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aut ononmously in mammal i an cells. The virions are icosahedral, nonenvel oped,
17 nmin dianeter. Currently, there ale two recogni zed types of PCV,
porcine circovirus type 1 (PCVI) and porcine circovirus type 2 (PCV2).
Whil e PCVI is nonpathogenic, PCV2 is associated with a variety of diseases
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por ci BA CKGROUVNDORSHIR IRVAENTFIORases (PCVAD). The di seases caused by PCV2
are now recogni zed to have a maj or econom c inmpact in many pig-producing

areas of the world. O particular conmercial significance, PMA5 can cause
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of P en i1 denti as a d@gbﬁ%al mar ker for virus infection
(Truong et al., 2001). Serol ogic analysis of PCV2 showed that the viruses

coul def lpiaﬁlcrula? R dial ﬁ&’dﬁ'b&ﬁée, PSVS QRPE use significant levels of mortality in many

herds and severe economic losses to porcine industry. PMWS is a disease of nursery and
fattening pigs characterized by growth retardation, paleness of the skin, dyspnea, and increased
15 mortality rates. Initially identified in a swine herd in Canada in 1991, PMWS is now recognized
as one of the most significant problems for the pig industry in the world. Various clinical studies

have shown that PCV2 has etiological importance in PMWS.

PCV2 contains a single-stranded circular DNA genome of about 1.76 kb, having two major open
reading frames (ORFs) (Mankertz et al., 2000). The capsid protein (Cap protein), encoded by
20 ORF2 of the viral gene, is major structural protein of the virus and has type-specific epitopes
(Mahe et al., 2000; Nawagitgul et al., 2000). Neutralizing monoclonal antibodies and
neutralizing swine sera have been shown to react with the capsid protein (Pogranichnyy et al.,
2000; McNeilly et al., 2001; Lekcharoensuk et al., 2004). An immuno-relevant ORF2 epitope of
PCV2 has been identified as a serological marker for virus infection (Truong et al., 2001).
25 Serologic analysis of PCV2 showed that the viruses could elicit hummoral immunity. The longer
period of passive immunity is important for piglets to resist PCV2 infection and therefore less

likely to show signs of PMWS (Blanchard et al., 2003a). It makes a PCV2 vaccine approach



period of passive imunity is inportant for piglets to resist PCV2

i nfection and therefore less likely to show signs of PMAS (Bl anchard et

al ., 2003aP.20i068mRes a PCV2 vacci ne approachpossi bl e, PCTaAUze@AONESI on

met hod can be designed that will induce imunity in piglets prior to the

ti me-poi nt when weani ng mat er nal innﬂ@rty makes piglets susceptible to PCV2
infection. But there is no effective vacci ne available The porcine
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15 ORF2 is expressed by a viral vector for vaccination purposes, such vaccines fail to produce a
sufficiently appropriate immune response to protect pigs against disease. The present invention
for the first time identifies a significant factor that leads to this failure and provides compositions
that overcome the problems associated with the previous attempts to produce PCVAD vaccines

based on viral vector delivered PCV2 ORF 2.
20 SUMMARY OF THE INVENTION

The present invention addresses a need in the art for vaccines for treatment of pigs. In particular
the inventors have discovered that in order to be effective in viral vector or subunit vaccine
compositions, the PCV-2 ORF2 should be presented such that it is either secreted by the infected

cell or is at least expressed on the cell surface of an infected cell.

25 In particular, the invention relates to a recombinant expression vector comprising a nucleic acid
sequence that encodes a modified PCV2 ORF2 operably linked to a promoter, wherein the
modified PCV2 ORF2 is one in which the nuclear localization signal of wild-type PCV2 ORF2



In particular, the invention relates to a reconbi nant expressi on vector
conprising a nucleic acid sequence that encodes a nodified PCV2 ORF2
oper abl y Wonkedes®woa pronoter, wherein the nodified PCVRPCORRR009900616 in
whi ch the nucl ear |ocalization signal of wld-type PCV2 ORF2has been
removed or nodified to allow secreti o of truncated ORF2 protein upon
expression; or the nodified PCV2 ORF2 is one in which the nuclear
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ORF 1-2 and 4-7 of E4, the region between the end of E4 and the I TR of the
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adenoassociated viral vector, a lentiviral vector, a herpes viral vector, a pox viral vector. In
15 particular, the viral vector is a porcine viral vector. In more specific embodiments, the
adenoviral vector is a porcine adenoviral vector selected from the group consisting of PAdV1,
PAdV2, PAdV3, PAdV4, and PAdV5. In certain preferred embodiments, the porcine adenoviral
vector is PAdV3. It is preferable that the PAVA3 is a replication competent PAdV3. In other
embodiments, the nucleic acid sequence that encodes said modified PCV ORF2 is inserted into a

20  non-essential sequence in PAdV3.

Exemplary non-essential sequence of PAdV-3 is selected from the group consisting of the E3
region, ORF 1-2 and 4-7 of E4, the region between the end of E4 and the ITR of the porcine

adenovirus genome.

In other embodiments, the PAdV3 is a recombinant PAdV3 comprising a fibre gene native to
25 said PAdV3 and further comprising a second fibre gene that is heterologous to said adenovirus,
wherein said second fibre gene is acquired by said recombinant adenovirus by growth of said

recombinant adenovirus in a cell line that stably expresses said second fibre gene. In preferred



I n other enbodi nents, the PAdV3 is a reconbi nant PAdV3 conprising a fibre
gene native to said PAdV3 and further conprising a second fibre gene that
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porcine circovirus (PCV2) infection in pigs conprising a veterinarily
acceptreambmatiestsi théreolor exci pi ent and a reconbi nant expressi on vect or
conprising a nucleic acid sequence that encodes a nodified PCV2 ORF2

operably linked to a pronoter, wherein the nodified PCV2 ORF2 is one in
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15 antigen for eliciting an immune response in pigs. Also contemplated are vaccines for eliciting a

protective response against PCV2 infection in pigs comprising such a composition.

Other aspects of the invention relate to a vaccine for eliciting a protective response against
porcine circovirus (PCV2) infection in pigs comprising a veterinarily acceptable vehicle or
excipient and a recombinant expression vector comprising a nucleic acid sequence that encodes a
20  modified PCV2 ORF2 operably linked to a promoter, wherein the modified PCV2 ORF2 is one
in which the nuclear localization signal of wild-type PCV2 ORF2 has been removed or modified
to allow secretion of truncated ORF2 protein upon expression; or the modified PCV2 ORF2 is
one in which the nuclear localization signal has been removed and replaced with a signal
hydrophobic signal that directs expression of the PCV2 ORF2 on the cell surface of an infected
25 cell. In some embodiments, the vaccine may advantageously further comprise one or more
additional antigen for vaccination of pigs wherein said additional one or more antigen is
provided as a protein component in the veterinarily acceptable vehicle or excipient of said

vaccine.
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15 a polyadenylation signal; and a porcine adenovirus 3 genome.

The vaccines may be formulated for any route of administration including for example oral,
nasal, intramuscular, subcutaneous, or intradermal delivery. In preferred embodiments, the

vaccine is formulated for aerosol administration.

The invention also contemplates a method for eliciting an immune response in a porcine subject
20 comprising administering vaccines of the invention to the porcine subject in an amount effective

to elicit a protective immune response in said porcine subject.

In specific embodiments, the methods reduce viral load of porcine circovirus 2 (PCV2) in a pig
comprising inducing an immunological or immunogenic response against PCV2 in the pig
comprising administering to the pig a composition comprising a pharmaceutically or veterinarily
25 or medically acceptable carrier and an expression vector comprising a nucleic acid sequence that
encodes a modified PCV2 ORF2 operably linked to a promoter, wherein the modified PCV2
ORF2 is one in which the nuclear localization signal of wild-type PCV2 ORF2 has been

removed or modified to allow secretion of truncated ORF2 protein upon expression; or the



to elicit a protective immune response in said porcine subject. In specific
enbodi nents, the nethods reduce viral |oad of porcine circovirus 2 (PCV2)
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preparation of reconbinant vectors of the invention. Figure 2. A collection
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with (1) PAdV3-PCV2 ull length; (2) PAdV3-PCV20ORF2 truncate (3)
PAdV3 cleavarertes, sducteare dndieated byign agteriskdRbsphat e buf fered saline (control).

Figure 3. PCV2 Vaccination / Challenge Trial: Percentage virus isolation from piglets post
challenge in each of groups treated with (1) PAdV3-PCV20RF2 full length; (2) PAdV3-
PCV2O0RF2 truncated; (3) PAdV3-PCV20RF?2 secreted; and (4) with phosphate buffered saline
(control).

15 Figure 4. PCV2 Vaccination / Challenge Trial: Number of days post challenge with all pigs (in a
group) free of any adverse clinical signs in each of groups treated with (1) PAdV3-PCV20ORF2
full length; (2) PAdV3-PCV20RF2 truncated; (3) PAdV3-PCV20RF2 secreted; and (4) with
phosphate buffered saline (control).

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

20  PCVAD are serious diseases that causes significant economic harm in the pig-farming industry.
While the etiological marker of this disease has been identified as PCV2 ORF2, all attempts thus
far to produce a viral vector PCV2-ORF2-based vaccine against these diseases have failed to

produce a commercially significant vaccine. The present invention for the first time provides
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treatigigrpi g popul ations with such vaccines. The present invention relies
on conventional techniques for the construction of inproved viral vaccines
for the treatnent of pigs. The viral vaccines may be constructed from any
viral eckQbnt Adnt6ARIBUHS Btht FenbVIHE e RItH rABRa R aliZiiol $6queasd fles thech

as but not limted to an adenoviral Vvector, an adenoassoci ated viral
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secretion of the PCV2 ORF2 from the cell renders a composition containing'such a modified

15 PCV2 ORF2 encoding nucleic acid useful as a viral vectored vaccine for producing immunity
against PCVAD. The following discussion provides methods and compositions for making and

using such vaccines and for treating pig populations with such vaccines.

The present invention relies on conventional techniques for the construction of improved viral
vaccines for the treatment of pigs. The viral vaccines may be constructed from any viral vector
20  that can be used to infect pigs and may include vectors such as but not limited to an adenoviral
vector, an adenoassociated viral vector, a lentiviral vector, a herpes viral vector, a pox viral
vectors. In exemplary embodiments, the viral vectors are porcine adenoviral vectors. Vaccines
made with porcine viral vectors are known to those of skill in the art (see e.g., U.S. Patent No.

7,323,177, 7,297,537, 6,852,705).

25 The present invention relates to methods of preparing and use of recombinant viral vaccine
compositions that can be administered to a population of pigs for protective immunity against
any diseases caused by PCV-2. Advantageously, the vaccine constructs of the invention direct

expression of the PCV-2 ORF2 antigen being delivered to an extracellular site on the infected
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expr e%a{] tll\é:eﬁ)%%phobic signal sequence also comprises a cleavage signal. These features and

methods and compositions for using recombinant viral vaccines for PCV-2 related diseases are

described in further detail herein below.

In general terms the vaccine of the present invention is comprised of a viral expression vector
20  that is made of a viral genome. Porcine adenoviruses are well known to those of skill in the art
and have been extensively characterized. In specific embodiments, the porcine adenovirus 3 is
used as the vector in the methods and compositions described herein. Given the teaching
provided herein however, the skilled person may use any virus that infects pigs to prepare

vaccines of the invention.

25 In the vaccines prepared herein the promoter used may be any promoter that can drive expression
of a heterologous gene of interest in an viral construct. Such promoters include but are not
limited to avian adenoviral major late promoter (MLP), CMVp, PGK-, E1-, SV40 early promoter
(SVG2), SV40 late promoter, SV-40 immediate early promoter, T4 late promoter, and HSV-I TK
(herpesvirus type 1 thymidine kinase) gene promoter, the RSV (Rous Sarcoma Virus) LTR (long



that is nade of a viral genone. Porcine adenoviruses are well known to
those of skill in the art and have been extensively characteri zed hi

speci fi c wolodvoseswsbs, the porcine adenovirus 3 is used &sTiARowgol@as in the
nmet hods and conpositions descri bed herein. Gven the teaching provided
herei n however, the skilled person nﬁ?'use any virus that infects pigs to
prepare vaccines of the invention. In the vaccines prepared herein the

pronot er . used roonot er that,can.driyv esgl .

Pt or SFBUALEPgEind et FhRFRh enfh KRR gkt Frof s o fapmalion o
but apeavigt plokdBitére Endwn &Y/ ihoke GOKIIDIA thart ARjoGNay 6d gsefly onot er (M.P), CWM/p,
P&K-, El-, SV40 early pronoter (SVQR), SV40 | ate pronoter, SV-40 i mmedi ate

early pronoter, T4 late pronoter, and HSV-1 TK (herpesvirus type 1

t hym gheerdthataseded A8 Mee Piceiet @escribb® hbBieM difedssthSak presifonvof ats in-frdide fusion
(longterm nal repeat) and the PGK (phosphogl ycerate kinase) gene pronpter:

Many  of Advydraphabicisignabseaneneelinkedriptieame WilbvinPEY -2 Qe 2umeadipg muglgicy 3ead oy ¢

al so may be e FO r Lt ' ' ' '
e Bbeh ORI MU R0 My 25008 R 308 RS0 B 11 s
| i nkegpdcitidallfdiresti thé exprE¥siono fEPnieleib acidiofgntatest @i the anterimembrame of theThwest

hydr ophobi ¢ signal sequence may be any sequence that can be use t ar get
or spedl fthatais| ipfestdo ptithy Hie eXFFsian; YecteR ?IﬁethﬁuP:rle%‘?"é ’88?‘3‘0&&'1%? ‘é&g@ﬁe‘ig

the Ogiﬁ'lfess Ve cgd}Gis Heedd28 5 estec %4 TRAF AN typifafl§ iRty dhltobd1 CeRX RS BhON

vector.  I'n resent 1nventio he PAV-based expression vector is
i nt endpithelial ¢elifs evdticlpingg be ToundAaW example & the intesténal srachythegaspiratary ¢ract enthe and

epithelial cells whi may b ound for. exanple in the intestinal tract,
Che. r ExtrdinsEigl el el gHot Bhe R Sl séalfned s Sk i HAAE
the hygdy agﬁé&@ioa §f GRFCELOORFO CexipbesSivh phbddh ol tk fdell SsubfaGesephess imabosl t he
PCV-2 ORFZ expression product on the cell surfaces of these nucosal cells.

By t haellsor Bydhus prgsentiagpl/PEVEROREX skpisssiom ppdyeiuatt thacell furfaeg of ayepssde of
nmucosal,,cells_i.n ni.nal h [ ' | . st
ot t ecranyhatifhob s ARERR of fiei o ARE itk  BsL ARGl Onfigefl 0

r eis }00 ﬂ]geeintbamhl Fﬁs\h ehtrcin ivghynemespohed casbeogffetied ytmowntql &sapiposedibtepressibe

co : ot be | : e \ :

of5 an (\)Miﬁamnéhg%p]é §B gt;jg]@l_l whrerg%t m?ly bg ?esss %f egf\}el a\{ Ef:acx 1.ita%cit(’ilgc tlhlelr;[lc?l;[nltig o% Qg imn&lljlgg 'ng

response.

In eukaryotic cells, secretory proteins are targeted to the endoplasmic reticulum membrane by
hydrophobic signal sequences. The present invention uses this property to employ heterologous
hydrophobic signal sequences to direct the expression of a given protein in the vaccine to the cell

20 surface.

The viral vectors employed herein are recombinant vectors in that they comprise a
polynucleotide construct that contains nucleic acid that encodes a modified PCV2 ORF2 in
which the native nuclear localization signal of wild-type PCV2 ORF2 has been removed and
replaced with a signal sequence and cleavage site to allow secretion (from the infected cell) of
25 truncated ORF2 protein upon expression. For example, the native nuclear localization sequence
(NLS) of ORF2 could be replaced with the signal sequence from chicken gamma interferon,
porcine gamma interferon, or the HA protein of influenza virus. Other signal sequences that may
be used include, for example, the signal sequence of whey phosphoprotein signal sequence; a-1

acid glycoprotein; a-thyrotropin; insulin from hagfish; insulin from anglerfish; human insulin; rat
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glycoprotein; catfish somatostatin; anglerfish somatostatin; rat calcitonin; and anglerfish

glucagons. Each of these signal sequences is shown at Figure 1 of von Heijne et al. Eur. J.
Biochem 133 17-21 (1983) and may readily be adapted for use herein. The signal sequences

20 from Figure 1 of the aforementioned reference are reproduced in Figure 2 herein.

These and other signal peptide sites for a given protein can readily be determined using methods
known to those of skill in the art. For example, signal peptide site can be predicted using the
SignalP 3.0 server (Bendtsen, J.D., Nielsen, H., von Heijne, G. & Brunak, S. (2004) Improved
prediction of signal peptides: SignalP 3.0. J. Mol. Biol. 340, 783-795). Additionally, there are

25 websites available to facilitate determination of signal sequences see e.g,
http://www.cbs.dtu.dk/services/SignalP/. The exact identity of the signal sequence used is not
important as long as it is a hydrophobic sequence that is capable of trafficking the expressed
product to the cell surface.
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the sequence from Figure 2 are marked with an asterisk (*).

The polynucleotide construct will preferably comprise DNA that encodes the protein to be
delivered. Such DNA may be comprised of the nucleotide bases A, T, C, and G, but also may
include any analogs or modified forms of such bases. Such analogs and modified bases are well
20  known to those of skill in the art, and include but are not limited to methylated nucleotides,
internucleotide modifications such as uncharged linkages and thioates, use of sugar analogs, and

modified and/or alternative backbone structures, such as polyamides.

In exemplary embodiments, the viral vectors are porcine adenovirus vectors. The porcine
adenovirus vectors may be replication-competent or replication-defective in a target cell. In the
25 event that the vectors are replication-defective, the vectors may require use of a helper cell or a
helper virus to facilitate replication. Use of helper cells or helper viruses to promote replication
of replication-defective adenoviral vectors is routine and well-known in the art. Typically, such
helper cells provide the function of the entity that has been knocked out of the recombinant

adenoviral vector to render it replication defective.
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being packaged into virus particles. The insertion capacity of such viral vectors can be increased
by deletion of non- essential regions and/or deletion of essential regions, such as, for example, El
function, whose function can then be provided by a helper cell line, such as one providing El
20 function. In some embodiments, a heterologous polynucleotide encoding the protein of interest
(in this case the PCV2 ORF2 and/or any additional therapeutic protein that is to be used in the
vaccine) is inserted into an adenovirus E3 gene region. In other embodiments, the non-essential
portions of the E3 region are deleted and the heterologous polynucleotide encoding the protein(s)
of interest is inserted at that gap left by the deletion. In some preferred embodiments, where the
25 recombinant adenoviral vector is a porcine adenovirus serotype 3 (PAdV-3) based adenoviral
vector, in which the expression construct containing the PCV2 ORF2 encoding nucleic acid
(and/or other nucleic acid) is inserted into the region of the PAdV-3 genome located after the
polyadenylation signal for PAdV-3 E3 and before the start of the ORF for the PAdV-3 fibre

gene.
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digestion. The plasmid, containing a portion of the adenoviral genome with an inserted

heterologous sequence, is co-transformed, along with an adenoviral genome or a linearized
plasmid containing the adenoviral genome into a bacterial cell (such as, for example, E. coli).
20  Homologous recombination between the plasmids generates a recombinant adenoviral genome
containing inserted heterologous sequences. In these embodiments, the adenoviral genome can

be a full-length genome or can contain one or more deletions as discussed herein.

Deletion of adenoviral sequences, for example to provide a site for insertion of heterologous
sequences or to provide additional capacity for insertion at a different site, can be accomplished
25 by methods well-known to those of skill in the art. For example, for adenoviral sequences cloned
in a plasmid, digestion with one or more restriction enzymes (with at least one recognition
sequence in the adenoviral insert) followed by ligation will, in some cases, result in deletion of
sequences between the restriction enzyme recognition sites. Alternatively, digestion at a single
restriction enzyme recognition site within the adenoviral insert, followed by exonuclease

30  treatment, followed by ligation will result in deletion of adenoviral sequences adjacent to the



for the heterol ogous gene. For exanple, the region at map units 97-99.5 is
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recognition sequences (see, for example, Zoller et al. (1982) Nucleic Acids Res. 10:6487-6500;
Brennan et al. (1990) Roux's Arch. Dev. Biol. 199:89-96; and Kunkel et al. (1987) Meth.

20  Enzymology 154:367-382) and PCR-mediated methods for insertion of longer sequences. See,
for example, Zheng et al. (1994) Virus Research 31:163-186.

Expression of a heterologous sequence inserted at a site that is not downstream from an
endogenous promoter also can be achieved by providing, with the heterologous sequence, a
transcriptional regulatory sequences that are active in eukaryotic cells. Such transcriptional
25 regulatory sequences can include cellular promoters such as, for example (DHFR promoter), the
viral promoters such as, for example, herpesvirus, adenovirus and papovavirus promoters and
DNA copies of retroviral long terminal repeat (LTR) sequences. In such embodiments, the
heterologous gene is introduced in an expression construct in which the heterologous gene is

operatively linked to such transcriptional regulatory elements.
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may also comprise reagents for protein isolation and for the formation, isolation, purification

and/or detection of immune complexes.

In addition to the PCV2 ORF2, other exogenous (i.e., foreign) nucleotide sequences can be
incorporated into the adenovirus. These other exogenous sequences can consist of one or more
20 gene(s) of interest or other nucleotide sequences that are not genes but have other functions of
therapeutic interest. In the context of the present invention, a nucleotide sequence or gene of
interest can code either for an antisense RNA, short hairpin RNA, a ribozyme or for an mRNA
which will then be translated into a protein of interest. Such a nucleotide sequence or gene may
comprise genomic DNA, complementary DNA (¢cDNA) or of mixed type (minigene, in which at
25 least one intron is deleted). The nucleotide sequence or gene can encode a regulatory or
therapeutic function, a mature protein, a precursor of a mature protein, in particular a precursor
that comprises a signal peptide, a chimeric protein originating from the fusion of sequences of
diverse origins, or a mutant of a natural protein displaying improved or modified biological

properties. Such a mutant may be obtained by, deletion, substitution and/or addition of one or
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PGK (phosphoglycerate kinase) gene promoter, for example, permitting expression in a large

number of cell types.

The viral vectors or indeed a pharmaceutical composition comprising the viral vectors can
additionally include at least one immunogen from at least one additional pig pathogen, e.g.:
20  Porcine Reproductive and Respiratory Syndrome (PRRS), Mycoplasma hyopneumoniae,
Actinobacillus pleuropneumoniae, E. coli, Bordetella bronchiseptica, Pasteurella multocida,
Erysipelothrix rhusiopathiae, Pseudorabies, Hog cholera, Swine Influenza, and Porcine
Parvovirus (PPV). Thus, vector-based compositions can include at least one immunogen from at
least one additional pig pathogen, such as a vector expressing a sequence from this pathogen,
25 wherein the vector is also capable of expressing the PCV-2 ORF2 described above.
Alternatively, the vaccine composition can be made of one vector component that expresses the
PCV2 ORF?2 as described herein and a second component that can either be a recombinant vector
expressing a second immunogen or the second component is a composition that contains the

isolated immunogen that has been isolated from another source
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phar mggregest i cal conposition conprising the viral vectors can additionally

i nclude at | east one i munogen from at | east one additional pig pathogen,
e.g.: Porcine Reproductive and Respiratory Syndrone (PRRS), Mycopl asnma

hyppneg§Haaidas understood that while in some circumstances it might be desirable to incorporate the

whole gene into the vector, other vectors can be constructed that comprise only a portion of the
nucleotide sequences of genes can be used (where these are sufficient to generate a protective
immune response or a specific biological effect) rather than the complete sequence as found in
the wild-type organism. Where the genes contain a large number of introns, a cONA may be

20  preferred.

As noted above, the gene may be inserted under the control of a suitable promoter. In addition
the vector also may comprise enhancer elements and polyadenylation sequences. Promoters and
polyadenylation sequences which provide successful expression of foreign genes in mammalian
cells and construction of expression cassettes, are known in the art, for example in U.S. Pat. No.

25 5,151,267, the disclosures of which are incorporated herein by reference.

The term "expression cassette" refers to a natural or recombinantly produced nucleic acid
molecule that is capable of expressing a gene or genetic sequence in a cell. An expression

cassette typically includes a promoter (allowing transcription initiation), and a sequence
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sufficient to generate a protective . o
15 that the heterologous nucleotide may in fact be any polynucleotide containing a sequence whose
presence or transcription in a cell is desired. Thus the vectors may be used to deliver any
polynucleotide that, for example, causes sequence-specific degradation or inhibition of the

function, transcription, or translation of a gene.

The immunogen compositions other than the modified PCV2 ORF2 can be recombinantly
20  produced or extracted from natural sources or may be chemically synthesized. For example, the
immunogen compositions other than the modified PCV2 ORF2, can be isolated and/or purified
from infected or transfected cells; for instance, to prepare compositions for administration to
pigs; however, in certain instances, it may be advantageous not to isolate and/or purify an
expression product from a cell; for instance, when the cell or portions thereof enhance the
25 immunogenic effect of the polypeptide. Protein purification and/or isolation teahcniques used to
achieve this are well known to those of skill in the art and in general, can include: precipitation
by taking advantage of the solubility of the protein of interest at varying salt concentrations,
precipitation with organic solvents, polymers and other materials, affinity precipitation and

selective denaturation; column chromatography, including high performance liquid
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15 to a wider variety of tissues in the pig than the unmodified vaccine, and as a consequence

generate a more extensive immune response in the host.

Specifically contemplated herein are pharmaceutical compositions comprising a therapeutically
effective amount of a recombinant adenovirus vector, recombinant adenovirus or recombinant
protein, prepared according to the methods of the invention, in combination with a
20  pharmaceutically acceptable vehicle and/or an adjuvant. Such a pharmaceutical composition can
be prepared and dosages determined according to techniques that are well-known in the art. The
pharmaceutical compositions of the invention can be administered by any known administration
route including, but not limited to, systemically (for example, intravenously, intratracheally,
intravascularly, intrapulmonarilly, intraperitoneally, intranasally, parenterally, enterically,
25 intramuscularly, subcutaneously, intratumorally or intracranially), by oral administration, by
aerosolization or intrapulmonary instillation. Administration can take place in a single dose or in
doses repeated one or more times after certain time intervals. The appropriate administration

route and dosage will vary in accordance with the situation (for example, the individual being
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a cell; for instance, when the cell or portions thereof enhance the
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present invention a simlar apgroach may be taken to adm nister a nodified

r PAdV-PRovRt @rdisesise Resociatedriwitly PCVin2 dnfresionat Sush diseapesgpelyde putsaggmoblimited

antigen to confer .effective. . ' 0 cCl i e i |,nst
i sead. PR G SRl oy BcbEgy bty b Beordl SlinSlicd 26 RefioBA 12
Lg\d{/ heyﬁdt'gﬂial axgﬂ?rpﬁai}@bﬁﬂﬁis afd/bo abf@ﬁiﬁ)hf arekdl ynttautagine mfeptioanadsocisted, withe
may be nodified to contain a fibre gene fro re than_gne serotype of
PATV (PeTGne Cifqouirisse gREoR Qe pabelogie FAUTAE EPeRied WL kD PR the preseri

invention is exemplified by treatment of what is currently termed “post-weaning multisystemic

wasting syndrome” it should be understood that the compositions and methods of the present
invention will be useful in the treatment of any disease associated with PCV-2 infection and a
beneficial result will be the amelioration of any of the symptoms associated with that disease
20  including secondary infections caused by bacterial infections, such as Glasser disease
(Haemophilus parasuis), Pulmonary Pasteurellosis, Colibacilosis and Salmonellosis and the like.
Other symptoms include wasting, dyspnea, and paleness, combined with pathological findings of
enlarged lymph nodes, interstitial pneumonia, and nephritis. Lymphocyte depletion and
histiocytic to granulomatous inflammation in lymphoid tissues and certain organs are the main
25 histological changes seen in PCV-2 associated diseases. The methods and compositions of the

present invention are used to prevent, inhibit, or otherwise reduce or decrease the effects of these

symptoms.

In another embodiment, piglets are inoculated within the first weeks of life, e.g., inoculation at

one and/or two and/or three and/or four and/or five weeks of life. More preferably, piglets are



al so contains the gene for PAdV3 fibre and PAdV4 fibre). In this manner, a
nodi fi ed PCV2 ORF-2 containing vaccine that contains both the PAdV-3 and
PAdV- 4 fiwoeormwsesdns will target to a wider variety of PCirsgue®/gonsishe pig
than the unnodified vaccine, and as a_consequence generate a nore extensive
| mune response in the host. Specifit%1ry contenpl ated herein are

phar maceuti cal conpositions conprising a therapeutically effective anount
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t he s?tuatlon ?%or e; npl e, the individual beingtreated, the disorder to be
treated or the gene or polypeptide of interest), but can be determ ned by
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i nocul ate th a viral vector conposition that conprises a nucleic acid
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t hat en ex resseg does nof. .localize to the nucl.eus ﬁ% an i nfected cel
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used. The shorter sequence can encode a "neutralizing epitope," which is defined as an epitope

capable of eliciting antibodies that neutralize virus infectivity in an in vitro assay. Preferably the
peptide should encode a "protective epitope” that is capable of raising in the host a "protective
immune response;" i.e., an antibody- and/or a cell-mediated immune response that protects an

20 immunized host from infection.

In addition, any of the vaccines in the present invention also may comprise an adjuvant. An
"adjuvant" is any substance added to a vaccine to increase the immunogenicity of the vaccine.
The use of adjuvants in vaccine compositions are well known in the art: for example, bovine
serum albumin (BSA), human serum albumin (HSA) and keyhole limpet hemocyanin (KLH).
25 Some adjuvants are believed to enhance the immune response by slowly releasing the antigen,
while other adjuvants are strongly immunogenic in their own right and are believed to function
synergistically. Known vaccine adjuvants include, but are not limited to, oil and water emulsions
(for example, complete Freund's adjuvant and incomplete Freund's adjuvant), Corynebacterium

parvum, Bacillus Calmette Guerin, aluminum hydroxide, glucan, dextran sulfate, iron oxide,



with PCV-2; or, to elicit an inmunogenic or protective response agai nst
PCV-2 and thereby prevent any di sease associated with PCV-2 infection. Such
di seases wochuwdssat are not limted to post-weani ng nmulPCIrsyRb@mos1dast i ng
syndronme and/or porcine dermatitis and nephropat hy syndrone and/ or
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Pul nonary Pasteurellosis, Colibacilosis and Sal nonellosis and the |ike.
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unvacci nated fenal es. Thus, both offsprin as_wel s fenmyl e pi n.he
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vect org«h{lah rglgggeafoprﬁulations, or powders, containing from about 10% to about 95% of the
active ingredient, preferably about 25% to about 70%. Oral and/or intranasal vaccination may be
preferable to raise mucosal immunity (which plays an important role in protection against
pathogens infecting the respiratory and gastrointestinal tracts) in combination with systemic

20 immunity.

In addition, the vaccine can be formulated into a suppository. For suppositories, the vaccine
composition will include traditional binders and carriers, such as polyalkaline glycols or
triglycerides. Such suppositories may be formed from mixtures containing the active ingredient

in the range of about 0.5% to about 10% (w/w), preferably about 1% to about 2%.

25 Protocols for administering to animals the vaccine composition(s) of the present invention are
within the skill of the art in view of the present disclosure. Those skilled in the art will seléct a
concentration of the vaccine composition in a dose effective to elicit an antibody and/or T-cell
mediated immune response to the antigenic fragment or another type of therapeutic or

prophylactic effect. Within wide limits, the dosage is not believed to be critical. The timing of
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15 The invention also includes a method for providing gene delivery to a mammal, and particularly
to pigs, to control a gene deficiency, to provide a therapeutic gene or nucleotide sequence and/or
to induce or correct a gene mutation. The method can be used, for example, in the treatment of
conditions including, but not limited to hereditary disease, infectious disease, cardiovascular
disease, and viral infection. These kinds of techniques are currently being used by those of skill

20 in the art for the treatment of a variety of disease conditions. Examples of foreign genes,
nucleotide sequences or portions thereof that can be incorporated for use in a conventional gene
therapy include, cystic fibrosis transmembrane conductance regulator gene, human
minidystrophin gene, alpha- 1 -antitrypsin gene, genes involved in cardiovascular disease, and

the like.

25 For the purposes of the present invention, the vectors, cells and viral particles prepared by the
methods of the invention may be introduced into a subject either ex vivo, (i.e., in a cell or cells

removed from the patient) or directly in vivo into the body to be treated.
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using restriction enzyme which cut specifically within the plasmid backbone sequence (Enzyme

15 ‘X’ and ’Y’) but not within PAV3 genomic sequence or the inserted DNA.

The linearized PAV3 LHE and PAV3 RHE plasmid DNA which both carry portions of the
PAV3 viral genome were co-transfected into porcine cells. Both DNA fragments have an ~1 kb
region of homologous overlapping PAV3 sequence which directs homologous recombination to
occur and reconstitute a competent full length recombinant PAV3 viral genome with the inserted

20 DNA.

Successive passage of transfected cells results in the enrichment of infective particles which
appear as viral plaques. These represent recombinant PAV3 viruses expressing a truncated PCV2

ORF?2 protein with a 5’ in frame signal sequence.

While the above eXample demonstrates insertion into the PAV-3 RHE, it should be understood

25 that the insertions can be made in other non-essential regions of the PAV3 genome.
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15 A herd of 60 piglets of 21 days of age from a PCV2-free herd are used in the study. The

following table sets forth an exemplary vaccination protocol for the herd.

STUDY DESIGN
Trt. | Treatment  Group | Number Vaccination Challenge
No. of pigS | pays | Dose | Route Necropsy
T1 |PBS 1015 [ 0,14 | 20m | M Challenge Day 28
Necropsy Day 49
rPAV-3 PCV2 mORF2 1x10° / Challenge Day 28
T2 V1 10-15 | 0,14 2.0 mi IM Necropsy Day 49
rPAV-3 PCV2 mORF2 1x10%/ Challenge Day 28
3 V2 10-15 | 0,14 2.0mi IM Necropsy Day 49
rPAV-3 PCV2 mORF2 1x10%/ Challenge Day 28
T4 V3 10-15 | 0,14 2.0 ml IM Necropsy Day 49

More specifically, recently weaned 21 (+/- 4 days) day old piglets will be sourced from a PCV1
and PCV2a and PCV2b negative swine herd and transported to the trial site. Piglets will be
20  individually identified by ear tags. Animal waste will be captured in tanks and disinfected prior



renoved fromthe patient) or directly in vivo into the body to be
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pr oduct i omOt2010tdeg9epeconbi nant viral vectors used herei nPCAAR2M0@IE6H PCV2
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over ; (ﬁe}v ; - us reconbination to occur

and rgg%ﬁ@?tuteegsgfgﬁp%\?gnt fuﬁ ?S%\fzh recc%g%ip'nant PAV3 viral genone with

the inserted DNA. Successive passage of transfected cells results in the

enr i CiERLy 94, BIBSE S A td £b&s1 ﬁ@i?géleﬁ,p&ﬁ@rwé?ht‘ﬁ i re@ﬂaﬁ%@%ratﬂi@?%@ll

represent Teconbi nant- PAV3 viruses e essing a Truncated P ORF2 protein
wid h &eSolleated framecash gighét is éwatarene gronps Té, TAST hbod 4 cAbapindDaje b pigletaties

insertion into the PAY-3 RHE it shoyl d.be understood t the insertions

can b&FeRERFRt ErPuBE ﬁg rwﬂ\ﬁo‘i‘?g:ég% Blethg, p?éj‘@tis 6’&?20‘?" eV ER ege o%.lg%ﬁcgiaﬁ :
route with the rPAV-3 PCV2 mORF2 V1, piglets in T3 will be vaccinated by the IM route with
the rPAV-3 PCV2 mORF2 V2 and piglets in T4 will be. vaccinated by the IM route with the
rPAV-3 PCV2 mORF2 V3.

15 On Day 28, blood samples (2.0 to 4.0 ml per piglet), body weights, and rectal temperatures will
be collected from piglets in treatment groups T1, T2, T3 and T4. Also on Day 28, piglets in
treatment groups T1, T2, T3 and T4 will be exposed by the intranasal route to 1.0 ml of
challenge inoculum of the agreed PCV2 virus isolate at the agreed target dose. The challenge

inoculum will be titered prior to challenge and documented in a note to file.

20 On Day 35, blood samples (2.0 to 4.0 ml per piglet), body weights, and rectal temperatures will
be collected from piglets in treatment groups T1, T2, T3 and T4. On Day 42, blood samples (2.0
to 4.0 ml per piglet), body weights, and rectal temperatures will be collected from piglets in
treatment groups T1, T2, T3 and T4. On Day 49, blood samples (2.0 to 4.0 ml per piglet), body
weights, and rectal temperatures will be collected from piglets in treatment groups T1, T2, T3

25 and T4. |

Also on Day 49, all piglets in treatment groups T1, T2 and T3 will be euthanized, necropsied,and

lymph node samples will be stored in formalin for possible later histopathological examination.



In order to test the efficacy of the vaccines of the present invention,
groups of piglets were given two doses of either a vaccine based on the
nodi fi ed WOVRt@RE®9as descri bed herein or a vacci ne t hhaPCTMNRaI¥H1616
unnodi fi ed PCV2- ORF2 and the susceptibility of the pigs to a challenge with
PCV2 determned. In addition, the abT??ty of the nodified vaccine to induce
neutral ising anti body and to give protection when adm ni stered by the oral

route will .be tested. The present exanpl.e .describes a.study, desigan

eval u%‘t“%g’pl?g?eé'ct%ﬁ%ﬂusaflwpla‘gﬁ aﬁgéf?gﬁrspé%?he{l?uﬁf s ggée SPIH eerg)iq;\?ée)r ent
r econbiriidblafi®k.Ci ne adenovi rus serotype 3 vacci ne candi dates contai ni ng
open reading frame 2 fromporcine circovirus 2 (PCV2) derived froma

synt heti c consensus sequence. The parent reconbinant is designated rPAV-3

PCV2 pERHZinf3i88196dd &Q%ﬁ{g is'peﬁi@nﬁé’@bﬁ' 3bath {hplenIBeed T dre pgetobn izgat ed

piglets wwth Arerican Type Culture Collection (ATCC) PCV2 isol ate TBA and

nmeasud$.ig, and 42 will be aoalyged fomiPS Vs vimsdalyisss isglation. uAntikedydeyels in thgggrum

wei ght s st chal | enge rect t y n | St thol and
Vi a5 e PEBh aUR G e OBCREIA M ERys OYFR daeStniud' £ iR
pat chbg EAIS Ad6r Aitidydy Atdncighimt PEV2piigiseSsruad satngledevlcetl fage piglasvaDays
PCV2-free herd are used in the study. The follow ng_tahle sets forth a
exempPald 2Badéi Aarndd9pridh brcgpredder ppssitie dajer anplyse for SildRAMpters against an
speci pi %?'J;ﬁhs recently weaned 2 1 (+/- 4 days) day old piglets will be
source roma PCVI and PCV2a and PCV2b negative sw ne herd and transported
to the trial site. Piglets will be individually identified by ear tags.
Ani mal. ' . ' S i2@Qr a in a
agoon HRHofp wift e HERbHAR N sCr AN S, A1iB,(BA B s DRSS ADad P DTRe
t hr ougdtuinheanpied wlletteé fivhu digletPogyldeyssowni4, 121b28 85a421andd9 wall betdpsted fardhe

| et hargy, increased respiratory rate, respiratory . distre i not i bund,
e ol SaSCe ALy bbb bR e s nd
and r %@éimtqu%@@(mgenm hvidpidC Sbéiﬁ%t tHe {4R00s28fRM RAAHIBS alsEvall BeStdrbd
treat t group TI wilT receive placebo, piglets in T2 wll be vaccinated
by t héoripossibleifstucd @stingfior theyiredencdef REAY genda@ /by RORRBsayl , piglets in T3
will be vaccinated by the IMroute with the rPAV-3 PCV2 nORF2 V2 and

piglets in T4 will be
The sizes of the lymph nodes (superficial, inguinal, mediastinal, tracheobronchial, and

-

15 mesenteric) ranging from O (normal) to 3 (four times the normal size) will be estimated and

recorded.

It is expected that the vaccine containing the modified PCV2 ORF2 will produce a greater
immunity than that seen when the unmodified PCV2 ORF-2 based vaccine is administered. It is
predicted that the vaccine containing the modified PCV2 ORF2 will completely protect pigs at a
20  dosage that is less than a dosage of the unmodified PCV2 ORF2. Such beneficial effects are

monitored after subcutaneous injection or by the oral route.

Example 3: Trial Data

In order to evaluate protection afforded weaned piglets by the modified PCV2 ORF2 based
vaccines a trial was conduct. In this trial, two doses of three different recombinant porcine
25 adenovirus serotype 3 vaccine candidates containing PCV2 ORF2 derived from a synthetic

consensus sequence were used. The parent recombinant was designated rPAV-3 PCV2 mORF2.



vacci nated by the IMroute with the rPAV-3 PCV2 nORF2 V3. On Day 14, bl ood
sanples (2.0 to 4.0 mM per piglet), body weights, and rectal tenperatures
will be cwbDl2eniesdébr om each piglet in treatnment groups PCI/AIR009FB1@nRd T4.
Al'so on Day 14, piglets in treatnent groups TI will receive placebo,
piglets in T2 will be vaccinated by th&-intramuscular route with the rPAV-3
PCV2 mORF2 VI, piglets in T3 wll be vaccinated by the IMroute with the

r PAV-3 PCV2 nORF2 V2 iglets in T4 will be vaccinale the | Mroute
W th PrstoRe el Grias Buleg o sacanalybei Pt TGS 4] eSHRE ey
- pi gl elfe efRRAYN WoiiHAlaS meahsted 8¢ Wviths 1s816H ahd' ERSicalisignsbe col l ected from

piglets in treatnent groups TI, T2, T3 and T4. Also on Day 28, piglets in

treatment groups Tl, T2, T3 and T4 will be exposed by the intranasal route

to 1. queknef caldglatEnReinko@erd: um of the agreed PCV2 virus isolate at the
agreed target dose. The challenge inoculumw |l be titered prior to

chal | enge and docunented in a note to file. On Day 35, blood sanples (2.0

to 4. _ppt \ i , es wll be
ol | eSDEPPPLREVACHID RRIEH SR M ARy D IR oIS o Doy 42,

bl ood sanples (2.0 to 4.0 m per piglet), body weights, and rectal
t enpersat ' i ; ] T T3
IO O PRI E SMSRAE LRI RO D ATl TRa gl

and r eahevedtandperatures will be collected frompiglets in treatnment groups
TI, T2, T3 and T4. Also on Day 49, all piglets in treatnment groups T, T2
and T3 w Il be euthani zed, necropsied, and | ynph node sanples will be stored
i n fo3ePAdVBADCYRORIFRI Secratedin Iwldtlo fat REVAgORED leasalmdnthiiei NhS Lremgyed iaddiey,

t hymus, | ynphoi d .and peyers. patch tigsue sanples will be obtained for PCV2
Vi rus r?@%ﬂegﬁ’?’&hydﬁéggg‘\?isf%’él ?eélB?%ﬁeiaBa Creéﬁg%gtei s performed on serum sanpl es
collected frompiglets on Days 28, 35, 42, and 49 will be analyzed for PCV2
virus by virus isolation. Antibody |levels in the. ser js .t erum
sanpl &8 1% Praieqobd3 frresk @fig?léltegs Wﬁreoﬁgfglr@t,edlmtfl ?g}le%\(sﬁ%d{éiﬁ@@gﬁf Hull
apal y &%&Py pes Rt cdidd, G55 PAURI30BEVEERE2Vickted SEWHR SIRIIPhAS
co Ie?ﬁt ’f(rzglné%hts on Daysc > BF

buffered saline (control). At 5 weeks of age all pigs received a second (boost) vaccination. All

of the vaccinations were intramuscular (IM). At 7 weeks of age all pigs were challenged with

PCV2 and the trial was terminated at 10 weeks of age.

The data from this trial are shown in Figure 3 (showing virus isolation) and Figure 4 (showing
15 presence of clinical symptoms). As can be seen from the data in these figures, both virus
isolation (post challenge) and clinical signs, the secreted version (no. 3 above) was most
effective as a vaccine against PCV2. Indeed, in each of the group of piglets treated with PBS,
full length PCV2ORF and truncated PCVS ORF, the pigs developed clinical symptoms of PCV2
within the first day whereas the pigs that had been vaccinated with PAdV3-OCV20RF2 Secreted
20  in which the PCV2 ORF2 has had the NLS removed and replaced by a hydrophobic signal
sequence and cleavage site had not developed any adverse clinical symptoms at day 7 post-

challenge.



0, 14, 28, 35, 42 and 49 will be stored for possible later analysis for

ELI SA titers against and PAV3 virus. Virus isolations will be perforned
wi t h ser woamplee®s9col | ect ed on Days 28 35, 42 and 49. Pha/Al2o@@owtssanpl es
collected frompiglets on days 0, 14, 21, 28 35, 42 and 49 will be tested
for the presence of antibodies to PCV§9by using comercially avail able 1gG
PCV2- ELI SA kits (I ngezim PCV 1g3r) (lngenasa, Madrid, Spain). The various

serum sanpl es also will be stored for possible future testing for the

pr eseEs CRIFAGN G SR TENCES e Tt SEQUBNEELIBTING | ynph nodes
(superficial, 1nguinal,” mediastinal, tracheobronchial, and i5 nesenteric)
ranging fromO (normal) to 3 (four tinmes the nornmal size) will be estimted

and 1 &¢Q #8NO! i: ERicREPEShED IFNPAVORIECI Ne contai ning the nodified PCV2

ORF2 w produce a gredter 1nmunity than that seen when the unnodified
PCV2 ORF-2 based vaccine is admnistered. It is predicted that the vaccine
cont aipfid G d e dPHald AETPTée QR Mid IrePptei@ly REPIPRE Pr@sapé Rre0

dosagetimat 15 tE€ss tamm a dosage of thne unnodf fied PCVZ ORFZ. Sucn
benef TATAITAST {GGH €A AT IECAR AAT HITCTAI AR LD ECE HECtTHR BACHHCE he

orsl U S PRRIDI e L ale TR LR, GOPICAe uplaph o Bt clep en gtlor ded

condugice ldrd hict trd@laed wradesgs ofc tAreedh ffer e T recodanaeiAc porti ne 25
adenovirus serotype 3 vacci ne candi dates containi gz% PCV2 ORF2 derived from

a syn&t i€ (F5fs G RS &SP QSR Afe Tat ent? réconbt hafRA weRC
desi gRated dPAM 3 ARGV AXORIE Q! @6 eih MasT@vaddlab@d F@h |-Bvk ngck hatdenge

of vaccinated piglets wth PCV2 and neasuring the effect on virem a as
measuRst IMAG/IGATsS A28bI2Ed @EratT'TIGAA CRIC AGhGZCTTHETT AER CBhdeaAt @AT

vacci nes L) PAAV3: P 2 | .l.e ' ' was
uh%d%%cegﬁrfﬁT(APﬁﬁ%%é%% Lﬁ%}d(':gatce%\ :%%#%%%é%gr% AUC] gar
| ocal itzat iTae st@nacdhabeert rempvert aaxls ccC TTC TCC TAC CAC TCC CGC

TAT TTC ACC CCC AAA CCG GTC CTT GAT AGC ACA ATC GAT TAC TTC CAA

CCC AAT AAC AAA AGA AAT CAA CTC TGG CTA AGA CTA CAA ACC TCT GCA
AAT GTG GAC CAC GTA GGC CTC GGC ACT GCG TTC GAA AAC AGT AAA TAC

15 GAC CAG GAC TAC AAT ATC CGT GTA ACC ATG TAT GTA CAA TTC AGA GAA
TTT AAT CTT AAA GAC CCC CCA CTT AAA CCC TAA

SEQ ID NO: 2: Protein sequence encoded by SEQ ID NO:1

MTCQTYNLFVLSVIMIYYGHTASSLNLGIFNTRLSRTFGYTVKATTVITPSWAVDMMRFNIDDF
VPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSSAVILDDNFVTKATALTYDPYVN

20 YSSRHTIPQPFSYHSRYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSANVDHVGLGTAFENSKY
DQOQDYNIRVTMYVQFREFNLKDPPLKP*

SEQ ID NO: 3: Porcine gamma IFN-PCV ORF2

ATG AGT TAT ACA ACT TAT TTC TTA GCT TTT CAG CTT TGC GTG ACT TTG

TGT TTT TCT GGC TCT TAC TGC GGC ATC TTC AAC ACC CGC CTC TCC CGC

25 ACC TTC GGA TAT ACT GTC AAG GCT ACC ACA GTC ACA ACG CCC TCC TGG
GCG GTG GAC ATG ATG AGA TTT AAT ATT GAT GAC TTT GTT CCC CCG GGA



(3) PAdV3- OCV20RF2 Secreted in which the PCv2 ORF2 has had the NLS renoved
and repl aced by a hydrophobi c signal sequence and cl eavage site. In the

pr ot ocol ,w0 20males®Pd pi gl ets were vacci nated wi th eit hePCTAU2R0RAVB1PCV2ORF2
full length; (2)PAdV3-PCV20RF2 truncated, (3) PAdV3- PCV2ORF2 secreted or

wi th phosphate buffered saline (contr%@). At 5 weeks of age all pigs

recei ved a second (boost) vaccination. AU of the vaccinations wer e

and CRESL PR 2Re PR pPRart C aMEGRE o Do Re dhe A AT

are shaengrr RrguceT3 e(mqmmgga e iTed atdomcarrdrd-igra e:yt; (DAY
presence of clinical qug . As can be seen fromthe data in these
S BiGn

fi gur 8§C B6PhCFTr GSA G@EoéstTTclﬁ]Tl értde CEnFRT A TGS, Atthe

secr %ﬁ@ é%gS'A%rA Goe. c%Aa%%e)rA\&a%;Ar@sctccefochtdq\@e A% rMAGRNer@gatdst

PCV2. 1ndee In each of the group of piglets treated with PBS, full length
PGV2ORATaAg Ct M‘ﬂc@@@d AGVERAETC HEDITES dAR IS i TAT AITGS AWRSE oFRC of

E§X63R%EVE%QF% @&ﬁlggﬁyﬁ&gﬁ Sfﬁggﬁ%bg%%kggﬁh ggﬁygﬁ?ﬁ%ﬁﬁﬁéﬂﬁ%nnved and

repl aged ByTachwndcarhaksice cmzsgrmiA mqu@me rarnl i@y erst terdash®atAC
devel oped any adverse clinical tons at day 7 postchal |l enge. DESCRI PTI ON
BPERCES i

O F SE Orq A€ SERUBIEE 1T AEOAGT NBA TTAC GhS gl AEN- POV
ORF2 ARG AGE Hee A At Wie Mo Gha EJA Gt GHa eh Gha Ale A& Al TAT
TAT GGA CAT ACT GCA AGI AGI CTA AAT CTT GGC ATC TTC AAC ACC CGC CiC TCC CGC
AGC TEBCGGACTATAACT TGRBAANGCGTRAACC ACA GTC ACA ACG CCC TCC TGG GCG GTG GAC
ATG ATG AGA TTT AAT ATT GAT GAC TTT GIT CCC CCG GGA GGG GGG ACC AAC AAA ATC
TCT ATA CCC TTT GAA TAC TAC AGA ATA AGA AAG GTT AAG GIT GAA TTC TGG CCC TGC
TCC CSEQMIENGRCH:(AGtdHtEeqikiicAGR 0ded bgSEQGER NOC3 AGT GCT GIT ATT CTA GAT GAT
AAC TTT GTA ACA AAG GCC ACA GCC CTA ACC TAC GAC CCC TAT GTA AAC TAC TCC TCC
CGC CAT ACC ATA CCC CAG CCC TTC TCC TAC CAC TCC CGC
MSYTTYFLAFQLCVTLCFSGSYCGIFNTRLSRTFGYTVKATTVITPSWAVDMMRFNIDDFVPPG

GGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSSAVILDDNFVTKATALTYDPYVNYSSR
HTIPQPFSYHSRYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSANVDHVGLGTAFENSKYDQDY
15 NIRVTMYVQFREFNLKDPPLKP*

SEQ ID NO: 6: protein sequence encoded by SEQ ID NO:5

SEQ ID NO: 5: Human HIN2 HA-PCV ORF2

ATG AAA GTA AAA CTA CTG ATC CTG TTA TGT ACA TTT ACA GCT ACA TAT

GCA GAC ACA ATA GGC ATC TTC AAC ACC CGC CTC TCC CGC ACC TTC GGA

20 TAT ACT GTC AAG GCT ACC ACA GTC ACA ACG CCC TCC TGG GCG GTG GAC
ATG ATG AGA TTT AAT ATT GAT GAC TTT GTT CCC CCG GGA GGG GGG ACC
AAC AAA ATC TCT ATA CCC TTT GAA TAC TAC AGA ATA AGA AAG GTT AAG
GTT GAA TTC TGG CCC TGC TCC CCA ATC ACC CAG GGT GAC AGG GGA GTT
GGA TCC AGT GCT GTT ATT CTA GAT GAT AAC TTT GTA ACA AAG GCC ACA
25 GCC CTA ACC TAC GAC CCC TAT GTA AAC TAC TCC TCC CGC CAT ACC ATA
CCC CAG CCC TTC TCC TAC CAC TCC CGC TAT TTC ACC CCC AAA CCG GTC
CTT GAT AGC ACA ATC GAT TAC TTC CAA CCC AAT AAC AAA AGA AAT CAA



TAT TTC ACC CCC AAA CCG GIC CTT GAT AGC ACA ATC GAT TAC TTC CAA CCC AAT AAC
AAA AGA AAT CAA CTC TGG CTA AGA CTA CAA ACC TCT GCA AAT GIG GAC CAC GTA GcC
CTC GCC ACD 260B63RC GAA AAC AGT AAA TAC GAC CAG GAC TACPAAVALATE/@GI6 GTA ACC
ATG TAT GTA CAA TTC AGA GAA TTT AAT CIT AAA GAC CCC CCA CTT AAA CCC TAA SEQ
ID NGO 2 : Protein sequence encoded b§1 SEQ ID NG 1

MICQTYNLFVLSVI M YYGHTASSLNLG FNTRLSRTFGYTVKATTVTTPSWAVDMVRFNI DDF

VPP | PEEYYRI R EF P| T F V DP

VSR T PPEC KRRV TR DO DA RRRRVC R QORI L CT ARG C7C
DQDYNGRVT MAYQEREF MiKDRRIrKRACSEQT RANOTAY :cAoraAc esgyamrc | RO QRF2 ATG
AGT TAT ACA ACT TAT TTC TTA GCT TTT CAG CIT TGC GIG ACT TTG TGI _TTT TCT GGC
TCT TAEATAECGAECATATTREAABAAGE CASAcFRMTEE ToA TAE TP R T AT AGCRSTC AAG
CCT AGGTAGAGHe AGAACG CCC TCC TGG GCG GIG GAC ATG ATG AGA TTT AAT ATT GAT
GAC TTT GIT CCC CCG GGAGEG GGG ACC AAC AAA ATC TCT ATA CCC TTT GAA TAC TAC
AGA ATA AGA AAG GIT AAG GIT GAA TTC TGG CCC TGC TCC CCA ATC ACC CAG GGI GAC

o CTRGIRNER: b AReeflcheBple kA P GAR K05 5o o' aT Acc ATA G CAG_
COC TTC TCC TAC CAC TCC CGC TAT TTC ACC CCC AAA CCG GIC CTT GAT AGC ACA ATC
S v iR A AR A G PR My KTy £ AN TCT

CIC G&C ACT GCG TTC GAA AAC AGI AAA TAC GAC CAG
GAC TARIAAPFATCRIGRVEVAFNECSRIG OGARGYES S2AA LPDE EAGKATRA TIYIDP YWANY SSRHARA 10

C SBorrdushl AR eV YD e e ek NG Lot R TR RS SOAOMIS IR SEQ

VTMYVQFREFNLKDPPLKP*

10 SEQ ID NO: 7: Full Length PCV2 ORF2

ATG ACG TAT CCA AGG AGG CGT TAC CGC AGA CGA AGA CAC CGC CCC CGC

AGC CAT CTT GGC CAG ATC CTC CGC CGC CGC CCC TGG CTC GTC CAC CCC

CGC CAC CGT TAC CGC TGG AGA AGG AAA AAT GGC ATC TTC AAC ACC CGC

CTC TCC CGC ACC TTC GGA TAT ACT GTC AAG GCT ACC ACA GTC ACA ACG
15 CCC TCC TGG GCG GTG GAC ATG CTG AGA TTT AAT ATT AAT GAC TTT GTT
CCC CCG GGA GGG GGG ACC AAC AAA ATC TCT ATA CCC TTT GAA TAC TAC
AGA ATA AGA AAG GTT AAG GTT GAA TTC TGG CCC TGC TCC CCA ATC ACC
CAG GGT GAC AGG GGA GTT GGA TCC AGT GCT GTT ATT CTA GAT GAT AAC
TTT GTA ACA AAG ACC ACA GCC CTA ACC TAC GAC CCC TAT GTA AAC TAC
20 TCC TCC CGC CAT ACC ATA ACC CAG CCC TTC TCC TAC CAC TCC CGC TAT
TTC ACC CCC AAA CCG GTC CTT GAT GGG ACA ATC GAT TAC TTC CAA CCC
AAT AAC AAA AGA AAT CAA CTC TGG CTA AGA CTA CAA ACC TCT GCA AAT
GTG GAC CAC GTA GGC CTC GGC ACT GCG TTC GAA AAC AGT AAA TAC GAC
CAG GAC TAC AAT ATC CGT GTA ACC ATG TAT GTA CAA TTC AGA GAA TIT
25 AAT CTT AAA GAC CCC CCA CTT AAA CCC TAA



MSYTTYFLAFQLCVTLCFSGSYCAE FNTRLSRTFGYTVKATTVTTPSVWAVDMVRFNI DDFVPPG

GGTNKI SI PFEYYRI RKVKVEFWPCSPI TQGDRGVGSSAVI LDDNFVT KATALTYDPYVNYSSR

HT1 PQPFSYWORYFTISS8YLDSTI DYFQPNNKRNQLW. RL QT SANVDHVG. GT AFBERSKYD@GDPY001E 6

NI RVTMYVQFREFNLKDPPLKP* SEQ I D NO 6: éBdr:ot ei n sequence encoded by SEQ ID
NO 5 SEQ ID NO 5: Human HIN2 HA- PCV-@RF2 ATG AAA GTA AAA CTA CTG ATC CTG
TTA TGT ACA TTT ACA GCT ACA TAT GCA GAC ACA ATA GGC ATC TTC AAC ACC CGC CTC

TCC C 20 TAT ACT CA GIC ACA ACG CCC TCC TGG
aCG %@%&4@8%@ %&.&eﬂeiﬂcﬁ\&?c%%#&@%m GIT CCC CCG GGA GGG GGG ACC
AAC AAA ATC TCT ATA CCC TTT GAA TAC TAC AGA ATA AGA AAG GTT AAG GIT GAA TTC
TGG CCC_TGC TCC CCA ATC T ATT
Cin ORI YRR R SRR AR LA LR E AL v aa e e b ey

AAC TAGWRESMIEE NGHD Horlp AT MK (3G E AT iGCIK THEW H €D TASG I8IE d EEA LD IR T TTC
ACC CCC AAA CCG GTC CTT GAT AGC ACA ATC GAT TAC TTC CAA CCC AAT AAC AAA AGA

AAT CANEKE TR YORY VAR SEHA 1GAXR EROE SR TP VARG 1570y RACTNIRNGALISRT A GGC

ot SRTERUL ARSI E crr ok cc T s S0 10

: Protein sequence encoded by SEQ I D NGO 5
MQ/KL FJAT, VTTPSWAVDMVRFNI DDFVPPGGGT
NKI SI %M %&%&m DDNFVT KATALTYDPYVNYSSRHTI
PQPFSYHSRYFTPKPVLDSTI DYFQPNNKRNQLW.RL QT SANVDHVA.GTAFENSKYDQDYNI R

VIMVERERN K - 1ea | aed o ralc 'cdd hdA NG £6A%cABéec ccc cec

AGC CAT CTT GGC CAG ATC CTC CGC CGC CGC CCC TGG CTC GTC CAC CCC

CGC CAC CGT TAC CGC TGG AGA AGG AAA AAT

10 SEQ ID NO: 10: Protein sequence encoded by SEQ ID NO: 9

MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHPRHRYRWRRKN

SEQ ID NO:11

ATG ACT TGC CAG ACT TAC AACTTG TTT GTT CTG TCT GTC ATC ATG ATT TAT
TAT GGA CAT ACT GCA AGT AGT CTA AAT CTT (SEQ ID NO:1)

15 SEQ ID NO:12

MTCQTYNLFVLSVIMIYYGHTASSLNL

SEQ ID NO:13

ATG AGT TAT ACA ACT TAT TTC TTA GCT TTT CAG CTT TGC GTG ACT TTG TGT
TTT TCT GGC TCT TAC TGC

20 SEQ ID NO:14



ATG ACG TAT CCA AGG AGG CGT TAC CGC AGA CGA AGA CAC CGC CCC CGC AGC CAT CTT
GGC CAG ATC CTC CGC CGC CGC CCC TGG CTC GTC CAC CCC CGC CAC CGT TAC CGC TGG
AGA AGG AN 20AT068GE ATC TTC AAC ACC CGC CTC TCC CGC ACCPTTAUGHY/GAT6 ACT GIC
AAG GCT ACC ACA GTC ACA ACG |5 CCC TCC TGG GCG GTG GAC ATG CTG AGA TTT AAT
ATT AAT GAC TTT GIT CCC CCG GGA GGG GG ACC AAC AAA ATC TCT ATA CCC TTT GAA
TAC TAC AGA ATA AGA AAG GIT AAG GIT GAA TTC TGG CCC TGC TCC CCA ATC ACC CAG
GGT GCT GTT ATT CTA GAT GAT AAC TTT GTA ACA AAG
acc ARV EAAFGLEVAEORSES IR, TAT Gra Aac TAC 20 TOC TOC GGC CAT ACC ATA
ACC CAG CCC TTC TCC TAC CAC TCC CGC TAT TTC ACC CCC AAA CCG GTC CTT GAT GGG
ACA A@@N}&%TTC CAA CCC AAT AAC AAA AGA AAT CAA CTC TGG CTA AGA CTA CAA
ACC T GTG GAC CAC GTA GGC CTC GGC ACT GOG TTC GAA AAC AGT AAA TAC
GAC CAG GAC TAC AAT ATC CGT GTA ACC ATG TAT GTA CAA TTC AGA GAA TTT 25 AAT
CTT AAA GAC CCC CCA CIT AAA TAASE I\J[O . Protein sequence encoded
by SEagl%aﬂ@ apa cta ctg atc ctg ttatgtacatttaca g aca tat gca gac aca ata
MI'YPRRRYRRRRHRPRSHL GQl LRRRPW. VHPRHRYRWRRKNG FNTRLSRTFGYTVKATTVTT
PSWAVDM.RENI ND, FVPPGGGTNKI SI PFEYYRI RKVKVEFWPCSPI TQGDRGVGSSAVI LDDN
FVTKTPARTOBAASY SSRHTI TQPFSYHSRYFTPKPVLDGTI DYFQPNNKRNQLW. RLQTSAN

VDHVGL GTAFENSKYDQDYNI RVTMYVQFREFNLKDPPLKP* SEQ I D NO 9 : Signal sequence
of PCV2 ORF2 ATG ACG TAT CCA AGG AGG CGT TAC CGC AGA CGA AGA CAC CGC CCC
cac AMKYEKRLEFRCEBEAGARIRTE CcTC CcGC CGC CGC CCC TGG CTC GTC CAC CCC CGC CAC
CGT TAC CGC TGG AGA AGG AAA AAT SEQ ID NO 10: Protein sequence encoded by
SEQ I D NO 9 MIYPRRRYRRRRHRPRSHLGQ LRRRPW.VHPRHRYRWRRKN



SEQ ID NO 11 ATG ACT TGC CAG ACT TAC AAC TTG TTT GIT CTG TCT GIC ATC ATG
ATT TAT TAT GGA CAT ACT GCA AGT AGT CTA AAT CTT (SEQ ID NO'1) SEQ ID NO 12
MT CQTYNL FWO3vi oke¥9EHTASSLNL SEQ | D NO 13 ATG AGT TAT ACRCAGD200800T6I€ TTA
GCT TTT CAG CIT TGC GIG ACT TTG TGI TIT TCT GGC TCT TAC TGC SEQ I D NO
1I4AMSYTTYFLAFQLCVTLCFSGSYC, SEQ I D NQ’%‘atg aaa gta aaa eta ctg ate ctg tta
tgt aca ttt aca get aca tat gca gac aca ata SEQ ID NO 16

MKVKLLI LLCTFTATYADTI WHAT IS CLAIMED IS: 1. A reconbi nant expression vector
conpr i HAIr s YA RIEDast d sequence that encodes a nodified PCV2 ORF2
operably linked to a pronoter, wherein a. the nodified PCV2 ORF2 is one in
whi ch the nuclear |ocalization signal of wildtype PCV2 ORF2 has been
renmovqd or Amdichintthnt expls@¥h Sfe%?tdo% iQfngt & WoEIR{cefkiPREJueNcO AN B a
expression; or b. the dified PCV2 F2 I's one in which the nucl ear

| ocal i zat i omodifighRCVRALRFeeperatdyrbinked taracpromptenceltereint h a si gnal hydr ophobi ¢
signal that directs expression of the PCV2 ORF2 on the cell surface of an
infected cell. 2. The reconbi nant expression vector of claim1, wherein the
nucl ear | o@al i z#id modified PAIVDOORFRisl omRizwhinh thesuclearjocatization signal of wild-

xpr 5si on vect SIPCIC B STk 4 Am pRap dHOP LR TSRS Potiar SSTeish i gsresy
sai d C]t?FZ i sf I e RIRECSstotit Bpdnhékpidssioal orsequence sel ected from the group
consisting o

b. the modified PCV2 ORF2 is one in which the nuclear localization signal has been
removed and replaced with a signal hydrophobic signal that directs expression of

the PCV2 ORF2 on the cell surface of an infected cell.

2. The recombinant expression vector of claim 1, wherein the nuclear localization signal of

said ORF2 has been replaced with a hydrophobic signal sequence and cleavage site.

3. The recombinant expression vector of claim 1, wherein the nuclear localization signal of
said ORF2 is replaced with the signal sequence selected from the group consisting of

chicken gamma interferon, porcine gamma interferon, and the HA protein of influenza

virus.
4. The recombinant expression vector of claim 1, wherein said vector is a viral vector.
5. The recombinant expression vector of claim 4, wherein said viral vector is selected from

the group consisting of an adenoviral vector, an adenoassociated viral vector, a lentiviral

vector, a herpes viral vector, a pox viral vector.

6. The recombinant expression vector of claim 5, wherein said adenoviral vector is a
porcine adenoviral vector selected from the group consisting of PAdV1, PAdV2, PAdV3,
PAdV4, and PAdVS.



chi cken gammua interferon, porcine gamma interferon, and the HA protein of

i nfluenza virus. 4. The reconbi nant expression vector of claiml1l, wherein
sai d vectwo 2000/m@m8960r al vector. 5. The reconbi nant expr ePETNU20@D00A16 Of
claim4, wherein said viral vector is_selected fromthe group consisting of
an adenoviral vector, an adenoassocié?éd viral vector, a lentiviral vector,
a herpes viral vector, a pox viral vector. 6. The reconbi nant expression

vect of sel atPap Rt REb A, SeBHERAMRES. Y FEkR el B8 B BRTA “RRIA

and PAdV5. PAdMBe reconbi nant expression vector of claim6, wherein said
porci ne adenoviral vector is PAdV3. 8. The vaccine of claim7, wherein said
PAVd3 is a replication conpetent PAdV3 9. The reconbi nant expression vector
of cl 8 m 7 Thekae@hdoB@hith MUepéif sadiPA BETidaneplidatiah cempedmsP £aw3l nodi fi ed
PCV ORF2 is inserted into a non-essential sequence in PAdV3. 10. The
reconbi nant expression vector of claim9, wherein said non-essenti al

sequence OffHRAEdmbihdnt SkprRE%i6Nl vEEBNbE BRirg 70 thefcdi Shid trivkibi®kcill Reqisace @giton,
ORF 1-2 and 4-7 of E4, the region between the end of E4 and the_|I TR of the

por ci ne ade&nendes said gradified PGY ORTkisriesestnd inta ginoaepreatial ssauense inPAGV 3¢l ai m
7, wherein said PAdV3 is a reconbi nant PAdV3 conprising a fibre gene native
to said PAdV3 and further conprising a second fibre gene that is

het er dDogoThetrecambidant crxpression yectph of elaimsd i wheselagail nomessenfial sefuenge @i r ed

by said re | gant .adenovir row h of ~sai { V] in
2 ol 1§ nd A el B B8 eldondiRilng br B RERGL ORI T BREET6rEE
r ecombi nantheppionbetvieenBe el of 4 sddathe IR ofkley soir¢iné adethomirad génonaci d

conprises the sequence of SEQID NO 1, SEQID NO 3 or SEQ ID NO 5. 13. The
reconbi nant expression vector of claim21 further conprising a nucleic acid

t hat @ncodggeasedhiinaméxpe@bioh Glec® i0Fi dldifh07 aWhérdnsed PASVBN &La irécapitdfant
PAdV3 comprising a fibre gene native to said PAdV3 and further comprising a second
fibre gene that is heterologous to said adenovirus, wherein said second fibre gene is
acquired by said recombinant adenovirus by growth of said recombinant adenovirus in a

cell line that stably expresses said second fibre gene.

12.  The recombinant expression vector of claim 1, wherein said nucleic acid comprises the

sequence of SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:5.

13.  The recombinant expression vector of claim 1 further comprising a nucleic acid that

encodes another antigen for eliciting an immune response in pigs.

14. A composition comprising a first recombinant expression vector of claim 1, and a second
recombinant expression vector that comprises an additional antigen for eliciting an

immune response in pigs.

15. A vaccine for eliciting a protective response against porcine circovirus (PCV2) infection
in pigs comprising a veterinarily acceptable vehicle or excipient and a recombinant

expression vector of any of claims 1 through 13.



14. A conposition conprising a first reconbi nant expression vector of claim
1, and a second reconbi nant expression vector that conprises an additional
anti gen fwo2el0/sBe6bNng an i mMmune response in pigs. 15. APCRAi20@/000416
eliciting a protective response agai ngst porcine circovirus (PCV2) infection
in pigs conprising a veterinarily accgﬁfable vehicle or excipient and a
reconbi nant expression vector of any of clainms 1 through 13.16. A vaccine

for eliciting a.protective response aqai nst. P Lnfection i.n pPigs. .

conpr 161 ng A RS0 SrcfiEs PERERITS FrPoRs ipins TEY2RBERH I s RlBrigng o e
conpri si ng cemPositioN®f flaiagltd.t i onal antigen for vaccination of pigs wherein
said additional one or nore antigen is provided as a protein conponent in
the veterinarily acceptable vehicle or excipient of said vaccine. 18. A
vacci ng. f orrheh@adeiet 6£tdfm aF, Fuleraahpsdingli siRASE mERUaEH VAl Piavigén GBF2,
sai d vaccine conprising a reconbinant virus vector conprising a pronoter

operabl y | ivAkw@ertog of pigsavberRbiaid additienal eae e mES BRfigsN i8 PHYidedmscl BioteRC d
t hat d : i . - ! D
noer t1on Spaofgn ) B8RRGSR o8 LA oL R IS © T

sequence, a polyadenylation signal; and a viral genome, wherein said

rTDd! f'lﬁd P -V%cc%:\:alz%og %ksro ecplggloqaé]i i%ggilnétzgitséa%gs %hﬁ%@ﬁlb i’%’V-I r@Ri@ngii@e of
cl ai m18, SPETH a8i g VRSOt (Y thE onprisées a ¢ eav&be sequence

i medi at el watiisd Eqapristig 4 Reolbinh ¥ired Ye2tdraomppidinigi astoiGiér DpeiabR; linkedtei n
the PCV-2 ORF 2 éégression product from said vector produce;ea sol upl e gene
product . 2@. hydrophobicsigngl seqyenss, 6PEBRSIRg aoPuglpigsacqd dhatpagodes,a JBembfang

di sorder, i CEi C i §i P . i : d ctor
conpr i 51 g TRl BRI e SR o B G A T L oRE2
conpri si ng fameuetithi saiddiydrdphabicesigmad esquencenbrpoigadenylation signdhnaidna dradl a
nucl eic acid that .encodes a fru 2 that | acks a NLS sequence

i nserted i BERMEEaVRGeIA sU |n6°(f\§6‘r]g€${0£p§9${ﬁ |a r‘é‘@%ﬁ%]r‘?(‘fgl,‘za DEEYddenyl ati on

e
signal; and a porcine adenovirus 3 genone.

19.  The vaccine of claim 18, wherein said vector further comprises a cleavage sequence
immediately upstream of the cloning site for modified PCV-2 ORF2, wherein the PCV-2

ORF 2 expression product from said vector produces a soluble gene product.

20. A vaccine for the protection of pigs from PCV-2 associated disorder, said vaccine
comprising a recombinant porcine adenovirus 3 vector comprising a promoter operably
linked to a hydrophobic signal sequence comprising a nucleic acid that encodes a
‘membrane anchoring domain, and a nucleic acid that encodes a truncated PCV2 ORF2
that lacks a NLS sequence inserted in frame with said hydrophobic signal sequence, a

polyadenylation signal; and a porcine adenovirus 3 genome.

21. The vaccine of claim 17, 18 or 20 wherein said vaccine is formulated for aerosol
administration.
22. The vaccine of claim 17, 18 or 20 wherein said vaccine is formulated for oral, nasal,

intramuscular, subcutaneous, or intradermal delivery.



21. The vaccine of claim17, 18 or 20 wherein said vaccine is fornul ated
for aerosol admnistration. 22. The vaccine of claim17, 18 or 20 wherein
sai d vaccwoeoimegwpmul at ed for oral, nasal, intranmuscul acT/AAuzbexaiieous, or
intradermal delivery.23. A nethod for _eliciting an i mune response in a
por ci ne subject conprising adninisterﬁﬁg a vaccine of claim17, 18 or 20 to
t he porcine subject in an anmount effective to elicit a protective i mune
response in sajd.porgine suhject. 24 A nethod for,.reducing. viral .|load of
o o 18- o1 AL BHPA 0Lt Tt Repoo B Biige FHiBS hBin A e3Re o

or i MMNog@njaeciheSPeRER 13928 b8 LORG\Re pbrcidesubjegt GO hindlMO:fRRfil SRl g to
the pig a conposition conprising a pharmaceutically or veterinarily or

nedi cal | y @xdegivabinguag respensedn daid poesipg 8bigcbn vect or of any of clains 1

t hrough 13. 25. The nethod of claim 23 or claim 24, wherein the

adm ni stering is prior to breeding. 26. The nmethod of claim 23 or claim 24,
wher e2fi. t he\ piethddsfos redusingamiralf ]Qg&oé petgine circovirus 2 (PCV2) in a pig comprising

inducing an immunological or immunogenic response against PCV2 in the pig

comprising administering to the pig a composition comprising a pharmaceutically or
veterinarily or medically acceptable carrier and an expression vector of any of claims 1

through 13.

25. The method of claim 23 or claim 24, wherein the administering is prior to breeding.

26.  The method of claim 23 or claim 24, wherein the pig is a pregnant female pig.



