woO 20107119112 A1 I 0KV 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(9) World Intelecua Property Organization /28552 1N N OO A 0
ernational Bureau V,& ‘ ) |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
21 October 2010 (21.10.2010) WO 2010/119112 A1l
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61K 39/255 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS ? CBRB’ CBI(J}, g;l’ DB]IE{ ? DBI\(V ’];313[{ ? ]];é’
PCT/EP2010/054991 DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
15 April 2010 (15.04.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

61/169.459 15 April 2009 (15.04.2009) ys (84) Designated States (unless otherwise indicated, for every
61/218,280 18 June 2009 (18.06.2009) us kind of regional protection available): ARIPO (BW, GH,
61/226,970 20 July 2009 (20.07.2009) US GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for all designated States except US): CEVA TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
SANTE ANIMALE [FR/FR]; 10 avenue de la Bal- ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
lastiere, B.p. 126, F-33501 Libourne Cedex (FR). MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

(72) Tnventors; and TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(75) Inventors/Applicants (for US only): GARDIN, Yannick ML, MR, NE, SN, TD, TG).
[FR/FR]; Le Clos du Bois, F-49460 Cantenay Epinard Published:
(FR). PALYA, Vilmes [HU/HU]; Vorosmarty u. 29,

H-1223 Budapest (HU).
(74) Agent: LECCA, Patricia; Cabinet Lecca, 21 rue de Fe- with sequence listing part of description (Rule 5.2(a))
. ] » >

camp, F-75102 Paris (FR).

—  with international search report (Art. 21(3))

(54) Title: RECOMBINANT AVIAN HERPES VIRUS VECTORS AND VACCINE FOR IMMUNIZING WATERFOWL
SPECIES

(57) Abstract: The present invention relates to vaccines for waterfowl immunization based on live recombinant Marek's disease
virus (hereinatter referred to as tMDYV), and more specitically recombinant herpes virus of turkeys (hereinafter referred to as
rHVT virus), which incorporates at least one nucleotide sequence encoding and expressing an antigenic peptide ot a pathogenic
agent of waterfowl. Methods of immunization are also provided.



10

15

20

25

30

35

WO 2010/119112 PCT/EP2010/054991

RECOMBINANT AVIAN HERPES VIRUS VECTORS AND
VACCINE FOR IMMUNIZING WATERFOWL SPECIES

Technical field of the invention

[001] The present invention relates generally to the fields of immunology and vaccine
technology. The present invention specifically relates to vaccines for waterfowl
immunization based on live recombinant Marek's disease virus (hereinafter referred to as
rMDV), and more specifically recombinant herpes virus of turkeys (hereinafter referred to
as rHVT virus), which incorporates at least one nucleotide sequence encoding and
expressing an antigenic peptide of a pathogenic agent of waterfowl. Methods of

immunization are also provided.

Background of the invention

[002] Marek's disease virus (MDV) is the causative agent of Marek's disease, a common
lymphoproliferative disease of chickens. Marek’s disease (MD) is a highly contagious
disease in chicken flocks worldwide. Marek's disease virus (MDV) has been identified as
the etiologic agent of MD. MDV infects bursa-derived and thymus-derived lymphocytes in
chickens, and may subsequently induce a lymphoma of thymus-derived lymphocytes. MDV
is a designation of a family of avian herpes viruses. For example, MDV (MDV1) is a virulent
strain of herpes virus in chickens, SB-1 (MDV2) is a naturally attenuated herpes virus strain
in chickens, and HVT (MDV3) is a non pathogenic herpes virus commonly found in turkeys.

[003] In terms of host range, only chickens and turkeys were reported as being naturally
infected by MDV and HVT. Other birds were however up to now found refractory to the

disease or infection.

[004] Many waterfowl birds like ducks and geese are of economic importance, as they are
raised for meat, eggs, and feathers. Hence immunization of these birds against common
pathogens is a requirement to improve the quality of this poultry. Further, wild waterfowl,
the natural hosts of all known influenza A viruses, are the sources of viruses that cause
sporadic outbreaks of highly fatal disease in domestic poultry. The recent emergence of
highly pathogenic avian influenza (HPAI) strains in poultry and their subsequent
transmission to humans in Southeast Asia, with frequent outbreaks in poultry leading to the
destruction of hundreds of millions of animals, has raised concerns about the potential
pandemic spread of lethal disease. In order to contain such transmission of pathogenic

agents, it is important to immunize the natural hosts, namely the waterfowl.
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[005] The Applicant has surprisingly found that Marek’s disease virus (MDV) is capable of
infecting species of waterfowl and can replicate, maintain and survive in the infected
waterfowl hosts in the state of latent infection or persistent infection, thereby providing

effective vaccination means.

[006] The vaccines according to the present invention are thus able to achieve effective
vaccination of waterfowl, and have superior vaccination properties in that they can raise
long duration immunity to immunized waterfowl hosts. Therefore, adequate vaccination
effect is advantageously conferred to the waterfowl hosts by administering recombinant
HVT or MDYV into which genes of foreign antigens have been inserted.

Summary of the invention

[007] The present invention provides a recombinant Marek’s disease virus (rMDV),
specifically a recombinant herpes virus of turkey (rHVT ) for immunizing waterfowl species,
comprising one or more heterologous or homologous nucleotide sequences incorporated
into the viral genome, capable of encoding and expressing at least one antigenic peptide of
a pathogenic agent in cells of waterfowl species, and further capable of inducing a stable

and long lasting immune response against pathogens causing infection in waterfowl.

[008] The present invention also relates to vaccines for immunizing waterfowl species
comprising an effective immunizing amount of the rHVT or rMDV optionally formulated with

solvents, stabilizers, adjuvants, diluents, preservatives and other excipients.

[009] The present invention further relates to methods of immunizing waterfowl species

and vaccination kits.

Brief summary of the Figures

[0010] Figure 1 results of HVT specific PCR (samples collected at 4 weeks post-
vaccination). Abbreviations used: CA-ducks vaccinated with cell-associated HVT vaccine;
FD-ducks vaccinated with freeze-dried HVT vaccine. Samples are identified as vaccine
abbreviation/ organ sampled.

[0011] Figures 2A-2D correspond to the nucleotide sequences and deduced amino acid
sequences of the homology plasmid, p45CMVH5HUNMod4999 (SEQ ID NO: 1).
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[0012] Figure 3A shows a schematic diagram of the turkey herpes virus (HVT) genome
and the location of the Unique Long (UL) 44, UL 45 and UL 46 genes are marked. The
Donor gene was inserted at a PCR generated Sfil site between UL 45 and UL 46 in the
HVT genome.

[0013] Figure 3B shows a portion of UL 44, the entire UL 45 and a portion of UL 46 that
can be isolated on a 1.9-kilobase (kb) EcoRV-Xhol fragment of the HVT genome. A box
shows where a probe (insertion site probe or 45/46 probe) designed to bind to sequences
flanking the insertion site anneals to a 1.0-kb Pvul-Pvul fragment in a Southern blot.

[0014] Figure 3C shows the strategy of isolation of the insertion site sequence.

[0015] Figure 4A shows the isolation of the Hemagglutinin (HA) gene in the avian
influenza virus H5 subtype genome which consists of eight segments of negative-sense,
single stranded RNA. Also shown are the proteins expressed from each segment and the
functions of these proteins.

[0016] Figure 4B shows the HA gene that was amplified from the avian influenza virus
RNA genome by reverse transcriptase-polymerase chain reaction using a forward primer
and a reverse primer, which adds BamH| and Sall restriction enzyme sites to 5 and 3
ends, respectively. The cleavage site of the HA gene was altered to typical cleavage site
sequence of low pathogenic avian influenza strains. Modification of the cleavage site was
conducted by polymerase chain reaction

[0017] Figure 5 shows the construction of intermediate plasmid pGICMVpA. The
cytomegalovirus immediate early promoter (CMV promoter) and the SV40 polyA signal
sequence were inserted into the pUC18 vector.

[0018] Figure 6 shows the construction of the homology plasmid
p45CMVH5HUNMod4999.

[0019] Figure 7 shows the preparation of the regulated avian Influenza-Marek’s Disease
Vaccine, H5 Subtype, Serotype 3, Live Marek’s Disease Vector.

[0020] Figure 8 shows the production of the regulated avian Influenza-Marek’s Disease
Vaccine, H5 Subtype, Serotype 3, Live Marek’s Disease Vector.
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[0021] Figure 9 shows comparative results obtained from efficacy testing of recombinant
rHVT-AI/H5 vaccine in Muscovy ducks when challenged with H5N1 highly pathogenic
Avian Influenza clade 2 A/Duck/Hungary/1180/2006 vis-a-vis unvaccinated control birds.

Definitions

[0022] In the present invention, the term ‘recombinant” refers to recombinant DNA
technology, also called gene cloning or molecular cloning, which refers to techniques of
transfer of DNA from one organism to another.

[0023] The terms “recombinant herpes virus of turkeys” (rHVT) and/or recombinant Marek
Disease virus” (rMDV) are referred herein to an existing herpesvirus of turkeys whose
genome has been modified by insertion of at least one heterologous nucleic acid sequence,
i.e., DNA which corresponds to a gene or part thereof not identical to the nucleic acid
sequence of a gene naturally present in HVT or MDV. Alternatively, the rHVT or rMDV may
be genetically modified by the incorporation into the virus genome of a homologous nucleic
acid sequence, i.e., DNA which corresponds to a gene or part thereof identical of a gene
naturally present in HVT or MDV. It will be understood that the resulting recombinant HVT
(rHVT) and/or recombinant MDV (rMDV) can be manufactured by a variety of methods, and
once made, can be reproduced without use of further recombinant DNA technology. The
structure of the “recombinant herpes virus of turkeys” is therefore described in terms of
DNA insertion.

[0024] The term “waterfowl” species according to the present invention are intended to
mean birds that are adapted for swimming, floating on the water surface, and in some
cases diving in shallow water. More precisely, waterfowl species comprise birds of the
order of the Anseriformes, of the Anatidae family, such as ducks, geese and swans, and
belong to Anatinae, Anserinae, Stictonettinae, Tadorninae, or Dendrocygninae subfamily.
For example, the order Anseriformes contains about 170 species of birds in three families:
the Anhimidae (the screamers), Anseranatidae (the Magpie-goose), and the Anatidae,
which includes over 160 species of waterfowl. All species in the order are highly adapted
for an aquatic existence at the water surface. All are web-footed for efficient swimming
(although some have subsequently become mainly terrestrial). The scope of the invention
is extended to all birds covered under these broad families.

[0025] The term “adjuvant” is defined as one or more substances that cause stimulation of
the immune system. Adjuvants are agents that non specifically increase an immune

response to a particular antigen, thus reducing the quantity of antigen necessary in any
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given vaccine, and/or the frequency of administration necessary in order to generate an
adequate immune response to the antigen of interest. In this context, an adjuvant is used to
enhance an immune response to the vaccines of the present invention. An adjuvant may be
administered to the target animal before, in combination with, or after the administration of

the vaccine.

[0026] As used herein, the word “pathogenic” means the causing by a biological agent of a
disease or illness to its host, in this case specifically a waterfowl host.

[0027] The terms “untranslated regions” as used herein refer to a region of nucleotides that
has no ORF and do not define an amino acid sequence of protein to be expressed by
translation, and a region of nucleotides in which the ORF is not involved in any of
transcription, translation, or protein expression. The nucleotide sequences contained in this
region may be those that have substitutions, deletions, or additions of bases, unless they
include an ORF.

Detailed description of the invention

[0028] The present invention thus provides a recombinant Marek’s disease virus (rMDV),
specifically a recombinant herpes virus of turkey (rHVT ) for immunizing waterfowl species,
comprising one or more heterologous or homologous nucleotide sequences incorporated
into the viral genome, capable of encoding and expressing at least one antigenic peptide of
a pathogenic agent in cells of waterfowl species, and further capable of inducing a stable

and long lasting immune response against pathogens causing infection in waterfowl.

[0029] As long as being non-pathogenic to waterfowl, any Marek's disease virus (MDV) (for
example serotypes 1, 2, 3, CVI988, SB1 etc.) or specifically herpes virus of turkeys (HVT)
can be used in the present invention. MDV and HVT for use in the present invention may
thus include, but are not limited to, naturally occurring ones or those available from
depositories like ATCC, CNCM, etc... For instance, FC126 (ATCC VR-584B), PB-THV1, H-
2, YT-7, WTHV-1, or EPRS-26 strain is suitable for the backbone virus. Among these,
FC126 is most preferably used in the present invention because of its safe use in avian.

[0030] The genes of interest targeted for insertion into the genome of HVT or MDV may be
homologous or heterologous nucleotide sequences which are obtained from any
pathogenic organism which are capable of causing infection in waterfowl species. Typically,
the genes of interest may be derived from pathogens which cause diseases that have an
economic impact on the poultry industry. The genes of interest may also be derived from
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pathogens which are maintained in waterfowl and are transmitted to other poultry and non
poultry species through the waterfowl hosts. The genes may further be derived from
organisms for which there are existing vaccines, and because of the novel advantages of
the vectoring technology, the HVT or MDV derived vaccines are superior. In addition, the
genes of interest may be derived from pathogens for which there is currently no vaccine but
where there is a requirement for controlling the disease. Typically, the genes of interest
encode immunogenic peptides of a pathogen, and preferably represent surface proteins,
secreted proteins and structural proteins.

[0031] The homologous or heterologous nucleotide sequence for insertion into the MDV or
HVT genome may thus be any sequence coding for an antigenic peptide of waterfowl
pathogenic agents. The nucleic acid sequence according to the present invention can be
derived from any source, e.g., viral, prokaryotic, eukaryotic or synthetic. Said nucleic acid
sequence may be derived from a pathogen, preferably a pathogen of waterfowl species,
which after insertion into the viral genome can be stably expressed to induce immunity
against waterfowl diseases.

[0032] The heterologous or homologous nucleotide sequence may encode for example an
antigenic peptide derived from avian influenza virus, avian paramyxovirus type 1
(Newcastle disease virus, NDV), avian metapneumovirus, Marek's disease virus, Gumboro
disease virus (infectious bursal disease virus: IBDV), goose and Muscovy duck
parvoviruses, duck virus enteritis herpes virus, goose herpes virus, duck hepatitis virus type
1, 2 and 3, goose haemorrhagic polyomavirus, duck and goose adenoviruses, goose and
duck circoviruses, West Nile virus, goose and Muscovy duck reoviruses, Escherichia coli,
Salmonella species, Pasteurella multocida, Riemerella anatipestifer, Ornithobacterium
rhinotracheale, Mycoplasma gallisepticum, Mycoplasma synoviae, Mycoplasmas

microorganisms infecting waterfowl species or coccidian.

[0033] In a first embodiment, such heterologous or homologous nucleotide sequence may
be for example the surface protein hemagglutinin (HA) and/or neuraminidase (NA) of the
influenza virus, the protein of the Marek's disease virus, especially gB, gC, gD, gH and/or
gL, the F and/or HN protein of the Newcastle disease virus, the VP1, VP2, and/or VP3
protein of goose and Muscovy duck parvoviruses, any of the structural proteins of goose
and Muscovy duck reoviruses, the VP1 protein of goose haemorrhagic polyomavirus, the
antigens of goose and duck virus enteritis herpes virus, the antigens of duck and goose
adenovirus, the capsid proteins of circoviruses, or the VP2 protein of IBDV.
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[0034] In another specific embodiment, such heterologous or homologous nucleotide may
encode a non-glycosylated NXB amino acid sequence wherein N is an asparagine, X is any
amino acid other than proline, and B is a threonine as described in US 6,936,707, and
which is capable of exhibiting a high immunogenicity.

[0035] In another embodiment, the heterologous or homologous nucleotide sequence may
also be fusion proteins comprising a peptide having the antigenicity of Mycoplasma
gallisepticum and a peptide derived from herpes virus outer membrane protein as
described in US 7,348,422.

[0036] In yet another preferred embodiment the rHVT or rMDV may further comprise a
second heterologous nucleotide sequences encoding for a second antigen or immune

modulators such as lymphokines, interferons, or avian cytokines.

[0037] In order to construct a recombinant MDV or HVT virus of the present invention,
initially, the above virus is propagated in a suitable host cell and then the genomic DNA is
obtained. The host and the conditions for propagating the virus are selected as appropriate.
As host cells, cells derived from chicken are preferred, and CEF (chick embryo fibroblast),
chicken kidney cells, and the like, can be used. It may be cultured in a culture medium
such as Eagle's MEM, Leibowitz-L-15/McCoy 5A (1:1 mixture) culture medium at about
37°C for 3 to 4 days.

[0038] DNA is extracted from the virus infected cells cultured as above according to a
conventional method. Thus, the cells grown in monolayers are scraped, and then spun to
harvest the supernatant. After protein is denatured in the lysis buffer and removed, DNA is
extracted with phenol and ethanol.

[0039] Gene cloning and plasmid construction is well known to one person of ordinary skill
in the art and may be essentially performed by the standard molecular biology techniques
(Molecular Cloning: A Laboratory Manual. 3rd Edition, Cold Spring Harbor Laboratory
Press, Woodbury, N.Y. 2001). Sequences for insertion into the virus may be derived from
any suitable plasmid, cosmid or phage, plasmids being most preferred, and containing at
least one heterologous or homologous nucleic acid sequence, if desired operably linked to

a promoter.

[0040] The promoter used may be either a synthetic or natural, endogenous or
heterologous promoter, and is not limited as long as it can effectively function in cells of
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waterfowls infected with rHVT or rMDV. Hence the choice of a promoter extends to any
eukaryotic, prokaryotic or viral promoter capable of directing gene transcription in cells of
waterfowl infected by the recombinant HVT or MDV. Various promoters may be used, such
as for example the chicken beta-actin promoter, the modified chicken beta-actin promoter
as described in US 6,866,852, the immediate early CMV (cytomegalovirus) promoter, the
SV40 early promoter, the pseudorabies virus immediate early promoter (PRV IE), the
thymidine kinase (TK) or glycoprotein X (gX) promoter, the herpes simplex alpha-4
promoter, the protein gB promoter of the virus of Marek’s disease, the promoter originating
from the RSV virus (Rous sarcoma virus) LTR sequence, as well as MDV or HVT
promoters, such as the promoters of the gB, gC, TK, RR2, or any fragment thereof which
retain a promoter activity. Among the promoters mentioned, preferred promoters are strong
promoters such as for example, the chicken beta-actin promoter, the immediate early CMV
(cytomegalovirus) promoter, and the SV40 early promoter, which have shown some degree
of efficacy, as well as promoters belonging to some genes of the Marek viruses, in
particular of serotype 3.

[0041] The homologous or heterologous nucleotide sequences coding for the antigens of
interest for the said waterfowl disease, may thus be operably linked to a promoter as
described above and further inserted into the insertion region of the viral genome. Insertion
region is understood to mean, in particular, insertion without deletion or with deletion of a
few bases for the intergenic regions, and with total or partial deletion or without deletion for
the ORFs.

[0042] The homologous or heterologous nucleotide and promoter sequence may be
inserted for example into the TK region as described by Ross L. Et al. Gen. Virol., 74:371-
377 (1993). Preferably, the nucleotide and promoter sequences are inserted into an
untranslated region of the viral genome. Generally, an untranslated region of the genomic
DNA is identified and then the homologous or heterologous nucleotide sequence described
above is inserted into the region.

[0043] Examples of insertion sites are selected between UL44 and UL45, between UL45
and UL46, between UL41 and UL42, between UL40 and UL41, a region located
downstream of the gB gene, between UL53 and UL54, or between UL36 and UL37. They
are described for HSV-1 in the Proceedings of the 16th Herpes Virus Workshop (held at
Pacific Grove in California, U.S.A., on Jul. 7-12, 1991). Among these, preferred sites are
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between UL45 and UL46 and in a region located downstream of the gB gene for which
homology, and more preferably between UL45 and UL46.

[0044] Said nucleic acid sequence and promoter are introduced into a fragment of genomic
HVT or MDV DNA containing insertion region sequences as defined herein subcloned in
the recombinant DNA molecule. The insertion region sequences which flank the
heterologous or homologous nucleic acid sequence are generally of appropriate length so
as to allow in vivo homologous recombination with the viral genome. If desired, a construct
can be made which contains two or more different heterologous or homologous nucleic
acid sequences, e.g., derived from the same or different pathogens, said sequences being
flanked by insertion region sequences of HVT or MDV defined herein. Such a recombinant
DNA molecule can be employed to produce recombinant HVT or MDV which expresses
two or more different antigenic peptides to provide a multivalent vaccine. Secondly, cells
may be transfected with viral DNA in the presence of the recombinant DNA molecule
containing the heterologous or homologous nucleic acid sequence flanked by appropriate
HVT sequences whereby recombination occurs between the insertion region sequences in
the recombinant DNA molecule and the insertion region sequences in HVT. Recombination
can also be brought about by transfecting the infected cells with a nucleic acid sequence
containing the heterologous or homologous nucleic acid sequence flanked by appropriate

flanking insertion region sequences without recombinant DNA molecule sequences.

[0045] In order to insert a foreign gene in an untranslated region of HVT or MDV, it is
necessary to clone a sequence containing the untranslated region into a plasmid in
advance, but the plasmid is not limited. For example, there can be mentioned plasmids
such as pBR322, pBR325, pBR327, pBR328, pUC18, pUC19, pUC7, pUCS8, and pUC9,
and phages such as lambda phage and M13 phage, and cosmids such as pHC79.

[0046] An untranslated region obtained as mentioned above is integrated into these
plasmids according to a conventional method. In order to insert one or more heterologous
or homologous nucleotide sequence into the untranslated region integrated as above,
mutation may be carried out at a specific site of the untranslated region that was cloned in
a plasmid as above to make a new cleavage site for restriction enzymes, and then the
foreign gene is inserted into the site. A method of carrying out mutation may be a
conventional method, and a method commonly used by a person skilled in the art such as
in vitro mutagenesis and PCR can be used. Thus, in the PCR method, a mutation such as
the deletion, replacement, or addition of 1 to 2 nucleotides in the PCR primer is carried out,
and the primer is then used to create a mutation.
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[0047] A plasmid in which one or more heterologous or homologous nucleotide sequence
has been inserted into the HVT or MDV untranslated region obtained as above is
introduced into an HVT-infected cell using electroporation, calcium phosphate, a lipofectin-
based method, a gene gun method or the like. Because of the high efficiency of
introduction, electroporation or a method employing lipofectin is preferred. When the
amount of the plasmid to be introduced is in the range of 0.1 to 1000 pg, the efficiency of
generation of recombinant viruses by recombination between the homologous regions of

HVT-DNA and the plasmid becomes high in cells.

[0048] Recombinant viral progeny is thereafter produced in cell culture and can be selected
genotypically or phenotypically using known techniques of selection, e.g., by hybridization,
detecting enzyme activity encoded by a gene co-integrated along with the heterologous or
homologous nucleic acid sequence or detecting the antigenic peptide expressed by the
recombinant HVT or MDV immunologically. The selected recombinant HVT or MDV can be
cultured on a large scale in cell culture after which, recombinant HVT or MDV containing
peptides can be collected.

[0049] For enabling selection of rHVT or rMDV, several markers may be integrated into the
untranslated region of the plasmid. Examples of such an enzyme gene include [-
galactosidase gene. Therefore, by culturing cells infected with a virus that has integrated
such a gene, in a culture medium supplemented with a specific substrate, it is possible to
select virus-infected cells. By repeating this procedure, recombinant viruses can be
purified.

[0050] The resulting recombinant viruses of the present invention may be propagated in
cell cultures in which said recombinant virus can propagate and grow. After required growth
of the viruses is achieved the cells are detached from the wells using a scraper or with
trypsin and separate the infected cells are separated from the supernatant by

centrifugation.

[0051] In preferred embodiments of the invention, CEF, embryonated egg, chicken kidney
cell, and the like may be used as the host cells for the propagation of rHVT or rMDV.
Recombinant viruses of the present invention may be cultured in a culture medium such as
Eagle's MEM, Leibowitz-L-15/McCoy 5A (1:1 mixture) culture medium at about 37° C for 3
to 4 days. The infected cells thus obtained are suspended in a culture medium containing
10% dimethyl sulfoxide (DMSO) and stored frozen under liquid nitrogen.
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[0052] For use as vaccine, the above frozen product may be dissolved in 100 volumes of
phosphate buffer prior to use. Stabilizers and other components for use in storing said
infected cells under liquid nitrogen are not limited as long as they enable the virus-infected
cells to grow stably and they are pharmaceutically acceptable.

[0053] The present invention also provides a vaccine for immunizing waterfowl species
comprising an effective amount of recombinant MDV or HVT carrying in their genome at
least one heterologous or homologous nucleotide sequence encoding and expressing in
cells of waterfowl species at least one antigenic protein as described above.

[0054] A recombinant HVT or MDV according to the invention may be preferably used as a
live vaccine although other alternatives like inactivated vaccines or attenuated vaccines are

well within the skill of a person skilled in the art.

[0055] As demonstrated by the Applicant, rHVT or rMDV vector elicited long lasting
protective immunity against waterfowl diseases. Particularly, as demonstrated in the
Examples, the recombinant viral vector is capable of infecting and replicating in waterfowl
cells in bursa, spleen, thymus and feather follicles. In particular, rHVT or rMDV have the
property of permanently surviving in the body of the vaccinated waterfowl in the state of
latent infection and thereby generating a long-lasting protection during the whole life of

vaccinated waterfowl.

[0056] Recombinant HVT or MDV according to the invention may contain and express one
or more different heterologous peptides or proteins can serve as a monovalent or
multivalent vaccine. They may also be mixed with other viral or bacteria so as to constitute
polyvalent or multivalent immunogenic preparations or multivalent vaccines. The viral or
bacterial are selected from avian pathogens characteristic of the waterfowl species to be
vaccinated. The present invention still further also relates to a polyvalent or multivalent
vaccine comprising, as a mixture or to be mixed, at least two live rHVT vaccines as defined
above, which vaccines comprise different inserted sequences, in particular from different
pathogens. For example the vaccine of the invention may incorporate more than one
antigen derived from more than one waterfowl pathogens, such as an antigen derived from
the avian influenza (Al) virus and from the Newcastle disease virus. Alternatively, the
multivalent vaccine may comprise a rHVT or rMDV vector carrying more than one
heterologous or homologous nucleotide sequence encoding an antigenic peptide or protein
for example under the control of a bidirectional promoter.
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[0057] The vaccine according to the present invention may further comprise a suitable
solvent, such as for example an aqueous buffer or a phosphate buffer. Preferably, the
vaccine also comprises an adjuvant. Adjuvants of the present invention may be obtained
from any of a number of sources including from natural sources, recombinant sources,
and/or be chemically synthesized, etc. Examples of adjuvants include chemical and
polypeptide immunostimulants which enhance the immune system response to antigens.
Such adjuvants may include for example, Freund's complete or incomplete adjuvant,
mineral gels, aluminum compounds such as aluminum hydroxide, aluminum phosphate,
and alum; surfactants, such as hexadecylamine, octadecylamine, lysolecithin,
dimethyldioctadecylammonium  bromide, N,N-dioctadecyl-N',N"-bis  (2-hydroxymethyl)
propanediamine, methoxyhexadecylglycerol, and pluronic polyols; polyanions, such as
pyran, dextran sulfate, poly IC, polyacrylic acid; peptides, such as muramyl dipeptide,
dimethylglycine and tuftsin; and oil emulsions, plant and animal oils as well as mineral oils,
water in oil emulsions bacterial toxins, chitin derivatives and chitosan, polymers, ISCOM's
(immune stimulating complexes), vitamins and minerals (including but not limited to: vitamin
E, vitamin A, selenium, and vitamin B12), Quil A (saponins), polymers of acrylic acid cross-
linked with polyalkenyl ethers or divinyl glycol, bacterial and fungal cell wall components
(e.g., lipopolysaccarides, lipoproteins, glycoproteins, muramylpeptides, beta-1,3/1,6-
glucans), various complex carbohydrates derived from plants (e.g., glycans, acemannan),
various proteins and peptides derived from animals (e.g., hormones, cytokines, co-
stimulatory factors), and novel nucleic acids derived from viruses and other sources (e.g.,
double stranded RNA, CpG), and the like which are administered with the vaccine in an
amount sufficient to enhance the immune response. A preferred adjuvant according to the
present invention is the chitosan. In addition, any number of combinations of the
aforementioned substances may provide an adjuvant effect, and therefore, can form an

adjuvant of the present invention.

[0058] The vaccines of the present invention may further be formulated with one or more
further additives to maintain isotonicity, physiological pH and stability, for example, a buffer
such as physiological saline (0.85%), phosphate-buffered saline (PBS), citrate buffers,
Tris(hydroxymethyl aminomethane (TRIS), Tris-buffered saline and the like, and/or a
preservative such as thiomersol, formalin, glutaraldehyde, or an antibiotic, for example,

neomycin or streptomycin, etc.

[0059] The method of administration may be selected by the skilled artisan.
Waterfowl vaccines of the present invention is readily administered by any route including
oral, ocular(e.g., by eyedrop), oculo-nasal administration using aerosol, intranasal, Cloacal
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in feed, in water, or by spray, in ovo, topically, or by injection (e.g., intravenous,
subcutaneous, intramuscular, intraorbital, intraocular, intradermal, and/or intraperitoneal)
vaccination. The skilled artisan will appreciate that the vaccine composition is preferably
formulated appropriately for each type of route of administration. For instance, the vaccine
composition may be administered to post-hatch, young (few days to several weeks old)
birds via drinking water, spraying or eye drops. In ovo administration is also contemplated
herein. For example, embryos may be inoculated at a suitable time before hatch.

[0060] Each vaccine dose may contain a suitable dose sufficient to elicit a protective
immune response in waterfowl species. Optimization of such dose is well known in the art.
The amount of antigen per dose may be determined by known methods using antigen/anti-
body reactions, for example by the ELISA method.

[0061] The program for immunizing or vaccinating waterfowl may in particular comprise
one or two administration(s) to waterfowl. A booster administration may also be given.
Those skilled in the art have the competence necessary to define precisely the number of
injections and the doses of each vaccine to be used for each vaccination protocol.

[0062] The vaccines of the present invention are further advantageous in that they can be
used to ensure total protection of waterfowl against various diseases by immunizing birds

as young as one-day old, at very low doses, without any side effects.

[0063] More particularly, the vaccine confers to waterfowl species at least 20% to 30%
protection against the challenge of infectious diseases, after 2 weeks of vaccination, and at
least 50% to 60% protection against the challenge of infectious diseases, after 5 to 6 weeks
of vaccination. Preferably, the vaccine according to the present invention confers to
waterfowl species up to 80% to 100% protection against the challenge of infectious
diseases, after 5 to 6 weeks of vaccination.

[0064] The above described active immunization protocol against specific pathogens may
be applicable to elicit protective immunity in waterfowl species. Further, waterfowl already
infected with a specific pathogen can be also be treated with antiserum comprising
antibodies evoked by a recombinant HVT or MDV carrying a heterologous or homologous
gene encoding pathogenic antigen, according to the present invention. Antiserum directed
against a recombinant HVT or MDV according to the invention can be prepared by
immunizing waterfowl with an effective amount of said recombinant HVT in order to elicit an
appropriate immune response. Thereafter the animals are bled and antiserum can be
prepared. The present invention thus comprises antiserum directed against rHVT or rMDV
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obtainable by immunizing waterfowl with an effective amount of rHVT or rMDV and by
bleeding the waterfowl for use as a veterinary drug.

[0065] In a preferred embodiment of the present invention, rHVT or rMDV carry and
express a nucleotide sequence encoding the hemagglutinin (HA) glycoprotein of avian
influenza virus under the control of an endogenous or heterologous promoter. Such rHVT
or rMDV containing a heterologous nucleotide sequence encoding HA is thus particularly

useful for use as a veterinary drug for protecting waterfowl against influenza.

[0066] Influenza viruses that infect birds are called avian influenza viruses, or influenza A.
Only influenza A viruses infect birds, and all known subtypes of influenza A viruses can
infect birds. Avian influenza viruses circulate among birds worldwide. Certain birds,
particularly waterfowls, act as hosts for influenza viruses by carrying the virus in their
intestines and shedding it. Infected birds shed virus in saliva, nasal secretions, and feces.
Susceptible birds can become infected with avian influenza virus when they have contact
with contaminated nasal, respiratory, or fecal material from infected birds. Fecal-to-oral
transmission is the most common mode of spread between birds. Most often, the wild birds
that are host to the virus do not get sick, but they can spread influenza to other birds.
Infection with certain avian influenza A viruses (for example, some H5 and H7 strains) can
cause widespread disease and death among some species of domesticated birds.
Domesticated birds may become infected with avian influenza virus through direct contact
with infected waterfowl or other infected poultry, or through contact with surfaces (such as
dirt or cages) or materials (such as water or feed) that have been contaminated with virus.
People, vehicles, and other inanimate objects such as cages can be vectors for the spread
of influenza virus from one farm to another. When this happens, avian influenza outbreaks

can occur among poultry. Influenza A viruses can also infect humans as well as other hosts

including pigs, whales, horses, seals and so on.

[0067] Avian influenza viruses are classified in the family Orthomyxoviridae, genus
Influenza virus 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 neuraminidase (NA), and two
proteins are non structural. 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.
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[0068] Avian influenza A viruses are categorized into two pathotypes based on their
pathogenicity: highly pathogenic avian influenza (HPAI) viruses and low pathogenic 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.

[0069] 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 H5N1
subtype. Most preferably the HA gene is obtained from influenza virus H5N1
(swan/Hungary/4999/2006) strain. The nucleotide and corresponding amino acid
sequences are provided in Figure 2C.

[0070] Alternatively, the HA gene is obtained from the avian influenza Vvirus
A/Turkey/Wisconsin/68 (H5N9) strain. A nucleotide sequence of the HA gene from the
A/Turkey/Wisconsin/68 (H5N9) strain is described in US patent application 2008/0241188.
This sequence 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 Accession# U79456) by several bases.

[0071] According to this preferred embodiment of the present invention, a promoter is
operably linked to the HA gene in the viral genome, typically at the 5' region of the HA
gene, to control expression of the HA gene and the generation of the HA protein.
Preferably, the HA gene is under control of the cytomegalovirus immediate early promoter
(CMV promoter), the chicken beta-actin promoter (T.A. Kost et al., 1983, Nucleic Acids
Res. 11:8287-8301), or a modified 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, GenBank Accession# K03104). Alternatively, the CMV promoter
may have a sequence slightly modified from the original sequence as shown in US
2008/0241188.

[0072] Also, the region of insertion may be a region in the viral genome which is not
essential for virus growth as described above. 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. As described above, the HA gene and the CMV
promoter 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
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gene and the CMV promoter are inserted into the inter-ORF region between UL45 and
UL46.

[0073] 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 vaccine against avian influenza
and Marek's disease or as a monovalent vaccine against avian influenza. In addition, the
vaccine of the present invention can be used in a mixture with any recombinant or non-

recombinant viruses such as the MDV serotype 1 or serotype 2 vaccine strains.

[0074] The recombinant HVT or MDV expressing one or more different heterologous or
homologous peptides of specific pathogens and vaccines according to the invention are
particularly useful for vaccinating waterfowl species as described above, particularly of the
order of the Anseriformes, including those of the Anatidae family, such as ducks, geese
and swans, and of the Anatinae, Tadorminae, and Dendrocygninae subfamilies,
susceptible to these pathogens.

[0075] As demonstrated in the Examples below, vaccination with such a live vector vaccine
is followed by replication of the recombinant HVT within the inoculated host, expressing in
vivo the heterologous or homologous peptide or protein in waterfowl cells. The
heterologous or homologous immunogenic peptides or proteins then elicited a stable long
lasting immunological response. If the antigenic peptide or protein derived from a specific
pathogen can stimulate a protective immune response, then the waterfowl inoculated with a
recombinant HVT according to the invention will be immune to subsequent infection by that
pathogen as well as to infection by MDV. Thus, a heterologous or homologous nucleic acid
sequence incorporated into the insertion region of the HVT genome according to the
invention may be continuously expressed in vivo, providing a stable, safe and long lasting
immunity to a pathogen.

[0076] The present invention further relates to the use of the vaccine as described above
for immunizing waterfowl species and to method of immunizing waterfowl species by
administering an immunologically effective amount of the vaccine according to the
invention. The vaccine may be advantageously administered to waterfowl species
intradermally, subcutaneously, intramuscularly, orally, in ovo, by mucosal administration or

via oculo-nasal administration.

[0077] The present invention finally relates to vaccination kits for immunizing waterfowl
species which comprises an effective amount of the rHVT or MDV vaccine as described



10

WO 2010/119112 PCT/EP2010/054991
17

above and a means for administering said components to said species. Such kit may
comprise an injection device filled with the rHVT or rMDV vaccine according to the
invention and instructions for intradermic, subcutaneous, intramuscular, or in ovo injection.
Alternatively, the kit comprises a spray/aerosol or eye drop device filled with the rHVT or
rMDV vaccine according to the invention and instructions for oculo-nasal administration,

oral or mucosal administration.

[0078] The following Examples describe in details the methods and techniques illustrative
of the present invention.
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EXAMPLES

Example 1: The HVT vaccine

Two commercially available HVT (Turkey herpesvirus, MDV serotype 3) vaccines were
tested: a cell-associated HVT vaccine (Marek HVT serotype 3 live virus, Wineland) and a
freeze-dried HVT vaccine (Bio Marek HVT, Fatro).

Example 2: Animal and experimental groups

Thirty two day-old male ducks (a sterile, intergenetic cross of Pekin and Muscovy ducks)
were used in the experiment. Sixteen ducks were vaccinated with cell-associated vaccine,
other sixteen with freeze-dried vaccine. Both vaccines were administered subcutaneously,

on day one.

Example 3: HVT virus detection by PCR

Four ducks from each group were sampled weekly (at 7, 14, 21 and 28 days post-
vaccination). Bursa Fabricii, spleen, thymus and feather tip samples were collected at each
date (feather tips only from 14 days p.v.) and tested for the presence of HVT vaccine virus.
Organ samples were homogenized in sterile PBS to obtain a 10 m/v % suspension. DNA is
purified using QIAmp® DNA Mini Kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions. PCR is performed using primers specific to HVT viruses. A 505
nucleotide long segment of the US3 gene (position 4245-4227) was amplified according to
the method described by Handberg et al. (Avian pathol. (2001) pp 243-249). PCR products
were analysed on 1.5% agarose gel after ethidium-bromide staining. HVT negative and
positive control samples were included in all tests.

Example 4: Vaccination of waterfowl species
Vaccine virus were detected from 7 (internal organs) or 14 days (feathers) post-inoculation
from all birds vaccinated either with the cell-associated or the freeze-dried vaccine. Results

are summarized in the following tables and shown in Figure 1.

Table 1: Detection of HVT vaccine virus by PCR in different organs of ducks after
vaccination with cell-associated vaccine

Sampling date Organs tested
(day p.v.) Bursa Spleen Thymus Feather tip
7 Postive Positive Positive Not tested
14 Positive Positive Positive Positive
21 Positive Positive Positive Positive
28 Positive Positive Positive Positive
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Table 2: Detection of HVT vaccine virus by PCR in different organs of ducks after
vaccination with freeze-dried vaccine

Sampling date Organs tested
(day p.v.) Bursa Spleen Thymus Feather tip
7 Positive Positive Positive Not tested
14 Positive Positive Positive Positive
21 Positive Positive Positive Positive
28 Positive Positive Positive Positive

Example 5: Preparation of HVT-DNA

HVT-DNA was prepared essentially according to the method of Lee et al. (J. of Virol,
7:289-294 (1971)). HVT(FC-126 strain) infected cells (5x10” cells) were cultured in a
Leibowitz-L-15/McCoy 5A (1:1) mixed medium in a 16 cm diameter culture dish at 37° C for
4 days. After completion of inclubation, cells were scraped by a scraper and then
centrifuged at low speed (2,000 rpm, 5 minutes). After discarding the supernatant, a lysis
buffer (0.15 M NaCl, 0.1 M EDTA, 1% SDS, 100 pg/ml proteinase K) in an amount 10 times
that of the precipitated infected cells was added. After incubating over night at 37° C, an
equal amount of phenol was added to denature proteins, and this procedure was repeated
twice for extracting HVT-DNA. The DNA extracted was collected by ethanol precipitation.

Example 6: Construction of pNZ45/46Sfi

Based on the information on the gCh gene (Coussens et al., J. Virol., 62:2373-2379 (1988))
of the MDYV serotype 1 and the flanking EcoRI-BamHI| fragment (Japanese Unexamined
Patent Publication (Kokai) No. 6-292583) of the BamHI-B fragment, synthetic DNAs
(primers 1 to 4) were designed to introduce a Sfil site between the ORF. The above article
by Coussens et al. describes UL44 and 45, whereas Japanese Unexamined Patent
Publication Asokai) No. 6-292583 describes UL46. Using the primers as described below,
PCR was carried out and an amplified product was cloned into pUC18.

From the HVT-FC126-infected CEF, DNA was harvested by the method of Example 5, and
100 ng of the DNA was used as the template. Furthermore, using a “primer set A”
consisting of primer 1 (CCCCGAATTC ATGGAAGAAA TTTCC; SEQ ID NO: 2) and primer
2 (CGCGCGCCTT ATTGGCCAAA ACACACCTCT AACGGTTACT; SEQ ID NO: 3) (50
pmol each) and a “primer set B” consisting of primer 3 (GCGCGGCCAA TAAGGCCAA
ACACAGTAAC CGTTAGAGGT; SEQ ID NO: 4) and primer 4 (CCCCAAGCTT
TCAAGTGATA CTGCGTGA; SEQ ID NO: 5) (50 pmol each), PCR was carried out by a
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conventional method. The reaction was stopped at the 30th cycle and about 1 pg each of
the amplified products was obtained.

Using a mixture of these two PCR products (mixed ratio 1:1, 100 ng of each is mixed) as
the template, 30 cycles of PCR (one cycle comprising 45° C. for 1 minute, 60°C for 2
minutes, and 73° C for 3 minutes) were carried out using primer 1 and primer 4, and
thereby a Sfil site was introduced in between the ORFs of UL45h and UL46h. The amplified
product thus obtained was cleaved with EcoRI and Hindlll, and the fragment was inserted
into the EcoRI-HindlIl site of pUC18 using 4 units of T4 ligase by incubating at 16°C for 30
minutes to construct pNZ45/46Sfi.

Example 7: Construction of pNZ44/45sfi

As in Example 6, using DNA (10 ng) obtained from the HVT-FC126 strain-infected CEF as
a template, and using a “primer set C” consisting of primer 1 and primer 5 (GCGCGGCCAA
TAAGGCCAAC ATCGGGACGT ACATCAT; SEQ ID NO: 6) (50 pmol each) and a “primer
set D” consisting of primer 6 (GCGCGGCCTT ATTGGCCTTA AATACCGCGT
TTGGAGTAAA; SEQ ID NO: 7) and primer 4 (50 pmol each), PCR was carried out as in
Example 6. Amplified products of about 10 pg each were obtained.

Using a mixture of these two PCR products (mixed ratio 1:1, 100 ng of each is mixed) as a
template, PCR is carried out using primer 1 (50 pmol) and primer 4 (50 pmol) as in
Example 6, and thereby a Sfi site was introduced in between the ORFs of UL44h (gCh of
HSV-1 or gCh (gA) of MDV1) and UL45h.

The product was cleaved with EcoRI and HindlIl, and the fragment obtained was inserted
into the EcoRI-Hindlll site of pUC18 as in Example 6 to construct pNZ44/455fi.

Example 8: Construction of pG1MCSpolyASfi

(1) Construction of donor plasmid pGTPs

A synthetic DNA (5'-AGCTGCCCCCCCCGGCAAGCTTGCA-3' (SEQ ID NO: 8) was
inserted into the Hindlll-Pstl site of pUC18, and this portion was then repaired to double
strand using DNA polymerase. Further a synthetic DNA (5'-TCGACATTTTTATGTAC-3'
SEQ ID NO: 9) was inserted into the Sall-Kpnl site of the plasmid obtained, which was
similarly repaired to double strand with DNA polymerase. Furthermore, an annealed
product of two synthetic DNA: 5-AATTCGGCCGGGGGGGCAGCT-3' (SEQ ID NO: 10)
and 5-GCCCCCCCGGCCG-3' (SEQ ID NO: 11) was introduced to the Sacl-EcoRl site of
the plasmid. Finally, an about 140 bp DNA fragment obtained by digesting the plasmid
pNZ1729R (Yanagida et al., J. Virol., 66:1402-1408 (1992)) with Hindlll and Sacl was
inserted to the Hindlll-Sacl site of this plasmid, to construct a plasmid pGTPs.
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(2) Construction of pGIMCSpolyASfi

PuC18 was cleaved with Dral, and an Xhol linker (manufactured by Takara Shuzo) was
inserted therein as in Example 6 to construct pUC18X in which an Xhol site had been
introduced.

This pUC18X was cleaved with Hindlll and Pstl, to which synthetic DNA 1
(AGCTTGCCAATAAGGCTGCA; SEQ ID NO: 12) and synthetic DNA 2 (ATGGCCCGCC
GGCTGACCGC; SEQ ID NO: 13) were annealed to create a fragment. This was inserted
into the above Xhol site using T4 ligase (manufactured by Takara Shuzo) to construct
pU18XG.

In order to introduce a poly A addition signal and a Sfil site into the Kpnl-EcoRI site of
pU18XG, a fragment prepared by annealing a synthetic DNA 3 (GCGGTCAGCC
GGCGGGCCAT; SEQ ID NO: 14) and synthetic DNA 4 (GGTAAACTGC AGACTTGGCA
GT; SEQ ID NO: 15) was inserted using T4 ligase to construct pUCpolyASfi. Into the Rpnl-
BamHI site of this pUCpolyASfi, a 36 bp Kpnl-BamHI fragment of pGTPs described in
Example 4(1) was inserted to construct pMCSpolyASfi. Into the HindllI-Pstl site of this
pMCSpolyASfi, synthetic DNA 5 (ACTGCCAAGT CTGCAGTTTA CC; SEQ ID NO: 16) was
inserted as in Example 6 to construct pGIMCSpolyASfi.

Example 9: Construction of pRSV and pCMV

An about 600 bp of Nsil-Nhel fragment containing the RSV promoter excised from pBK-
RSV by double digestion with Nsil and Nhel was inserted as in Example 6 into the Pstl-
Xbal site of PGIMCSpolyASfi that was obtained in Example 8, to construct pRSV.

Similarly, a Nsil-Nhel fragment containing the CMV promoter of pBK-CMV was excised,
and was introduced as in Example 6 into the Pstl-Xbal site of pGIMCSpolyASfi that was
obtained in Example 8, to construct pCMV.

Example 10: Construction of pCMV-HN

(1) Deletion of Bgll Sites from the CMV Promoter of pCMV

Since three Bgll sites were present in the CMV promoter of pCMV, PCR was carried out as
described below to introduce mutation so as to delete the Bgll sites. Mutation was carried
out in the following manner.

Using pCMV (100 ng) constructed in Example 9 as a template, PCR was carried out under
the same conditions as in Example 6 using a primer set E consisting of primer 7 and primer
8 and a primer set F consisting of M13P7 primer (manufactured by Toyoboseki Co., Ltd.)
and primer 9. About 10 pg of each of the amplified products was obtained.
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Amplified products (100 ng each) obtained using the above 2 primer sets were mixed at a
mixed ratio of 1:1. With the mixture as a template, PCR was carried out as in Example 2
using M13P7 primer and primer 8 to obtain about 10 pug of PCA product (1).

Similarly, with pCMV (100 ng) as a template, PCR was carried out as in Example 2 using a
primer set E consisting of primer 10 and primer 11 (GGCATAATGC ATGGCGGGCC AT;
SEQ ID NO: 17), and primer 12 (ATGGCCCGCC ATGCATTATGCC; SEQ ID NO: 18) and
M13P7 primer (manufactured by Toyoboseki Co., Ltd.).

Similarly with the 1:1 mixture of 100 ng each of the products of these two primer sets as a
template, PCR was carried out, this time, using primer 10 and M13P8 primer to obtain an
about 10 pg of PCR product (2).

Furthermore, the PCR product (1) and the PCR product (2) were mixed. Then using M13P7
primer and M13P8 primer, PCR was carried out as in Example 6 to obtain a CMV promoter
in which the Bgll sites were deleted.

(2) Construction of pUCCMV

Also, an about 600 bp of Nsil-Nhel fragment containing the CMV promoter of pBK-CMV
was inserted into the Pstl-Xbal site of pUC19 as in Example 6 to construct pUCCMV.

(3) Construction of pNZ87

(3-1) Construction of a Plasmid (pNZ76) in which the B-galactosidase Gene was ligated to
7.5K Promoter.

After digesting 10 pg of pMA001 (Shirakawa et al., Gene. 28:127- (1984)) with BamHl|, it
was extracted with phenol:chloroform (1:1), followed by ethanol precipitation to collect the
B-galactosidase gene (about 3.3 kb).

On the other hand, after digesting 0.3 pg of pUC19 with BamHlI, it was extracted with
phenol:chloroform, followed by ethanol precipitation. The product was ligated to the B-
galactosidase gene prepared as above to create a hybrid plasmid pNZ66.

40ug of pUWP-1 (a plasmid containing the promoter of DNA encoding a 7.5KDa peptide of
a vaccinia virus WR strain) was digested with Hpall and EcoRlI, subjected to 1.5% low-
melting point agarose gel electrophoresis (70 V, 6 hours) to separate an about 0.26 kb
fragment containing 7.5K promoter, which was then extracted with phenol:chloroform (1:1),
and then precipitated with ethanol to collect DNA. The adhesive end of the DNA fragment
was blunt-ended using DNA polymerase. After digesting 0.3 pg of pNZ66 with Hincll, it was
extracted with phenol:chloroform, followed by ethanol precipitation to collect a fragment, to
which was ligated about 0.26 kb of the 7.5K promoter gene mentioned above, and the
hybrid plasmid obtained was designated as pNZ76.

(4) Construction of Hybrid Plasmid pNZ87

Wherein a promoter from a hybrid phage mp10-HN180 and the DNA of the HN gene of
NDV has been ligated under the control the promoter pNZ76 was digested with BamHI,
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which was then subjected to 0.8% agarose gel to collect an about 2.9 kb fragment
containing no B-galactosidase gene.

On the other hand, after digesting the hybrid phage mp10-HN180 with Bglll and BamHlI, an
about 1.8 kb DNA fragment of the NH gene was collected from a 0.8% agarose gel. Both
fragments were ligated by ligase. The plasmid obtained was used to transform a
competent E. coli TG-1 strain, and a plasmid was extracted using a conventional method.
A hybrid plasmid containing the HN gene was detected, which was designated as pNZ87.
(5) Construction of pNZ87CMV

Then, an about 1.8 kb BamHI-Sacl fragment containing the HN gene of NOV was excised
from pNZ87 constructed in (3). The fragment was inserted as in Example 6 into the BamHI-
Sacl site of pUCCMV to construct pNZ87CMV.

Since pNZ87CMV has Bgll sites in the promoter region, the Hindlll-BamHI fragment
containing the CMV promoter region was replaced with a Hindlll-BamHI fragment of the
PCR-constructed CMV promoter without the Bgll sites described in (1) to construct pCMV-
HN (Bgll).

Example 11: Construction of RSV-F

(1) Construction of pUCRSV-pA

An about 600 bp of Nsil-Nhel fragment containing the RSV promoter of pBK-RSV
(STRATAGENE) was inserted into the Pstl-Xbal site of pUC19 as in Example 6 to construct
pUCRSV. Separately, with pBK-RSV (STRATAGENE, 100 ng) as a template, PCR was
carried out as in Example 2 using primer 13 (CGGGAGCTCT AATTGTTTGT G; SEQ ID
NO: 19) and primer 14 (CGGGAATTCG CTTACAATTT; SEQ ID NO: 20) (50 pmol each) to
obtain a fragment having the pA additional signal of SV40 promoter contained in pBK-RSV.
The PCR-amplified fragment was double digested with Sacl and EcoRl, and inserted as in
Example 6 into the Sacl-EcoRl site of pUCRSV to construct pUCRSV-pA.

(2) Construction of pNZ98

A plasmid XLIII-10H (Virus Research, 7:214-255 (1987)) containing the F gene and HN
gene of NDV was used.

Four pg of the plasmid XLIII-10H was digested with Xbal and, after the resulting adhesive
end was blunt-ended with DNA polymerase, it was then extracted with phenol:chloroform
(1:1), and collected by ethanol precipitation. The collected DNA was digested with BamHl,
subjected to a 0.8% agarose gel electrophoresis to collect a fragment containing an about
2.1 kb of complete F gene.

On the other hand, the pNZ76 created as above was double digested with BamHI and
Smal to collect an about 3.0 kb BamHI-Smal fragment lacking the lacZ gene portion. The
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collected fragment and a fragment containing an about 2.1 kb of complete F gene were
ligated by ligase to transform a competent E. coli TG1 strain.

A plasmid was prepared by a procedure similar to the described above from a colony
grown on an LB agar plate containing 50 pug/ml ampicillin. The plasmid was cleaved with
restriction enzymes (BamHI| and Smal), the desired clone was confirmed and designated
as pNZ98'. This pNZ98' contained the full-length F gene and an about 300 bp 5'-end of the
HN gene. In order to remove this portion, pNZ98', was double digested with Smal and Kpnl,
and an about 4,150 bp Smal-Kpnl fragment was collected by a 0.8% agarose gel
electrophoresis. pNZ98' was also double digested with Smal and Avall, and an about 650
bp Smal-Avall fragment was collected by a 1.5% agarose gel electrophoresis.

These two fragments were mixed, and the resulting adhesive end is blunt-ended with DNA
polymerase. The product was then used to transform E. Coli TG1 to obtain a transformant.
The transformant was grown on an LB agar medium containing 50 pg/ml ampicillin. From
the resulting colony, a plasmid was obtained as mentioned above. The plasmid was
digested again with Smal, and the cleaved products were selected to obtain pNZ98.

(3) From pNZ98 constructed in above (2), an about 1.8 kb BamHI-Sacl fragment containing
the F gene of NDV was excised, which was then inserted into the BamHI-Sacl site of
pUCRSV-pA as described in Example 6 to construct pNZ98RSV3. pNZ98 was also cleaved
with Pstl and partially digested with BamHI to obtain a 125 bp fragment.he collected
fragment was substituted for a 75 bp Pstl-BamHI fragment contained in pNZ98RSV3' to
construct pNZ98RSVpA. A 2,892 bp Mlul-Sacl-cleaved fragment of pRSV constructed in
Example 5 and a 2,262 bp Miul-Sacl-cleaved fragment of the F gene of NDV of
pNZ98RSvpA were ligated to construct pRSV-F.

Example 12: Construction of pCMV-VP2S

(1) Construction of pCMV/MCS

Into the BamHI-Kpnl site of pCMV-HN (Bgll’) constructed in Example 10, a 62 bp BamHI-
Kpnl fragment of pBluescript SK+ was inserted to construct pCMV/MCS.

(2) Construction of pCMV/MCSpA

Separately, with pBK-RSV (STRATAGENE) as a template, PCR was carried out as in
Example 6 using primer 15 (CCGGGGCCCT AATTGTTTGT G; SEQ ID NO: 21) and
primer 16 (CGGGGTACCG CTTACAATTT; SEQ ID NO: 22) to obtain a fragment having
the pA additional signal of SV40.

The PCR-amplified fragment was double digested with Apal and Kpnl, and was inserted as
in Example 6 into the Apal-Kpnl site of pPCMV/MCS to construct pPCMV/MCSpA.

(3) Construction of pCMV-VP2S
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Furthermore, RNA was extracted, according to a conventional method, from an IBDV field
isolate Okayama strain. The RNA was used to generate cDNA using reverse transcriptase
and the cDNA synthesis kit (manufactured by Takara Shuzo).

With this cDNA as a template, primer 17 (GCAAGCTTGC GATGACGAAC CTGC; SEQ ID
NO: 23) and primer 18 (GCGTCGACTC ACCTCCTTAG GGCCC; SEQ ID NO: 24) were
designed based on a region corresponding to VP2 of the sequence of the gene as set forth
in Japanese Unexamined Patent Publication (Kokai) No. 62-503006.

Using these two primers, PCR was carried out as in Example 6 to obtain a region
corresponding to the VP2 of IBDV. Separately, pPCMV/MCSpA was partially digested with
Hindlll, and then partially with Sall, to obtain a 3,687 bp fragment. The fragment of IBDV
obtained by the above PCR was double digested with Hindlll and Sall, which was then
inserted into a 3,687 bp fragment as in Example 6 to construct pCMV-VP2S.

Example 13: Construction of pUC18Xlac

The BamHI-Sacl fragment of lacZ (Yanagida et al., J. Virol., 66:1402-1408 (1992)) was
inserted as in Example 6 into the BamHI-Smal site of pU18XG constructed in Example 8 to
construct pUC18Xlac.

Example 14: Construction of pNZ45/46RSVlac and pNZ44/45RSVlac

(1) Construction of pNZ45/46RSVlac

Into the Sfil site of pNZ45/46Sfi constructed in Example 6, the Bgll fragment of pRSV
containing the RSV promoter constructed in Example 9 was inserted to construct
pNZ45/46RSV. Into the Sfi site of pNZ45/46RSV, the Bgll fragment of pUC18Xlac
containing lacZ constructed in Example 13 was inserted to construct pNZ45/46RSVlac

(2) Construction of pNZ44/45RSVlac

Similarly, into the Sfil site of pNZ44/45Sfi constructed in Example 7, the Bgll fragment of
pRSV containing the RSV promoter constructed in Example 9 was inserted to construct
pNZ45/46RSV. Into the Sfil site of pNZ44/45RSV, the Bgll fragment of pUC18Xlac
containing lacZ constructed in Example 13 was inserted to construct pNZ44/45RSVlac.

Example 15: Construction of pNZ45/46VP2S and pNZ44/45VP2S

(1) Construction of pNZ45/46VP2S

Into the Sfil site of pNZ45/46RSVlac constructed in Example 14, the Bgll fragment of
pCMV-VP2S (Okayama) containing the VP2 gene of IBDV constructed in Example 12 was
inserted as in Example 6 to construct pNZ45/46VP2S.

(2) Construction of pNZ44/45VP2S
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Similarly, into the Sfil site of pNZ44/45RSVlac constructed in Example 14, the Bgll
fragment of pCMV-VP2S (Okayama) containing the VP2 gene of IBDV constructed in
Example 12 was inserted as in Example 6 to construct pNZ44/45VP2S.

Example 16: Construction of pNZ45/46HNF and pNZ44/45HNF

(1) Construction of pNZ45/46HNF

Into the Sfil site of pNZ45/46RSVlac constructed in Example 14, the Bgll fragment of
pCMV-HN (Bgll) containing the HN gene of NDV constructed in Example 10 was inserted
as in Example 6 to construct pNZ45/46HN. Furthermore, into the Sfil site of pNZ45/46HN,
the Bgll fragment of pRSV-F containing the F gene of NDV constructed in Example 11 was
inserted to construct pNZ45/46HNF.

(2) Construction of pNZ44/45HNF

Similarly, into the Sfil site of pNZ45/45RSVlac constructed in Example 14, the Bgll
fragment of pCMV-SN (Bgll") containing the HN gene of NDV constructed in Example 10
was inserted to construct pNZ44/45HN. Furthermore, into the Sfil site of pPNZ44/45HN, the
Bgll fragment of pRSV-F containing the F gene of NDV constructed in Example 11 was
inserted to construct pNZ44/45HNF.

Example 17: Construction of pNZ45/46HNF-VP25 and pNZ44/45VP2S-HNF

(1) Construction of pNZ45/46HNF-VP2S

Into the Sfil site of pNZ45/46HNF constructed in Example 16, the Bgll fragment of pCMV-
VP2S containing the VP2 gene of IBDV constructed in Example 12 was inserted to
construct pNZ45/46HNF-VP2S.

(2) Construction of pNZ44/45VP2S-HNF

Into the Sfil site of pNZ44/45VP2S constructed in Example 15, the Bgll fragment of pCMV-
HN (Bgll’) containing the RN gene of NDV constructed in Example 10 was inserted to
construct pNZ44/45VP2S-HN. Furthermore, into the Sfil site of pNZ44/45VP2S-HN, the
Bgll fragment of pRSV-F containing the F gene of NDV constructed in Example 11 was
inserted to construct pNZ44/45VP2S-HNF.

Example 18: Purification of Recombinant HVT

A monolayer of CEF that was detached with trypsin is suspended in Saline G (0.14 M
sodium chloride, 0.5 mM potassium chloride, 1.1 mM hydrogen disodium phosphate, 1.5
mM dihydrogen sodium phosphate, and 0.5 mM magnesium chloride hexahydrate, 0.011%
glucose) to prepare a cell suspension. The cell suspension (2x10” cells) was mixed with 40
Hg each of recombinant plasmid pNZ44/45VP2S, pNZ44/45HNF, pNZ45/46VP2S,



10

15

20

25

30

35

WO 2010/119112 PCT/EP2010/054991
27

PNZ45/46HNF, pNZ44/45VP2S-HNF, and pNZ45/46HNF-VP2S, and 100 ug each of the
DNA of HVT prepared in Example 9.

After allowing the solution to stand at room temperature for 10 minutes, it was
electroporated using the Gene Pulser (manufactured by Bio-Rad) at room temperature
under the condition of 3.0 KVem™, 0.4 msec, and 25° C. The cells into which the plasmid
and the DNA of HVT were introduced and plated on a culture dish of 9 cm in diameter
(Falcon), and then were cultured at 37° C for about 4 to 5 days until plaques peculiar to
HVT were formed. Cells that formed plagues were scraped with 1% trypsin, and were
mixed with CEF cells (2x10 cells) that were similarly scraped with trypsin, which was
limiting-diluted in 10 96-well flat-bottomed multi culture plates (manufactured by Falcon).
These plates were further cultured at 37° C for about 4 to 5 days until plaques peculiar to
HVT were formed in each well. Then, to a half of the wells in each plate, 100 pl/well of the
CEF culture medium containing 100 pg/ml of Bluogal (manufactured by Gibco) which was a
chromogenic substrate for B-galactosidase and 0.8% agar was added, and the plates were
incubated at 37°C for about 4 hours. Thereafter, the number of blue plaques in each well
was counted. A plate having the largest number of blue plaques was selected, to which 1%
trypsin was added to collect CEF containing recombinant HVT-infected cells. The CEF was
mixed with 1x10° cells, which was then plated on a 96-well flat-bottomed multi culture plate.
Screening Steps (one screening Step comprises one step of passaging from a 96-well flat-
bottomed multi culture plate to a 96-well flat-bottomed multi culture plate) were repeated
until all wells showed blue plaques, and were repeated until all plaques turned blue when
Bluogel was added, and thereby the virus was purified. Purification was normally
accomplished by screening about 5 to 10 times. After the infected cells were grown on a
culture dish of 9 cm in diameter, the infected cells were further grown on a culture dish of
16 cm in diameter. When the titer of the recombinant HVT is determined, the titer of the
recombinant HVT was found to be 1 to 6x10° TCIDs.

Example 19: Confirmation of expression of an antigen in rHVT-infected cells of
waterfowl

On a chamber slide for tissue culture, the above recombinant HVT-infected cells were
cultured together with CEF at 37° C. until plaques developed, which were then fixed in cold
acetone. In order to detect the expressed antigen, the following were used as primary
antibodies. For the detection of B-galactosidase, anti-B-galactosidase rabbit antiserum
(polyclonal antibody: manufactured by Organon Teknica H. V.), and for the detection of
NDV-NH protein and F protein, NDV vaccine-immunized chicken serum were used each at
500-fold dilution in PBS. For the detection of IBDV-VP2 protein, anti-VP-2 monoclonal
antibody GK-5 (Yamaguchi T., et al., Avian Dis., 40:501-509 (1996)) was used at a 100-fold
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dilution in PBS. As labeled antibody, FITC-labeled anti-chicken IgG antibody, FITC-labeled
anti-mouse IgG antibody, and FITC-labeled anti-rabbit IgG antibody (all manufactured by
Harlan Sera-Lab Ltd.) were each diluted 100-fold in PBS prior to use.

Each solution containing the above antibody was contacted with cells fixed in cold acetone
on the chamber slide, allowed to stand at room temperature at 100% humidity for about 1
hour, and then washed three times in PBS. Then, each solution was allowed to react at
room temperature for about 1 hour together with dilutions of FITC-labeled anti-chicken
immunoglobulin antibody or anti-mouse IgG. Then each solution was washed three times in
PBS, and the reactivity was investigated by examining it under microscope at a
fluorescence excitation wavelength (493.5 nm). As a control virus, an HVT parent strain
FC-126 was infected, and the cells infected with this parent strain were used as the control
cells. The recombinant HVT that incorporated the NDV antigen gene reacted with anti-NDV
monoclonal antibody, whereas the recombinant HVT that incorporated IBDV-VP2 gene
reacted with anti-VP2 monoclonal antibody. The result confirmed that each recombinant
HVT expressed protein encoded by the inserted gene.

Example 20: Hemagglutinin gene isolation from avian influenza virus

The amino acid sequence of HA is well known from the reported sequence of
A/Turkey/Wisconsin/68 (H5N9) (M. Garcia et al., 1997, Virus Res. 51: 115-124, GenBank
Accession# U79456).

The HA amino acid sequence may be derived from the avian influenza virus
A/Turkey/Wisconsin/68 (H5N9) strain. The strain wa thus propagated in the allantoic sac of
specific pathogen free embryonating eggs. Total genomic RNA from the
A/Turkey/Wisconsin/68 virus was extracted using RNEASY MINI KIT (QIAGEN). First-
strand cDNA was synthesized with SUPERSCRIPT FIRST-STRAND System for RT-PCR
(Invitrogen). Using the resulting cDNA as a template, the HA gene was amplified by
polymerase chain reaction (PCR) with PFUULTRA HIGH FIDELITY DNA Polymerase
(STRATAGENE) and PCR primers.

Example 21: Construction of Plasmid

Preferably 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 Al virus. First, homology plasmids with the HA gene and one of the
promoters were constructed and then recombinant turkey herpes viruses were generated
using the homology plasmids.

(1) Construction of Plasmid pGICMVpA
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The CMV promoter was obtained from pBK-CMV (STRATAGENE). Three Bgll restriction
enzyme sites in the CMV promoter were disrupted for ease of the plasmid construction
process by PCR in vitro mutagenesis using four pairs of primers. The CMV promoter
fragment was digested with Pstl and Xbal and inserted into Pstl and Xbal digested
pUC18polyASfi (U.S. Pat. No. 6,866,852), resulting in pGICMV(-). The SV40 polyA signal
was also inserted.

(2) Construction of Homology Plasmid p45CMVH5Wis68

The CMV promoter and the SV40 polyA signal (940 bp) were excised from pGICMVpA by
Bgll and ligated into Sfil digested p45/46Sfi (U.S. Pat. No. 6,866,852), resulting in
p45/46CMVpA. Then, the HA gene from A/Turkey/Wisconsin/68 (H5N9) was excised from
pCR2.1-H5Wis68 using Sall and BamHI. The 1701 bp HA gene was inserted into
p45/46CMVpA digested with Sall and BamHI, resulting in p45CMVH5Wis68. The plasmid
p45CMVH5Wis68 was used as a homology plasmid to generate recombinant turkey herpes
virus.

(3) Construction of plasmid pGiBacpA2nd

The Bac promoter was obtained by PCR using cellular DNA of CEF cells as a template.
PrBac1 and PrBac2’ were the primer set used for PCR. An obtained 1.5-kilobase DNA
fragment was digested with Pstl and Xbal and inserted into Pstl and Xbal digested
pUC18polyASfi, resulting in pGlBac2. Then, the SV40 polyA signal obtained PCR using
primers PolyA-SalKpn and PolyA-SfiF2 was digested with Sall and Sfil and ligated to
pGlIBac2 digested with Sall and Sfil resulting in pGIBacpA2nd.

(4) Construction of homology plasmid p45BaCH5Wis68

The Bac promoter and the SV40 polyA signal (1866 bp) were excised from pGlBacpA2nd
by Bgll and ligated into Sfil digested p45/46Sfi, resulting in p45/46BacpA2nd. Then, the HA
gene of A/Turkey/Wisconsin/68 (H5N9) was excised from pCR2.1-H5Wis68 using Sall and
BamHI was inserted into p45/46BacpA2nd digested with Sall and BamHI, resulting in
p45BaCH5Wis68.

(5) Construction of homology plasmid p45PeCH5Wis68

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 excised from pGlPec (U.S.
Pat. No. 6,866,852) with Pstl and BamH| and inserted into Pstl and BamHI digested
p45/46BacpA2nd, resulting in  p45/46PecpA2nd. Then, the HA gene of
A/Turkey/Wisconsin/68 (H5N9) was excised from pCR2.1-H5Wis68 using Sall and BamHI
was inserted into p45/46PecpA2nd digested with Sall and BamHI, resulting in
p45PeCH5Wis68.
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Example 22: Generation and Isolation of Recombinant Turkey Herpesvirus

Viral DNA of the HVT FC126 strain was prepared as described by Morgan et al. (Avian
Diseases, 1990, 34:345-351).10” secondary chicken embryo fibroblast (CEF) cells were
suspended in saline G (0.14 M NaCl, 0.5 mM KCI, 1.1 mM Na2HPO4, 1.5 mM NaH2PO4,
0.5 mM MgClI2, and 0.011% glucose) and co-transfected with HVT viral DNA and 5 to 25
ug of the homology plasmid, p45CMVH5Wis68, p45BaCH5Wis68, or p45PeCH5Wis68 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
plagues became visible, the cells are 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 is conducted by the black plaque assay, staining only
plagues expressing HA protein. Briefly, one of the two plates was fixed with
methanol:acetone mixture (1:2) and incubated with chicken anti-HA antiserum. Next,
incubated with biotinylated anti-chicken IgG antibody (VECTOR LABORATORIES, Cat#
BA-9010) and then with VECTASTAIN ABC-AP kit (Vector Laboratories, Cat# AK-5000),
plaques expressing HA protein were stained by addition of BCIP/NBT solution (BIO-RAD
LABORATORIES, Cat# 170-6539 and 170-6532). Wells containing stained recombinant
plagues were identified and cells from the corresponding wells on the other 96-well plate
were trypsinized. The cells were then diluted in fresh secondary CEF cells and transferred
to 96-well plates to complete the first round of purification.

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. Recombinant viruses with the Bac promoter or the
Pec promoter were designated as rHVT/BaCH5Wis68 and rHVT/PeCH5Wis68,
respectively.

Example 23: Preparation of the rHVT (serotype 3) vectored Avian Influenza virus (H5
subtype) vaccine

The rHVT (serotype 3) vectored Avian Influenza virus (H5 subtype) vaccine which was
designated rHVT/AI-H5 contained a turkey herpes virus (HVT) serotype 3 backbone or
vector component and expressed the hemagglutinin (HA) protein of avian influenza virus
(AlV) H5 subtype. The HVT parent strain, FC126, has been used commercially to vaccinate
ducks. HVT is classified in the Biosafety Level 1 category.

In ovo to embryos at 18 days of incubation and subcutaneous to day of age.

The AIV H5 subtype HA gene was placed between two open reading frames in the HVT
genome. Attenuation of the HVT vaccine strain has not been observed.
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Figures 3-8 provide a complete flow diagram. Polymerase chain reaction (PCR) generated
Sfil site between the stop codons of unique long (UL) 45 and UL 46 (Figure 3). The flanking
regions of the insertion site were the non-coding regions between UL 45 and UL 46 of the
HVT genome. The UL 45 and UL 46 have typical eukaryotic promoters and polyadenylation
signals. This insertion site had previously been used in two of our HVT recombinant
products, (1) Bursal Disease-Marek’s Disease Vaccine, Serotype 3, Live Marek’s Disease
Vector, and (2) Marek’s Disease-Newcastle Disease Vaccine, Serotype 3, Live Marek’s
Disease Vector.

A portion of UL 44, the entire UL 45 and a portion of UL 46 had been isolated on a 1.9-
kilobase (kb) EcoRV-Xhol fragment of the HVT genome (Figure 3B). In a Southern blot, a
probe designed to bind to sequences flanking the insertion site anneals to a 1.0-kb Pvul-
Pvul fragment of the HVT genome (Figure 3B).

The description of each Donor biological agent is shown in Figures 4-6. A promoter that
controls Donor gene expression was the Cytomegalovirus (CMV) immediate early (IE)
promoter (Boshart M. et al., 1985 Cell. 41: 521-530). The SV40 polyadenylation signal
(Griffin, DNA Tumor viruses, J. Tooze, ed. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY. pp. 843-913) was added to 3’ terminus of inserted Donor DNA
sequence. The multiple cloning sites were derived from pUC18.

The inserted Donor DNA sequence was a fragment amplified by reverse transcriptase-
polymerase chain reaction (RT-PCR) from negative-sense, single-stranded RNA genome
of AIV H5 subtype strain (Figure 4). The size of the inserted sequence was 1695 base pairs
(bp).

The HA gene was isolated from influenza virus A H5 subtype strain,
A/swan/Hungary/4999/2006 (H5N1). A/swan/Hungary/4999/2006 (H5N1) is a highly
pathogenic strain which was isolated from a swan in Hungary. There is no known previous
use of this isolate. Cloned HA gene was obtained from Hungary in accordance with United
States Veterinary Permit Number 101039. The cleavage site of the HA gene from
A/swan/Hungary/4999/2006 (H5N1) was altered to typical cleavage site sequence of low
pathogenic avian influenza strains. The AIV HA gene was used in a USDA-licensed
vaccine, which is a fowlpox vectored avian influenza vaccine.

The Donor gene was the HA gene of AIV (H5 serotype). The gene was isolated from
complementary DNA (cDNA) by converting the negative-sense, single-stranded RNA
genome of AlV to cDNA using reverse transcriptase (Figure 4). The HA gene was amplified
by polymerase chain reaction (PCR) using forward and reverse PCR primers, producing
1.7-kb fragment (Figure 4). These PCR primers annealed to the start and stop sequences
of the HA gene and each primer also contained a sequence for a restriction enzyme,
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BamHI or Sall at the 5 ends. Modification of the cleavage site was conducted by PCR
using PCR primers carrying desired sequences.

(1) Construction and Characterization of the rHVT/AI-H5

Diagrams for the construction of the Regulated Biological Agent are provided as described
below.

The HVT (Backbone Biological Agent) genome was shown in Figure 3. The AIV (Donor
Biological Agent) genome and the HA gene were shown in Figure 4. Plasmids used for
construction of the rHVT/AI-H5 were described in Figures 3 through 6. E. coli TOP10, TG-
1 or JM109 were used to transform and amplify plasmids. Chicken embryo fibroblasts
(CEF) were used as the host cell for recombination of the homology plasmid and HVT
genomic DNA.

After transfection, virus successfully grown in CEF was separated by limiting dilutions.
Wells containing plaques were expanded in duplicate and screened for expression of the
HA gene. The recombinant virus was passed seven times to isolate a clone of rHVT/AI-H5
and five times to expand the clone that was designated as master seed virus (MSV).

Gene insertion was characterized by genetic detection as described above. The AIV HA
product was detected by Western blotting of CEF infected with rHVT/AI-H5, using an
antibody to the HA protein of AlV.

(2) Physical Characterization of the rHVT/AI-H5

Southern blot analysis and PCR and sequencing of important regions were conducted to
characterize the physical map of the RBA. Two Southern blotting schemes are provided in
Figure 8 as well as three PCR schemes to amplify three regions. The sequences of these
PCR products were analyzed.

A 2.3-kb Pvul-EcoRI fragment and a 1.3-kb EcoRI-Pvul fragment define the insert and HVT
sequences flanking the insertion. In one Southern blot, a probe designed to hybridize to the
HA gene annealed to the 2.3-kb Pvul-EcoRlI fragment (Figure 8). In the second Southern
blot, a probe designed to hybridize to sequences flanking the insertion site, referred to as
the insertion site probe, annealed to both the 2.3-kb Pvul-EcoRl fragment and the 1.3-kb
EcoRI-Pvul fragment (Figure 8). The insertion site probe, which was also called 45/46
probe, annealed to the 1.0-kb Pvul-Pvul fragment in the HVT parent genome (Figure 3B).
The two Southern blots and the three PCR schemes described in Figure 8 were used to
test MSV n and n+5.

Because the HA gene did not provide any new virulence factors to the HVT backbone and
rHVT/AI-H5 was expected to be biologically the same as the parent virus, the
recommended NIH/CDC biosafety level is the same as the parent virus (Biosafety Level 1).
Genetic motifs were the CMV promoter and the SV40 polyadenylation signal. The CMV



10

15

20

25

30

35

WO 2010/119112 PCT/EP2010/054991
33

promoter and the SV40 poly A addition sites have been used extensively for production of
safe expression vectors. Bacterial plasmid components were derived from well-defined
pUC-based vectors. Vectors (such as pUC) and host strains (such as E. coli TOP10, TG-1,
and JM109) were considered to be Biosafety Level 1 pathogens.

(3) Phenotypic Characteristics of the rHVT/AI-H5

The cloning site between UL 45 and UL 46 was thought to be non-essential for HVT
replication since the RBA replicates similar to the HVT parent strain in vitro and in vivo.
This insertion site has previously been used in two of the HVT recombinant products, (1)
Bursal Disease-Marek’s Disease Vaccine, Serotype 3, Live Marek’s Disease Vector and (2)
Marek’s Disease-Newcastle Disease Vaccine, Serotype 3, Live Marek’s Disease Vector.
The rHVT/AI-H5 expressed the HA gene of AlV. Expression of the HA protein were
demonstrated by black plaque assay and western blot analysis using anti-HA antibodies.

Example 24: Effect of waterfowl rHVT vaccination against NDV and Avian Influenza
virus

An experiment on the vaccination effect was carried out in order to determine the effects of
the recombinant HVT vaccine obtained in Example 18. Ten test ducks and ten test geese
per group were inoculated with a recombinant HVT (rHVT-ND or rHVTAI) according to the
invention. A commercial inactivated combined ND+Al vaccine was inoculated to the
positive control group (hatch-mates of the test ducks and geese), while the negative control
birds get no vaccination.

When test ducks and geese hatch, each recombinant HVT was subcutaneously inoculated
on the back of the neck of the ducks and geese using a 26 G needle to give 5x10° PFUs,.
The commercial inactivated vaccine used for the positive controls was inoculated to hatch-
mate geese or ducks by subcutaneous route.

From 2 to 6 weeks post-vaccination each bird was blood sampled at weekly intervals and
the serum therefrom was tested to detect antibodies that suppress hemagglutination
activity (haemagglutination inhibition, HI) of NDV and AIV which one was the relevant. The
determination of HI antibodies was carried out according to internationally recognized test
method.

In a separate trial 20 test ducks were inoculated on the back of the neck using a 26 G
needle to give 5x10° EIDs, of the recombinant HVT-Al vaccine. At 4 weeks after
inoculation, the test ducks along with ten unvaccinated control ducks were challenged with
a highly pathogenic avian influenza (HPAI) HS5N1 subtype virus strain by administering it at
10° EIDg, by the oral-nasal route. The clinical signs indicative of HPAI virus infection and
the mortality of ducks during a 2 weeks observation period were recorded to determine the
effects using the survival rate as an index. Before challenging the ducks with the HPAI
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H5N1 virus, blood was drawn from each duck and the serum therefrom was tested to
detect antibodies that suppress hemagglutination activity of homologue H5N1 avian
influenza HA antigen.

Example 25: Efficacy of a recombinant rHVT-AI/H5 vaccine in Muscovy ducks against
challenge with the H5N1 highly pathogenic Avian Influenza clade 2
A/Duck/Hungary/1180/2006

The experiment was carried out to evaluate the protection afforded by a recombinant rHVT-
Al/H5 vaccine administered to day old commercial Muscovy ducks (§ only) against the
highly pathogenic H5N1 Al clade 2 Hungary virus strain A/Duck/Hungary/1180/2006. Group
| of this test consisted of test birds, inoculated at the day of hatch (Day 0) with the rHVT-
cH5 vaccine (“rHVT-cH5(Hun06) mod. cell-associated frozen” vaccine) at a dose of 3000
PFU in 0.2 ml per duck subcutaneously (in the neck). Group Il was the control non
vaccinated group. Both the groups were placed in separate BSL3 isolators. The ducks from
both groups were then challenged by oculo-nasal route with 10° EIDs, of H5N1 clade 2
A/Duck/1180/2006 HPAI virus strain at 32 days of age. Before challenge (on Day 29), blood
samples for serology were taken from each animal from both groups. Blood samples were
taken at 2 time points from the vaccinated and unvaccinated groups: before challenge and
at the end of the experiment (2 weeks after challenge). Haemagglutination inhibition tests
were performed according to standard procedures. Titres > 2° were considered as positive
Post challenge, the animals were observed daily for clinical symptoms in each group. The
blood samples of the ducks which survived the challenge were taken on day 46 before

sacrificing the ducks.

Table 3
Number of Age of .
Groups ducks vaccination Vaccine Challenge
11 ducks, D32
11 0 day rHVT-cH5(Hun06) mod.

H5N1 Hungary 2006

11 ducks, D32

H5N1 Hungary 2006

The results were represented in Figure 9. In the control group, clinical symptoms were
observed from day 2 post inoculation starting with two ducks (-B and =YY). Mortality began
at day 3 post inoculation and 9 out of 11 ducks were dead by day 8 post inoculation. One
bird died at the end of experiment while one duck recovered. Whilst in the test group
clinical symptoms were observed first on day 4 post inoculation on two ducks (WW and N)
which died at days 6 and 8 post inoculation. Two ducks were sick (BB and R) at the end of
experiment but only one died(R).
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The results of the immune response to vaccination are given below in Tables 4 and 5.

Table 4

H5N1 clade 2 A/Swan/Hungary/4571/2006 antigen

Before challenge <2° 6.36 + 1.91" 0.000 Bl
After challenge 7.00 8.00 £+ 0.93 N.T.
p-value N.T. 0.026
Comparison After > Before

N.T. = not tested because of not data enough in negative group (only one duck survived to the

challenge).
Table 5
HB5N1 clade 2
A/Swan/Hungary/4571/2006 | Morbidity | Mortality
antigen

7 - -
7 - -
8 - -
7 - -
6 13 14
7 - -
8 - -
7 4 8
6 - -
6 - -
<2 4 6

After challenge with H5N2 clade 2 A/Swan/Hungary/4571/2006 HA antigen, all non-
vaccinated ducks were HI negative at 4 weeks of age (before the challenge), while among
the rHVT-cH5 vaccinated animals, except 1 bird, all animals developed HI antibodies to this
antigen. Two weeks after the challenge, all animals were positive in both groups. A booster
effect due to challenge was observed and reached significant level (P < 0.05) in the
vaccinated group (negative group was not analysed statistically since only one animal
survived to the challenge).

Hence non-vaccinated ducks showed 100% morbidity and 91 % mortality within 2 weeks
when challenged with H5N1 clade 2 A/Duck/Hungary/1180/2006 strain at 32 days of age.
Among this group, 18 % showed clinical signs on 2™ day post inoculation and all ducks
were sick on 3" day post inoculation. First dead animals were observed on 3™ day post
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inoculation and the peak of mortality was noted between the 4™ and 7" days post
inoculation. At the end of observation period, 9 % of sick non-vaccinated ducks recovered.
72 % of ducks vaccinated with rHVT-cH5 cell-associated frozen vaccine at hatch survived
when challenged 4 weeks after vaccination, with first dead birds were seen on 6th day post
inoculation. In the vaccinated group, 18 % died between 6" and 8" day post inoculation
and 9 % on 14™ day post inoculation. Clinical signs were observed from 4" day post
inoculation on animals which died earlier and only at the end of the observation period for
the one which died on 14™ day post inoculation.

These results confirmed the superior efficacy of the recombinant “rHVT-cH5(Hun06) mod.
cell-associated frozen” vaccine administered subcutaneously to day-old ducks, against the
clinical symptoms and mortality caused by HPAI H5N1 clade 2 virus challenge.

Also, using HA antigen prepared from AlIV strain (A/Swan/Hungary/4571/2006) donating
the insert to the recombinant vaccine the measured serological response to vaccination
was reasonably high (6.36 + 1.91 log2). Following challenge with H5N1 clade 2
A/Duck/Hungary/1180/2006 strain, a boost effect was observed.
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CLAIMS

A vaccine for immunizing waterfowl species, which comprises an effective
immunizing amount of recombinant Marek’s disease virus (rMDV) comprising,
inserted into the viral genome, at least one heterologous or homologous nucleotide
sequence encoding and expressing in cells of waterfowl species at least one
antigenic peptide.

The vaccine of claim 1 wherein the recombinant Marek’s disease virus is a serotype
1, serotype 2, or serotype 3 virus.

The vaccine of claim 1 or 2 wherein the recombinant Marek’s disease virus is a
serotype 3 recombinant herpes virus of turkeys (rHVT).

The vaccine according to any one of the preceding claims, wherein the nucleotide
sequence encodes an antigenic peptide from avian influenza virus, avian
paramyxovirus type 1 (Newcastle disease virus, NDV), avian metapneumovirus,
Marek's disease virus, Gumboro disease virus (infectious bursal disease virus:
IBDV), goose and Muscovy duck parvoviruses, duck virus enteritis herpes virus,
goose herpesvirus, duck hepatitis virus type 1, 2 and 3, goose haemorrhagic
polyomavirus, duck and goose adenoviruses, goose and duck circoviruses, West
Nile virus, goose and Muscovy duck reoviruses, Escherichia coli, Salmonella
species, Pasteurella multocida, Riemerella anatipestifer, Ornithobacterium
rhinotracheale, Mycoplasma gallisepticum, Mycoplasma synoviae, a Mycoplasmas

microorganisms capable of infecting waterfowl species or coccidian.

The vaccine according to any one of the preceding claims, wherein the nucleotide
sequence encoding antigenic peptide is selected from a group comprising of the
surface protein hemagglutinin (HA) and/or neuraminidase (NA) of the avian
influenza virus, the protein of the Marek's disease virus, especially gB, gC, gD, gH
and/or gL, the F and/or HN protein of the Newcastle disease virus, the VP1, VP2,
and/or VP3 protein of goose and Muscovy duck parvovirus, any of the structural
proteins of goose and Muscovy duck reoviruses, the VP1 protein of goose
haemorrhagic polyomavirus ,the antigens of goose and Muscovy ducks virus
enteritis herpes virus, the antigens of duck and goose adenovirus, the capsid
proteins of circoviruses, the VP1 protein of goose haemorrhagic polyomavirus or the
VP2 protein of IBDV.
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12.

13.

14.

15.
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The rHVT or rMDV of claim 5, comprising a heterologous nucleic acid sequence
that encodes influenza haemagglutinin (HA), for use as a veterinary drug for

protecting waterfowl against influenza.

The vaccine according to any one of the preceding claims, wherein waterfowl
species belong to the order of the Anseriformes.

The vaccine according to any one of the preceding claims, wherein waterfowl
species belong to the family of the Anatidae.

The vaccine according to any one of the preceding claims, wherein waterfowl
species belongs to Anatinae, Anserinag, Stictonettinae, Tadorninae, or
Dendrocygninae subfamily.

The vaccine according to any one of the preceding claims, wherein the rMDV or
rHVT further comprise one or more additional homologous or heterologous
nucleotide sequence.

The vaccine according to any one of the preceding claims, wherein the rHVT further

comprises another nucleotide sequence which encodes an immunomodulator.

The vaccine of claim 11, wherein the immunomodulator is a lymphokine, an

interferon, or an avian cytokine.

The vaccine according to any one of the preceding claims, wherein the nucleotide
sequence is inserted into a non coding region or inter-ORF region of the backbone

virus genome.

The vaccine according to any one of the preceding claims, wherein the nucleotide
sequence is inserted into an untranslated region of the HVT viral genome.

The vaccine according to any one of the preceding claims, wherein the nucleotide
sequence is inserted into an untranslated region located between UL44 and UL45,
between UL45 and UL46, between UL41 and UL42, between UL40 and UL41, a
region located downstream of the gB gene, between UL53 and UL54, or between
UL36 and UL37.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

39

The vaccine according to any one of the preceding claims, wherein the nucleotide
sequence is inserted into a non coding region located between UL45 and UL46 of

the viral genome.

The vaccine according to any one of the preceding claims, wherein the nucleotide

sequence is under control of an endogenous or a heterologous promoter.

The vaccine of claim 17, wherein the promoter is the chicken beta-actin promoter,
the immediate early cytomegalovirus (CMV) promoter, the SV40 promoter, or any
fragments thereof which retain a promoter activity.

The vaccine according to any one of the preceding claims, wherein said infected
cells are bursa, spleen, thymus and feather follicles of waterfowl! species.

The vaccine according to any one of the preceding claims, wherein said waterfowl
species are vaccinated at least one day of age.

The vaccine according to any one of the preceding claims, which is administered via
intradermic injection, subcutaneous injection, intramuscular injection, in ovo
injection, oral administration, mucosal administration, or via oculo-nasal

administration.

The vaccine according to any one of the preceding claims further comprising a
suitable solvent.

The vaccine of claim 22, wherein the suitable solvent comprises an aqueous buffer
or a phosphate buffer.

The vaccine according to any one of the preceding claims, which further comprises

an adjuvant.

The vaccine of claim 24, wherein the adjuvant is chitosan.

The vaccine according to any one of the preceding claims, wherein said vaccine
confers to waterfowl species at least 20% to 30% protection against the challenge
of infectious diseases, after 2 weeks of vaccination.
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29.

30.

31.

32.

33.

34.

35.

36.

40

The vaccine according to any one of the preceding claims, wherein said vaccine
confers to waterfowl species at least 50% to 60% protection against the challenge
of infectious diseases, after 5 to 6 weeks of vaccination.

The vaccine according to any one of the preceding claims, wherein said vaccine
confers to waterfowl species up to 80% to 100% protection against the challenge of
infectious diseases, after 5 to 6 weeks of vaccination.

The vaccine according to any one of the preceding claims, which is a multivalent
vaccine and comprises a mixture of at least two vaccines, one of which is the

recombinant HVT or MDV vaccine as defined in any one of the preceding claims.

The vaccine according to any one of the preceding claims, which is a polyvalent
vaccine and comprises two or more recombinant HVT or MDV expressing a single

or different immunizing protein antigen.

Use according to the vaccine of any one of the preceding claims for immunizing

waterfowl species.

Use of vaccine of claim 31, wherein the vaccine is administered to waterfowl
species by intradermic injection, subcutaneous injection, intramuscular injection, in
ovo injection, oral administration, mucosal administration, or via oculo-nasal

administration.

Antiserum directed against rHVT or rMDV obtained by immunizing waterfowl with an
effective amount of rHVT or rMDV as defined in any one of claims 1 to 6 and
recovering the antiserum after bleeding the waterfowl.

Method of immunizing waterfowl species comprising administering to said species
an effective immunizing amount of the vaccine according to any one of claims 1 to
30.

Method of immunizing waterfowl species according to claim 34, wherein
administration is carried out by intradermic injection, subcutaneous injection,
intramuscular injection, in ovo injection, oral administration, mucosal administration,

or via oculo-nasal administration.

A vaccination kit for immunizing waterfowl species which comprises the following

components:
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(a) an effective amount of the vaccine of any one of claims 1 to 30, and

(b) a means for administering said components to said species.

37.  The kit according to claim 34, comprising an injection device filled with the vaccine
according to any one of clams 1 to 30 and instructions for intradermic,

subcutaneous, intramuscular, or in ovo injection,

38.  The kit according to claim 34, comprising a spray, an aerosol or eye drop device
filled with the vaccine according to any one of claims 1 to 30 and instructions for
oculo-nasal, oral, or mucosal administration.
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