TREATMENT OF PIGS WTH PCV2 ANTI GEN 5This application clains the priority
benefit of U 'S. Application Serial No. 60/870,311, filed on Decenber 15,
2006, the teachings and content of which are hereby incorporated by
reference herein. SEQUENCE LI STING This application contains a sequence
listing in paper format and in conputer readable format the teachi ngs and
content of which are hereby incorporated by reference. The sequence
listing is also identical with that incorporated in W06/ 072065.
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to the use of an inmmunogenic conposition conprising a porcine 20

circovirus type 2 (PCV2) anti%en for_ the pr ven lr reduction in severity
of clinical signs, reM&MﬁMct i on and/or clinical
signs, and treatnent of several clinical manifestations (di seases)) in

ani mal s having anti-PCV2 specific antibodies. Preferably, those anti-PCV-2
specific ti badies are maternal apfij i . 2 daptd of Pri or
Art POrci ﬁ@‘sélf’g% "rcg"émst @%@"?ﬁf ﬁﬁ?ﬁﬁ&ﬁgga %%P%%Iﬁ&fggg?ﬁ%'hhgﬁ?anet er),

i cosahedr gl , - e o IR : ' t al , A anded
circul ar 3&%"'@%‘“@%@%?@%(31&85 ap%%sg%?ncgt e i;‘” 8%?S%E§ﬁ§e&%@ﬁy W th

por ci ne CidiGOVUL hidSatYPe | (PCV1). However, in contrast with PCVI, whi chis
general |y non-vi rurent, infection of swine with PCV2 has 30recently
associated with a nunber of diesase syndrones whi ch habe been col l ectively
named  Porcine Gircovirus- AssgGeQeERGEDISTEEGes (PCVAD) (al so known as
Porcige Circovirus Diseases (PCVD)) (Allan et al, 2006, |PVS Congr ess).

. Postweani mgis bpplitdtisy drtdiisG: ddbsehianitingyin papenforniaPidR) coraputpe readablelfymaiegar ded t o
. be the major clinical nmanifestation of PCVAD. (Harding et al., 1997, Swi ne
- Heal t h Pr dd reaghing? friillcoB©3; of Kédsivh @byhersby iatqmonz@m,refm:@-empw listing 122
9-24). PMAS affects pigs between 5-18 weeks of age. PMAS is clinicall y
char act er is2lsd idegticalasith thay inqoalorfrd s WEGAATRE6Z ki n, unthriftiness, respiratory
distress, diarrhea, icterus, and jaundice. In sone affected swine, a

conmbi nation of all synptons will be apparent while other affected sw ne

wi | 1%%nly have one or two of & S | head, 2002, Vet. Rec.;
- 150: 456) During necropsﬁA%gggﬁgpgmm%&opi c lesions also 10
appear on irgdl l : QI e tnj ssues and organs, with |ynphoid organs being the nost

common si s. (Allan and Ellis, 2000; J Vet Diagn. Invest., 12:

3ot A ST R ERA AL B L8R BRAGIIGR DRbURRA chiftisAERYAEinO! PCOV2

nucl eic acid of antigen and the severity of mcroscopic |ynphoid |esions.

MOr t ) 1 tYoikeahifs tfp@h B RLa g o prvbhioRGYaucEaNinaPRFRaFRIAE sighsd addi tion

to Pﬁ/\s, c&&%&ﬁgg&&(ﬁ%?ﬁgﬂéﬂ%&ﬁ%d v]\ﬁh several other inf e‘ction§ 15

i ncl udi NGrepFIOIAROHh&SencOF ficdSon BEEOHIREI sighs, and tréaBR@Ii bixeeryl chniedlr one

(PRRS), dasser's disease, streptococcal neningitis, salnmonellosis,

post weani mghifestdtioho@isksesd irs anithale hetingani PEM2opecific antibbdies (Aseferalily, wose

_ bronchopneunoni a. However, research thus far has not confirned whet her any

of these wliiPGVedpesfioptibodiccaremptamilzotibodiehe direct result of a PCV2

infection. Mreover, it is not yet known whether any of these clinical

synptoms can be effectively 20reduced or cured by an active agent directed

agai nst PCV2. _Appfroac_hes to treat PCV2 infections based on a DNA vacci ne’
descrieaptippofthednopirient

ar e Zescr 1
Porcine circovirus type 2 (PCV2) is 2 small (17 - 22 nm in diameter), icosahedral, non-

- enveloped DNA virus, which contains a single—slranded'circular genome. PCV2 shares
approximately 80% seguence identity with porcine circovirus type 1 (PCV1). However, in
contrast with PCV1, which is generally non-virulent, infection of swine with PCV2 has

30 recently associated with a number of diesase syndromes which habe been collecti vely named



No. 6,703,023. In WO03/049703 production of a |live chinmeric vaccine is
descri bed, conprising a PCV-1 backbone in which an i munogeni c gene of a
pat hogeni ¢ PCV2 strains 25replaces a gene of the PCV-1 backbone.

W99/ 182 MO RYS/OHPBViI ded several PCV2 strains and procBaliN&¥NT7638he
preparation of a killed PCV2 vacci ne However, no efficacy data have been
reported. An effective ORF-2 based subunit vacci ne has been reported in
W06/ 072065 and i n W2007/028823. Any of such vaccines are intended to be
used for the vaccination/treatnent of swine or pigs older than 3 weeks of
- age. None of these vacci nes have been described for use in young piglets,
younger tpaBins QcoinVRASK&aed 198ases NBLCADR! (hivo URdvn @8 FofiRdNCEbviRdS been
shown to confer a certain degree of protection against PCV2 infection and
clinical BisseaIPSVRE$ANdnal fid2006] frvBCYRerest doitiveinihg Milisssi@hioMegiigon has
been shown to be titer dependent: higher titers are generally protective
wher eas | Symdromei(PMWS) BQesaraivvegardel/ideohsmabr dinical @008au6k bMPC\DARGN. Lab.
| munol . ; 12: 1347-1351). The nean anti body half-life in weanlings has
been est i {Hrding a ol., 38971 Swide diegith Rradi S5t 2(H 208 ricronedy of al PEWR. J GemsPadwl:ant i body
decay within a population is relatively wide (Opriessnig et al. 2004, J.

© Swi ne® Heal42h 94y dPMIVE: afigis) gies . bepyogp t5i'¥3ef“‘§ek6f°fP®G’-2 BYEXS \ig| Jinigadljui r ed

anti bodi es present at 10-12 days of age e found to decay. b

DT o oA by, M2, S (T RN MG ARTSe GRERbodi e
were found to decay.,b roxi pately.8. 1+1. 9. week f _age and. high levels
of anti bodi*e® V\ﬁﬁ%‘x‘fhc%nggt%mﬁ@%e%b V"?fpﬁrcgﬂgw\éﬁ’gléaﬂfy o ‘Wge g of age
(Opriessnj 1R, a f] he i soci ation
(P el i o 08t 0 SOOI VBRI e Byl S MIRE GR!0
ant i body idoﬁ,ef/et.skédldfjo.t hs) %&H@,ruﬁ&‘é&y,ofrﬁclids&?c ol RlcRidbopR! RiShs HisoPCVAD

whi ch occur when piglets are approxi hately 20 and 12 weeks old (Allan et
al, 2000, ap¥&k on Q’lﬂﬁﬁ@ﬁssh&\éﬂ%ﬂgﬁﬁ Wy mpioid &F&é}:einfmé_ D& CoRneh si®R¥2 has al so
been isolated out of |ynplnodes of neonatal piglets (Hrai et al, 2001,
Vet . Recoedns YABad32 £6.) 2000 divaa tDig. Tatat, 18VERR) yOgE torRiagbiciias béay be
affected from PCVAD i n the absence of protective maternal antibody titers.
The obvi oebseredr batheat | thn abetmeePCY2 madtic bwdly ot britgen amdl ther edveiitt i afn has been
proven in a Spanish Field study: Pigs with |ow antibody titers at 257
weeks of migesopsdympheidilesiony. Mortality salesdior, swingrigfectel wis RCBD opn anprgach
significantly hi %er mortali rate over the followi ng 5 weeks than

t
aninal s vt IR aprifonaR: PYB, ACU2CHS heor arsprtil, WithiseiR! Siheniieclionson  Am 3
Vet .., Res.. 63:.354-357). The. ' f (s | | y-derj ti bod t
ol e g s Bab s B PG e TROTAuE A RED Hiskes Y M
onl ym P QEPREER 87 3P ROvirE
e ot § | iseastt T dIGUED ShenlibirlD: coMeBIoEt A ppfivediifl Bkl WRillhc! © 1 TPAIT

mat er nal | g e %ggup%%{ivl}%g&gﬁcghﬁmﬁ)lnas fib f@ler, SR o Y hasHof bififkfza V)

~inhibit both cell-nmed ate unmoral 1 mune response to a CSFV vacci ne,
L but | overwHeihbsn§ Jraes: OMichl YMpkdnSads inl Bkl MeRre: (W athpEVERTeciion.

Danr ongwat anapoki n, 2003, Vet. M crobiok 92: 187-194). Also, for live PCV2
10 vacci naereoves ithif fioth@e RndWre ghdiliep dnyt btdhest RfiyicaMst hpiwly danrBesdfeqiivili- ci ent | y
when given to piglets older than 7 or 8 weeks of age, because the maternal
ant id8odi esdubmioe covaitylay avtra egenadirectedibgainstREVIPRt er nal anti body i nterference
is influenced by the type of elicited immune response (Th | versus Th2)
whi ch i s dependent (beyond others) on the type of .vaccine, type of

antigen, type of adjuvant as well as on_the ampbunt of adm ni stered

Sn1E :c gen].c Aprredgueriteph P C\Foaactinme based on DB dacciphire Bﬁﬁ‘@bef’riﬂ B B¢tefice may
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20 the time for the decay of maternally derived anti bodies (VMDA) varies
fromanimal to animal and b) nmany di seases occur shortly after the decay
of antibodies. To face this probl em several vaccination strategies foresee
a two sh&YOYMBLTHMEL i on regi me for young aninals: The fF¢EPS 2\9%@1 "¢t&tion is
given early in life in order to protect those animals with low MDA It is
accepted that this first vaccination may not be effective in animals with
high MDA titers due 25to0 an interference with the vaccine antigen. In
order to also protect these aninals, a second vaccination is required,
when hi gh MDA | evels are expected to have declined. This kind of

vacci nat i gResaRe Wil prépathiesl of & killGRPY VS Fidcine.AdwWEREr, NASHLRE Fata 2GR NSt €. g.
cani ne parvovirosis, canine hepatitis, etc.), equine vaccines (against
e.g. equi bef répofidd/NEfc RATRIE Bisedudtiuniiahing hasiaaCriepuend HhayadaarRoss. g.

Acti nabaci | | us pl europneunoni ae, Haer nophilus parasols). 5 As the onset
of PCVAD eml &niWar®7528882k dnpf ofagehoracchgerreseentedt ® e dsediided theo t he
decay of PCV2 antibodies, which is reported to occur in animls aged 4-11
weeks, sevisgiagtiopdreainent Oﬁﬁ}plﬂéatm% olderahanst weebypDagsalienend dheselsaceipesbed usi ng
a two_shot vaccination regine in order to circunment a possi bl e mat er nal
ant i bbdy e beepdpssibed for e igwpure piglatropmpesr haRd PiEaysebPiase pi gl et s havi ng
mat er nal | y-derived anti-PCV2 antibodies with more than 20 10 ug/ dose
antigen using a two shot VaCCI nation regl me is described. Initial

vacci nati | St er ni mal s
were re- vgfc%‘c?f"na‘t% ‘?dﬂlmm“" e S a\fgﬁ “n‘ %?eirr?“we Aérﬁ%%ﬁpﬁa?won agai\}\’,fgnten t he

et er nal | yePphieth aldied @Bl é‘&iaﬁ@'“ﬁm bV Bl el Al the 1 e

. of first vaccination had decl Phed or cease o Fntormati on

exi st whi gdan dR3GMt B@ﬁtelt SRerR%ACH: eni.{e&%&@naﬁmnﬁ&t@aun@hhéfeagmevﬁémantI - PCV2
anti bodi es on degree of 15 profection or interference. For that reason,

it 18 recaemenAeskedod ef 4., 200K iONAL Diabh. Ola61 SnrinbiOr12t 034701388, 1) mwmeks of age
at least with a single shot vaccine reginme. Vaccination prior to weeks 3
of age | santibmighalf-6ft inivednliceshey iean esticheigd ©de 09.0 days end the wingowdot PCYBSpect to

i muni zation efficacy. On the other hand, piglets with | ower |evels of

mat enal | ypadere sngbodardetay P@Yin arpopiigdnas relatively eade (Optiesyobedy. REBWE what

| ower | evels exactly neans, are not sufficiently 20 protected against
PCV2 i nf e¥tipoHegyh P@fi 12 308K !ambmeragél’c\maéwbracwpéjgmbwcnsesw #h | ow MDA

titers wh re not vac fore3 have an, i nmanent
ri sk of Plﬁ’f/{}‘%‘?ﬁ %‘nﬁF SFe %‘B g"‘:F‘h kaﬁ?f"‘é{“ ?é 1e2r1\‘ & MqdgRiss

Mo : b t
oy 50 SRl A %\ea?%??\ﬁ'ﬁ%%gq#esa‘s ARG 2, o
| esseni Ngetdhe of EHARRC el 1o u% suaécggbg&gwm% 2 SYIRL OffS ,ASSOC! at ed
therewith 1 n pigs already having an antl e‘s preterably having

mat er nal @Bkéssrf’&%: ant bdprds #5 AnRik ﬁEee@EgSQQhPTAQéthF ALeia B NEReSFi gure 1

~is a graph of anti -PCV2 antibody titer classes at the time of vaccination;

LFie. 2 1 svaerda@dal). 60 AD@hd Globé Qorrdlatien RAMY h¥RIgIAE dnitbodP Gfidr Nadngd 1rani mal s
with low (.< 1:100) and high (> 1:1000) anti-PCV2 antibodies; and Fie. 3

~i's a grapiecirtehtesdfifiad ichivicabsigiys o PQYND dhikli atcaneienipiplatare laps}ﬂzbmdatﬂ;l: ¥P) as
conpared to placebo-treated control animals (CP). 10 SUMVARY
20 and 12 weeks old (Allan et al, 2000, Vet. Diagn. Investigation, 12: 3-14). Furthermore, PCV2
- has also been isolated out of lymphnodes of neonatal piglets (Hirai et al, 2001, Vel Record;
148:482-484) indicating that even vounger piglets may be affected from PCVAD in the
absence of protective maternal antibody liters. The obvious correlation belween the antibody
titer and prolection has been proven in a Spanish Field study: Pigs with low antibody titers at

25 7 weeks of age (mean antibody titer 1:100, range O to 1:320) had a significantly higher
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In one aspect, there is provided the use of an effective anmount of a PCV2
antigen conprising ORF-2 protein in the manufacture of a nedi canent for
the treatnment or i)rophyl axi s of a)PCV2 infection; or 15b)for reduction of
clini cal VY M9PB8Icaused by or associated with a PCV2 PrEBRPBR™E ani mal s
havi ng anti-PCV2 anti bodies with an anti-PCV-2 antibody titer of nore than
1: 100 in a PCV specific imuno assay and/or being 1 to 22 days of age by a
single adm nistration of only one dose of said PCV2 antigen. DI SCLOSURE OF
THE | NVENTI ON 20The present invention overcones the problens inherent in
the prior art and provides a distinct advance in the state of the art.

Di scl osedmbratia 3¢ hoe her folibi@ng re akedke ntharo anipwio phiyl digha afiibedyPEYR | nfecti on
or for reduction of clinical synptons caused by or associated with a PCv2
i nf ect i on(Rodriguat-Aaicsa doaly 200P, Amt I VIR 64BN es, conprising the step of
adm ni stering an effective anmount of PCV2 antigen or an 25i mmunogeni c
conposi tion conprising an PCV2 antigen to that animal in need of such
treatnment. It was an unpredictable and surgri sing finding, that the

presence Hfe prgtencepelmatgmalivodedieds antifody 0q% 9ol RE GPHE Hrceramt deeregl ofor i gi n,
does not ‘inpair the efficacy of vaccine conprisin CV2 antigen. The terns
"vacdl ne"ProEction 3ains g infeqtighs, hich S@FP”ET(‘BB%’TP r‘?"é‘t“”r‘?& E‘Pe‘%ﬁgégﬂg%‘{inymusl y)
as 5 used. herejin h,ef er f9o any pharl;mce__ut‘ilc%! cop osifti 0GR aining a PCV2
anti gen, WHFCh €85BT P bnﬁn%’i’ﬁ’%’e 95 SFHRL Bishe oPS o rt’“?%a?clya'c"'fb 2

| nfect | On; ARSRK! B! Rkl SERS %er@ viARELFY LR v WhREibied ol fliRS:f1

i mrmunogeni ¢ conposition can | nduce,” sti'mul a e t I'mmune

~response agai0akpdRteMe a CSPG vh&nd) tulidReMRGORRE RS §hni RA iR MidradhiTUNOgGENI C
. conpositions, as described below, as well as conpositions containing whole
tailed, OfngabifBrstrapdid/ 0003 NAELINGRLRE ICVE7-104).  Also, for five PCV2
10 vaccines, it has been predicted that they will work most efficiently whep given to piglets
older than 7 or 8 weeks of age. because the mate_mai antibodies have mostly swaned at that
time. Maternal anlibody interference is iﬁﬂuenced by the type of elicited immune response
{Thl versus Th2) which is dependent (bevond others) on the type of vaccine, type of antigen,
type of adjiwant as well as on the amount of adminisiered antigen, Conseguenily, possible
15 maternal antibody interference may differ for vaccines even if they protect against the same
pathogen. Altogether, maternally-derived anti-PCV2 antibodies may conf& 2 certain degree
of protection against PCV2, but on the other hand those antibodies may impair the efficacy of
any PCV2 vaccine, |
The protection of animals by active immunization is further complicated by the fact that a)
7 20 the time for the decay of materally derived antibodies (MDA) varies from animal to animal
and b) many diseases occur shortly after the decay of antibodies. To face this problem several
vaccinalion strategies foresee a two shot va_ccination rezime for voung animals: The first
vaccination ?s given early in life in order 10 protect those animals with low MDA, It is
accepted that this first vaccination may not be effective in animals with high MDA titers due

25 to an interference with the vaccine antigen. In order to also protect these animals, a second
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5Thus, disclosed is a nethod for the treatnment or prophylaxis of a PCV2
infection or for reduction ot clinical synptons causea oy or associated
with a PCV2 infection in animals having anti-PCV2 anti bodies, in
particul aYOAWEETNHE | y-derived anti-PCV2 antibodi es, coRpFI8I0AHIHHE step of
adm ni stering an effective amount of PCV2 antigen or an inmrnogenic
conposition conprising an PCV2 antigen to 10 that animal in need of such
treatment. Wtherein the i mmunogenic conposition is a subunit inmunogenic
conposition, a conpositions containing whole killed, or attenuated and/or
i nactivated PCV2. The term "subunit imunogenic conposition” as used

herei n r ekgeBatdod iPregFPOfich hh MBA |&aIBbRieRpdd@d & hav@ a&linddTehid BHRAIHOgENI C

pol ypeptide or antigen, but not all antigens, derived from or honol ogous

t 0 an ant vgeinatfonOsthéduM2is Sesdhfon wmypesill iatimal Yacines t(aninsalklsy chiie of
intact PCV2. Thus, a "subunit inmunogenic conposition” is prepared from at
| east par paredvirgsip caninfeiheyhiity, efcn,cqeinormatie ((gping feer apinge wllotantde) y
purified) inmunogenic polypeptides from PCV2, or reconbi nant anal ogs

t her eof . ﬂ(ldsn?mi"PCCIWﬁw&&@géhe-dcéml?ﬁyﬂsﬁemp@aﬁw&‘%ﬁﬁwhﬂ@@ﬂfm@)-subuni t
antigen or antigens of interest substantially free of other antigens or
pol y-hept PHEE RFHRHPEEGP in gpimals 5 peeks of 255 9t Adersseaio bg ligkedne e desay sfrunogeni ¢
subunit c sitian c ri ses the PCV2 ORF-2 in as described bel ow
Vost  pr ef £ Taarp %, SRERGL ERE ST b BEMBEN PO e et COrT se any of
t he PCV2 i IOV 0 6,107206 .ch. ar | 1. i ncorporated
herein .bygﬂr}é g‘gﬁ%ﬂz“ﬁt‘?ﬁg l}avee}]é\%)egrdée%?.ggl '%%?g}{%uﬁ}??usﬁlgt “r?aé;‘g%%iﬁré &8 mrfeg'é’ns but is

~not 1inmtgget @ thEnAGHEL REBNL dllerfal Rfbod?T infrfEShde LA wBRBl 28823

.anti body-nedi ated | mmune response to the conposition or vaccl ne of

i nterest. yidshkoh b @,&;s"namgﬁﬁmrnﬁap@aﬁ@& attIEC W GRibdils With ARGk thanBot €d to one
or nore of the followi ng effects: the production or activation of

ant i odi egg/dde Gmilokr® usikteh PGS shbt §@kinBion TeHMAE ASE&ITibdd. Gathidl SraccAfldnOfasCyt Ot OXi C
T cells, directed specifically to an antigen or antigens included in the
conposi t | simigstersdigti-aae | afid 4 weaks efSie. Afirainedsatdrare-vhdtmatad tireewickls aflérspl ay
either a therapeutic or a protective inmunol ogi cal (nmenory) response such
t hat resibe iiink vecoinpeon henetbe meismalii-derivest antibedmes érl animals avith thigh MDANI cal
severity of the disease reduced. Such protection will be denonstrated by
ei t her a Wewtpt thedime of fifg Nersination had destinadyer geasedoThus geknifosRgtiop exisior e of t he
10synpt ons, .assocj ated wth PCV2_ infectiopns, in | ay. of onset of, virem a,
ina redu‘(‘flga’ ‘?ﬁ“f”éﬂ“ Brertdt ,°fi”ﬁle‘§a]¥)’é‘%ﬂ§?diaﬂ?‘|‘l3§§2f"i‘f@"@?se(?"afwmﬁl‘?fr al | oad
and/gr a reduction of vir cretion. The ' as. used herein

- Q | ( he t "ant | '
refers t P an g’rlno'h'gte'ét%rfmc?e's%é ulhgnrsz'emwil%??c%'im?e@fl?%g”%gtﬁ ‘?%ﬁﬁﬁ%?%ﬁ R8I ®r esponse

as descri [ i : ] r el Loel i ! _fulkl - 15
length se‘gﬁg(ng'ggg%g 0%%3 “@%}z pr o?@?eﬁgéqgcﬁagéeggﬁ% Hg‘% %3@ %%t?h?%gggehi c
fragment sort i@ Qfnned Qe wiie aMerthilTARRY SP fice BRI B resfell B Srnhfiich! agnent  of
~a protein which includes one or ndre epitopeS and thus elicits the
I mrunol ogificaty. rGs PR NS SRS pidhed wah Ayeer 18L&l haghaRieneadnkecivdent i fi ed
usi ng any nunber of epitope mapping techniques, well known in the art.
See, e. g.antilkggies,opterehdyEp notgpdPkmine Gl o 1&vels edtty mBanb/dread kaffici@ituel ogy, Vol .
66 (A enn E. 20 Morris, Ed., 1996) Hunana Press, Totowa, New Jersey. For
exanddl e, frgtertedragaipittR§]y@sinfeationipaiod &t wesli nefcasbyinetigr woslsnieuls natht by
synt hesi zing | arge nunbers of peptides on solid supports, the peptides
correspo H\ﬂ?gg“%“*ﬁﬁh ¢ pptyagsinatep bofpre Grveseks akseediane an imaeent Bsbcaf PRY2t he
peptides with anti bodies while the peptides are still attached to the
suppor t s.MEHORs U MKl a Sutbicient WpBYS SRSt he art and described in, e.g.,
U.S. Patent No. 4,708,871, Ceysen et al. (1984) Proc. Natl. 25Acad. Sci .
USA 81: 3998-4002; GCeysen et al. (1986) Ml ec. Immunol. 23:709-715.

S ar ! ot QLARILAN hafPhdiORES dBLRel (8 Ibdrt JrERE hfBihifVagilith o7 ™ i NG
spatial conforfration of am no acids such as by, e.g., x-ray

crysbal | egranivaRide Aatbifle iR theRBHE AT, RREURG he inkRSRPIAGPcurne®: € 9.,
Epi t ope Mapping Protocols, supra. 5Synthetic antigens are also I'ncluded
within the definition, for exanple, pplyepitopes, flanking epitopes, and
ot her reconbi nant or synthetically derived antigens. See, e.g., Bergnmann
et al. (1993) Eur. J. Irrununol. 23:2777-2781; Bergmann et al. (1996), 1
| mmunol . 157: 3242- 3249; Suhrbier, A (1997), Inmmnol. and Cell Biol.
75:402-408; Gardner et al., (1998) 12th Wrld AI DS Conference, Ceneva"
Switzerland, June 28-July 3, 1998. '



10 The imunogeni c conposition as used herein nost preferably conprises
the polypeptide, or a fragment thereof, expressed by ORF-2 of PCV2. PCV2
OFtF-2 DNA and protein, used herein for the preparation of the

conmposi tions and within the processes provided herein is a highly
conserved donmain within PCV2 isolates and thereby, 15 any , PCV2 ORF-2
woul d be effective as the source of the PCV ORF-2 DNA and/ or pol ypepti de
as used herein. A preferred PCV2 ORF-2 protein is that of SEQ ID NO 11
herein and of WO06/072065. A further preferred PCV ORF-2 pol ypeptide is
provided as SEQ ID NO 5 herein and in W061072065. However, it is
under st oqg, M.%;Q%s.ﬁm&& ﬂé&éiehedh{he&N& & bigt BRlag} RivingSARWENEQInERIles] Vary by

as nmuch as %7 N sequence honol ogy and still rétain 20 the antigenic

- char act et gl hiShdvia inatcRRISH-p¢2 #4583tk i n i munogeni ¢ conposi tions. The
antigeni ¢ characteristics of an i munol ogi cal conposition can be, for
exanpl e, estimted by the challenge experiment as provided by Exanple 4 of
W06/ 072065. Moreover, the antigenic characteristic of a nodified anti gen
is still retained, wheBRIEEDESORIPTHIN GRTHFDRAWINGS s at | east 70%
preferably 80% nore preferably 90% of the protective imunity as conpar ed
to $he E@MR IORFedpipefanePyV2endodetichyastdat holmricisbetiote sequence of SEQ
I'D NO:3 or SEQID NO 4 as provided herein and in WO06/.072065. Thus,
further disdlivsewph companis e dive bedrrwrasht rewrerivand Bimalsiproy 4x1400f a pov2
infection or for reduction of cljnical synptonms caused by or associated
with a PevdhighiPdek0Bmni-RCYQiepghodieriad ng anti - PCV2 antibodies, in
particular maternally-derived, anti

‘, ‘ - PCY2 antj bodi es, i sing the st f
“adm ni st E%-Ag® aFwprilitmis S OifE ATECHZ 0O PV R B ¢

conpositipon,c rjsi a P ntigen to that animal in need of such
treat mn??’%@%ﬁwpﬁg aﬁ&?@@ﬁ?l gen is an antigen-of PCV2 ORF-2 10
pro‘&i n that has at |east 70% preferably, 80% even nore preferably 90% of

the protective imunity as comaMmar ed to the PCV2 ORF-2 protein,
encoded by the pol ynucl eoti de se SEQID NGO 3 or SEQ ID NO 4 as

provi ded herein and in WO06/072065. Preferably said PCV F- 2 sequences
have t he s 8% éfeet: SIFCI’SI‘EQWOD‘%&%TS%?IIQE f VKI@.‘“OEI%a%f ?J%S%aaé'ﬁgﬂqerei n and
in W06/ Qaéne GRF-I Brovaien iy Alnufhdiiife NTUE Rieicandnt ife@nte afeatREM2010RF- 2 ‘
protein are used as the antigenic conponent in the inmunogenic

" conposi t PERhYREHPY i i ng PCV2 antigen. The term "i munogenic portion" as
used hergjn retebsnfe@idnt ncated and/ or substituted forms, or fragnents of
PCV2 ORF-2 praotein and/or. pol ynucl eotid respectively. eferably, such
20 t¥uncéled &Hd?‘&&cﬂ%‘kfé’lhmcﬂrltsé’alp?oéﬂsﬁﬁ?segpyP‘f‘"’&‘ smmalfl’d:\?’r@o‘f’r%?ti‘oé'e at | east

6 conti guPAMSmATHRAnAShIBCTD Amibdages fwithl anl migrdy-ORRtE P Giley pLPbiedhan Mor e
preferably, the truncated or substitute for]{m, pols fl’fil rrePts ngéfl have at
| east 1011w agicef speshicymypunogassay ang/or hemech fq 22 fdays @ %ﬁ% ePaBIHF at | east
- 19 conti QUOMSHAMENT oAl dis dbsciPsdibechalahtigngt h PCV ORF- 2 pol ypepti de. Two
. preferred sequences in this respect are provided as SEQ ID NO 9 and SEQ

ID-NO 10 herein and in W06/ 072065. It is further understood that such

sequences may be a part @fis¢tBOSERE DEDME MVENTION uncat ed forns. As

menti oned above, a further preferred PCV2 ORF-2 pol ypeptide is any one
encded by fhent inveRlis RekbHS BEFHRAREIEh@En: BRRE MO arBarn@iproSHR d dibd ~ 4.
However, it is understood by those of skill in the art that this sequence

coul d vagdvaiy idthe ReIbf @R £t DOMokdl is@quence honol ogy and still retain the
antigenic characteristics that render it useful in_inmunogenic. -
conposi t methed fmthe eremmenr orsprophylaxisnefat BAYS rinfentipis of fop radaction ofrclinigal f r agnent
of this PCV2 ORF-2 pol ypeptide is used as the antigenic conponent in the
conposi t farptormy equsgdaby or assgeigted with a PCV2 infection in animals having anu-PCV2

antibodies, comprising the step of administenng an effective amount of PCV2 antigen or an
25 immunogenic composition comprising an PCV2 antigen 10 that animal in need of such

6



10 truncated or substituted forms, or fragments will conprise at |east 18
conti guous nucl eotides fromthe full-length PCV2 ORF-2 nucl eoti de
sequence, e.g. of SEQID NO 3 or SEQ 113 NO 4. More preferably, the
truncated or substituted forms, or fragments, will have at |east 30, nore
preferably at |east 45, and still nore preferably at |east 57 conti guous
nucl eoti des of the full-length PCV2 ORF-2 nucl eoti de sequence, e.g. SEQ ID
NG 3 or SEQID NO 4. 15 "Sequence ldentity" as it is known in the art
refers to a relationship between two or nore pol ypepti de sequences or two

or nore pol ynucl eotide se Coid DPEEhY fifdine IRl 88 GResarg UeanBPeY a gi ven
sequence Tﬁy Léb“ﬁ%?bﬂ”ﬂ%@%ﬂ%%%mreﬁgﬁé%ée égquence. Sequence identity is

det er m ned by. co ii;ggi iafhab Ndods hé itnpair thefeflicanicef secneence . aft er
the 20 s%ﬁﬁ%ﬁ%égaﬁé e cggﬁoggﬁinalﬁﬁggligned ?? produce the highest
degree of ., fgdg&@rity, as determned by the match between strings
of such sequences. Upon such alignnent, sequence identity is ascertained
on a position-by-position basis, e.g., the sequences are "identical" at a
particular position if at that position, the nucleotides or amino acid
resi dues "k eerinslatdigetlor “iRiveurbgenid comppgitign” Grothderans aﬁd’éﬂﬁ-"%‘ﬁ“’f”&’éﬂb Pies is
tBen divided by the total nunber 25of nucl eotjdes o si dues j.n .t he
ref er encesskbpemedet v giyvehmmareifaheEEIoR FPEning, Bgﬁgém“%e&eﬁﬂt"g} y can be
readily cal cul ated by known nethods, jncl.uding but . Lim .10, those
descr i bedoinprsitionpan betusesHa Prays iy eal2 FS I*E‘dﬁ‘i}‘," ‘E%%ﬁ%?‘&%‘seﬁa?} %gg,"&%(f ord

Uni versity Press, New York (1988), Bioc nge, |8 fiSn@ngk Genone
. Proj ect s in ssnbiget Aogrefergeg it ?"EP%‘S?%P&&EW $Orsﬁr£"?i‘ggg) : Corr}'geut er
L Anal ysis of Sequence Data, Part I, Giffin, 5 AM, and Giffin, H G
eds., Humana Press, New Jersey (1994); Sequence Anal ysis in Ml ecul ar
Bi ol ogy, von Heinge, G, Acadenic Press (1987); Sequence Anal ysis Primer,
Gi bskov, M and Devereux, J., eds., M Stockton Press, New York (1991);
and Carlllo, H, and Lipman, D., SIAM J. Applied Math., 48: 1073 (1988),
the teachings of which are incorporated herein by reference. Preferred
met hods to determne the sequence identity are 10 designed to gi ve the
| argest match between the sequences tested. Methods to deternine sequence
identity are codified in publicly avail abl e conputer prograns whi ch.
det erm ne sequence identity between given sequences. - Exanpl es of such
progranms include, but are not linited to, the GCG program package
(Devereux, J., et al., Nucleic Acids Research, 12(1):387 (1984)), BLASTP,
BLASTN and FASTA (Altschul, S. F. et al., J. Mlec. Biol., 15 215:403-410
(1990). The BLASTX programis publicly available from NCBI and ot her
sources (BLAST Manual, Altschul, S. et al., NCVI NLM NI H Bet hesda. MD
20894, Altschul, S. F. et al., .1. Ml ec. Bi ol ., 215:403-410 (1990), the
teachi ngs of which are i ncorporated herein by reference). These prograns
- optimally align sequences using default gap weights in order to produce
- the highest level of sequence identity between the given and 20 reference
sequences. As an illustration, by a pol ynucl eoti de having a nucl eoti de
sequence having at |east, for exanmple, 85% preferably 90% even nore
preferably 95% "sequence identity" to a reference nucieotide sequence, it
is intended that the nucl eotide sequence of the given polynucleotide is
identical to the reference sequence except that the given pol ynucl eoti de
sequence may include up to 15, preferably up to 10, even nore preferably
up 25to 5 point nutations per each 100 nucl eoti des of the reference
nucl eoti de sequence. In other words, in a polynucl eotide havi ng a
nucl eoti de sequence having at |east 85% preferably 90% even nore
preferably 95%identity relative to the reference nucl eoti de sequence, up
to 15% preferably 10% even nore preferably 5% of the nucleotides in the
reference sequence may be del eted or substituted with another nucl eot i de,
or a nunber of nucleotides up to 15% 5 preferably 10% even nore
preferably 5% of the total nucleotides in the reference sequence may be
inserted into the reference sequence. These nutations of the reference
sequence may occur at the 5 or 3' term nal positions of the reference
nucl eoti de sequence or anywhere between those term nal positions,
i nterspersed either i ndi vi dual | y anmong cucl eoti des in the reference
sequence or in one or nore contiguous groups wWthin the reference
sequence. 10 Anal ogously, by a pol ypepti de having a given am no acid
sequence having at |east, for example, 85% preferably 90% even nore
preferably 95% sequence identity to a reference am no acid sequence, it is
intended that the given amno acid sequence of the pol ypeptide is

T ARt ~al + A~ % b~ v £



are not identical differ by conservative amino acid substitutions.

However, conservative substitutions are not included as a match when
deterni ni ng sequence identity. "Sequence honol ogy", as used herein, refers
to a nethod of determining the rel atedness of 5 two sequences. To

det ermi ne sequence honol ogy, two or nobre sequences are optimally aligned,
and gaps are introduced if necessary. However, in contrast to "sequence
identity", conservative anmino acid substitutions are counted as a match
when determ ning sequence homol ogy. In other words, to obtain a

pol ypeptide or pol ynucl eotide having 95% sequence honol ogy wth a
reference sequence, 85% preferably 90% even nore preferably 95% of the
10 anmi no amintng Rspjotkseaion ROV cTis Eas thun enchmpasees dpib rivhund IS frust nat ch
or conprise a conservative substitution with another anino acid or

nucl eot i depmpositians) usridescrifd balvn cesawéltiss eAmpaeiEqms seRiiaies (wholeokifegyor
preferably up to 10% even nore preferably up to 5% of the total anino

aci d resi divesatetandigtinedivatetb®BCVhot i ncl udi ng conservative substitutions, in
the reference sequence may be inserted into the reference sequence.
Preferably the honol og sequence 15conprises at |east a stretch of 50, even
nmore preferably at |east 100, even nore preferably at |east 250, and even
nor e gref dhesofiycloged fepaethgbyr HGCF@BFdes. A “conservative substitution"
refers to the substit utj . ] L0 I esi.gus .ar A W th
anot her afl ﬁ‘&?‘i‘@f’r‘ﬁ ?rte%f)éﬁg "gf];emﬁgc &r{}%&%ﬂyi _ﬁgﬂcg'i %H@E)PE ;hﬁ%asrgﬁg gf!i stics or
properties_20i ncl udi ' It G 2 arti6diest BRbarkidiRr Overal |
~functi onaﬁs?‘il/m%cc)‘éqlsbgﬁoq?:%gﬁ?gag%%?%gggﬁﬁ%fmﬁ@{'I sol at %S’d". ?Taefi;ans al tered

- by the hapd.of §BRRed {dhGBV SniBadid! Slmphtiad e siep OF adniifistbiingRR@EEGIvE N nat ur e,
it has been changed or removed fromits original envi ronnment, or both. For
exanpl e, 255nPet MWL iRt SearDimmabydRoinpesitivatcomprising apreSentigen ta | i vi ng
organismis not "isolated,"” but the sane pol ynucl eoti de or pol ypeptide
sepaf@t edinhi Hithdl He n@&@Xisdh fgunst, avhieainstho imintnogaenit eormbsitongs @ sibzinit
"isolated", as the termis enployed herein. Thus, further disclosed is a
met hod f ofmrumegdniceainpasiionpra Emppkitiora xdostaiping avhple\killedy P attenuatedogndiop
reduction of clinical synptons caused by or associated with a PCV2
Cinfecti oninkgtivaed PB¥Y% havi ng anti-PCV2 antibodies, in particul ar

mat ernal | y-derived anti-PCV2 antibodi es, conprising the st ep of

adm ni stering an effective anbunt of PCV2 anti gen or an i munogeni c
conposi tion conprising a PCV2 antigen to th ani mal_ i . such

treat mnt@%ﬁé‘PeFW“&‘éi‘BW“m?ﬁ’%ﬁ?%‘t eﬂsn"s? helsin rS%? g’f Qt 'g%og{mﬁ

Com | CRR e e e ool BTt Bl g 8088 100!
‘NQ 10 Orfrdsnlizg' !ﬂl%:oll\&(gousltgs an%ﬁééﬂ ffm Pév.‘v.’@%&%%éé;iuon is substantially free of '
inl'éct PCV2. .Thus, a "subunit immunogenic composition” is pi'epared from at least partialiy
purified or fractionated (preferably substantially purified) immunogenic ﬁolypeptides from
PCV2, or recombinant analogs thereof. A subunit immunogenic composition can comprise
20 the subunit antigen or antigens of interest substantially free of other antigens or polypeptides
from PCV2, or in fractionated from. A preferred immunogenic sﬁbunil composition
comprises the PCV2 ORF-2 protein as described below. Most preferred are immunogenic
subunit compositions, which comprise any of the PCV2 antigens provided in W(06/072065,

which are all incorporated herein by reference in their entirety.



ii) any polypeptide that is at |east 80% honmol ogous to the pol ypeptide of

i), iii) wy imunogenic portion of the polypeptides of i) and/or ii)
15iv)the i mmnogeni c portion of iii), conprising at |east 10 conti guous
am no aciV¥92M¢Fetd2d i n the sequences of SEQ I D NO 5, PEEBSIB/AEH236, SEQ

IDNO 9, SEQID NO 10 or SEQID NO 11 herein or of W06/ 072065, v)a
pol ypeptide that is encoded by a DNA conprising the sequence of SEQ | D NO
3 or SEQID NO 4 herein or of W061072065. 20vi)any pol ypeptide that is
encoded by a polynucleotide that is at |east 80% honol ogous to the

pol ynucl eotide of v), vii)any inmunogenic portion of the polypeptides
encoded bWnt"iempRésysilseahdadeb@fis Mot lindkeld @ thy Hevelopthdnt jnt HRost HAIGAGENT C
portion of vii), wherein polynucleotide coding for said i munogenic
portion camri S€bodatmediard timaine oaporgel aal shentdpedtidnders vicomt Wil dakedest. t he
sequences of SEQ ID NGO 3, or SEQ 10NO: 4 herein or of WO06/072065.

Pr ef er abl Ys@tly, aofinrhwes eesponseinogedss butpondtiliovied lesone ot ereiofitherfolipaving:
characteristics of 5PCV2 ORF-2 protein that is encoded by the sequence of
SEQ | D NOeffegispihe godyctipn w@ctitipreplantibodies, & celjp benw 706, syrewssetT pdisi o a
further enbodi ment, PCV2 ORF-2 protein is provided in the inmunogenic
conpodi ti BVEtYIRIPxiEnt icgflen dirsrtad pepairalbio e artierit Py glisensringluded dp 1P ¢ he
desired inmmune.response, .. 10 n |y, reduci ng,.the inci dence of, |essening
The sever FPgpo GRSBPESLierssh WIRePinEs Ty N OB FEE BFRPoESS” Syt o
resul ting_fromar ociated w.th P infection. Preferably, . the PCV2
GRe- 2. pr ol el em R e trloR) byfher sk dlf G8eRT oY BERE LR 12T e
.1 munogen;] it (ng/rnl) " f y 0. t, 8.2 to about
. 400 pg/m brﬁ’g’fc? I n%'rﬂggpr_&lrll(ei%rsam ng{r%edé outl@%. 'tgaglb%paftaa%omgi %/m, even
nor e pref gan@Riheh b Tk @ WduStioAdn hdmBdp QHdeverity of, or lack of one or more of the

10 symploms associated with PCV2 infections, in delay of onset of viremia, in a reduced viral

persistence, in a reduction of the overall viral load and/or a reduction of viral excretion.

The terms "antigen™ ‘as used heréin refers to an amnino acid sequence which elicits an

immunological response as described above. An antigen, as used herein, includes the full-

15 length sequence of any PCVZ proteins, analogs thereof, or immunogenic fragments thereof,

The term “immunogenic fragment" refers to a fragment of a protei“n which includes one or

" More epitopés and thus elicits the immunological response described above. Such fragments

can be identified using any number of epitope mapping techniques, well known in the art.

See, e.g., Epitope Mapping Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E.

20 Morris, Ed., 1996) Humané Press, Totowa, New Jersey. For example, linear epitopes may be
determined by e.g., concrrently synthesizing large numbers of peptides on solid .supporls, '

the peptides corresponding to portions of the protein molecule, and reacting the peptides with

antibodies while the peptides are still attached to the supports. Such techniques are known in

the art and described in, e.g., U.S. Patent No. 4,708.871; Geysen et al. (1984) Proc.  Nall.

25 Acad.  Sci. USA 81:3998-4002; Geysen et al. (1986) Molec. Immunol, 23:709-715.
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15 100 pg/m, still nore preferably from about 0.4 to about 50 pg/m,
still more preferably from about 0.45 to about 30 pg/m ., still nore
preferably from about 0.5 to about 18 pg /m, even nore preferably from
about 0.6 to about 15 pg/m even nore preferably from about 0.75_to about
8 pg/m, even nore preferably fromabout 1.0 to about 6 pg/m, still nore
preferably from about 1.3 to about 3.0 pg/m, even nore preferably from
about 1.4 to about 2.5 pg/m, 20even nore preferably fromabout 1.5 to
about 2.0 pg/m, and nost preferably about 1.6 Wr . Accordi ng to a further
enbodi nent, the PCV ORF-2 antigen inclusion |evel is at least 0.2 gig!
PCV2 ORE-2 protein as described above per dose of the final antigenic
CONposi t i GimiRA¢ padfoansgnal epitopes preatagitnldeyified Bideisrpining spatialcgnfgmmstien 100

pg/ dose, still more preferably from about 0.3 to aboaijt ciOO edose, even
nor e pr ef of abihy afidscothadsdurt €. 33ax ervedlogrrnd Jyprgaenal gydlear "’g%ﬂgg"
preferably from about 0.4 to about 50 pg/ dose, still nore preferably from
about 0. 4%esergnceh §ent & BOERHGPUMARPINePIPOINEIPE- pref erably from about 0.5 to
about 18 pg/ dose, even nore preferably from about 0.6 to about 15 :
pg/ M, even nore preferably from about 0.75 to 5 about 8 pg/ dose, even nofie
preferably fraom about 1,0.tp .about . i ably from
about > 1. 3Syrripstens x o nsfiga i fe B ERA o Sl oBPEROREAIRKRD! Y 11
about 2:5 pg/dose, .eve re nr all. UBecle B Baromh@ug a12. O

pg/ dose, gﬁtgp%@?ogprerpepggﬁagl Jgts)}g'ﬁ}t%%“ mﬁ’é‘%éﬁ%@l tee%ag begn surprisingly
found, th - |_fhgl r%iﬁ dnfilR: A1€VIeb6) ANining@H. ASMBBI2E) of | ess
“than 20 pg%%%s%?\%r]e é‘?éb%%g? éabggﬂ?é .5 to 1glgpg)/(dose is suitable to

+ 10conf er Ewm{eriﬂ] 16Y4) LrriBfn SYR St @ENCHION 75:A028408 @ardnenitial [(1208E 1 0w t | ve
for PCV2 antibodie€s, in particular which are positive for anti-PCV2
mat er nal | wodeniyedoétbich Ghne, Switétiandf Jund 2ehulyd, 82%8osed is a method for the
treatment or prophylaxis of a PCV2 infection or for reduction of cl i ni cal

- Synp§®ns - caused by or associated with a PCV2 infection in ani mal s havi ng
anti-PCV2 antibodies, in particular maternall y-derived 15 anti-PCV2

ant i bodi eShe inopbisingntphsitist spsed heeimimestarefeddly | ess than 20 pg/ dose,

preferably of about 0.5 to 18 pg/dose of PCV2 ant i o) [ ogeni c
conposi t | cmpdeasphd pilypgptids. mwimawwtgﬁeqﬁo“i”ﬁféﬁda %h P%E;} ?#’@&edggwsuch-
treatment Said PCV2 antigen js any one descrihed in thi . )

appl i cat i ORF-2EEA and-gsptein, usgq perp ﬂé"rﬁ"?’ij‘?ﬁmf %@%‘i}’"ﬁ&i‘)@%ﬂ@?‘%ﬁﬁ Bfein nmore
preferably, any PCV2 ORE-2 pr.o -ei n_descrj Sr09 ; REMR, ORF- 2

pol ypept i PfRESSSEAMOYIA hpgein fﬁwﬁ\'@ér‘f?‘g" %8%%%%?}%5 ?Evgé%glﬁ%gﬁdce vml'%t’h t he

present i nvepé\i,zo%?w &gﬁgégg i &%%éér §s Y sdur2hiroRe P! BREPIDNACkRIron and

puri B cat#¥n sra protern synthesis, and reconbi nant

met hodol ogy, Pref er h RORFOpbGN3s BRFofSEPIy Beptii de ar e
provi ded ﬁ%@g/ag%gggﬁ% hg'dltﬁeé%gﬁﬂgg andrzg%ntent of which are hereby
. i ncor por aﬁé?%, By iﬁb@b@@ﬁz@s&.n& fufthér (ReTbrddeROV ORFizefolypeptie saepidddiae  cel | s
. are infected w a reconbi nant viral vector containing PCV2 ORF-2 DNA
codi ng SeglENERS; 5 RFRaridRir WO e Hbdevet, it isvndersostdny thoge oftshillivthenbi nant

virus, and the expressed PCV2 ORF-2 pol ypeptide is recovered fromthe
super nat &g thityhif sdgliehad tcalil eandby maotdhaa bd8%0y seanspcekamalasy aehsill refithod
preferably using binary ethyl eninmne, which is then ..

20 the antigenic characteristics that render it useful in immunogenic compositions. The antigenic

characteristics of an immunofogical composition can be, for example, estimaied by the
challenge experiment as provided by ,E..\'ample 4 of WO06/072065. 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 0



- said PCV2

Sneutralized to stop the inactivation process. The i Mmunogeni ¢ conposi tion
as used herein also refers to a conposition that conprises i) any of the
PCV2 ORF-2 protein described above, preferably in concentrations described
above, and ii) at least a portion of the viral vector expressing said PCV2
ORF-2 protein, 10 preferably of a reconbi nant bacul ovirus. Mor eover, the
i munogeni ¢ conposition can conprise i) any of the PCV2 ORF-2 pr ot ei ns

descri bed above, preferably in concentrations described above, ii) at
I east a portion of the viral vector expressi ng said PCV2 ORF-2 protein,
preferably of a reconbi nant baculovirus, and iii) a portion of the cell

cul ture supernatant 15Thus, further disclosed is a method for the

treat ment thoPCYZ ORRYIpatdig endoded A2 pdlyriugleqtidpseaeance of SERIDNQ: B 6hSER ¢l i ni cal
synptons caused by or associated Avith a PCV2 infection in ani mal s havi ng
ant i - PCV2 INQ:bedpreddedhereipand nVPE0748%%er nal | y- deri ved anti - PCV2

anti bodi es, conprising the step of adm ni stering an effective anount of
PCV2 antigen or an inmmnogeni ¢ conposition conprising an PCV2 antigen to
20 that animal in need of such treatnent, wherein the PCV2 antigen is

r econbi nafthuR@utheORFosced isafraqthdst fyr the HEHIEBYi r us expressed PCV2 ORF- 2.
Preferably those rec Lpant. qr _bacul guj I S\ < % Navi ng

t he séqueHEQnﬁéﬁﬂﬂﬁﬁggggggdH8§E?org%.%M&%ﬁiofﬁﬁﬁﬁg e coﬁ%ﬁﬁ%??on as
used herein also refe -3, COL bt G i-BOPDbAbSSesl In garddiar Of t he
PCV2 ORF- SB?%ggfﬂgzhgé%%?E%ﬁ&ggggﬁkégggkﬁgg%1y inaioncg%trations

descri bed rﬂéé’gmagp-‘&&%ed Lilpf2 hrRiBSdiesd cdtirsing The @fep th &dnvhikialing @ GHfedive X pr essi ng
) -2 proteln, preferably of a reconbinant bacul ovirus, and iii)
- a porti ona@bud BEPERS Autisddlok bk Ramidobeicedompaditul offtkingh PCNR attigamonient s have a
size smaller than 1 gm 5The i mmunogeni c conposition as used herein al so
refers toadmaiofieed 4fisadh thdhient QPRINSRSPCY?2 aiggn ivn ttigerRE\PT VRIORE2 pr ot ei ns
descri bed above, preferably in concentrations described above, ii) at '
| easto a pepioldirDihaOhias ahleasy 70%) profemblyy 8084 preasuirngrefomblt MWV UBREOECYE of ei N,
iii) a portion of the cell culture, iv) and inactivating agent to

i nact i vat snshimityr ec eoparinto wpmpdred, szt §SV2r EREB| progmy eaggdedt &y nhapout  90%
of the conponents i) to ii;% have a size snal|er thang%%%n110Preferably,
BEI" i s predemcieptidecsonueasst 9ltFEQAR BOBcen PR IPNOA 28 0oy PRE BV ovi rus,

B e Wt B G 0 B s B igiout
. e ! i | r n als rerers 0 a

iti t . i L d s ORF-2 protei d i bed
et b Bl LR R o0 2 protel s desoribea,

15

In some forms, immunogenic portions of PCV2 ORF-2 protein are used as the antigenic
component in the immunogémic composition, comprising PCV2 antigen. The term
“immunogenic portion” as used herein. refers 1o truncated and/or subsiiiuted forms, or
fragments of PCV2 ORF-2 protein and/or polynucleotide, respectively. Preferably, such
20 truncated and/or substifuted forms, or fragméms will comprise at least 6 contiguous amino
acids from the fuli-length ORF-2 polypeptide. More preferably, the truncaled or substituted
forms, or fragments will have at least 10, more preferably at least 15, and stll more
preferably at least 19 contiguous amino acids from the full-length PCV ORF-2 polypeptide.

Two preferred sequences in this respeci are provided as SEQ ID NO: 9 and SEQ ID NO:10
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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 reconbinant viral vector preferably BE!', and v) a
neut ral i 249 RWBOHYENt to stop the inactivation nedlatedP%VU'%@WWﬂﬁﬁtlvatlng
agent, wherein about 90% of the conponents i) to iii) have a size snaller
than 1 gm Preferably, if the inactivating agent is BEl, said conposition
conpri ses sodi um 20t hi osul fate in equival ent anounts to BET. The

pol ypeptide is incorporated into a conposition that can be adm nistered to
an ani mal susceptible to PCV2 infection. In preferred forns, the

conmposi t i a&eiaYd Alveood/ove0ssdar RdGiHet @iaakio6PINRDM eguehde®Way bOa pltpsre of skil |
in the art (see also Rem ngton's 25Pharmaceutical Sciences. (1990). 18th
ed. Mack Retet fragnfeys boRhcabdidbinisonal |y, the 19 conposition may include one
or nore veterinary-acceptable carriers. As used herein, "a
veterinary-acceptable carrier"” includes any and all solvents, dispersion
medi a, coatings, adjuvants, stabilizing agents, diluents, preservatives,
ant i bact eAb mentignet above; 4 &lﬁgﬁlpw&j@ﬁ?@w pgﬁt%ﬁl\'ée%@%fﬁ% Onamﬁthbb &8 del ayi ng
agents, and the like. In a preferred enbodi nent, the 5 immunogenic

conposi ti Bifleatderequsass pEREQ HRANG: 3p?r09t5(-9 P 519 Br mvﬁ‘é’ﬁ ‘h@r"éﬁ\ﬁ"i‘?f’d r ef erabl y

in concentratio descri hed _ above, nlxed uvant ,

o or ool PoearaBlon heatr hah ol S St i He s o e ar

w || unde st nd th onmposi.ti,on us |ncor or te 10 known
i nj ect abl S s”f'% ‘leg’o{'llﬁ?/ é%né‘bfhﬂf) & ?Selrﬂlgtlrgndrsglb %f%rlps ogpreparl ng a

,ready-to- Eh%ﬁaoﬁ@(lngt ' Qontxﬁ?'forrﬂé”‘ raetﬂﬁa&!@' arlsbsEifteli 2k or | 8hisBEYBOUS

kiSOtOﬂiC sol'utions, such as e.g. saline or COFFESpOﬂ ng . pl asnma proteln

sol uti OnSORﬁb%QErF&%é ¥ uidak h@%ﬁgemh RorAlidt irOfe cankiﬁsmmmm Gudnd vaccine
conpositions of "'the present invention can include diluents, 1sotonic

agent®, Sklitbd GRLSHiRE feHib ¢ MakmenisBiill UarBe 8atsi RGbhdRoMaLEd&al | ne,
dextrose, ethanol, glycerol, and 15 the like. isotonic agents can include
sodi um chiram ittebefull-thaxth IPOYe, ORBD Rudiatide Squditd elg, ofa8H) ItabDos ey SEQUDg ot her s.
Stabilizers include al bum n and al kali- salts of ethylendiam ntetracetic
aci d, anoNg: 6t Meresprefiraldly. Uheainirsdtedss substiuiet Eras, vy fragmenisneiliudes dlleasti ni um
hydrOX| de_and al um ni um phosphate, 20 saponins e.g., Quil A Q5-2I

( Canbr i dg@ BRwreisrabiy e, leaStean@# ptﬂb@ownyefe@grlm @mé‘»’ ¢QTfEUOHS relaleoﬁdes of

Phar naceu Bi r m ngham

oi | -i n-wa "é “ﬁé?ﬁgfhquyr? ORat %‘l’d‘i"'rﬁ‘?eéﬂ“e?cﬁ’-%v% 'Qrﬂﬁ sﬂ)lo(BﬁSg%g Oafhul si on can be
baseflS in particular on light liquid paraffin oil (European Pharnmacopea
type), isoprenoid oil such as squal ane or squal ene oil resulting from

t heol i gongg Jﬁé}nﬁﬂi’gghiﬁﬁ ﬂﬁﬁml Mhe"&{ fefefUb A rei@fianki® P&&%ﬂ%‘xQ or fiGRENE;

esters Of S contalning a |1 near group, nore

part icul aﬁdi%eﬁ’d@%q&hée? cr e&dav!n ﬁaﬁcﬁvnuclg&ﬁg)&tﬁ.@ﬁwgl MERly a reference

.di-(capryldte/ caprate), glycer%d tri-{(capyl at ekaprate) or propyl ene gl ycol
dl ol eat €, se@h&@' dof gub&ﬁ!b?ﬁ&de foaﬁé Monﬂﬁkd&wﬂarthalr&&&% %equbd%e P&eduehdel ar
i sostearic acid esters he oil is used in conmbination with emulsifiers to

form t he ideuilySis doiermiied b@ Roinpdring eHeSrivah Qequemt @ &b keferéioe begBénte Sibf RiRCt ants, in
particul ar esters of sorbitan, of mannide (e.g. anhydromannitol 5

ol eate) , Mu@wbm,bmoppmwmmrt@bmdm therhighipdt degeeglf yawoéncasidilafty.ol ei c,

i sostearic, ricinoleic or hydroxystearic acid, which are optionally

et hoxy| atasdietesmigedoby hexppeio 1\*@@&&@@&9@%@#@5 c &{ver yualralignmeks, i n
particular the Pluronic products, especially LI21. See Hunter et al., The
Theory ar@IUepEcidFil ispgspriamsd |°Brf‘ qu“ﬂﬁl’bh‘?%ﬁ’ﬂ% ‘(aﬁﬂ “ﬁe%rsf’q“ﬂﬂe? D, E S.).

2000 | R e BB o A 3R e FOIo8E B i B85 15,45 504870

are identical. The total number of such position identities is then divided by the total number
25 of nucleotides or residues in the reference sequence to give % sequence identity. Sequence
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10 For exanple, it is possible to use the SPT enul sion descri bed on page
147 of 'Vacci.ne Design, The Subunit and Adjuvant Approach" edited by M
Powel | and M Newnran, Plenum Press, 1995, and the emul si on MF59 descri bed
on’ page MB29807HIS sane book. 15A further instance of PARUBHPUWERS is a
conpound chosen fromthe polynmers of acrylic or nmethacwic acid and the’
~copol ynmers of mal ei c anhydri de and al kenyl derivative. Advantageous

adj uvant conpounds are the polynmers of acrylic or nethaaylic add which are
cross-linked, especially with pol yal kenyl ethers of sugars or

pol yal cohol s. These conpounds are known:by the term carborner (Phaneuropa
Vol . 8, Nientdy catBereddR60alcuRRE D9 NGoK inlethdh, indludid® bt Afdied RNk O T ef er
to 1J. S. Patent No. 2,909, 462 whi ch describes such acrylic poI yners
cross- | i nlyeckivat lidﬁCﬁnmﬁxyzlim’ tEctecylbilkioRe ARk AN AN halY iCx@r& Univedist Prdsshy dr oxyl
groups, preferably not nore than 8, the hydrogen atons of at |east three
hydr oxyl s Neei Yagk r(&38x dBekobwutings drtformatie cind | Ggobtrat iPejacadBodh,sDNayvedg at | east
2 carbon atons. The preferred radicals are those containing from2 to 4
car bon at éassiemis, RessaNawy ark @PI3) Gomprtgr pHests oftSagquentsi Raw. |Port inGailfinr at ed

groups. The 25unsaturated radicals nmay thensel ves contain other
© substi t ueftd; %@ﬂfﬂasﬂrré?lh‘fﬂs H?W@’WMQ‘%Je%ﬁ@’@n@%‘i“e‘t‘;ﬁé‘“ﬂl&%"@r bopol

B o0t hion S PGB e Pl B RSB IS PSS, srong
them thepg,gmy \pe,eationep ﬁoggm B S PRl b gl Br o er e

is the use o Carbopo rnparticular hetse o preferably

1N amount g,40f; nglﬁou%_’l%}%gg }é;%;:@ngﬁ&.u?asg‘ﬂqg@ﬁg)ssﬁ rgeoi%ﬁmmgél‘gf'wﬂ}%ﬁ%mm eferred

.1 n an anount pér dose nost preferred
in an amme&rf&&e@méﬁ byl refllerRE! PIRRES mEtHEds K lieteiMink a@'s@qu@@ue%ﬂm $rd NCl ude,
but are not limted to, the R181 adjuvant system ( Bl ock
CO- PO} Y e desiofdit ©Dgivertht et fkh bstdEnNhd CalnoR, maaerwhégdseo @éémunelo
nonophosphoiyl lipid A Avridine |ipid-amne adjuvant, heat-labile
ent er ot oxsequéneoiteltity aei dodified éro pitilinig rhvailable alolnewteyi ;segrams:hﬁhlerdaeﬁrmei n: 1MS
1314, or nuranyl dipeptide anong nany others. Preferably, the adjuvant is
added i n snuearmdentitydfeivabogiven@gueniey Bamalsooftsud(pregianpencldtioster are bt Even nor e
pr ef er abl t he adjuvant is added in an anmount of about 100 gg to about 10
ng per dogfé“e‘*E\?eﬁ'enﬁf:g pregmer paskage (Ppeerenyj Ly gindl. | Nucleird Agids Resparchount  of

about 500 to ab er dose. Even nore preferabl t he adj uvant is
2dded i n HADZEOOREDL BLASSABLASIN T FAST AR5 Tt Har. Mot

f bl y, i d 20
i B onat o0 HE ORISR op i T p IS g b W Btﬁr
phar mceusto'uﬁ:@% B}%&C‘sggh%ma? KRR CE S o a5 NEGANDE! Rirp: (?eih%da. D, 20894,

phar maceutica é carrier"” 1nc¢ludes any an ven

di spersi ogyQRli @ £03f LiNgs, M%ﬂe@bblo’l 23 RG08d R [1590)Ché WatHings oP(xﬁéfr‘%}éat i ves,
_antibacterial and antifungal agents, Isotonic agent s, .adsorption del ayi ng

_agents, ajgbridiged ekt b;l\éesetren@é)eﬁ%a@}om@ RptfanG hicheB uBhONdrslad

herewith, contains PCV2 ORF-2 protein recovered fromthe supernatant of
in Vvitro guphdelgheth erédrlis proddie iRihighedt ietlel @8 SdgGenveEidentiv ek the Bivedand
reconbi nant viral vector containing PCV2 ORF-2 DNA and expressi ng PCV2
ORF-2 pr oelience menwhe@eian idairdion.dhl a paliuciemidevhavirgr eaickdidel sedueadeout 2 to
about 8 nM BEI, preferably with about 5 nilvl BElI to inactivate the viral
vector, diinaal eai foneamplec 8teameleably GR%oeven mmes prefefably 5Pk Trequence
identity” to a reference nucleotide sequence, it is intended that the nucleotide sequence of the
given polynucleotide is identical 1o ihe reference sequence except that the given
polynucleotide sequence may include up to 15, preferably up 1o 10, even more preferably up
25 to 5 point mutations per each 100 nucleotides of the reference nucleotide sequence. In other
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5agent, preferably sodiumthiosulfate solution to a final concentration of

about 2 to about 8 /TIM preferably of about 5 nM Thé present invention

al so relates to an i munogeni ¢ conposition that conprises i) any of the

PCV2 ORFWO p0BOEOHs descri bed above, preferably in conREhUPR0T$A€28

descri bed above, ii) 10 at least a portion a the viral vector expressing

said PCV2 ORF-2 protein, iii) a portion of the cell culture, iv) an

i nactivating agent to inactivate the reconbinant viral vector (preferably

BEI), and v) a neutralization agent to stop the inactivation nedi ated by

t he inactivatingagent, preferably sodiumthiosulfate in equival ent anounts

to BEl; apgd¥iih afpohitbdiaibe natigly aitieotidy R @ha&hakinEal RaR ®s%) frbterdBiyanount s

descri bed above; wherein about” 90% of the conponents 15 0 to iii) have a

size smal b@s, dlPRord ptfBrabACe9s [y feltiv (6 ielrbrerend ib@ebiivR fuentd) b to

i mrunogeni ¢ conposition further conprises a pharnmaceutical acceptable

sal t, prefl®pgiadfatdy pitaspianere paddrabhito%p bibe alezgiideain tre aboepd @ipleece

concentrations. Preferably, the pH of said i nmunogenic conposition is

adj ust ed may be gelejediooubgjitaed with-bnotiecnuiingjidhor apwnbendiowecledidss uprie 1745, 20The

i mmunogeni ¢_conposition as used herein also refers to a conposition that

conpri sesPpERbIyIE%apven nosg prefsmbly 5% ¢ thajogh nudlegiierpthorefereseacieied@s cr i bed

above, preferably | ess than 20 ji iir?. at | east _a paortion of baculovirus

oxpr 65| NS08 BsePes miodpsrreisrenceSetuente; These HuBPE phe tHereRseawnee Yl t ur e )

about 2 to 8 rni'av%,_ Bﬁ}r&"& sodi.umt%i]o%;lel fate in.de%ui val ent anpunts to

BEI; and 9" 48&ur & PRSEEPISPT 12 RIFENEA T RIS TR E LAPYMIR a
physi ol ogj . CO t oD i %:.0f; t he

 Gomponent 2 sk fARh Fodio s RERRLR o B ind ARG Sndld Mot e "2

| mnogen}eﬁr&m&?&u 8P id SnPGH kS @ntigloRARblps Qvithinl Re fefetencd REgubEUNOgENI C
conpositions can turther 1nclude one or nore other I mmuno-nodulatory 5

agent® SURRMIGDushE - a polPeBlideShiind S gildAl AR R Soquéice ARMY aiCl¥dsObenes. The

i mrunogeni ¢ conpositions can also include Gentam cin and Merthiol ate.

Whi | e t heexanipid 18536, rdler ONOEA e Incre prefirabhd9 Iy sdqichcaidehtidddial iefeeaceusef ul i n

the context of the present invention can readily be determ ned by the

ski | | ed a#rhinsatid setin@cd itesprendddrive feigonn goint e begbmse ofthpmdiveptde &

conprising fromabout 50 jig to about 2000 jig of adjuvant and preferably

about 250dpitigil terihe raferenpg sequetceteeept/ba dhariveapalyoepiids swavengehgay, mﬁih@

i mmunogeni ¢ conposition as used herein also refers to a conposition that

conpr i sesUd ©dfm RBeEblY v H: levengmelp isterably ynipd aginoa6d; aeraang ger eathy nor e

preferably |ess than_gbout 30 ji.g/nil, of antipiqtics., The immunogenic

oo 1 U S el o Brarirearehifepet S, Bl SFideoR I Bt ses 1)

15 any of _the P oL O 6l NS  descrd bad Jbo f 58

concent ra?%l)gb%%t*d%é%"%e%‘glﬁo%g%agﬁ Isij/gaqg 5‘?‘@@&"’62” \é%"rnt lﬁérg _pg{' l‘}e/ 9\Bl?ral vect or

expressi n&g&éﬁ&é’idgﬁ%(zwﬁ teberBicRbRlnd acill Isbuedie RR'h 199, &Efekﬂ?uﬁ% hoogul ture,
~iv) an inactivating agent to rnactivate the reconbinant Vviral vector

.. pref er abl Y.eBRore BIadl) ufld 6B thahhig hdi®RsiBEE H thi RidnoPsehitfcd MACHLl vVat i on
medi ated by the inactivating agent, preferably sodiumthiosulfate in

equi val endelemaodiubstitufed Bt antiher amBbbiatidbbrea nattbendf tviadtacips ap & adshy Car bopol
971 in anmounts described above; vii) a pharmaceutical acceptable

concEnt r agreferablpfupao 46di enen butré erefergblvadpeio iyt yf b taal phodphditaeimalcid, and
viii) an anti-mcrobiological active agent; wherein about 90% of the
conponent fsifues tinp tej feferenepysequence may badmsertad migathe tefgipnce s@vencemigsgeni ¢
conposition as used herein also refers to Ingelvactl O G rcoFLEXTm

( Boehr i ngéerafieng by meferenchegnience) may ospr ghde pmingpy thegaboxicianaigface

(Merial SAS, Lyan, France), CircoVent (Intervet Inc., MIlsboro, DE USA),
or Suvat yRPHERT0D N FREErPRGE By S0itSSApenEs of gl kT PRV RLRGSP TR PEREOTE 1y e
UsA). 5 interspersed either individually among residues in the reference sequence or in the one or

25 more contiguous groups within the reference sequence. Preferably. residue positions which
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Thus, further disclosed is a nmethod for the treatnent or prophylaxis of a
PCV2 infection or for reduction of clinical synptons caused by or
associated with a PCV2 infection in animals in animals having anti-PCV2
mat er nal VEARYBEHEIOES, conprising the step of adnini st er PAHUSHOEIFESt i ve
anount of a PCV2 antigen to 10 that animal in need of such treatnent,
wherei n the i mmunogeni ¢ conposition is CrcoFLEXQO. CrcaVac(r), G rcoVent
or Suvaxyn PCV-2 One Dose(r). Most preferably, the imunogenic conposition
is Inge'vac(r) G rcoFLEXTm and/or the PCV2 antigen is PCV2 ORF-2,
preferably, bactilovirus expressed PCV2 ORF-2, nost preferably as included
in 1 nge' vaenb) idehichiCRME Tetnseh i FeOimihd) ¥AS kitgRl iR Mowdvedl OSnieRlafive
interference of PCV2 antigen with the maternal antibody a study was
~conduct edsibktinstdhEdie hdl trcRidéd Badatch whet &tedhinfig sdyendadidemins wer e det erm ned at
the tinme of vaccination which were then grouped into a | ow, noderate and
hi gh anti body class: Geonetric nean titers of < 1:100 were consi dered as

| ow antibody titers, titers of 1:100 to 20 1:1000 were consi dered as

noder at e a¥eaudpeschomoioget. s used hereinpiefersap asethpd 0D desmimingchesielitedesss ofs hi gh
antibody titers. This grouping pattern is conparable to that done in a
‘Canadi an T‘\’Oeﬁeﬂrl%‘te&d)?‘o\/ﬁ%@ﬁ@“aHWWWW‘?% tvgypr morggequetces aigpstimeled as | ow,

antibody titers of 1:640 as npderate and antibody tifers of > 1.1280 as
hi gh (Lar YRt P gaps 4P introdysad it ngegssary ) Hopigyer, ipganitastdy “sequesceigRifi™s n or der

t I t he i t of low .nedi, hi gh ibody tit t th

L5, ol g B bR SRR LR Sy L«
, ' i d, t i QR Qo Vi La, th

et COPRES Wl Bl el of AL AR S

found, Thainddi¢ waha3aaaRe Mquéatit, i83§9(gfeﬁﬂ§f bR UvErSmork BreRadbly! B4 @lineOf

mat ernal | y-derived anti bodies, h no significant inpact "of any of those
par apet er gmind Aci@ rRRkes\G dRleotides WRthe FelERAdeSealBhdd hat Rbich RlohpReaf fi cacy of
the PCV2 antigen in prevention and treatnent of a PCV2 infection or in

r educt i onconferlitesubsiutisly Fih aitBhet Mitiae aeidyr Mkie@RIs,a aatnaber of fhin@adisV2
infection in animals was not affected at the day of vaccination by the
presence wfudedtidesREVR 158} prifordble sp 11034, eraabrhore rglerablyi upREYZ ofidteiggdy titers
of up to 1:100, preferably of nore than 1:100, even nore preferably of

mor e t hammine sl regdush oipicksotsles hek ingndingonssyirivesibsitutiers 0 theargigrsnggor e
preferably of 1:640; even nore preferably of re than 1; 750, nost 10

pr ef er abl $A4sPeeBMebe insaTed intp dis. refernee sepyeReer ReefEiehly e Ramwles sedreateone shot

vaccjnati on exper. nent, I means t hat the PCV2 antigen adm ni st ered
oni y eSS LA i) ok S st Bt radab Bt 1B 6t PRI on

Met hods fQr., fdet L. { 1L i anti-PCV2 antibodies are well
known in i%é%?%ﬁ%ﬁ%%egﬁg’%légﬁpgc '?oglgla’and gquantification of PCV2
anti bodi es can be perfornmed by indirect i mmunofl uorescence as described in
. Mager et al., 2000, Can. J. Vet Res. ; 64: 184-186 or Magar et al., 2000,
= J. Conp. Rath@kvaiivelsdBsiindod™ d@R 1o b ElbRRliioRt ©F BYenih Odoidbeaddik lof heRbidgn of

anti PCV2 anti bodies are described in Opriessnig et al., 2006, 37Th Annual
Meeting okiti fidthéiihing atid Asidee ioRhidatidd haSikigemiMe tiricRasticads prophtigover , -
exanple 2 also describes an 20 indirect imunofl uorescence assay that can
be wed hychalingesisomydkphobienl,iar. .t such gt thel ovenh Jestigfaligodves ovedhsigel resul ts
and in any question of doubt, anti-PCV2 titers as nentioned herein, refer
to those milshtare /can be estimated by the assay as described in Exanple
2. Thus, further disclosed is a nethod for the treatnent 25or prophyl axis
of a PCV2 infection or for reduction of clinical synptons caused by or

“Isolated” means aliered “by the hand of man™ from its natural stale, i.e., if’ it occurs in
nature, it has been changed or removed from its oniginal environment, or both. For example,
25 a polynucleotide or polypeptide naturally present in 4 living organism 1s not “isolated,” but
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associated with a PCV2 infection in animals having anti-PCV2 anti bodi es,
in particular maternal antibodies, conprising the step of administering an
effective amount of a PCV2 antigen to that animal in need of such
treatment, preferably of |ess than 20 gi g/ dose wherein said ani mal has a
detectabl e anti-PCV2 antibody titer of up to 1:100, preferably of nore
than 1:100, even nore preferably of more than 1:250, even nore preferably
of nore than 1:500, even nore preferably of 1:640, even nore preferably of
~more than 1: 750, nost preferably of nmore than 1:1000. Preferably, such an
anti-PCV2 antibody titer is detectable and quantifiable in a specific
anti-PCV2 imune assay, preferably in the assay as described in Exanpl e 2.
More pref ahadainy polfdiomaidani polPfayid sapraiddididinebe enenistingtreaterials|of itguatira e d

anti bodi es. Mbst 10preferably, the PCV2 antigen is only admi sistered once,
pref er abl ystawiié Hsotedaethe ferindsangléyadh@@n, i g/ dose. Piglets with onl y | ow
titers (c 1:100) or noderate titers (< 1:1000) of mat er nal | y-deri ved
anti-PCV2 antibodies are not sufficiently protected agai nst PCV2
infections 'which occur 15 prior to week 3 of age. Therefore, vaccination
at a very Toey fuythetdiggloserf is lainfeshqddorfba r$aBIe. Due to the unpredictabl e and

Ep e R SR R E SR e SR T
Vor cover | renE L arPealy BtedRhin oA date SRERCP! afigedecpRERaifal st i,
T ogar ol eaduisPapisaPEL BV HEREEL BorbiiSng s GRGY aiinkind DAy acci ne
7 T0b0y ¢ SB3 BYCaien B bR Sich S REVE g i €1 >
earlier epgd Ss)f in_%%d.%q(}‘isach treImERY ®herd$ Saidd PCYRIORFSBPIDIkinrig astos ditbsan

appr oxi mat e 2 reduction of the sumof genonic equival ent s/nil as
conpag ed HQedtelabiRs ObrEiehBl, &AICVE ORPZ PRken is Upon conpari son of vacci nat ed
"high" "noderate" and "l ow 25titer ani nals" no si gni ficant differences
were observigd W & polyepeidecodneprising deti sbjuencerof SBQARMN: & SEQIP N\ SEQ r aet ni a.
These results indicate that also in the presence of high anti-PCV2

anti body titers, IlNe: PSHQ BNy SEQADNG: 1 brrein pralf WRPGOTA6Ss ¢ i | |
significantly reduce viretnia in blood (end of Xni rema, dycation of

virem a, viidus | @uaplypaptide thatis @ least §07% omolagens fo,t eﬁﬂy*ﬁ?ﬁeéi?@nces coul d be

found with regard to the |jve body, wei ght.when ¢ ring low and high 5 -
titer ani mdlils of any HEMYROSENIA RPIgn %%E?’}%ﬁ?ﬂdﬁ‘ggﬁﬂ&gﬁaacc?nat ed ani rra?s with
a high anti-PCVv2 antibody titer at.the ti. f Cl i . nt (>

1 108%)) al ¢9 sho%ﬁ“‘ﬁ“‘?ﬁéﬂf PP'E'&?]Pf. Vé’hﬁoﬁﬁggrﬁgo%d?gt\?\gi %E@gﬁ)f{%ﬁ’ﬁoﬁ%&&gnset of
virem a conpar edinéit?d;?'inalﬁggggztan @%ﬁg@mﬁ@!,gsmwnggw oWey gagi body

titers (see Figuré qucen vacci nation/treatnent of animals of 1
day of age or ol o-%totlsﬁ@{ ) 1301 119RR i & oPWOBEMY 265, However , vacci nati on
e

_ shoul d be done 10within t Irst 8, preferably within the first 7 weeks

of age. Thuyg furglen-diis alfsedcidd 8y FONAQBNhAing ikeselenst JTBEQ IDINO:
prophyl axi s” of a 'PCV2 infection or for reduction of clinical synpt ons
caused by or assngisahas NOf Nhdeil?GMer WOb@ER0sn i n ani mal's, conprising the
step of administering to that animal in need of such treatnent at day | of
age 2or | aten, praaf ghobpbpideuthandt ecatielr by Fapotatuchwtide Barol adeastB0%f f ect i ve
anmobunt of a 15 PCV2 antigen. According to a preferred enbodi nent, |ess
than 20 gg/ dose he@uizgeustid Gemobmucleagidé #fed to confer i munity in such

ani mal . According to a nore preferred enbodi nent. the PCVé antigen,

pref erabl y villess aph immarpsenrjr @egien of el Perddes ancodsg iy e oo ’P‘é’g‘“"b% to the
animal in need of such treatment. 20Further disclosed is a method for t he
treatment or prdpMEEPs of a PCV2 infection or for reduction of clinical
synptons caused by or associated with a PCV2 infection in young ani mal s,
conprising the step of administering an effective anount of a PCV2 anti gen
to that animal in need of such treatnent.
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. anount of

The term "young animal" as used herein refers to an animal of 1 to 22 days
of age. Preferably, by the termyoung animal, an aninmal of 1 to 20 days of
age is meant. More preferably, the termyoung animal refers to an ani mal

of 1 to 15 days of age, even nore preferably of 1 day of age to 14 days of
age, even nore preferably of 1 to 12 days of age, 5 even nore preferably
of 1 to 10 days of age, even nore preferably of 1 to 8 days of age, even
nmore preferably of | to 7 days of age, even nore preferably of 1 to 6 days
of age, even nore preferably of '1 to 5 days of age, even nore preferably
of 1 to 4 days of age, even nore preferably of 1 to 3 days of age, even
more preferably of 1 or 2 clay(s) of age, and nost preferably to an ani nal
of 1 day of vige. Whuamudopénid @bridh sefl 08¢ dvheminapahmutientidé apding dor &4id eat nent
or prophylaxis of a PCV2 infection or for reduction of clinical synptons

- caused by or assoamafiogehisvpartiorncdirizesi afleasst I0onntighows sueleptides inglnded i onpr i si ng
the step of administering an effective amount of a PCV2 ant i en to an

ani mal of 1 to 2Zhedequsncef of SEQ IDIV@IeptlfiQIDHNO: P heingn o PREBF206he  npr e
preferably of 1 to 15 days of age, even more preferably of 1 to 14 days of
age, even Prafarablyp pef ef dioseyingpuneasnis E%uoniﬁ‘“ﬁeag’é Igmupggc é’?ﬂé?‘f‘eﬂﬂ'rc% °E;r ef erably
of 1 to tO days of age, even npre preferabl ) age, even
nore pref EFYBIQRFq} Pfi’%t“dhaf 1pieppededy 3'&'&&”‘@9%%%%&&5 &%é?’%@ngsolgt o 6 days
of age, eyen nor rably a |l to 5 days of age, even nore preferably of
1to 4 da §EBP’§§¥B&§&§ﬁ%nnre preferably of! to 3 days of age, even nore
preferably of 1 or 2 day(s) of age, nost preferably at | day of age in

- need of such treatnent. For exanple, evidence is given that 20

~{ vaccination/treatnent on 19 to 2 Yy age | efficacy of
vaccinatiéﬁqxﬂﬁgébW@F@ﬂV§3Pﬂﬁﬁ?Fgﬁgﬁfgg?%gﬁggéﬁB%%Q%gh%g?H%?%?’?%bly 12 to
14 days of, a06ibes sRbiRePRosioiRvd efrlaveRr Md@fk @R dbsied intninb Rsporshict i on of
clinical symptoms associated with PCV2 infections, reduction of overall .
Vi rahg | oaghmdiyelisidsQRe afidshes ot icoinial theisherityio, or prevealing o rainsiet orsfor vi r eni a,
and wei ght gain. Mreover, vaccination at 1 week of age has al so been :
shown to herevsifiital 3pmpibacicsulng flom eassiciacd voh adIGVaiinfedtion y Pgfersbls. he soci at ed
with PCV2 infections, Suction of overall viral |oad, reduction of - :
durati on BEVYOREwnyrateindelumipn lavelon seicash.2 wk prtigen Al ofgieding! igaMACSE? of er abl y
| ess than 20 ug/dose PCV2 antigen are required to confer j nity in those
young ani sraipositioc €les/milngpoteo prgfsrablip framephoat] O2nB be et Hg/ ﬁL: %rém i gen,
preferably | ess than 20 ung

eteomAFSp femetiont Oér trle
ani mal | ey drorsabin O o dbors 300 Waihbgen pEeahY i EbPebp SEBusS Do
field t of the I gl et i t [ : 2. Th
Furt Fer oot St ira o pipfa? F B8RS0k Ayl FERARROng2. T
i nfecti duct i Gl I 0] \ : SpCi at ed
i th o PO e BBl ) HOR Y Skl R 000 €38l By upmigenct ated

. day 10 of mg,@%@\fg%a} Wi 26RFBY6 lﬁiag&ttlg'?gﬁn{l%penqﬁor@ eRbi§ trRni Aduidiysebf ecti ve
a ntig

en to an animal of 1 to 22 days of age, preferably

of 1 to Zf.gayse/ff, cAGEmod Breferithe fremabbi 19 10 labdub6 LEt)ayls ndfe meembleven nore
preferably of 1" to 14 days of age, even nore preferably of 1 to 12 days of

age, evenydmphiduPl 8 ieaRl 30 pé/ml, dven Moredteferalilf fragabouel.em aboute. ughtier abl y of

| to 8 days of age, even nore preferably of | to 7 days of age, even nore
prefzr abl gtedinole prefefabBagysn boil 5. 2geaboay 20 ypfmie agr wése peefirgbhodbolit b65 days of
age, even nore preferably a Ito 4 days of ‘age, even nore preferably of |
to 3 dayswghhl. age, even nore preferably at 1 or 2 day(s) of age, and nost
preferably at 1 day of age in need of such treatnent. Preferably, said
young animals, at the day of vaccination/treatment, have a detectabl e
anti-PCV2 antibody titer of up to 1:100, preferably of nore than 1:100,
even nor eAgsostieg @bl fyrtiok embedimettathe PCYSORF-@watigendnedispg 19yekis atlgast 42 8¢/ nor e

than 1:5Q e nor e. pref.erabl f 1:64 Pf nore
than 1: 736V2, BEP4 pitef 25 cpregedsfbee el e SR BRI Sfiefl soaRkiiod
vacglLnationitreat nent. Preferahl Nt QRN are
reqdired (’t'gb}d%%f'}gfe %{e%rﬁ ]'ilﬁolngel%%lt l%ﬁiﬁ?%??%@’%ﬁ@%g‘ggﬁ%’g ani nal IsrgﬂAccordi ng
to nore preferred enbodi nent, the‘PCV~6antigen, preferably |l ess than 20
Pg, is only adninistered once to that young animal in need of such

treat ment As described above, vaccination/treatnent of young ani mal s
with PCV2 antigen resulted in a shortening of virenic phase as conpared to
non vaccinated control aninals. The average shortening tine was 9.5 days
as conpared to non vaccinated control aninmals of the same speci es.
Therefore, also disclosed is a nethod



Sfor the treatnent or prophylaxis of a PCV2 infection or for reduction of
clinical synptons caused by or associated with a PCV2 infection in young
ani mal's, conprising the step of adm ni stering an effective anount of a
PCV2 antigen to that animal in need of such treatnent, wherein the
treatment or prophylaxis results in shortening of the vireznia phase of 5
or nore days, preferably 6 or nore dw, even nore preferably of 7 or nore
days, even nore 10 preferably of 8 or nore days, even nore prefably of 9,
even nore preferably of 10, even nore preferably of 12 , even nore
preferably of 14, and nost preferably of nore than 16 days as conpared to
animals of a non-treated control group of the same species. In sonme cases
virenm c phsseo.s o HHARDERG6sEYevED meretphdintatibOfratagtout .35 1gebmit K0, petdese,

vacci nation of young piglets resulted in a reduction in the | oss of wei ght
gain, a sk@r iefe pkEratly fromaboutitrem sboutcid wealops, still werd pefaredbly fregbant and a
lower virus |oad. Therefore, further disclosed is a nmethod for the

treat ment 0@ wpateph3d petdcse, ofill andCyRidrsbise from gbeup P.5119 sbaup 4% #2858 BE ¢l i ni cal
synptons caused by or associated with a PCV2 infectjon in.vo ani mal s,
conpri si ngwtepseleraldy from abeii0ii tatabeyt 14 HgmLeYen &org W%fe‘ﬁﬂﬁgrﬁf“ "8%‘“;“’%&2 anti gen

to that aninmal in need of such_treatnent, _ rei id,treat.nent or
prophy| axpbpubf Hsldese, iekmeppieoprefenhly, é’g’f}l fttbg‘"imﬂ@é% a&r‘?gt%d‘\'f%‘l}%%t&'ﬁm%%rrpari son
to animals of a non-treated c ro r Q A0E, [ in.a vacci ne
ef fi cacy Paleghiifom @QthétlgabQ”?g‘hw”tgjﬁlgggé%ﬁB‘gicegtnég%sb?i ng %@Gg'fééh%ti onin -
the | oss i ght gain, short er rad L i il er end to
irenia, & PSP VP RetsduRhg LR AT b AP o Yukam de B dabliier end Lo

(20 jigl dogb%uﬁ%’,f%%&@é. il&%?%%ég{pﬁﬁ“él{-‘ fifhind, naf RHE®2 ORY-2PfotdinBiciusiti 1Med vacci ne

efficacy paraneters me above.  Nbreover -such i mproved vacci ne

efficacy pa @Hﬁ arPEd Yy erdbls bN@Gbe 0346 §j1g/lidsatsispimblfto onl y one

dose. Thee?6 n1&§%he Fgﬁﬁlve 5%§§%€g¥és ﬁsed herein ﬁ%gns, but is not

L mifged t QunfelinAMHRY i yodhy arPmal b ddfin ardifiats which arb pasitoe for PCARmibbdies! i cit an

i nmune response in an animal, ‘to which said effective dose of PCV2. anti gen
I's adni ni gipetiedar whichlabrpakitive formtebC EZ mitemallyvdstived antibodies. iThsd as an amount

of antigen that confers a duration of imunity (DO) of at |east 10 weeks,

pref er abl y gt qleBsid i £mWBBK Sor tREIFRRebepragtylexiat | east 15 weeks, and nost
preferably at |east 20 weeks. JO.The anount that is effective i%e):gends on

t he i ngr eefiaeR@2 pfectidgreonfar teidpaionrn clitiea! SypRiemy eaussl by PrRFPdgRdy

P uced b o oue PP safholRe PR SRR 2T o
TOD6 pernti 63 el B pep AERGim LS ERY R0 ubee Iirchthy AboUt er
vacci nos. St DS bbith o s e Y b Pl RGN ol on g ah e

ant Ml SAELELAPLY naPBha R Tk BRQuGl baina. aild ko bithecls Mg dlese 50%

( end poi nt)7 dose 113507‘dose and nore preferably about 10"

Tel D50/ dQRgy DRI palefl aghfibi2RAK PRSSablY, Raid SN 2dniigdnie My @OVRIORBE anti gen
iill be bet V\é%nﬁlogg paar{“'gl %%’Eﬁ)o 20m cr ogr}ams, and be%ween 10" and 10"
TC11350, ﬂ@&%@%ﬁfeﬁ%y\ﬁﬁmd@omp&&é‘ini[e&h%d)herﬂmre preferably between
leo and I' 05-Tel Dso, en purified antigen i s used. Sub-unit vacci nes
arezgormal |y administered with an antigen inclusion | evel of at |east 0. 2
pa antigen per dose, preferably w th about 0.2 to about 400 p%{ dose, still
nor e pr effae 28V ORFhpolypeplide used in the immunogenic composition in accordance with the

present invention can be derived in any fashion including isolation and purification of PCV2
ORF2Z, standard protein synthesis, and recombinant methodology. Preferred methods for
obtaining PCV2 ORF-2 polvpeptide are provided in WO06/072065, the teachings and
25  content of which are hereby incorporated by reference in their entirety. Briefly, susceptible
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25about 0.3 to about 200 ngy/dose, even nore preferably with about 0.35 to

about 100 ug/dose, still nore preferably with about 0.4 to about 50
gWlose, still nore preferably with about 0.45 to about 30 pg/dose, still
nore preferably with about 0.5 to about 18 jig/dose, still nore preferably

wi th about 0.6 to about 16 gg/dose, even nore preferably with about 0.75
to about 8 pg/dose, even nore preferably with about 1.0 to about 6

pg/ dose, and still nore preferably with about 1.3 to about 3.0 pg/dose.
Unexpectedly, it was found that the prophylactic use of the inmunogenic
conpositions described supra, is effective for the reduction of clinical
synptons caused by or associated with PCV2 infections, preferably in young
ani mal s angisOfre infeci@i W § rE3Mbinght PRASIeMOr dAAMAEIPCYY ORGS DNA 62 at the
day of treatnent. In particular, it was discovered that the prophylactic
use of t h@equifE) XTY OREPTPESHehiidRNE Epreshed diyi the dedombiabm, viasjdardpibei fi cal |y
of conpositions conprising PCV2 ORF-2 antigen, is effective for reducing
| ynphadenegaésked, PCWanOIRE+ 1 polggepiidei io necavedgdo fromuhet superodtad the dilgiten tand
histiocytes in animals infected with PCV2 and having maternal anti-PCV-2
ant i bodi esnagtivaiethby aiwyconfentionabmethod profarably veing binary Elyleraingoiiich igther ¢ was

di scovered that the prophylactic use of the i munogenic conpositions as
descr # bed ntrirplezed to sippdhesipasgivatiop #ioFsjs- of conposi tions conpri sing PCV2 ORE- 2
antigen, is effective for reducing (I) interstitial pneunonia with

i nterl obul ar edema, (2) cutaneous pallor or icterus, (3) nottled atrophic

livers, ( gastric, ulcers., (5 ephriti epr | i sot ders,
e o abor TheTREpseFiciPmBHion gt BERR alsh e (U 1 FRPAEH Wit R CBUS
{ known to be (o] o}! w,th 20 .Lay ha.Jd at, ) 1S4 1 Qns

(1l eiti o) o5 8t %ﬁg%g‘g‘%ﬁ%ﬁé‘%‘ﬁ?f deiffied Yot g&ﬁgpi":‘%"%‘!ﬁﬁﬁiﬁ /g%&d(b%g)
mul ti nucl € [ ISt t . L Der st 1 hr opat hy
Syndr onre %%ﬁﬁl%ﬁ"g hf %5%%\9&%@1502 ?ﬁ(‘é@etﬁ% r%%(%ﬁﬂ'?g;/ ﬂ??g;@ ?&%pgggl oci at ed’
wei gy | Ol%éﬁeragil‘lc)ﬁa Eﬁ%&ﬁ&r%&%ﬂuy aAliRddvid e inkRhegehie dumBskitoh @ayency of
"runts' (16), reduced co-i1nfections with Porcine Reproductive and
Respir at ofatapkleSis aCofEPLe2 (RERRSViRins dbiehibednbale) prafunblg éntacaanaqeasi tion is
al so effective I n inproving econom cal inmportant growth parameters such
as tine tdesaibedghot-€ii) agascamaiondt g viral aeutbr exprésciagsadeRAV2QRE-DprofEimis t he
term"clinical synptons"” as used herein, neans, .but is not limted to (1)
i nt ersti tpreferain efamenonsbindnt baciiptios) a0 i) aporideefdhe et pulresuprsatent pal | or or
icterus, (3) nottled atrophic livers, (4) gastric ulcers , (5) nephritis
(6) reproductive disorders, e.g. abortion, stillbirths, nunmes, etc, (7)

Pia |like | esions, normally blown to be associated wth Lawsoni a ‘
i nt rBcel g dpther disdesed srgmethpdior fhefreatmet | y ympadenopat hy, (9) | ynphoi d

depl etion and/or (1 |t i | eat ed/ gj apt  hi st t 11 '
Dot mat | 1% RRIVRAF A vy e ot (PR, o Jois Ry kel B 84"
, tality, (13) PCVA oci at i . . W
 Vari abi | @y Ry o3 RO R be O pEGUECH, BERF
riabi | ST eblcd o ey reduced
Compl e (PR o3BT e

reduces tRE.REEPEND diitdnH dlniuRdiEnit REhpiddS cSnprittnglan PEVRiantidn 0T t €F

duration, an earlier end of Amia, and a reduced viral load and its

| MTH0S U RN BHShIVE ndsdRASIch in2anhestgheiéit B IPEV 2iaftigen istrécathbiaint PAVE l0BSe havi ng

anti-PCV2 antibodies at the day of vaccination, thereby resulting in a

hi gher | @y @lef@ibhganBicalovitiis egeasede BCEE IR 2.2 Antfegblye thosee thesmisnadence of PCV2

associ at ed 15di seases and synptons. Thus, also disclosed is.-a nethod for

t he tr eabamhyingrexprsseh PCHRIQRFeX haginP@y¢2equefice@s deseribed atoyg. r educt i on of

clinical synptons caused by or associated with a PCV2 infection in young

animals and/or in animals having anti-PCV2 20 antibodies, conprising the

step of adm nistering an effective anmount .of PCV2 anti %%E or
t

i munoge APEMIRHAERSS FOFPORBARL S wpdiipreih APty 1913 YEROTHPN ‘f’o'%'i%%d? in need
f h t in th | i,ni cal el th
o ot cofft P aCyp ORES moitas Irefret ik adBl W oeRhiadh Sl cderm.

(2) cutaneous pallor or icterus, (3) Ergttled atrophic livers, (4) gastric
ulcers , (5) nephritis (6) reproductive disorders, e.g. abortion,
25stillbirths, nmummes, etc, (7) Pia like Iesions, normally known to be
associ ated with




Lawsonia intracellularis infections (lleitis), (8) |ynphadenopathy, (9)

| ynphoi d depl etion and/or (10) multinucl eated/ gi ant histiocytes (11)
Porcine Dermatitis and Nephropathy Syndrome (PONS), (12) PCVAD associated
mor t al i t YWORMSPTHB/AD associ at ed wei ght |oss, (14) red EHSYP B ¢78
variability (15) reduced frequency of 'runts' and (16) reduced co-
S5infections with Porcine Reproductive and Respiratory Di sease Conpl ex
(PRRSV). Further disclosed is a nmethod for the treatnment or prophyl axis of
a PCV2 infection or for reduction of clinical synptons caused by or
associated with a PCV2 infection in young aninals, conprising the step of
adm ni st enbdig, ﬁﬁatelEzfsE@ltﬁthﬁmaGﬁ)thuﬂf \e%lop@fﬁw&ﬂélsgﬂﬂ’d\q bhatz poieial in need
of such treatnent, wherein those clinical synptonms 10 are selected from
t he group pﬁa&ﬁﬂ:l}Sdﬂal’ig:o@lf)mar(t bpcullovires, aidiifi) Bporfuned el coMutehwhendig tboabul ar
edema, (2) cutaneous pallor or icterus, (3) nottled atrophic livers, (4)
gastri c ulbe%rfib¢ Emposgplsrhiatd ssifeBnalleepaotiwot | ve di sorders; e.g abortion,
stillbirths, mummes, etc, (7) Pia like lesions, normally known to be
associated with Lawsonia intracellularis infections (ileitis), (8)

I yrrphadené_gat hy, (9) |ynphoid depleti on and/ or (10) . mul tinucl eatedti ant
hi sti dcyt d8e imppyoseris cpppesities 2DBTAREPIR P50 B REFIFBIFHOR Jrabsamprisitd) ( PDNS)

12) PCVAD talit 3) ,PCVAD t ed 14
e ga:aﬁfrst%hﬁ*éﬁmﬁ b et R AB S p@&f@%ﬁ?@'o‘é‘?&mﬁ?' Mecghtt® 681
Conpl ox ¢ DI R e sEBRCI A -REE RS 8 BN LRy e
.admi ni st ?R&ﬁ?rpaf«%reak Lre, 9% ald'.yml gggcm&. iesaﬁmﬁ!m' \lg&or Lol i ed

i_intravagi he conposition pr e adm ni stere

intr a”USCHJeﬁszM BHI, Wk ARaSdodabs th@?é%poﬁén%fu?{o@:'i)'h)ivé YA RRUREMAAT . 1N an
ani mal body, it can prove advantageous to apply the pharmaceuti cal

CoONposi t i PREerdE, BESS plelffin ABREArHbR eMLiFO IAVARRUS REWSNNS ipfehfdblyi Nj ect i on
into target tissues. For system c 25application, the intravenous, :
i nt r avasc ifl aammownn b 2arasa atv BEN paeferabla 9Adbout SnhividBHit erial , 35
intraperitoneal, oral, or intrathecal routes are preferred. A nore | ocal
application can be effected subcutaneously, intradermally,

i ntracutaneously, intracardially, intralobally, intranedullarly,

i nt r apul mbPeaifMUosshic gprRRAsHiY a5 ws%berﬁ@dﬁo Feffs tpjacopposiign it eqmpgises @

(connecti ve- scle- ith ti ssue ng on t he
desired diPafit %pﬁ}%o ?’P@E‘Fl ﬂﬁ%lsabﬁ Prﬁé ak’ge‘atcﬂ'éﬁei? ‘P’ﬁé‘%ﬁﬁ’iﬁom tions
acco

t t t d. t |
s ol 1o aere-g) S It piciah oE B vR G GhEtFeRin JRAE G TP 60 bk o
th f ; , l. R
mont ns -an rfi&; oq ec@lf IS.B&E& Rggrgf?l§ctn£{n tﬂ%’i’l?lgl ctr\%%edr%%&g%ta?"vh? nogeni c

COI’TpOSItI n as descr ove 1S I amuscu arIy tO t he

subj ect i p.RRGEJ BRCHRPT) ACGRAMMIAG lRed b YibNEE iRBRAMI RRbiaed BE ﬂP Cv2

.antigen

inactivating agent, wherein about 90% of the components i} to iii) have a size smaller than 1
pm.  Preferably, if the inactivating agent is BEI, said composition comprises sodium

20 thiosulfate in equivalent amounts to BEL

The polypeptide is incorporated into a composition that can be administered to an animal
susceptible to PCV2 infection.” In preferred forms, the composition may also include
additiona! components known to those of skill in the art (see also Reminglon's

25 Pharmaceutical Sciences. (1990). 18th ed. Mack Publ, Easion). Additionally, the
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or-the i munogeni ¢ conposition conprising any such PCV2 antigen as
descri bed herein is bottled in and adm nistered at one (1) nL per dose.
Thus, also disclosed is a 1 ml inmmunogeni c conposition, conprising PCV-2
antigen WOXMSH®8EY | bed herein, for the treatnent or p?%ﬁ‘%%@sgé f a PCV2
infection or for reduction of 15clinical synptons caused by or associated
wth a PCV2 infection in young animals, conprising the step of ,
adm nistering an effective amount of a PCV2 antigen to that animal in need
of such treatnent. Further disclosed is a 1 m inmmunogeni c conposition,
conprising PCV-2 antigen as described herein, treatnment or prophylaxis of
a PCV2 i nt&gdokiabh Sy freludé BARUST nbie vRferifdn-RcEdbleSUAREONEs GRY HedinbYe or 20
associated with a PCV2 infection in animls having anti-PCV2 anti bodi es,
conpri Si Ngetérh@rySic@plabit cadsi’ Mndlds iang «ad alt fsbleads, \dspation niediaf cdA2, anti gen
or an inmunogeni ¢ conposition conprising an PCV2 antigen to that aninmal in
need of suadjtivabis,easbitizing agents. diludeg qreemgives aatitfacteridherd enfforalregents, at | east
one further admi nistration of at |east one dose of the 25i nmunogeni c
conposi t i ntopis aghets.cdsomiidn déiayieg dgenty anddhe liks. alnstlpredertedi embediggnt Wer eof |
wherein 36 the. second or any further admnistration is given at |east 14
days beyoHamurgen|crfompesftiop comprises BE Yo PREQ Tt i pagidsd serepile pefesiblyy . t he
i mmunogeni c conposition is admni.stered with an. inmmune stinulant.
Pr ef er abl ! S8 HRUORYARTEIbE] PRAYF-aNTICH §§ Redaiiign 3daaay prgiPably %Fb@?%'r ably, at
| east 3 da mgre preferably at | east 5 days, even nore preferably at
| east 7 d?@héﬁ"%‘ﬁpﬁﬁrﬁet ween the first and the second or any further
~administration of the inmune stinulant. Preferably, the i mune stimulant
( is given at |east 10 days, preferably 15 days, even nore preferably 20,
and ‘even #pie oPUAl B BPLY will uhRRBhd 43t HEYSmRENONGkel RErein Hhaly iforporate
adm ni stration of the I nmmunogenic conposition provided hérein. A preferred
i Mupe St kkBnamteidbi pﬂﬁ;mogmr_zraicsepmmxt&aie%oﬂuiidm.etom@ﬂaga@ie@dy@uw&
preferably emulsified wth inconplete Freund's 10 adjuvant (KLW CFA).
However, sdiutiof fdi @hirenstrhllinieonide bsihueidy, abdeais isimnicablutens, soeim e gS kdlintibrant  known
to a person skilled in the art can also be used. The term "i mmune '
st i mul ant ter@sponbegiplizererain sadativss, areyresige atailahle. do afiwint the mimatengan tri gger
the i nmune response, preferably w thout initiating or increasing a
speci fi c fnfmngene eamporisens of dhe dresprp inwentine cahingide AluspBsHoNig)A8eASt a
specific pathogen. It is further (instructed to, adm nister the innune
oti mul ant SAES SR A, OB AN e, 52198, ENEEE ROPI BN i ne, pi g
or piglet, DETAI LED DESCRI PT. - T PREFERRED ENBQDI TS The
foll b??u ng‘hgﬁgﬁpll%(’é(’né“e{‘ge’?i&”% 1%1@?'@?%& %ﬁ' rf‘&ﬁ“gseaﬂﬁn’ﬂﬁggég’gweg"‘% n
accordancg W t e . i . _ .material s
i1 ar - oieie e S 8 s e il AR PP SRR R E! 1 21
practice gry Eﬁé&gio'i}ﬁrso‘c the present invention, the preferred nethods,
_devices, and materials are now described. It is to be understood, however,
{_that _

“Adjuvants” as used herein, can in;:iude aluminium hydroxide and aluminium phosphate,
20 saponins 2.2, Quil A, QS-21 (Cambridge Biotech Inc., Cambridge MA), GPI-0100 (Galenica
Pharmaceulicals, Inc., Birmingham, AL), water-in-oil emulsion, . oil-m-water emulsion,
water-in-oil-in-water emulsion. The emulsion can be based in particular on light liquid
paraffin oil (European Pharmacopea type); isoprencid oil such as squalane or squalene oil
resulting from theoligomerization of alkenes, in particular of isobutene or decene; esters of
25 acids or of alcohofs containing a linear alkyl group, more particularly plani oils, ethy! oleate,
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t hese exanples are provided by way of illustration only, and nothing
therein should be deened a limtation upon the overall scope of the

i nvention. EXAMPLE 5Preparation of PCV2 ORF-2 antigen Initial SF+ cell

cul tures WO YWBNTH{LA d ni trogen storage were grown in ExBEVUSAOMSIES a  (IRH
Bi osci ences, Inc., Lenexa, KS) in suspension in sterile spinner flasks
with constant agitation. The cultures were grown .in WO nL to 250ni spi nner
flasks with 25 to 150 nmL of Excel! 10 420 serumfree nedia. \Wen the
cells had nultiplied to a cell density of 1.0 - 8.0 s 106 cells/nL, they
were split to new vessels with a planting density of 0.5 - 1.5 x 106

cel I's/ mL. , SHRGE PRI di RLBATRI@Prae) | IWESS IR 1AL PRt Br SRpIAR glfchiasks up to
36 liters in size or i.n stainless steel bioreactors of up to 3}00 liters
for a per jigdai®festdrs 8f HltRedThinyRids oraohold Al RNIaSIeRRhithcidleersT iRsdis wer e

i ncubated at 27C for four hours. Subsequently, each flask was seeded with
a reconbi Rasdd i asntimybn with @iREr b g theeriBi6h. Oherduigaicart bbbl NO 4) .
The reconbi nant bacul ovirus containing the PCV2 ORF-2gene was generated as
descr i bednanpnldDEAGRB) 66 parddulae restbm i of gobesy e@fl nwitite (e bubgdiomuinitols, t he
flasks were then incubated at 27 2C for 7 days and were al so agitated at
100 r%m deledtgigeftgineel, of privehvTirel, o0Pbaddns slysel dnd eimieit, asostgarisaprinolec ef | ow f or
air flow. After incubation, the resulting supernatant were harvested,

filtered WergyHRaAc goitenthieh catel Wlgls alheviadet pifat RS OHEPEIpenat ant
was inactiyate bri ngi its tenperagtyre to 37 2C and binaj

6 bl y1 oni B Sl ool rISerss on PRECGE De N robes 29eRA LizonS¥nt r at i on
. of 255mM Ihe efg”%% UL God {9%? icatArg&gtf;@gpéagg\}*aﬁ%ﬁéarﬁrlstfﬁ%.%én p g6 hrs. A

; X . 8 . .
{ 1.0 M sodtlium osul'tate Sol uticon a I'mum ¢oncéntration

“of 5 nmM tral .z I 05 .3 isyation, PC\‘/‘Z.
OrE 2 but T ey s SR YA 0 N0s) 7 SR o Wl s AR O 0 5

to 236 ng/dose. The final dose conprises about 16 jig PCV2 ORF-2 antigen.
5 EXAMPLE 2 :

For example, it is possible to use the SPT emulsion described on page 147 of "Vaccine
Desipn, The Subunit and Adjuvant Approach” edited by M. Powell and M. Newman,

Plenum Press, 1995, and the emulsion MF359 described on page 183 of this same book.

15 A further instance of an adjuvant is a compound choser from the polymers of acrvlic or
methaciylic acid and the copolymers of maleic anhydride and alkenyl derivative,
Advantageous adjuvant compounds are the polymers of acrylic or methacrylic écid which are
cross-finked, 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

20 the art can also refer 1o U. §. Patent No.. 2,909,462 which describes such acrylic polvmers
cross-linked with a polvhydroxylated compound having at least 3 hydroxy! groups, preferably |
not more than 8, the hydrogen atoms of at least three hydroxyls 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 unsarurated groups. The

25 unsaturaied radicals mav themselves contain other substituents, such as methyl. The products
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Anti PCV-2 I mmuno assay PKI5 (e.g. ATCC CCL-33) or VIDO RI cells described.
in WO 02/07721, are seeded onto a 10 96 well plate (about 20.000 to 60. 000
cells per wells). Cells are infected with a PCV2 isol ate, when nonol ayers
are appr &%Q 488769155 t o0 85% confluent Infected cells aFel/PROUHIEd for 48
hours. Mediumis renoved and wells are washed 2 times with PBS. The wash
buffer is discarded and cells are treated with cold 50/50 net hanol / acet one
fixative (-100 pl/well) for about 15 m n at about -20C. The fixative is

di scarded and the plates are air tried. Serial 15 dilutions of porcine
serum sanpl es are prepared in PBS, added to the plates and incubated to

al I ow ant oROGHIBS hk Balb @qrbbﬁosragssqmodﬁda, bhis, BEAY e ARRUAH iffopaRi@ut 1 hr at
36,5 1C. In addition, serial dilutions of an anti-PCV2 positive and
‘negati ve TiRAtbieQlosshiRRl Qith RO hutRsEatitalilyBftsiadiafimbl. \imdag fieiDhe@anpl es)

are run in parallel. The plates are then washed three tines with PBS. The
PBS i s di sadicdettionel Etdspoh v RiPl $3d P ast il Peklowipteferad isalenme of Gdrbofdain anti - 20
Swi ne FI TC conjugate diluted 1:100 in PBS and incubated for about 1 hr at
36. 51C, ' naricelar thé bsows Catbapet 7l Brpreférabiniialnounteaf abuli P igdo awireTmgpercel | s.
After incubation is conplete, the mcroplates are renoved fromincubator,

t he conj Wdpse evangnals Brefsrrerbln ap aarowhal Phputt7aq ng focabpa Srioms perdpspead @iogth PBS. The
pl ates were read using UV m croscopy and individual wells reported as

posi ti ve RBFeFRddmen apeuntgl abaubkme prdessnt r ol and Negative Control sanples are
used to nonitor the test system I[f the controls are -ithin expected
ranges the test results are acceptable in regard to test nethod

_par anet er.g. L m.ani i i fers we @t.ad Usi t he.hi ghest
BTt on St RELUTMANE LRRAY bl LGS, URLE 16 R RIEE Bl Wt 000 2T Ve
per dil utg.on, X ( et ) a I Ugdag,, t opii at e
Recd: Mieneh 1 Bek o RERRAEER: el oo A i, TR OBR),
ungejov ac (anehiosNohFXHibA, ARnURUNEE-ARh &R all ehiGhile @NVe@ioxi indh B Ndoli- PCV2
anti bodi es 10For investigation of a possible interference of the vaccine
W th the (rrémtinal oaahérbney civlad wills, Bas 18BN AL aiuAcyl dipsphide Anddganant | body
titers of all study aninals were determned at the tine of vaccination
whi ch werahetshen grouped into a | ow, noderate and high anti body cl ass:
Geonetric nmean titers of < 1:100 were considered as |ow anti body titers,
titers of 1:100 to 1:1000 were considered as noderate antibody titers and

titers of >1:1000 were considered as 15hi gh antibog&ititers. STUDY
PERFORMANIteEerablyy r th adietiap) iy addsd) im f arRQUE! ofebaut; 198 rgde abuhiQme e €8%idy. The

study aninal s wer | gnced and ally distribut amno oth treatnent

pth AT B e R e R R A e A M
days of | study .ani s .receiv a._ S| g l he PCV2
va)éci ne %ﬁ%\'/gés" | ﬁlé ei%erl{gfr’h@eeard uﬁ%’?? geg Ili,l(%:x% Qgéf'@?%%%r% éaosﬁl%élagg"( % m ) dose
.of a pla t &l.ni i n ; . ; SR trol

Pr oducr:)t , C’%’E‘gﬁi %&a’gnﬁggﬁeg%ﬁl Eﬁ%%g’tﬁ ggk‘sﬁ'ﬁ&?ﬁ’éﬁ‘n ght d;t?[ﬁepgf%o(%g neck.

L Study anigBgi 3 sWed ferfdbdel MROpRfably, thé &dj@ask 19 badbdint ARGt oBhIACH ?Erml es from

all 'study ani mals were collected and subsequently anal yzed by AT in
250order tpardigd.erm ne the antibody titers at the tine of vaccination.
Following this, the initial
20
Additionally, the composition can include one or more pharmaceutical-acceptable carriers.
As used herein, "a pharmaceutical-acceptable carmier” includes any and all solvents,
dispersion media, coalings, stabilizing agents, diluents, preservalives, antibacterial and
antifungal agents, isotonic agents, adsorption delaying agents, and the like. Most preferably,
25 the composition provided herewith, contains PCV2 ORF-2 protein recovered from the
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antibody titers were correlated with the weight gain. In addition,
dependent on the initial antibody titer, animals were grouped into three
classes (low, npderate and high initial anti body titers) and 'high titer'
ani mals of both treatment groups were then conpared for possible
differences with regard to weight gain and viremia 5 RESULTS Initi al
Antibody Titers At the time of vaccination the maj ority of ani mals had
either noderate antibody titers 10 (defined as 1:100 to 1: 1000) or high
antibody titers (defined as > 1:1000). Only approxi mately 13% percent of
animals had low antibody titers (defined as < 1: 100). Due to the absence
of PCV2 infection at the time of study initiation it can be concluded t hat
the anti bog¥mbihii&Fsn Gifto Sl ey, \Ghevsdt eniddaeils whideyinfeaedewitiad Fegomananyed. No
significant differences in the antibody titers of st udy day O were
observed bpiiweewr thftaiting POVRaORBAt DYAcandsexpresing SREND OREW piotsin ardhe
percentage of animals per titer class is given in Fi gure |I. Correlation of
Anti body Whérein saidivellt doburd e tresfied\eithoibau 2 1o AbOH) § WMBELprplsrably wilh abayt | n or der
to determ ne whether a high antibody titer at the tinme of vacci.nation (>
1: 1000) h&anNaBEL tqoiamivasmthvivrrelrﬁeaox/a&%mﬁ%ﬁﬂ’%"&%@%@?%ﬁ@a%ni mal s

with high initial antibody titers 20 were onpar ed wi.t ard to the
onset3  enagenilaveferablyrsodinmyirjogifate sojufjen WTE'&?WBWW@&%’&% atel EE(;ays and
the virus load. Table 1 sunmari zes the conparison of virem a paranmeters of
the ' hi ghmM-peferably; 9abe > PI¥%m bot h treat nent groups. Table |- Conpar i son

of virem'a in high titer animals' from both treatnent groups | nvesti gated
Paramet er Treatnment G oup Nunber of pigs Mean Medi an

The present invention also relates to an immunogenic composition that comprises i) any of
_- the PCV2 ORF-2 proteins described above, preferably in concentrations described above? if)
10 at Jeast a portion of the ;viral vector expressing said PCV2 ORF-2 protein, iii) a portion of the |

cell culture, iv) an inactivating agent to inactiv'aterme tecombinant viral vector (preferably

BEI), and v) a neutralization agent to stop the in;icli\fatipn mediated by 'lhe inacﬁx*atingggmt,
preferably sodium thiosulfate in equivalent amounts to BEI, and ﬁ) & suitable adjuvant,
preferably Carbopol 971 in amounts described ahove; wherein about 90% of the components

‘ iS ) to iii) have a size smaller than 1 um. According to a further embodiment, this immunogenic
cbmposilion further comprises a pharmaceuﬁcal acceplable salt, preferably a phosphate salt

in physiologically acceptable concentrations. Preferably, the pH of said immunogenic

composition is adjusted to a physiological pH, meaning between about 6.5 and 7.5.

20 The immunogenic composition as used herein also refers 10 a composition that comprises per
one ml i) at ieast 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 protéin it} a portion of the
cell cutture, iv) about 2 10 8 mM BE], v) sodium thiosulfale in equivalent amounts to BEI;

and vi) about 1 mg Carbopol 97), and vii) phosphate salt in a phvsiologically acceptable
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P Onsetof CF 38 111.90 days 113.00 days 01843 WO :
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113. 00 days ns Durati onof
WO 2008/076915 PCT/US2007/087628

conceniration; wherein about 90% of the components i} 1o iii) have a size smaller than | um

and the pH of sard immundgenic composition is adjusted to about 6.5 10 7.5.

The immunogeénic compositions can further include oﬁe or more other immuno-modulatory
5 agents such as, e.g, interleukins, interferons, or other cytokines. The immunogenic -
compositions can also include Gentamicin and Merthiolate. While the amounts and
concentrétions 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 ug to about 2000 pg of adjuvant and preferably about 250 pg/ ml
10 dose of the vaccine composition. Thus, the ifnmnmogenic composiiion as used herein also
refers to a composition that comprises from about Tug/ml to about 60 pg/mil of antibiotics,

and more prefe}ab'ly fess than about 30 pug/mi of antibiotics.

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

15 any of the PCV2 QRF-2 proteins described above, preferably in concenirations de;cribed

above, ii) al least a portion of the viral vector expressing said PCVZ ORF-2 protein, iii) a

portion of the cell cullure, iv) an inactivating agent 1o inaclivate the recombinant viral vector

L preferably BEI, and v)- an neutralization agent to siop the inactivation mediated by the
inacti :vating agent, preferably sodium thiosulfate in equivalent amounts to BEI; vi) a suilable

20 adjuvant. preferably Carbopol §7l in amounis described above: vii) a pharmaceutical
accepiable concentratioh of a saline bufTer, preferably of a phosphate sait, and viii) an anti-

microbiological aclive agent; wherein about 90% of the components i) to iii) have a size

smaller than 1 pm.
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CP 38 27.00 days 27.50 days <0.0001 Virernia VP 36
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The immunogenic composition as used herein also refers to Ingelvac® CircoFLEX™,
(Boehringer Ingelheim Vetmedica Inc, St Joseph, MO, USA), CircoVac® (Merial SAS,
Lyon, France), CircoVent (Intervet Inc., Millsboro, DE, USA), or Suvaxyn PCV-2 One

Dose® (Fort Dodae Animal Health, Kansas City, KA, 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 snimals in animals having enti-PCV2 maternal
antibodies, comprising ﬁ:e step of administering an effective amount of a PCV2 antigen to

10 that animal in need of such treatment, wherein the Immunogenic composition is
CircoFLEX®, Ci;co\facf@, CircoVent or Suvaxyn PCV-2 One Dose®. Most preferably, the
immunogenic composition is Ingelvac® CircoFLEX™, and/or the PCV2 antigen is PCV2

ORF-2, preferably, Bacu'lovirus expressed PCV2 ORF-2, most preferably as included in

Ingelvac® CircoFLEX™.
15 '

For investigation of a possible in{er_ference of PCV2 antigen with the matemal antibody a
 study was conducted in whicﬁ the antibody titers of study animals were determined at the

time of vaccination which were ﬁ:eﬁ grouped into a Jow, moderate and high antibody class:
Geometric mean titers of < 1:100 were considered as low antibody fiters, titers of 1:100 10

20 1:1000 were considered as moderate antibody titers and titers of >1:1000 were considered as
high antibody titers. This groﬁping pattem is comparable to that done in a Canadian field

study where antibody titers of 1:80 were considered as low, antbody titers of 1:640 as

- moderate and antibody titers of > 1:1280 as high (Larocheile et al., 2003, Can. J. Vel Res.;
67: 114-120). In order to analyze the impact of low, medium and high antibody titers at the

25 time of vaccination on viremia, vaccinated and placebo-treated aﬁimals were compared with
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regard to the onset, end, durafion of viremia, the number of po_sitive sambiing davs and the
virus load. It was suprisingly found, (hat the presence of anti-PCV2 antibodies, in particular
of matemally-derived antibodies, had no significant impact of any of those parameters. In
other words, it was surprisingly found that the efﬁcacy of the PCV2 antigen in prevention and
5 lreatﬁxent of a PCV?2 infection or in reduction of clinical symptoms caused by or associated '
with a PCV2 infection in animals was not affected at the day of vaccination by the presence
~ of anti-PCV2 antibodies, p}eferably by anti-PCV2 antibody titers of up to 1:100, preferably
of more than 1:100, even more preferably of more than 1:250, éven more preferably of more
than 1:500, even more preferably of 1:640; even more preferably of more than 1:750, most
10 preferably of more than 1:1000. This effect could be shown in a one shot ;'accinaﬁon

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

subsequent adminstration of PCV2 antigen.

Methods for detection and quantification of anti-PCV2 antibodies are well known in the art.
15 For example detection and quantification of PCV2 antibodies can be performed by indirect
immunofiuorescence as described in Magar et al., 2000, Can. J. Vet Res. ; 64: 184-186 or
Magar et at., 2000, J. Comp. Pathol.; 123; 258-269. Further assays for quantification of anti-
PCV2 antibodies are described in Oprissnig et al, 2006, 37" Annual Meeting of the
Amertcan Associalion of Swine Veterinartans. Moreover, example 2 also descnbes an
20 indirect immunofluorescence assay that can be used by a person skilled in the art. In casés of
controversial results and in any queszionrof doubt, anti-PCV2 titers as mentioned herein, refer

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

Thus, further disclosed is a method for the treatment

25 or prophylaxis of a PCV?2 infection or for reduction of clinical symploms caused by or
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associated with a PCV2 infection in amimals having anti-PCV2 antibpdies, in ﬁarticutar
matemal antibodies, comprising the step of adnﬁnisteﬁng an effective amowunt of a PCV2
antigen 1o that animal in need of such treatment, preferably of fess than 20-;1g/dose wherein
said animal has a detectable anti-PCV2 énlibody titer 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. Preferably, such an anti-PCV2 antibody titer is detectable and quantifiable
in ar specific anti-PCV2 immune assay, preferably in the assay as described in Example 2.
More preferably, those anti-PCV-2 antibodies are maternally-denived antibodies. Most

10 preferably, the PCV2 antigen is only admisistered once, preferably with a dose of less than 20

ng/dose.

Piglets with only low titers {<'1:100) or moderate titers (< 1:1000) of matemnally-derived
ami-ﬁCVZ antibodies are not sufficiently protected against PCV2 infections which occur

15 prior 0 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 anti-
PCV2 antibody titers of more than 1:1000 had no influence on the efficacy of the PCV2

207 vaccine regardless of the level of the existing injlial antibody titer. For example, vaccination
of high-titer animals (anii-PCVZ antibody liler. > 1:1000) resulied in a2 9.5 day sho_n-cr
duration of viremia, a 11.9 days earlier end of viremié, 1.9 days less ?irerrﬁc sampling days

and an approximately 2-fold reduction of the sum of genomic equivalents/ml as comparéd to

non vaccinated controf animals. Upon comparison of vaccinated “high” “moderate” and “low

25 titer animals™ no significant differences were observed whh rezard to the different pérame_len;
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47 9.12 gE 5.38 gE ** C?-! VWP 9.67 gE gE: sum of genomic equival ents
per P. p-value of the WIcoxon Mann-Witney test for conpari sons beliveen
groups; ris: not significant, p>0.05; ** significant, p < 0.01; ***
significant, p <0.001 Conpared to the pl acbebo-treated high-titer aninals,
vacci nated high-titer animals had a 9.5 day shorter duration of vireinia,
al 1.9 days earlier end of' viretnia, 1.9 days less viretnic sanpling
days and an approximately 2-fold reduction of the sum of genomi ¢
equivalents/m. 5 over the course of the study. These results indicate
that also in the presence of high maternal antibody titers the | VP can
still significantly reduce virenmia in bl ood (end of viremia, duration of

Virema, Vil AAn FRSE Shidhd ARicAE oTasORYheT hieshee of highendpaw2 Of
Vacci nati on th Ight Garn '
antibody titers, the PCV?2 antigen used for vaccination can still significantly reduce viremia in
blood (end of viremia, duration of viremia, virus load). In line with this finding, no
differences could be found with regard to the live body weight when comparing low and high
5 titer animals of the vaccinated group. Furthermore vaccinated animals with a high anti-PCV2
antibody titer at the time of vaccination/ireatment (> 1:1000) also showed a significantly
higher body weight after the onset of viremia compared to placebo-treated animals with
initial high antibody titers (see Figure 3). Consequentl'y, vaccination/treatment of animals of

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

10 © within the first 8, preferably within the first 7 weeks 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 PCV2 in(’eélion
in animals, comprising the step of administeﬁng to that animal in need of such treatment at
day 1 of age or later, prefe-rably‘ but not later than at week 8 of age an effective amount of a
s PCV2 antigen. According to a preferred embodiment, less than 20 pg/dose PCV2 antigen are
rquired 1o confer immunity in su_ch animal. According o a mbfg preferred embodiment, the
PCV2 antigen, preferably less than 20 pg/dose thereof is only administered once to the

animal in need of such treatment.

20 Further disclosed is a method for the
treatment or prophylaxis of 2 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 lo thal animal in need of such treatment.
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10l't was next investigated, whether the initial anti body titer had any
effect on the weight gain over the course of the st udy. Table 2 presents
the correlation of the initial antibody titer with the weight gain at
different time intervals as determ ned by the calcul ation of the Spearman
rank coefficient and the p-value. A statisticall y significant negative
correl ati on between the antibody titer and the wei ght gain 15 was found
for both treatment groups at st udy weeks 0 to 7 indicating that a hi gh
maternal antibody titer negatively influences the wei ght gain devel opnent
in the rearing phase. No other statisticall y significant correlations
between the initial antibody titer and the wei ght WO :
2008/ 07694R Pk US0Q 7dnfdGhr6 88 u@ai HarethU referg tod irf Bremalnef t itora2 idmtseefiagles wer e
observed. It can thérefore be concl uded that the | evel of maternal
antibody prefoRbly bl teOkrmh poi@e ainial) fah usinakofbh ta AR daejof lage gamepntf Morm 10 weeks
of age (study week 7) onwards for neither the vacci nated or for the

pl acebo- t prefaiablgl, dmaitaml wundEaiphloers (Cor primgt ploh o> daie olpEgevEh MPody til er
as the tine of vaccination with body wei ght gajn ovcter t he course ofthe
study Coprefedably iobh dof ofigeith délylaysiof age, ayen Fppge "P'lﬁ@b‘bﬁ’ vaL s s Psewi t h

wei ght gain Study week Study week Study wee u K -7
J 5 J even more presil’erably of 1 to 10¥lays of ape, even Xxore prelfergﬁy oq')i tc\al\? Sa}-'s oto age, even

more preferably of | 1o 7 days of age, even more preferably of 1 to 6 days of age, even more
~ preferably of 1 to 5 days of age, even more preferabiy of 1 to 4 days of age, sven more
preferably of .l to 3 days of age, even more preferably of 1 or 2 dg)r(s) qf age, and most |
preferably to an animal of 1 day of age. Thus, further disclosed is a method for the
10 treatment ér 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 PCV2 antigen to an
animal of 1 to 22 days of age, preferably of 1 to 20 days of age, more preferably of 1 to 15
days of age,' even more prefefébly bf 1 to 14 days of age, even more preferably of 110.12
15 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 1 to 7 days of age, even more preferably of 1 1o 6 dg}*s of
| age, even more preferably of 1 1o 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, most
preferably at 1 day of age in need of such treatment. For example, evidence is given that |
20 vaccination/treatment on 19 o 22 days of age shows high efficacy of vaccination. Moreover,
vaccination/ireatment at 12 to- 18, preferably 12 to 14 davs of age has also be shown 1o be
very effective in the reduction of clinical sympioms associated with PCV2 infections,
reduction of overall 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
25 effective in reduction of clinical symptoms associaled with PCV2 infections, reduction of
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overall viral Joad, reduction of duration of viremia, delay in onset of viremia, weight gain,
. Preferably less than 20 pg/dose PCV2 antigen are required to confer immunity in those
young animals. According lo more preferred embodiment, the PCV2 antigen, preferably less

than 20 pg, is only administered once 10 that young animal in need of such treatment.

5
Due fo the ubiguity of PCV2 in the field, most of the young piglets are seropositve in respect
to PCV2. Thus, further disc]osed is a method for the
treatment or prophylaxis of a PCV2 infection or for mdudion of clinical symptoms caused by
or associated with a PCV2 infection in young animals having anti-PCV2 antibodies at the day‘
10 of vaccination, comprising the step of administering an effective amount of a PCV2 antigen

1o an animal of 1 10 22 days of age, preferably of 1 io 20 days of age. more preferably of 110

15 days of age, even more preferably of 1 to 14 days of age, even more ﬁreferabiy of 11012

"ziays of age, even more preferably of 1 to 10 dayvs of age, even more preferably of 1 to 8 davs

of age, even more preferably of 1 to 7 days of age, even more preferably of | to 6 days of

15 age, even more preferably of 1 o5 days of age, even more preferably of 1 10 4 days of age,
even more preferably of 1 to 3 days of age, even more preferably at 1 or 2 day(s) of age, and

most pfeferab!y at 1 day of age in need of such treatment. Preferably, said voung animals, at

the day of vaccinaiion/treatment, have a detectable anti-PCV2 antibody titer of up io £:100,
pfeferabl_v of more than 1:100, even more preferably of more than 1:250, even more

20 preferably of more thaﬁ 1:500, even more preferably of 1:640, even more preferably of more
than i:‘?SO, most preferably of more than 1:1000 at the day of vaccination/treatment.
Preferably less than 20 ug/dose PCV2 antigen are required to confer a sufficient immunity in

rthose young aninals. According 1o more preferred embodiment, the PCV?2 antigen, preferably

less than 20 pg, is only administered once to that voung animal in need of such treatment,
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As described above, vaccination/treatment of young animals with PCV2 antigen resulted in a
shortening of viremic phase as compared to non v;'lccinated control animals. The average
shortening time was 9.5 days as compared 10 non vaccinated 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 associated with a PCV2 infection in young animals, comprising the step pf"
administering an effective amount of a PCVZ antigen to that ammal in need of such
treatment, wherein the treatment or prophylaxis results in shortening of the viremia phase of
5 or more days, preferably 6 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 a non-treated control group of the same species. In some cases

viremic phase is shortened by more than 20 days. In general, the vaccination of young piglels
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 sympioms caused by or associated with a PCV2 infection in young

animals, comprising the siep of administering an effective amount of 2 PCV2 antigen lorlhat
animal in need of such treatment, wherein said treatment or prophylaxis of PCV2 infection
results in an improvement in éomparisen 10 animals of a non-treated control group of the
same species in a vaccine efficacy parameter selected from the group consisling 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 10 cause any of the improved vaccine efficacy parameters mentioned above.
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718 r: Spearman rank correlation coefficient P: p-value of test on r=9:
us: not significan ip>0.05; ** significant, -pc 0.01 ri: Nunber of aninmals
In line with this finding, no differences could be found with regard to
the |iveVERsRAEOtht 10 when conparing | ow and hi gh tiPEFURHHBI30f t he
vacci nated group. Figure 2 shows that the body weight after the onset of
virema (study week 17 and 22) was conparable irrespective of the |evel of
initial antibody titer (Figure 2). Furthernore vaccinated animals with a
hi gh anti body titer at the time of vaccination (> 1:1000) al so showed a
significantly higher body weight after the onset of virem a conpared 15 to

pl acebo-t fRALES aldh MRipfovid thcdi teirRhoyNipBBmantsdh bREYachicl@r 8y £SideRN be seen
in Figure 3 the body weight (LSIVIlean) at study week 17 and at study week

22 was i ngegsisiedignsifonsans dake hi gher 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-treated '"high titer animls'. Together these findings
denonstrate that there is no interference of the IVP with the antibody
titer at Theetetm fian affectR@wnmowithas wseh hereiCameatsu bit onnot Farited foa lay singunp f a
possi bl e maternal antibody interference the initial antibody titer was
corr el at egntiggn phat gkicits \9b isoftie topeligitar imwane repoppe EBngrgarimalplooslichasd | | ve body
wei ght. Conpared to the placebg-treated "high titer animals' the follow ng
stati'sti cHfecyesiapeof PENE tsspispgeiniHisred: BRGiaRl: agTeqive apopobis 45fingg s nj gh
titer animals': -reduction in |oss aof L-ght .gain_shorter duration of
Vi o a adtteRept PE AR UBF cotrs A Rena "OmpmE OBl e 10\Roks
preferably at least 12 weeks, more preferably at least 15 weeks, and most preferably at least
20 weeks.
i0
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*° to about
10 TCIDs, per dose, preferably about 10*° to about 10*® TCIDs, per dose, and more
15 preferably, about 10*° 1o about 10°® TCIDsq per dose is used. In particular, when modified
live PCV2 is used in the vaccines, the recommended dose to be administered to the
susceptible animal is preferably about 10°° TCIDs (lissue culture infective dose 50% end
point)/dose to about iOﬁ_‘o TCIDsy/dose and more preferably about 10%° TCIDs¢/dose to about
16" TCIDso/dose. In general, the quantity of antigen will be between 0.2 and 5000
20 micrograms, and between 10*° and 10*° TCIDs, preferably between 107 and 10%° TCIDs,,

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

Sub-unit vaccines are normally administered with an antigen inclusion level of at least 0.2 ug
antigen per dose, preferably with about 0.2 to about 400 pg/dose, still more preferably with
25 about 0.3 to about 200 pg/dose, even more preférably with about .35 to about 100 pg/dose,
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10 EXAMPLE 4 Efficacy of PCV2 OtF-2 (Inaelvace CrcoFLEXIm in young
animals having anti-PCV2 antibodies with respect to | vnphoid depletion,

| vhphoi d i nflammati on_ and | ynphoi d i nmunohi st ochem stry 15 The obj ective
of this BVORW8H769ECCi nati on-chal | enge study was to evaPUHUS08T03/678t age
pi gs vaccinated with Porcine G rcovirus Vaccine, Type 2, Killed

Bacul ovirus Vector established - immunity in the presence of Porcine

- Circovirus Type 2 (PCV2) maternal ly-derived antibodi es. Three prinary
paraneters were anal yzed foll owi ng chall enge. These three 20 paraneters

i ncluded | ynphoi d depletion, |ynphoid inflanmmation, and |ynphoid

| munohi sLACReNbSkfliy Wiebout Eg.@ (FHERE LB/, SilTHR roterhifly tA¥eatRbRSBNCE Of

PCV2 maternal |l y-derived anti bodi es, conventionally raised pigs vaccinated

Wit h PCV2iovaeil 306.sosel sNEGlofe AEreABI® vaih ABbud.3\REIEEuIOR |AfRse, BRIE MmofkENONSE I at e
statistically significant differences (p<0.05) for |ynphoid depletion,

| ynphoi d prefetedimaihiabiu 0.8 fdaboiTp pgidese] dien moe presoreadil with dbodt B7h ad abemge cont r ol
pigs treated with Control Product at 3 weeks of age. STUDY PERFORMANCE
One hundr &dgitlesersvgn rodi2 Plefecablyeirit abowtd [0l ty abeari 6 peldgpe,gsd stifllmatepsieablyage on Day
0 (DO, were assigned conpletely at randomto one of five treatnent

groups. OnitiDdoutdl oo dboybhphe/doseere col lected fromall pigs, 5 Goup |a was
treated with Investigational Veterinary Product (1VP; PCV2 reference
vaccine) at 3 weeks of age. Goup Ib was treated with Investigational _
Veterinaré?Product_(LVP' PCV2 reference vaccine) at 8 weeks of. age. Goup

2 was treHPEBEHHh tCET Y BrlolE Proridsfic y5e of g dnmupagenie COMPOBIRIS < ey o
s ved fokh T o BREREY ABREL BB DB B B’ 1
0200, S, VP SN 350 PG AR v i 17
10 immunity against PCV2 at the day of trealment. In particular, it was discovered that the
prophylactic use of the immunogenic compositions as described herein, and specifically of
compositions comprising PCV2 QRF-2 antligen, 15 effective for reducing lymphadenopathy,
Ivmphoid deﬁletion andior_multinuc!eaiedfgiant histiocytes in animals infected with PCV2
and having maternal anti-PCV-2 antibodies at the day of treatment/vaccination. Furthermore,
15 it was discovered (hat the prophylactic use of the immunogenic compositions as described
herein, and specifically of compositions comprising PCV2 ORF-2 antigen, is effective for
reducing (1) intersittial pneumcnia- with interlobular edema, (2) cutancous pallor or icterus,
(3} moitled atrophic iivers’ G} gastric ulcers , (5) nephntis {6) reproductive disorders, e.g.
abortion, stillbirths, mummies. etc, (7) Pia like lesions, normally known to be associated with
20 Lawsonia intracetlulans infections (Ileitts), (8) lvmphadenopathy, (9) lvmphoid depletion
and/or (10) multnucleated/giant histiocytes {11) Porcine Dermatitis and Nephropathy
Syndrome (PDNS}, (12) PCVAD associated mortality, (13) PCVAD assoctated weight loss,
(14), reduced growth variability (15), reduced frequency of ‘nmls’A (16), reduced co-
infections with Porcine Reproduclive and Respiratory Disease Complex {PRRSV). Such an

25 immunogenic composition is also effective in improving economical important growth

33



15Table 3: Goup PCV2 Serol ogi cal Geonetric Mean "liter

S Pre-chal |l enge
Gro_up_—Treat ment PCV2 Sero ogy - GMI DO 014 028 042 056 D63 G oup IagIV’?
adnini stered 3 weeks of age 5563 252.8 142.0 56.2 32.0 '

parameters such as time to slaughter, carcass weight, and/or lean meat matio. 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) gastric

'ulcem , (3) nephritis (6) reproductive disorders, é.g. abortion, stillbirths, mummies, etc, (7)

5 Pia like lesions, normally known to be associated with Lawsonia intracellularis infections
(Ileitis), (8) lymphadenopathy. (9) lymphoid depletion and/or {10) multinucleated/giant
histiocytes (11) Porcine Dermatitis and Nephropathy Syhdrome {(PDNS), (12) PCVAD
associﬁted mortality, (13) PCVAD associated weight loss, (14) reduced growth variability

(15) reduced frequency bf “runts” and (16) r'educed co-infections with Porcine Reproductive

10 and Raspiratmy Diseése Complex (PRRSV). Moreover, the antigenic composition described
herein reduces the overall circovirus load in;:iuding_ a later onset, a shorter duration, an earlier
end-of viremia, and 2 reduced viral load and its immunosuppressivé 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

15 diseases and symptoms.

Thus, also disclosed is a method for the treéatment

or prophylaxis of a PCV2 infection or for reduction of clinical symptoms caused by or
associated with a PCV2 infection in yvoung animals and/or in animals having anti-PCV2
20 antibodies, comprising the step of administering an eﬂ"ecti\}e amount of PCV2 antigen or an
immunogenic composition comprising an PCV2 antigen to that animal in need of such
treatment, wherein those clinical symptoms are selected from the group consisting of: (1)
interstitial pneumonia with interlobular edema, (2) cutaneocus pallor or icterus, (3) mottled
atrophic livers, (4) gastric ulcers , (5) nephritis (6) reproductive disorders, e.g. abortion,
25 stillbisths, mummies, etc, (7} Pia like lesions, normally known 1o be associated with
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51.3 Goup I'b IV? adnministered at 8 weeks of a
i st ge 476.2 308.2 151.6 36.
523942.4359 oup 2 CP administered at 3 weeks of age 513.8 310.7 134.3 36. 9

Lawsonia intracellularis infections (Ileitis), (8) lymphadenopathy, (9) lymphoid depletion
and/or (10) multinucleated/giant histiocytes {11} Porcine Dermatitis and Nephropathy
Syndrome (PDNS). (12) PCVAD associated mortality, (13) PCVAD associated weight loss,
(14) reduced growth variability (13) reduced frequency of ‘runts’ and (16) reduced co-
5 infections with Porcine Reproductive and Respiratory Disease Complex (PRRSV).
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 young ahimals, comprising the step of administe;ing an effective amount
ofa PCV 2 antigen to that animal in need of such treatment, wherein those clinical symptoms
10 are selected from the group cﬁnsiﬁing of (1) intersiitial pneumonia with interlobular edema,
(2) cutaneous pallor or icterus, (3) mqtt[ed aﬁophic livers, {4) gastric ulcers , (5) nephritis (6)
reproductive dis.cuf(jkers= e.g. abortion, stillbirths, mummies, etc, (7) Pia like lesions, normally
known to be associated with Lawsonia intracellulanis infections (leitis), (8)
lymphadenopathy, (9) lymphoid depleﬁoﬁ and/or (10) mu!tinucledted/giant histiocytes (11)
i3 Porcine Dermatitis and Nephropathy Syndrbm-e (PDNS), (12) PCVAD associated mortality,
(13) PCVAD associated weight loss, (14) reduced growth variability (15) reduced frequency

of *runts” and (16) reduced co-infections with Porcine Reproduclive and Respiratory Disease

Complex (PRRSV).

20 The composition according to the invention may be administe;red or applied, orally,
intradermally, intratracheally, or iniravaginally. The composition preferably may be
" administered or applied intramuscularly or intranasally, most preferably intramusculariy. In
an animal body, it can prove advaniageous to apply the pharmaceutical compositions as
described above via an intravenous or by direct injection inlo target tissues. For systemic
25 application, the intravenous, intravascular, intramuscuiar, iut:anésal, intraarterial,
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Al'l' remaining pigs received 2.0 nL of keyhol e i npet henocyanin (KLH)

emul sified in inconplete Freund's adj uvant (1CFA) I Mon 060 (Day

Post - Chal | enge (DPC) -3) and 066 (DPC 3). On D63 (DPC 0), remaining pi gs
received 1.0 nt. of PCV2 lowa State Uni versity 20Veterinary Diagnostic
Laboratory (1SUVDL) chall enge nateri al (4.75 logio TCID5a/n) IM and 1.0
mL of the sanme material IN Body wei ghts, rectal tenperatures, clinical
observations, blood sanples and nasal swabs were collected on the day of
chal I enge and periodically post-chal l enge. Al necropsy for each pi g, gross
| esi ons were noted and | ung and I'ynphoi d tissue sanples were coll ect ed
Lung and | ynphoid tissues were exan ned Sm croscopical ly by | SUVDL for

| esi ons and fogotheol 65@AaMeaf rddeYAreptibgen Mynordoed eplicaipn cAr §ener al

description of the challenge phase of the st udy is shown below in table 4.
Table 4: chaldiengruRhasd:, ofinmRikerdlly, Giatapuianedistyat mewrardialiveb dptralkabelly. | CFA On
D60 (DPC -3) PCV2 Chall'enge on 063 (DPC 0) ICLII/ |CFA On D66 (DPC 3)
Day of Neisamedal&ayQ ifirapulmonarily or directly in or near the tissue to be treated (connective-, -

bone-, muscle-, nerve-, epithelial tissue). Depending on the desired duration and

5 ' effectiveness of the treatment, the compositions according to the invention may be

administered once or several times, also intermittently, for instance on a daily basis for

several days, weeks or months and in different dosages.

Preferably,. one dose of the immunogenic composition as described above s intramuscularly
10 administered fo the subject in need thereof. According 0 a further embodiment, the PCV2 antigen
or the immunégenic composition comprising any such PCV2 antigen as d@cn‘béd herein is
- bottled in and administered at one (1) mlL per dose. Thué, also disclosed is a 1 ml
immunogenic composition, comprising PCV-2 antigen
" as described herein, for the treatment or prophylaxis of a PCV2 infection or for reduction of
5 clinical symptoms caused by or associated with a PCVZ infection in young animals,
comprising the step of administening an effective amount of a PCV2 antigen to that animal in
need of such treatment. Further disclosed is a |
mi immunogenic corhposition, comprising PCV-2 antigen as described herein, treatment or
prophyiaxis of a PCVZI infection or for reduction of clinical symptoms caused by or
20 associated with a PCV2 infection in animals having anti-PCV2 aniitbodies, comprising the
step of administering an effective amount of PCV2 antigen or an immunogenic composition -

comprising an PCV2 antigen to that animal in need of such treatment.

hictrati the
According to a further embodiment, at least one further administration of at least one dose of
25 immunogenic composition as described above Is given to a subject in need thereof, wherein
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IVI'" adm nistered 3 weeks of age 20 Yes Yes Yes 087 (DPC 24) or 088 (DPC
25) Goup I'b I'VP adm nistend at 8 weeks of age 21 Yes Yes Yes 1D87 (DPC

24) or D88 (DPC 25) Goup 2 CF adm ni stered
' WO 2008/076915 | PCT/US2007/087628

the second or any further administration fs given at least 14 days bevond the initial or any
 former administrations. Preferably, the immunogenic composifion is administered with an
immune stimulant. Preferably, said immune stimulant is given at least twice. Preferably, at
least 3 davs, more preferably at least 5 days, even more preferably at feast 7 days are in
5 between the first and the second or any further administration of the immune stimulant.
Preferably, the imrﬁung 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 of
the immunogenic composition provided herein. A preferred immune éﬁmtﬂant is, for
example, kevhole Iimpet hemocyanin (KLH), preferably emulsified with incomplete Freund’s ‘
10 adjuvant (KLH/ICFA). 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, preferabl}"
without initiating or incressing a specific immune response, for example the immune
fespo:zse against a specific pathogen. It is further instructed to administer the immune

15 stimulant in a suitable dose.

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

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

methods, devices, and materials are now described. It is to be understood, however, that
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at 3 weeks of age 20 Yes Yes Yes 087 (DPC 24) or D88 (DPC 25) On D8(, the
geonetric nean titers were 906.6, 2447.1, 2014.9, respectively. 10 RESULTS
Fol I owi ng PCV2 chal | enge exposure on D63 and subsequent necropsy, Goup |a
had a st &¥¢ saoB/e®woisy significant | ower proportion of piRSI/PS8ITISHEsf or

| ynphoi d depl etion (p=0.0084), a |ower proportion of pigs positive for

| ynphoi d i nflamation (p).0079), and a | ower 15 proportion of pigs with

| HC | ynphoi d- positive tissues (p4l.0031), all in conparison to Goup 2.

Fol  owi ng PCV2 chal | enge, Goup |b had a statistically significant |ower
proportion of pigs positive for |ynphoid depletion (p=0.0148), a | ower
proportio f o | 11 QL] Lfhn! S BRABL = , and a

| ower pr og]ggt?é%nggsf Qg%ék%gtb%qfaﬁc*@%p%%nd@i ositi %/déﬁ%]iﬂg%ﬂgg% p@OeO: 13), all
i N conpar j&084 & BB Book 1R EMRLYe P theRiveifny WO -

2008/ 076915PCT/ US2007/ 087628 efficacy paraneter results for Goups | a. Ib
and 2 are shown belowin table 5. Table 3: Summary of Primary Efficacy
Paraneter Results ' '

EXAMPLE 1
5 ) Preparation of PCV2 ORF-2 aptisen

Initial SF+ cell cultures from liquid :ﬁ-trogm sloraée were grown in Excell 420 media JRH
Biosciences, Inc., Lenexa, KS) in suspension in sterile spinner flasks with constant agitation.
The cultures were grown in 100 mL to 250mL spinner flasks with 25 to 150 mL of Excell
10 420 serum-_free media. When the cells had multiplied td a cell density of 1.0 - 8.0 x 10°
cells/mL, they were split (0 new vessels with a planting density pf 0.5 - 1.5 x 10° cells/mL.
Subsequent expansion cultures were grown in spinner flasks up to 36 liters in size orr n

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

15 After seeding, the flasks were incubated at 27°C for Four hours. Subsequently, each fMask
was seeded with a recombinant baculovirus containing the PCV2 ORF-2 gene (SEQ IR NO:
4). The recombinant baculovirus comlaining the PCV2 ORF-2gene was generated as
described in WOU06/072065. Afler being seeded with the baculovirus, the flasks were then
incubated at 27 + 2°C for 7 days and were also agitated at 100 rpm during that time, The

20 flasks used ventilated caps to allow for air flow.

After incubation, the resulting supernaiant were harvested, filtered in order 1o remove cell
debris and inactivated. The supernatat was inactivated by bringing ils temperature to 37 &
2°C and binary ethlylenimine (BEJ) is added to the supemnatant to a final concentration of

25 S5mM. The samples were then stirred continuously for 72 10 96 hrs. A 1.0 M sodivm
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for Goups la and Ib Corrpared with Goup 2 Goup - Treatnment PM
Serol oOcal status on Day O Lynphoid Depletion (4/total) Lynphoid

I nflammation (4/total) Lynphoid MC (4/total) Croup to
WO 2008/076915 - PCT/US2007/087628

thiosulfate solution to give a final minimum concentration of S mM was added 10 neutralize
any residual BEL Afler inactivation, "PCV2 ORF-2 buffered with phosphate buffer and
Carpopol was added to about 0.5 10 2.5 mg/dose. The final dose comprises about 16 pg PCV2

ORF-2 antigen.

EXAMPLE 2

Anti PCV-2 Immuno assay

PK15 (e.g. ATCC CCL-33) or VIDO R1 cells described in WO 02/07721, are seeded onto a
10 96 well plate (about 20.000 1o 60.000 cells per wells). Cell§ aré infected with a PCV2 isolate ,
when monolayers are approximately 65 1o 83% confluent. Infected cells are incubated for 48
hours. Medium is removed and wells are washed 2 times with PBS. The wash buffer is
discarded and cells are treated with cold 50/50 meﬂlal_}o]lacetone fixative {~100 pl/well} for
about 15 min at about -20°C. The fixative is discarded and the plates are air tried. Serial
15 dilutions of porcine serum samples are prepared in PBS, added to the plates and incubated 10
allow antibodies to bind if present in the serum samples for about 1 hr at 36,5 1°C. In
addition, serial dilutions of an mu;'PCVZ posi‘tive and negative control sample (Positive
Control and Negative Control Saﬁ’npleﬁ) are run in parallel. The plates are then washed three
times with PBS. The PBS is discarded. Plates are then stained with an comercial Goat anti-
20 Swine FITC conjugate diluted 1:100 in PBS and incuSated for about | hr at 36.5+1°C, which
allows detection of antibodies bound to infected cells. After incubation is coﬁaplel‘e, the
microplates are removed from incubator, the conjugate is discarded and the plales are washed
2 times with PBS. The plates were read using UV microscopy and individual wells reported

as positive or negalive. The Postive Control and Negative Control samples are used o
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'VP at 3 weeks Scropositive 1/20(5% 3/20(15% 3/20(1W)) of age
. p--0.0079 sp=0.0031 Goup Ib 1VF at 8 weeks Senpositivc

10

15

24

25

WO 2008/076915

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

per dilution, or 8 50% endpoint is calculated using the appropriate Reed-Muench formula.

EXAMPLE 3

Efficacv of PCV2 ORF-2 (Ingelvac® CircoFLEX™) in voung animals

having low or high anti-PCV2 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 titers of < 1:100 were considered as low antibody tilers, titers of 1:100 to

© 1:1000 were considered as moderate antibody (iters and titers of >1:1000 were considered as

high antibedy titers.

STUDY PERFORMANCE

Approximately 500 animals were included into the study. The study animals were balanced
and equally distributed among both treatment groups with regard to initial body weight and
litter assipnmeni. At 20 days of age all study animals received a single dose (1 mi} of the
PCV?2 vaccine {Investigational Veterinary Product, [VP) or a single (1 ml) dose of a placebo
containing adjuvanted cell cuiture supematant (Control Product, CF) by intramuscular
injeciion in the right side of the neck. Siudy animals were followed until the end of fattening,
Blood sample§ from all study animals were collected and subsequently analyzed by IFAT in
order 1o determine the antibody titers at the fime of vaccination. Following this, the initial

40

PCT/US2007/087628

p=0. 0084



2121 (9.5% 3121 (143% 3/21(143% of age *p=0.0148 *p-1.0036 pl k0013
G oup 2 CF at 3 weeks of age SeroPosilive 9/20 (45% 12/20(60%

13/ 20( 65%
WO 2008{076915 ' PCT/US2007/087628

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
antibody titers) and ‘high titer’ animals of both treatment groups were then compared for

possible differences with regard 1o weight gain and viremia.

RESULTS

. Initial Antibodv Titers

| At the time of vaccination the majority of animals had either moderate antibody ftiters

10 (defined as 1:100 to 1:1000) or high antibody fiters (defined as > 1:1000). Only

approximately 13% percent of animals had low antibody-titers (defined as < 1:100). Due o
the absence of PCV2 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 O were observed between the two treatment groups. An .

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

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

in order to determine whether a high antibody titer at 1h§ time of vaccination (> 1:1000) had
an impact on viremia, vaccinaied and placebo-treated animals with high initial antibodyv titers
20 - were compared with regard 1o the onsel, end, duration of viremia, the number of positive
sampling davs and the virus load. Table 1 summarizes the comparisen of viremia parameters

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

Table 1. Comparison of viremia in’high titer animals’ fram both irealment groups

25
Investigated | Treatment | Number Mcan Median P
- | Parameter Group of pigs
Onset of Cp 38 111.90days | 113.00 days 0.7843
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p value conpared with G oup 2- Fisher's Exact Test 5 There were
significant differences between Goups la and I b conpared with Goup 2 for
m croscopi ¢ lung inflanmation (p<0.0407), but no significant differences
bet ween WeWsgr@UHs for |ung tissue testing positive POHUSROVHSERBI gen by
1HC testing (p?... 0.2317). There were no significant differences between
G oups la and I b conpared with Goup 2 for 10clinical assessnents

post -vacci nation, ADG clinical signs post-challenge, pyrexia, nasal

sheddi ng of PCV2, %total |ung scores and | ynphadenopathy. |In concl usion,
G oup la, vaccinated at 3 weeks of age and having a GMI' of 556.6 at the
time of vaccimgtimm s pipgmi T cagmt A5950R5s U 1300k ¥ TP d—gepl eti on,

| ynphoi d i nf ljanmati on, | 1gp.gd | ynphoi|d tixssmes testing pdsitivelfor PCV 2
antigen by | Hp:t@ed 1 Rg] cerparied w thf Gowpdsds G @Ipoddes [vamebndted at 8
weeks of age |amdmbravi ng alveMl jof I51.6 orfsddaeek pré.8rdagso jvacti ngti on, was
significantl l¥g;ot ethe ﬁi’-(gfﬁ | yr‘rg{;‘?i d dg;;%q‘fﬂfsnn Iﬁ‘%/]mﬂ&;;i ::Onf lL.ammat i on and
| ynphoi d tisq®¥@d testf hg $8sit) vedf or} P #€i gp HG Oesti ng,
conpar ed with Yé8Ep 2, PLI, M [t h ¥ov2 il y-d@rﬁs?g\‘)‘ga anf’i%:tljoci es were
protected from-Poretrnrera 61,uvi S35 20 B st ACYAk: gt hen
vacci nat ed ag Sg?ﬁ:ﬁ,g as| 3 Mpeks| of4;ag€] D 1} fﬁiﬂ;qf an'a*fective
amount of a Pghg anti gencegnprfi sing QRF- 2opgetei h 1 n the Jmanufaqture of a
medi cament f gMchisunt g2t nent”%r mvophyl axd. ®gef 5h) 1'20¥R inkeatei gn; or b)

for reductioneftox!inigcall oy c usecp.gyﬁor hssd8elat 4gd Wt h ja PCV2
i nfection inlanimls havitfPanti-PCVA ant34H8Bi estl with anlanti-PEV-2

anti body tit ek am fespuicepiflensramh | Specific | _assay and/ or
( being 1 to 22%&%&%@5@%&%@%&% 1H§§tratmji’%“rﬁ) g 'gﬁ‘fg’@&gﬁe dose of
“said PCV2 antigen. 10

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/ml
5 over the course of the study. These results indicate that also in the presence.,' bf high matemal
antibody titers lthe IVP can still significantly reduce viremia in blood {end of viremia,

_duraﬁon of viremia, virus load),

Correlaticn of Antibodv Titers at the Time of Vaccinanon with Weight Gain

10 It was next investigated, whether the initial antibody titer hadrany effect on the weight g#in
over the course of the study. Table 2 presents the correlation of the initial antibody titer with
the weight gain at different time intervals as determined by the calculation of the Spearman
rank coefTicient and the p-value.

A statistically significant negative correlation between the antibody titer and the weight gain

15 x;vas found for both treatment groups. at study weeks 0 10 7 indicating that a high matemal
antibody fiter negatively influences the weight gain development in the reanng pﬁase. No

other statistically significant correlations between the initial antibody titer and the weight
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“adm ni stered t 744 737 728 706
0.09748 0.04309 -0.00954 0.02694
0.0077 *» 0.2440 ns 0.7974 ns G470 ns

746 733 727 718

2. The use according to claim1, wherein the anti-PCV2 antibodies are
mat er nal anti bodi es. 3 The use according to claim1 or claim 2,
wherein the animals have an anti-PCV-2 15antibody titer of nore than

1: 1000 i wa2megwesseci fi c i nmuno assay. 4. The use accoPUI’HERWHSFRY one of
claims 1 to 3, wherein the treated animals have that anti-PCV2 anti body
titre at the tine the nedicanent i's to be adm ni stered 205. The use
according to any one of clainms 1 to 4, wherein the nedicanment is to be
adm nistered at day 7 of age or later 6. The use according to any one of
claims 1 to 5 wherein the nedicanment is to be adm nistered at day 14 of

age or | abgr godne Jﬂ&au%e%ena@“% &bger@éayn%eaeier&é 8d BohothdddOndk merher ei n
the nedicanent I's to be admnistered not |ater than at week.7 of age.

8. The US@vAGERh&HACtiR IR MYer AAG10ORavE bidinfiBende $rOthd wei ‘ﬁﬁ%&ﬁ'ﬂ%n{ fevdekeat ment  or
prophyl axis results in shortening of the virem a phase of 5 or nore days
as conpar efhgt G wedH B od\Bds for Henier (e @adcaied aTor R plgeupeart atifas.sanme
species. 9. The use according to any one of clains 1 to 8, wherein said
PCV2 antigen is a pol ypeptide having at | east 80% honol ogy with ORF-2 of
PCV2.51510. Thélke ks €omdanmdifmeg RO 2amybainditepfor die simergyf toctioat®n withérdi n sai d
PCV-2 antigen is awaighegaiboveathe coyaedl Boswdls expressed ORF-2 of PCV2. 11.
The use accordjng to any one of claims 1 to 10 __wherein the PCV2 antigen
is a suspensioh for inject i oRoRHHR @é&'l‘i’“&b%‘é""éfheimﬁf’f H‘F‘“?“H%’b‘t‘f'\/ctt ed

vacci ne cont ai i ng as 20act+ gtudfuclé'f;lﬂg?un t’ee'k g}g‘f'i‘m"'“ee‘kﬂ H i % .CRFZ
protein and cohtai ni ng car pone fo-AAS qé_l,a ¢XCly |, SOdI um

chloride 0.85%
clains 1 to 11

Wely 89623 14 bfb@adllse acgedsgr Ny t_eogw ne of
P towoded+j i g/ dppeanf | saissB4RCVE asizgeniis to be

r: Spearman rank correlation cociticient

P: p-value of lest on =0: ns: not sipnificant, p=0.03;
*» sipnificant, p< 0.01

n: Number of animals

in line with this ﬁndiﬁg,'hc differences could be found with regard fo the live body weight
10 when comparing low and high titer animals of the vaccinated group. Figure 2 shows that the
body weight afier the onset of viremia (study week 17 and 22) was comparable irrespective
of the level of initial antibody titer (Figure 2).
Furthermore vaccinated animals with 2 high antibody titer at the time of vaccination =
1:1000) also showed a significantly higher body weight afier the onset of viremia compared
15 fo placebo-treated 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 significantly
higher in vaccinated ‘high titer animals® (study x\;‘eek 17: 155 kg, p = 0.0328; study week 22:
3.06 kg, p = 0.0007) than in placebo-treated ‘high titer animals®. Together these findings
demonstrate that there is no interference of the l_VP with the antibody titer at the-time of

20 vaccination,



25 13. The use according to any one of clains 1 to 12, wherein said
treatment or prohylaxis of PCV2 infection results in an inprovenent in
conparison to animals of a non-treated control group of the sanme species

i n a vacovmeooebtatacy paraneter selected fromthe grouPCULORDEET6RS of a
reduction in the | oss of weight gain, a shorter duration of virem a, an
earlier end to virema, a lower virus |oad, or conbinations thereof 14.
The use according to any one of clains 1 to 13, wherein the aninmal is

swi ne. SEQUENCE LI STI NG <110> BOEHRI NGER | NGELHEI M VETMEDI CA GVBH 5 <120>
Treatnment of PIGS with PCV-2 antigen <130> P01-2169 10 <160> 11 <170>

Pat ent 1 n ' 3.3 15<210> 1 <211> 8 <212> DNA <213> Artificial 20<220>
<223> Thi § ‘%kgnnodified Kozak's sequence.

For analysis of a possible maternal antibody interference the inifial antibody fiter 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

5 noted for the vaccinated “high titer animals”;

- reduction in" loss of weight gain
- shorter duration of viremia aﬁd earlier end of viremia
- lower virus load
10
| EXAMPLE 4

Efficacy of PCV2 ORF-2 (Ingelvac® CircoFLEX™ in voung animals

havinﬁ anti-PCV2 antibodies with respect to Ivmphoid depletion, lvmphoid inflammation.

and lvmphoid immunohistochenﬁstw HC)

15
The objective of this blinded vaccination-challenge study was 1o evaluate at what age pigs

vacc_inated with Porcine Circovirus Vaccine, Type 2, Killed Baculovirus Vecior established

immunity in the presence of Porcine Circovirus Type 2 (PCV2) matemally-derived

....... éntibodjes. Three primary parameters were analyzed following challenge. These three
20 parameters  included lymphoid depletion, lymphoid inflammation, and lymphoid
immunchistochemistry  (IHC). To demonstrate 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 statistically significant differences

{p<0.035) for lymphoid depletion, lymphoid inflammation, and hrmphoid IHC, compared with

25 challenge control pigs treated with Control Product at 3 weeks of age.



<400> 1 ccgccatg8 25 <210> 2 <211> 6 <212> DNA 30<213> Artificial
<223> This is a reconbi nant Eco Rl sequence. <400> Sgaattc6 <210> 3

<220>

<211> 713 10<212> DNA <213> Porcine circovirus <400> 3 cagctatgac 15
tt ggccagWO gwagpattaaa aggaaaaatg ttgttccccc gaaaggttaaPQUUWUQﬁé@Sgc

acccatatgt gttacttcac aaaggaatca gcactgegtt 25t acaat t cag

STUDY PERFORMANCE

One hundred twenty {120) conventionally raised pigs, 21 days of age on Day 0 (D0), were

assigned completely at random to one of five treatment groups. On DO, blood samples were

collected from all pigs,

5 o Group la was treated with Investigational Veierinary Product (IVP; PCV2 reference

vaccine) at 3 weeks of age.

* Group 1b was treated with Investigational Veterinary Product (IVP; PCV2 reference

vaccine) at & weeks of age.
» Group 2 was treated with Control Product {CP) al 3 weeks of age.

0

Pigs were observed for clinical assessments post-vaccination from D-1 to DS9. Additional
pre-challenge blood samples were collected on D14, D28, D42, D56 and D63. A summary of
Group PCV?2 serological Geometric Mean Titers (GMT) pre-challenge are shown below in
Table 3.
I5 Table 3: Group PCV2 Serological Geometric Mean Titers Pre-challenge
‘ PCV2 Serology - GMT
Group ~ Treatment 31 [LE] D28 D42 D56 D63
_ Group 12 X 5565 | 2528 | 1420 | 562 | 320 51.3
1VP administered 3 weeks of age ) ;
Group Ib 76. 308.2 { 1516 62 | 293 | 483
VP administered at 8 weeks of 476.2 308 3
ape
Group 2 5138 | 3107 | 1323 | 369 169 | 245

CP administered at 3 weeks of
age

All remaining pigsrreceived 2.0 mL of keyhole limpet hemocyanin (KLH) emulsified in
incomplete Freund’s adjuvant {ICFA) IM on D60 (Day Post-Challenge (DPC) -3) and D&6
{DPC 3). On D63 (DPC 0), remaining pigs received [.0 mL of PCV2 jowa State University

20 Veierinary Diagnostic Laboratory (ISUVDL) challenge material (4.75 logyp TCIDso/mL) iM

45



gt at ccaagg cctccgecge
tgttattcta aaactactcc

aggcgttacc cgccoct ggc

gat gat aasYo regeetat a
gcagaagaag tcgtccaccc
tt gt aacaaa caatccccca

'~ acaccgcccc ccgccaccgce

ggccacagcc acccttctcc

tggcatcttc gcatcttcaa
acccaaacct gctttggctg
aacacccgcc cacccgectc
gttcttgact aggctacaaa
tctcccgecac tcccgecacct
ccactattga cctctagaaa
cttcggatat tcggatatac
ttacttccaa tgtggaccac

gggagggggg ggttgaattc
cgaaaacagt agaatttaat -

accaacaaaa tggccctgct
aaat acgaccPCrUaaayBces

tctctatacc
aggact acaa
ctttgaatac
tatccgtgta

cccccat cac
ccccacttaa
ccagggt gat
accctaaatg

P

cgcagccat c60 taccgttggal20 actgtggagal80 tgtgacgact 240 t acagaat aa300
2999929t 94,4369 HLAGE Healht2MhaleAl CAE L CE&H Beigfi@ AL RABAGLAL 20BREE CI600

observations. blood samples and nasal swabs were collected on the day of challenge and
periodically post-challenge. At necropsy for each pig, gfoss lesions were noled and lung and
lvmphoid tissue samplés were collected. Lung and Ilymphoid tissues were examined
5 microscopically by ISUVDL for lesions and for the presence of PCV2 antigen by IHC

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

Table 4: Challenge Phase of Study

KEH/ PCV2 KLB/
Group - Treatment ICFA | Challenge ICFA Day of
Number | OnD60 | onD63 | OaD6s Necropsy
{DPC-3) | (DPCO) | (BPCI)

Group 1a D87 (DPC 24)or

1VP adminisicred 20 Yes Yes Yes D88 (DPC 25)
3 wecks of ape

Group th D87 (DPC 2 or
VP administered 21 Yes Yes Yes DESDPC 25)
at & weeks of age

Group 2 _ D87 (DPC 24 o1
CP administered 20 Yes Yes Yes D8R (DPC 25)
al 3 weeks of age

On D36, the geometric mean titers were 906.6, 2447.1, 2014.9, respectively.

i0
RESULTS
Following PCVZ2 challenge exposure on D63 and subsequent necropsy. Groﬁp la had a
statistically 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 4 lower
15

propo;tion of pigs with IHC lvmphoid-positive tissues (p=0.0031), all in comparison to
Group 2. Foll§wing PCV2 challenge, Group 1b had a statistically significant lower
proportion of pigs positive for lymphoid depletion (p=0.0148), a lower proportion of pigs
positive for lymphoid inflammation (p=0.0036). and a lower proportion of pigs with IHC

lymphoid-positive tissues {(p=0.0013), all in comparison to Group 2. A summary of primary
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accat gt at g660 eat 713 <210> 4 <211> 713 30<212> DNA 5
<213>Porcine ¢ rcovirus <400>4 ccgccatgac gtatccaagg aggcgttacc gcagaagaag
ttggccagat cctccgccge cgcecccctgge tcgtccaccc acaccgcccc cgcagccatc
ccgccacci rmsieyptsgga 60 120 gaaggaaaaa tggcatcttc aakE@dBRPersf@Bcccgcac
cttcggat at

efficacy parmﬁeié} results for Groups la. tb and 2 are shown below in table 5.

Table 3: Swnmﬁry of Primary Efficacy Parameter Results
Jor Groups 1a and 1b compared with Group 2

Group - PCV2 Lymphoid 1. ymphoid Lymphoid
Treatment Serclogical Depletion Inflammation IHC
status on Day (+/total) (+/total) (+total)
Croup 1o ' '
IVP at 3 weeks Seropositive 1420 (5%) 3720 (15%) 3720 (15%)
- of age *n=0.0084 *p=0.0079 *p=0.003]
Group 1b
IVP at 8 weeks Scropositive 221 (95%) 3721 ¢14.3%) 321 (14.3%)
1 of age *p=0.0148 “p=0.0036 *p=0.0013
Group 2
CPat 3 weoks Seropositive 9/20 {45%} 12220.{60%) 13720 (65%)
of ape

* p value compared with Group 2 — Fisher's Exact Test

There were significant differences between Groups la and Ib compared with Group 2 for

microscopic lung inﬂammatiﬁn (p<0.04907), but no significant differences between these

groups for lung tissue testing positive for PCV2 antigen by ]HC_ testing {p=> 0.2317). There

were no significant differences benween Groups la and 1b compared with Grouh 2 for
10 clinical assessments post-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 frbrn jvmphoid depletion, lvmphoid inflammation,
15 and lvmphoid 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 to
vaccination, was significantly protected from lymphoid depletion. lymphoid inflammation
and ivmphoid tissues testiﬁg positive for PCV2 antigen by IHC l'esting, compared with Group
2. Pigs with PCV2 maiemnally-denved antibodies were protecied from Porcine Circovirus

20 Associated Disease (PCVAD) when vaccinated as eér]y as 3 weeks of age.
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act gt caagg 180 ctaccacagt cacaacgccc tcctgggcgg tggacat gat gagatttaat
attgacgact 240 ttgttccccc gggagggggg accaacaaaa tctctatacc ctttgaatac
t acagaat aa 300 gaaaggttaa ggttgaattc tggccctgct cccccatcac ccagggt gat

CLAIMS

1. Use of an effective amount of a PCV2 antigen comprising ORF-2 protein in the
manufacture of a medicament for the treatment or prophylaxis of
5 a)y PCV2 infection; or
b) for reduction of clinical sympioms 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 PCV2 antigen.

10
2. The use according to claim 1, wherein the anti-PCV2 antibodies are maternal
antibodies.
3. The use according to claim 1 or claim 2, wherein the animals have an anti-PCV-2
15 antibody titer of more than 1:1000 in a PCV specific immuno assay.
4. The use according to any one of claims I to 3, wherein the treated animals have that
anti-PCV?2 antibody titre at the time the medicament is to be administered.
20 5. 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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aggggagt gg 360 10 gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc

ctaacctatg 420 acccatatgt aaactactcc tcccgccata caatccccca acccttctcce
taccactccc 480 gttacttcac acccaaacct gttcttgact ccactattga

10

15

20

25

10.

1.

_suspension for injection with each dose of 1 ml of inactivated vaccine containing as

12.

The use according 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. 7

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

recombinant baculovirus ex_ﬁressed ORF-2 of PCV2.

The use according to any one of claims 1 to 10, wherein the PCV2 antigen is a

active substance porcine circovirus type 2 ORE2 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

PCV?2 antigen is to be admiﬁistered to said animal.
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ttacttccaa ccaaataaca 540 aaaggaatca gctttggctg aggctacaaa cctctagaaa
t gt ggaccac gtaggcctcg 600 gcactgcgtt cgaaaacagt aaat acgacc aggact acaa
tatccgtgta accatgtatg 660 15 tacaattcag

13. The use according to any one of claims 1 to 12, wherein said treatment or prohylaxis
of PCV2 infection results in an improvement in comparison to animals of a non-
treated control group of the same species in a vaccine efficacy parameter selected

5 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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. agaatttaat cttaaagacc ccccacttga accctaagaa ttc 713 <210> 5 <211>
233 20<212> PRT <213> Porcine circovirus <400> 5 25Met Thr Tyr Pro Arg Arg
Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 151015 Ser His Leu Ay Gn lle Leu-
Arg Arg Arg Pro Trp Leu Val H's Pro 202530 30 Arg His Arg Tyr Arg Trp Arg
Arg Lys Asn Gy Ile Phe Asn Thr Arg 354045 Leu Ser Arg Thr Phe Gy Tyr Thr
Val Lys Ala Thr Thr Val Thr Thr 5505560 '

SEQUENCE LISTING

<110> BOEHRINGER INGELHEIM VETMEDICA GMBH
<120> Treatment of PIGS with PCV-2 antigen’

<130> P01-2169
10

<160> 11
- <170> PatentIn version 3.3

15 <210> 1
<211> 8
<212> DNA

<213> Artificial

20 <220>

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

.

<400> 1
ccgecatg . 8

25

<210> 2
<211> 6
<212> DNA

30 <213> Artificial

1/i6



Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp Phe Vval 65707580
10Pro Pro Ay Ay @y Thr Asn Lys Ile Ser Ile Pro Phe Au Tyr Tyr 859095

Val 100105110

Arg Ile Arg Lys Val
15 dn dy Asp Arg @y Val
115120125 Phe Val
20130135440 Ser
14%%?0153160. 25Phe Thr P

T ) L
i 0178 AsiT RS Y5 A"

Gn Pr

<

651

Lys

Thr
Ser Arg

Arg Asn 180185190 30

10

15

20

S

25

30

<400> 2

gaattc

<210> 3
<211> 713
<212> . DNA

<213>

<400> -3

cagctatgac
ttggccagat
gaaggaaaaa
aggaaaaatqg
ttgttcccece
gaaaggttaa
gctccactgce
acccatatgt
gttacttcac
aaaggaatca
gcactgcgtt

tacaattcaqg

<210> 4
<211> 713

<212> DNA

gtatccaagg
cctecgecge
tggecatcttce
gcatctteaa
999899999y
ggttgaattc
tgttattcta
aaactactce
acccaaacct
gcetttggetyg
cgaaaacagt

agaatttaat

H s Thr

Porcine circovirus

aggecgttacc
cgeecectgge
aacacccgcoee
cacccgecte
accaacaaaa
tggccctget
gatgataact
tceccgeecata
gttcttgact
aggctacaaa
aaatacgacc

cttaaagacc

Pro Val

gcagaagaag
tecgtecacce
tetecccgeac
tcccgeacet
tctectatace
cceoccatcac
ttgtaacaaa
caatdcccca
ccactattga
cctctagaaa
aggactacaa

ccccacttaa

2/16

G u Phe Trp Pro Cys Ser
Gy Ser Thr Al a Val
Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val
Ile Pro Gn Pro Phe Ser Tyr
r0 Val Leu Asp Ser Thr /
N n Leu Trp Leu Arg Leu G n Thr Ser

acaccgecccea
ccgccaccgco
cttcggatat
tcggatatac
ctttgaatac
ccagggtgat
ggccacagcec
acccttetece
ttacttccaa
tgtggaccac
tatccgtgta

accctaaatg

Pro Ile Thr
Ile Leu Asp Asp Asn

cgcagecatc
taccgttgga
actgtggaga
tgtgacgact
tacagaataa
aggagagtgg
ctaacctatg
taccactcce
ccaaataaca
gtaggcocteg
accatgtatg

aat

H's Ser Arg
Ile Asp Tyr

60

120

1890

240

300

360

426

480

540

600

660

713



Val Asp H's Vall Gy Leu Ay Thr Ala Phe G u Asn Ser Lys Tyr Asp 195200205
Gn Asp Tyr Asn Ile Arg Val Thr Met Tyr Val G n Phe Arg G u Phe 5210215220
Asn Leu Lys Asp Pro Pro Leu Lys Pro 225230 10 <210> 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 151015 20 Ser His Leu Ay Gn Ile Leu Arg Arg
Arg Pro’dt p "REU "YalFi#5°81 Pt 202530 Arg His Arg Tyr Arg Trp Arg Arg Lys Asn
Gy Ile Phe Asn Thr Arg 25354045 Leu Ser Arg Thr Phe Gy Tyr Thr Val Lys

3/16

Ala Thr Thr Vval Thr Thr
<400> 4
ccgecatgac gtatccaagg aggcegttace gcagaagaag acaccygcccee cgcageocatc 60
5 ttggecagat ccteogecoge égcccctggc tcgtccacee ccgeccaccge taccgttgga 120
gaaggaaaaa tggcatcttc aacacccgcoc tctcccgcac cttocggatat actgtcaagg 180
ctaccacagt cacaacgccc tcctgggcgg tqgaéatgat gagatttaat attgacgact 240
ttgttccecece gggagggggg accaacaaaa tctetatace ctttgaatac tacagaataa 300
gaaaggttaa ggttgaattc tggecctget cccecatcac ccagggtgat aggggagtgg 360
10 gctocactge tgttattcta gatgataact ttgtaacaaa ggccacagec ctaacctatg 420
s acccatatgt aaactactcc ttccgcecata caatccecca accetictee taccactcec 480
’ gttacttéac acccazacct gttcttgact ccactatfga ttacttccaé ccaaataaca 540
aaaggaateca gcfttggctg aggctacaaa cctctagaaa tgtggaccac gtaggectecg — 600
gcactgcgft cgaaaacagt azatacgacc aggactacaa tatccgtgta accatgtatg .660
15 tacaattcag agaatttéét cttaaagace ccccacttga accctaagaa Ttc 713
<210> b
<211> 233
- 20 <212> PRT
{ <213> Porcine g¢ircovirus
<400> 5
25 Met Thr Tyf Pro Arg Arg Arg Tyr Arg Arqg Arg Arg His Arg Pre Arg
1 5 10 15
Ser His Leu Gly Gln Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro
290 25 30
30



505560 30Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp Phe Val
65707580 Pro Pro Gy Gy Gy Thr Asn Lys Ile Ser Ile Pro Phe G u Tyr Tyr
-859095 5 Arg Ile Arg Lys Val Lys Val Gu Phe Trp Pro Cys Ser Pro Ile Thr
100105110 G n Gy Asp Arg Gy Val Gy Ser Thr Ala Val Ile Leu Asp Asp Asn
10115120125 Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn
Tyr 130935FP4679 586 Ser "APGIHY TH? P Pr 5l?§Prl?eP¥sd‘ E’Hg "4y Tyr H's Ser
Arg Tyr 145150155160 Phg Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr
Phe G n Pro 165170175 5 Asn Asn Lys Arg Asn G n Leu Trp Leu Arg Leu G'n
Thr Per Arg Asn

Leu Sexr Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr val Thr Thr

5 50 55 : 60

Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp Phe Val

65 70 75 80

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

85 20 95

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

100 105 110
15
Gln Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu Asp Asp Asn
115 120 125
Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr
20 130 135 _ 140
Ser Ser Arg His Thr Ile Pro Gln Pro Phe Ser Tyr His Ser Arg Tyr
145 150 155 160
25 Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro
165 170 175
Asn Asn Lys Arg Asn Gln Leu Trp Leu Arg Leu Gln Thr Ser Arg Asn
180 185 190
30
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R

180185190 Val Asp His Val Gy Leu Ay Thr -Ala Phe G u Asn Ser Lys Tyr Asp
25195200205 G'n Asp Tyr Asn |le Arg Val Thr Met Tyr Val Gn Phe Arg Gu
Phe 210215220 30Asn Len Lys Asp Pro Pro Leu Qu Pro 225230 <210> <211>
756 <212> DNA <213> Artificial <220> 10<223> This sequence is from porcine
circovirus t open reading frame 2, together_ with a portion fromthe
pPGEM T %¢adspP é%ﬂﬁ? Eﬂé@B(ﬁy'6@@&&&@%&@G§é§FPdﬁﬁtEY%QEEdF@acg t at ccaagga
ggcgttaccg gagaagaaga 690&5 caccgccegi gcagccat ct tggccagatc ctccgecgcec
gcccect ggcet

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

5 210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro

225 230
10
<210> 6
<211> 233
<212> PRT
<213> Porcine circovirus
15
<400> 6
Met Thr Tyr Pro Arg Arg Arg Tyvr Arg BRrg Arg Arg His Arg Pro Arg
1 5 10 15
20
Ser His Leu Gly Gin Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro
20 25 30
Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg
25 35 40 45 -
Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr
50 55 60
30 Pro Ser Trp Ala Val Asp Met Met Arg ?he Asn Ile Asp Asp Phe Val
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ggcat cttca acacccgcct
acaacgccct cctgggcggt
ggagggggga ccaacaaaat
gttgaattct ggccctgctc

cgtccacccc 120
ctcccgcacc 180
ggacatgatg 240
ctctataccc 300
cccca%%acc 360

cgccaccgct accgttggag aaggaaaaat
ttcggat ata ctgtcaaggc taccacagtc
agatttaata ttgacgactt tgttcccccg
tttgaat act acagaataag aaaggttaag

20
7

¢ 75 80

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

85 90" 95

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

100 105 110

10

15

20

25

30

Gln Gly Asp Arg

115

Phe Val Thr Lys

130

Ser Ser Arg His

145

Phe Thr Pro Lys
165

Asn Asn Lys Arg
180

Val Asp His Val

195

Gln Asp Tyr Asn

210

Asn Leu Lys Asp

150

Gly Val Gly Ser

120

Ala Thr Ala Leu

135

Thr Tle Pre Gln

Prc Val Leu Asp

170

Bsn Gln Leu Trp

185

Gly Leu Gly Thr Ala Phe Glu Asn

200

Ile Arg Val Thr

21%

Pro Pro Leu Glu

Thr Ala Val

125

Thr Tyr Asp

140

Prc Phe Ser

155

Ile

Pro

Tyr

1e0

Ser Thr Ile Asp

175

Leu Arg Leu Gln

i8¢

205

Met Tyr Val Gln

220

Pro
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Leu

Tvyr

His

Tyr

Thr

Ser

Phe

Asp

Val

Ser

Phe

Ser

Lys

Arg

Asp

Asn

Arg

Gln

Arg

Tyr

Glu

Asn

Tyr

Tyr

Pro

Asn

Asp

Phe



e

cagggtgata ggggagt ggg
t aacct at ga

accact cccg
caaat aacaa
taggcct ¢ g
aa.ccatgta?g

tctatcacta gtgaattcgc

gccacagccc
cccttctcect
tacttccaac
gt ggaccacg
at ccgt

ctccactgct gttattctag atgataactt
cccat atgta aactactcct cccgccatac
ttacttcaca cccaaacctg ttcttgactc
aaggaat cag ctttggctga ggctacaaac
cact gcgttc gaaaacagta aatacgacca
acaattcaga gaatttaatc ttaaagaccc
ggccgce cccacttgaa

t gt aacaaag 420
aat cccccaa 480
cactattgat 540

ct ct agaaat 600
ggact acaat 660 25
ccct aagaat

<210> 7
5 <211> 756
<212> DNA
- <213> Artificial
<220>
10 <223> This sequence is from porcine circovirus type 2, open reading
frame 2, together with a portion from the pGEM T-easy vector.
<400> 7
gcggeccgegyg gaattcgatce cgccatgacg tatccaagga ggegttaccg cagaagaagar 60
15 cacogeoece gcagcecatcet tggcecagatc ctceccgeocgcece gecocctgget cgtcocaccee 120
cgccaccgcet accgttggag aaggaaaéat ggcatcttca acacccgect ctececcegeacce 180
ttcggatata ctgtcaagyc taccacagtc acaacgccect cctygggeggt ggacatgatg 240
agatttaata ttgacgactt tgttccecccg ggagggggga ccaacaaaat ctetatacce 300
tttgaatact acagaataég aaaggttaag gttgaattct ggecectgetce céccatcapc 360
20 cagggtgata ggggagtggg ctccactget gttattctag.atgataactt tgtaacaaag 420
gccacagece taacctatga ccéatatgta aactactect ecccgecatac aatcccccaa 480
cecottoteect accacteoceg ttacttcaca coccaaacctg ttcttgactc-cactattgat 5490
tacttecaac caaatszacaa aaggaatcag ctttggetga ggctacaaac ctctagaaat 600
gtggaccacg taggcctcgg cactgegttc gaaaacagta aatacgacca ggactacaat 660
25 atccgtgtaa ccatgtétgt acaattcaga gaatttaatc ttaaagaccce cccacttgaa 720
ccctaagaat tctatcacta gtgaattcge ggcege 7 156
<210> 8
30 <211> 10387
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756 720 <210> 8 30<211> 10387 <212> DNA <213> Artificial <220> 5<223>
This is the porcine circovirus type 2, ORF-2construct, which includes
bacul ovi rus and pCGEM T-easy codi ng sequences. <400> 8 aagctttact

cgt aaagcga gttgaaggat catatttagt tgcgtttatg agataagatt60 lOgaaagcacgt
gtaaaal gtl teccgcgegt tggcacaact atttacaatg cggccaagtt 120 ataaaagatt
ctaatdfga é%gttttaaa acacctttgc ggcccgagtt gtttgcgtacl80 gtgactagcg
aagaagaf,gt. gi.ggaccgea gaacagatag taaaacaaaa ccctagtatt240 ggagcaat aa
tcgatttaac caacacgtct aaatattatg atggtgtgca ttttttgcgg 300 gcgggcct gt

t at acaaaaa aattcaagta cctggccaga ctttgccgcc tgaaagcat a360 15gttcaagaat
ttattgacac agt gtoccgg catgttggtg420

<220>
5 <223> This is the porcine circovirus type 2, ORF-2construct, which
includes baculovirus and pGEM T-easy coding sequences.
<400> 8
aagqtttact cgtaaagcga gttgaaggat catatittagt tgegtttatg agataagétt 60
10 gaaagcacgt gtasaatgtt tcccgogcegt tggcacaact atttacaatg cggecaagtt 120
atéaaagatt ctaatctgat atgttttaaa acacctttge ggcccgagtt ghtttgegtac 1sC
gtgactagcg aagaagatgt gtggaccgca géacagatag taaaacaaaa ccctagtatt 240
ggagcaataa tcgatttaac caacacgtct aaatattatg atégtgtha ttttttgecgg 300
gcgggectgt tatacaaaaa aattcaagta cctggccaga ctttgeocgec tgaaageata 360
15_ gttcaagaat ttattgacac ggtaaaagaa tttacagaaa agtgtcccgg catgttggtg 420
ggcgtgcact gecacacacgg tattaatcge accggttaca tggtgtgecag atatttaatg 480
cacaccclLgyg gtattgcgee gcaggaagcoce atagatagat tcgaaaaagce cagaggtcac 540
aaaattgaaa gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc 600
tttaacaaat actttatcct attttcaaat tgttgegectt cttccagega accaaaacta 660
20 tgettegett geotecgttta gettgtagec gatcagtgge gttgttecaa togacggtag 720
gattaggeceyg gatattctcee accacaatgt tggcaacgtt gatgttacgt ttatgetttt 780
ggtttteccac gtacgtcttt tggccgétaa tagccgtaaa cgtagtgecg tegegcegtcea 840
cgcacaacac cggatgtttg cgettgtceg cggggtattg aaccgcgcecga tccgacaaat 900
ccaccacttt ggcaactaaa tcggtgacct gogegtettt tttctgeatt atttegtcett 960
25 tcttttgeat ggtttectgg aagcecggtgt acatgeggtt tagatcagte atgacgegeg 1020
tgacctgeaa atctttggece tcgatctget tgtccttgat ggcaécgatg_cgttcaataa 1080
actcttgttt tttaacaagt teccteggttt tttgeogocac caccgettge agegegtttg 1140
‘tgtgcteggt gzatgtcegea atcagecttag tcaccaactg tttgotetec tectccegtt 1200
gtttgatcge gggatcgtac ttgcecggtge agagcacttyg aggaattact tettctaaaa 1260
30 gccattetty taattctatg atttggactt cataatcagc tgaatcacgc 1320

ggt aaaagaa tttacagaaa

gcgtaaggca
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ggcgt gcact gcacacacgg tattaatcgc accggttaca tggtgtgcag
cacaccctgg gtattgcgcc gcaggaagcc atagatagat tcgaaaaagc
aaaattgaaa gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc600
tttaacaaat actttatcct attttcaaat tgttgcgctt cttccagcga accaaaact a660

20tgcttcgctt gctccgttta gecttgtagec gatcagtggc gttgttccaa tcgac ag 720
gat L agERy GAL At CREC A ARP B PG UCABCTH L GHGELacTE FTSPgetreP 780
gotttt C g R cgt,ca840
A R S i R S B R
ccaccagktiaggganchagacthcgatigacedc gegeghstd tertidotogatthgaddcbegticbh 960
25tcttttgcat ggtttcctgg aagccggtgt acatgcggtt tagatcagtc atgacgcgcg 1020
t gacctgeagabctddzggomctcgattgbycic votcevtgatstggoraggdttgaggtttcadtsaa 1080
actcttgttt tttaacaagt tcctcggttt tttgcgccac caccgcttgc agcgecgtttg 1140
t%tgcﬁ@@g?xﬁaaﬂﬁﬁégﬁécét@Eﬁ@FF%ﬁPﬁéﬁﬁﬁﬁaﬁ%dtﬁ%ﬁﬁéﬁ%ﬁ%@tWﬁﬁﬁécéﬁ?g 1200

1260
J0gceatt ATt P adE LAty Jegtngge o AT Lotacht - Cat Attt Tohat CARge 1320
cggat tt.agl,Aal gageact . c9clattaga. got QQQ&¥%¢%&££L@§Qﬁgc@ﬁgégghﬁhé

cctt ggccac gaaccggacc 5 cttctccaaa tttaaattct tttgcaacaa ctattgtttt

atatttaat g480
cagaggt cac 540

~ t at ggggeae: Gal 0RE6 50008 08UCR366T - 064 ARG batacaghd thgealdibgcatsat 10

at gacgccta caactccccg cttcctccgt gtggccgaac cgacgcacaa gtatctgtac
ggcaattattgrtgtaasatt ggaat gtatageggdt tgcadaatbcagctggytegdeeatoottt d&éga 1380
ccattttgga tggtctgctc aaataacgat ttgtatttat 1440 gctttatcac aaactgtata
G ¢t aé&@%“@?chag?@g“%‘@?cmiSWGF@F‘%‘&QFE@Q?@E%%F%%%&% &C8HeHGE°t t1§a8cgt at

. 1560 titt t titgat tgtgtcgat 1620 tt
(ot aaalt ot it QUCAATE B HECPERY 1640 CARAACACTEogl COPLet aay aughs

" ctaaacdttat 19

caaca a’acgcagacgg
cgccogh,et L.t 740 9L Lgeac ol d cg & %&é% caatag- 180Q,
taacgg%ga EEt%S?éaé%% atcf?%tt aa é%g?g%?t% 86 t%%ggcgttggtctcgctgcac
ct Cgageagitategidgasgesd 920 raegtL0a00G990t Dot C@afcagacLagEAFEg gtgocgcacy

1980 accgaat gat cgtcgggcga aggcacgtcg gcctccaagt 2040 aaat at at ac
agt t gggttgparet gigeat@st ci@tttge gy

15

20

25

30

tagtgcgatt
atcgagtcaa
gcgcg£attt
aataatatat
acgactatga
atctgtgcac
tgaccceegt
atgtcggtga
tggtgcgaga
agagcgtcat
aaattgaccce
ggactgegat
aattttaaaa

aatgtcgteg

- aacgatttga

- aactgttaca

aaaacgttgt
gtgatcaaag
taacaaacta

tatgtatcgce

-tagagatcaa

gcgttecggce
agtgacaacg
cgttaaaact
agcecgegaag
gtttagacaa
taactccata
tgtacatget
aacgcagcaa
acatgctgaa
aagaaaacaa

ttgcaaacgt

acatcctecge
tgtggaataa
gccatcecttgt
acgtcaagaa
ataaagcgcyg
acgagctttyg
atcacgccecea
attaagccat
tatggcgaat
gaaagciaca
cacggtattc
gttaacggcet
gagaaacatt
caacaagatt
tgtaccgcge

ggtttegtgt

24@0Q@caagec cgaaattaaa teattgegat 2160

ttttaatcat
tgttticttt
aagttagttt

ttaacaatgce

aattaaatag

attgtaataa
aaagaactge
ccaatcgace
gcatcgtata
tatttaattg
tacaatggcg
ccgeccacta
tgtatgaaag
aatatgcecte
ggegglatgt

gccaagtgtg
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gecgtegatt
gtattccega
catttaatgc
gecegttgte
cttgcgacge
gtttttacga
cgactacaaa
gttagtcgaa
acgtgtggag
atccegatga
gggttttggt
ttaatgaaat
aatgcgtaga
cgtgtataaa
acaggaagag

aaaaccgatg

aaatcgegea
gtcaagcgea
aactttatecc
gcatctcaac
aacgtgcacy
aécgatgaca
attaccgagt
tcaggaccgc
tcegeteatt
ttttattgat
caaéatttcc
taaaaattce
aggaaagaaa
aaaaatattg
gtttatacta

tttaatcaaqg

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060

3120



. cgttgggcat 15 tagtgcgatt atcgagtcaa gcgcgtattt aataatatat acgactatga 20
atct gt gcac tgacccccgt atgtcggtga tggtgcgaga agagegtcat 25 aaattgacce
- ggactgcgat aattttaaaa aatgtcgtcg aacgatttga 30aactgttaca gtacgtccga
aaaacgttgt gtgatcaaag taacaaacta tatgtatcgc tagagatcaa gcgttccgge
agt gacaacg cgttaaaact agccgcgaag acgttgattt acatcctcgc tgtggaataa
ggcgt cgicttég gaacg’ﬁt THaghA A 85%?%@5‘8” é‘éag‘ﬁt@g?? o 4EREEHE c%cé‘té’fgﬁégcw t at
g9cgaali ..9%al9caade L4t aal, gakod %EE{%C%EEQ a%%gééa%%tttgt%gcaa%aat%ﬁo
aattaaatag attgtaataa aaagaactgc ccaatcgacc gcatcgtata -cgaaattaaa
gccgt cgatbr Haat teLedeLattdAaLge. GCesold-0h G tebi HeYRACAG gt 44kt aCaa
cgact acaaa gttagtcgaa acgtgtggag tcattgcgat aaatcgcgca gtcaagcgca
aact t tataceageat cdtaataamacgtgcacy agcgatigac asabtacegagtaat£aggacLyo

tccgctcatt gctctgacgc atttctacaa ccacgactcc aagtgtgtgg gtgaagtcat
g{at ct%attﬁ-ég‘?ﬂeoatattaéa*aaéﬁce‘ét%ag%ffegtcgtt%Htttaaa@éa@%tasaaacﬁagéeh@aaaa?aﬂ@@aa??;
ttgct caa ctgcaa t ctcaatccta tttqgtaa
{3t cuacaag S0, SLeLal coal. L deLogena. ol goaagpal. ol castecta.t Lghaat Lo
gcaacaagaad; 3360 tegtottot tettegtatt cottotettt ttcattttic toctcataaa 3540
aattaacata gttattatcg tatccaﬁata tgtatctate gtatagagta aattttttgt 3600
tgtcataaat atatatgtct tttttaatgg ggtgtatagt accgetgoge atagtttitce 3660
10 tgtaatttac aacagtgcta ttttctggta gticttcgga gtgtgtiget ttaattatta 3720
(' aatttatata atcaatgaat ttgggatcgt cggttttgta caatatgttg ccggcatagt 3780
“ acgcagcettce ttctagttca attacaccat tttttagecag caccggatta acatzacttt 3840
ccaaaatgtt gtacgaaccg ttaaacaaaa acagttcacc tcccttttet atacfattgt 3800
ctgcgagecag ttgtttgttg ttaaaaataa cagccattgt aatgagacge acaazactaat 3960
15 atcacaaact ggaaatgtct atcastatat agttgctgét atcatggaga taattaaaat 4020
gataaccatc tcgcaaataa ataagtattt tactgttttc gtaacagttt tgtaataaaa 4080
aaacctataa atattccgga ttattcatac cgtcccacca tcogggegcogg atcagatcetg 4145
cagcggecge gggaattcga tccgecatga cgtatccaag gaggeogttac cgcagaagaa 4200
gacaccgccee cegceagecat cttggcecaga tecteccgeeg ccgeccctgg ctoegtceccace 4260
20 ccegeocaceg ctaccgttgg agaaggaaaa atggcatctt caacacccge ctctcccgéa 4320
( cctteggata tactgtcaag gectaccacag tcacaacgcec ctectgggog gtggacatga 4380
- tgagattiaa tattgacgac tttgttccco cgggaggggg gaccaacaaa atctctatac 4440
cctttgaata ctacagaata agaaaggtta aggttgaatt ctggccctge tcccceatca 4500
ccecagggtga taggggagtg ggctccactyg ctgttattet agatgataac tttgtaacaa 4560
25 aggccacage cctaacctat gacccatatg taaactactc ctcccgecat acaatcccce 4620
aacccttcte ctaccaétcc cgttacttca cacccaaacc tgttettgac tccactattg 4680
attaéttcca accaaataac zaazaggaatc agetttgget gaggeotacaa acctcoctagaa 4740
atgtggacca cgtaggcctc ggcactgegt tegaaaacag taaatacgac caggactaca 4800
atatccgtgt aaccatgtat gtacaattca gagaatttaa tcttaaagac ccoccacttg 4860
30 aaccctéaga attctatcac tagtgaattc gcggccgccg'gccgctccag aattctagaa 4920
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P

tagacgcctt gtcgtcttct tcttcgtatt ccttctcttt ttcatttttc tcctcataaa

5 catttgtagt attatctata attgaaaacg cgtagttata atcgctgagg taatatttaa 3420

aatcattttc aaatgattca cagttaattt gcgacaatat aattttattt tcacataaac 3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500

aattaacata gttattatcg tatccatata tgtatctatc gtatagagta aattttttgt
tgtcataaat atatatgfct tttttaat t gt at agt. _accgct gc atagtttt
e S R R R et R e b R R e
aatttatata atcaat.gaal. Ltoggat col, coollbial a.captalgtig.gcagcataghb
acgcagcttc ttctagttca attacaccat tttttagcag caccggatta acataacttt
CCaaaalkgbg@hacgageed bt anacasan asagiteacecieettid tehcalaat atstigh
ctgcgagcag ttgtttgttg ttaaaaataa cagccattgt aatgagacgc acaaact aat
at cacgaaetomggadat-gtcitoat caatataty agticgetgattaatwatgydgattaatt addat
ggtaaccatc tcgcaaataa ataagtattt tactgttttc gtaacagttt tgtaataaaa
accttAFaFH BCAtCEFHE oF t MAC LU HE EHILCEAT A tTYFHEYCHHIHt-Cdgaterh
cagcggccgce aattcga tccgccatga cgtatccaag gaggcgttac, cgcaga
gacac%%& é@% 86%58% ggcﬂ¥86%83%5 %%?gcagb80%%%%8%%fﬁat%%%agc§%§§

CCCQW;%E&E&:g%E@%%E%a@@@&%Q:Q@@&% atagealLl L.£aaeaec gt Llateceasa

ccttcggata tactgtcaag gctaccacag tcacaacgcc ctcctgggcg gtggacatga
t gagatstt-aa chag trigac g oht dgict €€ egfgagyagat gaccaas aaacadatet at1ac
cotttgaata ctacagaata agaaaggtta aggttgaatt ctggccctgc tcccccatca
cccagggteredeaggggath g cygeticoastty ttyttvatdictcagrat-gat @aestitticge addad 4560
gccacagc cctaacctat gacccatatg taaactactc ctcccgccat acaatccccc 4620
Ac CCtPCRYCICPACCEET TE2E gHAHEPITH E%Etééa%%?c(?gf‘ﬁtcﬁﬁg‘% Jaettitact arty 4680

attact t Lt t t 4740
‘ot ectigen.gep st goc sopnael ;. pRESCL gl onagplscan.cacts g

gaaaacag taa gac” caggact aca 4800
at at ce@t girrraccabgtal gt acaat i & 9qgaabltAgab4d-Laada6CReecaciyg 4860

30aaccctaaga attctatcac tagtgaattc gcggccgccg gccgctccag aattctagaa 4920

ggt aceeggertat €agtaatigat acagggeaa gigatkggat gatdtcechggeestaiegt cgage
ggcggcggcet atcgatcgtg gct gaagagg 10 ccagacgcac atttattaag aataattcat

t cagcgtetitast fattcagtaavcis-tad et icwastpoRt gt gtetact et ettepeaattggadabat t

lgcctcgtcgt 20 attgtgtogg gatt %gggﬁg%%ﬁa @g%@gggggggg%%&gggg%é

{ aggCAATEACE FERETTACT cCotcta
atcctt tcg&{tg%@%%%%%%a%t&%%g%%& Litd ectl ot gacacaetot, ctit.eat gggh
t'ggga aggaa

gcccagtaa t cat tct” ctctgttcac cgctagattc taaatttata

ag

jgag 25

el

t at at ¢k g@a tcaRaGafgay € CaRFRAASLH:
t agaagttgc ctaacacgtc gtttttgggc
cagt cgggamtgacgagt goyegt gagcagy
gggacccggc cacgat gaag cttcat ggaa
gaacctrreautgaacruerdHd e cticgaayiac
{taaat att tt%tttttcc t gccaaat ct

t ccgdabET CHE FAL L THE "GP cHH
LLOAQQLLLG

gacagcttcc

t ct gaghacqaay esat & gt Cafl-ggt gt
aaat cct caa gaaccgat gg tgtagcagca

tgdicbgtpaasackgt €gkhcdaaeat aogg
gcgatggt gc gagctgatga gcggaggt gg
gtggkggtygaticgeoyytatagegeegoiogy
tgtcaacatg gcgttgcgac gggcagcaac
PRI EEeEc GaoEege e rgecatadt et £368
t aaaggttc t acaat . cgt t

R o PP 3 Sk T o raar
Loat ggagoc gattt of Lt £ gcacaagy

cgtcccacta cccgact at g aacgagt acc

tatdraaaarachgabbt acagriggtat gioua
acgtcgttca tgactcgacg ttattaggcc

gat t t bgcer ot 4 ghhagtdagget aaet gtge ascatttTageataayggtggagtgoagac ggeg

gtactggttt tttctaatag gtcggcattg

25

30

ggaggcggayg
ttaggcaaca
accggtcetga
tcgtctaaag
gacatcgatg
ggcggcggtg

accggegeag

geggaggtgg
cagtcggeac
gacgagtgeg
gtgeagegygyg.
gtggtggtgg
ctcgceceggtat

gegeegetgg

tggcggtgat
ctqaactatt
attttttteg
ttgaggticc
tggtggaggc
aatttgttct

ctgcacaacyg

ct ggaat gt tttagttt gaaggtcgtc
gcac;g:":l%ggcgg gt’g‘gaggctg aaatq?tct%g 69360

gtactggttt cgggcgecegt ttttggtttg 6420

tttctaatag cttccaacaa ttgttgtcectg 6480

gtcggeattg gtggagcggg cggcaattceca 6540

gctggaatglt taggcacgygg agaaggtggt 6600

ggtttagttt gttcegecgcac gattgtggge 6660

gaaggtcgtc tgcttcgagg cagecgcttgg 6720
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aact cactct gat ggaaagg ccattgttaa gacccaaccg tacctcatga gcatcagcct
ccaactcgtt tttacatcgg tcaaagtaaa cgatacattg acaattgttg gagcgaaaat
tagatttgta ctggactatc atctagcttt aaatattatg taaacacgtt gattatcgtc
tagccacacg agctttttgg ccgattttaa acggcaaatc gcgcaggcgg gtttaggctc

cgggc ccaacaa .gt gga aggcac ttcgcgcac tgcttcg

ctt ca%%gét‘%%oa 353%5%& %%%gg%aqactgtgg%élgﬁggga@%ﬁﬁtcg?gtttagéaa‘gcaatcg16%%ggt gat t agg
5220 ggehaagaad-n280 Ggaasaght s 0340:4accoact cia12490 9920t L 9cs 3460
ttattagtac 5520 tacgtatttt 5580 caaatgattt 5640 aaataggttt” 5700 taatggattt
5760 gttggatatt Ccati820:egctdidsgt fcb88b-paataangetsth94tgtegdieacam 06000
acgcctatta 6060 aattatttct 6120 ttcagacaac 6180 tactaatggc 6240 ggctggcggc
6300 xadegtict-etIBI6PAACt YPGrruept6420ctargta gectypt6480-togyraatt ce#66540

aaggt ggt 6600 gattgtgggc 6660 cagcgcttgg 6720 ggtggtggca attcaatatt
g’?aat %ﬁgg%tctgﬁﬁ a%%ﬁ@%ﬁ%tga%ﬁfﬁttéfw F‘%T%Fa"‘gégT frebTEFgt dartt'cgett at'éht t t ac
cgtgc t C ct.ca ta agcaattgta,6840 ttgtaaagag, at ctcaa
Dot 0gacae s Beocharnae Rageart iy aPrTRrad d-lutuctageartararat d8gagac
actt cgetgiqc@t cgacoi Argat 9lat oct: LLodal €22 ,606Q.-9, aaacolcolt dggaagettt
aaaatattta aaagaacatc tctgttcagc accactgtgt 7020 tgtcgtaaat gttgtttttg
at aat ttegeartett cegeagiacat sgacagglz tgaamaaat lyc 79306 cgatgegeataga aatbbbt gtt g
ttcctattat tgaataaata agattgtaca gattcatatc 7140 tacgattcgt catggccacc
acaaat§eiwggetYtameciciyjebrEa tratcacganacIA00sec tgealadaha cgizéaaact
'lcbggt at ?aaa taatcaac%c% gcgcttt gc aaaatatcta 7260 10 ttttat cgca caagcccact
dgcaaat t gt -4t tGEaGaA hatiatt grgoseadt 27820 11 £585PGAT cgadit aaaa
9t cageadl, Lgalaa0caa . coacecaant

a 380 tctattttaa. t gttcc
. atcaacaacc aagtgat cgt gat ggact ac g'%gt%tggg %C%czlclfﬁaat t%%ﬁaatafl at%%9

tc ccgatita gaaacact a
caaat tagagtgegagetifc ot actaasdd. gidageaat 3afp0tid aktagagea- gelLah gt gaa
gcgct caacg atttgcacaa gcacaatttc

at acacaacg 7560 15 acataaaact cgaaaatgtc
tt at actyegtaagcactigath cgegt gialy gtddogegat bta620cacggaid@ghga caaacacgaa
aactcactta gcgtgcacga cggcacgttg gagtatttta 7680 gtccggaaaa aattcgacac
acaactht'gedaeytat etz GHECHeiEe Feggeatdt veTP40t acatercaagd t t7§€¢ aacgt
1§atca29§’§c atéa%ct tttt tCCttgxt gt%aa attgttatcc 7800 %gtcacaatt ccacacaaca
facgagctgy  adgcat axad T gitaaayc st Y

et 5°7866°D0 %At yigeghgd *faact cacat
taattgcglt (gegctcact §.cCceaetitGe t%gggfaa%ggc%ggtgft glegtgc, cageg gcat t
tgcgtat 7980 tgdg

aat gaat cgg Ccaacgcgcg gggagaggcg gt gctct tccgcttcect
cgct cactgm=ei£ et gefCat QL etHC URIE69UCY;8040tA0GH8LAL6a: gelgact caa
aggcggt aat acggttatcc acagaat cag gggat aacgc 8100 aggaaagaac at gtgagcaa
aaggceagdacaaaggocaggrhantgtemds agygotgogt te8ite0qb agtsggegt t t7ste ccat aggce
tccgcccccc tgacgagcat cacaaaaatc gacgctcaag 8220 tcagaggtgg cgaaacccga
caggalt'dtia*aagaractagcYdGrettce Trygaatict CIBEBeCEcvEIgegea t dEeRt gt te
gaccct gc cttaccgga tacctgtc cctttctcecec 8340 ttc aagc gtggcgcttt
ot So SR TGt Sag°t arer ChgET Tobt GrachE B0 KoetgRoee” adgct gogct

Ct cat agttc c

- gtat gemg@&&%g&g}c&@%@@?&m@g folol Molofoloton gg%égggé;ogfc%%gméc sbggcgtettg

‘..agt ccaaccc ggtaagacac gacttatcgc cactggcagc 2 agccactggt gtggtggccet
gccagtiapgctageggi@gict gagaiacht tgrogatddd ggis -aag! bhtaraqsaat ags gag
ccccgtcgtg 10 gataccgcga aagggccgag ttgccgggaa tgctacaggc ccaacgatca 15
cggt cereaber act graraytagoredaet Ylawabtewyggeargt tat begrtadBoacetatt cgt

agcaaaaaca aatactcata gagcggatac tccccgaaaa 25 aaataggcgt ctgacacatg
160

acaagtTEGrIYHC At BHFaGeE graaggaga 22a99ccagg

25

30

gctggegttt
tcagaggtygg
cctegtgege
ttcgggaage
cgttcegctec

atceggtaac

ttccatagge
cgaaacccga
tctectgtte
gtggegettt
aagctggget

tatcgtcttg

tcegececece
caggactata
cgaccctgece
ctcatagctc
gtgtgcacga

agtccaacce

tgacgagcat
aagataccag
gcecttaccegga
acgctgtagg
accccecgtt

ggtaagacac
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aaccgtasaa
cacaaaaatc
gegttteece
tacctgtceg
tatctecagtt
cagcccgacce

gacttatcge

aggccgegtt
gacgctcaag
ctggaagctce
cctttetece
cggtgtaggt
gctgcgecett

cactggcagc

8

8220

8280

8340

8400

8460

8520



-,

L tcattggaaa gt

30agggcgatcg aacaggatta aactacggct ttcggaaaaa ttttttgttt atcttttcta
atgagattat tcaatctaaa gcacctatct tagataacta gacccacgct cgcagaagtg
gct agagt aa at cgt ggt gt aggcgagtta atcgttgtca aattctctta aagtcattct

gat aat accg gggcgaaaac gcacccaact ggaaggcaaa ctcttccttt atatttgaat

gt 90C%g%&&%g%%&%g%%%&%@&g@&% G cgeot..cagatt gt.ac, aagtaccges

gt gcgggcct gcagagcgag acact agadg gagttggtag gcaagcagca cggggtctga

Caaaaaggatqgtatal-at gaccagelabedl; coalace09aceacegasticer@Geh gaaac
gtagttcgcc cacgctcgtc catgatcccc gaagtaagtt ctgtcatgcc gagaatagtg

cgccacatagtiact caaggatzagadcitt caigy atgoggcaaastizaatatdcacgtapyt &jaa
acgtctaaga cctttcgtct agacggtcac cagcgggtgt tgagagtgca tcaggcgcca

ct t cgdraEIItogt adttGt Hefe © gElage Fattig IR Eat PEAFPARTI9gEG-TreRt gdfec
ggcaaacaaa attaC?C C agaaaaaa%%4cgcgca?t % a%%gaaaact CgtcaC%tgg
Y oot OO S AICT L OE " CIHHERGTT Rt arT ) C R CarAGT Ugaan L 48
{ot gggeooa A0aILalea . 00aRaans LILALECAPG,Local eoagt . a0kt gatags
ttgcgcaacyg gtttggtatg gecttcattca catgttgtgc aaaaaagcgg ggccgcagtg

tt at cagheatateaghangaat galatibt €10 tedpcgospaceqgagid getasagaactdota
aaagtgctca cttaccgctg ttgagatcca atcttttact ttcaccagcg aaagggaata

agggcgatewtbhgasgcatdtct atzoaggytity aaattadaradcat@gygytitoca@echat t%Are
at cat gacat cgcgcgtttc ggtgatgacg agcttgtctg taagcggatg tggcgg tgt
cggggCEHEE “CEatataefy -t RLAAMIHE PITyEeata cawefa%:@éaf:%@e&agé 8

aaa agttcttgaa ctctgctgaa cc cqgct atct caaga cacagtt
D andahT Ia0E SR G L GECPRaaE Bhatfeeht A CRAG0 CaG 1At adrty

attaa - gtgctgcaat agce g aat

~ttgtt od Gt 1 t . gt gcC
S o Ll Lookabane s oL st el g e

t aacctataay.ghgaraashi-a6CHEQageAE hiaaatajge egrasagat g-agigt t ggga
gatgtgctgc- 8580 8640 8700 8760 8820 8880 8940 9000 9060 9120 9180 9240.

9300 98818420 34800954 0-9600-B660t &1R0a197 0L G840cDI00cGBO: 10020 10080
10140 10200 10260 10320 aaggcgatta agttgggtaa cgcc%%ggtt ttcccagtca

cgacgrfEt WaAGACGIETRIC L2 0BBO- L UG gERTVIB T <218 eg e 1159 X5k 1 F3°PRT <213>
PQI’ ci geg :Cc%g usat%g*ft% ga>. g%aé%gagt%r gc?éc%cé& @Egtc%[: ca-rw;gg@cra%g'ga\ég 9@59 Arg H's
i s PrOYPro - Ser
agcactgecat aattctetta ctgtcatgcc atcegtaaga tgettttetg tgactggtga 2480
gtactcaace aagtcattet gagaatagtg tatgcggega cegaghttget cttgeccgge 9540
gtcaatacgg gataataccg cgccacatag cagaacttta zaagtgctca tecattggaaa 9600
acgttcttcg gggcgaaaac tctcaaggat cttaccgctg ttgagatcca gttcgatgta 9660
20 acccactegt gcacccaact gatct%cagc atcttttact ttcaccageg tttetgggtg 9720
- agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata sgggcgacac ggaaatgttg 9780
aatactcata ctctteocttt ttcaatatta ttgaagecatt tatcagggtt attgtcetcat 2840
gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc cgegcacatt 9900
tccccgaaaa gtgccacctyg acgtctaaga aaccattatt atcatgacat taacctataa  99e¢C
25 aaataggcgt atcacgagge ceotttogtct cgogegttte ggtgatgacg gtgaaaacct 10020
ctgacacatg cagctcccgg agacggtcac agcecttgtetyg taageggatg cecgggageag 10080
acaagceogt cagggcgegt cagogggtgt tggogggtgt cggggetgge ttaactatge 10140
ggcatcagag cagattgtac tgagagtgca ccatatgcgg tgtgaaatac cgcacagatg 10200

cgtaaggaga aaataccgea tcaggegeca ttegecattc aggctgegea actgttggga 10260 .

30 agggcgateg- gtgegggect cttegetatt acgceccagetg gecgaaagggg gatgtgctgc 10320
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151015 15 H's Leu Ay G n 20 20<210> 10 <211> 19 <212> PRT <213> Porci ne-
circovirus 25<400> 10 Pro Arg His H's Tyr Arg Pro Arg Arg Lys Asn Sly lle
Phe Asn Thr 151015 30Thr Leu Ser <210> 11 5 <211> 233 <212> PRT <213>
Artificial <220> 10<223> This is an am no acid sequence for porcine.

cir COV' I’ q‘_;éﬂattige gi a&ﬂ%n éfc%géi?és;c gg%aétca %ggcgtjc%tg‘%%&gam Tylr03g)(5 0 Arg

Arg Awg
) cagtgce 10387 -

5 <210> 9
<211> 20
<212> PRT

<213>» Porcine circovirus
10 <400> 9

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

1 5 10 13

15
His Leu Gly Gln
20
- 20 <210> 10
<211>- 19
<212> PRT
<213> Porcine circovirus
25 <400> 10
Pro Arg His Hisg Tyr Arg Pro Arg Arg Lys Asn Gly Ile Phe Asn Thr
1 5 10 15
30 Thr Leu Ser
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2

151015 Ser H's Leu dy - Gn Ile Leu Arg Arg Arg Pro Trp Leu Val H's Pro
202530 20 Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Ay Ile Phe Asn Thr Arg
354045 Leu Ser - Arg Thr Phe Ay Tyr Thr Val Lys Ala Thr Thr Val Arg Thr
25505560 Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp Phe Val
65707580 30Pro Pro Ay Gy @y Thr Asn Lys Ile Ser Ile Pro Phe G u Tyr
Tyr 859095 Arg Ile Lys Lys Val Lys Val GQu Phe Trp Pro Cys Ser Pro Ile
Thr 100105110 5 Gn Gy Asp Arg Ay Val Gy Ser Thr Ala Val Ile Leu.Asp
Asp Asn 115120125. o

<210> 11
5 <211> 233

<212> PRT

¢ <213> Artificial

<220>.
10 <223> This is an aminoc acid sequence for porcine circovirus type 2,

open reading frame 2.

<400> 11
15 Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
1 5 10 15

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

20 25 30

20

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 Arg Thr
25 50 55 60

Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp Phe Val

65 70 C 75h g0
30 Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro Phe Glu Tyr Tyr
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Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr :
10130135140 Ser Ser Arg His Thr Ile Pro Gn Pro Phe Ser Tyr H's Ser Arg
Tyr 145150155160 15Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe
G n Pro 165170175 Asn Asn Lys Arg Asn G n Leu Trp Leu Arg Leu G n Thr Set
Arg Asn 180185190 20 Val Aspp H's Val Ggy Leu Gy Thy Ala Phe A u Asn Ser
Ile Tyr Asp 195200205 G n Asp Tyr Asn |Ile Arg Val Thr Met Tyr Val G n Phe
Arg G u Phe 25210215220 Asn Leu Lys Asp Pro Pro Leu Lys Pro 225230

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

100 105 110
5
Gln Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu Asp Asp Asn
115 120 125
Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr
10 130 135 140
Ser Ser Arg His Thr Ile Pro Gln Pro Phe Ser Tyr His Ser Arg Tyr
145 : 150 155 160
15 Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro
165 170 175
Asn Asn Lys Arg Asn Gln Leu Trp Leu Arg Leu Gln Thr Ser Arg Asn
180 185 150
20
Val Asp His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser Ile Tyr Asp
195 200 205
Gln Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg Glu Phe
25 210 215 - 220

Asn Leu Lys Asp Pro Pro-Leu Lys Pro

225 230
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