serum was two- fold increased 24 hours and 48 hours after the
vaccination, compared with age matched control animals. Example 2 15
(i) MVA- BN treated neonatal mice survive a challenge with 100 to 500 LD
so of HSV-1 Groups of mice were treated with the standard dose of
MVA-BN one or 2 days 20after birth and challenged at 7 -8 days of age
with 100 to 500 LD 50 of Herpes

&
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simplex virus 1 (HSV-1) (Fig. 4). MVA BN treated mice survived the
"~ challenge with HSV 1, whereas all the control'mice died within 5- 6 days -

after inoculating the challenge virus. 25To further support these

observations, 9 challenge experiments were performed with 40 MVA BN

treated and 45 control mice. More than 80 % of the virus treated mice

survived the challenge, whereas all the control mice died (Fig: 5). 30In a

separate set of experiments the mice were treated at birth with MVA-BN
Use, neBx106Td1050Mmuse), Atlday:s dMvAlisngditisrred 103(1 LD50)

or 105 (100.LD50) PFU of HSV-1 was per Fallowi VA- o
treral G el S ol e S e AL B et e Tooisy ™
and irthegantral inice(:0RLD50)ant 180% sumviviedrd Hose that killed 45.5% of

the controls (1 LD50). in additional experiments a group of 7 mice

vaccinated with UV-inactivated MVABN were infected with HSV-1. Ave of
Use, dhamddiestwithin -daysEheremaining/2. hsanimals ceasedito growiaindal,
) died at day 22 and 29. Therefore, mice treated with MYA-BN reached a
includépgiedhiBrEasEdres1shatd e ALY thib ke ANSGHGEH Wi live
EnféctiMN@b%\s!e?m not inactivated MVA-BN. In control experiments done with
mice that do not have functional T- 10 cells it was determined that the
protection against HSV-1 after vaccination with MVA-BN was not due to
_.crass-reacting cytotoxic J- | [ -BN: :
Use, G R S e e T R i hogires
infectfioom HSV-1 after vaccination with MVA-BN. To this end naive 8-day-old
mice were challenged with 5x104 PFU HSV-1 4 hr after transfer of cells
from MVA-treated mice. In a first experiment splenocytes from 8-days-old
Use, ringedeatediald sayioblite wite MVALBNwerd separatetiim DCaiemallipox
, (low-density) and DC poor (high-density) fractions. Mice receiving 5x106
infecti@ills 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 approach was done by transferring positively
Use, igotited CD1T¢pasitieeelsiraie B Aoy mid G EateePat Rides ot fifsast

one h}ézg Mé/%ﬂ?-‘?é\lﬂt&@&ig%ggf g’@%?agnﬁgﬁgnice. A suspension of 2 x 106

enocytes containing more % 25 CD11c positive cells from
MVA-BN treated mice protected naive mice from HSV-1 infection. In

contrast, 4 untreated littermates as well as 8,additional u ted_anjmals
Use, B Rb b e R ehdl Hadte e e L R o
sequdilesn eglismemicarreceidngonesspladingduivaeltaS0xioé calisifrom

the negative fractjon did not show increased resistance against 30HSV-1.

antiggfGsCETRE FISHRT CelE SRS o rEtBE ke from HSV-1.

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

the at least one antigen or anligenic 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

different from the antigens associated with the virus.
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39 After administration of MVA short-term protective effects in the range of
about 24 hours were described in the prior art (Vilsmeier, B., Bert. Winch.
Tierarztl. Wschr. 112 (1999), 329-333). Although the viruses used in said
publication are not viruses that are not capable of being replicated to
Sinfectious progeny virus in the neonatal or prenatal animal used, it was

t o) action as disclosed.in Vilsmeier is similar t
_USe’tﬁ%@@?%@%ﬂ%eﬁﬁggd@nﬁﬁg i&(—ﬁ@ n‘;%és BHAHOYE Mbke ?ﬁgkf?ﬁ fﬁﬁgp m
infecVilymetaratisclasesithatiMVA, in particular inactivated MVA, induces a

param unity for about 24 hours. To test whether the paramunity effect
counts also for the Toprotective effects as disclosed in the present

Use, apglitatidwmiteiz4:bouss of birhoweare tracainatedh gither with MYABN OF oy
with inafjrtivated MVA-BN. At 7 days of age the mice were challenged with

VITUSE farRal BE& oP H8NA PO EWRES- HSF-1f). Unvaccinated control mice died
6 days after challenge. Also the mice vaccinated with inactivated MVA-BN
were not protected against a challenge 15with HSV-1. The number of DC
Use, (B finthese it draahtelwdatedi inbeneast i anice vazzinated isithsed to

indud@nsinastivated MYA- re significantly protected against a challenge
with HSV-1. 30 ay?”a %rwfﬁéséigﬁ&%%ﬂ%@é’ 8:%‘ é@ﬁ“@f HEHidE We%@m'
still alive. Two days after vaccination elevated serum FIt3-L was found in

levated numbers of DC.were found in 20the spleen. The
U
s, D e et iR G aReAr WU (S BEBR AR mrease
the loosfithétatrpardriuniy:@ifecis-are not respansiti feribe observedheir
_protecU o %Ié IVIVA-BN iﬂduces a specific immupnity in neonates that
preu.%g%rufﬁ??l Sl FBnidsgease the numiber of dendritic cells or their precursor
cells or (iil) to increase the production and/or celiular content of an interferon

(FN) or IL-12.

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 |FNa and or [FING.
Pharmaceutical composition comprising a virus as above.
Yaccine comprising a virus as defined above.

Short Description of the Figures
Figure 1A: Newborn mice were injected once within 24 — 48 h of birth with 108
p-f.u. of MVA or DISC HSV-1 or treated with physiological saline {(NaCi) as
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.
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One-day-old C57BI/6 mice (group size of 18) were vaccinated (i.p) with
.MVABN (2.5 x 107 TCID50). Four weeks after vaccination, when the mice
were considered adults there where challenged with a lethal dose (1 x 104
TCID50) 300f 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
FigurstidiBal fsypeptoms sash rdbigs Tl el fury sveight 1dss aritbredireed dietivitined in
o Cl his_ is clear demonstration that MVA-BN vaccination is not only
spleegﬁ) iﬁ%%c%%?ﬂggr%f%als, but is capable of inducing a protective immune
response against a lethal vaccinia (related virus to MVA-BN) infection. 41
Figur’%pﬂf‘?aﬂpse?{n%gnr’ﬁe faegelplclgignpT/geir-inge%r?%%%ncec?e%s%‘2?3 gg‘ﬁermined in

peritoneal fluid by flow cytometry

Figure 2: Mice were vaccinated with MVA-BN as indicated in the left column.
After two weeks the percentage of CD11c¢" single and CD11¢*/CD8* double

positive cells in spleen and in blood were determined by flow cytometry.

Figure 3: Newborn mice were injected with MVA or NaCl as control at day one
and 5 of age. At day 8, murine FIt3-1. was determined in serum of these mice

by ELISA and the values are given as pg/ml

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, ali mice were
exposed to 100x LDsp of HSV-1 strain F. The number of surviving animals was

monitored for 21 days.

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

survived the challenge.

Figure 6: Survival of adult mice vaccinated on the first day of life with MVA-BN
following a lethai vaccinia challenge. Three litters of 6 1-day-old pups (18
mice) were vaccinated with MVA-BN (2.5 x 107 TCIDs) and at 4 weeks (adult
mice) challenged with a lethal dose of vaccinia. MVA-BN vaccination clearly

induced a proteclive immunity in neonatal mice that lasted until adult hood.
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"INIJICALIONS RELATING TO A DEPOSITED MICROORGANISM (PCT
Rule 13bis) The indications madebelmv relate to
themicroorganismreferred to lathe description on page _Ail_line
A. B. ICDENTIFICATION OF DEPOSIT Furtherdeposns are
identified onanadctitionalsheet meet*tepositary institution EcAcc
European Collection of Cell Cultures Address of depositary institution
(including postal code and country) Centre for Applied Microbiology &
Research Salisbury Wiltshire SRZ, Q4G 1dnited Kingdom Date of deposit |
December 7, 2000 Accession Number 00120707

The following examples will further iHlustrate the present invention.  will
be well understood by a person skiiled in the art that the provided examples in
no way may be inferpreted in a way that lmits the applicability of the

technology provided by the present invention to this examples.
Example 1

(i} MVA-BN and DISC-HSV induces DC of the CD11¢" and CD8*

phenotype in newborn animals

First set of experiments: Newborn mice are naturally immunodeficient
because the [FN 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
tested whether a controlled MYA-BN replication could induce DC and analyzed
their phenotype. Groups of mice were injected with 10° plaque forming units
(p.fu.) of MVA-BN or saline only within 1 - 2 days after birth and in some
cases b days after birth. Blood and spleen cells from individual mice of both

groups were analyzed by FACS and the data compared.

Data from 7 to 8 individual mice indicated that treatment with MYA-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 celis decreased indicating that these cells
emigrated in organs other than spleen or that precursor of 3 cells were
recruited early to other lineages notably DC of the plasmocytoid phenotype
that carries early B cell markers {B220).
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C ADDITIONAL INDICATIONS (leave blank (tot applicable) This

- information is continued onan.additional sheet In.respect of all designated
States to which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a
sample of the deposited microorgani$fn be made available only by the
issue thereof to an independent expert, in accordance with the relevant
patent legislation, e.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule

2 | Peiragraph BirAustialineReoyateRch2S () Ranish Ratents Atk by and
Eect %éand 33(3) and generally similar provisions mutafis muta
Sien P U S anh e St SO B BIGRATED STH\@EEE@Rrep! catio

cont \IBEETANRICATIONS ARE Y M%\E?Er(él g@%&@%lﬁé a't

designated States) E. SEPARATE FI
neonﬂ@i\@rﬁ%ﬁl@#nat applicable) The indications listed below will be submltted

to the international Bureau later (specift the general nature of/he
indications cp., "Accession Number of Deposit”) Lot receiving Office use

oﬁiyeﬂfﬁ@@ﬁéearwwmememdmm tRgzinigrragional application
Forinteznational Bureau use only nThis sheet was received by the

International Bureau on:
To further investigate subpopulations of DC in blood and spieen and

analyze long-term effect of treatment with MVA-BN, cells in blood and spleen
were analyzed‘ at 2 weeks of age. At this time point, treated animals had about
twice the number of CD11c* cells in spieen 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 spieen 2 weeks later (Fig. 2). Similar effects were seen in blood
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 CDI11c+
/CD8a+ from 13 to 40 fold with a less dramatic effect ont the CD11c™ cells. As
expected, two vaccinations at birth and day 7 had a significant effect on

CD11c* cells. The various effects are shown in Figure 2.

second set of experiments: One-week-old mice thal were vaccinated at
birth with 2.5 x 107 TClDs, of MVA-BN showed a different composition of
immunologically relevant cell populations in spleen and blood than control
mice (Table 1). In blood there was an increase in the CD8 positive lymphocyte
population as well as an increase in the number of NK celts. The number of
CD1lc positive cells was about 3 times higher than in controls and the percent
of B-cells (B220 and CD19 double positive cells) was significantly decreased.
In the spleen the total number of celis did not differ between immunisad
animals and controls. In contrast to tha biood, the spleen of vaccinated
animals had more CD4 positive T tymphocytes 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-cells decreased. The
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' [ i h 84 European
42 Centre for Applied Microbiology and Researc | _
Collection of Cell Cultures This document certifies that Virus (Deposit Ref.

V00120707) has been accepted as a patent deposit, in a_ccordance with
The Budapest Treaty of 1977, with the European Col!ectlon of Cell .
Cultures on 77" December 2000 Dr P23 Packer Quality Manager, ECAC |

percdé%él:g%%\!%éﬁc positive cells was about 3 times highe"r than in controls.
We first recognised a difference in the percentage of dendritic cells at day 5
following vaccination with MVA-BN, when the number of CD11ic positive cells
in the spleen of 4 untreated controls were 3.6 9, compared to 4.8% in 4 MVA-
BN vaccinated mice. The same amount of UV-inactivated MVA-BN did not
Cause any significant change in the cell populations after vaccination of
neonatal mice compared to controls (data not shown). The initial vaccination
dose was chosen arbitrarily. After titration of the inoculum we selected a
standard dose of 2.5 x 10° TCIDgp for vaccination (10 time less than in the
fnitial experiment). At this dose maximal numbers of DC were induced (Table
2).

Table 1. Changes induced in blood and spleen cells in newhorn mice 1 week
after immunization with 2.5x107 TCID50 MVA-BN

| Parame ter % Blood [ Spleen
NaCl MVA-BN  p* NaCl MVA-BN p*
Total colls 510 17.9¢1.9 241326 0.105
%CDllc J4x13 18.6x1.5 (.00 1 2.8+0.1 7.940.3 0.001
PCDLI/CD8a | 0.540.1 2.740.3 0.001 L1011 4.6+0.7 0002
TBCD4/CI3 16.9x1.1 16.1x].5 0.999 4.840.3 3.1+1.5 0.004
GCD8a/CD3 6.0£0.9 10.340.9 ¢.002 4.7+0.3 8.d:xl.1 0.002
FoNICLI/DXS 16412 244233 0.032 | 2.540.3 2.4+0.2 0.862
GCD19/B220 22.340.5 8.4+0.8 0.001 16.2+1.3 8.0+0.9 0.004

* Mﬁnn—‘zﬁaitacy U-Test

Table 2. Induction of CD11¢ positive cells in the spleen of I-ay-old wt mice
and mice with gene-fargeted disruptions within 7 days after MVA-treatment.
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. Page 14 BUDAPEST TREATY ON THE INTERNATIONAL

- RECOGNFFION OF THE-DEPOSIT-OF-NICROORGAN/SMS FOR THE
PURPOSES OF PATENT PROCEDURE INTERNATIONAL FORM
BAVARIAN NORDIC RESEARCH INSTITUTE GMBH
FRAUNHOFERSTRASSE 181 D-82152 MARTINSRIED GERMANY

I\II\I\IlI: AND.ADDDECC NE - NEPDASKHFABR—H—IIPEMTHEL

| ¥ %&ANIMH&%& o?’??é g?e?ce%i%?gﬁ%ﬂlgnlznﬁfber
e e oS AT

RL\’{POOEU TAKONOMIC D _?'EJNI-\I 10} 58

wt 2.5x%10¢ . 2.1 11.9 5.6

wi 2.5x105 2.5 6.6 2.6

RAG?Y 2.5x107 4.2 5.4 1.3

AGI29¢< 25108 2.6 2.7 1.0

Wt = either C57BL/6 or 129 Sv/Bv mice.
b R AG mice deletion in recombination activating gene (i.e no functional T and B cells).

© AG129 gene targeted disruptions of IFN receptor Type I (IFN-0: and -3) and Type I (JFN=y)
(i) MVA-BN induces preferentially plasmacytoid dendritic cells (pDC).

According to other authors CD11c positive cells that also expressed CD4bRA
or CD45R were considered as pDC (Asselin-Pature!, et al. 2001, Nat Immunol,
12: 1144). 1t was asked whether MVA-BN induced an increase of p.DC. A
further experiment was performed in which also CD45RA 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-inactivaied MVA-BN
3.0+0.2%, p=0.006. Mann-Whithney U-test).

(iii) Neonatal mice treated with MVA-BN have elevated levels of serum Fi3-L

FIt3-1 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 at day 2
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The microorganism identified under | above was accompanied by: A

scientifiC description A proposed taxonomic designation (Mark with a

cross where applicable) Ill. RECEIPT AND ACCEPTANCE. s 3

International Depository Authority accepts the microorganism identified

under | above, .ch was received by it en7TR December 2000(date of the

original deposit)l. IV. RECEIPT OF REQUEST FOR CONVERS_ION —__
and JHgaditrderybinstavatnofiddiontidn i laboee wasvieseivedipatbis to serum of

o HEeEnAL [ Authgrity on(date of the ariginal psi%(égech

:gnoc¢e§§£§ ?o%éﬁﬁgrﬁh%%%ghgﬂég&o%lt?g%?}emes ger @?3% 6? g made

resparneaijavas esibetibyrobédate o @¢ript Ghrequest for conversion)
IV.INTERNATIONAL DEPOSITORY AUTHORITY Name:Dr P .1
Packersi.gnaturets) of to represent the Authority or of

The time course of the FIt3-L induction in newborn mice was assessed
after administration of MVA-BN. in newborns, MVA-BN vaccination induced an
increase in FIt3-L concentration within 24 hours. The induction reached a
maximum after 48 hours and was still present at day 7, the time when spleen
cells were usually analyzed and resistance against HSV-1 was tested (see
below). in the vaccinated mice the Fit3-L concentration in the serum was two-
fold increased 24 hours and 48 hours after the vaccination, compared with

age matched control animals.
Examplie 2

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

Groups of mice were treated with the standard dose of MVA-BN ane or 2 days
after birth and chalienged at 7 — 8 days of age with 100 to 500 LD 50 of Herpes
simplex virus 1 (HSV-1) (Fig. 4). MVA BN treated mice survived the challenge
with HSV 1, whereas all the contro! mice died within 5 — 6 days after

inoculating the chalienge virus.

To further support these observations, 9 challenge experiments were -
performed with 40 MVA BN treated and 45 control mice. More than 80 % of
the virus treated mice survived the challenge, whereas all the control mice
died (Fig. 5).

fn 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 10% (1 [Dgo) or 10°
(100 LDsg) PFU of HSV-1 was performed. Following MVA-BN vaccination 65%
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Address:ECACC CAMR person(s) having the power Internatic_)nal
- -Depository autherized officials(s): i - ... ... Porton Down Salisbury sP4 .
OJG Date: I' 44 APPENDIX 3 Page 24 BUDAPEST TREATY ON THE

INTERNATIONAL RECOGNITI-OU OF THE DEPOSIT OF
MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM TO
of the mice survived a viral dose that kitled 1009 of the control mice (100

LDso) and 9{}% suivived a dose that killed 45.5% of the controls (1 LDsg). In
additional experiments a group of 7 mice vaccinated with UV-inactivated MVA.
BN were infected with HSV-1. Five of them died within 7 days. The remaihing 2
animals ceased to grow and died at day 22 and 29. Therefore, mice treated
with MVA-BN reached a state of increased resistance against HSV-1 that was
associated with live MVA-BN, but not inactivated MVA-BN.

In control experiments done with mice that do not have functional T-
cells it was determined that the protection against HSV-1 affer vaccination
with MVA-BN was not due to cross-reacting cytotoxic T- lymphocytes induced
by MVA-BN.

It was tested whether DC cells were responsible for the protection of
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 splenocytes from 3-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
rich fraction survived the challenge to 509 whereas all the mice receiving 10
times less DC rich suspension or untreated mice died within 5 days. A second
appioacit was done by transferring positively isolated CD11c positive cells
from 8-days-old mice treated at 1 day of life with MVA-BN to naive age
matched mice. A suspension of 2 x 10° spienocyles containing rmore than 809
CD1lc positive cells from MVA-BN treated mice protected naive mice from
HSV;l infection. In contrast, 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

HSV-1. Thus CD11c positive cells are able to protect mice from HSV-1.
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LITY OF
NAME AND ADDRESS OF THE PARTY TO WHOM THE VIABI
STATEMENT IS ISSUED |. DEPOSITOR ILLIDENTIFICATION OF THE
MICROORGANISM Name:BAVARIAN NORDIC RESEARCH INSTITUTE
GMBH dress:ERAUNHOFERSTRASSS 10E D-82152 MARTINSRIED

GERMANY Accession number given By the INTERNATIOI\_IA_L,
DEPOSITQRY AUTHORITY: 00120707 Date or the deposit ar of.the N
tranStef: 7187 Detsaier 2009 VA wirBitiaryrspATEMENEEheson abilityige of

abogf the W@W@@%E@WQEQHQQQ% ?Oa\{zet\el\?ﬁstg'zset%dr, B., Ber{. Miinch.
Tierarztl. Wschr. 112 (1999), 329-333). Although the viruses used in said
publication are not viruses that are not capable of being replicated to
infectious progeny virus in the neonatal or prenatal animal used, it was tested
whether the mode of action as disclosed in Vilsmeier is simiiar to the mode of
action described in the present application. More particularly, Vilsmeier
discloses that MVA, in particular inactivated MVA, induces a paramunity for
about 24 hours. To test whether the paramunity effect counts also for the
protective effects as disclosed in the present application mice 24 hours of
birth were vaccinated either with MVA-BN or with inactivated MVA-BN. At 7
days of age the mice were challe'nged with a lethal dose of HSV-1 (105PFU
HSF-1f). Unvaccinated control mice died 6 days after challenge. Also the mice
vaccinated with inactivated MVA-BN were not protected against a challenge
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
the spieen. The enhanced FIt3-1. was associated with elevated numbers of DC.
This confirms that paramunity effects are not responsible for the observed

protection.

(i) MVA-BN induces a specific immunity in neonates that lasts until adult
hood

One-day-old C57Bi/6 mice (group size of 18) were vaccinated (i.p) with MVA-
BN (2.5 x 107 TCIDs). Four weeks after vaccination, when the mice were
considered adults there where chalfenged with a lethal dose (1 x 10 TCIDgg)
of vaccinia Western Reserve (YV-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



-x.0On that date, the said microorganism was viable no longer viable

-~Indicate the date of the original-deposit or, where a new depositora . ... .. .

transfer has been made, the most relevant date Sd 2In the cases referred
to in Rule 10,2 (a) (i) and (iii), refer to the most recent viability test. Mark
with a cross the applicable box. 40

as ruffled fur, weight loss and reduced activity. Clearly this is ;a clear
demonstration that MVA-BN vaccination is not only safe in neonatal animals,
but is capable of inducing a protective immune response against a lethal

vaccinia (related virus to MVA-BN) infection.
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Form DP/4 (first page) 45 Appendix 3 Page 25 V.CONDITIONS UNDER
WHICH THE VIABILITY TEST HAS BEEN PERFORMED 4 NVA-575 -
V00120707 THIS VIRUS WAS TITRATED ON BEE CELLS TEIDso e 10"
V.INTERNATIONAL DEPOSITARY AUTHORITY 4 Fill in if the

__information has been requested and if the results of the test were negative
AvplenEsTaE 827y (second mndiastpage) (Rt aiaRasis Product

a5

DescriptionTVIVA-575 Accession Numbero0120707 Test
Description:Detection of Mycoplasina using a Vero indicator cell line and
Hoechst 33258

INGICATIONS RELATING TO A DEPOSITED MICRGORGANISM

(PCT Rule 135is)

A, The indications madebelow relaero the micrvorganismreferred to tn the descdption

ot page _ﬁ{o Jdine A

B IDENTIFICATIONOFDEPOSIT Furtherdeposits are identifiedon an additional sheet | |

Nameofdepositary institution g0 ACC
European Gollection of Gell Cultures

Address of depositary institution (fefuding pestal code and counry)
Centre for Applied Microbiclogy & Research

Salishury

Wiltshire SP4 OJG

United Kingdom

Dateofdeposit Accession Number
Decarmnber 7, 2000 ootzo7a7

C. ADDITIONAL INDLCATEONS fleave blank if not applicable) This information is continged on an additional sheet D

in respact of all designated States o which such action is possiltie and o the extent that it is legatly
permissabie under the law of the designated State, it is requested that @ sample of the deposited
microorganism be made available only by the issue thereof fo an independent expert, in accordance
with the relevant patent tegistation, e.g., EPC Ruie 28 (4); UK Patent Rules 1935, Schedule 2,
Paragraph 3; Australian Hegulation 3.25(3); Danish Patents Act Sections 22 and 233(3) and
generally similar pravisions mutatis mutandis for any other designated State.

"

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

H. SEPARATE FURNISHING OF INDLCATIONS {leave blankifnat applicable)

The indications listed below will be submitted to the Intemational Bureau later {specify the general natare of the indications ¢ g., “Accession
Nuber of Degosu”}

e FOT recerying Office use onuly Forlnternational Bureasusconly
@ This sheet wasreceived with the intenational application D This sheetwas received by the Internationa] Bureau on:
Aurhornized officer F. 4. Hoom Authenzed officer
SIS 07
‘PCHERO

Form PCT/RO/134 {July 1992)



fluorescent detection system. SOP QC/MYCO/07/05 Acceptance
-Criterion/Specification: The Vero cells in the negative control are clearly.
seen as fluorescing nuclei with no cytoplasmic fluorescence. Positive
control (M. orate) must show evidenae of mycoplasma as fluorescmg
nuclei plus extra nuclear flu

bacteng%‘nd fungi by |solat|on on Tryptone Soya Broth (TSB) and ht Fluid
Thloglycollate Medium (FTGM). SOP QC/BF/01/02 Ag eptance
Criterion/Specification:All positive controls (Bach/is s" lgilus, C;J,@sﬁﬁfﬂm j(’“ (\
sparogenes and Candida albicans) show evidence mlcrob‘rat/g?ov(/th/ ‘--” e
(turbidity) and the negative controls show no evid .bf'c;e of .';lércﬁbtat FOWLh S0
(clear). The criteria for a positive test is turbidity inamyit f_ Fiefdsthrothis 52

All broths should be clear for negative test result. Test Number; 21702

%te 12%02/0 Result: Posmve Control Positive Negative Control:Negative . .
ntre for App m‘*@m@mgy and Research

&
European Collection of Cell Cultures

This document certifies that Virus
(Deposit Ref. VOO‘JEO?O?) has heen accepted as a patent deposrt
in accordance with
The Budapest Treaty of 1977,
with fhe European Collection of Cell Cultures on 7™ December 2000

aaaaaaaaaaaaa

DrpJ Packer
Quality Manager, ECACC

---------------

S Syescion of Coll Bulturos, CALIE, GalisSary, Wilishies 594 0JG UK.

T R b £ - o K PP S



Test Result:Negative Overall Result:PASS n ECACC, Head of Quality. "
Date Authorised by 47 Certificate of Analysis Product
DescriptionlVIYA-575 Accession Number00120707 Test
Description:Determination of TC1D%6 of cytopathic Virus titration. (SOP
ECACC/055) Cell Acceptance Criterion/Specification/Criteria: Negative
controls should show no sign of Cytopathic effects. The Test:Sample is
serially diluted into in 4 wells of indicator cell lines for each dilution.
Cytopathic effects indicate that viru&*§ ﬁ?esent. Virus titre is calculated
using the below equatiiF R E RIS HeFateobitied from a standard
TCID50 Table as a resutrofithenrgistibition:=ef dewels 3isplaying less
F‘T than 4 positive wells per dilutionangd.yis theyalue of the highest dilution
gggigrégxsugwﬁhemsaﬂndxwells are positive: TOID50 =1 x 10In Date:19/01/01
memmasﬁg@gltig@dicator Cell Line:13HK 21 CLONE 13 Negative Control:NO CPE

Egﬁi;ii MARTEEEHSample:CPE Distribution of less that 4 positive wells:4, 4, 0 X: 0.50

WAME BND ADDRESS

I h OF DEPOSITOR g

X. IRENTIFICATION OF THE MICROORGANTSM

f‘dentifidation reference given by the . Rc;:ession numbex ¢given bly the
%?OSETOE\: . INTERNATIONAL DEPOSITARY AUTHORITY :

avA-578 ) Vep120707

iT. SCIENTIEXC DESCRIPTLON AND/OR FROFOSED TAXONOMIC DESIGNATION

The micreoorganism identified wnder I above was accompanied bys

¥ A scientific description

& proposed Caxonomic designation

{Mark with a cross where applicahle}

Irz, RECEIRT AND ACCEPTANCE

we g . 3 7 3
._.thnternat:i?nal Depositoxy Puthority accepts the microorganism identified under X above,
R was received by it on 7™ December 2000 {(date of the original deposit}' .

V. RECEIPT OF REQUEST FOR CONVERSION

The microurganism identified undes ¥ abave was received by thlg [nternational

zeizsltozy Authority on (date of the original deposit) and
e gzzs' o convert the original deposit to a deposit undec the Budapest Treaty
celved by. it on {date of xeceipt of reguest for conversion}
v, INTERNATTIONAL DEPOSTITORY AUTHORITY
Name: pr p g Packer " signature(s) of person(s) having the power

Lo rep{:e:}ent the International Depesitory
Authorily or of-authorized officials{s}):
hddress: ECACC f

o

CAME ’ Jier i 4 s

Poxton Down pater tf .30 W £ f'z
Salisbury $Pd 904G '—-'——"'AJ—J

Wheze Rule §.4(d} applies, such date is the date on which the status of ieternational depositary
authority was acquired :

orm S5P/4 {sole page) .



Y: 1015 Tan50- | x to' "u 106.5 Overall Result:Virus Present Test
--Description: The -Detection of Mycoplasma-by Isolation on-Mycoplasma Pig. .. -

Serum Agar and in Mycoplasma Horse Serum Broth. SDP

QCI/IVEYCO/01/02 Acceptance Critéfion/Specification:All positive controls

(hf. pneumoniaearale) must show evidence of mycoplasma by typical

colony formation on agar plates. Brathsare subcultured onto:Mycoptastna

Pig Serum Agar where evidence of;pgyceplasma by typical colony

formation is evaluated, All.negative 89%&;0%1%%%3@,95 must show no

evidence of microbieat-growth. ckhescritesia for aupositivestest result is
evidence of myeoplasma By tyBieEEE o i Hation on agar. A negative
result will show no such evidergerTestNuwiBer: 21702 Date:12/02/01

F Result:Positive Corrrrt%I:Positive Negative Control:Negative Test
Result:Negative Overall Resul:PASS 'N\x-L, Authorised by. ECACC, Head
Srinione SRQUE,.. Date o purocas

Issued pursant to Role 10.2 by tche

TERY AUTHDRLTY
FUAUNROEERSTRLSSE 188 il;TEiiﬂl;‘?IgNii !t::‘.‘ﬁzoiillawing page
D-8§2152 MRRTINSRIED entiize 3

GERMAY

NBAME AND ADDRESS OF THE PARTY

TO WHGHM THE VIABILITY OF STATEMENT
] IS ISSUED i

T. DEPOSITOR . . Iz, TRENTIFICATION OF THE MICROORGANISH
Name 3 BAVARIAN HORDIC RESEARCH INSTITUTE GMBH Accession namber given by the
IWPERKATIONAY: DEPOESITORY AUTHORITY:
L 00120707
T Address: FRAUNHOPERSTRASSE 188 .
D-82152 WARTIRSRIEBD pate of the deposit or of the transfer:
GLRMARY T pecember 2000

II. YIABILITY STATEMENT

The viability of the microorganism identified under Il above was tayted o .
on . %, oOn that date, the said amicrocnganism was

* viable

] ? ne loagex viable

1 Indicate the date of the ariginal deposit oxr, where a new deposib of a transfer has bheen
made, the most relevant date {(date of the new deposif or date of the transfexr).

z In the cases referred to in Rule 10,2 [a) {ii) and {ili}, refer to the most recent viability
test,

3 Mark with a cxoss the applicable box.

Form BB/4  (first pagoe]



o

48 Applicant's or agent's tile referencenumber BN 44 PCT ematiorsal
application N INDICATIONS RELATING TO A DEPOSITED
MICROORGANISM (PCT Rule | 3bis) A. The indications madebelow
relateto themicroorganismreferred tofi thedescription OR page40line2...
B. IDENTIFICA.TIONOFDEPOSIT Furtherdeposirs are identified on an
additional sheet Name of depositary institution ECACC European
Collection of Cell Cultures Addre%%g’af*‘a’éﬁositary institution (including

postal code end cormuyjj Page 25
- - Mmuﬁ
v CONDLTIONS UNDER WHICH THE VIABXLITY TEST HAS BERW PERFORMED *
e
MVA-5T75 — V00120707
THIS VIRUS WAS TITRATED OF BHR CEILS TCIDs » 10°
Y. INTERMATIONAL DEPOSITARY AUTHORITY
Name Dr P J Packer )
ECACC CAMR -{ Signature{s] of person{s} having the powef
Address : Porten Down to repyesen‘t the Intemational Depositary
Salisbury hAothority or of authorized official(s):
Wiltshire ' '
SP4 QUG . mve: 23f3er FEY |
4 Fill in

if the information has been requested and if the resulta of the test were negative,

Form B2/9 (sacond and last page}



Centre for Applied Microbiology & Research Salisbury Wiltshire SP4 OJG

-~ United-Kingdom. Date of-deposit August 30, 2000 Accession-Number -
00083008 C. ADDITIONAL INDICATIONS (leave Wank if uot
applicable)This information is contidtzed on an additional sheetll In
respect of all designated States to which such action is possible and to the

extent that it is legally pern@éﬁﬁggg%ér@fnﬁgé %sighated State,
of thie déposited mic

it is requested that a samplée roorganism be made

available oply by h§.issue thgreof te-an independent expert, in
acaQidanss With-the relevant pateptdegislation, e.g., EPC Rule 28 (4); UK
Patent Rules 1995, Schedule 2, Paragraph 3; Australian Regulation

3.25(3); Danish Patents Act Sections 22 and 33(3) and generally similar

oLe L Cla (] e
it

.3,.3- .-; ; n_-.gg =18 er.-designe -_D
DESTERIATES STATES R YpdicamcaTI NG ARP A BE gifiechst 33258
g o1Ee E. SEPARATE
ea

indications are not for g@%fﬁ{ﬁh %%9‘

FURNISHINGOF IND/CATIONS (leas Man k Om appilicable) The
indications:ligtagcbelonrvilpeisuRmittest to-h e dmnternational Bieadrlateliy seen as
(spec)5' the gerferatsrimmencici/thie bidjcoilons efigorthocessicin i uwmbe aforale) must
Deposit") Forréteividgr ofiidarselonty F Hivshaes was ?@éé&?@dgﬂm flnerescence of
H H ( { 4% Xt X
international ap@i’&%‘ftiﬁ*‘i’ A‘r%;é%ﬁf@ﬁ?iwa § extra nuclear Huorescence of

veoplasma gative results show no cytoplasmic fluorescence.

Test Numbery 21702

Date: 12/02101
Result:
Pasitive Control: Positive
Negative Control: Negative
Test Result: Rlegative
Overall Resuit: PASS
Test Deseription:  ~  Detection of bacteria and fungi by isolation on Tryptone Soya Broth {TSB) and

in Fluid Thioglyceliate Medium (FTGM). SOP QC/BEANL02

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

Test Number: 2170

Date: }2/02/01

Result:
Posithve Controk: Positive
Negative Controi: Negative
Test Result; : Hegative
Overall Result: PASS
1)

. I \\_"'f'." T . H 'f/‘ﬁrfr:?f
Authorised DYoo L 20AEL T W LECACC, Head of Quality. 570 L. Date

Page 2 ol 4
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P!

ISIS 07 pc-raRo Form

PCT/RO/t34 (July 1992) Tor International Bureau

useonly This sheet was receivedb y the International Bnom Authorized

officer Centre for App

lied Microbiology and Research European

Collection of Cell Cultures This docusment certifies that Virus (Deposit Ref.

V00083008) has been

accepted as a patent deposit, in accordance with

The Budapest Treaty of 1977, with the European Collection aof Cell
Cultures on 30TH August 0 a,.. .. ... Dr P-J Packer
Zfaper%ﬁm i

Product Description
Accession Number

te of Analysis

MVYA-575
66120707

Test Description:

Determination of TCIDy, of cytopathic Virus titration, (SOP ECACCIO55). el -

Acceptance Criterion/Specification/Criteria: Negative controls should show no sign of

Date:
Resulf:

Cytopathic effects. The Test Sample is serially diluted fnto in 4 wells of
indicator cell lines for each dilation. 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 wells
displaying less than 4 positive wells per dilution, and ¥ is the value of the
highest ditution where all 4 wells are positive:

TCMp= 1 x 1ot

L Y
19/01/01
Indicator Cell Line: BHE 21 CLONE 13
Negative Control: HNOCPE
Test Sample: CPE
Distribution of less that 4 positive wells;  4,4,0
=X . 4.50
Y 107
TCIDw= 1 x1gv"ee
10°

- 105.5

Overall Result: Vires Present

Test Description:

The Detection of Mycoplasma by fsolation on Mysoplasma Pig Serum Agar and
in Mycoplasma Horse Serum Broth.
SOP QUMY COAL02

Acceptance Criterion/Specification: All positive controls (M. preumaniae & M. orale)
must show evidence of mycoplasma by typical colony formation on agar plates. Broths
are subcultured onto Mycoplasma Pig Serum Agar where evidence of mycoplasma by
typical colony formation is evaluated. . All negative control agar plates must show 1o
evidence of microbial growth.

The criteria for a positive test result {s evidence of mycoplasma by typical colony
formation on agar. A negative result will show no such evidence,

Test Number: 21702
Date: [2/02/81
Result: Positive Controls Positive
Negative Control: Megative
Test Result; Megative
Overall Result: PASS
il { . o
Authorised by“.....‘.-.-\r.l.{t_‘-‘.- Ve Tienensvsarereeeenns BCACC, Head orQuaIiiy..:g‘.{i‘.g.}. ..... Date

Pagelof I



Qualify Manager, ECACC ;;;lilettioli 1. C611CAty111, Safis-bury, Wutshire
~3P401;I1Xfad 4,1(a; IT113111;12+12C";1-4;;fI 5; 1.7:=4'1'1 '41"™'4 " 50
Form BP/4 (first page)Appendix 3- Page 25 V00003006 - MVA-BN LITY
.OF MVA-BN-WAS TESTED BY GROWING THE VIRUS ON BUN.CELLS
A AP ULATING THESTCDS0. IR ERRETEGRAL DEPOSITARY
AUTHORITY 4 Hil'n iF the information has been requested-and If the
results of the test were negative. 51 APPENDIX Page 24

INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

(PCT Rule 13Dis)

A. Theindications made below relate to the microorganismreferred toin the description

onpage __f‘iQ Jdine 2
L. IDENTIFICATICNOFDEPOSEY Farther deposiis are identified on an additional sheet D

Maine of depositary lnstitution SECACC
European Collection of Cell Cultures

Address of depositary institution [including posial code and country)

Centre for Applied Microbiology & Research

Salisbury
Wiltshire SP4 OJG
United Kingdom
Datzof deposit Accession Number
August 30, 2000 00082008
C. ADDITIONAL INDICATEONS {leave Mank if not appiicable) This informationis continued on an additional sheet D

In respect of all designated States to which such action is possible and to the extent that it is legally
permissable under the law of the designated Stale, it is reguested that a sample of the deposited
microorganism be made available only by the issue thereof 1o an independent expert, in accordance
with the relevant patent legistation, e.g., EPC Rule 28 (4} UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3} and
generally simitar provisions mutalis mutandis for any other designated State,

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

E. SEPFMARATE FURNISHING OF INDICA TYONS (leaveblauk ifaoapplicable)

The indications listed below wilt be submitted to the Interaational Bureau later {specify the general iamre of the ndications e.g., "Accessin
Number of Deposir”}

fForreceiving Office use only ForInterpational Bureau useoply s
[E This sheet was received with the international application D This sheet wasreceived by the International Barsauon:
Authorizedofficer F.J. Hoomn Authorized officer
SIS 07
PCT/RG

Form PCTIRON 34 (Tely 19923



BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES Of
PATENT PROCEDURE INTERNATIONAL FORM  NAME AND
ADDRESS OF THE 7ARTY TO WHGR/I THE VIABILITY OF STATEMENT

AL AT Sivardadn dhaidikeg s
ratt made the ost relevant
(da"te oﬁlmaew depo‘sn -0F date of the transfer). In the cases referred to in

E_Rule 10.2"(al (i) and (iii), reCer to the most recent V|ab|I|,t test.

&J\J*\J

r~—’u’ r“l o

Centre for Applied E@mbmmgy and Research

European Collection of Cell Cultures

This documnent certifies that Virus
(Deposit Ref, VO0083008) has been accepted as a patent deposﬂ:
in accordance with
' The Budapest Treaty of 1877,
with the European Collection of Cell Cultures on 30™ August 2000

4 v
..........................

DrP J Packer
Quality Manager, ECACC

Srwege Suifercing oF Calf Laiiess, CANR, Safishuey, witshire SPA0IG U,
fel SO0 149 19517 &~ ug 1gn g1 Faved B T L e e e



3Mark with a cross the applicable box. 52 APPENDIX 3 Page 14

"BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF -
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF
PATENT PROCEDURE INTERNATIONAL FORM BAVARIAN NORDIC

Form BE/4 B;EE&EA@GH INSTITUTE GMQELE(B@QNHOFERSTRASSE 18B 13-82152

MARTINSRIED GERMANY NAME AND ADDRESS OF DEPOSITOR
IDENTIFICATION OF THE M/CROBRGANISM IdeatifiCation reference
given by theAccession number given by the NEPOSITOR:

LA D,
I'TART"RUTHAORTT Y.

CONDITIONS URDER WHICH THE VIABILITY TEST HAS BESN PHRFORMED *

Iv.

AL I TLLIOADLITN\L

VOG063008 ~ MVR-AK

VIARBILITY OF MVA~BN WAS TESTED BY GROWING THE VIRUS OF BHK CELLS AND CALCULATING THE TCD5G.

V. INTERNATIONAL DEPOSITARY AUTHORLTY
Hama Dr P J Packer
ECACC CBMR Signature (s) oﬁ person{s] having the power -
Addresss . to represent the International Depositary
Por‘?on Dowy, | huthority or of authorized official(s):
Salisbury
Wiltshire N
SPd 0JG vate: ¢h feafe P;SQMQU

4

Fill in if the information has been requested and Lf the results of the test wege negative.



MVA-AN V00083008 SCIENTIFIC DESCRIPTION AND/OR PROPOSED
TAXONOMIC DESIGNATION X The microorganism identified under X
above was accompanied by: A. scientific description IIA proposed
taxonomic designation (Hark with a ttoss where applicable) I1I.RECEIPT
AND ACCEPTANCE is Internationgl Repository Authority accepts the
microorganism identified under | above, -ch was received byt on20"
August 2000(date of the original degogsnff IV..RECEIPT OF REQUEST
FOR CONVERSIo&ﬁéﬁﬁf@rﬁ@@gﬁﬁpﬁﬁ@g@ﬁﬁéer 1 above was
received by this Internatioriad Repasitory Amhromwﬁsrozalate of the original
deposit) and A request to convgit.the griginal.deposit to a deposit under
o the Budapest Tre as received by it on(date of receipt of request for
conversion) IV,INTERNATIONAL DEPOSITORY AUTHORITY Name:Or P
BAVRARIAN NORQICP&@Eex@lgnaturjg of per%h@s mafg%wrpower to represent the

rrnonRormeTs@rnational Depository AuthaiiyarShaitboriaa. Biiil<e

D-B2152 MARTINSKIED identirfied on the fellowing page
GERMANY

NAME AND ADDRESS OF THE PARTY

% T0 WHOM THE VIARILITY OF STATEMEHT

% ISsusn
(— |

I. DEPC :
STTAR Ir. IDERTIFICRTION OF THE HICROORGANTSM

Name : ?QYARIM% NORDIC RESEARCH Accession number given by the

STITUTE GMBH INTERMATIONAL DEPOSITORY AUTHORITY:

V00081008
Address: FRATREOFERSTRASSE 188
2552152 HARTINSRIED Date of the depesit or of the tyvansfer:

RMANY 30™ August 2300

II. VIBBILITY STATEMERT

ize viability of -the miczoorganism idemtified under 11 above was tested
On that date, the sald microorganism was

{ X 3 viahle

N ]
E noe longer viable

et e,

:‘legl_cate the date of the original deposit or, where a new deposit or a transfer has been
. 2, the most relevand date {date of the new deposit or date of the transferj,

best,

Mark with a cress the applicable box.

In the Gases referred to in Rule 10.2 (al (ii) and {iii), vefer to the MOSt recent wiability



Address;ECACC CAM Porton DownDate:(".).";till SalisburSp4 OSG
international depositary authority was acquired OCR BP/4 (sole page) 53
Claims 1. Use of a Modified vaccinia virus Ankara (MVA) strain for the
preparation of a medicament for indycing-ok enhancing the maturation of
the immune system of a neonatal anLrQaeljgcluding a human, the animal
not yet having a mature &@mgsne:systeﬁ], wherein the MVA strain is
characterized (i) in beingscapabis Bf FeHrEt B ERREation in chicken
0 embryo fibroblasts (GERj Butfidtreapabie vi-reprdactive replication in the
N human cell lines HaCat and Helzmamdr@glﬂwaﬁailure to replicate in a
e MOLISESTET that is incapable of producing mature B and T cells and as
g‘jg‘gfgg*;ﬁ%hﬁﬁ severely immune compromised and highly susceptible to a
ARTINSRIED . . . . . . .
GERMANY replﬁcaﬁlng virus, wherein the maturation is correlated with an increase in
the number of dendritic cells and their precursor cells. 2. Use according to
claim 1; wherein the medicament is administered by oral, nasal,
i‘ﬁ?ﬁ%ﬁﬁﬁﬁﬁ@@éﬁ intravengus, intraperitoneal, intradermal, intra-utero and/or
e subcutaneous applic_atlin . 3. Use according to anyone of claims 1 or 2,
wherein the medicament is administered with a therapeutically effective
I. riaftoubE e fikgt eglation, ("priming inoculation”) and in a second e
-————iaeetlation.("hoosting inoculation”). 4. Use according to anyone of claims —E
Ideatiticd i@ I Wherein dha, icament is administered to the animal, including a
PEPOSIIORL man, in an 2mou§r:]t§(3gf at least 101 TCIDS%%%%E&&) %%ﬁ&ﬁ&im :l |

#h-n - dose) of MVA. 5. Use according to anyone fglaims 1 to 4, wherein the
virus genome comprises at least one heterologous nucleic acid sequence.
6. Use according to claim 5, wherein the heterologous nucleic acid

I1. SCSM%QB%S%%%QQ'J}(%@JE%%? ;l\'lxggo%?cct%gaicgg\;%r atleast one-antigen,
——— . antigenic epitope, and/or a therapeutic compouna. 54 7. Use according to

me microclaiims.swheteln (he.helerolagoys nucleic acid sequence ercodes a
protein selected from Interferon, IL-fZ, Fit-3 and GM-CSF.

X l A scientific description
} A proposed taxonomic designation

(Mark with a cross where applicable)

II1. RECEIPT AND ACCEPTANCE

" is Int 3
o wazr::;fz?naé Depgsltory Agithority accepts the microorgavdsm identified under I above
ived by it on 30™ August 2000 (date of the original depasiry? !

CIV.. RECEIPT OF REQUEST FOR CONVERSION

The mi i  £3
aﬁpgﬁt‘gg;rgaﬁsm_idenhfzed under I above was received by this Infernational
A Tosmest t:Ouc wonity on L ) {date of the original depesit) and-
Vi3 tecaivey bo:lyirt the original deposit to a deposit under the Budapest Treaty
R 3_’7:1. on (date of receipt of request for conversion)

1y,

INTERNATIONAL DE POSITORY BUTHORITY

Rame; pr PVJ Pack
! acker Signature (s} of person{s] having the power

to represent the International Depository

hddress ECace Authority eor of authorized officlals{s):
CAMR ez
Porton Down Date: ;/4;; 2 A le/ 8 .
Salisbury sp4 0d0G e P ]

Where Rule ¢4 {dy i s i o
- applies, such d i Lot i i i
: app ¢+ Su ate is the date on which the status of international depositasy

orm BR/4 (50l
e page) 1991



8. Use according to anyone of claims 1 to 7, wherein the treatment or
vaccination is done to protect the animal including the human against an
antigen selected from tumour antigen and foreign antigen, wherein the
antigen is different from the epitopes and antigens of the virus particle and
the antigens and epitopes on the surfacezaf a cell infected with the virus
that are the result of the expression of the viral genome. 9. Use according
to &8, wherein the foreign antigen is selected from infectious agents
or toxins. 10. Use according to claim 9, wherein the infectious agent is
selected from viruses, bacteria, prions or fungi. 11. Use according to

claim 10, V#feriA tediirgs iacslBortESrnk Harfduinsraiatfovifgspreparation of a
rabieaidbise iNARARIH AN ALBAAVIRY S InMSRASCBANG IRARYRNE em of 2

claims 9 to 11, wherein the protective effect is exerted for at least 14 days.

131R988 1AL VAAL RFHATENE GrEdmmdNE taimahersinehdarzdntefmasure immune
VagpRatOn ie AN e 0N GE 2, SREOHICIPIRYBE 1SRRG ANASEIBR reproductive

virus used for vaccination. 14. Use according to claim 13, wherein the

trd SRR 8 P& litkRBnsR Ay Rindraistoir(ERle St scapsblacebrifingpductive
to laiandch WheEcHu e RRAVIALS INERSAIOINIS BSRAIROK I HREIRurl® replicate in

Use accordingktolﬁggone of claims 5 to 6, wherein the vaccination is done

to nAGEERRNAIMtIRE FedlsBRet!adhiRstHE 2y SRS \RREH thells and as such is

hesevelegonsmiueierapid araueneeipdoriedannaainst ReRAeR, Mals, wherein
comprises the at least one antigen or antigenic epitope. 55 17. Use _
CBTIRY 95, SARTEI T e R BERE O e HER S R i ginand thei
frameburaersehacteria, fungi or viruses other than MVA. 18. Use according

to anyone of claims 16 to 17, wherein the virus from which the

heterologous nucleic acid is originated is selected from HIV-1, HIV-2,

Denguevings, abestiNgeo i, apaneserknaeprhicditievindsanthmeasies, oral,
virus. 19. Use according to claim 18, wherein the heterologous nucleic

adiA AL AP S Y ﬁﬁ{@‘@?%‘ﬁﬁj aRSHIERE FheldiEatRERRls RSFREBRIngN/or
arsimeotinesaspepsessigainst HIV. 56 MODIFIED VACCINIA VIRUS
ANKARA FOR THE VACCINATION OF NEONATES

3. Use according to anyone of claims 1 or 2, wherein the medicament is

administered with a therapeutically effective amount in a first inoculation ("priming

inoculation") and in a second inoculation {"boosting inoculation").

4. Use according to anyone of claims 1 to 3, wherein the medicament is
administered to the animal, including a human, in an amount of at least 10" TCIDx,

{tissue culture infectious dose) of MVA.

5. Use according to anyone of claims 1 to 4, wherein the virus genome

comprises at least one heterologous nucleic acid sequence.

6. Use according to claim 5, wherein the heterologous nucleic acid sequence is
selected from a sequence coding for at least one antigen, antigenic epitope, and/or a

therapeutic compound.



ABSTRACT The invention concerns the use of a virus for the preparation
of a medicament for the vaccination or treatment of a neonatal or prenatal
animal, including a human, wherein the virus is capable of infecting the
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that are the result of the expression of the viral genome.

9. Use according 1o claim 8, wherein the foreign antigen is selected from infectious agents
or toxins.
10. Use according to claim 9, wherein the infectious agent is selected from viruses,

bacteria, pricns or fungi.

11. Use according to claim 10, wherein the virus is selected from herpesvirus,

refrovirus, rabiesvirus, rhabdovirus and adenovirus.

12. Use according to anyone of claims 9 to 11, wherein the protective effect is

exerted for at least 14 days.

13. Use according to anyone of claims 1 to 7, wherein the treatment or vaccination is

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

14. Use according to claim 13, wherein the treatment or vaccination is against a

poxvirus infection,

15. Use according to claim 14, wherein the poxvirus infection is a smallpox infection.

16. Use according fo anyone of claims 5 to 8, wherein the vaccination is done to induce
an immune response against the agent from which the heterologous nucieic acid sequence is

derived or against the agent that comprises the at ieast one antigen or antigenic epitope.
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17. Use according to 16, whatain the heterclogous nucieic acid codes for antigens from

tumors, bacteria, fungi or viruses other than MVA.

18. Use according to anyone of claims 16 to 17, wherein the virus from which the

heterologous nucleic acid is originated is selected from HIV-1, HIV-2, Denguevirus, West-Niie-

Virus, Japanese Encephalitis virus and measles virus.

18. Use according to claim 18, wherein the heterologous nucleic acid codes for an HIV

antigen and wherein the medicament'is for inducing an immune response against HIV.



56
MODIFIED VACCINIA VIRUS ANKARA FOR THE VACCINATION OF NEONATES
ABSTRACT

The invention concerns the use of a virus for the preparation of a medicament 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 neconatal or prenatal animal,
including a human, but not capable of being replicated fo infectious progeny virus in
the neonatal or prenatal animal, including a human. The virus is preferably a
Modified Vaccinia Virus Ankara. In particular, the invention concerns the vaccination
of neonates against infections with viruses belonging the same virus group than the
virus used for vaccination. Moreover, the inventicn concerns the vaccination of
neonates against antigens selected from foreign antigens and tumour antigens,
wherein the tumour antigen and/or the foreign antigen are different from the antigens
associated with the virus. The invention further concerns the use of viruses as
defined above to increase the level of factors which activate dendritic cells or their
precursor celis and/or to increase the number of dendritic cells or their precursor
cells and/or to increase the production and/or cellular content of an interferon (iFN)
oriL-12.

(no suitable figure)



