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DESCRIPTION

SEQUENCE LISTING

[0001] This application contains a sequence listing in paper format and in computer readable format the teachings and content of
which are hereby incorporated by reference. The sequence listing is also identical with that incorporated in WO06/072065.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to the use of an immunogenic composition comprising a porcine circovirus type 2 (PCV2)
antigen for the prevention, reduction in severity of clinical signs, reduction in the incidence of infection and/or clinical signs, and
treatment of several clinical manifestations (diseases) in animals having anti-PCV2 specific antibodies. Preferably, those anti-PCV-2
specific antibodies are maternal antibodies.

Description of the Prior Art

[0003] Porcine circovirus type 2 (PCV2) is a small (17 - 22 nm in diameter), icosahedral, non-enveloped DNA virus, which contains
a single-stranded circular genome. PCV2 shares approximately 80% sequence identity with porcine circovirus type | (PCV1).
However, in contrast with PCV1, which is generally non-virulent, infection of swine with PCV2 has recently associated with a number
of diesase syndromes which habe been collectively named Porcine Circovirus-Associated Diseases (PCVAD) (also known as
Porcine Circovirus Diseases (PCVD)) (Allan et al. 2006, IPVS Congress). Postweaning Multisystemic Wasting Syndrome (PMWS) is
generally regarded to be the major clinical manifestation of PCVAD. (Harding et al., 1997, Swine Health Prod; 5: 201-203; Kennedy
et al., 2000, J Comp Pathol; 122: 9-24). PMWS affects pigs between 5-18 weeks of age. PMWS is clinically characterized by
wasting, paleness of the skin, unthriftiness, respiratory distress, diarrhea, icterus, and jaundice. In some affected swine, a
combination of all symptoms will be apparent while other affected swine will only have one or two of these symptoms. (Muirhead,
2002, Vet. Rec.; 150: 456) During necropsy, microscopic and macroscopic lesions also appear on multiple tissues and organs, with
lymphoid organs being the most common site for lesions. (Allan and Ellis, 2000; J Vet. Diagn. Invest. 12: 3-14) A strong correlation
has been observed between the amount of PCV2 nucleic acid or antigen and the severity of microscopic lymphoid lesions. Mortality
rates for swine infected with PCV2 can approach 80%. In addition to PMWS, PCV2 has been associated with several other
infections including pseudorabies, porcine reproductive and respiratory syndrome (PRRS), Glasser's disease, streptococcal
meningitis, salmonellosis, postweaning colibacillosis, dietetic hepatosis, and suppurative bronchopneumonia However, research
thus far has not confirmed whether any of these clinical symptoms are in fact, the direct result of a PCV2 infection. Moreover, it is
not yet known whether any of these clinical symptoms can be effectively reduced or cured by an active agent directed against
PCV2.

[0004] Approaches to treat PCV2 infections based on a DNA vaccine are described in U.S. Patent No. 6,703,023. In WO03/049703
production of a live chimeric vaccine is described, comprising a PCV-1 backbone in which an immunogenic gene of a pathogenic
PCV2 strains replaces a gene of the PCV-1 backbone. W099/18214 has provided several PCV2 strains and procedures for the
preparation of a killed PCV2 vaccine. However, no efficacy data have been reported. An effective ORF-2 based subunit vaccine
has been reported in WO06/072065 and in W02007/028823. Any of such vaccines are intended to be used for the
vaccination/treatment of swine or pigs older than 3 weeks of age. None of these vaccines have been described for use in young
piglets, younger than 3 or 2 weeks of age.

[0005] Maternally derived immunity has been shown to confer a certain degree of protection against PCV2 infection and clinical
diseases associated with PCV2 infections. This protection has been shown to be titer dependent: higher titers are generally
protective whereas lower titers are not (McKeown et al., 2005; Clin. Diagn. Lab. Immunol.; 12: 1347-1351). The mean antibody half-
life in weanlings has been estimated to be 19.0 days and the window for PCV2-passive antibody decay within a population is
relatively wide (Opriessnig et al. 2004, J. Swine Health Prod. 12:186-191). Low titers of PCV2 passively acquired antibodies present
at 10-12 days of age were found to decay by approximately 4.9 + 1.2 weeks of age, moderate levels of antibodies were found to
decay by approximately 8.1+1.9 weeks of age and high levels of antibodies were found to decay by approximately 11.1£2.5 weeks
of age (Opriessnig et al., 2006, 37th Annual Meeting of the American Association of Swine Veterinarians ). In a timely close
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correlation with the waning antibody titer stands the occurrence of first clinical signs of PCVAD which occur when piglets are
approximately 5 and 12 weeks old (Allan et al, 2000, Vet. Diagn. Investigation, 12: 3-14). Furthermore, PCV2 has also been
isolated out of lymphnodes of neonatal piglets (Hirai et al, 2001, Vet. Record; 148:482-484) indicating that even younger piglets
may be affected from PCVAD in the absence of protective maternal antibody titers. The obvious correlation between the antibody
titer and protection has been proven in a Spanish Field study: Pigs with low antibody titers at 7 weeks of age (mean antibody titer
1:100, range 0 to 1:320) had a significantly higher mortality rate over the following 5 weeks than animals with higher antibody titers
(Rodriguez-Arrioja et al., 2002, Am. J Vet. Res. 63:354-357).

[0006] The presence of maternally-derived antibody not only may confer a certain degree of protection against viral infections,
which however is not predictable, but also be known to impair the efficacy of immunization. For example higher titers of maternally-
derived antibodies to classical swine fever virus (CSFV) inhibit both cell-mediated and humoral immune response to a CSFV
vaccine, but lower titers have no significant influence (Suradhat and Damrongwatanapokin, 2003, Vet. Microbiol; 92: 187-194).
Also, for live PCV2 vaccines, it has been predicted that they will work most efficiently when given to piglets older than 7 or 8 weeks
of age, because the maternal antibodies have mostly waned at that time. Maternal antibody interference is influenced by the type of
elicited immune response (Th1 versus Th2) which is dependent (beyond others) on the type of vaccine, type of antigen, type of
adjuvant as well as on the amount of administered antigen. Consequently, possible maternal antibody interference may differ for
vaccines even if they protect against the same pathogen. Altogether, maternally-derived anti-PCV2 antibodies may confer a certain
degree of protection against PCV2, but on the other hand those antibodies may impair the efficacy of any PCV2 vaccine.

[0007] The protection of animals by active immunization is further complicated by the fact that a) the time for the decay of
maternally derived antibodies (MDA) varies from animal to animal and b) many diseases occur shortly after the decay of antibodies.
To face this problem several vaccination strategies foresee a two shot vaccination regime for young animals: The first vaccination is
given early in life in order to protect those animals with low MDA. It is accepted that this first vaccination may not be effective in
animals with high MDA titers due to an interference with the vaccine antigen. In order to also protect these animals, a second
vaccination is required, when high MDA levels are expected to have declined. This kind of vaccination schedule is used for many
small animal vaccines (against e.g. canine parvovirosis, canine hepatitis, etc.), equine vaccines (against e.g. equince influenza
vaccines) and porcine vaccines (against e.g. Actinobacillus pleuropneumoniae, Haemophilus parasuis). As the onset of PCVAD in
animals 5 weeks of age or older seems to be linked to the decay of PCV2 antibodies, which is reported to occur in animals aged 4-
11 weeks, several vaccine approaches against PCVAD have been described using a two shot vaccination regime in order to
circumvent a possible maternal antibody interference. In WO 2007/028823 vaccination of piglets having maternally-derived anti-
PCV2 antibodies with more than 20 pg/dose antigen using a two shot vaccination regime is described. Initial vaccination was
administered between 1 and 4 weeks of age. All animals were re-vaccinated three weeks after the initial vaccination, when the
maternally-derived antibodies in animals with high MDA levels at the time of first vaccination had declined or ceased. Thus, yet no
information exist which describes the exact influence of maternally-derived anti-PCV2 antibodies on degree of protection or
interference. For that reason, it is recommended not to vaccinate piglets prior to three (3) weeks of age at least with a single shot
vaccine regime. Vaccination prior to weeks 3 of age is connected with a certain degree of uncertainty with respect to immunization
efficacy. On the other hand, piglets with lower levels of maternally-derived anti-PCV2 antibodies, whereas yet nobody knows what
lower levels exactly means, are not sufficiently protected against PCV2 infection prior to week 3 of age. In other words, herds with
low MDA titers which are not vaccinated before 3 weeks of age have an immanent risk of PCV2 infections due to lack of a sufficient
immune status.

[0008] Moreover, such vaccines have not been described to confer protective immunity against PCV2 infection or reducing,
lessening the severity of, lessening the incidence of, or curing any clinical symptoms associated therewith in pigs already having
anti-PCV2 antibodies, preferably having maternal anti-PC2 antibodies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]
Eigure 1 is a graph of anti-PCV2 antibody titer classes at the time of vaccination;

Eig. 2 is a graph comparing the live body weight in vaccinated animals with low (< 1:100) and high (> 1:1000) anti-PCV2 antibodies;
and

Fig. 3 is a graph illustrating body weight difference in vaccinated (IVP) as compared to placebo-treated control animals (CP).

DISCLOSURE OF THE INVENTION
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[0010] The claims define the matter for which protection is sought. The present invention overcomes the problems inherent in the
prior art and provides a distinct advance in the state of the art. According to general aspect, the present disclosure provides a
method for the treatment or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or associated with a
PCV2 infection in animals having anti-PCV2 antibodies, comprising the step of administering an effective amount of PCV2 antigen
or an immunogenic composition comprising an PCV2 antigen to that animal in need of such treatment. It was an unpredictable and
surprising finding, that the presence of anti-PCV2 antibodies, and in particular of maternal origin, does not impair the efficacy of
vaccine comprising PCV2 antigen.

[0011] The terms "vaccine" or "immunogenic composition" (both terms are used synonymously) as used herein refer to any
pharmaceutical composition containing a PCV2 antigen, which composition can be used to prevent or treat a PCV2 infection-
associated disease or condition in a subject. A preferred immunogenic composition can induce, stimulate or enhance the immune
response against PCV2. The term thus encompasses both subunit immunogenic compositions, as described below, as well as
compositions containing whole killed, or attenuated and/or inactivated PCV2.

[0012] Thus according to another aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2
infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in animals having anti-PCV2
antibodies, in particular maternally-derived anti-PCV2 antibodies, comprising the step of administering an effective amount of PCV2
antigen or an immunogenic composition comprising an PCV2 antigen to that animal in need of such treatment, wherein the
immunogenic composition is a subunit immunogenic composition, a compositions containing whole killed, or attenuated and/or
inactivated PCV2.

[0013] The term "subunit immunogenic composition" as used herein refers to a composition containing at least one immunogenic
polypeptide or antigen, but not all antigens, derived from or homologous to an antigen from PCV2. Such a composition is
substantially free of intact PCV2. Thus, a "subunit immunogenic composition" is prepared from at least partially purified or
fractionated (preferably substantially purified) immunogenic polypeptides from PCV2, or recombinant analogs thereof. A subunit
immunogenic composition can comprise the subunit antigen or antigens of interest substantially free of other antigens or
polypeptides from PCV2, or in fractionated from. A preferred immunogenic subunit composition comprises the PCV2 ORF-2 protein
as described below. Most preferred are immunogenic subunit compositions, which comprise any of the PCV2 antigens provided in
WO06/072065. An "immune response” means but is not limited to the development in a host of a cellular and/or antibody-mediated
immune response to the composition or vaccine of interest. Usually, an "immune response” includes but is not limited to one or
more of the following effects: the production or activation of antibodies, B cells, helper T cells, suppressor T cells, and/or cytotoxic T
cells, directed specifically to an antigen or antigens included in the composition or vaccine of interest. Preferably, the host will
display either a therapeutic or a protective immunological (memory) response such that resistance to new infection will be
enhanced and/or the clinical severity of the disease reduced. Such protection will be demonstrated by either a reduction in number
or severity of, or lack of one or more of the symptoms associated with PCV2 infections, in delay of onset of viremia, in a reduced
viral persistence, in a reduction of the overall viral load and/or a reduction of viral excretion.

[0014] The terms "antigen” as used herein refers to an amino acid sequence which elicits an immunological response as described
above. An antigen, as used herein, includes the full-length sequence of any PCV2 proteins, analogs thereof, or immunogenic
fragments thereof. The term "immunogenic fragment” refers to a fragment of a protein which includes one or more epitopes and
thus elicits the immunological response described above. Such fragments can be identified using any number of epitope mapping
techniques, well known in the art. See, e.g., Epitope Mapping Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E. Morris,
Ed., 1996) Humana Press, Totowa, New Jersey. For example, linear epitopes may be determined by e.g., concurrently synthesizing
large numbers of peptides on solid supports, the peptides corresponding to portions of the protein molecule, and reacting the
peptides with antibodies while the peptides are still attached to the supports. Such techniques are know in the art and described in,
e.g., US. Patent No. 4,708,871; Geysen et al. (1984) Proc. Natl. Acad. Sci. USA 81:3998-4002; Geysen et al. (1986) Molec.
Immunol. 23:709-715. Similarly, conformational epitopes are readily identified by determining spatial conformation of amino acids
such as by, e.g., xray crystallography and 2-dimensional nuclear magnetic resonance. See, e.g., Epitope Mapping Protocols,
supra.

[0015] Synthetic antigens are also included within the definition, for example, polyepitopes, flanking epitopes, and other
recombinant or synthetically derived antigens. See, e.g., Bergmann et al. (1993) Eur. J. Immunol. 23:2777-2781; Bergmann et al.
(1996), J. Immunol. 157:3242-3249; Suhrbier, A. (1997), Immunol, and Cell Biol. 75:402-408 ; Gardner et al., (1998) 12th World
AIDS Conference, Geneva, Switzerland, June 28-July 3, 1998.

[0016] According to further aspect, the immunogenic composition as used herein most preferably comprises the polypeptide, or a
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fragment thereof, expressed by ORF-2 of PCV2. PCV2 ORF-2 DNA and protein, used herein for the preparation of the
compositions and within the processes provided herein is a highly conserved domain within PCV2 isolates and thereby, any PCV2
ORF-2 would be effective as the source of the PCV ORF-2 DNA and/or polypeptide as used herein. A preferred PCV2 ORF-2
protein is that of SEQ ID NO: 11 herein and of WO06/072065. A further preferred PCV ORF-2 polypeptide is provided as SEQ ID
NO: 5 herein and in WO06/072065. However, it is understood by those of skill in the art that this sequence could vary by as much
as 6-10% in sequence horology and still retain the antigenic characteristics that render it useful in immunogenic compositions. The
antigenic characteristics of an immunological composition can be, for example, estimated by the challenge experiment as provided
by Example 4 of WO06/072065. Moreover, the antigenic characteristic of a modified antigen is still retained, when the modified
antigen confers at least 70%, preferably 80%, more preferably 90% of the protective immunity as compared to the PCV2 ORF-2
protein, encoded by the polynucleotide sequence of SEQ ID NO:3 or SEQ ID NO:4 as provided herein and in WO06/072065.

[0017] Thus according to a further aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2
infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in animals having anti-PCV2
antibodies, in particular maternally-derived anti-PCV2 antibodies, comprising the step of administering an effective amount of PCV2
antigen or an immunogenic composition comprising a PCV2 antigen to that animal in need of such treatment, wherein the PCV2
antigen is an antigen of PCV2 ORF-2 protein that has at least 70%, preferably, 80% even more preferably 90% of the protective
immunity as compared to compared to the PCV2 ORF-2 protein, encoded by the polynucleotide sequence of SEQ ID NO:3 or SEQ
ID NO:4 as provided herein and in WO06/072065. Preferably said PCV2 ORF-2 sequences have the sequence of SEQ ID NO: 11
or SEQ ID NO: 5 as provided herein and in WO06/072065.

[0018] In some forms, immunogenic portions of PCV2 ORF-2 protein are used as the antigenic component in the immunogenic
composition, comprising PCV2 antigen. The term “immunogenic portion" as used herein refers to truncated and/or substituted
forms, or fragments of PCV2 ORF-2 protein and/or polynucleotide, respectively. Preferably, such truncated and/or substituted
forms, or fragments will comprise at least 6 contiguous amino acids from the full-length ORF-2 polypeptide. More preferably, the
truncated or substituted forms, or fragments will have at least 10, more preferably at least 15, and still more preferably at least 19
contiguous amino acids from the full-length PCV ORF-2 polypeptide. Two preferred sequences in this respect are provided as SEQ
ID NO: 9 and SEQ ID NO:10 herein and in WO06/072065. It is further understood that such sequences may be a part of larger
fragments or truncated forms.

[0019] As mentioned above, a further preferred PCV2 ORF-2 polypeptide is any one encoded by the nucleotide sequences of
SEQ ID NO: 3 or SEQ ID NO: 4. However, it is understood by those of skill in the art that this sequence could vary by as much as 6-
20% in sequence homology and still retain the antigenic characteristics that render it useful in immunogenic compositions. In some
forms, a truncated or substituted form, or fragment of this PCV2 ORF-2 polypeptide is used as the antigenic component in the
composition. Preferably, such truncated or substituted forms, or fragments will comprise at least 18 contiguous nucleotides from the
full-length PCV2 ORF-2 nucleotide sequence, e.g. of SEQ ID NO: 3 or SEQ ID NO: 4. More preferably, the truncated or substituted
forms, or fragments, will have at least 30, more preferably at least 45, and still more preferably at least 57 contiguous nucleotides of
the full-length PCV2 ORF-2 nucleotide sequence, e.g. SEQ ID NO: 3 or SEQ ID NO: 4.

[0020] "Sequence identity" as it is known in the art refers to a relationship between two or more polypeptide sequences or two or
more polynucleotide sequences, namely a reference sequence and a given sequence to be compared with the reference
sequence. Sequence identity is determined by comparing the given sequence to the reference sequence after the sequences have
been optimally aligned to produce the highest degree of sequence similarity, as determined by the match between strings of such
sequences. Upon such alignment, sequence identity is ascertained on a position-by-position basis, e.g., the sequences are
"identical" at a particular position if at that position, the nucleotides or amino acid residues are identical. The total number of such
position identities is then divided by the total number of nucleotides or residues in the reference sequence to give % sequence
identity. Sequence identity can be readily calculated by known methods, including but not limited to, those described in
Computational Molecular Biology, Lesk, A. N., ed., Oxford University Press, New York (1988 ), Biocomputing: Informatics and
Genome Projects, Smith, D.W., ed., Academic Press, New York (1993 ); Computer Analysis of Sequence Data, Part |, Griffin, AM.,
and Griffin, H. G., eds., Humana Press, New Jersey (1994); Sequence Analysis in Molecular Biology, von Heinge, G., Academic
Press (1987); Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M. Stockton Press, New York (1991 ); and Carillo, H.,
and Lipman, D., SIAM J. Applied Math., 48: 1073 (1988). Preferred methods to determine the sequence identity are designed to
give the largest match between the sequences tested. Methods to determine sequence identity are codified in publicly available
computer programs which determine sequence identity between given sequences. Examples of such programs include, but are not
limited to, the GCG program package (Devereux, J., et al., Nucleic Acids Research, 12(1):387 (1984)), BLASTP, BLASTN and
FASTA (Altschul, S. F. et al., J. Molec. Biol., 215:403-410 (1990). The BLASTX program is publicly available from NCBI and other
sources (BLAST Manual, Altschul, S. et al., NCVI NLM NIH Bethesda, MD 20894, Altschul, S. F. et al., J. Molec. Biol., 215:403-410
(1990)). These programs optimally align sequences using default gap weights in order to produce the highest level of sequence
identity between the given and reference sequences. As an illustration by a polynucleotide having a nucleotide sequence having at
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least, for example, 85%, preferably 90%, even more preferably 95% "sequence identity" to a reference nucleotide sequence, it is
intended that the nucleotide sequence of the given polynucleotide is identical to the reference sequence except that the given
polynucleotide sequence may include up to 15, preferably up to 10, even more preferably up to 5 point mutations per each 100
nucleotides of the reference nucleotide sequence. In other words, in a polynucleatide having a nucleotide sequence having at least
85%, preferably 90%, even more preferably 95% identity relative to the reference nucleotide sequence, up to 15%, preferably 10%,
even more preferably 5% of the nucleotides in the reference sequence may be deleted or substituted with another nucleotide, or a
number of nucleotides up to 15%, preferably 10%, even more preferably 5% of the total nucleotides in the reference sequence may
be inserted into the reference sequence. These mutations of the reference sequence may occur at the 5' or 3' terminal positions of
the reference nucleotide sequence or anywhere between those terminal positions, interspersed either individually among
nucleotides in the reference sequence or in one or more contiguous groups within the reference sequence. Analogously, by a
polypeptide having a given amino acid sequence having at least, for example, 85%, preferably 90%, even more preferably 95%
sequence identity to a reference amino acid sequence, it is intended that the given amino acid sequence of the polypeptide is
identical to the reference sequence except that the given polypeptide sequence may include up to 15, preferably up to 10, even
more preferably up to 5 amino acid alterations per each 100 amino acids of the reference amino acid sequence. In other words, to
obtain a given polypeptide sequence having at least 85%, preferably 90%, even more preferably 95% sequence identity with a
reference amino acid sequence, up to 15%, preferably up to 10%, even more preferably up to 5% of the amino acid residues in the
reference sequence may be deleted or substituted with another amino acid, or a number of amino acids up to 15%, preferably up to
10%, even more preferably up to 5% of the total number of amino acid residues in the reference sequence may be inserted into the
reference sequence. These alterations of the reference sequence may occur at the amino or the carboxy terminal positions of the
reference amino acid sequence or anywhere between those terminal positions, interspersed either individually among residues in
the reference sequence or in the one or more contiguous groups within the reference sequence. Preferably, residue positions
which are not identical differ by conservative amino acid substitutions. However, conservative substitutions are not included as a
match when determining sequence identity.

[0021] "Sequence horology”, as used herein, refers to a method of determining the relatedness of two sequences. To determine
sequence homology, two or more sequences are optimally aligned, and gaps are introduced if necessary. However, in contrast to
"sequence identity", conservative amino acid substitutions are counted as a match when determining sequence homology. In other
words, to obtain a polypeptide or polynucleotide having 95% sequence homology with a reference sequence, 85%, preferably 90%,
even more preferably 95% of the amino acid residues or nucleotides in the reference sequence must match or comprise a
conservative substitution with another amino acid or nucleotide, or a number of amino acids or nucleotides up to 15%, preferably
up to 10%, even more preferably up to 5% of the total amino acid residues or nucleotides, not including conservative substitutions,
in the reference sequence may be inserted into the reference sequence. Preferably the homolog sequence comprises at least a
stretch of 50, even more preferably at least 100, even more preferably at least 250, and even more preferably at least 500
nucleotides.

[0022] A "conservative substitution" refers to the substitution of an amino acid residue or nucleotide with another amino acid
residue or nucleotide having similar characteristics or properties including size, hydrophobicity, etc., such that the overall
functionality does not change significantly.

[0023] “Isolated" means altered "by the hand of man" from its natural state, i.e., if it occurs in nature, it has been changed or
removed from its original environment, or both. For example, a polynucleotide or polypeptide naturally present in a living organism
is not "isolated," but the same polynucleotide or polypeptide separated from the coexisting materials of its natural state is "isolated”,
as the term is employed herein.

[0024] Thus, according to a further aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2
infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in animals having anti-PCV2
antibodies, in particular maternally-derived anti-PCV2 antibodies, comprising the step of administering an effective amount of PCV2
antigen or an immunogenic composition comprising a PCV2 antigen to that animal in need of such treatment, wherein said PCV2
OREF-2 protein is any one of those, described above. Preferably, said PCV2 ORF-2 protein is

1. i) a polypeptide comprising the sequence of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11
herein or of WO06/07065;

2. ii) any polypeptide that is at least 80% homologous to the polypeptide of i),

. iii) any immunogenic portion of the polypeptides of i) and/or ii)

4. iv) the immunogenic portion of iii), comprising at least 10 contiguous amino acids included in the sequences of SEQ ID NO: 5,
SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11 herein or of WO06/072065,

5. v) a polypeptide that is encoded by a DNA comprising the sequence of SEQ ID NO: 3 or SEQ ID NO: 4 herein or of
WO06/072065.

6. vi) any polypeptide that is encoded by a polynuclectide that is at least 80% homologous to the polynucleotide of v),

w
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7. vii) any immunogenic portion of the polypeptides encoded by the polynucleotide of v) and/or vi)
8. viii) the immunogenic portion of vii), wherein polynucleotide coding for said immunogenic portion comprises at least 30
contiguous nucleotides included in the sequences of SEQ ID NO: 3, or SEQ ID NO: 4 herein or of WO06/072065.

[0025] Preferably any of those immunogenic portions have the immunogenic characteristics of PCV2 ORF-2 protein that is
encoded by the sequence of SEQ ID NO: 3 or SEQ ID NO: 4 herein or of WO06/07065.

[0026] According to a further aspect, PCV2 ORF-2 protein is provided in the immunogenic composition at an antigen inclusion
level effective for inducing the desired immune response, namely reducing the incidence of lessening the severity of, or preventing
or reducing one or more clinical symptoms resulting from or associated with a PCV2 infection. Preferably, the PCV2 ORF-2 protein
inclusion level is at least 0.2 pg antigen / ml of the final immunogenic composition (pg/ml), more preferably from about 0.2 to about
400 pg/m, still more preferably from about 0.3 to about 200 pg/ml, even more preferably from about 0.35 to about 100 pg/mli, still
more preferably from about 0.4 to about 50 pg/ml, still more preferably from about 0.45 to about 30 pg/mL still more preferably from
about 0.5 to about 18 pg /ml, even more preferably from about 0.6 to about 15 pg/ml even more preferably from about 0.75 to
about 8 ug/m), even more preferably from about 1.0 to about 6 ug/ml, still more preferably from about 1.3 to about 3.0 pg/ml, even
more preferably from about 1.4 to about 2.5 pg/ml, even more preferably from about 1.5 to about 2.0 pg/ml, and most preferably
about 1.6 pg/ml.

[0027] According to a further aspect, the PCV ORF-2 antigen inclusion level is at least 0.2 pg/ PCV2 ORF-2 protein as described
above per dose of the final antigenic composition (pg/dose), more preferably from about 0.2 to about 400 pg/dose, still more
preferably from about 0.3 to about 200 pg/dose, even more preferably from about 0.35 to about 100 pg/dose, still more preferably
from about 0.4 to about 50 pg/dose, still more preferably from about 0.45 to about 30 pg/dose, still more preferably from about 0.5
to about 18 pg/dose, even more preferably from about 0.6 to about 15 pg/ml,even more preferably from about 0.75 to about 8
ug/dose, even more preferably from about 1.0 to about 6 pg/dose, still more preferably from about 1.3 to about 3.0 pg/dose, even
more preferably from about 1.4 to about 2.5 pg/dose, even more preferably from about 1.5 to about 2.0 pg/dose, and most
preferably about 1.6 pg/dose. It has been surprisingly found, that a PCV2 ORF-2 protein inclusion level (antigen content) of less
than 20 pg/dose, preferably of about 0.5 to 18 pg/dose is suitable to confer immunity in young animals and/or in animals which are
positive for PCV2 antibodies, in particular which are positive for anti-PCV2 maternally-derived antibodies. Thus, according to a
further aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2 infection or for reduction of
clinical symptoms caused by or associated with a PCV2 infection in animals having anti-PCV2 antibodies, in particular maternally-
derived anti-PCV2 antibodies, comprising the step of administering less than 20 pg/ dose, preferably of about 0.5 to 18 pg/dose of
PCV2 antigen or an immunogenic composition comprising an PCV2 antigen to that animal in need of such treatment. Said PCV2
antigen is any one described in this patent application. Preferably, said PCV2 antigen is any PCV2 ORF-2 protein, more preferably,
any PCV2 ORF-2 protein described herein.

[0028] The PCV2 ORF-2 polypeptide used in the immunogenic composition in accordance with the present invention can be
derived in any fashion including isolation and purification of PCV2 ORF2, standard protein synthesis, and recombinant
methodology. Preferred methods for obtaining PCV2 ORF-2 polypeptide are provided in WO06/072065. Briefly, susceptible cells
are infected with a recombinant viral vector containing PCV2 ORF-2 DNA coding sequences, PCV2 ORF-2 polypeptide is
expressed by the recombinant virus, and the expressed PCV2 ORF-2 polypeptide is recovered from the supernatant by filtration
and inactivated by any conventional method, preferably using binary ethylenimine, which is then neutralized to stop the inactivation
process.

[0029] The immunogenic composition as used herein also refers to a composition that comprises i) any of the PCV2 ORF-2 protein
described above, preferably in concentrations described above, and ii) at least a portion of the viral vector expressing said PCV2
ORF-2 protein, preferably of a recombinant baculovirus. Moreover, the immunogenic composition can comprise i) any of the PCV2
ORF-2 proteins described above, preferably in concentrations described above, ii) at least a portion of the viral vector expressing
said PCV2 ORF-2 protein, preferably of a recombinant baculovirus, and iii) a portion of the cell culture supernatant.

[0030] Thus, according to a further aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2
infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in animals having anti-PCV2
antibodies, in particular maternally-derived anti-PCV2 antibodies, comprising the step of administering an effective amount of PCV2
antigen or an immunogenic composition comprising an PCV2 antigen to that animal in need of such treatment, wherein the PCV2
antigen is recombinant PCV2 ORF-2, preferably a baculovirus expressed PCV2 ORF-2. Preferably those recombinant or
baculovirus expressed PCV2 ORF-2 having the sequence as described above.

[0031] The immunogenic composition as used herein also refers to a composition that comprises i) any of the PCV2 ORF-2
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proteins described above, preferably in concentrations described above, ii) at least a portion of the viral vector expressing said
PCV2 ORF-2 protein, preferably of a recombinant baculovirus, and iii) a portion of the cell culture; wherein about 90% of the
components have a size smaller than 1 um.

[0032] The immunogenic composition as used herein also refers to a composition that comprises i) any of the PCV2 ORF-2
proteins described above, preferably in concentrations described above, ii) at least a portion of the viral vector expressing said
PCV2 ORF-2 protein, iii) a portion of the cell culture, iv) and inactivating agent to inactivate the recombinant viral vector preferably
BEI, wherein about 90% of the components i) to iii) have a size smaller than 1 pm. Preferably, BEIl is present in concentrations
effective to inactivate the baculovirus, preferably in an amount of 2 to about 8 mM BEI, preferably of about 5 mM BEI.

[0033] The immunogenic composition as used herein also refers to a composition that comprises i) any of the PCV2 ORF-2
proteins described above, preferably in concentrations described above, ii) at least a portion of the viral vector expressing said
PCV2 ORF-2 protein, iii) a portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral vector preferably
BEI, and v) a neutralization agent to stop the inactivation mediated by the inactivating agent, wherein about 90% of the components
i) to iii) have a size smaller than | um. Preferably, if the inactivating agent is BEI, said composition comprises sodium thiosulfate in
equivalent amounts to BEI.

[0034] The polypeptide is incorporated into a composition that can be administered to an animal susceptible to PCV2 infection. In
preferred forms, the composition may also include additional components known to those of skill in the art (see also Remington's
Pharmaceutical Sciences. (1990). 18th ed. Mack Publ., Easton). Additionally, the composition may include one or more veterinay-
acceptable carriers. As used herein, "a veterinary-acceptable carrier" includes any and all solvents, dispersion media, coatings,
adjuvants, stabilizing agents, diluents, preservatives, antibacterial and antifungal agents, isotonic agents, adsorption delaying
agents, and the like. In a preferred embodiment, the immunogenic composition comprises PCV2 ORF-2 protein as provided
herewith, preferably in concentrations described above, which is mixed with an adjuvant, preferably Carbopol, and physiological
saline.

[0035] Those of skill in the art will understand that the composition used herein may incorporate known injectable, physiologically
acceptable sterile solutions. For preparing a ready-to-use solution for parenteral injection or infusion, aqueous isotonic solutions,
such as e.g. saline or corresponding plasma protein solutions, are readily available. In addition, the immunogenic and vaccine
compositions used in the present invention can include diluents, isotonic agents, stabilizers, or adjuvants. Diluents can include
water, saline, dextrose, ethanol, glycerol, and the like. Isotonic agents can include sodium chloride, dextrose, mannitol, sorbitol, and
lactose, among others. Stabilizers include albumin and alkali salts of ethylendiamintetracetic acid, among others.

[0036] "adjutants" as used herein, can include aluminium hydroxide and aluminium phosphate, saponins e.g., Quil A, QS-21
(Cambridge Biotech Inc., Cambridge MA), GPI-0100 (Galenica Pharmaceuticals, Inc., Birmingham, AL), water-in-oil emulsion, cil-in-
water emulsion, water-in-oil-in-water emulsion. The emulsion can be based in particular on light liquid paraffin oil (European
Pharmacopea type); isoprenoid oil such as squalane or squalene oil resulting from theoligomerization of alkenes, in particular of
isobutene or decene; esters of acids or of alcohols containing a linear alkyl group, more particularly plant oils, ethyl oleate,
propylene glycol di-(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene glycol dioleate; esters of branched fatty acids
or alcohals, in particular isostearic acid esters. The oil is used in combination with emulsifiers to form the emulsion. The emulsifiers
are preferably nonionic surfactants, in particular esters of sorbitan, of mannide (e.g. anhydromannitol oleate), of glycol, of
polyglycerol, of propylene glycol and of oleic, isostearic, ricinoleic or hydroxystearic acid, which are optionally ethoxylated, and
polyoxypropylene-polyoxyethylene copolymer blocks, in particular the Pluronic products, especially L121. See Hunter et al., The
Theory and Practical Application of Adjuvants (Ed.Stewart-Tull, D. E. S.). JohnWiley and Sons, NY, pp51-94 (1995 ) and Todd et al.,
Vaccine 15:564-570 (1997).

[0037] For example, it is possible to use the SPT emulsion described on page 147 of "Vaccine Design, The Subunit and Adjuvant
Approach" edited by M. Powell and M. Newman, Plenum Press, 1995, and the emulsion MF59 described on page 183 of this same
book.

[0038] A further instance of an adjuvant is a compound chosen from the polymers of acrylic or methacrylic acid and the
copolymers of maleic anhydride and alkenyl derivative. Advantageous adjuvant compounds are the polymers of acrylic or
methacrylic acid which are cross-linked, especially with polyalkenyl ethers of sugars or polyalcohols. These compounds are known
by the term carbomer (Phameuropa Vol. 8, No. 2, June 1996). Persons skilled in the art can also refer to U. S. Patent No. 2,909,462
which describes such acrylic polymers cross-linked with a polyhydroxylated compound having at least 3 hydroxyl groups, preferably
not more than 8, the hydrogen atoms of at least three hydroxyls being replaced by unsaturated aliphatic radicals having at least 2
carbon atoms. The preferred radicals are those containing from 2 to 4 carbon atoms, e.g. vinyls, allyls and other ethylenically
unsaturated groups. The unsaturated radicals may themselves contain other substituents, such as methyl. The products sold under
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the name Carbopol ; (BF Goodrich, Ohio, USA) are particularly appropriate. Carbopol™ as used throughout this specification is a
trademark designation for polyacrylic acid polymers also known as Carbomer. They are cross-linked with an allyl sucrose or with
allyl pentaerythritol. Among them, there may be mentioned Carbopol 974P, 934P and 97 1P. Most preferred is the use of Carbopoal,
in particular the use of Carbopol 971P, preferably in amounts of about 500 pg to about 5 mg per dose, even more preferred in an
amount of about 750 ug to about 2.5 mg per dose and most preferred in an amount of about 1 mg per dose.

[0039] Further suitable adjuvants include, but are not limited to, the RIBI adjuvant system (Ribi Inc.), Block co-polymer (CytRX,
Atlanta GA), SAF-M (Chiron, Emeryville CA), monophosphoryl lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E.
coli (recombinant or otherwise), cholera toxin, IMS 1314, or muramyl dipeptide among many others.

[0040] Preferably, the adjuvant is added in an amount of about 100 pg to about 10 mg per dose. Even more preferably, the
adjuvant is added in an amount of about 100 pg to about 10 mg per dose. Even more preferably, the adjuvant is added in an
amount of about 500 pg to about 5 mg per dose. Even mare preferably, the adjuvant is added in an amount of about 750 ug to
about 2.5 mg per dose. Most preferably, the adjuvant is added in an amount of about 1 mg per dose.

[0041] Additionally, the composition can include one or more pharmaceutical-acceptable carriers. As used herein, "a
pharmaceutical-acceptable carrier” includes any and all solvents, dispersion media, coatings, stabilizing agents, diluents,
preservatives, antibacterial and antifungal agents, isotonic agents, adsorption delaying agents, and the like. Most preferably, the
composition provided herewith, contains PCV2 ORF-2 protein recovered from the supernatant of in vitro cultured cells, wherein said
cells were infected with a recombinant viral vector containing PCV2 ORF-2 DNA and expressing PCV2 ORF-2 protein, and wherein
said cell culture was treated with about 2 to about 8 mM BEI, preferably with about 5 mM BEI to inactivate the viral vector, and an
equivalent concentration of a neutralization agent, preferably sodium thiosulfate solution to a final concentration of about 2 to about
8 mM, preferably of about 5 mM.

[0042] The present disclosure on also relates to an immunogenic composition that comprises i) any of the PCV2 ORF-2 proteins
described above, preferably in concentrations described above, ii) at least a portion of the viral vector expressing said PCV2 ORF-
2 protein, iii) a portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral vector (preferably BEIl), and v)
a neutralization agent to stop the inactivation mediated by the inactivating agent, preferably sodium thiosulfate in equivalent
amounts to BEI; and vi) a suitable adjuvant, preferably Carbopol 971 in amounts described above; wherein about 90% of the
components i) to iii) have a size smaller than 1 pm According to a further aspect, this immunogenic composition further comprises a
pharmaceutical acceptable salt, preferably a phosphate salt in physiologically acceptable concentrations. Preferably, the pH of said
immunogenic composition is adjusted to a physiological pH, meaning between about 6.5 and 7.5.

[0043] The immunogenic composition as used herein also refers to a composition that comprises per one ml i) at least 1.6 ug of
PCV2 ORF-2 protein described above, preferably less than 20 g ii) at least a portion of baculovirus expressing said PCV2 ORF-2
protein iii) a portion of the cell culture, iv) about 2 to 8 mM BEI, v) sodium thiosulfate in equivalent amounts to BEI; and vi) about 1
mg Carbopoal 971, and vii) phosphate salt in a physiologically acceptable concentration; wherein about 90% of the components i) to
ii) have a size smaller than 1 ym and the pH of said immunogenic composition is adjusted to about 6.5 to 7.5.

[0044] The immunogenic compositions can further include one or more other immuno-modulatory agents such as, e.g.,
interleukins, interferons, or other cytokines. The immunogenic compositions can also include Gentamicin and Merthiolate. While the
amounts and concentrations of adjuvants and additives useful in the context of the present invention can readily be determined by
the skilled artisan, the present invention contemplates compositions comprising from about 50 ug to about 2000 ug of adjuvant and
preferably about 250 ug/ ml dose of the vaccine composition. Thus, the immunogenic composition as used herein also refers to a
composition that comprises from about 1ug/ml to about 60 pg/ml of antibiotics, and more preferably less than about 30 pg/ml of
antibiotics.

[0045] The immunogenic composition as used herein also refers to a composition that comprises i) any of the PCV2 ORF-2
proteins described above, preferably in concentrations described above, ii) at least a portion of the viral vector expressing said
PCV2 ORF-2 protein, iii) a portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral vector preferably
BEl, and v) an neutralization agent to stop the inactivation mediated by the inactivating agent, preferably sodium thiosulfate in
equivalent amounts to BEI; vi) a suitable adjuvant, preferably Carbopol 971 in amounts described above; vii) a pharmaceutical
acceptable concentration of a saline buffer, preferably of a phosphate salt, and viii) an anti-microbiological active agent; wherein
about 90% of the components i) to iii) have a size smaller than 1 pm.

[0046] The immunogenic composition as used herein also refers to Ingelvac® CircoFLEX™, (Boehringer Ingelheim Vetmedica Inc,
St Joseph, MO, USA), CircoVac® (Merial SAS, Lyon, France), CircoVent (Intervet Inc., Millsboro, DE, USA), or Suvaxyn PCV-2 One
Dose® (Fort Dodge Animal Health, Kansas City, KA, USA).
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[0047] Thus according to a further aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2
infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in animals in animals having anti-PCV2
maternal antibodies, comprising the step of administering an effective amount of a PCV2 antigen to that animal in need of such
treatment, wherein the immunogenic composition is CircoFLEX®, CircoVac®, CircoVent or Suvaxyn PCV-2 One Dose®. Most
preferably, the immunogenic composition is Ingelvac® CircoFLEX™, and/or the PCV2 antigen is PCV2 ORF-2, preferably,
baculovirus expressed PCV2 ORF-2, most preferably as included in Ingelvac® CircoFLEX™.

[0048] For investigation of a possible interference of PCV2 antigen with the maternal antibody a study was conducted in which the
antibody titers of study animals were determined at the time of vaccination which were then grouped into a low, moderate and high
antibody class: Geometric mean titers of < 1:100 were considered as low antibody titers, titers of 1:100 to 1:1000 were considered
as moderate antibody titers and titers of >1:1000 were considered as high antibody titers. This grouping pattern is comparable to
that done in a Canadian field study where antibody titers of 1:80 were considered as low, antibody titers of 1:640 as moderate and
antibody titers of > 1:1280 as high (Larochelle et al., 2003, Can. J. Vet. Res.; 67: 114-120). In order to analyze the impact of low,
medium and high antibody titers at the time of vaccination on viremia, vaccinated and placebo-treated animals were compared with
regard to the onset, end, duration of viremia, the number of positive sampling days and the virus load. It was surprisingly found,
that the presence of anti-PCV2 antibodies, in particular of maternally-derived antibodies, had no significant impact of any of those
parameters. In other words, it was surprisingly found that the efficacy of the PCV2 antigen in prevention and treatment of a PCV2
infection or in reduction of clinical symptoms caused by or associated with a PCV2 infection in animals was not affected at the day
of vaccination by the presence of anti-PCV2 antibodies, by anti-PCV2 antibody titers of more than 1:1000. This effect could be
shown in a one shot vaccination experiment, which means that the PCV2 antigen was administered only once and without any
subsequent adminstration of PCV2 antigen.

[0049] Methods for detection and quantification of anti-PCV2 antibodies are well know in the art. For example detection and
quantification of PCV2 antibodies can be performed by indirect immunofluorescence as described in Magar et al., 2000, Can. J. Vet
Res. ; 64: 184-186 or Magar et al., 2000, J. Comp. Pathol.; 123: 258-269. Further assays for quantification of anti-PCV2 antibodies
are described in Opriessnig et al., 2008, 37th Annual Meeting of the American Association of Swine Veterinarians . Moreover,
example 2 also describes an indirect immunofluorescence assay that can be used by a person skilled in the art. In cases of
controversial results and in any question of doubt, anti-PCV2 titers as mentioned herein, refer to those which are /can be estimated
by the assay as described in Example 2.

[0050] Thus according to a further aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2
infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in animals having anti-PCV2
antibodies, in particular maternal antibodies, comprising the step of administering an effective amount of a PCV2 antigen to that
animal in need of such treatment, preferably of less than 20 pg/dose wherein said animal has a detectable anti-PCV2 antibody titer
of more than 1:1000. Preferably, such an anti-PCV2 antibody titer is detectable and quantifiable in a specific anti-PCV2 immune
assay, preferably in the assay as described in Example 2. More preferably, those anti-PCV-2 antibodies are maternally-derived
antibodies. The PCV2 antigen is only admisistered once, preferably with a dose of less than 20 pg/dose.

[0051] Piglets with only low titers (< 1:100) or moderate titers (< 1:1000) of maternally-derived anti-PCV2 antibodies are not
sufficiently protected against PCV2 infections which occur prior to week 3 of age. Therefore, vaccination at a very early stage of life
is desirable. Due to the unpredictable and unexpected results provided herein and demonstrating the lack of interference of anti-
PCV2 antibodies with PCV2 antigen, vaccination/treatment of animals before 3 weeks of age becomes realistic. Moreover, it has
been surprisingly found that anti-PCV2 antibody titers of more than 1:1000 had no influence on the efficacy of the PCV2 vaccine
regardless of the level of the existing initial antibody titer. For example, vaccination of high-titer animals (anti-PCV2 antibody titer >
1:1000) resulted in a 9.5 day shorter duration of viremia, a 11.9 days earlier end of viremia, 1.9 days less viremic sampling days
and an approximately 2-fold reduction of the sum of genomic equivalents/ml as compared to non vaccinated control animals. Upon
comparison of vaccinated "high" "moderate” and "low titer animals” no significant differences were observed with regard to the
different parameters of PCV2 viraemia. These results indicate that also in the presence of high anti-PCV2 antibody titers, the PCV2
antigen used for vaccination can still significantly reduce viremia in blood (end of viremia, duration of viremia, virus load). In line with
this finding, no differences could be found with regard to the live body weight when comparing low and high titer animals of the
vaccinated group. Furthermore vaccinated animals with a high anti-PCV2 antibody titer at the time of vaccination/treatment (>
1:1000) also showed a significantly higher body weight after the onset of viremia compared to placebo-treated animals with initial
high antibody titers (see Figure 3). Consequently, vaccination/treatment of animals of 1 day of age or older with PCV2 antigen is
possible. However, vaccination should be done within the first 8, preferably within the first 7 weeks of age. Thus according to a
further aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2 infection or for reduction of
clinical symptoms caused by or associated with a PCV2 infection in animals, comprising the step of administering to that animal in
need of such treatment at day 1 of age or later, preferably but not later than at week 8 of age an effective amount of a PCV2
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antigen. According to a preferred embodiment, less than 20 pg/dose PCV2 antigen are rquired to confer immunity in such animal.
The PCV2 antigen, preferably less than 20 pg/dose thereof, is only administered once to the animal in need of such treatment.

[0052] According to a further, more general aspect, the present disclosure provides a method for the treatment or prophylaxis of a
PCV2 infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in young animals, comprising
the step of administering an effective amount of a PCV2 antigen to that animal in need of such treatment.

[0053] The term "young animal" as used herein refers to an animal of 1 to 22 days of age. Preferably, by the term young animal,
an animal of 1 to 20 days of age is meant. More preferably, the term young animal refers to an animal of 1 to 15 days of age, even
more preferably of 1 day of age to 14 days of age, even more preferably of 1 to 12 days of age, even more preferably of 1 to 10
days of age, even more preferably of 1 to 8 days of age, even more preferably of 1 to 7 days of age, even more preferably of 1to 6
days of age, even more preferably of 1 to 5 days of age, even more preferably of 1 to 4 days of age, even more preferably of 1to 3
days of age, even more preferably of 1 or 2 day(s) of age, and most preferably to an animal of 1 day of age. Thus according to a
further aspect, the present disclosure a method for the treatment or prophylaxis of a PCV2 infection or for reduction of clinical
symptoms caused by or associated with a PCV2 infection in young animals, comprising the step of administering an effective
amount of a PCV2 antigen to an animal of 1 to 22 days of age, preferably of 1 to 20 days of age, more preferably of 1 to 15 days of
age, even more preferably of 1 to 14 days of age, even more preferably of 1 to 12 days of age, even more preferably of 1 to 10
days of age, even more preferably of 1 to 8 days of age, even more preferably of 1 to 7 days of age, even more preferably of 1to 6
days of age, even more preferably of 1 to 5 days of age, even more preferably of 1 to 4 days of age, even more preferably of 1to 3
days of age, even more preferably of 1 or 2 day(s) of age, most preferably at 1 day of age in need of such treatment. For example,
evidence is given that vaccination/treatment on 19 to 22 days of age shows high efficacy of vaccination. Moreover,
vaccination/treatment at 12 to 18, preferably 12 to 14 days of age has also be shown to be very effective in the reduction of clinical
symptoms associated with PCV2 infections, reduction of overall viral load, reduction of duration of viremia, delay in onset of viremia,
and weight gain. Moreover, vaccination at 1 week of age has also been shown to be very effective in reduction of clinical symptoms
associated with PCV2 infections, reduction of overall viral load, reduction of duration of viremia, delay in onset of viremia, weight
gain. Preferably less than 20 pg/dose PCV2 antigen are required to confer immunity in those young animals. The PCV2 antigen,
preferably less than 20 pg, is only administered once to that young animal in need of such treatment.

[0054] Due to the ubiquity of PCV2 in the field, most of the young piglets are seropositve in respect to PCV2. Thus according to a
further aspect, the present disclosure provides a method for the treatment or prophylaxs of a PCV2 infection or for reduction of
clinical symptoms caused by or associated with a PCV2 infection in young animals having anti-PCV2 antibodies at the day of
vaccination, comprising the step of administering an effective amount of a PCV2 antigen to an animal of 1 to 22 days of age,
preferably of 1 to 20 days of age, more preferably of 1 to 15 days of age, even more preferably of 1 to 14 days of age, even more
preferably of 1 to 12 days of age, even more preferably of 1 to 10 days of age, even more preferably of 1 to 8 days of age, even
more preferably of 1 to 7 days of age, even more preferably of 1 to 6 days of age, even more preferably of 1 to 5 days of age, even
more preferably of 1 to 4 days of age, even more preferably of 1 to 3 days of age, even more preferably at 1 or 2 day(s) of age,
and most preferably at 1 day of age in need of such treatment. Preferably, said young animals, at the day of vaccination/treatment,
have a detectable anti-PCV2 antibody titer of up to 1:100, preferably of more than 1:100, even more preferably of more than 1:250,
even more preferably of more than 1:500, even more preferably of 1:640, even more preferably of more than 1:750, most
preferably of more than 1:1000 at the day of vaccination/treatment. Preferably less than 20 pug/dose PCV2 antigen are required to
confer a sufficient immunity in those young aninals. The PCV2 antigen, preferably less than 20 pg, is only administered once to that
young animal in need of such treatment.

[0055] As described above, vaccination/treatment of young animals with PCV2 antigen resulted in a shortening of viremic phase as
compared to non vaccinated control animals. The average shortening time was 9.5 days as compared to non vaccinated control
animals of the same species. Therefore, according to a further aspect, the present disclosure also provides a method for the
treatment or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in
young animals, comprising the step of administering an effective amount of a PCV2 antigen to that animal in need of such
treatment, wherein the treatment or prophylaxs results in shortening of the viremia phase of 5 or more days, preferably 6 or more
day, even more preferably of 7 or more days, even more preferably of 8 or more days, even more prefably of 9, even more
preferably of 10, even more preferably of 12 , even more preferably of 14, and most preferably of more than 16 days as compared
to animals of a non-treated control group of the same species. In some cases viremic phase is shortened by more than 20 days. In
general, the vaccination of young piglets resulted in a reduction in the loss of weight gain, a shorter duration of viremia, an earlier
end to viremia, and a lower virus load. Therefore, according to a further aspect, the present disclosure provides a method for the
treatment or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in
young animals, comprising the step of administering an effective amount of a PCV2 antigen to that animal in need of such
treatment, wherein said treatment or prophylaxis of PCV2 infection results in an improvement in comparison to animals of a non-
treated control group of the same species in a vaccine efficacy parameter selected from the group consisting of a reduction in the
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loss of weight gain, a shorter duration of viremia, an earlier end to viremia, a lower virus load, or combinations thereof. Preferably
less than 20 pg/dose PCV2 antigen are required to cause any of the improved vaccine efficacy parameters mentioned above.

[0056] Moreover such improved vaccine efficacy parameter(s) are achieved by a single administration of only one dose.

[0057] The term "an effective amount” as used herein means, but is not limited to, an amount of antigen, that elicits or is able to
elicit an immune response in an animal, to which said effective dose of PCV2 antigen is administered. Preferably, an effective
amount is defined as an amount of antigen that confers a duration of immunity (DOI) of at least 10 weeks, preferably at least 12
weeks, more preferably at least 15 weeks, and most preferably at least 20 weeks.

[0058] The amount that is effective depends on the ingredients of the vaccine and the schedule of administration. Typically, when
an inactivated virus or a modified live virus preparation is used in the combination vaccine, an amount of the vaccine containing

about 1020 to about 1090 TCIDsg per dose, preferably about 1030 to about 1080 TCIDsg per dose, and more preferably, about
1049 to about 1080 TCIDsp per dose is used. In particular, when modified live PCV2 is used in the vaccines, the recommended
dose to be administered to the susceptible animal is preferably about 1030 TCIDs5q (tissue culture infective dose 50% end
point)/dose to about 1080 TCID50/dose and more preferably about 1049 TCIDsg/dose to about 1050 TCIDsp/dose. In general, the
quantity of antigen will be between 0.2 and 5000 micrograms, and between 1020 and 1090 TCIDsg, preferably between 1030 and
10890 TCIDsp, more preferably between 1040 and 105-OTCID50, when purified antigen is used.

[0059] Sub-unit vaccines are normally administered with an antigen inclusion level of at least 0.2 g antigen per dose, preferably
with about 0.2 to about 400 pg/dose, still more preferably with about 0.3 to about 200 pg/dose, even more preferably with about
0.35 to about 100 pg/dose, still more preferably with about 0.4 to about 50 pg/dose, still more preferably with about 0.45 to about
30 pg/dose, still more preferably with about 0.5 to about 18 g/dose, still more preferably with about 0.6 to about 16 pg/dose, even
more preferably with about 0.75 to about 8 pg/dose, even more preferably with about 1.0 to about 6 pg/dose, and still more
preferably with about 1.3 to about 3.0 pg/dose.

[0060] Unexpectedly, it was found that the prophylactic use of the immunogenic compositions described supra, is effective for the
reduction of clinical symptoms caused by or associated with PCV2 infections, preferably in young animals and/or in animals having
passive immunity against PCV2 at the day of treatment. In particular, it was discovered that the prophylactic use of the
immunogenic compositions as described herein, and specifically of compositions comprising PCV2 ORF-2 antigen, is effective for
reducing lymphadenopathy, lymphoid depletion and/or multinucleated/giant histiocytes in animals infected with PCV2 and having
maternal anti-PCV-2 antibodies at the day of treatment/vaccination. Furthermore, it was discovered that the prophylactic use of the
immunogenic compositions as described herein, and specifically of compositions comprising PCV2 ORF-2 antigen, is effective for
reducing (1) interstitial pneumonia with interlobular edema, (2) cutaneous pallor or icterus, (3) mottled atrophic livers, (4) gastric
ulcers, (5) nephritis (6) reproductive disorders, e.g. abortion, stillbirths, mummies, etc, (7) Pia like lesions, normally known to be
associated with Lawsonia intracellularis infections (lleitis), (8) lymphadenopathy, (9) lymphoid depletion and/or (10)
multinucleated/giant histiocytes (11) Porcine Dermatitis and Nephropathy Syndrome (PDNS), (12) PCVAD associated mortality, (13)
PCVAD associated weight loss, (14), reduced growth variability (15), reduced frequency of 'runts' (16), reduced co-infections with
Porcine Reproductive and Respiratory Disease Complex (PRRSV). Such an immunogenic composition is also effective in improving
economical important growth parameters such as time to slaughter, carcass weight, and/or lean meat ratio. Thus the term "clinical
symptoms" as used herein, means, but is not limited to (1) interstitial pneumonia with interlobular edema, (2) cutaneous pallor or
icterus, (3) mottled atrophic livers, (4) gastric ulcers , (5) nephritis (6) reproductive disorders, e.g. abortion, stillbirths, mummies,
etc, (7) Pia like lesions, normally known to be associated with Lawsonia intracellularis infections (lleitis), (8) lymphadenopathy, (9)
lymphoid depletion and/or (10) multinucleated/giant histiocytes (11) Porcine Dermatitis and Nephropathy Syndrome (PDNS), (12)
PCVAD associated mortality, (13) PCVAD associated weight loss, (14) reduced growth variability (15) reduced frequency of “runts'
and (16) reduced co-infections with Porcine Reproductive and Respiratory Disease Complex (PRRSV). Moreover, the antigenic
composition described herein reduces the overall circovirus load including a later onset, a shorter duration, an earlier end of
viremia, and a reduced viral load and its immunosuppressive impact in young animals, in particular in those having anti-PCV2
antibodies at the day of vaccination, thereby resulting in a higher level of general disease resistance and a reduced incidence of
PCV2 associated diseases and symptoms.

[0061] Thus, according to a further aspect, the present disclosure provides a method for the treatment or prophylaxis of a PCV2
infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in young animals and/or in animals
having anti-PCV2 antibodies, comprising the step of administering an effective amount of PCV2 antigen or an immunogenic
composition comprising an PCV2 antigen to that animal in need of such treatment, wherein those clinical symptoms are selected
from the group consisting of: (I) interstitial pneumonia with interlobular edema, (2) cutaneous pallor or icterus, (3) mottled atrophic
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livers, (4) gastric ulcers , (5) nephritis (6) reproductive disorders, e.g. abortion, stillbirths, mummies, etc, (7) Pia like lesions,
normally know to be associated with Lawsonia intracellularis infections (lleitis), (8) lymphadenopathy, (9) lymphoid depletion and/or
(10) multinucleated/giant histiocytes (11) Porcine Dermatitis and Nephropathy Syndrome (PDNS), (12) PCVAD associated mortality,
(13) PCVAD associated weight loss, (14) reduced growth variability (15) reduced frequency of 'runts' and (16) reduced co-
infections with Porcine Reproductive and Respiratory Disease Complex (PRRSV). According to a further aspect, the present
disclosure provides a method for the treatment or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or
associated with a PCV2 infection in young animals, comprising the step of administering an effective amount of a PCV2 antigen to
that animal in need of such treatment, wherein those clinical symptoms are selected from the group consisting of: (1) interstitial
pneumonia with interlobular edema, (2) cutaneous pallor or icterus, (3) mottled atrophic livers, (4) gastric ulcers, (5) nephritis (6)
reproductive disorders, e.g. abortion, stillbirths, mummies, etc, (7) Pia like lesions, normally known to be associated with Lawsonia
intracellularis infections (lleitis), (8) lymphadenopathy, (9) lymphoid depletion and/or (10) multinucleated/giant histiocytes (11)
Porcine Dermatitis and Nephropathy Syndrome (PDNS), (12) PCVAD associated mortality, (13) PCVAD associated weight loss, (14)
reduced growth variability (15) reduced frequency of 'runts' and (16) reduced co-infections with Porcine Reproductive and
Respiratory Disease Complex (PRRSV).

[0062] The composition according to the disclosure may be administered or applied, orally, intradermally, intratracheally, or
intravaginally. The composition preferably may be administered or applied intramuscularly or intranasally, most preferably
intramuscularly. In an animal body, it can prove advantageous to apply the pharmaceutical compositions as described above via an
intravenous or by direct injection into target tissues. For systemic application, the intravenous, intravascular, intramuscular,
intranasal, intraarterial, intraperitoneal, oral, or intrathecal routes are preferred. A more local application can be effected
subcutaneously, intradermally, intracutaneously, intracardially, intralobally, intramedullarly, intrapulmonarily or directly in or near the
tissue to be treated (connective-, bone-, muscle-, nerve-, epithelial tissue). Depending on the desired duration and effectiveness of
the treatment, the compositions according to the disclosure may be administered once or several times, also intermittently, for
instance on a daily basis for several days, weeks or months and in different dosages.

[0063] Preferably, one dose of the immunogenic composition as described above is intramuscularly administered to the subject in
need thereof. According to a further aspect, the PCV2 antigen or the immunogenic composition comprising any such PCV2 antigen
as described herein is bottled in and administered at one (1) mL per dose. Thus, according to a further aspect, the present
disclosure also provides a 1 ml immunogenic composition, comprising PCV-2 antigen as described herein, for the treatment or
prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or associated with a PCV2 infection in young
animals, comprising the step of administering an effective amount of a PCV2 antigen to that animal in need of such treatment.
According to a further aspect, the present disclosure also provides a 1 ml immunogenic composition, comprising PCV-2 antigen as
described herein, treatment or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or associated with a
PCV2 infection in animals having anti-PCV2 antibodies, comprising the step of administering an effective amount of PCV2 antigen
or an immunogenic composition comprising an PCV2 antigen to that animal in need of such treatment.

[0064] Preferably, the immunogenic composition is administered with an immune stimulant. Preferably, said immune stimulant is
given at least twice. Preferably, at least 3 days, more preferably at least 5 days, even more preferably at least 7 days are in
between the first and the second or any further administration of the immune stimulant. Preferably, the immune stimulant is given at
least 10 days, preferably 15 days, even more preferably 20, and even more preferably at least 22 days beyond the initial
administration of the immunogenic composition provided herein. A preferred immune stimulant is, for example, keyhole limpet
hemocyanin (KLH), preferably emulsified with incomplete Freund's adjuvant (KLH/ICFA). However, it is herewith understood, that
any other immune stimulant known to a person skilled in the art can also be used. The term "immune stimulant” as used herein,
means any agent or composition that can trigger the immune response, preferably without initiating or increasing a specific immune
response, for example the immune response against a specific pathogen. It is further instructed to administer the immune stimulant
in a suitable dose.

[0065] The "animal" as used herein means swine, pig or piglet.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0066] The following examples set forth preferred materials and procedures in accordance with the present invention. It is to be
understood, however, that these examples are provided by way of illustration only, and nothing therein should be deemed a
limitation upon the overall scope of the invention.

EXAMPLE 1

12



DK/EP 2094872 T3

Preparation of PCV2 ORF-2 antigen

[0067] Initial SF+ cell cultures from liquid nitrogen storage were grown in Excell 420 media (JRH Biosciences, Inc., Lenexa, KS) in
suspension in sterile spinner flasks with constant agitation. The cultures were grown in 100 mL to 250mL spinner flasks with 25 to

150 mL of Excell 420 serum-free media. When the cells had multiplied to a cell density of 1.0 - 8.0 x 108 celis/mL, they were split to

new vessels with a planting density of 0.5 - 1.5 x 109 cells/mL. Subsequent expansion cultures were grown in spinner flasks up to
36 liters in size or in stainless steel bioreactors of up to 300 liters for a period of 2-7 days at 25 - 29°C.

[0068] After seeding, the flasks were incubated at 27°C for four hours. Subsequently, each flask was seeded with a recombinant
baculovirus containing the PCV2 ORF-2 gene (SEQ ID NO: 4). The recombinant baculovirus containing the PCV2 ORF-2gene was
generated as described in WO06/072065. After being seeded with the baculovirus, the flasks were then incubated at 27 + 2°C for 7
days and were also agitated at 100 rpm during that time. The flasks used ventilated caps to allow for air flow.

[0069] After incubation, the resulting supernatant were harvested, filtered in order to remove cell debris and inactivated. The
supernatant was inactivated by bringing its temperature to 37 = 2°C and binary ethlylenimine (BEI) is added to the supernatant to a
final concentration of 5mM. The samples were then stirred continuously for 72 to 96 hrs. A 1.0 M sodium thiosulfate solution to give
a final minimum concentration of 5 mM was added to neutralize any residual BEI. After inactivation, PCV2 ORF-2 buffered with
phosphate buffer and Carbopol was added to about 0.5 to 2.5 mg/dose. The final dose comprises about 16 ug PCV2 ORF-2
antigen.

EXAMPLE 2

Anti PCV-2 Immuno assay

[0070] PK15 (e.g. ATCC CCL-33) or VIDO R1 cells described in WO 02/077210, are seeded onto a 96 well plate (about 20.000 to
60.000 cells per wells). Cells are infected with a PCV2 isolate, when monolayers are approximately 65 to 85% confluent. Infected
cells are incubated for 48 hours. Medium is removed and wells are washed 2 times with PBS. The wash buffer is discarded and cells
are treated with cold 50/50 methanol/acetone fixative (~100 pliwell) for about 15 min at about -20°C. The fixative is discarded and
the plates are air tried. Serial dilutions of porcine serum samples are prepared in PBS, added to the plates and incubated to allow
antibodies to bind if present in the serum samples for about 1 hr at 36,5 1°C. In addition, serial dilutions of an anti-PCV2 positive
and negative control sample (Positive Control and Negative Control Samples) are run in parallel. The plates are then washed three
times with PBS. The PBS is discarded. Plates are then stained with an comercial Goat anti-Swine FITC conjugate diluted 1:100 in
PBS and incubated for about 1 hr at 36.5+1°C, which allows detection of antibodies bound to infected cells. After incubation is
complete, the microplates are removed from incubator, the conjugate is discarded and the plates are washed 2 times with PBS. The
plates were read using UV microscopy and individual wells reported as positive or negative. The Postive Control and Negative
Control samples are used to monitor the test system. If the controls are within expected ranges the test results are acceptable in
regard to test method parameters. The serum antibody titers were calculated using the highest dilution showing specific IFA
reactivity and the number of wells positive per dilution, or a 50% endpoaint is calculated using the appropriate Reed-Muench
formula.

EXAMPLE 3

Efficacy of PCV2 ORF-2 (Ingelvac® CircoFLEX™) in

[0071] For investigation of a possible interference of the vaccine with the maternal antibody a study was conducted in which the
antibody titers of all study animals were determined at the time of vaccination which were then grouped into a low, moderate and
high antibody class: Geometric mean titers of < 1:100 were considered as low antibody fiters, titers of 1:100 to 1:1000 were
considered as moderate antibody titers and titers of >1:1000 were considered as high antibody titers.

STUDY PERFORMANCE
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[0072] Approximately 500 animals were included into the study. The study animals were balanced and equally distributed among
both treatment groups with regard to initial body weight and litter assignment. At 20 days of age all study animals received a single
dose (1 ml) of the PCV2 vaccine (Investigational Veterinary Product, IVP) or a single (1 ml) dose of a placebo containing
adjuvanted cell culture supernatant (Control Product, CP) by intramuscular injection in the right side of the neck. Study animals
were followed until the end of fattening. Blood samples from all study animals were collected and subsequently analyzed by IFAT in
order to determine the antibody titers at the time of vaccination. Following this, the initial antibody titers were correlated with the
weight gain. In addition, dependent on the initial antibody titer, animals were grouped into three classes (low, moderate and high
initial antibody titers) and 'high titer animals of both treatment groups were then compared for possible differences with regard to
weight gain and viremia.

RESULTS

Initial Antibody Titers

[0073] At the time of vaccination the majority of animals had either moderate antibody titers (defined as 1:100 to 1:1000) or high
antibody titers (defined as > 1:1000). Only approximately 13% percent of animals had low antibody titers (defined as < 1:100). Due
to the absence of PCV2 infection at the time of study initiation it can be concluded that the antibody titers on study day 0 were
possibly maternally derived. No significant differences in the antibody titers of study day O were observed between the two
treatment groups. An overview about the percentage of animals per titer class is given in Figure 1.

Correlation of Antibody Titers at the Time of Vaccination with Viremia in Blood

[0074] In order to determine whether a high antibody titer at the time of vaccination (> 1:1000) had an impact on viremia,
vaccinated and placebo-treated animals with high initial antibody titers were compared with regard to the onset, end, duration of
viremia, the number of positive sampling days and the virus load. Table 1 summarizes the comparison of viremia parameters of the
‘high-titer animals' from both treatment groups.

Table 1: Comparison of viremia in 'high titer animals’' from both treatment groups

Investigated Parameter Treatment Group { Number of pigs Mean Median P
Onset of CP 38 111.90 days | 113.00 days 0.7843
Viremia VP 36 109.50 days | 113.00 days ns
CP-IVP 24 days
Duration of Viremia CP 38 27.00 days 27.50 days <0.0001 ***
VP 36 17.50 days 6.50 days
CP-IVP 9.50 days
End of Viremia CP 38 138.90 days | 141.00 days 0.0033 **
VP 36 127.00 days | 12250 days
CP-IVP 11.9 days
Positive Sampling days CP 39 3.70 days 3.00 days 0.0082 **
VP 47 1.80 days 1.00 days
CP-IVP 1.9 days
Mean Sum gE (log10) CP 39 18.79 gE 17.21gE <0.0001 =
VP 47 9.12 gE 538 gE
CP-IVP 9.67gE
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gE: sum of genomic equivalents per ml

P: p-value of the Wilcoxon Mann-Whitney test for comparisons between groups;
ns: not significant, p>0.05;

** significant, p < 0.01;

*** significant, p < 0.001

[0075] Compared to the placbebo-treated high-titer animals, vaccinated high-titer animals had a 9.5 day shorter duration of
viremia, a 11.9 days earlier end of viremia, 1.9 days less viremic sampling days and an approximately 2-fold reduction of the sum of
genomic equivalents/ml over the course of the study. These results indicate that also in the presence of high maternal antibody
titers the IVP can still significantly reduce viremia in blood (end of viremia, duration of viremia, virus load).

Correlation of Antibody Titers at the Time of Vaccination with Weight Gain

[0076] It was next investigated, whether the initial antibody titer had any effect on the weight gain over the course of the study.
Table 2 presents the correlation of the initial antibody titer with the weight gain at different time intervals as determined by the
calculation of the Spearman rank coefficient and the p-value.

[0077] A statistically significant negative correlation between the antibody titer and the weight gain was found for both treatment
groups at study weeks O to 7 indicating that a high maternal antibody titer negatively influences the weight gain development in the
rearing phase. No other statistically significant correlations between the initial antibody titer and the weight gain during different time
intervals were observed. It can therefore be concluded that the level of maternal antibody titer did not have an influence on the
weight gain from 10 weeks of age (study week 7) onwards for neither the vaccinated or for the placebo-treated animals.

Table 2: Correlation of the PCV2 antibody titer at the time of vaccination with body weight gain over the course of the study

Correlation of antibody titer at the time of vaccination with weight gain
Study week 0-7 { Study week 7-12 §{ Study week 12-17 § Study week 17-22
r -0.09623 0.03501 -0.00521 -0.02774
CP P 0.0086 ** 0.3425ns 0.8884 ns 0.4617 ns
n 744 737 728 706
r -0.09748 0.04309 -0.00954 0.02694
VP P 0.0077 ** 0.2440 ns 0.7974 ns 0.4710 ns
n 746 733 727 718

r: Spearman rank correlation coefficient

P: p-value of test on r=0: ns: not significant, p>0.05,
** significant, p< 0.01

n: Number of animals

[0078] In line with this finding, no differences could be found with regard to the live body weight when comparing low and high titer
animals of the vaccinated group. Figure 2 shows that the body weight after the onset of viremia (study week 17 and 22) was
comparable irrespective of the level of initial antibody titer (Figure 2).

[0079] Furthermore vaccinated animals with a high antibody titer at the time of vaccination (> 1:1000) also showed a significantly
higher body weight after the onset of viremia compared to placebo-treated animals with initial high antibody titers. As can be seen
in Figure 3 the body weight (LSMean) at study week 17 and at study week 22 was indeed significantly higher in vaccinated 'high
titer animals’ (study week 17: 1.55 kg, p = 0.0328; study week 22: 3.06 kg, p = 0.0007) than in placebo-treated 'high titer animals’.
Together these findings demonstrate that there is no interference of the IVP with the antibody titer at the time of vaccination.

Conclusion

[0080] For analysis of a possible maternal antibody interference the initial antibody titer was correlated with the two efficacy
parameters viremia in blood and live body weight. Compared to the placebo-treated 'high titer animals' the following statistical
significant findings were noted for the vaccinated 'high titer animals':
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o reduction in loss of weight gain
e shorter duration of viremia and earlier end of viremia
¢ lower virus load

EXAMPLE 4

[0081] The objective of this blinded vaccination-challenge study was to evaluate at what age pigs vaccinated with Porcine
Circovirus Vaccine, Type 2, Killed Baculovirus Vector established immunity in the presence of Porcine Circovirus Type 2 (PCV2)
maternally-derived antibodies. Three primary parameters were analyzed following challenge. These three parameters included
lymphoid depletion, lymphoid inflammation, and lymphoid immunohistochemistry (IHC). To demonstrate immunity in the presence of
PCV2 maternally-derived antibodies, conventionally raised pigs vaccinated with PCV2 vaccine at 3 weeks of age or at 8 weeks of
age, must demonstrate statistically significant differences (p<0.05) for lymphoid depletion, lymphoid inflammation, and lymphoid
IHC, compared with challenge control pigs treated with Control Product at 3 weeks of age.

STUDY PERFORMANCE

[0082] One hundred twenty (120) conventionally raised pigs, 21 days of age on Day 0 (DO), were assigned completely at random
to one of five treatment groups. On DO, blood samples were collected from all pigs,

* Group 1a was treated with Investigational Veterinary Product (IVP; PCV2 reference vaccine) at 3 weeks of age.
¢ Group 1b was treated with Investigational Veterinary Product (IVP; PCV2 reference vaccine) at 8 weeks of age.
¢ Group 2 was treated with Control Product (CP) at 3 weeks of age.

[0083] Pigs were observed for clinical assessments post-vaccination from D-1 to D59. Additional pre-challenge blood samples
were collected on D14, D28, D42, D56 and D63. A summary of Group PCV2 serological Geometric Mean Titers (GMT) pre-
challenge are shown below in Table 3.

Table 3: Group PCV2 Serological Geometric Mean Titers Pre-challenge

PCV2 Serology - GMT
Group-Treatment
Do D14 D28 D42 D56 D63
Group 1a IVP administered 3 weeks of age 556.5 252.8 142.0 56.2 32.0 51.3
Group 1b IVP administered at 8 weeks of age 476.2 308.2 1516 36.2 29.3 48.3
Group 2 CP administered at 3 weeks of age 513.8 310.7 1343 36.9 16.9 245

[0084] All remaining pigs received 2.0 mL of keyhole limpet hemocyanin (KLH) emulsified in incomplete Freund's adjuvant (ICFA)
IM on D60 (Day Post-Challenge (DPC) -3) and D66 (DPC 3). On D63 (DPC 0), remaining pigs received 1.0 mL of PCV2 lowa State
University Veterinary Diagnostic Laboratory (ISUVDL) challenge material (4.75 logqg TCIDsg/mL) IM and 1.0 mL of the same
material IN. Body weights, rectal temperatures, clinical observations, blood samples and nasal swabs were collected on the day of
challenge and periodically post-challenge. At necropsy for each pig, gross lesions were noted and lung and lymphoid tissue
samples were collected. Lung and lymphoid tissues were examined microscopically by ISUVDL for lesions and for the presence of
PCV2 antigen by IHC testing. A general description of the challenge phase of the study is shown below in table 4.

Table 4: Challenge Phase of Study

Groun - Treatment | Number | KLH/ICFAOn | PCV2Challenge |KLH/ICFAOn| .
P D60 (DPC-3) | on D63 (DPCO0) | D66 (DPC 3) Y psy
Group 1a D87 (DPC 24) or D88

(DPC 25)
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Group - Treatment Nu#tber KD%';I( é .(:);;l F;?‘\Iljzegg('g:!,? g;e KEI)' (?6/ %‘gg’é g)n Day of Necropsy
VP administered 3
weeks of age
Group 1b D87 (DPC 24) or D88
IVP administered at 8 21 Yes Yes Yes (DPC 25)
weeks of age
Group 2 D87 (DPC 24) or D88
CP administered at 3 20 Yes Yes Yes (DPC 25)
weeks of age

[0085] On D86, the geometric mean titers were 906.6, 2447.1, 2014.9, respectively.

RESULTS

[0086] Following PCV2 challenge exposure on D63 and subsequent necropsy, Group 1a had a statistically significant lower
proportion of pigs positive for lymphoid depletion (p=0.0084), a lower proportion of pigs positive for lymphoid inflammation
(p=0.0079), and a lower proportion of pigs with IHC lymphoid-positive tissues (p=0.0031), all in comparison to Group 2. Following
PCV2 challenge, Group 1b had a statistically significant lower proportion of pigs positive for lymphoid depletion (p=0.0148), a lower
proportion of pigs positive for lymphoid inflammation (p=0.0036), and a lower proportion of pigs with IHC lymphoid-positive tissues
(p=0.0013), all in comparison to Group 2. A summary of primary efficacy parameter results for Groups 1a, 1b and 2 are shown
below in table 5.

Table 5: Summary of Primary Efficacy Parameter Results for Groups 1a and 1b compared with Group 2

Group-Treatment {PCV2 Serological status{ Lymphoid Depletion Lymphoid Lymphoid IHC
onDay0 (+total) Inflammation (+/total) (+total)
Group 1a
VP at 3 weeks of Seropositive 1/20 (5%) 3/20(15%) 3/20 (15%)
age *p=0.0084 *p=0.0079 *p=0.0031
Group 1b
IVP at 8 weeks of Seropositive 2/21 (9.5%) 321 (14.3%) 321 (14.3%)
age *p=0.0148 *p=0.0036 *p=0.0013
Group 2
Seropositive 9/20 (45%) 12/20 (60%) 13/20 (65%)
CP at 3 weeks of age
* p value compared with Group 2 - Fisher's Exact Test

[0087] There were significant differences between Groups 1a and 1b compared with Group 2 for microscopic lung inflammation
(p<0.0407), but no significant differences between these groups for lung tissue testing positive for PCV2 antigen by IHC testing (p=
0.2317). There were no significant differences between Groups 1a and 1b compared with Group 2 for clinical assessments post-
vaccination, ADG, clinical signs post-challenge, pyrexia, nasal shedding of PCV2, % total lung scores and lymphadenopathy.

[0088] In conclusion, Group 1a, vaccinated at 3 weeks of age and having a GMT of 556.6 at the time of vaccination, was
significantly protected from lymphoid depletion, lymphoid inflammation, and lymphoid tissues testing positive for PCV2 antigen by
IHC testing, compared with Group 2. Group 1b, vaccinated at 8 weeks of age and having a GMT of 151.6 one week prior to
vaccination, was significantly protected from lymphoid depletion, lymphoid inflammation and lymphoid tissues testing positive for
PCV2 antigen by IHC testing, compared with Group 2. Pigs with PCV2 maternally-derived antibodies were protected from Porcine
Circovirus Associated Disease (PCVAD) when vaccinated as early as 3 weeks of age.

SEQUENCE LISTING

<110> BOEHRINGER INGELHEIM VETMEDICA GMBH
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<120> TREATMENT OF PIGS WITH PCV2 ANTIGEN
<130> P01-2169

<160> 11

<170> PatentIn version 3.3

<210>1
<211>8
<212> DNA
<213> Artificial

<220>
<223> This is a modified Kozak's sequence.

<400> 1
cegecatg 8

<210>2
<211>6
<212>DNA
<213> Artificial

<220>
<223> This is a recombinant Eco R1 sequence.

<400> 2
gaattc 6

<210>3

<211>713

<212> DNA

<213> Porcine circovirus

<400> 3

cagctatgac gtatccaagg aggegttacc gcagaagaag acaccgoccc cgecagecatce 50
ttggeccagat ccteoecgocge cgeccctgge togtecacce cogocaccege taccgttgga 120
gaaggaaaaa tggcatcttce aacaccegoce tcteccgeac cttoggatat actgtgcaga 180
aggaaaaatg gcatcttcaa cacccgecte tccogeacct toggatatac tgtgaccact 240
ttgttoccce gggagggggy accaacaaaa tctctatacce ctttgaatac tacagaztaa 300
gaaaggttaa ggttgaattc tggcecctgot cccccatcac ccagggtgat aggggactgg 360
gctecactge tgttattcta gatgataact ttgtaacaaa cgccacagec ctaacctatg 420
acccatatgt aaactactcc tcccgccata caatccccca accottcotoc taccactcce 480
gttacttcac acccaaacct gttettgact ccactattga ttacttccaa ccaaataaca 540
aaaggaatca gckttggetg aggctzcaaa cctctagaaa tgtggaccac gtaggectceg 600
gcactgcgtt cgaaaacagt aaatacgacc aggactacaa tatccgtgta accatgtatg 660
tacaattcag agaatttaat cttaazgacc ccccacttaa accctaaatg aat 713

<210>4

<211>713

<212> DNA

<213> Porcine circovirus

<400> 4

ccgecatgac gtatccaagg aggegttacc gecagaagaag acaccgaccee cgcagecate 50
ttggccagat ccteccgecge cgocccctgge tcecgtecacce cocgocaccge taccgttgga 120
gaaggaaaaa tggeatcttc aacaccegec tctcecgeac cttoggatat actgtcezagy 180
ctaccacagt cacaacgccc tcctgggecgg tggacatgat cagatttaat attgaccact 240
ttgtteccee gggagggggy accaacaaaa tctcetatace ctttgaatac tacagastaa 300
gaaaggttaa ggttgaattc tggeccctgot cccccatcac ccagggtgat aggggactgg 350
gctecactge tgttattcta gatgataact ttgtaacaaa cgccacagec ctaacctatg 420
acccatatgt aaactactcc tcccgccata caatccccca acccttotec taccactcee 480
gttacttcac acccaaacct gttcecttgact ccactattga ttacttccaa ccaaatzaca 540
aaaggaatca gectttggectyg aggetacaaa cctctagaaa tgtggaccac gtaggecteg 600
geactgegtt cgaaaacagt aasatacgacc aggactacaa tatocoghtghba accatgtatg 660
tacaattcag agaatttaat cttaasgacc ccccacttga accctaagaa ttc 713

<210>5

<211>233

<212> PRT

<213> Porcine circovirus
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<400> 5
Met Tkr Tyr Pro Arg
1 5

Ser His Leu Gly Gln
20

Arg His Arg Tyr Arg
35

Leu Ser Arg Thr Phe
50 55

Pro Ser Trp Ala Val
55 70

Pro Pro Gly Gly Gly
35

2rg Ile Arg Lys Val
100

Gln Gly &sp Arg Gly
115

Phe Vsl Thr Lys Ala

Arg Arg
10

Ile Leu
25

Trp Arg
40

Gly Tyr

Asp Met

val Gly
1z0

Thr Ala

130 135

Ser Ser Arg His Thr
145 150

Ile Pro

Tyr Arg Arg Arg Arg His 2rg
15

Arg Arg Arg Pro Trp Leu Val

33

Arg Lys Asn Gly -le Phe Asn
45

Thr Val Lys Ala Thr Thr Val
60

Phe Tkr Pro Lys Pro Val Leu Asp Ser Tar Ile Asp Tyr Phs

1565

'
@
=]

180

17

185

Met Arg Pae Asn Zle Asp AsSD

75 80

Lys Ile Ser Ile Pro Phe Glu

95

Glu Phe Trp Pro Cys Ser Pro
110

Ser Thr Ala Val Zle Leu AsD A

125
Leu Thr Tyr 2sp Pro Tyr Val
140
Gln Pro Phe Ser Tyr His Ser
155 160
70 175

Asn Lys Arg Asn Glr. Leu Trp Leu Arg Leu Gln Thr Ser A

190

Val Asp His Val Gly Leu Gly Thr Ala Pae Glu 2sn Ser Lys

195

200

235

Gln Asgp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg
21C 215

220

Asn Leu Lys Asp Pro Prc Leu Lys Pro

225 230

<210>6
<211>233
<212> PRT

<213> Porcine circovirus

<400> 6

Pro Arg

His Pro

Thr Arg

Thr Thr

Phe Val

Tvr Tvr

Ile Thr

Arg Tvr

Gln Pro

Glu Phe
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Met Tkr Tyr
1

Ser His Leu
20

Arg llis Arg
35

Leu Ser Arg
50

Pro Ser Trp
65

FPro Pro Gly
Arg Ile Arg
100

Gln Gly Asp
115

Phe vel Thr
130

Ser Ser Arg
Phe Trr Pro
2Asn Asn Lys

180

Val Asp His
195

Gln Asp Tyr
210

Asn Leu Lys
225

<210>7
<211>756
<212> DNA

Pro Arg Arg Arg
5 10

Gly Gln Ile Leu
25

Tyr Arg Trp Arg
40

Thr Phe Gly Tyr
55

Ala Val Asp Met
70

Gly Gly Thr Asn
35 90

Lys Val Lys Val
105

Arg Gly Val Gly
1z0

Lys Ala Thr Ala
135

His Thr Ile Pro
150

Lys Pro Val Leu
Arg Asn Glr Leu
185

vVal Gly Leu Gly
200

Asn Ile Arg Val
215

Asp Pro Pro Leu
230

<213> Atrtificial

<220>
<223> This
vector.

<400>7

gcggecgegy
caccgecocece
cgeecacceget
ttcggatata
agatttaata
tttgaatact
cagggtgata
gccacagecce
cccttotact
tacttccaac
gtggaccacyg
atcegtgtaa
ccctaagaat

<210>8

Tvr Arg Arg Arg
15

Arg Arg Arg Pro
30

Arg Lys Asn Gly
45

Thr Val Lys Ala
60

Met Arg Phe Asn
75 80

Lys Ile Ser Ile
95

Glu Phe Trp Pro
110

Ser Thr Ala Val -

125

Leu Thr Tyr Asp
140

Gln Pro Pae Ser
155

Asp Ser Tar Ile

165 170 175

Trp Leu Arg Leu
190

Thr Ale Pae Glu
205

Thr Met Tyr Val
220

Glu Pra

Arg His Ar

“rp Leu Va

Zle Phe As

Thr Thr Va

Zls Asp As

Pro Phe Gl

Cys Ser Pr

g Pro Arg

1 His Pro

n Thr Arg

1 Thr Thr

o Phe Val

u Tyr Tvr

2 Ile Thr

Pro Tyr Val aAsn Tvr

Tyr His Se

160

asp Tyr Ph

Gln Thr Se

Asn Ser Ly

Gln Phe Ar

2 Gln Pro

r Arg Asn

s Tyr Asp

g Glu Phe

DK/EP 2094872 T3

sequence is from porcine circovirus type 2, open reading frame 2, together with a portion from the pGEM T-easy

gaattcgatc cgccatgacg tatccaagga
gcagecatct tggecegate ctcecegeegeo
accgttggag aaggazaaat ggcatcttca
ctgtcaaggc taccacagtc acaacgccct
ttgacgactt tgttccccocg ggagggggga
acagaataag aaaggttaag gttgaattct
ggggagtggg ctccactgot gttattctag
taacctatga cccatatgta aactactcct
acractocag thactteaca cccaaacctg
caaataacaa aaggaztcag ctttggctga
taggectegg cactgegtte gaaaacagta
ccatgtatgt acaattcaga gaatttaatc
tctatcacta gtgaattege ggeccge

<211> 10387

<212> DNA

<213> Artificial

<220>

cgcgttacceyg
cccectgget
acaccegect
cetgggeggt
ccaacaaaat
cgccocetgeto
atgataactt
ccegecatac
ttcttgacte
cgctacaaac
aatacgacca
ttaaagaccc

cagaageaga
cgtccaccee
cteceecgeace
ggacatcatg
ctctatacce
ccccatcace
tgtaacezaag
aatcccccaa
cactattgat
ctctageaat
ggactacaat
cccacttgaa
756

50
120
180
240
300
3560
420
480
540
600
660
720

<223> This is the porcine circovirus type 2, ORF-2construct, which includes baculovirus and pGEM T-easy coding sequences.

<400> 8

20



aagctttact
gaaagcacgt
ataaaagatt
gtgactageg
ggagcaataa
gcgggectgt
gttcaagaat
ggcgtgeact
cacaccctygg
aaaattgaaa
tttaacaaat
tgcttegett
gattaggceg
ggttttccac
cgcacaacac
ccaccacttt
tottttgeat
Lgachgcaa
actcttgttt
tgtgcteggt
gtttgatage
gccattettg
cggatttagt
cgetgttaga
tgtctacatg
ccttggecac
cttceteccaaa

tttgcaacaa
tatgggggas
ggcgcaageyg
tacagttttg
atgacgcete
ctteocteegt
cgacgcacas
¢gcaatatty
cgttgggeat
Laglgcgall
atcgagtcaz
ccgegtattt
aataatatat
acgactatga
atctgtgecac
tgaccceagt
atgtcggtga
tggtgcgagea
agagcgteat
aaattgacce
cgaclgegal
aattttaaae
aatgtcgteg
aacgatttye
aactgttaca
cctetgacge
atcaaatccc
ctetgteegt
aaacaattat
catttgtagt
aatcattttc
tagacgeett
aallaacala
tgtcataaat
tgtaatttac
aatttatata
acgeagette
ccaaaatgtt
ctgagageag
atcacaaact
cataaccatce
aaacctataz
cagcggeagc
cacaccgece
ccogecaceyg
cctteggatsa
tgagatttaa
actttgaata
ccecagggtyge
aggccacagc
aacccttcte
attactteccea
atgtggacca
atatcegtgt
aaccctaage
cglacceggg
atcegtaatg
tacagggaas
ctgatggatg
tteetggece
atcgtcegage

cgtaaagega
gtaaaatgtt
ctaatctgat
aagaagatgt
tcgatttaac
tatacaaaaa
ttattgacac
gcacacacgyg
gtattgegece
gacaaaatta
actttatecct
gctcegttta
gatattectce
gtacgtottt
cggatgtttyg
ggcaactaaa
ggtttectgy
aleclllggee
tttaacaagt
gaatgtcgca
gggatcgtac
taattctatg
aatgagcact
ggtagggceec
aacacgtata
gaaccggacc
tttaaattct

ctattgtttt
catgogeage
gctaaaacgt
atttgecatat
caactccecg
gtggcogazac
gtatctgteac
gcaaattcga
gtacgtccga
aaaacgllgl
gtgatcazeg
taacaaacta
tatgtatcge
tagagatcza
gcgttocege
agtgacaecg
cgttaaasct
agecgegaay
gtttagacea
taactcceta
Lglacalcel
aacgcagcéaa
acatgctceaa
aagaaaacea
ttgcaaacgt
atttctacza
aagatgtcta
ttgctggeza
aaatgcteza
attatctata
aaatgattca
gtegtettet
gllallalcg
atatatgtet
aacagtgeta
atcaatgaat
ttctagttca
gtacgaaccg
ttgtttgttg
ggaaatgtet
tegcaaatza
atattcccga
gggaattcga
ccgcageeat
ctacegttgyg
tactgtcasg
tattgaccac
ctacagaata
taggggactyg
cctaacctst
ctaccactce
accaaatzzc
cgtaggeete
aaccatgtet
attctatceac
alcclllcel
ttaaaccega
cttggacceeg
ttttecttgt
aacacgctet
cttecatgegt

gttgasggat catatttagt tgcgtttatg agataacatt a0
tccogegegt tggoacaact atttacaatg cggecazsgtt 120
atgttttaaa acacctttge cgcoccgastt gtttgcctac 180
gtggaccgoa gaacagatag taaaacaaaa ccctagtatt 240
caacacgtct aaatattatg atggtgtgea ttttttcecgy 300
aattcsagta cctggccaga ctttgcecgec tgaaagcata 360
ggtaasagaa tttacagaaa agtgtccegg catgttcgtg 420
tattastcge accggttaca tggtgtgcag atatttzatg 480
gcaggsagoce atagatagat tcgaaaaage cagaggtcac 540
cgttcsagat ttattaattt aattaatatt atttgeasttce 600
attttcaaat tgttgcgett cttceccagega accaaaacta 6460
gcttgtagoe gatcagtgge cttgttccaa tcgacgctag 720
accacsatgt tggcaacgtt catgttacgt ttatgetttt 780
tggecggtaa tageoegtaaa cgtagtgecg tcogogectca 840
cgcttgteog cggggtattg aaccgegega tcogaczaat 900
tcggtgacot gegegtettt tttotgeatt atttegtett 950
aagccggtgt acatgeggtt tagatcagtc atgacgcgeg 1020
Lecgalelgel Lgleellgal cgeaacgalyg cgllcaelaa 1080
tccteggttt tttgegecac caccgettge agegegtttg 1140
atcagcttag tcaccaactg tttgetctee tectecegtt 1200
ttgeeggtge agageacttg aggaattact tcttcteaaa 1260
gcgtasggeoa atttggactt cataatcage tgaatcecge 1320
gtatgcgget gcaaatacag cgggtegecce cttttcacga 1380
ccattttgga tggtetgete aaataacgat ttgtatttat 1440
gctttatcac aaactgtata ttttaaactg ttagegacgt 1500
tgttggtcge gctctagecac ctaccgcagg ttgaacctat 15560
ccaattttaa cgcgagccat tttgatacac gtgtgtcgat 1620
ttaacgcaaa ctaaacttat tgtggtaagce aataattaaa 1680
tacaacacte gtegttatga acgeagacgg cqaeggtete 1710
gttgegegtt caacgeggea aacatcgeaa aagcecaatag 1800
taacggcgat tttttzaatt atcttattta atzaatagts 1860
ccogegttga ctegetgeac ctegageagt tegttgacge 1920
acgtcgagey ggtggtecgat gaccagegge gtgcogecacg 1980
accgaatgat cgtcgggega aggcacgtcog gectocaagz 2040
aaatatatac agttgggttyg tttgcgecata tctatcegzgg 2100
acgttgattt gcatgcaagc cgaaattaaa tcattgcgaz 2160
acalceclege LLllaslecal gecglegall aaalogegeca 2220
tgtggaataa tgttttcttt gtattcccega gtcaagegea 2280
gccatcttgt aagttagttt catttaatgc aactttazcc 2340
acgtcaagaa ttaaczatge geccocgttgbe geatctcaac 2400
ataaagcgcy aattasatag cttgcgacge aacgtgcacyg 2460
acgagctttyg attgtzataa gtttttacga agcgatgaca 2520
atcacgccca aaagasctge cgactacaaa attaccgagz 2580
attaagccat ccaatcgacc gttagtcgaa tcaggaccge 2640
tatggcgaat geatcgtata acgtgtggag tccgotcatz 2700
gaaagctaca tattteattyg atcccgatga ttttattgaz 2760
cacggtattc tacaatggeg gggttttggt cazaattzcc 23820
gllaacggel cegeccacla Llaalgaaal lLasaaal.cc 2880
gagaaacatt tgtatgaaag aatgcgtaga aggaaagaaa 2940
caacaagatt aatatgcctc cgtgtataaa aasaatattg 3000
tygtaccgege gygcgytatgt acaggaagay gtttatacta 3060
ggtttcghbgt gccaagtgtg aaaaccgatg tttaatcaag 3120
ccacgactce aagtgtgtgg gtgaagtcat geatottzta 3180
taaaccacca aactgccaaa aaatgaaaac tgtcgacaag 3240
ctgcaagggt ctcaatccta tttgtaatta ttgaataata 3300
tttgtttttt attaacgata caaaccaaac gcsacaagaa 3360
attgaaaacy cgtagttata atcgctgagg tastattzaa 3420
cagttaattt gcgaceatat aattttattt tcecataaac 3480
tcttegtatt cettctettt ttcatttttce tcctcataaa 3540
Lalccalala LglLalclLalc glalagagla aallLlLl.g. 3600
tttttaatgy ggtgtatagt accgetgege atagtttzte 3660
trttetggta gttotteogga gtgtgttgot tteattatta 37720
trtgggatagt cggttttghta caatatgttg ccggoatagz 3780
attacaccat tttttagcag caccggatta acataacttz 3840
ttaaacaaaa acagttcace tecocttttot atactatzgz 3900
ttaaaaataa cagcecsttgh aatgagacgce aczaactaaz 3960
atcaatatat agttgctgat atcatggaga tazsttaaaaz 4020
ataagtattt tactgttttc gtaacagttt tgtaataaaa 4080
ttattcatac cgtceccacca tcgggegegg atcagatctg 4140
tccgecatga cgtatccaag gaggegttac cgcagaagaa 4200
cttggeccaga tcoctecgecg ccgecectgg ctegtecace 4260
agaaggaaaa atggcatcett caacaccege ctectoccgea 4320
gctaccacayg tcacaacgee ctectgggeg gtggacatga 4380
tttgttccee cgggaggggg gaccaacaaa atctctazac 4440
agaaaggtta aggttgaatt ctggecctge teceocazca 4500
ggctecacty ctgttattet agatgataac tttgtaacaa 4560
gacccatatg taaactactce cteccgocat aczatcccce 4620
cgttacttca caccczaacc tgttcttgac tccactaztg 4680
aaaaggaatc agetttgget gaggetacaa acctotagaa 41710
ggcactgegt tcgaazacag taaatacgac caggactaca 41800
gtacaattca gagaatttaa tcttaaagac cccccacttyg 4860
tagtgaatte goggoccgecog gocgctcocag aattctagaa 4920
gggacccegge aagaaccaaa aaclcaclocl cllcaaggaa 4980
cacgatgaag cttgtcgttyg gatggaaagg aazagagztc 5040
cttecatggaa gacagcttcee ccattgttaa cgaccaagaa 5100
tgtcaacatyg cgtcccacta gacccaaccg ttgttacaaa 5160
gcgttgegac cccgactatg tacctcatga cgtgattagg 5220
gggcagcaac aacgagtacc gcatcagect ggctaagaag 5280
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cggcggegget
atcgatcgtg
cctgaagagqg
ccagacgeac
atttattaag
aataattcat
tcagegtett
cgattagttt
tegetcaacy
ctttgtgttt
tttettteat
tggacatatt
ccctegtegt
attgtgtcgg
callgcyggyge
acgttagaaz
gycygtyggry
¢gaggcggay
LlLaggeaace
accggtctge
tcgtcetaaag
cacalcgalg
cgcggeggty
accggcgeag
cgtygtyygesz
ctaatttcge
ttgtaaagag
cagcattgta
aaacgtegtt
tgtagtaaat
catgcgeatc
tacgattegt
actgcaaaaza
ttttategea
ttaacgctga
tctattttaa
ccgatttatt
ttattagacsa
acataaaact
acggattgtg
ctoeggaaaz
aacatacaag
¢gcteacaatt
atgagtgagc
cctgtegtge
tgggegetet
agcggtatce
aggaaagaac
cctggegttt
tcagaggtyg
cctegtgege
ttegggaage
agttagetoe
atceggtaac
agccactggt
etggtggeet
cccagttace
tageggtggt
agatcctttg
cattttggte
aagttttaas

aatcagtgag
cccegtegtyg
gataccgcega

ttgccgggaa
tgctacagge
ccaacgatca
cggtccteeg
agcactgeat
gtactcaacc
gtcaatacgg
acgttctteg
acccactegt
agcaaaaaca
dalaclcala
gagcggatac
tocccgaaaa
aaataggcgt
ctgacacatg
acaagceegt
ggcatcagag
cgtaaggaga
agggcgatcg
aaggcgatta
cagtgee

<210>9
<211>20
<212> PRT

gcccaateaat
tcatctgcga
aggaaattct
ctotgtteeae
cgetagatte
taaatttata
tatatotcaa
caaacaacgg
ccacaaaact
tgttttgtza
cactgteett
taacatccgg
tagaagttgc
ctaacacctc
gLLLLLycge
gcgatggtge
gagctgatga
gcggaggtgy
caglcggeac
gacgagtcey
gtgcagecgg
glgglgalag
ccgeoggtat
gcgeegetgyg
attcaatett
tatcgtttac
attgtctceza
gtggcgacac
ggcaagettt
gttgtttttg
aattttgttyg
catggecace
ngtrcaaaact
caagcccact
cgaaatasza
tecacggttce
tgaaacacta
gctgtgtczaa
~gaaaatcta
caaacac
aattcgacac
ttgctaacgt
ccacacasca
taactcacst
cagctgeatt
tecgettect
gctcactcza
atgtgagcza
ttccatacge
cgaaaccaga
tcteoctgtte
gtggegettt
aagotgggot
tatcgtettyg
aacaggatta
aactacggct
tteggaazeaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaca

gcacctatet
tagataacta
gacceacget
gaagly
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtea
aattctcetta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
clelleclll
atatttgaat
gtgceacctg
atcacgagge
cagcteccegy
cagggegegt
cagattgtac
aaataccgca
gtgcgggect
agttgggtaa

gaaccttcac tctgagtaca ccaactegtt cgzacagztc 5340
gaacttctac aageccateg tttacatcgg taccgaczez 5400
ccttgaagtt tecctggtgt tcaaagtaaa ggagtttgea 5460
tggteocggeg tattasaaca cgatacattg ttettagzac 5520
tgtgegttgt tgatttacag acaattgttg tacgtatztz 5580
atctttaggy tggtatgtta gagcgaaaat casatgazt:z 5640
tttaaatatt aaatcctcaa tagatttgta aastagg 5700
ttgtttttee gaaccgatgg ctggactatc tastggaztt 5760
tgccaaatct tgtagcagea atctagettt gtcgatatte 5820
taaaggttcg acgtcgttca aaatattatg cgcttttgta 5880
agtgtacaat tgactegacy taaacacgtt aastaaage: 5940
cgtgttaget ttatteggee gattatcgte gtcgtcccaa 6000
ttcegaagac gattttgcca tagccacacyg acgectacta 6060
cgcgatcaaa tttgtagttyg agetttttgg aattattzez 6120
ggglllcaal clLaaclglLgce cegallllaa Llcagacaac 6180
aggcggtggt aacatttcag acggcaaatc tactaatggce 5240
taaatctace atcggtggag gcgcaggcegg ggotggegge 46300
tggcggtgat gcagacggeg gtttaggetc aastgtczcz 6360
clecaacltall glLaclggllL cgggegeegl LLllggloLg 5420
atttttttcy ttteteatag cttccaacaa ttgttgtctyg 5480
ttgaggttce gtoggeattg gtggageggg cggcaatzca 5540
Lgglggagge gcelggealgl Laggeacqgg ageagglgg. 6600
aatttgttet ggtttagttt gttcgocgecac gattgtggge 6660
ctgcacaacg gaaggtcgtc tgcettcgagg cagegetzgg 6720
ataattgyaa tacaaztcegt aaaaatctyge tataageatz 6780
cgtgccgata tttaacaacc gctcaatgta agcaattgta 46840
gctcgecgea cgecgetaac aagectttte atttttacta 59200
acttcogetgt cgtcgecgta catgtatgect ttgttgtcaa 4960
aaaatattta aaagazcatc tctgttcage accactgzgz 7020
ataatttgeg cttecgeagt ategacacgt tcsaaaaat= 7080
ttoctattat tgaatcaata agattgtaca gattcatatc 7140
acaaatgcta cgctgcaaac gctggtacaa ttttacgaaa 7200
cggrataaaa taatczacgg gogothtgge aazatatcta 7260
agcaaattgt atttgecagaa aacaatttcog gcgcacaatz 7320
gttcaccagt taatgagcga ccacccaaat tttataaaaa 7380
at.caacaace aagtgatogt gatggactac attgactgte 7440
caaattaaag gcgagettte gtaccaactt gttagcaata 7500
gcgetcaacy atttgcacaa gcacaatttc atacacaacg 7360
ttatattteqg aageactiga togeogtgtat gtttgogatz 7620
aactcactta gogtgcacga cggcacgttg gagtattzta 7680
acaactatge acgtttegtt tgactggtac gocggegtgtz 7740
aatcatggtce atagetgttt cectgtgtgaa attgttazce /800
tacgagecgy aagcataaag tgtaaagect ggggtgecta 7860
taattgcgtt gogetcactyg cecgctttoe agtecgggaaa 7920
aatgaatcgg ccaacgcgeg gggagaggeg gtttgegzaz 7980
cgeteactga ctegetgege teggtegtte ggetgeggeg 8040
aggcggtaat acggttatce acagaatcag gggataacge 8100
aaggccagca aaaggccagg aaccgtaaaa aggecgegts 8160
tcegecceee tgacgageat cacaaaaatc gacgotcaag 8220
caggactata aagataccag gegtttecce ctggaagete 8280
cgaccctgee gottaccgga tacctgtecg cetttoctceoe 8340
ctcatagcte acgetgtagg tatctcagtt cggtgtaggz 8400
gtgtgeaacga acccccaght cagoecgace getgogock= 8460
agtccaacee ggtaagacac gacttatege cactggecage 8520
gcagagcgayg gtatgtagge ggtgctacag agttcocttgaa 8580
acactagaag gacagtattt ggtatctgcg ctctgctgaa 8640
gagttggtag ctettgatee ggcaaacaaa ccacagezgg 8700
gcaagecagea gattacgege agaaaaaaag gatctcaaga 8760
cggggtctga cgctcegtgg aacgaaaact cacgttaagg 8820
caaaaaggat cttcacctag atccttttaa attaaaaatg 8880
gtatatatga gtaasacttyyg tctgacagtt accaatgett 8940
cagcgatetg tctatttegt tcatccatag ttgectgact 9000
cgatacggga gggcttacca totgygeccca gtgetgcaat 9060
caccggcetoc agatttatca ccaataaacc agcecageegy 9120
glLceclyo > LLLalc ¢ Loccalcoccagl clallaellyg 9180
gtagttcgoc agttaatagt ttgogecaacg ttgttgcocat 9240
cacgctcgtc gtttggtatg ccttcattca gectececggtte 9300
catgatceoe catgttgtge aaaaaagegg ttagetcett 9360
gaagtaagtt ggccgcagtg ttatcactca tggttatgge 9420
ctgzcatgoc atccgtaaga tgettttetg tgactggtga 9480
gagaatagtg tatgcggcga ccgagttget cttgeccggs 9540
cgecacatag cagaacttta aaagtgotca tcattggaaa 9600
tctcaaggat cttaccgctg ttgagatcca gttcgatgta 9660
gatcttcage atcttttact ttecaccageg tttetgggtg 2720
atgccgcaaa aaagggaata agggcgacac ggaaatgtty 9780
Llcaalalla Llyaaygeall Laliagygll allyleleal 9840
gtatttagaa aaataaacaa ataggggttc cgcgcacatt 99200
acg-ctaaga aaccattatt atcatgacat taacctataa 9960
cetztegtot cgogegttte cgtyatgacyg gtgaaazcct 10020
agacggtcac agcottgtcectyg taagcggatyg ccgggageag 10080
cagegggtgt tggegggtgt cgggygctgge ttaactetge 10140
tgagagtgea ccatatgegyg tgtgyaaatac cgcacagatg 10200
tcaggegeca ttogecatte aggotgegea actgttggga 10260
cttegetatt acgeccagetyg ccgaaagggyg gatgtgetge 10320
cgccagggtt ttcccagtca cgactgttgta asacgacggce 10380
10387

<213> Porcine circovirus
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<400>9
Ser Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His His Pro Pro Ser
1 5 10 15

Hig Leu Gly Gln
20
<210>10
<211>19
<212> PRT
<213> Porcine circovirus

<400> 10
Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Cly Ile Phe Asn Thr
1 5 10 15

Thr Leu Ser

<210> 11
<211>233
<212> PRT
<213> Artificial

<220>

<223> This is an amino acid sequence for porcine circovirus type 2, open reading frame 2.

<400> 11
Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
1 5 10 15

Ser His Leu Gly Gln Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro
20 z5 30

Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly IZle Phe Zan Thr Arg
35 40 45

Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Arg Thr
50 55 60

Pro Ser Trp Ala Val Asp Met Met Arg Pae Asn -—le Asp Asp Phe Val
55 70 75 80

Pro Pro Gly Gly Gly Thr Asn Lvs Ile Ser Ile Pro Phe Glu Tyr Tvr
85 90 95

2rg Ile Lys Lys Val Lys Val Glu Phe Trp Pro Cys Ser Pro Ile Thr
100 105 110

Gln Gly Asp Arg Gly Val Gly Ser Thr Ala Val Zle Leu Asp Asp Asn
115 120 125

Phe Vzl Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr
130 135 140

Ser Ser Arg His Thr Ile Pro Gln Pro Pae Ser Tyr His Ser Arg Tvr
145 150 155 160

Phe Thr Pro Lys Pro Val Leu Asp Scr Tar Ile Asp Tyr Pho Gln Pro
165 170 175

I
@
=1
w
12
=4

Lys Arg Asn Glr. Leu Trp Leu Arg Leu Gln Thr Ser Arg Asn
180 185 190

Val Asp His Val Gly Leu Gly Thr Als Pae Glu Zsn Ser Ile Tyr Asp
195 200 235

Gln Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg Glu Phe
210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro
225 230
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PATENTIKRAYV

1. Anvendelse af en virksom maengde type 2-svinecircovirus(PCV2)-antigen til frem-
stilling af en immunogen sammenseaatning til behandling eller forebyggelse af

a) PCV2-infektion hos dyr; eller

b) til mindskelse af kliniske symptomer forvoldt af eller forbundet med en PCV2-infek-
tion hos dyr,

hvor dyrene har anti-PCV2-antistoffer med en anti-PCV2-antistof-titer pa mere end
1:1000 som bestemt ved en PCV-specifik indirekte immunfluorescensanalyse,

hvor antigenet er et PCV2-ORF-2-protein, og den immunogene sammensastning kun
indgives én gang.

2. Immunogen sammensatning omfattende et type 2-svinevirus(PCV2)-antigen til an-
vendelse i en fremgangsmade til behandling eller forebyggelse af

a) PCV2-infektion hos dyr; eller

b) til mindskelse af kliniske symptomer forvoldt af eller forbundet med en PCV2-infek-
tion hos dyr,

hvor dyrene har anti-PCV2-antistoffer med en anti-PCV2-antistof-titer pd mere end
1:1000 som bestemt ved en PCV-specifik indirekte immunfluorescensanalyse,

hvor antigenet er et PCV2-ORF-2-protein, og den immunogene sammensaetning kun
indgives én gang.

3. Anvendelse eller immunogen sammensaetning ifglge krav 1 eller 2, hvor anti-PCV2-
antistofferne er maternelt afledte antistoffer.

4. Anvendelse eller immunogen sammensaetning ifglge et hvilket som helst af kravene
1 til 3, hvor PCV2-antigenet indgives ved alder 7 dage eller senere.

5. Anvendelse eller immunogen sammenseaetning ifglge et hvilket som helst af kravene
1 til 4, hvor PCV2-antigenet indgives ved alder 14 dage eller senere.

6. Anvendelse eller immunogen sammensegetning ifglge et hvilket som helst af kravene
1 til 5, hvor PCV2-antigenet indgives ikke senere end ved alderen 7 uger.

7. Anvendelse eller immunogen sammenseetning ifglge et hvilket som helst af kravene
1 til 6 til afkortning af vireemifasen pa 5 eller flere dage i sammenligning med dyr i en ikke-
behandlet kontrolgruppe af samme art.

8. Anvendelse eller immunogen sammenseetning ifglge et hvilket som helst af kravene
1 til 7, hvor PCV2-antigenet er en rekombinant baculovirus-udtrykt ORF-2 fra PCV2.

9. Anvendelse eller immunogen sammenszaetning ifglge et hvilket som helst af kravene
1 til 8, hvor PCV2-ORF-2-antigenet er indeholdt i den immunogene sammensatning i en
maengde pa 15 til 400 pg.

10. Anvendelse eller immunogen sammenseaetning ifaglge et hvilket som helst af kra-
vene 1 til 9, hvor behandlingen eller forebyggelsen af PCV2-infektion resulterer i en forbed-
ring i sammenligning med dyr i en ikke-behandlet kontrolgruppe af samme art med hensyn
til en vaccineeffektivitetsparameter udvalgt fra gruppen bestdende af veegtstigningstabsre-

duktion, kortere viraeemivarighed, tidligere virsemiafslutning, lavere virusbelastning eller
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kombinationer deraf.
11. Anvendelse eller immunogen sammenseetning ifglge et hvilket som helst af kra-

vene 1 til 10, hvor dyrene er svin.



DRAWINGS

Figure 1:
Proportion of animals per titer class
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Figure 2:
Live Body Weight (Vaccinated Group)
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Figure 3:
Body weight difference {IVP-CP) in high titer
animals of both treatment groups
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