| magi ng probes The present invention relates to
nmol ecul ar probes (substrates) that allow for the
woahesasyari on of the catalytic activity of i ndPCirara008/003367
proteol ytic enzynes or groups of proteolytic enzynes
ininvitro assays, in cells or in nulticellular
organi sns. The invention furthernore relates to
nmet hods for the synthesis and the design of such
probes (substrates). Background of the Invention
Proteol ytic enzynes (proteases) cleave or degrade
ot her enzynes or peptides in- and outside of the
living cell. Proteases are involved in a nmultitude of
vital processes, nmany of which are critical in
cellular signalling and tissue honeostasis. Aberrant
or eNAEIATERROTEC MONCAGARSTPATHOGERSVRIMVA h a
vari ety of diseases including cancer, osteoarthritis,
arteriosclerosis, inflanmmation and many others (M.
Evans, B. F. Cravatt, Chem Rev. 2006, 106, 3279-3301 )
Since proteolytic activity has to remai n under
stringent control in living systems nmany proteases are

FIELD O TRESINVENTIONCt | ve precursor proteins (zynogens)
whi ch are activated by controlled proteolytic

RIoagvIBe invihtibh irglatds 1©ané ek ofimduildcvasdinia virtsiArikaya (MVA)
results from endogenous inhibitors that bind to and

to prov?d%qhﬁﬁé‘dlbf@ﬁﬁdté’&ﬁ)‘ﬁ é@lﬁﬁﬁt)ﬂak KJeng, active formof the

yme. In view of s stringent regulation the
| nvestl gation of protease function in cellular or

BACKéﬁﬁuRb‘@Fﬁﬁ-ﬁEﬂWEm’l?ﬂqu' res the nonitoring of

otease activity rather than the nonitoring of

g’;o?ﬁ Cpokvi E-g%%%eﬁﬁ%l]em ot usafive Qgé‘ﬁfkgléfnal&)o‘ka(/b%bé Afus

vity probes een proposed

(VARVéXgaﬁg lrhiég%hg{} Bhitictre ﬁ"(ﬁ[ﬁ!‘é ¥.g§§(§’éd ﬁiﬂ @l\% ‘%@8?%&” R*’i’fésnmated that
onso EETTREafA B34 5 o BRELp BRIy HALIALN o, cor
fl uorescence quencher or (ii) coval t attacEFrre .
thoughdraditionad Nap 8 Al AThRYr2MANGVE Gra lsaﬁeﬁewb'?\&aeﬂa%@a al pathogen, it
interest. The |ocalization and quantitative

remainis thaiserihgacingrthefknomdedgs: ofneghariems it infeetionss arg/or protection
speci fic protease or a group of proteases (e.g. in

may be essertiias gitendisagsemariostaf| zeoanticrpoxvinmsgh fegtior ¢e.grmonsPypox),

requires the devel opnent of inmagi ng probes that (i)
the re-éf@ederidecof PRV Gyagiciddntal relelase aort 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



| ocus of protease action (e.g. the cytosol of a cel

or a specific organ in whole animl inmaging) and (ii)
woan®/isel2ecti ve for the desired protease or a GCOMP2@B/003367

prot eases. Thegenerati on of protease sel ective probes

has i nposed a consi derabl e challenge for the field.

The present invention relates (i) to novel highly

sel ective probes for cysteine proteases preferably

evidendd &MHMm@idRRpbAsesiRfi@cdd and dn thk itnPnureesupppédsidd mechanisms
of these probes in vitro assays, in cells or in

emploﬁH'bé/ RV hae nséﬁcdeﬁe@ witAWADE. P’l%ﬁ)é‘%epf\/ACV is not a

cul ar 1 nmagl ng d (11i1) to nmethods for
naturalf;%ﬁ%%é;oj g’rff\gg ahl% e(ﬂ*ne %s?s@laﬁ‘rg %Ee@é(?{fbelﬁ Y\g'g?égt r?%%f@%erl though

mousefa&fp{“ %t%ﬁf% é&@&ie@gwﬁ%ﬁ R P BB s
Willafaps ahet dnoeduVant 1912 a2 raslShah rBipRe W foeys pas the

function of internal contrast, the devel opnent of

advantpge ératanonkeayseaie }eyglqtlﬁagnlrygnwrbgggeq wgiurg@rés However, as with the
acti vatabl e upon enzymatic reaction (e.g. cleavage of

VACV mogdekihintiee rmmehytsidodies highovirabrbsesaqrplrieeded to lathally infact
| ocalize catalytically active proteases. The

monke g MBtickbford) both armintae modektararegaddetotreflectiooreithellate dtege of a
prot eases and exhibit the ability to reach the | ocus

VARV mfecﬁrdhhﬁmaﬁfstcmnbﬂ /i Mendé@sohaDehY Argen. adreRVE] & Ladnyi, .
conventi onal appr oaches. Medicinal chemists in

D. SméIEJ% ?gfy I%dea?léh g@ﬁé‘\% r\Noflé%aTtﬁ@fbﬁﬂlz‘éh@h|(¢9‘%5Mcﬁftlmer

pmsnt of drugs with appropriate
[
P.P. RIRERETEL IS 2R PO PI0LE AROnaRRE SRS ZRIALNGH Fbdets.
w. route to ective act|V|t hase
ECTV Ratton g SRS HEcHYE 15 B Peh® Wpsﬁsmfaggﬁe%tﬁ{g s
proteases fromthe cysteine_cathepsin sub
naturaldypst apd 6ap catiea ia QteOERR AR PG Pyt Qefylgtré% Heses, features
residue in the active site which serves as
that hane @lssopgen desiibeddn YARY infedionTafdugmans ;ﬁenaef:%@/e. 1888;
i's commonly hydrogen bonded wi th appropriate
EstebareijiharidiguliesiRives/. Gent Wil 86:2A4012668 (R6A5ParFasdhese
formed. When a substrate is recognized by the
reasonB! ti€AREe! isithe $osest o dektal hitraah infdctioh Ipy ¥&&Y/.i n
proximty to the catalytic cysteine, which attacks the

4gométh B Qe (HRECBIEE bRt O RN HE Bystehe Viansttedre reddghition
e bo |sthen cl eaved liberating the C-termnal

receptsCI Sgiﬁe@%'gaﬂ? gg% RA&ter Me%hﬁg%\‘ 8- |IQ@FédéHt‘OI@f(ﬁ_h§ TLR7, and

remal ns in the coval ent
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.



acyl -enzyne internmedi ate, which is subsequently

cl eaved by water, resulting in regeneration of the
woemsyse27 The N-term nal cl eavage product of tRET/EP2008/003367

substrate is liberated as a carboxylic acid. The human

genonme encodes 11 papai ne-1i ke cat hepsins (human cl an

CA proteases or the cysteine cathepsins: B, C F, H

K, L, O S V,W X) which are inplicated with various

Exp. M%unw& BIB-59C (200N IKARN A @k aP Br&T N03letr3ddad3D(R004); Hochrein,
| ysosones (house keeping function), processing of

H. et alg‘o 1)(99@&%/ ALRC SIS ING, /-9f1091r 3744 @11@2‘1"(?@@@3Ta98@ Kelef bX Proc.

agen degradat i ons. I\/Ia function of cys ein

Natl. ASS‘({I SU%SAh"f‘U? 3 b g)edi—lmvte wm%TteHTatlve recognition

Ogl cal events suc Steoart tl S, cance

enes s and tunorigen cal

- Sy 8358 HerbdiEs B @fe&?%“vsﬁ@ié%h%

al . Adv. Dru DeI ivery 2005, 7, 973-993
demongisatediph WY;E,TBI?e'”S?eatSﬁ% :E[ﬁg%%qpﬁ'begx Wéggl%eﬂé%e?&égﬁ?

val idated as rel evant drug targets for therapies over
(Hochreiae Ehet gk d&irec.(Naff. 1A cad. ,Scrrg.{ﬁA 801, T4#k6-1942E+{BB04); Krug, A et

2001 , 20, 4629-4633). For exanple, Cathepsin K and S
al. Bload €03,m33e (2004 ofteu, anet alaﬂjcbdca@@,c@@‘%(mﬂ? )aldelale, T. J

are related to osteoporosis and arthritis.
Immunblr7Be6n23-6732420@Ps Tabéta, K. pt ed o avdtl. YAdaauSdi. ithS.A. 101,

ost eocl asts and was shown to bee crucial for nornal

3516- 3@quzgmdel ling (bone resorption). A deficiency of
hepsin K activity results in a bone sclerosis

giaot%gevkﬁ{eré S8R ﬁﬁ%r@)oc#@é%@ RNE MmBNBF &5S bPMRel d2ll to

psi n acc I'erated the turnover o one materi al
monitor, ﬁg\/%(trﬁg?fgﬂ?rl %oaq e\ﬁ‘g {J]grgsqee?ss Cﬁ\%@s?r&sbg’?tgg@f%glwélpcﬁnﬁbﬁgnts a
aroup EeS aponiing O TFE £ & P %&f%sggﬁ%ggiwﬁart@%eﬂaosome and

massi ve erosion including the de

monitog fel engiasomal lupaen, iy ruicledf aC'Aa\&\%/a%P |ain9£§#¥ﬁe§ ). exp.
2005, 57, 973-993). Thus, inhibiti on of Cat hepsin B

Med. 28R @6&-268 (2088 hpl ke TLR 3 7ugad @ resegnise RWA, wh@reas TLR9
treatment of degenerative joint diseases such as, for

recognizearfiNA, (Distictd @t whr StieniceCAANNSROA1 I3 (200 H eibef af.oScience
exanple, leads to inhibition of bone. Cathepsin S

303:152662)52 (200491 Henalrai élali,Middusé ¢08: 7MBIC743(2660); |Alexdpdiddu et al.,
| mmune response towards an anti gen. Being the main

Nature'éf‘@‘fﬂi@'?%% O1))r ocessing protease in dendritic cells,
hepsi n appears as attractive drug target in

{008 "Exprels8bROF TLRY differs within species. Whereas in humans B-cells and
plasmacytoid DC (pDC), but not conventional DC (cDC), express and respond to TLR9
stimulation, TLR9 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



di seases. Furthernore Cathepsin S m ght be al so

i nportant for extracellular matri x degradati on and
wogshns192i gni fi cant el ast ase and prot eogl ycan- 8€HERA08H03367

activity. Cathepsin Sis therefore inplicated in

di sorders invol ving excessive el astolysis, such as

chroni c obstructive pul nonary di sease (e.g.

enphysem), bronchiolitis, excessiveairway elastolysis

containiify aainetRyIaed GUE Aedtifé b&plrmwmdleﬁsc)@cﬂﬁb motifs and often
cardi ovascul ar di sease such as plaque rupture and

phosphgﬁﬂgéé}gﬁtabﬁ%@ R@ﬁ@f@[bNP%?@és‘iaBIBhQ@ ak EMiﬁblHﬁi@ah@s for TLR9

ermal honmeostasi s, regul atlon o hai'r cycle
12b5% I t 9
N T o

Lvation in h e ncreatlt

BE  Psanone gheiet & G ditkie g 4%35@& 3Bt snrs has
For proteolytic enzynes, it t hei r at her .

increaseRdn BREIaT AL piFEaUS LOVA Pad spverehapoa Pt CacsR N ity FHerehoes in
functional role in cell si ol ogy and pat hol o

their chagieal Foptflopitionppe wiglleas qlq@g{c diffarenges indiglogical @ife@?s including
cat hepsin proteases are useful as therapeutic agents

IFN-1 induditgecapagityriSpiesoét ai séadgwsueld17 hé908va Bhtalit3)oKrieg, A.M.
specific imagi ng bi omarkers that visualize the

Nat. Rev. e Discov. &4 T1+484 (2606 Undsr tdraditionsrdfiebhanced uptake, non
t hrough drug candi dates may accel erate target

CpG- cd/rﬂélhﬁi@tdr%l e lhgla@&y@NMQ?\ﬁéll agdegaratecDNA K&le dlkbde®n shown
(H Pien, i schman .H Thrall, A G Sorensen,

to act gﬂ@%ﬁ&ﬂég&(gagggébt a?OQSImr%gnolz594%@§b 61@%‘ (2905); Means et

Vity b I nagi ng feagents, a specific protein or

al., J. @fr?t/ﬁé/é‘st faE.d 7. 2??(9§o@§ad"y moni tored in compl ex

rotelrn m Xt ures cells, and even in vivo.

rnmare, enz ' bes can bhe used
it o) o BaripiRes Tebk eVl RutPR U 4sEaRs 2o Rfie SR
can be used for functional studies éD A. Jeffer
substagdgi?g byithe f‘ﬁiﬁh@i RAXNEHS gspomes f,g;\’cog NYEerods, n?oc{ cules with
activity based i nagi ng probes have been Qeveloped to
immunpsupRressivg funciibal Araen@ misise ase gatlible pytokieel anshehemokine
assays (G Blumet al. Nat. Chem Biol, 2005, 1, 203-
recept@6@nd s mudtitatle ofitrudgsilessth@Rintederestitidimtraselldar signaling
Nat . Bi ot ech. 1999, 17, 375-378) and matrix
cascadest(8kek)B. 0t ef adnsu.i Rev.Umwndli 2587 7¢423 @098y). Receatly,
Nat. Med. 2001 , 7, 743- 748). Another tool to nonitor

molec@éﬁéﬂﬁéte?]@d:by bkart%@%Sia‘SieSbééh sHoW 1Y taegstenémdesayf the TLR
his ne od

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



makes use of derivatives of luciferin in enzynme

activity assays or non-enzymati c bi ol ogi cal assays
wowherigi®2he |uciferin derivative serves as a SBOTHEPAI08/003367

for a desired enzyne and is a prosubstrate for

luciferase. A first proteolytic cl eavage

rel easesl uci ferine which is subsequently converted by

| uci ferase, detectable as a | um nescent signal. This

genera$&F BY 886 ¥eASSFassag8s dnihitKear erabiyol fibadblastssifaise Pakbhastrain of
fl uorescent probes and presents the additionally

vaccnnlédJYrﬁgt(@W Qfor PeV1b@ e MB?J A et Bfodtidhi P 6-141€1975)). As a
nzymati ¢ ‘'nechani sm used Dy the cysteine cathepsins

conse SR 2 e AR e ou
oo BB EBS e s RO QBRI Y st co
b e 42t AV e IS b, v

a nolecular entity that is optimzed inits )

shown ghexyariginof aeim anedalsrthahiieiresulljes MY A wasptigifigamty awdrulent
fit perfectly into the active site of a cysteine

(Mayr, daBhRpsner, KwheveBidl. $laadt 41229134 KEO7E). afgditionals this AVA
residue. A wide variety of such electrophilic

strain I sisdaratesediauiinivachiatkeas vaduhoe ssinmaahiaei sgyairst steelhuman
cysteine protease inhibitors including for exanple but

smaup@pals@é@é obyebyal, dvrzramt Ayy. Kaber®s, Bf 1870308e3d1y(1987), Stickl
ket ones acyl oxymet hyl ketones, O acyl hydroxyl am nes,

7 C
etal., [3}‘39 . H Vlf\éﬂ@ﬁé ()9@”%3?%?3‘9?‘{%’74‘}% Tﬂ@%%‘égldléééjrﬁvggeyzogg)rmo ,000

human-sr |H?@dﬁ{§£ler8ﬁ ri %?emsolaﬂgip?gveottﬂ% %onﬂ{é?%&?é?/accmla based

S nus not “on very pgote

U T RO S T

specific proteases has_often started from . .
mmUngBBaE: NS ASCAGE 2D EPMER YA SRYBearEd iage Tt as vira

of biological properties, their use as drugs can be
vector fos nescomhinat depetereressiansanthas argcampkinamteraccing(Syitar, G. et al.,

bi oavailability. To be effective drugs, protease
VaccinerlBi H03248 (1994)).r educed pepti de-1li ke character, high

stability against non selective proteolytic

[e@] aftethisoespédtgibissabsticistonishing trat sevg@nvhough Magastal.

and good bioavailability to the | ocus of protease

demon§ﬁétb8'@iuﬂh§ tie $07Gthat MUREshigHHitsERed andl @dirilentiRGumans and
devel oprrent of cysteine-cathepsin inhibitors A-B with

mammBRNs A iegérﬁly‘?gﬁrglt Srdtlons 48 1aAchival &ty @en, Vigl. 79, 1159-

cova ent an el ectrophilic warheads B
t.h e
167 (B SR G&M?ﬁas’ ?Hé%?%t Al R e LR
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



based inhibitor). In many cases the selectivity and

phar macoki netic properties of such inhibitors were
wooscsseful |y optimzed in the context of bi oREdiEP2008/003367

research. To enabl e effective nucl eophilic attack by

the catalytic cysteine, the electrophilic center of

such inhibitors nmust be oriented precisely within the

active site of the enzyne. The special arrangenent of

obtainedaWit Varidusateirty sfaVVA, $iRge tHeeviRises Lse@ REsérttialiadlfen in their
atom of the war headcorresponds vvel | to the spati al

pr0pertéﬂ€rasr, Egﬂlﬁpﬁﬂ? wﬁfhg&fbig&ﬁt @épﬁggﬁ? A Ss{hr%gfhgés_fr Riespept i de
Eﬂq]r?ablr&ﬁtﬂ M g%ﬁj U,Isec §mE€ ak gﬁ@ of ngtlerg 'ﬁﬂﬁgﬁﬁé B8 virBh

Moy e covalr ent ors em ca
AL N S VR (R
only hagapaieAcHRARBCLY 1 (oRTOSEBYSIE epgBaIauipSt aells: ol Bg-mentioned

woul d allow for the transfer of the selectivity or
observatinn, $haiMYAés ael eortplotetyyreplicalion dpganmpetent in rﬁwmﬁrt #yd mammalian
into an activity based chem cal probe. W refer to
cells, btihgsints questiondle ‘absoletessafietyed MV asfa mhat vacaine or a vector for
activity based probes from sel ective cysteine
recombigdritepstines.nhi bitors. The invention relates to a
nol ecul ar probe for cysteine proteases of the fornula

(0121 { ParticBlarly) fdt-afvddeitd &5 Retilad fof & ré‘&ﬁﬁ@i‘n@nf\vaécni’e the

group recogni zable by a cathepsin; R1is a linker; R
balanc? SbeﬁN&?r{] O&ffi E’aéﬁ) B&the é‘afé@ St th@@gcaﬁe @egfo?‘\muélé QWréPQely
aclle ¢o ugation of the group

imoorta e |ndependent of each ot her, at Ieast one Iabel
P %Btlonally bound to a solid support and nis 1; or R2

gﬁ ggndgeépﬁé @g‘db Iﬁﬁria tﬂﬁ Og?{#&%blngvélol\/lv% Ctran[?s wqh
enhanced safety have been developed. These strains are characterized by having at
least one of the following advantageous properties:

) 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



A further enbodinent of the invention is a nol ecul ar

probe for cysteine proteases of the formula (1)
wovhavei927n is 1, Ais a group recogni zabl e by acTyet@sioes3c?

cathepsin; R 1 and R2 are, independently of each

other, a linker; L is a bond or a group allowing for a

facile conjugation of the group L 1; and L 1 and L2

are, independent of each other, at |east one | abel

(iii) OPtih@Utdibh bf BoKAst the sanfolelé dflspé’@fé imnmbBe esypRPLB G vatcinia
the formula (I) are activity based probes (substrates)

f Orwrﬁ¥§hﬁi Rl ? ?@ae@oos@ F@éﬁ%@b\}h\énfddﬁ’fﬁé@& t&m@bﬂﬁie/vaccmla
cat hepsin subfam | their nost basic form the
ch nS|sts of four functional el emsnts
a) %ggm rggrﬁ%&sg CO- NH as a reactive group, that

b ve th rot
% rBrg & 38}@('88%? sft8sies diael HiRA=R6 P 4 Efransen
ot ease tar ) |inker mie t .

Gollocty pidtimsh e Gt EHACH) R R capsEaoper \gisdpapog. This

and L2 for detection. Goup Ais preferably the main
strain igegferrati faas “MMA-BHE dhiougheyt fh@mﬁétf catien 9%%@@3(4@%-

cat hepsin or a group of cysteine cathepsins,

& eThdtgrnisoinot aapalpeiof réprodudjvegeglicationd leireplination

conpounds 2.-1 14. I maging probes of the present
incompeterghiriean thhbtvesdtuscshiowst an amplificadionaatio pé tesisrthan 1 in human

cat hepsin of the factor 1000 to 1, preferably a factor

cell unésO@,u&@ ad thaveen ghés 398 EECATC Mol s51mf6029d1m8 (BEACC No.
relative turnover nunber (turnover nunber with enzyne

911125"0 eLSLs éA‘#C@ONSF déL“?EénWl—Fa'@a@r(‘E&m@argb bl ay. pt%f//%bﬁdoe

strat concentratio The relative turnover nunb

761-71 jpggb Eﬁé‘rﬁﬁe c8hgﬁ1§ﬁ£‘ agwm%dqﬁ'éxapﬁ)lg'1‘6f%@90§/ﬁ§ﬁ$0 for

er o e enzyne o est (en

rnover nunber of another enzyme agai nst which
some %F@nggﬁrai'%s desired (enzynme 2). For in vivo
| red at | ow

[ications hi hse L vt

;q[’%g oNEFYAingyto (}Sgé& gﬁugﬁrggb igate /in vivo” ref eg's tSiruses

concentrations. Schem? 1 shows the reaction of a
that dopgas rerlisetepindiurnaas gneé thet wicsHepdelasrdesasibeddn the Vg 02/42480

specificity determ nant, and P represents the protease
publicatiobh its reactive cysteine

[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



conprising the thiol group S :(Scheme 1) . The

reaction rate i s dependent on the structure of the
wozmissi3raere. The |inker group R 1 or R2 is prePerairkonsmo3sec?

flexible linker connected to a label L 1 or L2,

respectively, or a plurality of same or different

| abel L2 or L 1. The linker group is chosen in the

context of the envisioned application, i.e. in context

the imrRfinéFespohb] 1Y cORFRA, DNRIDMBeNPADI0E regiseeciré réported to be
protease. The linker may al so increase the solubility

superi({?ifart] &;Qﬁel%fihgg{igﬁ gvi'('c:jﬂyé E‘n&?o?'u@@&,%da@lﬁﬁ tﬁi@'r&&u‘ﬁ?}e cdmBines the ability

ers us f al I'y stabl e under~the
or NG 989 g I SRS BB 8o cRBEEh R a8 poos

. target pnor with the detection of t. I I 1 and/ or
inis responSe i atgPisacent e aeniting e utibfig IR, @egufEe Bre-
~_sone point in tine. Mre specifically, tg [.i nker
existingyirpmpnity o MVARNd/gr ¥acqinigiRjRYeys bBPée{Rﬂw@ t?!@HHl”ﬂU"e response,
al kyl ene group with 1 to 300 carbon atons, wherein )
then theptseaf V4 ase9 vaerinepr therapeidicoweuldhars ligtitedrefficagye garticularly
by oxygen, in particular wherein every third carbon
in the iadividubls thaphaeebedry vacompatad agagst amalipoet hpweaveoxthe vaccinia
group with 1 to 100 et hyl eneoxy units; and/or (b) one
virus stPdinSRECoRIPRWD 0PBI2386, a<welastomespbhdingescoabinginbgiruses
a hydrogen atom and the adjacent carbon atons are

ha rbouﬁﬁ@ﬂekér&o@@quéeaﬁ@mcés‘? R R PRNIdeutoHi@Bhefidst PhfeCdhd then
NH-CO-; and/or (c) one or nore carbon atons are

boost i@@@mrlgegﬁgpgﬁs@g‘ I efrﬁ’tﬂ%isi welPaCh anindlls ;\Jl\{"ﬁ] é’Bﬂgexisting

L8 vvo_ ad} a;:ent carbon atonms is a doubl e or
bS8 108 e el R REAL LR YR 03400
ncuce 3 S ohE s i Al S eR R B4 HE b Facoina

. Is intended. The label L 1 and L2 is independently of
virus beagtfegimas cMRyEstte NAMIENg) Vaseinia WS ROgst regimes.
fl uorophore; a quencher or a chronophore; a magnetic
Bri8heA vaccinia viass isrreggisied; asdingueingaé legst substenbally thergame
of a specific binding pair which is capabl e of _
level osipeniditycial iagciniandirugprimesyageintadrys boosireginles when compared to
covalently attached to a polyneric support, a
DNA-pfeifvhdEhia vivugbvest Agites ifathgiCTLotdspens®batineedswoed it one of the

those proficient in the art; or a
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



nol ecul e possessi ng a conbi nati on of any of the

properties listed above. A preferred enbodi nent of the
wopnresidnt27i nvention is the use of a nodified PCI/EP2008/003367

am nol uciferin or a carboxy-term nal protected

derivative thereof as a reporter group, which upon

cl eavage fromthe central scaffold A can generate a

| um nescent signal through its conversion by a

humanl! d&fiiIin@E ame.- faillrer&Ffie R0 rephedtioh2 THeystalins areathevéfoye lieah
substrate, suitable for a coupl ed biol um nescent

candid3te33¥r th%rl?é'v%%r{gféﬁtecq s';a?erapéﬁg%é Is@eh %@V&@!:i%@b;o? Dharbcéuticals.

car boxy-term protecte erivative thereof as a

Lq%:g)ﬁ’r ARim@ resyg[zg’e fs%%%%ﬁ%%%@%@éﬁ%ﬁ% a foreign

um nescent P ease assays conprising pepti
cat hepsi n substrates ich are |linked to difi
substafics o i PPEATAE Snia i Pilistin . B Ein'her B iyfilngesponse
. of intranolecul ary quenches fl uorescen robes
is divided iffpi s sRRFIfC Bl phetsEesle vem'@naﬁ'w%gb *?Rtglqw'%re'y cross

fl uorochromes covalently |inked via scaffold A to the

linked. bBle& bosredific immene respaniseds theciamediagte defenee @gainst a wide
qguenchi ng. Anot her preferred enbodi ment of the present

varietyiafi¥eretgnosulistarides arskinfdctiaus @agenist i Thenspaaifimingoune respamse is
which a two or nore fluorophors are covalently |inked

the deféhde s4iséd aftdr Alag phasis Mtidrythettrganibmad chablerfidewith @esubstance
quenchi ng. The use of a polyneric probe has the

for the RSt AN A TEhOEpLaRdihARMeRESSEh S8k ihigHY efficir@cind @) redponsible for

a prolonged circulation tine in the bl ood stream of an

the facglfH;)ag?h iRdividiaPRAo frgf’é\)érf‘? \"roﬁpé‘{sggéfié ﬂﬁﬁ?kdrﬁrs?trbﬁ%ted against this

a stribution o _O}N_- nol ecul ar-wei g subst ances,
specii BFERE, U A BBl B A S B g fectcvs
reduced ccelas to sjtes of toxi @ﬁ%ﬁﬁﬂp and tthhe is already a
agent calisgs musHmilder DENDIOES Lohe SYEP , since there is already

) | ow- ol ecul arwei ght i magi ng. probes is a nost preferred

pre-exisHigdMiaeRityo o thig ageat ePych INBHRINGANY e 'i"PfﬁﬁPE'QgtF@' memory
nmul ticellular organisnms including manmal s such as |

persistifpra Jongainge eincsoma rasesoeyerelifelonga Adaserdingiynthedngduetionpef an
any bi oconpati bl e polynmer and may conprise a

immunplagiqat ptendery canpeisyls frooheacaleation. nucl ei ¢ acid or a
synthetic polyner. A conprehensive summary of polyners
M ulrhe Minkdane epstert” rméandia corpi@ndrganvevslvedirctie defence of

ound in MJ. Vincent et al. Trends Biotech. 2006, 24,

the orggéggsﬁ géﬁﬂs&or%ﬂcﬁ!&stdﬂ@% RdRe By dpRiRer TRBG®mune system

A further description of polynmers useful in
' f bt | SMBNELOUCR 4 8. OFRTbHORytes and
compr%g%@&%}ibg%e pbﬁﬁ%a{ﬁydggdﬁ er i c’p?dobg an
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,



conprise protective chains covalently |inked to the

backbone or the dendritic nolecule. Protective chains
woi2nesl13ce7 pol yet hyl ene gl ycol , PCT/EP2008/003367

nmet hoxypol yet hyl enegl ycol e and further copol yners of

et hyl enegl ycol e. The probe of the present invention

can additionally conprise a targeting noiety such as

an anti body, an antibody fragnent, a receptor-binding

substahii@iPretecBomeah iodB he agienéd aftePs@aingdyistomonthsNoptimally with
inhibitor. Label L 1 and L2 can further be positively

a boosﬁf}l—:g\r%@O'whlc:ﬂﬂ@iévé%Ir theliAgReEl ﬁ.‘gédé%ﬁbl% to PRfeLtit® dUAR %é«trtfme

to those skilled in't art to facilitate
S f I
T WA B ﬁ?b?%&ﬁ%"ﬁ?vﬁﬁ#'f?ﬁuﬁ*éﬁés%ﬂﬁr%%id%?%%'}'?saﬂd to
subst ances which ot herw se []. -
people, i el uraTEgD Ol Pyl et R (BN er i ertneissieameghs.
the cell ngrane of living cells. A non ?el
certainiipgiregimeiny AVERI Vip PHEMIY PPPIslsREoss: farﬂ"rﬁﬁea??ées of
per meabl e upon conjugation to such a group L 1 or
immunggdeniatien| a seapiak @ﬁtangaldmmmmgﬁbeeptga@ﬁrp@%msaﬁauced in
L2 conprise, for exanple, a linear poly(arginine) of
numbebDer affel¢ted in itafgnationel piopkrt@s,; whishamgy inarease tiedtigisior viral
linear polynmers of 6 - 15 subunits each of which carry
infectioh. guani di ni um group, an oligoner or a short-length
pol ymer of from6 to up to 50 subunits, a portion of

ymzi ?hThé‘éﬁrréhf dehest oretich %géﬁﬁ‘sﬂﬂ@ékﬂ?,poﬁ{ﬁl%ﬁs iBadd s
he sequence of the H V-tat protein, for exanple

vaccmétnﬁ'nss LI*M seT gb@%&ﬁ%é%é.%‘ﬁ%ﬁ%ﬁ@%x Bsé&‘% Qﬂeatﬂeﬁhbﬁé'd (Iess

am no aCI I near ar gl ni ne

r bl
patnogfi BB} ﬂzss%pféréyﬁw&eoéénﬁﬁxﬁwﬁga@:d sﬁé*ﬁaséﬁncﬁﬂ gl
. s t r _nmenber er. n -

Vaceingfign [isisEs gRap Y bumute tespanses e il oI5 &L apg antiodies

Most preferred as label L 1 and/or_L2 are
and a HBENY ase'aﬁt begelried vagriaating wrus. r Bys sesylisya some gagtivity

mol ecul es representing one part of a spectroscopic
against thegrateegenic pis. laading to proteghiarmandrarisk desumpegtionfdhe memory

is capable of specifically binding to a partner and
responses epah espeated lexposyreatH awedredt, adaptivedimniune responses need time

support.Particularly preferred are | abel such that L 1

to develsp,cared mﬂqﬂrmanadtelcbobstirighthedh’immnermﬂmensefsuitlwametitive
i nteracting spectroscopic probes L 1/ L2, wherein

apphcaee,@ﬁr(gyh@agccgp,eaﬂrfga\nﬁjser red non-radi oacti veI y between
t he donor and acceptor (quencher) through
[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

10



either dynam c or static quenching. Such said pair of

label L 1 / L2 changes its spectroscopic properties
woupsn3teact i on/ cl eavage fromthe correspondi ngCTHEPL@®8I0E3367

cat hepsi n protease. An exanple of such a pair of |abe

L1/ L2 is a FRET (Frster resonance energy transfer)

pair, e.g. a pro-fluorescent probe covalently |abelled

at one end (e.g. L 1) with a donor (reporter), and the

were 13NDHEIF vBesinhted2 dbys bifdré erPosiire @ VU-WR GRACTES) LDBO if
vice versa. In particular, L 1 is a donor (reporter)

vaccin%ﬁg 333)}5%5}8@3@ ?é tc(VV@\W]e(Ia.?ﬂ or L 1is a quencher

is a reporte In using this probe, the

(G5 5el8he b5 N 2507581835045 SorhBErcR ARl of

nge In uorescenc

.. reporter-quencher distance within the double |abelle
antivira B8l Rt AN BRI PGaLR oP direth BN RE KRSV B e gEon.
| eading to a spatial separatjon of reporter and
They repasteshiBat whes inenkpysvergyagpinatachet B ater MRieyRes NiEs
or change of the em ssion wavel ength. A broad .
infectiope Lisiogi 2ostanflardeipwnae doge of pscueptlp eecpraaeaded sivealipoxyvaccine
or L2, respectively, including e.g. near infra-red
(Elstree4RIVM)ngo Slgnificaph cedestioi ire mentatitynaas observadni ng
reporter and quencher remains dark until it reacts
127)  Thes,ihetetis seneadh iy theReNfor Aeagerits bhd methatisifer inBnediate
it up" switching on the fluorophore em ssion, since
protecﬂd?ﬁag?é?ﬁ@(rﬁa%oéélﬁ‘?|sué‘ﬁ"ésts|ﬁ$bll‘%5?.ncher | abel are now
spatially separated. Fluorescence guenchi ng and energy
transfer can be measured by the em ssion of only one

BRIEFEUMMARYOFE it INVER§IGNENched or energy donor | abel.
en energy transter occurs and the energy accepting

‘t(f?héil The ileiBioh | dhebRPa8BEs alrhétha8 $6Mhalcihg @ immune response

rescence can al so be neasured. A donor |abel of
: [ ind:lab ' . imal
against A fipciifie et 7 ah Bl o bR B AR @he animal an
. need of an excitation |a and ces t . .
immungieig BonipsicEbedag 3 B@R s REMERER S BB Hiog o nfection
. met hod usi ng such doubl e-| abel | ed substrates. i s usef ul
with the dnfEEkQUSAGRN ABACR BRLTR AT IMIeCoRoW ff%éwg§@@ﬁ@
time nmeasurenents, and may be applied in vivo as wel]
29 n Rurthesmopg. tthe imeniien encempapsgseine yseopf 4 paxvirus for the
substrate may be a solid support or be additionally
preparati¢racha innmus oy enicsoppmsitionr camprising daidrpexvires feitindugiag an
a polyner/ solid support. Linearpoly(arginine) of D
immunandspdnde agdinsti areinfiedtibus agetbinaargamimat, wiesrettusaidiisimunogenic
preferably utilized
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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as polyneric label for a L 1/ L2 FRET pair.
Particular preferred conbinations are two different
woaidsiiey | abel , especially a pair of spectr oBCOfEP2008/003367

interacting label L 1/ L2, e.g. a FRET pair. An

affinity label is defined as a nol ecule which is one

part of a specific binding pair which is capabl e of

specifically binding to a partner. A specific binding
said pdX@irtis 6PMEMERBEENIL TompdsitdnUdniprisity 8aiddoxvRs is to be

streptavidin Turthernore nethotrexate, which is a

adminn%t‘g%foqh@%(%&ﬁwhoﬁ I‘?éur% |0?EU-N1'?@ctR')'anIW Heohfd iqus agent

u Lase propri at pal rSkol | rgport eLS and
e
W}E sC BrafShed gnitasBier ?'2%80W’c5ﬁalﬁf"‘ﬁ8‘n§'§%a{eﬁBSH'&‘F%} 36 hours

O her, quenchers are gold clusters,

prior tocnﬁeﬁt'are ¥dth the é@@@W%@% ahd @%ﬁ@?@r Jgea“qrhthh.t%e infectious

i nvention are "dark quenchers (Johansson, M K. et
agent.al ., Chem Eur. J. 9:3466-3471 , 2003), i.e. dyes

wi t hout native fluorescence having absorption spectra

[032] bvaplefprred embddiment, disé poxspsds replsation immmpetent in the

reporter dyes |leading to maxi mal FRET quenchi ng.
animalFurthernore pairs of dyes can be chosen such that

their absorption bands overlap in order to pronote a

[O3PNRNS BrétbRel @niHddhent, M&paiifuans FEnbanied 7 abcini Virdis

ground state conpl ex (static quenching). Particular

phores and quenchers considered are: Al exa dyes,

Ankarg <1W di ng Al exa 350, Alexa 488, Al exa 532, Al exa 546,

a, 555 e 35 k-
@&%ism %Qrefﬁfreét ”}?ﬁ du%&ﬂt ﬂk{?@gﬁaﬂ% géﬁ]{% ochem 47:1
179-1 188, .1999) t hyl am
(053 e RUAEHFR SRAUERL 406 e U3 aEnS (o2 [5fi5plign competent
ester supplied as product D374 by Ml ecul ar Probes);
poxviruguenchers QSY 35, QSY 9 and QSY 2 1 (Ml ecul ar Probes,
I nc., Eugene, OR 97402, USA); Cyanine-3 8
(0R&hi eorse (em;aosbm@mdtr@luwmé ‘Swingnistgred Irs)a%/&mfsﬂ@art@ 5x10
GE Heal thcare, Solingen, Germany); BHQ 1 , BHQ 2 and
TCIDS®H® 3 pféfeerek e‘rknﬂ)c&ii@eendhemﬂ\dﬁ a@hirﬁsarmintravenously,
Technol ogi es, Inc., Novato, CA 94949, USA);
mtranafsblgﬂrrﬂrﬁ]ﬁﬂﬁﬁlléﬂ'ﬂ@ré&Bcutéﬁé@Jﬁﬁ.Z, ATTO 600 and ATTO 655
guenchers ATTO 540Q and ATTO 6 12Q (Atto-Tec,

Ef%7727ﬁ1 SHEERBoERhERNING MVN@WVNBN@ FrS0YA & B4 &
32 and DY-647 (byom cs, Jena,

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

12



Ger many); 5/ 6-carboxyfl uorescein,
t et ranet hyl r hodam ne, Adi net hyl am noazobenzene-
wo4oessizi2onyl deri vati ves (Dabsyl) and PCT/EP2008/003367
Adi net hyl am noazobenzene- 4'-carbonyl derivatives
(Dabcyl ). These can be advant ageously conbined in the
foll owi ng conbi nations: Fluorophore Quencher Al exa
350, dinethyl ami nocoumarin, 5/6- Dabsyl, Dabcyl, BHQ
causm%heﬁ\%rr ¥ feVer. eﬁ%diheﬂr@fe’#re@&nb&&ﬁ%rﬁ8@\e iRBi3Bs agent is
/ 6-carboxyfl uorescein, Al exa 488, Al exa 532,
Y 9, Alexa 546, Al exa 555, ATTO 488, ATTO
bac’”"%g@h?‘% O 5400 t et r amet hyI rhodarri ne, Cy 3, DY-505,

B8 o o Bt HleGhndi et diinBPued S Subiiyereq

Bi ol um nescent . gssa th t are |inked
betwee 2 OYSETO D INEC R MBS BreaieUF RoEahand 2633%?‘%@@%?1@0“0”
catal ysis. The_met hod conprises an_am no-nodj fi
with the gdectiousragant. [Ibf‘-ﬁ@mwosnen@ GamRRBAn @ambﬁaﬂd"w@t%@@a the
derivative thereof were the am nogroup of
same tigmé aslinfectian withite Infedtiods\agenanTaeradministiationta the animal of the
central scaffold A resulting in a substrate that is
immunogetigebrgdsiiod counsresingan MV A lcar\bedbdiweandhamag4ihours prior to
The enzymatic activity of a cathepsin |leads to the
infectiofl ity a8 énfettidUicagemntor detveead0 whd 48 hours aftehénfection with an
am noluciferin to the scaffold A liberating the
ciferin a substrate for a luciferase. The
mfectlo?@‘a‘@%ln%‘ng reaction of the luciferase with its

ST 1AL b2 SRIGE AT é&.gfa@'.n@vdﬁgysﬁm%gﬁ%@response

at es ‘cat hepsi n act

cosinsE5F BRGE G kT SRR QLR ERFRGROSE

S R B S5 L eSS S e

only when converted to luciferine by a precedent
poxvirusris yeplicadiorirgameetgnt iprsgicaninal dneluding BUMaR. t hi s

way, the lum nescent signal is directly dependent on

(048] pPeaferabdy, said ik Compasehan immunegenigrashapasition comprising an

further enbodi ment of the
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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present invention to provide a probe for detecting

proteolytic activity of cathepsins by neans of
wolmsimexntence. I n a particul ar enbodi nent, thePQEER@S/003367

i nvol ves a substrate wherein | _2 is a solid support or

attached to a solid support further carrying one

menber of the reporter / quencher pair, or wherein L2

is a conbination of a solid support and one nenber of

[dz;%r BPS bieferréd @ussudi@ent aihe invention edcormphbseé Riticomprising

menber of this pair. In this way, the dark solid

an im Bhic CRSEEfor] EAPASIAGHh MPATHERSHLSHbY tolidiiber the
appropriate protease. A Solid support, may be a gl ass

immun?h%@g’co gﬁs@{o@%st%}orf%%bgﬁifile?ﬁgé.r%gb?% S S PR

e pr unctronal I zed

I rs, (preferably, in. th or.m of . beads eni I

Bk TR coRe GhEEBTataLbof B QeBoudi Bty GEHNbtBh ahd the

tantal um pentoxide or titani um di oxide, or also -
following,dptaiad FBSTRRIION 278 Sremalay Feamanaloly onfyand are ng restrictive

surfaces such as gold or silver surfaces. A solid
of the igvgipien; apwlaialedo be a suitabl e sensor el enent.

Preferably, the conpound of the fornula (1) conprises

a group A being an inhibitor of cathepsin K
BRIEF| SGWT@MD%EH&ERMINQ@H on WO06076796,

W006076797, WO06063762 and W005049028 di scl ose

Béddip| ke givestipads mose cammigislyrundersiapdiwitbrreferaace tmihe

be used to be transforned into probes of the fornula
drawings,)in witicke preferred, the conmpound of the forrmula (I)

is a probe for cathepsin K characterized by a conmpound

[spr FRjurg 1t dantidd depictanalysie of @brairitid Geti{DC) maturation in

A: | MMEDI ATE PROTECTI ON AGAI NST PATHOGENS VI A WA FI ELD
resporide toEctiVe/ENIn4tVated bokhusBY e FIdw BytophatheRistayrame showing

use of nodified vaccinia virus Ankara (MA) to provide
expres ! R B RPBE PRI eREL RabaiPiTn oA e dRelor
inactivg figipalgy %%Sglkvsﬁésdéﬂlé{l’é@%i%q\q‘%@ﬁe%g%“*%%&d%\%%@ =V,
[ [ . h 00
orxv b iy SR AP o RSB S Rl 0. P00
traditional vaccination prograns have eradi cat m
represea v USROSt BN ES TV VN R5 HED RGPXite SFV.
know edge of mechanisnms of its infections and/or
CNPV expegoentsisnghows essential given the scenarios of

zoonoti c poxvirus infections (e.g. nonkeypox),
[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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the re-energence of VARV by accidental release, or the

possibility of terrorist attacks with poxviruses.
WO[2033B19ehe genus Ot hopoxvirus contai ns sever aCT/HPR@BOW367

viruses based on genetic simlarity and inmunol ogi cal

cross-reactivity, including VARV, the causative agent

of human smal | pox, ectronelia virus (ECTV) causing

nousepox, cowpox Vvirus (CPXV), nonkeypox virus (MPXV),

panel) SRR LAY blipérnaMtd werg abalyaed forilENvd ard I NGASMELISA. d)
Anmong t hese ECTV, MPXV, and VACV are used in aninmals

Sortedﬁcg@@eénd EHE Jf TURD -GS cidt B WiRINGHE PRke aé iRdiEhRd Wére

strali ns have been used in mce and arge anount s

stimulatd§ Wntﬂ %‘\9& FS{‘?Iﬂeot &ﬁu n_g%o'ld?ﬂh' PBtdrE were
i rmune y pox

ressi ng anl S I ruses

hayve en eI at th - S .
analyzg [ B B g Gy ?f?aﬁ?% NG e %@Qrés*eedefﬁ%'a?ed with
ethally infect even tho nouse- adapt
active (sfagimad shitsopesmases BV A Reb@idh aRkpRiY SiRrbRpymN) MVA
used (WIllianmson et al., J. Gen. Virol. 7 1:2761-2767
or CpGr22 tBthlack sahemn) angdhe syeenatants wese aRAbZgE femEN-a by ELISA.
nonkeys are evolutionarily nmuch closer to humans.
Represamiaiverexpasimeints of atdlewgtGwonexperimantsriateeshown.
non- physi ol ogi cal high viral doses are needed to
[Gt7haFigurer® @ andrwdiepict . surtimabbbndld typeharehThR9-deficiest mice
are regarded to reflect nore the |late stage of a VARV

to ECWfrﬂ‘ééﬂl@lﬁ‘ WiIdTNEBﬁﬁlcéE‘éﬁékﬁi TLRO.défleiehe nsioa (b)Dverd i.n. infected
Arita, 1., Jez & Ladnyi, I . D. Small pox and

vaw'ﬁ%gb'@‘%@f%mn&<@D@%er%é*e?@@%'Bafgﬂe%%@“gggwgag

ool s AU L8R g o
ice o Ao SR Cke oA PR Pl BRb 4o et} sa&?wa'
dose in | Vi %fqde?rg&sél (@&gg u%%ﬂ%@ﬁi&%@ Séggafjffﬁﬂqgg%%&&% rr}ﬂce

Est eban, DJ. , and Buller,
and ongexpenBIeps By the otimrdoses (b} H@eé%é&rdhg d°§ﬁ|¢§ 1.%@& injwgld type
the closest nodel to human infection by VARV. [004]
(a) andPHE 12 enELRSKQ eice (Rdndlyde deathmeanteol syise ofrothes experiments.
pattern recognition receptors (PRR). Anong the latter
[318] hEigurei4 gepictd that-MVAcproteetstwild tyjeé Ryice TEXenand
TLR8 and 9 recogni ze the nucleic acids RNA and DNA,
snmultéﬁé@@ﬂtylvvifth Yethide @bkes ldf BEGTVl Wild\Ngpe nsicd Wre TA0infdéted with

(2000); Diebold, S.S. et al. Science 303, 1529-1531
lethal dodB9H¥ ECT8Y bs 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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F. Science 303, 1526-1529 (2004)). Double stranded DNA

(dsDNA) viruses, like herpesviruses or adenoviruses,
wocess/13e2det ect ed vi a TLRI- dependent pat hways PCT/EP2008/003367

(Basner-Tschakarjan, E. et al., J. Gene Med. 8,

1300- 1306 (2006); Lund, J. et al., J.Exp. Med. 198,

513-520 (2003); Krug, A et al. Blood 103, 1433-1437

(2004); Hochrein, H et al. Proc. Natl. Acad. Sci.

with IetHaﬁdd%esl&]ECT‘lJa%lﬁdlka%Qénd iffidtanediadigi.A. inbculitedilvith (black
Proc. Natl. Acad. Sci. U S A 101 , 3516-3521 (2004)).

symbofé‘i%%ﬁﬁouﬂg}ﬁ‘éq@érh fB@bs WESG%WI\VA %ﬂd%m%%?as monitored

expl al ni ng previ ous viral

infectio

or 4 bl DR v@%@&%ﬁ%ﬁ*ﬁﬁ@% e RBeor e AL hffcarca

. Pr.oc SGk U SA 101 .

ke ' S g St Rt wi
1433- 1437 (2OO4I) Zhu, J. al . g 109, 619-62

type mizsoapainssi iathal ECT ichdlisnae” i gpPSgasubeutaEsnsly. &) TLRO
Tabeta, K et al. Proc. Natl. Acad. Sci. U S A 101 ,

deficiegsmizesprie {.R0MMggted VotE [ ENAR reGIDSPaefyECTI ane sirpulianapusly s.c.
at the outer nenbrane of the cell to nonitor the

inoculated wéth ellH-+J8aF CH)fef MYA (iankesquares)air svithoué (¢reytsquiaeg). b) Wild
cell wall conponents, a group of TLR consisting of TLR

type ndce Aver8, i.mNmhféctad ewidls SIE+E aCIDE0 hoft EE€ TANdoiosinatatheously s.c.
nonitor the endosomal |unmen for nucleic acids (Wagner,

mocula‘féd vﬁﬂd 1R TCTD60Jof FNPA (MRbk 3@&@5?'0?6&%2@@6b&>rrespond|ng
he TLR 3, 7, and 8 recogni ze RNA, whereas TLR9

o S048355T A o, o S0 el 522 8601 v
ol T TSNS SR AL AR B o
o e B A A B0 o

express and respond to TLR9 stinulation
with Mykparyégn@renpﬁnmeé% ferswii@ $yper Bige with 4V -ingalivated @V&eP! for TLR9

and pDC, npuse cDC and even macrophages are known to
deficieripiaeswitTM¥A.and respond to TLRO ligation (Hochrein et

al., Hum Imunol. 63:1 103-1 110 (2002)). The natural

[05ganBiduwre T idepictasthat iMVAgddryiatiyfprotectsdFbel-Bedefigient mice if

bacteri al DNA, whereas oligonucl eoti descont ai ni ng

given 8itinithbousy with IBthall doses GFTEOTVY HFMeCRedefigient fice were i.n.
notifs and often phosphorot hi oate-stabilized

mfecteé%fﬁr @m\ﬁl dd&%é%f@@ﬁ@'dsﬁh@@aﬁﬁi and 'sfmlﬂtéﬂeolub%ﬁdSn(f)élﬂated with

Hemm et al 0; Bauer et al., Proc.

1E+08A?@Fi|350365‘ MVA (%1ac{l§ 9%88%7 ot Aithdut 9@ley Symbols) and surwval 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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[007] Meanwhile, the |ist of CpG containing natural

and artificial ligands has increased to bacteri al
wopb@ssiad7 DNA and several types of CpG CDN wi t RCT/EP2008/003367

differences in their chem cal conposition, as well as

drastic differences in biological effects including

I FN-1 inducing capacity (Spies et al., J. Immunol. 17

1:5908-5912 (2003); Krieg, A°M Nat. Rev. Drug Discov.

0557 IFid@ie 824fitts 1oH@he&UiVal 80 ECKV mifeatioackven in the
upt ake,” non CpG containing or fully nmethyl ated DNA as

preserﬁi‘?el of IQVAV@é[%&bq%ggu%%éﬁégﬁuﬁhﬁ? r9368n§@§WRAI®-13dEﬂc?e‘ht mice

LR9 agoni s I munol

v ARSI bl s
R R N S e ——

nunmer ous nol_ecul es wi th i munosuppressi ve f C“P
monitorgddei? weeke Theeexpsrinsntwas Perpmeechyih dhe Hﬂm%ﬁés of mice as

receptors and a nultitude of nolecules that interfere
indicated.t h i ntracel | ul ar signaling cascades (Seet, BT. et

al. Annu. Rev. Inmunol. 2 1, 377-423 (2003)).

R&GENFigure 904 and lbedepicpthet MIAtherapeutically protacts Je4&R9-
shown to target nenbers of the TLR signaling cascade,
deficieht @t €6 if displRed Sitér indéctidrRvithixelkikal dose of EQTVaNnTLRI-deficient

pat hways for poxviruses (Bowie, A et al. Proc. Natl.

mice w@\‘éﬁq'r w?ééted Wltﬁ =+ CID3d EBF VI fef tHe2PRihled tirfed 8£24 his (a) or

role for TLR2 in the recognltl on of vaccinia viruses

48 hrs é\'%%;gs) W?F%?Wﬁ@@ﬁeég“\/e%er@ nalanﬁlﬁg%qui’fp$E+@é'?Cﬁgé of

acci nia Ankara (MVA) virus IS

MVA nehale Hﬂ%&ﬁ% ée)? %cmsal’re) rﬁ%}?\%{//elﬂ{/ éﬁ%nﬁ@%ﬁrfgm weeks.

been ener at ed b rial ass es on. k
e o Sip e psﬁc’h%dl wﬁ'ﬁﬁreamgv %rrsr? 'Cevawdﬂ?aie@?fﬁﬁgo ta'show the
a&a for revi ew see My A, et al. Infectiaon
cumul dlwspl s o7& pivigual axr&sm%raaéam ope %W@%ﬁ@lt'&%fhat the 9
passages, the resulting MVA virus del eted about 3 1
controlkmnt:@béa)elsdoﬂe|th;3gentﬁ¢ahrUlC§@c§che and, therefore, was
descri bed as highly host cell restrlcted to avian
cells (Meyer, H et al., J. Gen. Virol. 72, 1031-1038
DETAILEDIDESCRIPTIONOEAWMINVENAIQNri ety of ani mal nodel s,
that the resulting MVA was significantly avirulent
(094 r Referedcedailheow be. maee in @etell to heaprgsent eambodimments
(1978)). Additionally, this MVA strain has been tested
(exemplarycérbodiaients) afitse awention, exanples ofrwhichearagtistsated irethe
human
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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smal | pox di sease (Mayr et al., Zbl. Bakt. Hyg. |, Abt.

Og. B 167, 375-390 (1987), Stickl et al., Dtsch. Med.
WOWB@319299, 2386-2392 (1974)). These studi es POVEPR@E/003367

over 120,000 humans, including high risk patients, and

proved that, conpared to Vaccinia based vacci nes, MWA

had di m ni shed virul ence or infectiousness while it

mai nt ai ned good i munogenicity. In the decades that

evolutidrdrliPWRite ddtAntBIMVAE FRthrMB s, BdtH Qirlsds are KHighyigathogenic
vector for reconbi nant gene expression and as a

o TR O e o e i gt v
e LSRRI By SR .

ent in hu
able togEF el NS MaIDF Srep I ENE 45 %{‘"ﬁifa‘eway abipreqfiony For
79 1159 1167 (1998); Carroll & Mdss, Virolo
these reggons; Ectiomplip)infegiomin Byge is, a1ge0d mpdehRYIm B | fﬁ?cﬁon of
al., J. Neurosci. Res. 55(5), 569 (1999)) have shown
humansteytVaviolai s not ful | y attenuated in nmanmalian and
human cell |ines since residual replication m ght
056U The expesmeots ihsanimalsi derassiratel thatdhe cheadneigistragion of
reported in these publications have beenobtained with
MVA toth@rugitts b magHig lsthalMdie ofimegsdporviviis prxtects sride immediately
essentially differ in their properties, particularly

agalnsf t‘FnetJéech ly E%¥ue DERAUNR cnbatant raiee sﬁﬁ-‘W/edj ke ffedtdh dider
wt h behavior is recognized as one of several

these éofﬁ@hm%%ﬁerf eiapa§ g% AldHR Uf‘?tfblﬂghe f&ﬂsnﬂé f @ctVér‘hHFf’a

rain 1s re as attenuate OSt Its

f@g’? lﬂ%‘?ﬁ?{}% %‘bﬂaqsgéfsg%?ﬁgﬁ 8%&\{ e%ﬂ%%yed in the Ectromelia

oo GRS ST B b e s LRk
manmal i an_cells, brings into 8uest|on t he absol ute

The pD&GpEthe TERMKO sca can PEhTEROBAN st Ushia) @Btionr way to DNA and
reconbi nant vaccines. [012] Particularly, for a

DNA vivesssi. lewas fornd that these miqechayneta deasticir@epse in syrceptibility to
bal ance between the efficacy and the safety of the
Ectrometia énfeetiore hore thian 180-fcldawonessustgptibie thamimmupe topjpetent
described in WO publication 02/ 42480, novel MWA
mice). Strains w th enhanced safety have been devel oped.
These strains are characterized by having at |east one
58] hvitroledseWt dhinaftYS RAtAGSNER ARIAB St Wa€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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(i) capability of reproductive replication in vitro in
chi cken enbryo fibroblasts (CEF), but no capability of
worerigtact i ve replication in a human cell |i n@CTES2G08/003367

t he human keratinocyte cell |ine HaCaT, the human
enbryo kidney cell line 293, the human bone
osteosarcoma cell line 143B, and the human cervi X
adenocarcinoma cell line HeLa; (ii) failure to

[050 | ARdBet ImAufBWengrBARded Malisé snddet apaltksteafthat lacks
producing mature B and T cells and as such is severely

|
responbﬁgﬁl Cafb"lﬁ]éé‘?"ﬂtéﬁéro%@ i I{‘ PheseSGRrMihES Brd Belﬁaved to be

Vi rus i nduct’ion of at |east the

essent%?fB‘? slu?\Y\%l offvlrgp ﬁf:écftlbﬁ u’l QQHEOOS?ﬁBQQ?&n%@ M%ﬁﬁﬁ:‘aﬂbﬁ of MVA at

vacci ni €n co

v iy PR SRS B PR AN e, s

Eur opean Col | ect| on of Animal Cell Cultures §%§ACC)
ndividuals

this invgpiigf prieeiEsosmal ARMEHAORRIGEY D UNATYMBIATY
referred to as "MA-BN' thr oughout the specification
againsipptheywiee deadymathoad]s. The terms "not capable of
reproductive replication”™ or "replication inconpetent"”
[068h tnheanttasé tovpriersstetienstherdaadies ¢rikeed henein with &cayfomelia
less than 1 in human cell Iines, such as the cell

show thatriesnétidte(froRCliohNecan 31266603 d, (giviBiBp(dEEAtg MYA 8t the same
1112502), HelLa (ATCC No. CCL-2) and HaCat (Boukanmp et

time asilor aftér the bbtiBigehic pAeAras). TRd tetdl 6EBctionusaet ohlyeeached
conditions as outlined in Exanple 1 of WO 02/42480 for

much %3@2(%@@@ %rﬁe %/éﬂérﬂ}snéf tHeQ st é%%‘ﬂe?&e? %LM‘@ also much

allure to replicate in vivo" refers

more eﬁ]esfgvc’ Iaeﬁl%urgeoc&ﬂb e%PH E@ttﬁe '%@W%&Ecgdeic@&ggf? x LD50.

as desc
ation. he have..been nunerous re

Furtnelied i3 HETPRATAGH el %soogwercean R URR oS R e mice

del i very vector induce poor ne response nd are
exceedahe aeibr PEoUNAbEIe/ ERID B BIOREG REICE B lRareRt getion

ai, Nat. Med. 4; 397-402 $1998 F . In all these
mode! curentiysavailahlesior aprielatiane to¥eroadatectiong indhemans f er ent

fromthe vaccinia viruses as devel oped according to WO

%513 21 89 shd\sn heresttyalt aoavirusesfare re¢egninest vianhiREdependent 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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response obtai ned when WA was used for prinme and
boost adm nistration, it has been hypot hesi zed t hat
woamsiidodires generated to MVA during the PCT/EP2008/003367
prime-adm ni stration neutralize the MVA given in the
second i mruni zati on, preventing an effective boost
of t he i nmune response. In contrast,
DNA- pri me/ MA- boost regines are reported to be
&3 Hefeidl it Bedschibed thdti O e pattioh¥nicasixonasss likeEavsmelia
this reginme conbines the ability of DNA to effectively
virus cé’rrnb[)&elg '&%OHW RS R RNAERNIFNIEpRIdRRE6H bEfibdbld¥éand
to boost this response in the absence of a
conven‘%ﬁéle&béF @vﬂgrémg'ﬂw&%fl\g @r%rdlu&ioﬁ br BOBYi8 only reduced
existing rmunity to and/ or events

accinia p

but notg)gggéri}ggc ?15] g}vgﬁnéeﬁ@rggg{ﬁqs Cv%ﬁ@ﬁ?ed.}rﬁgggts??%!ﬁ? 3)89((/in'1\@/ éctromelia
v G350 LBl s o ooy,

vaccinia virus strains according to WO 02/ 42480, as

similar ges¢epiibildy and sleatukingtie Broias e {a raspesdiad b yaggnot found,
het er ol ogous sequences, can be used to efficiently

which it iknewngpibeee ssedtialfen fightig virahinfaetiore s imsenclidedtiat wender
animals as well as in aninmals wwth a pre-existing

conditibmeWwhiteypathogemiciviruses efféttively inhibitdtbe diliiSeithdepeadarst as
descri bed in WD 02/42480 i nduce at |east substantially

recognitidf, fRNhdReRce OF TILRWHEandeRt ViedlGeBb@nitidn HAd IFNTRIroduction
vaccinia virus boost reginmes conpared to DNA-pri me/

becom¥&8esi&htal Virhis, PRI re M@ MBFstrdtdd Hat A \S & elle %ﬂ(%]rféiﬁ, and in

I's regarded as 1 nducing at |east substantially the
o | . . : 0 VLI US
vivo 7 Fetp PR, PRR T THE LetensB PR BoRSet® v e 1o
= Pr vaccj.nia virus, bpost .reqines if e CI .
ey DR B kBB et Bixar e ost (. A8l to replicate
) bot h assays, as described in WD 02/ 42480 is at Ie%st )
in manyy@st isr Pateny indreeseebHAt IARRKVRIRMKNE FESpPR#RS. and vaccinated
vacci nia virus boost regimes when conpared to
individmNp\gre ptgteciad digainst speciss seeeific peyyirkses (Bl oMowRepox,
growm h behavi or of the vaccinia viruses devel oped
monkege@qMiccinia)o N@verrdededtivei indyetioni of ilddaptiveéngrunet iesponses
behavi or of MVA-BN(r), indicates that the strains are
takes deRerdt dags t®wekks anyichldmiesdndit@iualsharpoteeted eghaiNstexposure to
i sol ate regarding attenuation i nhuman cell 1ines and

these gathddEr &jr,id'éj‘th‘é't H@e! apisl shdtromereiliBas MVA-BN@ irfiuces the
ther'efore ideal candidates for the devel opnment of

producﬁgégf irﬁ%@@%%ﬁné%&e@ﬁn%@?@k?@? éé{? F’I?N—ﬂ?ﬁr%ﬁrié?ﬁl‘y%ia both

I mune spons by the immune
_ . f ance . o . ]
LR GRLIEH AT ok R GRS e
protectlrn%sgy?glaﬁes 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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Is divided into a specific and an unspecific reaction,

al t hough both are closely cross linked. The unspecific
woiznosuie2response is the i nmedi ate def ence agaiPOFIEP2008/003367

wi de variety of foreign substances and infectious

agents. The specific imune response is the defence

rai sed after a | ag phase, when the organismis

chal l enged with a substance for the first tinme. The

Ectromeh8 &t fda&t 4 MMYIaahE &tAANGSsd. Sinlthg@abgemdd bLTIERY, M¥Rdindaced
responsi ble for the fact that an individual who

immedfa?& ?P’cﬁééh({]r{ t%rascﬁsewﬁcécftr‘ méh%faqq’éééi @Obsfoﬁftﬂb%lth%ﬂdose

nst t ecific infection. Thus, a second
Experlrg 88 ggrs’@%%ﬁ,u%tagtestﬁgge@er n Mi \éghét %r Wré?ﬂodsﬂfe‘?\‘étsh ??‘?F N-I can

t here js,.a pre:e in n "

v ro BTV SO Sk, AL AL ARBTIR) e
nenory persist for a long time, in _so cases even

as, or aftqremrrgathmw BPRYIYE, thanesulia essipechfersih show an immediate
i mmunol ogi cal nmenory can result from vacci nation.

protectjae whicthis mud’tmaréleségt israddiiammuah swmrsIRERNeyRgas (>500 x LDS0)
i nvolved in the defence of the organi sm agai nst

than priegioeis glats shewimgdbat BIVA has toobe appiedsatsthe Tatest 2ndaye before the
system conprises a cellular part conprising several

exposUigltd tHe/ pathogenielviras to gaih sorhy sphoval besetind LD8ED) cel | s
derived fromwhite blood cells, and a hunoral part

(WO200RMTHIeR0Hh SR ePEPDDIES,. a56h, o] gmeoi7-begt 92606)).
[022] Traditional vaccination strategies are able to

ld@ﬁ’cﬁdﬁ'ﬁrﬁl CAtonSorf WA LSt RS ﬁlh{é%fﬂ’t%t ﬁ@(gl‘d?ﬁbli%ynfectlon led to a

a t1ve I mmune responses odi es

i RS U e fa?nn@%lkxtﬁa b e e

This lmmﬁ@gl%&gaﬁ}] \}»{gsa gﬁ&tpa?qeqlllgcllgpé n‘:tl gn'amﬁ\l pathway but
non-replicating virus in humans, \Nhl ch c bl%q

fully degandlent oneadaativeinyBeng EESRPRFESy 3F SBRKN &@aﬂfé@é ceptpnand Rag-1
deviation (HI'V, allergies, atopic dermatitis, certain

deficientmuige tespactiveht Jnposartly, M\A aise reseued IpRoidaficiephimice if
routes. In these cases of imune deviation, a

administpred tabifalbdhyarefier an o#ienviseletbal iefettiqnoiti Ect'ramel'(q)\[i)@)s. iTdus,
reduced in nunber or affected in its functional

MVA indluee@ aisohd immetiake amy evércpestexpbii@erprotectiar againstllethal poxvirus
infection. [024] The current view of protection

mfecho"f\gﬁ'irﬂﬁltun@e&%det@ﬁ?(é(é W @8 imPnutieAcorAprinmiabd @Rfmalor
hese approaches, individuals are exposed to an
%éﬁ”W&‘ﬂo{ bﬁ?%roteets 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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pat hogeni c) poxvirus before the potential exposure to

a pat hogeni ¢ poxvirus. Vaccination induces adaptive
woiznosuae2responses like Killer T cells (CTL) amrdT/EP2008/003367

anti bodi es and a nenory agai nst the rel ated

vaccinating virus. This results in sonme reactivity

agai nst the pathogenic virus, leading to protection

and quick resurrection of the menmory responses upon

immunk 8853 sSP B8N iR cludMePy@idritisGRNS | that produBe IFRSNeIsE $eads to a
need tine to devel op, “and are optinmal after boosting

highly e#@ctl'vmelrﬁ %?lart@ I%té ﬁdf?e?&ﬁét‘ &f’atllbﬁﬁe Wlthtlaﬁwal

vaCC|nat|ng |rus ent was report ed

poxvirgs) *frust RV AENE V;!ggs N pﬁveVIrﬁMﬁpgt?agsa{se@%ch

ore exposu accl

s e 043 57 Gl e AP e

i ncor porated by reference inits entiret Simla
protectiqnsan ke ﬁét?@dseéﬂ OIS RAPRALNSPYWIDS @rreﬁgmmaw\éﬁ expressing
further denonstrated post-exposure treatnment failed to

antigeri¢ epiéepesaof thalpathqgstngi b, C. et al. J. Gen. Virol 87,
2917-2921 (2006)). The protection |l evel swere 1 x LD50
[(f69Y abriheaé stldies] d¥Abelt only mofexded # given\arouRd dhel time of
12.5x LD50 if vaccinated 3 days before exposure to
infectioYbMRapglicdtion B8 28k &5t 2 Hayd fadly adtl adays pgéatiallyeprotected mice from
439: 745- 748 (2006) conpared the effects of antiviral

lethal Ecmtme&ronarmlo?@eiehmewa@ﬁderfaﬁ b&dt-expBsure/aldadihation in
nmonkeypox virus infecti on They reported that when

orthopc%@?gg-}ﬁélv\%ﬁ(ﬁw\ﬁﬂgl@|§‘Patcﬁ éﬁhﬁﬁfe?qf P%b@%/@%ﬁ ﬁﬁé’té‘fposure

ection, using a st an man dose of a currentl Yy

vaccinéﬁ?oéﬂ?ﬁ? ggﬁ?m;@# g@&(ce\é%gcéﬁ? h(nélc t[5/§ eﬁeﬁé%@@e’zg oThf aﬁa}?ments

ion 1n rmrtall was ‘observ
Thus, th.rels e in the. art for rea
of ofﬁcuﬁgaﬁglggs esp er pgt tgr&tquchraegsgl q{gpgggﬁ%lagﬁg’ccmatlons
such as snmal | pox ] BRI EF SUMVARY OF. THE | NVENTI ON %gZSL'
most likghewera, Wit rwre&@ﬁw%@&ww R8¢ RERYIGUSHY beRILAGRaipd against
i mune response agai nst an infectious agent in an
smallpexithes refesmgrtodioegt uaedimationewhish mesttikelyaavieldy enhanced
i mmunogeni ¢ conposition conprising a poxvirus between
existing@dhptives mEmhany respomdesc t iHowewver, laftehthe stexesistul eradjeation of
and 72 hours after infection with the infectious
variola 8§ @miatur{alq%@ﬂog%mrlh ke 19805, widssprenderctipatieriowesiedssited and now

the use of a poxvirus for the
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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preparation of an inmunogeni c conposition conprising

sai d poxvirus for inducing an i nmune response agai nst
woamsiiziect i ous agent in an ani mal, wherei n saiPGT/EP2008/003367

I mmunogeni ¢ conposition is to be adm nistered to the

ani mal between 36 hours prior to infection with the

i nfectious agent and 72 hours after infection with the

i nfecti ous agent. [030] The invention al so enconpasses

R7APXBEVALSI rb8Soris Ebifd SblaR tdAHBRNCES BeRsSern R dédcrided
I nfectious agent in an animal. Furthernore, the

modeld SYFIHe HasE e8ofmVAETURGER e HEIPRPX Bmonkeys are

conprising said poxvirus for Inducing an i nmune
. : . ' ey
eoarsi 3 BRI RIS ESI T R PRI e o
physiolgaARY Bidbr ReeBaMIIFE nEAR 1A PeriAIER o7z el aleRtion o' g

infection with the infectious agent and 72 hours after .
respectivi @edpbanimiels Heweyer; ECTVOgthahideationp drmyice gambe induced with
preferred enbodi nent, the poxvirus is adm ni stered
low virdmedogesnvid hd trapiratary seuteo moné eesearablingi the begénning of a natural
i nfectious agent and 48 hours after infection with the
smallpoxfréedtionu F uathentnord, 0890 Vi Ranguefsqratiedogieisdnlimmea such he high
poxvirus is replication inconpetent in the ani mal.

neurovir@Rate | dragtiddrepef bedy ashpdane fdmpératuirgdsaiuretsnotdypical of ECTV
Modi fied Vaccinia Virus Ankara (MVA). [034] In a

in miceger{/gg\? ﬁﬁegfgﬂgm A&Mans ! MRisMdRIssibfy Gdhér@aBond 23alto bivery rapid

erred enbodi nent, the infectious agent is a

s AR o3 B gy
I to.nix .08 TCID50. In a preferred enbodi nent, the WA
smallppx! O stered intravenously, intranasally,

intra cularly, o cut aneously. [037] In one L
b alrBaicoeiat AP EhalENG 7 mome i apEde pecination
reconbi nant MA and can conprise at |east one N
was danetwitho VoG EIstigst di wagdested ddpdirre/ Ay Hgtreg wonld pgdafibitory
one antigenic epitope. The antigenic epitope can be an
and it waas foymditbablpCtropturation ard cytokine praductipenin. vitthwas inhibited as
i nfecti ous agent can be sel ected fromviruses,
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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fungi, pathogenic unicellular eukaryotic and
prokaryotic organi sns, and parasitic organisns. In a
wopnesigteed enbodi nent, the virus is sel ected PCOMP2008/003367
I nfluenza virus, Flavivirus, Paranyxovirus, Hepatitis
virus, human i mmunodefi ci ency virus, and
vi rusescausi ng henorrhagic fever. In another preferred
enbodi ment the infectious agent is bacillus anthracis.
[0738] The irveatienresiceenbbusthmd, MoshFaesitantho imevididteprotection
I's adm ni stered between 24 hours prior to infection
to a vem ﬁiﬁh @e!o?%ﬁﬁéé&@ﬁmiWS Bbe&iBd-sphcie Wokvithd B ndrii @svedll as
th the infectious agent. The immunogeni c conposition

imm ung %@nﬁ)ﬁ?rﬁ%d%a ﬁ/ﬁfu%ﬂﬁ. %L&Re? s [Srjofg%tiaﬁ rllé %@qﬁé“?’g‘% :Ml'rrgps the

_ ous ‘age e apl’m ni'stratio
et o T B RoSREh 855 FORF PhBLE R B s
deacly PRKKEHS BHEGHDIR TASPHRbLR. 6 olRTGUA! B8 el RabSSure to smallpox

invention al so enconpasses a kit for inducing an
or other pathegenespYdEse®ai nst an i nfectious agent in an
ani mal , including a human, conprising an inmunogenic
[0 oS he irventiomalscsemeprapansesithe ssaof MMA wodsatemhinast MVA
wherein said poxvirus is replication inconpetent in
as emetgencyatviolspagainstad kadge paaelhofratiner gAHdJerty. €Ttee mvientiors airther
kit conprises an inmunogeni ¢ conposition conprising an
encomPésesAitflef AéAuLtEH ONGsdPaklebhvteriatddcerhaigeneg esuls against alarge
conposition at a tinme point between O hours and 3
panel c%?i(blrégﬁo&grﬂg? rllg%@dﬁ?&ﬂ?ﬁ\‘é" BveRicHcd U Beldripieyed BtithBFap@utié

etween O hours and 72 hours after exposure

e ) 95 b5 s B PANATIR B B iiuen. e

one enbodi nent, the infectious agent is smallpox. In
smallp@t ot her embodi ment, the infectious agent is bacillus
anthracis. The infectious agent may al so be conprised,.
{A75hi hhe Hwertien eRcampasasathe wﬁea@f% BRYirysfor the: Reegaratipn of a
enbodi ment, the invention enconpasses a kit conprising
vaccineforitheniarig érdustion b esprotastive dRpIune ragremsevizamagimal, including
instructions to deliver the inmunogeni c conposition as
a humargovhaasinpgbe ioklvieusiist replieatippsincempetesirin thesnimpad4dgluding in the
is to be understood that both the foregoing genera
humandescri ption and the follow ng detail ed description are
exenpl ary and explanatory only and are not restrictive

[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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of the invention, as clained. BRI EF DESCRI PTI ON CF THE

DRAW NGS [ 044] The invention is nore conpletely
wounsassood with reference to the draw ngs, i RCHEPLI98/003367

[045] Figure 1 a and b depict analysis of Dendritic

Cell (DC) maturation in response to active or

i nacti vated poxviruses. Flow cytonetry histograns

showi ng expression of CD40 or CD69 on FL-DC after

[0T8YPRhé M rEplictionVifcdrhSétenPan@ans Miat tiadiris/ hdws ght
panel ) poxviruses (shaded histograns) as indicated a)

ampllflcg{i%vn r%%\é‘f Ie@PWan q)lﬂ%arﬁgéﬂ llrggpyuéﬁ a8 lines 293 (ECACC

["at i on I st ogr arrs One r epresent at Ive

No. 85?@5{?)”@%@ ?%;g{;)d ;g Eﬁfzg(%@% £ ITI%NQCLF-%EH\@ HaCat
Boukam)o ﬁ&@lﬁl use Eﬁfc@nfqqug 73’[ 1t €1 f8|8§)) en{dggfh&%ok\%tic%@ as outlmed in

hi st omms show ng expression of CD40 or CD69 on, FL-DC

Exampsz 1 WO{O/#248060r spmigespeciic MY AxTebs andfiatihe yirus does not
(right panel) after incubation wth CVA ECTV or WA

replicatesinimdhans @t (rsthadeigenedel @sadasyribed in O 02/42480
stinmulation (enpty histograns). The simlar histograns

publication. the wild type activation are part of figure 1. b)
FL-DC or ¢) GWDC of TLRO-deficient (enpty columm) or

W7 y@ee sindedrhént, 8@ inokntion ernenepadsiesd ade dvastink or method
active (left panel) or UV-inactivated (rightpanel) WA

as abo@é‘ C{Nﬁ&%wﬁ%%ﬁéﬁibé MU edR8poTR0s igen el 4t $n #&53@ than © days.
| SA. d) Sorted FL-pDC and cDC of TLRO-deficient

iz U T
(MVA) S“a"n?%”ﬁéﬁ‘v biaS7E PSR 2 Pat Rlelerabl BV BN O otive

E‘ﬁ*&?g% %n@gél ?%@o@%r%-ﬁ%%ﬁgtmgﬁwbove

colum) and the supematants were anal Ezed for |FN-s by

wherelEmssmrusq@m @@@ﬁtﬂa@w@dewgs@r ifrAiiewady. the invendionigpgompasses
experiments are shown. [047] Figure 3 a and b depict

virusessehtainedlin af sasuindres paltivatibrprReessf i ci ent mice to ECTV
infection. WIld type mce (a) and TLRO-deficient mce
[082] wer ené emboidivhernt; i poxvirus és giministesasincd dBEUf 10° to 5x10°
(TCI D50 per nouse) as indicated and survival was
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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nonitored for at | east 4 weeks. The experinents were
performed with the nunbers of mce as indicated and
wodedsa3tepr esent at | east 3 individual experi mearTEPR@s/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

dogs, daits; &coRbmiictilusiportant dniffild s@dh 83 eglves, cdthersheep, goats, horses,
experiments. [048] Figure 4 depicts that MA protects

pigs antf diflef X@ﬁ}é@@/@h {e/x\%lrgi'cié,efé@.'m@ BRI ay WIsdbé esBalfor

oses 0 ype mce were 1.n. infected wth

C

econorh e mBEfi oiigs b RIS, Boss o hERRAY sk are
squar e +08. TCl . af and surviyal S .

used ti) 476 GhedPTe 3o infeitdbe o P s SRR PofEnan'e of BRapaisatge to

_ _With the nunbers of m as indicated and data :

infectiqus freg@mt Vifiieinysald, cel. Jertaen Pﬂ%‘i’“@?%%’i"”@!ﬁe@? Wesr & the
[049] Figure 5 depicts that MVA protects TLR9

presentidesaripdinn rafece prafeabliete miammalianedanesticprimalstpane preferably
doses of ECTV. TLRO-deficient mce were i.n.

to dogs, whés; tcabeist tattlet stedepd geat pids, BOMe¢sadeensdi cat ed and
simul taneously i.n. inoculated with (black synbols) or
jgg4hortefeibhy, tise immahe YEsHishsEGE R5Srotdctivi/Amenuhesnesponse against
was nonitored for 4 weeks. The experinent was

a poxviPgs friPédTRM, prdfbrdbe anstiBfick iffecibe e TAS proiciaé almun@I8sponse
Figure 6 a and b depict that MVA protects TLRO

oy ' M, &2 18995 55, 109t B8b. &F00 LD 50 of
can pr%ﬁgbﬁ%ﬁgge&%gyp#%eadéégﬁtgcug)zngbus'ly. a) TLRo de?q cPent
small Q;i(ce were i.n. infected wwth 1E+02 TClI D50 of ECTV and
P I'mul taneously s.c. inoculated with 1E+08 TClI D50 of

(pl ack squares r wthout rey square) b) W]

50 [ G sPedimant. Plambtatiels b EGmBHeRLioatus: Pisdergbly a

and simul taneously s.c. inoculated with 1E+08 TCl D50
recomiipanpyMVABNBk squares) or with the corresponding

amount of 1E+08 TCI D50 of UV-inactivated CVA (bl ack

fa86hnghe poxdus,camromagsershieast ere hetergogeuk sucteifeacid

experinments were perfornmed with the nunbers of mce as
sequenaediThattenn dmetectiogoust msassedtin tie pressol applidfatipnsefers to any

i ndi vi dual experinments for wild type mce with MA and
combir@ien ©f paticieadid fsequehdab thupis noteermalihfduvidi intimiatelnassociated

CVA or for TLRO deficient mce with MVA. [051] Figure

with thd ve®irth&tutdaretdfoigatied matbdbidddisaticdeic acid sequence is a
|FN-1 - R-deficient mce if

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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gi ven sinultaneously with | ethal doses of ECTV.

|FN-|I -R-deficient mce were i.n. infected with | ethal
wodomsasiaf ECTV as i ndi cated and sinul t aneous! PCIT/ER2008/003367

i nocul ated with 1E+08 TCI D50 of MVA (bl ack synbols) or

wi t hout (grey synbols) and survival was nonitored for

4 weeks. The experinents were perfornmed with the

nunbers of mce as indicated and data represent the

prokarydti®Wrhaniesatind ?)@%sit‘id\@rgaﬁ@rﬂé.dmﬁé vRUSES LareDE Sefdtted from the
chal | énge dose of (1E+0Z and 1E+03) or one experi nment

family @ﬂhg%?ﬁztag\nﬁlslhmiﬂgsga%m% A gs%@% | T O0Ar O PRImdn gur e

ong time surviv nfection even in
. the. presenc f . WA .de j [ n . .
immunp g IR (O HERS TRt e R BR NG, BT dhedpfectious
W t h gos. s of  ECTV as indicated and sinmultaneously
agent ganbe paglys %G+ h 1E+08 TCI D50 of MVA (bl ack
synbol s) or w thout (qr ey synbol s) and survival S ..
il t b insesiorolRRIRETOGIS RUGIRIF iaFichsequeNCEE 1 Brefegbly into a
with the nunbers of mce as indicated. [053] Figure 9
non-esaential regide of the vineg genone halterpetively.aheheteretagaus npckc acid
deficient mce if applied after infection with a
sequeroetibihsetiesleataf n&Gially ocBerindedélefiemsiterpt thendrad gename (for MVA
infected wwth 1E+02 TCI Dso ECTV. After the indicated
discloskd i ® I ERY6/02926 )M éthod$ hbstoQhset2hBiesolb§dus beqlricés into the
infected mce were i.n. inoculated with 1E+08 TCl Dso

viral g&fonﬂ\é/éufera@SlboiVﬁ?IOdeﬂonﬁ’é atd kit td 8'pRYsasiane&d indthe art.

survival was nonitored for 4 weeks. The experinents

4RES RELSRIES St Brpiigicn ooyt e
ccom SERETAATILE Sl R GBS HTRnfr  nk  °

. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 054] Reference
medicapent. now be nade in detail to the present enbodi ments

exenPI ary enbodi nents) of the invention, exanples of
ot hingeree embgsimentethe MVfndruscie angleaily charasterigedday hayng at
Exanpl es section. [055] An animal nodel applying
least oneyt twvan as preferaidy wee obthesfobewingrayadtageghs\propemiegeni c
nousepoxvi rus Ectronelia was used. Like Variola, which
(i) i s dapghility of pepriotiuictiieeplidedioh ummifrosp ebicken efdryafileiobkasts (CEF),
is highly specific for mce. Both Ectronelia and
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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Variola enploy a | arge panel of inmmune-suppressive

strategi es and, when conpared to other pathogenic
wopoosviztarges e. g. "Vaccinia virus Western ResePU®EP20080Y3367

areevol utionarily nore distant to MVA. Furthernore,

both viruses are highly pathogenic (low virus nunbers

are able to establish infection and cause death in

many of the infected individuals) in their specific

(iii) NoshductibARP &t RALL the safidleValrdf ehacifdiinohé ed&Ionde iRt &ccinia
able to infect their hosts via the respiratory route

as v?ruﬁgf'lme%adma Qirud POSE Fédithes '\:Aﬁ{entd?)%%réa?ém prime/vaccinia

Ectr la Infection in mce iIs a nodel system

forég}jg:“[gﬁ% r%ﬂm?és humans by Vari ol a [056] The

n ani ml s denonstrate that the
d stration of MA together wth a h et h
GR0E Bor todrrEptelioR st PuinBg L roptbasiicty HEMYA Yackihia
agai nst the deadly exposure. | mmune conpetent mce
Virusessarcordied te Kie INEBHen aF CRHETtepHioa pRYRIPIODISALY Resptable form.
exposed to at |east 47 fold the |l ethal dose of )
This carche dame based 0B the experirias iorihe pranaiatigvapMyf veeringsesed for
were enployed in the Ectronelia infection nodel. In
vaccination agaiest,smailpoxi(ae deactibedchiy &ticklyHr af ak,detsph.omeTL Rschr.
(TLR9-KO). The pDC of the TLR9-KO m ce can not respond
99:2386/23929(1934 | Tamidallyj asdut waF-108 pBitislesnof thelkevombiast MVA are
was found that these m ce have a drastic increase in

freeze-%HéG ‘PrPFh@édeté‘-bhﬁeFéﬂ §AMR! (PBS)MH &fd pReh8® bk 20 p8ptone and 1%
nore susceptible than i mmune conpetent mce).

human[é?élﬁ%un%gé?} %ﬁ?S%ABréera\UIJ é g éés“eta{?nﬂ)&ﬂé airpd Iﬁ&éﬁlﬁ‘saté fcan

oun I'S not endent on t

Contal%ﬁ%&g@erﬁﬁgycwn&zﬁpﬁ@k E,()Fi;an g[a?géll flﬂgﬁlrl%{cj:t]%%domere' n

oA SR IR SHE L ST RN ot o

t hat MVA woul d aI so be able to Er otect TLR9-KO m ce
parentgrahagdministration athe glagaemeaide isHaen sealedrashean ke wiqred.

I ndeed, application of MVA at the sanme tine as a
preferati vyl tyrrmamyes:lbglewﬁOE@tﬁooﬁeveral modthsct ed TLR9- KO
m ce i medi atel y agai nst at | east 500-fold the |ethal
(0851 Bbr &drnimistedtion. grdbdiapirtbe hyaphilisatenearc beplissoivesdn 0.1 to 0.5
nouse nodel was tested that |acks responsiveness to

ml of ah\4e@ebus BbREIOA! BreferablybHysiolddiesisatiyié cdndasmitistered either
bel i1 eved to be essential for survival of viral

parentéﬂéflf,cﬁﬁ @ﬁahﬁl%ﬁﬁr@hus@ﬂ@ﬁﬂ%ﬁu@éﬁoﬁ | PR A S @ BordbodiOns,
at the tinme of infection with a deadly dose of

vaccin&E b HERAcutiRE ARG FRYR PelhGitioRhre Pétrably 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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this invention protects normal as well as severa

i mmune conprom sed individual s agai nst ot herw se
wogemdi3y2pat hogens. [060] In contrast to prior PETER@S/003367

the data described herein with Ectronelia show that

I medi ate protection can be achi eved (giving

protecting MVA at the sane tinme as, or after, the

pat hogeni ¢ poxvirus). The level of protection is not

time, oP8&veraERRBE dves NagatlkipRiotan ofd t6 dieaih iapredriadé indfune
at the latest 2 days before), but is also nuch nore

respon$é§ ﬁgélhgﬁhéf rélgﬁ“éﬂf?%é?i’”pet ent mce, the pr Ot ection -

actor excee D50. Furt hernore,
(2D "B AR SobHRh et e G 8 t%@%?ﬁ%ﬁﬁ%%?ed

inf nmece.is . fe t on
Preferatiy. i pRpORRAIT-Sup Mb Sedintn UiraH @“PB TR Pfefege
i nfections in humans. 0611}| It is wn here that
embo%’@Wﬁrﬁﬁ‘@&”@P@"Y'@&o@rﬁ;\fédE ‘?Lﬁi’? pendent and
i ndependent recognition pathways. Herein, it is
[H93bnkis an @ajetcha?trpmrnsg@nnuemwpmﬁgwgela ethod for vaccinating
Ectronelia virus effectively suppress the recognition
an individaalt dgaifdt ROpathdeer ad @stto paovide ymmediaie ratection. In one
recogni zed to sone extent via TLR9. [062] Pl asmacytoid
embod[peertptP@) indivRiuan s vadcinated WithwhvahprefedibbeMVa-BRI®, near the time
amounts of the antiviral and inmune regul ating

of pathﬁyéﬁ"ib'e&ﬁésJ RePePrefdrab§r fh%r\%b%lr{a'tlghl‘lé betiben2B8ys prior to

ecogni zi ng pat hogenl c DNA), whereas other cells are

exposﬁg'aﬁmgs;’g%ﬁ%@pe 445 B 5B} ] Pn i Botween 2
sors o m& %a%"&?r% LRI et o

vacen SRR BB 5 R el RO ERER i Boure. The
product | on of pDC is only reduced but not prevente

vaccinatipngarpbe af & gaysprist. R @@ermﬁr,theaweue@ 12 heyirs pﬂor or 0-12
poxvirus Ectronelia reveal ed that mce | acking TLR9

hours prior do therexposunan Thegaceinatiomcar alse haatihedispe ohihe exposure or
A simlar susceptibility and death kinetic in mce

0-12 hauralplost-erposeseot2i2d douF\pbstvagosote, flodmdpostiexplosiee, 2 days
known to be essential for fighting viral infection. It

post-expds0as) - 86l eduidyedst-axpastire; A48 howrs poshexponatho®dticurs post-
viruses effectively inhibit the TLRO i ndependent

exposUr8 COIDIHIUP pos sk dIsRRS, LPaSHR SdstEx s&'r%oﬂrbgi@tpdé'tfeﬂbosure or
recognition and I'FN-1 producti on becones essenti al

even16|?fé§s o'é é,%p&g[rgl n denonstrated that TLR9 is an

[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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vivo highly relevant, PRR for the defense agai nst

poxvi ruses. [064] MVA-BN(r), a highly attenuated
wopoesvidtaze that has |lost the ability to repli cRCEEPR008/003367

mammal s, is a potent inducer of robust adaptive inmmune

responses, and vacci nated individuals are protected

agai nst species specific poxviruses (e.g. Musepox,

nonkeypox, Vaccinia). However, effective induction of

embodRfGk! theainfdBliBiS abeRPRNSRplitAMEScHyStent peaydist dnwesieserred
whi ch | eaves individuals unprotected agai nst exposure

embodLrHeﬁtf‘ﬁ%%{ﬂﬁFalﬂ%g&ﬂ%?%\(i ng that time. It is shown

erein that MWA-B i nduces the production of innate

(Yo RGBS vAod Rl el REFIBBbLY again
roduction of innate inmuneprotecti.n t oki nes ak?]y WA

an infefiotls AqRNL o B AUTAL SRINNSYEY BERVESteRY (7 AN giaa 2
immung A CABRERYION BT s AR AR skTLe 20N Tr ArnBBRl Py S days. 0

together with the highly pathogenic nousepoxvirus )
to 2 dapetG tonkdays.marct ec2 days.ranany aberprarebinatior ef theaheiys comprised
doses of Ectronelia at |east 47-fold the | ethal dose.
by thedenddyse(eaps@r1@e 18247 PRB6, AdA4 8,12 E2B6-ABet8-8048-72, etc.) after
protection to doses of Ectronelia at |east 500-fold
infectidhh&ith eh hefectiseagdntpén one rhsbddirnthe thelimfectiusagent kah
even mice that |ack responsiveness to I|FN-1 can be

replicaﬁ’cﬁr@&&ﬁf)één‘{ baxWMA. AAME pictérréd eRbodiph&fe tHdVAniRiad s heiman.
if applied at the sane tine as, or after, the

gyg&sy Oﬁﬁ@'ﬁr&eﬂﬂger{ifgmer. éd&%ﬂﬁgh& ﬁs@&éFLﬂe@%%%@Lﬁbo%W kits

nmedi at e otectli on, I'S muc Irer ut 1n

addi ti.on ch [ r.Q (=50
comprigig i nicb i rRES PRI RERpAS TSt s abisrdd MyA-ene.
. the | atest 2 days. before the exposure.to. the .
and ingyAicHerg I Lelver IS IBMyBPAeIG RMERRHPD At Aiepeint pefwgen 2 and
LDSO} (VWO2006/ 089690 and Staib et al. 2006, J. Gen.
0 daysyrippfo expospoe o agnfechoyseagent] ingHing i hios(d daysoprigyito
MVA around the time of lethal Ectronelia _infection |ed
exposure, 25 welliag 36mtddbal.corpt bowcrriasio gyaesive. déw timepoint can be
i mmune conpetent and TLRO deficient mce. This
within amneatbinatipn of 4t haurswasprisiey hyahesabbys (eged@edl, 48124, 36-24,
functional IFN-I pathway but fully dependent on
24-12, adaptety g prioMariafactisn e inféctivhswgemt.t h
| FN-1 - Receptor and Rag-1 deficient mce respectively.

[0879" TREiAVENntiVAIR) efcdrisseiRE ubeRYf 8o AsbRNInethe®s and kits
adm ni stered two full days after an otherw se |ethal
compribE &t ihftRuMbddhiEEbPBBIIbA BhpRing™aWRIVA, 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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MVA i nduced a solid imedi ate and even post-exposure

protection against |ethal poxvirus infection in
woiznosuaer2conpet ent as wel |l as i mmune- conpr o S@AT/EP2008/003367

animals. [067] MVA not only protects immedi ately, but

the induced protection is, in addition, long |asting.

Mce | acking TLRO (LD50=19) treated with only 1

application of MVA were protected when chal |l enged

Eﬁgagr TRe Wantionidldb Enciimpaddeskitd doetheahdlrtionasted ptective
>500 x LD50). [068] MVA-BN(r) not only induces strong

immun@q@%drﬁ% ihEA R TaE SRS 881y ( §80 iexAe @spbade Is dificte@hgainst

neutrali zing anti bodies), "but in addition induces

' . : o as o ncl udi

an infefid B o O R oo P AR SRk i R it s an

. highly effective and, inmportantl i mediate . . e

immungagRicomaesHion SRTPISIRg PR (Terel s BRYTyY g replication

) Thus, MVA-BN(r) bridges innate and adaptive, i nfrun )

incompaleRidn S8 AMEh PRSI RE et o A PPBIRGS 1S8 Marified

_protection to |l ethal poxvirus challenge. This _

Vaccingy Yires AnkaracvAk Toetkitnay alse eameiseinstioglions fey thesdeliyery of
a reconbi nant MVA expressing antigenic epitopes of the

the immpanbgerén sompo6@ipn] 7 heldyé istpoefieeably MAA-BiN. Brafgrably, the
protected if given around the tinme of infection, but

immunagehic Ghipusitam danitaingd 02 tel 8y $0°% TCIDs/aridf 3\dayis a preferred
partially protected mce fromlethal ECTV infection.

embodithe®X, tfCafiftdl id § haHieTRE ihdtrudtions fedulivereof the immunogenic
vacci nation in orthopoxvirus-nave individuals is

composfibhicad difdaf fﬂé@élivteﬁg lr%a Y%%-tin@ﬁoﬂ?sgbﬁmsé%p%sure or after

vacci nation agai ns pox succeed? Cin. Infect.
| - 522~ T ffiCl
exposiba 1o eny S LFERD G ln HELLE Ghe 6t Batweon 2

ost-infectipn vaccinations, nD i kely were w th . .
days PGl eXROBUI R 91 BUEHE AT AN P SFeGiMe 18 the infectious
vacci nated agai nst smal |l pox, thus referri n'%@t@gvgr%%satfter

agent. \Jaanerrimbedimant cthe ipstfuatiopg diregithaking MyAY

exi sting adaptive nmenory responses. However, after the
exposua de &y iectious digeat.insefesably asisoon agspassiue artar exposure to the

pat hogen in the 1980's, w despread vacci nati ons were
infectidusl ageoht,amiich gsvptetfierabvhj smalipoxofThetkit mey Futthssponriseran

has never been vacci nated before. Mreover, the prior

infectictisUilj et® agklefinpé heedininl ageppadte &H andiestntions édarctheatetidery of
with a fully replication conmpetent poxvirus, not MA.

the infédibBk aBhfR) afTBARNA, ineiudthgth hlRTanVARY iMBctiGudTh§éntas preferably
MPXV in nonkeys have
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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not shown therapeutic protection (Stittelaar et a/.,
J. Virol. 79:7845-7851 (2005); Staib et al., J. Gen.
wOoXhesa319287: 291 7-2921 (2006)).[071] Several reas®mr008/003367

coul d explain the differences between the descri bed
nodel s and the present findings. Both VACV-WR in m ce
and MPXV i n nonkeys are regarded as nodels reflecting
only a late stage of smallpox infection due to the

can dir6&ERyefyoatars-88) 48:2h] 8-2d 0349 2\ et edridraobirfeafiph etth an
for a lethal infection of the respective nodel

mfectloﬁg'aré%h?or glaveyoraq beIA6 1atd@l24. 1 es8-49ns8 60, ABGR, 68 after
be nduced with Tow virus doses via the respiratory

mfectlo'h%’i?tf%% )'iﬁ?léﬁt]ufet%f t.' E’S Eéao gg(ﬂé WEWH}%%@?IIWX or
bacillu 3BT ig ] ﬁgg}g’ éj‘é'r‘] 8ﬁ§cﬂhgi‘¢gﬁgg2\%$§%ﬂ$§tg{ % es
A L A Y

rapid death of the infected animls, again not seen in
the MViprke gdministerrd indianasaliyng nat ural smal | pox infection.
[072] In the case of the MPXV chall enge in nonkeys
[He0hPee pathogeods peafemblyayirde oe akiacteripnev.Eagire r.edl t
was tested whet her VACV-El stree would be inhibitory
embodinéhti theyssthbgemis 4 pakvikXs, pedfarably aVasioth ciyasoki ne
production in vitro was inhibited as seen with other

MABY) Rt 6l BmboEinYént, tHedhdivitRiaRiReM he Ity Birdahi Of another
pr esurmbl y needs a solid induction of innate inmune

embodm‘?&t\a |eSiEi vﬁd?)%'l Wb Do ABhb¥bhplonsike @ kuRfh, F6r Q&’drﬁ'&@ HRSIV-1

or t e adaptive i mmune responses to devel op,

mfectea t}fc[]\ﬂeﬁé‘lt L ||ffmf’ hE&W@to%ﬁ%per'ﬁ?éhus F%IUER t3ék|

OpOXVIirus al’so ene
s .inf,ected w ed St aib and

'mm“”%'i”?%é@ﬂ%%d K5 8) aﬂé’\’/%V'QHBW'ﬂfﬁ T9R%e were better

rotected with MVA than with stree if ,
F ek Moglifieg aasktia V@U%ﬁak@r@r{a}é@ﬁ/@ﬁ%@w@p et 36¢ nianly
J. Gen. Virol. 87:2917-2921 (2006)). Thus, WA
attenuajgéwgcqslalaoww straiprisuaablee raw'@ahrtla@e@ad\/%md other mammals
VACV-El stree in pathogenic orthopoxvirus infection
tested.nButIsinoshdrat gehe exprasstonas usimpaired i@ nompeemiseyRasilsnthe
pl ays an inportant role.[073] The invention induces
recomisiodtV VAndruse® siccordiry teatheligveritionedapbe ysedtascexamptivoally safe
a very high dose of exposure with a species-specific

and effRFeritidxBfedsibpédtBls. as wel | as imune conproni sed
i ndi vi dual s. Moreover, this protection is |ong

D5 P8 Jk‘ég’lnélt]Sn NME BELSR VR RYEr 8P sAallb8Rariola virus, have
trea me)r(l\t/I under co'n |ti§ons V\herag‘jéqw ck prgt ection
develosgé'i“nﬂﬁﬁple 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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deadl y poxvirus infections is needed (e.g. terroristic

or accidental exposure to small pox or other pathogenic
wopoosidtazses) . [074] The invention al so enconpaETEP2G08003367

use of MVA and reconbi nant MVA as energency tools

agai nst a | arge panel of other pathogens. The

i nvention further enconpasses ot her attenuated viruses

and bacteria as enmergency tools against a | arge pane

abroga®éd m@tm@g@%endemnaﬂ% bh@Riradtizally Meesddeanthe aulsdepiibility of mice
enpl oyed for therapeutlc i ntervention, giving the

to mfecffl%ﬁrvﬁﬁﬁﬁ'ﬁé rﬁgﬁll\é‘ poﬁwﬁf pox Ifé GiruSHOPYS. esinfultdMous

hogen, 75 The |nvent|on

admlnlgt?gt%}})&srﬁgalfga%aﬂ 'eao‘f'%%’s Ct | n @rég tlgé gﬁ%{jﬁih%ﬁon led

vaccCl ne

r 0 . i ncl u
to a solf EN@eAlais BB agam%%@ U7 ekt RpEs BRTLRY e
nimal , including in the hu 076 he inv
mterfergnéboeéh@ﬁeﬁgsréb’ﬁ % R)MYA@@@@M b %6%3 %ﬁf&mfsa?red after
the rapid induction of a protective inmune response in
infectioarwitm EREIV. Tlhwes, MV AP NCHdwged abelidinmed@teardievgs post-
replication inconpetent in the animal, including in
exposuré@rotenton afaing] lethal &G \éirifectiomentmmune-¢omapetenbas well as
enconpasses a nethod for the rapid induction of a
immunpfodngrbimised niagle response in an animal, including a
human, conprising the step of administering to the
F!ﬂ'oﬂ?*rhe liaed prtiseatdd5elBWNR Exat XY ittiretigh At dérfonstrate that

replication I nconpetent in the animal, Including in
tepty
poxvnszI%E Qéjgﬁ&v{\%&]loﬂ]g rgitg%v\;s fagrﬂh%sc@fltdlls]ft?]\éémggfaafrlﬁ éjet?cted via

o ghiEd pelh D @Ee'ffaga@f%vﬁ@@% BBSE Mya. 2 oy
attenuép%%ﬁ%@\)/ &qﬁL Ilé§T sl%%J(qg: t)cl:g_ Zalrgipe(lfé’g,gr)\zjn ((:ﬁq% r%pfﬁgnd to be

conditions as outlined in 1 of WO 02/ 424@10 f or
recognZeRedysplai i QOM/N'§9T%Pﬁ§dS'htoﬁftqu'tR%féd“%R‘%‘lﬁ’@”& paWaRYs

replicate in humans and in the mce nodel as described
whereasintdiC iWw/appaly 46cognizsd viatthe L Reendppendesi@athway. This finding
enbodi nent, the invention enconpasses a use, vaccine
is consmtemltemtfodrea/sno@tfmcbngsmmh ¢SV Helophotirtt. ievel.i Rmmélatl. Acad. Sci.
response is generated in |less than 2 days.
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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[080] In one enbodi nent, the poxvirus is a Mdified
Vaccinia virus Ankara (MVA), particularly MVA 575, WA
wOoR0@/11armd7 preferably, MVA-BN(r). [081] The i nPEREP2098/003367

al so enconpasses uses, vaccines or nethods as above,
wherein the virus is a cloned, purified virus.
Particularly, the invention enconpasses Viruses

obtained in a serumfree cultivation process. [082] In
D1©5¢ Bhd thienrespbhse fothd ihbstivated NIV sCPXaUahd BC T siruses
of 105 to 5x1 08 TCI D50 . The poxvirus, in particular

depend®ohaRe PPotHBE B $LRDCHesé frusLsABEaikBY iHiBk bothaha TLRO-
I ntramuscul ar, intravenous, Intraperitoneal,
' | o i . r O : :
dopenddit A Be'TH ol RatibR Gt Yo WA, SHIGRIY i fhe absence o
j omuni zation . ef er abl er forned rent erall
LR, [ h i Bl eRaR ¥ B B Sy SRifHregu0d otbe
subcut aneous, .intramyscul af or oral inoculation.is, .
maturagq@?@?fg%axprfm]r} w3as 3holis t%g(\fer%lqu)wg'uaregggﬂgd inhibitory genes
' dinvention the term"animal" covers al so human bei ngs. _
including e YARM BIadyct ohA46IR ansl AS2R o(Bawvie &b aks Eramii(. Acad. Sci. U.
preferably a mammal i an ani mal i ncluding a hunman.
S. A. 93@di6Rt 10 16XA2PP6Y Hante @hiaial/ sExp.dVipdt B9 5a4B-389d@g83); Stack et
cats, economcally inportant animals such as cal ves,
al., J. Exp.tMeq. Zetq0 dat 8 (2005)slesvepvarh implicatet ém thennhibltioawt ALR
as mce, rats. The invention nmay al so be used for
signalifRf@BRIcuRS! |Gereipebhpairisbhs 88 EDTON GBA! CPKEY&Snd WA show that
goose and hens if viruses are used that are capable to

all 4 vi“é%%ﬂav%?ﬁwﬁ%l'b@h?s o llBRANciSIRgeCARABL RISt 1S NGen. Virol.

repli cat i'nfectious progeny virus in said cells.
. [ " do . . . .

o0 0TS0 s ST ol Bl 88 o S3R oreas v
ani mal s feraply to dogs, .cats. calvVves

acks U8 O BONeAlo G TG Vhisyen HaRa Bl edisetTpbfly stuay has a
Preferably, the inmmune response is otective i ne,

fragmepiad,BpeRR 9ghaiviien MOsbikE Y gt tiona) rﬁ&sP é?té]-agff’rf% 517:165-
snmal | gox infection. The protective inmune response can

186 (2902 eMatslycigate the potgghaligie of AdeReanst A52Rdn thepinhipifiongyf DC
100, 250, or 500 LD 50 of smallpox. [085] In one ‘

activationtvidiheeritR9 démendext and independerd cecdgnitiont pasbways, wegombinant
preferably a reconbi nant MVA-BN(r). [086] The poxvirus

VACV<ERiBkinggriexpessing A46R amaeASZR duot bgensonstrleted. @cirdcombinant

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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sequence. The term "heterol ogous” as used in the
present application refers to any conbi nation of
wonoe/sie7aci d sequences that is not normal |y POUXIP2008/003367

intimtely associated with the virus in nature,

Preferably, the heterol ogous nucleic acid sequence is

a sequence coding for at |east one anti gen, antigenic

epi tope, and/or a therapeutic conpound. A "therapeutic
togeth&0 FRéthta 80ggesthBynéitier MeteR @ndggesolklg krbsaed tyithe non

the reconbi nant virus can be, e. g. , a therapeutl c

mantJW‘M\?AFn&CA@bF?lé?@tlfbsm% rAMibRENIDiBEHR! 6f e 'F'LR'Q dependent

peptide or protein wt deS|red bi ol ogi cal activity.

b
of TL%—Q{??QQ#%QM{&(’S&M% /oF "an dtj VJ'hﬁnQHE SRy acti o

" _ genfJ of an 1'nfectious
1900 grretrR S heRERRASy SER i biiRBgpse WA s st
o Sof e B Ao SRR B A s G B

Fl avi vi rus, Paranyxovirus, Hepatitis virus,
Trends kB3 T: 62%@@9%09@3 Howen et figeant @wsaa@sqm&e absolute

henorrhagi c fever. The infectious agent can be
dependrcildnbe anesenaeiof the TgR psSomiated adapioomatgcules MyD88 and TRIF
het er ol ogous nucl ei c acid sequences is preferably into
as welbas\PRRe@enéd all, Blegudio9619-625 (20079y; Yaiewat al., J. Virol.
Al ternatively, the heterol ogous nucleic acid sequence

81:12102-1 2680 fz@bm Revehty al daw MEGEENlIagséoe fdr@NAI(DAIas
the viral genone (for MA disclosed in

identifi g éi%%@éocgtga%)NﬂN% 5‘@8’%0"?%5 @0‘0“7?)e rlﬁfe@ﬁﬁ@&é’ﬂs‘lﬁ%@ presence or

uences into the viral genonme such as a poxviral

absen%géggé‘%RWA .iéﬂ%!wg [SRI |ﬁd|€§{$‘g‘lqgatsthblréﬁﬂodsﬁ th t?r‘%)n’gfcet(:tec{ Bﬁ&] or HSV-

|ng urther e I'nve nt
C s the reconbj c ordln
1 but g BORNR w0 R e, i B PRl fﬁsﬁ nse to HSV-1
was reéwﬁ(}awitgp?gg@%g?po c%%eq%sgt{s hq? gggﬁ\r%:qé l{/vsquﬁipo? teg) suggesting the
preferably three of the follow ng advant ageous
exnstermeocpfeaddlt@al DINA wa'ﬂ)%fﬁqogwoﬁﬁaﬂ@@%d @thers dhave shpwatthalmouse
invitro in chicken enbryo fibroblasts (CEF), but no

embryeripfilroblasts resporgactiddY Avickinglthe gienerE 3Ly indépengentlyiaf the
line, as in the human keratinocyte cell |ine HaCaT,

preserddBSfINERBNEAREBalNkBN@Yaseelamilyl riemBeds TBRE SHamKKPABRI ef al.,
osteosarconma cell |ine 143B, and the human cervi x

Nat. Irﬁr%%ﬂgfa/rfd-ﬂgraoﬁgi and hat |_I!1ee fduction 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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(ii) failure to replicate in a nouse nodel that is

i ncapabl e of producing mature B and T cells and as
woosshidi®g7severel y i mmune conprom sed and hi ghPgT/EP2008/003367

susceptible to a replicating virus; and(iii) induction

of at |east the sane | evel of specific imune response

in vaccinia virus prinme/vaccinia virus boost regines

when conpared to DNA-prine/vaccinia virus boost

replicatic®GArtEiR-addiBRlonFPfunictiéndd heRRhahdwdl skindlimgLpreee pathway, which
conpositions, the MVA vaccinia viruses according to

suggesh I%@pds‘%“cﬁ?fd@ﬂe%@nlﬁbqw,& b@ﬂgbﬂérﬂs ma&%gb%ﬁt@ﬁ gﬁ! Y virol,

accepta orm This can be done base
f
11 SERRATE R DA R0, AN SNl ot B
: . _ . d. 9 97 : .
mmunelogiFel(Ppapitan N Brvkss SaTalIS2s! o FaHaIPRLR Hlaggponiton

MVA are freeze-dried in phosphate- gf red saline
of RNA(pRSPS;| ﬁqpn&espﬁ\@s@ﬁeeara?mﬁ%%s\@psﬁ Aiflerent Hiwass. some of
al bumn in an anpoule, preferably a glass anpoule. The
those emplolEH ibynaxviraaes.dnest Itkedxpeinat PROEQIS eveluHaR@iy IESSUre on
dextran, sugar, glycine, |actose or
the dewehdpym’rrhy)f mpdundantidNA)viros redgaitionipdghwaysch as
antioxidants, stabilizers, etc.) suitable for

BEBLE OB TR e
mverteqamgsmsg&s(sﬁ%ﬁfwz&@aggm@ﬁ%{gﬁ%%.ksﬁ@fgﬁ —
rors ST, b e R R AT B

either parenterally, for exanple by i nt ramuscul ar
evolutipm fardheir survival agatist Bighly RIRpGRNIE POALTUSORC EPARY PgKVirUses
t herapeutics according to the invention are preferably
infectingnigpties dirdsnd manyudiierent spaojes of mammals are Rppwnpakertebrates
Hyg., |. Abt. Orig. B 167:375-390 (1978)). The node of
as earlgdys fishsdsr arei kmowri treredpsad doCpGH® MA stismulation suggesting the
adm ni strations can be optinized by those skilled in

exprestiBR cRTLRON GhkEand spedugte thatithe TLRoSEteaNt as whikas the specialized
appropriate, to adm ni ster the immnogenic

DC sutf‘s%ﬁ@%lo‘yin%nﬂRQ’ 1 NP BroRiuchidie pRITE Weré %p@rﬂ%ﬁ%de@ ktrong
several 'tirmes over a variable perlod in order to

evolutlé’ rg d?eéasRR g t'h@tcfe&([ﬂl?ﬁlrkﬁ %ﬁ?ﬂg:ﬁ?ﬁq&gﬁﬁﬁéwmlral infections.

i'gh an i gen e pOXV|rus
IS an_inactivated orthopoxvirus. Preferably th
B¥108b pbRO iexprespignimeasing an@aumanwewdlffa& Heaibh. Whﬁreas in both
preferred

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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enbodi nents, the orthopoxvirus is CVA, ECTV, or CPXV.

[093] It is an object of the present invention to
wopnesvidte7a net hod for vaccinating an indi vi duaCTaga08903367

a pathogen so as to provide i nmediate protection. In

one enbodi nent, the individual is vaccinated with MA,

preferably MVA-BN(r), near the tinme of pathogenic

exposure. Preferably, the vaccination is between 2

punfed@ﬂ%ﬁm@Dl\m (SHes¥pas Uy einimtngl. AT SIVBSE9 £X PRGOG )¢ OB pessible
preferably, the vaccination is between 2 days prior to

explanéf‘@? Edh %ér @ellﬁtggt\e/ ﬁggé‘wc Bﬁﬁikeed?ﬂg&%f@son%{ ProcBYsthg of different

era cination is between 1 day prior to

TLR9 I@Bﬁd a{é Bélﬁ% apgd p]OSgIBKI &g% qﬁﬁf@m@%ﬁ% eﬂ;B%y}éaﬁﬁBﬁaéto?@ponly

rior

: s rior to.the . .
d'sp'avsiﬁ@‘t(ﬁ@é‘- o B Bt B Blad Y Faigpingpsvonse t
he exposure or 0- 12 hours post-exposure, 12-24 hou
MVA, @/@@tthg%mﬁyeexpie%ﬂgggnﬂerggggm fo the gyl f)@al TLR9 agonlst CpG-
post - exposure, 0-36 hours post-exposure, 0-48 hours
ODN. post - exposure, 0-60 hours post exposure, 0-72 hours
post - exposure, 3 days post-exposure, 4 days

ﬁlﬂsﬂ)j KO MAMURe pRite@BR thdliLedlB %M\,@Pﬁés g afpieleant iR ¥etting lacking
he i nvention includes a nethod for inducing a inmune

TLR9 ré%ﬁﬁ%% Snég%dg‘rﬁﬁméﬂe L pfvatibh Wﬁesﬁ&%@ td AVANWEE hapéolelyc

ng a nlnlsterlng to the aninmal an | mmunogen

depen antrggérétl"b%% %'B)(‘%r ?hgq%gtgregg VR ngnﬁ]@g m]dvyﬁﬂ Mrl ndependent
lmmung@ \I/arﬂ%tﬁ@%ﬂ@%:f:e ﬁﬂg&yﬁan% dcﬁrg% 'P@S c}fafcageatle%anqsowhere
to infection with an infectious

PDC nimbernoaMRGtioN a1k iusr BRs-sepeagemir Ne RIofusfion:ae igiaired.

conpetent poxvirus. In a preferred enbodi nent, the
Amongathiesealare QaECWmtrammtam patisnisinesnle talsng dmauge suppressive
met hod for inducing a i mune response agai nst an
drugs anff peopieowith bigh revenrunder amtiviral treadment iHaghdmenesalerd. dgmunol.
to the animal an i munogeni ¢ conposition conprising an

174, 230622403 e2G05bDyn by, BN(é1)al., Blodd 98) 257dap57,6 (R00d );hehimi, J. et
days, 0 to 1 days, or 1 to 2 days, or any other

a pi pedt By Aheserdayplant. 6, 2332-
al., J. ”;@”E”"f’ 16_591?7@?24% %26% 48, 24-'72, 36-48, ﬁan - 60,

2341 ( ?&5%2&8 %dﬁ ﬁfét%v tlnéﬁr‘r‘tl%;)g’ékt"th W1§ﬁ2@'{ﬁ986§0%rﬁﬁﬁ%re some
odi ment he i'nfectiols agent I's

immung erffgggqat | (metaﬂs et e% gs? \’:Lé’t%@ Wlthr}eau@éoe ifid ﬁ"n%uced 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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[096] The invention further enconpasses uses of the

above nethods and kits conprising an i mmunogeni c
wWoceoerspidsi2ri on conpri sing an MVA, preferably M/RCBNEPL)03/003367

and instructions to deliver the i Mmunogenic

conposition at a tinme point between 2 and O days prior

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

or 0 days prior to exposure, as well as 36, 12, 6, 3,

consnst@ﬁt witth previcRis ir@portsLore ity 8. VADE WietR ibeihet ins@n®eompromised
thin any conbination of the hours conprised by t hese

mice (\/V?éfﬁ @19 P é‘f’rvé’fﬁ AcH 831 PS4 104%4950-4485 02 0 chbrera etal.,

lor to |n ection wih an infectious agent.

J Vno' é??éﬂhfg Osgﬁonpasses uses of the above nethods

' ts conprising an i nmunogeni c conposition
conpr|5|ng an WA, preferably M/A-BN(r), and
(01921 T Sudy demaariraes ToadMlingiver ahine sampaisTa Foletaa! doses
a time point between 0 and 3 days after exposure to an

of ECTivhpretadted svilddpme and AdIRRAIdeficient mice @gainst deathy(Eigaft €ig. 5)
exposure, as well as 1, 3, 6, 12, 36, or 60 hours

irrespeatiVe bf tepsisalotappliaation, (Eigo6),the pestodxs callédhfimnagdiate protection.”
conbi nation of the hours conprised by these days

These fi fﬁdlﬁgs Ir\QJ‘lch?e tha2MEA m@éce%%ohaﬂm%?e inAone’ espdfsebfand thus bridges

etc.) after infection with an infectious

onpasses kits for

thehm?%ﬁé‘ﬁtrv% ﬁ]on onngr ot%ﬁv@a{eﬁﬂﬁne response in an
animal . Preferably, said i mune response is directed
i3 Ie cmﬁlnueﬁhédﬂemma@érﬂf the inpate reatacdippipasen thie

enbodi ment, the kit conprises an i mmunogenic

lmmeobainpneietctuwm podagelivdsnepriiedda viice whicthiack respamisiyeness to IFN-I.
poxvirus is replication inconpetent in said animal. In

Upon Hgipde$eexpokizehibhdseeite weee totpmatecteddoitise sarhbdixfendéds wild type
Vaccinia Virus Ankara (MVA). The kit may al so conprise

mice, sub§éstingtth@NENEIGs phhof 8R) protictionl HdveevemNBERize were
conposition. The MVA is preferably MVA-BN. Preferably,

protecttea% ilw Fﬂé@erﬂmlbma@ rhd?ééﬁtcﬁ'E@T\ﬂ(b'ﬁeér@ cf@éﬁor%%'atlng that

I'n a preferred enbodi nent,

other n’?t%hgﬁ‘srds ar a%%r%ubgh‘été f%?wf\l}'%hmth%%n%@ dé‘n‘ﬁ%[eyof ®he

minog nposition can Ivery at

: ts prior to exposure or after
|mmedéa3§8§cﬁpgtt?rbplgﬁoqoﬁf ectious agent. These tine points can

include tinme points between 2 days prior to exposure

{1 12 Al nofeetor iToUFs o ag erateatinh 3gaingtsE@TVevasrisyinusly skown by the

the infectious agent. In one enbodi nent, the
increasgthéusdepiitsilitg of TNERedeptr deficieiMAiceso gCTMWiefeetiombs evell as by the

exposure to the infectious agent, preferably as soon
attenuRRNRATNAL @n3bHiRg \EXOYIRUB Y 41N, 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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i nfectious agent, which is preferably small pox. The
kit may further conprise an infectious agent as
wodedsimed7herein in a separate vial and instruCIrmRz008003367

the delivery of the infectious agent to an ani nal

i ncluding a human. The infectious agent is preferably

sel ected frombacillus anthracis or smallpox. [099] In

this context, an "exposure" neans contact with the
inductiombERKI calls sagmtb plag ahfimpertant idle dariagiimfektidsimith)poxviruses

harboring the infectious agent. For exanple, the

i i \feefort Grardll 1.t haviréhg1 iganoereni2007)). Th d
mclud@%ﬁ%’\é\ﬁqun cagﬂabebfjgfitav’eredlrat 36, 24, 12, 6, ))3, oerselan

. o : o
other iy T Bglnb B HARA Do FILRIS POREl oy
exposure to an infectious agent. For exanple, the,
(051 hbe fajlvee ahthaiimeradiale prajestipnairotegoldp indigesyistained
36-24, 24-12, 12-0. etc., prior to infection wth an
protectionfie the absenagefadaptite idnune respordes3Gig. B)-cemrlyindicated that
36-48, 48-60, 48-72, etc. after infection with an
survivdl iepehded silthgately ofadaptivelnynuniehesporfsest The pralgegdtion ©f survival
smal | pox or bacillus anthracis. The instructions can

in the RAGACdeficiat mideealdd/gaesaadirticdtioneast the dupatRMIHdid protecting
i ntranmuscul arly, and/or subcutaneously. The

ot PSS HET % 424 R 1 NN 8 ot ot
s B SBLL Wl QuPpl et SR BEn s o cor

oot BT el el 0™

i mmungconpr.om sed_human, for exanple, an Hl V- . L

mechanigfms ikejarpligation eéfEN-&nTH%ﬁngﬁ&) Otﬁﬂ HO&SBEP@C innate stimuli
dermatitis, a patient taking imunosuppressive drugs,

would suffige in thei RriotReiion e 1eihall paxvigue infegtiproip pdapliive inggune responses
vaccinia virus Ankara (MVA), a host range restricted

were nahéeffectiylelwtriggetuzittbd saauciimea Thieraxpesimenit withi gVeina¢tivated
to multiply in human and ot her mammal s tested. But,

CVA (Fignéls) whithlcagrésteortxgpoxsu antigensnamppiestithably activates via TLRO
non- perm ssive cells, the reconbi nant MVA viruses

suggestéFPatisdiae liRited BrotébtioR icoQld HERachReed SenMAENe competent mice.
exceptionally safe and efficient expression vectors.

HoweveP m?}acP%Y Lii Hi&Sat IBSét%icE&ets}i@(, FRMEAL doHtra@B@nthe Plice treated
smal I pox, variola virus, have devel oped multiple _
with ac%%r/% \?})Ii\gg'g\ﬁﬁcﬁ StabHRRY Ao B frdiGRES BiftShe PRGeLiYE G AR 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.

39



evi dence that poxviruses are recognized via toll-Iike

receptor (TLR)9-dependent as well as TLRO-i ndependent
wopaas/maezs. Pat hogeni ¢ poxviruses effectively SGpHEPRHSHIB367

their recognition via the TLR9-i ndependent pat hway

enpl oyed by conventional dendritic cells (DC), but

were detected by plasmacytoid DC (pDC) via TLR9. The

| ack of TLROabrogated the DC response in vitro and

s Hedd,| prelioas elasethat heersbercari tthd pbxisusofaniiycetrocognized

infection with the murine poxvirus Ectromelia virus

via TLRdependehimtdogRridns 246\ WVAB vl enaoBidve da, @ig 625 (2007),

vaccinia virus Ankara ( BN(r) at the t |rreo

L e T HEORIR I

depen%%'ﬁ]%%tt @é EI%?IP%\&H tf}'\ék{;%gfrw éng u%g%:éﬁﬁv ef:fgctlvely suppress
MVA- BN( 1. 1 d, i [ v

the recgUBYSNA | LRB AP REGeL AT ANA bUk TR stiHeceBngAd v TLRO.

I mune- conpetent_as well as i mune- corrprom sed m ce.
(W' 8h fasacytrie £ (RREh At CElls indtfparand eeysuYRich
11 denonstrate that poxviruses, as shown previously
producedargst repuritsraf ityres | ioterfaroNURN-Huda the BER9 pathsway dvivergas other
TLRO- dependent as well as TLRO-i ndependent recognition
cells ingAldmgpysnveMtibnalcD i (gDICy aa¢ bbleutatprdd MACW N-haia diffsrdnd pathways,
its capacity to replicate in human cells, was found to
|ndepekﬂ@e|ﬁle(§3f0E]_rF'<9Z efl iD¥hME hetdin kﬁﬁét%oﬁh@ﬁoﬂﬁﬂ%@é edinpAedly abolish the
TLR9-i ndependent pat hways, whereas in cDC it was only

TLR9-|¥19€8&%&§¢FN1IEbré@@ctﬂn@ﬁd BeeneRe aluR@bRWRDC, Whé'eas the TLRO-

nding Is consistent wth previous findings wt

o R e, 5, ¢
G0l T e ST SRR 00 P ip BN B gfiey reviatay thet the
lack of &Il AIAS MEJe JTon FO B e %yg%otmke'r%e&p& R similar

recogni tion via TLR9- independent pathways. In th

suscepiibdiéyiaad geafikineticsteqrdd beHpund ihinise: WPl & Eafpcad o IFN,
nearly conpletely abrogated i mune recognition and

which isHbeughédp besassentiaiGoiaontriot vical inflaction (Multaratle af ahSeiartee 264,
in vivo infection nodel with ECTV, where TLRO

1918-1$2fti (aDe#a)). Mhue, umdee conditorishetrerd PatHogledicnDNA viruses effectively
susceptible than wild type mce.[01 05] Since the

inhibit frféﬁpﬂ_rﬁg-lﬁdédehﬁehﬂ@ébﬁmﬁbﬁdth\éﬁ@és SEAXRROEHSHEMt viral recognition,

viruses depended on the presence of TLR9, these

IFN-I deJé}éﬁﬁﬁ' ah@8ius! pr€ b chmBidAtital 20 Tdast fof pFrHa?y deRPRBIREENanisms
and the

TLR9- i'ndependent activation pat hways.
during%ﬁf&kﬂf&,{?g' y, in the absence of

[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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TLR9, this inhibition was virtually absolute as even
the nost sensitive readout of DC maturation (CD69
woenridseion) was abol i shed. Several poxvirus eqT®aews/003367
i nhi bitory genes including the VACV product of A46R
and A52R (Bowie et al., Proc. Natl. Acad. Sci. U S.
A. 97:10162-10167 (2000); Harte et al., J. Exp. Med.
197: 343-351 (2003); Stack et a/., J. Exp. Med.
K.J. et&d®l). 1\%97791%85(%535()21)05?3ve)d@mn Mabiliggtekplibatelld mammals,

i nhi bition of TLR signali ng nol ecul es. Cenetic

MVA isGESBARES éQaéa%cﬁgr&éte ¥ in PR lesremﬁdl\%ualéf

vi ruses have ues of R (Mei sing er-Hensche et

(Gheraef'/pl et . S bn, \0/:[09"86 §9°253§§:9Rg§§§%(2t%‘?7b) ﬁﬁ?&é’?ﬂ ﬁ’é% -2921

SO eXpress honol ogues o wher eas’

onent which we have us

(2006)] [ BREF e ﬁggvga'r\d#gb%ﬁff LA RPLRsHs Gkes Tevera
likely is not functional y

days tcewee&%en? PORIISYS reporis| fl?d’eo%loé‘”t ﬁ@t @at@ﬂtspa«va' gae@eﬂts against
A46R and A52R in the inhibition of DC activation via

pathogenis prxgusepearienty kamachiawpwitt @applieatiosgefi the ¢yaccinating virus at
pat hways, reconbi nant VACVs | acki ng or expressing A46R

the latesat dwasi2ips befare lmxpnserertstthe challenge viesoi@aihatt eV@lAJ. Gen. Virol.
expressi ng A52R as well as endogenous A46R, thus

87, 2912g0abl(20ap)i.he i nhi bitory CVA (endogenously expressing
A46R and A52R), did not denobnstrate any significant

[0“1@1?&3@%6\}0“ ihké tHal MOAIBN ffliuces \thé BrddueBoMdfirdfate immune-
Judged by anal yses of DC maturation and cytokine

protect'i é&%klﬂgsé , [N %tro @a%tﬁtﬂ &@Hé‘f&fen%ng\/ﬁgependent

ressing n ther 46R nor A52R did not |ose it

Ayl
B B A PTGt oroc o
ecoonf i Rl L B Ao e PR Tl Bt o4 BaLs A otectn
85:2167-21 75 (200422 Takento et her, these data
againstpeyyiryses fhat displaved W@B@'m ﬁghﬁrﬂ%weexpr essed by
the non inhi bl.tor nor AS52R are the mgj
[Qﬂrﬂ%%\ﬂwms&@mﬂ MN N atdhe isROESEPE @gengh 6pses of the highly
TLR9- i ndependent recognition defined within this
pathogenicognd $iGeEddes- -siéafic atausepox vFﬂIJREQTMjBIMeMQdmot only immune-
recognition in response to WA is still elusive as are

competdit nfiie€ @gairist aeathabbvalgs nmide wdtgoRsRed TLRS@TreBPBnsiveness to
viruses (lshii et al., Trends |nmunol 27:525-532

type | ih&PfAPIN.. Mi\RMISIUL ol fERETYInal FIRDT feSpordeewerd profeetateabwiand

dependence on the presence of the TLR associ ated

mterméi‘ﬁ’ﬁ@télf %:H?g% hé@@@%zs?&gu rﬁgég tGHRMEbh |ﬁ§gﬁé§%o%€§ Were used

et al. Vi bl e et
mdncatl}{b tr%t one mechanism of protection involves IFN-I which can be substltuted 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



8 1:12102-121 10 (2007),). Recently a new

intracel lular sensor for DNA (DAI) was identified
woRimkiaoka et al., Nature 448:501-505 (2007)). pCmfpeedosogs367

cells in the presence or absence of a siRNA silencing

DAl indicated that the response to transfected DNA or

HSV- 1 but not to RNA was to sone extent dependent on

DAl . However, the response to HSV-1 was reduced but

of actimh? Hringatesl rdgpopBe s emotvia PORILNdSRENdaRE Batidtays, even in the
tested) suggesting the existence of additional DNA

. sl . t ]
presen}érgroW'% %ﬁﬁgg%ﬁé&%tﬁ?% asﬁed tRiE fESodMitith. SI 49t even post

use ts responded to A (1 ackrng
- E319 1 i,nd the ,
expos i SR e i AR TSR 0 WEREBREREIE fofl 4deif against
(Jshii e ., Nat. Immunol. 7:40-48 (2006)) and that
lethal '#ﬁgnﬁ)%wiﬁﬁ\é- of IFN- in response to MVA was
i ndependent of virus propagation and DNA replicatjon.
[4A23b  Biscitugy dempnsiatesithaigr 528 51 > mpartay. pne gy yo highly
[0107] In the case of TLR9-independent recognition of
relevariiSHRR o ¢he renegnitivatafoard thegdrfense againgt. froxyisnses eMpreover,
types might have different requirenment. In cDC, the
even uh8é casditiorseofvasnprodepechiemune systerns, M\épiBN activatedand
dependent on viral entry. In contrast, in macrophages
bridgesiitthaté bneabaptive inhling respahses | resultiag inl&peyidstihg bat importantly
both viral entry andreplication and in addition on a
also infriédibieCaR therd iR stbtetion lagBmist REhAPQirds BRAINIRE.
whi ch suggest a possi bl e invol venent of RNA conponents

Yy b gl g

ool 7 TG 21 ORI L B R B s e
oo LR R BESUTS B BT, B S5 e Aot v

_an enornous_evol utionary pressure on the devel opnen )
lost its gapaGitiedgRIICAHRID LMD Gals oyAs found tehienRepPanized PYRPC via both
Poxviruses are divided into two subfamlies, the
TLRO-grpenident aad ThR&:indagendard madpralise whereas inngféetitwas only
(ent onopoxviri nae) and poxviruses infecting
recognvzedt \aa ittae €5ROeindepletent ipathves) . AfkdrryV-indctimatiorabl MVA a mixed
speci es of vertebrates, have battled throughout

populay® tohsisthg s pDOeind DT prodlcedgstaisitesogliliy thapresgane of TLR9
poxviruses. Today, poxviruses infecting reptiles,

(Fig. 2@)’. s Mfingredsed lekemdrid smgsibasud findMEE®ith RSY-KAMere active
ertebrates as early as fishes are known to respond to

virus ifdeCe PN & &t 4998 bR8ts!dM 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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expression of TLR9. One coul d specul ate that the TLR9O
system as well as the specialized DC subset enpl oying
WOTLRA3fQr | FN-1 production, pDC, were opti m zedTome®s/003367

strong evol utionary pressure for the detection of and
t he defense agai nst poxviral infections. [0109] TLRO
expression in nurine and human cells differs greatly.
Whereas in both species pDC and B-cells are positive

endo sbve Whéreasnptakessranaktivatet - WREusSinight batrestrictetitol the erldésomal
subsets and nmacrophages al so express TLR9. Moreover,

route). dTﬁlE%@R’dtbeCﬁ emlﬁlﬁ)ﬁﬁ)n%ﬂhe\’ﬁohﬁwé}eqmﬂmn@%né@ﬁﬁ@{ﬂﬁacﬂvatlon
fferentially and selectively to TLRO |igands. This

(?@5'15%%@%08; 'Rehé{'gt‘gﬁ'rtr@r%& IRVA N is RhBANIHEE teARAE rk¥ognition of

strated in selective responses

re v EHE B T b PREE T TS 47 O oy
ctes LRSS E SN s ol

| munol . 171 :5908-5912 (2003)) possi bl

recognisiopl ia AL RSrindependaent pathwaysy Je taeéew%e eb@lageoramdw this
endosonal processing of different TLRO |igands. This

inhibitary pbterdiaboegrtseimpigtay pbedgatedhimmiee se0geivph @pddhysresponse by
this study only displayed the TLRO-i ndependent, but

DC in vited. Bheyin MitROfirdisntdensiated intaithetin eivoiinfectempoode with BRV, where
even though they express TLR9 and respond to the

TLRO-cfitieht réicalweld Rfbra@en F00-foRFrbhd sdééhf:ﬁﬁlb tA&e wilartype mice (Fig.

protection i nduced by MVA was clearly relevant in a

). OtR&Id<ONA VRGK I n8ctitrRobERARNE F&-AdkLiéritiickHBVBShown either no
activation In response to MVA was not sol ely dependent

lncreaé'é[’%l%hgﬁtltﬂft&e en Ff@ 'césé GAHYNE 1%fe'weh§ Cbrod?‘ﬁi%ﬁﬁ)g‘e%e

ent I mrunée activation C

oo BN o b R SR Ao
103143501 Qﬁ){b&?rﬁqpegg tiale LropobBicAtat S5 haht 101285 16-3521

ppressive drugs and_people with HIV even under
(2004 3 S alEratials delmmnol (7PeTRoRT2 0. 5" mnol

174, 2396-2403 (2005); Donaghy, H. et al ., Blood 98,
X526)] Z6isastdpdefines TIOR kisran impbortant,nd, iniva highholelevant,
168, 4796-4801 (2002); Boor, P. P. et a/., Am J.

recognitioanaplegle. fob poddRes?2 Iehpo(tany )it provielgalevidenck.foethe use of
al., J. din. Invest 78, 115-123 (1986)). Furthernore,

MVA-BNEE al Wz‘?}}lfw irATEdidte QMg the}@be@hb fitehention @garseporintidl fatal
with reduced virus induced | FN-1 production (Bufe et

poxwrﬁ mfec'hBF\ in ﬁé?lh’\y A4 WRN% |Hm+@ecmél%?m§8d %.&:@QQ@) ) o

t'/hese conditi ons have been defi ned

ﬁglgﬁ iy} g fﬁﬁﬂ&do@(%t Jritfe Bpégen?mv RBlorto use a recomblnant

Irohcofpet e
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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smal | pox vaccines. [01 11] Al though we found that MA

was able to protect to sonme extent |IFN-I-R deficient
wonesasagai nst ECTV infection (Fig. 7), appli ca&Ciram2eB/003367

the traditional smallpox vaccine virus, Dryvax, killed

these m ce even w thout ECTV challenge. This finding

wasconsi stent with previous reports on lethality to

VACV Weth in other imune conprom sed nmice (Watt et

physnol@?noall ra@@epth'@lel forrAC athe iAGéntidn ddso felate@lto:MEBdd4 FOSthe
Perera et al., J. Virol. 8 1:8774- 8783

preparé@&p@ %uch[ r%%omnam'l\ﬁvﬁtv% e%ﬁg@%&"cﬁ‘%éch%tarﬁ\&/{% the use of

given at the same tine as oses of ECT

these c%[rﬁé%tfgpth‘@ é{gphﬁa%sacg%%%sd@gl{s%b%v hlwgatgsg%rﬂg;agents.

rrespective

ot ocol caIIe '
@?@liﬁ?WA i %%af%wamég%ﬁmvgaf iR Epaceiag RE Ry fbBant MvA
solid innate inune responses and thus hridges.t
exprespingeh AeriRgans RAVRRRIIdESs ﬁvﬁ%‘@scwgaq avfuﬁaﬂvsgwa'"s[ BPNA-
13] To define the nmechanisnms of the innate protection
sequereawbichtaede il fare@nmalyrantideflapked Sy VIV addN afaauences
to m ce which |ack responsiveness to | FN-1. Upon hi gh
adjacedbiea aapuwsliy eccurting deletior, evgr deatetiorphl or aotl&R, tthftllhéhe MVA
sane extent as wild type mce, suggesting that |FN-I
genomies cabe ivtroduvedinty ellsi infectddomitly #1VA | tBNHIbwRharholegoeas e
protected to | ower, but nevertheless |ethal, doses of

recoml’ssatﬁgt‘l/or?I OREL YhalDIRDES At iR Gal bakn %tmudéﬂqhﬁf%%r@k@hﬁbtlc cell
le to substitute for IFN-I during the innate phase

and th?EorrE[pﬁPNm&te%omb%&CMtﬁ’ﬂwé’h%lCESN’A it {030 dile Ao "éﬂl@te the

S in protectlon agal nst V was preV|ous Yy

s R B IR PR AL TE EF e o
amarkg(k)eo”:ﬁ@%fe of Ea/igggc?ﬁlgggﬂcéﬁvué%%gﬁ t7fa§'r59'3,-1]596 (1982);

ant|V|ra activities were reported for -2, .
|| .OBIO|

Frankg ﬁf% MCL L2l | BiRl. d §rtie! O2AHAOP RN bdakr et afy Yo

NO and cogpl enent (Esteban et al., J. Gen. Virol.
B

3403-H99249852 @l(@@OSY'rO'RQMaW%“g&ﬁ) | mmunol . Rev.
159:1 19-1 35 (1997); Bartlett et al., J. Gen. Virol.
85t 2D] 586Rd eFIHAAO0E jn inNnene abrpetdit reice VA immediately protects
Virol. 38:299-307 ( 1994)). Apart from sol uble

mice agaifebth@ThsusesiXviruaEdtronadlie (rei7habDS0k | i ke
t hei nduction of NK cells seemto play an inportant

(1 30] Hbh & @mibydRAERO MY AliriducReXvihiuneaesposdaidint @iy cells via
I nf ectl on (Parker et al., J. Virol. 8 1:4070-4079
TLR9 ér?@Q\QddltlJrhﬁﬁeermdependent 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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ot her nmechani snms may be involved in the M/A nedi at ed

i mredi ate protection. [01 15] The failure of the
woizneseidieel e protection protocol to induce sust CHa&#®#2008/003367

protection in the absence of adaptive i mune responses

(Fig. 8) clearly indicated that survival depended

ultimately on adaptive i nmune responses. The

prol ongation of survival in the RAG 1 deficient mce

f0192] gavce 8AMDJINEN MV A Imaledidiely protatison RH-k®hide against the

protecting innate nechani sns but as descri bed

mouseﬁfo@(‘élrﬁé‘@cﬁoﬁ@ilat(ﬁ%Ot)& ppsb).vacci nation strategies,
survival to path ogenl c poxvirus infection ultinat el y

go%%‘éggﬁ&g bibRdRERE VAT thth%hﬁlﬁgtr{ehfor}{g Hised g (1acking

nnae hanls i ke appli.c | EN-
responB|vhAge (e RE DR o ol iptied Eflgfos i %&;[ﬁra&'a virus
suffice in the protecti olethal xwrus mfecé 0
(24 of 29 miee:pyvived Fmbiheryise exRaSHTe 5 Eefemela ety 1E+02 or
triggered at the sane time. The experinment with
1E+03)V- i nactivated CVA (Fig. 6b) which carries
ort hopoxvi rus antigens and presunmably activates via
101R4] buone smbddirhant, pmtectiamachievest by eclyiane applicatipe of MVA is
achi eved in i nmune conpetent m ce. However, the fact
long-latfiad. After dweeka| theea i stigrateetion algainshfisst ime iofedtioastith
to the mce treated with active M/A which stayed

Ectronfe}ilR> B00fK €@50). ndi cat ed that the protection via the
active WA is nuch nore solid. [01 16] TLRO was

ecogfrﬁé %@m@@a@ﬁfﬁ&f%@% RN6widhe ¥R &N:dntFlShfth%rH better

nition nol ecule poxvi ruses. | nportant
h f
unders?efn%\{ﬁgﬂ,neth% rgggrﬁanyﬁr{etlrob g-llj('t;\l?gvéjrh hgy\;ﬁ\/e%tl\f%rpn |sgn%tﬂn¥‘@ﬁ by the
otential fatal poxvirus infection in healthy as wel |
i rmune conprom sed individuals.[01 17] Here,
revi ous data that nepbers of the Vi rus fa
Ry Pl TubadimiR!s RhgdRveion Wl E’&rﬁRH%ﬁmtht ot Skifed in the
(Zhu, J. et al. Blood 109, 619-625 (2007), are
art frorg 6Ansidaeation e es specification asbpractierof tbwovemingsdlafﬂ@sed herein.
al so seen via the TLR9- dependent pathway. It is shown
It is intemded thabthepspadifiaaion,and éankiley beabheideradhy examptary only, with
the recognition via the TLR9-i ndependent pat hways but
a true sgopesdrid $piriesfapeiimaghtiohdedndidadedd B thePfatismwiray tlaims.DC
(pDC) are the only cells in human and nouse which
produce | arge anounts of type |I interferon (IFN-1) via
the TLRO pat hway, whereas other cells including
EXAMpp_Pgenti onal DC (cDC) are able to produce IFN-1 via
ferent pathways,

[0137] The following examples will further illustrate the present invention. [t will

examp

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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I ndependent of TLR9. It is shown herein that sone

poxvi ruses conpletely abolish the TLRO-i ndependent
wohbddAB1gar oducti on and affect the maturati on oPCDEP2008/003367

whereas the TLRO- driven IFN-1 production of pDCis

not fully prevented. [01 19] In vivo studies with

ECTV, a natural nouse pathogen, revealed that the |ack

of TLRO renders nmice nore than 100 fold nore

EXAMPuECﬁpExbéﬁnfe@tamemcsdm A simlar susceptibility and
eath ki netics could be found in nmice unable to

[PRIBP (e KAIMRG Sectldl B %&nﬁ!&gy?m&dsgtrhéth%% *REH all Of the

vira ection a/l. Science

(1994)) Thus, under conditions where
Exampﬁast%os;cen#gg "Wiruses effectivel y inhibit their

. ndependent recognition, the roles of
Ammaﬂ?@j ependent viral recognition, |FN-1 production and

DC becone critical at Ieat for, primr nse

E%&%Eﬁlﬁ%’ﬁdlﬁ?'%@’eﬁ%f@h?%ﬁ? r ?@M?" M()Eke'g'aﬁ‘% %

attenuated orthopoxvirus that has |ost the abl [i ty to
Germanpp|TiLE deficientaniceanere generajast with 128Rycackgroyrshard

adapti ve i mmune responses and vacci nated i ndividual s
backcrassedotooC &Ble/6 fagat least dgheeratiory ias utessrileed gdemimihidnet al.,

the genus Othopoxvirus (e.g. nonkeypox virus (MPXV))
Nature(408, 740745 (2000} HodNaéinl H. 428/,). 183th 186 129(Bas well as C57BL/6

Stittelaar,KJ. et al. J. Vir. 79, 7845-7851 (2005)).

mouse@ﬁ%w‘ié)ar%nreb@ﬂﬁd foldispidy & RivhtiveRtigh resistdnBalts EQWMAInkettion
tested as a vacci ne candi date ‘even in highly inmmune

Tsch@?g@'t%m Zegéggﬁﬂig' 2’(3‘15" @E?ZO@)‘B‘S’ I-%w@\}eéetﬁ‘}ule%ﬂthat in the

r ol et a Vi r ol

lnfectloﬁ c%f N/wg?s?r é%) gmd wB'H\‘)‘ﬁ‘é@é an ﬂﬂfugﬁéé e 'd?'ndtH?H b@;@‘sv‘)f

sponses es sever al

ok B T R L 2O S A edvsplayed

achieved with application of the vaccinating vir

relative fasistapiaatenaipeegan EFHRL/@ RHeR B¢ e didn ne Fnies 'ﬁséﬂlth the
virus (Staib, C et al. J. Gen. Virol. 87, 291 7-29

dose of 26683 YCIDSA ang the maioriyiofmiereven Hialviviada 88se ﬁaaeéee» IFN-I-R
t he production of innate inmmuneprotecting cytokines

deficiefemize (AAI29) mice weiré pdginially bbtained Romdap ddideelt Aguat (University of
-i ndependent pat hways. Unli ke poxviruses such as ECTV,

ZurichM¥Aulr dunet afl, r8uidrde 26v; 18K8H1 921 (ADOBY) dral bavkogssewto €57BL/6
via TLR9- |ndependent pat hways. This property can be

mice for 8 @eHbratibnP TRAGCT déidieAbiRicaSierd PuihbsEEForh e Jakiephayestatories
a more inhibitory phenotype.
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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[0122] Adm nistration of MVA-BN at the sanme tine as
hi gh doses of the highly pathogenic and

wogpsaBers speci fi ¢ nousepox virus ECTV prot ect edTmer008/003367
only i mmuneconpetent m ce agai nst death, but also mce
whi ch | acked TLR9 or responsiveness to type |
interferon. Mce without a functional |IFN1 response
were protected to low and internedi ate ECTV chal | enges

USA) dHEYRIred e RFNMIE 64 ® nigdfupe bighlerhéntbd GABMOYOSES. @FARNd CNPV
used indicating that one nmechani smof protection

vere Y BRI M\l SRy Wi oot
oonsf PSR CELAHELER R0 20 ¥ Bgnaper

age Wit

ni.ce e fi.nal C n

obtainelfefe fempics e GuhEEC IR IATRES o Y588 VR a0z
overall protection to |ethal poxvirus infection. Thus

respectiyely. @RY Wesp RIRagatedand Hered PnaYere mbivs Gedls géﬁggq $5020206).
vivo via TLR9-i ndependent pat hways, even in the

SFV was ektained figim AT&QWRWI mdp pl@@a@ﬁ@ﬂwnﬁﬁm@ﬂwmﬁabblt cornea
recognition. Inportantly, even post exposure

cell linaSPRCcdtaioad dforVXACEN(@Cbit6&}t ed TLRI- deficient m ce
fromdeath against lethal infection by ECTV. [0123]
[ni4s ] Al way lideswesé natitsined it DUIb&ZolsMadifiédBagle’'s Medien (DMEM;
In vivo highly relevant, PRR for the recognition of,

Invitrog@h q(érf%ﬁjﬁéebéﬂﬁﬁnﬂ%ﬁbﬂéﬁ)enwm 1B FCHNItRBNEINtIbRGES. All viruses
under conditions of conprom sed | nmune systenms, MA-BN

used lna&{lrln\c’lfaé n%ﬂt@%gﬁﬁﬁ‘lf b8 ARiCE trﬂ'Bg I‘?g%ﬁ llo\é% dugm'éﬂe For }t/he Uv-

resp on I'n I ong Ias ut i nportant

macnvq%égfwﬁo;:v%%d'%@sﬂ@%ghvgﬁgg%%@fﬁ L -
(o SRR T RS SEB T FR er s

detected via TLRO-dependent as well as
Cond't'qulﬁRgTh'ﬁdB‘-t?é'ﬁ‘GéhEeql@éééh? {rapsdusdionaificdenay ef regombipan; viruses
attenuated VACV that has lost its capacity to
below 2%pbfitbaosigingl Munaiackhwdtyl s, was found to be recogni zed
by pDC via both TLR9-dependent and TLRO-i ndependent
In vitrp Expesipentahereas in ¢cDC it was only recogni zed via
the TLR9-i ndependent pathway. After UV-inactivation of
{0423 Imiive depepatied tHItGHi gaddsd epieindegn b CAIPC-DCY welREgenerated and
produced cytokines only in the presence of TLR9 (Fig.

sorted %B%entﬂnysasfde%hsgd ?l’élﬁ&s){y (19SEHFBINSHl, @UE/. PPRYE MF. Acad. Sci. U.
findings with HSV-1 where active virus induced | FN-s

S.A. 1(?1” 3‘4'4%01 14@15(256!1)6).' IPShSH PSS mAREW BGISAPARY  Ftured in the

ependent
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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TLR9 whereas pDC enployed in addition a TLRO-dependent
pat hway, that al so recogni zed i nactivated HSV
wOoQRbisahrern et at., Proc. Natl. Acad. Sci. U. BCT/AP2008/003367

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

recomBihdritaSMICSE €T ébu-bib, OffemsachiSermalycis described ¢Hoatireint ke et al.,
cytosol and theendo sonme whereas uptake of inactivated

Proc. Nétf Yo QBF P& AesHT, 'ﬁtﬁ@ 1 h@oeafosuIBwedre tfined with
his could be an exp anation for the conplete TLR9

antlbocﬂﬁgggg@lﬁg r% ?r1c %@'d?hb%d é@é@ﬁ%re : @ﬁc%égn Propidium

con shown

o 9@%%%‘&%?%4?9 ugw@%ewaﬁffwm e e
wre e SRR R 4 e B Bl Heaso

TLR9-i ndependent pat hways. In the absence of

software|(Roe Waﬁes ang FHigR ﬁalﬂ {pshivtestor Mﬂd'qalaaﬁﬁ%refbr?ﬂ?@?‘énnﬁ Australia).
abrogat ed i nmune recognition and thus response b

Cell culture\supematariie wiene banvestetli 182 beurs edesingueatiamviéh E/hee/iruuwses as
vivo infection nodel with ECTV, where TLRO-defi ci ent

indicated cewieIOpGrRL €6 ((hapMIa0oHM) ak cartel $utheeptesbhee bhiR3 and GM-
wild type mce (Fig. 3). Oher dsDNA virus infection

CSF ah®@deé SebretibhRI1ERI| im0 ¢nt wisCRehgvredisavgcenihtetialp available
i ncrease of susceptibility as in the case of HSV- 1

ELlSAlreégér{té%%Sdes%ﬁb@@bve TPy Bl ScHrBIR! PRELS!. \0odY hp @ narrow
range 1 n the case of i nfecti ons (Krug

In v:ch’L @&é@ﬁt%ﬁé s{iﬁgtié%OM) Tabeta et al.. Proc. Natl.

3516- 3521 (2004); DeI al e et
i@%}% VR eabetecd it Raamieirining anfl \ibes etk arplied by
L. drop R DRIIRYO I8 KtBUY I &l BOGh LTSl ona s pficated were

MVA-BN as a way for inmmediate and thera eut| C

applied pitenalane oninagRnhivatipn vaty 15108 dCAPsEMVA r§§bcutaneous
infection in healthy as well as inmune conprom s

injectiomsdiveiedperifermédietie inguing region pplgingebiota amsunt nfe1 E+08 TCIDso
present invention to use a reconbi nant poxvirus,

of MVA 6rca uetreeponbing amasunt ofiU/eidattivated GVA by mjectingt tirhes anvolume
serve as an efficient and exceptionally safe

of 250 §XBAES STRE hegkh Sfatud 6f IAfRtQTRIMSE WRNEhedkb@ apleastddily and animals
invention relates to reconbi nant MVA viruses which

with grgﬁ‘%ﬁh&oﬁlsgﬁ%ﬁ:k}‘i@éé:& WAgRQ0dLExRUMEL SN \@dYe &RRanized. For the
pref'erably of a pathogenic agent, and vaccines

I 4 I g
setemfOBIEH 3 00 RUS pRefe i T P PRRSMRL e pETERpRien
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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preparation of such reconbi nant MVA vacci nia viruses
or vaccines, and to the use of these vaccines for the
wopn@piyd2axi s of infections caused by such pat ROGERRWS/003367
agents. [0128] The MA viruses according to the
i nvention can al so be reconbi nant MVA expressi ng
het er ol ogous pol ypepti des. A DNA construct, which
cont ai ns a DNAsequence which codes for a forelgn
0.017 MJirigpIt pHe.2), daklest ticdMAdRINAVzeduEBiewersjtainediwithoP@5® H-
naturally occurring deletion, e.g. Deletion Il or an

2Kb Pérﬁ%%ne% (Fl‘}bnnhhuﬁel\/@&f&angi(?aoé&a With tHatirfiusedbrmitiaft BSR

s infected with o al | ow honol ogous

e SSORSE PR 11 0y 080 s ), e
s BT G M 0 i e AR,

antibm{i}%n g&ror%ggv\%g{%er Segﬁrgur'ez'% e;%g%cglp\rll-m ; ?nt%qupplﬂa%;gakin%é aining cell
USA, 79:1593-1596 982 Franke e a/., M.

susperngjasis werg simutatad (01&9575 HbKS/AB BOR Pantidg/in thwesew ef 1 ug/ml
Biol., 3403-3409 ( 1985); Fathi et a/., Virolo _

GO'Q'PQJE(ﬁﬁBB(Ow%DCPS) [Aﬁe@qardncejhewqmmia@mﬁamed wnt?ma;ﬁecm and

conpetent mce MVA i mmedi ately protects m ce agai nst
then sitnloktamenusfocedi/ pesmeEabilizedelittathe>B 3 T yiofix[Bappern®EKB QB DI n
one enbodi ment, MA induces imune responses in

Blosmeﬂﬁ:@@I bibhd Ging@) S@indcawiTh Batisatled giréctet tigamstiPN-a, TNF-I and IL-2.
TLR9-i ndependent pat hways. Pathogeni c poxviruses |ike

Poxwr@%&?ﬁé éﬁtlbﬁéf i&Sin $brg WUrkasdadunbl BKEL‘P@AQ@ OQ/ RivA Eh@e extract

I ndependent recognition and thus depend on TL

as antné@rﬁ aﬁ&‘ %%9\@ 1280 mbfd %@G#ﬁ%@@irﬁ‘?&géb@?ﬁw J%técfﬂ&%ttbody

m ce lac ave

Al an'm%feéeﬁr' %_“T’%ré“z?gﬁf?% ﬁéb%h—sbﬁw%@wfe*t Févlr%gd Fardhs
a%r o:cgg%qs O mce bnst he, mouse poxvirus
calculatiop iog0,(18e RREAMARFEAT d vas 4589 nbodi nent ,

MVA protects imune conpr om sed m ce (Il acking

Examp)] zo?ré%égt Zho E&Apﬁﬁfg#ﬁﬁ%d“éb%ﬁ# r?%%&t wnec&.e&e and SFV

ia virus
ed .an otherw se deadly exposure to Ectromel i a

mcreaﬁffﬂqgﬁjgrﬁloqaos) [0134] In one enbodi ment,

rotectlon achi eved by only one application of i S
0144] Previously it has beenydescn ed that s%eeral strains of VNC\/Q 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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| ong-lasting. After 9 weeks, there is still protection

against first tinme infection with Ectronelia (> 500 x
woRDBBNB192/0135] The detail ed exanpl es whi ch f olPCOEP2I08/003367

intended to contribute to a better understandi ng of

the present invention. However, the invention is not

limted by the exanples. [0136] O her enbodi nents of

the invention will be apparent to those skilled in the

compoféht, FLADT areiifibited Withfselbral siffReéit stedinoof gddliruses either as
practice of the invention disclosed herein. It is

active ViRl LHASELIIGinddbCafRECTAd SéWaﬂBn 69903%@%&%&8 VA%V strain

consi dered as exenplary only, with a true scope an
Ankaraf @VAJWE%'\} %]‘ﬁj CB%%E@{%T&%%@%\? q?é)(%ﬁvghﬁ\ compared to the

rther i.llust

activatlpﬂ&gﬁﬁ laﬁesqc)(ns&;ﬂ? F’C%Vee \«Eﬁesdﬁ § 35 oiag { elsné aA glag%wdlcated an
skilled in the art that the provjded exanples in

'“h'b't%yoﬂ’&‘?"%t ARtRg BR Q‘Qd"’% "%?“%a@b’ hase Wisast é”Pﬂ@t’aSt le

plicability of the technol ogy provi ded t he

activatipp @§ém@asum%y tr@rpnrggmlﬁ@ybofe&gﬁ%@@Sm [éﬁ_]_l_n response to MVA
Experi nmental Methods [0138] The follow ng section is a

as wellasthacanafyppkeses (BNRY)endsabbit Shepe filromeanerusx@iM)evas not
descri bed herein. Animal Model [01 39] C57BL/6J m ce

increasaelr aftep WG masthehtionqFig-e bl s dAita ket siown) Boggdsting that these
Germany). TLR9 deficient mce were generated with

wrusesll%@k&!/ah%@{i@é RS toR aoﬁ@@h@hpsps@m fr@n@@ﬁhéﬁjré%n ahe

| east 8 generations as described (Henm, H et al

produchﬁﬁ %tfsgﬁeg Zrﬂ%cr ﬁé IF(@%7 d IL"@Wr@éééd dherGhe Yv ?nacﬁ’%ttbn of

BL/ 6 nouse stralns are
CVA, E'é%%@aﬂﬁ?:e%)t?\l/ %’ﬁ Bh}@%fhlglyrﬁglcgﬁﬁ\\é%{n& #\9 %(Jg%%kgrg@g%ggég inhibition of
viral repagifich ahd eabincting. 8 e cleebgPalifdtidbal o have an

i nfluence m ce on . the 129/ Sv background were infected
Exampje3; Recpgnition of (¥ A andECTY by 'iqg?zﬂ MMG&@%?'P%W?'V depends on
di spl ayed the relative resi stant phenotype seen in
TLRY C57BL/6 nice, e.g. none of the mice died with the dose
of 1E+02 TCI D50 and the majority of m ce even survived
01463 4 has paRicABly HeeN-dhoRn 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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deficient mce (A129) mce were originally obtained

fromDr. Mchel Aguet (University of Zurich) (Miller,
wolbosaBiaal ., Sci ence 264, 1918-1 921 (1994)) aRdT/EP2008/003367

backcrossed to C57BU6 nmice for 8 generations. RAG 1

deficient mce were purchased fromthe Jackson

| aboratories and bred at the animal facility in

Zurich. Viruses [0140] The MA used for this study was

drastichMAreBicEd E’%ﬁétﬂﬁ\e& by 4Bavig Raisubgesting atthéapssorisetdo MVA is
st Eur opegf? Il ection of WC‘éI I ?Q‘jf'fur es ( ECACC)

vasea BN RORE RS PO EE A0 b g 80e8, o1
- - t -
R FEORE R GB oL OB BRER35 oo e BRaGERY aeppy
amounf AP et BE R o Bt G P BRrbR o
Facul ty, Minich, Gerpany and were ?rogaﬁt ed a}nd,
produce; laegecgcain i produetian inaiesPRBSR ' bRd- EbxC<PTrwidhtype and
Bri ghton were obtained fromthe Anerican Type Cul ture
TLRO-qwfldierd mhice wesg @R)ubated/Rith Jztives M A/Rnd producashdess-gepgndent
and were propagated and titered on Vera Cl1008 cells

robust GEQAGE 86IFA02GHY. IL SH¥emasstaingitine dxisteore ATE@TLRIANGEdgndent
and propagated and titered on the rabbit cornea cell

recognltioR pathividy fob i A g f 20 mHBWEer, OU-inG & vatd DIUY/A] indlideddEN-a and
lines were nmaintained in Dul becco's Mddified Eagle's

IL-6 h \Wild GGt nobini TLIFEBETicidfR FL DO NeinféreingaRA¥ hotion suggested b
Sogﬁﬁpl enent ed w tlh 10% FCS wi t hout anti bidg?i cs. Al 99 Y

tne mall ot 3at B B B RIar XA ATRR) BT SRy T RPREpefief

com o\r/1i rﬁ('s:es @fncentrat ed virus stocks were WV irradiat ed
PORPY W Chanber (Cenelinker GS, Bio-Rad

b tories, ni ch r )ad Or 15 mn der . .

PO B bertsrassilan vivgst SRFE st Bspiténh 7 ol Bebuiation (oM-DO) o
transduction effici enFc,_y of reconbi nant  viruses bel ?w

only cDGabich are ablg il prafucs IFi-adr resprpge tq activerPINA viruses (e.g. Herpes
Experinents [0142] In vitro generated )

simplexvirgs (HY)éh dutiepletodeactiveted Fruses)ontepe-QleNeHackdelmelt al., Proc.
sorted essentially as described previously (Hochrein,

Natl. AdadeSciall. S. Rt d01: 1441 6-114QAd20B¢k)).. Indubdtidn of GM-DC with active
11416-1 1421 (2004)). In short, bone nmarrow cells were

MVA irfdilcbd 1ed-d dnd fe6 chﬁﬁ@ﬂ@reirﬂﬁ/ildﬂybé r@dIrRgvhefiderit delis,f or
ei ght days. Resulting cells were >90% CD1 1c

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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positive and 20 - 60% of cells displayed plasmacytoid
phenot ype (CD1 l1lcposCD45RA hi ghB220hi ghCD1 1bl ow)
woORhesG192er e ei t her used unseparated or sortedPCHBEP2@RE03367
and cDC using a FACS Aria instrunent (BD Bi oscience).
In vitro generated GwW DC were generated by cul turing
bone marrow cells in the presence of nurinereconbi nant
GW CSF (Tebu-bi o, O fenbach, Germany) as descri bed
ExampI6aK IRetdgnifion &f ECTV bitt ¢t RMVA ekehskivelyi depéndson TLR9
101 , 11416-1 1421 (2004)). Cells were stained with
andp ti bodies specific for CD1 1c, B220, CD40 and CD69
D Bi osci ences). Propidiumi odi de ( Ing/mM) was

AT L ol M 5 v
amons55 BEEASE 50 OB R, B S 10 DAL TP e

Mel bourne, Australia) I | tur nat

IFN-a gpg ueépé%d%ozmmeeswﬁpeWﬁ%ﬁﬁﬁ?@ﬁ%ﬁft{cad?ﬁé -a %eboth ECTV
viruses as indicated or with CpG 2216 (0.5nM or

and M4 apdverylittle iL-6ite ESy B eHewevar aDC o @thp pm produced
secretion of IFN-[ and IL-6 was neasured using

IFN-a i ozapense & My AdwiinbhBCEVEEIgS2d). edlie hyps and ddR®defigient cDC also
previously (Hochrein, H et al. (2004)). In vivo

produced e Gﬁfduﬁts&ﬁdL@tlﬁtesﬁfohﬁé td MVAjut kbtte BETE. These results
anaest heti zed wi th ketam ne/ xyl am ne and viruses were

strengtﬁ&PiHe%bs@Waho:ﬁb oﬂéﬁ@d%@ﬁ)@ Adtatdtrin @ig.] Za)aridtdmonstrate that
vol ume of . ECTV-dilutions as indicat ed wer e

effectn?é’cr%so‘?%'\ﬁﬁ Bieﬁceﬁ\)o&@pé’r'idé 8n ?@%’pt&%be D YWLRD, éﬁi‘l@ﬁ partlcular that

Subcut aneous I nj lons were performed in

[FN-a #@ﬁﬁg@&%w %J}‘%&r\g%l c%bemln%g ﬁD‘(PtE"&T\??gHP)tI infh blty1:'$9<§gnltlon via

corresp ng - amou

atver b ALY SRS oS S ot B ) TR oo
checked at least daily _and animals wth grave synptons
and ¢ IsgopIIveed o6 an AEHGRRA! - BReRRRISNS MESHPRSE
eut hani zed. For the determ nation of poxvi rus specific
Bte) Toasklyze expybesselated PG geriaipingeeitgogeiatiens it additian to in
were infected intravenously with 5E+07 TCI Dso or 1E+08
vitro geherdisd FMIC, \8ild fgesaneeT eRBaleficishbidtal bhapgsnarfrowrcells, a rich
i mruni zati on and single cell suspensions were prepared

sourceldf prEC Ve, aldryg stiilatetliwit dctive or gersadtinated (VA iry panaitiel to
filter. Spleen cells and peripheral blood |ynphocytes

CpG- dlﬁﬁhé aBheolt [Sialfdo Yeduntshgith PLOXT sctive MYAIiadisdd ®bust IFN-a
. M NH CI and0.017 M Tris-HC, pH 7.2), washed

produﬁ%gﬁwlgg%é‘a% bES ?ﬁ‘d irit b%%(‘?na??@w ke ‘%H'é?e% @b rt9|e lack of

aners ro mmune, ford | oaded wt

TLR9 th2SFN TR AT sB8R e 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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pepti de TSYKFESV (Tscharke et al., J. Exp. Med. 201
:95-104 (2005)). Pentaner staining was perforned in
woeoersiimari on with anti-CD8, anti-CD 19 and anPCTMK1008/003367
anti bodi es according to the manufacturers' protocol.
For intracellular cytokine staining cell suspensions
were stinmulated for 5 hrs with 1 ng/m B8R peptide in
the presence of 1 nmg/mm Gol gi Plug (BD Bi osci ences).
Exampié 52 TR P defi Eleint nifeethaier d desstidallyiindredddd suiécertilility to
and then simultaneously fixed / perneabilized with the

ECTV lfe&bAfi X/ Cytoperm Kit (BD Bi osciences) and finally
stained with anti bodi es directed against IFN-s, TNF-I

0} P P oDl R e oo iy S viruses
oy T e B b B ST 5 0 B Beir

approved by the governnment of Bavaria., For the .
TLRo-dehfien) micecHowEd eitBet padiiierpRcesges WAL RARBEHOmassls using
was used. Exanple 2 : Inactivation of VACV, CPXV and
HSV ogdimjteggurvivel qr;’g enguaes Bilhip anrITAKETANgecindafestkionmodels using mouse
mat uration [0144] Previously it has been descri bed
cytomeghlavirge(MECHIV) §nug efsaloBlapd 08438+ 143 0dd) uf akvetaretal., Proc.
cDC whereas maturation occurred in response to WA
Natl. AcadgSlciely.e$. At161:3516-352 2004 ); Debd et , 67 68mubepd)75:6723-
Drillien et al., Gen. Virol. 85:2167-21 75 (2004)).

J.
6732 (DB Gh%ﬁ&hé%#@riﬁ)%&'éﬁ}gwé@@f PIRY-iridepen@ért reto ni iR vitro by

t he absence of p i gand (FL)-generated nurine

poxvirdr-s)g'g gﬁ‘%?wé#\ysﬁ ,FriT%u Uit Qﬁgiﬁbgﬁg&i% tBQF‘TLI‘(?%a Q\_%EJI% tbe an

e ex- es and pDC [
. . . : - > t j t
meortdlttaesby (TR B8y L TEIR IR peRa g RSB o fibuse
infectiqi il et ket GBs e Sinarslt g §efiot frbltion was
Vi rus- encodedconponent, FL-DC were j.ncuba ith . .
usedt: AT IENITLEHP e e NG Ra A SIGUST NARY rfection in
active virus or after UV-inactivation. The activation
humangfEGXY imhigbmpesiest egiic\anst isa matpr apeuseavathogecaple to
and CPXV was anplified after viral UV-inactivation
effectivetyripdect did thet respisatoiywteat afierogxposuierwitieeplyispwlltvirahdesese In
viruses (Fig. la). These initial data indicated an
addition Nihédrtié o aYarge maasksitimmasie suppoesdie matecutegdsintiiar th VARV

viruses. In contrast, DC activation as measured by the
(EstebHH[@QH'r aht BulRk, RIMO.J. &P vaodl 968515-p65SE2008R to WA

as well as the canarypox virus (CNPV) and rabbit Shope

{a 119 RtiaY bkptsinteHtY LisitB SeBVely 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 TCIDso 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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i ncreased after UV-inactivation (Fig. 1b and data not
shown), suggesting that these viruses | acked an active
woinisiBi®ory conmponent. Apart from DC nat ur at i 8QT/EPh®8/003367
production of cytokines including [IFN-s and IL-6
i ncreased after the UV-inactivation of CVA ECTV and
CPXV but not of MA, CNPV and SFV, suggesting a broad
inhibition of viral recognition and DC function, not
infectioh@athy 1 Et-09 TAIDHRINGrGHIY WRen BXAEPIES-02 TCIRRE BWRitd Sllcdlimbed to
CVA and ECTV but not of MVA exclusively depends on

EctromEhB%f&&i'q‘hf(}fid.tsalf)‘.a%efee\)(/éé’ USing \ié@sfibnS B@%eﬁ%&ﬁﬁ% with wild

VI ruses € he pesviruses or aadenoviruses

r i i . . .
oo kBB 38 otk of SEQB GRS TSy in s partly gonirspecie
wit SRS APt W ERofhethas ol fiiRe e &1 3% for e

A 101 : 1 1416-1 1421 (200@}. To ?I uci date the role
TLRO-geficiemomice amd apaesyiiabesh 0 helis FardBs wid tvee spicqWas

type or TLRO-deficient animals were generated. In the
calculatbd e dbws of LRORficieot Mice aw metethan 1 @&fald Mofasuseentiple to ECTV

response to active CVA or ECTV, as nonitored by the
infectidnatblan ofilduype guicat ThereforeCim Stramgl a@ioementvdthctiei ingyiteo data,

strong dependence upon TLRO for the recognition of
TLRY it @sessehtisisesnpdieme oe the inimuhe redpoase ¢o GC TN Riedfidh.

i nduced robust upregulation of CD69 but adrastically
Exam;tBI%dG':CMWNﬁhﬁfé&iﬁf\ilfxrhr@)ftemnﬂﬁyge?aﬂ')d TERIoaeticightiMade from

e response to i s based on both TLR9-i ndependent

lethal B9V cRAndalgendent recognition events. [0146] FL-DC
contain both pDC, known as the sole cell type

R Pie) SRR Bhhoflhre 5ol AT PRARE TGl By bpEssed
recouniindy BE henea S SHSILBG P FEPRTRR b8 b B hypotnestzes
i ncubated with active MVA and produced dose-de enden%
that MY giran airtbe sedredime pathe Ratedan woud astets hieiimgynessystem and

exi stence of a TLR9-independent recognition pathway

as a repgt mighihindecg immbhe respeases Whioh- paientia Iva:pettowi‘)m RaYeRESAC
IFN-s and IL-6 solely in wild type but not in TLRO

poxviruge IndsednMVA giden at thensame itime ohienmediately eftggebaliangsywith a high
the maturation data, that the recognition of MVA al so

lethal @3EY GHEROTY of IRO-0%EPE IR tonplutplg pestecteivgld tihg mi¢dadaihst death

DC generated in vitro with G#C SF resulted in a DC
whereRCRHE HtloP Midd b PWith@he 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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only cDC which are able to produce IFN-s in response

to active DNA viruses (e.g. Herpes sinplex virus
wOoQekBMB)92but not to inactivated viruses or CpGPCIDIEP2008/003367

(Hochrein et a/., Proc. Natl. Acad. Sci. U S. A 101

: 1 1416-1 1421 (2004)). Incubation of GMWDC with

active MVA induced IFN-s and | L-6 production in wld

type and TLR9-deficient cells, denobnstrating the

TLRO-défie%erit Mie ePREBY. Tters0bbsddroad @at TCRORAMEA mive dnENesged with
production and no IL-6 above constitutive |evels

high do%\/@%@é%"(@é%@éﬁ&? Ed(é@frtfﬁﬁso) AEHEHEdRAIl WsioRs after 2-3 weeks

nactivated WA 2c) potentially indicating

which Jilltpeb i HePAIERR TRl RERAR N eriicd SRARBAFIESTING.

a
|ona in those ce

defi CIGI’?%I%%&QIL%E%(’ BB&E&AY c n?%gﬂ%ﬁ%’%g@ég%g@(ﬁv%éltg Sr%%gts severe
activation profiles of th in DC subsets anp .
ECTV-pieced deRBsgrsnciiRrts 56t e COBPIRY SIRMALE & Wi wyhe firs
and WA, and the IFN-s and IL-6 production was
weekseasured. W 1 d type pDC produced IFN-s to both ECTV
and WA and very little IL-6 to ECTV. However cDC or
Examplé ROMied can betprpicted lagainst detbaHECTM-infactiondf fMA is applied to
MVA but not ECTV (Fig. 2d). WIld type and
a differéoRgitédef i ci ent c¢DC al so produced | arge anounts of IL-6
in response to MVA but not to ECTV. These results

fmrsﬂﬁ‘%%%ﬁerttéiﬁ \M’E&ﬁéh’ﬂh‘é‘ iRTHe @ BleadraeEtivh il Wil type and TLR9-

frat ur ati on and denonstrate that effective

defimeﬁte@%r\héé 9 Flg%yﬁgt{é‘?f Eﬂk PR i DR E f1vy to-lfhtggame site as

I'n par S production by ECTV

the ECT RREHER Ini g{g@reoﬁgagggggy irfrafaSa Wil i dose ap Ewghd

o e il wﬁgagﬁwﬂzﬁ@cmqﬁwe
To anal yze ex vivo isol ated P gont ai ni r}%ﬁ?_ﬁl

(Fi. 65 SHOINRG B BUrat R WYRSHOP QWRTPL) PO 8098 L PRKaRpSr WG was

w | d type and TLRO-deficient total bone marrow cells, _
appliedetorthe Bubbaubansoustsite [Eigi B). v, caadministratian eft\NMAYP the same site
active or UV-inactivated WA in parallel to CpG ODN as
as ECTV santobéssestial fomimrhedistesprotesctiont h FL- DC, acti ve WA
i nduced robust IFN-s production in wld type and

Examplé BOhriietivaiedndrtispexvimises \aré tdssseffigient tiem MVAhintgretection from
| ack of TLRO the IFN-s production in response to

IethalEU‘l'V"‘n%bhbﬁt ed WA and CpG ODN was conpl etely
abrogated (Fig. 2e). Thus, these data denonstrated

fd¥as) Wlﬁ’\@iﬁoreg&gﬂmeﬁ?sdhave 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

55



by freshly isolated bone marrow cells via a
UV-sensitive TLRO-i ndependent pathway and a
WO BLRA3dependent pat hway. Exanpl e 5 @ TLRO- def i eCEMP200803367

have a drastically increased susceptibility to ECTV
i nfection [0150] Previous reports have clearly
denonstrated the recognition of DNA viruses by TLRO in
vitro but the in vivo rel evance of TLRO for the

LrviveslUEW wa{ QEwBY 8N icSnir& 3o HeRlce WHilD rélefived teBatsafiedose of active

SUIV veou \l Is LASARATL A A IR U ik i e

Showed either no difference in survival in infection

MVA SUD(?J 5 n%oHélk né?l rhicy tr‘éfatedl \Mfﬂ lﬁgéj[%v%férdvd:\ylﬁ'shg\!rvgeé S §|§ns of sickness

arrow ran ection nodels US g nouse

oGS A Al ot e BB e

v.mq%%:mw etk ath g s RolER peR g e Bifoen dnd
pressi on of TLR9-i ndependent recognltl on in V{ ?
potentn@ly LiRNgands seemitq indgegprqtestion that mrﬁ nq)tot § rohyst protection
hypot hesi zed that TLR9 woul d be an i nportant factor
achievéawith laetige MMA.al of infection with these viruses. To
test this, a nmouse infection nodel that m m cked as
Examplé 9s MVA arediatediiineediateprtection frooxlethaldc€ T chatlenge is
used: an ECTV infection nodel via the intranasal
partualryquﬂepe.&jémlanmq VARV infection in humans, ECTV is
hi ghly species specific and is a natural nouse

Bﬂ?g?g@%luc?@ét@ if &drRini Rfdtion I WMV AMRE able Qo ififediately protect

ratory tract after exposure with only small viral

I
other u&ﬁrﬁg’fee%clsrﬁ;\)/r%grqééd Rﬂfeeéﬁ% ﬁ]érfégfl?qrg obi&%‘?rz%g{é‘g%srﬁﬁ)f BFBTH&%n
experngatg,l\q/erprﬁé(r{oglmegwé} I-Fﬁ;ﬂriegeago? klgl\fﬁﬁi- ﬁcéw%ﬁt’r’% é% Q\&ﬁ%&igre

of 1E+04 tissue c i nfecti v li? C{ fions (26).
Known B 85l s HSeaPApIS O AP o Ve TR ae Ui gBoa i Iafections (
| east 2 days earlier than wild type mce, To furt
Initial expatimeants demonstratedghatsimilanjo ahagrffe&ﬁl@m RpicerRy 'Eﬁéﬁ Geficient
TLRO-deficient and wild type mce were infected with =
mice diedrajtenchallesgswish 1EEI2/TCHD4o of ERTV. dinice thetFNripguodudign in vitro
after infection with as little as 3E+01 TCl Dso wher eas
to ECThOIme rdit elViviA was dependeatt oo LRS, hit i&s-BypatBesized tiFatgVVA induced
3b). In contrast, none of the wild type mce died

IFN-a @E& %’h' e@‘seﬁtuamarmﬂthe Imbedfaté roteetiemin TIRY-deficientisiceg
E+04 TCl Dso a!! m ce succunbed to Ectronelia

Howe\)e?f\ﬁt‘?érbgé‘ tHeh ur&r%afi@d corltR& ENVER-deAGEnRIcediddPRittP 8 thEIRAge of
experl nents wt d type mce using the doses of

1 E+023fl(:i @ 3= peC| t?l:l)’ 16 va\ﬁ %m@Pfa@MWﬁ?&ﬁﬁéh@uﬁnsm ly protected the

mce pelng nore suscep

IFN-I—FE-Heﬁ]cnenﬁ Tice agalnst a éﬁalfenge W|tﬂf1 E]+%2 aqo%@(gisoﬁ'dﬂso 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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TLRO-deficient mce and an LDSO of about 2120 TCl Dso
for the wild type mce was cal cul ated. Thus,

WOTBLRA3def i ci ent m ce are nore than 100-fol d mMBCE/EP2008/003367
susceptible to ECTV infection than wld type mce.
Therefore, in strong agreenent with the in vitro data,
TLRO is an essential conponent of the immune response
to ECTV infection. Exanple 6 : MVA i medi ately

IFN-IRRIOEIBRL PicM Vil HYiBe 1R GodikdrO aAdBIH Kdiestitharg 1 R @iBd @idiahge
ECTV chal | enge [01 52] In vitro experi nent s

i eﬁa%@%@*%&@%&%ﬁ@gﬁ V@'ﬁf@%‘e%%‘???@?ief%.“g- L
since RGNl e B 5l el il i Hf e same
ek TR Bt 4 ) L AR 3P Fochanom

I ndeed, MVA given at the sanme tine or inmediately o
of the iggmestiaterpsptestioreviaiNiAds megiated by dFNdo ddowevercsemerprotection is

1E+05 TClI Dso conpletely protected wld type mce
clearly myediated i Ht M-l whdapeadeat mecbaniswb sincedVdA@duld priotachice

10-fold | ower dose of 1E+04 TCIDso (Fig. 4). [0153]
againstSoweamdWiarmediateedose ssif lethg EXRY infectareevamin thetabsehceof a

of inmmune cells in vitro, whether MVA coul d protect
function&RENdEedystérant m ce agai nst ECTV infection was tested

next. Simlar to the protection seen in wild type mce

Examglé10: THe i mWé’dl'a@F%@c?'oY\ Via QN OAliROE G IFSn#edti 6h Meipends on

m ce agai nst | ethal doses of ECTV infection.

adaptl%?lbzﬁ&nél{a mg:’ ted control mce died with 1E+02

reated mice even survived a chall enge

+04 TCl r se ex
Bhigh BV EHeSmBenels Rt RV E iR LEsrahges %;Cﬂ*%mg

\ ed that TLR9- cient. mce challen dvvit
cytotoxfy GRONRIAY FeRPORERS, A0S APy Ta SR AvATel Bols) CHEgaE

tail lesions after 2-3 weeks whi ch di sappeared after
protectm@@@msrﬁathpgfemc|o§§pm9@/lr@$e8dméat¢w§é/sﬁ’pﬁ% dvatf. Acad. SCI u.s.

TLR9- deficient mce indicated that MVA-i nduced i nmune
A. 1014E9P A5 (208r). Braviously, ibhay bern shovar ihaETIRE-dalicienddnice are able

di sease and death, but not to conpletely elimnate the

to mounvit stableVCTihi and aetibodystespeakes upsa N A& vaccinistion, thais be
protected against |ethal ECTV infection if MA is

demondiBtih§thé evérallidababRify ofsthese hidd ] mbaneseIR! d@agtive immune
whet her the imredi ate protection in wld type and
responIé;B?Sples etal., 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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deficient mce was absolutely dependent on the
coadm nistration of MVAto the sanme site as the ECTV
woi2ndsasig2on m ce were chal l enged i ntranasal |y RCTEP2008/003367

| et hal dose of ECTV and applied MVA via a subcutaneous

injection. The TLRO-deficient (Fig. 6a) and wld type

mce (Fig. 6b) survived the lethal ECTV infection,

wi t hout any signs of sickness, if MVA was applied to
antibody ¥hPOPE WERRRES irkdiidling th &t adbptivé i rRadEpbhsés R fe@ponse to

of MVA'to the sane sité as ECIV was not essential for

MVA vg?@'ﬁg{i&% Sréoﬁ&‘@efﬁén%pé §§ Qﬁ?*}?es%nbe lpggRgvat ed

OpOXVI ruses 'are Icient than MVA in

tion fromlethal,. Vi i 01 re.l
B BeE Rluate il EibysPadeh ARatRe Mt e rebonses
. TLRO-i ndependent way (Fig. 2). To test if tn__i,s 'ngR 9
inducegmrgtectien {ul bRPoAelicGent micywas spteniytmmediate (Fig. 5), but also long-
or t hopoxvirus-anti gen woul d nount any protection wld
lasting t e weeks after initigh ahalienge dhaiTLROdefisientimicedsun d7e exppuments
and applied subcutaneously the equival ent of 1E+08
describEd dbowe ¢Figas | bhdiacddditanedicEtiiat had rebaivéd Mfealone nine weeks
chal | enged one died on day 11 whereas the
earlier Meheressandilghyeudifi YE+GPT I GRESTVL ICTIRY-geficitnt mive which
m ce which received the same dose of active WA

had rec;%\pé"d% RRRLGS6 ofVATIRE webRAESMHeMbitHRr altel driREEMbR%hon with

owed strong signs of sickness including | ethargy and

ECTV %@ﬁ%eﬁ ‘%Neekrﬁéi@ﬂg{e l@\}gﬂrt]mgi e§+§pﬁ°ﬂ§|ﬁe€‘6@c‘wa';€§09§§r¥e& Qiththe

week 0 us 1 nactivated orthopoxviruses

oy MDA gt PP, PR AR G010 T g
venimbiE 20080 ke SLAR B e Bt Wi o

| ethal ECTV challenge is partially independent of )
TLRO-defigignt s eprereapablecpiqaeenting anghsustaining spBsiaptialaategtive
able to i medi ately protect other inmune conpronised
immunity ¢& paxrdrusdnfetion Lpehtraditionalevassiontion withdVHmdiel mast likely
experinments were perfornmed with IFN-1 receptor
dependédrdnlad@ptide frmiuaptrespareseswhi ch are known to be highly
susceptible to several viral infections including

MéSproé &6 tIe of Gaaptivel ifirhitéd redppasesaNthe immediate
enonstrated that simlar to TLRO-def icient mce all

ot Tl 4 o Sl g 1 i
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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to ECTV but not to MVA was dependent on TLR9, it was
hypot hesi zed that MVA induced | FN-s was an essenti al
wopemst13oR7t he i medi ate protection in TLRO- def PCTERR008/003367

m ce. However, whereas the untreated control

| FN-| -R-deficient mce died with a challenge of 1E+02

TCI Dso ECTV within 10 days, inmedi ate MA treat nent

surprisingly protected the IFN-I-R-deficient mce
Exampl@ ai DRV Aafullyaleken@s TRROM dficiént it if Bppled 6yD2yEGTNér

(Fig. 7). Froma total of 15 IFN-1-R m ce chal | enged
mfectlg\hmthlg(l;w TCl Dso of ECTV, one nouse devel oped a

len I'inb and had to be euthanized after 3 weeks

stk L e
. . Ho
vaccm%%agﬁgs BPICE@-IQ\? Q??élbaﬁ aﬁ%rcq)ﬁogﬁu%f I—N@vé?%efre eXIS? gflli]ﬁl élgpr‘dntnl

much | ess robust. Abqut half of the !FN
h'stor'ceh'afqr@ﬁa% abpytithe BUECESSERPOST sapaﬂaemccnnéwv %samSZéma"Pox
chal l enged with 1E+05 ECTV died (Fig eﬁ Si nce these
and in FiqshEASeRYEsPICOYaCEY NG Status of me qudfaudu@ geas notledy; (Fenner, F.,
type mice on the sanme hackaround could survive in the
Hendersops Bnde, ArfitavAlézekwds & badnyide ®. t9ma/poreandiéhani sm of
the imedi ate protection via WA is nediated by | FN-1.
eradicafione(GxnevaoWoril leealttt Ooganizatidne d088); ibattiateedPviPa Clin.Infect. Dis.
| FN-1 -i ndependent mechani sns since MVA coul d protect

36, 6220629 (2063 NS MdréWeRNH anMh M8 he s@ﬂm@amoéurheélrtainemﬁ\bost-
i nf ectl on even in the absence of a functional |FN-I

exposu?‘é( §%@é!?_r'r‘|\?t5%% @os]er Mr&%%ﬁﬁé foR REAS A& IhY MPRY M monkeys

I nfection epen on adaptive I mmune responses

or VAd\pthrZ:]ce'\@tlje? A‘rgbqvg? %%tbﬂéjh!§§ 7 Ce;@?@?g@ftét\éﬁo 'emn9 Gen.

responses I nc ot oxXI c responsés

virol %"2%@*%?22‘%3@%% kﬁ?w%‘&'e 83 BB PR R e

et a/., Proc. Natl. Acad. Sci. U S. A 10 1: 4590 4595
U”GXPQCQ%M) Previously, it has been shown that
TLRO-deficient mce are able to nount stable CTL and

HHt62b Givery ipeernasioigishtheNAact thet theaintrenasaltinfection model of
denonstrating the overall capability of these mce to
ECTV isoegardad aslagdadtanimal medakfor esatipex inféSjmireis fatmaits (Esteban,
J. Immunol. 17 1:5908-591 2 (2003); Babiuk et a/.,
D.J., aharBul@roByM 1 18:Geril 44l BB : 264832859 (2@IDHY|wHetheedte iobust
t he absence of TLR9 woul d affect adaptive inmune
immedi=R& pRdteEtforf Qgainst 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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poxviruses MVA was applied and anti bodies to
poxvi ruses were neasured by ELISA in the serum and
wopesvidrazg specific CTL responses by pentaner BCRERR0§/003367

to BBR in spleen cells and peripheral blood cells.

TLRO-deficient m ce nounted robust poxvirus

speci ficanti body and CTL responses indicating that

adaptive i mmune responses in response to WA
Claimg&tacci nati on are not dependent on the presence of TLRO.

[0159] It was next investigated if the neasured

adaptive i nmune responses would translate into |ong

1. Use |o@%t¢di<9|r9§ RiraRé ipPEpdrati&iCdVah ithAfinogBnict Bovmpukiabh@ontdiRing
Ai'nduced protection in TLRO- deficient mce was not

said p&@lr%s 'chT ?8’1.1(9{1 (\Fh%ur]? rengﬁsé‘la nsP |rﬁ§$t¥dﬂ& addit$h an
weeks

fter t|aI nge, eTR9de|C|etmce

a"ima'g%rﬁ?%et‘@%a'ﬁmiﬁw@f‘fl fe 57 g%'?‘?@f‘%ﬁi% :?@L’%Stﬁ?%de%@slﬁ'ma'
1E+04, T
betwedk $0 R ot te fifReon BN e (Re IS Aaedt oa Eéo%quaa i infection

dose of MVA nine weeks earlier either alone or
with the difpetinus ageniiane VETSTInsSaid iPeEYrysis reﬂlsﬁat@ﬁg@cwwent in the
1E+04 TCI Dso of ECTV. As observed with the inmediate
animalpr ot ection, the long lasting protection of the
TLRO-deficient mce after MVA treatnment exceeded a
factor of 500 of the LDSO. These experinents
2. A melbod et inducidg teanaimImuiRg reRpfons e @grinst a8 infectiownpedntdn @ animal,
nmounti ng and sustai ning substantial protective
comprisimgLadnbivisteringotovthe whirmaf & immanogenmic icoatiositimmadomprising a
vacci nation with MVA which nost |ikely depended on

poxvnrtﬁ;@&hbléﬁ J6RBLIS prief RPmsetion[Wilbe iffeclbaY agbhtari®lr2 holrs after
adaptive i mmune responses in the i nmediate protection

[ I
lnfectlc%réii?_(t/ﬁ’ﬂ'@ mﬁ&%g%g % %E\fé @Hrgf@sﬁ% EB%\?TLFSI\/D% ré&%ﬁ@n%é&npetent in
eafll cient mce |ack mature B-cells and T ceI I s and
us are unable to produce antibodies and CTL. Wt hout
co adm nistration of MVA Rag-1 deficient mce died

3. Theix ﬁetbﬁg ;oggﬁgrﬁﬁlfoémf tﬁhc%/% T@llefﬁrglggaﬁe%ggurp Qtl?n chpnsnng
a por g eI AR sEarED st sy oMo B e o T B gpeptous

i ndeed crucial for the survival of ECTV, even in the
agent k4@ heursoafteriptegtian aith tasmfree%omea&anm e 11: MA
fully rescues TLRO-defic-ient mce if applied two days
after infection with ECTV [0161] The WHO
4. The use @mmeibiad obany ene LS saimgs sioed. I"ﬂ%ﬁ(el'htf‘étﬁﬂ"@ﬁ' isrchuas-

the ani

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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vacci nation as quickly as possible after exposure.

However there exists only anecdotal historica
woiafsasrat i on about the success of post-exposuPET/EP2008/003367

vacci nation agai nst small pox and in nost cases the

pre-vacci nation status of the individuals was not

clear. (Fenner, F., Henderson, D. A, Arita,

Jezek, Z., & Ladnyi, |I. D. Smallpox and its
7. The @68¢r ¢7éthed ;acé&%ﬂ@’@ic Mibs bdwhieadin theduganisaatieosdministered in a
1988); Mortinmer, P. P., CHn. Infect. Ds. 36, 622-629

dose of ?89%’)@)?10%{@ %g", in animl nodels no significant

survival benefit to post exposure vaccination was
observed using as infection nodels either the MPXV in

8. Theﬁgg@i@qtgé%\éﬁ%gm @é@gi{rg?é\i{vhgﬁir?ﬂff I@I&Aﬁ(s%@i%%ﬁ\istered in a
dose oEE?f@?Xq;ﬁaﬁP&§006)) . In this way, the results of the

h are unexpected. [01 62] Gven this
scenario and the fact that the intranasal infection

nmodel of ECTV is,. regarded_as a goqd j mal del for
9. The J3810r BOSthPALERITH 10T anun Pt BV ATE jo Begminttered
) Buller, RM, J, Gen. Virol. 86:2645- 26?9 (2005)),
intravepAEs!eptranasaliypindramyasatarky: ar pYRWReASNagai nst a
| ethal ECTV infection by MVA could be extended to a
t herapeuti c post-exposure intervention with M/A was
10. Thenge w5 dethed aseerging to ¢laigupewberaip/heghyénis BV ABNG
days after exposure to a |ethal dose of ECTV,
conpletely protected TLRO- deficient mce against
11. Theleae lor wiethod aceerdingbie elaisn Bi wherein diecdYésis g megmbanamdvVA.
data not shown). Some mice in the group which received
MVA treatnment as late as 3 days after a | ethal dose of
12. TheQTY calmethed pgtarding B gainop i, whrerebethedViY Aseimprises at least one
protection agai nst death to species-specific
heterologbbe pazieia add isefeendeocodisg far atdeast postandigposuemtope.
treatnment. Clains: 1. Use of a poxvirus for the
preparation of an i nmmunogeni ¢ conposition conprising
13. The asd op Gxathod actemdingidudaing 12 whemsimther ardtjgemieepitppenistan
an infectious agent in an animal, wherein said
antigehiBEBNOSE Bf thetinfeRfidus bgeni.s to be admi nistered to the
ani mal between 36 hours prior to infection with the
i nfecti ous agent and 72 hours after infection with the

14. Thé U8 G inféthod 3eBsrdRitftoIsine H B, WREIPheVinfdtsiols agent is selected
replication i nconpetent in the animal. 2. A method for

from viigl%’égalr%? 'ﬂ‘lﬂg;lgfnbtgérﬁ@nmaf }JF\E:%HQB? BURSHLIS Bnd@ BrokHr§stid SdBinisms, 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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conprising admnistering to the animal an i mmunogenic
conposition conprising a poxvirus between 36 hours
wopnisasi®o i nfection with the infectious agent PamaPZ®s/003367

hours after infection with the infectious agent,
wherein said poxvirus is replication inconpetent in
the animal. 3. The use or nethod of claim1l1 or 2,
wherei n the i mmunogeni ¢ conposition conprising a

17. Th@@%¥ioF Wsethsd bP clfim & Wihersih @h& inRRINYEERic TDNBBSitorPisite be
to infection with the infectious agent and 48 hours

o Lo . it h . . C
sk pRIEL o 15 BLAEH o B Qs ours
canimal s.a.h , e use or nethod of any one of
after mi?cgioHBwnhh Eh% 'Hfé%%? gpﬁ;{{)he poxvirus is a Mdified
Vaccinia Virus Ankara (MVA). 6. The use or nethod of

any one lainms.1 to 5 erein.t | ' e
18. Tné Jée 8 Focthed ebRutuodedim *okb Rl B8 IHE A pBRBsiton is
nmet hod according.to claim5, wherein the WA is to be
to be aggliniRIesed PEAVEST A AE4 LIS BEIOf {p BIACHo8 wieh apeigieciious agent
The use or method according to claim7, wherein the
MVA is to be adm nistered in a dose of 107 to 5x1 08 .. .
19. Thergsexsn mefhodreceisingoto waihdd. WhersinithegMBuRegRTHs gomposition is
wherein the MVA is to be adm nistered intravenously,
to be adminigtesed bejweem® mathAchous ajter fectiascwith aadofectjous agent.
The use or nethod according to claim5, wherein the
MVA is WA-BN(r). 11. The use or nethod according to
20. Theluae or Bnetivbe estordingetohany onre af elainan e 9aro. Wﬂreln%he ihectious
use or nethod according to claim1l1l, wherein the WA
agent isaeilius emtlataciseast one het er ol ogous nucl ei ¢ aci d
sequence coding for at |east one antigenic epitope.
13. The use or nethod according to claim 12, wherein
21. AntitneniigegRnéampgsitiapeomprising anpéxpiras forcipducipg aof intrhene
i nfectious agent. 14. The use or nethod according to
respon@k&ig#ins? aniRRCEOIs h§éntiin faACdriRER in’rt_ﬂ@dlh? lashisrAbROWRErein said
fromviruses, fungi, pathogenic unicellular eukaryotic

poxvirdi1S BN thecmOERANINERY aRfaIPRERRAA] & R o T
the virus is selected from

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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I nfluenza virus, Flavivirus, Paranyxovirus, Hepatitis

vi rus, human i mmunodefi ci ency virus, and viruses
woceeaessi3n7henorr hagi ¢ fever. 16. The use or nmePROEP2008/003367

according to claim 14, wherein the infectious agent is

baci |l us anthracis.17. The use or nethod of claim®6

wherei n the i mmunogeni c conposition is to be

adm ni stered between 24 hours prior to infection with

25. A viaBEink toffpristhifa paRrusd tHrdpad irtiuflid® bf b pretettioa imimuhe
the infectious agent. 18. The use or nethod according

respons€ ir@éﬁiarmzb, m@nﬁfiﬁ#é 3 HUMar, WREIEBAAE HosOFRO ™ r‘ei{)ﬁ{ﬂatio‘h to
be adm ni stered between 0 and 24 hours prior to

. ' [ L ' cli agent. 19. The use or

mcomd{;@%rﬁgé sg@c%ﬁ'ﬁ%hgn?lga@ﬁa% Fr]n&ﬁén wherei n the i mmunogenic
conposition is to be adm ni stered between 0 and 48

20, AR LS BEARTS A b S5 00T 850 Facse

X 1@, mﬂ@rg%n the infectious agent is bacillus
Virus Ft@8V8) 2 1. An i mmunogeni ¢ composition conprising
a poxvirus for inducing an imune response agai nst an

i nfectious ent in an_anj nmal, i di nan,
27. TheMaeene, agaw@?r}gom'@m%sw eisin tb&ﬂﬁ% '?Wnt in

said animal, including a human. 22. The i nmunogeni c
conposition according to claim2 1, wherei, ,sgi d.
28. Use phamoysiing far dhe sEgraration of @ aae@nﬁ&ﬁthﬁgwﬂéa Yionf a
ani mal , including a human, between 36 hours prior to
protectjvef igwnummredponse fire an mngoal, nptuding athuaman, reheisiny theggawirus is
infection with the infectious agent, 23. The
replicatiomrinvogergtentdo spasanimah, inclodindiangumencl aim 2 1 or 22,
wherein the poxvirus is a Mdified Vaccinia Virus
Ankara (MVA) 24. The inmunogeni ¢ conposition according
29. Thé aselaatonddy) tondieine 8, wherei/the poxXMira8 ts aMeditied Maccinia Virus
conprising a poxvirus for the rapid induction of a

AnkardP(\PYAREt i ve i rmune response in an animal, including a
human, wherein the poxvirus is replication inconpetent
in said animal, including a human. 2b. The vacci ne

30. Th@€SEEetHdinPtoctiainiR8 dwhshah HeWMVREISPVALBN®. i s a
Modi fied Vaccinia Virus Ankara (MVA). 27. The vacci ne
according to claim26, wherein the WA is MA-BN(r).

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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28. Use of a poxvirus for the preparation of a vaccine
for the rapid induction of a protective i nmune
worespenmee i n an ani mal, including a human, wheCTiER2G08003367

poxvirus is replication inconpetent in said ani nmal,
i ncluding a human. 29. The use according to claim 28,
wherein the poxvirus is a Mdified Vaccinia Virus
Ankara (MVA). 30. The use according to claim 29,

33. Th&RRetordifteto\YAim 81 MVRe®@iW Baid imindunogBnld dorhpssiti isctortse

an i nmmune response agai nst an infectious agent in an

deliver8d td8hid Ambu%a@diﬁ? R RAan CAPEiS I JHhtaBtvBEN BQURIS @nd 72
conposition conprising a poxvirus, wherein said
A I S~epl.kcati Lpconpetent in said animal
hours #ﬁ%léﬁgﬁgge;ohaﬁﬁ%%égg%ﬁﬂeki t according to claim 31,
wherei n sai d i nmunogeni ¢ conposition is to be

os. S AEBG T, 30 hg Ll 325438 BAGRBUIRbolnuSi4 b oaireo
to an i npgﬁ:a#%hagent .33. The kit according to claim

Vaccinig \irug A8 i Munogeni ¢ conposition is to be
delivered to said animal, including a hunman, at a tine

poi nt between 0 hqurs and 72 rs .af Xxposure to
35. Th%ﬁ'tiaﬁﬁ%r@!'?%@sc'%'@%%ﬂzWﬁﬂfe'ﬁ'ﬂ? &'% '33\2\52\%'?@10 any one
of clains 3 1 to 33, wherein said poxvirus is a
Modi fied Vaccinjia_Virus Ankara (MVA). 35 The kit
36. Thakiarariing & dni Abanhewaialng HVEhE NIVA Buewla dage §f 10° o
36. The kit according to claim35, wherein the WA is
5x10° MURHN(r) at a dose of 105 to 5x108 TCI D50. 37. The
kit according to claim 34, wherein the WA is a
reconbi nant MVA. 38. The kit according to any one of
37. Thekitiagsorlirlg toocldim 3dhehetain theeMVAY isa fesgsbangnitMVA.
smal | pox. 39. The kit according to claim 37, wherein
the infectious agent is bacillus anthracis. 40. A kit
38. The @itpacceiding wnanyone ofjelains 8bipd3i whereit dmpinfestipgsagent is
MVA and instructions to deliver the inmunogenic
smallpéenposition to a human as soon as possible after
exposure to smal | pox.

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.
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