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UNITED STATES DISTRICT COURT FOR THE

DISTRICT OF COLUMBIA

INTERVET, INC.
29160 Intervet Lane
Millsboro, DE 19966

Plaintiff,

V.

MERIAL LIMITED
27 Knightsbridge,
London SWI1X 7QT
United Kingdom;

MERIAL SAS

29, Avenue Tony Garnier
69007 Lyon

France;

THE QUEEN’S UNIVERSITY OF
BELFAST

University Rd

Belfast, Northern Ireland

BT7 INN

United Kingdom; and

UNIVERSITY OF SASKATCHEWAN
105 Administration Place

Saskatoon, SK S7W 5A2

Canada,

Defendants.

COMPLAINT FOR DECLARATORY JUDGMENT

Civil Action No.

Plaintiff Intervet, Inc. (“Intervet”), hereby brings this action for declaratory judgment
against Defendants Merial Limited, Merial SAS, The Queen’s University of Belfast (“Belfast”)

and the University of Saskatchewan (“Saskatchewan”) and states as follows:

>
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PARTIES

1. Intervet is a corporation organized and existing under the laws of the State of

Delaware and maintains its U.S. headquarters at 29160 Intervet Lane, Millsboro, Delaware.

2. On information and belief, Defendant Merial Limited is a company limited by shares
registered in England and Wales with a registered office in England, and incorporated under the
laws of the State of Delaware as Merial LLC. Merial Limited’s North American Operational
Headquarters is located in Duluth, Georgia. On information and belief, Merial Limited sells

and/or offers for sale veterinary pharmaceuticals or vaccines in this judicial district.

3. On information and belief, Merial SAS is a French corporation affiliated with Merial

Limited and has a principal place of business at 29, Avenue Tony Garnier, 69007 Lyon, France.

4. On information and belief, Defendant Belfast is a public university, whose address is

University Road, Belfast, Northern Ireland, BT7 1NN United Kingdom.

5. On information and belief Defendant Saskatchewan is a public university, whose

address is 105 Administration Place, Saskatoon, Saskatchewan S7W 5A2, Canada.
NATURE OF THE ACTION

6. This is an action for a declaratory judgment of patent noninfringement, invalidity and
unenforceability. Intervet seeks a declaration that the manufacture, importation, use, offer for
sale, or sale of Intervet’s Porcine Circovirus Vaccine Type 2 does not infringe any valid and
enforceable claim of U.S. Patent No. 6,368,601 (“the 601 patent™) under 35 U.S.C. § 271, that

the claims of the *601 patent are invalid under 35 U.S.C. §§ 101 et seq, and that the *601 patent
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is unenforceable due to inequitable conduct in its procurement. A true copy of the 601 patent is

attached hereto as Exhibit A.
JURISDICTION AND VENUE

7. This action for a declaratory judgment arises under Title 35 of the United States Code
with a specific remedy sought based upon the laws authorizing actions for declaratory judgment

in the courts of the United States, 28 U.S.C. §§ 2201 and 2202.

8. This Court has subject matter jurisdiction over this action, which arises under the

patent laws of the United States, pursuant to 28 U.S.C. §§ 1331, 1338(a), and 2201.

9. Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391(b) and (c).
Defendant Merial Limited has conducted continuous and systematic commercial activity in this
judicial district. Defendants Merial SAS, Belfast and Saskatchewan are subject to jurisdiction in

this judicial district pursuant to 35 U.S.C. § 293.
BACKGROUND

10. Porcine Circovirus is a causative agent of post-weaning multisystemic wasting
syndrome (PMWS) in pigs. PMWS is widely considered the most significant health problem of
the last decade in nursery and young feeder pigs around the world. PMWS normally affects
piglets between 6 and 14 weeks of age. Symptoms include chronic wasting, respiratory distress,
diarrhea, poor coordination and jaundice. There is no effective treatment for this virus and

mortality rates are high. As a result, PMWS can have significant economic consequences.

11. Intervet is dedicated to the research, development, manufacture and sale of animal

health products. Intervet is one of the world’s largest animal health companies and is a leader in
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research and development of veterinary vaccines and pharmaceutical products. Intervet’s
products include vaccines for use in pets, livestock, poultry and aquaculture; antiparasitics, anti-
infectives, endocrine products, diagnostics, feed additives and productivity enhancers. Of
particular relevance here, Intervet is an industry leader in the area of swine immunology and
produces products for preventing, treating and controlling diseases in pigs. Intervet has

developed a Porcine Circovirus Vaccine Type 2 that can be used to immunize pigs from PMWS.

12. On October 13, 2005, the USDA’s Center for Veterinary Biologics issued to Intervet

a Conditional License to produce and distribute its Porcine Circovirus Vaccine Type 2.

13. On information and belief, the 601 patent, entitled PORCINE CIRCOVIRUS
VACCINE AND DIAGNOSTICS REAGENTS, issued on April 9, 2002, and is assigned to

Merial SAS, The Queen’s University of Belfast, and the University of Saskatchewan.
EXISTENCE OF AN ACTUAL CONTROVERSY

14.  There is an actual and justiciable controversy between Intervet and Defendants
regarding whether the commercial manufacture, use, sale, offer for sale, or importation into the
United States of Intervet’s Porcine Circovirus Vaccine Type 2 infringes one or more claims of

the 601 patent.

15. On December 15, 2005, Merial Limited, alone, filed suit in the United States District
Court for the Northern District of Georgia (05-CV-3168) against Intervet alleging that Intervet
has infringed, contributed to the infringement of, and/or actively induced the infringement of

claims of the 601 patent by making, using, selling, and/or offering to sell Intervet’s Porcine
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Circovirus Vaccine Type 2. A true copy of the complaint filed by Merial Limited is attached

hereto as Exhibit B.

16. On April 11, 2006, Intervet filed a Motion to Dismiss Merial Limited’s Complaint for
lack of standing and for failure to join necessary parties. Specifically, Merial Limited failed to
allege any basis for its standing to bring the action against Intervet and failed to include
indispensable parties in that action, namely, the patent owners and defendants Merial SAS,

Belfast and Saskatchewan.

17.  Intervet denies infringement of the *601 patent and disputes its validity and

enforceability.

FIRST COUNT
DECLARATORY JUDGMENT OF PATENT NONINFRINGEMENT

18. Plaintiff hereby restates and realleges the allegations set forth in paragraphs 1 through

17 and incorporates them by reference.

19. Intervet has not at any time infringed, induced others to infringe, and/or committed
acts of contributory infringement of any of the claims of the 601 patent either literally or under

the doctrine of equivalents.

SECOND COUNT
DECLARATORY JUDGMENT OF PATENT INVALIDITY

20.  Intervet hereby restates and realleges the allegations set forth in paragraphs 1 through

19 and incorporates them by reference.
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21.  The claims of the 601 patent are invalid because the claimed invention does not
satisfy the requirements for patentability under Title 35 of the United States Code, including

without limitation, 35 U.S.C. §§ 101, 102, 103, 112,

THIRD COUNT
DECLARATORY JUDGMENT OF UNENFORCEABILITY

22, Intervet hereby restates and realleges the allegations set forth in paragraphs 1 through

21 and incorporates them by reference.

23.  The 601 patent is unenforceable due to inequitable conduct by the applicants for the

’601 patent during prosecution of the application leading to the patent.

24, Each individual associated with the filing and prosecution of a patent application has
a duty of candor and good faith in dealing with the United States Patent and Trademark Office
(“Patent Office”). 37 C.F.R. § 1.56. On information and belief, the 601 patentees failed in their
duty of candor and good faith to the Patent Office by misrepresenting that the *601 patent
application is entitled to claim benefit of priority to French Patent Application FR 97 12382 (“FR

97 12382”), which was filed October 3, 1997.

25.  During prosecution of the 601 patent application the Patent Office rejected pending
claims in the application as anticipated under 35 U.S.C. § 102(a) by Genbank Accession No.
027217 (“Hamel”), which, according to the applicants for the *601 patent, was publicly available

December 17, 1997, i.e., after the filing date of FR 97 12382.

26.  To be an effective priority document for the pending claims of the *601 patent

application, the patent law requires that FR 97 12382 satisfy the requirements of 35 U.S.C. §
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112, and, for example, provide a written description of the invention claimed in the *601 patent.
Failure of FR 97 12382 to satisfy the requirements of § 112 would have precluded the applicants
for the *601 patent from claiming the benefit of the October 1997 filing date of FR 97 12382 as
a priority date for the pending claims of the *601 patent application, and, therefore, would have

precluded them from removing Hamel as a prior art reference on that basis.

27. On information and belief, FR 97 12382 plainly does not satisfy the requirements of
35 U.S.C. § 112 for either the claims of the *601 patent application pending before the examiner
at the time of the rejection over Hamel, or the issued claims of the *601 patent. For example,
although the claims recite the terms “porcine circovirus type II” and “ORFs 1-13,” FR 97 12382
fails to mention either of these terms, much less provide an adequate written description of the

terms as required by § 112.

28. On information and belief, individuals associated with the filing and prosecution of
the 601 patent application were aware that FR 97 12382 failed to satisfy the requirements of 35
U.S.C. § 112. Nevertheless, those individuals claimed the benefit of priority to FR 97 12382 in
order to obtain allowance of the claims of the *601 patent. For example, in order to remove
Hamel as a prior art reference, the applicants stated that “Hamel is not available as a section
102(a) reference in this application because the publication date of Hamel, i.e [sic] December 17,
1997, was after the October 3, 1997 priority date of this application.” At no time during
prosecution did the applicants apprise the Patent Office of the inadequacy of FR 97 12382 under
§ 112. On information and belief, the Patent Office would have found this information material
to the patentability of the 601 patent claims because it refutes and is inconsistent with the

applicants’ position in, for example, opposing the rejection over Hamel. 37 C.F.R. § 1.56(b)(2).
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29.

On information and belief, the applicants intentionally and inequitably concealed

from the Patent Office this information regarding the 601 patent’s entitlement to priority with an

intent to deceive the Patent Office. Such intentional acts constitute inequitable conduct before

the Patent Office and render the 601 patent unenforceable.

(@)
(b)
(©
(d)

PRAYER FOR RELIEF

WHEREFORE, PLAINTIFF requests that the Court enter judgment:

Declaring that Plaintiff does not infringe any claim of the 601 patent;
Declaring invalid the claims of the 601 patent;
Declaring unenforceable the *601 patent;

Finding that, pursuant to 35 U.S.C. § 285 and/or other applicable laws,

Defendants’ conduct renders this an exceptional case and that Plaintiff be awarded costs of this

action and its attorneys’ fees to the extent permitted by law; and

(©)

Granting such other and further relief as the Court deems just and proper.

Date: April 11, 2006 Respectfully Submitted,

T vAT

John R. Hutchins, Esq. (D.C. Bar # 456749)
KENYON & KENYON
1500 K Street N.W., Suite 700
Washington, D.C. 20005
(202) 220-4200 (telephone)
(202) 220-4201 (facsimile)
Attorneys for Plaintiff
Intervet, Inc.
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CO-386-online
10/03
United States District Court
For the District of Columbia
INTERVET, INC., g
)
- )
Vs Plaintiff ) Civil Action No.
)
MERIAL LIMITED, MERIAL SAS, THE )
QUEEN'S UNIVERSITY OF BELFAST, )
and UNIVERSITY OF SASKATCHEWAN )
Defendant )
CERTIFICATERULE LCvR 7.1
1, the undersigned, counsel of record for Intervet, Inc. certify that to the best of my knowledge and
belief, the following are parent companies, subsidiaries or affiliates of Intervet, Inc. which have

any outstanding securities in the hands of the public:

Akzo Nobel, Ltd.

These representations are made in order that judges of this court may determine the need for recusal.

Attorney of Record

Y

456749 John R. Hutchins, Esq.
BAR IDENTIFICATION NO. Print Name

Kenyon & Kenyon, LLP - 1500 K Street N.W., Suite 700

Address
Washington, DC 20005-1257
City State Zip Code

(202) 220-4201

Phone Number
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EXHIBIT A
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0T 0 200
US006368601B1

a2 United States Patent
Allan et al.

(10) Patent No.:
45) Date of Patent:

US 6,368,601 B1
Apr. 9, 2002

(54) PORCINE CIRCOVIRUS VACCINE AND
DIAGNOSTICS REAGENTS

(75) Inventors: Gordon Allan; Brian Meehan, both of
Belfast (GB); Edward Clark,
Saskatoon (CA); John Ellis, Saskatoon
(CA); Deborah Haines, Saskatoon
(CA); Lori Hassard, Saskatoon (CA);
John Harding, Humboldt (CA);
Catherine Elisabeth Charreyre,
Saint-Laurent de Mure (FR); Gilles
Emile Chappuis, Lyons (FR); Francis
McNeilly, Newtownards (GB)

(73) Assignees: Merial, Lyons (FR); The Queen’s
University of Belfast, Belfast (GB);
University of Saskatchewan,
Saskatoon (CA)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
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(22) Filed: May 21, 1998
(30) Foreign Application Priority Data

0cl. 3, 1997 (FR) .ovoomeveeneeoeeesreseeeeeeserenneonn 97 12382
Jan. 22,1998 (FR) ... .. 98 00873
Mar. 20, 1998 (FR) woovveereoeeesoeeesmeecrenresneenns 98 03707

(51) Int. CL7 oo, A61K 39/12; A61K 31/70;
C12Q 1/70; C12H 15/00; C12N 7/00

(52) US.Cl oo 424/204.1; 514/44; 435/5;
435/235.1; 435/320.1; 536/23.1; 536/23.4

(58) Field of Search ...........cooo..... 536/23.1, 23.4;
435/5, 320.1, 235.1; 514/44; 424/204.1

(56) References Cited
U.S. PATENT DOCUMENTS
6,217,883 Bl * 4/2001 Allan et al, .............. 424/201.1
FOREIGN PATENT DOCUMENTS

FR 2772047 * 6/1999
wo 99/29717 * 6/1999

OTHER PUBLICATIONS

Tischer et al. 1982. A very small porcine virus with circular
single-stranded DNA. Nature. vol. 295, pp. 64—66.*

Sequence Alignments, for SEQ ID NO:s 14 and 6 with
Genbank Acc No: 027217, Sep. 27, 1997 (Hamel et al.).*

Nayar et al., Canadian Veterinary Journal, vol. 38, Jun. 1997,
pp- 385-386.

E.G. Clark, American Association of Swine Practioners,
1997, pp. 499-501.

Meehan et al., Journal of General Virology, vol. 78, 1997,
pp. 221-227.

Todd et al., Arch. Virol, vol. 117, 1991, pp. 129-135.
LeCann et al., Veterinary Record, Dec. 20/27, 1997, p. 660.
Daft et al., 39" Annual Meeting of American Association of
Veterinary Laboratory Diagnosticians, Oct, 12-18, 1996.
Harding et al., American Association of Swine Practioners,
1997, p. 503.

Albina et al.,, La Semaine Veterinaire des Filieres, No. 26,
Nov. 30, 1996, pp. 1-2.

V. Dedet, La Semaine Veterinaire, May 24, 1997, p. 54.
Allan et al,, J. Vet. Diagn. Invest., vol. 10 (1998), pp. 3-10,
Ellis et al.,, Can. Vet. J., vol. 39, Jan. 1998, pp. 44-51.
Segales et al,, Veterinary Record, Dec. 6, 1997, pp. 600-601.
Allan et al., Vet. Immunol. Immunopathol., vol. 43 (1994),
pp. 357-371.

Allan el al,, Vet. Micro., vol. 44 (1995), pp. 49-64.
Tischer et al., Arch. Virol., vol. 91 (1986), pp. 271-276.

Hamel et al.,, Database EMBIL/Genbank/DDBIJ, Sep. 26,
1997.

* cited by examiner

Primary Examiner—Laurie Scheiner

Assistant Examiner—Shanon A. Foley

(74) Antorney, Agent, or Firm—Frommer Lawrence &
Haug, LLP; William S. Frommer; Thomas J. Kowalski

7 ABSTRACT

The invention relates to new porcine circovirus strains
isolated from pulmonary or ganglionic samples obtained
from farms affected by the post-weaning multisystemic
wasting syndrome (PMWS). It relates to purified prepara-
tions of these strains, conventional attenuated or inactivated
vaccines, recombinant live vaccines, plasmid vaccines and
subunit vaccines, as well as reagents and diagnostic meth-
ods. It also relates to the DNA fragments which can be used
for the production of subunits in an in vitro expression
vector or as sequences to be integrated into a virus or
plasmid type in vivo expression vector.

35 Claims, 18 Drawing Sheets
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Figure No. 1

Sequence of the PCV Impl011-48121 isolate {SEQ ID No. 1)

S1

10

151

201

251

jo1

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1081

1101

1151

1201

AGCGCACTTC
CCGAGCARGA

GTTCACTICTG

TGTacACGTC
CTAATTTTGC
TGGTGGGATG
TGGCTGCCTG
TGACTGTAGA
CTGATTACCA

CCCAGCTGTA

TAARCCTTTCT
CCCCCTCCTG

CGCCCRAGGAG

ATGGCTGCGG
TCATATCTGA
GGCAGCGGCA
AGAATGGAAG
AATAATCCTT
CCTATTTGAT

CACCTCACCT

AACAGATCAG
TGGAGTGTGG
GCTGTGAGTA

GCACCCTGTA

ATTGTGGGGC
AGACCCGGAA
GTTACCATGG
CCCTGGGATG
GACTAAARGGT
GCAATCAGAC

GAAGCTCTTT

TATTCIGTAG

GGCGTTCITGA

GGTGGACGAG
GGGCGGTGTC
AAACGAAAGA
GCACCTCGGC
AAGCGGACCC
CCGAAGACGA
TATITTATTS
CCAGGGGTTC
GGTATTTGGG
CAGAATAARG
AGCTCCTAGA
CCTTGTTGGA
ACGTTTGTCA
GAAAATGCAG
CACCTGGGTG
ACCACATACT
TGAAGAAGTG
ATCTACTGAG
GGAACTGTAC
CCCGTTGGAA

ATCGGAGGAT

TATTCAAAGG
GTCATTAATA
CTGTGGTTCG
ARGATGCCAT
CCAGGGGCGG

TTCTTICTCCG

AGCACCTCAG
CAACCCCATA
GCGCAAGAAA
TTGGCGAGGA
GCTAATTTTS
TGCCCGCTGC
AATACTGCAG
TCTCAGGGAC
GAGCGGGAGT
GAAARTTTCCG
AAGCGTGATT
TGGTAAAAGC
GGAAACCACC
GTTGTTATTG
ACTGTGTGAT
CTTTTTIGGC
TGGTACTCCT

TACTTCCTTG

AARGGTGGGT
ATACGGAATC
GGGTAATGAG
TGAAGAAGCA
CACATCGAGA
TAAAGAAGGC
AACGGAGTGA

CTGGTGACCG

GGAAGACTAA
AAATGGGCTG
TAGAAACAAG
ATGACTTTTA
CGATATCCAT
CCGCAGTATT
CAACTGCTGT

GTATTTTGGA
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Figure No. 1 (continuation and end)

1251 AGAATGCTAC AGARCAATCC ACGGAGGAAG GGGGCCAGTT CGTCACCCTT
1301 TCCCCCCCAT GCCCTGAATT TCCATATGAA ATAAATTACT GAGTCTTTTT
1351 TATCACTTCG TAATGGTTTT TATTATTCAT TAAGGGTTAA GTGGGGGGTC
1401 TTTAAGATTA AATTCTCTGA ATTGTACATA CATGGTTACA CGGATATIGT
1451 ATTCCTGGTC GTATATACTG TTTTCGAACG CAGTGCCGAG GCCTACGTGG
1501 TCCACATITC CAGCAGTTTG TAGTCTCAGC CACAGCTGGT TTCTTTIGTT
1551 GTTTGGTTGG AAGTAATCAA TAGTGGAATC TAGGACAGGT TTGGGGGTAA
1601 AGTAGCGGGA GTGGTAGGAG AAGGGCTGGG TTATGGTATG GCGGGAGGAG
1651 TAGTTTACAT AGGGGTCATA GGTGAGGGCT GTGGCCTTTG TTACAAAGTT
1701 ATCATCTAGA ATAACAGCAC TGGAGCCCAC TGCCCTGTCA CCCTGGGTGA

1751 TCGGGGAGCA GGGCCAG
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Figure No. 2

US 6,368,601 B1

Sequence of the PCV Impl011-48285 isolate (SEQ ID No. 2)

51

101

151

201

251

301

asl

401

451

501

551

601

651

701

751

801

851

901

951

1001

1081

1101

1151

1201

AATTCAACCT

TATCCGAAGG

CCAGCGGTAA

TGTACACGTC

CTAATTTTGC

TGGTGGGATG

TGGCTIAGCTG

TGACTGTAGA

CTGATTACCA

CCCAGCTGTA

TAACCTTTCT
CCCCCTCCTIG

CGCCCAGGAG

CCTATTTGAT

CACCTCACCT

AACAGATCAG

GCTGTGAGTA

GCACCCTGTA

ATTGTGGGGC

AGACCCGGAA

GTTACCATGG

CCCTGGGATG

GACTAAAGGT

GCAATCAGAC

GAAGCTCTTT

TATTCTGTAG
GGGGAAGAAA
GGCGTTTIGA
GCGGGTGTTG
GGTGGACGAG
GGGCGGTGTC
AAACGARAGA
GCACCTCGGC
AAGCGGACCC
CCGAAGACGA
TATTTTATTG
CCAGGGGTTC
GGTATTTGGG
CAGAATAAAG
AGCTCCTAgA
CCTTGTTGGA
ACGTTTIGTCA
GAAAATGCAG
CACCTGGGTG
ACCACATACT
TGAAGAAGTG
ATCTACTGAG
GGAACTGTAC
CCCGTTGGAA

ATCGGAGGAT

TATTCAAAGG
GTCATTAATA
CTGTGGTTCG
ARGATGCCAT
CCAGGGGCGG
TTCTTCTCCG
AGTGCGCTGT
AGCACCTCAG
CAACCCCATA
GCGCAAGAAR
TTGGCGAGGA
GCTRATTTTG
TGCCCGCTGC
AATACTGCAG
TCTCAGGGAC
GAGCGGGAGT
GRAATTTCCG
AAGCGTGATT
TGATAAAAGC
GGAAACCACC
GTTGTTATTG
ACTGTGTGAT
CTTTTTIGGC
TGGTACTCCT

TACTTCCTTG

GCACAGAGCH

TTTTCCTTCT

ATACGGGATC

GGGTAATGAG

CACATCGAGA

CTGGTGACCG
CGGGCTGGCT
GGAAGACTAA
ARATGGGCTG
TAGAAACAAG
ATGACTTTTA
CGATATCCAT
CCGCAGTATT
CARCTGCTGT

GTATTTTGGA



Case 1:06-cv-00658-HHK  Document 1  Filed 04/11/06 Page 15 of 86

U.S. Patent Apr. 9, 2002 Sheet 4 of 18 US 6,368,601 Bl

1251

lao:

1351

1401

1451

1501

1551

1601

1651

1701

1751

Figure No. 2

AGAATGCTAC

TCCCCCCCAT

TATCACTTCG

TTTAAGATTA

ATTCCTGGTC

TCTACATTTC

AGTAGCGGGA

TAGTTTACAT

ATCATCTAGA

TCGGGGAGCR

AGAACAATCC
GCCCTGAATT
TAATGGTTTT
AATTCTCTGA
GTATATACTG
CAGTAGTTTG
AAGTAATCAA
GTGGTAGGAG
AGGGGTCATA
ATAACAGCAC

GGGCCAG

ACGGAGGAAG
TCCATATGAA
TATTATTCAT
ATTGTACATA
TTTTCGAACG
TAGTCTCAGC
TAGTGGARTC
ARGGGCTGGE
GGTGAGGGCT

TGGAGCCCAC

GGGGCCAGTT

ATAAATTACT

TAAGGGTTAA

CATGGTTACA

CAGTGCCGAG

CACAGCTGAT

TAGGACAGGT

TTATGGTATG

GTGGCCTTTG

TCCCCTGTCA

(continuation and end)

CGTCACCCTT
GAGTCTTTTT
GTGGGGGETC
CGGATATIGT
GCCTACGTGG
TICTTTTGTT
TTGGGGGTAA
GCGGGAGGAG
TTACAAAGTT

CCCTGGGTGA
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Figure No. 3

US 6,368,601 B1

Sequence of the PCV Imp999 isolate (SEQ ID No. 3)

51

101

151

201

252

3n

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

101

AATTCRAACCT

TCATGTCCAC
TATCCGAAGG

CCAACGGTAG

AGCGCACTTC
CCCAGCAAGA
GTTCACGCTG
TCCCAATCTC
GAAGGACGAA
AACTTTTART
AAGCCAAAGG
AACTTACTTA

CCTGTCTACT

TGTACARCGTC
CTAATTTTGC
TGGTGGGATG

CTGATTACCA
CCCAGCTGTA

TAACCTTTTT

cceecTeces

CGGTGRCGGE
ATGGCTGCGG
TCATAGCTGA
GGCAGCGGCA
AGAATGGAAG
AATAATCCTT
CCTATTTGAT

CACCTCACCT

AACTGATCAG
TTGAATGTGG
GCTGTGAGTA

GCACCCTGTA

ATTGTGGRGC
AGRCCCGGAA
GTTACCATGS
CCGTGGGATG
GACTAAAGGT
GCAATCAGAC

GARGCTCTCT

TATTCTGTAG
GGGGARCAAA
GGCGTTCTIGA
GCGGGTGTTS
GGTGGACGAG
GGGCGGTGTC
AAACGAAAGA
GCACCTCGGC
ARGCGGACCE
CCGAAGACGA
TATTTTATIG
CCAGGGRTTC
GGTATTTGGS
CAGAATARAG
AGCTCCTCGA
CCTTGTTGGA
ACGTTTGTCA
GAAAATGCAG
CACCTGGGTG
ACCACATACT
TGAAGAAGTG
ATCTACTGAG
GGAACTGTAC
CCCGTTGGAA

ATCGGAGGAT

TATTCAAAGS GTATAGAGAT
GTCGTCAATA TTARATCTCA
CTGTGGTAGC CTTGACAGTA
ARGATGCCAT TTTTCCTTCT
CCRGGGGCGE CGGCGRIAGGA
TTCTTCTGCG GTAACGCCTC
AGTGCGCTIGT AAGTATTACE
AGCACCTCAG CAGCAACATG
CAACCACATA AAAGGTGGGT
GCGCAAGAAA ATACGGGAGC
TTGGCGAGGA GGGTAATGAG
GCTAATTTTG TGAAGAAGCA
TGCCCGCTGC CACATCGAGA
AATRTTGCAG TAAAGAAGGC
TCTCARGGAC AACGGAGTGA
GAGCGGGAGT CTGGTGACCE
GAAATTTCCG CGGGCTGGCT
ARGCGTGATT GGAAGACCAA
TGGTAARAGC AAATGGGCTG
GGAAACCACC TAGAAACAAG
GTTGTTATTG ATGACTTTTA
ACTGTGTGAT CGATATCCAT
CTTTTTTGGC CCGCAGTATT
TGGTACTCCT CARCTGCTGT

TACTTCCTTG GTATTTTGGA
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Figure No. 3 (continuation and end)

1251 AGRATGCTAC AGAACAATCC ACGGAGGAAG GGGGCCAGTT CGTCACCCTT
1301 TCCCCCCCAT GCCCTGAATT TCCATATGAA ATAAATTACT GAGTCTTTTT
1351  TATCACTTCG TAATGGTTTT TATTATTCAT TTAGGGTTTA AGTCGIGGGT
1401 CTTTAAGATT AARTTCTCTG AATTGTACAT ACATGGTTAC ACGGATATTG
1451 TAGTCCTGGT COTATATACT GTTTTCGAAC GCAGTGCCGA GGCCTACGTG
1501  GTCCACATTT CTAGAGGTTT GTAGCCTCAG CCAAAGCTGA TTCCTTTTGT
1551 TATITGGTTG GAASTAATCA ATAGTGGAGT CAAGAACAGG TTTGGGTGTG
1601 AAGTAACGGG AGTGGTAGGA GAAGGGTTGG GGGATTGTAT GGCGGGAGGA
1651 GTAGTTTACA TATGGGTCAT AGGTTAGGGC TGTGGCCTTT GTTACARAGT
1701 TATCATCTAG AATARCAGCA GTGGAGCCCA CTCCCCTATC ACCCTGGGTG

1751 ATGGGGGAGC AGGGCCAG
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Figure No. 4

Sequence of the PCV Impl010 isolate (SEQ ID No.

™)
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TGGTAAAAGC

GGAAACCACC

ACTGTGTGAT
CTTTTTTIGGC
TGGTACTCCT

TACTTCCTTG

GTATAGAGAT
TTAAATCTCA
CITTGACAGTA
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Figure No. 4 (continuation and end)

AGAATGCTAC
TCCCCCCTAT
TATCACTTCG
CTTTAAGATT
TAGTCCTGGT
GTCCACATTT
TATTTGGTTG
AAGTAACGGG
GTAGTTTACA
TATCATCTAG

ATGGGGGAGC

AGRACAATCC
GCCCTGAATT
TAATGGTTTT
AAATTCTCTG
CGTATTTACT
CCAGAGGTTT
GA#GTAATCA
AGTGGTAGGA
TATGGGTCAT
AATAACAGCA

AGGGCCAG

ACGGAGGAAG
TCCATATGAA
TATTATTCAT
AATTGTACAT
GTTTTCGAAC
GTAGTCTCAG
ATAGTGGAGT
GAAGGGTTGG
AGGTTAGGGC

GTGGAGCCCA

GGGGCCAGTT
ATAAATTACT
TTAGGGTTTA
ACATGGTTAC
GCAGCGCCGA
CCAAAGCTGA
CAAGAACAGG
GGGATTGTAT
TGTGGCCTTT

CTCCCCTATC

CGTCACCCTT
GAGTCTTTTT
AGTGGGGGGT
ACGGATATTG
GGCCTACGTG
TTCCTTTIGT
TTTGGGTGTG
GGCGGGAGGA
G TACAAAGT

ACCCTGGGTG
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CLUSTAL W multiple sequence alignment

GG----CGGCGGAGGATCTGGCCAAGAIGGCTGCGGGOGCGGTGTCTTCTTCTCCGGTIA
GG----CGGCGGABGATCTGGCCAAGlJGGCTGCGGGGGCGGTUTCTTCTTCTCCGGTI&

e - (AL 222 X2 I LAAAAAA AL AR T YT PR R LY AA AR AL J X BN 2% 2 240

CGCCTCCTTGGCCLCGTCATCCTATAAAAGTGAAAGAAGTGCGCTGCTGTAGTATTICCI
CGCCTCCTTGGATACGTCATAGC-TGAAAACGAAAGAAGTGCGCTGTI--AGTHTTICCI
CGCCTCCTTGGATACGTCATAGC-TGAAAACGAAAGAAGTGCGCTUTA--AGTATTACCA
CGCCTCCTTGGATACGTCATATC-TGAAAACGAAABAAGTGCGCTGTA--AGTATT!CC&
CGCCTCCTTGGATACGTCATATC-TGAAIACGAAAGAABTBCBCTGTA--AGTATTRCCA

rhdevrPTIOCY *TPeroon " *Te \AAAAA A2 22 2T YT TY rereveeree

GCGCACTTCGGCAGCGGCAGCACCTCGGCAGCG--TCAGTG--AAAATGCCAAGCAAG&A
GCGCACTTCGGCAGCGGClGCRCCTCGGCABCACCTCAGCABCAACASGCCCIGCIAGI&
GCGCACTTCGGCAGCGGCAGCACCTCGGCAGCACETC&BCAGCAACAIGCCCIBCAAGAA
GCGCACTTCGGCRGCGGCAGCACCTCGGCAGCACCTCAGC&GCAACATGCCGAGCAAGAL
GCGCACTTCGGCAGCGGCAGCACCTCGGCAGCACCTCAGCAGC&ACATGCCCAGCAAGAA

"""""""""""'.ﬁ"""' A A A A *E FTERTYTY CTewOVERETS
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Figure No. 5 (continuation)

Yeed o0 wve P FEVEVELOICE ¢ PRETRY wOeTS rtovvreoNereeY o9

PESREREE TEOTPRRYT ¢¢ FRCPPCROPEREINOSY A AAAAAAZ 2l 22222 22 2

AGCGAAAGGAACCGACCAGCAGAATAAGAATACTGCAGTAMGAAGGCCACATACT TAT
AGCCAMGGAACTGATCAGCAGAATAAAGAATATTGCAG TAAAGAAGGCAACT TACTTAT
AGCCAAAGGAACTGATCAGCAGAATAAAGAATAT TGCAGTARAGAAGGCAACTTACTTAT
AGCGAAMGGAACAGATCAGCAGAATAAAGAN'

AGCGAAGGAACAGATCAGCAGAATAAAGAATACTGCAGTAAAGAAGGCAACTTACTGAT

THY POUCPOPYT & PRI EPCPITOICRITIYNY CPECPECPCPOOPIOPES *d ey W

*E dbeovevIESETY 4 e o¢ LR AR L AR XL X2 22 T P T T Y T

CCTTTIGGAGACGGGGTCTT TGG TGACTG TAGCCGAGCAG TTCCCTGTAACGTATGTGAG
CTTGTTGRAGAGCGGGAGTCTGETGACCG TTGCAGAGCAGCACCCTGTAACTTTTGTCAG

CTTGTTGGAGAGCGGGAGT CTAGTAACCGTTGCAGAGCAGCACCCTCTAACGTTIGTCAG
CTTIGTTOGAGAGCGCGAGTCTGGTGACCG TTCCAGAGCAGCACCCTCTAACGTTIGTCAG

* € setvvee ree ® PHCIEEP e PP Rt ERY LAZA AL E L2 N 1 N 1

ARATTTCCGCGGECTGGCTRAACTTTTGAAAGTGAGCGGGAAGATGCAGCAGCGTAATTG

LAAAAAA A S A A A AR A X R A A R R 2 2T X2 222 22 X A2 3 L Y A Y Y T T R Y2 X

US 6,368,601 B1
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Figure No. 5 (continuation)

PCVPK-15 GAAGACAGCTGTACACS TCATAGTOGGCCCACCOOGT TG TCOGARGAGCCAGTGRGLC TS
IMP999-8C0 GAAGACCAATG TACACGTCAT TG TGGGGCCACCTAGITE TAGTAAMAGCAMATCGGCTGC
IMP1010-ST GAAGACCAATG TACACG TCAT TG TGGGGCCACTTORG TG TGGTAAAAGCAMTGGGCTGC
IMP1011-48 GAAGACTAATGTACACGTCAT TG TOGGGCCACC TGS TG TG TAAAAGCAAATGGGCTGC
IMPL011-48 GAAGACTAATGTACACGT CAT TG TEEGGCCACCTUGGTOTGETAAAAGCAAATGIGCTGS
veoree PRIV CPIT VTSN CEPET ¢ ¢4 02 SEECT ST FWE P SRVEY
PCVPK-15§ TAATTTTGCTGAGCCTAGGGACACCTACTGGAAGCCTAGTAGAAM TAAGTGGTGGGA TGS
IMP999-ECD TARTTTTGCAGACCCGRAAACCACATACTGGARAACCACCTAGAAACAAGTGGTGGGATGG
IMP1010-ST TAATTTTGCAGACCOGGAARCCACATACTGGAAACCACCTAGAAACAGTGGTGGGATGG
IMP10l1-48 TAATTTTGCAGACCCGGAAACCACATACTGGAAACCAC CTAGAAACAAG TGCTGGGA TGS
IMP1011-48 TAATTTIGCAGACCCGGAAACCACATACTGGAAACCACCTAGAAACARGTGGTGGGATGG
Teverreedr b o (AA R AL A LA L. N 4 LAAAA L BN AL AL 22
PCVPR-15 ATATCATGGAGAAGAAG T TGTTGTTTTGGATGATTTTITATGGCTGGTTACCTTGGGATGA
IMP%99-ECO TTACCATGGTGAAGAAG TGO T TG TTATTGATGACTT I TATGGCTGGCTGCCGTGGGATGA
IMP1010-ST TTACCATEGTRAAGAMG TGG TTG T TAT TGATAACTTI TATGGCTGGCTGCOUTGGGATGA
IMP1011-48 TTACCATGETGAAGAAG TGGTTGTTATTGATGACTTI TATGGCTGGCTGCCCTGGGATGA
IMP1011-48 TTACCATGETGAAGARG TG T TG TTATTGATGACT T TTATGGCTGGCTGCCCTGGGATGA
Y SOVOR POVPNINYE PRNPYPE @ POPEE PEVEIVVYTIIUOY € ovw Qb POEOPRES?
PCVPK~15 TCTACTGAGACTGTOTGACCGGTATCCATTGACTG TAGAGACTAAAGGGGGTACTGTTCC
IMP399-ECO TCTACTGAGACTSTGTGATCGATATCCATTGACTGTAGAGACTAAAGGTGGAACTGTACC
IMP1010-ST TCTACTGAGACTGC TG TGATORATATCCATTGACTG TAGAGACTAAAGGTGGAACTGTACT
IMP1011-48 TCTACTGAGACTCTCTGATCGATATCCAT TGACTGTAGAGACTARAGGTGGAACTGTACC
IMP1011-48 TCTACTGAGACTG TG TGATCGATATCCATTGACTG TAGAGACTAAAGGTGGAACTGTACC
VECITPERPERCNCONLY B 2R VIR TRPICPPTLITNCTROONOERNET T& RO OS oW
PCVPK-15 TTTTTTGGCCCECAGTATTT TGATTACCAGCAATCAGGCCCCCCAGGAATGGTACTCCTC
IMP999-ECO TT T TTGGCCCGCAGTATTCTGATTACCAGCAATCAGRCCCCE TTGGAATGGTACTCCTC
IMP1010-ST TTITTIGGCCCGCASTATTCIGATTACCAGCAATCAGACCCCGTTGGAATGGTACTCCTC
IMP1011-48 TTTTTTGGCCCGCAGTATTCTGAT T ACCAGCAATCAGACCCOGTTGGARTGGTACTCCTE

IMP1011-48

TTTTTIGGCCCGCAGTATTCTGAT TACCAGCAATCAGACCCCGTTGGAATGGTACTCCTC

CETCP RO OPTRNCTREPEE PEPFTHYRERTIOVORTES PP VOYT \AAALA AL Al A2l 4l

PCVPK-15 AACTGCTGTCCCAGC TG TAGAAGCTCTCTATCGGAGGATTACTACTTTGCAATTTTGGAA
IMP999-ECO ARCTGCTGTCCCAGCTGTAGAAGCTCTCTATCGGAGGATTACTTCCTTGGTATTTTGGAA
IMP1010-ST AACTGCTUTCCCAGCTG TAGAAGCTCTCTATCGGAGGATTACT ICCTTGGTATTTTGGAA
IMP1011-48 ARCTGCTGTCCCAGCTETAGAAGCTCTTTATCGGAGGATTACTTCCTIGGTATTTTGGAA
IMP1011-48 AACTGCTGTCCCAGCTGTAGAASCTCTTTATCGGAGGATTACTTCCTTGGTATTTTCGAR

(2222122222 22222 R XX 22 R R 2 20 AR A ARdRdl LRl S I N 444 (22 XXX R XX J
PCVPK-15 GACTGCTGGAGAACAATCCACGGAGGTACCCGRRAGGCCGATTTGAAGCAG TGGACCCACT
IMP999-ECO GAATGCTACAGAACAATCCACGGAGGAA - - - GGGGGCCAGTTCETCACCCTTTCCCCTES
IMP1010-ST GAATGCTACAGAACAATCCACGGRGGAA - - -GGGGGCCAGTTCATCACCCTTTCCCCECC
IMP1011-48 GAATGCTACAGAACARTCCACGAAGGAA - - - GGGGGCCAGTTCGTCACCCTTTCCCCCET
IMP1011-48 GAATGCTACAGAACAATCCACGGAGGRA - - - GGGGGCCAGTTCGTCACCETTTCCCICCC

*re CERCY YebbtOorTRROOOCTPYEY ¢ - (24 21 *re » L ] * ey €@
PCVPK-15 CTGTGCCCTTTTCCCATATRAAATAARTTACTGAGTCT TIT TTGTTATCACATCGTAATG
IMP999-ECO ATGCCCTGAATTTCCATATGARATARATTACTGAGTCTTTTT - - - TATCACTTCGTAATG
IMP1010-5T ATGCCCTGAATTTCCATATGAAATAAATTACTGAGTCTTTTT - - - TATCACTTCGTARTG
IMP1011-48 ATGCCCTGAATTTCCATATGAAATAAATTACTGAGTCTTTTT - - - TATCACTTCGTAATG
IMP1011-48 ATGCCCTGAATTTCCATRTGRAATAAATTACTGAGTCTTTTT - - - TATCACTTCGTAATS

re - e SPITCY TEGNRIYLEIOSPOCEPIPURNCRNETELIOOY STTTEE FPEOITTOON
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Figure No. 5 (continuation and end)

PCVPK-15 GTTTTTATT - TTTATTTA- - - TTTA- - - ~GAGGGTCTTTTAGGATAAATTCTCTGAATTG
IMP999-ECO GTTTTTATTATTCATT TAGGGTTTAAS TGGGGGGTCTTTAAGATTAAATTCTCTGAATTG
IMP1010-ST GTTTTTATTATTCAT T TAGGG TT TAAG TGGGGGG TCTTTAAGAT TAAATTCTCTGAATTG
IMP1011-48 GTTTTTATTATTCATTAAGGGTT - AACTCGGOGGTCTTTAAGATTAAATTCTCTGAATTG
IMP1011-48 GTTTTIATTATTCATTAAGGGTT - AAG TGGGIGGTCTTTAAGAT TAAATTCTCTGAATTG
CTOPEE OO E® ¢ Gve ¢ *T ¥ v fteeveeEET *O TERRCOONIOYIOOIOCRY
PCVPK-15 TACATAARTAGTCAGCCTTACCACATARTTTIGGGCTG TGGCTGC - ATTTTGGAGCGCAT
IMP999-ECO TACATACATGETTACACGGATATTGTAGTCCTGG - TCGTATATACTGTTTTCGAACGCAS
IMP1010-ST TACATACATGGTTACACGGATATTGTAGTCCTGG- TCGTATTTACTG T T T TCGAACGCAS
IMP1011-48 TACATACATGGTTACACGGATATTGTATTCCTGG - TCGTATATACTG TTTTCGAACGCAS
IMP1011-48 TACATACATGGTTACACGGATATTG TATTCCIGG - TCGTATATACTG TTTTCGAACGCAS
YPTEPE T *% @ L 4 * *e @ rtee e L I TrP® S0 weee
PCVPK-15 AGCCGAGGCCTATGTGCTCRACATTGG TG TGGG TAT T TAAATGGAGCCACAGCTGGTTTC
IMP999-ECO TGCCGAGGCCTACGTGG TCTACAT TTCTAGAGG TT TG TAGCCTCAGCCAAAGCTGATTCS
IMP1010-ST COCCGAGGCCTACGTGG TCCACA T TCCAGAGG TT TG TAGTCTCAGCCAAAGCTGATTCE
IMP1011-48 TGCCGAGGCCTACG TG TCTACAT T TCCAGCAG TT TG TAG TCTCAGCCACAGCTGG TTTC
IMP1011-48 TGCCGAGGCCTACGTGGTCTACAT T TCCAGTAG T T TG TAG TCTCAGCCACAGCTGATTTC
seevuoOUTY TE® PO weREES *e ¢ o LA A AL I X2 2 2N L IR J
PCVPK-15 TTTTATTATTTGGG TGGAACCAATCAAT TG TTTGG TCCAGCTCAGC TTTGGGGGTGAAGT
IMP999-ECO TTTTGTTATTTGGTTGGAAGTAATCAATAGTCEAG TCAAGAACAGG TTTGGGTGTGANGT
IMP1010-ST TTTTGTTATT TGS TTGGAAG TAATCAATAGTGRAGTCAAGAACAGG TTTGGG TG TGAAGT
IMP1011-48 TTTTGTIGT TG TTOGAAGTAATCAATAGTGGAATCTAGGACAGGTTTGGGGGTAAAGT
IMP1011-48 TTTTGTTGTTTGG TTGGAAGTAR TCAATAGTGGAATCTAGGACAGG TTTGGGGGTAAAGT
oo SO FOOCET CweeON LA Z R L L 2N 2 ) re o@ LA ZZ 2 X222 BN L N LX)
PCVPK-15 ACCTGGAGTGGTAGGTAAAGSGCTGCCTTATGG TETGGCGGGAGGAGTAGTTAATATAGS
IMP999-ECO AACGGGAGTGG TAGGAGAASGCTTGGSGGAT TG TATGGCGGGAGGAGTAGTTTACATATG
IMP1010-ST AACGGGAGTGG TAGGAGAAGGG TTGGGGRATTG TATGGCOGGAGGAGTAGTTTACATATG
IMP1011-48 AGCGGRAGTGGTAGGAGAAGSGCTGSC TTATEG TATOGCGGGAGGAGTAGTTTACATAGS
IMP1011-48 AGCGGGAGTGGTAGGAGAAGGGCTGGG TTATGGTATGGCGGGAGGAGTAGTTTACATAGG
* @ vveCeORiVEVY Yohve ¢ e F¢ TRIPYEIPOIOTIREYEIEICTYIE ¢ SEEd @
PCVPK-15 GGTCATAGGCCAAGTTGG TGGAGGGGG TTACAAAGTTCGCATCCAAGATAACARCAGTGS
IMP999-ECO GGTCATAGGTTAGGGCTGTGGCCTTIGTTACAAAGTTATCATCTAGAATAACAGCAGTGG
IMP1010-ST GGTCATAGGTTAGGGCTCTGGCCTTTCTTACAAAGTTATCATCTAGAATAACAGCAGTGG
IMP1011-48 GGTCATASGTGAGGGCTE TGGCCTTTC TTACAAAGTTATCATCTAGAATAACAGCACTGS
IMP1011-48 GGTCATAGGTGAGGGCTGTGGCCTT TG TTACAARG TTATCAT CTAGAATRACAGTACTGG
reOOOOOCLY * @ *orwd (A2 ZXX22 22 X2 ) rodd & YewTEE vE SO
PCVPK-15 ACCCAACACCTCTTTGATTAGAGG TGATGGGGTCTCTGGGGTAA
IMP999-ECO AGCCCACTCCCCTATCACCCTGGG TGATGGGGGAGCAGGGCCAG
IMP1010-ST AGCCCACTCCCCTATCACCCTGGGTOATGGAGGAGCAGGACCAG
IMP1011-48 AGCCCACTCCOCTOTCACCITGGG TOATCCCGGAGCAGRGCCAG
IMP1011-48 AGCCOACTCCCCTOTCACCCTGAATRATCGGGGAGCAGGGCCAG

" WY FW TE *e ¢ *heRES SO0 * o L]
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Figure No. 6
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Figure No. 6 (continuation)

1301 TTCCCCCCCA TGCCETGAAT TTCCATATGA AATAAATTAC TGAGTCTTIT
1351 TTATCACTTC GTAATGGTTT TTATTATTCA TTTAGGGTTT AAGTGGGGGG
1401 TCTTTAAGAT TAAATTCTCT GAATTGTACA TACATGGTTA CACGGATATT
1451 GTAGTCCTGG TCGTATATAC TGTTTTCGAA CGCAGTGCCG AGGCCTACGT
1501 GGTCCACATT TCTAGAGGTT LGTAGCCTCA gCCAAAGCEG ATTCCTTTTG
1551 TTATTTGGTT GGAAGTAATC AATAGTGGAG TCAAGAACAG GTTTGGGTGT
1601 GAAGTAACGG GAGTGGTAGG AGAAGGGTTG GGGGATTGTA TGGCGGGAGG
1651 AGTAGTTTAC ATATGGGTCA TAGGTTAGGG CTGTGGCCTT TGTTACAAAG
1701 TTATCATCTA GAATAACAGE AGTGGAGCCC ACTCCCCTAT CACCCTGGGT

1751 GATGGGGGAG CAGGGCCA
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Figure No. 7

8con.s = sequence clone pGEM-7/8
pcveco = sequence strain PCV PK/15

SCORES Initl: 2517 Initn: 3774 Opt: 4010
75.8% identity in 1785 bp overlap

1769 1759 1749 1739 1729 1719
8con.s GAATTCTGGCCCTGCTCCCCCATCACCEAGGGTGATAGGGGAGTGGGCTCCACTGETETT
CIEE T b L LB T A 1
PEVeco GAATTTTACCCCAGAGACCCCATCACCTCTAATCAAAGAGG TG TTGGGTCCACTGTTGTT
10 20 30 40 50 60

1709 1699 - 1689 1679 1669 1659
8con.s ATTCTAGATGATAACTTTGTAACAARGGCCACAGCCCTAACCTATGACCCATATGTAAAC
L BT By i FEEL Db FEEERTER 1 1

pcveco ATCTIGGATGS mmacccccrccmmcrrccccmmcccmmmc
70 80 90 100 110 120

1649 1639 1629 1619 1609 1599
8con.s TACTCCTCCCGCCATACAATCCCCCAACCCTTCTCCTACCACTCOCGTTACTTCACACES
I NIn EELEEE TELRREEN T L i 1y
pcveco TACTCCTCCCGCCACACCATAAGGCAGCCCTTTACCTACCACTCCAGGTACTTCACCECT
130 140 150 160 170 180

1589 1579 1569 1559 1549 1539
8COR.S ARACCTSTTCTTOACTCCACTATTGATTACTTCCAACCARATAACAAAAGGAATCAGCTT
N N I A I A R T
PCveco AAACCTGAGCTGGACCARACAATTGATTGGTTCCACCCARATARTAAAAGARACCAGCTG
190 200 210 220 230 240

1529 1519 1509 1499 1489 1479
8con.s TGGCTGAGGCTACAAACCTCTAGARATGTGGACCACGTAGGCCTCGGCACTGOGTTCGAA
Fidll BV b REREE VTR TRV T 4] 1y
Peveco TGGCTCCATTTAAATACCCACACCAATGTCGAGCACACAGGCCTCGGCTATGCGCTCCAR
250 260 270 280 290 300

1469 1459 1449 1439 1429 1419
8con.s AACAGTATATAC-GACCAGRACTACAATATCCGTGTAACCATGTATGTACAATTCAGAGA
NI NRUEE RN AR AR AR
PEVeco AA-TGCAGCCACAGCCCAAAATTATGTGGTAAGGCTGACTATTTATGTACAATTCAGAGA
310 320 330 340 350

1409 1399 1389 1379 1369 1359
8con.s ATTTAATCTTAAAGACCCCCCACTTAAACCCTAAATGAATAATAAARACCATTACGAAGT
FLELE LD FEELE | PEEE AT PR e e ey
PCveco ATTTATCCTAAAAGACCCTC- - - - TARA- - - TAAAT- AARAATARAAACCATTACGATGT
360 370 380 390 400 410

1349 1339 1329 1319 1309 1299

8con.s GAT---AAARRAGACTCAGTAATTTATTTCATATGGAARTTCAGGGCATGOGGGGGAARG
FEETEHEEE R TRV e et 1 ol

PEVeCO GATAACAAAAAAGACTCAGTAATTTATTTTATATGGGAAAAGSGCACAGGGTGGGTCCAC
420 430 440 450 460 470
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Figure No. 7 (continuation)

1289 1279 1269 1259 1249
8con.s GGTGACRAACTGGCCCCC- - - TTCCTCCGTGRAT TG TTCTGTAGCATICTTCCAARATAC
R R T
Peveco TGCTTCAAATCGGCCTTCaGETACCTCCGTGAATTGTTCTCCAGCAGTCTTCCAARATTG
480 490 500 510 520 530

1239 1229 1219 1209 1199 1189
8con.s CAAGGAAGTAATCCTCCGATAGAGAGCTTCTACAGCTGGGA

CAGCAGTTGAGGAGTACCA
R IIIllllllllllllllIIIIIIIIIIIIIIIlIIIllIl!IIIIIIIIIIIII
Pcveco CARAGTAGTAATCCTCCGATASAGAGCTTCTACAGCTGGGACAGCAGTTGAGGAGTACCA

540 580 560 5§70 580 590

1179 1169 - 1159 1149 1139 1129
8con.s TTCCAACGGGGTCTG&ITGCTGGTAATCAGAATACTGCGGGCCNNNNNNNGTACAGTTCC

FECE LR BRI TR VR TR ] s IRIIRE
pcveco TTCCTGGGGGGCCTGATTGCTGGTAATCARAAT, ACTGCGGGCCAAAAAAGGAACAGTACC

600 610 620 630 640 650

1119 1109 1099 1089 1075 1069
8¢on.5 ACCTTTAGTCTCTACAGTCAATGGATATCGATCACACAGTCTCAGTAGATCATCCEACGS
FLLELLVREREE LR PRLE ECREE T TR T Ve 1
Pcveco CCCTTTAGTCTCTACAGTCARTGGATACCGGTCACACAGTCTCAGTAGATCATCCCAAGS
660 670 680 690 700 710

1059 1049 1039 1029 1019 1009
Bcon.s CAGCCAGCCAIZAAAGTCAICAATlACAACCRCTTCTTCACCATGGTAACCAICCCACCA

I eI m
Pcveco TAACCAGCCATARARATCATCCAAAACAACARCTTCTTCTCCATGATATCCATCCCACCA
720 730 740 - 750 760 770

999 989 979 969 9s9 949
Bcon.s CTTGTTTCTAGGTGGTTTCCAGTATGTGGTTTCCGEGTCTGCAAAATTAGCAGCCCATTT
E TR 1 LR 1 LU LR T
PCVeco CTTATTTCTACTAGGCTTCCAGTAGGTGTCCCTAGGCTCAGCAAMATTACGGGCCCACTG
780 790 800 810 820 830

939 929 919 909 899 889
8con.s GCTTTTACCACACCCAGGTGGCCCCACAATGACGTGTACATTGGTCTTCCAATCACGCTT
CEE L TR BT TE VR VLR REREIE T R
pcveco GCTCTTCCCACAACCGGGCGGECCCACTATGACGTGTACAGCTGTCTTCCAATCACGETS
840 850 860 870 880 890

879 869 859 849 839 829
8con.s CTGCATTTTCCCGCTCACTTTCAARAGTTCAGCCAGCCCGCGGARATTTCTGACAAACGT
LLVELE DLEREL TP TR LR e P e e v 11
Pcveco CTGCATCTTCCCGCTCACTTTCAARAGTTCAGCCAGCCCGCGGAAATTTCTCACATACGT
900 910 920 930 940 950

819 809 799 789 779 769
8con.s TACAGGGTGCTGCTCTGCAACGGTCACCAGACTCCCGCTCTCCAACAAGGTACTCACAGE
PEREELT DERREE T e b e e b e
peveco TACAGGGAACTGCTCGGCTACAGTCACCARAGACCCCGTCTCCAARAGGGTACTCACAGE
960 970 980 990 1000 1010
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Figure No. 7 (continuation)

759 749 739 129 719 709
AGTAGACAGETCACTCCGTTG TCCTTGAGATCGAGGAGCTCCACAT ICAATAAGTAAGTT
CLLECRRRRRE T b P i i i 1y

pcveco AGTIGACIGGTCGCTGCGCTTCCCCTGGTTCCGCGGABCTCCRCACTCGA&AAGTATGTG
1020 1030 1040 1050 1060 1070

8con.s

699 689 679 669 659 649
8con.s GCCTTCTTTACTGCAATATTCTTTATTCTGCTGA'

TCAGTTCCTTTGGCTTTCTCGATGTG
FLELCEEEERLLLLE BREUNREE ) R PR
GCCTTCTTTACTGCAGTAT T T TTATTCTGCTGG TCGATTCCTTTCGCTTTCTCGA

TGTG
1080 1090 1100 1110 1120 1130

pcveco

639 629 619 609 599 589
8con.s GCAGCGGGCACCCAAATACCACTTCACTTTA

TTAAAAGTTTGCTTCTTCACARARTTAGC
PECLEEETRIET PRRRRLRRRLERLE L8 Dby b i
GCAGCGGGCACCARARTACCACTTCACCT TG TTAAARGTCTGCTTCTTAGCAARATTCGC

1140 1150 1160 1170 1180 1190

pcveco

S79 569 559 549 539 529
8con.s GAACCCCTGGAGGTGAGGTGTTCGTCNTTCCTCAHHACCCTCCTCGCCAACAATAAAATR
VCDCDELVEUEEEEE TEEE T T T =400 LT 10 1)
peveco AAACCCCTGGAGGTGAGGAGTICTACCCTCTTCCAAACCTTCCTCTCCGCAAACAAAATA
1200 1210 1220 1230 1240 1250

519 509 499 489 479 469
8con.s ATCAARTAGGGAGATIGGGAGCTCCOGTATTTTCTTGCGCTCGTCTTCGGAAGGATTATT
PELLLT TUREVRRECLE VETRVLEEREEE T L 1t
Pcveco ATCARAARGGGAGATTGGAAGCTCCCGTATTTTGTTTTICTCCTCCTCGGAAGGATTATT
1260 1270 1280 1290 1300 1310

459 449 439 429 419 409
8con.s CAGCGTGAACACCCACCTTTTATGTGGTTGGGGTCCGCTTCTTCCATTCTTCTTGCTGRG
FEERLLRLDEDLEENE TERVE LT AF 1 PRI T
PCVeco AAGGGTGAACACCCACCTCTTATGGGGTTGCGGRCCGCTT - - - o o m m - TTCTTGCTTGG
1320 1330 1340 1150 1360

399 389 379 369 359 349
8con.s CATGTTGCTGCTGAGGTGCTGCCEAGGTGCTGCCACTGCCGAAGTGCGCTGGTAATACT -
L1111 PLEE FEECERE R PR T T g
pcvece CATTTT--CACTGA--CGCTGCCGAGGTGCTGCCGCTGCCGAAGTGCGCTGGTAATACTA
1370 1380 1390 1400 1410

339 329 319 309 299 289
8con.s -TACAGCGCACTICTTTC-GTTTTCAGCTATGACGTATCCAAGGAGGCGTTACCGCAGAA
LIERLRRREITETT Y I FEERREE PR L R
Peveco CAGCAGCGCACTTCTTTCACTTTTATAGEATGACGTGGCCAAGGAGGCGTTACCGCAGAA
1420 1430 1440 1450 1460 1470

279 269 259 249 239 229
8con.s GARGACACCGCCCCCGCAGCCATCTTGGCCAGATCWTCCGCCECCGCCCGTGAGNTRETCC
A R e T e e A I T Y
PCVeco GARGGACCCGCCCCCRCAGCCATCTTGGAAACATCCTCCGGAGARGACCATATTTGGCAC
1480 1490 1500 1510 1520 1530
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Figure No. 7 (continuation and end)

219 209 199 189 179
Bcon.s ACCCCCGOC-=-won- ACCGCTACCG TTGGAGAAGGAAAATGGCATTTTCAACACCCGT
et LELL L VEE L 0 FELT)
PEveco A-CCCCGCCTTCAGRAACCETTACAGATEGCOCCRARAGACGGGTATCTTCAATTCCCGE
1540 1550 1560 1570 1580 1590
169 159 145 139 129 119

8con.s YTCTCCCGCRCCTTCGGRIQTQCTGTCAKGGCTACCRCAGTCAGAACGC

)11 LT T Tt v 1
Peveco CTTTCTACAGAATTTGTACTCACCATAAAAG-GAGGATACTCGCA - - GCCATCTTGGAAT
1600 1610 1620 1630 1640 1650

109 99 8s 79 63 59
8con.s GTGGACATGATGAGATTTAA

1A LUV L v v
PCVeco GTTAACTACCTCAAATTCAACATCEGCCAGTTCCTCCCCCCCT CAGGCGGCACCARCCCC

1660 1670 1680 1690 1700 1710
49 39 29 19 9

8con.s ATCTTTATACCCTITGAATACTACAGAATAARAAAGGTTAAGGTT
| LEEE D TR e fie )

pcveco CTACCCCTACCTTTCCAATACTACCGTATTAGAAAGGCTAAATAT
1720 1730 1740 1750
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PORCINE CIRCOVIRUS VACCINE AND
DIAGNOSTICS REAGENTS

The present invention relates to new porcine circovirus
(PCV for Porcine CircoVirus) strains responsible for the
PMWS syndrome (Porcine Multisystemic Wasting Syn-
drome also called Post-Weaning Multisystemic Wasting
Syndrome) to reagents and methods allowing their
detection, to methods of vaccination and to vaccines, as well
as to methods of producing these reagents and vaccines.

PCV was originally detected as a noncytopathogenic
contaminant in pig kidney cell lines PK/15. This virus was
classified among the Circoviridae with the chicken anaemia
virus (CAV for Chicken Anaemia Virus) and the PBFDV
virus (Pscittacine Beak and Feather Disease Virus). It is a
small nonenveloped virus (from 15 to 24 nm) whose com-
mon characteristic is to contain a genome in the form of a
circular single-stranded DNA of 1.76 to 2.31 kb. It was first
thought that this genome encoded a polypeptide of about 30
kDa (Todd et al, Arch Virol 1991, 117; 129-135). Recent
work has however shown a more complex (ranscription
(Mcehan B. M. ot al.,, 1997, 78; 221-227). Morcover, no
significant homologies in nucleotide sequence or in common
antigenic determinants are known between the three types of
circoviruses known.

The PCYV derived from the PK/15 cells is considered not
1o be pathogenic. Its sequence is known from B. M. Meehan
et al., J. Gen. Virol 1997 (78) 221-227. It is only very
recently that some authors have thought that strains of PCV
could be pathogenic and associated with the PMWS syn-
drome (Gupi P. S. Nayar et al., Can. Vet. J, vol. 38, 1997:
385-387 and Clark E. G., Proc. Am. Assoc. Swine Prac.
1997; 499-501). Nayar et al. have detected PCV DNA in
pigs having the PMWS syndrome using PCR techniques. No
wild-type PCV strain has however been isolated and purified
so far.

The PMWS syndrome detected in Canada, the United
States and France is clinically characterized by a gradual
loss of weight and by manifestations such as tachypnea,
dyspnea and jaundice. From the pathological point of view,
it is manifested by lymphocytic or granulomateus
infiltrations, lymphadenopathies and, more rarely, by hepa-
titis and lymphocytic or granulomateus nephritis (Clark E.
G., Proc. Am. Assoc. Swine Prac. 1997; 499-501; La
Semaine Vétérinaire No. 26, supplement to La Semaine
Vétérinaire 1996 (834); La Semaine Vétérinaire 1997 (857):
54; Gupi P. S. Nayar et al.,, Can. Vet. J, vol. 38, 1997,
385-387).

The applicant has succeeded in isolating five new PCV
strains from pulmonary or ganglionic samples obtained from
farms situated in Canada, the United States (California) and
France (Brittany), hereinafter called circoviruses according
to the invention. These viruses have been detected in lesions
in pigs with the PMWS syndrome, but not in healthy pigs.

The applicant has, in addition, sequenced the genome of
four of thesc strains, namely the strains obtained from
Canada and the United States as well as two French strains.
The strains exhibit a very strong homology with each other
at the nucleotide level, exceeding 96% and much weaker
with the PK/15 strain, about 76%. The new strains can thus
be considered as being representative of a new type of
porcine circovirus, called here type II, type 1 being repre-
sented by PK/15.

The subject of the present invention is therefore the
group II porcine circovirus, as defined above, isolated or in
the form of a purified preparation.

The invention relates to any porcine circovirus capable of
being isolated from a physiological sample or from a tissue
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sample, especially lesions, from a diseased pig having the
PMWS syndrome, especially following the method
described in the examples, in particular type II circovirus.

The subject of the present invention is more particularly
purified preparations of five strains, which were deposited at
the ECACC (European Collection of Cell Cultures, Centre
for Applied Microbiology & Research, Porton Down,
Salisbury, Wiltshire SP4 0JG, United Kingdom) on Thurs-
day Oct. 2, 1997:

provisional accession No. V97100219 (called here Imp.

1008PCV)

provisional accession No. V9700218 (called here Imp.

1010PCV)
provisional accession No. V97100217 (called here Imp.
999PCV), and, on Friday Jan. 16 1998:

provisional accession No. V98011608 (called here Imp.
1011-48285)

provisional accession No. V98011609 (called here Imp.
1011-48121).

The invention aims to consider the porcine circoviruses
isolated from a diseased pig and/or the circoviruses having
a significant serological similarity with the strains of the
invention and/or the circoviruses having cross-hybridization
with the strains of the invention under stringency conditions
such that there is no hybridization with the PCV PK/15
strain.

The viral strains isolated from a physiological sample or
from a tissue sample, especially 2 lesion, from a pig having
the PMWS syndrome can be advantageously propagated on
cell lines such as especially pig kidney cell lines, in par-
ticular PK/15 cells free from contamination (in particular for
PCYV, as well as for pestiviruses, porcine adenoviruses and
porcine parvoviruses) for their multiplication or specifically
for the production of antigen, whole (e.g. virus) and/or
subunits (e.g. polypeptides).

Very remarkably and unexpectedly, these isolates have
proved very productive in culture on PK/15 celis, which
have undeniable advantages for the production of virus or
antigen, in particular for the production of inactivated vac-
cine.

The subject of the present inveation is also the prepara-
tions of circoviruses isolated after passages on cells, espe-
cially cell lines, e.g. PK/15 cells, cultured in vitro while
being infected with at least one of the circoviruses according
to the invention or of any porcine circovirus capable of being
isolated form a physiological sample or from a tissue
sample, especially lesions, from a pig having the PMWS
syndrome. Its subject is also the culture extract or
supernatant, optionally purified by standard techniques, and
in general any antigenic preparation obtained from in vitro
cultures.

The subject of the invention is also the immunogenic
active ingredients and the vaccines containing at least one
antigen as defined above.

They may be immunogenic active ingredients based on
attenuated live whole viruses, or vaccines prepared with
these active ingredients, the attenuation being carred out
according to the customary methods, e.g. by passage on
cells, preferably by passage on pig cells, especially lines,
such as PK/15 cells (for example from 50 to 150, especially
of the order of 100, passages). These vaccines comprise in
general a vehicle or diluent acceptable from the veterinary
point of view, optionally an adjuvant acceptable from the
veterinary point of view, as well as optionally a freeze-
drying stabilizer.

These vaccines will preferably comprise from 103 to 10°
TCID50.
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They may be immunogenic active ingredients or vaccines
based on circovirus antigen according to the invention, in an
inactivated state. The vaccine comprises, in addition, a
vehicle or a diluent acceptable from the velerinary point of
view, with optionally in addition an adjuvant acceptable
from the veterinary point of view.

The circoviruses according to the invention, with the
fractions which may be present, are inactivated according to
techniques known to persons skilled in the art. The inacti-
vation will be preferably carried out by the chemical route,
e.g. by exposing the antigen to a chemical agent such as
formaldehyde (formalin), paraformaldehyde,
f-propiolactone or ethylencimine or its derivatives. The
preferred method of inactivation will be herein the exposure
to a chemical agent and in particular to ethyleneimine or to
B-propiolactone.

Preferably, the inactivated vaccines according to the
invention will be supplemented with adjuvant, advanta-
geously by being provided in the form of emulsions, for
example water-in-oil or oil-in-walter, according to tech-
niques well known to persons skilled in the art. It will be
possible for the adjuvant character to also come from the
incorporation of a customary adjuvant compound into the
active ingredient.

Among the adjuvants which may be used, there may be
mentioned by way of example aluminium hydroxide, the
saponines (c.g. Quillaja saponin or Quil A; see Vaccine
Design, The Subunit and Adjuvant Approach, 1995, edited
by Michael F. Powel and Mark J. Newman, Plennum Press,
New-York and London, p.210), Avridine® (Vaccine Design
p. 148), DDA (Dimethyldioctadecylammonivm bromide,
Vaccine Design p. 157), Polyphosphazene (Vaccine Design
p. 204), or alternatively oil-in-water emulsions based on
mineral oil, squalene (e.g. SPT emulsion, Vaccine Design p.
147), squalene (e.g. MF59, Vaccine Design p. 183), or
water-in-oil emulsions based on metabolizable oil
(preferably according to WO-A-94 20071) as well as the
emulsions described in U.S. Pat. No. 5,422,109. It is also
possible to choose combinations of adjuvants, for example
Avridine® or DDA combined with an emulsion.

These vaccines will preferably comprise from 10° to 10®
TCIDS50.

The live vaccine adjuvants can be selected from those
given for the inactivated vaccine. The emulsions are pre-
ferred. To those indicated for the inactivated vaccine, there
may be added those described in WO-A-9416681.

As freeze-drying stabilizer, there may be mentioned by
way of example SPGA (Bovamik et al., J. Bacteriology 59,
509, 950), carbohydrates such as sorbitol, mannitol, starch,
sucrose, dextran or glucose, proteins such as albumin or
casein, derivatives of these compounds, or buffers such as
alkali metal phosphates.

The vaccines according to the invention may comprise
one or more active ingredients (antigens) of one or more (2
or 3) of the circoviruses according to the invention.

The invention also provides for combining vaccination
against the porcine circovirus with a vaccination against
other pig pathogens, in particular those which can be asso-
ciated with the PMWS syndrome. The vaccine according to
the invention may therefore comprise another valency cor-
responding to another pig pathogen.

The applicant has, in addition, obtained the genome of
four of the isolates, identified SEQ ID NO: 1 to 4 and
optionally 6.

The subject of the present invention is therefore a DNA
fragment containing all or part of one of these sequences. It
goes without saying that the invention automatically covers
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the equivalent sequences, that is to say the sequences which
do not change the functionality or the strain-specificity of
the sequence described or of the polypeptides encoded by
this sequence. There will of course be included the
sequences differing by degeneracy of the code.

The invention also covers the equivalent sequences in the
sense that they are capable of hybridizing with the above
sequence under high stringency conditions and/or have a
high homology with the strains of the invention and belong
to group II defined above.

These sequences and their fragments can be advanta-
geously used for the in vitro or in vivo expression of
polypeptides with the aid of appropriate vectors.

In particular, the open reading frames, forming DNA
fragments according to the invention, which can be used to
this effect have been identified on the genomic sequence of
the type II circoviruses. The invention relates to any
polypeptide containing at least one of these open reading
frames (corresponding amino acid sequence). Preferably, the
invention relates to a protein essentially consisting of ORF4,
ORF7, ORF10 or ORF13.

For the expression of subunits in vitro, as a means of
expression, E. coli or a baculovirus will be preferably used
(U.S. Pat. No. 4,745,051). The coding sequence(s) or their
fragments are integrated into the baculovirus genome (e.g.
the baculovirus Autographa californica Nuclear Polyhedro-
sis Virus AcNPV) and the latter is then propagated on insect
cells, e.g. Spodoptera frugiperda Sf9 (deposit ATCC CRL
1711). The subunits can also be produced in eukaryotic cells
such as yeasts (e.g. Saccharomyces cerevisiae) or mamma-
lian cells (e.g. CHO, BHK).

The subject of the invention is also the polypeptides
which will be produced in vitro by these expression means,
and then optionally purified according to conventional tech-
niques. Its subject is also a subunit vaccine comprising at
least one polypeptide as thus obtained, or fragment, in a
vehicle or diluent acceptable from the veterinary point of
view and optionally an adjuvant acceptable from the veteri-
nary point of view.

For the expression in vivo for the purpose of producing
recombinant live vaccines, the coding sequence(s) or their
fragments are inseried into an appropriate expression vector
under conditions allowing the expression of the polypeptide
(s). As appropriate vectors, there may be used live viruses,
preferably capable of multiplying in pigs, nonpathogenic for
pigs (naturally nonpathogenic or rendered as such), accord-
ing to lechniques well known to persons skilled in the art.
There may be used in particular pig herpesviruses such as
Aujeszky’s disease virus, porcine adenovirus, poxviruses,
especially vaccinia virus, avipox virus, canarypox virus,
swinepox virus. Plasmid DNAs can also be used as vectors
(WO-A-90 11092, WO-A-93 19813, W0-A-94 21797,
WO-A-95 20660).

The subject of the invention is therefore also the vectors
and the recombinant live vaccines or plasmid vaccines
(polynucleotide or DNA vaccines) thus prepared, the vac-
cines comprising, in addition, a vehicle or diluent acceptable
from the veterinary point of view.

The subject of the present invention is also a method
which makes it possible to induce an immune response in
pigs towards circoviruses according to the invention. Its
subject is in particular a method of vaccination which is
effective in pigs.

This method provides for the administration to pigs, in
one or more portions, of a vaccine above. It is also possible
to combine several types of the above vaccines in the same
vaccination protocol.
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This method provides not only for administration to adult
pigs, but also to young pigs or to pregnant females. The
vaccination of the latter makes it possible to confer passive
immunity to the newborms (maternal antibodies).

The invention also offers the possibility of diagnosing the
presence of the circoviruses according to the invention in
pigs. Its subject is therefore diagnostic tests and methods
relating thereto using reagents which will be described
below.

Knowledge of the sequences of the different circoviruses
makes it possible to define common sequences which make
it possible to produce reagents capable of recognizing all the
porcine circoviruses known.

Persons skilled in the art will also be able to select
fragments of the sequences corresponding to regions exhib-
iting little or no homology with the corresponding PK/15
circovirus sequence in order to carry out a specific diagnosis.

Sequence alignments make it possible for persons skilled
in the art to select a reagent in accordance with their wishes.

A first reagent consists in the DNA sequences disclosed
here and their fragments, which will in particular be used as
probes or primers in well-known hybridization or PCR
(Polymerase Chain Reaction) techniques.

A second reagent consists in the polypeptides encoded by
these sequences from the virus or expressed with the aid of
a vector (see above), or synthesized by the chemical route
according to conventional techniques for peptide synthesis.

A third and fourth reagent consists in respectively poly-
clonal and monoclonal antibodies which may be produced
according to the customary techniques from the virus, the
polypeptides or fragments, extracted or encoded by the DNA
sequences.

These second, third and fourth reagents may be used in a
diagnostic method, a subject of the invention, in which a test
is carried out, on a sample of physiological fluid (blood,
plasma, serum and the like) or a sample of tissue (ganglia,
liver, lungs, kidneys and the like) obtained from a pig to be
tested, for the presence of an antigen specific for a circovirus
according to the invention, by secking to detect either the
antigen itself, or antibodies directed against this antigen.

The antigens and antibodies according to the invention
may be used in any known laboratory diagnostic technique.

However, it will be preferable to use them in techniques
which can be used directly in the field by the veterinary
doctor, the breeder or the owner of the animal. Persons
skilled in the art have available a range of laboratory and
field techniques and are therefore in the perfect position to
adapt the use of this antigen and/or antibodies as diagnostic
reagent(s).

The diagnostic techniques which will be preferably used
within the framework of the present invention are Western
blotting, immunofluoroescence, ELISA and immunochro-
matography.

As regards the use of immunochromatography methods,
specialists can refer in particular to Robert F. Zurk et al.,
Clin. Chem. 31/7, 1144-1150 (1985) as well as to patents or
patent applications WO-A-88/08 534, WO-A-91/12528,
EP-A-291 176, EP-A-299 428, EP-A-291 194, EP-A-284
232, U.S. Pat. No. 5,120,643, U.S. Pat. No. 5,030,558, U.S.
Pat. No. 5,266,497, U.S. Pat. No. 4,740,468, U.S. Pat. No.
5,266,497, U.S. Pat. No. 4,855,240, U S. Pat. No. 5,451,504,
U.S. Pat. No. 5,141,850, U.S. Pat. No. 5,232,835 and U.S.
Pat. No. 5,238,652.

Accordingly, it is preferably sought to detect specific
antibodies in the sample by an indirect test, by competition
or by displacement. To do this, the antigen itself is used as
diagnostic reagent, or a fragment of this antigen, conserving
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recognition of the antibodies. The labelling may be advan-
tageously a labelling with peroxidase or a special labelling,
preferably with colloidal gold.

It may also be desired to detect the antigen itself in the
sample with the aid of a labelled antibody specific for this
antigen. The labelling is advantageously as described above.

By antibody specific for the antigen which can be used in
particular in competition or displacement or for the detection
of the antigen itself, there is understood monoclonal or
polyclonal antibodies specific for the antigen, fragments of
these antibodies, preferably Fab or F(ab)', fragments.

Another feature of the invention is the roduction of
polyclonal or monoclonal antibodies specific for the antigen
in accordance with the invention, it being possible for these
antibodies fo then be used in particular as diagnostic reagent
for the detection of the antigen in a sample of physiological
fluid or in a tissue sample, or even for the detection of
antibodies present in such a sample or specimen. The
invention also includes the immunologically functional frag-
ments of these antibodies, in particular the F(ab) and F(ab)',
fragments.

Antibodies can be prepared by the customary techniques.
Reference may be made in particular to Antibodies, A
Laboratory Manual, 1988, Cold Spring Harbor Laboratory,
USA or to J. W. Goding, Monoclonal Antibodies: Principles
and Practice, Academic Press Inc., whose contents are
incorporated herein by reference.

It will be possible in particular, as is known per se, to
carry out the fusion of spleen cells of mice, immunized with
the antigen or with at least one of its fragments, with suitable
myelomatous cells.

The subject of the invention is also a preparation, pref-
erably pure or partially pure, or even crude, of monoclonal
or polyclonal antibodies specific for the antigen, especially
mouse or rabbit antibodies.

The present invention also makes it possible to determine
epitopes of interest especially on the basis of the DNA
sequences described here, whether epitopes of vaccinal
interest or epitopes of interest in diagnosis. From the DNA
sequence of the genome of the circovirus according to the
invention, persons skilled in the art are in a position to
determine epitopes according to known methods, for
example an appropriate computer program or PEPSCAN.
Epitopes are immunodominant regions of proteins and are as
such regions exposed at the surface of the proteins. They can
therefore be recognized by antibodies and thus be particu-
larly used in the field of diagnosis either for the preparation
of antibodies for diagnostic purposes or for the production of
corresponding peptides which can be used as diagnostic
reagents.

At the very least, an epitope is a peptide having from 8 to
9 amino acids. A minimum of 13 to 25 amino acids is
generally preferred.

Persons skilled in the art are therefore in a position, using
one or more of these techniques as well as the other available
techniques, to find epitopes for using peptides or antibodies
for diagnostic purposes.

The subject of the invention is also a diagnostic kit
comprising this antigen and/or polyclonal or monoclonal
antibodies specific for this antigen. These are in particular
diagnostic kits corresponding to the diagnostic techniques
described above.

The invention will now be described in greater detail with
the aid of nonlimiting exemplary embodiments, taken with
reference to the drawing, in which:

FIG. 1: DNA sequence of the genome of the Imp.
101148121 strain
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FIG. 2: DNA sequence of the genome of the Imp.
1011-48285 strain

FIG. 3: DNA sequence of the genome of the Imp. 999
strain

FIG. 4: DNA sequence of the genome of the Imp. 1010
strain

FIG. 5: Alignment of the 4 sequences according to FIGS.
1 to 4 with the sequence of the PCV PK/15 strain

FIG. 6: DNA sequence of the genome of the Imp. 999
strain as defined in the first filing in France on Oct. 3, 1997

FIG. 7: Alignments of the sequence of FIG. 6 with the
sequence of the PK/15 strain

Sequence listing SEQ 1D

SEQ ID No: 1 DNA sequence of the genome of the [mp.
1011-48121 strain

SEQ ID No: 2 DNA sequence of the genome of the Imp.
101148285 strain

SEQ ID No: 3 DNA sequence of the genome of the Imp.
999 strain

SEQ ID No: 4 DNA sequence of the genome of the Imp.
1010 strain

SEQ ID No: 5 DNA sequence of the genome of the PK/15
strain

SEQ ID No: 6 DNA sequence of the genome of the Imp.
999 strain as defined in the first filing in France on Oct. 3,
1997.

EXAMPLES

Example 1
Culture and isolation of the porcine circovirus strains

Tissue samples were collected in France, Canada and the
USA from lung and lymph nodes of piglets. These piglets
exhibited clinical signs typical of the post-weaning multi-
systemic wasting syndrome. To facilitate the isolation of the
viruses, the tissue samples were frozen at ~70° C. immedi-
ately after autopsy.

For the viral isolation, suspensions containing about 15%
tissue sample were prepared in a minimum medium con-
taining Earle’s salts (EMEM, BioWhittaker UK Lid.,
Wokingham, UK), penicillin (100 TU/ml) and streptomycin
(100 pg/ml) (MEM-SA medium), by grinding tissues with
sterile sand using a sterile mortar and pestle, This ground
preparation was then taken up in MEM-SA, and then cen-
trifuged at 3000 g for 30 minutes at +4° C. in order to harvest
the supernatant.

Prior to the inoculation of the cell cultures, a volume of
100 ul of chloroform was added to 2 ml of each supernatant
and mixed continuously for 10 minutes at room temperature.
This mixture was then transferred to a microcentrifuge tube,
centrifuged at 3000 g for 10 minutes, and then the super-
natant was harvested. This supernatant was then used as
inoculum for the viral isolation experiments.

All the viral isolation studies were carried out on PK/15
cell cultures, known to be uncontaminated with the porcine
circovirus (PCV), pestiviruses, porcine adenoviruses and
porcine parvoviruses (Allan G. et al Pathogenesis of porcine
circovirus experimental infections of colostrum-deprived
piglets and examination of pig foetal material. Vet. Micro-
biol. 1995, 44, 49-64).

The isolation of the porcine circoviruses was carried out
according to the following technique:

Monolayers of PK/15 cells were dissociated by
trypsinization (with a trypsin-versene mixture) from conflu-
ent cultures, and taken up in MEM-SA medium containing
15% foetal calf serum not contaminated by pestivirus
(=MEM-G medium) in a final concentration of about 400,
000 cells per ml. 10 ml aliquot fractions of this cell suspen-

15

20

25

30

35

45

50

60

65

8

sion were then mixed with 2 ml aliquot fractions of the
inocula described above, and the final mixtures were ali-
quoted in 6 ml volumes in two Falcon flasks of 25 c¢m?.
These cultures were then incubated at +37° C. for 18 hours
under an atmosphere containing 10% CO,.

After incubation, the culture medium of the semi-
confluent monolayers were treated with 300 mM
D-glucosamine (Cat # G48175, Sigma-Aldrich Company
Limited, Poole, UK) (Tischr 1. et al., Arch. Virol., 1987 96
39-57), then incubation was continued for an additional
period of 48-72 hours at +37° C. Following this last
incubation, one of the two Falcons of each inoculum was
subjected to 3 successive freeze/thaw cycles. The PK/15
cells of the remaining Falcon were treated with a trypsin-
versene solution, resuspended in 20 ml of MEM-G medium,
and then inoculated into 75 cm? Falcons at a concentration
of 400,000 cells/ml. The freshly inoculated flasks were then
“superinfected” by addition of 5 ml of the corresponding
lysate obtained after the freeze/thaw cycles.

Example 2

Preparation of the samples of cell culture for the detection of
porcine circoviruses by immunofiuorescence or by in situ
hybridization

A volume of 5 ml of the “superinfected” suspension was
collected and inoculated into a Petri dish 55 mm in diameter
containing a sterile and fat-free glass coverslip, The cultures
in the flasks and on glass coverslips were incubated at +37°
C. and treated with glucosamine as described in Example 1.
The cultures on glass coverslips were harvested from 24 to
48 hours after the treatment with glucosamine and fixed,
either with acetone for 10 minutes at room temperature, or
with 10% buffered formaldehyde for 4 hours. Following this
fixing, all the glass coverslips were stored at =70° C., on
siica gel, before their use for the in situ hybridization
studies and the immunocytochemical labelling studies.

Example 3

Techniques for the detection of PCV sequences by in situ
hybridization

In situ hybridization was carried out on tissues collected
from diseased pigs and fixed with formaldehyde and also on
the preparations of cell cultures inoculated for the viral
isolation (see Example 2) and fixed on glass coverslips.

Complete genomic probes corresponding to the PK/15
porcine circoviruses (PCV) and to the infectious chicken
anaemia virus (CAV) were used. The plasmid pPCV1,
containing the replicative form of the PCV genome, cloned
in the form of a single 1.7 kilo base pair (kbp) insert
(Meehan B. et al. Sequence of porcine circovirus DNA:
affinities with plant circoviruses, J. Gen. Virol. 1997, 78,
221-227), was used as specific viral DNA source for PCV,
An analogous plasmid, pCAAl, containing the 2.3 kbp
replicative form of the avian circovirus CAV was used as
negative control. The respective glycerol stocks of the two
plasmids were used for the production and purification of the
plasmids according to the alkaline lysis technique
(Sambrook J. et al. Molecular cloning: A Laboratory
Manual. 2nd Edition, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., 1989) so that they are then used as
templates for the preparation of the probes. The circovirus
probes representative of the complete genomes of PCV and
of CAV were produced from the purified plasmids described
above (1 ug for each probe) and from hexanucleotide
primers at random using a commercial nonradioactive label-
ling kit (“DIG DNA labelling kit”, Boehringer Mannheim,
Lewes, UK) according to the supplier’s recommendations.

The digoxigenin-labelled probes were taken up in a
volume of 50-100 ul of sterile water before being used for
the in situ hybridization.
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The diseased pig tissue samples, enclosed in paraffin and
fixed with formaldehyde, as well as the preparations of
infected cell cultures, fixed with formaldehyde, were pre-
pared for the detection of the PCV nucleic acids according
to the following technique:

Sections 5 um thick were cut from tissue blocks enclosed
in paraffin, rendered paraffin free, and then rehydrated in
successive solutions of alcohol in decreasing concentrations.
The tissue sections and the cell cultures fixed with formal-
dehyde were incubated for 15 minutes and 5 minutes respec-
tively at +37° C. in a 0.5% proteinase K solution in 0.05 M
Tris-HC! buffer containing 5 mM EDTA (pH 7.6). The slides
were then placed in a 1% glycine solution in autoclaved
distilled water, for 30 seconds, washed twice with 0.01 M
PBS buffer (phosphate buffered saline) (pH 7.2), and finally
washed for 5 minutes in sterile distilled water. They were
finally dried in the open air and placed in contact with the
probes.

Each tissne/probe preparation was covered with a clean
and fat-free glass coverslip, and then placed in an oven at
+90° C. for 10 minutes, and then placed in contact with an
ice block for 1 minute, and finally incubated for 18 hours at
+37° C. The preparations were then briefly immersed in a 2x
sodium citrate salt (SSC) buffer (pH 7.0) in order to remove
the protective glass coverslips, and then washed twice for 5
minutes in 2xSSC buffer and finally washed twice for 5
minutes in PBS buffer.

After these washes, the preparations were immersed in a
solution of 0.1 M maleic acid, 0.15 M NaCl (pH 7.5) (maleic
buffer) for 10 minutes, and then incubated in a 1% solution
of blocking reagent (Cat #1096176, Boehringer Mannheim
UK, Lewis, East Sussex, UK) in maleic buffer for 20
minutes at +37° C.

The preparations were then incubated with a 1/250 solu-
tion of an anti-digoxigenin monoclonal antibody
(Boehringer Mannheim), diluted in blocking buffer, for 1
hour at +37° C., washed in PBS and finally incubated with
a biotinylated anti-mouse immunoglobulin antibody for 30
minutes at +37° C. The preparations were washed in PBS
and the endogenous peroxidase activity was blocked by
treatment with a 0.5% hydrogen peroxide solution in PBS
for 20 minutes at room temperature. The preparations were
again washed in PBS and (reated with a 3-amino-9-
diethylcarbazole (AEC) substrate (Cambridge Bioscience,
Cambridge, UK) prepared immediately before use.

After a final wash with tap water, the preparations were
counterstained with hematoxylin, “blued” under tap water,
and mounted on microscope glass coverslips with a mount-
ing fluid (GVA Mount, Cambridge Bioscience, Cambridge,
UK) . The experimental controls included the use of a
nonpertinent negative probe (CAV) and of a positive probe
(PCV) on samples obtained from diseased pigs and from
nondiseased pigs.

Example 4

Technique for the detection of PCV by immunofluorescence

The initial screening of all the cell culture preparations
fixed with acetone was carried out by an indirect immun-
ofluorescence technique (IIF) using a 1/100 dilution of a
pool of adult pig sera. This pool of sera comprises sera from
25 adult sows from Northern Ireland and is known to contain
antibodies against a wide variety of porcine viruses, includ-
ing PCV: porcine parvovirus, porcine adenovirus, and PRRS
virus. The IIF technique was carried out by bringing the
serum (diluted in PBS) into contact with the cell cultures for
one hour at +37° C,, followed by two washes in PBS. The
cell cultures were then stained with a 1/80 dilution in PBS
of a rabbit anti-pig immunoglobulin antibody conjugated
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with fluorescein isothiocyanate for one hour, and then
washed with PBS and mounted in glycerol buffer prior to the
microscopic observation under ultraviolet light.

Example 5
Results of the in situ hybridization on diseased pig tissues

The in situ hybridization, using a PCV genomic probe,
prepared from tissues collected from French, Canadian and
Californian piglets having multisystemic wasting lesions
and fixed with formaldehyde, showed the presence of PCV
nucleic acids associated with the lesions, in several of the
lesions studied. No signal was observed when the PCV
genomic probe was used on tissues collected from nondis-
cased pigs or when the CAV probe was used on the diseased
pig tissues. The presence of PCV nucleic acid was identified
in the cytoplasm and the nucleus of numerous mononuclear
cells infiltrating the lesions in the lungs of the Californian
piglets. The presence of PCV nucleic acid was also demon-
strated in the pneumocytes, the bronchial and brounchiolar
epithelial cells, and in the endothelial cells of the arterioles,
the veinlets and lymphatic vessels.

In diseased French pigs, the presence of PCV nucleic acid
was detected in the cytoplasm of numerous follicular lym-
phocytes and in the intrasinusoidal mononuclear cells of the
lymph nodes. The PCV nucleic acid was also detected in
occasional syncytia. Depending on these detection results,
samples of Californian pig lungs, French pig mesenteric
lymph nodes, and Canadian pig organs were selected for the
purpose of isolaling new porcine circovirus strains.

Example 6

Results of the cell culture of the new porcine circovirus
strains and detection by immunofiuorescence

No cytopathic effect (CPE) was observed in the cell
cultures inoculated with the samples collected from French
piglets (Imp.1008 strain), Californian piglets (Imp.999
strain) and Canadian piglets (Imp.1010 strain) showing
clinical signs of multisystemic wasting syndrome. However,
immunolabelling of the preparations obtained from the
inoculated cell cultures, after fixing using acetone and with
a pool of pig polyclonal sera, revealed nuclear fluorescence
in numerous cells in the cultures inoculated using the lungs
of Californian piglets (Imp.999 strain), using the mediastinal
lymph nodes of French piglets (Imp.1008 strain), and using
organs of Canadian piglets (Imp.1010 strain).

Example 7

Extraction of the genomic DNA of the porcine circoviruses

The replicative forms of the new strains of porcine
circoviruses (PCV) were prepared using infected PK/15 cell
cultures (see Example 1) (10 Falcons of 75 cm?) harvested
after 72-76 hours of incubation and treated with
glucosamine, as described for the cloning of the replicative
form of CAV (Todd. D. et al. Dot blot hybridization assay for
chicken anaemia agent using a cloned DNA probe. J. Clin.
Microbiol. 1991, 29, 933-939). The double-stranded DNA
of these replicative forms was extracted according to a
modification of the Hirt technique (Hirt B. Selective extrac-
tion of polyoma virus DNA from infected cell cultures, J.
Mol. Biol. 1967, 36, 365-369), as described by Molitor
(Molitor T. W. et al. Porcine parvovirus DNA: characteriza-
tion of the genomic and replicative form DNA of two virus
isolates, Virology, 1984, 137, 241-254).

Example 8
Restriction map of the replicative form of the genome of the
porcine circovirus Imp.999 strain.
The DNA (1-5 ug) extracted according to the Hirt tech-
nique was treated with S1 nuclease (Amersh801 am) accord-
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ing to the supplier’s recommendations, and then this DNA
was digested with various restriction enzymes (Boehringer
Mannheim, Lewis, East Sussex, UK) and the products of
digestion were separated by electrophoresis on a 1.5%
agarose gel in the presence of ethidium bromide as described
by Todd et al. (Purification and biochemical characterization
of chicken anemia agent. J. Gen. Virol. 1990, 71, 819-823).
The DNA extracted from the cultures of the Imp.999 strain
possess a unique EcoRl site, 2 Sacl sites and do not possess
any Pstl site. This restriction profile is therefore different
from the restriction profile shown by the PCV PK/15 strain
(Mechan B. et al. Sequence of porcine circovirus DNA;
affinities with plant circoviruses, 1997 78, 221-227) which
possess in contrast a Pstl site and do not possess any EcoRI
site.

Example 9

Cloning of the genome of the porcine circovirus Imp.999
strain

The restriction fragment of about 1.8 kbp generated by
digestion of the double-stranded replicative form of the PCV
Imp.999 strain with the restriction enzyme EcoRI was
isolated after electrophoresis on a 1.5% agarose gel (see
Example 3) using a Qiagen commercial kit (QIAEXII Gel
Extraction Kit, Cat #20021, QIAGEN Ltd., Crawley, West
Sussex, UK). This EcoRI-EcoRI restriction fragment was
then ligated with the vector pGEM-7 (Promega, Medical
Supply Company, Dublin, Ireland), previously digesled with
the same restriction enzymes and dephosphorylated, accord-
ing to standard cloning techniques (Sambrook J. et al.
Molecular cloning: A Laboratory Manual, 2nd Edition, Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1989).
The plasmids obtained were transformed into an Escherichia
coli IM109 host strain (Stratagene, La Jolla, USA) accord-
ing to standard techniques. The EcoRI-EcoRI restriction
fragment of the PCV Imp.999 strain was also cloned into the
EcoRI site of the vector pBlueScript SK+ (Stratagene Inc.
La Jolla, USA) . Among the clones oblained for each host
strain, at least 2 clones containing the fragments of the
expected size were selected. The clones obtained were then
cultured and the plasmids containing the complete genome
of the Imp.999 strain were purified in a small volume (2 mi)
or in a large volume (250 ml) according to standard plasmid
preparation and purification techniques.

Example 10
Sequencing of a genomic DNA (doublestranded replicative
form) of the PCV 1mp.999 strain.

The nucleotide sequence of 2 EcoRI Imp.999 clones
(clones pGEM-7/2 and pGEM-7/8) was determined accord-
ing to Sanger’s dideoxynucleotide technique using the
sequencing kit “AmpliTaq DNA polymerase FS” (Cat
#402079 PE Applied Biosystems, Warrington, UK) and an
Applied BioSystems AB1373A automatic sequencing appa-
ratus according to the supplier’s recommendations. The
initial sequencing reactions were carried out with the M13
“forward” and “reverse” universal primers. The following
sequencing reactions were generated according to the “DNA
walking” technique. The oligonucleotides necessary for
these subsequent sequencings were synthesized by Life
Technologies (Inchinnan Business Park, Paisley, UK).

The sequences generated were assembled and analysed by
means of the MacDNASIS version 3.2 software (Cat
#22020101, Appligene, Durham, UK) . The various open
reading frames were analysed by means of the BLAST
algorithm available on the “National Center for Biotechnol-
ogy Information” (NCBI, Bethesda, MD, USA) server.

The complete sequence (EcoRI-EcoRl fragment)
obtained initially from the clone pGEM-7/8 (SEQ ID No: 6)
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is presented in FIG. No. 6. It starts arbitrarily after the G of
the EcoRI site and exhibits a few uncertainties from the
point of view of the nucleotides.

The sequencing was then optimized and the SEQ ID No:
3 (FIG. 3) gives the total sequence of this strain, which was
made to start arbitrarily at the beginning of the EcoRlI site,
that is to say the G as the first nucleotide.

The procedure was carried out in a similar manner for
obtaining the sequence of the other three isolates according
to the invention (see SEQ ID Nos: 1, 2 and 4 and FIGS. 1,
2 and 4).

The size of the genome of these four strains is:

Imp. 1011-48121
Imp. 1011-48285
Imp. 999

Imp. 1010

1767 nucleotides
1767 nucleotides
1768 nucleotides
1768 nucleotides

Example 11
Analysis of the sequence of the PCV Imp.999 strain.

When the sequence generated from the Imp.999 strain
was used to test for homology with respect to the sequences
contained in the GenBank databank, the only significant
homology which was detected is a homology of about 76%
(at nucleic acid level) with the sequence of the PK/15 strain
(accession numbers Y09921 and U49186) (see FIG. No. 5).

At amino acid level, the test for homology in the trans-
lation of the sequences in the 6 phases with the databanks
(BLAST X algorithm on the NCBI server) made it possible
to demonstrate a 94% homology with the open reading
frame corresponding to the theoretical replicase of the
BBTYV virus similar to the circoviruses of plants (GenBank
identification number 1841515) encoded by the GenBank
U49186 sequence.

No other sequence contained in the databanks show
significant homology with the sequence generated from the
PCV Imp.999 strain.

Analysis of the sequences obtained from the Imp.999
strain cultured using lesions collected from Californian
piglets having clinical signs of the multisystemic wasting
syndrome shows clearly that this viral isolate is a new
porcine circovirus strain.

Example 12
Comparalive analysis of the sequences
The alignment of the nucleotide sequences of the 4 new
PCV strains was made with the sequence of the PCV PK/15
strain (FIG. 5). A homology matrix taking into account the
four new strains and the previous PK/15 strain was estab-
lished. The results are the following;:

1 2 3 4 5
1 10000 09977 09615  0.9621 0.7600
2 10000 09621 09632 0.7594
3 10000  0.9949 0.7560
4 1.0000 0.7566
5 1.0000

1: Imp. 1011-48121
2: lmp. 1011-48285
3: Imp. 999

4: Imp. 1010

5: PK/15

The homology between the two French strains Imp.
101148121 and Imp. 101148285 is greater than 99%
(0.9977).



Case 1:06-cv-09658-HHK Document 1

US 6,368,601 Bl

13
The homology between the two North American strains
Imp. 999 and Imp. 1010 is also greater than 99% (0.9949).
The homology between the French strains and the North
American strains is slightly greater than 96%.

The homology between all these strains and PK/15 falls at
a value between 75 and 76%.

It is deduced therefrom that the strains according to the
invention are representative of a new type of porcine
circovirus, distinct from the type represented by the PK/15
strain. This new type, isolated from pigs exhibiting the
PMWS syndrome, is called type Il porcine circovirus, PK/15
representing type 1. The strains belonging to this type II
exhibit remarkable nucleotide sequence homogeneity,
although they have in fact been isolated from very distant
geographical regions.

Example 13

Analysis of the proteins encoded by the genome of the new
PCV strains.

The nucleotide sequence of the Imp. 1010 isolate was
considered to be representative of the other circovirus strains
associated with the multi-systemic wasting syndrome. This
sequence was analysed in greater detail with the aid of the
BLASTX algorithm (Altschul et al. J, Mol. Biol. 1990, 215,
403-410) and of a combination of programs from the set of
MacVector 6.0 software (Oxford Molecular Group, Oxford
0X4 4GA, UK) . It was possible to detect 13 open reading
frames (or ORFs) of a size greater than 20 amino acids on
this sequence (circular genome). These 13 ORFs are the
following:

Size of the ORF  Protein size

(nucleotides (amino acids
Name Start End  Strand (o) (am))
ORF1 103 210 sense 108 nt 35 aa
ORF2 1180 1317 sense 138 nt 45 aa
ORF3 1363 1524 sense 162 nt 53 aa
ORF4 398 1342 sense 945 nt 314 an
ORF5 900 1079 sense 180 nt 59 aa
ORFé6 1254 1334 sense 81 nt 26 aa
ORF7 1018 704 antisense 315 nt 104 aa
ORF8 439 311 antisense 129 nt 42 aa
ORF9 190 101 antisense 90 nt 29 aa
ORF10 912 733 antisense 180 nt 59 aa
ORF11 645 565 antisense 81 nt 26 aa
ORF12 1100 1035 antisense 66 nt 2] aa
ORF13 314 1381 antisense 702 nt 213 aa

The positions of the start and end of each ORF refer to the
sequence presented in FIG. No. 4 (SEQ ID No. 4), of the
genome of strain 1010. The limits of ORFs 1 to 13 are
identical for strain 999. They are also identical for strains
101148121 and 101148285, except for the ORFs 3 and 13:

ORF3 1432-1539, sense, 108 nt, 35aa

ORF1,3 314-1377, antisense, 705 nt, 234 aa.

Among these 13 ORFs, 4 have a significant homology
with analogous ORFs situated on the genome of the cloned
virus PCV PK-15. Each of the open reading frames present
on the genome of all the circovirus isolates associated with
the multisystemic wasting syndrome was analysed. These 4
ORFs are the following:
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Size of the Protein size Molecular

Name Stat End  Strand  ORF (nt) (aa) mass

ORF4 398 1342 sense 945 nt 314 ga 37.7 kDa
ORF7 1018 704 antisense 315 nt 104 aa 11.8 kDa
ORF10 912 733 antisense 180 nt 59 aa 6.5 kDa
ORF13 314 1381 antisense 702 nt 233 aa 278 kDa

The positions of the start and end of each ORF refer to the
sequence presented in FIG. No. 4 (SEQ ID No. 4). The size
of the ORF (in nucleotides=nt) includes the stop codon.

The comparison between the genomic organization of the
PCV Imp. 1010 and PCV PK-15 isolates allowed the iden-
tification of 4 ORFs preserved in the genome of the two
viruses. The table below presents the degrees of homology
observed:

ORF Imp. 1010/ORF PVC PK-15 Percentage homology

ORF4/ORF1 86%

ORF13/ORF2 66.4%

ORF7/ORF3 61.5% (at the level of the
overlap (104 aa))

ORF10/ORF4 83% (at the level of the

overlap (59 aa))

The greatest sequence identity was observed between
ORF4 Imp. 1010 and ORF1 PK-15 (86% homology). This
was expected since this protein is probably involved in the
replication of the viral DNA and is essential for the viral
replication (Meehan et al. J. Gen. Virol. 1997. 78. 221-227;
Mankertz et al. J. Gen. Virol. 1998. 79. 381-384).

The sequence identity between ORF13 Imp. 1010 and
ORF2 PK-15 is less strong (66.4% homology), but each of
these two ORFs indeed exhibits a highly conserved
N-terminal basic region which is identical to the N-terminal
region of the major structural protein of the CAV avian
circovirus (Meehan et al. Arch. Virol. 1992. 124, 301-319).
Furthermore, large differences are observed between ORF7
Imp. 1010 and ORF3 PK-15 and between ORF10 Imp. 1010
and ORF4 PK-15. In each case, there is a deletion of the
C-terminal region of the ORF7 and ORF10 of the Imp. 1010
isolate when they are compared with ORF3 and ORF4 of
PCV PK-15. The greatest sequence homology is observed at
the level of the N-terminal regions of ORF7/ORF3 (61.5%
homology at the level of the overlap) and of ORF10/ORF4
(83% homology at the level of the overlap).

It appears that the genomic organization of the porcine
circovirus is quite complex as a consequence of the extreme
compactness of its genome. The major structural protein is
probably derived from splicing between several reading
frames situated on the same strand of the porcine circovirus
genome. It can therefore be considered that any open reading
frame (ORF1 to ORF13) as described in the table above can
represent all or part of an antigenic protein encoded by the
type 1 porcine circovirus and is therefore potentially an
antigen which can be used for specific diagnosis and/or for
vaccination. The invention therefore relales to any prolein
comprising at least one of these ORFs. Preferably, the
invention relates to a protein essentially consisting of ORF4,
ORF7, ORF10 or ORF13.

Filed 04/11/06 Page 36 of 86
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Example 14
Infectious character of the PCV genome cloned from the
new strains.

The plasmid pGEM-7/8 containing the complete genome
(replicative form) of the Imp.999 isolate was transfected into
PK{/15 cells according to the technique described by Meehan
B. et al. (Characterization of viral DNAs from cells infected
with chicken anemia agent: sequence analysis of the cloned
replicative form and transfection capabilities of cloned
genome fragments. Arch. Virol. 1992, 124, 301-319).
Immunofluorescence analysis (see Example 4) carried out
on the first passage after transfection on noncontaminated
PK/15 cells have shown that the plasmid of the clone
pGEM?7/8 was capable of inducing the production of infec-
tious PCV virus. The availability of a clone containing an
infectious PCV genetic material allows any useful manipu-
lation on the viral genome in order to produce modified PCV
viruses (either attenuated in pigs, or defective) which can be
used for the production of attenuated or recombinant
vaccines, or for the production of antigens for diagnostic
kits.

Example 15

Production of PCV antigens by in vitro culture

The culture of the noncontaminated PK/15 cells and the
viral multiplication were carried out according to the same
methods as in Example 1. The infected cells are harvested
after trypsinization after 4 days of incubation at 37° C. and
enumerated. The next passage is inoculated with 400,000
infected cells per ml.

Example 16

Inactivation of the viral antigens

At the end of the viral culture, the infected cells are
harvested and lysed using ultrasound (Branson Sonifier) or
with the aid of a rotor-stator type colloid mill (UltraTurrax,
IKA). The suspension is then centrifuged at 3700 g for 30
minutes. The viral suspension is inactivated with 0.1%
ethyleneimine for 18 hours at +37° C. or with 0.5% beta-
propiolactone for 24 hours at +28° C. If the virus titre before
inactivation is inadequate, the viral suspension is concen-
trated by ultrafiltration using a membrane with a 300 kDa
cut-off (Millipore PTMXK300). The inactivated viral suspen-
sion is stored at +50° C.

Example 17
Preparation of the vaccine in the form of an emulsion based
on mineral oil.
The vaccine is prepared according to the following for-
mula:
suspension of inactivated porcine circovirus: 250 ml
Montanide® ISA 70 (SEPPIC): 750 ml
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The aqueous phase and the oily phase are sterilized
separately by filtration, The emulsion is prepared by mixing
and homogenizing the ingredients with the aid of a Silverson
turbine emulsifier.

One vaccine dose contains about 107> TCID50. The
volume of one vaccine dose is 0.5 ml for administration by
the intradermal route, and 2 ml for administration by the
intramuscular route.

Example 18
Preparation of the vaccine in the form of a metabolizable
oil-based emulsion.
The vaccine is prepared according (o the following for-
mula:

suspension of inactivated porcine circovirus: 200 ml
Dehymuls HRE 7 (Henkel): 60 ml

Radia 7204 (Oleofina): 740 ml

The aqueous phase and the oily phase are sterilized
separately by filtration. The emulsion is prepared by mixing
and homogenizing the ingredients with the aid of a Silverson
turbine emulsifier.

One vaccine dose contains about 1075 TCID50. The
volume of one vaccine dose is 2 ml for administration by the
intramuscular route.

Example 19
The indirect immunofluorescence results in relation to the
US and French PCV virus strains and to the PK/15 con-
taminant with a hyperimmune serum (PCV-T), a panel of
monoclonal antibodies F99 prepared from PK/15 and a
hyperimmune serum prepared from the Canadian strain
(PCV-C)

VIRUS
PK/15 USA France

PCV-T antiserum 26400 200 800
PCV-C antiserum 200 26.400 26,400
F99 1H4 210000 <100 100
F99 4B10 210000 <100 <100
Fo9 2B7 Z10000 100 <100
F99 2E12 Z10000 <100 <100
F99 1C9 210000 <100 100
F99 2E1 210000 <100 <100
F99 1H4 210000 100 <100

Reciprocal of the last dilution of the serum or of the
monoclonal antibody which gives a positive reaction in
indirect immunofluorescence.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 1767

TYPE: DNA

ORGANISM: Porcine circovirus

<400> SEQUENCE: 1

aattcaacct taacctttct tattctgtag tattcamagg gcacagagcg ggggtttgag

60
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cccecctccty ggggaagaaa gtcattaata ttgaatctca tcatgtccac cgecccaggag 120
ggcgttetga ctgtggtteg cttgacagta tatccgaagg tgcgggagag gcgggtgttg 180
aagatgccat tttteccttet ccagcggtaa cggtggecggg ggtggacgag ccaggggcgg 240

c©ggcggagga tctggccaag atggotgegg gggeggtgte tteottctcog gtaacgecte 300

cttggatacg tcatatctga asacgaaaga agtgcgctgt aagtattacc agcgcacttc 360
ggcagcggea gcacctegge agcacctcag cagcaacatg ccgagcaaga agaatggaag 420
aagcggaccc caaccccata aaaggtgggt gttecactctg aataatcctt cegaagacga 480

gcgcaagaaa atacgggatc ttccaatatc cctatttgat tattttattg ttggcgagga 540
gggtaatgag gaaggacgaa cacctcacct ccaggggttce gctaattttg tgaagaagca 600
gacttttaat aaagtgaagt ggtatttggg tgcccgetge cacatcgaga aagcgaaagg 660
aacagatcag cagaataaag aatactgcag taaagaaggc aacttactga tggagtgtgg 720
agctcctaga tctcagggac aacggagtga cetgtctact getgtgagta ccttgttgga 780
gagcgggagt ctggtgaccg ttgcagagca gcaccctgta acgtttgtca gaaatttccg 840
cgggctgget gaacttttga aagtgagcgg gaaaatgecag aagegtgatt ggaagactaa 200
tgtacacgtc attgtggggc cacctgggty tggtamaage aaatgggctg ctaattttge 960
agacccggaa accacatact ggaaaccacc tagaaacaag tggtgggatg gttaccatgg 1020
tgaagaagtg gttgttattg atgactttta tggctggctg ccctgggatg atctactgag 1080
actgtgtgat cgatatccat tggctgtaga gactaaaggt ggaactgtac cttttttgge 1140
ccgcagtatt ctgattacca gcaatcagac cccgttggaa tggtactcct caactgctgt 1200
cccagotgta gaagctcttt atcggaggat tacttccttg gtattttgga agaatgctac 1260
agaacaatcc acggaggaag ggggccagtt cgtcaccctt tccccecccat gccctgaatt 1320
tccatatgaa ataaattact gagteottttt tatcacttcg taatggtttt tattattcat 1380
taagggttaa gtggggggtc tttaagatta aattctctga attgtacata catggttaca 1440
cggatattgt attcctggtc gtatatactg ttttcgaacg cagtgccgag gectacgtgg 1500
tctacatttc cagcagtttg tagtctecage cacagetggt ttottttgtt gtttggttgg 1560
aagtaatcaa tagtggaatc taggacaggt ttgggggtaa agtageggga gtggtaggag 1620
aagggctggg ttatggtatg gcgggaggag tagtttacat aggggtcata ggtgagggct 1680
gtggecctttg ttacaaagtt atcatctaga.ataacagcac tggagcccac tcccetgtea 1740
ccectgggtga tcggggagca gggeccag 1767
<210> SEQ ID NO 2

<211> LENGTH: 1767

<212> TYPE: DNA

<213> ORGANISM: Porcine circovirus

<400> SEQUENCE: 2

aattcaacct taacctttct tattctgtag tattcaaagg gcacagagcg ggggtttgag 60
ccccoctectg ggggaagaaa gtcattaata ttgaatctca tcatgtccac cgccecaggag 120
ggcgttttga ctgtggtteg cttgacagta tatccgaagg tgcgggagag gcgggtgttg 180

aagatgccat ttttecttct ccagecggtaa cggtggeggg ggtggacgag ccaggggcgg 240
cggcggagga tctggccaag atggctgegyg gggcggtgte ttcttctceg gtaacgecte 300
cttggatacg tcatatctga amacgaaaga agtgecgctgt aagtattace agcgcacttc 360

ggcagcggca gcacctcgge agcacctcag cagcaacatg cccagcaaga agaatggaag 420
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aagcggaccc caaccccata aaaggtgggt gttcactetg aataatcctt ccgaagacga 480
gcgcaagaaa atacgggatc ttccaatate cctatttgat tattttattg ttggegagga 540
gggtaatgag gaaggacgaa cacctcacct ccaggggttc gctaattttg tgaagaagca 600
gacttttaat aaagtgaagt ggtatttggg tgcccgetge cacatcgaga aagcgaaagg 660
aacagatcag cagaataaag aatactgcag taaagaaggc aacttactga tggagtgtgg 720
agctcctaga tctcagggac aacggagtga cctgtctact getgtgagta ccttgttgga 780
gagcgggagt ctggtgaccg ttgcagagca gcaccctgta acgtttgtca gaaatttccg B40
cgggctggct gaacttttga aagtgagcgg gaaaatgcag aagcgtgatt ggaagactaa 900
tgtacacgtc attgtgggge cacctgggtg tggtaaaage aaatgggetg ctaattttge 960
agacccggaa accacatact ggaaaccacc tagaaacaag tggtgggatg gttaccatgg 1020
tgaagaagtg gttgttattg atgactttta tggctggetg ccctgggatg atctactgag 1080
actgtgtgat cgatatccat tgactgtaga gactaaaggt ggaactgtac cttttttgge 1140
ccgcagtatt ctgattacca gcaatcagac ccecgttggaa tggtactcet caactgetgt 1200
cccagctgta gaagctcttti atcggaggat tacttccttg gtattttgga agaatgectac 1260
agaacaatcc acggaggaag ggggccagtt cgtcaccett tecccecccat gecctgaatt 1320
tccatatgaa ataaattact gagtcttttt tatcactteg taatggtttt tattattcat 1380
taagggttaa gtggggggtc tttaagatta aattctctga attgtacata catggttaca 1440
cggatattgt attcctggte gtatatactg ttttcgaacg cagtgccgag gectacgtgg 1500
tctacatttc cagtagtttg tagtctcagec cacagctgat ttcttttgtt gtttggttgg 1560
aagtaatcaa tagtggaatc taggacaggt ttgggggtaa agtagcggga gtggtaggag 1620
aagggctggg ttatggtatg gcgggaggag tagtttacat aggggtcata ggtgaggget 1680
gtggcctttg ttacaaagtt atcatctaga ataacagcac tggagcccac tccectgtca 1740

ccctgggtga tcggggagea gggecag 1767

<210> SEQ ID NO 3

<211> LENGTH: 1768

<212> TYPE: DNA

<213> ORGANISM: Porcine circovirus

<400> SEQUENCE: 3

aattcaacct taaccttttt tattctgtag tattcaaagg gtatagagat tttgttggtc 60
cccccteceg ggggaacaaa gtcgtcaata ttaaatctca tcatgtccac cgcccaggag 120
ggcgttctga ctgtggtage cttgacagta tatccgaagg tgcgggagag gecgggtgttg 180
aagatgccat ttttccttct ccaacggtag cggtggcggyg ggtggacgag ccaggggcegg 240

cggcggagga tctggccaag atggctgcgg gggcggtgtc ttettcetgeg gtaacgecte 300

cttggatacg tcatagctga aaacgaaaga agtgcgetgt aagtattacc agcgcacttc 360
ggcagcggca gcacctcgge agcacctcag cagcaacatg cccagcaaga agaatggaag 420
aagcggaccc caaccacata aaaggtgggt gttcacgctg aataatcctt ccgaagacga 480

gcgcaagaaa atacgggagc tcccaatctc cctatttgat tattttattg ttggcgagga 540
gggtaatgag gaaggacgaa cacctcacct ccaggggttc gctaattttg tgaagaagca 600
aacttttaat aaagtgaagt ggtatttggyg tgcccgectge cacatcgaga aagccaaagg 660

aactgatcag cagaataaag aatattgcag taaagaaggc aacttactta ttgaatgtgg 720
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agctcctcga tctcaaggac aacggagtga cctgtctact getgtgagta ccttgttgga 780
gagcgggagt ctggtgaccg ttgcagagca gcaccctgta acgtttgtca gaaatttccg 840
cgggctggct gaacttttga aagtgagcgg gaaaatgcag aagcgtgatt ggaagaccaa 900
tgtacacgtc attgtgggge cacctgggtg tggtaaaagc aaatgggctg ctaattttge 960
agacccggaa accacatact ggaaaccacc tagaaacaag tggtgggatg gttaccatgg 1020
tgaagaagtg gttgttattg atgactttta tggetggetg ccgtgggatg atctactgag 1080
actgtgtgat cgatatccat tgactgtaga gactaaaggt ggaactgtac cttttttgge 1140
ccgcagtatt ctgattacca gcaatcagac ccecgttggaa tggtactcct caactgctgt 1200
cccagctgta gaagectctct atcggaggat tacttccttg gtattttgga agaatgctac 1260
agaacaatcc acggaggaag ggggccagtt cgtcaccctt tccccecccat gecectgaatt 1320
tccatatgaa ataaattact gagtcttttt tatcacttcg taatggtttt tattattcat 1380
ttagggttta agtggggggt ctttaagatt aaattctetg aattgtacat acatggttac 1440
acggatattg tagtcctggt cgtatatact gttttcgaac gcagtgccga ggcctacgtg 1500
gtccacattt ctagaggttt gtagcctcag ccaaagectga ttccttttgt tatttggttg 1560
gaagtaatca atagtggagt caagaacagg tttgggtgtg aagtaacggg agtggtagga 1620
gaagggttgg gggattgtat ggcgggagga gtagtttaca tatgggtcat aggttaggge 1680
tgtggccttt gttacaaagt tatcatctag aataacagca gtggagccca ctcccctatce 1740

accctgggtg atgggggagc agggccag 1768

<210> SEQ ID NO 4

<211> LENGTH: 1768

<212> TYPE: DNA

<213> ORGANISM: Porcine circovirus

<400> SEQUENCE: 4

aattcaacct taacctttct tattctgtag tattcaaagg gtatagagat tttgttggtce 60
cccectececg ggggaacaaa gtcgtcaatt ttaaatctca tcatgtccac cgcccaggag 120
ggegttgtga ctgtggtacg cttgacagta tatccgaagg tgcgggagag gcgggtgttg 180
aagatgccat ttttccttct ccaacggtag cggtggcggg ggtggacgag ccaggggcegg 240
cggcggagga tctggccaag atggctgcgyg gggeggtgic ttcottetgeg gtaacgecte 300
cttggatacg tcatagctga aaacgaaaga agtgcgetgt aagtattacc agcgcacttc 360
ggcagcggca gcacctcggce agcacctcag cagcaacatg cccagcaaga agaatggaag 420
aagcggaccc caaccacata aaaggtgggt gttcacgctg aataatcctt ccgaagacga 480
gcgcaagaaa atacgggagce tcccaatcte cctatttgat tattttattg ttggcgagga 540
gggtaatgag gaaggacgaa cacctcacct ccaggggttc gctaattttg tgaagaagca 600
aacttttaat aaagtgaagt ggtatttggg tgcccgectge cacatcgaga aagccaaagg 660
aactgatcag cagaataaag aatattgcag taaagaaggc aacttactta ttgaatgtgg 720
agctcctecga toctcaaggac aacggagtga ccotgtcotact gectgtgagta ccttgttgga 780
gagcgggagt ctggtgaccg ttgcagagca gcoaccctgta acgtttgtca gaaatttccg B40
cgggctgget gaacttttga aagtgagcgg gaaaatgcag aagcgtgatt ggaagaccaa 900
tgtacacgtc attgtgggge cacctgggtg tggtaaamagc aaatgggctyg ctaattttge 960
agacccggaa accacatact ggaaaccacc tagaaacaag tggtgggatg gttaccatgg 1020

tgaagaagtg gttgttattg atgactttta tggctggetg cecgtgggatg atctactgag 1080
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actgtgtgat cgatatccat tgactgtaga gactaaaggt ggaactgtac cttttttgge 1140
ccgecagtatt ctgattacca gecaatcagac cccgttggaa tggtactcct caactgotgt 1200
cccagcetgta gaagcteotet atcggaggat tacttccttg gtattttgga agaatgctac 1260
agaacaatcc acggaggaag ggggccagtt cgtcaccett tcccccccat gecotgaatt 1320
tccatatgaa ataaattact gagtcttttt tatcacttcg taatggtttt tattattcat 1380
ttagggttta agtggggggt ctttaagatt amattctctg aattgtacat acatggttac 1440
acggatattg tagtcetggt cgtatttact gttttcgaac gecagcgecga ggectacgtg 1500
gtccacattt ccagaggttt gtagtctcag ccaaagetga ttccttttgt tatttggtty 1560
gaagtaatca atagtggagt caagaacagg tttgggtgtg aagtaacggg agtggtagga 1620
gaagggttgg gggattgtat ggcgggagga gtagtttaca tatgggtcat aggttagggce 1680
tgtggcettt gttacaaagt tatcatctag aataacagea gtggagccea ctcccctatce 1740

accctgggtg atgggggagc agggccag 1768

<210> SEQ ID NO 5

<211> LENGTH: 1759

<212> TYPE: DNA

<213> ORGANISM: Porcine circovirus

<400> SEQUENCE: 5

aattcatatt tagcctttct aatacggtag tattggaaag gtaggggtag ggggttggtg 60
ccgectgagg gggggaggaa ctggccgatg ttgaatttga ggtagttaac attccaagat 120
ggctgcgagt atcctcettt tatggtgagt acaaattctg tagaaaggcg ggaattgaag 180
ataccegtet ttcggcgcca teotgtaacgg titctgaagg cggggtgtgc caaatatggt 240
cttcoctecgga ggatgtttcc aagatggetyg cgggggeggg tccttettot gcggtaacge 300
ctcettggec acgtcatcet ataaaagtga aagaagtgeg ctgctgtagt attaccageg 360
cacttcggca geggcagcac ctcggcageg tcagtgaaaa tgccaagcaa gaaaagcggc 420
ccgcaaccce ataagaggtg ggtgttcace cttaataatc cttccgagga ggagaaaaac 480
aaaatacggg agcttccaat ctcccttttt gattattttg tttgeggaga ggaaggtttg 540
gaagagggta gaactcctca ccteccagggg tttgcgaatt ttgctaagaa gcagactttt 600
aacaaggtga agtggtattt tggtgcccgc tgccacatcyg agaaagcgaa aggaaccgac 660
cagcagaata aagaatactg cagtaaagaa ggccacatac ttatcgagtg tggagctccg 720
cggaaccagg ggaagcgcag cgacctgtct actgctgtga gtaccctttt ggagacgggg 780
tetttggtga ctgtagccga gecagttecct gtaacgtatg tgagaaattt ccgcgggcetg 840
gctgaacttt tgaaagtgag cgggaagatyg cagcagegtg attggaagac agctgtacac 900
gtcatagtgg gcccgeccgg ttgtgggaag agccagtggg cccgtaattt tgctgagect 960
agggacacct actggaagcc tagtagaaat aagtggtggg atggatatca tggagaagaa 1020
gttgttgttt tggatgattt ttatggotgg ttaccttggg atgatctact gagactgtgt 1080
gaccggtatc cattgactgt agagactaaa gggggtactg ttectttttt ggeccgcagt 1140
attttgatta ccagcaatca ggccccccag gaatggtact cetcaactge tgtcccaget 1200
gtagaagctce tctatcggag gattactact ttgcaatttt ggaagactgc tggagaacaa 1260
tccacggagg tacccgaagg ccgatttgaa geagtggacc caccctgtge cottttecea 1320

tataaaataa attactgagt cttttttgtt atcacatcgt aatggttttt atttttattt 1380
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atttagaggg tcttttagga taaattctct gaattgtaca taaatagtca gccttaccac 1440
ataattttgg getgtggetg cattttggag cgcatageccg aggecctgtgt gctcgacatt 1500
ggtgtgggta tttaaatgga gccacagetg gtttctttta ttatttgggt ggaaccaatc 1560
aattgtttgg tccagetcag gtttgggggt gaagtacctg gagtggtagg taaagggctg 1620
ccttatggtg tggcgggagg agtagttaat ataggggtca taggccaagt tggtggaggg 1680
ggttacaaag ttggcatcca agataacaac agtggaccca acacctcttt gattagaggt 1740

gatggggtet ctggggtaa 1759

<210> SEQ ID NO 6

<211> LENGTH: 1768

<212> TYPE: DNA

<213> ORGANISM: Porcine circovirus

<220> FEATURE:

<221> NAME/KEY: variation

«222> LOCATION: (l}..(1768)

<223> OTHER INFORMATION: N represents A or C or G or T

<400> SEQUENCE: 6

gaattcaacc ttaacctttt ttattctgta gtattcaaag ggtataaaga ttttgttggt 60
cccccctcec gggggaacaa agtcgtcaat attaaatctc atcatgtcca ccgcccagga 120
gggcgttetg actgtggtag ccttgacagt atatcegaag gtgcgggaga rgegggtgtt 180
gaaaatgcca tttttcctte tccaacggta goggtggcgg gggtggacma nccacgggcg 240
gcggeggawg atctggccaa gatggetgeg ggggeggtgt cttettotge ggtaacgect 300
ccttggatac gtcatagctg asaacgaaag aagtgcgctg taagtattac cagcgcactt 360
cggcageggc agcacctcgg cagcacctca gcagcaacat gcoccagcaag aagaatggaa 420
gaagcggacc ccaaccacat aaaaggtggg tgttcacgect gaataatcct tccgaagacg 480
agcgcaagaa aatacgggag ctcccaatct ccctatttga ttattttatt gttggegagg 540
agggtwwtga ggaangacga acacctcacc tccaggggtt cgctaatttt gtgaagaagc 600
aaacttttaa taaagtgaag tggtatttgg gtgecccgetg ccacatcgag aaagccaaag 660
geactgatca gcagaataaa gaatattgca gtamagaagg caacttactt attgaatgtg 720
gagctcctcg atctcaagga caacggagtg acctgtctac tgctgtgagt accttgttgg 780
agagcgggag tctggtgacc gttgcagagc agcaccectgt aacgtttgtc agaaatttce 840
gecgggetgge tgaacttttg aaagtgageg ggaaaatgca gaagcgtgat tggaagacca 800
atgtacacgt cattgtgggg ccacctgggt gtggtaaaag caaatgggct gctaattttg 960
cagacccgga aaccacatac tggaaaccac ctagaaacaa gtggtgggat ggttaccatg 1020
gtgaagaagt ggttgttatt gatgactttt atggctgget gccgtgggat gatctactga 1080
gactgtgtga tcgatatcca ttgactgtag agactaaagg tggaactgta cnnnnnnngg 1140
cccgeagtat tctgattacc agcaatcaga ceccgttgga atggtactec tcaactgetg 1200
tcccagetgt agaagctcte tatcggagga ttacttcctt ggtattttgg aagaatgcta 1260
cagaacaatc cacggaggaa gggggccagt tngtcacect ttccecccca tgccotgaat 1320
ttccatatga aataaattac tgagtctttt ttatcacttc gtaatggttt ttattattca 1380
tttagggttt aagtgggggg tctttaagat taaattctct gaattgtaca tacatggtta 1440
cacggatatt gtagtcctgg tcgtatatac tgttttcgaa cgcagtgccg aggcctacgt 1500

ggtccacatt tctagaggtt tgtagcctca gccaaagetg attccttttg ttatttggtt 1560

ggaagtaatc aatagtggag tcaagaacag gtttgggtgt gaagtaacgg gagtggtagg 1620
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agaagggttg ggggattgta tggcgggagg agtagtttac atatgggtca taggttaggg

ctgtggectt tgttacaaag ttatcatcta gaataacagc agtggagccc actcccctat

caccctgggt gatgggggag cagggcca

1680

1740

1768

What is claimed is:

1. A vector comprising an isolated DNA molecule com-
prising a sequence selected from the growp consisting of
SEQ ID NO: 1,2,3,4 and 6.

2. The vector of claim 1 wherein the DNA molecule
comprises SEQ ID NO: 1.

3. The vector of claim 1 wherein the DNA molecule
comprises SEQ ID NO: 2,

4. The vector of claim 1 wherein the DNA molecule
comprises SEQ ID NO: 3.

5. The vector of claim 1 wherein the DNA molecule
comprises SEQ ID NO: 4.

6. The vector of claim 1 wherein the DNA molecule
comprises SEQ ID NO: 6.

7. The vector of claim 1 wherein the isolated DNA
molecule is expressed by the vector in vivo.

8. The vector of claim 1 wherein the isolated DNA
molecule is expressed by the vector in vitro.

9. A vector comprising an isolated DNA molecule com-
prising a sequence selected from the group consisting of
ORFs 1 to 13 of porcine circovirus type II.

10. The vector of claim 9 wherein in the ORF comprises
ORF 4.

11. The vector of claim 9 wherein in the ORF comprises
ORF 7.

12. The vector of claim 9 wherein in the ORF comprises
ORF 10.

13. The vector of claim 9 wherein in the ORF comprises
ORF 13.

14. The vector of claim 9, wherein the isolated DNA
molecule is expressed by the vector in vivo.

15. The vector of claim 9, wherein the isolated DNA
molecule is expressed by the vector in vitro.

16. The vector of any one claims 38-48 wherein the
vector is a virus.

17. The vector of claim 16 wherein the virus is selected
from the group consisting of pig herpes virus, porcine
adenovirus, and poxvirus.

18. An immunogenic composition comprising a vector as
claimed in claim 17.
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19. The vector of claim 17 wherein the virus is selected
form the group consisting of Aujesky’s disease virus, vac-
cinia virus, avipox virus, and swinepox virus.

20. An immunogenic composition comprising a vector as
claimed in claim 19.

21. The vector of claim 19 wherein the virus is a canary-
pox virus.

22. An immunogenic composition comprising a vector as
claimed in claim 21.

23. The vector of any one of claims 1,9,2-6, and 10-13
wherein the vector comprises a DNA plasmid.

24. An immunogenic composition comprising a vector as
claimed in claim 23,

25. An immunogenic composition comprising a vector as
claimed in any one of claims 1,9,2-6, and 10-13.

26. An isolated DNA molecule comprising a sequence
selected from the group consisting of SEQ ID NO: 1,2,34
and 6.

27. The isolated DNA molecule of claim 26 wherein the
DNA molecule comprising SEQ ID NO: 1.

28. The isolated DNA molecule of claim 26 wherein the
DNA molecule comprising SEQ ID NO: 2.

29. The isolated DNA molecule of claim 26 wherein the
DNA molecule comprising SEQ ID NO: 3,

30. The isolated DNA molecule of claim 26 wherein the
DNA molecule comprising SEQ ID NO: 4.

31. The isolated DNA molecule of claim 26 wherein the
DNA molecule comprising SEQ ID NO: 6.

32. An isolated DNA molecule comprising a nucleotide
sequence encoding an epitope which is specific to PCV-2
and not specific to PCV-1.

33. A vector comprising an isolated DNA molecule as
claimed in claim 1.

34. The vector according to claim 33, wherein the isolated
DNA molecule is expressed in vivo.

35. The vector according to claim 33, wherein the isolated
DNA molecule is expressed in vitro.
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FILED IN CLERK'S OFFICE

U.S.0.C. A¥anta
DEC 15 2005
UNITED STATES DISTRICT COURT g;’j R . THOMAS, Clark
NORTHERN DISTRICT OF GEORGIA | -
MERIAL LIMITED,
Plaintiff,
Civil Case No.
- 1:05-Cv-31
INTERVET, INC,, - U I-3168
Defendant.

COMPLAINT FOR PATENT INFRINGEMENT
AND DEMAND FOR JURY TRIAL

Plaintiff Merial Limited ("Merial"), for its Complaint for Patent

Infringemcﬁt against Defendant Intervet, Inc. (“Intervet”), alleges as follows:
- NATURE OF ACTION

1. This is an action in §vhich Plaintiff Merial seeks damages and
injunctive relief under the patent laws of the United States, 35 U.S.C. § 1 et Seq.,
from Defendant Intervet’s infringement of Merial’s U.S. Patent No. 6,368,601,
entitled Porcine Circovirus Vaccine and Diagnostic Reagents (“the *601 patent”),
A true and correct copy of the *601 patent is attached hereto as Exhibit A.

PARTIES |
2. Plaintiff Merial is one of the world’s leading animal healthcare

companies. Merial develops, produces and sells veterinary pharmaceuticals and
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vaccines for livestock, pets and wildlife. Of particular relevance here, Merial has
contributed to and continues to contribute to research in the Swine Health field.
Merial has products for treating diseases in pigs, products for preventing diseases
in pigs, and other products for controlling and preventing diseases in pigs and for
alleviating pain and inflammation in pigs. Merial is a company limited by shares
 registered in England and Wales with a registered office in England, and
domesticated in the state of Delaware as Merial LLC. Merial’s North American
Operational Headquarters is located in Duluth, Georgia.

3. Upon information and belief, Defendant Iptervet is a corporation,
having its principal place of business located at 29160 Intervet Lane, in Millsboro,
Delaware.

" JURISDICTION VENUE

4. This Court has subject matter jurisdiction over this matter pursuant to
" Title 28, United States Code, Sections 1331 and 1338(a).

5. On information and belief Intervet sells or causes to be sold veterinary
pharmaceuticals or vaccines in this judicial district and is thereby doing business in
this judicial district.

6.  This Court has personal jurisdiction over Defendant Intervet by virtue

of its actions and those of its agents which directly infringe or which induce or

ATLO/12094854v1 ' )
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knowingly contribute in the infringement of the 601 patent within this state and/or
its systematip and continuous contact with this state.

7. Venue is proper in this Di;lrict under Title 28, United States Code,
Sections 1391 and 1400(b).

COUNT 1
CLAIM FOR INFRINGEMENT OF U.S. PATENT NO. 6.368.601

8.  The allegations in Paragraphs 1 through 7 of this Complaint are

incorporated herein by reference as if set forth in their entirety.

9.  The United States Patent and Trademark Qfﬁce duly and legally
issued the "601 patent on April 9, 2002,

10.  The 601 patent is assigned to Merial SAS, Lyon, France, the Queen’s
University of Belfast, and the University of Saskatchewan. Merial SAS is wholly-
owned by Plaintiff Merial, and Plaintiff Merial is exclusively licensed under- the
"601 patent.

11, The ’601 patent generally relates to Porcine Circovirus vaccines.
Porcine Circovirus is a causative agent of post-weaning multisystemic wasting
syndrome (PMWS) in pigs. PMWS is an infection of young pigs (usﬁally 8-16
weeks old). PMWS tends to be a slow and progressive disease with a high fatality

in affected pigs. PMWS or Porcine Circovirus infection can have devastating

ATLO1/12094894v1 3
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economic consequences. Mortality in acutely infected herds varies from 5 to 50%,
and chronically infected herds may sustain losses of 15% from weaning to
slaughter, on average.

12.  Merial’s business activities include Porcine Circovirus vaccineé.
Indeed, Merial has been and continues to be involved in research involving Porcine
Circovirus and PMWS. Merial publishes a quarterly Swdne Bibliographical
Bulletin and has also sponsored the publication of a book on Porcine Circovirus
and PMWS. Furthermore, Merial owns or has the exclusive rights under numerous
~ patents worldwide in the field of Porcine Circovirus and PMWS. Through its
wholly owned company Merial SAS, Merial makes a Porcine Circovirus vaccine
called CIRCOVAC®. CIRCOVAC® is approved for use in sows in Europe; and
Merial is seeking authorization to market CIRCOVAC® in the United States. Itis
reported that there have been 35,000 sows in Germany vaccinated with
CIRCOVAC® and 40,000 sows m France vaccinated with CIRCOVAC®,
CIRCOVAC® has been reported to be effective. CIRCOVAC® is believed to be
the first approved Porciné Circovirus vaccine. Thus, Merial develops, has
developed, makcé, has made, uses, has used, sells, or has sold, or causes to be

developed, made, used, or sold, Porcine Circovirus vaccines.

ATLOV/120948%4v1 ' 4
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13. .Up'on information and belief, Intervet has infringed, contributed to the
infringement of, and/or actively induced the inﬁingémént of claims of the 601
patent by ,rha.king, using, selling, and/or offefing for sale products, including, but
not limited, to a Poréine Circovirus vaccine, in the United States (Intervet’s
“infringing acts™).

14, ‘Upon information and belief, Intervet has had notice of the 601
patent, and its infringement of the *601 patent has been deliberate and willful..

15. Intervet’s infringing acts have not been authorized by Merial, and are
in violation of Merial’s patent rights. |

16.  As a direct result of Intervet’s infringing acts, Merial has suffered and
continues to suffer damage and irreparable harm.

17.  Merial has no adequate remedy at law for Intervet’s infringing acts.
Unless and until Intervet’s infringing acts are enjoined by this Court, Merial will
continue to be damaged and irreparably harmed,

WHEREFORE, Merial prays that the Court;

. (a) Enter ajudgment that Intervet has infringed, either directly, by
contribution or inducement, one or more claims of the *601

patent;

ATL01/120948%4v1 5
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(b) Preliminarily and permanently enjoin Intervet and those in
privity with it from further acts of direct infringement,
contributory infringement and inducement of infringement of
the *601 patent;

(c¢) Award Merial damages adequate to compensate it for Intervet's
infringement of the *601 patent;

(d) Declare that Intervet’s infringement of the 601 patent has been
knowing and willful;

(¢) Treble the award of damages pursuant to 35 U.S.C. § 284 and
in view of the willful nature of Intervet’s infringement;

(f)  Declare this to be an exceptional case pursuant to 35 U.S.C. §
285;

(g) Award Merial its attorneys’ fees, costs and expenses in this
action; and

(h) Award Merial prejudgment interest, and such further relief as
the Court deems just and proper.

JURY TRIAL DEMAND

Plaintiff Merial demands a trial by jury of all issues so triable in this action.

ATLO1/12094894v) 6
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Respectfully submitted this 15th day of

ATLO1/12094894v1

J. Patrick Elsevier, Ph.D., Esq.
Georgia Bar No. 246694
ALSTON & BIRD LLP

One Atlantic Center

1201 West Peachtree Street
Atlanta, Georgia 30309-3424
Email; pelsevier@alston,.com
Tel.: (404) 881-7683

Fax: (404) 253-8285

Judy Jarecki-Black, Ph.D., Esq.
Georgia Bar No. 801698

Merial Limited

3239 Satellite Blvd.

Duluth, GA 30096-4640

Email: judyjarecki@merial.com
Tel.: (678) 638-3805

Fax: (678) 638-3350

Of Counsel

Thomas J. Kowalski, Esq.

FROMMER LAWRENCE & HAUG LLP
745 Fifth Avemue

New York, New York 10151

Email: tkowalski@fthlaw.com

Tel.: (212) 588-0800

Fax: (212) 588-0500

Counsel for Plaintiff Merial Limited
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Figure No. 1

Sequence of the PCV Impl011-48121 isolate {SEQ 1D Né. 1)

sl
0
151
201
251
Jo2
asn
401
45
s
581
601
§51
702
751
01
§52
m

9851

1001

1051
1101
1181

1201

MTTCARCCT TAMCTTICT TATTCTOTAS TATTCAAAGG GCACAGAGCS
GUGGTITGAS CCCCOTCCTG GOGGAAGAAR GTCATTAATA TIGAATCTCA
TCRTGTCCAC CGCCCAGAAG GGCGTTCIGA CTUTGGTTCG CITGACAGTA
TATCCGANGG TGCOGGAGAS GCOUGTGTTS ARGATGCCAT TTITCOTTCT
CCAGCAGTAA CGGTGGCGGE GGTGGACGAS CCAGGGGOSG CUGCGGRAGGA
TCTGGCCAAG ATGGCTGCGG GGGOGGTOTC 11tn1ércca GTAACGCCTC
CTTGGATACG TCATATCTGA AAACGAAAGA AGTGOGCTGT ARGTATTACS
AGCGCACTIC GGCAGCGGCA GCACCTCOGC AGCACCTCAG CAGTAACATG
CCGAGCAAGA AGAATGGAAG ARGCGGACCC CAACCCTATA AAAGGTGGGT
GTTCACTCTG AATAATCCT? CCGAAGACGA GCOCAAGRAA ATACGGGATC
TTICCAATATC CCTATTTGAT TRTTTTATTG TTGGCGAGGA GGGTAATGAS
GAAGGACGAA CACCTCACCT CCAGGGGTTC GCTAATTITG TGAAGANGCA
GACTTTTAAT AMAGTGAAGT GGTATTTGRU TGCCCGOTGC CACATCGAGA
AAGCGAAAGG AACAGATCAG CAGAATAAAG AATACTGCAG TARAGAAGGC
AACTTACTGA TUGAGTGYTUG ASCTCCTAGA TCTCRIGGAC AACGGAGTGA

TGACTOECTS COCTUGGATG ATCTACTOAG ACTGTGTGAT CGATATCCAT
TGACTOTAGA GACTAAAGGT GGAACTGTAC CTTTITTGGC CCHCAGTATT
CYGATTACCA GCAATCAGAC CCCGTTGGAA TGOTACTCCT CAACTGCTGT
CCCAGCTGTA GAAGCTCTTT ATCGGAGGAT TACTTCCTTU GTATTITGGA
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Figure No. 1 (continuation and end)

1251 AGAATGCTAC AGAACAATCC ACGGAGGAAG GGUGCCAGTT CGTCACCCTT
1301 TCCOCCCOAT GOCCTGAATT TCCATATGAA ATAAATTACT GAGTCTTTIT
1351 TATCASTICG TAATGGTTTT TATTATICAT TAAGGATTAA GTGGSGIGTC
1401 TTTARGATTA AATTCTCTGA ATTGTACATA CATGGTTACA CGGATATTGT
1451 ATTCCTGOTC GTATATACTS TTTTCOAAC CASTGCCEAG GCCTACSTGR
1501 TCCACATTIC CAGCASTTIS TAGTCTCAGC CACAGCTGGT TTCTTTTGTT
1551 GITTGGTTGS AAGTAATCAA TASTGGAATC TAGGACAGGT TTGGGGGTAA
1601 AGTAGCOGGA GTGGTAGGAG AAGGGCTGGG TTATOGTATG scccumm
1651 TAGTTTACAT AGGGGTCATA GGTGAGGGCT GTGGCCTTTS TTACARAGTT
1701 ATCATCTAGA ATAACAGCAC TGGASCCCAC TCCOGTGTEA CCCTGGOTGA
1751 TCUGGGAGCA GGOCCAG
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Figure No. 2

Sequence of the PCV Impl011-48285 isolate (SEQ ID No, 2)

S1 GGUGTTIGAG CCCCCTCCTG GGGGAAGAAA GTCATTAATA TTGAATCICA
101 TCATOTCCAC COCOCAGGAG GGCGTTTTGA CTGTSGTTCS CTIGACAGTA
151 TATCCGAAGG TGCGGGAGAG GOGSGTCTTS AAGATGCTAT TTTTCCITCT
201 CCAGCOGTAA CIGTOGCUGG OGTUGACTAG CCAGGUACES COOCGAAIGA
251 TCTGGCCAAG ATGGCTGCUG GOGOGGTRTC TTCTICTUCS GTAACGCCTC
301 CTTGGATACG TCATATCTGA AMACGAAAGA AGTGCGCTGT AAJTATTACE
351 AGCGCACTIC GUCAGCGGCA GCACCTCGGC AGCACCTCAS CAGCAACATG
401 CCCAGCAAGA AGARTGRAAG AAGCGGACES CAACCCCATA ARAGGTGGGT
451 GTTCACTCTG AATAATCCTT COGAAGACGA GCGCAAGAAA ATACGGGATC

. 501 TTCCAATATC CCTATTIGAT TATTTTATIG TTGGCGAGGA GGGTAATGAS
551 GAAGGACGAA CACCTCACCT CCAGGGGTTC GOTAATTTTG TGAAGAAGCA
601 GACTTTTAAT AAAGTGRAGT GGTATTTOGS TGCCUGCTGC CACATCGAGA
651 ARGCGAAAGG AACAGATCAG CAGAATARAG AATACTGEAG TAAAGANGGC
701 AACTTACTGA TOGRGTGTGG AGCTCCTAA TCTCAGGGAC AACGGAGTGA
751 CCIGTCTACT GCTGTGAGTA CCTTGTTGGA GAGCGUGAGT CTGGTGACCS
801 TTGSAGAGCA ca\cccrm ACGTTIGTCA GAAATTTCCG CGOGCTGECT
951 GAACTTTTGA AAGTGAGCOG GAAAATGCAG AAGCGTGATT GGARGACTAA
901 TGTACACHTC ATTGTGGGGC CACCTGOGTG TGGTAAMAGS ARATGGGCTG
951 CTAATTTTGC AGACCCGGAA ACCACATACT GGAAACTACC TAGAAACAAG

1001 TGGTGGGATS GTTACCATGS TGAAGAAGTG GTTGTTATTG ATGACTTTTA

1051 TGOCTIGCTS CCCTGUGATG ATCIACTGAG ACTGTUTGAT CGATATCCAT

11101 TGACTGTAGA GACTAAAGGT GGAACTGTAC CTTTTTTGGC CCGCAGTATT

1151 CTGATTACCA GCAATCAGAC CCCGTTGGAA TGGTACTCCT CAACTGCTGT

1201 CCCAGCTGTA GAAGCTCTTIT ATCGGAGGAT TACTTCCTIC GTATTITGGA
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Figure No. 2 (continuation and end)

1251 AGAATGCTAC AGAACAATCC ACGGAGGAAG GGGGCCAGTT CGTCACCCTT
1301 TCCCCCCCAT GCCCTGAATT TCCATATGAA ATAAATTACT GAGTCTTTIT
1351 TATCACTTCS TAATGGTTTT TATTATTCAT TAAGGGTTAA GTGGGGIGTC
1401 TTTAAGATTA AATTCTCTGA ATTGTACATA CATGGTTACA CGGATATIGT
1451 ATTCCTGATC GTATATACTG TTTTCGAACG CAGTOCCGAG GCCTACGTUG
1501 TCTACATITC CAGTAGTITS TAGTCTCAGC CACRGCTGAT TTCITTTETT
1551 GTTIGOTTO0 AAGTAATCAA TAGTGGAATC TAGGACAGGT TTGGGGGTAA
1601 AGTAGCOGGA GTGGTAGGAG ARGGGCTGGS TTATGGTATO GCGGGAIGAG
1651 TAGTTTACAT AGGGGTCATA GGTGAGAGCT GTGACCTTTS TTACAAAGTT
1701 ATCATCTAGA ATAACAGCAC TGGAGCCCAC TCCCCIGTCA CCCTOGGTGA

1751 TCOGGGAGCR GGGCCAS
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Figure No., 3

Sequence of the PCV Imp999 isolate (SEQ ID No. 3)

1 AATTCAACCT TAACCITITT TATTCTOTAG TATTCAAAOG OTATAGAGAT
51 mmmmm(gu
01 rauumm:m'axncunw:aaqnvcnn.enﬂvwnux:crﬁnguna
151 ummmmmmmnrnwm
201 CCAACTGIAG CGGTOCUG0 GGTOGACGAG CCASGGRACES COGCGAAGGA
25) TCTOACCAAG xnmunuoa:enm:xnvnﬁ11crnnutu GTAACSCOTC
30 CTTUGATACG TCATAGCTGA AMACTAAMGA AGTGCUCTGT AAGTATTACT
351  AGCGCACTTC GGCAGCGGCA GCACCTCRGC AGCACCICAG CAGCAACATG
€01 OCCAGCAAGA AGAATSGAAG ANGCGGACCC CAAGCACATA AAAGGTGGGT
451 GTTCACGCTS ARTAATCCTT COGAAGACGA GCGCAMGAAA ATACGGGAGE
5§01 TCCCAATCTC CCTATTTGAT TATITTATIG TTGGCGAGGA GGGTAATGAG
§51  GRAGGACGAA CACCTCACCT CCAGGGATTC GCTAATTITS TGAAGAAGCA
601  AACTTTTAAT AAAGTGAAST GATATTTGGS TGCCTGCTGC CACATCGAGA
651 AAGCCAMAGG AACTGATCAS CAGAATAAAG AATATTGCAG TAAAGAAGGC
701 MACTTACTIA TTGAATGTOG AGCTCCTCGA TCTCAAGGAC AACGGAGTGA
751 CCTSTCTACT GCTGTGAGTA CCTTGTIGGA GAGCGGGAGT CTOGTGACCS
801 mﬂmmmm.
§51 GAACTTTIGA AAGTGAGCGG GAAAATGCAG ANGCGTGATT GGAAGACCAA
902 TUTACACETC ATTOTUGGGC CACCTGUGTS TGUTAAAAGC AMATGOGCTS
951 éwnarrnx:Aauuxmnaaacauawun GGARACCACE iuuuwuua
1001 TGGTOGAATG GTTACCATGU TGARGAMGTG GTTGTTATIS ATGACTTTTA
1081 TUGCTOGCTS CCTTIUGATS ATCTACTGAG ACTGTGTGAT CGATATCCAT
1101 TGACTGTAGA GACTAAAGGT GGAACTGTAC CTTITTIGGC CCGCAGTATT
1151 CTGATTACEA GCAATCAGAC CCCGTTGGAA TGGTACTECT CAACTGCTGT
1201 CCCAGCTGTA GAAGCTCTCT ATCGGAGGAT TACTTCCITG GIATITIGGA
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Figure No. 3 (continuation and end)'

1251 RGAATGOTAC AGMACAATCC ACGGAGGANG GGOGCCAGTT CGTTACCCTT
1302 TCCCCCCCAT GECTTGAATT TCCATATGAA ATAAATTACT GAGTCTTTTT
1351 TATCACTICG TAATGGTTTT TATTATICAT TTAGGGTTTA AGTCGGGGGT
1402 CTTTAAGATT ARRTTCTCTG AATTGTACAT ACATGGTTAC ACGGATATTG
1451 TAGTCCTGGT COTATATACT GTTTTCGAAC GCAGTGCCGA GGCCTACETG
1501 GYCCACATTT CTAGAGGTIT GTAGCCTCAG CCRAAGCTGA TTCCTTTTGY
1551  TATTIGGTTO GAAGTAATCA ATAGTGGAGT CAAGAACAGS TTTGGITGTS
1601 AMGTAACGGG AGTOGTAGGA GAAGGGTTGG GGGATTGTAT GGCGOGATGA
1651 GTAGTTTACA TATGGGTCAT AGGTTAGGGC TGTGGCOTTT GTTACARAGT
1701 TATCATCTAG AATAACAGCA GTGGAGECCA CTCCCCTATC ACCCTGGETG
1753 ATGGGGGAGS AGGGCCAD '
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Figure No, 4

Sequence of the PCV Impl0l0 isolate (SEQ ID No. 4)

1 AATTCAACCT TAACCTTICT TATTCTOTAG TATICAAAGG GTATAGAGAT
51 TTTUTIGOTC CCCCCTCOCS GUGGAACAAA GTCGTCAATT TTARATCTCA
101 TCATGTCCAC CGCCCAGGAS GGCGTTGTGA CTGTGGTACG CTTGACAGTA
151 TATCCGAMNGG TGCGGGAGAG GCGUGTGTTG AAGATGCCAT TTTTCCITCT
201 CCARCGGTAC CGOTUGCRGG GGTGGACGAG CCAGGGACGS COGCGAAGGA
251 TCTUGCCAAG ATHGCTOOUG GOGCRATATC TTCTTCIGCS GTAACGCCTC
300 CTTGGATACG TCATAGCTGA AAACGAMAGA AGTGCGCTGT AAGTATTACC
351 AGCGCACTTC GGCAGCGGCA GCACCTONGC AGCACCTCAG CAGCAACATG
401 CCCAGCAAGA AGAATUGAAG AAGCGGACCC CAACCACATA AMAGGTGGGT
451 GTTCACGCTG AATAATCCTT CCGAAGACGA GCGCARGAAA ATACGGAAGC
501 TCCCAATCTC CCTATTTGAT TATTITATIO TTGGCGAGGA GGGTAATGAG
551 GAAGGACGAA CACCTCACCT CCAGGAGTTC GCTAATTTIG TGAAGAAGCA
601 AACTTTTAAT AAAGTGAAGT GGTATTIGGG TGCCCGCTGC CACATCGAGA
6§51 AAGCCAAAGG AACTGATCAG CAGAATAAAG AATATTGCAG TMM
701 AACTTACTTA TTGAATGTGG AGCTCCTCGA TCTCARGGAC ARCGGAGTGA
751  CCYGTCTACT GCTSTGAGTA CCTTOITGGA QAGCEGGAGT CTGGTGACCG
801 TTGCAGAGCA GCACCCTGTA ACGTTIGTCA GAAATTTCCS CGGACTGICT
851 GAACTTTTGA ARGTGAGCOSG GAAAATGCAG AAGCGTGATT GGAAGACCAA
901 TGTACACGTC ATTGIGGGGC CACCTGGGTG TGGTAAAAGS AMATGGGCTG
951 CTAATTTTGC AGACCCGGAR ACTACATACT GGAAACCACC TAGAAACAAG
1001 TGGTGGGATG GTTACCATGG TGAAGAAGTS GTTUTTATTS ATGACTTTTA
1051 TGGCTGGCTG COGTGGUATG ATCTACTGAG ACTGTGTGAT CGATATCCAT
1101 TGACTGTAGA GACTAAAGGT GGAACTGTAC CTTTTTTGGC COGCAGTATT
1151 CTGATTACCA GCAATCAGAC CCCGTTGGAR TGGTACTCCT CAACTUCTGT

1201 CCCAGCTGTA GAAGCTCTCT ATCGGAGGAT TACTTCOTTS GTATTTTGGA
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1251 AGAATGCTAC AGAACAATCC ACGGAGGAAG GAGGCCAGTT CGTCACCCTT
1301 TCCCCCCCAT GCCCTGAATT TCCATATGAA ATAAATTACT GAGTCTTTTT
1351 TATCACTTCG TAATGGTTTT TATTATTCAT TTAGGGTTTA AGTGGGGGGT
1402 CTTTAAGATT ARATTCTCTG AATTGTACAT ACATGGTTAC ACGGATATTG
1451 TAGTCCTGGT CGTATTTACT GTTTICGAAC GCAGCUCCOA GGCCTACSTG
1501 GTCCACATTT CCAGAGGTTT GTAGTCTCAG CCAAAGCTGA TTCCTITTGT
1551 TATTTGGTTS GAAGTAATCA ATAGTGGAGT CAAGRACAGG TTTGGGTGTS
1601 AAGTAACGGG AGTGGTAGGA GAAGGGTTGG GGGATTGTAT GGCGGGAGAA
1651 GTAGTTTACA TRTGGUTCAT AGGTTAGGGS TGTGGCCTIT GLTACAAAGT
1701 TATCATCTAG AATAACAGCA GTGGAGCCCA CTCCCCTATC ACCCTGGGTG

1751 ATGGGGGAGC AGGGCCAG
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CLUSTAL W multiple sequence alignment

PCVPK-13 AT TATAT T TAGCT T TCTAATACOS TAGTATTOSAMGOTAGORI TAGIAOITTOOTS |
IMP99I-XCO AR T A CC T TAAC T T TS TATTCTOTAGTATTCANAGGGTATAGMIATTT TUTTO0TC
LPL010-5T AT AN T TARCET T T TAT I CTUTATTAT T CMMIGOTATAGAGATTTTGTTO0 IO
INPI011-40 ARTTCAACCT TAACCT T T T TAT T IO TAGTAT TCAAAGRGACAGAGCOGGITTTIGAS
IMP1OL1-4% AN

ereTeY 299 Steee ¢ ".' teYRVIRT % e ¢ ¢ *ty &

PCVPK-15 CWMWMMMMW
TMP999-ZC0 mwmnmmW
IMP1010-ST mmmmgmm
IMPLO1) 40 mmmmmmm
IMP1011-48 COCCCTCCTO0GGANGAMITCATTAATA:

*e vee A4 4l o BN BN 1 2N J e ¢ eov ¥ o0 ¢ e *oe oo

PCVPK-18 m—-mm-ammmummm
INP999-EC0 mmmmmmm
IMP10YO-5T mmmmmm
IMP1011-48 mﬂmm‘nﬂm“m
IMP1011+48 TATCOCAAGTTOCICGAGAGICOZITITIG

PCYPR-15 mmmmmmm
IMNP239-ECO mmmwmcammmu-m-mm
™MPI010~-6T mmmmm-m
IMPLOLL-e0 mmmmmmm-m-mcm
IMP1011-48 Mmcmamme-m-mm

PCVPK-15 mmmmmmmmm
IMP999~-ECO w----mmmﬂmmmcnm
IMP1010-$T ea----mmﬂmumm '
IMPLOL1-48 m—---mmmommmmm

IMPLO11-48 @le« = -CAGCTEAGAR’

e * PIVIOTVY ¢ TP HINNCPIIOLINIQGRIGS TEIVIPOY woevey

PCVPK-1$8 mwccmrcmﬂummmmm
IMPR99-ECO CRCTCCTTOGATACCTCATAGS » TOAAACGAAASANTTGCGCTGTA - ~AITATTACTR
IMPI010-ST COCCTCOTTCRATACGTCATAGS ~ TEAAAACGAAAGAAG TGCGCTTUTA =AGTATTALCA
IMP1011-48 cmfmnn-mmmmn--mm
IMP1O11-48 mmrmnrc-mcmmmn--mm

TEVEOIEOPTE oeeveve ® VT  CPCVCYRIVROOIOVGTS 444412121
PCVPK-158 UNWWMQXWMCG"W"MW
IMP9Y9.-2CD mmmmmncmmcmmmmm
IMPLO1O-ST Gmmmcmmmmmm
IMP1011~49 ommmmmmmmmmmm
IMP1011-40 ammmcmmmamm
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PCVPR-15 » om o e =« ANKIIICCCUCAACCCCATAAGA DI TUIG TG TTCACCE TTAATAATCCTTC
nr9s-2C0 TAATCGANGARGCOGACCCCAACCASATAAMAGTTIIFTOTICACGCIGAA TAATCCTTC
IMP1010-57 GAATOGAAGAAGCORACCCTAACCACATAMAGGTUGT IS TCACUCTGAATAATCSTTC
DPLOL1~48 GATUGARIAAGCIIACCCCAMCCCCATAAAAGGTOOI TATTCACTCTGAATAATECTTC

GAATOGRAGANG COGACCTCAACCCEATAAMAIG TIGT T TCACTCTGAATAATCCTTC

nNPL01L-40

PEEEPE 2V CUVLT SPPVY TVYRUEVIOVRECROR we Lad 221112 71]

. DCVPR-1§ CGAGGMIGAGAMAACAMATACONIASCT TCCAATCTCCCT TT TIGAT AT TTIOITTS

DMPre-RC0 CAAAGACGAGEGCANGAAA TACOGGAGC T CCCARTTTUECTAT T TGAT TATTTTATIOT
DP1010-87 COAGACRAGCGCAMAMA TALSGEAIC T COCANTCTCOCTAT T TAATTAT TITATTOT
DMPI01I1-48 COAMGRCIMICGCAAGAAAATALGGEA TCTT CCARTATCCCTATT TEATTAT T TTATIOT
MP1031-43 COAAGACIAICGCAAGAMATACGGGATCTTOCAN'

e 99 VP €T SUPPERCCEVE U9 TYURT CUERY PERVEYSITRTES [ 4 4

PCVIK-1§ mmmm
TF999-ECO TOGCOAIAGIT TAATGAGGAAGGACGAACACC T CACCTOCAOGGITTCOCTATTITOT
IMPL010-5T TOCTAGIAITTAN TAAGGANIGACGARCACCTOAS CTOCAGAGG TTCACTARTTT TG

DP1013-48 TOGCGAGGAISITAN GAGGANI GALEAACACCTCACCTCCAGGIUTTICGCTAATTTTOT
INPLO22 48 TIGCEAGGAGGETM TGAGGAGGACEAA CACCTCASCTCCMIGATTTCHCTAATTITOT

T ¢OROE YoV VO TE 40 COPE POORIENNINIEIVIGR ¢ PPOEVOP

PCVPR-1§ TAMIAAGCAGACT T TTAACAAGT TEAAT TGATATTI TOOTOCCCUCTCCTACATCGAGAR
IMP299-ECO GAAGAAGEAMCITTTAATANAG TGAAG TOGTATTIUGG TG CECOCTICTATATCGALAN
IMP1020-ST GAAGAAGCAMCTTTTAATAAAGTGAAG TGS TATTIUGUTGCCOOCTACCACATCGACAS
IMP1O11-42 GAMGARGCAGACTTTIAA TARALTGMG TG TATTIGICTGCCLUCTGCCACATOGAGAA
IMP1011-40 GAAGAAGCAIACTTT TAATAAAGTGAAG TOCTA T TTUGGTGCCORCTUCTATATOIAGAR

PCVPR-15 AGCAAAAIGAACCEACCAGCAGMTAMGMTACTOIRATAMIAAGGCCACATACTIAT
IMPY99-ECO AGCOARAGAMCTGATCAGCAGRATAMGAATATTGOAG TAANGANSSCARCTTACTTAT
IMF2010-ST AGCCAARGGACTGATCAGTAGAM TRAMGAM TAT IGCAG TRAGAAGGCAACTTACTTAT

IMP10L3 48 AGCGAAMGIARCAGATCAGCAGAMATAMGAATAS TOCATTARAGAAGGCAACTTACTGAT
IMPI011-4F  AGCGAAAGGAACAGATCAGCAGAN

CEF PPV EIVEE TO FCEITEILOVEIITINY CRUVLIDVROIOIO0S o4 SFod oW

PCVPR-15 COAGTUTGAAICTCCOCORMCCAGIGRAAGCICAICEACCIGTCTACTACTG TaATTAL
IMP929-ECO TEARTITOIAEC TCCTOGA TC TCAAGGACAA LGOS TGACCTOTC TAC TOC TG TGAGTAL
TMPLOLO-8T TUARTTTOGAGCTCC TCUATC TCAAGGACAACIGATTUACSTOTCTACTECTG TGAGTAC
TPIG11~48 Wmm

IMP1011-43 GRAGTATGRASCTCCIAGH:
" veveserveey v IE S 0 eV PV VEIETRTCUSICEIITCIIRTEY
PCYPK-15 CCT T TTUGAGACG GG TCTT TG0 TRAC T TAGCCGAGCAS TTCCCTG TAACGTATITGAG

IMP93$9-ECO CT ST I OGAGASCGEAAGTCTIG TUACCG T IGCAGAGCAGCACCT T TAACTTTTOTCAD
IMPLOL0-8T - CTTICTIAGASCGIGAT TCTCCTGACCOTIGCAGMICASCACCC T TAACUTITOTCAY
IMPLOLL-48 CTTOTTORAASCGGAAST CTOG TUACCT TIGCAGAGCAICACCOTUTAACGTTTOTCAD
IMP1011-48 CTIGTTOGAGAGCCCAAGTCTGC TRACCTTTGCAGMNGCAGCACCC TGTAACGTTTOTCAG

* ¢ veeOVveSR Ty AR AALL A L BN 4 J """?'0 YTt evee Pve ".

PCVPK-18 ARATTTCCGCEGECTGGCTGAACTT TIGAMNGTOAGCGUGAAIATCCAGCAGCGTAATTG
IMP999~ECO AMTTTCCUCGIGCTGRCTTAACTT TTGAAAGTGAGCGEGAMATICAGAAICGTGATTS
IMP1010-ST MATTICCGCOGECTICCTGAACTTTTGAAG TGAGCOGUAAMTUCAGARGCTTHATTG
IMPL011-48 AMATTTCGCEGICTIAC TAAACTT T TGAMG TGAGCOOGAMATECAGANGCG TOATTG
IMP1O11-46 -AMTTTCOUICHGACTITCTGACITITGAAGTOAICUGTAAAM TG CAGAAGCGTCATTG

PRCEPEROOTVVIVIRVIVIVICPRVINDOIOPPIPORRVNO LRI $OPSOQ ReOWObPOPY



Case 1:06-cv-00658-HHK Document 1  Filed 04/11/06 Page 64 of 86

U.S. Patent  Apr.9,2002 ' Sheet 11 of 18 U8 6,368,601 B1
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PCVPR-15 GAAGACAGSTIGTACACY TCATATTO0GEC CaCCCOR TINTORGANGAGCCAGTCOGLTCS
IMPIIE-3C0 GAAGACCAXTY TACACTTCA S T IGGGECACCTINITU TGTTAMAOCAAATGGACTGC
JMF10L0-5T GAAGASCAATGTACALYTCATIG TIGGRACCALCTUITTUTOTTAARAGCAMTIGICTGC
MrcL1-48 GAAGASTARTGTACALTTCAT TUTAGGGCCACC TUATTU TOS TAMAGCAMTORGCTOC
DP1011-49 GAARACTAAIGTACALGT CATTOTROGGCCACCTAATTUTAGTANAMGCAARTTIGCTIC

a4 4414 CTVVOTVTICEY VVOPd C¢¢ 40 PP CEVOT PO VOT ¢ FEEPY

PCVPK1S TARTTTTGCTGAGCCTAGOGACACCTACTUGAASCCTAG TAGAMA TANG TGGTGGRATGE

IMP999-ECO TAATTTIOCAGACCCUGARACCACA
IMP1010+5T TAATTTTOCAGACCCOGAACCACA TACTAGAAACCACCTAGAAACANT TGATGGGATGS
IMP2011-4D TAATTTTOCAGASCSOGAAACCACATACTAGAAACCACCTAGAMCARG TGGTGRGATGS
IMP203-40 TAMTTTTOCAGACCOGAAMACCACATACTOGAAACCACCIAGAAACARGTC G TCGAATGE
TeYePEIOYF ** o¢ YO FOCTOPV ov FECVVES TTOICICIOPOSITS
-PCVPR-1§ ATATCATOGAGAMGAAGTTITTSTTTIGATGATT T TATGOCTOUTTACCTIGAGATGA
THP999-BCO THACCATIGTGAAIAAITOOTTO T TATIGATOAC TT T TATOGCTOGC TGCCOTUARATGA
TMPLOL0-8T TTACCATIATAAMAAG TGS TTG T TATTGATGACTTTTATUICTAOCTUCCITAOGATAA
IMPLOI1-48 TTACCATCG TGAAGAAGTOGTTO TTATTGATGACTT TTATUACTAGCTGCCCTOIGATGA
IMP2011-48 TTACCATCITGAAGAAGTOGT TOTTATTGATGACTT T TATOGC TG CIGCCOTOGRATEA
N CUTEY PORUURIY UG ERD O VUVEY POYPEPRICIROV W PP PPOEOIOYT
PCVPE-15 TCIACTUAGRCTG TG TRACCRUTATCCAT TUACTUTAGAGACTAANGOGGGTAC TR I TCC
IMP999-ECO TCTACTOAGACTUTATGATCOATATCCATTGACTOTAGAGAC TAAAIGTUGRACTOTACS
IMP1010-5T TCTACTGAGACTCTUTGATCRATATCCAT TGACTUTAGAGACTAAMGGTGGANC TATACT
THP1012-48 TCTACTGAGACTGTUTGATCGATATCCAT TRACTWTAGAGACTAAAGG TGGAACTUTACT
IMPL011-48 TCTACTGAGACTUTGTGAT CORTATCCATIGACTO TAGAGAC TAAAGS TGRAACTATACS
SOCCONPOIREVOPIPIV ¢ FWEPICIETIVVVOPTRTCVONGPOOTE ¢4 2000 e o
PCVEX-3$ TTITTTOGCCCGCACTATTTTRATTACCAGEAATCAGICCCCCTAGRMITGUTACTCCTC
IMP999-ECO T TTTTO0CCCOCAGTATTCTGAT TACCAGCART CAGNGSCCO TTOGMTGGTACTCCTE
- IMP1030-ST TTTTTTGACCCUCACTATTCTGATTACCAGCAATCAGACCCCUTTOGARTGGTACTCCTC
IMP1031-40 TITTTTOGCCCICATTATTCTGATTASCAGCAATCAGAGTCCUTTCGARIGGTACTCCTS
IMPL011-48 TTTTTTGGCCOUCAGTAT TC TRATTACCRAGCRATUAGACCCCOT TOEAATGETACTCCTC
ATCIVIOVOTHOOOCEPEE CPORUTTPAOFIOIPUENY PPIC 1242242222224 4)
PCVPR-15 AACTOCTOTCCCAGCTATAGAAGCTCTCTATCOGAIGATTACTACT TTGCAATTITGRAA
INP999-BCO AACTGCTGTCCCAICTUTAGAAGC TCTCTATCROAGGATTACTTCCTIGATATTT TGGAA
INP100+ST AACTGCTUTCCCASC IO TAGAAICTCTC TATCOGAGSAT TACTTCETIOATATTTTO0AR
IMPIOLL-40 AACTOCTOTCCCAGCTOTAGAAGCTCTTTATCGGASGATTACT TCCTTOGTATTTTOGAR
TMP1011-49 AACTOCTGTCCCAGCTUTAGAAGCTCT TTATCGIAGGATTACTTCCTTOOTATT I TUGAR
PTTTSTTIT IS T IR IS 20T L 2 2 S R AR A4 AL LA AL AL 0l 2 B 4 4d *PPO OIS
PCVPR-15 GACTGCTORAGAACAATCCACGGAGGTACCCGAAGGCCUATTTEAAGCATTOGACCCACE
IMP999-ECO GAATGCTACAGAACAATCCACGGAGGAA - - - GGGGGCCASTTCGTEACTCTTTCCTCECE
INP1010-5T GAATGCTACAGAACAATCCACGRAGIAA- - - GGGIGCCAGTTCO TEACCCT TTECCCTE
IMPI011-40 GAATGCTACAGAACAATCCACGAAGIAA - - -043GACCATTTICTTCACCCTTTCCECCCT
IMPLOLI-40 AATGCTACAGAACAATCCACGAAGGAAR - - - GEGGGCOAGTTCOTEACECTTTSECETCS
ov wees PRCNGPIC VI PPRUEUVEIS @ . [ 41 24 L 4 B J [ ] * ety ¢9
PCVPK+15 CTATUCECTTTTCCCATATAAMATAMIT TACTOAGTCT TTTTICTTATCACATCUTAATG
INP999-£CO ATGCECTGAATITCCATATGARATAMTTACTGAGTCTTTT T - - » TATCACTTCGTAATS
IMPL010-ST ATGCCCTOAATTTCCATATGAARTAAATTACTOASTCTTTTT - - - TATCACTICOTAATG
IMPLOL1-40 ATGCCCTGAATTTCCATATGAAATAMTTACTGASTCTTTTY - - - TAICACTTCUTANTS
INPLO11-40 ATGCCCTGANTTTCCATATAAATAAATTACTGATTCTTTTT - -  TATCACTICUTAATG

LA v ow deRetY X 222222222222 22240 ) toTETE POICVOTOOY

v
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PCVPK-15 GITITTATT - TTIATITA « ~TTTA = =~ ~GAGGTICTT T TAGGATAMT TCICIGAATTG
DWI2e-BCO GTTTTTATIATTCATTZAGOGT T TAAG TOOGAATTCITTANGAT TAAAT TCTCIGAATIG
TMFL010-8T  *  GITTTIASTATICATITAGGUTTIAAGTUGAAATTCTTTARGATTAMTTCICTGMTTS
MPLO22- 48 GTTITOATTATTCATTAAGGIGT T - ANGTCGCACCTCTTTAMGATTAMTTCICTOAAT TG
TMPLOL1-48 GITTTIATTATTCATTAAGGITT ~-AAG TAG0GATTCTTTAAGATTAAATTCTCTANATTG
TPPEVILYPT ¢ Qe ¢ e w * vevevevy 9¢ VPP ERNTSITRVOIOIRS
PCVPK-15 TACATAMIAGTCAGCCTTACCACATAATTTTGAGCTOTGGCTGC - ATTTTGOAGCGCAT
IMP999-8CO TACATACATOUTTACACURATATIOTAGTCCTG0- TCSTATATACTG T L TCGAACOCAS
IMP1020~5T TACATACATCET TACACGGATATIGTAGICC TG~ TCUTATTTACIG T I T TOGAACGTAG
IMP101L-40 TAGATACATUS TIACACGEATAT TU TATTCCTGG - TCATATATACTG T TICRAACGCAG
IMP1011-48 TACATACATOG T TACACSGATATIGTATTCOTNG - TCOTATATACTGTTTICGAACGCAS
TS PR e® ¢ ¢ @ se ¢ owe [ 4] ® ¢ verw ¢¢ eeee
PCVPK-15 AGCCGAGGCCTUTITGCTCRACATTOG TG TGGATATTTAMIUGAGCTACAGCTGATTIC
IMP993-KCO TOCCGAGCCTACC TG TCCACATTTCTAGAGI TTIG TAGCCTCAGCCARAGCTGATTCE
THFL010-ST COCOGARGOCTACG oG TCCACATTTCCAGAGG TTTU TATT CTCAGCTAAGCTAATTCE
MPI011-40 TUCCAGCCTACT TR T TACATTTCCAGCATT I IO TAC TCICAGCCACAGCTOGITIC
IMP1021-438 TGCORAGICCTACTTOGTCTACAT TTOCAGTAGTTIGTAG TCTCAGCCACAGCTEATTTC
TETTIRNTVCE VOO S RO OYPD e ¢ oo Yeedd S00Pe C% ¢
PCVPK-15 T T TATTATTIGGOTOGAACCAATCAA TIGTTTOGTCCAGCTUAGITTIGAGGEIGANG T
IMP999-ECO TrTIOT AT IS T ICGAASTAR TCAATAGTIGAG TCAAGAACAGUTTTGOTIGTGANG T
IMP1010-3T TITIVTTATTTOCTICAAMITAATCAA TAGTUGAGTCAAGAMCAGTTTTUGG TG TGAAGT
IMPLO1Y -48 TTTIGTIOTTIOT TAAGTAR I CAA TAGTUGARTCTAGIACAGT T T TGIAGGTARAGT
IMP1011-40 TITICTIATTIOG T TORAAGTAATCAA TASTCCARTCTAGGACAGI T T TGGGEGTANGT
. TEED X0 P90V evder eveg TR o9 LA 4] CORVUTIVOS w@ GOV
PCVPK-15 ACCIGAAITGGTAGGTAMGGGCTGCCT TATGITOTGGCGOGAGGAGTASTTAATATAGH
IMPIS9 -ECO AACGIIAGTGTIAGGAGAAGGS TIGCHGGA T TS TATGOOCUGAGGAGTAITTTACATATG
IMR1Q10+ST AACOSOAT TG TAGGARAGEG TTGGOGIATT CTATIICCGANGGAS TAGTT TACATATG
IMP1011-40 AGCOAARGTUG TAGGAGAAGGGC TSRS TIATGUTATOGCGIGAGRAGTAG T ITACATAGS
IMP1O11~40 AGCGSGAGTOU TAGOAGAAGIGCTGUATTATGGTATOGCIGRAGGAS TAGTT TACATAGG
* ¢ tereeRivELe 20909 e T U PEVCTIPPIOCUITIIL ¢ PRE @
PCVPKX-1S GETCATAGGCCAGTTOGTGGAGG GGG T TACARAG TICGCATCCRAGATARCAACAGTOG
INPIFY-ECO GG TCATAGG TTAGGGUTUIGGCCTTIG I TACAAGTTATCATCTAGAATAACAGCAGTIG
IMPLOYO-ST GGTCATAGGITAIGGCT G TGGCCTTIGTTACAMGTTATCATCTAGAATAACAGTAS TAG
- IMP1011-49 GGTCATAGG TGAGGGCTOTGGCCTTTHTTACAAGTTATCATCTAGAATAACAGCAL TGS
IMP1011-48 GATCATAITUAGGGCTITCGCOTT TG TIACAAAGTTATCATCTAGAATAACAGCAC TGS
*evRTTORY @ @ L 144 (A2 4 0 240 ] rete ¢ sereee of eV
PCVFE-35 ACCCAACACETCTTTGATTAGAGTTGATGGCITCICTAGEGTAA
IMP999-ECO. AGCCCASTECCCTATCACCOTGUGTOATIGIGGACAGIICEAG
IMP1010-5T AGCCCACTCCCCTATCACCCTGOTTAATGOGIGAGCAGGICCAS
IMPIOL1-49 AGCCTACTCERC TS TCACCCTORE TCATCGGOGAGCAGGACCAS
IMP1011-48 AGCCTACTCCCOTGTCACCETOGGTIATCRGGRAGCAGGGTCAG
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1 GAATTCAACS TTAACCTTIT TTATTCTGTA STATTCAAAG GOTATAaAgA
S1 TTTTGTTOGT CCCCOCTCOC GGGURAACAA AGTCTCAAT ATIAAATCTC
101  ATCATGTCCA CCOCCCAGGA GGURGTICTS ACTUTGGTAG CCTTGACAGT
151 ATATCCGAAG GTGCGGGAGA rGCGOGTGTT GAAAATGCCA TITITCCTTC
201 TCCAACGOTA GOGOTGGCUG GAGTGUACHA aCCACIGACS GCGGCGGAWG
251 ATCTGGCCAR GATGGCTGCS GGGGCUTTUT CTTCITCTGC GUTAACGECT
301 COTTGGATAC GTCATAGCTG AAAACGAAAG AAGTGCGCTG TAMGTATTAC
351 CRGCOCACTT CGOCAGCUGC AGCACCTCUG CAGCACCTCA GGAGCAACAT
401 GCCCAGCAAG AMGAATGGAA GAAGCSGACT CCAACCACAT AAAAGGTGGG
451 TOTICACGCT GAATAATCCT TCCGARGACG AGCGCAAGAA AATACGGGAG
SCI  CTCCCBATCT CCCTATITGA TTATTTTAIT GTTGGCUAGS AGGGTWWIOA
§51 gGAARGACGA ACACCTCACC TCCAGGGGTT COCEAATTTT GTGAAGAAGC
601  aRACTTETAA TAAAGTGAAG TGGTATITGG GTOCCCGCTG CCACATCGAS
€51 AAAGCCAMAG GAACTGATCA GCAGAATAAM GAATATTGCA GTAAAGANGG
70:  CRACTTACTT ATTGAATGTC GAGCTCCTOS ATCTCAAGGA CAACGGASTG
752 Acmrcraé TGCTOYTGAGT ACCTTGTTGG AGAGCUGGAS TCTGATGACE
8901 GTTGCAGAGC AGCACCCTGT AACGTTTOTC AGAAMTTTCC GCGGGCTGRC
BS: TGAACTTTTG AARGTGAGCS GGAARATGCA GRAGCGTGAT TGGAAGACCA
902 ATGTACACGT CATTGTGGGG CCACCTGCGT GTGGTAAAAG CAAATGGGCT
951 GUTAATTTTG CAGACCCGGA AACCACATAC TGGAAACCAC CTAGAAACAA
1001 GTGGTGGGAT GGTTACCATG GTGAAGAAGT GGTTGTTATT GATGACTTTT
1051 ATGGCTGGCT GCCUTOGGAT GATCTACTGA GACTUTGTGA TCGATATCCA
1102 TTGACTGTAG AGACTAAAGG TOGAACTCTA CHNNKNNNGG CCCOGAGTAT |
1151 TCTGATTACC AGCAATCAGA CCCCUTEGGA ATGGTASTCC TCAACTGCTG
1201 TCCCAGCEGT AGAAGCTCTC TATCGGAGGA TLACTTCCIT GGTATITEOG

1252 ARGAATGCTA CAGAACAATC CACGGAGGAA GGGGGCCAGT TnGTCACCOT
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1301 TTCOCOCCOA TGOCCTGAAT TTOCATATGA AATAAATTAC TGAGTCTTIT
1351 TTATCACTIC GTAATGGTTT TTATTATICA TTTAGGGTTT AAGTGGGEGS
1401 TCTTTAAGAT TAARTTCTCT GAATTGTACA TACATGGTTA CACGGATATT
1451 GTAGTCCTOS TCGTATATAC TGTTTTCGAR CGCAGTGCCS AGGCCTACST
1501 GGTCCACATT TCTAGAGGTT tGTAGCCTCA QMG ATTCCITTIG
1551 TTATTTGGTT GGAASTAATC AATAGTGGAG TCARGAACAG GTTTGGGTGT
1601 GAAGTAACGG GAGTGGTAGG AGAAGGGTTG GGGGATTGTA TGGCUGERGG
1651 AGTAGTTTAC ATATGGGTCA TAGGTTAGGG CTGTGACCTT TGTTACAAAG
1701 TTATCATCTA GAATAACAGS AGTGGAGCCC ACTCECCTAT CACCOTOGGT
1751 GATGGGGGAG CAGGGCCA '
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8con.s = sequence clone pGEM-7/8
peveco = sequence strain PCV PK/15

SCURES Inigy; 2517 Initn: 3774 Opt: 4010
75.8% identivy in 178§ bp overlap

1769 1758 1749 1739 1729 me
L N RIS
GAAT T TTACCCCAGAGACCCCATCACCTCTAATCAAAGAGG TOTTSGITCCACTOTTGTT

10 20 3 40 50 &0

peveco

1709 1699 . 1689 1679 1669 1659
scon.s A

TTCTAGATGATAACTTTGTAACAAAGGCCACAGCCC TAACCTATGACCCATATOTANAS
I T R NI
TCTTOAATGCCAACT T IO TAACCECCTCTACCAACTTGOCCTATGACCOCTATATIANS

peveco A
7 80 20 100 110 120

1649 1639 1629 1613 2609 1599
8con.s TACTCCTCCOGCCATACAATC

CCCCAACCCTTCTCCTACCACTCCOGTTACTICACACCC
FRRETRLERIRNT 1) 1 CE R FEERLTROCE ) B
ACT CCTCCCGCCACACCATARGECAGCC CTTTACCTACCACTCCAGSTACTTCACCCCC

peveco T,
130 140 150 16¢ 170 180
1589 1579 1569 1559 1549 1538

3 AMACCTGTTCTTGACTCCACTATTGATTACT TCCAACCAAATAACAAAAGGANTCAGCTY
CVRLERT U TEE B0 DR REVLE D e oot
ANACCTGAGCTOGACCAAACARTTGAT TAGTTCCACCCAAATAATARMAGAMCEAGCTG

peveco

gcon

190 200 220 220 230 240
1529 1519 1309 1499 1489 1479

TGGCTGAGGCTACAAACCTCTAGAAATG TGRACCACETAGGCCTOGCCACTGCTTTCGAA
1 R I A T AR
TGGCTCCATTTAMTACCCACACCAATGTCGAGCACACAGACTTCEECTATGOGCTCEAA

250 260 270 280 290 300

8con.s

pcveco

1469 3459 1449 1439 1429 1419
Scon.s AACAATATATAC~GACCAGGACTACAATATCCOTGTAACCATATATGTACAATTCAGAGA
IR NIRRT IR I N
PEveco AA-TGCAGCCACAGCCCAAAAT TATS TGETAAGGCTGRACTATTTATG TACAATTCAGAGA
310 320 330 340 e

1409 1399 1389 1379 1369 135%
9con. s ATTTAATCTTAAGACCCCCCACTTAMC CCTAAATGAATAATAAMAACCAT TACSAAGT
PRI 1 D THH HE T n e i n n

peveace ATTTATCCTAMMAGACCTTC- ~ ~ ~TAAA - » »TAAAT »AARAATAAAARCCATTACGATGT
360 370 380 390 400 410

1349 1329 1329 1329 1309 1299
8c0n. 5 GAT~~ -AAAANAGACTCAGTAATTTATTTCATATAGARATTCAGGICA'
L R I e e IR R T
PCVecO GATAACAAAAARIACTCAGTAATTTATTTTATATGGGAAANGGG CACAGGGTGRGTCCAC
420 430 440 © 450 460 470
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Figure No. 7 (continuation)

) iie9 37 i3e3 1282 1349
Scon.s GITGACHAACTGUCCETT -~

TTCCTCCUTGRAT IO TTCTUTAGCATICTICCAMAATAC

U s
pevecs TGCTTCAAATCGGCTTTCGGG TACCTCCGTAGATTATTCTCCAGCAS TCTTICCAAATTG
4”0 430 500 510 s20 530

13239 1222 1219 1208 1199 1189

5 CAAGGAAGTAATCCTCCGATAGAGAGCTICTACAGCTGGGACAGEAGTTAAGGAGTACTA
L RO TR L e i i
PEvece CAAAGTAGTAATCCTCCGATAGAGAGCTTCTACAGCTOGAACAGRAGTTRAGGRGTACCA

540 550 560 $70 580 590

1179 1169 - 189 1149 1139 1139

8con. s TTCCAACGGOGTCTGATTOCTORTAATCAGAATACTGCUAGCCHIMNIGTACAGTTCC
VHE  HLEE BT T Feasawse] {11H 1
PEVeco TTCCTUGGIAGCCTGATTGCTGGTAATCAAARTACTOCTGGCCAARAAAGGAACAGTACT
: €00 610 620 630 540 650

1110 1109 1099 1009 1073 1068
8con.s ACCTTTAGTCTCTACAGTCAATGGATATCOATCACACATTCTCAGTAGATCATCCCACGS
PERRLLLELRREETDEREELEEERRY 00 TR e b b e i
CCTTTAGTCICTACAGTCARTGRATACCGGTCACACAG T CTCAGTAGAT CATCCCARGS

660 670 680 690 700 710

peveco C

1089 1049 1039 ' 1029 ‘1029 1909
gcon. s CAGCTAGCCATAMAGTCATCARTAACAACCASTTCTTCACCATGETAACCATCCCACCA
VERVRIRYRRRIY TR0 RREE DU BRI hE 0 1180001
TAACCAGCCATAAAMTCATCCAMAACAACRACT TCTTC TCCATGATATCCATCOCCACCA

T20 - 730 740 * 150 760 170

peveco

999 999 979 969 959 49
Bcon.s CTTGTTTCTAGGTGOTTICCAGTATGTGGTTTCCOGATCTGCAAMAATTAGCAGECCATTT
LLE ST e ) VLS TR HLt
CTTATTTCTACTAGGCTTCCAGTAGG TG TCCCTAGICTCAGCAAMT TACGGGCCTACTS

pevece
780 790 800 810 920 930
239 929 919 909 T (1T
8con.s GOTTTTACCACACCCASGINGCCOCACATOACS TG TACAT I0G TCTTCCAATCACGOTT
TEEEE STIRE B0 VO B TRRne TRERRERn e BV
pevaco GOTCTTCCCACAACTGIGCEGRCCCACTATGACG TG TACAGCTRTCTICCAATCACECTS
840 850 960 870 880 evo
879 B 1) 859 849 B39 829 '
8con.s CTGOATTITCCCGCTCACT T TCAAAAG TTCAGCCAGCCCECEGAMTTTCTAACARACGT
CEEPEY FEPEERER TR T R TR i en e ey ey iy
pevece CTGOATCTTCCOGCTCACTTTCAARAGTTCAGCCAGCCCGCOGAAAT TTCTCACATACGT
900 910 920 930 940 950
1Y) 00 799 799 779 789

fcon.s TACAGGGTGCTGCTCTGCAACGOTCACCAGACTCCCGCTCTC

CAACRAGGTACTCACAGE

FEORLE RREE TR TR b i b LR
PEveco TACRGIGAACTOCTCUICTACAGTCACCARAGACCCCOTCTCCAMMAGGATACTCACAGS
: 960 970 990 990 1000 1010
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Figure No. 7 {continuation)

i 1 A 739 129 ne 709

con. 8 AGTAGACAGGTCACTCCOT TG TCCTTRAGATCRAGGASCTOCACATTCARTAAGTANGTT
L L T e L L T
cveco AGTAGACAGATCOCTOCGCTICCOCTOGTTCOGCGMAGCTCCACACTCRATAAGTATGTG
1020 1030 1040 1050 1060 1070

P

1114 (11 €79 (11 21 L2

-8 GCCTTCTTTIACTGCAATAT I T TATTCIGCTRATCAG TTCSTTTO0CT TICTCGATITS
R T
GOCT eI TAC TG CAGTAT T CTTTAT e TGS TR TR R TTCC T T OO TTTCICRATTS

peveco

1080 1090 1100 1110 1320 1130

€39 629 19 609 599 569
9con. 8 GCAGCURGCACCCARATACCACTTCACTTTATZAMAGTTIGCTTCTTCACANARTTAGS
- PELERLLLVEE LRERLEER LR O R e g 1

GCAGCGGACACCAAARTACCACTTCACCTTOTT:

pove ;
1140 1150 1160 1170 1180 1190

579 569 559 549 539 529
8con. 8 QAACCCCTIGAAGITAAGG TOTTCGTCRTTCCTCAWNACCCTCCTCRCCAACARTAAAATA
PERRLLLLRCEDIELEE DERE s 00 sslTE it | || IIIIIJI‘
AAACCCCTUGAGGTAGGAG T TCTACCCTCTTCCAMCCTTCCTCTCCGCAAACAARAT,

1200 2210 1220 1230 1240 1350

poveco

519 $09 499 499 479 469

3 ATCAAATAGOGAGATIGIGAGCTCCCGTATTTTICTTGCGCTCOTCITOGGAMIGATTATT
FLLVLL DERRRDRLER RERREV RV EEE 1 VL B R )
Poveco ATCAAARAGGRAGATTGGAAGCTCCCOTATTTTATT TTTCTCCTCCTCGGAAGGATTATT

1260 1270 1280 1290 1300 1310

459 449 439 4239 “ws 409

CAGCGTGAACACCCACCT TTTATG 166 T T0RGETCCOCTTCTTCRATICTICTTGCTGEG
LU ATLERRRELERRIE 1b0e TRV FE 13 KN
AAGSGTGAACACCCACCTCTTATSGGG TIGCGGACCACTT TICTTGCTTGG

dcon.s

peveco
1320 1330 1340 13%0 1360

k) 2] e 379 369 359 349
scon.s CA

T TG TG TEAGE TGCTECCEAGITOC TUCCOCTICCAANG TUCHCTOGTAATACT -

L L L S R T R e e L

PEveco CATTTT--CACTGA~-COCTGCCGAGGTOCTGCCACTICCGANGTGCGCTUGTAATACTA
1370 1380 1390 1400 1420

339 329 219 08 299 208
fcon.s -TA

CAGCGCACTTCTTTCGTTTTCAGCTATGACGTATCCAAGGAGGCGTTACCOCAGAA
PRECRLRLERRIENT 1H RN nunniy
Pcveco CAGCAGCGCACTTCTTTCACTTTTATAGUATGACGTGGCCAAGGAGICITTACCICAGAA

14200 1430 1440 1450 . 1460 1470

278 6y 259 249 23 229
9con. 5 GAAGACACCOCCCCOUCAGCTRTCT TGS CCAGATCHTCEGCCECCGCCCOTGANTRGTCS

RN R R I eI
PEVeco GAAGGACCCGCCCCCUCAGCCATCTTGRAACATCCTCCGGAGAAGACCATATTIGGCAL
1430 1430 1500 1520 1520 1530
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Figure No., 7 (continuation'and end)

219 209 199 189 179
Scon.s ACCCOCRCC-<sennn ACCOCTACCUTTUGAGRAIGAAAMTOGCATT TTICAACACCCOGC
I R EN NI i
cveco A- TCTTCAATTCCCGEE
1540 1550 1560 1970 1580 i5%0
169 159 149 139 129 11y
S0 - 3 YOO ACCT TGO TA T AC TG TCANIGC TACCACAS TCAGAACE COETCCTOa00G
1Rl IR NI N R (-1l
Peveco CTTTCTACAGAATTTGTACTCACCATAAAAG-GAGGATACTCGEA - « T
1600 1610 1620 1630 1640 1650
109 99 T 7 €y s
Scon.s GIGGACATGA
. i RRURINEN NIRRT LT
PCVEco GTTAACTACCTCAAATTCAACA CAACCCC
1660 1670 1680 1630 1700 1710
49 39 29 ST ) y .

$coit. 8 ATCTTTATACCCTTTGAATACTACAGAA TAAAAAAGG TTAAGGTT
R RN

Peveco CTACCCTTACCTTTCCAATACTACCATATTAGAMGGCTAAATAT
1720 1730 1740 1750
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PORCINE CIRCOVIRUS YACCINE AND
DIAGNOSTICS REAGENTS .

The prossnt invention relates to now porcine circovirus

for Porcine CircoVirus) struius responsible for ihe

syndrome mine Mullisystenric Wasting Syo-

drome also called Weaning Multisysiemic Wasting

Syodrome) to reagents and methods allowing their

detection, to methods of vaccination and to vaccines, as well
8s to methods of producing these resgents and vaccines.

PCV was originally detected as s noncytopathogeuic
conlamivant in pig kidney cell lines FK/15. This virus was
classified amang the Clrcoviridas with the chicken anaemia
virus (CAV for Chicken Ansemia Virus) and the PBFDV
virus ittacine Beak and Feather Discase Virus), It is 2
smal] nonenveloped virus (from 15 to 24 nm) whose com-
mon characleristic is to contein a genome in the form of a
ciroular single-strauded DNA of 1.76 t0 2.31 kb. It was first

- thought that this genome encoded a po tide of about 30
kDz (Todd ot al., Arch Virol 1991, 117; 129-135). Receqt
work has bowever shown a more complex transaription
(Meshan B. M. et al, 1997, 78; 221~227). Moreover, no
significant homologies in ucleotide sequence or i common
antigenic delerminants are known betwesn the three types of
circoviruses knowa.

The PCV derived from the PK/15 cells is considered not
to be pathogenic. Its sequence is known from B, M, Mechan
et a1, J. Gen. Virol 1997 (78) 221-227. It i only very
recently that some authors have thought that strains of PCV
could be pathogenic and associated with the PMWS syn-
drome (Gupi P. S. Nayar et al,, Can, Vel. J, vol. 38, 1997:
385-387 and Clark B, G., Proc. Am, Assoc, Swine Prac.
1597; 499-501). Nayar et al have detected PCV DNA in
pigs having the PMWS syndrome using PCR techniques, No

. wﬂd—typﬁr 6 PCV strajo has however becn isolated and purificd
so far,

The PMWS syndrome detected in Canada, the United
Stales and France is clinically characterized by a gradua)
loss of weight and by manifesiations such as tachypnea,

. dyspaca and jaundice, From the patbological point of view,
it is mapifested by lymphocytic or granulomaicus
infhrations, lymphadenopathics and, more sarely, by hepa-
ttis and lymphocytic or granulomaltcus nephritis (Clark E.
G, Prac. Am. Assoc. Swine Prc, 1997; 499-501; La
Scmuine VEtérinaire No. 26, supplement o Ls Semaine
Vétérinaire 1996 (834); La Sewaine Viérinaire 1997 (857):
54; Gupi P. S. Naysar ot al,, Can. Vet. J, vol. 38, 1997;
385-387).

The applicant has succeeded ‘in isolating five new PCV
strains from pulmonary or ganglionic samples obfained from
farms situsted in Canada, the United States (Californis) and
Prapce (Brittany), bersinafier called circoviruses according
to the invention. These viruses bave been detocted ia lesions
in pigs with the PMWS syndrome, but not in healthy pigs.

The applicant has, in addition, sequenced the genome of
four of these sirains, namely the sirains obtained from
Canada and (he United States as well as two French sirains.
The straius exhibit a very strong homology with each other
at the mucleotide level, cxceeding 96% and much weaker
with the PK/15 strain, about 76%. The new strains can thus
be considered a5 being represontative of & oew type of
porcine circovirus, called here type II, type I being repro-
sented by PK/1S, '

The subject of the presont juvention is therefore the
group 11 porcine circovirus, as defined above, isolated or in
the form of & purified proparation.

The invention relates to any porcine circovirus capable of
being isolated from a physiclogical sample or from a tissue

2

le, especially lesions, from a discased pig having the
ms syndrome, espocially following the method
described in the examples, in particalar type I cireovirus,
ur;lﬁfh:ambject of the mnt mm mowmpmicul:ldy
s purificd preparations of five sicains, which were deposited at
the ECACC (Buropean Collection of Coll Cultures, Centre
for Applied Microbiology & Rescarch, Porton Down,
Salisbury, Wiltshire SP4 0JG, United Kingdom) on Thurs-
day Oct. 2, 1997:

provisional accession No, V97100219 (called here Jmp.

1003PCY)

provisional sccession No, V9700218 (called here Tmp.

1010PCY)

provisionsl accession No, V97100217 (calied bere Imp.

999FCY), and, on Friday Jau, 16 1998:

provisional scoession No. V98011608 (called bere Imp.

1011~48285)

provisional accossion No. V98011609 (called here kmp.

1011-48121);

The invention *ims to copsider the porcine circoviruses
isolated from a dissased pig and/or ths circoviruses having
a significant serological similarity with the strains of the
invention and/or the circovirases having crass-hybridization
with the strains of the invention under stringency conditions
such that there is no hybridization with the PCV PK/15
strain, .

The viral sirains isolated from & physiological sample or
from a tissue sample, especially a lesios, from 3 pig baviog
the PMWS syndrome can be advantageously propagated on
cell lines such as ospecially pig kidnoy cell lines, in par-
ticular PK/15 cells free from contamination (i particular for
PCV, as well a5 for pestiviruses, porcine adenovinses and
porcine parvoviruses) for theic multiplication or specifically
for the production of antigen, whole (e.g. virus) and/for
subumits (c.g. polypeptides). .

Vory remarkably and unexpectedly, these isolates have
proved very productive in culture on PK/15 cells, which
bave undeniable advantages for the production of virus or
antigen, in perticuler for the production of inactivated vac-
cine

25

30

40 \

The subject of the present invention is also the prepara-
tions of circoviruses isolated after passages on cells, csps-
clally cell kines, e.g. PK/15 eells, cultured in vitro while
beiog infected with at least one of the circovimscs according
lo the invention or of any porcine circovirus capable of belug
isolated form a physiological sample or from a tissae
sample, especially leslons, from & pig having the PMWS
syndrome. lis subject is also the culture extract or
supernatant, optionally purified by standard techniques, and
in genenal any antigenic preparation obiained from in vitro
cultures.

The subject of the invention is also the immunogeaic
aclive ingredients and the vaccines containing at least one
antigen as defined above,

They may be iomwnogeaic active ingredients based on
sitequated live whole viruses, or vaccines prepared with
these active ingredients, tbe attenuation being carried out
sccording to the customary metbods, ¢.g. by passage on
cells, preferably by passage on pig cells, espocially Lines,
such as PK/15 cells (for example from 50 to 150, especially
of the order of 100, passages). These vaccines compriso in
geueral a vehicle or diluent acceptable from the veterinary
point of view, aptionally an edjuvant accepiable from the
veterinary point of view, as well a3 optionally a frecze-
&5 drying stabilizer,

These vaccines will preforably comprise from 10? 10 10°

TCID50.

45
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They may be' immunogenic active ingredicnts or vaccines
based on circoviras antigen according to the inveation, in an
inactivated state. The vaccine comprises, ip addition, 2
vehicls or a diluent accoptable from the veierinary poiut of
view, with oplicnally in addition an adjuvant scosptable
from the vetsrinery point of view,

The circoviruses according 1o the invention, with the
fractions which may be present, are iaactivated according to
techniques known to persons skilled in the art, The inacti.
vation will be preferably carred out by the chemical route,

©.§. by exposing the antigen to a chemical agent such as
formaldohyde (formalin), paraformaldshyde,
B-propiolactone or ethyleneimine or its derivatives. The
preferred method of inactivation will be herein the exposure
to 8 chemical agent aud in pmioular to ethylonsimine or o
B-propiolactone.

Prefersbly, the inactivated vaccines sccording to the
inveotion will be svpplkmented with adjuvant; advania-
geously by being provided in the form of emulsions, for
example water-in-oil or oil-in-water, according to tech-
giques well known to persons skilled in the art. It will be
possibie for the adjuvant charanier to also come from the
incorporation of a customary adjuvant compound into the
active ingredicnt.

Among the adjuvants whick may be uscd, there may be
mentioned by way of example aluminjum hydroxide, the
saponjues (¢.g. Quillaju saponin or Quil A; sec Vaccine
Design, The Subunit and Adjuvant Approach, 1995, edited
by Michacl F. Powe] and Mark J, Newman, Fleanum Press,
New-York and London, p.210), Avridive® (Vaccine Design
p. 148), DDA (Dimethyldiocisdecylammonium bromide,
Vaccine Desiga p. 157), Polyphosphazenc (Vaccine Design
p. 204), or altermatively oil-in-water emulsions based on
winerel oil, squalooe (¢.8. SPT emulsion, Vaccine Desigo p.
147), squalene (e.g. MF59, Vaccine Design p. 183), or
water-ip-oil cmulsions based on metabolizable oil
(prefersbly according to WO-A-94 20071) ‘a5 well as the
emulsions described in U.S. Pat. No. 5,422,109, It is also
possible to choose combinations of adjuvants, for example
Avridine® or DDA combined with an emulsion.

These vaceines will preferably comprise from 10° to 10°
TCID50.

The live vaccine adjuvants can bo sclecied from thosc
given for the inactivated vaccine, The comulsions are pre-
ferred. To those indicated for the inactivated vaccine, there
may be added those described ih WO-A-9416681,

As freeze~drying stabilizer, there may be mentionsd by
way of example SPGA (Bovaruik ¢f al., J. Bacteriology 59,
509, 950), cacbohydrates such a3 sabito}, mannitol, starch,
sucrose, dextran or gluicose, proicins such as albumin or
_ cascin, derivatives of those compounds, or buffers such as

alkali metal phosphates,

The vaccines accovding to the invention may comprise
one or more active ingredicns (antigens) of one or more (2
or 3) of the circoviruses according to the invention.

The iavention also provides for combining veaccination
against the porcine circovirus with a vaccination against
other pig pathogens, in particular those which can be asso~
ciated with the PMWS syndrowe. The veccine according to
the invention may thersfore comprise another valency cor-
responding to another pig pathogen.

The applicani has, in addition, obtained the genome of
four of the isolates, identificd SEQ ID NO: 1 %0 4 and
optionally 6.

The subject of the present invention is therefore a DNA
fragment containing all or part of one of these sequences. It
goes without saying that the ipvention antometically covess

2

F

3

s
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2

4
the equivslent sequences, that is to say the sequences which
do not change the functionality or the strain-specificity of
the sequence described or of the polypeptides encoded by
this ssquence. There will of course be jucluded the
ssquences differing by degeneracy of the code.

‘The invention also covers the equivalent scquences in the
senss that they are capable of hybridizing with the above
sequence under high stringency conditions and/or have 3
bigh bomology with the strains of the invention and belong
to group 1 defined abave,

Those soquences and their fragmonts can be advanta-
gouusly used for the in vitro or in vivo expression of
polypaptides with the #id of appropriate vecior.

1o particulsr, the opea reading frames, forming DNA
fragmeants accovding to the inveation, which can be used lo
thkeﬂoﬂhtvebemxdmuﬁedonlhemomoseqm of
the type 1T circoviruses, The imvention relates to any
polypepudeconummgnlemoneufmcseopenmdmg
frames (corresponding amino acid sequence), Prefersbly, the
invention relates (o a protein esseatislly consisting of ORF4,
ORF7, ORF10 or ORF13,

For the expression of subunits in vitro, a5 s means of

"expression, E. coli or a baculovires will be prefersbly used

(U.S. Pat, No, 4,745,051), The coding sequence(s) or their
fragments are integrated into the baculovirus genome (c.g.
tbe baculovirus Aulogrephe californica Nm:leu Polybedro-

si8 Virus ACNPV) and the Jatter is then propagated on jnsect
cells, ¢.g, Spodoptenn frugiperda S (deposit ATCC CRL
1711). The subunils can atso be produced in cukaryolic cells
such us yeasts (e.g, Saccharomyces cerevisiae) or mamma-
lan cells (e.g. CHO, BHK).

'l‘heﬂlb)ectoftheinwuuonlsnlsoﬂ:epolypcpbdes
which will be produced in vitro by thess expression moans,
sud thes optionalty purified according to conveational tech-
niques. Iis subject is also a subunit vaccine comprising at
least one polypeptide as thus oblaived, or fragment, in a
vehicie or diluent le from the veterinary point of
view and optionally an adjuvant accepiable from the veteri-
pary point of view,

For the expreasion in vivo for the purpose of producing
recombinant live vaccines, the coding sequence(s) or their
fragmeols are inserted iuto an appropriate expression veclor
under conditions allowing the expression of the polypeptide
() As riate vectors, thers may be used live viruses,
preferably capable of multiplying in pigs, nonpathogeaic for
pigs (mamnally nogpathogenic or rendered as such), accord-
ing to techniques well known 1o persons skilled m the art.
There may be used in particular pig bespesviruses such as
Aujeszky's discase virus, porcine adenovirs, poxviruses,
especially vaccinia virus, avipox virus, camarypox virus,
swinepox virus, Plasmid DNAs can also be used as vectors .
(WO-A-90 11092, WO-A-93 19813, WC-A-94 21797,
WO-A-95 20660).

The subject of the invention is therefore also the vectors
and he recombinant live vaccines or plasmid vaccines
(polynucleotide or DNA vaccines) thus prepared, the vac-
cines cowprising, fo addition, 2 vehicle or chlucm acceptable
from the velerinary point of view.

The subject of the present invention is also & method
which makes il possible 10 induce an immune respomse in
pigs towards circoviruses according 1o the inveation. Its
subject is in particular 1 method of vaccination which is
effective in pigs.-

This method provides for the admmumuon to pigs, in
on¢ or njore portions, of a vaceine above. It is also possible
fo combine several types of the above vaccines in the same
vaccinatioa protocol.
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This method provides not only for administeation to adult

pigs, but also 1o young pigs or to pregnent fomales. The
" vaccination of thé latter makes it possible to confer passive
immunity to the acwborns (maternal antibodies).

‘The inveation also offers the possibilily of diagnosing the

. prosencs of the circoviruses according 1o the invention in
pigs. Its subject is therefore diagnostic tests and: methods
relating thereto using reagents which will be described
below.

Knowledge of the sequences of the differcot circoviruses
makes it possibie to define common sequeaces which make
it possible to produce reagenis capable of recognizing all the
porcine circoviruses known,

Porsons skilled in the art will also be able o seloci
fragments of the sequences corresponding to regions oxhib-
iting litde or no homology with the corresponding PX/15

circovirus sequenco in order to carry oul a specific diagnosis.

" Sequence alignments make il possible for persons skilled
in the art o s¢lect a reagent in accordance with their wishes.

. Afirst reagent consists in the DNA sequences disclosed
bere and their fragments, which will in particuler be used as
probes or primers in welldmown hybridization or PCR
(Polymerase Chain Resction) tockniques.

Asccond reagent consists In the polypeptides encoded by
thess sequences from the virus or expressed with the uid of
a vector (sce sbove), or synthesized by the chemical route
according to conventional techuiques for peptide synthesis.

A thind and fourth reagent coosists in respectively poly-
clonal and monoclonal antibodics which may be produced
according 1o Lhe cusiomery techniques from e virus, the
polypeptides or fragments, extracted or sncoded by the DNA

BEQUENCCS,

These sccond, third and fourth reagents raay be used in a
diagnostic method, a subject of the invention, in which a test
is carried oul, on a sample of physiological fuid (blood,
plesma, scrum and the like) or 2 sample of tissze (ganglia,
liver, lungs, kidneys and the like) obtainod from a pig (o be
tested, for the preseuce of an antigen specific for a circovirus
according to the invention, by seeking to detect sither the
antigen itself, or antibodies directed against this antigen.

The antigees and antibodies according to the invention
tmay be used in any known laboratory diagnostic techaique,

However, i will be preferable o use them in tochniques
which can be used directly in the field by the veierinary
doctor, the breeder or the owner of the animal, Persous
akilled in tho art bave available a range of laboratory and
field techniques and are therefore in the perfect posilion to
#dapl the use of this antigen and/or antibodies as diagnostic
reagent(s).

The disgnostic techoiques which will be preferably used
within the framework of the present invention are Western
blotting, immunofluoroescence, ELISA and immupochro-
matography.

As regands the use of immunoctromalography methods,
specialists can yefer in particular to Robert F, Zuk et al,
Clin. Chom. 31/7, 1144-1150 (1985) a5 well as {o pateats or
patent applications. WO-A-88/08 534, WO-A-91/12528,
EP-A-291 176, EP-A-299 428, BP-A-291 194, EP-A-284
232, U.S. Pat, No. 5,120,643, U.S. Pat, No. 5,030,558, U.S,
Pat. No. 5,266,497, U.S. Pat. No. 4,740,468, 1J.S, Pat, No.
5,266,497, U.S, Pal. No. 4,855,240, U.S. Pat. No, 5,451,504,
U.S. Pat. No. 5,141,850, U.S. PaL. No, 5,232,835 and U.S.
Pat. No, 5,238,652,

Accordingly, il is preferably sought-to detect specific
antibodiés in the ssmple by.an indirect iest, by competition
or by displacement, To do this, the antigen itsclf i5 used ss
diaguostic reagent, or a fragment of this antigen, conserving
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recoguition of the entibodies. The labelling may be advan- -
tageously 2 labelling with peroxidase or a special labelling,
preferably with colloidal gold,

1t way aiso be desired to detect the antigen ilself in the
sample wilb ihe ajd of « labelled antibody spocific for this
aotigen. The libelling is advantageously as described sdove.
By antibody specific for the autigen which can be used in

. particular in competition or displacement or for the detection

of the antigen itsclf, there is understood monoclonal or
polyclonal antibodies specific for the sntigen, fragments of
these antibodics, preferably Fab or F(ab), fragmeats,
Another featuro of the invention i the roduction of
polyclonal ar monoclonal antibodiee specific for the antigen
In accordance with the invention, it being possible for thess
antibodics to then be used in particular as diaguostic reagent
for the detection of the antigen in a sample of physiclogical
fluid or in a tissue sample, or even for the detection of
satibodies prescnt in such & sampls or specimen. The
invention also includes the immunologically functional frag-

Jments of these antibodics, in particular the F(ab) and F(sb)',

fregments.

Antibodies can be prepared by the customary techniques.
Refersoce may be made in particuler to Antibodies, A
Laboratory Manual, 1988, Cold Spring Hatbor Laboriory,
USA or tn J. W. Goding, Monoclonal Aatibodics: Principles
2ud Practice, Academic Press Iuc, whose contents are
incorporated herein by reference,

It will be possible in particulas, as is known per s, (o
carry oul the fusion of spleen calls of mice, immunized with
Ibe antigen or with at Joas! ooe of its fragments, with suitable
myelomatous cells,

The subject of the inventios is ako a preparation, pref-
erably pure or partially pure, or even crude, of monocional
or polyclonal antibodies specific for the antigen, especially
mouse of rabbit antibodics.

The prescat inveation also makes it possible i determie
spitopes of inlersst especially on the basis of the DNA
sequences described here, whether cpilopes of vaccinal
inlerest or epitopes of interest in diagnosis. From the DNA,
sequence of the genome of the circovirus according 1o the
invention, persons skilled in the art are i a position to
delermine epitopes according to kmown methods, for
examplo an appropriatc computer program or PEPSCAN.
Epitopes are immunodominant regions of proteins and are as
such regions exposed st the surface of the proteins, They cén
therefore be recoguized by antibodies and thus be particu-
larly used in the ficld of diagnosis cither for the preparation
of antibodies for disgnastic perposes or for the production of
corresponding peptides which can be used as diagnostic
reagents.

Al the very least, an epilope is a peptide having from 8 to
9 amino acids. A minimum of 13 to 25 amino acids is
geuenjly preferred. :

Persons skilled in the art aro thersfore in 1 position, using
one or more of these techniques as well as the other available
techniques, to find ¢pitopes for using peptides or antibodies
for diagnostic purposes.

The subject of the inventicn is also » diagnostic kit
comprising this antigen andfor polyclonal or monoclonal
antibodics specific for this antigea, These are in particular
dirgaostic kits corrcsponding o 1he disgnostic techniguos
described above,

The invention will now be described in greater detail with
the aid of nonlimiting exemplary embodiments, taken with
reforence 10 the drawing, in which:

FIG. 1: DNA soquenco of tho genome of the lmp.
101148121 strain
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f1G. 2: DNA sequence of the genome of the Imp.
101148285 strain i
- FIG. 3; DNA sequence of the genome of the Imp. 999
sirain

FIG. 4: DNA sequence of the genome of the Ip. 1010
strain

FIG. §: Alignmemt of the 4 sequences according to FIGS,
1 to 4 with the sequence of the PCV PRAS sirain

FIG. 6: DNA sequence of the geoome of the kmp. 999
strain as defined in the first fling in France oa Oct. 3, 1997

FIG. 7: Alignmounts of the scquence of FIG. 6 with the
sequence of the PK/1S sinain

Sequenoe Jisting SEQ D

SEQ ID No: 1 DNA sequence of the genome of the fmp,
1011~48121 strain

SEQ ID No: 2 DNA sequence of the genome of the Imp.
101148285 straln :

SEQ ID No: 3 DNA sequeoce of the genome of the Inp.
999 strain

SEQ ID No: 4 DNA sequence of the genome of the Imp,
1010 stralo

SEQID No: 5§ DNA sequence of the genome of the PR/15
sirain

SEQ I No: 6 DNA scqueace of the genome of the Imp.
999 strain as dofined in the first filing in France on Oct. 3,
1997.

EXAMPLES

Example 1
Culume and isolation of the porcine circovirus straing

‘Tissue samples were collected in France, Canada aud the
USA from lung aod lymph nodes of piglets, These piglets
exhibited clinical signs typical of the post-weaniog muli-
systemic wasting syndrome. To facilitate the isolation of the
viruses, the tissuc samples were frozen at ~70° C, immedi-
ately after autopsy. .

For the viral isolation, suspensions containing aboul 15%
tissue sample were prepared in a minimum medivm con-
taining Barle’s salls (EMEM, BioWhittaker UX Lid.,
Woldingham, UK), peaicillin (100 TU/ml) and sireptomycin
(100 pg/ml) (MEM-SA medium), by grinding tissues with
sicrile sand using a sierile mortar and pestie, This ground
preparation was lhen faken up in MEM-SA, aod then cen-
trifuged at 3000 g for 30 minules st +4° C, in ordex to harvest
the supernatant.

Prior to the jnoculation of the cell cultures, a volume of
100 s of chloroform was added 1o 2 mi of each superoatant
and mixed continuously for 10 minutes at room temperature.
This mixture was then transferred to 8 microcentrifuge tube,
ceatrifuged at 3000 g for 10 mibutes, and then the super-
natant was harvested. This supernatant was then used as
" inoculum for the viral izolation experiments.

All (he vira] isolation studies were carmried oul on PK/A1S
cel] cultures, known io be uncontaminated with ihe porcine
circovirus (PCV), pestiviruses, porcine adeaoviruses and
porcine parvoviruses (Allan G. et al Pathogenesis of porcine
circovirus experimental infections of colostrum-deprived
g}glsu and examination of pig foctal material, Vet Micro-

1. 1995, 44, 49-64).

The isolation of the porcine circoviruses was carried out
acoording to the following tochnique;

Monolayers of PK/15 cells were dissociated by
trypsinization (with a trypsin-verssne mixture) from confiu-
ent cuttures, and taked up in MEM-SA medium contajmng
15% foctal calf serum nol contaminated by pestivires
(~MEM-G medium) in 2 foal concentration of about 400,
000 cells per wml. 10 ml aliquot fractions of this cell suspen-
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sion were then mixed with 2 ml aliquot fractions of the
inocula described above, and the fipal mixtures wers ali-
quoted in 6 m] volumes in two Falcon flasks of 25 cw®.
m cultures were then incubatt;d 0‘2 Eﬁg' C. for 18 hours
r an aimosphere containing 2

After incubation, the culture medium of the somi-
confluent monolayers were treated with 300 mM
D-glucosamine (Cat # G48175, Sigma-Akirich Company
Limited, Poole, (Tischr 1. et al,, Arch. Virol,, 1967 96
39-57), then incubation was contimied for an additional
period of 48-72 howrs at +37° C, Following this Jast
moubation, one of the two Filcons of each inoculum was
subjected 10 3 successive freeze/thaw oycles. The PK/15
cells of the remaining Falcon were trealed with a trypsin-
verseue solution, resuspended in 20 mal of MEM-G medium,
and then inoculated into 75 cm® Fakeons at 1 concentration
of 400,000 cells/ml. The freshly inoculated flasks were then
“superinfected” by addition of 5 ml of the correspondiog
lysatc obtained after the freczehaw cycles.

© Example 2
Preparation of the samples of coll culture for the detection of
porcine circoviruses by immunofivoresconce or by in situ
bybridization .

A vohumo of § ml of the “supericfected” suspension was
coliected and inoculated into & Petrd dish S5 mm io diameter
containing a sterile and fat-freo glass coverslip, The cultures
in the flasks and on glass coverslips were incubated st +37°
C. and treated with glucosamine as described in Example 1.
The cultures on glass coverslips were harvested from 24 o
48 hours sfter the treatment with glucosamine and fixed,
either with acetone for 10 minuics at room tsmperature, of
with 10% buffered formaidehyde for 4 hours, Following this
fixiog, all the glass coverslips were stored at =70° C., oo
silica gel, before their wse for the in sitm bybridization
studies and the immunocytochemical labelling smdies.

Example 3 |

Techniques for the detection of PCV scquences by in situ
bybridization

In situ bybridization was carried out on tissues collected
from diseased pigs and fixed with formaldebyde and also on
the preparations of cel] cultures inoculated for the vinl
isolation (see Examplo 2) and fixed on glass coverlips.

Comwplele genomic probes comesponding to the, PK/15
porcie circoviruses (PCV) and to the infoctious chicken
soacmia virus (CAV) wero uscd, The plasmid pPCVi,
conlaining the replicative ford of the PCV genome, cloned
o e form of & single 1.7 kilo base pair (kbp) insert
(Meehan B. et al. Sequence of parcine circovirus DNA:
affinitics with plan! circoviruses, J. Gen. Virol, 1997, 78,
221-227), was vsed ss specific viral DNA source for PCY,
An analogous plasmid, pCAAL, containiog the 2.3 kbp
replicative form of the avian circovirus CAV wias used as .
negative control. The respective glycerol stocks of the two
phasmids were used for the production and parification of the
plasmids according lo the alkaline lysis tochnique
(Sambrook J. et al. Molecular cloming: A Laboratory
Munual. 20d Edition, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., 1989) so that they arc then used
tcmplates for the preparation of the probes, The circovirus
probes representative of the complete genomes of PCV and
of CAV were produced from the purified plasmids described
above (1 ug for exch probe) and from bexamucleotide
primers at rendom using & commercial nonradioactive label-
ling kit ("DIG DNA labelling kit”, Boehringer Manaheim,
Lewes, UK) according to the supplier’s re¢ommendations,

The digoxigenin-labelled probes were taken up in a
volume of $0-100 i of sicrilc waler before being vsed for
the in site hybridization.
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The discased pig tissue samples, enclosed in paraffin and
fixed with formakiechyde, as well as the preparations of
infected cell cultures, fixed with formaldehyde, were
pared for the detection of the PCV nucleic acids acco:
to the following lechnigue:
Sections 5 zan thick were cul from tissue blocks enclosed
" in paraffin, rendered pearaffin free, and (heo rebydnated in
successive solutions of alcobol in decreasing concentrations.
‘The tissue sections and tbe ocll cultures fixed with formal-
" dehyde were incubated for 15 minutes and 5 erinutes respec-
tively at +37° C. in a 0.5% proteinase K solution in 0.05 M
Tris-HCl buffer containing § mM EDTA (pH 7.6). The slides
were then placed in a 1% glycine sclution in autoclaved
distilled water, for 30 scconds, washed twice with 0.01 M
PBS buffer (phosphate bulfered saline} (pH 7.2), and finally
washed for 5 mimutes in sterile distilled water, They were
finally dried in (he open air and placed in contact with the

probes.

Each tissue/probe preparation was covercd with a clean
and fat-free glass coveralip, and then placed in an oven at
+90* C. for 10 minutes, and then placed in contsct with an
ice block for 1 minute, and finally incubated for 18 bours at
+37° C. The preparations wen (hon briefly immersed in a 2x
sodium citrate sali (SSC) buffer (pH 7.0) i order to remove
the protective glass coverslips, and then washed twice for §
minutes in 2x5SSC buffer and finally washed twice for 5
minutes in PBS buffer.

Afier these washes, the preparations were immersed in &
sofution of 0.1 M malcic acid, 0.15 M NaCl (pH 7.5) (maleic
buffer) for 10 winutes, and then incubated in a 1% solution
of blocking reagent (Cat #1096176, Bochringer Mannheim
UK, Lewis, Bast Sussex, UK) in maleic buffer for 20
minutes at +37° C, : .

The preparations were then incubated with a 1/250 solu-
tion of me anti-digoxigenin monoclonal antibody
(Boehringer Magobcim), diluted in blocking buffes, for 1
hour at +37° C., washed in PBS and finally incobated with
a biotinylated anti-mouse immunoglobulin antibody for 30
minutes at +37° C. The preparations were washed in PBS
and the endogenous peroxidase sctivity was blocked by
treatmen! with a2 0.5% bydrogen peroxide solution in PBS
for 20 minutes at room temperature. The preparations were
sgain wasbed in PBS and treated with a 3-amino-9-
dictbylcarbazole (AEC) substrate (Cambridge Bioscisnce,
Cambridge, UK) prepased immediately before use.

After a final wash with tap water, the preparations were
counterstained with hemaloxylin, “blued” under (ap water,
and mounted on microscope glass coverslips with a mount-
ing fluid (GVA Mouat, Cambridge Bioscience, Cambridge,
- UK) . The experimental controls included the use of a
vonpertineat negative probe (CAV) and of & positive probe
(PCV) on samples cbtained from diseased pigs and from
noudiseased pigs.

Example 4
Technique for the detection of PCV by immunofluorescence

The initia] screcning of all the cell cultere preparations
fixed with acotone -was carricd out by an indirect immun-
ofiuorescence technique (TIF) using a 1/100 dilution of a
pool of adult pig sera, This pool of sera compriscs scra from
25 adult sows from Nortbero Ireland aud is known to contain
antibodics against a wide variety of porcine viruses, incjud-
ing PCV; porcine parvovinus, porcine adenovirus, and PRRS
virus. The 1IF technique was carried out by bringing the
serum (diluted in PBS) into contact with the cell cultures for
one bour at +37° C,, followed by iwo washes in PBS. The
coll cultures were then stained with a 1/80 dilution in PBS

45
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with fluorescein isothiocyanate for one bour, sod then
wasbed with FBS and mounied in glycerol bulfer prior to the
microscopic observation woder ultraviolet light.

Example §
Resulis of the in situ bybridization on diseased pig tissues

The in situ hybridization, vsing & PCY genomic probe,
prepared from iissues collected from French, Canadian and
Californian piglets baving multsysiomic wasting lesions
and fixed with formaldebyde, showed the presence of PCV
nncleic acids associated with the lesions, in several of the
ksions studied. No sigual was observed when the PCV
genomic probe was used on lissues collected frora nondis-
cased pigs or whea the CAV probe was used on the discased
pig tissues, The presence of PCV nucleic acid was identified
in the cytoplasm and the nucleus of mumesous mononuclear
cells infilirating the losions in the ungs of the Catifornian
piglets. The presence of PCV oucleic acid was also domou-
strated in the pocumocytes, the bronchial and bronchiolar
epithelial cells, and in the cndothelial cells of the arterioles,
the veinlets and lymphatic vessels. '

In discased Preach pigs, the presence of PCV nucleic acid
was deiscted in the cyloplasm of numerous follicular lym-
phocytes and in the infrasinusoidal mononuciear cells of the
lymph nodes. The PCV nucleic acid was also detected in
occasional syncytia. Depooding on these detection residlts,
samples of Califorian pig luugs, French plg mesenteric
lymph nodes, snd Canadian pig organs were sclected for the
purpose of isolating pew porcine circovirus sirains.

Example §

Results of the cell culture of the new porcine circovirus
strains and detection by immunofiuorescence

No ic offect (CPE) was observed in the cell
cultures inoculated with the samples collected from Fronch
piglets (Imp.1008 strain), Californian piglets (Imp.999
strain) and Canadian piglets (Irop.1010 strein) showing
cknical signs of multisystemic wasting syndrome. However,
immunolabelling of the preparttions obtained: from the
inoculated celf cultures, afier fixing vsing neetone and with
a pool of pig polyclonal sers, revealed puclear fluorescence
in numerous cells in the cultures inoculated using the lungs
of Califoroian piglets (Tmp.999 atrein), using the mediastinal
Jymph nodes of Freach piglets (Tmp.1008 streiu), and using
organs of Cansdian piglets (Iop.1010 strain),

Example 7-

Exiraction of the genomic DNA of the porcine circoviruses

The replicative forms of the new strains of porcine
circoviruses were prepayed using infected PK/15 cell
cultures (sce Example 1) (10 Fualcons of 75 cm®) haivested
after 72-76 bours of incubation and treated wilh
glucosamine, a5 described for the cloning of the replicative
form of CAV (Todd, D. et al. Dot blot hybridization sssay for
chicken apacmia agent using a cloned DNA probe, I, Clin.
Microbiol, 1991, 29, 933-939). The double-siranded DNA
of thess replicative forms was cxiracicd according to a
medification of the Hirt technique (Hirt B. Selective oxtrac-
tion of polyoma virus DNA from isfected csll cultures, J.
Mol, Biol. 1967, 36, 365-369), as described by Mokitor
{(Molitor T. W. et al, Porcine parvovires DNA: characteriza-
tion of.the genomic and replicative form DNA of two virus
isolalcs, Virology, 1984, 137, 241~254),

Example 8

Restriction map of the replicative form of the genome of the
porcine circovirus Imp.999 strain,

The DNA (1-5 xg) extracted according (o the Hirt tech-

of a rmbbit antl-pig immunoglobulin antibody conjugated  aique was treated with S micleasc (Amersh801 am) accord-
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ing to the supplier's recommendstions, and then this DNA
was digested with various restriction enzymes (Bochringer
Manoboim, Lowis, East Sussex, UK) and the products of
digostion were separated by electraphoresis on a 1.5%
agarose ged in the presonce of ethidinm bromide as described
Todd et al, (Purification and biochernical characierization
chicken ancmis agent. J, Gen. ViroL 1990, 71, 819-8;3&;

The DNA mlw the c;lmm of rd {zp.!m
DSSESS 3 Unique site, 2 Sacl sites nol possess
‘a)ny Psl site. This restriction profile is therefore different
from 1hs restriction profile shawn by the BCV PK/15 strain
(Mschan B. et of. gequnw of porcine circovims DNA;
affinitics with plant circoviruses, 1997 78, 221-227) which
Msﬂe in cootrast a Psil site end do not possess any EcoRI

Example 9
Cloning of the genome of the porcine circovisus Imp.999
- siraig

The restriction fragment of about 1.8 kbp generated by
digestion of the double-stranded replicative form of the PCV
Imp.999 strain with the restriction enzyme BooRl was
isolated after clectrophoresis on a 1.5% agarose gel (see
Example 3) using 2 Qiagen commercial kit (QIAEXJI Gel
Extraction Kit, Cat #20021, QIAGEN Lul,, Crawley, West
Sussex, UK). This EcoRI-EcoRI restriction fragment was
then ligated with the vector pGEM-7 (Promegs, Medical
Supply Company, Dublin, Irelaud), previously digested with
the same restriction enzymes and dephosphorylated, accord-
iog to standand clonieg techmiques (Sambrock J, et al.
Molecular cloning: A Laboratory Manual, 2ad Editios, Cold
Spriag Harbor Leboratory, Cold Spring Harbor, N.Y,, 1989),
The plasmids obtained were transformed into an Escherichia
coli IM109 host strain (Stratagens, La Jolla, USA) sccord-
ing 10 standard techmiques. The EcoRI-EcoRI restriction
fragment of the PCV Imp,999 strain was also cloned into the
EeoRI site of the vector pBlucScript SK+ (Stratagene Inc,
La Jolls, USA) . Among the clones oblained for each host
strain, st Jeast 2 cloves containing the fragments of the
expected size were selecied, The clones obtained were then
cultured and the plasmids containing the complete genome
of the lmp.999 strain were purified in a small vohume (2 ml)
or in & Iarge volume (250 ml) sccording to standard plesmid
prepacation and purification techniques.

Example 10
Sequencing of a genomic DNA (doublestranded replicative
form) of the PCV Imp.999 strain.

The sucleotide sequence of 2 EcoRI Imp.999 clones
(clones pGEM-7/2 and pGEM-7/8) was determined accord-
ing to Saoger's dideoxymucleotide techmique wsing the
" sequoncing kit “AmpliTag DNA polymcrase FS™ (Cat
#402079 PE Applicd Biosystems, Warringion, UK) and an
Appliod BioSystems AB1373A automatic sequencing appa-
ratus according (o the supplier's recommendations. The
mitial sequencing reactions were carried ou with (he M13
“forward" and “severse” universal primers. The following
sequencing reactions were generated according to ths “DNA.
walking” technique, The oligonucleotidos uecessary for
these subsequent sequencings were synthesized by Life
Technologies (Inchinnan Business Patk, Paisley, UK),

The scquences generated wore assombled and analysed by
weans of ths MacDNASIS version 3.2 softwars (Cat
#22020101, Appligene, Durham, UK) , The various open
veading frames were snalysed by means of the BLAST
algorithm available on the “National Center for Biotechool-
ogy Ieformation” (NCBI, Bethesda, MD), USA) servor,

The complets sequence (EcoRI-EcoRI fragment)
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isprescnwdinFlG.No.G.I!mubiu'uﬂymnheGof
the EcoRI site and extibits a fow vocertaintics from the
point of view of the mucleotides,

The sequencing was then oplimized and the SEQ ID No:
3 (F1G. 3) gives tbe total sequencs of this steain, which was
made (0 start arbitraily at the beginaing of the EcoRl sits,
that i5 (o say the G as the first oucleotide.
mﬂepm;dmwasufufom%ﬁmﬂum&
aiming the sequence of the other isolates accordi
tzotbeinwuﬁon(seeSBQlDNos:1,2md4|ndFlGS.1,
and B, g
'l‘he?izaoflhcgenomoollbesefoursmhnis:'

Torp, 101148121 1767 mxcleotides
Imp. 10148285 1757 wcleotides
Top, 999 1768 wucicstides
Toop, 3010 1768 suclootides
BExample 11
Analysis of the sequence of the PCV loip.999 strain.
When the sequence generated from Imp.999 straln

was used to test for homology with respect fo the sequences
contzined in the GenBank datebank, the only significant
bom which was detected is a homology of about 76%
?l aucleic acid lmgwith the sequence of the PK/15 strain
accession numbers Y09921 and U49186) (see FIG. No. §).

Al amino acid level, the test for homology in the trans-
lation of the in the 6 phases with the databanks
(BLAST X algorithm on the NCBI server) made it possible
to domonsiratc a 94% homology with the open roading
frame co ding 1 the (heorclical replicase of the
BBTV vitus similar 10 the circoviruses of plants (GenBauk
identification gumber 1841515) encoded by the GenBank
U49186 sequence.

No other sequence coatained io the datsbanks show
significant homology with the sequence generated from the
PCV Imp.999 strain, .

Analysis of the sequences obtained from the Tmp.999
strain cultured using lesions coliected from Californian
piglots baving clinical signs of the multisystemic wasting
syndrome shows cloarly that this viral isolatc is & pew
porcine circovirus strain,

Example 12
Comparative analysis of the sequoaces

‘The alignment of the mucleotide sequences of the 4 new
PCV strains was made with the sequence of the PCV PK/15
strain (FIG. 5). A homology matrix taking into account the
four pew strains and the previous PK/LS strain was estab-
lished. The results are the following:

1 2 3 4 5

1 10000 05977 09615 039621 0.7600
2 30000 . 09621 0.9632 0.75%4
3 10000 0.9M9 0.7560
4 . 3.0000 07566
H 1.0000

1; Imp. 101148123

2t Imp. 1011-48285

3; Tmp. 999

4 Imp. 1010

5t PRAS

The bomology between the two French sinains Imp.
1011-4812] and Imp. 1011-48285 is greater than 99%.

obiained initially from the clone pOEM-7/8 (SEQIDNo: 6)  (0.9977),
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The homology between the two North American strains
Imp. 999 and Inp, 1010 is also grestex than 99% (0.9949).
The bomology between the French sirains and the North
American strains is slightly greater than 96%.

The homology between all these strains and PK/15 falls at
a value betweca 75 and 76%,

1t is deduced therefrom that the strains according to the
invention arc represcntative of a mew lype of porcine
circovirus, distinct frora the sype represented by the PK/1S
strain. This oew type, isolated from pigs exbibitiog the
PMWS syndrome, is called typo Ul porcine circovirus, PK/15
representing type 1. The strains belonging to this type I
exhibit remarkable meclootide sequence homogeneity,
although they have iu Fact been isolated from very distant
geographical regions.

Example 13

Analysis of the proteins encoded by the genome of the new
PCV strains,

The mucleotide sequence of the Imp. 1010 isolate was
considered 10 be representative of the other circovirus sirains
associated with the multi-systemic wasting syondrome. This
sequence wes analysed in greater detajl with the aid of the
BLASTX algorithm (Altschul et al. J, Mol. Biol. 1990. 215.
403-410) and of a combinalion of programs from the set of
MacVector 6.0 software (Oxford Molecular Group, Oxford
0X4 4CA, UK) , It was possible to detoct 13 open reading
frames (or ORFs) of a sizs greater than 20 amino acids on
this scquence (circwlar genome), These 13 ORFs are the

following:

Size of the ORF  Prolels size

(ouclootides {amivo nclds
Name St Exd  Siend (1)) (a))
ORF1 103 210 soose 108 ot Fun
ORR 1180 1317 semse 138 45
ORF3 1363 1524  woms 162 at SBn
ORF4¢ 38 132 seme M5 at 34m
ORFS 90D 1079  zeme 1680 ol S9a
ORRE 1254 134 seme 81 pl WBm
OR¥F7 1018 704 sntisonsc st 104 a8
ORF8 439 313 sntiseuw 129t NLn
ORF9 190 J01 sutisemse 90 mt Na
ORF10 912 733 amiisense 180 n\ HNe
ORFU1 645 565 wniiscnsc [ BT 26 =8
ORF12 1100 13035 eutissumo 66 nt Aun
ORF13 314 138 sutisenso 702 at Wn

The positions of the stan and end of cach ORF refer 1o the
stéquence preseatsd in FIG. No. 4 (SEQ ID No, 4), of the
geuome of strain 1010, The limits of ORFs 1 to 13 are
identical for strain 999, They are also identical for strains
101148121 and 1011-482885, except for the ORFs 3 and 13:

ORF3 1432-1539, scuse, 108 nt, 3522

ORF1,3 314-1377, antisense, 705 nt, 234 aa,

Among these 13 ORFs, 4 heve & significant homology
with agalogous ORFs situated on the genome of the cloned
virus PCV PK-13. Each of the open reading frames present
on the genome of all the circovirus isolates associated with
the multisysiemic wasting syodroms was analysed, These 4
ORFs arc ihe following:

-1
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Siwof the  Proteld size  Moleoular
Nome St Exd Sinad ORF(W) [ )] s
ORF4 B8 1M wme o4 a 34 N7%Ds
ORF7 1018 704 sutscwc 315nt 1042 11.8kDa
ORFI0 912 733 solbeae 10 a Bn 6.5 XDs
ORF13 314 1381 wsotlsease 702 mt 2%n 218 XD

The positions of the start sad end of each ORI refer to the
sequence presented in FIG, No. 4 (SEQ ID No. 4). The sizo
of the ORF (in nucleotides=n¢) includes the slop codon.

‘The comparison between the govomic organization of the
PCV Tmp. 1010 and PCV PK-15 isolates allowed the iden-
tification of 4 ORFs preserved in the genome of the two
viruses. The table below preseats the degrees of homology
observed:

ORF imp, J01G/ORF PVC PK-15  Porcamlage bomology

ORF4ORF1 &%

ORF1%ORF2 664%

ORF7/ORF3 61.5% (o1 the Jevel of the
overlap (104 m))

ORFIOORF4 83% (st tho lavel of tho
overisp (59 a8))

The groatest sequence identity was observed between
ORF4 hnp, 1010 and ORF1 PK-15 (86% bomology). This
ws expected since this protein is probably iovolved in the
replication of the viral DNA and is essentfal for the viral
replication (Mechan ¢1 al. J, Gen. Virol. 1997. 78, 221-227;
Mackertz ¢t al, J. Gen, Virol. 1998, 79, 381-384).

The sequence identity between ORF13 lmp. 1010 and
ORF2 PK-15 is less sirong (66.4% homology), but each of
these two ORFs indeed cxbibits a highly conscrved
N-terminal basic region which is identical to the N-ictminal
region of the mejor structural protein of the CAV avian
circovirus (Meehan et 2], Arch. Virol. 1992, 124, 301-319).
Furthermore, large differences are observed betwees ORF7
Imp. 1010 and ORF3 PK-15 and betweon ORF10 [mp. 1010
and ORF4 PK-15. In each case, there is a deletion of the
C-terminat region of the ORF7 and ORF10 of the Imp, 1010
isolate when thoy 2re compared with ORF3 and ORF4 of
PCV PK-15, The greaiest sequonce homology is observed at
the level of the N-terminal regions of ORF7/ORF3 (61.5%
bomology at the level of the overlap) and of ORF10/ORF4
(83% homoalogy at the level of the averlap).

It appears that the genomic organization of the porcine
circovirus is quile complex as & consequence of the extreme
compactgess of its genome, The msjor structural protein is
probably derived from splicing between soveral resding
frames situated on the same strand of the porcine ciroovirus
genome. It can therefore be considered that any open reading
frame (ORF1 to ORF13) as doscribed in the table above can
represent all or past of an antigenic protein encoded by the
type Il porcine citcovirus and is therefore potentislly an
antigen which can be vsed for specific diagnosis and/or for
vaccination. The iovention therefore relates to aoy protein
comprising al kast one of these ORFs. Preferably, the
invention relates o a protoin essentially consisting of ORF4,
ORF7, ORF10 or ORF13,
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Example 14
Infectious character of the PCV genome cloned from the
' pow strains, -
The plasmid pGEM-7/8 containing the complete geoome
(replicative form) of the Imp.999 isolate was transfecied into
_ FKAS cells sccording to the technigue doscribed by Meehain
B. et al. (Characterization of virel DNAs from cells infected
with chicken anemin agent: scquencs analysis of the cloned
seplicative form and transfection capabilitics of clomed
gonome fragmenis, Arch, Virol, 1992, 124, 301-319).
Immunofivorescence analysis (ss¢ Example 4) carried out
on the first passage after on norkoptaminated
PK/1S colls have shown that the plasmid of the clone
pOEM7/8 was capable of inducing the production of infec~
tious PCV virus, The availability of s clone containing an
infectious PCV genetic material allows any vseful manipu-
Lation on the virl genows. in order to produce modified PCV
viruses (either attcmuated in pigs, or defective) which can be
used for the production of atieouated or recombinant
vaccines, or for the production of antigens for diagnostic
kits,
Exampls 15
Production of PCV antigens by in vitro culture
The culture of the noncontaminated PK/15 cells and the
vira] multiplication were carried out according to the same
methods as in Example 1. The infected cells are harvestcd
after irypsinization after 4 days of incubation at 37° C, and
eoumerated. The pext passage is inoculated with 400,000
infected cells per ml.

Example 16

Inactivation of the viral antigens

Al the end of the vinl culturs, the infected cells are
harvested and lysed using ultrasound (Bracson Sonifier) or
with the aid of a rofor-stator typs colloid mill (UlraTurrax,
JKA). The suspension is then centrifuged at 3700 g for 30
mimtes. Toe viral suspension is inadtivated with 0.1%
sthyleneimine for 18 bowss at +37° C. or with 0.5% beta-
propiotactone for 24 hours al +28° C. If the virus titre before
inactivation is inadequate, the viral suspension is concen-
trated by wirefiltration using a membrane with & 300 kDa
cut-off (Millipore PTMK300), The inactivated viral suspen-
sion is stored at +50° C.

Examplk 17
Prepantion of the vaceioe in thc form of an emulswn based
on mineral oil.
The vacciae is pmpmd according to the following for-
wula:

_suspension of inactivated porcine circovirus: 250 ml
Montanide® ISA 70 (SEPPIC): 750 m!

-

20
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The aqueous phase and the oily phase arc slerilized
separately by filtation. The emnision is prepared by mixing
and bomogenizing the ingredients with the aid of a Silverson
turbine omulsifer.

Ouc vacvine dose conlaing about 105 TCIDSO, The
volums of one vaceine dose is 0.5 ml for administration by
the intradermal route, and 2 ml for administration by the
intramuscular ronte,

Example 18
Preparation of the vaceing in the form of a metabolizable
oil-based emulsion.
mu'll'he vaccine is propared according to the following for-
a: .

suspeasion of inactivated porcine circovirus: 200 m!

Dehymuls HRE 7 (Henkel): 60 1ol

Radia 7204 (Oleofina): 740 wl

The aqueous phase and tho oily phase are storitized
separalely by filiration, The emulsiou is prepared by mixing
and bomogemizing the ingredients with the aid of 2 Silverson
turbine emulsifier.

One vaccine dose contains about 107 TCIDSO. The
volume of one vaccine dose is 2 m] for administration by the
{otramuscular route,

Exsmple 19
The indirect immunofJuorescence results in relation to the
US and Freach PCV virus sinains and (o the PK/15 con-
taminant with 2 hyperimmune scrom (PCV-T), a panel of
monoclonal antfbodics F99 prepared from PK/1S and »
byperimmune serum prepared from the Canadian strain
(PCV-C)

VIR
PR/IS USA France
PCV-T atiserom %6400 200 800
PCWC actserum 00 &6.400 %6.400
F99 114 &10000 «100 30
F99 4B10 #10000 <100 <100
F99 287 £10000 100 <100
F99 2812 &10000 <100 <100
P 109 10000 «100 100
9 281 10000 <100 <
P99 1H4 10000 100 <100

Reciprocal of the last dilution of the serum or of the
woucclonal antibody which gives a positive reaction in
indirect immunofluorescencs.

SEQUERCE LISTING

160> NUMEER OF SEQ ID NOB:1 §

230> SXQ ID WO )

<231> LENGTH: 1767

«212> TYFEr DHA

<213» ORGANISM) Porvine circovirue

<400> SHQUEHCE: 1

aattceacct tasaotttct tottctgtag tattcassgg goaoagagcqg ggggrttgag
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cococtooty ggugNsgana groattanta ttyaatotea
ggcptictga ctytyygttog ottgacagta tatoogasgy
srgatgocat ttitocttot ocagogyten oggtggogoy
vggoggagge totggocang wtggotqogy gggoggtete
ottggatacy toatatotge Asacgaangs u'gtwgctqt

tostgtocac ggoocaggay
tougygagay gogugtytty
ggtgyacgag ccagggyeyy
ttottotcog gteacgecte
angtattagc agegoantto

gyoagoggon g ggo &g g oag tg

aagcgygacoo caacoccata aaaggtgggt grtoactoty

agastgguag
astaatoott cogaagacga

™y 4

at

gegosagasa atacgggato ttcoostate g
gggteatgag gaaggacysa =|:ﬂ.'.u¢uct ccaggggtte

=y PV INTY

gotaatitty tgasgasgea

gacttttaat aangtgaagt gotatttgqg tgouogotys
ascagatoag cagaatasag satactgcag taaagaaggo
agotcotaga totoagggec uégqlg‘tgc actgtotact
gegsgggagt ctggigaccy ttgomgdges goacartgta
oggyotgget gaactitiga asgtgegegy gaaaatgcag

tgtacacgte attgtgagge Oavotgyyty tyytasaago

€t

197 =3 9

sacttactya tggagtygtygg
gotgtgagta cottgttgga
Iugtétgtcc gaaatttocy
aagogtgatt ggaagactaa
anstyggotg otaattttya

| ¥ AUt ¥ v t

tyaagaagty ghttyttatty atgactttia tggotggetg
actgtgtgat cgatatcoat tgactgtaga gactaaaggt
" sogeagtatt ctyatt quantoagas coagttggas
oooagotgta gaagotottt atoggaggat tacttoottyg

gytggyaty ¢ 99
coutgggaty atctactgag
ggaactgtac cttttttgge
tggtactect canotgutgt
gtattttgga agaatgotac

agaacaatec acggaggasg ggggccagtt oy 3
tocatatgaa ataaattact gagtotttit tatceottag
taagggttas gtggggggtc tttaagatta aattcictgs
cggatattght attoctggte gtatatactg ttttcgaacg
$vtavattto cageagttty tagtotcago cacagotggt
nagtastcas tagtggaatc taggacaggt ttggyggytma

aagygotggy ttatyqtaty gogggaggag tagtttacat

L} 9 A
teatygttit tattattost
attgtacata catggttacs
cagtgccgag gectaogtyy
ttetitigit gtrtggtgy
agtageggye gtygteggag
agggyteats ggtgagygct

gtggoctity ttacasagtt stcatctay ataacag
coctgggtga togyggagea gggccag

<210> SEQ ID FO 2

<211> LBWGTH: 1767

<212> TYPE: DNA

<213> ORGANIEN: Porcine oirgovirus

<400> SBQUENCE: 2

aattcancot taacctitet tattutgtag tattossagg
cguactocty qgggugna. gtcattaata ttgaatcton
ggogttttga otgtggttoy cttgacagta tatcogasgy
aggatgoont ttttoottct ccagogytas cgqtggeggg
cyguggegga totggcceay atggotgeyy gygcggtyts
cttggatacy toatatotqgn aasggasaga mgtgegeotgt
gguagoggoa goagutogge agoacctoag vagoaaouty

tygag toocotgtea

goacagegey ggggtttgay
totgtocac cgccoaggeg
tgogggagey goggytgtty
gytggacysg coAgyEgcqy
troettotoog gtascgoeoto
asgtattaco agegeacttie

cecagonaga agaatggeay

120
180

300
360
20
qa0
540
600
660
730
780
B40
900
960
1029
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1767

60
120
100
240
300

420
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angoggecoe caaccacata saaggtggyt ¢ q aat geagecgd 480
gogosagasa ataogygate ttocastat tetgat g ttygogagga 540
gugteatyay Jaaggacyea cacctoagct cuaggggtto gotastttty tgmagamgoa 600
geocttttant eaagtgasgt ggtatttgyy tgoocgotgo cocatcgaga angogaangg 660
ascagatusg cagaataaay tycag t _' ggc aacttactgr tygagtytyg 720
sgotoctaga totcaggyec sacggagtge octgtatact gotgtgagta tg .,. 780
gagogygagt ctggtgacey ttgcagages geavcotgta sogttigtea gasstitoeg (11]
ogygctyget qasotittga aagtgagegy gasaatgoag aagogtyatt ggasgactan 900
tgtacasgto attgtgggge cacctggyty. _eggtamgc asatgggoty ctaatttige 960

g ggaa. tect gg tagosacaag tggtgggaty gttaccatyy 1020
tgangeagty gttgttatty atgactttta tygotgyoty costyggaty atctactgag - 1080
actgtgtget cgatatecat tgactgtags guctanrggt ggasctgtac cttttttgge 1140
cogc-g'tatt otyattacca geaatcagac ocogttggaa tgytactect casctgetgt 1200')
cooagotgta gaagotottt atcggaggat tactitoottg gtettttgga ageatgetac 1260
agancaatco avyyaggasg ggggccagtt cg g gaatt 1320
tcoatatgaa ataasttact gagtottttt tog tastgy! L t 1300
taaggyttas gtgggggyle tttaagstta aettototga nttg‘uu:nt; catggttaon 1440
cgyatattgt attoctggtc gtatatagtg ttttogaacy cagtgecgag gectaogrgy 15?0
totacattto cagtagtity tagtotoago cachgotgat ttcttttgtt gtttggtigg 1560
aagtaatcaa tagtggasto taggacaggt ttgguggtAs agtagcygga gtugtaggeg 1630
aagggetgyy ttatggtatg gegggaggag tagtttacat sgggytcats ggtgaggget 1680
thgctttq agtt atoatoctagas at ¢ ggag! tacoctgtca 1740
gootgggtga toggggagca gggcoag 1767
<210> S8EQ ID ¥O )
<211> LENGTH: 1768
«212> TYFEs WA
<213> ORGANISM: Porcine ciroovirus
<400> SEQUENCES 3
asttcaacct tascotitit tattctgtag tattoaasgy gtatagaget tttgtiggec 60
ocacutaaoy ggggeacasa gtegtoapta ttaaatctoa toatgtccac agecoagygag 120
geogttotge ctytygtago cttgacagta tatccgangg tgegyyagey goyygtgtty 180
asgatgooat ttitoottet coaacggtag cgytggeggy ggtggacgag oomgyggcyy 240
i-:ggcqgquq totggooaay atggotgugy gogcoggtgto ttcttotgoy gtascgeste 300
ottgg g tcatagotg ' gaaaga egtgogotgt uqtntt‘uue agogoactte 60
ygoagogyes g §9° a9 a9 cagoascaty cooagoaaga agaatggaay 420
BRGUYGRCCC Casgoacata asepgtgegt gttoscgoty aataatoott cogaagacga 400
gegaaagaaa atacyggago toocasatoto ootatttgat tattttattg ttggogagga 540
gggtastgag gaaggacyaa cacotcacct ocoaggyytic gotaatitty tgangeagea 600
sacttttast aaagtgaagt qqtntttqgg-tgaaegutgc cacatogaga aagcceaagg 660
sactgatcag cageataaag astattgoey tasagasgyc aacttectta ttyaatgtgy 720
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-continued '
ot gtgtutact cottgttgga 780

¢4 ¥ L2 FeRFLY v Lok Ad 1t

gagcgggagt ctggtgeany ttgoagagca goacuotgta ecgtttgton gamativtooy 840

ogggctygct gracttttge sagtgagegyg g goag aagegtgatt ggang 900
tgtacacyte attgtgggge cavutgygty tggtamaage ssatggyctg ctaatitige 260

g ggan ot gga tay ¢ Syytguyaty gttoosatgy 1020
tgangasgty gttgttatty atgactitta tggorggoty cogtyggatg atctactgay 1080
actygtotgat ogatatooat tyactgtags gactamagyt gganotytac otittttgge 1140

cegeagtatt otgattacea gea g gttggas tggtactoot ceactgotgt 1200 .
occagotyta gaagototot atcggagget tacttoottg gtattttgga aguatgotac 1260

agaacaatce acggaggaag ngguuq'tt ) g gaatt 1320
tocatatyaa ataasttaot gagrotitet tatcarcttcg taatggtttt tattattpat 1380

ttaggyttia agtgggggyt otttaagatt ttototy 5 t 99 1640
acggatatty tagtectggt cgtat t gtttteg ,' _’, ga gycctacgty 1500
g tt ¢ gtagocteag tga ttecttttgt tatttggttg 1360

gaagtaatca atagtygagt caagaacagg tttgggtgtg aagtascggg agtygtaggs 1620
gaaggyttyy gygattgtat ggogggagge gtagtttaos tavéqvtut aggttaggye 1680
tytggoottt gttacmaagt tatcatotag astaucages gtggagooca ctoscotate 1740
‘ accetggyty atgggggage agggocay 1768
<210> 5BQ ID WO 4

<21i> LENGTH: 1768

<212> TYPE: DNA t

«213> ORGAMISMI Poreine oirgovirus

<400> BEQUENCE: 4

anttcaacet taacotitct tottctgtag tattcaaagy gtatagagat tttgttggtc 60
cocogtoacy gggghacaaa gtegtcaatt ttasatotea teatgtocac cgeccaggag 120
ggcgttgtgn ctgbqqtaaql cttgacagta tatccyamgg tycyugagag gogggtgity 180
asgatgoont tittogttcot ccaacggtey cggtggegye gotggacgag ccaggggegy 249
cygeygegys totggaceny atggotgogy gygoygtyto ttottotgog gtasvgcetc 300
otiggatacy toatagctgs asangasaga agtgogetgt aagtattace agcgoactto 360

+ 1t 420

FyLagesy 9 9 g £ Y 9 L) 3 9 9

ANgAgEAces casccacata aanggtgggt qttucuqa_tg asataatuott ocyaagacga 480
goycsagaas atacgggage tcccaatotc cotatttget tattitattg ttggogaggn 540
gggtaatgay qangynogan caccteacct ocagyggtte qotaatttty tgsagaagoa 600
aacttttaat aaagtgaagt ggtatttggg tgccogotge cacatcgaga aagccaasqgy 660

aactgatcag cagaataamy satattgeag taanagsagge ascttactta ttgaatgiqy 720

agot ge totoaaggac amacggagtga cotgtotact getgtgagta settgttgga 780
qagcgygagt ctyytgeccy ttgoagagen goaqootgis acgtttgtoa gasatttooy 849
cgggctgyot qaacttttga aagtgagugy gaasatgoag asgogtgatt ggaagaccas 500
tgtacacgtc attgtyggggo cacotggyty tygtanaags uutq“utg otpattttye 960
agacocggae acoscatact ggaeacoace tagaaacaag tgytgggaty yttaccatygy 1020

tgnagaagty gti:vttcttq atgactttta tggctggetg cegtaggmtg atctactgeg 1080
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astgtgtyat agatatecat tgac'tg-ugc gactaaagyt qﬂmM otttittgyc 1140

goagtatt cty g gsc coogttggas tygtackoot casctgotgt 1200
cocagotgta goagetetct atoggaggat tucttcotty g gys agsatyg 1260
sgaacestoo acggaggany gqggooagty ;;‘ t q gaatt 1220
+ gas atacattact gagtottttt tat tog 99 1380

ttagggttta ageggogygt otttaagatt asattototg aattgtacat acatggites 1440

acggatattg tagtootggt cgt g goac geageycogs ggoctacgty 1500
gtocacattt coagaggttt gtagtctony caassgotge ttocttttgt tatttggttg 1360
gaagtaston atagtggagt casgeacegg titggqtgtg aaytascgyy agtqgtagga 1620
geagggttgg gggattgtat ggogygagga gtagtttaca tatgggtoat aggttaggge 1680
tgtggocttt gttavamagt tat g adt gea gtggag © 1740

Bocotgggty atyggygege Agggccay . 1769

<210> SEQ ID WO 5

<211> LBRCTH: 1759

«<2123> TYPE1 DNA

<213> ORGANIGH: Porcine circovirunm

<A00> SBQUENCE: 5

-aattoatatt tagccittot aatacggtay tattggaamag gtaggggtag ggggttgytg 60
cogoctgagy gggggaggne ctggocqety ttgsatittga ggtagtteac attecaagat 120
ggctgegagt atoctecttt tatggtgagt acasattotg tagasaggog ggaatigaag 180
ataocogtot ttoggogoca totgveacgg tttotqeagg cggggtgtyge ceaatatggt 240

ottotoogga ggatgtttoe sagatggoty ogygggeggy tocttottct goggtassgs 300

otocttggos eog t gtg gacgtgeg ctyctgtagt & geg 360
cacttoggca geggoageac stoggoagey tcagtgaaaa tyccaagcaa gaanngoggc tzo' ’
Qogoaaccoc ataagaggty ggtgticavc cttaataate cticogagge ggagaaaaac 480
azawtacyqgg agettocaat ctuoottttt gattattttg tttgogyags ggamggtttg 540

gasgagggta gasctectca cctocaggygy tttgogeatt ttyotaagaa goagaotttt 500

aacasggtgs agtygtattt tggtgoccge tg toy agoaagog 99 g 660
cagosganta aagaatecty cagtasagea ggccacatac ttatcyagtg tggagcotecy 720
oggaaccegy qéugcgclq Qgavergtet actgotgtge gtaccctitt ggagacgggg 780
totttggtga ctgtagcege goagttucot gtasogtaty tgagaanttt cogogggetg 840
. gotgaagttt tgeasgtgag ogggaagatg cagcagogty attggaagag agctgtacac 900
gtoatagtgy goooguoogy ttgtyggaag av;ucagtggg occogtaattt tgotgageet 960
agggacasct sciggasgce tagtagdaat aagtggtggg atggotatca tggagasgas 1020
gttyttottt tggatgattt tiatgyotgy ttaccttgag -tgatct;ot gegactgtgt 1080
9.0_099“% cattgactgt agagactana gggq.qtlctg ttoottttet ggocegoage 1140
sttty goantom gy g g 9§ cotoasctge tgtcocagot 1200

gtagaagotc totateggay gattactact ttgosatttt ggaagactyo tggagascaa 1260
tocacggagg tacoogasgg cogatttgam goagtggace cacoctytyo acttttooea 1320

tataaastas sttactgagt ctttttigit atoncatogt setgyttttt atetttattt 1380
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atttagaggy tottttagga tamattotct gaattgtace tematagtoa goottaccas

atasttttyy gotgtggoty cattrtygay CYOATAFOCy agyootytyt gotogacatt

ggtgtgggta ttteaatgga gocacagotg gtttctttta ttatttgggt ggaasceasto
ssttgtttygy tocagotodg gtttggyygt gaagtascty gegtggtagg tasegygcty

cottatggty tggoygyagg agtagttaat atagyggtom taggooaagt tggtggaggy

© ggttacasay

gatggggtet ctggggtan

«210> 5¥Q ID N0 6
«21l> LERGTH: 1768
<212> TIPE: DWA

«213> ORGANISH: Poroine circovirne
<220> PEATUREC
<331> KRME/XET; vardation

222> LOCATION: (1)..{1768}
<123>. OTHER IRPORMATION: N represents A or C or G OF T

<400> REQUENCE: 6
ttaacotttt ttattotygta gtattonaag ggtatasaga ttitgttagt

ganticaaco

gygogttoty
gasaatgcca
geggcggawg
vottggatac

cogeagegyc

vy

agtgtggtag
tttttoctta
atctggccaa
gtcatagetg
agescctocgg

) hat A 4

agtagtcaat attaaatote
cottgacagt atatcogasy
tnoancggta goggtggegy
gotggotycy ggggoggtgt
aasacyenng aagtgeguty

at

tt gattagaggt

atcatgtoca cegtcocagga
gtgeygysga rgegggtgtt
g99tggacma nacacgygey
cttottotgo ggtaacyoct

taagtettac cagegoactt

9 Joay

agegaaagan

agggtwwiga
asastittan
goactgatoa
gagateotcg
agageyygay
gegggotgge
atgtacacgt

aatacgggag
ggasngadga
tasagtgaay

ggtgqe g g
ctocoaatot gootattiga

scacotonce tooaggggtt

tggtattrgy gtgccogotg

gaatastoect tocgasgacyg
ttattttatt gttggcyagy
cgetaatttt gtgasgaage

ccacatcgag asagcosaag

tasa

Jeay

atotcasgga

g goa gtoangeagy
ceaacggagty acctgtotas

caagttal attgaatgty
tgctgtgagt acottghttgy

too

wIsy

tgaactttty
cntigtgygy

v ¥ L At 4 t
ansngtgegeg gyaasatgca
scasctggyt gtyggtasaag

* Py

el LA

gtyaagangt
gactgtgtga

gottyttatt

togatatooa

49 adated')

gatgactttt atggetggot
ttgastgtag agactaaagg

h a2 t

t ccocyttyga

) E

ttacticott

cagaacaato
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What is claimed is: .

1. A vector comprising an isolated DNA molecule com-
prising 1 soquence selected from the grovp coasisting of
SEQ ID NO: 1,23,4 and 6.

2. The vector of claim 1 wherein the DNA molecule
comprises SEQ ID NO: 1.

3. The vector of claim 1 whorein the DNA molocule
comprises SEQ ID NO: 2.

4, The vector of claim 1 wherein the DNA molecule

ises SEQ ID NQ: 3,

§. Tobe vector of claim 1 wherein the DNA molecule
comprises SEQ ID NO: 4,

6. The vector of claim 1 wherein the DNA molecule
comprises SEQ ID NO: 6.
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7. The vector of claim 1 wherein the isolated DNA 25

molecule is expressed by the vector in vivo.

8, The vector of cleim 1 wherein the isolsted DNA
molecale is expressed by the vecior in vitro.

9. A vector comprising an isofated DNA molecule com-
-prising & sequence sclected from the group coasisting of
OREFs 1 to 13 of porcine circovirs type Il

19. The vector of claim 9 wherein i the ORF compriscs
ORF 4,

11. The vector of claim 9 wherein in the ORF comprises
ORF 7.

12. The vector of claim 9 whercin in the ORF comprises
ORF 10.

13, The vector of claim 9 wherein in the ORF compriscs
ORF 13,

14. The vector of clsim 9, wherein the isolated DNA
molecule is expressed by the vector in vivo.

15. The vector of claim 9, whercin the isolated DNA
molecule is expressed by the vector in vitro,

16. The vector of any ouve claims 38-48 whersin lhe
veotor &S 2 virus,

17, The vector of claim 16 wherein the virus is selecled
from the group consisting of pig herpes virus, parcice
sdeoovirus, and poxviws.

18. An immunogenic composition comprising a vector as
cluimed in claim 17.

30
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19. The vector of claim 17 whereln the virus is sclected
form the group com'st,lng of Aujesky’s discase virus, vac-
cinis virus, avipox virus, and swinepox virus.

20. An immunogenic composition compnmg & vector as
climed in chim 19.

21. The vecior of dlaim 19 wherein the vims is 8 coniry-
Ppox virus,

22. An immunogenic composition comprising a vecor a5
claimed io chim 21.

23, The vector of any ons of claims 1,9,2-6, and 10~13
wherein the vector comprises & DNA plasmid.

24. An immnogeaic composition comprisiug & vecior as
claimed in claim 23.

25. An immunogenic composition comprising & vector 25
claimed in sny one of claims 1,9,2-6, end 10-13.

26. Ao isolated DNA molecule comprising a sequence
solecgcd from the group consisting of SEQ ID NO: 1,2,3,4

27. The isolated DNA molecule of claim 26 wherein the
DNA molecule comprising SEQ ID NO: 1,

28. The isolated DNA moleculs of cNm 26 wherein the
DNA molecule ising SEQ ID NO: 2.

29, The isolated DNA molecule of cleim 26 wherein the
DNA molecule comprising SRQ ID NO: 3.

30. The isolated DNA molecule of clains 26 wherein the
DNA molecule comprising SEQ ID NO: 4,

31, The isolated DNA molecule of clzim 26 wherein the
DNA molecule comprising SEQ ID NO: 6.

. 32, Au isolated DNA molecule mmprimng & oucieotide
sequence eocoding an epitope which is specific to PCV-2
aod oot specific to PCV-1,

33, A veclor comprising 2n isolated DNA molecule as
chimed ip claim 1.

34. The vector according to claim 33, wherein the isolated
DNA molecule is expreased in vivo,

35, The vector according to claim 33, wherein the solated
DNA molecule is expressed in vitro,
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