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TREATMENT OF PIGS WITH PCV2 ANTIGEN 5This application claims
the priority benefit a U.S. Application Serial No. 60/870,311, filed on
December 15, 2006, the teachings and content of which are hereby
incorporated by reference herein. SEQUENCE LISTING This application
contains a sequence listing in paper format and in computer readable
format, the teachings and content of which are hereby incorporated by
reference. The sequence listing is also identical with that incorporated in
WO006/072065. BACKGROUND OF THE INVENTION Field of the
invention The PeseDi INVRON A ISIALSR RNE ISR ARImUnogenic
composition co gra-porcime—20 oviTTstype 2 PCV2) antigen for
the prevention, reduction in severity of clinical signs, reduction in the
incidence of infection and/or clinical signs, and treatment of several
ctlihieppinanifesiations (disaadespin orirfalsohbnhen detisP Ty 2HEPpECHIE. Hied
antibodies. Preferably, those anti-PCV-2 specific antibodies are maternal
ahtseember 35DH8EriSHoFHTARES BRGCATEB AEINE ey IETER Je I RpsEsi oy
is.a small (17 - 22 nm in diameter), icosahedral, non-enveloped DNA
réference hersin. . . .
VIrus, which contains a single-stranded circular genome. PCV2 shares
approximately 80% sequence identity with porcine circovirus type 1
(PCVI). However, in contrastedqth IBEHILWRIBlGis generally non-virulent,
infection of swine with PCV2 has 30recently associated with a number of
Hibsesbicalpnperias & FEHEREIIE HEHR B8R PRk ERIPRIEH eAible format,
ircoyirus-Assaciated.Diseases (PCV. I Rorci s
e R TR ey P BB SRR, TR e iing
iPashweanng Ml ysiemiryastinao&yndsese (PMWS) is generally
regarded to be the major clinical manifestation of PCVAD. (Harding et al,
1997, Swine Health Prod; 5: 201-203; Kennedy et al., 2000,1 Comp
Paihol; 5 122: 9-24). PMWS affectsq%i(_?i between 5-18 weeks of age.

PMWS is clinically cl%g&@m a EWE@W@% of the skin,
,‘Jilensirz)l}h‘Mn?ns‘,sh[;%%piratory distress, diarrhea, icterus, and jaundice. In some

affected swine, a combination of all symptoms will be apparent while other
Tabpaied sivind onitbanly ibavewsner af iwaunbihasesypaptomsripisingeadscine

2002, Vet. Rec.; 150: 456) During necropsy, microscopic and macroscopic
ciesions aled 2 IBAFPemtistnrvilis@asRes AptrSigaiNsSarftH Whiind sisos.

organs bejng the most.common site fqr lesions, (Allan and Ellis, 2000;.J.
BRI TREroa2! ST R Sng EhaLrans: e o ol hica
SRR A RIRBIUNPLRGHZ2HGL IR RS EhOr PatigenrBeuthe Beresily, Ahose

microscopic lymphoid lesions. Mortality rates for swine infected with PCV2
aigahCGIPRroachiG8fhddiadditiondoPMyYSIRCV2 has been associated with

several other infections 15 including pseudorabies, porcine reproductive
and respiratory syndrome (PRRS). Glasser's disease, streptococcal
plenipgitis. salmonellosis, post wegning colibacillosis, dietetic hepatosis,
’Eﬁd‘%ﬁﬁ)ﬁﬁﬁﬁﬁchopneumoma. However, research thus far has not
pacinfrenesinkeifer anyoi thesa chnical symptommataivdaitdheheiieCton-
result of a PCV2 infection. Moreover, it is not yet known whether any of
entfeeane LA Epnpdneh capibes cffeieglrtyapded diksaliosdares R shares
active age irected agaginst PCV2. roaches to treat 2 infections.
R S e R R
coXH9Q3/QA9FE9 InragietignRhadive Lhimelig v astineis dosaibedn pCv2 has
comprising a PCV-1 backbone in which an immunogenic gene of a
re@atiyogeictRiCY0 stnambe? Sfaltsce svadjemes ook IRBAb4eh selltrdney named
W099/18214 has provided several PCV2 strains and procedures for the
preparation of a killed PCV2 vaccine. However, no efficacy data have
been reported. An effective ORF-2 based subunit vaccine has been
reported in W006/072065 and in W020071028823. Any of such vaccines
are intended to be used for the vaccination/treatment of swine or pigs
older than 3 weeks of age. None of these vaccines 5have been described
for use in young piglets, younger than 3 or 2 weeks of age. Maternally

derived immunity has been shown to confer a certain degree of protection

against PCV2 infection and clinical diseases associated with PCV2
iNnfacrtinne Thice nrotection hace heen chnNnwn to he titer denendent: hinher
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4 vaccination is required, when high MDA levels are expected to have
declined. This kind of vaccination schedule is used for many small animal
woaaRinesdagainst e.g. canine parvovirosis, canine hepatitis, eten)ueaidiig 7628
vaccines (against e.g. equince influenza vaccines) and porcine vaccines
(against e.g. Acthiobacillus pleuropneumoniae, Haernophilus parasuis). 5
As the onset of PCVAD in animals 5 weeks of age or older seems to be
linked to the decay of PCV2 antibodies, which is reported to occur in
animals aged 4-11 weeks, several vaccine approaches against PCVAD
Phaue been desciibedauginDis4wo $hov xagcipaticmsegine mereerdbeovirus
circumvent a possible maternal antibody interference. In WO 2007/028823

Rssezin SRfohto! pidres rhPniRYSrRangegeri e eprimoNrg istiboii dasiin
mare th Q ug/close antigen ysing a two shot vaccipation regime |
DM e RS R R e R R R B
(AgeinAbianimas, were iesMacsinateddiremweals Rite btheitifbomp pathol:
vaccination, when the maternally-derived antibodies in animals with high
MDA léveBvil thalipre ofdirdievastinatiénivabsdelliged oPlddésed. dinis)ly

%aieéfno,jnformayion exist which describes the exact influence of _

DHREAHTEN S LBEaRHPEY Y AfiBtBiS Bh tRigte B8 p e o e
IR TSERNEE QL thAlI8ASQRGllds (RERMMENRELnol 19 VACCIRRIS RIS
prior to three (3) weeks of age at. least with a single shot vaccine regime.
apfacainetierpaorfianeteks:3:di age iseonnecied witha senaimsegramal,

uncertainty with respect to immunization efficacy. On the other hand,
200d1etstwitprioh’S: B3| Pufira eHvaty- depvEg At CNR gsibigdRsinns also

aWlt;er(;enas gt n9lasod onws Wha‘t]rlj)&v,\é%lle els ex ctgr g]eans, are not.
R L D PR S R R T S Ui B (e aPages fr
1eSitper (ORI DENES 2 IoveMBA LIRS Whisharg notyaednaled Hef ..
weeks of age have an immanent risk of PCV2 infections due to lack of a
obsafficiebtiimenuthe slamst of PONGreovier; sush vacoiines havelrotbesdy of
described to confer protective immunity against 25PCV2 infection or

THEIERARG NERSEIAG I S9EAR oFiRe SREHIMY tREIE I OR SHeamige
3@y %“&&%I&‘Aml?tﬁm§§%@§tﬂ%t%€£ﬁ%§6&&9&9§ﬁlF‘E&%Y;;P%ig&gmfemom
anti-PCV2 antibodies, preferably having maternal anti4C2 antibodies.
inBRiEE SRR T HOMAO frefiodndd RAME NS Mg sieitoite S BRARPN Cfasser’s
anti-PCV2 antibody titer classes at the time of vaccination; Fig. 2 is a
disrasen SERABEITGY tHECIRS Hbdyaargpilarisvaeesiatiraniprbigciersovigetic
1:100) and high (> 1:1000) anti-PCV2 antibodies: Fig. 3 is a graph
e A S e R B i b B o
winaeebe-tieated conl SRpIE (Ph 40 SKIVIMARY:IN eng peRechitbgse
is provided the use of an effective amount of a PCV2 antigen comprising
MgRiFen pristein irsttheormmbfiotureobfimeedibaire nt fandme treaimelifidcorely
rophylaxis of a)PCV2 infection; or 15b)for reduction of clinical symptoms
re@%ﬁ%@&%i’%@%ﬁc&ﬁ?é’a‘?ﬂ}iﬂﬁ"%{;‘mﬁ‘}ﬁf@%ﬁ&n in animals having
anti-PCV2 antibodies with an anti-PCV-2 antibody titer of more than 1:100
in a PCV specific immuno assay and/or being 1 to 22 days of age by a
AgingleadmiristPaioniakailys dae:dose OhsaichREY Zamtigesed in U.S. Patent

DISCLOSURE OF THE INVENTION 20The present invention overcomes
Nené-pratiemEinKGRe At tRensribicige dfaPploficeirsrtistitetiadvaries iped.

: rt..Disclosed.is a.met for the treatment or axi
o S AR R P G SRR e
re@ssocigiac avith POROWdriesliandncanmalshaving:ati-REVewenibedias

comprising the step of administering an effective amount of PCV2 antigen
or an 25immunogenic composition c@mprising an PCV2 antigen to that
animal in need a such 6 treatment. It was an unpredictable and
surprising finding, that the presence of anti-PCV2 antibodies, and in
particular of maternal origin, does not impair the efficacy of vaccine
comprising PCV2 antigen. The terms "vaccine" or "immunogenic
composition” (both terms are used synonymously) as used herein refer to
any pharmaceutical composition containing a PCV2 antigen, which

composition can be used to prevent or treat a PCV2 infection-associated
Aiceaacea nr conditinon in 2 cirithiert A nrefarread immiinodenic comnocitinn
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25 An "Immune response"” means but is not limited to the development in
a host of a cellular and/or antibody-mediated immune response to the
WwoQuResHien or vaccine of interest. Usually, an "immune respanse$:2o07/087628
includes but is not limited to one or more of the following effects: the
production or activation of antibodies, B cells, helper T cells, suppressor T
cells, 5 and/or c-ytotoxic T cells, directed specifically to an antigen or
antigens included in the composition or vaccine of interest. Preferably, the
host will display either a therapeutic or a protective immunological
s(meinesyorebponse:suchdhatidsistanee ochewHniectio myvilithece rhanesd
and/or the clinical severity of the disease reduced. Such protection will be

PEANIREfhtel WP EtR SRS rebrsedisiP i NtRiHe 8T REs0aPry6f iBriatie sy 41
201 MOT6,B5 138, IRsympioms associated with ECYZInfectons, in dﬁ'%"%m
onset of viremia, in a reduced viral persistence, In a reduction of the
vaxaralbiinabiead ansiateoradsichier ohiirakaxciatione T lesMaesaNigaRes
as used herein refers to an amino acid sequence which elicits an
hiyrerhearolergicaros perrise avgipsbiibsokadsoven Andhtiegkn chagased herein,
includes the full- 15 length sequence of any PCV2 proteins, analogs
thereof, or immunogenic fragments thereof The term "immunogenic
MEagment.reiarsia.aifragment of.apte E%H?eWQ!:%HAHCAHQQé & %?o@étm}? ESainst
epitopes and thus elicits the immunological response described above.
PSuehnffagonamit daid elidentfischtisiag ey hekofcapitope magiiighas
techniques, well known in the art. See, e.g., Epitope Mapping Protocols in
b thee ip ‘Rﬂé‘l‘ébé?ﬁ?@?ﬁfbb‘sgﬁvdl?%a(@é?ﬁﬁ“%f polRsheEees kogsyites
Hu ress, Toto _ Jersey. For example, linear, epitppes.,ma
A 5 L RE Gl Syrh S (o HCyerof e Hean
aRRRides NsalidatpROHS the PeRUNeSCRITRSPNd NG IR-RANIBRTATHER: -
protein molecule, and reacting the peptides with antibodies while the
ppeptidasterds diflaatttithed tothbiduppordsti Suchvideibigisesiaret khoRa4ins.
the nd. described in, e.g., U.S. Patent No. 4,708,871; Geysen et al.
SR Lt A S B 086 AR A Crogey
10VI91Q 6y d LN QE 2 R0 A iilaniyi ario m'(?ﬁaxk@@]g%?ﬁge?gﬁcdeme
readily identified by determining spatial conformation of amino acids such
leagishyl, svgppdiaayceyftaliography andpdrdimensioned Inu cless rTagaeia high
resonance. See, e.g., Epitope Mapping Protocols, supra. Synthetic

lexglfiginengfediss o REUBEE WRN TR BefmRION TaFExAmide > poRpifpass
lanki [ t binant, thetically derived antigens.
{6 %‘s%rq%eep I%?.P%Uangﬁ U%i%g%FSvetlﬁgnof O{!’l%yiriln]eerétl‘:%% s]o?tg%/agoik;ao Ig“%g}%

ee, e.g., Bergmann et at (1 ur."Jd. Immuno
vBaigrany ek al. {ARR6)che |GUMUNDR 150 384 203240 artiubibigieAsttASO e
Immunol. and Cell Biol. 75:402-408; Gardner et al., (1998) 12th World
OIS E ohiant fheict siges/al BWitxBridrich deme 98 aly!@s 1898 pIBiThEly 5

immunaogenic, composition as used herein most preferably comprises the
o SERNER W gIma e e B - BBy BRE IS ok BERoIBCRGY
ha® 5o BEINAARE dAAIEHm iR R Sreib iR RE RICRAIAIAUOBIE ver. Record:
compositions and within the processes provided herein is a highly
18otigetsBdidivmaip withindR Goigsolpitdasanetihereffysdbiamy PEOCAL? in the
ORF-2 would be effective as the source of the PCV ORF-2 DNA and/or
2O RIS L BT ASHPORY dHisferidg PV eRplzpBrbeiAeR feartbody
- ; ' 65. A further prefe PC)
O e L S o e S L e
7 WERO M 720 Gmetommavety itier untherstegd dydhosmphsakill intiraantthadher
this sequence could vary by as much as 6-10% in sequence homology
and still retain 20 the antigenic charatteristics that render it useful in
immunogenic compositions. The antigenic characteristics of an
immunological composition can be, for example, estimated by the
challenge experiment as provided by Example 4 of W006/072065.
Moreover, the antigenic characteristic of a modified antigen is still
retained, when the modified antigen confers at least 70%, preferably 80%,
more preferably 90% of the protective immunity as compared to the

PCV2 ORF-2 protein, encoded by the polynucleotide sequence of SEQ ID
NO'2ar {|EO ID NO4 ac nrovided hereain and in WOOR/QO720RE Thiie
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5 A.M., and Griffin, H. G., eds., Humana Press, New Jersey (1994);
Sequence Analysis in Molecular Biology, von Heinge, G., Academic Press
wlRBZ)i78rguence Analysis Primer, Gribskov, M. and Deverewg dis 80%687628
M. Stockton Press, New York (1991): and Carillo, H., and Lipman, D.,
SIAM J. Applied Math., 48: 1073 (1988), the teachings of which are
incorporated herein by reference. Preferred methods to determine the
sequence identity are 10 designed to give the largest match between the
sequences tested. Methods to determine sequence identity are codified in
npablivly rai¢atadielcorfoutenprograshs whichndetermiihelsgguencdadentitys
between given sequences. Examples of such programs include, but are
R TEeATIS G B pfBra P pRE AT DR Breux, J. et al., Nudleic
Acids Research, 12(1):387 (1984)), BLASTP, BLASTN and FASTA
(Altschul, S. F. etal., J. Molec, Biol., 15 215:403-410 (1990). The BLASTX
TREOgHRAMIS pURlichHavadaledramubic Blbandiother seufaes BhAS Hegree of
Manual, Altschul, S. et al., NCVI NLM NIH Bethesda, MD 20894, Altschul,
PRteEueY gaigt MelewBivns 2180341 er (1990 prefistibiachingsobavkichmate

. incorporated herein by reference). These programs.optimally ali -
L S e M S e Y
aRfReRYence:identiivnetuesnihe given anfliOKR{eraneR SR SRS AR
an illustration, by a polynucleotide having a nucleotide sequence having at
uteast; fopesspl€ 3% ppiaidrabbne0%ersdven mormificefe iafbhy@BWuradhat
"sequence identity" to a reference nucleotide s_e%uence, it is intended that
A eTHRRstiaEweakianca5t the ofdire ksl idciédtidds iddiicErtditRePCY2
JTeference seguence,exc { the,given palynuclemide sequence ma
AR R L R A S o
olfudtdtiosopeneaeh kRN belagtdes:Rfithei rafesenecHavelasiide.snediense:
In other words, in a polynucleotide having a nucleotide sequence having
ligie|daxeBBbanidrede ralsyeo09s e rdharisicbp réfeials pfodivtsd emtiynretemporse
the ref ce.nucleotide sequence, up to 15%, preferably 10%, even
R LI bl ST T IR o8 RS B e e WAy B
nolelsted; Qrauhstibiied WithApMRarNuglRRlER. LLAMRRE QLY eplideR
up to 15%, 5 preferably 10%, even more preferably 5% of the total
raisolebtiddedn ithefieference ddgutmoemiay bemsdrte dhinto! thairsfehesgee
sequence. These mutations of the reference sequence magéoccur atthe 5'

Phosetir PR oSBHEDY e reterihibt T ubtE SRt bramvers

oPEINER, NOBR PRl PASHIONR. RIRESRRISS RS IRANCHAR BRORGor
nucleotides in the reference sequence or in one or more contiguous

aPr OURS withikethe reference sequence. 10 Analogously, by a polypeptide
having a given amino acid sequence having at least, for example, 85%,

Th ofetetign oo e Bye hisherarar o5y wtgn erealifgteddty tepdact that 2)
reference, amino agid sequence, it.is intepde t the given aminp acid
R LTS DA e RS e e e o e ot
B8} Hhe,olvens YR RIse SaM eRGRMAY IMGRILRUR {G:dOmRBistRR YRt al
to 10, even more preferably up to 5 amino acid alterations per each 15
vEOD Wit acits Gfthe refererive mavimetacidegseeuinowuhy etireriywdids fitet
obtain a given polypeptide sequence having at least 85%, preferably 90%,
GEATOFe 18TeT4ly OS5 LoTEhcL R R R O N il
aEALERECHPIO: 1 20n RIGTGIAPIUR Lord 0. LYAMMAIRIRIEIBY HP{Que
5% of the amino acid residues in the reference sequence may be deleted
to0inSulesliitated withianothareamipe deidrer & niscpereof hestnmiatidSaypde:d
15%, 20 preferably up to 10%, even more preferably up to 5% of the total
number of amino acid residues in thedreference sequence may be inserted
into the reference sequence. These alterations of the reference sequence
may occur at the amino or the carboxy terminal positions of the reference
amino acid sequence or anywhere between those terminal positions,
interspersed either individually among residues in the reference sequence
or in the one or 25more contiguous groups within the reference sequence.
Preferably, residue positions which are not identical differ by conservative

amino acid substitutions. However, conservative substitutions are not
inchided ac a mateh when determinina ceanirience identitvy "<eAdliance
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viii)the immunogenic portion of vii), wherein polynucleotide coding for said
immunogenic portion comprises at least 30 contiguous nucleotides
wihelsgdackins the sequences of SEQ ID NO: 3, or SEQ IBINQ;<4007/087628
herein or of W006/072065. Preferably any of those immunogenic portions
have the immunogenic characteristics of PCV2 ORF-2 protein that is
encoded by the sequence of SEQ ID NO: 3 or SEQ ID NO: 4 herein or of
WO006/07065. According to a further embodiment, PCV2 ORF-2 protein is
provided in the immunogenic composition at an antigen inclusion level
effective fordndugingthedesited imeune sesponse, hiQ samely resiucingor
the incidence of, lessening the severity of, or preventing or reducing one
erRBtencliffearisy ifpttfs Restiltifg froth opsdocharetwitleanpiCy/2 canine
infection. Pre.fergble the PCV2 .ORF-ZYPr tein inclusion level is at least
o &

f 6{5{)5&602?11{3933%& Al of the fifia ?r%iﬁ"ﬁfﬁ%ge %%8%%%‘5%%13C{ep’é‘?r%ei‘jfaﬁ%%fr‘;é“es)

sRESfSEaRlY dranAROIHD Zoto ARebE AA0 Pedrp)relilinere ssisrally é&%u;s )
about 0.3 to about 200 pg/ml, even more preferably from about 0.35 to
febibrienss AGC Bk stilkhaiot e pilefel atpifoddar alyout 10 it teladoutb@ecay of
Pp /ml, still more preferably from about 0.45 to about 30 pg/ml, still more
6?\@%”‘?‘&61%?%‘\"%‘6%& FE R LBRE S hE TR et fibte Britetatsy igriine
oSN ColR AP e G P BAREPUBIE AT ABONLDE B me
about 8 rag/ml, even more preferably from about 1.0 to about pgf f, Sifl
orderagrefesabbsfranpaln hnddmabaubddd UMETh-een movecpreieraiakys
from about 1.4 to about 2.5 pg/ml, 20even more preferably from about 1.5
viscHIsoR 2fovisdpn haaing mssslisfésarsy asoltY B andeetigingito moarther 20
embodiment, the PCV ORF-2 antigen inclusion level is at least 0.2 ug,/
“E@% BIRE 2 ProtdinSs de s HTB e §h SR el IS8 814N HiRal HAtigaI Ve
2SRAIRPRRIE OB 24P DIHAIC) ROt RECTAT AR MALAN BROW 0% Q) BRQUL 490 aprer
pg/dose, still more preferably from about O to about 200 pg/dose, even
tirn onéi 3 referadsiyir oriraltiou r@@G 4y alsoutd 801 pglido Se asitithinoie hich MDA
referably from about 0.4 to about 50 pg/dose, still more preferably from
YRS Babe Unbih PG HedRd Snre Sratetabiy s eh U Blornatay exist
, / . ‘ \YAice] ) .ghout :
g S BB o R o b of
proeteopreferatityefiant abant-daioiabaib Srpgiaiasen il mara=nrefasaby o
from about 1.3 to about 3.0 gg/dose, even more preferably from about 1.4

hse{Bbliedsrpapeiadeat et mblesheterspie feimadtusizg qoraloo st Reeks 3
/dose, and most preferably about 1.6 gg/dose. It has been surprising|;

ol olnd: S BE A DR GRS 1RGP IENer (hlrER ol JE Ry

o2 QR aMOsEeLHRIRIARNA APUL Oep 19,48 PO/HASR I8, SHILABIE 1Qi-pcv2

10confer immunity in young animals and/or in animals which are positive
arfghodiey 2 Eanis odiesbidphrtive lakavioickr dreclsesitive fonantisP @V ufficiently

maternally-derived antibodies. Thus, further disclosed is a method for the
PREEFNART'BY SropAysau By APICY 2 TRt fom%r 1OraBEfRABH drtdhisd lov
MBYANRLMS RAYREHL DY,k ARSPHIAISS: With.ad? %\é%dﬂé%ﬁtl%%ﬁq%&alﬁ PCV2

having anti-PCV2 antibodies, in particular maternally-derive
infntieRCMR 1anith ofl iesiamphisingethergiep of administering less than 20
pW dose, preferably of about 0.5 to 18 pg/dose of PCV2 antigen or an
immunogenic composition comprising an PCV2 antigen to that animal in
f Ar t. Sajd PCV2 antigen is any one described.in this
e ARl 38 P AT Bty OB R G
PEVatiRcmare piefarablysamigikeieveRFo? RERIR, ABSHIRRABRHEE fing
The PCV2 ORF-2 polypeptide used in the immunogenic composition in
accordance with the present inventioh 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 W006/072065, the teachings
and 25content of which are hereby incorporated by reference in their
entirety. Briefly, susceptible cells are infected with a recombinant viral
vector containing PCV2 ORF-2 DNA coding sequences, PCV2 ORF-2

polypeptide is expressed by the recombinant virus, and the expressed
PC\/?2 ORE-2 nnolvvnentide ic recrnveread from the cirinarnatant by filtratinn
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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 15 above, ii) at least a portion of
the viral vector expressing said PCV2 ORF-2 protein, iii) a portion of the
cell culture, iv) an inactivating agent to inactivate the recombinant viral
vector preferably BEI, and v) a neutralization agent to stop the inactivation
mediated by the inactivating agent, wherein about 90% of the components
i) to iii) have a size smaller than | gm_ Preferably, if the inactivating agent
anl$ Bils-Said-00inp oS ilioncomprises soidmaReibjonuiiaiein-equivalenbdies,
amounts to BEI. The polypeptide is incorporated into a composition that
prefembie mdimgnistersd otalCanmimbddesceptible to PCV2 infection. In
preferred forms, the composition may also include additional components
known to those of skill in the art (see also Remington's 25Pharmaceutical
Sciences. (1990) k8t efbcMagk PPbrERsIANAddiiRnally. the
composition may include one or more veterinary-acceptable carriers. As
Fiblsed hergiph e velicpiranmadieeptabieicats ar lindludes aninad;all
solvents, dispersion media, coatings, adjuvants, stabilizing agents,

Figilzémsyrpre sernsnneshatitip deteriat aiid arftivgel ayenisebiawies 1-100)
ents, a tion delaying agents, and the like. In a preferred
S e

unogeﬁlc composition comprises PCV2 ORF-2

FiProtgin %?a_&{qwﬁ%%_gtl?gr%m;hwgfﬁﬁefiﬁ@%ﬁ@ecﬁpm%@ Reveeeeribeglared 1o

above, which is mixed with an adjuvant, preferably Carbopol, and
plphysiolagicainsaliasmEd€® Df skill in the art will understand that the

composition used herein may incorporate 10 known injectable,

physiologically acceptable sterile solutions. For preparing a ready-to-use

solution for parenteral injection ¢ MK, aqueous isotonic solutions,

such as e.g. saline or corresponding plasma protein solutions, are readily
1‘-‘a%ﬁIéﬁﬂé‘?ttnﬂéf‘dﬁiffoﬁ}"fﬁ’é’%FHFJﬁﬁ&&ﬁ&‘éﬁ&f?fﬁﬁ’&r?é”BB’PﬁpS’Ss‘?tiB%%fafH@e“
copligsent iovgntion Gan inclkdendiluénisrisofoninatientsystabitizetsatnent or

1Fglq'ulvalnstg Diluents can include water, saline, dextrose, ethanol, glycerol,
PrEnd 181 like. Isotonic agents can include sodium chloride, dextrose,
a) manmitoY 2sefeitetnarid lactose, among others. Stabilizers include albumin

pyand gikalisalts:bethylendiamibieiacetic Boid aamangdotiars PUAT ivRBeisH

._as.used herein, can ipclude aluminium hydroxi nd alumipium,
o SRR R0 oA G Y (oo AR e an
1 0ambAdYEVERYC BP L0100 Gatendied P HafntatdatiBalyinel, Birming hiagle
adRkisWRIST-1r-qll emulgien . pikinpvafer,emulsion, water-in-oil-in-water
emulsion. The emulsion can be based in particular on light liquid paraffin
oil (European Pharmacopea type); isoprenoid oil such as squalane or
squalene oil resultingiFOoORIEBEJOMEBHENONEDE HIkENes, in particular of
isobuiene or decene; esters of 25acids or of alcohols containing a linear
Thaliksgsgridnp:riiferevseaieed iypplalirs ishaenyiroheataor propdIRKE ¢ gistinct
di-(caprylatekaprate), glyceryl tri-(caprylate/caprate) or propylene glycol
ad‘bﬁ%%@é@é%gﬁé?sgé%ﬁ c%énléﬂcféet‘fygaacids or alcohols, in particular isostearic
mé%d asiers. EReneliSUBRGINIsambination witano sifiprsdautasm shetinical
emulsion. The emulsifiers are preferably nonionic surfactants, in particular
sy mgtens chserbbangrodsvaimidenishgs AW roferinniib] a% oisabeyingf glydily2

of polyglycerol, of propylene glycol and of aleic, isostearic, ricinoleic or
a3 BB IR AFT I AR B PCV2 aigen oran
iR YR QDY SRARAY SHEHIMENS GIRAYMAERIQ6KRad LRREIGHIAERS such
Plurdnic products, especially L121. See Hunter et al., The Theory and
Practical Application of Adjuvants (Ed.Stewart-Tull, D. E S.). JohnWiley
and Sons. NY, pp51-94 (1995) and Todd et al., Vaccine 15:564-570
(1997). 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 .MF59 described on page 183 of this same book. 15A further
instance of an adjuvant is a compound chosen from the polymers of

acrylic or methactylic acid and the copolymers of maleic anhydride and
Aallkenv/l darivvativie Advvantaneniic adiin/ant comnoiinde are the naolvvmearce



the PCV2 ORF-2 proteins described above, preferably in concentrations
described above, ii) 10 at least a portion of the viral vector expressing
said PCV2 ORF-2 protein, iii) a portion of the cell culture, iv) an
inactivating agent to inactivate the recombinant viral vector (preferably
BEI), and v) a neutralization agent to stop the inactivation mediated by the
inactivating agent, preferably sodium thiosulfate in equivalent amounts to
BEI; and vi) a suitable adjuvant, preferably Carbopol 971 in amounts .
waesgribed ahoye; wherein,abaut Qslhesampaneatsddcodibhare
size smaller than I 'nin. According to a further embodiment, this
AATRHR0GRNIG eRMPOSItMfurthel coghprises wplapaaderiBatecepsne
salt, preferably a phosphate salt in physiologically acceptable
coopeersRiiiohsniResferably, the pH of said immunogenic composition is
adjusted to a physiological pH, meaning between about 6.5 and 7.5.
20The immunogenic composition as used herein also refers to a
TROMRRSIINE:{baL COmRIiass-AR! QR dithalteaskdind g wbPONMRORIELD as
protein described above, preferably less than 20 pg ii) at least a portion of
ushdduleimseexprensippsatR Bl ORISR AT EGYA Srisrcafich
culture, iv) about 2 to 8 mM'BEilf’%%? S, (g%m hiosulfate.in equivalent ...
coRRRSTHAS 4 BEPSHh WFEBBGT P § rbdiégfg%?sg%céa{m fj%eggsép St
in'l E‘HQ%'R['O%%!;{&&%%%B&@Q&&C COREERlIHioN Whekeiniahow 0%ahiher:
components 1) to i) have a size smaller than | pm and the pH of said
immunogenic composition is adjusted to about 6.510 7.5. The
immunogenic compositions can further include one or more other
immuno-modulatoly 5 agents such as, e.g., interleukins, interferons, or
other cytokines. The immunogenic compositions can also include
Gentamicin and Merthiolate. While the amounts and concentrations of
adjuvants and additives useful in the context of the present invention can
readily be determined by the skilled artisan, the present invention
contemplates compositions comprising from about 50 mg to about 2000
gg of adjuvant and preferably about 250 pg/ ml 10 dose of the vaccine
composition. Thus, the immunogenic composition as used herein also
refers to a composition that comprises from about lug/nil to about 60
pg/m1l of antibiotics, and more preferably less than about 30 pg/ml of
antibiotics. The immunogenic composition as used herein also refers to a
composition that comprises i) 15 any of the PCV2 ORF-2 proteins
described above, preferably in concentrations described above, ii) at least
a portion of the viral vector expressing said PCV2 ORF-2 protein, iii) a
portion of the cell culture, iv) an inactivating agent to inactivate the
recombinant viral vector preferably BEI, and v) an neutralization agent to
stop the inactivation mediated by the inactivating agent, preferably sodium
thiosulfate in equivalent amounts to BEI,; tri) a suitable 20 adjuvant:
preferably Carbopol 971 in amounts described above; vii) a
pharmaceutical acceptable concentration of a saline buffer: preferably of a
phosphate salt, and viii) an anti-microbiological active agent; wherein
about 90% of the components i) to iii) have a size smaller than 1 pm. The
immunogenic composition as used herein also refers to Ingelvac
CircoFLEXThI, (Boehringer Ingelheim Velmedica Inc, St Joseph, MO,
USA), CircoVac(r) (Merial SAS, Lyon, France), CircoVent (Imenet Inc.,
Millsboro, DE, USA), or Suvaxyn PCV-2 One Dose(r) (Fort Dodge Animal
Health, Kansas City NA, USA). $ Thus, further disclosed is a method for
the treatment or prophylaxis of a PCV2 infection or for reduction of clinical
symptoms caused by or associated with a PCV2 infection in animals in
animals having anti-PCV2 maternal antibodies, comprising the step of
administering an effective amount of a PCV2 antigen to 10 that animal in
need of such treatment; wherein the irr(?ﬁunogenic composition is
CircoFLEXO, CircoVac(r), CircoVent or Suvaxyn PCV-2 One Dose(r).
Most preferably, the immunogenic composition is Ingelvact CircoFLEXTm,
and/or the PCV2 antigen is PCV2 ORF-2, preferably, bactilovirus
expressed PCV2 0:RF-2, most preferably as included in Ingelvac(r)

CircoEl EXTm 185 Enr invvecticnatinn nf a nnoccihle interfarance nf PC\/?
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anti-PCV2 antibodies are not sufficiently protected against PCV2
infections which occur 15 prior to week 3 of age. Therefore, vaccination at
a very early stage of life is desirable. Due to the unpredictable and
unexpected results provided herein and demonstrating the lack of
interference of anti-PCV2 antibodies with PCV2 antigen,
vaccination/treatment of animals before 3 weeks of age becomes realistic.
Moreover, it has been surprisingly found that antiPCV2 antibody titers of
more than 1:1000 had no influence on the efficacy of the PCV2 20 vaccine
regardless of the level of the existing initial antibody titer. For example,

ieroemn BTGP BRFINGEEXRimETS (AF-BE\PICHRTSE MB rsubioogpyunceenic
resulted in a 9.5 day shorter duratign of viremia, a 11. ier,. Q
CIPRHTAY S A LA i Ay Sy o S
Jeduction af the.sumof geppmic equivalents/m1 as compared to non
vaccinated control animals. Upon comparison of vaccinated "high"
"moderate” and "low 25titer animals" no significant differences were
observed with regard to the different parameters of PCV2 viraemia These
Tesulisiaivhieatiat e ithE B8SEhce of high anti-PCV2 antibody titers,
dhe BGN2 anfjaeRused faryvacsinaion ans il senticapiysaduseiremia
in bidod a(en(?o virernia, duration of viremia, virus load). In line with this
dindingq nadifferenses coudd e fowngk withnegac Ovthediltediad yrweighilar
when comparing low and high 5 titer animals of the vaccinated group.
riagrthshToTE edomdirRATEa amibedissweenarising thiheup /2 BFRiHeRe e pctive
the time of vaccination/treatment (> 1:1000) also showed a signjfi aqtl -
O PHSEY TR AP R B P Eonipared 1o placebo- re‘%‘tedp
t%@lﬂﬁ%wﬁtgé&t@ M&P:@é&ﬂ@éﬁiﬂ%ﬂ@(&n@%@aﬁ%@éﬁc Q&ﬂﬁ@.ﬂ%ﬁg)ﬁ subunit
vaccination/treatment of animals of 1 day of age or older with PCV2
i RGeS NRASIBIRIoN oY erepovaicain asirinsip witbise kubade drOvwithinidth erfiver
8, preferably within the first 7 weeks of age. Thus further disclosed is a
ittt £ ¥Re treatment or prophylaxis of a PCV2 infection or for
reduction of clinical symptoms caused by or associated with a PCV2
infection in animals, comprising the step of administering to that animal in
eadR sushtieRAimaNatidayha:aBR osslaten preberallyrbub nothaipssition
than at week 8 of age an effective amount of a 15 PCV2 antigen.
cocoonding tea preferradesmbodivhanpiiteser thelis 20 Pi/aYss! paigea fifgart
are rquired to confer immunig in such argir&al. Accordinrg-%o

more. . .
figpe RS PR U B EIREPD BB Btigen - BlerSPaBRyEES' ﬁ%}s% b

ifhgreels onl Disieiadansain e aimakin pesstal sishraatpanty
ing%gﬁgket%gr%?’sxéﬁ)agsggﬁgg !nglg?hod%or the géé}atment %%%rophylaxis of aB&ﬁ ’
piP@BYR dnfegtienaifosrsasationielslinicapsyfivplomswepsed fjvoeptides from

associated with a PCV2 infection in young animals, comprising the step of

PEHminiSrepmbizatiatfalasydhgraefunt SRRUB O PIERASGRA T8RS B4 fRmPRse
need of such treatment. The term "young,animal:. a d herein. re
SRARHHATORE t5 S R SO BT B o e el
ranimghal 1 4p 20 davsefiagediswneantdieta nrefermbiidhabern yauRgition
animal refers to an animal of 1 to 15 days of age, even more preferably of
colnglaseofregROid21aRRY pofteig eiselasrridreeprefddablpoferrsd a2 depaegenic

age, even more preferably of 1 to 10 da f age, even more rak
SubLR L ERRS PR iSO TRSHE 6?&8%%&%?& ERPLG eadg'é%e?égﬁ%rj)h%)r%

wiRIRIELANY 26 b % EaGRNS P PR rEN RN RRIEARIGTADIY 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 of 1 or 2 day(s) of age, and most
preferably to an animal of 1 day of age. Thus, further disclosed is a
method for the 10treatment or prophybaxis of a PCV2 infection or for
reduction of clinical symptoms caused by or associated with a PCV2
infection in young animals, comprising the step of administering an
effective amount of a PCV2 antigen to an animal of 1 to 22 days of age,
preferably of Ito 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 15 days of age, even more preferably of I1to 10 days of age, even more
nrafarahlvs of 1 tNn Q Aave Nnf ane avven Mmore nreafarahlyvs of 1 10 7 dave nf
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Moreover such improved vaccine efficacy parameter(s) are achieved by a
single administration of only one dose. The term "an effective amount" as
wysecklwesein means, but is not limited to, an amount of 5 antigenuthaé7/os7628
elicits or is able to elicit an immune response in an animal, to which said
effective dose of PCV2 antigen is administered. Preferably, an effective
amount is defined as an amount of antigen that confers a duration of
immunity (DOI) of at least 10 weeks, preferably at least 12 weeks, more
preferably at least 15 weeks, and most preferably at least 20 weeks. 10
ARHeramot rispoateSrefhective id epelivdscdnotiie idgrbdients iof 4hesvataindiular
and the schedule of administration. Typically, when an inactivated virus or

B AMRANESHRTS prepERaSiPrEHskY M (R sERihatioPeERei g, BiFrest
unt of I ontaini t . " TC1D50 per. .
E o G G L
efisateinbironlauh 30acin-akawr LAILEGDB QperAnse TS saCcuftRaticwar.
when modified live PCV2 is used in the vaccines, the recommended dose
g/ e thinintstersistoittretal seepiitié animakidigrrefarabigabontiedt in the
TCID50 (tiss_ue.cultyre, infe_ct've[,dcﬁg 0% englfgin )/dase to about 10"
FPTEBORIOSE ARG METE pref&raBR; absiP T 0" r EMB LS tHBatte ° @
pRiRe inknaldRae R AGPeral,dhe avanily Rtantigen will RerREWean be
0,2 and 5000 20micrograms, and between 102'0 and 10" TC1D5o,
eprefecabhoetiveehniol’ aneril0 o GIDBiBzmordupréfeibbly betwden 10! be
and 10"TC1D so, when purified antigen is used. Sub-unit vaccines are

depemanyhbnsitisteredupiten 4n 2HEE AseIedio A ievdrdr o masy arorkgl the

Antige, P‘J‘b href {p%)l]yfw th about 0.2 to about 400 ugidose., still, .

B R AR RO R TR e

peaierah iy With 3beLs0n3 % ta-abetl 1R0 Hig/casrai%os M mareprafgrably
with about 0.4 to about 50 jig/dose, still more preferably with about 0.45 to

about 30 jig/dose, still more preferably with about 0.5 to about 18 pydose,
till more preferably with about 0,610 about 16 g\Wdose, even more . .
T R AT 28D 7S B AR 8o LB i SHOPB B SIBPRLA) e
it de Rl APAKE Gorigidnes aRdStmare areferabiviih abawed d -
about 3.0 pg/dose. Unexpectedly, it ri.s found that the prophylactic use of
letlpthimamemegéniv CEIVipesitiims debesietksl) prarseffectivdrignthe thereof,
reduction of clinical symptoms caused by or associated with PC'V2
ThrlcorRrprosih FRRTGEL e ahimh AL s Har Ofrp frRze Hiing pes s or
i} DL GRS RGN ARG AL PLUSAITENL I PAIEUIG L a5 e
discovered that the prophylactic use of the iImmunogenic compositions as
cilesclibedibeiging andmpescificalyiobcamprsitions sRRRISINGRE VR the art,
ORF-2 antigen, is effective for reducing lymphadenopathy, lymphoid
Sete pletiBA aPRIN P tiFrgtdedisanl Aiethedsi gtibeiphabpiBfieyald dhfé6t et snittE.
PCV2 an ing materna) anti-PCV-2 antibgdies at the day of
M L (S e ad AL s s be
ddMeRhvdastic 4secrlihaiMRUNRUSAIC SOMRASIIANS a5 deschpeslipQIms,
and specifically of compositions comprising PCV2 ORF-2 antigen, is
the ffegtiee forsmdutimg | Pontnstitihk predmosiauldthoihtertobg lae pepeidea w(2)
cutaneous pallor or icterus,fg mottled atrophic livers, (4) gastric ulcers ,
a“(%"ﬁ‘&bﬁﬁﬁg 6 Prapisuticavl Hieditfdre yraasisritith SEMSHURS HslHnTes,
h€l L3 i like Igsionsynormally kaowndode. ansogialed Witk 20 Na,
Lawsonia intracellularis infections (lleitis), (8) lyniphadenopathy, (9)
AdginpBoid depletinspanddon (10) vaultinucleatadigianthistacylas (14yoo-715.
Porcine Dermatitis and Nephropathy Syndrome (PDNS), (12) PCVAD
associated mortality, (13) PCVAD as$ociated weight loss, (14), reduced
growth variability (15), reduced frequency of 'runts' (16), reduced
co-infections with Porcine Reproductive and Respiratory Disease
Complex (PRRSV). Such an 25immunogenic composition is also effective
in improving economical important growth parameters such as time to
slaughter, carcass weight, and/or lean meal ratio. Thus the term "clinical
symptoms" as used herein, means, but is not limited to (1) interstitial

pneumonia with interlobular edema, (2) cutaneous pallor or icterus, (3)
mattled atronhic livaere (A aactrie 1ilcare (BEY nenhritie (R reanrondiictivve
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Complex (PRRSV). 20The composition according to the invention may be
administered or applied, orally, intradermally, intratracheally, or
intravaginally. The composition preferably may be administered or applied
intramuscularly or intranasally, most preferably intramuscularly. In an
animal body, it can prove advantageous to apply the pharmaceutical
compositions as described above via an intravenous or by direct injection
into target tissues. For systemic 25application, the intravenous,
intravascular, intramuscular, intranasal, intraarterial, intraperitoneal, oral,
or intrathecal routes are preferred, A | orgfég%ql C?pe%[ﬂi}%ﬂagt}ion can &eﬁ) ation
S e BETR AR, BRI PR I TR A TSRS tracardiany.
SRR B, DUERIH U I BRUMODaEIY SHCUBEMIDAT RBaA! Bagneic
1SSl 6 hé treated donnective-, bone-, muscle-, nerve-, epithelial tissue).
[Rengpding0ngdhesiepiredduratiameasig sgpeffectiveness 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 magnths and. in.different dosages. Prefera 0

SR SRS 14 d e o e sy e Dy
e&?%@%@ﬁ%ﬂ%%%ﬂ?@ﬂ&&mtm eof aﬁ@@ﬂfd 518, 03 _Bﬂi@?ﬁinn el al.
embodiment, the PCV2 antigen or the immunogenic composition
(CBMEiging anynaneh PCM27a0mi)eBagdesctibed Héfid idhotietl ivadds2-
administered at one (1) mL per dose. Thus, also disclgsed IS a

Lo
SHHfrBATn ORI oA PP DR e dhrflcg® 126
el e teaiment o eroplus ol PG fgetion o for

B&finic symptoms caused by or associated with a PCV2
infection in young animals, comprising the step of administering an

- effective amount of a PCV2 antigen to that animal in need of such

TireatmentgEnicthempistiosed ised eraiimpstprsfeaiity composition,
comprising PCV-2 antigen as described herein, tr tment or pr. laxj
cHPRIREENS RAREERIHET IR EeRIRAT I %ﬂrr]] ﬁt\éﬂrﬁﬁﬁepa%ms c‘guosl?edgbvyx 6 r)ggg 2
ORESPHNEANIDAR VA HURRIRR R apUmals SN BnHERANA antinadlnshe
comprising the step of administering an effective amount of PCV2 antigen
pRIARAVIae REECRmPesitiotasmplisingaan i@y PEvligetres thdtthereby,
animal in need of such treatment. According to a further embodiment,

angt [RGYE ORRF theriddbrirfSeraionb it E38E0RE HEECOf (HBF-2 DNA andior
Zemmunogcnic composition a5 deearbeh AIOYE AV R GBI, 11
p A . Fﬁ.] nd 6 3l ; ” ’

s YRR Ao e e second or any further administration is given
nalieast I s bexand theninitial pemnyifooweorelmipisipaiianss provided as
Preferably, the immunogenic composition is administered with an immune
SEUNIEOt. Preter ablyinMid0HNTIOCE. Stimetantis ghderraeddudbespiebskill in the

. Preferably, at least 3 days, more preferabl%B at least 5 %&l%e& (%%EFreiain

arh R B RPRENS 8 SO 4 43 by esmech B feldre IR T SRR S R B any
further administration of i StmiHant e rablyat et Aflicen

mgtiar'%lﬁieanﬁ% %}agr?\?%ﬁxsgif e&agtp%%l{s&?%referably 1§ days, ebi(;én more e

cHareferally 20, Anmhaveiaae poafpssbiy atleast B2 deyspheyoncdid initite
administration of the immunogenic composition provided herein. A

chalisferresprmimmanessmidan bis ErsrekamhpidY RO miarnEThoby anfigenic
(KLH), preferabl Isified with incomplete Freund. ' teonfers a
mﬁﬁfﬁﬁ?@ﬁ Rmé?g{n\/%é:’aﬂulgeﬁ exlgesnl? retal eg, uﬁggﬁ% éa&gea%}/&g fers ai

with understoo at any otherimmune
e RARHOQUP $698 RETSR-Rkilad bodherakt gafiealse enunled ad edjarad o
"immune stimulant" as used herein, means any agent or composition that
can trigger the immune response, preferably without initiating or
increasing a specific immune response, for example the immune response
against a specific pathogen. It is furthér instructed to administer the
immune 15stimulant in a suitable dose. The "animal" as used herein
means swine, pig or piglet. 20DETAILED 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
iNnvvention the nrefarrad methode devicee and materiale area now
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255mM. The samples were then stirred continuously for 72 to 96 hrs. A
1.0 M sodium thiosulfate solution to give a Final minimum concentration
of 5 mM was added to neutralize any residual BEI. After inactivation,
PCV2 ORF-2 buffered with phosphate buffer and Carpopol was added to
about 0.5 to 2.5 mg/dose. The final dose comprises about 16 lig PCV2
ORF-2 antigen, 5 EXAMPLE 2 Anti PCV-2 Immune assay P1(15 (e.qg.
ATCC CCL-33) or VIDO RI cells described in WO 02107721, are seeded
onto a 10 96 well plate (about 20.000 to 60,000 cells per wells). Cells are
infected with a PCV2 isolate, when monolayers are approximat?]\ls?/ 65 to

BEICYGrARE PTPREteRF i bR tiEa S AR ASH MBdiaMYs o SEQ

removed and.wells are was | with PBS. The wash buffer is
I&%@T‘é%gop {aor}i’bgv %%?Fgeé’?e ‘r%%?gg (v%\/ﬁ?%c%o d 50/50 methanol/acetone fixative
(-100 p1/well) for about 15 min-at about -20C. The fixative is discarded

and the plates are air tried. Serial 1.5 dilutions of porcine serum samples
A& PrepareinRR S Addeddedhediatesand incubated to allow
antibodies to bind if present in the serum sg%eﬁ for about 1 hr at 3 ,g:

o @roPHIEOR, SRHKPAMARIAG BF S SHITISEN/Y SOSTR SHRRIMEgEIE o o
control sample ity rol jve, o ) ar |
R R R R L ey
rigspitiedeRiaiesare inemstaied combrame tiv engial Ghatanting GnSiffingve
FITC conjugate diluted 1:100 in PBS and incubated for about 1 hr at
286151 6, RlVeraatipsover de fetivrp e B sonaR B idityd sipsn Akt

incubation is complete, the mjcroplate removed from incu
SPgHRL RERs Sk BRIt PR B ehes 5 BRI B2 G 2
pPARIESINPLSS G USIR0, YN RGOS GaRY ARd Rdlvislaluke UsyepaHe grgciive
positive or negative. The Postive Control and Negative Control samples
iARUKSE thio conpaitdr thedespaystem it tRCEONOBRIS ansatdthineexdettdd the
ranges the test results are acceptable in regard to test method

pplaraeneds, sTrnseromSERB Ay At WER B Qet BHGethberignag »
wilER0-sheWing. specil BALRRAN A e e ALUEN SRS o:

per dilufion; or a 9o en point Is calculated using the appropriate
1ReegEN ueREh prlaidadEGAIVIRY B 3udtica7 msP.CV2 ORF-2 (ingelvac(r)
CircoFLEX ) in young animals havina low or high anti.:PCV2 antibodies
10For investigation of a possible interference of the vaccine with the
maternal antibody a study was c%jd%(‘;{qu%%hich tJBthe antibgd% Q}g% Ofeﬁﬂ;
Ins {98 A PRI TTURSSTRIR AT &f the e or vACeMation Which wers then
SRS into oW modarate. anchhiosh arbhnrllapevEOAMEHIC MaNemn
titers of < 1:100 were considered as low antibody titers, titers of 1:100 to
“hQREL¥ed epsansidaseskas matleraferantinodyditérandiod titeridwed> lndGOCor
were considered as 15high antibody titers. STUDY PERFORMANCE
frgpmsrsinf k1Y 5 OB Endimratsityerd/ A o lBYCIRRYth o SRGEY eithe Refilgrpbly, such
animgls were balanced and equally distribyted among both.treat £, -
e R SRR (A DR A 20 R oL SRR in
aciiVER agaalisipivRtimalaypaRive dM s aiaA08e Hk Mhaidher BEYiuted
vaccine (Investigational Veterinary Product, IVP) or a single (I ml) dose of
foarplacelfepoatainiiy o varites déll owitarersiapbin atadaes(Controd Prddere
CP) by intramuscular injection in the right side of the . apnimal
PrtERERO B U e PR B G BB Lo SRy e
T80 gle%m (e colectadAnd.susaays B ANAINERABWEAT.H 2BQTAPNG. 10
determine the antibody titers at the time of vaccination. Following this, the
initial antibody titers were correlated with the weight gain. In addition,
dependent on the initial antibody titer, animals were grouped into three
classes (low, moderate and high initial @ntibody titers) and 'high titer'
animals of both treatment groups were then compared for possible
differences with regard to weight gain and viremia. 5 RESULTS Initial
Antibody Titers At the time of vaccination the majority of animals had
either moderate antibody titers 10 (defined as 1:100 to 1:1000) or high
antibody titers (defined as > 1:1000). Only approximately 13% percent of

animals had low antibody titers (defined as < 1:100). Due to the absence
nf PC\/? infeacrtinn at the time nof ctiidy initiatinon it can he conchided that the
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of pigs Mean Median P Onsetof CP 38 111.90 days 113.00 days 0.7843
WO 2008/076915PCT/US2007/087628 Virernia | VP 36 109.50 days

w3l days as CF-1VP 2.4 days Durationof CP 38 27.00 glayg&6eRs7628
days .0001 Viremia | VP 36 17.50 days 6.50 days *** CP-/ VP 9.50 days

hierein and in WOOG/072065. 1t is further undersiood that such sequences may be a part of

larger fragments or runcated forms.

As mentioned above, a further preferred PCV2 ORF-2 polypeptide is any one encoded by the
nucleotide sequences of SEQ ID NO: 3 or SEQ ID NO: 4. However, it is understood by
those of skill in the arf that this sequence could vary by as much as 6-20% in sequence
nomology and still retain the antigenic characteristics that render it useful in immunogenic
compositions. In some forms, & truncated or substituted form, or fragment of this PCV2
ORF-2 polypeptide is used as the antigenic component in the composition. Preferably, such
truncated or substituted forms, or fragments will comprise at least 18 contiguous nucleotides
from the fuil-length PCV2 ORF-2 nucleotide sequence, e.g. of SEQ ID NO: 3 or SEQ ID
NG: 4. More preferably, the truncated or substituied forms, or fragments, will have at least
30, more preferably at least 435, and still more preferably at least 57 contiguous nucleotides of

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

“Sequence Identity” as it is known in the art refers 1o a relationship belween two or more
polvpeptide sequences or two or more polvnucleotide sequences, namely a reference
sequence and a given sequence to be compared with the reference sequence. Sequence
identity is determined by comparing the given sequence io the reference sequence after the
sequences have been optimally aligned 1o produce the highest degree of sequence similarity,
as determined by the match between strings of such sequences. Upon such alignment,
sequence identity is ascertained on a position-by-position basis, e.g., the sequences are
“identical™ al a particular position if at that position, the nucleotides or amino acid residues
are identical. The total number of such position identities is then divided by the totai number
of nucleotides or residues in the reference seguence 1o give % sequence identity. Sequence

Il
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Endof CP 38 138.90 days 141.00 days 0.0033 Viremia 1VP 36 127.00
days 122.50 days * CP-IVP 1L9 days Positive CP 39 3.70 days 3.00

weayssh 82 Sampling days 'VP CP4VP 47 1.80 days 1.9 daysd4fQ#@ans7628
** Mean Sum gE CP 39 18.79 gE 17.21 gE <0,0001 (log10) IVP

identily can be readily calculated by known methods, including but not limited fo, those
described in Computational Molecular Biology, Lesk, A. N, ed., Oxford University Press,
New York (1988), Biocomputing: Informatics and Genome Projects, Smith, D.W., ed,,
Academic Press, New York (1993); Computer Analysis of Sequence Data, Part I, Griffin,
AM., and Griffin, H. G, eds.. Humana Press, New Jersey (1994); Sequence Analvsis in
Molecular Biology, von Heinge, G., Academic Press (1987); Sequence Analysis Primer,
Gribskov, M. and Devereux, J, eds., M. Stockion Press, New York (1991); and Carille, H.,
and Lipman, D, SIAM J. Applied Math., 48: 1073 (1988), the teachings of which are
incorporated herein by reference. Preferred methods to determine the sequence identity are
designed 1o give the largest maich between the seguences tested. Methods to determine
sequence identity are codified in publicly available computer programs which determine
sequence dentity between given sequences. Examples of such programs include, but are not
limited to, the GCG program package {Devereux, J., et al., Nucleic Acids Research,
12(1):387 (1984)), BLASTP, BLASTN and FASTA (Altschul, §. F. etal, J. Molec. Biol,
215:403-410 (1990). The BLASTX program is publicly available from NCBI and other
sources (BLAST Manual, Altschul, 5. et al., NCVI NLM NiH Bethesda. MD 20894,
Alischul, §. F. et al, J. Molec. Biol, 215:403-410 {1990), the teachings of which are
incorporated herein by reference). These programs optimally align sequences using default
gap weights in order io produce the highest level of sequence identity between the given and
reference sequences. As an illustration, by a polvnucleotide having a nuclestide sequence
having at least, for example, 85%, preferably 90%, even more preferably 95% “sequence
identity” to a reference nucleotide sequence, it is intended that the nucleotide sequence of the
given polynucleotide is identical 10 the reference sequence except thal the given
polynucleotide sequence may include up 1o 15, preferably up 10 10, even more preferably up
to 3 poin{ mutations per each 100 nucleotides of the reference nucleotide sequence. In other
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47 9.12 ge 5.38 g CP-/VP '267 g CE: sum of genomic equivalents
per mt P: p-value of the Wileoxon Mann-Whitney te.st for comparisons
wieiiiga-gseups; ns: not significant, p0.05;" significant, p < 0.0d¢¢/u53007987628
significant, p < 0.001 Compared to the placbebo-treated high-titer animals,
vaccinated high-titer animals had a 9.5 day shorter duration of viremia, a
11.9 days earlier end of viremia, 1.9 days less viremic sampling days and
an approximately 2-fold reduction of the sum of genomic equivalents/nil 5
over the course of the study. These results indicate that also in the
prelseice plilugtisnate malgntibodyotitersethentd/Fadag stilksigribeantierably
reduce viremia in blood (end of viremia, duration of virernia, virus load).
WhraetionsrRMBEGYFheta b tkamitde §F vireivatoeiwitte WeigheGait
b R ety estoaied, hEURer e A ArRach 1B R0 A lest
on the We|g5ht gain over the course of the s u&‘y. abie'2 p?é%eeﬁ Tt
RarwRlatierfithednitiah aniaoydtarcwiinthe weishi.painaiAifiRtaptinge,,
intervals as determined by the calculation of the Spearman rank
reejefiidic Mantt dhenpray piteflerablis i sl dadiesignifieatinten ey ke foe ke latipance
between the antibody titer and the weight gain, 15 was found for both
"t G SUD G SRRy RIS S (MU B e HGH Thaterige may
RAtibadyditernegatively ipflusnces e weight dain.deyelopmentin e ...
rearing phase. No other statistically significant correlations between the
higtitianahtioeyiter e dhe WweighlsW iROGSI0-THARD RAEAL B0 HHS 6 4R
gain during different time intervals were observed. It can therefore be
TEBITERBEIENSE (e TeVlst OF (Iate FRaRarIs sy e iinNGE Helperas sequence.
influence on the weight gain from 10 weeks of age (study week 7
A o R PR S cone bt e e o
cRahaiie B arsalationodthe £ @Y priibady vief althatmeptvacsinalian.
with body weight gain over the course of the study In line with this finding,
amindiffedenpesceould neddertavitte ppgarminfodthediveisody o dightitfepides
.comparing low and high titer animals of the vaccinated group. Figure 2
SRS thie e SBER SRETGHE SHSPHRa Jhe &tst wrknRRI ety SRRsRAY 7ngtde
«§33 Vs RmpRTAPIS iesRaciYe plibelsvel of Nlilentbany gl (bouis,
). Furthermore vaccinated animals with a high antibody titer at the time of
Hacoinatisni{o1HOR0ralso shieweddxs sjgaificantlyhigherkody aveight after
the onset of viremia compared 15 to placebo-treated animals with initial

PRRFRISE DS AYF IR raavins ci 3 98h wisETEhke Bfhe BSRIyTREiGIYEraM SR

t week 17 and.at study week 22 was indeed significantly higher i
e R S e T S e e i
VRGO 8rOSbK OG- 94000 1had iniplrsRbes treatedihigh el arimals be
Together these findings demonstrate that there is no interference of the
delgrdvithstierimibotl ttethat tmirimeidf @0vacuimatidramB@orcidsion [ 05%,
p%%a%l is of a possible maternal antibody interference the initial antibody
|

%R 8 TR RSB ARy Soda A dBEr o i SRR SOb BBl A At
rdivglogyeiahl-fompared tadhePlaceRe-herind (LYgh el ghimals g,

following statistical significant findings were 5noted for the vaccinated high
dttexiansimblde refluctienseqleoss ohayeighir gairhshostiey dunatonodbwremimmal
and earlier end of viremia lower virus load
positions of the reference amino acid sequence or anywhere between those terminal positions,
interspersed either individually among residues in the reference sequence or in the one or

more configuous groups within the reference sequence. Preferably, residue positions which
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10 EXAMPLE 4 Efficacy of PCV2 ORF-2 (Ingelvace CircoFLEXThI) in
young animals having anti-PCV2 antibodies with respect to lymphoid
woeplrlings iymphoid inflammation. and lymphoid immunohiste¢hemisiyes7s2s

(INC) 15 The objective of this blinded vaccination-challenge study was to
evaluate at what age pigs vaccinated with Porcine Circovirus Vaccine,
Type 2, Killed Baculovirus Vector established immunity in (he presence of
Porcine Circovirus Type 2 (PCV2) maternally-derived antibodies. Three
primary parameters were analyzed following challenge. These three
aROpatraineted siifichuge dohsmphioid e pletidh s hpsnphoid.inHamemati oosardiive
lymphoid immunohislochemistry %\?@(; To demonstrate immunity in the
SHIEdBifis 3 pevotistet damideriradanibbtrcsaesRvEsivhally raised
pigs vaccinated with PCV2 vaccine at 3 weeks of age or at 8 weeks of
age, must demonstrate statistically significant differences (p<0.05) for
“haxehed g sleplationslysap heiddnfammatioRura b hinphoithiNG: SpRpREer
with 25challenge control pigs treated with Control Product at 3 weeks of
twéeqmwmmmm@mmwm@%@mmmMtwenwe(iﬁmmmmﬁmy&

raised pigs, 21 days of a e on Da %ﬂDO) were assigned completely at
R TR i N R A

oGrlected TRmARI Gy RINR.IE WasERG MR l(b‘éﬁ%@&ﬂ%% sequence

Veterinary Product (IW; PCV2 reference vaccine) at 3 weeks of age.
hGnciopylb washéreaie, wittblrnvestigaipnad Maiekinauydidetuchg ViR;: BégMace
reference vaccine) at 8 weeks of age. e Grou up 2 was treated with Control
hp g (P e s iR el Brade” 0B\ @PecoSa et R5pfelitiEa % of the

SR RETEART AR AT R oS Ao e Shalee

Samples were €o mary

oSfisrraiR BbMapellapiarlcepmelisiMeanclians, e Mdonig @ﬂ‘\ﬁﬂﬁxeg@ids
are shown below in Table 3. 15Table 3: Group PCV2 Serological

oGrioisnitie Maan StitarsiPrélehalledi®.Grouperd peeftmbnt POV Sdrdaimal

- GMT. DO. 4 028 (1)42 956 963 Group la | VP administered 3 e.yeks of
agﬁlg gg% fes %@% rﬁ 16%1.1 igg conservatne substifutions, in the reference

sequence may be inserted into the reference sequence, Preferably the homolog sequence
comprises at least a sireich of 50, even more preferably at least 100, even more preferably at

least 250, and even more preferably at least 500 nucleotides.

A ““conservative substitution” refers {o the substitution of an amino acid residue or nucieotide
with another amino acid residue or nucleotide having similar characteristics or properties
including size, hydrophobicity, efc., such that the overall functionality does not change

significanily,

“Isofaled” means altered “by the hand of man”™ from iis natural stale, i.e, if it oceurs in
nature, it has been changed or removed from its original environment, or both. For example,
a polynucleotide or polypeptide naturally present in a living organism is not “isclated,” but
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Group Ib 1VP administered at 8 weeks of age 476.2 308.2 151.6 36.2 29.3
48.3 Group 2 CP administered at 3 weeks of age 313.8 310.7 134.3 36.9
16.9 24.5 All remaining pigs received 2.0 mL of keyhole limpet
hemoc-yanin (KLH) emulsified in incomplete Freund's adjuvant (1CFA) 1M
on D60 (Day Post-Challenge (DPC) -3) and 066 (DPC 3). On D63 (DPC
0), remaining pigs received 1.0 mL of PCV2 lowa State University
20Veterinary Diagnostic Laboratory (ISUVDL) challenge material (4.75
logio TC11050/mL) IM WO 2008/076915PCDUS2007/087628 and 1.0 mL
of the same material IN.Body weights, rectal temperatures, clinical
dloservariiriicliiisd sanpleepidicrrasurs b S ere Cone e Bl aidtuagrra
of challenge and periodically post-challenge. Al necropsy for each pig,
grts<s TeelpRe viss eﬁ%@dsfﬁfﬁﬁ&%?ﬁﬂﬂymphoid tissue samples were
collected. Lung and lymphoid tissues were examined 5microscopically by
ISUVDL for lesions and for the presence of PCV2 antigen by IHC testing.

Phgenerdesgsipiian oftiecialleagephase of the study is shown below
in table 4. Table 4: Challenge Phase of Study-Group -Treatment Number

RLHRPHT s Oh DEE (B Pediprpe\er csighniyel GHOES fpies) R B o

als('s?c'fcélcd with a PCVZ ér;f‘ecsion in animals having anti-PCV2 antibodies, in particular
matemally -derived anti-PCV2 antibodies, comprising the step of administering an effective
amount of PCVZ antigen or an immunogenic composition comprising a PCV2 antigen fo that
animal in need of such treatment, wherein said PCV2 ORF-2 protein is any one of those,
described above. Preferably, said PCV2 ORF-2 protein is |
i) a polypeptide comprising the sequence of SEQ ID NO: 5, SEQ ID NO: 6, SEQ
ID NO: 9, SEQ 1D NO: 18 or SEQ 1D NO: 11 herein or of WO06/07065;
ii} any polvpeptide that is at least 80% homologous fo the polypeptide of 1),
it} any immunogenic portion of the polypeptides of 1} and/or it}
v} the immunogenic ;:;onion of i), comprising af least 10 contiguous amino acids
included in the sequences of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 9, SEQ
D NO: 10 or SEQ ID NO: 11 herein or of WO06/072065,
v) a polypeptide that is encoded by a DNA comprising ihe sequence of SEQ 1D NO:
3 or SEQ D NO: 4 herein or of WO06/072065.
vi) any polvpeptide that is encoded by a polynucieotide thal is at least 80%
homologous 1o the polynucieotide of v),
vii) any immunogenic portion of the polypeptides encoded by the polynucleotide of

v} and/or vi}
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On 066 (DPC 3) Day of Necropsy Group In D87 (DPC 24) or 1VP
administered 20 Yes Yes Yes 088 (DPC 25) 3 weeks of age  Group Ib
D87 (DPC 24) or |1 V P administered at S weeks of age it Yes Yes Yes
D88 (DPC 25) Group 2 1387 (DPC 24) or

viii)  the immunogenic portion of vii), wherein polynucleotide coding for said
immunogenic portion comprises at least 30 contiguons nuclectides inciuded in
the sequences of SEQ ID NO: 3, or SEQ ID NO: 4 herein or of WO06/072065.

Preferably anv of those immunogenic portions have the immunogenic characteristics of

PCV2 ORF-2 profein that is encoded by the sequence of SEQ ID NO: 3 or SEQ ID NO: 4

herein or of WO0G/GT065,

According to a further embodiment, PCV2 ORF-2 protein is provided in the immunogenic

composition at an antigen inclusion level effective for inducing the desired immune response,
namely reducing the incidence of, lessening the severity of, or ﬁreveniing or reducing one or
more clinical symptoms resulting from or associated with a PCV2 infection. Preferably, the
PCV2 ORF-2 protein inclusion level is at least 0.2 pg antigen / ml of the final immunogenic
composition (ug/ml), more preferably from about 0.2 to about 400 pg/ml, stll more
preferably from about 0.3 io about 200 pg/mi, even more preferably from about 0.35 to about
100 pp/mi, still more preferably from about 0.4 1o about 50 pg/ml, sull more preferably from
about 0.45 to about 30 ug/mi, still more preferably from about 0.5 to about 18 pg /ml, even
more preferably from about 0.6 1o about 15 pg/mi even more preferably from about 0.75 10
about 8 pg/mi, even more preferably from about 1.0 to about & ug/ml, still more preferably
from about 1.3 to about 3.0 pg/mi, even more preferably from about 1.4 to about 2.5 pg/mi,

even more preferably from about 1.5 tc about 2.0 pg/mi, and most preferably about 1.6

pe/mi.

According to a further embodiment, the PCV ORF-2 antigen inclusion level is at least 0.2 pg/

PCVZ ORF-2 protein as described above per dose of the final antigenic composition
{(ug/dose), mare preferably from about 0.2 to about 400 pg/dose, siill more preferably from

16
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CF administered at 3 weeks of age 20 Yes Yes Yes D88 (DPC 25) On
DS6, the geometric mean titers were 906.6, 2447.1, 2014.9, respectively.
10 RESULTS Following PCV2 challenge exposure on 063 and
subsequent necropsy. Group la had a statistically significant lower
proportion of pigs positive for lymphoid depletion (p=0.008.4), a lower
proportion of pigs positive for lymphoid inflammation (p=0.0079), and a
lower 15 proportion of pigs with INC lymphoid-positive tissues (p=0.0031),
all in comparison to Group 2. Following PCV2 challenge, Group Ib had a
statistically significant lower proportion of pigs positive for lymphoid
deplétion {004 8Y/ dedeveerpraporideraytplysrpdsitvis fop [shapHgkine/dose,
inflammation (p=0.0036), and a lower proportion of pigs with IHC
TR PG BLEE ivéfﬂgéa‘é@‘tﬁ-ﬁdef??}‘%ﬁqr‘r‘%@?ﬁ%éﬁg&ﬁ“&% PERGTP'S, fpom about
mar rimar 2008/Q74 P / ] .
R R L e L o e e e ovn

riableerSinmanehRrimanusiicagscameaterddedulisfol darabis (05 o
and Ib compared with Group 2 Group - PCV2 Lymphoid Lymphoid
asbywh Shoiifie atme neSealodelebe pletorbrifahthiatiirN e keaiers oibapre

+ + +
pcr)egergi%faflf)oz(‘n (a:[bqotgtl)ﬁ. {é gn %Qﬂgr(‘!oggfégse, even more preferably from about 1.4 to about

2.5 pg/dose, even more preferably from about 1.3 to about 2.0 pg/dose, and most preferably
about 1.6 po/dose. It has been surprisingly found, that a PCV2 ORF-2 protein inclusion level
(antigen content) of less than 20 ug/dose, preferably of about 0.5 (o 18 pg/dose is suitable 1o
confer immunity in young animals and/or in animals which are positive for PCV2 antibodies,
in particular which are positive for anti-PCV2 matemally-derived antibodies. Thus,

further disclosed is a method for the treatment or prophylaxis

of a PCV?2 infection or for reduction of clinical symptoms caused by or associated with a
PCV2 infection in animals having anti-PCV2 antibodies, in particular matemally-derived
anti-PCV2 antibodies, comprising the step of adminisiering less than 20 pg/ dose, preferably
of about 0.5 to 18 pg/dose of PCV2 antigen or an immunogenic cOMposition comprising an
PCV2 antigen to that animal in need of such treatment. Said PCV2 antigen is any one
described in this patent application. Preferably, said PCV2 antigen is any PCV2Z ORF-2

protein, more preferably, any PCV2 ORF-2 protein described herein.

The PCV? ORF-2 polypeplide 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 polvpeptide are provided in WOO06/072065, the teachings and
content of which are hereby incorporated by reference in their entirety. Briefly, susceptible
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IVP at 3 %yea s Scropositive 1/20(5%) 3(20 (15%) 3/20(15%) of age
1)=0.001)4 sp=0.0079 1)=0.0031 Group Ib | VP at 8 weeks Scr000shi
2/2(9.5%) 3/21(14.3%) 3/21(14.3%) of age cp--0.0148 thp=0.0036
I7E.0013 Croup 2 CP at 3 weeks of age Seropositive 9120(45%) 12/20
(('0%) 13/20(65%) p calm computed with Group 2 - Fishl. :rest 5 There
were significant differences between Groups la and Ib compared with
Group 2 for microscopic lung inflammation (p<0.0407), but no significant

differences between these

cells are infected with a recombinant viral vector conlaining PCV2 ORF-2 DNA coding
sequences, PCV2 ORF-2 polvpeptide is expressed by the recombinant virus, and the
expressed PCVZ ORF-2 polvpeptide is recovered from the supermatant by filtration and
inactivated by any conventional method, preferably using binary ethyvlenimine, which is then

neutralized to stop the inactivation process.

The immunogenic composition as used herein also refers (o a composition that comprises i}
any of the PCV2 ORF-2 protein described above, preferably in concentrations described
above, and 1) at least a portion of the viral veclor expressing said PCV2 ORF-2 protein,
preferably of a recombinant baculovirus, Moreover, the immunogenic composition can
comprise i) any of the PCV2 ORF-2 proteins described above, preferably in concentrations
described above, i) at least a portion of the viral vector expressing said PCV2 ORF-2 protein,

preferably of a recombinant baculovirus, and iii) a porfion of the cell culture supematant.

Thus, further disclosed is a method for the treatment

or prophylaxis of a PCV2 infeciion or for reduction of clinical symptoms caused by or
associated with a PCV2 infection in animals having anti-PCV2 antibodies, in particular
matemally-derived anti-PCV?2 antibodies, comprising the siep of administering an effective
amount of PCV2 antigen or an immunogenic composition comprising an PCV2 antigen 1o
that animal in need of such treatment, wherein the PCV 2 antipen is recombinant PCV2 ORF-
2, prefe_rably a baculovirus expressed PCVY2 ORF-2. Preferably those recombinant or

baculovirus expressed PCV2 ORF-2 having the sequence as described above.

The immunogenic composition as used herein also refers to a composition that comprises i)

ary of the PCV2 ORF-2 proteins described above, preferably in concenirations described
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groups for lung tissue testing positive for PCV2 antigen by .1HC testing
(pa 0.2317). There were no significant differences between Groups la and
wit semmpased with Group 2 for 10clinical assessments post-vageinaliam og7s2s
ADO, clinical signs post-challenge, pyresia, nhasal shedding of PCV2, %
total lung scores and lyinphadenopathy. In conclusion, Group la,
vaccinated at 3 weeks of age and having a GMT of 556.6 at the time of
vaccination was significantly protected from lymphoid depletion, lymphoid
inflammation, 15 and lymphoid tissues testing positive for PCV2 antigen
doy i Gtasting; copparedvith GraupdoGeaupsdikly aeciratedariBveelks:,
of age and having a GMT of 151.6 one week prior to vaccination, was
rsrérAvBantly sremttan fremdymiptrotidepietitn, o thprdic-iifleriasambout
; hoid tissugs testin itive oy PCV2 antigen by IHC testing,
%g/%}lggggeeﬁ%)m\/\ﬁt “‘*‘é%rso%‘ﬁez‘? %ﬁ%ggﬁv%iﬁ %ﬁ\/{i‘ ﬁrﬁaternally-derived antibodies
were protected from Porcine Circovirus 20Associated Disease (PCVAD)
when vaccinated as early as 3 weeks of age. CLAIMS 1 Use of an
@ifective@mountrgioa RG 2 antiges campeisngoQRéR@ibteithdnctivgrises i)
manufacture of a medicament for the treatment or prophylaxis of a) PCV2
Tretibh, or' b Yor feditidith Breikit AP L mpIrSTO ¥ s I59 B anss disatises
. . ion inani having Anti-PC
piE e e U S SR K A TR
passRybANe e heing: 1 p:R2 i days AihageRYod iintgit-asmB s RN OhDRMor
one dose of said PCV2 antigen. 10 2. The use according to claim 1,
AiFFRstbin RRE ahtrabaidiiibetiescomsmmrate thil Hhbibediege smaller Bamhem.

u cqrding to claim 1 or claim 2, wherein the animals haye an

e P T ARy OGP AR RS 5 056 1 8 e et R
iP@S Mot DRE 36806 ARG LG RRY.ORG OfrelaisNan 18, wherein the
treated animals have that anti-PCV2 antibody titre at the time the
medicament is to be administered. 205. The use according to any one of
claims 1 to 4, wherein the medicament is tg be administered at day 7 of

TAGHBRARETIGOPHESS ZEUSTURTEYD Ay IR BF LRMRSSLURS Shaptrdeicami
RedAMRIISIRS ARINSIRESA AL AR 14 00A06 O IRk d0GH S hed
according to any one of claims 1 to 6, wherein the’'medicament Is to be
abglminisieredinopdater tnareatvicaldr ekpgRing Sidlhewserceydivg, i) a
any one of claims 1 to 7, wherein the treatment or prophylaxis results in
PeRGRehiRe SF MEWidMiad phsdEasrSagPHereash e cabacrmpaiadtoiahierts
%3 ‘Q«I‘Q ng itrgﬁa{}eg %ontrcl)l [O{U%Of th(ta same s ecies.. 9. The use th
PELE8Rding to ARy Bnd SFLIAIGLY (B8 RSk SR BRI S TEER & the
ineivReRtigehavinetatieastBQ % rhreaigaywith QR PENM2mdiedGhan 1
The use according to any one of claims 1 to 8, wherein said PCV-2
Hantigisalésablre dormbimact \nscglegint Sse Rbie seald @R EsRiofh RGWRisds] sadhen
use according to any one of claims 1 to 10, wherein the PCV2 antigen isa
hoR Al YDA LRI R i Bch dose of 1 ml of inactivated vaccine
containing as 20active substance porcine circovirus type 2 ORF2 protein
and containing carbomer as an adjuvant and as excipient sodium chloride
TRegBomeplidian irvamatered Zhid hedseateomingtorninnesefaains inita
11, wherein 0,5 to 18 jig/dose of said PCV2 antigen is to be administered
sfSPepdibiaiindal Y 95 E8tiahe s aE6rafRE o A1y GRESHGRIME 1246 1ipclude
Hihetein SalEAMENLOr ROMNEiSOLBEVR INfeclon EsUlIe N AR g o
Improvement In comparison to animals of a non-trea eéscon rol groupgo?
Phaensasne8P8eiaRds a Maosineseffisacyparamster salesied fiamihaigrouR
consisting of a reduction in the loss of weight gain, a shorter duration of
viremia, an earlier end to viremia, a Id®er virus load, or combinations
thereof. 14. The use according to any one of claims | to 13, wherein the
animal is swine. SEQUENCE LISTING <110> BOEHRINGER
INGELHEIM VETMEDICA GMBH 5
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<120> Treatment of PIGS with PCV-2 antigen <130> P01-2169 10 <160>
11 <170> Patentln version 3.3 15<210> 1 <211> 8 <212> DNA <213>

wOHIlglgy@Q£220> <223> This is a modified Kozak's sequence-s4Q0adugr62s
ccgcecatg8 25 <210> 2 <211> 6 <212> DNA 30<213> Atrtificial <220>

<223> This is a recombinant Eco El sequence. <400>2 5 gaattc 6
<210>3 <211>713

composition may include one or more veterinary-accepiable carriers. As used herein, “a
veterinary-acceplable carrier” includes any and all solvents, dispersion media, coatings,
adjuvants, siabilizing agents, diluenis, preservaiives, aniibacterial and antifungal agents,
Isotonic agents, adsorplion delaving agents, and the like. In & preferred embodiment, the
unrnunogenic composition comprises PCV2 ORF-2 protein as provided herewith, preferably
i concenirations described above, which is mixed with an adjuvant, preferably Carbopol,

and physiological saline.

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

acid, among others.

“Adjuvanis” as used herein, can include aluminium hydroxide and aluminium phosphate,
saponins e.g., Quil A, Q8-21 (Cambridge Biotech Inc., Cambridge MA), GP1-0100 {Galenica
Pharmaceuticals, Inc., Birmingham, AL), water-in-oil emulsion, oil-in-water emulsion,
water-in-oil-in-water emulsion. The emulsion can be based in particular on light liquid
paraffin oil {European Pharmacopea type); isoprenoid oil such as squalane or squalene oil
resulting from theoligomerization of alkenes, in particular of isobutene or decene; esters of
acids or of alcohols containing a linear alkyl group, more particularly plant oils, ethyl oleate,

20



10

I3

20

25

10 <212> DE\TP. <213> Porcine circovirus <400>3 cagctatgac
gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60 15

wiig8egagaL sctccgecgce cgeeectggc tegtccacce ccgecaccyc tageaiiggmdaRos
gaaggaaaaa tggcatcttc aacacccgcc tctccecgeac cttcggatat actgtggaga 180

propylene glvecol di-(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene glveol
dioleate; esters of branched fatty acids or alcohols, in parsticular isostearic acid esters. The oil
15 used in combination with emulsifiers to form the emulsion. The emulsifiers are preferably
nonionic surfaclanis, in particular esters of sorbifan, of mannide (e.g. anhydromannitol
oleate}, of glvcol, of polvglveerol, of propyiene glveol and of oleic, isostearic, ricinoleic or
hydroxystearic  acid, which are optionally ethoxviated, and polyoxypropylene-
polyoxyethylene copolymer blocks, in particular the Pluronic producis, especially L121. See
Hunter et al., The Theory and Practical Application of Adjuvanis (Ed.Stewart-Tull, D. E.

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

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 MF39 described on page 183 of this same book.

A further instance of an adjuvant is a compound chosen from the polymers of acrylic or
methacrylic acid and the copolymers of maleic anhvdride and alkenyl derivative.
Advantageous adjuvant compounds are the polymers of acrylic or methacrylic acid which are
cross-linked, especially with polyalkenyl ethers of sugars or polyalcohols. These compounds
are known by the term carbomer (Phameuropa Vol. 8, No. 2, June 1996). Persons skilled in
the art can also refer to U. §. Patent No. 2,909,462 which describes such acrylic polymers
cross-linked with a polyhydroxylated compound having at least 3 hydroxyl groups, preferably
not more than 8, the hydrogen atoms of at least three hydroxvls being replaced by unsaturated
aliphatic radicals having at least 2 carbon atoms. The preferred radicals are those containing
from 2 to 4 carbon atoms, e.g. vinyls, allyls and other ethylenically unsaturated groups. The

unsalurated radicals may themselves contain other substituents, such as methyl. The products
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aggaaaaatg gcatcttcaa cacccgectc tcccgeacct tcggatatac tgtgacgact 240
ttgttoccce gggagggggyg accaacaaaa tetctatace ctttgaatac tacagaataa 300

wgaaageiiaasggttgaattc tggccctgct ccececcatcac ccagggtgat agoggagiegs3%9760s
20 gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420

acccatatgt aaactactcc tcccgecata caatccceca acccttetee taccactcee 480
gttacttcac

sold under the name Carbopol ; (BF Goodrich, Ohio, USA) are particularly appropriate.
They are cross-linked with an aliyi gtzcrose or with allvl pentaerythritol. Among them, there
may be mentioned Carbopol 974P, 934P and 971P. Most preferred is the use of Carbopol, in
particular the use of Carbopol 971P, preferably in amounts of about 500 ug 1o about 3 mg per
dose, even more preferred in an amouni of about 750 pg 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 svstem (Ribi
Inc.), Block co-polymer (CyiRx, Adanta GA), SAF-M (Chiron, Emervvilie CA),
monophosphoryl lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli
{recombinant or otherwise), cholera toxin, IMS 1314, or muramyl dipeptide among many

others.

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

per dose.

Additionally, the composition can include one or more pharmacentical-acceptable carriers.
As used herein, "a pharmaceutical-acceptable carrier” includes any and all solvents,
dispersion media, coatings, stabilizing agents, diluents, preservatives, antibacterial and
antifungal agents, isolonic agents, adsorption deiaying agents, and the like. Most preferably,
the composition provided herewith, contains PCV2 ORF-2 protein recovered from the
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acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540 aaaggaatca
gctttggcetg aggctacaaa cctctagaaa tgtggaccac gtaggcectcg 600 gcactgegtt
Cgaaaacagt aaatacgacc aggactacaa tatccgtgta accatgtatg 660 25
tacaattcag agaatttaat cttaaagacc ccccacttaa accctaaatg eat 713 <210> 4
<211> 713 30<212> DNA <213> Porcine circovirus <400> 4 ccgccatgac

gtatccaagg aggcgttacc gcagaagaag

supernatani of in vitro cultured cells, wherein said cells were infecled with a recombinant
viral vecior containing PCV2 ORF-2 DNA and expressing PCV2 ORF-2 protein, and
wherein said cell culture was trealed with about 2 o about 8 mM BEI, preferably with about
5 mM BEI to inactivate the viral vector, and an equivalent concentration of a neuvtralization

agent, preferably sodium thiosulfate sclution to a final concentration of about 2 to about 8

mivi, preferably of about 5 mM,

The present invention also relates to an immunogenic 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, iv) an inactivating agent to inactivate the recombinant viral vector (preferably
BEI), and v} a neutralization agent to stop the inaciivation mediated by the inactivating agent,
preferably sodium thiosulfate in equivalent amounts to BEL and vi) a suitable adjuvant,
preferably Carbopol 971 in amounts described above; wherein about 90% of the components
i) to iii) have a size smailer than I pm. According to a further embodiment, this immunogenic
composition further comprises a pharmaceutical acceptable salt, preferably a phosphate sali
in physiologicallv acceptable concentrations. Preferably, the pH of said immunogenic

composilion is adjusted to a physiological pH, meaning between aboui 6.5 and 7.5,

The immuncgenic composition as used herein also refers 1o a composi{iqn that comprises per
one mi i) at least 1.6 ug of PCV2 ORF-2 protein described above, preferably less than 20 pg
ii} at least a portion of baculovirus expressing said PCV2 ORF-2 protein ii) a portion of the
cell euliare, iv) about 2 1o & mM BEI, v) sodium thiosulfate in equivalent amounis 1o BEL;

and vi) about 1 mg Carbopol 971, and vii} phosphate salt in a phvsiologically acceptable
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acaccgcccc cgecagecate 60 5 ttggccagat cctccgecge cgeccctgge tegtccacce
ccgecaccgce taccgttgga 120 gaaggaaaaa tggcatcttc aacacccgec

wistHeeasas £ttcggatat actgtcaagg 180 ctaccacagt cacaacgccgiertaaica962s
tggacatgat gagatttaat attgacgact 240 ttgttccccc gggagggggg accaacaaaa

tctctatacc ctttgaatac tacagaataa 300 gaaaggttaa ggttgaattc tggccctgct
cccocatcac ccagggtgat

concentration; wherein about 90% of the componenis {) 1o iii) have a size smaller than | um

and the pH of said immunogenic composition is adjusted to about 6.5 10 7.5.

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

and more preferably less than about 30 po/mi of aniibiotics.

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, i1} al least a portion of the viral vector expressing said PCV2 ORF-Z protein, iii) a
portion of the cell culiure, iv) an inactivating agent 1o inaclivate the recombinant viral vector
preferably BEI, and v) an neutralization agent to siop the inactivation mediated by the
inactivating agent, preferably sodium thiosulfate in equivalent amounts to BEI; vi) a suilable
adjuvant. preferably Carbopol 971 in amoumnts described above, vii) a pharmaceutical
acceptable concentration of a saline buffer, preferably of a phosphate salt, and viii) an anti-
microbiological active agent; wherein about 90% of the components i} to iii) have a size

smaller than T pm.
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aggggagtgg 360 10 gctccactgc tgttattcta gatgataact ttgtaacaaa
ggccacagcc ctaacctatg 420 acccatatgt aaactactcc toccgccata caatccccca
acccttctcc taccactccc 480 gttacttcac acccaaacct gttcttgact ccactattga
ttacttccaa ccaaataaca 540 aaaggaatca gctttggctg aggctacaaa cctctagaaa
tgtggaccac gtaggcctcg 600 gcactgcgtt cgaaaacagt aaatacgacc
aggactacaa tatccgtgta accatgtatg

. N T
The immunogenic composition as used herein also vefers to Ingelvac® CircoFLEX™,

(Boehringer Ingelheim Veimedica Inc, St Joseph, MO, USA), CircoVac® (Menial SAS,
Lyon, France), CircoVent (Intervetl Inc, Millsboro, DE, USA), o Suvaxyn PCV-2 One

Dose® (Forl Dodge Animal Health, Kansas City, KA, USA).

Thas, further disclosed is a method for the treatment

or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or
associated with & PCV2 infection in animals in animsls having anti-PCV2 maternal
antibodies, comprising the step of administering an effective amount of a PCV2 antigen to
that animal in need of such treatment, wherein the immunogenic composition is
CircoFLEX®, CircoVac®, CircoVent or Suvaxyn PCV-2 One Dose®. Most preferably, the
in;srnunogenic composition is Ingelvac® CircoFLE}(m? and/or the PCV2 antigen is PCVZ
ORF-2, preferably, baculovirus expressed PCV2 ORF-2, most preferably as included in
Ingelvac® CircoFLEX ™.

For investigation of a possible interference of PCV2 antigen with the maternal antibody a
study was conducied in which the antibody titers of study animals were determined at the
time of vaccination which were then grouped into a Jow, moderate and high antibody class:
Geomelric mean titers of < 1:100 were considered as low antibody titers, siters of 1:100 o
1-1000 were considered as moderale antibody titers and titers of >1:1000 were considered as
high antibody titers. This groﬁping paitem is comparable 1o that done in a Canadian field
study where antibody titers of 1:80 were considered as low, antibody titers of 1:640 as
moderate and antibody titers of > 1:1280 as high {Larochelie et al., 2003, Can. J. Vel Res;
67 114-120). In order w0 analyze the impact of low, medium and high antibody titers at the

time of vaccination on viremia, vaccinated and placebo-treated animals were compared with
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660 15 tacaattcag agaatttaat cttaaagacc ccccacttga accctaagaa ttc 713
<210>5 <211> 233 20<212> PAT <213> Porcine circovirus <400> 5

25Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg

51015 Her His Leu Gly Gin lle Lieu Arg Arg Arg Pro Trp Leu Val His Pro
202530 30 Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Sly lle Phe Asn Thr
Arg 354045 Leu Her Arg Thr Phe Sly Tyr Thr Val Lys Ala Thr Thr Val
Thr Thr 5505560 Pro Her Trp Ala Val Asp Met Met Arg Phe Ass lle Asp
Asp Phe Val 65707580 10Pro Pro Sly Sly Sly Thr Ass Lys lle Her lle Pro
Phe Glu Tyr Tyr 859095 Arg lle Arg Lys Val Lys Val Glu Phe Trp Pro Cys
Serdro tle Fhe10R1085306h 1 GlenGlyifspuhber SHpMalv6 brdtding Hayh e/t
lle Leu Asp Asp Ass 115120125 Phe Val Thr Lys Ala Thr Ala Len Thr Tyr
Yigp Ped. Tyway SRMSHIEYT i@m@mmﬁw@?@&%fa% PRSP enpicular

Pro Phe er Tyr His Her. Ar r 145150155160 2 i Pro Lys Pr
R e R T A R Lyt & e ES 1

dies GRLeN IR MGG Fﬁ%ﬂa(ﬁlﬁi Tﬂéreﬂi@ﬁc@rﬂ HesEB0AR2L00 prevenmn and
treatment of a PCV?2 infection or in reduction of dlinical symptoms caused by or associated
with 3 PCV2 infection in animals was not affected at the day of vaccination by the presence
of anti-PCV 2 antibodies, pfeferably by anti-PCV2 antibody titers of up to 1:100, preferably
of more than 1:100, even more preferably of more than 1:250, even more preferably of more
than 1:500, even more preferably of 1:640; even more preferably of more than 1:750, most
preferably of more than 1:1000. This effect could be shown in a one shot vaccination

experiment, which means that the PCV2 antigen was administered only once and without any

subsequent adminsiration of PCV2 antigen.

Methods for detection and quantification of anti-PCV2 antibodies are well known in the art.
For example detection and quantification of PCV2 antibodies can be performed by indirect
immunoflucrescence as described in Magar ef al,, 2000, Can. J. Vet Res. ; 64: 134-186 or
Magar et al., 2000, J. Comp. Pathol; 123: 258-269. Further assays for qua.miﬁcal_ion of anti-
PCVZ antibodies are described in Opriessnig et al., 2006, 37" Annual Meeling of the
American Association of Swine Veteninarians. Moreover, example 2 also describes an
indirect immunofluorescence assay that can be used by a person skilled in the art. In cases of
controversial results and in any guestion of doubt, anti-PCV2 titers a3 mentioned herein, refer

10 those which are /can be estimated by the assay as described in Example 2.

Thus, further disclosed is a method for the treatment

or prophylaxis of a PCV2 infection or for reduction of clinical sympfoms caused by or
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30 Val Asp His Val Gly Lou Gly Thr Ala Phe Glu Asn Her Lys Tyr Asp
195200205 Gin Asp Tyr Asn lle Arg Val Thr Met Tyr Val Gin Phe Arg Glu

wBhenbd14245220 Asn Lou Lys Asp Pro Pro Lou Lys Pro 225239,¢a2 k%528
6 <211> 233 <212> PRT <213> Porcine circovirus 15 <400> 6 Met Thr

Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 1015 20 Her His
Lou Gly Gin lle Lou Arg Arg Arg Pro Trp Lou Vol His Pro 202530 Arg His
Arg Tyr Arg Trp Arg Arg Lys Asn Gly lle Phe Asn Thr Arg 25354045 Lou
Her Arg Thr The Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr 505560
aS308sedenH rp Ala N alfdsprMet-MebAngRhe AsrPTie AsibagipsP he pdakular
65707580 Pro Pro Gly Gly Gly Thr Asn Lys lle Ser lle Pro Phe Glu Tyr Tyr
raopd SRy die- AR Py vahe yE af St PHE TR P RITES Seramrd Hfea iy 2

00105110 Gin Gly Asp Ar ol Gl r Thr Ala Val lle Leg Asp Asp.
AR L S8 R ol T CL S e ATY ChLR Py AG PR R
sN@hASRl R o RULBBRARILPERE RRILAHRISF b e 1R, GiEnk40,PdIen9@ ihan

Tyr His Ser Arg Tyr 145150155160 Phe Thr Pro Lys Pro Val Leu Asp Ser
1700, lbesAspoRyprEbetGiniProd 664 20575260 Asme/AwidradyAaniven tain ILH9,

Tr_Leo Arg Leo Gin Thr Ser Arg Asn 180185190 Vol Asg:w His Vol Gly Leo
eﬁwnﬁﬁ? Wfé%ﬁﬁlé e_{l&%gneée&rﬁvg eri@gr of more than 1:750, most preferabiy of

more than 1:1000. Preferably, such an anti-PCV2 antibody titer is detectable and quantifiable
in a specific ant-PCV2 immune assay, preferably in the assay as described in Example 2.
More preferably, those anti-PCV-2 antibodies are maternallv-derived antibodies. Most
preferably, the PCVZ antigen is only admisisiered once, preferably with a dose of less than 20

ug/dose.

Pigiets with only low titers (< 1;100) or moderate titers (< 1:1000) of maternallv-derived
anti-PCV2 antibodies are not sufficiently protected against PCV2 infections which occur
prior 10 week 3 of age. Therefore, vaccination at a very early stage of life is desirable. Due to
the unpredictable and unexpected results provided herein and demonsirating the lack of
inierference of anti-PCV2 antibodies with PCV2 antigen, vaccination/ireatment of animals
before 3 weeks of age becomes realistic. Moreover, il has been surprisingly found that angi-
PCV2 antibody titers of more than 1:1000 had no influence on the efficacy of the PCV2
vaccine regarcless of the level of the existing initial antibody niter. For example, vacciration
of high-titer animals (anti-PCV2 anitbody titer > 1:1000) resulied in a 9.5 day shorter
duration of viremia, a 11.9 days earlier end of viremia, 1.9 dayvs less viremic sampling davs
and an approximatety 2-fold reduction of the sum of genomic equivalents/mi as compared to
non vaccinaied control animals. Upon comparison of vaceinated “high™ “moderate” and “low

tiler animals™ no significan! differences were observed with regard 1o the dilfersni parameters
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25195200205 GIn Asp Tyr Asn llp Arg Val Thr Met Tyr Val GIn Phe Arg
Glu Phe 210215220 30Asn Leo Lys Asp Pro Pro Leo Giu Pro 225230
<210> 7 5<211> 756 <212> DNA <213> Artificial <220> 10<223> This
sequence is from porcine circovirus type 2, omen reading frame 2,
together with a portion from the pGEM T-easy vector. <400> 7
gcggccgcegg gaattcgatc cgeccatgacg tatccaagga ggcgttaccg cagaagaaga
60 15 caccgccocc gecagccatct tggccagatc ctccgecgec gecectggcet
cgtccacccec 120 cgccaccgct accgttggag aaggaaaaat ggcatcttca
acacccgcct ctoccgcacc 180 ttcggatata ctgtcaaggc

of POV? viraemia These resulis indicale that also in the presence of high anmii-PCVZ
antibody titers, the PCV2 antigen used for vaccination can still significantly reduce viremia in
blocd (end of viremia, duration of viremia, virus load). In line with this finding, no
differences could be found with regard 1o the live body weight when comparing low and high
titer animals of the vaccinated group. Furthermore vaccinated animals with a high anti-PCV2
antibody titer at the time of vaccination/treatment (> 1:1000) also showed a sigmificantly
higher body weight after the onset of viremia compared to placebo-treated animals with
initial high antibody titers (see Figure 3). Consequently, vaccination/treatment of animals of

1 day of age or older with PCV2 antigen is possible. However, vaccination should be done

within the first 8, preferably within the first 7 weeks of age. Thus further disclosed isa

method for the treatment or prophylaxis of a PCV2

infection or for reduction of clinical symploms caused by or associated with a PCV2 infection
in animals, comprising the step of administefing to that animal in need of such treatment at
day 1 of age or later, prefefably' but not later than at week 8 of age an effective amount of a
PCV2 antigen. According to a preferred embodiment, less than 20 pg/dose PCV2 antigen are
rquired 1o confer immunity in such animal. According to & more preferved embodiment, the

PCV2 antigen, preferably less than 20 pg/dose thereof is only administered once to the

animal in need of such treatment.

Further disclosed is a method for the
reatment or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by
or associated with a PCV2 infection in young animals, comprising the step of administering

an effective amount of a PCV2 antigen to that animal in need of such treatment.
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taccamagtc acaacgccct cctgggcggt ggacatgatg 240 agatttaata ttgacgactt
tgttcocccg ggagggggga ccaacaaaat ctctataccc 300 tttgaatact acagaataag
aaaggttaag gttgaattot ggccctgctc ccccatcacc 360 20 cagggtgata
ggggagtggg ctccactgct gttattctag atgataactt tgtaacaaag 420 gccacagccc
taacctatga cccatatgta aactactcct cccgccatac aatcccccaa 480 cccttctect
accactcccg ttacttcaca cccaaacctg

The term “voung animal” as used herein refers to an animal of 1 10 22 days of age.
Preferably, by the term young animal, an animal of 1 to 20 days of age is meant. More
preferably, the lerm voung animal refers o an animal of 1 to 15 days of age, even more
preferably of 1 day of age 1o 14 days of age, even more preferably of 1 to 12 days of age,
even more preferably of 1 to 10 days of age, even more preferably of 1 1o 8 days of age, even
more preferably of 1 1o 7 days of age, even more preferably of 1 10 6 days of age, even more
preferably of 1 to 5 davs of age, even more preferably of ! to 4 days of age, even more
preferably of 1 to 3 days of age, even more preferably of 1 or 2 day(s) of age, and most
preferably to an animal of I day of age. Thus, further disclosed is a method for the
treatment or prophylaxis of a PCV2 infection or for

reduction of clinical symptoms caused by or associated with a PCVZ infection in young
animals, comprising the step of administering an effective amount of a PCV2 antigen 10 an
animal of 1 to 22 davs of age, preferably of 1 to 20 days of age, more preferably of Lo 15
days of age, even more preferably of 1 to 14 davs of age, even more preferably of 1 to 12
days of age, even more preferably of 1 to 10 days of age, even more preferably of 1 to 8 days
of age, even more preferably of I to 7 days of age, even more preferably of { to 6 days of
age, even more preferably of 1 to 3 days of age, even more preferably of | to 4 days of age,
even more preferably of 1 10 3 days of age, even more preferably of 1 or 2 day(s) of age, most
preferably at 1 day of age in need of such treatment. For example, evidence is given that
vaccination/treatment on 19 to 22 days of age shows high efficacy of vaconation. Moreover,
vaceination/ireaiment at 12 1o 18, preferably 12 to 14 days of age has also be shown to be
very effective in the reduction of clinical symptoms associated with PCV2 infections,
reduction of aoverall viral load, reduction of duration of viremia, delay in onset of viremia,
and weight gain. Moreover, vaccination at 1 week of age has also been shown to be very
effective in reduction of clinical symploms associaled with PCV2 infections, reduction of
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ttcttgactc cactattgat 540 tacttccaac caaataacaa aaggaatcag ctttggctga
ggctacaaac ctctagaaat 600 gtggaccacg taggcctcgg cactgcgttc
gaaaacagta aatacgacca ggactacaat 660 25 atccgtgtaa ccatgtatgt
acaattcaga gaatttaatc ttaaagaccc cccacttgaa 720 ccctaagaat tctatcacta
gtgaattcgc ggccge 756 <210> 8 30<211> 10387 <212> DNA <213>
Artificial <220>

overall viral load, reduction of duration of viremia, delay in onset of viremia, weight gain.
Preferably less than 20 pg/dose PCV2 antigen are required to confer imumunity in those
young animals. According to more preferred embodiment, the PCV2 antigen, preferably less

than 20 pg, is only administered once to that young animal in need of such treatment.

Due 1o the ubiquity of PCV 2 in the field, most of the young piglets are seropositve in respact
to PCVZ. Thus, further disclosed is a method for the

treatment or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by
or associated with a PCV2 infection in young animals having anti-PCV2 antibodies at the day
of vacecination, comprising the step of administering an effective amount of a PCV2 antigen
to an animal of 1 1o 22 days of age, preferably of 1 to 20 days of age, more preferably of 110
15 days of age, even more preferably of 1 1o 14 days of age, even more preferably of 1 10 12
days of age, even more preferably of 1 to 10 davs 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 I to 6 days of
age, even more preferably of 1 10 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 dav(s) of age, and
most preferably at | day of age in need of such treatment. Preferably, said young animals, at
the day of vaccination/ireatment, have a deiectable anti-PCV2 antibody titer of up to 11100,
preferably of more than 1:100, even more preferably of more than 1:250, even more
preferably of more thén 1:500, even more preferably of 1:640, even more preferably of more
than 1:750, most preferably of more than 1:1000 at the day of vaccinationftreatment
Preferably less than 20 pg/dose PCV 2 antigen are required to confer a sufficient immunity in
those young aninals. According 16 more preferred embodiment, the PCV2 antigen, preferably

less than 20 ug, is only administered once to that young animal in need of such treatment.
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5<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 agataaghtt 60 10
gaaag acgt gtaaaatgtt tcccgcgcegt tggcacaact atttacaatg cggccaagtt 120
ataaaagatt ctaatctgat atgttttaaa acacctttgc ggcccgagtt gtttgcgtac 180
gtgactagcg aagaagatgt gtggaccgca gaacagatag taaaacaaaa ccctagtatt
240 ggagcaataa tcgatttaac caacacgtct aaatattatg atggtgtgca
As described above, vaccination/ireatmeni of voung animals with PCV2Z antigen resulled in a
shortening of viremic phase as compared 1o non vaccinated control animals. The average
shortening lime was 9.5 days as compared 10 non vaccinaied control animals of the same
species. Therefore, also disclosed is a method
for the treatment or prophylaxis of a PCV2 infection or for reduction of clinical symptoms
caused by or associgted with a PCVZ infection in young animals, comprising the step of
administering an effective amount of a PCVZ antigen to that animal in need of such
treatment, whersin the treatment or prophylaxis results in shoitening of the viremia phase of
5 or more davs, preferably ¢ or more day, even more preferably of 7 or more days, even more
preferably of 8 or more days, even more prefably of 9, even more preferably of 10, even more
preferably of 12, even more preferably of 14, and most preferably of more than 16 davs as
compared to animals of & non-treated control group of the same species. In some cases

viremic phase is shoriened by more than 20 days. In general, the vaccination of voung pigleis

resulted in a reduction in the loss of weight gain, a shorter duration of viremia, an earlier end
to viremia, and a lower virus load. Therefore, further disclosed is a method for the

treatment or prophylaxis of a PCV2 infection or for

reduction of clinical symptoms caused by or associated with a PCV2 infection in young
animals, comprising the step of administering an effective amount of 2 PCVZ antigen to that
animal in need of such treatment, wherein said irestment or prophylaxis of PCV2 infection
resulis in an improvement in comparison o animals of a non-treated control group of the
same species in a vaccine efficacy parameler selecied from the group consisting of a
reduction in the loss of weight gain, a shorter duration of viremia, an earlier end to viremia, a
lower virus load, or combinations thereof. Preferably less than 20 pg/dose PCV2 antigen are

required to cause any of the improved vaccine efficacy parameters mentioned above.
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ttttttgcgg 300 gogggcctgt tatacaaaaa aattcaagta cctggccaga ctttgccgcece
tgaaagcata 360 15 gttcaagaat ttattgacac ggtaaaagaa tttacagaaa

wadlginea@gscatgttggtg 420 ggcgtgcact gcacacacgg tattaatcypageasineasas
tggtgtgcag atatttaatg 480 cacaccctgg gtattgcgcc gcaggaagcc atagatagat

tcgaaaaagc cagaggtcac 540 aaaattgaaa gacaaaatta cgttcaagat ttattaattt
aattaatatt atttgcattc 600

Moreover such improved vaccine efficacy parameter{s) are achieved by a single

administration of only one dose.

The term “an effective amouni™ as used herein means, but is not limited to, an amount of
antigen, that eliciis or is able 1o elicit an immune response in an animal, to which said
effective dose of PCV2 aniigen is adminisiered, Preferably, an effective amount is defined as
an amount of antigen that confers a duration of immunity (DO} of at feast 10 weeks,
preferably at least 12 weeks, more preferably at least 15 weeks, and most preferably at least

20 weeks.

The amount that is effective depends on the ingredients of the vaccine and the schedule of
administration, Typically, when an inactivated virus or a modified live virus preparation is
used in the combination vaccine, an amount of the vaccine containing about 10°° {o about
10°° TCIDs per dose, preferably about 10°° 1o about 10%° TCIDso per dose, and more
preferably, about 10*° to about 10%° TCIDs per dose is used. In particular, when modified
live PCV2 is used in the wvaccines, the recommended dose io be administered to the
suscepiible animal is preferably about 10° TCIDsy (tissue cullure infective dose 50% end
pointy/dose to about 10%° TCIDso/dose and more preferably about 10%° TCIDse/dose 1o about
10" TCIDsy/dose. In general, the quantity of antigen will be between 0.2 and 5000
micrograms, and between 16** and 10 TCIDy, preferably belween 10°® and 10%° TCIDsq,

more preferably between 10°° and 10> TCIDs,, when purified antigen is used.

Sub-unit vaccines are normaliv administered with an antigen inclusion level of at least 0.2 ug
antigen per dose, preferably with about 0.2 to about 400 pg/dose, still more preferably with

aboul 0.3 1o about 200 pg/dose, even more preferably with about 0.35 1o about 100 pg/dose,
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tttaacaaat actttatcct attttcaaat tgttgcactt cttccagcga accaaaacta 660 20
tgcttcgcett geteegttta gettgtagec gatcagtgge gttgttccaa tcgacggtag 720

woaliegereesgatattctcc accacaatgt tggcaacgtt gatgttapgt ttatgGieA89u07/087628
ggttttccac gtacgtcttt tggccggtaa tagccgtaaa cgtagtgecg tcgegegtca 840

cgcacaacac cggatgtttg cgcttgtccg cggggtattg aaccgcgcega tccgacaaat 900
ccaccacttt ggcaactaaa

stitl more preferably with about 8.4 1o about 50 pg/dose, stll more preferably with about 0.45
1o about 30 ppfdose, sull more preferably with sbout 0.5 1o about 18 pg/dose, still more
preferably with about 0.6 1o about 16 pg/dose, even more preferably with about 6.75 to about
& pgfdose, even more preferably with about 1.0 10 about 6 pg/dose, and still more preferably

with abouf 1.3 to about 3.0 py/fdose.

Unexpectediy, it was found that the prophviaciic use of the immunogenic compositions
described supra. is effective for the reduction of clinical sympiloms caused by or associated
with PCV2 infections, preferably in voung animals andfor in animals having passive
immunity agatnst PCV2 at the day of treatment. In pariicular, it was discovered that the
prophylactic use of the immunogenic compositions as described herein, and specifically of
compositions comprising PCV2 ORF-2 antigen, is effective for reducing lymphadenopathy,
lvmphoid depletion and/or multinucleated/giant histiocytes in animals infected with PCV2
and having maternal anti-PCV-2 antibodies at the day of treatment/vaccination. Furthermore,
it was discovered that the prophylactic use of the immunogenic compositions as described
herein, and specifically of compositions comprising PCV2 ORF-2 antigen, is effective for
reducing (1} interstitial pneumonia with interlobular edema, (2) cutaneous pallor or icterus,
(3) mottied atrophic livers, {4) gastric ulcers , (5) nephritis (6) reproductive disorders, e.g.
abortion, stilibirths, mummies, eic, (7) Pia like lesions, normally known to be associated with
Lawsonis intraceliularis infections (Ileitis), (8) lvmphadenopathy, (9) hvmphoid depleiion
andfor (10} multinucleated/giant histiocytes {11) Porcine Dermatitis and Nephropathy
Syndrome (PDNS), (12) PCVAD associated mortality, {13) PCVAD associated weight loss,
{14), reduced growth variability (i5), reduced frequency of ‘runis’ (16}, reduced co-
infections with Porcine Reproductive and Respiratory Disease Complex (PRRSV). Such an
immunogenic composition is also effective in improving economical bmporlant srowth
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tcggtgac t gcgcegtcttt tttctgcatt atttcgtctt 960 25 tcttttgcat ggtttcctgg
aagccggtgt acatgcggtt tagatcagtc atgacgcgceg 1020 tgacctgcaa atctttggcec
tcgatctgct tgtccttgat ggcaacgatg cgttcaataa 1080 actottgttt tttaacaagt
tcctaggttt tttgcgcecac caccgcettge agcgcegtttg 1140 tgtgctcggt gaatgtcgca
atcagcttag tcaccaactg tttgctctcc tcctceegtt 1200 gtttgatcge gggatcgtac

ttgccggtge

parameters such as time 1o slaughier, carcass weight, and/or lean meat ratio. Thus the term
“clinical symptoms” as used herein, means, but is not limited to (1) interstitial pneumonia
with interlobular edema, (2) cutaneous pallor or icterus, (3) mottled atrophic livers, (4} pastric
ulcers |, (5) nephritis (6) reproductive disorders, e.g. abortion, stillbirths, mummies, ete, {7)
Pia like lesions, normally known to be associated with Lawsonia intracellularis infections
(Heitis), (8) lymphadencpathy, (9) lymphoid depletion and/or (10) multinucleated/giant
histiocvtes {11) Porcine Dermatitis and Nephropathy Syndrome (PDNS), (12) PCVAD
associated mortality, (13) PCVAD associated weight Toss, (14) reduced growth varability
(15) reduced frequency of ‘runts’ and (16) reduced co-infections with Porcine Reproductive
and Respiratory Disease Complex (PRRSV). Moreover, the antigenic composition described
herein reduces the overall circovirus load including a later onset, a shorter duration, an earlier
end of viremia, and a reduced viral Eogd and its immunosuppressive impact in young animals,
in particular in those having anti-PCV2 antibodies at the day of vaccination, thereby resuliing
in a higher level of general disease resistance and a reduced incidence of PCV?2 associated

diseases and symploms.

Thus, also disclosed is a method for the treatment

or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or
associated with a PCV?2 infection in young animals and/or in animals having anti-PCV2
antibodies, comprising the step of administering an eﬂ'ecti\;‘e amount of PCV2 andigen or an
immunogenic composition comprising an PCV2 antigen to thal animal in need of such
treatment, wherein those ¢linical symptoms are selected from the group consisting of: (i)
interstitial pneumonia with intericbular edema, (2) cutaneous pallor or iclerus, (3) mottled
atrophic livers, (4) gastric ulcers , (5) nephritis (6) reproductive disorders, e.g. abortion,
stillbirths, mummies, etc, (7) Pia like lesions, normally tnown 10 be associated with
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agagcacttg aggaattact tcttctaaaa 1260 30 gccattcttg taattctatg gcgtaaggca
atttggactt cataatcagc tgaatcacgc 1320 cggatttagt aatgagcact gtatgaggct
gcaaatacag cgggtcgccc cttttcacga 1380 cgctgttaga ggtagggccc ccattttgga
tggtctgctc aaataacgat ttgtatttat 1440 tgtctacatg aacacgtata gctttatcac
aaactgtata ttttaaactg ttagcgacgt 1500 ccttggccac gaaccggacc tgttggtcgce

Lawsonia intracelluiaris infections (Heitis), (8) lvmphadencpathy, (9) lvmphoid depletion

andfor (10) multinucleated/giant histiocytes (11) Porcine Demmatitis and Mephropathy

Svndrome (PDNS), (12) PCYAD associated mortality, (13} PCVAD associated weight 1oss,

(14) reduced growth variability (13) reduced {requency of ‘runis” and (16) reduced co-

infections with Porcine Reproductive and Respiratory Disease Complex {PRRSV).

Further disclosed is a method for the treatment or prophylaxis

of 3 PCV2 infaciion or for reduction of clinical symptoms caused by or associated with a
PCV2 infection inn young animals, comprising the step of administering an effective amount
of a PCV2 antigen to that animal in need of such treatment, wherein those clinical symptoms
are selected from the group consisting of: (1) interstitial pnzumonia with interlobular ederna,
(2) cutaneous pallor or icterus, (3} mottled atrophic livers, (4) gastric ulcers , (5) nephritis (6}
reproductive disorders, e.g. abortion, stiflbirths, mummies, eic, {7) Pia like lesions, normally
known to be associated with Lawsonia intracellularis infections (Hleitis). (8)
lymphadenopathy, {9) lymphoid depletion andfor (10) multinucleated/giant histiocytes (11)
Porcine Dermatitis and Nephropathy Syndrome (PDNS), (12} PCVAD associated mortality,
(13} PCVAD associated weight foss, (14) reduced growth variability (15} reduced frequency

of *runts’ and {16} reduced co-infections with Porcine Reproductive and Respiratory Disease

Complex (PRRSV).

The composition according fo the invention may be administered or applied, orally,
intradermally, intratracheally, or intravaginally. The composition preferably may be
administered or applied intramuscularly or intranasaily, most preferably intramuscularly. In
an animal body, il can prove advaniageous 1o apply the pharmaceutical compositions as
described above via an intravenous or by direct injection into target tissues. For systemic
application, the intravenous, imtravascular, intramuscuia:, intranasal, inirasrierial,
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gctctagcac gtaccgcagg ttgaacgtat 1560 5 cttctccaaa tttaaattct ccaattttaa
cgcgagccat tttgatacac gtgtgtcgat 1620 tttgcaacaa ctattgtttt ttaacgcaaa
ctaaacttat tgtggtaagc aataattaaa 1680 tatgggggaa catgcgccgc tacaacactc
gtcgttatga acgcagacgg cgccggtotc 1740 ggcgcaagcg gctaaaacgt
gttgcgcegtt caacgoggca aacatcgcaa aagccaatag 1800 tacagttttg atttgcatat
taacggcgat tttttaaatt

intraperitoneal, oral, or intrathecal routes are preferred. A mnore local application can be
effected subcutaneousty, intradermally, iniracutansously, intracardiafly,  intralobally,
intramedullarly, intrapulmonarily or directly in or near the tissue 1o be treafed {(connective-,
bone-, muscle-, nerve-, epithelial tissue).  Depending on the desired duration and
effectiveness of the ireatment, the compositions according to the invention may be
administered once or several times, also iniermittently, for instance on a daily basis for

several davs, weeks or months and in different dosages.

Preferably, one dose of the immunogenic composition as described above is intramuscularfy
administered to the subject in need thereof. According to a further embodiment, the PCVZ 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, also disclosed is a | ml

immunogenic composition, comprising PCV-2 antigen

as described herein, for the treatment or prophylaxis of a PCV2 infection or for reduction of
clinical symploms caused by or associated with a PCV2 infection in young animals,
comprising the step of administering an effective amount of a PCVZ antigen 10 that animal in
need of such treatment. Further disclosed is a 1

nﬁ ismunogenic composition, comprising PCV-2 antigen as described herein, treatment or
prophyiads of a PCVZI infection or for reduction of clinical sympioms caused by or
associaled with a PCV2 infection in animals having anti-PCV2 antibodies, comprising the
step of administering an effective amount of PCV2 antigen or an immunogenic composition

comprising an PCV?2 antigen to that animal in need of such treatment.

According to a further embodiment, at least one further administration of at least one dose of the

immunogenic composition as described above is given 1o a subject in need thereof, wherein
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atcttattta ataaatagtt 1860 10 atgacgccta caactcoccg cccgcgttga ctcgetgcac
ctcgagcagt tcgttgacgc 1920 cttcctcegt gtggccgaac acgtcgageg ggtggtcgat
wiaeeageags gtgccgcacg 1980 cgacgcacaa gtatctgtac accgagigatsineros 7628
cgtcgggcga aggcacgtcg gectccaagt 2040 ggcaatattg gcaaattcga

aaatatatac agttgggttg tttgcgcata tctatcgtgg 2100 cgttgggcat gtacgtccga
acgttgattt gcatgcaagc cgaaattaaa

the second or any further adminisiration is given at least 14 days bevond the inilial or any
former adminisirations. Preferably, the immunogenic composition is administered with an
immune stimulant, Preferably, said immune stimulant is given al least twice. Preferably, at
least 3 days, more preferably ai least 5 days, even more preferably at least 7 days are in
between the first and the second or any further administration of the immune stimulant.
Preferably, the immune stimulant is given at least 10 days, preferably 15 days, even more
preferably 20, and even more preferably at least 22 days bevond the initial administration ef
the immunogenic composition provided herein. A preferred immune stimulant is, for

examptle, kevhole limpet hemocyanin (KLH), preferably emulsified with incomplete Freund’s |
adjuvant (KLH/ACFA). However, it is herewith understood, that any other immune stimulant
known to a person skilled in the art can also be used. The term “immune stimulant™ as used
herein, means any agent or composition that can trigger the immune response, preferably
without initiating or increasing a specific immune response, for example the immune
response against a specific pathogen. 1t is further instructed to administer the immune

stirnulant in a suitable dose.

The “animal” as used herein means swine, pig or piglet.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following examples set forth preferred materials and procedures in accordance with the
present inveniion. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or tesling of the present invention, the prefemmed

methods, devices, and materials are now described. It is to be understood, however, that
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tcattgcgat 2160 15 tagtgcgatt aaaacgttgt acatcctcgc ttttaatcat gccgtcgatt
aaatcgcgca 2220 atcgagtcaa gtgatcaaag tgtggaataa tgttttcttt gtattcccga

wolsarasgea 2280 gcgcgtattt taacaaacta gecatctigt aagttagtttatiaaiges eas
aactttatcc 2340 aataatatat tatgtatcgc acgtcaagaa ttaacaatgc gcccgttgtc

gcatctcaac 2400 acgactatga tagagatcaa ataaagcgcg aattaaatag
cttgcgacgc aacgtgcacg 2460

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

Preparation of PCYV2 ORF-2 antigen

Initial SF+ cell cultures from liquid nitrogen storage were grown in Excell 420 media (JRH
Biosciences, inc., Lenexa, KS) in suspension in sterile spinner flasks with constant agitation.
The cultures were grown in 100 mL to 250mL spinner flasks with 235 to 150 mL of Excell
420 serum—_!’rec 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 sere grown in spinner flasks up 10 36 liters in size or in

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

Alter seeding, the flasks were incubated at 27°C for four hours. Subsequently, each flask
was seeded with a recombinant baculovirus containing the PCV2 ORF-2 gene (SEQ ID NO:
4).  The recombinant baculovirus containing the PCV2Z ORF-2gene was generated as
described in WO06/072065. Afler being seeded with the baculovirus, the Aasks were then
incubated at 27 + 2°C for 7 days and were also agitated at 100 rpm during that time. The

flasks used veniilated caps to allow for air flow.

After incubation, the resulting supematant were harvested, filtered in order to remove ceit
debris and inaciivaied. The supematant was inactivated by bringing its temperature to 37 4
2°C and binary ethlvlenimine (BEI) is added 1o the supernatant to a final concentration of

smM.  The samples were then stirred continuously for 72 10 96 hrs. A 1.0 M sodium
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20 atctgtgcac gcgttccggce acgagctttg attgtaataa gtttttacga agcgatgaca
2520 tgacccccgt agtgacaacg atcacgccca aaagaactgc cgactacaaa

wollacegagi 2580 atgtcggtga cgttaaaact attaagccat ccaatcgage -gHagingagrsas
tcaggaccgc 2640 tggtgcgaga agccgcgaag tatggcgaat gcatcgtata
acgtgtggag tccgctcatt 2700 agagcgtcat gtttagacaa gaaagctaca tatttaattg
atcccgatga ttttattgat 2760 25 aaattgaccc taactccata

thigsulfate solution to give a final minimum concentration of 5 mM was added 1o neuiralize
any residual BEL After inactivation, PCV2 ORF-Z buffered with phosphate buffer and
Carpopol was added to about 0.5 1o 2.5 mg/dose. The final dose comprises about 16 pug PCV2

ORF-2 antigen,

EXAMPLEZ

Anti PCV-2 Immuno assay

PKI5 (e.g. ATCC CCL-33) or VIDO RI cells described in WQ 02/07721, are seeded onto a
96 wetl plate (about 20.000 to 60,000 cells per wells). Celis are infecied with 2 PCV 2 isolate |
when monoiayers are approximately 635 10 85% confluent. Infected cells are incubated for 48
hours, Madium is removed and wells are washed 2 times with PBS. The wash buller is
discarded and cells are freated with cold 50/50 methanol/acetone fixative {~100 pl/well) for
about 15 min at about -20°C. The fixative is discarded and the plates are air mied. Serial
dilutions of porcine serum samples are prepared in PBS, added to the plates and incubated to
allow antibodies to bind if present in the serum samples for about I 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 paraliel. The plates are then washed three
times with PBS. The PBS is discarded. Plates are then stained with an comercial Goat anti-
Swine FITC conjugate diluted 1:100 in PBS and incubated for about 1 hr at 36.5+1°C, which
allows delection of antibodies bound to infected cells, Afier incubation is complete, the
microplates are removed from incubator, the conjugate is discarded and ihe 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 io
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cacggtattc tacaatgagg gggttttggt-caaaatttcc 2820 ggactgcgat tgtacatgct
gttaacggct ccgcccacta ttaatgaaat taaaaattcc 2880 aattttaaaa aacgcagcaa

wagaaaesiktgtatgaaag aatgcgtaga aggaaagaaa 2940 aatgtcet§dszoa7/087628
acatgctgaa caacaagatt aatatgcctc cgtgtataaa aaaaatattg 3000 aacgatttga

aagaaaacaa tgtaccgcgc ggcggtatgt acaggaagag gtttatacta 3060 30
aactgttaca ttgcaaacgt ggtttcgtgt

monitor the test sysiem.  If the controls are within expecied ranges the test results are
acceptable in regard to fest method parameters. The serum antibody titers were calculated
using the highest dilution showing specific IFA reaclivity and the number of wells positive

per dilution, or a 50% endpoint is calculated using the appropriate Reed-Muench formula

EXAMPLE 3

Efficacy of PCV2 ORF-2 {Inselvac® CircoFLEX™) in voune animals

havine low or hish anti-PCYV 72 antibodies

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

high antibody titers.

STUDY PERFORMANCE

Approximaiely 500 animals were included into the study. The study animals were balanced
and equally distributed among both weatment groups with regard to initial body weight and
litter assignment. A1 20 days of age all study animals received a single dose (1 ml) of the
PCV2 vaccine (Investigational Veterinary Product, IVP} or a single (1 ml} dose of a placebo
containing adjuvanted cell culture supernatant {Control Product, CP)} by intramuscular
injection in the right side of the neck. Siudy animals were followed until the end of fatiening.

Blood samples from all study animals were collected and subsequently analvzed by IFAT in
order 10 determine the antibody titers at the time of vaccination. Following this, the initial
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gccaagtgtg aaaaccgatg tttaatcaag 3120 gctctgacgc atttctacaa
ccacgactcc aagtgtgtgg gtgaagtcat gcatctttta 3180 atcaaatccc aagatgtgta

wiRaRgAAEsH aactgccaaa aaatgaaaac tgtcgacaag 3240 ctetgteedlysicermsers
ttgctggcaa ctgcaagggt ctcaatccta tttgtaatta ttgaataata 3300 aaacaattat

aaatgctaaa tttgtttttt attaacgata caaaccaaac gcaacaagaa 3360 5 catttgtagt
attatctata attgaaaacg

antibody tilers were correlated with the weight gain, In addition, dependent on the initial
aniibody titer, animals were grouped into three classes (low, moderate and high initial
antibody ters) and “high tier” animals of both treatment groups were then compared for

possible differences with regard 1o weight gain and viremia.

RESULTS

- Iniual Antibody Titers

At the ume of vaccination the majority of animals had either moderate antibody titers
{defined as 1100 to 1:1000} or high antibody titers (defined as > 1:1000). Only
approximately 13% percent of animals had low antibody titers {defined as < 1:100). Due 1o
the absence of PCVZ infection at the time of study initiation it can be concluded that the
antibody titers on study day 0 were possibly maternally derived. No significant differences in
the antibody titers of study day 0 were observed between the two treatment groups. An

overview about the percentage of animals per titer class is given in Figure 1.

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

In order 10 determine whether a high antibody titer at the time of vaccination (> 1:1000) had
an impact on viremia, vaccinated and placebo-ireated animals with high initial antibody titers
were compared with regard 1o the onset, end. duration of viremia, the number of positive
sampling days and the virus foad. Table 1 summarizes the comparison of viremia parameters

of the “high-titer animals” from both treatment groups.

Table i: Comparison of viremia in'high titer animals' from both ireatment groups

investigated Treatment | Mumbes fican Median P
Parameter Group of pigs
Onset of ce 38 111.9G davs 113.00 davs {.7843
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cgtagttata atcgctgagg taatatttaa 3420 aatcattttc aaatgattca cagttaattt -
gcgacaatat aattttattt tcacataaac 3480 tagacgcctt gtcgtcttct tcttcgtatt

weciigtgstistigatttttc tcctcataaa 3540 aattaacata gttattatcg tatccagaiason7/es7628
tgtatctatc gtatagagta aattttttgt 3600 tgtcataaat atatatgtct tttttaatgg
ggtgtatagt accgctgcgc atagtttttc 3660 tgtaatttac aacagtgcta ttttctggta
gttcttogga

Yiremia Ivp 36 109.50 days 113.00 dayvs s
CP-IVe 2.4 davs

Duration  of P 38 27.00 days 27.50 days <0.0001

Viremia Ivp 36 17.50 days 6.50 days waw
CP-IVP 230 davs

End of P 38 138.90 davs 141,00 days 0.6033

Viremia vp 36 127.00 days 122.50 days A
CP-[VP 11.9 davs

Positive Cp 39 3.70 days 3.00 days {.4082

Sampling 1vp 47 180 days £.00 days e

davy CP-IVP 1.9 davs

Mcan Sum gE CP 39 18.79 gE 17.21 gE < {0601

{logiy) VP 47 912 gk 538 gk e
CEIEP 9.67 oF

gE: sum of genomic equivalents per mi
P: pevalue of the Wilcoxon Mann-Whiteey test for comparisons between groups; ns: not significant,
pr0.05; ** wignificant, p < 3.01; *** significant, p < 0.00}

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

duration of viremia, virus load).

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

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

A statistically significant negative correlation between the antibody titer and the weight gain
was found for both treatment groups at study weeks 0 1o 7 indicating thal a high maternal
aniibody titer negatively influences the weight gain development in the rearing phase. No

other statistically significant correlations between the initial antibody titer and the weight
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gtgtgttgct ttaattatta 3720 aatttatata atcaatgaat ttgggatcgt cggttttgta
caatatgttg ccggcatagt 3780 acgcagcttc ttctagttca attacaccat tttttagcag

wWeRsRAeAkia Acataacttt 3840 ccaaaatgtt gtacgaaccy ttaaacaaga-AeagSARSs2s
tcecttttct atactattgt 3900 ctgcgagcag ttgtttgttg ttaaaaataa cagccattgt

aatgagacgc acaaactaat 3960 15 atcacaaact ggaaatgtct atcaatatat
agttgctgat atcatggaga

gain during different time intervals were observed. 11 cari therefore be concluded that the
level of matemal antibody titer did not have an influence on the weight gain from 10 weeks
of age (study week 7) onwards for neither the vaccinated or for the placebo-ireated animals.

Table 2: Carrelation of the PCV2 aniibody titer ai the 1ime of vaccination with body
weight gain over the course of the study

10

15

20

Cerrciation of antibody titer at the thme of vaccination with
weiphi gain
Study weoek Study week Study week Study week
-7 7-12 §2.17 17-22
T <L0V623 1.03501 <0.00521 .02774
P P 0.0086 =+ 03425 us 0.8884 us 04617 ng
| 744 737 728 706
r £0.09748 0.0430% -0.00934 0.02694
e P Q.oU77 2> 0,2440 os 6.7974 ng 04710 ng
n 746 733 727 718

£ Spearman rank correlation coefficient

P p-value of test on r=0: ns: nol significant, p=0.03;
"# sipruficant, p< 0.01

n: Mumber of animals

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

Furthermore vaccinated animals with 2 high antibody fiter at the time of vaccination (>
1:1000) also showed a significantly higher body weight afler the onset of viremia compared
to placebo-ireated animals with initial high antibody titers. As can be seen in Figure 3 the
body weight {(LSMean) at study week 17 and at study week 22 was indeed significanily
higher in vaccinated “high titer animals’ (study week 17: 1.55 kg, p = 0.0328; study week 22:
3.06 kg, p = 0.0007) than in placebo-lreated ‘high titer animals’. Together these findings
demonstraie that there is no interference of the )VP with the antibody titer at the'time of

vaccination.
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taattaaaat 4020 gataaccatc tcgcaaataa ataagtattt tactgttttc gtaacagttt
tgtaataaaa 4080 aaacctataa atattccgga ttattcatac cgtcccacca tcgggegcegg

waleagaledei 4140 cagcggcecge gggaattcga tccgecatga Cgtatcc@é@msz@mmsmzs

gaggcgttac cgcagaagaa 4200 gacaccgccc ccgcagccat cttggccaga
tccteegeceg cegeccectgg ctegteccace 4260 20 cccgecaccg ctaccgttgg
agaaggaaaa atggcatctt caacacccgc ctctcccgea

Conclusion

For analysis of a possible maternal antibody interference the initial antibody ftiter was
correlated with the two efficacy parameters viremia in blood and live body weight. Compared
to the placebo-treated ‘high titer animals’ the following statistical significant findings were

noted for the vaccinated “high titer animals’:

- reduction in loss of weight gain
- shorter duration of viremia and earlier end of viremia

- lower virus load

EXAMPLE 4

Efficacy of PCV2 ORF-2 (Ineelvac® CircoFLEX™) in vouns animals

having anti-PCY 2 antibodies with respect to ivmphoid depletion, vmphoid inflammation.

and lvmgphoid tmmunochistochemistry JHCY

The objective of this blinded vaccination-challenge study was to evaluate at what age pigs
vaccinated with Porcine Circovirus Vaccine, Type 2, Killed Baculovirus Vector established '
immunity in the presence of Porcine Circovirus Type 2 {(PCV2) maternally-derived
antibodies. Three primary parameters were analvzed following challenge. These three
parameters included lymphoid depletion, lymphoid inflammation, and lvmphoid
immunohisiochemisiry (IHC).  To demonsirate immunity in the presence of PCV2
matemnally-derived antibodies, conventionally raised pigs vaccinated with PCV2 vaccine at 3
weeks of age or at 8 weeks of age, must demonstrate statisticallv significant differences
{p<0.03) for lymphoid depletion, lymphoid inflammation, and lymphoid IHC, compared with

challenge control pigs treated with Control Product at 3 weeks ol age.
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4320 ccttcggata tactgtcaag gctaccacag tcacaacgcc ctcctgggeg

gtggacatga 4380 lagagatttaa tattgacgac ttt ttcccc cgggaggggg
wgaceaasada atctctatac 4440 cctttgaata ctacagaata agaaaggtieraggiigasticrs

ctggccctgc tceeccatca 4500 cccagggtga taggggagtg ggctccactg ctgttattct

agatgataac tttgtaacaa 4560 25 aggccacagc cctaacctat gacccatatg

taaactactc ctcccgcecat acaatccccc 4620

STUDY PERFORMANCE
Ore hundred owenty {120} conventionally raised pigs, 21 davs of age on Day & (D), were
assigned completely at random 1o one of five treatment groups. On DO, blood samiples were
collected from all pigs,
5 e Croup la was treated with Investgational Veterinary Product (IVP; PCY2 reference
vaccing) al 3 weeks of age.
s Group Ib was treated with Investigational Veterinary Product (IVP; PCV2 reference
vaccine) at 8 weeks of age.

¢ Group 2 was trealed with Control Product {CP} at 3 weeks of age.

o
Pigs were observed for clinical assessments post-vaccination from D-1 to D59, Additional
pre-challenge blood samples were collected on D14, D28, D42, D56 and D63, A summary of
Group PCV2 serological Geometric Mean Titers (GMT) pre-challenge are shown below in
Table 3.
i3 Table 3: Groyp PCY2 Serological Geomeiric Mean Tliers Pre-chailenge
PCY2 Serology ~- GMT
Group - Treatiment Do D14 D28 D42 D56 D63
Group Ia sap & o p = 3
1VP adminislered 3 weeks of age 336.3 2528 142.0 36.2 320 o83
Group ib 3 z
VP administered at 8 weeks of 4762 ) 3082 4 ISL6 | 362 3 483
ape
Gmug 2 3138 ] 7 = :
CP administered at 3 weoks of 3- 310. 134.3 369 169 243
aEe

All remaining pigs received 2.0 mL of kevhole limpet hemocvanin (KLM) emulsified in
inc_omplete Freund’s adjuvant (ICFA) IM on D60 (Day Post-Challenge (DPC) -3) and DG6
(DPC 3). On D63 (DPC 0), remaining pigs received 1.0 mL of PCV2 lowa State University

20 Veterinary Diagnostic Laboratory (ISUVDL) challenge material (4.75 loge TCIDso/mL) 1M
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aacccttctc ctaccactcc cgttacttca cacccaaacc tgttcttgac tccactattg 4680
attacttcca accaaataac aaaaggaatc agctttggct gaggctacaa acctctagaa 4740

walgiggasmascgtaggecte ggcactgegt tcgaaaacag taaatacgac cagoagtasiyosrers
4800 atatccgtgt aaccatgtat gtacaattca gagaatttaa tcttaaagac cccccacttg

4860 30 aaccctaaga attctatcac tagtgaaatc gcggccgcecg gecgcetccag
aattctagaa 4920

and L0 mbl of the same maierial IN. Body weighis, reclal temperatures, clinical
cbservations. blood samples and nasal swabs were collected on the day of chaflenge and
periodically posi-chalienge. At necropsy for each pig, gross lesions were noted and lung and
lvmphoid lissue samples were collecied Lung and lymphoid tissues were examined
microscopically by ISUVDL for lesions and for the presence of PCV2 antigen by THC

testing. A general description of the challenge phase of the study is shown below in table 4.

Table 4: Chalfenge Phase of Study

KLH/ PCV2 KLB/
Group - Treatment ICFA Challienge ICFA Pay of
Number | On DGO on P63 On D66 Mecropsy
(BPC-3) | DPCH OPC 3)

Group 1a D87 (LPC 2D or

IVP admsindstered 20 Yoes Yes Yes DRE(OPC 25
3 weeks of ape

Group Ih DBE7 (DPC 24y or
VP administered 21 Yes Yes Yes DR (1OPC 25)
at 8 weeks of ape :

Group 2 DR7(DPC 24)or
CP administered 20 Yes Yos Yes DEB(DPC 15
ol 3 weeks of age

On D86, the geometric mean tilers were 906.6, 2447.1, 2014.9, respectively.

RESULTS

Following PCV2 challenge exposure on D63 and subsequent necropsy, Group 1a had a
siatisticatly significant lower proportion of pigs positive for lymphoid depletion (p=0.0084),
a lower proportion of pigs positive for lymphoid inflammation (p=0.0079), and a lower
proportion of pigs with IHC lvmphoid-positive tissues (p=0,0031), all in comparison 10
Group 2. Following PCV2 challenge, Group Ib had a statistically significant lower
proportion of pigs posilive for lymphoid depletion (p=0.0148), a lower proportion of pigs
positive for lymphoid inflammation (p=8.0036), and a lower proportion of pigs with IHC

lymphoid-positive tissues (p=0.0013), all in comparison 1o Group 2. A summary of primary
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ggtacccggg atcctttcct gggacccggce aagaaccaaa aactcactct cttcaaggaa
4980 atccgtaatg ttaaacccga cacgatgaag cttgtcgttg gatggaaagg

waaaegeaies5040 tacagggaaa cttggaccog cttcatggaa gacagchee,eeasigiias s
cgaccaagaa 5100 gtgatggatg ttttccttgt tgtcaacatg cgtcccacta gacccaaccg
ttgttacaaa 5160 5 ttcctggece aacacgctct gegttgegac cccgactatg tacctcatga
cgtgattagg 5220 atcgtcgagc

efficacy parameter results for Groups 1a, th and 2 are shown below in table 5.

Table 3: Summary of Primary Efficacy Parameier Results
Jor Groups Ta and |b compared with Group 2

Group - PCYZ Lymphaoid Lymphoid Eymphoid
Frentment Serologicnl Depletion Inflww sz tion IHC
status on Dayv § {+ftaral) {+/rotal) {+/total}
Group in
IVPat 3 weeks SC!'L\[K)SE“VC 1420 (5%} 320 (15%) J20(15%)
of age = . 0045 =, 5079 *p=0.0031
Croup Ih
VP gt 8 weeks Seropositive 22E{9.5%) 321 (34.3%) 321 {34.3%0)
of ape ep=.0148 *n=0.0036 op=0.0013
Group 2
CPal 3 weeks Seropositive G120 (45%) 12/20 (66%) {3720 {65%)
of age

* 1 value compared with Group 2 - Fisher's Fxaet Test

There were significant differences between Groups la and 1b compared with Group 2 for
microscopic lung mmflammation (p<0.0407), but no significant differences between these
groups for lung tissue testing posilive for PCV2 antigen by 1HC testing (p=> 0.2317). There
were no significant differences between Groups la and 1b compared with Group 2 for
clinical assessments posi-vaccination, ADG, clinical signs post-challenge, pyrexia, nasal

shedding of PCV2, % total lung scores and lymphadenopathy.

in conclusion, Group la, vaccinated at 3 weeks of age and having a GMT of 556.6 at the time
of vaccination, was significantly protected from lymphoid depietion, Iymphoid inflammation,
and lvmphotd tissues testing positive for PCV 2 antigen by IHC testing, compared with Group
2. Group 1b, vaccinated at 8 weeks of age and having a GMT of 151.6 one week prior {0
vaccination, was significantly protecied from lvmphoid depletion, lymphoid inflammation
and lymphoid tissues testing positive for PCV2 antigen by IHC testing, compared with Group
2. Pigs with PCV2 maternally-derived antibodies were protecied from Porcine Circovirus

Associated Disease (PCY AD) when vaccinated as early as 3 weeks of age.
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cttcatgggt gggcagcaac aacgagtacc gcatcagcct ggctaagaag 5280
ggcggceggct geccaataat gaaccttcac tctgagtaca ccaactcgtt cgaacagttc 5340
atcgatcgtg tcatctggga gaacttctac aagcccatcg tttacatcgg taccgactct 5400
gctgaagagg aggaaattct ccttgaagtt tccctggtgt tcaaagtaaa ggagtttgca 5460
10 ccagaggcac ctctgttcac tggtcc§getyitdftaaaaca cgatacattg ttattagtac
5520 atttattaag cgctagattc tgtgcgttgt tgatttacag aoaattgttg

Use of an effective amount of a PCV2 antigen comprising ORF-2 protein in the
manufacture of 2 medicament for the treatment or prophylaxis of

ay PCVZ infection; or

b) for reduction of clinical symptoms caused by or associated with a PCV2 infection
in animals having anti-PCV2 antibodies with an anti-PCV-2 antibody titer of more
than 1:100 in a PCV specific immuno assay and/or being 1 to 22 days of age by a

single administration of only one dose of said PCV?2 aniigen.

The use according to claim 1, wherein the anti-PCV?2 antibodies are maternal

antibodies.

The use according to claim 1 or claim 2, wherein the animals have an anti-PCV-2

antibody titer of more than 1:1000 in a PCV specific immuno assay.

The use according to any one of claims | to 3, wherein the treated animals have that

anti-PCV?2 antibody titre at the time the medicament is to be administered.

The use according to any one of claims 1 to 4, wherein the medicament is to be

administered at day 7 of age or later.
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tacgtatttt 5580 aataattcat taaatttata atctttaggg tggtatgtta gagcgaaaat
caaatgattt 5640 tcagcgtctt tatatctgaa tttaaatatt aaatcctcaa tagatttgta
aaataggttt 5700 cgattagttt caaacaaggg ttgtttttcc gaaccgatgg ctggactatc
taatggattt 5760 15 tcgctcaacg ccagaaaact tgccaaatct tgtagcagca atctagcttt
gtcgatattc 5820 gtttgtgttt tgttttgtaa taaaggttcg acgtcgttca aaatattatg

C@ﬁgt{%%aéc%ggding to any one of claims 1 to 5, wherein the medicament is to be

administered at day 14 of age or later.

The use according to any one of claims 1 to 6, wherein the medicament is to be

administered not later than at week 7 of age.

The use according to any one of claims 1 to 7, wherein the treatment or prophylaxis
results in shortening of the viremia phase of 5 or more days as compared to animals

of a non-treated control group of the same species.

The use according to any one of claims 1 to 8, wherein said PCV?2 antigen is a

polypeptide having at least 80% homology with ORF-2 of PCV2.

The use according to any one of claims 1 to &, wherein said PCV-2 antigen is a

recombinant baculovirus expressed ORF-2 of PCV?2,

The use according to any one of claims 1 to 10, wherein the PCV2 antigen isa
suspension for injection with each dose of 1 ml of inactivated vaccine containing as
active substance porcine eircovirus type 2 ORF2 protein and containing carbomer as

an adjuvant and as excipient sodium chloride 0.85% solution in water.

The use according to any one of claims 1 to 11, wherein 0.5 to 18 pg/dose of said

PCVZ antigen is to be administered to said animal.
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tttctttcat cactgtcgtt agtgtacaat tgactcgacg taaacacgtt aaataaagct 5940
tggacatatt taacatcggg cgtgttagct ttattaggcc gattatcgtc gtcgtcccaa 6000
ccctegtegt tagaagttgce ttccgaagac gattttgcca tagccacacg acgcctatta 6060
20 attgtgtcgg ctaacacgtc cgcgatcaaa tttgtagttg agctttttgg aattatttct 6120
gattgcgggc gtttttgggc gggtttcaat ctaactgtgc ccgattttaa ttcagacaac 6180

132645302 %@cording to any one of claims 1 to 12, wherein said treatment or prohylaxis
of PCV2 infection resulis in an improvement in comparison to animals of a non-
treated control group of the same species in a vaccine efficacy parameter selected
from the group consisting of a reduction in the loss of weight gain, a shorter duration

of viremia, an earlier end to viremia, a lower virus load, or combinations thereof.

14. The use according to any one of claims 1 to 13, wherein the animal is swine,
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gcgatggtgc aggcggtggt aacatttcag acggcaaatc tactaatggg 6240
ggcggtggtg gagcetgatga taaatctacc atcggtggag gcgcaggegg ggctggeggce
6300 ggaggcggag gcggaggtgg tggcggtgat gcagacggceg gtttaggete
aaaggtctct 6360 25 ttaggcaaca cagtcggcac ctcaactatt gtactggttt
cgggcgccgt ttttggtttg 6420 accggtctga gacgagtgcg atttttttcg tttctaatag

cttccaacaa ttgttgtctg 6480 tcgtctaaag gtgcagcggg ttgaggttcc
SEQUENCE LISTING

<110> BOEHRINGER INGELHEIM VETMEDICA GMBH

<120> Treatment of PIGS with PCV-2 antigen

<130> PO01-2169

<160> 11

<170> Patentin version 3.3

<Z210>» 1
<211> 8
<212> DNA

<213>» BArtificial

220>

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

<Z1Z> DNA

<213> Artificial

1/16
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gtcggcattg gtggagcggg cggcaattca 6540 gacatcgatg gtggtggtgg
tggtggaggc gctggaatgt taggcacggg agaaggtggt 6600 ggeggceggtg
ccgccggtat aatttgttct ggtttagttt gttcgcgcac gattgtggge 6660 30 accggcgcag
gcgccgcetgg ctgcacaacg gaaggtcgtce tgcttcgagg cagegcettgg 6720
<220>ggtggtggca attcaatatt ataattggaa tacaaatcgt aaaaatctgc tataagcatt 6780

<223 >gtaf%t;[tscglcs taa,tczgégggbg%%%c%%%a Rl seguence.

<400> 2
gaattc
<210> 3
<211> 713
<212>  DNA
<213>

<400> 3

cagctatgac
ttggccagat
gazggaaaaa
aggaaaaatqg
ttgttececee
gaaaggttaa
gctcecactge
acccatatgt
gttacttcac
aaaggaatca
gcactgegtt

tacaattcag

<210> 4
<211> 713
<212> DNA

gtatccaagyg
cctoogooge
tggecatottc
geatctteaa
¥yygagggggy
ggttgaattc
tgttattcta
aaactactcc
acccaaacct
gctttggetg
cgaaaacagt

agaatitaat

Porcine circovirus

aggcgttacce
cgeceectgge
aacacccogac
caccecgecte
accaacaaaa
tggoccctget
gatgataact
tcecegecata
gttcttgact
aggctacaaa
aaatacgacc

cttaaagacc

gcagaagaag
tcgtecacce
tectecegeac
tceocgeacet
tctetataco
ccececatcac
ttgtaacaaa
caatcccoca
ccactattga
cctctagaaa
aggactacaa

cceecacttaa

2/16

acacogeooce
cocgccaccgo
cttecggatat
tcggatatac
ctttgaatac
ccagagtgat
ggccacagca
accctictee
ttacttccaa
tgtggaccac
tatcogtgta

accctaaatyg

cgcagecate
taccgttgga
actgtggaga
tgtgacgact
tacagaataa
aggggagtgg
ctaacctatg
taccactcco
ccaaataaca
gtaggcctcy
accatgtatg

aat

60

120

180

240

300

360

420

480

540

600

560

713
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tttaacaacc gctcaatgta agcaattgta 6840 ttgtaaagag attgtctcaa gctcgccgca
cgccgataac aagccttttc atttttacta 6900 cagcattgta gtggcgagac acttcgcetgt
cgtcgacgta catgtatgct ttgttgtcaa 6960 5 aaacgtcgtt ggcaagottt aaaatattta

aaagaacatc tctgttcagc accactgtgt 7020 tgtcgtaaat gttgtttttg ataatttgcg
<Z13>ctt€egeayt atégacacyttcaaaaaatt 7080 gatgcgcatc aattttgttg ttcctattat

tgaataaata agattgtaca

<40C> 4

cocgoratgac
ttggeoccagat
daaggaaaaa
ctaccacagt
ttgttceccooa
gaaaggttaa
gctceactge
scccatatgt
gttacttcac
aaaggaatca
gcactgogtt

tacaattcag

<210> 5
233
<212> FRT

<213>

<400> 5

Met

Ser

20

gtatccaagg
cctcococgooge
tggcatctic
cacaacgcoc
gg9aygg9gggy
ggtitgaattc
tgttattcta
aaactactce
acccaaacct
goctttggetyg
cgaaaacagt

agaatttaat

2

aggcgttacc
cgoeectgge
gacacccgoo
tooctogggogy
accaacaaaa
tggccctget
gatgataact
tcocogecata
gttcttgact
aggctacaaa
azaatacgacc

cttazagacc

Porcine circovirus

10

25

gcagaagaag
tegtecacco
tctocecogeac
tggacatgat
tctetatacce
ccoccatcac
ttgtaacaza
caatccocca
ccactattga
cctctagaaa
aggactacas

ccocacttga

Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg

15

Hig Leu Gly Gln Ile Leu Arg Arg Arg Pro

30

3/16

acaccgeocc
ccgoocacogce
cttecggatat
gqagatttaat
ctttgaatac
ccagggtgat
ggccacagcoc
accctteteeo
ttacttccaa
tgtggaccac
tatcegtgta

accctaagaa

cgeageoeate
taccgttgga
actgtcaagg
attgacgact
tacagaataa
aggggagtgy
ctaacctatg
taccactcce
ccaaataaca
gtaggcctcyg
accatgtatyg

tte

Arg His Arg Pro Arg

Trp Leu Val His Pro

60

360

420

480

540

600

660

713



gattcatatc 7140 tacgattcgt catggccacc acaaatgcta cgctgcaaac gctggtacaa
ttttacgaaa 7200 actgcaaaaa cgtcaaaact cggtataaaa taatcaacgg
gcgctttggc aaaatatcta 7260 10 ttttatcgca caagcccact agcaaattgt atttgcagaa
aacaatttcg gcgcacaatt 7320 ttaacgctga cgaaataaaa gttcaccagt

Arg Higatgagéygda ceaccoanartitdtandaa 7380 Gictaftttad tcaéggtt€erateaacaacc

aggtgatcgt gatggactac attgactgtc,

Lew Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr

30 55 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 Lys Ils Ser Tle Pro Phe Glu Tyr Tyr

85 50 95

Arg Ile Arg Lys Val Lys Val Glu Phe Trp Pro Cys Ser Pro Ile Thr

100 105 110

Gln Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu Asp Asp Asn

115 120 125

FPhe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Rsn Tyr

130 135 140

Ser Ser Arg His Thr Ile Pro Gln 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 Gln Pro

165 170 175

Asn Asn Lys Arg Asn Giln Leu Trp Leu Arg Leu Gln Thr Ser Arg Asn

180 185 190
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7440 ccgatttatt tgaaacacta caaattaaag gcgagctttc gtaccaactt gttagcaata
7500 ttattagaca gctgtgtgaa gcgctcaacg atttgcacaa gcacaatttc atacacaacg
7560 15 acataaaact cgaaaatgtc ttatatttcg aagcacttga tcgcgtgtat gtttgcgatt
7620 acggattgtg caaacacgaa aactcactta gcgtgcacga cggcacgttg gagtatttta
val A7680 sgitchdadaadaaticgatat acaabtatge acgtttcdit tghetgdtac goggcegtgtt

73&9 200 205

Gln Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg Glu Phe

2190 215 220

Asn Leu Lys Asp Pro FPro Leu Lys FPro

225 230
<210> ¢©

<211> 233

<Z1Z>» PRT

<213>» Porcine circovirus

<400> &

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Rrg Pro Arg

1 5 10 15

Ser His Leu Gly Gln Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro

20 z5 30

Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg

35 40 45

Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr

50 5

o

60

Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp FPhe Val
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aacatacaag ttgctaacgt aatcatggtc atagctgttt cctgtgtgaa attgttatcc 7800
gctcacaatt ccacacaaca tacgagccgg aagcataaag tgtaaagcct ggggtgccta
7860 20 atgagtgagc taactcacat taattgcgtt gcgctcactg cccgctttcc
agtogggaaa 7920 cctgtcgtgc cagctgcatt aatgaatcgg ccaacgcgcg

65 gggagaggé§ gtttgcgtat 7980 tgggcgcetct tcégcttect cgctcactga ctcgetgege
tcggtcgttc ggctgeggeg 8040 agcggtatca

Pro Pro Gly Gly Gly Thr Asn Lys Tle Ser Ile Pro Phe Glu Tyr Tyr

a5 80 95

Arg Tle Arg Lys Val Lys Val Glu Phe Trp Pro Cys Ser Pro Ile Thr

100 105 110

Gln Gly &sp Arg Gly Val Gly Ser Thr Ala Val Tle Leu Asp Asp Asn

115 120 125

U
v
Q

fhe Vval Thr Lys Ala Thr Ala Leu Thr Tyr Asp Tyr Val Asn Tyr

130 135 140

Ser Ser Arg His Thr Ile Pro Gln Pro Phe Ser Tyr His Ser Arg Tyr

145 150 155 160

Fhe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro

168 170

[y
-]
i

Asn Asn Lys Arg Asn Gln Leu Trp Leu Arg Leu Gln Thr Ser Arg Asn

180 185 190

Val Asp His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp

195 200 205

Gln Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg Glu Phe

210 215 220

Asn Leu Lys Asp Pro Pro Leu Glu Pro
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gctcactcaa aggcggtaat acggttatcc acagaatcag gggataacgc 8100
aggaaagaac atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa aggccgcgtt
8160 25 gctggcgttt ttccataggc tccgeccocc tgacgagcat cacaaaaatc

gacgctcaag 8220 tcagaggtgg cgaaacccga caggactata aagataccag

tacctgtccg cctttctcce 8340 ttcgggaagc gtggegcttt

7156

<220>
<223>

frame

<4gt> 7

gcggecgegy
cagogoocoec
cgccaccgcet
ttcggatata
agatttaata
tttgaatact
caggygtgata
gocacagooo
ccottetect
tacttccaac
gtggaccacy
atcegtgtaa

ccctaagaat

<Z10> 8§

<Z11>

DNA

Artificial

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

gaattcgatc
gcagccatct
accgttggag
ctgtcaagge
ttgacgactt
acagaataag
ggggagtgag
taacctatga
accactcccyg
caaataacaa
taggccectcgg
ccatgtatgt

tctatcacta

10387

cgecatgacy
tggccagatc
aaggaaaazat
taccacagtc
tgtitcecceyg
aaaggttaag
ctccactget
cccatatgta
ttacttcaca
aaggaatcag
cactgogtte
acaatitcags

gtgaattcge

tatccaagga
ctccgoegea
ggcatcttca
acaacgceoect
ggaggggyga
gttgaattct
gttatitctag
aactactcct
cceaaacctg
ctttggcetoa
gaaaacagta
gaatttaatc

ggccgc

7/16

This sequence 1s from porcine circovirus type 2,

ggcgttaccy
goocectgget
acacccgcect
cectgggeggt
ccaacaaaat
ggccctgete
atgataactt

ccocegeccatac

ttcttgactd

ggctacaaac
aatacgacca

ttaaagaccc

open reading

cagaagaaga
cgtccaccee
cteccogeace
ggacatgaty
ctctatacce
ccocecatcace
tgtaacaaag
aatcccccaa
cactatigat
ctctagaaat
ggactacaat
cccacttgaa

756

gcgtttccee ctgfaagetc 8280 cctegtgegc tetectgtic cgaccctgece gottaccgga

60

120

180

240

300

4580

549

600

660

720
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ctcatagctc acgctgtagg tatctcagtt cggtgtaggt 8400 cgttcgctce aagctcfggct
gtgtgcacga accccccgtt cagcccgacc getgegcectt 8460 30 atccggtaac
tatcgtcttg agtccaaccc ggtaagacac gacttatcgc cactggcagc 8520

agccactggt aacaggatta gcagagcgag gtatgtaggc ggtgctacag agttcttgaa

<212>8580~ gtggtggcct aactacggct acactagaag gacagtattt ggtatctgcg ctctgctgaa
«213,8640, gecagtiacc ticggaaaaa

<220>

<223>

This is the porcine circovirus type 2, QRF-Zconstruct, which

includes baculovirus and pGEM T-easy coding sequences.

<400> 8

aagctttact
gaaagcacgt
ataaaagatt
gtgactagey
goagcaataa
gegggectgt
gttcaagaat
ggcgtgeact
cacaccctgg
aaaattgaaa
tttaacaaat
tgcettegett
gattaggceg
ggttttccac
cgcacaacac
ccaccacttt
tcttttgeat
tgacctgcaa
actcttgttt
tgtgetoggt
gtttgatoge

gocattettg

cgtaaagcga
gtaaaatgtt
ctaatctgat
aagaagatgt
Lcgatttaac
tatacaaaaa
ttattgacac
geacacacgdg
gtattgcgce
gacaaaatta
actttatcet
gctoegttta
gatattctoc
gtacgtcttt
cggatgtttyg
ggcaactaaa
ggtttcctgg
atctttggcce
tttaacaagt
gaatgtcgea
gggatcgtag

taattctatg

gttgaaggat
tccecgogoegt
atgttttaaa
gtggaccgca
caacacgtct
aattcaagta
ggtaaaagaa
tattaatcge
gcaggaagoco
cgtteaagat
attitcaaat
getitgtageco
accacasaigt
tggccggtaa
cgottgtecyg
tcggtgaccot
aagccgotgt
tcgatetget
tecteggttt
atcagcttag
ttgececggtge

gocgtaaggca

catatttagt
tggcacaact
acaccttige
gaacagataqg
aaatattatg
cctggeocaga
ttitacagaaa
accggttaca
atagatacat
ttattaattt
Lgttgcgett
gatcagtgge
tggcaacgtt
tagecgtaaa
cggggtattyg
gegoegtettt
acatgeggott
tgtccttgat
tttgogeocac
tcaccaactg
agagcacttyg

atttggactt
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tgecgtttaty
atttacaatg
ggccogagtt
taaaacaaaa
atggtgtgeca
ctttgecgee
agtgtccogyg
tggtgtygcag
tCcgaaaaage
aattaatatt
cttcecocagega
gttgttccaa
gatgttacgt
cgtagtgecg
aaccgcgcga
tttctgeatt
rtagatcagtc
ggcaacgatg
caccgettge
tttgectetec
aggaattact

cataatcagg

agataagatt
cggccaagtt
gtttgegtac
ccctagtatt
ttttttgcgg
tgaaagcata
catgttggtg
atatttaatg
cagaggtcac
atttgeatte
accaaaacta
tcgacggtag
ttatgctitt
tecgegogtca
teccgacaaat
atttcgtett
atgacgegceg
cgttcaataa
agcgogttty
tecteocogtt
tcttectaaaa

tgaatcacgo

60

120

180

240

300

360

420

4380

540

600

660

720

780

540

960

560

1020

10890

1140

1200

1260

1320
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15

20

25

gagttggtag ctcttgatcc ggcaaacaaa ccaccgctgg 8700 tagcggtggt ttitttgttt

gcaagcagca gattacgcgc agaaaaaaag gatctcaaga 8760 5 agatcctttg

atcttttcta cggggtctga cgctcagtgg aacgaaaact cacgttaagg 8820 gattttggtc

atgagattat caaaaaggat cttcacctag atccttttaa attaaaaatg 8880 aagttttaaa
cogaticatttaaaGiatatatga gtaaaettggotctgacagivaceaatgett-8940t aateagtgag 380

acctatct cagcgatctg tctatttcgt
Cgctgg%aga gqtagé%é%c Cgattttg tggtctgetic aaataacgat

Ltgtctacatg
cocttggeoeac
cttctoecaaa
tttgcaacaa
tatgggggaa
ggcgcaagcey
tacagttttyg
atgacgcota
cttecctoogt
cgacgcacaa
ggcaatattg
cgttgggcat
tagtgcegatt
atcgagtcaa
gecgegtattt
aataatatat
acgactatga
atctgtgcac
tgaccccegt
atgtcggtga
tggtgcgaga
agagcgtcat
aaattgacco
ggactgcgat
zattttaaaa
aatgtcgtcg
aacgatttga

aactgttaca

aacacgltata
gaaccggacc
tttaaattct
ctattgtitt
catgogeoge
gctaaaacgt
atttgcatat
caactccccy
gtggeccgaac
gtatctgtac
geaaattcga
gtacgtcega
aaaacgttgt
gtgatcasag
taacaaacta
tatgtatcge
tagagatcas
gegttcocggoe
agtgacaacyg
cgtltaaaact
agoccgcgaag
gtttagacaa
taactccata
tgtacatgct
aacgcageaa
acatgctgaa
aagaaaacaa

ttgcaaacgt

gectttatcac
tgttggtcge
ccaattttaa
ttaacgcaas
tacaacactc
gttgocgegtt
taacggcgat
ccogogttga
acgtegageg
accgaatgat
aaatatatac
acgttgattt
acatcctage
tgtggaataa
geccatcttgt
acgtcaagas
ataaagcgeg
acgagctttg
atcacgccca
attzagccat
tatggegaat
gaaagctaca
cacggtatic
gttaacggct
gagaaacatt
caacaagatt
tgtaccgcocge

ggtttcgigt

aaactgtata
gectetageac
cgocgagecat
ctaaacttat
gtcgttatga
caacgceggea
tttttazatt
ctecgchtgeac
ggtggtcgat
cgtocgggeca
agttgggttyg
gcatgcaage
ttttaatcat
tgttttotet
aagttagttt
ttaacaatgc
aattaaatag
atitgtaataa
aaagaactgc
ccaatcgace
gcatcgtata
tatttaattyg
tacaatggcg
ccgoccacta
tgtatgaaag
aatatgcectce
ggcggtatgr

gceaagtygig
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thtttaaactyg
gtaccgcagg
tttgatacac
tgtggtaage
acgcagacygyg
aacatcgceaa
atcttattta
ctcgagcagt
gaccagoggco
aggcacgtoeg
tttgcgeata
cgaaattaaa
gecgtegatt
gtattcccga
catttaatge
gococogttgteo
cttgecgacge
gtttttacga
cgactacaaa
gttagtcgaa
acgtgtggag
atceccogatga
gogttitggt
ttaatgaaat
aatgcgtaga
cgtgtataaa
acaggaagag

aaaaccgatg

tLgtatttat
titagecgacgt
ttgaacgtat
gtgtgtcgat
aataattaza
cgccggteto
aagccaataqg
ataaatagtt
tegttgacgo
gtgccgeacy
gcocctocaagt
tetategtgg
tcattgogat
aaatcgogea
gtcaagcgea
aactttatcc
gcatetcaac
aacgtgcacyg
agcgatgaca
attaccgagt
tcaggacege
tccgcteatt
ttttattgat
caaaatttcc
taaaaattcc
aggaaagaaa
aaaaatattg
gtttatacta

tttaatcaag

1440

1500

1560

1620

1680

1746

1800

1860

1520

1880

2040

2100

2220

2280

2340

2400

24640

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120



10

I5

20

25

30

tcatccatag ttgcctgact 9000 coccgtcgtg tagataacta cgatacggga gggcttacca
tctggcccca gtgctgcaat 9060 10 gataccgcga gacccacgct caccggcetcc
agatttatca gcaataaacc agccagccgg 9120 aagggccgag cgcagaagtg
gtcctgcaac tttatccgcc tccatccagt ctattaattg 9180 ttgccgggaa gctagagtaa

et ot gragtcget ayRaaagrHCyCaRc e HGHGCra0 240 (gtacagge ateqtagigts 1 80

cttcattca

at caaagcgc;tcgtc gtﬂc%gtatga%acca

ctctgteocgt
aaacaattat
catttgtagt
aatcatttic
tagacgeett
aattaacata
tgtcataaat
tgtaatttac
aatttatata
acgcagette
ccaaaatgtt
ctgcgagcag
atcacaaact
gataaccatc
aaacctataa
cagcggooge
gacaccgoco
coocgocacoy
cciteggata
tgagatttaa
cctttgaata
cecagggtyga
aggccacage
aacccttete
attacttcca
atgtggacca
atatcocgtgt

aaccctaaga

Lttgetggeaa
asatgctaaza
attatctata
aaatgattca
gtcocgtettet
gtitattatcg
atatatgtct
aacagtgcta
atcaatgaat
ttctagttca
gtacgaaccy
ttgtttgttyg
ggaaatgtct
Lecgeasataa
atattccgga
gggaattcga
ccygcagecat
ctaccgttygg
tactgtcaag
tattgacgac
ctacagaata
taggggagtg
cctaacctat
ctaccactcc
accaaataac
cgtaggecte
aaccatgtat

attctatcac

ctgcaagggt
tttgttitit
attgaaaacg
cagttaattt
tecttegtatt
tatccatata
tttttaatgyg
ttttectggta
ttgggatcgt
attacaccat
ttaaacaaaa
ttaaaaataa
atcaatatat
ataagtattt
ttattcatac
tocgecatga
cttggccaga
agaaggaaaa
getaccacag
tttgttocac
agaaaggtta
ggotccactyg
gacceatatyg
cgtitactica
aaaaggaatc
ggcactgegt
gtacaattca

tagtgaattc

gCH%%ggt

ctcaatccta
attaacgata
cgtagttata
gcgacaatat
cettetettt
tgtatctate
ggtgtatagt
gttcttegga
cggttttgta
Tttttageag
acagttcace
cagccattgt
agttgctgét
tactgttttc
cgtoccacca
cgtatccaag
tectocgeeg
atggcatctt
tcacaacgce
cgggagygyg
aggttgaatt
ctgttattct
taaactactec
cacccaaacc
agctittgget
tcgaaaacag
gagaatitaa

gcggecgeeg
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¢ 9300

aaa aaatgaaaac

tttgtaatta
cazaaccaaac
atcgctgagy
aattttattt
tteattttte
gtatagagta
accgetgego
gtgtgttget
caatatgtiyg
caccggatta
tocottttct
aatgagacgc
atcatggaga
gtaacagttt
tegggegegy
gaggcgttac
ccgececctgg
caacacccge
ctecectgggcg
gaccaacaaa

ctggeoecctge

agatgataac tt

ctccegecat
tgttetigac
gaggctacaa
taaatacgac
tcttaaagac

gocgetocag

tLgtcgacaag
ttgaatazta
groaacaagaa
taatatttaa
tcacataaac
tcectecataaa
aattttttgt
atagtttttc
ttaattatta
ccggeatagt
acataacttt
atactattgt
acaaactaat
taattaaaat
tgtaataaaa
atcagatctg
cgcagaagaa
ctegtcocace
ctetecocgea
gtggacatga
atctctatac
tceceooccatca
tgtaacaa
acaatcccce
tccactattyg
acctctagas
caggactaca
ccocccacttyg

aattctagaa

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920
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20

25

ccaacgatca aggcgagtta catgatcccc catgttgtgc aaaaaagcgg ttagctcctt 9360
15 cggtcctceg atcgttgtca gaagtaagtt ggccgeagtg ttatcactca tggttatgge 9420

agcactgcat aattctctta ctgtcatgcc atccgtaaga tgcttttctg tgactggtga 9480

gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttgct cttgcccggce 9540
gotacgteadtacyy 'gataatagegrcyccacatay cagaactttzraaagtyctca teattggaza 9600°

atccg%%é%gjg¥%aacccga cacgatgaayg

tacagggaaa
gtgatggatyg
ttootggece
atcgtogage
ggcggogget
atcgatcgty
gotgaagagyg
ccagacgcac
atttattaag
aataattcat
tcagcgtcett
cgattagttt
tcgetcaacy
gtttgtgttt
tttectitecat
tggacatatt
cootegtegt
attgtgtcgyg
gattgoggge
acgttagaaa
ggcgatggty
ggaggcggayg
ttaggcaaca
accggtctga
tcgtctaaag
gacatcgatyg
ggcggoegyty

accggogcay

cttggaccog
tttteccttgt
aacacgctct
cttcatgggt
gceccaataat
tcatctggga
aggaaattct
ctectgttcac
cgctagatto
tazaatttata
tatatctgaa
caaacaaggg
ccacaaaact
tgttttgtaa
cactgtcgtt
taacatcggg
tagaagttgc
ctaacacgtc
gtttttggge
gcgatggtgce
gagctgatyga
gcggaggtygy
cagtcggeac
gacgagtgeyg
gtgcagegyyg
9Tg9tggtgy
ccgeoggtat

gogeegetgyg

cttcatggaa
tgtcaacatg
gecgttgcogac
gggcagcaac
gaaccttcac
gaacttctac
ccttgaagtt
tggtcecggey
tgtgogtigt
atctittaggyg
tttaaatatt
ttgtttttec
tgccaaatch
taaaggttcg
agtgtacaat
cgtgttaget
ttccgaagac
cgogatcaan
gggtttcaat
aggeyggtyggt
taaatctace
tggcggtgat
ctcaactatt
attttttteg
ttgaggttce
toggtygagyce
aatttgitet

ctgcacaacy

ctigtcocgttyg
gacagcttoo
cgteccacta
ccocogactatyg
aacgagtacc
tctgagtaca
aagcccatcy
tcecctggtgt
tattaaaaca
tgatttacag
tggtatgtta
azatcctcaa
gaaccgatgyg
tgtageagea
acgtcgttca
tgactcgacg
trtattaggeo
gattttgeca
tttgtagtig
ctaactgtgc
aacatttcaqg
atcggtggag
geagacggcy
gtactggttt
tttctaatag
gtcoggeattyg
gcetggaatgt
ggtttagitt

gaaggtogte
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gatggaaagg
ccattgtiaa
gacccaaccy
tacctcatga
gcatcagect
ccaactegtt
tttacatcgy
tcaaagtaaa
cgatacattg
acaatigttg
gagcgaaaat
tagatttgta
ctggactatce
atctageott
aaatattatyg
taaacacgtt
gattatcgtc
tagccacacy
agetttttgyg
ccgattttaa
acggcaaatc
gcgcaggcgy
gtttaggete
cgggcgecgt
cttccaacaa
gtggagoyyy
taggcacggg
gttcgecgeac

tgcticgagyg

aaaagagtic
cgaccaagaa
ttgttacaaa
cgtgattagg
ggctaagaayg
cgaacagttc
taccgactct
ggagtttgca
ttattagtac
tacgtatttt
caaatgattt
aaataggttt
taatggatt

gtcgatatte
cgetbtttgta
aaataaagct
gtcgtcoccaa
acgcctatta
aattatttct
ttcagacaac
tactaatggc
ggctggegge
aaatgtetet
ttttggtittyg
titgttgtety
cggcaattca
agaaggtggt
gattgtggge

cagogottgyg

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5340

6000

6060

6120

6180

6240

6360

6420

6480

6540

5600

6660

6720
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25
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gggcgaaaac tctcaaggat cttaccgctg ttgagatcca gttcgatgta 9660 20

acccactcgt gcacccaact gatcttcagc atcttttact ttcaccageg tttctgggtg 9720

agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac ggaaatgttg
9780 aatactcata ctcttcottt ttcaatatta ttgaagcatt tatcagggtt attgtctcat 9840
g9tgdgagey gataecatattty st igtatiagaa aaataaacaazataggggtic cgecgeacattt9960s0

graat 1924003338 glacca

ttgtaaagag
cagcattgta
aaacgtegtt
tgtcgtaaat
gatgcocgcatc
tacgattogt

ctgcazaaa

joH

ttttatcgea
ttaacygctga
totatittaa
ccgatttatt
ttattagacs
acataaaact
acggattotyg
gtcoggaaaa
aacatacaaq
goctcacaatt
atgagtgagce
cotgtegtoe
tgggogetct
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgy
cctegtgoge
ttcgggaage
cgtitcgetec

atccggtaac

attgtctcas
gtggcgagac
gygcaagcttt
gttgtttttg
aattttgttg
catggccacao
cgtcaaaact
caagcccact
cgasataasza
tcacggttee
tgaaacacta
gctgtgtgaa
cgaaaatgtc
caaacacgaa
aattcgacac
ttgctaacgt
ccacacaaca
taactcacat
cagctgeatt
tecocgetteot
goicactceaa
atgtgagcasa
ttccatagge
cgaaacccga
tctecctgttc
gtggcgettt
aagctggget

tatcgrcttyg

cctg

cg¥gocygata
gctegeeogea
acttcgetgt
aaaatattta
ataatttgeg
ttectattat
acaaaltgceta
cggtataaaa
agcaasttgt

ttcaccagt
atcaacaacc
caaattaaag
gcgctcaacy
ttatatttcg
aactcactta
acaactatge
aatcatgotc
tacgagccgg
taattgegrt
aatgaatcgg
cgctecactyga
aggcggtaat
aaggccagca
tccocgoooceo
caggactata
cgacoctgoo
cteatagetce
gtgtgcacga

agtccaacac

tttaacaacc
cgocegataac
cgtcgacgta
aaagaacatc
cttocgeagt
tgaataaata
cgctgcazac
taatcaacgy
atttgcagaa
taatgagcga
aagtgatcgt
gegagettte
atttgeacaa
aagcactiga
gogtgeacga
acgtttcgti
atagctgttt
aagcataaaqg
gcgctoactyg
ccaacgoegeg
cicgetgege
acggttatce
asaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
accoccococgot

ggtaagacac
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gcetcaatgta
aagcecctitttc
catgtatget
tcfgttcagc
atcgacacgt
agattgtaca
gctggtacas
gcgcotttagge
aacaatttcg
ccacccaaat
gatggactac
gtaccaactt
gcacaatttce
togegtgtat
cggcacgttyg
tgactggtac
cctgtgtgaa
tgtaaagecet
cocgettteo
gggagaggcg
teggtegtic
acagaatcag
aaccgtaaaa
cacaaaaatc
gegtiteocoe
taccigtecyg
tatctcagtt
CAGCoCgacc

gacttatcgc

agcaattgta
atttttacta
ttgttgtoaza
accactgtgt
Lcaaaaaatt
gattcatatc
ttitacgaaa
aaaatatcta
gcgcacaatt
tttatzaaas
attgactgtc
gttagcaata
atacacaacg
gtttgecgatt
gagtatttta
geggegtgtt
attgttatce
ggyytyccta
agtcgggaaa
gtttgegtat
ggctgegyoyg
gggataacgce
aggeccgegtt
gacgctcaag
ctggaageto
cctttetece
cggtgtaggt
gctgogoott

cactggcagc

65840

6200

6960

7020

7080

7140

7200

1280

7320

7380

7440

73500

T560

T620

7680

7740

7300

7860

1820

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520
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acgtctaaga aaccattatt atcatgacat taacctataa 9960 25 aaataggcgt
atcacgaggc cctttcgtct cgcgcgtttc ggtgatgacg gtgaaaacct 10020

ctgacacatg cagctcccgg agacggtcac agcttgtctg taagcggatg ccgggagceag

10080 acaagcccgt cagggcgcegt cagcgggtgt tggcgggtgt cggggcetggce
agccatpagtatgye 19940 sggecatcagag cagatigtactgagagigtacceatatgegy: ya2

ot tgaaatac cgcacagatg 10200 cgtaa gagca aaataccgca tcagcqc cca
gtggt g%Ea%%Fta ggctFacactagaag Jacaflattt ggtatcltgcocg cfdtgligaa

gccagttace
tageggtygt
agatcctttg
gattttggtc
gagttttaaa
aatcagtgag
ccecegtogtyg
gataccgega
aagggccgayg
ttgccgggaa
tgctacaggce
ccaacgatca
caggtcectecg
agcactgeat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tccccgaaaa
aaataggegt
ctgacacatyg
acaagccegt
ggcatcagag
cgtaaggaga

agggcgatcyg

ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacygct
cgcagaagtyg
gctagagtaa
atcgtggtgt
aggegagtis
atcgttgtca
aattctctta
aagtcattct
gataataccyg
gggogaaaac
gcacccaact
Jgaaggcaaa
ctcttecttt
atatttgaat
gtgccacctg
atcacgaggc
cagctocecgy
cagggcgcegt
cagattgtac
aaataccgcea

gtgegggect

gagttggtag
gcaagcagoa
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggetco
gtcecotgeaac
gtagttcgcee
cacgcetegte
catgatcccc
Caagtaagtt
ctgtecatgece
gagaatagtyg
cgcocacatag
tctcaaggat
gatcttcage
atgccgecaasa
ttcaatatta
gtatttagaa
acgtctaaga
cettiegtet
agacggtcac
cagcgggigt
tgagagtgca
tcaggcgeca

cttegetatt

ctettgateo
gattacgege
cgctcagtay
cttcacctag
gtaaacttgg
tctatttegt
gggcttacca
agatttatca
tttatccgeco
agttaatagt
gtttggtatg
catgtigtgco
ggocgcagty
atccgtaaga
tatgcoggega
cagaacttta
cttaccgetg
atcttttact
aaagggaata
ttgaageatt
aaataaacaa
aaccattatt
cgegogttto
agcttgtctyg
tggogggtgt
ccatatgegg
ttegecatta

acgecagotyg
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ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tectggecocca
gcaataaacc
teccatccagt

tgcegcaacy
gottcattca
azaaaagegyg
ttatcactca
tgecttttcty
cecgaghtitget
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacy
taagcecggaty
cggggetgge
tgtgaaatac
aggctgcgea

gcgaaagggyg

ccaccegetgg
gatctcaaga
cacgitaagg
attaaaaatyg
accaatgcett
ttgcectgact
gtgctgcaat
agccagocygg
ctattaattyg
ttgttgeecat
gctecggtte
ttagctceett
tggttatgge
tgactggtga
cttgcoccgge
tcattggaaa
gttecgatgta
tttectgggtyg
ggaaatgttg
attgtctcat
cgcgeacatt
taacctataa
gtgaaaacct
ccgggageag
ttaactatge
cgcacagatg
actgttggga

gatgtgctge

8580

8640

8700

B760

8820

8880

9420

2480

9540

8600

9660

9720

9780

%840

89800

4960

13020

10080

10140

102060

10260

10320
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20

25

30

aggctgcgca actgttggga 10260 30 agggcgatcg gtgcgggcct cttcgctatt
acgccagctg gcgaaagggg gatgtgctgc 10320 aaggcgatta agttgggtaa
cgccagggtt ttcccagtca cgacgttgta aaacgacggc 10380 cagtgccl10387
5<210> 9 <211> 20 <212> PAT <213> Porcine circovirus 10<400> 9 Ser
aaggc TR/ Pre Mrgr ARG A r g TSR SARY BrgtArg A HisHisProdRro Her 151015 15380
cagtg(Ij—|cis Leo Gly Gin 20 20<210> 10 <211> 19 <2123OF3> T <213> Porcine
oiroovirus 25<400> 10 Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly
lle Phe Asn Thr 151015 30Thr Leu Ser <210> 11 5<211> 233 <212>
PRT <213> Artificial <220> 10<223> This is an amino acid sequence for
porcine circovilus time 2, open reading frame 2. <400> 11 15Met Thr Tyr
Prg Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 151015 Ser His Lea
Gly Gin lle Lea Arg Arg Arg Pro Trp Leu Val His Pro 202530
<Z211> 20

<z210>

<212> PRT

<213> Porcine circovirus

<400> G

Ser Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His His Pro Pro Ser

1 5 10 15

His Leu Gly Gln

20
<210> 16
<zZ11l> 18
<212> PRT

<213>» Porcine circovirus

<400> 10

Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly Ile Phe Asn Thr

1 5 10 15

Thr Leu Ser
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20
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20 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
25505560 Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn lle Asp Asp Phe
Val 65707580 30Pro Pro Gly Gly Gly Thr Asn Lys lle Ser lle Pro Phe Glu
Tyr Tyr 859095 Arg lle Lys Lys Vol Lys Vol Glu Phe Trp Pro Cys Ser Pro
lle Thr 100105110 Gin Gly Asp Arg Gly Vol Gly Ser Thr Ala Vol lle Leu
Asp Asp Asn 115120125 Phe Vol Thr Lys Ala Thr Ala Lou Thr Tyr Asp Pro
Tyr Vol Asn Tyr 10130135140 Ser Ser Arg His Thr lle Pro Gin Pro Phe
Ser Tyr His Ser Arg Tyr 145150155160 15Phe Thr Pro Lys Pro Vol Lou
<210> gy Ser Thr lle Asp Tyr Phe Gin Pro 165170175 Asn Asn Lys Arg Aso Gin
Loy, Trp Leu Arg Leu Gin Thr Ser Arg Asn 180185190 20 Vol Asp His Vol
Gly Lou Giy Thr Ala Phe Giu Asn Ser lle Tyr Asp 195200205 Gin Asp Tyr
<212>Astrfle Arg Vol Thr Met Tyr Vol Gin Phe Arg Glu Phe 25210215220 Asn
Leu Lys Asp Pro Pro Leu Lys Pro 225230

<21i1>

<Z213>» 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

Ser His

Arg His

35

Leu Ser

50

Pro Ser

65

Pro Pro

5

Leu Gly Gln

20

Arg Tyr Arg

Arg Thr FPhe

Trp Ala Val

70

Gly Gly Gly

10

ile Leu

Trp Arg

490

Gly Tyr

Asp Met

Thr Asn

15

Arg Arg Arg Pro

30

Arg Lys Asn Gly

45

Thr Val Lys Rla Thr

60

Met Arg Phe Asn Tle

75 80

Lys Ile Ser Ile Pro
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Leu

Thr

Bap

Asn

Val

Asp

Thr

Phe

Tyr

Pro

Arg

Thr

Val

Tyr
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15
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25

g Tie

Gln

Gly Asp

85

Arg

115

Phe Val

130

Ser Ser

145

Phe Thr

Asn Asn

Thr Lys

Arg

Pro Lys Fro

165

Lys Arg Asn

180

His Val Giy Leu Gly Thr

185

Gin Asp

210

Asn l.eu Lys Asp Pro Pro Leu

225

Tyr Asn Ile

Val Lys Val

i

Gly Val Gly

Val

Gln

[

200

Arg

213

230

- Ala

20

Glu Phe

53]

Ser Thr

Leu Thr

Trp Pro Cys

110
Ala

Val Ile

125

i)
i
o]

Tyr Asp

140

Prc

-
o
[§2]

Leu Asp Ser
170
Leu

Leu Trp

(o8]
w

Ala

Val Thr Met

Phe Ser

Thr

Ile Asp

Arg

Phe Glu Asn

m

205

Tyr Val Gin

220

Lvs Pro
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Ser

Leu

=
L<
S

Tyr

3
o
[

Ser

Phe

Pro

Asp

Val

Phe

bt
’...J
[&]

Arg

Tle

Asp

Asn

~ Brg

- Arg

Tyr

Glu

Asn

Tyr

m

Tyr

Pro

Asn

Asp

Phe



