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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to novel recombinant multivalent non-pathogenic Marek's Disease virus constructs encoding and
expressing Infectious Laryngotracheitis Virus and Infectious Bursal Disease Virus protein antigens, and methods of their use in poultry
vaccines.

BACKGROUND OF THE INVENTION

[0002] Pathogenic poultry viruses are not only debilitating to chickens, but they also are costly to chicken breeders because most of
the resulting diseases are contagious and the poultry industry relies heavily on confined, large-scale breeding facilities. Vaccinating
young chicks is often the only viable means to combat these viruses. Although attenuated or killed poultry viral vaccines remain
important in the market place, in recent years significant resources have been expended on developing vaccines containing
recombinant viral constructs which express pathogenic viral protein antigens. Furthermore, substantial efforts have been made to
construct stable and efficacious multivalent recombinant non-pathogenic Marek's Disease virus (abbreviated as rMDVyp,) vectors that
express foreign genes from multiple viral pathogens. Such multivalent vaccines would serve to minimize the number of injections
given to the chicks and thereby, reduce discomfort and stress on the vaccinated chick, as well as significantly reduce costs in labor
and materials. Vaccinating with such single multivalent constructs also would be preferable to alternative multivalent rMDVy, vaccines

that contain multiple recombinant monovalent rMDVnp constructs, because these alternative vaccines have, at least to date, resulted
in protection against only a single viral pathogen. The failure of such alternative vaccines is presumably due to one of the monovalent
rMDVp, constructs overgrowing the other monovalent rMDVy, constructs thereby, preventing these other monovalent rMDV,
constructs from inducing a significant immune response. In any case, despite substantial efforts in the past to construct stable and
efficacious multivalent rMDV,,, vectors that express foreign genes from multiple viral pathogens indeed, such vaccines had been
suggested more than twenty years ago [see e.g., U.S. 5,965,138], it has been only recently that a multivalent vaccine that comprises a
recombinant herpesvirus of turkeys (abbreviated as rHVT) encoding antigens from more than one other pathogen has been shown to
be both stable and efficacious (WO 2016/102647).

[0003] One poultry virus disease that can be controlled through vaccination is Marek's disease. Marek's disease is a pathogenic
disease that adversely affects chickens worldwide. Marek's disease occurs predominantly in young chickens between 2 and 5 months
of age. Clinical signs include: progressive paralysis of one or more of the extremities, incoordination due to paralysis of legs, drooping
of the limb due to wing involvement, and a lowered head position due to involvement of the neck muscles. In acute cases, severe
depression may result. Bursal and thymic atrophy may also develop.

[0004] The etiological agent for Marek's disease is Marek's disease virus serotype 1 (abbreviated as MDV1), a cell-associated virus
having a double-standed DNA genome. MDV1 is a lymphotropic avian alphaherpesvirus that both: (i) infects B cells, which can result
in cytolysis, and (ii) latently infects T cells, which can induce T-cell lymphoma. Closely related to the virulent MDV1 strain, Marek's
disease virus serotype 2 (abbreviated as MDV2), previously known as Gallid herpes virus 3, is a naturally attenuated MDYV strain that
has been shown to have little to no pathogenicity in chickens [Petherbridge et al., J. Virological Methods 158:11-17 (2009)]. SB-1 is a
specific MDV2 strain that has been shown to be useful in vaccines against MDV1 [see e.g., Murthy and Calnek, Infection and
Immunity 26(2) 547-553 (1979)].

[0005] Another closely related alphaherpesvirus, Marek's disease virus serotype 3 (abbreviated as MDV3), more widely known as
herpesvirus of turkeys (abbreviated as HVT), is a nonpathogenic virus of domestic turkeys [see e.g., Kingham et al., J. of General
Virology 82:1123-1135 (2001)]. Two commonly used strains of HVT are the PB1 strain and the FC126 strain. Whereas, HVT is also
nonpathogenic in chickens, it does induce a long-lasting protective immune response in chickens against MDV1. Accordingly, HVT has
been used in poultry vaccines against virulent MDV1 for many years, generally in combination with SB-1, which is more viraemic than
HVT, but considered less safe. Alternatively, when flocks are challenged with particularly virulent MDV1 strains, HVT can be combined
with the Rispen's vaccine. The Rispen's vaccine is an isolate that originated from a mildly virulent MDV1 strain that was subsequently
further weakened by cell passaging. The Rispen's strain however, retains some virulence towards highly susceptible lines of chickens.

[0008] The sequence of the complete genome of HVT has been disclosed [Afonso et al., J. Virology 75(2):971-978 (2001)], and as
most alphaherpesviruses, HVT possesses a significant number of potential nonessential insertion sites [see e.g., U.S. 5,187,087; U.S.
5,830,745; U.S. 5,834,305; U.S. 5,853,733; U.S. 5,928,648; U.S. 5,961,982; U.S. 6,121,043; U.S. 6,299,882 B1]. HVT also has been
shown to be amenable to genetic modification and thus, has been used as a recombinant vector for many years [WO 87/04463].
Accordingly, recombinant HVT vectors have been reported to express foreign genes that encode antigens from e.g., Newcastle
Disease Virus (NDV), [Sondermeijer et al., Vaccine, 11:349-358 (1993); Reddy et al., Vaccine, 14:469-477 (1996)], Infectious Bursal
Disease Virus (IBDV), [Darteil et al., Virology, 211:481-480 (1995); Tsukamoto et al., J. of Virology 76(11):5637-5645 (2002)], and
Infectious Laryngotracheitis Virus (ILTV) [Johnson et al., Avian Disease, 54(4):1251-1259 (2010); WO 92/03554; U.S. 6,875,856]. The
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entire genomic sequence of MDV2 is also known [see, GenBank acc. nr: AB049735.1, and Petherbridge ef al., supra]. The genomic
organization of the MDV2 is very similar to that of HVT, with the US region in particular, being identical to that of HVT [see, Kingham ef
al., supral.

[0007] In addition a recombinant chimeric virus, known as the novel avian herpesvirus (NAHV), has been constructed in which specific
regions of the HVT genome have been replaced by the corresponding regions of the MDV1 genome. The NAHV also has been used
to express foreign genes that encode antigens from other poultry viruses [U.S. 5,965,138;

U.S. 6,913,751].

[0008] Like MDYV, infectious laryngotracheitis virus (abbreviated as ILTV or ILT) is an alphaherpesvirus that adversely affects chickens,
worldwide [Fuchs et al.,, Veterinary Research 38:261-279 (2007)]. ILTV causes acute respiratory disease in chickens, which is
characterized by respiratory depression, gasping, and expectoration of bloody exudate.

[0009] Viral replication is limited to cells of the respiratory tract, where in the trachea the infection gives rise to tissue erosion and
hemorrhage.

[0010] Infectious bursal disease virus (abbreviated as IBDV or IBD), also called Gumboro disease virus, is the causative agent of
infectious bursal disease. IBDV causes an acute, highly-contagious, viral infection of a chicken's lymphoid tissue, with its primary
target being the bird's essential immunological organ: the bursa of Fabricius. The morbidity rate in susceptible flocks is high, with rapid
weight loss and moderate to high mortality rates. Chicks that recover from the disease may have immune deficiencies because of
destruction of (or parts of) the bursa of Fabricius. This makes them particularly vulnerable to secondary infections.

[0011] IBDV is a member of the Birnaviridae family. The viruses in this family have a genome consisting of two segments (A and B) of
double-stranded RNA. Two serotypes of IBDV exist, serotype 1 and 2, which can be differentiated by virus neutralization (VN) tests.
Serotype 1 viruses have been shown to be pathogenic to chickens, while serotype 2 viruses cause only sub-acute disease in turkeys.
Historically, IBDV serotype 1 viruses consisted of only one type that is now known as "classic" IBD virus. More recently, so-called
"variant" IBDV strains have emerged. Classic and variant strains of IBDV can be identified and distinguished by a virus neutralization
test using a panel of monoclonal antibodies, or by RT-PCR [Wu et al., Avian Diseases, 51:515-526(2007)]. Well-known classic IBDV
strains include, D78, Faragher 52/70, and STC, whereas 88/03 is a well-known variant strain. Many live or inactivated IBDV vaccines

are commercially available, e.g. a live vaccine such as NOBILISR Gumboro D78 (MSD Animal Health).

[0012] As indicated above, because HVT can act as both an antigen that provides significant protection against Marek's Disease and
as a recombinant vector, it is presently used as a platform vector for such multivalent vaccines as Innovax®-ILT (sold by Merck Animal
Health), which protects against ILTV; Innovax®-ND-SB (sold by Merck Animal Health) Vectormune® HVT-NDV (sold by Ceva), both of
which protect against NDV; and Vaxxitek® HVT+BD (Merial; previously named: Gallivac™ HVT-IBD), and Vectormune™ HVT-IBD

(Ceva) both of which protect against IBDV. Notably, Innovax®-ILT comprises two foreign genes, i.e., ILTV gD and ILTV gl, which has
proved to be safe, effective, and stable. However, these two foreign genes are from the same pathogen and moreover, they naturally
overlap and need to be co-expressed in order to allow proper immunization against ILTV. More recently, a recombinant safe, effective,
and stable multivalent vaccine comprising HVT-ILTV-NDV has been disclosed [US 8,932,604 B2 and U.S. 9,409,854 B2, the contents
of which are hereby incorporated by reference in their entireties]. An early HVT-NDV-IBDV also has been disclosed, though upon
prolonged testing during the development of the corresponding product one of the main constructs, HVP308, was found neither to
display adequate genetic stability nor sustained expression of the heterclogous inserts [WO 2013/057,235]. Subsequently, a more
stable and efficatious construct was developed [WO 2016/102647].

[0013] WO 2013/057236 describes rHVT vector constructs comprising as heterologous insert the Fusion (F) gene from Newcastle
disease virus (NDV) and the gD/gl genes from ILTV. As an embodiment D1 describes that the rHVT can be combined with an
additional vaccine antigen, wherein that additional antigen can be an IBD virus, for example a live attenuated IBDV strain. However,
'236 does not describe or suggest to replace the additional live attenuated vaccine strain of IBDV by the IBDV viral protein 2 (VP2)
antigen, and to express the VP2 gene by the rHVT vector, or to insert the VP2 into the US2 or UL54.5 locus, nor in addition to remove
the NDV F gene.

[0014] WO 2013/057235 describes an rHVT having the NDV F gene and the IBDV VP2 gene as inserts. '235 does not refer to '236, or
suggest inserting the gD/gl genes from ILTV, or removing the F-gene.

[0015] US 2008/0233146 describes rHVT constructs comprising heterologous genes such as IBDV VP2 or ILTV gB, which are driven
by promoters from the genome of MDV1.

[0018] Therefore, despite the clear advantages of stable, multivalent, recombinant MDVp, constructs that can efficaciously express
heterologous antigens from two or more different pathogens, and the substantial efforts to design them, heretofore, few have been
forthcoming and even one of those few proved to be incapable of achieving all of the requisite requirements. Accordingly, the
suitability of any given multivalent recombinant MDV,, as a vaccine remains unpredictable when the recombinant MDV,,, comprises a
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combination of heterologous antigens that are obtained from a unique set of two or more poultry viruses. Therefore, there is a clear
need to overcome the collective industry failures, by constructing novel, stable, recombinant MDVy, vectors that can be used in
multivalent vaccines as the sole active to protect against two or more different non-MDV1 poultry virus pathogens.

SUMMARY OF THE INVENTION

[0017] Accordingly, the present invention provides a novel, stable, and efficacious multivalent recombinant nonpathogenic Marek's
Disease virus (rMDVp) for use as a vector to express foreign genes from multiple viral pathogens wherein the rMDVy, is a

recombinant herpesvirus of turkeys (rHVT). An rMDV,,,, e.g., an rHVT, can be used in vaccines against pathogenic poulty viruses.

[0018] The rMDV,,, comprises a first heterologous nucleic acid located in a first nonessential site in the rMDV,,, genome and a second
heterologous nucleic acid located in a second nonessential site in the rMDV,,, genome. The first heterologous nucleic acid comprises

both a nucleotide sequence that encodes an Infectious Laryngotracheitis Virus (ILTV) gD protein and a nucleotide sequence that
encodes an Infectious Laryngotracheitis Virus (ILTV) gl protein. The second heterologous nucleic acid comprises a nucleotide
sequence that encodes an Infectious Bursal Disease Virus (IBDV) viral protein 2 (VP2). In specific embodiments of this type, the first
heterologous nucleic acid comprises the nucleotide sequence of SEQ ID NO: 9 and the second heterologous nucleic acid comprises
the nucleotide sequence of SEQ ID NO: 5. In specific embodiments, the rMDVy, is an rHVT.

[0019] The first nonessential site and the second nonessential site of the rMDV,,, are the same. In specific embodiments of this type,
the first heterologous nucleic acid and the second heterologous nucleic acid are actually constructed as part of the same DNA
molecule, which is inserted into a nonessential site of the rMDVp. Such a DNA molecule can be an expression cassette that encodes

an Infectious Laryngotracheitis Virus (ILTV) gD protein, an Infectious Laryngotracheitis Virus (ILTV) gl protein, and an Infectious bursal
disease virus (IBDV) VP2. In particular embodiments of this type, the DNA molecule comprises the nucleotide sequence of SEQ ID
NO: 15. In other embodiments of this type, the DNA molecule comprises the nucleotide sequence of SEQ ID NO: 16. In still other
embodiments of this type, the DNA molecule comprises the nucleotide sequence of SEQ ID NO: 17. In yet other embodiments of this
type, the DNA molecule comprises the nucleotide sequence of SEQ ID NO: 18. In specific embodiments, the rMDVpp is an rHVT.

[0020] Accordingly, in particular embodiments, the first nonessential site and the second nonessential site of the rMDV,, are the US2

site. In other embodiments, the first nonessential site and the second nonessential site of the rMDVnp are the UL54.5 site.
[0021] The rMDV,,, is an rHVT.

[0022] The nucleotide sequences encoding the ILTV gD protein, the ILTV gl protein, and the IBDV VP2 protein can be operatively
under the control of exogenous promoters, ie., promoters that are not naturally found in the MDV, These three nucleotide

sequences are operatively under the control of different promoters, i.e., the nucleotide sequence encoding the ILTV gD protein is
operatively under the control of a first promoter, the nucleotide sequence encoding the ILTV gl protein is operatively under the control
of a second promoter, and the nucleotide sequence encoding the IBDV VP2 protein is operatively under the control of a third
promoter. In particular embodiments, the promoter for the nucleotide sequence encoding the ILTV gD protein is the endogenous ILTV
gD promoter. In certain embodiments, the promoter for the nucleotide sequence encoding the ILTV gl protein is the endogenous ILTV
gl promoter. In particular embodiments of this type, the promoter for the nucleotide sequence encoding the ILTV gD protein is the
endogenous ILTV gD promoter and the promoter for the nucleotide sequence encoding the ILTV gl protein is the endogenous ILTV gl
promoter. The rMDVy, is an rHVT.

[0023] In certain embodiments, at least one of the promoters operably linked to a nucleotide sequence encoding the ILTV gD protein,
the ILTV gl protein, or the IBDV VP2 protein is the murine cytomegalovirus immediate early (mCMV IE) promoter. In related
embodiments, at least one of the promoters operably linked to a nucleotide sequence encoding the ILTV gD protein, the ILTV gl
protein, or the IBDV VP2 protein is the human cytomegalovirus immediate early (hCMV IE) promoter or a derivative thereof (e.g., from
strain AD169). In other embodiments, at least one of the promoters operably linked to a nucleotide sequence encoding the ILTV gD
protein, the ILTV gl protein, or the IBDV VP2 protein is the chicken B-actin promoter. In still other embodiments, at least one of the
promoters operably linked to a nucleotide sequence encoding the ILTV gD protein, the ILTV gl protein or the IBDV VP2 protein is the
pseudorabies virus (PRV) gpX promoter.

[0024] In particular embodiments, the promoter for the nucleotide sequence encoding the IBDV VP2 protein is the mCMV IE
promoter. In related embodiments, the promoter for the nucleotide sequence encoding the IBDV VP2 protein is the human
cytomegalovirus immediate early (hCMV IE) promoter or a derivative thereof (e.g., from strain AD169). In other embodiments, the
promoter for the nucleotide sequence encoding the IBDV VP2 protein is the chicken befa-actin gene promoter. In specific
embodiments, the promoter for the nucleotide sequence encoding the IBDV VP2 protein is the mCMV IE promoter, the promoter for
the nucleotide sequence encoding the ILTV gD protein is the endogenous ILTV gD promoter, and the promoter for the nucleotide
sequence encoding the ILTV gl protein is the endogenous ILTV gl promoter. In other specific embodiments, the promoter for the
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nucleotide sequence encoding the IBDV VP2 protein is the hCMV IE promoter (or a derivative thereof), the promoter for the nucleotide
sequence encoding the ILTV gD protein is the endogenous ILTV gD promoter, and the promoter for the nucleotide sequence
encoding the ILTV gl protein is the endogenous ILTV gl promoter. In yet other specific embodiments, the promoter for the nucleotide
sequence encoding the IBDV VP2 protein is the chicken B-actin promoter, the promoter for the nucleotide sequence encoding the
ILTV gD protein is the endogenous ILTV gD promoter, and the promoter for the nucleotide sequence encoding the ILTV gl protein is
the endogenous ILTV gl promoter.

[0025] In certain embodiments, an rMDVp, of the present invention that includes insertions of nucleotide sequences encoding the
ILTV gD protein, the ILTV gl protein, and the IBDV VP2 protein also includes one or more exogenocus transcription terminator
sequences. In specific embodiments of this type, a transcription terminator sequence is downstream from the nucleotide sequence
encoding the IBDV VP2 protein. In particular embodiments, the nucleotide sequences encoding the ILTV gD protein and the ILTV gl
protein share one transcription terminator sequence and the nucleotide sequence encoding the IBDV VP2 protein has another. In
particular embodiments, at least one of the transcription terminator sequences comprises a feline herpesvirus US-9 (FHV US-8)
polyadenylation sequence. In related embodiments at least one of the transcription terminator sequences comprises a Herpes
Simplex Virus thymidine kinase (HSV TK) polyadenylation sequence. The rMDVy, is an rHVT.

[0026] The present invention provides a recombinant nucleic acid comprising in 5' to 3' direction in the following order, (i) a murine
cytomegalovirus immediate early (InCMV IE) promoter, (ii) a coding sequence for the IBDV VP2 protein, (iii) a transcription terminator
sequence (iv) an ILTV gD promoter, (v) a coding sequence for the ILTV gD protein, (vi) an ILTV gl promoter, and (vii) a coding
sequence for the ILTV gl protein. In a particular embodiment of this type, the recombinant nucleic acid comprises the nucleotide
sequence of SEQ ID NO: 15. Described herein is a recombinant nucleic acid comprising in 5' to 3' direction in the following order, (i) a
human cytomegalovirus immediate early (hRCMV IE) promoter or derivative thereof, (ii) a coding sequence for the IBDV VP2 protein,
(i) a transcription terminator sequence (iv) an ILTV gD promoter, (v) a coding sequence for the ILTV gD protein, (vi) an ILTV gl
promoter, and (vii) a coding sequence for the ILTV gl protein. Further described herein is a recombinant nucleic acid comprising in 5'
to 3' direction in the following order, (i) a chicken B-actin promoter, (ii) a coding sequence for the IBDV VP2 protein, (iii) a transcription
terminator sequence (iv) an ILTV gD promoter, (v) a coding sequence for the ILTV gD protein, (vi) an ILTV gl promoter, and (vii) a
coding sequence for the ILTV gl protein.

[0027] The disclosure further provides a recombinant nucleic acid comprising in 5' to 3' direction in the following order, (i) an
Infectious Laryngotracheitis Virus (ILTV) gD promoter, (ii) a coding sequence for the ILTV gD protein, (iii) an ILTV gl promoter, (iv) a
coding sequence for the ILTV gl protein, (v) a human cytomegalovirus immediate early (hCMV IE), a derivative thereof (e.g., from
strain AD169), or an mCMV IE promoter, (vi) a coding sequence for the IBDV VP2 protein, and (vii) a transcription terminator
sequence. In a specific embodiment of this type, the recombinant nucleic acid comprises the nucleotide sequence of SEQ ID NO: 17.

[0028] The present invention further provides an rMDVy, in which a recombinant nucleic acid of the present invention has been
inserted into a nonessential insertion site of the rMDVy,. In certain embodiments of this type, the rMDVy, includes an insert in a
nonessential site that comprises a recombinant nucleic acid comprising in 5' to 3' direction in the following order (i) a murine
cytomegalovirus immediate early (InCMV IE) promoter, (ii) a coding sequence for the IBDV VP2 protein, (iii) a transcription terminator
sequence (iv) an ILTV gD promoter, (v) a coding sequence for the ILTV gD protein, (vi) an ILTV gl promoter, and (vii) a coding
sequence for the ILTV gl protein. In specific embodiments, intervening nucleotide sequences, such as linkers, spacer sequences,
and/or extraneous coding sequences, can also be included, see Example 1 below. In a particular embodiment, the rHVT comprises
the nucleotide sequence of SEQ ID NO: 15 inserted into a nonessential site. In particular embodiments of these types, the
nonessential site is the US2 site. In other such embodiments, the nonessential site is the UL54.5 site.

[0029] The rMDV,, is an rHVT.

[0030] Disclosed herein but not part of the invention are methods of making an rMDVp, of the present invention. In certain
embodiments, a heterologous nucleic acid is constructed that comprises a nucleotide sequence that encodes an ILTV gD protein, a
nucleotide sequence that encodes an ILTV gl protein, and a nucleotide sequence that encodes an IBDV VP2 protein. The
heterologous nucleic acid is then inserted into a nonessential site of an rMDV, of the present invention. In certain embodiments, the
heterologous nucleic acid is an expression cassette. In particular embodiments of this type, the expression cassette comprises the
nucleotide sequence of SEQ ID NO: 15. In other embodiments, a first heterologous nucleic acid is constructed that comprises a
nucleotide sequence that encodes an ILTV gD protein and a nucleotide sequence that encodes an ILTV gl protein; and a second
heterologous nucleic acid is constructed that comprises a nucleotide sequence that encodes an IBDV VP2 protein. The first
heterologous nucleic acid is inserted into a US2 site of an rMDV,, and the second heterologous nucleic acid is inserted into an
alternative nonessential site of the rMDV,,,. In certain embodiments, such heterologous nucleic acids are expression cassettes. In
particular embodiments of this type, the first heterologous nucleic acid comprises the nucleotide sequence of SEQ ID NO: 8, and the
second heterologous nucleic acid comprises the nucleotide sequence of SEQ ID NO: 5. In other embodiments of this type, the first
heterologous nucleic acid comprises the nucleotide sequence of SEQ ID NO: 5, and the second heterologous nucleic acid comprises
the nucleotide sequence of SEQ ID NO: 9. In specific embodiments, the method of making an rMDVp, is @ method of making an rHVT.
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[0031] The present invention further provides immunogenic compositions and/or vaccines that comprise any rMDVy, of the present
invention. The rMDVpp is an rHVT. Disclosed herein but not part of the invention are methods for aiding in the protection of poultry
against a disease caused by ILTV and/or IBDV and/or MDV1 by administering such a vaccine and/or immunogenic composition of the
present invention. In specific embodiments, such methods aid in the protection of a chicken. In particular embodiments of this type, a
vaccine of the present invention is administered subcutaneocusly. In other embodiments, a vaccine of the present invention is
administered in ovo.

[0032] Accordingly in one aspect, the present invention provides immunogenic compositions and/or vaccines that comprise an
rMDVy,p of the present invention. In particular embodiments these immunogenic compositions and/or vaccines are stable, safe, and
have relatively strong antigen expression and/or efficacy. Alternatively, or in addition, the immunogenic compositions and/or vaccines
that comprise an rMDV,, of the present invention aid in the protection of a chicken against a disease caused by ILTV and/or IBDV

and/or MDV1, following the administration of the immunogenic compositions and/or vaccines to the chicken.

[0033] The immunogenic compaositions and/or vaccines that comprise any rMDV,;, of the present invention may be combined with an
additional I1BDV, ILTV, and/or MDV antigen to improve and expand the immunogenicity provided. In addition, immunogenic
compositions and/or vaccines that comprise any rMDV,, of the present invention can be further combined with an antigen for a
pathogen other than MDYV, ILTV, or NDV. In a particular embodiment of this type, the antigen is an attenuated or mild live variant IBDV
(e.g., |IBDV 89/03). In another particular embodiment of this type, the antigen is an attenuated (or mild live) Newcastle Disease Virus
(NDV), e.g., NDV C2. Disclosed herein but not part of the invention are methods for aiding in the protection of poultry against a
disease caused by ILTV and/or IBDV and/or MDV1 and/or NDV by administering such a vaccine and/or immunogenic composition to
the poultry (e.g., chicken). In particular embodiments of this type, a vaccine of the present invention is administered subcutaneously.
In other embodiments, a vaccine of the present invention is administered in ovo.

[0034] In certain embodiments the immunogenic compositions and/or vaccines of the present invention comprise an rHVT that
comprises as an insertion into its US2 site of a recombinant nucleic acid comprising 5' to 3" (i) an Infectious Laryngotracheitis Virus
(ILTV) gD promoter; (ii) a coding sequence for the ILTV gD protein; (iii) an ILTV gl promoter; (iv) a coding sequence for the ILTV gl
protein; (v) a murine cytomegalovirus immediate early (mCMV IE) promoter; (vi) a coding sequence for the Infectious bursal disease
virus VP2 protein (IBDV V2); and (vii) a transcription terminator sequence. In even more particular embodiments of this type, the
recombinant nucleic acid has the nucleotide sequence of SEQ ID NO: 17. In specific embodiments of this type the immunogenic
compositions and/or vaccines further comprise an attenuated (or mild live) variant infectious bursal disease virus (IBDV), e.g., IBDV is
89/03.

[0035] The immunogenic compositions and/or vaccines that comprise any rMDVy, of the present invention can be combined with an
additional IBDV, ILTV and/or MDV antigen, and a pathogen other than MDV, ILTV, or IBDV.

[0038] These and other aspects of the present invention will be better appreciated by reference to the following Figures and the
Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

Figure 1 is a schematic drawing of the HVT (FC126) genome, consisting of a unique long (UL) region, and a unique short (US) region,
each denoted by straight lines, and flanked by repeat regions, denoted as boxes. Below the genome schematic, is a bar indicating the
location of BarnH| restriction enzyme digestion fragments, relative to their genome position, and the lettering nomenclature associated
with each fragment. (The largest fragment was given the letter "A", the next largest given the letter "B", and so forth and so on). The
positions of each cloned subgenomic fragment (and their designation) used to reconstruct either HVT (FC126) or the rHVT/ILT/IBDV
viruses are indicated below the BamHI restriction map. The asterisk (*) indicates the position of the insertion sites: UL54.5 in 484-
1050-2641-10859; US2 in 228509-ILT-435Vec6, 1333-85.B6 or 1386-04.4#1.

Figure 2 is a schematic drawing of four different recombinant HVTs, which depict the genes inserted into the HVT backbone and the

site of their insertion. Innovax®-ILT is an rHVT that includes an expression cassette encoding the ILTV gD and ILTV gl genes inserted
in the UL54.5 site of the rHVT. 1386-48 is an rHVT that includes an expression cassette that encodes the ILTV gD, the ILTV gl, and
the IBDV viral protein 2 genes inserted in the US2 site of the rHVT. 1386-134 is an rHVT that also includes both an expression
cassette encoding the ILTV gD and ILTV gl, and the IBDV vrial protein 2 genes inserted in the US2 site, but the cassette order is
switched (i.e., VP2, then ILT gD and gl). HVT/ILT/IBDV 484 is an rHVT that includes an expression cassette that encodes the IBDV
viral protein 2, the ILTV gD, and the ILTV gl genes inserted in the UL54.5 site of the rHVT.

DETAILED DESCRIPTION OF THE INVENTION
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[0038] The present invention overcomes the prior failure to be able to construct a single rMDV,, vector that encodes and expresses
antigens from both ILTV and IBDV. In particular embodiments, an rMDV,, of the present invention encodes and expresses foreign

antigens from only ILTV and IBDV, and are designed to aid in the protection against Mareks disease, Infectious Bursal Disease
(Gumboro disease), and Infectious Laryngotraceitis virus. The rMDVy, is an rHVT.

[0039] Prior to the present invention, an HVT vector already had been constructed containing an NDV gene inserted into the US10
region. This HVT-NDV vector was shown to be stable and to express sufficient levels of the corresponding NDV gene product, the
NDV F protein, to protect vaccinated chickens against a virulent NDV challenge. In addition, an HVT vector already had been
constructed containing a pair of ILTV genes inserted in the HVT UL54.5 region. This HVT-ILTV vector was shown to be stable and to
express sufficient levels of the corresponding ILTV gene products, the ILTV gl and gD proteins, to protect vaccinated chickens against
a virulent ILTV challenge virus.

[0040] Previously, a multivalent HVT construct to protect against both NDV and ILTV was designed based on the successful
constructs above, ie., inserting the NDV-F gene in the US10 site and inserting the ILTV gD and gl genes in UL54.5 site [see, US
8,932,604 B2]. Unexpectedly however, following the passaging of this construct in tissue culture the recombinant virus lost its ability to
express the ILTVQD, ILTVgl, and NDV F proteins. This proved to be true with a number of duplicate recombinant HVT constructs.
Indeed, these recombinant viruses were unstable and unsuitable for further development as vaccines. These findings demonstrate
that the design of a single multivalent rHVT vector that can stably express both the NDV F protein and the ILTVgD and ILTVgl proteins
was not a simple process that can be extrapolated from existing information. Indeed, if such stable and efficacious multivalent rHVT
vectors were possible at all, their design needed to be premised on an unpredictable set of complex interactions minimally involving
the relationship between the insertion sites used and the foreign nucleotide sequences to be inserted. Accordingly, the design of rHVT
constructs remains unpredictable from the known art.

[0041] The present invention therefore, provides recombinant MDV,, vectors in which two genes from ILTV and one gene from IBDV
have been inserted. In a particular embodiment of the present invention all three genes were inserted in the US2 region of the HVT
genome. In another embodiment of the present invention all three genes were inserted in the UL54.5 site of the HVT genome.
Accordingly, such rMDV,, vectors should be capable to be used to provide protection against both IBDV and ILTV infections.
Previously, two separate rHVT vectors were necessary to protect against these two viruses, namely one for protection against ILTV
and the other for protection against IBDV.

[0042] The present invention therefore, is advantageous over current methods because it should be able to provide simultaneous
protection against ILTV and IBDV by inoculation of poultry and/or poultry eggs with only a single recombinant MDVy,;,. In particular, this

allows for additonal vaccines to be administered via the in ovo route, because there is a limit on how much volume can be injected into
an egg, and further saves on manufacturing costs because only one rather than two vectors is needed. Moreover, this can allow an
additional antigen to be included in the vaccine such as an attenuated and/or mild live NDV, e.g., strain C2.

[0043] Furthermore, disclosed herein but not part of the invention are embodiments that comprise different rMDVy,, constructs in the

same vaccine and/or immunogenic compositions. In certain embodiments of this type, the vaccine and/or immunogenic composition
comprise both an rMDV2 and an rHVT, each of which encode one or more foreign antigens. Indeed, unlike the combination of two
rHVTs, which inevitably lead to one construct significantly overgrowing the other, combining an rHVT with an rMDV2 leads to no such
significant overgrowth. Therefore, in specific embodiments, a vaccine of the present invention comprises an rHVT that encodes an
ILTVgD protein, an ILTVgl protein, and an IBDV VP2 protein with an rMDV2 that encodes yet another poultry viral antigen, e.g., the
NDV F protein.

[0044] In order to more fully appreciate the instant invention, the following definitions are provided. The use of singular terms for
convenience in description is in no way intended to be so limiting. Thus, for example, reference to a composition comprising "a
polypeptide” includes reference to one or more of such polypeptides.

[0045] As used herein a "nonpathogenic Marek's Disease Virus" or "MDV,," or "npMDV" is a virus in the MDV family that shows little
to no pathogenicity in poultry. In embodiments of the invention, the MDVy, is an HVT

[0046] As used herein, an MDVy,, that has been genetically modified to encode a heterologous nucleotide sequence (e.g., a foreign

gene) is defined as a "recombinant MDVy,," or "rMDVy,,".

[0047] As used herein, a "nonessential site” is a site in the MDVpp, genome in which an insertion of a heterologous nucleotide
sequence into that site does not prevent the MDV,,, from replicating in a host cell. Nonessential sites are generally identified by the

gene in which they reside, e.g., the US2 site. The use of the term "nonessential site” is in no way intended to even suggest that there
is only a single unique nucleotide position in the nucleotide sequence of a given gene (or in the region between two genes) where an
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insertion of a heterologous nucleic acid must be made in order for the MDV,, to maintain its ability to replicate in a host cell.

[0048] As used herein, when an rMDVy, is said to comprise a given nucleic acid "inserted” in a nonessential site in the rMDVy,
genome, it means that the given nucleic acid is a heterologous nucleic acid that is located in that nonessential site of the MDVpp,.
Accordingly, an rMDV,, comprising a first nucleic acid inserted in a first nonessential site in the rMDV,, genome and a second nucleic
acid inserted in a second nonessential site in the rMDV,, genome is equivalent to an rMDV,,, comprising a first heterologous nucleic
acid located in a first nonessential site in the rMDVy,, genome and a second heterologous nucleic acid located in a second
nonessential site in the rMDVnp genome, and vice versa.

[0049] As used herein the term "poultry” can include chickens, turkeys, ducks, geese, quail, and pheasants.

[0050] As used herein, a "vaccine” is a composition that is suitable for application to an animal (including, in certain embodiments,
humans, while in other embodiments being specifically not for humans) comprising one or more antigens typically combined with a
pharmaceutically acceptable carrier such as a liquid containing water, which upon administration to the animal induces an immune
response strong enough to minimally aid in the protection from a clinical disease arising from an infection with a wild-type micro-
organism, i.e., strong enough for aiding in the prevention of the clinical disease, and/or preventing, ameliorating or curing the clinical
disease. As established by the USDA and codified in the Title 9 Code of Federal Regulations, part 113 (9CFR 113) «Standard
requirements for Animal Products» live virus vaccines must provide at least 90% protection, in the case of NDV, IBDV and ILTV, and at
least 80% in the case of MDV, from clinical signs or lesions associated with the disease to obtain a license.

[0051] As used herein, a "multivalent vaccine"” is a vaccine that comprises two or more different antigens. In a particular embodiment
of this type, the multivalent vaccine stimulates the immune system of the recipient against two or more different pathogens.

[0052] As used herein, the term "aids in the protection” does not require complete protection from any indication of infection. For
example, "aids in the protection” can mean that the protection is sufficient such that, after challenge, symptoms of the underlying
infection are at least reduced, and/or that one or more of the underlying cellular, physiological, or biochemical causes or mechanisms
causing the symptoms are reduced and/or eliminated. It is understood that "reduced,” as used in this context, means relative to the
state of the infection, including the molecular state of the infection, not just the physiological state of the infection.

[0053] As used herein, an "adjuvant” is a substance that is able to favor or amplify the cascade of immunological events, ultimately
leading to a better immunological response, i.e., the integrated bodily response to an antigen. An adjuvant is in general not required
for the immunological response to occur, but favors or amplifies this response.

[0054] As used herein, the term "pharmaceutically acceptable” is used adjectivally to mean that the modified noun is appropriate for
use in a pharmaceutical product. When it is used, for example, to describe an excipient in a pharmaceutical vaccine, it characterizes
the excipient as being compatible with the other ingredients of the composition and not disadvantageously deleterious to the intended
recipient.

[0055] As used herein, "systemic administration” is administration into the circulatory system of the body (comprising the
cardiovascular and lymphatic system), thus affecting the body as a whole rather than a specific locus such as the gastro-intestinal
tract (via e.g., oral or rectal administration) and the respiratory system (via e.g., intranasal administration). Systemic administration
can be performed e.g., by administering into muscle tissue (intramuscular), into the dermis (intradermal or transdermal), underneath
the skin (subcutaneous), underneath the mucosa (submucosal), in the veins (intravenous) etc.

[0056] As used herein the term "parenteral administration” includes subcutanecus injections, submucosal injections, intravenous
injections, intramuscular injections, intradermal injections, and infusion.

[0057] The term "approximately” is used interchangeably with the term "about" and signifies that a value is within twenty-five percent
of the indicated value i.e., a peptide containing "approximately” 100 amino acid residues can contain between 75 and 125 amino acid
residues.

[0058] As used herein, the term, "polypeptide” is used interchangeably with the terms "protein” and "peptide” and denotes a polymer
comprising two or more amino acids connected by peptide bonds. The term "polypeptide"” as used herein includes a significant
fragment or segment, and encompasses a stretch of amino acid residues of at least about 8 amino acids, generally at least about 12
amino acids, typically at least about 16 amino acids, preferably at least about 20 amino acids, and, in particularly preferred
embodiments, at least about 30 or more amino acids, e.g., 35, 40, 45, 50, etc. Such fragments may have ends which begin and/or
end at virtually all positions, e.g., beginning at residues 1, 2, 3, etc.,, and ending at, e.g., 155, 154, 153, etc., in all practical
combinations.

[0059] Optionally, a polypeptide may lack certain amino acid residues that are encoded by a gene or by an mRNA. For example, a
gene or mRNA molecule may encode a sequence of amino acid residues on the N-terminus of a polypeptide (i.e., a signal sequence)
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that is cleaved from, and therefore, may not be part of the final protein.

[0060] As used herein the term "antigenic fragment” in regard to a particular protein (e.g., a protein antigen) is a fragment of that
protein (including large fragments that are missing as little as a single amino acid from the full-length protein) that is antigenic, i.e.,
capable of specifically interacting with an antigen recognition molecule of the immune system, such as an immunoglobulin (antibody)
or T cell antigen receptor. For example, an antigenic fragment of an IBDV VP2 protein is a fragment of the VP2 protein that is
antigenic. Preferably, an antigenic fragment of the present invention is immunodominant for antibody and/or T cell receptor
recognition.

[0061] As used herein an amino acid sequence is 100% "homologous” to a second amino acid sequence if the two amino acid
sequences are identical, and/or differ only by neutral or conservative substitutions as defined below. Accordingly, an amino acid
sequence is about 80% "homologous” to a second amino acid sequence if about 80% of the two amino acid sequences are identical,
and/or differ only by neutral or conservative substitutions.

[0062] Functionally equivalent amino acid residues often can be substituted for residues within the sequence resulting in a
conservative amino acid substitution. Such alterations define the term "a conservative substitution” as used herein. For example, one
or more amino acid residues within the sequence can be substituted by another amino acid of a similar polarity, which acts as a
functional equivalent, resulting in a silent alteration. Substitutions for an amino acid within the sequence may be selected from other
members of the class to which the amino acid belongs. For example, the nonpolar (hydrophobic) amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine, tryptophan and methionine. Amino acids containing aromatic ring structures are
phenylalanine, tryptophan, and tyrosine. The polar neutral amino acids include glycine, serine, threonine, cysteine, tyrosine,
asparagine, and glutamine. The positively charged (basic) amino acids include arginine, lysine and histidine. The negatively charged
(acidic) amino acids include aspartic acid and glutamic acid. Such alterations will not be expected to affect apparent molecular weight
as determined by polyacrylamide gel electrophoresis, or isoelectric point.

[0063] Particularly preferred conservative substitutions are: Lys for Arg and vice versa such that a positive charge may be maintained;
Glu for Asp and vice versa such that a negative charge may be maintained; Ser for Thr such that a free --OH can be maintained; and
GIn for Asn such that a free NH» can be maintained. The amino acids also can be placed in the following similarity groups: (1) proline,
alanine, glycine, serine, and threonine; (2) glutamine, asparagine, glutamic acid, and aspartic acid; (3) histidine, lysine, and arginine;
(4) cysteine; (5) valine, leucine, isoleucine, methionine; and (6) phenylalanine, tyrosine, and tryptophan.

[0064] In a related embodiment, two highly homologous DNA sequences can be identified by their own homology, or the homology of
the amino acids they encode. Such comparison of the sequences can be performed using standard software available in sequence
data banks. In a particular embodiment two highly homologous DNA sequences encode amino acid sequences having about 80%
identity, more preferably about 80% identity and even more preferably about 85% identity. More particularly, two highly homologous
amino acid sequences have about 80% identity, even more preferably about 80% identity and even more preferably about 95%
identity.

[0065] As used herein, protein and DNA sequence percent identity can be determined using software such as MacVector v8,
commercially available from Accelrys (Burlington, Massachusetts) and the Clustal W algorithm with the alignment default parameters,
and default parameters for identity. See, e.g., Thompson, et al,. 1884. Nucleic Acids Res. 22:4673-4680. ClustalW is freely
downloadable for Dos, Macintosh and Unix platforms from, e.g., EMBLI, the European Bicinformatics Institute. The present download
link is found at http://www.ebi.ac.uk/clustalw/. These and other available programs can also be used to determine sequence similarity
using the same or analogous default parameters.

[0066] As used herein the terms "polynucleoctide”, or a "nucleic acid" or a "nucleic acid molecule" are used interchangeably and
denote a molecule comprising nucleotides including, but is not limited to, RNA, ¢cDNA, genomic DNA and even synthetic DNA
sequences. The terms are also contemplated to encompass nucleic acid molecules that include any of the art-known base analogs of
DNA and RNA.

[0067] A nucleic acid "coding sequence” or a "sequence encoding” a particular protein or peptide, is a nucleotide sequence which is
transcribed and translated into a polypeptide in vitro or in vivo when placed under the control of appropriate regulatory elements.

[0068] The boundaries of the coding sequence are determined by a start codon at the 5'-terminus and a translation stop codon at the
3'-terminus. A coding sequence can include, but is not limited to, prokaryotic sequences, cDNA from eukaryotic mMRNA, genomic DNA
sequences from eukaryotic (e.g., avian) DNA, and even synthetic DNA sequences. A transcription termination sequence can be
located 3' to the coding sequence.

[0069] "Operably linked" refers to an arrangement of elements wherein the components so described are configured so as to perform
their usual function. Thus, control elements operably linked to a coding sequence are capable of effecting the expression of the
coding sequence. The control elements need not be contiguous with the coding sequence, so long as they function to direct the
expression thereof. Thus, for example, intervening untranslated yet transcribed sequences can be present between a promoter and
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the coding sequence and the promoter can still be considered "operably linked" to the coding sequence.

[0070] As used herein, the term "transcription terminator sequence” is used interchangeably with the term "polyadenylation regulatory
element” and is a sequence that is generally downstream from a DNA coding region and that may be required for the complete
termination of the transcription of that DNA coding sequence. A transcription terminator is a regulatory DNA element involved in the
termination of the transcription of a coding region into RNA. Generally, such an element encodes a section, €.g. a hairpin structure,
which has a secondary structure that can cause the RNA polymerase complex to stop transcription. A transcription terminator is
therefore always situated downstream of the stop codon from the region to be translated, the 3' untranslated region.

[0071] As used herein an "expression cassette" is a recombinant nucleic acid that minimally comprises a promoter and a
heterologous coding sequence operably linked to that promoter. In many such embodiments, the expression cassette further
comprises a transcription terminator sequence. Accordingly, the insertion of an expression cassette into a nonessential site of the
rMDVn, genome can lead to the expression of the heterologous coding sequence by the rMDVpp. In specific embodiments, the

rMDVpp is an rHVT.

[0072] A "heterologous nucleotide sequence” as used herein is a nucleotide sequence that is added to a nucleotide sequence of the
present invention by recombinant methods to form a nucleic acid that is not naturally formed in nature. In specific embodiments, a
"heterologous nucleotide sequence” of the present invention can encode a protein antigen such as the IBDV VP2 protein, the ILTV gl
protein, and/or the ILTV gD protein. Heterologous nucleotide sequences can also encode fusion (e.g., chimeric) proteins. In addition,
a heterologous nucleotide sequence can encode peptides and/or proteins that contain regulatory and/or structural properties. In other
such embodiments, a heterologous nucleotide sequence can encode a protein or peptide that functions as a means of detecting the
protein or peptide encoded by the nucleotide sequence of the present invention after the recombinant nucleic acid is expressed. In still
another embodiment, the heterologous nucleotide sequence can function as a means of detecting a nucleotide sequence of the
present invention. A heterologous nucleotide sequence can comprise non-coding sequences including restriction sites, regulatory
sites, promoters and the like. A "heterologous nucleic acid" comprises a heterologous nucleotide sequence.

[0073] Insertion of a nucleic acid encoding an antigen into an rMDV,, vector is easily accomplished when the termini of both the
nucleic acid and the vector comprise compatible restriction sites. If this cannot be done, it may be necessary to modify the termini of
the nucleotide sequence and/or vector by digesting back single-stranded nucleic acid overhangs (e.g., DNA overhangs) generated by
restriction endonuclease cleavage to produce blunt ends, or to achieve the same result by filling in the single-stranded termini with an
appropriate polymerase. Alternatively, desired sites may be produced, e.g., by ligating nucleotide sequences (linkers) onto the termini.
Such linkers may comprise specific oligonucleotide sequences that define desired restriction sites. Restriction sites can also be
generated through the use of the polymerase chain reaction (PCR). [See, e.g., Saiki et al., Science 239:487-491 (1988)]. The cleaved
vector and the DNA fragments may also be modified, if required, by homopolymeric tailing.

Protein Antigens and Nucleic Acids Encoding the Protein Antigens

[0074] The ILTV gD gene appears to encode a glycoprotein of 434 amino acids in length having a molecular weight of 48,477 daltons,
although others have suggested that a downstream start codon, which leads to an ILTV gD protein comprising only 377 amino acid
residues, is the actual start codon [Wild et al., Virus Genes 12:104 - 116 (1996)]. The ILTV gl gene encodes a glycoprotein of 362
amino acids in length having a molecular weight of 39,753 daltons [U.S. 6,875,856,]. Nucleic acids encoding natural and/or laboratory
derived variants of the ILTV gD and ILTV gl may be substituted for those presently exemplified.

[0075] In particular embodiments of the present invention, an rMDV,,, comprises a recombinant nucleic acid (e.g., an expression
cassette) that encodes an ILTV gD protein comprising the amino acid sequence of SEQ ID NO: 2 or an antigenic fragment thereof. In
related embodiments the rMDV,,, comprises a recombinant nucleic acid that encodes an ILTV gD protein comprising an amino acid
sequence that has greater than 80%, and/or greater than 85%, and/or greater than 98%, and/or greater than 99% identity to the
amino acid sequence of SEQ ID NO: 2. In particular embodiments, the ILTV gD protein is encoded by the nucleotide sequence of SEQ
ID NO: 1. The rMDVp is an rHVT.

[0078] In certain embodiments of the present invention, an rMDVy, comprises a recombinant nucleic acid (e.g., an expression
cassette) that encodes an ILTV gl protein comprising the amino acid sequence of SEQ ID NO: 4 or an antigenic fragment thereof. In
related embodiments, the rMDV,, comprises a recombinant nucleic acid that encodes an ILTV gl protein comprising an amino acid
sequence that has greater than 80%, and/or greater than 85%, and/or greater than 98%, and/or greater than 99% identity to the
amino acid sequence of SEQ ID NO: 4. In particular embodiments, the ILTV gl protein is encoded by the nucleotide sequence of SEQ
ID NO: 3. The rMDVp is an rHVT.

[0077] As mentioned earlier, IBDV is a member of the Birnaviridae family, which has a genome consisting of two segments (A and B)
of double-stranded RNA. The larger segment A encodes a polyprotein of 110 kDa, which is subsequently cleaved by autoproteolysis
to form mature viral proteins VP2, VP3 and VP4. Of these, VP2 and VP3 are the structural capsid proteins for the virion, with VP2
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protein being the major host-protective immunogen. In the case of IBDV, two serotypes exist, serotype 1 and 2 which can be
distinguished by virus neutralization (VN) tests. Serotype 1 viruses have been shown to be pathogenic to chickens, while serotype 2
IBDV only causes sub-acute disease in turkeys. Historically, IBDV serotype 1 viruses consisted of only one type that is known as
"classic" IBD virus, but subsequently, so-called "variant” IBDV strains have emerged. In particular embodiments of the present
invention the IBDV VP2 gene encodes a VP2 protein from an IBDV that is of the classic type. Such genes are well known and their
sequence information is readily available,| see e.g., GenBank acc.nr: D0O0869 (F52/70), D00488 (STC), or AF499828 (D78)].
Alternatively, this gene can be obtained from the genome of a classic IBDV isolated from nature, using routine techniques for
manipulating a Birnavirus. Classic type IBDV's can be readily identified using serology, or molecular biclogy.

[0078] In particular embodiments of the present invention, an rMDV,,, comprises a recombinant nucleic acid (e.g., an expression
cassette) that encodes an IBDV VP2 protein comprising the amino acid sequence of SEQ ID NO: 6 or an antigenic fragment thereof.
In related embodiments, the rMDVy,, comprises a recombinant nucleic acid that encodes an IBDV VP2 protein comprising an amino
acid sequence that has greater than 80%, and/or greater than 95%, and/or greater than 88%, and/or greater than 99% identity to the
amino acid sequence of SEQ ID NO: 6. In specific embodiments, the IBDV VP2 protein is encoded by the nucleotide sequence of SEQ
ID NO: 5. The rMDVp is an rHVT.

[0079] Routine vaccinations against IBDV are performed as early as possible in the life of poultry using attenuated IBDV strains, but
these can only be applied when the level of MDA against IBDV has decreased enough, which commonly is somewhere between 15

and 20 days post hatch. Many 'live’ or inactivated IBDV vaccines are commercially available, e.g., a 'live' vaccine such as Nobilis™
Gumboro D78 (Merck Animal Health).

[0080] NDV has a non-segmented, negative sense, single stranded RNA genome, which is about 15 kb in size, and contains six
genes, amongst which is the NDV F protein gene which encodes the so-called "fusion” glycoprotein (F protein). The F protein is
involved in NDV's attachment of and entry into host cells, and as the immunodominant protein it can be the basis of an effective
immune response against NDV. The NDV F protein is expressed as a native FO protein, which is activated upon cleavage by extra-
cellular peptidases.

[0081] An NDV F protein gene, for example, can be derived from NDV Clone 30, a common lentogenic NDV vaccine strain. Nucleic
acids encoding natural and/or laboratory derived variants of the F protein gene would equally be applicable, either from lentogenic,
mesogenic or velogenic NDV, as the F protein gene sequence itself is highly conserved in these different NDV pathotypes.

Promoters and Polyadenylation Requlatory Elements

[0082] A promoter is a functional region on the genome of an organism that directs the transcription of a downstream coding region. A
promoter is therefore situated upstream of the coding region of a gene. The mRNA synthesis directed by the promoter starts from the
'transcription start site’ (TSS). The mRNA produced is in turn translated into protein starting from the gene's start codon, which is the
first ATG sequence in the open reading frame (the first AUG in the mRNA). Typically the TSS is located at 30-40 nucleotides upstream
of the start codon. A TSS can be determined by sequencing the 5' end of the mRNA of a gene, e.g. by the RACE technique. In
general promoters are comprised within about 1000 nucleotides upstream of the position of the A of the start codon, which is
generally denoted as A+1, and most promoters are situated between nucleotides -500 and A+1.

[0083] The nomenclature for a promoter is commonly based on the name of gene that it controls the expression of. For example, the
murine cytomegalovirus immediate early 1 gene (mCMV-IE1) promoter "mCMV-IE1 gene promoter”, refers to the promoter that
naturally drives the expression of the early 1 gene (IE1 gene) for mCMV and accordingly, is situated immediately upstream of that
gene. Because the IE1- gene is such a well-documented and clearly recognizable gene, and because the genomes of several nCMVs
have been sequenced (in whole or in part), such a promoter readily can be identified by routine techniques. For example, in a basic
protocol a promoter can be obtained by roughly subcloning the region in between two consecutive genes, e.g. from the poly A signal
of an upstream gene to the TSS of a downstream gene. The promoter then can be identified by standard tests, e.g., by the
expression of a marker gene by progressively smaller sections of a suspected promoter.

[0084] Generally, promoters contain a number of recognizable regulatory regions, such as an enhancer region, which is involved in
binding regulatory factors that influence the time, the duration, the conditions, and the level of transcription. Whereas the enhancer
region is normally situated upstream, a promoter also contains a region more downstream that is involved in the binding of
transcription factors and directing RNA polymerase itself. This downstream region generally contains a number of conserved promoter
sequence elements such as the TATA box, the CAAT box, and the GC box.

[0085] A promoter comprising both the enhancer- and the downstream region is termed a "complete” promoter, whereas a promoter
comprising only the downstream region, is termed a "core" promoter.

[00886] A promoter for the expression of a (heterologous) gene in a (virus) vector needs to be able to effectively drive the transcription
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of that downstream coding sequence. This is generally referred to as the promoter being "operatively linked" to the coding sequence,
such that the gene is 'under the control' of the promoter, or is 'driven by' the promoter. This generally means that in an expression
cassette the promoter and the coding sequence of the gene are found on the same nucleic acid, in effective proximity, and with no
signals or sequences between them that would intervene with effective transcription of the coding sequence.

[0087] The mCMV-IE1 gene promoter is well known in the art, and can be readily obtained from a variety of commercial sources, such
as from suppliers of commercial plasmids for cloning and expression. The IE1 gene is also called the 'major IE gene'. The mCMV-IE1
protein has also been referred to as pp89. Ddrsch-Hasler et al. [Proc. Nat. Acad. Sci., 82:8325-8329 (1985)] described the mCMV IE1
gene promoter in 1985, and the use of this promoter in heterologous expression is also described in WO 87/03.905 and EP 728,842.
The nucleotide sequence of the complete mCMV IE locus is available from GenBank under acc. nr. L06816.1 (from March 2004). The
mCMYV itself is available from the ATCC: initially under acc. nr. VR-194, and more recently this has been continued under acc. nr. VR-
1399.

[0088] In one embodiment of the invention, the mCMV-IE1 gene promoter is a complete promoter, comprising both the core promoter
region, as well as the enhancer region for the mCMV-IE1 gene. The complete mCMV-IE1 gene promoter is about 1.4 kb in size.
However, the present invention also allows for some variance in length of not only the mCMV IE1-gene promoter, but also of the other
elements that make up the recombinant DNA expression cassette employed in the present invention. This can result from differences
in the exact conditions that are used for cloning and construction. For example, this variance may arise from using different restriction
enzyme sites, PCR cloning primers, or different conditions for adapting the ends of the cloning molecules used. Consequently, some
variation in length -smaller or larger- of the constituting elements may occur, without affecting the stability, and relatively strong
antigen expression and/or efficacy of the overall expression cassette. In that case these length differences are immaterial, and are
within the scope of the invention. Therefore, an mCMV-IE1 gene promoter of "about 1.4 kb" is: 1.4 kb + about 25 %. In particular
embodiments the promoter is 1.4 kb £ about 20%. In still other embodiments the variance can be 1.4 kb + about 15%, 1.4 kb + about
12%, 1.4 kb + about 10%, 1.4 kb £ about 8%, 1.4 kb + about 6%, 1.4 kb + about 5%, 1.4 kb + about 4%, 1.4 kb + about 3%, 1.4 kb £
about 2%, or even 1.4 kb £ about 1%.

[0089] Similarly, homologs or variants of the promoter element may be used that are equally effective and stable. Therefore, in certain
embodiments the mCMV-IE1 gene promoter of the present invention can be a DNA molecule of about 1.4 kb that comprises a
nucleotide sequence with at least 95%, 86%, 97%, 98%, or even 89 % nucleotide sequence identity to the nucleotide sequence of
SEQ ID NO: 10. In a particular embodiment the mCMV-IE1 gene promoter consists of nucleotide sequence of SEQ ID NO: 10.

[0090] Many alternative promoters can be used to drive the expression of a heterologous gene encoding a protein antigen or
antigenic fragment thereof in an rMDV,,, of the present invention. Examples include the pseudorabies virus (PRV) gpX promoter [see,
WO 87/04463], the Rous sarcoma virus LTR promoter, the SV40 early gene promoter, the chicken befa-actin gene promoter
comprising the nucleotide sequence of SEQ ID NO: 11, the Towne Strain hCMV IE promoter, a derivative of the hCMV IE promoter
(from strain AD169) comprising the nucleotide sequence of SEQ ID NO: 12, an ILTV gD promoter comprising the nucleotide sequence
of SEQ ID NO: 7, and an ILTV gl promoter comprising the nucleotide sequence of SEQ ID NO: 8, [see e.g., U.S. 6,183,753 B1], the
human cytomegalovirus immediate early1 (hCMV IE1) gene promoter [U.S. 5,830,745; U.S. 5,980,806], and the chicken beta-actin
gene promoter [EP 1 298 139 B1]. A particular heterologous promoter for the IBDV VP2 gene is the murine (mCMV IE1)
cytomegalovirus promoter. In a particular embodiment of this type the mCMV IE1 comprises the nucleotide sequence of SEQ ID NO:
10 [see e.g., EP 728,842; PCT/EP2015/081121].

[0091] The inclusion of a polyadenylation regulatory element downstream from a DNA coding region is oftentimes required to
terminate the transcription of the coding DNA sequence. Accordingly, many genes comprise a polyadenylation regulatory element at
the downstream end of their coding sequence. Many such regulatory elements have been identified and can be used in an rMDV,; of

the present invention. Specific examples of polyadenylation regulatory elements as exemplified herein, include a FHV US-9
polyadenylation signal comprising the nucleotide sequence of SEQ ID NO: 13, and the HSV thymidine kinase polyadenylation signal
comprising the nucleotide sequence of SEQ ID NO: 14.

Vaccines and Immunogenic Compositions

[0092] Disclosed herein but not part of the invention is the use of the recombinant MDV,,, the nucleic acid molecules used to
construct the MDV,,, or the host cells to grow them, or any combination thereof, for the manufacture of a vaccine for poultry
Accordingly, the present invention provides vaccines and/or immunogenic compositions that include a multivalent recombinant MDVy,,

of the present invention. Such vaccines can be used to aid in the prevention and/or prevent Infectious Bursal Disease (Gumboro
disease), and/or Marek's disease, and/or maladies associated with ILTV infections. A vaccine according to the present invention can
be used for prophylactic and/or for therapeutic treatment, and thus can interfere with the establishment and/or with the progression of
an infection and/or its clinical symptoms of disease.

[0093] A recombinant MDV,, of the present invention can be grown by any number of means currently practiced in the field. For
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example, a recombinant MDVy,, of the present invention can be grown through the use of in vitro cultures of primary chicken cells, see
e.g., the Examples below where chicken embryo fibroblast cells (CEFs) were used. The CEFs can be prepared by trypsinization of
chicken embryos. The CEFs also can be plated in monolayers and then infected with the MDVy,. This particular process can be

readily scaled up to industrial-sized production.

[0094] Therefore, disclosed herein but not part of the invention is a method for the preparation of the vaccine according to the
invention comprising the steps of infecting host cells with a recombinant MDVy,, of the present invention, harvesting the infected host
cells, and then admixing the harvested infected host cells with a pharmaceutically acceptable carrier. Suitable methods for infection,
culture and harvesting are well known in the art and are described and exemplified herein.

[0095] Typically, the infected host cells are harvested while still intact to obtain the recombinant MDVyp in its cell-associated form.
These cells can be taken up in an appropriate carrier composition to provide stabilization for storage and freezing. The infected cells
can be filled into glass ampoules, which are sealed, frozen and stored in liquid nitrogen. Accordingly, in certain embodiments the
vaccines and/or immunogenic compositions of the present invention are stored frozen and accordingly, comprise a cryropreservative,
such as dimethyl sulfoxide (DMSO), to preserve the frozen infected cells.

[0096] Alternatively, because the recombinant MDVy, is a recombinant HVT, it can be isolated from its host cell, for instance through

sonication at the end of culturing, and then taken up into a stabilizer, and freeze-dried (lyophilized) for stable storage or otherwise
reduced in DRAKEOL 6VR, block polymers, ISCOM's (immune stimulating complexes), vitamins and minerals (including but not limited

to: vitamin E, vitamin A, selenium, and vitamin B12) and CARBOPOL®.

[0097] Other suitable adjuvants, which sometimes have been referred to as immune stimulants, include, but are not limited to:
cytokines, growth factors, chemokines, supernatants from cell cultures of lymphocytes, monocytes, cells from lymphoid organs, cell
preparations and/or extracts from plants, bacteria or parasites (Sfaphylococcus aureus or lipopolysaccharide preparations) or
mitogens. Generally, an adjuvant is administered at the same time as an antigen of the present invention. However, adjuvants can
also or alternatively be administered within a two-week period prior to the vaccination, and/or for a period of time after vaccination,
i.e., so long as the antigen, e.g., a recombinant MDV,,, of the present invention persists in the tissues.

[0098] The vaccines and/or immunogenic compositions of the present invention may be administered by any route such as in ovo, by
parenteral administration, including intramuscular injection, subcutaneous injection, intravenous injection, intradermal injection, by
scarification, by oral administration, or by any combination thereof.

[0099] Furthermore, the multivalent recombinant MDV;, of the present invention can be used and/or combined with additional IBDV,
ILTV, and/or MDV antigens to improve and expand the immunogenicity provided, and/or antigens for other pathogens (e.g., NDV) in
order to provide immune protection against such other pathogens. These additional antigens can be either live or killed whole
microorganisms, other recombinant vectors, cell homogenates, extracts, proteins, or any other such derivative, provided that they do
not negatively interfere with the safety, and stability with relatively strong antigen expression and/or efficacy of the vaccine according
to the present invention.

[0100] The combination of a multivalent recombinant MDV;,, of the present invention with an additional MDV, IBDV, and/or ILTV
antigen can be advantageous in those cases in which very virulent field strains of MDV, IBDV, or ILTV are prevalent, e.g., in a
particular geographic region. In this regard, the combination of a multivalent recombinant MDVy,, of the present invention with an
MDV1, MDVZ2, or HVT includes the Rispens (MDV1) strain, the SB1 (MDV2) strain, the FC-126 (HVT) strain and/or PB1 (HVT) strain.
To improve the response against IBDV, multivalent recombinant MDVy,, may be combined with an IBDV vaccine strain, such as a mild
live IBDV vaccine strain, e.g., D78 (cloned intermediate strain), PBGS88, Cu-1, ST-12 (an intermediate strain), or 89/03 (a live
Delaware variant strain) in a multivalent vaccine.

[0101] Examples of other microorganisms that can be used as antigens together with the multivalent recombinant MDVy,, of the
present invention include: (i) viruses such as infectious bronchitis virus, adenovirus, egg drop syndrome virus, infectious bursal
disease virus, chicken anaemia virus, avian encephalo-myelitis virus, fowl pox virus, turkey rhinotracheitis virus, duck plague virus
(duck viral enteritis), pigeon pox virus, avian leucosis virus, avian pneumovirus, and reovirus, (i) bacteria, such as Escherichia coli,
Salmonella spec., Ornifobacterium rhinotracheale, Haemophilis paragallinarum, Pasteurella multocida, Erysipelothrix rhusiopathiae,
Erysipelas spec., Mycoplasma spec., and Clostridium spec., (iii) parasites such as Eimeria spec., and (iv) fungi, such as Aspergillus
spec. In particular embodiments of the present invention, a recombinant MDVy,, of the present invention can be combined with a mild
live NDV vaccine strain such as vaccine strain C2. Many of such strains are used in commercial vaccines.

[0102] The combination vaccine can be made in a variety of ways including by combining the recombinant MDV,,, of the present
invention with preparations of virus, or bacteria, or fungi, or parasites, or host cells, or a mixture of any and/or all of these. In particular
embodiments, the components for such a combination vaccine are conveniently produced separately and then combined and filled
into the same vaccine container.
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[0103] As described above, a vaccine according to the invention can be used advantageously to provide safe and effective immune
protection in poultry to a multiple diseases, by a single inoculation at very young age or in ovo. Alternatively, as would be apparent to
anyone skilled in the art of poultry vaccines the combinations described above also could include vaccination schedules in which the
multivalent recombinant MDVp, of the present invention and the additional antigen are not applied simultaneously; e.g., the
recombinant MDVy,, may be applied in ovo, and the NDV C2 and/or the IBDV strain (e.g., 89/03) could be applied at a subsequent
time/date.

[0104] Accordingly, the vaccines of the present invention can be administered to the avian subject in a single dose or in multiple
doses. For example, a vaccine of the present invention may be applied at the day of hatch and/or in ovo at day 16-18 (Embryonation
Day) ED. When multiple doses are administered, they may be given either at the same time or sequentially, in a manner and time
compatible with the formulation of the vaccine, and in such an amount as will be immunologically effective. Therefore, a vaccine of the
present invention may effectively serve as a priming vaccination, which later can be followed and amplified by a booster vaccination of
the identical vaccine, or with a different vaccine preparation e.g., a classical inactivated, adjuvanted whole-virus vaccine.

[0105] The volume per dose of a vaccine of the present invention can be optimized according to the intended route of application: in
ovo inoculation is commonly applied with a volume between 0.05 and 0.5 ml/egg, and parenteral injection is commonly done with a
volume between 0.1 and 1 ml/avian. In any case, optimization of the vaccine dose volume is well within the capabilities of the skilled
artisan.

SEQUENCE TABLE

[0106]
SEQ ID NO: i{Description Type
1 ILTV gD Glycoprotein nucleic acid
2 ILTV gD Glycoprotein amino acid
3 ILTV gl Glycoprotein nucleic acid
4 ILTV gl Glycoprotein amino acid
5 IBDV VP2 nucleic acid
6 IBDV VP2 amino acid
7 ILTV gD promoter nucleic acid
8 ILTV gl promoter nucleic acid
9 ILTV insert nucleic acid
10 mCMV IE promoter nucleic acid
" chicken B-actin promoter nucleic acid
12 hCMV IE promoter (from strain AD169) nucleic acid
13 FHV US-9 polyadenylation signal nucleic acid
14 HSV TK polyadenylation signal nucleic acid
15 228509-1LT-435Vec6 (HVTIIBDV/ILT 1386-134) mCMV IEpro-VP2-SV40pA/ILT/HVT  {nucleic acid
16 1333-85.B6 (HVT/ILT/IBDV 1386-48.1.1.1) ILT/Chicken B-actin pro-VP2-FHV nucleic acid
US9pA/HVT
17 1386-04.4#1 (HVT/ILT/IBDV 1386-48.3.1.7) ILT/hCMV IEpro-VP2-HSV TKpA/HVT nucleic acid
18 484-1050-2641-10859 (HVT/IBDV/ILT 484) mCMV IEpro-VP2-SV40pA/ILT/HVT nucleic acid
19 SV40 polyadenylation signal nucleic acid

[0107] The present invention may be better understood by reference to the following non-limiting examples, which are provided as
exemplary of the invention. The following examples are presented in order to more fully illustrate embodiments of the invention and
should in no way be construed as limiting the broad scope of the invention.

EXAMPLES

EXAMPLE 1
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CONSTRUCTION OF RECOMBINANT HVT/ILTV/IBDV VIRUS VECTORS

[0108] Recombinant multivalent non-pathogenic Marek's Disease virus constructs were prepared that encode and express both
Infectious Laryngotracheitis Virus and Infectious Bursal Disease Virus protein antigens. The present invention overcomes the problem

of vaccine interference encountered when two recombinant HVT vaccines, such as Innovax®-ILT (sold by Merck Animal Health) and

Vaxxitek® (sold by Merial) are given to the same animal.

[0109] Recombinant virus constructs were created in which antigenic donor material from two poultry pathogens, Infectious
Laryngotracheitis Virus (ILTV) and Infectious Bursal Disease virus (IBDV) are inserted into a Herpesvirus of Turkey (HVT) vector [see
also, US 8,832,604 B2, WO 2013/057,235, and WO 2016/102647, the contents of all of which are hereby incorporated by reference in
its entireties]. The donor materials include a 3.563 kb Sall-Hindlll fragment from ILTV, NVSL Challenge Strain, Lot # 83-2 [pos. 10532-
14084; Wild et al., Virus Genes 12:104-116(1996): Acc.#U28832], encoding the full length genes for glycoprotein D (gD) and
glycoprotein | (gl), plus partial coding regions from glycoprotein E (amino acids 1-101), and ORF5 (amino acids 734-985); and an
expression cassette consisting of the coding region for IBDV, Faragher, type F52/70 strain, viral protein 2 (vp2) gene, driven by a
eukaryotic or viral promoter and followed by a terminator sequence. In the present embodiment, the promoter driving VP2 expression
may come from the immediate early (IE) gene of human cytomegalovirus (hCMV), strain AD 168, from chicken beta-actin (cB-act)
gene or from the IE gene of mouse cytomegalovirus (mCMYV) strain ATCC VR-194. The terminator and polyadenylation sequence may
come from human Herpes Simplex Virus (HSV), thymidine kinase (TK) gene, from the glycoprotein B (gB) gene of Feline Herpesvirus
(FHV), from the immediate early (IE) gene of human cytomegalovirus (hCMV), strain AD 168 or from simian virus 40 (SV40). The
donor material may be inserted into one of two nonessential sites in the HVT vector, the US2 site [pos. 140540/140541, Afonso et al.,
J. Virology 75(2):971-978 (2001); Acc. #AF291866, between amino acids residues 124 and 125], or in the UL54.5 site [pos.
111240/111241, Afonso et al., 2001, supra; Acc. #AF291866, between amino acids residues 21 and 22], or one insert in each site.

[0110] Genetic and phenotypic stability is a major component of the safety and relatively strong antigen expression and/or efficacy
profile of any new recombinant viral vaccine candidate. The IBDV and ILTV expression cassettes inserted into the HVT backbone are
not intrinsically required for viral replication and therefore may be lost due to mutation during amplification of the virus stock in tissue
culture passages. A satisfactory vaccine candidate must not easily mutate to lose expression of the foreign gene insert. A vaccine
candidate is considered stable if it can be demonstrated that at least 80% of the viral plaques express the inserted foreign antigenic
protein following greater than or equal to 10 passages in tissue culture.

EXAMPLE 2

CONSTRUCTION OF RECOMBINANT HVT/ILTV/IBDV VIRUS VECTORS

[0111] The ability to generate herpesviruses by this method has previously been demonstrated for pseudorabies virus [van Zijl et al.,
J. Virology 62:21981-2195 (1988)]. This procedure subsequently was employed to construct recombinant HVT vectors [see, U.S.
5,853,733, with respect to the methodology disclosed regarding the construction of recombinant HVT vectors] and was used to
construct the recombinant HVT/ILTV/IBDV vectors of the present invention. In this method, the entire HVT genome is cloned into
bacterial vectors as several large overlapping subgenomic fragments constructed utilizing standard recombinant DNA techniques
[Maniatis et al., (1982) Molecular Cloning, Cold Spring Harbor Laboratory press, Cold Spring Harbor, New York (1982); and Sambrook
et al., Molecular Cloning, Cold Spring Harbor Laboratory press, Cold Spring Harbor, New York (1989)]. An HVT strain FC126 cosmid
library was derived from sheared viral DNA cloned into the cosmid vector pWE15 (Stratagene, now Agilent Technologies of Santa
Clara, Calif.). In addition, several large genomic DNA fragments were isolated by restriction digestion with the enzyme, BamHI, and
cloned into either pWE15 or the plasmid vector pSP64 (Promega, Madison Wis.). As described in U.S. 5,853,733, cotransfection of
these fragments into chicken embryo fibroblast (CEF) cells results in the regeneration of HVT genome mediated by homologous
recombination across the overlapping regions of the fragments. If an insertion is engineered directly into one or more of the
subgenomic fragments prior to the cotransfection, this procedure results in a high frequency of viruses containing the insertion. Five
overlapping subgenomic clones are required to generate HVT/FC126 HVT, and served as the basis for creating all HVT/ILTV/IBDV
recombinant viruses.

Construction of HVT/ILT/IBDV 1386-134.1-2: [see, 1386-134 depicted in Figure 2]

[0112] The cosmid regeneration of HVT/ILT/IBDV 1386-134.1-2 was performed essentially as described in U.S. 5,853,733 [e.g. FIG. 8
of U.S. 5,853,733; redrawn, at least in part, in Fig. 1, herein]. To allow integration into the US region of the FC126 HVT genome, the
region covered by the cosmid nr. 378-50 in U.S. 5,853,733, was now provided from three smaller plasmids: pSY640 and 556-60.6,
and one transfer plasmid (228508-ILT-435Vec6), overlapping these two, and containing the IBDV/ILTV expression cassettes in the
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US2 gene locus. The set of seven linearized constructs: 3 cosmids and 4 plasmids are transfected all together into CEFs, using a
standard CacCl, transfection protocol and the resulting virus stock was plaque purified two times.

Construction of HVT/ILT/IBDV 1386-48.1.1.1: [see, 1386-48 depicted in Figure 2]

[0113] The cosmid regeneration of HVT/ILT/IBDV 1386-48.1.1.1 was performed essentially as described in U.S. 5,853,733 [e.g. FIG.
8 of U.S. 5,853,733; redrawn, at least in part, in Fig. 1, herein]. To allow integration into the US region of the FC126 HVT genome, the
region covered by the cosmid nr. 378-50 in U.S. 5,853,733, was now provided from three smaller plasmids: pSY640 and 556-60.6,
and one transfer plasmid (1333-85.B6), overlapping these two, and containing the IBDV/ILTV expression cassettes in the US2 gene
locus.

[0114] The set of seven linearized constructs: 3 cosmids and 4 plasmids are transfected all together into CEFs, using a standard
CaCl, transfection protocol and the resulting virus stock was plaque purified two times.

Construction of HVT/ILT/IBDV 1386-48.3.1.7: [see, 1386-48 depicted in Figure 2]

[0115] The cosmid regeneration of HVT/ILT/IBDV 1386-48.3.1.7 was performed essentially as described in U.S. Pat. No. 5,853,733
[e.g. FIG. 8 of U.S. 5,853,733; redrawn, at least in part, in Fig. 1, herein]. To allow integration into the US region of the FC126 HVT
genome, the region covered by the cosmid nr. 378-50 in U.S. 5,853,733, was now provided from three smaller plasmids: pSY640 and
556-60.6, and one transfer plasmid (1386-04.4#1), overlapping these two, and containing the IBDV/ILTV expression cassettes in the
US2 gene locus. The set of seven linearized constructs: 3 cosmids and 4 plasmids are transfected all together into CEFs, using a
standard CacCl, transfection protocol and the resulting virus stock was plaque purified two times.

Construction of HVTI/ILT/IBDV 484: [see, 1386-484 depicted in Figure 2]

[0116] The cosmid regeneration of HVT/ILT/IBDV 484 was performed essentially as described in U.S. 5,853,733 [e.g. FIG. 8 of U.S.
5,853,733; redrawn, at least in part, in Fig. 1, herein]. To allow integration into the UL54.5 region of the FC126 HVT genome, the
region covered by the cosmid nr. 407-32.1C1 in U.S. 5,853,733, was now provided from three smaller plasmids: 672-01.A40 and 672-
07.C40, and one transfer plasmid (484-1050-2641-10858), overlapping these two, and containing the IBDV/ILTV expression cassettes
in the UL54.5 gene locus. The set of seven linearized constructs: 4 cosmids and 3 plasmids are transfected all together into CEFs,
using a standard CacCl, transfection protocol and the resulting virus stock was plaque purified two times.

Description of Subgenomic Fragments for Generating FC126 HVT:

Subgenomic Clone 407-32.2C3

[0117] Cosmid 407-32.2C3 contains an approximately 40,170 base pair region of genomic HVT DNA [Left terminus - pos. 39,754;
Afonso ef al., 2001, supra; Acc. #AF281866]. This region includes HVT BamHI fragments F', L, P, N1, E, D, and 2,092 base pairs of
fragment B.

Subgenomic Clone 172-07.BA2

[0118] Plasmid 172-07.BA2 contains a 25,931 base pair region of genomic HVT DNA. It was constructed by cloning the HVT BamHI B
fragment [pos. 37,663 to 63,593; Afonso ef al., 2001, supra; Acc. #AF291866], into the plasmid pSP64 (Promega, Madison Wis.).

Subgenomic Clone 407-32.5G6

[0119] Cosmid 407-32.5G6 contains a 39,404 base pair region of genomic HVT DNA [pos. 61,852 - 101,255; Afonso ef al., 2001,
Ssupra; Acc. #AF291866]. This region includes HVT BamHI fragments H, C, Q, K1, M, K2, plus 1,742 base pairs of fragment B, and
3,880 base pairs of fragment J. Subgenomic Clone 407-31.

[0120] 1C1Cosmid 407-31.1C1 contains a 37,444 base pair region of genomic HVT DNA [pos. 86,095 - 133,538; Afonso ef al., 2001,
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supra; Acc. #AF291866]. This region includes HVT BamHI fragments J, G, |, F, O, plus 1,281 base pairs of fragment K2, and 6,691
base pairs of fragment A.

Subgenomic Clone 378-50

[0121] Cosmid 378-50 contains a 28,897 base pair region of genomic HVT DNA [see, FIG. 8 of U.S. 5,853,733; redrawn, at least in
part, in Fig. 1, herein]. This region includes HVT BamHI fragment A. It was constructed by cloning the HVT BamHI A fragment [pos.
126,848 - 155,744; Afonso ef al., 2001, supra; Acc. #AF291866] into cosmid pWE15.

Additional Insertion Fragments for Generating HVT/ILT/IBDV 1386-134.1-2:

Subgenomic Clone 228059-1LT-435Vec6

[0122] The insertion plasmid 228059-ILT-435Vec6 contains a 7311 base pair EcoRI fragment of the HVT unique short regions [pos.
126880-144180; Afonso ef al., 2001, supra; Acc. #AF291866], cloned into the plasmid pSP64 (Promega, Madison, WI.). Inserted into
a unique Stul site within the HVT US2 gene [pos. 140540/140541; Afonso ef al., 2001, supra; Acc. #AF291866, between amino acid
residues 124 and 125] are 2 elements: an expression cassette consisting of the mCMV IE promoter, the IBDV classic type F52/70,
Faragher strain, virus protein 2 gene (VP2), and the SV40 polyadenylation signal, followed by a 3563 base pair Sall-Hindlll fragment
from ILTV, NVSL Challenge Strain, Lot#83-2 [pos. 10532-14094; Wild et al., Virus Genes 12:104-116 (1896); Acc.#U28832], encoding
the full length genes for glycoprotein D (gD) and glycoprotein | (gl), plus partial coding regions from glycoprotein E (amino acids 1-
101), and ORF5 (amino acids 734-985). The IBDV VP2, ILTV gD and ILTV gl genes are transcribed in the opposite direction relative to
the HVT US2 gene.

Subgenomic Clone pSY640

[0123] Plasmid pSY640 contains an approximately 13,600 base pair region of genomic HVT DNA (pos. 126848 -140540; Afonso et
al., 2001, supra; Acc. #AF291866] derived from BamHI fragment A. To generate this plasmid the region of DNA located upstream of
the US2 gene, beginning at the Stul site located in the US2 gene and continuing to the end of the BamHI A fragment, was cloned into
the plasmid pSP64 (Promega, Madison WI.).

Subgenomic Clone 556-60.6

[0124] Plasmid 556-60.6 contains an approximately 12,500 base pair region of genomic HVT DNA derived from BamHI fragment A
(approximate pos. 143300-155744; Afonso ef al., 2001, supra; Acc. #AF291866]. To generate this plasmid, the region of DNA located
downstream of the US2 gene (beginning at the Stul site located in the US2 gene and continuing to the end of the BamHI A fragment)
was cloned into pSP64 (Promega, Madison WI.), and then treated with exonuclease to "chewed back” from Stul site ~150 bp, and re-
cloned into pBR322 plasmid vector.

Additional Insertion Fragments for Generating HVT/ILT/IBDV 1386-48.1.1.1:

Subgenomic Clone 1333-85.8B6

[0125] The insertion plasmid 1333-85.B6 contains a 7311 base pair EcoRI fragment of the HVT unique short regions [pos. 126880-
144180; Afonso ef al., 2001, supra; Acc. #AF291866], cloned into the plasmid pSP64 (Promega, Madison, WI1.). Inserted into a unique
Stul site within the HVT US2 gene [pos. 140540/140541; Afonso ef al., 2001, supra; Acc. #AF281866, between amino acid residues
124 and 125] are 2 elements: a 3563 base pair Sall-Hindlll fragment from ILTV, NVSL Challenge Strain, Lot#83-2 [pos. 10532-14084;
Wild et al., Virus Genes 12:104-116 (1996); Acc#U28832], encoding the full length genes for glycoprotein D (gD) and glycoprotein |
(gD, plus partial coding regions from glycoprotein E (amino acids 1-101), and ORFS5 (amino acids 734-985) and an expression
cassette consisting of the chicken B-Actin promoter, the IBDV classic type F52/70, Faragher strain, virus protein 2 gene (VP2), and the
polyadenylation signal from the Feline Herpesvirus (FHV) glycoprotein B gene. The ILTV gD, ILTV gl and IBDV VP2 genes are
transcribed in the opposite direction relative to the HVT US2 gene.

Subgenomic Clone pSY640.
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[01286] Plasmid pSY640 contains an approximately 13,600 base pair region of genomic HVT DNA (pos. 126848 -140540; Afonso ef
al., 2001, supra; Acc. #AF291866] derived from BamHI fragment A. To generate this plasmid the region of DNA located upstream of
the US2 gene, beginning at the Stul site located in the US2 gene and continuing to the end of the BamHI A fragment, was cloned into
the plasmid pSP64 (Promega, Madison WI.).

Subgenomic Clone 556-60.6.

[0127] Plasmid 556-60.6 contains an approximately 12,500 base pair region of genomic HVT DNA derived from BamHI fragment A
(approximate pos. 143300-155744; Afonso ef al., 2001, supra; Acc. #AF291866]. To generate this plasmid, the region of DNA located
downstream of the US2 gene (beginning at the Stul site located in the US2 gene and continuing to the end of the BamHI A fragment)
was cloned into pSP64 (Promega, Madison WI.), and then treated with exonuclease to "chewed back” from Stul site ~150 bp, and re-
cloned into pBR322 plasmid vector.

Additional Insertion Fragments for Generating HVT/ILT/IBDV 1386-48.3.1.7:

Subgenomic Clone 1386-04.4#1

[0128] The insertion plasmid 1386-04.4#1 contains a 7311 base pair EcoRI fragment of the HVT unique short regions [pos. 126880-
144180; Afonso ef al., 2001, supra; Acc. #AF291866], cloned into the plasmid pSP64 (Promega, Madison, WI1.). Inserted into a unique
Stul site within the HVT US2 gene [pos. 140540/140541; Afonso ef al., 2001, supra; Acc. #AF281866, between amino acid residues
124 and 125] are 2 elements: a 3563 base pair Sall-Hindlll fragment from ILTV, NVSL Challenge Strain, Lot#83-2 [pos. 10532-14084;
Wild et al., Virus Genes 12:104-116 (1996); Acc#U28832], encoding the full length genes for glycoprotein D (gD) and glycoprotein |
(gD, plus partial coding regions from glycoprotein E (amino acids 1-101), and ORFS5 (amino acids 734-985) and an expression
cassette consisting of the hCMV IE promoter, the IBDV classic type F52/70, Faragher strain, virus protein 2 gene (VP2), and the
polyadenylation signal from the Herpes Simplex virus (HSV) thymidine kinase gene. The ILTV gD, ILTV gl, and IBDV VP2 genes are
transcribed in the opposite direction relative to the HVT US2 gene.

Subgenomic Clone pSY640.

[0129] Plasmid pSY640 contains an approximately 13,600 base pair region of genomic HVT DNA (pos. 126848 -140540; Afonso ef
al., 2001, supra; Acc. #AF291866] derived from BamHI fragment A. To generate this plasmid the region of DNA located upstream of
the US2 gene, beginning at the Stul site located in the US2 gene and continuing to the end of the BamHI A fragment, was cloned into
the plasmid pSP64 (Promega, Madison WI.).

Subgenomic Clone 556-60.6.

[0130] Plasmid 556-60.6 contains an approximately 12,500 base pair region of genomic HVT DNA derived from BamHI fragment A
(approximate pos. 143300-155744; Afonso ef al., 2001, supra; Acc. #AF291866]. To generate this plasmid, the region of DNA located
downstream of the US2 gene (beginning at the Stul site located in the US2 gene and continuing to the end of the BamHI A fragment)
was cloned into pSP64 (Promega, Madison WI.), and then treated with exonuclease to "chewed back” from Stul site ~150 bp, and re-
cloned into pBR322 plasmid vector.

Additional Insertion Fragments for Generating HVT/ILT/IBDV 484:

Subgenomic Clone 484-1050-2641-10859

[0131] The insertion plasmid 484-1050-2641-10858 contains a 8636 base pair region of genomic HVT unique long region [pos.
109488-118124; Afonso ef al., 2001, supra; Acc. #AF291866], cloned into a derivative of plasmid pNEB183 (deleted Aatll-Pvull). It is
flanked by Ascl sites and includes HVT BamHI fragments |, S, plus 1337 base pairs of fragment G and 1177 base pairs of fragment F.
Inserted into an Xhol site within the HVT UL54.5 open reading frame [pos. 111240/111241; Afonso ef al, 2001, supra; Acc.
#AF291866, between amino acid residues 21 and 22] are 2 elements: an expression cassette consisting of the mCMV IE promoter,
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the IBDV classic type F52/70, Faragher strain, virus protein 2 gene (VP2), and the SV40 polyadenylation signal, followed by a 3563
base pair Sall-HindlIIl fragment from ILTV, NVSL Challenge Strain, Lot#83-2 [pos. 10532-14094; Wild et al., Virus Genes 12:104-116
(1996); Acc.#U28832], encoding the full length genes for glycoprotein D (gD) and glycoprotein | (gl), plus partial coding regions from
glycoprotein E (amino acids 1-101), and ORFS5 (amino acids 734-885). The IBDV VP2, ILTV gD, and ILTV gl genes are transcribed in
the opposite direction relative to the HVT UL54.5 gene.

Subgenomic Clone 672-01.A40

[0132] Plasmid 672-01.A40 contains a 14,731 base pair region of genomic HVT DNA derived from the unique long region [pos.
96095-110825; Afonso ef al., 2001, supra; Acc.#AF281866], cloned into a derivative of plasmid pNEB183. This region includes HVT
BamHI fragments G, J and 1281 base pairs of K2.

Subgenomic clone 672-07.C40

[0133] Plasmid 672-07.C40 contains a 12,520 base pair region of genomic HVT DNA derived from the unique long region [pos.
116948-129467; Afonso ef al., 2001, supra; AcC.#AF291866], cloned into a derivative of plasmid pNEB193. This region includes HVT
BamHI fragments F, O and 2620 base pairs of A.

STANDARD CaCl, TRANSFECTION PROTOCOL:

[0134] Secondary CEF's are seeded on 6 well culture plates and incubated at 38°C with 5% CO» for 24 hours and confluent
monolayers form. For each well a total amount of 0.5 ug DNA of cosmids and plasmids were mixed in Hepes buffer and 125 mM
CaCl, was added dropwise until precipitation was imminent. This mixture was added to the CEF cell monolayer, and incubated for 2 to
3 hours. Supernatant was removed and an overlay of 15% Glycerol was added, and kept on the cells for 1 minute. Then this was
removed, washed with PBS, and fresh culture medium was added and cells were incubated for 5 days. Next, cells were harvested by
trypsinization and cells from individual plates were each seeded on fresh monolayers of CEF cells in 10 cm plates and incubated until
50-90% CPE was achieved. Next, the amplified transfected cells were harvested by trypsinization, and dilutions of 102 to 104 were
plated on 10 cm plates with CEF monolayers and incubated. The following day, the plates were covered with agar, and a number of
individual plaques of HVT/ILTV/IBDV were isolated and amplified on CEFs. Each virus stock was plaque purified a second time by
infecting confluent monolayers of CEFs on 10 cm plates with first round purified stocks diluted to 102t0 104 and incubating cells. The
following day, the plates were covered with agar, and a number of individual plaques of HVT/ILTV/IBDV were isolated and amplified on
CEFs.

EXAMPLE 3

RECOMBINANT HVT/ILTV/IBDV VIRUS STOCKS ARE PHENOTYPICALLY STABLE FOR EXPRESSION OF THE ILT AND IBDV
PROTEINS FOLLOWING SERIAL PASSAGE IN TISSUE CULTURE.

[0135] Three constructs, one comprising HVT/ IBDV/ ILT 1386-134.1-2, the second, comprising HVT/ILT/ IBDV 1386-48.1.1.1, and the
third comprising HVT/ILT/IBDV 1386-48.3.1.7 were serial passaged greater than 14 times on secondary CEF cells and evaluated for
expression of the inserted ILTV and IBDV genes in an Immunofluorescence Assay. A fourth construct, designated HVT/ILT/IBDV
484 .1-1A3A3 was serial passaged greater than 15 times on secondary CEF cells and evaluated for expression of the inserted ILTV
and IBDV genes in an Immunofluorescence Assay, [see, Tables 1 and 2 below].

Generation of Tissue Culture Passage Stocks:

[0138] For each tissue culture passage, confluent secondary CEF monolayers, plated on a 10 cm dish were inoculated with 50-100
ML of virus stock, then incubated at 38°C, 5% CO» for 2 - 5 days until CPE was evident. Next, cells were harvested by trypsinization,

passage 1 (P1). The process was repeated to prepare further passage stocks (P2 - P15).

Phenotypic Stability Analysis:
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[0137] Six well plates were planted with secondary CEF monolayers. The cells were inoculated with virus stocks harvested at various
passage levels: PO - P15, or diluent alone. Plates were inoculated at multiple dilutions to achieve a countable number of plaques per
well, and incubated at 38°C, 5% CO,. After a five day incubation, supernatant was decanted and CEF monolayers were fixed with

100% methanol for 10-15 minutes at 15-30°C. Methanol was decanted and cells allowed to air dry prior to staining with ILTV gD (MAB
#6), ILTV gl (polyclonal Rabbit anti-gl), and IBDV VP2 (MCA GDV-R63) primary antibodies. Following a 2 hour blocking step, (5% non-
fat dry milk in PBS), 2 mL per well, was added to dishes, and incubated on a rocking platform at 15-30°C, primary antibodies were
diluted as appropriate and added at 2 mL per well, then incubated at 15-30°C for 3 hours on a rocking platform.

[0138] After antibody incubation, plates were washed three times with PBS. The FITC-labeled secondary antibody solution (Rabbit
anti-mouse or Goat anti-rabbit) was prepared at 1:100 and 2 mL was added to each well. Plates were incubated for 1 hour at 15-30°C
on a rocking platform. Following the incubation, the plates were washed three times with PBS, and examined under a fluorescent
scope. Plaques stained with the ILT antibodies were observed for positive (+) or negative (-) fluorescence. Fluorescing plaques
stained with primary antibody to IBDV VP2 protein were counted. Plates were then examined under a white light microscope and the
plaques were re-counted. The percentage of fluorescing plaques at each passage level is provided in Tables 1 and 2 below, as well as
a qualitative determination of the IBDV VP2 protein expression and vector stability.

TJABLE 1
STABILITY OF EXPRESSION FOLLOWING PASSAGE IN TISSUE CULTURE
Expression

Virus Number Description Insertion site Passage Level ILT gD ILT gl IBDV VP2

1386-48.3.1.7 (h)IE-VP2/ ILTgDgl us2 PO + + 100%
P5 + + 100%
P9 + + 100%
P14 + + 96%

1386-48.1.1.1 (c)P-act-VP2/ ILTgDgl us2 PO + + 100%
P5 + + 100%
P10 + + 97%
P15 + + 98%

1386-134.1-2 (m)IE-VP2/ ILTgDgl us2 PO + + 100%
P5 + + 100%
P10 + + 98%
P15 + + 99%

484 1-1A3A3 (m)IE-VP2/ ILTgDgl UL54.5 PO + + 100%
P4 + + 100%
P10 + + 97%
P15 + + 94%

TABLE 2

INSERTION PLASMID DESCRIPTION/VECTOR PROPERITES

Name/ Designation Insert. site Insert. Plasmid IBDV Promoter iIBDV Expression |Stability

HVT/ILT/IBDV 1386- §{US2 1333-85.B6 chicken B-actin  {Strong Stable

48111

HVT/ILT/IBDV 1386- §{US2 1386-04.4#1 hCMV IE Strong Stable

48.31.7

HVT/IBDV/ILT 1386- §{US2 228509-ILT-435Vech mCMV IE Strong Stable

134.1-2

HVT/IBDV/ILT 484 UL54.5 484-1050-2641-10859 {mCMV IE Strong Stable

EXAMPLE 4

Recombinant HVT/ILTV/IBDV Virus Stocks are Phenotypically Stable for Expression of the ILT and IBDV Proteins Following
Vaccination and Recovery from Birds
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[0139] Three vaccines, one comprising HVT/ILT/IBDV 1386-134.1-2, another comprising HVT/ILT IBDV 1386-48.3.1.7, and a third
comprising HVT/ILT/IBDV 484.1-1A3A3 were used to inoculate three groups of fifteen (15) day-of-age chickens by the subcutantious
route. A fourth group of birds were vaccinated with diluent alone to serve as a negative control group. Spleen samples were collected
seven days post-inoculation, and processed for virus isolation on chicken embryo fibroblast cells. Inoculated cells were passaged two
times to allow expansion of any virus present. When cytopathic effect was clearly visible, monolayers were harvested and stock
frozen. These stocks were used to inoculate secondary CEFs, and plaques analyzed for expression of the ILTV gD, ILTV gl, and IBDV
VP2 proteins by immunofluorescence assay (IFA) assay, with antibodies specific to each protein.

Phenotypic Stability Analysis:

[0140] Six well plates were planted with secondary CEF monolayers. The cells were inoculated with the harvested virus isolation
stocks or diluent alone. The plates were inoculated at multiple dilutions to achieve a countable number of plaques per well, and
incubated at 38°C, 5% CO,. After five days incubation, supernatant was decanted and CEF monolayers were fixed with 100%
methanol for 10-15 minutes at 15-30°C. Methanol was decanted and cells allowed to air dry prior to staining with ILTV gD (MAB #6),
ILTV gl (polyclonal Rabbit anti-gl), and IBDV VP2 (MCA GDV-R63) primary antibodies. Following a 2 hour blocking step, (5% non-fat
dry milk in PBS), 2 mL per well, was added to dishes, and incubated on a rocking platform at 15-30°C, primary antibodies were diluted
as appropriate, and added at 2 mL per well, then incubated at 15-30°C for 3 hours on a rocking platform. After antibody incubation,
plates were washed three times with PBS. The FITC-labeled secondary antibody solution (Rabbit anti-mouse or Goat anti-rabbit) was
prepared at 1:100 and 2 mL was added to each well. Plates were incubated for 1 hour at 15-30°C on a rocking platform. Following
incubation, plates were washed three times with PBS, and examined under a fluorescent scope. Plaques stained with the ILTV
antibodies were observed for positive (+) or negative (-) fluorescence. Fluorescing plaques stained with primary antibody to IBDV VP2
were counted. Plates were then examined under a white light microscope and plaques re-counted. The percentage of fluorescing
plaques at each passage level is provided in Table 3A below. This study was essentially repeated except the virus was recovered two
weeks post-inoculation, see, Table 3B below.

TABLE 3A
STABILITY OF EXPRESSION FOLLOWING PASSAGE IN BIRDS
Vaccine Insert Description Insertion site { Dose (PFU) Percent Expressing
ILT gl {ILTgD{ IBDV VP2
HVT/ILT/IBDV 1386-134.1-2 (p10) { (m)IE-VP2/ ILTgDgl us2 7737 100% § 100% 90%
HVT/ILT/IBDV 1386-48.3.1.7 (p10) { (h)IE-VP2/ILTgDgl us2 7003 100% §{ 100% 89%
HVT/IBDV/ILT 484.1-1A3A3 (p10) { (m)IE-VP2/ ILTgDgl UL54.5 7793 100% §{ 100% 97%
Diluent NA NA 0 NA NA NA
JABLE 3B
VIRUS RECOVERED 2 WEEKS POST-INOCULATION
Vaccine Insert Description Insertion site § Dose (PFU) Percent Expressing
ILT gl {ILT gD} IBDV VP2
HVT/ILT/IBDV 1386-48.1.1.1 (p10) { (h)IE-VP2/ILTgDgl us2 4785 100% | 92% 42%
EXAMPLE 5

UNSUCCESSFUL CONSTRUCTS

[0141] The recombinant vector vaccine viruses, by definition are engineered to carry and express foreign genes. Should transcription
and expression of these foregin genes provide a growth disadvantage to the recombinant virus relative to the parental virus, it is
possible for these genes to be lost during production of the vaccine. For this reason, vaccine candidates must be tested for both
genetic and phenotypic stability.

[0142] In addition, the protection criteria used is that which has been established by the USDA and codified in the Title 9 Code of
Federal Regulations, part 113 (9CFR 113) «Standard requirements for Animal Productsy. Live virus vaccines must provide at least
90% protection, in the case of NDV, IBDV and ILTV, and at least 80% in the case of MDV, from clinical signs or lesions associated with
the disease to obtain a license.

[0143] Genetic stability of the viral constructs was determined by Southern blot analysis after a defined number of passages in tissue
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culture, the highest anticipated vaccine production level, and compared with DNA from the original isolate. DNA extracted from viral
stocks would be digested with restriction enzymes, transfered to a membrane and hybridized with probes designed to detect the
presence of the inserted foriegn genes. Genetic stability may also be determined by PCR analysis. PCR primers designed to anneal to
DNA within or flanking the foreign DNA could be used to amplify fragments of a known size from the viral DNA templates both before
and after passage in tissue culture.

[0144] Phenotypic stability of the viral constructs was determined by immunological staining of individual viral plaques with antibodies
directed against the protein products of these inserted foreign genes. Protection provided by these recombinant vaccines relies on
expression of these protein products in order to stimulate the animals immune system. In most cases, if the percent of viruses staining
positive for the foreign protein expression dropped below 80%, it was likely detrimental to the viruses ability to be grown in tissue
culture, and therefore unsuitable as a vaccine candidate.

[0145] As is readily apparent from Tables 4A and 4B below, most rMDVnp constructs do not meet these two criteria, namely stabilty
with relatively strong antigen expression and/or efficacy. Table 4A provides a series of recombinant HVT constructs with multiple
heterologous inserts in which one of the heterologous inserts encodes an IBDV antigen. As the results show, all of the constructs in
Table 4A failed to meet the stability with relatively strong antigen expression and/or efficacy criteria.

TABLE 4A
DOUBLE RECOMBINANT HVT AND IBDV VIRUS CONSTRUCTS:
Name/ Designation Insertion site  ilnsert IBDV Promoter IBDV Expression | Stability
HVT 003 UL43 [IBDV] polyprotein Poor stable
[Ecoli] Bgal PRV gX
HVT 016 UL43 [IBDV] VP2 Strong unstable
[Ecoli] Bgal hCMV IE
HVT 056 us2 [MDV] gA, gB hCMV IE Strong Unstable
[IBDV] VP2
HVT 060 Us2 [MDV] gA, gB IE-VP2, gX-16dk ORF}Strong unstable
[IBDV] VP2,
{16kD ORF
HVT 137 uUs2 [MDV]gA, gB,gC _ |[BHV] VP8 Poor stable
UL54 5 [IBDV] VP2 (tegument)
HVT 143 Us2 [MDV]gA, gB, gD |[BHV] VP8 Poor Unstable
Us2 [NDV] HN, F (tegument)
UL54.5 [IBDV] VP2
HVT/NDV/IBDV 1312-92 {US2 [IBDV] VP2 hCMV IE Strong Unstable
UL7/ULS [NDV] F
HVT/NDV/IBDV 1312-94 {US2 [IBDV] VP2 hCMV IE Strong Unstable
UL7/ULS [NDV] F
HVT/NDV/IBDV 1312-95 {US2 [IBDV] VP2 hCMV IE Strong Unstable
UL7/ULS [NDV] F
HVT/NDV/IBDV 1329-54 {US2 [IBDV] VP2 FHV gB Strong Unstable
[NDV] F

[0148] Table 4B below, provides a series of eleven recombinant HVT constructs and one lone NAHV construct each of which comprise

multiple heterologous inserts in which at least one of the heterologous inserts encodes either an NDV or an ILTV antigen.1 As the
results show, all of the constructs in Table 4B failed to meet the stability with relatively strong antigen expression and/or efficacy
criteria.

! The data in Table 4B was submitted to the U.S. Patent Office during the prosecution of U.S. 8,832,604 B2 in a Declaration signed by
one of the co-Inventors of the present application.

TABLE 4B
DOUBLE RECOMBINANT HVT AND NAHV VIRUS CONSTRUCTS:
Name Insertion Insert Stability iNDV MDV ILT
site Protection Protection Protection
HVT 048 {US2 [MDV] gA, gB [NDV] F Stable Good *Protective --
HVT 049 jUS2 [MDV] gA, gB [NDV] HN Stable Poor (< 20%) {Not tested --
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DOUBLE RECOMBINANT HVT AND NAHV VIRUS CONSTRUCTS:
Name Insertion Insert Stability jNDV MDV ILT
site Protection Protection Protection

HVT 050 {US2 [MDV] gA, gB [NDV] F, HN Stable Good *Protective --

HVT 053 {US2 [MDV] gA, gB [ILT] gB, gD Unstable  §-- Not tested None

HVT 078 {US2 [MDV] gA, gB, gD [NDV]JHN, F Unstable Not tested Not tested --

HVT 079 {US2 [MDV] gA, gB, gD [ILT] gB, gD Unstable  §-- Not tested (71-100%)

HVT 106 {US2 [MDV]gA,gB, gD [NDV]HN, F Stable **Unknown Not tested --

HVT 123 {UL54.5 + [ILT] gD, gB/UL54.5 [MDV] gA, Unstable  §-- Not tested Not tested
us2 gD, gB/US2

HVT 125 {UL54.5 + [ILT] gDgl, gB/UL54.5 [MDV] gA, {Unstable §-- Not tested Not tested
us2 gD, gB/US2

HVT 128 {UL54.5 + [NDV] HN, F /UL54.5 [MDV] gA, {Unstable Not tested Not tested --
us2 gD, gB/US2

HVT 139 {UL54.5 + [ILT] gDgl /UL54.5 [MDV] gA, gD, {Unstable  §-- Not tested Not tested
us2 gB/Us2

HVY-198 {US2* (MDV){[NDV]F + [ILT] gD, gl Unstable

(NAHV)

* Protective, but subsequently failed in field studies ** Only 75% birds seroconverted to NDV F

EXAMPLE 6

SEQUENCES

[0147] The following sequences have been used in the exemplary rHVT constructs. The coding sequences provided below include
individual stop codons, which can be readily replaced with alternative stop codons without modifying the properties of the protein
antigens that the coding sequences encode.

SEQ ID NO 1: ILTV gD Glycoprotein (1134 bp)
atggaccgecatttatttttgaggaatgetttttggactategtactgctttettecttegectageca
gagcaccgecgecgteacgtacgactacattttaggeegtegegegetecgacgegctaaccataccygy
cggttggeecegtataacagatacctcactagggtatcaagaggectgegacgttgtecgagetcaaceceg
atttctaacgtggacgacatgatatcggcggccaaagaaaaagagaaggggggecctttecgaggecte
cgtegtctggttctacgtgattaagggcgacgacgygcgaggacaagtactgtccaatctatagaaaag
agtacagggaatgtggcgacgtacaactgctatctgaatgecgeccgttcaatctgcacagatgtgggea
gtggactatgttcctagcacecttgtatecgegaaatggegegggactgactatattctecccecactge
tgcgctctectggeccaatacttgectgaccetgaadatcgggagatttgegcaaacagetetegtaacte
tagaagttaacgatcgctgtttaaagatcgggtcgecagettaactttttacegtecgaaatgetggaca
acagaacagtatcagactggatttcaaggcgaacacctttatcegatcgeagacaccaatacacgaca
cgcggacgacgtatatcggggatacgaagatattctgecagecgectggaataatttgetgaggaaaaaga
atecctagegegeeagacectogtocagatagegteccgcaagaaatteccygctgtaaccaagaaagey
gaagggcgcaccecggacgcagaaagcagcgaadagaaggeccectccagaagactcggaggacgacat
geaggeagaggcttectggagaaaatectygcegecctececcgaagacgacgaagtacccgaggacaccy
agcacgatgatccaaactcggatcctgactattacaatgacatgececcgecgtgatcocegatggaggag
actactaaaagttctaatgccgtctecatgeccatattegeggegttegtageetgegeggtegeget
cgtggggctactggtttggagcatcgtaaaatgocgegegtagetaa

SEQ ID NO 2: ILTV gD Glycoprotein (377 amino acids)
MDRHLELRNAFWTIVLLSSFASQSTAAVTYDY ILGRRALDALTIPAVGPYNRY LTRVSRGCDVVELNP
ISNVDDMISAAKEKEKGGPFEASVVWEYVIKGDDGEDKYCPIYRKEYRECGDVQLLSECAVOSAQMAA
VDYVPSTLVSRNGAGLTIFSPTAALSGQYLLTLKIGRFAQTALVTLEVNDRCLKIGSQLNFLPSKCHT
TEQY(QTGFQGEHLY PIADTNTRHADDVYRGYEDI LORWNNLLRKKNPSAPDPRPDSVPQET PAVTKKA
EGRTPDAESSEKKAPPEDSEDDMQAEASGENPAALPEDDEVPEDTEHDDPNSDPDYYNDMPAVI PVEE
TTKSSNAVSMPIFAAFVACAVALVGLLVWSIVECARS

SEQ ID NO 3: ILTV gl Glycoprotein (1089 bp)

Atggcatcygctacttggaactetggetetecttgecgegacgetegecacecocttaeggegegatgggaat
cgtgatcactggaaatcacgtcteccgecaggattgacgacgatcacatcgtgatecgtcgcgectegeo
ccgaagctacaattcaactgecagetatttttecatgectggccagagaceccacaaacccetactcagga
accgtcegegtegegtttoggtctgatataacaaaccagtgetaccaggaacttagegaggagegett
tgaaaattgcactcatcgatcgtectictgtttttgteggetgtaaagtgaccgagtacacgttcteceg
cctegaacagactaaceggacctcocacaccegtttaagetecactatacgaaatcecctegtecgaacgac
agcgggatgttctacgtaattgttcggectagacgacaccaaagaacceattgacgtecttegegateca
actatcggtgtatcaattecgegaacaccgeegegactegeggactectattecaaggecttegtgtegea
cctteoggattacctaccegtecaacttgaggectatetecaggaccgaggaaagttggcgecaactggcaa
gecgtacgttgecacggaggceacgacgaccagegecgaggcgacaaccecgacgeccygtecactygcaac
cagcgectecgaacttgaagcggaacactttacctttccctggetagaaaatggegtggatcattacy
aaccgacaccecgeaaacgaaaattcaaacgttactgtccgtcectecgggacaatgagececctacgectaatt
ggagtaaccatggctgccategtaageacaacgateagcctegtecattagtaatttecategteaceay



aaacatgtgcaccccgcaccgaaaattagacacggtctcgcaagacgacgaagaacgttcccaaacté
gaagggaatcgcgaaaatttggacccatggttgegtgcgaaataaacaagggggctgaccaggatagt
gaacttgtggaactggttgcgattgttaacccgtctgegetaagetegeccgactcaataaaaatgtyg
a

SEQ ID NO 4: ILTV gl Glycoprotein (362 amino acids)
MASLLGTLALLAATLAPFGAMGIVITGNHVSARIDDDHIVIVAPRPEAT IQLOLFFMPGQRPEKPYSG
TVRVAFRSDITNQCY(ELSEERFENCTHRSSSVEVGCKVTEY TFSASNRLTGPPHPFKLTIRNPREND
SGMFYVIVRLDDTKEPIDVFAIQLSVYQFANTAATRGLY SKASCRTFGLPTVQLEAY LRTEESWRNWQ
AYVATEATTTSAEATTPTPVTATSASELEAEHFTFPWLENGVDHYEPTPANENSNVTVRLGTMSPTLI
GVTVAAVVSATIGLVIVISIVIRNMCT PHRKLDTVSQDDEER SQTRRESRKFGPMVACEINKGADQDS
ELVELVAIVNPSALSSPDSIKM

SEQ ID NO 5: IBDV VP2 (1362 bp)
atgacaaacctgcaagatcaaacccaacagattgttecegttcatacggagecttectgatgeccaacaac
cggaccggegtecattecggacgacaccetggagaageacactetcaggtcagagacctegacctaca
atttgactgtgggggacacagggtcagggctaattgtetttttcectggattcocctggetcaattgtyg
ggtgctecactacacactgcagagcaatgggaactacaagttecgatcagatgectecectgactgeccagaa
cctaccggecagctacaactactgecagactagtgagteggagtetcacagtgaggtcaagecacactee
ctggtggegtttatgcactaaacggcaccataaacgeegtgaccttecaaggaagectgagtgaacty
acagatgttagctacaatgggttgatgtctgecaacagecaacatcaacgacaaaattgggaatgtect
ggtaggggaaggggteactgtectoageetacacacatcatatgatettgggtatgtgaggecttggty
accccatteccgetatagggcttgacecaaaaatggtagetacatgegacagecagtgacdggeccaga
gtctacaccataactgcagccgatgattaccaattetcatcacagtaccaaccaggtggggtaacaat
cacactgttctcageocaacattgatgctatcacaagectecagecattgggggagagectegtgtttcaaa
caagcgtccaaggecttgtactgggegecaccatctaccttataggetttigatgggactgeggtaate
accagagectgtggeccgecagataatgggctgacggecggcaccgacaatettatgecattcaatettgt
cattccaaccaatgagataacccagccaatcacatccatcaaactggagatagtgacctccaaaagtg
gtogtcaggcaggggatcagatgtcatggtceggcaagtgggagectagecagtgacgateccatggtgge
aactatccaggggccctccgtcccgtcacactagtagectacgaaagagtggcaacaggatecgtegt
tacggtcgectggggtgagtaacttegagetgattecaaatectgaactagcaaagaacctggttacay
aatacggccgatttgacccaggagecatgaactacacaaaattgatactgagtgagagggacecgtett
ggcatcaagaccgtetggecaacaagggagtacactgattttegtgagtacttecatygaggtygecga
cectecaacteteccctgaagattygcaggagecatttggettcaaagacataatccgggctataaggaggt
aa

SEQ ID NO 6: IBDV VP2 (453 amino acids)

MINLQDOTQQIVPFIRSLIMPTTGPASI PDDTLEKHTLRSETSTYNLTVGDTGSGLIVEFPGFPGSIV
GAHYTLOSNGNYKEDQMLLTAQNLPASYNYCRLY SRSLTVRSSTLPGGVYALNGTINAVTFOGSLSEL
TDVSYNGLMSATANINDKIGNVLVGEGVTVLSLPTSYDLGYVRLGDPIPAIGLDPKMVATCDSSDRPR
VYTITAADDYQFSSQYQPGGVTITLFSANIDAITSLSIGGELVEQTSVQGLVLGATI YLIGEDGTAVI
TRAVAADNGLTAGTDNLMPFNLVIPTNEITQPITSIKLEIVTSKSGGQAGDOMSWSASGSLAVTIHGG
NYPGALRPVTLVAYERVATGSVVIVAGVSNFELI PNPELAKNLVTEYGRFDPGAMNY TKLILSERDRL
GIKTVWPTREYTDFREYFMEVADLNSPLKIAGAFGFKDI IRAIRR

SEQ ID NO 7: ILTV gD promoter (527 bp)
aaacagctgtactacagagtaaccgatggaagaacatcggteccagectaatgtgectgtegtgecacgag
ccattectecggaaccttactgtettttegacacgtetettatagegagggaaaaagatatecgegecayg
agttatactttacctctgatccgecaaacggcatactgecacaataactetgecgtecggegttgttecyg
agattegaatggagecttaataatgtttcactgeeggaatatttgacggecacgacegttgtttegea
taccgctggccaaagtacagtgtggaagagcagecgecgagageaggegaggcgtggatttetggeeggyg
gaggcaatatatacgaatgcacegtectecatectcagacggecactegegttactacgegaaagyagagy
tgcttaacaaacacatggattgeggtggaaaacggtgetgctcaggcgcagetgtattecactotttte
tggacttgtgtcaggattatgcgggagcatatctgetttgtacgecaacget

SEQ ID NO 8: ILTV gl promoter (264 bp)
tgactattacaatgaEatgcccqcégtqaﬁcccggtggaggagactactaaaaqttctaatgccgtct
ccatgeccatattegeggegttcgtagectgegeggtegegetegtggggetactggtttggageate
gtaaaatgcgcgegtagetaatcgagectagaataggtgotttettectacatygecacgectcacget
cataatataaatcacatggaatagcataccaatgectattcattgggacgttcgaaaage

SEQ ID NO 8: ILTV insert (3563 bp)

tcgacggcagagtcgcagacgeccctattggacogtcaaaattotagaggtgaagttttcaaacgatgg
cgaagtaacggcgacttgegtttoccaccgtcaaatctecctatagggtagaaactaattggaaagtag
acctcegtagatgtaatggatgaaatttctgggaacagtcecgecggggtttttaacagtaatgagaaa
tggcagaaacagctgtactacagagtaaccgatggaagaacatcggtecagetaatgtgectgtegtyg
cacgagccattctcocggaaccttactgtcttttcgacacgtctecttatagegagggaaaaagatateg
cgecagagttatactttacctcectygatecgecaaacggeatactgecacaataactetgecgtecggegtt
gttccgagattcgaatggagecttaataatgtttcactgeeggaatatttgacggecacgacegttgt
ttcgecataccgectoggccaaagtacagtgtggaagagcagegegagageaggecgaggegtggatttetyg
goeoggggaggeaatatatacgaatgecacegtecotecateteagacggecactegegttactacgegaaag
gagaggtgcttaacaaacacatggattgecggtggaaaacggtgctgctcaggegcagetgtattcact
cttttetggacttgtgtcaggattatgecgggagecatatetgetttgtacgcaacgetatggacegeca
tttatttttgaggaatgctttttggactategtactgetttettecttcgctagecagagcacecgeeg
ccgtecacgtacgactacattttaggecegtegegegetegacgegetaaccataccggeggttggeceyg
tataacagatacctcactagggtatcaagaggctgecgacgttgtcgagetcaaccegatttctaacgt
ggacgacatgatatcggcdgccaaagaaaaagagaaggggggecctttegaggectecegtegtetgyt
tctacgtgattaagggcgacgacggcgaggacaagtactgtccaatctatagaaaagagtacagggaa
tgtggcgacgtacaactgectatctgaatygcgecgttcaatetgecacagatgtyggcagtygactatyt
tcctagcacccttgtategegaaatggegegggactgactatattctecceccactgetgegetetetyg
gccaatacttgctgaccctgaaaatcgggagatttgecgecaaacagectcectegtaactctagaagttaac
gatcgctgatttaaagatcgggtcgeagecttaactttttacegtcgaaatgectggacaacagaacagta
tecagactggatttcaaggegaacacctttatecgatcgcagacaccaatacacgacacgcggacgacy
tatatcggggatacgaagatattctgecagcgctggaataatttgectgaggaaaaagaatcctagegeyg
ccagaccetegtecagatagegteocegcaagaaattcecgetgtaaccaagaaageggaaggygegeac
cccggacgcagaaagcagegaaaagaaggccocctecagaagactcggaggacgacatgecaggcagagy
cttctggagaaaatcctgecegecctecccgaagacgacgaagtccccgaggacacegagecacgatgat
ccaaactceggatcctgactattacaatgacatgcecgecgtgateccyggtggaggagactactaaaay
ttctaatgcegtctecatgeccatattegeggegttegtagectgegeggtegegectegtggggetac
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tggtttggagcatcgtaaaatgcgcgegtagectaatcgagectagaataggtggtttecttectacatyg
ccacgectcacgctcataatataaatcacatggaatageataccaatgectatteoattgggacgttaey
aaaagcatggcatcgctacttggaactetggectctecttgeecgegacgetegeaceectteggegegat
ggouaatcgtgatcactggaaatcacgtectecegecaggattgacgacgatcacategtgatcgtegege
ctocgeecegaagectacaattcaactgcagetattttteatgectggecagagacaccacaaaceetac
tcaggaaccgtccgegtegegttteggtetgatataacaaaccagtgetaccaggaacttagecgagga
gcgctttgaaaattgcactcatcgategtecttectgtttttgtcgygctgtaaagtgaccgagtacacgt
tctecegeetcgaacagactaaccggacctcecacaccecgtttaagetecactatacgaaatectegteoy
aacgacagcgggatgttctacgtaattgtteggectagacgacaccaaagaacccattgacgtecttege
gatccaactatcggtgtatcaattcgegaacaccgecgegactcogcggactctattccaaggettegt
gtcgcaccttecggattacctaccgtcecaacttgaggectatectcaggaccgaggaaagttggegecaac
tggcaagcgtacgttgccacggaggccacgacgaccagecgecgaggcgacaaccccgacgececgtecac
tgcaaccagcgectecgaacttgaagcggaacactttaccttteectggctagaaaatgycgtyggate
attacgaaccgacaccecgcaaacgaaaattcaaacgttactgtecgtetegggacaatgagecctacg
ctaattggggtaacecgtggctgeccgtcgtgagegcaacgatcggectegtcattgtaatttcecategt
caccagaaacatgtgcaccccgcaccgaaaattagacacggtctegecaagacgacgaagaacgttece
aaactagaagggaatcgcgaaaatttggacccatggttgcgtgcgaaataaacaagggggctgaccag
gatagtgaacttgtggaactggttgegattgttaaccegtetgegetaagectegeccgactcaataaa
aatgtgattaagtctgaatgtggectcteccaatcatttegattctetaatcteccaatecctectecaaaag
gggcagtatecggacacggactgggaggggegtacacgatagttatatggtacagecagaggectectgaa
cacttaggaggagaattcageeggggagagececctgttgagtaggcttgggagecatattgcaggatga
acatgttagtgatagttctecgectecttgtettgegegectaacttttgegacgecgacacgtectettt
ttggaaggeactcaggetgtcctcggggaagatgatcccagaaacgttccggaagggactgtaatcaa
atggacaaaagtcctgcggaacgcgtgcaagatgaaggeggeecgatgtetgetettegectaactatt
gctttcatgatttaatttacgacggaggaaagaaagactgcccgecececgegggaccectgtctgcaaac
ctggtaattttactaaagcgoggcgaa

SEQ ID NO 10: mCMV IE promoter (1391 bp)
aactccgccecgttttatgactagaaccaatagtttttaatgocaaatgecactgaaatcoccctaatttg
caaagccaaacgcccectatgtgagtaatacggggactttttacccaatttcccacgecggaaagecece
ctaatacactcatatggcatatgaatcagcacggtecatgcactctaatggecggececatagggacttte
cacatagggggcgttcaccatttcccagecataggggtggtgactcaatggectttacccaagtacatt
gggtcaatgggaggtaagecaatggygttttteccattactggedagecacactgagtcaaatgggactt
tccactgggttttgoccaagtacattgggtecaatgggaggtgageccaatgggaaaaacccattgctge
caagtacactgactcaatagggactttccaatgggtttttecattgttggeaagocatataaggtcaat
gtgggtgagtcaatagggactttccattgtattctgecccagtacataaggtcaatagggggtgaatca
acaggaaagtcccattggagocaagtacactgegtcaatagggactttcecattgggttttgeccagta
cataaggtcaataggggatgagtcaatgggaaaaacccattggagecaagtacactgactcaataggg
actttccattgggttttgeccagtacataaggtcaataggggotgagtcaacaggaaagttcecattgg
agccaagtacattgagtcaatagggactttccaatgggttttgececcagtacataaggtecaatgggagyg
taagccaatgggttttteccattactggecacgtatactgagtcattagggactttccaatgggttttyg
cccagtacataaggtcaataggggtgaatcaacaggaaagtcccattggageccaagtacactgagtca
atagggactttccattgggttttgeccagtacaaaaggtcaatagggggtgagtcaatgggtttttee
cattattggcacgtacataaggtcaataggggtgagtcattgggtitttccagecaatttaattaaaa
cgecatgtactttcecaccattgacgtcaatgggetattgaaactaatgecaacgtgacctttaaacgg
tactttceccatagctgattaatgggaaagtacegttcetecgagecaatacacgtcaatgggaagtgaaa
gggcagccaaaacgtaacaccgecocggttttecoctggaaatteccatattggecacgeattetattgy
ctgagetgegttectacgtgggtataagaggegegaccagegteggtacegtegeagtetteggtetga
ccaccgtagaacgcagagctcectegetgeag

SEQ ID NO 11: chicken B-actin promoter (692 bp)

(Note: "nnn" denotes an ambiguous sequence in highly GC-rich region. Could be 3 - 5 "g's")

cgcgeoggatcagatotecatggtegaggtgagecccacgttetgetteactetecccatetecacce
cctecceccaccceccaattttgtatttatttattttttaattattitgtgecagecgatgggggcgggygggyg
ggggnnncgcgcgccagygegygggeggggeggggegagggycggggegggyegaggeggagaggtgegyg
cggeagccaatcagageggegegetecgaaagtttecttttatggogaggeggeggcggeggeggace
tataaaaagcgaagcgcgeggcgggegggagtegetgegegetgoettegececegtgeccegeteege
cgecgectegegecgeocegeceoggctetgactgacecgegttactcccacaggtgagegggecgggacy
gcecttectectecgggetgtaattageggecaggaaggaaatgggecggggagggecttegtgegtegee
gcgeccgecgteccecttetecctetecagecteggggctgtecgeggggggacggetgecttcgggggyg
gacggggcagggcggggtteggettectggegtgtgaceggeggetectagagectotgetaaccatgtt
catgccttettectttttcctacagetectgggecaacgtgetggttattgtgetgtetecatcattttgg
caadgaattgea

SEQ ID NO 12: hCMV IE promoter, from strain AD169 (301 bp)
ggcagtacatctacgtattagtcategetattaccatggtgatgeggttttggcagtacatcaatgyg
cgtggatagcggtttgactcacggggatttccaagtcteccacecccattgacgtcaatgggagtttgtt
ttggcaccaaaatcaacgggactttccaaaatgtegtaacaactcecgecccattgacgecaaatgggeg
gtaggcgtgtacggtgggaggtctatataagecagagetegtttagtgaacegtcagategectggaga
cgecatccacgetgttttgacctecatag

SEQ ID NO 13: FHV US-9 polyadenylation signal (55 bp)
caataaacatagcatacgttatgacatggtctaccgegtcttatatggggacgac

SEQ ID NO 14: HSV TK polyadenylation signal (370 bp)
gatceataattgattgacgggagatgggggaggctaactgaaacacggaaggagacaataccggaagy
aacccgcogctatgacggeaataaaaagacagaataaaacgeacgggtgttgggtegtttgtteataaa
cgcggggtteggtececcagggectggecactetgtegataccecaccgagaceccattggggccaatacge
cecgegtttettecttttccccacecccacecceccaagttegggtgaaggeccagggetegecagecaacy
toggggcggeaggecctgecatagocactggecccogtgggttagggacggggtoceccatggggaata
gtttatggttcgtgggggttattattttga
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SEQ ID NO 15: 228509-I1LT-435Vec6 (MCMYV |Epro-VP2-SV40pA/ILT/HVT) (14113 bp) (IBDV + ILT gene cassettes in HVT EcoRI#7

fragment. Virus no. HVT/IBDV/ILT 1386-134)

gaattecagactaaatgcoccecggeeccaatttgtcaagtgtgcagtcacggaggecgtecgaccgtgtece
cggcattaaacaggaaagcgttaaagtttttgaatgttaggtcacaggtacaaacataaatgtttgta
caaacaggtaacaggtacaaacataaatgccccggeataaatgteecttacgycggatcgaaacgaca
ttaggcatactcgggtaccattttgecattecgatcagecacggatgaaattaggcaggaatgecggttta



tattatgcggecattggacaaacgatatggcattgattggcagtttatgaatgtecttcatgttgggegt
aaacggattcctattggttcagaagacaacgacgatatatttagagagaaaaagctacccageatagg
ataaacacacattgagcattgagagacataggtatcggtatggatgggaaaactacacacgtgaacac
caaacgacttatatactcgagecggtgatactactgagcaagaatgcactgcatctgageccactgaatg
aagactgtgatgazdaatgtgaccategatggaattggagaagaatatgegeagttetteatgtaccey
caatgggtceccaaatctacatcgettgagecgaggataccaaaaaggtatacegatgtatggtttcecaa
cagactcaattattttcecctattatgaggecgttecaggecogtectttotttgatatgtatatgctaggte
ggttggggcgtecgacttaageogatectgactgggagactattatgeatctgtecaccaacgecaaagtegg
cgtctacatagaactttaagatttgtggagegtagaattateccatctaacagttatatacgeacate
gggccacgttecgecttcgagggecactteccgacagatacgaatttaaagatggatgaataattaaatt
ggaaagagtaactacattaatcgagegtcatgacggegteccgtgaaaatgggaattttetactegaa
acaccgtgacatttgacagacctggaattgttattectgatatatagtgggtgtgtctggecggcaaca
tacataatgtgcatgegasaccactttttcagtgtacgetgacattgtgcaacacggaggggtageat
ctacatacaatatatgttgattaatgattggagaaaaaactatgecagetegecgatcatatggctaac
tcgecttcogtetatatggeggaccocgcgggaaaaatcgacgtacecatctgatttacasacaccagtaa
tgaacatgtcgcatcecctgeccagatctgtygegececattggegeggategttgtgaatgecgecgaaa
cactteaggtcggtatgagageccgggaggccgecatcagecaggagtttggegagaggtgtttgataga
atgatgacagccttcecgtgaccacgagcctactgegacatttaatgctgecaaatcccattagaaaaat
ggtcgagacagttctacagaataatgaagageccecgeggacgeatgetgaaatgggtaatcgecetta
tgaacattatgtactggtgttgcttgggacacgcaggacaatgctogatatggcagttgtacgagacg
aatcaggccattttaagtttattagatgaagtggttatcggcacaacaaateccttttgecacectega
gcaatactggaagccattatgcaccgeaatcgccaacaaggggacctecatecgottgttgaggatgeca
aagtggcrgagtacctggttagcatgcgeaaattgatataacataggecacgctetgatgttacagace
acaataccgcatacatttattgtaaggttgttaataaaggtttattctatgtaagactacaatacttt
cgacattgecttgtatacatattaaatactttctcaagttcctattacataaaatgggatctatcatta
cattcgttaagagtctggataattttactgtttgecagettegatecttggaacgtactgtyggatagtyg
ccttacttggaatcgtgaaaatttgaaacgtceattatttiggatatectteeggttgteccatatececy
ccctggtaccgctcggataccttgeccocgtatggattegtattgacagtecgegraatcggggaccaaca
acgcgtgggtecacactcatteggaaattttcegatgatteotgaatatttattgecgetegttacgag
tcgttggacatatctgtaatacatttcttecttctgaaggatcgectgecacatttgatectatacattgge
caggatgttcaagtctcagatgttgecattctggcacageacaactttatggcatttecgatgtaateg
tecggcagecectgggggagttctatattcgeatattgggatggtaaggacaatagcagatctegeaac
ctccagggaggctataataacgtttttaaaggatggatttctcataaaaatctgtecgecaaattacact
gagaatatcctttactagegecgattgagagecategtegtecaattttctaaatggaaagaaaacaag
gcgggcaagagtgttccaaacattttcattttecggecgaatctictcaaatcecatggegtgecaattgat
tgraaaattggcacttccgttcacgtttgtatctoccaaactetaagacacttttaattgaaaaactac
gttctagtgtggaaagaaacctataggcagaccatagaactatttgacaccacatatctttttgtatg
tcaaactgaccatgategtatgttgctgaatgecactagggcaattecgectegegogactecatacattyg
aataattccacacgtcagectcateggttageaaggtccagtagttgaagtcatttatttttceccygey
gctggccaaatctacctcectgggaatatccaagttgtecgaatatgategcaccggotectggtcatggtyg
aaggaactgtagcataaagacgcaggtatcataggggtaatatttttttattcactcacatactaaaa
gtaacgcatattagcaccatgtatgggctatcaattgacatttgegtagecactacatcacgattatygt
acaacataatgggacaacatatggcaagtagatgeaatttectcacactagttgggtttatctactat
tgaattttcecctatectgtgatacactigggagectcectacaagecatattygeccatcatgtacgtittta
tctactgtecttaacgeccatgggaacggaggegtegtegteatgtattggacggcaacataggecagea
acacaaattgcgtttaggtgggotgecatgtggactcgataccaagececctgcagetggggaacgtcetyg
gtggagagccgataatttgatatacgcacgeccatattactgtegttgaagtacgecttatcttctatg
ttttcaaatttaggttcccaagtggacgtyagaagtgtttgtatetcacatggaatggeccaaggeat
tcecageccaggtgectggtactttaatggecaaacaaacgttttggtagaggtattgattctattgeag

ttetgeagatatetgeagecccgagtatecacagygctatacgatacgttateggaggeaagetgegge
cgctetagaactagtggatocecocecgggotgeageccaatgtggaattegeecttgeacattgttacte
¢ctgcatcttaaaaatatatcctgtagtaattttcacagcaatgtcstaacatcatctcgectaaagaat
gacctgggattggagaagtaatgaatatttgcaaccaatgcattgaatasactzacattaaacgaatt
cactagtggatcceccaactecgecegttttatgactagaaccaatagtttttaatgecaaatgeact
gaaatcccctaatttgcaadageccaaacgeccoctatgtgagtaatacggggactttttacecaattte
ccacgeggaaagccccctaatacactcatatggeatatgaatcageacggtecatgeactctaatggeg

""" gygglyyglyacleaatygee
tttacccaagtacattgggtcaatgggaggtaagecaatgggtttiteocattactgygcdageacact
gagtcaaatgggactttecactgggttttgeccaagtacattgggtcaatgggaggtgageccaatggg
aaaaacccattgctgccaagtacactgactecaatagggactttccaatgggtttttccattgttggca
agcatataaggtcaatgtgggtgagtcaatagggacttitcecattigtatictgceccagtacataaggte
aalaggggglgaalcaacaggaaagleocallggagecaaglacaclgeygleasalagggactillccatl
tgggttttgcoccagtacataaggtcaataggggatgagtcastgggaaasacccattggagecaagta
cactgactcaatagggactttececattgggttttgeccagtacataaggtcaatagggggtgagtcaac
aggaaagttccattggageccaagtacattgagtecaatagggactiteccastgggttttigeccagtaca
taaggtcaatygggaggtaagecaatgggtttttaeccattactggeacygtatactgagtecattagggac
tttceccaatgggttttgecccagtacataaggtcaataggggtgaatcaacaggasagtcecattggage
caagtacactgagtcaatagggactttccattgggttttgcccagtacazaaggtcaatagggggtga
gtcaatgggtttttoccattatiggecacgtacataaggtcastaggggtgagtcattgggttttteca
gccaatttaattaaaacygccatgtactttceccoaccattgacgtecaatgggetattgaaactaatgcaa
cgtgacctttaaacggtactttccecatagetgattaatgggadagtacegttectcgagecaatacacyg
tcaatgggaagtgaaagggoagecasascgtaacaccgooceggttittococtggaaattaocatattg
gcacgeattctattggetgagezgcgttctacgtgggtataegaggecgegaccaegegteggtacegte
grcagtetteggtetgaccaccgagaacgecagageteoctegetgeaggoggecgetotagaactegte

&

tgccaacaaccggaccggogtecattecocggacgacacectggagacgecacactctecaggtcagagace
tcgacctacaatttgactgtgggggacacagggtcagggcteattgtetttttcectggattecetgyg
ctcaattgtgggtogctcactacacactgcagagecdatgggaactacaagttegatcagatgectectga
ctgecccagaacctaccggcecagcectacaactactgeagactagtgagtoggagtectecacagtgaggtea
agoacactecctggtggegtttatgeactaascggoaccataaacgongtgaccttacaaggaagoct
gagtgaactgacagatgttagetacaatggyttgatgtetgcaacagecaacatcaacgacaaaatty
ggaatgtcctggtaggggaaggggtcactgtoctecagectacecacatcatatgatecttgggtatgtyg
aggcttggtgaccccattcccgectatagggcttgacccaaasatggtagectacetgrgacagecagtga
caggcecagagtctacaccataactgcagecgatgattaccaattetecatcacagtaccaaccaggtyg
gggtaacaatcacactgttctecagccaacattgatgetatcacaagecteageattgggggagageta
gtgtttcaaacaagcogtccaaggecttgtactgggogecaccatctaccttataggetttgatgggac
tgccgtaatcaccagagetgtggecgecagataatgggetgacgygcecggeaccgacaatcttatgecat
tcaatcttgtcattccaaccaatgagataacccagccaatcacatccatcaaactggagatagtgace
teccaaaagtggtggteaggecaggggatcagatgtcatggteggeasgtgggagectagecagtgacgat
ccatggtggeaactatcecaggggocctocgtoccégtecacactagtagoctacgaaagagtggcaacaqg
gatccgtcgttacggtcgectggggtgagtaacttcgagectgaticcaaatcctgaactagcaaagaac
ctggttacagaatacggecogatitgacccaggagecatgaactacacaazattgatactgagtygagag
aoancatattaacatraacacoatotasncaacaanaaaactacantagattttaatoaatanttoatoer
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aggtggccgacctecaactcotcececectgaagattgcaggageatttggecttcaaagacataateocggget
ataaggaggtaagcttcagacatgataagatacattgatgagtttggaceaaccacaactagaatgea
gtgaaaaaaatgctttatttgtgaaatttgtygatgctattgetitatttgtaaccattataagetygca
ataaacaagttaacaacaacaattgcattcattttatgtttcaggttcagggggaggtgtgggaggtt
tttteggatectetagagtegacggeagagtegeagacgecectat tggacgtcaaaattytagaggt
gaagttttcaaacgatggcgaagtaacggegacttgegttteccacecgtecaaatcteoctatagggtag
aaactaattggaaagtagacctegtagatgtaatggatgaaatttetgggaacagteccgecggggtt
LLLaacaglaalgagaaalygcagaaacagclglaclacagaglaaccgalggaagaacaleggleea
getaatgtgectgtogtgcacgagecattetecggaaccttactgtottttegacacgtetattatay
cgagggaazaagatategegecagagttatastttacetotgatcegcasacggeatactycacaata
actctgccgtoccggogttgttcecgagattecgaatggagecttaataatgtttcactgeccggaatattt
gacggccacgacegttgtttegeataccgetggecaaagtacagtgtggeaagagcagegegagagcag

gecgaggecgtggatttotggeccggggaggcaatatatacgaatgeaccgteccteatectcagacggeact
cgecgttactacgcgaaaggagaggtgcttaacdaacacatggattgoggtggazaacggtgetgotea
ggcgeagctgtattcactetttzectggacttgtygtcaggattatgeggyageatatectgetttgtacy
caacgctatggaccgeocatttatttttgaggaatgotttttggactategtactgetttettcetteg
ctagecagagoaccqecgocgteacgtacgactacattttaggecgt cgegegetcgacgogetaacae
ataccggcggttggcccgtataacagatacctcactagggtatcaagaggetygegacgttgtegaget
caacccgatttctaacgtggacgacatgatateggeggecaaagasaaagagaaggygggeecttteg
aggcctocgtegtectggttctacgtgattaagggcgacgacggcgaggacaagtactgtccaatctat
agaaaagagtacagggaatgtggegacgtacaactgctatctgaatgegeegticaatctygcacagat
gtgggcagtggactatgttoctagcacocttgtatogegaaatggogogggacstgactatattcetace
ccactgctygegetetetyggecaatacttgetgaccectgaaaategggagatttgegecaaacagetete
gtaactctagaagttaacgatcgctgtttaaagatcgggtegecagettaactttttaccgtegaaaty
ctggacaacagaacagtatcagactggatttcaaggegaacecctitatecgatcgragacaccaata
cacgacacgcggacgacgtata-cggggatacgaagatattetgeagegetggeataatttgetgagg
aaaaagaatectagegegecagaccetagtecragatagegtecegeaagiaattcesgetygtaaccaa
gaaagcggaagggcgcaccoccggacgcagaaagcagegaaaagaaggcocctccagaagacteggagy
acgacatgcaggcagaggcocttcTggagaaaatcctgecegoectceccgasgacgacgaagtccoccgag
gacaccgagcacgatgatccaaactcggatcotgactattacaatgacatgecegeogtgatcocggt
ggaggagactactaaaagttctaatgecgtetecatgececatattegeggegttegtagectgegegy
tcgegetegtggggectactggtttggagcatocgtaaaatgegegegtagetaatcgagectagaatag
gtggtttcttectacatgecacgecteacgctcataatatazatcacatggaatagrataccaatgee
tattecattgggacgttegadaageatggecategetacttggaactetggetctecttgecgegacget
cgcaccctteggegegatgggaategtgatcactggaaatcacgtetecgéocaggattgacgacgate
acatcgtgatcgtcgcgectcgccecgaagectacaattcaactgecagectatttttecatgectggeccag
agaccccacaaaccctactcaggaaccgtacgegtogegtttoggtctgatatsacaaaccagtgeta
ccaggaacttagegaggagege-ttgaaasattgecactcategategtettetgtttttgtoggetgta
aagtgaccgagtacacgttetceccgectcgaacagactaaccggacctcecacaccecgtttaagetoact
atacgaaatcctcegtccgaacgacagegggatgttotacgtaattgtteggetagacgacaccaaaga
acccattgacgtcttcegegatecaactatcggtgtatcaattcgecgaacaccygecgsgactegeggac
totattecaaggettegtgtegeacetteggattacetaccgtocsacttgaggectatetecaggace
gagygadagttggegeaactggeaagegtacgttgoodcggaggecscgacgaceagegecgaggegac
aacccecgacgcccgtocactgecaaccagcgectecgaacttgaageggaacactttacctttecectgge
tagaaaatggogtggateattacgaaccgacaccecgcaaacgaaasttcaaacgttactgteegtete
gggacaalgagceclacgclda..lggyglaaceglggelygecegleglgage acgaleggeelegl
cattgtaatttccategtcaccagaaacatgtgcaccecgeacogaaaattagacacggtctcgecaag
acgacgaagaacgttcccaaactagaagggaatcgogaaaatttggacccatggtrgegtigegaaata
aacaagggggctgaccaggatagtgaacttgtggaactggttgegattgttaaccecgtetgegectaag
ctcgcecgactcaataaaaatgzgattaagtctgaatgtgoctctecaatcatttegattctctaate
tercaatectetcaaaaggggeagtatoggacacggactygggagygyegtacacgatagttatatggt
acagcagaggcctetgaacactoaggaggagaattecagecggggagagececctgttgagtaggettgyg
gagcatattgoaggatgaacatgttagtgatagttotegectettgtecttgegegectaacttttgeg
acgcgacacgtoctotttitggaaggcacteaggctgtecteggggaagatgatcccagaaacgttce
ggaagggactgtaatcaaatggacaaaagtcctgcggaacgegtgecaagatgasggocggecgatgtot
gotettocgeoctaactattgotttcatgatttaatttacgacggaggaaagaaagactgooogoccgeyg
ggacccctgtctgraaacctggzaattttactaaagegecggegaagettagettgectecgattcetag
cattacatagccggtcagtaga-cctgecatteggtagegecaaccggetacatcttcaaacagtotea
cgataaatycatctctogttectigccaatecygaaccygggeataccactecegectyoccgatttaatt
cteacaattgggegatgecggegygggeaaaacgaatgtggatttggeaazcegacacaggtetgetgt
acggactaatatgggracacceacatcattchtcagatgotecatgeattigtictatgagaaagatce
atagggtggaggcagegtcacgagatcgcccaggecaategategeattegtectagtaaagtgacgaga
gttatcatgcacacacccatgeccacgocttocgaataactggagetgtggaagatcggaaacgtett
tttgactgceggtetegtactacttitecgcacaggtgtataccegyacgesgtactatatattttatate
atccaacgtecgaaattacatacgtggcggegatggaagtagatgttgagtecttegaaagtaagtgec
togaatatgggtattgtotytgaaaatategasagogytacgacggttagdagazcegtegatgteged
agatactagtaacaatagettcgataacgaagactteccgtgggectgaatacgatgtggagataaata
ccagaaaatctgctaatcttgaztegtatggaatcttegtgecegtgeacascgageggecgtgegaactt

cgaaagtgttegtgtectacgtetgecgtygegeatgecaatacagtattetttecatetetegeteegyy
ttcagagggtcatgtatatatatgtactagatacggggacgecggaccaaaaaaasatgcatagtgaagg
cagtcgttggaggaaagaatcccgggagggaagtggatattttaaaaaccatectcacataaatcaatt
ataaaattaatcecatgcctataaatggaaaaatgttgtgtgtatggecaatgegtgtatategttatga
tcttttcacatatattgacggagtcggecctatgeccettcaacagatgatctatattcaacgtggac
tactagaggcgctagcatacatacatgaaaggggeatcattcaccgagacgtaaagacggagaatata
ttettggataatcacgaaaatgcagttttgggtgacttcggtgetgecatgecaactaggagattgtat
agatacgccccaatgttacggttggagecggaactgtggaaacaaattcgeccggaattatctgeacttyg
atccgtattgcacaaaaacagatatttggagtgecggattggttctatatgagatggcaattaaaaat
gtaccattgtttagtaagcaggtgaaaagttegggatctcagectgagatccataatacggtgeatgea
agtgcatgaactggagtttcccegoaacgattotaccaacctetgtaaacatttcaaacaatatgegy
ttegtgtacgaccgecttataccatteoctegagttataagaaatggggggatgecaatggatygttgaa
tatgtcatttctaaaatgecttacgtttgaccaggagttcagaccttetgctaaggaaatattgaatat
geeccctatttactaaggegecgattaacctgettaatatcacacectetgacagtgtctaacggtata
caggcgggagegggtegtggcgtecatcatecaccacttgagaatttatattttgaattgttgattgata
aattaacctgattcattgagaactgaaacgccatattggtttcttggatatgtctacaacaattagtt
aaattgctatgttctactgcgagtaacatttgataagttgtaagagacgggcgactecatgtcgaagtt
gacgaatataaagtacataacgtgtttagaatacccagaatccgaatagtccgecgggggegtettcte
goegtgagtaceaaatactgagttgaacttgaaaatgectaaatctgtgacactectttgtgtgatgatta
ttgtcaccacttcgaagatggcttcgacattcatgatgttictggtgtttgtttggaatcgtaatageg
cttgtttecgteccaagtctgacaacaaagaaaatctgaagaattatatcacggataagtcaaccaatat
tagaatacccacgccattatttgtatcaacggaaaactcttatceccacaaaacatgtaatetacgatyg
aaaactgtggcttegctgtactcaatcctataagtgaccccaaatatgtecttttgagecagecttcta
atgggaaggcygcaaatatgatgcgacggtcgegtggtttgtteteggtaaaatgtgtgecagattaat
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atatttgcgcgaattttataactgctcgacaaatgagecttttggcacatgttctatgagectetecty
gatggtgggacaggegcetacgtctecaaccagtttecatttetagegacgaattacagetggtttttgea
gcgecegtecegagaattagatggtttatatacgegegtagtagttgtcaacggggactttactacgge
cgatataatgtttaatgttaaagtggcatgtgecttttcaaagactggaatagaagatgatacattat
gcaaaccctttcatttctttgeccaatgcaacattgecacaatttaaccatgattagatcggtaactett
cgagecgcacgaaagccatttaaaggaatgggtggcacggagaggtggteacgteactgecagtgectact
tgagtctaccatgtatcatgoatccaatetgectagaaatttcagggatttectacataaagtetecay
atgattataagtataatcacctagatgggccatctygtaatgeteatcactgacagacctagtgsagat
ttggatgggaggctegttcaccaaagtgacatttttactactacaagtectataaaacaggtecggta
tgaagagcatcagtcacatacaaagcagtatcctgtaaacaaaatacaagctataatttttttgatag
ggttaggcrtecgttcattggaagcatattecgtagttttggtagtatggattatacgecagatattgeaat
ggagegcggagtgggggaacgecceccagtectegeeggtatgtgtataccaggoctatgatcacgtyt
gaaacttgggcggacctgtatcatatgtacaccgtccctattegtttatageccagtacgtgttatetg
cacatagaggaacatgtgtcatactgggatcgeatgecatggtatgtgtgactectaatattattetgta
tcataataaaaacacagtgcatggtatatagaggategectyggtaageactacggtagaccaategget
cagattgecattctttggcatecgatacecgttgttaatttatatggecaaagtcttgttcatgggagateca
gtatttgoaggaaatatactctggaacgatggaaatactcaaatggaatcaagctaaccgctgetatt
ctattgecgecatgcaacatattacgecgactgtectataatcagttetacggtatteagaggatgecyy
gacgceegttgtttatactaggcceccacagcagaattc

DK/EP 3471766 T3

SEQ ID NO 16: 1333-85.B6 (ILT/Chicken B-actin pro-VP2-FHV USSpA/HVT) (13064 bp) (ILT + IBDV gene cassettes in HVT EcoRI#7

fragment.) Virus no. HVT/ILT/IBDV 1386-48.1.1.1

gaatteccagactaaatgccccggeccaatttgtcaagtgtgcagtcacggagygecgtecgacegtgtece
cggcattaaacaggaaagegttaaagtttttgaatgttaggtcacaggtacaaacataaatgtttgta
caaacaggtaacaggtacaaacataaatgccccggcecataaatgtcccttacggeggatcgaaacgaca
ttaggcatactcecgggtaccattttgecattecgatecageacggatgaaattaggecaggaatgeggttta
tattatgcggeattggacaaacgatatggcattgattggecagtttatgaatgtettecatattgggegt
aaacggattcctattggttcagaagacaacgacgatatatttagagagaaaaagctacccagcatagy
ataaacacacattgagcattgagagacataggtatcggtatggatgggaaaactacacacgtgaacac

caaacgacttatatactcgageggtgatactactgagecaagaatgeactgecatectgagecactgaatg
aagactgtgatgaaaatgtgaccatcgatggaattggagaagaatatgogeagttcttecatgteccey
caatgggteccaaatctacatcgocttgagcgaggataccaasaaggtatacegatgtatgytttccaa
cagactcaattatttteoctattatgaggegtteaggeggtetttygtttgatatgtatatgetaggte
ggttggggaegtegacttaagegatctgactgggagactattatgeatotgtcaccaacgecaaagt.agg
cgtctacatagaactttaagat-tgtggagcgtagaattatcccatctascagttatatacgcacata
gggecacgttecgecttcgagggecacttecgacagatacgaatttaaagatggatgaataattaaatt

acaccgtgacatttgacagacezggaattgttattcoctgatatatagtgggtgtgtetggecggeaaca
tacataatgtgcatgegaaaccactttitcagtgtacgectgacattgtgcaacacggaggggtageat
ctacatacaatatatgttgattaatgatiggagaaaaaactatgcagetegecgatcatatggetaac
tegeettegtetatatggeggaceeegcggyaaaaategacgtaccatctgatttacaacaccagtaa
tgaacatygtegeatoecctygeccagatetgtgegeccattggegeggategttygtgaatgecgecygaaa
cacttecaggtecggtatgagagecgggaggeccgeccatcagecaggagtttggegagaggtgtttgataga
atgatgacageocttocogtgacecacgagectactgegacatttaatgetgeaaateccattagaaaaat
ggtcgagacagttctacagaataatgaagagceccegcggacgeatygctgaaatgggtaategectta
tgaacattatgtactggtgttgcttgggacacgecaggacaatgctecgatatggcagttgtacgagacyg
datcaggeecattttaagtttattagatgaagtggttatcggeacascaasftecocctiitigecacecctoga
gcaatactggaageccattatgcaccgcaatcgecaacaaggggaccteategottgttgaggatgeca
aagtyggecgagtacctggttageatgegcaaattgatataacataggeacgetetgatgttacagace
acaataccgcatacatttattgzaaggttgttaataaaggtttattctatgtasgactacaatacttt
cgacattgcttgtatacatattazatactttctecaagttectattacatzaaatgggatctatcatta
cattcgttaagagtotggataattttactgtitgccagettcgatettggaacgtactgtggatagtg
ccttacttggaatcgtgaaaat-tgaaacgtcocattatttggatatcttccggttgteccocatateccg
cccotggtacegeteggatacct-gecegtatggattegtattgacagtogegoaateggggaccaaca
acgcgtgggtccacactcatticggaaattttcoccgatgattctgaatatttattgeccgectecgttacgag
tcgttggacatatctgtaatacatttcttcttectgaaggatecgectgeacatttgatotatacattgge
caggatgttcaagtotcagatgItgeattetggearageacaactt tatggeatttecgatgtaateyg
tecggeagecctgggaoagttczatattegeatattgggatggtasggacaatageagatctogeaac
ctccagggaggetataataacgtttttaaaggatggatttctecatsaaastetgtegecaaattacact
gagaatatccottt cgecgattgagagoatcegtoghocaatittotaaatggasagaaaacaag
gcgogcaagagtgttccaaacaztttecatttteggogaatcteteaaatececatggegtgoaattgat
tgcaaaattggcacttecgttcacgtttgtatcteocaaactctaagacacttttaattgaaaaactac
gttetagtytggaaagaaacctataggcagaccatagaactatitgacaccacatatctttttgtatyg
tcaaactgaccatgatcgtatg-tgectgaatygcactagggecaattegetegegegactecatacattyg
aataattccacacgtcagctcatcggttagcaaggtecagtagttgaagtecatttatttttcecegey
gctygcraaatctacctctgggaatatccaagttgtcgaatatgatecgcaccggetoctggtcatggtyg
aaggaactgtagcataaagacgcaggtatcataggggtaatatttttttattcactoacatactaaaa
caclecalcacgallalgl
acadcataatgggacaacatatggcaagtagatgecaatttcctracactagttgggtttatctactat
tgaattttccectatetgtgatacacttgggagectetacaszgeatattgecatcatgtacgttttta
tctactgtettaacgeccatgggaacggaggcgtcgtegteatgtattggacggecaacataggcagea
acacaaattgcgtttaggtggggtgcatgtggactegataccaageccetgeagetggggaacgtetyg
gtggagagcecgataatttgatatacgeacgecatattactgtagttgaagtacgecttatottetatg
ttttcaaatttaggttcccaag-ggacgtgagaagtotttgtatctecacatggaatggccocaaggcat
tocagoccaggtgectggtactttaatygcaaacaaacgttttggtagaggtattgattetattgeag
ttectgeoacatatctgcageoccogagtatccacaggotatacgatacgttatcggaggcaagettaatt
aagtaccgagctegaattggcgegeccgacggecagagtegecagacgeceoctattggacgtcaaaatty
tagaggtgaagttttcaaacgatggcgaagtaacgycgacttgegtttcecacecgtcaaatctocctat
agggtagaaactaattggaaagtagacctegtagatgtaatggatgaaatttctgggaacagtecege
cggggtttttaacagtaatgagaaatggecagaaacagetgtactacagagtaaccgatggaagaacat
cygtccagetaatgtgectgtegtgecatgageedttetecggaaccttactgtettttcgacacgtct
cttatageygagggaaaaagatazcgegecagagttatactttacctectgatececgecaaacggcatactyg
cacaataactctgcogtcoggegttgttcegagattcgaatggagecttzatastgtttecactgoogg
aatatttgacggccacgaccghigtttegeataccgctggeccaaagtacagtytggaagagcagegey
agagcaggcgaggcgtggatttetggecggggaggraatatatacgaatgeaccgtecteatectcaga

cggcactcgegttactacgcgaaaggagaggtgcttaacaaacacetggattyeggtggaaaacggty
ctgetcaggcgeagetgtattecactettttetggacttgtgtcaggattatgegggageatatetyget
ttgtacgcaacgctatggaccgcecatttatttttgaggaatgectttttggactatcgtactgectttct
tecttegetagecagagecacegecgecgtecacgtacgactacattttaggecgtegegegstegacge
getaaccataccggeggttggecegtataacagatacetnactagggtatcaagaggatgogacgttg
tcgagcectcaaccecgatttectaacgtggacgacatgatatcggecggccaasgaasaagagaagggggge
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cacagatgtgggcagtggactazgttectagraccettgtatecgegaaatggegegyggactgactata
ttotecoccactgetgegetetetggecaatacttgetgacectgaaaatcgggagatttgegeaaac
agctctcocgtaactctagaagttaacgatcgectgtttaaagatcgggtcgecagettaactttttacegt
cgaaatgctggacaacagaacagtatcagactggatttcaaggcgaacacctttatocgategoagac
dccaalacacygacacygcggacgacglalaleggggaldcgaagalellelgeagegolggaalaalll
gctgaggaaaaagaatcctagegegecagaccetegtecagatagegteecgeaagaaattececegetyg
taaccaagaaageggaagggcgcaceesggacgeagaaagcagoegaaaagaaggoccot ccagaagac
tcggaggacgacatgcaggcagaggctictggagaaaatcectgecgeoctoccccgaagacgacgaagt
ccccogaggacaccgageacgatgatecaaactecggatectgactattaczatgacatgectgeecygtga
tcoccggtggaggagactactaaaagttctaatgecgtetccatgeccatattcgeggegttegtagece
tgcgeggtegegetogtggggetactggtttggagoatcgtaaaatgegegegtagotaatcgagect
agaataggtggttteottectacatgocacgecteacgetcataatataaatecacatggaatageatac
caatgcctattecattgggacgtzcgaasagecatggeategctacttggaactetggctectecttgeoyg
cgacgctegeaccetteggegegatgggaategtgatcactggaaatcacgtetecgecaggattgac
gacgatcacatcghgategtegegectogecocgaagetacaattcaactgoagetatttttcatgan
tggccagagaccacacaaaccetacteaggaacegteegegtegegttteggtetgatataacaaace
agtgctaccaggaacttagegaggagegetttgaaaattgcactecatogatogtettetgttittgte
ggclyglaaaglgac
gotcactatacgaaatectegtecgaacgacagegggatgttetacgtasttgtteggectagacgaca
ccaaagaacccattgacgtettejegatcraactatoggtgtatczattegegaacacegécgegact
cgcggactctattocaaggettegtgtogeacettoggattacotacogteoaacttgaggectatet
caggaccgaggaaagttggcgecaactggcaagegtacgttgeccacggaggccacgacgaccagecgecy
aggegacaacccegacgeccgteactgroaacragegectocgaacttgasgeggaacactttacottt
cectggctagaaaatggegtggatcattacgaaccygacaccegcaaacgaaaat teaaacgttactygt
ccgtetogggacaatgagococtacgctaattggggtaaccgtggetgeogtegtgagegeaacgateg
gectegtcattgtaattteooategtecaccagaaacatgtgecacceegeacegasaattagacacggte
tegcaagacgacgaagaacgttoccaaactagaagggaatcgecgazaatttggacecoatggtigegtyg
cgaaztaaacaagggggctgaccaggatagtgaacttgtggaactggttacgat tgttaaccegtetyg
cgctaagctcgocccgactcaatasaaatgtgattaagtctgesatgtggctetoccaatcatttocgattc
tctaatctcececaatectetocaaaaggugeagtatecggacacggactgggeggggegtacacgatagtt
atatygtacageagaggcctetgaacacttaggaggagaattcagecygyggagegeccectygttgagta
ggcttggoageatattgeaggatgaacatgttagtygatagttctegectettgtettgegogectaac
ttttgegacgogacacgtectotttt aaggcactecaggotgtoctoggggaagatgatcccagaa
acgttccggaagggactgtaatcaaatggacaaaagtectgeggascgeogtgraagatgaaggecggee
gatgtctgectecttcgoctaactattgetttcatgatttaatttacgacggaggeaagaaagactgece
gecegegggaccectgtetgcaaacetggtaattttactaaagegeggogggogegeeggatecagate
tccatggtcgaggtgagecoccacgttctgettecacteteocecatctccoecocecctecccaceocacaat

cggegegetecgaaagttieetzttatggegaggeggeggeggeggeggeectataaaaagegaageyg
cgcgygeggyegggagtegetgegogetgecttegenecgtgeccegetao geegectogegooga
ccgecccggctetgactgaccgegttacteccacaggtgagcgggecgggacggeccttectoecteccyggy
ctgtaattageggcaggaaggaaatgggegyggagygecttegtgegtegecgegecgecgtecectt
clecclelecageclegggygclygleey
gtteyggottetggegtgtgaccygeggotetagageetetgetaaccatgttocatgoottottotttt
tcotacagetectgggeadcgtgctggttattgtgetgtctecatecattttggedaagaattgeagate
tggatctatgacaaacctgcaagatcaaacccaacagattgttccgttcatacggagecttctgatge
caacaaccggaceggegtecatteccggacgacacectggagaagecacacteteaggtcagagaceteyg

a

cctacaatttgactgtgggggacacagggtcagogctaattgtetttttoccatggatteoctggete
aattgtgggtgcteactacacactgcazageaatgggaactacaagttegatcagatgetectgacty
cecagaacctaccggecagetacaactactgeoagactagtgagtcggagtectecacagtgaggtecaage
acactccetggtggegtttatgecactaaacggcaccataaacgecegtgacettccaaggaagectgag
tgaactgacagatgttagotacaatgggtigatgtotgcaacagecaacatcazegacaaagttggga
atgtcctggtaggggaaggggtcecactgtcectcagectacccacatcatatgatecttgggtatgtgagg
cttggtgaccocattcccgoctatagggottgacccaaaaatggtagetacatgegacageagtgacag
gocccagagtetacaccataactgoagecgatygattaccaatteteatcacagtaccaaccaggtygygy
taacaatcacactgttctcagecaacattgatgetatcacaagectcagecattgggggagagectegtyg
tttcaaacdagcgtceccaaggecttgtactgggcgecaccatcotacettataggetttgatgggactge
ggtaatcaccagagctgtogecgcagataatgggectgacggecggeaccgacaatcttatgecattca
atcttgtcattccaaccaatgagataacccageccgatcacatecatcaasctggagatagtgacctce
aaaaglygglgyglecagycagygggalecagalgloalggleggecaaglyggagectageaglgacgaleca
tggtggecaactatccaggggcectecgteccgtecacactagtagectacgaaagagtggecaacaggat
cegtogttacggtegotggggtgagtaacttogagotgatcccaaatectgaactagcaaagaacctyg
gttacagaatacggccgatttgacccaggagocatgaactacacasaattgataectgagtgagaggga
ccgtbecttggoatcaagaccgtetggecdacaagggagtacactgatittegtgagtacticatggagyg
tggccgacctcaactctecocctgaagattgcaggagecatttggeottcaaagacataatecegggetata
aggaggtaagatccgatctctcgattaattaacaataaacatageatacgttatgacatggtctaccey
cgtcttatatggggacgacaagettgecteegattoctageattacatageceggtcagtagatectgee
attcggtagegecaaceggotacatcttcaaacagtotcacgataaatgeoatctetegticotgeeaat
ccggaaccgggcataccactecegectgeccgatttaattoctcacaattyggcgatgeccggecggggeaa
adcgaatgtggatttggcaaacigacacaggtetgotgtacggactaatatgggecacacccacateat
tctteagatgctecatgecattgttctatgagaaagatecatagggtggaggcagegtcacgagatcge
ccaggcaatcgategocattogtctagtaaagtgacgagagttatcatgecacacacccatgeccacgee
ceggloleglaclactllcge
acaggtgtatacccecggacgogtactatatattttatatcatccaacgtececgaacttacatacgtggeyg
gogatggaagtagatgttgagtettcgaaagtaagtgectcgaatatgggtattgtotgtgaaaatat
cgaaagcggtacgacggttgecagaaccgtcgatgtegecagatactagtaacaatagettcgataacy
aagacttcecgtgggcctgaatacgatgtggagataaataccagaasatctgetaatcttgategtatyg
gaatoethogtgoegtgaacaacgagegyegtyegaactteganagtgttegtgtcctacgtotgeogt
gegcatgcaatacagtattetttcatetetegetecgggttcagagggtcatgtatatatatgtacta
gatacggggacgeggaccaaaaaaaatgcatagtgaaggcagtegttggaggasagaatcecoegggagy
dgaagtggatattttaasaaccatctcatataaatcaattatsaaattaatecatgecctataaatggaa
aaatgttgtgtgtatggcaatgegtgtatatcgttatgatcttttcacatatattgacggagtegyges
ctatgoccettcaacagatgatetatattecaacgtggactactagaggegetageatacatacatgaa
aggggcatcattcaccgagacg-aaagacggagaatatattcttggataatcacgaaaatgcagtttt
gggtgactteggtgctgecatgeccaactaggagattgtatagatacgecccaatgttacggttggageg
gaactgtyggasacaaattcgecyggaattatctgecacttgateegtaettycacasadacagatatityy
agtgecggattggttetatatgagatggcaattaaaaatgtaccattigtttagtaagcaggtgaaaag
ttecgggatetcagetgagatcecataatacggtgeatgeaagtgcatgaactggagtttceccgcaacy
attctaccaacctctgtaascatttcasacaatatgoggttcgtgtacgaccgecttataccattcect
cgagttataagaaatggggggatgccaatggatgttgaatatgtcaetttctaasatgcttacgtttga
caggagttcagacettctgetaaggaaatattgaatatgececctatttactazggegecgattaace
tgcttaatatcacacecctotgacagtgtctaacggtatacaggegggagegggtcgtggegteatcat
caccacttgagaatttatattt-gaattgttgattgataaattaacctgettcattgagaactgaaac
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gccatattyggtttettggatatgtectacaacaattagttaastigetatgttctactycgagtaacat
ttgataacttgtaagagacgggcgactcatgtcgaagttgacgaatatacagtacataacgtgtttag
sataccoagaatecgaatagtecgegggggegtottictegogtgagtaccaaatactgagttgaactt
gaaaatgctaaatctgtygace ctttgtgtgatgattattgtcaccacttcocgaagatggettcgaca
ttcatgatgttctggtgtttgtztggaategtaatagegottgtttegtecaagtetgacaacaaaga
aaatctgaagaattatatcacggataagtcaaccaatattagaataecccacgeoccattatttgtatcaa
cggaaaactcttatccoccacaaaacatgtaatitacgatgaazactgtyggettcgetgtactcaatect
ataagtgaccccaaatatgteettttgagecagettectaatgggazggogeaastatgatgegacggt
cgcgtggtttgttctecggtasaatgtgtgecagattaatataetttgegecgaattittataactgctega
caaatgagccttttggcacatgitctatgagetetoctggatggtgggacaggegetacgtectecaace

agtttcatttctegegacgaattacagetggtttttgecagegeegteccgagaattagatggtttata
tacgegcgtagtagttgtcaacggggactttactacggecgatataatgtttaatgttaaagtggeat
gtgccttttcaaagactggaeatagaagatgatacattatgcaaacecctttcatttetttgccaatgea
acattgcacaatttaaccatgattagatcggtaactettcgagegecacgaaagecatttaaaggaatyg
gogtggcacggagaggtggtaacgtccctgcagtgetacttgagtectaccatgtatcatgecatccaate
tgcotagaaatttecagggatttotacataaagteteccagatgattataagtataatcacctagatggy
ccatctgtaatgctcatcactgacagacctagtgaagatttggatgggaggctcgttcaccaaagtga
catttttactactacaagtcctataaaacaggtccggtatgaagagecatcagtcacatacaaagecagt
atcctgtaasacaaaatacaagcectataatttttttgatagggttaggectegttecattggaageatattce
gtagttttggtagtatggattatacgcagatattgcaatggagegecggagtgggggaacgecceccag
tcctegecggtatgtgtataccaggectatgatcacgtgtgaaacttgggeoggacctgtatcatatgta
caccgtcectattegtitatagecagtacgtgttatetgecacatagaggaacatgtgtecatactggga
tcgecatgecatggtatgtgtgactectaatattattctgtatcataataaaaacacagtgecatggtatat
agaggatcgetggtaageactacggtagaccaateggeteagattgecattetttggecategatacegt
tgttaatttatatggcaaagtcettgttcatgggagatcagtatttggaggaaatatactctggaacyga
tggaaatactcaaatggaatcaagctaaccgetgctattetattgegecatgeaacatattacgecgac
tgtcctataatcagttctacggtattcagaggatgecgggacgeegttgtttatactaggeeccacay
cagaattc
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SEQ ID NO 17: 1386-04.4#1 (ILT/hCMV IEpro-VP2-HSV TKpA/HVT) (13017 bp) (ILT + IBDV gene cassettes in HVT EcoRI#7

fragment. Virus no. HVT/ILT/IBDV 1386-48.3.1.7)

gaattccagactaaatgcccocggcccaatttgtcaagtgtgecagtcacggaggcgtcgacegtgtece
cggcattaaacaggaaagegttaaagtttttgaatgttaggtcacaggtacaaacataaatgtttgta
caaacaggtaacaggtacaaacataaatgccceggeataaatgtecccttacggeggatcgaaacgaca
ttaggcatactcgggtaccattttgecatteccgatcagecacggatgaaattaggcaggaatgcggttta
tattatgecggeattggacaaacgatatggcattgattggeagtitatgaatgtctticatgttgggegt
aaacggattcctattggttcagaagacaacgacgatatatttagagagaaaaagctacccagcatagg
ataaacacacattgagcattgagagacataggtatcggtatggatgggaaaactacacacgtgaacac
caaacgacttatatactcgagecggtgatactactgagcaagaatgecactygcatctgagecactgaaty
aagactgtgatgaaaatgtgaccatcecgatggaattggagaagaatatgegecagttcttecatgteecceyg
caatgggtcccaaatctacatcgettgagecgaggataccaaaaaggtataccgatgtatggtttecaa
cagactcaattattttcecctattatgaggegttecaggeggtetttgtttgatatgtatatgectaggte
gyttggggcgtegacttaagegatctgactgggagactattatgecatctgtcaccaacgcaaagtegy
cgtctacatagaactttaagattigtyggagegtagaattateccatctaacagttatatatgeacate
gggccacgttccgecttcgagggecacttccgacagatacgaatttaaagatggatgaataattaaatt
ggadagagtaactacattaatcgagcgtecatgacggegtcocgtgaaaatgggaattttctactegaa
acaccgtgacatttgacagacctggaattgttattctgatatatagtgggtgtgtctggecggeaaca
tacataatgtgcatgcgaaaccactttttcagtgtacgctgacattgtgradcacggaggggtageat
ctacatacaatatatgttgattaatgattggagaaaaaactatgcagctcgecgatcatatggectaac
tecgecttegtetatatggeggacceecgegggaaaaategacgtaccatetgatttacaacaccagtaa
tgaacatgtcgecatccctgecocagatctgtgegecocattggogeggategttgtgaatgeccgeoegaaa
cacttcaggtcggtatgagagecgggaggecgacatcageaggagtttggegagaggtgtttgataga
atgatgacagccotteocgtgaccacgagectactgegacatttaatgetgcaaateccattagaaaaat
ggtcgagacagttctacagaataatgaagagecccoccgeggacgcatgetgaaatgggtaategectta
tgaacattatgtactggtgttgcttgggacacgraggacaatgctcgatatggragttgtacgagacyg
aatcaggccattttaagtttattagatgaagtggttatcggcacaacaaatccettttgcaccetega
gcaatactggaagccattatgcaccgcaatcgecaacaaggggacctecategettgttgaggatgeca
aagtggccgagtacctggttagcatgegecaaattgatataacataggcacygctectgatgttacagace
acaatacegeatacatttattgtaaggttgttaataaaggtttattetatgtaagactacaatacttt
cgacattgcttgtatacatattaaatactttctcaagttcctattacataaaatgggatctatcatta
cattegttaagagtectggataattttactgtttgecagettegatettggaacgtactgtggatagty
ccttacttggaatcgtgaaaatttgaaacgtccattattiggatatecttecggttgteccatatceecyg
ccetggtaccgetcggatacettgecegtatggattegtattgacagtegegecaatcggggaccaaca
acgegtgggtcecacactcatteggaaattttecgatgattetgaatatttattgecygetegttacgay

tecgttggacatatctgtaatacatttecttettetgaaggategetgeacatttgatoctatacattgge
caggatgttcaagtctcagatgttgecattotggecacagecaczactttatggeatttoegatgtaateg
tcoggeagecctgggguagttezatattegeatattgggatggtazggacaatageagatctegeaac
cteccagggaggctataataacgtttttaaaggatggatttctcataaaastctgtegcaaattacact
gagaatatcctttactagogecgattgagagoatcgtegtccaattttiotaaatggasagasaacaaq
gcgggcaagagtgttccaaacatttteatttteggogaatectetcaaatcoccatggocgtgcaattgat
tygcaaaattggcacttccgttcacgtttgtatcectecaaactctaagacacttttaattgaaaaactac
gttctagtytggaaagaaacctataggcagaccatagaactattitgacaccacetatctttttgtatg
tecaaactgaccatgategtatg-tgectgaatgcactagggecaattegetegegegactecatacattyg
adtaattceacacgtcagetca-cggttageaaggtecagtagttgaagteatttatttttecccgeg
gctggccaaatctacctetgggaatatccaagttgtegaatatgategecaceygetetyggtcatggty
aaggaactgtagcataaagacgcaggtatcataggggtaatatttttttattcactcacatactaaaa
gtaacgcatattagcaccatgtatgggctatcaattgacatttgegtagecactacatcacgattatgt
acadcataatgggacaacatatggcaagtagatgcaatttcetecacactagttyggtttatotactat
tgaattttcecctateotgtgatacacttgggagectctacaageatattgeocatcatgtacgttttta
tctactgtettaacgeeccatgggaacggaggogtegtegtcatgtattygacggecaacataggcagea
acacaaattgogtttaggtggggtgecatgtggactogataccaageccctgeagetggggaacgtctyg
gtggagagccgataatttgatatacgeacgccatattactgtegttgaagtacgecttatettetaty
ttttcaaatttaggttcccaag-guacagtgagaagtgtttgtatetcacatggaatggccecaaggeat
tecageccaggtgectggtacttaatyggcaaacaaacgttttggtagaggtattgattetattgeag
ttectgcagatatetgecagececgagtatccacaggctatacgatacgttatcggagycaagettgtta
attaagtegacggcagagtegeagacgoeectattyggacgtcaaaattgtagaggtgaagttttcaaa
cgatggcgaagtaacggegact-gcgtttcocacegtcaaatetcectatagggtagaaactaattgga
aagtagacctcgtagatgtaatggatgaaatttctgggaacagtcccgocecggggtttttaacagtaat
gagaaatggcagaaacagctgtactacagagtaaccgatggaagaacatcggtcecagoctaatgtgect
gtoctgoacgagecatteteeggaaccttactgtettttogacacgtetettatagegagggaaaaayg

oo




atatecgegecagagttatacttzacctotgateegeaaacggecatactgcacaataactetgeegtee
ggcgttgttecgagattecgaatggagecttaataatgtttcactgecggaatatttgacggecacgac
cgttgtttcgecatacocgectggccaaagtacagtgtggaagagecagegocgaegagcaggcgaggcgtgga
tttctggeccggggaggcaatatatacgaatgcacecgtectcatoctcagacggeoactogegttactacyg
cgaaaggagaggtgcttaacaaacacatggattgecggtggasaacggtgctgctcaggegocagetgta
ttcactcttttctggacttgtgIcaggattatgogggagoatatetgetttgtacgcaacgctatgga
ccgecatttatttttgaggaatgetttttggactatcgtactgetttoettecttegotageocagagea
gelaaccalacoggeggll
ggcccgtataacagataccteactagggtatcaagaggetgegacgttgtegagetcaaccegattte
taacgtggacgacatgatatcggeggecaaagaaaaagagaaggggggocctttegaggectecgteg
tcteogttetacgtgattaagggcgacgacggcgaggacaagtactgtccaatctatagaaaagagtac
agggaatgtggcgacgtacaact-gctatctyaatgcgecegttcaatctgcacagatgtgggecagtgga

> caclgclycge
tectetggecaatacttgetgacectgaaaategggagatttgegeaaacagetetegtaactectagaa
gttaacgatcgctgtttaaagazcgggtegcagettaacttittacecgtcgaaatgotggacaacaga
acagtatcagactggatttcaaggcgaacacctttatcecgategecagacaccaatacacgacacgcgg
acgacgtatatcggggatacgaagatattctgcagogetggaatastttgetgaggaaaaagaatcet
agogegoeagacectoghecagatagegtecogeaagaaattecoegotgtaaccaagaaagaggaagy
gegeaceccggacgcagaaagcagcgazaagaagygceccteccagacgacstegyaggacgacatgeagy
cagaggcttectggagaaaatcectgcecgoectocccgaagacgacgaagtececcgaggacaccgageac
gatgatccaaactcggatcctgactattacaatgacatgccegececgtgateccoggtygaggagactac
taaaagttctaatgecgtctecatgeccatattegeggegttegtagoctgegeggtegegetegtgyg
ggotactggtttggasgeatogtaaaatgogogegtagetaatcgagentagaatagytggtttettan
tacatgccacgecctcacygctcataatataaatcacatggaatagcataccaatgectattcattggga
cgttcgaaaagecatggcatecgezacttggaactetggetotecttgecgegacgetegeaceecttegy
cygcecatgegaategtygatcactggaaatcacytectocgecaggattgacgacyatcacategtygateyg
tecgeygectegoocogdagotacadttcaactgcagotattttteatyg ggccagagacdccacaaa
ccctactcaggaaccgtoogegtogegttteggtetgatataacazaccagtgetaccaggaacttag
cgaggagcgctttgaaaattgeactecategategtecttetogtttttgteggetgtaaagtgaccgagt
acacgztctecgectegaacagactaaccggacctocacacecgtttaagetcactatacgaaatceet

cgtccgaacgacagecgggatgtzctacgtaattgtteggotagacgacaccaaagaaccecattgacgt
cttegegatcoaactatoggtg-atcaattogegaacacegcegegactegeggactetattecaagg
cttcgtgtegeaccttcggattacctacegtocaacttgaggectatetcaggacegaggaaagttagyg
cgcaactggcaagcgtacgttgccacggaggoccacgacgaccagegeocgaggegacaaccccgacgee
cgteactgeaaccagegaecteocgaacttgaageggaacactttacettteccctggetagaaaatggeg
tggatcattacgaaccgacacccgcaaacgaaaattcaaacgttactgtccgtctegggacaatgage
cctacgetaattggggtaaccg-ggctgcegtegtgagegeaacgategacctegtzattgtaattte
catcgtcaccagaaacatgtgcaccececgecacogaaaattagacacggtetecgcaagacgacgaagaac
gttecccanactagaagggaatcgeogaaaatttggaccecatggttgegtgegaactaaacaagggggcet
gaccaggatagtgaacttgtggaactggttgogattgttaaccegtetgegeteagotegoecgacte
aataaaaatgtgattaagtctgaatgtggctetecaatcatttcgattctectaasteteccaatectet
caaaaggggcagtatcggacacggactgggaggggcgtacacgatagttatatggtacagcagaggee
tetyaacacttaggaggagaat-cagetggggagagecectygttgaegtaggettgggagcatattygea
ggatgaacatgttagtgatagtoctcgcectettgteottgegegoctaactitigegacgegacacgte
cicttIittggaaggocactcaggetgtocteggggaagatgatcocagaascgttccggaagggactgt
aatcaaatggacaaaagtcctgcggaacgcgtgcaagatgaaggeggocgatgtctgetettegecta
actattgetttcatgatttaat-tacgacggaggaaagaaagactgeccgecagegggacccctgtet
geaaacctggtaatittactaaagegeygegaaagettaggtcaattocooctggeattatgecoccagtac
atgaccttatgggactttectacttggcagtacatctacgtattagtcategctattacecatggtgat
geggttttggeagtacatcaatgyggegtggatageggtttgacteacggggatttecaagtetecace
ccattgacgtcaatgggagtttgttittggcaccaaaatcaacgggactttccazaatgtcgtaacaac
tccgecececattgacgeaaatgggcggtaggegtgtacggtygggaggtotatatzagcagagetegttt
agtgaaccygteagategectggagacgocatocacyctgttt tgacetccatagaagacazcgggege
gcecggatctatgacaaacctgecaagatcaaacccaacagattgttececgttcatacggageocttetgat
gecaacaaccggaccggegtecattecggacgacaccetggagaagcacactotecaggtcagagacct
cgacctacaatttgactgtgggggacacagggteagggctaatigtectttttcectggatteocctygge
tcaattgtygggtgetesactacacactgcagagcaatgggaactacaagttegatecagatgetectgac
tgcceagaacctacoggecagetacaacstactgeagactagtgagtegyagtctcacagtgaggtcaa
gecacactcectggtggcgtttazgcactaaacggcaccatasacgcecgtgaccttccaaggaagectyg
agtgaactgacagatgttagetacaatgggttgatgtetgczacagecascatcaacgacaaagttgyg
gaatgtcctggtaggggaaggggtcactgtcoctecagectacccacatcatatgatettgggtatgtga
ggcttggtgacccecattcocgetatagggettgaccecaaaaatggtagetacatgegacagecagtgac
aggcccagagtctacaccataactgcagcecgatgattaccazttctcatcacagtaccaaccaggtgyg

tgtttcaaacaagcgtccaaggecttgtactgggegecaccateotaccttataggetttgatgggact
gocggtaatcaccagagetgtggecgecagataatgguctgacggeeggeacegacaatettatgecatt
caatcttgteattccaaccaatgagataacccagecgatcacatccatcaaactggagatagtgacet
ccaaaagtggtggtcaggcaggggateagatgtecatggtecggcaagtgggagectagecagtgacgate

gazagaglyycaacdyy
atecgtegttacggtegetggggtgagtaacttegagectgatceccaatectgaactageaaagaace
tggttacagaatacggccgatttgaccecaggagecatgaactacacaaaattgatactgagtgagagg
gaccgtecttggcatcaagacegioctggecaacaagygagtacactgattttegtgagtacttocatgga
ggtggcegacctcaactctceccecctgaagattgcaggageatttggettecaaagacataatcecgggeta
taaggaggtaagatccataattgattgacgygagatgggggaggctaantgaaacacggaaggagaca
ataccggaaggaaccegegetazgacggcaataaaaagacagaataaaacgcacqggatgttgggtegt
ttgtteataaacgegygggtteggtoeccaggyctggocactoetgtegataccecaccgagacoacattygyg
ggccaatacgcoccgogtittocttocttttcocctaccocaccecccaagttcgggigaaggcccagggct
cgcagccaacgteggggeggcagycectgeecatageccactggececcegtygggttegggacggggteece
catcgggaatqgtttatgotticgtgggggttattattttgasgottgoctcagattotagoattacat
agccggtcagtagatectgecatteggtagegcaaccgygctacatettcaaacagtetcacaataaat
gcatctctegttectgecaatceggaacscggygcataceacteoccgectgecgatttaattotcacaat
tygycygatygccggegygyggcaaaacygaatgtggatttggcaasceyacavaggtetgetygtacyggacta
atatgggcacacccacatcattcettcagatgoctecatgecattgttctatgagacagatcecatagggtyg
gaggcagcgtcacgagatcgeccaggeaategatogeattegtetagtazagtgacgagagttatcat
gcacacacccatgecccacgectzecgaataactggagetgtggaagatcggaaacgtotttttgacty
ccggtetegtactactttegeacaggtgtatacceggacgegtactatatattttatatcatecaacy

tccgaaattacatacgtggeggcgatggaagtagatgttgagtcttcgaaagtaagtgectcgaatat
gggtattgtectgtgaaaatatcgaaageggtacgacggttygcagaacegtegatgtegecagatacta
gtaacaatagcttcgataacgaagacttccgtgggectgaatacgatgtggagataaataccagaaaa
tctgctaatcttgategtatggaatettegtygecgtgaacaacgageggegtgecgaacttecgaaagty
ttegtgtectacgtoctgecgtgegoatgeaatacagtattetttcatcteotegetcegggttcagagyg
gtcatgtatatatatgtactagatacggggacgecggaccaaaaaaaatgcatagtgaaggcagtecgtt
ggaggaaagaatcccgggagggaagtggatattttaaaaaccatctcacataaatcaattataaaatt

aatrmatrrrtatanatamananatabt bt b ot arcant ot At atat aabtatoaat ot bR ea
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catatattgacggagtcggcectatgocecccttcaacagatgatctatattcaacgtggactactagag
gcgetagecatacatacatgaaaggggcatcattcaccgagacgtaaagacggagaatatattcttgga
taatcacgaaaatgcagttttgggtgacttecggtgetgcatgeccaactaggagattgtatagatacge
ccecaatgttacggttggageggaactgtggaaacaaattcgecggaattatectgcacttgatecegtat
tgcacaaaaacagatatttggagtgeccggattggttectatatgagatggcaattaaaaatgtacecatt
gtttagtaagcaggtgaaaagttegggatctecagetgagatecataatacggtygcatgecaagtgeaty
aactggagtttcccegcaacgattctaccaacctectgtaaacatttcaaacaatatgeggttegtgta
cgaccgecttataccattectegagttataagaaatggggggatgeccaatggatgttgaatatgteat
ttctaaaatgettacgtttgaccaggagttecagaccttctygctaaggaaatattgaatatgecectat
ttactaaggcgccgattaacctgecttaatatcacaccetetgacagtgtectaacggtatacaggeggg
agcgggtegtggegtcatecatcaccacttgagaatttatattttgaattgttgattgataaattaacce
tgattcattgagaactgaaacgcecatattggtttcttggatatgtctacaacaattagttaaattoget
atgttctactgcgagtaacatttgataagttgtaagagacgggegactcatgtcgaagttgacgaata
taaagtacataacgtgtttagaatacccagaatccgaatagtccgcgggggegtcttetcgegtgagt
accaaatactgagttgaacttgaaaatgctaaatctgtgacactctttgtgtgatgattattgtcace
acttcgaagatggcttcgacattcatgatgttctggtgtttgtttggaategtaatagegettgttte
gtccaagtctgacaacaaagaaaatctgaagaattatatcacggataagtcaaccaatattagaatac
ccacgccattatttgtatcaacggaaaactettateccacaaaacatgtaatctacgatgaaaactygt
ggcttecgectgtactcaatcctataagtgacceccaaatatgteccttttgagecagecttectaatgggaag
gegcaaatatgatgegacyggtegegtggtttgttetecggtaaaatgtygtgecagattaatatatttyge
gcgaattttataactgctcgacaaatgageecttttggecacatgttctatgagetcteoctggatggtgg
gacaggcgetacgtetcaaccagtttcatttetegegacgaattacagetggtttttgeagegaagte
ccgagaattagatggtttatatacgcgegtagtagttotcaacggggactttactacggecgatataa
tgtttaatgttaaagtggcatgtgecttttcaaagactggaatagaagatgatacattatgcaaacce
tttcatttctttgcecaatgcaacattygcacaatttaaccatgattagatecggtaactettcgagegea
cgaaagccatttaaaggaatgggtggcacggagaggtggtaacgtccctgecagtgetacttgagtcta
ccatgtatcatgeatccaatcetgectagaaatttcagggatttcetacataaagtetecagatgattat
aagtataatcacctagatgggccatctgtaatgctcatcactgacagacctagtgaagatttggatgy
gaggctcegttcaccaaagtgacatttttactactacaagtectataaaacaggtecggtatgaagage
atcagtcacatacaaagcagtatcctgtaaacaaaatacaagctataatttttttgatagggttagge
togtteattggaageatattegtagttttggtagtatggattatacgecagatattgecaatggagegeg
gagtgggggaacgccccccagtcotcgecggtatgtgtataccaggetatgatcacgtgtgaaactty
ggcggacctgtatcatatgtacaccgtcectattegtttatagecagtacgtgttatctgecacataga
ggaacatgtgtcatactgggatcgecatgcatggtatgtgtgactctaatattattctgtatcataata
aaaacacagtgcatggtatatagaggatcgctggtaagecactacggtagaccaatcggectcagattge
attctttggcategataccgttgttaatttatatggcaaagtettgttcatgggagatcagtatttgy
aggaaatatactctggaacgatggaaatactcaaatggaatcaagctaaccgetgctattctattgeg
catgecaacatattacgccgactgtectataatcagttetacggtattcagaggatgececgggacgecyt
tgtttatactaggcecccacagcagaattce
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SEQ ID NO 18: 484-1050-2641-10859 (mCMV |Epro-VP2-SVA40pA/ILT/HVT) (15252 bp) (IBDV+ ILT gene cassettes in HVT Ascl

fragment.) Virus no. HVT/IBDV/ILT 484

ggcgegcecactggagaacggcatgaccgcaaaaggegttgtagagatcgatcccacgaactctecagge
gatcgtgtcagtcgecataaacagegacgategtetecaggatcetgaacggttttettetcaacgate
atcagtatatgaggaactgaacctgatatttagccgagggaaacgcaggttaaaaaccctatcdagey
attgegattttegegtatctagtaaaaatagatgggetteggtactagecttegeogecaactetgaa
tatgccocctteogtggaccteatataacatggecattgtttgttggatgeggggoccggaattaagaagaac

attecgaaatacgagoaaaaatt-cggecoctggeatgtgetgegegagaateggtactteggggagaaa
gttttatcggagetttgggtagzgcagaggaaactotatocttggttgaazatgecatgegaccotgeac
ttgattctggttaaccacgatccaatttttaagacggctggegeggtoctagataacctecgettaaa
actagccccaatattgatgtgcagatataacacagaaaaacgatcezatggaagacatgetacggeggt
catcteooogaagacatecaccgattaecctaacaatgtgectgattatgttatagegeattegtagtace
atgcgeaccgcaggaaataaatatagctatatgatagatccaatgaategtatgtetaattacactee
aggcgaatgtatgacaggtatactgcgatatattgacgaacatgctagaaggtgtectgatcacatat
gtaatttgtatatcacatgtacacttatgcecgatgtatgtgcacgggcgatattitctattgtaatica
tttttttgttagtaaactaccacaggctgtcecggaaatctasgtteatgsatazagtagatggttaat
actcattgettagaattggactacttttasattictetttaatgttogtattaaataaaaacatctttaa
taaacttcagcctcttegettactgtagaaattgagtattceaaatcatgttcaaagecgtcttegga
gagtgtactcgccacggtggttggaacatcactatgtetacacgtcaaatttaagecacgtcaggtetyg
tegaggacaagaaatgygttaacagtgtticaattattcttataascgttaagecattygtaagececee
ggeccgtacgeagcaacaatttactagtatgesgtyggetecgggactatcacggatgtecaattegea
catgcatataatttttctagggzctetocatttecgagaaatetteggggatecatcagcaatgeggget
gtagtcecgattececgtttcaaatgaaggtgotecaacacggtecttcaaageaaccggecataccagea
aacacagactgcaactceccecge-gecaatgattggttataaacagtzatetgtettetggaagtatatt
tcgeccgacaatccacggogeccccaaagttaaaaaccatecatgtgtatttyegtottotetgttaa
aagaatattgactggeatttteceegttgaccygccagatatccaaagtacageacgatgttgeacggac
gactttgcagtcaccagccttectttecaceoececcaccaacaaaatgtttatecgtaggacccatate
cgtaataaggatgggtctggcageaacceccataggcgectegygecgtggtagttctegaggocettaage
ttaaggatcecccaactecgeecgttttatgactagaaccaatagtttttaatgocaaatycactygaa
atccectaatttgcaaagecaaacgectcectatgtgagtaatacggggactttttansdcaatttedca
cgcggaaagccccctaatacacicatatggcatatgaatcagcacggtcatgcactetaatggeggce
catagggactttecacatagggggcgttcaccattteccagecataggggtggtgactcaatggecttt
accraagtacattgggteaatgggaggtaagecaatyggttttteccattactgycaageacactgayg
tcaaatgggactttcecactyggg-tttgoccaagtacattgggteastgggagytgagecaatgggaaa
aacceattgetgecaagtaca tcaatagggactthecaatgggtt cecattgttggcaage
atataaggtcaatgtgggtgagocaatiagggactttccattgtattctgecccagtacataaggtcaat
agggggtgaatcaacaggaaag-ccecattggagecaagtacactgegtoaatagggactttecattgy
gttttgcccagtacataaggtecaataggggatgagtcaatgggaaszaacceccattggageccaagtacac
tgactcaatagggactttcocat-gggttttgoccagtacataaggtcaatagggggtgagtcaacagg
aaagttccattggagecaagtacattgagtcaatagggactttocaatgggttttgoccagtacataa

ccaatgggttttgeccagtacazaaggtcaataggggtgaatcaacagysaagtecceccattggagecaa
gtacactgagtcaatagggactztccattgggttttgeccagtacaaaaggtocaatagggygtgagte
aatgggtttttcccattattggcacgtacataaggtcaataggggtgagtcattgggtttttecagee
aatttaattaaaacgccatgtacttteccaccattgacgtcaatgggctattgaaactaatgecaacgt
gacclllaaacyglaclllicececalagelgallaalgggaaaglaccgllelegagecaalacacyglea
atgggaagtgaaagggcagecaaaacgtaacaccgocecggttttcececctggacattecatattggea
cgcatzctattggetgagetgegttctacgtgdgtataagaggegegaceagegteggtacegtogea
gtctteggtetgaccaccgtagaacgecagagotectegetgcaggeggecgetectagaactegtagat
cgcagcgatygacaaacctgcaagatcaaacccaacagattgttecgtteatacggagecttictgatge
caacaaceggaceggegtocaticoggacgacaccotggagsagaascact cteaggtcagagacctog




acctacaatttgactgtgggdgacacagggtcagggctaattgtetttitteecctggaticoctggete
aattgtggygtgcteactacacactgeagageaatyggaactacaagttogatcagatgetectgacty
cccagaacctaccggecagectacaactactgoagactagtgagtcggagtctcacagtgaggtcaage
acactccctggtggcgtttatgeactaaacggcaccataaacgecgtgacettccaaggaagectgag
tgaactgacagatgttagctacaatgggttgatgtotgcaacagecaacatcaacgacaaaattggga
atgtcctggtaggggaaggggtcactgtcctcagectaccecacatecatatgatettgggtatgtgagy
cttggtgaccccattecegetatagggottgaceccaaaaatggtagetacatgegacageagtgacag
geecagagtctacacecataactgecagecgatgattaccaattetecateacagtacecaaccaygygtygyyy
taacaatcacactgttctocageccaacattgatgetatcacaagectecagcattgggggagagetecgty
tttcaaacaagcgtccaaggoottgtactggyegecaccatetacecttataggetttgatyggactge
ggtaatcaccagagctgtggccgeagataatgggectgacggccggecaccgacaatettatgecattea
atcttgteattccaaccaatgagataacccageccaatcacatccatcaaactggagatagtgacctee

aaaagtggtggtcaggcaggggatcagatgtcatggteggcaagtgggagectageagtgacgateca
tggtggcaactatccaggggecctecgteccgtecacactagtagectacgaaagagtggcaacaggat
ccgtcgttacggtcgoctggggtgagtaacttcgagectgattccaaatoctgaactagcaaagaacctg
gttacagaatacggcegatttgacccaggagocatgaactacacasaattgatactgagtgagaggga
cegtothggeatcaagacagteonggercaacaagggagtacactgatthtegtgagtacttcatggagg
tggccgacctcaactctcccctgaagattgecaggagecatttggecttcaasgacetaatcecgggectata
aggaggtagatccagacatgataagatacattgatgagtttggacaa acasctagaatgcagtga
aaaaaalgclllalllglgaaa.llglgalgclallgelllalllyglaaccallalaagelgecaalaa
acaagttaacaacaacaattgeattcattttatgtttcaggttcagggygaggtgtgggaggtttttt
cggatcctetagagtcgacggecagagtogecagacgoecctattggacgtcaaasttgtagaggtgaag
ttttcaaacgatggcgaagtaacyggecgacttgegtttecaccgtcaaatetecocctatagggtagaaac
taattggaaagtagacctegtagatgtaatggatgaaatttetgggaacagteceegoeggygttittta
acagtaatgagaaatgygcagaaacagetgtactacagagtazcegatgyzagascatecggtccageta
atgtgcctgtecgtgocacgageccattetoceggaaccttactagtettttegacdegtectettatagcgag
ggaaaaagatatcgogecagag-tatactttacctotgateccgeaaacggecatactgcacaataacte
tgccgtecgacgttgttccgagattcgaatggagecttaataatgtttcactygecggaatatttgacy
gecacgaccegttgtttageatacegetyggecaaagtacagtgtggaagageagegegagagecaggaga
gygcygtggatthoctggecggggaggeaatatatacgaatguacegtoatc teagacggeactoegeg
ttactacgcgaaaggagaggtgcttaacaaacacatggattgecggtggasaacggtgectgotcaggcyg
cagctgtattcactettttotggacttgtgtoaggattatgegggageatatotgetttgtacgeaac
getatggaccgocatttattttogaggaatgotttttggactategtactgetttettccttegotag
ccagagcaccgocgocgtcacgTacgattacattttaggocegtegegegctcgacgegectaaccatad
cggcggttggocegtataacag ctcactagggtatcazgaggotgegacgttgtcgagetcaan
ccgatttctaacgtggacgacazgatateggoggecaaagazaaagagaaggggggccctitegagge
ctecgtegtetggttctacgtgattaagggegacgacggcgaggacaagtactgtecaatctatagaa
aagagtacagggaatgtggcgacgtacaactgctatctgaatgocgecgticaatctgcacagatgtgg
gecagtggactatgttecctagecaccettgtategegaaatggegogggactgactatattcectecececac
tgctgdgctetetggecaatacttgetgaccotgaaaatogggagatttgegeaaacagetetegtaa
ctctagaagttaacgatcgctygzttaaagatecgggtegeagettaactttttacecgtcgaaatgetgyg
acaacagaacagtatcagactggatttocaaggcgaacacctttatecegategeagacaccaatacacy
acacgoggacgacgtatateggggatacgaagatattictgeagogetyggaatastttgetgaggaaaa
agaatcctagegegecagacce-cgteccagatagegtccecgecaagaaattecececgetygtaaccaagaaa
geggaagggegcacoeeggacgcagaaagecagegaaaagaaggeccctccagaagacteggaggacga
catccaggecagaggcttctggagaaaatcotye : cegasdyacgacgsadteccdaggaca
cegagcacygatgatecaaacteggatectgactattacaatgacatgesegesgtgateesggtggay
gagactactaaaagttctaatgccgtctcecatgeccatattegeygegttegtagectgegeggtege
getecgtggggectactggtttggagcatcgtaaaatgecgcgegtagetaatcgagectagaataggtyg
tttettectacatgecacgectecacygectcataatataaatcacatggaatageataccaatgectatt
cattgggacgttcgaaaagcatggcatcgetacttggaactectggetctecttgecgegacgetagea
cectteggegegatgggaateg-gatcactggaaatcacgtetecgecaggattgacgacgatcacat
cgtgatcegtegegectegocecegaagetacaattcaactgeagetatttttcatgectggecagagac
cecacaaaccctactcaggaaccegtecgegtogegttteggtectgatataacazaccagtygctaccag
gaacttagegaggagegctttgaaaattgecactecategategtettetgtttttgtoggetgtaaagt
gaccgagtacacgttcteagectecgaacagactaaccggacot caccecghttaagetcactatac
gaaatcctegtocecgaacgacagegggatgttctacgtaattgttcggetagacgacaccaaagaacce
attgacgtettcgegatecaactategytgtateaattegegaacaceygcegogactegeggacteta
LLeccaaggellcglyglegecace . leggallacclaceglocaacllgagygceclalclcagygaceygagyg
aaagttggcgcaactggcaagegtacgttgeccacggaggocacgacgaccagegecgaggcgacaacae
ccgacgcecegtcactgeaaccagegectccgaacttgaageggaacactttacctttecctggetaga
aaatggcgtggatcattacgaaccgacacccygcaaacgaaaattcaaasgttactgtecgteteggga
caatgagecctacgotaattggygtaacscgtggetgeegtegtgagegcaacyateggectegtcatt
gtaatttccategteaccagaaacatgtgecacccegeaccgaaaattagacacggtetegeaagacyga
cgaagaacgttcccaaactagaagggaatcgegaaaatttggacecatyggttgegtgegaaataaaca
agggggctgaccaggatagtgaacttgtggaactggttygogattgttaacecgtetgcégetaageteg
cecgactcaataaaaatgtgat-aagtctgaatgtggetetccaateatticgattictetaatetece
aatcctctcaaaaggggeagtatcggacacggactgggaggggcgtacacgatagttatatggtacag

cagaggcectcectgaacacttaggaggagaattecagecggggagageecoctygttgagtaggettgggage
atattgcaggatgaacatgttagtgatagttotcecgectettgtettgegegestaacttttgegacge
gacacgtcctectttttggaaggecactecaggoctgtecteggggaagatgatecccagaaacgttccggaa
gggactgtaatcaaatggacaaaagtcctygcggaacgegtgcaagatgaaggeyggecgatytetgete
ttegectaactattgetttecatgatttaatttacgacggaggaaagaaagactgeecgecsgegggac
ccctgtctgcaaacctggtaat-ttactaaagcgcggeogaasgecttcoccgggttaattaaggcecctcg
aggatacatccaaagaggttgagtattetetcotacacttettgtiteaatggaasgtgcatttgettgt
Lecllacaalcggeecgaglelegllecacageyeclogllcacacllaaaccacaadlaglelacagge
tatatgggagecagactgaaaczcacatatgactaatattegggggtgttagtcacgtgtagececatt
gtgtgcatataacgatgttggacgcgtocttattogeggtgtacttgatactatggocageyageatgyg
gatattcatecctcgtcatcgttaacatctetacgggttcagaatgtttggcatgtecgtecgatcectttyg
cccategttgecaaattacaagtcocgatecgecatgacegcgataagectgtaccatgtggeattagggt
gacalclegalcalacallalaagaccaacglgegaglelleccaaagacelgeacgoellelielleg
gattgtcaacgggttctteagaatctatgeccatatctggegttgagaccattgtgegtttaatgaac
aataaagcggeatgccatggaaaggagggetygcagatetccattttetecacgocactateotggacge
tgtagacgataattataccatgaatatagaggggdtatgtttccactgccactgtgatgataagtttt
cteccagattgttggatatctgecattttotgetgecgaacaaactteatecgctatgeaaagagatygegt
gtgtacacgecgeeggtygagtatacggygaaastaaatgttcatagagghcttigggetatatgttatt
aaataaaataattgaccagtgaascaatttgtttaatgttagtttattcastgecattggttgcaaatat
tcattacttcectocaatcccaggocattotttagegagatgatgttetgacattgetgtgaaaattact
acaggatatatttttaagatgcaggagtaacaatgtygcatagtaggegtagttaetegecagacgtgeaa
cgcttegeatttgagttaccgaagtgeccaacagtgetgoggttatggtttatgegeacagaateccat
goatgtioctaattgaaccatocgathtttottttastedogetcgstgittgggeaactgogttatit
cagatctasasaatttaccctt-atgaccatcacatctctctggetcataccecgettggataagata
tcatgtagattccgecctaagaaatgcaaactaacattattygtegygttocatatacacttecatettyg
tcoctteocgaaaataacaaactcgcgcaatagaccgtocecgtacatgeatggecgatgtgtgtcaacatea
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ttggtctgctagatccecgatgggacgaategtacagtegtegetecageattggecaaaaatcececcaga
taccctocatgeggoaaatctaaattgogacoccgaagagactgeaccasagtottategacgecacge
tgatttttttgaacagcgggagcecattatettcagtggagegtagacgggecgaggctaattatgtga
catagcaacactgcatgtatgtztttataaatcaataagagtacataatttattacgtatcatttecyg
tttygtaatatactgtatacateatccacactattagtecageactagegegegygcgecacgttacaata
geagegtgeccgttatetatattgtecgatatttacacataacatttcategacatgattaaatacet
aagtactgcacacagatgtttaatgtatategtcatataaattatategetaggacagacccaaacga
cctttatcccaaacagtcagatcctecttictcaagtgtecgatttctgttatggaatatgeataccctgg
ccoagaaattgecacgoacgagegtagtgaatgecgtoattggttttacatttaasggostaaatgcacaa
attetttagacgacageacategttaaatagratctetagegticttatgaatgetaageattggagt
cctcecctggteggecacaataacagectgagtatcatacectgageteccgyggttgtegecacatagegga
ttecgtataaacataggattttcegegaatccatcagttgoazaaatctgttaggectcecatcaacaacy
ctggatttacttcagdateccacgegtaadgtastggtgetegaatacegtttttagagtigtecgycatt
traaggaacaaagaattecatttcttcattgcaacgacgegecagazateccaagacstetttgggtag
tatgttettgdctataaaacacggcgttccaagtgtcaggaaccacgcatgtyttastgttgggyegt
aTtcagaaataaagcggggtttatgcggcttttgaagetocggatatccasagtategettgetgatga
acgagegatgtagetgttacaasacctocotttecatectocagtczacataatatttateggectace
tatgtecgtaataagtattggtegggeaattatteogtatgaggtettgecaggzataagetettaggg
acagccagcecttggatatgatgecgaaacagacctteteggecttcagaatgtcgetecgcagtctetteg
tgtcggtgeatcettagatecacoatcaatgtgtgecageattgacteccgecegtegaatatteetttt
glLlacgalygcaglaalgag cgdlLcalygggtgggycgalgecgiiclalilgecatyglelycgaacaa
tttgegtcagtecatacagetatggagtoggecatttetggecgteaacttaaazacgegaacegeaga
catatgtatttgcatgcaaagacgtatottegtatttetgggeatettesaatgetotggocaatatyg
gcaatgaatttggattcgtttgacgeccgatggtatgcagtgecaaatgtgecaatagecccacatccgaa
aaagttatttgtcatacaagcaggtgttaagtagcaatcacataaagg ‘ccagacgrct“atggcat
cdadccac
attttatttctcutaguaactacccta3atccttttoacggqaagaag ztcctagatagtgettgaa
gtcatgactgttactgctgeaataacactgtatattatttataaattccogtttgtctaggtatcetgat
gtaggcattccgatcocctttacTtattgcgtecttcacgaccasatgggaatgegeccaaaatccccacac
ctcatecaccctggaggcagattgtgtattattaatatecgecgattgaagcacaaaacggtacggtac

tgttectaattctggtatagattetatggtcaaaagtetgeatatceccgacattgecatgagatcac
acagtccaagtagcatgtttattgagtcactecagactgtcaacgtccetecgecgeaccaccaatcgaa
aataaagtatctacgcaagttatagcteccgecatttteotategectagecageaategegacgecaaaacat
aaaggccatgttgggatttgaactototggggggettgttatettotgecacegtegeagtegeagttt
tcegaaatttatgtctaatatattttccgyccgtgetecaateggecgaaaagaatctgegtattace
agactcattgacgggccgataaagaccataaaacaaaattectgtgecactcecctectecagttttgec
atcgteccaagtecegtaactttttttgegtttegaggagecaagegttegttatecectacccacactty
tttteccaccgttttcttattataageggttgtatcgecaacgegtcaccgecaggttgtcacatacagt
gatggcatacttgaacgtgcaacaacgcgctcgetttgcaaatctaagtcattgaccatcaaategeg
ttgagaggatagecaggecatcettttttectagtatggtgacggtycagecaccecaactecagttetty
taaaaaaagctattggcgggaatttatgttctgaggtgcattctatatttatgagtecatcaaatgec
attaaccagattcgtattttttcgectcgacccggeatcactatggatacaatacctttectatggececa
tttcagctctecgaaccaaccacacggacaattgactaacataagtatgatctttatcacagtegecace
catctgagttatatttatggcatccgagecgctcettactgtacggtecggatacacccatggtttttect
ttatatagtcgggttatagtctgtegggtttggcggtageacyggagtagtttgatttttaagaatega
aaaccggettyggagagaccactgtegaatatttgtecgtatactetacacgtgagtgttgtecattee
taggtatattcatctgttcggataccttcaattgectgttcaggecataaccttaaagecatatgttatgt
tgtacatcaaaacttggtgagttatgttcgattgecgegeataaagaatcgtacatgagegtttctge
taacatactatctatattctcacacgccectgecatatactgttectattccaaattecacgttttgece
catcggctatectgecteccaaaaagttgtaatataggtgecgetgggtgegaaattttcatcagttgta
ttcctgataaactgaatcactttacataatttttgecacatatctgegtgcageccatagtatcgaacc
cgtgggcteggagacgacagtgegtacaatgggtattttacctttecccaacaaaataatggtataca
agttaggtccgtacctagaccttaatgtttccaattcttctgaatcactgecactctecgtaggggagta
acggtaataatttcgtctctgagececgtittgecgttgaaaactaatcacattagataatgtgeaate
ggtttecttttatccggatacatctaagtattatgacatecggtggtcattgtttccatcaacgaccate
ttttacgatcygccecatactactecatggacgttgteggtgttgaaaaatcaccagaattgcaacggate
tctgggtaccatgectgetgatggaattggeggttttaattgttgtttcagtetattattgetatecttt
ggcggggttgaataatgtyggggggagagtgattgecaggaateccgaatgggtcaataaaacgaccgtge
tocgttctgeceggegecgatcogattgaagetatatacttegettetetecccacttttecaatttyga
tccggdaataaaacggcecccggacaacagtategtacgatecggatecggatecctgettgectacaga
agaatcaacatctcgccccaatattctggtcaaaactggectegetcatggcaacgecggacgtttecee
cggtggccagtettaatggttaatgttetttteggcaatcttatacatcagegggttgegtgaatact
ggtcacagttcagtcatttactacacaccagcaatacgacgacggacagtaccgtccecgacgaacgeg
acgcccaaaattgetatcgecgaccgecgtcegaggecgatgtegtacgggcggtocggggttggatecte
ggcaaagagatcctegtaatteggeggtaggageggagggtaaagacgegggtyggggatctecetecy
gaccgegegecgggegeggttcgaaaatgetttecegectegetecagtgtecaacgecaagtattecggge
gggctgggggeceggaatatecteccegegacttettetateggegeggaattyggagtegeggtcgtggeg
cgettctagegteogtcaacggaagteccatttteggggtectececggtgggegttcagegtecategteyg
tatatgctctaacacacgtctcgctatattaaaaaaaagaagagtatcggtcagtgtecgagtygtegee
gacaatgtegegagtteteggegatttaatttttggaactgetcectatgaatcecygtaactygtagey
ccecgegecagaaagecgecatcagaccaactacgtgtetgticgatgtttgecegecgategetttace
gattaaggttccggcgagaaatgacatgectcgatecaagaacaaagtttttcgecggtaddcaacaaca
tagttaccgtgegagatggagaaaccacatetecogaattagtagaggaaageecegegetgteggttt
ggggacatatcgatcttttttgtgtttttcctaggacecttttgecagatecgtacaaagtecgegtett
atgagcggacgttcttactgcagectecggtaggagtggggcagggttagatttecgtecggegtttecggec
cccgtatgegeegegecaccotettegecyagetetttatgegeggtgygggtgagegettecggagt
tgcgatcteoecgatctegagecgeageocecggeggtgtectetttcagtggagegttagegecatecatgtyg
gttcgtgoacggtggaaaggcetattatgtgttaggggagagaccacgtgatcggcatgcaaatgagceaa
ggcgaacgcgtcagegttegeactgcgaaccaataatatatatattatactattggetttaggtgega
acgtccggctagtccaatageggggtocgegtttegtaccacgtgttatagaccgeceoctaaactegeac
togggggtocggecgegeccagacagggeggagacgtgecacaggggetttaaaacacegetteggge
accgttcatctcggegegee

SEQ ID NO 18: 8V40 polyadenylation signal (199 bp)
agettcagacatgataagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaaaat
gctttatttgtgaaatttgtgatgetattgetttatttgtaaccattataagectgeaataaacaagtt
aacaacaacaattgeattcattttatgtttcaggttcagggggaggtgtgggaggtttttteg
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REKOMBINANTE, IKKE-PATOGENE MAREKS SYGDOMSVIRUSKONSTRUKTER, DER KODER
FOR INFEKTI@OS LARYNGOTRACHEITISVIRUS- OG INFEKTI®OS BURSITIS VIRUS-ANTIGENER

PATENTKRAV
1. Rekombinant ikke-patogen Mareks sygdomsvirus (ftMDVnp) omfattende en forste heterolog

nukleinsyre placeret i et forste ikke-essentielt sted i rtMD Vnp-genomet og en anden heterolog nukleinsyre

placeret i et andet ikke-essentielt sted i ™MD Vnp-genomet;

hvor den forste heterologe nukleinsyre omfatter bade en nukleotidsekvens, der koder for et infektiost
laryngotracheitisvirus-glycoprotein D (ILTV-gD), og en nukleotidsekvens, der koder for et infektiost
laryngotracheitisvirus-glycoprotein I ILTV-gl);

hvor den anden heterologe nukleinsyre omfatter en nukleotidsekvens, der koder for et infektiost
bursitisvirus-virusprotein 2 (IBDV VP2);

hvor det forste ikke-essentielle sted og det andet ikke-essentielle sted er det samme; og er begge

US2-stedet eller er begge UL54.5-stedet, og hvor tMD Vnp er et rekombinant kalkun-herpesvirus (rtHVT).

2. rHVT ifelge krav 1, hvor det forste ikke-essentielle sted og det andet ikke-essentielle sted begge er
US2-stedet.
3. rHVT ifelge krav 1 eller 2, hvor nukleotidsekvensen, der koder for ILTV-gD-proteinet, er operativt

under styring af en forste promotor, hvor nukleotidsekvensen, der koder for ILTV-gl-proteinet, er operativt
under styring af en anden promotor, og nukleotidsekvensen, der koder for IBDV-VP2-proteinet, er operativt
under styring af en tredje promotor, hvor den forste promotor, den anden promotor og den tredje promotor
alle er forskellige, og hvor den forste promotor er den endogene ILTV-gD-promotor, den anden promotor er
den endogene ILTV-gl-promotor, og den tredje promotor valges fra gruppen bestaende af promotoren af det
umiddelbart tidlige gen 1 af det murine cytomegalovirus (mCMV-IEL), promoteren af det umiddelbart tidlige
gen 1 af humant cytomegalovirus (hCMV-IE1)-promotoren og kylling-p-actin-promotoren.
4, rHVT ifelge krav 3, hvor rtHVT omfatter en nukleotidsekvens valgt fra gruppen bestaende af SEQ
ID NO: 16 og SEQ ID NO: 17, og hvor det forste ikke-essenticlle sted og det andet ikke-essenticlle sted begge
er US2-stedet.
5. Rekombinant nukleinsyre, der i 5°- til 3’ -retningen omfatter i folgende rakkefolge:

@) en mCMV-IE1-promotor;

(ii) en kodningssekvens for IBDV-VP2;

(iii) en transskriptionsterminatorsekvens;

(@iv) en ILTV-gD-promotor;

W) en kodningssekvens for ILTV-gD-proteinet;

(vi) en ILTV-gl-promotor og

(vii) en kodningssekvens for ILTV-gl-proteinet.
6. Rekombinant nukleinsyre ifelge krav 5, der omfatter nukleotidsekvensen ifelge SEQ ID NO: 15.
7. rHVT omfattende den rekombinante nukleinsyre ifelge krav 5 eller 6 indfert i et ikke-essentielt
indferingssted, hvor det ikke-essentielle indferingssted er US2.
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8. Rekombinant nukleinsyre ifelge krav 5, der omfatter nukleotidsekvensen ifelge SEQ ID NO: 18.

9. rHVT omfattende den rekombinante nukleinsyre ifelge krav 5 eller 8 indfert i et ikke-essentielt sted,
hvor det ikke-essentielle indferingssted er UL54.5.

10. Immunogen sammens&tning omfattende rHVT ifolge et hvilket som helst af kravene 1-4, 7 og 9.
11. Vaccine omfattende den immunogene sammens&tning ifelge krav 10.

12. Immunogen sammens&tning ifelge krav 10 til anvendelse i en fremgangsmade til at hjelpe med

beskyttelse af en kylling mod ILTV og IBDV.



DK/EP 3471766 T3
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