| MVEDI ATE PROTECTI ON AGAI NST PATHOGENS VI A WA FI ELD
OF THE I NVENTI ON [001] The invention relates to the
wous®/1eio2modi fi ed vaccinia virus Ankara (MWA) POTEPRMBAIES367

i mredi at e protection agai nst pat hogens. BACKGROUND OF
THE | NVENTI ON [ 002] Poxviruses, including the
causative agent of smallpox, Variola virus (VARV), are
hi ghly pat hogeni ¢ doubl e stranded (ds) DNA viruses. It
is estimated that small pox has caused nore than 300
mllion deaths in the 20th century al one. Even though
traditional vaccination prograns have eradi cated VARV
as a natural pathogen, it remains that enhancing the
know edge of mechanisns of its infections and/or
protection may be essential given the scenarios of
ZOONMMEDIATE PROTETRON AGAINSTIP ATRHOGENSVYIA MVA
re-emergence of VARV by accidental release, or the
possibility of terrorist attacks with poxviruses.
[003] The genus Othopoxvirus contains several rel ated
viruses based on genetic simlarity and i nmunol ogi ca
cross-reactivity, including VARV, the causative agent

FIELD OF rHeasNVERTIONX, ectronelia virus (ECTV) causing
nousepox, cowpox virus (CPXV), nonkeypox virus (MXV),
PRl PR inkightion SIMR¢) to the dise af phatlifed/ Vadtsnia WACGY)Ankara (MVA)
Anmong t hese ECTV, MPXV, and VACV are used in aninals

; i ' I I pox. A nunber of
to prov@%égﬂgtéé|g%é;ér%%d\}@ﬂ;aeg;aﬂﬁsa';p‘)ggfﬁ%b ne?’I rgn?ce and | arge anmounts
of evi dence on the i nmune responses induced and on the

ERBU ' ani sms enpl oyed by poxviruses
BACKEave @gypgﬁﬂggg Wlnth VACV. However, VACV is not a

PR P PR R R oo syied s
(VAszgJégihﬁ‘ ] bkBhodat YShESRaRESS IS ONRVirBEEs. CRTEBY N ated 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.

[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 VACYV are used in animals as model infections for human

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



(WIllianmson et al., J. Gen. Virol. 7 1:2761-2767 (
1990)). MPXV in nonkeys has the advantage that nonkeys
woar@/Bvalrutionarily nmuch closer to humans. HoREYAP2008503367
with the VACV nodel in mce, non-physiological high

viral doses are needed to lethally infect nonkeys.
Therefore, both aninmal nodels are regarded to refl ect
nore the |ate stage of a VARV infection in humans
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ecaus €Cl es- Spec
mouse el i '%V‘n@é%@?ﬁ%ﬁﬁg RT3 S fislyuses

f eat ures that have al so be cr| VARV

(WilliaipBc B oBeru RS 1 ParTer /& (HE0)) 1 MY I opkays bas the
, and Buller, RM, J. Gen. Virol. 86:2645-2659

advantage mtmomiaystare syoluigaanky, much eloseidel huraans eHewgwarsas with the
nodel to human infection by VARV. [004] Pathogens are

VACV thetlelih enicéynanrghyisintegieal $ygit éral dosesparetneeded ¢ effiallyiinfact
receptors (PRR). Anong the latter is the famly of

monkey$)| Thdrefore, betreaiintas n{odel)are fédardecitodeliédt8naredh® late stage of a
recogni ze the nucleic acids RNA and DNA, respectively

VARV HT@&TI’anlﬁun?énsaéFennUﬁtFurﬁeﬂ@&soﬁ@ R4Arit200Qezek, Z., & Ladnyi, |.
Diebold, S.S. et al. Science 303, 1529-1531 (2004);

D. Smé"{fo'c)xarft r‘a‘f’l oﬁoéené@g%éﬁaﬁe%ﬂﬂ@r)g)amz@ﬂé}ﬁ|(¢988) Mortimer,

ande viruses, |1ke hefpesviruses or
e iR %m@wg@;ﬁ;ﬁﬂoﬁb JbopBR ey mocer,

300-.1306 6
ECTV Biedia! (308 8108 o) bekatse s &'sBissrspsdt gf@% f&fﬁéﬁ%’ ts
(2004); Hochrein, H et al. Proc. Natl F\A
naturalihost and ¢an cauge fafe outaorpes abefgageulgtgrawitl %’ V&'S QPSGS features
Proc. Natl. Acad. Sci. U S. A 101 , 3516-3521 ézoozg s

that hame wisgebeerpaesanibed|in ¥ARY infectioacd dwimansHFeananayal., 1

exi st, possibly explaining why previous viral
Estebamf®dt,iaovd Bulleh, & Mhav.eGen. Virol. 86:2645-2659 (2005)). For these
reasons, this model is the closest model to 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
TLRS8 and 9 recognize the nucleic acids RNA and DNA, respectively (Hemmi, H. et 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 (2006); Lund, J. et al., J.



denonstrated no or only mld increases of
susceptibility in the absence of TLR9 (Hochrein, H et
woabes/Brae. Natl. Acad. Sci. U S. A 101 , 11418€T/EPA@D$/003367
(2004); Krug, A et al. Blood 103, 1433-1437 (2004);
Zhu, J. et al. Blood 109, 619-625 (2007); Delale, T. J
| mmunol . 175, 6723-6732 (2005); Tabeta, K et al.
Proc. Natl. Acad. Sci. U S. A 101 , 3516-3521 (2004)).
Exp. Me80%d8 \Wre-526 (2008, Khig, A @t ho Bl 168, 1483- 048 2(2004); Hochrein,
menbrane of the cell to nonitor the extracellul ar
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components, a group of TLR consisting of TLR 3, 7, 8,
et 4388, S BTG T8 00h9, 0950 p8 i ERBHLRe Beogniir

B w S, .d. Exp. .Med., 203:.265- 268 T R
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demongiiaiecans @iy s HCIEB5S ok SyeqeRyBIY MbACsEhes T TLRS

Nat ure 408: 740- 745(2008)@;_ Al exopoul ou et al., Nature 4
(Hochret®, 32t aB&rocodatl.yAcad 6]U-§x‘br&é1s i1dA16f1 1#2Rd2094 ¥ Krdg, A et

wi thin species. Wiereas in humans B-cells and

al. Blog #83retAB3e1 4B D008 U, buet abBlaash1@ht616n625 (ROQ7OTRplale, T. J

express and respond to TLRO stinulation, TLRO
ImmuneK 765672361782 IfR0@5); Tabetas Kl esak Ftde dVatBeiade ScBLL8IA.s101,
and pDC, nouse cDC and even macrophages are known to
3516-38201(26064)JLR9 and respond to TLRI |igation (Hochrein et
al., Hum Immunol. 63:1 103-1 110 (2002)). The natural

Ldgggiggk{rgq%ﬁ%ﬂmﬁ é}éiu&}a@& gyth@%dtgﬁqemr&% SERREe to

ereas oligonucleotidescontaining
ool T8 R P AN B R norts, o
soup SER R TR S0 R0 A AR e an
monitoR Bariaseial e S Tkt a5 88 ANAUARR n BOEL AV S - o Exp.
Med. Zgg:t.'ZinSi-chiSSaEZOlO% )én'lghse 'rlll?lg 3, 7, and 8 recognize RNA, whereas TLR9
recognizes DNA (Diebold et al., Science 303: 1529-153 (2004); Heil et al., Science
303:1526-1529 (2004); Hemmi et al., Nature 408:740-745(2000); Alexopoulou et al.,
Nature 413:732-738 (2001)).

[006] Expression of TLR9 differs within species. Whereas in humans B-cells and
plasmacytoid DC (pDC), but not conventional DC (cDC), express and respond to TLR9
stimulation, TLﬁQ expression in mice is less restricted. Besides B-cells and pDC,

. mouse cDC and even macrophages are known to express TLR9 and respond to TLR9

ligation (Hochrein et al., Hum. Immunol. 63:1103-1110 (2002)). The natural ligand for

TLR9 was originally defined to be genomic bacterial DNA, whereas oligonucleotides



increased to bacterial plasm d DNA and several types
of CoGODN with differences in their chem cal
wocorspssi2ti on, as well as drastic differences PQT/EP2008/003367
bi ol ogi cal effects including IFN-I inducing capacity
(Spies et al., J. Immunol. 17 1:5908-5912 (2003);
Krieg, AM Nat. Rev. Drug Discov. 5:471-484 (2006)).
Under conditions of enhanced uptake, non
contairfiifue@etfilated CoG nidtifs \djdiidiybassecidd\dpedifiovidtifeand often
vertebrate DNA have al so been shown to act as TLR9
. 4o aH20- T
phosphPBRTSTE SRl (P0G 10N were e EBNR 2o o oo P TLRO
(Hemm} &34 >d00; BADRL SPOKYEIAE Wad HeBC G0 Y2 & T bBIgYH-0242 (2001))
Sstrategies fTor inmune sSupp y

f ressi on, substanti ated

t t t Vi . d .
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increaspéhtp HAGIRAL PIAGETI G OI/S anG REYSTA YRR of GoG DON with differences in

intracel lular signaling cascades (Seet, BT. et al. )
their chamical qrawositipnuas wellas)drasti diffesencrroin) biologicad gffegts including
nol ecul es expressed by poxviruses have been shown to
IFN-I induoiyeg capadityr(Spids ehel. , TLRmengmell | Aty 50881 (2003); Krieg, A.M.
suggesting a role for TLR-dependent recognition

Nat. RpatirogyBistor. Spoxi+484$2606)Rovineer donditions|of eRhacsced\apthke, non
Acad. Sci. U S. A 97, 101 62-10167 (2000)). In fact, a

CpG-corthifiingr fllyRRethlatdtEDNACLONEN b9 VeRébraREDNA Ravd &ldd®Ben shown
(VACV) was ‘proposed (Zhu, J. et al. Blood 109, 619-625

to act &Zﬂqf@ ggoﬁiggg(kagggéfeit%q, VaghRinnhal, Ak an29(eM®) (20iosYySMieains et
rel ate

to Vaccinia virus, a nenber of the genera

al., J. @;ﬁ_hﬁp@g&\ﬁi1{5243)7531g@go(@ﬂ |y of Poxviridae. MVA has

eengener a al passages on chicken enbryo

' 5\08' asts of the Ankara ﬁ.t[aitn of . v§cc.i nia virus .
) Popguses s evalveghpuitiole strateaigs Torimtating siparession,
6- 14 & 1975))... As a consequence of these |on -terr]w _
substapfiated hyshe fafd thaRAVITHY IRHATES RRSOdR MUMETOb Bileailgs with
kil obases of its genonic sequence and, therefore, was
immundsurnrepsive AgndtioghlAmers theseldre soluble cytokine and chemokine

receptors and a multitude of molecules that interfere with intracellular signaling
cascades (Seet, B.T. et al. Annu. Rev. Immunol. 21, 377-423 (2003)). Recently,
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. et 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. et al. Blood 109, 619-625 (2007)).

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

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



restricted to avian cells (Meyer, H et al., J. Gen.

Virol. 72, 1031-1038 (1991 )). It was shown, in a

wouversiigig7of ani mal nodel s, that the resulti ngPYWAPNNS/003367

significantly avirulent (Mayr, A & Danner, K. Dev.

Biol. Stand. 4 1: 225-34 (1978)). Additionally, this

MVA strain has been tested in clinical trials as

vacci ne to i muni ze agai nst the human snal | pox di sease

generatd@ly 586 salial padsageBaktchidied. erhbrybtfibroilasts db tﬂéAnkara strain of

375-390 (1987), Stl ckl et al., Disch. Med. Wschr.

vaccnn@%’@é%é@% Qf%? flidw s-gé%SyIS fau dét%? InPee@lon el 6oV 917%9)h 0&9 a

umans, including high risk patients, and proved ft

cCl

consqut%m X Sﬂwet 2 IX l‘f%rﬁré: ?acqeegf g&@gggﬁgshgvéh\}lﬁq deleted about 31

. i ned [ n|C| In_ the ec

kﬂobasreaﬂrf’aa@&nowﬁwmuse% ﬁ@?fﬁt%?evaw yese e C@". Phpst cel
vector, for conbi n ene expr n

restricted & AKiaRRHIS (MEYPhd %‘?’:e/r ol Vil 42, 18@2&2}%@1%1) Itwas
1032-40 (1994)). [010] I n thls respect, it is

shown distaovarigty afaninzal medels, thabihgtenul{ing MV%MaSOFé%ﬁg@mh/t @\rulent
during the 1970s that MVA is highly attenuated and

(Mayr, avi& Daemar, Kn DewnBivd. Staddndhr2ds34 $tiB)). eAdditippally, this MVA
reported observations (Blanchard et al. J. Gen. Virol.

strain h&3, beklhbtestellif tlinitabtials dmvacdihe & Mrsaniz¥iagairsy yhe BBman
198-21 1 (1997); US Patent 5,185, 146; Anbrosini et

smaupé& disedse NAHYOSCAl., ZR2SBakidkipy. I, ABE (r§989)a7, 33B3T\@87), Stickl

hat MVA i s not fully attenuated i n_manmal'i an and

et al., [bféBPnM%@ WschP&9, ?BQGQ@QQS(H dva)). reeke %ﬁIdlé’é‘m%%H over 120,000

occur 1 n these ceé I's assumsd that the results
[ [ lﬂﬁ%}
humans |B8fg§ﬁ1dgslj1lggltrﬁgsp(%ﬂ@%AaﬁgltpnCe gY\e/cIor g&&@\%@gmﬂ Bgsed
lally diffe their , art cu

vaccmﬁW}éinadgcﬁam'ﬁh%im@%?e phirtaREShe S ftrﬂ‘é%'“lﬁ"éial gpod

) Growt h behavior is recogni zed as one of sever

immunpgenigiy. ovgthfa&ecw%@aa?q%@waat MYA: h@m?nq)ne%{eq it yse it as viral
strain is regarded as attenuated if it has |lost its

vector foapeesimiginat ggqmp;emggssmgé@s a aprimbigaptovaccine (Sutter, G. et al.,
reproductively replicate in host cells. The

Vaccinad@v 032240 i( t96)).

[010] In this respect, it is most astonishing that, even though Mayr et 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, 1159-
1167 (1998); Carroll & Moss, Virology 238, 198-211 (1997); US Patent 5,185,146;
Ambrosini et al., J. Neurosci. Res. 55(5), 569 (1999)) have shown that MVA is not fully
attenuated in mammalian and human cell lines since residual replication might occur in

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



observation, that MA is not conpletely replication

i nconpetent in human and manmalian cells, brings into
woqoesssien t he absol ute safety of MVA as a hunmBOTAERS@BE3367

or a vector for reconbi nant vaccines. [012]

Particularly, for a vaccine as well as for a

reconbi nant vacci ne, the bal ance between the efficacy

and the safety of the vaccine vector virus is

obtaine@Vife B ol SilfHY GINIVA[ SAcSiheAdrudes ekl edsértiaWodiffer in their
publication 02/42480, novel MA strains with enhanced

properrg-%f Fé%lcnl%)’i ﬁ]%ﬂ gﬂ&)&ﬁ{ mlorm‘€§rﬁ)®té&|hﬂ§ﬁar e

acterl aving at |east one of e follow ng

ﬁg' ?ogu ol \L/bZeh:% 'iesrltecggmziéd %s 8@8%?'513@ ﬁl |Rélcator%or virus

Icat
sty L. 6T s P FORT I bl R SEREREE oty r
ony haS et s o rorohalEl amicst o S S Y i g ntoned
143B, and the hunman cervi x adenocarci noma cell |ine

observaiiar thatiMYA fsnot sasmpletelyegplication ingprapetentds hupias andymammalian
is incapabl e of producing mature B and T cells and as

cells, bengdints gsestiendhy absolutessafetyof M A ad adnandn gadajne or a vector for
susceptible to a replicating virus; and(iii) induction

recombiharttvakeiags. t he sanme | evel of specific i mMmune response
in vaccinia virus prine/vaccinia virus boost regines

e Pamraﬁ f& PDifsdiid 8B IWeAGEIBF 8 r¥tdrHBinBAPSACcine, the
I egi nes. One of the devel oped strains has been

balanc&%%ééﬁ%@% %Ia:r\n‘\’cg ﬁ{éeﬁé"feg%fltﬁéklbea feb¥d Wls $€bktremely

Sit nu er VO0083008.
im ort%rﬂ's strain is referred to as "MWA-BN' throughout the
P ecification of WD 02/42480.

[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 143B, and the human cervix adenocarcinoma cell
line Hela;

(i) 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



[015] The ternms "not capabl e of reproductive

replication” or "replication inconpetent” nean that
woth@/m1920as shows an anplification ratio of | e®eTiHPAVSD03367

in human cell lines, such as the cell lines 293 (ECACC

No. 85120602), 143B (ECACC No. 9 1112502), HelLa (ATCC

No. CCL-2) and HaCat (Boukanp et al., J. Cell Biol.

106(3): 761-71 (1988)), under the conditions as

(iii) OUtihdue@en ioh aEfeastthe shntf 1eVED d 8béefiSnrhane seponsp et Laddnia
MVA strains. [016] According to WD 02/ 42480, "failure

to Ep ghﬁ@\?adcﬁué/ UM bédsk ?ég?mbg wheh érE&tto B ALBEime/vaccinia

replicate 1 n humans and in the mce el as descri bed

[ nvﬁnﬂ?bﬁ@stor% %4580 publ i cati on. [017] There have been

nuner ous repgrts suggest i ng that prine/boost regines

Rk e

mes (Schneider e 4: 397-

Collect{ondaigyymal ol s ESAGE Hith tWAéGQPF%PHE'Q%S/@OQééHO& This

used that are different fromthe vaccinia viruses as
strain igleeferregdel aacYHMATBRY thiougoatthe spegification af WG 102{k4488n
for the poor imune response obtained when WA was
(&l The tgmainchrdpailesif rephodudtiver replicatjon’” or hreplibation
hypot hesi zed that anti bodi es generated to MA during
incompietentp rezm-tadnihei Witusashiows areatnpificationtratio B/kesgitiam 1iin human
the second i muni zation, preventing an effective boost

cell uné§‘ ishen bk eell fEEPPIZ (ECACTONb! 85120602), 143B (ECACC No.
DNA- pri me/ WA- boost regl mes are report ed to be

e r n e
911125?(%29 HBLA ( ﬂ’fc@er(lng @GLQ gﬁa@ﬂt%%d Dl\gré@aﬁ 3. déﬁcmyﬁqoe( 3):

I's reginme co |nest to effectively

761 71%5%%33%1&%%{% Snbfshe Q§%u‘ﬁ'|1nee|aah I@amé)‘?@?rcgw& 6’5/4%@0 for

I'S response

e- e in mTunltyto MA. Cearly, if a pre
some %‘?F@PMZA ‘ty to MVA and/or vaccinia prevents

298 b&%qr%&@ttgrwmzféégéﬁf ieeterarioat i gasters to viruses
that doenfoft Irgal(é:)é'te ﬁaﬁﬁﬁqgﬁé grrwlj ¥n the mice model as described in the WO 02/42480
publication.

[017] There have been numerous reports suggesting that prime/boost regimes
using MVA as a delivery vector induce poor immune responses and are inferior to DNA-
prime/MVA-boost regimes (Schneider et al., Nat. Med. 4; 397-402 (1998)). In all these
studies, MVA strains have been used that are different from the vaccinia viruses as
developed according to WO 02/42480. As an explanation for the poor immune
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



in the individual s that have been vacci nat ed agai nst

smal | pox. However, the vaccinia virus strains
woaesastizng to WO 02/ 42480, as wel | as correspeauiEmRo08/003367

reconbi nant viruses harbouring heterol ogous sequences,

can be used to efficiently first prinme and then boost

i Mmmune responses in native animals as well as in

animals with a pre-existing imunity to poxviruses.

the mrﬂ@r‘}@re Asde Ve LomesstSONA- psmamMiRIdsb eshiimes\Wee reported to be
02/ 42480 induce at | east substanti al | y the sane |evel

supen(ﬁ @HHFHtlh?ﬂs idh !ﬁﬁﬁ¥ Féd%oWsEaé'sbéUdu%E/thl‘é%QHE BoMbIriés the ability

regi fres”co prlne vacCinia virus
of DN/\ chgglg{ﬁ‘?’%e gh(%%ﬁ] @g% BFQ vs%f*qrtHg g @\g/gl gf)ﬂ/fi‘%o boost
o e o SR R A LR 8

~_ boost regines if the CIL response as_neasured in one
existingfmmyaity i MVidy apd/en vascipgtrie s peosting eéﬁé@ IMARYNS FESpense.
02/ 42480 is at |l east substantially the sane in
then theaiseialiMV Aiasus vaedineor thecapeitis W@'d@aygé‘m'tﬂde%fﬁ% particularly
when conpared to DNAprime/ vaccinia virus boost
in the indigidoak. thaDli&le Been gacnindted @gairisb smallipoxe Hosneyienithe vaccinia
vi ruses devel oped according to WO 02/ 42480, in

virus stP@iht iaetbrding e opuizaBehay well asfcokéspBitiing retortibiranesiruses
that the strains are far superior to any other so far

harbouﬁhﬁrh%?érgfdgéﬁg siMAeh&, 3bR He%&br&f@éﬁlﬁﬁﬁ#%i bAfe and then
uman cél l'ines and failure of in vivo replication.

boost m%:ur%t fe%gﬁtﬁs% ﬁ\sriélﬁ/%eécnﬂ% Is! &leqkn %E‘nﬁl LARSS Wi a bR&existing

deve pro ucts such as vacci nes or
{ [ 0 £
e BRSOk
ro ers the o nism. By defi :

induce 3k st Houpatl e saris el imuyJE SRPFp Ry e vaceini

unspecific reaction, although both are cl osely cross
virus boqﬁm@almeﬁq@rna%r@édpfﬂ?f‘&Amwmé/aP@woww baostrggimes.

i mredi at e defence against a wide variety of foreign

K18 t Anvassinimvdirumisaegarsied asgedueing phieaspsubstaptialpnthgesame

response is
level of immunity in vaccinia virus prime/vaccinia virus boost regimes when compared to
DNA-prime/ vaccinia virus boost regimes if the CTL response as measured in one of the
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.

[019] 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



the defence raised after a | ag phase, when the

organismis challenged with a substance for the first
wWOoRpese319ehe speci fic i mune response i s hi ghl yPCI/EP2008/003367

efficient, and is responsible for the fact that an

i ndi vi dual who recovers froma specific infection is

protected against this specific infection. Thus,. a

second infection with the sane or a very sinilar

humanli d&liiks AW falelofGRAVARS eplicHlion ITHer steiine banthedsfor@ideal
synptons at all, since there is already a

candldgﬂ%gqtoﬁt’ﬁ'esdé (ﬂrﬂngBfts\éferhrgoaﬂd:@ s86§ 3k vagélﬁ@s'dﬂﬂh%i'ﬁ\ﬁceutlcals

e | mmun oglca ry perS|st for a ong I e,

id'ﬁgiogﬁ ﬂﬁﬁfé ﬁgnéé g Ca?ffﬁ%Qh%tﬂ% é’ystéllﬁewhe? a foreign

AMuUNo menory can result

sunstaf S AR erxﬁ%bﬂ‘q%@sera?ﬁ%eﬁe*f‘av@%ﬁﬂméﬁﬁﬁk?%ome

forei gn substances and micro-or isns. Th
is d'V'd§9é’ﬂt8rﬁ HRARNIG 3rd ag wspedfia regsdion, '8}&5&%@9{5 %gnﬁa%'y cross
cell types, such as, e.g. Iynphocytes and other cells

linked. JEh¢ uaspaaifmimwbne respspsede fesimmeadiate defepealagginst a wide
conprising small peptides and conpl enent factors.

variety[dd 2&ighr sudistaroesl andiiofeatiatis @agestsr dthegspesifin inrabhe response is
i nduce effective and | ong | asting protection by

the defendél€aisgd aflepa ilagphags wherethpwrgasisiastchhtiegesd with la) substance
However, substantial protection can only be achi eved

for the fifdt@ime eYRE QEeQ% ﬁnﬁf@m@f?@%;b’@nseq@‘}iqm& Efficirit harfd f8a@Sponsible for
regi e, | eaves the individua susceptlble to

the fac't Ma?%h'lﬁﬁvﬂﬂﬁl WHo rB3vers fBm ggééa;l\fll\%ét%rﬁsg)rotected against this

icating virus 1n human

specifi a g‘&‘{acg{{ St e‘r o %ose%ﬁﬁgﬂﬁe&érb\gﬁﬂ rsﬂﬂég gaamgeoqr e\?érgqglmhm%ectlous

I0n rnatl certa

agent Spiaba h ST PTRLE L SSR: o o SHRHBME T AR A e s areacy -
specialized anti-viral imune cell popul ation } i's
“pre-exSNgCEUMURYA Gords 8PN $ek ARt 280 NGERTYRaiPGICl memory

properties, which may increase the risk for viral
persistifeif @dnngotrme 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., lymphocytes 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,



[024] The current view of protection against deadly
poxviruses is via vaccinations. For these approaches,
woinesinidaal s are exposed to an attenuated (| eBET/EP2008/003367
pat hogeni ¢) poxvirus before the potential exposure to
a pat hogeni ¢ poxvirus. Vaccination induces adaptive

i mmune responses like Killer T cells (CTL) and
anti bodi es and a nmenory agai nst the rel ated

substaM@fl Groriction cdh lons: bd Bthiel€s afttSséveralodaysrteandmtsf yptimally with
agai nst the pathogenic virus, leading to protection

a boosfi u‘?\lé' §K|&Q§5véseﬁlb'lﬁﬂ‘lvﬁfuat Q?sdé%ﬂBI‘éytorlﬁféEﬁm BariNg Bkt time.

eat e exposure. However ad aptlve I MmMune responses

[lﬁzgﬁ’ M\}Elsté)ngﬁ¥gélﬂz%tln§|¥ﬂ'u§rr?p@ﬁ\%hg%h Fc%rn lﬂ?Q&rtn rﬂ%ﬁged to

I MMune respon rtive application o

vagccinating virus 025 nt | It.owas r -

pecpiif s ey Moy iy nelges BB Himpgts
(at | atest da bef ore exposure with the Vaccinia

certamxnrpwea@g?@ﬁsh @?/@E,‘é’r'% 8Y=ipmig ﬁgrelwtwyout@anén Hreseecases Pt

can be achi eved (WO2006/ 089690, which is hereb
immunesleyiglionas saepiplized antental imnunescelhpepwation () é jsgeduced in

results have been published by another group, which
numbef or affected émits funciiondl popertespwhioshenay durease thealiskeior visal

protect animals. (Staib, C et al. J. Gen. Virol 87,
infection917- 2921 (2006)). The protection | evel swere 1 x LD50

i f vaccinated 2 days before exposure to VV-WR and

4PX ht VieaCofrbRetid msbeéad psdHsAstvin
%4? Th%);égrrle t0%6] rstﬁl ttglggrguets al . ?lilpg?glre °

vaccmmgdﬁarm&é 399&&9&9%9%&&%@4@%% @5 aﬁ@tﬂe\‘rbé@d (less

eat nent and smal | pox vacci nati on upon

pathog%ﬁf&k@’)%’ ﬁ:svf)éfglse h'?e }&ﬁ’% fxﬁt}g%{ rtS'% n%étﬁggéﬁi@tpo%ﬁ@s

S were vaccl OX 'VI rus

Vaccmpﬁgicmglél gachi Hﬁ‘?‘? gwibsgg%q%@@%wg??@ge QO Qﬁ w&r)%rr}]tdl antibodies

gnificant reduction in nortality. observed. IOZ?L
and a nnﬁn@ry adaingt the relaieduascinaling Wrys. { BHIS resiisin Somgsteactivity

met hods for inmediate .
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 response 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 (W02006/089690, which is hereby
incorporated by reference in its entirety). Similar results have been published by
another group, which further demonstrated post-exposure treatment failed to protect

animals. (Staib, C. et al. J. Gen. Virol 87, 2917-2921 (2006)). The protection levels
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protection agai nst pathogens, such as smal |l pox. BRI EF

SUMVARY OF THE | NVENTI ON [ 028] The i nvention
woensaspasses a net hod for inducing an i nfrune PETEPRES/003367

agai nst an infectious agent in an animal, conprising

adm nistering to the ani mal an i mmunogeni ¢ conposition

conprising a poxvirus between 36 hours prior to

infection with the infectious agent and 72 hours after

were 1N E54 ifQBcEhbied DBalobefdré exposagensd VM-WRland 12.5x LD50 if
Furthernore, the invention enconpasses the use of a

vaccinzf(r:’(gﬁé" dai% B&brd cf’s.ru?é)gé V’VL\gero(fld?n I mrunogeni c

( osI‘t1on conprising sai oxvirus for inducing an
Ng,: i
e SRR ER T R A ag s TG L O oipled e ¥fecys of
. m pistered to the animal betwee 6 hours prior.to

antivirs EaBRS U SHalR: YarEoB PoldEher menkouSab ks infation

infection with the infectious agent. ROB?A The i
They repprtast thahwhes snemyseersa@csingtsd £4 Daftes MeHEYPPRyIrdR

i Mmmune response agai nst an infectious agent in an
infectioaniuaing.a Standast hwnen dole of masteindy re¢ripmeadsd smallpox vaccine

i mmunogeni ¢ conposition conprising said poxvirus for
(Elstreg4RIVM)ngo gignifioanh eeduetipo its maogigdiynsas absémedct i ous

agent in an animal. In a preferred enbodi nent, said

O2PFY | THEs,QheteBLENAgENINCthe &IPS réagemts ang methods $e@iithmediate
poxvirus is to be adm nistered to the aninmal between

rotectifh hst gith&ertO sLBh astshplpwkt h the infectious agent
P and£€é’2 hoﬂl%{rségfter infectior?vviththe i nfecti ous

agent. [031] In a preferred enbodi nent, the poxvirus

BRIEFiﬂlﬁmﬁY%P“ﬁ-@ VERSGIONG hours prior to infection
W t '

the infectious agent and 48 hours after infection

Y S i psate SRR PAOSFE S g respone
againsf Qﬁirﬁ@étmﬂs‘ agent in an animal, comprising administering to the animal an
immunogenic compaosition comprising a poxvirus between 36 hours prior to infection
with the infectious agent and 72 hours after infection with the infectious agent.

[029] Furthermore, the invention encompasses the use of a poxvirus for the
preparation of an immunogenic composition comprising said poxvirus for inducing an
immune response against an infectious agent in an animal, wherein said immunogenic
composition 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.

[030] The invention also encompasses a ponirus for inducing an immune
response against an infectious agent in an animal. Furthermore, the invention

encompasses an immunogenic composition comprising said poxvirus for inducing an

immune response against an infectious agent in an animal. In a preferred embodiment,
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[033] In a preferred enbodi nent, the poxvirus is a

Modi fied Vaccinia Virus Ankara (MVA). [034] In a
woprsiisined enbodi nent, the animal is a human. PCOZPR00BM03367

a preferred enbodi nent, the infectious agent is a

replication conpetent poxvirus. [036] In one

enbodi nent, the MWA is adm nistered in a dose of 105

to 5x1 08 TCID50. In a preferred enbodi nent, the MA

said pdx§irasi Bt MmliRb§ENIL RbAOBNRAdmprisiid 8diasixvitus is to be
i ntramuscul arTy, or subcutaneously. [037] In one

admini@tgpéﬁj.o%@tanirb’%\b Al ehB6\WatrS¥iot to Wt%iﬂ@fhebiﬁfébtious agent

reconbi nant can conprise at [east one
et er oS .nucl.ei i d.. e coding for at |east
and723H%E%§b?g@#¥@°§§WFbggaﬁ#%38§%?géghic epi tope can be an
tigenic i tope of .the infecti.ous agent. . Th
[  ReeTEred mbReiment e Boxdre s AT istered befyrgsn 36 hours
_ pat hogeni c uni cel | ul ar eukaryotic anq prokaryoti.c , ,
prior togptegHPR with tha dnfealious agentangH Rews after H\st@%wF@@e infectious
enbodi nent, the virus is selected fromInfluenza
agent.vi rus, Flavivirus, Paranmyxovirus, Hepatitis virus,
human i nmunodefi ci ency virus, and virusescausing
[032dr mhagrefefred @mbddimant e poxvirfsds reglicatibo dcoempetentin the
i nfectious agent is bacillus anthracis. [038] In one

animalenbodi nent, the i nmunogeni c conposition is
adm ni stered between 24 hours prior to infection with

td?s%] | pf £pFdreMed %&%Hdirﬂ_@rﬁt, e powvifusak beVodifitatdceiiawirls

he |nfept|ous agent . e i mmunogeni c conposition can
Ankarab®4\§‘ﬂ{n nistered at the same tine as infection with the
[ ctious agent. The administration to the ani mal of

g BPAERS SFRURAEEH s SOIRA LB % oan oe

I[ngiig{ql %E?q,{?&% Egﬁn roJ?n%te\rll\f%ﬁe %fga%uésag%%v |rssa ?érglf%gtion competent
poxvirus.

[036] In one embodiment, the MVA is administered in a dose of 10° to 5x10°
TCID50. In a preferred embodiment, the MVA is administered intravenously,
intranasally, 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 antigenic epitope can be an antigenic
epitope of the infectious agent. The infectious agent can be selected from viruses,
fungi, pathogenic unicellular eukaryotic and prokaryotic organisms, and parasitic
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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i nfectious agent. [039] The invention al so enconpasses

a kit for inducing an i mune response agai nst an
WO0i2nd88381920us agent in an ani mal, including a he@RaP2008/003367

conpri sing an i nmmunogeni c conposition conprising a

poxvirus as active substance, wherein said poxvirus is

replication inconpetent in said animal, including a

human. [040] Preferably, said kit conprises an

causind FEHOPSRBICreV8NPRSAidtREr SrafifdSémBoditndi{/Ahednfbctious agent is
fnstructions to deliver the inmmunogenic conposition at

bacﬂlugaﬁz‘h'f’?c/?o' nt between 0 hours and 36 hours prior to
sure to an infectious agent or at a tinme point

&ﬁ%ﬁeﬁn rg\égﬁ rﬁerﬂnth m?ﬁ%@ootﬁef ﬁééﬁrﬁé?gﬁgw Iagm?rﬁstered

betweegnd BRVSTRER TTEHEN RBLS BlACIads A0SNEa e,%?q%ifs aftgy infection

anot her enbodi nent, the infectious agent is bacjllus

with thgmfﬁ@tmsSagemeThﬁﬁr@mqrmgn@g@wp%%prw% bgadmjristgred @t the
within the kit in a separate vial.[042] In a preferred

same tiempadinfedtion wike therindeatiovis a@e@bnﬁbggémlwst(atlort i animgl of the
an i nmunogeni ¢ conposition conprising an WA and

immunbgeric eotriposiionacaheprising an MV A wan hegeetiveeodhaind 2¢ ihowrs prior to
soon as possible after exposure to smallpox. [043] It

|nfect|dn5w’tr0ah©1f§6ﬁiﬁf§égt§?rﬁ or batwéer 0 anbield eowerg Giftey inffeottoralith an
description and the follow ng detail ed description are

mfecho%?%%'nf”y and explanatory only and are not restrictive
invention, as clainmed. BRI EF DESCRI PTION OF THE

@%@ﬁ i@”{a%%ﬁ{’ﬂg% éerﬁlééo‘;r@%éé%réstaﬁ f@?aw sl an ﬁ%mjune response
againsgrﬁr]f% & %Irf'afe&eﬁnlt n g@%nﬁ'ﬁgeﬁ\ci:udlnagnglh}ﬁr{a%, % m%‘?i@ﬂ'rd 5ﬁ ¢
immunogenic composition comprising a poxvirus as active substance, wherein said
poxvirus is replication incompetent in said animal, including a human.

[040] Preferably, said kit comprises an immunogenic composition comprising an
MVA, and instructions to deliver the immunogenic composition at a time point between
0 hours and 36 hours prior to exposure to an infectious agent or at a time point between
0 hours and 72 hours after exposure to an infectious agent. In one embodiment, the
MVA is MVA-BN® at dose of 10° to 5x10° TCID50.

[041] In one embodiment, the infectious agent is smallpox. In another
embodiment, the infectious agent is bacillus anthracis. The infectious agent may also be

comprised within the kit in a separate vial.
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response to active or inactivated poxviruses. Flow

cytonetry histograns show ng expression of CD40 or
WOCDBA3IM7FL- DC after incubation with active (PETEP2008/003367

panel ) or inactive (right panel) poxviruses (shaded

hi stograns) as indicated a) CVA, ECTV, CPXV. b) MWA,

SFV, CNPV or without stinulation (enpty histograns).

One representative experinent of at |east three (CVA

[E4DY. INY/Aieferred wmHddmient, Bre/invehidh easprapassey s kiteomprising

shown. [046] Figure 2 a-e depict response of

an .mmﬂﬂ%ge%fdd;hﬁd&n&{ coth ﬁs.h RA NWEALEhPRSLELENS Bf RGiVEPThe
itro FIl ow cyto ry hlstograrrssovvln

lmmunsggﬁlﬁ%ﬁhﬁaﬁi@q‘?% M as ?ns@g éﬁe QEPBQg\#é %x(l ef t
W?h‘ Bis. iy bpdsislans Del ofi inkYpisho &T@%f&aﬁfg?&é?ﬁﬁﬁ%d the

foIIow1r‘gg getglgg]q ldg%crfqtts?bo g%@%g{p @tj'ytq%% e\é\n?pllgrjgté&e q@c gxlp\cli E?sltre %ot restrictive

TLR9-deficient (enpty colum) or wild type mce
of the ipyentjosg ag ¢laimey- were stinmul ated with active (left
panel ) or UV-inactivated (rightpanel) MA and the
supemat ants were anal yzed for IFN-s and |IL-6 by ELI SA.
BRIEFDESGRIRBION QFDTHENARAMINSS TLRO- def i ci ent or wild
type mice as indicated were stinulated with WA
[G44] | eBihe invemtipn b3 MRCTvom@igiely unelerstapd st refgsenee tmthe
were analyzed for IFN-s and IL-6 by ELISA. e) Total
drawingsrie wiaeh:ow cel |l s were stinulated wth active
(diagonally striped colum) or UV-inactivated
(043 | Eiyurel1 & andrb depictcainalysgis (dfDerdritpc>C2A B Q) brhaturation in
colum) and the supematants were anal yzed for I FN-s by

resporidd R actRAPbF Afdtitiatdd pOXNAUSES! nF%WEg@hétﬁyﬁﬁ%t s showing
a

experiments are shown. [047] Figure and b depi ct

expres?ﬁb\édg;cﬁ%}g)gwg@ o g@ r%?(g gftphgﬁ% %tf drrFWﬁH?gm& BeftDdrelh \or

Icrent mce

oo B gL L BB ETER R, P, o
CPXV. b) MVA, SFV, CNPV or without stimulation (empty histograms). One
representative experiment of at least three (CVA, ECTV, MVA) or two (CPXV, SFV,
CNPV) experiments is shown.

[046] Figure 2 a-e depict response of TLR9-deficient or wild type DC to
poxvirus infection in vitro. a) Flow cytometry histograms showing expression of
CD40 or CD69 on FL-DC of wild type (left panel) or TLR9-deficient mice (right panel)
after incubation with CVA, ECTV or MVA as indicated (shaded 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
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nonitored for at | east 4 weeks. The experinents were
performed with the nunbers of mce as indicated and

woaadasa3tepr esent at | east 3 individual experi meaQTEPR@B/003367
each viral dose in wld type mce (a) or 7 experinments
for the dose of 1E+02 for TLRO-KO m ce (b) and one
experinment for the other doses (b). The data for the
dose of 1E+04 in wild type (a) and 1E+02 in TLRO- KO

panel) M\&R ah@thé Bepatdatatavers anallygéd fordENod antihes® by ELISA. d)
experiments. [048] Figure 4 depicts that MVA protects

Sorted\f”l_I FDEVRR EHE&F I'I'fLR‘y H@ﬁbléﬁtr&ﬂv&lfﬂﬂ?ﬁé‘%ﬁée Wstifditgieaalere
doses of ECTV. WId type nice wefe i.n. |nfected with

St'mUIJt&i mhr@\gﬁqﬁl % ?EFack ge%ngg or vv|t out %Sérrbg/were
SRR oL i Pl v

wi.th the nunbers of mce as in te

active (digganallysiiisgrd Gy} o Hf/-'ﬂastwafﬂ%cf it Ppaiwi‘remﬁ?lgmnwv’*
[049] Figure 5 depicts that A protects TLR9

or Cp&Gy221e(iag mle@rﬁ)angit%ﬁueer@amrﬁﬁmPyawz?ﬁ fordFhkp by ELISA.
doses of ECTV. TLRO-deficient mce were i.n.

Repredemtativeezkpierimends bhat lgastdwootxpegmends areghewned and
simultaneously i.n. inoculated with (black synbols) or
{@4t7hoBig urg ey anduadepict Eto8ivaCbDal doty pehéh ch il R9ud eficiaht mice
was nonitored for 4 weeks. The experinent was

to Ecmﬁrﬁf@éﬁ@ﬁi Wlkhtygéenlﬁd Thpasd ULROLdAIcRMt inilé ¢a)t were i) 90cted
Figure 6 a and depict that MVA protects TLR9

with vag)ﬁﬁ ebeas oia g7 4T%Ib$99pémn9&s%9%bnﬁﬂlcét%ﬁrﬁ{d &fliVal was

I enge | appl i ed subcut aneousl a) TLRO defi cient

o 2L Aot LR i o
e A O A e
s AR LRT s W R TG TR0 e

anmount of 1E+08 TCI D50 of UV-inactivated CVA (bl ack
and ongraxprgment fasihe jothar desss (b). The data for the dose of 1E+O4 in wild type

(a) and 1E+02 in TLR9-KO mice (b) include death control mice of other experiments.

[048] Figure 4 depicts that MVA protects wild 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 TCID50 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.

[049] Figure 5 depicts that MVA protects TLR9 deficient mice if given

simultaneously with lethal doses of ECTV. TLR9-deficient mice were i.n. infected
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nonitored for 4 weeks. The experinents were perforned

with the nunbers of mce as indicated and data
wonrersent the results of two individual expePCHERRES/003367

for wwld type mce with WA and one experinent for

wild type mce with Uv-inactivated CVA or for TLRO

deficient mce with MVA. [051] Figure 7 depicts that

M/A partially protects IFN-1-R-deficient mce if given

with lethiabse3FRISTY a4 ihbichRidwd siaRsainebusiETN. inoculated with (black
| FN-I -R-deficient mce were i.n. infected with |ethal

omonSBES b T SISO A et oo

for 4 whb{ dfle SHBGHI n@ ogm%éwﬁw iy ABSr T HhicR hnbiated.

Xperi were pertorne

esof [ e data re t .the .

REED Fioe €l Aaddh et AT prasdels R Bortf %"d wild
chal | enge dose of_ (1E+02 and 1E+03) .or one expe

type mige faaa"tqﬁalqteﬂ'g@é%ecftﬁ"empoaf anﬁ"sﬁ@s %e ) TLR9
8 depicts long tinme survival to ECTV i nfectl on even | n

deficientheiqer ween &8. tfeollr Witth 3482 orCIEApeh BE TVl simultaneously s.c.
responses. RAG 1 deficient mce were i.n. infected

inoculated tvitt dse<080T C IEBVofald ViAn(thi ackt sspliases) osiwithioud tgreysiqpare). b) Wild
i.n. inoculated with 1E+08 TCI D50 of MA (bl ack

type nHiyev@dre) i.@r infédtba Uit grEs04s MBIDES) ofa BC T8Urandv simultemeously s.c.
nonitored for 4 weeks. The experinent was perforned

inoculatéd hmirhel EMOB0GICIDSD 61 BBV ASHIdt sqlisds) [dP5with Hh@UEerr@sponding
a and b depict that WA therapeutl cally protects TLR9

smounf S JESO8, TESGh qeBh [ BR1eARE! OV TR Suival s
ot £ THE AP B M H A e o
ot el LB L8P L RRE e i

survival was nonitored for 4 weeks
with MVA and one experiment for wild type mice W|th UV-inactivated CVA or for TLR9

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 simultaneously i.n. inoculated with
1E+08 TCID50 of MVA (black symbols) or without (grey symbols) 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
challenge dose of (1E+02 and 1E+03) or one experiment for the challenge dose of

1E+04 and 1E+05.
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The experinments were perfornmed with the nunbers of

m ce as indicated and data show the cunul ated results
woabhosB3iandi vi dual experinments (a) or one exper PAEMP2(0BN03367

Note that the 9 control mice of a) include the 3

control mce of b). DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 054] Reference will now be nade in detail

to the present enbodi nents (exenplary enbodi ments) of

[052] | PigRipé BUR pistsATRgEIMels uilivall ta BT TV inféttishas/einin the
t he acconpanyl ng drawi ngs and Exanpl es section. [055]

presed@%etgf;]*ll peds aﬁ Zgﬁﬁle' ithaReTaspoh8es.s RARS-Adeficient mice

iC and hi gh ogeni C NDUSEepoxVi rus

were i. %p n Ce%g?ed wﬁla‘ﬂ%gﬁée%ﬁg Tlt/ ke m%%a'téjcjj g orreférfe%ug'lwnl %Pculated with

n specl es, lra s

ific for mce. th Ec |aandV 0
1408 JEn gk Fpuad i Susr St aipisr bete {wBbo s e adviaiaY
vvhen conpared to ot her pathogenic, poxvi ruse% g
monitoregdeics wiegks:i Thesexpegmenhwag perorned Yvﬁ@);he numbers of mice as
areevol utionarily nore distant to MA. Furt hernore,
indicatébt h vi ruses are highly pathogenic (low virus nunbers
are able to establish infection and cause death in
[053y Bigure® a ahddt depichthiatiMMAltberapeutically prptets iTe-R9-
hosts. Inportantly, both Variola and Ectronelia, are
deficieAlb hficé @ appIRed aftércinfedtivri withi fldthal deseof EOTY. ToR9eleficient
as a natural way of infection. For these reasons,

mice wed i iRRbdted WihelioRrmEIDsECT V. st\fﬁermmdrmﬁtei tiri¥S bEPA hrs (a) or

or 1nfection of humans by Variola. [056] The
t
“ors SPERSTRTIR EEToTiepln %%%L@ﬁeﬁﬁfegt%ﬁw 150 T61Rp

MVA bg@czﬁe b(}lnﬂusggtﬁ b(rgg%p oosu%‘fé)céq% rrgrpung gal'(:vg%%%t it e}ﬁ for 4 weeks.

S DT R e R —

Ectronelia. [057] In addition, inmmune congrom Sﬁ
cumulajgd reselipeloy indivigyal gxparimenss{a)iof one experiment (b). Note that the 9

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

DETAILED DESCRIPTION OF THE INVENTION

[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 Examples section.

[055] An animal mode! applying intranasaly the species specific and highly
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 employ a large panel of immune-suppressive strategies and, when compared to

other pathogenic poxviruses e.g. “Vaccinia virus Western Reserve®, they are
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i nfection nodel. In one nodel, the mce |ack the
antiviral receptor TLRO (TLR9-KO . The pDC of the
WOTPLRA3KD7 M ce can not respond in the usual anPCTAEPREIB/003367
way to DNA and DNA viruses. It was found that these
m ce have a drastic increase in susceptibility to
Ectronelia infection (nore than 100-fold nore
suscepti bl e than i mmune conpetent nmice). [058] Wth
evolutnér@&rﬁ@ﬁﬁ?e idistimtt oM VAL IFurtermbas] both Lsusdd ansasighigwdhogenic
MVA is not as dependent on this specialized

(low vn‘?}% &lunYBér@larﬁ Dbte tgg%t&ﬁfsﬂ iAfe66M BRY cQﬁE?'d@aﬁhi?nWﬁQn? Bethe

can e ional inmmune stinulatory pathways

mfecteéfpmﬁvu %Igm tth aﬁrﬂ%cfgg%é%%ﬂgnrp% aﬁgﬁlw’&m{}ar@&gﬁ meha, are
t T
able toprfi@ﬁv%g‘;ﬁt L VindPE FeSRIRIOD ToutE 8 nﬁﬁaaeﬁwaé m‘f?%tgﬂ For
of MVA at th t d
these reeﬁqm%rgnwe@ﬁgﬁaa}' ?imgé%@ &hg%%d hﬂﬁ@ﬁ%ﬁvte %55“3?%%9“ of
at least 500-fold the | ethal dose of Ectronelia.[059]
humangpyt\feriold.nmune conproni sed nouse nodel was tested that
| acks responsiveness to type | interferons (IFN-1).

[0563 e Thy eaperireents ia dninalsviamonstiade dsatdhe catadnoinistration of
survival of viral infection in general. Unexpectedly,

MVA t éroaith amigHly MéRaladosiehsf rhousepokvirud praitécts mice imanediately
eadly dose of Ectronelia showed sone protection.

agamstTt*Fl'éSdeath SxpABRE! | AMUPE LRI teMan TRl sLvivig tthe RFection under
several i mune conproni sed individual s against

these é?)tnla %ﬂ?@%&%@gﬁ?@?@% g?HQI@%e 'lélh&ﬁd‘t%eaéft EétPorﬁéllé’ r

stu erein wt Ectroneli a

Bﬂ)%ve&{qa%% |%A%£$dqq1§5rﬁéf?iﬁ|§8ﬂenﬁég V\}%g? %a Ié}?’eeodln(tﬂb\‘é&r%melia
ntecicfngoRC el el e riaebENR il S EPlrA3 Ao ko)
at the latest 2 days before), but is also nuch

The pLxs pb Y VARSI Fiisaiban GohTRSPENE Thinas i 0BG ey A DNA and

factor exceeds 47 x LD50.
DNA viruses. It was found that these mice have a drastic increase in susceptibility to

Ectromelia infection (more than100-fold more susceptible than immune competent
mice).

[058] With research in vitro with isolated cells, it was found that MVA is not as
dependent on this specialized anti-viral pDC. The data described herein showed that
MVA can employ additional immune stimulatory pathways that result in the induction of
antiviral mechanisms. Thus, it was analyzed whether that MVA would also be able to
protect TLR9-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 Ectromelia protected

TLR9-KO mice immediately against at least 500-fold the lethal dose of Ectromelia.
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Furthernore, it is denonstrated that the protection in

i mmune conprom sed m ce exceeds the factor of 500 x
wWOoLDBO31RECt ronel ia infection in mce is the beBCT/EP2008/003367

i nfection nodel currently available for correlations

to Variola infections in humans. [061] It is shown

here that poxviruses are recogni zed via TLRO dependent

and i ndependent recognition pathways. Herein, it is

%mwmhmbecinﬁimab RAITOBREEECMPOY ndtRRwdsitéted that lacks
ctronelia virus effectively suppress the recognition

respon¥ivéné&€to (358 |iEgBRMEGTEN PRI THEL kiRe$ afd bé“eved to be

recogni zed to sone extent via TL [062] Pl asmacytoid
essentnra)FfoQ Bglv ro? rgpnfg}:itllléﬂpgﬁ?bgﬁ%%' Elhe%&qgglﬁ %ﬁl&%tlon of MVA at

e rfe | EN- |
the t'mmoiaﬁgﬂm wéﬁaflwgveﬁ?%e oRRStrom s e i, e
able to produce |ow | evels of IEN-I via dlfferg nt,. .
this IﬂVﬁgtlmg@(&Ctﬁﬁ@gﬁl@hg%mﬂl@S sm/ggal[mgg.]nq_g}rgpr@mlﬁg jndividuals
descri bed that some pathogenic poxviruses |ike
againstetheomwse idgadivipahearns.et el y abol i sh the TLR9
i ndependent | FN-I production of fibroblasts and
OG0y eint ¢antedst eD@ionvdtedieastherdata dRscrilvad/eereirFnith Ectromelia
production of pDC is only reduced but not prevented.
show that irnnvediatef rotaction shndiecschiévdd (ghengrprtectipe®iMA at the same
poxvirus Ectronelia reveal ed that mce | acking TLRO
time ash%Y @ftér RE BatHoRyenidSbxvitLg). | TiRE RA®POT Profetionns nbt ballyyeached
simlar susceptibility and death kinetic in mce

much {J?I?Q’l (5t {2 A0 AR After ENal H@ﬁ%té&?? d=9dMiordhli Kilt id §Iso much

to be essential for ting viral infection.

more e{ffg(l;ﬁsggl g&%ﬁ{.ﬂi @(ge 93 Ef‘rbg?r{ﬁ%yq@é@wg ?orgé@% ?SQV%( LD50.
oo SERGRA eate A it o R TRE S
hus, it is_herein denonstrat e?l t hat TLR9, i

exceeduig fadiat of S0 L BA VeRTTBRIE N eatEpdndTICpigdhedrest ffection
def ense agai nst poxviruses. [064] MA-BN(r a highly

model ayrrentiyaavailapteder cogelatians kY aielatinfeglionshin %@ryan%
[Oefiql] | ﬁ?st :hown here that poxviruses are recognized via TLR9 dependent and
independent recognition pathways. Herein, it is demonstrated that pathogenic
poxviruses like Ectromelia virus effectively suppress the recognition via the TLR9
independent pathway but are still recognized to some extent via TLRO.
[062] Plasmacytoid DC (pDC) are the only cells which produce large amounts of
the antiviral and immune regulating cytokines Type | Interferons (IFN-1) via TLR9

(recognizing pathogenic DNA), whereas other cells are able to produce low levels of

IFN-I via different pathways, independent of TLRO.
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in mmmals, is a potent inducer of robust adaptive

i mmune responses, and vacci nated individuals are
wops@tigered agai nst speci es speci fic poxviruseBCTEPN08/003367

Mousepox, nonkeypox, Vaccinia). However, effective

i nduction of adaptive inmmune responses takes severa

days to weeks, which | eaves individuals unprotected

agai nst exposure to these pathogens during that tine.

[063] SHeFsIMNt Redeichibbd ahatMdMmd3plithbgehidairldes like Ectromelia

production of innate inmune-protecting cytokines (e.qg.

virus cél)rﬁgke‘télx éaib@?% T X9 YadeJeRbBNtTIFRR| grRRIRHSR bf ﬁl?r‘é)blasts and

epehdent pat hways. This production of innate

conver{ti%ﬁ&?éo&/ﬁgwag%gmgﬁ @rg\ﬁerﬁlgl\gf‘/n@lo'g?g% gf‘éﬁ%ciisfdn‘i:y reduced

ne response, Wwhi trategie

ot oo 1 PP s LR EAASBER R o Ecromet
v SR R e o T OB At Sheproiy. A

| east 47-fold the | ethal dose. In the absence_of TLR9,
similar pypcentibilty and eath kinetipiromiae: inable tp rspesdde IFN-1 was not found,

Ectronelia at |east 500-fold the | ethal dose.
which iEBkpewinrte itesedsentihlefor fghtingsviraltinfecticn. kisoontleded that, under

| ack responsiveness to |FN-I can be protected via MA
conditiGtwhiesd pathogenicSiniees biféctivedt imbibst thefTLagdindegendertthe

same tinme as, or after, the pathogenic poxvirus, the

recognft@®hUtHeSint¥aincB oA T egeddparaent GifalirebBsHiesre and ot RAtgreduction

which is much earlier but in addition nmuch nore

q . i : .
becomtgﬁgtegﬁﬁ\/&ﬁ Tﬁﬁtg,gpg)%éf%%e d@%rd‘ié@m&%ﬁb&k&arﬁiﬁ%r{%t, and in

A has e applied at the latest 2 days before
hié@?afégﬁﬁé’ﬁ*& R 06 BB R Kb HR580250 "and St ai b
t 0 J. .. . Vi . ; - .
s bR e Bl BP0 o0 GAPRR By tp ropicae
Ectronelia infection led to a solid i mediate

in manypaiecista BAteRbMIHEEr efdRPHSY HANNE BMUIRIESRARSEH @ g Cinated

~_deficient mce. This inmediate protection was only
individyals ereaprofected against spacigs snaeific eaxyYiryseR-(-paMeHasP Ot

monkeypox, Vaccinia). However, effective induction of adaptive immune responses
takes several days to weeks, which leaves individuals unprotected against exposure to
these pathogens during that time. It is shown herein that MVA-BN® induces the
production of innate immune-protecting cytokines (e.g. IFN-I), importantly via both
TLR9 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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fully dependent on adaptive inmune responses, as shown
with I FN-I-Receptor and Rag-1 deficient mce
wonrespscrvel y. I nportantly, MA al so rescued PCREP2008/003367

deficient mce if admnistered two full days after an
otherwi se lethal infection with Ectronelia virus.
Thus, MA induced a solid i medi ate and even
post - exposure protection agai nst |ethal poxvirus

Ectromlelth @€ 1da04 7 HoldTHY Neth60d0E. aRtth@ab¥ehde 8STLRY, MVA induced
i mrune- conpromi sed ani mals. [067] MVA not only

e L L i

experiRER Efinbf AfhoBh stk RRB AN bk TedERMRIRSE 56 FEN-l can
be prota%fﬁt?giﬁvté‘@%?#aﬁa"@a&ﬁwx St W%M%Rrpééﬁﬁ% %%P%ii%??%%%‘e time

high titers of neutraI|2|ng antlbodl %
as, or aftedi HedtatheaRN@ BOXYIFUSH NG FavAlte; dRRGIRET %fﬁ&h%'é%wxﬂnalmmed'ate
cells including dendritic cells, that produce |FN-I|
protectig, shi¢reiscauctpearlier Gt in additian mueh arere Arepennaast (00 x LD50)
i mredi ate protection against challenge with | ethal
than preeiousrdata shibwing MBI has tor belgppliechatthe lategt 2days ibefore the
i mmune responses which results in imediate and | ong

exposura$é thgpaheyesiciviasito gaitt fethe arvival benefia1l xbDs0) Thi s
protection can be extended to other pathogens by using

(WO20R6I B NGt Bt 5% PDOS SJ. SNl S8Y:29 FRRDR2PE3004)) t he
pat hogens. [069] In these studies, MVA not only

gféﬁ'] eﬁb thiktFat®hn'@ M4 3 258 tléderfff \&hal tﬁﬁﬁél%ﬂnfel%%n led to a

on aslate as y an

. C . f.
RSB A8 AR LA S ertice
CCi natlon |n or t hopoxvi r us- naye |nd| i dua
Ths inY SR R REH] WEF O BT S PR AT B 1 Qs%ogm? lf“? | pathway but
vacci nation agai nst smal | pox succeed? Cin.
fully depprders on@RiapBEEMMyPRIeSPaafe A SN mth.'ENahqu@Qqu@nd Rag-1

sites, e.g. WHO, of the potential success of o
deficiepgosice 'resfpecli\delm vaodanm also rescued TLR9 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 lasting. Mice lacking TLR9 (LD50=19) treated with only 1 application of
MVA were protected when challenged after 9 weeks with high lethal doses of
Ectromelia (>500 x LD50).

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

example high titers of neutralizing antibodies), but in addition induces strong innate
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nost |likely were with regard to individuals who had

previ ously been vacci nated agai nst smal | pox, thus
wonefsasrdzng t o boost vacci nati on which nost | i RETAEP2008/003367

qui ckly enhanced exi sting adaptive nmenory responses.

However, after the successful eradication of variola

as a natural pathogen in the 1980's, w despread

vacci nations were halted and now the majority of the

immunBQesSbriaeB iR EEIRNINBRSI NP dritie &Iy agat pridede ENANehich leads to a
Moreover, the prior st “udi es were perfornmed on patients

highly &ﬂ?&t%%dvﬁﬁ@érm{tﬁﬂt %?la"t‘e P%tiaé(tldrﬁé’g})é|ﬁ§‘tt¢tf%ﬂeﬁ§§9ﬁlthqefhal

OXVI I us S usl ng el't her

ponin YA B Bl o A R oS i
7851 200 i.b [ . . CGen. \i , .
resuits g inigedpia 434 o sjing povtepias,Gupinal poXdfischilfnge. This
explain the differences between the descri bed
protectmdcatm%e griengrd te oarMANogsAnSIPWAFING ArerAME n@ﬂ@‘\ expressing

MPXV i n nonkeys are regarded as nodels reflecting only
antigeric epitepest offbe ghathaganspox i nfection due to the
nonphysi ol ogi cal | y hi gh doses which need to be applied
f069] alrl thebalstiidiés AV Amob bntyharotexderb if tgivem arodel! the time of
ani mals. However, ECTV lethal infections in mce can

infectidde bunaipisizativh b latevasv2 days fldlg @ad\3 dayishrartigiBaprotdated mice from
route, nore resenbling the beginning of a natural

lethal ETRV krﬁ@@ﬁndnﬂfpﬂﬁr's@%ntn@é&n@@{d&bﬁﬂos}(f&yoyﬁel\/é@élﬁ@ﬁon in

pat hol ogies in mce such as high neurovirul ence

orthopcg&ﬁ‘ﬁ% & R&v@ﬁﬂ%ﬁ%ﬁcﬁﬁﬁ(ﬂﬁor%@rtfew S0ABULEN JRAERtre

pi cal ce or VARV infections in

vaccm%&ﬁc{ﬁagaﬁ egﬁﬁ 8@%&8&‘? ec t%@‘; Nefect. 335 0%3655 %§9§ oTﬁe \éfﬁté(ments

ani mal's;

oo Lok BN SR A% b o
t herapeutic vacci nat| on was done with VACV-El stree., It
most likghsweeswisiregasd ieindividoplsevie had PiRYauUsReaYAgsnaseq against

smallpox, thus referring to boost vaccination which most likely quickly 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. 87:2917-2921 (2006)).
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and it was found that DC maturation and cytoki ne
production in vitro was inhibited as seen with ot her

wovA@B3sterai ns. G ven that therapeutic protectiPON/EP2008/003367
presumably needs a solid induction of innate inmmune
mechani sms i ncluding antiviral cytokines to bridge the
time for the adaptive i nmune responses to devel op,
therapeutic application of a non inhibitory

W?tﬂi‘ogé’%éfbfrﬁﬁséds‘%uw&dﬂlﬂ tHe diferines BefédretR dédribed
nonkeys infected with MPXV. |ndeed, Staib and

moca£840 SREHESCAFARGlG BN DRED. WF&@C&%?’&“ZMFZ@?%L@%M
osod e BT SRR B A 8 o
B TN S e -

nodel s where the induction of innate inmune nechanisns & .
respeciiyeapodghanirgls: t Hewveyes) ECTyAsihatndestione i Mige paryhedaduced with
robust and, nost inportantly, immediate protection to
low virgs deses \ha@‘he thapiratyiry esytes mose vgsemblingdbeibeginieg of paatural

poxvirus in normal as well as inmmune conprom sed
smallpoxitfedtidnal Rurthébmers, AfACYIWR ipdutesgtatbologieslinngjce such as high
| asting. Thus, the invention provides an ideal

neurovirl @at:g&n}taswm@b of 868y Wellhs and esrRperaiek, feaRiFrecihotdppical of ECTV
agai nst deadly poxvirus infections is needed (e.g.

in mice cﬁ"r\fﬂv e GioRE iRAGERS! ?hls%’hﬂ%ﬂééﬁlfﬁhémbbmle‘éﬂ to a very rapid

her pat ogenl C pOXVIruses). The invention al so
death OZ ﬁer lﬁg%ze?‘oe ni L%gan?ﬁ?d\@é%nglﬁggé %ggg’hgﬁég ?ﬁ/%'ﬁé natural

a ens The i nvention further enconpasses ot her
smallpg& 'E%%ﬁined viruses and bacteria as energency tools

ainst a larg t hogens. In addit he.

tHZan v cser tﬁ%%%ﬁ&?é@”’f%'”t’ﬁ%’?'&%@u eeapetﬂ'c vatcination

intervention, giving the energency tools,
was dogetwith yﬁ@ggisérqeo I} was ég&;tﬁ@g\g}eth@ \QL\CVSE]Iﬁtrpg(WpukF §§5|]1h|b|tory

The invention enconpasses the use of a poxvirus for
and it was:fqundhatld Conaturation and cytokine production in vitro was inhibited as
seen with other VACYV 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 also 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. 87:2917-2921 (2006)). Thus, MVA seems to 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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vaccine for the rapid induction of a protective imune

response in an animal, including a human, wherein the
wWOopesvidra2e i s replication inconpetent in the aRCH&IP2008/003367

including in the human. [076] The invention also

enconpasses a vacci ne conprising a poxvirus for the

rapid i nduction of a protective inmune response in an

ani mal, including a human, wherein the poxvirus is

[073) | TRE irfvientioe ATERRIeS Mbbuist dndie nist Mportarithy, iinediate protection

the human. [077] In one enbodi nent, the invention

toa veﬁ?@?ﬁ%%é%?.e%%ﬁir@%tﬁ Q%pé&@s&"b@hﬁc!p@:%ﬁi‘?&é H{hé}gna? as well as

ective | ne response 1n an ani nal, | ncl udi ng a
o R RSB0 TR P B Thus, e

e B 3 PR 0y B 03T AR 880h agai

nmeans that the_ viru hows an anplificati rati o of

deadly posuryHEctions is,IReded (8 9. FeIFRISTos @ccidenta| expepyre to smallpox
lines 293 (ECACC No. 85120602), 143B (ECACC No. 9

or othet patregeNic PENVHUEAIICC No. CCL-2) and HaCat (Boukanp et
al., J. Cell Biol. 106(3): 761-71 (1988)), under the
[07ddli The irveation@ldd erzbmpasBestpe ase ob MKOaod /ragargbinaat MVA
sone specific MVA strains and that the virus does not

as emdrgehdycaols agaihstramizsgepdnélroftdtieerrpateogade| Thees indeation hether
in the WD 02/ 42480 publication. [079] In one

encomBa&Rd SR attéifatéAVROsePINE DESIEAATSASMErgeney toGIS aigamst a large
or met hod as above, wherein the protective I nmmune

panel cg‘%%ﬂg%g\g:. Sn %@Bﬁfoﬁﬁ i ihoerht?oﬁwscéd?@%ﬁgedrﬂ?b?ed FSQ8RErdputic

nent, the poxvirus Is a Ified Vaccinia

el A0 O T 200 SR hen. .

enconpasses uses, vacci nes or nethods as above,
@herein the virus is a cloned, purified virus.

Particularly, the invention enconpasses ,
[075] The invention encompasses the use of a poxvirus for the preparation of a

smallp

vaccine 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.

[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 replication 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, including in the human.
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viruses obtained in a serumfree cultivation process.

[082] In one enbodi nent, the poxvirus is adm nistered
woiznosastnse of 105 to 5x1 08 TCI D50 . The poxvPCU&P2(08/003367

particul ar MWA can be adm ni stered, for exanple by

oral, nasal, intramuscul ar, intravenous,

intraperitoneal, intradermal, intra-utero and/or

subcut aneous application. In snmall animals the

[OT8F UT R kérih frepliddtidanhésthbeent’ meaed Bate/vings Slesw@en

parenterally or nasally, whereas in larger animals or

. e . i u -
ampnfulE‘éryH?mf}%ué.o‘i HRSUh8A89H Sunt f%}gg%%[ K@h 85 i bl lines, 203 (ECACC

ocul ation 1s preferred. n the context o

vo. o5 AR Y TECARE N FIABSATHBED (a9EL505, RigoayRBbacat
ok T LRI oaTRTE) e, Mt B A os cutinea

asdogs, cats, econom cally_ inmportant aninals such as
Exampia @gg\,/ocogm@o fonsamegpeciic MYAting gad Hhat the wips does not
animal such as mce, rats. The invention may al so be
replicatesipdhunaanseaichintheanice megel rasadascrbed i Hecly G92(424R8y s,
ducks, goose and hens if viruses are used that are
publicatiapabl e to infect the bird' s cells but not capabl e of
being replicated to infectious progeny virus in said

9] Sin dieeitr@odIm eiatTERL incemtiinmen wmpasses eduse) valseine or method
present description refers preferably to mamal i an

as aboGOHRéreth MR ;:BTB{eHivg%ﬁ‘um%%%@\@eWst%n@%éd if {sS,than 2 days.
cal ves, cattle, sheep, goat, pigs, horses, deers.

fd&% 11755 EhdBlimernt the SERHIGS (€3 RIS éé gtaECinaO\Fiﬁfst AMara

ne response agai nst’ a poxvirus in I on,

ref.erabl | ' Th ti
(MVA)'P?ﬂﬁiﬁ%gﬁ%g’%ﬁéngMW?(Q BEe oA 'S dose
D, .10, .25, 50, 100, 250, 500.LD 50
il 5B INVEBH8Y 4P ShROTRhASS G HSRE, VAR P ods #s,bove.
reconbi nant poxvirus, preferably a reconbi nant
whereinghe wKys is.a cloned, purified virus. Particularly, the invention encompasses

viruses obtained in a serum free cultivation process.

[082] In one embodiment, the poxvirus is administered in a dose of 10° to 5x10°
TCIDso. 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 also
human beings. More generally, the animal is a vertebrate animal, preferably a

mammalian animal including a human. Specific examples for animals are pets such as
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[086] The poxvirus can conprise at |east one
het er ol ogous nucl ei ¢ acid sequence. The term

wOo2hastisral ogous” as used in the present appli caCT@R2008/003367
refers to any conbi nati on of nucleic acid sequences
that is not normally found intimtely associated wth
the virus in nature, Preferably, the heterol ogous
nucl ei c acid sequence is a sequence coding for at

dogs, datadcofBmicHlyiigPBrtaANiniaRid Su@Pas 6a0es atlfi®rsheep, goats, horses,
t herapeutic conmpound. A "therapeutic conpound” encoded

pigs ar@/oth@?aﬁ‘iﬁ{ﬁé%lg%gﬁicﬂP?tfkﬁ@iﬁ\/é’nﬁdh B§ KL BERLBaRSr

virus can _ erapeutic nucleic acid such
n. r ' EQl: £
econorfiEefl i BB EhdsAyR, i@, G565 B BnBifViflsds are
epi topes .and/or. t ntige can pe_ anti c epifone
used /@ PASAA de febRe B e iR QolGue ST B RarBalcif o
, _agents can be viruses, _fungi, ,pathogenic ynjcellular
infectiodIRAPGRITN Wrist Br AP -iT@edgﬂﬁn QRESTG ANMELF Ha F?%A in the
organi sms. The viruses can be selected fromthe fam|l ¥
presenpfiesariptigpmeters praferably mammglianmgraasticoanimals, more preterably
Hepatitis virus, Human inmunodeficiency virus, or from
to dogsyicatss ealveausattlg, steram, gbatyipigd, boeses, Ghersi nf ect i ous
agent can be bacillus anthracis. [087] The insertion
[ig4h ePeaferabp ise MitiudeTessorts eSie @UEDteEsive $SmpTefeaieapbyse against
Into a non-essential region of the virus genone.

a poxviflid Rfé@ionY pleferdbe hsthalixagRiétonU Q'h@gfroﬁé@:tiﬁe sAAIUABISsponse
is inserted at a naturally occurring deletion site of

[ f d sl [

t @ 56! 9583h 1o, 250, or 500 LD 50 of
can pr%%ﬁap‘é@?}%cg%% %bﬁsggéﬁhow to i?nsert het er%rl ogous
small quences into the viral genone such as a poxviral

p%@nome are known to a person skilled in the art. [088]

(EA3CH A% HOoPaltir R SRR Ao Ba RS B rerravly a
present invention for use as vaccine or nedi canment.
recomBip@d|MVA-BN®. enbodi nent, the WA virus is a strain

characterized by having at .
[086] The poxvirus can comprise at least one heterologous nucleic acid

sequence. The term "heterologous" as used in the present application refers to any
combination of nucleic acid sequences that is not normally found intimately associated
with the virus in nature, Preferably, the heterologous nucleic acid sequence 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 unicellular eukaryotic or
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| east one, two, or preferably three of the follow ng
advant ageous properties: (i) capability of

wonegrieduct i ve replication in vitro in chi ckenPemuPy®s/003367
fibroblasts (CEF), but no capability of reproductive

replication in a human cell line, as in the human
keratinocyte cell |ine HaCaT, the human enbryo ki dney
cell line 293, the human bone osteosarcoma cell |ine

prokarydtidBrg@Midimish Gn8 YAPALGEH NI SHIE NPREY LS8 Bars BE Iselddiéd from the
HeLa; " (ii) failure to replicate in a nmouse nodel that

family 6f5|nﬂﬂ‘&?z%a\m£ ﬁaﬂi&%‘ﬂ@'a%%&x}#ug, ﬁgaélﬂicﬁiﬁ%, Hurgd as
such 1's severely | mmune conprom sed an I ghly _

o BOSERBIL B o R o P e,

i n vaccinia vjrus prinme/vaccinia virus boost regines
agent GaRehe EGW@%? @ﬂ}hlr%c’f)NA- pri me/ vacci ni a virus boost
regi nes. [090] For the preparation_ of inmnogenic )
LQ&%ﬂ;th@ insgstion athaiprologrus MideigiacifserausRCss i Ripier@bly into a
the invention are converted into a physiologically .
non-esaentiglregipe of travirdhgename. Mikerastieclpabeddeterofggous nucleic acid
experience in the preparati on of MVA vacci nes used for
sequencads iimseriednatanaatosd|lysooel ingdélesordsises of thedvitay gsnhoriel (for MVA
H et al., Dtsch. ned. Wschr. 99:2386-2392 (1974)).

disclos&d M e T/EP96/029n6 1 Methd8s pant todhssrt héterblogoes sehidraes into the
MVA are freeze-dried in phosphate-buffered saline

viral gé:ll?)ﬁ% siich 488 pﬁfx@ﬁglﬁo%e AP8 RERLIP R a pfsch’8 KINEERIM the art.

bum n I n an anpo preferably a glass anmpoul e. The

[PERF MAELSRES RO BhibRithERNRETnierHHER dBhcBRHHEC!
ex ugar, gl ycine,

ran, s actose or

ccom Y SRS in i 5 8 acsine o

. parenteral admi nistration. The glass anpoule is then
medicagefited and can be stored, preferably at tenperatures

bel ow -200C, for several nonths. _ . _
[089] In one embodiment, the MVA virus is a strain characterized by having at

least one, two, or preferably three 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 143B, and the human cervix adenocarcinoma cell
line Hela;

(ii) 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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[091] For administration or therapy the |yophilisate

can be dissolved in 0.1 to 0.5 nl of an aqueous
wozosuian, preferably physiol ogical saline, aRGT/EP2008/003367

adm ni stered either parenterally, for exanple by

i ntramuscul ar inocul ation. | nmunogeni c conpositions,

vacci nes or therapeutics according to the invention

are preferably injected intranuscularly (Mayr, A et

(iii) al lndlZéﬁbn oBakleastirg sanle leMitof sEEéific infnlife réstfond86h vaccinia
( . The node of adm nistration, the dose and the

é\ﬁ{ﬂcmlé birgd bg&ﬁ n%%ﬁle? ‘%vrféﬂtddﬁ'\ ;?aergd Ry DNNEﬁme/vaccunla

skllle e art In manner . I's expedient,
to adm nister the i mTunogenl c
r§§%§8% r%i VaCCI nes or therapeutics onetine, or

Bﬁ%ii fon, %&?@EPSV n dhamnPaspE rortPasifhriv € YA vacainia
foreign antig {_092 In one enbodi nent, the poxvirus

Viruses accarding de 1 eatien aFropRIMErieddntors Bhysialppirally ggceptable form.
orthopoxvirus is inactivated with UV radiation. In

This caorld donebased odithe gxperienas iorthé opparatiersof MVévyracqrmswised for
or CPXV. [093] It is an object of the present

vaccinationeagdinst snoalfposiad eeacritetchioyl Stiokl, HaetahdPisnh. rmed. Wschr.
i ndi vi dual agai nst a pathogen so as to provide

99:2386:BYd (3074 Otyidallgnabdut 10Rd 08 partidlemeof thetrbeombinant MVA are
i ndi vidual is vaccinated with MVA, preferably

freeze- W@d ENoRospHEabutefed saTmeqPEStiNGEEPicscAE® @5 BYEpeptone and 1%
Preferably, the vaccination is between 2 days prior to

humante(ﬁhglfi’@gi @Iaﬁg%imgngll%gﬁ[)égteﬁp fé%%}%raﬁn Méeﬁ’\'éqg Kitdate can

ays prior to

X S

cont BB 00 P A G, QYR P o 1
polyvm(ygf(rrg %ﬁe é)r ncgr %PQZ% O ‘LFS% urgoﬁlablﬁz%%;c% al ItaBIe for

12-24 hours_ prior, or 0-12 hours prior to
parenteighadministration. vEhe 91aas pawpamisihen Sselegtafl%aft pasted,

t he exposure or 0-12 hours post-exposure, 12-24 hours
preferabbysat terpesatuegs belaw-20081 fos gspveral monthsday s

[091] For administration or therapy the lyophilisate can be dissolved in 0.1 to 0.5
ml 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., I. Abt. Orig. B 167:375-390 (1978)).
The mode of administration, the dose and the number of administrations can be

optimized by those skilled in the art in a known manner. It is expedient, where

appropriate, to administer the immunogenic compositions, vaccines or therapeutics one
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post - exposure, 0-36 hours post-exposure, 0-48 hours

post - exposure, 0-60 hours post exposure, 0-72 hours
wopoesstBeRrposur e, 3 days post-exposure, 4 days PCT/EP2008/003367

post - exposure, or even 10 days post-exposure. [094]

The invention includes a nethod for inducing a immune

response agai nst an infectious agent in an ani nal

conprising adm nistering to the ani mal an i munogenic

time, oP@é%?ﬁl' firhe8 o¢eNPVhBaHE p@ﬁoWﬁ\ordﬁer) @bédih aphdorBig immune
2 to 0 days, or 1 to O days, or any other

ggr‘g Dkt PR F 5 {@éﬁs conprised by these days
responpge'dyd %8- e Lo e S oas T2, om0, ete ) prior

RaLotsiitd &fpthitrle Pﬁﬁ%‘dg@a@ Ayt othopoxying,
et T BRI R A e
met hod for inducjng a_inmmne res agai nst an
embOdl'ﬂ‘P@étti“@@"é’@é’ﬁv'rh‘ﬁw'sé‘ﬁvénﬁﬁﬁv @E)E:;E’ ing admi ni steri ng

to the animal an inmmunogeni ¢ conposition conPr|S|n
098] bisaeoblsic) ofina MrREeNt inwententte movdea methas! for vaccmatmg
days, 0 to 1 days, or 1 to 2 days, or any other

an indicidodli agetingira pdthogen ko asdo pooyide srvohediate ipeatectiery.sin one
(e.qg., 0-12, 12-24, 24-36, 24-48, 24-72, 36-48, 48-60,

embodiffert2thesih@ividuadl isevadcifated inith MVAhprsfeiabheRiMABBIG gt the time
In one enbodi nent, the infectious agent is a

of path6§rb |b‘”e§<bb§’uﬁecq5%f‘érﬁﬂlty ﬂféx\)’ddc%tlohns BefWedre? 4ays prior to
odi nent, the animal is a human. [096] The invention

expoeré' 2hB8 J AR BSureS Vo prlefsaBROUR: VERIIARNAEBekildén 2
R

npri si I nogeni c conp05| ion conprising an
N(.r
days pe«.a% tﬁ%%é@aéﬁi.%a st e S et e
vaceindih S BRRAS SR B e RS Bt e 3R AR RS ARIERE e
as 36, 12, 6, 3, or 1 hour prjor to exposure. The t

tme
vaccingiisin-garcbg abd days Rriar, a?r%/h%ﬁiﬂ”ﬁéﬂ @@y BFIOk. He-2fbpyrs prior, or 0-12

conpri sed by these days (e.g., 48-36, 48-24, 36-24,
hours 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-exposure, 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
1 to 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, etc.) prior to infection with an infectious agent. In one
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24-12, 12-0, etc.) prior to infection wth an

i nfectious agent. [097] The invention al so enconpasses
wousessi3pf27t he above net hods and kits conpri si nGCREP2008/003367

i mrunogeni ¢ conposition conprising an WA, preferably

MVA-BN(r), and instructions to deliver the inmmnogenic

conposition at a tine point between 0O and 3 days after

exposure to an infectious agent, including 0, 1, 2,

embodfherit, haYiRfedtibas aQ¥ROSW Rplidstiobddmpésteht pSxvifus. 1R.a Sreferred
or 60 hours after exposure. The tine point can be

bodthédt thePiYmzP s Rakigpn of the hours conprised by these
em °da§s’?‘e.g.', 0-12, 15 54 24-36, 24-48, 24- 72, 36-48,

(Bafrod e hodl oL S AL Sl S S
o el PG 38 Bl U S R GO B e

agai nst an infectious agent as defined herein. ln. one
immune&%aicm,sitioné:q@mrisér&r%? Y @ﬁ?qrﬁﬁuﬂﬂgz\ﬁ@%- at § 15 Fdays, 0
conposi tion conprising a poxvirus, wherein said )
to 2 dapex/tor Lidays, arebla 2 daysrorianytpet eambinatian pfithenhors comprised
a preferred enbodi nent, said poxvirus is a Mdified
by theséadayisrieay. V0125 12¢8da 124 -30\\24)4 8, de7 X, 36-48y4 868048 012p et pafter
instructions for the delivery of the imrunogenic
infectiohOAED ah linfestioutageWA In snpfedibdirnbnt, MbéAinBd¢tictsedganals 5,
t he i mmunogeni ¢ conposition contains 105 to 5x1 08

replicatléd %@b&e&bow&s. IR PpRfated epthoaimast RNanintd1® a human.

animal is a human. The instructions for delivery of

t/da?fré;l i Wﬂ%ﬁﬂbﬁf&%ﬁcﬁ%s@@@ udd BFthel dBoVEEMEWRIAS d¥d kits

ous time points prior to exposure or after

.exposure t n.in L: L.~ he [ L0t
comprFEB ol fuddhe SRRARHE HPEP e BB A PErRSh Ao,
and it B 5bie e S5 e 305 oSk R A (BN Blfeen 2 and

instructions direct that the MVAis delivered after
0 days gxigptuexrasyire fan ifestious ageeReludpmiged b 510/ days RSO

as possible after exposure to the infectious agent,
exposuiki ahweell agr3sk d2abl §, erahowaxior ta@xresurgayl eutimpgoint can be

conprise an
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.

[097] The invention also 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 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 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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i nfectious agent as defined herein in a separate via

and instructions for the delivery of the infectious
woagsns1eo an ani mal, including a human. The | RCEEPR@®8H03367

agent is preferably selected frombacillus anthracis

or smallpox. [099] In this context, an "exposure"

means contact with the infectious agent itself, or

with an ani mal (human) harboring the infectious agent.

fow8) exagmventibh @lddehddrmpasyes kitsfodiheaadudtivat oftdhgrotective
I mmunogeni ¢ conposition can be delivered at 36, 24,

immunég?s&)ns%’in%rn éniﬁ'%l.%r’éﬂ#éﬁle@&éi@ﬁmhﬂn@%@ééﬁ@e IsdiFdtted against
Infectious agent or at O fo 1, 3, 6, 12, 24, 36, 48.
: 0 Q f e r ; ' [ .
on ot ot VRS eBEr IR PR b SRl THEEH D g
. 48- 36, 48-24, 36-24. .24-12, 12-0. etc..  .prior. to. licati
immunpgeRiEicoBIPIRion SETTR T AL AIFSHYT, JHISTBIT $pid PoXYigisip replication
, 24- 36, 24-48, 24-72, 36-48, 48-60, 48-72, etc., after,
incompefigrdde isaid M4 3 Wﬁgfef%a@baa@ﬁnt ridiogiius is @ Mpdified
i nfectious agent is snmallpox or bacillus anthracis.
Vaccinign¥irgs Ankare (MYA). dhe kif may alsonegmpiige imsisugtions for the delivery of
adm ni stered intravenously, intramuscularly, and/or
the immubegrrio eonplogitiomh 8 hierdVALIs tprefiesabdya M\A-Bdt t Prafatabihdhe
MVA be admi nistered intranasally. [0100] The pat hogen
immunbgeit ebaipisitionacoritains 107 ta588% BEIDsmIlof MY Ar lef epreferred
enbodi nent, the pathogen is a poxvirus, preferably a

embod¥AERO ke Hhifts is & Alfhdn. TReaR&ritiBAS ForRddliveh6f the immunogenic
i ndividual is a healthy human. |In another enbodi nent,

compc e A el gty ATURRENIRG Bt gt o afer

exposfli] BB FolE g, oo tgRE RN Al ype poits between 2

seys ook ek B T2 RO b tot 36 il BT ag ectous
vaccinia virus strain, is unable to multiply, in

agent. JAPnst erBPodiEIARL Betrsifuciionggireckthat e M4y isg’@Héef%'?fpef

expression is uninpaired in non-permssive cells, the
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 a human. The infectious agent is preferably
selected from bacillus 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 36, 24, 12,
6, 3, or 1 to 0 hours prior to exposure to an infectious agentor at 0 to 1, 3, 6, 12, 24, 36,

48. 60, or 72 hours after exposure to an infectious agent. For example, the instructions
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reconbi nant MVA viruses according to the invention may
be used as exceptionally safe and efficient expression
woveastiores [ 0103] Poxviruses including the causaripePe008/003367

agent of small pox, variola virus, have devel oped
mul tiple strategies to suppress i nmune responses. The
i nvention provi des evidence that poxviruses are
recogni zed via toll-like receptor (TLR)9-dependent as

can dird&tl deli@eryTatRB-36 degpen dse24pa4-1@ay 2-0, Béd. hpgemtodnfection with an
poxviruses effectively suppressed their recognition

infectioVis&geREor 642, HQ%P?&M@@% fMa‘Yz esmhey@@tebms 72, etc. after

convent i onal "dendritic cells (DC wer e detect ed
niectcflf 7 e d%@ﬂsc@’?%’sa%ﬂrt ol b e i

e 1N eased et|b|I1t N th

bacillug Riiheaiys nLMS eNESRE£eh Sirers ot el P hFis @Ped

Si mul t aneous admi ni stration, of nodifjed vaccinia viru
intravengysly. d”’(WAﬁCQRK'Y)a’E{/OFt SHDeL1ansodBv: e nsBHCHans Gap girect that

solid imedi ate protection against ECTV, even in the
the MVAnke ad@inistereRtianapalityer f eron type | recept or

(IFN-1-R). MVA-BN(r) also rescued mice if adm nistered

[X106t Thepatitoigen isipréfe@diyva vithaor aNaastaiym) In aduetadres

solid i medi ate and even post exposure protection
embodigéntniie pathbgén G Wokvifuss prefarably a ivtaniots cionpet ent  as

wel | as i mrune-conprom sed mce. [01 04] The data

E@)“ 109 Bt Gtk BpbewinéntErRTAbREULI ishd RESIthylAuMaRP s bhather
hat " poxvi ruses, as shown previously for other

embod A&t g‘feslnefy ﬁ%@%ﬂirﬁﬁﬁ%ﬁécoﬁ&@)n‘ﬁ@é@%ﬁﬁ%nwf& example, an HIV-1
ependent as

well as TL i ndependent recognition

infecteﬁ%cp\y\'axac‘l awﬁlvﬁugf | Cao?ié §oARE, X@Q/eflﬂ%ﬁ( rﬂ)?s | ost

ts capaC| ore hurmn ound to

be reco bot R9- dependent and

ImmUnqE P ERT4 ?rgaﬂ%%@gapwh’éﬁﬁ%@% SDC it was only
recogni zed via the TLR9-i ndependent t hway. Thi s ,
W@?N@dafsedc\tﬁ%lrg@ e Gk adﬁ@%ba&%?ﬁmqn%ge%{wﬁd and highly
HSV-1 (Hochrein.H et al., Proc. Natl. Acad. Sci.

attenuated 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 smallpox, variola virus, have
developed multiple strategies to suppress immune responses. The invention provides
evidence that poxviruses are recognized via toll-like receptor (TLR)9-dependent as well
as TLR9-independent pathways. 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
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U SA 101 , 11416-1 1421 (2004)). However, in sharp
contrast, the recognition of the pathogenic

wopoosidtazses, including several strains of VACYCTEEI8003367
CPXV critically relied on TLRO and pDC, |ikely due to
the potent ability of these viruses to inhibit their
recognition via TLRO- independent pathways. In the
absence of pDC or TLR9, this inhibitory potenti al

abrogaf@RHeYDCAEBD G i) \afpd aBa degsticany heré fsxaahietsugbeptitsllity of mice
thus response by DCin vitro. This translated into {he

to |nfed(§|%]p\(/{/|¥rpth'e%8ﬁﬁé BBxV ct%rﬁ@heﬁ@ﬂé E’@?\r/? SiiAtaneous

icilent mce were nore than 100 nor e

admlnlgtgegt?ogﬁéf’ergbglf %ﬁ %gcnac b&gg%@% éﬁ‘%@ﬁ[{{'@f infection led

to a solg m@@é qisﬁfoq%%?gélﬁﬁ ECTVpgren ?{qt@%%nageﬁh&@nqr
q@scﬁﬁgémp% I'fi agministered after

and the TLR9-i ndependent activation
mterfersﬂrtm hegcgptarfIkNd-Rip AVASBNP a?i
was virtually absolute as even the nost sensitive
infectionewitfo GC TOf. E%uenﬂ\ﬂw-\aﬁnd@in@@mga exlist varsediate apd even post-
abol i shed. Several poxvirus encoded inhibitory genes
expostreErotdctian afainstiethah BRI infedtionds RnanuheASIRp¢Bohae well as
al., Proc. Natl. Acad. Sci. U S. A 97:10162-10167
immuné2pfPromied micd. al ., J. Exp. Med. 197:343-351 (2003);
Stack et a/., J. Exp. Med. 201:1007-1018 (2005)) have

F‘ﬁl@ﬂ] TrﬁPld'a Gﬁél%ehféd o iEXahiphes Pthrbubh si1odethbRgrate that
nol ecul es. netic conparisons of ECTV, CVA CPXV and

poxvm‘%%'éI SOOMORARE e\%%sl? ! JtH?tel%ngﬁ’é/ EofUPNRVHESe O arbected via

SI nger - nsc Virol.

oo SR A R o0 Bl o

st\rain cow, whi ch S. rth
attenugigd VAGY %ﬁﬂsﬁastpl@@@pga@ﬁw%ﬁpﬁ'ﬁaﬁo Bihae ol gva%ofd tind to be
functional (Chen_et al 3 17:1 65- 18
recogn(z2g0m) O BPYcT dRedepEdBEA R | WRonepeenk BRINRYS
A52R in the inhibition of DC activation via the TLRO
whereateiperitfe ittwasanly meleqanizrshyiartee d4ROtindapgrdentapshway. This finding
reconbi nant VACVs | acki ng or expressing A46R and A52R
is consisigrt withe previm st findinglwith H¢driblochrein,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 VACV, ECTV or CPXYV critically
relied on TLR9 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 TLR9, this
inhibitory potential nearly completely abrogated immune recognition and thus response
by DC in vitro. This translated into the in vivo infection model with ECTV, where TLR9

deficient mice were more than 100-fold more susceptible than wild type mice.
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MVA expressing A52R as wel |l as endogenous A46R, thus
resenbling the inhibitory CVA (endogenously expressing
woAdBR3mMmd A52R), did not denonstrate any si gnPCT/ERRG08/003367

i ncreased inhibition conpared to wild type MA as

judged by anal yses of DC maturation and cytoki ne

i nduction. In contrast, a deletion nmutant of CVA
expressing neither A46R nor A52R did not lose its
[ovUshBireytheatepbhgd to tHel inattvated APV dBPXS/ Bhd ECTV viruses
previ ously published data showi ng that an A52R

depend&d BRthY §r %C Sia¥e B WLhQWﬁb@é Qﬁgsésﬂhbg'lkéfy){nl%i bM!httMe TLR9-
agai nst mat uration lien et al,  J. . Virol .

depeno%%t %&9 ?h&ﬁ;uié |r(c?e?>%f]ib$rl\ fgﬁ{’? ltl\b S, Sttr}k‘?ri%}/ qﬁ'iﬁe a%sence of

ously e esse
TLRO, fhmpﬁ@q'epnh' R AR ﬁseeﬁfége&aop%ﬁa%ﬂﬁ Badoutof DC

[ i nde endent recognition defined within th
maturag(grﬁggpfiq @?R;g?&qfngv%aq Ishegk %@almﬁgﬁ&@ﬁpded |nh|b|tory genes
recognition in reggonse to MVA is still elusive as are

including ghe ¥ASYhPradyst peARGR 2N AS2R sBovde af @/ -ofties- Yelh Acad. Sci. U.

viruses (Ishii et al., Trends |nmunol 27:525-532

S. A. 97 20062)10163W2080); Hate st al.egorxs Mat.el DUB4313814896B ) tSEack et
dependence on the presence of the TLR associ at ed

al., J. Bxjapved. 200 €@0d-¢6 18425 ) phalelbden iaplivatet imtheRKRb{tishwf TLR
et al., Blood 109:619-625 (2007); Waible et al., J.

signaling ielecufesl Gehtildcdmbati@oh28PEC TV, CReAECPIXY and®VA show that

intracel lul ar sensor for DNA(DAI) was identified

all 4 wﬁu@%% RIm&lbguedat Hﬁ@R‘tl@f&sﬁQééﬁﬂ%n%@l@&@t)al It i,

I's'In the pFfesence or absente of a si RNA Silencing

88-324%{;59]‘@86? ng\m th&g&\i 53pERGRSL ﬂgﬁ{o@d@%g o 24 %égﬁas MVA

een ent
onset HSV-.1 wa

acks 1% eORBR B E6 T, SO N BEBF okl R ﬁ‘a% sty has 2
reame e S SR ot RS TS by a7
nouse enbryoni c fi brobl ast s responded to MVA (| ackin

186 (%@@)géﬁ@“mi;te itheipplential neleyof A46RNHABZR R thepiphtbiition of DC

noncanoni cal | KB kinase fam |y menbers TBK1 and | KKi
activatiph sfd theeliLRA 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 A52R), 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 A52R did not lose its inhibitory potential. This is in accordance with previously
published data showing that an A52R defective VACYV still retained inhibitory activity

against DC maturation (Drillien et al, J. Gen. Virol. 85:2167-2175 (2004)). Taken
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Nat. | nmunol. 7:40-48 (2006)) and that the induction
of IFN- in response to WA was i ndependent of virus
wopp@pageri on and DNA replication (Waible et alPCT/EP2008/003367

Virol. 8 1:12102-121 10 (2007)). [0107] In the case of

TLRO- i ndependent recognition of HSV, recent

publ i cati ons suggest that different cell types m ght

have different requirenent. In cDC, the |IFN response
togeth#@ thdsedeNg _RAggéstahavnditier PIBIR @adbgendudly depeisdedtbyche non

viral entry. In contrast, in nacrophages and

inhibitdry W\S"M RSt R52r B theP WQthﬁﬁo%‘bnﬁj&ﬂﬁ:‘ﬁ@ 8NthedNLROt Bependent

viral ‘entry andreplication and’in addition on a

or TL%”ﬁﬁé@Q%eH} Fé)&é;grﬂ a&eﬁﬁ&f‘%fﬁﬂ tmso%%pat hway,

' e i nvolvenment o conponent s

(SHR Y55 A e AT A 00
s oo B oA S0 i S R .
pressi ve nechani sns devel oped by different viruses,
Trend%/@msua@l 3192%53R1HRBYGN. W\A@yﬁwﬁmp@égep%swlq QUi dhhs apsglite

an enornous evol utionary pressure on the devel opnent
dependrnceenithe aneseDiua of HraiEL IR assepirted edaplat matgauleq [yDB8and TRIF
Poxviruses are divided into two subfamlies, the
as welpax PKRUEZd% éhd/ecBlond 109G1S-625 2005 )Je\N@ibIbreteat.t . Virol.
(entonopoxvirinae) and poxviruses infecting

81:12 M2 2P a0 7) 9h Redepay v idvrtlacelday serisor RIIDNAIDAI) was
speci es of vertebrates, have battled throughout

identifi gd’ PI* dldoR3 ét(Hl W‘é’tbfe 348 ‘5'0‘1!7?‘55059‘6‘?@0“7%t \hfeglthy cé’l%tlh(ﬂg@Biééence or

oxviruses. Today, poxviruses Infecting reptil

absen%eéf?az ﬁﬂl?\ %%lng [Sl\ﬁﬁgl%}e%ﬂﬁgf ffig r8§ dﬂ%%ltr%n@fe%tﬁgm or HSV-

€s as earl es are tores

G stipulation, s es expr essi
1 but ngh g N Hhe %%W%Féte@ﬁg?pw&n@%@%ﬁ?we Y
was reffia o BPIoBteO s POSES I PR ILIRBS Welp R gested) suggesting the
evol uti onar¥ pressure for the detection of and the
existenef frasislitional PNA pmrchgnltlgm pathways. Others have shown that mouse

embryonic fibroblasts responded to MVA (lacking the gene E3L) independently of the
presence of the noncanonical IKB kinase family members TBK1 and IKKi (Ishii et al.,
Nat. Immunol. 7:40-48 (2006)) and that the induction of IFN-a in response to MVA
was independent of virus propagation and DNA replication (Waible et al., J. Virol.
81:12102-12110 (2007)).

[0107] In the case of TLR9-independent recognition of HSV, recent publications
suggest that different cell types might have different requirement. In ¢cDC, 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 entry and
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[0109] TLRO expression in murine and human cells

differs greatly. Wereas in both species pDC and
woBemaBi®w7are positive for TLRO and respond t oPTILRP2008/003367

stimulation, nmurine cDC subsets and nacrophages al so

express TLRO. Moreover, different cell types even

W thin one species respond differentially and

selectively to TLR9 ligands. This includes not only

replicatidtariih@éRlitlohNn Pfup@ticidlehitrBaadial skindliRg grbtein pativiy, which
denonstrated in selective responses of B-cells to

sugges;ii ire]\;éc?srsﬁﬂé invogggﬁe?rg@f HNA BpYhens (Basmus¥es e#8pCl! DRE).

nmur i ne are activated and proliferate to a
o1:1337 5 PR RO PRy 8501 BTt S8R50 STl hup e

) :,.5908-5912 (20 One possi bl e explanati,on coyld be ..
mmungIgpPa aEonUR A HINA YBRERSSER L AL BhHpPaRL S iy egpanition
different TLRO ligands. This could als ossij bl
of RNAsYifS&S n SHRPressiy & NecBanishy <leVeioPeriy @(?‘E(p@yt B'ﬁ‘l‘igs’ some of
di spl ayed the TLR9-independent, but not any
those employed pyrnixyiruses,Mpsitiikely put arepomBeus 6vNAORIYPressure on
t hough they express TLR9 and respond to the artificial
the devEldponead of resiunGpGAINA ir0g rdd@jgnifios pathwans. pr ot ect i on
i nduced by MVA was clearly relevant in a setting
. ' 3 . n
A8 P alint R IR0 Sptar MR RISk RiniRg,
. DC. This feature of MA i . .
nvertelf s e e rotenReelt Oaer ahd B aRets RiSune Yettobrmtes
condi tions described in humans wher n rs,, or
(chora AT ) aMFSh [ oT ElksPRERB Al Lt Tees: Mo B RRCIa<E ayghout
i n‘?ai red. Anong these are cancer and transpl antation
evolutionfqrdieis supdvahegatngk highly paipgenic pPRdYses- T adaN POXHEHSEs
people with H'V, even under antiviral treatnment
infecting (refptiiés, birde apd radny, differenhspavigs, of ImTamnyed9 @re kogwp206Ffebrates
Donaghy, H. et al., Blood 98, 2574-2576 (2001 ) ;
as earl@rashiisties are latoval to rebpohdno @GP G-DINA stidilfaionSggesirarihe
Boor, P. P. et a/., Am J. Transplant. 6, 2332- 2341
expres§idAGSTLREI €W colfd sPecitedhat thd TLRI systdmvasivell 8s the specialized
115-123 (1986)). Furthernore, sone i mune conditions

DC sudsiekémﬁl?yﬁégﬂ% foF 6N pRREIuBlGH pa, ver Optidikediund@r strong
I nduced | FN-1

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

[0109] TLR9 expression in murine and human cells differs greatly. Whereas in both
species pDC and B-cells are positive for TLR9 and respond to TLR9 stimulation, murine
cDC subsets and macrophages also express TLR9. Moreover, different cell types even
within one species respond differentially and selectively to TLRO ligands. This includes
not only the unique IFN-a producing capacity of pDC but is also demonstrated in selective

responses of B-cells to different TLR9 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
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production (Bufe et al., Int. Arch. Alergy |Imunol.
127:82-88 (2002)). O note, nost of these conditions
woheosasipeen defined as contraindi cated for thePCT/EP2008/003367
application of replicationconpetent small pox vacci nes.
[01 11] Al though we found that MVA was able to protect
to sone extent IFN-1-R deficient mce against ECTV
infection (Fig. 7), application of the traditional

purifiedIRNMi@ ONA E1sie 9@t Wi.! YSimmudeRA 7 1k89d08e891 2 €360 31).COng vessible
Wi t hout ECTV chal I'enge. This finding wasconsi st ent

explan%c&rﬁ‘c@ul@‘ﬂe"é@l ﬁp%g%élf i€ *a%ehé’f{d éﬂdds‘érﬁé‘f‘(afoé/g’sgmb bfdifferent

I Mmmune C mse mce att et al

e il 8 g RS 5 2

trates
displaypa ey R EREPRo st blpponart: B EReBendat sRTRaldagR rBSponse to
deficient m ce against death
MVA, qyerdSpaah IRy o1 ve ok rarreapand el TLR pgopist CpC-
protocol called "imedi ate protection."” These findings
ODN. j ndi cate that MA induces solid innate i mune
responses and thus bridges the tine adaptive inmune

{(?IQIGP‘T'ﬁéﬁnM@ﬁé’ PF FRediBd HddBed [)? vi3lvad Beddf t*eﬂé?dahhﬁ a setting lacking
mechani sns of the innate protection phase,

TLR9 r%b? R R RFhLOE aBEvEBA M %ﬁﬁ”@@po% ﬁbF@olely

responsi veness to dose

dependgff dRph It Fi% r&ﬁ?ﬂpiﬁﬁ%ﬁfe"ﬁf‘dﬂ‘z éﬁ’?ut%%gtb‘? éﬁ?fﬁﬁ‘-ﬁdweﬂdem
, f the protectio R m.ce were
immunB Bstediononl e ior e GonHLions Aasr RER I QUSEyvhere
ECTV clearly denonstrating that other nechanisns are
pDC ngmibers gr &unssiontanc thusy ThREderandendr NrgPreaHelen giedgpaired.
of the immedi ate protection protocol. [0l 14] Arole _
Amond thesgare §an¢erpart;t sanspiantation patiertEpe: aldngmase\suppressive

shown by the increased susceptibility of TNF- Receptor
drugs ateff pepiplnwitmHE, evenb@der amtiviral treatmest ((eldshizsiniey et éle J. Immunol.

174, 2396-2403 (2005); Donaghy, H. et al., Blood 98, 2574-2576 (2001); Chehimi, J. et
al., J. Immunol. 168, 4796-4801 (2002); Boor, P. P. et al., Am. J. Transplant. 6, 2332-
2341 (2006); 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-I
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 to 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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attenuation of TNF-s encodi ng VACV (Ruby et al., J.

Exp. Med. 186:1591-1596 (1997)). Using simlar
woneshistx; antiviral activities were reported POT/EPR008/003367
IL-6, 1L-12, |IFN-gamm, |FN-I|anbda, CD40L, Mg, |P-10,

NO and conpl enent (Esteban et al., J. Gen. Virol.
86: 2645- 2659 (2005); Ranshaw et al., Immunol. Rev.
159:1 19-1 35 (1997); Bartlett et al., J. Gen. Virol.

consist8ft WittPBi&vibus F8pdriO&tPleth dihyetdi \PAC YW fdth & oftler immMahé& compromised
Virol. 38:299-307 ( 1994)). Apart from sol uble

mice (V?gg?‘n@g%‘?t ?’ro&g?étﬁlﬁad ReAYE W.h‘ﬁﬂ::m-%% (2004); ltDerera et al.,

uction NK cell's seemto play an inportan
: e i ' ions with poxviruses including ECTV
J V’”(’?ﬂé%?%n%a@ég?bet al., J. Virol. 8 1:4070-4079
(2007)). These and ot her nechani snms may be involved in
{Hd 2MVnisratdd ndemonataies dbat Mot given ahthe[ gama fnerpglethal doses
failure of the i medi ate protection protocol to induce
of ECT3uptote ated wilddype aind T LIRS déficiahismitecagdinsiddgsth (Big. dnfrige 5)
responses (Fig. 8) clearly indicated that survival
irrespedtipe otk sitd ohagtication (Aidap),itve prototslealles fimmsediate Tdrotection.”
prol ongation of survival in the RAG 1 deficient mce

These ﬁh&iﬁgg MRabOat MYA iRaldesod idnke Fvhatd R3pehsesdridthus bridges
protécting i nnate nechani snms but as descri bed

the timé’%ﬁ%bt%%%ﬁufr@ re%é@ﬁlééé RO tV@GigRL i on strategi es,
survival 1o pathogenic poxvirus infection ultimtely
needs_adaptive mechanisnms to clear the virus. This
ek daidgfine thauaechanismisiofdhe innaie rratectionhasquths on
of innate nechanisns |ike application of IFN-I, TLR
immediatgaprdiection ptdtecol s aprdiedito anice mdieh leck negponatygngss to IFN-.
suffice in the protection to | ethal poxvirus infection
Upon Hi§h ddsetkpesurenthese néspwesesotpeotectedtto éiid¢ sarniextent as wild type
triggered at the sane tine. The experinment with
mice, siygéstagtthatarmid i€t OFthe probactiohi Howeesver] E-1-R mice were
ort hopoxvirus antigens and presumably activates via

protect:aégﬁlg I@\H%Q;%?ﬁ REvErflie OBl | dBIeB8DIIHPNE dy dePhdribtid@ing that

eved i n I mMmune conpetent m ce. However, the fact

other n’é%ﬁ%ﬂ@“s éns%%l@lto éuggﬁ’mﬁ%%ﬂ: AR thieqnﬁitﬁgﬂtﬁa‘éggff RSt

€ MCE treate active MA whic aye

immedsé%gippfr/@renctfiéne&otc')goq.' cated that the protection via the

[0114] A role for TNF-a in protection against ECTV was previously shown by the
increased susceptibility of TNF-Receptor deficient mice to ECTV infection as well as by the
attenuation of TNF-a encoding VACV (Ruby et al., J. Exp. Med. 186:1591-1596
(1997)). Using similar methods, antiviral activities were reported for iL-2, IL-6, IL-12,
IFN-gamma, IFN-lambda, CD40L, Mig, IP-10, NO and complement (Esteban et al., J.
Gen. Virol. 86:2645-2659 (2005); Ramshaw et al., Immunol. Rev. 159:119-135 (1997);
Bartlett et 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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MVA is much nore solid. [01 16] TLRO was identified as
an essential and in vivo highly rel evant recognition
wonoisasu2eg for poxviruses. Inportantly, it proPCTUER2008/003367
evi dence for the use of MVA-BN(r) as a way for
I medi ate and therapeutic intervention against
potential fatal poxvirus infection in healthy as well
as i mmune conproni sed individuals.[01 17] Here,
inductiér 8V NRUWsIIg 3kami tagilayraftipsrtaht ide doArny iinfestibrsrinvith poxeiruses
recogni zed via TLR-1 ndependent recognition pathways

includifgBG TV inJS&tli_%H (P:?r'k@??;tt 09y gil& 82200870, (2807)). These and

confirned. wever , I's shown that poxviruses are

other it GRriFREmK e Moletin RT3 TRt fraiceig”
the recognition via the TLR9-i ndependent pathways but
K 53 The failuge elthe amegiate pratectiongrotegp! tolindigecsstainede
(pDC) are the only cells in human and nouse which
protectipndnl treeathsenge oiadaptiee mfimupe eespansesr(Fig. &) oeaF- indiogited that
the TLR9 pat hway, whereas other cells including

survivdl @epented ntim&e!y oafiaptive imblunetrosgonzes.c €hé Pildngatian of survival
di fferent pathways, independent of TLRO. It is shown

in the RISG A deficieat m&sérmsdngaroé domé mdicitiohalfehy daksidnsdt ddii@ protecting
TLR9-i ndependent | FN-1 production and affect the

innate MECHSAh b X adMescibet ibli§ly Taitadifeial Sactihbtién strategies,
nna ep_r oduct mg]n ofa pDCc' 'S ngﬁé\#u{jﬂll pr evént ed. [01 19] In J
survivaf 3§ B e Pl oY 38 PR YgER st e
. 100, f.ol d nore. suscept.j bl infection., A.sinlar
the vingy, BB TRy ShkeaduehRe et K6 ot MguguSh B rrs,
m ce unable tao regﬁ%)nd to |.FN-1, vvhbch IS thoigght to ..
mechapismssiieraprlication of iN-b TLR ligandserethebROPHREFEE inngte stimuli
al . Science 264, 1918-1921 (1994)). Thus, under
would guffige in hespretastion jatleibalarmxyirprinfoctiansié adaptivecimmeng responses
inhibit their TLR9-independent recognition, the roles
were nof effedteticiiggdrmut atthe smestirogniThiecaxperifent withodVgnadtivated
and thus pDC becone critical at least for primry
CVA (Figf eisehiak chatdssomhopoxvirus 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] TLR9 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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during infection. [0120] MVA, a highly attenuated

ort hopoxvirus that has lost the ability to replicate
woinosnmam?al s, is a potent inducer of robust ad®OTiIEP2008/003367

i mmune responses and vacci nated individuals are

prot ected agai nst other poxvirus species within the

genus Orthopoxvirus (e.g. nonkeypox virus (MPXV))

(Earl, P.L. et al. Nature 428, 182-185 (2004);

gt He@@rprwlouefdaeé thal mevhbers & the’ BévinBFand(iy Qe )recognized

Due to an inability to replicate in mammals, MWA is

via TLRﬁﬁd r@%nﬂré@gﬁltiﬁﬁ peARWh gt Zh e Ve Bt é/nBtBo@Nog Imm (2007),
nprom sed i ndivi dual s Gherardl et al

CO%ﬁfh%lﬁé\esév?@'s%%%W B it el 5 i P
soperdif stk T Sy B RO BRLEI SRS A R s

the recagnioDale THa H-BGNEARLBL B Phye PUE BreSil egoptiFag i TLRS.

the | atest two days before exposure to the chall enge
{61183 Plasmaqytoid. De(pRF) are theepnly geliin hignan agd moyseywhich
(2006)). [0121] It is shown here that MA-BN i nduces
produceHerger ardauntisef tyge | imterferon finirBptiathecTLRG pajhwiy, ivkereas other
(e.g. IFN-1) in vitro via both TLRO-dependent and
cells inciuatlepentlantiopalt DGgyBC) dné bkike tpo@ruducss BN-§ viahdiierdsCpethways,
MVA did not inhibit the ability of DC to recognize it

indepeviténtldfREA-RANAR RS BRGRA heddin \tRatsondpSxfRRE Icoinpidtelbgbolish the
useful in protection against poxviruses that displayed

TLRO- deIBéﬁdérﬂ hERLItRESuRPNH o Bfect tRE Adturd@Bh df DT, Q&hé}@a@fthe TLR9-
N at the sanme tinme as high doses of the highly

driven 'ﬂf’N th?JU&QIOﬁ%qg%% rﬁ(?r‘tufﬁlggﬁﬂe(/bﬁteﬁousepox virus ECTV

pr ot not ent m ce agai nst death,

r@@@?{n wxesﬁfdm%“&@@b&é’pﬁ R o SRR TR vt e
lack Of 1A GBS RUVLURS SR LN MSTP SHSERRISE 14 THRGRG: A smilar

doses were used
susceptibility and death kinetics could be found in mice unable to respond to IFN-I,
which is thought to be essential to control viral infection (Muller, U. et al. Science 264,
1918-1921 (1994)). Thus, under conditions where pathogenic DNA viruses effectively
inhibit their TLR9-independent recognition, the roles of TLR9-dependent viral recognition,
IFN-I 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

individuals 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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i ndi cating that one nmechani sm of protection involves

I FN-1 which can be substituted to sone extent by other
wom@ns192However, m ce | acki ng adaptive i nmunePCESPRIISHE3367

(Rag- 1-deficient mce) had only sone tenporary

advantage wth MVA adm nistration, but all mce died

finally indicating that the induction of adaptive

i mmune responses are essential for the overall

K.J. et 4.0 e¢iv.i 79 78a5. 78513(2009)Y iDukstd 41 Brbilidnto rEplisateNWnavamals,
capabl eof activating an i mmune response in vivo via

MVA is te<t8d b@g%léaﬁ@%nd@@t?y #in Mm@ niiresRieaitndiiddals

poxvi rus that potent i bl t'ed this recognition.

GherérﬂPg{ s@anf lq’q_nR?flg)/ %Zfégg%uéialﬁpﬂ déegét ¥R, Vird ?%"r Bh47-2021

protected mcé Trom gai ns

(2006 aefaiawavieﬂi ZICHE T T -

relevant, PRR for the re n|t| n of, %
days tcu\e_freeh% 8nd PEPVIQYS repotsi nqyeﬁowvo&@gweft SYBtival %@@P ts against
condi tions of conprom sed i mMmune systens, MWA-BN _
pathoggpic Raxvirgsemgampntydess achiaedwith @palietanef thenvggeinating virus at
responses, resultlng in long lasting but inportantly
the latesdt $wo idaye thefdre expdstiiedodpe challengeotieust (SéaibagGaiehst J. Gen. Virol.
| et hal poxvirus challenge. [0124] The data presented

87, 29t1-eepl y2esjpnst rat e that poxviruses, as shown
previously for other famlies of dsDNA viruses, are

f;ﬁl‘zﬂ?tt@ shb@n heF@tHie MVASBN irtficeg tthe BRoduction of innate immune-
LR9-i ndependent recognition pathways. MVA, a highly

protectﬂ{eq‘pfﬁHl%SQ éléhumapay f(i\’n%(lﬁatth ﬂﬁ@@%’%&t&e\ﬁt%ﬁd -independent

cate in was found recogni zed
i B A R SRR R
recognfg%it \:é{l’g gg;g %Intt 85 t(gvgl\ﬁ\{’gy g’p%%ée ' ' g%ys\éﬁ&m pro?ectlon

Eroduced cy tok| nes only in the presence of TLRO (Fig.
agains FEBXV'"FH?%”W Htﬁpl?g’egl%@é’r‘il”}h&@i%%%”@éfpepr evi ous

findings with HSV-1 where active virus induced |IFN-s

[ 22] AdminigtratierepbM VBB aidBe Saredtima @sdpaiageses of the highly

i ndependent of
pathogenic and species-specific mousepox virus ECTV protected not only immune-

competent mice against death, but also mice which lacked TLR9 or responsiveness to
type | interferon. Mice without a functional IFN-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-I 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 all
mice died finally indicating that the induction of adaptive immune responses are

essential for the overall protection to iethal poxvirus infection. Thus, MVA was capable

41



TLR9 whereas pDC enployed in addition a TLRO-dependent

pat hway, that al so recogni zed i nactivated HSV
woQRbiscidreern et at., Proc. Natl. Acad. Sci. U SBCTAP2008/003367

101:1 1416- 11421 (2004)). The inactivation nethods

enpl oyed (heat inactivation in the case of HSV-1 and

strong W-irradiation in the case of MVA) potentially

resulted in selective uptake of the viruses into

of activéitihf &InBRImGed t48pdhse gLV TL ROLiBGEperRient bathwdVis) eld® in the
cytosol and theendo sone whereas uptake of inactivated

presen¥ﬁ lf3 ;58%5% éﬁt ﬁhﬁfﬁjté@ t@l@?e&quﬂmlm &tﬂn@%even post-

i's cou exp anation for the conplete

exposﬁg %ﬁgﬂ%} Slweﬁoélﬂl&igfe\éféd ?@R%Id%?igl%}ér v %Q%ff?ﬁ} %éé}h against
ethal @%@E&%M'&"cﬁt\??st of VACY. “ECTV 01 GV el tically |

relied on TLR9 and pDC due he poten bility of .
[t ToiSrstede demonslipsdiatith RO et gRootasth and i vivo highly
TLRO-i ndependent pat hways. In the absence of pDC or
relevant] RER fanithe reaegpitionraf, pad te defense agaipst pepyvisusgs, Moreover,
abrogated i mmune recognition and thus response by DC
even undenvcanditionEhef gampriomised immiung systemss M A®BN activathe and
vivo infection nodel with ECTV, where TLRO-defi ci ent

bridgeglint@te\ane agaptve inanuié Pedprdespresulting de pdrigolastitdndot importantly
wildtype mice (Fig. 3). Qher dsDNA virus infection

also inf/RE@AE alt theRSpélric srofittionagaindanenal owiires bﬁ@llerfg@:

i ncrease of susceptibility as in the case of HSV-

[ angitrhe ita Bres%wteyq H@N%\X/@Eﬁmohgﬁé%%p&\hmsﬁsaaé‘ §ﬁ6\9MV

I'n the case o I nfections (Kru al

o0 A58 U It R v
75: 6
as TLRR s Papd e g HBon ety IV Ans nidattaidatbs Ul Gytyat has
rel evant, recognition nolecule for pOXV|ruses
lost its capagitiaieteplicate inhemaneells, Was frund tgrbe rreogarzegiby pDC via both
MVA-BN as a way for immediate and therapeutic

TLR9-dependeshandd L&’@anndgpemrgma.ﬂmaysamd{wrmm ¢RG it was only

infection in healthy as well as inmune conprom sed
recogniizedi wia theTER9-independent pathway. After UV-inactivation of MVA a mixed

population consisting of pDC and cDC produced cytokines only in the presence of TLR9
(Fig. 2b). This finding closely resembled our previous findings with HSV-1 where active
virus induced IFN-a in vitro in several DC subsets and macrophages independent of
TLR9 whereas pDC employed in addition a TLR9-dependent pathway, that also
recognized inactivated HSV (Hochrein et al., Proc. Natl. Acad. Sci. U. 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 cellular compartments (active virus into the cytosol and the
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[0127] It is a further object of the present invention
to use a reconbi nant poxvirus, including, but not
wolRisiBed7t o an MVA virus, which can serve as &aGT/EP2008/003367

ef ficient and exceptionally safe expression vector. In
one enbodi nent, the present invention relates to
reconbi nant MVA viruses which contain a gene which
codes for a foreign antigen, preferably of a

endo spiehwigerebs uptket of indstivaBarvingsmiyht bai resthigtetliohthe endogemal
i n aphysiol ogically acceptable form The invention

route). 888 coBldeesn EplaRAtiRdST thercomffett TRIRY dddeddente §ﬁ6rhnactlvat|on
recombi nant MVA vaccinia viruses or vaccines, and t

Fdﬁ?g@ﬁlgv\fé@& e SR l\ba&ﬁ'ltl%% td MvA s %ﬁ@%mé}é'tﬁ?t%e rﬁacognltlon of

I ons cause by suc pathogenlc agents

e MVA viru .
e L e A A A e M
cons whi ch cont aj ns equen :

relied Qi TeROR RBG e i Br IR APIBeoRNEHR SaUESS P ERAneT

sequences adjacent to a naturally occurring del etion
recogngiog. V@aL&eraﬂewnctﬁntmthms vintthe abserca\Rip gB@rRsr?{eLR%éh'S

be introduced into cells infected with MA, to allow
inhibitany potendgieLsearbceampletely ahrogatedimmen®rexogoiion end thusresponse by

been i ntroduced into the eukaryotic cell and the

DC in Viteo. eTigniniNde firatingseteanstdtedt shtovthiehin vive infectidn rbbidel with EGTV, where
possible to isolate the desired recombinant vaccinia

TLRO-d&fiEBRt iteAvaiB MitRE thahOVOD-foRy meR sudcepetlalthan wlltihy[bélmlce (Fig.
aid of a marker (conpare Nakano et a/., Proc. Natl

9. oy 119 A0 i ivr

ol b o B Rt s,
L L
e i e

TLR9- i ndependent pat hvvays Pat hogeni ¢ poxviruses |ike
(2004); Delale et al., J. Immunol. 175:6723-6732 (%005)

[0126] This study defines TLR9 as an important, 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.

[0127] It is a further object of the present invention to use a recombinant
poxvirus, 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 containing such a virus in a
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Ectronelia virus in contrast inhibit effectively the

TLR9-i ndependent recognition and thus depend on TLR9O
woRers/Beeogni ti on. [0131] I n one enbodi ment, tRETIERRHRO03367

conprom sed mce |acking TLRO (TLR9- KO have a

100-fold higher susceptibility to Ectronelia

infection.[01 32] In one enbodi nent, MVA i medi ately

protects TLR9-KO mi ce agai nst the nouse poxvirus

physiolegidafiyRktéptabledofnX THRYentldhlash rélatednte reathods fenthe

MA protects i mmune conproni sed mce (I|acking

preparéﬁf%&ﬁéﬁ%ﬁéﬁb‘iﬁ’aﬂt WA)va@&ﬁiar\ﬁFuslggWégvﬁggiﬂbg,rMi(ﬁﬂ'\% use of

nge wth Ectronelia virus ( m ce

nese GHEEHeY 3R ORGSR MBS, 4 4 FARBEBNG Bgents
R The A8 Hpes rogdralial e fBon (Bhiafto B sbdlipbign: mva
expresEBB)GIeIAdsEIS PRIPSRIOE| AUODAATSESCHTER POTPES SPNA-
intended to contribute to a better understandi ng of
sequendeewhicBsedes ifera farean. pahmeplide flanked by\MYA DINA] seqygnces
limted by the exanples. [0136] O her enbodi nents of
adjacenhi® a natmaliyoocanirting Heletippag.gntDeletiarhiboe apk GR, endthim thehVA

art from consideration of the specification and

genomel 8sih beentedduded intoveailsi infectidswitio S0 Hteratiom. hdrhologous
i ntended that the specification and exanpl es be

recomi$iRBfdrieOpde Ase DPRATBORSHUP ALY bedh tiftrédUudedant e kadyotic cell
spirit of the invention being indicated by the

and théf(gar W @IQA_‘?}% Fé%onW*vﬁftﬂ&@irﬁBNKhi@isf b4 isolate the

_ es w further strate the present
cesod YRR ehsh bt HacHPEESLAGRLC B, B e ac o
a markér {compare Nakano et al., 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
TLR9 and in addition via TLR9-independent pathways. Pathogenic poxviruses like
Ectromelia virus in contrast inhibit effectively the TLR9-independent recognition and
thus depend on TLR9 for recognition.

[0131] In one embodiment, the immune compromised mice lacking TLRO (TLR9-

KO) have a 100-fold higher susceptibility to Ectromelia infection.
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may be interpreted in a way that limts the
applicability of the technol ogy provided by the

WOopnessisn27i nventi on to these exanpl es. EXAMPLE PCT/EP2008/003367
Experi nmental Methods [0138] The follow ng section is a
summary of those nethods used in all of the Exanples
descri bed herein. Animal Model [01 39] C57BL/6J m ce
wer e purchased from Harl an W nkel mann ( Bor chen,
3Ty dne EHBDAHREMS MM imineeiately orolessy PLRY-K® tice against the
129/ Sv background and backcrossed to C57BL/6 for at

mouse! A& lrud EQGBRIARI(OBDoAELOSERr | bed (Hemm , H. et al .,
Nat ure 408, 740-745 (2000); Hochrein, H et al.). Both

R gl b R ARG LB Bt i Gacking
esponS L et RS bl e Bt i

i nfection nodel the strain background woul d_ hay
(24 of 2 micRAdRiviedan siherwise LAl SXPASKE KLRBroReka miihetleap or
wth ECTVi.n. and it was found that indeed they
1E+03}i spl ayed the rel ative resistant phenotype seen in
C57BL/6 mice, e.g. none of the mce died with the dose
{1 38Eroen g embediment, phadestigroachigveast byrpoky anecappligation e MVA is
a dose of 3E+03. IFN-1-R deficient mce (A129) mce
long-lagtinee Aftegd maeky, thletelisnetidl grotection aghinshéitst Agiesinfection with
(University of Zurich) (Miuller, U et al., Science

Ectrom?fi4.(> 5908 1DS@L (1994)) and backcrossed to C57BUG mice
for 8 generations. RAG 1l deficient mce were purchased

Id’1 B THE alBRtIUXanANes A o@%‘i‘e]a tedaé&d td B&\tgﬁ;@f@% a better

acifity in Zurich.” Viruses [0140] The MA use or
- r), 0 varj '
onders o RSNy AN MR My e
%ECACC) (V00083008). MVA was
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 only, with

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

EXAMPLES

[0137] The following examples will further illustrate the present invention. [t will
be well understood by a person skilled in the art that the provided examples in no way
may be interpreted in a way that limits the applicability of the technology provided by the

present invention to these examples.
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propagated and titered on primary chicken enbryo
fibroblasts (CEF) that were prepared from 11-day-old
woeodsriponat ed pat hogen-free hen eggs (Charl es RCY&P2008/003367
Massachusetts, USA) and cultured in RPM 1-1 640 nedi um
suppl enented with 10% FCS. CVA and CNPV were kindly
provided by Prof. A Mayr, Veterinary Faculty, Minich,
Germany and were propagated and titered on CEF. ECTV

EXAMPLEY . NEMpeamEntaiiMethodsst rai n Bri ght on were obt ai ned
fromthe Anerican Type Culture Collection (ATCC) as

T S 3 SRR o WS MO BSREOOA I e

Examp\t(\?sfdg&tﬁgigﬁg}%ﬁéeihpm ATCC (VR-364) and propagated and

ered fabbit cornea cell |ine SIRC obtained

. ATCC (CCL-60). [0141] Al cell lines were
A"'"‘*’W‘ﬂ%i ned i n Dul becco's Mdified Eagle' s Medium

DVEM I nvitrogen, Karl sruhe, [ nmany). | enent ed
591@9] €IBHE mMiFe MR PURbasadoe .aﬂanmloﬁafr%@ﬁgg 'n
ani mal experinents were purified twce through a

Germasyje 16K dafisienbmiceryere generetaskvith ¢ g8i1Syrbagkaioynssard
concentrated virus stocks were W irradiated with an

backcrobsechtn®B7BI(/6cnehi lelast 8 GenemitionRad desbubed Gremsyi, H. et al.,
Muni ch Germany) for 15 mn under sterilizing

NatureC408] 740 oS (20003 HachaéiReRt et e @sthithe 109/8wsasioell@s C57BL/6
ef ficiency of reconbi nant viruses bel ow 2% of the

mouseXdtidhd e r‘ébéktfeoal‘étdiééilé)b’a rélétiv\éytrﬁgh FRsREdri0re BT \Dikfettion
In vitro generated FlIt3-1igand-dependent DC (FL-DC)

(Tsch égﬁé ee.t%‘?.n?{/ E%iiibdf\gﬁadZép@a@ﬁ%th)) hdwe$, t8eSIedubBRit in the

revi ous rern, Proc. Natl. Acad.

infectioﬁ %o@eﬁ&g%&@n Cbé%%%mur]fa‘%glaha% %g‘ '4@88?4]% }niceI dh tﬁ@ 9bbsy

were culture presence o

nmuri.ne reconbj nan for ejght days,,Resulti cel.l
backgrgHPe WEgD e W T |-Gl wag 8Ua8 YR Tred ey B played the
di spl ayed pl asmacyt oi d. phenot ype (CD1 1cpos 5RA .
relativmregqem%tmne@wemp aqyﬁrbiW)Ct?D?ai@ n{tgwf-% rmerfgrth%%e died with the
unseparated or sorted
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) (Muller, U. et al., Science 264, 1918-1921 (1994)) 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 Cell 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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into pDC and cDC using a FACS Aria instrunment (BD

Bi oscience). In vitro generated Gvi DC were gener at ed
wohyosaais2ar i ng bone marrow cells in the preseneeT@P2008/003367

mur i ner econbi nant GwW CSF ( Tebu- bi o, O f enbach,

Germany) as described (Hochrein, H et al., Proc.

Natl. Acad. Sci. U SA 101 , 11416-1 1421 (2004)).

Cells were stained with anti bodi es specific for CD1

USA) drfd clBi#8d ir-REM pnel CRRIUnBELSpIsHignted aath 109 F O8I BvArand CNPV
iodide ( 1ng/m) was included in the final wash to

were kib@??l'o %ﬁgﬁ %A @Meﬁ%f&%ﬁééuﬁyﬁ%éﬁi&ﬁ,@e%@ and were

or me BD BI 0sci ence)

ors B D e S S A v
ot T et by S CPUBSERT P a4 1 4G9 Ron

indicated or with G 2216 (0.5mM or_ 1 nt r ol
respeciively, ad yyese prrRagged andititgred amyesp %9&’&%3 2@@?@@1 %&029206)
FN-[ and IL-6 was neasured using comercially _
SFV way abtainieddram ASAG 84S sard pwpegated @ndditered @nsthg rabbit cornea
(Hochrein, H et al. (2004)). In vivo experinents and
cell lins SRCshtainef DABATKIC ECBEGH).anaest heti zed with
ket am ne/ xyl am ne and viruses were applied by i.n.

1@ ] Wil sell lings aldr@maitained in Dabédco'siModitedEagi@siMedium (DMEM;
ECTV-dilutions as indicated were applied either alone

InvitrogBh, KaHsAMHED Gearhhiy) s%bl@nkﬁfé?ﬁ/viﬁﬂ BRF Y HithSutsribiiieo UAIl viruses

injections were perforned in the inguinal region

used irPAHhYl &%e n{eﬂiﬁl\/e%mu}@i%d 3{/)0& ”E_}Trgﬁgﬂ_gsggfbﬁgcugyﬁn%o?the Uv-

correspondi ng ano -1 nactrvate
. - injecting 2 ti 0, (. .
s BBt L st B Ul B JREARED) e
ani s_Wth grave s 0 f sickness_or. weight |oss
(GeneighetB, iy doRds RS Gerpai AL fdbio ckastarfiene
~of poxvirus specific CD8+ T cel] responses w |l d t,g/ e .
conditigns. TT Rig-tepatmenk raduged dhewpasdyatioptetticieney alEsemy yfnt viruses
with 5E+07 TCIDso or 1E+08 TCIDso MVA. Spl eens were
below R%rofdbe ediginadiyiyes attivity. i muni zati on and single cell
suspensi ons were prepared by
In vitro Experiments
[0142] In vitro generated Flt3-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
1cPPSCD45RAMNB220M"CD1 1b°%). FL-DC were either used unseparated or sorted

into pDC and ¢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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mechani cal Iy di srupting the organs through a 70-nmm

filter. Spleen cells and peripheral blood | ynphocytes
woeRBHB1%ere treated with red bl ood cell [|ysi sPOUEP21I08/003367

(0.14 MNH Cl and0.017 M Tris-HCl, pH 7.2), washed

twi ce, and analyzed. Cells were stained with Pro5(r)

H 2Kb Pentaners (Prol mmune, Oxford, UK) | oaded with

t he i munodom nant B8R pepti de TSYKFESV (Tscharke et

recomithant GM-G3P (Tdhebio 20ffentRich] GérhatBs) deseeibed (ochrein, H. et al.,
staining was perforned in conbination with anti-CD8,

Proc. Néll.1Aded. 88i. NG ANY01, N‘ﬂ41é AYA10Qd0EY. THerdredtdiged Weth

manuf act urers' protocol . For i ntracel | ul ar cyt oki ne

antlbocﬁgghaéaﬁc fcﬁ}é%g aﬁpgﬂ?b O@I§4W%rn BtB%GS%Qﬁc%&h 'Propidium

rdein tﬁe presence o

iodide @@pg’glggag{r&ﬁgeeg %E@a&%@%f%ellgek‘qﬁrf gﬁ&%etr‘c analyses
wero R B AL ﬁsﬂf TR et S

directed against IFN-s, TNF-I and |L-2. Poxw rus
softwared&be VY altesand kien B3l Institsite tor D@d@ah%ag%ﬁf@a WelbeyrpeAustralia).

usi ng MVA crude extract as antigen and a
Cell culitreesupamtatants weee hg@esieR 1(83&4 bows aﬂ@mﬂghgt)onaglth the viruses as
detection antibody. Al animal experinents were
indicatépor witle ¢ pB:22 1 (@ oMErarmam) af cidanaiin the presendeeof IL-3 and GM-
cal cul ation of the LDSO the Spearman- Kar ber nethod

CSF ai@3$hé!$e6retiBNITIHIR-|2nd 1l-Bavdd mabs@edafsing\edmnidradiipadailable
ECTV but not of A, CNPV and SFV i ncreases DC

ELISAH@& ik ia8ydsBABéd pPéﬁdd%gilchrélnhﬁﬁ ePaE2omRpEr i bed

several strains of inhi bit the maturation of

yher t occurred in response to WA
In V’V"? gel naes\gs:‘aﬂp gg%ﬁ&.gg‘ | munol . 163: 6762- 6768 (1999);

B G s L AB B0 el 08 ot
oo RS S o T EERL IR S e

resenbl e ex-vivo nouse spleen ¢cDC and IBIDC (Nai k et
appliedipitherplonegiiforombinatign swthetio70§ 364839 MViAs Subcutaneous

injections were performed in the inguinal region applying a total amount of 1E+08 TCIDso
of MVA or a corresponding amount of UV-inactivated CVA 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 25% were euthanized. For the
determination of poxvirus specific CD8" T cell responses wild type or TLR9-deficient
mice were infected intravenously with SE+07 TCIDso or 1E+08 TCIDso 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 cells and peripheral

blood lymphocytes (PBL) were treated with red blood cell lysis buffer (0.14 M NH4Cl and
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exam ne the activation of both DC types. To test
whet her different stinulatory activities of different
wWogBi3vere due to | ack of stinulus or active PAMIERRGBIOIBI67

by a virus-encodedconponent, FL-DC were incubated with
several different strains of poxviruses either as
active virus or after UV-inactivation. The activation
of DC in response to VACV strain Ankara (CVA), ECTV

0.017 MMHis GRAVpMears2)awabhéd evicaifantranalyzed. O¥hs wend stamed with Pro5® H-
conpared to the activation of DCin response to active

2Kb Péﬂté#@@ss (Rro\Emuh@) OxIdaseK) Mddeal willpire inftusedeHinaRt B8R
i nhi |tory conmponent, acting on DC was nade by those

ot YSTES PR ol A G5 AL ‘?F? s Bt
wel |l - as the a X r_abb e
staining W&%@F}e&gneéfz{%%ﬁ 1 R b oo
antlbodéqﬁ_g%cgg(: 'ﬂ% c%hgmgﬂygg@tuéq%?ﬁgpc& nggltasﬁ:tégwn ? gokine staining cell
i nhi bi tor}q conponent. Apart from DC naturation, the
suspengicagare sHmetated fasid e avithnt kel B$R meptidedm the pregence of 1 pg/ml
i ncreased after the UV-inactivation of CVA, ECTV and
GolgiPCRXBh Bioseiances). Mite @\ celisavesp\surtagg géained avith antoe®8 and
inhibition of viral recognition and DC function, not
then simakanecttshdixed / petraeabilized willx theB @ CytofixReytoperm Ki (BDf
CVA and ECTV but not of MA exclusively depends on
BioscieHda8) hRd 4ihally stalirel witle uhabsdiys Biredted agjathst IERI-« SINFAI and IL-2.

viruses |i ke herpesviruses or adenoviruses coul'd be

Poxwrusegﬁg%mczﬁﬁnbﬁéﬁes-r Fsrd SRAB eI RS W'E’LIQA using MVA crude extract

ndependent recognition pathways

as antné%é@?% sﬁ%gﬁgé?:]ﬂng @-ﬁgé‘-l ?er%@FG Ca@'%ﬁ{&fﬁf%@%nnbody.
Al aniffy srpRgMets HErs seé%ﬁlf’(bz seonatlhd I S RRaC B o
TLR9-
calculaB s She o TDREPBETANABE ERYT VESHERY. mature in
response to active CVA or ECTV, as nonitored by the

Example 2 184 ctPAtFSHH bAVARY EPpATHhPBE TV but not of MVA, CNPV and SFV
increases DC maturation

[0144] Previously it has been described that several strains of VACV inhibit the
maturation of cDC whereas maturation occurred in response to MVA (Engelmayer et al.,
J. Immunol. 163:6762-6768 (1999); Drillien et al., J. Gen. Virol. 85:2167-2175
(2004)). Since these studies analyzed only the role of cDC in the absence of pDC FIit3-
ligand (FL)-generated murine DC were employed, that consist of DC that closely resemble
ex-vivo mouse spleen 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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CD69, indicating a strong dependence upon TLRO for the
recognition of these viruses. However, in the absence
WOahosnBR27 WA i nduced robust upregul ati on of CP69/HBG08/003367
adrastically reduced upregul ation of CD40 (Fig 2a),
suggesting that the response to WA is based on both

TLR9-i ndependent and TLR9- dependent recognition
events. [0146] FL-DC contain both pDC, known as the

compoBeh€ FEEDC wWarBendUbae s Mt deae e difepemtt strahs b DbxasiruBes either as
response to TLR9 activation, and cDC, known to be

active YiRgPbeat& W%@aﬂléﬁ %éﬁ&t\%tlbﬁ Uf QGQF\‘?Q%HS@% NACYV strain

response to TLRO type and
(:C% d {h %
Ankara Jt gWose ependen%ﬁpgﬁﬁe{%ﬁn V |n ILTLE%?]S 5\%8 tothe
actlvatlpg gg Bg% I{qﬁg\%gogmgt{e hé]\gg}l\fheg\fll’e%%\t(F 6 eérg_l‘g\?\%ql} gid & enrdgceart]éd an

UV-i nacti vat ed MVA | nduced S, and IL-6 oI el n
inhibitagy caMPEpENh FCURGPNIRE TWER IY&M tbRpe Mrusss; P@Pﬂ%ﬁtc'?ﬁ?g
the notion suggested by the maturation data, that the
activatipa @s gneasussr by regyatiemei Gh4e GDEG? rod @&i’e&méﬁﬁponse to MVA
conmponent (Fig. 2b). [0147] DC generated in vitro with
as well@g tGe SEnagypok vieds {GNRVDEnd sabibinShope (iltonaC)irust (SiM)ywas not
cDC which are able to produce IFN-s in response to
increaskait dftee UNNAactivativeq F(ge 10. aridedgte $108 smphe)X suggesting sl these
but not to inactivated viruses or CpG ODN (Hochrein et

wruse@l/ackecf’éﬁ%ctn@@tdhibltﬁ?ﬁaom%@henU Agart flomlBEt rafurdfdibthe
1421 (2004)). Incubation of GWDC with active WA

produc'tldlggF @ﬁ?klﬁ_@é %M?¢ 'I-Fl@-éupémrgﬂ HCE 'irfdr‘eés%dééf’té? thd RR/-BRtivation of

I clent ce strating t

CVA, E(IFLoduclr:]leoin! %a[ %gvhg{&ﬂ%a?oh\%\/%bﬁgﬁ\l{\dﬁq"%ﬁ'%@gldsrggb Fhibition of
d ted aft b th
viral reBRgRtEE PodEl RigHonFre Tes e BURRIURIIN ndi cat i ng
that t he TLR9-dependent recog?qttl on in response to WA

Example 3 Recogiion ok C YA apAEeTY dutnataffy A exclusively depends on

Recogni ti on of ECTV but not of MWA excl usi vel y depends
TLRY on TLRO and pDC

[0145] It has previously been shown that dsDNA viruses like herpesviruses or
adenoviruses could be recognized via TLR9-dependent as well as TLR9-independent
recognition pathways (Basner-Tschakarjan et al., J. Gene Med. 8:1300-1306 (2006);
Hochrein et al., Proc. Natl. Acad. Sci. U. S. A. 101:11416-11421 (2004)). To elucidate
the role of TLR9 in the recognition of poxviruses FL-DC of wild type or TLR9-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 TLR9 for the recognition of these viruses.

However, in the absence of TLR9 MVA induced robust upregulation of CD69 but a
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[0148] To define the individual activation profiles of
the two main DC subsets anong the FL-DC pDC and cDC
wowersassart ed, infected with ECTV and WA, andPCHEPLGBIE3367
and |IL-6 production was neasured. WIld type pDC
produced IFN-s to both ECTV and MVA and very little
IL-6 to ECTV. However cDC or TLR9-deficient pDC only
produced IFN-s in response to MVA but not ECTV (Fig.
drastic8fy redVicbd upyefulatith JiLEI940 &fig Cal HugeE%iiny that leddus@tse to MVA is
| arge amounts of IL-6 in response’ to WA but not to
vssea S TEROT AL S1f sk b betiash s

denonstrate

BB B S P T R Lo
amoun R S VS REPER, R S S

pat hways. On the other hand, recognijtion of WA 'bc}/
produggdargertwala hgNcperadycionpuresaopse ihThdai thloR& of wild type and
TLR9-i ndependent nechani sm [0149] To anal yze ex vivo
TLRO-defisiert enice DEre dmubateyith @clive and predygedadrie-dependent
toin vitro generated FL-DC, wild type and
robust ARt bf FNeatanddt.«6 dérmoestratingdie exiblesce af aiTtiRSsindependent
of pDCin vivo, were stinulated with active or

recognitidnipadaiayfat RV AIAG i 2b) p&odlever, U\GinEptivatdNVI#A iaduced IFN-a and
control. Simlar to results with FL-DC, active WA

IL-6 solelJdH@RE Vbt inot ANLRPASHEEH FRIDC YelMibréinghtAg ndtish suggested by
TERO-defici ent bone marrow cells, whereas with the

e malfi e R R SRS AMA G S B e Rl depencen
abr t (Fig. 2e). Thus, these data denonstrated
Cmp%‘ﬁﬁf@?{ﬁ/ms recogni zed by freshly isol ated bone

rr cells via a, UV-sensj i TLR9- 1 nd ndent ..

PR B Generates nairaduBrGRAE' Siaramiise B.ARET BoBation (GM-DC) of

TLRO-deficient mce have a drastically, increased
only DG uéhigh ansiable tp predeeerly N-a FasPERse o adiverdyNaiiyses (e-g. Herpes

reports have clearly denonstrated the recognition of
simpleoxaus/(HS )R dbut not to inactivated viruses or CpG-ODN (Hochrein et al., Proc.
Natl. Acad. Sci. U. S. A. 101:11416-11421 (2004)). Incubation of GM-DC with active
MVA induced IFN-a and IL-6 production in wild type and TLR9-deficient cells,
demonstrating the TLR9-independent recognition of active MVA. No IFN-a 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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by TLR9 in vitro but the in vivo rel evance of TLRO for
the survival of mce is |less clear. TLRO-defi ci ent
wonhesassfzowed either no difference in survival PCI/EP2008/003367

i nfection nodels using HSV or, limted survival
differences within a narrow range, in infection nodels
usi ng nouse cytonegal ovirus (MCW) (Krug et al., Bl ood

103: 1433- 1437 (2004); Tabeta et al., Proc. Natl. Acad.

Exampiéi4: Récognifion lﬂEC'ﬂ@b@nmbfWﬂ‘b)(clthﬂwedéﬁelﬂs onJILR9
| mmunol . "175: 6723- 6732 (2005)). G ven the strong

and pBEPPr ession of TLRO-i ndependent recognition in vitro
y poxviruses |like ECTV (Fig. 1, Fig. 2), it was

I@/ﬂ%ﬁ heUehifid thd dn%ﬂ)‘uRﬁ fa‘e@g%tgonrpﬁo?%stﬁgﬁé W'inzfnﬁ‘ﬁ@%gbsets

hé "surviva sSe VI ruses.

st_ .t his infectio LI} S
amongc o -Heaof A §Fe e ﬁmgsﬁﬁ?ﬁﬁ%@ﬁﬁw YA and the
: an ECTV infection nodel via the infra

IFN-a @refhttefi PERFHANIQR Was RRRHIEAS S/g@q talets 3@%% fasboth ECTV
hi ghly species specific and is_a natural nouse

and Mpa@ndgery lithellebite EG b cHpwevsr cD ectLR§-defigient pDC only produced
respiratory tract after exposure with only small viral

IFN-a inl osspenseé to MY bt oot ECTVARig: Rds \Wild fipgeandalldRo-defidienhoRE also
suppressive nolecules simlar to VARV (Esteban, D.J.

producad tar§e bhRuntsRHfVL-6 id redponse 16 MYIA bt Go20EC P 59hé%%}uus
[0151] Initial experinents using relatively high doses

strengtﬁén E@T%s@nflaﬁér%oﬁtbﬁmébl it E Wi Rutdtforclriy.e28loses derfdnstrate that
Dso)) denonstrated that TLRO-deficient mce died at

effectuv@?t?é a(f\ ﬁj@rﬁéf gg;ﬁé/‘eg%?%ﬁ?@oﬁ“ﬂl\éj Fo5RBcEIF GLRE? afL*nHﬁrt\ R@Fticular that

eva Ity an quantify the

e G ST B O Tl e o
other Tﬁ%%?enaﬁ'e@%%%?\ Satniabel, Plyth other natq Hepadnat v IS 53R pDC
In contrast, none of the wild té{)e m ce died

3b) .
and cD} isgiomposes iohan rdiional LLd3e-ndeprrrlent Q?ﬁ‘la?'s\%en usi ng
1E+04 TCIDso al!! mce succunbed to Ectronelia

(01483 To@malyre gx Vi) isolatedrDGaentaining Gl mopriagans iy additien to in
experinments with wild type mice using the doses of .
vitro gesierdiad Fo-DBE+08d Typelyw TUWRO defiviest {odalthonkel parrow cells, a rich
gender - speci fi c,
source of pDC in vivo, were stimulated with active or UV-inactivated MVA in parallel to
CpG-ODN as a control. Similar to results with FL-DC, active MVA induced robust IFN-a
production in wild type and TLR9-deficient bone marrow cells, whereas with the lack of
TLR9 the IFN-a 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 TLR9-independent pathway

and a TLR9-dependent pathway.
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with male m ce being nore susceptible than femal e

mce. An i n n of 19 TCIDso for the TLR9-defi ci ent
wom@sasmd an LDSO of about 2120 TCl Dso for theCWEP008/003367

type mce was cal cul ated. Thus, TLRO-deficient mce

are nore than 100-fold nore susceptible to ECTV

infection than wild type mce. Therefore, in strong

agreenent with the in vitro data, TLR9 is an essenti al

Example 5 qLRY-deficient mideHife’ £ dpasticallvintkddéddéestéptibility to
Exanple 6 : MVA imedi ately protects wild type and
ECTV 'H.fggt—gﬁfl cient mce fromlethal ECTV challenge [01 52]
In vitro experinents denonstrated that ECTV

gd 5%3%&@5%({%@% ?1%?? @l%aﬁ?%ﬂﬁc{%g?ge?ythg;ﬁc%ﬁ&zw viruses
ol B o e

i nduce | nmune res onses iC otenti al I, control
TLRS- q?éﬁlﬁag@me@hewq.eﬂ §rng Hﬂégancqﬁ%&tﬁv'vadna fechen gaq?@'is using

time or imediately after challenge with a high |ethal
HSV od digtitegfsurdvdl differepees withinmsearamAngeeinynigeiareRpdels wsing mouse
type mce agai nst death whereas all control mce died
cytomegalonirgsh@MTEM) gKuid elvadr, Bloe@ 168: 1883011 370(2094 ) Faketast al., Proc.
[0153] Since MVA induced a strong TLRO-i ndependent

Natl. Azl G8l.i(@nS.0A. 10mBH6-8621 $2004 )y Dielale ethedt, WefmiiAot AWIBB723-
protect TLRO-deficient m ce against ECTV infection was

6732 QM)?dG%htthe §tr8h<;; §upp§r@s§|@r¢‘oﬂ@@-ﬁde@@né@rﬂﬁetégnmdrﬁn vitro by
type mce (F , A i mredi ately protected

GRS 5. 5 APIE ek st o
mport%ﬁut?gcr‘t%y} tﬂg ﬁ/\g ﬁ]:lé)ePﬁ'n\?mect:tﬁj 1\@%@1&%&%@83 mT%G{ﬁgth‘F\%, a mouse
infecﬁ%m@“%%%em'@. HreF SRSobg s & e BRR ey Rgion was
used: qUEELTY EieGITEodeines Degyarinal by SEV OISR

2-3 weeks which di sappeared after 4 weeks. The tail
humanp dsC bYi és lighbytspecifissepesifigpanshisfa ratural raouse pathogen, able to

effectively infect via the respiratory tract after exposure with only small viral doses. In
addition, it carries a large panel of immune suppressive molecules similar to VARV
(Esteban, D.J., and Buller, R.M., J. Gen. Virol. 86:2645-2659 (2005)).

[0151] Initial 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
TLR9-deficient and wild type mice were infected with varying doses of ECTV. All TLR9-
deficient mice died after infection with as little as 3E+01 TCIDsc 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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deficient mce indicated that MA-induced i mmne
responses were able to prevent severe ECTV-induced
wodimsaase7and death, but not to conpletely eli rRCTAP20BES367

virus within the first weeks. Exanple 7 : Mce can be

protected against |lethal ECTV infection if MA is

applied to a different site [0154] To ascertain

whet her the imrediate protection in wild type and
infectiohlwiiflr 1 #ebD qiCEDL, dRdEhIyAheABSRGUERIM TEERNERRic®Buddienbed to

coadm nistration of MVA to thé sane site as the ECTV
Ectrorrieﬂg ?rﬁ%étg{)hse |%f%’>a¥ec_"lljﬁeg]\g5§é ggﬂ\%‘i/ghﬁﬁérﬁﬁéﬁ@énye%ﬁehHwe"i‘its with wild

et ha V l'ied MVA via a subcut aneous

e BB Bl oL 3 LS o .
it A R L0052y SRS o U5 HPLY Sy e

of MVA to the sane site as ECTV was_not essential, for
TLRO-defiiantiniceaid 8btupentl abeuhpl 20 BCIDsp fpfdhe wiiddype mice was

ort hopoxviruses are less efficient than WA in

calculagdedt dbws ohLRPsieficienh miceEarmprefthan 19hfdmese suseentiple to ECTV
vitro experinments have suggested that UV-inactivated

infecticor thiao ildviype seise adhesafors i ssdvg agitcRinary ovithsthe ibwitro data,
have lost their ability to stinulate via a

TLRO i§laR%dsedaaictonepdnetyf (He isnmdne rdsponsstto IBECTVhirdedtidr. 9
only' stinmulation in the presence of

Examplel @:%Wirhﬁ?ecﬂﬂfél?%o‘@@éﬂsdwﬂﬂbt@bem FLRoedbfiefent mice from
type mce were challenged with a | ethal dose of ECTV

lethal VRAalefgaubcut aneousl y the equival ent of 1E+08
ot a%o g# ag%\ﬁ nactivated CVA. O the 5 mce

Eife U R0RrFleris OBmp bt 6 Tisietip sypprpssed
recounfsgrt BRCEr SR YA SOE R BEIERs 45 OV B AR ymetpsizes
showed strong signs of sickness including |ethargy and
that MY A @jvefieatdhe saenertime as e RatRoagm wold asivate By 'mwget fygtem and

4t h week of
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
lethal dose of ECTV of 1E+05 TCIDso completely protected wild type mice against death
whereas all control mice died with the 10-fold lower dose of 1E+04 TCIDso (Fig. 4).

[0153] Since MVA induced a strong TLR9-independent activation of immune cells
in vitro, whether MVA could protect TLR9-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 lethal 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 resembles a dose exceeding 500-fold the |pso for
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chal | enge Thus i nactivated orthopoxviruses although

providing viral antigen and potential TLR9 |igand,
woeem3t7i nduce protection that is inferior t®CTH®2008/003367

robust protection achieved with active MA. Exanple 9

: MVA nedi ated i medi ate protection fromlethal ECTV

chall enge is partially independent of IFN-1 [0156] To

elucidate if adm nistration of MVA was able to

TLRO-deTERsHt bick YFil 8).eftwa biser sunting TCRIIehtleAEMidH challemsbd with
to shed |ight on the nechani smof protection

high do?é?%f IFC‘Wt (SEVES SndPSES04 TEIDM &é\/éldﬂ&d'taﬁ RSRIAL Yfter 2-3 weeks

deficient mce, which are known to be highly

which ﬁéﬁ}&%@téf%@g&é%ﬂgr%g i fe?'on% %%%@érw;% ér?@ﬁétam 8 TLRO-

deficeaRioF Tidcrisd (ALNTYAEloRl e &7ordRart BRienig Biplegisevere
TCl Dso of ECTV. Since the | FN- ro uctlonln vitr

ECTV-Ryspdieassiancisoan b 0de SERMEY GHIAE e piniuithin e first

hypot hesi zed that MA induced | FN-s was an essenti al
weekspart of the i medi ate protection in TLRO-deficient
m ce. However, whereas the untreated control
Examplé&R: Mi¢e dai beiproteated agdinsd lethahEG@ TVlHafdctiondf MVA Bapplied to
TCI Dso ECTV within 10 days, inmedi ate MA treat nent
a differemt Bitesi ngly protected the I FN-|-R-deficient mce
agai nst a challenge with 1E+02 and 1E+03 TCl Dso ECTV

fdi5a Ta)ascgrrtéiﬁ‘\ﬁ\étﬁéﬁiheQFnrﬂédlb@\brbte%tlﬁ'h G wnaaw)@ BEEALRO-

W th” 1E+0 V, one nouse devel oped a

deﬁmeﬁ%té ad EP@bllﬂQ@ d%?gncgég\t B& t@éﬁﬂiﬁﬁ%ﬂ%bﬁmﬁk H_RK §ame site as

| cal reason ereas t 14 mce and
r
e o1 kg FBk bape ér%u%@aﬂwﬁg&é SRS AEBe B 5Ty on
: s.of ECTV the r ot fl | R-
applied FYRiep sPoedape % B RO Trianer g e mice
] chal | enged with 1E+04 ECTleed and all IFN-1-R \Zg

(Fig. SrJjsenvedaeleifal F CIE pfeciom s apFsighs pf Scknesse f A avas

hi gher doses correspond to viral challenges that wld _
applied tpilee gibeutaneausesitedhig. 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 TLR9 agonists but have lost their ability to stimulate via
a TLR9-independent way (Fig. 2). To test if this ‘TLR-9 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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hackaround could survive in the nresence of WA it was
concl uded that one nechani sm of the i medi ate
wopn@Beron via MA is nmediated by | FN-1. HowWeCEMmEP2@8/083367

protection is clearly nediated via I FN-I-i ndependent

mechani snms since MVA could protect mce against |ow

and i nternedi ate doses of |lethal ECTV infection even

in the absence of a functional IFN-1 system Exanple

urvivedQFigTB8). | 1BREI & cBRPAR &S tH MIteawiMArédbiediMeisaheCddsernf active

[
OUIVIVGU \l ] [IASA LA>E A ] TR I TTSVIST U G

depé’nds on adaptlve I NMmune responses [0157] MWA is

MVA séf&%ﬁ% Bﬁslﬁl r‘ﬁl%ﬁeiﬁeé%?%ﬁ‘ﬂﬁ%t%%d' CVARRoWES Ef?&zﬁ Signs of sickness

t nal cytoto o responses an

an

ncluaii ey 8’&8 L U T A
c.va_!er(ggegl[ '~§S.'"Wté’\?i %‘gﬁg}?pq&v'ma‘g&@é@ﬂhghg\m'?'ﬂgtv'ra' ar?Pqen and

TLRO-deficient mce are able to nmount stable %T ?I )
potential kLiRsblgandeserim 4@ Mdupe Rratretiondbat is iferinr to ﬁ'i'ﬁjgo ust protection

denonstrating the overall capability of these mce to
achieverbwith astivé WM\&lapt i ve i mmune responses (Spies et a/.,

J. Immunol. 17 1:5908-591 2 (2003); Babiuk et a/.,
Examplesu MV o medidtad imhdediaROpro2&ction frop0esBal EQTV edallenge is

the absence of TLR9 would affect adaptive immne

partiallySinBepeRdentoMPNMVI ruses WA was applied and anti bodi es
to poxviruses were neasured by ELISA in the serum and

FP?S\G "I'H%Il%?@&leflf &drﬁ-ﬁlistfa@i%HQﬂWA RyasPe81E adRhmEdmtalytotect
in spleen cells and peripheral blood cells.

other nﬂr'rf@\ed&;ﬁ&]oﬁg&aﬂn? fés dg%ﬁliﬁat §tbd I&?‘E%ﬁ tR@ %Y dHARism otf] protection

speC|f|cant| res es I ndicating
cron R AT EPESEE bR SFRPIES g, v
nowni bty e e ks SRR HE s pigetons 26)
Initial ﬁ%g%@g@%&ﬁrg%% t}vgt sFrﬁJ¥ th> rTn;_%%Edle?iglentt rl;]uce avl\llhllglt\lq R-de%1 gent
mice died after challenge with 1E+02 TCIDso of ECTV. Since the IFN-a production in vitro
to ECTV but not to MVA was dependent on TLR9, it was hypothesized that MVA induced
IFN-a was an essential part of the immediate protection in TLR9-deficient mice.
However, whereas the untreated control IFN-I-R-deficient mice died with a challenge of
1E+02 TCIDso ECTV within 10 days, immediate MVA treatment surprisingly protected the
IFN-I-R-deficient mice against a challenge with 1E+02 and 1E+03 TCIDso ECTV (Fig. 7).
From a total of 15 IFN-I-R mice challenged with 1E+02 TCIDso of ECTV, one mouse
developed a swollen limb and had to 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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protection in TLR9- deficient mce was not only
imediate (Fig. 5), but also |longlasting. N ne weeks
woahdasas192mi ti al chal | enge, the TLRO-defi ci ent BCTEPRI08/00V3367
t he experinents descri bed above (Fig. 5) and in
addition mce that had received WA al one ni ne weeks
earlier were re-chall enged using 1E+04 TCl Dso of ECTV.
Al'l TLRO-deficient mce which had received a single
IFN-IR¥RE8 A mMAVY MachekTonddt! b8buehdiNEthalFNW-ROmiddthallenged
conbination wth ECTV survived the challenge wth

with 15353%%&&%9?% al. ondl-ﬁaﬁgitcgﬁsggrg:{%g‘é\ﬂtﬂiiﬂ‘o% Eggs H@;ﬁﬂh@ﬁf{ﬁg. 7).

snce faEFEFEL L SR KRR BL TR 6590 B n some
d hat TLR9- defjcj i ble of .

O SV R ST CUNACRE ] W R —

dimmunity to poxvirus infection upon traditional o
of the W&diﬁamr@tﬁc{;@ﬂ walMA v mediated by|IFNd) JHeweaidsemegrprotection is
adaptive i nmune responses. [0160] To prove the rol e of

clearly anlepatiedevia rikéndapspdiesteechanisias isincedV dAeopldopretsct orice
protocol Rag-1 deficient mce were challenged with

agains#&N\andrintehaegpintsdoses df letbalECIPe irdéctidiledn in. th8)absBage df a
deficient mce lack mature B-cells and T-cells and

functiohBIUSNar §ystérabl e to produce anti bodies and CTL. W't hout
co administration of MVA Rag-1 deficient mce died

Exampfllé‘E?_gg';'Me lifnh €3iR0E pPofetishViaaolal inEE TVliRTéRién depends on

Cotreatnent with MVA extended the survival of

adaptig@ggﬂng}égngﬁgl? nS&ver al days, but finally all mce

strating that adaptive imrune responses are
' uci al for the survival. of ECTV, even in
PEZE R B indbe steiel v immang et Pas elydfng
I TLRO-defic-ient m [ [

evorodi i (S Epomsey i e b i BBN Sl

recommendation in cases of small FOX i nfection includes
protectipacagainst pathogenig erbrPoxvitysesd¥éyast et af.1 Eroex¥efb figad. Sci. U. S.

However there exists only anecdot al
A. 101:4590-4595 (2004)). Previously, it has been shown that TLR9-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 et al., J. Immunol. 171:5908-5912 (2003); Babiuk et al.,
Immunology 113:114-120 (2004)).

[0158] To test if the absence of TLR9 would affect adaptive immune responses to
poxviruses MVA was applied and antibodies to poxviruses were measured by ELISA in

the serum and poxvirus specific CTL responses by pentamer staining to B8R in spleen

cells and peripheral blood cells. TLR9-deficient mice mounted robust poxvirus specific
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hi storical information about the success of
post - exposur e vacci nati on agai nst smal | pox and i n nost
woeeemsas12he pre-vacci nation status of the indi PCHERR®S/003367

was not clear. (Fenner, F., Henderson, D. A, Arita,

., Jezek, Z., & Ladnyi, |I. D. Smallpox and its

eradi cation. (CGeneva: Wrld Health Organization;

1988); Mortinmer, P. P., CHn. Infect. Dis. 36, 622-629
antibody2RBLIL rA4YoRRYE indiddling ThaBAdIPAdE imnitmesiedpbhs s response to

survival benefit to poSt exposure vaccination was

nefit 10 post. cci natton vas -
VA VR R el AR AR R 8 PR T I Retlre

(A5- 748 (2006): Staih e e - |

el o osbip Rt theheBoirsy adaRlV it Ple rsppopees

current, [ nventign are, unexpe .. [.01. 62], G ven this
would GRnIEHR tglikas e E W e T iRt WERED e va-
. nodel of ECTV_is regarded as a good, ani nal deﬁlja for
induced pspiestian imf R0+ 6@ﬁq'¢ntmjﬁ%\W§SOEg9féwﬂmeﬁia§?, igym), but also long-

Buller, RM, J. Gen. Virol. 86:2645-2659 (2005)), |
lasting whignteheeekstafter itiad challemgdi the dLROdeficienbmicedeirm ie experiments

| et hal ECTV infection by MVA could be extended to a
descritiieabawe YFige 5 parsd ineaduiitionrraice thatrhadmecaiveduMVA dlgne wiree weeks

anal yzed. As shown in figure 9, MVA given up to two

earlier dYs reéHAEnGPOsING $EF04 ACIB AECIVS AAIOTLIRG-B¥ficient mice which
conpl etely protected TLR9- deficient mce against

had re€8@da WnghPYdsePoMMOR ViR WeBk S BariEr SitHek BRH drfith BomBir@fien with
data not "shown). Sone mce in the group which received

ECTV %&5% Hr‘?éifengé @ﬂ}ﬁ@i g%@ga/qf BETST A& b ég%d demanef

al'so survrve hese data s
. pr.otectipn ai nst, death t ecd.es- ci fd ¢ .
immecitB REsk TR B 1 iReieT on PLLPRET B8 JEEEEststan oo after MVA
treatment . Cl ai ns: of oxvirus. for the
eatmEREEPaNP A 'GFORR FUREhDG sheT OB M % EBPTSyaige thet
sai d poxvirus for inducinq,an I mrune response agai nst.
TLRO-dgficiant atiee wake capable ofinavntiagi ang susitaipg sHbsigntial protective

I mmunogeni ¢ conposition is to be adm nistered to the
immunityiterpbxvirus infection upon traditional vaccination with MVA which most likely
depended on adaptive immune responses.

[0160] To prove the role of adaptive immune responses in the immediate
protection protocol Rag-1 deficient mice were challenged with ECTV in the presence or
absence of MVA (Fig. 8). 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 all

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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bet ween 36 hours prior to infection with the
i nfectious agent and 72 hours after infection with the
wopisastIi2ous agent and wherein said poxvirus i 8CT/EP2008/003367

replication inconpetent in the animal. 2. A nethod for

i nduci ng an i nmmune response agai nst an infectious

agent in an animal, conprising adm nistering to the

ani mal an i mmunogeni ¢ conposition conprising a
Exam@}@A i MVA fithveebued TLRI defliiest mice if appliéd onowlalys dftee

i nfectious agent and 72 hours after infection with the
infectibR WA E@¥y agent, wherein said poxvirus is replication

I nconpetent in the aninmal. 3. The use or nethod of

: [
fo Tk RO rokOfTfie il i ERo e BnGGa RESfop Hcluaes
. hours pri to infectjion with t i nf ecti Qus. t.an
vaccingliph, 35 BBl AspostiEE etrpopire oA el Bg 8 sk By aiora
.. . The_use or method of any .one of clains 1. tg 3, wherein
historicgjpfosaien apQutihe SHEFESSEf PRk exRASYP Vﬁ&PmﬁOB@QQW gHlipox
~of claims 1 to 4, wherein the poxvirus is a Mdified

and in ynasticases e prs-yaaekrasiopnalatys ofthetRdivigyalsgyasaatiggarofF enner, F.,

any one of clainms 1 to 5, wherein the infectious agent
Hendersona Dr. épl Aritat 1. odezskgatée hadpaxl D Sndllporrandiée or

met hod according to claimb5, wherein the WA is to be
eradicatibm. (BesiconacWoarkl ldealtis ©rgdniddtfort d 9881 M@ tifr@r, B5B., @in.Infect. Dis.

The use or nethod according to claim7, wherein the
36, ezzrlg&%g%o@g).bmmgm iAtaRIresl rhédels ﬁ@%?_nmﬁaﬂﬂguﬁli%lﬁj@heﬂﬁto post-

. 9. [

The use or nethod according to claimb5,

exposufd $5&iMatlo %M&)ée?véoouéc?ﬁ? 3¢ ’Hf&ﬁt%ﬁ%&ﬂelé Bl AMRE MY in monkeys

I ntranasally, intramuscufarly, or subcutaneously. 10.
or VA% M?cee'\ﬁ&itl’éﬁié?o& AC AU 938.948! 2iaToRoe KGR Bt Ly, Gen.

'S - r).

Virol. 87:2917-2921 (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
ECTV is regarded as a good animal model for smallpox infection in humans (Esteban,
D.J., and Buller, R.M., J. Gen. Virol. 86:2645-2659 (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 TLRO-
deficient mice against death without any obvious signs of sickness (Fig. 9 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 treatment.
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11. The use or nmethod according to claimb5, wherein
the WA is a reconbi nant MVA. 12. The use or nethod
woaewsastizng to claim 11, wherein the MVA conpr PEEEPAI08/003367

| east one heterol ogous nucl eic acid sequence codi ng

for at |east one antigenic epitope. 13. The use or

nmet hod according to claim 12, wherein the antigenic

epitope is an antigenic epitope of the infectious
Claimstgent. 14. The use or nethod according to claim 13,

wherein the infectious agent is selected from viruses,

fungi, pathogenic unicellular eukaryotic and

1. Use RF alﬁw%é forQh8 préSaratio Bl aR @harinbgenier g@mwﬁon Eamprising
e use or nmethod according to clarm 14 erein the

Th
said pog\/frlﬁ fdrslnéﬁélﬁﬁ'éﬁlem“rﬁtﬂ@ l'é%f)bH%‘ééﬁth é‘ﬁmf&tﬁiﬂg Adehtin an

ranyxovi r us atitis virus uman | nmuno Cl ency

anlmalu\gl %ﬂn %@?Hpﬁgﬁgﬁo% quhﬁﬁf?sf %w&%en%t‘él:eq %JGmeTJH?maI
betwe%%qigab%:&arzsmfeesmg%@h WSl e 2B i vt

to be adm ni stered between 24 hours priar
with thf»‘ Fﬁf@@ttqt&wa%rtt Rndyherainesaid @QéV'&gse'ﬁtreB'H@t'@B 'ﬂ%ﬂ@et&!‘f gythe
infection with the infectious agent. 18. The use or
animalmet hod according to claim 17, wherein the i nmunogenic
conposition is to be admnistered between 0 and 24
hours prior to infection with an infectious agent. 19.
2. A mathedderinducingtandthragee refipegse @geinst an irfectivley egenttin@n animal,
I mrunogeni ¢ conposition is to be adm ni stered between
comprifingratindifiseringstoatht emirnaf & immanogétic @onipuisiioni awsprising a
agent. 20. The use or nethod according to any one of

poxvnruf‘s| [tV ed B6MoukS privh & RifdctioRenitifrChicusuaagsit arsd 72 hours after
bacillus anthracis. 2 1. An inmunogeni c conposition

infectidrORRY il e RioReaYeht SVHEEIn! S pbRErANs IrEPit%ion incompetent in

the animal.

3. The use or method of claim 1 or 2, wherein the immunogenic composition comprising
a poxvirus is to be administered between 36 hours prior to infection with the infectious

agent and 48 hours after infection with the infectious agent.
4. The use or method of any one of claims 1 to 3, wherein the animal is a human.

5. The use or method of any one of claims 1 to 4, wherein the poxvirus is a Modified

Vaccinia Virus Ankara (MVA).

6. The use or method of any one of claims 1 to 5, wherein the infectious agentis a

replication competent poxvirus.
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response agai nst an infectious agent in an ani mal,
i ncl udi ng a human, wherein said poxvirus is
worepliBoari on i nconpetent in said ani mal, inclBdTmg28/003367
human. 22. The i mrunogeni ¢ conposition according to
claim2 1, wherein said i nmunogeni c conposition is to
be adm nistered to the animal, including a human,
bet ween 36 hours prior to infection with the
7. The LBERF M &HSEJ 288A IR ddinheunBeriin Ble MVrERItbBR AdrhihistBRd in a
i nfectious agent, 23. The I nmunogeni ¢ conposition
D¢ Ok Jyghst im2 1 or 22, wherein the poxvirus is
dose ogqﬁ/b{?id%)lﬂg)d a{?gi@hi a Virus Ankara (MVA) 24. The
i mmunogeni ¢ conposition according to claim 23, wherein
8. The W€ difthSa MXESind Yo/ciibh PewREFERS IR (1948isRBBY ddiRinidred in a
t'he Tapid I nducti of a protective inmune response In
n.ani ml s 1 0el.udi ng a human, wherein the poxvirus is
d°se°fé8|<h ﬁ%ﬁkﬂﬁégnpetent in said animal, including a
human. 2b. The vacci ne according to claim25, wherein
the poxvirys is a dified Vaccinia Virus Ankara . .
9. The e8] method 30iiha o dainy o WRPTHY 15 MVA 19 adainistared
_ the WA is MVA-BN(r). 28. Use of a poxvirus for the
intraveppesds intrapasally. MtrauscHaroPr sERCYIARAYSduct i on of a
protective i nmune response in an animal, including a
human, wherein the poxvirus is replication inconpetent
10. The yse & efhedarconding todi!aign 8. Whemwin theoMVinis MYA-BN®.
according to claim 28, wherein the poxvirus is a
Modi fied Vaccinia Virus Ankara (MVA). 30. The use
11. Theoseodimeihed accerdingt, claine b ewhersire thad Vidsis amegrhinantaMVA.
1. Akit for inducing an i mmune response agai nst an

infectious agent in an aninmal, ingluding a human,
12. The ospror shetgodactondingoigetiaion bnwberein he MyApearsPhHgesat least one
poxvi rus,

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

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

antigenic epitope of the infectious agent.

14. The use or method according to claim 13, wherein the infectious agent is selected
from viruses, fungi, pathogenic unicellular eukaryotic and prokaryotic organisms, and

parasitic organisms.

15. The use or method according to claim 14, wherein the virus is selected from
Influenza virus, Flavivirus, Paramyxovirus, Hepatitis virus, human immunodeficiency

virus, and viruses causing hemorrhagic fever.

16. The use or method according to claim 14, wherein the infectious agent is bacillus

anthracis.
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wherein said poxvirus is replication inconpetent in

said animal, including a human. 32. The kit according
wotesaBaizm 31, wherein said i nmunogeni ¢ conposPCT/ER2008/003367
to be delivered to said animal, including a human, at

a tinme point between O hours and 36 hours prior to
exposure to an infectious agent.33. The kit according
to claim3 1, wherein said inmunogeni c conposition is

17. Thé QsB&r Asdth¥& bedIairh §Wr@rélﬁltﬁ@ﬁmmmﬁbéﬁlbﬁﬁmﬂ)dﬁm‘diﬂs tabe
a time point between O hours and 72 hours after

admlnlgfé?@@ HEfvdeh hf)ﬁ‘rfsreg'fdé%‘lﬁwf@&ﬁm witifhe fﬁ?@ctiﬁu %@X%HB% hours

one o to 33, whereln sai VI rus

after '"g%céﬁpgyf?ﬁbf 'egﬂf \égg% ggg\n\/ rus Ankara (MVA). 35. The kit

Wwherein the WA is MWA-BN(r).
36. The kit according to claim 35, wherein the MA is

18. Th%‘d@‘é E)’é\'%%%tasﬁ 6%?%%&%&1%{'8'%%51%‘@?%%&18 r’\?ﬂrﬁ/&noi riéc Igl%posntlon is
o be s Dot o o e B a9 Sle agent
srral | pox. 39. The kit according to claim 37, V\,herei n
he infectious agent is bacillus anthracis. A Kk
19. The YSBIOT SNFHGOR ACEANDLIResIRIEN & bripsBarern Bie 'mmmem@ caposition is
MVA and instructions to deliver the inmunogenic
to be adloripistared betweern0 lengedd hours @dter ideglipswith andnfiestious agent.

exposure to smal | pox.

20. The use or method according to any one of claims 18 or 19, wherein the infectious

agent is bacillus anthracis.

21. An immunogenic composition comprising a poxvirus for inducing an immune
response against an infectious agent in an animal, including a human, wherein said

poxvirus is replication incompetent in said animal, including a human.

22. The immunogenic composition according to claim 21, wherein said immunogenic
composition is to be administered to the animal, including a human, between 36 hours
prior to infection with the infectious agent and 72 hours after infection with the infectious

agent,

23. The immunogenic composition according to claim 21 or 22, wherein the poxvirus is

a Modified Vaccinia Virus Ankara (MVA)

24. The immunogenic composition according to claim 23, wherein the MVA is MVA-

BN®.
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25. 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 said animal, including a human.

26. The vaccine according to claim 25, wherein the poxvirus is a Modified Vaccinia

Virus Ankara (MVA).

27. The vaccine according to claim 26, wherein the MVA is MVA-BN®.

28. 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

replication incompetent in said animal, including a human.

29. The use according to claim 28, wherein the poxvirus is a Modified Vaccinia Virus

Ankara (MVA).

30. The use according to claim 29, wherein the MVA is MVA-BN®.

31. A kit for inducing an immune response against an infectious agent in an animal,
including a human, comprising an immunogenic composition comprising a poxvirus,

wherein said poxvirus is replication incompetent in said animal, including a human.

32. The kit according to claim 31, wherein said immunogenic composition is to be
delivered to said animal, including a human, at a time point between 0 hours and 36

hours prior to exposure to an infectious agent.
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33. The kit according to claim 31, wherein said immunogenic composition is to be
delivered to said animal, including a human, at a time point between 0 hours and 72

hours after exposure to an infectious agent.

34. The kit according to any one of claims 31 to 33, wherein said poxvirus is a Modified

Vaccinia Virus Ankara (MVA).
35. The kit according to claim 34, wherein the MVA is MVA-BN®.

36. The kit according to claim 35, wherein the MVA is MVA-BN® at a dose of 10° to

5x10°® TCID50.
37. The kit according to claim 34, wherein the MVA is a recombinant MVA.

38. The kit according to any one of claims 31 to 37, wherein the infectious agent is

smallpox.
39. The kit according to claim 37, wherein the infectious agent is bacillus anthracis.

40. A kit comprising an immunogenic composition comprising an MVA and instructions
to deliver the immunogenic composition to a human as soon as possible after exposure

to smallpox.

64



