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Background of the invention

For many diseases, such as infectious diseases vaccines have been developed or
are in the process of being developed. These vaccines induce a protective immune

20  response within a ceriain time frame. Since most vaccines are used for the
vaccination against diseases that are rather rare in the population there is usually
no need that the generation of the immune response is particularly rapid. However,
there are situation in which an immune response, such as a proiective immune
response should be generated as fast a possible. This may be the case in an

25  outbreak of smallpox or any other human poxvirus disease.

The causative agent of smallpox is the variola virus, a member of the genus
Orthopoxvirus. Vaccinia virus, also a member of the genus Orthopoxvirus in the
family of Poxviridae, was used as live vaccine to immunize against smallpox.

30  Successful worldwide vaccination with Vaccinia virus culminated in the eradication
of variola virus (The global eradication of smallpox. Final report of the global
commission for the certification of smallpox eradication; History of Public Health,
No.4, Geneva: Word Health Organization, 1980). in the meantime, most of the



No. 4, CGeneva: Wirld Health Organization, 1980). In the neantine, nost of

t he WD 2006/ 089690 PCT/ EP2006/ 001447 2 stocks of infectious variola
viruses have been destroyed. However, it can not be excluded that
poxviruses inducing small pox or smallpox-like di seases m ght again becone
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di sease of animals is spread to humans. 5 Moreover, there may al so be
other situations in which it is desizable to induce a rapid inmmune
response, e.g. it nmight be desirable to induce a rapid i mune response
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t he vaccinated animal and to viruses that 25 show a m nor residual
repl #¢ation activity that is controlled by the i mune system of the

ani mal, ‘paglikdyege rﬂﬁ[@m"t&l"’fﬁ@iﬁ\fén‘fﬁhcr‘ the poxvirus is adm nistered.
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Accordl ng to an e ment of the present invention the replication
i nconpet ent poxviruses are viruses that are capable of inf ecti ng cells of

e 27 e 5t B P B A s vacoi e,
of i nt er pehimmdreshdribetinan Baihaldatiiding @ human, comprising the step of .
15 administering to the animal, including the human a poxvirus that is replication
incompetent in said animal, including the human. The invention further relates to
the use of said replication incompetent poxvirus for the preparation of a vaccine for
the rapid induction of a protective immune response and to a poxvirus as vaccine
for the rapid induction of a protective immune response, wherein the poxvirus is a

20  replication incompetent in said animal, including the human.

The term “replication incompetent poxvirus” and the synonymous term virus that
is “not capable of being replicated to infectious progeny virus” refer to poxviruses
that do not replicate at all in the cells of the vaccinated animal and to viruses that

25  show a minor residual replication activity that is controlled by the immune system
of the animal, including the human to which the noxvirus is administered. '

According to an embodiment of the present invention the replication incompetent
poxviruses are viruses that are capable of infecting cells of the animal, including
30 the human in which the virus is used as vaccine. Viruses that are ,capable of
infecting cells" are viruses that are capable of interacting with the host cells to
such an extent that the virus or at least the viral genome becomes incorporated
into the host cell. Although the viruses used according to the present invention



such an extent that the virus or at |east the viral genone becones

I ncorporated into the host cell. Al though the viruses used according to
the present invention WO 2006/ 089690 PCT/ EP2006/ 001447 3 are capabl e of
infecting cells of the vaccinated animal, including a human, they are
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15 of being replicated to infectious progeny virus. It is known to the
person skilled in the art which virus has to be chosen for a specific
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the art which virus has to be chosen for a specific animal species. A test that

allows determining whether a virus is capable or not capable of being replicated
in mice is disclosed in WO 02/42480 and uses the AGR129 mice strain (see
beiow) any other mouse strain that is incapable of producing mature B and T cells
20 and as such is severely immune compromised and highly susceptible to a
replicating virus. The results obtained in this mice model are indicative for

humans.

According to an embodiment of the present invention the viruses according to the
25  present invention are capable of being replicated in at least one fype of cells of at
least one animal species. Thus, it is possible to amplify the virus prior to
administration to the animal that is to be vaccinated and/or treated. By way of
example reference is made to MVA-BN that can be ampiified in CEF (chicken
embryo fibroblasts) cells but that is a virus that is not capable of being replicated

30 to infectious progeny virus in humans.



WO 2006/ 059690 PCT/ EP2006/ 001447 4 According to an enbodi ment of the
Ankara (MVA) is used in humans and several animal species such as mce and
non- human prinates. MVA is known to be exceptionally safe. MVA has been
generated by long-term serial passages of the Ankara strain of Vaccinia
virus 5 (®ORPIHIENI cken enbryo fibroblasts (for revilSHEPSWOREAT A,
Hochstein-M ntzel, V. and Stick/, H [1975] Infection 3, 6-14; Sw ss

Pat ent No. 568, 392). Exanples for 4WA virus strains that have been
deposited in conpliance with the requirenents of the Budapest Treaty and

that ar eAéb%zcéjH%E[d @h%rhgod%é&tdfﬂ%o ;lﬂlésérﬁjﬁwveﬁﬁcﬁﬁwdiﬁeaw&binmmmSe strains M/A

572 deposit ur opean ection of to Animal Cell Cultures
( ECACC) , Atkeeira My is( Ui inihumank eind spueial aoimahspasiss suchasaiga@nd707 on

J 27..1994, WA 5 ' EC, Decenber 7, !
2000 ancATER paptee Uy AR RISV & ht Rt Rl AR PR LoBeCC o August
30, 2000gerestetidiynond-eraseraipadsagmtofdfie Ahkarprstraimmf Vaceipia vioss t he WA ‘
der vt | GAT o ghickeR abrvekirpBBe (Bseonew she Shbr- HRLSRP A s

derivati \‘/%cﬁ&liﬂél,?t.'[w m;%bﬁﬁ%', EPQLEWRE2Ba10AIEN0. TE8; 392)¢Ekamgidsn having at

| east one, at |ea , east three or all of the follow ng

pr oper t i fos MV2Dvigus) stesisdbat have been depesitedde co@pliame Wit #6n i n chi cken enbryo

fibrobl ast s. ) i (A ik 4 of

repr oducfeﬂgge&%glqf@bh%tdtia%drﬂlépfg'%eﬂ%%&r?ngéﬁ% %?ﬁggﬂP@é@%PﬁgQ%i% enbodi nment

of the pesssintvantiveatd straifshdVABTRdepekited atbs EarepeahdCdllenton bbne

ost eosarcoma, cell |ine t he. hu eratinqcyte.cel| line 25 HaCat and
the RumetnigE &Ieh %B’ﬁéééé@&p&rﬁ@g\imp}mgv'tﬁléfﬂ%,ge%ﬁ?tjonf'E%Hmlfﬁre to replicate
In vivo gBasevsIRl2Y0r HﬁUQﬁJa@ﬂQ’W%@W%F@depddﬁéﬂhnﬂéﬂlﬂm\w of a hi gher

i mmunogenicity conpared to the known strain M/A 575 (ECACC V00120707) in a
| et hal cORA208AGen mbendy 2000@nd)MY AN depesited with the a8mbstibst anti al Iy t he

same | evihodihob TWHY EYAEE on August 30, 2000.

According to an embodiment of the present invention the MVA strain is MVA-BN
15 and its derivatives. A definition of MVA-BN and its detivatives is given in
PCT/EP01/13628.

In short, MVA-BN and its derivatives as disclosed in PCT/EP01/13628 are
characterized in having at least one, at least two, at least three or all of the
following properties:
20 (1) capability of reproductive replication in chicken embryo fibroblasts
' (CEF)' and in the cell line BHK, but no capability of reproductive
replication in human cell lines. According fo an embodiment of the
present invention the human cell lines are the human bone
osteosarcoma cell line 143B, the human keratinocyte cell line
25 HaCat and the human cervix adenocarcinoma cell line Hel.a,
(i)  failure o replicate in vivo in severely immune compromised mice,
(i)  induction of a higher immunogenicity compared to the known strain
MVA 575 (ECACC V00120707) in a lethal challenge modef and/or
(iv) induction of at least substantially the same level of immunity in
30 vaccinia virus prime/ vaccinia virus boost regimes when compared
to DNA-prime/ vaccinia virus boost regimes.



30 vaccinia virus prine!l vaccinia virus boost regines when conpared to
DNA- pri me! vaccinia virus boost regines. WO 2006/ 089690 PCT/ EP2006/ 001447
5 For detailed information regarding to the assays used to determ ne

whet her an WA strain has one or nore of the above features (i) to (iv)

r ef er enceWio06d®98 0 WO 02/ 42480 (PCT/ EPOL/ 13628) . TPHTEPREHIGI4Ht i on al so
di scl oses how viruses having the desired properties can be obtained. In
the following it is shortly 5 sunmarszed how t he person skilled in the art
can test whether an MVA strain has one or nore of said features and is,

thus, a w | I | t | ntion. The
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106(3): 761-71) or HeLa is wused in the pr?s n pligation as defined in
WO 025424&80mariedhow the pergon plied ig thesart gap %ﬁpﬁ%ﬁﬂ@@ﬂ%ﬁﬁéﬁb’ﬁ%
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of less than I'h sald ce I ne. 'Fhe anplification ratio" of a virus is
t he rati theypresentirveptiond dhedoliovimg summaneisteditactes understopd©p 1@ dmithe anount

originally used toJ LS. I Lput). Aratio of
"1" bet Mgﬁenre?e&?%?f@bﬁ/%@ fé@#‘??%%@%gé%cﬁﬁﬁ Eogthggﬁl S "g‘fus wherein the
amount  ofnfarinfaien. AAstead AN Cenk/42480 it herawithdodmporatdd in ifs entitety bpnme as t he
anount initially used to infect the cells. According to an enbodi nent of
the pPes&fereNB&ention the viruses that are "not capable of reproductive
replication” in human cell lines may have an anplification ratio of 1.0
(average value) or less or even 0.8 (average value) or less in any of the
above huithe tarai 'not tapable-efiraprothadive replitaliadBn hempreell §nes sugeaalle’ as used

{1 PLGRR Y IRt E ogho PGB T000 L2 b o, | om o
under st oQgledin the pRIseANapPlithtionths definbe IO DRdR480.11glus, &xjvas thabis s may
devi alts © ]‘c'r[o? rcpapa\ble of reproductive replication” in a cell line is a virus that shows an

amplification ratio of less than 1 in said cell line. The “amplification ratio” of a virus

is the ratio of virus produced from an infected celf (Output) to the amount

originally used to infect the cells in the first place (Input). A ratio of “1” between

Output and Input defines an amplification status wherein the amount of virus

20  produced from the infected cells is the same as the amount intially used to infect

the cells. According to an embodiment of the present invention the viruses that

are “not capable of reproductive replication” in human cell lines may have an

amplification ratio of 1.0 (average value) or less or even 0.8 (average value) or

less in any of the above human cell lines HelLa, HaCat and 1438

25
The term “average” as used in the present application refers to the average values
obtained from of at least 2, 3, 4, 5, 6, 7, 8, 9, 10 or more experiments. It will be
understood by a person skilled in the art that single experiments may deviate from
average values due fo the inherent variability of biclogical systems.

30

The term “failure to replicate in vivo” is used in the present application as defined
in WO 02/42480. Thus, said term refers to viruses that do not replicate in the
mice model as explained in WO 02/42480. The mice used in WO 02/42480 are



average val ues due to the inherent variability of biological systenms. 30
The term"failure to replicate in vivo" is used in the present application
as defined in WD 02/42480. Thus, said termrefers to viruses that do not
replicate in the mce nodel as explained in WD 02/ 42480. The mice used in
WO 02/ 4240 28069838 2006/ 089690 PCT/ EP2006/ 001447 6 iPA3EBANH/R014H7 produci ng
mature B- and T-cells (AGR 129 mice). MVA-BN and its derivatives do not"
kill AGR129 mice within an average tg me'period of at |east 45 days
(average value), such as within at |east 60 days (average value), or within

20 days £r@é§%t§98ﬁr§g&§igr ALhGE 5 Bfd 'Ar’%egngAGR 2% thide). WoR-BM bRd #97 pfu virus
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produci fh ‘ {¢fe é'é’c@lﬂﬁ\r@eé/t@rf@hb{eﬁ mune conpr o sed
and hi gh Vg%ﬁ@‘ﬁ?ﬁ”ﬁ?%%@@é@p@ggu ngpﬁ virus. The data obtained in said
nice nodeharacten;ademthatmenrue.can@mmverﬁdfsom orgasraiitisguenoidheenbodi nent t he

t t d
ot rop! RGRZ SR By BB et srfivaY BnetuBie e anBRag £t (o 1
re![ ated EFethi?reLyEQU @aysr(ﬁxlﬁ?érag?'ﬂlgluf) Iaﬁé?ﬂhipéhﬂfeﬂtonpﬁxm misd w&thnd? ffur ;.Iﬁ that is
not capabl e of being replicate nf.ectio eny vir o the
repl |1@gt Vi %Wﬁ'ﬁt%%ﬂmgg PIWTQ“BRW& hﬁkéﬁ&gg@cgﬁnﬂﬁﬁ?ﬁs al so those
viruses e%%lﬁ'cﬁn Bgﬁsé@ﬁ[«%ﬁl@hcéﬂ’a%lé’éﬁﬁédﬁcmg“?ﬁ%ﬂjrb@aﬁ@chﬁ@@ﬁ‘d a m nor

r esi dual rep cation acti vi h I's controlled by the i mune system of
t he humaasswcrvwblseVere}yhmmmE\uomm’DﬂmSed@nﬂ highivesusgeptible tyatraplicating t he Iet hal
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in WO 0244aA#8Ag td &n éMbbdlmdnethhrueb@bf o peesentiisentivrgsocinas &VAY ce
15 BN and its derivatives, do not replicate at all in humans. In applying the definition
in the section related to the terms “replication incompetent poxvirus® and “virus
that is not capable of being replicated fo infectious progeny virus” to the
replication behaviour of MVA-BN and its derivatives in humans also those viruses
are within the scope of the present invention that show a minor residual
20 replication activity that is controlled by the immune system of the human to which

the poxvirus is administered.

The details of thé lethal challenge experimant used to determine whether an MVA

25  strain has “a higher immunogenicity compared to the known strain MVA 575° are

| explained in WO 02/42480. In such a lethal challenge model unvaccinated mice
die after the infection with replication competent vaccinia strains such as the
Western Reserve strain 1.929 TK+ or IHD-J. The infection with replication
competent vaccinia viruses is referred to as “challenge” in the context of

30  description of the lethal challenge model. Four days after the challenge the mice
are usually killed and the viral titer in ‘the ovaries is determined by standard
plaque assays using VERO cells. The viral titer is determined for unvaccinated
mice and for mice vaccinated with MVA-BN and its derivatives. More specifically



die after the infection with replication conpetent vaccinia strains such as
the Western Reserve strain L929 TK+ or IHD-J. The infection with
replication conpetent vaccinia viruses is referred to as "challenge" in
the context of 30 description of the |ethal chall enge nodel. Four days
after t heWorRa68Hee the mce are usually killed and RCHEPAOE/BII44T ter in the
ovaries is determned by standard plaque assays using VERO cells. The
viral titer is determ ned for unvacciznated mce and for m ce vaccinated
with MVA-BN and its derivatives. Mre specifically W 2006/ 089690
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corrparsed to DNA-prine! vaccinia virus boost regines if the CTL response as
measur ed A fadefifa Gfust Soh APSRUVE st?d?ﬁjls rééé@)éd%'é iﬁcﬁmﬂ@ 5gd in io VO
la Vi

02/ 42480 is at |east substantiall ane in vaccl rus prinme!
vacci ni a Suwtan%alfzd@amam@ba\fﬁb@f tmwrtywmcw VIwSmdim@maUEWa/\amsl nia virus

boost regj ent. i nveption the CTL
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boost %‘@?@@i ge j Q f the 15 "assay 1" and,,assay 2" as
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15 ,assay 1" and ,assay 2" as disclosed in WO 02/42480. According fo an
embodiment of the present invention the CTL response after vaccinia virus
prime/vaccinia virus boost administration is higher in at least one of the assays,
when compared to DNA-prime/vaccinia virus boost regimes. According to an
embodiment of the present invention the CTL response is higher in both assays.
20
According to an embodiment of the present invention the derivatives of MVA-BN
are characterized (j) in being capable of reproductive replication in chicken
embryo fibroblasts (CEF) and the Baby hamster kidney cell line BHK but not
capable of reproductive replication in humancell lines, wherein according to an
25 embodiment of the present invention the human cell fines are the human bone
osteosarcoma cell line 143B, the human keratinocyte cell line HaCat and the
human cervix adenocarcinoma cell line Hela and (if) by a failure to replicate in
vive in severely immune compromised mice.

30 According to an embodiment of the present invention the virus is a clone purifisd
virus, such as a monoclonal virus.



enbryo fibroblasts (CEF) and the Baby hanster kidney cell |ine BHK but not
capabl e of reproductive replication in human cell |ines, wherein according
to an 25 enbodi nent of the present invention the human cell lines are the
human bone osteosarcoma cell |ine 143B, the human keratinocyte cell line
HaCat andWwoize06/0Ba@n cervi x adenocarci noma cel | | i ne PEEER2046#01447i ) by a
failure to replicate in vivo in severely immne conprom sed mce. so
According to an enbodi ment of the prgsent invention the virus is a clone
purified virus, such as a nonoclonal virus. W 2006/ 089690
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the virus is a“virus en produce passaged un m free
condi t i oRsen praduidadipasdaged usteraferur iieecpnditionsict redagrethiesisk@it ai ned in

serum 5; ent invention is admnistered in a
concent rarp%/@nﬁgg‘ﬁ%}gédggifs c%a%ﬂlegqagér%l D5o/m, e.g. in a concentration range
of e.g. 105 to 5x10 8 TCI D50/ mM or in a concentration range of e.g. 106 to

108 TCl Dg/ﬁ} Th.e ual copcentration depends on the type of the virus
and t fe Ahﬁ?coé‘ﬁ'@@ eRsegsat Inyartian s eeministeredNiyA- @Iﬂcﬁﬂ’fﬁiﬁ&ndangﬁacm nati on

dose forohm*&aﬂoéfrmnﬁ%{,ﬁﬁseé i a%né@ﬁra?@h%@gé&fé?xmtqg&% B5o, e.g. about |

x 108 TCI D50, administered® subcut aneousl%/ to an enbodi ment of
t he pres@ﬁiaaomemm asongeatrptioniange ofie.gd 469 teeid® Té.'lﬂasoé‘nl é‘hgactuml MVA strain,

such as ter.ed S|ngle

adni ni st %’Mﬁ on Wd#ae%dg%é tlﬁ/egttg}:)%%it Vé‘?"g(?tng\;ie ?WFH%@P?%% @ﬁ%ee Cinical
gata ha\émczshm\‘lwﬂ tHwM\@.~BNrsgﬂypicalambnnaﬁmlrodkg/ew ?hh?}MﬁnB&bmpﬁw%@Q ijn ad |
etecta ol I n al] npst of the, vaccinated individuals.
Accor i ng& @@gum¥?§nﬁ§®5%€ﬂt a%q Uttt 0415&%@ agmiisieredn t he poxvirus as 20
defined ahRutneBudly. an MVA strain, such as MVA-BN and its derivatives my

also be used in honnlogous prime boost regines, i.e. it is possible to use
a poxvirus such as MVA for a first vaccination and to boost the i mune

o o1 ol ARERANE 5 th osboliffent L ARRER RIRRAY BURBA b et
vacci natatmve, dlgeap®VA sivein,asichlel IMGABN and its derivatives is administered in
15  asingle administration to induce a rapid a protective immune response. Clinical
data have shown that a single vaccination with MVA-BN resulted in a detectable
immune response in almost 100% of the vaccinated individuals.

According to another embodiment of the present invention the poxvirus as

20 defined above, e.g. an MVA sfrain, such as MVA-BN and its derivatives may also
be used in homologous prime boost regimes, i.e. it is possible to use a poxvirus
such as MVA for a first vaccination and to boost the immune response generated
in the first vaccination by administration of the same or-a related strain of the
poxvirus than the one used in the first vaccination. The poxvirus as defined

25  above, e.g. an MVA strain, such as MVA-BN and its derivatives may also bé used
in heterologous prime-boost regimes in which one or more of the vaccinations is
done with a poxvirus as defined above and in with one or more of the
vaccinations is done with another type of vaccine, e.g. another virus vaccine, a
protein or a nucleic acid vaccine.

30
The mode of administration may be intravenously, infradermal, intranasal, or
subcutaneously. Any other mode of administration may be used such as
scatification.



25 above, e.g. an WVA strain, such as MVA-BN and its derivatives may al so
be used in heterol ogous prine-boost reginmes in which one or nore of the
vaccinations is done with a poxvirus as defined above and in with one or
nore of the vaccinations is done with another type of vaccine, e.g.

anot her vWOR8068%WEE ne, a protein or a nucleic acid PAEEPHESNBMTThe node of
adm nistration may be intravenously, intradernmal, intranasal, or ° .
subcut aneously. Any ot her node of adm nistration nmay be used such as
scarification. WO 2006/ 089690 PCT/ EP2006/ 001447 9 The poxvirus used
according to the present invention may be a non-reconbi nant poxvirus such
as an WA strain, e.g. WA-BN and its derivatives. In this case the

vacci nat TRg\pamitul asetbaecording &pihelpyesentlinventiorpmay be i nan-iesambitanés pons e
against 5 a poxvirus ipfection su nmal | fonds , ' to the
present POXVEHE Piggh ag #ie &(?ﬁfﬁ%?'%g\h\ég%hﬁ%'ﬁé g%g%}éva@%%ﬁn g@g% strain,
e.g. MA;RNBRsh Ha? bedRineM8 rApI@§ indeics digretebivelimma kpongecagaingtl a
protective I mune response agai nst _ smal | pox. Tabs IS efer’rglejf ied in
Exanpbe a powhmsdnfectionssush asamedpmodintsrrecPiding e PIFRENE NYCRI ect i ve

I mune rgsponse. .| [ ] ' i 0 Ifs vaccinia virus
strain a yﬁ;ﬁt&?ﬁn@%ﬂﬁ%ﬁ%ﬁ?ﬁ s%ih%%nz a s?ﬁéalpﬁeéa%ﬂ%%f]%ﬂt o the present

i nvent i ogdrivativesioBuiidble & rapidhsindushofsprtepiive inamdne FspopsRadaRese st rains

are fully repligation conpete i ontr .t - i:5 shown that
MVA- BN cEoainay. s is &0 m”%&@%ﬁ%%%ﬁé‘?&ﬁ%%“ée&gdﬁ Dyvax in
that a sijgl GnifaGRbReiefmindTesporteti gbhal ih edds ayainst i gni fi cant 15
protective I nmune response within four, three d ﬁven two days. This is
denonst r patbdgerds wacchia wisssesteimaiteryappaaqmyin M%‘B {R&EMBIN a2 pat hogeni ¢
Vaccinia__Vvif. sk rai ] 2 A B RGrigMmo, three or
four day@ccﬁqiﬁﬁm%ﬁg’rgsf\(ﬁgﬁﬁgﬁbo ‘3\%&? éﬁ%\)‘ggﬁlﬁhs\/ﬁgﬁ“ ta%?ﬁ{ ce were chal | enged
with 12. Bistredl DEse sthindavRiuip remicatigrscanpasent; meconirast loddYamNdt i WR vi r al

MVA BN, SeERat BYA- B cisany SBs MBS PR podipated i B TosP P
prot ect e, Andn agl Asihgl8 Yakdindtdnlohplice with MVA-BN leads fo a significant
15 protective immune response within four, three and even two days. This is
demonstrated, e.g. by assessing in the lungs the titre of a pathogenic Vaccinia
virus strain Western reserve (VV-WR) administered two, three or four days after
the vaccination with MVA-BN. When the mice were challenged with 12.5 x MLDsp
of VV-WR three days after the vaccination no VV-WR viral titre could be detecied
50 in mice vaccinated with a standard dose of MVA-BN, whereas the mice
vaccinated with Dryvax or Elstree were not protected and had a lung titre that
was very similar the titre of unvaccinated confrol mice. When the mice were
challenged with 50 x MLDs four days after the vaccination no VV-WR viral fitre
could be detected in mice vaccinated with a standard dose of MVA-BN, whereas
25  the mice vaccinated with Dryvax or Eistree were not protected and had a lung
titre that was very similar the titre of unvaccinated control mice. The ferm MLDsp
refers to the concentration of a pathogenic Vaccinia virus strain at which 50% of

the inoculated mice die.

30 {tis to be noted that the mice data are predictive for humans. Moreover, it is to be
taken info account that concentrations of a pathogenic virus that are 50 times the
lethal dose usually do not occur in nature, in particular not for human poxyiruses

that induce smallpox.



was very simlar the titre of unvaccinated control mce. Wen the mce were
chal l enged with 50 x M.D50 four days after the vaccination no WWR viral
titre could be detected in mce vaccinated with a standard dose of MA- BN,
whereas 25 the mice vaccinated with Dryvax or El stree were not protected
and had awOag/08tPe re that was very simlar the titrCGIEPNETEnat ed
control mce. The term MLD50 refers to the concentration of a pathogeni-c
Vaccinia virus strain at which 50% ab the inoculated mce die. 30 It is to
be noted that the mce data are predictive for hunans. Moreover, it is to
be taken into account that concentrations of a pathogenic virus that are
50 times the lethal dose usually do not occur in nature, in particular not
f or hunarcperdingrio s emhogieent ed theepresent ipextionibetows [ webinguction of

PCT/ EP20 A ' : ' " i nvention
the ter m%‘%rgt%%@%i WGiLe ﬁ%%rgbrﬁgaﬁg‘%'ﬁ%éﬁ@%ﬁ%@% e'%@%ﬁgéé?féﬁﬂgrﬁb ani mal ,

i ncl udi ngheagdmeratioh of 2 hetectipe ehmuableppbise Within Y dags aitless) 6odaya opr ot ect i ve

i mmune response within 7 days or_less, 6 days or | ess, 5 days or less, 4
days &r ﬁ%‘?ésﬁ%ﬁd%@%%o‘} d@;@sé'ﬁe%3g§%érée%9ge\@,n ?Z’§¥S 8F fest a&?ﬁéﬁevacci nati on
Wi th a VighttnsA66 Wt aRius Qcéda:Qn@Ecﬁtﬁ@@tvesbmﬁﬁwdﬁaﬁ.-ThTéussmes(Pem@exgiﬁesé ed since

it was a dogna in the state of the art that it takes at least 10 to 14 days

until a Hyrestaedagmadn thensiale of S¥phibat if tekeealdesit 8 W@ d4idaye uptiladi t i onal
¥ } . . T . ins  Th
"ol vy PEREE FimncRSE0hsal BHrbEl cbBHal AR RIS VBB pa
eval uat ethased driveptioatingactiitevirdadmrinsb dte irapidityeof thexiadpttionsdat i on. Sai d nodel

is also predictive for humans. ,Thus cording to_an nbodi,nent of the
oreseht PRGNS BHTUIETSRURTEC2D pe &V AaRE TE PN dnodel dRGTATT R ¢ api d

i mune r QERARE Sedtidn D48 mddebisffo pradistive dér Himapk. Thie askébingio ahf ective dose
of a poxvirus vaccine such as MWA, e.g. MVA-BN and derivatives thereof,

and 15 cRabpémgat ofithepresent invenfiona @oxdrls VResRs is ciiggibeinirduping@ W R f our
S o IR R e ddsaghor ol aeta o, avprooe
syst em degorvitie dacsing suzh esidvip) egdddaiBiandiierivatieas thetepftand val ues are
Chey e B T E R B bghs PSRRI R R ™ e o
vaccination the lung titres of the virus are below an average of 5 x 10° pfu
{corresponding to log 3.69) as determined in the test system described in the
example section. Altematively the values are below an average of 5 x 10° pfu
(corresponding to log 3.69) after an challenge with 1x, and 12.5x ML.Dsq,,
20  respectively, of VW-WR three days after vaccination with an effective dose of the
poxvirus vaccine. In a broader sense a virus leads fo a rapid induction of a
protective immune response in mice if said virus behaves similar {o MVA-BN in the
fung titre assay and the body weight assay described in the example. Thus, the
limits, threshold values, conditions and parameters as described in the example
25  section also apply in a general sense for other poxvirus vaccines that are regarded
as rapid induces of a protective immune response. From this it is obvious that the
data and information given in the example section can be generally used to
supplement any missing data and information in this paragraph, e.g. information
relating to the description of the fest system. -
30
Alternatively the rapidity of the induction of the protective immune response can be
evaluated with the serum conversion test explained below; in this context the time



20 respectively, of WWR three days after vaccination with an effective
dose of the poxvirus vaccine. In a broader sense a virus leads to a rapid
i nduction of a protective imune response in mce if said virus behaves
simlar to MWWA-BN in the lung titre assay and the body wei ght assay
descri hedWiorR0qs98968k anpl e. Thus, the limts, thresholRETERWI4Iondi ti ons
and paraneters as described in the exanple 25 section also apply in a :
general sense for other poxvirus vaagines that are regarded as rapid

i nduces of a protective imune response. Fromthis it is obvious that the

~data and {mﬂf SR &%&h%&?ighghn%ﬁéﬁrﬁ%tgﬁm%ﬁ%'t fetifh@ off a%ﬂﬁﬁﬁ{eéé used to

suppl eneh any mssin ronint aragr ap

i nf or mat pm&actwealnat:mnwe‘amnﬂsbeva%sdudeﬁiion of the test system 30
Alternatively the rapidity of the induction of the protective i mune
response can be evaluated with the serum conversion test explained bel ow

in this pegiréing td drcerbedm¥f GHSHRESH Hvehioh thE2006 0Rdidding aliumesi nt at
whi ch seroconversjon is observed.is re%arded as the ti rre oi n nt. at whi ch t he

pr ot ezt i (PN 3IAeNFUdRg AdwMpRdhativITRIEY WITARRSEPE 1A FOXdURANTERIRRG: Hent of t he
present Lavghia %Mdh@ ﬁi\%rﬂ&k that hes Hevdt Dedn M%Pactgnth%mm@@g@ﬁa i ncl udi ng

a human that 1's naiv respect to poxvirus I nfections .e. an aninmal,
i ncl udi ntrakhdmummibeen vaocinates m&vmlu@vaccmeeont act with poxviruses and that
has not been vaccinated with poxvirus vaccines. According to a related
enbodi ment the aninmal, including a human is an aninal, 1o including a
human t hatcongifi toa efédembadimentie uhing, dchadielf @ huiraatis aasniagtci nated with
a poxvirus vaccine. These aninmals, .includi ng a Puglan, m %ht, Egae rai sed an
i muke rBsldRg 8 fb'@l?ﬂrﬁ@ﬁt Vﬁ@xvpﬁarﬂi@@sw@mmuss R0siop thay wag v h as WA
The ter myiiph BbRAL VeodiBMEsd ATRARSATIUARGATUREM it Hioe clii 4 ani mal 1 s

able to ontrol an infection wt pat hogen agent agal nst which

the vac cimmgneorspese againgt. pmmmesyand/phpommumcmmugh asW/Adped a
"protective i mune response” develops only mld to noderate clinical

synptoms or no synptons at all. Usually an aninal having a "protective

| mune rm@t@ﬂﬁ epro@@&‘eﬂﬁﬁnmeqesmﬁisa” raga i thal thé vastinate® animal & abkstel t of the
't elc 5t ! Oé]on\@go} an m?ect:on \%ﬁw t&xe pathogenic agent against which the vaccination was '

done. Usually, the animal having developed a *protective immune response”

develops only mild to moderate clinical sympioms or no symptoms at all. Usually an

animal having a “protective immune response” against a certain agent will not die as

a result of the infection with said agent.

20
As pointed out above a concentration of MVA-BN or a derivative thereof for the
generation of a protective immune response in humans against smailpox is in the
rage of 5 x 107 TCIDsoto 5 x 108 TCIDso, such as 1 x 10® TCIDsp, wherein the
virus may be administered subcutaneously or intramuscularly.

25

It seems as if the mechanism of the development of a rapid immune protection
after vaccination with a poxvirus as defined above such as an MVA strain, e.g.
MVA-BN and its derivatives depends on whether the vaccinated animal including
a human is a naive animal (that was never in contact with a poxvirus before) or
30 an animal that had been in contact with a poxvirus before (e.g. by vaccination). In
the naive animal, including a human the administration of the poxvirus according
to the present invention, such as MVA-BN or its detivatives efficiently primes the
immune system, even if neutralizing antibodies may not be deiectable in the first



20 As pointed out above a concentration of MVA-BN or a derivative thereof
for the generation of a protective imune response in humans agai nst
smallpox is in the rage of 5 x 107 TCID50 to 5 x 108 TClI D50, such as | X
108 TCI D50, wherein the virus nmay be adm ni stered subcutaneously or

i Nt r anuscwWPaRW689626 |t seens as if the nechani sm of thed/ERMEPUMTENt Of a
rapid i mmune protection after vaccination with a poxvirus as defined above
such as an MVA strain, e.g. MWA-BN!and its derivatives depends on whet her
t he vaccinated animal including a human is a naive animal (that was never

i n cont aietv deyslafier paccinatios. ThefiofkeejorowitBa pathagenicalirus baosthdise been i n cont act
W th a poxvirus efore%&e.‘ﬁ. ‘{?‘% %ag% nﬁt i{onl).. Lo the neti ve ani mal,
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present gdhrenéai hfestivhiuraspddiePhifautive bid dadti Tals, vave ehfmals emdtl y prines the
I mmune system even if neutralizing antibodies may not be detectable in the

first WiigMedBrEOoE6co0atedWibmpGns/Aseauing totbe pegepriveniiongre feadnat i on. The
i nfecti ] St Vi e%)aﬁ : i t in such a way
t hat %hgﬁgwfc{eé(yt?%el yt&gergﬁlﬁfr?ggm?lmﬁ’e sy@% rrnﬁéggFlUS ont ?‘gﬁ@gﬁ% i nfection
unexpect\edtipatidd iscdanesfiand singlet vacTination aplye ani mal s that have been
vaccinated with a virus according to the present invention are readily s
protected agai nst the infection with the pathogenic virus agai nst which the

vacci nat Tvihgses @Blefihé®scoardindal the posssinh mivesiioroBlish ag M/ A“BNuses as def i ned
according to the present i nventé on,. such q?% MWA- BN anﬂ i% derivatives

al so_ar diSARINBHRSRISY arrynexpesiechAticiens and frshBiaastiag ier 1o
vaccifatiBinklion i itnalsthahald ke Fntdtt WiRiAvihd BeRrPod Yidtds before so

that a protective 1nmune response Is also rapidly generated 1n this

si t uat i qrroteTtive inatpimi tegporisetis alspmaidlyi gemerdted indhistsdioatiare | mmune response is

al so reflected by an unexpectedly fast seroconversion after vaccination of

animal s, including 1s humans with a virus according to the present

i nvent i OThestaphitg®f MéAndigstion ofMyArotEMive tiniung rdsponeatis sies reflettatbby human

primates i s shown that a serovonversion ,occurs wthin Ied$s than 10 days,
ryaé@gr@% includi

e.g. wi tan ¥nexpasipdviRsisRraconvRIEONGER op gEanimals, including

15 humans with a virus according to the present invention such as MVA, e.g. MVA-
BN and its derivatives. In non-human primates is shown that a serovonversion
ocecurs within less than 10 days, e.g. within 7 days which is one week faster than
the seroconversion after vaccination with other smallpox vaccines such as
Elstree. In the following it is described how the seroconversion after vaccination

20  with MVA-BN and its derivatives is evaluated. The same test principle is applied
mutits mutantdis if the seroconversion after vaccination with other viruses is
tested. The only modification that is required to assess the seroconversion
induced by said other virus is to quantify the fotal 1gG antibodies specific for said
other virus instead of quantifying the total MVA-BN specific IgG antibodies. The

25  cut off values and the criteria to evaluate whether a sample is positive are
determined in basically the same way with optional minor modifications that are '
within the skills of the skilled artisan. To assess for a seroconversion after
vaccination with MVA-BN (or its derivatives), total MVA-BN® specific IgG
antibodies are quantified in test sera using a direct ELISA. The ELISA is a

30 sensitive method used for the detection of antibodies in sera. The MVA-BN®
specific ELISA is a standard binding ELISA used fo detect total IgG antibodies in
human test sera. ELISA results are expressed as an end point antibody tifre



t he seroconversion after vaccination with other small pox vacci nes such as
Elstree. In the followwng it is described how the seroconversion after
vacci nation 20 with MVA-BN and its derivatives is evaluated. The sane test
principle is applied nutits nutantdis if the seroconversion after

vacci nat i W 286089686 her viruses is tested. The only REHEPXEEOIIHT t hat is
requi red to assess the seroconversion induced by said other virus is to-
gquantify the total 1gG antibodies specific for said other virus instead of
guantifying the total MVA-BN specific 1gG anti bodies. The 25 cut off val ues
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i nduction of a protective Imune response in an aninmal, including a human"
ref eis tlesa 7 days orless, 6 days or less, 5 days or less, 4 days or less, 3 days or less, or

. even 2 days or less after the vaccination with a virus according to the present

invention.

The poxvirus as defined above such as an MVA stfrain, e.g. MVA-BN and its

20 derivatives may also be a recombinant poxvirus strain such as recombinant MVA-
BN or its derivatives. The recombinant viruses according to the present invention,
such as recombinant MVA-BN and its derivatives may contain at least one
heterologous nucleic acid sequence. The term “heterologous” is used hereinafter
for any combination of nucleic acid sequences that is not normally found

25 intimately associated with the vitus in nature. The heterologous sequences may
be antigenic epitopes or antigens, which are selected from any non-vaccinia
source. According to an embodiment of the present invention, said recombinant
virus expresses one or more antigenic epitopes or antigens which are antigenic
epitopes or antigens from an infectious agent. The infectious agent may be any

30 infectious agent such as a virus, a fungus, a pathogenic uniceliular eukaryotic
and/or prokaryotic organism or a parasitic organisms. Examples for infectious
agents are Plasmodium falciparum, Mycobacteria, Influenza virus, Flaviviruses,
Paramyxoviruses, Hepatitis viruses, Human immunodeficiency viruses, viruses



seroconversion as defined above with the test as defined above within 10
days or 15 less, 7 days or less, 6 days or less, 5 days or |ess, 4 days or
| ess, 3 days or less, or even 2 days or less after the vaccination with a
virus according to the present invention. The poxvirus as defined above
such as aWONMR/A81PHIi n, e.g. MVA-BN and its 20 deri vatiCraR2¢68014d’7so be a |
reconbi nant poxvirus strain such as reconbi nant MVA-" BN or its deri'vatives.
The reconbi nant viruses according t@the present invention, such as
reconbi nant MVA-BN and its derivatives may contain at |east one
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epi topes or antigens which are _antigenic epito e§ or anti.ﬁ‘enﬁ froman

i nf ecti onet andjeba UserHe indyce c i2gik! reﬁ%ﬂﬂsﬁé"géﬁkf 3 FOHEHEL agent  such
o karvobatméy élHé‘@H%ﬁeﬁnaB@élgﬂgeeﬂé& iRk dapld igiWAHeY@sbenseand/ or

pr okaryotric ganismor a parasitic organi snms. Exanples for infectious
agent s asgaifitasmbeteraingoak anfigenicepilaped Baticesraxaressad MEERE vi rus,

Fl avi vi ryses, Paranyxovifuses it i i defi ci ency
Vi ruses, H@’iqulﬁﬂ%'sW%@(?@)%%B@W%ﬂ%ﬁ%ﬁ%@%%@@ﬁ THH%;W& ﬁg_ heror r hagi ¢

fever sugRarfsie HarteashbHEREMUA dxptadees bs &8V epitepe oEbptlbovofevendrisur g Vi r us.

According to this enbodinent the recoMant goxv.i rus as defi ngd above may
5 noti0onBpitape the eeonbinantiVied may Beiuges ihitAECe 8 LA LEMUEE I REO"E® hoxvi r us

infecti Oaniﬁéﬁ-ﬂmdqleﬁﬁ\g@&Fer@trﬁg,rragﬁéc‘ﬁﬁ‘élw. be used to induce a rapid i nmune

response “agai nst the t er ol ogous ‘anti geni c epitope/ antigen expressed
fromthe heterol ogous nucleic acid conprised in the reconbi nant virus.
Thus, by itiesisolithie fmmebpe df tha pressohibvertion thayheespabiast UHSIAY epi t ope or a

ot a1 kel F5pees SR g AfobE T PR MO R R et Vel y.

15 immunogenicity of MVA.

The recombinant virus used according to the present invention may also comprise a
heterologous gene/nucleic acid expressing a therapeutic compound. A “therapeutic
compound” encoded by the heterologous nucleic acid in the virus can be, e.g. a

20 therapeutic nucleic acid such as an antisense nucleic acid ora peptide or protein

with desired biological activity.

According to an embodiment of the present invention the expression of
heterologous nucleic acid sequence may be under the franscriptional control of a

25  poxvirus promoter. An example of a suitabie poxvirus promoter is the cowpox ATI
promoter (see WO 03/097844).

According to an embodimént of the present invention the insertion of
heterologous nucleic acid sequence is done into a non-essential region of the
30  virus genome. According to another embodiment of the invention, the
heterologous nucleic acid sequence is inserted at a naturally occurring deletion
site of the MVA genome (disclosed in PCT/EP96/02926). According to a further
alternative the heterologous sequence may be inserted into an intergenic region



It is also wthin the scope of the present invention that the reconbi nant
virus may alternatively express an antigenic epitopel antigen that further
i ncreases the 15 i nmunogenicity of MVA. The reconbi nant virus used
according to the present invention may al so conprise a heterol ogous

gene/ nucl Bo2006i8g9&x pr essi ng a t herapeuti c conpound. IXT/ERU6AHMT | c
conpound" encoded by the heterol ogous nucleic acid in the virus can-be,
e.g., a 20 therapeutic nucleic acid sgich as an antisense nucleic acid or a
peptide or protein wth desired biological activity. According to an

Crood, end 56 s AP SRS (oBBDIGIRIHAD KERKSRUAR PhpoRrbgraLgIRLe nuclel

aci d sequence may b the transcription OXVi rus

pr onot er . SgQyleasemipiodhe poxvirslipenirhe appdsnpnue agrarswt shillédsintthe adowpox AT
pronoter (see WD 03/097844). According to an enbodi nent of the present
invention the insertion of heterol ogous nucleic acid sequence is done into
a non- essalhtéfaitione given abbvé foe thes emboditenpegariing Ascesdbnitdndr anot her

enmbodi nent, of thei igv?nt 'bon, t he het er ol ogous c)trrlrg)(;l ei c ,acid sequence is

i nsert®d YHSES ABRY, PSP tBe e e SPRIETYRG rRGOMDIANtHSRA/A genone

(di scl osed in PCT/EP96/02926). According to a further alternative the
het er ol ogous sequence may be inserted into an intergenic region WO

2006/ 08963¢mp@ry philedoventiont7 15 of the poxviral genone (see WO
03/097845). Methods how to insert heterol ogous sequences into the poxviral
genone are known to a person skilled in the art. Al definitions given

above f orUsehaf sepdwiliistienther grgpaditiog ohevacoreoiobthzaapid ibdvitionsga appl y al so
for the rePr}g%g'tnent concer ni nq r econbi t vir ummary of the

n .
i nventd o VeIMMUNGdRIRINGE 7 8P WW@'S?&B@P%% Ses"!ﬂﬁ V‘;Q\V%!Béﬁ/%e for the rapid

i nduct i orpobings is kpliBatRInaREdMSetbATTHREII RFRANPEIIhARe Mg, . 1 ncluding a
human, wherein the poxvirus is replication incofpetent 1n said ani mal,

i ncluding the hunman. Method for the rapid induction of a protective i mune
response ' Py R TeX MU ol %@12 I S the p of
adm ni st e@%ﬂg@{@m%bgﬁwlo H?’E%ﬁ’t@lﬂn 1 W@%ﬁ%@”ﬁg@}%@s that is
replicat iimﬂudimg:ahpm’aamommismg e atemefl admimnisieridy twiHshnimal, including
15  the human a poxvirus that is replication incompetent in said animal, including the
human.

Use or method as above, wherein the protective immune response is generated
within 7 days or less

20 L
Use or method as above, wherein the poxvirus is a Modified Vaccinia virus
Ankara (MVA)

Use or method as above, wherein the MVA is selected from MVA strains MVA
25 5758, MVA 572 and MVA-BN.

Use or method as above, wherein the virus is a clone purified virus.

Use or method as above, wherein the virus has been obtained in a serum free
30  cultivation process.

Use or method as above, wherein the poxvirus is administered in a dose of 10% o
5x10°8 TCIDsg/mi,



human. Use or nethod as above, wherein the protective inmune response is
generated wthin 7 days or |less 20 Use or nethod as above, wherein the
poxvirus is a Mddified Vaccinia virus Ankara (MVA) Use or method as above,
wherein the MVA is selected from WA strains MWA 25 575, WA 572 and

MVA- BN.  U8@ 2006/08Phod as above, wherein the virus is EETEPENGIWAT i ed
virus. Use or nethod as above, wherein the virus 'has been obtained in a
serumfree 30 cultivation process. dJse or nethod as above, wherein the
poxvirus is adm nistered in a dose of 105 to 5x108 TCID6o/m, WO

2006/ 089690 PCT/ EP2006/ 001447 16 Use or nethod as above, wherein the
poxvirus is adm nistered intravenously,  intramuscularly or subcutaneously.
5 Use orUsebhoethed asmbeore, wheseinithe poe/irgp &t adminsieredinfiRenediivnse is a
protectiy i ne res jnst. a poxvirus infection. Use or nethod as
above, mﬂﬁ?@f’%ﬂg’?rﬁ*ﬁﬁ@gﬁ%@%mse is against a smallpox infection. 10 Use
or nethod as above, wherein the poxvirus is a reconbi nant poxvirus. Use or
nmet hod as above, wherein the reconbi nant poxvirus conpti . ] east one
het er Bl oderier mgthosias ahove: g@fﬁ%proi@%@émgwnﬁé?wggggés %@go\}gt“}\ﬁner ein the
het er ol Omé‘l'lé%i)&i]é‘e ]&tﬁ%sé\ﬁﬂéﬁnﬁeéﬁcﬂm sequence coding for at |east one
antigen, antigenlc-epitope, and/or a therapeutic conpound. 20 Use or

nmet hod as above, wherein the antigenic epitopes and/or the antigens are

anti geni G S} 2RE% AUMOOE, AR infhufd rddBbRES IsusRirde 8 Mmalipox

infection.
10
Use or method as above, wherein the poxvirus is a recombinant poxvirus.
Use or method as above, wherein the recombinant poxvirus comprises at least
one heterologous nucleic acid seguence.
15
Use or method as above, wherein the heterologous nucleic acid sequence is a

sequence coding for at least one antigen, antigenic epitope, and/or a therapeutic

compound.

o0 Use or method as above, wherein the antigenic epitopes and/or the antigens are

antigenic epitopes and/or antigens of an infectious agent.

Use or method as above, whersin the antigenic agent is selected from viruses,
fungi, pathogenic uniceliular eukaryotic and/or prokaryotic organisms, parasitic

25 organisms.

Use or method as above, wherein the viruses are selected from the family of
Influenza virus, Flavivirus, Paramyxovirus, Hepatitis virus, Human
immunodeficiency virus or from viruses causing hemorrhagic fever.

30
Use or method as above, wherein the immune protection is against the infectious
agent from which the antigenic epitope and/or antigen is derived.



Use or nethod as above, wherein the antigenic agent is selected from
viruses, fungi, pathogenic unicellular eukaryotic and/or prokaryotic
organi sns, parasitic 25 organisns. Use or nethod as above, wherein the
viruses are selected fromthe famly of Influenza virus, Flavivirus,

Par amyxovwowg)e/oBksp@at i tis virus, Human i mrunodefi ci e@EYF/BPRA0E01SAT7 fr om
viruses causing henorrhagic fever. 30 Use or nethod as above, wherein the

i mmune protection is against the infigctious agent fromwhich the antigenic
epi tope and/or antigen is derived. WO 2006/ 089690 PCT/ EP2006/ 001447 17

Short deser.iklo0: t ks : Figure 1: Changes in body weight of
owaéﬁ?lﬁg{og dsﬁhé hgp%ﬁ% 5

differently vaccl m ce wing an intranasal challenge with 1x the
MLD50 of VWW-WR BALB/c mice were 5 vacci nated subcutaneously w'th

MVA- BN El stree, Dr i t | j P wmith M/A- BN
3 diays. oFigiTs s CHancss W By Beiditial el yabERbrch B roiuglibig per
nouse. Baf\inttghasHl chaBediRARith as the MUD, of VWAVRe BAEB/d shive Wereand then daily

post challenge at the same tine each ®daY. Thery?/r aph _re§r_esent t he average
body ei yREciaiathgaacuianecysly with dA-BN nElsieengWax. 5 i P3¢ (day 0 as
basel i ne L di i MAP [ 5 ' I ght of
differ enl(l?@é)\[gé%}/ér]lg’! gﬁéﬁm}ﬂéﬁﬁ ollsﬁga\)‘ﬁsr?grgﬁaﬁls%ﬂ?ﬁgra@ggiéngmﬁgﬁ(g%@w th 12.5x
t he M.D5TCHPso\Wf WR-WiBAds/mousecBodyeweightrass measwed suibe tnt chadengey with

MVA- BN( r str yvax, .on W th lipe . S), 4 r wth

W BN {2y 0 Hon SR e M RS the belaipafBantll, ik per

nouse. Beshreswit ¢ awrsge Ry Welsht Rhbeged peraradp evagdintediaging) and then daily
post chal lenge at the sanme tine ea,cg, day The graph represent the average
body }ei §RiMalizash ey $as baselng valvel ngiviaua\ae$- nor mal i zed (day O as -
basel i ne val ue) individual values. 20 Figure 3: Changes in body weight of
differently vaccinated nmice follow ng an intranasal challenge with 50x the
MLD50 of FigtiR2: BhiaBges in bedyweight of differently vaccinated mice following

an intranasal challenge with 12.5x the MLDs, of VV-WR. BALB/c mice were
vaccinated subcutaneously with MVA-BN®, Elstree, Dryvax, or with Saline

15 (PBS)4 days, or with MVA-BN® 3 days prior to challenge with 5 x 10° TCIDs of
VV-WR per mouse. Body weight was measured prior to challenge (day 0) and
then daily post challenge at the same fime each day. The graph represent the
average body weight changes per group over time using normalized (day 0 as
baseline value) individual values.

20
Figure 3: Changes in hody weight of differently vaccinated mice following
an intranasal challenge with 50x the MLDs, of VV-WR. BALB/c mice were
vaccinated subcutaneously with MVA-BN®, Eistree, Dryvax, ot with Saline

. (PBS) 4 days, or with MVA-BN® 3 days prior to challenge with 2 x 10° TCIDsp of

25 VV-WR per mouse. Body weight was measured prior to challenge (day 0) and
then daily post challenge at the same time each day. The graph represent the
average body weight changes per group over time using normalized (day 0 as -

baseline value) individual values.

30 Figures 4, 5 and 6: Viral load of lungs at the time of death or sacrifice
following intranasal chalienge with 1x the MLDs, of VV-WR (figure 4), with
12.5x the MLD3, of VV-WR (figure 5) or 50 x the MLDs; of VV-WR (Figure 6).
Lungs were collected from each animal and the viral load was determined using



vacci nat ed subcut aneously with MVA-BN(r), Elstree, Dryvax, or with Saline
(PBS) 4 days, or with MWA-BN(r) 3 days prior to challenge with 2 x 106

TCI D50 of 25 WWR per nouse. Body wei ght was neasured prior to chall enge
(day 0) and then daily post challenge at the sanme tinme each day. The graph
r epr esent woheoe/0806¢r age body wei ght changes per gr oup PEVEP2006/#E440si ng
normal i zed (day O as baseline value) individual values. so Figures- 4, 5
and 6: Viral load of lungs at the tipe of death or sacrifice follow ng

i ntranasal challenge with 1x the M.D56 of WWR (figure 4), with 12.5x the

M.D50 of é/%t\é\%éra @a?%rapé% ggrd(%éiIQeT%P§f§|8 re\éém 62 gh%m Lungs were

collected frome ani e vira etern1 ng WO
2006/osgd@@rmcmmapzmdemnaﬂ@r 18 a standard plaque assay on Vero cells.
The bars represent the average lung titre per group standard error.
Examples: 5 The follow ng exanples will further illustrate the present

I nvent i orExamples:| | be well understood by a person skilled in the art that
the provided exanples in no way may be interpreted in a way that limts
the applicability of the technol ogy provided by the present invention to

this exanmqu[igvﬂqg; Espmbewil fu%ﬁusﬂ%t&ﬁ@?‘?&ég?@wéﬁhd\@@t ﬁyﬁg%&o of

DryVax vacci nat m ce challenged wth 1

vacci ni a Uidestodby. amsf'ar WIM@r’Eb@aGW’tm progided examplaio rookay Lrur i ne
ef 11 cacy T B BlePBieRIR e oMol P 2B R T R BB Polofy 8BS Y ac i na ed

wi th vadyitheprebire imfehtion tnhis ©fanyésh is to be determined. Control nice
receive a saline 20 control instead of the vaccine. Several days after the

vacciffation the mice are infected with a pathogenic Vaccinia virus strain

suc Ea?sdosemtsdm vgﬁgétrufqareste.rd@n iRINPABNERERES, SAFSAM al¥indfRka The nurine
mice chalienged wuth 1x, 12 5x or 50x the MLDs; of vaccinia virus VV-

Western Reserve (VV-WR)

15 1. Infroduction

A murine intranasal vaccinia challenge model has been developed to test the
efficacy of smallpox vaccine candidates. In this model, mice are vaccinated with
vaccines the efficiency of which is to be determined. Control mice receive a saline

20 control instead of the vaccine. Several days after the vaccination the mice are
infected with a pathogenic Vaccinia virus strain such as the the vaccinia virus
strain Western Reserve (VV-WR), The murine lethal dose 50 (MLDsp) of the
vaccinia virus strain Western Reserve (VV-WR) was determined to be 3.6x10*
TCIDsg in unvaccinated mice.

25 In a preliminary study it was shown that MVA-BN vaccinated BALB/c mice
challenged with either 25x or 50x the MLDsg of VV-WR quickly recovered from
the viral challenge, showed no clear signs of clinical symptoms, and no
pathotogical lesions were present in the lungs of these animals. In another
preliminary study the time required after vaccination o establish protection from a

30 lethal challenge with VV-WR was investigated: Challenging of MVA-BN®
vaccinated mice with a sub-lethal dose of VV-WR (5x10° TCIDsy/mouse) 3 days
after the vaccination revealed protection (with regard to body weight loss and viral
lung titres). The objective of this example was to narrow down the time required



vaccinia virus strain Western Reserve (VW-WR) was determ ned to be 3.6x104
TCI D50 in unvaccinated mce. 25 In a prelimnary study it was shown that
MVA- BN vacci nated BALB/c mice challenged with either 25x or 50x the M.D50
of W-WR quickly recovered from the viral challenge, showed no clear signs
of clini c#W0 289689685, and no pathol ogi cal | esi ons wWeNE/ERWGBHE4TI n t he

| ungs of these animals. I'n"another prelimnary study the time reguired -
after vaccination to establish protgetion froma 30 |ethal challenge with
W-WR was investigated: Challenging of MVA-BN(r) vaccinated mce with a

sub-1 et h%hle,ud@gxﬂt | On&’a‘f)@@ 168 6 DR ?Pé&fbéércrj&ﬁeﬁ?a olkafatstechbh &slioWify ¥acci nat i on

reveal ed Wth rega wel ght l'oss and viral |ung
titres). letha chbljengb with \Of-WR s exanpl e was to narrow down the tinme required
WD 2006/ 089690 PCT/ EP2006/ 001447 19 after MVA-BN(r) (or Elstree or Dryvax)
vacci nation to obtain protection followwng a Iethal challenge with WWR

2. Virusesvpidasand eohtols: 5 Test vaccine | Mdified Vaccinia

Ankar a- Bavarian Nordic (MVA-BN(r)), in a concentration of 5.0E+08

TG D56l M. Formulation: in 1 DM Tris 140nM NaC pH7.4 No further dilutions
of the I\/\f,g-ﬁ}gcr&]n jock were made in the MA- BNO vacci nated io0 groups and
200pl was "adm ni'stered subcutaneously result i in a final dgse of 1.0E+08
TCl D50. Tslifiedateriing Ankdea-Bavardan/Nerdy: S\ BN Eli%ﬂﬁ@écw’t{ﬁﬁl% Honi nal

concentrat . 10mMM Tris 140mM NaCl
pH7. 4 No f#{bﬁgjr&la%rﬂjt Fgrﬁriﬁl%?{rﬁﬂgpr@lsl;refsgfw [}fa@"'lpeﬂl § and 2. 5pl was |
?dm In| Zt Nﬁd:‘-theglcgléﬁ%?rof_irhg:%gﬂﬁpﬂl;@lstd(:hwa'ean‘ladeﬁn ted ViR e vaeninagted ng i In a
i nal dose o + 0 est vaccj ne nom na
concdat r Sfoups@nd 208 wrs W'D!‘:"‘Eﬁrﬁg ”%‘hﬁ‘ﬂﬁ%?ly(ﬁsuﬁr}g %ﬁrﬁ@l‘gyd&)ge%f

1.0E+08 TCIDsxy.

Test Vaccine 2

Vacginia virus strain Elstree with a nominal concenration of1.0E+08 TCiD5o/m!
15  Formulation: in 10miM Tris 140miM NaCl pH7.4

No further dilutions of the Elstree stock were made and 2.5l was administered

via scarification on the tail of each mouse resulting in a final dose of 2.5E+05

TCl1Dsq.

20  Test vaccine 3
DryVax with a nominal concentrationof 2.9E+07 TCIDse/ml; Formulation: in 10mM

Tris 140mM NaCl pH7.4

No further dilutions of the DryVax stock were made and 8y} was administered via

scarification on the 1ail of each mouse resulting in a final dose of 2.5E+05 TCIDs.
25

Each of the test vaccines 1 to 3 was administered with its optimal dose and route

of administration.

Challenge virus
30 Vaccinia Virus Western Reserve (VV-WR) with a nominal Concenfration of

4.0E+08 TCIDso/ml |



Tris 140nmM NaCl pH7.4 No further dilutions of the DryVax stock were nade
and 8pl was administered via scarification on the tail of each nobuse
resulting in a final dose of 2.5E+05 TClI D50. 25 Each of the test vaccines
1to 3 was adnministered with its optinmal dose and route of adm nistration.
Chal | engeWd 20¢608%60 Vacci ni a Virus Western Reserve (WMNREPMISHOHIMNOM nal
Concentration of 4.0E+08 TCID501M WD 2006/ 089690 PCT/ EP2006/ 001447 20
The follow ng dilutions of WWR (4. &E+08 TCI D50/ M) were nade to generate a
final working stock of 8.0E+04 TCI D501m and 4.0E+07 TCI D50/ m : For 1x the

MLD50 of : ' ' : 100l
of t heOﬁ%@o@ﬁ@?é@+ﬁ%¥%ﬁ%%g§%@}zg{tegé gﬁgmﬁt@@m xed qu 5
2

vor t exi nind] tverigng estackcoi®.0Bt-D4 TG Rsn! and B 0FCT Bloimly Fordahe of this

! q . Snhate . .
oiveca WhRssar VIANBHRRRE e 0k B Syl Mopaig3ioBi Sy ehsieyt DIUopK 18 L0
B o B O i s L4 (st el LBb) o
of 8. 0E+ . For 50x the 0 e, L4 )
wor ki hg Mertesdngc Kios ﬁ\f?er%i%ff?ﬂ%@ﬁl%%ﬁﬁ@aﬁv%@ﬁi 35@%‘% 4&? Dsol M~ was
added t OSUS%EQQBI?I \,%50@?73@,@@ tmggg@ nﬁtpr@p rdifl kel Hydvottexind fimalve a

concentration o TCl D50 Saline Control: 15 In al i ne

. ] he

Cont r ol gprwepsatic?00h#.0BBE6 (HS! sl i688ULYF iMe SHERPRITSIRIT Wosr ?ém Oused for
i njecting,indivi | _m ce : | AL DESI GN
20 Test rﬂ\fsﬁgi m%%ﬁfﬁgégﬁﬁ@ﬁgggﬁ Y%ﬁéﬁ“%ﬁg% E% %@gd wer e
obt ai nethmWn{_Ta@pao;c tMERIL D, Qf BOWROTAYs DK QE807 REIDRénhmorkingwunber  of
e L oemabal Aohof 2 W 'L B8 TEIBL W aBeass: B0

2700pl of PBS and mixed by vortexing to give a final concentration of 4.0E+07

TCIDso/ml.

Saline Control:
15 In the Saline Control groups, 200yl PBS (as supplied by the manufacturer) was

used for injecting individual mice subcutaneously

3. METHODS AND EXPERIMENTAIL DESIGN

20 Test System

Specific Pathogen Free (SPF) female Balb/c mice H-2d were obtained from
Taconic M&B, P.O. Box 1079, DK-8680 Ry, Denmark. Number of animals in the
study: 60. Age at initiation of challenge: 9 weeks. Body weight range at initiation

25 of challenge: 18 -23 grams. The BALB/c mouse strain has been used extensively
to test the immunogenicity and efficacy of smallpox.vaccines. The strain is highly
susceptible to VV-WR challenge.

The experiments were carried out in accordance with the Dyreforsagstilsynet of

3¢ Denmark .

Allocation to treatment groups: On arrival animals were randomly aflocated fo a

treatment group consisting of 5 animals per test group (and cage).



25 of challenge: 18 -23 granms. The BALB/c nouse strain has been used
extensively to test the inmunogenicity and efficacy of small pox vaccines.
The strain is highly susceptible to WWR challenge. The experinents were
carried out in accordance with the Dyreforsrogstilsynet of so Denmark

Al | ocat i owot2006/08%a¢ ment groups: On arrival ani mal s wRCEFPERNOGHY al | ocat ed
to a treatnment group consisting of 5 aninmals per test group (and cage). WO
2006/ 089690 PCT/ EP2006/ 001447 21 Justification of the dose |evel: '
MVA-BN(r) was used at an optinmal dose that has been denonstrated in !

previous experinments to induce a strong hunor al and ceII medi at ed i mune
responses in mce. Elstree and a?x] was use 8‘%’ 5 s agested for
humans. Vestdicatian ehtherdpserayal: eWé%N, ¥eRs ysed g cﬂ"a?p 56 W&t fi#F e used in

1his StuBad 8&MohaRied BPbR0ys MBSHENS 1£iddiet a dtrgMaimeadasd icoh X

12. 5x, ays after vaccination wth either
MVA- BN( 1 Jnediatedininuee responBes waRiice. rFE/ lstert andAdyvayr wapsisedialea HRS@ been
chal | enged V\A%ﬁ f1 12 5x or 50x the MLDOO of WWR 3 days after

vacci fat PAgPestid fT MUREBR(r), or mice have been challenged with 1x the M.D50
of W-WR 2 days after vaccination with MVA-BN(r). In control groups mce
have been 15 challenged with 1x JIZ 5x, or 50x the M.D50 of WWR without
prior va¥areinatien a""&i’ﬁ‘@'?ﬁﬂ"ﬁﬁ“‘?ﬁ% recei ving the 1x and 12.5x, or 50x the
MLD50 of W-WR were sacrificed 5 or 4 days after chall enge, respectively,

In case body weight |oss exceeded 20% frominitial body weig I n case
t he ani nél tetad of 88r mitef wenm useydsipribis. study (segalgbigovrlowd Misauwer es%ﬂ?"feér ing. 20

o L e CEA RS R P T8 MRS T P 41558 sfcacina M-Dxo of
with either MVA-BN® or Elstree, or Dryvax. In additional groups, m!ce have been
challenged with 1x, 12.5x, or 50x the MLDsy of VV-WR 3 days after vaccination
with MVA-BN®, or mice have been challenged with 1x the MLDsp of VV-WR 2
days after vaccination with MVA-BN®. In control groups mice have been
15 challenged with 1x, 12.5x, or 50x the MLDsp of VV-WR without prior vaccination.
Control animals receiving the 1x and 12.5x, or 50x the MLDs of VV-WR were
sacrificed 5 or 4 days after challenge, respectively, in case body weight loss
exceeded 20% from initial body weight, or in case the animals suffered from

dyspnea. This was done to reduce suffering.

20

Group | Vaccination | Sample Challenge Dose Time between
Size {x the MLDso of VV- | vaccination
WR) and
challenge
1 Saline 5 1x 4 days
2 Saline 5 12.5x 4 days
3 Saline 5 50x 4 days
4 MVA-BN? 5 1X 4 days
5 MVA-BN® 5 12.5x 4 days
6 MVABN® | 5 . 50x 4 days
7 MVA-BN® 5 1X 3 days
8 MVABN® | 5 12.5x 3 days




2. Saline 5 12.5x 4 days 3 Saline 5 50x 4 days 4 MVA-BN 5 1x 4 days 5
MVA-BN 5 12.5x 4 days 6 MVA-BN 5 50x 4 days 7 MVA-BN 5 1x 3 days 8 WA
BN 5 12.5x 3 days { WD 2006/ 089690 PCT/ EP2006/ 001447 22 9 MVA-BN 5 50x 3
days 10 MVA-BNR 5 50x 2 days 11 DryVax 5 1x 4 days 12 DryVax 5 .12.5x 4
days 14 WORuEes®I60x 4 days 15 Elstree 5 1x 4 days PCIEPEOGINESE 5 12. 5x 4
days 17 Elstree 5 50x 4 days Justification of group-size The prinmary
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of MdayBN(r) (1 x 108
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Justificafion of group size

The primary endpoint of the study was efficacy determined by the level of
5 protection at day 4 or 5 following intranasal challenge with VV-WR. Based on
previous preclinical experience it was assumed that following challenge at least
85% of the vaccinated group is protected whereas no more than 5% of the
placebo treated group were protected. Using Fisher's Exact test a group size of 5
versus 5 is sufficient fo demonstrate a significant difference at the two-sided

10  significance level o = 0.05 with power greater than 80%.
Administration of test articles for vaccination

Vaccinations were performed in a microbiological safety cabinet (SW 1000

15 40/class lI, Holten Lamin Alr). Mice were vaccinated with 200ul of MVA-BN® (1x
10® TCIDse/ml) or Saline control (200ui PBS) via the subcutaneous route in the
skin wrinkle of the hind leg using a 1ml 29G tuberculin insulin syringe (Terumo).
Mice receiving Elstree and DryVax were anéestheﬁzed before the scarification of
the tail: A fresh mixture containing 76mg Ketamine, 5mg Xylazine and water was

20 prepared, and 80ul of the anaesthetic was administered via the subcutaneous
route using a 1ml 27G insulin syringe. All mice befonging to the one cage were
anaesthetized before administering the vaccine. 2.5l or 8l of Elstree or Dryvax
was applied via tail scarification.



M ce receiving El stree and DryVax were anaesthetized before the
scarification of the tail: A fresh m xture containing 75ng Ketam ne, 5ny
Xyl azi ne and water was 20 prepared, and 80pl of the anaesthetic was

adm ni stered via the subcutaneous route using a 1m 27G insulin syringe.
All mce PWOI200d8I90 t 0 t he one cage were anaest heti z@CTHIRYWOEB01IMTM ni st eri ng
the vaccine. 2.5pl or 8pl of Elstree or Dryvax was applied via tail = -
scarification. WO 2006/ 089690 PCT/ ER2006/ 001447 23 Lung chall enge nodel
The test article (i.e. W-WR) was adnmi nistered via the intranasal route in

anaest heti \ | m cr obi ol ogi cal safety cabinet (SW 1000 40/ cl ass
1, 5 mH@@%l@%ﬁﬁéﬁ:ﬁe'l A fresh mxture of 75ng Ketam ne, 5ng Xyl azine in

wat er was prepared as anaesthetic. 80pl of the anaesthetic was

adm ni stered, via_ the b 0 r ; | LN L nLSYyringe.
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t he W WR gnassthatisetichize hna rraiestidlogitel| safety ecabiret {8VY ofG8d40/slzas I,

m crobi ol ogi cal safety cabinet (SW1000 40/class Il, Holten Lamn Air).
The chal IHEMga LaminAiDwor ki ng dilution was removed fromthe ice and mixed by
gently vortexing for a few seconds. 50pl of the diluted 15 WWR test
article was measured using a 100pl pipette. The anaesthetized  nouse was
hel d by tAhéreslkimixitics obr75mge Ketarmings SmgeXylagdre dndvalee RsdpreRased 88pported in

t he pal mof the.s d. T p i : | lia‘;?éiigﬁ'n single
nostril &na?ﬁggt%gg@_o?%ea%eggngﬁlﬁasrégﬁgﬁlé@% es'%\rﬂ%%g a ovééﬂJ Eﬁ?@? t he

gaspi ng cehged. 10 229G dnsulia sirdigeeng! (miay Belorgiog diai lopef chgimwetg chal | enge
animal s were observed to. mynitor a Lgns. of. i1l health. Body wei ght was
neas uled q&ae@hettzsd@ﬁgarﬁéﬁg@“qaas}g t@%ﬁﬂ%ﬁ PiCfost chal | enge until the day
of necropsy to nonitor the devel opnent of disease. 25 The saline group

whi ch recei ved 50x the M.D50 of VV-WR exceeded the bodg_
Intranasal challenge was performed in a microbiological safety cabinet (SW 1000

40/ciass I, Holten Lamin Air). The challenge virus working dilution was removed
from the ice and mixed by gently vortexing for a few seconds. 50! of the diluted
.15 VV-WR fest articie was measured using a 100p! pipette. The anaesthetized
mouse was held by the skinffur on the back of the neck and the body was
supported in the palm of the same hand. The test item was slowly added into a
single nostril of the mouse. The mouse was held as described above until the

gasping ceased.

20
Prior to challenge (day 0) and daily following challenge animals were observed to
monitor any signs of ill health. Body weight Was measured prior to challenge (day
0) and daily post challenge until the day of necropsy to monitor the development
of disease.

25

The saline group which received 50x the MLDsg of VV-WR exceeded the body
weight cut off set by the Dyreforsegstiisyn and was sacrificed on day 4 post
challenge. The saline group which received 1x or 12.5x the MLDsg of VVWR
exceeded the body weight cut off set by the Dyreforspgstilsyn and was sacrificed
so on day 5 post challenge. Vaccinated animals challenged with 1x the MLDs of
VV-WR were sacrificed on day 5 post challenge, whereas MVA-BN® vaccinated
animals challenged with 12.5x or 50x the MLDsq of VV-WR were sactificed latest

on day 8 post challenge.



wei ght cut off set by the Dyreforsogstilsyn and was sacrificed on day 4
post challenge. The saline group which received 1x or 12.5x the M.D50 of
WWR exceeded the body weight cut off set by the Dyreforsegstilsyn and was
sacrificed 30 on day 5 post chall enge. Vaccinated animals challenged with
1x the M.BBR0GH089690/- W\R wer e sacrificed on day 5 post RHARWHHEI4Wher eas
MVA-BN(r) vaccinated animals challenged with 12.5x or 50x the M.D50 of
W-WR were sacrificed |atest on day48 post chall enge. WO 2006/ 089690

PCT/ EP2006/ 001447 24 Lungs were renoved and the total anmount of virus in
the lungs was determined wusing a standard plaque assay on Vero cells.

Ani mal s were considered conpletely protected when lung titres were below 5
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non-vacci nated (Saline 15 control) mce challenged with 1x the M.D50 of
WWR was first detectable 3 days after the chall enge. The body wei ght

cont i nued. RESYLTS ANPNSEHSBIONCe on day 5 to an average of 20.9% bel ow

the average initial body weight. A simlar body weight |oss was detected
in the groups vaccinated with El stree or Dryvax 4 days prior to challenge
w t h VV- GRandgibe imbedpeeidiitdy wei ght on day of sacrifice was 20 either 23.2%
or 21.1%below the initial average body weight in these groups,
respétively. In the group vaccinated with MVA-BN(r) 2 days prior to

chal | engqpevéfteat B \WBcdiktiohi wist diRAdntvehaglipbx essinéalruthet boly aveighter age
initial body weight) was detected 2 days po chal | enge. ,The average body
wei ght cElloningo ehsllenaspd davst IS Wibds GRUMLDEey! 4e5ade Witk PEHGe wi th an
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shown in Figure 1, body weight loss in the group of non-vaccinated (Saline
15 controf) mice challenged with 1x the MLD50 of VV-WR was first detectable 3
days after the challenge. The body weight continued to drop untii sacrifice on day
5 to an average of 20.9% below the average initial body weight. A similar body
weight loss was detected in the groups vaccinated with Elstree or Dryvax 4 days
prior to challenge with VV-WR! The average body weight on day of sacrifice was
20 either 23.2% or 21.1% below the initial average body weight in these groups,
respectively. In the group vaccinated with MVA-BN® 2 days prior to challenge
with VV-WR the first body weight loss (about 4% from average initial body weight)
was detected 2 days post challenge. The average body weight continued to drop
in this group until day 4 post challenge with an average body weight of 17.6%
25  below the initial one. On day 5 post challenge, the average body weight did not
continue to drop and was 16.7% below the initial average body weight. In the
group vaccinated with MVA-BN® 3 days prior fo challenge, only a small drop in
body weight was detected starting on day 3 post challenge and being maximally
4.2% below the initial body weight on day 4 post challenge. In this group, the -
30 body weight recovered on day 5 to initial values. The group of mice vaccinated
with MVA-BN® 4 days prior to challenge did not show any body weight loss

following a challenge with 1x the MLDsg of VV-WR,



continue to drop and was 16. 7% below the initial average body weight. In
the group vaccinated wwth MVA-BN(r) 3 days prior to challenge, only a
small drop in body weight was detected starting on day 3 post chall enge
and being maximally 4.2%below the initial body weight on day 4 post

chal | engewoRenetObd6se gr oup, the so body wei ght recovePE€&EBWIEEN443 to initial
val ues. The group of mice vaccinated with MVA-BN(r) 4 days prior to-

chal l enge did not show any body weight loss following a challenge with 1x
the MLD50 of VW-WR WO 2006/ 089690 PCT/ EP2006/ 001447 25 In a second set of
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group and on day 8 post challenge an average body weight that was 2.3% below

the average initial body weight was detected. In the group of mice vaccinated with

MVA-BN® 4 days prior to challenge an average body weight loss of 10.8%

compared to the average initial body weight was detected. A maximal average

20  body weight loss of 13.8% was detected on day 3 post challenge. Recovery of
body weight was detected on the subsequent days with a similar average body

weight detected 8 days post challenge than prior to challenge.

In a third set of groups, mice were challenged with 50x the MLDsp of VV-WR and
25  body weight of the mice were again monitored prior fo challenge and then daily
post challenge. As shown in Figure 3, a first body weight loss in the group of
non-vaccinated (Saline conirol) mice was already detectable 1 day post
challenge. The average bady weight continued to drop until sacrifice on day 4 to
20.1% below the average initial body weight. Thus, the body weight loss was
30 detectable 2 days or 1 day earlier than the in the non-vaccinated group
challenged with 1x or 12.5x the MLDsg of VV-WR, respectively. The body weight
loss in the groups vaccinated with Elstree or Dryvax started fo be detectable 2
days post challenge and by day 4 post challenge the mice in these groups



In a third set of groups, mce were challenged wth 50x the M.D50 of W-WR
and 25 body weight of the mce were again nonitored prior to challenge and
then daily post challenge. As shown in Figure 3, a first body weight |oss
in the group of non-vaccinated (Saline control) mce was al ready
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this tissue was determned using a standard plaque assay on Vero cells.

Ani mal s wAe¢rege énlial @ee.ed conpletely protected when lung titres were bel ow
l og10 3.69 (5 x 103 pfu), the lowest titre detectabl e using our method of
virus titration on

Lung titres
15
After death or sacrifice of mice, lungs were removed and the total amount of virus
in this tissue was determined using a standard plaque assay on Vero cells.
~ Animals were considered completely protected when lung titres were below log10
3.69 (5 x 10° pfu), the lowest titre detectable using our method of virus titration on
20 Vero cells. In a first set of groups, mice challenged with 1x the MLDsp of VV-WR
were compared. As shown in Figure 4, non-vaccinated mice revealed an average
virus load of log10 7.81. Mice vaccinated with Elstree or Dryvax 4 days prior o
chalienge revealed an average lung virus load of log10 7.75 and log10 6.68.
Thus, the Elstree vaccinated mice were unable and the Dryvax vaccinated mice
25  were only fo some degree be able to prevent lung viral infection. In the group of
mice vaccinated with MVA-BN® 4 days prior to challenge no lung viral fitres could
be detected and are thus completely protected from viral infection following
intranasal challenge with 1x the MLDsy of VV-WR. Shortening the interval
between vaccination with MVA-BN® and chalienge with VV-WR from 4 to 3 or 2
30 days increased the number of virus positive lungs per group to 1 out of 5, or 4 out
of 5, with average lung viral titres of log10 3,77 or log10 4.68, respectively.
In a second set of groups, mice challenged with 12.5x the MLDsp of VV-WR were

compared. As shown in Figure 5, non-vaccinated mice revealed an average virus



20 Vero cells. In a first set of groups, mce challenged with 1x the M.D50
of W-WR were conpared. As shown in Figure 4, non-vaccinated mce reveal ed
an average virus load of logl0 7.81. Mce vaccinated with El stree or
Dryvax 4 days prior to challenge reveal ed an average lung virus | oad of

| 0g10 7. 790200/ 0 6. 68. Thus, the El stree vacci nRCAEPAGBINKr e unabl e
and the Dryvax vaccinated nmice 25 were only to sone degree be able to
prevent lung viral infection. In thergroup of mce vaccinated with
MVA-BN(r) 4 days prior to challenge no lung viral titres could be detected
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average Mipldnfeetialls | oad of 10910 8.49 and 10910 8.25. Thus, the Elstree
and the Dryvax vaccinated mce were unable to prevent lung viral
infection. In the group of m ce vacci nat%d with MVA-BN(r), no lung viral
titres wirstheedronp efimickbvadsinatachwih MMA-BN wae lungnviral stttresevﬁsmedaqted prior to
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these mice are protected from viral infection following intranasal challenge with
50x the MLDsp of VV-WR. In the group of mice in which a 3 day interval between
MVA-BN® vaccination and challenge with VV-WR was appiied an average lung
viral load of iog10 7.63 was determiqed. Thus, this group is only to some degree

20  protected from viral infection.
5. CONCLUSIONS

In the present study recovery from body weight loss as well as viral lung titres
25  have been determined to indicate “protection” from a lethal intranasal challenge
with VV-WR,

Control animals challenged with 1x, 12.5x, or 50x the MLDsg of VV-WR revealed
a continuous loss of body weight and had a high viral load in the lungs post-

30 mortem {the higher the challenge dose, the higher the viral load detected in the
fungs). Thus, these mice were unable to control the infection.



50x the M.D50 of W-WR In the group of mice in which a 3 day interval
between MA-BN(r) vaccination and challenge with WWR was applied an
average lung viral load of 1ogl0 7.63 was determ ned. Thus, this group is
only to sone degree 20 protected fromviral infection. 5. CONCLUSI ONS In
t he presewo 20ea0d969¢ ecovery from body wei ght | oss as WSITVEFAW6AMNAK] | ung
titres 25 have been determned to indicate "protection" froma [ethal

i ntranasal challenge with W-WR Caatrol animals challenged with 1x,
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50x the bhdedgefof\¥iceRyith Ixdhy MhDey oVV-WR. Furthermore, increasing the
15 challenge doses resuited in an extension in the time interval between vaccination
with MVA-BN® and challenge that is required to obtain protection from the lethal
challenge: In case of challenge with 50x the MLDsp of VV-WR a 3 day interval
was not sufficient, whereas following challenge with 12.5x the MLDsp of VV-WR a
3 day interval between vaccination and challenge was sufficient fo obtain

20  protection.

In contrast to MVA-BN®, the first and second generation smallpox vaccines
Dryvax and Elstree, respectively, were unable to protect against an infranasal
challenge with up to 50x the MLDsp of VV-WR when administered 4 days prior to
25 the challenge. The reason for this difference might be due to the different routes
of administration: MVA-BN® was administered to mice (and is administered in
clinical trials to humans) subcutaneously, whereas Elstree and Dryvax was
administered {and was administered to humans) to mice via scarification.

30 In summary, this study clearly demonstrates the superiority of MVA-BN® over
Eistree and Dryvax with regard to onset of protection.



was not sufficient, whereas follow ng challenge with 12.5x the MD50 of
WWR a 3 day interval between vaccination and chall enge was sufficient to
obtain 20 protection. In contrast to MVA-BN(r), the first and second
generation small pox vaccines Dryvax and El stree, respectively, were unable
t 0 prot ecWO2HIA®WPE an i ntranasal challenge w th up PETEFRAE4N D50 of
WWR when adm ni stered 4 days prior to 25 the chall enge. Thé reason for
this difference mght be due to theadifferent routes of admnistration:
MVA-BN(r) was adm nistered to mce (and is admnistered in clinical trials
t o humangjaijgigocut aneously, whereas El stree and Dryvax was admi ni stered
(and was adm nistered to humans) to mce via scarification. 30 In summary,
this study clearly denonstrates the superiority of MVA-BN(r) over Elstree
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PCT/ EP20 poxvirus for the preparation of a
vacci ne prtettive imajind réspdosd incan arfimal, lrmlum@mhumannwher@lrr’é@ponse in an

nconbet BRI S heloa faiom R K S D e nafBh. 000l Gg 1o claim

1, wherein the protective i mmune response is generat ed within 7 days or
Iess lo 3. Use according to anyone of clains to 2, _wherein the poxvirus

is a Mdef Use¢ acoauinaip£iaim luwhainihe R'M?ﬁf“’%‘m"@)é"ée RSPORSR Mg to claim 3,

wher ei n Ir m WA strains MVA 575, MWA 572 and MA- BN.
r%é%iéﬁt %l% &6 150
15 5. Usé accor i gn one of clains 1 to 4, wherein the virus is a

clone purified VII’US 6. Use according to anyone of clainms 1 to 5, wherein

h i b d .2 7. Us
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4. Use according to claim 3, wherein the MVA is selected from MVA strains MVA
575, MVA 572 and MVA-BN.

15
5. Use according to anyone of claims 1 o 4, wherein the virus is a clone purified

virus.

6. Use according fo anyone of claims 1 to 5, wherein the virus has been obtained

20  in a serum free cultivation process.

7. Use according to anyone of claims 3 to 6, wherein the poxvirus is administered
in a dose of 10° to 5x10 & TCIDse/ml,

25 8. Use according to anyone of claims 1 to 7, wherein the poxvirus is administered

intravenously, intramuscularly or subcutaneously.

9. Use according to anyone of claims 1 to 8, wherein the protective immune
response is a protective immune response against a poxvirus infection.

30
10. Use according to claim 9, wherein the immune response is against a smallpox

infection.



25 8. Use according to anyone of clains 1 to 7, wherein the poxvirus is
adm ni stered intravenously, intranmuscularly or subcutaneously. 9. Use
according to anyone of clains 1 to 8, wherein the protective i mune
response is a protective i mune response agai nst a poxvirus infection. 30
10. Use a®@€20e/082% 0 cl ai m 9, wherein the i mmune resg8igP2060HdH nst a
smal | pox infection. WO 2006/089690 PCT/ EP2006/ 001447 30 11. Use according
to anyone of clains 1 to 10, wherei mtt he poxvirus is a reconbi nant
poxvirus. 12. Use according to claim1l, wherein the reconbinant poxvirus
conpri 565&1atuSe53c!c8 RRyORS Bf QLRBOLS THGIHRNN BRI shergsrge. 13. Use
according to claiml f greln t he heterologous nucl eic acid sequence is a
sequencefeﬁuﬂhgwﬂdmxaﬂwLeast one antigen, antigenic epitope, and/or a

t herapeutic conmpound. 10 14. Use according to claim 13, wherein the
antigenic epitopes and/or the antigens are antigenic epitopes and/or

anti gens 1@f Use aiicrmbﬁttmg tuslaingd hf whésin tieeremombinginh goxvirus| edmprises ather ei n t he
anti geni ¢_agent iP ﬁe ected, from 15 viruses, fungi, pathogenic unicellular
eukar yot |82\ QHP BRERIeoUS BEIeC HFYSRTUENES: parasitic organi sms. 16. Use
according to claim15, wherein the viruses are selected fromthe famly of

I nfl uenza virus, Flavivirus, Paranyxovirus, patitis V|rus Human 20

|m'runodef1|3cUéﬁ@90@)"ﬂ§nG§0 @lﬁlmﬂaﬁwwrﬁtmstég h@éﬁﬁ%lpafyl "F AEiSeTbRNGR 1S 17, Use
accor di ng, 1, ARyaNe,ghs Ci Rl éa‘étt | %%’ltlp%zr%h gem ge dMafdregtion is

agai nst the I'nfectiousagen rom | p| t ope and/ or

anti gen itlseraﬂe.mc\md'lpoﬂﬁdw Met hod for the rapid induction of a protective
i mune response in an animal, including a human, conprising the step of
admi M%tering to the animal, including

14. Use according to claim 13, wherein the antigenic epitopes and/or the antigens
are antigenic epitopes and/or antigens of an infectious agent.

15. Use according to claim 14, wherein the antigenic agent is selected from
15  viruses, fungi, pathogenic unicellular eukaryotic and/or prokaryotic organisms,

parasitic organisms.

6. Use according to claim 15, wherein the viruses are selected from the family of
Influenza  virus, Flavivirus, Paramyxovirus, Hepatitis virus, Human

20 immunodeficiency virus or from viruses causing hemorrhagic fever.

17. Use according to anyone of claims 14 fo 16, wherein the immune protection is
against the infectious agent from which the antigenic epitope and/or antigen is

derived.

25
18. Method for the rapid induction of a protective immune response in an animal,
including a human, comprising the step of administering to the animal, inciuding
the human a poxvirus that is replication incompetent in said anima!, including the
human.

30

19, Method according to claim 18, wherein the protective immune response is

generated within 7 days or less



the human a poxvirus that is replication inconpetent in said animal,

i ncluding the human. 30 19. Method according to claim 18, wherein the
protective i mmune response is generated within 7 days or |ess WO

2006/ 089690 PCT/ EP2006/ 001447 31 20. Method according to anyone of clains
18 to 19, Wareesassoe he poxvirus is a Modified Vacci niECTRRRZWS 0 AKar a ( MWA)
21. Method according to claim 20, wherein the MVA is selected from WA
strains 5 MVA 575, MWA 572 and WA-BN. 22. Method according to anyone of
clainms 18 to 21, wherein the virus is a clone purified virus. to 23.

Met hod acg@mbithel koY Rearons oRbIERnsLES {0012 WheYdIf iRl PosiitBs W 4 Us has been
obtained in a serumfree cultivation process. 24. Method according to

anyone of Medifipgr¥acginia yirgsAnkgradMVAt he poxvirus is adnministered in a dose
of 105 to 5x10 6 TCI D50/ m, 15 25. Method according to anyone of clains 18
to 24, wherein the poxvirus is admnistered intravenously, intranuscularly
or subcut 2thabaiisddyaccalingviet diaich 20 edneddimthet Variy seleciefi fuinaMWA gigaing 25,

wherein t t i 20, | response is a protective inmune response
agai nst aﬂgéﬁngQgA%ﬁe%ﬂ MM7 Met hod according to claim26, wherein
t he i mmune response is against a snallpox infection. 25 28. Method
according to anyone of clainms 18 to 27, wherein the poxvirus is a

r econbi na#d: Mo acgerdingto apyone af dleiEns: 1 tet b wherelh HEWIUSIREEIMR t he
reconmbi naftsR@¥Mid US conpri ses at | east one heterol ogous nucleic acid
sequenceaﬂgggggﬁhibthod according to claim?29, wherein the heterol ogous
nucl eic acid sequence is a sequence coding for at |east one antigen,

antl 9% QF Rl eaccgrrclﬁjr{gotﬁz anyone of claims 18 to 22, wherein the virus has been

obtained in a serum free cultivation process.

24. Method according to anyone of claims 20 o 23, wherein the poxvirus is
administered in a dose of 10° to 5x10 & TCIDsy/mi,

15
25. Method according to anyone of ciaims 18 to 24, wherein the poxvirus is
administered intravenously, inframuscularly or subcutaneously.

26. Method according to anyone of claims 18 to 25, wherein the protective
20 immune response is a protective immune response against a poxvirus infection.

27. Method according to claim 26, wherein the immune response is against a
smallpox infection.

26 28. Method according to anyone of claims 18 to 27, wherein the poxvirus is a

recombinant poxvirus.

29. Method according to claim 28, wherein the recombinant poxvirus comprises
at least one heterologous nucleic acid sequence.

30
30. Method according to claim 29, wherein the heterologous nucleic acid
sequence is a sequence coding for at least one antigen, antigenic epitope, and/or
a therapeutic compound.



a therapeutic conpound. WO 2006/ 089690 PCT/ EP2006/ 001447 32 31. Met hod
according to claim 30, wherein the antigenic epitopes and/or the antigens
are antigenic epitopes and/or antigens of an infectious agent. 5 32. Mt hod
according to claim 31, wherein the antigenic agent is selected from

- viruses, Worng#s/08pae hogeni ¢ uni cel lul ar eukaryoti c and/QYEPRHGRE#47OL i C

organi sms, parasitic organisns. 33. Mthod according to claim32, wherein
the viruses are selected fromthe 1g famly of Influenza virus,

Fl avi virus, Paranyxovirus, Hepatitis virus, Human inmunodeficiency virus
or fromviruses causing henorrhagic fever. 34. Method according to anyone
of clains 31 to 33, wherein the imune protection is against the

i nf ect i ol ddethed faceprding iohcleine 38 twhesein dhe pintiepric #RiopEs and/Anihegen i s

derived. antigens are antigenic epitopes and/or antigens of an infectious agent.

5 32. Method according to claim 31, wherein the antigenic agent is selected from
viruses, fungi, pathogenic unicellular eukaryotic and/or prokaryotic organisms,

parasitic organisms.

33. Method according to claim 32, wherein the viruses are selected from the
c10  family of Influenza virus, Flavivirus, Paramyxovirus, Hepatitis virus, Human
immunodeficiency virus or from viruses causing hemorrhagic fever.

34. Method according to anyone of claims 31 to 33, wherein the immune
protection is against the infectious agent from which the antigenic epitope and/or

15  antigen is derived.



