
16 OCT 2006  WO 03/097846 PCT/EP03/05047 k Recombinant poxvirus expressing
homologous genes inserted  into the poxviral genome The present invention
relates to a recombinant poxvirus  5 capable of expressing two or more
homologous foreign genes.  Said genes are heterologous to the viral genome,
but  homologous in comparison to each other. The genes are  especially
derived from closely related variants or  subtypes of a microorganism. The
invention further relates 10 to a method for preparing such recombinant
poxvirus and to  the use of such recombinant poxvirus as medicament or
vaccine. Additionally, a method for affecting, preferably  inducing, an
immune response in a living animal, including  a human, is provided. 15
Background of the invention Every living organism is constantly challenged
by  infectious or pathogenous agents such as bacteria, viruses,  fungi or
parasites. The so-called immune system prevents 20 the organism from
permanent infections, diseases or  intoxination caused by such agents. The
immune system of a mammal can be divided into a'  specific and an
unspecific part although both parts are  closely cross-linked. The
unspecific immune response 25 enables an immediate defense against a wide
variety of  pathogenic substances or infectious agents. The specific
immune response is raised after a lag phase, when the  organism is
challenged with a substance for the first time.  This specific immune
response is mainly based on the 18 OCT 2006 WO 03/097846 PCT/EP03/05047  -2



production of antigen-specific antibodies and the  generation of
macrophages and lymphocytes, e.g. cytotoxic  T-cells (CTL). The specific
immune response is responsible  for the fact that an individual who
recovers from a 5 specific infection is protected against this specific
infection but still is susceptible for other infectious  diseases. in
general, a second infection with the same or a  very similar infectious
agent causes much milder symptoms  or no symptoms at all. This so-called
immunity persists for 10 a long time, in some cases even lifelong. The
underlying  effect is often referred to as immunological memory, which  can
be used for vaccination proposes. With the term vaccination a method is
described, where an  individual is challenged with a harmless, partial or
15 inactivated form of the infectious agent to affect, preferably induce,
an immunological response in said  individual, which leads to long lasting
- if not lifelong - immunity against the specific infectious agent. The
human smallpox disease is caused by Variola virus.  20 Variola virus
belongs to the family of Poxviridae, a large  family of complex DNA viruses
that replicate in the  cytoplasma of vertebrate and invertebrate cells. The
family of Poxviridae can be divided into the two  subfamilies
Chordopoxvirinae and Entomopoxvirinae based on  25 vertebrate and insect
host range. The Chordopoxvirinae comprise beside others the genera of
Orthopoxviruses and  Avipoxviruses (Fields Virology, ed. by Fields B.N.,
Lippincott-Raven Publishers, 3d edition 1996, ISBN: 0- 7817-0253-4, Chapter
83). 30 The genera of Orthopoxviruses comprises variola virus, the
causative agent of human smallpox, and also other viruses 1' OCT 2006  WO
03/097846 PCT/EP03/05047 -3- 



with economical importance, e.g. camelpox, cowpox,  sheeppox, goatpox,
monkeypox and Vaccinia virus. All  members of this genus are genetically
related and have  similar morphology or host range. Restriction
endonuclease 5 maps have even shown high sequence identity from up to 90%
between different members of the Orthopoxviruses (Mackett &  Archard,
[1979], J Gen Virol, 45: 683-701). Vaccinia virus (VV) is the name given to
the agent that was  used at least the last 100 years for the vaccination
10 against smallpox. It is not known whether VV is a new species derived
from cowpox or variola virus by prolonged  serial passages, the living
representative of a now extinct  virus or maybe a product of genetic
recombination.  Additionally, in course of the VV history, many strains of
15 Vaccinia have arisen. These different strains demonstrate  varying
immunogenicity and are implicated to varying  degrees with potential
complications, the most serious of  which is post-vaccinial encephalitis.
However, many of  these strains were used for the vaccination against 20
smallpox. For example the strains NYCBOH, Western Reserve  or Wyeth were
used primarily in US, while the strain  Ankara, Bern, Copenhagen, Lister
and MVA were used for  vaccination in Europe. As a result of the worldwide
vaccination program with these different strains of VV in 25 1980 the WHO
finally declared the successful eradication of  variola virus. Today, VV is
mainly used as a laboratory strain, but beside  this it is still considered
as the prototype of  Or thopoxvi ruses, which is also the reason why VV
became one 30 of the most intensively characterized viruses (Fields
W003/097846 t OCT 2006  PCT/EP03/05047  4 Virology, ed. by Fields B.N.,
Lippincott-Raven Publishers,  



3rd edition 1996, ISBN: 0-7817-0253-4, Chapter 83 and 84).  VV and more
recently other poxviruses have been used for  the insertion and expression
of foreign genes. The basic 5 technique for inserting foreign genes into
live infectious  poxvirus involves recombination between pox DNA sequences
flanking a foreign genetic element in a donor plasmid and  homologous
sequences present in the rescuing poxvirus.  Genetic recombination is, in
general, the exchange of 10 homologous sections of DNA between two strands
of DNA. In  certain viruses RNA may replace DNA. Homologous sections of
nucleic acid are sections of nucleic acid (DNA or RNA),  which have the
same sequence of nucleotide bases. Genetic  recombination may take place
naturally during the 15 replication or manufacture of new viral genomes
within an  infected host cell. Thus, genetic recombination between  viral
genes may occur during the viral replication cycle  that takes place in a
host cell, which is co-infected with  two or more different viruses or
other genetic constructs. 20 A section of DNA from a first genome is used
interchangeably in constructing the section of the genome  of a second
co-infecting virus in which the DNA is  homologous with that of the first
viral genome. Successful expression of the inserted DNA genetic sequence
25 by the modified infectious virus requires two conditions.  First, the
insertion should be into a nonessential region  of the virus in order that
the modified virus remains  viable. The second condition for expression of
inserted DNA  is the presence of a promoter in the proper relationship to
30 the inserted DNA. Regularly, the promoter is located  upstream from the
DNA sequence to be expressed. 10 OCT 2006  WO 03/097846 PCT/EP03/05047 The
usefulness of recombinant W expressing, e.g.,  Hepatitis B virus surface
antigen (HBsAg), influenza virus  



hemagglutinin (InfHA) or Plasmodium knowlesi sporozoite  antigen, as live
vaccines for the prophylaxis of infectious 5 diseases has been demonstrated
and reviewed (Smith, et al.  [1984] Biotechnology and Genetic Engineering
Reviews 2,  383-407). A further advantage of VV is the capacity to take up
multiple foreign sequences, genes or antigens within a  10 single VV genome
(Smith & Moss [1983], Gene, 25(1): 21-28). Furthermore, it has been
reported that it is possible to  elicit immunity to a number of
heterologous infectious  diseases with a single inoculation of a polyvalent
vaccine  (Perkus et al., [1985], Science, Vol. 229, 981-984). 15 One
example of the expression of various antigens by a  single W is described
by Bray et al. It was shown that a  recombinant W, which is capable to
express three different  structural proteins of Dengue virus serotype 4,
namely the  capsid (C), pre-membrane (prM), envelope (E) protein, and 20
two non-structural proteins of Dengue virus serotype 4,  namely NS1 and
NS2a, had the ability to protect mice  against a homologous Dengue virus
serotype 4 challenge  (Bray et al., [1989], Virology 2853-2856). The Dengue
virus with its four serotypes, Dengue virus  25 serotype 1 (Den-1) through
Dengue virus serotype 4 (Den-4),  is one important member of the Flavivirus
genus with  respect to infections of humans. Dengue virus infection
produces diseases that range from flu-like symptoms to  severe or fatal
illness, Dengue haemorrhagic fever (DHF) 30 with shock syndrome (DSS).
Dengue outbreaks continue to be  a major public health problem in densely
populated areas of 18 OCT 2906  WO 03/097846 PCT/EP03/05047 -6- the
tropical and subtropical regions, where mosquito  vectors are abundant. 



The concern over the spread of Dengue infection and other  diseases induced
by mosquito-borne Flaviviruses in many  5 parts of the world has resulted
in more efforts being made towards the development of Dengue vaccines,
which could  prevent both Dengue fever (DF), and Dengue haemorrhagic  fever
(DHF) and in vaccines useful to protect the  vaccinated individual against
infections induced by some or  10 all mosquito-borne flaviviruses. While
most cases of DF are manifested after the first  infection by any of the
four serotypes, a large percentage  of DHF cases occur in subjects who are
infected for the  second time by a serotype, which is different from the 15
first infecting serotype' of Dengue virus. These  observations give rise to
the hypothesis that sequential  infection of an individual having
antibodies against one  Dengue serotype by a different virus serotype at an
appropriate interval may result in DHF in a certain number  20 of cases.
Accordingly, vaccination against one serotype does not  result in a
complete protection against Dengue virus  infection, but only against
infection with the same Dengue  virus strain. Even more important, a person
vaccinated 25 against one serotype, has an increased risk of developing
severe complications such as Dengue haemorrhagic fever when  said person is
infected from a Dengue virus strain of a  different serotype. Thus, a
multivalent vaccine that contains antigens from all  30 four Dengue virus
serotypes is desired. 16 OCT 2006 WO 03/097846 PCT/EP03/05047  7  r So far
it had been suggested to prepare multivalent  vaccines by mixing a panel of
recombinant VV, each W  



encoding sequences of a different viruses (Moss, [1990]  Immunology, 2,
317-327). However, such a multivalent 5 vaccine comprises several
disadvantages. Firstly, it is  cumbersome to generate several independent
recombinant VV.  Beside the separated production processes, also quality
control and quality assurance is highly time consuming.  Secondly, an
infection with a mixture of recombinant 10 viruses expressing different
sequences always bears the  risk that the infection event is not
particularly well  balanced. The main risk is that only individual
recombinants, but not all different recombinants comprised  in the
multivalent vaccine will infect target cells. One 15 reason might be an
uneven distribution of recombinant  viruses. Another reason might be
interferences between the  different recombinant viruses while infecting
single cells.  Such interferences are known as phenomenon of
superinfection. In this case, only some antigens, but not 20 all different
antigens of the multivalent vaccine will  finally be expressed from
infected cells and, thus,  presented to the immune system of a patient. As
a  consequence, immune protection will be obtained only  against some of
the antigens, but is far from providing a 25 complete immune protection
against the various antigens  presented or presentable by the multivalent
vaccine. In the context of a vaccine against Dengue virus infection  the
approach of a multivalent vaccine has the disadvantage  that if the
different sequences are expressed in different 30 amounts or in an
unpredictable manner, as it had been shown  for the envelope protein of
Dengue virus 2 (Deuble et al., 1 8 OCT 2006  WO 03/097846 PCT/EP03/05017
-8- [1988], J. Virol 65: 2853), then such a vaccination is  highly risky
for a patient. An incomplete vaccination using  



a panel of recombinant Vaccinia viruses will only provide  an immune
protection against some, but not against all 5 serotypes of Dengue virus.
Unfortunately, in case of Dengue  infection an incomplete vaccination is
extremely  unacceptable, since it increases the risk of lethal
complications such as Dengue hemorrhagic fever. 10 Object of the Invention
It is, therefore, an object of the present invention to  provide a stable,
effective and reliable vaccine against  infectious diseases, which can be
caused by more than one  strain, Glade, variant, subtype or serotype of
said  15 infectious disease causing microorganism. It is a further object
of the present invention to provide  a stable, effective and reliable
vaccine against Dengue  virus infections, which allows reliable vaccination
against  all Dengue virus serotypes. 20 Detailed description of the
Invention The present invention is based on the idea to include into  a
poxvirus homologous genes derived from different strains,  clades,
variants, subtypes or serotypes of an infectious 25 disease causing
microorganism. As already mentioned above,  there are, for example, 4
groups, subtypes or serotypes of  Dengue virus existing which are all
comprising the same  types of genes as, e.g., the gene encoding the capsid
(C)  protein, the gene encoding the pre-membrane (PrM) or 6 OCT 2006  WO
03/097846 PCT/EP03/05017 9  r envelope (E) protein. However, the nucleic
acid sequence of  the same type of gene is not completely identical and not
perfectly homologous, respectively, in all 4 serotypes: For  example,
sequence comparison (with Lasergene 4.05 Magalign, 



5 Macintosh) between the PrM genes of Dengue virus serotype  1, 2, 3 and 4
(PrMl-4) revealed a sequence identity of  66.5-72.9%, i.e., a homology of
appr. 65-75%. It is assumed  that differences and variations, respectively,
in the genes  of different subtypes of infectious disease causing 10
microorganisms are the reasons why vaccination against one  subtype does
not automatically result in protection against  infections with other
variants of the same microorganism.  It was, therefore, the idea to
generate a recombinant virus  including closely related or homologous genes
derived from 15 different strains,. clades, variants, subtypes or serotypes
of an infectious disease causing microorganism. However, as  also already
indicated above, homologous recombination  between homologous sequences
occur during the viral life  cycle and even takes place between sections of
DNA that are 20 not perfectly homologous. It was, thus, expected that the
insertion of homologous genes in a single viral genome  would result in
homologous recombination and, thus, in  deletions of the inserted
homologous genes. However, when generating a recombinant poxvirus
comprising  25 in its genome at least two foreign genes with a homology of
at least 60%, it was unexpectedly found that said  homologous genes remain
stably inserted into the viral  genome. Even if homologous genes,
preferably with a homology of at  30 least 50%, are inserted into different
insertion sites of  the viral genome, the genes also remain stably inserted
18 OCT 2006 WO 03/097846 PCT/EP03/05047  -10- into the viral genome: In
this case, it was expected that  recombination events between said
homologous genes would  additionally result in loss of viral genes
important for  amplification of the virus and for the viral life cycle, 



5 respectively, i.e., it was expected that the viral life  cycle would
seriously be damaged. Since, additionally, the  frequency of recombination
is proportional to the distance  between two linked genes, it was expected
that frequency of  recombination events between two or more homologous
genes 10 located in different insertion sites would be high and,  thus,
result in deletions of said genes and/or in severe  interferences.
Accordingly, it was extremely surprising  that no recombination events
occurred, but that the  homologous genes remained stably inserted into the
15 different insertion sites of the viral genome. According to the prior
art, a recombinant poxvirus  containing foreign DNA from flavivirus, such
as Japanese  Encaphalitis Virus (JEV), Yellow Fever Virus (YFV) and  Dengue
Virus, are known (US Patent No. 5,514,375). However, 20 each gene derived
from said flaviviruses were inserted only  a single time and into the same
insertion site.  Additionally, sequence comparison with a suitable computer
software (Lasergene 4.05 Megalign, Macintosh) revealed a  homology of the
genes inserted into the poxviral "genome and 25 derived from JEV of
20.2%-29.6%, from YFV of 29.2%-45.3%,  and from Dengue Virus of
22.8%-29.5%. Similar disclosure applies to WO 98/13500 describing
insertion of Dengue virus antigens into the same insertion  site of
Modified Vaccinia Virus Ankara (MVA), especially  30 into deletion site II.
J8 OCT 2005 WO 03/097846 PCT/EP03/05047  11  US Patent No. 5,338,683
discribes insertion of gp 13 and 14  of herpesvirus glycoprotein genes into
two different  insertion sites of a single recombinant poxvirus; however,
both genes have a homology of 25.2% only. 5 Sequence comparison between
influenza virus haemagglutinin  



and nucleoprotein gene inserted into the same insertion  site (deletion
site III) of a Modified Vaccinia Virus  Ankara (MVA) resulted in a homology
of 49.1% (US Patent No.  5,676,950; Sutter et al., [1994], Vaccine 12:
1032). 10 US Patent No. 5,891,442 discloses a recombinant poxvirus
containing the coding sequence for the polyprotein VP2, VP3  and VP4 of
infectious bursal disease. Said genes were fused  and, thus, inserted into
a single insertion site and have a  homology of 41.9%-50.3%. 15 Finally, US
Patent No. 6,217,882 describes a recombinant  swinepox virus vector
containing pseudorabies antigens gp50  and gp63 with a homology of 52.7%
inserted into the same  insertion site. In summary, it can be stated that
according to the prior  20 art homologous genes or sequences having a
homology of at  least 50% are all inserted into the same or a single
insertion site within the viral genome. According to the present invention,
homologous genes or  sequences have a homology of at least 50%, i.e., a
homology  25 of 50% - 100%, i.e., at least 50% identical nucleotide bases.
Genes or sequences having a homology below 50% can  be considered as being
heterologous. In the context of the  present invention, the term
"homologous" or "homology" is  used when genes or sequences are compared to
each other, 30 whereas the terms "foreign" gene, "exogenous" or 16 OCT 2006
WO 03/097846 PCT/EP03/05047  -12- "heterologous" sequence are used when
genes or sequences  are compared to the poxviral genome; i.e., said terms
refer  to a DNA sequence which is in nature not normally found  associated
with a poxvirus as used according to the 5 invention. Accordingly, the
present invention relates to a  recombinant poxvirus comprising at least
two genes which  



are heterologous in comparison to the viral genome, but  which are
homologous among each other. The term "genes"  refers to coding sequences,
which encode, e.g., proteins, 10 polypeptides, peptides, antigens and the
like. Proteins,  polypeptides or peptides translated from homologous genes
fulfill the same tasks and show the same functional  properties. Homologous
genes are regularly derived from  different, but related sources or
organisms. According to 15 one embodiment of the present invention, the
homology in  the coding sequences is preferably 70% to 80%, more
preferably 80% to 90% or 90% to 100%. Most preferred is a  homology of 65%
to 75%. Since the recombinant poxvirus according to the present  20
invention comprises the relevant genetic information in one  single
infectious unit or in one virus particle only, there  is no risk of uneven
infection and unbalanced expression of  the different homologous sequences.
Thus, the recombinant  poxvirus according to the present invention
comprising and 25 capable of expressing several closely or even closest
related genes or almost identical sequences in one infected  cell is
particularly advantageous for the generation of  multivalent vaccines. This
advantage is particularly interesting for the  30 development of vaccines
against diseases, which can be  caused by several closely related strains
or serotypes of a 10 OCT 2005  WO 03/097846 PCT/EP03/05017 -13- virus, like
e.g. Dengue virus. Recombinant poxviruses  comprising homologous genes of
different Dengue virus  serotypes are described in the Examples. The
homologous genes or sequences according to the present  5 invention can be
derived from any microorganism, such as  any virus except the vector virus,
any bacterium, any  



fungus or parasite. Preferably, the homologous genes or  sequences are
derived from an infectious or pathogenic  microorganism and most preferably
from different strains or 10 clades, variants, subtypes or serotypes of
said  microorganism. The terms "strain" or "clade" are technical terms,
well  known to the practitioner, referring to the taxonomy of
microorganisms. The taxonomic system classifies all so far 15 characterised
microorganisms into the hierarchic order of  Families, Genera, species,
strains (Fields Virology, ed. by  Fields B.N., Lippincott-Raven Publishers,
4th edition  2001). While the criteria for the members of Family is  their
phylogenetic relationship, a Genera comprises all 20 members which share
common characteristics, and a species  is defined as a polythetic class
that constitutes a  replicating lineage and occupies a particular
ecological  niche. The term "strain" or "clade" describes a  microorganism,
i.e. virus, which shares the common 25 characteristics, like basic
morphology or genome structure  and organisation, but varies in biological
properties, like  host range, tissue tropism, geographic distribution,
attenuation or pathogenicity. The term "variants" or  "serotypes" further
distinguishes between members of the 30 same strain, also called subtypes,
which show individual 16 OCT 2096 WO 03/097846 PCT/EP03/05047  -14-
infection spectra or antigenic properties due to minor  genomic variations.
According to a further embodiment of the present invention  the homologous
genes or sequences are selected from  5 viruses, preferably viruses, which
belong to the genera of Flaviviruses, such as preferable - but not limited
to - Dengue virus, West Nile virus or Japanese encephalitis  



virus; which belong to the genera of Retroviruses, such as  preferable -
but not limited to - Human Immunodeficiency 10 Virus (HIV); which belong to
the genera of Enteroviruses,  such as preferable - but not limited to -
Hand, Foot and  Mouth disease, EV71; which belong to the genera of-
Rotaviruses or which belong to the genera of  Orthomyxoviruses, such as
preferable - but not limited to 15 Influenza virus. Most preferred are
homologous genes  derived from a Flavivirus. According to a further
preferred embodiment, the homologous  genes are selected from Dengue virus
genes, preferably C,  NSI and/or NS2, or preferably E, more preferably PrM.
Most 20 preferred are homologous genes derived from different  serotypes of
the virus, wherein said genes may be derived  from one, two, three or from
all of the 4 Dengue virus  serotypes. According to still a further
embodiment the homologous  25 genes are selected from different HIV stains
or clades.  Preferably the homologous genes are selected from the  gag/pol
coding sequence, more preferably from the env  coding sequence or further
preferably from a combination of  structural and/or regulatory HIV coding
sequences. 30 The vector virus suitable for the present invention is
selected from the group of poxviruses, which can be easily 10 OCT 2006 WO
03/097846 PCT/EP03/05047  l5_ cultured in selected host cells as, e.g.,
avian host cells,  but which are highly replication deficient or actually
not  replicating in humans or human cells. According to some preferred
embodiments the poxvirus  5 according to the present invention is selected
from the  group comprising canarypox viruses (Plotkin at al. [1995]  Dev
Biol Stand. vol 84: pp 165-170. Taylor at al. [1995]  



Vaccine, Vol 13. No. 6: pp 539-549), fowlpox viruses  (Afonso et al. [2000]
J Viral, pp 3815-3831. Fields 10 Virology, ed. by Fields B.N.,
Lippincott-Raven Publishers,  4th edition 2001, Chapter 85: page 2916),
penguin pox  viruses (Stannard et al. [1998] J Gen Viral, 79, pp 1637-
1649) or derivatives thereof. Since these viruses belong to  the genera of
Avipoxviruses they can be easily cultured and 15 amplified in avian cells.
However, in mammalian or human  cells they are replication defective, which
means that  essentially no or nearly no infectious progeny viruses are
produced. According to a further embodiment of the present invention  20 a
Vaccinia viruse, preferrably an attenuated Vaccinia  virus, is used for the
generation of recombinant poxviruses  comprising two or more homologous
genes. Although it is known that Vaccinia viruses (VV) may undergo
homologous recombination of short homologous sequences and  25 thereby may
delete homologous sequences (Howley et al., [1996], Gene 172: 233-237) the
inventors provide a  recombinant Vaccinia virus including homologous
sequences  or genes stably inserted into its genome. This finding is
particularly unexpected, since according to Howely et al. 30 already short
sequences from up to 300 base pairs (bp) were  sufficient to induce genomic
rearrangement and deletion of 16 OCT 2006 WO 03/097846 PCT/EP03/05047  16-
homologous sequences in Vaccinia virus. The practitioner  would, thus,
expect that longer sequences would induce  recombination events with an
even higher probability.  However, according to the present invention even
sequences 5 comprising complete homologous genes can be stably inserted
into the genome of Vaccinia virus. One - not limiting - example of a
vaccinia virus is the  



highly attenuated and host range restricted Vaccinia  strain, Modified
Vaccinia Ankara (MVA) (Sutter, G. et al. 10 [1994], Vaccine 12: 1032-40).
MVA has been generated by  about 570 serial passages on chicken embryo
fibroblasts of  the Ankara strain of Vaccinia virus (CVA) (for review see
Mayr, A., et al. [1975], infection 3, 6-14). As a  consequence of these
long-term passages CVA deleted about 15 31 kilobases of its genomic
sequence. The resulting virus  strain, MVA, was described as highly host
cell restricted  (Meyer, H. et al., J. Gen. Virol. 72, 1031-1038 [1991)). A
typical MVA strain is MVA 575 that has been deposited at  the European
Collection of Animal Cell Cultures under the  20 deposition number ECACC
V00120707. In another embodiment the MVA-Vero strain or a derivative
thereof can be used according to the present invention. The  strain
MVA-Vero has been deposited at the European  Collection of Animal Cell
Cultures under the deposition 25 number ECACC V99101431 and ECACC 01021411.
The safety of  the MVA-Vero is reflected by biological, chemical and
physical characteristics as described in the International  Patent
Application PCT/EP01/02703. In comparison to normal  MVA, MVA-Vero has one
additional genomic deletion. 30 The term "derivatives" of a virus according
to the present  invention refers to progeny viruses showing the same 9 OCT
2006 WO 03/097846 PCT/EP03105047  17  characteristic features as the parent
virus but showing  differences in one or more parts of its genome. Still
another embodiment according to the present invention  uses MVA-BN. MVA-BN
has been deposited at the European  5 Collection of Animal Cell Cultures
with the deposition number ECACC V00083008. By using MVA-BN or a derivative
thereof a particular safe virus vaccine is generated, since  



it has been shown that the MVA-BN virus is an extremely  high attenuated
virus, derived from Modified Vaccinia 10 Ankara virus. Therefore, in the
most preferred embodiment,  MVA-BN or derivatives thereof containing' two
or more  homologous genes according to the present invention is used  as
viral vector. The term "derivative of MVA-BN" describes  a virus, which has
the same functional characteristics 15 compared to MVA-BN. The features of
MVA-BN, the description  of biological assays allowing the evaluation
whether an MVA  is MVA-BN and a derivative thereof and methods allowing the
generation of MVA-BN or derivatives thereof are described  in WO 02/42480
(incorporated herein by reference). One easy 20 way to examine a functional
characteristic of MVA-BN or  derivatives thereof is its attenuation and
lack of  replication in human HaCat cells. In a recombinant poxvirus
according to the present  invention the expression of the exogenous
sequences is  25 controlled preferably by a poxviral transcriptional
control element, more preferably by an MVA, canary pox, fowl pox,  or
penguin pox transcriptional control element or most  preferably a Vaccinia
virus promoter. Poxviral  transcriptional control elements according to the
present 30 invention comprise furthermore every transcriptional  control
element functional in a poxviral system. 1 OCT 2Q06 WO 03/097846
PCT/EP03/05047  18  The insertion of the exogenous sequences according to
the  present invention is preferably directed into a non- essential region
of the virus genome. Non-essential regions  are e.g. loci or open reading
frames (ORF) of poxviral 5 genes, which are non-essential for the poxviral
life cycle.  Also intergenic regions, which describe the space inbetween
two ORF, are considered as non-essential regions according  



to the present invention. in another embodiment of the  invention, the
exogenous sequences are inserted at a 10 naturally occurring deletion site
of the MVA genome  (disclosed in PCT/EP96/02926 and. incorporated herein by
reference). The orientation of the inserted DNA does not have an  influence
on the functionality or stability of the  15 recombinant virus according
the present invention. Since the recombinant poxvirus according to the
invention  is highly growth restricted and, thus, highly attenuated,  it is
an ideal candidate for the treatment of a wide range  of mammals including
humans and even immune-compromised 20 humans. Hence, the present invention
also provides a  pharmaceutical composition and also a vaccine for inducing
an immune response in a living animal body, including a  human. The
pharmaceutical composition may generally include one or  25 more
pharmaceutically acceptable and/or approved carriers,  additives,
antibiotics, preservatives, adjuvants, diluents  and/or stabilizers. Such
auxiliary substances can be water,  saline, glycerol, ethanol, wetting or
emulsifying agents,  pH buffering substances, or the like. Suitable
carriers are 30 typically large, slowly metabolized molecules such as
proteins, polysaccharides, polylactic acids, polyglycollic J8 OCT 2006 WO
03/097846 PCT/EP03/05047  -19- acids, polymeric amino acids, amino acid
copolymers, lipid  aggregates, or the like. For the preparation of
vaccines, the recombinant poxvirus  according to the invention is converted
into a  5 physiologically acceptable form. This can be done based on the
experience in the preparation of poxvirus vaccines used  for vaccination
against smallpox (as described by Stickl,  



H. et al. [1974] Dtsch. med. Wschr. 99, 2386-2392). For  example, the
purified virus is stored at -80C with a titre 10 of 5xlOE8 TCID50/ml
formulated in about 10mM Tris, 140 mM  NaCl pH 7.4. For the preparation of
vaccine shots, e.g.,  10E2-10E8 particles of the virus are lyophilized in
100 ml  of phosphate-buffered saline (PBS) in the presence of 2%  peptone
and 1% human albumin in an ampoule, preferably a 15 glass ampoule.
Alternatively, the vaccine shots can be  produced by stepwise freeze-drying
of the virus in a  formulation. This formulation can contain additional
additives such as mannitol, dextran, sugar, glycine,  lactose or
polyvinylpyrrolidone or other aids such as 20 antioxidants or inert gas,
stabilizers or recombinant  proteins (e.g. human serum albumin) suitable
for in vivo  administration. The glass ampoule is then sealed and can be
stored between 4C and room temperature for several months.  However, as
long as no need exists the ampoule is stored  25 preferably at temperatures
below -20C. For vaccination or therapy the lyophilisate can be  dissolved
in 0.1 to 0.5 ml of an aqueous solution,  preferably physiological saline
or Tris buffer, and  administered either systemically or locally, i.e. 30
parenteral, subcutaneous, intravenous, intramuscular, by  scarification or
any other path of administration know to WO 03/097846 18 OCT 2006
PCT/EP03/05047  -20 the skilled practitioner. The mode of administration,
the  dose and the number of administrations can be optimized by  those
skilled in the art in a known manner. However, most  commonly a patient is
vaccinated with a second shot about 5 one month to six weeks after the
first vaccination shot.  The recombinant virus according to the present
invention is  used for the introduction of the exogenous coding sequences  



into a target cell. The introduction of an exogenous coding  sequence into
a target cell may be used to produce in vitro 10 proteins, polypeptides,
peptides, antigens and epitopes,  respectively. Furthermore, the method for
introduction of a  homologous or of a heterologous sequence into cells may
be  applied for in vitro and in vivo therapy. For in vitro  therapy,
isolated cells that have been previously (ex vivo) 15 infected with the
recombinant poxvirus according to the  invention are administered to the
living animal body for  inducing an immune response. For in vivo therapy,
the  recombinant poxvirus according to the invention is directly
administered to the living animal body for inducing an 20 immune response.
In this case, the cells surrounding the  site of inoculation are directly
infected in vivo by the  virus or its recombinant according to the
invention. After  infection, the cells synthesize the proteins,
polypeptides,  peptides or antigens, which are encoded in the exogenous 25
coding sequences and, subsequently, present them or parts  thereof on the
cellular surface. Specialized cells of the  immune system recognize the
presentation of such foreign  proteins, polypeptides, peptides, antigens
and epitopes and  launch a specific immune response. 30 Methods to obtain
recombinant poxviruses or to insert  exogenous coding sequences into a
poxviral genome are well 1 a OCT 2006 WO 03/097846 PCT/EP03/05047  -21-
known to the person skilled in the art. Additionally, the  method is
described in the examples and can also be deduced  or completed from the
following references: Molecular cloning, A laboratory Manual. Second  5
Edition. By J. Sambrook, E.F. Fritsch and T. Maniatis. Cold  Spring Harbor
Laboratory Press. 1989: describes techniques  and know how for standard
molecular biology techniques such  



as cloning of DNA, DNA and RNA isolation, western blot  analysis, RT-PCR
and PCR amplification techniques. 10 - Virology Methods Manual. Edited by
Brian WJ Mahy and  Hillar 0 Kangro. Academic Press. 1996: describes
techniques  for the handling and manipulation of viruses. Molecular
Virology: A Practical Approach. Edited by AJ  Davison and RM Elliott. The
Practical Approach Series. IRL  15 Press at Oxford University Press. Oxford
1993. Chapter 9: Expression of genes by Vaccinia virus vectors.  Current
Protocols in Molecular Biology. Publisher:  John Wiley and Son Inc. 1998.
Chapter 16, section IV:  Expression of proteins in mammalian cells using
Vaccinia 20 viral vector; describes techniques and know-how for the
handling, manipulation and genetic engineering of MVA_ For the generation
of recombinant poxviruses according to  the present invention different
methods may be applicable:  The DNA sequence to be inserted into the virus
may be 25 placed into an E. coli plasmid construct into which DNA
homologous to a section of DNA of the poxvirus has been  inserted.
Seperately, the DNA sequence to be inserted is  ligated to a promoter. The
promoter-gene linkage is  positioned in the plasmid construct so that the
promoter 30 gene linkage is flanked on both ends by DNA homologous to a
DNA sequence flanking a region of pox DNA containing a non 6 OCT 2006 WO
03/097846 PCT/EP03/05047  _22_  essential locus. The resulting plasmid
construct is  amplified by growth within E. coli bacteria and isolated.
The isolated plasmid containing the DNA gene sequence to be  inserted is
transfected into a cell culture, e.g., chicken 5 embryo fibroblasts (CEFs),
along with the poxvirus.  Recombination between homologous pox DNA in the
plasmid and  the viral genome, respectively, gives a poxvirus modified  



by the presence of foreign DNA sequences. According to a more preferred
embodiment, a cell of a  10 suitable cell culture as, e.g., CEF cells, is
infected with  a poxvirus. The infected cell is, subsequently, transfected
with a first plasmid vector comprising the foreign gene,  preferably under
the transcriptional control of a poxvirus  expression control element. As
explained above, the plasmid 15 vector also comprises sequences capable of
directing the  insertion of the exogenous sequence into a selected part of
the poxviral genome. Optionally, the plasmid vector  contains also a
cassette comprising a marker and/or  selection gene operably linked to a
poxviral promoter. 20 Suitable marker or selection genes are, e.g., the
genes  encoding the Green Fluorescent Protein, E-Galactosidase,  neomycin,
phosphoribosyltrans ferase or other markers. The  use of selection or
marker cassettes simplifies the  identification and isolation of the
generated recombinant 25 poxvirus. However, a recombinant poxvirus can also
be  identified by PCR technology. Subsequently, a further cell  is infected
with the recombinant poxvirus obtained as  described above and transfected
with a second vector  comprising a gene, which is homologous to the gene
included 30 in the first vector. In case, this gene shall be included  into
a different insertion site of the poxviral genome, the I 6 OCT 2006 WO
03/097846 PCT/EP03/05047  23  second vector also differs in the sequence
directing the  integration of the homologous gene into the genome of the
poxvirus. After homologous recombination occurred, the  recombinant virus
comprising two homologous genes can be 5 isolated. For introducing more
than two homologous genes  into the recombinant virus, the steps of
infection and  transfection are repeated by using the recombinant virus  



isolated in previous steps for infection and by using a  further vector
comprising a further homologous gene for  10 transfection. Alternatively,
the steps of infection and transfection as  described above are
interchangeable, i.e., a suitable cell  may at first be transfected by the
plasmid vector  comprising the foreign gene and, then, infected with the
15 poxvirus. As a further alternative, it is also possible to introduce
each homologous gene into different viruses, coinfect a  cell with all the
obtained recombinant viruses and screen  for a recombinant including all
homologous genes. ` 20 The invention further provides a kit comprising two
or more  plasmid vector constructs capable of directing the  integration of
expressable, homologous genes into the  poxvirus genome. Beside a suitable
cloning site such  plasmid vectors comprise sequences capable of directing
the 25 insertion of the exogenous sequence to selected parts in  the
poxviral genome. Optionally, such vectors comprise  selection or marker
gene cassettes. The kit further  comprises means and instructions to select
viruses, which  are recombinant for one or several of the homologous genes
30 and optionally a selection or marker gene, inserted via  said vector
constructs. 16 OCT 2006 WO 03/097846 PCT/EP03/05047  24  According to
another further embodiment the invention  includes DNA sequences or parts
thereof derived from or  homologous to the recombinant poxvirus of the
present  invention. Such sequences comprise at least part of the 5
exogenous sequence comprising at least a fragment of one of  the homologous
gene according to the present invention and  at least a fragment of the
genomic poxvirus sequence  



according to the present invention, said genomic poxvirus  sequences
preferably flanking the exogenous sequence. 10 Such DNA sequences can be
used to identify or isolate the  virus or its derivatives, e.g. by using
them to generate  PCR-primers, hybridization probes or in array
technologies.  Short Description of the Figures 15 Figure 1: Schematic
presentation of the insertion sites of  the four PrM (= pre-membrane) genes
(serotype 1-4) in the  MVA genome according to Example 1. Figures 2-9 and
12-17: Insertion plasmid vector constructs  indicating the name of the
vector, its size and the  20 localization of the sequences of interest such
as: AmpR = ampicillin resistance gene, bfp = blue florescence  protein
gene, dA = deletion A, dE = deletion E, d2 =  deletion 2, Ecogpt = E. coli
guanosinphosphoribosyl- transferase gene, EGFP = enhanced green florescence
protein 25 gene, F1 = flanking sequence 1, F2 = flanking sequence 2,  14L =
intergenic region I4L, IGR = intergenic region, NPT  II = neomycin
resistance gene, P = poxvirus promoter, pr7.5  = Vaccinia promoter 7.5, PrM
= pre-membrane gene of Dengue  virus, number indicating from which of the
four serotypes  30 it derives, rpt = repetition of flanking sequence. 16
OCT 2006 WO 03/097846 PCTIEP03/05047  -25- Figure 10: PCR verification of
the vector cloning  strategies of four different insertion vectors (pBN49,
pBN50, pBN40, pBN39). Each of the plasmids was tested with  4 different PCR
primer combinations. Each combination is 5 specific for one distinct PrM
sequence integrated into one  distinct insertion site. Figure 11: PCR
verification of the recombinant poxvirus  including four homologous Dengue
virus PrM genes (Example  1). While in the upper part of the gel the
different PCR 



10 results of the recombinant virus are shown, the lower part  provides the
results of the same PCR reactions of the  control plasmids as indicated.
The plasmids containing the  homologous sequences are named pBN39, pBN49 or
pBN50. PrM  stands for the inserted pre-membrane genes of Dengue virus, 15
wherein the numbers indicate from which of the four  serotypes it derives.
dA = deletion A, dE = deletion E, d2  = deletion 2, 14L = intergenic region
14L describes the  insertion site of the exogenous DNA. Figure 18:
Schematic presentation of the insertion sites of  20 three PrM genes
(serotype 2-4) in the MVA genome according  to Example 2. Figure 19: PCR
verification of the recombinant poxvirus  including three homologous Dengue
virus PrM genes inserted  into intergenic regions (Example 2). The upper
panel shows 25 the results of the PCR reactions specific for PrM2; the
middle panel shows the results of the PCR reactions  specific for PrM3, and
the lower panel shows the results of  the PCR reactions specific for PrM4.
Lane 8 shows the same  PCR reactions of the control plasmids. Lane 2 shows
the 30 empty vector control MVA. PrM stands for the inserted pre- membrane
genes of Dengue virus, wherein the numbers WO 03/097846 16 OCT 2006
PCT/EP03/05047  26 indicate from which of the four serotypes it derives. M
=  Molecular weight marker. The following examples will further. illustrate
the present  5 invention. It will be well understood by a person skilled
in the art that the provided examples in no way may be  interpreted in a
way that limits the applicability of the  technology provided by the
present invention to this  examples. 10 .. 



18 OCT 2006 WO 03/097846 PCT/EP03/05047  _27_  Example 1 Insertion vectors
Insertion vector for deletion A For the insertion of exogenous sequences
into the MVA  5 genome at the so-called deletion A or deletion 1
respectively, corresponding to the genome position 7608- 7609, a plasmid
vector was constructed, which comprises  about 600 bp of the flanking
sequences adjacent to the  deletion site A. To isolate the flanking
sequences from the 10 genomic MVA-BN DNA, suitable PCR primers can be
designed  with suitable computer software (DNAsis, Hitashi software
engeneering, San Bruno, USA). Such primers comprise  extensions with
restriction enzyme sites, which will be  used to clone the flanking
sequences into a vector plasmid. 15 In between these flanking sequences, a
selection gene  cassette is introduced, e.g a NPT II gene (neomycin
resistance) under the transcriptional control of a poxviral  promoter.
Additionally, there is a cloning site for the  insertion of additional
genes or exogenous sequences to be 20 inserted into deletion site A. One
such vector construct  according to the present invention is disclosed in
Figure 2  (pBNX10). Insertion vector for deletion E For the insertion of
exogenous sequences into the MVA  25 genome at the so-called deletion E or
deletion 4,  respectively, corresponding with the genome position
170480-170481, a vector was constructed, which comprises  about 600 bp of
the flanking sequences adjacent to the 16 OCT 2006 WO 03/097846
PCT/EP03/05047  _28_  



deletion site E. The vector is designed and constructed  like described
above. In between the flanking sequences is  located an EGFP gene (green
fluorescence protein,  Clonetech) under the transcriptional control of a
poxviral 5 promoter. Additionally, there is a cloning site for the
insertion of additional genes or sequences to be inserted  into deletion
site A. One such vector construct according  to the present invention is
disclosed in Figure 3 (pBNX32).  Insertion vector for deletion 2 10 For the
insertion of exogenous sequences into the MVA  genome at the so-called
deletion 2, corresponding with the  genome position 20718-20719, a vector
was constructed,  which comprises about 600 bp of the flanking sequences
adjacent to the deletion site 2. The vector is designed and 15 constructed
like described above. In between the flanking  sequences is located an hbfp
gene (humanized blue  fluorescing protein, . Pavalkis GN et al.) under the
transcriptional control of a poxviral promoter.  Additionally, there is a
cloning site for the insertion of 20 additional genes or sequences to be
inserted into deletion  site 2. One such vector construct according to the
present  invention is disclosed in Figure 4 (pBNX36). Insertion vector for
intergenetic region, 14L For the insertion of exogenous sequences in the
25 intergenetic region, between the ORF 13L and 14L,  corresponding to the
genome position 56760, a vector was  constructed, which comprises about 600
bp of the flanking  sequences adjacent to the intergenetic region at the
14L  locus. The vector is designed and constructed like 30 described above.
In between the flanking sequences is 1 OCT 2006 WO 03/097846 PCT/EP03/05047
_29_  located an Ecogpt gene (or gpt stands for phosphoribosyl- 



transferase gene isolated from. E.coli) under the  transcriptional control
of a poxviral promoter.  Additionally, there is a cloning site for the
insertion of 5 additional genes or sequences to be inserted into the
intergenetic region after the 14L ORF. One such vector  construct according
to the present invention is disclosed  in Figure 5 (pBNX39). Construction
of recombinant poxvirus comprising several  10 homologous genes integrated
in its genome. Insertion vectors For the insertion of the four PrM genes of
the four  serotypes of. Dengue virus in the MVA genome four  independent
recombination vectors were used. 15 These vectors contain - as described in
details above - sequences homologous to the MVA genome for targeting
insertion by homologous recombination. Additionally each  vector contains a
selection- or reporter gene cassette. The PrM sequences of the four Dengue
virus serotypes were  20 synthetically made by oligo annealing and PCR
amplification. The PrM sequences were cloned downstream of  poxvirus
promoter elements to form an expression cassette.  This expression cassette
was, then, cloned into the cloning  site of the relevant insertion vector
constructs. 25 As result, the insertion vector construct for deletion A
contained the PrM gene of Dengue virus serotype 2 (Figure 6  - pBN39). The
insertion vector construct for deletion 2  contained the PrM gene of Dengue
virus serotype 1 (Figure 7  - pBN49). The insertion vector construct for
intergenic WO 03/097846 16 OCT 2006  PCT/EP03/05047  -30 region 14L
contained the PrM gene of Dengue virus serotype  3 (Figure 8 - pBN50). The
insertion vector construct for  deletion E contained the PrM gene of Dengue
virus serotype  



4 (Figure 9 - pBN40). 5 PCR verification of the insertion vectors For
verification of the cloning strategies, PCR assays were  performed. For
these PCR assays the selected primer pairs  are a combination of a primer
specifically binding to the  specific flanking sequence relative to the
insertion site 10 and a second primer specifically binding to one of the
highly homologous Dengue virus PrM genes. The insertion vector for deletion
A containing the PrM gene  of Dengue virus serotype 2 was screened with the
Primers  oBN93 (CGCGGATCCATGCTGAACATCTTGAACAGGAGACGCAGA. SEQ ID NO.:  15 1)
and oBN477 (CATGATAAGAGATTGTATCAG. SEQ ID NO.: 2). The insertion vector for
deletion 2 containing the PrM gene  of Dengue virus serotype 1 was screened
with the Primers  oBN194
(ATGTTGAACATAATGAACAGGAGGAAAA(3ATCTGTGACCATGCTCCTCATGCTGCTGC  20
CCACAGCCCTGGCGTTCCATCT. SEQ ID NO.: 3) and oBN476
(GATTTTGCTATTCAGTGGACTGGATG. SEQ ID NO.: 4). The insertion vector for
intergenic region 14L containing  the PrM gene of Dengue virus serotype 3
was screened with  the Primers oBN255 25
(CCTTAATCGAATTCTCATGTCATGGATGGGGTAACCAGCATTAATAGT. SEQ ID  NO.: 5) and
oBN479 (GCTCCCATTCAATTCACATTGG. SEQ ID NO.: 6).  The insertion vector for
deletion E containing the PrM gene  of Dengue virus serotype 4 was screened
with the Primers  oBN210 30
(ATCCCATTCCTGAATGTGGTGTTAAAGCTACTGAGCGCTTCTCTCGTCTCCGTTCTCC 16 OCT 2006 WO
03/097846 PCT/EP03/05047  -31- GCTCTGGGTGCATGTCCCATAC. SEQ ID NO.: 7) and
oBN478  (GTACATGGATGATATAGATATG. SEQ ID NO.: 8). PCR experiments are
performed in a Thermal cycler GeneAmp  9700 (Perkin Elmer) using the Taq
DNA Polymerase Kit  



5 containing lOx PCR buffer, MgC12 buffer and Taq DNA polymerase (Roche,
Cat.no. 201205) or equivalent. In  general the PCR reactions were prepared
with a total  reaction volume of 50 Al containing 45 gl mastermix, the
sample DNA and ddH2O as required. The mastermix should be C 10 prepared
with 30.75 gl DdH20, 5 gl lOx buffer, 1 l dNTP- mix (10 mm each), 2.5 Al of
each primer (5 pmol/l), 3 gl  MgCl2 (25 mM) and 0.25 gl Taq-polymerase (5
U/l). The amplification was performed using the following  15 programme: 1)
Denaturation: 4 min 94C  2) 30 Cycles: Denaturation: 30 sec 94C  20
Annealing: 30 sec 55C  Elongation: 1-3 min 72C 3) Elongation 7 min 72C  4)
Store 4C 25 Based on the size of the inserted gene the elongation time
should at least be lmin/kb. The PCR results shown in Figure 10 demonstrate
the  specifity of the primer combinations used for the single  insertions.
30 The primer combination oBN194/oBN476 is specific for  deletion 2 and
PrMl as insert. The expected PCR fragment of 18 OCT 2006 WO 031097846
PCT/EP03/05047  -32_  plasmid pBN49 has a size of 678 by (shown in lane 3,
upper  part of the gel). The primer combination oBN255/oBN479 is specific
for  intergenic region 14L and PrM3 as insert. The expected PCR  5 fragment
of plasmid pBN50 has a size of 825 bp (shown in  lane 9, upper part of the
gel). The primer combination oBN210/oBN478 is specific for  



deletion E and PrM4 as insert. The expected PCR fragment of  plasmid pBN40
has a size of 607 by (shown in lane 5, lower  10 part of the gel). The
primer combination oBN93/oBN477 is specific for  deletion A and PrM2 as
insert. The expected PCR fragment of  plasmid pBN39 has a size of 636 bp
(shown in lane 11, lower  part of the gel)_ 15 Generation of the
recombinant MVA via homologous  recombination For expression of foreign
genes by a recombinant MVA, these  genes have to be inserted into the viral
genome by a  process called homologous recombination. For that purpose, 20
the foreign gene of interest had been cloned into an  insertion vector, as
described above. This vector has to be  transfected after infection of
cells with MVA-BN. The  recombination will take place in the cellular
cytoplasm of  the infected and transfected cells. With help of the 25
selection and/or reporter cassette, which is also contained  in the
insertion vector, cells comprising recombinant  viruses are identified and
isolated. 100CT2006 WO 03/097846 PCT/EP03/05047  33  Homologous
recombination For homologous recombination, BHK (Baby hamster kidney)
cells or CEF (primary chicken embryo fibroblasts) cells are  seeded in 6
well plates using DMEM (Dulbecco's Modified 5 Eagles Medium, Gibco BRL) +
10% fetal calf serum (FCS) or  VP-SFM (Gibco BRL) + 4mmol/l L-Glutamine for
a serum free  production process. Cells need to be still in the growing
phase and, therefore,  should reach 60-80% confluence on the day of
transfection.  10 Cells were counted before seeding, as the number of cells
has to be known for determination of the multiplicity of  



infection (moi) for infection. For infection, the MVA stock is diluted in
DMEM/FCS or VP- SFM/L-Glutamine so that 500 Al dilution contain an  15
appropriate amount of virus that will give a moi of 0.01. Cells are assumed
to be divided once after seeding. The  medium is removed from cells and
cells are infected with  500l of diluted virus for 1 hour rocking at room
temperature. The inoculum is removed and cells are washed 20 with
DMEM/VP-SFM. Infected cells are left in 1.6ml DMEM/FCS  and VP-SFM/L-
Glutamine respectively while setting up  transfection reaction (Qiagen
Effectene Kit). For transfection, the "Effectene" transfection kit (Qiagen)
is used. A transfection mix is prepared of 1-5 g of  25 linearized
insertion vector (total amount for multiple transfection) with buffer EC to
give a final volume of 150  l. Add 8.0 gl Enhancer per gg DNA, vortex and
incubate at  room temperature for 5 min. Then, 25 l of Effectene are  added
per gg DNA after vortexing stock tube and the 30 solution is mixed
thoroughly by vortexing and incubated at  room temperature for 10 min. 600
Al of DMEM/FCS and VP 16 OCT 2006 WO 03/097846 PCT/EP03/05047  -34-
SFM/L-Glutamine respectively, are added, mixed and  subsequently, the whole
transfection mix is added to the  cells, which are already covered with
medium. Gently the  dish is rocked to mix the transfection reaction.
Incubation 5 takes place at 37C with 5%CO2 over night. The next day the
medium is removed and replaced with fresh DMEM/FCS or VP- SFM/L-Glutamine.
Incubation is continued until day 3. For harvesting, the cells are scraped
into medium, then the  cell suspension is transferred to an adequate tube
and  10 frozen at -20C for short-term storage or at -80C for long  term
storage. 



Insertion of PrM4 into MVA In a first round, cells were infected with
MVA-BN according  to the above-described protocol and were additionally  15
transfected with insertion vector pBN40 containing the PrM gene of Dengue
virus serotype 4 and as reporter gene the  EGPF gene. Since the transfected
vector contains a reporter  gene, EGFP, the synthesized protein is
detectable latest on  day three in cells infected with a recombinant virus.
20 Resulting recombinant viruses have to be purified by plaque
purification. For plaque purification infected cells (fluorescing or
stained) are isolated with a pipet tip, resuspended and  aspirated in 200l
PBS or medium. Then a fresh culture dish 25 containing about 10E6 cells is
infected with 10Ol of the  resuspended plaques. After 48h cells are taken
up in 300l  PBS. DNA is extracted from suspension and screened with PCR
analysis. A clone that shows the expected bands is chosen  and fresh 6-well
plates are infected with different amounts 30 of this virus. Overlaying the
wells with 1% agarose avoids 18 OCT 2006  WO 03/097846 PCT/EP03/05047 -35-
further spreading of virus. After 48h infected cells  comprising a
recombinant virus clone are isolated. This procedure is repeated until no
wild-type MVA-BN can be  detected in the PCR analysis. 5 After 4 rounds of
plaque purification recombinant viruses,  MVA-PrM4, were identified by PCR
assays using a primer pair  selectively amplifying the expected insertion
(oBN210 and  oBN478, as described above) and as control a primer pair
specifically recognizing the insertion site deletion E 10 (oBN453:
GTTGAAGGATTCACTTCCGTGGA, SEQ ID NO.: 9 and oBN454:
GCATTCACAGATTCTATTGTGAGTC, SEQ ID NO.: 10) Insertion of PrM2 into MVA-PrM4 



Cells were infected with MVA-PrM4 according to the above  described
protocol and were additionally transfected with  15 insertion vector pBN39
containing the PrM gene of Dengue virus serotype 2 and as selection gene
the NPT II, a  neomycin resistance gene. For purification of recombinant
MVA expressing an antibiotic resistance gene three rounds  of virus
amplification under selective conditions before 20 plaque purification are
recommended. For  neomycinphosphotransferase selection G418 is added to the
medium. G418 is a derivative of neomycin and inhibits the
protein-biosynthesis by interference with the action of the  ribosomes. NPT
gene activity inactivates G418 by  25 phosphorylation. After 16 rounds of
plaque purification under neomycin  selection recombinant viruses,
MVA-PrM4/PrM2, were  identified by PCP, assays using a primer pair
selectively  amplifying the expected insertion (oBN93 and oBN477, as 30
described above) and as control a primer pair specifically 18 OCT 2006 WO
03/097846 PCT/EP03/0507  -36 _  recognizing the insertion site deletion A
(oBN477: as described above) and oBN452: GTTTCATCAGAAATGACTCCATGAAA,  SEQ
ID NO.: 11). Additionally also insertion of PrM4 into  deletion E is
verified with the primer pairs: oBN210  5 oBN478 and oBN453 - oBN454.
Insertion of PrM1 into MVA In a first round, cells were infected with
MVA-BN according  to the above described protocol and were additionally
transfected with insertion vector pBN49 containing the PrM 10 gene of
Dengue virus serotype 1 and as reporter gene the  hbfp, the gene for
humanized blue fluorescing protein. The  synthesized hbfp protein is
detectable on day three in  



cells infected with a recombinant virus. Resulting  recombinant viruses
were purified by plaque purification. 15 After 10 rounds of plaque
purification recombinant viruses,  MVA-PrMl, were identified by PCR assays
using a primer pair  selectively amplifying the expected insertion (oBN194
and  oBN476, as described above) and as control a primer pair  specifically
recognizing the insertion site deletion 2 20 (oBN54:
CGGGGTACCCGACGAACAAGGAACTGTAGCAGAGGCATC, SEQ ID  NO.: 12 and oBN56:
AACTGCAGTTGTTCGTATGTCATAAATTCTTTAATTAT,  SEQ ID NO.: 13) Insertion of PrM3
into MVA In a first round, cells were infected with MVA-BN according  25 to
the above described protocol and were additionally  transfected with
insertion vector pBN50 containing the PrM  gene of Dengue virus serotype 3
and as reporter gene the  Ecogpt gene (Ecogpt or shortened to gpt stands
for  phosphoribosyltransferase gene). Resulting recombinant 18OCT206 WO
03/097846 PCT/EP03/05047  -37- viruses were purified by 3 rounds of plaque
purification  under phosphribosyltransferase metabolism selection by
addition of mycophenolc acid, xanthin and hypoxanthin.  Mycophenolic acid
(MPA) inhibits inosine monophosphate 5 dehydrogenase and results in
blockage of purine synthesis  and inhibition of viral replication in most
cell lines.  This blockage can be overcome by expressing Ecogpt from a
constitutive promoter and providing the substrates xanthine  and
hypoxanthine. 10 Resulting recombinant viruses, MVA-PrM3, were identified
by  PCR assays using a primer pair selectively amplifying the  expected
insertion (oBN255 and oBN479, as described above)  and as control a primer
pair specifically recognizing the  insertion site I4L (oBN499:
CAACTCTCTTCTTGATTACC, SEQ ID 



15 NO.. 14 and oBN500: CGATCAAAGTCAATCTATG, SEQ ID NO.: 15).  Coinfection
of MVA-PrM1 and MVA-PrM3 The cells were infected with equal amounts of
MVA-PrM1 and  MVA-PrM3 according to the above protocol. After 3 rounds of
plaque purification under phosphribosyltransferase 20 metabolism selection
of blue fluorescing clones of  recombinant viruses were analyzed by PCR
using the primer  pairs (oBN255 and oBN479. oBN499 and oBN500. oBN194 and
oBN476. oBN54 and oBN56 as described above). Resulting  recombinant viruses
were designated MVA-PrMl/PrM3. 25 Coinfection of MVA-PrM1/PrM3 and
MVA-PrM2/PrM4 The cells were infected with equal amounts of MVA-PrMl/PrM3
and MVA-PrM2/PrM4 according to the above protocol. Plaque  purification was
performed under phosphribosyltransferase  metabolism and neomycin
selection. Recombinant viruses 18 OCT 2096  WO 03/097846 -38-
PCT/EP03/05047 inducing a green and blue flourescence were isolated and
analyzed by PCR using the primer pairs (oBN255 and oBN479.  oBN499 and
oBN500. oBN194 and oBN476. oBN54 and oBN56.  oBN93 and oBN477. oBN477 and
oBN452. oBN210 and oBN478.  5 oBN453 and oBN454 as described above). The
PCR analysis of the recombinant virus (Clone 20)  comprising all four PrM
genes is shown in Figure 11. While  in the upper part of the gel the
different PCR results of  the recombinant virus are shown, the lower part
provides 10 the results of the same PCR reactions of the control  plasmids
(as indicated. Lane 1, 10 and 11 show a lkb and a  100bp molecular marker.
The primer combination oBN210/oBN478 is specific for  deletion E and PrM4
as insert. The expected PCR fragment of  15 the recombinant virus and the
plasmid pBN40 has a size of  607 bp (shown in lane 2). The primer
combination oBN453/oBN454 is specific for  



deletion E. The expected PCR fragment of the recombinant  virus is 2.7 kb,
the expected band of the wild-type virus 20 2.3 kb (shown in lane 3). Also
in the upper part of the gel  a band specific for a wild-type virus can be
identified.  This means that the recombinant virus preparation is not  yet
completely free of wild-type virus. Further plaque  purification is
necessary. 25 The primer combination oBN93/oBN477 is specific for  deletion
A and PrM2 as insert. The expected PCR fragment of  the recombinant virus
and the plasmid pBN39 has a size of  636 bp (shown in lane 4). The primer
combination oBN477/oBN452 is specific for  30 deletion A. The expected PCR
fragment of the recombinant 18 OCT 2006 WO 031097846 PCT/EP03/05047  -39-
virus is 4.1 kb, the expected band of the wild-type virus  2.7 kb (shown in
lane 5) . In the upper part of the gel a  band specific for a wild-type
virus can be identified. The primer combination oBN255/oBN479 is specific
for  5 intergenic region 14L and PrM3 as insert. The expected PCR  fragment
of the recombinant virus and the plasmid pBN50 has  a size of 825 bp (shown
in lane 6). The primer combination oBN499/oBN500 is specific for the
intergenic region of 14L. The expected PCR fragment of the  10 recombinant
virus is 1.0 kb, the expected band of the wild- type virus 0.3 kb (shown in
lane 7). The primer combination oBN194/oBN476 is specific for  deletion 2
and PrMl as insert. The expected PCR fragment of  the recombinant virus and
the plasmid pBN49 has a size of  15 678 bp (shown in lane 8). The primer
combination oBN54/oBN56 is specific for deletion  2. The expected PCR
fragment of the recombinant virus is  1.6 kb, the expected band of the
wild-type virus 0.9 kb  



(shown in lane 9). In the upper part of the gel a band  20 specific for a
wild-type virus can be identified. Alternatively, one can produce 4
different viruses,  coinfect cells with all four viruses and screen for a
recombinant. Improvements can also be achieved with recombination  25
vectors, which contain further selection- or resistance  markers. 18 OCT
2006 WO 03/097846 PCT/EP03/05047  -40- Example 2 Insertion vectors 5
Recombination vector for intergenic region 136-137 (IGR  136-137) For the
insertion of exogenous sequences into the MVA  genome at the so-called
intergenic region (IGR) 136-137  10 corresponding to the genome position
129.940 a plasmid vector was constructed which comprises about 600 bp of
the  flanking sequences adjacent to the insertion site. To  isolate the
flanking sequences from the genomic MVA-BN DNA  suitable PCR primers can be
designed. Such primers comprise 15 extensions with restriction enzyme
sites, which will be  used to clone the flanking sequences into a vector
plasmid.  In between this flanking sequences, a selection gene  cassette is
introduced, e.g. NPT II gene (neomycine  resistance) under the
transcriptional control of a poxviral 20 promoter (P). Additionally there
is a cloning site for the  insertion of additional genes or exogenous
sequences to be  inserted into IGR 136-137 (Pacl). One such vector
construct  according to the present invention is disclosed in Fig. 12
(pBNX67). 25 Recombination vector for intergenic region 07-08 (IGR 07- 



08) For the insertion of exogenous sequences into the MVA  30 genome in the
intergenic region (IGR) 07-08 corresponding  to the genome position 12.800,
a plasmid vector was i 8 OCT 2006 WO 03/097846 PCT/EPO3/05017  -41-
constructed which comprises about 600 by of the flanking  sequences
adjacent to the insertion site. To isolate the  flanking sequences from the
genomic MVA-BN DNA suitable PCR  primers can be designed. Such primers
comprise extensions 5 with restriction enzyme sites, which will be used to
clone  the flanking sequences into a vector plasmid. In between  this
flanking sequences, a selection gene cassette is  introduced, e.g., Ecogpt
gene (Guanin- Phosphoribosyltransferase) under the transcriptional 10
control of a poxviral promoter (P). Additionally, there is  a cloning site
for the insertion of additional genes or  exogenous sequences to be
inserted into IGR 07-08 (Pacl).  One such vector construct according to the
present  invention is disclosed in Fig. 13 (pBNX88). 15 Recombination
vector for intergenic region 44-45 (IGR 44- 45) For the insertion of
exogenous sequences into the MVA  20 genome at the intergenic region (IGR)
44-45 corresponding  to the genome position 37.330, a plasmid vector was
constructed which comprises about 600 bp of the flanking  sequences
adjacent to the insertion site. To isolate the  flanking sequences from the
genomic MVA-BN DNA suitable PCR 25 primers can be designed. Such primers
comprise extensions  with restriction enzyme sites, which will be used to
clone  the flanking sequences into a vector plasmid. In between  this
flanking sequences, a selection gene cassette is  



introduced, e.g., NPT II gene (neomycine resistance) under 30 the
transcriptional control of a poxviral promoter (P).  Additionally there is
a cloning site for the insertion of  additional genes or exogenous
sequences to be inserted into WO 03/097846 16 OCT 2006 PCT/CP03/05047  -42
IGR 44-45 (Pacl). One such vector construct according to  the present
invention is disclosed in Fig. 14 (pBNX87).  Construction of recombinant
poxvirus comprising several 5 homologous genes integrated in its genome
Insertion vectors For the insertion of the three PrM genes of serotype 2, 3
10 and 4 of Dengue virus in the MVA genome, three independent
recombination vectors were used. These vectors contain - as described in
detail above - sequences homologous to the MVA genome for targeting
insertion by homologous recombination. Additionally each 15 vector contains
a selection and reporter gene cassette. The PrM sequences of three Dengue
virus serotypes were  synthetically made as described in Example 1. As
result, the insertion vector construct for IGR136-137  contained the PrM of
Dengue virus serotype 4 (Fig. 15 - 20 pBN27). The insertion vector
construct for IGR 07-08 contained the PrM of Dengue virus serotype 2 (Fig.
16 - pBN34), and the insertion vector construct for IGR 44-45  contained
the PrM of Dengue virus serotype 3 (Fig. 17 - pBN47). 25 Generation of the
recombinant MVA via homologous  recombination The generation of recombinant
MVA by homologous  30 recombination was performed as described in Example
1. The insertion sites for the PrM4, PrM3 and PrM 2 in the MVA  



genome are depicted in Fig. 18. 16 OCT 2006  WO 03/097846 PCT/EP03/05047 43
Insertion of PrM 4 into WA In a first round, cells were infected with
MVA-BN according  5 to the above-described protocol and were additionally
transfected with the insertion vector pBN27 containing the  PrM gene of
Dengue virus serotype 4 and as a reporter gene  the EGFP gene. Since the
transfected vector contains a  reporter gene, EGFP, the synthesized protein
is detectable 10 latest on day three in cells infected with a recombinant
virus. Resulting recombinant viruses have to be purified by  plaque
purification as described in Example 1. After four  rounds of plaque
purification recombinant viruses, MVA- PrM4, were identified by PCR assays
using a primer pair 15 selectively amplifying the insertion site IGR136-137
(oBN1008: gataccgatcacgttcta. SEQ ID NO.: 16; and oBN1009
ggatatgattatgtagag. SEQ ID NO.: 17). Insertion of PrM 2 into MVA  20 Cells
were infected with MVA-PrM4 according to the above- described protocol and
were additionally transfected with  the insertion vector pBN34 containing
the PrM gene of  Dengue virus serotype 2 and as a reporter gene the BFP 25
gene. Since the transfected vector contains a reporter  gene, BFP, the
synthesized protein is detectable latest on  day three in cells infected
with a recombinant virus.  Resulting recombinant viruses have to be
purified by plaque  purification as described in Example 1. After six
rounds of 30 plaque purification recombinant virus MVA-PrM4+PrM2 was
further passaged and amplified and a crude stock was  prepared. The
recombinant was identified by PCR assays 10 OCT 2006 



WO 03/097846 PCT/EP03/05047  _44_  using a primer pair selectively
amplifying the insertion  site IGR07-08 (oBN 903: ctggataaatacgaggacgtg.
SEQ ID NO.:  18; and OBN904: gacaattatccgacgcaccg; SEQ ID NO.: 19). 5
Insertion of PrMT 3 into MVA Cells were infected with MVA-PrM2+4 according
to the above- described protocol and were additionally transfected with
the insertion vector pBN47 containing the PrM gene of 10 Dengue virus
serotype 3 and as a reporter gene the EGFP  gene. Since the transfected
vector contains a reporter  gene, EGFP, the synthesized protein is
detectable latest on  day three in cells infected with a recombinant virus.
Resulting recombinant viruses have to be purified by plaque 15 purification
as described in Example 1. After three rounds  of plaque purification
recombinant viruses, MVA-PrM4+3+2,  were identified by PCR assays using a
primer pair  selectively amplifying the insertion site IGR44-45 (oBN904:
cgttagacaacacaccgacgatgg. SEQ ID NO.: 20; and oBN905  20
cggatgaaaaatttttggaag. SEQ ID NO.: 21). The PCR analysis of the recombinant
virus comprising the  three Dengue virus PrM genes is shown in Fig. 19. PCR
experiments are performed as described in Example 1. The 25 primer
combination oBN1008 and oBN1009 is specific for  IGR136-137, which contains
the PrM4 insertion (Fig. 19,  lower panel). The expected PCR fragment of
the recombinant  virus has a size of lkb (shown in lane 4, 5 and 6) as the
plasmid positive control (lane 8). The empty vector 30 control, devoid of
PrM 4 shows the expected fragment of 190  bp (lane 2). Lane M shows the
molecular weight marker and  lanes 1, 3 and 7 are empty. The primer
combination oBN902 J6 OCT 2006 WO 03/097846 PCT/EP03/05047  45  



and oBN903 is specific for IGR07-08, which contains the  PrM2 insertion
(Fig. 19, upper panel). The expected PCR  fragment of the recombinant virus
has a size of 960bp  (shown in lane 4-6) as the plasmid positive control
(lane 5 8). The empty vector control, devoid of PrM 2 shows the  expected
fragment of 190 bp (lane 2). The primer  combination oBN904 and oBN905 is
specific for IGR44-45,  which contains the PrM3 insertion (Fig. 19, middle
panel).  The expected PCR fragment of the recombinant virus has a 10 size
of 932bp (shown in lane 4-6) as the plasmid positive  control (lane 8). The
empty vector control, devoid of PrM 2  shows the expected fragment of 185
bp (lane 2). 10 OCT 2006 WO 03/097846 PCT/EP03/05047  -46- Applicant's or
agent's file 13N 46 PCT IntemationatapplicationNo. referencenumber
INDICATIONS RELATING TO A DEPOSITED MICROORGANISM  (PCT Rule 13bis) A. The
indicationsnradebelowrelateto tbemioroorganismreffe,~enedto
inthedescription  onpage !46 line LQ' B. IDENTWICATIONOFDEPOSIT
Furtherdeposits areidentified onanadditionaisheet
Na,neofdepositaryinstitution ECACC European Collection of Cell Cultures
Address of depositary institution (including postal code and county) '..
Centre for Applied Microbiology & Research Salisbury  Wiltshire SP4 OJG
United Kingdom Dateofdeposit AccessionNmnber  December 7, 2000 00120707 C.
ADDITIONAL INDICATIONS (leave blankifnotapplicable) Thisinformation
iscontinued onan additional sheet  In respect of all designated States to
which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a
sample of the deposited  



microorganism be made available only by the issue thereof to an independent
expert, in accordance  with the relevant patent legislation. E.g., EPC Rule
28 (4); UK Patent Rules 1995, Schedule 2,  Paragraph 3; Australian
Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and generally
similar provisions mutatis mutandis for any other designated State; D.
DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE
(iftheiudicatioasarenotforalldesie natedStates)  E. SEPARATE
FURNISIIINGOFINDICATIONS geaveb/ankifirotapplicable) The indications listed
below will be submitted to the International Bureau later
(specifvtbegeneralnahneoJlkeindicafionueg, Accession  Number of Deposit)
ForreceivingOfficeuse only ForluternationalBureauuse only This sheetwas
received rth the' mational application This sheetwas
receivedbytlrelntemational Bureau on:  Authorizedoffi AuBrorizedoffcer  I
r' Mre: H. Prterlsz Fonn PCT- / 34 (July 1992) 10 OCT 2006 WO 03/097846
PCT/EP03/05047  -47- APPENDIX 3 Page 14 BUDAPEST TREATY ON THE
INTERNATIONAL  RECOGNITION OF THE DEPOSIT OF MICROORGANISMS  FOR THE
PURPOSES OF PATENT PROCEDURE TO INTERNATIONAL FORM  BAVARIAN NORDIC
RESEARCH INSTITUTE GMBH  FRAUNHOFERSTRASSE 18B  D-82152 MARTINSRIED
GERMANY NAME AND ADDRESS  L OF DEPOSITOR 1. IDENTIFICATION OF THE
MICROORGANISM Identification reference given by the Accession number given
by the  DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:  MVA-575 V00120707  



II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION The
microorganism identified under I above was accompanied by:  A scientific
description A proposed taxonomic designation  (Mark with across where
applicable)  III. RECEIPT AND ACCEPTANCE This International Depository
Authority accepts the microorganism identified under I above,  which was
received by it on 7TS December 2000 (date of the original deposit)' IV.
RECEIPT OF REQUEST FOR CONVERSION The microorganism identified under I
above was received by this International  Depository Authority on (date of
the original deposit) and  A request to convert the original deposit to a
deposit under the Budapest Treaty was received by it on (date of receipt of
request for conversion)  IT. INTERNATIONAL DEPOSITORY AUTHORITY Name: Or P
J Packer Signature(s) of person(s) having the power  to represent the
International Depository  Authority or of-authorized officials(s):
Address: ECACC CAMR i ...  Porton Down Date:  Salisbury SP4 OJG 1 Where
Rule 6.4(d) applies, such date is the date on which the status of
international depositary  authority was acquired Form BP/4 (sole page) 1991
I 0 OCT 2006 WO 03/097846 PCT/EP03/05047  48  APPENDIX 3 Page 24 BUDAPEST
TREATY ON THE INTERNATIONAL  RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE INTERNATIONAL FORM  TO 



BAVARIAN NORDIC RESEARCH VIABILITY STATEMENT INSTITUTE GMBH Issued pursant
to Rule 10.2 by the  RAUNHOFERSTRASSE 18B INTERNATIONAL DEPOSITARY
AUTHORITY  D-82152 MARTINSRIED identified on the following page  GERMANY
NAME AND ADDRESS OF THE PARTY  L TO WHOM THE VIABILITY OF STATEMENT  IS
ISSUED 1. DEPOSITOR II. IDENTIFICATION OF THE MICROORGANISM  Name: BAVARIAN
NORDIC RESEARCH INSTITUTE GMBH Accession number given by the  INTERNATIONAL
DEPOSITORY AUTHORITY: Address: FRAUNHOFERSTRASSE 18B 00120707 D-82152
MARTINSRIED Date of the deposit or Of the transfer:  GERMANY 7"1 December
2000 II. VIABILITY STATEMENT ~~q  The viability of the. microorganism
identified under II above was tested on 2. On that date, the said
microorganism was  D viable no longer viable 1 Indicate the date of the
original deposit or, where a new deposit or a transfer has been  made, the
most relevant date (date of the new deposit or date of the transfer). 2 In
the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most
recent viability  test. 3 Mark with a cross the applicable box.  Form BP/4
(first page) 16 OCT 2006 WO 03/097846 PCT/EP03/05047  49- Appendix 3 Page
25 IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED
MVA-575 - V00120707 THIS VIRUS WAS TITRATED ON BEE CELLS TCIDso = 10s.s  V.
INTERNATIONAL DEPOSITARY AUTHORITY 



Name: Dr P J Packer ECACC CAMR Signature(s) of person(s) having the power
to represent the International Depositary  Address; Porton Down Authority
or of authorized official(s):  Salisbury Wiltshire `j~  SP4 OJG Date:
73'3/01 t' ,96,t 4 Fill in if the information has been requested and if the
results of the test were negative.  Fos. BP/9 (second and last page) 16 OCT
2006  WO 03/097846 PCT/EP03/05047 Certificate of Analysis  Product
Description MVA-575 Accession Number 00120707 Test Description:
Determination of TCID50 of cytopathic Virus titration. (SOP ECACC/055) Cell
Acceptance Criterion/Specification/Criteria: Negative controls should show
no sign of  Cytopathic effects. The Test Sample is serially diluted into in
4 wells of  indicator cell lines for each dilution. Cytopathic effects
indicate that virus is  present. Virus titre is calculated using the below
equation where x is the value  obtained from a standard TCID50 Table as a
result of the distribution of the wells  displaying less than 4 positive
wells per dilution, and y is the value of the  highest dilution where all 4
wells are positive: TCID5o= 1 x 10'+x  Date: 19/01/01 y Result: Indicator
Cell Line: BHK 21 CLONE 13  Negative Control: NO CPE Test Sample: CPE
Distribution of less that 4 positive wells: 4,4)0  X: 0.50  Y: 10-5 TCID5o
= 1 x 10"oso  I0-5  = 106.5 Overall Result: Virus Present 



Test Description: The Detection of Mycoplasma by Isolation on -Mycoplasma
Pig Serum Agar and  in Mycoplasma Horse Serum Broth. SOP QC/MYCO/01/02
Acceptance Criterion/Specification: All positive controls (M. pnetanoniae &
M. orale)  must show evidence of mycoplasma by typical colony formation on
agar plates. Broths  are subcultured onto Mycoplasma Pig Serum Agar where
evidence of mycoplasma by  typical colony formation is evaluated. All
negative control agar plates must show no  evidence of microbial growth.
The criteria for a positive test result is evidence of mycoplasma by
typical colony  formation on agar. A negative result will show no such
evidence. Test Number: 21702  Date: 12/02/01 Result: Positive Control:
Positive  Negative Control: Negative  Test Result: Negative  Overall
Result: PASS Authorised b.......4.{~ ............... ...ECACC, Head of
Quality..J/1~f',1 Date  Page 1 of I 16 OCT 2006  WO 03/097846
PCT/EP03/05047 Certificate of Analysis  Product Description MVA-575
Accession Number 00120707 Test Description: Detection of Mycoplasma using a
Vero indicator cell line and Hoechst 33258  fluorescent detection system.
SOP QC/MYCO/07/05 Acceptance Criterion/Specification: The Vero cells in the
negative control are clearly seen as  fluorescing nuclei with no
cytoplasmic fluorescence. Positive control (M. orale) must  show evidence
of mycoplasma as fluorescing nuclei plus extra nuclear fluorescence of
mycoplasma DNA. Positive test results appear as extra nuclear fluorescence
of  mycoplasma DNA. Negative results show no cytoplasmic fluorescence. Test
Number: 21702  Date: 12/02/01  Result: 



Positive Control: Positive  Negative Control: Negative  Test Result:
Negative  Overall Result: PASS Test Description: Detection of bacteria and
fungi by isolation on Tryptone Soya Broth (TSB) and  in Fluid
Thioglycollate Medium (FTGM). SOP QCBF/01102 Acceptance
Criterion/Specification: All positive controls (Bacillis subtilus,
Clostridium  sporogenes and Candida albicans) show evidence of microbial
growth (turbidity) and the negative  controls show no evidence of microbial
growth (clear). The criteria for a positive test is turbidity in any of the
test broths. All broths should be clear for  negative test result. Test
Number: 21702  Date: 12/02/01  Result: Positive Control: Positive  Negative
Control: Negative  Test Result: Negative  Overall Result: PASS tl  I .'
Authorised by ........ ............................... ECACC, Head of
Quality.. ..... Date  Page 2 of 4 18OCT200S WO 03/097846 PCT/EP03/0-5047
_52_  Applicant's orageat's file vIntemationalapplicationNo.
referencenumber BN 46 PCT INDICATIONS RELATING TO ADEPOSITED MICROORGANISM
(PCT Rule 13bis) A. The indications madebelowrelate
tothetnicroorganismreffeerrredto inthe description  onpage __ 4b line B.
IDENTIFICATIONOFDEPOSIT Furtherdeposits areidentified onanadditional sheet
Nameofdepositaryinstinttion ECACC 



European Collection of Cell Cultures  Address of depositary institution
(wcluding postal code and county )  Centre for Applied Microbiology &
Research Salisbury  Wiltshire SP4 OJG  United Kingdom Dateofdeposit
AccessionNumber  February 14, 2001 01021411 C. ADDITIONAL
INDICATIONS(leaveblankifnotapplicable) This informationiscontinuedon
anadditional sheet  In respect of all designated States to which such
action is possible and to the extent that it is legally  permissable under
the law of the designated State, it is requested that a sample of the
deposited  microorganism be made available only by the issue thereof to an
independent expert, in accordance  with the relevant patent legislation.
E.g., EPC Rule 28 (4); UK Patent Rules 1995, schedule 2,  Paragraph 3;
Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated
State;  D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE
&theindfcationsa enotforalidesio ra(edstatecJ  E. SEPARATE FURNISHING OF
INDICATIONS (lem'eblarrkifirotapplicable) Tile indications listed below
will be submitted to the Intemational Bureau later (specbthegeneral
nuhmeofthe indicafionseg., "Accession  Number of Deposit')
ForreceivingOfficeuseonly Forlnternational Bureauuseonly This sheetwas
receivedwiththeinterna6ota]application J This sheetwasreceivedbythe
International Bureauon:  Authorized officer Authorized officer 'Mis H.
Franz  r^ Form P /43 Iy 1992) 16 OCT 2006  WO 03/097846 PCT/EP03/05047 -53-
APPENDIX 3 '  Page 14 BUDAPEST TREATY ON THE INTERNATIONAL _ RECOGNITION OF
THE DEPOSIT OF MICROORGANISMS  FOR THE PURPOSES OF PATENT PROCEDURE 



TO INTERNATIONAL FORM  M  PROF DR ANTON MAYR WEILHEIMER STR. 1  D-82319
STARNBERG  GERMANY NAME AND ADDRESS  L OF DEPOSITOR r I. IDENTIFICATION OF
THE MICROORGANISM ( Identification referencegiven by the Accession number
given by the  DEPOSITOR: INTERNATIONAL DEPOSITARY, AUTHORITY:  VERO-MVA-200
01021411  II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION
The microorganism identified under I above was accompanied by:  A
scientific description A proposed taxonomic designation  (Mark with a cross
where applicable)  III. RECEIPT AND ACCEPTANCE This International
Depository Authority accepts the microorganism identified under I above,
which was received by it on 14 February 2001 (date of the original
deposit)' IV. RECEIPT OF REQUEST FOR CONVERSION The microorganism
identified under I above was received by this International  Depository
Authority on (date of the original deposit) and  A request to convert the
original deposit to a deposit under the Budapest Treaty was received by it
on (date of receipt of request for conversion)  IV. INTERNATIONAL DEPOSIT
UTHORITY Name: Dr D H Lewis Signature(s) of person(s) having the power  to
represent the International Depository  Authority or of authorized
officials(s):  Address: ECACC CAMP ~yJ  Porton Down Date: [ 'I Z9Jl
Salisbury SP4 OJG 



1 Where Rule 6.4(d) applies, such date is the date on Which the status of
international depositary  authority was acquired Form BP/4 (sole page) 1991
1 8 OCT 2006 WO 03/097846 PCT/EP03/05047  54- APPENDIX 3 Page 24 BUDAPEST
TREATY ON THE INTERNATIONAL  RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE INTERNATIONAL FORM '..  TO VIABILITY
STATEMENT PROF DR ANTON MAYR Issued pursant to Rule 10.2 by the  WEILHEIMER
STR. 1 INTERNATIONAL DEPOSITARY AUTHORITY  D-82319 STARNBERG identified on
the following page GERMANY - - NAME AND ADDRESS OF THE PARTY L WHOM THE
VIABILITY OF STATEMENT  IS ISSUED S. DEPOSITOR II. IDENTIFICATION OF THE
MICROORGANISM  Name: PROF DR ANTON MAYR Accession number given by the
INTERNATIONAL DEPOSITORY AUTHORITY: Address: WEILHEIMER STR. 1 01021411
D-82319 STARNBERG Date of the deposit or of the transfer:  GERMANY 14
February 2001 II. VIABILITY STATEMENT The viability of the microorganism
identified under II above was tested on '. On that date, the said
microorganism was  3 viable no longer viable . 1 Indicate the date of the
original deposit or, where a new deposit or a transfer has been  made, the
most relevant date (date of the new deposit or date of the transfer). 



2 In the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the
most recent viability  test. 3 Mark with a cross the applicable box.  Form
BP/4 (first page) 1 OCT 2006  WO 03/097846 PCT/EP03/05047 55- Appendix 3 -
#  Page 25 IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED
VERO-MVA-200 WAS TITRATED ON VERO CELLS TO CONFIRM VIABILITY. V.
INTERNATIONAL DEPOSITARY AUTHORITY  Name: Dr D H Lewis ECACC CAMR Signature
(s) o e power  to represent e International Depositary  Address: Porton
Down Authority or of authorized official(s):  Salisbury Wiltshire  SP4 OJG
Date: 4 Fill in if the information has been requested and if the results of
the test were negative.  Form BP19 (second and last page) 18 OCT 2006 WO
03/097846 PCT/EP03/05047  56  Applicant's or agent's file
InfemationalapplicationNo. referencenumber BN 46 PCT INDICATIONS RELATING
TO A DEPOSITED MICROORGANISM (PCT Rule 13bis) "'..  A. The indications
madebelowrelatetotbenticroorganismrefenedto intlredescription onpage A line
--25 B. II)ENFJFICATIONOFDEPOSIT Furtherdeposits are identified on an
additionalsheet Nameofdepositaryinstitutuon ECACC European Collection of
Cell Cultures  Address of depositary institution (including postal code and
counh))  Centre for Applied Microbiology & Research 



Salisbury  Wiltshire SP4 OJG  United Kingdom Dateofdeposit AccessionNumber
October 14, 1999 99101431 C. ADDITIONAL INDICATIONS
(leaveblankifnotapplicable) This information iscontinued
onanadditionalsbeet  In respect of all designated States to which such
action is possible and to the extent that it is legally  permissable under
the law of the designated State, it is requested that a sample of the
deposited  microorganism be made available only by the issue thereof to an
independent expert, in accordance  with the relevant patent legislation.
E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,  Paragraph 3;
Australian Regulation 3.25(3); Danish Patents Act Sections 22 and 33(3) and
generally similar provisions mutatis mutandis for any other designated
State; D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE
(iflljeii,diwtiolisarejiotfoi-alidesignatedStatet)  E. SEPARATE FURNISHING
OF INDICATIONS (leaveblankifnotapplicable) The indications listed below
will be submitted to the International Bureau later (speczfinhegeneral
nahae ofthe indicatlotueg., 'Accetriorr  Number of Deposit ForreceivingOffi
euseonl Forlntemational Bureauuse only  Thissheetwas receivedwitlrt ej
emationalappl on n This sheetwas recaivedbythe International Bureau on:
Authorizedofficer ,-. Authorizedofficer . Fralt~z  Fo /RO/134/Iuiy 1992) 1
OCT 2006  WO 03/097846 PCT/EP03/05047 -57- APPENDIX 3  Page 14 BUDAPEST
TREATY ON THE INTERNATIONAL  RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE PR OF.DR.DR.H.C.MULT. ANTON MAYR
INTERNATIONAL FORM  WEILHEIMER STR. I D-82319 STARNBERG  GERMANY NAME AND
ADDRESS  



1 OF DEPOSITOR IL I. IDENTIFICATION OF THE MICROORGANISM Identification
reference given by the Accession number given by the  DEPOSITOR; -
INTERNATIONAL DEPOSITARY -AUTHORITY:  VERO-MVA V99101431  IT. SCIENTIFIC
DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION The microorganism
identified under I above was accompanied by:  A scientific description El A
proposed taxonomic designation  (Mark with a cross where applicable)  III.
RECEIPT AND ACCEPTANCE This International Depository Authority accepts the
microorganism identified under I above,  which was received by it on 14T"
October 1999 (date of the original deposit)' IV. RECEIPT OF REQUEST FOR
CONVERSION The microorganism identified under I above was received by this
International  Depository Authority on (date of the original deposit) and
A request to convert the original deposit to a deposit under the Budapest
Treaty was received by it on (date of receipt of request for conversion)
IV. INTERNATIONAL DEPOSITORY AUTHORITY Name: Dr P J Packer Signature(s) of
person(s) having the power  to represent the International Depository
Authority or of authorized officials(s):  Address: ECACC ~ CAME  Porten
Down Date: Clrsfo I ~ ~  Salisbury SP4 OJG I Where Rule 6.4(d) applies,
such date is the date on which the status of international depositary
authority was acquired Form BP/4 (sole page) 1991 10 OCT 2006  WO 03/097846
PCT/EP03/05047 58  APPENDIX 3  Page 24' 



BUDAPEST TREATY ON THE INTERNATIONAL  RECOGNITION OF THE DEPOSIT OF
MICROORGANISMS  FOR THE PURPOSES OF PATENT PROCEDURE INTERNATIONAL FORM  F
F.DR.DR. H.0.MULT. ANTON ASAYR VIABILITY STATEMENT WEILHEIMER STR. 1 Issued
pursant to Rule 10.2 by the  D-82319 STARNBERG INTERNATIONAL DEPOSITARY
AUTHORITY  GERMANY identified on the following page  NAME AND ADDRESS OF
THE PARTY TO WHOM THE VIABILITY OF STATEMENT  IS ISSUED L  1. DEPOSITOR II.
IDENTIFICATION OF THE MICROORGANISM  Name: PROF.DR.DR.H.C.MOLT. ANTON MAYS
Accession number given by the INTERNATIONAL DEPOSITORY AUTHORITY:
V99101431 Address: WEILHEIMER STR. 1 D-82319 STARNBERG Date of the deposit
or of the transfer:  GERMANY 19'' October 1999 II. VIABILITY STATEMENT The
viability of the microorganism identified under Il above was tested on 2.
On that date, the said microorganism was  viable no longer viable 1
Indicate the date of the original deposit or, where a new deposit or a
transfer has been  made, the most relevant date (date of the new deposit or
date of the transfer). 2 In the cases referred to in Rule 10.2 (a) (ii) and
(iii), refer to the most recent viability  test. 3 Mark with a cross the
applicable box.  Form BP/4 (first page) 9 6 OCT 2006  WO 03/097846
PCT/EP03/05047 -59- 



Appendix 3 Page 25 IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN
PERFORMED  'VERO-MVA - 99101431 THE VIRUS WAS GROWN ON VERO CELLSACCORDING
TO THE DEPOSITORS INSTRUCTIONS. THE VIRUS WAS VIABLE  PRODUCING CYTOPATHIC
EFFECT AFTER 48 HOURS. A LITRE OF 6 X 106 PLAQUE FORMING UNITS/ML WAS
OBTAINED.  V. INTERNATIONAL DEPOSITARY AUTHORITY Name: Dr P J Packer ECACC
CAMR Signature(s) of person(s) having the power  Address: Porton Down to
represent the International Depositary  Authority or of authorized
official(s):  Salisbury Wiltshire g  SP4 OJG - Date: C/31p1~+qqC k-Ir  4
Fill in if the information has been requested and if the results of the
test were negative.  C Form BP/9 (second and last page) 10 OCT 2006 WO
03/097846 PCT/EP03/05047  -60- Applicant's or agent's file BN 46 PCT
lntemationalapplicationNo. reference number INDICATIONS RELATING TO
ADEPOSITED MICROORGANISM  (PCT Rule 13bis) A. Theindications
madebelowrelatetothemicroorganismreferredtointhe description  onpage 41
line 6 B. IDENTWFICATIONOFDEPOSIT Furtherdeposits areidentifred
onanadditional sheet  Nameofdepositaryinstiurtion ECACC European Collection
of Cell Cultures  Address of depositary institution (including postal code
and count,)  Centre for Applied Microbiology & Research Salisbury
Wiltshire SP4 OJG  



United Kingdom Dateofdeposit AccessionNumber  August 30, 2000 00083008 C.
ADDITIONAL INDICATIONS (leave blmikifnol applicable) This information
iscontinuedonanadditionalsbeet  In respect of all designated States to
which such action is possible and to the extent that it is legally
permissable under the law of the designated State, it is requested that a
sample of the deposited  microorganism be made available only by the issue
thereof to an independent expert, in accordance  with the relevant patent
legislation. E.g., EPC Rule 28 (4); UK Patent Rules 1995, Schedule 2,
Paragraph 3; Australian Regulation 3.25(3); Danish Patents Act Sections 22
and 33(3) and generally similar provisions mutatis mutandis for any other
designated State; D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE
(iftiteiiidicatfoitsareiiotfoi-aildaigiiatedEtater)  E. SEPARATE FURNISHING
OF INDICATIONS (leavebimtkifnatapplicable) The indications listed below
will be submitted to the International Bureau later (specify the gene al
name of lheindicaionseg., "Accession  Number of Deposit') Forreceivi ilO
fioeuse y ForInternationalBureauuseonly This sheetwasreceiv th '
mationalapplication [] This sheetwasreceivedbythelnternational Bureauon:
Authorized officer Authorizedofficer H. Franz  Fomt PC fkoll (July 1992) 1
8 OCT 2006 WO 03/097846 PCT/EP03/05047  -61- Form BP/4 (first page)
Appendix 3  Page 25 IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN
PERFORMED  V00083008 - MVA-BN VIABILITY OF MVA-BN WAS TESTED BY GROWING THE
VIRUS ON BHR CELLS AND CALCULATING THE TCD50.  V. INTERNATIONAL DEPOSITARY
AUTHORITY Name: Dr P J Packer ECACC CAMR Signature(s) of person(s) having
the power  to represent the International Depositary  Address; Porton Down
Authority or of authorized official(s):  Salisbury 



Wiltshire 1 q /  SP4 OJG Date: 4 Fill in if the information has been
requested and if the results of the test were negative. 16 OCT 2006 WO
03/097846 PCT/EP03/05047  62  APPENDIX 3 Page 24 BUDAPEST TREATY ON THE
INTERNATIONAL .  RECOGNITION OF THE DEPOSIT OF MICROORGANISMS  FOR THE
PURPOSES OF PATENT PROCEDURE INTERNATIONAL FORM - - [ST101V'RIAN NORDIC
RESEARCH VIABILITY STATEMENT INSTITUTE GMBH Issued pursant to Rule 10.2 by
the  FRAUNHOFERSTRASSE 18B INTERNATIONAL DEPOSITARY AUTHORITY  D-82152
MARTINSRIED identified on the following page GERMANY - - NAME AND ADDRESS
OF THE PARTY TO WHOM THE VIABILITY OF STATEMENT  IS ISSUED 1. DEPOSITOR II.
IDENTIFICATION OF THE MICROORGANISM  Name: BAVARIAN NORDIC RESEARCH
Accession number given by the INSTITUTE GMBH INTERNATIONAL DEPOSITORY
AUTHORITY:  Address: FRAUNHOFERSTRASSE 18B V00063008 D-82152 MARTINSRIED
Date of the deposit or of the transfer:  GERMANY 30:" August 2000 II.
VIABILITY STATEMENT The viability of the microorganism identified under II
above was tested on On that date, the said microorganism was  viable I j a
no longer viable 1 Indicate the data of the original deposit or, where a
new deposit or a transfer has been  made, the most relevant date (date of
the new deposit or date of the transfer). 2 In the cases referred to in
Rule. 10.2 (a) (ii) and (iii), refer to the most recent viability  



test. 3 Mark with a cross the applicable box. 1 S OCT 2006  WO 03/097846
PCT/EP03/03047 -63- APPENDIX 3 Page 14 - BUDAPEST TREATY ON THE
INTERNATIONAL RECOGNITION OF THE DEPOSIT OF MICROORGANISMS  FOR THE
PURPOSES OF PATENT PROCEDURE TO INTERNATIONAL FORM  M  BAVARIAN NORDIC
RESEARCH INSTITUTE GMBH  FRAONHOFERSTRASSE 181  D-82152 14ARTINSRIED
GERMANY NAME AND ADDRESS  OF DEPOSITOR  L / I. IDENTIFICATION OF THE
MICROORGANISM Identification reference given by the Accession number given
by the  DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:  MVA-BN V00083008
II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION The
microorganism identified under I above was accompanied by:  A scientific
description -j A proposed taxonomic designation  (Mark with a cross where
applicable)  III.. RECEIPT AND ACCEPTANCE This International Depository
Authority accepts the microorganism identified under I above,  which was
received by it on 30T" August 2000 (date of the original deposit)' IV.
RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I above was received by this
International  Depository Authority on (date of the original deposit) and
A request to convert the original deposit to a deposit under the Budapest
Treaty was received by it on (date of receipt of request for conversion)
IV. INTERNATIONAL DEPOSITORY AUTHORITY Name: Dr P I Packer - Signature(s)
of person(s) having the power  to represent the International Depository
Authority or of authorized officials(s):  Address: ECACC CAME,  Porton Down
Date:  Salisbury SP4 DIG 1 Where Rule 6.4(d) applies, such date is the date
on which the status of international depositary  authority was acquired
Form RP14 (sole page) 1991 I B OCT 2006 WO 03/097846 PCT/EP03/05047  -64
Certificate of Analysis  Product Description MVA-BN Accession Number
00083008 Test Description: The Detection ofMycoplasma by Isolation on
Mycoplasma Pig Serum Agar and  in Mycoplasma Horse Serum Broth. SOP
QC/MYCO/01/02 Acceptance Criterion/Specification: All positive controls (M.
pneumontae & M, orate)  must show evidence ofmycoplasma by typical colony
formation on agar plates. Broths  are subcultured onto Mycoplasma Pig Serum
Agar where evidence of mycoplasma by  typical colony formation is
evaluated. All negative control agar plates must show no  evidence of
microbial growth. The criteria for a positive test result is evidence of
mycoplasma by typical colony  formation on agar. A negative result will
show no such cvidcncc. Test Number; 21487  Date; 27/11/00  Result; 



Positive Control: Positive  Negative Control: Negative  Test Result:
Negative  Overall Result: PASS Test Description: Detection of Mycoplasma
using a Vero indicator cell line and Hoechst 33258  fluorescent detection
system. SOP QC/MYCO/07105 Acceptance Criterion/specification: The Vero
cells in the negative control are clearly seen as- fluorescing nuclei with
no cytoplasmic fluorescence. Positive control (M. arale) must  show
evidence of mycoplasma as fluorescing nuclei plus extra nuclear
fluorescence of  mycoplasma DNA, Positive test results appear as extra
nuclear fluorescence of  mycoplasma DNA. Negative results show no
cytoplasmic fluorescence. Test Number: 21487  Date: 27/11/00  Result:
Positive Control: Positive  Negative Control: Negative  Test Result
Negative  Overall Result: PASS  Authorised by......... !! ECACC, Head of
Quality..... l! Date  Page 1 of 2 1 OOT 2006 WO 03/097846 PCT/EP03/05047
-6-5 Certificate of Analysis  Product Description MVA-BN Accession Number
00083008 Test Description: Detection of bacteria and fungi by isolation on
Tryptono Soya Broth (TSB) and  in Fluid Thioglycollate Medium (FTGM). SOP
QC/BF/01/02 Acceptance Criterion/Speelflcation: All positive controls
(Baei/lis subrilus, Clasrrid/um  sporogenes and Candida a/bicans) show
evidence of microbial growth (turbidity) and the negative  controls show no
evidence of microbial growth (clear) The criteria for a positive teat is
turbidity in any of the test broths. All broths should be clear for  



negative teat result. Test Number: 21487  Date: 27/11/00  t' Result:
Positive Control; Positive  Negative Control: Negative  Test Result:
Negative  Overall Result-, PASS Test Description: Determination of TCIDso
of cytopathic Virus titration. (SOP ECACC/055) Cell  Acceptance
Criterion/Specification/Criteria: Negative controls should show no sign of
Cytopathic effects. The Test Sample is serially diluted into in 4 wells of
indicator cell lines for each dilution. Cytopathic effects indicate that
virus is  present. Virus titre is calculated using the below equation where
x is the value  obtained from a standard TCIDss Table as a result of the
distribution of the wells  displaying less than 4 positive wells per
dilution, and y is the value of the  highest dilution where all 4 wells are
positive: TCJD50 = 1 x 10"  y  Date; 01/12/00 Result: Indicator Cell Line:
BHK21 (Clone 13)  Negative Control: NO CPE Test Sample: CPE  Distribution
of less that 4 positive wells: 4,4,4,3,0  X: 123  Y: 10-r TC1D50 1 x
l01+o"as  zo'  Overall Result: Virus Present Q n~ Ead ot em care Authorised
by..........!. ................ECACC,Head of Quality Quality...... Jt?
A--Date Page 2or z 1a OCT 2006  -66 



CLAIMS  1. A recombinant poxvirus comprising at least two  homologous
foreign genes with a homology of at least 50%, 5 wherein each of said genes
is inserted into a different  insertion site of the viral genome and
wherein the at  least two homologous foreign genes are homologous in
comparison to each other. 10 2. A recombinant poxvirus comprising at least
two  homologous foreign genes, said genes having a homology of  at least
60%, wherein the at least two homologous foreign  genes are homologous in
comparison to each other. 15 3. The recombinant poxvirus according to claim
1 or 2,  wherein the genes have a homology of 65-75%. 4. The recombinant
poxvirus according to claims 1 to 3,  wherein the genes are derived from a
flavivirus. 20 5. The recombinant poxvirus according to claim 4,  wherein
the flavivirus is a Dengue virus. 6. The recombinant poxvirus according to
claim 4 or 5,  25 wherein the genes are at least two homologous genes
derived from at least two different serotypes of the  virus. 7. The
recombinant poxvirus according to claims 4 to 6,  30 wherein the genes are
at least two PrM genes. 8. The recombinant poxvirus according to claims 4
to 7,  wherein the genes are 4 PrN genes. 10 OCT 2006  -67 9. The
recombinant poxvirus according to claims 1 to 8,  wherein the poxvirus is a
Vaccinia virus. 5 10. The recombinant poxvirus according to claim 9,
wherein the Vaccinia virus is a Modified Vaccinia Ankara.  (MVA)virus. 



10 11. The recombinant poxvirus according claim 10, wherein  the MVA is
MVA-BN deposited at the European Collection of  Animal Cell Cultures
(ECACC) under number V00083008. 12. The recombinant poxvirus according to
claims 1 to  15 11, wherein the poxvirus is replication deficient or
replication incompetent in mammalian cells, including  human cells. 13. The
recombinant poxvirus according to claims 1 to  20 12, wherein the genes are
inserted into a naturally  occurring deletion site and/or into an
intergenic region  of the poxviral genome. 14. The recombinant poxvirus
according claims 1 to 13 as  25 medicament or vaccine. 15. A vaccine
comprising the recombinant poxvirus  according to any of the claims 1 to
13. 30 16. A pharmaceutical composition comprising the  recombinant
poxvirus according to any of the claims 1 to  13 and a pharmaceutically
acceptable carrier, diluent,  adjuvant and/or additive. 16 OCT 2006  -68
17. The recombinant poxvirus according to any of the  claims 1 to 13, the
vaccine according to claim 15 or the  composition according to claim 16 for
affecting, 5 preferably inducing, an immune response of a living  animal,
including a human. 18. Use of the recombinant poxvirus according to any of
the claims 1 to 13 for the preparation of a medicament or  10 vaccine. 19.
The use according to claim 18 for the preparation of  a medicament or
vaccine for affecting, preferably  inducing, an immune response in a living
animal, 15 including a human. 20. An isolated cell comprising the
recombinant poxvirus  



according to claims 1 to 13. 20 21. A method for producing a recombinant
poxvirus  according to claims 1 to 13 in vitro comprising the steps  of -
infecting a cell with a poxvirus; - transfecting the infected cell with a
first vector  25 construct comprising a gene being heterologous to  the
poxviral genome, and a genomic poxvirus  sequence capable of directing the
integration of  the heterologous gene into an insertion site of  the
poxviral genome; 30 - identifying, isolating and, optionally, purifying
the generated recombinant poxvirus; - repeating the above steps by using
the recombinant  poxvirus obtained from previous steps for  infecting the
cell and an additional vector 1 OCT 2006  -69 construct comprising a
further gene being  heterologous to the poxviral genome and homologous  to
the gene of the first vector construct. 5 22. A kit comprising - two or
more vector constructs, each construct  comprising a gene under
transcriptional  control of a poxviral expression control  element, wherein
the genes included in the 10 different vectors are homologous genes with a
homology of at least 50%, the homologous genes are  homologous in
comparison to each other; and  wherein each gene is flanked by a poxviral
DNA  sequence capable of directing the integration 15 of the gene into a
poxviral genome, and  - means for identifying and/or selecting  recombinant
poxviruses, which have  



incorporated said homologous genes into their  genome. 20 23. The kit
according to claim 22, wherein each  homologous gene is flanked by a
poxviral DNA sequence  capable of directing the integration of said
homologous  gene of each vector construct into a different insertion  25
site of the poxviral genome. 24. A DNA sequence derived from or homologous
to the  recombinant poxviral genome of the recombinant poxvirus  according
to claims 1 to 13, wherein said DNA sequence 30 comprises at least two
homologous genes and at least part  of the sequences of the poxviral
genome. 25. A method for detecting isolated cells infected with  the
recombinant poxvirus according to claims 1 to 13, 16 OC s 2006  _70_ said
method comprising administering the DNA sequence  according to claim 24 to
said cells. 26. A method for identifying the recombinant poxvirus  5
according to claims 1 to 13, said method comprising  administering the DNA
sequence according to claim 24 to  said virus in vitro or ex vivo. 27. A
method for identifying the recombinant poxvirus  10 according to any of the
preceding claims 1 to 13, said  method comprising the steps of providing a
sample believed to comprise the  recombinant poxvirus; contacting the
sample with a DNA primer capable  15 of selectively amplifying the at least
two homologous foreign genes; and/or  contacting the sample with a DNA
primer capable  of recognizing the insertion site of the viral genome; and 



20 - determining if the recombinant poxvirus is  present in the sample.
18OCT2006 WO 03/097846 PCT/EP03/05047  SEQUENCE LISTING <110> Bavarian
Nordic A/S <120> Recombinant poxvirus expressing homologous genes inserted
into the  poxvi ral genome <130> BN 46 Pa  <160> 21 <170> Patentln version
3.1  <210> 1 <211> 39  <212> DNA  <213> Artificial <220>  <223> Primer
<400> 1 39  cgcggatcca tgctgaacat cttgaacagg agacgcaga <210> 2  <211> 21
<212> DNA  <213> Artificial <220>  <223> Primer <400> 2 21  catgataaga
gattgtatca g <210> 3  <211> 80  <212> DNA  <213> Artificial <220>  <223>
Primer  <400> 3 



atgttgaaca taatgaacag gaggaaaaga tctgtgacca tgctcctcat gctgctgccc 60
acagccctgg cgttccatct 80  <210> 4 <211> 26  <212> DNA  <213> Artificial
<220>  <223> Primer <400> 4 26  gattttgcta ttcagtggac tggatg <210> 5  <211>
48  <212> DNA  <213> Artificial Page 1 16 OCT 2006 WO 03/097846
PCT/EP03/05047  <220> <223> Primer  <400> 5 ccttaatcga attctcatgt
catggatggg gtaaccagca ttaatagt 48  <210> 6 <211> 22  <212> DNA  <213>
Artificial <220>  <223> Primer  <400> 6 gctcccattc aattcacatt gg 22  <210>
7 <211> 80  <212> DNA  <213> Artificial <220>  



<223> Primer  <400> 7 atcccattcc tgaatgtggt gttaaagcta ctgagcgctt
ctctcgtctc cgttctccgc 60  tctgggtgca tgtcccatac 80  <210> 8 <211> 22  <212>
DNA  <213> Artificial <220>  <223> Primer  <400> 8 gtacatggat gatatagata tg
22  <210> 9 <211> 23  <212> DNA  <213> Artificial <220>  <223> Primer
<400> 9 gttgaaggat tcacttccgt gga 23  <210> 10 <211> 25  <212> DNA  <213>
Artificial <220>  <223> Primer  <400> 10 gcattcacag attctattgt gagtc 25
Page 2 16 OCT 2006 WO 03/097846 PCT/EP03/05047   <210> 11 <211> 26  <212>
DNA  



<213> Artificial <220>  <223> Primer <400> 11 26  gtttcatcag aaatgactcc
atgaaa <210> 12  <211> 39  <212> DNA  <213> Artificial <220>  <223> Primer
<400> 12 39  cggggtaccc gacgaacaag gaactgtagc agaggcatc <210> 13  <211> 38
<212> DNA  <213> Artificial <220>  <223> Primer <400> 13 38  aactgcagtt
gttcgtatgt cataaattct ttaattat <210> 14  <211> 20  <212> DNA  <213>
Artificial <220>  <223> Primer  <400> 14 20  caactctctt cttgattacc <210> 15
<211> 19  <212> DNA  <213> Artificial 



<220>  <223> Primer <400> 15 19  cgatcaaagt caatctatg <210> 16  <211> 18
<212> DNA  <213> Artificial <220>  <223> Primer Page 3 1 8 OCT 2906 WO
03/097846 PCT/EP03/05047  <400> 16 gataccgatc acgttcta 18  <210> 17 <211>
18  <212> DNA  <213> Artificial <220>  <223> Primer  <400> 17 ggatatgatt
atgtagag 18  <210> 18 <211> 21  <212> DNA  <213> Artificial <220>  <223>
Primer  <400> 18 ctggataaat acgaggacgt g 21  <210> 19 <211> 20  <212> DNA  



<213> Artificial <220>  <223> Primer  <400> 19 gacaattatc cgacgcaccg 20
<210> 20 <211> 24  <212> DNA  <213> Artificial <220>  <223> Primer  <400>
20 cgttagacaa cacaccgacg atgg 24  <210> 21 <211> 21  <212> DNA  <213>
Artificial <220>  <223> Primer  <400> 21 cggatgaaaa atttttggaa g 21  Page 4




