1 USE OF A MODIFIED POXVIRUS FOR THE RAPID INDUCTION OF
IMMUNITY AGAINST A POXVIRUS OR OTHER INFECTIONS AGENTS
Rapid Induction of immunity The present invention relates to the rapid
induction of a protective immune s response against poxviruses and
poxvirus infections such as smallpox by vaccination of an animal,
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animal including tha-hma By Armexampie-febsyciaqpexvirus is a Modified
Vaccinia virus Ankara (MVA). The invention further relates to the use of a
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Backgro Invention For many diseases, such as infectious
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other human paxvirus disease. The causative agent of smallpox is the ,
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menginanfattivagemers. 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
viruBgrikguiobdl afr tiidatieniddsmallpox. Final report of the global

For many diseasss, 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 certain time frame. Since rmest vaccines are used jor the
vaccination against diseases that are rather rare in the population there is usually
no need that the generation of the immune response is particutarly rapid. However,
there are situation in which an immune response, such as a proteciive immune
response should be generated as fast a possible. This may be the cass in an

25  outbreak of smalipox or any other human poxvirus dissase.

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

30 Successiul worldwide vaccination with Vaccinie virus cuiminated in the eradication
of variola virus {The global eradication of smalipox. Final report of the global
commission for the certification of smalipox eradication; History of Public Health,
No.4, Geneva: World Health Organization, 1980). in the meantime, most of the



commission for the certification of smallpox eradication; History of Public
Health, No.4, Geneva: World Health Organization, 1980). In the
meantime, most of the 2 stocks of infectious variola viruses have been

destroyed. However, it can not be excluded that poxviruses inducing
smallpox or smallpox-like diseases might again become a major health
problem. In addition, there is a risk that 4 poxvirus disease of animals is
spread to humans. 5 Moreover, there may afl%)?be oth;eésituatio 1S in
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inveniigimemdtasiesd toéthadrfar the rapid induction of a protective

immune response in an animal, including a human, comprising the step of
5. 15 administering to the animal, including the human a poxvirus that is

replicatioverribere petp aiso baintterisiahioatidingicielHa desitapigto induce 2

inventign further r stq th I icatian,) :

00 )E‘émjgsi%ﬁp ng re%!)%'i‘?se e b? #@w%éﬁ&?ﬂﬁf&@%ﬂ&%ﬁf@%mune

€ preparatio ccine for the rapid induction of a

protestivesEranaing thsgssaseviin RIaEpeRINGInRsORReRIE HipeRjdd itis

ind
replica

HEUBn.orARIRIRS Iy IR AESRRBRE WagERin the poxvirus s a 20

ion incompetent in said animal, including the human. The term

10"replication incompetent poxvirus" and the synonymous term virus that is

"nobg%@eﬁ%?ﬁqﬁﬁ%{ﬁ@@ﬁ%&ﬁggctious progeny virus" refer to

poxviruses

ot replicate at all in the cells of the vaccinated animal

and to viruses that 25 show a minor residual replication activity that is
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which the poxvirus is administered. According to an emhbodi
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which the virus is used as vaccine. Vir

incompetent in said animal, Including !Eﬁee g&z@é@?ﬁ%ﬁ%@@r&%@r{ 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 “raplication incompetent poxvirus” and the synonymous term virus that
' is “not capable of being replicated fo infectious progeny virus® rafer 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 controlied by the immune system

30

of the animal, including the human to which the poxvirus is administered.

According to an embodiment of the present invention the replication incompetent
poxviruses are viruses that are capabie of infecting cells of the animal, inciuding
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 isast the viral genome becomes incorporated
into the host cell. Although the viruses used according to the present invention



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 3 are capable of infecting cells of the vaccinated

animal, including a human, they are either not capable of being replicated

to infectious progeny virus in the cells of3the vaccinated animal or they

show only a minor residual replication activity that is controlled by the
imnameBsirnoftiwianies dhitlediacsiheibdmemead whieting thbuman, they
poxvirus, is administered. It is. I'% ' g ' I
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derlvatives (See below) are viruses that are capable of infecting cells of
sthetherpaxvisus taadarsisierashpable of being replicated to infectious

progeny virus in human cells. The same viruses are very efficiently
replicated in chickens; i.e. in chickens MVA-BN is a virus that is capable

of infecting cells and capable is of being replicated to infectious progeny
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in mice is disclosed in WO 02/42480 and uses the AGR122 mice sirain (see
below) any other mouse strain that is incapable of producing mature BandT cells
20 and as such is severely immune compromised and highly susceptibie 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 type of cells of at
least one animal species. Thus, it is possible to amplify the virus prior {0
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 amplified in CEF {chicken
embryo fibroblasts) cells but that is a virus that is not capabie of being replicated

30 to infectious progeny virus in humans.



S0 to infectious progeny virus in humans. 4 According to an embodiment
of the present invention Modified Vaccinia virus Ankara (MVA) is used in
humans and several animal species such as mice and non-human
primates. MVA is known to be exceptionally safe. MVA has been
generated by long-term serial passages of the Ankara strain of Vaccinia
virus 5 (CVA) on chicken embryo fibroblasts (for review see Mayr, A.,
Hochstein-Mintzel, V. and Sticki, H. [1975] Infection 3, 6-14; Swiss Patent
NoAB&SdBg2n Examipidinent afitha prassrtiaventioa: Medfisdfraepisiieds
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and its derivatives. A definition of MVA-BN and its derivatives is givenin
PCT/EPO1/13628. |

in short, MVA-BN and iis derivatives as disclosed in PCT/EPQ1/13828 are
characterized in having at least one, at least two, at least three or all of the
foliowing properties:
0 capability of reproductive replication in chicken embryo fibrobiasts
' (CEF)' and in the cell line BHK, but no capability of reproductive
replication in human cell lines. According to an 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 Hel.a,
(i) failure to replicate in vivo in severely immune compromised mice,
(iiiy  induction of a higher immunocgenicity compared to the known strain
MVA 575 (ECACC V00120707) in a lethal challenge modei and/or
{iv) induction of at least substantially the same level of immunity in
vaccinia virus prime/ vaccinia virus boost regimes when compared

to DNA-prime/ vaccinia virus boost regimes.



(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. 5 For detailed information
regarding to the assays used to determine whether an MVA strain has
one or more of the above features (1) to (iv) reference is made to WO
02/42480 (PCT/EP01/13628). This publigation also discloses how viruses
having the desired properties can be obtained. In the following it is shortly
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ratio” o a virus is the ratio of virus produced from an infected cell (Out t)
to tHefemmetiorn. WJMMﬁﬁgﬁ bRsalS INAPRAIAIER e A5 RINIS! 7]
15at'°r§i% éﬂfgetween Output and Input defines an amplification status
wherein the amount of virus 20 produced from the infected cells is the
same as the amount initially used to infect the cells. According to an
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will Rgnpiification rafio of less than 1 in said cal line. The “ampiffication ratio” of a virus
is the ratio of virus produced from an infected cell (Ouiput) to the amount
originally used to infect the cells in the first place {Input). A rafio of *1" between
Output and input defines an ampiification status wherein the amount of virus

20 produced from the infected celis is the same as the amount initially used to infect
the celis. According fo 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
lass in any of the above human cell lines Hela, HaCat and 143B

25
The ferm “average” as used in the present application refers to the average values
obtained from of at least 2, 3,4, 5,6, 7, 8, 8, 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 variabiiity of biclogical systems.

30

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



understood by a person skilled in the art that single experiments may
deviate from average values due to the inherent variability of biological
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 02142480.
The mice used in WO 02142480 are 6 imcapable of producing mature B-
and T-cells (AGR 129 mice). MVA-BN and its derivatives do not Kkill
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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 controlied by the immune system of the human to which

the poxvirus is administered.

The details of tﬁe iethal challenge experiment 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 L9829 TK+ or [HD-J. The infection with replication
competent vaccinia viruses is referred {o as “chalienge” in the context of

so  description of the lethal challenge mode!. Four days after the chalienge the mice
are usually kilied and the viral titer in the ovaries is determined by standard
plague assays using VERO celis. The viral titer is determined for unvaccinated
mice and for mice vaccinated with MVA-BN and ifs derivatives. More specifically



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 L929 TK+ or IHD-J. The infection

with replication competent vaccinia viruses is referred to as "challenge™ in
the context of 3o 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
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virus prime/ vaccinia virus boost regimes when compared to DNA-prime!
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"assaycardERic ein eashbiiMEnD B HRASR s ARCRIFERENIPRE EMDASMaNOE at least
the present invention the CTL response after vaccinja, virus .
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inveattdireat riahy eseaeiitiv@ition the CTL response afier vaccinia virus
prime/vaccinia virus boost administration is higher in at least one of the assays,
when compared io 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 (i) in being capabie of reproductive replication in chicken
embryo fibroblasts (CEF) and the Baby hamster kidney cell line BHK but not
capable of reproductive replication in human celi lines, whersin according to an
25  embodiment of the present invention the human cell lines are the human bone
osteosarcoma cell line 142E, the human keratinocyts cell line HaCat and the
human cervix adenocarcinoma cell line Hel.a and (ii) by a faliure to replicate in
vivo in severely immune compromised mice.

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



are characterized (1) 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 human cell lines,
wherein according to an 25 embodiment of the present invention the
human cell lines are the human bone osteosarcoma cell line 143B, the
human keratinocyte cell line MaCat and the human cervix
adenocarcinoma cell line HeLa and (li) by a failure to replicate in vivo in
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the infepsossawillusahaisieanisioen ipreetuced/passaged under serum free
conditions to reduce the risk of infections with agents contained in serum.
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H QB%W%J& Clinical data have shown that a single vaccination with
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MVA-BN resulted in a detectable immune response in almost 100% of the

~ vacginated individuals. According.to another. embodiment of the presen
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immune response in aimost 100% of the vaccinated individuals.

According to another embodiment of the present invention the poxvirus as

20 defined above, e.g. an MVA strain, such as MVA-BN and its derivatives may also
be used in homologous prime boost regimes, Le. 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 tha 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-bocst 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, .g. another virus vacgcine, a

protein or & nucleic acid vaccine.
30

The mode of administration may be intravenously, intradermal, infranasal, or
subcutaneously, Any other mode of administration may be used such as
scarification.



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 be 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 g nucleic acid vaccine. 30 The

mode of administration may be intravenously, intradermal, intranasal, or
subcutaneously. Any other mode of administration may be used such as
scarification. 9 The poxvirus used according to the present invention m%inan‘t
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30

demonstrated, e.g. by assessing in the lungs the fitre 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 chalienged with 12.5 x MLDsg
of VW-WR three days after the vaccination no VV-WR viral titre could be detscted
in mice vaccinated with a standard dose of MVA-BN, whereas the mice
vaccinated with Dryvax or Elstree wete not protected and had a lung fitre that
was very similar the titre of unvaccinated control mice, When the mice were
chalienged with 50 x MLDs; four days after the vaccination no VV-WR viral titre
could be detected in mice vaccinated with & standard dose of MVA-BN, whereas
the mice vaccinaied with Dryvax or Elstree were not protested and had a lung
fitre that was very simitar the titre of unvaccinated control mice. The term MLDsg
refers {o the concentration of a pathogenic Vaccinia virus strain at which 50% of

the inoculated mice die.

It is to be noted that the mice data are predictive for humans. Moreover, itis io 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 for human poxviruses

that induce smalipox.



vaccinated with Dryvax or Elstree were not protected and had a lung titre -

that was very similar the titre of unvaccinated control mice. When the

mice were challenged with 50 x MLD50 four days after the vaccination no
VV-WR viral titre could be detected in mice vaccinated with a standard

dose of MVA-BN, whereas 25 the mice vaccinated with Dryvax or Elstree

were not protected and had a lung titre that was very similar the titre of
unvaccinated control mice. The term MLD55 refers to the concentration of

a pathogenic Vaccinia virus strain at which 50% of the inoculated mice

die. so It is to be noted that?:&e ice data are predictiye f 1S, .
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example section. Altematively the values are below an average of 5 x 10° piy
(corresponding o log 3.69) after an chaflenge with 1) and 12.5% MLDs,

20 respectively, of VW-WR three days after vaccination with an sffective dose of the
poxvirus vaccine. In a broader sense a virus leads to a rapid induction of a
proteciive immune response in mice f said virus behaves similar to MVA-BN in the
jung titre assay and the body weight assay described in the sxample. Thus, the

| limits, threshold values, conditions and parameters as described in the example

25 sechion aiso 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 fo the description of the test 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



(corresponding to log 3.69) after an challenge with 1x, and 12.5x MLD50,,

20 respectively, of W-WR three days after vaccination with an effective

dose of the poxvirus vaccine. In a broader sense a virus leads to a rapid

induction of a protective immune response in mice if said virus behaves

similar to MVA-BN in the lung titre assay and the body weight assay

described in the example. Thus, the limjts, threshold values, conditions

and parameters as described in the example 25 section also apply in a

9eneiAl SANRR QRIS BRI SRR AaL AfRRrLRARe tinSaRI%t which the

induces of a protective Immune response. From this it is obvious that the

datereleatiridnmamne fasRersmWAE BLHAMSIe section can be generally used

to supplement any missing data and information in this paragraph, e.qg.

information relating to the description of the test system. 30 Alternaj;sivelg/h
uman
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the time 11 point at which sergconversion is, observed js regarded as the
@R NARETRE T8 N R S AR SR vese and
Acchstling: tsobbeemizadimeaed ofifhpoprdsentzovestion the animal, including
a human 5 is an animal, including a human that is naive with respect to
poxvirus infections, i.e. an animal, including a human, that has never
beefcipeiing astrithtpd evusdsianidhenanitees, ot idien & aoohaat ecawvidnimal,
pOXVirus.vaccines. rding t [ ' i
s B A B AR A 0 T e yeccinatos
withwiibaviosissveidnehahastsaniveisateciuding 2 porenudighé i raised an
ThasmERBl Il ARG BUANIDMBREAREdRRINGBUER a5 VA
response against poxviruses and/or poxvirus vaccines such as MVA. The
term "protective immune response” means that the vaccinated animal is -

able-fa téﬁn%&@&%(jmﬁﬁﬁ@‘r&& £8e PRBAE RIS RYSBIAARIBSL AMHA is able to

the vaccination was done. Usually, the animal having developed a
15" proRemiaiiirsiey s8hoRs eatheTRIp LI MBI THaNR RfHTKAN was
SYMRIINSIQNE, SEBRIRESAUAY disuribean SRR M RAIssHYS”

Immune response” against a certain agent will not die as
develops only mild 0 moderate dinical’ symptoms or no sympioms at all. Usually an
animal having a “protactive 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 smallpox is in the
rage of 5 x 107 TCIDsoto 5 x 10% TCIDsg such as 1 x 10° TCIDs, wherein the
virus may be adminisiered subcutansousiy or intramuscularty.

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 (.. by vaccination). in
the nalve animal, including a human the administration of the poxvirus according
to the present invention, such as MVA-BN or its derivatives efficiently primes the
immune system, even if neutralizing antibodies may not be detectable in the first



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 smallpox is in the rage of
5 x 10' TCID50to 5 x 1Q$TCID50,such as 1 x iOETCID50, wherein the
virus may be administered subcutaneously or intramuscularly. 25 It seems
as if the-mechanism of the development,ef a rapid immune protection
after vaccination with a poxvirus as defined above such as an MVA strain,

e.OrMVABMangLitsidgaiatives dRRendvan whatherdhr vaaeinatas the

animal inCluding a human is a naive animal (that was never in contﬁ
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e first 12 . few S after vaccination.. infection with a pathogenic
viru\éaﬁglgéf?fh’é qa%ﬁ@#g rs@gfg i%r\{asﬂl?(‘:rlilaa%ﬁa@@ at the effectively primed
immune system can control said infection unexpectedly effective and fast.

Thus, naive anim _ ' ith,a:vi g e
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Invention, such as - its derivatives also are unexpectedly
effigeviegine eTiinecestpasthis alaneanidy senaeion i Tinhiusiant
have been in contact with a poxvirus before so that a protective immune
response is also rapidly generated in this situation. The rapidity of the

indUGtR FABREN RS HBEHVEURIRT AEE SSPERAS NARKNRfRRREASS S A0 reflected by

unexperediv astipeseconvrevioaraiisavrecaatiaptast aalfais chielining
1s humans with a virus accorgin% to the presgnt iQVﬁtnti%n@UCQ @?{ VA, MVA
Le.g VRIS RV S FRATEHRS [ o iR a i RIS dhown th&t MV

SErQyQRVRI 8 Rarivatives. In non-human primates is shown that a serovonversion
occurs within less than 10 days, e.0. 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

ag  with MVA-BN and its derivatives is evaluated. The same test principle is applied
mutits mutanidis 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 total 1gG antibodies specific for said
other virus instead of guantifying the total MVA-BN specific IgG antibodies. The

25 cut off values and the criteria o evaluate whether a sample is posilive are
determined in basically the same way with optionai minor modifications that are A
within the skills of the skilled artisan. To assess for a seroconversion after
vaccination with MVA-BN (or its derivatives), total MVA-BN® spacific igG
antibodies are quantified in test sera using a direct ELISA. The £LiSAis a

ap  sensitive method used for the dstection of antibodies in sera. The MVA-BN®
specific ELISA is a standard binding ELISA used to detect total IgG antibodies in
numan test sera. ELISA results are expressed as an end point antibody fitre



occurs 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 othgr viruses is tested. The only
modification that is required to assess the seroconversion induced by
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ELISA. Thus, according to an embodiment of the present invention the
teriVEERMNinduction of a protective immune response in an animal,
including a human" refers to a

The poxvirus as defined above such as an MVA strain, e.g. MVA-BN and ifs

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 iis derivatives may contain al least ons
‘heterologous nucleic acid sequence. The ferm “haterologous” is used hersinafter
for any combination of nucleic acid sequences that is not normally found

o5 intimately associated with the virus in nature. The heterologous sequences may
be antigenic epiiopes or antigens, which are salected from any non-vaccinia
source. Acconding to an embodiment of the present invention, said recombinant
virus expresses one or more antigenic epitopes or antigens which are antigenic
apitopes 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/for prokaryotic organism or a parasitic organisms. Examples for infectious
agents are Plasmodium falciparum, Mycobacieria, 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 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 strain, e.g. MVA-BN and its 20 derivatives may also be a
recombinant poxvirus strain such as recgmbinant MVA- BN or its
derivatives. The recombinant viruses according to the present invention,

such.as reGRmRRAMMUAsEN anddindnsvRlues ohavGaRisd Aldsasbaner

gaus " p
heterologous nuclei€ acid sequence. The term "heterologous” is used
herdlagftisg fovsany combination of nucleic acid sequences that is not
normally found 25 intimately associated with the virus in nature, The
heterologous sequences may be antigenic epitopes or antigens, which
e
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and/or prokaryotic grganism or a parasitic. organi
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this agabedientrth¥ eboofsieavitygsoxerpeci¥elsfined above may 5 not
only be used to induce a rapid immune response against a poxvirus

i”fe‘ﬂ‘f%r‘aas?o%}i‘ﬂﬁ%ﬁés%&g%%%%%e% RRAIRESh SRS Ra0ABIHAMVIHREmay
response against the heterologous antigenic epitope/ antigen ex ress%d
fromatteenaibeychspiens am@@@%f@@éﬁ?&ﬁ@@ﬁ%ﬁ%ﬁé‘é‘éﬁ%& ?H&Fﬁ%ﬁ?ﬁé &
Jhu?mmﬁx\%%ﬂ%i Xale If a recombinant MVA expresses an HIV

raye

epitope o llow fever virus io epitope the recombinant MVA may be
used to induce a rapid immune response against HIV and Yellow fever

virusyrespesMeRnt virus used according to the present invention may also comprise &
heterologous gene/nucleic acid expressing a therapeutic compound. A "therapeuiic
compound™ encoded by the heterologous nucieic acid in the virus can be, e.g.a

o0 therapeutic nucleic acid such as an anfisense nucleic acid or a peptide or protein

with desired biological activity.

According to an embodiment of the present invention the expression of
haterologous nucleic acid sequence may be under the transcriptional control of &

25 poxvirus promoter. An example of a suitable poxvirus promoter is the cowpox ATl
promoter {see WO 03/097844).

According to an embodimént of the present invention the insertion of
heterologous nucieic acid sequence is done into a non-essential region of the
30  virus genome. According to another smbodiment of the invention, the
heterologous nucleic acid sequence is inserted at a naturally occurring deletion
site of the MVA genome (disclosed in PCT/EP86/029286). According to a further

altemative the haterologous sequence may be inserted info an intergenic region



It is also within the scope of the present Invention that the recombinant
virus may alternatively express an antigenic epitope/ antigen that further
increases the 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 heterologousisiucleic acid in the virus can be,
e.g., a 20 therapeutic nucleic acid such as an antisense nucleic acid or a

pepiidenerposaieingaitmegsise i igisHsactlvityetheao ieottoiasert heterologous
embodiment of the, present invention the expression of heter 4‘?8%)115
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poxvirus prompter. An example of a suitable poxvirus promoter is the

cow . t 09784 I ne iment
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According to another embodiment of the invention, the heterologous
nucleic acid sequence is inserted at a naturally occurring deletion site of
the ﬁwfﬁ@ﬁbﬁ%é%@@ﬁéﬁmh PCT/EP96/02926). According to a further
alternative the heterologous sequence may be inserted into an intergenic
region 15 of the poxviral genom?ﬁgee WO 03/087845). Methods how to
insek$fefbARYHIKS KrdhemcesamERe RYRFENgdRoe mRidkisvAtienel a

1persepidindimnirass fohdalinilanmBieNaeYadY Hieambasingnthe
regarding non-recombinant 5 viruses apply also for the embodiment
con P ESRIBFISR DROTESESE A AEir, ASH TR RAIBH J0R 86N,

poxvirus for the preparation of a vaccine for the rapid induction of a 10

protectiye immune response. in an. animal, including a human, wherein the
P TR e T et AP QY RS SRS RS MR Al
Metlvas fdinghe ragpich rebnopidsiref thp rttgotived mimisieeinggpansetingal, including
animal, . including a human,, comprising the step aof administering to the, .
i R e T oo R SRS R h T Bcheing the

in sdidraaimal, including the

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

20 _
Use or method as above, wherein the poxvirus is & Modified Vaccinia virus
Ankara (MVA}

Use or method as above, wherein the MVA is selected from MVA strains MVA
25 575, 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 2 serum free

30  cultivalion process.

Use or method as above, wherein the poxvirus is administered in 2 dose of 10% 1o
5x10°% TCIDso/mi,



human. Use or method as above, wherein the protective immune
response is generated within 7 days or less 20 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
575, 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 so cultivation process. Use or method as
above, wherein the poxvirus is administered in a dose of 105 to 5x105
TCID50/ml, 16 Use or method as above, wherein the poxvirys i

cASHEBEtA RRRH WRTR SRR SR ORGP YRR

mefheshasaRavs. wheseiRhg psatective immune response is a protective
immune response against a poxvirus infection. Use or method as above,

wherein the immune response is against a smallpox infection. 10 Use or

Method RsrrlNYE a9 BBEoY) Wi irepistacteninbinmet pervites itsenrtective
method as above, wherein the rec.ombiggﬂt oxvinis comprises at least
-

ond REWRBIBRAS SR BRANE AP LEY TR Ose or method as above,

wherein the heterologous nucleic acid sequence is a sequence coding for

at least one antigen, antigeni i gm/ gqgi% compPouRE finnx

20 E%@ Br %%ﬁﬁgdagsaagg"(l)%/e‘?war?%r@ﬁ%ﬁe an%?r%%sé%%opesgand/or the P
antigémsiane antigenic epitopes and/or antigens of an infectious agent.

10

Use or mathod as above, wherein the poxvirus is a recombinant poxvirus.

Use or method as above, wherein the recombinant poxvirus comprises at least
one heterologous nudieic acid sequence.

15
Use or method as above, wherein the heterologous nuclelic acid sequence is &
sequence coding for at Isast one antigen, antigenic epitope, and/or a therapeutic

compound.

o0 Use or method as above, wherein the anfigenic epitopes and/or the antigens are
artigenic epitopes and/or antigens of an infectious agent.

Use or method as above, wherein the antigenic agent is selected from viruses,
fungi, pathogenic unicaliular eukaryotic and/or prokaryotic organisms, parasiic

2% 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 method as above, wherein the antigenic agent is selected from
viruses, fungi, pathogenic unicellular 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 Uge or method as above, wherein
the immune protection is against the infectious agent from which the

antigenie ,@é@&‘?ﬁt%}g@r‘iﬁgq ds.derived. 17 Short description of the

figures: Figure 1: Changes in"body weight of differently vaccinated mice
following an intranasal challenge with 1x the MLD50 of W-WR. BALB/c
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ElstremreBenithe aveviapeSaihewEio? BiSrgiemysr erouthaviv ArBgBirRidays

ro | it - Of: W-WWIR ouse. Body weight
1€vasﬁ§n%§%%%§g%%%t%%%%%%ﬁge%@aéyﬂﬁé %d%gﬁ}%éa% post challenge at

the same time each day. The graph represent the average body weight

cha [ ti ' ; . li .
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W-WR--Ble/ 6 BIGRANEHBsly with MVA-BN®, Eistree, Dryvax, or with Saline
15 {PBS) 4 days, orwith MVA-BN® 3 days prior to challenge with 5 x 10° TCIDsg of
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 fime using normalized (day 0 as
baseline value) individual values.
20
Figure 3: Changes in body welght of differently vaccinated mice following
‘ an intranasal challenge with 50x the MLDg of VV-WR. BALB/c mice were
vaccinated subcutansously with MVA-BN®, Elstree, Dryvax, or with Saline
. (PBS) 4 days, or with MVA-BN® 3 days prior to chalienge with 2 x 10° TCIDsp of
25 W~WR per mouse. Body weight was measured prior fo 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 iungs at the time of death or sacrifice
following infranasai chalienge with 1x the MLDg of VV-WR (figure 4}, with
12.5x the MLDg, of VWWR {figure 5) or 50 x the MLDsg, of VV-WR (Figure 8.

LLungs were coliected from each animal and the viral ioad was determined using



vaccinated subcutaneously with MVA-BN(r), Elstree, Dryvax, or with
Saline (PBS) 4 days, or with MVA-BN(r)3 days prior to challenge with 2 x
106 TCID50 of 25 W-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 O as bazgline value) individual values. so
Figures 4, 5 and 6: Viral load of lungs at the time of death or sacrifice

following intranasal challenge wijth 1x the MLD50o of W-WR (figure 4), wit

2 08 R B B TR RSP B S I brage ling
(Figuieeg)er pomes ivstsadaitiestrd. from each animal and the viral load was
determined using 18 a standard plaque assay on Vero cells. The bars
represent the average lung titre per group standard error. Examples 5

The BtRwRREEXamples will further illustrate the present invention. It will

ke 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 .

applicAb P Ying exasretonll Brolridkabrindheressanhirvendianoltvgl be well
examplegsheErnplesbnQRMRHGh BRatesRa YN AR %%Fﬁ%ﬁ&%rin no way
DryVax vaccinated mice challenged with 1x, 12.5x or 50x the MLD50 of

vacciif bR iRiRRelRe e R Bt il e sppiicakiiy efidheAanmplacy provided
intrapagied yassanicisRatienas Migdsidasdeen developed to test the

efficacy of smallpox vaccine candidates. In this model, mice are
Yaccinated with vaccines the efficiency of which is to be determined.

ContExiamipie re @hvebdiatinasiftieaninallinsen sishesoecha ievesdkinated

d fter th ination the mi infect ith th ic
Vot ST W5 et R R b L HPorO s V-
Res&basi@hh \REYeved VRUWTR) lethal dose 50 (MLDSO) of the

15 1. intreduction

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

20 control instead of the vaccine. Several days after the vaccination the mice are
infected with a pathogenic Vaceinia virus strain such as the the vaccinia virus
strain Westem Reserve (VV-WR). The murine lethal doss 50 (MLDsp) of the
vaccinia virus strain Western Reserve (VV-WR)) was deferminsd o be 3.8x10*
TClDs in unvaceinated mice.

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

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



vaccinia virus strain Western Reserve (VV-VVR) was determined to be
3.6x104 TCID50 in unvaccinated mice. 25 In a preliminary study it was
shown that MVA-BN vaccinated BALB1c mice challenged with either 25x
or 50x the MLD50 of W-WR quickly recovered from the viral challenge, .
showed no clear signs of clinical symptoms, and no pathological lesions
were present in the lungs of these animals. In another preliminary study
the time required after vaccination to establish protection from a a0 lethal

challenge with W-WR was investigated: Challengi f MVA- ‘ .
vacéefeitdy %@&Mﬁ%@[ﬁ?l@%%ﬁ&vﬁ‘mﬁ%& %Q%Eﬁ% }zrzﬁ'}o‘xhoélggmng @
3 daymatisaibeyuaseinationrevealed protection (with regard to body

weight loss and viral lung titres). The objective of this example was to

narrow down the time required 19 after MVA-BN(r) (or Efstree or Dryvax)
vaceingiigade ainficdpiptratiection following a lethal challenge with W WR. 2.
Viruses and controls: Test vaccine | Modified Vaccinia Ankara-Bavarian

Nordic (MVA-BN(r)), in a concentration of 5.0E+08 TCIDso/ml.
Formgkdtiamcind OmM Tris 140mM NaCl pH7.4 No further dilutions of the

MVABNDSiaskers padeR e AR et alaisdousastd o
200p1"was administered subcutaneously resulting in a final dose(of
1 OEB0B 6O Tmb Reamiiiory BV HATMENRIOHH o

”Om%&%%?%aﬁﬁéwd?ﬁﬂe%vﬂﬂsﬁf@ 1RGOl due Ryt AeEi0fhMccinated
Tris 140mM NaCl pH7.4 No further dilutions of the Flstre stock w

nadgraies 2 SRHS R AREIBRET o S CARRBERA LT Db R dose o

mou§qjéq@glq@gmga final dose of 2.5E+05 TCID50, 20 Test vaccine 3
DryVax with a nominal concentrationof 2.9E+07 TCID50/ml; Formulation:
in 10mM . Tris 140mM NaCl pH7.4

Test Vaccine 2 ,

Vaccinia virus strain Eistree with a nominal concentration of1.0E+08 TCIDse/mi;
15 Formulation: in 10mM Tris 140mM NaCl pH7 4

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

via scarification oﬁ the tall of each mouse resulting in a final dose of 2.6E+05

TClDs.

26 Testvaccine 3
DryVax with a nominal concentrationof 2.92+07 TCIDs/mi; Formuigtion: in 10mM
Tris 140mM NaCl pH7.4
No further dilufions of the DryVax stock were made and 8pl was administered via
scarification on the tall of sach mouse resulfing in a final dose of 2.52+05 TCIDsp.

™
Aa1]

Sach of the test vaccines 1 to 3 was administered with its oplimal dose and route

of administration.

Chalienge virus
0 Vaccinia Virus Western Reserve (VV-WR) with a nominal Concentration of
4 QE+08 TCIDso/mil



No further dilutions of the DryVax stock were made and 8pl was
administered via scarification on the tail of each mouse resulting in a final
dose of 2.5E+05 TCID50. 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

~ Concentration of 4.0E+08 TCID50/ml 2Q 0The following dilutions of
VV-WR (4.0E+08 TCID50Iml) were madze to generate a final working

tock of 8.0E+04 TCID50I 4.0E+Q7.T Wit

zfo%vglfﬂM@'é‘Q§j@Eq!&%%g ki 89 %@é?g@bpegéiﬁgﬁ%%%ﬁme @
the M&WRrEIeS s OESDS. TEHDS T BiDwss i dadd462eUp T i PaSmbasd 1x the
by 5 i ' ' OE+ | ,

s M P R A e S P ol SR b gy 100w
vortekiing ((VgIVR atocintSRARCR D408 +08sT SitsbimHOBEbe! ¢iss mixed by

: g BS. . ! _

o DR A, O SO LR o Ptk By, USRI, HOoR! of this
-WRisaperssia@ QB G iomed dmAtRs GBS, sieaie SukBERIoMT IsYHgL by aive &
the %‘%&é&%‘ﬁ 4,PE 08 JERIPIMhweseddedtane’ oo eifRSwad added to

mixed by vortexing to give a final concentration of 4.0E+07 TCID50JmI

Saligd@ohtes| PESInheS My @sing Hoahs SoprPEE?EEEaINHe )/ 0E+05

gheM‘EéTrlglb*f urep was eesrianiniesting yorivishiad anigOEOCURDIERSH! working

. DS AND EXPERIMENTAL DESIGN, 20 Test ecific
patiTSgen SRRE(SPT) ADARIOEIE IR 28 el Sblad i R et added to
TacomigMsR FBO ROMLAD bR KRR Rermatindluorenyttomais. 08 +07
in the study: 60. Age at initiation of challenge: 9 weeks. Body weight
rang@capﬁ@?/fﬁtion 25 of challenge: 18 -23 grams. The BALB/c mouse
strain has been used extensively

Saline Control:
15 In the Saline Control groups, 2001l PBS (as supplied by the manufacturer) was

used for injecting individual mice subcuianeously
3. METHODS AND EXPERIMENTAL DESIGN

20 Test System

Specific Pathogen Free (SPF") female Balb/c mice H-2d were obfained from
Taconic M&B, P.C. Box 1078, DK-8680 Ry, Denmark. Number of animnais in the
study: 50. Age at initiation of challenge: @ weeks. Body weight range at initiation

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

The experiments were carried out in accordance with the Dyreforsegstilsynet of

3¢ Denmark

Aliocation 1o freatment groups: On arrival animals were randomiy aliocated fo a
treatment group consisting of 5 animals per test group (and cage).



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 Dyreforsogstilsynet of so Denmark Allocation to
treatment groups: On arrival animals were randomly allocated to a
treatment group consisting of 5 animals per test group (and cage). 21
Justification of the dose level: MVA-BNB'was used at an optimal dose
that has been demonstrated in previous experiments to induce a strong
humoral and cell mediated immune responses in mice. Elstree and
Dryvax was used at a dose 5 suggested for humans. Vaccination and

challisgicstihacuiigha tisee deen: Y Rle wesdusemhiat Andyptieal ere that has
beloys MiceWRiE-AERSH drchallengsshiitd &7imdnes BHIR MLRBRPENG cell

W-WR 4 days after vaccination with either MVA-BN(r), or Elstree, or

DryvER ile iEEWAP JRRSHSRRCE HBIGE-DEEH SehaNengBiHitlak Uess,8t a dose

Qr SQMQ&MBI?&(}@{”\%WR 3 days after vaccination with MVA-BN(r), or
mice have been challenged with ix the MLD50 of VVWR 2 days after

vaccination with MVA-BN(r). In control groups mice have been 15

chaligagadwith ixnd 2 Raignddxsdheddld 50 of W-WR without prior
vaccination. Control animals receiving the 1x and 12.5x, or 50x the

MLD50 of W WR were sacrificed 5 or 4 days after challenge, respectively,
in casededyfvasighickoseerexgestiéd PQY/sfidy (paatiddybeleight Micinwere either

Seoe e eIl on SER e YR AE © I8 ey vacsraton
Sizeviiithiindt DRASNA/ ovEtstimetion DiyR>and stiditengegiogesineisel kave been
dayschzal%%lgi:;need ?N%t%?%%gﬁs or 50x the MLDsp of VV-WR 3 days after vaccination
with MVA-BN®, or mice have been challenged with 1x the MLDs 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 MLDg of VV-WR were
sacrificed 5 or 4 days after chalienge, respectively, in case body weight loss
exceeded 20% from inftial body weight, or in case the animals suffered from

dyspnez. This was done fo reduce suffering.

20
Group | Vaccination | Sample Challengs Dose Time between
Size {xthe MLDs, of VV- | vaccination
WR) and
chalienge
1 Saline 5 X 4 days
2 Saline 5 12.5% 4 days
3 Saline 5 50x | 4 days
4 MVA-BN® 5 1x | 4days
5 MVA-BN® 5 12.5% 4 davs
6 MVA-BN® | 5 . BOx 4 days
7 MVA-BN® 5 1% 3 days
8 MVA-BN® 5 {2.5x 3 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 VA-BN 5 Ix 3 days 8 MVA-BN 5 12.5x 3 days
22 9 MVA-BN 5 50x 3 days 10 MVA-BN 550x 2 days 11 DryVax 5 1x 4
days 12 DryVax 5 12.5x 4 days 14 DryVax 5 50x 4 days 15 Elstree 5 ix
4 days 16 Elstree 5 12.5x 4 days 17 Elstree 5 50x 4 days Justification of
group size The primary endpoint of the sﬁfdy was efficacy determined by

the level-of-s-protection-at day 4-or. 5 following intranasal challenge with
VV-WR. Bised orM\%éW&us precﬁ‘nicajl experiené@’ﬂ was assumed3rays

followihg ghallengg\gkIBREt 957 §T the vaccmateggroup 1S Proetletizre
wheregs-no.mare than 5% afithe placebo treated group were iprotected.

Using fFistiérs Exa@né&a grbup Bize of 5 versusi® is sufficieft to 4 days

demonsirgte a SIgNHiCRRL diferenge atthe wo-s{get 1o sigrrifmtgm—
a = 0.Q5.with power greater than 80%.|Administration of test articles for
vaccinatiotfVaccinBfié@were pef’f‘form ed in a migf¥biological safety days
cabingt (S TQUU gAY CIags T, A0 LarmiAdr) - ce-were le..%i(lsig.t%u'
with 200;x1 af JAVA-BNO (1ix 108 TCID50/ml) or Saline control (2 o
PBS) Via flfe subcuwsus route In the skin writikfxof the hind legusayg
alml] Ubercui RSN syringe (Terammoy: I\gb}? rECEvin Eiﬁ'&‘éé@}éd
DryVax.were anaesthefized before the scarification of the taili A fres

mixture containing 75mg Ketamine, 5mg Xylazine and water was

10

15

20

Justification of group size

The primary endpoint of the study was efficacy determined by the level of
protection at day 4 or 5 following infranasal chalienge with VV-WR. Based on
previous preciinical experience i was assumed that following challenge at lsast
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 § i sufficient to demonstrate a significant difference at the two-sided
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
40/ctass I, Holten Lamin Alr). Mice were vaccinated with 200ul of MVA-BN® (1%
10° TC?DWmI) or Saline control (200u PBS) via the subcutansous route in the
skin wrinkle of the hind leg using a 1ml 28G tuberculin insulin syringe (T erumo).
Mice receiving Elstree and DryVax were anéesfhaﬁzed before the scarification of
the tail: A fresh mixture containihg 75mg Ketamine, Smg Xylazine and water was
prepared, and 80pi of the anaesthefic was administered via the subcutaneous
route using a 1ml 27G insulin syringe. All mice belonging to the one cage were

anaesthetized before administering the vaccine. 2.5ul or Byl of Eistree or Dryvax
was appiied via tail scarification.



20 prepared, and 80pl of the anaesthetic was administered via the
subcutaneous route using a Iml 27G insulin syringe. Alt mice belonging to
the one cage were anaesthetized before administering the vaccine. 2.5pl
or Bpi of Elstree or Dryvax was applied via tail scarification. 23 Lung
challenge model The test article (i.e. W-WR) was administered via the
intranasal route in anaesthetised mice irga microbiological safety cabinet
(SW 1000 40/class 11, 5 Holten Lamin Air). A fresh mixture of 75mg

KetamiPe Ranengdantgsin water was prepared as anaesthetic. 801 of the
anaesthetic was administered via the subcutaneous route using a | mi

29G insulin syringe. All mice belonging to one cage were i0
anagsthatizedhtielordiadnvhisteRingvize driniRitest avielehéntidinasadal route in

0/t B TR A e S SALL S i kps 0es I

rembivkidn framithiice and mixed by gently vortexing for a few seconds.

50p1 of the diluted is VV-WR test article was measured using a 100pl

pipette. The anaesthetized mouse was held by the skin/fur on the back of

the Aeblesindniniiisodf KRoskisiuried.iPme paiarbetHe et nepR prieared as

test %@éﬁ%‘ﬁé‘% FadedipioshatinpsastHl e WRLER JMSaNSSus route

was held as described above until the gasping ceased. 20 Prior to
chalksinge edlah0) a9 daryiIsWiIRgehaténdBishiPRIRNWER Msehfefage were

1ONURE ARY-RISRS R HNSAHi BN RIOM WIR Ragearige 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

50 theaiHdabenafidNy R Lxseqartch e kosicrbigbgrid efifes) bytinet (SW 1000
D e ot Rt S8 T Sl Semovec

from the ice and mixed by gently vortexing for a few seconds, 50yl of the diluted
15 WWAWR test arficle was measursd using @& 100yl pipette. The anaesthetized
mouse was held by the skinfiur on the back of the neck and the body was
supported in the paim of the same hand. The test item was siowly added into &
single nostril of the mouse. The mouse was held as described above unfil the
gasping ceased.

20
Prior to challenge (day 0) and daity following challenge animails were observed 1o
monitof any signs of ill health. Body weight Was measured prior to chalienge (day
0) and daily post challenge until the day of necropsy to monitor the developmen
of disease.

25

The saline group which received 50x the MLDsy of VV-WR exceeded the bedy
weight cut off set by the Dyreforsegstiisyn and was sacrificed on day 4 post
challenge. The saline group which recefved ix or 12.5x the MLDg of VV-WHR
exceeded the body weight cut off sef by the Dyreforsggstilsyn and was sacrificed

30 on day 5 post challenge. Vaccinated animais challenged with 1x the MLDs of
VV-WR were sacrificed on day 5 post challenge, whereas MVA-BN® vaccinated
animais challenged with 12.5x% or 50x the MLDsg, of VV-WR were sacrificed latest
on day 8 post challenge.



exceeded the body weight cut off set by the Dyreforsogstilsyn and was
sacrificed 30 on day 5 post challenge. Vaccinated animals challenged with
1x the MLDSD of VV-WR were sacrificed on day 5 post challenge,
whereas MVA-BN(r) vaccinated animals challenged with 12.5x or 50x the
MLDSO of W-WR were sacrificed latest on day 8 post challenge. 24
Lungs were removed and the total amow4t of virus in the lungs was
determined using a standard plaque assay on Vero cells. Animals were
considered completely protected when lung titres were below 5 x 103 pfu,

the, lowest titre 5 detec i f:\i tikrati ;

coles ettt PR R LR DA ST S B, R petermined

effactiog vaccteritmiviRdieresrasmaMp olevacEals offtiealfodyaieigirnsidered

f 0“%%3@&@ lRRGR:A G I aiRE Wit uiite MERRODLVesTiia, ViFks iowest titre
estler

strain Reserve (W-WR) was investigated in some groups of this
sstudpiesableowsninoriiRed KB I RTRSE ST YRR 63D of
non-vaccinated (Saline 15 control) mice challenged with 1x the MLD50 of

W-WR was first detectable 3 days after the challenge. The body weight
conﬁn@%@%@&ﬁﬁt@@%ﬁﬁ@é 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
wittARBREes FRELPEMEWELdy weight on day of sacrifice was 20 either

123.2% or 21.1% below the initigl average body weight in these groups,
S SR T TSSE, VAP OR 4R B gy woon
initigbimaygveigtitilieras deteayed@etaydipdb ql)au%g}amfe\@a@ia@evims strain
o A SRR R AL Y B SBRI B gRapelangs: suo s
posshbwmmgéigl_ﬂ‘fq\ferhgéybw@ighteigm. didl Hst @Ewtingé @Wﬁiﬁ@kﬁésﬁaﬁne
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days afier the challenge. The body weight continued to drop until sacrifice on day
5 1o an average of 20.9% below the average initial body weight. A similar body
weight loss was detectedl 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
s 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 fo challenge
with VV-WR the first body weight loss (about 4% from average initial body weight)
was detecied 2 days post challenge. The average body weight continued fo 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, oniy 2 small drop in
body weight was detected starting on day 3 post chalienge and being maximally
4.2% below the initial body weight on day 4 post challenge. In this group, the -

30 body weight recoversd on day 5 fo inifial values. The group of mice vaccinated
with MVA-BN® 4 days prior to challenge did not show any body weight loss
following a chalienge with 1x the MLDs of VV-WR.



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 so body weight recovered on day 5 to initial values. The
group of mice vaccinated with MVA-BN(r) 4 days prior to challenge did
not show any body weight loss following a challenge with 1x the MLD50
of VV-WR. 25 In a second set of groupgs mice were challenged with 12.5x
the MLD50 of VV-WR and body weight of the mice were again monitored

E“%té? ﬁl%ﬂ%l&ﬂget%ﬂgrgm ﬂﬁdfy@eﬁé @h@i@ngedwismm iha L0t VV-WR
ody weight loss in the group of non- vaccinate ine control
frPORBORORSRTRFS ERaFIFe SRENANER! SPGB PIS QR S G gy hen
drogait tﬂ@@ﬂmr@edawwmmmwmfmﬁ%a@bwmm dvegigep of non-
initial bQ Thus th bod wei o

earH@FTH%%eﬁfé%ﬁ W%%W?Eg%mate gqi}(l)}’up éyﬁegr%gegg% ai‘?h&etﬂg%haﬁenge
MLDES Mdnghmmmrememedfm dredrEdpaitanemgRel 23.3%
Fig e A bod wel NON:W j
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chamaegmwmmwmn thathie dreuporacesrsiteteeigry AElengepyaith 1x the
pI‘IOMLCbChgy 35\@@ Raardirhamalbhadynaiobbioss {abemde &% Figure

from aver age |n| weight) was detected 2 days past challenge.

The?évérélgdsb@wgweigw soniRTScRe d@b‘%@ﬁﬁ%ﬁ‘%dﬁ ShivaR Fapeed in the
mrhig%lﬂa% %Ecﬂ%?e\semeé?ﬁ%%@g Rhvah 16. é&@%ﬁ@m@@ﬁ@ﬁeﬁg@m@vv»we
earter

e average body weight started to recover [ roup.
on day® EeLBHEARIRRISHWITE M % % §f’?§@§ il gf']\é“WR a

averagednpitipl Wéﬁjﬁhid@@wﬁeﬁew% b %mgé Iimtie \f@mnwaagm) was

th MVA-BN(r) 4 days prior to challen e an a bod t los
Vlvé SRSV AR URISREET A BUSPE SN ARt et 1 arop I

Wﬁa»blﬁw %ﬁ;%@@@%mﬁ%@ewﬁﬂaﬁﬁm&g@b@zﬁmmwe 1% below
post challenge. Recovery of y weli as.detec e, subse t
Lelay &witAHAS it S0RIERIEh ‘gy SR A %‘@gyss%os‘f?ﬁ fe%? in this
tharypsigy tpshallenge. ﬁﬁs&dhﬂltbﬁgemmmsme@bhﬁtmw Wakh below
50x the MLD50 of VV-WR and, 25 bo 4 with
morEr B Al nshge 5:41;15 gtgff?égptir? e MIGe W IR E98Rinated w
MVA-BN® 4 days prior to chatienge an average body weight loss of 10.8%
compared to the average initial bedy 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 chalienged with 50x the ML.Dso of VV-WR and
25 body weight of the mice were again monitored prior to chalienge and then daily
post challengs. As shown in Figure 3, a first body weight loss in the group of
non-vaccinated (Saline control) mice was already defectable 1 day post
chalienge. The average body weight continued to drop until sacrifice on day 4 1o
20.1% below the average initial body weight. Thus, the body weight loss was
3 detectable 2 days or 1 day earfier than the in the non-vaccinated group
challenged with 1x or 12.5x the MLDso of VV-WR, respectively. The body weight
ioss in the groups vaccinated with Elstree or Dryvax staried to be detectable 2
days post challenge and by day 4 post challenge the mice in these groups



post challenge. As shown in Figure 3, a first body weight loss in the group

of non-vaccinated (Saline control) mice was already detectable | day post
challenge. The average body 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 I%éor 12.5x the MLD50 of VV-WR,
respectively. The body weight loss in the groups vaccinated with Elstree

or Davsawstared spdbe deigrtablgh? losysfnast thatleri§er dndromdhg ditial body
post challenge the mice in these groups 26 _reveal e S
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plagaespRRay Q8 ¥eso cells. Animals were considered completely

protected when lung titres were below log10 3.69 (5 x 103 pfu), the

lowest titre detectable using our method of virus titration on 20 Vero cells.

in a fifgigatrekgroups, mice challenged with 1x the MLD5o of -WR were
compared. As shown in Figure 4, non-vaccinated mice revealed an

3verage virus load of log10 7.81. Mice vaccinated with Elstree or Dryvax e
4 dagsepriizmtn or sacrifice of mice, lungs were removed and the total amount of virus

in this fissue was determined using z standard plague assay on Vero cells,
Animals were considered completely protected when lung fitres were below log10
3.89 (5% 10° pfu), the lowest fitre detectable using our method of virus titration on
20 Vero cells. In a first set of groups, mice challenged with 1x the MLDgp of VV-WR
were compared. As shown in Figurs 4, non-vaccinaied mice revealed an average
virus load of log10 7.81. Mice vaccinated with Elstree or Dryvax 4 days prior to
challenge revealed an average jung virus load of log10 7.75 and iog10 ©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 priot to challenge no lung viral titres couid
be detected and are thus completely protected from viral infection following
intranasal chalienge with ix the MLDs of VW-WR. Shortening the interval
betwsen 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 outof §, or4 out
of 5, with average jung viral titres of log10 3.77 or log10 4.68, respeciively.
in 2 second set of groups, mice challenged with 12.5x the MLDg of VV-WR were

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



-challenge revealed an average lung virus load of log10 7.75 and log iu

6.68. Thus, the Elstree vaccinated mice were unable and the Dryvax
vaccinated mice 25 were only to some degree be able to prevent lung viral
Infection. In the group of mice vaccinated with MVA-BN(r) 4 days prior to
challenge no lung viral titres could be detected and are thus completely
protected from viral infection following ififanasal challenge with 1x the ML

Dso of VV-WR. Shortening the interval between vaccination with
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mice were unable to preventlung viral infection. In the group of mi
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titreg sapidde Aewrind MrigiRdnoenpsicleraireedvdue dadverage virus
infection following intranasal challenge with 12.5x the MLD50 of VV-WR. .
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average virus _|oad of log1.0 8.59. Mice vacgcinated with Elstree r

s G R S AU 0 AR BOSUATREc eTss IR By ent lung
8.49%parmertd8.25. Thus, the Elstree and the Dryvax vaccinated mice

were unable to prevent lung viral infection. In the group of mice

vaccinated with MVA-BN(r), no lung viral titres was detected 15 when
vacdinitiogroas sldmiosstecethdteydtpridy loRNSl sadengvitebtiieatyes detected
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this group 1s only'to some degree )
MVA-BN® vaceination and challenge with VV-WR was applied an average lung

viral load of log10 7.63 was determined. 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
55 have been determined fo indicate “protection” from a lethal intranasal challenge
with VV-WR,

Control animais challenged with 1x, 12.5x, or 50x the MLDsp of VV-WR tevealed
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.



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 Ix, 12.5-, or 50x the MLD50 of
VV-WR revealed a continuous loss of body weight and had a high viral
load in the lungs post- so mortem (the higher the challenge dose, the
higher the viral load detected in the lungs). Thus, these mice were unable
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with MVA-BN® and chalienge that is required to obtain protection from the iethal
challenge: In case of challenge with 50x the MLDg of VV-WR a 3 day interval
was not sufficient, whereas foliowing challenge with 12.5x the MLDsp of VV-WR a
2 day interval between vaccination and challenge was sufficient to obtain

20  protection.

in contrast to MVA-BN®, the first and second generation smallpox vaccines
Dryvax and Elstree, respectively, were unable 10 profect against an intranasal
chalienge with up to 50x the MLDs of VV-WR when administered 4 days prior 1o
25 the challenge. The reason for this difference might be due to the different routes
of adminisiration; MVA-BN® was administered to mice (and is administered in
clinical triais 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 fhe superiority of I\fi\!ﬁ\»B‘i\i‘E over
Elstree and Dryvax with regard to onset of protection.



In contrast to MVA-BN(r), the first and second generation smallpox
vaccines Dryvax and Elstree, respectively, were unable to protect against
an intranasal challenge with up to 50x the MLD50 of W WR when
administered 4 days prior to 2s the challenge. The reason for this
difference might be due to the different rQutes of administration:
MVA-BN(r) was administered to mice (and is administered in clinical trials
to humans) subcutaneously, whereas Elstree and Dryvax was
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ed (and was administered to humans) to mice via scarification.
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e hu . Use according to claim 1, wherein the protective

immune response is generated within 7 days or less to 3. Use according

to anyone %EE@'% kIQRinvhesgiarkie episisdaa MesiHrd\Yesaiias

virus Ankara (M

4. Use according to claim 3, wherein the MVA. is

sel@aBaraieHh WA ZHaRPM98E 575, MVA 572 and MVA-BN. 15 5. Use
according to anyone of claims | to 4, wherein the virus is a clone purified

virus. 6. Use according to anyo?n of cl

theetr SIREIAPIHIHRAENANG G

to 5, wherein the virus h

o St S Pyt ea g e

- anyQBeMhisleifas Aritafs Meagin the poxvirus is administered in a dose of
105 to 5x10 | TC1D50/ml, 25 8. Use according to anyone of claims | to 7,

wherein the poxvirus is administered intravenously, intramuscularly or
subgutaseausbrdPolseisincdr dihgreratgoiiy Afisladiestbtof@nivbldisttans MVA

ProtegiveAMMUN, na MVA-BN.
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5. Use according to anyone of claims 1 to 4, whereinthe virus is a clone purified

virus.

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

in a serum free cultivation process.

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

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

intravenously, intramuscuiarly or subcutaneously,

g, Use according to anyone of ciaims 1 to 8, wherein the protective immune

response is a protective immune response against a poxvirus infection.

10. Use according to claim 8, wherein the immune response is against a smallpox

infection.
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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. 30 11. Use according to anyone of claims 1 to 10,

wherein the poxvirus is a recombinant poxvirus. 12. Use according to
claim 11, wherein the recombinant p8kvirus comprises at 5 least one
heterologous nucleic acid sequence. 13. Use according to claim 12,
Wwhersinsbmhditey tiomoesa ot ritiraeit tetle T8 ILBE RRMEYTBFhg for

_at legst on );lﬂg , antigenic epitope, and/or a therapeutic compound.
rﬁﬁjﬁlﬂﬁn?ga&;or' |Qn'g to claim 13, wherein the antigenic epitopes and/or

the antigens are antigenic epitopes and/or antigens of an infectious

AINLL Fé&%&aﬁg%@!@iﬁzt@ ClaiRbidn viheregrthephmigepicdgentisnprises at
selected from 15 viruses, fungi, pathogenic unicellular eukaryotic andlgr

59&6?(@%?!@*@5’@5}9@14%‘?“5@8@@@ SRAINSATe. 16. Use according to claim

15, wherein the viruses are selected from the family of influenza virus,

Flavivirus, Paramyxoyirus, Hepatitis viru immdRedsficientknce is
ViU Wrgfﬂgs%t‘;é{ﬁ%i ?ﬁ%’ﬂﬁg%%%%%ar. . plgﬂg_aCCO(ding t(?ﬁ])é
anyeneevicelaisadig ttod Ginwleestirotie iantiges. prOWERDICisSRIEst BR/Or 8
infectlogaca eﬂ%from which the antigenic epitope and/or antigen is

theraes ound.

14. Use according to claim 13, wherein the antigenic epitopes and/or the antigens
are antigenic epiopes andfor antigens of an iﬂfec‘;ious agent.

45. Use according to claim 14, wherein the ‘antigenic agent is selected from
viruses, fungi, pathogenic unicellular eukaryotic andfor prokaryolic organisms,

parasitic organisms.

16, Use according to claim 15, wherein the viruses are selected from the family of .
influenza  virus, Flavivirug, Paramyxovirus, Hepatitis  virus, Human
immunodeficiency virus or from viruses causing hemorrhagic fever.

17. Use according o anyone of claims 14 1o 16, wherein the immune protection is
against the infectious agent from which the antigenic epitope and/or antigen is
derived. ‘



