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CHIMERIC PORCINE CIRCOVIRUS TYPE 2 (PCV2) VACCINES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority based on US Provisional Application Serial No.
62/304,596 filed Mar. 07, 2016, which is incorporated herein by reference it is entirety.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

[0002] The Sequence Listing associated with the application is provided in text format in lieu
of a paper copy, and is hereby incorporated by reference into the specification. The name of
the text file containing the Sequence Listing is SequenceListing.txt. The text file is 42
kilobytes, was created on Feb. 24, 2017 and is being submitted electronically via EFS-Web.

FIELD OF THE INVENTION

[0003] This invention relates generally to compositions and methods for prophylactic
vaccines against mammalian circoviruses that cause considerable mortality and morbidity in

swine farms.
BACKGROUND OF THE INVENTION

[0004] Without limiting the scope of the invention, its background is described in connection
with circovirus induced morbidity and mortality in swine populations. Porcine circovirus
(PCV) is a small, non-enveloped, single-stranded DNA virus which belongs to the family
Circoviridae. PCV type 1 (PCV1) was originally identified as a cell culture contaminant of
the porcine kidney cell line PK-15 in the 1970’s, and was later found to be non-pathogenic in
pigs. In 1997, a pathogenic variant named PCV type 2 (PCV2) was identified in wasting
piglets shortly after weaning. As more cases were identified worldwide, PCV2 was
determined to be the primary causative agent of porcine circovirus-associated disease
(PCVAD), which includes a broad spectrum of clinical symptoms such as wasting,
reproductive failure, respiratory signs, enteritis, and the porcine dermatitis and nephropathy

syndrome.

[0005] PCV2 is one of the most economically devastating viral pathogens to affect the global
pig industry to date, and vaccination has been an effective strategy to reduce the economic
losses associated with PCV2 infection. Currently, all commercially available inactivated or
subunit vaccines target the PCV2a subtype. However, since 2005, a new subtype, PCV2b, has
taken over as the most prevalent PCV2 strain associated with PCVAD cases in the U.S. and
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other countries. In addition, newly emerging PCV2d strains (previously referred to as
“mutant PCV2b”), have been identified in an increasing number of cases in vaccinated herds
worldwide, and some speculate may overcome vaccine protection. Until recently, only three
PCV2 subtypes were recognized, including PCV2a, PCV2b, and PCV2c, the last of which
was identified in Denmark during the 2000’s but is not very prevalent. While the majority of
the PCVAD cases in the United States are now associated with PCV2b, an emerging PCV2d
subtype (previously referred to as “mutant PCV2b”) has been slowly increasing in the U.S.
since its initial discovery in 2012 and is now more prevalent than PCV2a. See Xiao CT,
Halbur PG, Opriessnig T. “Global molecular genetic analysis of porcine circovirus type 2
(PCV2) sequences confirms the presence of four main PCV2 genotypes and reveals a rapid
increase of PCV2d” J. Gen. Virol. 96 (2015) 1830-1841. Although the exact reason for the
emergence of PCV2d remains unclear, in can be commonly found in vaccinated herds,
suggesting reduced protection against this emerging strain. In fact, a recent report has
demonstrated the increasing genetic diversity amongst the PCV2d subtype, as the majority of
isolates identified from 1999-2011 can be classified under the subclade “PCV2d-1,” and the
majority of isolates identified recently, from 2006-2014, diverge from the PCV2d-1 subclade
and are now designated “PCV2d-2”. See Xiao et al. 2015, supra. In addition, in vitro
evidence suggests distinct antigenic differences among PCV2 subtypes, which may help
explain the emergence of new strains. Therefore, in order to address the concern of emerging
PCV2d as well as the predominant PCV2b now circulating in global swine herds, future
vaccine strategies should focus on broadening the protection of a single vaccine by targeting

emerging strains such as PCV2d and the predominant PCV2b subtype.

[0006] From the foregoing, it appeared to the present inventors that a new vaccine will be
required to prevent outbreaks of porcine circovirus. Provided herein are such preventive

vaccines.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention provides a vaccine composition including a recombinant porcine
circovirus type 2 (PCV2) capsid polypeptide that comprises antigenic epitopes from the
capsids of multiple PCV2 genotypes.

[0008] In one embodiment, the present invention provides a vaccine composition comprising

a recombinant porcine circovirus type 2 (PCV2) capsid polypeptide or an immunogenic
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derivative thereof, wherein the recombinant porcine circovirus type 2 (PCV2) capsid
polypeptide is a chimeric amino acid sequence that differs from any naturally occurring PCV2
capsid polypeptide and includes capsid-derived amino acid sequences from multiple PCV2

genotypes.

[0009] In one embodiment, the vaccine composition comprises a recombinant PCV2 capsid
polypeptide that is selected from capsid polypeptides designated as 3cl.14 (SEQ ID NO: 8),
3cl.13 (SEQ ID NO: 4), 3cl.4 2 (SEQ ID NO: 2), 3¢l.12_2 (SEQ ID NO: 6).

[0010] In one embodiment, the recombinant PCV2 capsid polypeptide or immunogenic
derivative thereof includes capsid-derived amino acid sequences from two or more of PCV2a,

PCV2b, PCV2c, PCV2d and PCV2e parental genotypes.

[0011] In one embodiment, the recombinant PCV2 capsid polypeptide or immunogenic
derivative thereof varies from any contributing parental genotype by 3 — 37 amino acids. In
one embodiment, the immunogenic derivative varies from any parental chimeric capsid

polypeptides by 1-27 amino acids.

[0012] In one embodiment, the recombinant PCV2 capsid polypeptide or immunogenic
derivative thereof comprises capsid-derived amino acid sequences of at least PCV2c and

PCvad.

[0013] In one embodiment, the PCV2 capsid polypeptide is expressed in bacterial, yeast,

mammalian, or insect cells.

[0014] In one embodiment, the recombinant PCV2 capsid polypeptide or immunogenic

derivative thereof is encoded by a viral vector.

[0015] In one embodiment, the vaccine composition includes a recombinant chimeric porcine
circovirus that combines a nonpathogenic backbone of porcine circovirus type 1 (PCV1) with
a novel recombinantly generated porcine circovirus type 2 (PCV2) capsid polypeptide that

comprises antigenic epitopes from the capsids of multiple PCV2 genotypes.

[0016] In one embodiment, the vaccine composition includes a recombinant chimeric porcine
circovirus comprising a recombinant porcine circovirus type 1 (PCV1) that encodes a porcine
circovirus type 2 (PCV2) capsid polypeptide in place of the capsid protein of PCV 1, the PCV2
capsid polypeptide comprising epitopes from capsid polypeptides of multiple PCV2
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genotypes. In one embodiment, the recombinant chimeric porcine circovirus is designated as

PCV1 3cl.14 and is encoded by SEQ ID NO: 37.

[0017] In one embodiment, the PCV2 capsid polypeptide is encoded by a DNA-shuffled
PCV2 capsid gene sequence.

[0018] In one embodiment, the PCV2 capsid polypeptide comprises antigenic epitopes from
the capsids of at least two PCV2 genotypes selected from the group consisting of PCV2a,
PCV2b, PCV2c, PCV2d and a recently identified divergent PCV2a virus previously referred
to as “PCV2e.” As used herein, the terms “divergent PCV2a virus” and “PCV2e” are used
interchangeably. In another embodiment, the PCV2 capsid polypeptide comprises antigenic

epitopes from the capsids of at least PCV2c and PCV2d strains.

[0019] In one embodiment, the vaccine is a live vaccine, a modified live vaccine, an
inactivated vaccine, an attenuated vaccine, or a subunit vaccine. In another embodiment, the

vaccine composition comprises a viral vector encoding a PCV2 capsid polypeptide.

[0020] In one specific embodiment, the vaccine is an inactivated vaccine. In another specific

embodiment, the vaccine is a subunit vaccine or an inactivated whole virus vaccine.

[0021] In one aspect, a vaccine composition according to the invention further includes an
adjuvant. In one embodiment, the adjuvant is selected from: an oil-in-water adjuvant, a
polymer and water adjuvant, a water-in-oil adjuvant, an aluminum hydroxide adjuvant, a
vitamin E adjuvant and combinations thereof. In one specific embodiment, the adjuvant
comprises an oil emulsion that includes a polyoxyethylene-polyoxypropylene block
copolymer, squalane, polyoxyethylene sorbitan monooleate and a buffered salt solution (SP-
oil). In one embodiment, the composition further includes a pharmaceutically acceptable

carrier.

[0022] In another embodiment, the vaccine composition further includes at least one
additional antigen. In certain embodiments, the at least one additional antigen is protective
against a microorganism that can cause disease in pigs. In another embodiment, the antigen
comprises one or more antigens derived from bacterial, viral, or parasitic microorganisms that
are known to be pathogenic in pigs. For example, the bacterial microorganism may be
selected from one or more of Actinobacilllus pleuropneumoniae, Bordetella bronchiseptica,
Brachyspira hyodysenteriae, Brucellosis (B. suis), Campylobacter spp., Clostridium spp.,

Escherichia coli, Erysipelothrix rhusiopathiae, Haemophilus parasuis, Isospora suis,
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Lawsonia intracellularis, Leptospira spp., Listeria monocytogenes, Mycoplasma hyorhinis,
Mycoplasma hyosynoviae, Mycoplasma flocculare, Mycoplasma hyopneumoniae, Pasteurella
multocida, Streptococcum suis, Staphylococcus spp. including S. aureus and S. hyicus,
Salmonella spp. including S. choleraesuis and S. enteritidis, methicillin-resistant
Staphylococcus aureus (MRSA), Trichinella spiralis, Toxoplasma gondii and Yersinia
enterocolitica. Viral microorganisms may include African swine fever virus, classical swine
fever virus (CSF), foot and mouth disease virus (FMDYV), Nipah wvirus, porcine
cytomegalovirus, porcine epidemic diarrhea virus (PEDYV), porcine enteroviruses,
encephalomyocarditis virus, porcine reproductive and respiratory syndrome virus (PRRSV),
porcine parvovirus (PPV), porcine respiratory coronavirus (PRVV), pseudorabies virus (PRV)
a.k.a. suid herpesvirus type 1, rotavirus, swine influenza virus (SIV), torque teno virus (TTV),
and transmissible gastroenteritis virus of swine (TGEV). Parasitic microorganisms may

include Ascaris suum, Balatidium coli, Toxiplasma gondii, and Cryptosporidium parvum.

[0023] In further embodiments, chimeric nucleic acid molecules are provided having a DNA-
shuffled PCV2 capsid gene sequence derived from multiple PCV2 genotypes or a derivative
thereof that encodes epitopes of PCV2 capsid polypeptides. In one embodiment, these
chimeric nucleic acid molecules comprise nucleic acid molecules encoding a nonpathogenic
PCV1 that contains a DNA-shuffled PCV2 capsid gene sequence derived from multiple PCV2
genotypes in place of the capsid gene sequence of the PCV1 nucleic acid molecule. In one
embodiment, the DNA-shuffled PCV2 capsid gene sequence is selected from capsid gene
sequences designated as 3cl.14 (SEQ ID NO: 7), 3cl.13 (SEQ ID NO: 3), 3cl.4 2 (SEQ ID
NO: 1), 3cl.12_2 (SEQ ID NO: 5).

[0024] In certain embodiments, the chimeric nucleic acid molecules are included in a viral

vector. Examples include but are not limited to baculovirus vectors and parapox vectors.

[0025] Also provided herein are methods of protecting pigs against infection by multiple
PCV2 genotypes. Methods include administering to pigs an immunologically effective
amount of a vaccine composition, a chimeric nucleic acid molecule, or viral vector disclosed
herein. In various embodiments, the methods include administering the vaccine composition,
chimeric nucleic molecule or viral vector to the pig by one or more routes selected from
parenterally, intranasally, intradermally and transdermally. In another embodiment, the
vaccine composition, chimeric nucleic molecule or viral vector is administered in a single

dose. In another embodiment, the composition is administered in conjunction with at least
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one additional antigen that is protective against a microorganism that can cause disease in
pigs, examples of which are described above. In yet another embodiment, the pig is protected

against infection by at least PCV2b and PCV2d.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] For a more complete understanding of the present invention, including features and
advantages, reference is now made to the detailed description of the invention along with the

accompanying figures:

[0027] FIG. 1 shows the results of seroconversion to PCV2-specific antibodies in pigs
experimentally infected with chimeric PCV2 viruses containing shuftled capsids or with the

PCV1-2a vaccine virus.

[0028] FIG. 2 shows the results of seroconversion to PCV2-specific antibodies by ELISA and
detection of viremia by PCR in pigs vaccinated with PCV1-3cl14 virus and challenged with
PCV2b or PCV2d-2.

[0029] FIG. 3 depicts an amino acid sequence alignment of the capsid proteins from the five
parental PCV2 wild-type strains and the four novel DNA shuftled capsid proteins disclosed
herein. The first five sequences represent the parental strains while the bottom four sequences
represent the DNA-shuffled PCV2 capsids. Amino acids that differ from the consensus are

shown in black.

[0030] FIG. 4 depicts a phylogenetic tree of the capsid genes of selected PCV2 strains from
different subtypes. The phylogenetic tree was constructed using the neighbor-joining method
with bootstraps in 1,000 replicates. The number above each major branch indicates the
bootstrap value. The bold italicized sequence names represent the PCV2 sequences of the five

parental strains used for DNA shuffling as disclosed herein.

[0031] FIG. SA — FIG. 5D compare the 50% neutralizing antibody titers against four PCV2
wild-type strains from sera of pigs experimentally inoculated with chimeric viruses PCV2-
3cl13, PCV2-3cl14, PCV2-3cl4 2, and PCV2-3cl12 2, or PCV1-2a with shuffled capsid
genes. [n vitro 50% neutralization assay of respective sera collected at 56 days post-infection
against three parental PCV2 strains: (FIG. SA) PCV2a, (FIG. 5B) PCV2d-1, (FIG. 5C)
PCV2b, and (FIG. 5D) PCV2d-2 isolate. The NA titers were calculated as the highest 2-fold
dilution (2") of the serum sample that showed a 50% or greater reduction in the number of

positive fluorescent foci, compared to the serum samples from the mock (PBS) inoculated
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control group in the same dilution. The asterisk (*) indicates p<0.05 analyzed using one-way

ANOVA.

[0032] FIG. 6 depicts the PCV2 capsid-specific antibody response in conventional pigs
experimentally inoculated with the chimeric virus PCV1-3cl14 vaccine candidate and
challenged with wild-type virus strains PCV2b or PCV2d-2. The mean S/P ratio + SEM is
plotted for each treatment group throughout the duration of the study. The virus challenge
took place at 42 days post-vaccination (dpv). The dashed line at 0.2 S/P ratio denotes the

lower end cutoff for a positive sample in this assay.

[0033] FIG. 7A shows quantification using qPCR of PCV2 viral DNA loads in sera from pigs
vaccinated with the chimeric PCV1-3cl14 virus and subsequently challenged with PCV2b
compared to challenge only controls. FIG. 7B shows quantification using qPCR of PCV2
viral DNA loads in sera from pigs vaccinated with the chimeric PCV1-3cl14 virus and
subsequently challenged with PCV2d-2 compared to challenge only controls. In FIG. 7A and
FIG. 7B, group means £ SEM are plotted for each time point post-challenge. The limit of
detection for the assay was 10*? copies/mL serum of ORF1 DNA determined by a standard
curve for 10! — 10'° copies of the wild-type PCV2b genome. (*) indicates statistical

significance between groups (Student’s t-test, corrected for multiple tests).

[0034] FIG. 8A shows quantification using qPCR of PCV2 viral DNA loads in lymph nodes
from pigs vaccinated with the chimeric PCV1-3cl14 virus and challenged with PCV2b
compared to challenge only controls. FIG. 8B shows quantification using qPCR of PCV2
viral DNA loads in lymph nodes from pigs vaccinated with the chimeric PCV1-3cl14 virus
and challenged with PCV2d-2 compared to challenge only controls. In FIG. 8A and FIG. 8B,
group means = SEM are plotted for each time point post-challenge. The limit of detection for
the assay was 107! copies/mg tissue of ORF1 viral DNA, as determined by a standard curve
for 10! — 10' copies of the wild-type PCV2b genome. The asterisk (*) indicates statistical

significance between groups at that time point (Student’s t-test, corrected for multiple tests).

[0035] FIG. 9A — FIG. 9F compare lymphoid tissues in pigs vaccinated with the chimeric
PCV1-3cl.14 virus and subsequently challenged with PCV2b or PCV2d-2 with those of
challenge only controls. FIG. 9A shows lymphoid depletion in lymph nodes. FIG. 9B shows
histiocytic replacement in lymph nodes. FIG. 9C shows lymphoid depletion in the spleen.
FIG. 9D shows histiocytic replacement in the spleen. FIG. 9E shows lymphoid depletion in
tonsils. FIG. 9F shows histiocytic replacement in tonsils. In each of FIG. 9A — FIG. 9F,
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necropsy results were compared for vaccinated and challenged animals (m) with those of
challenge only controls (0). Individual animal scores are represented by individual symbols
and group means + SEM are displayed. The asterisk (*) indicates statistically significant

differences between groups (student’s t-test).

[0036] FIG. 10A — FIG. 10C depict quantification of PCV2 viral antigen in lymphoid tissues
by PCV2 immunohistochemistry (IHC). The tissues were obtained from pigs vaccinated with
the chimeric PCV1-3cl14 virus and subsequently challenged with PCV2b or PCV2d-2
compared to challenge only controls. FIG. 10A shows PCV?2 viral antigen scores determined
for lymph nodes, FIG. 10B shows PCV2 viral antigen scores determined the spleen, and FIG.
10C shows PCV2 viral antigen scores determined for tonsils. In each of FIG. 10A — FIG.
10C, necropsy results were compared for vaccinated and challenged animals (m) with those of
challenge only controls (0). Individual animal scores are represented by individual symbols
and group means + SEM are displayed. The asterisk (*) indicates statistically significant

differences between groups (student’s t-test).

[0037] FIG. 11 shows the nucleic acid (SEQ ID NO: 1), polypeptide sequence (SEQ ID NO:
2) and the aligned nucleic acid/amino acid translation for the capsid protein of the chimeric
PCV2-3cl.4 2 virus, while FIG. 12 shows the full length nucleic acid sequence of the PCV2-
3cl.4 2 virus (SEQ ID NO: 33).

[0038] FIG. 13 shows the nucleic acid (SEQ ID NO: 3), polypeptide sequence (SEQ ID NO:
4) and the aligned nucleic acid/amino acid translation for the capsid protein of the chimeric
PCV2-3cl.13 virus, while FIG. 14 shows the full length nucleic acid sequence of the PCV2-
3cl.13 virus (SEQ ID NO: 34).

[0039] FIG. 15 shows the nucleic acid (SEQ ID NO: 5), polypeptide sequence (SEQ ID
NO:6) and the aligned nucleic acid/amino acid translation for the capsid protein of the

chimeric PCV2-3cl.12 2 virus, while FIG. 16 shows the full length nucleic acid sequence of
the PCV2-3cl.12_2 virus (SEQ ID NO: 35).

[0040] FIG. 17 shows the nucleic acid (SEQ ID NO: 7), polypeptide sequence (SEQ ID NO:
8) and the aligned nucleic acid/amino acid translation for the capsid protein of the chimeric
PCV2-3cl.14 virus, while FIG. 18 shows the full length nucleic acid sequence of the PCV2-
3cl.14 virus (SEQ ID NO: 36).
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[0041] FIG. 19 shows the full length nucleic acid sequence of the PCV1-3cl. 14 virus (SEQ
ID NO: 37), where the capsid sequence of the PCV2-3cl.14 virus is cloned onto a PCV1

backbone.

[0042] FIG. 20A-FIG. 20C shows an alignment between PCV1 3cl.14 full length as the
Query sequence with PCV2 3cl.14 full length as the Subject sequence. The sequence of the
capsid protein of the chimeric PCV2-3cl14 is underlined and bold.

[0043] FIG. 21 shows the aligned nucleic acid (SEQ ID NO: 9)/amino acid translation (SEQ
ID NO: 10) for the capsid protein of the PCV2a genotype virus reflected in GenBank
AF264042.

[0044] FIG. 22 shows the aligned nucleic acid (SEQ ID NO: 11)/amino acid translation (SEQ
ID NO: 12) for the capsid protein of the PCV2b genotype virus reflected in GenBank
GU799576.

[0045] FIG. 23 shows the aligned nucleic acid (SEQ ID NO: 13)/amino acid translation (SEQ
ID NO: 14) for the capsid protein of the PCV2d-1 genotype virus reflected in GenBank
AY181947.

[0046] FIG. 24 shows the aligned nucleic acid (SEQ ID NO: 15)/amino acid translation (SEQ
ID NO: 16) for the capsid protein of the PCV2c genotype virus reflected in GenBank
EU148503.

[0047] FIG. 25 shows the aligned nucleic acid (SEQ ID NO: 17)/amino acid translation (SEQ
ID NO: 18) for the capsid protein of the PCV2e genotype virus reflected in GenBank
EU524533.

DETAILED DESCRIPTION OF THE INVENTION

[0048] While the making and using of various embodiments of the present invention are
discussed in detail below, it should be appreciated that the present invention provides many
applicable inventive concepts which can be employed in a wide variety of specific contexts.
The specific embodiment discussed herein are merely illustrative of specific ways to make

and use the invention and do not delimit the scope of the invention.

[0049] Provided herein are disclosures of molecularly breeding genetically-divergent PCV2
strains representing PCV2a, PCV2b, PCV2¢, PCV2d and “PCV2e” subtypes by DNA

shuffling of the capsid genes to produce novel chimeric PCV2 capsid sequences representing
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the genetic diversity among PCV2 subtypes. It is believed that this is the first disclosure of
construction of an effective chimeric PCV2 vaccine candidate by shuffling the capsid genes of

five (5) divergent PCV2 strains belonging to different subtypes.

[0050] In one embodiment, when placed in a PCV2a backbone, a chimeric virus (PCV2-
3cl14) induced high neutralizing antibody titers against different PCV2 subtypes. In another
embodiment, a candidate vaccine (PCV1-3cl14) was produced by cloning the shuffled 3cl14
capsid into the backbone of a non-pathogenic PCV1. A vaccine efficacy study revealed that
chimeric virus PCV1-3cl14 induced protective immunity against challenge with PCV2b or
PCV2d in pigs thus representing a strong candidate for a novel vaccine in pigs infected with

variable PCV2 strains.

[0051] To facilitate the understanding of this invention, a number of terms are defined below.
Terms defined herein have meanings as commonly understood by a person of ordinary skill in

(9> N4
a

the areas relevant to the present invention. Terms such as “a”, “an” and “the” are not intended
to refer to only a singular entity, but include the general class of which a specific example
may be used for illustration. The terminology herein is used to describe specific embodiments
of the invention, but their usage does not delimit the invention, except as outlined in the
claims.

[ 14

[0052] As used in the specification and claims, the singular form “a”, “an” and “the” include
plural references unless the context clearly dictates otherwise. For example, the term “a

protein antigen” includes a plurality of protein antigens, including mixtures thereof.

[0053] As used herein, the term “comprising” is intended to mean that the compositions and

methods include the recited elements, but do not exclude other elements.

[0054] The term “antigen” refers to a compound, composition, or immunogenic substance that
can stimulate the production of antibodies or a T-cell response, or both, in an animal,
including compositions that are injected or absorbed into an animal. The immune response
may be generated to the whole molecule, or to a portion of the molecule (e.g., an epitope or

hapten).

[0055] As used herein the terms “epitope” refers to discrete portions of antigens that serve as
binding sites recognized by antibodies or T-cell receptors. For example, an epitope can refer

to the antigenic determinant recognized by the Complimentary Determining Regions (CDRs)
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of an antibody. The epitope binding aspect of the respective binding antibody is termed a

“paratope.”

[0056] B-cell epitopes can be linear or conformational with the majority of strong epitopes
being conformational. T-cell epitopes are linear. Linear epitopes are a continuous sequence
of amino acids typically of 5 — 20 amino acids in length situated in a larger protein. Typically
strong B-cell epitopes are defined by a conformational structure on the native protein. The
amino acids forming the conformational epitope can be a folded continuous stretch of amino
acids or may be discontinuous where the paratope recognizing aspects are located on disparate

parts of the protein that are brought together by the folding of the native protein structure.

[0057] Due to unique tertiary conformational structures formed by the assembly of capsid
proteins into intact assembled virion particles, viral epitopes can include cryptotopes, which
are epitopes hidden in the assembled virion, and neotopes, which are epitopes formed only in
the intact assembled virion but absent in its disassembled components. The term epitope as
used herein includes cryptotopes and neotopes. For one non-limiting example, an “epitope”
as used herein refers to a region of the PCV2 ORF2 shuffled capsid with which a paratope of a
PCV2 capsid specific antibody reacts.

[0058] As used herein, the term “mimotope” refers to a macromolecule, most often a peptide,
which mimics the conformational structure of an epitope and is bound by an antibody that
recognizes a corresponding epitope. Thus mimotopes can be obtained by biopanning phage or

phagemid display libraries using an antibody specific to a given epitope.

[0059] As defined herein, an “immunogenic or immunological composition”, refers to a
composition of matter that comprises at least one antigen which elicits an immunological
response in the host of a cellular and or antibody-mediated immune response to the

composition or vaccine of interest.

[0060] The term “immune response” as used herein refers to a response elicited in an animal.
An immune response may refer to cellular immunity (CMI) or humoral immunity or may
involve both. The present invention also contemplates a response limited to a part of the
immune system. Usually, an “immunological response” includes, but is not limited to, one or
more of the following events: 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
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either a therapeutic or protective immunological 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 or lack of symptoms normally displayed by an infected

host, a quicker recovery time and/or a lowered viral titer in the infected host.

[0061] As used herein the term “antibody” includes both intact immunoglobulin molecules as
well as portions, fragments, and derivatives thereof, such as, for example, Fab, Fab', F(ab'),,
Fv, Fsc, CDR regions, or any portion of an antibody that is capable of binding an antigen or
epitope including chimeric antibodies that are bi-specific or that combine an antigen binding
domain originating with an antibody with another type of polypeptide. The term “antibody”
as used herein also includes single-domain antibodies (sdAb) and fragments thereof that have
a single monomeric variable antibody domain (Vu) of a heavy-chain antibody. sdAb, which
lack variable light (VL) and constant light (CL) chain domains are natively found in camelids
(VuH) and cartilaginous fish (Vnar) and are sometimes referred to as “Nanobodies” by the
pharmaceutical company Ablynx who originally developed specific antigen binding sdAb in
llamas. The modifier “monoclonal” indicates the character of the antibody as being obtained
from a substantially homogeneous population of antibodies originally produced from a single
B-lymphocyte clone, and is not to be construed as requiring production of the antibody by any
particular method. The term “monoclonal antibody” includes chimeric antibodies derived
from monoclonal antibodies and species adapted monoclonal antibodies, as well as fragments,
portions, regions, or derivatives thereof, provided by any known technique including but not
limited to molecular techniques including phage display, affinity maturation and directed

mutagenesis and chemical techniques including covalent modification and conjugation.

[0062] An “adjuvant” as used herein means a composition comprised of one or more
substances that enhances the immune response to an antigen(s). The mechanism of how an
adjuvant operates is not entirely known. Some adjuvants are believed to enhance the immune
response by slowly releasing the antigen, while other adjuvants are strongly immunogenic in

their own right and are believed to function synergistically.

[0063] As used herein, the term “multivalent” means a vaccine containing more than one
antigen whether from the same species (i.e., different isolates of Mycoplasma
hyopneumoniae), from a different species (i.e., isolates from both Pasteurella hemolytica and

Pasteurella multocida), or a vaccine containing a combination of antigens from different
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genera (for example, a vaccine comprising antigens from Pasteurella multocida, Salmonella

spp, Escherichia coli, Haemophilus somnus and Clostridium spp.).
[0064] The term “pig” or “piglet” as used herein means an animal of porcine origin.

[0065] As used herein, the term “virulent” means an isolate that retains its ability to be

infectious in an animal host.

[0066] “Inactivated vaccine” means a vaccine composition containing an infectious organism
or pathogen that is no longer capable of replication or growth. The pathogen may be bacterial,
viral, protozoal or fungal in origin. Inactivation may be accomplished by a variety of methods
including freeze-thawing, chemical treatment (for example, treatment with thimerosal or
formalin), sonication, radiation, heat or any other convention means sufficient to prevent

replication or growth of the organism while maintaining its immunogenicity.

[0067] The term “variant” as used herein refers to a polypeptide or a nucleic acid sequence
encoding a polypeptide that has one or more amino acid variations, such as conservative
variations or other minor modifications (e.g., truncations) such that the corresponding
polypeptide has substantially equivalent function when compared to the wild-type

polypeptide.

[0068] “Conservative variation” denotes the replacement of an amino acid residue by another
biologically similar residue, or the replacement of a nucleotide in a nucleic acid sequence such
that the encoded amino acid residue does not change or is another biologically similar residue.
Examples of conservative variations include the substitution of one hydrophobic residue, such
as isoleucine, valine, leucine or methionine for another hydrophobic residue, or the
substitution of one polar residue, such as the substitution of arginine for lysine, glutamic acid
for aspartic acid, or glutamine for asparagine, and the like. The term “conservative variation”
also includes the use of a substituted amino acid in place of an unsubstituted parent amino
acid provided that antibodies raised to the substituted polypeptide also immunoreact with the

unsubstituted polypeptide.

[0069] As used herein the term “shuffled” means molecular recombination between fragments
of capsid genes of different PCV strains. Shuffling can be conducted by several presently
known methods including: PCR shuffling, a staggered extension process (StEP), synthetic
shuffling, incremental truncation for the creation of hybrid enzymes (ITCHY), and non-

homologous random recombination (NRR). Regardless of how the shuffling is undertaken,
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the resulting molecule is termed a “chimera” because it is composed of recombined pieces of
different parental DNAs. PCR shuffling is conducted by fragmentation such as by digestion
with DNase, mixing of the fragments and amplification by primer-less PCR followed by
amplification using primers specific to regions on the ends of the gene to be recombined by
shuffling. The final primers will include restriction enzyme site that enable cloning of the
shuffled and resembled fragments. This method was first described by Stemmer, W. P. C.
“DNA shuffling by random fragmentation and reassembly: In vitro recombination for
molecular evolution” Proc. Natl. Acad. Sci. USA 91 (22) (1994) 10747-10,751. The StEP
method obtains homologous recombination by repeated premature denaturation PCR
extension stages. The partially polymerized genes can switch templates and the obtained full-
length chimeras have varying numbers of crossovers. Synthetic shuffling, also known as
assembly PCR, utilizes overlapping libraries of oligonucleotides that encode genetic
variations at a number of loci. Synthetic shuffling can yield considerable variation. ITCHY
involves use of exonucleases to truncate mixtures of different gene variants followed by
blunt—end ligation. NRR uses DNase fragmentation followed by blunt-end ligation to generate

diverse topological rearrangements (deletions, insertions and domain reordering).

[0070] As used herein, the terms “pharmaceutically acceptable carrier” and “pharmaceutically
acceptable vehicle” are interchangeable and refer to a fluid vehicle for containing vaccine
antigens that can be injected into a host without adverse effects. Suitable pharmaceutically
acceptable carriers known in the art include, but are not limited to, sterile water, saline,
glucose, dextrose, or buffered solutions. Carriers may include auxiliary agents including, but
not limited to, diluents, stabilizers sugars and amino acids), preservatives, wetting agents,

emulsifying agents, pH buffering agents, viscosity enhancing additives, colors and the like.

[0071] As used herein, the term “vaccine composition” includes at least one antigen or
immunogen in a pharmaceutically acceptable vehicle useful for inducing an immune response
in a host. Vaccine compositions can be administered in dosages and by techniques well
known to those skilled in the medical or veterinary arts, taking into consideration such factors
as the age, sex, weight, species and condition of the recipient animal, and the route of
administration. The route of administration can be percutaneous (through the skin via
intradermal, transdermal, subcutaneous, intramuscular routes or mucosal via oral, nasal, anal,
vaginal) or via a parenteral route (intravenous or intraperitoneal). Vaccine compositions can

be administered alone, or can be co-administered or sequentially administered with other
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treatments or therapies. Forms of administration may include suspensions, syrups or elixirs,
and preparations for parenteral, subcutaneous, intradermal, intramuscular or intravenous
administration (e.g., injectable administration) such as sterile suspensions or emulsions.
Vaccine compositions may be administered as a spray or mixed in food and/or water or
delivered in admixture with a suitable carrier, diluent, or excipient such as sterile water,
physiological saline, glucose, or the like. The compositions can contain auxiliary substances
such as wetting or emulsifying agents, pH buffering agents, adjuvants, gelling or viscosity
enhancing additives, preservatives, flavoring agents, colors, and the like, depending upon the
route of administration and the preparation desired. Standard pharmaceutical texts, such as
“Remington’s Pharmaceutical Sciences,” 1990 may be consulted to prepare suitable

preparations, without undue experimentation.

[0072] Porcine circovirus type 2 (PCV2) is the primary causative agent of porcine circovirus-
associated disease (PCVAD) causing high economic losses in the global swine industry when
uncontrolled. Indeed, PCVAD is arguably one of the most economically-important diseases
affecting the global swine industry. Characterized by progressive wasting, hallmark
histological lesions of lymphoid depletion with histiocytic infiltration, and the presence of
PCV2 antigen or DNA in the lesions, PCVAD is caused by PCV2 infection, although co-
infection with other pathogens are usually necessary for the development of the full-spectrum
of clinical PCVAD. Currently available commercial vaccines all target the PCV2a subtype,
which prior to 2005 was the main subtype, even though the predominant subtype currently
circulating in in the global pig population is PCV2b, and the emerging PCV2d subtype is
increasingly associated with PCVAD in vaccinated herds. Now PCV2b has surpassed PCV2a
as the most prevalent strain associated with PCVAD losses in the swine industry. In addition,
recently, evidence of vaccine failures has been reported, and has been associated with the
emergence of the PCV2d (or mutant PCV2b) subtype. Therefore, it is imperative to develop
the next generation of vaccines especially against the emerging PCV?2 strains.

[0073] To this end, the present inventors undertook to molecularly breed the capsid genes
from different PCV2 subtypes by DNA shuffling, and to develop a candidate chimeric virus
vaccine based on the non-pathogenic PCV1 backbone and shuffled capsid genes of divergent
PCV2 subtypes. In the DNA shuffling approach, five genetically distinct capsid sequences
from each of the four known PCV2 subtypes, as well as from the “PCV2e” type, which is now
generally considered as a divergent PCV2a strain, were used. Of the more than fifty (50)
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shuffled PCV2 capsids that were cloned and sequenced, infectious chimeric viruses were
rescued in PK15 cells only in four of them, suggesting that the small PCV2 genome cannot

support a large number of forced random reassortments within the capsid gene.

[0074] The four viable chimeric viruses with shuffled PCV2 capsids generated by DNA
shuffling contained antigenic epitopes from all five genetically divergent PCV2 strains,
although most of the variability in the shuffled capsids could be found in the PCV2c parental
strain. PCV2c¢ subtype is the most divergent strain from the rest of the PCV2 subtypes
identified thus far, based on a phylogenetic analysis. Alignment of the five selected parental
strains revealed that the PCV2c does, in fact, contain the most genetically distinct amino acid
variations, though some of these amino acids overlap with the parental PCV2d strain,
including the addition of a terminal lysine residue. The presence of amino acid residues
unique to PCV2c and PCV2d strains suggests that, although the PCV2c¢ subtype has not
associated with any clinical disease, this subtype could have contributed to the evolutionary
emergence of the current PCV2d subtype. In fact, the PCV2c subtype was recently isolated
from feral pigs in Brazil for first time since it was originally described in Denmark in the early
1990s. The feral pig populations were also infected with the other three PCV2 subtypes,
suggesting the possibility of recombination. Therefore, these findings supported the inclusion
of PCV2c¢ for DNA shuffling in order to increase the breadth of protection of the resulting

candidate vaccine against currently emerging and future possible emerging PCV?2 strains.

[0075] In order to determine the in vivo infectivity of the shuffled chimeric viruses and to
screen for the best chimera for subsequent challenge and efficacy study, conventional pigs
were experimentally inoculated in a pilot study with each of the four chimeric viruses with
shuffled capsids in the PCV2a backbone as well as with a chimeric PCV1-2a vaccine virus.
The results showed that chimeric virus PCV2-3cl.14 induced higher levels of neutralizing
antibody titers when compared to the chimeric PCV1-2a virus, as well as the other three
chimeric viruses. The chimeric virus PCV2-3cl.14 also induced significantly higher
neutralizing antibody titers against PCV2a and PCV2d-2 strains. Comparison of the amino
acid sequences of the shuffled capsid 3cl.14 to the other three shuffled capsids as well as the
PCV1-2a reveals three regions with distinct amino acid residues as shown on FIG. 3. Two of
these regions, amino acids 106-108 and 126, overlap with previously-identified B-cell
antigenic epitopes. In addition, a mutation at position 126 corresponded to a location within

the predicted B-cell and SLA-class II epitopes. Interestingly, the 3cl.13, 3cl.4 2, and 3cl.12 2
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shuffled capsids all contain the additional lysine residue at the C-terminus of the capsid found
in the PCV2d parental strain. This mutation is suggested to play a role in the increased
pathogenicity and vaccine failure of the emerging PCV2d strains, although no direct evidence
of this role has been reported to date. However, the 3cl.14 shuffled capsid sequence does not
include the additional lysine, suggesting that it is not a necessary epitope for producing
neutralizing antibodies against the PCV2d-2 strains, since PCV1-3cl.14 protects against
PCV2d-2 infection in the challenge and efficacy experiment. It is possible that the properties
of 3cl.14 capsid sequence discussed above are important for production of cross-protective

neutralizing antibodies in pigs.

[0076] Based on induction of significantly higher cross-neutralizing antibody titers, the
shuffled 3cl. 14 capsid sequence was subsequently selected to produce a chimeric virus PCV1-
3cl.14 vaccine candidate. The protective efficacy of the PCV1-3c¢l.14 chimeric virus as a
potential vaccine was evaluated by challenging vaccinated pigs with PCV2b or PCV2d,
respectively. PCV2b is the predominant subtype currently infecting pigs worldwide, whereas
the PCV2d is an emerging subtype. We previously demonstrated the attenuation of chimeric
PCV1-2a and PCV1-2b viruses in the genomic backbone of the non-pathogenic PCV1 in vivo.
Consistent with these previous reports, there was no detectable PCV1-3cl.14 viremia in
vaccinated pigs throughout the duration of the study, and no detectable clinical disease prior
to challenge with either PCV2b or PCV2d (data not shown), even though the vaccinated pigs

are infected as evidenced by seroconversion to PCV2 capsid antibody.

[0077] Vaccination with the chimeric virus PCV1-3cl.14 vaccine candidate resulted in
significantly reduced PCV2b or PCV2d viral DNA loads at the peak of viremia as well as
reduced viral DNA loads in lymphoid tissues at termination of the study. Furthermore, the
lymphoid lesions were also significantly reduced in wvaccinated groups subsequently
challenged with PCV2b compared to mock-vaccinated and challenged controls. Though the
vaccinated animals showed no significant reduction in spleen lymphoid depletion and spleen
and tonsil histiocytic replacement when challenged with PCV2d, they did have significant
reduction for the rest of the PCVAD scores, as well as reduced viral DNA loads in serum and
lymph node tissues, indicating that the PCV1-3cl.14 chimeric virus vaccine candidate induced

protection against both PCV2b and PCV2d challenge in conventional pigs.

[0078] In summary, this is the first disclosure to our knowledge of the construction of a viable

chimeric PCV2 vaccine candidate by shuffling the capsid gene of 5 divergent PCV2 strains
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belonging to different subtypes. Importantly, vaccination of pigs with a chimeric virus PCV1-
3cl.14 with shuffled capsid genes induced protective immunity against challenge with PCV2b

and PCV2d in support of this construct for commercial vaccines.

[0079] The following examples are include for the sake of completeness of disclosure and to
illustrate the methods of making the compositions and composites of the present invention as
well as to present certain characteristics of the compositions. In no way are these examples

intended to limit the scope or teaching of this disclosure.

EXAMPLE 1

Generation and Testing of Chimeric Vaccines

[0080] In one embodiment, shuffled PCV2 capsid genes were first cloned into the backbone
of PCV2a. A total of four chimeric viruses were found viable in vifro and subsequently used
to infect pigs to assess their ability to induce cross-neutralizing antibodies against different
PCV2 subtypes. One chimeric virus (PCV2-3cl.14) induced higher neutralizing antibody
titers against different PCV2 subtypes. A candidate vaccine (PCV1-3cl.14) was produced by
cloning the shuffled 3cl.14 capsid gene into the genomic backbone of the non-pathogenic

PCV1.

[0081] A vaccine efficacy study conducted in thirty two (32) pigs revealed that the chimeric
virus PCV1-3cl. 14 induces protective immunity against challenge with PCV2b or PCV2d.
Pigs vaccinated with PCV1-3cl.14 and subsequently challenged with either PCV2b or PCV2d
had significantly decreased microscopic lesions and lower viral DNA loads in serum and
lymphoid tissues compared to mock-vaccinated pigs. The chimeric PCV1-3cl.14 virus
provides a strong candidate for a novel second generation PCV2 vaccine for a pig population

commonly infected with variable PCV2 strains.

[0082] Cells: A subclone of the PK-15 cell line that is free of PCV1 contamination was
produced previously by end-point dilution of PK-15 cells (ATCC CCL-33). This subclone
PK-15 cell line was cultured in Minimal Essential Medium (MEM) supplemented with 10%
Fetal Bovine Serum (FBS) and antibiotics and was used in the serum virus neutralization

assay and to propagate all virus stocks for this study.

[0083] DNA shuffling of capsid genes from five different PCV?2 subtypes: The capsid gene

sequences representing each of the five genetically-diversified PCV2 subtypes were selected
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for DNA shuffling, including PCV2a (strain 40895, GenBank accession number AF264042,
SEQ ID NO: 9), PCV2b (strain NC16845, accession number GU799576, SEQ ID NO: 11),
PCV2c¢ (accession number EU148503, SEQ ID NO: 15), PCV2d-1 (accession number
AY181947, SEQ ID NO: 13), and “PCV2e” (accession number EF524533, SEQ ID NO: 17).
The PCV2a and PCV2b strains were isolated from U.S. pigs and described in Fenaux et al.
and Beach et al., while the PCV2¢, PCV2d-1, and “PCV2e” capsid genes were synthesized by
GenScript (Piscataway, NJ). See Fenaux M, Opriessnig T, Halbur PG, Elvinger F, Meng XJ.
“A chimeric porcine circovirus (PCV) with the immunogenic capsid gene of the pathogenic
PCV type 2 (PCV2) cloned into the genomic backbone of the nonpathogenic PCV1 induces
protective immunity against PCV2 infection in pigs” J Virol 78 (2004) 6297-6303 and Beach
NM, Ramamoorthy S, Opriessnig T, Wu SQ, Meng XJ. “Novel chimeric porcine circovirus
(PCV) with the capsid gene of the emerging PCV2b subtype cloned in the genomic backbone
of the non-pathogenic PCV1 is attenuated in vivo and induces protective and cross-protective

immunity against PCV2b and PCV2a subtypes in pigs” Vaccine 29 (2010) 221-232.

[0084] DNA shuffling was used to shuffle the five different PCV2 capsid genes essentially as
previously described for PRRSV in Ni YY et al. See Ni YY, Opriessnig T, Zhou L, Cao D,
Huang YW, Halbur PG, Meng XJ. “Attenuation of porcine reproductive and respiratory
syndrome virus by molecular breeding of virus envelope genes from genetically divergent
strains” J Virol 87 (2013) 304-313. Briefly, the capsid gene DNAs from each of the five
PCV?2 strains were mixed in equimolar amounts with a total of 5 ug DNA and diluted in 50 pl
of 50 mM Tris-HCI (pH 7.4) and 10 mM MgCl.. The mixture was incubated at 15°C for 3
min with 0.15 U of DNase I (Sigma). DNA fragments ranging from 50 to 150 bp in size were
purified from 2% agarose gels, and subsequently added to a Pfu PCR mixture consisting of 1X
Pfu buffer, 0.2 mM each deoxynucleoside triphosphate (ANTP), and 0.06 U Pfu polymerase.
A PCR program without using primers (95°C for 4 min; 40 cycles of 95°C for 30s, 60°C for
30s, 57°C for 30s, 54°C for 30s, 51°C for 30s, 48°C for 30s, 45°C for 30s, 42°C for 30s, and
72°C for 2 min; and finally, 72°C for 7 min) was performed to reassemble the digested DNA
fragments. Subsequently, specific primers flanking the shuffled PCV2 capsid region, UniRep-
F and 2aORF2-R (Table 1), were used to amplify the shuffled PCV2 capsid using Pfu Ultra II
Hotstart PCR Master Mix (Agilent Technologies) per the manufacturer’s instructions (95°C
for 4 min, 10 cycles of 95°C for 30s, 50°C for 30s, 72°C for 30s, 25 cycles of 95°C for 30s,
54°C for 30s, 72°C for 30s, and finally 72°C for 7 min).
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Table 1: Oligonucleotide primers

: s s SEQ ID
Primer Sequence (5°-->3°) N OQ
uniRep F TTACTGAGTCTTTTTTATCACTTCGTAATGG 19
2a0RF2 R CTTTCGTTTTCAGATATGACGTATCCAAGGAGGCG 20
uniRep R ACCCATTACGAAGTGATAAAAAAGACTCAG 21
Sacll uni R AGCCCGCGGAAATTTCTGACAAACGTTAC 22
Sacll uni F TTTCCGCGGGCTGGCTGAACTTTTGAAAG 23
PCV1 DSORF2 F CTTTTTTGTTATCACATCGTAATGGTTTTTATT 24
PCV1 DSORF2 R TTCTTTCACTTTTATAGGATGACGTATCCAAGGA 25
PCV1 BB F CCTCCTTGGATACGTCATCCTATAAAACTGAAAGAA 26
PCV1 BB R AAATAAAAACCATTACGATGTGATAACAAAAAAG 27
NB-56-m2b GAGGTGTTCGGCCCTCCTCA 28
PCV2-83F AAAAGCAAATGGGCTGCTAA 29
PCV2-83R TGGTAACCATCCCACCACTT 30
PCV1 qRepF TGGAGAAGAAGTTGTTGT 31
PCV1 gqRepR TCTACAGTCAATGGATACC 32
M13 (-20) F GTAAAACGACGGCCAG 38
MI3R CAGGAAACAGCTATGAC 39

[0085] Construction of infectious DNA clones of chimeric PCV2a and PCV1 viruses with
shuffled PCV2 capsid genes: The shuftled capsid gene product libraries were cloned into the
blunt end cloning vector, pCR-Blunt II, using the Zero Blunt® TOPO® PCR Cloning kit (Life
Technologies, Carlsbad), per manufacturer’s instructions. Selected clones were sequenced
and analyzed for DNA shuftling efficiency, and well-shuffled capsid genes containing regions
from all 5 PCV2 subtypes were amplified and subsequently cloned into the infectious DNA
clone backbone of the PCV2a strain 40895 by fusion PCR, essentially described in Opriessnig
T, Xiao CT, Gerber PF, Halbur PG, Matzinger SR, Meng XJ. “Mutant USA strain of porcine
circovirus type 2 (mPCV2) exhibits similar virulence to the classical PCV2a and PCV2b
strains in caesarean-derived, colostrum-deprived pigs”.J Gen Virol 95 (2014) 2495-2503.

[0086] Briefly, the shuffled PCV2 capsids were amplified using primers UniRep-F and
2a0RF2-R (Table 1). The PCV2a infectious DNA clone backbone sequence was amplified in
two fragments that flank the PCV2 capsid region using primers Sacll-uni-F and UniRep-R,
and primers 2a0RF2F and Sacll-uni-R, for PCV2a fragments 1 and 2, respectively (Table 1).
All three PCR reactions were performed using ACCUZYME MIX™ (Bioline) at 95°C 10
min, 35 cycles of 95°C for 30s, 54°C for 30s, and 68°C for 1.5 min. The first fusion PCR was
performed with the PCV2 fragment 1 and the shuffled PCV2 capsid sequence using the
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external primers Sacll-uni-F and 2a0ORF2-R. Subsequently, a second fusion PCR reaction
was performed with the product of the first fusion PCR reaction and the PCV2a fragment 2,
using the external primers Sacll-uni-F and Sacll-uni-R (Table 1). All fusion PCR reactions
were performed using ACCUZYME MIX™ at 95°C 10 min, 35 cycles of 95°C for 30s, 60°C
for 30s, and 68°C for 4 min. The full-length chimeric PCV2a containing each individual
shuffled PCV2 capsid was amplified, and cloned into the pCR-Blunt II TOPO plasmid using
the Zero Blunt® cloning kit to produce infectious DNA clones of chimeric PCV2a with
shuffled capsid genes.

[0087] The shuffled PCV2 capsid 3cl14 (SEQ ID NO: 7) was cloned into the infectious DNA
clone backbone of the non-pathogenic PCV1 to create the vaccine candidate PCV1-3cl14
(SEQ ID NO: 37) by a similar fusion PCR protocol. Briefly, the shuffled PCV2 capsid 3cl14
sequence was amplified using primers PCV1-BB-F and PCV1-DS-ORF2-R (Table 1). The
infectious DNA clone PCV1 backbone sequence was amplified from the PBSK+ plasmid
containing PCV1 in two fragments that flank the PCV1 capsid region using primers M13F (-
20) and PCV-BB-R, and primers PCV-DS-ORF2-F and M13R, for PCV1 fragments 1 and 2,
respectively (Table 1). All three PCR reactions were performed using Platinum® PCR
Supermix (Thermo Scientific) at 94°C 3 min, 35 cycles of 94°C for 30s, 55°C for 30s, and
68°C for 1 min. Fusion PCR was performed first with the PCV1 fragment 1 and the shuffled
PCV2 capsid 3cl14 fragment using the external primers M13F and PCV1-DS-ORF2-R (Table
1). A second fusion PCR reaction was performed with the product of the first fusion PCR
reaction and PCV1 fragment 2, using the external primers M13F and M13R (well known
commercially available pUC/M13 sequencing primers). The full-length chimeric PCV1 virus
containing the shuffled capsid 3cl14 was cloned into pCR-Blunt II TOPO using the Zero
Blunt® cloning kit to produce the infectious DNA clone of vaccine candidate chimeric PCV1

virus 3cl14.

[0088] Preparation of virus stocks: The infectious virus stocks of PCV2b strain NC16845,
U.S. PCV2d-2 strain JX535296, and each of the PCV2a capsid-shuffled chimeric viruses were
produced by transfecting PK-15 cells with concatemerized viral genomes from the respective
infectious DNA clones. Briefly, the respective PCV2 genomes were excised from pCR-Blunt
I TOPO by Sacll digestion, concatemerized, and transfected into PK-15 cells to determine
the viability and infectivity by immunofluorescence assay (IFA). The virus stocks for the

chimeric PCV1-2a and chimeric PCV1 containing shuffled 3cl14 capsid (PCV1-3cl14) were
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prepared similarly as described above except that the viral genome was excised from the pCR-

Blunt IT TOPO vector by digestion with Kpnl prior to concatemerization.

[0089] Determination of the infectivity and cross-neutralizing activities of the PCV2 capsid-
shuffled chimeric viruses: To initially identify viable shuffled chimeric viruses with
improved cross-neutralizing activities against different PCV2 subtypes, a pilot pig infection
study was first conducted with a limited number of animals (n=3). A total of eighteen (18), 4-
week-old, cross-breed conventional pigs were purchased from a commercial farm that is
known to be free of PRRSV and M. hyopneumoniae without active PCV2 circulation as
determined by regular PCV2 PCR on selected batches of pigs. Sows have low amounts of
antibodies against PCV2 or are seronegative and litters from negative sows without cross-
fostering were selected. The piglets were randomly assigned to six groups of three pigs each,
and each group of pigs was housed separately. Prior to inoculation, each pig was weighed,
bled, and confirmed to be negative for PCV2 by PCR and serology. Five groups were
inoculated intramuscularly each with 5 ml (103.66 TCID50/mL) of either chimeric virus
PCV1-2a or one of the four PCV2 capsid-shuftled chimeric viruses (PCV2-3cl13, PCV2-
3cl14, PCV2-3cl4-2, or PCV2-3¢l12-2). One group was mock-inoculated similarly with 5 mL
of PBS buffer (FIG. 1). Blood was collected weekly, and animals were monitored for
seroconversion to PCV2 antibodies by ELISA and evidence of PCV2 infection by qPCR.
Animals were necropsied at fifty-six (56) days post-infection (dpi). The weekly serum
samples were used to perform serum virus neutralization test against strains representing

different PCV2 subtypes.

[0090] Serum virus neutralization assay: Serum samples collected from infected pigs were
tested for neutralizing antibody titers against the wild-type PCV2a, PCV2b, PCV2d-1, and
PCV2d-2 strains by IFA. Briefly, the serum samples were serially diluted 1:2 in PBS and
mixed with 150 TCID50 of PCV2a, PCV2b, PCV2d-1, or PCV2d-2 virus stocks, respectively,
at an equal volume ratio and incubated for 1 hr at 37°C. The serum-virus mixture was then
added to PK-15 cells in a 96 well plate in duplicate. After 72 hrs incubation at 37°C, an [FA
was performed using pig sera against PCV2a diluted 1:1000, as the primary antibody and
FITC-conjugated goat anti-pig IgG (KPL) diluted 1:50 as the secondary antibody. The 50%
serum neutralizing antibody titers were determined as the highest dilution at which there was
50% or greater reduction in virus titer compared with the average of the serum from PBS

control pig group at that dilution.
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[0091] Vaccination efficacy and challenge study in conventional pigs: The chimeric virus
containing shuffled capsid 3cl14 in the backbone of PCV2a induced significantly higher
neutralizing antibody responses against different PCV2 strains. Therefore, the shuffled capsid
sequence 3cl14 was subsequently cloned into the infectious DNA clone backbone of non-
pathogenic PCV1 to produce a PCV1-3cl.14 chimeric virus as the vaccine candidate.
Subsequently, a pig challenge study was conducted to evaluate the efficacy of the candidate
PCV1-3cl.14 chimeric virus vaccine against infection with currently predominant circulating

PCV2b as well as the emerging PCV2d-2.

[0092] Briefly, a total of thirty-two (32), 3-week-old, cross-breed conventional pigs were
purchased from a commercial farm that is known to be free of PRRSV and M.
hyopneumoniae, and is negative for PCV2. The animal study was approved by lowa State
University IACUC as well as by Virginia Tech IACUC. The piglets were randomly assigned
to four groups of eight pigs each. Prior to inoculation, each pig was weighed, bled, and
confirmed to be negative for PCV2. Groups one (1) and two (2) pigs were each vaccinated
intramuscularly (IM) in the neck region with 5 ml of the candidate PCV1-3cl.14 chimeric
virus vaccine (103.7 TCID50/mL per pig). Groups three (3) and four (4) pigs were each
mock-vaccinated IM with 5 ml PBS buffer (FIG. 2). All animals were monitored daily for
clinical signs including wasting, respiratory distress, and behavioral changes such as lethargy
and inappetence. Blood samples were collected prior to inoculation, and weekly thereafter

from each pig through forty-two (42) days post-vaccination (dpv).

[0093] At forty-two (42) dpv, groups one (1) (vaccinated) and three (3) (mock-vaccinated)
pigs were each challenged with 104.8 TCID50 (2.5 ml intranasally and 2.5 ml IM) of the
PCV2b NC16845 virus strain, and groups two (2) (vaccinated) and four (4) (unvaccinated)
were each similarly challenged with 104.8 TCIDS50 of the PCV2d-2 JX535296 virus strain.
Blood samples were collected weekly through twenty (20) days post-challenge (dpc) (or sixty-
two (62) dpv), at which time all pigs were weighed and necropsied. A panel of serum and
tissue samples was collected for quantification of viral DNA loads and for histological

examination of PCV2-associated lesions.

[0094] Gross pathology and histopathology evaluation: Necropsies were performed at
twenty (20) days post challenge (dpc) on all pigs in a to the treatment status blinded fashion.
Estimates of macroscopic lung lesions (ranging from 0 to 100% of the lung affected) and

lymph node size (ranging from zero (0) [normal] to three (3) [four times the normal size])
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were obtained for each pig. Sections of lung, lymph nodes (superficial inguinal, mediastinal,
tracheobronchial, and mesenteric), tonsil, heart, thymus, kidney, spleen, and liver were
collected during necropsy and processed routinely for histological examination and PCV2
immunohistochemistry (IHC) (Iowa State University Veterinary Diagnostic Lab). Also,
samples of tracheobronchial lymph node (TBLN) were collected from each pig for DNA
extraction and quantification of PCV2 viral genomes by real-time quantitative PCR.
Microscopic lesions in the lymphoid tissues, lungs, heart, liver, kidney, ileum, and colon were
scored in a treatment status blinded manner. Specifically, lymph nodes, spleen, and tonsil

were evaluated for presence and degree of lymphoid depletion and histiocytic replacement.

[0095] Quantitative PCR to quantify viral DNA loads in serum and tissues: For both animal
experiments we used a previously published protocol to extract DNA from serum and lymph
node samples and a previously published gPCR SYBR green assay to quantify viral loads in
these samples. For the pilot infection study (FIG. 1) and for the challenge experiment (FIG.
2), PCV2 specific primers were used to amplify a conserved region spanning the origin of
replication and a portion of the replicase gene, as previously reported, using primers PCV2-
83F and PCV2-83R (Table 1). For the detection of the PCV1-3cl.14 vaccine strain in the
challenge study (FIG. 2), primers PCV1-qRepF and PCV1-qRepR primers (Table 1) were
used to amplify only the PCV1 backbone based vaccine virus DNA.

[0096] Serology: A PCV2-specific ELISA (Iowa State University Veterinary Diagnostic
Lab) was used to detect anti-PCV2 ORF2 IgG in each serum sample as previously described.
See Nawagitgul P, et al. “Modified indirect porcine circovirus (PCV) type 2-based and
recombinant capsid protein (ORF2)-based enzyme-linked immunosorbent assays for detection

of antibodies to PCV” Clin Diagn Lab Immunol 9 (2002) 33-40.

[0097] Sequence confirmation of virus recovered from infected pigs: DNA extracts from
serum samples collected at twenty (20) dpc from selected pigs in each group were tested by
PCR for PCV2 capsid sequences, and the amplified PCR products were sequenced to verify
that the virus recovered from the infected pigs was the same virus inoculated into the animals.
PCR primers Unirep-F and 2aORF-2 were used to amplify the PCV2 capsid gene in these
samples using the same PCR program as described above for cloning (Table 1). Additionally,
DNA extracts of TBLN tissues from selected pigs in each group were also tested to confirm
that the virus detected by PCR from infected pigs was the same virus that was inoculated into

the animals. PCV2b was amplified and sequenced using primers specific for PCV2b as
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previously described. (Beach et al. supra). The PCV2d-2 vDNA was amplified and
sequenced using the same forward primer as for PCV2b and a PCV2d-specific reverse primer

NB-56-m2b (Table 1).

[0098] Statistical Analysis: Statistical analysis was performed using Prism v6.0 (Graphpad,
La Jolla CA). A one-tailed t-test was used to analyze statistical significance between two
groups, while a one-way ANOVA and then t-tests corrected for multiple comparisons were

used to determine significance between three or more groups.

[0099] Generation of infectious chimeric viruses containing the shuffled capsid from 5
genetically distinct PCV2 strains: Traditional DNA shuffling was used to molecularly breed
the capsid genes from five genetically distinct PCV2 strains representing different subtypes
PCV2a PCV2b, PCV2c, and PCV2d-1, as well as “PCV2e” (divergent PCV2a) (FIG. 3). The
shuffled PCV2 capsid amino acid sequences are designated in FIG. 3 as 3cl.13 (SEQ ID NO:
4), 3cl.4 2 (SEQ ID NO: 2), 3cl.14 (SEQ ID NO: 8), and 3cl.12 2 (SEQ ID NO: 6).
Although the general consensus is that previously classified “PCV2e” virus isolates do not
diverge enough from identified PCV2a strains to be considered their own subtype, a “PCV2e”
capsid sequence was chosen to help increase the genetic diversity of the resulting shuffled
capsid. The capsid gene sequences from these five strains were shuffled using DNase I
digestion and reassembled by PCR without primers. A PCR product of the expected size was
then generated after a second round of PCR with specific primers spanning the capsid gene.
The shuffled capsid gene library was then cloned into the infectious clone backbone of PCV2a
(strain 40985) to screen for viable chimeric viruses. Of the more than fifty (50) clones with
“well-shuffled” capsids (containing regions from all 5 parental PCV2 strains), only four of
them successfully rescued infectious virus when transfected into PK-15 cells (data not

shown).

[00100] The four chimeric viruses with shuffled capsids contain a range of combinations of
the genetic signatures of PCV2 genomes from all five parental strains (FIG. 3). The majority
of the unique amino acid signatures introduced into the shuffled capsids originated from
PCV2c. PCV2c is the most genetically distinct of the five parental strains, based on a
phylogenetic analysis (FIG. 4). Therefore, it is demonstrated here that DNA shuffling
successfully generated viable infectious chimeric viruses with shuffled capsid genes from 5

different PCV2 subtypes.

-25-



WO 2017/187277 PCT/IB2017/000966

[00101] A chimeric virus PCV2-3cll14 with shuffled capsid genes induces cross-
neutralizing antibodies against different PCV2 subtypes: To determine the viability and
screen for the best chimeric virus with shuffled capsids for subsequent challenge and efficacy
study, conventional pigs were experimentally infected with each of the four chimeric viruses
(PCV2-3cl.13, PCV2-3cl.14, PCV2-3cl.4 2, and PCV2-3cl.12) as well as with a previously
derived chimeric PCV1-2a virus (Fenaux et al, supra). Serum samples were collected prior to
infection and weekly thereafter, and all animals were monitored for seroconversion to PCV2a
capsid by an ELISA (FIG. 1). All animals experimentally inoculated with PCV1-2a and/or
with PCV2-3cl.14 seroconverted to PCV2 antibodies by 49 days post-inoculation (dpi),
however only 2 out of 3 animals in the PCV2-3¢l.12 2 and 1 of 3 pigs inoculated with either
chimeric virus PCV2-3cl.13 or PCV2-3cl.4 2 were seropositive at 49 dpi (FIG. 1).

[00102] Serum samples collected from 56 dpi were tested by a serum virus neutralization
assay in PK15 cells for cross-neutralizing antibodies against wild-type PCV2a (FIG. SA),
PCV2b (FIG. 5C), PCV2d-1 (FIG. 5B), and PCV2d-2 (FIG. 5D) virus strains. Infections of
pigs with 3 chimeric PCV2 viruses with shuffled capsid genes (PCV2-3¢l.13, PCV2-3cl.4 2,
and PCV2-3cl.12) did not induce higher levels of neutralizing antibody when compared to the
chimeric PCV1-2a virus which is the basis for the current Fostera™ PCV commercial
vaccine. However, infection of pigs with the chimeric virus PCV2-3c¢l.14 with shuffled capsid
genes from different PCV2 subtypes induced significantly higher neutralizing antibody titers
against PCV2a and PCV2d-2 when compared to PCV1-2a (p<0.05). In addition, although not
statistically significant, the chimeric virus PCV2-3cl.14 also induced higher levels of
neutralizing antibody than the PCV1-2a against both PCV2b and PCV2d-2. Taken together,
this pilot animal study suggests that the chimeric viruses with shuffled capsid genes are viable
and infectious in pigs, and that one chimeric virus PCV2-3cl.14 induces significantly higher
levels of neutralizing antibodies against genetically distinct PCV2 strains when compared to
the other chimeric viruses as well as to the PCV1-2a vaccine virus. Therefore, the chimeric
virus PCV2-3cl.14 was selected for the subsequent challenge and efficacy study in pigs to

evaluate its potential use as a novel vaccine.

[00103] The chimeric virus PCV1-3cll4 induces protective immunity in conventional
pigs against challenge with PCV2b and PCV2d-2. PCV2a is the genomic backbone for the
chimeric virus PCV2-3cl.14. Therefore, in order to produce a novel vaccine candidate, we

subsequently transferred the shuffled capsid gene from the chimeric virus PCV2-3cl. 14,
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identified in the initial cross-neutralization study, to the genomic backbone of the non-
pathogenic PCV1 to produce a new chimeric virus PCV1-3cl.14. To assess whether the
chimeric virus PCV1-3c¢l. 14 vaccine candidate protects against challenge with different PCV2
subtypes, two groups of pigs (n=8) were each vaccinated with the PCV1-3cl.14 chimeric
virus, and another two groups of pigs (n=8) were mock-vaccinated with PBS as controls (FIG.
2). Blood samples were taken weekly and animals were monitored for seroconversion to
PCV2 capsid antibody. At 42 days post-vaccination, one group of vaccinated and one group
of mock-vaccinated animals were challenged with the predominant field strain PCV2b
currently circulating in swine herds worldwide. Similarly, one vaccinated group and one
mock-vaccinated group of pigs were challenged with the emerging PCV2d-2 virus. Blood
samples were taken weekly after challenge and all animals were necropsied at twenty (20)

dpc.

[00104] As expected, pigs in the two vaccinated groups started to seroconvert to PCV2
capsid antibody by 42 dpv, whereas mock-vaccinated groups did not seroconvert until 7-14
dpc with PCV2b or PCV2d-2 (or 49 or 56 dpv, FIG. 2, FIG. 6). A qPCR assay targeting the
PCVI1 replicase gene (ORF1) was used to test for PCV1-3cl. 14 viral DNA from weekly sera,
but PCV1-3cl.14 viral DNA was undetectable and below the detection limit of the assay in
any group after vaccination (data not shown). This is consistent with previous reports of the

attenuated chimeric PCV1-2 virus infections in pigs.

[00105] Only two out of eight animals vaccinated and subsequently challenged with
PCV2b had detectable viremia, and only at fourteen (14) dpc, compared to four and seven out
of eight PCV2b challenge control animals at fourteen (14) and twenty (20) dpc, respectively
(FIG. 2). This difference was statistically significant, as the vaccinated and PCV2b
challenged group had significantly lower levels of viral DNA loads in sera at twenty (20) dpc,
compared to mock-vaccinated and PCV2b challenged animals (p<0.01) (FIG. 7A and FIG.
7B). For animals vaccinated and subsequently challenged with PCV2d-2, 1/8 at fourteen (14)
dpc and 2/8 at twenty (20) dpc had detectable viremia, while 7/8 PCV2d-2 challenged control
animals were positive for serum viral DNA at fourteen (14) dpc and twenty (20) dpc (FIG. 2).
Also, the vaccinated and PCV2d-2 challenged group had serum viral DNA loads that were
significantly reduced at fourteen (14) and twenty (20) dpc (p<0.001, p<0.05, respectively), as
compared to PCV2d-2 challenge only controls (FIG. 7A and FIG. 7B). All vaccinated and
subsequently challenged groups had significantly lower levels of PCV2 viremia at the peak of
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virus replication compared to control groups. In addition, all vaccinated and subsequently
challenged groups had significantly lower levels of detectable PCV2 DNA in lymph nodes
compared to mock-vaccinated and challenged groups (PCV2b = p<0.001, PCV2d-2 =
p<0.0001, FIG. 8A and FIG. 8B). These results indicated that vaccination with PCV1-3cl.14
chimeric virus significantly reduces the level of virus replication in pigs when challenged with

the predominant PCV2b subtype or with an emerging PCV2d-2 strain.

[00106] In addition to reducing viral DNA loads in sera and lymphoid tissues, vaccinated
animals also had a decreased PCVAD lesion score compared to unvaccinated animals (FIG.
9A - FIG. 9F). Vaccinated pigs that were subsequently challenged with PCV2b had
significantly reduced pathological lesion scores for all measures of PCVAD, which includes
lymphoid depletion and histiocytic replacement in lymph nodes (FIG. 9A and FIG. 9B),
spleen (FIG. 9C and FIG. 9D), and tonsil tissues (FIG. 9E and FIG. 9F), as compared to
unvaccinated but PCV2b challenged controls.

[00107] Similarly, pigs vaccinated and subsequently challenged with PCV2d-2 had
significantly lower pathological lesion scores for lymph node measures, as well as tonsil
lymphoid depletion (FIG. 10A, FIG. 10B, FIG. 10C) as compared to unvaccinated but
PCV2d-2 challenged controls. Consistent with the results for serum and lymph node viral
DNA detection, both vaccinated and subsequently challenged groups had significantly lower
viral antigen scores in lymph node, spleen, and tonsil, compared to challenge only controls
(FIG. 8A - FIG. 8C). Overall, these results suggest that vaccination with PCV1-3cl.14
chimeric virus vaccine candidate protects against two genetically distinct and relevant PCV2
strains, the predominant PCV2b subtype currently circulating in pig farms worldwide and the

emerging PCV2d-2 strain.
EXAMPLE 2
Chimeric Virus Derivatives

[00108] Derivatives of the chimeric PCV capsid polypeptides disclosed herein are included
within the scope of this disclosure. The amino acid sequences of epitopes that are included in
the chimeric PCV capsid polypeptides disclosed herein may be altered somewhat and still be
suitable for use as therapeutic immunogens. For example, certain conservative amino acid
substitutions may be made in epitope domains as well as other non-epitope domains of the

capsid polypeptides without having a deleterious effect on the immunogenicity of included
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epitopes. Those of skill in the art recognize the nature of conservative substitutions, for
example, substitution of a positively charged amino acid for another positively charged amino
acid; substitution of a negatively charged amino acid for another negatively charged amino
acid; substitution of a hydrophobic amino acid for another hydrophobic amino acid; etc. All
such substitutions or alterations of the chimeric PCV capsid polypeptides disclosed herein are
intended to be encompassed by the present invention, so long as included epitopes remain
immunogenic. In addition, immunogens including epitopes on PCV capsid polypeptides
disclosed herein need not encompass a full length PCV capsid polypeptide or epitope-
containing domain. Those of skill in the art will appreciate that truncated versions of the
chimeric PCV capsid polypeptides disclosed herein may be utilized or indeed preferable, so
long as immunogenic epitopes remain. Derivatives of the chimeric PCV capsid polypeptides
disclosed herein include truncated versions. Derivatives may include sequence modifications
introduced for a variety of reasons, including or example, to eliminate or introduce a protease
cleavage site, to increase or decrease solubility, to promote or discourage intra- or inter-
molecular interactions such a folding, ionic interactions, salt bridges, etc, which might
otherwise interfere with the presentation and accessibility of the individual epitopes along the
length of the chimera. All such changes are intended to be encompassed by the present
invention, so long as the resulting amino acid sequence functions to elicit a protective
antibody reaction to one or more of the PCV2 types from which the epitopes originate. In
general, such substituted sequences will be at least about 80 to 90% identical to the chimeric
PCV capsid polypeptides disclosed herein. In certain embodiments, substituted derivative
sequences will be 90 to 99% identical to the chimeric PCV capsid polypeptides disclosed

herein.

[00109] As used herein reference is made to chimeric PCV capsid polypeptides and
derivatives and truncated versions thereof. In certain embodiments, such may be used as
isolated purified polypeptide subunit vaccines or as inactivated whole virus vaccines. The
polypeptides may be chemically synthesized, or produced using recombinant DNA
technology such as in bacterial, mammalian, yeast, plant or insect cells. In other embodiments
however, the chimeric PCV capsid polypeptides are generated by culture of viral vectors
including DNA sequences that encode chimeric PCV capsid polypeptides. The viral vector
may be a PCV virus such as a PCV 1 or 2 or may be a different viral vector such as for

example a pox virus or baculovirus vector. The viral vectors will encode and direct the
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production of the chimeric PCV capsid polypeptides that may be partially purified and used
subunit vaccines or will encode and direct the production of virus particles including the

chimeric PCV capsid proteins and derivatives thereof as live or killed virus vaccines.

[00110] Table 2 shows the numbers of amino acids that differ between each of the parental
capsid amino acid sequences shown on FIG. 3 and each of the chimeric shuffled capsid amino
acid sequences. Taking one example, as can be seen on Table 2, chimeric capsid polypeptide
3cl.14 differs from the capsid polypeptides of PCV2a and PCV2b by 29 amino acids, PCV2c¢
by 3 amino acids, PCV2d by 26 amino acids and PCV2e (“divergent PCV2a”) by 27 amino
acids. Administration of a vaccine including the chimeric capsid polypeptide 3cl.14
remarkably results in cross protection against the most important currently pathogenic strains
PCV2b and PCV2d. In certain embodiments, a vaccine is provided that includes one or more
chimeric PCV2 capsid proteins and derivatives thereof wherein each chimeric protein and
derivative thereof is unique and varies from any contributing parental strain by 3 — 37 amino
acids. In other embodiments, a vaccine is provided that includes one or more chimeric PCV2
capsid proteins and derivatives thereof wherein each chimeric protein and derivative thereof is
unique and varies vary from any parental chimeric capsid polypeptide by 1-27 amino acids.
In certain embodiments, recombinant PCV2 capsid polypeptide and immunogenic derivatives
thereof are provided that include capsid-derived amino acid sequences of at least PCV2c¢ and
PCV2d. In certain embodiments, recombinant PCV2 capsid polypeptides are provided that
are expressed in bacterial, yeast, mammalian, or insect cells. In certain embodiments the
immunogenic compositions including recombinant PCV2 capsid polypeptides are subunit
vaccines while in other embodiments the recombinant PCV2 capsid polypeptides are

presented in the context of inactivated whole virus vaccines.

[00111] In other embodiments, a vaccine is provided that includes one or more derivatives
of chimeric PCV2 capsid proteins wherein the derivatives vary from any parental chimeric
capsid polypeptides by conservative substitutions. In other embodiments, derivatives of
chimeric capsid proteins are provided that vary from any parental chimeric capsid polypeptide
by one to twenty seven amino acids, preferably one to fifteen, one to ten, one to five, or one or
two amino acids. In still other embodiments, immunogenic PCV2 capsid proteins are
provided including amino acid substitutions selected from strain specific variant amino acids

such as are shown highlighted on FIG. 3 to provide a capsid polypeptide derivative that when
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used as a vaccine provides cross protection to two or more of PCV2a, PCV2b, PCV2c,
PCV2d, PCV2e strains or genotypes and newly arising variants thereof.

Table 2. Amino Acid difference between parental capsid polypeptides and chimeric
derivatives

Parental strains | | PCV2-3cl.12 2 | PCV2-3cl.13 PCV2-3cl.14 | PCV2-3cl4 2
SID 6 SID 4 SID 8 SID 2

PCV2a,
ACN AF264042 25 27 29 20
SEQ ID NO:10

PCV2b,
ACN GU799576 22 20 29 7
SEQ ID NO:12

PCV2c¢,
ACN EU148503 16 8 3 21
SEQ ID NO:16

PCV2d-1
ACN AY181947 14 23 26 16
SEQ ID NO: 14

PCV2e
CN EF524533 31 31 37 30
SEQ ID NO:18

Table 3. Amino acid differences between chimeric capsid polypeptides

Chimeric virus | PCV2-3cl.12 2 | PCV2-3cl.13 | PCV2-3cl14 | PCV2-3cl.4 2
capsids SID 6 SID 4 SID 8 SID 2
IS’ICDVé-Scl.IZ_Z . " 1 6
IS)ICDVI'3 cl.13 11 0 22 18
Is)lcl)vg'3d'14 12 22 0 27
IS’ICDVZZ'M'“—Z 16 18 27 0
EXAMPLE 3

Chimeric Vaccine Compositions

[00112] Whether as a live virus vaccine, a modified live virus vaccine, inactivated virus
vaccine, attenuated vaccine, plasmid DNA vaccine or a subunit polypeptide vaccine, an
immunologically effective amount is administered. The “immunogenically effective” amount
is sufficient to stimulate an immune response, i.e., to stimulate the production of humoral

antibodies and/or to stimulate a cell-mediated response. The vaccine composition may
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include suitable adjuvants as well as one or more wetting or dispersing agents. Such wetting
agents include non-ionic surfactants such as polyoxyethylene/polyoxypropylene block
copolymers, i.e. those marketed under the mark PLURONIC® and available from BASF
Corp. (Mt. Olive, N.J.). Other useful nonionic surfactants include polyoxyethylene esters
such as polyoxyethylene sorbitan monooleate (polysorbate 80), available under the trademark

TWEEN 80®.

[00113] Examples of suitable adjuvants include, without limitation, immunostimulating
bio-compatible oils such as vegetable-based oils (i.e. corn oil, sesame oil, olive oil, soybean
oil, safflower oil, cotton seed oil, rape seed oil, sunflower oil, jojoba oil, coconut oil, peanut
oil or mixtures thereof), squalane (shark liver oil) or other metabolizable oils as well as
adjuvant mixtures including an SP oil (an oil emulsion comprising a polyoxyethylene-
polyoxypropylene block copolymer, squalane, polyoxyethylene sorbitan monooleate and a
buffered salt solution), EMULSIGEN (MPV Laboratories, Omaha, NE, USA), MONTANIDE
(Seppic, Paris, France). Other adjuvants include oil-in-water adjuvants, polymer and water

adjuvants, water-in-oil adjuvants, an aluminum hydroxide adjuvants, and vitamin E adjuvants.

[00114] One example of a suitable SP oil adjuvant includes 1 mg of a polyoxyethylene-
polyoxypropylene block copolymer such as PLURONIC L121, 2 mg of Squalane, 0.16 mg of
the polyoxyethylene sorbitan monooleate (polysorbate 80) such as TWEEN 80 and 0.05ml of
phosphate buffered saline (PBS).

[00115] Other components of the composition may include pharmaceutical excipients and
buffers including without limitation HEPES Diluent, Eagle’s Earle’s MEM growth medium,
HEPES acid, sodium hydrogen carbonate, hydrochloric acid, sodium hydroxide, such

preservative compounds as formalin and thimerosal and water for injection.
EXAMPLE 4
Chimeric Capsid Specific Monoclonal Antibodies and Mimotope Vaccines

[00116] In one embodiment, the recombinant chimeric porcine circoviruses provided herein
are used to as antigens to generate antibodies specific to epitopes on the capsid proteins of one
or more of chimeric viruses PCV2-3¢cl13, PCV2-3cl14, PCV2-3¢cl4 2, and PCV2-3cl12 2.
Where the antibodies are monoclonal antibodies, the methodology used to obtain hybridomas
and monoclonal antibodies may follow the conventional method of lymphocyte fusion and

hybridoma culture originally described by Kohler & Milstein Nature 256 (1975) 495-497.
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Other methods for preparing monoclonal antibodies are also known including phage display
such as described by Barbas CF, et al. “Assembly of combinatorial antibody libraries on
phage surfaces: the gene Il site” Proc. Natl. Acad. Sci. U.S.A. 88 (18) (1991) 7978-82 and
subsequently modified. The derived antibodies are utilized for diagnostics as well as vaccine

development.

[00117] In the context of vaccine development, the derived monoclonal antibodies are
screened against peptide libraries such as phage display peptide libraries generated in
accordance with known technology such as originally described by Smith GR. “Filamentous
fusion phage: novel expression vectors that display cloned antigens on the virion surface”
Science 228 (4705) (1985) 1315-7. In one embodiment, the antibodies specific to epitopes on
the capsid proteins of one or more of chimeric viruses PCV2-3¢cl13, PCV2-3cl14, PCV2-
3cl4 2, and PCV2-3cl12 2 are adsorbed on microtiter plates and incubated with the phage
display peptide library. Phages binding to the antibodies are isolated through iterative rounds
of selection. Promising clones are selected including using computational matching studies if
desired. Isolated and proven mimotopes may be tested in immunization studies with the
mimotopes to prove molecular mimicry by generation of antibodies recognizing the capsid
proteins. Mixtures of capsid epitope mimotopes specific to different PCV subtypes are then
used as peptide antigens together with adjuvants or as multiple mimotope linear constructs to

generated protective immune responses to several PCV2 strains.

[00118] All publications, patents and patent applications cited herein are hereby incorporated
by reference as if set forth in their entirety herein. While this invention has been described
with reference to illustrative embodiments, this description is not intended to be construed in a
limiting sense. Various modifications and combinations of illustrative embodiments, as well
as other embodiments of the invention, will be apparent to persons skilled in the art upon
reference to the description. It is therefore intended that the appended claims encompass such

modifications and enhancements.
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We claim:

1. A vaccine composition comprising a recombinant porcine circovirus type 2 (PCV2)
capsid polypeptide or an immunogenic derivative thereof, wherein the recombinant porcine
circovirus type 2 (PCV2) capsid polypeptide is a chimeric amino acid sequence that differs
from any naturally occurring PCV2 capsid polypeptide and includes capsid-derived amino

acid sequences from multiple PCV2 genotypes.

2. The vaccine composition of claim 1, wherein the recombinant PCV2 capsid
polypeptide is selected from the group consisting of capsid polypeptides designated as 3cl.14
(SEQ ID NO: 8), 3¢l.13 (SEQ ID NO: 4), 3cl.4 2 (SEQ ID NO: 2), 3¢l.12_2 (SEQ ID NO: 6).

3. The vaccine composition of claim 1, wherein the recombinant PCV2 capsid
polypeptide or immunogenic derivative thereof includes capsid-derived amino acid sequences

from two or more of PCV2a, PCV2b, PCV2c, PCV2d and PCV2e parental genotypes.

4. The vaccine composition of claim 3, wherein the recombinant PCV2 capsid
polypeptide or immunogenic derivative thereof varies from any contributing parental

genotype by 3 — 37 amino acids.

5. The vaccine composition of clam 3, wherein the immunogenic derivative varies from

any parental chimeric capsid polypeptides by 1-27 amino acids.

6. The vaccine composition of claim 3, wherein the recombinant PCV2 capsid
polypeptide or immunogenic derivative thereof comprises capsid-derived amino acid

sequences of at least PCV2¢ and PCV2d.

7. The vaccine composition of any one of claims 1 through 6, wherein the recombinant

PCV2 capsid polypeptide is expressed in bacterial, yeast, mammalian, or insect cells.

8. The vaccine composition of any one of claims 1 through 6, wherein the composition is

a subunit vaccine or an inactivated whole virus vaccine.

9. The vaccine composition of any one of claims 1 through 6, wherein the recombinant

PCV2 capsid polypeptide or immunogenic derivative thereof is encoded by a viral vector.

10.  The vaccine composition of any one of claims 1 through 6, wherein the composition

further includes an adjuvant.
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11. The vaccine composition of claim 10, wherein the adjuvant is selected from the group
consisting of an oil-in-water adjuvant, a polymer and water adjuvant, a water-in-oil adjuvant,

an aluminum hydroxide adjuvant, a vitamin E adjuvant and combinations thereof.

12.  The vaccine composition of claim 10, wherein the composition comprises an oil
emulsion that includes a polyoxyethylene-polyoxypropylene block copolymer, squalane,

polyoxyethylene sorbitan monooleate and a buffered salt solution (SP-oil).

13.  The vaccine composition of 10, wherein the composition further includes a

pharmaceutically acceptable carrier.

14. The vaccine composition of 10, wherein the composition further comprises at least one

additional antigen.

15.  The vaccine composition of claim 14, wherein the at least one additional antigen is

protective against a microorganism that can cause disease in pigs.

16.  The vaccine composition of claim 15, wherein the microorganism is selected from

bacteria, viruses, and parasites.

17.  The vaccine composition of claim 16, wherein the bacterial microorganism is selected
from one or more of Actinobacilllus pleuropneumoniae, Bordetella bronchisepftica,
Brachyspira hyodysenteriae, Brucellosis (B. suis), Campylobacter spp., Clostridium spp.,
Escherichia coli, Erysipelothrix rhusiopathiae, Haemophilus parasuis, Isospora suis,
Lawsonia intracellularis, Leptospira spp., Listeria monocytogenes, Mycoplasma hyorhinis,
Mycoplasma hyosynoviae, Mycoplasma flocculare, Mycoplasma hyopneumoniae, Pasteurella
multocida, Streptococcum suis, Staphylococcus spp. including S. aureus and S. hyicus,
Salmonella spp. including S. choleraesuis and S. enteritidis, methicillin-resistant
Staphylococcus aureus (MRSA), Trichinella spiralis, Toxoplasma gondii and Yersinia

enterocolitica.

18.  The vaccine composition of claim 16, wherein the viral microorganism is selected
from one or more of African swine fever virus, classical swine fever virus (CSF), foot and
mouth disease virus (FMDYV), Nipah virus, porcine cytomegalovirus, porcine epidemic
diarrthea virus (PEDV), porcine enteroviruses, encephalomyocarditis virus, porcine
reproductive and respiratory syndrome virus (PRRSV), porcine parvovirus (PPV), porcine

respiratory coronavirus (PRVV), pseudorabies virus (PRV) ak.a. suid herpesvirus type 1,
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rotavirus, swine influenza virus (SIV), torque teno virus (TTV), and transmissible

gastroenteritis virus of swine (TGEV).

19. The vaccine composition of claim 16, wherein the parasitic microorganism is selected
from one or more of Ascaris suum, Balatidium coli, Toxiplasma gondii, and Cryptosporidium

parvum.

20. A chimeric nucleic acid molecule having a sequence that contains a DNA-shuffled
PCV2 capsid gene sequence derived from multiple PCV2 genotypes or a derivative thereof

that encodes immunogenic epitopes of PCV2 capsid polypeptides.

21. The chimeric nucleic acid of claim 20, wherein the DNA-shuffled PCV2 capsid gene
sequence is selected from the group consisting of capsid gene sequences designated as 3cl.14

(SEQ ID NO: 7), 3¢l.13 (SEQ ID NO: 3), 3cl.4 2 (SEQ ID NO: 1), 3¢l.12_2 (SEQ ID NO: 5).
22. A viral vector containing the chimeric nucleic acid molecule of claim 20.

23. The viral vector of claim 22, wherein the viral vector is a baculovirus vector or a

parapox vector.

24, A method of protecting a pig against infection by multiple PCV2 genotypes
comprising administering to the pig an immunologically effective amount of the vaccine
composition, chimeric nucleic acid molecule or viral vector of any one of claims 1 to 6 and 20

to 23.

25.  The method of claim 24, comprising administering the vaccine composition, chimeric
nucleic acid molecule or viral vector to the pig by one or more routes selected from the group

consisting of parenterally, intranasally, intradermally and transdermally.

26. The method of claim 25, wherein the vaccine composition, chimeric nucleic acid

molecule or viral vector is administered in a single dose.

27. The method of claim 24, wherein the vaccine, chimeric nucleic acid molecule or viral
vector is administered in conjunction with at least one additional antigen that is protective

against a microorganism that can cause disease in pigs.

28. The method of claim 27, wherein the microorganism is selected from bacteria, viruses,

and parasites.
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29. The method of claim 27, wherein the bacterial microorganism is selected from one or
more of Actinobacilllus pleuropneumoniae, Bordetella bronchiseptica, Brachyspira
hyodysenteriae, Brucellosis (B. suis), Campylobacter spp., Clostridium spp., Escherichia coli,
Erysipelothrix rhusiopathiae, Haemophilus parasuis, Isospora suis, Lawsonia intracellularis,
Leptospira spp., Listeria monocytogenes, Mycoplasma hyorhinis, Mycoplasma hyosynoviae,
Mycoplasma flocculare, Mycoplasma hyopneumoniae, Pasteurella multocida, Streptococcum
suis, Staphylococcus spp. including S. aureus and S. hyicus, Salmonella spp. including S.
choleraesuis and S. enteritidis, methicillin-resistant Staphylococcus aureus (MRSA),

Trichinella spiralis, Toxoplasma gondii and Yersinia enterocolitica.

30. The method of claim 27, wherein the viral microorganism is selected from one or more
of African swine fever virus, classical swine fever virus (CSF), foot and mouth disease virus
(FMDYV), Nipah virus, porcine cytomegalovirus, porcine epidemic diarrhea virus (PEDV),
porcine enteroviruses, encephalomyocarditis virus, porcine reproductive and respiratory
syndrome virus (PRRSYV), porcine parvovirus (PPV), porcine respiratory coronavirus
(PRVYV), pseudorabies virus (PRV) a.k.a. suid herpesvirus type 1, rotavirus, swine influenza

virus (SIV), torque teno virus (TTV), and transmissible gastroenteritis virus of swine (TGEV).

31 The method of claim 27, wherein the parasitic microorganism is selected from one or

more of Ascaris suum, Balatidium coli, Toxiplasma gondii, and Cryptosporidium parvum.

32. The method of claim 24, wherein the pig is protected against infection by at least
PCV2b and PCV2d.

33. A vaccine composition comprising a recombinant chimeric porcine circovirus
comprising a recombinant porcine circovirus type 1 (PCV1) that encodes a porcine circovirus
type 2 (PCV2) capsid polypeptide in place of the capsid protein of PCV1, the PCV2 capsid
polypeptide comprising epitopes from capsid polypeptides of multiple PCV2 genotypes.

34. The vaccine composition of claim 33, wherein the PCV2 capsid polypeptide is
encoded by a DNA-shuffled PCV2 capsid gene sequence

35.  The vaccine composition of any one of claims 33 to 34, wherein the PCV2 capsid
polypeptide is selected from the group consisting of the capsid polypeptides designated as
3cl.14 (SEQ ID NO: 8), 3¢l.13 (SEQ ID NO: 4), 3cl.4 2 (SEQ ID NO: 2), 3¢l.12 2 (SEQ ID
NO :6) and derivatives thereof.
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36. The vaccine composition of claim 33, wherein the vaccine is a live vaccine, a modified

live vaccine, an inactivated vaccine, or an attenuated vaccine.

37.  The vaccine composition of claim 33, wherein the recombinant chimeric porcine

circovirus is designated as PCV1_3cl.14 and is encoded by SEQ ID NO: 37.
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FIG. 1

Seroconversion o PCV2-specific antibodies 1 pigs expermmentally infected with
chimeric PCV2 viruses contaming shuffled capsids or with the PCV1-2a vaccine

VIFUS.
Grp Inocula Na. pigs positive for PCV2 antibodies/total on DPV?

0 7 14 21 28 35 42 49

PCV2-3¢i13 (/3 0/3 073 0/3

2 PCV2-3clid (/3 0/3 (/3 0/3

3 PCV2-3clt 2 0/3 073 0/3 03

4  PCV2-3cl12 2 043 3 03 0/3

5 PCVi-2a 0/3 /3 /3 0/3
6 PBS 0.3 {3 043 03 03 O3 63 03

¢ PCVZ antibody was measured at different days post-moculation{DPI} with an
ELISA using the recombmant PCV2 capsid protein as the antigen. Amimals were
considered to have seroconverted when samples from two or more consecutive
time pomts were seropostiive. Seropostive time points are shown in grey.
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FIG. 11

3eld 2 capsid
Sequence 705 BP;
ATGACGTATC CAAGGAGGCG TTACCGGAGA AGAAGACACC GCCCCCGCAG CCATCTTGGC

CAGATCCTCC GCCGCCGCCC CTGECTCETC CACCCCCGCC ACCGTTACCEG CTGGAC

AGG

AAARATGGCA TCTTCAACAC CCGCCTATCC CG CTTCG GATATACTAT CAAGCGAACC 1
ACAGTCAGAA CGCCCTCCTG GGUGGTGGAC ATGATGAGAT TCAATATTAA TGACTTTCTT Z
CCCCAGGAG GGGGCTCARA CCCCCGCTCT GTGCCCTTTGE AATACTACAG AATAAGAAAG 3

C AAGGTTG AATTCTGGCC CTGC CAGGGE AGTGGGCTCC
AGTGCTGTTA TTCTAGATGA TAACTTTGTA ACAAAGGCCA CAGCCCTCAC CTATGACCCC
TATGTAAACT ACTCCTCCCG CCATACCATA ACCCAGCCCT TCTCCTACCA CTCCCGCTAC

TCOCOS

GTGE

I
<o

jo)

TTACCCCCA AACCTGTCCT AGATTCCACT ATTGATTACT TCCAACCAAA CAACRAAAGA 5
AACCAGCTGT GGCTGAGACT ACAAACTGCT GGAAATGTAG CCTCGGACAC ©

GCCTTTCAAA ACAGTACAAA TGCCCAGGCC TACAATGTCC GTGTAACCAT GTATGTACAA ©

TTCAGAGAAT TTAATCTTAA AGACCCCCCA CTTAACCCTA AATGA 705 SEQ ID NO:1

Translation in forward direction: frame +1 - 235 codons

MTYPRRRYRRRRHRPRSHLGQILRRRP -/*LVHPRHRYRT/‘JRRKNGT FNTRLSRTEGYTIKRTTVRT PSWAVDY
VGSSAVILDDNEVIKATAL

RENINDFLPFGGGENPREVPEFEYYRIREVKVEEWEPCSPIT “G RG

N
()

jat

I Co

O

o O
[en]

IS ES)
N

o

1=

l&)
(&)

[on]

O

<

<

5 ]
-

-
7]
b=
{(
—t
=
=

SEHTITOPEFSYHSRYEFTPREVLDSTIDY WODNNK‘{I\' LWLRLOTAGNVDHVGLGHAFQNSTNAQAYNVEVT

MV‘7 FREFNLKDPPLNPK. SEQ ID NO:

rectggetogtecacocoegccacegttacegetggadaayy

+1fr: 'T‘*V"R"T“‘P“S“Y‘ﬂA"V‘“U"M"M“‘R“F“N"I"N‘“D"F“L‘

A:  cooccaggagyyggy

gtgcoctttgaatactacagaataagaaay

DNA: gttaaggttgaatictggecctygcteccegatcacccagggtgacaggggagtigggetaece

+1lfrs

DNA: aaccagctgtggctgagactacaaactgctggaasatgtagaccatgtaggecticecggacac
+ifr: N Q- LWL R L QT -A-G-N-V-D H V-G L -G 'H
DNA: goctttecaaaacvagtacaaatgeccaggectacaatgtecgtgtaaccatgtatgtacaa

=}

DNA: ttecagagaattitaatcttaaagacceccecacttaac
+1frs ~F~‘A"E"F‘*N"L‘~K~~D~~P~‘?"L"N‘*

CAN
N3V

3N
[en]
Lew]

660
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FIG. 12

PCVZ2 3eld 2 Full length

Sequence 1767 BP; 447 A; 360 Cp; 500 G; 460 T; 0 other:
CTTTTTTATC ACTT GGTTTTTATT ATTCATTTAG GGTTAAGTGG GGGGTCTTTA
T CTCTGAATTG TACATACATG GTTACACGGA CATTGTAGGC CTGGGCATTT
GCGETG TCCGAGGCCT ACATGGTCTA CATTTCCAGC AGTTTGTAGT
CTCAGCZCAC SCTGGETTTCT TTTGETTGETTT GGTTGGAAGT AATCAATAGT GGAATCTAGE
ACAGGTTTGG GGGTAAAGTA GC GAGTGG TAGGAG, [TAT
GAGGAGTAGT TTACATAGGG GTCATAGGETG AGGGCTGTGEG CCTTTGTTAC AAAGTTATCA
CAGCACT GCCCACTCCC CTGTCACCCT GTGATC GGAGCAGGGC
CTTAACCTT TCTTATTCTG TAGTATTCAA AGGGCACAGA GCGGGGGTTT
CTGGGEGAAG AAAGTCATTA TCATCATGTC CACCGCCCAG
GACTGTGGET TCGCTTGATA GTATATCCGA AGGTGCGGGEA TAGGCGGGETG
CATTTT TCTCCAGCGGE TAACGGTGEGEC
GGATCTGG BAGATGGCTG CGGGGGCEET
CTTGGAT ACGTCATATC TGAAAACGAA AGAAGTGCGC G
TTCGGCAGCG GCAGCACCTC GGCAGCACCT CAGCAGCAAC ATGCCCAGCA AGAAGAATGE
GAAGCGGA CCCCAACCAC ATAAAAGGTGE GGTGTTCACGE CTGAATAATC
C

AGATTAAAT

GCT GG

CGAGCGCAAG AAPATACGGGE AGCTCCCAAT CTCCCTATTT GATTATTTIZ
GGAGGGTAAT GGAAGGAC

TTGTGAAGAR

AGARAGCCAA
TTATTGAATG
GTACCTTGTT
TCAGAAATTT
ATTGGAAGAC

e GCCACCTGG GTGTEGTAAA AGCAAATGEE CTGCTAATTT
GAARCCACAT ACTGGAARACC ACCTAGAAAC AAGTGGTGGGE ATGGTTACCA
GTGGTTGTTA TTGATGACTT TTATGGCTGG CTGCCGTGEE ATGATCTACT
GAGACTGTH GATCGATATC CA SACTGT AGAGACTAAA GGTGGAACTG TACCTTTTTT
GGCCCGCAGT ATTCTGATTA CCAGCAATCA GACCCCGTTG GAATGGTACT CCTCAACTGC
TGTCCCAGCT GTAGAAGCTC TCTATCGGAG GATTACTTTC TTGGTATTTT WAGAATGC
TACAGAACAA TCCACGGAGGE AAGGGGGECCA GTTCGTCACC CTTTCCCCCC CATGCCCTGA
ATTTCCATAT GAAATAAATT ACTGAGT

[

D NO: 33

b

SEQ

w N
I
o

o
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N oY
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s
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O
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FIG. 13

3cll3 capsid Sequence

e
i AN

ATGACGTATC CZ
CATATCCTCC
AAAARNTGGAA
CAGGTCTCAC
CCCCAGGAG
[TAAGGTTG

G
GCCGCTC
TCTTCAATGC
CACCCTCTTG
GGGGCTCARR
AATTCTGGCC

\GGAG

G
cc CCG

GCC

o0
Ll

Gl

TGCTGTTA TTCTAGATGA
TATGTAAACT ACTCCTCCCG
TTTACCCCCA AACCTGTC
AATCAGCTGT GGATGAGACT

GCCTTTCARA
TTCAGAGAAT

ACAGTACAAA
TTAATCTTAA

Translation in forward direction:

nh o

MTYPRRRYRRRRHRERSE
FLPPGGGSNPRSVPFE
HSRYFTPKPVLDSTIDYFQPNN

SEQ ID NO:4

LGHTL

Sequence alignment:

YYRIRKVK

16/36

/05 BP;
TTACCGGAGA GCCCCCGCAG
CTGGCTCGTC ACCGCTACCG
CCGCCTCTCC TTTATACCGT
GGCGGETGGAL TTAATATTAA
CCCCoGCTCT C AATACTACAG
CTGCTCCCCG ATCACCCAGS GTGACAGEGH
TAACTTTGTA ACAAAGECCA CAGCCCTCAC
CCATACCATA ACCCAACCCT TCTCCTACCA

ATTCCACT ATTGATTACT TCCAACCAAA

it

ACAAACTACT GGAAATGTAG ACCATGTAGG
TGCCCAGGCC TACAATGTCC GTGTAACCAT
AGACC TAARCCCTA AATC

frame +1 - 235

RRRPWLVHPRHRYRWRRKNGIFNARLSRSFV
VEFWPCSPITQGL
KRNQLWMRLOTTGNVDHVGLGHAFONSTNAQA

nucleotides. Translation

3
4

RGVGSSAVILDDNEFVTKATALTYDPYVNYSSRH]

N

PCT/IB2017/000966

ATCTTGGEC

TTGGAGAAGG
TRATGOOT
TGACT

[

~
CC

e
[«sINLV)
Do

CA
TTCTT

N
-
<

AATAAGAAAG 300
AGTGGGCTCC 360

S
N
o

CTATGACCC
CTCCCGCTAC
TAACADRAAGA
CCTCGGACAC
GTATGTACAA
SEQ ID NOC:3

I

[wal

(@7
s
(e N en s e

O

N

™
-~
v

o

0

3

s
8

codons

YTVNASQVSPPSWA

VDMMRENIND

[ITORPESY

N

CVRVIMYVOFREFNLKDPPLNPK

forwar

NG T

d direction:

DNA: atgacgtatccaagygaggcgttacaggagaagaagacacogocceceygoagecatetigge 60
+ifr: M--T-¥Y-*P-*E"*R*"*R- Y "*R**R-*R-*R-*H-*R*P-*R-"S:-"H- 'L G-
DNA: catatcctocogocgoogocce fggctcgtccacccccgccaccgctdccgttggdgaagg iza¢
+ifr;y 'H-I -L-*R-*R-*R-P-W-'L- 'V H-P R-*H 'R-'Y R ‘R-R-
DNA: aaaaat;qaafuttCadtcvc‘;QQt,Lccgochrt taccgttaatgectoa 180
+ifr: K- *N-:G--I--F--}) ‘R--L--S-R--5 - TV N A S
DNA: caggtchteoaccaccohettgggoggtggacatgatgagatt tattaatgactttctt 240
+ifr: Q-Vv-:5-P-P--8-W--A-V:--D-M M- I-*N-D-F--L-

DNA: agtgctgttattctagatgataactitgtaacaaaggos agccctcoa
+ifr: -S--A-V-I--L-D-'D N Fe VT KA T A L

DNA: tatgfaaactactccteccocegeccataccataacccaaccettictectac
+ifr: ¥ Vo'N-*Y S-SR H--T- I T --Q P F- "5 Y

DNA: Cttacccecccaaacctgtcottgaticcactatigattacticecaacca

+ifr: ¥-7-P-K-'P-'V- LD 3-T-T-'D-¥Y - F--Q--F:
DNA: aatcagoetygtyag yagactacaaactactggaaatgtagaccatgta
+ifr: N--Q-'L-W-M-R-'L--Q-T-T-G-*N--V-D-H-V-
DNA: gecotittcaaaacagtacaasaltge ccaggccta caatbtgtoecgt

+ifr: A F--Q--N--3--T-'N--A--Q--A NV R-V T

DNA: ttcagagaatttaatcttaaagaccccecccacttaaccctaaatga 70
+ifr: ¥R E-F-*N-'L *K-'D-P-P-L- NP K

aataacaaaaga 540
‘N-'N- K- "R~
ggc“?vugnc 600
G GooH-

atgtatgtacaa ©60
M ARV Q .
5
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FIG. 14

PCV2-3¢ll3

Seguence
T

AGATTA

GCAAACTTTT

AGGAACT

TGGAGCTCCT

GGAGAGCG

CCGCGEGT
CAATGT

TGCAGACCC

TGGTGAAGAL
CAGACTGTGT
GT

e

GGCCCGCA
TGTCCCAGC
TACAGAR

SEQ ID

1767 BP:
TATC A
ARATT CTCTGARATTG

CAT

\CAC GT

CAR
ATTTCCATAT
NO:

WO 2017/187277

Full length

ACTTCGTAS

GARAGGCET

CCTTAACCTT
TGGGEGGAAG
AGACCTGTGA
CATTTTTCCT
GGATATGGECC

ARTART

GCTGAACTTT

ZWTCGATATC

GTAGAAGCTC
TCCAC
AATAAATT

34

CAGCACTGGA

CAGCAGAATA
CGATCTCAAG
AGTCTGGTGA

CATTGTGG

G GAAACCACAT

GTGGTTGTTA

ATTCTGATTA

GGAGG

TTATT
ACATG

TACAT
TCCGAGGCCT
TTTGTTATTT

GCGGGAGTGG
GTCATAGGTG

C : c
TCTTATTCTG

3]
o
O
3
@}

AAAGTCATTA
GGCATTAACG

[

[OENQ]
[
QO Q

73]
5

CCGTTGCAGA
TGAAAGTGAG
GGCCACCTGG
ACTGGAAACC
TTGATGACT
CATTGACTGT
CAGCAATCA

TOTATC
AAGGGGGCCA

CGGAG

1736

a3l

[y
203 1

b
-3
>
3
=3
5
b
:_,—_\:

GGGTGCCCGC
CAGTAAAL
TGACCTGTCT
GCAGCACCC
CGGGAAAATG
GTGTGGTARR
ACCTAG

AR

SAAAC

TTCGTCACC

PCT/IB2017/000966

0 other:
GCTTAAGTGG
CATTGTAGGC
CATTTCCAGT
AARTCAATAGT
CTTGGEETTAT
CCTTTGTTAC
GGGTGATCGEE

AGGGCACAGA
TCATCATGTC

Y~

oy

w3
Q
T
o]
0]
3
o
-3
o]
35
o
%)
)
G
(@]
35

ATGCCCAGCA AGAAGAATG
CTGAATAATC CGAAG
GATTATTTTA GTTGGCGA
TTCGCTAATT TTGTGAAGAA
TGCCATATCG AGAARAGCCAA
CAACTTAC TTATTGAATG

o
')5@

ele

ACTGOTET STT
GTRAACGTT TT

CTGCCGTGGG
CETGGRAACTG
GAATGGTACT
TTGGTATTTT GGAAGAATGC
CTTTCCCCCH ATGCC

(&)
(&)

~J3
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[« AN
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o0
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f
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FIiG. 15

3cll2 2 capsid sequence 705 BE;
ATGACGTATC CAAGGAGGCE TTACCGGAGA A
CATATCCTCC GCCGCCGCCT CTGG G
AMAAAATGGAA TCTTCAATGC CCGCCTCTCC C
CAGGTCTCAC CACCCTCTTG FTGGAC A
CCCCCAGGAG GGGGCTCAAA CCTCACT G
ATTAAGGTTG AATTCTGGCC CTGCTCCCCA A
A CTGTTA TTCTAGATGA TAACTTTIGTA A
TATGTAAACT ACTCCTCCCE CCATACCATA C
TTCACCCCCA GTCCT TGATAGGACA A
AATCAACTCT GGCTGAGACT ACTAC G
GCGTTCGAAA ACAGTAAATA
TTCAGAGAAT TTAATCTT.

GGCGCE

AACC

Translation in forward directio
MTYPRRRYRRRRHRFRSHLGHILRRRPWLVHPRH
INCFLPPGGGSNPLTVPFEY
POPFSYHSRYFTPKPVLDRTIDYFQFNNKRNQLW
LKDPPLNPK SEQ ID NO:6

P
sy
gy

Sequence alignment: 705 nucle

direction:

catatccteocogoecgeecgoace
+ifr: H--I L -*R:-*R-"R-:P--

H
s
o
=
& 4
g
53]
=
T
)

.
Py
=
=

DNA: cecoocaggagyggggctocaaaccecctcac
+ifr: PP G- G- G-"5:-'N--P L
DNA: attaaggttgaattoctggecectgectececaoa

t5
=
]
QO
9]
(w3
e
Q
o
(o
ui
ot
s
o
o1
(el
o
U
i)
s
o
QO
[s1]
o
vl
0
9]
(w3
o1
¢t
(o)

DNA: Tatgtaasactactcectcoogecatacca
+ifr: Y- 'V-'N 'Y --5-:5-R-H-

gatagga

+
oot
h
-

iy
[}
-
=
xe]

ctacaaacta

aatcaactctggctgaga

ui

aaacagtaaa

ttcagagaatttaatcttaaagacceco
+ifr: F--R-"E-F-'N-'L--K-'D--P-

G
TC CACCC
C

TACAATATCC
CTTAACCCTA AATGA

(YRIRKIKVEFWPCSER

PCT/IB2017/000966

1836

CCATCTTGGC 60

GAAGACACT GCCCCCGCAG
CG TTGGAGAAGG

CCGCT ACCGCTAC
GCTCCTTTG TTTATACCGT
TGATGAGAT TTAATATTAA
TGCCCTTTG AATACTACAG
TCACCCAGGE GTGACAGGGG
CARRAGGCCA

CCCAGCCCT
TCGATTACT
GAARTGTAG

TAATGOOTCA

AGTG
CAGCCCTAAC CTATGACCCC
TCTCCTACCA CTCCCGCTAT 480
CCAACCCAA TAACAAAAGA 540
ACCATGCTACL cctc
GTATAACCAT GTA
705

. 235 ons
SEVYTVNASQVSPPSWAVDMMREN
SSTAVILDDNFVTKATALTYDPYVNYSSRETI

VGLGTAFENSKYDODYNIRITMYVQFREFN

—_
Y

n: frame
RYRWRRENGIFNARLSE

]
CocC

in forward

15n
+
ggagaagqg 120

‘W R R

ctecotttgtttataccgttaatgecoctca 180

ot
i oy
CLgLyg

aaaggccacagceccctaacctatgac

tacccocageccttetectaccactecogetat 48(
‘TP Q P cF 30

540

caategattactitccaaccecaataacaaaaga

.Y‘ LE". .Q. ‘P . .I\j. .[\T . ,K. .[{.
ctggaaatgtagaccatghaggectaggecact 600
.I\T . '\f’ ‘D . .H . .‘\I)', .(3 . .L . ,G . .T .

;_"
b

V]
Q
¢t
o]
Q
0
Qi
o
V]
¢t
Q
Q
Q
P
s
o
V]
o]
Q
e
Qi
(w3
o)
o1
[s1]
o
(o
p
s
0
V]
[s1]
o
0]
[en]

cacttaaccctaaatyga
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FIG. 16

PCV2-3clll2 2 Full length

Seqguence 1 A; 353 C; ) other;

CTTTTTTATC GTTTTTATT CTTAACTGE GGGEGET
AGATTAAATT CTCTGAATTG TACATACATG TTGTAGTC CTGGTCGTAT
TTACTGTTTT CGAACGCAGT GCCGAGGCCT ACATGGTCTA CATTTCCAGT AGTTTGTAGT
CTCAGCCAGA GTTGATTTCT TTTGTTATTG GGTTGGAAGT AATCGATTGT CCTATCAAGG

(0]
)
-
[
3
-3
H
b=
Gy
=)

N
¥ [¢o RIS}
o OO

CAGGTTTGG GCGGGAGTGG TAGGAGAAGG GUTGGGGETAT GGTATGGCGG 300
GAGGAGTAGT TTACATAGGG GTCATAGGETT AGGGCTGETGG CCTTTGTTAC AAAGTTATCA 360

CTAGAATAA CAGCAGTGGA GCCCACTCCC CTGTCACCCT GGGETGATTGGE GGAGCAGGEGC
CAGAATTCAA CCTTAATCTT CCTTATTCTG TAGTATTCAA AGGGCACAGT GAG rTT
GAGCCCCCTC CTGGGGGAAG AAATTGGTTA ATATTAAATC TCATCATGTC CACCGCCCAA

GAGGGTGGETGE AGACCTGTGA GGCATTAAC TATAARCAA AGGAGCGGGA GAGGCGGGCA

TGAAGATTC CCT TCTCCAACGG TAGCGGETGGC GGGGGTGGAC GAGCUCAGGGG 660
CGGCGELEGGA GTCTTCTTCT CCGGTAACGC 720
CTCCTTGGAT TGCTAAGTATT ACCAGCGCAC 780
TTCGGCAGCH ATGCCCAGCA AGAAGAATGG 840
AAGRAGCGGA CTGAATAATC C CGAAGA 2010
CGAGCGCAAG TTATTTTA TTGTTGGCGA 960

GAGGGTAAT GAGGAAGGAC CTCCAGGGG TTCGCTAATT TTGTGAAGAA 1020

CAAACTTTT AATAAAGTGA f ;GGTGCCCEC TGCCATATCE AGAAAGCCAA 1080
AGGAACTGAT CAGCAGAATA AAGAATATTG CAGTAAAGAARA GGCAACTTAC TTATTGAATG 1140
TCGAGCTCCT GACAAC TGACCTGTCT ACTGCTGT GTACCTTGTT 1200

AGAGCGGGE AGTCTGETGA CCGTTGCAGA GCAGCACCCT GTAACGTTTG TCAGARATTT 1260
CCGCGGEECTE GCTGAACTTT TGAAAGTGAG CGGG GTG ATTGGAAGA 1320
CAATGTACAC GTCATTGTGG GGCCACCTGG GTGTGGTAAA AGCAAATGGG CTGCTAATTT 1380
TG CCCG GAAACCACAT ACTGGAAACC ATGGTTACCA 1440
TGGTGAAGAR GTGGTTGETTA TTGATGACTIT TGATCTAC 1500
GAGACTGTGT GATCGATATC CATTGACTGT TACCTTTTTT 1560

CCGCAGT ATTCTGATTA CCAGCAATCA CCTCAACTGC 1620

TGTCCCAGCT GTAGAAGCTC TCTATCGGAG GGAAGAATGC
TACAGARACAA TCCACGGAGG ARGGEGGGICA GTTCETCACC CTTTCCCCCC CATGCCITGA
ATTTCCATAT GAAATAAATT ACTGAGT

s
N
fan)

S Ul
O s 0
[eo IS enan}

3

I

{\

— e
~3 Gy
[
o <o

s
-
o)
-

SEQ ID NO: 3-

A3



WO 2017/187277 PCT/IB2017/000966

~
20/30

FiG. 17

3¢l.14 capsid sequence 702 BP;

ATGACGTATC CAAGGAGGCG TTACCGGAGA AGAAGACACG GCCCCCGCAG CCATCTTGGEC
CAGATCCTCC GCCGCCGLCC CTGGCTCGTC CACCCCCGCT ACCGCTACCG TTGGAGAAGG
AAAAATGGAA TCTTCAATGC CCGCCTCTLCC CTCCTTTG TTTATACCGT TAATGCCTCA

N
N
o O

CAGGTCTCAC CACCCTCTTG GGCGGTGGAC ATGATGAGAT TTAATATTAA CCAATTTCTT 240
CCCCCAGGAG GGGGCTCAAA CCCCCTCACT GTGCCCTTTG AATACTACAG AATAAGAAAG 300
GTTAAAGTGG AATTCTTTGC AAGATCCCCC ATCACCCAAG GTGACAGGGG AGTGGGCTCC 360

ACTGCTGETTA TTCTARATGA TAACTTTGTA ACAAAGGCCA CAGCCCTAACL CTATGACCCC
TATGTAAACT ACTCCTCCCG CCATACCATA ACCCAACCCT TCTCCTACCA CTCCCGCTAC
TTTACCCCCA AMCCTGTCCT TGATTCCACT ATTGATTACT TCCAACCAAA TAACAAAAGA 540
AATCAGCTGT GGATGAGACT ACAAACTACT G TGTAG ACCATGTAGG CCTCGGACAC 600
CCTTTCAAA ACAGTACAAA TGCCCAGGCC TACAATGTCC GTGTAAC j TGTACAA ©60
TTCAGAGAAT TTAATCTTAA AGACCCCCCA CTTAAACCCT AA 702 SEQ ID NC:7

EENIAN
o N
< O

Translation in forward direction: frame +1 - 234 codons
MIYPRRREYRRRRHGPREHLGOILRRRPWLVHPRHARYRWRRENGI FNARLSRSEFVYTVNASOVSPPSWAVDMMRENIN
QFLP CONPLTVPFEYYRIRKVEVEFFARSPITOGDRGVGSTAVILNDNEFVTEATALTYDPYVNYSSRHTITCPR
SYHSRYFITPEPVLDSTIDYFOPNNKRNQLWMRLCTTGNVDHVGLGHAFPONSTNAQAYNVRVTMYVOFREFNLKDPPL
KP* SEQ ID NO:8

Segquences alignment: 702 nucleotides. Translation in forward

DNA: atgacgtatccaaggaggegtitaccecggagas gacacggecoocgeagecatettgge 60
+ifr: M-T Y -P-*R:'R"*R-'Y ‘H- G PR3- "H- "L G
DNA: cgoogoeccctagy cgocaccegetacocgttyggagaagg 120

.
Py
=
=

DNA: cctecttgggeggtggacatgatgagatttaatattaaccaatttett 240
+ifr: rp-5-W-A V- D M- M--R-F-N--IT N--Q F- L
DNA: ceccecaggagggyggeta uaccccctcacLutgcgag:tgaAtgct‘cagaataagaaag 300

ko

]
Z
.
L
e
&
U]
V)
0
o
O
-
e
o
3
o
o+
Q
P
-t
-t
-
\ 3
9]
)
V)
te}
l'\
-
o]
9]
9]
A
0
)
o

caa qq'qahq igggagtgggetaen 360
DNA: actgctgttattctaaatgataactttgtaacaaaggccacageccctaacctatgaccee 420
I

DNA: tatgtaaactactceccteecgeccataccataacceaaccecttetectaccactecegetac 480
DNA

+1fr: -F~‘T~~P-'K"P'~V"L*~D--S~‘T~~I-'D"Y'~F"Q’~P--N~‘ﬂ~~K-'R‘

#
jv
9]
9]
Q
a
)
~
)
o]
o
jv
A
9]
=
fYa)
]
Q
Y]
5
\
q
Q
Y}
o
¢
]
o
-
o
Q
o
ot
]
I'e
V]
V]
9]
Q
Y
o
o]
o+
V]
V]
O
o
0
o
o]
G
V]
[
S
O

DNA: gccetttcaaaacagtacasatgeococcaggectacaatgtcogtgtaac 'atgtatctacaa cel
+ifry A-F- Q- N 5T -N-"A--Q- A Y N V- R-V- T - M Y V- -Q-
DNA: .nuugnohd'itnnt”L' aagacccoocactitaaaccetaa 702
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FIG. 18

PCV2 3cl.14 full length

Sequence 1768 BP; 459 A; 351 C; 452

o OO

L)

3 G; 465 7T; 0 other;
CTTTTTTATC ACTTCGTAAT GGTTTTTATT ATTCATTTAG GGTTTAAGTG GGGGGTCTITT 6
AAGATTAAAT TCTCTGAATT GTACATACAT GGTTACACGG ACATTGTAGG CCTGGGCATT 12
TGTACTGTTT TGAAAGGCGT GTCCGAGGECC TACATGGTCT ACATTTCCAG TAGTTTGTAG 18
TCTCATCCAC AGCTGATTTC TTTTGTTATT TGGTTGGAAG TAATCAATAG TGGCAATCAAG 24
G -GAGAAG GGTTGGGETTA TGGTATGGECG

<

GACAGGTTTG GGGGETAAAGT AGCGGGAGTG
GGAGGAGTAG TTTACATAGG GGTCATAGGT TAGGGCTGETG GCCTTTGTTA CAAAGTTATC
ATTTAGAATA ACAGCAGTGG AGCCCACTCC TGTCACCT TGGGETGATGG GGGATCTTGC
AAAGARATTCC ACTTTAACCT TTCTTATTCT GTAGTATTCA AAGGGCACAG TGAGG
TGAGCCCCCT CCTGGGGGAA GAAATTGGETT AATATTAAAT CTCATCATGT
2\

MG
H 1z
::D‘ "\
Q0
Y Coak
(]

@)
0
=W s
]
[es)

[N
<o

[

<

Ui
1=

[en]

o

AGAGGGTGGT GAGACCT \WGGCATTAAC GGTATAAACA AAGGAGCGGGE 60
ATTGAAGATT CCATTTTTCC TTCTCCAACG GTAGCGGETGG CGGGEGGTGGA 66
GCGGEGGLGEE AGGATCT CAAGATGGCT GCGGGGECCGE TGTCTTCTTC Tz
CCTCCTTGGA TACGTCATAT CTGAAAACGA AAGAAGTGCG CTGTAAGTAT TACCAGCGCA 78

<

>
D

C TCAGCAGCAA CATGCCCAGC AAGAAGAATG
GT GGGTGTTCAC GCTGAATAAT CCTTCCGARAG

fews

WD o
o

GG GAGCTICCCAA TCTCCCTATT TGATTATTTT ATTGTTGGCG 60

GA CGAACACCTC ACCTCCAGGG GTTCGCTAAT TTTGTGAAGA 1020

TAATARAGTG AAGTGGTATT TGGETGCCCG CTGCCATATC GAGARAGCCA 1080

C TCAGCAGAAT AAAGAATATT GCAGTAAAGA AGGCAACTTA CTTATTGAAT 1140

CTCC TCGATCTCAA GGACAACGGA GTGACCTGTC TACTGCTETG AGTACCTIGT 1200

GCGG GAGTCTGGTG ACCGTTGCAG AGCAGCACCC TGTAACGTTT GTCAGAAATT 126C
GGCTGAACTT TTGAA ; GCAGAAGCGT GATTGGAAGA 1320

CGTCATTGTG GGGCCACCTG GGTGTGGTAA AAGCAAATGG GCTGCTAATT 1380

CAGACCC GGAAACCACA TACTGGAAAC CACCTAGAAA CAAGTGGTGG GATGGTTACC 1440
TGGTGAAGA AGTGGTTGTT ATTGATGACT TTTATGGCTG GCTGCCGTGG GATGATCTAC 1500
TGAGACTGTG TGATCGATAT CCATTGACTG TAGAGACTAA AGGTGGAACT GTACCTTTTT 1560
TGGCCCGCAG TATTCTGATT ACCAGCAATC AGACCCCGETT GGAATGGTAC TCCTCAACTG L 621
CTGTCCCAGC TGTAGAAGCT CTCTATCGGA GGATTACTTT CTTGGTATTT TGGAAGAATG 168C
CTACAGAACA ATCCACGGAG GAAGGGGGECC AGTTCGTCAC CCTTTCCCCC CCATGCCCTG 1740

AARTTTCCATA TGAAATAAAT TACTGAGT 176

L

10
4
)
=
(@]
w
52}

L)
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FIG. 19

PCV1 3¢1l4 full length

Seguence 17
CTTITTTTGTT
TTTAAGATTA

GTACTG

TAGTCTCATC

AAGGACAGGT

AACAAG
CGACCAGCAG
TCO

CGCGGAAC

GGGGTCTTTG

CAGTATTTTG
AGCTGTAGAA

ACAARTCCACG
CCCATATAAA

ID NO

¢4 BP; 438
LTCAC
AATTCT

TTTTGAAAGHS
CACAGCTGAT

TAGTTTZ
ATAACAGCAG
TCCACTT
CCTCC G
GGTGAGACCT

CAGGE
GTGACTGTAG

CTTTTGAANG
GTGGGCCCGT
ACCTACTGGA
GTTTTGGATG
TATCC? GA
ATTACCAGCA
GCTCTCTATC
GAGGTACCCG
ATAAATTACT

(O3]
~J

~

o
~
(o]
&
Ny

T

GCCAAGATG

TCCTATAAAR
GCACCTCGGT
GGTGE

[}
[
(o]
-3

P
]
]

AGCCTAGTAG
TTTTTA

ATGG

P

22/30

ATT
CATGGTTACA
GUCTACATG
ATTTGGTTGE
TGETAGGAG

=

CCGCTGCCAC

AGARGGCCAC
GTCTACTGCT

CCCTGTAACG
GATGCAGCAG
GAAGAGCCAG
AAATARGTGG
CTGGTTACCT
TA GGGEGEET
CCAGGAATGG
TACTTTGCAA

GAAGCAGTG

PCT/IB2017/000966

466 T; 0 other;

3

i3

+]
i
‘4
-]
[
@
3
e

ACCC
TATGTGAGAA
_\XDIW T () G .11\.
TGGEGCCCGTA
’T ':'\ G )./‘3 A \J ff‘\xl T
TGGGATGATC
TTCCTT
TACTCCTCAA
TTTTGCAAGA
GACCCACCCT

GTGGGGEETC

AGGCCTGGEGEC

CAGTAGTTTG
TAGTGGAATC
TTATGGTATG

TTACARAGTT

TAGTATTACC
GCAAGAALAG
GAGAA

GAAGG
AGAAGCAGAC

AGGAG
GAGAG

GCGG
SACAGCTGT
ATTTTGCTGA
ATCATGGAGA
TACTGAGACT
TTTTGGCCCG
CTGCTGTCCE
CTGCTGGAGA

GTGCCCT
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FiG. 20A

Alignment:
Query PCV1 3clld full length SEQ ID wWO: 37
Subject PCVZ 3clld full length SEQ ID WO: 36

Cuery 4 TTTTGTTATCACATCCTAATGCT TTTTATTATT CATTTAGCCTT TAAGT GCEEGETCTTT o3
R R R AR N RN R

Skbjct 2 TTTT-TTATCACTTCGTAATGCT TTTTATTATT CATTTAGGET TTAAGTGGGGGETCTTT &0

Query 04 AAGATTAAATTCTCTCGAATTCTACATACATCCT TACAL GGACATTETAGGCCTGGGCATT 123
N R R R N RN R

Sbijct 61 AAGATTAAATTCTCTGAATTGTACATACATGGT TACACGCGACATTGCTAGGCCT GGGCATT 120

Query 124 TGTACTCT TTTGAAAGECOTETCCCGAGECCTACATGET CTACATITCCAGTAGTITGSTAG 183
PERERELEL LT

| | EEEEERERERE P P ERE
GTTTTGAAAGGCGTGTCCCGAGGCCTACATGET CTACATTTCCAGTAGTTTGTAG 180

| |
Shjct 121 TGTACT

Query 184 TCTCATCCACAGCTGATT TCTITTGTTATTTGC TTGGAAGTALTCAATAGTGGARTCAAG 243
N R RN N R R
Skjct 181 TCTCATCCACAGCTGATTTCTTTTCTTATTTGGTTGCGAAGTAATCAATAGCTGCGAATCAAG 240

Query 244 GACAGGTTTGCEGETAARA GTAGC GGGAG! TAGGAGAAGGCT TGGGTTATGE TATGECE 203

PEEER i i
Shjct 241 GACAGGTTTGGGGGTARAGTAGCGGGAG”

i
“.‘A’fﬁu’l‘ T’Y G 300

GCAGGAGTAGTTTACATA GGGET CATAGGTTAGGECTETCGCCTTTGT TACARAGTTATC 363
L1 H.!=H'!=IE!E

[ PEE LT Pl
Skijct 201 GGAGCAGTAGTTTACATAGGGGT CATAG

b
(0]
=
<
w
o
=
[

Query 364 ATTTAGAR TAACAGCAGTGGAGC CCACT CCCCTSTCAC CTTEE GTGATGEEEEATCTTEC 423
N R N RN PEL
Sbijct 36l ATTTAGAATAACAGCAGT GGAGCCCACT CCCCTGTCACCTTGGEGTGAT GEGGEATCTTGC 420

Query 424 AAAGAATTCCACT TTAACCTTTCTTATT CTGTAGTPATT CABAGEECACAGTGAGGEEGTTY 483
Prerrire i et EIEIE!HIE!I]
Shjct 421 AA/-\(:_AJ\.T.T CCACTTTAACCTTTCTTATT CTGT

Query 484 ’I’GAGCCCCC"‘"‘CCTGGG”GAAGAAATTGG”’TAATATTAAATCTCATCATG”"CCACCGCCCZA 543
R RN

| i i . Pt i
5 AJ\.G/TJ{ATT SGTTAATATTAAATCTCATCAT GTCCS

Query 544 AGAGGETGETCAGACCTGTGAGE CATTAACGCTATARACARBGEAGCEGEAGAGECGEEL 603
R R R N RN E RN

Shict 541 AGAGGETGGTCAGACCTGTCGAGCGG CATTAACGET ATAAA CAAAGGAGCGGEAGAGECGHEC  ©00

Guery ©04 ATTCAAGATTCCATITITCCTTICTCCAA COGETAGCEET GELEEGEETCEACHAGCCAGEE 663
IHI.!EI=!!'I'1I'!'!I I=lii|§lil

i i .
Skict 601 ATTCAAGATTCCATTITTCCTTCTCCARCGETAGUGSE

,-3 -

’I‘II’I‘!il:!!=|:!|=|i!|=| Pl
Sbict &6l CGGCGGCGGAGGATCTGGCCAAGATGGCTGC

Query 724 CCTCCTTCCATACGTCATC-CTATAAAAGTGARAGAAGTGCS
Prorrire et rerir rE i PLE
Shjct 721 CCTCCTTGGATACGTCATATCTG -~ ARAAC-GAAAGAAGTGECGC

SCTGCTGTAGTATTACCAG 782

-Continued on next page-
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FiG. 208

Alignment

Query PCVI_3cllid full length

Subject PCVZ 3cll4d full length

ued from prior

contin

R T
CAGCA

GG

SGCAGC

e
&

)

889

T g
CCCTCC

BATC

AAT

T
J

CACCCTT

GTT

B

AT
SAGGT GG

ARG

SCAACCCCAT

CG

GGECCK

o~
(s

STGG
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Subject PCVZ 3clld full length
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AFZ264042 Capsid Sequence translation: - 702 nuclectides. Translation in
forward direction:

a4
-
=h
e

DNA: cagatcectecgecgecgeocetggetaoglc

: wcoegttggagaagyg 120
."'..:‘ }‘(‘_..P..Yl\‘}fu,L..v

R--W-R-"R-

+
il
m
.,
IO
-
[l
s

DNA: aaaaatggcatcttcsacacccgcoctcet actgtcaaggctacce 180
+1fr: K*N-G-IT-F *N-"T-"R--L VoK AT
DNA: acagtcagaacgccctoctgggeggtggacatgatgagatttaatattgacgactttgtt 240
+1fr: TV 'R~ T P S W A VD MM R F- N I DD F- vV

300

DNA: ccoococggdaggggggaccaacaa
+1fr G

(o]
v
Q1
[0
9
]
o
o~
=
wn
—
[ax}
by

DNA: gttaaggttgaat taggggagtyggcteo 360
+1fr: V- K- V- E R G-V -G-8

DNA: actgctghtta
+1fr

iccctaacctatgaccea 420

b
K
X
<

DNA: tatgtaaactactcctoceccegecatacaatecccococcaaccecttctectaccactecegttac 480
+1fr: Y Vo N-Y o5 S R-CH- T I :P-Q PrcFc30YccH- SR YC

+-

DNA: t
+1fr

gactccocaccattgattacttccaaccaaataacaaaagy 340

DNA: aatcagetttggatga
+1fr

=z,
L
-
=
o
o0
-
WO
-3
2
;\j o
Z
<<
o
s
<~1
@
-y
[
=

DNA: gegttecgaaaacagtatatacgaca




~

WO 2017/187277

27/38

FIG. 22
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GU799576 capsid Sequence translation: 702 nucleotides. Translation
in forward direction:

DNA: atgacgtatccaaggadggegtiaccggadgaagaagacaccgoocccy

+1fr: M-T-Y-*F R *R- "R *Y-*R-*R**R-*R:-"H'*R-"FP-
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SEQ ID NOC:1:
SEQ ID NO:12

-t



WO 2017/187277

~

28/30

FiG. 23

PCT/IB2017/000966

AY181947 capsid Sequence translation. 705 nuclectides. Transliation
forward direction:
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EU148503 capsid sequence translation. 705 nucleotides. Translation
in forward directi
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702

EF524533 capsid sequences translation,
forward direction:
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