WO 2008/081015PCT/EP2008/050012 TREATMENT OF PRDC IN PIGS SEQUENCE LISTING This
application contains a sequence listing in paper fmmat and in computer readable format, the teachings
and content\gDwpislisafeshereby incorporated by reference. The sequencertistimepissdsntigal with that
incorporated in W006/072065. BACKGROUND OF THE INVENTION Field of the Invention  The
present invention relates to the use of an immunogenic composition comprising a porcine 15circovirus
type 2 (PCV2) antigen for the prevention and treatment of porcine respiratory disease complex
(PRDC) in animals, preferably in pid3EpddEMD O BIRROOYIY RHGPorcine circovirus type 2 (PCV2) is
a small (17 - 22 nm in diameter), icosahedral, non- 20 enveloped DNA virus, which contains a
single-stranded circular genome. PCV2 shares approximately 80% sequence identity with porcine
circovirus type 1 (PCV1). However, in corffaSEMEEREVIINGhich is generally non-virulent, infection of
swihe with PCV2 has recently associated with a number of diesase syndromes which habe been
collective AR BB FRAETE ARIE DSBS (P e Risiaisyin ePoivineGivbofiretassociated
Diseases 25 (PCVAD)) (Allan et al, 2006, IPVS Congress). Postweaning Multisystemic Wasting
Syndrom PRSI YE AR PEFAVAR Gt braTsrtprTalft bl wiarresidisrorPev bstiptarding et
al., 1997, Swine Healg} Prod; 5: 201-203; Kennedy et al., 2000, J Comp Pathol; 122: 9-24). PMWS
affects piﬁs?\%@ﬁﬁ%wl L 1Rl FRERD IR BRVEU S ically characterized by wasting, paleness of the
skin, unthriftiness, respiratory distress, diarrhea, icterus, and WO 2008/081015PCDEP2008/050012
jaundice. In some affected swine, a combination of all symptoms will be apparent while other affected
- swine will only have one or two r‘g\g}q]gﬁg Vet. Rec.; 150: 456) During
necropsy, microscopic and mac%é:@%ﬁé@ﬁ%@%o p ple tissues and organs, with
lymphoidraans peing the most common site for lesions. 5 Allan and Ellis, 2000; J Vet. Diagn. Invest.,

12: 3-14). Jtion has been observed between the amount of PCV2 nucleic acid or

antigen afugl %ﬁYﬁWé( gf g]}gm co i lyn id lesions. Mortality rates for swine infected with PCV2
can approacé,E 88%. Thenelgtent o??h(gﬁev%o%zgr}r?%%%%%%% g%ﬁ’é) QST SLERAHHEE MBI BRIWS is

cyrenty dfpantyypoersned AChae Nefgrnyd 200 469,326:336) Taere re sexeral potentiall

al
related conditions réported in the literature including porcine respiratory disease com X BRDC),
porcine deRNAIORARYRRBHISENRRANMIS YIRS %Dﬂ}lé) reproductive failure, granulomatous
enteritis and potentially, congenital tremors (CT-All) and perinatal myocarditis (Chae, Veterinary J.,
2005; 169: 326-336). Among these, PRDC is considered to 15 have the greatest economical impact in
Europe due to its general high prevalence, high morbidity rate (30-70% on affected farms) and
mortality raie 4t amnafiegied farms) (Kim et al., Veterinary J., 2003; 166: 251-256). Pneumonia in
pigs suffering from PRDC is due to a combination of both viral and bacterial

Porcine circovirus type 2 (PCV2) is a small (17 - 22 nm in diameter), icosahedral, non-

20 enveloped DNA Vii"us, which contains a single-stranded circular genome, PCV2 shares
approximately 80% sequence identity with porcine circovirus type 1 (PCV1). However, in
contrast with PCV 1, which is generally non-virulent, infoction of swine with PCV?2 has
recently associated with a number of diesase syndromes which habe been collectively named
Porcine Circovirus Diseases (PCVD) (also known as Porcine Circovirus associated Discases

25 (PCVAD)) (Allan et al, 2006, IPVS Congress). Postweaning Multisystemic Wasting
Syndrome (PMWS) is generally regarded to be the major clinical manifestation of PCVD.
(Harding et al., 1997, Swine Health Prod; 5: 201-203; Kennedy et al., 2000, J Comp Pathol,
122: 9-24). PMWS affects pigs between 5-18 weeks of age. PMWS is clinically chéracterized

by wasting, paleness of the skin, unthriftiness, respiratory distress, diarrhea, icterus, and
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20 agents such as PRRSV, Swine influenza virus (SIV), Mycopiasina hyopneumoniae, Actinobacillus
pleettropneumoniae and Pasteurella multocida. Although the aetiology involves multiple pathogens
and varies fwonedegsiorfarm PRRSV and Alycoplasma hyopnewnoniae are thepboig/moest2common
pathogens isolated from PCV2 positive pigs exhibiting PRDC (Kim et al., Veterinary J., 2003; 166:
251-256). Whether PCV2 plays any WO 2008/081015PCT/EP2008/050012 role in cause of PRDC or
in manifestation, severity, or prolongation of clinical signs of PRDC is yet not known. Compared with
other viradypatirogeinsseGy 2fivasc onsisteathpdisgaose diirlungniesions eill Dpigssufierivigifrom PRDC.
Prosepective studies have documented that pneumonia and often systemic illness, resulting from
co-infectishawitFFRCY 2veind RRR&YY ibanomsevereotiodrhtrst asspeioted Mithhieddclodlby either agent
alone. It can therefore be assumed that there is an apparent synergy between PCV2 and other
pathogerfsthat Hdis Benbhserestipprespitaiopgdiseasé casseserine frsidnERiserabcayetarinary
Microbiol., 2004; 98: 159-163). However, it 10 is yet not known whether PCV2, if present in pigs
suffering®# PRIFEChardpTganfiusHBBRPiRacchirient SRIAS HFPROCCRTPINE Biadab igseoubiquity of
PCV2 with up to 100% seropositive animals at the end of fattening it may similarly be possible that
PG2v2 halaeidiEice0dP afl bt thisdis dasE exbreddibh SrERIBCHIR sk s b ey ehadcdo-infecting
agent. 15Whereas PMWS mostly affects young pigs, typically between 5 and 12 weeks of age, PRDC
is predodaﬁ%‘é{ﬁ%w@e@ﬁl?ﬁlgr&fviﬁ/&‘t@fm)r(ﬁwg $ids Oty Bt HRP atBtind e 63D vl RECEISEBRIThe
morbidity ranges from 30-70% with an average maqrtality of 4-6% (Kim ., Veterinary J., 2003; 166:
251-256)7 ERARAITSGHs YPBRISCHFS d&fﬁ&é&%ﬁf&%‘ﬁ&%ﬂ%}’%@%ﬁ@%@ﬁ% 4 dyspnea that i
refractory to antibiotic therapy, slow growth, decreased feed efficiency, 20lethargy, anorexia, and a
marked increase in mortality in the middle to late phase of fattening. A hallmark of microscopic lesions
PRDC is.jronchointerstitial pneumonia wjth peribronchial and perijbronchi lprosis. Alveolar septa
are Mk ke AR O i) A oG A oo DO0bs 150 5t Hag)

roac 0 treat PCV2 infections on &, DNAvacgei cribed.in U.S. Patent No,
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backbone.in. whi imr n ) e [2 stral _ f the
PCV-1 bgeclgtt%[gn@g\?&(/gg%%& 1%&%9 ﬁ%v%%%gﬁgﬁggvzg ﬁ%%ﬁspﬁ%%éggg%%%z %)(gr}? e Dpé))reparation

of a kilediiRe? vaseine- HouRYSIRORIARNdalR DG RGN RSKEY. AR siRGHle QRF.2 based

T
subunit vaccine has been reported in W006/072065."Any of such vaccines are intended to be used for

the vaccipation/iieaireptefiswing or pids:alds, t%ﬂg%ﬂﬁ%ﬁk%é}%@&e-(@@ﬂﬁl these yageipgs have
been described for the 10prophylaxis or eatment of pigs suffering from PRDC, in particular in PCV2

positive pigscsutieritthion KRBEy Yioreover ssushsvamningsbayenaqt, peancdpseribrr e gonfer
protective immunity against PCV2 infection or reducing, lessening the severity of, or curing any clinical
Symptongve the greatest economical impact in Europe due to its general high prevalence, high

morbidity rate (30-70% on affected farms) and mortality rate (4-6% on affected farms) (Kim

et al,, Veterinary J., 2003; 166: 251-256).

Pneumomia in pigs suffering from PRDC is due to a combination of both viral and bacterial
20 agents such as PRRSV, Swine influenza virus (SIV), Mycoplasma hyopneumoniae,
Actinobacillus  pleeuropneumoniae and Pasteurella multocida. Although the aetiology
mnvolves multiple pathogens and varies from farm to farm PRRSV and Mycoplasma
hvopneumonige are the two most common pathogens isolated from PCV2 positive pigs

exhibiting PRDC (Kim ¢t al., Veterinary 1., 2003; 166: 251-256). Whether PCV2 plays any



15associated therewith in pigs already having anti-PCV2 antibodies, preferably having maternal
anti-PC2 antibodies. Summary In an aspect, there is provided the use of recombinant PCV2 ORF2
protein or aywinugREgARIC composition comprising recombinant PCV2 ORER prakainsing the
preparation of a medicine for the prophylaxis and treatment of  porcine respiratory disease complex
(PRDC) caused by PCV2 and at least one other PRDC causing pathogen and/or any clinical sign
associated with PRDC caused by PCV2 and at least one other PRDC causing pathogen in an animal,
wherein tloé:clinicalssigh BBSHCiatethwithmPRDRGbis selectyd foprdhegroup cbriistislgsafrsough and
dyspnea, slow growth, decreased feed efficiency, lethargy, anorexia, and/or a marked increase in
mortality PRI middimtédatenphase of fattening. BRIEF DESCRIPTION OF THE DRAWINGS Fiaure
1: Body weight gain difference per week group. Fiaure 2: Development of the difference in body weight
(IVP-CP) and mean virus load (log10) over the course of the study. WO :
2008/081015PCT/EP2008/050012 DISCLOSURE OF THE INVENTION PRDC is characterized by a
multiple &fviBzarsigistimhsdingab rordingsasale imoiampssaréycoiagnospdl dyBmacasiaas iefrefractory
to antibiotic therapy, slow growth, decreased feed efficiency, lethargy, anorexia, and a marked
increase BEMBIEERH)S rﬁ%g%%%eﬁ@%ﬁwgs%u@w hatteAnfyorRESE b EsrEIgHe 4°d a88Bciated with
large number of various pathogens. Involvement and, if any, the extent of involvement of PCV2 in

PRDC wiEs ot RABNGSS s Al TR ER b SR e ATPRINER RoUd bl BRONJVRRBLE B BER P CV2 also

plays an important role in_ manifestation, severity and prolongation of clinical signs of PRDC. Thus
mong OISt R BRE EPCRL ST H58h A PR EE HRErLBIA SERERh ipactof one

causativ% Z%entton a mugigle_ cays di‘f,%as% = rgtﬁlgi-g%ctt réilgéjgis%ase) gke PRDC is not predictable.
A causatife A58 DREThAVE RS et BT S HiR e ?e%r S SUis8raBHsY SLEHE Bt Enghten the
effect of the. others O % AR TENR ISk SUSUM AT RIRIBRIU00.26S5! Rl 5,01 3, ulfoctoria
10 18 yet not known whether PCV2, if present in pigs suffering from PRDC, has any influence
on the clinical signs of PRDC in pigs. Due to the ubiquity of PCV2 with up to 100%

seropositive animals at the end of fattening it may similarty be possible that PCV2 has no

influence at all on the disease expression of PRDC but is just an unrelated co-infecting agent.

15 Whereas PMWS mostly affects young pigs, typically between 3 and 12 weeks of age, PRDC
is predominantely seen in growing to finishing pigs, typically around 16 to 22 weeks of age.
The morbidity ranges from 30-70% with an average mortality of 4-6% (Kim et al., Veterinary
J., 2003; 166: 251-256). Clinically signs of PRDC are prolonged and unusually severe cough
and dyspnea that is refractory to antibiotic therapy, slow growth, decreased feed efficiency.

20 lethargy, anorexia, and a marked increase in mortality in the middie to late phase of fattening.

A hallmark of microscopic lesions PRDC is bronchointerstitial pneurmnonia with peribronchial
and peribronchiolar fibrosis. Alveolar septa are markedly thickened by infiitrates of

macrophages (Chae, Veterin.aiy 1., 2005; 169: 326-336).



15 PRDC. For example, reduction or elimation of one causative agent of a multi-factorial disease like
PRDC may have no effect on the clinical appearance of that disease if at least one further causative
agent is present, but also can s gnificantely reduce the clinical symptoms of that disease, even in the
presence of any other causative agent. The higher the number of causative agents that are involved,
the lower the expectation that a reduction or 20 elimination of only one causative agent has an
positive influence on the duration of the manifestation, severity or polongation of the disease. It has
been surprisingly found now that manifestation, severity and prolongation of clinical signs of PRDC in
-pigs can be lessened or reduced by the prophylaxis or treatment of threatened or affected animals with
PCV2 ap?ﬂ@?éﬁ%qhe@é?tf@%ﬂhﬁ%‘é%éﬁ%cﬁﬁaﬁpb%ﬁg’é’tibP&%Wﬁi%%%i@‘ﬁsdéﬁ%?%?éswcﬁéd%ﬁﬁ PRDC can
WO 2008/081015PCT/EP2008/050012 strongly be lessengd and.reduced in pigs infected with. PCV2
in combiatidh Wil Pathbgls RGN 16 c%?gé‘%mecﬁpséomé&eﬁ‘%mﬁ?ﬁﬁﬁélﬂ? dii;sg,eélﬂ'é ‘s PRRSV,
Mycoplasma hyopnewnoniae, Bordetella bronchiseptica, Swine inf uenzgﬂvirus, g%ggplasma hyorhinis

and/or PARSTEGRNG P8l dECIP SRR WEHHS 2PropRyResihahes 85ty& N5 from
PRDC with POV2 antigen_have a positive im veral health of the pigs,.weight gain during
faﬁenind?ﬁﬁﬁ%%ﬁ%ﬂﬁfﬁ%gfh%]d%‘i Vﬁ%‘i‘g‘ Sﬁgé)g %#?iﬁ%ﬁ%%r%@%gﬁﬁ%%r% ularsgr%q ?ﬁé%% factors -
overal health, weight gain, mortality - are kn e negati affected by.PRRSYV, Mycoplasma
h;opnedﬁﬁfﬁfifwg?lﬁs% [%|Pé%}l%ﬁ%f%s% ﬁcg‘“} %\%,v%gérilﬂﬁ%cr%%é\\l/%ég ﬁ%%o“ﬁa%ﬁ%%%?ﬁ%%d/or

Pasteurella multocida. 1 Th&r‘e{f; re, aaﬁ%rgln%gsocgn%u%sggctvthe. relsnent nventlr%qg%%nqgs a method

for the p Sﬁﬂyllz'ﬂ)l%ﬁg d tréatfient of porcine respiratory &lseasgcgbr%p ea>§( I-%%C) or any clinical

. YIS G raimieht o porcing resr iex (° o
ciecive AN o By S AR Ao SaKi Thamei R hen o

an animalp 1eed:of Suah fieaunent Jhe clnicghsiges assoriated wilh RERGAeselagiarom the

group cosr%%ff‘ir?é I%ligcoug and dyspnea, slow growth, decreased feed efficiency, lethargy, anorexia

/or a marked.inc ' ity i -mi t ipg+hhys.: ing to an
e 2 R e Tor s aD o At esment of colgh
and dysggﬁg Stow grewth-decreased feed efficiency, lethargy, anorexia, and/or a marked increase in
mortality associated with PRDC in an animal, comprising the step of administering a therapeutically
effective amount of PCV2 antigen or an immunogenic WO 2008/081015PCT/EP2008/050012
composition comprising an PCV2 antigen to an animal in need of such treatment. Preferably, the
cough ang dyspnea,are.refhaciony-to aptibiatic dherapw Thedsremsyraniiges asmseeyhesginrefer to an
amino acid sequence which elicits an immune 5 response in a host. An antigen, as used herein,
includes gige fulllength sqauenceof aryRaY 2RI aisinsyanglegsdhereaiordimunegapicsitagments
thereof. The teim "immunogenic fragment" refers to a fragment of a protein which includes one -or
mare epijopes.anttibus aliGisthednminetespansea hasboSlshpreridntscan: hesidentified using
any number of epitope mapping techniques, well known in the art. See, e.g., Epitope Mapping
Protocolsig-20Meathedsin Molecular Biology, Vol. 66 (Glenn E. Morris, Ed., 1996) Humana Press,
Totowa, New Jersey. For example, linear epitopes may be determined by e.g., concurrently
synthesizing large numbers of peptides on solid supports, the peptides corresponding to portions of
the protein molecule, and reacting the peptides with antibodies while the peptides are still attached to
the supports. Such techniques are known in the art and described in, e.g., 15 U.S. Patent No.
4,708,871; Geysen et al. (1984) Proc. Natl. Acad. Sci. USA 81:3998- 4002; Geysen et al. (1986)
Molec. Immunol. 23:709-715 Similarly, conformational epitopes are readily identified by determining
spatial conformation of amino acids such as by, e.g., x-ray crystallography and 2-dimensional nuclear
magnetic resonance. See, e.g., Epitope Mapping Protocols, supra.



20 Synthetic antigens are also included within the definition, for example, polyepitopes, flanking
epitopes, and other recombinant or synthetically derived antigens. See, e.g., Bergmann et al. (1993)
Eur. J. Immunol. 23:2777-2781, Bergmann et al. (1996), J. Immunol. 157:3242- WO
2008/4181015PCT/EP2008/050012 3249; Sulu-bier, A. (1997), Im unol. and Cell Biol. 75:402-408;
Gardner et al., (1998) 12th World AIDS Conference, Geneva, Switzerland, June 28-July 3, 1998. An
"Immune response” means but is not limited to the development in a host of a cellular 5 and/or
antibody-mgrgiatee immune response to an antigen, a immunogenic composition or vaccine of interest.
Usually, an "immune response" includes but is not limited to one or more of the following effects: the
productionloraactivatiohektantitsodied B vetls hedpebmeri RCIHPRISS orofeselts aand/or cytotoxic T
cells, dvecigd specliellioananlasn auanTasARinaided D de-oqmpanign AL vaccine of interest.
Preferably, the host will display either a 10 therapeutic or a protective immunological (memory)
response Stiehadsprexistaecicis hesihinfeenari4t Baddrsmeatoand/or the clinical severity of the
disease reduced..3ughRmischan wikhe demansin Y.Aithena peductinn ip pamher or severity of,
or lack of one or more of the symptoms associated with PCV2 infections, in delay of onset of viremia,
in a reducetiar ARTArstetsiteer 3 2eF8duction of the overall viral load and/or a reduction of viral
15excretion,, Je terms -immunogenic composition" or "vaccine" (both terms are used synonymously)
as used herein refers to any pharmaceutical compasition ¢containing a PCV2 antigen, which
compositioh can ﬁéyu%lgﬁcﬁi/ﬁ%\féﬁ?%?tﬁ%ﬁfﬁglg FISEHO-SSsbeARE &' drasheRe 8ndition 20 in a
subject. A preferrehimpuiRgenit:conpasitionteasd nilticenistinulateacenhancs eDmmsune
response against PCV2, The teiin thus encgmg%?seg %%%Jsub nit immi_ ntzﬁenic cgplgc?sitions, as
described BEIIPALNRINSLEBREELIHING CoROARHTG MG Rl P RHERUSTET&R8/5F hactivated
PCV2. WQZQQHE8 1816 ¢ BicR2008QB6I0A 2 drhed iaccardi ngro@aiothertaspedtlthe present
invention igtes t(} a method for the prophylaxis and treatment of porcine respiratory disease complex
(PRDC) a S?Sa%y%rfﬁ%lﬁ'signs associated with PRDC in an animal, comprising the step of
administering an effective amount of PCV2 antigen or an immunogenic composition comprising an
PCV2 antigen to 5 that animal in need of such treatment, wherein the immunogenic composition is

subunit immunogenic compositigR @& eemrosttipna eoiaining wharerkilied, or attenuated and/or
inactivated PCV2. The tem' "subunit immunogenic composition" as used herein refers to a composition

Figure 1. Body weight gain difference per week group.

Figure 2: Devclopm.cnt of the difference in body weight (IVP-CP) and mean virus load

(log10) over the course of the study.

ha



10 containing at least one immunogenic polypeptide or antigen, but ot all antigens, derived from or
homologous to an antigen from PCV2. Such a composition is substantially free of intact PCV2. Thus, a
"subunit imMheY&AE E8mposition” is prepared from at least partially purif€BBPRefctmted
(preferably substantially purified) immunogenic polypeptides from PCV2, or recombinant analogs
thereof A subunit immunogenic composition can comprise 15 the subunit antigen or antigens of
interest substantially free of other_antigens %régol pcptides from PCV2, or in fractionated from. A
preferred immunogenic subunit ¢ GHion ﬁ%r Ihe BEVHBRF-2 protein as described below.
Most pre are_ immunogenic subunit compositions, which comprise any of the PCV2 antigens
provided'in &@%‘fﬁﬁ%&? ?é’r?é?&iﬂﬁlﬁ]%?&b%#éfgashmﬂws% ﬁ@’fi?@ﬁ%‘é G HEHBART Y 20
Accordingoto ugggr spect, élh imm r)o%enic com osition as use(?\?herein most preferably comprises
the polypeptide’ ot a-fragment thertof  expreLs&d &’%ﬁlﬂ}’?ﬂfﬁé Y BEVIORESNATRMd protein,
used herejn for the.preparation of. the compositions and within the processes provided herein is a
Pighly CoraSAd amn R BE/2 b HEE A HETEBY, G S0UB168 FO 4SS TP 2bY8 050012
any PCVZ2-QR1 [-2w Id_be effective as the source af the PCV ORF:2DNA and/or polypeptide as used
herein. A preferréd’P%h\%rolgél-%Z& p\éi ein'is that 6 %Edv }% NS SR ENART T8 Yd’?’fﬁ%é&dﬁ%ﬁ?ﬁ%r preferred
PCV ORE:Z,RAyREPLIde i3 provided as SEQ IR NO: f&l;@g 107, However, it is understood by
those of snkill in the art that this sequence cou%) vaer% %}g as n?ulghﬁagsg -f@’%nl#%éia‘ﬁéln%’e ?{Omology
and still retaig the antigeRiGAhatacieisics Hat vender LiHseiul irfjl?w unagenic compositions. The
antigenic characteristics o%grj]himmunological %gmbosit#’on cgn be, for ei(%?ng@aé}fse%l%irlneﬁ%laa%{; the

challengesexperimeantastiovidedpy @@@Bﬁ@&f&ﬂ%&ﬁﬁ%@?i%@oﬂﬁb@ nuigenic

characteristic of a modified antigen is still retained, when the modified antigen confers at cast 70%,
preferablytﬂ&@@&w;gr;@t@l@@f@gg@y&(}%&g@‘s@m@mﬁ immunity as compared to the PCV2
ORF2protein, encoded by the polynucleotide sequence of SEQ ID NO:3 or SEQ ID NO:4 as provided
inHv006/072065. Thus according to a fiirther aspect, the present invention provides a method for the
15 prophylaxis and treatment of porcine respiratory disease complex (PRDC) and/or any clinical signs
associatéd yiibrB RRCiifpar: anishalceamprisingthersien.of Adrpinistering.a0 effective.amaunt of PCV2
antigen or an immunogenic composition comprising an PCV2 antigen to that animal in need of such
treatmendjsadseyeiik thB Y 2sanmsigereiicard RNtigetuRe42 QRn:2rprptaindhas hasat Inashié0%,
preferably, 80% even more preferably 90% of the protective 20 immunity as compared to compared to
the PCV2:9QREe2 prptein, enpadedtbyothel polynusisaiitieseduenteal SE@ D MR8 arSER ID NO:4
as provided in W006/072065. Preferably said PCV2 ORF-2 have the sequence of SEQ ID NO: 11 or
SEQ ID Reni§ 800670720654 \WO 12008i08 10 15RCTIERA60E/a500 LR A seiledosms, limmunogenic
portions of PCV2 ORF-2 protein are used as the antigenic component in the immunogenic
cbiposiliBi CoFprishigPle vz dmtiganom kbmatar' i nfrmumogenidiportiontt as usekhie fainotefiers to
truncated and/or substituted forms, or fragments of PCV2 ORE-2protein and/or polynueleotide,
respectivifgam ks AP oty barameaediswmydhsgbzindtenrommseortithgndevesaifl solerstise at least
6 contiguous amino acids from the full-length ORF-2 polypeptide. More preferably, the truncated or
substitutBBRFMHHRSHISHAHEEN R AtV Besadtt alforeprefardishntelyessths, ded diflicrore
preferably at Least 19 contiguous amino acids from the full-length PCV ORF-2 polypeptidc. Two
preferreEBRIERRS TR S FspaLt il Hiovigsenss Seny IR0 satte SR 10 NOmhasfthzo
WO006/072065. It |s further understood that such sequences may be a part of larger fragments or
truncated¥orHs° §W§Hﬁ8r?§8r%§1?é,3§cf&?ﬁ%}fﬁ O B e P 56 Stitrd s Ry Bne

oded P%{_lthe.nu'cl?oti e sequences of SE‘%J}%ﬂNO: 3 ar. SEQ ID NO: 4. However, ills understood by
15 those O SR RE APeinat it SRl A8E PRAPETSS HFReS Blots, fretanercdhomology
and still ret%igegga .grrgtis%egig[fhgra&t}%rigycs- tt%?{ﬁre der itsP eful in immunogenic compositions. In some

uted fornr o fragment Sifi té\?&@ﬁ%ﬁéﬁ‘%‘éﬁ??ﬁﬁl RysEtas the

forms, alﬁrﬁncated or Subati

antigenic%n QrRRonent ' thletcom osifion. 2referably, such tru (1‘:%% or substituted fotuis, or fragments
will compr%se at least %V%éﬁ'ti%rh(g s nu eb(}t?d%é%g%bgl Signs of -t pigs CaiL 65 lessened or

reduced by the prophylaxis or treatment of threatened or affected animals with PCV2 antigen.

In particular, severity and prolongation of clinical signs of or associated with PRDC can



20 from the full-length PCV2 ORF-2 nucleotide sequence, e.g. of SEQ ID NO: 3 or SEQ ID NO: 4.
More preferably, the truncated or substituted forms, or fragments, will have at least 30, more
preferably atfRALEA81YAd still more preferably at least 57 contiguous nuctSGtRESGFHE - length
PCV2 ORF-2 nucleotide sequence, e.g. SEQ ID NO: 3 or SEQ ID NO: 4. WO
2008/081015PCT/EP2008/050012 "Sequence Identity" as it is known in the art refers to a relationship
between two or more polypeptide sequences or_two or more polynucleot de sequences, namely a
referencé%%%rﬁﬁ ¥ %&%@ﬁ FEBETHdESD BEEsHhyAT 8 With theTeliraHee dhReteegsquence
identity i?deterr{]ined bg/ corg%arin thec?ive%zﬁ%g%:ce to the reference sequence after the 5
sequenceSTave heéhaptim yagﬁ%ﬁ%t& o'pt highst YEGres FRRGVendscemtimtty, as
determingd by the match,befwegen strings of such_seguences. Upon su%%ba%gg ment, sequence identity
A s R ARt o S B EHEbS TS AN e i L o

is ascertained on a posi |or’1‘-g§€p%5| ion
position if at th sition, the, nucleotides or amino acid rrsidues re identical. The total number of
e postl e o S S BB bt B S
ref§renc%_8§1q gl Wti ¢ ce 'Lgenti 2eguence identity can be, readily calculated by
known methoi,%lué%é@ut not |§16[|1]%e tg,% osSé% egsglﬁl%aeoé %néggrw%\ﬂ%%ikhegﬁ%lgfe@uﬁd”r@fology,

Lesk. A Mot Qo i Bress N, o(h568 Bissompuing dnformelies an cenome

Projects, Smith, D.W., ed., Academic Press, New York (1993); Computer Ana %é%ju%nce Data,

Part 1, Gt & Mosafh I oo iymane s, NN, IS (19901 Seauenge Analsis i
S rimer,

Molecular Biology, von Heinge, G., Academic Pres [ bskov, M.

987); Sequence Analysis

and Devgipuiad)- b9dPR NS BLOGKIOR RIGHS. Bﬂ%}%@%ﬂ&?%&ﬁ%ﬂi'%k&m@gghé&?”s%@-1 SIAM.J.
Applied Math., 48: 1073 (1988), the teachings of which are incorporated herein by reference. Preferred

methodsitgigiaterming, theseauenceidantit.aie20 desioned i give/ihe largest match between the
sequences tested. Methods to determine sequence identity are codified in publicly available computer
ptggrams which determine sequence identity between given sequences. Examples of such programs
include, but are not limited to, the GCG program package (Devereux, J., et al., Nucleic Acids
ResearciThi2{?)s3840¢3Q84g) , tBLAS TRpBLABEN-enddt ARTA{Aisshiidss k. aledlod. Mol@e. Biol.,
WO 2008/081015PCT/EP2008/050012 215:403-410 (1990). The BLASTX program is publicly
availablepfryiy NGB kahttathems ot eesi(B ASTattgndiatadlisahple S ratat) MR- MM i Bethesda,
MD 20894, Altschul, S. F. et al., J. Molec. Biol., 215:403-410 (1990), the teachings of which are
incorporateuk hesginiigyd efertbnd® DThase qurogramk ogtinpallynalighcseguendeadisingtdefauls 5 gap
weights in order to produce the highest level of sequence identity between the given and reference’
sequenctsripsuivdliysteafiotiyby anpolynudleBGHE haviimgra mucleotidenseggence bavingidbieast, for
example, 85%, preferably 90%, even more preferably 95% "sequence identity" to a reference
nlZleotidewegsasca HGY hiarderl tther themalitlestde Sambansgmdithe given polynucleotide is
identical to the reference sequence except that the given 10 polynucleotide sequence may include up
to 15, preferably up to 10, even more preferably up to 5 point mutations per each 100 nucleotides of
the reference nucleotide sequence. In other words, in a polynucleotide having a nucleotide sequence
having at R e gpe s oaosite &P sre sierieasTymdbs reRBKPRsisNg ebviehetadence
nucleotide sequence, up to 15%, preferably 10%, even more preferably 5% of the nucleotides in the
referencE SBAHNSY 537y he dsteasatofSn ShstecHith dHEtH e rRORE SR ASTathmaedof

nucleotides up to, 15%, preferably 10% eveg more preferably 5% of the total nucleotides in the

referencE SEASEAEAINAYBe W dIrdnitds 1R FerehaieLbipianee. Thesasnitiom 8r ¢ibveference
sequence may gccur at the 5' or 3 terminal positiong aof the reference nucleotide sequence or
o whor & BB o 1B SR SCBOI APRBI D Col o NP FTOI0 afy BAVRE RECetAbies in the

20 referen eguence or n one or.mare contiguo roups within the reference, sequence.
Analogotl by oS Ep A PV 2 SrYels A B8 SRS FIUTY ot AR SPEkEnple, 85%
preferab %, eye refer 5% se e identity to a reference .amino acid sequence, it is
intendedbéh%%{%’e %élv%]nmgf{nﬁfr?o 3%%%2%8%%‘2 of the po}'ﬁlpaé%ti%neu%d}’de%%?&%ﬁ(l)nﬁwei r%f@#gﬁc%?sequence
except t , i o] ' u may.| 08/081015PCT/EP2008/050012 up to
15, prefg%}g%%%l\ég%g, gﬁ‘?&%@fﬁeiﬁgﬁ% u é%%ﬂg%fxg%}:% gft@?aélﬁoﬂrs %Iérlgai%%nféﬁuefmino acids
‘of the reference amino acid sequence. In other words, to obtain a given polypeptide sequence having
at least 85%, preferably 90%, even more preferably 95% sequence identity with a.reference amino
acid sequence, up to 15%, preferably up to 10%, 5 even more preferably up to 5% of the amino acid
residues in the reference sequence may be deleted.or substituted with another amino acid, or a
number of amino acids up to 15%, preferably up to 10%, even more preferably up to 5% of the total
number of amino acid residues in the reference sequence may be inserted into the reference
sequence. These alterations of the reference sequence may occur at the amino or the carboxy
terminal 10 positions of the reference amino acid sequence or anywhere between those terminal

positions, interspersed either individually among residues in the reference sequence or in the one or
maore contiairiniie arnirine within the refarance ceariance Prafarahlvy recidiie nocitinne which are not




15 "Sequence homology", as used herein, refers to a method of determining the relatedness of two
sequences. To determine sequence homology, two or more sequences are optimally aligned, and
gaps are intffA2¢B8d# Hécessary. However, in contrast to "sequence idenBET/ERaMS&rsHtive amino acid
substitutions are counted as a match when determining sequence 20 homology. In other words, to '
obtain a polypept de or polynucleotide having 95% sequence homology with a reference sequence,
85%, preferably 90%, even more preferably 95% of the amino acid residues or nucleotides in the
referenc&¥dgLEHR %Wﬁ%%@c‘f?cg&%%?ﬁ}t@énat%éﬁ%w&ﬂwé Bk afutieh VammmbtRertamiho acid or
nucleotide, or a number of amino acids or nucleotides up to 15%, preferably up to 10%, even more
preferabl§tiFURBR S LHTRNG =TT TR $007) et Pt thBPH08/050012 amino acid residues or
nucleotides, not including conservative substitutions, in the reference sequence may be inserted into
the reference sequence. Preferably the homolog sequence comprises at least a stretch of 50, even

more preferably at,|least 100, even more preferably at least 250, and even maore preferably at least 500
et i R e e R

nu$leotidree Q’VE}Q‘QQOtQ?%rOa in acﬁ% rggi%ueugr ngé:rleeotide H%lvin%qsi?&g%ch%{acteristics r properties
including Si78 1yt chASicity "eth &e A A thaCER8r At UK o §HOFEREGedighificantly. 10

"Isolatedy ns.altered " har}id of. man” from its natural state rs in nature, it has.been
changed o e e e o e R L, RO id s BB et

polypeptide palyrallhresenti AN GRS 3Gt salated: byt e same polvyplpotde o

polypeptideseparated from the coexisting materials of its natur state’is fe term

employed; perai. kg, 266G o iU ther Aspath e &[S%%%%’ﬁ

vention:proyides amethod for the
prophylaxis and treatment of porcine respiratory diSease complex PE&Dgi)rg‘ain%I/aonly ;?lﬁi)lln C ?ﬁi?:Psigns _

associatedwish RERGIN-2p-AnNal, comprising the a&epseé,aeg?gi\i)%zﬁ%‘gg%ge Hse%?oé&ﬁa‘o“m of

PCV2 antigen or an immunogenic composition comprising an o that animal in need of

sygh treapmentismhereinesaisk RGY3LORTsR Prrtginiis.anyoneefthose, desssibad.above. Rreferably,
said PCV2 ORF-2 protein is i)a polypeptide comprising the sequence of SEQ iD NO: 5, SEQ ID NO: 6,

SEQ ID NotoRa SEQ IRAS: K 0E:0ERdDiNGY éﬁt%é@%@l@ZQ@@enﬂQd bg/ e.g., concurrently

2008/081015PCT/EP2008/050012 any potypeptide that is at least 80% homologous to the

polypeptigatiziijanydnmunegenic parien dithe pelyasmidesief Raymdler irresponding to
portions of the protein molecule, and reacting the peptides with antibodies while the peptides
are still attached to the supports. Such techniques are known in the art.and described in, ¢.g.,

15 U.S. Patent No. 4,708,871; Geysen et al. (1984) Proc. Natl. Acad. Sci. USA 81:3998-

- 4002; Geysen et al. (1986) Molec. Immunol. 23:709-715. Similarly, conformational

epitopes are readily identified by determining spatial conformation of amino acids such as by,
e.g., x-ray crystallography and 2-dimensional nuclear magnetic resonance. See, ¢.g., Epitope
Mapping Protocols, supra.

20
Synfhetic antigens are also included within the definition, for example, polyepitopes, flanking

epitopes, and other recombinant or synthetically derived antigens. See, e.g., Bergmann et al.

(1993) Eur. J. Immunol. 23:2777-2781; Bergmann ot al. (1996}, J. Immunol. 157:3242-



the immunogenic portion of iii), comprising at least 10 contiguous amino acids included in the
sequences of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 9, SEQ 5ID NO: 10 or SEQ ID NO: 11 of
WO006/072065% svgalypaptide that is encoded by a DNA comprising the segiugpsaef sk ID NO: 3 or
SEQ ID NO: 4 of W006/072065. any polypeptide that is encoded by a polynucleotide that is at least
80% homologous to the polynucleotide of v), 10vii)any immunogenic portion of the polypeptides
encoded by the polynucleotide of v) and/or vi) viii)the immunogenic portion of vii), wherein
polynucléatideSading, far said i mumogeniepbéidiniiomphisEr atieaStddeaniguddstiuideotides
included in the sequences of SEQ 1D NO: 3, or SEQ ID NO: 4 of W006/072065. 15 Preferably any of
those imiWandgehiS fortiorsémécthedndminotadid onaléctelistickP88 PCV2 ORF-2 protein that is
encoded by the sequence of SEQ ID NO: 3 or SEQ ID NO: 4 of W006/07065. 20According to a further
aspect, PCV2 ORF-2 protein is provided in the immunogenic composition at an antigen inclusion level
effective for inducing the desired immune response, namely reducing the incidence of, lessening the
severity dfiorpravEntingasstediking RRDOHENHBIcd Y dinidardymptohis adustiafed RRIT.
Preferably, the PCV2 ORF-2 protein inclusion level is at least 0.2 big antigen / ml of the final
imMunog@diecaPHBBSHIBIS Tt fn INTWEO ZODSIOB 10 #8 PETYEL 1D ODSTOBUB TR rAeFPPTéEet Bly from
about 0.2 to about 400 mg/ml, still more preferably from about 0.3 to about 200 mg/ml, even more
preferabl§Aiofs AbBIREE5 Y8 aHEuL OO MM ECHANIR o Bt R 1§ e apet {0 BB 50
mg/m1, still more pre_fera%/ from about 0.45 to about 30 mg/ml, still mare preferably from about 0.6 to

about 159ign 0B SHEHrefORBI)HHSHPS bt Bia Rlasdbrs fighntclveitidrd sidferably from
bout 1.0 to about ¢ I, still eferably fro bout 1.3.to about 3.0 /ml, )
B rorab B AT S A e Ko e SIS o AEBEV™ & BB, 2.0

/ml, and ferably about 1.6 jig/ml. 10A ding t furt the PCV.QRF-2 anti
e o T B TS B e DR BHoEh AR be BT AL oL S8 o

antigenic composition (mg/dose), more prefer from about 0.2 to about 400.mg/dose, still more
P et O SRk b B St 300 R ae VL bocfe ErBr i) i SHOLICL 9 About 100

mg/dose, still more preferably fre b 4 tg,about 50 mg/dose, still. more preferably from about 15
055 o LT AAIE SR BR0UL bk QARG SOMATOP T e ilte IRIEED Vel @

preferably fram; about 0.7R 10,3004L B (0LAnse,; RUERTICIE RIGIARI I ADeW 1,018 ahout 6

ug/dose, still more preterably from about 1.3 to about 3.0 mg/dose, even more preterably from about

1.4 to abgut 2.5 maidass,/YaR Mese Aeferablyem abqiil. 21aaR0 U 2.Q grdose.iand most
preferably about 1.6 mg/dose. 20 The PCV2 ORF-2 polypeptide used in the immunogenic composition

in accordapge-with dhs-present iInNention G be geriveshin|ny isshignipekding-solationand
purification of PCV2 ORF2, standard protein synthesis, and recombinant methodology. Preferred

methods dogrehitaining PCV2 ORF-2 polypeptide are provided in W006/072065, the teachings and

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

attenuated and/or inactivated PCV2.



WO 2008/081015PCT/EP2008/050012 content of which are hereby incorporated by reference in its
entirety. Briefly, susceptible cells are infected with a recombinant viral vector containing PCV2 ORF-2
DNA codingasegusnges,sPCV2 ORF-2 polypeptide is expressed by the repombinaniosiue, and the
expressed PCV2 ORF-2 polypeptide is recovered from the supernatant by filtration and 5 inactivated
by any conventional method, preferably using binary ethylenimine, which is then neutralized to stop
the inactivation process. The immunogenic composition as used herein also refers to a composition
that compisesadcaniigf tire RGN2r ORPe&, prhteiprcsascrivedtainovelamrefarablyricticahdenttations
described 10 above, and ii) at least a portion of the viral vector expressing said PCV2 ORF-2 protein,
preferablyroflaytecs mbizatrba b pinsn dMespovery thecrmrmunggeni®BoMapesitionaoartlconaprise i) any
of the PCV2 ORF-2 proteins described above, preferably in concentrations described above, ii) at least
a portionséfithesvirakescrdheRBrSsimgrsaiinRG voraRFing photsliy pfaférablyiaing recoifingnt
baculovirus, and portion of the cell culture supernatant. 15 Thus, according to a further aspect, the
present ifvekbRIpPEWdetnbgtie PlothfolThepESPifyFaRIBHHdcT camisHies partn8laspizenoly disease
complex (PRDC) and/or any clinical signs associated with PRDC in an animal, comprising the step of
adinistéiigaHBHeEtiVECANIE UHE B TREVEHN SIS AiF ITTURBRET CSRIPBRIIdR contpbisiHg an PCV2
antigen to 20 that animal in need of such treatment, herein the PCV2 antigen is recombinant PCV2
ORF2, prERIAKIg A H A MBI X BreSERI TS eOREDN B rafitenly iRbs 87 EGhBIRA W Baculovirus
expressed PCV2 ORF-2 having the sequence as described above. WO

2008/08 THAEBEBEB268/050012 The immunogenic composition as used herein also refers to a
composition that comprises i) any of the PCV2 ORF-2 proteins described above, preferably in
concentrations described above, ii) at least a portion of the viral vector expressing said PCV2 ORF-2
protein, preferably 8 recombinant baculovinus, and il 3 portion.of the.cell qulture, wherein about
590% of the componeénts have a Sze"smallePihan Tina: The immunogenic composiﬁgn‘ 85Used herein
aﬁp refers t acomP(?sition that com risesv%ﬁ?g\ye ott &he PCYiZe%)ﬁ)F-Z rtotﬁins descrita%gv%gpve,

COIN ammg af Tgast ong mmun G%IC fe Qr dn 11, 10t 4 nt}.gens, . .
preferably in conCentrations describedabo east a portioh of the viral vector ‘expressing said

PCV2 ORf:¢ B %’zﬁi&‘ai@g&% GDQ%E%Q@%H“&%‘?'FE"UE"%M Q%%%&lﬁgﬁ‘{&’i‘ﬁ‘sg &%&Eﬁﬁﬁﬂ@?ﬁ%’ ae the

recombinant viral vector preferably BET, wherein about 90% o components i) to'iil) have a size

smaller than 1 g, r?tﬁ@@%@%&é%ﬂﬁ%ﬁﬁ%ﬁ]&%ﬁ&ﬁ%@ﬁ% gﬁ@%ﬁﬁé@ ﬁ%ﬁ‘[‘@?@é@{%&ﬂ%ﬁ?cu'ov"usi

preferably in an amount of 2 to about 8 mIM BEI, preferably of about 5 mM BEI. 15The immunogenic

composition AsiUSEH-REGIRAISQ GRS 1P ACAMASIoN-Hhal CAmPHRSs N ARYIOhIRERENPRF-2

proteins described above, preferably in concentrations described above, ii) at least a portion of the

viral vectp@xpIRSRiIReh e ehtoiRhed:frotRiRib@RareRQf Jhs Cedrspiliien ¥haedpastivating

agent to inactivate the recombinant viral vector preferably BET, and v) an neutralization agent to stop
the inactivationmediaieehly the Zlinactivating agentuuereis abeutO0Y @hther gampanrats i) to iii)
have a size smaller than 1
from PCV2, or in fractionated from. A preferred immunogenic subunit composition
comprises the PCV2 ORF-2 protein as described below. Most preferred are smmunogenic
subunit compositions, which comprise any of the PCV2 antigens provided in WOO06/072065,
which are all incorporated herein by reference in their entirety.
20
According to further aspect, the tmmunogenic composition as used herein most preferably
comprises the polypeptide, or a fragment thereof, expressed by ORF-2 of PCV2. PCV2

ORF-2DNA and protein, used herein for the preparation of the compositions and within the

processes provided herein is a highly conserved domain within PCV2 isolates and thereby,



Preferably, if the inactivating agent is BET, said composition comprises sodium thiosulfate in
equivalent amounts to BET. WO 2008/081015PCT/EP2008/050012 The potypeptide is incorporated
into a compasitiemstt|bean be administered to an animal susceptible to PE&viZrupdesticsnoin preferred
foiius, the composition may also include additional components known to those of skill in the art (see
also Remington's Pharmaceutical Sciences. (1990). 18th ed. Mack Publ., Easton). Additionally, the 5
composition may include one or more veterinary-acceptable carriers. As used herein, "a
veterinaryracCEpiableRBriieculdchrediactivandsalhsolvents, dispeesiBh Ynddid;-CoRtiAgspadjuvants,
stabilizing agents, diluents, preservatives, antibacterial and antifungal agents, isotonic agents,
adsorptigwldekeyidey sgents heisihthé likefomed Prefer@BleambodimeistthifeoinihiinbBy it tbmiposition
comprises PCV2 ORF-2 protein as provided herewith, preferably 10in concentrations described above,
which is HiREE Wid0eh ddfuvdat noreseedbly € AtBSpbharephisispgieald atneE@RBSEG T skl in the art
will understand that the composition used herein may Incorporate known injectable, physiologically
acceptabeQReME286R P crar wéplaﬁﬁr@fa%awh@%gfe%@mehﬁoﬁtfé%é{?wémamﬁfe%ﬁ or
infusion, aqueous isotonic solutions, such as e.g. saline or corresponding plasma protein solutions, are
readily aVaitaBleadAraaitibh; e imiRarsyeteaplas)atdn LRyt srife Presdrithtention can
include diluents, jsotonic agents, stabilizers, or adjuvants. Diluents_can include water, saline, dextrose,
ethanol, §Idtar3Hsint tis ke SOIMROSGR S ERRINENe JoWiLARTESTURdN RSISEE SneArffitol, sorbitol

d 20lactose, thers. Stabilizers ipclude albumin and alkalj salfs of ethylcndiamintetraceti
201, oG RS A UR S0 S Ho s TN AR TR Sl AR EHGS e SRS

phosphate, saponins e.9. %J:y , é %é%%}d Biotech Inc., Cambridge MA), GPI-0100
Pt S T AR S B e e et S 00 erineoil

¥§I’|%}at§{ 'QI%%‘%’A%"’H%%E ch ‘é!}%a%'é‘ﬁ LhgSIYIZION of abfrrla)f%rsa%ﬁj In

emuision, ol ipoater emulsian.
particular on |geht1|qlﬁcflpéra in oil (Edropean Phannacopeatype); isoprenoid oil suich as saualane or

Sqalene ), gl ?9899%&1&}@@%&%%%4 @gﬁgﬁaﬂ;%iis bu{g’mfdoﬁggﬂf esters of

5acids or of a contaihing a linear group, more particu plant ol

propylene giyen! dir(cann/laie/eaniale) YRR L GRRrYRtalRRIRIEhor BIOBMISNBOVGY diolcatc

esters of branched fatty acids or alcohols, in particular isostearic acid esters. The oil is used in
combination with snisifiessdgskoiinthe emulsion. The emulsifiers are preferably nonionic surfactants,
in particular esters of sorbitan, of mannide (e.g. anhydromannitol 10 oleate), of glycol, of polyglycerol,
of propylene glycol and of oleic, isostearic, ricinole ¢ or hydroxystcaric acid, which are optionally
ethoxylated, and polyoxypropylenepolyoxyethytene copolymer blocks in particular the Pluronic

products;raspesiaimlni? lo Seeuuntesptal., hbepfhenryansiyacicat saplicationoal Adjunants
(Ed.Stewart-Tull, D. E. S.). JohnWiley and Sons, NY, pp51-94 (1995) and Todd et al., Vaccine
15564-54£h9R%)s 48 treatment of porcine respiratory disease complex (PRDC) and/or any clinical
signs associated with PRDC in an animal, comprising the step of administering an effective
amount of PCV2 antigen or an immunogenic composition comprising an PCV2 antigen to
that animal in need of such treatment, wherein the PCV2 antigen is an antigen PCV2 ORF-2
protein that has at least 70%, preferably, 80% even more preferably 90% of the protective
20 immunity as compared to compared to the PCV2Z ORF-2 protein, encoded by the
polynucleotide sequence of SEQ 1D NO:3 or SEQ ID NO:4 as provided in WO06/072065.
Preferably said PCV2 ORF-2 have the sequence of SEQ ID NO: 11 or SEQ ID NO: 5 of

WO06/072065.

10



For example, it is possible to use the SPT emulsion described on page 147 of "Vaccine Design, The
Subunit and Adjuvant Approach" edited by M. Powell and M. Newman, Plenum Press, 1995, and.the
emulsion MixbPxaeseribed on page 183 of this same book. 20A further instaneerof@nadjdvant is a
compound chosen from the polymers of acrylic or mcthacrylic acid and the copolymers of maleic
anhydride and alkenyl derivative. Advantageous adjuvant compounds are the polymers of acrylic or
methacrylic acid which are cross-linked, especially with polyalkenyl ethers of sugars or polyalcohols.
These cdmpourdsyans, knowmdyetie tertvecarioMey TPORMEupopeany ate8ydid 22, thanadQ96). Persons
skilled in WO 2008/081015PCT/EP2008/050012 the art can also refer to U. S. Patent No. 2,909,462
which desoribescsuchachylicpolynegesicrossHinkawithenpolytngd rBsiMatechoganpolihd heming at least
3 hydroxyl groups, preferably not more than 8, the hydrogen atoms of at least three hydroxyls being
replaced Byusassrace daatiphatis rasidalsisaving s [éastcaisbnatomsuthiusréférrad.radicals are
those containing 5 from 2 to 4 carbon atoms, e.g. vinyls, allyls and other ethylenically unsaturated
groups. TH&uasEtMaldd radieals Hmycthend&ivawbomeiivbile rsmsstivigbnts PselcBly mewlyl. The
products sold under the name Carbopol ; (BF Goodrich, Ohio, USA) are particularly appropriate. They
aré crosStHAKEaAKIQR SHRFENKIO S BEVIE T ABITER I BhAPRIRIISA A SRt fePAD B R DB
mentioned Carbopot 974P, 934P and 971P. Most preferred is the use of Carbopol, in 10 particular the
use of CaFBpEPET TS BleteraiP ik ameRIHRSRI A WCEDBTBIG 85 b Bist B RIG R PEOYSTEVER more
preferred.in an amqunt of about 750 big to about 2.5 mg per. dgse and most preferred in an amount of

about | mgBer osE>ErHEr KU ABKS dtijdtAhes IncRRiE, BEEErEWotlintitla o, 7 kil BefEvant
system (Ribi_15 Inc.), Block co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryville CA),
oo XA e R AR AHAVERT oo HERE A AP RGO
(recombinant or otherwise), cholera.toxin, IMS 1314, .or myr. ipeptide | thers.
oPreferdi, T AR ST R AR R AT 108 T T stheag g R S B ven more
preferab jvantis added in an amount of about 100 big to about 10 mg per.dose. Even more
o erabl E L R T R S 5 B B e e
preferably, the adiuvant is added in an amount of about 750 gg to WO
20081081015PCT/EP2008/050012 about 2.5 mg per dose. Most preferably, the adjuvant is added in
an amount of about | mg per dose. Additionally, the composition can include one or more
pharmaceutical-acceptable carriers. As used herein, "a pharmaceutical-acceptable carrier" includes
any and all slvepts disparsionmedirecaatingsy stafilizing,Agenis AluGIts PESERALIYE .
antibacterial and antifungal agents, isotonic agents, adsorption delaying agents, and the like. Most

preferably,hgcampgsiienspiowded hergyith «caitain®HPRY-240R R Reoteindesrvered from the
supematant of in vitro cultured cells, wherein said cells were infected with a recombinant 10 viral

vestor CORRINOYRAVIA @R Far2 INARR e Riesst@IR G QRRs2piskein, angowhereigusaid cell
culture was treated with about 2 to about 8 mM BET, preferably with about 5 mM BEI to inactivate the

viral vectermahstarnedvilblentiicahcantigdion ciadaeuisabzabianagrnti prefatablysedipctiiosullate
solution to a final concentration of about 2 to about 8 mM, preferably of about 5 mM. 15
compositions. In some forms, a truncated or substituted form, or fragment of this PVC2
ORF-Zpolypeptide is used as the antigenic component in the composition. Preferably, such
truncated or substituted forms, or fragments will comprise at least 18 contiguous nucleotides
20 from the full-length PCV2 ORF-2 nucleotide sequence, ¢.g. of SEQ ID NO: 3 or SEQ ID
NO: 4. More preferably, the truncated or substituted forms, or fragments, will have at cast

30, more preferably at least 45, and still more preferably at least 57 contiguous nucleotides of

the full-length PCV2 ORF-2 nucleotide sequence, ¢.g. SEQ ID NO: 3 or SEQ ID NO: 4.



The present invention also relates to the use of an immunogenic composition for the prophylaxis or
treatment of PRDC or the reduction of any clinical signs associated with PRDC that comprises i) any of
the PCV2 GRIr230piinteins described above, preferably in concentrations geseriipgokaboyve, i) at least a
portion of the viral vector expressing said PCV2 20 ORF-2 protein, di) a portion of the cell culture, iv)
an inactivating agent to inactivate the recombinant viral vector preferably BET, and v) an neutralization
agent to stop the inactivation mediated by the inactivating agent, preferably sodium th sulfate in
equivaleribaqmenvatsden BT, and W) laswitablehadjtviatits preferaiblyidsithopak@éd inamounts described
above; wherein about 90% of the components ) to iii) have a size smaller than 1 WO
20081084401158GI¢ERA0O8/6500 1 BvAcoording: tea furitiestaspeet) this i munoede c edmpesition
further comprises a pharmaceutical acceptable salt, preferably a phosphate salt in physiologically
acceptablejooncentdtiopscRrefgrably, thep Haofizaid! imtunoy erficaompogitoceis adjusted to a
physiological pH, meaning between about 6.5 and 7.5. 5 The immunogenic composition as used
herein alstsrefers dsgoommsokitiopmhaitd thpises per b enio)tat fefsecs Wy whPCMRIORF-2 protein
described above, ) at least a portion of baculovirus expressing said PCV2 ORF-2 protein iii) a portion
of the ceficeuRifes havabser 2rbBHIMIBRT (9 BEUive thiodahate dpeEyuN aRNMCEFRGUREESYBET; and
vi) about 1 mg 10 Carbopol 971, and vii) phosphate salt'in a physiologically acceptable concentration;
wherein &be\taaninss e Be e MEER it THE e S sthdiidictian Yraim K8 tHéeprst-said
immunogenic composition is adjusted to about 6.5 to 7.5. The immunogenic compositions can further
include oEET oI BISE TGRS dtitatb B 15 G RHROSHIN a8 g & ttdhB LIGHERtE ri&fons, or

other cytokines. The immunogenic compagsitions can also include Gentamicin and Merthjolate. While

the amoufft§™it chedREATEAS RIFHI VAL ah 8 ity e TGP B S TOMBRL 5t tHEBTeSent

i ti di det ined by.the_ skilled arti th t] ti t

compostd S EuMBISI S AT HELLE 5o o B UG 2050 ot Ao S & bR tr 250 p o

he immunogenic‘,gom OSitiO]%?f%i segeh%ae]icrg_} also refers
iotics

0 dos?r? fctlgg \éaeg%p ?eg%rlpcgols}ltggg 're-g?rusbé Squence tovoiye. % Sefuence
toa com805| [on %haf comprises ffom ab0u‘f]fug/§m(illfo aboutod jig/m of ahti s, and more

preferably v 1R BOULAR A ALABINGNGS MR RI R HEEANEIORHET e
immunogeéenic ¢composition a used herein-alSo refers to a éomposnf%n that comprises’i) any of the

POV2 OREGBIA RN ASIRIRGHP RRYERIPRIABN, I SORCRNURIINS SRAEHPRAR0AYS, P least a

portion of the viral vector expressing said PCV?2 F-2 protein, a portion o cell culture 1v) an

inactivaling,aoepiia Dagivais 1R, EEAMRRRRGYirR! Veelon & PEReragNBES AR ¥ ap neytralization

agent to stop the inactivation mediated by the inactivating agent, preferably sodiim thiosulfate in

equivalent amoyptsiQ BRlevha suialle)adidyantePreferably SFabpRAt Hhin @meynts:gascrived

above; vii) a pharmaceutical acceptable concentration of a saline buffer, preferably of a phosphate

saK, and xil)y anRNtiARgRORiolagicakactiugade e ahosy 9091of thecarpanentss) 4o i) have a
size JOsmaller than The immunogenic composition as used herein also refers to IngelvacO

CireoFLEXJIMu(BoBvinger Jogeatheie Vaimadicadic, btslosemn) MQqLiad), Gisbaiaetiiierial SAS,
Lyon, France), Porcilis PCV (Intervet Inc., Millsboro, DE, USA), or Suvaxyn PCV-2 One 15 Dose.(r)
(Fort Dodggvérimall HeadtmdcaraasiCids K, WSaktdihbsshelpreSent inveniiomalSapigvitles a
method for the prophylaxis and treatment of porcine respiratory disease complex (PRDC) and/or any
clinical signs ipsaciated WithiNPRD Cipphadaiimial, 8miiiSing 268)stdp ofaabimgnisterindged are

therapeutically effective amount of PCV2 antigen or an immunogenic composition comprising an PCV2
antigen toeoranimdl iemeedyofeSurehctre atrefent;dvhetisids to determine the sequence identity are
20 designed to give the largest match between the sequences tested. Methods to determine
sequence identity are codified in publicly available computer programs which determine
sequence identity between given sequences., Examples of such programs mclude, but are not

limited to, the GCG program package (Devereux, J., et al, Nucleic Acids Research,

12(1):387 (1984)), BLASTP, BLASTN and FASTA (Altschul, S. F. etal,J. Molec. Biol.,
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20 wherein said immunogenic composition comprising an PCV2 antigen is Ingelvac(r) CircoFLEXTm,
CircoVact, Porcilis PCV and/or Suvaxyn PCV-2 One Dose(r), preferably it is Ingelvac(r) CircoFLEXIN.
WO 2008/08491hk6sTHEP2008/050012 As described above, PCV2 has beenidenifie@ddo be one
relevant causative agent of PRDC. Most of the pigs suffering from PRDC are positive for PCV2 (e.g.
Kim et al., Veterinary Journal (2003) 166: 251-256). The treatment of pigs with PCV2 antigen results in
reduction of the respiratory symptoms of PRDC (see Example 3). Thus according to a further aspect,
5 the pre3ehtiiventighoprovideiscaBhethiod fprctherprophyiixis anditibatfrent di(RIrcing telspiratory
disease complex (PRDC) and/or any clinical signs associated with PRDC in an animal, comprising the
step of agministébBihch dEhbtapedticdiyckife GivecamiouGf PTY/ X aiite B ohadamiDndgeric
composition comprising an PCV2 antigen to an animal in need of such treatment, wherein the PRDC
or the clidibat!sigr$ aEsoctarbd WitMPRO CHgrhrd 1560340 8idicdWitthortcabsat oy REVER aMoreover,
the present invention also provides a method for the prophylaxis and treatment of porcine respiratory
disease demipesitEREEdndrefcarieelinibadsigrecass ciatiethiith RR BQUanass asingatieoriprising the
step of administering a therapeutically effective amount of PCV2 antigen or an immunogenic
compositish vEaHdiherder POveddstidentehent dee afifcfieag ofdsusiy thsativrnseseipnthe PRDC
or 15 the clinical signs associated with PRDC is/are associated with or caused by PCV2 and PRRSV,
Actinobakifiigsre sFBpEGinofiba AlEHEHEI B hy dohawriSatds, BoidetdIr HroHeRiSeptiase Swine
influenza virus, tifycoplasma hyorhinis, Streptococcus suis and/or Pasteurella multocida. 20As PCV2 is
one of thgaggb%'ﬁi\lf@lﬁgé?ﬁse%?%é?%érﬂ@m@ﬁ A SRR BRSO BEu 3 HigheHi8Kso develop
PRDC or.to develop a more serious duration of PRDC wiH‘. erious clinical symptoms then PCV2 free
nerds. THACTEHA ekt P SO0 T0 HERPS® oo 0 S EHE e B HEE i TERTPES6R erably
10%, more preferably 30%, even morepreferahly 50%, most preferably 70% of the animals of a herd
are nfeckSiRD: BECBHRAT e (S AHG A 2CBm SH P CHEBIT0MEB0 1 BwE BEVS. This
d? S not Necess aril mean, r}h__at any. aﬁl&r&]ea&ot[{gfg% hef&&;‘?}@'ﬁs 1(:;Iirfi(}:aivs mptoms knawn to be caused
by CVZP%E%H as PMW8 61 PREE s aleor md% a further é)spéckt, e Brg entinvention also
provides 8 method a1 g propRAIRB AR Irealmen aLRoraing (SSRIGoR disease complex (PRDC)
and/or any clhinical signs asgomated with b PRDC in an animal, comprising fhe step of administering a

therapeulgaly effectiye AMRUILORGN AHIOR AIALIMMUNAGENS SPIROSIdon Gomprsioa an PCV2

antigen to an animal in"need of such treatment, wherein'the animal Belonging to a herd that is positive

for PCV%@%?%W@@&@%%@W/@&%H%@ix%kﬁﬁb@im@§§ﬁ9éﬁt%%Wé¥Qoaﬁngqéégc%?Hﬁe{g by PCV2.

10As PRDC and the clinical symiptoms of PRDC can also be lessened or reduced in the in animals

that are casinfgriedpii oet cavisRHYS RABGSSS, f ARGt RLesPHIRIEATRD dlggaarevides a

method for the prophylaxis and treatment of porcine respiratory disease complex (PRDC) and/or any
clisical sigias psaeciates Wit RRBCHamanital sampeising hensten phadeainistaing aso,
therapeutically effective amount of PCV2 antigen or an 15 immunogenic composition comprising an
PCV2 anigesdsananimainngeefsush teatneant wilereinthrianimatheforgingstpaherd that is
positive for PCV2 and one or more further pathogen(s) selected from the group consisting of PRRSV,
Mycoplashag by opaechzanide, rAfiinohacitlusple urbpiieumenias oBordeititenbscrghiseptica; Swine
influenza virus, Mycoplasma hyorhinis, Streptococcus suis and/or Pasteurella multocida. 20
PreferablysctiveaP BRD G' and2otamyirclinpealtgign © & dso cidtesh veithuPRBCcareqoanse driynPehiZeand at
least one other PRDC causing pathogen. The term "a herd that is positive for PCV2 and one or more
further patiogen (¥ seltevied-rgosithe grouprgensidtngrof RRREVIM ycaplasmd doyopreutiioniae,
Actinobacillus pieuropneumoniae, Bordetella bronchiseptica, Swine influenza virus, Mycoplasma
hyBrhinisie8repocogetrsuls andir Pastettelintitioue098/081 i PCTIERADNS/05300dd istthocida”,
as used herein means, that at least 10%, preferably 30%, more preferably 50%, even more preferably
70% of tHalegartYofba e RPRREMHIECIAYIBE be@bYhR Hifditetlld apgutnte WHTRGY deanfd Blease one
of the further pathogens lisle below. This does not necessaril(}/ mean, that any animal of the herd
devolps ERiTEERISyim proE Kbyt be vaugwiesB{prbly 2 Ardatusist BRBIEY thegafhtgen listed

above, e.g. PRDC. Preferably, the PRDC and/or any clinical signs associated with PRDC are caused
at least Wﬁ sequence, 1t is intended that the givén amino acid sequence of the polypeptide is

identical to the reference sequence except that the given polypeptide sequence may include
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PRDC does not only affect a defined number of animals it notally affects all animals of herd (the whole
herd). In other words, if at least one animal of a farm develops PRDC, the 10 causative agents of
PRDC are pyesistgniigresence within the live stock of that farm Thus acqargipsptasafwtber aspect,
the present invention also provides a method for the prophylaxis and treatment of porcine respiratory
disease complex (PRDC) and/or any clinical signs associated with PRDC in an animal, comprising the
step of administering a therapeutically effective amount of PCV2 antigen or an immunogenic
compositipnolH corafpridinguantd Q) 2-antiger:torafarabiat v teadiod sutchdreaticantywhetkin the
animal belonging to a herd that is positive for PCV2. Preferably, the PRDC and/or any clinical signs
associaté@WwithiPR2Card dausedrbycP GvhoTiedtesquéacherdinthdlids posiiyeofobRE\W2kimsused
herein means that at least 1% preferably 10%, more preferably 30%, even more preferably 50%, most
preferablyora¥#pofithecamintalhofiahetdlers ifféctenradeibborPéd 2 efectedkterbyrime With PCV2.
This does not necessarily mean, that any animal of the fan develops clinical signs known to be caused
by PCV2s&iuehcas Mty S ith RREE cPee farabiyatie sPRBETSacUer iy diinfeatdigns tsdbtiated with
PRDC are caused by PCV2. WO 2008/081015PCT/EP2008/050012 As PRDC and the clinical
syfpton &8t PRIOCIeRRAIEBEIeSsctdborrEruREd Trsthchiatin 6mas areqeetifiertEPwvith other
causative pathogens of PRIX, the present invention also provides a method for the prophylaxis and
treatmentdfis6reme ReEpttado Ry HisEa8E tHMPIRAFSREICY AHENBT afl) ERiCatsighEméddeiated with
PRDC in an animal, comprising 5 the step of administering a therapeutically effective amount of PCV2
antigen dF &AM RoBehic bompbSARsh BiFhERal? Fégv%famﬁgfgr%%ﬁ%iﬁfaﬁwﬁﬂf%éadof such
treatment, yv%e(ein the animal belonging to a fe%m that is positive for PCV2 and one or more further
pathogents) 8@%@%6?#{%05raw%%sf&ﬁﬁg 61 BRESVRAY LB Lt Ry SpRetifonid8ese
Actinobacfllus Pleur(;[zpt eum?niae, Bordetella bronchiseptica, Simian 10 influenéa virus, I\/I]gaioplasma

hyorhinis® SHESTCOECUS SIS Rt oi BRIeUrEY MUitdcitia  Brafeiihigt S PRBE LAY y clinical

S assacialed Wi AROG are caused PLLGKR and alicastone alher ERDG causing pathogen.
The termP*a herd that is positive for BEV2 Hid one or'more further parl‘thogen?s SR H8m the
group con i,?tincg,‘ (fiPtR§V, M oaq]las,ma opnewnomae, A{.:_ti_noba illus pleuro n wnoniae,
Bordetells B e S BE S

m”'tOCid%'{of%scHﬁﬁ%G%eéEbﬂp%%ﬁhﬁ?%é‘?é&ﬁ‘éﬂ@eos%qd%ﬁ%fee.r%%{f&%&, MQIgR'GickARlY PR, even more

preferably 70% of the animals of a herd are infected or become infected to any time with PCV2 and at

lease ong,of ihe fithen RANQIRNTdsLe-balow o 1fis ders ARkRRERSSATIIReaR, hakeRyaumal of the

herd devolps clinical symptoms known to be caused by PCV2 and at least one of te pathogen 20listed
above, e g RRBEnMatsmy derivadimmunityhasRaamshowniaconfsiacertain degree of
protection against PCV2 infection and clinical diseases associated with PCV2 infections. This
pratection has been shown to be titer dependent: higher titers are generally protective whereas lower
titers WO 2008/081015PCT/EP2008/050012 are not (McKeown et al., 2005; Clin. Diagn. Lab.
Immunol“d2;t3dy Hbalpe T heanead asitindy halftife incwednlingadhasheemesimatedstiodre 19.0
days and the window for PCV2- pass ve antibody decay within a population is relatively wide
(Opriessnig efcghe2064, ToSwdrentiealtbqisac: hard@6¢19 ol be presengaxotmatermgtaerived
antibodies not only may 5 confer a certain degree of protection against viral infections, which however
is not predigtablerdutaprayralsorbévkndwimtedsspair theveffoacy ofnmastuniZatiprentichasmsuyprisingly be
found, that the presence of anti-PCV2 antibodies, in particular of anti-PCV2 antibody titers of up to
1:20480,cdoes vrovtvaffecinthe e@fficabstiofties RV wrdadnaert. ik adeordirigtoafysharcaspect, the
present invention provides a method for the prophylaxis and 10 treatment of porcine respiratory
dibase demplexy(PRDIGaMEGIaiydlimieal Bidyipsdo clanedymithcPRID G4dnieg Wiinsaljueomprising the
step of administering a therapeutically effective amount of PCV2 antigen or an immunogenic
compositioieltiphsihg EHrmvesaniRiss t9an Bieterabln HesdorsueereraisrehbVingtabti-PCv2

antibodies, preferably wherein said animal has a detectable anti-PCV2 antibody titer of up to 1:100,
preferabl%f’*?né?éitﬁ%ﬁﬁdues or nucleotides in the reference sequence must match or comprise a

conservative substitution with another amino acid or nucleotide, or a number of amino acids

or nucieotides up to 15%, preferably up to 10%, even more preferably up to 5% of the total
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15 1:100, even more preferably of more than 1:250, even more preferably of more than 1:500, even
more preferably of 1:640 even more preferably of more than 1:750, most preferably of more than
1:1000. Preferadobysdhiase anti-PCV2 antibody titer is detectable and quantitiadeimsospacific
anti-PCV2 immune assay, preferably in the assay as described in Example 2. 20Methods for detection
and quantification of anti-PCV2 antibodies are well known in the art. For example detection and
guantification of PCV2 antibodies can be performed by indirect immunofluorescence as described in
Magar etaalin200Q), €siduck MetiRestiié) nb84niiBdiogr Magaret at. s 2300, tthiGomhPathahpd 23:
258-269. Further assays for quantification of antiPCV2 antibodies are described in Opriessnig et al.,
2006, 37thgkamgeahivie btingsefithe iyOhR2068/6816 1LERETVEP 2068106012 Anrevicgrsépsociation of
Swine Veterinarians. Moreover, example 2 also describes an indirect immunofluorescence assay, that
can be useiyses pefsan skilleidhinfiié.artempeeisay WFEdhtre\Viersial (eseies amer drpeatgrefistion of
doubt, anti-PCV2 titers as mentioned herein refer to those which are /can be estimated by the assay
as descrised B Examhpreansraptdrsnl (& ktatHmmbidigeneral aspect, the present invention
provides a method for prophylaxis of PRDC, preferably associated with or caused by PCV2, or for
reduction of clinical symptoms caused by or associated with PRDC in young animals, comprising the
step of administering an effective amaount of a PCV2 antigen to that young animal in need of such
10treatm@ntCOPNEtATE JORHE AMRMERICES !0 SRT HEFHH RIEHS 4 AURihAcidI F6Fif b S BB age.
Preferably, by the term young.animal, an animal of 1 to 20 days of age is meant. More preferably, the

term youly AR Fe Y 0o 3aH aiiHeaF P Y RS T Do e 8 VAT SRS S5 BFefEF BRPOT £ Hay of age
to 14 days of age, even more preferably of 1 tq 12 days of a ven.more preferably of 1 to 10 days
of age, SRR B REERP P I0s s B AgD<b i oTa ITEHBR B 195y S 8% ye, even

more prefera?lg/a%fll to 6 days of age, even more preferably of 1 to 5 days of age, even more
preferablbyl%]fl 0 &’ays of age, even more preferably of 1 to 3 days of age, even more preferably of 1

or day(s) of age, most preferably 20 to an animal of 1 day of age. Thus according to a further aspect,
the present invention provides a method for the prophylaxis of PRDC, preferably associated with or

caused by bf;Vg» %efﬁﬁsr%ﬂg%#o”1&%&!%”i?a%'ﬂ@‘%?%“%ﬂi‘?&dn%%% Aagciated mith ERRGin young

animals, comprising the step of administering an effective amount of a PCVZ ‘antigen to an animal of 1

to 22 days of agenAreferahln ol & 1o 20.0oys REAGR SRAIGPLISIBRNCAL biodR. R example,
2008/081015PCT/EP2008/050012 days of age, even more preferably of 1 to 14 days of age, even

more prefegf uefebmié%]dﬁa@&ffﬁa@,rﬁﬁﬁﬂlmfﬁfseﬁef@ratﬂm IR LQidays abagg.aMer mare

preferably of 1 to 8 days of age, even more preferably of 1 to 7 days of age, even more preferably of |

to 6 daysiof aggs pyERUResa R efefahlypiilitas daysiatagenevermale preterabbrok hiqddays of
age, 5 even more preferably of 1 to 3 days of age, even more preferably of 1 or 2 day(s) of age, most

preferablytat 1s oy lef-agesinmeeehofssuepidkeatmesh, For example evidence is given that
vaccination/treatment on 19 to 22 days of age show high efficacy of vaccination. Moreover,

vaccination/treatment at days 12 to 18 of age has also be shown to be very effective in reduction of
clinical symptoms associated with or caused by PRDC, reduction of overall viral 10load, reduction of
duration Bhuieaviayrdilayton onsethof drpmia, theighkgainnDuneida theyuliguity @EREYV Zoin the field most
of the young piglets are seropositve in respect
prophylaxis and treatment of porcine respiratory disease complex (PRDC) and/or any clinical
signs associated with PRDC in an animal, comprising the step of administering an effective
20 amount of PCV2 antigen or an immuncgenic composition comprising an PCVZ antigen to
that animal in need of such treatment, wherein said PCV2 ORF-2 protein 1s anyone of those,
described above. Preferably, said PCV2 ORF-2 protein is
1) a polypeptide comprising the sequence of SEQ ID NO: 5, SEQ ID NO: 6, SEQ

IDNO: 9, SEQ ID NO: 10 or SEQ ID NO: 11 of WO06/07065;
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to PCV2. Thus according to a further aspect, the present invention provides a method for the
prophylaxis of PRDC, preferably associated with or caused by PCV2, or for reduction of 15 clinical
symptoms cgpsedshig @i associated with PRDC in young animals having antirRe)asaséiadies,
perferably at the day of vaccination, comprising the step of administering an effective amount of a
PCV2 antigen to an animal of 1 to 22 days of age, preferably of | to 20 days of age, more preferably of
1 to 15 days of age, even more preferably of 1 to 14 days of age, even more preferably of 1 to 12 days
of age, evemnmore praferappyrofdetthdiGsdaysiof #ije [2thelenumarehprefbnatyydafdt0.8 days of age,
even more preferably of 1 to 7 days of age, even more preferably of 1 to 6 days of age, even more
preferably dfil to 5 daysohagesevawmore preferebhenideso i dayEwfitige, even more preferably of 1
to 3 days of age, even more preferably at 1 or 2 day(s) of age, most preferably at 1 day of age in need
of such treatment. Preferablyossic younenarimalssempniei tayiofoesicthenivitwastareny hee a
detectable anti- WO 2008/081015PCT/EP2008/050012 PCV2 antibody titer of up to 1:100, preferably
of more than 1:100 esfedetiortiprefeeasty of Mol thdiw1 256G @VeiNRofe PretdRADIY of.mBR: than
1:500, even more preferably of 1:640, even more preferably of more than 1:750, most preferably of
mére than 1:1000 atHSQI 6f vEEE AN/ tE & ERP B0A s cribed above, vaccination/treatment of
animals suffering from PRDC with PCV2 antigen resulted in shortening of viremic phase as compared
to non vacclated cHRIIPEMNaIRatTRES0ErAQY SHONEnTABBRE NS reuasy o3RS MhAYed to non
vaccinated control animals of the same species. Therefore, according to a further aspect, the present
invention 10 also profidesMéthod PortielGdamEnt or prophylaxis of PRDC, preferably associated
with or caused by PCV2, qr for reduction of clini mptoms caused by or associated with,a PRDC in
animals, cotprisingte SR BF 4ank ‘Fstjériﬁ@cg?f%ﬁ?%tivepgﬂb{gﬁ?xeg? eP@?fziﬁn?FgZ??% ét}i’ animal in
need of such treatnglent, Yvhereitn lﬁue tr?a&m?nttgjr RO hylaxis results in shortening of the viremi.a
phase of 5 or more aoé?/g,o fereiab f/%oc}[r More aey? even more 15 preferably of 7 or more days, even
e preferably of 8 or more days, even more prefably of.9, even more prefergbly of 10, eyen more
o erably o D, e L U R B L e
animals of a non-tregtg%%gnjsol group of the same species. 20In general, the vaccination of pigs

suffering from PRDC resulted’in a reduction in the loss of weight gain, reduction in clinical respiratory

signs such ag;coughang dysReneR. ashererdurglion i iremia, An cAME! eadile, vigmiggyand a

lower virus load. Therefore, acCording to a further aspect, the present invention provides a method for

the treatment or prB{?Ml%@eﬁfcpé%Ql%nR! rakly aspociagdowith. 6 caHSad MR GYFu i@ reduction
of clinical symptoms WO 20081081015PCT/EP2008/050012 associated with or caused by PRDC in

animals, comprisingifhe.ieRcet 3dRHjStenng.an affaative ampuns i PGy 3-ankgen to an animal in
need of such treatment, wherein said treatment or prophylaxis results in an improvement in

comparison to animals of a non-treated control group of the same species in a vaccine efficacy
parameter selected from the group 5 consisting of a reduction in the loss of weight gain, reduction in
clinical regspikaidly sighsosuiibsasieough gndcdyspinsaha shbdehduiatiompf viemiariaticeasfier end to
viremia, a lower virus load, or combinations thereof. = The term "an effective amount" as used herein
means b&¥ haiRimitea:tei anhanountick:d @gntigeng thatehCEEQIIB dldle IaeBEQaitwuhelresponse
in an animal, to which said effective dose of PCV2 antigen is administered. The amount that is
effective B&pemtigion the ingredients of the vaccine and the schedule of

20 According to a further aspect, PCV2Z ORF-2 protein is provided in the immunogenic
composition at an antigen inclusion level effective for inducing the desired immune response,
namely reducing the incidence of, lessening the severity of, or preventing or reducing PRDC
and/or any clinical symptoms associated PRDC. Preferably, the PCV2Z ORF-2 protein

inclusion level is at least 0.2 pg antigen / ml of the final immunogenic composition (ug/ml),
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administration. Typically, when an inactivated virus or a modified live virus preparation is 15 used in
the combination vaccine, an amount of the vaccine containing about 1020 to about 10" TCID50 per
dose, prefesgblysaposiniO" to about 10" TCID50 per dose, more preferablycahnoubddtocabout 10"
TCID50 per dose. In particular, when modified live PCV2 is used in the vaccines, the recommended
dose to be administered to the susceptible animal is preferably about 1 03' TCID50 (tissue culture
infective dose 50% end point)/dose to about 20 106'3 TCID50/dose and more preferably about 10"
TODso/deose:tprafecalt! § G8nm EGID302dosehdn géheralnthetdlantity ot @ntige il besbetwieen 0.2 and
5000 micrograms, and between 1010 and 10" TCID50, preferably between 1030 and 10" TCID50,
more prefecablyietwéeh t0mant05GEGIDEMTwhabpuriied antientis Usedy W Gtill more
2008/081015PCDEP2008/050012 Sub-unit vaccines are noally administered with an antigen inclusion
level of apefastbivofiroig ahtitiehpir dsze SPrerablyilithosbotrionsbly Gboured Mtidesdostill more
preferably with about 0.3 to about 200 jig/dose, even more preferably with about 0.35 to about 100
mg/dose; Stitkvratlaterapipirithlznmm obeys hb e so gl desa) stlomBre HretérabIy WRRA about 0.45
5 to about 30 mg/dose, still more preferably with about 0.6 to about 16 mg/dose, even more preferably
with abodbOur8-{5 EhehAd Figgdesey e BT BFaFiETer &9% fhtthb8uP £hytb GpsiilsHymese, still
more preferably with about 1.3 to about 3.0 ,ug/dose. Unexpectedly, it was found that the prophylactic
use of th@fﬁﬁﬁ%ﬁbg@m&%\lﬁa&m&w& JekriBled Spre s BAEERY P TethRition ocivfehl
symptoms caused by or associated with PRDC, preferably caus)ed aé)e st by PCV2 iii anjmals.
Morsove? nEARligRiR CEpBSNIOH e CErbAt HErdin 18dUERS e BeRLIBRCBI TR itluding a
later onset, a shorter duration, an earlier end of viremia, and a reduced viral load and its
immunosall.I’[S’BFés ive'T pact in animals suffering from PRDC, and thereby resulting in a higher level of
general disease 15resistance and a reduced incidence of PRDC. The composition according to the
invention may be applied intradermally, intratraeheally, or intravaginally. The composition preferably
may be appliedintramuseyiary, ornirapa saly. rgst praferablx amuseyiarly, Ingp gaimal body.
can prove a vanlgclgeous to appl%%é pharmaceutlcaf ompositions as described a dvevia an

intravengys.of bydrechiieRion IfLo JAIAFtASRIeR.F o sySigTic anplication. fhe dnfravengys.

intravascular, intramuscular, intranasal, intraarterial, intraperitoneal, oral, orintrathccal routes are

preferred 4 ofs agal apalicalion sane e lestersubeutinaousl. PRIIBbiDyRchiAneousY,

intracardially, intfalobatly, intramedullarly, intrapulmonarily or directly in or near the tisSue to be treated

WO 2008031 @15 RCHIEP2ZRPE0RNRQ12 (CORRRCHV G- RNDEr B bIRT NSV o SRIhRIIR| tiRRILE)-

Depending on the desired duration and effectiveness of the treatment, the compositions according to
the invenion may PR AMDINIsEredRICS arsexeal Snes/iso interteptifefaslinstamnceren a daily

basis for several days, weeks or months and in different dosages.

15 0.45 to about 30 pg/dose, still more preferably from about 0.6 to about 15 pg/dose, even
more preferably from about 0.75 to about & pg/dose, even more preferably from about 1.0 to
about 6 pg/dose, still more preferably from about 1.3 to about 3.0 pg/dose, even more
preferably from about 1.4 to about 2.5 pug/dose, even more preferably from about 1.5 to about
2.0 pg/dose, and most preferably about 1.6 pg/dose.

20
The PCV2 ORF-2 polypeptide used in the immunogenic composition in accordance with the
present invention can be derived in any fashion including isolation and purification of PCV2

ORF2, standard protein synthesis, and recombinant methodology. Preferred methods for

obtaining PCV2 ORF-2 polypeptide are provided in WOO06/072065, the tecachings and
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5 Preferably, at least one dose of the immunogenic composition as described above is intramuscularly
administered, to the subject in need thereof According to a further aspect, the PCV2 antigen or the
immunogenicocamEBsitian comprising any such PCV2 antigen as describedhereinssdsotted in and
administered at one (1) mL per dose. Thus, according to a 10 further aspect, the present invention
also provides a 1 ml immunogenic composition, comprising PCV-2 antigen as described herein, for the
treatment or prophylaxis of porcine respiratory disease complex (PRDC) and/or any clinical signs
associatedmwith FROG; hpnederablyycausaarayeP GV 2¢fiercnvinial sfscomiptisindgsthe step ot piadrinistering
an effective amount of a PC V2 antigen to that animal in need of such treatment. 15 According to a
further aspiéctauat lestoonw filirtheecadrhinistratioh ofebieesttomendode 6! thR ImrmidNdgenibrgbmposition
as described above is given to a subject in need thereof, wherein the second or any further
administratiosnisgiviin\at 16H8T-24 payBepEgond threrisiias obarihdorptemadivihistiatorgdpieferably, the
immunogenic composition is administered with an 20 immune stimulant. Preferably, said immune
stimulanereisasa AdeasQivice. pebmesaiily, At Teertescdalierimbie preseripy bt 1dHEe8%agad even more
preferably at least 7 days are in between the first and the second or any further administration of the
imfhune BHFHAIRE Py iy 90" ERARRATROSRIGIARDY GVBR BNRE KO BE)E praferann s days,
even more preferably 20, even more preferably at least 22 days beyond the initial administration of the
WO 20088 EG18PE FIRIPPEFRIBBHIPS PrShdyenic composition provided herein. A preferred immune
stimulant is, for example, keyhole limpet hemocyanin (KLH), preferably emulsified with incomplete
Freund's adjuvant (KLH/ICFA). However, it is herewith understood, that any other immune stimulant
known taﬁ%gerson skilled in the art can al;sg e useq. The term "immunetstimfglant" as used herein, 5
means any a%ﬁf%?%%lﬁ?pcc%ﬂ '&%lﬂﬁ)a att:sa‘ﬁb?rlggeé?l & immune Pe%ﬁgﬁl é),sblr% erélf)lf/o\rll\}ﬁhlgﬁstll itiating or
increasing a spegific, i onse, for example the immune response inst a specifi
pathogeﬁ% it %Pf?v%?h%%tlr{ggt% t%r(g{ gﬁ%irﬁf%sstcei)gﬁil % ?m%‘a‘n%ré%ﬁ?'u ant ncgl'gﬁlltgggfgnao%s%%%ilgﬁe present
inyention also relates to, the use of | inm eni 08}tiemnC ising PCV2
e T B o o B e e B B oy

disease }g&@&g RRRG) angier.amglinical Sion agsosiatedwith PRGN ananimalfarefgrably, the

PRDC or the clinical signs associated with PRDC are caused at least PCV2, more preferably in

combinatign with one. orymgre Aoverther pathagensiselasted o, the Sronp consitingRfihPRRSV,

Mycoplasma hyopneumoniae, Actinohacillus pleuropneumoniae, Bordetella bronchiseptica, Simian

influenzaguinys, Myseplasing Ryorhinks; SeRiRcossus-siisap/anRastaureNa mritogigadiore
preferably, the PCV2 antigen is a recombinant antigen, preferably PCV2 ORF-2, even more preferably
Ingelvac)EiFpfF LE XTdVo:20iIde banimaty asa He e herainomeans sWine|tpig appigleind hus, according
to a further aspect the present invention provides a method for the prophylaxis and treatment of
poscine respiratory disease complex (PRDC) and/or any clinical signs associated with PRDC in a pig,
comprising the step of administering a therapeutically effective amount of PCV2 antigen or WO
2008/08 INkkP adutz B2 08/ 05 0RA@n dspenyntige pieseompositidsm cprpiising anaRGY Xantigen to a pig
in need of such treatment. Preferably, the PRDC is caused at least by PCV2, preferably in combination
with at lepstphpifinther aetiolag ofggeritknowinaogaliser RROGp lexg FRRR Sxi Ny coplabmiz]
hyopneumoniae, Actinobacillus pleuropneumoniae, Bordetella bronchiseptica, Swine influenza virus, 5
Mycoplasiaastaseskinisd StidpbdoCcusisuisiand/opPastewgealia sultotigtbniRisfeiagiy, tiecPGV?2 antigen
or immunogenic composition comprising PCV2 antigen is anyone of those described supra, most
preferablynthant CV/REY T gati ¢8IntetvaicenDirtesFliE XTRPAGtion comprising an PCV2 antigen to

20 that animal in need of such treatment, wherein the PCV2 antigen is recombinant PCVZ ORF-
2, preferably a baculovirus expressed PCV2 ORF-2. Preferably those recombinant or

baculovirus expressed PCV2 ORF-2 having the sequence as described above.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The following examples set forth
preferred materials and procedures in accordance with the present invention. Although any methods
and materiaksostdas anequivalent to those described herein can be usedprinitiEezovaesoe pr testing of
the present invention, the preferred 15 methods, devices, and materials are now described. It is to be
understood, however, that these examples are provided by way of illustration only, and nothing therein
should be deemed a limitation upon the overall scope of the invention. EXAMPLE 1 20Preparation of
PCV2 OREkeZramtigepehiitiab@Fe toell cultuebdromalispuidinni g ercstarag sovahetgrawrriveExcell 420
media (JRH Biosciences, Inc., Lenexa, KS) in suspension in sterile spinner flasks with constant
agitationahefctituR§SVRetR gravwmaisind Clesirite @ B0mE. spisiverbiiaskscwityBitomss dasstiidExcell WO
2008/081015PCT/EP2008/050012 420 serum-free media. When the cells had multiplied to a cell
density oftDXE- 808t 1oGicallshnionhel Wersisplivestprewrvessels witld PplXAtikHehsigtemno.s - 1.5 x
106 celts/mL. Subsequent expansion cultures were gro in spinner flasks up to 36 liters in size or in
stainlessrseéeieblyrebe iseoBPUH B fteresiond perforEion PHdipscat 2ltwgovisiainatbsstbding, the
flasks were incubated at 27C for four hours. Subsequently, each flask was seeded with a recombinant
batulovitll¥ e8htaifiRGRREPE Y ORTEZS HeHEEehIBWO: 4). The recombinant baculovirus
containing the PCV2 ORF-2gene was generated as described in W006/072065. After being seeded
with the baculovirus, the flasks were then 10incubated at 27 2C for 7 days and were also agitated at

100 rpm during that time. The flasks used ventilated caps.to allow for air.flow, After incubation, the
resulting SipEHAN TR S HARISUBY SR FEBH AP B ave SRTBRLY e i eRAVAtad) The

supernatant was in gy t ckfy bringing its te rature totfi%{ 2C and binary ethlylenimine (BET) is
o o G TR T e B et R e R, iy

for 72 to 96 hrs..A 1.0 M. sodium thi Ifatc solution to give. a final oncentration, of 5 mM
A ﬁ ]f ast OI"En %Eiﬂl‘i VCC&OE‘ < ]’9 SSE]E%S&{??%%E }.’e'O ClI1, 111) &

apove, i St & (&) 31, 1
was addedto heutralize anyreg u fter inactivation, u with phosphate

ofl(er anflSRipePl.en dldRe 10 PRI AR A IS B8 NG LR ARSRSEAMRUREP ABRY! 16 U0

preferably BEL wherein about 90% of the components 1) to iii) have a size smaller than 1 um.,
Preferably, BEI is present in concentrations effective to inactivate the baculovirus, preferably

in an amount of 2 to about 8 mM BEI, preferably of about 5 mM BEL

15 The immunogenic composition as used herein also refers to a composition that comprises 1)
any of the PCV2 ORF-2 proteins described above, preferably in concentrations described
above, i) at least a portion of the viral vector expressing said PCV2 ORF-2 protein, iii) a
portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral vector
preferably BEI, and v) an neutralization agent to stop the inactivation mediated by the
20 inactivating agent, wherein about 90% of the components 1) to iii) have a size smaller than 1
um. Preferably, if the inactivating agent is BEI, said composition comprises sodium

thiosulfate in equivalent amounts to BEL
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200RF-2 antigen. WO 2008/081015PCT/EP2008/050012 EXAMPLE 2 Anti PCV-2 | mu o assay
PK15 (e.g. ATCC CCL-33) or VIDO R1 cells described in WO 02/07721,are seeded onto a 5 96 well
plate (abouts292080068.000 cells per wells). Cells are infected with a P@y2/iatatsahen
monolayers are approximately 65 to 85% confluent. Infected cells are incubated for 48 hours. Medium
is removed and wells are washed 2 times with PBS. The wash buffer is discarded and cells are treated
with cold 50/50 methanol/acetone fixative (-100 ullwell) for about 15 min at about -20C. The Fixative is
discardedtanpoilypsptatesanecaiptrisdd Seirad tonierives tfaporaine selumisaraples areprepared in
PBS, added to the plates and incubated to allow antibodies to bind if present in the serum samples for
about 1 snsresghid @ IRGYYitiofecternial dilupieie ol afoanti-RIEVoopUsisiemtaegativadofitrol sample
(Positive Control and Negative Control Samples) are run in parallel. The plates are then washed three
times wittdPBS 1l heopBS I GisEarday. Plateesarethekibtamethwitiran ¥6mersiaFSHAIHAMS 15 Swine
FITC conjugate diluted 1:100 in PBS and incubated for about 1 hr at 36.51C, which allows detection of
antibodig2 Bt BGR fettetheeis (A8 inktibatidn iMepdlatd, tHeieloplatddiirnslimotisd from

incubator, the conjugate is discarded and the plates arc washed 2 times with PBS. The plates were

read usirf@ERPTHIEROSES Y EHAS RIIGI AL AP OB ISR RAR IS BRIV G g At @S FhBEBRLVE Control
and Negative Control samples are used tg 20 monitor tUg telst_ s%{stem. If the controls are within
expected FAIGEEHERR TS GRE S RAUBIRROIR i Pdgald 10 YR EmBHRSE 94 dRvétirLOPHR S rum
antibody titers were pEj ulated using%kle highest dilution showing specific |FA r actiyit%/ and the
number GBS HOSRRLTIER AHASHE, S1S8008 SHARBINETS CAIALTRtE Ly 170 MBBRoHas

%1%% (%f PCV2 ORF-2

Reed-Muench.formula. WO 2008/081015PCT/EP2008/050012 EXAMPLE 3 Effi
gl e i e S e M iy AR e S

IS study was the

demonstration of the efficacy of Ingelvact GircoF L iR the control of BCMe ass giﬁgggggi hC. STUDY

PERFOF%Wln/&N](S%eTgﬁ%Bﬁ\;gHRO%é? Ii'gtgsgsbe onging to three consecutive week gro
comprisin : ximatel imals,were. i ed.intq th . The. ' were
T ked By s D b ol e (n=765)

and one PR WA

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

acid, among others.

“Adjuvants” as used herein, can include aluminium hydroxide and aluminium phosphate,

saponins ¢.g., Quil A, QS-21 (Cambridge Biotech Inc., Cambridge MA), GPI-0100 {Galenica

20



Group I: At study day 0 the pigs were vaccinated intramusculary at the age of approximately 20
days by a single dose of Ingelvacre CircoFLEX containing PCV2 150RF-2 protein as active substance
with an RP afglafpeogdoese of 1 0 and Carbopoll)) as adjuvant. Group 2: Thewarinos/gsaup received 1
ml of control article which contained PCV2 ORF-2 protein free cell culture supernatant and Carbopolt
as adjuvant. - Group 3: Untreated pigs. 20The study was terminated at the end of fattening (study
week 22). Parameters recorded Parameters recorded were as follows: - Individual body weight (all
animals) PWn2608/681 OlksP CTtER2008/058D 1, 2 wateguemty ahtdants' (@ll-emwaClinicatisigns (all
animals) - Mortality (all animals) - PCV2 vi.remia in serum: onset, end, duration of viremia, virus
load 5(1 F4tofstedyiamimelyrNegropsy ifevamldeadcen dutHmsize thapinighli pusdibhe) iDisdase
Situation at the Farm According to the disease history of the rearing and fattening farm, animals
experienped {0 @ispiarepyasy Mpomeonsiatetab hrrRoriinel Rushikkof) Bise 4esCBRped(PRDC)
from the middle of fattening onwards. These symptoms were accompanied by a reduced weight gain
(ADWG 750.tiBpdioan thapt igrireagetion ol aliseteionsracsby) duitabudsaciaftéRfsgp 6t Pathogens
that were considered to be involved in PRDC at that time were PCV2, PRRSV, Pasteurella multocida,
Botdetel RESFOPCPiSAtROLs 98 taEEas b Maf SHY PR RRi B tiFthady plant oils, ethyl oleate,

propylene glycol di~(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene glycol
dioleate; esters of branched fatty acids or alcohols, in particular isostearic acid esters, The oil
1s used in combination with emulsifiers to form the emulsion. The emulsifiers are preferably
nonionic surfactants, in particular esters of sorbitan, of mannide (e.g. anhydromannitol
10 oleate), of glycol, of polyglycerol, of propylene glycol and of oleic, isostearic, ricinoleic or
hydroxystearic acid, which are optionally ecthoxylated, and polyoxypropylene-
polyoxyethylene copolymer blocks, in particular the Pluronic products, especially L121. See
Hunter et al., The Theory and Practical Application of Adjuvants (Bd.Stewart-Tull, D. E. 8.).

JohnWiley and Sons, NY, pp51-94 (1995) and Todd et al., Vaccine 15:564-570 (1997).

15
For example, it is possible to use the SPT emulsion described on page 147 of "Vaccine
Design, The Subunit and Adjuvant Approach” cdited by M. Powell and M. Newman,
Plenum Press, 1995, and the emulsion MF59 described on page 183 of this same book.

20 A further instance of an adjuvant is a compound choscn from the polymers of acrylic or

methacrylic acid and the copolymers of maleic anhydride and alkenyl derivative.
Advantageous adjuvant compounds are the polymers of acrylic or methacrylic acid which are
cross-linked, especially with polyalkenyl ethers of sugars or polyalcohols. These compounds

are known by the term carbomer (Phameﬁropa Vol. 8, No. 2, June 1996). Persons skilled in
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15 study Mycoplastna hyopnewnoniae and I'vlycoplastna hyorhinis were additionally found to be
involved in this disease complex. Interestingly, results from this study give evidence for the fact that
both the PRR®M @@ the Alycoplasma hyopnetanoniae infection occurreceappximaoly4-6 weeks
before onset of PCV2 viremia. However, as the number of dead animals over the course of the study
and the frequency of respiratory symptoms before and 20after the onset of PCV2 vircmia reveal,
animals remained rather unaffected from these two infectious pathogens. RESULTS Body weiaht,
Weight ghinAveragdsDailizitelghtSG diatewy GR00S10B84 47 sRCT/ERAVBS/050042:Body might of the
two treatment groups was comparable at the time of study initiation. At study weeks 17 and 22 the
body weighssfitied/acbinaelydapyiis sigmificartiyekigh et i e dody! wesight. oftfreably
placebo-treated group (p --= 0.0007 and p <0.0001, respectively). 5 From study initiation, until study
week 22 vdoinatbdrahithalsy Henseaite o8 4idatib Faropdigitaran hlaelsoltesdiby HisHaRedrhis
corresponds to a 13 g/d higher ADWG in vaccinated animals from study initiation until study week 17
and a 18jrh#figHediamie meviidenateerEiimaint T Reutgifrarkradicps ik dhoneikorétBRmg period
(study week 7-22), the ADWG could thus be increased from 777 g/d in placebo-treated animals
(cOmpar &I th RiSEHEAN FETH6- 780 YRADWES (5808 g8ty FakaHateratinizdsvamie Fand Figure
1). Table I Cor%%%ison of Body weight, Wei%ht gain and ADWG (pooled data of all three week

groups) SR REI BRLEBEY e \Sroap i SIsASY VEEER 4 B UBTEEMEaR products

sold under the name Carbopol ; (BF Goodrich, Ohio, USA) are particularly appropriate.
They are cross-linked with an allyl sucrose or with allyl pentaerythritol. Among them, there
may be mentioned Carbopol 974P, 934P and 971P. Most preferred is the use of Carbopol, in
10 particular the use of Carbopol 971P, preferably in amounts of about 500 pg to about 5 mg per
dose, even more preferred in an amount of about 750 ng to about 2.5 mg per dose and most

preferred in an amount of about 1 mg per dose.

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

others.

20 Preferably, the adjuvant is added in an amount of about 100 ug to about 10 mg per dose.
Even more preferably, the adjuvant is added in an amount of about 100 ug to about 10 mg per
dose. Even more preferably, the adjuvant is added in an amount of about 500 ug to about 5

mg per dose. Even more preferably, the adjuvant is added 1n an amount of about 750 ug to
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Difference (IVP-CP) p-valuel) Live Body Weight 0 6.45 kg 6.59 kg 0.14 kg 0.1289 ns 7 25.79 kg 26.18
kg 0.39 kg 0.3955 us 12 50.63 kg 51.01 kg

WO 2008/081015 PCT/EP2008/050612

about 2.5 mg per dose. Most preferably, the adjuvant is added in an amount of about 1 mg

per dose.

Additionally, the composition can include one or more pharmaceutical-acceptable carriers,
5 As used herein, "a pharmaceutical-acceptable carrier” includes any and all solvents,
dispersion media, coatings, stabilizing agents, diluents, preservatives, antibacterial and
antifungal agents, isotonic agents, adsorption delaying agents, and the like, Most preferably,
the composition provided herewith, contains PCV2 ORF-2 protein recovered from the
supernatant of in vitro cultured cells, wherein said cells were infected with a recombinant
10 viral vector containing PCV2 ORF-2DNA and expressing PCV2 ORF-2 protein, and wherein
said cell culture was treated with about 2 to about 8 mM BEI, preferably with about 5 mM
BEI to inactivate the viral vector, and an equivalent concentration of a neutralization agent,
preferably sodium thiosulfate solution to a final concentration of about 2 to about 8 mM,
preferably of about 5 mM.
15
The present invention also relates to the use of an immunogenic composition for the
prophylaxis or treatment of PRDC or the reduction of any clinical signs associated with
PRDC that comprises i) any of the PCV2 ORF-2 proteins described above, preferably in
concentrations described above, ii) at feast a portion of the viral vector expressing satd PCV2
20 OREFE-2 protein, i11) a portion of the cell culture, iv) an inactivating agent to inactivate the
recombinant viral vector preferably BEI, and v) an neutralization agent to stop the
inactivation mediated by the inactivating agent, preferably sodium thiosulfate in equivalent
amounts to BET; and vi) a suitable adjuvant, preferably Carbopol 971 in amounts described

above; whercin about 90% of the components 1) to 1it) have a size smaller than 1 um.
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0.38 kg 0.9564 ns 17 78.29 kg 80.22 kg 1.93 kg 0.0007 *** 22 106.55 kg 109.77 kg 3.22 kg <0.0001
%% \Weight Gain 0-17 71.97 kg 73.51 kg 1.54 kg 0.0007***

WO 2008/081015 PCT/EP2008/650012

According to a further aspect, this immunogenic composition further comprises a
pharmaceutical acceptable salt, preferably a phosphate salt in physiologically acceptable
concentrations. Preferably, the pH of said immunogenic compasition is adjusted fo &

physiclogical pH, meaning between about 6.5 and 7.5.

The immunogenic composition as used herein also refers to a composition. that comprises per
one ml i) at least 1.6 ug of PCV2 ORF-2 protein described above, ii) at least a portion of
baculovirus expressing said PCV2 ORF-2 protein iii) a portion of the cell culture, 1v) about 2
to 8 mM BEIL, v) sodium thiosulfate in equivalent amounts to BEI; and vi) about 1 mg
10 Carbopol 971, and vii) phosphate salt in a physiologically acceptable concentration; wherein
about 90% of the components 1) to 1if) have a size smaller than | um and the pH of said

immunogenic composition is adjusted to about 6.5 to 7.5.

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

and more preferably less than about 30 pg/mi of antibiotics.
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0-22 100.22 kg 103.02 kg 2.80 kg <0.0001 *** ADWG 0-17 603 g/d 616 g/d 13 g/d 0.0007 *** 0-22
649 g/d 667 g/d 18 g/d <0.0001 *** 7-22

WO 2008/081018 POCT/EP2008/050612

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

10 smaller than 1 um,

The immunogenic composition as used herein also refers to Ingelvac® CircoFLEX™,
(Bochringer Ingelheim Vetmedica Inc, St Joseph, MO, USA), CircoVac® (Merial SAS,
Lyon, France), Porcilis PCV (Intervet Inc.,'MiHsboro, DE, USA), or Suvaxyn PCV-2 One
15 Dose® (Fort Dodge Animal Health, Kansas City, KA, USA). Thus, the present invention also
provides a method for the prophylaxis and treatment of porcine respiratory disease complex
(PRDC) and/or any clinical signs associated with PRDC in an animal, comprising the step of
administering a therapeutically effective amount of PCV2 antigen or an immunogenic
composition comprising an PCV?2 antigen to an animal in need of such treatment, wherein
20 wherein said mmmunogenic composition comprising an PCV2 antigen is Ingelvac®
CirceFLEXTM, CircoVac®, Poreilis PCV and/or Suvaxyn PCV-2 One Dose®, preferably it is

Ingelvac® CircoFLEX™.
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777 g/d 803 g/d 26 g/d <0.0001 *** 1) p-value ofst for comparison between groups, ns: not significant,
***gignificant p < 0.001 15 Viremia in Blood Vaccinated animals showed a slightly later onset of
viremia (1.5x¢aysibaden)ia significant earlier end of viremia (p < 0.0001), assigmifinanisiqster duration

of viremia (p < 0.0001), a 20significant lower number of positive sampling days per animal (p <0.0001)
and a significant WO 2008/081015PCT/EP2008/050012 generat reduction in the virus load (p
<0.0001). The highest proportion of viremic animals was observed at study week 17 with 75% viremic
animals iAshlesptaecebdgroup@ndl 128 Yearreimic Erimals: ionth eclaccinatechigroape B Td & RC.
Comparison of Viremia in Blood (pooled data of all three week groups) Study week Placebo- treated
Group (Mégﬁ)oﬁah@ipm@du@“mmg @xﬂgaﬁﬁ@ﬁeq@np,@itive for PCV2 (e.g. Kim et al., Veterinary
Journal (2003) 166, 251-256). The treatment of pigs with PCV2 antigen results in reduction
of the respiratory symptoms of PRDC (see Example 3). Thus according to a further aspect,
5 the present invention provides a method for the prophylaxis and treatment of porcine
respiratory disease complex (PRDC) and/or any clinical signs associated with PRDC in an
animal, comprising the step of administering a therapeutically effective amount of PCV2
antigen or an immunogenic composition comprising an PCV2 antigen to an animal in need of
such treatment, wherein the PRDC or the clinical signs associated with PRDC is/are
10 associated with or caused by PCV2. Moreover, the present invention also provides a method
for the prophylaxis and treatment of porcine respiratory disease complex (PRDC) and/or any
clinical signs associated with PRDC in an animal, comprising the step of administering a
therapeutically effective amount of PCV2 antigen or an immunogenic composition
comprising an PCV2 antigen to an animal in need of such treatment, wherein the PRDC or
15 the clinical signs associated with PRDC is/are associated with or caused by PCV2 and
PRRSV, Actinobacillus  pleuropneumoniae, Mvcoplasma  hyopneumoniae, Bordetella

bronchiseptica, Swine influenza virus, Mycoplasma hvorhinis, Streptococcus suis and/or

Pasteurella multocida.

20 As PCV2 is one of the causative agents of PRDC, herds which are positive for PCV2 bear a
higher risk to develop PRDC or to develop a more serious duration of PRDC with serious
clinical symptoms then PCV?2 free herds. The term “herd that is positive for PCV2” as used
herein means that at least 1% preferably 10%, more preferably 30%, even more preferably

50%, most preferably 70% of the animals of a herd are infected or become infected to any
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(CP-IVP) p-yalue2) Onset of viremia 104.4 days 105.9 days -1.5 days 0.3244 ns Endofviremia 138.7
days 123.3 days 15.4 days <0.0001 *** Duration of virema 34.3 days 17.4 days

WO 2008/081015 PCT/EP2008/056012

time with PCV2. This does not necessarily mean, that any animal of the herd devolps clinical
symptoms known to be caused by PCV2, such as PMWS or PRDC. Thus according to a
further aspect, the present invention also provides a method for the prophylaxis and treatment
of porcine respiratory disease compiex (PRDC) and/or any clinical signs associated with
5 PRDC in an animal, comprising the step of administering a therapeutically effective amount
of PCV2 antigen or an immunogenic composition comprising an PCV2 antigen to an animal
in need of such treatment, wherein the animal belonging to a herd that is positive for PCV2.

Preferably, the PRDC and/or any clinical signs associated with PRDC are caused by PCV2.

10 As PRDC and the clinical symptoms of PRDC can also be lessened or reduced in the in
animals that are co-infected with other causative pathogens of PRDC, the present invention
also provides a method for the prophylaxis and treatment of porcine respiratory disease
complex (PRDC) and/or any clinical signs associated with PRDC in an amimal, comprising
the step of administering a therapeutically effective amount of PCV2 antigen or an

15 immunogenic composition comprising an PCV2 antigen to an animal in need of such
treatment, wherein the animal belonging to a herd that is positive for PCV2 and one or more
further pathogen(s) selected from the group consisting of PRRSV, Mycoplasma
hvopneumoniae, Actinobacillus  pleuropneumoniae, Bordetella  bronchiseptica, Swine
influenza virus, Mycoplasma hyorhinis,. Streptococcus suis and/or Pasteurella multocida.

20 Preferably, the PRDC and/or any clinical signs associated with PRDC are caused by PCV?2
and at Ieast one other PRDC causing pathogen. The term “a herd that is positive for PCV2
and one or more further pathogen(s) selected from the group consisting of PRRSV,
Mycoplasma hyopneumoniae, Actinobacillus pleuropneumoniae, Bordetelia bronchiseptica,

Swine influenza virus, Mycoplasma hyorhinis, Streptococcus suis and/or Pasteurella
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16.9 days <0.0001

Mean Sum gE11 (log 22.7 7.1

10

15

20
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multocida”, as used herein means, that at least 10%, preferably 30%, more preferably 50%,
even more preferably 70% of the animals of a herd are infected or become infected to any
time with PCV2 and at lease one of the further pathogens liste below. This does not
necessarily mean, that any animal of the herd devolps clinical symptoms known to be caused
by PCV2 and at least one of the pathogen listed above, e.g. PRDC. Preferably, the PRDC

and/or any clinical signs associated with PRDC are caused at least by PCV2,

PRDC docs not only affect a defined number of animals, it normally affects all animals of
herd (the whole herd). In other words, if at least one animal of a farm develops PRDC, the
causative agents of PRDC are presistenly presence within the live stock of that farm. Thus
according to a further aspect, the present invention also provides a method for the
prophyiaxis and treatment of porcine respiratory disease complex (PRDC) and/or any clinical
signs associated with PRDC in an animal, comprising the step of administering a
therapeutically effective amount of PCV2 antigen or an immunogenic composition
comprising an PCV2 antigen to an animal in need of such treatment, wherein the animal
belonging to a herd that is positive for PCV2. Preferably, the PRDC and/or any clinical signs
associated with PRDC are caused by PCV2. The term “a herd that is positive for PCV2” as
used herein means that at least 1% preferably 10%, more preferably 30%, even more
préferabl.y 50%, most preferably 70% of the animals of a herd are infected or become
infected to any time with PCV2. This docs not nec-essaﬁiy mean, that any animal of the farm
develops clinical signs known to be caused by PCV2, such as PMWS or PRDC. Preferably,

the PRDC and/or any clinical signs associated with PRDC are caused by PCV?2.
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15.6 <0.0001 10) ***) gE: generale equivalents per 1111 2) p-value (of the Wilcoxon Mann-whitney
test fin comparison between groups), ns. not significant, ***significant, p < 0,001 Correlation of Viremia
in Blood witty8aghgMéeiasht L0Figure 2 illustrates the virus load in sample gnimalsfdeetintreatment
groups over the course of the study compared to the difference in live body weight (CP-IVP) of all
animals from both treatment groups on the respective weighing time points. When comparing the
curves for body weight difference with the bars representing the virus load, it becomes obvious that the
observed:diff@Bricesdnizodyniceiglynijetwsent TRBD Teatmartd grolpsdstudy weleksdlihiahd iS5 22) occur
after the onset of viremia (study week 14-16). While the virus load is decreasing after a peak at study
week 17 shendiffehehee irobothy wdighh behae erugpivvppaihdgeties it E4Sitgeuntibeheienahod:fattening. -
Together these data give evidence for a correlation between the observed higher body weight gain
developrbnt atosiddy wesitsot7fandh22rirethelyascimdtétarouy ahdehensepduaratodisrdclevel of
vire a WO 2008/081015PCT/EP2008/050012 Calculation of the Spearman rank coefficient confirmed
the existenewlok d15fddsticalsigaificahecsrstorrsstiednviidhiR@nd tietiffatepRBIRNEIght gain
development in placebo-treated animals at study weeks 17 and 22. A low body weight in
placebo-theafidePafimedeiEscens ctatdg ity st Bark5adEt, amongtdafalién’sf viréssta &hda high virus
load. 5 For vaccinated animals no such correlation could be found indicating that the higher body
weight inBHEWRESHALSBRINMER iSTRBFSEH: 3t LHAyaigRsceant SHBRET Bufkiendf HFémia as well
as of a lower virus lgad in blood. Frequency of Runts 10No significant differences in the frequency of

runts’ colifF B Wb SISt Bt RER RS 10RE TR ARt TARE T 151808 SIh e Gr die BREAySF the

respective weighing time points. After the onset of PCV2 viremia (study. 4-16), the frequency of
i WAL DR BB OB P B EE grb 2 g gy o PR, ArbboplE

hvopneumoniae, Actinobacillus  pleuropneumoniae, Bordetella bronchiseptica, Simian
10 mfluenza viras, Mycoplasma hyorhinis, Streptococcus suis and/or Pasteurella multocida.
Preferably, the PRDC and/or any clinical signs associated with PRDC are caused by PCV2
and at least one other PRDC causing pathogen. The term “a herd that is positive for PCV2
and one or more further pathogen(s) sclected from the group consisting of PRRSV,
Mycoplasma hyopneumoniae, Actinobacillus pleuropreumoniae, Bordetelia bronchiseptica,
15 Swine influenza virus, Mycoplasma hyorhinis and/or Pasteurella multocida”, as used herem
means, that at least 10%, preferably 30%, more preferably 50%, e‘v;en more preferably 70% of
the animals of a herd are infected or become infected to any time with PCV?2 and at lease one
of the further pathogens liste below. This does not necessarily mean, that any animal of the
herd develps clinical symptoms known to be caused by PCV2 and at least one of te pathogen

20 listed above, ¢.g. PRDC.

Maternally derived immunity has been shown to confer a certain degree of protection against
PCV2 infection and clinical discases associated with PCV2 infections. This protection has

been shown to be titer dependent: higher titers are generally protective whereas lower titers
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15Table 3: Comparison of the frequency of 'rums' (pooled data of all three week groups) Before Onset
of viremiaAfter onset of viretnia Study week 0 7 1217 22 CP 17.08% 11.16% 5.02% 3.57% 2.97% 1VP

17.17% 11.03%2m33%018.99% 2.23% PCT/EP2008/050012

are not (McKeown et al, 2005; Clin. Diagn. Lab. Immunol,; 12: 1347-1351). The mean
antibody half-life in weanlings has been estimated to be 19.0 days and the window for PCV2-
passive antibody decay within a population is relatively wide (Opriessnig et al. 2004, J.

Swine Health Prod. 12:186-191). The presence of maternal derived antibodies not only may

5 confer a certain degree of protection against viral infections, which however is not
predictable, but may also be known to mmpair the efficacy of immmunization. It has
surprisingly be found, that the presence of anti-PCV2 antibodies, in particular of anti-PCV2
antibody titers of up to 1:20480, docs not affect the efficacy of the PCV2 treatment. Thus
accerding to a further aspect, the present invention provides a method for the prophylaxis and

10 treatment of porcine respiratory discase complex (PRDC) and/or eny clinical signs associated
with PRDC in an animal, comprising the step of administering a therapeuticaily effective
amount of PCV2 antigen or an immunogenic composition comprising an PCV2 antigen to an

animal in need of such treatment having anti-PCV2 antibodies, preferably wherein said

animal has a detectable anti-PCV2 antibody titer of up to 1:100, preferably of more than

15 1:100, even more preferably of more than 1:250, even more preferably of more than 1:500,
even more preferably of 1:640; even more preferably of more than 1:750, most preferably of

more than 1:1000. Preferably, those anti-PCV2 antibody titer 18 detectable and quantifiable in

a specific anti-PCV 2 immune assay, preferably in the assay as described i Example 2.

20 Mecthods for detection and quantification of anti-PCV2 antibodies are well known m the art.
For example detection and quantification of PCV2 antibodies can be performed by indirect |
immunofluorescence as described in Magar et al., 2000, Can. I. Vet Res. ; 64: 184-186 or
Magar et al., 2000, J. Comp, Pathol.; 123: 258-269. Further assays for quantification of anti-

PCV2 antibodics are described in Opriessnig et al,, 2006, 37% Annuat Meeting of the
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P /.0000 0.6845 0.8147 0.6830 0.4082 P: p-value of t-tes for compar on between groups; p> 0.05 no
significant Clinical Signs 20Before onset of viremia predominant clinical signs were lamenesses,
cough and eiaythegodnds12% of animals). They occurred with equal frequergy imbotRoreatment
groups. Upon necropsy of dead animals and subsequent microbiological examination Streptococcus
.Suis was identified as possible infectious pathogen for lamenesses, Haemophilus parasuis and
Bordetella bronchiseptica were identified as possible infectious pathogens for cough and WO
2008/0810hbRGH /BRRROBIOD Q01 2vhae Melytia &riabeil Wdsndentifiediagpodsitite réasoibdoradiarrhea.
After the onset of viremia the predominant clinical symptoms observed in animals of both treatment
groups werereoughrandilamcressess8erdlagieal paredityamptysesdoiledherticinfedticusepathogens
and microbiological fndings upon necropsy revealed that PCV2 viremia was accompanied by a
(precedinghPRRSY apdMyodpiasmtal hsonantorisemif@siva Togeseenithdd G¥2ithesferinfectious
pathogens form part of PRDC which is considered to be the cause for the increased frequency of
coughind@atipsals zfle pthécambe eoivismhby. (Coaspares desthiblaeébemmatdd animals, the frequency
of cough and dyspnea in vaccinated 10 animals was reduced by 12.2% and 17.5%, respectively.
These findings are however without any statistical significance. The increased frequency of
lamenesses after the onset of viremia compared to the time before onset of viremia is most likely been
caused bYCRFEME Brirediesanie 6ReHs SlRChrthrinsombyNediaTeRssddss therssheddppdtatus and
affected both treatment %roups in the same way (p = 0.8321). Similarly, the frequency of other clinical

15finding¥ {BIAIATER OEKIR BbndFFSIRRLY: Aseariticstiny Wik (RHsBY diSienta RagegrrEes &dual

between the. two treatment groyps. . , . : .
cBmca symptoms ca%seH %y or associated with PRDC in young animals, comprising the step

of administering an effective amount of a PCV2 antigen to that young animal in need of such

10 {reatment.

The term “young animal”™ as used herein refers to an animal of 1 to 22 days of age.
Preferably, by the term young animal, an animal of 1 to 20 days of age is meant, More
preferably, the term young animal refers to an amimal of 1 to 15 days of age, even more
15 preferably of 1 day of age to 14 days of age, even more preferably of [ to 12 days of age,
even more preferably of | to 10 days of age, even more preferably of 1 to 8 days of age, even
more preferably of 1 to 7 days of age, even more preferably of 1 to 6 days of age, even more
preferably of 1 to 5 days of age, even more preferably of 1 to 4 days of age, even more
preferably of I to 3 days of age, even more preferably of 1 or 2 day(s) of age, most preferably
20 to an animal of 1 day of age. Thus according to a further aspect, the present invention
provides a method for the prophylaxis of PRDC, preferably associated with or caused by
PCV2, or for reduction of clinical symptoms caused by or associated with PRDC in young
animals, comprising the step of administering an effective amount of a PCV2 antigen to an

animal of 1 to 22 days of age, preferably of 1 to 20 days of age, more preferably of 1 to 13
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Mortality Before onset of viremia the mortality rate was comparable in both treatment groups 20
(vaccinated animals: 5.20%, placebo-treated animals 5.17%). After the onset of viremia

placebo-tregted@rimalsshad a significant higher mortality rate than vaccinateg-gnignatsdmaccinated
animals: 1.51%, placebo-treated animals: 3.68%, p = 0.0127). Compared to placebo-treated animals,

the mortality rate in vaccinated animals was reduced by 59%. WO 20081081015PCT/EP2008/050012
CONCLUSION The study has been conducted on a farm that showed typical symptoms of PRDC at

the late phaseDifatteningmt¢hedgetdd br 1otd d dvéeksqiiggdevetopetkr esiratdry &/ nptdds, an
increased mortality rate and a loss of weight gain. Upon serological and microbiological 5 screening
PCV2, PRRSY, ddycoplasme: pyofprelymeiide, |INMjeppidsima byarhinis anddPadiefiélia ddiencla were
identified as possible pathogens being involved in this disease complex. Compared to the
placebo-treagedesentrobigrptgictiab folbwitig Istaistidad significamofindintzdbweld noteddor the
vaccinated group: reduction of loss of weight gain reduction of mortality reduction of the duration of
viremi a ag@l eglierend o virsinial feluttersciithgcy v GarlclBefedbbtioh ofcchughisaridiaiispnca As
expected, no statistical significant differences could be observed with regard to the frequency of
'ruptssinCETEBECHiFERRR bR IrlMS? ke begfpicdltingisPrerRb el Togéwur thebadimaings allow the

following conclusions: ) ] o
preferably at 1 day of age in need of such treatment. For example evidence is given that

vaccination/treatment on 19 to 22 days of age show high cfficacy of vaccination. Moreover,
vaccination/treatment at days 12 to 18 of age has also be shown fo be very effective in
reduction of clinical symptoms associated with or caused by PRDC, reduction of overall viral

10 load, reduction of duration of viremia, delay in onset of viremia, weight gain.

Due to the ubiquity of PCV2 in the field most of the young piglets are seropositve in respect
to PCV2. Thus according to a further aspect, the present invention provides a method for the
prophylaxis of PRDC, preferably associated ﬁvith or caused by PCV2, or for reduction of
15 clinical symptoms caused by or associated with PRDC in young animalS having anti-PCV2
antibodies, perferably at the day of vaccination, comprising the step of adminmistering an
effective amount of a PCV2 antigen to an animal of 1 to 22 days of age, preferably of 1 to 20
days of age, more preferably of 1 to 15 days of age, even more preferably of 1 to 14 days of
age, even more preferably of 1 to 12 days of age, even more preferably of 1 to 10 days of age,
20 even more preferably of 1 to 8 days of age, even more preferably of 1 to 7 days of age, cven
more preferably of 1 to 6 days of age, even more preferably of 1 to 5 days of age, even more
preferably of 1 to 4 days of age, even more preferably of 1 to 3 days of age, even more
preferably at 1 or 2 day(s) of age, most preferably at 1 day of age in need of sauch treatment.

Preferably, said young animals, at the day of vaccination/treatment, have a detectable anti-
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201. The study has been conducted in a herd that got affected with PRDC at the middle to late phase
of fattening. PCV2 was clearly involved in this disease complex since respiratory symptoms, loss of

weight gaingnod@eeearease in mortality was only observed after the onsetof ¥rgmiasoWeO
2008/081015PCT/EP2008/050012 2. Vaccination of animals with Ingelvac CircoFLEXTm could reduce
or even prevent clinically relevant parameters that are related to PCV2 associated PRDC CLAIMS 1.
Use of recombinant PCV2 ORF2 protein or an immunogenic composition comprising recombinant
PCV2 OREX Dhrotefhodonite pfeparatidi®iaciredicing fosthehprophflaxiscandotreatofienbyf of  porcine
respiratory disease complex (PRDC) caused by PCV2 and at least one other PRDC causing pathogen
and/or manytielinicab8igyassooiatediwith PRDG catsed HPPCVe andaplebstoyecbthédPRDC
causing pathogen in an animal, wherein the clinical sign associated with PRDC is selected from the
group cosgistingrefedfagihland dyspriban 31650 growthredenrelasedferultbdficicitp, dethardpy, anorexia,
and/or a marked increase in mortality in the middle to late phase of fattening. 2. The use according to
claim 1, wirsiatiendrasgsigihe is administered to an animal in need of such treatment in a
therapeutically effective amount. 3. The use according to claim | or 2, wherein the cough and
dySpnea, are refractory to antibiotic therapy. 4. The use according to any one of claims | to 3, wherein
the at least one other PRDC causing pathogen is selected from the group consisting of PRRSV,
Mycoplaghathsapidurhetrac BHRERNE BIBKEhiSE el WiE THILdivza TRES Atihdtfatifius
pleuropneumonicte, Mycoplasma hyorhjnis, Streptococcus suis and/or Pasteurellzt muhocicia. 5. The
use acc-o?aﬂ%ftorw%énoﬁ%fﬁ% B4V FEre R e AhifFPAMBERSh GG SRERtRih R 8Sitive for

PCV2. 6. The use according to any one of clai 0 5, wherein the animal belonging to a herd that
is positivE T BCS NGBFe Sé?ﬁ?ﬁ&%ﬁ%ee%% o%éﬁ{’%)%eﬁ%}%%ﬁ ofh 8 é%‘ﬂﬁ%%&g?&ﬁ?é of

PRRSV, Mycoplasma hyopneumoniae, B{o_rdetella ronchis ‘Sgca, Swine influenza virus, lllycoplasma
yorhini OB OLAR S APRNETof DAEIS01 s T A0A 7 b JER ol ret Ay e o clms

100, wheren s, animalbelonging (s am NS BROSIVE BLBEVE 8. Thedse seeprding to any

‘ & Spi S &
one of claim to 7/, wherein the animal belongi O"a farm that IS [3) Sitive and one or more

further p%trhé’a%%é‘?ﬁfﬂf%'ﬁ?}?d&c{%}-ﬁ&%%%pe_‘%oﬁﬁ{ﬁc%‘% fa;ﬁgiﬁssééu —X%f'@%&'@%&%‘%@%'a&
Bordetella bronchiseptica, Swine influenza virus, Mycoplaszna hyorhints; Streptococcus .sttis and/or
Paaeureﬂﬁﬁwiﬁ?c&gﬁnals, comprising the step of administering an effective amount of a PCV2
antigen to that animal in need of such treatment, wherein the treatment or prophylaxis results
in shortening of the virernia phase of 5 or more days, preferably 6 or more day, even more
15 preferably of 7 or more days, even more preferably of 8 or more days, even more prefably of
9, even more preferably of 10, even more preferably of 12, even more preferably of 14, most

preferably of more than 15 days as compared to animals of a non-treated control group of the

same species.

20 In general, the vaccination of pigs suffering from PRDC resulted in a reduction in the loss of
weight gain, reduction in clinical respiratory signs such as cough and dyspenea, a shorter
duration of viremia, an ecarlier end to viremia, and a lower virus load. Therefore, according to
a further aspect, the present invention provides a method for the treatment or prophylaxis of

PRDC, preferably associated with or caused by PCV2, or for reduction of clinical symptoms
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9. The use according to any one of claims 1 to 8, wherein said recombinant PCV-2 ORF protein is a
recombinant baculovirus expressed ORF-2 of PCV2. 10. The use according to any one of claims | to
9, wherein theyraagnpinant PCV2 ORE2 protein is that included in Ingelvaetr)reie@hkdmieTM. 11. The

use according to any one of claims 1 to 10, wherein the animal is swine. SEQUENCE LISTING
PhoenixTemp59187.tmp.txt <110> BOEHRINGER INGELHEIM VETMEDICA INC <120>
TREATMENT OF PRDC IN PIGS <130> P01-2174 <160> 11 <170> PatentIn version 3.3 <210> 1
<211> 8 s2dd=EINRAI2d:3zadudifidial RRDO>ix 228maldlisimpriviodified Kozak sdedliandeg 400> 1
ccgccatg8 <210> 2
effective amount of PCV2 antigen to an animal in need of such treatment, wherein said
treatment or prophylaxis results in an improvement in comparison to animals of a non-treated
control group of the same species in a vaccine efficacy parameter selected from the group
5 consisting of a reduction in the loss of weight gain, reduction in clinical respiratory signs

such as cough and dyspenea, a shorter duration of viremia, an earlier end to viremia, a lower

virus load, or combinations thereof.

The term “an effective amount” as used herein means but is not limited to an amount of
10 antigen, that elicits or is abie to elicit an immune response in an animal, to which said

effective dose of PCV2 antigen is administered.

The amount that is effective depends on the ingredients of the vaccine and the schedule of
administration. Typically, when an inactivated virus or a modified live virus preparation is
15 used in the combination vaccine, an amount of the vaccine containing about 10°” to about
10°9 TCIDsy per dose, preferably about 10°Y to about 10%° TCIDsg per dose, more preferably,
about 10*? to about 10*° TCIDs per dose. In particular, when modified live PCV2 is used in
the vaccines, the recommended dose to be administered to the susceptible animal is
preferably about 107" TCIDs (tissue culture infective dose 50% end point)/dese to about
20 10 TCIDs¢/dose and more preferably about 10%° TCIDse/dose to about 10°7 TCIDsg/dose.
In general, the quantity of antigen will be between 0.2 and 5000 micrograms, and between
10*? and 10°° TCIDsy, preferably between 107 and 10°° TCIDs;, more preferably between

10" and 10°° TCIDso, when purified antigen is used.



<211> 6 <212> DNA <213> Artificial <220> <223> This is a recombinant Eco R1 sequence. <400> 2
gaattc6 <210>3 <211>713 <212>DNA <213>Porcine circovirus <400>3 cagctatgac gtatccaagg

aggcgttacc geagaagaagsacaccgcccc PCT/EP2008/050012

Sub-unit vaccines are normally administered with an antigen inclusion level of at least 0.2 ug
antigen per dose, preferably with about 0.2 to about 400 ng/dose, still more preferably with
about 0.3 to about 200 pg/dose, even more preferably with about 0.35 to about 100 pg/dose,
still more preferably with about 0.4 to about 50 pg/dose, still more preferably with about 0.45
5 to about 30 pg/dose, still more preferably with about 0.6 to about 16 ug/dose, even more
preferably with about 0.75 to about & pg/dose, even more preferably with about 1.0 to about 6

wg/dose, still more preferably with about 1.3 to about 3.0 ug/dose.

Unexpectedly, it was found that the prophylactic use of the immunogenic compositions
10 described supra, is effective for reduction of clinical symptoms caused by or associated with
PRDC, preferably caused at least by PCV2 in animals. Moreover, the antigenic composition
described herein reduces the overall circovirus load including a later onset, a shorter duration,
an carlier end of viremia, and a reduced viral load and its immunosuppressive impact in
animals suffering from PRDC, and thereby resulting in a higher level of general discase

15 resistance and a reduced 1ncidence of PRDC.

The composition according to the invention may be applied intradermally, intratracheally, or
intravaginally. The composition preferably may be applied intramusculatly or intranasally,
most preferably intramuscularly. In an animal body, it can prove advantageous to apply the
20 pharmaccutical compositions as described above via an intravenous or by direct injection into
target tissues, For systemic application, the intravenous, Intravascular, Intramuscular,
intranasal, intraarterial, intraperitoneal, oral, or intrathecal routes are preferred. A more local
application can be effected subcutancously, intradermally, mtracutancously, intracardially,

intralobally, intramedullarly, intrapulmonarily or directly in or near the tissue to be treated
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cgcagccatc 60 ttggccagat cctccgecge cgecectggce tegtccacce cegecaccgce taccgttgga 120 gaaggaaaaa
tggcatcttc aacacccgcc tctcccgeac cttcggatat actgtggaga 180 aggaaaaatg geatcttcaa cacccgcecte

tcccgcacct we 2008/081015 PCT/EP2008/050812

(commective-, bone-, muscle-, nerve-, epithelial tissue). Depending on the desired duration
and effectiveness of the treatment, the compositions according to the invention may be
administered once or several times, also intermittently, for instance on a daily basis for

several days, weeks or months and in different dosages.

Preferably, at lecast one dose of the immunogenic composition as described above is
intramuscularly administered to the subject in need thereof. According to a further aspect,
the PCV2 antigen or the immunogenic composition comprising any such PCV2 antigen as
described herein is bottled in and administered at one (1) mL per dose. Thus, according to a

i0 further aspect, the present invention also provides a I ml immunogenic composition,
comprising PCV-2 antigen as described herein, for the treatment or prophylaxis of porcine
respiratory disease complex (PRDC) and/or any clinical signs associated with PRDC,
preferably caused by PCVZ, in animals, comprising the step of administering an effective
amount of a PCV2 antigen to that animal in need of such treatment.

15
According to a further aspect, at least one further administration of at least one dose of the
immunogenic composition as described above is given to a subject in need thereof, wherein
the second or any further administration s given at least 14 days beyond the initial or any
former administrations. Preferably, the immunogenic composition is administered with an

20 immune stimulant. Preferably, said immune stimulant is given at least twice. Preferably, at
least 3 davs, more preferably at least 5 days, even more preferably at least 7 days are in
between the first and the second or any further administration of the immune stimulant.
Preferably, the immune stimulant is given at least 10 days, preferably 15 days, even more

preferably 20, even more preferably at least 22 days beyond the initial administration of the
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tcggatatac tgtgacgact 240 ttgttccccc gggagggggg accaacaaaa tctctatacc ctttgaatac tacagaataa 300
gaaaggttaa ggttgaattc tggccctgct cccccatcac ccagggtgat aggggagtgg 360 gctccactgc tgttattcta

gatgataact wo 2008/681015 PCT/EP2008/050012

immunogenic composition provided herein. A preferred immune stimulant is, for example,
keyhole limpet hemocyanin (KLH), preferably emulsified with incomplete Freund’s adjuvant
(KLH/ACFA). However, it is herewith understood, that any other immune stimulant 1;:110&11
to a person skilled in the art can also be used. The term “immune stimulant” as used herein,
5 means any agent or composition that can irigger the immune response, preferably without
initiating or increasing a specific immune response, for example the immune response against
a specific pathogen. It is further instructed to administer the mmmune stimulant in a suitable

dose.

10 The present mvention also relates to the use of a PCV2 antigen or an immunogenic
composition comprising PCVZ antigen for the preparation of a medicine for the prophylaxis
and treaiment of porcine respiratory disease complex (PRDC) and/or any clinical sign
associ.a’sed with PRDC in an animal. Preferably, the PRDC or the clinical signs associated
with PRDC are caused at ieast PCV2, more preferably in combination with one or more

15 further pathogens selected from the group consiting of of PRRSV, Mycoplasma
hvoprneumoniae, Actinobacillus  pleuropneumoniae, Bordetella bronchiseptica, Simian
influenza virus, Mycoplasma hvorhinis, Streptococcus suis and/or Pasteurella multocida.
More preferably, the PCV2 antigen is a recombinant antigen, preferably PCV2 OREF-2, even
more preferably Ingelvac® CircoFLEX ™.

20
The “animal” as used herein means swine, pig or piglet. Thus, according to a further aspect
the present invention provides a method for the prophylaxis and treatment of porcine
respiratory disease complex (PRDC) and/or any clinical signs associated with PRDC in a pig,

comprising the step of administering a therapeutically effective amount of PCV2 antigen or
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ttgtaacaaa ggccacagcc ctaacctatg 420 acccatatgt aaactactcc tcccgecata caatccccca acccttetec
taccactccc 480 gttacttcac acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540 aaaggaatca

gctttggctg wo 2008/081615 PCT/EP2008/050012

an immunogenic composition comprising an PCV2 antigen to a pig in need of such treatment.
Preferably, the PRDC is caused at least by PCV2, preferably in combination with at least one
further aetiologic agent known to cause PRDC, e.g. PRRSYV, Mycoplasma hyopneumoniae,
Actinobacillus  pleuropneumoniae, Bordetella  bronchiseptica, Swine influenza virus,
5 Mycoplasma hyorhinis, Streptococcus suis and/or Pasteurella multocida. Preferably, the
PCV2 antigen or immunogenic composition comprising PCV2 antigen is anyone of those

described supra, most preferably the PCV2 antigen is Ingelvac® CircoFLEX™.

10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following examples set forth preferred materials and procedures in accordance with the
present invention. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, the preferred
13 methods, devices, and materials are now described. It is to be understood, however, that
these examples are provided by way of illustration only, and nothing therein should be

deemed a limitation upon the overall scope of the mvention.

EXAMPLE ]

20 Preparation of PCVZ2 QRF-2 antigen

Imitial SF+ cell cultures from liquid nitrogen storage were grown in Excell 420 media (JRH
Biosciences, Inc., Lenexa, KS) in suspension in sterile spinner flasks with constant agitation,

The cultures were grown in 100 mL to 250mL spinner flasks with 25 to 150 ml. of Excell
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aggctacaaa cctctagaaa tgtggaccac gtaggcctcg 600 gcactgcgtt cgaaaacagt aaatacgacc aggactacaa
tatccgtgta accatgtatg 660 cttaaagacc tacaattcag

WO 2608/081015 PCT/EP2008/050012

420 serum-free media. When the cells had multiplied to a cell density of 1.0 - 8.0 x 10°
cells/mL., they were split to new vessels with a planting density of 0.5 - 1.5 x 10° cells/mL.
Subsequent expansion cultures were grown in spinner flasks up to 36 liters in size or in

stainless steel biorcactors of up to 300 liters for a period of 2-7 days at 25 - 29°C.

After seeding, the flasks were incubated at 27°C for four bours. Subsequently, cach flask
was seeded with a recombinant baculovirus containing the PCV2 ORF-2 gene (SEQ 1D NO:
4).  The recombinant baculovirus containing the PCV2 ORF-2gene was generated as
described in WOO06/072065. After being seeded with the baculovirus, the flasks were then
10 incubated at 27 + 2°C for 7 days and were also agitated at 100 rpm during that time. The

flasks used ventilated caps to allow for air flow.

After incubation, the resulting supematant were harvested, filtered m order to remove cell
debris and inactivated. The supernatant was inactivated by bringing its temperature to 37 +
15 2°C and binary ethlylenimine (BEI) 1s added to the supernatant to a final concentration of
5mM. The samples were then stirred continuously for 72 to 96 hrs. A 1.0 M sodium
thiosulfate solution fo give a final minimum concentration of 5 mM was added to neutralize
any residual BEL After inactivation, PCV2 ORF-2 buffered with phosphate buffer and
Carpopol was added to about 0.5 to 2.5 mg/dose. The final dose comprises about 16 pg PCV2

20 ORF-2 antigen.
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agaatttaat ccccacttaa accctaaatg aat 713 <210> 4 <211> 713 <212> DNA <213> Porcine circovirus
<400> 4 ccgccatgac gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagcecatc 60 ttggccagat

cctccgecgc GeLeasioaols PCT/EP2008/050012

EXAMPLE 2

Anti PCV-2 Immuno assav

PK15 {e.g. ATCC CCL-33) or VIDO R1 cells described in WO 02/07721,are seeded onto a

5 96 well plate (about 20.000 to 60.000 cells per wells). Cells are infected with a PCV2 isolate ,
when monolayers are approximately 65 to 85% confluent. Infected cells are incubated for 48

hours. Medium is removed and wells are washed 2 times with PBS. The wash buffer is
discarded and cells are treated with cold 50/50 methanol/acetone fixative (~100 ul/well) for

about 15 min at about -20°C. The fixative is discarded and the plates are air tried. Serial

10 dilutions of porcine serum samples are prepared in PBS, added to the plates and incubated to
allow antibodies to bind if present in the serum samples for about 1 hr at 36,5£1°C. In
addition, serial dilutions of an anti-PCV2 positive and negative control sample (Positive
Control and Negative Control Samples) are run in parallel. The plates are then washed three

times with PBS. The PBS is discarded. Plates are then stained with an comercial Goat anti-

15 Swine FITC conjugate diluted 1:100 in PBS and incubated for about 1 hr at 36.511°C, which
allows detection of antibodics bound to infected cells. After incubation is complcte, the
microplates are removed from incubator, the conjugate is discarded and the plates are washed

2 times with PBS. The plates were read using UV microscopy and individual wells reported

as positive or negative. The Postive Control and Negative Control samples are used to

20 monitor the test system. If the controls are within expected ranges the test results are
acceptable in regard to test method parameters. The serum antibody titers were calculated

using the highest dilution showing specific IFA reactivity and the number of wells positive

per dilution, or a 50% endpoimt is calculated using the appropriate Reed-Muench formula.
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tcgtccacce ccgecaccgce taccgttgga 120 gaaggaaaaa tggeatcttc aacacccgcec tctcccgeac cttcggatat
actgtcaagg 180 ctaccacagt cacaacgccc tcctgggegg tggacatgat gagatttaat attgacgact 240 ttgttccccc

099a99999w G 2008/081015 PCT/EP2008/650012

EXAMPLE 3

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

OBJECTIVE
5 The purpose of this study was the demonstration of the efficacy of Ingelvac® CircoFLEX in

the control of PCV2 associated PRDC.

STUDY PERFORMANCE
1542 conventional pigs belonging to three consecutive week groups, each comprising
10 approximately 500 animals, were mcluded into thg: study. The study animals were blocked by
weight and litter assignment and randomly assigned to one group of vaccinates (n=769) and
one control group (n=773).
- Group 1: At study day 0 the pigs were vaccinated intramusculary at the age of
approximately 20 days by a single dose of Ingelvac® CircoFLEX containing PCV2
15 ORF-2 protein as active substance with an RP of 1 (per dose of 1 ml) and Carbopol® as
adjuvant.
- Group 2: The control group received 1 ml of control article which contained PCV2
ORF-2 protein free cell culture supernatant and Carbopol® as adjuvant.
- Group 3: Untreated pigs.

20 The study was termmnated at the end of fattening (study weck 22).

Parameters recorded

Parameters recorded were as follows:

- Individual body weight (all anirals)
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accaacaaaa tctctatacc ctttgaatac tacagaataa 300 gaaaggttaa ggttgaattc tggccctgct cccccatcac
ccagggtgat aggggagtgg 360 gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420
WO 2008/081015 PCT/EP20688/050012

Frequency of ‘runts’ (all animals)

Clinical signs {all animals)

Mortality (all animals)
- PCV2 viremia in serum: onset, end, duration of viremia, virus load

5 (17% of study animals)

Necropsy {every dead or euthanized animal, if possible)

Disease Situation at the Farm

According to the disease history of the rearing and fattening farm, amimals experienced
10 respiratory symptoms related to the Porcine Respiratory Disease Complex (PRDC) from the
middie of fattening onwards. These symptoms were accompanied by a reduced weight gain
(ADWG 750-780g) and an increased mortality rate (5.5-6.6%) during the fattening period.
Pathogens that were considered to be involved in PRDC at that time were PCV2, PRRSV,
Pasteurella multocida, Bordetella bronchiseptica and occasionally SIV. For the course of this
15 study Mycoplasma hyopneumoniae and Mycoplasma hyorhinis were additionally found to be
mmvolved in this disease complex. Interestingly, results from this study give evidence for the
fact that both the PRRSV and the Mycoplasma hyopreumoniae infection occurred
approximately 4-6 weeks before onset of PCV2 viremia. However, as the number of dead
animals over the course of the study and the frequency of respiratory symptoms before and
20 after the onset of PCV?2 viremia reveal, animals remained rather unaffected from these two

infectious pathogens.

RESULTS

Body weight, Weicht cain, Average Daily Weight Gain
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Page 1 PhoenixTemp59187.tmp.txt acccatatgt aaactactcc tcccgccata caatccccca acccttctee
taccactccc 480 gttacttcac acccaaacct gttcttgact
WO 2008/081015 PCT/EP2008/050012

Body weight of the two treatment groups was comparable at the time of study mitiation. At
study weeks 17 and 22 the body weight of the vaccinated group was significantly higher than

the body weight of the placebo-treated group (p = 0.0007 and p < 0.0001, respectively).

5 From study initiation until study week 22 vaccinated animals had gained 2.8 kg more weight
than placebo-treated amimals, This corresponds to a 13 g/d higher ADWG in vaccinated
animals from study initiation until study week 17 and a 18 g/d higher ADWG in vaccinated
animals until study week 22. For the entire fattening period (study week 7-22), the ADWG
could thus be increased from 777 g/d in placebo-treated animals (comparable to historical

10 750-780 g/d ADWG) to 803 g/d in vaccinated animals (Table 1 and Figure 1).

Table 1: Comparison of Body weight, Weight gain and ADWG (pooled data of all three week

groups)
Study Placebo- Vaccinated | Difference p-value”
week | treated Group Group - (IVP-CP)
{LSMean) (LSMean)
Live 0 6.45 kg 6.59 kg 0.14 kg 0.1289 ns
Body 7 2579 kg 26,18 kg 0.39 kg 0.3955 ns
Weight 12 50.63 kg 51.01 kg 0.38 kg 0.9564 ns
17 78.29 kg 80.22 kg 1.93 kg 0.0007 w#¢
22 106.55 kg 109.77 kg 322 kg <0.000] ***
Weight 0-17 71.97 kg 7351 ke 1.54kg 0.0007 =&*
Gain 0-22 100.22 kg 103.02 kg 2.80 kg <(.0001 ***
ADWG 0-17 603 g/d 616 g/d 13 g/d 0.0007 #***
0-22 649 o/d 667 g/d I8 g¢/d <0.0001 ***
7-22 777 g/d 803 g/d 26 g/d <(.0001 ***
1) p-value of t-test for comparison between groups, ns: not significand, ***gignificant, p £ 0,001
15
Viremia in Blood
Vaccinated amimals showed a slightly later onset of viremia (1.5 days later), a significant
earlier end of viremia {p < 0.0001), a significant shorter duration of viremia (p < 0.0001), a
20 significant lower number of positive sampling days per animal (p < 0.0001) and a significant
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ccactattga ttacttccaa ccaaataaca 540 aaaggaatca gctttggctg aggctacaaa cctctagaaa tgtggaccac
gtaggcctcg 600 gcactgcgtt cgaaaacagt aaatacgacc aggactacaa tatccgtgta accatgtatg 660 tacaattcag
agaatttaat wo 2008/081015 PCT/EP2008/050012

general reduction in the virus load (p < 0.0001). The highest proportion of viremic animals
was observed at study week 17 with 75% viremic animals in the placebo group and 28 %

viremic animals in the vaccinated group.

5 Table 2: Comparison of Viremia in Blood (pooled data of all three week groups)
Study week Placebo- Vaccinated | Difference | p-value?
treated Group Group (CP-IVP)
(Mean) {(Mean)
Onset of viremia 104 4 days 105.9 days -1.5 days 0.3244 ns
End of viremia 138.7 days 123.3 days 15.4 days <0.0001
ok
Duration of virema 34.3 days 17.4 days 16.9 days <0.0001
ofe e o
Number of positive 4.3 days 1.4 days 2.9 days <0.0001
sampling days S
Mean Sum gE" (log 22.7 7.1 15.6 <0.0001
10) ok

Y oF: genomic equivalents per ml
3y p-value (of the Wilcoxon Mann-whitney test for comparison between groups), ns: not significant,
***gignificant, p < 0.001

Correlation of Viremia in Blood with Body Weicht

10 Figure 2 illustrates the virus load in sample animals of both treatment groups over the course
of the study compared to the difference in live body weight (CP-IVP) of all animals from
both treatment groups on the respective weighing time points. When comparing the curves
for body weight difference with the bars representing the virus load, it becomes obvious that
the observed differences in body weight between both treatment groups (study weeks 17 and

15 22) occur after the onset of viremia (study week 14-16). While the virus load is decreasing
after a peak at study week 17 the difference m body weight between groups 1s further
increasing until the end of fattening. Together these data give evidence for a correlation
between the observed higher body weight gain development at study weeks 17 and 22 in the

vaccinated group and the onset, duration and level of viremia.
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cttaaagacc ccccacttga accctaagaa ttc 713 <210> 5 <211> 233 <212> PRT <213> Porcine circovirus
<400> 5 Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 151015 Ser His Leo Gly
Gin lle Leu ¥g20dg0drgiPro Trp Leo Val His Pro 202530 Arg His Arg Tyr Acar/Bipddsg#ngalys Asn Gly

lle Phe Asn Thr Arg 354045 Leo Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr 505560
Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn lle Asp Asp Phe val
Calculation of the Spearman rank coefficient confirmed the existence of a statistical
significant correlation between viremia and the difference in weight gain development in
placebo-treated animals at study weeks 17 and 22. A low body weight in placebo-treated
animals was correlated with an early onset, a long duration of viremia and a high virus load.
5 For vaccinated animals no such correlation could be found indicating that the higher body

weight in the vaccinated animals is the result of a delayed onset and shorter duration of

viremia as well as of a lower virus load i blood.

Frequency of Runts

10 No significant differences in the frequency of ‘runts’ could be observed between the
vaccinated and the placebo-treated group on any of the respective weighing time points. After
the onset of PCV2 viremia (study week 14-16), the frequency of ‘runts’ was generally low in

both treatment groups (2.2-3.9%).

15 Table 3: Comparison of the frequency of ‘runts’ (pooled data of all three week groups)
Before Onset of viremia After onset of viremia
Study week 0 7 12 17 22
CP 17.08% 11.16% 5.02% 3.57% 2.97%
IVP 17.17% 11.03% 5.32% 3.99% 2.23%
P 1.0000 0.65845 0.8147 0.6830 0.4082

20

P: p-value of t-test for comparison between groups; p > 0.05 no significant

Clinical Signs

Before onset of viremia predominant clinical signs were lamenesses, cough and diarrhea (in
8-12% of animals). They occurred with equal frequency in both freatment groups. Upon
necropsy of dead animals and subsequent microbiological examination Streptococcus suis
was identified as possible infectious pathogen for lamencsses, Haemophilus parasuis and

Bordetella bronchiseptica were identified as possible infectious pathogens for cough and
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65707580 Pro Pro Gly Gly Gly Thr Asn Lys lle Ser lle Pro Phe Glu Tyr Tyr 859095 Arg lle Arg Lys Val
Lys Val Glu Phe Trp Pro Cys Ser Pro lle Thr 100105110 Gin Gly Asp Arg Gly Val Gly Ser Thr Ala Val
lle Leo Aspwspdsnsids120125 Phe Val Thr Lys Ala Thr Ala Leo Thr TyrpsspePradysosat Asn Tyr
230135140 ser Ser Arg His Thr lle Pro Gin Pro Phe Ser Tyr His Ser Arg Tyr 145150155160 Phe Thr
Pro Lys Pro Val Leu Asp Ser Thr lle Asp Tyr Phe Gin Pro 165170175 Asn Asn Lys Arg Asn Gin Leu
Trp Leo Arg Leo Gin Thr Ser Arg Asn 180185190 Val Asp His Val Gly Leo Gly Thr Ala Phe Glu Asn
Ser Lys TyeAdiptk05200205sGlnndisodias passilile iaspl dbiThrtvie Tyr Val Gin Phe Arg Glu Phe
210215220 Asn Leo Lys Asp Pro Pro Leo Lys Pro
After the onsét of viremia the predominant clinical symptoms observed in animals of both
treatment groups were cough and lamenesses. Serological periodic analyses for other
5 infectious pathogens and microbiological fndings upon necropsy revealed that PCV2 viremia
was accompanied by a (preceding) PRRSV and Mvcoplasma hyopneumaoniae infection.
Together with PCV2 these infectious pathogens form part of PRDC which is considered to be
the cause for the increased frequency of coughing animals after the onset of viremia,
Compared to the placebo-treated animals, the frequency of cough and dyspnea in vaccinated
10 animals was reduced by 12.2% and 17.5%, respectively. These findings are however without
any statistical significance. The increased frequency of lamenesses after the onset of viremia
compared to the time before onset of viremia is most likely been caused by chronic forms of
Streptococcus suis arthritis or by weaknesses of the joint apparatus and affected both
treatment groups in the same way (p = 0.8321). Similarly, the frequency of other clinical

15 findings (diarrhea, skin abnormalities, behaviour) after the onset of viremia was almost equal

between the two treatment groups.

Mortalitv

Before onset of viremia the mortality rate was comparable in both treatment groups
20 (vaccinated animals:; 5.20%, placecbo-treated amimals: 5.17%). After the onset of viremia

placebo-treated animals had a significant higher mortality rate than vaccinated animals

(vaccinated animals: 1.51%, placebo-treated animals: 3.68%, p = 0.0127). Compared to

placebo-treated animals, the mortality rate in vaccinated animals was reduced by 59%.
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225230 <210> 6 <211> 233 <212> PRT <213> Porcine circovirus <400> 6 Met Thr Tyr Pro Arg Arg
Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 151015 Page 2 PhoenixTemp59187.tmp.txt ser His Leu Gly
Gin lle Leu &g WagrodtgnPro Trp Leu Val His Pro 202530 Arg His Arg Tyr Ater/BiRdkmaegLys Asn Gly

lle Phe Asn Thr Arg 354045 Lea Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr 505560
Pro Ser Trp Ala Val Asp Met Met Arg The Asn lle Asp Asp Phe Val 65707580 Pro Pro Gly Gly Gly Thr
Asn Lys lle Ser lle Pro Phe Glu Tyr Tyr 859095 Arg lle Arg Lys val Lys Val Glu Phe Trp Pro Cys Ser
Pro lle TRIONCLUSION

The study has been conducted on a farm that showed typical symptoms of PRDC at the late

phase of fattening. At the age of 17 to 19 weeks pigs developed respiratory symptoms, an

mncreased mortality rate and a loss of weight gain. Upon serological and microbiological

5 screening PCV2, PRRSV, Mycoplasma hvopreunoniae, Mycoplasma hyorhinis  and

Pasteurella multocida were identified as possible pathogens being involved in this disease

complex.

Compared to the placebo-treated control group the following statistical significant findings

10 were noted for the vaccinated group:

reduction of loss of weight gain
- reduction of mortality
- reduction of the duration of viremia and carlier end of viremia
- reduction of the virus load
15 - reduction of cough and dyspnea
As expected, no statistical significant differences could be observed with regard to the

frequency of ‘runts’ since the occurrence of ‘runts’ is not a typical finding for PRDC.

Together these ﬁndéﬁgg allow the following conclusions:
20 1. The study has been conducted in a herd that got affected with PRDC at the middle to late
phase of fattening. PCV2 was clearly involved in this discase complex since respiratory
symptoms, loss of weight gain and an increase in mortality was only observed after the

onset of viremia.
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100105110 Gin Gly Asp Arg Gly val Gly Ser Thr Ala Val lie Lea Asp Asp Asn 115120125 Phe val Thr
Lys Ala Thr Ala Lea Thr Tyr Asp Pro Tyr Val Asn Tyr 130135140 Ser Ser Arg His Thr lle Pro Gin Pro
Phe Ser TymidiaoBgosdees Tyr 145150155160 The Thr Pro Lys Pro val Lea ikspiesdthsdie2Asp Tyr Phe
Gin Pro 165170175 Asn Asn Lys Arg Asn Gin Lea Trp Lea Arg Leta Gin Thr Ser Arg Asn 180185190
Val Asp His Val Gly Lea Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp 195200205 Gin Asp Tyr Asn lle Arg
Val Thr Met Tyr Val Gin Phe Arg Glu Phe 210215220 Asn Leu Lys Asp Pro Pro Lea Glu Pro 225230
<210> 7 x21Vacéhbioalds DiNAIs2L3k Argfleial® 220 FLEX"™ could reduce or even prevent

clinically relevant parameters that arc related to PCV2 associated PRDC
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<223> This sequence is from porcine circovirus type 2, open reading frame 2, together with a portion
from the pGEM T-easy vector. <400> 7 gcggccgcegg gaattcgatc cgccatgacg tatccaagga ggcgttaccg
cagaagaaga 60 caccgccccc gcagccatct tggccagatc ctccgecgece gecectggct cgtccaccee 120 cgecaccgcet
accgttggag aaggaaaaat ggcatcttca

CLAIMS

1. Use of recombinant PCV2 ORF2 protein or an immunogenic composition comprising
recombinant PCV2 ORF2 protein for the preparation of a medicine for the prophyiaxis
and treatment of

- porcine respiratory disease complex (PRDC) caused by PCV2 and at least one
other PRI causing pathogen

and/or

- any clinical sign associated with PRDC caused by PCV2 and at least one other
PRDC causing pathogen in an aniimal, wherein the clinical sign associated with PRDC is
selected from the group consisting of cough and dyspnea, slow growth, decreased feed
efficiency, lethargy, anorexia, and/or a marked increase in mortality in the middie to late

phase of fattening.

2. The use according to claim 1, wherein the medicine is administered to an animal in

need of such treatment in a therapeutically effective amount.

3. The use according to claim 1 or 2, wherein the cough and dyspnea, are refractory to

antibiotic therapy.
4, The use according to any one of claims 1 to 3, wherein the at feast one other PRDC

causing pathogen is selected from the group consisting of PRRSV, Mycoplasma

hyopneumoniae, Bordetella bronchiseptica,
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acacccgcct ctccegeacc 180 ttcggatata ctgtcaagge taccacagtc acaacgccct cctgggeggt ggacatgatg 240
agatttaata ttgacgactt tgttcccccg ggagggggga ccaacaaaat ctctatacce 300 tttgaatact acagaataag
aaaggttaag

Swine influenza virus, Actinobacillus pleuropneumoniae, Mycoplasma hyorhinis,

Streptacoccus suis and/or Pasteurella muliocida.

5. The use according to any one of claims | to 4, wherein the animai belonging to a herd

that is positive for PCVZ.

6. The use according to any one of claims 1 to 5, wherein the animal belonging to a herd
that is positive for PCV2 and one or more further pathogen(s) selected from the group
consisting of PRRSV, Mycoplasma hyopneumoniae, Bordetella bronchiseptica, Swine

influenza virus, Mycoplasma hyorhinis, Streptococeus suis and/or Pasteurella multocida.

7. The use according to any one of claims | to 6, wherein the animal belonging to a farm

that is positive for PCVZ,

8. The vse according to any one of claims | to 7, wherein the animal belonging to a farm
that is positive for PCV2 and one or more further pathogen(s) selected from the group
consisting of PRRSY, Mycoplasma hyoprneumoniae, Bordetella bronchiseptica, Swine

influenza virus, Mvcoplasma hyorhinis, Streptococcus suis and/or Pasteurella multocida,

9. The use according to any one of ¢laims 1 to 8, wherein said recombinant PCV-2 ORF

protein is a recombinant baculovirus expressed ORF-2 of PCV2,
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gttgaattct ggccctgctce ccccatcace 360 cagggtgata ggggagtggg ctccactgcet gttattctag atgataactt
tgtaacaaag 420 gccacagccc taacctatga cccatatgta aactactcct cccgecatac aatcccccaa 480 cecttctect
accactcccg

0. The use according to any one of claims 1 to 9, wherein the recombinant PCV2 ORE2

protein is that inciuded in Ingelvac® CircoFLEX™,

11. The use according to any one of ciaims | to 10, wherein the animal is swine.



ttacttcaca cccaaacctg ttcttgactc cactattgat 540 tacttccaac caaataacaa aaggaatcag ctttggctga
ggctacaaac ctctagaaat 600 gtggaccacg taggcctcgg cactgcgttic gaaaacagta aatacgacca ggactacaat 660
atccgtgtaa

SEQUENCE LISTING

PhoenixTempS9187. tmp. txt

<11{Q> BOEHRINGER INGELHEIM VETMEDICA INC

<120> TREATMENT OF PRDC IN PIGS

<130> POL-2174

<160> 11

<170>. PatentIn version 3.3

<210> 1

<211> 8

<212> DNA

<213> Artificial

<220> ) L

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

<400> 1

ccgecatg 8

<210> 2

<211> 6

<212> DNA

<213> Arvificial

<220> o )

<223> This is a recombinant Eco R1 sequence.

<400> 2

gaattc 6

<210> 3

<21ls> 713

<212> DNA . .

<213> Porcine circovirus

<400> 3

cagctatgac grarccaagyg aggegttace gcagaagaag acaccgcece cgecagecatce 60
ttggccagat cciccgeege cgoccctgye tegtecacce cogecaceyge taccgttgga 120
gaaggaaaaa tggcatcttc aacaccegec tctcccgeac cttcggatat actgtggaga 180
aggaaaaatg gcatcttcaa cacccgectc tecegcacct tcggatatac tgtgacgact 240
ttgticcocce gggaggggog accaacaaaa tctctatace ctttgaatac tacagaataa 300
gaaaggttaa ggttgaattc tggccctget cccccatcac ccadggtgat aggggagtagg 360
gctccactgc tgttattcta gatgataact titgtaacaaa ggccacagce ctaacctatg 420
acccatatgt aaactactec teccgecata caatocccca acccttctee taccactcec 480
gttacttcac acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540
aaaggaatca getttggetg aggctacaaa cctctagaaa tgtggaccac gtaggcctcg 600
gcactgegtt cgaaaacagi aaatacgacc aggactacaa tatccgtgta accatgtatg 660
tacaattcag agaatttaat cttaaagacc ccccactftaa accctaaaty aat 713
<210> 4

<211> 713

<212> DNA . .

<213> Porcine circovirus

<400> 4

ccgccatgac gratccaagg aggegttacc gcagaagaag acaccgoccCC cgcagecate 60
ttggccagat cctecgooge cgocectgge togtccacce cegacadccge taccgttgga 120
gaaggaaaaa tggcatcttc aacacccgec tctcccgcac cttcggatat actgtcaagg 180
ctaccacagt cacaacgccc tcctgggegg tggacatgat gagatttaat attgacgact 240
ttgttccece ggyagyoggg accaacaaaa tctctatacce ctttgaatac tacagaataa 3090
gaaaggttaa ggttgaattc tggccctget cccccatcac ccagggtgat aggoegagtgg 360
gctccactge tgttattcta gatgataact ttgtaacaaa ggecacagcce ctaaccratg 420
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acccatatgt
gitacttcac
aaaggaatca
gcactgcgtt
tacaattcag

aaactactec
acccaaacct
gctttggctg
Cgaaaacagt
agaatttaat

PhoenixTemp59187. tmp. txt

tcoegecata
gttcttgact
aggctacaaa
aaatacgacc
cttaaagacc

caatccceea
ccactattga
cCtetagaaa
aggactacaa
ccccacttga

acccttctae taccactece
ttacticcaa ccaaataaca
tgtggaccac graggecicy
tatccgtgta accatgtatg
accctaagaa tic

ccatgtatgt acaattcaga gaatttaatc ttaaagaccc cccacttgaa 720 ccctaagaat tctatcacta gtgaattcgc ggccgce
756 Page 3 <210> 8 <211> 10387 <212> DNA <213> Attificial

480
540
600
660
713

<2i0> 5
<211> 233
- <212> PRT
<213> Porcine circovirus

<400> 5

?et Thr Tyr Pro Arg Arg Arg Tyr ‘Arg Arg ?rg Arg His Arg Pro Arg
5 10 1

Ser His Leu Gly GIn Ile Leu Arg Arg égg Pro Trp Leu val His Pro
20 25

Arg His Arg Tyr Arg Trp Arg Arg LysSAsn Gly Ile Phe Asn Thr Arg
35 40 4

LeuSSer Arg Thr ng Gly Tyr Thr6ga1 Lys Ala Thr Thr val Thr Thr

Pro Ser Trp Ala val Asp Met mMet Arg Phe Asn Ile Asp Asp Phe val
65 70 75 80

Thr Asn Phe Glu

90

Lys val
105

pro Pro Gly &1y Gly Lys ITe Ser Ile Pro Tyr Tyr
85 95

Glu Phe Trp Pro Cys Ile Thr

110

Arg Ile Arg Lys val Ser Pro
100

Ser Thr Ala val 1le
125

Gln Gly Asp Arg Gly val Gly Leu Asp Asp Ash
115 120

rhe val
130

Thr Lys ala Thr Ala val

135

Leu Thr Tyr Asp Pro Tyr Asn Tyr
140

ser Ser His

145
Phe Thr

Arg His Thr Ile Pro Gigsgro phe Ser Tyr Ser Arg Tyr
0

15 160

Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro
165 170 175

Asn Asn LyS Arg Asn Gin Leu Trp Leu Arg beu Gln Thr Ser Arg Asn
19

180 185
Lys Tyr Asp

val Asp His val Gly Leu Gly Thr Ala pPhe Glu Asn Ser
195 200 205

Gin_Asp Tyr Asn Ile Arg val Thr Met Tyr val Gln Phe Arg Glu Phe
210 215 220

Ash Leu Lvs Asp Pro Pro Leu Lys Pro
225 230

<210> 6

<211> 233

<212> PRT _

<213> Porcine circovirus

<400> 6

Met Thr TyrSPro Arg Arg Arg Tyr Arg Arglérg Arg His Arg Pro Arg
1 1
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PhoenixTemp59187.tmp.txt <220> <223> This is the porcine circovirus type 2, ORF-2construct, which
includes baculovirus and pGEM T-easy coding sequences. <400> 8 aagctttact cgtaaagcga gttgaaggat
catatttagt tgcgtttatg agataagatt60 gaaagcacgt gtaaaatgtt tcccgcgcegt tggcacaact atttacaatg
cggccaagtt120 ataaaagatt ctaatctgat atgttttaaa acacctttgc ggcccgagtt gtttgcgtac180 gtgactagcg
aagaagatgt gtggaccgca gaacagatag taaaacaaaa ccctagtatt240 ggagcaataa tcgatttaac caacacgtct
aaatattatg atggtgtgca ttttttgcgg300 gcgggcctgt tatacaaaaa aattcaagta cctggccaga ctttgccgece
tgaaagcata360 gttcaagaat ttattgacarhggthaaagia ditasagaaa agtgtcccgg catgttggtg420 ggcegtgeact
geacacqrog laltaatege acanliacs lggialaran arRIaginsid acasediag gtatioegee geaggaagee

atagatagat tcgagaaagc cagaggtcac540 aaamtigaaa gacaaaatta cgttcaagat ttattaattt aattaatatt

atttgcafichQ9s tiipgcaaal actiatcct afiticaaat igitgegci cligeagega,aceaaaactabeo tgcticgett geteegtita
gcttgtagcc gatcagtggce gttg#ecaa tcgacggeag /20 gattaggeceg gatattctce accacaatgt tggcaacgtt

gatgiiacgt UgtgeiiitR0 gQtiineas O'AROIGIH I900PQ01aR tAYCGEHaAR cataTtgecy tegegegteasdo
cgcacaacae cggatgtttg ¢gcttgtccg cggdggtattg aaccgcgega tccgacaaat900

Pro Ser Trp Ala val Asp Met Met Arg Phe Asn Ile Asp Asp Phe val
65 70 75 80

Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro Phe Glu Tyr Tyr
85 a0 95

arg Ile ?68 Lys val Lys val Pro Ile Thr

105
GIn Gly Asp Arg Gly val Gly
115 120

Glu Phe Trp Pro Cys Ser
110

ser Thr Ala val Ile Leu
125

AsSp Asp Asn

phe val Thr Lys A?agghr Ala val Asn Tyr
1

Ley Thr Tyr Asp Pro Tyr
130 140

Ser Ser Arg His Thr Ile Pro ser
150

Gin Pro Phe Ser Tyr His
145

155 160

Phe Thr Pro Lys Pro val Leu Asp Ser Thr Ile Asp Tyr
: 165 170 175

Arg Tyr

Phe Gln Pro

Asn Asn Lys Arg Ash GIn Leu Trp Leu Arg Leu Gin Thr Ser Asn
185 190

180
val Asp His val Gly teu Gly Thr Ata Phe Glu Asn Ser
195 200 205

Arg

Lys Tyr Asp

Gin Asp Tyr Asn I'te Arg val Thr Met Tyr val GIn phe Glu pPhe
210 215

220

Arg

Asn Leu Lys

Asp Pro Pro Leu Glu Pro
225 - 230

<210> 7

<211> 756

<212> DNA

<213> Artificial

<220>
<223> This sequénce is from porcine circovirus type 2, open reading

frame 2, together with a portion from the pGEM T-easy vector.

<400> 7

gcggecgegy gaattcgatc cgccatgacg tatccaagga ggogtiaccg cagaagaaga 60
caccgcecee gcagecatct tggccagatc ctccgecgee goccetgget cgtcecaccce 120
cgccaccgct accgrtggag aaggaaaaat ggeatcttca acacccgect ctccegeace 180
ttcggatata ctgtcaaggc taccacagtc acaacgecct cctgggcggt goacatgatg 240
agatttaata ttgacgactt tgttcccccd ggagygagga ccaacaaaat ctctataccc 300
tttgaatact acagaataag aaaggttaag gttgaatict ggccctgcte ccccatcacc 360 .
cagggtgata ggggagtggg ctccactgct gttattctag atgataactt tgtaacaaag. 420
gccacagecc taacctatga cccatatgta aactacteoct cccoccatac aatccecccaa 480
ccettotect accactecceg ttacttcaca cccaaacctg ttcttgacte cactattgat 540
tacttccaac caaataacaa aaggaatcag ctttggctga ggctacaaac ctctagaaat 600
gtggaccacg taggcctcgg cactgegttc gaaaacagta aatacgacca ggactacaat 660
atccgtgtaa ccatgtatgt acaattcaga gaatrttaatc ttaaagaccc cccacttgaa 720
ccctaagaat tcetatcacta gtgaattcgo ggocge 756
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ccaccacttt ggcaactaaa tcggtgacct gcgcegtcttt tttctgcatt atttcgtctt960 tcttttgcat ggtttcctgg aagcecggtgt
acatgcggtt tagatcagtc atgacgcgceg 1020 tgacctgcaa atctttggcc tcgatctgct tgtccttgat ggcaacgatg
cgttcaataa 1080 actcttgttt tttaacaagt tcctcggttt tttgcgccac caccgcttge agcgcegtttg 1140 tgtgetcggt
gaatgtcgca atcagcttag tcaccaactg tttgctctcc tcctceegtt 1200 gtttgatcge gggatcgtac ttgececggtgce
agagcacttg aggaattact tcttctaaaa 1260 gccattcttg taattctatg gcgtaaggca atttggactt cataatcagc
tgaatcacgc 1320 cggatttagt aatgagcact gtatgcggct gcaaatacag cgggtcgcecc cttttcacga 1380 cgctgttaga
ggtagggccc ccattttgga tggtctgctc asrtaacgadnigtatiatiipd4ortgtctacatg aacacgtata gctttatcac aaactgtata
ttttaaa %fag%gﬁggt 1500 ccttggccac gaaccggacc tgttggtcgce gctctagcac gtaccgcagg ttgaacgtat 1560
cttctccagir tttalaattct ccaattttaa cgcgagccat tttgatacac gtgtgtcgat 1620 tttgcaacaa ctattgtttt ttaacgcaaa
ctaaactEtigtdidadt Ahtaattaaa 1680 tatgggggaa catgegeege tacaacactc gtcgttatga acgcagacgg
cgccggitte-1740 ggcgcaagceg gctaaaacgt gttgcgegtt caacgcggca aacatcgcaa aagccaatag 1800

tacagttttg Kitddatat o nACbRI A EsRE Hi NS dmaatatiP1HaY Geodtytta caacteeeeg cecgegtiga

ctegetgeac ctcgageagt tegttgacge 1920 cttceteegt gtggeegaac acgtcgageg ggtggtegat gaccagegge
gtgccogicd 4 38p COARUSAABAAIRIC SCPUAAARL EIAIU0GUR AYERCDI T golcoaa! 2040
ggcaa aﬂi'aﬂt st tatkerg ey E%G@g Otmgtt%gcat gtacgtccga
acgttgéﬁg ;@%@@ég@ﬁégﬁ%@@g%ﬁ t%@ﬁé@ﬁi?éﬁ%@ﬁﬁ%c fcgc ttttaatcat gecgtegatt
aaatc @2@@&1 %ﬁ@&a&g atosaag fi%ggmiag tact gatteccgargtcadgcgcea 2280 gegcegtattt
gic

taacaaGiel Ritaly brddgidas SHO LA St acgtcaagaa ttaacaatge
cccgt!a%X totcaacZ2400y aogactatga taéa amaamwa gladatteeatng @t&gcgacgc aacgtgcacg
2460 SNEHGG g%b?&é&%é e 6t1300: AJEIAchh oS o ORMEEEA 520 omcocoogt agigacanc
atcacg‘cwacaza g dctatdaacattatoga %waﬁéga é@ﬁo@a&a@ct aﬁtaagccat ccaatcgacc

gttagtﬁ%ﬁ%ﬁ ié&%@ﬁéaga dody ﬁé@%ﬁ@gata tgtggag tccgctcatt
2700 Ca g@ matmm tgat2y 608agattgaccc taactccata
cocouRlE A gga%hé&t ) %@%&E@é@%&?@%ﬁ@éﬁéttaé&&gct cegeecacta
ttaatgéa‘at:ta geatey X8800aattitaagiy b aw:@mat atgedag cgtaga aggaaagaaa
2940 i o icins CEAIBBRT ot R AAAIATD S aacaei
aagaa&g&tﬁ&%&%ﬁ% q@t&gﬁt ﬁttt&tacta@%ﬂ: aaacgt ggtttcgtgt
gecaagigi aad % t_f,‘c"%agag %@?ﬁ RIS é@é&ﬁé@@@c 8@ gtgtgg gtgaagteat
gcatctt@m@lswatéam’a ezack @gacaag 3240 ctctgtccgt

ttoCtOgGAR oAU Sis aat %&aﬁ%ﬁﬁgﬁa{a aa%%ﬁiﬁ@}é&é@i %}éa@g&aa ttigttittt attaacgata

ttsta alé%tgagg taatatttaa 3420
t

;2?3;%%@““% %{%{g“ﬁ%&%g;%&éﬁéﬁt %g%@éﬁ@é %%’ﬁgiég%lcég gtegtettet tettegtatt

ccttctcit tegaMIae fedraga 38540 Ra @ atPhvEak FernpBg 18 L onodrt Eatthé@ata gttattatcg tatccatata

RIS L R
c%gtmﬁﬁagﬁ éég;ﬁ@&%cﬁgﬁﬁté&ﬁié cafdhas ggig@taﬁg cacgcggattgag gcatgacttt

3840 (ﬂf&aa'é@t ﬁé o a4 aaé éﬁ@@t@eémﬁtaataﬁé gﬁgcgagcag ttgtttgttg
R %ﬁam&

ttaaaagis @gégg‘qc éé@%‘éé}t@ 1k A OsatGatsRC ﬁca’“ggggﬁict Seaatatat agttgctgat
atcatg%&%ﬂé@%ag@ga% gcca @8@ ﬁ%@%{a %ggéﬁg tgg mw%a%ﬁgttt tgtaataaaa 4080

aaacctaiba eiefcegga b aGregi cagwggccge gggaattcga

tccgccﬁ@@?@%@%% gc%%gég@ég%@ ag()g};%g a%tg!% g@%c ggttggccaga tcctcegecg

&gcgg@ag ggfcacccgc ctctcececgea

4320 %@g%tggﬁ@g@%@g@@ﬁ%@@ %@%C% %g@gg%@@a&%go tgagatttaa tattgacgac

tttgttccasz 6€9gagad ag@aaggtta aggttgaatt
ctogcoHgEtc %3@@@&@@ %}@%39 SISO tate adfffolaac Ugaacan 1560
aggccasagereeiaace aaﬁei@ﬁegak@@cm 620 amgcctictc ctaccactce

09ttacl@é@%%%%%?g@ﬁﬁ@%@g@g@é@g%ﬁ@tégggs%?g?m@%@@aﬂgamc agctttgget

gaggcmaatascictagaaa cagji taaatacgac caggactaca

4800 %@gﬁ@g@%@%ﬁ@g@p@g@@g@%fg@Q@%ﬁ@g%gtg@%%@’é@éégzggémgg)sgaccctaaga attctatcac

tagtgaatic geggecgerg @eagcicgag aatctagaa: E00Q0Grolcetie tmacccggc aagaaccaaa
aactca@%%@ﬁ%%ﬁ%%?@? g t@%éé;@%%@% SSRGS odifianago asaagagic 5040
tacagggaaarctiggacsog ot e coattgitaaagaccaagaa Ht003gigatggatg ttttecttgt

tgtcaaEé?@‘t?éfééc&*&f&t(jé%bééﬁf:@gf@ﬁaéé 16D tectygcce aaetegetct géettycgac cecgactatg

tacctcatga cgtgattagg 5220 atcgtcgagc cttca g&gt gggcagcaac aacgagtacc gcatcagcct ggctaagaag

5280 ggcggceggct gecccaataat gaaccttcac tctgagtaca ccaactcgtt cgaacagttc 5340 atcgatcgtg tcatctggga

gaacttctac aagcccatcg tttacatcgg taccgactct 5400 gctgaagagg aggaaattct ccttgaagtt tccctggtgt

tcaaagtaaa ggagtttgca 5460 ccagacgcac ctctgttcac tggtccggceg tattaaaaca cgatacattg ttattagtac 5520
atttattaag cgctagattc tgtgcgttgt tgatttacag acaattgttg tacgtatttt 5580 aataattcat taaatttata atctttaggg

- tggtatgtta gagcgaaaat caaatgattt 5640 tcagcgtctt tatatctgaa tttaaatatt aaatcctcaa tagatttgta aaataggttt

E700 caattanttt caasaaraanan tHtatttttee adaacecasatan ctaaactate taatanattt R7A0 teacteaacrA cocacraaaact



<400> 10 Page 6 PhoenixTemp59187.tmp.txt Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly lle
Phe Asn Thr 151015 Thr Lea Ser <210> 11 <211> 233 <212> PRT <213> Atrtificial <220> <223> This
is an amino acid sequence for porcine c rcovirus type 2, open reading frame 2. <400> 11 met Thr Tyr
Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 151015 Ser His Lea Gly Gin lle Leu Arg Arg Arg
Pro Trp Lea Val His Pro 202530 Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly lle Phe Asn Thr Arg
354045 Lea ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Arg Thr 505560 Pro Ser Trp Ala Val
Asp Met met Arg Phe Asn lle Asp AspdrbherMalso187 . tmp. txt

aattaacata
tgtcataaat
tgtaatttac
aatttatata
acgcagcttc
ccaaaatgtt
ctgcgagcag
atcacaaact
gataaccatc
daacctataa
cagcggeege
gacaccgcec
cccgecacceyg
ccttcggata
toagatttaa
cctttgaata
cccagggtga
aggccacagce
aaccctictc
attacttcca
atgtggacca
atatccgtgt
aaccctaaga
ggtacccggyg
atccgtaaty
tacagggaaa
gtgatggatg
ttcetggecc
atcgtcgagce
ggeggcaget
atcgategrg
gctgaagagg
ccagacgcac
atttattaag
aataattcat
tcagcgtett
cgattagttt
fCgctcaacy
grregrgrtt
tttctttcat
tggacatatt
cecctegtegt
attgtgtcog
gattgcgggc
acgttagaaa
ggcggtagry
ggaggcggag
ttaggcaaca
accggtctga
tcgtctaaag
gacatcgatyg
ggcggeggry
accggcgeag
ggtggtggca
gtaatttcyc
ttgtaaagag
cagcattgta
aaacgicgtt
tgtcgtaaat
gatgcgcatc
tacgattcgt
actgcaaaaa
ttttatcgea
ttaacgetga
tctattttaa
ccgatttatt
ttattagaca
acataaaact
acggattgtg

gttattatcg
atatatgtct
aacagtgcta
avrcaatgaat
ttctagttca
gtacgaaccg
ttgtttottyg
ggaaatgtct
tcgcaaataa
atattccgga
gggaattcga
ccgcagecat
ctaccgttag
tactgtcaag
tattgacgac
ctacagaata
taggggagty
cctaacctat
ctaccactcc
accaaataac
cgtagaccte
aaccatgtat
attctatcac
atcctttecet
ttaaacccga
cttggaccceg
ttttecttgt
aacacgetct
cttcatgggt
gceccaataat
tcatctggga
aggaaattet
ctctgttcac
cyctagattc
taaatttata
tatatctgaa
caaacaaggg
ccacaaaact
tgttttgtaa
cactgtcgtt
taacatcagg
tagaagttoc
ctaacacgtc
gtttttogoc
gcgatggtge
gagcrgatga
gcggaggtog
cagtcggcac
gacgagtgcy
gtgcagcgag
gtggtggtag
ccgeeggtat
gcgccgetgy
attcaatatt
tatcgtttac
attgicicaa
gtggcgagac
ggcaagctit
gttgttttig
aattttgtig
catggccace
cgtcaaaact
caagcccact
cgaaataaaa
tcacggttec
tgaaacacta
gctgtgtgaa
Cgaaaatgtc
caaacacgaa

tatccatata
tttttaatyyg
tttictggta
ttgggategt
attacaccat
ttaaacaaaa
ttaaaaataa
atcaatatat
ataagtattt
ttattcatac
tccgecatga
cttggccaga
agaaggaaaa
gctaccacag
ttegtteece
agaaaggtta
ggctccactg
gacgcatatg
cgttacttca
aaaaggaatc
ggcactgegt
gtacaattca
tagtgaattc
gggacccgge
cacgatgaag
cttcatggaa
tgtcaacatg
gcgttgcyac
gggcagcaac
gaaccttcac
gaacttctac
ccttgaagtt
tggtocggeg
tgtgcgttgt
atctttaggy
tttaaatatt
ttgttittec
tgccaaatct
taaaggticg
agtgtacaat
cgtgttaget
tEtccgaagac
cgcgatcaaa
gggtttcaat
aggcggtogt
taaatctacc
tggcggtgat
ctcaactatt
atetttticg
ttgaggtrtee
tggtggagge
aatttgttct
ctgcacaacg
ataattggaa
cgtgccgata
gctcgeegea
acttcgctot
aaaatattia
ataatttgcg
ttectattat
acaaatgcta
cggtataaaa
agcaaattgt
gttcaccagt
atcaacaaccg
caaattaaag
gcgcetcaacg
ttatatttcg
aactcactta

tgtatctate
ggtgtatagt
gttcttegga
cggttttota
tttttagcag
acagttcacc
cagccatigt
agttgctgat
tactgttttc
cgteccacca
cgtatccaag
tcetecgeey
atggcatctt
tcacaacgcc
€g9gagqaga
aggttgaatt
ctgttattct
taaactactc
cacgeaaacc
agctttgget
tcgaaaacag
gagaatttaa
gcggccgccy
aagaaccaaa
cttgtcgttg
gacagcttec
cgtcccacta
cccgactatyg
aacgagtacce
tctgagtaca
aagcceatcg
tccctggtot
tattaaaaca
tgatttacag
tggtatgtta
aaatcctcaa
gaaccgatgg
tgtagcagca
acgtegttca
tgactcgacg
ttattaggcc
gattttgceca
tttatagttyg
ctaactgtgce
aacatttcag
atcggtggag
gcagacggcgd
gtactggttt
tttctaatag
gtcggcattg
gctggaatgt
ggtttagttt
gaaggtcgtc
tacaaatcgt
tttaacaacc
cgccgataac
cgtcgacgta
aaagaacatc
ctteccgeagt
tgaataaata
cgctgcaaac
taatcaacgg
atttgcagaa
taatgagcga
aagtgatcgt
gcgagettte
atttgcacaa
aagcacttga
gcgtgcacga
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gtatagagta
accgetgege
gtgtottgct
caatatgttg
caccggatta
tocectttict
aatgagacgce
atcatggaga
gtaacagttt
tcgggegegy
gaggcgttac
ccgeecctgg
caacacccge
ctcctgggey
gaccaacaaa
ctggeoctge

‘agatgataac

ctrecgecat
tgttcttgac
gaggctacaa
taaatacgac
tcttaaagac
gccgetecay
aactcactct
gatdgaaagg
ccattgttaa
gacccaaccy
tacctcatga
gcatcagcct
ccaactcgtt
Ttracatcgy
tcaaagtaaa
cgatacattg
acaattgttg
gagcgaaaat
tagatttgta
ctggactatc
atctagctett
aaatattatg
taaacacgtt
gattatcgtc
tagecacacy
agctetttgg
ccgattttaa
acggcaaatc
gcgcaggegg
gittaggctc
cgggegecgt
cttccaacaa
gtggagcggg
taggcacggy
gttcgegcac
tgcttegagy
aaaaatctgc
gctcaatgta
aageettttc
catgtatget
tctgttcage
atcgacacgt
agattgtaca
gctggtacaa
gcgettiggce
aacaatttcg
ccacccaaar
gatggactac
gtaccaactt
gcacaattte
tcgegtgtat
cggcacgttg

aattttttogt
atagttttic
ttaattatta
ccggcatagt
acataacttt
atactattgt
acaaactaat
taattaaaat
tgtaataaaa
atcagatctyg
cgcagaagaa
ctcgteccace
ctctcecgea
gtggacatga
atctctatac
tceccceatca
tttgtaacaa
acaatcceec
tccactattg
acctctagaa
caggactaca
ccecccacttg
aattctagaa
cttcaaggaa
aaaagagtitc
cgaccaagaa
ttgttacaaa
cgtgattagg
ggctaagaag
cgaacagttc
taccgactct
ggagtttgca
ttattagtac
tacgtatttt
caaatgattt
aaataggttt
taatogattt
gtcgatattc
cgcttrtgta
aaataaagct
gtcygtcecaa
acgcctatta
aattattect
ttcagacaac
tactaatggce
ggctggcgge
aaatgtctct
ttttggrttyg
ttgttgictyg
cggcaattca
agaaggtggt
gattgtgggc
cagcgcttag
tataagcatt
agcaattgta
atttttacta
ttgitgtcaa
accactotgt
tcaaaaaatt
gattcatatc
ttttacgaaa
aaaatatcta
gcgcacaatt
tttataaaaa
attgactgtc
grtagcaata
atacacaacqg
gtttgcgatt
gagtatttta

3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
2040
5100
5160
5220
5280
3340
5400
5460
5520
5580
2640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680



65707580 Pro Pro Gly Gly Gly Thr Asn Lys lle Ser lle Pro Phe Glu Tyr Tyr 859095 Arg lle Lys Lys Val
Lys Val Glu Phe Trp Pro Cys Ser Pro lle Thr 100105110 GIn Gly Asp Arg Gly Val Gly Ser Thr Ala Val
lle Lea Asp Asp Asn 115120125 Phe Val Thr Lys Ala Thr Ala Lea Thr Tyr Asp Pro Tyr Val Asn Tyr
130135140 ser Ser Arg His Thr lle Pro GIn Pro Phe Ser Tyr His Ser Arg Tyr 145150155160 Phe Thr
Pro Lys Pro Val Lea Asp Ser Thr lle Asp Tyr Phe GIn Pro 165170175 Asn Asn Lys Arg Asn Gin Leu
Trp Lea Arg Lea Gin Thr Ser Arg Asn 180185190 Val Asp His Val Gly Lea Gly Thr Ala Phe Glu Asn
Ser lle Tyr Asp 195200205 Gin AsprfiggmAsrdies Ay ap Tae Met Tyr Val Gin Phe Arg Glu Phe

gctcacaatt
atgagtgagce
cctgtcgtac
tgggcgetet
agcgytatca
aggaaagaac
gctggegttt
tcagaggtygg
cetegtgegce
ttcgyggaagce
cgtrcgerec
atccggtaac
agccactggt
gtggtggect
gccagitace
tagcggtggt
agatcctttyg
gattttggrc
aagttttaaa
aatcagtgag
ceccegtegty
gataccgcga
aagggccgag
ttgccgggasa
tgctacagge
ccaacgatca
cggtectecg
agcactgceat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactegt
agcaaaaaca
aatactcata
gagcggatac
tceecgaaaa
aaataggcegt
ctgacacatg
acaagcccgt
ggcatcagag
cgtaaggaga
agggcgatco
aaggcgatta
cagtgcec

<210> 9
<«21l> 20
<212> PRT
<213>

<400> 9§

ccacacaaca
taactcacat
cagctgcatt
tcecgeticct
gctcactcaa
atgtgagcaa
ttccataggc
cgaaacccga
tctcctgtte
gtggegettt
aagctggget
tatcgtctty
aacaggatta
aactacgget
ttcogaaaaa
tretttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgct
cgcagaagtg
gctagagtaa
atcgtggtat
aggcgagtta
atcgtrgtca
aattctctta
aagtcattct
gataataccyg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttcettt
atatttgaat
gtgccacctg
atcacgaggce
cagctcoogy
cagggcgeat
cagattgtac
aaataccgca
gtgcgggect
agttgggtaa

tacgagccgy
taattgcgtt
aatgaatcyg
cgctcactga
aggcggtaat
aaggccagea
tcegeeceee
caggactata
cgaccctgee
ctcatagctc
gtgtgcacga
agtccaacce
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggyggtctga
caaaaaggat
gtatatatga
cagegatety
cgatacggga
caccggcteo
gtcctgeaac
gtagttcgce
cacgctegte
catgatcccc
gaagtaagtt
ctgtcatgee
gagaatagtg
cgccacatag
tctcaaggat
gatcttcage
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttcgtet
agacggtcac
cagcgggtgt
tgagagtogca
tcaggcgeea
cttcgetatt
cgccagggtt

Porcine circovirus
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aagcataaag
gcgctcactyg
ccaacgegeg
ctegetgcoe
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgoa
acgctgtagg
accceecgtt
ggtaagacac
gtatgtaggce
gacagtattt
ctcttgatec
gattacgcgc
cgctcagtgg
cttcacctag
gtaaacttgyg
tctatttcogt
gggcttacca
agatttatca
tttatccace
agttaatagt
gtttggtatyg
catgtigtgce
ggccgcagtyg
atccgtaaga
tatgcogcega
cagaacttta
cttaccgeto
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgcgegttte
agcttgtctyg
tggcggoiot
ccatatgcgg
ttcgecattc
acgccagcetg
ttcccagtca

Ser Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg
1 5 10 15

His Leu Gly Gin
20

10

<210>

<211> 19

<212» PRT . .
<213> Porcine circovirus
<400> 10

Page ©

tgactggtac
cctgtgtgaa
tgtaaagect
ccecgettice
gggagaggcyg
tcggtegitc
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgrttcece
tacctgteeg
tatctcagtt
cagcccgace
gacttatcgc
ggtgctacag
ggtatctgeg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatcecatag
tctggececa
gcaataaacc
tcecatecagt
ttgcgcaacy
gctrcattea
aaaaaagcgg
ttatcactca
tgettttcty
ccgagttget
aaagtgctea
ttgagatcca
ttcaccageyg
agggegacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
<ggggctgge
tgtgaaatac
aggctgcgca
gcgaaadggyg
cgacgttgta
10387

gcogegtgtt
attgttatcc
ggggtgccta
agtcgggaaa
gtttgcegtat
ggctgeggcg
gggataacgc
aggeegegtt
gacgctcaag
ctggaagctc
cctttctceco
cggtgtaggt
gctgegectt
cactggcagce
agttcttgaa
ctctyctgaa
ccaccgeigg
gatctcaaga
cacgtiaagg
attaaaaatg
accaatgctt
ttogcctgact
gtgctgcaat
agccageegg
ctattaattg
ttgttgccat
gcteeogttc
ttagctcectt
tggttatgge
tgactggtga
cttgcccggce
tcattggaaa
gttcgatgta
tttctoggtg
ggaaatgtig
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggagcag
ttaactatgyc
cgcacagatg
actgttggga
gatgtgctac
aaacgacgge

His His Pro Pro Ser

7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9460
10020
10080
10140
10200
10260
10320
10380
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Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly Iie Phe Asn Thr
1 5 14 15

Thr Leu Ser

<210> 11

<213i> 233

<212> PRT .

«213> Artificial

<220> . ) )

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

<400> 11

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
1 5 10 15
Ser His Leu Gly GIn ITe Leu Arg Arg Arg Pro Trp Leu val His Pro
20 25 30
Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg
35 40 45
Leu Ser Arg Thr P?e Gly Tyr Thr val Lys Ala Thr Thr val arg Thr
50 5 60

Pro Ser Trp Ala val Asp Met Met Arg Phe Asn Ile Asp Asp Phe val
65 70 75 80

Pro Pro Gly Gly Gly Thr Asn tys Ile ser Ile Pro Phe Glu Tyr Tyr
85 90 95
Arg Ile Lys tys val Lys val Glu Phe Trp Pro Cys Ser Pro Ile Thr
100 105 110
Gln Gly Asp Arg Gly val Gly ser Thr Ala val Ile Leu Asp Asp Asn
115 120

125

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

Ser Ser Arg His Thr Ile Pro GIn Pro Phe Ser Tyr His Ser Arg Tyr
145 150 155 160

Phe Thr Pro Lys Pro val Leu Asp Ser Thr Ile Asp Tyr Phe GTn Pro
165 170 173

Asn Asn Lys Arg Asn Gin Leu Trp Leu Arg Leu Gln Thr Ser Arg Ash
180 185 190

val asp #His val Gly Leu Gly Thr Ala phe Glu Asn Ser Ile Tyr Asp
185 200 205
Glh_Asp Tyr Asn Ile Arg val Thr Met Tyr val Gln Phe Arg Glu phe
210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro
225 230
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