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(57) ABSTRACT 

The present invention discloses novel recombinant multiva 
lent non-pathogenic Marek’s Disease virus constructs that 
encode and express both Infectious Laryngotracheitis Virus 
and Newcastle Disease virus protein antigens, and methods of 
their use in poultry vaccines. 
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RECOMBINANT NON-PATHOGENIC 
MAREKS DISEASE VIRUS CONSTRUCTS 

ENCOOING INFECTIOUS 
LARYNGOTRACHEITIS VIRUS AND 

NEWCASTLE DISEASE VIRUS ANTIGENS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S119(e) of provisional application U.S. Ser. No. 61/549,844 
filed Oct. 21, 2011, the contents of which are hereby incor 
porated by reference in their entireties. 

FIELD OF THE INVENTION 

0002 The present invention relates to novel recombinant 
multivalent non-pathogenic Marek’s Disease virus constructs 
encoding and expressing Infectious Laryngotracheitis Virus 
and Newcastle Disease virus protein antigens, and methods of 
their use in poultry vaccines. 

BACKGROUND OF THE INVENTION 

0003 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 breed 
ing 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 anti 
gens. Furthermore, substantial efforts have been made to 
construct stable and efficacious multivalent recombinant non 

pathogenic Marek's Disease virus (rMDV) 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 rMDV vaccines that contain mul 
tiple recombinant monovalent rMDV, 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 rMDV, constructs overgrowing the other 
monovalent rMDV constructs thereby, preventing these 
other monovalent rMDV, constructs from inducing a signifi 
cant immune response. In any case, despite Substantial efforts 
in the past to construct stable and efficacious multivalent 
recombinant rMDV vectors that express foreign genes from 
multiple viral pathogens heretofore, such efforts have proved 
unsuccessful. 

0004 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, world 
wide. Marek’s disease occurs predominantly in young chick 
ens between 2 and 5 months of age. Clinical signs include: 
progressive paralysis of one or more of the extremities, inco 
ordination due to paralysis of legs, drooping of the limb due 
to wing involvement, and a lowered head position due to 
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involvement of the neck muscles. In acute cases, severe 
depression may result. Bursal and thymic atrophy may also 
develop. 
0005. The etiological agent for Marek’s disease is 
Marek’s disease virus serotype 1 (MDV1), a cell-associated 
virus having a double-stranded 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 
(MDV2), previously known as Gallid herpes virus 3, is a 
naturally attenuated MDV 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). 
0006 Another closely related alphaherpesvirus, Marek’s 
disease virus serotype 3 (MDV3), more widely known as 
herpesvirus of turkeys (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 FC 126 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 combi 
nation with SB-1, which is more viraemic than HVT, but 
considered less safe. Alternatively, when flocks are chal 
lenged with particularly virulent MDV1 strains, HVT can be 
combined with the Rispens vaccine. The Rispens vaccine is 
an isolate that originated from a mildly virulent MDV1 strain 
that was Subsequently further weakened by cell passaging. 
The Rispens strain however, retains some virulence towards 
highly Susceptible lines of chickens. 
0007. 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. Pat. No. 5,187,087; U.S. Pat. No. 5,830,745: 
U.S. Pat. No. 5,834,305; U.S. Pat. No. 5,853,733; U.S. Pat. 
No. 5,928,648; U.S. Pat. No. 5,961,982: U.S. Pat. No. 6,121, 
043; U.S. Pat. No. 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., New 
castle Disease Virus (NDV), Sondermeijer et al., Vaccine, 
11:349-358 (1993); Reddy et al., Vaccine, 14:469-477 
(1996), Infectious Bursal Disease Virus (IBDV), Darteilet 
al., Virology, 211:481-490 (1995); Tsukamoto et al., J. of 
Virology 76(11):5637-5645 (2002), and Infectious Laryn 
gotracheitis Virus (ILTV) Johnson et al., Avian Disease, 
54(4): 1251-1259 (2010); WO92/03554; U.S. Pat. No. 6,875, 
856. The entire genomic sequence of MDV2 is also known 
see, GenBank acc.nr. AB049735.1, and Petherbridge et al., 
supra. The genomic organization of the MDV2 is very simi 
lar to that of HVT, with the US region in particular, being 
identical to that of HVT see, Kingham et al., supra. 
0008. 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 
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encode antigens from other poultry viruses U.S. Pat. No. 
5,965,138; U.S. Pat. No. 6,913,751. 
0009. Like MDV, infectious laryngotracheitis virus 
(ILTV) 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. Viral replication is lim 
ited to cells of the respiratory tract, where in the trachea the 
infection gives rise to tissue erosion and hemorrhage. 
0010 Newcastle disease is another highly contagious and 
debilitating disease of chickens. The etiological agent for 
Newcastle disease is the Newcastle disease virus (NDV). 
NDV belongs to the order of the Mononegavirales and is in 
the family of Paramyxoviridae. Newcastle disease viruses 
have a non-segmented, negative sense, single-stranded RNA 
genome. NDV has been grouped into three distinct patho 
types according to their virulence. Infection of poultry by the 
non-pathogenic lentogenic strains of NDV is essentially 
asymptomatic. In direct contrast, the mesogenic (medium 
pathogenic) and velogenic (highly pathogenic) NDV Strains 
cause extensive disease that can be fatal. Most types of NDV 
infect the respiratory system and/or the nervous system, and 
can result in gasping and torticollis. 
0011 Infectious bursal disease virus (IBDV), 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 pri 
mary target being the birds 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 vul 
nerable to secondary infections. 
0012 IBDV is a member of the Birnaviridae family. The 
viruses in this family have a genome consisting of two seg 
ments (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 “vari 
ant' IBDV strains have emerged. Classic and variant strains 
of IBDV can be identified and distinguished by a virus neu 
tralisation 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 89/03 is a well-known variant 
strain. Many live or inactivated IBDV vaccines are commer 
cially available, e.g. a live vaccine such as NOBILISR Gum 
boro D78 (MSD Animal Health). 
0013. 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(R)- 
ILT (sold by Merck Animal Health), which protects against 
ILTV; and Innovax(R-ND-SB (sold by Merck Animal Health) 
and VectormuneR HVT-NDV (sold by Ceva), both of which 
protect against NDV. Notably, however, heretofore, no mul 
tivalent vaccine comprising a recombinant HVT encoding 
antigens from more than one pathogen has been shown to be 
stable and efficacious, even though Such vaccines had been 
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Suggested more than fifteen years ago see e.g., U.S. Pat. No. 
5,965,138. Indeed, Innovax(R-ILT contains the only recom 
binant HVT that comprises two foreign genes, i.e., ILTV gD 
and ILTV gI, 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. 
0014. Accordingly, despite the clear advantages of stable, 
multivalent, recombinant MDV, constructs that can effica 
ciously express foreign antigens from two or more different 
pathogens, and the Substantial efforts to design them, hereto 
fore, none have been forthcoming. Therefore, there is a clear 
need to overcome the collective industry failure, by construct 
ing novel, stable, recombinant MDV vectors that can be 
used in multivalent vaccines as the sole active to protect 
against two or more different non-MDV1 poultry virus patho 
genS. 
0015 The citation of any reference herein should not be 
construed as an admission that Such reference is available as 
“prior art” to the instant application. 

SUMMARY OF THE INVENTION 

0016. Accordingly, the present invention provides a novel, 
stable, and efficacious multivalent recombinant nonpatho 
genic Marek's Disease virus (rMDV) for use as a vector to 
express foreign genes from multiple viral pathogens. In par 
ticular embodiments, the rMDV is a recombinant herpesvi 
rus of turkeys (rHVT). In alternative embodiments, the rMD 
V, is a recombinant Marek's disease virus serotype 2 
(rMDV2). An rMDV, e.g., an rHVT oran rMDV2, can be 
used in vaccines against pathogenic poulty viruses. 
10017. In particular embodiments, anrMDV comprises 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. The first 
nucleic acid comprises both a nucleotide sequence that 
encodes an Infectious Laryngotracheitis Virus (ILTV) g) 
protein and a nucleotide sequence that encodes an Infectious 
Laryngotracheitis Virus (ILTV) gI protein. The second 
nucleic acid comprises a nucleotide sequence that encodes a 
Newcastle Disease Virus (NDV) F protein. In specific 
embodiments of this type, the first nucleic acid comprises the 
nucleotide sequence of SEQ ID NO: 16 and the second 
nucleic acid comprises the nucleotide sequence of SEQ ID 
NO: 15. In specific embodiments, therMDV is an rhVT. In 
alternative embodiments, the rMDV is an rMDV2. 
0018. In certain embodiments, the first nonessential site of 
therMDV is the US2 site, while the second nonessential site 
is a nonessential site of the rMDV, other than the US2 site. 
In related embodiments, the first nonessential site of therMD 
V, is the US2 site and the second nonessential site of the 
rMDV is the UL7/8 site. In yet other embodiments, the first 
nonessential site of therMDV is the US2 site and the second 
nonessential site of therMDV is the US10 site. In still other 
embodiments, the first nonessential site of the rMDV is the 
US2 site and the second nonessential site of therMDV is the 
UL 54.5 site. In specific embodiments, the rMDV is an 
rHVT. In alternative embodiments, therMDV is anrMDV2. 
0019. In other embodiments, the first nonessential site and 
the second nonessential site of the rMDV, are the same. In 
specific embodiments of this type, the first nucleic acid and 
the second nucleic acid are actually constructed as part of the 
same DNA molecule, which is inserted into a nonessential 
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site of the rMDV. Such a DNA molecule can be an expres 
sion cassette that encodes an Infectious Laryngotracheitis 
Virus (ILTV) gld protein, an Infectious Laryngotracheitis 
Virus (ILTV) gl protein, and a Newcastle Disease Virus 
(NDV) F protein. In particular embodiments of this type, the 
DNA molecule comprises the nucleotide sequence of SEQID 
NO: 17. In specific embodiments, the rMDV is an rhvT. In 
alternative embodiments, the rMDV is an rMDV2. 
0020. Accordingly, in particular embodiments, the first 
nonessential site and the second nonessential site of therMD 

V, are the US2 site. In other embodiments, the first nones 
sential site and the second nonessential site of therMDV, are 
the UL54.5 site. In yet other embodiments, the first nones 
sential site and the second nonessential site of therMDV are 
the UL7/8 site. In still other embodiments, the first nonessen 
tial site and the second nonessential site of therMDV are the 
US10 site. In specific embodiments, the rMDV is an rHVT. 
In alternative embodiments, the rMDV is an rMDV2. 
0021. The nucleotide sequences encoding the ILTV gld 
protein, the ILTV gI protein, and the NDVF protein can be 
operatively under the control of exogenous promoters, i.e., 
promoters that are not naturally found in the MDV. In 
certain embodiments, these three nucleotide sequences are 
operatively under the control of different promoters, i.e., the 
nucleotide sequence encoding the ILTV g) protein is opera 
tively under the control of a first promoter, the nucleotide 
sequence encoding the ILTV g protein is operatively under 
the control of a second promoter, and the nucleotide sequence 
encoding the NDVF protein is operatively under the control 
of a third promoter, with the first promoter, the second pro 
moter, and the third promoter all being different. In particular 
embodiments, the promoter for the nucleotide sequence 
encoding the ILTV g|D protein is the endogenous ILTV g) 
promoter. In certain embodiments, the promoter for the 
nucleotide sequence encoding the ILTV g protein is the 
endogenous ILTVg promoter. In particular embodiments of 
this type, the promoter for the nucleotide sequence encoding 
the ILTV g) protein is the endogenous ILTV g|D promoter 
and the promoter for the nucleotide sequence encoding the 
ILTV gI protein is the endogenous ILTV gI promoter. In 
specific embodiments, the rMDV is an rhVT. In alternative 
embodiments, the rMDV is an rMDV2. 
0022. In certain embodiments, at least one of the promot 
erS operably linked to a nucleotide sequence encoding the 
ILTV gD protein, the ILTVgl protein, or the NDVF protein 
is the human cytomegalovirus immediate early (hCMV IE) 
promoter. In particular embodiments of this type, the pro 
moter for the nucleotide sequence encoding the NDVF pro 
tein is the hCMV IE promoter. In specific embodiments, at 
least one of the promoters operably linked to a nucleotide 
sequence encoding the ILTV gD protein, the ILTVgl protein 
or the NDVF protein is the pseudorabies virus (PRV) gpX 
promoter. In related embodiments, at least one of the promot 
erS operably linked to a nucleotide sequence encoding the 
ILTV g|D protein, the ILTVgl protein or the NDVF protein is 
the chicken beta-actin gene promoter. In specific embodi 
ments, the promoter for the nucleotide sequence encoding the 
NDVF protein is the hCMVIE promoter, the promoterfor the 
nucleotide sequence encoding the ILTV g) protein is the 
endogenous ILTV g|D promoter, and the promoter for the 
nucleotide sequence encoding the ILTV g protein is the 
endogenous ILTV g promoter. 
I0023. In certain embodiments, an rMDV of the present 
invention that includes insertions of nucleotide sequences 
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encoding the ILTV gD protein, the ILTV gI protein, and the 
NDVF protein also includes one or more exogenous tran 
Scription terminator sequences. In specific embodiments of 
this type, a transcription terminator sequence is downstream 
from the nucleotide sequence encoding the NDVF protein. In 
particular embodiments, the nucleotide sequences encoding 
the ILTV gD protein and the ILTV gI protein share one 
transcription terminator sequence and the nucleotide 
sequence encoding the NDVF protein has another. In par 
ticular embodiments, at least one of the transcription termi 
nator sequences comprises a synthetic polyadenylation 
sequence. In related embodiments at least one of the tran 
Scription terminator sequences comprises a Herpes Simplex 
Virus thymidine kinase (HSVTK) polyadenylation sequence. 
In specific embodiments, the rMDV is an rhVT. In alterna 
tive embodiments, the rMDV is an rMDV2. 
0024. The present invention also provides a recombinant 
nucleic acid comprising in 5' to 3’ direction in the following 
order (i) an Infectious Laryngotracheitis Virus (ILTV) g|D 
promoter, (ii) a coding sequence for the ILTVg) protein, (iii) 
an ILTVg promoter, (iv) a coding sequence for the ILTVg 
protein, (v) a human cytomegalovirus immediate early 
(hCMV IE) promoter, (vi) a coding sequence for the NDVF 
protein, and (viii) a transcription terminator sequence. In a 
particular embodiment of this type, the recombinant nucleic 
acid comprises the nucleotide sequence of SEQID NO: 17. 
(0025. The present invention further provides an rMDV, 
in which a recombinant nucleic acid of the present invention 
has been inserted into a nonessential insertion site of the 
rMDV. In certain embodiments of this type, the rMDV 
includes an insert in a nonessential site that comprises 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 ILTVgld 
protein, (iii) an ILTVg promoter, (iv) a coding sequence for 
the ILTVg protein, (v) a human cytomegalovirus immediate 
early (hCMV IE) promoter. (vi) a coding sequence for the 
NDVF protein, and (vii) a transcription terminator sequence. 
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 SEQID NO: 17 inserted into a nonessential site. 
In particular embodiments of these types, the nonessential 
site is the US2 site. In other such embodiments, the nones 
sential site is the UL54.5 site. Instill other such embodiments, 
the nonessential site is the UL7/8 site. In yet other such 
embodiments, the nonessential site is the US 10 site. In spe 
cific embodiments, the rMDV is an rhvT. In alternative 
embodiments, the rMDV is an rMDV2. 
0026. The present invention also provides methods of 
making an rMDV, of the present invention. In certain 
embodiments, a heterologous nucleic acid is constructed that 
comprises a nucleotide sequence that encodes an ILTV g|D 
protein, a nucleotide sequence that encodes an ILTV g pro 
tein, and a nucleotide sequence that encodes an NDVF pro 
tein. 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 
SEQID NO: 17. In other embodiments, a first heterologous 
nucleic acid is constructed that comprises a nucleotide 
sequence that encodes an ILTV g) protein and a nucleotide 
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sequence that encodes an ILTV g protein; and a second 
heterologous nucleic acid is constructed that comprises a 
nucleotide sequence that encodes an NDVF 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 SEQID NO: 16, and the second heterologous nucleic acid 
comprises the nucleotide sequence of SEQ ID NO: 15. In 
specific embodiments, the method of making an rMDV is a 
method of making an rhVT. In alternative embodiments, the 
method of making an rMDV, is a method of making an 
rMDV2. 

0027. The present invention further provides immuno 
genic compositions and/or vaccines that comprise any rND 
V of the present invention. In specific embodiments, the 
rMDV is an rhVT. In alternative embodiments, the rMD 
V, is an rMDV2. In addition, the present invention provides 
methods for aiding in the protection of poultry against a 
disease caused by ILTV and/or NDV and/or MDV1 by 
administering Such a vaccine and/or immunogenic composi 
tion 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 Subcutaneously. In other embodiments, a vac 
cine of the present invention is administered in ovo. 
0028. Accordingly in one aspect, the present invention 
provides stable, safe, and efficacious immunogenic compo 
sitions and/or vaccines that comprise an rMDV of the 
present invention. The present invention also provides immu 
nogenic compositions and/or vaccines that comprise any 
rMDV of the present invention that is further combined with 
an additional NDV. ILTV, and/or MDV antigen to improve 
and expand the immunogenicity provided. In addition, the 
present invention also provides immunogenic compositions 
and/or vaccines that comprise any rMDV of the present 
invention that is further combined with an antigen for a patho 
gen other than MDV. ILTV, or NDV. In a particular embodi 
ment of this type, the antigen is an Infectious Bursal Disease 
Virus (IBDV) antigen. In a more particular embodiment the 
IBDV antigen is a mild live IBDV. In certain embodiments the 
mild live IBDV is a variant IBDV. The present invention also 
provides methods for aiding in the protection of poultry 
against a disease caused by ILTV and/or NDV and/or MDV1 
and/or IBDV by administering such a vaccine and/or immu 
nogenic composition to the poultry (e.g., chicken). In particu 
lar embodiments of this type, a vaccine of the present inven 
tion is administered subcutaneously. In other embodiments, a 
vaccine of the present invention is administered in ovo. 
0029. In certain embodiments the immunogenic composi 
tions 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) g|D promoter; (ii) a coding 
sequence for the ILTVgld protein; (iii) an ILTVgl promoter; 
(iv) a coding sequence for the ILTV g protein; (v) a human 
cytomegalovirus immediate early (hCMV IE) promoter; (vi) 
a coding sequence for the Newcastle Disease Virus fusion 
protein (NDV F); and (vii) a transcription terminator 
sequence. In particular embodiments of this type the immu 
nogenic compositions and/or vaccines further comprise a 
mild live infectious bursal disease virus (IBDV). In certain 
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embodiments the mild live IBDV is a variant IBDV. In more 
particular embodiments, the IBDV is 89/03. In even more 
particular embodiments of this type, the recombinant nucleic 
acid has the nucleotide sequence of SEQID NO: 17. 
0030 The present invention further provides immuno 
genic compositions and/or vaccines that comprise any rMD 
V of the present invention combined with an additional 
NDV, ILTV, and/or MDV antigen, and a pathogen other than 
MDV, ILTV, or NDV. 
0031. 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 

0032 FIG. 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 BamHI 
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 rFIVT/NDVFILT viruses are indicated below the BamHI 
restriction map. The asterisk (*) indicates the position of the 
insertion sites: UL7/UL8 in 1196–05.1; UL54.5 in 1332-29.4: 
US2 in 1332-47A2 or 1317-151-1. 
0033 FIG. 2 is a schematic drawing of six different recom 
binant HVTs, which depict the genes inserted into the HVT 
backbone and the site of their insertion. Innovax-LT is an 
rHVT that includes an expression cassette encoding the ILTV 
gD and ILTV gI genes inserted in the UL54.5 site of the 
rHVT. Innovax-ND is an rHVT that includes an expression 
cassette encoding the NDV fusion gene inserted in the US 10 
site of the rFIVT. 1348-34C is an rVT that includes both an 
expression cassette encoding the ILTVg) and ILTVg1 genes 
inserted in the UL54.5 site of the rhVT, and an expression 
cassette encoding the NDV fusion gene inserted in the US 10 
site of the rFIVT 1332-62E is an rVT that includes an 
expression cassette that encodes the ILTV gD, the ILTV gI, 
and the NDV fusion genes inserted in the US2 site of the 
rHVT. 1317-46 is an rhVT that includes both an expression 
cassette encoding the ILTV g|D and ILTV gI genes inserted in 
the US2 site, and an expression cassette encoding the NDV 
fusion gene inserted between UL7 and UL8 (i.e., the UL7/8 
site) of the rHVT 1332-70B is an rhVT that includes an 
expression cassette that encodes the ILTV gD, the ILTV gI, 
and the NDV fusion genes inserted in the UL54.5 site of the 
rHVT. 

DETAILED DESCRIPTION OF THE INVENTION 

0034. The present invention overcomes the prior industry 
failure to be able to construct rMDV vectors that both con 
tain foreign antigens and can protect against two or more 
different poultry virus pathogens by providing unique recom 
binant MDV vectors that encode and express antigens from 
ILTV and NDV, and that protect against Mareks disease, 
Newcastle disease, and Infectious Laryngotraceitis virus. In 
particular embodiments, anrMDV of the present invention 
encodes and expresses foreign antigens from only ILTV and 
NDV, and can aid in the protection against Mareks disease, 
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Newcastle disease, and Infectious Laryngotraceitis virus. In 
specific embodiments, the rMDV is an rhVT. In alternative 
embodiments, the rMDV is an rMDV2. 
0035. 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 NDVF protein, to 
protect vaccinated chickens against a virulent NDV chal 
lenge. In addition, an HVT vector already had been con 
structed 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 ILTVgland gld proteins, to protect 
vaccinated chickens against a virulent ILTV challenge virus. 
0036. Accordingly, a multivalent HVT construct to protect 
against both NDV and ILTV was designed based on the 
Successful constructs above, i.e., inserting the NDV-F gene in 
the US 10 site and inserting the ILTV g|D and gl genes in 
UL54.5 site see, 1348-34C in FIG. 2). Unexpectedly how 
ever, following the passaging of this construct in tissue cul 
ture the recombinant virus lost its ability to express the 
ILTVg|D, ILTVgl, and NDVF proteins. This proved to be true 
with a number of duplicate recombinant rHVT constructs. 
Indeed, these recombinant viruses were unstable and unsuit 
able for further development as vaccines. These findings 
demonstrate that the design of a single multivalent rhVT 
vector that can stably express both the NDVF protein and the 
ILTVglD and ILTVgl proteins is not a simple process that can 
be extrapolated from existing information. Indeed, if Such 
stable and efficacious multivalent rHVT vectors were pos 
sible at all, their design needed to be premised on an unpre 
dictable set of complex interactions minimally involving the 
relationship between the insertion sites used and the foreign 
genes to be inserted. Heretofore, such design of rhVT con 
structs was not readily predictable from the known art. 
0037. The present invention therefore, provides recombi 
nant rMDV vectors in which two genes from ILTV and one 
gene from NDV have been inserted. In a particular embodi 
ment of the present invention all three genes were inserted in 
the US2 region of the HVT genome. Upon vaccination of a 
chicken or a chicken egg with this rhVT, the cells of the 
immunized host expressed the proteins encoded by the 
inserted genes. Furthermore, the NDV and ILTV proteins 
expressed by the rHVT stimulated an immune response that 
protected the vaccinated chicken against the disease caused 
by NDV and ILTV. Accordingly, such rMDV, vectors can be 
used to provide protection against both NDV and ILTV infec 
tions. 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 NDV. 
0038. The present invention therefore, is advantageous 
over current methods because it provides simultaneous pro 
tection against ILTV and NDV by inoculation of poultry 
and/or poultry eggs with only a single recombinant MDV 
In particular, this allows for additional vaccines to be admin 
istered 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 a live IBDV, e.g., strain 
89/03. 

0039 Moreover, the present invention further includes 
embodiments that comprise different rMDV, constructs in 
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the same vaccine and/or immunogenic compositions. In cer 
tain embodiments of this type, the vaccine and/or immuno 
genic 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, combin 
ing 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 
ILTVg) protein, an ILTVgl protein, and an NDVF protein 
with an rMDV2 that encodes yet another poultry viral anti 
gen. 
0040. In order to more fully appreciate the instant inven 
tion, the following definitions are provided. 
0041. 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 polypep 
tide' includes reference to one or more of such polypeptides. 
0042. 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. The 
term “MDV, includes naturally occurring MDVs that have 
been passaged or otherwise similarly manipulated, but does 
not include viral constructs in which a specific region of the 
genome of one MDV serotype is replaced by the correspond 
ing region of a different MDV serotype to form a chimeric 
virus, such as the novel avian herpesvirus (NAHV). In certain 
embodiments, the MDV is an HVT. In other embodiments, 
the MDV is an MDV2. In particular embodiments of this 
type, the MDV2 is SB1. 
10043. As used herein, an MDV that has been genetically 
modified to encode a heterologous nucleotide sequence (e.g., 
a foreign gene) is defined as a “recombinant MDV,” or 
“rMDV”. 
0044 As used herein, a “nonessential site' is a site in the 
MDV, 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 gener 
ally identified by the gene in which they reside, e.g., the US2 
site, or a region between two genes, e.g., the UL7/8 site. 
0045. As used herein the term “poultry” can include chick 
ens, turkeys, ducks, geese, quail, and pheasants. 
0046. 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 car 
rier Such as a liquid containing water, which upon adminis 
tration 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. 
0047. 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. 
0048. 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, Symp 
toms of the underlying infection are at least reduced, and/or 
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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 infec 
tion, including the molecular state of the infection, not just the 
physiological state of the infection. 
0049. 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. 
0050. As used herein, the term “pharmaceutically accept 
able' 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 pharmaceu 
tical vaccine, it characterizes the excipient as being compat 
ible with the other ingredients of the composition and not 
disadvantageously deleterious to the intended recipient. 
0051. As used herein, “systemic administration' is admin 
istration 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 administra 
tion). 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. 
0052. As used herein the term “parenteral administration' 
includes Subcutaneous injections, Submucosal injections, 
intravenous injections, intramuscular injections, intradermal 
injections, and infusion. 
0053. 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 con 
taining “approximately 100 amino acid residues can contain 
between 75 and 125 amino acid residues. 
0054 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 con 
nected 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, typi 
cally 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 com 
binations. 
0055 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) that is cleaved from, and therefore, 
may not be part of the final protein. 
0056. 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 interact 

Apr. 25, 2013 

ing with an antigen recognition molecule of the immune 
system, Such as an immunoglobulin (antibody) or T cell anti 
gen receptor. For example, an antigenic fragment of an NDV 
fusion protein, is a fragment of that fusion protein that is 
antigenic. Preferably, an antigenic fragment of the present 
invention is immunodominant for antibody and/or T cell 
receptor recognition. 
0057. 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% "homolo 
gous' 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. 
0.058 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 simi 
lar 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, isoleu 
cine, Valine, proline, phenylalanine, tryptophan and methion 
ine. Amino acids containing aromatic ring structures are phe 
nylalanine, 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 nega 
tively 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. 
0059 Particularly preferred conservative substitutions 
are: Lys for Arg and vice versa such that a positive charge may 
be maintained; Glufor Asp and vice versa Such that a negative 
charge may be maintained; Serfor Thr such that a free OH 
can be maintained; and Gln 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. 
0060. 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 compari 
Son of the sequences can be performed using standard Soft 
ware available in sequence databanks. Inaparticular embodi 
ment two highly homologous DNA sequences encode amino 
acid sequences having about 80% identity, more preferably 
about 90% identity and even more preferably about 95% 
identity. More particularly, two highly homologous amino 
acid sequences have about 80% identity, even more prefer 
ably about 90% identity and even more preferably about 95% 
identity. 
0061. As used herein, protein and DNA sequence percent 
identity can be determined using software such as MacVector 
v9, commercially available from Accelrys (Burlington, 
Mass.) and the Clustal W algorithm with the alignment 
default parameters, and default parameters for identity. See, 
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e.g., Thompson, et al., 1994. Nucleic Acids Res. 22:4673 
4680. ClustalW is freely downloadable for Dos, Macintosh 
and Unix platforms from, e.g., EMBLI, the European Bioin 
formatics 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. 
0062. As used herein the terms “polynucleotide', or a 
“nucleic acid' or a “nucleic acid molecule' are used inter 
changeably 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 con 
templated to encompass nucleic acid molecules that include 
any of the art-known base analogs of DNA and RNA. 
0063 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 polypep 
tide in vitro or in vivo when placed under the control of 
appropriate regulatory elements. 
0064. The boundaries of the coding sequence are deter 
mined 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 eukary 
otic mRNA, genomic DNA sequences from eukaryotic (e.g., 
avian) DNA, and even synthetic DNA sequences. A transcrip 
tion termination sequence can be located 3' to the coding 
Sequence. 
0065 “Operably linked refers to an arrangement of ele 
ments 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 the coding sequence 
and the promoter can still be considered “operably linked to 
the coding sequence. 
0066. As used herein, the term “transcription terminator 
sequence' is used interchangeably with the term “polyade 
nylation regulatory element” and is a sequence that is gener 
ally downstream from a DNA coding region and that may be 
required for the complete termination of the transcription of 
that DNA coding sequence. 
0067. As used herein an “expression cassette' is a recom 
binant nucleic acid that minimally comprises a promoter and 
a heterologous coding sequence operably linked to that pro 
moter. 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 rMDV, genome can lead to the 
expression of the heterologous coding sequence by the rND 
V. In specific embodiments, the rMDV is an rhVT. In 
alternative embodiments, the rMDV is an rMDV2. 
0068 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 NDVF protein, the ILTV gI protein, or the ILTV g|D 
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 

Apr. 25, 2013 

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, pro 
moters and the like. 
0069. Insertion of a nucleic acid encoding an antigen of 
the present invention into a rMDV vector is easily accom 
plished 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 nucle 
otide sequence and/or vector by digesting back single 
Stranded nucleic acid overhangs (e.g., DNA overhangs) gen 
erated 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. Alterna 
tively, desired sites may be produced, e.g., by ligating nucle 
otide sequences (linkers) onto the termini. Such linkers may 
comprise specific oligonucleotide sequences that define 
desired restriction sites. Restriction sites can also be gener 
ated 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 

0070 The ILTVgld 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 down 
stream start codon, which leads to an ILTV g) protein com 
prising only 377 amino acid residues, is the actual start codon 
Wild et al., Virus Genes 12:104-116 (1996). The ILTV g| 
gene encodes a glycoprotein of 362 amino acids in length 
having a molecular weight of 39,753 daltons U.S. Pat. No. 
6,875.856, hereby incorporated by reference. Nucleic acids 
encoding natural and/or laboratory derived variants of the 
ILTV gD and ILTVgl may be substituted for those presently 
exemplified. 
0071. In particular embodiments of the present invention, 
an rMDV comprises a recombinant nucleic acid (e.g., an 
expression cassette) that encodes an ILTV g) protein com 
prising the amino acid sequence of SEQ ID NO: 2 or an 
antigenic fragment thereof. In related embodiments the rMD 
V, comprises a recombinant nucleic acid that encodes an 
ILTVg) protein comprising an amino acid sequence that has 
greater than 90%, and/or greater than 95%, 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 g|D protein is encoded by the nucleotide sequence of 
SEQ ID NO: 1. In specific embodiments, the rMDV is an 
rHVT. In alternative embodiments, therMDV is anrMDV2. 
0072. In certain embodiments of the present invention, an 
rMDV comprises a recombinant nucleic acid (e.g., an 
expression cassette) that encodes an ILTV g protein com 
prising 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 g protein comprising an amino acid sequence that 
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has greater than 90%, and/or greater than 95%, 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 g protein is encoded by the nucleotide sequence of 
SEQ ID NO. 3. In specific embodiments, the rMDV is an 
rHVT. In alternative embodiments, therMDV is anrMDV2. 
0073. The NDV F protein gene encodes the so-called 
“fusion' protein. One NDVF protein gene exemplified by the 
present invention was derived from NDV Clone 30, a com 
mon 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. 
In particular embodiments of the present invention, an rMD 
V, comprises a recombinant nucleic acid (e.g., an expression 
cassette) that encodes an NDV fusion protein comprising the 
amino acid sequence of SEQID NO: 6 or an antigenic frag 
ment thereof. In related embodiments, therMDV comprises 
a recombinant nucleic acid that encodes an NDF F protein 
comprising an amino acid sequence that has greater than 
90%, and/or greater than 95%, and/or greater than 98%, and/ 
or greater than 99% identity to the amino acid sequence of 
SEQ ID NO: 6. In specific embodiments, the NDV fusion 
protein is encoded by the nucleotide sequence of SEQID NO: 
5. In certain embodiments of the present invention, an rMD 
V, comprises a recombinant nucleic acid (e.g., an expression 
cassette) that encodes an NDV fusion protein comprising the 
amino acid sequence of SEQID NO: 8 or an antigenic frag 
ment thereof. In related embodiments, anrMDV comprises 
a recombinant nucleic acid that encodes an NDF F protein 
comprising an amino acid sequence that has greater than 
90%, and/or greater than 95%, and/or greater than 98%, and/ 
or greater than 99% identity to the amino acid sequence of 
SEQID 8. In particular embodiments, the NDV fusion pro 
tein is encoded by the nucleotide sequence of SEQID NO: 7. 
In specific embodiments, the rMDV is an rhVT. In alterna 
tive embodiments, the rMDV is an rMDV2. 

Promoters and Polyadenylation Regulatory Elements 
0074. 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 ILTV g|D 
promoter, the ILTVgl promotersee e.g., U.S. Pat. No. 6, 183, 
753 B1, the human cytomegalovirus immediate early 1 
(hCMV IE1) gene promoter U.S. Pat. No. 5,830,745; U.S. 
Pat. No. 5,980,906, and the chicken beta-actin gene pro 
moter EP 1298 139 B1). More specific examples, as exem 
plified herein, include the Towne Strain hCMV IE promoter 
comprising the nucleotide sequence of SEQ ID NO: 12, a 
truncated hCMV IE promoter comprising the nucleotide 
sequence of SEQID NO: 11, an ILTV g|D promoter compris 
ing the nucleotide sequence of SEQID NO:9, and an ILTV g| 
promoter comprising the nucleotide sequence of SEQID NO: 
10. 
0075. The inclusion of a polyadenylation regulatory ele 
ment downstream from a DNA coding region is oftentimes 
required to terminate the transcription of the coding DNA 
sequence. Accordingly, many genes comprise a polyadenyla 
tion regulatory element at the downstream end of their coding 
sequence. Many such regulatory elements have been identi 
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fied and can be used in an rMDV of the present invention. 
Specific examples of polyadenylation regulatory elements as 
exemplified herein, include a synthetic polyadenylation sig 
nal comprising the nucleotide sequence of SEQID NO: 13, 
and the HSV thymidine kinase polyadenylation signal com 
prising the nucleotide sequence of SEQID NO: 14. 

Vaccines and Immunogenic Compositions 

0076. The present invention relates to the use of the 
recombinant MDV, the nucleic acid molecules used to con 
struct the MDV or the host cells to grow them, or any 
combination thereof, all according to the present invention for 
the manufacture of a vaccine for poultry. Accordingly, the 
present invention provides vaccines and/or immunogenic 
compositions that include a multivalent recombinant MDV 
of the present invention. Such vaccines can be used to aid in 
the prevention and/or prevent Newcastle 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. 

10077. A recombinant MDV of the present invention can 
be grown by any number of means currently practiced in the 
field. For example, a recombinant MDV 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 MDV. This particular process can be readily scaled up 
to industrial-sized production. 
0078. Therefore, a further aspect of the invention relates to 
a method for the preparation of the vaccine according to the 
invention comprising the steps of infecting host cells with a 
recombinant MDV 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. 
(0079 Typically, the infected host cells are harvested while 
still intact to obtain the recombinant MDV, in its cell-asso 
ciated 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 of the present inven 
tion, 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. 
0080. Alternatively, when the recombinant MDV 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 liquid Volume, for 
storage, and then reconstituted in a liquid diluent before or at 
the time of administration. Such reconstitution may be 
achieved using, for example, vaccine-grade water. In certain 
embodiments, a lyophilized portion of a multivalent vaccine 
can comprise one or more antigens and the diluent can com 
prise one or more other antigens. 
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0081. In particular embodiments a vaccine of the present 
invention (or a portion thereof) can be in a freeze-dried form, 
e.g., as tablets and/or spheres that are produced by a method 
described in WO 2010/125084, hereby incorporated by ref 
erence in its entirety. In particular, reference is made to the 
examples, from page 15, line 28 to page 27, line 9 of WO 
2010/125084, describing a method to produce such fast dis 
integrating tablets/spheres. Such freeze-dried forms can be 
readily dissolved in a diluent, to enable systemic administra 
tion of the vaccine. 
0082 Vaccines and immunogenic compositions can, but 
do not necessarily include, physiologically compatible buff 
ers and saline and the like, as well as pharmaceutically 
acceptable adjuvants. Adjuvants can be useful for improving 
the immune response and/or increasing the stability of vac 
cine preparations. Adjuvants are typically described as non 
specific stimulators of the immune system, but also can be 
useful for targeting specific arms of the immune system. One 
or more compounds which have this activity may be added to 
the vaccine. Therefore, particular vaccines of the present 
invention can further comprise an adjuvant. Examples of 
chemical compounds that can be used as adjuvants include, 
but are not limited to aluminum compounds (e.g., aluminum 
hydroxide), metabolizable and non-metabolizable oils, min 
eral oils including mannide oleate derivatives in mineral oil 
solution (e.g., MONTANIDE ISA 70 from Seppic SA, 
France), and light mineral oils such as 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 CAR 
BOPOLOR). 

0083. Other suitable adjuvants, which sometimes have 
been referred to as immune stimulants, include, but are not 
limited to: cytokines, growth factors, chemokines, Superna 
tants from cell cultures of lymphocytes, monocytes, cells 
from lymphoid organs, cell preparations and/or extracts from 
plants, bacteria or parasites (Staphylococcus 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 alterna 
tively 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. 
0084. The vaccines and/or immunogenic compositions of 
the present invention may be administered by any route Such 
as in ovo, by parenteral administration, including intramus 
cular injection, Subcutaneous injection, intravenous injec 
tion, intradermal injection, by Scarification, by oral adminis 
tration, or by any combination thereof. Furthermore, the 
multivalent recombinant MDV of the present invention can 
be used and/or combined with additional NDV, ILTV, and/or 
MDV antigens to improve and expand the immunogenicity 
provided, and/or antigens for other pathogens 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 homoge 
nates, extracts, proteins, or any other Such derivative, pro 
vided that they do not negatively interfere with the safety, 
stability, and efficacy of the vaccine according to the present 
invention. 

0085. The combination of a multivalent recombinant 
MDV of the present invention with an additional MDV, 
NDV, and/or ILTV antigen can be advantageous in those 
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cases in which very virulent field strains of MDV, NDV, or 
ILTV are prevalent, e.g., in a particular geographic region. In 
this regard, the combination of a multivalent recombinant 
MDV of the present invention with an MDV1, MDV2, 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 NDV, multivalent recombinant 
MDV may be combined with an NDV vaccine strain, such 
as the mild live NDV vaccine strain C2. 
I0086 Examples of other microorganisms that can be used 
as antigens together with the multivalent recombinant 
MDV 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 rhi 
notracheitis virus, duck plague virus (duck viral enteritis), 
pigeon pox virus, avian leucosis virus, avian pneumovirus, 
and reovirus, (ii) bacteria, such as Escherichia coli, Salmo 
nella spec. Ornitobacterium rhinotracheale, Haemophilis 
paragallinarum, Pasteurella multocida, Erysipelothrix rhu 
Siopathiae, Erysipelas Spec. Mycoplasma spec., and 
Clostridium spec., (iii) parasites Such as Eimeria spec., and 
(iv) fungi. Such as Aspergillus spec. In particular embodi 
ments of the present invention, a recombinant MDV of the 
present invention can be combined with a mild live IBDV 
vaccine strain such as D78 (cloned intermediate strain), 
PBG98, Cu-1, ST-12 (an intermediate strain), or 89-03 (a live 
Delaware variant strain) in a multivalent vaccine. Many of 
Such strains are used in commercial vaccines. 

I0087. 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. 
I0088 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. Alterna 
tively, 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 MDV of the present invention and the addi 
tional antigen are not applied simultaneously; e.g., the recom 
binant MDV, may be applied in ovo, and the NDVC2 and/or 
the IBDV strain (e.g., 89/03) could be applied at a subsequent 
time/date. 

I0089. 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 inven 
tion 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 for 
mulation 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 vaccina 
tion, which later can be followed and amplified by a booster 
vaccination of the identical vaccine, or with a different vac 
cine preparation e.g., a classical inactivated, adjuvanted 
whole-virus vaccine. 

0090 The volume per dose of a vaccine of the present 
invention can be optimized according to the intended route of 
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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 

SEQ ID NO: Description Type 

1 ILTV g|D Glycoprotein nucleic aci 
2 ILTV g|D Glycoprotein amino acid 
3 ILTV gI Glycoprotein nucleic aci 
4 ILTV gI Glycoprotein amino acid 
5 NDV F Protein (Clone 30) nucleic aci 
6 NDV F Protein (Clone 30) amino acid 
7 NDV F Protein (B1 Hitchner) nucleic aci 
8 NDV F Protein (B1 Hitchner) amino acid 
9 ILTV g|D promoter nucleic aci 
10 ILTV gI promoter nucleic aci 
11 hCMV IE promoter (Truncated) nucleic aci 
12 hCMV IE promoter (Towne Strain) nucleic aci 
13 synthetic polyadenylation signal nucleic aci 
14 HSVTK nucleic aci 

polyadenylation signal 
15 IE-NDVF insert nucleic aci 
16 ILTV insert nucleic aci 
17 ILTVIE-NDVF insert nucleic aci 

0091. 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 con 
Strued as limiting the broad scope of the invention. 

EXAMPLES 

Example 1 

Construction of Recombinant HVT/NDVILTV 
Virus Vectors 

0092. The ability to generate herpesviruses by cotransfec 
tion of cloned overlapping Subgenomic fragments was first 
demonstrated for pseudorabies virus van Zijl et al., J. Virol 
ogy 62:2191-2195 (1988). This procedure subsequently was 
employed to construct recombinant HVT vectors see, U.S. 
Pat. No. 5,853.733, hereby incorporated by reference with 
respect to the methodology disclosed regarding the construc 
tion of recombinant HVT vectors and was used to construct 
the recombinant HVT/NDV/ILTV vectors of the present 
invention. In this method, the entire HVT genome is cloned 
into bacterial vectors as several large overlapping Subge 
nomic 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, 
N.Y. (1989). An HVT strain FC126 cosmid library was 
derived from sheared viral DNA cloned into the cosmid vec 
tor, pWE 15 (Stratagene, now Agilent Technologies of Santa 
Clara, Calif.). In addition, several large genomic DNA frag 
ments were isolated by restriction digestion with the enzyme, 
BamHI, and cloned into either pWE 15 or the plasmid vector 
pSP64 (Promega, Madison Wis.). As described in U.S. Pat. 
No. 5,853.733, cotransfection of these fragments into chicken 
embryo fibroblast (CEF) cells results in the regeneration of 
the HVT genome mediated by homologous recombination 
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across the overlapping regions of the fragments. If an inser 
tion 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 
FC126 HVT, and served as the basis for creating all HVT/ 
NDV/ILTV recombinant viruses. 
0093 Construction of HVT/NDV/ILTV 1332-62.E1: 
(0094. The cosmid regeneration for HVT/NDV/ILTV 
1332-62.E.1 was performed essentially as described in U.S. 
Pat. No. 5,853,733 e.g. FIG. 8 of U.S. Pat. No. 5,853,733; 
redrawn, at least in part, in FIG. 1, herein. To allow integra 
tions into the US region of the FC 126 HVT genome, the 
region covered by the cosmid nr. 378-50 in U.S. Pat. No. 
5,853.733, was now provided from three smaller plasmids: 
pSY640 and 556-60.6, and one transfer plasmid (1332-47. 
A2), overlapping these two, and containing the ILTV/NDV 
expression cassettes in the US2 gene locus. 
0.095 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 one time. 
0096 Construction of HVT/NDV/ILTV 1332-70. B1: 
(0097. The cosmid regeneration for HVT/NDV/ILTV 
1332-70. B1 was performed essentially as described in U.S. 
Pat. No. 5,853,733 e.g., FIG. 8 of U.S. Pat. No. 5,853,733; 
redrawn, at least in part, in FIG. 1, herein. To allow integra 
tions into the UL54.5 region of the FC 126 HVT genome, the 
region covered by the cosmid nr. 407-32.1C1 in U.S. Pat. No. 
5,853.733 was now provided from three smaller plasmids: 
672-01.A40 and 672-07.C40, and one transfer plasmid 
(1332-29.4), overlapping these two, and containing the ILTV/ 
NDV expression cassettes in the UL54.5 gene locus. 
0098. The set of seven linearized constructs: 4 cosmids 
and 3 plasmids are transfected all together into CEFs, using a 
standard CaCl transfection protocol, and the resulting virus 
stock was plaque purified one time. 
0099 Construction of HVT/NDV/ILTV 1317-46.A1-1: 
0100. The cosmid regeneration for HVT/NDV/ILTV 
1317-46. A 1-1 was performed essentially as described in U.S. 
Pat. No. 5,853,733 e.g., FIG. 8 of U.S. Pat. No. 5,853,733; 
redrawn, at least in part, in FIG. 1, herein. To allow integra 
tions into the US region of the FC 126 HVT genome, the 
region covered by the cosmid nr. 378-50 in U.S. Pat. No. 
5,853.733, was now provided from three smaller plasmids: 
pSY640 and 556-60.6, and one transfer plasmid (1317-15.1- 
1), overlapping these two, and containing the ILTV expres 
sion cassette inserted into the US2 gene locus. Insertion into 
a second site within the FC 126 HVT genome was accom 
plished by replacing the UL region cosmid nr. 407-32.2C3 in 
U.S. Pat. No. 5,853.733 with the transfer cosmid (1196–05.1), 
containing the NDV expression cassette inserted between the 
HVTUL7 and UL8 genes. 
0101 The set of seven constructs: 1 uncut cosmid (1196– 
05.1), the remaining 2 linearized cosmids, and 4 linearized 
plasmids were transfected all together into CEFs, using a 
standard CaCl2 transfection protocol, and the resulting virus 
stock was plaque purified one time. 
0102 Description of Subgenomic Fragments for Generat 
ing FC126 HVT: 
(0103 Subgenomic Clone 407-32.2C3. 
0104 Cosmid 407-32.2C3 contains an approximately 
40,170 base pair region of genomic HVT DNA Left termi 
nus pos. 39,754: Afonso et al., 2001, supra; Acc. 
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#AF291866. This region includes HVT BamHI fragments 
F', L. P. N1, E, D, and 2,092 base pairs of fragment B. 
0105 Subgenomic Clone 172-07.BA2. 
0106 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 
et al., 2001, supra; Acc. iiAF291866 into the plasmid pSP64 
(Promega, Madison Wis.). 
0107 Subgenomic Clone 407-32.5G6. 
0108 Cosmid 407-32.5G6 contains a 39.404 base pair 
region of genomic HVT DNA pos. 61,852-101.255; Afonso 
et al., 2001, supra; 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. 
0109 Subgenomic Clone 407-32.1C1. 
0110 Cosmid 407-32.1C1 contains a 37.444 base pair 
region of genomic HVT DNA pos. 96,095-133,538: Afonso 
et al., 2001, supra; Acc. #AF291866. This region includes 
HVT BamHI fragments J. G. I. F. O, plus 1.281 base pairs of 
fragment K2, and 6,691 base pairs of fragment A. 
0111 Subgenomic Clone 378-50. 
0112 Cosmid 378-50 contains a 28.897 base pair region 
of genomic HVTDNA see FIG.8 of U.S. Pat. No. 5,853,733; 
redrawn, at least in part, in FIG. 1, herein. It was constructed 
by cloning the HVT BamHI A fragment pos. 126848 
155744: Afonso et al., 2001, supra: Acc. HAF291866 into the 
cosmid pWE15. 
0113. Additional Insertion Fragments for Generating 
HVTNDVILTV 1332-62E1: 
0114. Subgenomic Clone 1332-47A2. 
0115 The insertion plasmid 1332-47A2 contains a 7311 
base pair EcoRI fragment of the HVT unique short region 
pos. 136880-144190. Afonso et al., 2001, supra; Acc. 
#AF291866, cloned into the plasmid pSP64 (Promega, 
Madison Wis.). Inserted into a unique StuI site within the 
HVT US2 gene pos. 140540/140541, Afonso et al., 2001, 
supra; Acc. iiAF291866, between amino acid residues 124 
and 125 are 2 elements: a 3563 base pair Sall-HindIII frag 
ment from ILTV. NVSL Challenge Strain, Lot #83-2 pos. 
10532-14094; Wild et al., Virus Genes 12:104-116 (1996): 
Acc.FU28832, encoding the full length genes for glycopro 
tein D (gD) and glycoprotein I (g), plus partial coding 
regions from glycoprotein E (amino acids 1-101), and ORF5 
(amino acids 734-985); and an expression cassette consisting 
of the HCMV IE promoter, the NDV, clone 30 strain, fusion 
gene (F), followed by a synthetic poly-adenylation signal. 
The ILTV g|D, ILTV gI, and NDVF genes are transcribed in 
the opposite direction relative to the HVT US2 gene. 
0116. Subgenomic Clone pSY640. 
0117 Plasmid pSY640 contains an approximately 13,600 
base pair region of genomic HVT DNA pos. 126848 
140540: Afonso et al., 2001, supra: Acc. HAF291866 derived 
from BamHI fragment A. To generate this plasmid the region 
of DNA located upstream of the US2 gene, beginning at the 
StuI site located in the US2 gene and continuing to the end of 
the BamHI A fragment, was cloned into the plasmid pSP64 
(Promega, Madison Wis.). 
0118. Subgenomic Clone 556-60.6. 
0119 Plasmid 556-60.6 contains an approximately 
12,500 base pair region of genomic HVT DNA derived from 
BamHI fragment A approximate pos. 143300 to pos. 
155744, Afonso et al., 2001, supra: Acc. HAF291866. To 
generate this plasmid the region of DNA located downstream 
of the US2 gene beginning at the Stul site located in the US2 
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gene and continuing to the end of the BamHI A fragment was 
cloned into the plasmid pSP64 (Promega, Madison Wis.), and 
then treated with exonucleasse to “chewed back’ from Stu 
site—150 bp, and recloned into pBR322 plasmid vector. 
I0120 Additional Insertion Fragments for Generating 
HVTANDVILTV 1332-70.B1: 
I0121. Subgenomic Clone 1332-29.4 
0.122 Plasmid 1332-29.4 contains a 8,636 base pair region 
of genomic HVT DNA derived from the unique long region 
pos. 109489-118124: Afonso et al., 2001, supra; Acc. 
#AF291866), cloned into a derivative of plasmid pNEB193 
(deleted Aat|I-PvulI). It is flanked by AscI sites and includes 
HVTBamHI fragments I, S, plus 1337 base pairs of fragment 
G and 1177 base pairs of fragment F. Inserted into an XhoI 
site within the HVT UL54.5 open reading frame pos. 
111240/11 1241, Afonso et al., 2001, supra: Acc. HAF291866, 
between amino acid residues 21 and 22 are 2 elements: a 
3563 base pair Sall-HindIII fragment from ILTV, NVSL 
Challenge Strain, Lot #83-2 pos. 10532-14094; Wild et al. 
1996, Supra; Acc.ii U28832, encoding the full length genes 
for glycoprotein D (gD) and glycoprotein I (g), plus partial 
coding regions from glycoprotein E (amino acids 1-101), and 
ORF5 (amino acids 734-985); and an expression cassette 
consisting of the HCMV IE promoter, the NDV, clone 30 
strain, fusion gene (F), followed by a synthetic poly-adeny 
lation signal. The ILTV gD, ILTV gI and NDVF genes are 
transcribed in the opposite direction relative to the HVT 
UL54.5 gene. 
(0123. Subgenomic Clone 672-01.A40 
0.124 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 et al., 2001, supra; Acc. 
#AF291866), cloned into a derivative of plasmid pNEB193. 
This region includes HVT BamHI fragments G, J and 1281 
base pairs of K2. 
(0.125. Subgenomic Clone 672-07.C40 
(0.126 Plasmid 672-07.C40 contains a 12.520 base pair 
region of genomic HVT DNA derived from the unique long 
region pos. 116948-1294.67: Afonso et 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. 
I0127. Additional Insertion Fragments for Generating 
HVTANDVFILTV 1317-46A1-1: 
I0128. Subgenomic Clone 1196–05.1. 
I0129. Cosmid 1196–05.1 contains an approximately 40, 
170 base pair region of genomic HVT DNA Left terminus— 
pos. 39,754: Afonso et al., 2001, supra: Acc. HAF291866 
cloned into cosmid pWE15. This region includes HVT 
BamHI fragments F. L. P. N1, E, D, and 2,092 base pairs of 
fragment B. In addition an expression cassette encoding the 
NDV Fusion (F) gene, including the HCMV IE promoter and 
HSVTK poly-adenylation regulatory elements was inserted 
into a non-coding region between HVT UL7 and UL8 genes 
within BamHI fragment E pos. 20030-20035: Afonso et al., 
2001, supra: Acc. HAF291866. The NDV F gene is tran 
scribed the same direction as HVTUL7. 
I0130. Subgenomic Clone 1317-15.1-1. 
I0131 Plasmid 1317-15.1-1 contains a 7311 base pair 
EcoRI fragment of the HVT unique short region pos. 
136880-144190. Afonso et al., 2001, supra; Acc. 
#AF291866, cloned into the plasmid pSP64 (Promega, 
Madison Wis.). In addition, a 3563 base pair Sall-HindIII 
fragment from ILTV. NVSL Challenge Strain, Lot #83-2 
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pos. 10532-14094; Wild et al., 1996, supra: Acc.ii U28832), 
encoding the full length genes for glycoprotein D (gD) and 
glycoprotein I (g), plus partial coding regions from glyco 
protein E (amino acids 1-101), and ORF5 (amino acids 734 
985) were cloned into a unique StuI site within the HVT US2 
gene pos. 140540/140541, Afonso et al., 2001, supra; Acc. 
#AF291866, between amino acid residues 124 and 125. The 
ILTV g|D and g genes are transcribed in the opposite direc 
tion relative to the HVT US2 gene. 
(0132) Subgenomic Clone pSY640. 
0.133 Plasmid pSY640 contains an approximately 13,600 
base pair region of genomic HVT DNA pos. 126848 
140540: Afonso et al., 2001, supra: Acc. HAF291866 derived 
from BamHI fragment A. To generate this plasmid the region 
of DNA located upstream of the US2 gene, beginning at the 
StuI site located in the US2 gene and continuing to the end of 
the BamHI A fragment, was cloned into the plasmid pSP64 
(Promega, Madison Wis.). 
0134) Subgenomic Clone 556-60.6. 
0135 Plasmid 556-60.6 contains an approximately 
12,500 base pair region of genomic HVT DNA derived from 
BamHI fragment A approximate pos. 143300 to pos. 
155744, Afonso et al., 2001, supra: Acc. HAF291866. 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 the plasmid pSP64 (Promega, Madison Wis.), and 
then treated with exonucleasse to “chewed back’ from Stu 
site ~150 bp, and recloned into pBR322 plasmid vector. 
I0136 Standard CaCl. Transfection Protocol: 
0137) Secondary CEF's are seeded on 6 well culture plates 
and incubated at 38°C. with 5% CO for 24 hours and con 
fluent monolayers form. For each well a total amount of 0.25 
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 mono 
layer, and incubated for 2 to 3 hrs. 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 mono 
layers of CEF cells in 10 cm plates and incubated until 
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50-90% CPE was achieved. Next, the amplified transfected 
cells were harvested by trypsinization, and dilutions of 10° 
to 10' 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/NDV/ILTV 
were isolated and amplified on CEFs. 

Example 2 

Recombinant HVT/NDFILTV Vaccine Protects 
Day-Old Chicks Against Infectious 
Laryngotracheitis Virus Challenge 

(0.138. Two vaccines, one comprising HVT/NDV/ILTV 
1332-62E1 and the other, comprising 1332-70B1, were 
evaluated for efficacy in protecting chickens from an Infec 
tious Laryngotracheitis Virus challenge. HVT/NDV/ILTV 
1332-62E1 is an rVT in which the FC 126 HVT backbone 
comprises the nucleic acid sequence of SEQ ID NO: 17 
inserted in the US2 site (see, Example 1 above). HVT/NDV/ 
ILTV-1332-7OB1 is an rVT in which the FC 126 HVT back 
bone comprises the nucleic acid sequence of SEQID NO: 17 
inserted in the UL54.5 site (see, Example 1 above). 
0.139. The vaccine preparations for both stocks of virus 
were prepared from Stocks passaged through chicken embryo 
fibroblast tissue culture cells, at least 8 times, and an addi 
tional preparation of 11 tissue culture passages was prepared 
and tested for 1332-62E1. 
0140. The vaccines were administered to newly hatched, 
specific-antigen free (SPF) chicks by the subcutaneous route. 
Birds were then challenged at four weeks of age with virulent 
ILTV challenge virus by the intra-tracheal route and observed 
for 10 days for the clinical signs of the disease. The incidence 
of disease in these chicks was compared with controls that 
either received a commercial recombinant HVT/ILTV vac 
cine (Innovax(R-ILT, from Merck Animal Health) or no vac 
cine. The Federal Code of Registry (9CFR) requires that at 
least 80% of the unvaccinated control birds must show clini 
cal signs for a test to be valid, and at least 90% of the vacci 
nated birds must remain free of clinical signs to be considered 
to provide satisfactory protection. The results of this study are 
provided in Table 1 below. Both dual recombinant vaccines 
provided satisfactory protection against a virulent ILTV chal 
lenge. 

TABLE 1. 

Efficacy of Multivalent HVTNDVILTV Vaccine Against a Virulent ILTV Challenge 

Group 

Sb 

Clinical and 
Clinical Necropsy % 

Vaccine Dose: Signs. Mortality** Results * Protection 

1332-62.E 2170 1,36 1.36 136 = 2.8% 97.2% 
Pass 8 
1332-62.E 1409 O.36 Of 36 0.36 = 0% 100% 
Pass 11 
1332-70B 2483 3,36 2.36 336 = 8.3% 91.7% 
Pass 8 
Innovax (R-ILT 2200 0.24 0.24 0.24 = 0% 100% 
Challenged NA 10.10 9,10 1010 = 100% O% 
Controls 
Non-challenged NA Of 10 Of 10 Of 10 NA 
Controls 

Dose is described as plaque forming units (pfu).0.2 mL dose volume, 
**Results are given as the number of positive birds per total number of birds (No. of positive?total). 
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Example 3 

Recombinant HVT/NDFILTV Vaccine Protects 
Day-Old Chicks Against Newcastle Disease Virus 

Challenge 
0141 Day-old specific-antigen free (SPF) chicks, or 
19-day old embryos were vaccinated with a recombinant 
vaccine, HVT/NDVILTV-1332-62E1, tissue culture passage 
level 11, or a commercial recombinant HVTNDV vaccine 
(Innovax(R-ND, sold by Merck Animal Health) and then chal 
lenged at four weeks of age with virulent Newcastle Disease 
(ND) challenge virus, Texas-GB strain, by the intra-muscular 
route. Following a 14-day observation period, where birds 
were scored for clinical signs of Newcastle disease, the inci 
dence of disease in each group of chicks was compared with 
unvaccinated controls. The Federal Code of Registry (9CFR) 
requires that at least 80% of the unvaccinated control birds 
must show clinical signs for a test to be valid, and at least 90% 
of the vaccinated birds must remain free of clinical signs for 
a vaccine to be considered to provide satisfactory protection. 
The results of this study indicate the recombinant HVT/NDV/ 
ILTV 1332-62E1 vaccine provided satisfactory ND protec 
tion by both routes of administration. 

TABLE 2 

13 
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Laryngotracheitis Virus challenge or Newcastle Disease 
Virus Challenge. HVT/NDV/ILTV-1317-46.1-1 is an rhVT 
in which the FC 126 HVT backbone comprises the nucleic 
acid sequence of SEQID NO: 16 inserted into the US2 site, 
and the nucleic acid sequence of SEQID NO: 15 inserted into 
the UL7/8 site, i.e., in between the UL7 and UL8 genes of 
HVT, (see, Example 1 above). The vaccine preparation was 
prepared from a stock passaged through chicken embryo 
fibroblast tissue culture cells 15 times. 

0143. The vaccine was administered to newly hatched, 
specific-antigen free (SPF) chicks by the subcutaneous route. 
Birds were then challenged at four weeks of age with virulent 
Infectious Laryngotracheitis (ILT) challenge virus by the 
intra-tracheal route and observed for 10 days for the clinical 
signs of the disease, or challenged with virulent Newcastle 
Disease virus, Texas-GB strain, by the intra-muscular route 
and observed for 14 days. The incidence of disease in these 
chicks was compared with controls that either received a 
commercial recombinant HVT/ILT vaccine, HVT/ND vac 
cine, or no vaccine. The Federal Code of Registry (9CFR) 
requires that at least 80% of the unvaccinated control birds 
must show clinical signs for a test to be valid, and at least 90% 

Efficacy of Multivalent HVTNDVILTV Vaccine Against a Virulent NDV Challenge 

No. Clinical 
Group Vaccine Dose Route birds Signs. Mortality* 

1a. 1332-62.E 2160 in ovo 31 031 = 031 = 
Pass 11 O% O% 

1b 1332-62.E 2010 SC 31 031 = 031 = 
Pass 11 O% O% 

2a Innovax (R-ND 2046 in ovo 32 3.32 = 231 = 
9.4% 6.3% 

2b Innovax (R-ND 1872 SC 32 1.32 = 1/32 = 
3% 3% 

3 Marek's NA SC 12 1212 = 12.12 = 
diluent 100% 100% 

Protection 

100% 

100% 

90.6% 

96.9% 

*Dose is described as plaque forming units (pfu), dose volume (0.2 mLSC dose, 0.1 mLinovo dose). 
**Results are given as the number of positive birds per total number of birds (No. of positive?total). 

Example 4 

Recombinant HVT/NDFILTV Vaccine Protects 
Day-Old Chicks Against Infectious 

Laryngotracheitis Virus Challenge and Newcastle 
Disease Virus Challenge 

0142. A vaccine, HVT/NDV/ILT-1317-46.1-1, was evalu 
ated for efficacy in protecting chickens from either Infectious 

of the vaccinated birds must remain free of clinical signs to be 
considered to provide satisfactory protection. The results of 
this study are provided in the Table 3 below. The HVT/NDV/ 
ILT vaccine provided satisfactory protection against NDV 
challenge. Although, in this preliminary study the protection 
provided by this construct against a virulent ILTV challenge 
fell just short of the federal requirements, it did provide sub 
stantial protection. 

TABLE 3 

Efficacy of Multivalent HVTNDVILTV Vaccine Against a Virulent 
NDV and ILTV Challenge 

Results following Challenge 

ILT NDV 

No. No. 
Treatment No. Positive? % Positivef % 
Group Dose Birds Total * Protection Total Protection 

HVTNDVILT 1356 20 420 = 20% 80% O.19 = 0% 100% 
1317-46 (p15) 
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TABLE 3-continued 

Efficacy of Multivalent HVTNDVILTV Vaccine Against a Virulent 
NDV and ILTV Challenge 

Apr. 25, 2013 

Results following Challenge 

ILT NDV 

No. No. 
Treatment No. Positive? % Positive? 
Group Dose Birds Total * Protection Total 

Innovax (R-ILT 1740 2O 1.2O = S90 95% 
Innovax (R-ND 1836 20 — 0.20 = 0% 
Placebo NA 10 1010 = 100% O% 8.8 = 100% 

Dose is described as plaque forming units (pfu)0.2 mL dose volume, 

Protection 

100% 
O% 

**Results are given as the number of positive birds (clinical signs & mortality) per total number of birds (No. 
of positive?total). 

Example 5 
Recombinant HVT/ND/ILTV in Combination with 
89/03 Bursal Disease in a VACCINE AGAINST AN 

INFECTIOUS BURSAL DISEASE VIRUS 
0144 Groups of one-day-old chicks (SPF Leghorn) were 
inoculated with HVT/NDVFILTV-1332-62E1 combined with 
IBDV 89/03 vaccine at the time of use. A separate group of 
chicks were vaccinated with only the IBDV vaccine at 3.5 
logo TCIDso per dose. Chickens were challenged at 4 weeks 
of age with Variant E IBDV challenge. At 10 days post 
challenge, birds were euthanized and examined for body/ 
bursa weights and gross lesions consistent with bursal dis 
ease. The results were analyzed for acceptability per the 
applicable 9CFR 113.331 requirements. 
(0145 IBDV89/03 is a licensed product used in the poultry 
industry to protect flocks against both the classical and variant 
strains of Infectious Bursal Disease virus. The target dose for 
IBDV 89/03 vaccine was 3.5 logo TCIDso per 0.2 mL dose. 
The target dose for HVT/NDVILT was 3000 PFU per 0.2 mL 
dose. To achieve the target doses in the final vaccine diluent 
volume the HVT/NDVILTV-1332-62E1 vaccine was diluted 
to contain 6000 PFU in 0.2 mL, which is double the target 
dose. The 89/03 vaccine was diluted to contain 3.8 logo 
TCIDs, which is double the target dose. For Group 1 the 
combination vaccine was prepared by combining equal Vol 
umes of the HVT/NDVFILTV-1332-62E1 vaccine and the 
89/03 vaccine. For Group 2, which received only the 89/03 
vaccine, an equal Volume of diluent was added. One day old 
chickens in each treatment group received 0.2 mL of the 
respective vaccine or placebo by the subcutaneous (SC) route 
(see, Table 4). 

0146. At hatch, chicks in each of the vaccine treatment 
groups were tagged with a set of randomized tag numbers 
assigned using the randomization program of EXCEL. In 
addition, birds removed from each pen at 7 days post-chal 
lenge for histological examination of bursas were randomly 
determined using the randomization program of EXCEL. 
0147 The chickens were challenged at four weeks of age 
with IBDV-Variant E challenge virus. Each chicken received 
0.06 mL containing approximately 10’’ EIDso per dose via 
the eyedrop route. At seven days post-challenge, 6-9 birds 
from each group were removed for histological evaluation of 
individual bursae (see, Table 5). Bursa samples were col 
lected from each challenged chicken using care to collect 
tissue which had not been crushed or squeezed by the forceps. 
The tissue sample was placed in an individual container of 
10% formalin. 
0148 Bursa from each chicken challenged with IBD-Var 
E virus was recorded as negative or positive for bursal atro 
phy, gross macroscopic lesions and/or lymphocyte depletion 
as determined by histological examination. Bursal lesions 
included macroscopic hemorrhage, edema?exudates, cream/ 
yellow color, striations, or gross atrophy. Bursal atrophy was 
measured by individually weighing each chicken to the near 
est gram. Bursae were individually weighed to the nearest 
hundredth of a gram. Bursa/body weight ratios were com 
puted for each bird employing the formula, BW ratio: (Bursa 
Weight -- Body Weight) X 1000. A bursa to body weight ratio 
of more than 2 standard deviations from the challenged con 
trol is considered negative for and protective from infectious 

TABLE 4 

EXPERIMENTALDESIGN 

IBDW Wariant E 

Challenge 

Dose i 
Group No. Vaccine HVT-(89/03) Age birds Necropsy 

1 45 HVTNDVILT- 3OOO- 4 wks 240 10 day post 
89.03 (3.5 logo TCID50) challenge 

2 4S 89.03 NA- 4 wks 240 10 day post 
(3.5 logo TCIDso) challenge 

3 45 Placebo challenged — 4 wks 240 10 day post 
controls challenge 

4 30 Placebo non- — 225 10 day post 
challenged controls challenge 
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bursal disease. The results of this study showed that vaccine 
treatment Groups 1 and 2 were negative for IBD (i.e., not 
statistically different from the placebo non-challenged con 
trol) indicating that both vaccines were efficacious and fur 
ther demonstrating that there was no interference of the pro 
tection provided by the 89/03 strain of the vaccine against the 
IBDV challenge due to the recombinant HVT/NDVILT con 
struct also being present in the multivalent vaccine (see, Table 
5). 

TABLE 5 

Day 7 NECROPSYDATA FOR IBDV VARIANTE CHALLENGE 

15 
Apr. 25, 2013 

TABLE 5-continued 

Day 7 NECROPSY DATA FOR IBDVVARIANTE CHALLENGE 

Average Bursa 
Group No. Vaccine BW ratio 

3 9 placebo challenged controls 1.874 (SD+ 0.641)** 
4 6 placebo non-challenged controls 5.838 

**2 SD from Control is statistically different. 

Example 6 
Sequences 

encode. 

ILTV gD Glycoprotein, coding sequence 
(SEQ ID NO: 

ATGCACCGTCCTCATCTCAGACGGCACTCGCGTTACTACGCGAAAGGAGAGGTGCTTAACAAACACAT 

GGATTGCGGTGGAAAACGGTGCTGCTCAGGCGCAGCTGTATTCACTCTTTTCTGGACTTGTGTCAGGA 

TTATGCGGGAGCATATCTGCTTTGTACGCAACGCTATGGACCGCCATTTATTTTTGAGGAATGCTTTT 

TGGACTATCGTACTGCTTTCTTCCTTCGCTAGCCAGAGCACCGCCGCCGTCACGTACGACTACATTTT 

AGGCCGTCGCGCGCTCGACGCGCTAACCATACCGGCGGTTGGCCCGTATAACAGATACCTCACTAGGG 

TATCAAGAGGCTGCGACGTTGTCGAGCTCAACCCGATTTCTAACGTGGACGACATGATATCGGCGGCC 

AAAGAAAAAGAGAAGGGGGGCCCTTTCGAGGCCTCCGTCGTCTGGTTCTACGTGATTAAGGGCGACGA 

CGGCGAGGACAAGTACTGTCCAATCTATAGAAAAGAGTACAGGGAATGTGGCGACGTACAACTGCTAT 

CTGAATGCGCCGTTCAATCTGCACAGATGTGGGCAGTGGACTATGTTCCTAGCACCCTTGTATCGCGA 

AATGGCGCGGGACTGACTATATTCTCCCCCACTGCTGCGCTCTCTGGCCAATACTTGCTGACCCTGAA 

AATCGGGAGATTTGCGCAAACAGCTCTCGTAACTCTAGAAGTTAACGATCGCTGTTTAAAGATCGGGT 

CGCAGCTTAACTTTTTACCGTCGAAATGCTGGACAACAGAACAGTATCAGACTGGATTTCAAGGCGAA 

CACCTTTATCCGATCGCAGACACCAATACACGACACGCGGACGACGTATATCGGGGATACGAAGATAT 

TCTGCAGCGCTGGAATAATTTGCTGAGGAAAAAGAATCCTAGCGCGCCAGACCCTCGTCCAGATAGCG 

TCCCGCAAGAAATTCCCGCTGTAACCAAGAAAGCGGAAGGGCGCACCCCGGACGCAGAAAGCAGCGAA 

AAGAAGGCCCCTCCAGAAGACTCGGAGGACGACATGCAGGCAGAGGCTTCTGGAGAAAATCCTGCCGC 

CCTCCCCGAAGACGACGAAGTCCCCGAGGACACCGAGCACGATGATCCAAACTCGGATCCTGACTATT 

ACAATGACATGCCCGCCGTGATCCCGGTGGAGGAGACTACTAAAAGTTCTAATGCCGTCTCCATGCCC 

ATATTCGCGGCGTTCGTAGCCTGCGCGGTCGCGCTCGTGGGGCTACTGGTTTGGAGCATCGTAAAATG 

CGCGCGTAGCTAA 

ILTV gD Glycoprotein 
(SEQ ID NO: 

MHRPHLRRHSRYYAKGEWLNKHMDCGGKRCCSGAAWFTLFWTCWRIMREHICFWRNAMDRHLFLRNAF 

WTIVLLSSFASOSTAAVTYDYILGRRALDALTIPAVGPYNRYLTRVSRGCDVVELNPISNWDDMISAA 

KEKEKGGPFEASVWWFYVIKGDDGEDKYCPIYRKEYRECGDVOLLSECAVOSAOMWAVDYWPSTLVSR 

NGAGLTIFSPTAALSGOYLLTLKIGRFAOTALVTLEVNDRCLKIGSOLNFLPSKCWTTEOYOTGFOGE 

HLYPIADTNTRHADDVYRGYEDILORWNNLLRKKNPSAPDPRPDSVPOEIPAVTKKAEGRTPDAESSE 

014.9 The following sequences have been used in the 
Average Bursa exemplary rVT constructs. The coding sequences provided 

Group No. Vaccine BW ratio below include individual stop codons, which can be readily 
HVTNDVILT - 89.03 5.464 replaced with alternative stop codons without modifying the 
89.03 5.715 properties of the protein antigens that the coding sequences 

1) 

2) 
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- Continued 
CAATCATGCCGGTATCGATTCCAGTAGCACCGGCCCCACGCTGACAACCCACTCTTGCAGCGTTAGCA 

GCGCCCCTCTTAACAAGCCGACCCCCACCAGCGTCGCGGTTACTAACACTCCTCTCCCCGACCTGCAA 

CTAGT 

0150. The present invention is not to be limited in scope by 
the specific embodiments described herein. Indeed, various 
modifications of the invention in addition to those described 
herein will become apparent to those skilled in the art from 
the foregoing description. Such modifications are intended to 
fall within the scope of the appended claims. 
0151. It is further to be understood that all base sizes or 
amino acid sizes, and all molecular weight or molecular mass 
values, given for nucleic acids or polypeptides are approxi 
mate, and are provided for description. 

SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS : 17 

<210s, SEQ ID NO 1 
&211s LENGTH: 1305 
&212s. TYPE: DNA 

<213> ORGANISM: Infectious laryngotracheitis virus 

<4 OOs, SEQUENCE: 1 

atgcaccgt.c ct catctgag acggcactic cqttact acg caaaggaga ggtgcttaac 6 O 

aalacacatgg attgcggtgg aaaacggtgc tigct Caggcg cagctgtatt cacticttitt C 12 O 

tggacttgttg tcaggatt at gcgggagcat atctgctittg tacgcaacgc tatggaccgc 18O 

catttattitt tdaggaatgc tittittggact atcgtactgc tittct tcctt cqctago cag 24 O 

agcaccgc.cg ccgtcacgta Cactacatt ttaggcc.gtc gcgc.gctica cqcgctalacc 3OO 

at accggcgg ttggc.ccgta taacagatac ct cactaggg tat caagagg ctg.cgacgtt 360 

gtcgagctica acccgatttic taacgtggac gacatgatat cqgcggccaa agaaaaagag 42O 

aaggggggcc ctitt.cgaggc Ctcc.gtcgt.c tdgttctacg tattaaggg cacgacggc 48O 

gaggacaagt actgtc.caat ctatagaaaa gagtacaggg aatgtggcga C9tacaactg 54 O 

Ctatctgaat gcgc.cgttca atctgcacag atgtgggcag tigacitatgt t c ctago acc 6OO 

Cttgttatcgc gaaatggcgc gggactgact at attct coc C cactgctgc gct Ctctggc 660 

caat acttgc tigaccctgaa aatcgggaga tittgcgcaaa cagct ct cqt aactictagaa 72 O 

gttalacgatc gctgtttaaa gat.cgggit cq Cagctta act titt taccgt.c gaaatgctgg 78O 

acaacagaac agitat cagac toggatttcaa gcc.gaac acc tittatcc gat cqcagacacc 84 O 

aatacacgac acgcggacga cqtat atcgg ggatacgaag at attctgca gcgctggaat 9 OO 

aatttgctgaggaaaaagaa t cctagogcg C cagacic ctic gtc.ca.gatag catcc.cgcaa. 96.O 

gaaatt CCC ctgtaaccala gaaag.cggala gggcgcaccc cqgacgcaga aag cagdgaa 1 O2O 

aagaaggc cc ct C cagaaga citcggaggac gacatgcagg cagaggctt C tdgagaaaat 108 O 

Cctgcc.gc.cc tcc.ccgaaga cacgaagtic ccc.gaggaca cc.gagcacga tigatccaaac 114 O 

tcggat.cctg act attacaa tacatgc cc gcc.gtgatcc cq9tggagga gaCtact aaa 12 OO 

agttctaatg ccgt.ct coat gcc catatt c gcggcgttcg tag cctg.cgc ggtcgc.gctic 126 O 

gtggggctac ttittggag catcgtaaaa togcgc.gta gctaa 1305 



US 2013/01 01619 A1 Apr. 25, 2013 
26 

- Continued 

<210s, SEQ ID NO 2 
&211s LENGTH: 434 
212. TYPE: PRT 

<213> ORGANISM: Infectious laryngotracheitis virus 

<4 OOs, SEQUENCE: 2 

Met His Arg Pro His Lieu. Arg Arg His Ser Arg Tyr Tyr Ala Lys Gly 
1. 5 1O 15 

Glu Val Lieu. Asn Llys His Met Asp Cys Gly Gly Lys Arg Cys Cys Ser 
2O 25 3O 

Gly Ala Ala Val Phe Thr Lieu Phe Trp Thr Cys Val Arg Ile Met Arg 
35 4 O 45 

Glu. His Ile Cys Phe Val Arg Asn Ala Met Asp Arg His Lieu. Phe Lieu. 
SO 55 6 O 

Arg Asn Ala Phe Trp Thr Ile Val Lieu. Leu Ser Ser Phe Ala Ser Glin 
65 70 7s 8O 

Ser Thr Ala Ala Val Thr Tyr Asp Tyr Ile Lieu. Gly Arg Arg Ala Lieu. 
85 90 95 

Asp Ala Lieu. Thir Ile Pro Ala Val Gly Pro Tyr Asn Arg Tyr Lieu. Thr 
1OO 105 11 O 

Arg Val Ser Arg Gly Cys Asp Val Val Glu Lieu. Asn Pro Ile Ser Asn 
115 12 O 125 

Val Asp Asp Met Ile Ser Ala Ala Lys Glu Lys Glu Lys Gly Gly Pro 
13 O 135 14 O 

Phe Glu Ala Ser Val Val Trp Phe Tyr Val Ile Lys Gly Asp Asp Gly 
145 150 155 160 

Glu Asp Llys Tyr Cys Pro Ile Tyr Arg Lys Glu Tyr Arg Glu. Cys Gly 
1.65 17O 17s 

Asp Val Glin Lieu Lleu Ser Glu. Cys Ala Val Glin Ser Ala Glin Met Trip 
18O 185 19 O 

Ala Val Asp Tyr Val Pro Ser Thr Lieu Val Ser Arg Asn Gly Ala Gly 
195 2OO 2O5 

Lieu. Thir Ile Phe Ser Pro Thr Ala Ala Leu Ser Gly Glin Tyr Lieu. Leu 
21 O 215 22O 

Thir Lieu Lys Ile Gly Arg Phe Ala Glin Thir Ala Lieu Val Thir Lieu. Glu 
225 23 O 235 24 O 

Val Asn Asp Arg Cys Lieu Lys Ile Gly Ser Glin Lieu. Asn. Phe Lieu Pro 
245 250 255 

Ser Lys Cys Trp Thr Thr Glu Gln Tyr Glin Thr Gly Phe Glin Gly Glu 
26 O 265 27 O 

His Lieu. Tyr Pro Ile Ala Asp Thr Asn. Thir Arg His Ala Asp Asp Wall 
27s 28O 285 

Tyr Arg Gly Tyr Glu Asp Ile Lieu. Glin Arg Trp Asn. Asn Lieu. Lieu. Arg 
29 O 295 3 OO 

Llys Lys Asn Pro Ser Ala Pro Asp Pro Arg Pro Asp Ser Val Pro Glin 
3. OS 310 315 32O 

Glu Ile Pro Ala Val Thir Lys Lys Ala Glu Gly Arg Thr Pro Asp Ala 
3.25 330 335 

Glu Ser Ser Glu Lys Lys Ala Pro Pro Glu Asp Ser Glu Asp Asp Met 
34 O 345 35. O 

Glin Ala Glu Ala Ser Gly Glu Asn Pro Ala Ala Lieu Pro Glu Asp Asp 
355 360 365 
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Thir Ile Gln Leu Gln Leu Phe Phe Met Pro Gly Glin Arg Pro His Lys 
SO 55 6 O 

Pro Tyr Ser Gly Thr Val Arg Val Ala Phe Arg Ser Asp Ile Thr Asn 
65 70 7s 8O 

Gln Cys Tyr Glin Glu Lieu Ser Glu Glu Arg Phe Glu Asn Cys Thr His 
85 90 95 

Arg Ser Ser Ser Val Phe Val Gly Cys Llys Val Thr Glu Tyr Thr Phe 
1OO 105 11 O 

Ser Ala Ser Asn Arg Lieu. Thr Gly Pro Pro His Pro Phe Llys Lieu. Thr 
115 12 O 125 

Ile Arg Asn Pro Arg Pro Asn Asp Ser Gly Met Phe Tyr Val Ile Val 
13 O 135 14 O 

Arg Lieu. Asp Asp Thir Lys Glu Pro Ile Asp Val Phe Ala Ile Glin Lieu 
145 150 155 160 

Ser Val Tyr Glin Phe Ala Asn Thr Ala Ala Thr Arg Gly Lieu. Tyr Ser 
1.65 17O 17s 

Lys Ala Ser Cys Arg Thr Phe Gly Lieu Pro Thr Val Glin Lieu. Glu Ala 
18O 185 19 O 

Tyr Lieu. Arg Thr Glu Glu Ser Trp Arg Asn Trp Glin Ala Tyr Val Ala 
195 2OO 2O5 

Thir Glu Ala Thir Thir Thir Ser Ala Glu Ala Thir Thr Pro Thr Pro Wall 
21 O 215 22O 

Thir Ala Thir Ser Ala Ser Glu Lieu. Glu Ala Glu. His Phe Thir Phe Pro 
225 23 O 235 24 O 

Trp Lieu. Glu Asn Gly Val Asp His Tyr Glu Pro Thr Pro Ala Asn Glu 
245 250 255 

Asn Ser Asn Val Thr Val Arg Lieu. Gly Thr Met Ser Pro Thr Lieu. Ile 
26 O 265 27 O 

Gly Val Thr Val Ala Ala Val Val Ser Ala Thir Ile Gly Lieu Val Ile 
27s 28O 285 

Val Ile Ser Ile Val Thr Arg Asn Met Cys Thr Pro His Arg Llys Lieu. 
29 O 295 3 OO 

Asp Thr Val Ser Glin Asp Asp Glu Glu Arg Ser Glin Thr Arg Arg Glu 
3. OS 310 315 32O 

Ser Arg Llys Phe Gly Pro Met Val Ala Cys Glu Ile Asn Lys Gly Ala 
3.25 330 335 

Asp Glin Asp Ser Glu Lieu Val Glu Lieu Val Ala Ile Val Asn Pro Ser 
34 O 345 35. O 

Ala Lieu. Ser Ser Pro Asp Ser Ile Llys Met 
355 360 

<210s, SEQ ID NO 5 
&211s LENGTH: 1662 
&212s. TYPE: DNA 
<213> ORGANISM: Newcastle disease virus 

<4 OOs, SEQUENCE: 5 

atgggc.ccca gaccttctac Caagaaccca gtacctatga tigctgactgt Ccgagtc.gc.g 6 O 

Ctgg tactga gttgcatctg. tcc.ggcaaac to cattgatg gCaggcct ct tcggctgca 12 O 

ggaattgttgg ttacaggaga caaag.ccgt.c alacatataca Cct catc.cca gacaggat.ca 18O 

at Catagitta agcticcitcCC gaatctgc cc aaggatalagg aggcatgtgc gaaag.ccc.cc 24 O 

ttggatgcat acaacaggac attgaccact ttgct caccc ccc.ttggtga citctato cqt 3OO 
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aggatacaag agt cttgac tacatctgga ggggggagac aggggcgc.ct tataggcgc.c 360 

attattggcg gtgtggct ct tdggttgca actg.ccgcac aaataac agc ggcc.gcagct 42O 

citgatacaag ccaaacaaaa togctgccaac atcct cogac ttaaaga gag cattgcc.gca 48O 

accalatgagg Ctgtgcatga ggt cactgac ggattatcgc alactago agt ggcagttggg 54 O 

aagatgcago agtttgttaa tdaccaattit aataaaacag ct caggaatt agactgcatc 6OO 

aaaattgcac agcaagttgg togtagagctic aacct gtacc taaccalatt gactacagta 660 

titcggaccac aaat cactitc acctgctitta aacaa.gctga citatt caggc actttacaat 72 O 

Ctagctggtg gaalatatgga t tact tattg act aagttag gtgtagggala caatcaactic 78O 

agct cattaa togg tag.cgg cittaatcacc ggtaacccta ttctatacga ct cacagact 84 O 

caactic ttgg gtatacaggit aactic tacct tcagt cqgga agctaaataa tatgcgtgcc 9 OO 

acct acttgg aaacctitatic cqtaa.gcaca accaggggat ttgcct cqgc acttgtcc.ca 96.O 

aaagtggtga cacaggtogg ttctgttgata gaagaactitg acacct cata Ctgtatagaa O2O 

actgacttac atttatattg tacaagaata gtaacgttcc ctatotcc.cc togg tattitat O8O 

t cct gcttga gcggcaatac gtcggcctgt atgtact caa aga.ccgaagg cqC actt act 14 O 

acac cataca tact atcaa aggttcagtic atcgc.caact gcaagatgac aacatgtaga 2OO 

tgtgtaalacc ccc.cgggitat catat cqcaa alactatggag aag.ccgtgtc. tctaatagat 26 O 

aaacaatcat gcaatgttitt atcCttaggc gggata actt taaggct cag tiggggaattic 32O 

gatgta actt at cagaagaa tat ct caata caagattctic aagtaataat aac aggcaat 38O 

cittgatat ct caactgagct togggaatgtc. aacaact cqa toagtaatgc tittgaataag 44 O 

ttagaggaaa gcaacagaaa act agacaaa gtcaatgtca aactgactag cacatctgct SOO 

ct cattacct at atcgtgtt gactatoata t ct cittgttt ttggtatact tagcc tatt 560 

Ctagcatgct acctaatgta caa.gcaaaag gcgcaacaaa agacct tatt atggcttggg 62O 

aataatactic tagat cagat gaga.gc.cact acaaaaatgt ga 662 

<210s, SEQ ID NO 6 
&211s LENGTH: 553 
212. TYPE: PRT 

<213> ORGANISM: Newcastle disease virus 

<4 OOs, SEQUENCE: 6 

Met Gly Pro Arg Pro Ser Thr Lys Asn Pro Val Pro Met Met Lieu. Thr 
1. 5 1O 15 

Val Arg Val Ala Lieu Val Lieu. Ser Cys Ile Cys Pro Ala Asn. Ser Ile 
2O 25 3O 

Asp Gly Arg Pro Lieu Ala Ala Ala Gly Ile Val Val Thr Gly Asp Llys 
35 4 O 45 

Ala Val Asn Ile Tyr Thr Ser Ser Glin Thr Gly Ser Ile Ile Val Lys 
SO 55 6 O 

Lieu. Lieu Pro Asn Lieu Pro Lys Asp Llys Glu Ala Cys Ala Lys Ala Pro 
65 70 7s 8O 

Lieu. Asp Ala Tyr Asn Arg Thr Lieu. Thir Thr Lieu. Lieu. Thr Pro Lieu. Gly 
85 90 95 

Asp Ser Ile Arg Arg Ile Glin Glu Ser Val Thir Thr Ser Gly Gly Gly 
1OO 105 11 O 

Arg Glin Gly Arg Lieu. Ile Gly Ala Ile Ile Gly Gly Val Ala Lieu. Gly 
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115 12 O 125 

Wall Ala Thir Ala Ala Glin Ile Thir Ala Ala Ala Ala Lieu. Ile Glin Ala 
13 O 135 14 O 

Lys Glin Asn Ala Ala Asn. Ile Lieu. Arg Lieu Lys Glu Ser Ile Ala Ala 
145 150 155 160 

Thir Asn. Glu Ala Wal His Glu Val Thr Asp Gly Lieu. Ser Glin Lieu Ala 
1.65 17O 17s 

Val Ala Val Gly Llys Met Glin Glin Phe Val Asn Asp Glin Phe Asn Lys 
18O 185 19 O 

Thir Ala Glin Glu Lieu. Asp Cys Ile Lys Ile Ala Glin Glin Val Gly Val 
195 2OO 2O5 

Glu Lieu. Asn Lieu. Tyr Lieu. Thr Glu Lieu. Thir Thr Val Phe Gly Pro Glin 
21 O 215 22O 

Ile Thir Ser Pro Ala Lieu. Asn Llys Lieu. Thir Ile Glin Ala Lieu. Tyr Asn 
225 23 O 235 24 O 

Lieu Ala Gly Gly Asn Met Asp Tyr Lieu. Lieu. Thir Lys Lieu. Gly Val Gly 
245 250 255 

Asn Asn Glin Lieu. Ser Ser Lieu. Ile Gly Ser Gly Lieu. Ile Thr Gly Asn 
26 O 265 27 O 

Pro Ile Leu Tyr Asp Ser Glin Thr Gln Leu Lieu. Gly Ile Glin Val Thr 
27s 28O 285 

Lieu Pro Ser Val Gly Llys Lieu. Asn. Asn Met Arg Ala Thr Tyr Lieu. Glu 
29 O 295 3 OO 

Thr Lieu Ser Val Ser Thr Thr Arg Gly Phe Ala Ser Ala Leu Val Pro 
3. OS 310 315 32O 

Llys Val Val Thr Glin Val Gly Ser Val Ile Glu Glu Lieu. Asp Thir Ser 
3.25 330 335 

Tyr Cys Ile Glu Thr Asp Lieu. His Leu Tyr Cys Thr Arg Ile Val Thr 
34 O 345 35. O 

Phe Pro Met Ser Pro Gly Ile Tyr Ser Cys Lieu Ser Gly Asn. Thir Ser 
355 360 365 

Ala Cys Met Tyr Ser Lys Thr Glu Gly Ala Lieu. Thir Thr Pro Tyr Met 
37 O 375 38O 

Thir Ile Lys Gly Ser Val Ile Ala Asn Cys Llys Met Thr Thr Cys Arg 
385 390 395 4 OO 

Cys Val Asn Pro Pro Gly Ile Ile Ser Glin Asn Tyr Gly Glu Ala Val 
4 OS 41O 415 

Ser Lieu. Ile Asp Llys Glin Ser Cys Asn Val Lieu. Ser Lieu. Gly Gly Ile 
42O 425 43 O 

Thir Lieu. Arg Lieu. Ser Gly Glu Phe Asp Val Thr Tyr Gln Lys Asn. Ile 
435 44 O 445 

Ser Ile Glin Asp Ser Glin Val Ile Ile Thr Gly Asn Lieu. Asp Ile Ser 
450 45.5 460 

Thr Glu Lieu. Gly Asn Val Asn. Asn. Ser Ile Ser Asn Ala Lieu. Asn Lys 
465 470 47s 48O 

Lieu. Glu Glu Ser Asn Arg Llys Lieu. Asp Llys Val Asn. Wall Lys Lieu. Thir 
485 490 495 

Ser Thr Ser Ala Lieu. Ile Thr Tyr Ile Val Lieu. Thir Ile Ile Ser Lieu. 
SOO 505 51O 

Val Phe Gly Ile Lieu. Ser Lieu. Ile Lieu Ala Cys Tyr Lieu Met Tyr Lys 
515 52O 525 
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<4 OOs, SEQUENCE: 8 

Met Asp Arg Ser Arg Lieu Ala Pro Ser Arg Cys Arg Met Gly Ser Arg 
1. 5 1O 15 

Pro Ser Thr Lys Asn Pro Ala Pro Met Met Lieu. Thir Ile Arg Val Ala 
2O 25 3O 

Lieu Val Lieu. Ser Cys Ile Cys Pro Ala Asn. Ser Ile Asp Gly Arg Pro 
35 4 O 45 

Lieu Ala Ala Ala Gly Ile Val Val Thr Gly Asp Lys Ala Val Asn. Ile 
SO 55 6 O 

Tyr Thr Ser Ser Glin Thr Gly Ser Ile Ile Val Lys Lieu. Leu Pro Asn 
65 70 7s 8O 

Lieu Pro Lys Asp Llys Glu Ala Cys Ala Lys Ala Pro Lieu. Asp Ala Tyr 
85 90 95 

Asn Arg Thir Lieu. Thir Thr Lieu. Lieu. Thr Pro Lieu. Gly Asp Ser Ile Arg 
1OO 105 11 O 

Arg Ile G Glu Ser Val Thr Thr Ser Gly Gly Gly Arg Glin Gly Arg 
115 12 O 125 

Lieu. Ile Gly Ala Ile Ile Gly Gly Val Ala Lieu. Gly Val Ala Thr Ala 
13 O 135 14 O 

Ala Glin Ile Thr Ala Ala Ala Ala Lieu. Ile Glin Ala Lys Glin Asn Ala 
145 150 155 160 

Ala ASn Ile Lieu. Arg Lieu Lys Glu Ser Ile Ala Ala Thr ASn Glu Ala 
1.65 17O 17s 

Val His Glu Val Thr Asp Gly Lieu. Ser Glin Lieu Ala Wall Ala Val Gly 
18O 185 19 O 

Llys Met Glin Glin Phe Val Asn Asp Glin Phe Asn Llys Thr Ala Glin Glu 
195 2OO 2O5 

Lieu. Asp Cys Ile Lys Ile Ala Glin Glin Val Gly Val Glu Lieu. Asn Lieu. 
21 O 215 22O 

Tyr Lieu. Thr Glu Ser Thr Thr Val Phe Gly Pro Glin Ile Thr Ser Pro 
225 23 O 235 24 O 

Ala Lieu. Asn Llys Lieu. Thir Ile Glin Ala Lieu. Tyr Asn Lieu Ala Gly Gly 
245 250 255 

Asn Met Asp Tyr Lieu. Lieu. Thir Lys Lieu. Gly Ile Gly Asn. Asn Glin Lieu 
26 O 265 27 O 

Ser Ser Lieu. Ile Gly Ser Gly Lieu. Ile Thr Gly Asn Pro Ile Leu Tyr 
27s 28O 285 

Asp Ser Glin Thr Gln Lieu. Leu Gly Ile Glin Val Thr Lieu Pro Ser Val 
29 O 295 3 OO 

Gly Asn Lieu. Asn. Asn Met Arg Ala Thr Tyr Lieu. Glu Thir Lieu. Ser Val 
3. OS 310 315 32O 

Ser Thir Thr Arg Gly Phe Ala Ser Ala Leu Val Pro Llys Val Val Thr 
3.25 330 335 

Arg Val Gly Ser Val Ile Glu Glu Lieu. Asp Thir Ser Tyr Cys Ile Glu 
34 O 345 35. O 

Thr Asp Lieu. Asp Lieu. Tyr Cys Thr Arg Ile Val Thr Phe Pro Met Ser 
355 360 365 

Pro Gly Ile Tyr Ser Cys Lieu Ser Gly Asn Thr Ser Ala Cys Met Tyr 
37 O 375 38O 

Ser Lys Thr Glu Gly Ala Lieu. Thir Thr Pro Tyr Met Thr Ile Lys Gly 
385 390 395 4 OO 
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cacaaatcac titcacctgct ttaaacaa.gc tigact attca ggc actttac aatctagotg 468O 

gtggaaat at ggattactta ttgactaagt taggtgtagg gaacaat cala Ctcagct cat 474. O 

taatcggtag cqgcttaatc accqqtaacc ctatt citata cqact cacag act caactict 48OO 

tgggtataca ggtaacticta cct tcagt cq ggaagctaaa taatatgcgt gccacct act 486 O 

tgga aacctt atc.cgtaagc acaac Caggg gatttgcctic ggc acttgtc. ccaaaagtgg 492 O 

tgacacaggit cqgttctgtgatagaagaac ttgacacctic atact.gtata gaaactgact 498O 

tacatttata ttgtacaaga at agtaacgt. tcc ctatgtc. ccctgg tatt tatt cotgct 5040 

tgagcggcaa tacgt.cggcc titatgtact caaagaccga aggcgcactt act acac cat 51OO 

acatgacitat caaaggttca gttcatcgc.ca actgcaagat gacaa catgt agatgtgtaa 516 O 

accc.cccggg tat catat cq caaaactato gagaag.ccgt gtc.t.c taata gataaacaat 522 O 

Catgcaatgt tittatcCtta ggcgggataa Cttta aggct cagtggggala titcgatgtaa 528 O 

cittatcagaa gaatat ct ca atacaagatt citcaagtaat aataa.caggc aatcttgata 534 O 

tctcaactga gcttgggaat gtcaacaact catcagtaa totttgaat aagttagagg 54 OO 

aaagcaa.cag aaaact agac aaagt caatgtcaaactgac tag cacatct gct ct catta 546 O 

cctatat cqt gttgacitat catat citcttgtttittggitat acttagcct g attctagoat 552O 

gctacctaat gtacaa.gcaa aaggcgcaac aaaagacctt attatggctt gggaataata 558 O 

Ctctagat.ca gatgagagcc act acaaaaa ttgaggatc tict Caggala ttctagatcC 564 O 

cacgtcacta ttgtatactic tat attatac totatgttat actctgtaat cotact caat st OO 

aaacgtgtca cqcctgttgaa accqtact aa gtc.t.ccc.gtg tctitctitatic accat caggit 576. O 

gacatcct C C cc aggctgt caat catgcc ggitat catt C cagtag cac cqgc.cccacg 582O 

ctgacaac cc act cittgcag cqttagcago go.ccct citta acaag.ccgac ccccaccagc 588 O 

gtc.gcggitta cita acactico tot coccgac ctdcaac tag t 5921 

We claim: of a first promoter, the nucleotide sequence encoding the 
1. A recombinant nonpathogenic Marek’s Disease Virus 

(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; 

wherein the first nucleic acid comprises both a nucleotide 
sequence that encodes an Infectious Laryngotracheitis 
Virus (ILTV) gld protein and a nucleotide sequence that 
encodes an Infectious Laryngotracheitis Virus (ILTV) g| 
protein; 

wherein the second nucleic acid comprises a nucleotide 
sequence that encodes a Newcastle Disease Virus fusion 
protein (NDV F); and 

wherein the first nonessential site and the second nones 
sential site are either the same or only the first nones 
sential site is the US2 site. 

2. The rMDV of claim 1 wherein the first nonessential 
site and the second nonessential site are the US2 site. 

3. The rMDV of claim 1 wherein the first nonessential 
site and the second nonessential site are the UL54.5 site. 

4. The rMDV of claim 1 wherein the first nonessential 
site is the US2 site and the second nonessential site is the 
UL7/8 site. 

5. TherMDV of claim 1 wherein the nucleotide sequence 
encoding the ILTVg) protein is operatively under the control 

ILTV gI protein is operatively under the control of a second 
promoter, and the nucleotide sequence encoding the NDVF 
protein is operatively under the control of a third promoter. 

6. The rMDV of claim 5 wherein the first promoter, the 
second promoter, and the third promoter are all different. 

7. The rMDV of claim 6 wherein the first promoter is the 
endogenous ILTV g) promoter and the second promoter is 
the endogenous ILTV g promoter. 

8. TherMDV of claim 7 wherein the third promoter is the 
human cytomegalovirus immediate early (hCMV IE) pro 
moter. 

9. TherMDV of claim8that is a recombinantherpesvirus 
of turkeys (rhVT). 

10. A recombinant nucleic acid comprising in 5' to 3’ direc 
tion in the following order: 

(i) an Infectious Laryngotracheitis Virus (ILTV) gD pro 
moter, 

(ii) a coding sequence for the ILTV g|D protein; 
(iii) an ILTV gI promoter; 
(iv) a coding sequence for the ILTV g protein; 
(v) a human cytomegalovirus immediate early (hCMV IE) 

promoter; 
(vi) a coding sequence for the Newcastle Disease Virus 

fusion protein (NDVF); and 
(vii) a transcription terminator sequence. 
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11. The recombinant nucleic acid of claim 10 which com 
prises the nucleotide sequence of SEQID NO: 17. 

12. A recombinant nonpathogenic Marek’s Disease virus 
(rMDV) comprising the recombinant nucleic acid of claim 
11 inserted into a nonessential site. 

13. The rMDV of claim 12 wherein the nonessential 
insertion site is selected from the group consisting of US2 and 
UL54.5. 

14. The rMDV of claim 13 that is a recombinant herpes 
virus of turkeys (rhVT). 

15. An rMDV comprising the recombinant nucleic acid 
of claim 10 inserted into a nonessential site. 

16. The rMDV of claim 15 that is a recombinant herpes 
virus of turkeys (rhVT). 

17. A vaccine comprising the rMDV of claim 1. 
18. The vaccine of claim 17 wherein the rMDV is a 

recombinant herpesvirus of turkeys (rHVT). 
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19. The vaccine of claim 18 that further comprises a mild 
live infectious bursal disease virus (IBDV). 

20. The vaccine of claim 19 wherein the mild live IBDV is 
Strain 89/03. 

21. A vaccine comprising the rHVT of claim 14. 
22. The vaccine of claim 21 that further comprises a mild 

live IBDV. 
23. The vaccine of claim 22 wherein the mild live IBDV is 

Strain 89/03. 
24. A method for aiding in the protection of a chicken 

against ILTV comprising administering the vaccine of claim 
23. 

25. A method for aiding in the protection of a chicken 
against ILTV comprising administering the vaccine of claim 
17. 


