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(57) ABSTRACT 

The present invention provides a recombinant turkey herpes 
virus modified by the presence of the cDNA encoding the 
hemagglutinin protein of avian influenza virus under a pro 
moter. A poultry vaccine comprising the recombinant turkey 
herpesvirus described in the present invention can induce 
serological responses that may be easily detected by the 
hemagglutination inhibition assay but not by commercially 
available diagnostic ELISA kits; thus enabling easy differen 
tiation between vaccination and field infection. 
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Fig. 1 
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Fig. 2 Construction of the 
plasmid p45CMVH5Wis88 
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Fig. 3 Construction of the 
plasmid pG|BacpA2nd 
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Fig. 4 Construction of the 
plasmid p45Bach5Wis88 
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Fig. 5 Construction of the 
plasmid p45Pech5Wis68 
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Fig. 7 
Hemagglutination inhibition titers in chickens vaccinated with 
the recombinant turkey herpesvirus with hemagglutinin gene 
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Fig. 8 

ELISA titers in chickens vaccinated with the recombinant turkey 
herpesvirus with hemagglutinin gene using a commercial ELISA kit 

(ldexx Laboratories, FlockChek AIV) 
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Fig. 9 

ELISA titers in chickens vaccinated with the recombinant turkey 
herpesvirus with hemagglutinin gene using a commercial ELISA kit 

(Synbiotics, ProFLOKAIVAb test kit) 
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TURKEY HERPESVIRUS VECTORED 
RECOMBINANT CONTAINING AVAN 

INFLUENZA GENES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

THE NAMES OF PARTIES TO AJOINT 
RESEARCH AGREEMENT 

0003. The following are parties to a joint research agree 
ment effective Jun. 15, 2005: Biomune Company (a Kansas 
general partnership). Zeon Corporation (Japan) and Ceva 
Sante Animale S.A. (France). 

REFERENCE TO SEQUENCE LISTING 
0004. The Sequence Listing in the file named “070161 
Sequence Listing on the one concurrently Submitted Com 
pact Disk is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0005 1. Field of the Invention 
0006 The present invention relates generally to avian vac 
cines against avian influenza (AI). More specifically, the 
present invention provides a recombinant turkey herpesvirus 
modified by the presence of the cDNA encoding the hemag 
glutinin (HA) protein of avian influenza virus under a pro 
moter. 

0007 2. Description of the Related Art 
0008 Avian influenza is caused by avian influenza viruses 
that are classified in the family Orthomyxoviridae, genus 
Influenzavirus A. The genome of the avian influenza virus 
consists of eight segments of single-stranded, negative-sense 
RNA. The viral genome encodes ten proteins, of which eight 
proteins are structural proteins including HA and neuramini 
dase (NA), and two proteins are nonstructural. Influenza A 
viruses are divided into subtypes based on antigenicity of HA 
and NA proteins. There are 16 HA antigens and nine NA 
antigens recognized. HA is considered the major antigen that 
can elicit protective antibodies in birds. 
0009 Influenza A viruses from poultry are categorized 
into two pathotypes based on their pathogenicity: highly 
pathogenic avian influenza (HPAI) viruses and low patho 
genic avian influenza (LPAI) viruses. Most avian influenza 
viruses are of low virulence, but a few viruses of H5 and H7 
Subtypes can cause severe systemic disease that results in 
high mortality. Although only a few H5 and H7 avian influ 
enza viruses are of high virulence, all H5 and H7 viruses are 
identified as notifiable avian influenza virus by World Orga 
nization for Animal Health (OIE) because of the risk of low 
virulent viruses increasing virulence by mutation. 
0010 Since the late 1990s, there has been a significant 
increase in the number of AI outbreaks and in the number of 
birds involved in those outbreaks (I. Capua et al., 2004, Avian 
Pathology,33:393-404). The most notable example is a series 
of H5N1 HPAI outbreaks in China and South-East Asia, 
which has now spread to other parts of the world such as 
Europe, the Middle East, and Africa. The outbreaks have cost 
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as many as 160 human lives in more than 10 countries since 
2003 although apparent human-to-human transmission has 
yet to be confirmed. These recent outbreaks have caused 
tremendous economic losses to the poultry industry and 
raised public concerns because of fear of a possible human 
pandemic. 
0011 Vaccination against AI had not been conducted 
extensively until recently because the so-called “stamping 
out” procedure has been the primary option. In the “stamping 
out” procedure, all chickens in flocks infected with AI are 
culled. Most AI outbreaks were eradicated or controlled by 
“stamping-out” in the past. However, in recent AI outbreaks, 
especially in the H5N1 outbreaks, there have been situations 
in which massive culling was not practical or feasible due to 
intolerable economic costs and losses associated with the 
culling, widespread presence of so-called backyard chickens, 
and so forth. In those situations, vaccination has been consid 
ered a suitable and powerful tool to support AI eradication or 
AI control programs because vaccination has been shown to 
protect poultry against clinical signs and death and reduce 
virus shedding in vaccinated birds, thereby reducing trans 
mission of virus (D. E. Swayne. 2003, Developments in 
Biologicals, 114: 201-212). In order to utilize vaccines in AI 
eradication programs or AI control programs, it is critical for 
trade and Surveillance purposes that vaccinated birds may be 
differentiated from those infected with the field virus. In fact, 
field exposure in vaccinated flocks must be detected in simple 
serological assays. Otherwise, the field virus may circulate in 
the vaccinated birds undetected. It is also important that evi 
dence of vaccination may be detected by simple assays in 
order to confirm that most or all birds in vaccinated flocks are 
properly vaccinated. 
0012 Commercial vaccines currently available are inacti 
vated whole AI antigens with oil adjuvantandafowlpox virus 
vectored recombinant vaccine. Although both vaccines have 
been shown to be efficacious, they require labor-intensive and 
expensive parenteral vaccination that involves handling each 
bird manually. While the inactivated AI vaccines have been 
used in the program called DIVA (“Differentiation of infected 
from vaccinated animals'), there have been no commercially 
available tests developed for mass application. It has been 
shown that chickens pre-immunized with fowlpox virus 
either by field exposure or by vaccination with conventional 
fowlpox vaccines would not develop consistent protective 
immunity against AI after vaccinated with the fowlpox virus 
vectored recombinant AI vaccine (D. E. Swayne et al., 2000, 
Avian Diseases, 44: 132-137). The fowlpox virus vectored 
recombinant AI vaccine has failed to elicit serological 
response detectable by the hemagglutination inhibition (HI) 
test consistently (D. E. Swayne et al., 1997, Avian Diseases, 
41:910-922). Hence, development of vaccines that are easier 
to administer and that may be readily differentiated from field 
virus infection is desirable for the poultry industry. 
0013 The commercial fowlpox virus vectored recombi 
nant AI vaccine contains the HA gene of the AI virus A?tur 
key/Ireland/1378/83 (H5N8) (J. R. Taylor et al., 1988, Vac 
cine, 6: 504-508). Several other experimental fowlpox 
vectored recombinant vaccines have been developed and 
shown to be efficacious against challenge with AI viruses in 
experimental conditions. Avian influenza virus genes con 
tained in the fowlpox vectored recombinant vaccines include 
the HA gene from A/Chicken/Scotland/59 (H5N1) (C. W. 
Beard et al., 1991, Avian Diseases, 35:356-359) and the HA 
and NA genes from A/Goose/Guangdond/3/96 (H5N1) (C. 
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Qiao et al., 2003, Avian Pathol. 32:25-31). M. Mingxiao et al. 
fused the HA genes from H5N1 subtype and H.N. subtype to 
form a single open frame and inserted into a recombinant 
fowlpox virus along with chicken Interleukin-18 (M. Mingx 
iao et al., 2006, Vaccine, 24: 4304-4311). Broad cross protec 
tion among the AI virus H5 subtypes has been observed. The 
fowlpox virus vectored recombinant AI vaccine and the inac 
tivated whole AI vaccines for avian influenza H5 subtypes 
have been demonstrated to protect chickens against challenge 
with diverse H5 subtype AI viruses, of which deduced HA 
amino acid sequence similarities with the vaccines are as low 
as 87% (D. E. Swayne et al., 2000, Veterinary Microbiol. 74: 
165-172). 
0014) Next generation vaccines under development 
include recombinant Newcastle disease virus vaccines (D. E. 
Swayne et al., 2003, Avian Diseases, 47: 1047-1050; J. Veits 
et al., 2006, Proc. Natl. Acad. Sci. U.S.A., 103:8197-8202; M. 
Park et al., 2006, Proc. Natl. Acad. Sci. U.S.A., 103:8203 
8208; and J. Geet al., 2007, J. Virol. 81: 150-158), recombi 
nant infectious laryngotracheitis virus Vaccines (D.Luschow 
et al., 2001, Vaccine 19: 4249-4259 and J. Veits et al., 2003, J. 
Gen. Virol. 84: 3343-3352), a recombinant adenovirus vac 
cine (W. Gao et al., 2006, J. Virol. 80: 1959-1964), baculovi 
rus-expressed subunit vaccines (J. Crawford et al., 1999, Vac 
cine, 17:2265-2274 and D. E. Swayne et al., 2001, Avian 
Diseases, 45: 355-365) and DNA vaccines (U.S. Pat. No. 
5,916,879 and M. Cherbonnel et al., 2003, Avian Diseases, 
47: 1181-1186). Although the recombinant Newcastle dis 
ease virus vaccines, the recombinant infectious laryngotra 
cheitis virus vaccines, and the recombinant adenovirus vac 
cine were able to confer partial to semi-complete protection 
against AI challenge in specific pathogen free chickens, their 
efficacy in chickens with maternal antibodies to the vector 
viruses or AI, or in chickens with previous infection or vac 
cination with the vector viruses remains to be demonstrated. 
The DNA vaccines have also shown to provide protective 
immunity in chickens, but they require at least two vaccina 
tions and individual administration to each chicken. The 
baculovirus-expressed subunit vaccines also require indi 
vidual administration to each chicken. 

0015 Turkey herpesvirus (HVT), Marek's disease virus 
(MDV) serotype-3. has been used as a vector to express 
antigens from avian pathogens. Wild type HVT or recombi 
nant HVT can be administered to either the late developmen 
tal stage of embryos via the in ovo route or one-day-old chicks 
via the Subcutaneous route at hatcheries. Recombinant, cell 
associated HVT vaccines, after inoculation into embryos or 
one-day-old chicks with maternal antibodies to inserted anti 
gens, are demonstrated to be able to overcome influences of 
maternal antibodies and confer protective immunity to chick 
ens as maternal antibodies wane (U.S. Pat. No. 6,764,684 and 
U.S. Pat. No. 6.866,852). Excellent duration of immunity is 
also achieved by recombinant HVT (U.S. Pat. No. 6,866,852) 
probably because HVT goes latent and stays inside vacci 
nated birds for their whole life. Thus, HVT may be considered 
an excellent vector for avian pathogens. There have been no 
reports of constructing recombinant HVT or MDV with avian 
influenza antigens. Although claim 15 of U.S. Pat. No. 5,853, 
733 describes the recombinant HVT comprising a polypep 
tide gene of AI virus inserted within a region which corre 
sponds to an EcoRI #9 fragment of the HVT genome, there is 
no actual example of constructing recombinant HVT with 
avian influenza antigens. In mammalian species, U.S. Pat. 
No. 6,225,111 describes construction of recombinant equine 
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herpesviruses containing the HA gene of equine influenza 
virus, but there is no data about vaccine efficacy of these 
recombinants. 

BRIEF SUMMARY OF THE INVENTION 

0016. The present invention provides a recombinant HVT 
modified by the presence of the cDNA encoding the HA 
protein of avian influenza virus under a promoter. The recom 
binant HVT is able to elicit a serological response that is 
easily detected by the HI assay but not by commercially 
available diagnostic ELISA kits. This feature of the recom 
binant virus enables easy differentiation between vaccination 
and field infection. A poultry vaccine comprising the recom 
binant HVT is also provided. 
0017 
detail. 

The present invention is described below in more 

(Avian Influenza Virus Hemagglutinin Gene) 

0018. The hemagglutinin gene may be obtained from any 
subtype or any strain of avian influenza virus. Preferably, the 
HA gene is obtained from an avian influenza virus of the H5 
subtype. More preferably, the HA gene is obtained from avian 
influenza virus of the H5N9 subtype. Most preferably, the HA 
gene is obtained from the avian influenza virus A/Turkey/ 
Wisconsin/68 (H5N9) strain. A nucleotide sequence of the 
HA gene from the A/Turkey/Wisconsin/68 (H5N9) strain is 
shown in SEQ ID NO: 1. The sequence in SEQ ID NO: 1 
differs from the published nucleotide sequence of the HA 
gene of the A/Turkey/Wisconsin/68 (H5N9) strain (M. Garcia 
et al., 1997, Virus Res. 51: 115-124, GenBank Accessioni 
U79456) by several bases. These differences are probably due 
to the genetically unstable nature of avian influenza viruses, 
which have an RNA genome. Therefore, the sequence shown 
in SEQID NO: 1 is only an example and the present invention 
should not be restricted to the sequence. 

(Promoter) 
0019 Adjacent to the HA gene in an HVT genome, typi 
cally at the 5' region of the HA gene, a regulatory DNA 
sequence, which is referred to here as a promoter, is included 
in order to control transcription of the HA gene, and thereby 
to control expression of the HA gene (generation of the HA 
protein). When transcription and thereby expression of agene 
is controlled by a promoter, the gene is considered under 
control of the promoter. In the present invention, the HA gene 
is under control of the cytomegalovirus immediate early pro 
moter (CMV promoter). We found that recombinant HVT 
with the HA gene in combination with the CMV promoter 
was capable of conferring higher and more uniform serology 
titers by HI in chickens than the recombinant HVT with other 
promoters such as the chicken beta-actin promoter (T. A. Kost 
et al., 1983, Nucleic Acids Res. 11:8287-8301) and a modi 
fied chicken beta-actin promoter (U.S. Pat. No. 6.866,852). A 
nucleotide sequence of the CMV promoter is described in the 
literature (M. Boshart et al., 1985, Cell 41: 521-530, Gen 
Bank Accessioni K03104). However, as long as a promoter is 
functional in cells or in the bodies of avian species, the nucle 
otide sequence of a promoter does not have to be identical to 
the sequence in the literature. The CMV promoter, the 
sequence of which is shown in SEQ ID NO: 3, is slightly 
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modified from the original sequence by the inventors, but was 
demonstrated to express the HA gene effectively. 

(Turkey Herpesvirus) 

0020 Turkey herpesvirus is a double-stranded linear DNA 
virus in the Herpesviridae family and Alphaherpesvirinae 
Subfamily. HVT is ubiquitous and non-oncogenic in domestic 
turkeys and it is classified as serotype 3 of Marek’s disease 
virus. Vaccination of chickens with HVT has been extensively 
conducted to prevent Marek's disease in chickens. As long as 
it is non-pathogenic to chickens, any HVT can be used in the 
present invention. For instance, the following HVT strains, 
FC 126, PB-THV1 H-2, YT-7, WTHV-1, and HPRS-26, are 
suitable for the backbone virus. Among these, the FC 126 
strain is favorable for use in the present invention. 

(Region for Gene Insertion) 

0021. In the present invention, the HA gene and the CMV 
promoter are inserted into an HVT DNA genome. Preferably, 
the HA gene and the CMV promoter are inserted into a region 
in the HVT genome that is not essential for virus growth, 
which is referred to here as a non-essential region. In other 
words, a non-essential region may be defined as a region 
where modification or insertion of a foreign gene does not 
prevent the virus from replicating Successfully in vitro or in 
vivo. Several non-essential regions in the HVT genome have 
been reported. For instance, the HA gene and the CMV pro 
moter can be inserted into, but not limited to UL43 (WO 
89/01040), US2 (WO 93/25665) or inter-ORF region 
between UL44 and UL46 (WO 99/18215). Most preferably, 
the HA gene and the CMV promoter are inserted into the 
inter-ORF region between UL45 and UL46. 
0022. For the present invention, a non-essential region 
may be newly identified by the following general procedure. 
First, HVT DNA fragments of appropriate lengths are cloned 
into an E. coli plasmid and physically mapped by restriction 
enzyme analysis. Then, a gene cassette consisting of a pro 
moter and a marker gene is inserted into an appropriate 
restriction site of the cloned DNA fragment resulting in a 
homology plasmid. If homologous recombination with the 
obtained homology plasmid results in a recombinant virus 
expressing the inserted marker gene and if the virus is stable 
in vitro and in vivo, the originally selected DNA fragment 
should be a non-essential region Suitable for HA gene and 
CMV promoter insertion. 
(Construction of rhVT) 
0023 For the present invention, any known method of 
generating recombinant HVT is applicable. A typical 
example is as follows. (1) First, as described above, a recom 
binant plasmid that contains a non-essential region of the 
HVT genome is constructed. Then, preferably with a pro 
moter at the 5' terminus and a polyadenylation signal at the 3' 
terminus, the HA gene is inserted into the non-essential 
region to generate a homology plasmid. (2) The homology 
plasmid is transfected into chicken embryo fibroblast (CEF) 
cells infected with parent HVT or co-transfected into CEF 
cells with infectious HVT genomic DNA. Transfection can be 
performed by any known method. (3) The transfected CEF 
cells are planted on tissue culture plates and incubated until 
virus plaques become visible. (4) The identifiable plaques 
include recombinant virus as well as parent wild-type virus. 
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The recombinant virus may be purified from wild type virus 
by any known method to detect expression of inserted foreign 
genes. 

(Avian Influenza-Marek's Disease Bivalent Vaccine) 
0024. Since the HA protein is a protective antigen of avian 
influenza virus and the backbone HVT is a live Marek's 
disease vaccine, the recombinant HVT containing the HA 
gene in the present invention may be used as a bivalent vac 
cine against AI and Marek's disease or as a monovalent vac 
cine against AI. 
0025. The vaccine, consisting mainly of the recombinant 
HVT in the present invention, may also include avian cells, 
ingredients of culture media, buffers such as a phosphate 
buffer and HEPES buffer, and/or adjuvants such as cytokines 
and CpG oligodeoxynucleotide. As long as not pharmaco 
logically detrimental, the vaccine may contain any ingredi 
ents such as preservatives. In addition, the vaccine of the 
present invention can be used in a mixture with any recom 
binant or non-recombinant viruses such as the MDV serotype 
I or serotype 2 vaccine strains. 
0026. Any known method is applicable to the preparation 
of the recombinant bivalent vaccine in the present invention. 
For instance, the recombinant HVT may be inoculated into 
permissive culture cells Such as CEF cells and grown to an 
appropriate titer. Then, the cells are removed from tissue 
culture plates or roller bottles with cell scrapers or by trypsin 
treatment and collected by centrifugation. The pelleted cells 
are then suspended in culture medium containing dimethyl 
Sulfoxide, frozen slowly, and then stored in liquid nitrogen. 
Alternatively, the recombinant HVT may be released from the 
infected cells by disrupting the cells in diluents containing 
stabilizers such as sucrose and bovine albumin. These 
released HVT is called cell-free HVT. Cell-free HVT may be 
lyophilized and stored at 4°C. 
0027. The bivalent recombinant HVT vaccine can be 
administered to chickens by any known method of inoculat 
ing Marek's disease vaccine. For instance, the vaccine of the 
present invention is diluted to give 10'-10, or more favorably 
10°-10 plaque forming units (pfu) per dose with a diluent 
containing buffer components, Sugars, and dye. The diluted 
vaccine may be inoculated Subcutaneously behind the neck of 
one-day-old chicks or into embryonating eggs via the in ovo 
route with Syringes or with any apparatus for injection. 
0028. The present avian bivalent vaccine is able to confer 
serological titer by HI of more than 50 (geometric meantiter) 
in groups of vaccinated chickens by 5 weeks postinoculation, 
when using four hemagglutination units of an inactivated 
avian influenza virus homologous H5 subtype antigen for the 
HI tests. 

BRIEF DESCRIPTION OF THE FIGURES 

(0029 FIG. 1 Construction of the plasmid pGICMVpA 
0030 FIG. 2 Construction of the homology plasmid 
p45CMVH5Wisé8 
0031 FIG. 3 Construction of the plasmid pGIBacpA2nd 
0032 FIG. 4 Construction of the homology plasmid 
p45BacFI5 Wisé8 
0033 FIG. 5 Construction of the homology plasmid 
p45Pech5Wisé8 
0034 FIG. 6 Western blot assay detecting expression of 
the hemagglutinin protein by the recombinant turkey herpes 
W1US 
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0035 FIG. 7 Hemagglutination inhibition titers in chick 
ens vaccinated with the recombinant turkey herpesvirus with 
hemagglutinin gene 
0036 FIG.8 ELISA titers in chickens vaccinated with the 
recombinant turkey herpesvirus with hemagglutinin gene 
using a commercial ELISA kit (IDEXX LABORATORIES, 
FLOCKCHEK AIV) 
0037 FIG.9 ELISA titers in chickens vaccinated with the 
recombinant turkey herpesvirus with hemagglutinin gene 
using a commercial ELISA kit (SYNBIOTICS, PROFLOK 
AIV Ab test kit) 

DETAILED DESCRIPTION OF THE INVENTION 

0038 Gene cloning and plasmid construction was essen 
tially performed by the standard molecular biology tech 
niques (Molecular Cloning: A Laboratory Manual. 3rd Edi 
tion, Cold Spring Harbor Laboratory Press, Woodbury, N.Y. 
2001). The turkey herpesvirus FC126 strain (R. L. Witter et 
al., 1970, Am. J. Vet. Res. 31, 525-538) was used as a back 
bone virus to generate a recombinant turkey herpesvirus. 

EXAMPLE1 

Hemagglutinin Gene Isolation from Avian Influenza 
Virus H5 Subtype 

0039. The avian influenza virus A/Turkey/Wisconsin/68 
(H5N9) strain was propagated in the allantoic sac of specific 
pathogen free embryonating chicken eggs. Total genomic 
RNA from the A/Turkey/Wisconsin/68 virus was extracted 
using RNEASY MINI KIT (QIAGEN, Catil 74104). First 
strand cDNA was synthesized with SUPERSCRIPT FIRST 
STRAND System for RT-PCR (Invitrogen, Catil 11904-018). 
Using the resulting cDNA as a template, the HA gene was 
amplified by polymerase chain reaction (PCR) with PFUUL 
TRA HIGH FIDELITY DNA Polymerase (STRATAGENE, 
Cati 600380) and PCR primers. These PCR primers, 
BamHA-F primer (SEQ ID NO: 4) and SalHA-R primer 
(SEQID NO: 5), anneal to the start and stop sequences of the 
HA gene and each primer contains a sequence at the 5' ends 
for a restriction enzyme, BamHI or SalI, respectively. After 
the PCR reaction, Taq polymerase (PROMEGA, Cath 
M2665) was added to the PCR mixture to add 3' A-overhangs 
to the PCR products. 

BamHA-F primer (SEQ ID NO : 4) 
5-TGACGGATCCATGGAAAGAATAGTGATTG-3 

SalHA-R primer (SEQ ID NO: 5) 
5 - CTGACAGTCGACCTAGATGCAAATTCTGC-3 

0040. The amplified 1.8 kilobase (kb) HA cDNA was 
inserted into PCR2.1-TOPO vector (INVITROGEN, Cath 
K4500-01), resulting in pCR2.1-H5Wis08. Nucleotide 
sequences of the HA genes in a few clones of the plasmid 
pCR2.1-H5Wis68 and the PCR product were determined 
using ABI PRISM3730XL DNA Analyzer (APPLIED BIO 
SYSTEMS) with six primers; BamHA-F primer (SEQ ID 
NO: 4), SalHA-R primer (SEQ ID NO. 5), M13 Forward 
primer (SEQ ID NO: 6), M13 Reverse primer (SEQID NO: 
7), HA-F primer (SEQID NO: 8), and HA-R primer (SEQID 
NO:9). 
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M13 Forward primer (SEQ ID NO : 6) 
5 " - GTAAAACGACGGCCAGT-3' 

M13 Reverse primer (SEQ ID NO: 7) 
5 " - GGAAACAGCTATGACCATG-3' 

HA-F primer (SEQ ID NO: 8) 
5 - CTGGACAATACTAAGGCCGAACGAT-3 

HA-R primer (SEQ ID NO: 9) 
s' - CACTGGGGTCTGACATTTGGTA-3' 

0041. The sequences in the clones of the plasmid pCR2. 
1-H5Wis68 were identical to each other and to the sequence 
of the PCR product. Although the deduced amino acid 
sequence was different from the reported sequence of A/Tur 
key/Wisconsin/68 (H5N9) (M. Garcia et al., 1997, Virus Res. 
51: 115-124, GenBank Accessionii U79456) by four amino 
acids, the amino acids we obtained were the same as the 
amino acids of a majority of H5 subtype HA proteins. The 
nucleotide sequence and the deduced amino acid sequence of 
the HA gene obtained from A/Turkey/Wisconsin/68 (H5N9) 
are shown in SEQID NO: 1 and SEQID NO: 2. 

EXAMPLE 2 

Construction of Homology Plasmids 
2-1. A Summary of Homology Plasmids and Recombinant 
Turkey Herpesviruses 

0042. In the present invention, three promoters, the CMV 
promoter, the chicken beta-actin promoter (Bac promoter), 
and a modified chicken beta-actin promoter (Pec promoter), 
were used to control expression of the HA gene of the AI virus 
A/Turkey/Wisconsin/68 (H5N9) strain. First, homology plas 
mids with the HA gene and one of the promoters were con 
structed and then recombinant turkey herpesviruses were 
generated using the homology plasmids. The recombinant 
turkey herpesviruses with different promoters were com 
pared for capabilities of conferring serological titers against 
AI in chickens as shown in EXAMPLE 6. A recombinant 
HVT with the CMV promoter is presented here as an example 
and recombinant viruses with the Bac promoter or the Pec 
promoter are presented here as comparative examples. A list 
of the homology plasmids and the recombinant turkey herp 
esviruses constructed in the present invention is shown in 
TABLE 1. 

TABLE 1 

A list of honology plasmids and recombinant turkey herpesviruses 

Name of 
Name of homology recombinant 

Item # plasmids viruses 

Examples vs. 
comparative 

Promoters examples 

1 p45CMVHSWisé8 rHVT/ CMV Example 
CMVHSWisé8 promoter 

2 p45BacEI5Wisé8 rHVT Bac Comparative 
Bach5Wisé8 promoter example 

3 p45Pech5Wisé8 rHVT Pec Comparative 
PecsWS68 promoter example 

2-2. Construction of Plasmid pGICMVp A 
0043. The CMV promoter was obtained from pBK-CMV 
(STRATAGENE, Cat. #212209). Three BglI restriction 
enzyme sites in the CMV promoter were disrupted for ease of 
the plasmid construction process by PCR in vitro mutagen 
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esis using four pairs of primers. The primer pairs were 
PrCMV1 (SEQID NO: 10) and PrCMV3 (SEQ ID NO: 12), 
PrCMV4 (SEQID NO: 13) and PrCMV5 (SEQ ID NO: 14), 
PrCMV6 (SEQID NO: 15) and PrCMV2' (SEQID NO: 11), 
and PrCMVo1 (SEQ ID NO: 16) and PrCMVR1 (SEQ ID 
NO: 17). Four PCR reactions were conducted separately 
using each pair of primers and p3K-CMV as a template. Then 
four PCR products were combined and used as a template for 
the secondary PCR with primers PrCMV1 and PrCMVR1, 
yielding the 604 bp fragment with a modified CMV promoter 
sequence. The nucleotide sequence of the CMV promoter 
used to express HA gene is provided in SEQID. NO. 3. The 
CMV promoter fragment was digested with PstI and Xbaland 
inserted into PstI and Xbal digested puC18polyASfi (U.S. 
Pat. No. 6.866,852), resulting in pGICMV(-). The SV40 
polyA signal was obtained from pBK-CMV by PCR using 
primers PolyA-SalKpn (SEQ ID NO: 18) and PolyA-SfiF2 
(SEQID NO:19). The PCR fragment containing SV40 polyA 
signal was digested with SalI and Sfiland ligated to pGICMV 
(-) digested with SalI and Sfil resulting in pGICMVpA (FIG. 
1). 

ProMV1 (SEO ID NO : 1.O.) 
5 - GGGCTGCAGAGTTATTAATAGTAATCAATT-3 

ProMV2' (SEO ID NO : 11) 
s' - CGCGCCATTTACCGTCATTGACGTC-3' 

ProMV3 (SEO ID NO : 12) 
5 - GGGTCGTTGGGCGGTCAGCCGGCGG-3 

ProMV4 (SEO ID NO : 13) 
5 - CTTACGGTAAATGGCCCGCCGGCTG-3 

ProMV5 (SEO ID NO : 14) 
5 - TACACTTGATGTACTGCCAATGGGC-3' 

ProMV6 (SEO ID NO : 15) 
s" - TATTTACGGTAAACTGCCCATTGGC-3' 

ProMVo1 (SEO ID NO : 16) 
5 - ACGTCAATGACGGTAAATGGCGCGCCTGGC-3 

ProMVR1 (SEO ID NO : 17) 
5 - CGTCTAGAGGATCTGACGGTTCACTAAACC-3 

PolyA-SalKpn (SEQ ID NO: 18) 
5-TGTGGTACCGTCGACGATTCACAGTCCCAAGGC-3' 

PolyA-SfiF2 (SEQ ID NO: 19) 
s' - CTTGGCCTTATTGGCCTAAGATACATTGATGAG-3' 

2-3. Construction of Homology Plasmid p45CMVH5Wis68 
0044) The CMV promoter and the SV40 polyA signal 
(940 bp) were excised from pGICMVp A by BglI and ligated 
into Sfil digested p45/46Sfi(U.S. Pat. No. 6.866,852), result 
ing in p45/46CMVpA. Then, the HA gene from A/Turkey/ 
Wisconsin/68 (H5N9) was excised from pCR2.1-H5Wis08 
using SalI and BamHI. The 1701 bp HA gene was inserted 
into p45/46CMVp A digested with SalI and BamHI, resulting 
in p45CMVH5Wis68 (FIG. 2). The plasmid 
p45CMVH5Wis68 was used as a homology plasmid to gen 
erate recombinant turkey herpesvirus. 
2-4. Construction of Plasmid pGIBacpA2nd 
0045. The Bac promoter was obtained by PCR using cel 
lular DNA of CEF cells as a template. PrBac1 (SEQID NO: 
18) and PrBac2" (SEQID NO:19) were the primer set used for 
PCR. An obtained 1.5-kilobase DNA fragment was digested 
with PstI and Xbal and inserted into PstI and Xbal digested 
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pUC18polyASfi, resulting in pGIBac2. Then, the SV40 
polyA signal obtained PCR using primers PolyA-SalKpn 
(SEQ ID NO: 18) and PolyA-SfiF2 (SEQ ID NO: 19) was 
digested with SalI and Sfil and ligated to pGIBac2 digested 
with SalI and Sfil resulting in pGIBacpA2nd (FIG. 3). 

PrBac1 (SEQ ID NO: 2O) 
s' - CAGTGTCGCTGCAGCTCAGTGCATGCACGCTCATTGCCC-3' 

PrBac2" (SEQ ID NO: 21) 5'- 
GCTCTAGAGGCGTGGAGCTTGGGGGCTGCGGAGGAACAGAGAAGGGAAG 
3' 

2-5. Construction of Homology Plasmid p45BaCHWisé8 
0046. The Bac promoter and the SV40 polyA signal (1866 
bp) were excised from pCIBacpA2nd by BglI and ligated into 
Sfil digested p45/46Sfi, resulting in p45/46BacpA2nd. Then, 
the HA gene of A/Turkey/Wisconsin/68 (H5N9) excised from 
pCR2.1-H5Wis08 using SalI and BamHI was inserted into 
p45/46BacpA2nd digested with SalI and BamHI, resulting in 
p45BaCHWisé8 (FIG. 4). 
2-6. Construction of Homology Plasmid p45PeCHs Wisé8 
0047 Construction of the Pec promoter is described in 
U.S. Pat. No. 6,866,852. The Pec promoter was synthesized 
by fusing a part of the chicken beta-actin promoter with the 
enhancer region of the CMV promoter. The Pec promoter was 
excise from pGIPec (U.S. Pat. No. 6,866,852) with PstI and 
BamHI and inserted into PstI and BamHI digested p45/ 
46BacpA2nd described in EXAMPLE 2-4, resulting in p45/ 
46PecpA2nd. Then, the HA gene of A/Turkey/Wisconsin/68 
(H5N9) excised from pCR2.1-H5Wis68 using Sal I and 
BamHI was inserted into p45/46PecpA2nd digested with Sall 
and BamHI, resulting in p45PeCHWis68 (FIG. 5). 

EXAMPLE 3 

Generation and Isolation of Recombinant Turkey 
Herpesvirus 

0048 Viral DNA of the HVT FC126 strain was prepared 
as described by Morgan et al. (Avian Diseases, 1990, 34:345 
351). 
0049) 107 secondary chicken embryo fibroblast (CEF) 
cells were suspended in Saline G (0.14MNaCl, 0.5 mMKC1, 
1.1 mM NaHPO, 1.5 mM NaH2PO, 0.5 mM MgCl, and 
0.011% glucose) and co-transfected with HVT viral DNA 
and 5 to 25ug of the homology plasmid, p45CMVH5Wis08, 
p45BaCH. Wisé8, or p45PeCHWis68 by electroporation. 
Electroporation was performed using BIO-RAD GENE 
PULSER. Transfected cells were incubated for 10 minutes at 
room temperature and transferred to wells of 96-well plates. 
After incubating at 37°C. for 7 days in 4-5% CO, or until the 
plaques became visible, the cells were detached from the 
plates by trypsinization, transferred equally to two 96-well 
plates with secondary CEF and incubated for 3 to 4 days until 
plaques were observed. Screening was conducted by the 
black plaque assay, staining only plaques expressing HA 
protein. Briefly, one of the two plates was fixed with metha 
nol:acetone mixture (1:2) and incubated with chicken anti 
HA antiserum. Next, incubated with biotinylated anti 
chicken IgG antibody (VECTOR LABORATORIES, Cath 
BA-9010) and then with VECTASTAIN ABC-AP kit (Vector 
Laboratories, Catil AK-5000), plaques expressing HA protein 
were stained by addition of BCIP/NBT solution (BIO-RAD 
LABORATORIES, Catil 170-6539 and 170-6532). Wells 
containing stained recombinant plaques were identified and 
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cells from the corresponding wells on the other 96-well plate 
were trypsinized. The cells were then diluted in fresh second 
ary CEF cells and transferred to 96-well plates to complete 
the first round of purification. 
0050. The purification procedure was repeated until all 
plaques were stained positively in the black plaque assay. 
Purified recombinant virus with the HA gene under the CMV 
promoter was designated as rHVT/CMVH5Wis68 (the 
present invention). Recombinant viruses with the Bac pro 
moter or the Pec promoter were designated as rhVT/ 
BaCH5Wis68 and rHVT/PeCH5Wis08, respectively (com 
parative examples). 

EXAMPLE 4 

Verification of Genome Structure and Stability of 
Recombinant HVT 

4-1. Southern Blot Analysis 

0051 Chicken embryo fibroblast cells in a 100-mm dish 
that were infected with the recombinant virus, rPVT/ 
CMVH5Wis08 or the HVT FC126 parent strain were used in 
the Southern blot analysis to confirm the insertion of the HA 
gene in the desired insertion site. The cells were collected by 
a cell Scraper and by centrifugation at 913xg for 5 minutes. 
The harvested cells were washed with phosphate buffered 
saline (PBS) and resuspended in 1.0 milliliter (ml) of lysis 
buffer (0.5% TRITON X-100, 100 mM 2-mercaptethanol, 
and 20 mM EDTA in PBS). The cell suspension was vortexed 
for a total of 30 seconds and incubated for 15 minutes at room 
temperature. Cell nucleus and cell debris were removed by 
centrifuging at 2,060xg for 5 minutes and the Supernatant was 
transferred to a 1.5-ml tube. Viruses were collected by cen 
trifugation at 20,800xg for 20 minutes at 4°C. The pellet was 
suspended in 0.33 ml of a nuclease solution (12.5 mM Tris-Cl 
(pH7.5), 1 lug/ml DNase I and 1 lug/ml RNaseA) and incu 
bated at 37° C. for 30 minutes. Then, 83 ul of SDS-protease 
solution (50 mM EDTA, 5% SDS, 0.5 mg/ml protease K, and 
25 mM 2-mercaptoethanol) was added to the virus suspen 
sion and incubated at 55° C. for 30 minutes to disrupt virus 
envelopes. Phenol chloroform extraction was conducted 
twice and DNA was precipitated by adding 2.5 volume of 
cold 100% ethanol and NaCl at a final concentration of 0.16 
M. After centrifuging at 20,800xg for 30 minutes at 4°C., the 
pellet washed with 70% ethanol and air-dried. The pellet was 
dissolved in TE buffer (10 mM Tris-Cl (pH8.0), and 1 mM 
EDTA). 
0052. The viral DNA in TE buffer and the homology plas 
mid (positive control) were digested with XhoI, BamHI and 
Speland separated by agarose gel electrophoresis using 0.6% 
agarose gel. DNA fragments on the gel were transferred to a 
BIODYNEA nylon membrane (PALL, Cati BNXF3R). The 
membrane was hybridized with either Digoxigenin (DIG)- 
labeled HA probe or DIG-labeled IS45/46 probe. The DIG 
labeled HA probe and the IS45/46 probe were prepared with 
PCR DIG Probe Synthesis Kit (ROCHE APPLIED SCI 
ENCE, Catil 11636090910) using primers HA1-P-F (SEQID 
NO: 22) and HA1-P-R (SEQID NO:23) and primers 45/46-F 
(SEQ ID NO: 24) and 45/46-R (SEQ ID NO: 25), respec 
tively. 

HA1-P-F (SEQ ID NO: 22) 
5 - GGGGGTGGCAAGGAATG-3' 

HA1-P-R (SEQ ID NO: 23) 
5 - GCTAGGGAACTCGCCACTGT-3' 
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45/46-F-B (SEQ ID NO: 24) 
5'-TAGCGGCACGGAAACAGATAGAGA-3' 

45/46 -R-B (SEQ ID NO: 25) 
s" - TGGCGATACGGTTCCTGGTTTGAC-3' 

0053. The membrane washed with 2XSSC solution at 
room temperature and then with 0.5xSSC solution at 68°C. 
The membrane was blocked and incubated with anti-Digoxi 
genin-AP Fab fragments (ROCHE APPLIED SCIENCE, 
Catil 11093274910) for 30 minutes at room temperature. 
After washing two times with maleic acid washing buffer (0.1 
M maleic acid, 0.15 M NaCl, and 0.3% Tween20, pH 7.5), 
DNA bands that were hybridized with the probes were visu 
alized by incubating the membrane with BCIP/NBT solution. 
The HA probe hybridized with 3.6 kb bands in the recombi 
nant virus DNA and the homology plasmid, while no bands 
were detected with the HVT parent. The IS45/46 probe 
hybridized with 3.6 kb and 1.2 kb bands in the recombinant 
DNA and the homology plasmid, and with 2.3 kb band in the 
HVT parent. These results demonstrated that rHVT/ 
CMVH5Wis08 obtained in EXAMPLE 3 had an expected 
genomic structure. 
0054 Southern blot analysis of rHVT/BaCH. Wisé8 and 
rHVT/PeCHWisé8 was conducted in a similar way as that of 
rHVT/CMVH5Wis68, except that XhoI and Spel restriction 
enzymes were used for rHVT/BaCH. Wisé8. For rHVT/ 
BaCH. Wisé8, the HA probe hybridized with 4.9 kb bands in 
the recombinant virus DNA and the homology plasmid, while 
no bands were detected with the HVT parent. The IS45/46 
probe hybridized with 4.9 kb and 0.8 kb bands in the recom 
binant DNA and the homology plasmid, and with 2.3 kb band 
in the HVT parent. For rhVT/PeCH5Wis68, the HA probe 
hybridized with 3.6 kb bands in the recombinant virus DNA 
and the homology plasmid, while no bands were detected 
with the HVT parent. The IS45/46 probe hybridized with 3.6 
kb and 1.2 kb bands in the recombinant DNA and the homol 
ogy plasmid, and with 2.3 kb band in the HVT parent. These 
recombinant viruses were also demonstrated to have expected 
genomic structures. 

4.2. Stability of Recombinant HVT 
0055. The recombinant viruses, rHVT/CMVH5Wis68, 
rHVT/BaCH. Wisé8, and rHVT/PeCHWis68, were passed 
20 times blindly in CEF cells. After the 20 passages, the 
viruses were analyzed by the Southern blot analysis as 
described in EXAMPLE 4.1. Bands detected in DNA isolated 
from the virus after 20 passages were identical to the bands 
described in EXAMPLE 4.1, demonstrating that the recom 
binant viruses were stable even after 20 passages. 

EXAMPLE 5 

HA Protein Expression by Recombinant HVT 

0056 Expression of the HA protein by the recombinant 
viruses, rHVT/CMVH5Wisé8, rHVT/BaCH5Wisé8, and 
rHVT/PeCH5Wisé8, was confirmed by the black plaque 
assay and the Western blot assay. Procedures for the black 
plaque assay are described in EXAMPLE 3. The western blot 
was conducted using CEF cells infected with the recombinant 
viruses and chicken anti-HA antiserum. Briefly, CEF cells in 
100-mm dishes were infected with one of the recombinant 
viruses or the parent HVT FC 126 strain at a multiplicity of 
infection of approximately 0.01. Two to three days post 
inoculation, cells were harvested with cell scrapers and cen 
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trifuged at 913xg for 5 minutes. The pellet washed with PBS 
twice and resuspended with 50 to 100 ul of PBS. After adding 
the same volume of 2xSDS sample buffer (130 mM Tris-Cl 
(pH6.8), 6% SDS, 20% Glycerol, 10% 2-Mercaptoethanol 
and 0.01% Bromo Phenol Blue), cell suspension was boiled 
for 5 minutes. The samples were separated by SDS-PAGE 
using 8% polyacrylamide gel and transferred to a PVDF 
membrane (IMMOBILON-P. MILLIPORE). The membrane 
was dried completely and then incubated with chicken anti 
HA antiserum. After the anti-HA antiserum washed off, the 
membrane was incubated with alkaline phosphatase-conju 
gated anti-chicken IgG Fc antibody (BETHYL. Cati A30 
104AP). Protein bound with chicken anti-HA antiserum was 
visualized by adding BCIP/NBT solution. As shown in FIG. 
3, a proteinband of 74 kilodaltons (kDa) was observed only in 
the lane with the recombinant virus infected cells, which was 
the expected size of the non-processed HA protein. 

EXAMPLE 6 

Serological Evaluation of Chickens Inoculated with 
Recombinant HVT 

0057 Serological responses against AI in chickens that 
were vaccinated with the recombinant viruses, rPVT/ 
CMVH5Wisé8, rHVT/PeCH5Wisé8, and rHVT/ 
BaCH5Wis08, were evaluated. One-day-old specific patho 
gen free chicks (SPAFAS, Flock T-10) were vaccinated 
Subcutaneously with one of the recombinant viruses. Groups 
1 and 2 were inoculated with 1638 pful per dose (0.2 ml) and 
375 pful per dose of rHVT/CMVH5Wis08, respectively 
(TABLE 2). Groups 3 and 4 contained chickens vaccinated 
with 2800 pfu (Group 3) or 550 pfu (Group 4) of rHVT/ 
PeCH5Wisé8. Groups 5 and 6 were inoculated with 4350 pfu 
and 720 pfu per dose of rHVT/Bach5Wis08, respectively. A 
group of chickens (Group 8) were held as non-inoculated 
negative controls. Another group of chickens (Group 7) was 
vaccinated subcutaneously with inactivated A/Turkey/Wis 
consin/68 (H5N9) vaccine at three weeks old as an inactivated 
vaccine control. Chickens were bled between 3 to 7 weeks old 
and obtained sera were evaluated by the AIHI tests and AIV 
ELISA tests. The AI HI tests were conducted using four 
hemagglutination units of an inactivated avian influenza virus 
homologous antigen of the A/Turkey/Wisconsin/68 (H5N9) 
strain, the HA gene of which was used in the recombinant 
viruses, as described by D. E. Swayne et al. (D. E. Swayne et 
al., 1998, Avian Influenza. In: A Laboratory Manual for the 
Isolation and Identification of Avian Pathogens, 150-155). 
Briefly, before the HI assay, the number of the hemaggluti 
nation units in the inactivated A/Turkey/Wisconsin/68 
(H5N9) antigen was determined as the highest dilution of the 
antigen giving complete agglutination, and the antigen was 
diluted to contain four hemagglutination units in 25 ul. In 
U-bottom 96 well plates, the sera were initially diluted 1:5 
and then serially diluted by two fold across the plates with 
phosphate buffered saline (PBS) to contain 25 ul per well. 
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Four hemagglutination units of the antigen in 25 Jul were 
added to each well and incubated for 30 minutes at room 
temperature. Finally, 50 ul of 0.5% chicken erythrocytes in 
PBS was added to each well and incubated for about 40 
minutes at room temperature. HI titers are the highest dilution 
of the sera exhibiting inhibition of hemagglutination. HItiters 
of equal to or more than 10 were considered positive. The 
ELISA tests were conducted using two commercial AIV 
ELISA kits (IDEXX Laboratories, FLOCKCHEK AIV and 
SYNBIOTICS, PROFLOKAIV Ab test kit) that are available 
in the United States. 
0058 As shown in TABLE 3 and FIG. 7, sera from chick 
ens vaccinated with rHVT/CMVH5Wis08 (Groups 1 and 2) 
started to show HI titers as early as three weeks post vacci 
nation and the HI titers continued to increase up to the HI titer 
of 100 (geometric meantiter) by six weeks post vaccination. 
Also, more than 80% of vaccinated chickens at three weeks 
post vaccination and all vaccinated chickens after five weeks 
post vaccination had HI titers of equal to or more than 10 
(TABLE 3). High levels of HI titers have not been consis 
tently observed with the commercial fowlpox-vectored AIV 
vaccine and this was not easily accomplished. The dose dif 
ference between two vaccine groups (1638 pfu and 375 pfu) 
did not have a significant influence on serological responses. 
Surprisingly, when tested with the commercial AIV ELISA 
kits, these sera from rHVT/CMVH5Wis08-vaccinated chick 
ens that were highly positive by the HI tests did not give 
positive ELISA titers through 3 and 7 weeks post vaccination, 
whereas sera collected from the inactivated vaccine control 
(Group 7) showed highly positive ELISA titers with both 
commercial ELISA kits (FIGS. 8 and 9). This feature of the 
rHVT/CMVH5Wis68 vaccine would make it extremely easy 
to differentiate vaccine reactions from field virus exposure 
and to track vaccinated chickens. Geometric mean HItliters of 
Sera from chickens vaccinated with rVT/PecPI5Wis68 
(Groups 3 and 4) or rHVT/Bach5wis08 (Groups 5 and 6) 
were not as high as those conferred by rhVT/CMVH5Wis68. 
Also, rHVT/PeCHWis08 and rEIVT/Bach5Wis08 failed to 
confer serological titer by HI to vaccinated chickens consis 
tently as shown in TABLE 3. The non-inoculated negative 
controls (Group 8) did not show positive serological results in 
either the HI tests or the ELISA tests throughout the obser 
Vation period. 
0059. In summary, the recombinant HVT with the HA 
gene in combination with the CMV promoter (rHVT/ 
CMVH5wis08) provided vaccinated chickens with higher 
and more uniform serology titers by HI than the recombinant 
HVT with the Bac promoter (rhVT/Bach5Wis08) and the 
recombinant HVT with the Pec promoter (rhVT/ 
Pech5Wis68), which are presented here as comparative 
examples. The Sera collected from chickens vaccinated from 
rHVT/CMVH5Wis68 were negative by commercially avail 
able AIV ELISA kits although the sera were highly positive 
by the AIHI tests, thus enabling easy differentiation between 
reaction from vaccination and field infection. 

TABLE 2 

Treatment groups 

Age of Vaccine Vaccine # of 
Group H Treatment Group Promoters vaccination dose (pful") route chickens 

1 rVTCMVHSWis68 CMV (Ex) One-day-old 1638 SQ 17 
2 rVTCMVHSWis68 CMV (Ex) One-day-old 375 SQ 17 
3 rEHVTPecESWS68 Pec (CE) One-day-old 2800 SQ 17 
4 rWTPecESWS68 Pec (CE) One-day-old 550 SQ 17 
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TABLE 2-continued 

Treatment groups 

Age of Vaccine Vaccine # of 
Group # Treatment Group Promoters vaccination dose (pfu') route chickens 

5 HVTBacEHSWS68 Bac (CE) One-day-old 43SO SQ 17 
6 HVTBacEHSWS68 Bac (CE) One-day-old 720 SQ 17 
7 Inactivated H5N9 vaccine N/A 3-weeks-old 0.5 ml SQ 17 
8 Negative controls NA NA None NA 10 

pfu = plaque forming units 
Ex = example 
SQ = subcutaneous 
CE = comparative example 
N/A = not applicable 
m1 = milliliter 

TABLE 3 

HI tilters 

3 weeks 4 weeks 5 weeks 6 weeks 7 weeks 

Group Positive'? GMT Positive? GMT Positive? GMT Positive? GMT Positive? GMT 
i Total titer? Total titer Total titer Total titer Total titer 

1 16.17 23.5 15, 17 47.1 17/17 62.6 17/17 94.2 17/17 70.8 
(94%) (88%) (100%) (100%) (100%) 

2 14f17 18.4 17/17 47.1 17/17 53.2 1616 113.1 1616 118.1 
(82%) (100%) (100%) (100%) (100%) 

3 15/17 17.7 16.17 24.5 16.17 28.9 17/17 38.4 16.17 47.1 
(88%) (94%) (94%) (100%) (94%) 

4 14f17 23.5 16.17 28.9 15, 17 23.5 13.17 23.2 14f17 28.9 
(82%) (94%) (88%) (76%) (82%) 

5 16.17 35.4 16.17 32.6 15, 17 25.5 14f17 21.4 13.17 28.5 
(94%) (94%) (88%) (82%) (76%) 

6 11.17 11.O 11.17 11.6 12/17 9.5 10, 17 13.9 1016 10.9 
(65%) (65%) (71%) (59%) (63%) 

7 N/A NA NA NA NA NA 17.17 294.9 1717 461.9 
(100%) (100%) 

8 Of 10 NA Of 10 NA Of 10 NA Of 10 NA Of 10 NA 
(0%) (0%) (0%) (0%) (0%) 

Positive' = HI titers of equal to or more than 10 were considered positive. 
GMT titer? = Geometric mean titer 
N/A = not applicable 

SEQUENCE LISTING 

<16O NUMBER OF SEO ID NOS: 25 

<210 SEQ ID NO 1 
<211 LENGTH: 1695 
&212> TYPE: DNA 
<213> ORGANISM: Influenza A virus 
&220s FEATURE: 

<221 NAME/KEY: CDS 
<222> LOCATION: (1) ... (1695) 
<223> OTHER INFORMATION: Hemagglutinin gene of A/Turkey/Wisconsin/68 

(H5N9) 

<4 OO SEQUENCE: 1 

atg gala aga at a gtg att gcc ctit gca at a atc agc gtt gtc. aaa ggit 48 
Met Glu Arg Ile Val Ile Ala Lieu Ala Ile Ile Ser Val Val Lys Gly 
1. 5 1O 15 

gac caa at c togc atc ggit tat cat gca aac aat tca aca aaa caa gtt 96 
Asp Glin Ile Cys Ile Gly Tyr His Ala Asn. Asn. Ser Thr Lys Glin Val 

2O 25 3O 
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Lieu. Glu Lys Glu. His Asn Gly Lys Lieu. Cys Ser Lieu Lys Gly Val Arg 
SO 55 6 O 

Pro Lieu. Ile Lieu Lys Asp Cys Ser Val Ala Gly Trp Lieu. Lieu. Gly Asn 
65 70 7s 8O 

Pro Met Cys Asp Glu Phe Lieu. Asn Val Pro Glu Trp Ser Tyr Ile Val 
85 90 95 

Glu Lys Asp Asin Pro Thr Asn Gly Lieu. Cys Tyr Pro Gly Asp Phe Asn 
1OO 105 11 O 

Asp Tyr Glu Glu Lieu Lys Tyr Lieu Met Ser Asn Thr Asn His Phe Glu 
115 12 O 125 

Lys Ile Glin Ile Ile Pro Arg Asn. Ser Trp Ser Asn His Asp Ala Ser 
13 O 135 14 O 

Ser Gly Val Ser Ser Ala Cys Pro Tyr Asn Gly Arg Ser Ser Phe Phe 
145 150 155 160 

Arg Asn Val Val Trp Lieu. Ile Llys Llys Ser Asn Ala Tyr Pro Thir Ile 
1.65 17O 17s 

Lys Arg Thr Tyr Asn. Asn. Thir Asn Val Glu Asp Lieu. Lieu. Ile Lieu. Trp 
18O 185 19 O 

Gly Ile His His Pro Asn Asp Ala Ala Glu Glin Thr Glu Lieu. Tyr Glin 
195 2OO 2O5 

Asn Ser Asn Thr Tyr Val Ser Val Gly Thr Ser Thr Lieu. Asn Glin Arg 
21 O 215 22O 

Ser Ile Pro Glu Ile Ala Thr Arg Pro Llys Val Asn Gly Glin Ser Gly 
225 23 O 235 24 O 

Arg Ile Glu Phe Phe Trp Thir Ile Lieu. Arg Pro Asn Asp Ala Ile Ser 
245 250 255 

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile 
26 O 265 27 O 

Val Llys Lys Gly Asp Ser Ala Ile Met Arg Ser Glu Lieu. Glu Tyr Gly 
27s 28O 285 

Asn Cys Asp Thr Lys Cys Glin Thr Pro Val Gly Ala Ile Asin Ser Ser 
29 O 295 3 OO 

Met Pro Phe His Asn Val His Pro Leu. Thir Ile Gly Glu. Cys Pro Llys 
3. OS 310 315 32O 

Tyr Val Lys Ser Asp Llys Lieu Val Lieu Ala Thr Gly Lieu. Arg Asn. Wall 
3.25 330 335 

Pro Glin Arg Glu Thir Arg Gly Lieu. Phe Gly Ala Ile Ala Gly Phe Ile 
34 O 345 35. O 

Glu Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr Gly Tyr His His 
355 360 365 

Ser Asn. Glu Glin Gly Ser Gly Tyr Ala Ala Asp Llys Glu Ser Thr Glin 
37 O 375 38O 

Lys Ala Ile Asp Gly Ile Thr Asn Llys Val Asn. Ser Ile Ile Asp Llys 
385 390 395 4 OO 

Met Asn Thr Glin Phe Glu Ala Val Gly Lys Glu Phe Asn. Asn Lieu. Glu 
4 OS 41O 415 

Arg Arg Ile Glu Asn Lieu. Asn Llys Llys Met Glu Asp Gly Phe Lieu. Asp 
42O 425 43 O 

Val Trp Thir Tyr Asn Ala Glu Lieu. Lieu Val Lieu Met Glu Asn. Glu Arg 
435 44 O 445 
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Thir Lieu. Asp Phe His Asp Ser Tyr Val Lys Asn Lieu. Tyr Asp Llys Val 
450 45.5 460 

Arg Lieu. Glin Lieu. Arg Asp Asn Ala Lys Glu Lieu. Gly Asn Gly Cys Phe 
465 470 47s 48O 

Glu Phe Tyr His Lys Cys Asp Asn. Glu. Cys Met Glu Ser Val Arg Asn 
485 490 495 

Gly Thr Tyr Asp Tyr Pro Glin Tyr Ser Glu Glu Ser Arg Lieu. Asn Arg 
SOO 505 51O 

Glu Glu Ile Asp Gly Val Lys Lieu. Glu Ser Met Gly Thr Tyr Glin Ile 
515 52O 525 

Lieu. Ser Ile Tyr Ser Thr Val Ala Ser Ser Lieu Ala Lieu Ala Ile Met 
53 O 535 54 O 

Val Ala Gly Lieu Ser Phe Trp Met Cys Ser Asn Gly Ser Leu Glin Cys 
5.45 550 555 560 

Arg Ile Cys Ile 

<210 SEQ ID NO 3 
&2 11s LENGTH 587 
&212> TYPE: DNA 

<213> ORGANISM: Cytomegalovirus 
&220s FEATURE: 

<221s NAME/KEY: promoter 
<222> LOCATION: (1) ... (587) 
<223> OTHER INFORMATION: Cytomegalovirus immediate early promoter 

<4 OO SEQUENCE: 3 

agittattaat agtaat caat tacggggt ca ttagttcata gcc catatat ggagttcc.gc 6 O 

gttacataac ttacgg taala tigc.ccgc.cg gct gaccgcc Caacgaccc.c. c9cc cattga 12 O 

cgtcaataat gacg tatgtt cocatagitaa cqc caatagg gactitt.ccat tdacgtcaat 18O 

gggtggagta tttacggtaa actgcc catt ggcagtacat Caagtgt at C atatgcCaag 24 O 

tacgcc.ccct attgacgt.ca atgacggtaa atggcgc.gcc tigcatt atg CCC agtacat 3OO 

gacct tatgg gactitt cota cittggcagta catctacgta ttagt catcg ct attaccat 360 

ggtgatgcgg ttittggcagt acatcaatgg gcgtggatag C9gtttgact cacggggatt 42O 

tccaagttctic caccc.cattg acgtcaatgg gagtttgttt toggcaccaaa atcaacggga 48O 

Cttt Coaaaa titcgtaa.ca act cogcc cc attgacgcaa atgggcggta ggcgtgtacg 54 O 

gtgggaggltd tatatalagca gagctggttt agtgaac cqt Cagat.cc 587 

<210 SEQ ID NO 4 
<211 LENGTH: 29 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer for DNA for PCR 

<4 OO SEQUENCE: 4 

tgacggat.cc atggaaagaa tagtgattg 29 

<210 SEQ ID NO 5 
<211 LENGTH: 29 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer for DNA for PCR 

<4 OO SEQUENCE: 5 
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ctgacagt cq acctagatgc aaattctgc 

<210 SEQ ID NO 6 
<211 LENGTH: 17 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer for DNA for PCR 

<4 OO SEQUENCE: 6 

gtaaaacgac ggc.cagt 

<210 SEQ ID NO 7 
<211 LENGTH: 19 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 7 

ggaalacagct atgaccatg 

<210 SEQ ID NO 8 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 8 

Ctggacaata cta aggc.cga acgat 

<210 SEQ ID NO 9 
<211 LENGTH: 22 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 9 

Cactgggg.tc tacatttgg ta 

<210 SEQ ID NO 10 
<211 LENGTH: 30 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 10 

gggctgcaga gtt attaata gtaat caatt 

<210 SEQ ID NO 11 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 11 

cgc.gc.cattt accogt cattg acgtc 

29 

17 

19 

25 

22 

3 O 

25 
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<210 SEQ ID NO 12 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 12 

<210 SEQ ID NO 13 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 13 

Cttacggtaa atggc.ccgcc ggctg 

<210 SEQ ID NO 14 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 14 

tacacttgat gtactgccaa tiggc 

<210 SEQ ID NO 15 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 15 

tatttacggit aaactg.ccca ttggc 

<210 SEQ ID NO 16 
<211 LENGTH: 30 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 16 

<210 SEQ ID NO 17 
<211 LENGTH: 30 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 17 

cgt.ctagagg atctgacggt t cactaalacc 

<210 SEQ ID NO 18 
<211 LENGTH: 33 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 

25 

25 

25 

25 

3 O 

3 O 
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&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 18 

tgtggit accg tcgacgattic acagt cccaa ggc 

<210 SEQ ID NO 19 
<211 LENGTH: 33 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 19 

Cttggcctta ttggcctaag atacattgat gag 

<210 SEQ ID NO 2 O 
<211 LENGTH: 39 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 2O 

Cagtgtc.gct gcagotcagt gcatgcacgc. tcattgc cc 

<210 SEQ ID NO 21 
<211 LENGTH: 49 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 21 

gctictagagg C9tggagctt giggctg.cg gaggalacaga galagggaag 

<210 SEQ ID NO 22 
<211 LENGTH: 17 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 22 

gggggtggca aggaatg 

<210 SEQ ID NO 23 
<211 LENGTH: 2O 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 23 

gctagggaac togccactgt 

<210 SEQ ID NO 24 
<211 LENGTH: 24 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 24 

33 

33 

39 

49 

17 
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tagcggcacg gaalacagata gaga 

<210 SEQ ID NO 25 
<211 LENGTH: 24 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: synthetic primer DNA for PCR 

<4 OO SEQUENCE: 25 

tggcgatacg gttcCtggitt tac 

What is claimed is: 
1. A recombinant turkey herpesvirus comprising a hemag 

glutinin gene of avian influenza virus and the cytomegalovi 
rus immediate early promoter, wherein said hemagglutinin 
gene is under control of said promoter. 

2. A recombinant turkey herpesvirus as in claim 1, wherein 
said hemagglutinin gene and said promoter are present in a 
non-essential region of the turkey herpesvirus genome. 

3. A recombinant turkey herpesvirus as in claim 2, wherein 
said non-essential region is between UL45 and UL46 of the 
turkey herpesvirus genome. 

4. A recombinant turkey herpesvirus as in claim 1, wherein 
said avian influenza virus is H5 subtype. 

5. A recombinant turkey herpesvirus as in claim 1, wherein 
said avian influenza virus is A/Turkey/Wisconsin/68 (H5N9) 
strain. 

6. A recombinant turkey herpesvirus as in claim 1, wherein 
a nucleotide sequence of said hemagglutiningene is shown in 
SEQID NO: 1. 

7. A poultry vaccine comprising a recombinant turkey her 
pesvirus as in claim 1. 

24 

24 

8. A poultry vaccine comprising a recombinant turkey her 
pesvirus as in claim 1 wherein said vaccine confers hemag 
glutination inhibition titers of more than 50 (geometric mean 
titer) by five weeks post vaccination in vaccinated chickens, 
wherein said hemagglutination inhibition titers are defined as 
the highest dilutions of Sera exhibiting inhibition of hemag 
glutination when using four hemagglutination units of an 
inactivated avian influenza virus homologous antigen. 

9. A method of conferring high hemagglutination inhibi 
tion titers by inoculating chickens with a recombinant turkey 
herpesvirus as in claim 1. 

10. A method as in claim 9, wherein said inoculated chick 
ens develop hemagglutination inhibition titers of more than 
50 (geometric mean titer) by five weeks post vaccination, 
wherein said hemagglutination inhibition titers are defined as 
the highest dilutions of Sera exhibiting inhibition of hemag 
glutination when using four hemagglutination units of an 
inactivated avian influenza virus homologous antigen. 

c c c c c 


