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‘NC 001796 Tao et al., J. Viral. 74, 6448-58, 2

bP1V 3 NC 002161 Tang etal ., Vaccine 23, 1657-390

2005 Measl es virus NC 001498 Singh et al., J. Vi}ol

73, 4823-28, 1999 Rinderpest virus NC_ 006296 Wal sh_et
WP 20073068%n. Vinl. 81, 709-18, 2000 CDV NC d’&fﬁﬁi"m“"“
Plattet et al., Virus Res. 101, 147-53, 2004 SV 50 NC
006430 He et al., Virology 237, 249-60, 1997 NDV NC
002617 Zhao et al., J. Gen. Vim. 84, 781-88, 2003

W"d&ﬁiﬁf g%gl Vt%gtgc%fg@on uritifl M9 vh@z‘c%ggﬁéaomprbﬁve fiBowing
RETEOtEOS G SspRRpdeingame (E’H%Sﬂﬁ? 75, 7336%933 b? 3?3/1
Ebol a4k Blignd 5-genomic termini all of the MV virus genomes have a 'short non-

- franscribed region called “leader” (about 40-50 nt) and “trailer” (ébout 20-800 nt),
respectively. The leader and trailer sequences are essential sequences that control the
replication of genomic RNA, viral encapsidation and -packaging. '

The reverse genetics technology and the rescue of infectious MV virus have made it
possible to manipulate its RNA genome through its ¢cDNA copy. The minimal replication
initiation complex required to synthesize‘viral RNA is the RNP complex. Infectious MV
virus can be rescued by intracellular co-expression of (antgenomic RNAs and the
appropriate suppert proteins from (77) RNA polymerase driven plasmids. Since the
initial report in 1994 by Schnell et al.,, 1994 (supra), reliable recovery of many MV virus
species has been achieved based on the original protocol (or sfight variations thereof).

Newcastle disease and avian influenza are important diseases of poultry, which can
cause severe economic losses in the poultry industry worldwide. Newcastie disease |
virus is a non-segmented, negative stranded RNA virus within the order of MV. The
genome, which is about 15 kb in iength, contains six genes which encode the
nucleoprotein (NP), phosphoprotein and V protein (P/V), matrix (M) protein, fusion (F)
pruteln hemagglutinin-neuraminidase {HN) proteln and RNA-dependent RNA
polymerase or large (L) protein. The NDV genes are arranged sequentially in the order
3. NP-P-M-F-HN-L-5, and are separated by intergenic regions of different length. All
genes are preceded by a gene start {GS) sequence which is followed by a noncoding
region, the open reading frame encoding the NDV proteins, a second noncoding region
and the gene end (GE) sequence. The length of the NDV genome is a muliiple of six,
which has to be considered for the introduction of foreign genes.

Avian influenza (Al) is a disease of poultry characterized by mild respiratory signs to
severe disease with high mortality. The causative agent is an avian influenza A virus
(AIV) belonging to the family Orthomyxoviridae. AV contains eight genomic RNA
segments of negative polarity which encode 10 proteins. Based on the antigenicity of
the surface glycoproteins hemagglutinin (HA) and neuraminidase (N), Al viruses were
subtyped. Up to now, 16 hemagglutinin (H 1 - H 16} and nine neuraminidase (N1—N
9) subtypes are known. Antibodies to H and N are important in humeral immune
response and inhibit infection or prevent disease.
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Tao et al. {1998, J. of Virol,, vol. 72, p. 2955-2961) describe the construction of a
chimeric human parainfluenza virus (hPIV) type 3, wherein the HN and F genes from
hPIV type 1 were used for a replacement of (not an addition to} the endogenous hPIV

type 3 HN and F genes.



t gaaaaaaa ct aacacccct 20 P 59 tgaaaaaaa caggc
aacaccact 6 M 171 tgaaaaaaa ctatt aacatccct 18 G
459 agaaaaaaa cattagat cagaag aacaactggc aacacttct 21
L 52 tgaaaaaaa |HNV ggcacttcagliqg 100

Also NDV was used for the expression of AlV hemagglutinin. The hemagglutinin gene
of influenza AWSN/33 was inserted between P and M genes of NDV strain Hitchner
B1. This recombinant protected mice against lethal infection although there was a
detectable weight loss in mice which recovered fully within 10 days Nakaya et al. (J.
Virol. 75, 11868-73, 2001). A further recombinant NDV with the same insertion site for
the foreign gene expressed the H7 of a LPAI but only 40 % of the vaccinated chicken
were protacted from both velogenic NDV and HPAI (Swayne et al., Avian Dis. 47, 1047-
50, 2003). | |

These publications however do not disclose any advantageous effect of the so-
called non-coding regions of endogenous MV genes on the expression of additional
foreign genes inserted into the genome of an MV vector. '

It is an object of the embodiments disclosed herein to provide a recombinant MV virus
vector that displays a higher expression level of a protein encoded by a foreign gene
inserted into the genome of the vector virus and/or that shows a stronger

immunogenicity than existing MV virus vectors.

The present inventors have found that this object canbhemetbya recombinant
Mononegavirales virus vector according to the disclosure. Therefore, the disclosure,in a

first aspect, provides a recombinant Mononegavirales virus vector harboring an additional
transcriptioh unit comprising a foreign gene operatively linked with an upstream
Mononegavirales virus gene start (GS) sequence and a downstream Mononegavirales

virus gene end (GE) sequence, characterized in that between the GS sequence and a

start codon of the foreign gene and between a stop codon of the foreign gerie and the

GE sequence, a 3’ non-coding region- and a 5’ non-coding region (genome sense) of a

Mononegavirales virus gene are located, respectively.

In a second aspect, there is provided a vaccine against a microbial pathogen,
characterized in that it comprises a recombinant Mononegavirales virus vector as

defined above in a live or inactivated form, and a pharmaceutically acceptable carrier

or diluent.

It is noted that the indications of the pelarity of the nucleic acid strands hers and in
the rest of the text are given in the genome (-} sense, except in the context of MRNA

and cDNA sequences.
it has been found that the presence of the 3™- and 5' non-coding regions of a MV



NP 70 tagaaaaaaa t ggcactatagtgc 25 P 32 agaaaaaaa t
ggcacgcaagtgt 41 39 M G 90 28 agacagaaaaaaa
agacagaaaaaaa t c (ggcacttttgtgc 0O cacattt c
14 'NV -6

virus gene in a transcription unit comprising' a foreign gene inserted into the genome of
a MV virus has a positive effect on the transcription and/or expression of the foreign
gene. It is shown in Figure 3 that engineering the non-coding regions of a MV virus
gene between a GS sequence and an avian influenza virus (AIV} hemagglutinin (HA}
geﬁe and between the AIV HA gene and a GE sequence increases the amount of HA
mRNA synthesized by a MV virus vector harboring that ATV HA gene. A positive effect
is also observed on the protein expression level: comparison of the MV virus vectors
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only showed an intense ifnmunological staining with AlV HA-specific antiserum in case
the MV virus vector harboring the foreign AlV HA gene was flanked by the non-coding -
regions (Figure 4). Therefore, it has been found that, although the inventors do not
want to be bound to any theory or mode_! that might explain these observations, the
presence of MV virus non-coding regions flanking a foréign gene, has a positive effect
on the performance of the resulting MV virus vector.

A foreign gene is a polynuclectide molecule that encodes a polypeptide or protein
and that is not present in nature in the genome of the recipient MV virus.

As already outiined in detail above, a common characteristic of the genomlc
organization of MV viruses is their modular form of franscription wherein tandemly
arranged trénscription units are successively transcribed. In a wild-type MV virus the
transcribed genes are flanked (j) at their 3" end with a GS sequence and a nucleotide |
sequence designated in the art as “non—coding" region”, and (ii) at their &’ end with a
nuclectide sequence also designated as “non-ceding region” and a GE sequence.
Therefore, the term (3’ or §) “non-coding region” as used herein defines a nucleotide
sequence that is located upstream (3') or downstream {5 of a natural gene of a MV
virus and that spans the region between the GS sequence and the start codon (ATG)
of the MV virus gene and the region between the stop codon (TAA, TAG or TGA) of the
MV virus gene énd the GE sequence, respectively. The non-coding regions used '
herein are derived from a gene of the same virus as the vector virus (i.e. the non-
coding regions are homofogous to the MV virus vector).

Detailed information of the genom[c organszatmn of MV viruses is known in the
ari, including the nucleotide sequences of the various MV virus genes and their
transcription control (GS and GE) sequences and non-coding sequences that flank the
genes. Such information is, for example, available from the database of the National
Center for Biotechnology Informationv (NCBI), e.g. via their web-page on the intemnet;
see Tables 2 and 3). ' '

The non-coding sequences that are preferably used in this invention are detived
from natural MV virus genes, but substitution of one or more nuclectides in a natural
non-coding region is also considered to be within the invention. In particular, nuclectide
substitutions are contemplated that are located immediately up- or downstream of the
start/stop codon of the foreign gene, respectively, and resutt from the introduction of
artificial restriction enzyme cleavage sites that aflow the genetic manipulation of these
regions.

In a preferred recombinant MV virus vector according to the present invention the
non-coding regions are of a gene encoding a MV virus envelope protein, in particular a
M, G, F or HN protein, or a RNP protein, in particular, a N, P or L protein.
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In a particularly preferred recombinant MV virus according to the nvention the
rion—coding regions are of a gene encoding a F or HN protein. '

Specific nucleofide sequences of non-coding regions tobe usedina
recombinant MV virus vector according tb‘the inventions are presented in the Table 3.

Table 2:Genome- ahd vector information on Mononegavirales viruses

MV virus Geriome Recombinant virus vector reference
S information:. . '
NCBI accession
_ no.
RV NC_001542 Mebatsion et al., PNAS 83, 7310-14, 1996
VSV NC 001560 Kretzschmar et al., J. Virol. 71, 5982-89, 1997
IHNV NC_001852 - _ - -
Sev NC 001552 Sakai et al., FEBS Lett. 456, 221-6, 1999
hPIV1 NC_003461 -
HPIV3 NC _001796 Tao et al., J. Virol. 74, 5448-58, 2000
bPIV 3 NC_002161 Tang et al., Vaccine 23, 1657-67, 2005
Measles NC_001408 Singh et al., J. Virol. 73, 4823-28, 1999
virus : ‘
Rinderpest | NC_006296 Walsh et al., J. Gen. Virol. 81, 708-18, 2000 -
virus
chv NC_001921 Piattet et al,, Virus Res. 101, 147-53, 2004
SV 50 NC_006430 He et al., Viralogy 237, 249-50, 1997
NDV NGC_002617 Zhao et al., J. Gen. Virol. 84, 781-88, 2003
Mumps virus | NG_002200 -
hPIV 2 NC_003443 -
hRSV NC_001781 Bukreyev et al., PNAS 96, 2367-72, 1999
bRSV NC_001989 Stope et al., J. Virol., 75, 9367-77, 2001
Ebola virus | NC_008432 - ‘ -
Marburg NC_001608 -
virus :

The GS and GE sequences to be used in this invention as the transcriptional control
sequences are preferably those'derived from the natural genes of the MV viruses. ltis
believed that these sequences modulate the activity of the RNA polymerase during the
transcription process, in particular in the process of franscription initiation and mRNA 5’
end modification and in control of transcription 3' end polyadenylation and termination.
For each MV virus, ihe beginning of each gene is marked by a sequehce of about 10
nucleotides. Whereas in some MV virus species the G5 sequences are the same for
each gene, the GS sequences in the genome of other MV virus species may display
subtie differences. _ ' '

In view of their common function in MRNA 3’ end poly-A tail formation and
transcription termination, the GE sequences in MV viruses share common sequence

8



N 31 aagt aagaaaaa ctt agggtgaatq 93 P 71
aatt aagaaaaa ctt agggtcaaag 22 M 82 aaat aagaaaaa cgt

agggacaaag 265 F 76 aagt aagaaaaa ctt agqqttaaag 46

HN 98 gaat aagaaaaa ctt.

WO 2007/166882 PCT/US2007/064046

features. A typical GE sequence comprises a U-tract of between 4-8 nucleotidesin -
length. Furthermore, thereis a strong conservation of a C-residue directly upstream of
the U-tract and which Is preceded by a siretch of nucleotides that is AfU rich. In various
GE sequences the 4 nucleotides directly upstream of the U-tract is composed of 3-
AUUC-5. | o '

The transcriptional control sequences that define the gene borders or gene
junctions of MV virus genes have been identified for many MV virus genes by
comparing the nucleotide sequenm irt the Qenomic template and the nucleotide
sequences present at the mRNA termini. In addition many studies have identified GS
and GE consensus sequences that are required for efficient gene expression. General
features and specific examples of GS and GE sequences can be derived from the -
rnformatron in the NCBI sequence database {see Table 2 for NCBI accession no.’s)
and are a[sc reviewed by Neumann et al.(J. Virol. 83, 2635-2662, 2002}, and Whelan

et al. (Current Toplcs Microbiot. immunol. 203, §3-119, 2004).

Specrf ically preferred GS and GE sequences to be used in & recombinant MV
wrus vector accordmg to the invention are listed in Table 3, although it is recognized
that a precise border between GS-, NCR- and GE sequences ¢an not always be
determined. This sequence information is disclosed in the NCBI database {see
accession no. in Table 2). For NDV, reference is made to EMBL accession ne. -
Y18898, for RV to GenBank accession no. M31046. '

Table 3: Gene junction sequence information of various MV genes {+ sense)

Virus GS NCR |ORF |INCR |GE . IGR (metween GE and |
(nt) (nt) GS)
between betwaen :
S and - stop
start codon
codon and GE )
|RV aacacceet 3 N 50 tgazaaaaaa ct
aacacccct 20 P 59 igaaaaaaa cagge
aacaccact 6 M 171 tgaaaaaaa ctatt
aacatcect 18 G 459 |agaaaaaaa cattagatcagaag
: aacaactggc
. aacacttct 21 L 52 fgaaaaaaa
IHNV gcacitcagtig 100 NP |70 tagaaaaaaa t
gcactatagtac 25 P 32 agaaaaaaa t
ggcacgcaagtgt |41 M2 |90 agacagaaaaaaa |t
ggcactittgtge 39 G |28 agacagaaaaaaa |c
ggcacatitgige 14 NV. |-6 agalagaasaaaa |t
ggcacttttgtgc 64 L 41 agatacaaaaaaa
Sendai |agggicaaag 54 - |NP |34 taagaagaa cit




agggttaatg 18 L 88 tagtaagaaaaa bPIV3 aggattaaag 45
N 34 taagaaaaa ctt aggattaatg 69 P 116 taaqaaaaa ctt
aggat gaaag 22 M 51 aaacaaaaa ctt aggatcaaag 101 F 26

t acaaaaaa
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- virus '
agggtgaaag 03 P 74 taagaaaaa cit
agggtgaaag 22 M [85 |taagaaaaa ctt
~|agggataaag 43 F 61 |taagaaaaa ctt
aggagtgaaag 46 HN |95 taagaaaaa CCC
agggigaatg 18 L 76 taagaaaaa
hPIV1 agggtaaag 54 N 31 aagtaagazaaa  |cit
agggtgaatg {93 P 71 aattaagaaaaa cit
agggtcaaag 22 ‘M 82 aaataagagaaa  |cgt
agggacaaag 265 F 76 aagtaagaaaaa cit
aggottaaag 46 HN |88 gaataagaaaaa _ |ctt
agggtiaatg 18 L 88 tagtaagaaaaa ‘
bPIV3 aggattaaag 45 N 34 taagaagaa ctt
aggattaatg 69 |P 116 |taagaaaaa fott
aggatgaaag 22 M 51 aaacazasa ctt
aggatcaaag 101 |F 26 tacazaaaa ctt.
aggaacaaag 63 HN |86 taataaaaaa ctt
: aggagaaaag 12 L 62 taagaaaaa
hPIV3 aggattaaag 45 NP |34 taagaaaaa ctt
| aggattaag 69 P 158 taagaaaaa cit
aggattaaag 22 M 51 taatcaaaaa ctt
aggacaaaag 183 |F 28 ttataaaaaa ctt
aggagtaaag 63 - [HN |81 tataaaaaa ctt
aggagcaaag 12 - L 62 taataaaaa
Measles aggattcaaag |42 N 49 ttataaaaaa ctt
virus -

' aggaaccagg 50 P 62  |Htataaaaaa ctt
aggagcaaag - {22 M (417 [taaacaaza ctt
agggecaagg 574 F 128 |taattaaaa cit
agggtgcaag 10 H 74 ttaagaaaaa cgt

, agggtccaag 12 L 59 ttaaagaaaa
Rinder- |aggattcaag 42 N 49 - iitataazaaa ctt
pest virus ' ' :
aggacccagg 49 P 62 {tataazaaa lett
aggagcaaag 22 M 408 |taccaaacaaaa ctt
aggytcaaag 579 F 125 |tatasacaaaaa ctt
aggatgcaag 10 H o8 tataaaaaa cgt
- agggiccaag 12 L 60 taaagaaaa
cbhv agggtcaatg 142 N 49 ttataaaaaa clt
aggacceagy 49 P 62 ttataaaaaa cit
aggacacaag 22 M |394 |taattaatcazaa  |cit
agggtccagg 18 E 122 |ttaaagaaaa ctt
agggctcagg 10 H 100 |[ttataaaaaaa cta
aggatccaag 12 L 53 tacgazaaaaaa
SAYH aggtccggaacct |83 NP |92 titaaagaaasaaa |t
‘aggeccggacggat |47 P b4 ttttagazaaaa cgattaacgataaa
fa
ageccgaacact 20 M 193 Hcaaagaaaa caatcatattaagac

—
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tatccta
|agcacgaacceat |15 F 25 titttaagaaaaaaa | cgat
aggaccgaacct |67  {SH 54 tittaaagaaaaaa {ta
aggeccgaacact |54 HN |99 fittaagaaaaa ccaagagaacaat
. aggccagaafy -3 L 122 Titaagaaaaaa -
|vsv aacagtaatc 13 NP 142 tgaaaaaaa ct
| aacagatatc 0 _INS |3 fggaaaaaa t
aacagatatc 31 |M 98 fgaaazaaa ct
aacagagatc 19 G 98 tgaaaaaaa ct
aacagcaatc 0 L 3 tgaaaaaaa
NDV acgagtagaa 56 NP (200 |ttagaaaaaa gt
acggotagaa 73 p 168 |itaagaaaaaa t
| acgggtagaa 24 M |102 |itagaaaaaa ¢
acgggtagaa 36 F 73 itaagaaaaa ctaccggttgtagat
gaccaaaggacga
tat
acgggtagaa 81 HN |166 |ttaagaaaaaa tgtaagiggcaatg
' agatacaaggcaa
aacagctcatggta
' : , . aataat
acgggtagga 1 L 67 tagaaaaza

In a preferred recombinant MV virus vector of the inverition the GS-, GE sequenpe and
non-coding regions are derived from the same MV virus gene.

~ Methads for the preparation of a recombinant MV virus vector harbering an
addxtlonal transcription unit comprising a foreign gene are well known inthe art. For
exampie Table 2 refers to documents that describe the preparatlon of such
recombinant vector viruses for various MV virus species. In principle, the method used
in the present invention is the same as that in the prior art, except that the foreign gene
to be inserted into the MV virus genome is flanked by the appropriate 3- and &5~ non-

coding regions, as defined above. '

In a general method according to the invention the recombinant MV virus vector
is prepared by inserting an isolated nucleic acid molecule comprising (i) a foreign gene
flanked by the 3'- and 5'- non-coding regions as defined above and (i) the appropriate
transcriptional control sequences, into the genome of the MV vinus, such that in the
resulting MV virus vector the foreign gene is both preceded and foliowed by a MV virus
gene junction, in particular by a genomic nucleotide sequence fragment comprising GE-
IGR-GS elements. The presence of such upstream and downstream elements
guarantee the appropriate transcription not only of the inserted foreign genes, but also

i1
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of the homologous MV virus genes that are located up- and dovwnstream of the inserted
foreign gene. .

More in particular, |n this method the isolated nucleic acid molecule and the
genome of the MV virus are used in their cDNA form {+ senss). This allows easy
manipulation and insertion of the desired nucleic acid molecules into the viral genome.

In general, various parts of the genome could be used for the insertion of the
foreign gene, between two genes, i.'e. in intergenic region's {IGR), 3 or 5' non-coding
regions of a gene aswell as 3’ promoter-proximal (before the N/NP.genes} or &' distal
* end {after the L. genés} of 2 genome. |

The foreign gene could advantageously be inserted befare the N/NP gene,
between NP-P, P-M, M-G/F, G/F-HN, HN-L and after L. gene. |

The simplest way is to use an already existing restriction enzyme {RE) recognition
sequence at one of these sites by cutling with the enzyme and introducing an
appropriate transcription cassette. Since naturally existing restriction enzyme
recognition sequences are not always located at the desired location, RE recognition
sites could be introduced into the genome conventionally by site directed- or PCR
mutagenesis. Examples of suitable IGRs for insertion of the foreign gene can be found
in Table 3.

The compnsmcn of the transcription cassette to be inserted depends on the site of
insertion. For example, in case a transcription cassette is inserted into an IGR the
cassette may comprise the following elements: 3' RE recognition site-GS-non coding
region-ORF (of foreign gene)-non coding reglon—GE-RE recognition site §'.

Altematively, in case a traﬁscription cassette is introduced into a 5’ non-coding
‘regién of a natural MV virus gene the cassette may be composed of: 3' RE recognition
site-GE-IGR-GS-non coding region-ORF (of foreign gene)-non coding region-RE
recognition site 5.

Sirilarly, in case a transcrlptlon cassette is to be mtroduced intoa ¥ non-coding

~ region of a natural MV virus gene the cassette may be composed of: 3 RE recognition
site-non coding region-ORF {of foreign gene)-non coding region-GE-IGR-GS-RE
recogmtlon site 5. o

The preparat:on of such transcnptlon cassettes and the insertion thereof into a
MV virus genome only involve routine molecular biclogic techniques, such as
exemplified in the literature references listed in Table 2 and in the present Examples. In
particutar, techniques such as site-directed- and PCR mutagenesis can be used for
this purpose (Peeters et al., 1998, supra; Current Protocols in Molecular Biology, eds.:
F. M. Ausubel et al., Wiley N.Y., 1995 edition, pages 8.5.1.-8.5.9; Kunkel et al.,
Methods in Enzymology Vol. 154, 376-382, 1987).
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More in particular, a recombinant MV virus vector according to the present
invention can be prepared by means of the well established “reverse genetics” method
that enables the genetic modification of non-segmented, negative sfranded RNA

 viruses of the order MV (reviewed for example by Conzelmann, KK, Current Topics
Microbiol. Immunol. 203, 1-41, 2004; and Walpita et al., FEMS Microbiol. Letters 244,
9-18, 2005).

In this method, an appropriate cell is co-transfected by a vector comprising a
cDNA molecule comprising a nucleotide sequenoe that encades a fulilength genome,
or, preferably, an antigenome (positive sense) of a MV virus, and one or more vectors
comprising the ¢DNA molecules compnsnng nuclectide ‘sequences that encode the
required support proteins, under oondmons sufficient to permit transcription and co-
expression of the MV (anti)genome and support proteins and the production of a
recombinant MV vector. In this method, the said nucleic acid molecule enceding the full
length MV virus {antijgenome comprises an additional transcription unit as defined
above.

With vector is meant a replicon, such as a plasmid, phage or oosmid to which
another DNA segment may be attached so as to bring about the replication of the
attached DNA segment and its transcnp’uon and/or expression in a cell fransfected with
this vector.

" Preferably, the vector for the transcription of the full fength genome is a plasmid
that comprises a cDNA sequence encoding the (antlgenome of the MV virus, flanked
by a T7 polymerase promoter at its 5° end and a (hepatitis delta) ribozyme sequence at -
its 3' end, although a T3 or SP6 RNA po!ymerase promoter ¢an also be used.

For the intra-cellular expression of the appropnate support proteins use is made,
preferably, of plasmids comprising the cDNA sequence encodmg these proteins, under
the control of appropriate expression control sequences, 9. a1/ polymerase '
promoter. '

Ina partlcular!y preferred method for the preparation of a recombinant MV virus
vector according to the present mventlon expression plasmids are used that encode
the N (or NP), P and L proteins of the MV virus.

" The amounts or ratios of transfected support plasmids to be used in this reverse
genetic technology cover a broad range. Ratics for the support plasmids N:P:L may
range from about 20:10:1 to 1:1:2 and efficient fransfection protocols for each virus are
known in the art.

An exact copy of the genomic RNA is madein a transfected cell by the combined
action of the T7 RNA polymerase promoter and the ribozyme sequence, and this RNA
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is subsequently packaged and replicated by the viral support prdteins supplied by the
co-transfected expression plasmids. 7 '

ltis préferred that a T7 polymerase enzyme is provided by a recombinant
vaccinia virus that infects the transfected cell, in particular by the vaccinia virus vTF7-3,
yet also other _recombinant pox vectors, such as fow! pox virus, e.g. fpEFLT7pol, or
other viral vectors may be used for the expression of T7 RNA polymerase.

Separation of the rescued virus from vaccinia virus can easily be accomplished
by sin;l ple physical techniques, such as filtration. For rescue of Sendai virus or NDV,
rescue carn be achieved by inoculation of the supematant of transfected cells in
embryonated eggs. ' ' 7

_ In an even more preferred embodiment cell lines are used for the transfection of
the transcription- and expression vectors that constitutively express the (T7) RNA
pal;fmerase and/or one or more of the required support proteins. '

For example, rescue of Measles virus can be achi_eevec'i'in_a human embryo
kidney cell iine, 293-3-45, that -expresses -both T7 RNA polymerase and Measles virus
support proteins N and P (Radecke et al., EMBO J. 14, 5773-5784, 1995). Another
very useful celt line thai can be used éd\'fantageously in the preé;erit inventibn is based
on BSR cells expressing the T7 RNA polymerae, i.e. cell line BSR-T7/5 (Buchholz et
al,, J. Virol. 73, 251-259, 1999). '

Furthermore, more detailed information conceming the reverse genetics
technology to be used herein for the preparation of a MV virus according to the present
invention is disclosed in the review by Cenzelmann, K.K. (supra) and Example 1.

The ability of recombinant MV virus vectors to stably express foreign genes has
resulted in the development of vectors for both prophylactic and therapeutic |
applications. ,

~ Ina recombinant MV virus vector according to the present invention the foreign
gene can vary depending on the specific MV virus vector species and the application of
the vector virus. |

The foreign gene may encode an antigen of an {other) microbial pathogen (e.g. a
virus, bacterium of parasite), especially the foreign gene encodes an antigenofa -
pathogen that is able to elicit a protective immune response.

For exampie, heterologous gene sequences that can be inserted into the virus
vectors of the invention include, but are not limited to influenza virus glycoprotein
genes, in particutar, H5 and H7 hemagglutinin genes of avian influenza virus, genes
derived from Infectious Bursal Disease Virus (IBDV), specifically VP2 of (IBDV), genes
derived from Infectious Bronchitis Virus (IBV)}, feline leukemia virus, canine distemper
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\?irus, equihe infectious anemia virus, rabies virus, hriichia organism, in particular
Ehrlichia canis, respiratory syncytial viruses, parainfluenza viruses, human
metapneumoviruses and measles virus.
Alternatively, the foreign gene may encode a polypeptide immune-modutator that
is able fo enhance or modulate the immune response 1o the virus infection, for example
by co-expressing a cytokine such as an interieukin (e.g. IL—2, JL-12, [FN-y, TNF-cx or
GM-CSF). | |

The order of MV includes both viruses that are able to replicate in humans and
'a_nirhals, or in both {e.g. rabies virus and Newcastle disease virus). Therefore, the
" foreign gene can be selected from a wide variety of human and veterinary microbial
pathogens. |
Although all MV viruses can be used as a vector virus in the present invention, in -
a preferred embodiment of the invention the recombinant MV virus vector is a virus of
the family Rhabdoviridae, preferably of the genus Lyssavirus or Novirhabdovirus, more
preferably of the species rabies virus ar IHNV, respectively. |
In an also preferred embodiment the recombinant MV virus is a virus of the
family Paramyxoviridae, preferably of the genuses Respovirus, in particular the species
hPIV3 or bPIVB,' Morbillivirus, in particular the species CDV, Pneumovirus, in particular
the species RSV and Avulavirus, in particular the Speciés NDV. '
_ In a particutarly preferred embodiment of the présent invention a recombinant
MV virus vector is provided wﬁerein the virus is Newcastle disease virus (NDV)}. As
NDV ié ableto feplicate in both humans and ahimals, in particular poultry, more in
particular chickens, a recombinant NDV vector according to the invention may
comprise a foreign gene that encodes an antigen of a pathogen, in particutar of a
respiratory pathogen, or an immune-modulator that is capable of eliciting an
appropriate immune response in humans or any of these animals.

Reverse genetics methods for the genetic manipulation of NDV have been
disclosed specifically for NDV by Pesters et al. (J. \_flrology 73, 5001-5009, 1989),
Rémer-Oberddrfer et al. (J. Gen. Virol. 80, 2087-2995, 1889), and in the review by
Conzelmann, K.K. (supra). Furthermore, it is also known that NDV can be used as a
vector for the expression of foreign genes, for example, for the eliciting of an immune
response in animals infected with the NDV vector (Nakaya et al., 2001, supra) and
Swayne et al., Avian Dis. 47, 1047-50, 2003}.

A foreign gene can advantageously be introduced into a NDV genome at various
positions as outlined in general for MV viruses above. In particular, in a recombinant
NDV vector according to the invention, a foreign gene (as part of an appropriate
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transcription unif) can be inserted between the following NDV genes: NP-P, P-M, M-F,
F-HN, HN-L. and at the 3’ proximal- and 5’ distal locus (Zhao et al., 2003, supra;
Nakaya et al., 2001, supra), preferably in the 3’ proximal, P-M, M-F and F-HN regions,
the F-HN region being most preferred. -

Furthermore, in a recombinant NDV vector according to the present invention the
non-coding regions that flank the foreign gene can be derived from all naturally |
occurring NDV genes, in particular from the N, P, M, F or HN genes, the HN gene
being preferred. ' ' - |

- In a particular embodiment of the invention a recombinant NDV vector i is
provided wherein the addltlonal transcrlptlon unit is located between the F-HN genes
and the inserted foreign gene is flanked by the non-coding regions of the NDV HN
gene. ,
" More specifically, a NDV vector is provided wherein the 3 and 5 NCR (and
- optionally the GS and GE sequende) have a nucleotide sequence as shown in SEQ 1D:

No.1and 2or3and 4.

A recombinant NDV vector according to the present can advantageously be used to
induce an immune response in pouliry, in parﬁdular chickens, against other pathogens.
Therefore, the recombinant NDV vector, preferably comprises a foreign gene that
encodes a protective antigen of an avian pathogen, in particular of influenza virus,
marek's disease virus (MDV), infectious laryngotracheitis virus (ILTV), infectious
bronchitis virus (IBV), infectious bursal disease virus (IBDV), chicken anemia virus
(CAV), reo virus, avian retro virus, fowt adeno virus, turkey rhinotrachettis virus (TRTV),
E. coli, Eimeria species, Cryptcspcridia, Mycoplasms, such as M. gallinarum, M.
synoviae and M. meleagridis, Salmonella-, Campylebacter-, Omithobacterium (ORT)
or Pasteurella sp. '

More preferably, the recombinant NDV vecior comprises a foreign gene that
encodes an-antigen of AV, MDV, ILTV, IBV, TRTV, E. coli, ORT or Mycaplasma.

in particular, the recombinant NDV vector mutant comprises a hemagglutinin
(HA) gene of an influenza virus, preferably of an avian influenza virus {AlV), more
preferably of a highly pathogenic HS or H7 AlV.

In principle, the HA gene of all (avian) Influenza strains can be used in this
invention. The nucleotide sequences of many HA gene have been disclosed inthe art
and can be retrieved from nucleic acid sequence databases, such as GenBank or the
EMBL database.

The hémagg!utinin {HA) gene of the recently isolated, highly pathogenic HSN2
subtype AlV Nchickenﬂtalyf&igs can advantageously be used as a foreign gene in the
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~ present invention as outiined above. The gene is reverse transcribed, cloned in the

~ eukaryotic expression vector pcDNA3Z (Inyitrogen}, andu sequenced (Ldschow et al.,
Vacaine, vol. 19, p. 4248-4259, 2001, and GenBank Accession No. AJ305308). From
the obtained expression plasmid pCD-HAS the HA gene can be obtained by
ampilification by using specific primers that generate artificial RE recognition sites that
allow insertion of the HA gene in NDV genomic sequences.

In a further embodiment, the HA gene of the highly pathogenic H7/N1 subtype
AlV Alchicken/italy/445/99 can be used asa fore|gn gene in the present invention as
outlined above. The HA gene is reverse transcribed, and amplified by PCR. The 1711
bp product is cloned in the Smal-digested vector pUC18 (Amersham) and sequenoed _
(Veits et al., J. Gen. Virol. 84, 3343-3352, 2003; and GenBark Accession No.
AJ580353).

‘Ina partzcufariy advantageous recombinant MV virus vector according to the
present invention, the MV vector virus is attenuated, thatis to say: the vector virus is
not pathogenic for the target animal or exhibits a substantial reduction of virulénce
compared to the wild-type virus. Many MV viruses used herein as virus vectors have a

- long safety record as live attenuated vaccihes such as the measles virus and NDV,
whereas other viruses, such as SeV and VSV are considered non-pathogenic to
humans. In addition, conventional techniques exist fo obtain and screen for attenuated
viruses that show a limited replication or infectivity potential. Such techniques include
serial (cold) passaging the virus in a heterologous substrate and chemical
mutagenesis. . :

' A recombinant NDV vector according to the invention can be derived from any
conventional ND vaccine strain. Examples of such suitable NDV strains present in
commercially available ND vaccines are: Clone-30%, La Sota, Hitchner B1, NDW, C2
and AV4, Clone-30" being the preferred strain.

It has also been found by the present inventors that a recombinant MV virus vector -
according to the present invention is able to induce a protective immune response in
animals.

Therefore, in ancther embodiment of this invention a vaccine against a microbial

- pathogen is provided that comprises a recombinant MV virus vector as defined above

in a live or inactivated form, and a pharmaceutically acceptable carrier or diluent.

A vaccine according o the invention can be prepared by conventional methods
such as those commonly used for the commercially available five- and inactivated MV

virus vaccines.
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Briefly, a susceptible substrate is inoculated with the recombinant MV virus
vector and propagated until the virus has replicated to a desired titre after which the
virus containing material is harvested. Subsequently, the harvested matéﬁal is
formulated into a pharmaceutical preparation with immunizing properties.

Every substrate which is ablé to support the replication of the recombinant MV

, virus vector can be used in the present invention. As a substrate host cells can be
used from both prokaryotic- and eukaryotic origin, depending on the MV virus.
Appropriate host cells may be vertebrate, e.g9. primate cells. Suitable examples are; the
human cell lines HEK, WI-38, MRC-5 or H-238, the simian cell line Vero, the rodent
cell fine CHO, BHK, the canine cell line MDCK or avian CEF or CEK celts. 7

' A particularly suitable substrate on which a recombinant NDV vector according to
the present invention can be propagated are SPF ei'i'lbryonated eggs. Embryonated
eggs can be inoculated with, for example 0.2 m! NDV containing allantoic fiuid
comprising at least 10%° EIDs, per egg. Preferabty, 8- to 11-day old embryonated eggs -
are inoculated with about 10°° EID5, and subsequently incubated at 37 °C for 2-4 days,
After 24 déys the ND virus product can be harvested preferably by collecting the

“aflantoic fluid. The fluid can be centrifuged thereafter for 10 min. at 2500 g foliowed by

fittering the supematant through a filter (100 pm). ' ‘

' The vaccine according to the invention comprises the recombinant MV virus

vector together with a pharmaceutically acceptable carier or diluent customaryly used

for such compositions. ' ' o

The vaccine containing the five virus can be prepared and marketed in the form
of 3 suspension or in a lyophilized form. Carriers include stabilizers, preservatives, and
buffers. Diluents include water, aqueous buffer and polyols.

in another aspect of the present invention a vactine is provided comprising the .
recombinant MV virus vector in an inactivated form. The major advantages of an
inactivated vaccine are its safety and the high levels of protective antibodies of long
duration that can be induced. :

The aim of inacﬁvéﬁon of the viruses harvested after the propagation stép isto
eliminate reproduction of the viruses. In general this can be achieved by well known
chémical or physical means.

If desired, the vaccine according to the invention may contain an adjuvant.
Examples of suitable compounds and compositions with adjuvant activity for this
purpose are aluminum hydroxide, -phosphate or -oxide, oil-in-water or water-in-oil
emulsions based on, for example a mineral o, such as Bayol F@ or Marcol 52® or a

vegetable oil such as vitamin E acetate, and saponins. -
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The administration of a vaceine according to the invention may be by any of the well
known effective forms and may depend on the type of MV virus vector. Suitable modes
. of admin‘:straﬁon include, parenteral-, infranasal, oral and spray vaccination,
A NDV vector vaccine according to the invention is preferably administered by
the inexpensive mass application techniques commonly used for NDV vaccination. For
NDV vaccination these techniques include drinking water and spéy vaccination. -

A vaccine according to the invention comprises an effective dosage of the recombinant

MV virus vector as the active component, i.e. an amount of immunizing MV virus
material that will induce immunity in the vaccinated birds against challenge by a
virulent microbial organism. Immunity is defined hereir{ as the induction of a
signiﬁi:ant!y higher level of protection in a population of humans or animals against
mortality and clinical symptoms after vaccination, compared to an unvacsinated group.
In particular, the vaccine according to the invention protects a large proportion _of
vaccinatéd humans or animals against the occunrence of clinical symptoms of the
disease and mortality. ' _

_ Typically, the live vaccine can be administered in a dose of 102%-10°%° tissue
culture/embryo infectious dose (TC/EIDsg), preferably in a dose ranging from 10*%-107°
TC/EIDs. Inactivated vaccines may contain the antigenic equivalent of 10*0-1p%2
TC/EIDs. - |

The invention also includes combination vaccines comprising, in addition to the
recombinant MV virus vector according to the invention, a vaccine strain capable of
inducing pmtec;tion against a further pathogen. '
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EXAMPLES

Example 1: Generation of a recombinant MV vi.rus vector expressing an avian
influenza virus HA gene (NDV/AIVHS)

‘= Viruses and cells , ,
Rescued recombinant NDV and the influenza virus isolate A/chicken/italy/8/98 were
propagated in specific pathogen free (SPF) 10-day-old embryonated chicken eggs.
The velogenic NDV strain Herts 33/56 and the NDV Clone 30 vaccine {Nobilis®) were
used. o | ‘
BSR-T?IS cells stably expressing phage T7 RNA polymerase were used to .
recover infectious NDV from cDNA.

. Construction of cDNA encoding NDV antigenomic RNA containing the AlV H5 gene
The numbering in brackets as used herein to identify nuclectide positions on the NDV
genome and amine acid residues in the NDV proteins is as described‘ by Rémer-
Oberdarfer et al.(J. Gen. Virol. 80, 2887-2995, 1999, EMBL accession no. Y18898).
The plasmid pfINDV, expressing the full—iength antigenomic RNA of Clone 30 (Rimer-
Oberdérfer et al., supra) was used to introduce the AIV H5 gene which had been
amplified from plasmid pCD-HAS (Luschow et al., supré) by specific primers with
artificial Miul restriction sites (PH5F1: 5'- cta aac geg taa aat gga gaa aat agt gc -3’
(SEQ ID NO: 5) and PH5R1: 5 tcg gac geq tit aaa tge aaa tte tge act g -3 (SEQ ID

| NG: 6), Miul sites are undér!ined) for INDVW/AIVHS-A and with Nool or Aflli sites

(PHS5F2: 5'-cct tee atg gag aaa ata gtg ctt ¢-3' (SEQ 1D NO: 7) and PH5R2: 5'- cct cct

taa gta taa ftg act caa tta aat gca aat tct goa ctg caa tga toc -3 (SEQ ID NO: 8), |

restriction sites are underlined) for INDV/AIVHS-B. The introduction of H5 into the

Clone 30 antigenome {Fig. 1 A) was done using the Miul sites as previously described

for the GFP insertion (Engel-Herbert et al., J. Virol. Methods 108, 19-28, 2003). Brieﬂy,

for construction of the full-length plasmid pfINDV/AIVH5-A the H5 ORF was amplified
with primers containing artificial Miul sites (see above) which were used to insert the

H5 ORF into the minimal gene cassette between the F and HN gene of NDV (Fig. 1 A).

Construction of the full-length plasmid containing the AV H5 gene for generation of

rNDV/AIVHS5-B is given in Figure 1 B. Mutagenesis reactions were done using the Quik

Change® Il XL site directed mutagenesis kit (Stratagene). To this end, a pUC 18

plasmid (pUCNDV1) contairiing the Notl/Bsiwi-fragment (nt 4853 - 8852) of Clone 30

genome and following primers were used: MP1 {5- gac aac agt cct caa cca tgg acc
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EXAMPLES Exanple 1: Ceneration of a reconbi nant W
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Mit agenesi s reactions were done using the Quik
Change(r) Il XL site directed nutagenesis kit
(Stratagene). To this end, a pUC 18 plasm d (pUCNDV1)
contai ning the Notl/Bsi W-fragnent (nt 4953- 8852) of
Cl one 30 genone and follow ng primers were used: M1
(5" - gac aac agt cot caa eta tgg acc gcg cog -3")
(SEQ ID NO 9) and MP2 (5'- ctg get agt tga gtc aat
tct tea gga gtt gga aag atg go -3') (SEQ 1D NO 10)
for nutagenesis A (Fig. 1 B) resulting in the plasmd
PpUCNDVI a with newly created Whol and Aflll sites
(restriction sites in priners are underlined). After
di gestion with Ncol and Af111 the HN ORF of C one 30
was substituted by the anplified AlV H5 ORF. For
nmut agenesis B to create Sgfl- and SnaBl-sites in the
intergenic region in front of the L gene of pUCNDVHS5
resulting in pUCNDV/ AlVH5-1b (Fig. 1 B) prinmers MP3
(5'- caa aac ago tca tgg tac gta ata cgg gta gga cat
gg -3'") (SEQ 1D NO 11) and MP4 (5 - gta agt ggc aat
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12) were used. Mitagenesi sC was done with MP3 and MP5
(5'- gaa aaa ad ace ggc gat 0 tga cca aag gac gat
ate cgg g -3') (SEQID NO 13) resulting in plasmd
pUCNDV1c to obtain Sgfl- and SnaBl -sites which were



m croscopy. H5 expression was exam ned by

indirect |F test of infected CEF cells. After

i ncubation with a NOV-specific antiserum pronounced .
nce was detectable in cells infect '

WEREERE"S0, " NDvi A VEaC A and ©NOVI Al VHe. B, M Ausosiase

in cells |nfected with AV Alchicken/Ital y/8/'98

(H5N2) or in non infected cells (Fig. 5; right

panel) I ncubation with an Al'V subtype H5-

6\'%?3 W@ﬂaﬁm@ék@ﬁé%ﬂﬂ@\i@db’%ﬁﬁﬂ? xNDWﬁVHS B

in

ect ed cells. Conparing the two reconbi nants,
r NDV/ Al VH5- B showed a nore intense H5 enor\nfl c'

Clone 30
T nhisEameehcamaan] r NDV/ Al Meisng 30diceatehd o HSghe
. expressiop beakel pNAWAME proteiln (Fig. SSCFS?t INDV/AIY oculon.
panel ). mrunoel ectron nm c®8€¥opy The \iral H5B |
particl esfwere adsor#fed tp fornvar coated copper
grids for]7 min. Theouprids were washed fdur tine Oﬁtggﬂ“- ——
TEHo § Tl ng owp*he jser tm aljpuni n_and _
Mi'ﬂ .'ELhéqucil iaTbatgdaw [ h @380V speci f ikt-dP. pidl v U5 0/5
ore it ype ' T i Ser ugysg or| 45 i n.| 1f10ed pi 0/5 0/5
Mo'_"%'é;?gr;alz, Vi tdlo4$B, | gro.ehs were i ncupated for O 0
clipical SEalP rproteln a4/@ol § (10 nn§ DAGpil0, 5/5 515
NDVesRRaIfiE | i onadd2or {rabbtt hAnti-chifken gold 2*° | 2"
Ab (10 rim Bi @&l | {International).] After f{nal :
EoHitergs i t h PR _flhe virus parti-et-es—weref gy St et ' 55
HA-upeédifipids §ho7wistl i c22#4 d (JlﬁgM H 7. 2) alvd eng negs(‘;')5 1 o
ﬂﬁhﬂt@!ﬂ ellectron i cr8scope. ¥ Wien vilkians ofl NOZ _
crone 30 or r NDV/ Al VH5- A wer e exam ned, s}aining-was— Sios3
AT Q138 it | (NOVIABq Sibhe3tnt beralnt PRdP ) | 008
contrast, Jfor rND\/ AHEH6- B stai ni g was opserved {” oculon
‘using antipsera agdi retlohND\ asfddal so by usfng anti sera '
agai nst AV, denoristrating that viifrions o R5>-B
r NDV/ Al VHE B cont ai n hemadgl utini ) H5. Gold par ti ¢|asglon. A
: ' ' Yo ongeA ng surface of | 107 b 10
_ il B d;i ,%&2IU| Catd,-;_ng ffhat -the}1-10.d pb 0i5 0I5
Momtalif HA) regsy e TTg341e [ViTal Abagen | 0I5 0/5
Mombiditp| e ,3: -y ‘3’0 chghactler pgayi gn of thq NDVAI Vi 0 0
clipicat sgore” Bzf\l vat-onR-ef—pT ot eChigy DY T&50N)i A2apb 5/5 5i5
NDVgpecifio/Hs A28k T NDYA A VHS- E:zs.s g-dayy ol ¢ t hi ckens 28° 278
Abwere randoi y assi gneg’® o tvvo gro ps and Jjacci natad _
agwigasal Jy with 106_El D5 _r NOVLALVESIA or—ai-tik
RATSFEEMICRB! | N3 (5 ohe e va,cuzﬂ(@*‘( Nobi ﬁ{fs( ) 12dp SIS Y
(ﬂ‘jﬁ-&’e?t L) via prad/. A 280day of* agdq a_second

HZatt+on-was admniSirated the sane_way. On day

el tYEFEEENY T MUTNBAHedAs 3b560d waq col | ect ed
gsskng presgnce of NOvigifd Al VHS arkibodies hy
% FEEe aTbﬁb THhe smoond vamsci Hation t he

tpS YT e, AV (etsaed pnesmar t] of each

bigh hat0. erpged | onasal hi t 2.4 os} El D50 of
m%"%pq“;%ﬁ, ha10.ergad eyl onaseloby 7

patrnoget C—Ar VI Sqm@

NDN-epeifiEr ¢ I 2eldylc8/| 981Q/10 15N2)a82 Thé r ebai n ng

Abchi ckens wfre used |to ZVal yate the protect]ve
efdfictiiely ofl the vadci-nes—against—vetogemnmt NOV.

Ther ef are the birds angd—pgd afy apbs AlVAfch!ltalyiB!
6

"rrfébailevlﬁe 1d5 1% dtndor RSAE M q'gfbwﬁe?““g (H5N2) 1077 .

ARV, oot T Ol a _4 d oc o5 415
Martalityenge i nd-<& 6iPsn %1% ¢ lys %@6“ ebservef dy 'dﬁ?v o) gy 5/E
Morbpdity od_of| 1:8004R%; f 4P18 i ni silgns and|ciassifiled g 22
disichleszbtef} (1084, Sp 1
23&15#6 5/5
AlV deﬂﬁfé§S| on, Al arlr hea, cyanosi's, 8. ik
06% eiier NET i gns®®® selver®ly illl (2 re—than :

one of the follow ng signs: resplratory si gns,
depressi on, diarrhea, cyanos%i, oedena, nervous
signs), or dead (3). A clinital score was cal cul ated
whi ch represents the nmean value of all chickens per
group for this period. Finally, three weeks after



145-B ocul on. d one 30 colon. 106.0 ElI D50/ ani mal

10" 10" - 10" WMortality 1.-10. d pi
. y 1. : pi 0124 0134
1.-10. d pi 015 015 Morbidity score clinica

| V%?%OJO%I&SE 6/ 24 0.034 5/ 3_4 0.016 - 1.-10. d P&Tf@gzﬁaﬁomws

Example 4: Construction of an NDVJAIV-H5 vector with flanking ner from the
NDV F-gene. ' |
Using essentially the same methods and materials as described above (Engel-Herbert
et al., supra}, an NDV vector construct was made carrying the H5 AlV gene in between
the F and HN genes of the prevnously described plasmid piNDV {Rémer-Oberdérfer et
al., supra), but now the H5 insert was flanked with non-coding regions from the NDV F-

gene.

Briefly the various steps and materials used were:

A pUC piasmid with the 1,6 kb Notl—Pstl fragrnent of NDVH5 (pUC!RA) was mutated to

create an Miul restriction enzyme site, usmg mutagenesis primers: pMIPMLU!GRFHNF '

(5'- ggt tgt aga tga cca aag gac ac geq ita cgg ¢gta gaa cgg taa gag agg -3; SEQ ID NO:

14) and pMPMLUIGRFHNR (5'- ect cte tta cog tte tac ccg taa oge gte cittgg toa fctaca
. acc -3 SEQ ID NO: 15) (Miul site underlined, with GS sequence in bold), resulting in
" plasmid pUCIRAMLU.

Two oligo’s were annealed. OFVOF: 5'- agg _cg_gg_tac gag tag aag att ctg gat
coe ggt tag cge cct cca ggt gea gea cea tgg ag -3' (SEQ iD NO: 18, Miui site
underined) and OFVOR: 5- ctc cat gat gct gea cot gga ggg cge caa <cg gga teo aga
atc ttc tac cog taa cge gt ct -3' (SEQ D NO: 17, Miu | site underlined). Next these
were digested with Miul and Ncol.

Digestion of the plasmid pUCIRAMLU mth Miul and Ncol.

Ligation-of the approximately 43 kb Mlui - Ncol fragment of pUCIRAMLU with
the Miul-Ncot digested OFVOF/OFVOR oligohybrid. The resultmg plasmid was named
pUClRAZ

A pUC plasmid (PUCAROK) with the Notl-BsiVl fragment of NDV with the H5 orf
instead of the HN off and pUCIRA2 were digested with Ncot and Sgfl and the Noti-
Ncol fragment of pUCAROK was substituted by that of pUCIRAZ, resulting in the
plasmid pUCAROK2.

HF-PCR {Roche) was done to amplify the ncr of the NDV F gene behind the
inserted F gene, using primers: PNCRF HIF: 5~ ata cit aag tc cct aat agt aat tig tgt ¥
(SEQ ID NO: 18, Aflll site underlined), and PNCRFHIR: 5- cac geg atc gea ttg cca cig
tac att i tct taa cic tet gaa cig aca gac tac ¢ -3’ (SEQ 1D NO: 19, Sgfl site underiined),
and plasmid pUCAROA {pUC with Notl-Spel fragment of NDV). The resuiting ~ 100 bp
fragment was ligated into pGEMTeasy vector o give pGEMFncrhl plasmid.
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pUCARGKZ and pGEMFncrhi plasmids were digested with Aflil and Sgfl to
substitute the HN ner behind H5 of plasmid pUCAROK2 by that of F from pGEMFnerhi.
The resulting p[asmld was named pUCAROK4 ‘

. In the last step the Notl-Sgﬂ fragment of the NDVH5 plasmld was substituted by
that of pUCAROK4 resulting in the new full-length plasmid E18C, comprising the AN
H5 gene inserted in the NDV vector between F and HN, and flanked by F-gene ncr's.

With the new constructs transfection experiments, rec vitus propagation and
confirmation of the recovery of infectious virus were carried out as described above.
Next the virus was charactetized biochemically and biologicailly.

_ Exarngle 5: Generation of other NDV vector constructs and rec viruses:
Using similar techlques several other inserts were made in the NDV vector using
different inserted genes, and different insertion sites.

With the details already provided herein these are al within easy reach of the
skilled persons' capabilities, therefore it suffices to present these in table form:

Table 5: Other NDV vector constructs according to the invention:

inserted gene- NDV insertion region NDV flank:ng ner region
AlV H5 P-M AN
TAVHS M-F © |HN
AV HT [F-BN AN
AN N F- AN AN
Al HS Before NP HN
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Example 6: Generation of a recombinant Rabies virus vector expressing an EIAV

envelope gene 7

To demonstrate that the advantageous effects of the invention ({the use of MV gene

n'onncoding regions to increase the expression and/or presentation of foreign proteins
~'in rec MV virions) expands beyond the family Paramyxoviridae, rabies virus -a -

member of the family Rhabdoviridae- was used as a vector to express an envelope

protein derived from an unrelated virus, equine infectious anemia virus {(EIAV).

~ Inthis example the construction is described- of a reC rabies vector virus
comprising the EIAV envelope protein, inserted between the rabies genes GandL,
whereby the env gene is flanked by the ncr’s from the rabies G-protein gene.

Subclones of rabies viruses were prepared in pBluescript® SK+ phagemid using the
SAD-D29 full-length clone (Mebatsion, 2001, J. Virol., Qol. 75, p. 11488-11502),
which is referred here as ORA-D. To prepare a cloning vector, a pSK vector was first
digested with Sacl, blunted with Klenow enzyme, followed by digestio-h with HindlIl
and gel purification of the ~3Kb fragment. The insert was prepared by digesting
ORA-D with Stul and Hindlll, purifying the resultant 1.3 kb fragment, and ligating into
the prepared pSK vector o generate plasmid pNCR-b.

The pNCR-b plésmid was digested with BstX! and Hindlll and the ~4.0 kb fragment
was purified and used for ligation with the oligo’s BSSNH+ and BSSNH- (see Table |
6) to create plasmid pSSNsc containing & minimum transcription cassette and
ligation with cligos RABGNCR1-4 (Table 6) to generate the canstruct GNCR-b,
containing non-coding é'egions in addition to the minimum transcriptian' unit (Figure
7).

The EIAV strain Wyoming env gene was obtained by ampilification from a 2052 nt
synthetic gene which had been codon-optimized, RNA splice sites removed {Cook, et
al. 2005, Vet. Micro., vol. 108, p. 23-37), and truncated by 134 amino acids at the 3’
coding region of the original gene. '
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Table 6: Oligo sequences used during the construction of rec rabies viruses

‘ SEQ
~ Qligo-name iD ' Olige sequence {5'-> 3')
' NO:
BSSNH+ 20 CTGGTGAAAAAAACTAACACCCCTGCTAGCA

— » CGTTGACCACT‘]‘TTTTTGATTGTGGGGACGA~
' TCGTTCGA
— CTGGTGAAAAAAACTATTAACATCCCTCAARA:
RABGNCRoligo1 (') | 22 | GACTCAAGGATACGTACT
GTATGCTTGAGTCTTFI‘GAGGGATGTTAATAG—

RABGNCRofigo2 23 | ITTTTTTCACCAGTTGC
CEERER e
ECRIENL
ElAsynCDF o6 | ATGGTGTCCATCGCCTTCTA
‘ElAsynCDstopR | o7 | TCAGTGTATGTTGTGTTGGGE

(") 3 ntchanged from ORA-D original : GGAAAG GGACTGG,
' to; GGATAC GTACTGG

The amplified env gene was kinased and inserted into subclones as follows: a~2.0
Kb amplicon, engineered to represent the entire truncated EIAV enveiope protein,
was generated using the primer set EIAsynCDF + ElAsynCDstopR (see Table 6),
The amplicon was inserted into subclone GNCR-b which had been predigested with
SnaBl and dephosphoryiated to generate the recombinant plasmid pGNCR-b:envG.
The ~2.0 Kb-fragment was also inserted into the SSNsc subclone which had been
predigested with Nhel, blunt-ended and dephosphorylated to generate the

recombinant ptasmid pSShscienv.

Each recombinant construct was digested with Sph! and Hindlll and ligated into the
SSNsc subcione, which was Sphi/Hindlll predigested and dephosphorylated with
CIAP. After returning to the 8SNsc subclone, the modified inserts were returned to
the ORA-D backbone by digestion with Sphl and Mlul to generate the recombinant
rabies viruses RV-env and RV-envG (Figure 8). The &' and 3’ ends of the construcis
were verified by sequence analysis using Big-Dye® Terminator Cycle Sequencing
chemistry {Applied Biosystems) and analyzed using an Applied Biasystems 3100-
Awant Capillary Electrophoresis Sequencer. '
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TR AR ot SR ofor gl AS Moy netfteBich\ e e Snanpec

nfsepldGCAROKS uasnatart ks t:olteetéd lapd clagfieddfy qebiBfu@Atn (10,000 x g)

Sy fcbly Wosk iy, A SR puiffed B SubBRE die o
amﬁmdﬁqﬁ\qme using primers: PNCRFHI F: 5 - ata ctt
aaq ttc cct sat agt aat fig tgt -3' (SEQ I D NO 18,
Aflll site under]lined), and PNCRFHI R 5'- cac q_eo at.c
Gerified visiopg andtietp! t“fﬁ?"eét‘:el“t"i" Preteiniwese %‘t“&b”f%'tw' et Lapgmii-
Rdaci rhﬁlé béffer And FISEéa ih Boiiled waBr fobgMb nihites. Samples were

rse et S bt ieR oel By ek s gy PASRI s

Blilfgiﬂ.t SﬂSrRA@E PEEMEEalY at ZLmnauntichgilyeel rqnBERF-neagoh At the

tﬁéﬁ%ﬁrae gel, Thes %p%ggg?@ﬂgwe gft fl“etrrga g&b%ﬁ%ﬁlﬁn"?ﬁ(ﬁrnﬂ
membme EIPYHIP1GA), aamptalommm #22P mf fop 5 minuiegnilots were
e e
weadtrmperriie aphben figed s b Wst wep gy Rabigs
elpréfRpniely detdcted| L{smgtrﬁb uﬁltaaﬂmhbﬁotyﬁﬁnalcgammesﬂeu gghihst
| Ns.er n
ﬁﬁlesggr&g?r‘o m(aé"gl rwcl%gpra% J] Iﬁte?lq\éﬂ\’)@g %lﬂtf zgﬁd’\'?e\%pe&wgy in

lockdng ludfes t r ansf ecti on experinments, rec virus

. {ion exper | o
P o007 R0 SRRy oe BRI

pelycionahkores serg dited ©RBE indiasking duffas; Hlatewerednqupateghter one
%&'a?@oﬁﬁbh%eraﬁﬁéﬂm Ber HndeRHAS fos @fnu&%h?PBWeenZO
S

vector constructs and rec. viruses

Flelstiaie oPoS Il 1960 i Forivadin §50t AeEOHAGS (Hibk RELNeSs
vector, using different inserted genes, and different
insertion sites. 31




Wth the details already provided herein these are al

W thin easy reach of the skilled persons’

capabilities, therefore it suffices to present these
Wi 2009de8sol Orm Table 6: Orher NOV vector conséfpebhérocioas
according to the invention: Inserted gene NOV

insertion region NDV flanking.nor region AIV H5.P - M
HN AIVHS M- F FINAIV H'F - HNRN ALV NL F - HN HN
APl H5 Before NP HN Exanple 6: Generation of
HBPdatisiadoonjugatpigoat &ﬂtl'rht;@e\&féi“@ru Bathvb sahshgagh d'lE'F%ﬂ 12000

rb}{:?ékﬂg% %ﬁd TRUBSEP RS brhdur Bl RbmitEBpastuRN EAGS WY then
e I nvention the use of
e Goch P g BHS TS UG word incubR ot S TV memhing,
Bér@ﬁ@%ge%%bﬁ&t%’ﬁ(tﬁw el esudnfpmeﬁt Was domplete, awlroynn'rbat&b,nﬂ;-ﬁ
anas on iri r apl es .
err‘)"ﬁ?as' in ﬁ@"?‘lﬁ?ﬁ%g’%%{‘g‘ a?‘ag'{ae was used

as a vector. to express an envel ope protein derived
rom n e i
el %g?;fsu%; S etkdrl Bioy Uit .g@%{g QRERE
danohss'aies H@brothlra:msmmfwovwaﬁﬁabﬁ vigisge ByRresHingd-1AV
IOE[B% VtgRvel ope protein, inserted between the _
enes G and L, vvhereby t he env gene is flanked
by thleaﬂ%"r Bepapranga MW laddsy @io- a8 ot ei n gene. Subdones

of rabifR- wm%cmﬁ@wﬁfsepar ed in pBluescripte SK+
- phagem d u5| ng the S

-1 engt h
( I\/Eba't-@ec% ,1con3pnsw Oréa EIA \?5' v ge lnssﬁed)be%veen the rabies
11496- 115023 and\hlgelhlasl, wittiont Bamking nbks ¢ as ORA-D.  To

o o0 e RS M e AR SRS b rgions

fol | oned b)ofmegabmurusx@-pt@t&m-ndl li and gel

purification of the -3Kb fragment The insert vvas

prepared by digesting th Stul and Hi ndl |

ﬁgth resanthinant eabrassfuuﬁeameldrsd §°R"BaﬂaP'§gﬁ'T%WP”3 Yrreng Sé%tﬂ‘-'i ng
essfela %@Em&ﬁgﬁaﬁsy&sﬁ@ ﬁnmﬂmm@n@ vibbasmi d

NG L RUPer AP miblegting Go e TR ASTHUA el iiats o1t esigm

BRE GedoRibiddnORYiean, ashithuctdddn thiicgsiomaBIBM Ehus wih®EBiHing

T | j
R tten s Yoot WER Gord BREPniuriife AV Bivllin?
elhigas tHRABGGRIan vifER-emE3, that hpd it Gipeotein aor-6eming waons
ﬁ'ﬁr%rﬁt{he &%Qltt(?dr aAWgenQ%Po't&ﬁ qké%%xbn%%&f‘act a 'ﬁ"i“ﬂ%&* %IEbAsiéure

nscription unit ure
&t campargherkiand fas e epwpeotoladn ’éﬁﬁ-”a?r d by anplification
frrom ag ﬁ%nﬁuc‘é’m%ﬂﬁ ofRERNVE hed Rirashv b&ﬁcﬁthemrlse identical,
codon-optim zed, RNA splice S|tes re éegﬁ rrr?tt
i 5 100 ProBt hRiter Bo-CAplg Teaigs aye SpISiR effegt ] proviting
thighn&t edoreignbadein prodciivniate imtutdipreSentatiodi ng r egi on
of the original gene. Table 6: Oigo sequences used

during the construction of -rec rabies viruses
A igo-nane SEO I D NGO
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Adigo sequence (5 -> 3") BSSNH 20 .
CTGGTGAAAAAAACTAACACCCCTGCTAGCA BSSNH 21
CaTTGACCACTTI TTI TGATTGTGGGGACGATCGTTCGA RABGNCRof i gol
@@%AAUATTAACATCCUCAAMGAUCAA@GATE%‘E&%’ st
RABGNCRol i go2 23
GTATCClI TGAGICTI TTGAGCGATGT TAATAGT TUTTTCACCAGTTGC
RABGNCRol i go3 24 . '
@B CCTTI CAACGATCCAAGT CCTGAAGATCACCTCCCCI TGGGGGA
RABGNCRol i go4 25 ' :
- AGCTTCCCCCAAGGEGEGAGGT GATCT TCAGGACT TGGATCGT J’C{AAA'(%GA
GAGY ACoEbingytMTDoneg visaiexius cedardarieiggpadditional transcripton
El . id-GEAEGpArREENGincdd ealn upstr8amt
chﬁuﬁ%‘%ﬁ?%%i?ﬁ?' or | calgsf L .. GGAMG, GCACTGE 1 o:
M@(@nm‘“ﬂ‘?eg%ﬁﬁ%”f ggh*@r"ﬁm&@ﬂg “Was kinased and
| NSREkREgaviraRs Fiirdeprend (GE) setilianas, charagtedzedtin that between
anpl i caon, engi neere o.re - i
{1 e SSuipoi iy S oarey T BV el e st s,
t heegaibh BEthe SéigithésyanGiie GEBRMEyNEESY BYFCqigdegign)agd a 8
6). The ampli.co ' ' Bs 18 located,
b e Ao (hetiie RS BhaRRIC s K
deptespgtieaiy| at ed to generate the reconbi nant plasnid
PGNCR- b: envG. The -2.0 Kb fragnment was al so inserted
into the SSNsc subcl one whi ch had been fgrle.di ?eﬁgr%gterized
Vil t-A redoaibinant Menaregeurales MEsYERRbLSASIIIAERT 1§
ge nﬁg@é« ¢hd 3 8nd ECIRicEMY regitis AraofaSBhis enading aE@oieiope

reconbi nant construct was di gested I
Hi necteingid MongReaayiteies ¥risnit Ly %f\ugbdé'lr% n%g‘;} Hv'ﬁ’%ﬁ "was
Sphl /Hi ndl Il predigested and dephosphoryl ated w th

ClAP. After turnin _ : eB&h 1.1 dREracterized
, rﬁadﬁf?@ﬂ‘ﬁ'méﬁ?@%? eraFregtV E&nggﬂ-\%&to ﬁe&&k D bac krk?one| _
by Ritgsand Brndbt onSiding aegiorsla otanege sasosing & RF protein of
reconpi nant I abj viruses RV-env and RV-envG (Figure
8). a%go@egagiﬁag%ﬁﬁghds of the constructs were .
verified by sequence anal ysis using Big-Dye(r) .
Ter Wi 0&nHinaaY MbRondagviaRa ivitgs whirasdording taplaim &3 characterized

Bi'osystens) and anal yzed using a | i ed Bi osystens
3100 thaithg "W?Weﬁ%‘“qﬁs@@@' n'ool?aﬁgt@o@zt(mencer. The

constructi-on of a fultl length cDNA cl one based on the

nodi fi ed SAD r.abies strai ; [ of a
r@c&fﬁ?%’i‘anfgﬁp‘é%e a‘l"Fa:iJeg J&%‘% eeﬁ@%g%'gb??%@ e?ghnell
et  aharacté®Rd in fHi¥B6Ge Joreign péne r@odes animmunemadulator.
Mebat si on, 2001, supra). Each reconbi nant rabies
virus was transfected into E3SR cells as previously
dés drrebuwrabitaht Meapnegagraleg virus yegtor ,30%%?%6% °f?£1‘r1950 M rus
Tr anRarhdiehzblin HAE H8 MENsRegaOipdiés s bendriioayirusel e famity
supernat ant. were harvested and passed. Subsequent
pas$igbdowlEa® by supernatant only, using an estimated
noi of 0.5. Each reconbi nant virus was passaged a

m ni mum of. fi tines. t ' kel d i K hdt&rized
" gl MPSBTEY if WES ooy SRy I E gter
postin thaf e Mononegivisales viris ¥ecterds ¢ 7SV r ect

i mmunof | uorescence using FITC Anti - Rabi es Monocl onal

G obulin (FD D agnostics Inc.) or usin nti-ELAV, . -
P8l ycieopmbinarsManonegayiraiesvirug -VP%SPQ??% fing o ‘_‘g‘i"ﬁ“& E%?Y%‘f‘enz?d
the ﬂ‘\%’r BeVonbRbAirSiek ARk EctBIe dhirfetgousdizmatppaietitisecrosis
were al'so conpared to infected cells expressing El AV

env Mrgs-nonitor virus stability and reconbi nant
anti gen expression.

)
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Reconbi nant rabies viruses from pass five were

i noculated into T-75 flasks wth fresh BSR cells at
an noi of 0.01. 24-hours post infection, nedia was
Wo28Rdsdk® serumfree. Supernatant was col | egtgosBimbesoss
clarified by centrifugation (10,000 x g) at 72 hours
post-infection. Viral supernatants were purified by
sucrose gradients to analyze purified virions.
Purified virions and total infected cellular_ protein
\ier & recombinaaidMenankaaicales W VECtPRAGRARY %‘g%ﬁ% buf f er
andegpl %Qe&i A thsRithd 18 3RS nérPtodingkegithsiint efa NS b bed
vvere oaded onto a 10% Tris-HCL acryl am de gel
(Bi®MRad) in | x SDS-PAGE Runni ng Buffer. SDS-PAGE
gels were run at 20 mA until the dye-front was near

t the, bott f th tej
1300 & recompicpB VP Ba BRIt ot PRl B 8.0
(| PdtQi4H2ed inrthatithe arjtiobsy tnahslrrpt!crrglrdtls locatechat & profimal

t t bl ocki ng buf f
(ot ar s T MG S e 1) “For “one hour at

roomtenperature and then rinsed 3 tines for 5

Ny ?&gldhaﬁﬁﬁo%’r\@gébt irdfds viRRIeB®r ScrdRRb ela:m/vas

det ec usi ng rab anti-rabies cl onal

i 1 Giyederiigd et tra PR egrEBs BRIk A s of RE Py
nuChgRARyRRHdAedi | uted 1:20000 and 1:2000,

respectively, in blocking buffer. o

Si mul t-aneousl y, .E1AV env expression was detected

Ui, AGectiitinaht h@ib(nmba\ttdam arushecke asperdingdp blaire il thaderized

in bl buf f I Ccdifitel
. Pbhihe aniiepiacs i yeter & 4 faualicticsss yRRo

M ndisempenvikBSr hovieeraiglusnza Wigke pl aced in HRP

| abel ed conjugate goat anti - rabbit |gG (H+L) (KPL)
and HRP | abel ed conj ugate.goat anti -horse I
(‘BeAlrgdombitan) Morenegayiralesisgs ¥ect 8erording e Gl 351 uf f er
and cﬁé}ﬁag%e% el th@ﬂ\% AN 5 Monlcoding tegiﬂmemtoﬂa &P, Bl [dt B or
were then rinsed X 5 mnutes in PBS-Tween20. Blots
wer ENgf8bat ed in TI\/B menbrane peroxi dase substrate
(KPL) until devel opnent was conpl et e, appr oxi mately
1-3 m nute ots r to
| s?‘bﬁ”?‘f’f@“tf"éaé%ﬁroaﬁ“egﬂ {a?esl ca %rz:gdsr%@rﬁé gc \gw\gst ern
bl otharagterietimihat the sﬂdltmal trerseipiipR Ut is !ﬁqated at a 3' proximal
denpnstr | BLHROSTRAR of reconbi nant
rabipgitlo\??’?g%tgégg;gﬁ e%gglﬁg El AV leg%/ﬁ%ope protein. Lane
1: Broad-range MW adder (Bio-Rad); Lane 2: ORA-D

bﬁ@%%ﬂ‘lh&dﬂ %né@b@vz?&l&%@%ﬁor%@éﬁw ihgiorttairh He-14,

env gene, inse bet ween .t he rabij
gene‘-bafaﬁﬁﬂm& thef @ﬁM%@“ vg &3 W3 Vﬁr‘mrlﬁﬁéw‘i%é?e bsdase
COMYrdssi Ng the ElI AV-env gene, flanked by the ncr

regions of the rabies virus Gprotein. Both
reconbi nant rabies viruses yiel ded conparabl e
i ng. ec;ecmanantmnomgavmlwnys esgieraseading InciamAQ. @racterized
gene h FLHN genes.
P R BBl A B SnPRTSARA Holhokh LA genes,
VI rions to the Western blot, reconbinant RV-env,
Cop %{(Feu&hﬁiﬁaﬁt @AJnBﬁeg%UﬁéiWU¥ vetyr dcbdrding vd did’lmLﬂE-16
n

fl hi b
co?ﬁé@f@éﬁggﬁgzr@%ﬁl@d : e%" Oﬂ?g%/ee 3 ﬁf@vﬁéﬁ ereas t he

reconbi nant virus RV-envG that had the G protein

non- codi n S fla \4—5eﬁ-v
pr‘l%tﬁefeﬁomaﬁ@%&?ﬁ%%%a&&a %% H%s%g(éetﬂﬂ #&Eﬁ@q’r% @ gur e

9, epEREletzddin thtie foreignighee emnpdes @1 vartien of anaaﬁeg Pathogen.
4. As the constructs and inserts of RV-envG

and RV-env are otherwise identical, this is strong
proof that the non-coding regons have a positive
effect in pronoting high | evel of foreign protein
production and i mmune-presentation. CLAIMS 1. A
reconbi nant Mononegaviral es virus vector harboring an



13. A reconbi nant Mnonegaviral es virus vector
according to claim11-12, characterized in that the ,
.the 3' and 5' non-coding regions are of a N°, P, M F
oo thbgesse. 14. A reconbi nant Mononegavi r al eeCyYiuktiB7/064046
. vector according to claim11-13, characterized in

that the additional transcription unit is |ocated at

a 3' proximl postion or between P-M MF, F-HN or

HN-L genes. 15. A reconbi nant nonegav,iral e LIus

v & Ao VAEONeg S LTI M YeEHT SERERLP SRS 43T

t hatchirbgefdaanegetie fatigs generansodes et remaggiutiiwd-# of an

di irus. 16, A b Nor iral |
I e G o L A A S

that the additional transcription unit is |ocated

- ol EeDorrikdN: ASR Ia%iéaies’%ir[nf@é}fg?ia%%nd\@'&%ﬂ@ﬂ\(é,r al es

vIirus vector accor to claim 15-16, characterjzed

i n tcharactetized irpthattbe Megorasgyicaias vifpevestor i anNgtigayaied yiays.
A reconbi nant Mononegaviral es virus vector according
to claim15-17, characterized jn that 't f.orei an
Ehe \aedoRiadaineha aHa PR PO LR A g For PRS2

T eC ogRimbaaht WHRBEaa iek Sinesrevior asonigtte claiascla?din rdive or

clai.m 15-18 characterized.in that - or ej ene
enc JHEE/ALAaM GG 8PPATF %ﬁfﬁyo@ﬁal%‘%%rﬁegﬁ Egﬂ'\%lnér; us,
preferably a H5 or H7 hemaggl utinin. 20-A reconbi nant
negavi r al AN C cordi . ' :
1A X adelindiin 2 B cREER R Rl Akl Brprizes an
vectadjuvand. an attenuated virus. 21. A vaccine agai nst
a mcrobial pathogen, characterized in that it
conpri ses a reconbi nant Mnonegaviral es vjrus vector
a@% drceine perording tawlaime@i-2%, chapplgizeg in aLGoMPIRRR AN
f or RygiRsHhl dedeiRasimacuti cal ly acceptable carrier or
di luent. 22. A vaccine according to claim 21,
characterized in that it additionally conprises an
adj uvant. 23. A vaccine according to clainms 21-22,
characterized in that it conprises an additiona
vacci ne strain.
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