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(57) ABSTRACT 

The cloning of a novel PCVII viral genome is described as 
is expression of proteins derived from the PCVII genome. 
These proteins can be used in vaccine compositions for the 
prevention and treatment of PCVII infections, as well as in 
diagnostic methods for determining the presence of PCVII 
infections in a vertebrate subject. Polynucleotides derived 
from the viral genome can be used as diagnostic primers and 
probes. 
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661 atggittaccatggtgaagaagtggttgttattgatgacttittatggctggctg.ccgtggg 720 
taccalatgg taccacttcttcaccaacaataactactgaaaataccg accgacggcacco 

4 M W T M V K K W L L L M T F M A G C R G 
G Y H. G E E V V V I D D F Y G W L P W D 

2 T V M 
1. 

2. atgatctactgagactgttgttgatcgatat coattgactgtagagactaaaggtggaactg 78O 
tactagatgactctgacacactagotatagg taactgacatctotgattitccaccttgac 
M Y k 

1. D L L R L C D R Y P L T V E T K G G T V 
4 

781 taccttttittgg.ccc.gcagtattotgattaccagoa atcagaccc.cgttggaatggtact 84 O 
atggaaaaaaccqgg.cgtoataagactaatggtogttagtctggggcaacct taccatga 

1. P F L A R S I L I T S N Q. T P L E W Y S 

841. Cctcaactgctgtcc.ca.gctgtagaagctctictatoggaggattactitcCttgg tattitt 900 
ggagttgacga cagggtoga catcttcgagagatagoctoctaatgaaggaaccataaaa 

l S T A V P A V E A L. Y. R. R. I T S L V E W 

90 ggaagaatgctacaaaacaatccacggaggaagggggoCagttcgtca CCCtttCCCCCC 96.O 
cCttcttacgatgttttgttaggtgcctcctt.cccCCggtcaag cagtgggaaagggggg 

1. K N A T K Q S T E E G G Q F W T L S P P 

961 Catgcc.ctgaattitccatatgaaataaattactgagticttttittatcactitcgtaatggit 1020 
gtacgggacttaaaggtatactittatttaatgacticagaaaaaatagtgaag cattacca 

M. V. 

C P E E R Y E I N Y 

O2 ttittattattoatttagggttcaagtggggggtotttalagattaaattctotgaattgta 1080 
aaaataataagtaaatcccaagttcaccc.cccagaaattictaatttalagagacttaacat 
F I I H L G F K W G V F K I K F S E L Y 

* P E L P P D K L N F E R F O 

O8. catacatggttacacggatattgtag toctggtog tatttactgttttcgaacgcagtgc 1140 
gtatgtaccalatgtgcctataa.catcaggaccagoataaatgacaaaagcttgcgtcacg 
I H G Y T D W W L V V F T W E E R S A 

V Y M T V R I N Y D Q D Y K S N E F A T : 
14 cgaggcctacgtggtocacatttccagaggtttgtag cotcagocaaagctgatticctitt 200 

gctc.cggatgcaccaggtgtaaaggtotcCaaa catcggagtcggtttcgactaaggaaa 
E. A. Y V V H J S R G L * 

G L G V H D V N G S T Q L R L W L Q N R 

201 tgttatttggttggaagtaatcaatagtggagt caagaacaggtttgggtgttgaagtaac 260 
acaataaaccalacctt cattagttatcaccticagttcttgtc.caaacccacactt cattg 

6 K N N P Q F Y D I T S D L V P K P T F Y 

1261 gggagtgg taggagaagggttgggggattgtatggcgggaggagtagttta catatgggit 320 
ccct caccatcct ct tcc.caa.ccccotaa cataccg.ccct CCtcatcaaatgtataccoa. 

6 R S H Y S F P Q P I T H R S S Y N V Y P 

132 cataggittagggctgtggcctttgttacaaagttatcatctaaaataa cagoagtggagc 1380 
gtatccaatcCogacaccggaaacaatgtttcaatagtagattttattgtcgtoacctog 

6 D Y T L A T A K T V F N D D L I V A T S 

FIG. 2B 
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POSTWEANING MULTISYSTEMC WASTING 
SYNDROME VIRUS FROM PIGS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to provisional patent 
application Ser. No. 60/069,233 filed Dec. 11, 1997 and No. 
60/069,750 filed Dec. 16, 1997, from which applications 
priority is claimed under 35 USC S119(e)(1) and which 
applications are incorporated herein by reference in their 
entireties. 

TECHNICAL FIELD 

0002 The present invention relates generally to viruses. 
More particularly, the present invention pertains to the 
isolation and characterization of new porcine circovirus 
(PCV) isolates from pigs displaying postweaning multisys 
temic wasting syndrome (PMWS). 

BACKGROUND OF THE INVENTION 

0.003 Postweaning multisystemic wasting syndrome 
(PMWS) is a newly emerged disease of pigs. PMWS 
appears to destroy the host immune System and causes a high 
mortality rate in weaned pigs. This disease has a long 
incubation period, typically 3-8 weeks, and affects many 
organs of infected pigs. PMWS-affected piglets often die 
from respiratory failure and interstitial pneumonia with 
histiocytic cell infiltration. 
0004 Porcine circovirus (PCV) causes worldwide infec 
tion in Swine and is highly contagious. PCV was originally 
detected as a noncytopathic contaminant of porcine kidney 
(PK15) cell lines. PCV has been classified into the new virus 
family Circoviridae. These viruses are Small, nonenveloped 
agents with a single-Stranded circular DNA genome. 

0005) A variety of circoviruses have been identified in a 
range of animal Species including PCV, chicken anemia 
virus (CAV), beak and feather disease virus (BFDV) of 
pSittacine birds, plant viruses including Subterranean clover 
stunt virus (SCSV), coconut foliar decay virus (CFDV) and 
banana bunch top virus (BBTV). There do not appear to be 
DNA sequence homologies or common antigenic determi 
nants among the currently recognized circoviruses. Todd et 
al. (1991) Arch. Virol. 117:129-135. 
0006 Members in the circovirus family have been shown 
to cause anemia, immunodeficiency-related diseases and to 
infect macrophage cells in vitro. PCV has only recently been 
implicated in PMWS. See, e.g., Ellis et al. (1998) Can. Vet. 
J. 39:44-51 and Gopi et al. (1997) Can. Vet. J. 38:385-386. 
However, the etiologic association of PCV with PMWS has 
been questioned due to the ubiquitous presence of PCV in 
the pig population. Additionally, experimental infections of 
pigs with PCV inocula, derived from contaminated PK15 
cell cultures, have failed to produce clinical disease. See, 
e.g., Tischer et al. (1986) Arch. Virol. 91:271-276. 
0007 Infectious agents of Swine, especially viruses, not 
only profoundly affect the farming industry, but pose poten 
tial public health risks to humans, due to the increased 
interest in the use of pig organs for Xenotransplantation in 
humans. Previous diagnosis of PMWS disease has been 
based on histopathological examination. Accordingly, there 
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is a need for improved methods of diagnosing the presence 
of PMWS-associated pathogens, as well as for preventing 
PMWS disease. 

DISCLOSURE OF THE INVENTION 

0008. The present invention is based on the discovery of 
a new virus, designated “PCV Type II” or “PCVII” herein, 
isolated from homogenized tissues of PMWS-S affected 
piglets. Characterization of the virus shows that it shares 
common features with the nonpathogenic porcine circovirus 
obtained from persistently infected PK15 cells, designated 
“PCV Type I" or “PCVI” herein. The entire DNA genome of 
a novel PCV variant, PCVII 412, as well as several addi 
tional PCVII isolates, have been cloned and sequenced. 
Portions of these DNA sequences are useful as probes to 
diagnose the presence of virus in clinical Samples, and to 
isolate other naturally occurring variants of the virus. An 
understanding of the genomic Sequence of PCVII also 
makes available the polypeptide Sequences of the various 
proteins encoded within the open reading frames of the viral 
genome and permits production of these peptides or portions 
thereof which are useful as Standards or reagents in diag 
nostic tests and as components of vaccines. Protective 
antibodies may also be raised from the proteins and may be 
produced in polyclonal or monoclonal form. 
0009. The availability of the entire PCVII sequence thus 
permits the design and construction of polypeptides which 
may either Serve as Vaccines or diagnostic reagents, or as 
intermediates in the production of monoclonal antibody 
(Mab) preparations useful in passive immunotherapy against 
PMWS, or as intermediates in the production of antibodies 
useful as diagnostic reagents. 
0010. Accordingly, in one aspect, the invention relates to 
polynucleotides useful for the production of PCVII diag 
nostics and vaccines derived from the PCVII genome. In one 
particular embodiment, the polynucleotides are capable of 
selectively hybridizing to a PCVII nucleotide sequence and 
comprise at least about 8 contiguous nucleotides derived 
from, or complementary to, a PCVII Sequence depicted in 
FIGS. 4A-4C (SEQ ID NO:1, SEQ ID NO:11 and SEQ ID 
NO:12). In another embodiment, the polynucleotide encodes 
an immunogenic PCVII polypeptide having at least about 
85% identity to a polypeptide Selected from the group 
consisting of a polypeptide derived from (a) ORF1 (SEQID 
NO:3), (b) ORF 2 (SEQ ID NO:9), (c) ORF 3 (SEQ ID 
NO:7), (d) ORF 4 (SEQ ID NO:20), (e) ORF 5 (SEQ ID 
NO:21), (f) ORF 6 (SEQ ID NO:5), and (g) immunogenic 
fragments of (a)-(f) comprising at least about 5 amino acids. 
In a particularly preferred embodiment, the polynucleotide 
encodes the polypeptide of ORF 6 (SEQ ID NO:5), or 
immunogenic fragments thereof. 
0011. The invention thus relates to utilizing these poly 
nucleotide Sequences or portions thereof as oligomeric 
probes, for production of peptides which can Serve as 
diagnostic reagents or as Vaccine antigens, to the peptides 
themselves, and to polyclonal and monoclonal antibodies 
useful in diagnosis and treatment of the disease. 
0012. Other aspects of the invention include expression 
Systems which are capable of effecting the production of a 
desired protein encoded by Sequences derived from the 
complete genome, to recombinant vectors containing Such 
Systems or portions thereof, to recombinant host cells trans 
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formed with Such vectors, to proteins produced by the 
transformed cells, and to vaccines prepared from Such 
proteins. In addition, the invention relates to peptide 
Sequences representing epitopes encoded by the genome, 
and to Such Sequences covalently linked to label or to carrier 
proteins. Also encompassed by the present invention are the 
various ORFs of the PCVII genome, as well as the proteins 
encoded by these ORFs, and portions thereof. 
0013 The invention also relates to the methods of pre 
paring polypeptide compositions, Such as Vaccines and 
immunodiagnostic compositions, and immunoglobulins, 
and to immunoassays and kits for assays containing the 
primers, probes, polypeptides, and/or immunoglobulins. In 
one embodiment, then, the invention pertains to a method of 
detecting PCVII antibodies in a biological sample compris 
ing: 

0014 (a) providing a biological sample; 
0015 (b) reacting the biological sample with an 
immunogenic PCVII polypeptide as described 
above, under conditions which allow PCVII antibod 
ies, when present in the biological Sample, to bind to 
the PCVII polypeptide to form an antibody/antigen 
complex; and 

0016 (c) detecting the presence or absence of the 
complex, 

0017 thereby detecting the presence or absence of 
PCVII antibodies in the sample. 

0.018. In another embodiment, the invention is directed to 
a nucleic acid hybridization assay for detecting PCVII 
homologous Sequences in a biological Sample comprising: 

0019 (a) incubating the biological sample with a 
polynucleotide according to claim 1 under condi 
tions which promote the formation of nucleic acid 
complexes between the polynucleotide and PCVII 
nucleic acid present in the biological Sample, and 

0020 (b) detecting the complexes containing the 
polynucleotide. 

0021. These and other aspects and features of the inven 
tion will be more fully appreciated when the following 
detailed description of the invention is read in conjunction 
with the accompanying figures. 

BRIEF DESCRIPTION OF THE FIGURES 

0022 FIG. 1 is a diagram of PCVII 412, showing the 
location of the open reading frames. 
0023 FIGS. 2A-2C depict the nucleotide sequence for 
the PCVII 412 genome (SEQ ID NO:1). Both senses are 
shown. The amino acid Sequences corresponding to the 
translation products of the various ORFs are also shown as 
indicated: ORF 1 (SEQ ID NO:3); ORF 2 (SEQ ID NO:9); 
ORF 3 (SEQ ID NO:7); ORF 4 (SEQ ID NO:20); ORF 5 
(SEQ ID NO:21); and ORF 6 (SEQ ID NO:5). 
0024 FIGS. 3A-3D are comparisons of amino acid 
sequences from open reading frames of PCVII 412 versus 
corresponding open reading frames of PCVI isolated from 
PK15 cells. 

0025 FIG. 3A shows the amino acid sequence of ORF1 
of PCVII 412 (top line, SEQ ID NO:3) compared to the 
corresponding ORF from PCVI (bottom line, SEQ ID 
NO:4). 
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0026 FIG. 3B shows the amino acid sequence of ORF 6 
of PCVII 412 (top line, SEQ ID NO:S) compared to the 
corresponding ORF from PCVI (bottom line, SEQ ID 
NO:6). 
0027 FIG. 3C shows the amino acid sequence of ORF3 
of PCVII 412 (top line, SEQ ID NO:7) compared to the 
corresponding ORF from PCVI (bottom line, SEQ ID 
NO:8). 
0028 FIG. 3D shows the amino acid sequence of ORF2 
of PCVII 412 (top line, SEQ ID NO:9) compared to the 
corresponding ORF from PCVI (bottom line, SEQ ID 
NO:10). 
0029 FIGS. 4A-4B are comparisons of the nucleotide 
sequences of various PCV isolates: PCVI from PK15 cells 
(SEQ ID NO:2), PCVII 412 (SEQ ID NO:1), PCVII 9741 
(SEQ ID NO:11) and PCVII B9 (SEQ ID NO:12). 
0030 FIG. 5 shows the results of multiplex PCR used for 
the detection of PCV infection. The assay both identified 
PCV infection and distinguished between the presence of 
PCVI and PCVII. Lane 1 is a molecular weight marker. 
Lanes 2-4 are controls in the order of PCVII, PCVI and 
negative. Lanes 5-13 are blood Samples collected from 
piglets from a PMWS-affected herd. 
0031 FIG. 6 shows the results of multiplex PCR con 
ducted on various tissue samples from a PMWS-affected 
piglet. Lane 1 in both rows is a molecular weight marker. 
Lane 2 in the top row is a positive PCVII control while lane 
3 is a negative control. The remaining lanes are various 
tissue samples collected from the PMWS-affected piglet. 

DETAILED DESCRIPTION 

0032. The practice of the present invention will employ, 
unless otherwise indicated, conventional techniques of 
molecular biology, microbiology, recombinant DNA tech 
nology, and immunology, which are within the skill of the 
art. Such techniques are explained fully in the literature. See, 
e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning. A 
Laboratory Manual, Vols. I, II and III, Second Edition 
(1989); DNA Cloning, Vols. I and II (D. N. Glovered. 1985); 
Oligonucleotide Synthesis (M. J. Gait ed. 1984); Nucleic 
Acid Hybridization (B. D. Hames & S.J. Higgins eds. 1984); 
Animal Cell Culture (R. K. Freshney ed. 1986); Immobilized 
Cells and Enzymes (IRL press, 1986); Perbal, B., A Practical 
Guide to Molecular Cloning (1984); the series, Methods In 
Enzymology (S. Colowick and N. Kaplan eds., Academic 
Press, Inc.); and Handbook of Experimental Immunology, 
Vols. I-IV (D. M. Weir and C. C. Blackwell eds., 1986, 
Blackwell Scientific Publications). 
0033. Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
particular DNA, polypeptide Sequences or process param 
eters as Such may, of course, vary. It is also to be understood 
that the terminology used herein is for the purpose of 
describing particular embodiments of the invention only, 
and is not intended to be limiting. 
0034 All publications, patents and patent applications 
cited herein, whether Supra or infra, are hereby incorporated 
by reference in their entirety. 
0035) It must be noted that, as used in this specification 
and the appended claims, the Singular forms “a”, “an and 
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“the' include plural referents unless the content clearly 
dictates otherwise. Thus, for example, reference to “an 
antigen' includes a mixture of two or more antigens, refer 
ence to “an excipient' includes mixtures of two or more 
excipients, and the like. 
0.036 The following amino acid abbreviations are used 
throughout the text: 

Alanine: Ala (A) 
Asparagine: Asn (N) 
Cysteine: Cys (C) 
Glutamic acid: Glu (E) 
Histidine: His (H) 
Leucine: Leu (L) 
Methionine: Met (M) 
Proline: Pro (P) 
Threonine: Thr (T) 
Tyrosine: Tyr (Y) 

Arginine: Arg (R) 
Aspartic acid: Asp (D) 
Glutamine: Glin (Q) 
Glycine: Gly (G) 
Isoleucine: Ile (I) 
Lysine: Lys (K) 
Phenylalanine: Phe (F) 
Serine: Ser (S) 
Tryptophan: Trp (W) 
Valine: Val (V) 

0037 A. Definitions 
0.038. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention pertains. Although a number of methods and 
materials similar or equivalent to those described herein can 
be used in the practice of the present invention, the preferred 
materials and methods are described herein. 

0039. In describing the present invention, the following 
terms will be employed, and are intended to be defined as 
indicated below. 

0040. The terms “PCVII protein,”“PMWS protein” or a 
nucleotide Sequence encoding the Same, intend a protein or 
a nucleotide Sequence, respectively, which is derived from a 
novel PCVII isolate, as described herein. The nucleotide 
sequences of several PCVII isolates are shown in FIGS. 
4A-4B and the amino acid Sequences corresponding to the 
Six identified PCVII ORFs are shown in FIGS. 2A-2C. 
However, a PCVII or PMWS protein, or a gene encoding the 
Same, as defined herein is not limited to the depicted 
Sequence. 

0041 Further, as used herein, a nucleotide sequence 
“derived from a PCVII genome or its complement refers to 
a Sequence which retains the essential properties of the 
illustrated polynucleotide, representing a portion of the 
entire Sequence from which it is derived, for the purpose 
intended. A specific, but nonlimiting, example of Such 
derivation is represented by a sequence which encodes an 
identical or Substantially identical amino acid Sequence, but, 
because of codon degeneracy, utilizes different Specific 
codons; another example is a Sequence complementary to 
the viral DNA. A probe or oligonucleotide useful in diag 
nostic tests needs to retain the complementarity of the 
Sequence shown but may be shorter than the entire Sequence 
or may skip over portions of it. However, for use in 
manipulation or expression, nucleotide changes are often 
desirable to create or delete restriction Sites, provide pro 
cessing Sites, or to alter the encoded amino acid Sequence in 
ways which do not adversely affect functionality. The terms 
“Nucleotide sequence” and “polynucleotide” refer both to 
ribonucleotide and a deoxyribonucleotide Sequences and 
include both the genomic Strand and its complementary 
Sequence. 
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0042. A sequence “derived from the nucleotide 
Sequence which comprises the genome of a PCVII isolate 
therefore refers to a Sequence which is comprised of a 
Sequence corresponding to a region of the genomic nucle 
otide sequence (or its complement), or a combination of 
regions of that Sequence modified in ways known in the art 
to be consistent with its intended use. These Sequences are, 
of course, not necessarily physically derived from the nucle 
otide Sequence of the gene, but refer to polynucleotides 
generated in whatever manner which are based on the 
information provided by the Sequence of bases in the 
region(s) from which the polynucleotide is derived. For 
example, regions from which typical DNA sequences can be 
"derived' include regions encoding Specific epitopes. Simi 
larly, a peptide “derived from a PCVII ORF refers to an 
amino acid Sequence Substantially identical to that of these 
polypeptides or a portion thereof, having the same biological 
properties as that portion. 

0043. Furthermore, the derived protein or nucleotide 
Sequences need not be physically derived from the genes 
described above, but may be generated in any manner, 
including for example, chemical Synthesis, isolation (e.g., 
from a PCVII isolate) or by recombinant production, based 
on the information provided herein. Additionally, the term 
intends proteins having amino acid Sequences Substantially 
homologous (as defined below) to contiguous amino acid 
Sequences encoded by the genes, which display immuno 
logical activity. 

0044) Thus, the terms intend full-length, as well as immu 
nogenic, truncated and partial Sequences, and active analogs 
and precursor forms of the proteins. Also included in the 
term are nucleotide fragments of the particular gene that 
include at least about 8 contiguous base pairs, more prefer 
ably at least about 10-20 contiguous base pairs, and even at 
least about 25 to 50 or 75 or more contiguous base pairs of 
the gene. Such fragments are useful as probes, in diagnostic 
methods, and for the recombinant production of proteins, as 
discussed more fully below. 

004.5 The terms also include proteins in neutral form or 
in the form of basic or acid addition Salts depending on the 
mode of preparation. Such acid addition Salts may involve 
free amino groups and basic Salts may be formed with free 
carboxyls. Pharmaceutically acceptable basic and acid addi 
tion salts are discussed further below. In addition, the 
proteins may be modified by combination with other bio 
logical materials Such as lipids and Saccharides, or by Side 
chain modification, Such as acetylation of amino groups, 
phosphorylation of hydroxyl Side chains, oxidation of Sulf 
hydryl groups, glycosylation of amino acid residues, as well 
as other modifications of the encoded primary Sequence. 

0046) The term therefore intends deletions, additions and 
Substitutions to the Sequence, So long as the polypeptide 
functions to produce an immunological response as defined 
herein. In this regard, particularly preferred Substitutions 
will generally be conservative in nature, i.e., those Substi 
tutions that take place within a family of amino acids. For 
example, amino acids are generally divided into four fami 
lies: (1) acidic-aspartate and glutamate; (2) basic-lysine, 
arginine, histidine; (3) non-polar-alanine, Valine, leucine, 
isoleucine, proline, phenylalanine, methionine, tryptophan; 
and (4) uncharged polar-glycine, asparagine, glutamine, 
cystine, Serine threonine, tyrosine. Phenylalanine, tryp 
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tophan, and tyrosine are Sometimes classified as aromatic 
amino acids. For example, it is reasonably predictable that 
an isolated replacement of leucine with isoleucine or valine, 
or Vice versa; an aspartate with a glutamate or Vice versa; a 
threonine with a Serine or Vice versa; or a similar conser 
Vative replacement of an amino acid with a structurally 
related amino acid, will not have a major effect on the 
biological activity. Proteins having Substantially the same 
amino acid Sequence as the reference molecule, but possess 
ing minor amino acid Substitutions that do not Substantially 
affect the immunogenicity of the protein, are therefore 
within the definition of the reference polypeptide. 
0047. An “open reading frame” or “ORF" is a region of 
a polynucleotide Sequence which encodes a polypeptide. 
0.048. By “postweaning multisystemic wasting syn 
drome' or "PMWS” is meant a disease of vertebrate ani 
mals, in particular pigs, which is characterized clinically by 
progressive weight loSS, tachypnea, dyspnea and jaundice. 
Consistent pathologic changes include lymphocytic to 
granulomatous interstitial pneumonia, lymphadenopathy, 
and, leSS frequently, lymphocytic to granulomatous hepatitis 
and nephritis. See, e.g., Clark, E. G. Proc. Am. ASSOC. Swine 
Pract. 1997:499-501; and Harding, J. Proc. Am. Assoc. 
Swine Pract. 1997:503. 

0049. An "isolated” nucleic acid molecule is a nucleic 
acid molecule Separate and discrete from the whole organ 
ism with which the molecule is found in nature, or a nucleic 
acid molecule devoid, in whole or part, of Sequences nor 
mally associated with it in nature; or a sequence, as it exists 
in nature, but having heterologous sequences (as defined 
below) in association therewith. 
0050. The term “vaccine composition' intends any phar 
maceutical composition containing an antigen, which com 
position can be used to prevent or treat a disease or condition 
in a Subject. The term thus encompasses both Subunit 
vaccines, as described below, as well as compositions con 
taining whole killed, attenuated or inactivated microbes. 
0051. By “subunit vaccine composition” is meant a com 
position containing at least one immunogenic polypeptide, 
but not all antigens, derived from or homologous to an 
antigen from a pathogen of interest. Such a composition is 
Substantially free of intact pathogen cells or particles, or the 
lysate of Such cells or particles. Thus, a "Subunit vaccine 
composition' is prepared from at least partially purified 
(preferably Substantially purified) immunogenic polypep 
tides from the pathogen, or recombinant analogs thereof. A 
Subunit vaccine composition can comprise the Subunit anti 
gen or antigens of interest Substantially free of other anti 
gens or polypeptides from the pathogen. 

0.052 The term “epitope” refers to the site on an antigen 
or hapten to which specific B cells and/or T cells respond. 
The term is also used interchangeably with “antigenic deter 
minant' or “antigenic determinant Site.' Antibodies that 
recognize the Same epitope can be identified in a simple 
immunoassay showing the ability of one antibody to block 
the binding of another antibody to a target antigen. 
0.053 An “immunological response' to a composition or 
vaccine is the development in the host of a cellular and/or 
antibody-mediated immune response to the composition or 
vaccine of interest. Usually, an “immunological response” 
includes but is not limited to one or more of the following 
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effects: the production of antibodies, B cells, helper T cells, 
SuppreSSor-T cells, and/or cytotoxic T cells and/or Yö T cells, 
directed Specifically to an antigen or antigens included in the 
composition or vaccine of interest. Preferably, the host will 
display either a therapeutic or 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. 

0054 The terms “immunogenic' protein or polypeptide 
refer to an amino acid Sequence which elicits an immuno 
logical response as described above. An "immunogenic' 
protein or polypeptide, as used herein, includes the full 
length Sequence of the protein, analogs thereof, or immu 
nogenic fragments thereof. By “immunogenic fragment' is 
meant a fragment of a protein which includes one or more 
epitopes and thus elicits the immunological response 
described above. Such fragments can be identified using any 
number of epitope mapping techniques, well known in the 
art. See, e.g., Epitope Mapping Protocols in Methods in 
Molecular Biology, Vol. 66 (Glenn E. Morris, Ed., 1996) 
Humana Press, Totowa, N.J. For example, linear epitopes 
may be determined by e.g., concurrently Synthesizing large 
numbers of peptides on Solid Supports, the peptides corre 
sponding to portions of the protein molecule, and reacting 
the peptides with antibodies while the peptides are still 
attached to the Supports. Such techniques are known in the 
art and described in, e.g., U.S. Pat. No. 4,708,871; Geysen 
et al. (1984) Proc. Natl. Acad. Sci. USA 81:3998-4002; 
Geysen et al. (1986) Molec. Immunol. 23:709–715, all incor 
porated herein by reference in their entireties. Similarly, 
conformational epitopes are readily identified by determin 
ing Spatial conformation of amino acids Such as by, e.g., 
X-ray crystallography and 2-dimensional nuclear magnetic 
resonance. See, e.g., Epitope Mapping Protocols, Supra. 

0055 Synthetic antigens are also included within the 
definition, for example, polyepitopes, flanking epitopes, and 
other recombinant or Synthetically derived antigens. See, 
e.g., Bergmann et al. (1993) Eur: J. Immunol. 23:2777-2781; 
Bergmann et al. (1996) J. Immunol. 157:3242-3249; Suhr 
bier, A. (1997) Immunol. and Cell Biol. 75:402-408; Gardner 
et al. (1998) 12th World AIDS Conference, Geneva, Swit 
Zerland, Jun. 28-Jul. 3, 1998. 

0056. Immunogenic fragments, for purposes of the 
present invention, will usually include at least about 3 amino 
acids, preferably at least about 5 amino acids, more prefer 
ably at least about 10-15 amino acids, and most preferably 
25 or more amino acids, of the molecule. There is no critical 
upper limit to the length of the fragment, which could 
comprise nearly the full-length of the protein Sequence, or 
even a fusion protein comprising two or more epitopes of the 
protein. 

0057. “Native” proteins or polypeptides refer to proteins 
or polypeptides isolated from the Source in which the 
proteins naturally occur. "Recombinant polypeptides refer 
to polypeptides produced by recombinant DNA techniques, 
i.e., produced from cells transformed by an exogenous DNA 
construct encoding the desired polypeptide. “Synthetic' 
polypeptides are those prepared by chemical Synthesis. 



US 2002/0106639 A1 

0.058 A“vector” is a replicon, such as a plasmid, phage, 
or coSmid, to which another DNA segment may be attached 
So as to bring about the replication of the attached Segment. 
0059) A DNA “coding sequence” -or a “nucleotide 
Sequence encoding a particular protein, is a DNA sequence 
which is transcribed and translated into a polypeptide in 
Vitro or in Vivo when placed under the control of appropriate 
regulatory elements. The boundaries of the coding Sequence 
are determined by a start codon at the 5' (amino) terminus 
and a translation Stop codon at the 3' (carboxy) terminus. A 
coding Sequence can include, but is not limited to, procary 
otic Sequences, cDNA from eucaryotic mRNA, genomic 
DNA sequences from eucaryotic (e.g., mammalian) DNA, 
and even Synthetic DNA sequences. A transcription termi 
nation Sequence will usually be located 3' to the coding 
Sequence. 

0060 DNA “control elements” refers collectively to pro 
moters, ribosome binding Sites, polyadenylation signals, 
transcription termination Sequences, upstream regulatory 
domains, enhancers, and the like, which collectively provide 
for the transcription and translation of a coding Sequence in 
a host cell. Not all of these control Sequences need always 
be present in a recombinant vector So long as the desired 
gene is capable of being transcribed and translated. 
0061 “Operably linked” refers to an arrangement of 
elements wherein the components So described are config 
ured So as to perform their usual function. Thus, control 
elements operably linked to a coding Sequence are capable 
of effecting the expression of the coding sequence. The 
control elements need not be contiguous with the coding 
Sequence, So long as they function to direct the expression 
thereof. Thus, for example, intervening untranslated yet 
transcribed Sequences can be present between a promoter 
and the coding Sequence and the promoter can Still be 
considered “operably linked' to the coding Sequence. 
0.062. A control element, such-as a promoter, “directs the 
transcription' of a coding Sequence in a cell when RNA 
polymerase will bind the promoter and transcribe the coding 
sequence into mRNA, which is then translated into the 
polypeptide encoded by the coding Sequence. 

0.063 A“host cell' is a cell which has been transformed, 
or is capable of transformation, by an exogenous nucleic 
acid molecule. 

0064. A cell has been “transformed” by exogenous DNA 
when such exogenous DNA has been introduced inside the 
cell membrane. Exogenous DNA may or may not be inte 
grated (covalently linked) into chromosomal DNA making 
up the genome of the cell. In procaryotes and yeasts, for 
example, the exogenous DNA may be maintained on an 
episomal element, Such as a plasmid. With respect to eucary 
otic cells, a stably transformed cell is one in which the 
exogenous DNA has become integrated into the chromo 
Some So that it is inherited by daughter cells through 
chromosome replication. This Stability is demonstrated by 
the ability of the eucaryotic cell to establish cell lines or 
clones comprised of a population of daughter cells contain 
ing the exogenous DNA. 
0065) “Homology” refers to the percent identity between 
two polynucleotide or two polypeptide moieties. Two DNA, 
or two polypeptide Sequences are “Substantially homolo 
gous' to each other when the Sequences exhibit at least about 
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80%-85%, preferably at least about 90%, and most prefer 
ably at least about 95%-98% sequence identity over a 
defined length of the molecules. AS used herein, Substan 
tially homologous also refers to Sequences showing com 
plete identity to the Specified DNA or polypeptide Sequence. 
0066 Percent identity can be determined by a direct 
comparison of the Sequence information between two mol 
ecules by aligning the Sequences, counting the exact number 
of matches between the two aligned Sequences, dividing by 
the length of the Shorter Sequence, and multiplying the result 
by 100. Readily available computer programs can be used to 
aid in the analysis, such as ALIGN, Dayhoff, M. O. in Atlas 
of Protein Sequence and Structure M. O. Dayhoff ed., 5 
Suppl. 3:353-358, National biomedical Research Founda 
tion, Washington, D.C., which adapts the local homology 
algorithm of Smith and Waterman (1981) Advances in Appl. 
Math. 2:482-489 for peptide analysis. Programs for deter 
mining nucleotide Sequence identity are available in the 
Wisconsin Sequence Analysis Package, Version 8 (available 
from Genetics Computer Group, Madison, Wis.) for 
example, the BESTFIT, FASTA and GAP programs, which 
also rely on the Smith and Waterman algorithm. These 
programs are readily utilized with the default parameters 
recommended by the manufacturer and described in the 
Wisconsin Sequence Analysis Package referred to above. 
0067. Alternatively, homology can be determined by 
hybridization of polynucleotides under conditions which 
form stable duplexes between homologous regions, fol 
lowed by digestion with Single-Stranded-specific 
nuclease(s), and size determination of the digested frag 
ments. DNA sequences that are Substantially homologous 
can be identified in a Southern hybridization experiment 
under, for example, Stringent conditions, as defined for that 
particular System. Defining appropriate hybridization con 
ditions is within the skill of the art. See, e.g., Sambrook et 
al., Supra; DNA Cloning, Supra; Nucleic Acid Hybridization, 
Supra. 

0068. Two nucleic acid fragments are considered to be 
“selectively hybridizable” to a PCVII polynucleotide, if they 
are capable of specifically hybridizing to a PCVII nucleic 
acid or a variant thereof (e.g., a probe that hybridizes to a 
PCVII nucleic acid but not to polynucleotides from other 
members of the circovirus family) or specifically priming a 
polymerase chain reaction: (i) under typical hybridization 
and wash conditions, as described, for example, in Sam 
brook et al., Supra and Nucleic Acid Hybridization, Supra, (ii) 
using reduced Stringency wash conditions that allow at most 
about 25-30% basepair mismatches, for example: 2x SSC, 
0.1% SDS, room temperature twice, 30 minutes each; then 
2x SSC, 0.1% SDS, 37° C. once, 30 minutes; then 2x SSC 
room temperature twice, 10 minutes each, or (iii) Selecting 
primers for use in typical polymerase chain reactions (PCR) 
under Standard conditions (described for example, in Saiki, 
et al. (1988) Science 239:487-491), which result in specific 
amplification of sequences of PCVII or its variants. 
0069. The term “functionally equivalent” intends that the 
amino acid Sequence of a protein is one that will elicit a 
Substantially equivalent or enhanced immunological 
response, as defined above, as compared to the response 
elicited by a reference amino acid Sequence, or an immu 
nogenic portion thereof. 
0070 A“heterologous' region of a DNA construct is an 
identifiable segment of DNA within or attached to another 
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DNA molecule that is not found in association with the other 
molecule in nature. Thus, when the heterologous region 
encodes a viral gene, the gene will usually be flanked by 
DNA that does not flank the viral gene in the genome of the 
Source Virus. Another example of the heterologous coding 
Sequence is a construct where the coding Sequence itself is 
not found in nature (e.g., Synthetic sequences having codons 
different from the native gene). Allelic variation or naturally 
occurring mutational events do not give rise to a heterolo 
gous region of DNA, as used herein. 

0071. The term “treatment” as used herein refers to either 
(i) the prevention of infection or reinfection (prophylaxis), 
or (ii) the reduction or elimination of Symptoms of the 
disease of interest (therapy). 
0.072 AS used herein, a “biological sample” refers to a 
Sample of tissue or fluid isolated from a Subject, including 
but not limited to, for example, blood, plasma, Serum, fecal 
matter, urine, bone marrow, bile, Spinal fluid, lymph tissue 
and lymph fluid, Samples of the skin, external Secretions of 
the skin, respiratory, intestinal, and genitourinary tracts, 
tears, Saliva, milk, blood cells, organs, biopsies and also 
Samples of in Vitro cell culture constituents including but not 
limited to conditioned media resulting from the growth of 
cells and tissues in culture medium, e.g., recombinant cells, 
and cell components. 

0073. As used herein, the terms “label” and “detectable 
label” refer to a molecule capable of detection, including, 
but not limited to, radioactive isotopes, fluorescers, chemi 
lumineScers, enzymes, enzyme Substrates, enzyme cofac 
tors, enzyme inhibitors, chromophores, dyes, metal ions, 
metal Sols, ligands (e.g., biotin or haptens) and the like. The 
term “fluorescer” refers to a substance or a portion thereof 
which is capable of exhibiting fluorescence in the detectable 
range. Particular examples of labels which may be used 
under the invention include fluorescein, rhodamine, dansyl, 
umbelliferone, Texas red, luminol, NADPH and C-B-galac 
tosidase. 

0.074. By “vertebrate subject' is meant any member of 
the Subphylum cordata, including, without limitation, mam 
mals Such as cattle, sheep, pigs, goats, horses, and man; 
domestic animals. Such as dogs and cats, and birds, including 
domestic, wild and game birds Such as cockS and hens 
including chickens, turkeys and other gallinaceous birds. 
The term does not denote a particular age. Thus, adult and 
newborn animals, as well as fetuses, are intended to be 
covered. 

0075 B. General Methods 
0.076 Central to the present invention is the discovery of 
a new circovirus termed “PCVII' herein, isolated from 
PMWS-affected pigs. The useful materials and processes of 
the present invention are made possible by the discovery of 
a family of nucleotide Sequences, each containing an entire 
genome of a novel PCVII virus. The availability of this 
family of polynucleotides, first, permits the isolation of other 
members of the genome family which differ by small 
heterogeneities. Second, it permits the construction of DNA 
fragments and proteins useful in diagnosis. For example, 
oligomers of at least about 8-10 nucleotides or more, pref 
erably, oligomers comprising at least about 15-20 nucle 
otides, are useful as hybridization probes in disease diag 
nosis. Such probes may be used to detect the presence of the 
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Viral genome in, for example, Sera of Subjects Suspected of 
harboring the virus. Similarly, the genes encoding the pro 
teins can be cloned and used to design probes to detect and 
isolate homologous genes in other viral isolates. 
0077. The PCVII sequences also allow the design and 
production of PCVII-specific polypeptides which are useful 
as diagnostic reagents for the presence of antibodies raised 
against PCVII in serum or blood. Antibodies against these 
polypeptides are also useful as diagnostics. Because Several 
open reading frames can be deciphered in the context of the 
complete genome, the primary structures of PCVII-related 
proteins can be deduced. Finally, knowledge of the gene 
Sequences also enables the design and production of vac 
cines effective against PCVII and hence useful for the 
prevention of PMWS and also for the production of protec 
tive antibodies. 

0078 Sequencing information available from the genome 
allows the amino acid Sequence of the various polypeptides 
encoded by the viral genome to be deduced and Suitable 
epitopes identified. The full-length proteins encoded by the 
several ORFs identified in the PCVII genome, or suitable 
portions thereof, can be produced using fragments of the 
relevant DNA which are obtained and expressed indepen 
dently, thus providing desired polypeptides using recombi 
nant techniques. Both procaryotic and eucaryotic hosts are 
useful for Such expression. Short polypeptide fragments may 
also be chemically Synthesized and linked to carrier proteins 
for use as vaccines. In addition, epitopes may be produced 
linked to a protein conferring immunogenicity. The proteins 
thus produced may themselves be used as vaccines, or may 
be used to induce immunocompetent B cells in hosts, which 
B cells can then be used to produce hybridomas that Secrete 
antibodies useful in passive immunotherapy. 
0079 More particularly, the complete genetic sequences 
for three isolates of PCVII, PCVII 412 (SEQ ID NO:1), 
PCVII 9741 (SEQ ID NO:11), AND PCVII B9 (SEQ ID 
NO:12), are shown in FIGS. 4A-4B. The percent nucleotide 
Sequence homologies among the various isolates of PCVII 
are more than 99% identical. The newly discovered viral 
genome shares approximately 76% identity with PCV iso 
lated from infected PK15 cells at the nucleotide level 
(termed “PCVI” herein). As described further in the 
examples, nucleotide insertions and deletions (indels) have 
been found in three regions. 
0080. As shown in FIG. 1, the new virus contains at least 
Six potential open reading frames (ORFs) encoding proteins 
comprising more than 50 amino acid residues, while PCVI 
derived from PK15 has seven potential ORFs. The ORFs for 
representative PCVII isolates occur at the following nucle 
otide positions, using the numbering of the PCVII isolates 
shown in FIGS 4A-4B: 

ORF1 51 to 992 
ORF 2 671 to 360 
ORF3 565 to 389 
ORF 4 553 to 729 
ORF5 1016 to 1174 
ORF 6 1735 to 1037 

0081. The polypeptides encoded by the six ORFs are 
shown in FIGS 2A-2C. 
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0082) The main cellular targets for PCVII are mono 
nuclear cells in the peripheral blood, likely macrophage 
cells, although the virus is also found in various tissues and 
organs in infected animals. The affected macrophages lose 
their normal function, causing damage to the host immune 
System, leading to death. 

0.083. The cloning and sequencing of the novel circovi 
ruses has provided information about the causative agent of 
PMWS. As explained above, the sequencing information, as 
well as the clones and its gene products, are useful for 
diagnosis and in vaccine development. In particular, PCR 
and antibody-based diagnostic methods are useful in the 
diagnosis of the disease and were used herein to Specifically 
identify and differentiate this novel PCVII virus from PCVI 
derived from persistently infected PK15 cells. The sequenc 
ing information is also useful in the design of Specific 
primers, to express viral-specific gene products, to Study the 
Viral Structure, to generate Specific antibodies and to identify 
Virulent genes in porcine circovirus-related diseases. 

0084 B.1. Preparation of the PCVII Gene Sequence 

0085. The new viral genomes of PCVII were obtained 
from viruses isolated from tissue of PMWS-affected pigs. 
Viral DNA was extracted from variable sources, including 
pellets of infected Dulac and Vero cells, peripheral blood 
buffy-coat cells, tissues from infected animals and Serum. 
DNA was extracted from the Samples using techniques 
discussed more fully in the examples. 

0.086 By comparing the sequence and structural similar 
ity among the known viruses in the circovirus family, a 
unique primer was designed taking advantage of the comple 
mentary Sequences of a conserved Stem loop Structure. 
One-primer PCR was then performed and the products 
cloned. Two full-length viral genomes in different orienta 
tions inserted into a plasmid vector were completely 
sequenced in both directions. Additional PCR products were 
made and Sequenced to ensure the fidelity of the primer/stem 
loop region. 

0087. Using similar primers, other PCVII isolates, 
including PCVII 9741, and PCVII B9, were obtained. This 
appears to be the first time a circovirus has been cloned from 
viral particles instead of from a replicated form of DNA. 

0088. The description of the method to retrieve the PCVII 
genome is, of course, mostly of historical interest. The 
resultant Sequence is provided herein, and the entire 
Sequence, or any portion thereof, could also be prepared 
using Synthetic methods, or by a combination of Synthetic 
methods with retrieval of partial Sequences using methods 
similar to those here described. 

0089 B.2. Production of PCVII Proteins 
0090 The availability of PCVII genomic sequences per 
mits construction of expression vectors encoding viral 
polypeptides and antigenically active regions thereof, 
derived from the PCVII genome. Fragments encoding the 
desired proteins can be obtained from cDNA clones using 
conventional restriction digestion or by Synthetic methods 
and are ligated into vectors, for example, containing portions 
of fusion Sequences Such as B-galactosidase. Any desired 
portion of the PCVII genome containing an open reading 
frame can be obtained as a recombinant protein, Such as a 
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mature or fusion protein, or can be provided by-chemical 
Synthesis or general recombinant means. 
0091. It is readily apparent that PCVII proteins encoded 
by the above-described DNA sequences, active fragments, 
analogs and chimeric proteins derived from the Same, can be 
produced by a variety of methods. Recombinant products 
can take the form of partial protein Sequences, full-length 
Sequences, precursor forms that include Signal Sequences, 
mature forms without signals, or even fusion proteins (e.g., 
with an appropriate leader for the recombinant host, or with 
another Subunit antigen sequence for another pathogen). 
0092 Gene libraries can be constructed and the resulting 
clones used to transform an appropriate host cell. Colonies 
can be pooled and Screened using polyclonal Serum or 
monoclonal antibodies to the PCVII protein. 
0093. Alternatively, once the amino acid sequences are 
determined, oligonucleotide probes which contain the 
codons for a portion of the determined amino acid Sequences 
can be prepared and used to Screen genomic or cDNA 
libraries for genes encoding the Subject proteins. The basic 
Strategies for preparing oligonucleotide probes and DNA 
libraries, as well as their Screening by nucleic acid hybrid 
ization, are well known to those of ordinary skill in the art. 
See, e.g., DNA Cloning: Vol. I, Supra; Nucleic Acid Hybrid 
ization, Supra; Oligonucleotide Synthesis, Supra; Sambrook 
et al., Supra. Once a clone from the Screened library has been 
identified by positive hybridization, it can be confirmed by 
restriction enzyme analysis and DNA sequencing that the 
particular library insert contains a PCVII protein gene or a 
homolog thereof. The genes can then be further isolated 
using Standard techniques and, if desired, PCR approaches 
or restriction enzymes employed to delete portions of the 
full-length Sequence. 

0094 Similarly, genes can be isolated directly from 
Viruses using known techniques, Such as phenol eXtraction 
and the Sequence further manipulated to produce any desired 
alterations. See, e.g., the examples herein and Hamel et al. 
(1998) J. Virol. 72:5262-5267, for a description of tech 
niques used to obtain and isolate viral DNA. 
0095 Alternatively, DNA sequences can be prepared 
synthetically rather than cloned. The DNA sequences can be 
designed with the appropriate codons for the particular 
amino acid Sequence if the Sequences are to be used in 
protein production. In general, one will Select preferred 
codons for the intended host if the sequence will be used for 
expression. The complete Sequence is assembled from over 
lapping oligonucleotides prepared by Standard methods and 
assembled into a complete coding Sequence. See, e.g., Edge 
(1981) Nature 292:756; Nambair et al. (1984) Science 
223:1299; Jay et al. (1984) J. Biol. Chem. 259:6311. 
0096. Once coding sequences for the desired proteins 
have been prepared or isolated, they can be cloned into any 
Suitable vector or replicon. Numerous cloning vectors are 
known to those of skill in the art, and the Selection of an 
appropriate cloning vector is a matter of choice. Examples 
of recombinant DNA vectors for cloning and host cells 
which they can transform include the bacteriophage 2 (E. 
coli), pBR322 (E. coli), p.ACYC177 (E. coli), pKT230 
(gram-negative bacteria), pCV1106 (gram-negative bacte 
ria), pI AFR1 (gram-negative bacteria), pME290 (non-E. 
coli gram-negative bacteria), pHV14 (E. coli and Bacillus 
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Subtilis), pBD9 (Bacillus), pIJ61 (Streptomyces), puC6 
(Streptomyces), YIp5 (Saccharomyces), YCp19 (Saccharo 
myces) and bovine papilloma virus (mammalian cells). See, 
Sambrook et al., Supra; DNA Cloning, Supra; B. Perbal, 
Supra. 

0097. The gene can be placed under the control of a 
promoter, ribosome binding site (for bacterial expression) 
and, optionally, an operator (collectively referred to herein 
as “control' elements), So that the DNA sequence encoding 
the desired protein is transcribed into RNA in the host cell 
transformed by a vector containing this expression construc 
tion. The coding Sequence may or may not contain a signal 
peptide or leader Sequence. If a Signal Sequence is included, 
it can either be the native, homologous Sequence, or a 
heterologous Sequence. Leader Sequences can be removed 
by the host in post-translational processing. See, e.g., U.S. 
Pat. Nos. 4,431,739; 4.425,437; 4,338,397. 
0098. Other regulatory sequences may also be desirable 
which allow for regulation of expression of the protein 
Sequences relative to the growth of the host cell. Regulatory 
Sequences are known to those of skill in the art, and 
examples include those which cause the expression of a gene 
to be turned on or off in response to a chemical or physical 
Stimulus, including the presence of a regulatory compound. 
Other types of regulatory elements may also be present in 
the vector, for example, enhancer Sequences. 
0099. The control sequences and other regulatory 
Sequences may be ligated to the coding Sequence prior to 
insertion into a vector, Such as the cloning vectors described 
above. Alternatively, the coding Sequence can be cloned 
directly into an expression vector which already contains the 
control Sequences and an appropriate restriction site. 
0100. In some cases it may be necessary to modify the 
coding Sequence So that it may be attached to the control 
Sequences with the appropriate orientation; i.e., to maintain 
the proper reading frame. It may also be desirable to produce 
mutants or analogs of the desired PCVII protein. Mutants or 
analogs may be prepared by the deletion of a portion of the 
Sequence encoding the protein, by insertion of a Sequence, 
and/or by substitution of one or more nucleotides within the 
Sequence. Techniques for modifying nucleotide Sequences, 
Such as site-directed mutagenesis, are described in, e.g., 
Sambrook et al., Supra; DNA Cloning, Supra; Nucleic Acid 
Hybridization, Supra. 
0101 The expression vector is then used to transform an 
appropriate host cell. A number of mammalian cell lines are 
known in the art and include immortalized cell lines avail 
able from the American Type Culture Collection (ATCC), 
such as, but not limited to, Chinese hamster ovary (CHO) 
cells, HeLa cells, baby hamster kidney (BHK) cells, monkey 
kidney cells (COS), human hepatocellular carcinoma cells 
(e.g., Hep G2), Madin-Darby bovine kidney (“MDBK”) 
cells, as well as others. Similarly, bacterial hosts Such as E. 
coli, Bacillus Subtilis, and Streptococcus spp., will find use 
with the present expression constructs. Yeast hosts useful in 
the present invention include inter alia, Saccharomyces 
cerevisiae, Candida albicans, Candida maltosa, Hansenula 
polymorpha, Kluyveromyces fragilis, Kluyveromyces lactis, 
Pichia guillerimondii, Pichia pastoris, Schizosaccharomy 
ces pombe and Yarrowia lipolytica. Insect cells for use with 
baculovirus expression vectors include, inter alia, Aedes 
aegypti, Autographa Californica, Bombyx mori, Drosophila 
melanogaster, Spodoptera frugiperda, and Trichoplusia ni. 
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0102 Depending on the expression system and host 
Selected, the proteins of the present invention are produced 
by culturing host cells transformed by an expression vector 
described above under conditions whereby the protein of 
interest is expressed. The protein is then isolated from the 
host cells and purified. If the expression System Secretes the 
protein into the growth media, the protein can be purified 
directly from the media. If the protein is not Secreted, it is 
isolated from cell lysates. The Selection of the appropriate 
growth conditions and recovery methods are within the Skill 
of the art. 

0103) The proteins of the present invention may also be 
produced by chemical Synthesis Such as Solid phase peptide 
Synthesis, using known amino acid Sequences or amino acid 
Sequences derived from the DNA sequence of the genes of 
interest. Such methods are known to those skilled in the art. 
See, e.g., J. M. Stewart and J. D. Young, Solid Phase Peptide 
Synthesis, 2nd Ed., Pierce Chemical Co., Rockford, Ill. 
(1984) and G. Barany and R. B. Merrifield, The Peptides: 
Analysis, Synthesis, Biology, editors E. Gross and J. Meien 
hofer, Vol. 2, Academic Press, New York, (1980), pp. 3-254, 
for Solid phase peptide Synthesis techniques, and M. Bodan 
sky, Principles of Peptide Synthesis, Springer-Verlag, Berlin 
(1984) and E. Gross and J. Meienhofer, Eds., The Peptides: 
Analysis, Synthesis, Biology, Supra, Vol. 1, for classical 
Solution Synthesis. Chemical Synthesis of peptides may be 
preferable if a Small fragment of the antigen in question is 
capable of raising an immunological response in the Subject 
of interest. 

0104 Analysis of the genome shows the presence of at 
least Six open reading frames, at least one of which encodes 
the putative DNA replicase gene. 
0105 B.3. Preparation of Antigenic Polypeptides and 
Conjugation with Carrier 
0106 The antigenic region of peptides is generally rela 
tively Small-typically 10 amino acids or less in length. 
Fragments of as few as 5 amino acids may typically char 
acterize an antigenic region. Accordingly, using the genome 
of PCVII as a basis, DNAS encoding short segments of 
polypeptides, derived from any of the various ORFs of 
PCVII, such as ORFs 1-6, and particularly ORF 6, can be 
expressed recombinantly either as fusion proteins or as 
isolated peptides. In addition, short amino acid Sequences 
can be chemically Synthesized. In instances wherein the 
Synthesized peptide is correctly configured So as to provide 
the correct epitope, but too small to be immunogenic, the 
peptide may be linked to a Suitable carrier. 
0107 A number of techniques for obtaining such linkage 
are known in the art, including the formation of disulfide 
linkages using N-Succinimidyl-3-(2-pyridyl-thio)propionate 
(SPDP) and Succinimidyl 4-(N-maleimido-methyl)cyclo 
hexane-1-carboxylate (SMCC) obtained from Pierce Com 
pany, Rockford, Ill. (If the peptide lacks a sulfhydryl, this 
can be provided by addition of a cysteine residue.) These 
reagents create a disulfide linkage between themselves and 
peptide cysteine residues on one protein and an amide 
linkage through the E-amino on a lysine, or other free amino 
group in the other. A variety of Such disulfide/amide-forming 
agents are known. See, for example, Immun. Rev. (1982) 
62:185. Other bifunctional coupling agents form a thioether 
rather than a disulfide linkage. Many of these thioether 
forming agents are commercially available-and include 
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reactive esters of 6-maleimidocaproic acid, 2-bromoacetic 
acid, 2-iodoacetic acid, 4-(N-maleimido-methyl)cyclohex 
ane-1-carboxylic acid, and the like. The carboxyl groups can 
be activated by combining them with Succinimide or 1-hy 
droxy-2-nitro-4-Sulfonic acid, Sodium Salt. The foregoing 
list is not meant to exhaustive, and modifications of the 
named compounds can clearly be used. 
0108) Any carrier may be used, which does not itself 
induce the production of antibodies harmful to the host, Such 
as the various Serum albumins, tetanus toxoids, or keyhole 
limpet hemocyanin (KLH). 
0109 The conjugates, when injected into suitable Sub 

jects, will result in the production of antisera which contain 
immunoglobulins Specifically reactive against not only the 
conjugates, but also against fusion proteins carrying the 
analogous portions of the Sequence, and against appropriate 
determinants within whole PCVII. 

0110 B.4. Production of Antibodies 
0111 Proteins encoded by the novel viruses of the present 
invention, or their fragments, can be used to produce anti 
bodies, both polyclonal and monoclonal. If polyclonal anti 
bodies are desired, a Selected mammal, (e.g., mouse, rabbit, 
goat, horse, etc.) is immunized with an antigen of the present 
invention, or its fragment, or a mutated antigen. Serum from 
the immunized animal is collected and treated according to 
known procedures. See, e.g., Jurgens et al. (1985).J. Chrom. 
348:363-370. If serum containing polyclonal antibodies is 
used, the polyclonal antibodies can be purified by immu 
noaffinity chromatography, using known procedures. 
0112 Monoclonal antibodies to the proteins and to the 
fragments thereof, can also be readily produced by one 
skilled in the art. The general methodology for making 
monoclonal antibodies by using hybridoma technology is 
well known. Immortal antibody-producing cell lines can be 
created by cell fusion, and also by other techniqueS Such as 
direct transformation of B lymphocytes with oncogenic 
DNA, or transfection with Epstein-Barr virus. See, e.g., M. 
Schreier et al., Hybridoma Techniques (1980); Hammerling 
et al., Monoclonal Antibodies and T-cell Hybridomas 
(1981); Kennett et al., Monoclonal Antibodies (1980); see 
also U.S. Pat. Nos. 4,341,761; 4,399,121; 4,427,783; 4,444, 
887; 4,452.570; 4.466,917; 4,472,500, 4,491,632; and 
4,493,890. Panels of monoclonal antibodies produced 
against the desired protein, or fragment thereof, can be 
Screened for various properties, i.e., for isotype, epitope, 
affinity, etc. Monoclonal antibodies are useful in purifica 
tion, using immunoaffinity techniques, of the individual 
antigens which they are directed against. Both polyclonal 
and monoclonal antibodies can also be used for passive 
immunization or can be combined with Subunit vaccine 
preparations to enhance the immune response. Polyclonal 
and monoclonal antibodies are also useful for diagnostic 
purposes. 

0113 B.5. Vaccine Formulations and Administration 
0114. The novel viral proteins of the present invention 
can be formulated into vaccine compositions, either alone or 
in combination with other antigens, for use in immunizing 
Subjects as described below. Methods of preparing Such 
formulations are described in, e.g., Remington's Pharma 
ceutical Sciences, Mack Publishing Company, Easton, Penn 
sylvania, 18 Edition, 1990. Typically, the vaccines of the 

Aug. 8, 2002 

present invention are prepared as injectables, either as liquid 
Solutions or Suspensions. Solid forms Suitable for Solution in 
or Suspension in liquid vehicles prior to injection may also 
be prepared. The preparation may-also be emulsified or the 
active ingredient encapsulated in lipoSome vehicles. The 
active immunogenic ingredient is generally mixed with a 
compatible pharmaceutical vehicle, Such as, for example, 
water, Saline, dextrose, glycerol, ethanol, or the like, and 
combinations thereof. In addition, if desired, the vehicle 
may contain minor amounts of auxiliary Substances Such as 
wetting or emulsifying agents and pH buffering agents. 

0115 Adjuvants which enhance the effectiveness of the 
vaccine may also be added to the formulation. Such adju 
Vants include, without limitation, adjuvants formed from 
aluminum salts (alum), Such as aluminum hydroxide, alu 
minum phosphate, aluminum Sulfate, etc., oil-in-water and 
water-in-oil emulsion formulations, Such as Complete Fre 
unds Adjuvant (CFA), Incomplete Freunds Adjuvant (IFA), 
avridine and dimethyldioctadecyl ammonium bromide 
(DDA); adjuvants formed from bacterial cell wall compo 
nents Such as adjuvants including monophosphoryl lipid A 
(MPL) (Imoto et al. (1985) Tet. Lett. 26:1545-1548), treha 
lose dimycolate (TDM), and cell wall skeleton (CWS); 
adjuvants derived from ADP-ribosylating bacterial toxins, 
Such as derived from diphtheria toxin (for example, 
CRM7, a non-toxic diphtheria toxin mutant (see, e.g., 
Bixler et al. (1989) Adv. Exp. Med. Biol. 251:175; and 
Constantino et al. (1992) Vaccine), pertussis toxin (PT), 
cholera toxin (CT), the E. coli heat-labile toxins (LT1 and 
LT2), Pseudomonas endotoxin A, C. botulinum C2 and C3 
toxins, as well as toxins from C. perfiringens, C. Spiriforma 
and C. difficile; saponin adjuvants such as Quil A (U.S. Pat. 
No. 5,057,540), or particles generated from saponins such as 
ISCOMs (immunostimulating complexes); cytokines, Such 
as interleukins (e.g., IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, 
IL-12, etc.), interferons (e.g., gamma interferon), macroph 
age colony Stimulating factor (M-CSF), tumor necrosis 
factor (TNF), etc; muramyl peptides such as N-acetyl 
muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl 
normuramyl-l-alanyl-P-isoglutamine (nor-MDP), N-acetyl 
muramyl-'-alanyl-Pisoglutaminyl-l-alanine-2-(1'-2'- 
dipalmitoyl-sn-glycero-3 huydroxyphosphoryloxy)- 
ethylamine (MTP-PE), etc.; adjuvants derived from the CpG 
family of molecules, CpG dinucleotides and Synthetic oli 
gonucleotides which comprise CpG motifs (see, e.g., Krieg 
et al. Nature (1995) 374:546 and Davis et al. J. Immunol. 
(1998) 160:870-876); and synthetic adjuvants such as PCPP 
(Poly di(carboxylatophenoxy)phosphazene) (Payne et al. 
Vaccines (1998) 16:92-98). Such adjuvants are commer 
cially available from a number of distributors such as 
Accurate Chemicals, Ribi Immunechemicals, Hamilton, 
MT; GIBCO; Sigma, St. Louis, Mo. 

0116. As explained above, the proteins may be linked to 
a carrier in order to increase the immunogenicity thereof. 
Suitable carriers include large, slowly metabolized macro 
molecules Such as proteins, including Serum albumins, key 
hole limpet hemocyanin, immunoglobulin molecules, thy 
roglobulin, ovalbumin, and other proteins well known to 
those skilled in the art, polysaccharides, Such as Sepharose, 
agarose, cellulose, cellulose beads and the like, polymeric 
amino acids Such as polyglutamic acid, polylysine, and the 
like; amino acid copolymers, and inactive virus particles. 
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0117 The proteins may be used in their native form or 
their functional group content may be modified by, for 
example, Succinylation of lysine residues or reaction with 
CyS-thiolactone. A Sulfhydryl group may also be incorpo 
rated into the carrier (or antigen) by, for example, reaction 
of amino functions with 2-iminothiolane or the N-hydrox 
ySuccinimide ester of 3-(4-dithiopyridyl propionate. Suit 
able carriers may also be modified to incorporate Spacer 
arms (such as hexamethylene diamine or other bifunctional 
molecules of similar size) for attachment of peptides. 
0118. Other suitable carriers for the proteins of the 
present invention include VP6 polypeptides of rotaviruses, 
or functional fragments thereof, as disclosed in U.S. Pat. No. 
5,071,651, incorporated herein by reference. Also useful is 
a fusion product of a viral protein and the Subject immuno 
gens made by methods disclosed in U.S. Pat. No. 4,722,840. 
Still other Suitable carriers include cells, Such as lympho 
cytes, Since presentation in this form mimics the natural 
mode of presentation in the Subject, which gives rise to the 
immunized State. Alternatively, the proteins of the present 
invention may be coupled to erythrocytes, preferably the 
Subjects own erythrocytes. Methods of coupling peptides to 
proteins or cells are known to those of skill in the art. 
0119 Furthermore, the proteins may be formulated into 
vaccine compositions in either neutral or Salt forms. Phar 
maceutically acceptable Salts include the acid addition Salts 
(formed with the free amino groups of the active polypep 
tides) and which are formed with in-organic acids Such as, 
for example, hydrochloric or phosphoric acids, or Such 
organic acids as acetic, Oxalic, tartaric, mandelic, and the 
like. Salts formed from free carboxyl groups may also be 
derived from inorganic baseS Such as, for example, Sodium, 
potassium, ammonium, calcium, or ferric hydroxides, and 
Such organic bases as isopropylamine, trimethylamine, 
2-ethylamino ethanol, histidine, procaine, and the like. 
0120 Vaccine formulations will contain a “therapeuti 
cally effective amount of the active ingredient, that is, an 
amount capable of eliciting an immune response in a Subject 
to which the composition is administered. Such a response 
will be demonstrated by either a reduction or lack of 
Symptoms normally displayed by an infected host and/or a 
quicker recovery time. 
0121 The exact amount is readily determined by one 
skilled in the art using Standard tests. The protein concen 
tration will typically range from about 1% to about 95% 
(w/w) of the composition, or even higher or lower if 
appropriate. 
0122) To immunize a Subject, the vaccine is generally 
administered parenterally, usually by intramuscular injec 
tion. Other modes of administration, however, Such as 
Subcutaneous, intraperitoneal and intravenous injection, are 
also acceptable. The quantity to be administered depends on 
the animal to be treated, the capacity of the animal’s immune 
System to Synthesize antibodies, and the degree of protection 
desired. Effective dosages can be readily established by one 
of ordinary skill in the art through routine trials establishing 
dose response curves. The Subject is immunized by admin 
istration of the vaccine in at least one dose, and preferably 
two doses. Moreover, the animal may be administered as 
many doses as is required to maintain a State of immunity to 
infection. 

0123. Additional vaccine formulations which are suitable 
for other modes of administration include Suppositories and, 
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in Some cases, aeroSol, intranasal, oral formulations, and 
Sustained release formulations. For Suppositories, the 
vehicle composition will include traditional binders and 
carriers, Such as, polyalkaline glycols, or triglycerides. Such 
Suppositories may be formed from mixtures containing the 
active ingredient in the range of about 0.5% to about 10% 
(w/w), preferably about 1% to about 2%. Oral vehicles 
include Such normally employed excipients as, for example, 
pharmaceutical grades of mannitol, lactose, Starch, magne 
sium, Stearate, Sodium Saccharin cellulose, magnesium car 
bonate, and the like. These oral vaccine compositions may 
be taken in the form of Solutions, Suspensions, tablets, pills, 
capsules, Sustained release formulations, or powders, and 
contain from about 10% to about 95% of the active ingre 
dient, preferably about 25% to about 70%. 

0.124 Intranasal formulations will usually include 
vehicles that neither cause irritation to the nasal mucosa nor 
Significantly disturb ciliary function. Diluents Such as water, 
aqueous Saline or other known Substances can be employed 
with the Subject invention. The nasal formulations may also 
contain preservatives Such as, but not limited to, chlorobu 
tanol and benzalkonium chloride. A Surfactant may be 
present to enhance absorption of the Subject proteins by the 
nasal mucosa. 

0.125 Controlled or sustained release formulations are 
made by incorporating the protein into carriers or vehicles 
Such as liposomes, nonresorbable impermeable polymers 
Such as ethylenevinyl acetate copolymers and Hytrel(F) 
copolymers, Swellable polymerS Such as hydrogels, or 
resorbable polymerS Such as collagen and certain polyacids 
or polyesterS Such as those used to make resorbable Sutures. 
The proteins can also be delivered using implanted mini 
pumps, well known in the art. 

0.126 The proteins of the instant invention can also be 
administered via a carrier virus which expresses the same. 
Carrier viruses which will find use with the instant invention 
include but are not limited to the vaccinia and other pox 
Viruses, adenovirus, and herpes virus. By way of example, 
vaccinia virus recombinants expressing the novel proteins 
can be constructed as follows. The DNA encoding the 
particular protein is first inserted into an appropriate vector 
So that it is adjacent to a vaccinia promoter and flanking 
vaccinia DNA sequences, Such as the Sequence encoding 
thymidine kinase (TK). This vector is then used to transfect 
cells which are simultaneously infected with vaccinia. 
Homologous recombination Serves to insert the vaccinia 
promoter plus the gene encoding the instant protein into the 
Viral genome. The resulting TK recombinant can be 
Selected by culturing the cells in the presence of 5-bromode 
Oxyuridine and picking viral plaques resistant thereto. 

0127. An alternative route of administration involves 
gene therapy or nucleic acid immunization. Thus, nucleotide 
Sequences (and accompanying regulatory elements) encod 
ing the Subject proteins can be administered directly to a 
Subject for in Vivo translation thereof. Alternatively, gene 
transfer can be accomplished by transfecting the Subject's 
cells or tissueS eX Vivo and reintroducing the transformed 
material into the host. DNA can be directly introduced into 
the host organism, i.e., by injection (see U.S. Pat. Nos. 
5,580,859 and 5,589.466; International Publication No. 
WO/90/11092; and Wolff et al. (1990) Science 247:1465 
1468). Liposome-mediated gene transfer can also be accom 
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plished using known methods. See, e.g., U.S. Pat. No. 
5,703,055; Hazinski et al. (1991) Am. J. Respir. Cell Mol. 
Biol. 4:206-209; Brigham et al. (1989) Am. J. Med. Sci. 
298:278-281; Canonico et al. (1991) Clin. Res. 39:219A; 
and Nabel et al. (1990) Science 249:1285-1288. Targeting 
agents, Such as antibodies directed against Surface antigens 
expressed on Specific cell types, can be covalently conju 
gated to the liposomal Surface So that the nucleic acid can be 
delivered to Specific tissues and cells Susceptible to infec 
tion. 

0128 B.6. Diagnostic Assays 
0129. As explained above, the proteins of the present 
invention may also be used as diagnostics to detect the 
presence of reactive antibodies of PCVII in a biological 
sample in order to determine the presence of PCVII infec 
tion. For example, the presence of antibodies reactive with 
the proteins can be detected using Standard electrophoretic 
and immunodiagnostic techniques, including immunoassays 
Such as competition, direct reaction, or Sandwich type 
assayS. Such assays include, but are not limited to, Western 
blots, agglutination tests, enzyme-labeled and mediated 
immunoassays, Such as ELISAS, biotin/avidin type assays, 
radioimmunoassays, immunoelectrophoresis, immunopre 
cipitation, etc. The reactions generally include revealing 
labels Such as fluorescent, chemiluminescent, radioactive, 
enzymatic labels or dye molecules, or other methods for 
detecting the formation of a complex between the antigen 
and the antibody or antibodies reacted therewith. 
0130. The aforementioned assays generally involve sepa 
ration of unbound antibody in a liquid phase from a Solid 
phase Support to which antigen-antibody complexes are 
bound. Solid Supports which can be used in the practice of 
the invention include Substrates Such as nitrocellulose (e.g., 
in membrane or microtiter well form); polyvinylchloride 
(e.g., sheets or microtiter wells); polystyrene latex (e.g., 
beads or microtiter plates); polyvinylidine fluoride; diazo 
tized paper, nylon membranes, activated beads, magneti 
cally responsive beads, and the like. 
0131 Typically, a solid support is first reacted with a 
Solid phase component (e.g., one or more PCVII proteins) 
under Suitable binding conditions Such that the component is 
Sufficiently immobilized to the Support. Sometimes, immo 
bilization of the antigen to the Support can be enhanced by 
first coupling-the antigen to a protein with better binding 
properties. Suitable coupling proteins include, but are not 
limited to, macromolecules Such as Serum albumins includ 
ing bovine Serum albumin (BSA), keyhole limpet hemocya 
nin, immunoglobulin molecules, thyroglobulin, ovalbumin, 
and other proteins well known to those skilled in the art. 
Other molecules that can be used to bind the antigens to the 
Support include polysaccharides, polylactic acids, polygly 
colic acids, polymeric amino acids, amino acid copolymers, 
and the like. Such molecules and methods of coupling these 
molecules to the antigens, are well known to those of 
ordinary skill in the art. See, e.g., Brinkley, M. A. BiocOn 
jugate Chem. (1992) 3:2-13; Hashida et al., J. Appl. Bio 
chem. (1984) 6:56-63; and Anjaneyulu and Staros, Interna 
tional J. of Peptide and Protein Res. (1987) 30:117-124. 
0.132. After reacting the solid support with the solid phase 
component, any non-immobilized Solid-phase components 
are removed from the Support by Washing, and the Support 
bound component is then contacted with a biological Sample 
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Suspected of containing ligand moieties (e.g., antibodies 
toward the immobilized antigens) under Suitable binding 
conditions. After washing to remove any non-bound ligand, 
a Secondary binder moiety is added under Suitable binding 
conditions, wherein the Secondary binder is capable of 
asSociating Selectively with the bound ligand. The presence 
of the Secondary binder can then be detected using tech 
niques well known in the art. 
0.133 More particularly, an ELISA method can be used, 
wherein the Wells of a microtiter plate are coated with a 
desired protein. A biological Sample containing or Suspected 
of containing anti-protein immunoglobulin molecules is 
then added to the coated wells. After a period of incubation 
sufficient to allow antibody binding to the immobilized 
antigen, the plate(s) can be washed to remove unbound 
moieties and a detectably labeled Secondary binding mol 
ecule added. The Secondary binding molecule is allowed to 
react with any captured Sample antibodies, the plate washed 
and the presence of the Secondary binding molecule detected 
using methods well known in the art. 
0.134 Thus, in one particular embodiment, the presence 
of bound anti-antigen ligands from a biological Sample can 
be readily detected using a Secondary binder comprising an 
antibody directed against the antibody ligands. A number of 
anti-porcine immunoglobulin (Ig) molecules are known in 
the art which can be readily conjugated to a detectable 
enzyme label, Such as horseradish peroxidase, alkaline phos 
phatase or urease, using methods known to those of skill in 
the art. An appropriate enzyme Substrate is then used to 
generate a detectable signal. In other related embodiments, 
competitive-type ELISA techniques can be practiced using 
methods known to those skilled in the art. 

0.135 Assays can also be conducted in solution, such that 
the proteins and antibodies Specific for those proteins form 
complexes under precipitating conditions. In one particular 
embodiment, proteins can be attached to a Solid phase 
particle (e.g., an agarose bead or the like) using coupling 
techniques known in the art, Such as by direct chemical or 
indirect coupling. The antigen-coated particle is then con 
tacted under Suitable binding conditions with a biological 
Sample Suspected of containing antibodies for the proteins. 
Cross-linking between bound antibodies causes the forma 
tion of particle-antigen-antibody complex aggregates which 
can be precipitated and Separated from the Sample using 
Washing and/or centrifugation. The reaction mixture can be 
analyzed to determine the presence or absence of antibody 
antigen complexes using any of a number of Standard 
methods, Such as those immunodiagnostic methods 
described above. 

0.136. In yet a further embodiment, an immunoaffinity 
matrix can be provided, wherein a polyclonal population of 
antibodies from a biological Sample Suspected of containing 
antibodies to the protein of interest is immobilized to a 
Substrate. In this regard, an initial affinity purification of the 
Sample can be carried out using immobilized antigens. The 
resultant Sample preparation will thus only contain anti 
PCVII moieties, avoiding potential nonspecific binding 
properties in the affinity Support. A number of methods of 
immobilizing immunoglobulins (either intact or in specific 
fragments) at high yield and good retention of antigen 
binding activity are known in the art. Not being limited by 
any particular method, immobilized protein A or protein G 
can be used to immobilize immunoglobulins. 
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0.137 Accordingly, once the immunoglobulin molecules 
have been immobilized to provide an immunoaffinity 
matrix, labeled proteins are contacted with the bound anti 
bodies under Suitable binding conditions. After any non 
Specifically bound antigen has been washed from the immu 
noaffinity Support, the presence of bound antigen can be 
determined by assaying for label using methods known in 
the art. 

0.138. Additionally, antibodies raised to the proteins, 
rather than the proteins themselves, can be used in the 
above-described assays in order to detect the presence of 
antibodies to the proteins in a given Sample. These assays are 
performed essentially as described above and are well 
known to those of skill in the art. 

0.139. Furthermore, nucleic acid-based assays may also 
be conducted. In this regard, using the disclosed PCVII 
nucleic acid Sequences as a basis, oligomers can be prepared 
which are useful as hybridization probes or PCR primers to 
detect the presence of the viral genome in, for example, 
biological Samples from Subjects Suspected of harboring the 
virus. Oligomers for use in this embodiment of the invention 
are approximately 8 nucleotides or more in length, prefer 
ably at least about 10-12 nucleotides in length, more pref 
erably at least about 15 to 20 nucleotides in length and up to 
50 or more nucleotides in length. Preferably, the oligomers 
derive from regions of the Viral genome which lack hetero 
geneity. 

0140. The oligomers are prepared either by excision from 
the genome, or recombinantly or synthetically. For example, 
the oligomers can be prepared using routine methods, Such 
automated oligonucleotide Synthetic methods. 
0.141. The oligomers may be used as probes in diagnostic 
assays. In a representative assay, the biological Sample to be 
analyzed is treated to extract the nucleic acids contained 
therein. The resulting nucleic acid from the Sample may be 
Subjected to gel electrophoresis or other Size Separation 
techniques. Alternatively, the nucleic acid Sample may be 
dot-blotted without size separation. The probes are then 
labeled with a reporter moiety. Suitable labels, and methods 
for labeling probes, are known in the art and include, for 
example, radioactive labels incorporated by nick translation 
or kinasing, biotin, fluorescent probes and chemilumines 
cent probes. The nucleic acids extracted from the Sample are 
then treated with the labeled probe under hybridization 
conditions of Suitable Stringencies. 
0142. The probes can be made completely complemen 
tary to the targeted PCVII gene sequence. However, when 
longer probes are used in the diagnostic assays, the amount 
of complementarity may be leSS. Generally, conditions of 
high Stringency are used in the assay methods, especially if 
the probes are completely or highly complementary. How 
ever, lower Stringency conditions should be used when 
targeting regions of heterogeneity. Methods of adjusting 
Stringency are well known in the art. Such adjustments are 
made during hybridization and the Washing procedure and 
include adjustments to temperature, ionic Strength, concen 
tration of formamide and length of time of the reaction. 
These factors are outlined in, e.g., Sambrook et al., Supra. 
0143. In a more specific embodiment, the above-de 
scribed method includes the use of PCVII nucleic acid 
Specific probes where two probes (primers) define an inter 
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nal region of the PCVII genome. In this embodiment, each 
probe has one Strand containing a 3'-end internal to the 
PCVII nucleic acid internal region. The nucleic acid/probe 
hybridization complexes are then converted to double-Strand 
probe containing fragments by primer extension reactions. 
Probe-containing fragments are amplified by Successively 
repeating the steps of (i) denaturing the double-stranded 
fragments to produce single-stranded fragments, (ii) hybrid 
izing the Single Strands with the probes to form Strand/probe 
complexes, (iii) generating double-Stranded fragments from 
the Strand/probe complexes in the presence of DNA poly 
merase and all four deoxyribonucleotides, and (iv) repeating 
Steps (i) to (iii) until a desired degree of amplification has 
been achieved. Amplification products are then identified 
according to established procedures. The method of the 
invention may further include a third polynucleotide probe 
capable of Selectively hybridizing to the internal region 
described above but not to the specific probe/primer 
Sequences used for amplification. 

0144 PCR techniques, such as those described above, are 
well known in the art. See, e.g., PCR Protocols. A Guide to 
Methods and Applications (Academic Press); PCRA Prac 
tical Approach (IRL press); Saiki et al. (1986) Nature 
324:163. 

0.145) Other amplification methods can also be used in the 
nucleic acid-based assays, Such as ligase chain reaction 
(LCR), PCR, Q-beta replicase, and the like. 

0146). Other assays for use herein include the “Bio 
Bridge” System which uses terminal deoxynucleotide trans 
ferase to add unmodified 3'-poly-dT-tails to a nucleic acid 
probe (Enzo Biochem. Corp.). The poly dt-tailed probe is 
hybridized to the target nucleotide Sequence, and then to a 
biotin-modified poly-A. Additionally, EP 124221 describes 
a DNA hybridization assay wherein the analyte is annealed 
to a single-Stranded DNA probe that is complementary to an 
enzyme-labelled oligonucleotide, and the resulting tailed 
dupleX is hybridized to an enzyme-labelled oligonucleotide. 
EP 204510 describes a DNA hybridization assay in which 
analyte DNA is contacted with a probe that has a tail, Such 
as a poly-dT-tail, an amplifier Strand that has a Sequence that 
hybridizes to the tail of the probe, Such as a poly-A 
Sequence, and which is capable of binding a plurality of 
labelled Strands. The technique first may involve amplifica 
tion of the target PCVII Sequences in Sera to approximately 
106 sequences/ml, as described above. The amplified 
Sequence(s) then may be detected using a hybridization 
assay known in the art. 

0147 Furthermore, nucleic acid sequences derived from 
the PCVII viral genome, may also be used for in situ 
hybridization assayS. Generally, Such assays employ forma 
lin-fixed cell culture preparations or tissues, Such as lymph 
node, Spleen, tonsil, liver, lung, heart, kidney, pancreas, 
nasal turbinate, large and Small intestine, and the like. See, 
e.g., Sirinarumitr et al. (1996).J. Virol. Meth. 56:149-160, for 
a description of a Suitable in Situ hybridization assay. 

0.148. The above-described assay reagents, including the 
proteins, antibodies thereto or oligomers, can be provided in 
kits, with Suitable instructions and other necessary reagents, 
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in order to conduct immunoassays as described above. The 
kit can also contain, depending on the particular immunoas 
Say used, Suitable labels and other packaged reagents and 
materials (i.e. wash buffers and the like). Standard immu 
noassays, Such as those described above, can be conducted 
using these kits. 
0149 Below are examples of specific embodiments for 
carrying out the present invention. The examples are offered 
for illustrative purposes only, and are not intended to limit 
the Scope of the present invention in any way. 
0150 C. Experimental 

Materials and Methods 

0151. Cell Cultures. 
0152 The Dulac cell line, a PCV-free PK15 derivative, 
was obtained from Dr. John Ellis (University of 
Saskatchewan, Saskatoon, Saskatchewan). The Vero cell 
line was obtained from American Type Culture Collection 
(ATCC), Manassas, VA. These cells were cultured in media 
suggested by the ATCC and incubated at 37 C. with 5% 
CO. 
0153 Porcine Circoviruses. 
0154) The classic PCVI was isolated from persistently 
infected PK15 cells (ATCCCCL33). Isolate PCVII 412 was 
obtained from lymph nodes of a piglet challenged with the 
lymph node homogenate from PMWS-affected piglets. This 
challenged piglet had been diagnosed with PMWS. Isolate 
PCVII 9741 was isolated from the buffy-coat of peripheral 
blood from a PMWS-affected piglet of the same herd after 
the isolation of PCVII 412. Isolate PCVII B9 was isolated 
from an affected piglet in a United States Swine herd with a 
PMWS clinical outbreak in the fall of 1997. 

0.155) Propagation of PCVI. 
0156 PCVI from persistently infected PK15 cells was 
grown and purified using a modified method of Tischer et al 
(1987) Arch. Virol. 96:39-57. Briefly, PCV harvested from 
PK15 cells was used to super-infect a monolayer of PK15 
cells at about 1 moi for two hours before the cells were 
treated with 300 mM D-glucosamine. After washing the 
cells once, DMEM (Gibco, catalog number 21013) with 5% 
FBS was added to the cells and the cells were incubated for 
an additional four days. The infected cells were scraped off 
and collected after centrifugation at 1500x g for 15 minutes. 
The cell pellet was then treated with 0.5% of Triton X-114 
at 37 C. for 30 minutes. After another low speed centrifu 
gation to remove cellular debris, an equal amount of Freon 
(Sigma catalog number T-5271) was added to the Superna 
tant and the mixture was homogenized for one minute using 
a Polytron at maximum speed. The mixture was then cen 
trifuged and the top layer collected and mixed with an equal 
volume of 0.1 M PBS. The virus pellet was collected after 
ultra centrifugation into a 20% sucrose cushion at 210,000x 
g for 30 minutes. 
O157 Culture of the Field Isolates (PCVII). 
0158. The isolate PCVII 412 was cultured and purified in 
a similar manner as PCVI, except Dulac cells were used. The 
isolate PCVII B9 was grown in heterogenic Vero cells 
transfected with self-ligated full-length PCR products from 
the United States PMWS outbreak. Therefore, the possibility 
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of contamination from other pig pathogens was eliminated. 
The B9-transfected Vero cells were continuously passed and 
treated with 300 mM D-glucosamine as described above. 

0159) Viral DNA Isolation. 

0.160) Viral DNA was extracted from variable sources, 
including pellets of infected Dulac and Vero cells, peripheral 
blood buffy-coat cells, tissues from infected animals and 
Serum. The tissue Samples were treated with proteinase K 
and viral DNA was extracted using either phenol/chloroform 
or Qiagen tissue kit (Qiagen, Santa Clarita, Calif.). DNA 
from peripheral blood buffy coat cells of heparinized blood 
and Serum was similarly collected using the Qiagen blood 
kit. 

0161 Infection of Piglets. 

0162 Piglets were derived from specific pathogen-free 
SOWS. At one day of age, each piglet received approximately 
one gram of lymph nodes collected from PMWS-affected 
piglets. The tissue homogenate was distributed equally 
between the oral and intraperitoneal routes. Ten piglets were 
used in each of the experimental groupS and observed daily 
for 7 weeks. Two groups were challenged and 2 were 
uninfected controls. Two groups, one challenged and one 
control, were also treated with cyclosporin A (2 mg/kg) at 
Day 0 and Day 14. The piglets were fed canned milk 
(Carnation) and water (50:50) until they self-weaned to high 
nutrient density commercially prepared feed. 

0163 PCR, Cloning and Sequencing of the Field PCV 
Isolates. 

0164. A two-step approach was used for the initial clon 
ing of isolate PCVII 412 viral genomic DNA. A primer that 
hybridized to the conserved loop Stem Sequences, Loop 
(Table 1), was designed to perform a single-primed PCR 
taking advantage of the complementary Sequences and the 
circular nature of PCV genomic DNA. The PCR reaction for 
the Single-primed PCR was a two-stage process. The first 
stage consisted of 5 cycles of denaturing at 94 C. for 1 
minute, annealing at 37 C. for 30 seconds and extension at 
72 C. for 2 minutes. The second stage consisted of 25 
cycles of a similar program except the annealing tempera 
ture was increased to 52 C. The PCR products were cloned 
into a TA cloning vector (Invitrogen, Carlsbad, Calif.). Both 
Strands of three different clones were Sequenced to ensure 
Sequence fidelity. Based on the Sequences obtained, primer 
1000-and R1F were designed in the noncoding region of the 
viral DNA sequences and used to clone the full-length viral 
genome. The Sequences of all the primers used in this Study 
are shown in Table 1. The Sequences of the loop region were 
then obtained from the full-length clone. Sequences of 
isolate PCVII 9741 and PCVII B9 were obtained from 
purified PCR products. Automated DNA sequencing per 
formed by Plant Biotechnology Institute of NRC, Canada 
was used with Several internal primers. The Sequences of 
isolates PCVII 412 (AFO85695), PCVII 9741 (AFO86835) 
and PCVII B9 (AFO86834) have been deposited with the 
National Center for Biotechnology Information (NCBI). 
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TABLE 1. 

The Sequences of Primers Used in the Studies 

SE 

Primer Name Primer Sequence ID S. 

Loop ACTACAGCAGCGCACTTC 13 

1000- AAAAAAGACTCAGTAATTTATTTCATATGG 14 

R1F ATCACTTCGTAATGGTTTTTATT 15 

1710- TGCGGTAACGCCTCCTTG 16 

850- CTACAGCTGGGACAGCAGTTG 17 

1100- CATACATGGTTACACGGATATTG 18 

1570- CCGCACCTTCGGATATACTG 19 

1230- TCCCGTTACTTCACACCCAA 22 

400- CCTGTCTACTGCTGTGAGTA 23 

0.165 Sequence Analyses. 

0166 The sequences of other circoviruses were obtained 
from NCBI. Various public domains were used for the 
Sequence analysis, Such as Biology workbench, Blast Search, 
DNA/protein analysis tools, etc. The Sequence alignments 
were generated using Clustal W program (Biology Work 
bench, internet address: http://biology.ncsa.uiuc.edu) and 
phylogenetic trees were created by PAUP 3.1 program 
(David L. Swofford, Laboratory of Molecular Systematics, 
MRC534, MRC at Smithsonian Institution, Washington, 
D.C.). 
0167 Multiplex PCR. 
0.168. Two sets of primers were designed to identify the 
PCV group-specific Sequences and Strain-specific 
sequences. The primer pair 1710+/850- is PCV-group spe 
cific and 1100+/1570- is the novel PCV strain-specific pair, 
which differentiates the novel PCV from the one derived 
from PK15 cells. The two sets of primers have similar 
annealing temperatures for the PCR reaction and were used 
together at 0.5 M concentration in a standard hot start PCR 
reaction. Either Ampli Taq Gold (Perkin Elmer) or Plenti 
num Taq (Gibco) was used. 
0169. Antiserum. 
0170 The standard Berlin rabbit anti-PCVI antibody was 
kindly provided by Dr. Tischer (Koch Institute, Berlin, 
FRG). Rabbit anti-PCVII 412 pooled serum was obtained 
from two rabbits injected with purified isolate PCVII 412 at 
50 ug/dose in an oil-in-water emulsion. The injection was 
repeated 3 times at 21-day intervals. Pig anti-PMWS serum 
was collected from convalescent pigs from PMWS affected 
herds. 

0171 ELISA. 
0172 Purified PCV was diluted in sodium carbonate 
buffer (0.05 M) pH 9.6 to a concentration of 0.5 lug per 100 
All and used to coat Immulon II plates (Dynatech Laborato 
ries, Inc.). The plates were washed six times with TTBS (20 
mM Tris-HCl, 500 mM NaCl, 0.05% of Tween 20, pH 7.5) 
before serially diluted primary rabbit or pig antibody was 
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added. After six washes with TTBS, alkaline phosphatase 
conjugated secondary antibodies (1/5000 dilution), either 
anti-rabbit or anti-pig (Kirkegaard & Perry), were added. 
Plates were developed with 100 ul/well of p-Nitrophenyl 
Phosphate (PNPP, 3 g/L) in 1 M diethanolamine, 0.5 MgCl, 
pH 9.8 and the plates were read on an ELISA reader 
(BioRad) at 405/490 nm. 
0173 FACS Analysis of Lymphocyte Surface Markers. 
0174 Blood samples were collected from PMWS 
affected piglets in the field and negative control. The RBC 
was lysed and WBC was stained with anti-pig CD3, CD4 
and CD8 monoclonal antibodies, and followed by fluores 
cence labeled anti-mouse Secondary antibody. The Specifi 
cally labeled cells were fixed with 2% formaldehyde and 
5000 cells were counted using FACS system (Becton Dick 
inson). 

EXAMPLE 1. 

PMWS Reproduction 
0175 PMWS has not been reproduced under controlled 
conditions, nor have etiology Studies been performed. In 
order to determine the causative agent of this disease, a 
number of tissues were collected from PMWS-affected pigs, 
as described above in Materials and Methods, and studied. 
Lymph nodes displayed the most apparent groSS lesions, 
histopathological changes and circovirus infection was con 
firmed by immunostaining. Accordingly, the lymph nodes 
were used in the challenge experiments described above. 
0176) The challenge experiments, conducted as described 
in Materials and Methods were Successful in producing 
PMWS in pigs. In particular, some piglets died of the 
infection and asymptomatically infected piglets developed 
PMWS-like microscopic lesions by the end of the trial. 
0177. In another challenge experiment, the starting mate 
rial used was lung tissue of pig with chronic wasting and 
lymph node enlargement. These clinical Signs are charac 
teristic of PMWS. The tissue was combined with Sterile 0.1 
M phosphate-buffered saline (PBS) and homogenized by 
passage through a polytron mixer. The crude tissue homo 
genate was used to challenge pigs. In particular, a total of 40 
piglets (approximately 1 day of age) were randomly (bal 
anced by litter of birth, gender and body weight) assigned to 
“tissue challenge,”“tissue challenge with Cyclosporin-A, 
“control,” or “Cyclosporin-A' treatment groups. The 
cyclosporin treatment had no clinical or hematological effect 
on the treated pigs except that cyclosporin was detected in 
the blood of those pigs three hours after the drug was 
administered. Hence, groups were collapsed acroSS 
cyclosporin treatment for analysis. 
0.178 In general, postmortem signs of PMWS disease in 
the challenged pigs included enlarged lymph nodes and 
incomplete collapse of lung tissue. Postmortem signs of 
PMWS disease were detected in significantly (p<0.01; two 
tailed Fishers exact-test) more pigs in the group treated with 
tissue extract (7 pigs out of 9) than in the group treated with 
placebo (2 pigs out of 18). The average daily gain in the 
group treated by injection of tissue extract (212 gm/d) was 
not Substantially different from the group given the placebo 
(202 gm/d). 
0179 Blood samples were obtained throughout the 
experiment and tissue Samples were taken postmortem. The 
samples were tested for PCVII viral DNA by PCR, using 
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PCR primers 1230- and 400+ (Table 1) which resulted in an 
830 base pair product. Four of the pigs given the lung tissue 
extract had positive blood Samples, whereas none of the pigs 
given placebo had PCVII DNA detected in their blood. 
PCVII was detected in one or more tissues from 7 of the 8 
Surviving pigs in the “virus challenge' treatment group 
whereas all tissues from pigs in the control group were 
negative for PCVII. Contingency table analysis showed a 
significant difference (p<0.001; two-tailed Fishers exact 
test). 
0180. In another challenge experiment, lung tissue of pig 
with chronic wasting and lymph node enlargement was 
collected and tissue debris removed by centrifugation (8000 
rpm for 30 minutes). The Supernatant was applied to a 
cesium chloride Step-gradient and centrifuged at 100,00x g. 
Bands appeared between 41% CsCl (1.28 gm/ml) and 63% 
(1.40 gm/ml). These bands were applied to a 30% CsCl 
“foot' and centrifuged for 2 hours at 100,000x g. The pellet 
was resuspended in 15 mL of sterile 0.1 M PBS. 
0181 A total of 20 weaned piglets (approximately three 
weeks of age) were randomly (balanced by litter of birth, 
gender and body weight) assigned to “control” or “virus 
challenge' treatment groups. Pigs were weaned on Day 0 at 
approximately three weeks of age. In general, clinical Signs 
of PMWS disease included enlarged lymph nodes and 
wasting or poor growth. Enlarged lymph nodes were 
detected in significantly (p<0.02; two-tailed Fisher exact 
test) more pigs in the group treated with virus (7 pigs) than 
in the group treated with placebo (1 pig). The average daily 
gain in the group treated by virus injection (580 gm/d) 
tended to be less than the group given the placebo (616 
gm/d), but the difference was not significant (p=0.17; two 
tailed paired t-Test). There was no difference between 
groups in the relative mass of internal organs (liver, lung, 
heart, spleen, kidneys). 
0182 Blood samples that were obtained throughout the 
experiment and tissue Samples that were taken postmortem 
were tested for PCVII viral DNA using the PCR techniques 
described above. 

0183 All blood samples, including those taken just prior 
to euthanasia were negative for PCVII. PCVII was detected 
in one or more tissues for 8 of the 10 pigs in the “virus 
challenge' treatment group whereas all tested tissues from 
pigs in the control group were negative for PCVII. Contin 
gency table analysis showed that this was a significant 
difference (p<0.001; two-tailed Fishers exact-test). 
0184. In conclusion, these experiments confirm that 
injection of weaned piglets with tissue extracts and gradient 
purified viral material containing PCVII results in infection 
of multiple tissues. The infection persists for a duration of at 
least eight weeks. 

EXAMPLE 2 

Isolation and Propagation of PCVII 

0185. To determine the presence of an infectious caus 
ative agent(s) for PMWS, various tissues from pig #412, an 
experimentally challenged piglet Sacrificed 21 days post 
infection, were used for Viral isolation. After continued 
passage of lymph node Samples from pig i412 in Dulac 
cells, virus accumulation or adaptation was observed. A 
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unique pattern of cytopathic effect initially developed, fol 
lowed by increasing virus titer, as determined by ELISA 
using the standard Berlin anti-PCV antibody, as described 
above. 

0186 The existence of circovirus in Dulac cells infected 
with isolate PCVII 412 was then detected by electron 
microscopic examination. After six passages, Viral Structure 
proteins could be detected consistently, using a western blot 
asSay. 

EXAMPLE 3 

Specific Anti-PCVII Antibodies in 
Asymptomatically Infected and Convalescent 

Piglets in PMWS-affected Herds 

0187 Because it appeared that porcine circoviruses pos 
Sessed Some heterogeneity, ELISAS were performed using 
sera of piglets, collected from a herd with a PMWS out 
break, against the PCV and isolate PCVII 412 virus. Most of 
the asymptomatically PCVII-infected and convalescent pig 
lets developed specific antibodies against PCVII, not PCVI. 

EXAMPLE 4 

Isolation, Cloning and Sequencing of PCVII Virus 
and Viral Genomic DNA 

0188 In order to explore genetic differences between the 
two Strains of porcine circoviruses, Viral DNA was extracted 
from infected Dulac cells. Considering the possible genetic 
unrelatedness between PCVI and PCVII, the approach was 
to design primer(s) from the most conserved region. Previ 
ous analysis of the PK15 PCVDNA sequences (Mankertz et 
al. (1997).J. Gen. Virol. 71:2562-2566; Meehan et al. (1997) 
J. Gen. Virol. 78:221-227) revealed a stem loop structure in 
the origin of replication. A Single primer, targeting the 
inverted repeat Sequence of the Stem loop region, Loops, 
was designed because of the highly conserved nature of this 
important domain. The amplification of the PCVII 412 viral 
DNA by single primer PCR was successful. After cloning 
into a TA cloning vector, the Viral genomic Sequence was 
obtained by automated Sequencing from Several clones and 
both Senses to ensure fidelity. The actual Sequence of the 
Stem loop or primer region was then obtained from a Second 
full-length clone generated by primers of 1000- and RiF 
from the only non-coding region of the Virus. The nucleotide 
sequence for PMWS 412 is shown in the top line of FIGS. 
2A-2C. 

0189 Using similar primers, other PCVII isolates, 
including PCVII 9741 from the same herd as PCVII 412, 
and PCVII B9 from a PMWS outbreak in the United States, 
were obtained. These Strains were Sequenced and compared 
to PCVII 412 and PCVI. See FIGS. 2A-2C for a comparison 
of PCVII 412 with PCVI and FIGS. 4A-4B for comparisons 
of the PCVII 412 sequence with the various PCV isolates. 

0190. The results of a phylogenetic analysis using the 
PAUP 3.1 program suggested that the new PMWS isolates 
were closely related and in a different cluster with PCVI. 
These isolates were therefore termed "PCVII' isolates. The 
percent nucleotide Sequence homologies among isolates of 
the novel porcine circovirus were more than 99% identical. 



US 2002/0106639 A1 

In contrast, comparison of these nucleotide Sequences with 
the PK15 PCVI showed only 75.8% overall nucleotide 
Sequence homology. Comparative analysis of nucleotide 
Sequences in different regions further revealed that the 
putative replication-associated protein gene of these two 
viruses share 81.4% homology, while the nucleotide 
sequences of the other large ORF was only 67.6% homolo 
gOuS. 

0191) Furthermore, nucleotide insertions and deletions 
(indels) were found in three regions. There are 13 base 
insertions in the new isolates between PCVI sequence 38-61 
that flank the start codon for the putative 35.8 kd protein 
encoded by ORF1. The area of PCVI 915-1033, containing 
15 base indels, was at the ends and the joint region of the two 
largest ORFs (the other ORF was antisense) of the porcine 
circoviruses. The third region, covering PCVI sequence 
from 1529-1735 with 15 base indels, locates at the amino 
end of a putative 27.8 kd protein encoded by ORF 6. PCVI 
Sequences were also compared with the available Sequences 
of the rest of the members of Circoviridae. PCVI is more 
closely related to banana bunch top virus (BBTV), a plant 
virus, than to chicken anemia virus (CAV) and beak and 
feather disease virus (BFDV) (both of which are avian 
circoviruses). 
0192 The gene map of isolate PCVII 412 is shown in 
FIG. 1. There are a total of six potential ORFs encoding 
proteins larger than 50 amino acid residues. A comparison 
between PCVII 412 and PK15 PCVI revealed homologies in 
four of the ORFs (Table 2). The function of the 35.8 kd, 
namely the putative DNA replicase protein, has been pre 
viously predicted (Meehan et al. (1997) J. Gen. Virol. 
78:221-227). Analysis of these proteins predicted that both 
of the 35.8 kd and the antisense 27.8 kd proteins are nuclear 
proteins. Nucleotide Sequence analysis also indicated that 
the start codons for the two proteins are within 33 bases of 
the origin of replication, which could also be the promoter. 
In addition, both ORFs ended with legitimate stop codons 
and poly A tail Signals. Since Some of the predicted proteins 
(based on size) could be found in western blots, these 
findings Suggest that porcine circoviral mRNA can be tran 
scribed from both senses of the replicated forms. However, 
there is no coding Sequence long enough to code for the 
common 31 kd protein and the additional 20 k.d protein for 
the PCVII 412 isolate detected by western blot analysis. This 
Suggests that post-translational cleavage and/or RNA splic 
ing may be involved in the expression of Some of the porcine 
circovirus proteins. 

TABLE 2 

Putative Amino Acid Sequence Comparison 
Between PK15 PCVI and PCV 412 

Sequence Predicted 
Open reading frames Homology, 76 Localization 

PCVI 412 PCVI/412 and Function 

47-983 51-992 83.5 Nucleus, putative Rep 
(ORF1) (ORF1) protein 
1723-1024 1735-1037 66.4 Nucleus 
(ORF 6) (ORF 6) 
552-2O7 565-389 40.9 Endoplasmic Reticulum 
(ORF 4) (ORF3) 
658-40 671-359 29.1 Microbody 
(ORF3) (ORF 2) 
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EXAMPLE 5 

Purification of PCVII Using Molecular Cloning 
Method 

0193 Dulac cells were found to be infected with porcine 
retrovirus which is also found in many pig origin cell lines. 
In addition, other porcine pathogens were also found incon 
sistently associated with PCVII in PMWS-affected piglets. 
Thus, to obtain pure PCVII cultures, genetically cloned 
PCVII DNA was transferred to the Susceptible non-porcine 
origin Vero cells using liposomes. After two passages, 
amplified PCV antigens were detected in the cells. The 
PCVII was seen to replicate and accumulate in the nuclei 
and was released into cytoplasm and other cells during cell 
mitosis. 

EXAMPLE 6 

Multiplex PCR in PCVII Identification and PMWS 
Diagnosis 

0194) 
circoviruses, PCVI and PCVII, two sets of primers were 

In order to differentiate the two strains of porcine 

designed based upon the comparative analysis of the viral 
DNA sequences. The PCV group-specific pair of 1710+/850, 
and isolate PCVII 412 strain-specific 1100+/1570-, were 
used in multiplex PCR for testing field samples. These 
primer Sets were used with frozen tissues and buffy coat cells 
of peripheral blood. As judged by the multiplex PCR, using 
those primer sets, not only was PCVII infection identified in 
these Samples but the genetic relatedness of the field Samples 
was also determined. The presence of circovirus was later 
confirmed by electron microScopy. 

0.195 The potency of this diagnostic method was further 
tested with another group of Samples collected from a 
PMWS-affected herd (see FIG. 5). The PCVII DNA 
Sequences could also be identified in almost all the tissues in 
PMWS-affected piglets (FIG. 6). 

EXAMPLE 7 

PCVII Viremia Prior to and During PMWS 
Outbreak 

0196. The development of PCR using serum enabled us 
to test the PCVII viremia in a Swineherd showing specific 
anti-PCVII antibody. A group of 23 piglets was monitored 
from the age of one day until Seven weeks and Samples were 
collected at approximately two week intervals. A full-course 
of PCVII viremia and PMWS outbreak were observed, as 
indicated by the appearance to disappearance of the PCVII 
viremia which was detected in 9 of the 23 piglets. Most of 
piglets which showed PCVII viremia developed PMWS 
with some exhibiting severe PMWS. Table 3 shows the 
manifestation of PMWS in a typical pig. Gross lesions were 
found in most organs and tissues (Table 3). 
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A clinical, histology, virology and immunology report of a typical PMWS 
affected piglet. 

PMWS pig Gross appearance Histopath 

H254 Spine, hairy, disinterested and 
wobbled 

Saliva ND ND 
Urine Palefclear ND 
Bile Thin, not viscid ND 
Feces Scant but normal ND 
Serum N ND 
Plasma Yellow ND 
Skin Hint of yellow 
Fat Little?no fat 
Muscle N 
Tongue N Glossitis 
Tonsil Small crypts Lymphocyte depletion 
Cerv. LN Enlarged Lymphocyte depletion 
Med. LN Very large, dark surface, yellow center Lymphocyte depletion 
Mesenteric LN 
Inguinal LN 

Very enlarged, dark and wet 
Large, dark and wet 

Lymphocyte depletion 
Lymphocyte depletion 

Spleen Small and thin Lymphocyte depletion 
Thymus Small and difficult to find ND 
Treachea N Metaplasia adenitis 
Lung A, M lobes 80% atelectasis; firm Interstitial 

texture 

mottles and spots thoughout all lobes Pneumonia 
Heart Thin and flabby 
Liver "Camouflage' pattem mottling 
Gall Bladder N, moderately full 
Pancreas N 
Adrenal N Focal adrenalitis 
Brain N Meningitis 
Eye N, white sclera 
Stomach N, full of feed 
Small intestine 

Large intestine 
Kidney 

N 

N, sandy/gritty contents 
Enlarged, dark and no pus 

Peyers Patch 
Submucosal inflam 
Interstitial nephritis 

Urinary bladder N 
Ref mg x 10^9/L 

CBC WBC: 20.1 11.0-22.0 

Segs: 62% or 12.462 3.08-10.4 
Lymphs: 29.0% or 5.829 4.29-13.6 

FACS CD3:52.1% 55% 
CD4: 9.0% 30% 
CD8: 66.5% 15% 

EXAMPLE 8 

Host Immune System Dysfunction in PMWS 
Affected Piglets 

0197) It is interesting that while lymphocyte infiltration 
was discovered in most of the tissues, lymphocyte depletion 
was consistently found in all the lymphoid tissues (Table 3). 
Decreased CD4 cell, and increased CD8 cells were also 
seen, while CD3 cells remained relatively stable (Table 4, 
mean numbers are from two PMWS affected and 40 negative 
control piglets). These changes resulted in CD4/CD8 ratio 
which drastically dropped from 1.58 to 0.13. These finding 
suggested that PCVII could induce host immune system 
malfunction and therefore Suppress the host immune 
responses to PCVII and possibly other pathogens. Thus, 
PMWS appears to be a disease of immunodeficiency in 
piglets. 

PCR 

ND 
-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

TABLE 4 

Lymphocyte Surface Markers of PMWSAffected 
and Control of 6-week-old Piglets 

CD3 CD4 CD8 CD4/CD8 Ratio 

PMWS 59.88 8.85 67.6 O.13 
Control 53.46 24.02 15.18 1.58 

0198 Deposits of Strains Useful in Practicing the Inven 
tion 

0199 A deposit of biologically pure cultures of clone 
B9WTA, a clone including the full-length nucleic acid 
sequence of PCVII B9 as depicted in FIGS. 4A-4B, was 
made with the American Type Culture Collection, 10801 
University Boulevard, Manassas, Va. on and 
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assigned Accession No. . The accession number availability to the public of the deposited cultures will be 
indicated was assigned after Successful viability testing, and irrevocably removed. 
the requisite fees were paid. The deposits were made under 0200. These deposits are provided merely as convenience 
the provisions of the Budapest Treaty on the International to those of skill in the art, and are not an admission that a 
Recognition of the Deposit of Microorganisms for the Pur- deposit is required under 35 U.S.C. S 112. The nucleic acid 
pose of Patent Procedure and the Regulations thereunder Sequences of these genes, as well as the amino acid 
(Budapest Treaty). This assures maintenance of viable cul- Sequences of the molecules encoded thereby, are incorpo 
tures for a period of thirty (30) years from the date of rated herein by reference and are controlling in the event of 
deposit. The organisms will be made available by the ATCC any conflict with the description herein. 
under the terms of the Budapest Treaty, which assures 0201 Thus, the cloning, expression and characterization 
permanent and unrestricted availability of the progeny to of novel PCVII isolates is disclosed, as are methods of using 
one determined by the U.S. Commissioner of Patents and the Same. Although preferred embodiments of the Subject 
Trademarks to be entitled thereto according to 35 U.S.C. invention have been described in Some detail, it is under 
$122 and the Commissioner's rules pursuant thereto (includ- stood that obvious variations can be made without departing 
ing 37 C.F.R. S.1.12 with particular reference to 886 OG from the spirit and the scope of the invention as defined by 
638). Upon the granting of a patent, all restrictions on the the appended claims. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 24 

<210> SEQ ID NO 1 
&2 11s LENGTH 1768 
&212> TYPE DNA 

<213> ORGANISM: Porcine Circovirus Type II 

<400 SEQUENCE: 1 

accagogcac titcgg cagog gCagcacctic gg cago acct cagoag caac at gcc.ca.gca 60 

agaagaatgg aagaag.cgga ccc.caac cac ataaaaggtg ggtgttcacg citgaataatc 120 

citt.ccgaaga cq agc.gcaag aaaatacggg agcticccaat citcc ct attt gattattitta 18O 

ttgttgg.cga ggagggtaat gaggaaggac galacaccitca cotcCagggg titc.gctaatt 240 

ttgttgaagaa gCaaacttitt aataaagtga agtgg tattt gggtgc cc.gc toccacatcg 3OO 

agaaag.ccala aggaactgat cagoagaata aagaatattg cagtaaagaa ggcaacttac 360 

ttattgaatg toggagcticct cqatctoaag gacaacggag to acct gtct actdct gtga 420 

gtaccttgtt ggaga.gcggg attctggtga cc gttgcaaa gCag caccct gtaacgtttg 480 

toaaaaattt cogcqggct g gCtgaactitt togaaagtgag cqggaaaatg caaaag.cgtg 540 

attggaaaac caatgtacac titcattgttgg ggccaccitgg gtgtgg taala agcaaatggg 600 

citgctaattt togcaaac cog gaalaccacat acto gaalacc acctaaaaac aagtggtggg 660 

atggittacca togtogaaaaa gtggttgtta ttgatgacitt titatggctgg cit gcc.gtggg 720 

atgatctact gagacitgtgt gatcgatat c cattgactgt aaaaactaaa ggtggaactg 78O 

taccttttitt gg.ccc.gcagt attctgatta coag caatca gacccc gttg gaatgg tact 840 

cctcaactgc tigtoccagot gtagaagctc. tctatog gag gattactitcc ttgg tattitt 9 OO 

ggaagaatgc tacaaaacaa to cacggagg aagggggcca gttcgt cacc ctitt cocc cc 96.O 

catg.ccctga attitccatat gaaataaatt actgagtctt ttittat cact togtaatggit 1020 

ttittattatt catttagggit to aagtgggg ggtotttaag attaaattct citgaattgta 1080 

catacatggit tacacggata ttgtagt cot ggtogtattt actdttittcg aacgcagtgc 1140 

cgaggcctac gtggtocaca tttccagagg tttgtagcct cago caaag.c to attcctitt 1200 

tgttatttgg ttggaagtaa to aatagtgg agtcaagaac aggtttgggt gtgaagtaac 1260 
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atttgaggta gttaac attc caagatggct gcgagtatcc toctitttat g g to agtacaa 1560 

attctgtaga aaggcgggaa ttgaagatac cc.gtotttcg gcgc.catctg. taacggtttc 1620 

tgaaggcggg gtgtgccaaa tatggtottc. tcc.ggaggat gtttccalaga tiggctg.cggg 1680 

ggcgggtoct tcttctg.cgg taacgc.citcc ttggccacgt catcctataa aagtgaaaga 1740 

agtgcgctgc tigtag tatt 1759 

<210> SEQ ID NO 3 
<211& LENGTH: 314 
&212> TYPE PRT 

<213> ORGANISM: Porcine Circovirus Type II 

<400 SEQUENCE: 3 

Met Pro Ser Lys Lys Asn Gly Arg Ser Gly Pro Glin Pro His Lys Arg 
1 5 10 15 

Trp Val Phe Thr Lieu. Asn. Asn Pro Ser Glu Asp Glu Arg Lys Lys Ile 
2O 25 30 

Arg Glu Leu Pro Ile Ser Leu Phe Asp Tyr Phe Ile Val Gly Glu Glu 
35 40 45 

Gly Asn. Glu Glu Gly Arg Thr Pro His Leu Glin Gly Phe Ala Asn. Phe 
5 O 55 60 

Wall Lys Lys Glin Thr Phe Asn Lys Wall Lys Trp Tyr Lieu Gly Ala Arg 
65 70 75 8O 

Cys His Ile Glu Lys Ala Lys Gly Thr Asp Glin Glin Asn Lys Glu Tyr 
85 90 95 

Cys Ser Lys Glu Gly Asn Lieu Lieu. Ile Glu Cys Gly Ala Pro Arg Ser 
100 105 110 

Glin Gly Glin Arg Ser Asp Leu Ser Thr Ala Val Ser Thr Lieu Lieu Glu 
115 120 125 

Ser Gly Ile Leu Val Thr Val Ala Glu Gln His Pro Val Thr Phe Val 
130 135 1 4 0 

Lys Asn. Phe Arg Gly Lieu Ala Glu Lieu Lleu Lys Val Ser Gly Lys Met 
145 15 O 155 160 

Gln Lys Arg Asp Trp Lys Thr Asn Val His Phe Ile Val Gly Pro Pro 
1.65 170 175 

Gly Cys Gly Lys Ser Lys Trp Ala Ala Asn. Phe Ala Asn Pro Glu Thr 
18O 185 190 

Thr Tyr Trp Llys Pro Pro Lys Asn Lys Trp Trp Asp Gly Tyr His Gly 
195 200 2O5 

Glu Lys Val Val Val Ile Asp Asp Phe Tyr Gly Trp Lieu Pro Trp Asp 
210 215 220 

Asp Leu Lieu Arg Lieu. Cys Asp Arg Tyr Pro Leu Thr Val Lys Thr Lys 
225 230 235 240 

Gly Gly. Thr Val Pro Phe Leu Ala Arg Ser Ile Leu Ile Thr Ser Asn 
245 250 255 

Gln Thr Pro Leu Glu Trp Tyr Ser Ser Thr Ala Val Pro Ala Val Glu 
260 265 27 O 

Ala Leu Tyr Arg Arg Ile Thr Ser Lieu Val Phe Trp Lys Asn Ala Thr 
275 280 285 

Lys Glin Ser Thr Glu Glu Gly Gly Glin Phe Val Thr Leu Ser Pro Pro 
29 O 295 3OO 
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Cys Pro Glu Phe Pro Tyr Glu Ile Asn Tyr 
305 310 

<210> SEQ ID NO 4 
<211& LENGTH: 312 
&212> TYPE PRT 

<213> ORGANISM: Porcine Circovirus Type I 

<400 SEQUENCE: 4 

Met Pro Ser Lys Lys Ser Gly Pro Gln Pro His Lys Arg Trp Val Phe 
1 5 10 15 

Thr Lieu. Asn. Asn. Pro Ser Glu Glu Glu Lys Asn Lys Ile Arg Glu Lieu 
2O 25 30 

Pro Ile Ser Leu Phe Asp Tyr Phe Val Cys Gly Glu Glu Gly Leu Glu 
35 40 45 

Glu Gly Arg Thr Pro His Leu Glin Gly Phe Ala Asn. Phe Ala Lys Lys 
5 O 55 60 

Gln Thr Phe Asn Lys Val Lys Trp Tyr Phe Gly Ala Arg Cys His Ile 
65 70 75 8O 

Glu Lys Ala Lys Gly Thr Asp Glin Glin Asn Lys Glu Tyr Cys Ser Lys 
85 90 95 

Glu Gly. His Ile Lieu. Ile Glu Cys Gly Ala Pro Arg Asn Glin Gly Lys 
100 105 110 

Arg Ser Asp Leu Ser Thr Ala Val Ser Thr Leu Leu Glu Thr Gly Ser 
115 120 125 

Leu Val Thr Val Ala Glu Gln Phe Pro Val Thr Tyr Val Arg Asin Phe 
130 135 1 4 0 

Arg Gly Lieu Ala Glu Lieu Lleu Lys Val Ser Gly Lys Met Glin Glin Arg 
145 15 O 155 160 

Asp Trp Llys Thr Ala Val His Val Ile Val Gly Pro Pro Gly Cys Gly 
1.65 170 175 

Lys Ser Glin Trp Ala Arg Asn. Phe Ala Glu Pro Arg Asp Thr Tyr Trp 
18O 185 190 

Lys Pro Ser Arg Asn Lys Trp Trp Asp Gly Tyr His Gly Glu Glu Val 
195 200 2O5 

Val Val Lieu. Asp Asp Phe Tyr Gly Trp Lieu Pro Trp Asp Asp Lieu Lieu 
210 215 220 

Arg Lieu. Cys Asp Arg Tyr Pro Leu Thr Val Glu Thir Lys Gly Gly Thr 
225 230 235 240 

Val Pro Phe Leu Ala Arg Ser Ile Leu Ile Thr Ser Asn Glin Ala Pro 
245 250 255 

Gln Glu Trp Tyr Ser Ser Thr Ala Val Pro Ala Val Glu Ala Leu Tyr 
260 265 27 O 

Arg Arg Ile Thr Thr Leu Gln Phe Trp Llys Thr Ala Gly Glu Glin Ser 
275 280 285 

Thr Glu Val Pro Glu Gly Arg Phe Glu Ala Val Asp Pro Pro Cys Ala 
29 O 295 3OO 

Leu Phe Pro Tyr Lys Ile Asn Tyr 
305 310 

<210 SEQ ID NO 5 
&2 11s LENGTH 233 
&212> TYPE PRT 
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<213> ORGANISM: Porcine Circovirus Type II 

<400 SEQUENCE: 5 

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 
1 5 10 15 

Ser His Leu Gly Glin Ile Lieu Arg Arg Arg Pro Trp Lieu Val His Pro 
2O 25 30 

Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn. Thir Arg 
35 40 45 

Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Arg Thr Thr Val Thr Thr 
5 O 55 60 

Pro Ser Trp Ala Val Asp Met Met Arg Phe Lys Ile Asp Asp Phe Val 
65 70 75 8O 

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

Arg Ile Arg Llys Val Lys Val Glu Phe Trp Pro Cys Ser Pro Ile Thr 
100 105 110 

Glin Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Lieu. Asp Asp Asn 
115 120 125 

Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr 
130 135 1 4 0 

Ser Ser Arg His Thr Ile Pro Gln Pro Phe Ser Tyr His Ser Arg Tyr 
145 15 O 155 160 

Phe Thr Pro Llys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro 
1.65 170 175 

Asn Asn Lys Arg Asn Glin Leu Trp Lieu Arg Lieu Glin Thr Ser Gly Asn 
18O 185 190 

Val Asp His Val Gly Lieu Gly Thr Ala Phe Glu Asn. Ser Lys Tyr Asp 
195 200 2O5 

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

Asn Lieu Lys Asp Pro Pro Leu Glu Pro 
225 230 

<210> SEQ ID NO 6 
&2 11s LENGTH 233 
&212> TYPE PRT 

<213> ORGANISM: Porcine Circovirus Type I 

<400 SEQUENCE: 6 

Met Thir Trp Pro Arg Arg Arg Tyr Arg Arg Arg Arg Thr Arg Pro Arg 
1 5 10 15 

Ser His Leu Gly Asn. Ile Lieu Arg Arg Arg Pro Tyr Lieu Ala His Pro 
2O 25 30 

Ala Phe Arg Asn Arg Tyr Arg Trp Arg Arg Lys Thr Gly Ile Phe Asn 
35 40 45 

Ser Arg Leu Ser Thr Glu Phe Val Leu Thir Ile Lys Gly Gly Tyr Ser 
5 O 55 60 

Gln Pro Ser Trp Asn Val Asn Tyr Leu Lys Phe Asn Ile Gly Glin Phe 
65 70 75 8O 

Leu Pro Pro Ser Gly Gly. Thir Asn Pro Leu Pro Leu Pro Phe Glin Tyr 
85 90 95 
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Tyr Arg Ile Arg 
100 

Thir Ser Asn Glin 
115 

Asn Phe Wall Thr 
130 

Tyr Ser Ser Arg 
145 

Tyr Phe Thr Pro 

Pro Asn. Asn Lys 
18O 

Asn. Wall Glu. His 
195 

Ala Glin Asn Tyr 
210 

Phe Ile Leu Lys 
225 

&2 11s LENGTH 59 
&212> TYPE PRT 

Arg 

Pro 

His 

Lys 
1.65 

Arg 

Thr 

Wall 

Asp 

7 

Ala 

Gly 

Ser 

Thr 
15 O 

Pro 

Asn 

Gly 

Wall 

Pro 
230 

<213> ORGANISM: Porcine 

<400s. SEQUENCE: 

Met Lys Cys Thr 
1 

Thr Phe Lys Ser 
2O 

Gly Cys Cys Phe 
35 

Leu. Thir Ala Wall 
5 O 

<210> SEQ ID NO 

7 

Teu 
5 

Ser 

Ala 

Asp 

8 
&2 11s LENGTH 115 
&212> TYPE PRT 
<213> ORGANISM 

<400 SEQUENCE: 

Met Thr Cys Thr 
1 

Thr Phe Lys Ser 
2O 

Gly Asn. Cys Ser 
35 

Leu. Thir Ala Wall 
5 O 

Pro His Ser Ile 
65 

Cys Trp Ser Val 

Tyr His Phe Thr 
100 

8 

Ala 

Ser 

Ala 

Asp 

Ser 

Pro 
85 

Teu 

Wall 

Ala 

Thr 

Arg 

Porcine 

Wall 

Ala 

Thr 

Arg 

Met 
70 

Phe 

Teu 

Wall 

Thr 
135 

Ile 

Glu 

Glin 

Teu 

Arg 
215 

Teu 

Gly 
120 

Asn 

Arg 

Telu 

Telu 

Gly 
200 

Telu 

Asn 

Glu 
105 

Ser 

Telu 

Glin 

Asp 

Trp 
185 

Phe 

Thr 

Ala 

Pro 

Glin 
170 

Telu 

Ala 

Ile 

Circovirus Type 

Phe 

Ser 

Wall 

Ser 
55 

Glin 

Pro 

Thr 
40 

Telu 

Ser 

Arg 
25 

Arg 

Arg 

Arg 
10 

Circovirus Type 

Phe 

Ser 

Wall 

Ser 
55 

Trp 

Ala 

Glin 

Pro 

Thr 
40 

Telu 

Pro 

Phe 

Wall 

Ser 

Arg 
25 

Arg 

Ser 

Ser 

Cys 
105 

Arg 
10 

Asp 

Phe 

Telu 

Met 
90 

Phe 

Phe 
155 

Thr 

His 

Teu 

II 

Phe 

Phe 

Pro 

Pro 

Phe 

Pro 

Pro 

Teu 
75 

Trp 

Teu 

23 
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Pro 

Wall 

Asp 
1 4 0 

Thr 

Ile 

Teu 

Glin 

Wall 
220 

Cys 

Teu 

Teu 

Teu 

Wall 

Trp 
60 

Glin 

Glin 

Ala 

Arg 

Ile 
125 

Pro 

Tyr 

Asp 

Asn 

Asn 

Glin 

Ile 

Thr 

Ser 
45 

Ile 

Thr 

Ser 
45 

Phe 

Asp 
110 

Teu 

Tyr 

His 

Trp 

Thr 
190 

Ala 

Phe 

Phe 

Asn 
30 

Asn 

Phe 

Tyr 
30 

Arg 

Ser 

Ala 

Phe 
110 

Pro 

Asp 

Ile 

Ser 

Phe 
175 

His 

Ala 

Arg 

Pro 
15 

Wall 

Lys 

Pro 
15 

Wall 

Arg 

Gly 

Telu 

Pro 
95 

Ala 

Ile 

Ala 

Asn 

Arg 
160 

His 

Thr 

Thr 

Glu 

Telu 

Thr 

Wall 

Telu 

Thr 

Wall 

Ala 

Phe 

Lys 

Asn 
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Pro Trp Arg 
115 

<210 SEQ ID NO 9 
<211& LENGTH 104 
&212> TYPE PRT 

<213> ORGANISM: Porcine Circovirus Type II 

<400 SEQUENCE: 9 

Met Val Thr Ile Pro Pro Leu Val Phe Arg Trp Phe Pro Val Cys Gly 
1 5 10 15 

Phe Arg Val Cys Lys Ile Ser Ser Pro Phe Ala Phe Thr Thr Pro Arg 
2O 25 30 

Trp Pro His Asn Glu Val Tyr Ile Gly Phe Pro Ile Thr Leu Leu. His 
35 40 45 

Phe Pro Ala His Phe Glin Lys Phe Ser Glin Pro Ala Glu Ile Phe Asp 
5 O 55 60 

Lys Arg Tyr Arg Val Lieu Lleu. Cys Asn Gly His Glin Asn Pro Ala Lieu 
65 70 75 8O 

Gln Glin Gly Thr His Ser Ser Arg Glin Val Thr Pro Leu Ser Leu Arg 
85 90 95 

Ser Arg Ser Ser Thr Phe Asn Lys 
100 

<210> SEQ ID NO 10 
&2 11s LENGTH 2.06 
&212> TYPE PRT 

<213> ORGANISM: Porcine Circovirus Type I 

<400 SEQUENCE: 10 

Met Ile Ser Ile Pro Pro Leu Ile Ser Thr Arg Leu Pro Val Gly Val 
1 5 10 15 

Pro Arg Leu Ser Lys Ile Thr Gly Pro Leu Ala Leu Pro Thr Thr Gly 
2O 25 30 

Arg Ala His Tyr Asp Val Tyr Ser Cys Lieu Pro Ile Thr Lieu Lieu. His 
35 40 45 

Leu Pro Ala His Phe Glin Lys Phe Ser Glin Pro Ala Glu Ile Ser His 
5 O 55 60 

Ile Arg Tyr Arg Glu Lieu Lieu Gly Tyr Ser His Glin Arg Pro Arg Lieu 
65 70 75 8O 

Glin Lys Gly Thr His Ser Ser Arg Glin Val Ala Ala Lieu Pro Leu Val 
85 90 95 

Pro Arg Ser Ser Thr Leu Asp Llys Tyr Val Ala Phe Phe Thr Ala Val 
100 105 110 

Phe Phe Ile Leu Leu Val Gly Ser Phe Arg Phe Leu Asp Val Ala Ala 
115 120 125 

Gly Thr Lys Ile Pro Lieu. His Lieu Val Lys Ser Lieu Lleu Lleu Ser Lys 
130 135 1 4 0 

Ile Arg Llys Pro Leu Glu Val Arg Ser Ser Thr Leu Phe Glin Thr Phe 
145 15 O 155 160 

Leu Ser Ala Asn Lys Ile Ile Lys Lys Gly Asp Trp Lys Lieu Pro Tyr 
1.65 170 175 

Phe Val Phe Leu Lleu Leu Gly Arg Ile Ile Lys Gly Glu His Pro Pro 
18O 185 190 
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<213> ORGANISM: Porcine Circovirus Type II 

<400 SEQUENCE: 12 

accago go ac titcggcagog goagcaccitc ggcago acct cagdaacaac atgcc.ca.gca 60 

agaagaatgg aagaag.cgga ccc.calaccac ataaaagg to ggtgttcacg citgaataatc 120 

cittc.cgaaga caa.gc.gcaag aaaatacggg agctoccaat citc.cc tattt gattattitta 18O 

ttgttggcga ggagggtaat gaggaaggac galacaccitca cct coagggg titcgctaatt 240 

<210> SEQ ID NO 13 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Loop primer 

<400 SEQUENCE: 13 

actacagoag cqc acttic 18 

<210> SEQ ID NO 14 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 1000 (-) 
primer 

<400s. SEQUENCE: 14 

aaaaaag act cagtaattta titt catatgg 30 

<210 SEQ ID NO 15 
&2 11s LENGTH 23 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: RIF (-) 

primer 

<400 SEQUENCE: 15 

atcactitcgt aatggitttitt att 23 

<210> SEQ ID NO 16 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 1710 (+) 

primer 

<400 SEQUENCE: 16 

tgcggtaacg cctocittg 18 

<210 SEQ ID NO 17 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 850 (-) 

primer 

<400 SEQUENCE: 17 

citacagctgg gacago agitt g 21 
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<210> SEQ ID NO 18 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 1100 (+) 

primer 

<400 SEQUENCE: 18 

catacatggit tacacggata ttg 23 

<210 SEQ ID NO 19 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 1570 (-) 

primer 

<400 SEQUENCE: 19 

cc.gcaccittc ggatatactg 20 

<210> SEQ ID NO 20 
&2 11s LENGTH 59 
&212> TYPE PRT 

<213> ORGANISM: Porcine Circovirus Type II 

<400 SEQUENCE: 20 

Met Tyr Thr Ser Leu Trp Gly. His Leu Gly Val Val Lys Ala Asn Gly 
1 5 10 15 

Leu Lieu. Ile Leu Glin Thr Arg Llys Pro His Thr Gly Asn His Lieu Lys 
2O 25 30 

Thr Ser Gly Gly Met Val Thr Met Val Lys Lys Trp Leu Leu Leu Met 
35 40 45 

Thr Phe Met Ala Gly Cys Arg Gly Met Ile Tyr 
5 O 55 

<210> SEQ ID NO 21 
&2 11s LENGTH 53 
&212> TYPE PRT 

<213> ORGANISM: Porcine Circovirus Type II 

<400 SEQUENCE: 21 

Met Val Phe Ile Ile His Leu Gly Phe Lys Trp Gly Val Phe Lys Ile 
1 5 10 15 

Lys Phe Ser Glu Leu Tyr Ile His Gly Tyr Thr Asp Ile Val Val Leu 
2O 25 30 

Val Val Phe Thr Val Phe Glu Arg Ser Ala Glu Ala Tyr Val Val His 
35 40 45 

Ile Ser Arg Gly Lieu 
5 O 

<210> SEQ ID NO 22 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 1230 (-) 
primer 
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<400 SEQUENCE: 22 

tocc gttact tcacaccoaa 20 

<210> SEQ ID NO 23 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 400 (+) 

primer 

<400 SEQUENCE: 23 

cctgtc.tact gctgtgagta 20 

<210> SEQ ID NO 24 
&2 11s LENGTH 1343 
&212> TYPE DNA 

<213> ORGANISM: Porcine Circovirus Type II 

<400 SEQUENCE: 24 

ttgttggaga gcgggattct ggtgaccgtt gcaaag cago accotgtaac gtttgttcaaa 60 

aattitcc.gcg ggctggctga acttittgaaa gtgag cqgga aaatgcaaaa gogtgattgg 120 

aaaaccalatg tacactitcat tdtggggcca cct gggtgtg gtaaaagcaa atgggctgct 18O 

aattittgcaa accoggaaac cacatactgg aalaccaccita aaaacaagt g g toggatggit 240 

taccatggtg aaaaagtggit tottattgat gacttittatg gctggctgcc gtgggatgat 3OO 

citactgaaac totgttgatcg atato cattg actgtaaaaa citaaaggtgg aactgtacct 360 

tttittggc.cc gcagtattot gattaccago aatcaaacco cqttggaatg gtacticcitca 420 

actgctgtcc cagotgtaga agctotcitat cqgaggatta cittcc ttggt attittggaag 480 

aatgttacag aacaatccac ggaggaaggg ggc.cagtttgtcaccctitt.c ccc.cc catgc 540 

cctgaattitc catatgaaat aaattactga gtcttittitta toactitcgta atggitttitta 600 

ttatto attt agg gtttalag toggggggtot ttaagattaa attct citgaa ttgtacatac 660 

atggttacac ggatattgta gtc.ctggtcg tatttactgt titt.cgaacgc agit gcc.gagg 720 

cctacgtggit coacatttct agaggitttgt agcctcagoc aaagctgatt cottttgtta 78O 

tittggttgga agtaatcaat agtggagtica agaac aggtt toggtgttgaa gtaacgg gag 840 

tgg taggaga agggttgggg gattgtatgg cqggaggagt agtttacata togggtcatag 9 OO 

gttagg gctg toggcctttgt tacaaagtta to atctagaa taa.cagoagt ggagcc.cact 96.O 

cc cctatoac cct gggtgat gggggagcag ggccagaatt caaccittaac ctittcttatt 1020 

citgtag tatt caaagggitat agagattittg ttggtocccc citc.ccggggg aacaaagttcg 1080 

tdaatattaa atctoatcat gtccaccgcc caggaggg.cg ttgttgactgt ggtagccittg 1140 

acagtatato cqaaggtocg g gagaggcgg gtgttgaaga tigc catttitt cottctocaa 1200 

Cggtag cqgt gg.cgggggtg gacgagc.cag ggg.cggCggc ggaggatctg gccalagatgg 1260 

citgcgggggc ggtgtc.ttct tctg.cggtaa cqc citcc ttg gatacgt.cat agctgaaaac 1320 

gaaagaagtg cqctgtaagt att 1343 

1. An isolated polynucleotide capable of Selectively complementary to, a PCVII sequence depicted in FIGS. 
hybridizing to a porcine circovirus Type II (PCVII) nucle- 4A-4C (SEQ ID NO:1, SEQ ID NO:11 and SEQ ID No:12). 
otide Sequence, wherein the polynucleotide comprises at 2. The polynucleotide of claim 1, wherein Said polynucle 
least about 8 contiguous nucleotides derived from, or otide is at least 10 nucleotides in length. 
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3. The polynucleotide of claim 1, wherein Said polynucle 
otide is at least 15 nucleotides in length. 

4. The polynucleotide of claim 1, wherein Said polynucle 
otide is at least 20 nucleotides in length. 

5. The polynucleotide of claim 1, wherein said polynucle 
otide comprises a Sequence having at least about 85% 
identity to a PCVII sequence depicted in FIGS. 4A-4C (SEQ 
ID NO:1, SEQID NO:11 and SEQID NO:12), or a fragment 
thereof comprising at least about 75 contiguous nucleotides. 

6. The polynucleotide of claim 5, wherein said polynucle 
otide comprises a PCVII Sequence Selected from the group 
consisting of PCVII 412 (SEQID NO:1), PCVII 9741 (SEQ 
ID NO:ll) and PCVII B9 (SEQ ID NO:12). 

7. A polynucleotide encoding an immunogenic porcine 
circovirus Type II (PCVII) polypeptide having at least about 
85% identity to a polypeptide Selected from the group 
consisting of a polypeptide derived from (a) open reading 
frame (ORF) 1 (SEQ ID NO:3), (b) ORF 2 (SEQ ID NO:9), 
(c) ORF3 (SEQ ID NO:7), (d) ORF 4 (SEQ ID NO:20), (e) 
ORF5 (SEQ ID NO:21), (f) ORF 6 (SEQ ID NO:5), and (g) 
immunogenic fragments of (a)-(f) comprising at least about 
5 amino acids. 

8. The polynucleotide of claim 7, wherein the polynucle 
otide encodes an immunogenic PCVII polypeptide having at 
least about 85% identity to a polypeptide derived from ORF 
6 (SEQ ID NO:5), or immunogenic fragments thereof com 
prising at least about 5 amino acids. 

9. The polynucleotide of claim 8, wherein the polynucle 
otide encodes the polypeptide of ORF 6 (SEQ ID NO:5). 

10. A recombinant vector comprising: 

(a) a polynucleotide according to claim 1; and 

(b) control elements that are operably linked to said 
polynucleotide whereby a coding Sequence within Said 
polynucleotide can be transcribed and translated in a 
host cell, and at least one of Said control elements is 
heterologous to Said coding Sequence. 

11. A recombinant vector comprising: 

(a) a polynucleotide according to claim 5; and 

(b) control elements that are operably linked to said 
polynucleotide whereby a coding Sequence within Said 
polynucleotide can be transcribed and translated in a 
host cell, and at least one of Said control elements is 
heterologous to Said coding Sequence. 

12. A recombinant vector comprising: 

(a) a polynucleotide according to claim 7; and 

(b) control elements that are operably linked to said 
polynucleotide whereby a coding Sequence within Said 
polynucleotide can be transcribed and translated in a 
host cell, and at least one of Said control elements is 
heterologous to Said coding Sequence. 

13. A recombinant vector comprising: 

(a) a polynucleotide according to claim 8; and 

(b) control elements that are operably linked to said 
polynucleotide whereby a coding Sequence within Said 
polynucleotide can be transcribed and translated in a 
host cell, and at least one of Said control elements is 
heterologous to Said coding Sequence. 

29 
Aug. 8, 2002 

14. A recombinant vector comprising: 
(a) a polynucleotide according to claim 9; and 
(b) control elements that are operably linked to said 

polynucleotide whereby a coding Sequence within Said 
polynucleotide can be transcribed and translated in a 
host cell, and at least one of Said control elements is 
heterologous to Said coding Sequence. 

15. A host cell transformed with the recombinant vector of 
claim 10. 

16. A host cell transformed with the recombinant vector of 
claim 11. 

17. A host cell transformed with the recombinant vector of 
claim 12. 

18. A host cell transformed with the recombinant vector of 
claim 13. 

19. A host cell transformed with the recombinant vector of 
claim 14. 

20. A method of producing a recombinant PCVII polypep 
tide comprising: 

(a) providing a population of host cells according to claim 
15; and 

(b) culturing said population of cells under conditions 
whereby the PCVII polypeptide encoded by the coding 
Sequence present in Said recombinant vector is 
expressed. 

21. A method of producing a recombinant PCVII polypep 
tide comprising: 

(a) providing a population of host cells according to claim 
16; and 

(b) culturing said population of cells under conditions 
whereby the PCVII polypeptide encoded by the coding 
Sequence present in Said recombinant vector is 
expressed. 

22. A method of producing a recombinant PCVII polypep 
tide comprising: 

(a) providing a population of host cells according to claim 
17; and 

(b) culturing said population of cells under conditions 
whereby the PCVII polypeptide encoded by the coding 
Sequence present in Said recombinant vector is 
expressed. 

23. A method of producing a recombinant PCVII polypep 
tide comprising: 

(a) providing a population of host cells according to claim 
18; and 

(b) culturing said population of cells under conditions 
whereby the PCVII polypeptide encoded by the coding 
Sequence present in Said recombinant vector is 
expressed. 

24. A method of producing a recombinant PCVII polypep 
tide comprising: 

(a) providing a population of host cells according to claim 
19; and 

(b) culturing said population of cells under conditions 
whereby the PCVII polypeptide encoded by the coding 
Sequence present in Said recombinant vector is 
expressed. 
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25. Protein produced by the method of claim 20. 
26. Protein produced by the method of claim 21. 
27. Protein produced by the method of claim 22. 
28. Protein produced by the method of claim 23. 
29. Protein produced by the method of claim 24. 
30. An immunogenic porcine circovirus Type II (PCVII) 

polypeptide having at least about 85% identity to a polypep 
tide Selected from the group consisting of a polypeptide 
derived from (a) open reading frame (ORF) 1 (SEQ ID 
NO:3), (b) ORF 2 (SEQ ID NO:9), (c) ORF 3 (SEQ ID 
NO:7), (d) ORF 4 (SEQ ID NO:20), (e) ORF 5 (SEQ ID 
NO:21), (f) ORF 6 (SEQ ID NO:5), and (g) immunogenic 
fragments of (a)-(f) comprising at least about 5 amino acids. 

31. The polypeptide of claim 30, wherein the polypeptide 
has at least about 85% identity to a polypeptide derived from 
ORF 6 (SEQ ID NO:5), or immunogenic fragments thereof 
comprising at least about 5 amino acids. 

32. The polypeptide of claim 31, wherein the polypeptide 
has the sequence of the polypeptide encoded by ORF 6 (SEQ 
ID NO:5). 

33. Antibodies raised by the polypeptide of claim 30. 
34. Antibodies raised by the polypeptide of claim 31. 
35. Antibodies raised by the polypeptide of claim 32. 
36. A composition comprising an immunogenic PCVII 

polypeptide according to claim 30 and a pharmaceutically 
acceptable vehicle. 

37. A composition comprising an immunogenic PCVII 
polypeptide according to claim 31 and a pharmaceutically 
acceptable vehicle. 

38. A composition comprising an immunogenic PCVII 
polypeptide according to claim 32 and a pharmaceutically 
acceptable vehicle. 

39. The composition of claim 36 further comprising an 
adjuvant. 

40. A method of producing a composition comprising 
providing an immunogenic PCVII polypeptide according to 
claim 30 and combining Said polypeptide with a pharma 
ceutically acceptable vehicle. 

41. A method of treating or preventing PCVII infection in 
a vertebrate Subject comprising administering to Said Subject 
a therapeutically effective amount of a composition accord 
ing to claim 30. 

42. A method of detecting porcine circovirus Type II 
(PCVII) antibodies in a biological sample comprising: 

(a) providing a biological Sample; 
(b) reacting Said biological Sample with an immunogenic 

PCVII polypeptide according to claim 30, under con 
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ditions which allow PCVII antibodies, when present in 
the biological sample, to bind to said PCVII polypep 
tide to form an antibody/antigen complex, and 

(c) detecting the presence or absence of Said complex, 
thereby detecting the presence or absence of PCVII 
antibodies in Said Sample. 

43. An immunodiagnostic test kit for detecting PCVII 
infection in a vertebrate Subject, Said test kit comprising an 
immunogenic PCVII polypeptide according to claim 30, and 
instructions for conducting the immunodiagnostic test. 

44. A nucleic acid hybridization assay for detecting PCVII 
homologous Sequences in a biological Sample comprising: 

(a) incubating the biological sample with a polynucleotide 
according to claim 1 under conditions which promote 
the formation of nucleic acid complexes between the 
polynucleotide and PCVII nucleic acid present in the 
biological Sample, and 

(b) detecting the complexes containing the polynucle 
otide. 

45. The assay of claim 44 wherein said polynucleotide is 
labeled, and the complexes are detected by detection of the 
presence of the label. 

46. The assay of claim 44, wherein Said detecting com 
prises using two PCVII nucleic acid specific probes wherein 
the two probes define an internal region of the PCVII nucleic 
acid and each probe has one Strand containing a 3'-end 
internal to the region, converting the nucleic acid/probe 
hybridization complexes to double-Strand probe-containing 
fragments by primer extension reactions, 

amplifying the number of probe-containing fragments by 
Successively repeating the steps of (i) denaturing the 
double-Strand fragments to produce Single-strand frag 
ments, (ii) hybridizing the single Strands with the 
probes to form Strand/probe complexes, (iii) generating 
double-Strand fragments from the Strand/probe com 
plexes in the presence of DNA polymerase and all four 
deoxyribonucleotides, and (iv) repeating steps (i) to 
(iii) until a desired degree of amplification has been 
achieved, 

identifying the amplification products. 
47. An immunodiagnostic test kit for detecting PCVII 

infection in a vertebrate Subject, Said test kit comprising a 
polynucleotide according to claim 1, and instructions for 
conducting the immunodiagnostic test. 
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