WO 2008/131927PCT/EP2008/003367 IMMEDIATE PROTECTION AGAINST PATHOGENS VIA
MVA FIELR O ekHEINVENTION [1] The invention relates to the use of modified vaccmla virus
Ankara (MVA) to provide immediate protection against pathogens. BACKGROGRBHY

INVENTION [2] Poxviruses, including the causative agent of smallpox, Variola virus (VARV), are
highly pathogenic double stranded (ds) DNA viruses. It is estimated that smallpox has caused more
than 300 million deaths in the 20th century alone. Even though traditional vaccination programs have
eradicated VARV as a natural pathogen, it remains that enhancing the knowledge of mechanisms of
its infections and/or protection may be essential given the scenarios of zoonotic poxvirus infections
(e.g. monkeypox), the re-emergence of VARV by accidental release, or the possibility of terrorist
attacks with poxviruses. [3] The genus Orthopoxvirus contains several related viruses based on
genetic similarity and immunological cross-reactivity, including VARV, the causative agent of human
smallpox, ectromelia virus ECTV@ausm MOUSEPOX, COWPOX V|rus (CPXV), monkeypox virus
(MPXV), camelpox Wili5 0& ﬁ%i@ﬁ% it NI TG e SUAMYA MPXV, and VACV
are used in animals as model infections for human smallpox. A number of VACV strains have been
used in mice and large amounts of

FIELD OF THE INVENTION

[001] The invention relates to the use of modified vaccinia virus Ankara (MVA)

to provide immediate protection against pathogens.

BACKGROUND OF THE INVENTION

[002] Poxviruses, including the causative agent of smallpox, Variola virus
(VARV), are highly pathogenic double stranded (ds) DNA viruses. It is estimated that
smallpox has caused more than 300 million deaths in the 20th century alone. Even
though traditional vaccination programs have eradicated VARV as a natural pathogen, it
remains that enhancing the knowledge of mechanisms of its infections and/or protection
may be essential given the scenarios of zoonotic poxvirus infections (e.g. mankeypox),
the re-emergence of VARV by accidental release, or the possibility of terrorist attacks
with poxviruses.

[003] The genus Orthopoxvirus contains several related viruses based on genetic
similarity and immunological cross-reactivity, including VARV, the causative agent of
human smallpox, ectromelia virus (ECTV) causing mousepox, cowpox virus (CPXV),
monkeypox virus (MPXV), camelpox virus (CMPV), and vaccinia virus (VACV). Among
these ECTV, MPXV, and VACV are used in animals as model infections for human

smallpex. A number of VACV strains have been used in mice and large amounts of



WO 2098/131927PCT/EP2008/003367 evidence on the immune responses induced and on the
immune sgpprassing spechanisms employed by poxviruses have been elugidated with VACV,
However, VACV is not a natural pathogen of mice and high doses are neeted 18 ?g?ﬁ’gﬁﬁﬁzfect mice,
even though mouse-adapted strains like VACV Western Reserve (WR) are commonly used
(Williamson et al., J. Gen. Virol. 71:2761-2767 (1990)). MPXV in monkeys has the advantage that
monkeys are evolutionarily much closer to humans. However, as with the VACV model in mice,

non-physitiagicahitighiviralifesespvesasasedos afaly ifeahmoankeyssdraesioralothraingal

models are regarded to reflect more the late stage of a VARV infection in humans (Fenner, F.,

HendeesompRechbyAiteyitusdazekye hefe b atinytididd. amaliRox anthiiseeadigatinn; Geneya: World
Health Organization (1988); Mortimer, P. P. Clininfect. Dis. 36, 622-629 (2003)). Among the
orthopoxtiras patbotien ofodits A5G T intection:of miceistandmout hecriselds @ speeiRsgRecific
virus infecting its natural host and can cause fatal outcomes after inoculation with low virus doses,
featuresahae alapiaid oo [desurilid v &RV Rafeetian(vf Rumanstheoner @&t 1988; Esteban,
D.J., and Buller, R.M., J Gen. Virol. 86:2645-2659 (2005)). For these reasons, this model is the closest
model {¢ Himmasrinfeciibn-byPeaRViro!. 7[0BAPPAN6GENS abe)dawered iyrthekpmunessysiem via
pattern recognition receptors (PRR). Among the latter is the family of Toll-like receptors (TLR). TLR7,
and TERSSHRAWE fbebdnirkeys auelelnldios RilranchDiAerdspactively. (HemmicH aetwith Nature
408, 740-745 (2000); Diebold, S.S. et al. Science 303, 1529-1531 (2004); Heil, F. Science 303,

1526- Y85\ 20045) D@k StraRtiesl Tpic el SN A virdsess ke hespesivirustisaly adenbviruses, can
be detected via TLR9-dependent pathways (Basner-Tschakarjan, E. et al., J. Gene Med. 8, 1300-1306
(2006Y7P0KEYS. ébarefgrevipeieoires rodRe e FeEBosrodessiiect more the late stage of a

VARV infection in humans (Fenner, F., Henderson, D. A., Arita, 1., Jezek, Z., & Ladnyi, {.
D. Smallpox and its eradication. Geneva: World Health Organization (1988); Mortimer,
P.P. Clin.infect. Dis. 36, 622-629 (2003)). Among the orthopoxvirus infection models,
ECTV infection of mice stands out because it is a species-specific virus infecting its
natural host and can cause fatal outcomes after inoculation with low virus doses, features
that have also been described in VARV infection of humans (Fenner ef al., 1988:
Esteban, D.J., and Buller, R. M., J. Gen. Virol, 86:2645-2659 (2005)). For these
reasons, this model is the closest model fo human infection by VARV,

[004] Pathogens are detected by the immune system via pattern recognition
receptors (PRR). Among the latter is the family of Toll-like receptors (TLR). TLR7, and
TLR8 and 8 recogniz_e the nucleic acids RNA and DNA, respectively (Hemmi, M. ef al.,
Nature 408, 740-745 (2000}); Diebold, S.S. et al. Science 303, 1529-1531 (2004): Heil,
F. Science 303, 1526-1529 (2004)). Double stranded DNA (dsDNA) viruses, like
herpesviruses or adenoviruses, can be detected via TLR9-dependent pathways

{Basner-Tschakarjan, E. et al., J. Gene Med. 8, 1300-1306 (2008); Lund, J. et al., J.



Exp. Med. 198, 513-520 (2003): Krug, A. etal. Blood 103, 1433-1437 (2004); Hochrein, H. et al. Proc.
Natl. Acad“%g%%{ﬁ A%J?Ol, 11416-11421(2004); Tabeta, K. et al. Proc. Natl. Acad. Sci. U.S.A. 101,
3516-3521 (20 .:ﬁlowever, potent alternative recognition pathways exist{9bESIegHRIhing why
previous viral infection studies have demonstrated no or only mild increases of susceptibility in the
absence of TLR9 (Hochrein, H. et al. Proc. Natl. Acad. Sci. U.S.A. 101, 11416-11421(2004); Krug, A et
at Blood 103, 1433-1437 (2004); Zhu, J. et at Blood 109, 619-625 (2007); Delale, T. J Immunol. 175,
67236232 GROB Gatela. KorPiab PInG N ALY, Sel, LS, 101, 29163521 (2000). [
Whereas %mny TLR are IocatedE at thes)' gﬁtﬂé 'rﬁér%ﬁ)%é%}%? e6ct:3ell9t%3 'gﬁ%jﬁéoeétr V! 'space
for dangeesiginals ikaaciesial celhwallsomponents,, (03 LORRNO SN I 13 % 1,8 and 9
are associated with the endosome and monitor the engso%o?r%%ﬁ gnéé%)f(ﬁnﬁ%%ﬁ%ic%ﬁﬁg( ner, H.,

and Baver, Soak Fxf), Vel 263 208:26042000bde ThiSwh ferad & 1PaRANTES BN ahseas TLRS

recognizes DNA (Diebold et at, Science 303: 1529-153 (2004); Heil etal., Science

(2004 petemey b RiNabearAP AR IAR0Y AIRIAPOHAY LBk Nigl iRl %, (32 738 (2001))

[6] Expression of TLR9 differs within species. n humans B-cells and plasmacytoid DC (pDC),
but notieensestiarsd RECCBI. PHress arsspankiEbRE SUTHIALion. RS gyprgssion in mice s

less restricted. Besides B-cells and pDC, mouse cDC and evéen macrophages are known to express

TLR9 aﬁdcﬁaa@nneu.t@ﬂymdmm{(meﬁwt@!slﬂum1,rnmmel-ﬁ%éﬁl?§obh%9r@9§,2)2-eThe

natural ligand for TLR9 was originally defined to be genomic bacterial DNA, whereas ofigonucleotides
WO 2008A/B082TRCTAEB2008/008B8T: containivg anmethy ater SrGanetitsadicinehy species
specific motifs and often phosphorothioate-stabilized (CpG-ODN), were established as artificial ligands
for TLRB/ (et 47 20003 2006) al abets. iask AcatoScval BoADS9237-92421@001)).

3516-3521 (2004)).

[005] Whereas many TLR are located at the outer membrane of the cell fo
monitor the extraceilular space for danger signals like bacterial cell wall components, a
group of TLR consisting of TLR 3, 7, 8, and 9 are associated with the endosome and
monitor the endosomal lumen for nucleic acids (Wagner, H., and Bauer, S., J, Exp.
Med. 203:265-268 {2006}). The TLR 3, 7, and 8 recognize RNA, whereas TLRO
recognizes DNA (Diebold et al., Science 303: 1520-153 {2004); Heil ef al., Science
303:1526-1529 (2004); Hemmi et al., Nature 408:740-745(2000); Alexopoulou ef al.
Nature 413:732-738 (2001)).

[006] Expression of TLRO differs within species. Whereas in humans B-ceils and
plasmacytoid DC (pDC), but not conventional DC (cDC), express and respond fo TLRY
stimulation, Tiﬁg expression in mice is less restricted. Besides B-cells and pDC,

- mouse cDC and even macrophages are known to express TLRY and respond to TLRY
ligation (Hochrein et al., Hum. immunol. 63:1103-1110 (2002)). The natural ligand for

TLRS was originaity defined to be genomic bacterial DNA, whereas oligonuclectides



[007] Meanwhile, the list of CpG containing natural and artificial ligands has increased to bacterial
plasmid D%%Qgﬁ%‘{(?ﬁ' types of CpG-ODN with differences in their chemical composition, as well as
drastic differences in biological effects including IFN-I inducing capacity (SBle5BE48/8653whunol.
171:5908-5912 (2003); Krieg, A.M. Nat, Rev, Drug Discov. 5:471-484 (2006)). Under conditions of
enhanced uptake, non CpG-containing or fully methylated DNA as well as vertebrate DNA have also
been shown to act as TLR9 agonists (Yasuda et al., J. Immunol. 174:6129-6136 (2005); Means at al.,

J. Clin.daMashikp: eW&%%O@Bg m#@g%ﬁ%&%;egg&\{gseggI\é(?!Cnr]#ét'r{igjaesastrt ies for immune

suppression, substantiated by the fact that poxvirus genomes encode num les with

B B R P 8 R 2 e,

multitude of molecules that interfere with intracellular signaling casca ect,

ImmunghofPaiaf 220200 R apentyempelaqulesupressed hYpoxypises havs, besp shoun to

target members of the TLR signaling cascade, suggesting a ro ependent recognition

pathways for pmxiruges (Rede ihe ggpéflﬁrﬁg. Maﬁ%.ﬂé%ﬁ;.%é'%ﬁ 35%}%5&1%36% a(gOOO)). In

fact, a role for TLR2 in the recognition of vaccinia viruses (VACV) was propose u, J."et al. Blood

109, 6119:6265620@ Dhcterid00SkMerifind, Viaeciaipepn kop (MY AL WIS tolateRHo,Yagsinia virus, a
member of the genera Orthopoxvirus in the family of Poxviridae. MVA has been W
2008/1:8e02HRGIER20083€03364s well as drastic differences in biological effects including

IFN-{ inducing capacity (Spies et al., J. Immunol. 171:5908-5912 (2003); Krieg, AM.

Nat. Rev. Drug Discov. 5:471-484 (2008)). Under conditions of enhanced uptake, non

CpG-containing or fully methylated DNA as well as vertebrate DNA have also been shown

to act as TLRS agonists (Yasuda et al., J. Immunol. 174:6129-6136 (2005); Means ef

al., J. Clin. Invesf 115:407-417 (2005)).

{008] Poxviruses have evoived multiple strategies for immune suppression,
substantiated by the fact that poxvirus genomes encode numerous moiecules with
immunosuppressive function. Among these are soluble cytokine and chemokine
receptors and a multitude of molecules that interfere with intraceliular signaling
cascades (Seet, B.T. ef al. Annu. Rev. Immunol. 21, 377-423 (2003)). Recentiy,
molecules expressed by poxviruses have been shown to target members of the TLR
signaling cascade, suggesting a role for TLR-dependent recognition pathways for
poxviruses (Bowie, A, ef al. Proc. Natl, Acad. Sci. U.S.A. 97, 10162-10167 (2000)). in
fact, a role for TLR2 in the recognition of vaccinia viruses (VACV) was proposed {Zhu,
J. ef al. Blood 109, 819-625 (2007)).

[008] Modified Vaccinia Ankara (MVA) virus is related to Vaccinia virus, a

member of the genera Orthopoxvirus in the family of Poxviridae. MVA has been



generated by 516 serial passages on chicken embryo fibroblasts of the Ankara strain of vaccinia virus
(CVA) (for ﬁéi%\%gs/ee 9Mayr, A., eta'. Infection 3, 6-14 (1975)). As a consequence of these long-term
passages, the resufffﬁgzK/IVA virus deleted about 31 kilobases of its genomiR SRS Eane!, therefore,
was described as highly host cell restricted to avian cells (Meyer, H. etal., J. Gen. Virol. 72, 1031-1038
(1991)). It was shown, in a variety of animal models, that the resulting MVA was significantly avirulent
(Mayr, A. & Danner, K. Dev. BioL Stand. 41: 225-34 (1978)). Additionally, this MVA strain has been

", A & Danne ol Stand. 41: 225-34 (1978) iy, th been
okt Hig 1 A Ot B 187 LB S0 (10U CheR S Brai T WAHE 66 26 6301072,
These stding IRV 04529000, umaR, cluding high sk patients, Ancproved hat, compared

to Vaccinia based vaccines, MVA had diminished virulence or infecti aiftained good

immun@gg@@gﬁuyemm@g&@@g&@@é‘fmIgyé%éﬁgﬁﬁg§&g%%p?§ﬁgﬁerﬁg to gﬁg it as viral vector for

recombinant gene expression and as a recombinant vaccine .ata ggc &Y 31032-40

(199)kiloba Bt indius sernededhisbashasiERAAAL LYRRINBU VAl R dempnstrated

during the 1970s that MVA is highly attenuated and avirulent in humans and ma e recently

reportadtaseretionsdBleariauboll o. Gy Viologs §1EA-L16 609N Caual f Hos violosy

238, 198-211 (1997): US Patent 5,185,146; Ambrosini etal., J. Neurosci. 99)) have
Shownshoi i 5 vaalduluraliamistien i mammalen a0 a0 &9 erSinee s dysl gplication
u

might occur in these cells. It is assumed that the results repdrted in these Ications have been WO

2008/131997RCE/DRANGE/A0IILT Bhtaivegnwith vagioysatiains:0f MY Aisincs heyirises used
essentially differ in their properties, particularly in their growth behavior in various cell lines. [11]

Growttstheinalvicy iscectaghizeih aﬁm‘na!@fis@@@bé&ﬁ@@dﬁﬁ%\dfﬁ%?ﬁ%ﬁ% GeResally, a virus
strain is regarded as attenuated if it has lost its capacity or only has reduced capacity to reproductively

replica¥@ninlihost dekastHdlapoee ahedtonBdigbsery atiovhtharMBA &7 nayeonwplgtely repisation

incompetent in human and mammalian cells, brings into question the absolute safety of MVA as a

humarf¥ééeiféseh alfedtdiior e COmBBBHDBRXNET4)). These studies involved over 120,000
humans, including high risk patients, and proved that, compared 10 Vaccinia based
vaccines, MVA had diminished virulence or infectiousness while it mainiained good
immunogenicity. In the decades that followed, MVA has been engineered {o use it as viral
vector for recombinant gene expression and as a recombinant vaccine (Sutter, 3. ef al.,
Vaccine 12: 1032-40 {1994)).

[010] In this respect, it is most astonishing that, even though Mayr ef al.
demonstrated during the 1970s that MVA is highly attenuated and avirulent in humans and
mammals, some recently reported observations (Blanchard et al. J. Gen. Virol. 79, 1158-
1167 (1988), Carroll & Moss, Virology 238, 198-211 (1997}, US Patent 5,185,146;
Ambrosini ef al., J. Neurosci, Res. 55(5), 569 (1989)) have shown that MVA is not fully

attenuated in mammalian and human cell lines since residual replication might occur in

these cells. it is assumed that the results reported in these publications have been



[12] Particularly, for a vaccine as well as for a recombinant vaccine, the balance between the efficacy

and the safgty;ghdhg yaccine vector virus is extremely important. [13] As. described in WO _
publication 02/42480, novel MVA strains with enhanced safety have been %%3@8%@8{“?@& strains

are characterized by having at least one of the following advantageous properties; _(i) capability of_
reproductive replication in vitro in chicken embryo fibroblasts (CEF), but no capability of reproductive
replication in a human cell line, as in the human keratinocyte cell line HaCaT, the human embryo

kidneyctehitiaet 296, iBedusmaribens RRIROSHEe MR CaILIRE 1453 «aRddheiD WRaR rendt

adenocarcinoma cell line Hela; (ii) failure to replicate in a mouse model th_at IS incapabl_e of producing
mature B padidscelstanhas suekisgevareheinmsne campremiahand highly susceptible to a

replicating virus; and WO 2008/131927PCT/EP2008/003367

[011] Growth behavior is recognized as one of several indicators for virus
attenuation. Generally, a virus strain is regarded as aftenuated if it has lost its capacity or
only has reduced capacity to reproductively replicate in host cells. The above-mentioned
observation, that MVA is not completely replication incompetent in human and mammalian
cells, brings into question the absolute safety of MVA as a human vaccine or a vector for
recombinant vaccines.

[012] Particularly, for a vaccine as well as for a recombinant vaccine, the
balance between the efficacy and the safety of the vaccine vector virus is extremnely
important.

[013] As described in WO publication 02/42480, novel MVA strains with
enhanced safety have been developed. These strains are characterized by having at
least one of the following advantageous properties:

(i) capability of reproductive replication in vitro in chicken embryo fibroblasts (CEF),
but no capability of reproductive replication in a human cell line, as in the human
keratinocyte cell line HaCaT, the human embryo kidney cell line 293, the human
bone osteosarcoma cell line 1438, and the human cervix adenocarcinoma cel}
line Hel a;

(i) failure to replicate in a mouse model thatis incapable of producing mature B
and T cells and as such is severely immune compromised and highly

susceptible to a replicating virus; and



(liinduction of at least the same level of specific immune response in vaccinia virus prime/vaccinia
virus boosWs%rjj%&Svle%?n compared to DNA-prime/vaccinia virus boost regimes. [14] One of the
developed strains has been deposited at the European Collection of Animdl CEREEHIRREE(ECACC)

with the deposit number V00083008. This strain is referred to as "MVA-BN" throughout the
specification of WO 02/42480. [15] The terms "not capable of reproductive replication” or
"replication incompetent” mean that the virus shows an amplification ratio of less than 1 in human cell

lines, suchias thergelkineHP9BILEGARCNA85420502) ‘fié%g%%%%ﬁn%]&%%%%}n@el‘a (ATCC

No. CCL-2) and HaCat (Boukamp etal., J. Cell Biol. 106(3): 761-71 under the conditions as
outlined in Exampia:d ofiiR 0242480 fensemme spRRIiCWAYA StABS ed 1o [é@l@@%@ﬂgé& WO

02/42480, "failure to replicate in vivo" refers to viruses that do not replicate in humans and in the mice

model as describgelindhesy\Weia42480 publication. [17] There have been numerous reports
suggesting that prime/boost regimes using MVA as a delivery vector induce poor immune responses

and are inferigi 1] DNApIME/MYA-Hlopsid egimes kashneaidergialiidiat: Med- 4, 39402 (1998)). In

all these studies, MVA strains have been used that are different from the vaccinia viruses as

develofetieatizordingionAlQeR/E2480s AG-arrexplanatian dafdhe o imaupe sesponse obtained
when MVA was used for prime and boost administration, it has been hypothesized that antibodies

generattsditoidiefentadrig tie prirde iditinistrationt ey tsplizgiteivVér giuerpmviie second
immunization, preventing an effective boost of
{015] The terms "not capable of reproductive replication” or ‘replication
incompetent” mean that the virus shows an amplification ratio of less than 1 in human
cell lines, such as the celi fines 293 (ECACC No. 85120602), 1438 (ECACC No.
91112502}, Hel.a (ATCC No. CCL-2) and HaCat (Boukamp ef al., J. Cell Biol. 106(3):
761-71 (1988)), under the conditions as outlined in Example 1 of WO 02/42480 for
some specific MVA strains,
[018] According to WO 02/42480, “failure to replicate in vivo” refers to viruses
that do not replicate in humans and in the mice model as described in the WO 02/42480
publication.
i017] There have been numerous reports suggesfing that prime/boost regimes
using MVA as a delivery vector induce poor immune responses and are inferior to DNA-
prime/MVA-boost regimes (Schneider ef al., Nat. Med. 4: 397-402 (1998)). in all these
studies, MVA strains have been used that are different from the vaccinia viruses as
deveioped according to WO 02/42480. As an explanation for the DOOT imimune
response obtained when MVA was used for prime and boost administration, it has been

hypothesized that antibodies generated to MVA during the prime-administration

neutralize the MVA given in the second immunization, preventing an effective boost of



WO 2008/131927PCT/EP2008/003367 the immune response. In contrast, DNA-prime/MVA-boost
e superior at generating high avidity responses, because this regime

regimes ar. I
combines fﬁ/g)e ﬁ#@%& NA to effectively prime the immune response withithé’/BFrapet#es3et MVA to

boost this response in the absence of a pre-existing immunity to MVA. Clearly, if a preexisting
immunity to MVA and/or vaccinia prevents boosting of the immune response, then the use of MVA as
a vaccine or therapeutic would have limited efficacy, particularly in the individuals that have been

vaccinap Aoaie RSBRC. MPWSHRLSNPIACCIIR YIS RliRIRS ALRIAING I WO, O142480, as wel
as corresponding recombinant viruses ﬁar ouring heterologous seguences, can STV %fflClentIy

first pri%éﬂ@ﬂﬁ?@é&?ﬁﬁHQrﬁ@Péﬁéﬁ??égﬁé%%ivﬁe%(%'ﬂé%ﬁ?ﬁ& y&gﬂﬁé .‘%%%Wa'sgg%%@ﬂ% ce

pre-existing immunity to poxviruses. Thus, the developed strains as described in

at leasbsuhstansiati thoasame ey el oTRIMHBIN I YACENiAY i{s's% RIUBERACERIAVIR Boost regimes
[18] Av d

compared to DNA-prime/ vaccinia virus boost regimes. ccinia virus is regarded as

inducingiatrieasissbatantiallysthecsame Iewebofdmm it IR KRS IBXITYs By /g\f%cg,%ié‘ virus boost

regimes when compared to DNA-prime/ vaccinia vifus boost regimes if the CIL response as measured

in one efittmgumraeNERIVNOtASESYS a8 HeSSHRRGE WD 24805 AL pAst %&%ﬁ&&a”y the

same in vaccinia virus prime/ vaccinia virus boost regimes when compared to DNAprime/vaccinia virus

boost fegimie: use of Al FhesgrowithRNarinEeh e VaoehiR RS R-HRVEIaRRGACCONG IOV O
02/42480, in particular the growth behavior of MVA-BN(r), indicates that the strains are far superior to

any otfret'soifatichardsteriz échddMsvisolatediagasding alenuatinik Wwever, the vaccinia
2008/131927PCT/EP2008/003367 human cell lines and failure of in vivo replication. The strains are
therefofievislstiatandiatetifgrithe/deoelaprmt af saferpredueissauainmswaesings o nharsaceuticals.
harbouring heterologous sequences, can be used to efficiently first prime and then
boost immune responses in native animals as well as in animals with a pre-existing
immunity to poxviruses. Thus, the developed strains as described in WO 02/42480
induce at least substantially the same level of immunity in vaccinia virus prime/ vaccinia
virus boost regimes compared to DNA-prime/ vaccinia virus boost regimes.
[018] A vaccinia virus is regarded as inducing at least substantially the same
level of immunity in vaccinia virus prime/vaccinia virus boost regimes when compared {0
DNA-prime/ vaccinia virus boost regimes if the CTL response as measured in one of the
two, or even in both assays, as described in WO 02/42480 is at least substantially the
same in vaccinia virus prime/ vaccinia virus boost regimes when compared to DNA-
prime/vaccinia virus boost regimes.
[018] The growth behavior of the vaccinia viruses developed according to WO

02/42480, in particular the growth behavior of MVA-BN®, indicates that the strains are

far superior to any other so far characterized MVA isolate regarding attenuation in



[020] An immune response is raised by the immune system when a foreign substance or

microorgaw&w}%%{z@e organism. By definition, the immune response is divided into a specific and
an unspecific reaction, ‘although both are closely cross linked, The unspecifi€ ¥ iM&Gexis6nse is the
immediate defence against a wide variety of foreign substances and infectious agents. The specific
immune response is the defence raised after a lag phase, when the organism is challenged with a
substance for the first time. The specific immune response is highly efficient, and is responsible for the

fact haf g dnuRALWIRASSURLS oA SPesc.iRctnds procied pae i specifc nfection

|
: e
Thus, a second infection wit € same or a very simiar in

O O o R i A Suen

immunity and the immunological memory persist for a long time, in'some cases

Accordingly, theidusion el e Pampalosical memany e eshIL oM RCanation . o, [21] The

"Immune system" means a complex organ involved | nce of the organism agairnst foreign

SubstaBaes aNddwieraOMaRES T BRI RS AEN CORPHSAR A P! an Aprl campdsing several
cells, and a

cell types, such as, e.g., lymphocytes and other Cells derived from white bloo umoral

part comprising: smelkngniiges and sarpigmeniiaciRinn, ai2ahhadifianal wpeeination strategies

are able to induce effective and long lasting protection by inducing adaptive immuné responses

(antibaieedOMherioweseroLANS/3A03LE & HEPAAABIAOA3GZsHbsiantiahpratgsien can only be

achieved after several days to months, optimally with a boost regime, which'leaves the individual

susceptibletiodnfection dutingthatdimes infed@3)d/BEAisa NoRsreplicaling-virusdnAymaas., which can
be administered to people with various degrees of immune deviation (HIV, allergies, atopic dermatitis,

certaintiieutpfreatenenss) evien sitesystarnsis application rutesyintbRaRoRRSS WiHIMUNSsdayiation, a
specialized anti-viral immune cell population (pDC) is reduced in number or affected in its functional
propertigdhficst finag. indreazeetiboiskrfamdraedsptactions highly efficient, and is responsible for

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

specific infection. Thus, a second infection with the same or a very similar infectious

agent causes much milder symptoms or no symptoms at all, since there is already a

‘pre-existing immunity” to this agent. Such imrnunity and the immunological memory

persist for a long time, in some cases even lifelong. Accordingly, the induction of an

immunological memory can result from vaccination.

[021] The “immune system” means a complex organ involved in the defence of

the organism against foreign substances and micro-organisms. The immune system

comprises a cellular part comprising several cell types, such as, e.g., lymphocyies and

other cells derived from white blood cells, and a humoral part comprising small peptides

and complement factors.

[022] Traditional vaccination strategies are able to induce effective and long

lasting protection by inducing adaptive immune responses (antibodies, CTL). However,



[24] The current view of protection against deadly poxviruses is via vaccinations. For these
approacheg;dngidyals;are exposed to an attenuated (less pathogenic) poxvirus before the potential
exposure to a pathogenic poxvirus. Vaccination induces adaptive immune ?g%%%§§§/ﬁ%3ﬂller T cells
(CTL) and antibodies and a memory against the related vaccinating virus. This results in some
reactivity against the pathogenic virus, leading to protection and quick resurrection of the memory
responses upon repeated exposure. However, adaptive immune responses need time to develop, and

are optimabafteibpasitagdhe immounerespansewidnhsepatitie applisationefithe efﬁﬁﬁmwmru&
at

[25] Recently, it was reported that, employing MVA as vaccinating virus several days (at latest 2 days)

before 2xpasineyiitelhveritnoenizyitie WestemRaseemain (MIEWR), Mg Brategin can be
achieved (W02006/089690, which is hereby incorporated by reference in its entirety). Similar results

have been pulflitiedvbyraisothesgrepticatiigh/further slemenstratadpest agHR teatment failed to
protect animals. (Staib, C. et al. J. Gen. Virol 87, 2917-2921 (2006)). The protection levels were 1 x

LD50 ibeastinaté 2days beforemexjosurete WVl and-12/551ldp50 4f vassinalethddays before
exposure to W-W R. (id,)  [26] Stinelsar at aL, Nature 439:745-748 (2006) compared the effects of
antiviratareiintsng drekineaisoxevaccinatiysepun thbtatankeypes vitustietectegeThdy reported that
when monkeys were vaccinated 24 h after monkeypox virus infection, using a standard human dose of
a curréftly vacoidiriefieledassivainhaic edoeine (B irec Ry Ml Ineosighaificar{pfedi ctioadodgedriality was
observed. [27] Thus, there is a need in the art for reagents and methods for immediate protection
againstpathegenafiegiards §mbnpdiosmmvperies, which may increase the risk for viral

infection.

[024] The current view of protection against deadly poxviruses is via
vaccinations. For these approaches, individuals are exposed to an attenuated (less
pathogenic) poxvirus befare the potential exposure to a pathogenic poxvirus.
Vaccination induces adaptive immune responses like Kilier T cells (CTL) and antibodies
and a memory against the related vaccinating virus. This results in some reactivity
against the pathogenic virus, leading to protection and quick resurrection of the memory
responses upon repeated exposure. However, adaptive immune responses need time
to develop, and are optimal after boosting the immune respense with repetitive
application of the vaccinating virus.

[025] Recently, it was reported that, employing MVA as vaccinating virus
several days (at latest 2 days) before exposure with the Vaccinia virus Western Reserve
strain (VV-WR), some protection can be achieved (WOZ2006/089630, which is hereby
incorporated by reference in its entirety). Similar resuits have been published by
another group, which further demonstrated post-exposure treatment failed to protect

animals. (Staib, C. ef al. J. Gen. Virol 87, 2917-2921 (2006)). The protection levels
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[027a] In a first aspect, there is provided the use of a replication incompetent poxvirus for the
preparation of an immunogenic composition for the treatment of poxvirus infection of an animal,
wherein said immunogenic composition is administered to said animal after infection with the poxvirus.
[28] The disclosure encompasses a method for inducing an immune response against an infectious
agent in an animal, comprising administering to the animal an immunogenic composition comprising a
poxvirus between 36 hours prior to infection with the infectious agent and 72 hours after infection with
the infectious agent.  [29] Furthermore, the disclosure encompasses the use of a poxvirus for the
preparation of an immunogenic composition comprising said poxvirus for inducing an immune
respons¥&igainst din e rascinatishiis avsdpaintt ekerainrsaid Myrarogenmicl coBpsiBoniis to be
admlnlstered to the animal between 36 hours prior to infection with the infectious agent and 72 hours
after infEEGGH Wil thé& fife SR RHEPRSIOBOPTHY -HiSEloslire)also encompasses a poxvirus for inducing
an immune

[026] Stttelaar of al., Nature 439:745.748 (2008) compared the effects of
antiviral treatment and smalipox vaccination upon iethal raonkeypox virus infection.
They reported that when monkeys were vaccinated 24 h after monkeypox virus
infection, using 2 standard human dose of a currently recommeanded smalipox vacoine
(Eistree-RIVM), no significant reduction in mortality was cbserved. )

{U27] Thus, there is a need in the art for reagents and methods for immediate

protection against pathogens, such as smallpox.

SUMMARY

[027a] In a first aspect, there is provided the use of a replication incompetent
poxvirus for the preparation of an immunogenic
composifion for the freatment of poxvirus infection of an animal, wherein said
immunogenic composition is administered to said animal after infection with the

poxXvirus.

[028] The disclosure encompasses a method for inducing an immune response
against an ‘%nfecﬁouis agent in an animal, comprising administering 1o the animal an
immunogenic compesilion comprising a poxvirus befween 36 hours prior 1o infection
with the infecfious agent and 72 hours after infection with the infectious agent.

[028] Furthermore, the disclosure encompasses the use of a poxvirus for the
preparation of an immunogeanic composition comprising said poxvirus for inducing an
immune response agains‘t an infectious agent in an animal, wherein said immunogenic

composition is to be administered {o the animal between 36 hours prior to infection with
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response against an infectious agent in an animal. Furthermore, the disclosure encompasses an
immunogenic composition comprising said poxvirus for inducing an immune response against an :
infectious agent in an animal, In a preferred embodiment, WO 2008/131927PCT/EP2008/003367 Said
poxvirus Or immunogenic composition comprising said poxvirus is to be administered to the animal
between 36 hours prior to infection with the infectious agent and 72 hours after infection with the
infectious agent. [31] In a preferred embodiment, the poxvirus is administered between 36 hours
prior to infection with the infectious agent and 48 hours after infection with the infectious agent.

the infectious agent and 72 hours after infection with the infectious agent.

[030] The disclosure also encompasses a poxvirus for inducing an immune

response against an infectious agent in an animal. Furthermore, the disclosure
ENCOMPRSSES an immunogenic composiiion comprising said poxvirus for inducing an

irmiune response against an infectious agent in an animal. In 2 preferred embodiment,
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[32] In a preferred embodiment, the poxvirus is replication incompetent in the animal. [33]Ina

preferred w&pﬁg? iment, ,,}he poxvirus is a Modified Vaccinia Virus Ankara (MVA). [34] Ina
preferred emb |ment the animal is a human. [35] In a preferred emBé&difaBHGHGesH¥fectious

agent is a replication competent poxvirus. [36] In one embodiment, the MVA is administered in a
dose of 105 to 5x108 TCID50. In a preferred embodiment, the MVA is administered intravenously,
intranasaliy, intramuscularly, or subcutaneously. [37] In one embodiment, the MVA is MVA-BN(r).

The MYALAR:RE B 8FAMRINASEIMNA. mprise. at least one heterolo ous nucleic acid
sequence coding for at Ieas??)éhge antlgsé%%ge%g o%e e ARt %Er’lﬁg 88?%58% Bé:’ﬁn antigenic epitope

of the siye-aaenl T s ey A8ENS SADE SISeIEd oM usgs, el pahogentc uniceluar

eukaryotic and prokaryotic organisms, and paras rganlsms
selectee drom Hpflie aza Vifgs o FAVIVIY S, gﬂ{@ég%{égglgbsei%ﬁ_epatltls virus, human immunodeficiency

virus, and viruses
[G31] In a preferred embodiment, the poxvirus is administered between 36 hours

prior to infection with the infectious agent and 48 hours after infection with the infectious
agent.

[032] In a preferred embodiment, the poxvirus is replication incompetent in the
animal.

[C33] In a preferred embodiment, the poxvirus is a Modified Vaccinia Virus
Ankara (MVA).

[034] in a preferred embodiment, the animal is a human,

[035] In a preferred embodiment, the infectious agent is a replication competent
poxvirus.

[036] In one embodiment, the MVA is administered in a dose of 10° to 5x10°
TCIDS0. In a preferred embodiment, the MVA is administered intravenously,
intranasaliy, intramuscularly, or subcutaneously.

{037] In one embodiment, the MVA is MVA-BN®. The MVA can be a
recombinant MVA and can comprise at least one heterologous nucleic acid sequence
coding for at least one antigenic epitope. The anfigenic epitope can be an antigenic
epitope of the infectious agent. The infectious agent can be selected from viruses,
fungi, pathogenic uniceliular eukaryotic and prokaryotic arganisms, and parasific
organisms. In a preferred embodiment, the virus is selected from Influenza virus,

Flavivirus, Paramyxovirus, Hepatitis virus, human immunodeficiency virus, and viruses
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causing hemorrhagic fever, in another preferred embodiment, the infectious agent is bacillus anthracis.
[38] Inane embodiment, the immunogenic composition is administered between 24 hours prior to
infection with the infectious agent and 24 hours after infection with the infectious agent. The
immunogenic composition can be administered at the same time as infection with the infectious agent.
The administration to the animal of the immunogenic composition comprising an MVA can be between
0 and 24 hours prior to infection with an infectious agent or between 0 and 48 hours after infection with
an infectious agent. [39] The disclosure also encompasses a kit for inducing an immune response
against apeiniecH QS RGenL it imal..J i human, comprising an immunogenic composition
comprising aégggvirus as 5&%?3%%5?@?8 \%v%%e&r;gff% ghig %&W?ﬁ@i@ liéaGdRTmeimsetestinisaid
animal, inglading afHman. [40] Preferably, said kit comprises an immunogenic composition
comprising an MVA, and instructions to deliver the immunogenic compaosition at a time point between

0 hours and 36 RHQIHO EXPRRIFSS nfectl agent or ata time point petween 0 hours and
RS ﬁ?@??g,a&'?ww {%ﬁﬁ&r"i'%&gm %%Wqﬁgaﬁﬂ@@ms@mmﬁ) at dose of

72 hours after exposure to an infectious agent. in one embodi
105 to SxE¥E@IDB) il [ infectious agent is smallpox. In another
hourk it 9 e-AIBROFINAR DG RISElous agent is smallpox. | after infecion

=8

with the infectious agent. The immunogenic composition can be agministered at the
same fime as infection with the infectious agent. The administration o the animal of the
Immunogenic composition comprising an MVA can be betwsen 0 and 24 hours prior 1o
infection with an infectious agent or betwaen 0 and 48 hours after infection w‘ith an
infectious agant.

[038] The disclosure also encompasses a kit for inducing an immune response
against an infectious agent in an animal, including & human, comprising an
immunogenic compoesition comprising a poxvirus as aclive substance, wherein said
poxvirus is replication incompetent in said animal, including a human,

[040] Prefarably, said kit CoOmMprises an immunogenic composition comprising an
MVA, and instructions to delivar the immunogenic composition at a fime point between
O hours and 38 hours prior to expoéure fo an infectious agent or at a time point between
G hours and 72 hours after exposure 1o.an infectious agent. in one embodiment, the
MVA is MVA-BN® at dose of 10° to 5x10° TGIDS0,

[041] inone embodiment, the infectious agent is smallpox. in another
embodiment, the infectious agent is bacillus anthracis, The infectious agent may aiso be

comprised within the kit in 2 separate vial.
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embodiment, the infectious agent is bacillus anthracis. The infectious agent may also be comprised
within the kit in a separate vial. [42] In a preferred embodiment, the disclosure encompasses a
kit comprising an immunogenic composition comprising an MVA and instructions to deliver the
immunogenic composition as soon as possible after exposure to smallpox. [43] Itis to be
understood that both the foregoing general description and the following detailed description are
exemplary and explanatory only and are not restrictive of the disclosure, as claimed. BRIEF
DESCRIPTION OF THE DRAWINGS [44] The invention is more completely understood with
reference to theawings pieniehembodiABhF g gidcrand BrlerigkanalysizoiRenditl Cell (DC)
maturation in response to active or inactivated poxviruses. Flow cytometry histograms showing
expressign ph G4 eRE A eRsRlad Suaitaidney Brtiony witiracthva tekaane)) scinastye (right panel)
poxviruses (shaded histograms) as indicated. a) OVA, ECTV CPXV. b) MVA, SFV, CNPV or without
stimulatighr{empbehistagramalidane representativamxpetiment ohatileast #meaOVA, ECTV, MVA) or
two (CPXV, SPAT, CNPV) experiments is shown,

[043] Itis fo be undersiood that both the foregoing general description and the

foliowing detailed description are exempiary and explanatory only and are not restrictive

of the disciosure, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[044] The invention is more completely undersicod with referaence o the
drawings, in which:

{94;5] Figure 1 a and b depict analysis of Dendritic Cell {DC) maturation in
response to active or inactivated poxviruses. Fiow cytonﬁatry histograms showing
expression of CD40 or CDE8 on FL-DC afier incubation with active (ieft panel) or
inactive (right pane!l) poxviruses (shaded hisiograms) as indicated. a) CVA, ECTV,
CPXV. b) MVA, §FV, CNPV or without stimuiation (empty histograms). One
representative experiment of at least three (CVA, ECTV, MVA) or two (CPXV, SFV,
CNPV) experiments is shown,

[048] Figure 2 a-e depict response of TLRS-deficient or wild type DT to
poxvirus infection in vitro. a) Flow cytometry histograms showing expression of
CD4a0 or CDES on FL-DC of wild type (ieft panal) or TLRE-deficient mice (right panel)
after incubation with CVA, ECTY or MVA as indicated (shaded histograms) or without
stimulation (empty histograms). The sirnilar histograms for the wiid type aciivation are
oart of figure 1. b)FL-DC or ¢) GM-DC of TLRS-deficient {empty column} or wild type

mice (filled column) were stimulated with aclive {Ieft panel) or UV-inactivated (right
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[46] Figure 2 a-e depict response of TLRS-deficient or wild type DC to poxvirus infection in vitro. a)
Flow cytor’%g;i(w'éftﬁ Lams showing expression of 0D40 or 0D69 on FL-DC of wild type (left panel) or
TLR9-deficient mice %rig t panel) after incubation with OVA, ECTV or MVA Bslifidr#tee0ssnaded
histograms) or without stimulation (empty histograms). The similar histograms for the wild type
activation are part of figure 1. b);FL-DC or ¢) GM-DC of TLR9-deficient (empty column) or wild type
mice (filled column) were stimulated with active (left panel) or UV-inactivated (right WO

2008/183 821 ROTAERR09R/ Q03261 apanelh, MYA aad 1 : ereanalyzed for,IFN-a and
IL-6 by ELIS?A. d) Sorted FL-pDC aahd cDC ofg '%R9-dg§cm%@3véil t?/g\ﬁé ﬁi%\é %g Fi§ |'cacped were

stimulagegtwitir MyB(fdled solampirorsGEY fempty %@@%%%é%efﬁ‘@‘@éﬁd%? analyzed for
active

IFN-a and IL-6 by ELISA. e) Total bone marrow cells were stimulated wit lagonally striped

co|um@tmweﬁammaﬂwmﬁn'@@mumw@e@W@W&%&&%%%%@u&?&ﬁ%t%%%&%nd the

supernatants were analyzed for IFN-a by ELISA. Representative experiments of at least two

experimeatgzare fshoWi-o and0474 bigene $/a andripgepist sundyalwiwild typeang [LR9:dsfigient

mice to ECTYV infection, Wild type mice (a) and TLR9-deficient mice (b) were in. infected with varying

doses st BETVi{HCHRBY gepabusk)ras)iodicatadant sueyivbiminopiered daratlsashhmeeks. The
experiments were performed with the numbers of mice as indicated and data represent at least 3

individaarexperitiénisifok eattrimpbdastinsuid typeamice & enaloxperiments fordhe:dase of 1E+02
for TLR9-KO mice (b) and one experiment for the other doses (b). The data for the dose of 1E+04 in
wild type pay @it dFe02peTEROIK @ it éoo)t ivctuderdeatiz ctintiel Briceyaf other experiments.

[48] Figure 4 depicts that MVA protects wild type mice if given simultaneously with lethal doses of
ECTV. Wild tfpe/iniddavéees. a. anmé diedewitt tnsl doises wfiB @veamid dfeaeddfibsimulaneously i.n.
inoculated with (black symbols) or without (grey square) 1E+08 TCID50 of MVA and survival was
monitdfed fof ¥ (DERKEeTh Sl dypremiseviEbars{ohRecaftbidné mirebEsveimice. dsfindisated and
data represent the results of two individual experiments. [49] Figure 5 depicts that MVA protects
TLR B8y ineceapER eh BirUitAhEdHsN PehTanae Hesdedit@&eT MnTLRevileficiart mice were i.n.

infected .
monitored for at least 4 weeks. The experiments were performed with the numbers of

mice as indicated and data represent at least 3 individual experiments for each viral
dose in wild type mice (a) or 7 experiments for the dose of 1E+02 for TLRS-KO mice {b)
and one experiment for the other doses (b). The data for the dose of 1E+04 in wild type
(a} and 1E+02 in TLRS-KO mice (b) include death control mice of other experiments.

[048] Figure 4 depicts that MVA protects wiid type mice if given
simultaneously with lethal doses of ECTV. Wild type mice were i.n. infected with
lethal doses of ECTV as indicated and simultaneously i.n. inoculated with (black
symbols) or without (grey square) 1E+08 TCIDS0 of MVA and survival was monitored
for 4 weeks. The experiments were performed with the numbers of mice as indicated
and data represent the results of two individual experiments.

[048] Figure 5 depicts that MVA protects TLRS deficient mice if given

simultaneously with lethal doses of ECTV. TLRS-deficient mice were i.n. infected
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WO 2008/131927PCT/EP2008/003367 with lethal doses of ECTV as indicated and simultaneously i.n.

inoculatedw&}é@éﬂ%ﬁ mbols) or without (grey square) 1E+08 TCID50 of MVA and survival was
monitored for 4 weeks. The experiment was performed with the numbers of FiicE #¥%{iEkted.

[050] Figure 6 a and b depict that MVA protects TLR9 deficient and wild type mice against lethal ECTV
challenge if applied subcutaneously. a) TLR9 deficient mice were i.n. infected with 1E+02 TCID50 of
ECTV and simultaneously s.c. inoculated with 1E+08 TCID50 of MVA (black squares) or without (grey

sauarel ) Widypedui ot 2, WAL EHATEINS0N FGTY andsimpioncotly s

inoculated with 1E+08 TCID50 of MVA (black square corresponding a 1E+08

TCIDSGyahbB/sinacivaled Gorey(Biask kianeles Suniea) wammeniinied, for, 4eaks, The experiments

were performed with the numbers of miCe as indicated and data represent the results o W' individual

experifagrisyeslc hpepisamar M. [ | Jaice with Ul-inactivated
CVA or for TLR9 deficieniﬁ?nice with MVA. H?fﬁ%ﬁf%%g\%}g ﬁgﬁ i\‘l‘/:l‘%/%%pigr%l}g@eg;otects

IFN--R-deficiprsupicagigbian aigwiopeausii ke sl dases 6L ECTMR N daficent g were

i.n. infected with lethal doses of ECTV as indicated and simultaneously i.n. inoculated wi

TCID56ypEMVIAc(hlagkiswnbieks)zor wmmt&Wﬁvmgabﬁ%ﬁﬁﬂé&f\ém@&ﬁéﬁ%@jgﬁgﬁdégﬁﬂéeks-

The experiments were performed with the numbers of mice as indicated and data répresent the results

of at ledefitien individuairexperimeais:tonihe dmltengetose off(EETA2 and IEH0R) ARG exReriment

for the challenge dose of 1E+04 and 1E+05. WO 2008/131927PCT/EP2008/003367
inocuiated with 1E+08 TCID50 of MVA (black sguares) or without {grey square). b) Wild
type mice were i.n. infected with 1E+04 TCID50 of ECTV and simultaneousiy s.c.
inoculated with 1E+08 TCIDS0 of MVA (black squares) or with the corresponding
amount of 1E+08 TCID50 of UV-inactivated CVA (black triangle).  Survival was
monitored for 4 weeks. The experiments were performed with the numbers of mice as
indicated and data represent the resulis of two individual experiments for wild type mice
with MVA and one experiment for wild type mice with UV-inactivated GVA or for TLRS
deficient mice with MVA.

[051] Figure 7 depicts that MVA partially protects IFN-I-R-deficient mice if

given simultaneously with lethal doses of ECTV. IFN-I-R-deficient mice were i.n.
infected with lethal doses of ECTV as indicated and simultaneousiy i.n. inoculated with
TE+08 TCID50 of MVA (black symbols) or without (grey symbois) and survival was
monitored for 4 weeks. The experiments were performed with the numbers of mice as
indicated and data represent the results of at least two individual experiments for the
chalienge dose of (1E+02 and 1E+03) or one experiment for the challenge dose of

1E+04 and 1E+05.
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[52] Figure 8 depicts long time survival to ECTV infection even in the presence of MVA depends on
adaptive ir&%%% [esponses. RAG-1 deficient mice were i.n. infected with doses of ECTV as indicated
and simultaneously 1.n; inoculated with 1E+08 TCIDso of MVA (black symuiSyorarifiesiieégrey
symbols) and survival was monitored for 4 weeks. The experiment was performed with the numbers of
mice as indicated. [53] Figure 9 a and b depict that MVA therapeutically protects TLR9- deficient
mice if applied after infection with a lethal dose of ECTV. TLR9-deficient mice were i.n. infected with
1E+02 TCIDs TV I il ' 0 [S,( rs.or 72 hrs (b) the ECTV infected
mice were m@ki%uﬁ%ﬁgﬁfh%@%é@'ﬁ%%ggﬂbﬁg? Iél%%cgé gﬁ%&%’}%ﬁ g%/ﬁﬁoeu‘f ér@/ are) and

survivahwas MAnieae OLA e ks an%85@%{@@5&%%8&6%%%%%%%W’%@% ngggg%@%%ceeﬁb)

L3
indicated and data show the cumulated results of 3 individ Xperiments (a) or one

Note thaiibe 9 Goalildnigs A Rdacnde the éscﬂ&;{&ét%!ﬁn%f Qm%ﬁé&%% PE?%&E%%%% F THE

INVENTION [54] Reference will now be made In detail to the present embodiments (exemplary

embodimentsy ofithe inventianifreepiesief whighare sy QEEQEJE@Q%@&%%W%%%% drawings and

Examples section. [55] An animal model applyingintranasaly the species specific and highly

pathogenitBIeuTepaxVisHR-EoHeBglia Mg Hont bise,Vasiakiwiich is figbly sPegiic far the human

species, Ectromelia is highly specific for mice. Both Ectromelia and Variola employ a large panel of
immuneioppiessive strategies and, when compared to other pathogenic poxviruses e.g. "Vaccinia
virus Western Reserve", they are WO 2908/131927PCT/EP2008/003367

i053] Figure 9 a and b depict that MVA therapeutically protects TLRG-

deficient mice if applied after infection with a lethal dose of ECTV. TLRO-deficient
mice were i.n. infected with 1E+02 TCIDso ECTV. After the indicated times of 24 hrs (a)or
48 hrs or 72 hrs (b} the ECTV infected mice were i.n. inoculated with 1E+08 TCIDso of
MVA (black symbols) or without (grey square) and survival was monitored for 4 weeks.
The experiments were performed with the numbers of mice as indicated and data show the
cumutated results of 3 individual experiments (a) or one experiment {b). Note thatthe &

control mice of a) include the 3 control mice of b).

DETAILED DESCRIPTION OF THE INVENTION

i[054] Reference will now be made in detail to the present embodiments
(exemplary embodiments) of the invention, examples of which are illustrated in the
accompanying drawings and Exampies section.

[085] An animal model applying intranasaly the species specific and highily
pathogenic mousepoxvirus Ectromelia was used. Like Variola, which is highly specific
for the human species, Ectromelia is highly specific for mice. Both Ectromelia and
Variola empioy a large panel of immune-suppressive strategies and, when compared {o

cther pathogenic poxviruses e.g. "Vaccinia virus Western Reserve”, they are
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evolutionarily more distant to MVA. Furthermore, both viruses are highly pathogenic (low virus
numbers aw@gggs}?ﬁﬁ?blish infection and cause death in many of the infected_ individuals) in their
specific hosts. importantly, both Variola and Ectromelia, are able to infect theiF’EB&t8&/9438¢6 respiratory
route as a natural way of infection. For these reasons, Ectromelia infection in mice is a good model
system for infection of humans by Variola. [56] The experiments in animals demonstrate that the
co-administration of MVA together with a highly lethal dose of mousepoxvirus protects mice

mecBigiasar e ad e, |FPHIR ORPBH DS SN BlpEp o e

conditions when exposed to at least 47 fold In a%dﬁh%n, immune

COMPromiseBIiGR; We I | tromelia,i | el In.or I mice lack the
antivirgl recepgtjor TLRQE;E(\!'I?L%%-(%{%(%1 t?hgégaggyogﬁ%%@gﬁ %ﬁé%%gcé%%igﬁﬁe@% dm-ﬁ?ﬁ% usual

anti-virale@ydafNAuand PNArusss.iHtovassiound atdhgs e mice aa: ?aﬂa%?éi&éaﬁﬁsﬁ@?g%

susceptibility to Ectromelia infection (more than100-fold moré susceptible than immune competent

mice). able 5@} MbthHeserssh inyitFe Wilhisalaiodaalsait Wasdound that MyAdafiet ag dependent on

this specialized anti-viral pDC. The data described herein showed that MVA can employ additional

immunestietdataynatoweysilainesubintheinsducimotbaniveabnacharis Nse hys df was
analyzed whether that MVA would also be able to protect TLR9-KO mice via the alternative pathways

that werenfiamsdhip Vitriniindeed, application of MVA at the same time as a highly deadly dose of
Ectromelia protected TLR9-KO mice immediately against at least 500-fold the lethal dose of

Ectromelia. \WO@ 00814 31QRTREHE Yi2008/0083BmonsizRE Anathes rpradwne sempremised mouse
model was tested that lacks responsiveness to type | interferons (IFN-I). These cytokines are believed

to be d¥s€htiaiédhsumwilrahdfigingl iafeetidnse génerabdgoexpestetiyeepplitayomafddiétent the time of
infection with a deadly dose of Ectromelia showed some protection. Thus, this invention protects
normaP&diRitae deedizidrmaants comprontseuipdiddualagaindvethérwistedaadlyipaghogens.
these conditions when exposed to at least 47 fold the lethal dose of Ectromelia.
[057] In addition, immune compromised mice were empioyed in the Ectromelia
infection model. in one model, the mice lack the antiviral receptor TLRS (TLRS-KO).
The pDC of the TLR9-KO mice can not respond in the usual anti-virai way 10 DNA and
DNA viruses. It was found that these mice have a drastic increase in susceptibility to
Ectromelia infection (more than100-fold more suscepiibte than immune competent
mice).
[G58] With research in vitro with isclated cells, it was found that MVA is not as
dependent on this specialized anii-viral pDC. The data described herein showed that
MVA can employ additional immune stimufatory pathways that resuit in the induction of
antiviral mechanisms. Thus, it was analyzed whether that MVA would also be able to
protect TLR9Y-KO mice via the alternative pathways that were found in vitro. Indeed,

application of MVA at the same time as a highly deadly dose of Ectromeiia protected

TLRE-KO mice immediately against at ieast 500-fold the lethal dose of Ectromelia.
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[60] In contrast to prior studies, the data described herein with Ectromelia show that immediate
protection gﬁ@ %‘ﬁr@ i \éed (giving protecting MVA at the same time as, or after, the pathogenic
poxvirus). The Tevel of protection is not only reached much earlier (at the s&&'BREPa1#8339S. at the
latest 2 days before), but is also much more effective. In immune competent mice, the protection factor
exceeds 47 x LD50. Furthermore, it is demonstrated that the protection in immune compromised mice
exceeds the factor of 500 x LD50. Ectromelia infection in mice is the best infection model currently
available for casselatiaRa sV RHRIANBTESHONS IR BUTRRS, 118 phawn here that poxviruses are
recognized via TLR9 dependent and independegnt recogrﬁ%oﬂ%%%%h%%é%&éeé%ﬁ i%cgesmonstrated
that patbagenicpamedairesylike Fakamelia virss.pifectively SHRRISSS the [egpanitian yia the TLRO
independent pathway but are still recognize\ld to éﬂome extef%% via T%Ré.g E)eﬁ%ﬁ%:c’ﬁ%;{’r%acytoid DC

(pPDC) assthianiyrcplis which BrafivFelamas ATOYaLS) Pfdﬂé)%&%a%ﬁ?é%@g#g& regulating cytokines

Type I Interferons (IFN-I) via TLR9 (recognizing pathogenic DNA), w ther cells are able to

producthlovinieveisrabiidnlaia difiereny pathway s dndapeniat9bEL B Wiecion. Thus
2008/131927PCT/EP20118/003367 [063] Herein, it is described that some pathogenic poxviruses

like Ecttomielienitos pasepeselyanalish shel RS independent! Ebk%ﬁ&%%é@%%&i&(&ﬁ?“s and

conventional cDC, whereas the TLR9 driven IFN-I production of pDC is only reduced but not
preventggiihsiviibaniesti aie stirdiestidtietire mouse specific poxvirus Ectromelia revealed that mice
lacking TLR9 have a more than 100-fold increase in susceptibility. A similar susceptibility and death

kinetic in micd(0@fdble toorgspeirid toitF\Livias nbifeuns dabistbistknewmtoNe essentialifor fighting
viral infection. It is concluded that, under conditions where pathogenic viruses effectively inhibit the
TLR9 ifdlepyehatimreedigiaion;thwiimpentane e:of ELRY @épendentaite geoagmisotangd -1
production becomes essential. Thus, it is herein demonstrated that TLR9 is an important, and in vivo
highly Hen&/ant, P REefotireradiiogssiagainsirpoxvifiseive! ofQ64idion BNGD! ahighlsatiepuated
poxvirus that has lost the ability to replicate in mammals, is a potent inducer of robust adaptive
immun@YeERades (ahihoseenrtbuafaliedval ehteplaestedmysibstf spEciestipedifis poxviruses (e.g.
Mousepox, monkeypox, Vaccinia). However, effective induction of adaptive immune responses takes
severdPP55 SR IniERUBaVEENREIFALANE an e emte- tigaifetiox posern 4iest Pathogens
during that time. It is shown herein that MVA-BNO induces the production of innate immune-protecting

cytoki égf(gégﬁ@ﬁqg,rmw%dggm the protection in immune compromised mice

exceeds the factor of 500 x LD50. Ectromelia infection in mice is the best infection
model currently avaitable for correlations to Variola infections in humans.

[061] Itis shown here that poxviruses are recognized via TLR® dependent and
independent recognition pathways. Herein, it is demonstrated that pathogenic
poxviruses like Ectromelia virus effectively suppress the recognition via the TLR®
independent pathway but are still recognized to some extent via TLRY,

[062] Plasmacytoid DC (pDC) are the only cells which produce large amounts of
the antiviral and immune regulating cytokines Type | Interferons (IFN-I) via TLRS
(recognizing pathogenic DNA), whereas other cells are able to produce low levels of

IFN-i via different pathways, independent of TLRG.
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TLR9 dependent and independent pathways. This production of innate immune-protecting cytokines
by MVA is @ Ypspesific immune response, which can be employed in strategies to protect against a
multitude of pathogens. [065] Co-administration of MVA-BNO togethe?ﬁ?ﬁf?ﬁ?@gﬁ@fﬁiﬁﬁ)mhogenic
mousepoxvirus Ectromelia protected immune competent mice against doses of WO
2008/131927PCT/EP2008/003367 Ectromelia at least 47-fold the lethal dose. In the absence of TLRO.
MVA induced immediate protection to doses of Ectromelia at least 500-fold the lethal dose.

Experiments floster dereanstalethaterenimicsinat @Hé@éﬁ%‘ﬁ%{mﬁ&@le&#ﬁ%%&%féZ‘gﬁg

via MVA administration. Since MVA protects, if applied at tfie same time as, or a

poxvirugrubesaspiliseseiined hrramrboviapdAyBediaie. protsalichnw Bﬁcﬁbﬁﬁmgg%%%{ger but in

addition much more pronounced (>500 x LD50) than previous data showing that M as to be

appliectat theatest iaysthetore the expasUrR/Le trawethodenicyinsie gainspme sundyal benefit
(1 x LD50) (W02006/089690 and Staib etal. 2006, J. Gen. Viral. 87:2917-2921 (2006)). ~ [66]

Administiaionpoé Mvitedronethertisusiof lsthabE siemabadinfastioniadie sosolid inmediats;protection
against death in immune competent and TLR9 deficient mice. This immediate protection was only

partialliedepeerdiiat om e flavttional LlRIQ%hvaawmltﬁaﬂy‘idﬁpﬁﬂdQﬁé%@@%@%é@ﬁ?ﬂﬁ!ﬂﬁﬁewonses’
as shown with IFN-I-Receptor and Rag-1 deficient mice respectively. Importantly, MVA also rescued

TLR9 @éfitfsraunicetitidmanistereatvareficdaysiaaramrinenssedaths iFiectionvithEstamelia
virus. Thus, MVA induced a solid immediate and even post-exposure protection against lethal poxvirus
infectiofifinfiaeeadmpetensastiabibagigmimgnerabmferoimisedtanicaalsiuded 641 MyAspot only
protects immediately, but the induced protection is, in addition, long lasting, Mice lacking TLR9
(LD50£%0yHeatewiits baaceppivintisrobiidttivwwbrépibtetiediwRenotatiengedtafter 9 weeks with
high lethal doses of Ectromelia (>500 x LDS50).

recognition, the importance of TLRY dependent viral recognition and IFN-I preduction

becomes essential. Thus, it is herein demonstrated that TLRS is an important, and in

vivo highly relevant, PRR for the defense against poxviruses.

[064] MVA-BN®, a highly attenuated poxvirus that has lost the ability to replicate

in mammals, is a potent inducer of robust adaptive immune responses, and vaccinated

individuals are protected against species specific poxviruses (e.g. Mousepox,

monkeypox, Vaccinia). However, effective induction of adaptive immune responses

takes several days to weeks, which ieaves individuals unprotected against exposure to

these pathogens during that time. itis shown herein that MVA-BN® induces the

production of innate immune-protecting cytokines {e.g. IFN-I), importantly via both

TLRS dependent and independent pathways. This production of innate immune-

protecting cytokines by MVA is an unspecific immune response, which can be employed

in strategies to protect against a multitude of pathogens,

[065] Co-administration of MVA-BN® together with the highly pathogenic

mousepoxvirus Ectromelia protected immune competent mice against doses of
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[68] MVA-BN(r) not only induces strong adaptive immune responses (for example high titers of
neutralizinm&ggﬂﬁg%but in addition induces strong innate WO 2908/131927PCT/EP2008/003367
immune responses via cells including dendritic cells, that produce IFN-I whiéh &880t a3Bighly
effective and, importantly, immediate protection against challenge with lethal poxvirus. Thus,
MVA-BNO bridges innate and adaptive immune responses which results in immediate and long lasting
protection to lethal poxvirus challenge. This protection can be extended to other pathogens by using a

recomaRai-iyA SaiRssIng aRleRNERRI'ANES OlMMRPAI0NENS.: 11 ABOY ) iepe stidies, MVA

not only protected if given around the time of infection, but applicafion as Tate as é"fs? lly and 3

days paiiaku reterRELTIGa S BBLIES! EGTY0leclion-Brighagianfi sYdense for post exposure

vaccination in orthopoxvirus-nafve individuals is lacking (Mortime an postexposure

vaccinaliofagrinel sIRApOcEusesra Gl besly RIS (81622023 Js iamentz-gf pfiigal Health

. A ) . can
sites, e.g. WHO, of the potential success of post-infection vacci S most y were with regard to

indivicualipwhefashpravionshuherragenalst againah smallney, HSHRERNnG fo agast yagcination
er tnhe

which most likely quickly enhanced existing adaptive memory responses. However, a

successferaticationnitMagelsiapsxoatiy aliatbegrs i theid 980 s Midespiead vacsigtions were

halted and now the majority of the world population has never been vaccinated before. Moreover, the

prior spudiesticereqtedoimedion patirntswhe m&&a%lﬁ@ﬁ&%ﬂé%%%%ﬂ&@ﬂﬁlﬁb%m%ﬁm
poxvirus, not MVA. [070] Animal models using either VACV-WR in mice or MPXV in monkeys

have niftzshorenither dpéutio protection (Stetanr et Bb,abolisel o7 %6845 £85142R0B) Stail et a/., J.
Gen. Virol. 87:2917-2921 (2006)).
exposure to the pathogenic virus to gain some survival benefit (1 x LD50)
(WOZ006/089690 and Staib et al. 2008, J. Gen. Virol. 87:2917-2921 (2006)).
[066] Administration of MVA around the time of iethal Ectromelia infection led to a
solid immediate protection against death in immune competent and TLRO deficient mice.
This immediate protection was only partially dependent on a functional IFN-| pathway but
fully dependent on adaptive immune responses, as shown with IFN-I-Receptor and Rag-1
deficient mice respectively. Importantly, MVA also rescued TLRS deficient mice if
administered two full days after an otherwise lethal infection with Ectromelia virus. Thus,
MVA induced a solid immediate and even post-exposure protection against lethal poxvirus
infection in immune-competent as well as immune-compromised animals.
[067] MVA not only protects immediately, but the induced protection is, in
addition, long iasting. Mice lacking TLR9 (LD50=19) treated with only 1 application of
MVA were protected when challenged after 9 weeks with high lethal doses of
Eciromelia (>500 x LD50).

[068] MVA-BN® not only induces strong adaptive immune responses {for

example high fiters of neulralizing antibodies), but in addition induces strong innate
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WO 2008/131927PCT/EP21108/003367 [71] Several reasons could explain the differences
between t%&g&g&@%models and the present findings. Both VACV-WR in mice and MPXV in
monkeys are regarded as models reflecting only a late stage of smallpox iffebtidT 8L e non
physiologically high doses which need to be applied for a lethal infection of the respective model
animals. However, ECTYV lethal infections in mice can be induced with low virus doses via the
respiratory route, more resembling the beginning of a natural smallpox infection. Furthermore,

VACV- Wi iR easBathaleaies:Ils MieR aeh Ashigh-neyrovirulencs; &H@%&MV%Q{}%%N&W and

temperature, features not typical of ECTV in mice or VARV infections in humans. This and possibly

other reagapsfeadite avenrispitdesthefibeiiniepietaninalsAoainnalSeen dhpFETV model or

during natural smallpox infection. [72] In the case of the MPXV challengé in monkeys, therapeutic

vaccingtioniwas done Wittt VAR Blates; Ihas BiedouBaeYAG Y Flsies woulghg,nhibitory and

it was found that DC maturation and cytokine production in vitro was inhibited as seen with other

VACV steailts iGivendbiatshetdpestcaunteciendugsHmalhnaesds a-solidhinduciion ofjanate immune
mechanisms including antiviral cytokines to bridge the time for the adaptive immune responses to
developratesripeotio applicatioleofta ovrinkibiog: esthopmmisus lkaMYih JRightbe alsedlanedicial in
monkeys infected with MPXV. Indeed, Staib and colleagues (2006) have shown that mice were better
protectetigdthid/Bichan wfithe/dgNsEisteee if applied latest 2 days before challenge with VACV-WR
(Staib et al., J. Gen. Viral. 87:2917-2921 (2006)). Thus, MVA seems to display protective advantages
over VACV-Elgtige i fatisegenit arthdpéxuirus infentivacteadé|siwdesedhednedigction: effinnate immune
mechanisms plays an important role. WO 2008/131927PCT/EP2008/003367 [73] The invention
induce&fiesbisst dnd anpitaporantis mmdetizteipiytectthde\a venyi higtpdoseetiexpostirenwith a
species-specific poxvirus in normal as well as immune compromised individuals. Moreover, this
protectidfaséngvidriasgorniiansdiendificsyiseviedsapriieat prsatmentcaitdgiocanditions where quick
protection against deadly poxvirus infections is needed (e.g. terroristic or accidental exposure to
smallfI GPEHEUSAIRbER BavaiRisdarking (WarimeinfeRidPakCanorasssstie use of MVA
and recombinant MVA as emergency tools against a large panel of other pathogens. The invention
further 8RELIAPGR RIBHIREFRRIRGXEH GRS gﬁ&dﬁ&é?ia&&% Sh&geiRPlooldagirienzetaige panel

of path gfps@tln addition, the invention could be employed for therapeutic intervention, giving the
emerg%?n V062 RAGR, Sfie\Hipb Qb fonpienbimhseeress ¢ pasitipisction vaccinations

most likely were with regard to individuals who had previously been vaccinated against

smalipox, thus referring fo boost vaccination which most likely guickly enhanced
existing adaptive memory responses. However, after the successful eradication of
variola as a natural pathogen in the 1980's, widespread vaccinations were halted and now
the majority of the world population has never been vaccinated before. Moreover, the
prior studies were performed on patients who were vaccinated with a fully replication
competent poxvirus, not MVA.,

[070] Animal models using either VACV-WR in mice or MPXV in monkeys have
not shown therapeutic protection (Stittelaar et al., J. Virol. 79:7845-7851 (2005); Staib

et al., J. Gen. Virol 87:2917-2021 (20086)).
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[75] The invention encompasses the use of a poxvirus for the preparation of a vaccine for the rapid

induction lye immune response in an animal, including a human, wherein the poxvirus is
replicationqﬁl%o%ﬁf%%%%ﬁn the animal, including in the human. [76] Thé& SrivERHE 4ée
encompasses a vaccine comprising a poxvirus for the rapid induction of a protective immune response
in an animal, including a human, wherein the poxvirus is replication incompetent in the animal,
including in the human. [77] In one embodiment, the invention encompasses a method for the

rapid inductionoi s Relecdve SISPNSIRERIASR 8 URALaGpa.A BUMAT. GATIRTSing the step

of administering to the animal, including the human, a poxvirus that is réplication incompetent in the

animalioeld e e A WIAE00BRRERIVE R2OABI00R3 o Bl e o7 replcaion

incompetent” means that the virus shows an amplification ratio of less than 1 in ines, such

as the eglhiass 29 (EERGANNBRIANCIRIIAIBLECACHNG SLLIZROR). Heha (A C No, CCL2)

and HaCat (Boukamp etal., J. Cell Biol. 106(3): 761-71 (1988)), under t e con itions as ou_tlineq in
Example s of WA/ 42480 Joe sama-anesiic MYA shaing and-thakthe vitus slpes et replicate in

humans and in the mice model as described in the WQ 02/42480 publication, [79] In one _
embodigeatiine iveslionearn MResseR BEE Y ISHBE QLMRINOhasiREYS, MBIk thepistective

immune response is generated in less than 2 days.
low virus doses via the respiratory route, more resembling the beginning of a natural
smalipox infection. Furthermore, VACV-WR induces pathologies in mice such as high
neurovirulence, drastic drop of body weight and temperature, features not typical of ECTV
in mice or VARV infections in humans. This and possibly other reasons lead to a very rapid
death of the infecied animals, again not seen in the ECTV mode! or during natural
smallpox infection.

[072] In the case of the MPXV challenge in monkeys, therapeutic vaccination
was done with VACV-Elstree. It was tested whether VACV-Elstree would be inhibitory
and it was found that DC maturation and cylokine production in vitro was inhibited as
seen with other VACV strains. Given that therapeutic protection presumably needs a
solid induction of innate immune mechanisms including antiviral cytokines to bridge the
time for the adaptive immune responses to develop, therapeutic application of a non
inhibitory orthopoxvirus like MVA might be aiso beneficial in monkeys infected with MPXV.
Indeed, Staib and colleagues (2006) have shown that mice were better protected with MVA
than with VACV-Elstree if applied latest 2 days before challenge with VACV-WR (Staib
et al., J Gen. Virol. 87:2817-2921 (2006)). Thus, MVA seems fo display protective
advantages over VACV-Elstree in pathogenic orthopoxvirus infection models where

the induction of innate immune mechanisms plays an important role.
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[80] In one embodiment, the poxvirus is a Modified Vaccinia virus Ankara (MVA), particularly_ MVA 575,
MVA 572 f ly, MVA-BNO. [81] The invention also encompasses uses, vaccines or
methods as a gv(%,%\%%%?ein the virus is a cloned, purified virus. Partlcularly?ﬂféﬁiﬁiié}ﬂﬂlﬁﬁ%j
encompasses viruses obtained in a serum free cultivation process. _ [8_2] In one embodiment, the
poxvirus is administered in a dose of 105 to 5x108 TCID50. The poxvirus, in partlcula_r MVA can be
administered, for example by oral, nasal, intramuscular, intravenous, intraperitoneal, intradermal,

o SRR A e

preferably performed parenterally or nasally, whereas in large ,

ol covert Mo e e ore SRSy, T A S Ut er e AN Shctbrably &

"animal" covers also human beings. More gen animarl is a ver

! i ' g - man, Speeifi S, [ imals are pets,such.as W
POOB 13103 PO oUE 0D o s e TR A Sl LAV, catte
sheep, igoataidiopsesicRigsANSaInes AR aHaﬁraédP?&ﬁoﬁétéan%?e% gl)’nﬁ%%t@&}’o%'%o be, ysed for

economically important birds such as turkeys, ducks, goose and Itvirlses are us {_ atare
capabledadiyenhitiedsiidtscatadiat nok 6agqb! .0&@@&5}%ﬁ%&%@é&%‘?@%ﬂﬁ&ﬁ&éﬁé"%“"%%'ﬁgéx'” Sl‘f’"d
cells. The term "domestic animals" as used in the present description reters preferably to mammalian
domestic aihienalsa{imooes Py eteraplista dogs, cats, calves, cattle, sheep, goat, pigs, horses, deers.
[074] The invention also encompasses the use of MVA and recombinant MVA
as emergency tools against a large panel of other pathogens. The invention further
encompasses other attenuated viruses and bacteria as emergency tools against a large
panel of pathcgens. In addition, the invention could be employed for therapeutic
intervention, giving the emergency tools, e.g. MVA, after exposure to the pathogen, e.g.,
smallpox.
[075] The invention encompasses the use of a poxvirus for the preparation of a
vaccine for the rapid induction of a protective immune response in an animal, including
a human, wherein the poxvirus is repiication incompetent in the animal, including in the
human.
[076] The invention also encompasses a vaccine comprising a poxvirus for the
rapid induction of a protective immune response in an animal, including a human,
wherein the poxvirus is repiicétion incompetent in the animal, including in the human.
[077} in one embodiment, the invention encompasses a method for the rapid
induction of a protective immune response in an animal, including a human, comprising
the step of administering to the animal, including the human, a poxvirus that is

replication incompetent in the animal, inciuding in the human.
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[84] Preferably, the immune response is a protective immune response against a poxvirus infection,

I ' ive i ferably protect against a
preferably 3%1 X infection. The protective immune response can pre |
dose of 1?@%6 @}9% 100, 250, or 500 LD 50 of smallpox.  [85] In of& &fBa##MeAIsthe

poxvirus is a recombinant poxvirus, preferably a recombinant MVA-BN(r). [86] The poxvi_rus can
comprise at least one heterologous nucleic acid sequence. The term "heterol_ogous as used in the
present application refers to any combination of nucleic acid sequences that is not normally found

o : . e lv. the h | leic acid sequence is a
intimately 352%37’% dryithdhe anélb’%é%f?&’i%%o%%%fe téant%.ymtegnﬁ e ﬁ'%?ﬁ@%ﬁé%%%g%ﬁoun d. A

sequence coding for at least one ‘antigen, antigenic epitop€, and/or a

“herapauinamepathonsRdet oy e elmalosays UG aoid iy e degombinant i can be, e

g., a therapeutic nucleic acid such as an antisense nucleit acid of a peptide sired

biologieal aesvityeBbs, auisenic.oRiends asd/ebUieanliaens ean begntigenic sp %%@ﬁ%ﬁélor

antigens of an infectious agent. The infectious agents can be'viruses, fungi,”pathoge ellular

eukaryio.ne WOL2ANBIL ST 56THEREADT 03901 oBEGKAMANS RIOANRMIR.ARLRALEE rﬁ%@%virus,

organisms. The viruses can be selected from the family o_f niluenza virus, Flavivirus,
Hepatitisitigse Husnavdmmunedeficieaeyvruse i vrisemsausing bemerihagdic fever, The
infectious agent can be bacillus anthracis.
repiicate in humans and in the mice model as described in the WO 02/42480
publication.

[078] In one embodirment, the invention encompasses a use, vaccine or method
as above, wherein the profective immune response is generated in less than 2 days.

{080} In one embodiment, the poxvirus is a Modified Vaccinia virus Ankara
(MVA), particularly MVA 575, MVA 572 and, preferably, MVA-BN®.

[081] The invention aiso encompasses uses, vaccines or methods as above,
wherein the virus is a cloned, purified virus. ‘Particularly, the invention encompasses
viruses obtained in a serum free cultivation Drocess.

[082] in one embodiment, the poxvirus is administered in a dose of 10° to 5x108
TClIDsgp. The poxvirus, in particular MVA can be administered, for example 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.

[083] In the context of the present invention the term "animal® covers aiso

human beings. More generally, the animal is a vertebrate animat, preferably a

mammalian animal including 2 human. Specific examples for animals are pets such as
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[87] The insertion of heterologous nucleic acid sequences is preferably into_a non-essential region of
the virus g atively, the heterologous nucleic acid sequence is inserted at a naturally
occurring de egii)gr?j?n{es%?‘ the viral genorne (for MVA disclosed in PCT/EP98f02EB8§%iidf36ts how to

insert heterologous sequences into the viral genome such as a poxviral genome are known to a
person skilled in the art. [88] According to a further embodiment the invention concerns the
recombinant poxvirus according to the present invention for use as vaccine or medicament. [89]

In one eoyRodamenicimMLAITHiS A AIBIABA 2GS ZEthy Baviogal Ieaskoane. . prpieferably

three of the following advantageous properties: (i) capability of reproductive replication ‘in vitro'in

chickemigman diRstiasisa( SEE AuinocaRRbil O AIROH ks eRlGaloR iygdjuman cel line, as

in the human keratinocyte cell line HaCaT, the human embryo kidney cell line 293, the human bone

osteosateommizelhfine Jads: amche humangenis adapecaseinomarceh dne Fekasd failure to
replicate in a mouse model that is incapable of producing mature B and T cells and as such is severely
immuneseaipsomisec paid dightyfsusteptiig dearepliedneuHsI @Bfbeing replicated to

infectious progeny virus in said cells. The term "domestic animals” as used in the

present description refers preferably to mammalian domestic animals, more preferably

to dogs, cats, calves, catlle, sheep, goat, pigs, horses, deers.

[084] Preferably, the immune response is a protective immune response against
a poxvirus infection, preferably, a smalipox infection. The protective immune response
can preferably protect against a dose of 1, 5, 10, 25, 50, 100, 250, or 500 LD 50 of
smalipox.

[085] in one embodiment, the poxvirus is a recombinant poxvirus, preferably a
recombinant MVA-BN®,

[086] The poxvirus can comprise at least one heterologous nucleic acid
sequence. The term "heterologous” as used in the present appiication refers to any
combination of nucieic acid sequences that is not normaily found intimately associated
with the virus in nature, Preferably, the heterologous nucleic acid seguence is a
sequence coding for at least one antigen, antigenic epitope, and/or a therapeutic
compound. A "therapeutic compound” encoded by the heterologous nucleic acid in the
recombinant virus can be, e. g. , a therapeutic nucleic acid such as an antisense nucleic
acid or a peptide or protein with desired biological activity. The antigenic epitopes
and/or the antigens can be antigenic epitopes and/or antigens of an infectious agent.

The infectious agents can be viruses, fungi, pathogenic uniceliular eukaryotic or
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WO 200S/131927PCT/EP2008/003367 (Di)induction of at least the same level of specific immune
response @&\5%@,@%)@;}15 prime/vaccin a virus boost regimes when compared to DNA-pdme/vaccinia
virus boost regimes. [90] For the preparation of immunogenic composﬁﬁﬂ@?ﬁ?@%ﬂ’ﬁ&‘ﬁaminia
viruses according to the invention are converted into a physiologically acceptable form. This can be
done based on the experience in the preparation of MVA vaccines used for vaccination against
smallpox (as described by Stick!, H. et al., Dtsch. med. Wschr. 99:2386-2392 (1974)). Typically, about

L0615t e dheiieromblaasi M- R dRerRsiipi 0 phosphaterused saling,(RES) in the

presence of 2% peptone and 1% human albumin in an ampoule, preferably a glass ampoule. The

lyophilisaigycanirantaipLHiendens (sirkar Barniel AEXIAR, Sligar, glcing, Jagiose or polyv

nylpyrrolidone) or other aids (such as antioxidants, stabilizers, etc.) suitable for parenteral

adminimmﬂm@d@h@;@l@m%ﬂerwﬂ@@%@g@aﬂgca@%@%%@ BRIerably atdempgatures below

-20C, for several months. [91] For administration or therapy the lyophilisate can be dissolved in
0.1 to 8denil efrabcagaents saltignispreferably physiological saline, and administered either
parenterally, for example by intramuscular inoculation. Immunogenic compositions, vaccines or

therapeutics gdrdirtgetinthetioventinatareipgeiasablyinicetad kurmnseylayly-dviavnidlak, Zbl.
Bald. Hyg., I. Abt, Orig. B 167:375-390 (1978)). The mode of administration, the dose and the number

of administeation§aardieropfithizedrby thoserskilddim ot iha keaypimamresukisexeadient,

where appropriate, to administer the immunogenic compositions, vaccines or therapeutics one
sequence is inserted at a naturaily ocourring deletion site of the viral genome (for MVA
disclosed in PCT/EPS6/02926). Methods how to insert heterologous sequences into the
viral genome such as a poxviral genome are known to a person skilled in the art.

[088] According to a further embodiment the invention concerns the
recombinant poxvirus according to the present invention for use as vaccine or
medicament.

[089] In one embodiment, the MVA virus is a strain characterized by having at
ieast one, two, or preferably three of the following advantageous properties:

(i) capability of reproductive repiication in vitro in chicken embryo fibroblasts (CEF),
but no capability of reproductive repiication in a human cell iine, as in the human
keratinocyte cell line HaCaT, the human embryo kidney cell line 293, the human
bone osteosarcoma cell line 1438, and the human c;“ervix adenocarcinoma cell
line Hel.a;

(it) failure to replicate in a mouse model that is incapable of producing mature B

and T cells and as such is severely immune compromised and highly

susceptible to a replicating virus; and
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WO 2008/131927PCT/EP2008/003367 time, or several times over a variable period in order to obtain
appropriatg;#ping kesponses against the foreign antigen. [92] In one embodiment, the poxvirus
is an inactivated orthopoxvirus, Preferably, the orthopoxvirus is inactivated with U RAHIEHSN. In
preferred embodiments, the orthopoxvirus is CVA, ECTV, or CPXV. [93] It is an object of the
present invention to provide a method for vaccinating an individual against a pathogen so as to provide
immediate protection. In one embodiment, the individual is vaccinated with MVA, preferably

MVA BN@ineairbadite s aatisenicemonier BeiRahlinif RCHapipals Pobiesn:2 days prior
a

to exposure and 3 days post-exposure. More preferably, the vaccination is between 2 lys prior to the
exposure and 1 ¢aMPES-eXRasHffa Fyes Faeks ﬁ!@i&%@@lfyhg?ﬁd@ﬁgg}%% i@f‘%ﬁt‘ﬁﬁﬁﬁ{éﬂvgéé'nﬂéior to
the exposure and 1 day post-exposure. The vaccination can be at 2 days prior, 36 hours prior, 1 day
prior, 12-24 hourgrpEaroostQekinhesirs prior to the exposure. The vaccination can also be at the time of
the exposure or 0-12 hours post-exposure, 12-24 hours post-exposure, 1 day post-exposure, 2 days
post-exposurijdBB36-hoting post-expasies,ithdt hOYES ROSHPXRRFER: 0180 NRULSRRSiRxPOSsUre, 0-72
hours post-exposure, 3 days post-exposure, 4 days post-exposure, or even 10 days post-exposure.
[94] Thigirsesrinromighgdest aeniethod dor dns coingeat b Wb & TEBPSRSSREAINT R ifRntoysagent in
an animal comprising administering to the animal an immunogenic composition comprising an MVA,
preferdibip MerrbBN@edtStai®ddfs, expdettedatairs flor pryrethalceosihinationetiheshosss egmprised
by these days (e.g., 48- 36, 48-24, 36-24, 24-12, 12-0, etc.) prior to infection with an infectious agent.
In onevaNCY 2Y08/2920BT PO ER2(68/00338Fed by Stickl, H. et al., Dtsch. med. Wschr.

@

99:2386-2392 (1974)). Typically, about 10°-10° particles of the recombinant MVA are
freeze-dried in phosphate-buffered saline (PBS) in the presence of 2% peptone and 1%
human albumin in an ampoule, preferably a glass ampoule. The lyophilisate can
contain extenders (such as mannitol, dextran, sugar, glycine, lactose or
polyvinylpyrrolidone) or other aids (such as antioxidants, stabiiizers, etc.) suitable for
parenteral administration. The glass ampoule is then sealed and can be stored,
preferably at temperatures below -20°C, for several months.

[091] For administration or therapy the lyophilisate can be dissolved in 0.1 to 0.5
mi of an aqueous solution, preferably physiological saline, and administered either
parenterally, for example by intramuscular inoculation. Immunogenic compositions,
vaccines or therapeutics according to the invention are preferably injected
intramuscularly (Mayr, A. et al., Zbl. Bakt. Hyg., |. Abt. Orig. B 167:375-380 (1978)).
The mode of adminisiration, the dose and the number of administrations can be
optimized by those skilled in the art in a known manner. 1t is expedient, where

appropriate, to administer the immunogenic compositions, vaccines or therapeutics one
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embodiment, the infectious agent is a replication competent poxvirus. In a preferred embodiment, the
animal is W%Qﬂsmz'?[%] The invention includes a method for inducing a immune response against
an infectious agent in an animal comprising administering to the animal an?ﬁWﬁ%’H‘i@é&mposition
comprising an MVA, preferably MVA-BN@, at O to 3 days, 0 to 2 days, 0 to 1 days, or 1 to 2 days, or
any other combination of the hours comprised by these days (e.g., 0-12, 12-24, 24-36, 24-48, 24-72,
36-48, 48-60, 48-72, etc.) after infection with an infectious agent. In one embodiment, the infectious

agent igrAd eplisaliersramBsient PRXL HEbINARERIH SAeMROdINERL s ARl is g luman.  [96]

The invention further encompasses uses of the above methods and kits’comprising an immunogenic
COMPORIHPBPEMRNsNG: amMsipreiaraby MVA-BN@, and instructions to deliver the immunogenic
composition at a time point between 2 and 0 days prior to exposure to an infectious agent, including 2,
1, or 0 days piorto axpasuseasiMedrastBe. daabs R @l sk heuERFaEE Ui, 0e time point can
be within any combination of the hours comprised by these days (e.g., 48-36, 48-24, 36-24, 24-12,
12-0, eteefpriani o infestinopuithiarninfestiets-a0eWith UvISdiTheinventiaralse encompasses uses of
the above methods and kits comprising an immunogenic composition comprising an MVA, preferably
MVA-BiNG ot énstrubomsitopdelivarthe @umuBqueniGe@Pposition at a time point between 0 and 3
days after exposure to an infectious agent, including 0,.1, 2, or 3 days after exposure, as well as 1, 3,
6, 12, 36, or 609#urs iafter ekjzusurietEhertisem bioink cannbe withindeny eembinatienafdheiiqurs
comprised by these days (e.g., 0-12, 12-24, 24-36, 24-48, 24- 72, 36-48, 48-60, 48-72, etc.) after
infectiem Withvaihliafeghons: agemihoaDd 2008/ 18 1927RIE THER20B8400386Fion. [928The invention
also encompasses kits for the induction of a protective immune response in an animal. Preferably, said
immuridresgnsalistigiréveddagiiissy ascintdetouiiaddnt apraédiraidhiebéin Bh@neembioditnest, the kit
comprises an immunogenic composition comprising a poxvirus, wherein said poxvirus is replication
incompERHNPESEIE SPRsLR FpasRIABl divdodinsimalisaits petvinesnig aldedified Maccinia Virus
Ankara (MVA). The kit may also comprise instructions for the delivery of the immunogenic
compSEHEHUTHaM\AACRYSrerThBKPRRMEEB Y P refsr{Brz bitie tirevanoigeriio reoniposition Bontains 105
to 5x108 TCID50/m1 of MVA. In a preferred embodiment, the animal is a human. The instructions for
deliveRPYF REGHM IR GERRSEEMPRRIf Ry PairePPRyER iRy g afRaRoDEsfianaltvitite prior to
exposure or after exposure to an infectious agent. These time points can include time points between
2 day¥ PrioP R B D AFRVER AN iARCREGE i arRoEUS anthdrdapaaseeiPariitedtivus agent. In
one er\pabé)dimgnt, the i strz?i ns direct that the MVA is delivered after exposure to the infectious
agent, prefomably £88561° SRELrECHPISUREIES thé firtetiRiud AyehhrcRTIS It érdsly
smallpox. The. kit further comprise an infectious agent as defined herein in a separate vial and
Hans Bne fin

instruc fVer ot the infggt?ﬁ%%cgbaéﬁqc?ﬁ aRRE, ARG 8 Al PREYM&Tious
agentds pyefsrably selected from Pﬁ?z'ﬂ%%?éhé%%%!p%@&“&o%‘ day post-exposure, 2 days

post-exposire, 0-36 hours post-exposure, 0-48 hours post-exposure, 0-60 hours post-
exposure, 0-72 hours post-exposure, 3 days post-exposure, 4 days post-exposure, or
even 10 days post-exposure.

[094] The invention includes a method for inducing a immune response against
an infectious agent in an animal comprising administering to the animal an
immunogenic composition comprising an MVA, preferably MVA-BN®, at 2 to 0 days, or
110 0 days, or any other combination of the hours comprised by these days (e.g., 48-

36, 48-24, 36-24, 24-12, 12-0, efc.) prior o infection with an infectious ageni. In one
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[099] In this context, an "exposure” means contact with the infectious agent itself, or with an animal
(human) hgrgoipgtheihfectious agent. For example, the instructions can direct that the immunogenic
composition can be delivered at 36, 24, 12, 6, 3, or 1 to 0 hours prior to exggérﬁl@gzt{gﬂgﬁ“mctious
agentoratOtol, 3,6, 12, 24, 36, 48. 60, or 72 hours after exposure to an infectious agent. For
example, the instructions WO 2008/131927PCT/EP2008/003367 can direct delivery at 48-36, 48-24,
36-24, 24-12, 12-0, etc., prior to infection with an infectious agent or 0-12, 12-24, 24-36, 24-48, 24-72,

36-48, AQHHIIARAR teiCinafieidnietienwih aanfesliovsRassleRreisaRl. the E‘Eﬁ‘é‘%@(ﬁ-_’é?gem is |
Intravenously,

smallpox or bacillus anthracis. The instructions can direct that the MVA be administere

intramescotatiyyandine siibeutpirepusiy: ghe instructions can direct that the MVA be administered
intranasally. [0100] The pathogen is preferably a virus or a bacterium. In a preferred embodiment,

the pathogen|ES&]poxtvir sy @rdterabyaivarolaatiys for inlQEM4 10 pRe emRbedinenls theindividual is
a healthy human. In another embodiment, the individual is an immunocompromised human, for

examphe, iafeklivys infecteth indivicinak: aningidtnhwithaiepissesmatits:iapatignt taking
immunosuppressiye drugs, or an individual with allergies. [0102] Modified vaccinia virus Ankara
(MVA)anhigse genie restrictstibanchiighlyiafenuated vaediaianlirig \staineg, unable todgaylinly in
human and other mammals tested. But, since viral gene expression is unimpaired in non-permissive
cells, fitedré€ombinant NAya vivusds dotayding tarthetinventionmaydreaised asexceptionalbysafe and
efficient expression vectors.

by these days (e.g., 0-12, 12-24, 24-36, 24-48, 24-72, 36-48, 48-60, 48.-72, etc.) after

infection with an infectious agent. In one embodiment, the infectious agentis a

replication competent poxvirus. In a preferred embodiment, the anima!l is a human.

[096] The invention further encompasses uses of the above methods and kits

comprising an immunogenic composition comprising an MVA, preferably MVA-BN®,

and instructions to deliver the immunogenic composition at a time point between 2 and

0 days prior to exposure to an infectious agent, including 2, 1, or 0 days prior to

exposure, as well as 36, 12, 6, 3, or 1 hour prior to exposure. The time point can be

within any combination of the hours comprised by these days (e.g., 48-36, 48-24, 36-24,

24-12, 12-0, etc.) prior to infection with an infectious agent.

[087] The invention also encompasses uses of the above methods and kits

cemprising an immunogenic composition comprising an MVA, preferably MVA-BN®,

and instructions to deliver the immunogenic composition at a time point between 0 and

3 days after exposure to an infectious agent, including O, 1, 2, or 3 days after exposure,

as wellas 1, 3, 6, 12, 36, or 60 hours after exposure. The time point can be within any

combination of the hours comprised by these days (e.g., 0-12, 12-24, 24-36, 24-48, 24-

72, 36-48, 48-60, 48-72, etc.) after infection with an infectious agent.
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[0103] Poxviruses including the causative agent of smallpox, variola virus, have developed multiple
strategies immune responses. The invention provides evidence that poxviruses are
recognizeég V%E%%ri%%izceptor (TLR)9-dependent as well as TLR9-indepe%IE@t‘%%‘fﬁW5’9§7
Pathogenic poxviruses effectively suppressed their recognition via the TLR9-independent pathway
employed by conventional dendritic cells (DC), but were detected by plasmacytoid DC (pDC) via
TLR9. The lack of TLR9 WO 20118/131927PCT/EP2008/003367 abrogated the DC response in vitro
and drasticallyGosjedyesiihveisaensbibicehpss-euiRcianmdInIIEMITBeBxaLs fetromelia

virus (ECTV). Simultaneous administration of modified vaccinia virus Ankara (MVA)-BNO at the time of

infectiofried e assglishismediatmprelertien-Against FETNmRYR I e absenee ol RSLapterferon
type | receptor (IFN-I-R). MVA-BNO also rescued mice if administered after infection with ECTV. Thus,

MVA-BiNGhieduced agelidtnmedisieans even Resterposkramolesianagainsidethal ECTV

infection in immune-competent as well as immune-compromised mice. [01041The data presented

below imExamplesd chropghikh demprainiethakprrrusescas shawsRIgvioushefar.osr families of
dsDNA viruses, are detected via TLR9-dependent as well as TLR9-independent recognition pathways.

MVA, artuigiipestetahinaseit\ahEivathat hasdbetritsl eanbeiinte seplisate drhHmas selimanasifound to be
recognized by pDC via both TLR9-dependent and TLR9-independent pathways, whereas in cDC it
was orfgeeivgrivies viaithea TMRGAhdereekid ent patbwaynipis éindingisicansistent Wit regyigus
findings with HSV-1 (Hochrein,H. et al., Proc. Natl. Acad. Sci. U. S.A 101, 11416-11421 (2004)).
HoweVéE ifshianpg @it astyihesiBeogritionid¥ thes pathieganic lpsaitises? iathudislg, several strains of
VACV, ECTV or CPXV critically relied on TLR9 and pDC, likely due to the potent ability of these
virused T THRMSIEHBIEPERRIlioN SIATRIIROL G de SeridEMpibwimysf I the, dbsepcefafpBC or TLRY,
this inhibitory potential nearly completely abrogated immune recognition and thus response by DC in
vitro. THIROPEHSRE e fHa M Fivofeaton mrodstwihoRs Tov, defivssyToiRB el eficiemogiosavere more

than 100-fold more susceptible than wild type mice. WO 2008/131927PCT/EP2008/003367
composition can direct the delivery at various time points prior to exposure or after

exposure to an infectious agent. These time points can include time points between 2
days prior to exposure to an infectious agent and 3 days after exposure to the infectious
agent. In one embodiment, the instructions direct that the MVA is delivered after
exposure to the infectious agent, preferably as soon as possible after exposure to the
infectious agent, which is preferably smallpox. The kit may further comprise an
infectious agent as defined herein in a separate vial and instructions for the delivery of
the infectious agent to an animal, including & human. The infectious agent is preferably
selected from bacilius anthracis or smallpox.

[099] in this context, an “exposure” means contact with the infectious agent
itself, or with an animal (human) harboring the infectious agent. For example, the
instructions can direct that the immunogenic composition can be delivered at 38, 24, 12,

8. 3, or 1 to { hours prior to exposure to an infectious agent orat 0 to 1, 3, 6, 12, 24, 36,

48. 60, or 72 hours after exposure o an infectious agent. For example, the instructions
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[0105] Since the response to the inactivated VACV. CPXV and ECTV viruses depended on the
presence %ﬂ:lz@%ntﬁ@?? viruses most likely inhibit both the TLR9- dependent and the
ILR9-independent activation pathways. Strikingly, in the absence of TLR9,Btﬁ%/%?ﬁ%)ﬁf%3%55 virtually
absolute as even the most sensitive readout of DC maturation (CD69 expression) was abolished.
Several poxvirus encoded inhibitory genes including the VACV product of A46R and A52R (Bowie et
al., Proc. Natl. Acad. Sc!. U. S. A. 97:10162-10167 (2000); Harte eta!,, J. Exp. Med. 197:343-351

(2003): Statikeet dlolidebXpt Meds208:2A0%6104842005)) hayedreepmplisataskining iphipition of TLR
signaling molecules. Genetic comparisons of ECTV, OVA, CPXV and MVA show that all 4 viruses

have hofeetagueaqirA46B-(Meisinger-Hepschel e apq Jr Sem- Yirod 888:3240-8259(2984)). CVA and

CPXYV also express homologues of A52R whereas MVA lacks this component. ECTV strain Moscow
which inéshtive ubeddoirfistiiudyahasia Pagimenisd ABIRreenaWaighrmestikalyds ret functional
(Chen et al., Virology 317:165- 186 (2003)). To elucidate the potential role of A46R and A52R in the
inhibitibacef B atitieation Mia thefidRerdepandinrt-andintepRnoe i eepgritioarpathways,
recombinant VACVs lacking or expressing A46R and A52R have been constructed. A recombinant
MVA erpregsing ABIRtasrwell dsibndogénoas AAbR, ¢hus ke sembling ireimhioitonydD¥ that
(endogenously expressing A46R and A52R), did not demonstrate any significant increased inhibition
compdfedifd/hileetgstrimisessd iolyadasyiinalyses of DC maturation and cytokine induction. In
contrast, a deletion mutant of OVA expressing neither A46R nor A52R did not lose its inhibitory
potential. Thigisldl dévorddheasnits prefesably pubtished datacsmowng lihat mreb2R defective VACV
still retained inhibitory activity against DC maturation (Drillien et al, J. Gen. Virol. 85:2167-2175
(2004 MEsKER VO 20 08B TSYT7P @ ERIDES 06386 g dthen thesesdata suggest that neither
A46R (endogenously expressed by the non inhibitory MVA) nor A52R are the major inhibitory
component gp{ﬁ%ﬂ' RONGHERGSHN 6P Lol pend éne reealiitibnraafinde withihehis study.

embodiment, the individual is an immunocompromised human, for example, an HIV-1

(@]

infected individual, an individual with atopic dermatitis, a patient taking
immunosuppressive drugs, or an individual with allergies.

[0102] Modified vaccinia virus Ankara (MVA), a host range restricted and highty
atienuated vaccinia virus strain, is unable to multiply in human and other mammals
tested. But, since viral gene expression is unimpaired in non-permissive cells, the
recombinant MVA viruses according to the invention may be used as exceptionally safe
and efficient expression vectors.

[0103] Poxviruses including the causative agent of smalipox, variola virus, have
developed multiple strategies to suppress immune responses. The invention provides
evidence that poxviruses are recognized via toll-like receptor (TLR)S-dependent as well
as TLRO-independent pathways. Pathogenic poxviruses effectively suppressed their
recognition via the Tl RS-independent pathway employed by conventional dendritic cells

(DC), but were detected by plasmacytoid DC (pDC) via TLR9. The lack of TLRS
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[0106] The nature of TLR9-independent recognition in response to MVA is still elusive as are the
recognitiow%wﬁj}%response to other DNA viruses (Ishii et al., Trends Immunol 27:525-532
(2006)). However, recent reports rule out the absolute dependence on the BréSERREHPIRETLR
associated adaptor molecules MyD88 and TRIF as well as PKR (Zhu et al., Blood 109:619-625 (2007);
Waible et al., J. Virol. 81:12102-12110 (2007),). Recently a new intracellular sensor for DNA (DAI) was
identified (Takaoka at al., Nature 448:501-505 (2007)). Infecting cells in the presence or absence of a
SiRNA gj ' It . f r HSV1 but nat to RNA was to
o o seen o A D e R B SR IR e

(responsestepovinueesavalpine sslad suagssiig D Rxeiench otaddlignal DA virus
cTl as

recognition pathways. Others have shown that mouse embryoni ro s responded to MVA

(lacking thegenstealdindepaadenthphiihg ( ical JKB. Kinase family members
TBK1 and IKKi (Ishii et al., Nat. Immuntljl. 7T?f%?‘%g@(%%agé%ﬁ%?d%ﬁgt%{;{}ﬁr%dé%tﬁ%%i%?%lﬂ%fg?ger%sponse

to MVAsvasdtidependertohvisusnippagaiion and-DNAspnlicaion Waible etl. 3 Viral.
81:12102-12110 (2007)). [0107] In the case of TLR9-independent recognition of HSV, recent

publicatienéesugagst thasaliffeseriFoel-pemmigava siffernideasicemeninih RS e e AEN
response was independent of viral replication but dependent on viral entry. In contrast, in
macrojpfagesrandiliroblastI HEN WA adesidmwasdrpeientantetiey Ealealnnand WO
2008/131927PCT/EP2008/003367 replication and in addition on a functional mitochondrial signaling
proteinepativey prbtietiisugeest atdedsi E 0 WelirdmenirohRNAcempenresRasmussen et al., J.
Virol. 81:13315-13324 (2007); Weber et at., J. Virol. 80:5059-5064 (2006)). Thus, the immunological
recogritionoEBXMNIUBESSesns at least as redundant as the recognition of RNA viruses.
Suppressive mechanisms developed by different viruses, some of those employed by poxviruses,
most likely puPaR4eridrendats evelstinital ppiassore ampiedaveiopment didesondani©Navirus

recognition pathways.
poxviruses, as shown previously for other families of dsDNA viruses, are detected via

TLR9-dependent as well as TL.LRS-independent recognition pathways. MVA, a highly
attenuated VACYV that has lost its capacity to replicate in human celis, was found to be
recognized by pDC via both TLRS-dependent and TLRS-independent pathways,
whereas in ¢cDC it was only recognized via the TLRS-independent pathway. This finding
is consistent with previous findings with H8V-1 (Hochrein,H. et al., Proc. Natl. Acad. Sci.
U S.A 101, 11416-11421 {2004)). However, in sharp contrast, the recognition of the
pathogenic poxviruses, including several strains of VACY, ECTV or CPXV crifically
relied on TLRY and pDC, likely due to the potent ability of these viruses to inhibit their
recognition via TLR9- independent pathways. In the absence of pDC or TLRE, this
inhibitory potential nearly cornpletely abrogated immune recognition and thus response
by DC in vitro. This translated into the in vivo infection mode! with ECTV, where TLRS

deficient mice were more than 100-fold more susceptible than wild type mice.
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[0108] Poxviruses are divided into two subfamilies, the poxviruses infecting invertebrates e.g. insects
(entomopo&@rmg)jﬁg%poxviruses infecting vertebrates (chordopoxvirinae). Many, if not all species of
vertebrates, have E)attled throughout evolution for their survival against higBly/TFEXRBEEHIE poxviruses.
Today, poxviruses infecting reptiles, birds and many different species of mammals are known.
Vertebrates as early as fishes are known to respond to CpG-DNA stimulation suggesting the
expression of TLR9. One could speculate that the TLR9 system, as well as the specialized DC subset

employing TLR () Ehcundvetnn e s apiiesd ey stiong euglvianaty pressre for e

detection of and the defense against poxviral infections. e@(pressmn‘fﬁ?ﬁﬁﬁne and

humangsjsibers ateathotne s ) Rospseies BRGAN o5 i Replye for THR9 and

respond to TLR9 stimulation, murine cDC subsets and macrop also express . Moreover,

differentegaihtypesavanavithitoans, respend iffsrqatally Eé‘%ﬁ% clively t?oDTLRg ligands. This
IS als

includes not only the unique IFN-a prdcing capacity of pDC bu demorns ra%ggqg elective

responsesef BisallsisticifferantifLRE, ageBIsE. Rravieusly. fwps desaribed that mysire B-cells are
activated and proliferate to a B-type CpG-ODN but not to an A-Type CpG-ODN or to- WO

2008/ 3B AARCTIEDEDGRD6AI01) paefias A EONALSRIS Pl elork AT SA0R:0912
(2003)). One possible explanation could be cell type specific uptake and endosomal processing of
differerncrudiodigzmds: TYisratudials o\passiahy expiain whytaesRE employeskindhis.study pnly
displayed the TLR9-independent, but not any TLR9-dependent stimulation in response to MVA, even
thoughth@y X821 RBEr@eespphihteethe artificiahkpl RRagoDEEIRGORN03). 4042p]Fhe
immune protection induced by MVA was dearly relevant in a setting lacking TLR9 responses and thus
immun#-activation'ie feSpdnsetrd- MMA (A6t solelpatepandrnitepon theRShanaRGr This feature of
MVA to induce pDC and IFN-I independent immune activation could be important under conditions
descriBEHHPMaRS Werrd3sD efinnatgrarmomofidiand, s T IRXdepen deil ENdwpreduction are
impaired. Among these are cancer and transplantation patients, people taking immune suppressive
drugs 3hd pESSRSNAY IV Bl oURSeY MiSRAMEs atngert k{Blasbimiree att,a)., Gdmrovanl. 174,
2396-%@3 (20%%)' Donagglgl, H. of al., Blood 98, 2574-2576 (2001); Chehimi, J. of al., J. Immunol. 168,
4796-85012(PUFFPBHHY B)p CHALNGPXV AlsmpHTESS, 233284 (FOUBIRSiteabds Avetal., J.
Clin. Inv sté& 115-123 (1986)). Furthermore, some immune conditions like allergies are associated
with rg GIRTRAUESY il MpRdiR dopsEuevhich . WathAYer seitbfgy thisnstundy. 127 82-88 (2002)).

Of note, most Pf dﬂlxessﬁ%conditions have been defined as contraindicated for the application of
replica%oqfwen e gene which most likely is not functional (Chen ef af, Virology 317:165-

186 (2003)). To elucidate the potential role of A46R and AS2R in the inhibition of DC

YRR,

activation via the TLR9 dependent and independent recognition pathways, recombinant
VACVs lacking or expressing A46R and A52R have been constructed. A recombinant
MVA expressing A52R as well as endogenous A46R, thus resembling the inhibitory
CVA (endogenously expressing A46R and ASZR), did not demonstrate any significant
increased inhibition compared to wild type MVA as judged by analyses of DC maturation
and cytokine induction. In contrast, a deletion mutant of CVA expressing neither A46R
nor ASZR did not lose its inhibitory potential. This is in accordance with previously
published data showing that an A52R defective VACV still retained inhibitory activity

against DC maturation (Drillien ef al, J. Gen. Virol. 85:2167-2175 (2004)). Taken
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competent smallpox vaccines. [0111] Although we found that MVA was able to protect to some
extent IFN-1- icl ice against ECTV infection (Fig. 7), application.of the traditional smallpox
vaccine viri%gyﬁg%?% ed these mice even without ECTV challenge. Thls?ﬁ'ﬂﬁﬁmﬁmﬁ _
2008/131927PCT/EP2008/003367 consistent with previous reports on lethality to VACV Wyeth in
other immune compromised mice (Wyatt etal., Proc. Natl. Acad. Sci. U. S. A. 101:4590-4595 (_2004);
Perera etal., J. Virol. 81:8774- 8783 (2007)). [0112] This study demonstrates that MVA. given at

e cameguTe At it o0, QS EETM BRIBERA MR AL TLRS et og agaistceat

. . . e Dn . n
(Fig. 4, Fig. 5) irrespective of the site of application, (Fig. 6 protoc immediate protection.

These finkingsr obvlpbARNOE dnguaes gl ARSI IUA LERRRITARETY thys ijdaes dhe time

adaptive immune responses need to develop. [0113] To define the mechanisms of the innate

protection phasethe pemediate HreigationPrias wvasaRRligdLa mige which lack responsiveness to
IFN-I. Upon high dose exposure, these mice were not protected to the Same extent as wild type mice,

suggesting tha® 1BI} Tisepastofdhs Protecliongdawenerelt hﬂ?ﬁ)ﬂ‘iﬁ%‘é‘%@’%@@w&qggﬁﬁr’ but

nevertheless lethal, doses of ECTV, clearly demonstrating that other mechanisms are able to

substitistie $orel BN drautiteg shednitate pheseaob tha-d¥paadiale BIRIRGHQR RIRICESushii of al.,
Trends Immunol 27:525-532 (2006)). However, recent reporis rule out the absolute
dependence on the presence of the TLR associated adaptor molecules MyD88 and TRIF
as well as PKR (Zhu et al., Blood 109:619-625 (2007); Waibie ef af., J. Virol.
81:12102-12110 (2007),). Recently a new intracellular sensor for DNA {(DAD was
identified (Takaoka et al., Nature 448:501-505 {(2007)). Infecting cells in the presence or
absence of a siRNA silencing DA indicated that the response to transfected DNA or HSV-
1 but not to RNA was fo some extent dependent on DAL However, the response to HSV-4
was reduced but not abrogated (responses to poxviruses were not tested) suggesting the
existence of additional DNA virus recognition pathways. Others have shown that mouse
embryonic fibroblasts responded to MVA (lacking the gene £3L) independently of the

presence of the noncanonical IKB kinase family members TBK1 and IKKi {Ishii ef al.,

Nat. Immunol. 7:40-48 (2006)) and that the induction of IFN-g in response to MVA
was independent of virus propagation and DNA replication (Waible ef al., J. Virol,

81:12102-12110 (2007)).

[0107] In the case of TLRS-independent recognifion of HSV, recent publications
suggest that different cell types might have different requirerment, In ¢DC, the IFN
response was independent of viral replication but dependent on viral entry. In contrast, in

macrophages and fibroblasts, IFN-I production was dependent on both viral eniry and
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[0114] A role for TNF-a in protection against ECTV was previously shown by the increased
susceptibil{;yao{{;@lﬁﬁgpeptor deficient mice to ECTV infection as well as by the attenuation of TNF-a
encoding VACV (Ruby etal., J. Exp. Med. 186:1591-1596 (1997)). Using siftEERHE833Antiviral
activities were reported for IL-2, IL-6, IL-12, IFN-gamma, IFN-lambda, CD40L, Mig, IP-1, NO and
complement (Esteban et al., J. Gen. Virol. 86:2645-2659 (2005); Ramshaw et a/., Immunol. Rev.
159:119-135 (1997); Bartlett etal., J. Gen. Virol. 86:1589-1596 (2005); Niemialtowski etal., Acta Virol.

38:299r30- £4OM AR TR SPlubie 4 i nnass meshanisms ke the W
2008/131927PCT/EP2008/003367 inducti%f@ﬁﬁé%ﬁéﬂ%my%@ﬁg@a%%ﬁ%ﬁoRE#W(%’ i

infectionsyyébtropyissses inchidingRCTMINEUgRFaker @Lal Vil 8

e dJa:flO]O%OOZﬁ (2007)).
These and other mechanisms may be involved in the MVA mediated immediate pro{ection.

101158 Thedaiursobtheomediate sraiestion Prajealdospgyasisiaigg profgtion In the absence

of adaptive immune responses (Fig. 8) clearly indicated that survival depended ultimately on adaptive

immunierespofsgsa Tbeoprotengstion of subdyalisthe:RAG L defigignt mics alsa gay, %ﬂ{Hﬁ
sly for

indication of the duration of solid protecting innate mechanisms but as described previou
traditiorfaRie&cimation. stategiessisenivahtnpaiogenitopexviiy s iniestion Hitinately neesds adaptive
mechanisms to clear the virus. This prerequisite makes it unlikely that the sole induction of innate
mechaihisaesdikepplitatiqroalifNds TR diginds puotheenonenecilicdnnaigninwliayorld uffice in
the protection to lethal poxvirus infection if adaptive immune responses were not effectively triggered
at the SgntetatepmistexpedmefatniviING VimactvatadioN A4fHg:6b) which carries orthopoxvirus
antigens and presumably activates via TLR9 suggested that some limited protection could be achieved

in immune coioeseroxirasdione RIdRefas hilkas alkRife QAL RESATE Sicks i Stark contrast to

the mice treated with active MVA which stayed symptom free, indicated that the protection via the

active iMéAdbratagle manesgdidentorlOpaRlThRS) wag iseniiieskas 3B &Rse YuAlands vivo highly
relevant recognition molecule for poxviruses. Importantly, it provides evidence for the use of
MVA-BN(@) dspowayrfee mmediati astaherapsstiomiensiiessaaainsReteatia)iatgheexvirus
infection in healthy as well as immune compromised individuals.

evolution for their survival against highly pathogenic poxviruses. Today, poxviruses

infecting reptiles, birds and many different species of mammals are known. Vertebrates
as early as fishes are known to respond to CpG-DNA stimulation suggesting the
expression of TLRS. One could speculate that the TLRO system, as wel! as the specialized
DC subset employing TLRS for IFN-I production, pDC, were opiimized under strong

evolutionary pressure for the detection of and the defense against poxviral infections.

[0109] TLRY expression in murine and human cells differs greatly. Whereas in both
species pDC and B-cells are positive for TLRO and respond to TLRS stimulation, murine
cDC subsets and macrophages also express TLRG, Moreover, different cell types even
within one species respond differentially and selectively to TLRS ligands. This includes
not only the unigue IFN-a producing capacity of pDC but is also demonstrated in selective

_responses of B-cells to different TLRS agonists. Previously, it was described that murine B-

cells are activated and proliferate to a B-type CpG-ODN but not to an A-Type CpG-ODN or to

36



WO 2008/131927PCT/EP2008/003367 [0117] Here, previous data that members of the poxvirus

family are @%o%@g?%s}/ﬁ TLR-independent recognition pathways (Zhu, J. etal. Blood 109, 619-625
(2007), are confirmed. However, it is shown that poxviruses are also seen V@& p§@s#8pendent

pathway. It is shown that some poxviruses, like ECTV, effectively suppress the recognition via the
TLR9-independent pathways but are still recognized via TLR9. [0118] Plasmacytoid DC (pDC) are
the only cells in human and mouse which produce large amounts of type | interferon (IFN-I) via the

TLRO pathnaypwbereasathshralls ingluding conventional C a to.produce.|EN-I via
different pathways, indeper?debnt of TLRQTJ itis's %%v%r;)' h?eazi%ﬁéﬁggﬁze{gg}\}%‘sgﬂ&?ﬁﬁ?& y abolish
hereas LR9- driven

the TLRAnRdeRRMeRE Dl Qupayslion a0d affschibe matwation oL

IFN-I production of pDC is not fully pre%ented. b [Olﬁg?éin%%\%}ﬁéiﬁ)e?g%\\%ﬁi&@%?%ﬁ- fitUral mouse
pathogenreveated thetithelagket HRSuendgisimice,aretan 400, fald mpre sisceptible to
infection. A similar susceptibility and death kinetics could be found@%%%%g g&%ﬁlé&%&e@%gnd to IFN-I,
which igithtnght et RssprtialdacantrelyirakinfsctiomeMuler, L. etal. Sgie skt d sl
(1994)). Thus, under conditions where pathogenti%FI;NA virus%; efe%ectiviely !nlqﬁ)ﬁit%ﬁg?ﬁjpa%%é?g
TLRO-intiepeadentieaggriion e seles 0k TLRA-depanden W@'afr%@%iﬁrhé%'&%%&&?” and
thus pDC become critical at least for primary defense mechanisms during infection. 120] MVA, a
highly &ttéNuated orthopoxvirus that has lost the ability to replicate in mammals, is a potent inducer of
robust adaptive immune responses and vaccinated individuals are protected against other poxvirus

iggc_:ilzssvgg(i)rg?gggtmﬁﬂbﬁ@%!&ﬁ&%iﬁdﬂ%@ﬂ%%ﬁé MEXMD LG R - Sl Nalyre 428,
TLRE responses and thus immune activation in response to MVA was not solely
dependent upon TLRY or pDC. This feature of MVA to induce pDC and IFN-l independent
immune activation could be important under conditions described in numans where
pDC numbers or function and thus TLRS-dependent IFN-I production are impaired.
Amaong these are cancer and transplantation patients, people taking immune suppressive
drugs and people with HIV, even under antiviral treatment {(Hashizume ef &/, J. Immunol.
174, 2396-2403 (2005); Donaghy, H. et al., Blood 98, 2574-2576 (2001); Chehimi, J. ef
al., J. Immunol. 168, 4796-4801 (2002); Boor, P. P. ef al., Am. J. Transplant. 6, 2332-
2341 (2008); Siegal, F. P. et al., J. Clin. Invest 78, 115-123 {1986}). Furthermore, some
immune conditions like allergies are associated with reduced virus induced IFN-|
production (Bufe et al., int. Arch, Allergy immunol. 127:82-88 (2002)). Of note, most of

these conditions have been defined as contraindicated for the application of replication-

competent smallpox vaccines.,

[0111] Although we found that MVA was able 1o protect to some extent IFN-I-R
deficient mice against ECTV infection (Fig. 7), application of the traditional smallpox

vaccine virus, Dryvax, killed these mice even without ECTV challenge. This finding was
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WO 201081131927PCT/EP2008/003367 K.J. et al. J. Vir, 79, 7845-7851 (2005)). Due to an inability
to replicate, g@ %37 MVA is tested as a vaccine candidate even in highly immune compromised
individuals (Gherardi‘at al., J. Gen, Vim!. 86:2925-293 6; Staib etal., J. Ged.Oifef28080033672921
(2006)). However, effectlve induction of adaptive immune responses takes several days to weeks and
previous reports have shown that limited survival benefits against pathogenic poxviruses can only be
achieved with application of the vaccinating virus at the latest two days before exposure to the

o oo SR cfe Al doGR by BYECANEO By IR (B R e et

MVA-BN induces the production of innate immune-protecting cytoklnes e.g.

TLR-danerndogtand ndepepdaatpatuiays, Unike poairises, %@@ﬁg&m Meffa ikl nhiort

the ability of DC to recognize it via TLR9-independent pathways. This prope

protectipniagainst poxvirusestiaggisplayed a more inhibitory phenotype. [0122] Administration of
MVA-BN at the same time as high doses of the highly pathogenic and species-specific mousepox virus

ECTV protect%ii nef enly @J@gl&g&g@get nt |ce inst death, but also mlce which lacked TLR9 or
responsiveness to type | interferon, Mice withott: a@gg foral ENDE reasrﬁgnérg‘vavéﬁe PHREERRFR low

and intgymaedigt d to infectionif.higher.doses were sed
indicating that o%él% %E%rﬁ%?ﬂﬁ%?%%@iﬁ%ﬁiﬁvo VesP‘Eﬂ"ﬁ SWHiER Can %% t{gd téd T¥sothe extent by

Some terapean) S TR A B L B S A R ??'ﬁ@ﬁ%ﬁﬁ?dﬁ?é‘ '

some temporary advantage with MVA adminis fial y ng

induction of dagt smf@mm@%ﬁ@r&@m&tlﬁm{aE%%Y@é%&%&é%%%"é‘m%?sl?m Repadrus

infection. Thus, MVA was capable
the time adaptive immune responses need to develop.

10113] To define the mechanisms of the innate protection phase, the
immediate protection protocol was applied to mice which lack responsiveness o IFN-f.
Upon high dose exposure, these mice were not protected fo the same extent as wild type
mice, suggesting that IFN-i is part of the protection. However, IEN-I-R mice were
protected to lower, but nevertheless lethal, doses of ECTYV, clearly demonstrating that
other mechanisms are able to substitute for IFN-1 during the innate phase of the

immediate protection protocol.

[0114] A role for TNF-o in proteciion against ECTV was previously shown by the
increased susceptibility of TNF-Receptor deficient mice to ECTV infection as well ag by the
attenuation of TNF-a encoding VACV (Ruby ef al., J. Exp. Med. 186:1591-1596
(1997}). Using simitar methods, antiviral activities were reported for IL-2, IL-6, IL-12,
IFN-gamma, IFN-lambda, CD40L, Mig, IP-10, NO and complement (Esteban ef al., J.
Gen. Virol. 86:2645-2658 (2005); Ramshaw et al., Immunol. Rev. 159:119-135 (1997);
Bartlett ef al., J. Gen. Virol, 86:1589-1596 (2005); Niemialtowski et al., Acta Virol,

38:299-307 (1994)). Apart from soluble components, cellular innate mechanisms like the
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WO 20081131927PCT/EP2008/003367 of activating an immune response in vivo via

TLR9-ind 90%@} 1eaxthways, even in the presence of a poxvirus that potently inhibited this .
recognition. importar%ff)z)? even post-exposure application of MVA-BN protedted/ FPRE(ER&ENt mice

from death against lethal infection by ECTV, [0123] This study demonstrates that '_I'LR9 is an
important, and in vivo highly relevant, PRR for the recognition of, and the defensg against, poxviruses.
Moreover, even under conditions of compromised immune systems, MVA-BN activates and bridges

ot o MRS R R S R e o

therapeutic protection against lethal po s challenge. e

demongitaeigIoT\ITySesiah BOANLPIRIRLSY (91U JNISD 1 JsBAA Vpgs. g getected

&
via TLR9-dependent as well as TLR9-independent recognition pat a hlg% nuated

VACY Hashasdashilfaapany e 1RpURAE if IMAVLSHRASIOHIAIG LR 1559aRIRed by PDC via

both TLR9-dependent and TLR9-independent pathways, whereas in ¢ as only recognized via

e L rpendp R Al M BRSH Bl LA S popalon ceping of poc

and cDC produced cytokines only in'the présence o

o R T B

macrophages independent of TLR9 whereas pDC empltye ?)tathway,

et a5 6SaBtEBERENAFA RGBS Sl PIOR NS Acofh S0 0 5. 0L 1 11421

(2004)). The inactivation methods émployed (heat inactivation in

Uv-iradigoniesthescasral MU Rateatialy resyliarlin SEISFHYE MRIRIS-CHIG N yses o different

cellular compartments (active virus into the cytosol and the
innate mechanisms but as described previously for traditionat vaccination strategies,
survival to pathogenic poxvirus infection ultimately needs adaptive mechanisms to clear
the virus. This prerequisite makes it unlikely that the sole induction of innate
mechanisms like application of IFN-I, TLR ligands or other non-specific innate stimuli
would suffice in the protection fo lethal poxvirus infection if adaptive immune responses
were not effectively triggered at the same time. The experiment with UV-inactivated
CVA (Fig. 8b) which carries arthopoxvirus antigens and presumably activates via TLR9
suggested that some limited protection could be achieved in immune competent mice.
However, the fact that all mice at least became sick, in stark contrast to the mice treated
with active MVA which stayed symptom free, indicated that the protection via the active
MVA is much more solid.

[0116] TLRO was identified as an essential and in vivo highly relevant recognition

molecule for poxviruses. Importantly, it provides evidence for the use of MVA-BN® as a
way for immediate and therapeutic intervention against potential fatal poxvirus infection

in healthy as well as immune compromised individuals.
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WO 2008/131927PCT/EP2008/003367 endo some whereas uptake of inactivated virus might be
restricted {@dhe,grdespmal route). This could be an explanation for the complete TLR9 dependence
after inactivation. [0125] However, in sharp contrast to MVA, it is showr AErEHIE0HTES ecognition
of the pathogenic poxviruses, including several strains of VACV, ECTV or CPXYV critically relied on
TLR9 and pDC due to the potent ability of these viruses to inhibit their recognition via
TLR9-independent pathways. In the absence of pDC or TLRY, this inhibitory potential nearly

completely aftogated drMsie e aaikom N EMBRSBORRE NP Fuinita, The Bk iadings

translated into the in vivo infection model with ECTV, where TLR9-deficient mice were"more than

100-fold:more sngeeptiblerthanayidiypeaisedfio Bl Qther SsBNAYifsDinieelippnadels)in

TLR9-deficient mice have shown either no increase of susceptibility as in the case of HSV-'1

infectians, eordnlyedodesaievioereaseswithishamnasiomisege s 1gLaseo(MEMVrinfegtions (Krug et
al., Blood 103:1433-1437 (2004); Tabeta et al., Proc. Natl. Acad. Sci. U. S. A. 101:3516-3521 (2004);

Delaledstratndetipatinok . 75:6728:6//32 620 pox 0326} This study/defiresi JdRasAesimportant,

and in vivo highly relevant, recognition molecule for poxviruses. Importantly, it provides evidence for
the uséhefrenoaBivayia Way ToFitnmddiatedent thetrapeysicintersestipragginstaairntiakiatal poxv

rus infection in healthy as well as immune compromised individuals. [0127] It is a further object of
the present il0éfib R s osegtoit GHb{RERE pavesifus dnigluditg j buureidimiedie @ Nirus, which
can serve as an efficient and exceptionally safe expression vector. In one embodiment, the present
invention felates toer ésopnibiisanl Vv Virestsrwh(BRitontainthg@h& Whisthaade svios @ fereigaantigen,
preferabl?/ of a pathogenic agent, and vaccines containing such a virus in a
celis including conventional DC (cDC) are able to produce IFN-1 via different pathways,
independent of TLRO. It is shown herein that sorme poxviruses completely abolish the
TLRS-independent IFN-| production and affect the maturation of DC, whereas the TLRO-
driven IFN-| production of pDC is not fully prevented.

[0118} In vivo studies with ECTV, a natural mouse pathogen, revealed that the
lack of TLR9 renders mice more than 100 fold more susceptible to infection. A similar
susceplibility and death kinetics could be found in mice unable to respond to IFN-I,
which is thought to be essential to control viral infection (Muiler, U. ef al. Science 264,
1918-1821 (1884)). Thus, under conditions where pathogenic DNA viruses effectively
inhibit their TLRS-independent recognition, the roles of TLRS-dependent viral recognition,

IFN-1 production and thus pDC become critical at least for primary defense mechanisms
during infection.

[0120] MVA, a highly attenuated orthopoxvirus that has lost the ability to replicate
in mammals, is a potent inducer of robust adaptive immune responses and vaccinated

individuais are protected against other poxvirus species within the genus Orthopoxvirus

(e.g. monkeypox virus (MPXV)) (Earl, P.L. et al. Nature 428, 182-185 (2004); Stittelaar,
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WO 2908/131927PCT/EP2008/003367 physiologically acceptable form. The invention also relates to
methods f%@g?%qglagrza;tion of such recombinant MVA vaccinia viruses or vaccines, and to the use of
these vaccines for the prophylaxis of infections caused by such pathogenicPAgéREg008/4¢36d28] The
MVA viruses according to the invention can also be recombinant MVA expressing heterologous
polypeptides. A DNA construct, which contains a DNA-sequence which codes for a foreign polypeptide
flanked by MVA DNA sequences adjacent to a naturally occurring deletion, e.g. Deletion Il or an IGR,

within thel\B¢Agenameycandesinieadkieashinip qsils ipfesisnain My tpaliow homologous

recombination. Once the DNA construct has been introduce € eukaryofi e foreign

DNA haseeotabiaedavithahiegndrahRiNAdtdspossl g%m@ﬁ%:@%%?&ﬁ%ﬁ%%%@m vaccinia virus

in a manner known per se, preferably with the aid o ompare Nakano et 4t Proc. Natl,

Acad. S8hUSAITE EBI3- 158k (1982) sEranke.atal s Mgl, el Biol, 1818-1924 ( .Chakrabarfi et
al., Mol. Cell. Bi(;l., 3403-3409 (1985); Fa%ﬁi féﬁ%%ﬁ%ﬁg%%s {1;%1%%]). el ﬁéé# Iﬁg%%ﬁ

embodia 0 in immenercempeieatimice MM Aimmeriately protacks dpise.against dhe, Jgusepoxvirus

Ectromelia (>47 x LD50). [0130] In one embodiment, MVA induces immune responses in dendritic

cells vidaFERS andin addifionidad LRindpaendeniRaRwaYs i RaBogR0is B@%\éiﬁ't@%%gh?sﬁc”ome"a

virus in contrast inhibit effectively the TLR9-independent recognition and thus depend ©n TLR9 for

recogriidnogenifQiBifiinsesecembodintendthevaumuine SERIRIIBISOR INICoJackiagnt-RR.ETLRY- KO)
have a 100-fold higher susceptibility to Ectromelia infection.

the iatest two days before exposure to the challenge virus (Staib, C. ef al. J. Gen. Virol.

87, 2917-2821 (20086)).

[0121] 1t is shown here that MVA-BN induces the production of innate immune-
protecting cytokines (e.g. IFN-1) in vitro via both TLR8-dependent and -independent
pathways. Unlike poxviruses such as ECTV, MVA did not inhibit the ability of DC to
recognize it via TLRS-independent pathways. This property can be useful in protection
against poxviruses that displayed a more inhibitory phenotype.

[0122] Administration of MVA-BN at the same time as high doses of the highty
pathogenic and species-specific mousepox virus ECTV protected not only immune-
competent mice against death, but aiso mice which lacked TLRY or responsiveniess to
type tinterferon. Mice without a functional IF N-I response were protected to low and
intermediate ECTV challenges however succumbed to infection if higher doses were used
indicating that one mechanism of protection involves IFN-1 which can be substituted to
some extent by other means. However, mice lacking adaptive immune responses (Rag-
1-deficient mice) had only some temporary advantage with MVA administration, but afl

mice died finally indicating that the induction of adaptive immune responses are

essential for the overall protection to lethal poxvirus infection. Thus, MVA was capable
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WO 2008/131927PCT/EP2008/003367 [0132] In one embodiment, MVA immediately protects
TLR9-KO ryi e mouse poxvirus Ectromelia (> 500 x LD50). [0133] In one embodiment,
MVA protects mmu%feJ gﬂompromlsed mice (lacking responsiveness to IFN-F}%Q’H@@W"’
intermediate challenge with Ectromelia virus (24 of 25 mice survived an ot_herW|s_e deadly exposure to
Ectromelia with 1E+02 or 1E+03). [0134] In one embodiment, protection ach!evegl by_only one
application of MVA is long-lasting. After 9 weeks, there is still protection against first time infection with

Ectromefiad 808D Mhne LRHISER Bl Srranem by RloNAIR AIended foanibute

to a better understanding of the present invention. However, the invention is no

exampmsencm@b@m@u@ma@m@m%ﬁmt@y%g%m&mﬁfﬁppm rmégrssf lled n the art

from consideration of the specification and practice of the invéntion di ein mtended that

the spesification andiesamplasie censifeied A eremplac Qb Wik AHEASRS %%%%?'“t of the
invention being indicated by the following claims. EXAMPLE
lethal infection by ECTV,

[0123] This study demonstrates that TLRS is an important, and in vivo highly
relevant, PRR for the recognition of, and the defense against, poxviruses. Moreover,
even under conditions of compromised immune systems, MVA-BN activates and
bridges innate and adaptive immune responses, resulting in long lasting but importantly
also immaediate and therapeutic protection against lethal poxvirus challenge.

[0124] The data presented clearly demonstrate that poxviruses, as shown
previously for other families of dsDNA viruses, are detecied via TLRS-dependent as well
as TLRS-independent recognition pathways. MVA, a highly attenuated VACYV that has
lost its capacity to replicate in human cells, was found to be recognized by pDC via both
TLRO-dependent and TLR9-independent pathways, whereas in ¢cDC it was only
recognized via the TLR9-independent pathway. After UV-inactivation of MVA a mixaed
population consisting of pDC and ¢DC produced cytokines only in the presence of TLRS
(Fig. 2b). This finding closely resembled our previous findings with HSV-1 where active
virus induced IFN-g in vitro in several DC subsets and macrophages independent of
TLRY whereas pDC employed in addition a TLR8-dependent pathway, that also
recognized inactivated HSV (Hochrein ef al., Proc. Natl. Acad. Sci. L. S. A. 101:11416-
11421 (2004)). The inactivation methods employed (heat inactivation in the case of HSV-1
and strong UV-irradiation in the case of MVA) potentially resulted in selective uptake of

the viruses into different celiular compartments (active virus into the cytosol and the
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[0137] The following examples will further illustrate the present invention. It will be V\_/eII understooql py
t that the provided examples in no way may be interpreted in a way that limits

a person

thg applicﬂﬁgag%ﬁ%g%%e;chnology provided by the present invention to theSB(EXBRpIESCAND .
2008/131927PCT/EP2008/003367 EXAMPLE 1. Experimental Methods [0138] The followmg
section is a summary of those methods used in all of the Examples described herein. Animal Moplt_al
[0139] C57BL/6J mice were purchased from Harlan Winkelmann (Borchen, Germany). TLR9 deficient

mice W@@g@@ﬁ@t%%§%&§y§@#@&m§@gé%@0{%§% Et%%'ﬁ%%? é‘% at Igast 8 generations

SOMm
as described (Hemmi, H. et al., Nature 408, 740-74 rein, “Boththed29/sv as

Il as L /6 IS e, i tiwaly: hi ' g_ti _TV.infgction
scharke ool B B el the

strain backgrqundayewid/bave rnsindiensatraioa onthe 129/Suhaskapuncdwere @%%%ﬁ&%‘%ﬁcw

i.n. and it was found that indeed they displayed the relative resistant phenotype see /6 mice,

e.g. notie ofdlie guea:esvviibebe saseinh Het@7:1 QarE apd e majerity of rigseugnsunyjved a
dose of 3E+03. IFN-I-R deficient mice (Al29) mice were originally obtained from Dr. Michel Aguet

(UniversifgobauTicRp(Mdlen O deloab, Seignserdahil9ls #02L (1994} apddhaskerpssed to C57BUG
mice for 8 generations. RAG-1 deficient mice were purchased from the Jackson laboratories and bred
at the aptmahfacilityianiZ&Endependent pathways. In the absence of pDC or TLRY, this
inhibitory potential nearly completely abrogated immune recognition and thus response by
DC in vitro. The in vitro findings tfransiated into the in vivo infection model with ECTV, where
TLRO-deficient mice were more than 100-fold more susceptible than wild type mice (Fig.
3). Other dsDNA virus infection models in TLR9-deficient mice have shown either no
increase of susceptibility as in the case of HSV- 1 infections, or only moderate
increases within a narrow range in the case of MCMV infections (Krug ef al., Blood
103:1433-1437 (2004); Tabeta et al., Proc. Natl. Acad. Sci. U. S. A. 101:3516-3521
(2004); Delale ef al., J. Immunol. 175:6723-6732 (2005)).
[0126] This study defines TLRO as an important, and in vivo highly relevant,
recognition molecuie for poxviruses. Importantly, it provides evidence for the use of
MVA-BN as a way for immediate and therapeutic intervention against potential fatal
poxvirus infection in healthy as well as immune compromised individuals.
[0127] It is a further object of the present invention to use a recombinant
paoxvirus, including, but not limited to an MVA virus, which can serve as an efficient and
exceptionally safe expression vector. In one embodiment, the present invention relates
to recombinant MVA viruses which contain a gene which codes for a foreign antigen,

preferably of a pathogenic agent, and vaccines cortaining such a virus in a
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Viruses [0140] The MVA used for this study was MVA-BNC), developed by Bavarian Nordic and
deposited gt fFAppean, Collection of Cell Cultures (ECACC) (V00083008). MVA was propagated and
titered on primary chicken embryo fibroblasts (CEF) that were prepared fro%?@&g(ﬁwﬁﬁbryonated
pathogen-free hen eggs (Charles River, Massachusetts, WO 20118/131927PCT/EP2008/003367
USA) and cultured in RPMI-1640 medium supplemented with 10% FCS. CVA and CNPV were kindly
provided by Prof. A. Mayr, Veterinary Faculty, Munich, Germany and were propagated and titered on

CEF. Bhl¥isisaiedipseesrand CRXM strainRuighion wers ghialaed from-ihesAmearican Type Culture
Collection (ATCC) as VR-1372 and VR-302, respectively, and were propagated and titered on Vero

C1008melisatRRAGE SR RRVMAT QARed Srom LGS (MB:RE4) and prapagaled,and titered
on the rabbit cornea cell line SIRC obtained from ATCC (CCL-60). [0141] All cell lines were

maintaineddrBeibrectis Mogifieshfagle'sMediin (B MENGInviiragen Jsatistube, GRmany)

supplemented with 10% FCS without antibiotics. All viruses used in animal experiments were purified
twice throughia stigrdae tishiofrubes thectVinaeivaiqn.eitirisescanae patech ks siocks were UV

irradiated with an UV Chamber (Genelinker GS, Bio-Rad laboratories, Munich Germany) for 15 min
under sipilizinggdraitiohydiliptbateneinredacboihedranastician efficieney ofregombinant viruses
sequence which codes for a foreign polypeptide flanked by MVA DNA sequences
adjacent to a naturally occurring deletion, e.g. Deletion If or an IGR, within the MVA
genome, can be introduced into cells infected with MVA, to allow homologous
recombination. Once the DNA construct has been introduced into the eukaryotic ceil
and the foreign ONA has recombined with the viral DNA, it is possible to isolate the
desired recombinant vaccinia virus in a manner known per se, preferably with the aid of
a marker (compare Nakano et af., Proc. Natl. Acad. Sci. USA, 79:1593-1596 (1982);
Franke et al, Mol. Cell. Biol, 1918-1924 (1985); Chakrabarfi et al., Mol. Cell. Biol.
3403-3409 (1985), Fathi et al., Virology 97-105 (1986)).
[0129] In one embodiment, in immune competent mice MVA immediately protects
mice against the mousepoxvirus Ectromelia (> 47 x LD50).
[0130] In one embodiment, MVA induces immune responses in dendritic cells via
TLRS and in addition via TLR9-independent pathways. Pathogenic poxviruses like
Ectromelia virus in conirast inhibit effectively the TLR9-independent recognition and
thus depend on TLRS for recognition.
[0131] In one embodiment, the immune compromised mice lacking TLR9 (TLRY-

KO) have a 100-fold higher susceptibility to Ectromelia infection.
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below 2% of the original virus activity. In vitro Experiments [01421 In vitro generated
F1t3-ligangvgez@ g%%pc (FL-DC) were generated and sorted essentially as described previously
(Hochrein, H. etgﬂ., roc. Natl. Acad. Sci. U. S.A. 101, 11416-11421 (2004} {FEHER *h51é marrow
cells were cultured in the presence of murine recombinant FL for eight days. Resulting cells were
>90% CD1 Ic positive and 20 - 60% of cells displayed plasmacytoid phenotype (CD1
1c'CD45RAru9hB220hi9hCD1FL-DC were either used unseparated or sorted into pDC and cDC using

a FAGS Aria fostsamani(B B-Rigssisase) Mo iRiaeRRRiRbAMOC wele aenrted By rdliying bone
marrow cells in the presence of marine WO 2008/131927PCT/EP2008/003367 recombinant GM-CSF

(Tebu-pieuetfephaehs GermamiAs-dassrbigdgtiochrein, H. et al., Proc. Natl. Acad, Sc[ U. S.A. 101,
1141 6-1 1421 (2004)). Cells were stained with antibodies specific for CD1 Ic, B220, CD40 and 0D69

(BD Bioscienges)iPrepidiuanipdigendmoimi) wasiingdashimibedinglyvasia todabel iead cells. Flow

cytonnetric analyses were performed on a FACSCalibur (BD Bioscience) and analyzed with Weasel

softwares{iesMiaties atdi Elize) Hallitstitwerdonedieal fReseanchMelboume,Mystialia), Gell culture

supernatants were harvested 18-24 hours after incubation with the viruses as indicated or with

CpG-22K6c0Bpiics dpiviivas eontitbkinise peesanaskpbiudantaMeshanstihessassegion of IFN-[
and IL-6 was measured using commercially available ELISA-reagents as described previously
(Hochréiry, (i et al. (2004)).

{0134] In one embodiment, protection achieved by only one application of MVA is
long-fasting. After 9 weeks, there is stili protection against first time infection with
Ectromelia (> 500 x LD50).

[0135] The detailed examples which follow are intended to contribute to a better
understanding of the present invention. However, the invention is not limited by the
examples.

[0136] Other embodiments of the invention will be apparent to those skilled in the
art from consideration of the specification and practice of the invention disclosed herein.

It is intended that the specification and examples be considered as exemplary or:ﬂy, with

a true scope and spirit of the invention being indicated by the following claims.

EXAMPLES

[C137] The following examples will further illustrate the present invention. It will
be well undersiood by a person skilled in the art that the provided exampies in no way
may be interpreted in a way that limits the applicability of the technology provided by the

present invention {o these examples.
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In vivo experiments and statistics [0143] Mice were anaesthetized with ketamine/xylamine and
viruses W%%qﬁéi/?%?%in. drop wise installation in a total volume of 50p1. ECTV-dilutions as indicated
were applied éither-alone or in combination with 1E+08 TCIDso MVA. SubttthBH I8/ MfEsfions were
performed in the inguinal region applying a total amount of 1E+08 TCIDso of MVA or a corresponding
amount of UV-inactivated OVA by injecting 2 times a volume of 250 pl each. The health status of
infected mice was checked at least daily and animals with grave symptoms of sickness or weight loss

exceeding:apde were gg%gg{éﬁ%mg&erminaﬂon of poxvirus specific CD8+ T cell responses
wild type or TLR9-deficient mice were infected intravenously with 5E+07 TCID50 or 1E+08 TCID50

MVA. Spleengwese hasvesiedid days; i izati | Il suspensio prepared
by mechanicégﬁy d?grupting the;o?sans %ﬁ%ﬁ%@%ﬁ%ﬁﬁggﬁi%%%ﬁg and p@riéﬁéﬁ{b ood

lymphaoyias{EBLywenedneatediwith red blood cell lysis buffer (0.14 M NH4C1 and WO
20(18/131927PCT/EP2008/003367 0.017 M Tris-HCI, pH 7.2), washed twice, and analyzed. Cells

were stateth Wit £505(r) H2Kb Pentamers (Proimmune, Oxford, UK) loaded with the
immunodominant 38R peptide TSYKFESV (Tscharke eta!,, J. Exp. Med. 201 :95-104 (2005)).

Pentamer staibirkdes7@rBmeckineambinniamvitbrambER a9 @rdarirNK1 1 antibodies

according to the manufacturers' protocol. For intracellular cytokine staining cell suspensions were

stimulgiedian) hil Rishatfugint B8R peptideinthegrasence®tl uatrdr&oidiRiyg (BD Biosciences).
Afterward, cells were surface stained with anti-CD8 and then simultaneously fixed / permeabilized with

the BOh@yitofixiSytbiuetih Kit (B DuBseiesict sjeriat ftally stairad it drtivadiesdiecied against
IFN-a, TNF-I and IL-2. Poxvirus specific antibodies in sera were measured by ELISA using MVA crude
extract\@Lantiteh a40-d $hdeptibtitnohseingG-HRE.(SéiotedhG dirshy aswastentiobantibedy. All
animal experiments were approved by the government of Bavaria. For the calculation of the Los, the
SpearfigH3ea#se s @isotkaaisiaddd. dbpimypledainabtivigiore s MAGMPERXVY anig 6TV but not of
MVA, CNPV and SFV increases DC maturation [0144] Previously it has been described that
severdll SERREST &AGV Inhilst thteeh 2A0iafién GO bréioveaturktinneotetinetimthesponse to
MVA (Eng el mayer et al., J. Immunol. 163:6762-6768 (1999); Drillien etal., J. Gen. Virol.
85:218Yestion sl esifialn hedwsunbyerdhase aniplheneradte DTtie thab&bsence of pDC F1t3-
ligand (FL)-generated murine DC were employed, that consist of DC that closely resemble ex-vivo
mous@PEERYISICVER P ElaRWtNcES T Linanmhé viemiesod bt moess ey dientanedtibe
activation of both DC types. To test whether different stimulatory activities of different VACV were due

to lacKBP St [FSE EURNRNANBRISABY A VirdSeittBlies) e-g- none of the mice died with the
dose of 1E£+02 TCID50 and the majority of mice even survived a dose of 3E+03. IFN-I-R

deficient mice (A129) mice were originally obtained from Dr. Michel Aguet (University of
Zurich) (Mulier, U. et al., Science 264, 1918-1921 (1894)) and backcrossed to C57BL/6
mice for 8 generations. RAG-1 deficient mice were purchased from the Jackson laboratories
and bred at the animal facility in Zurich.
Viruses

[0140] The MVA used for this study was MVA-BN®, developed by Bavarian Nordic
and deposited at European Collection of Celi Cultures (ECACC) (V00083008). MVA was
propagated and titered on primary chicken embryo fibroblasts (CEF) that were prepared

from 11-day-old embryonated pathogen-free hen eggs (Charles River, Massachusetts,
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WO 2008/131927PCT/EP2008/003367 component, FL-DC were incubated with several different

strains of W%&?S either as active virus or after UV-inactivation. The activation of DC in response to
n

VACV strain aréSWA), ECTV and CPXV was amplified after viral UV-ik@€thzgiossonspared to the

activation of DC in response to active viruses (Fig. la). These initial data indicated an inhibitory
component, acting on DC, was made by those viruses. In contrast, DC activation as measured by the
upregulation of 0D40, CD69 and CD86 in response to MVA as well as the canarypox virus (CNPV)

d [ I j [ ased after UV-inactjyation (Fig. Ib and data not
o) R STt B D e A HShEDEY
t j ' f Kj includi EN- IL-6 i d after the UV-inactivati f
A B R R S B el R e vral
it ' ' t ion. E R iti f CVA and ECTV
Bt ot o R e o A o5 BN SHBWAEtRat dsONA

but not of MVA exclusively depends on TLR9 as previousl@!

Virusesdik@ih@(ﬁﬁﬂﬁ%i%Hé@ﬁnﬂﬁr@%%nﬁyﬁé‘mﬁ%@a@g&%%ow Véa% l@%?ﬁ%ﬁ% well as

TLR9-independent recognition pathways (Basner-Tschakarjan'et . Gene 0-1306

(2006);tgeinigiaharios patedsat S5 fichod 81 Vi £1082LA00AN, Tn.clugidaip e role of

TLR9 in the recognition of poxviruses FL-DC of wild type or TLR9 S were'génerated. In

the absaifverals TiRan 2Cidid PAISIYNIfRaTEY) MUBRBLERIROSR B AGVE O} Lo
monitored by the lack of upregulation of CD40 andlt%DﬁG;%b;%%dicating a strong gééprcgfﬁigeﬁn%%rﬁ%%n TLR9

for the ¢etdigeitilR Of theseadrases. Aonevercingug absence of TLR9 MVA induced robust
upregulation of CD69 but a
[0141] All cell lines were maintained in Dulbecco's Modified Eagle's Medium (DMEM:;

invitrogen, Karisruhe, Germany) supplemented with 10% FCS without antibiotics. All viruses
used in animal experiments were purified twice through a sucrose cushion. For the UV-
inactivation of viruses concentrated virus stocks were UV irradiated with an UV Chamber
(Genelinker GS, Bio-Rad laboratories, Munich Germany) for 15 min under sterilizing
conditions. This treatment reduced the transduction efficiency of recombinant viruses
below 2% of the original virus activity.

in vitro Experiments

[0142] in vitro generated Fit3-ligand-dependent DC (FL-DC) were generated and

sorted essentially as described previously (Hochrein, H. et al., Proc. Natl. Acad. Sci. U.
S.A. 101, 11416-11421 (2004)). In short, bone marrow cells were cultured in the
presence of murine recombinant FL for eight days. Resulting cells were >90% CD1 1c
positive and 20 - 60% of cells displayed plasmacytoid phenotype (CD1

16" CD45RAMMB220M"C 1 16°%). FL-DC were either used unseparated or soried
into pDC and c¢DC using a FACS Aria instrument (BD Bioscience). In vitro generated

GM-DC were generated by culturing bone marrow cells in the presence of murine
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WO 2008/131927PCT/EP2008/003367 drastically reduced upregulation of CD40 (Fig 2a), suggesting
that the regp N3& 98%@%,/6\ Is based on both TLR9-independent and TLR9-dependent recognition
events. %1463]; “DC contain both pDC, known as the sole cell type pFSdUERGI&R§E3aMounts of
IFN-a in response to TLR9 activation, and cDC, known to be unable to produce large scale IFN-a
production in response to TLR9. FL-DC of wild type and TLR9-deficient mice were incubated with
active MVA and produced dose-dependent robust amounts of IFN-a and IL-6 demonstrating the

existenggefrbihkROsindessn I Helely ol (kig.-2 UVrinactjvated
MVA induced IFN-a and IL-6§%§Iy in wild tyﬁ%ﬁ]&#ﬁ%i%gﬁ%%ﬂ%@{%mfgbﬁg#he notion

suggesiedmplbe masagon daw.Ahabine eeronilien oyl plsoaplaved g H-Rglependent
component (Fig. 2b). [0147] DC generated in vitro with GM-C SF resulted in a population

(GM-DéhubenilyscRSonhichrareable te pradunsdf Ny i@iﬁ@@&@@ﬁ%@%\%@%%ﬁ%ﬁ&%g- Herpes

simplex virus (HSV)) but not to inactivated viruses or CpG-ODN (Hochrein et al., Proc. Natl. Acad. Sci.

U. S. Aotk ¥ 1436rl 14 (20043 lﬂcm@aﬁ'm%@%%M%%%@NV&MW&EB‘%Q%53'6

production in wild type and TLR9-deficient cells, demonstrating the TLR9-independent recognition of
active Moz NerlGhhadodadias Sthne dt-Babavesoasititivadeyslnprodused was.defected after

incubation with UV-inactivated MVA (Fig, 2c) potentially indicating that the TLR9-dependent

recognfidivieredShenlelter vwiHEasck Binckitnag o thoseies!Re A4 R00RIL3 LAY RGTER2008/003367
Cell culture supemnatants were harvested 18-24 hours after incubation with the viruses as
indicated or with CpG-2216 (0.5uM or 1uM) as control in the presence of iL-3 and GM-
CSF and the secretion of IFN-| and IL-6 was measured using commercially available
ELISA-reagents as described previously (Hochrein, H et al. (2004)).
in vive experiments and statistics

[0143] Mice were anaesthetized with ketamine/xylamine and viruses were applied by

L.n. drop wise installation in a total volume of 50pl. ECTV-dilutions as indicated were
applied either alone or in combination with 1E+08 TCiDso MVA. Subcutaneous
ipjections were performed in the inguinal region applying a fotal amount of 1E+08 TCIDso
of MVA or a corresponding amount of UV-inactivated CVA by injecting 2 times a volume
of 250 i each. The health status of infected mice was checked at least daily and animals
with grave symptoms of sickness or weight loss exceeding 25% were euthanized. For the
determination of poxvirus specific CD8" T cell responses wild type or TLR9-deficient
mice were infected intravenously with 5E+07 TCIDsoc or 1E+08 TCIDse MVA. Spleens
were harvested 7 days after immunization and single cell suspensions were prepared by
mechanically disrupting the organs through a 70-um filter, Spleen celis and peripheral

blood lymphocytes (PBL) were treated with red biood cell lysis buffer (0.14 M NH:Cl and
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Example 4: Recognition of ECTV but not of MVA exclusively depends on TLR9 and pDC [0148]

To define %ig%wg#%ﬁctivaﬂon profiles of the two main DC subsets among the FL-DC pDC and
cDC were sortéd, infected with ECTV and MVA, and the IFN-a and IL-6 prddcicfiSRtife seasured.

Wild type pDC produced IFN-a to both ECTV and MVA and very little IL-6 to ECTV. However cDC or
TLR9-deficient pDC only produced IFN-a in response to MVA but not ECTV (Fig. 2d). Wild type and
TLR9-deficient cDC also produced large amounts of IL-6 in response to MVA but not to ECTV. These

results sttanathendtiebservasionmohianeail b tialuiatiea (g, el and dempnstide tnat

effective recognition of ECTV depends on the presence o In parilcu ar

productien eRGRGIS @seagﬁqﬁahemﬁ%ﬁ%fa%@mw%@ﬁ%@%@%ﬁ%D cie

TLR9-independent pathways. On the other hand, recognition o

composegefar sudifierd) TER:HdePendenymeehanism 20 :é%%@ﬂ?ii?g‘?' 12 EX Y %}SO'ated
p

pDC containing cell populations in addition to in vitro generated FL-DC, wi e and 9-deficient

total basteimagrowelisiartiel SOUETAINRRRE Wivvasweresstmulaad with, active gk Y -inactivated
MVA in parallel to CpG-ODN as a control. Similar to results with FL-DC, active MVA induced robust

IFN-a protitstien icedidingpeand aRSrsieficieat hensmarew aelseninsreasith theiack of TLR the
IFN-a production in response to UV-inactivated MVA and CpG-ODN was completely abrogated (Fig.

2e). Thussfihesienatacderimateatedshativiiwas igeaarered dytfteshinisolased hengrmayga; cells
via a UV-sensitive TLR9-independent pathway and a TLR9-dependent pathway. WO

2008/1800RPROTIEP 20081008367, EAdmpler; TeROwieticientpicetbmeadiasiisatipggased
susceptibility to ECTV infection [0150] Previous reports have clearly demonstrated the recognition
of DNARAFUSEUITIRS infked nerthedhilideo neley trecB D ICHERB IOy ihe=sur WualRah mice is less clear.
TLR9-deficient mice showed either no difference in survival in infection models using HSV or, limited
survivab @ieraeass witkifinghasteinedngihiantitesties ocdsisiusiagraore- ey ORrRgalAYIUSAMCMV)
(Krug et al., Blood 103:1433-1437 (2004); Tabeta et al,, Proc. Natl. Acad. Sci. U. S. A. 101:3516-3521
(2004)PB¥YHleStRECITCI AIAGIeS T BT 20V 673 (2003 GIVENIBA stingEuppressiorfact
TLR9-independent recognition in vitro by poxviruses like ECTV (Fig. 1, Fig. 2), it was hypothesized
that TLIARPWARA BEGA ﬁ%ﬁ%@?@ﬁ@ﬁﬁ&iﬁ%ﬂ@ﬁ%@%i@%ﬁﬂﬁe@@@mm tredeteirtisasarTivdest this, a

mouseA;Ffthion mode| that mimicked as closely as possible a human smallpox infection was used: an
ECTV HEHIDR FSREN TR R WRFSRRRAIGGRD BRI SO WaFeRtinfBRyRTia hiaatise ECTV is highly

species cific and js a natyral mouse pathogen, able to effectively infect via the respiratory tract
pecies 505 fa

after eXPOSUFEINIE SRR emaliraPEaEEE N ARRionethes s afige panel of immune suppressive
molecules similar to VARV (Esteban, D.J., and Buller, R.M., J. Gen. Virol. 86:2645-2659 (2005)).

Example 2: inactivation of VACVY, CPXV and ECTV but not of MVA, CNPV and SFV
increases DC maturation

[0144] Previously it has been described that several strains of VACYV inhibit the
maturation of cDC whereas maturation occurred in response o MVA (Engelmayer ef al.,
J. Immunol. 163:6762-6768 (1899); Drillien et al., J. Gen. Virol. 85:2167-2175
(2004}). Since these studies analyzed only the role of ¢cDC in the absence of pDC Flt3-
ligand (FL)-generated murine DC were employed, that consist of DC that closely resembie
ex-vivo mouse spieen cDC and pDC (Naik et al., J. Immunol. 174:6592-6597 (2005)}), to
examine the activation of both DC types. To test whether different stimulatory activities of

different VACV were due to lack of stimulus or active inhibition by a virus-encoded
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[0151] Initial experiments using relatively high doses of ECTV (1E+04 tissue culture infective doses
(TON:ha))\g%@%f%gg that TLR9-deficient mice died at least 2 days earlier than wild type mice. To
further evaluate the susceptibility and quantify the LD50 TLR9-deficient anﬁ%ﬁ%l’%}wé/?ﬂ%@'were
infected with varying doses of ECTV. All TLR9- deficient mice died after infection with as little as
3E+01 TCID50 whereas none died after inoculation with 1E+01 TCID50 (Fig. 3b). In contrast, none of
the wild type mice died after WO 2008/131927PCT/EP2008/003367 infection with 1 E+02 TCID50

and onbouiensiinaL| BEOdere cinfall igesasuming i Eaiamela INisclian Eig.3g), Ihere was

some variation between experiments with wild type mice using the doses CID50,

which waseartialygemnden spacisnwithmalednice.heig e sUsseni] ice. An ipso
of 19 TCIDso for the TLR9-deficient mice and an Lost) of about 2120 TCI’:% [%s%??gf[t%lg %vl%é?%ype mice

was calawlated s CO-ROaeficientruige afninse Hiah vRg-{aId ek sisteRils 10 G [ infection

than wild type mice. Therefore, in strong agreement with the in vitro data, TLR9 Is an essentia

compoaeitniihefidtunesesponse /e Tiiistaction. Bxample6: MVA inmediately:protects wild
type and TLR9-deficient mice from lethal ECTV challenge [0152] In vitro experiments

demoristrétédrihatiEGaNé effectivelyosuppressechiacednjtiondeyRGsaehareas iy astivated DC (Fig.
1). It was therefore hypothesized that MVA given at the same time as the pathogen would activate the
immunectystem andassureshly thighpedutsitmrotiO s inseswhichpetenialyoreattel thea
pathogenic poxvirus. Indeed, MVA given at the same time or immediately after challenge with a high
lethal doseail BOMY o EERDS MDY bithDlately proteSteshwilth type:micesagaingtwleatiowhereas all
control mice died with the 10-fold lower dose of 1E+04 TCIDso (Fig. 4). [0153] Since MVA induced
a stronfcTeRGshepeddenaativvbtoifogimmand delis mithownhetherBlihg tud pratect
TLR9-deficient mice against ECTV infection was tested next. Similar to the protection seen in wild type
mice (K395 Morehin afidyelynbibtrteaoreRogaficidnemiceradafist aighiyidethtdaloses of ECTV
infection. Whereas all untreated control mice died with 1E+02 TCIDso, all MVA treated mice even
survivEiCK e RERR ) SR Nes-inaindine 46 Nvriehd dbhribius asadsafter dbediig i5@0Teidi tihect D50 for

CVA, ECTV and CPXV but not of MVA, CNPV and SFV, suggesting a broad inhibition of
viral recognition and DC function, not restricted to maturation.
Example 3. Recognition of CVA and ECTV but not of MVA exclusively depends on
TLRS

{0145] it has previously been shown that dsDNA viruses like herpesviruses or
adenoviruses couid be recognized via TLRO-dependent as well as TL.LRS-independent
recognition pathways (Basner-Tschakarjan ef al., J. Gene Med. 8:1300-1306 (2006,
Hochrein et al., Proc. Natl. Acad. Sci. U. 5. A. 101:11416-11421 (2004)). To elucidate
the role of TLRS in the recognition of poxviruses FL-DC of wild type or TLRS-deficient
animals were generated. In the absence of TLR9, DC did not significantly mature in
response to active CVA or ECTV, as monitored by the lack of upregulation of CD40 and

CD69, indicating a strong dependence upon TLRY for the recognition of these viruses.

However, in the absence of TLR9 MVA induced robust uprequlation of CD69 but a
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WO 20(18/131927PCT/EP2008/003367 TLR9-deficient mice (Fig. 5). It was observed that _
TLR9-defic§$ t mice challenged with high doses of ECTV (3E+03 and 1E+04 TCIDso) developed tall
lesions aftér 223 We&ks (vhich disappeared after 4 weeks, The tail lesions Gr{CAHERRIBSEMITPtOM free
TLR9- deficient mice indicated that MVA-induced immune responses were able to prevent severe
ECTV-induced disease and death, but not to completely eliminate the virus within the fir;t weeks:
Example 7: Mice can be protected against lethal ECTV infection if MVA is applied to a different site

bSOl e B I S AL H T IATh T GARE B R BRI trce

absolutely dependent on the coadministration o

lengeddd YA TV and applied MVA via a subcutaneous
ieion T L e e e o e B RS el 2 Binal ECTV nfection,

condminisaton stMVA G he S e 2 O e ABt SLSaMaY s Lot Hiocton,

coadministration of MVA to the same site as ECTV was not essen

Examplefi inRciriRchaf RS ILSSTIR eSS FRIST MR Y R GRES IR0 o el ECTV

e Iogroduce large scale IFN-¢ production in response to TLRS, EL-DC of wild type and
TLRO-deficient mice were incubated with active MVA and produced dose-dependent
robust amounts of IFN-¢ and 1L-6 demonstrating the existence of a TLRS-independent
recognition pathway for MVA (Fig. 2b). However, UV-inactivated MVA induced IFN-g and
Il.-6 solely in wiid type but not in TLRO deficient FL-DC, reinforcing the notion suggested by
the maturation data, that the recognition of MVA also employed a TLR9-dependent
component (Fig. 2b).

[0147]) DC generated in vitro with GM-C SF resulted in a DC population (GM-DC) of
only ¢cDC which are able to produce IFN-g in respanse {o active DNA viruses (s.g. Herpes
simplex virus (HSV)) but not 1o inactivated viruses or CpG-ODN (Hochrein ef al., Proc.
Natl. Acad. Sci. U. §. A. 101:11416-11421 (2004}). Incubation of GM-DC with active
MVA induced IFN-¢ and IL-6 production in wild type and TLRO-deficient cells,
demonstrating the TLRS-independent recognition of active MVA. No IEN-g production
and no IL-6 above constitutive levels produced was detected after incubation with Uv-

inactivated MVA (Fig. 2c) potentially indicating that the TLR9-dependent recognition in

response to MVA is not functional in those cells.
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[0155] Our in vitro experiments have suggested that UV-inactivated orthopoxviruses act as exclusive
TLR9 agogi lost their ability to stimulate via a TLR9-independent way (Fig. 2). To test if
this 'TLR-éJé ?h?)‘/g %hg"l%\%gtion in the presence of orthopoxvirus-antigen woulBhBdrR{%H)*3#6tection wild
type mice were challenged with a lethal dose of EC7V and applied subcutaneously the equivalent of
1E+08 TCIDso of a UV-inactivated CVA. Of the 5 mice challenged one died on day 11 whereas the
others WO 2008/131927PCT/EP2008/003367 survived (Fig. 6b). However in contrast to the mice
which ieegipebihe RamMeAaae RiAGH S IGRt ith, Inggtiygted OVA
showed stro?g signs of sickness ﬁmgﬁth%aan ?%%%/ye%?b%ﬁé %%%i%%& \)}\?hlc %%gealed only
in the 4Ha1werk of rhallenge Thus inactivated orthopoxviruses, although providing viral antigen and
potential TLR9 ligand, seem to induce protection that is inferior to the robust protection achieved with
active MVA. Exeeplesfsddvé mediatodsimmediaie s qircting iemdathal EGA Yoehallgage,is partially
independent of IFN-I [0156] To elucidate if administration of MVA was able to immediately protect
other immmg therAprONGisEiiNice) astiovshe & gl oM BEeIMEGIANSITOf AratepUian sxparments were
performed with IFN-I receptor (IFN-I-R)-deficient mice, which are known to be highly susceptible to
severaRiiral nfadtiebpindlucting pesvitusinfestionsi26)piipbexpeiimentsdemenstiatac gt similar
to TLR9-deficient mice all IFN-I-R-deficient mice died after challenge with 1E+02 TCID50 of ECTV.
Since tine IMN/a gdchctidittie NitfoitoFEEITTV buivasieiocii Avisraepsmset T bRY kvased
hypothesized that MVA induced IFN-a was an essential part of the immediate protection in
TLRO-Heficient enivendddwdies, mhersBEhe (higeatid vontrolE-dntiRideficientmicediedwith a
challenge of 1E+02 TCID50 ECTV within 10 days, immediate MVA treatment surprisingly protected the
IFN-1-Rraéfiershiergi eragainistef BhallerigepwithellE A2 mbd e+ @3FOIDS T RS E VeEigs 7). From a total
of 15 IFN-I-R mice challenged with 1E+02 TCID50 of ECTV, one mouse developed a swollen limb and
had tosHergififanize @kamrainee kbirinethicll Easoatywhere&sithe ajrend deneenaind: &l HMice
challenged with 1E+03 ECTV were free of symptoms for more than 4 weeks. However with higher
dosesHFEETY WrOgritktich 61C TV depends on the presence of TLR9, and in particutar that

IFN-z production by ECTV is dependent upon pDC. ECTV clearly inhibits recognition via
other TLRS-independent pathways. On the other hand, recognition of MVA by both pDC
and cDC is composed of an additional TLRS-independent mechanism.

[0148] To analyze ex vivo isolated pDC containing cell populations in addition to in
vitro generated FL-DC, wild type and TLRS-deficient total bone marrow cells, a rich
source of pDC in vivo, were stimulated with active or UV-inactivated MVA in parallel to
CpG-ODN as a contral. Similar to results with FL-DC, active MVA induced robust IFN-¢
production in wild type and TLRO-deficient bone marrow cells, whereas with the lack of
TLRS the IFN-g production in response to UV-inactivated MVA and CpG-ODN was
completely abrogated (Fig. 2e). Thus, these data demonstrated that MVA was recognized
by freshly isolated bone marrow cells via a UV-sensitive TLRS-independent pat.ﬁway

and a TLRO-dependent pathway.
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WO 2008/131927PCT/EP2008/003367 IFtHR-daficiant mina was much lass robust. About half of the
IFN-I-R mi ggﬁlé(; % with 1E+04 ECTV died and all IFN-I-R mice challenged with 1E+05 ECTV
died (Fig. %0 ince these higher doses correspond to viral challenges that W@/E}B@%ﬁ@é%ﬁ the same
background mulri survive in the presence of MVA, it was concluded that one me_chanlsm of th_e _
immediate protection via MVA is mediated by IFN-I. However, some protection is clearly medlated via
1EN-1-independent mechanisms since MVA could protect mice against low and mtermed!ate doses of
ethal ESEWpledion svemirile APsaRea 2 lnsllanal A sysiem. Fxam é%%&%?g immediate
protection via MVA in ECTV infection depends on adaptive immune respOonses 9] MVA is
known goimguegestiang adaptive immune responses including cytotoxic T-cgll (CTL) responses and
antibody formation which both contribute to the protection against pathogenic orthopoxviruses (Wyatt

et a/., Proc. Nﬁﬂi-ﬁ‘@?@%@@u@r‘e%ﬁ?tﬁ%é@Q@ﬂ%@e@g%%i%ﬁﬁ%@%é{r%nb@F@R%%ﬂstg t

TLR9-deficient mice are able to mount stable OIL and antibody responses upon DNA vaccination, thus

demonsmmg@mem@rautc@a@a@mw@r@m@mtq:am&n&%og&rﬂq%wﬁnmqgs Raanees (Spies et
al., J. Immunol. 171:5908-5912 (2003); Babiuk et a/., Immunology 113:114-120 (2004)). [0158] To

test if teRbapfceof o3 Anwond affRet AdantiedRIBUAIRSRANSSHIR AR INSES MY4Was applied
and antibodies to poxviruses were measured by ELISA in the serum and poxvirus specific OIL _
responisés/liy plimtesten staimingife@8Ba9 whlesn elttoanehRgEPRarm &laad:erllss TkRY Agficignt mice
mounted robust poxvirus specific

cytormegalovirus (MCMV) (Krug ef al., Blood 103:1433-1437 (2004); Tabeta et al., Proc.

Natl. Acad. Sci. U. 8. A, 101:3516-3521 (2004); Delale ef ai., J. immunol. 175:6723-
6732 (2005)). Given the strong suppression of TLR9-independent recognition in vitro by
poxviruses like ECTV (Fig. 1, Fig. 2), it was hypothesized that TLRS would be an
important factor for the survival of infection with these viruses. To test this, a mouse
infection model that mimicked as closely as possibie a human smallpox infection was
used: an ECTV infection model via the infranasal route. Similar to VARY infection in
humans, ECTV is highly species specific and is a natural mouse pathogen, able to
effectively infect via the respiratory tract after exposure with only smail viral doses. In
addition, it carries & large panel of immune suppressive molecules similar to VARV
(Esteban, D.J., and Buller, R.M., J. Gen. Virol. 86:2645-2659 (2005)).

[0151] Inifial experiments using relatively high doses of ECTV {(1E+04 tissue culture
infective doses (TCiDso)) demonstrated that TLR9-deficient mice died at least 2 days
earlier than wild type mice. To further evaluate the susceptibility and quantify the |pso
TLRG-deficient and wild type mice were infecied with varying doses of ECTV. All TLRO-
deficient mice died after infection with as little as 3E+01 TCIDx whereas none died after

inoculation with 1E+01 TCIDso (Fig. 3b). In contrast, none of the wild type mice died after
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WO 2008/131927PCT/EP2008/003367 antibody and CTL responses indicating that adaptive immune
responses‘j‘r,‘brg&&?ﬂgg ]}0 MVA vaccination are not dependent on the presence of TLRO. [0159] It
was next investigate fzfthe measured adaptive immune responses would FEOREREOGHBIAPN lasting
protection to PrITV infection thus whether the MVA- , induced protection in TLR9- deficient mice was
not only immediate (Fig. 5), but also long-lasting. Nine weeks after initial challenge, the TLR9-deficient
mice from the experiments described above (Fig. 5) and in addition mice that had received MVA alone
nine weegks:ealigrwvere. erehatienaed using, e 04T ClRso-of V. All TLR9-deficient mice which
had received a single dose of MVA nine weeks gg‘%geigeifﬁef’ alfn&éadr" A COMRBiRES W W EC TV
surviveddirgrabadengenithAE 94 TRz Wagggﬁée%%r‘?ﬁgﬁv 't%wt immediate protection, the
long lasting protection of tge $LR9)-deficient mice after MVA trekgté&rggérw e%% sdec g?iga\é%)?? owf?éloo of the
LD50. Fhesmpxpediments demenstated shatELRA-defisiant ics W, R HlngRn
sustaining substantial protective immunity to poxvirus infection upongt%}(%%%% I%%%%?a‘ﬁ%% wEit MVA

which mistikedyrdiependes mp-adanivesBung  espRNSeRce. A9160] Joave e falegtadaptive

immune responses in the immediate protection protocol Rag-1 deficient mice were challenged with

ECTV ifLiRe-prefseinoe ol abaadce-of MY Hhig.8): Ragd; deficient Bigsdagknalure,Breells and

T-cells and thus are unable to produce antibodies and CTL. Without co administration of MVA Rag-1
deficiensnidetdied Fapil| iR®sittseroned Yrehallenee (HEH03 @R e t03LGabRAmERWith MVA
extended the survival of Rag-1 mice for several days, but finally all mice died, demonstrating that
adaptivefaimand aespiti desears dadeBosericial, fior shermybdyakaid € Tvheveninihe psence of
immediately applied MVA.

TLRY is an essential component of the immune response to ECTV infection.

Example 6: MVA immediately protects wild type and TLRE8-deficient mice from
lethal ECTV chalienge

[0152] in vitro experiments demonstrated that ECTV effectively suppressed
recognifion by DC, whereas MVA activated DC (Fig. 1). It was therefore hypothesized
that MVA given at the same time as the pathogen would activate the immune system and
as a result might induce immune responses which potentially control the pathogenic
poxvirus. Indeed, MVA given at the same time or immediately after challenge with a high
iethal dose of ECTV of 1E+05 TCIDso completely protected wild type mice against death
whereas ali confrol mice died with the 10-fold lower dose of 1E+04 TCIDs0 (Fig. 4).

[0153] Since MVA induced a strong TLRS-independent activation of immune celis
in vitro, whether MVA could protect TLRO-deficient mice against ECTV infection was tested
next. Similar to the protection seen in wild type mice (Fig. 4), MVA immediately
protected TLR9-deficient mice against highly isthal doses of ECTV infection. Whereas
all untreated control mice died with 1E+02 TCIDso, all MVA treated mice even survived a

challenge with 1E+04 TCIDso, which resembiles a dose exceeding 500-fold the L psp for
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Example 11: MVA fully rescues TLR9-deficient mice if applied two days after infection with ECTV
[0161] Th%lﬂ&gé}?gﬁg}mendaﬁon in cases of smallpox infection includes vaccination as ?uickly as
possible after exposure. However there exists only anecdotal historical informtaioH 4HHEetRe success
of post-exposure vaccination against smallpox and in most cases the pre-vaccination status of the
individuals was not clear. (Fenner, F., Henderson, D. A., Arita, I., Jezek, 1, & Ladnyi, I. D. Smallpox
and its eradication.(Geneva: World Health Organization; 1988); Mortimer, P. P., Clin.Infect, Dis. 36,

622-626 200N Marennal (i arimalimedelh Besinisicary svival-henefit to post-expostire

vaccination was observed using as infection models either the MPXV In monkeys or VACV in mice

(Stittelppiret e Naturerd3AT 45374%1(2006) Staibglalveldgen t%ﬂ@%&i@ﬁ%‘%&z%@@)- In this

way, the results of the current invention are unexpected. [0162] Given this scenario and the fact

that thevinbiaarsaljaiestionaadpbek ECTALisragarsiad asareond animalmedsl fofsaalipox infection
in humans (Esteban, D.J., and Buller, R.M., J Gen. Virol. 86:2645-2659 (2005)), whether the robust

immediiecreteatenapaing miathal KGTvdatestianhy My sosldReLxinnded i athaapeutic

post-exposure intervention with MVA was analyzed. As shown in figure 9, MVA given up to two days

after eggoBuedodedciideseral =GTY boompleielrprresiesTlinde delicientigtiagaingtdeath
without any obvious signs of sickness:(Fig. 9 and data not shown). Some mice in the group which
receivedebREA treatment as late as 3 days after a lethal dose of ECTV also survived (Fig. 9b). These
data show protection against death to species-specific orthopoxvirus infection using as a
post-ekpesumearédifientaClinpsotected against lethal ECTV infection if MVA is applied to

a different site

[0154] To ascertain whether the immediate protection in wild type and TLRO-
deficient mice was absolutely dependent on the coadministration of MVA 1o the same site as
the ECTV infection mice were challenged intranasaily with a lethal dose of ECTV and
applied MVA via a subcutaneous injection. The TLR9-deficient (Fig. 6a) and wild type mice
(Fig. 6b) survived the lethal ECTV infection, without any signs of sickness, if MVA was
applied io the subcutaneous site (Fig. 6). Thus coadministration of MVA to the same site
as ECTV was not essential for immediate protection.
Example 8: Inactivated orthopoxviruses are less efficient than MVA in protection from
lethal ECTV infection

[0155] Our in vitro experiments have suggested that UV-inactivated
orthopoxviruses act as exclusive TLRY agonists but have lost their ability to stimulate via
a TLRY-independent way (Fig. 2). To test if this ‘TLR-© only’ stimulation in the presence
of orthopoxvirus-antigen would mount any protection wild type mice were challenged with a
lethal dose of ECTV and applied subcutaneously the equivalent of 1E+08 TCIDso of a UV-

inactivated CVA. Of the 5 mice challenged one died on day 11 whereas the others
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1. Use of a replication incompetent poxvirus for the preparation of an immunogenic composition for the
treatment %f(p @éi}f ﬁg@ ection of an animal, wherein said Immunogenic cpmfﬁ%(()smon is admlnlstered to
said anima af?er |n#§ec ion with the poxvirus. 2. The use of claim 1, whereirf fhEERtH9gENic
composition is administered to said animal between 0-3 days after infection with the poxvirus. 3. The
use of any one of claims 1-2, wherein the animal is a human. 4. The use of any one of claims 1 to 3,
wherein the poxvirus is a Modified Vaccinia Virus Ankara (MVA). 5. The use of any one of claims 1 to

(6 Sl e i MV 6 5 b S g o EREE R fefhp g B e
MVA subcutaneously, all mice treated with inactivated CVA showed strong signs of sickness
including lethargy and they developed tail lesions which healed only in the 4" week of
challenge. Thus inactivated orthopoxviruses. although providing viral antigen and
potential TLRY ligand, seem fo induce protection that is inferior to the robust protection
achieved with active MVA.

Example 9: MVA mediated immediate protection from lethal ECTV challenge is
partially independent of IFN-|

[0156] To elucidate if administration of MVA was able {0 immediately protect
other immune compromised mice and to shed light on the mechanism of protection
experiments were performed with IFN-I receptor (IFN-I-R)-deficient mice, which are
known to be highly susceptible {o several viral infections including poxvirus infections (26).
initial experiments demonstrated that similar to TLRS-deficient mice ali [FN-I-R-deficient
mice died after challenge with 1E+02 TCIDs of ECTV. Since the iFN-¢ production in vitro
io ECTV but not to MVA was dependent on TLRS, it was hypothesized that MVA induced
IFN-o was an essential part of the immediate protection in TLRS-deficient mice.
However, whereas the untreated control IFN-I-R-deficient mice died with a challenge of
1E+02 TCIDsw ECTV within 10 days, immediate MVA treatment surprisingly protecied the
IFN-1-R-deficient mice against a challenge with 1E+02 and 1E+03 TCIDse ECTV (Fig. 7).
From a total of 15 IFN-I-R mice challenged with 1E+02 TCIDse of ECTV, one mouse
developed a swollen limb and had fo be euthanized after 3 weeks for ethical reasons,
whereas the other 14 mice and all 10 mice challenged with 1E+03 ECTV were free of

symptoms for more than 4 weeks. However with higher doses of ECTV the protection of
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7. The use according to claim 4, wherein the MVA is to be administgred ina dos_e _of 107 to 5x108 ICI
D50. 8. T 436,90 method according to claim 4, wherein the MVA is to be administered .
intravenously, Fﬁf’ra{ﬁsa%gﬁy intramuscularly, or subcutaneously. 9. The gsé’ﬁﬂ*fﬁ&mﬁﬁ!am@ng to
claim 4, wherein the MVA is MVA-BN(r). 10. The use or method according to claim 9, wherein the
MVA-BN(r) is the strain as deposited at European Collection of Cell Cultures (ECACC) under number

V00083008. 11. The use or method according to claim 4, wherein the MVA is a recombinant MVA.
rises at least one heterologous

with 1E+04 ECTV died and all IFN-I-R mice challenged with 1E+05 ECTV died (Fig. 7).
Since these higher doses correspond o viral challenges that wild type mice on the same
hackaround eould survive in the prasance of MVA| it was concluded that one mechanism
of the immediate protection via MVA is mediated by IFN-I. However, some protection is
clearly mediated via IFN-l-independent mechanisms since MVA could protect mice
against low and intermediate doses of lethal ECTV infection even in the absence of a
functional IFN-| system,
Example 10: The immediate protection via MVA in ECTV infection depends on
adapiive immune responses

[0157] MVA is known fo induce strong adaptive immune responses including
cytotoxic T-cell (CTL) responses and aniibody formation which both contribute to the
protection against pathogenic orthopoxviruses (W yatt et al., Proc. Natl. Acad. Sci. U. S,
A. 101:4580-4595 (2004)). Previously, it has been shown that TLRO-deficient mice are able
to mount stable CTL and antibody responses upon DNA vaccination, thus
demonstrating the overall capability of these mice to mount solid adaptive immune
responses (Spies ef al., J. Immunol. 171:5908-5912 {2003); Babiuk et al.,
Immunoclogy 113:114-120 (2004)).

[0158] To test if the absence of TLRY would affect adaptive immune responses to
poxviruses MVA was applied and antibodies o poxviruses were measured by ELISA in
the serum and poxvirus specific CTL responses by pentamer staining to B8R in spleen

celts and peripheral blood cells. TLRS-deficient mice mounted robust poxvirus specific
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13. The use according to claim 12, wherein the antigenic epitope is an antigenic epitope of an

i i . ding to claim 13, wherein the infectious agent is a virus.
infectious @s%%os;ﬁls i_égt}e use according PC%/EPzaesmussm

antibody and CTL 1 aplive immune responses in response o
y o B
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MVA vaccination are not dependent on the presence of TLRS.

[0159] It was next investigated if the measured adaptive immune responses
would tranglate info long lasting protection to ECTY infection | thus whather the MVA-
induced protection in TLRS- deficient mice was not only immediate (Fig. 5), but also long-
lasting. Nine weeks after initial challenge, the TLRS-deficient mice from the experiments
described above (Fig. 5) and in addition mice that had received MVA alone nine weeks
earlier were re-chaflenged using 1E+04 TClIDso of ECTV. All TLRO-deficient mice which
had received a single dose of MVA nine weeks earlier either alone or in combination with
=CTV survived the challenge with 18+04 TCIDso of ECTV. As observed with the
immediate protection, the long lasting protection of the TLRS-deficient mice afier MVA
treatment exceeded a factor of 500 of the |nso. These experiments demonstrated that
TLRO-deficient mice were capable of mounting and sustaining substantial proteciive
tmmunity fo poxvirus infection upon traditional vaccination with MVA which most likely
depended on adaptive immune responses.

[0160] To prove the role of adapfive immune responses in the immediate
protection protocol Rag-1 deficient mice were chalienged with ECTV in the presence or
absence of MVA (Fig. B). Rag-1 deficient mice lack mature B-cells and T-cells and thus
are unable to produce antibodies and CTL. Without co administration of MVA Rag-1
deficient mice died rapidly in response to ECTV challenge (1E+02 and 1E+03).
Cotreatment with MVA extended the survival of Rag-1 mice for several days, but finally alt

mice died, demonstrating that adaptive immune responses are indeed crucial for the

survival of ECTV, even in the presence of immediately applied MVA.
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Example 11: MVA fully rescues TLR9-deficient mice if applied two days after
infection with ECTV

[0161] The WHO recommendation in cases of smallpox infection includes
vaccination as quickly as possible after exposure. However there exists only anacdotal
historical information about the success of post-exposure vaccination against smalipox
and in most cases the pre-vaccination status of the individuals was not clear. (Fenner, F.,
Henderson, D. A, Arita, |, Jezek 7., & Ladnyi, I. D. Smallpox and its
eradication.(Geneva: World Health Organization; 1988); Mortimer, P. P., Clin.Infect. Dis.
36, 622-629 (2003)). Moreover, in animal models no significant survival benefit fo post-
exposure vaccination was observed using as infection models either the MPXV in monikeys
or VACV in mice (Stitielaar ef al., Nature 439:745-748 (2006); Staib et al., J. Gen.
Virol. 87:2817-2821 (2006)). In this way, the results of the current invention are
unexpected.

[0162] Given this scenario and the fact that the intranasal infection model of
ECTVis regarded as a good animal mode! for smallpox infection in humans (Esteban,
D.J., and Bulier, RM., J. Gen. Virol. 86:2645-2859 (2005}), whether the robust
immediate protection against a lethal ECTV infection by MVA could be extended to a
therapeutic post-exposure intervention with MVA was analyzed. As shown in figure 9, MVA
given up to two days after exposure to a lethal dose of ECTV, completely protected TLR9-
deficient mice against death without any cbvious signs of sickness (Fig. ¢ and data not
shown). Some mice in the group which received MVA treatment as late as 3 days after a
lethal dose of ECTV also survived (Fig. 9b). These data show protection against death to

species-specific orthopoxvirus infection using as a post-exposure freatment.
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Claims:

1. Use of a replication incompetent poxvirus for the preparation of an immunogenic
cormnposition for the treatment of poxvirus infection of an animal, wherein said
immunogenic composition is administered to said animal after infection with the

DOXVIFUS.

2. The use of claim 1, wherein the immunogenic composition is administered to said

animal between 0-3 days after infection with the poxvirus.
3. The use of any one of claims 1-2, wherein the animal is a human.

4. The use of any one of claims 1 to 3, wherein the poxvirus is a Modified Vaccinia Virus

Ankara (MVA).

5. The use of any one of claims 1 to 4, wherein the poxvirus infecting said animal is a

replication competent poxvirus.

8. The use according to claim 4, wherein the MVA is to be administered in a dose of 10°

to 5x10% TCIDsg.

7. The use according to claim 4, wherein the MVA is {o be administered in a dose of 10’

t0 5x10° TCIDs0.

8. The use or method according to claim 4, wherein the MVA is to be administered

intravenously, intranasally, intramuscularly, or subcutaneously.
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8. The use or method according to claim 4, wherein the MVA is MVA-BN®,

10. The use or method according to claim 9, wherein the MVA-BN® is the strain as

deposited at European Collection of Call Cultures (ECACC) under number VO0083008.

11. The use or method according to claim 4, wherein the MVA is a recombinant MVA.

12. The use or method according to claim 11, wherein the MVA comprises at least one

heteralogous nucleic acid sequence coding for at least one antigenic epitope.

13. The use according to claim 12, wherein the antigenic epitope is an antigenic epitope

of an infectious agent.

14. The use according to claim 1 3, wherein the infectious agent is a virus.
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