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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to the field of vaccine preparations. The present invention specifically
relates to multivalent recombinant herpes viruses in which at least two foreign genes have been inserted, and their uses
for inducing simultaneously a protective immunity against a plurality of avian diseases.

BACKGROUND OF THE INVENTION

[0002] Poultry meatand eggs are important food sources, whose consumption increases continually due to the growth
of the human population and their great quality-price ratio. The recent epidemic of avian influenza focused the public
opinion on poultry health as well as food safety and security. Poultry vaccine technology became a worldwide concern.
[0003] Viralvectors expressing pathogen proteins are commonly used as poultry vaccines against targeted pathogens.
Vaccines including such viral vectors induce expression of foreign pathogen proteins within infected cells, and thereby
induce corresponding T cell immunity.

[0004] Itis well known that all herpes viruses, including herpes virus of turkey (HVT) and Marek’s disease virus (MDV),
can permanently survive in the body of an infected animal in the state of latent or persistent infection. Consequently,
recombinant herpes viruses, in which a foreign gene derived from a pathogen has been integrated, have been developed
to be used as viral-vectored vaccines increasing the duration of immunity to an immunized animal.

[0005] The genomic structure of HVT, its wide-spread usage as a vaccine against MDV and its ability to remain
persistent in chickens, make this virus an attractive vector for producing recombinant poultry vaccines.

[0006] Vaccine preparations have been developed to achieve effective avian vaccinations, using recombinant herpes
viruses which incorporate a gene encoding a foreign antigen. Such vaccine preparations allow to vaccinate against both
MDYV (the vector) and another avian disease, through the inserted foreign DNA sequence.

[0007] Although such vaccine preparations provide efficient results to vaccinate avian species against many fatal
diseases, competition and immunosuppression between pathogens can occurr when birds are injected with two or more
recombinant herpes viruses, each harboring a different foreign antigen gene.

Therefore, multivalent recombinant herpes viruses (i.e. harboring at least two different antigen genes) for immunizing
simultaneously against different diseases, would be particularly studied. However, up to now, recombinant HVTs (rHVTs)
expressing multiple foreign genes turned out to be unstable, and all or part of the foreign genes is deleted during repeating
passaging in culture cells. Accordingly, such unstable multivalent virus vectors cannot be used as efficient vaccines.
[0008] Accordingly, there is a need for stable multivalent recombinant viral-vectors, allowing the co-expression of the
foreign genes in infected cells.

SUMMARY OF THE INVENTION

[0009] Work conducted by the applicant has led to the surprising finding that a set of particular insertion sites in a
herpes virus genome can be used for stably inserting and expressing two or more antigen genes, thereby providing
efficient multivalent viral vectors for avian vaccination. More particularly, applicant has found that a few number of
insertion sites can be used simultaneously for incorporating distinct antigen genes, providing stable multivalent recom-
binant viral-vectors.

[0010] Therefore, the present invention relates to a recombinant avian herpes virus, which comprises at least two
recombinant nucleotide sequences, each recombinant nucleotide sequence encoding and expressing in cells of avian
species an antigenic peptide, wherein said at least two recombinant nucleotide sequences are inserted into distinct non-
coding regions of the viral genome chosen among the region located between UL44 and UL45, the region located
between UL45and UL46,theregion located between US10and SORF3, and theregion located between SORF3and US2.
[0011] In a preferred embodiment, one recombinant nucleotide sequence is inserted in the region located between
UL45 and UL46, and one recombinant nucleotide sequence is inserted in the region located between UL44 and UL45,
between US10 and SORF3, or between SORF3 and US2. As illustrated in the application, such recombinant avian
herpes virus constructs provide particularly stable and efficient expression of the two corresponding antigenic peptides
in infected avian cells.

[0012] In particular, advantageously, the two, or more, recombinant nucleotide sequences are co-expressed in Chicken
Embryo Fibroblast (CEF) cells, even after 10 or more passages, and preferentially even after 15 passages.

[0013] According to the invention, the recombinant nuclectide sequences are advantageously under the control of
particular promoters. The promoters are preferentially chosen among the chicken beta-actin (Bac) promoter, the Pec
promoter, the Murine Cytomegalovirus (Mcmv) immediate-early (ie)1 promoter, Human Cytomegalovirus (Hcmv) pro-
moter, the Simian virus (SV)40 promoter, and the Raus Sarcoma virus (RSV) promoter, or any fragments thereof which
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retain a promoter activity. Preferentially, each recombinant nucleotide sequence is under the control of adistinct promoter.
[0014] According to the invention, the foreign genes are advantageously chosen among an antigenic peptide of avian
paramyxovirus type 1, and preferentially the F protein of Newcastle disease virus (NDV), an antigenic peptide of Gumboro
disease virus, preferentially the VP2 protein of the Infectious bursal disease virus (IBDV), an antigenic peptide of the
infectious laryngotracheitis virus (ILTV), preferentially the gB protein, an antigenic peptide of Mycoplasma galisepticum,
preferentially the 40K protein, and an antigenic peptide of the avian influenza virus, preferentially a surface protein
hemagglutinin (HA).

[0015] In a preferred embodiment, the recombinant avian herpes virus comprises a first recombinant nucleotide se-
guence encoding a first antigenic peptide inserted into the non-coding region located between UL44 and UL45, and a
second recombinant nucleotide sequence encoding a second antigenic peptide inserted into the non-coding region
located between UL45 and UL46, between US10 and SORF3, or between SORF3 and US2.

[0016] In another preferred embodiment, the recombinant avian herpes virus comprises a first recombinant nucleotide
sequence encoding a first antigenic peptide inserted into the non-coding region located between UL45 and UL46, and
a second recombinant nucleotide sequence encoding a second antigenic peptide inserted into the non-coding region
located between US10 and SORF3, or between SORF3 and US2.

[0017] Infurther preferred embodiment, the recombinant avian herpes virus comprises a first recombinant nucleotide
sequence encoding a first antigenic peptide inserted into the non-coding region located between US10 and SORF3,
and a second recombinant nucleotide sequence encoding a second antigenic peptide inserted into the non-coding region
located between SORF3 and US2.

[0018] A further object of the invention relates to a multivalent vaccine for immunizing avian species, such as poultry,
which comprises an effective immunizing amount of recombinant avian herpes virus of the invention. This vaccine can
be used for immunizing avian species, such as poultry. Further disclosed herein is an antiserum directed against avian
herpes virus obtained by immunizing avian species with an effective amount of recombinant avian herpes virus of the
invention and recovering the antiserum after bleeding the bird.

The invention further relates to method of immunizing an avian comprising administering to said avian an effective
immunizing amount of the vaccine according to the invention. The invention further provides a vaccination kit for immu-
nizing avian species which comprises an effective amount of the vaccine of the invention, and a means for administering
said components to said species.

[0019] The invention may be used in any avian, for vaccination against any avian pathogen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 illustrates the schematic diagram of the HVT genome. The location of the Unique Long (UL) 44, UL45 and
UL46 and the location of the Unique Short (US)10, SORF3 and US2 are marked. The recombinant nucleotide
sequences can be inserted at PCR generated Sfil sites between UL44 and UL45, and/or between UL45 and UL46,
and/or between US10 and SORF3, and/or between SORF3 and US2.

Figure 2A and 2B illustrates schematic diagrams of the HVT genome integrating different clusters of nucleotide
sequences and promoters, according to particular embodiments of the invention.

Figure 3 shows immunofluorescence staining of CEFs infected with double recombinant HVTs according to em-
bodiments of the invention (FW129 and FW141) co-expressing NDV-F and IBDV-VP2 (rHVT/ND/IBD infected cells).
Protein VP2 expression was detected by anti-VP2 Mab (R63) and Alexa Flour 546. Protein F expression was detected
by anti-F #35 rabbit serum and Alexa Flour 488. The results show that both cells infected with FW129 or FW141
express both the inserted NDV-F protein and the inserted IBDV-VP2 protein.

Figures 4A and 4B are western blotting analysis showing the expression of VP2 protein and/or F protein in CEF
cells infected with rHVTs of the invention. As shown in Figure 4A, a protein band of 60 kilodaltons (kDa) was observed

only in the lane with rHVT/ND/IBD infected cells, which was the expected size of the F protein (‘) There was no
band in the lane of rHVT/44-45BacVP2 (FW123). As shown in Figure 4B, VP2 protein was observed at 38-kilodaltons

(kd) in the lanes of each rHVT/ND/IBD (E> ). On the contrary, there was no band in the lane of rHVT/45-46 PecF
(FW029). The 38-kd is the mature VP2 protein (A. A. Azad et al., 1987, Virol. 161:145-152, K. J., Fahey et al., 1985
J. Gen. Virol. 66:1479-1488). Double rHVTs of the invention expressed both NDV-F and IBDV-VP2.

Figures 5A to 5D shows results of a southern blotting analysis for genome structure check of purified FW129
(rHVT/45-46 pecF/44-45 Rsv VP2), indicating that double recombinant HVT/ND/IBD of the invention had the expected
genomic structure. More precisely, the results of southern blotting showed that
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- a 2077-bp fragment was hybridized to VP2 probe in the DNA from each double recombinant HVT FW129
(columns 1, 2 and 3 Figure 5A). In contrast, no band was detected in p45/46Pec F (Figure 5A).

- a2744-bpfragment was hybridized to F probe in the DNA from each double recombinant HVT FW129 (columns
1, 2 and 3 Figure 5C). No band was detected in the p45/46 Sfil.

- 2077-bp and 1228-bp fragments were hybridized to 1S44/45 probe in the DNA from each double recombinant
HVT FW129 (columns 1, 2 and 3 Figure 5B). No band was detected for the molecular marker ramda Hindlll
digest (column M Figure 5B).

- 2744-bp and 770-bp fragments were hybridized to 1S45/46 probe in the DNA from each double recombinant
HVT FW129 (columns 1, 2 and 3 Figure 5D).

Figures 6A and 6B show results of a western blotting analysis for stability check of recombinant HVT FW129 in
successive passages, indicating that after 15 passages F protein and VP2 protein were expressed stably in CEF
infected with the rHVT FW129 of the invention.

Figures 7A to 7D show results of a southern blotting analysis for stability check of recombinant HVTs after 15
passages. (Figure 7A) The results of southern blotting show that a 2077-bp fragment was hybridized to VP2 probe
in the DNA from FW129. 2334-bp fragment was hybridized to VP2 probe in the DNA from FW130. In contrast, no
band was detected in p45/46Pec F. (Figure 7C) The results of southern blotting show that a 2744-bp fragment was
hybridized to F probe in the DNA from each double recombinant HVT FW129 and FW130. No band was detected
in the p45/46 Sfil. (Figure 7B) The results of southern blotting show that 2077-bp and 1228-bp fragments were
hybridized to 1S44/45 probe in the DNA from FW129, and that 2334-bp and 1022-bp fragments were hybridized to
1S44/45 probe in the DNA from FW130. A 1350-bp fragment was hybridized to 1S44/45 probe in p45/46 PecF, which
contained no gene at the 1S44/45 site. (Figure 7D) The results of southern blotting show that 2744-bp and 770-bp
fragments were hybridized to 1S45/46 probe in the DNA from each double recombinant HVT FW129 and FW130.
Southern blot with 44/45 probe and 45/46 probe showed VP2 gene or F gene stably maintained at the insertion site
44/45 or 45/46 respectively in FW129 and FW130. These results indicate that after 15 passages F protein and VP2
protein were expressed stably in CEF infected with the rHVT FW129 of the invention

Figures 8A and 8B show comparative results of anti-NDV titers (Figure 8A) and anti-IBDV titers (Figure 8B) obtained
from chicken inoculated with double recombinant HVTs (FW122, FW137, FW129, FW130, FW135), compared to
titers obtained from chicken inoculated with single recombinant HVTs (FW029 and FW023 respectively).

DETAILED DESCRIPTION OF THE INVENTION

[0021] The presentinvention generally relates to multivalent recombinant herpes viruses and their use for immunizing
avian species against at least two diseases in the same time. According to the invention, foreign DNA sequences are
inserted in particular insertion sites within the rHV genome, providing stable and efficient constructs suitable for use in
vaccine compositions or methods.

[0022] The present disclosure will be best understood by reference to the following definitions:

Definitions

[0023] In the context of the invention, the term "reconstructed" or "recombinant" in relation to a sequence, designates
a sequence, nucleic acid or unit which does not exist naturally and/or which has been engineered using recombinant
DNA technology (also called gene cloning or molecular cloning).

[0024] The term "recombinant" in relation to a herpes virus refers to aherpes virus whose genome has been modified
by insertion of at least one heterclogous nucleic acid, i.e., a nucleic acid (e.g., DNA) which is not found naturally in the
genome of the herpes virus, or which is found naturally in said genome but in a different form or at a different position.
It will be understood that the recombinant herpes virus can be manufactured by a variety of methods, and once made,
can be reproduced without use of further recombinant DNA technology. The structure of the "recombinant herpes virus"
is therefore described in terms of DNA insertion.

[0025] In the present description, the terms "nucleic acid" "nucleic sequence,” and "nucleotide sequence" are used
interchangeably and refer to a nucleic acid molecule having a determined sequence, which may be deoxyribonucleotides
and/or ribonucleotides. The nucleotide sequence may be first prepared by e.g., recombinant, enzymatic and/or chemical
techniques, and subsequently replicated in a host cell or an in vitro system. A nucleotide sequence preferentially com-
prises an open reading frame encoding a peptide. The nucleotide sequence may contain additional sequences such as
a transcription terminator, a signal peptide, an IRES, an intron, etc. Preferably, an open reading frame in a recombinant
nucleic acid does not contain an intron.

[0026] The term "untransiated region" as used herein refers to a region of nucleotides that has no ORF and do not
define an amino acid sequence of protein to be expressed by translation, or a region of nucleotides in which the ORF
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is not involved in any of transcription, translation, or protein expression.

[0027] The term "avian species" is intended to encompass all kinds of avians such as birds of the class of Aves, i.e.,
vertebrate animals which are feathered, winged, bipedal, endothermic and egg-laying. In the context of the invention,
avians or avian species refer more particularly to birds with economical and/or agronomical interests, such as poultry,
(such as chickens and turkeys), waterfow! poultry (such as ducks and geese) and ornamental birds (such as swans and
psittacines).

[0028] The term "vaccine" as used herein desighates an agent which may be used to cause, stimulate or amplify an
immune response in an organism.

Viruses

[0029] Viruses for use in the present invention are those that belong generally to the genus of avian herpes viruses..
[0030] Forexample, avian herpes viruses for use in the present invention include, but are not limited to, a herpes virus
of turkeys (HVT), a serotype 2 Marek’s disease virus, preferably the SB1 strain of the serotype 2 Marek’s disease virus,
or a serotype 1 Marek’s disease virus, preferably the CVI988/Rispens strain of the serotype 1 Marek’s disease virus.
Preferred herpes viruses of the invention are derived from serotypes or strains that are non-pathogenic to targeted avian
species.

Multivalent recombinant avian herpes viruses

[0031] An object of the invention relates to recombinant avian herpes viruses suitable for immunizing avian species
against at least two diseases, with improved stability through passages. Particular insertion sites have been identified
by the inventors which, in combinations, provide improved stability for foreign antigen genes.

[0032] An object of the invention therefore relates to a recombinant avian herpes virus, which comprises at least two
recombinant nucleotide sequences, each recombinant nucleotide sequence encoding adistinct antigenic peptide, where-
in said at least two recombinant nucleotide sequences are inserted into distinct non-coding regions of the viral genome
chosen among the region located between UL44 and UL45, the region located between UL45 and UL46, the region
located between US10 and SORF3, and the region located between SORF3 and US2.

[0033] The location of the quoted non coding regions is known in the art and can be found, e.g., in Kingham et al.
("The genome of herpesvirus of turkeys: comparative analysis with Marek’s disease viruses" - Journal of General Virology
(2001) 82, 1123-1135).

For example, by reference to a FC126 complete genome (GenBank: AF291866.1), the region located between UL44
and UL45 corresponds to nucleotides 94243-94683 of the HVT genome, the region located between UL45 and UL46
corresponds to nucleotides 95323-95443 of the HVT genome, the region located between US10 and SORF3 corresponds
to nucleotides 138688-138825 of the HVT genome, and the region located between SORF3 and US2 corresponds to
nuclectides 139867-140064 of the HVT genome.

[0034] The nucleic acid of interest for insertion into the genome of the herpes virus may be homologous or heterologous
with respect to the herpes virus. The nucleic acid typically encodes an antigen from a pathogen and may be derived or
obtained from any pathogenic organism capable of causing an infection in avian species. Typically, the cloned nucleic
acids are derived from pathogens which cause diseases that have an economic impact on the poultry industry. Examples
of pathogens that cause infection in avian include viruses, bacteria, fungi, protozoa, etc.

[0035] The homologous or heterologous nucleotide sequence for insertion into the viral genome may thus be any
sequence coding for an antigenic peptide of a bird pathogenic agent. The nucleic acid sequence according to the present
invention can be derived from any source, e.g., viral, prokaryotic, eukaryotic or synthetic. Typically, the nucleotide
sequences encode an immunogenic peptide of a pathogen, and preferably represent surface proteins, secreted proteins
or structural proteins of said pathogen, or fragments thereof.

[0036] The nucleotide sequence may encode for example an antigenic peptide derived from avian influenza virus,
avian paramyxovirus type 1, also called Newcastle disease virus (NDV), avian metapneumovirus, Marek’s disease virus,
Gumboro disease virus, also called infectious bursal disease virus (IBDV), Infectious laryngotracheitis virus (ILVT),
Infectious bronchitis virus (IBV), Escherichia coli, Salmonella species, Pasteurella multocida, Riemerella anatipestifer,
Ornithobacterium rhinotracheale, Mycoplasma gallisepticum, Mycoplasma synoviae, Mycoplasmas microorganisms in-
fecting avian species or coccidian.

[0037] Preferentially, the nucleotide sequences inserted into the viral genome are chosen among the F protein of NDV,
the VP2 protein of IBDV, the gB protein of ILTV, the 40K protein of Mycoplasma galisepticum, and the surface protein
hemagglutinin (HA) of the avian influenza virus.

[0038] Various combinations of antigenic peptides may present great interest, depending on several factors, such as
avian species, rearing-country, rearing-conditions etc.

For example, in an embodiment, the multivalent recombinant avian herpes virus of the invention incorporates into its
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genome the nucleotide sequence coding for the F protein of NDV and the nucleotide sequence coding for the VP2 protein
of IBDV.

[0039] According to a particular embodiment, three or more nucleotide sequences may be inserted into the viral
genome.

The recombinant herpes virus of the invention can express two or more antigens from a same pathogen.

[0040] The homologous or heterologous nucleotide sequences coding for the antigens of interest may be operably
linked to a promoter and further inserted into the viral genome. The promoter used may be either a synthetic or natural,
endogenous or heterologous promoter.

[0041] The promoter is not limited as long as it can effectively function in cells of birds infected with rHVT. Hence the
choice of a promoter extends to any eukaryotic, prokaryotic or viral promoter capable of directing gene transcription in
avian cells infected by the rHVT.

[0042] Preferentially, the promoters are chosen among the chicken beta-actin (Bac) promoter, the Pec promoter, the
Murine Cytomegalovirus (Mcmv) ie1 promoter, the Human Cytomegalovirus (Hcmv) promoter, the Simian virus (SV)40
promoter, and the Raus Sarcoma virus (RSV) promoter, or any fragments thereof which retain a promoter activity.
[0043] The nucleic acid sequence of a chicken Bac promoter is shown in SEQ ID NO: 1, the sequence of a Pec
promoter is shown in SEQ ID NO: 2, the sequence of a Mcmv ie1 promoter is shown in SEQ ID NO: 3, the sequence of
a Hemv promoter is shown in SEQ ID NO: 4, the sequence of a SV40 promoter is shown in SEQ ID NO: 5, and the
sequence of a RSV promoter is shown in SEQ ID NO: 6.

[0044] It should be noted that variants of such sequences encoding functional promoters are known and/or can be
designed/tested by the skilled artisan, for use in the instant invention.

[0045] In a preferred recombinant herpes virus of the invention, at least one of the nucleic acids comprises a Pec or
Bac promoter to drive expression of the antigenic peptide.

Multivalent construction

[0046] Gene cloning and plasmid construction are well known to one person of ordinary skill in the art and may be
essentially performed by standard molecular biology techniques (Molecular Cloning: A Laboratory Manual. 3rd Edition,
Cold Spring Harbor Laboratory Press, Woodbury, N.Y. 2001).

In orderto constructa multivalentrecombinantherpes virus of the presentinvention, initially, the herpes virus is propagated
in a suitable host cell and then the genomic DNA is obtained. The host and the conditions for propagating the virus are
selected as appropriate. As host cells, cells derived from chicken are preferred, and CEF (chick embryo fibroblast),
chicken kidney cells, and the like, can be used. They may be cultured in a culture medium such as Eagle’s MEM,
Leibowitz-L-15/McCoy 5A (1:1 mixture) culture medium at about 37°C for 3 to 4 days.

DNA is extracted from the virus-infected cells cultured as above according to a conventional method. After protein is
denatured in the lysis buffer and removed, DNA is extracted with phenol and ethanol.

[0047] Typically, the recombinant viruses may be prepared by homologous recombination between the viral genome
and a construct (e.g., a plasmid) comprising the nucleic acid to be inserted, flanked by nucleotides from the insertion
site to allow recombination.

Plasmid with insertion site sequence

[0048] One possibility to insert a foreign gene in one of the untranslated regions of the viral genome according to the
invention may be to first clone a sequence containing the targeted untranslated region into a plasmid, or other suitable
vector. According to the invention, such sequence is chosen among the sequence of the region located between UL44
and UL45, the sequence of the region located between UL45 and UL46, the sequence of the region located between
US10 and SORF3, and the sequence of the region located between SORF3 and US2.

Examples of plasmids comprise pBR322, pBR325, pBR327,pBR328,pUC18, pUC19, pUC7, pUC8, and pUC9, examples
of phages comprise lambda phage and M13 phage, and example of cosmids comprises pHC79.

[0049] The untranslated region sequence is integrated into the plasmid according to a conventional cloning method.
Theinsertion region sequences are preferably of sufficient length so that, upon insertion of the nucleic acid, the sequences
which flank the nucleic acid are of appropriate length so as to allow in vivo homologous recombination with the viral
genome. Preferably, the flanking sequences shall have at least approximately 50 nucleotides in length.

[0050] In order to insert one or more foreign sequence(s) into the untranslated region, mutation may be carried out at
a specific site of the untranslated region to make a new cleavage site for restriction enzymes. A method of carrying out
mutation may be a conventional method, and a method commonly used by a person skilled in the art such as in vitro
mutagenesis and PCR can be used. Thus, in the PCR method, a mutation such as the deletion, replacement, or addition
of 1 to 2 nucleotides in the PCR primer is carried out, and the primer is then used to create a mutation.
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Plasmid further containing targeted foreign nucleotide sequence(s)

[0051] The nucleotide and promoter sequences, for insertion into the virus, are further inserted into the insertion region
of the viral genome in the plasmid.

More precisely, the nucleotide and promoter sequences are introduced into a fragment of genomic herpes virus DNA
containing insertion region sequences, subcloned in the plasmid.

If desired, a plasmid can be prepared, which contains two or more foreign nucleic acid sequences, e.g., derived from
the same or different pathogens, said sequences being flanked by insertion region sequences as described herein.

Viral genome comprising a foreign nucleotide sequence in an insertion site

[0052] Plasmids in which at least one nucleotide sequence has been inserted into the untranslated region obtained
as above may be introduced into an HVT-infected cell or HVT genome-transfected cells using electroporation, calcium
phosphate, a lipofectin-based method or the like. When the amount of the plasmid to be introduced is in the range of
0.1 to 1000 g, the efficiency of generation of recombinant viruses by recombination between the homologous regions
of HVT-DNA and the plasmid becomes high in cells.

Production of the multivalent recombinante herpes virus

[0053] The multivalentofthe invention may be obtained by co-transfecting in the same cell culture a plasmid containing,
as described above, an insertion site sequence in which is integrated a foreign nucleotide sequence, and a recombinant
herpes virus containing, as described above, the same insertion site free of foreign nucleotide sequence and a second
insertion site inwhich is integrated a distinct foreign nucleotide sequence. This co-transfection results in the recombination
of the plasmid DNA into the viral genome. Otherwise, the multivalent of the invention may be obtained by co-transfecting
in the same cell culture two plasmids each containing a distinct insertion site sequence in which is integrated a distinct
foreign nucleotide sequence, and an herpes virus containing, as described above, the same insertion sites free of foreign
nuclectide sequence. The co-transfection results in the recombination of the both plasmid DNAs into the viral genome.
[0054] The resulting multivalent recombinant virus may be selected genotypically or phenotypically using known tech-
niques of selection, e.g., by hybridization, detecting enzyme activity encoded by a gene co-integrated along with the
recombinant nucleic acid sequences or detecting the antigenic peptide expressed by the recombinant herpes virus
immunologically. The selected recombinant herpes virus can be cultured on a large scale in cell culture after which,
recombinant herpes virus containing peptides can be collected.

Preferred multivalent constructions

[0055] It is an object of the invention to propose multivalent recombinant herpes viruses which present at least two
foreign nucleotide sequences each being inserted in a particular insertion site, in suitable manner for encoding and
expressing the corresponding antigenic peptides in avian cells.

[0056] Among the plurality of possible embodiments based on the combinations of the targeted insertion sites and the
preferred recombinant nucleotide sequences, and optionally the preferred promoters, the Applicant has surprisingly
found that particular combinations present a high level of stability, allowing their use for preparing improved multivalent
vaccines.

[0057] Based on this noticing, it is a purpose of the invention to propose specific multivalent recombinant avian herpes
viruses with a high level of stability.

[0058] Preferred multivalent recombinant avian herpes viruses of the invention comprise two recombinant nucleotide
sequences, each recombinant nucleotide sequence encoding a distinct antigenic peptide and being inserted into a
distinct non-coding region of the viral genome chosen among the region located between UL44 and UL45, the region
located between UL45 and UL46, the region located between US10 and SORF3, and the region located between SORF3
and US2.

[0059] Preferred antigenic peptides of the invention are chosen among the F protein of NDV, the VP2 protein of IBDV,
the gB protein of ILTV, the 40K protein of Mycoplasma galisepticum, and the surface protein HA of the avian influenzavirus.
[0060] Advantageously, the promoters used with nucleotide sequences inserted in the insertion site between UL44
and UL45 are chosen among the Pec promoter, the Mcmv ie1 promoter, the Hcmv promoter, the SV40 promoter, and
the RSV promoter, or any fragments thereof which retain a promoter activity. Indeed, applicant has surprisingly found
that the Bac promoter inserted between UL44 and UL45 does not allow stable expression of a foreign gene. However,
the Bac promoter, inserted in the region between UL45 and UL46 does allow stable expression.

[0061] According to a first embodiment, the recombinant avian herpes virus comprises, inserted between UL45 and
UL46 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially under the
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control of the Pec promoter, and, inserted between UL44 and UL45 a recombinant nucleotide sequence encoding the
VP2 protein of IBDV or a fragment thereof, preferentially under the control of SV40 promoter (FW130).

[0062] Accordingtoasecond embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45 and UL46 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially
under the control of the Pec promoter, and in the insertion site between UL44 and UL45 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the RSV promoter
(FW129).

[0063] According to a third embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45 and UL46 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially
under the control of the Pec promoter, and in the insertion site between UL44 and UL45 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Mcmv ie1
promoter (FW141).

[0064] According to afourth embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45 and UL46 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially
under the control of the Pec promoter, and in the insertion site between SORF3 and US2 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Mcmv ie1
promoter (FW144).

[0065] According to a fifth embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45 and UL46 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially
under the control of the Pec promoter, and in the insertion site between SORF3 and US2 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Bac promoter
(Fw146).

[0066] According to a sixth embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL44 and UL45 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially
under the control of the Pec promoter, and in the insertion site between UL45 and UL46 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Mcmv ie1
promoter (FW143).

[0067] Accordingto aseventh embodiment, the recombinantavian herpes virus comprises in the insertion site between
UL44 and UL45 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially
under the control of the Mcmv ie1 promoter, and in the insertion site between UL45 and UL46 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Bac promoter
(FwW142).

[0068] Accordingto an eighth embodiment, the recombinant avian herpes virus comprises in the insertion site between
SORF3 and US2 arecombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially
under the control of the Pec promoter, and in the insertion site between UL45 and UL46 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Bac promoter
(Fw147).

[0069] According to a ninth embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45 and UL46 a recombinant nucleotide sequence encoding the VP2 protein of IBDV, or a fragment thereof, prefer-
entially under the control of the Bac promoter, and in the insertion site between SORF 3 and US2 arecombinant nucleotide
sequence encoding the F protein of NDV or a fragment thereof, preferentially under the control of the Mcmv ie1 promoter
(FW145).

[0070] According to a tenth embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45 and UL46 a recombinant nucleotide sequence encoding the VP2 protein of IBDV, or a fragment thereof, prefer-
entially under the control of the Bac promoter, and in the insertion site between SORF 3 and US2 arecombinant nucleotide
sequence encoding the F protein of NDV or a fragment thereof, preferentially under the control of the SV40 promoter
(FW149).

[0071] According to an eleventh embodiment, the recombinant avian herpes virus comprises in the insertion site
between UL45 and UL46 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof,
preferentially under the control of the SV40 promoter, and in the insertion site between SORF3 and US2 a recombinant
nucleotide sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Bac
promoter (FW148).

[0072] According to a twelfth embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45 and UL46 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially
under the control of the Pec promoter, and in the insertion site between US10 and SORF3 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Mcmv ie1
promoter (FW153).

[0073] According to a thirteenth embodiment, the recombinant avian herpes virus comprises in the insertion site
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between UL45 and UL46 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof,
preferentially under the control of the Pec promoter, and in the insertion site between US10 and SORF3 a recombinant
nucleotide sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Bac
promoter (FW154).

[0074] According to a fourteenth embodiment, the recombinant avian herpes virus comprises in the insertion site
between UL45 and UL46 a recombinant nucleotide sequence encoding the VP2 protein of IBDV or a fragment thereof,
preferentially under the control of the Bac promoter, and in the insertion site between US10 and SORF3 a recombinant
nucleotide sequence encoding the F protein of NDV, or a fragment thereof, preferentially under the control of the Mcmv
ie1 promoter (FW155).

[0075] According to afifteenth embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45and UL46 arecombinant nucleotide sequence encoding the VP2 protein of IBDV or afragment thereof, preferentially
under the control of the Bac promoter, and in the insertion site between US10 and SORF3 a recombinant nucleotide
sequence encoding the F protein of NDV, or a fragment thereof, preferentially under the control of the Pec promoter
(FW156).

[0076] Accordingtoasixteenth embodiment,the recombinantavian herpesvirus comprisesin the insertion site between
US10 and SORF3 arecombinant nucleotide sequence encoding the F protein of NDV, or afragment thereof, preferentially
under the control of the Pec promoter, and in the insertion site between SORF3 and US2 a recombinant nucleotide
sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Mcmv ie1
promoter (FW157).

[0077] According to a seventeenth embodiment, the recombinant avian herpes virus comprises in the insertion site
between US10 and SORF3 a recombinant nucleotide sequence encoding the F protein of NDV, or a fragment thereof,
preferentially under the control of the Mcmv ie1 promoter, and in the insertion site between SORF3 and US2 arecombinant
nucleotide sequence encoding the VP2 protein of IBDV or a fragment thereof, preferentially under the control of the Bac
promoter (FW158).

[0078] According to an eighteenth embodiment, the recombinant avian herpes virus comprises in the insertion site
between US10 and SORF3 arecombinant nucleotide sequence encoding the VP2 protein of IBDV, or a fragment thereof,
preferentially under the control of the Bac promoter, and in the insertion site between SORF3 and US2 a recombinant
nucleotide sequence encoding the F protein of NDV or a fragment thereof, preferentially under the control of the Mcmv
ie1 promoter (FW159).

[0079] According to a nineteenth embodiment, the recombinant avian herpes virus comprises in the insertion site
between US10 and SORF3 arecombinant nucleotide sequence encoding the VP2 protein of IBDV, or a fragment thereof,
preferentially under the control of the Mcmv ie1 promoter, and in the insertion site between SORF3 and US2 arecombinant
nucleotide sequence encoding the F protein of NDV or a fragment thereof, preferentially under the control of the Pec
promoter (FW160).

[0080] According to a tenth embodiment, the recombinant avian herpes virus comprises in the insertion site between
UL45and UL46 arecombinant nucleotide sequence encoding the VP2 protein of IBDV or afragment thereof, preferentially
under the control of the Mcmv ie1 promoter, and in the insertion site between US10 and SORF3 arecombinant nucleotide
sequence encoding the F protein of NDV, or a fragment thereof, preferentially under the control of the Pec promoter
(FwW161).

Cell cultures

[0081] The resulting recombinant viruses of the present invention may be propagated in cell cultures in which said
recombinant virus can propagate and grow. After required growth of the viruses is achieved the cells may be detached
from the wells using a scraper or with trypsin and the infected cells may be separated from the supernatant by centrif-
ugation.

[0082] In preferred embodiments of the invention, CEF, embryonated egg, chicken kidney cell, and the like may be
used as the host cells for the propagation of recombinant herpes viruses. Multivalent recombinant viruses of the present
invention may be cultured in a culture medium such as Eagle’s MEM, Leibowitz-L-15/McCoy 5A (1:1 mixture) culture
medium at about 37° C for 3 to 4 days. The infected cells thus obtained are suspended in a culture medium containing
10% dimethyl sulfoxide (DMSO) and stored frozen under liquid nitrogen.

[0083] Advantageously, the recombinant multivalent herpes viruses of the invention present a high level of stability
through passages, which corresponds to a coexpression of the recombinant nucleotide sequences in cells of avian
species even after 10 or more passages. In the context of the invention a "passage" or "cell passaging" means a culture
of cells in suitable conditions for allowing their growth and keeping them alive until they are 90% to 100% confluent. The
passaging step consists on transferring a small number of cells of the previous confluent culture into a new culture
medium. An aliquot of the previous confluent culture, containing a few cells, may be diluted in a large volume of fresh
medium. In case of adherent cultures, cells may be first detached, for example by using a mixture of trypsin and EDTA,
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or any suitable enzyme, before to use a few number of detached cells for seeding a new culture medium.

[0084] According to preferred embodiments of the invention, CEF cells transfected with recombinant avian herpes
viruses of the invention still coexpress the corresponding antigenic peptides after at least 10 passages. In other words,
CEF cells resulting from 10 or more passages of CEF cells transfected with recombinant avian herpes viruses of the
invention, and more particularly resulting from 15 passages, still contain the foreign nucleotide sequences of the recom-
binant avian herpes virus used for the initial cell transfection and express the at least two corresponding antigenic
peptides. In the context of the invention, one considers that cells of a said passage still express the antigenic peptides
if the level of production is greater than 80% of the level of production of the first passage, and preferentially greater
than 85%.

Multivalent vaccine compositions

[0085] The invention also relates to a multivalent vaccine for immunizing avian species, such as poultry, which com-
prises an effective immunizing amount of a multivalent recombinant avian herpes virus of the invention.

[0086] Preferentially, vaccines of the invention are able to cause or stimulate or amplify immunity against at least two
pathogens chosen among avian paramyxovirus type 1, Gumboro disease virus, the infectious laryngotracheitis virus,
Mycoplasma galisepticum, and the avian influenza virus.

Vaccines of the invention comprise an immunologically effective amount of a multivalent recombinant herpes virus as
described above, in a pharmaceutically acceptable vehicle.

A multivalent recombinant herpes virus according to the invention may be preferably used as a live vaccine although
other alternatives like inactivated vaccines or attenuated vaccines are well within the skill of a person skilled in the art.
[0087] The vaccine according to the present invention may further comprise a suitable solvent, such as for example
an aqueous buffer or a phosphate buffer. Preferably, the vaccine also comprises additives. Additives of the present
invention may be obtained from any of a number of sources including various proteins and peptides derived from animals
(e.g., hormones, cytokines, co-stimulatory factors), and novel nucleic acids derived from viruses and other sources (e.g.,
double stranded RNA, CpG), and the like which are administered with the vaccine in an amount sufficient to enhance
the immune response. In addition, any number of combinations of the aforementioned substances may provide an
immunopotentiation effect, and therefore, can form an immunopotentiator of the present invention.

[0088] The vaccines of the present invention may further be formulated with one or more further additives to maintain
isotonicity, physiological pH and stability, for example, a buffer such as physiological saline (0.85%), phosphate-buffered
saline (PBS), citrate buffers, Tris(hydroxymethyl aminomethane (TRIS), Tris-buffered saline and the like, or an antibiotic,
for example, neomycin or streptomycin, etc.

[0089] The route of administration can be any route including oral, ocular (e.g., by eyedrop), oculo-nasal administration
using aerosol, intranasal, Cloacal in feed, in water, or by spray, in ovo, topically, or by injection (e.g., intravenous,
subcutaneous, intramuscular, intraorbital, intraocular, intradermal, and/or intraperitoneal) vaccination. The skilled person
will easily adapt the formulation of the vaccine composition for each type of route of administration.

[0090] Each vaccine dose may contain a suitable dose sufficient to elicit a protective immune response in avian
species. Optimization of such dose is well known in the art. The amount of antigen per dose may be determined by
known methods using antigen/anti-body reactions, for example by the ELISA method.

[0091] The vaccines of the invention can be administered as single doses or in repeated doses, depending on the
vaccination protocol.

[0092] The vaccines of the present invention are further advantageous in that they confer to bird species up to 80%
protection against the targeted avian pathogens after 3 weeks of vaccination.

[0093] The presentinvention further relates to the use of the vaccine as described above forimmunizing avian species,
such as poultry, and to method of immunizing avian species by administering an immunologically effective amount of
the vaccine according to the invention. The vaccine may be advantageously administered intradermally, subcutaneously,
intramuscularly, orally, in ovo, by mucosal administration or via oculo-nasal administration.

[0094] The present invention further relates to vaccination kits for immunizing avian species which comprises an
effective amount of the multivalent vaccine as described above and a means for administering said components to said
species. For example, such kit comprises an injection device filled with the multivalent vaccine according to the invention
and instructions for intradermic, subcutaneous, intramuscular, or in ovo injection. Alternatively, the kit comprises a
spray/aerosol or eye drop device filled with the multivalent vaccine according to the invention and instructions for oculo-
nasal administration, oral or mucosal administration.

[0095] The present invention will now be explained in more detail with reference to the following experiments and
examples, but it must not be construed that the present invention is limited by these experiments and examples.
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EXPERIMENTS

[0096] In the experiments, several recombinant herpes virus (monovalent or mulytivalent according to the invention)
have been used, designated as follow (HVT/first insertion site-first foreign gene/second insertion site-second foreign
gene):

FW122: HVT/45-46 Hcmv VP2 Bac F

FW123: HVT/44-45 Bac VP2,

FW125: HVT/45-46 Bac F/44-45 Hemv VP2
FW129: HVT/45-46 PecF/44-45 Rsv VP2
FW130: HVT/45-46 PecF/44-45 SV40 VP2
FW135: HVT/45-46 sv40 F/44-45 Bac VP2
FW137: HVT/45-46 Pec F sv40 VP2

FW141: HVT/45-46 PecF/44-45 Mcmv ie1VP2
FW142: HVT/45-46 Bac VP2/44-45 Mcmv ie1 F
FW144: HVT/45-46 Pec F/87-88 Mcmv ie1 VP2
FW145: HVT/45-46 Bac VP2/87-88 Mcmv ie1 F
FWO023: HVT/45-46 Bac VP2

FWO029: HVT/45-46 Pec F

Experiment 1: Construction of homology vectors

[0097] The plasmid construction was essentially performed by the standard molecular biology techniques (Molecular
Cloning: A Laboratory Manual. 3rd Edition, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. 2001). DNA re-
striction fragments were electrophoresed on agarose gels and purified with Plasmid plus Midi Kit (QIAGEN, Cat# 12945)

Construction of p44/45d46Sfi

[0098] Based on the information of the gC homologue (gCh) gene of MDV serotype 1 (Coussens et al., J. Virol.
62:2373-2379, 1988) and its adjacent BamHI-B fragment (Japanese Unexamined Patent Publication No. H6-292583),
a DNA fragment having an Sfil site between two ORFs UL44h and UL45h, was prepared by PCR and cloned into pUC18.
First, HYT DNA was prepared from CEF cells infected with the HVT FC126 strain according to the method of Lee et al.
(J. Gen. Virol., 51 : 245-253, 1980). Using the obtained HVT DNA as a template, PCR was performed with two pairs of
primers.

The first pair was SEQ NO: 7 (5-CCCCGAATTCATGGAAGAAATTTCC-3’) and SEQ NO: 8 (5-CGCGGGCCAATAAG-
GCCAACATCGGGACGTACATC-3).

The second pair was SEQ NO: 9 (5-GCGCGGCCTTATTGGCCTTAAATACCGCGTTTGGAG-3’) and SEQ NO: 10 (5-
CCCCAAGCTTTCAAGTGATACTGCGTGA-3).

Using the mixture of the obtained two PCR products as template, another PCR was conducted with SEQ NO.7 and SEQ
NO.10 to generate a fragment having an Sfil site between two ORFs, UL44h and UL45h.

The resulting fragment was then digested with EcoRI and Hindlll and ligated to pUC18, which had been digested with
EcoRl and Hindlll. The obtained plasmid was designated p44/45Sfi.

For construction of double recombinant HVT in which two genes inserted at the UL44/45 and UL45/46 respectively,
UL46 gene was deleted from p44/45Sfi. p45/46Sfi (US 7569365) digested with EcoRI and Sfil was ligated with dSfil-
EcoRl linker, resulting in plasmid p44/45d46. p44/45Sfi cleaved with Sphl and Pstl was ligated with p44/45d46 cleaved
with the same enzymes, resulting in plasmid p44/45d46Sfi.

Construction of pHVT 87-88

[0099] HVT DNA was prepared from CEF cells infected with the HVT FC126 strain according to the method of Lee et
al. (J. Gen. Virol., 51 : 245-253, 1980). Using the obtained HVT DNA as a template, PCR was performed with two pairs
of primers. Each primer was designed on the information of Genbank X68653.1. A DNA fragment having a Sfil site
between two ORFs, US2 (HVT088) and SORF3 (HVTO087), was prepared by PCR and cloned into pUC18.

The first pair was SEQ NO.11 (5-GGGAATTCGAAGAGCCCCCGCGGACGCATG-3’) and SEQ NO. 125-
CCGCTAGCGGCCGCAAGTTCCTTCACCATGACCAG-3)

The second pairwas SEQNO.13 (5-GCGGCCGCTAGCGGCCTTATTGGCCGTAGCATAAAGACGCAGG-3’)and SEQ
NO.14 (5-CCAAGCTTCTAGTACATATATATACATGAC-3)

The first resulting fragment was digested with EcoRI and Nhel. The second resulting fragment was digested with Nhel
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and Hindlll. These cleaved fragments were integrated into pUC18 cleaved with EcoRI and Hindlll, resulting the plasmid
pHVT 87-88.

Construction of pHVT 86-87

[0100] HVT DNA was prepared from CEF cells infected with the HVT FC126 strain according to the method of Lee et
al. (J. Gen. Virol., 51 : 245-253, 1980). Using the obtained HVT DNA as a template, PCR was performed with two pairs
of primers. Each primer was designed on the information of Genbank X68653.1. A DNA fragment having a Sfil site
between two ORFs, US 10 (HVT086) and SORF3 (HVTO087), was prepared by PCR and cloned into pUC18.

The first pair was SEQ NO.15 (5-GGGGGAATTCATTATCCCATCTAACAGTTATATACG-3’) and SEQ NO.16 (5-
GCCGCTAGCGGCCGCCTTTATTAACAACCTTAC-3)

The second pair was SEQ NO.17 (5-GCGGCCGCTAGCGGCCTTATTGGCC GTTTATTCTATGTAAGAC-3’) and SEQ
NO.18 (5-CCCAAGCTTAAGTTCCTTCACCATG-3)

[0101] The first resulting fragment was digested with EcoRI and Nhel. The second resulting fragment was digested
with Nhel and Hindlll. These cleaved fragments were integrated into pUC18 cleaved with EcoRI and Hindlll, resulting
the plasmid pHVT 86-87.

Construction of the homology vector

Chemical synthesized Mcmv ie1 promoter

[0102] Mcmv ie1 promoter (SEQ NO.19) was synthesized on the information of 4191-4731bp in Gene Bank L06816.1
reported by Koszinowski, U. H.. Synthesized Mcmv ie1 promoter was designed that Bgll-Pstl sites were added in front
of it and Xbal-Notl sites were added at the end.

SEQ NO.19: GGCCAATAAG GCTGCAGTAC TGAGTCATTA GGGACTTTCC
AATGGGTTTT GCCCAGTACA TAAGGTCAAT AGGGGTGAAT CAACAGGAAA
GTCCCATTGG AGCCAAGTAC ACTGAGTCAA TAGGGACTIT CCATTGGGTT
TTGCCCAGTA CAAAAGGTCA ATAGGGGGTG AGTCAATGGG TTTTTCCCAT
TATTGGCACG TACATAAGGT CAATAGGGGT GAGTCATTGG GTTTTTCCAG
CCAATTTAAT TAAAACGCCA TGTACTTTCC CACCATTGAC GTCAATGGGC
TATTGAAACT AATGCAACGT GACCTTTAAA CGGTACTTTC CCATAGCTGA
TTAATGGGAA AGTACCGTTC TCGAGCCAAT ACACGTCAAT GGGAAGTGAA
AGGGCAGCCA AAACGTAACA CCGCCCCGGT TTTCCCCTGG AAATTCCATA
TTGGCACGCA TTCTATTGGC TGAGCTGCGT TCTACGTGGG TATAAGAGGC
GCGACCAGCG TCGGTACCGT CGCAGTCTTC GGTCTGACCA CCGTAGAACG
CAGAGCTCCT CGCTGCAGGC GGCCGCTCTA GA

Construction of p44/45 Mcmv ie1 VP2 SPA

[0103] Sfil-cleaved p44-45d46Sfi was dephosphorylated by using Alkaline Phosphatase Shewanella sp. S1B1 Re-
combinant (PAP) (Funakoshi #DE110). The fragment was ligated with Bgll-cleaved p45/46BacVP2, resulting in the
plasmid, p44/45d46 BacVP2. The synthesized Mcmv ie1 promoter (Bgll/Xbal) was ligated with p44/45d46 BacVP2
cleaved with EcoRV and Xbal, and p44/45d46 Bac VP2 cleaved with EcoRV and Bgll, resulting in p44/45d46 Mcmv ie1
VP2. The synthetized short polyA signal (SPA: SEQ NO.20 CTGCAGGCGGCCGCTCTAGAGTCGACAATAAAA-
GATCTTTATTTTCATTAGATCTGTGTGTTGGTTTTTTGTGTGGCCAATAAGGCC) was integrated into p44/45d46 Mc-
mv ie1 VP2 cleaved with Sall and Sfil, resulting in the homology plasmid, p44/45d46 Mcmv ie1 VP2 SPA
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Experiment 2: Purifying recombinant HVT in CEF transfected with each transfer vector

[0104] Viral DNA of the HVT wild type, FC126 strain (wt-HVT) was prepared as described by Morgan et al. (Avian
Diseases, 34:345-351, 1990). Viral DNAs of FW029 (rHVT/45-46PecF) and FW023 (rHVT/45-46BacVP2) were prepared
in the similar method. The first double rHVT pattern was that the CEF cells were transfected with the prepared wt-HVT
DNA and p45/46sv40VP2 PecF (ex. FW137). The second pattern was that the CEF cells were transfected with the
prepared FW029 DNA and p44/45 Mcmv ie1 VP2 (ex. FW141). The third pattern was that the CEF cells were transfected
with the prepared FW023 DNA and p44/45 Mcmvie1 F (ex. FW142). The fourth pattern was that the CEF were transfected
with the prepared FW029 DNA and pHVT87-88Bac VP (ex. FW144). The fifth pattern was that the CEF were transfected
with the prepared FW023 and pHVT87-88Pec F (ex. FW145). These resulting recombinant viruses were plaque purified
by staining plaques with the anti-NDV-F antibody and anti-IBDV-VP2 antibody..

[0105] Briefly, 107 primary CEF cells were suspended in 100 ul of MEF-1(Lonza LNJVD-1004) and co-transfected
with 1 ug of the homology vector, for example, p44/45 Mcmv ie1 F and pHVT Bac VP2, and 2 pg of HVT DNA, for
instance, FC126 , FW029 and FW023 by electroporation. Electroporation was performed on Nucleofector Il. Transfected
cells were diluted in 20ml of Leibovitz’s L-15 (GIBCO BRL, Cat. #41300-39), McCoy’s 5A Medium (GIBCO BRL, Cat.
#21500-061) (1:1) and 4% calf serum (named solution LM (+) medium), spread 100ul per well of 96 well plate.

[0106] Incubate at 37°C in 5% CO, until the plaques became visible, the cells were detached from plates by trypsini-
zation, diluted in freshly prepared secondary CEF cells, transferred equally to two 96-well plates and incubated for 3
days to visualize the plagues. One of two plates was then stained with anti-VP2 monoclonal antibody R63 (ATCC #:
HB-9490) as the primary antibody. After detecting the well containing the stained recombinant plaques, cells from the
corresponding well of the other plate were recovered, diluted in fresh secondary CEF cells and transferred equally to
two 96-well plates to complete the first round of purification. The purification procedure was repeated until every obtained
plague was stained positively by monoclonal antibody R63. After then, the double rHVT candidate was stained by the
anti-NDV-F antibody 3-1G/5 (Morrison, T. G., Proc. Natl. Acad. Sci. U.S.A. 84: 1020-1024, 1987) or anti F rabbit serum.
Finally, Expression of proteins of the every plaques of the candidate rHVT was confirmed by dual IFA staining. CEFs
infected by each rHVT were fixed with cold Acetone-Methanol (2:1), washed with PBS, reacted with antibody mixture
(1:1000 diluted anti F rabbit serum #35 and anti-VP2 mouse Mab R63) at 37C in 60 minutes. After washing 3 times with
PBS, the cells reacted with fluorescent antibody mixture (1:1000 diluted Alexa Fluor488 anti rabbit and Alexa Fluor546
anti mouse provided by Invitrogen) at 37C in 60 minutes. After washing 3 times with PBS, they are observed by fluo-
rescence microscope at magnification by 400 times. Protein VP2 expression was detected by anti-VP2 Mab (R63) and
Alexa Flour 546. Protein F expression was detected by anti-F #35 rabbit serum and Alexa Flour 488. When all plaques
were expressed both F and VP2, we concluded purification was completed. Figure 3 showed some examples of dual IFA.
The purified recombinant HVT was designated rHVT/ND/IBD.

The table 1 below shows the expression of the VP2 and protein F obtained from the different rHVT/ND/IBD. Strain
FWO023 (HVT/45-46 Bac VP2) corresponds to amonovalentrecombinant herpes virus used as control for VP2 expression,
and FW029 (HVT/45-46 PecF) corresponds to a monovalent recombinant herpes virus used as control for protein F
expression.

Table 1. Expression of the inserted NDV-F and IBDV-VP2 genes by rHVT/ND/IBD (Detection of fluorescence)

Primary antibody
anti-F antiserum anti-VP2 monoclonal antibody (R63) PBS

Virus rabbit

FW137 +w +w -
FW129 + + -
FW130 + + -
FW141 + + -
Fw142 + + -
Fw144 + + -
FwW145 + + -
FW029 + - -
FW023 - + -
FC126 - - -
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(continued)

Primary antibody

anti-F antiserum anti-VP2 monoclonal antibody (R63) PBS
Virus rabbit

None - - -

+: detected, +w; weakly detected, -: not detected

Experiment 3: Co-expression of two proteins in CEF infected with double recombinant HVTs

[0107] 2 ml containing 2X10% CEF cells was infected with recombinant HVTs, and incubated at 37°C in 5% CO,, for

3days.

Then the culture was centrifuged at 300 g for 3minutes, and the precipitated cells were resuspended in 100ul. Laemmli
buffer (100ul) was added to the cell suspension. The resultant mixture was then boiled for 5 min and 5 ul of them was
subjected to 10% SDS-polyacrylamide gel electrophoresis. The electrophoresed proteins were transferred from SDS-
GEL to a PVDF membrane (Immobilon-P, Millipore), which was blocked in 1% w/v non-fat milk powder in PBS at room
temperature for one hour.

For F detection (Figure 4A), the treated membrane was then reacted with the anti-F rabbit antiserum #35 in 500-fold
dilution at room temperature for one hour, washed three times with PBS, and incubated for one hour with the biotinylated
anti-rabbit goat antiserum.

For VP2 detection (Figure 4B), the treated membrane was then reacted with the anti-VP2 Mab R63 in 500-fold dilution
at room temperature for one hour, washed three times with PBS, and incubated for one hour with the biotinylated anti-
mouse goat antiserum.

After washing three times with PBS, the membrane was incubated for one hour with an avidin-alkaline phosphatase
complex, washed three times with PBS and one time with TBS (Tris Buffered Saline), and reacted with BCIP-NBT(a
substrate of alkaline phosphatase.) As shown in Figure 4A, a protein band of 60 kilodaltons (kDa) was observed only

in the lane with rHVT/ND/IBD infected cells, which was the expected size of the F protein (\‘:). There was no band in
the lane of rHVT/44-45BacVP2 (FW123).

[0108] Figure 3B showed VP2 protein was observed at 38-kilodaltons (kd) in the lanes of each rHVT/ND/IBD (=). On
the contrary, there was no band in the lane of rHVT/PecF (FW029) (Fig.1 B). The 38-kd is the mature VP2 protein (A.
A. Azad et al., 1987, Virol. 161:145-152, K. J., Fahey et al., 1985 J. Gen. Virol. 66:1479-1488).

Double recombinant HVTs according to the invention expressed both NDV-F and IBDV VP2.

Experiment 4: Verification of the genomic structure

Southern blotting analysis

[0109] The purified rHVT/ND/IBD was propagated on CEF cells of one 25-cm? flask to obtain the confluent plagues.
Cells were recovered from dishes by scraping, transferred to Falcon tubes and subjected to centrifugation at 300 xg for
5 min. Harvested cells were washed with PBS, re-suspended in 0.6 ml of PBS and 0.4 ml of lysis buffer (1.25% TritonX-
100, 250 mM 2-ME, and 50 mM EDTA in PBS), and lysed by vortexing for 3 min. The lysates were then centrifuged at
600 xg for 5 min at room temperature and the supernatants were transferred to a 15 ml Falcon tubes. The viruses were
collected by centrifugation at 20,400 xg for 20 min. The resultant pellets were then suspended in 0.33 ml of a nuclease
solution (12.5 mM Tris-Cl (pH7.5), 1 ng/ml DNase | and 1 pg/ml RNase A), incubated at 37°C for 30 min, and disrupted
by incubating at 55°C for 30 min with 83 pl of SDS-protease solution (50 mM EDTA, 5% SDS, 0.5mg/ml protease K,
and 28.5 mM 2-mercaptoethanol). The obtained mixture was treated twice with phenol-chloroform, and NaCl was added
to the aqueous phase to the final concentration of 0.2 M. The viral DNA was precipitated by adding 2.5 volumes of ice-
cold ethanol, washed with 70% ethanol and subjected to centrifugation at 20,400 xg for 20 min at 4°C. After air-drying,
the pellets were dissolved in TE buffer (10 mM Tris-Cl (pH8.0), 1 mM EDTA).

The viral DNA in TE buffer was digested with Xhol, Sphl and Smal, and subjected to 0.8% agarose gel electrophoresis.
The electrophoresed DNA fragments on the single gel were transferred simultaneously to two nylon membranes (Mo-
lecular Cloning: A Laboratory Manual, third edition, 6.35, Sambrook, J., and Russell, D.W. Cold Spring Harbor Laboratory).
After fixing DNA by baking, the immobilized DNA was hybridized with DIG-labeled probe, "VP2 probe", or "IS44/45
probe" which was prepared with PCR DIG Probe Synthesis Kit (ROCHE DIAGNOSTICS, Cat. #1636090). In addition,
the viral DNA in TE buffer was digested with Xhol and Sphl, and hybridized with DIG-labeled probe, "F probe", "1S45/46
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probe" by the same procedure mentioned above. VP2 probe was prepared with VP2 STC-F (SEQ ID NO.21) and VP2
STC-R (SEQ ID NO.22) as primers and p45/46bacVP2-STC as a template. F probe was prepared with F-F (SEQ ID
NO.23) and F-R (SEQ ID NO.24) as primers and p45/46PecF as a template. 1S45/46 probe was prepared with 45/46-
F (SEQID NO.25) and 45/46-R (SEQ ID NO.26) as primers and pNZ45/46Sfi as a template. 1S44/45 probe was prepared
with 44/45-F (SEQ ID NO.27) and 44/45-R (SEQ ID NO.28) as primers and pNZ44/45d46Sfi as a template.

VP2 STC-F (SEQ ID NO.21) 5-CACCGTCCTCAGCTTACCCACATC-3’
VP2 STC-R (SEQ ID NO.22) 5-ACGACGGATCCTGTTGCCACTCT-3
NDV-F-F (SEQ ID NO.23) 5-CTAGCAGTGGCAGTTGGGAAGAT-3
NDV-F-R (SEQ ID NO.24) 5-GTTAAGGCAGGGGAAGTGATTTGT-3’

45/46-F (SEQ IDNO.25) 5-GGGGAAGTCTTCCGGTTAAGGGAC-3’
45/46-R (SEQ ID NO.26) 5-GGTGCAATTCGTAAGACCGATGGG-3’
44/45-F (SEQ ID NO.27) 5-GTACTATAGAATGTGTTCC-3’
44/45-R (SEQ ID NO.28) 5-GTATCCAACGCCTCAAGATC-3’

[0110] The results of southern blotting showed (Figures 5A-5D) that a 2077-bp fragment was hybridized to VP2 probe
in the DNA from FW129. In contrast, no band was detected in p45/46Pec F.

In addition 2744-bp fragment was hybridized to F probe in the DNA from each double recombinant HVTs. No band was
detected in the p45/46 Sfil. 2077-bp and 1228-bp fragments to 1S44/45 probe in the DNA from FW129. 1350-bp fragment
to 1S44/45 probe in p45/46 PecF, which was inserted no gene at the 1S44/45 site. 2744-bp and 770-bp fragments to
1S45/46 probe in the DNA from each double recombinant HVT. Figure 5A-5D indicated that the obtained double recom-
binants HVT/ND/IBD have the expected genomic structure.

Experiment 5: Stability of the recombinant HVTs in passage

Western blotting analysis

[0111] Double recombinant HVTs were passaged serially (up to 15 times) on chicken embryo fibroblasts (CEF). Then
Cell lysates were applied to Western blot analysis. In a first panel (figure 6A), the blot was reacted with an anti-F rabbit
serum (#35). In a second panel (figure 6B) the blot was reacted with an anti-VP2 Mab (R63). Mock: non-infected CEF
M: Precision Plus Protein Standards Bio Rad #161-0374

[0112] After 15 passages, F and VP2 were expressed stably in CEF infected with double recombinant HVT. However,
FW137 expressed no signal of F and VP2 antigens after 15 passages indicating that recombinant HVT which has two
genes at the single site is unstable.

Southern blotting analysis
[0113]

M: Molecular marker ramda Hindlll digest
TP-24; transfer plasmid p44-45d46SV40VP2
TP-25; transfer plasmid p44-45d46RsvVP2

[0114] EachrHVT/ND/IBD was passagedfifteentimesin CEF cells and subjected to Southern blot analysis as described
in Experiment 4. The results were the same with those obtained in Experiment 4, indicating that the recombinant virus
was stable even after 15 passages. The results of southern blotting showed figure 7A that a 2077-bp fragment was
hybridized to VP2 probe in the DNA from FW129. 2334-bp fragment was hybridized to VP2 probe in the DNA from
FW130. In contrast, no band was detected in p45/46Pec F.

Figure 7C shows that a 2744-bp fragment was hybridized to F probe in the DNA from each double recombinant HVTs.
No band was detected in the p45/46 Sfil.

Figure 7B shows that 2077-bp and 1228-bp fragments were hybridized to 1S44/45 probe in the DNA from FW129, and
2334-bp and 1022-bp fragments were hybridized to 1S44/45 probe in the DNA from FW130. 1350-bp fragment was
hybridized to 1S44/45 probe in p45/46 PecF, which contained no gene at the 1S44/45 site.

Figure 7D shows that 2744-bp and 770-bp fragments were hybridized to 1S45/46 probe in the DNA from each double
recombinant HVT.

Southern blot with 44/45 probe and 45/46 probe showed VP2 gene or F gene stably maintained at the insertion site
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44/45 or 45/46 respectively in FW129 and FW130.

Experiment 6: Anti-NDV and IBDV ELISA titer in chickens inoculated with double recombinant HVTs

[0115] 3,000 PFU/200pl/bird of each rHVT/ND/IBD were inoculated subcutaneously into the back of ten one-day-old
SPF chickens (LineM, Japan Biological Laboratories) using 20Gauge syringe. From three weeks postvaccination onward,
the serum was collected from the vaccinated birds. Anti-NDV antibody titer was measured by a commercial ELISA kit
(IDEXX, ELISA kit to diagnose Newcastle Disease). Anti-IBDV antibody was titrated by a commercial ELISA kit, Flock
Check Infectious Bursal Disease Antibody Test Kits (IDEXX Laboratory, Inc.). Chickens of the negative control group
(non-immun) were not administered with any vaccine.

Figure 8A shows change of anti-NDV titer. Figure 8B shows change of anti-IBDV titer. Double recombinant HVT using
two sites stably induced both anti-NDV and anti-IBDV titers.

Experiment 7: Efficacy of rHVT/ND/IBD in SPF chickens against NDV

[0116] The efficacy of tHVT/ND/IBD (FW130,FW135, FW137,FW129) as ND vaccine was evaluated using the efficacy
test as a Newcastle disease vaccine.

3,000 PFU/200p.l/bird of rHVT/ND were inoculated subcutaneously into the back of ten one-day-old SPF chickens (LineM,
Japan Biological Laboratories) using 20Gauge syringe. From three weeks post vaccination onward, the serum was
collected from the vaccinated birds and anti-NDV antibody titer was measured by a commercial ELISA kit (IDEXX, ELISA
kit to diagnose Newcastle Disease).

Chickens of the positive control group were vaccinated at 14 day of age with a commercial NDV live vaccine according
to the vender’s recommendation. Chickens of the negative control group were not administered with any vaccine.

At 43 days of age (42 days post vaccination), chickens of all seven groups were challenged with 1O3EID5O of NDV-
TexasGB, the standard challenge strain in the United States, by intra-muscularly to the femoral region. The challenged
chickens were observed daily to check mortality and to detect any symptoms of Newcastle disease.

Table 2. Challenge experiments of rHVT/ND/IBD-vaccinated SPF chickens with virulent NDV

Vaccination Dose (PFU/chick | No. of No. of symptom/total | HI (ELISA) ELISA titer at
en) chickens (%) titer at hatch challenge
FW130 3000 10 0/10 (0) 0 0.649
FW135 3600 10 2/10(20) 0.085
FW137 3600 10 3/10(30) 0.050
FW129 3000 10 0/10(0) 0.233
FW029 4000 10 0/10(0) 0.544
Commercial NDV Live On label 10 0/10 (0) 1.089
vaccine
Challenge N/A 1 11/12(92) 0.089
Controls 0
Non-challenge N/A 1 0/5 (0) N/A
Controls 0

[0117] As shown in Table 2, chickens vaccinated with rHVT/ND/IBD of the invention did not show any clinical signs
and the ELISA titer at the day of challenge was significantly elevated. As expected, both chickens vaccinated with FW137
(wherein two recombinant nucleotide sequences are inserted into the same insertion site) or FW135 (wherein the Bac
promoter is inserted between UL44 and UL45) show clinical signs, and the ELISA titer was weak.

Experiment 8: Efficacy of rHVT/ND/IBD in SPF chickens against IBDV

[0118] The efficacy of FW129 and FW141 (HVT/45-46 PecF/44-45 Mcmv ie1VP2) as IBD vaccine was evaluated by
challenge IBDV STC.

First, 2,000 pfu of rHVT/ND/IBD were inoculated into SPF embryonating chicken eggs at day 18 or subcutaneously into
the back of one-day-old SPF chicken. Atthree weeks old, vaccinated chickens were challenged orally with 1 03-5EID50/bird
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of IBDV STC. One week later, all chickens were weighed and necropsied to recover the Bursa of Fabricius, which were
observed for any lesions caused by Infectious Bursal Disease.

The protection was evaluated by two criteria which are as follows. (1) The weight ratio of the bursa to the body (B/B
index) was not statistically different from that of non-vaccinated, non-challenged chickens. (2) No malformation of the
Bursa of Fabricius such as edematization, hemorrhage, yellowish exudate, discoloration, atrophy, or gelatinous exudate
was detected. The results were summarized in Table 3.

Table 3. Challenge experiments of rHVT/ND/IBD -vaccinated SPF chickens with virulent IBDV

Vaccination # Protected/total
Vaccine Route (%)

FwW129 SQ 7/8 (88%)
FW141 SQ 8/8 (100%)
FW023 SQ 8/8 (100%)
FwW129 In ovo 8/10 (80%)
FW141 In ovo 9/10 (90%)
FW023 In ovo 9/10 (90%)
None N/A 0/4 (0%)

None N/A 5/5 (100%)

[0119] More than 80% of all vaccinated chickens were protected against the challenge with IBDV STC strain, indicating
that rHVT/ND/IBD can induce protective immunity in chickens against virulent IBDV.

Experiment 9: IBDV challenge trial at 8 weeks in MDA+ chickens

Groups:
[0120]

G1: NINC (not vaccinated not challenged)

G2: NICC (not vaccinated challenged)

G3: FW141

G4: FW144

G5: FW 023 (positive control)
Chicks
[0121] MDA+ birds (layers), 16 to 17 birds/group in each group.
[0122] Three thousand pfu of vaccines was inoculated subcutaneously into the back of 16 to 17 one-day-old MDA+
chickens. At 8 weeks old, vaccinated chickens were challenged orally with 103 TCIDgy/bird of IBDV STC. One week
later, all chickens were weighed and necropsied to recover the Bursa of Fabricius, which were observed for any lesions
caused by Infectious Bursal disease.
[0123] The protection was evaluated by the two following criteria : (1) The weight ratio of the bursa to the body (B/B
index) ; (2) No malformation of the Bursa of Fabricius such as edematization, hemorrhage, yellowish exudate, discolor-

ation, atrophy, or gelatinous exudate was detected. The results are summarized in the following Table.

n B/B Index dead lesion % protection
NINC 16 1.00 0 0/16 -
NICC 16 0.44 1 16/16 0
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(continued)

n B/B Index dead lesion % protection

FW141 16 0.94 0 2/16 88
FW144 16 0.93 1 5/16 69
FW023 17 0.98 0 317 82

[0124] These results show that the multivalent vaccine of the invention cause effective protection in vivo against IBDV.

Experiment 10: NDV challenge trial at 8 weeks in MDA+ chickens

Group
[0125]
G1: challenge control
G2: FW141
G3: FW144
G4: FW145
G5: FW 029 (positive control)
Chicks
[0126] MDA+ birds (layers), 17 birds/group in each group.
[0127] Three thousand PFU of vaccines were inoculated subcutaneously into the back of 17 one-day-old MDA+
chickens. At 8 weeks old, vaccinated chickens were challenged with 103 EIDs, of NDV-TexasGB, the standard challenge

strain in the United States, intra-muscularly to the femoral region. The challenged chickens were observed daily to check
mortality and to detect any symptoms of Newcastle disease. The results are presented below.

Immunized Challenged Dead Symptom* | % protection
Challenge control 17 13 13 0 0.0
FW141 17 15 1 0 93.3
Fw144 17 15 3 1 73.3
FwW145 17 13 0 0 100.0
FW029 17 16 3 0 81.3
* some NDV symptoms without death

[0128] These results show that the multivalent vaccine of the invention cause effective protection in vivo against NDV
and IBDV. The protection is strong and stable.

SEQUENCE LISTING
[0129]
<110> CEVA SANTE ANIMALE
<120> Multivalent recombinant avian herpes viruses and vaccines for immunizing avian species

<130> B1326PCO00

18



10

15

20

25

30

35

40

45

50

55

<160> 28

<170> Patentln version 3.5

<210> 1
<211> 1506
<212> DNA
<213> artificial

<220>

<223> Bac promoter

<400> 1

tgcagctcag
cccecgggagyg
cacgcggacce
ggatggaggg
ctgcttcact
ttaattattt
ggcggggccea
gcgcgcetecg
gaagcgcgeg
ccgectegeg
gggacggccc

ttectgtgget

ggctcggggg
cccggeggcet
gaggggagcg
ggctgegtge
ctgtaacccce
cggggcteeg

tgggggtgcee

gcggecceceg

ggtaatcgtg

tgcatgcacg
tgacttcaag
ccgectceccecee
gcgcgtcaca
ctcececcatcet
tgtgcagcga
ggggcggggc
aaagtttcct
gcgggcggga
ccgecegecce
ttctecteeg
gcgtgaaage
gtgcgtgegt
gtgagcgcetg
cggccggggyg
ggggtgtgtg
cceccetgeace
tgcggggegt
gggcggggcg
gagcgccgge

cgagagggcg

EP 2 831 246 B1

ctcattgccce
gggaccgcag
tccccaacaa
ccececgececee
ccececccecte
tgggggcggg
ggggcgaggc
tttatggcga
gtcgetgege
cggctctgac
ggctgtaatt
cttaaagggc
gtgtgtgtge
cgggcgcggce
cggtgececceeg
cgtggggggy
ccececteecceeg
ggcgcggggce
gggccgcecte
ggctgtcgag

cagggacttc

atcgctatcc
gaccacctcg
agcactgtgg
acaccctcac

cccaccececa

9999999999
ggagaggtgce
ggcggcggcg
gctgectteg
tgaccgcegtt
agcgcttggt
tccgggaggg
gtggggagceg
gcggggettt
cggtgcgggy
tgagcagggg
aagttgctga
tcgeegtgece
gggccgggga
gcgcggcgag

ctttgtccca

19

ctgecctetcee
ggggtggggyg
aatcaaaaag
ctcgaggtga
attttgtatt
gcgcgegeca
ggcggcagec
gcggcggcecec
ccecegtgecece
actcccacag
ttaatgacgg
ccetttgtge
ccgegtgegy
gtgcgetcecg
ggggctgega
gtgtgggege
gcacggcccg
g999cgggggg

gggctcgggy

ccgcagccat

aatctgtgeg

tgctggcegcet
gagggctgca
g99999ag9g9g
gccccacgtt
tatttatttt
ggcggggcgg
aatcagagcg
tataaaaagc
cgctecegeeg
gtgagcggge
ctegtttett
gggggggagc
ctecegegetg
cagtgtgcgce
ggggaacaaa
ggcggtcggg
gcttegggtg
tggcggcagg
gaggggcgcg
tgccttttat

gagccgaaat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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ctgggaggeg
ggaaggaaat
tccagecteg
ggttcggcett

gccecece

<210> 2
<211> 557
<212> DNA
<213> artificial

<220>

ccgecgeace
gggcggggag
gggctgtccg

ctggegtgtg

<223> Pec promoter

<400> 2

tgcagagtta
tccgcgttac
attgacgtca
tcaatgggtg
ccaagtacgc
tgggggcggg
ggcgaggcgg
tatggcgagg
cgctgegege
gctctgactg
<210>3

<211> 541

<212> DNA
<213> artificial

<220>

ttaatagtaa
ataacttacg
ataatgacgt
gagtayttac
ccecctattga
ggg9ggggggc
agaggtgegyg
cggcggegge
tgccttegee

accgegt

<223> Mcmyv ie1 promoter

<400> 3

EP 2 831 246 B1

ccctectageg
ggccttcegtg
cagggggacg

accggcgggg

tcaattacgg
gtaaatggcc
atgytcccat
ggtaaactgc
cgtcaatgac
gcgcgcecagg
cggcagccaa
ggcggcccta

ccgtgeecceeg

ggcgcggggce
cgtecgeegeg
gctgectteg

tttatatctt

ggtcattagt
cgccggctga
agtaacgcca
ccattggcag
ggtaaatgga
€ggggcgggg
tcagagcgge
taaaaagcga

ctecegecgee

20

gaagcggtge
ccgecgtece

ggggggacgg

ccecttetetg

tcatagccca
ccgcccaacg
atagggactt
tacatcaagt
tgcagtattt
cggggcgagg
gcgctccgaa
agcgcgcggce

gcectegegece

ggcgcecggea
cttectecate

ggcagggcgg

ttccteecgea

tatatggagy
acccccgecce
tccattgacg
gtatcatatg
tgtgcagcga
ggcggggcgg
agtttcecttt
gggcgggagt

gcccgecceg

1320

1380

1440

1500

1506

60

120

180

240

300

360

420

480

540
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tactgagtca
aatcaacagg
gttttgccca
acgtacataa
ccatgtactt

aaacggtact

aatgggaagt
atattggcac
gcgtecggtac
g

<210> 4
<211> 589
<212> DNA

<213> artificial

<220>

ttagggactt
aaagtcccat
gtacaaaagg
ggtcaatagg
tcccaccatt

ttcccatage

gaaagggcag

gcattctatt

cgtcgecagtce

<223> Hcmv promoter

<400> 4

gagttattaa
cgttacataa
acgtcaataa
tgggtggagt
gtacgcccce
tgaccttatg
tggtgatgcg
ttccaagtct
actttccaaa
ggtgggaggt
<210>5

<211> 646

<212> DNA
<213> artificial

<220>

tagtaatcaa
cttacggtaa
tgacgtatgt
atttacggta
tattgacgtc
ggactttcct
gttttggcag
ccaccccatt
atgtcgtaac

ctatataagc

<223> SV40 promoter

<400> 5
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tccaatgggt
tggagccaag
tcaatagggg
ggtgagtcat
gacgtcaatg

tgattaatgg

ccaaaacgta

ggctgagetg

ttcggtctga

ttacggggtc
atggcccgece
tcccatagta
aactgcccat
aatgacggta
acttggcagt
tacatcaatg
gacgtcaatg
aactccgcecce

agagctggtt

tttgceccagt
tacactgagt
gtgagtcaat
tgggttttte
ggctattgaa

gaaagtaccg

acaccgceccce
cgttctacgt

ccaccgtaga

attagttcat
ggctgaccge
acgccaatag
tggcagtaca
aatggcgcge
acatctacgt
ggcgtggata
ggagtttgtt
cattgacgca

tagtgaaccg

21

acataaggtc
caatagggac
gggtttttce
cagccaattt
actaatgcaa

ttctecgagee

ggttttccce
gggtataaga

acgcagagct

agcccatata
ccaacgaccce
ggactttcca
tcaagtgtat
ctggcattat
attagtcatc
gcggtttgac
ttggcaccaa

aatgggcggt

tcagatcct

aataggggtg
tttccattgg
cattattggce
aattaaaacg
cgtgaccttt

aatacacgtc

tggaaattcc
ggcgcgacca

cctecgetgea

tggagttccg
ccgecccattg
ttgacgtcaa
catatgccaa
gcccagtaca
gctattacca
tcacggggat
aatcaacggg

aggcgtgtac

60

120

180

240

300

360

420

480

540

541

60

120

180

240

300

360

420

480

540

589
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gcgcagcacce
gcggaaagaa
cagcaggcag
cceccaggete
tagtceccgece
cgceccecatgg
ctattccaga

tcttctgaca

gtaagtatca
cagagaagac
tttctectceca

<210> 6
<211> 534
<212> DNA
<213> artificial

<220>

atggcctgaa
ccagctgtgg
aagtatgcaa
cccagcaggce
cctaactceg
ctgactaatt
agtagtgagg

caacagtctc

aggttacaag
tcttgegttt

caggtgtcca

<223> RSV promoter

<400> 6

tgcatctgcet
ctacaacaag
ttgcgetget
ttaggcgaaa
ttcgettttg
catggtaacg
attggtggaa
atggattgga

tcgatacaat

<210>7
<211> 25
<212> DNA
<213> artificial

<220>
<223> primer

ccectgettgt
gcaaggcttg
tcgecgatgta
agcggggett
catagggagyg
atgagttagc
gtaaggtggt
cgaaccactg

aaacgccatt

EP 2 831 246 B1

ataacctctg
aatgtgtgtc
agcatgcatc
agaagtatgc
cccatcecge
ttttttattt
aggectttttt

gaacttaagc

acaggtttaa
ctgataggca

ctccagttca

gtgttggagg
accgacaatt
cgggccagat
cggttgtacg
gggaaatgta
aacatgcctt
acgatcgtgce
aataccgcat

tgaccattca

aaagaggaac
agttagggtg
tcaattagtc
aaagcatgca
ccctaactce
atgcagaggc
ggaggcctag

cgcagaagtt

ggagaccaat
cctattggtce

attacagctc

tcgectgagta
gcatgaagaa
atacgcgtat
cggttaggag
gtcttatgca
acaaggagag
cttattagga
tgcagagata

ccacattggt

22

ttggttaggt
tggaaagtcc
agcaaccagg
tctcaattag
gcccagttcee
cgaccgcctce

gcttttgcaa

ggtcgtgagg

agaaactggg
ttactgacat

ttaagg

gtgcgcgage
tctgettagg
ctgaggggac
tccectcagg
atactcttgt
aaaaagcacc
aggcaacaga
attgtattta

gtgcacctgg

accttctgag
ccaggctccce
tgtggaaagt
tcagcaacca
gcccattcte
ggcctctgag
aaagcttgat

cactgggcag

cttgtcgaga

ccactttgcece

aaaatttaag
gttaggcgtt
tagggtgtgt
atatagtagt
agtcttgcaa
gtgcatgccg
cgggtctgac
agtgcctagce

ctag

60

120

180

240

300

360

420

480

540

600

646

60

120

180

240

300

360

420

480
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<400> 7
ccccgaattc atggaagaaa tttee 25

<210> 8
<211> 35
<212> DNA
<213> artificial

<220>
<223> primer

<400> 8
cgcgggcecaa taaggcecaac atcgggacgt acate

<210>9
<211> 36
<212> DNA
<213> artificial

<220>
<223> primer

<400> 9
gcgeggcctt attggcctta aataccgegt ttggag

<210> 10
<211> 28
<212> DNA
<213> artificial

<220>
<223> primer

<400> 10
ccccaagctt tcaagtgata ctgegtga 28

<210> 11
<211> 30
<212> DNA
<213> artificial

<220>
<223> primer

<400> 11
gggaattcga agagcccceg cggacgceatg

<210> 12
<211> 35
<212> DNA
<213> artificial

<220>
<223> primer

<400> 12
ccgcetagegg cecgcaagtte cttcaccatg accag

EP 2 831 246 B1
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<210> 13
<211> 43
<212> DNA
<213> artificial

<220>
<223> primer

<400> 13
gcggcecgceta geggccttat tggecgtage ataaagacgce agg

<210> 14
<211> 30
<212> DNA
<213> artificial

<220>
<223> primer

<400> 14
ccaagcttct agtacatata tatacatgac 30

<210> 15
<211> 36
<212> DNA
<213> artificial

<220>
<223> primer

<400> 15
gggggaattc attatcccat ctaacagtta tatacg 36

<210> 16
<211> 33
<212> DNA
<213> artificial

<220>
<223> primer

<400> 16
gcecgcetageg gecgecttta ttaacaacct tac 33

<210> 17
<211> 43
<212> DNA
<213> artificial

<220>
<223> primer

<400> 17
gcggcecgceta geggccttat tggecgttta ttctatgtaa gac

<210> 18
<211> 25
<212> DNA

43

24

43
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<213> artificial

<220>
<223> primer

<400> 18

cccaagctta agttccttca ccatg

<210> 19
<211> 572
<212> DNA
<213> artificial

<220>
<223> Mcmyv ie1

<400> 19

ggccaataag
taaggtcaat
tagggacttt
tttttccecat
ccaatttaat
aatgcaacgt
tcgagccaat
tttcecectgg
tataagaggc

cagagctcct

<210> 20
<211> 87
<212> DNA
<213> artificial

<220>
<223> SPA

<400> 20

promoter

gctgcagtac
aggggtgaat
ccattgggtt
tattggcacg
taaaacgcca
gacctttaaa
acacgtcaat
aaattccata
gcgaccagceg

cgctgecaggce

EP 2 831 246 B1

25

tgagtcatta
caacaggaaa
ttgceccagta
tacataaggt
tgtactttce
cggtactttce
gggaagtgaa
ttggcacgca
tcggtaccgt

ggccgctcta

gggactttcce
gtcccattgg
caaaaggtca
caataggggt
caccattgac
ccatagctga
agggcagcca
ttctattgge
cgcagtcettce

ga

aatgggtttt
agccaagtac
atagggggtyg
gagtcattgg
gtcaatgggce
ttaatgggaa
aaacgtaaca
tgagctgegt

ggtctgacca

gcccagtaca
actgagtcaa
agtcaatggg
gtttttccag
tattgaaact
agtaccgttc
ccgececggt
tctacgtggg

ccgtagaacg

ctgcaggcgg ccgctctaga gtcgacaata aaagatcttt attttcatta gatctgtgtg

ttggtttttt gtgtggccaa taaggcce

<210> 21
<211> 24
<212> DNA
<213> artificial

<220>

25

60

120

180

240

300

360

420

480

540

572

60

87
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<223> VP2 STC-F

<400> 21
caccgtcctc agcttaccca catc

<210> 22
<211> 23
<212> DNA
<213> artificial

<220>
<223> VP2 STC-R

<400> 22
acgacggatc ctgttgccac tct

<210> 23
<211> 23
<212> DNA
<213> artificial

<220>
<223> NDV-F-F

<400> 23
ctagcagtgg cagttgggaa gat

<210> 24
<211> 24
<212> DNA
<213> artificial

<220>
<223> NDV-F-R

<400> 24
gttaaggcag gggaagtgat ttgt

<210> 25
<211> 24
<212> DNA
<213> artificial

<220>
<223> 45/46-F

<400> 25
ggggaagtct tccggttaag ggac

<210> 26
<211> 24
<212> DNA
<213> artificial

<220>
<223> 45/46-R

<400> 26

EP 2 831 246 B1
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ggtgcaattc gtaagaccga tggg 24

<210> 27
<211> 19
<212> DNA
<213> artificial

<220>
<223> 44/45-F

<400> 27
gtactataga atgtgttcc 19

<210> 28
<211> 20
<212> DNA
<213> artificial

<220>
<223> 44/45-R

<400> 28
gtatccaacg cctcaagatc 20

Claims

A recombinant avian herpes virus, which comprises at least two recombinant nucleotide sequences, each recom-
binant nucleotide sequence encoding a distinct antigenic peptide from an avian pathogen, wherein each of said at
least two recombinant nucleotide sequences is inserted into a distinct non-coding region of the viral genome chosen
among the region located between UL44 and UL45, the region located between UL45 and UL486, the region located
between US 10 and SORF3, and the region located between SORF3 and US2.

The recombinant avian herpes virus of claim 1, wherein the antigenic peptides from avian pathogens are surface
proteins, secreted proteins or structural proteins of said pathogens, or antigenic fragments thereof.

The recombinant avian herpes virus of claim 1, wherein the recombinant nucleotide sequences encode antigenic
peptides chosen among an antigenic peptide of avian paramyxovirus type 1, preferably the F protein of Newcastle
disease virus (NDV) or an antigenic fragment thereof, an antigenic peptide of Gumboro disease virus, preferably
the VP2 protein of the Infectious bursal disease virus (IBDV) or an antigenic fragment thereof, an antigenic peptide
ofthe infectious laryngotracheitis virus (ILTV), preferably the gB protein or an antigenic fragment thereof, an antigenic
peptide of Mycoplasma galisepticum, preferably the 40K protein or an antigenic fragment thereof, and an antigenic
peptide of the avian influenza virus, preferentially a surface protein hemagglutinin (HA) or an antigenic fragment
thereof.

The recombinant avian herpes virus of any one of claims 1 to 3, comprising a first recombinant nucleotide sequence
encoding afirstantigenic peptide inserted into the non-coding region located between UL45 and UL46, and a second
recombinant nucleotide sequence encoding a second antigenic peptide inserted into the non-coding region located
between UL44 and UL45, or between US 10 and SORF3, or between SORF3 and US2.

The recombinant avian herpes virus of any one of the preceding claims, wherein each recombinant nucleotide
sequence is under the control of a distinct promoter.

The recombinant avian herpes virus of claim 5, wherein the promoters controlling the recombinant nucleotide se-
quences are chosen among the chicken beta-actin (Bac) promoter, the Pec promoter, the Murine Cytomegalovirus
(Mcmyv) immediate-early (ie)1 promoter, the Human Cytomegalovirus promoter (Hcmv), the Simian virus (SV)40
promoter, and the Raus Sarcoma virus (RSV) promoter, or any fragments thereof which retain a promoter activity.
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The recombinant avian herpes virus of any one of the preceding claims, which comprises inserted between UL45
and UL46 arecombinantnucleotide sequence encoding afirstantigenic peptide under the control of the Pec promoter,
and inserted between UL44 and UL45 a recombinant nucleotide sequence encoding a second antigenic peptide,
preferentially under the control of RSV or SV40 or Mcmv ie1 promoter.

The recombinant avian herpes virus of any one of claims 1 to 6, which comprises inserted between UL45 and UL46
a recombinant nucleotide sequence encoding a first antigenic peptide and, inserted between SORF3 and US2, a
recombinant nucleotide sequence encoding a second antigenic peptide.

The recombinant avian herpes virus of any one of claims 1 to 6, which comprises inserted between UL45 and UL46
arecombinant nucleotide sequence encoding the VP2 protein of IBDV, or an antigenic fragment thereof, preferentially
under the control of the Bac promoter, and inserted between UL44 and UL45 a recombinant nucleotide sequence
encoding the F protein of NDV or an antigenic fragment thereof, preferentially under the control of the Mcmv ie1
promoter.

The recombinant avian herpes virus of any one of claims 1 to 6, which comprises in the insertion site between UL45
and UL46 a recombinant nucleotide sequence encoding the VP2 protein of IBDV or an antigenic fragment thereof,
preferentially under the control of the Bac promoter and in the insertion site between SORF3 and US2 arecombinant
nucleotide sequence encoding the F protein of NDV, or an antigenic fragment thereof, preferentially under the control
of the Pec promoter.

The recombinant avian herpes virus of any one of claims 1 to 6, which comprises in the insertion site between UL45
and UL46 a recombinant nucleotide sequence encoding the VP2 protein of IBDV or an antigenic fragment thereof,
preferentially under the control of the Bac promoter and in the insertion site between SORF3 and US2 arecombinant
nucleotide sequence encoding the F protein of NDV, or an antigenic fragment thereof, preferentially under the control
of the Mcmv ie1 promoter.

The recombinant avian herpes virus of any one of the preceding claims, which is a recombinant herpes virus of
turkeys (rHVT)

A multivalent vaccine which comprises an effective immunizing amount of recombinant avian herpes virus of any
one of the preceding claims.

A recombinant avian herpes virus of any one of claims 1 to 12, for use for immunizing an avian, such as poultry,
against a pathogen.

A multivalent vaccine of claim 13 for use in a method for vaccinating an avian simultaneously against at least two
pathogens.

A vaccination kit for immunizing avian species which comprises the following components:

a. an effective amount of the vaccine of claim 13, and
b. a means for administering said components to said species.

Patentanspriiche

1.

Ein rekombinantes Vogelherpesvirus, das mindestens zwei rekombinante Nukleotidsequenzen umfasst, jede re-
kombinante Nukleotidsequenz ein unterschiedliches antigenwirkendes Peptid eines Vogelpathogens kodiert, wobei
jede der mindestens zweirekombinanten Nukleotidsequenzen in einen unterschiedlichen nicht-kodierenden Bereich
des Virusgenoms eingesetzt ist, der aus dem zwischen UL44 und UL45 befindlichen Bereich, zwischen UL45 und
UL46 befindlichen Bereich, dem zwischen US10 und SORF3 befindlichen Bereich, und dem zwischen SORF3 und
US2 befindlichen Bereich ausgewahlt ist.

Das rekombinante Vogelherpesvirus nach Anspruch 1, wobei die antigenwirkenden Peptide von Vogelpathogenen

Oberflachenproteine, sekretierte Proteine oder Strukturproteine der Pathogene, oder antigenwirkende Fragmente
davon sind.
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Das rekombinante Vogelherpesvirus nach Anspruch 1, wobei die rekombinanten Nukleotidsequenzen antigenwir-
kende Peptide kodieren, die ausgewahlt sind aus einem antigenwirkenden Peptid des Vogel-Paramyxovirus des
Typs 1, vorzugsweise das F-Protein des Newcastle-Disease-Virus (NDV) oder ein antigenwirkendes Fragment
davon, ein antigenwirkendes Peptid des Gumboro-Disease-Virus, vorzugsweise das VP2-Protein des Infectious
bursal disease virus (IBDV) oder eines antigenwirkenden Fragments davon, ein antigenwirkendes Peptide des
Infectious Laryngotracheitis virus (ILTV), vorzugsweise das gB-Protein oder ein antigenwirkendes Fragment davon,
ein antigenwirkendes Peptide von Mycoplasma galisepticum, vorzugsweise das 40K-Protein oder ein antigenwir-
kendes Fragment davon, und ein antigenwirkendes Peptid des Vogelgrippevirus, vorzugsweise ein Oberflachen-
protein-Hamagglutinin (HA) oder ein antigenwirkendes Fragment davon.

Das rekombinante Vogelherpesvirus nach einem der Anspriiche 1 bis 3, umfassend eine erste rekombinante Nu-
kleotidsequenz, die fiir ein erstes antigenwirkendes Peptid kodiert, die in den zwischen UL45 und UL46 befindlichen
nicht-kodierenden Bereich eingesetzt ist, und eine zweite rekombinante Nukleotidsequenz, die fir ein zweites an-
tigenwirkendes Peptid kodiert, die in den zwischen UL44 und UL45, oder zwischen US10 und SORF3, oder zwischen
SORF3 und US2 befindlichen nicht-kodierenden Bereich eingesetzt ist.

Das rekombinante Vogelherpesvirus nach einem der vorhergehenden Anspriiche, wobei jede rekombinante Nuk-
leotidsequenz unter der Kontrolle eines unterschiedlichen Promotors steht.

Das rekombinante Vogelherpesvirus nach Anspruch 5, wobei die Promotoren, die die rekombinanten Nukleotidse-
quenzen steuern, ausgewahlt sind aus dem Huhner-Beta-Aktin (Bac)-Promotor, dem Pec-Promotor, dem Mause-
Cytomegalovirus (Mcmv) sofortigen-friihen (ie) 1 Promotor, dem menschlichen Cytomegalovirus-Promotor (Hcmv),
dem Affenvirus (SV)40 Promotor, und dem Raus-Sarkoma-Virus (RSV)-Promotor, oder jedwedem Fragment davon,
das Promotoraktivitat behalt.

Das rekombinante Vogelherpesvirus nach einem der vorhergehenden Anspriiche, das eine zwischen UL45 und
UL46 eingesetzte rekombinante Nukleotidsequenz, die flr ein erstes antigenwirkendes Peptid unter Kontrolle des
Pec-Promotors kodiert, und eine zwischen UL44 und UL45 eingesetzte rekombinante Nukleotidsequenz, die flr ein
zweites antigenwirkendes Peptid, vorzugsweise unter Kontrolle des RSV- oder SV40- oder Mcmv ie1-Promotors,
kodiert, umfasst.

Das rekombinante Vogelherpesvirus nach einem der Anspriiche 1 bis 6, das eine zwischen UL45 und UL46 einge-
setzte rekombinante Nukleotidsequenz, die fiir ein erstes antigenwirkendes Peptid kodiert, und eine zwischen
SORF3 und US2 eingesetzte rekombinante Nukleotidsequenz, die fir ein zweites antigenwirkendes Peptid kodiert,
umfasst.

Das rekombinante Vogelherpesvirus nach einem der Anspriiche 1 bis 6, das eine zwischen UL45 und UL46 einge-
setzte rekombinante Nukleotidsequenz, die flir das VP2-Protein von IBDV oder ein antigenwirkendes Fragment
davon kodiert, vorzugsweise unter der Kontrolle des Bac-Promotors, und eine zwischen UL44 und UL45 eingesetzte
rekombinante Nukleotidsequenz, die fir das F-Protein von NDV oder ein antigenwirkendes Fragment davon kodiert,
vorzugsweise unter Kontrolle des Mcmv ie1-Promotors, umfasst.

Das rekombinante Vogelherpesvirus nach einem der Anspriiche 1 bis 6, das in der Insertionsstelle zwischen UL45
und UL46 eine rekombinante Nukleotidsequenz, die das VP2-Protein von IBDV oder ein antigenwirkendes Fragment
davon, vorzugsweise unter der Kontrolle des Bac-Promotors, kodiert und in der Insertionsstelle zwischen SORF3
und US2 eine rekombinante Nukleotidsequenz, die das F-Protein von NDV oder ein antigenwirkendes Fragment
davon, vorzugsweise unter Kontrolle des Pec-Promotors, kodiert, umfasst.

Das rekombinante Vogelherpesvirus nach einem der Anspriiche 1 bis 6, das in der Insertionsstelle zwischen UL45
und UL46 eine rekombinante Nukleotidsequenz, die das VP2-Protein von IBDV oder ein antigenwirkendes Fragment
davon, vorzugsweise unter der Kontrolle des Bac-Promotors, kodiert und in der Insertionsstelle zwischen SORF3
und US2 eine rekombinante Nukleotidsequenz, die das F-Protein von NDV oder ein antigenwirkendes Fragment
davon, vorzugsweise unter Kontrolle des Mcmv ie1-Promotors, kodiert, umfasst.

Das rekombinante Vogelherpesvirus nach einem der vorhergehenden Anspriiche, das ein rekombinantes Herpes-
virus der Truthahne ist (rHVT).

Ein multivalentes Vakzin, das eine wirksam immunisierende Menge an rekombinantem Vogelherpesvirus nach
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einem der vorhergehenden Anspriiche umfasst.

Einrekombinantes Vogelherpesvirus nach einem der Anspriiche 1 bis 12, zur Verwendung zur Immunisierung eines
Vogels, beispielsweise Gefllgels, gegen ein Pathogen.

Ein multivalentes Vakzin nach Anspruch 13 zur Verwendung in einem Verfahren zur gleichzeitigen Vakzinierung
eines Vogels gegen mindestens zwei Pathogene.

Ein Vakzinierungskit fir die Immunisierungen von Vogelarten, das die folgenden Komponenten umfasst:

a. eine wirksame Menge des Vakzins nach Anspruch 13, und
b. ein Mittel zur Verabreichung dieser Komponenten an die Arten.

Revendications

Virus de I'herpés aviaire recombinant, qui comprend au moins deux séquences nucléotidiques recombinantes,
chaque séquence nucléotidique recombinante codant pour un peptide antigénique distinct provenantd’un pathogéne
aviaire, dans lequel chacune desdites au moins deux séquences nucléotidiques recombinantes est insérée dans
une région non codante distincte du génome viral choisie parmila région située entre UL44 et UL45, la région située
entre UL45 et UL46, la région située entre US10 et SORF3, et la région située entre SORF3 et US2.

Virus de 'herpés aviaire recombinant selon la revendication 1, dans lequel les peptides antigéniques provenant
d’agents pathogénes aviaires sont des protéines de surface, des protéines sécrétées ou des protéines structurales
desdits agents pathogénes, ou des fragments antigéniques de celles-ci.

Virus de I'’herpés aviaire recombinant selon la revendication 1, dans lequel les séquences nucléotidiques recombi-
nantes codent pour des peptides antigéniques choisis parmi un peptide antigénique de paramyxovirus aviaire de
type 1, de préférence la protéine F du virus de la maladie de Newcastle (NDV) ou un fragment antigénique de celle-
ci, un peptide antigénique du virus de la maladie de Gumboro, de préférence la protéine VP2 du virus de la maladie
de la bourse infectieuse (IBDV) ou un fragment antigénique de celle-ci, un peptide antigénique du virus de la
laryngotrachéite infectieuse (ILTV), de préférence la protéine gB ou un fragment antigénique de celle-ci, un peptide
antigénique de Mycoplasma galisepticum, de préférence la protéine 40K ou un fragment antigénique de celle-ci, et
un peptide antigénique du virus de la grippe aviaire, préférentiellement une protéine de surface hémagglutinine
(HA) ou un fragment antigénique de celle-ci.

Virus de I'herpés aviaire recombinant selon 'une quelconque des revendications 1 a 3, comprenant une premiere
séquence nucléotidique recombinante codant pour un premier peptide antigénique insérée dans la région non
codante située entre UL45 et UL46, et une seconde séquence nucléotidique recombinante codant pour un second
peptide antigénique insérée dans la région non codante située entre UL44 et UL45, ou entre US10 et SORF3, ou
entre SORF3 et US2.

Virus de I’herpés aviaire recombinant selon 'une quelconque des revendications précédentes, dans lequel chaque
séquence nucléotidique recombinante est sous le contréle d’un promoteur distinct.

Virus de 'herpés aviaire recombinant selon la revendication 5, dans lequel les promoteurs contrélant les séquences
nucléotidiques recombinantes sont choisis parmi le promoteur béta-actine (Bac) du poulet, le promoteur Pec, le
promoteur immédiat-précoce (ie) 1 du cytomegalovirus murin (Mcmv), le promoteur du cytomégalovirus humain
(Hemv), le promoteur du virus Simian (SV)40, et le promoteur du virus du sarcome de Raus (RSV), ou tout fragment
de ceux-ci qui conserve une activité de promoteur.

Virus de I'herpés aviaire recombinant selon 'une quelconque des revendications précédentes, quicomprend, insérée
entre UL45 et UL46, une séquence nucléotidique recombinante codant pour un premier peptide antigénique sous
le contréle du promoteur Pec et, insérée entre UL44 et UL45, une séquence nucléotidique recombinante codant
pour un second peptide antigénique, préférentiellement sous le contrdle du promoteur RSV ou SV40 ou Mcmyv ief.

Virus de I'herpés aviaire recombinant selon I'une quelconque des revendications 1 & 6, qui comprend, insérée entre
UL45 et UL46, une séquence nucléotidique recombinante codant pour un premier peptide antigénique et, insérée

30



10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

15.

16.

EP 2 831 246 B1
entre SORF3 et US2, une séquence nucléotidique recombinante codant pour un second peptide antigénique.

Virus de I'herpés aviaire recombinant selon I'une quelconque des revendications 1 & 6, qui comprend, insérée entre
UL45 et UL46, une séquence nucléotidique recombinante codant pour la protéine VP2 de I''BDV, ou un fragment
antigénique de celle-ci, préférentiellement sous le contréle du promoteur Bac et, insérée entre UL44 et UL45, une
séquence nucléotidique recombinante codant pour la protéine F de NDV ou un fragment antigénique de celle-ci,
préférentiellement sous le contréle du promoteur Mcmv ie1.

Virus de I'’herpés aviaire recombinant selon 'une quelconque des revendications 1 a 6, qui comprend dans le site
d’insertion entre UL45 et UL46 une séquence nucléotidique recombinante codant pour la protéine VP2 de I'IBDV
ou un fragment antigénique de celle-ci, préférentiellement sous le contréle du promoteur Bac, et, dans le site
d’insertion entre SORF3 et US2, une séquence nucléotidique recombinante codant pour la protéine F de NDV, ou
un fragment antigénique de celle-ci, préférentiellement sous le contrdle du promoteur Pec.

Virus de I'’herpés aviaire recombinant selon 'une quelconque des revendications 1 a 6, qui comprend dans le site
d’insertion entre UL45 et UL46 une séquence nucléotidique recombinante codant pour la protéine VP2 de I'IBDV
ou un fragment antigénique de celle-ci, préférentiellement sous le contrdle du promoteur Bac, et dans le site d’in-
sertion entre SORF3 et US2, une séquence nucléotidique recombinante codant pour la protéine F de NDV, ou un
fragment antigénique de celle-ci, préférentiellement sous le contréle du promoteur Mcmyv ie1.

Virus de I'’herpés aviaire recombinant selon 'une quelconque des revendications précédentes, qui est un virus de
I’herpés recombinant de dinde (rHVT).

Vaccin multivalent qui comprend une quantité immunisante efficace de virus de I’herpés aviaire recombinant selon
'une quelconque des revendications précédentes.

Virus de I'’herpés aviaire recombinant selon 'une quelconque des revendications 1 a 12, pour son utilisation pour
immuniser un aviaire, tel qu’une volaille, contre un pathogéne.

Vaccin multivalent selon la revendication 13, pour son utilisation dans un procédé de vaccination d’un aviaire
simultanément contre au moins deux pathogénes.

Kit de vaccination pour limmunisation d’espéces aviaires, qui comprend les composants suivants:

a. une quantité efficace du vaccin selon la revendication 13, et
b. un moyen pour administrer lesdits composants a ladite espéce.
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Tobbértekt rekombinans madér herpesavirusok €s vakeindk maddrfajok mmunizaldsara
SZABADALMI IGENYPONTOK

L Rekombingns madar herpesavirus, amely logalabb ket rekombindns nukleotid szek-
vencial tartalmaz, mindegyik rekombingns nukleotid szekvencia egy eltérd antigén peptidet kadol
epy madar patogénbdl, abiol mindsgyik sedhan forgd lepalabl két rekombindns aukleotid szelovenci-
At a virdlis genom sgy kilon, nem-kddold répidiaba setirjuk be, amelyet g ktvvethesdk koagl vi-
taszthatunk ki az UL44 és UL4S kdzoiti régid, ax UL4S & ULA6 koot regid, as LNI0 &3 a
SORES kot vegid, €s 2 SORED es az UST korotti régid.

2 Az 1. igénvpont szerintl rekcanbindng meddr herposevirus, awelvben s madar
patogdnekbdl sedrmazd sntigén peptidek o szdban forgd patogenek felszin febéd, szekrerdlt fubhdr-
e, vagy szerhezett foheriel, vagy arok antigén fragmenset,

3. Ax 1. igénvpont seorintl rekombindns madids herpeszvitug, amelyben a rekonbingng
nukleotid seekvencidh olyan antigés peptideket kddolnak, amelveket a kbvetherdk bl vilasatunk
kit az l-es tipust maddr paramixovitus sgy astigdn peptidie, elGnyviisen a Newcastle diseass virus
{ND‘X"} F fézhéxjéi&: vagy annak ogy antigén fragmenss, & Gumbore betegsdy egy antigén pe;}tzd
toxd laryngotrachedtis vitus {ILI\‘} gy antigen pept:td &, eldnydsen a ¢B feherje vagy annak anti
gen fragmonse, & Myeoplasma galisepticum ey antigén peptidje, slonydsen a 40K fehéde, vagy
annak antigén fragmense, 68 ¢ maddrinfluenzs virus egy antigén peptidje, oldnydsen ey felsain
tfehérie henagulutinin (HAY vagy annak sgy antigen fragmenss.

4 Az 143, lpdnypontok barmelyike szermti rekombindgns maddr herpeszvirgs, amely tars
talooaz ey olsd antigdo peptidet kodold olad rekombingns nukleotid saekvencidl, a2 UL4S ée gz ULAS
Lowott levd nemekodols regidha basziirva, 3 euy mésodik antigen peptidet kodold masodik rekom-
birdns nukleatid ssekvenciat az UL44 és az UL4S kézotti, vagy g2 USTO és a SORFI kosotii, vagy a

& Ar glded ;nempomnk barmelyike szerintt vekombinans madér herpesevirgs, amelyben

mindegyik rekombinans nubleotid szekvencia egy kitlon promoter szabalyozasy alatt 8it.

6. Az S, igénypont szerinti rekombindns madar herpesz virus, amelyben a rekombingns
mekleotid szekvenciakat seabilyosd promotercket 8 kévetherdk koad valasetiuk kit osirke béta-aktin

{Bac) promoter, a Pee promicter, 3 vigesdlo citomegalovirus (Momvy kosvetlen-korai {ie} 1 promuoter,
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a buman ctomegalovirus promoter (Hemy), 3 Simian virus (SVA0) promoter, 63 a Rous szarkdma
virus (REV) promoter, vagy ozek barmelvik fragmense, amely megtan egy promoter aktivitast.

7. Az eldzd igénypontok barmelyike szevinti rekombindns madar herpesevirus, amely az
U145 és ax ULA0 kozd besziirvg tartalmaz egy elsd antigén peptidet kadold rekombinans nukleotid
szekvencidt a Pec promoter szabalyozdsa alatt, o8 az UL és ax UL4S koed besairva egy mdsodik
antigén peptidet kadold rekombingns nukleotid seekvenciat, eldnvosen az RSV vagy a2 SV40 vagy a2
Muomy je 1 promoter szabalvesasa alatt

8. Az 10 igénypontok barmelyike sreniotl rekombindns maddr herpesz virag, amely az
L1435 &5 az ULAG koze besairvy tartalmas egy olsd antigén peptidet kodolo rekonbindns nukleotid
sepkvencidt, ds a SORFY valamint gz US2 koed beszirve egy mdsodik antipén peptidet kédolé
rekombindns nukleotid ssekvenviat,

8, Az 1-6. igénypontok birmelyike szorint mokombingns madar berpese viruy, amely az
ULAS €5 az UL46 koze beszirve tartalmaz egy VPZ febéret vagy IBDV-t vagy annak egy antipén
fragmensét kodold rekombinins nukleotid saskvencidt, eléaydsen a Bac promoter szabilyozasa alatl,
valamint ax ULA4 &8 ge LUL4S koze besalrva azx NDY F fehérjdét, vagy annak ogy autigén
fragmensdt kodold rekombindns nukleotid seekvencist, elénydsen az Memy ig 1 promoter szabidlvo-
xasg alatt.

o Az 146 igénypontok bén’n‘;eiyike szerint rekombinans maddr herpeas virus, amely ax
ULAS ég ax LILA6 kozottt inszercids pontban egy, a VPI fohendt vagy sz IBDVW, vagy szek egy anti-
gén fragmenset kodalo rekombindns nukleond ssekvenciat tartalmas, oldnydsen a Bag promoter ssa-
balvozasa alatt, ax SORFS és az USY kasott tnszercids ponthan tartalmas sgy, az NDV F febéridie,
vagy annak egy aotigén fragmenset kdold rekombindns nukleotid szekvencidt, sldnytsen & Peg
promoter szabalyorasa alatt

P Az 1-6 igenvpontok birmedyike szerintl rehombinans madar herpese vivus, amely gz
A5 €5 a ULA0 KOzttt inszorcios pontban egy, 8 VP2 fehegst vagy az IBDV -, vagy szek sgy anti-
gén fragmensét kddold rekombinans nuklsotid szekvenciat tartatmas, elonyosen a Bae promoter sea-
balyozasa slant, valamint sz SORFI és as US2 kéwotti inszercios pontban lartalmaz syy, a2z NDV F
fohéreidt, vagy anmak egy antigén fagmensét kodold rekombinans nubleotid szekvenciat, eldnvisen
&= Momv te | promoter szabalvezasa alatt

120 Az oldzd ipénypontok birmelvike szerintt rebombinans madér herpese vivus, amely
egy pulvka rekombingns herpese vics (tHVT )

13, Egy tobberdkit vakeina, amely hatékony, immunizalo memyiségst tartalmas az eldzd

gdnypoiiok barmelyike szerinti rekombirding madar herpess virushdl



fsa

4 Az 111 igduypantok banmelvike sserintt rekombinans madar horpssz vitus, egy ma-
dér, ssaz peldaul baromfl, epy patogsn ellent immunizdlasdban Orénd alkalmazds céliam.

IS0 A 13 igénypont seerintl tobbértékd vakcing ey madar legaldbb két patogén ellent
egyvideit vakeinalasara,

160 Egy vakeindlo ki gy moddefa immuniztlasara, amely a kbvetkesd komponenseket
tartalmazza;

a.a 13 1génypont szerinti vakcing epy hatdkony mennyisége, 68

boepy eszkdz a szdban forgd komponenseknek a szoban forgd fajha tWrténd beadasshoz
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