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WD 2006/ 072065 PCT/ US2005/ 047596 PCV2 | MMUNOGENI C
COVPCSI TI ONS AND METHODS OF PRODUCI NG SUCH
wOeeMBeOS065 ONS 5 RELATED APPLI CATI ONS Thi s appl PCatiSemw5/047596
clainms the benefit of provisional application seria
nunber 60/ 640, 510, filed on Decenber 30, 2004, and
application serial nunber 11/034,737, filed on 10
January 13, 2005, the teachings and contents of which
PCVE BINMENDGENIC @QPOSERICINS AdR MFIGRODSEIBRODUCEYG §GCH
Thi s application cont@gOMPESIHEONSNce |isting in paper
format and in conputer readable 15 format, the
t eachi ngs and content of which are hereby incorporated
by reference. BACKGROUND OF THE | NVENTI ON 20 Fi el d- of
the Inventi on OneRESPIED MPPLECABI@NENt invention is
concerned with the recovery of a protein expressed by
ORGE &;ﬂ;ﬁ%ﬁ& fam el PhAt F pRvivistal capptiostionu setigipeumber
2 (PCV2). More particularly, the proteinis a
[ (0] I nan | I : , filed on
o SiE B EDRARE D, SN BIEAEbIRNIth LRI RSl MR
circovirus type 2, en reading frane .2.. Still [
Jamuargsdp¢ 3005 heracbings and Greise pLURGR ALIT LY jafrpypie ty e eRence.
infect cells in gromh nedia and the protein
expressed by open reading frane 2 is recovered in the
supernate, rather tISBQUENCELISIMeGt he cells. Even
nore particularly, the nethod invol ves the steps of

ok ia{?%ﬂiicﬁﬂoﬁ REnt2RS A sEQRACH Ustidgl PRper BEAS dnddmcpapaienecadable
citcovirus type 2, cloning this anplified portion into

a first.vector XGi Sl ? ' 8 aBce2
format g PRt g oA ik A BR BRBRRMLA Gy AR

transfer 30 vector, cotransfecting the transfer vector

wth a viral vector into cells in gromh nedia, 1 WO

2006/ 072065 PCT/ US2005/ 047596 causing\the cells to

becone i nf ect EBABKGREOUND QF THE INVENAdONher eby

express open readi ng
Field-of the Invention

One aspect of the present invention is concerned with the recovery of a protein

expressed by open reading frame 2 (ORF2) of porcine circovirus type 2 (PCV2). More
particularly, the protein is a recombinant protein expressed by a transfected virus containing
recombinant coding sequences for porcine circovirus type 2, open reading frame 2. Still more
particularly, the transfected virus is permitted to infect cells in growth media and the protein
expressed by open reading frame 2 is recovered in the supernate, rather than from inside the
cells. Even more particularly, the method involves the steps of amplifying the open reading
frame 2 gene from porcine circovirus type 2, cloning this amplified portion into a first vector,

excising the open reading frame 2 portion from this first vector and cloning it into a transfer

vector, cotransfecting the transfer vector with a viral vector into cells in growth media,
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frame 2, and recovering the expressed reconbi nant
protein coded for by open reading frane 2 in the
weupwsroiztee. | n anot her aspect, the present i nveariuseoss47596
concerned wth an i mmunogenic 5 conposition effective
for inducing an i nmune response agai nst PCV2, and ‘
causin%;'/’gfemém t ®ecorpé Efecticd Byt the sral seatorogrehtherabyngxpsdss iopeis reading
re particularly, the present invention is concerned
' ﬁ{](%jltﬂ ' PRSIt bfReif tb&elt for By bf¢n reading frame 2
ﬁmne%#%@ﬁ%?ﬂ% ?% ﬁ%ébéégbnse E?ﬁgatlﬁprotectgyéﬂianina
) recei ving the conposition and reduces, or |essens the
in the sypgFB#tty, of the clinical synptons associated with
PCV2 infection. Still nore particularly, the_ present .
10 anvdlart pspect, s theo peaserie dnvgntian aisp FRRcEMedp Ydtby an  Immunogenic
i mmunol ogi cal conposition that confers effective
compofitieh @FfetVe Bgraindating reirhinone byspBi2agaiiwePGG},eand methods for
particularly, the present invention is concerned with
producffp 1Y qgﬁx‘f%o%?ﬂgic C&ﬁ&%%itfohgnma’g%ﬁﬁiu%hgﬂf@ péseMCifRrention is

ereln ad tration of PCV2-ORF2 results in

protecti on against .i nfect..on P . .

concerf VB R aMR RN Qo DR FENE G PYatiag R e response
an i munol ogi cal conposition effective 15 for .

that protepis @nranimalareaiving fee FORRAFtION 31 T5AuGRS R Tessees the gty of the
i mrunol ogi cal conposition, and wherein the

clinical @{iRGtints associatydr withsPCW2 ipfastien.n 8ilpresrsepariqulahy; 2thef present
PCv2. Description of the Prior Art 20 Porcine

inventl‘ghri§96ﬂcé Sd W& Brotdit¥ased idimindIvRldal éohfposibnithaticonfers effective
[

aneter), icosahedral, non- envel oped DNA virus,

whi ch .cont ai ns _a_si -sir e + BCOtion is
poe S i S 5 e, Y, R PR
porcine circovirus type 1 (PCV1). Haweve i.n .
concerpeht Wikl t 2ty IWWMC%?WQS&% SEMRTIFE HOREZ: P BGY2, wherein
swine infected with PCV2 exhibit a syndronme conmpn
adminfseher off POV2OMES tresudta ninngrotéstioh sageinstiinfegten ibygPCV2.  Most
Syndrome (PMAB). 2 WD 2006/ 072065 PCT/ US2005/ 047596 '
particlﬁm thS piekdr isRhtivn $hemehed Wadntnmantigiel compesitaseffective
of the gkln, unthriftiness, respiratory distress,

diarrhea, ..icterus, ' i ce. {861 eStnposition, and
o oA B 0 A S B3PI g
where% gggtggs?trions g\(ll)rrrllgrisve\:ds ltllle p?’gtle}/n er;(%\r/eesse%y BRFEVAI?Pef\Qt hese

Description of the Prior Art

Porcine circovirus type 2 (PCV2) is a small (17 -22 nm in diameter), icosahedral, non-
enveloped DNA virus, which contains a single-stranded circular genome. PCV2 shares
approximately 80% sequence identity with porcine circovirus type 1 (PCV1). However, in
contrast with PCV1, which is generally non-virulent, swine infected with PCV2 exhibit a

syndrome commonly referred to as Post-weaning Multisystemic Wasting Syndrome (PMWS).
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During necropsy, mcroscopic and macroscopic | esions
al so appear on nmultiple tissues and 5 organs, with
woOypa@ha2mds or gans bei ng t he nost conmon site foPCT/US2005/047596
| esions. A strong correlation has been observed
bet ween the amount of PCV2 nucleic acid or antigen and
PMWS8 g cEmivally charasferizgil byozastipg.cpalgnephof the| skigl, gpthriftiness, respiratory
Mortality rates for swine infected with PCV2 can

distreRP IR, 1086, 4dd prldiick ONId SortédBfeciROVRvines a beaibination of all
associ ated with several other infections including

e . ot | :
syp 3 AT R YoBRal ¥ Bk SRR RO ERRN A g symptoms.
. meningitis, salnonellosis, postweaning colibacil]l.gsis
During 8By ™ BRI S TR CU IR VO BREn S AR sues and
Open reading frame 2 (ORF2) protein of PCV2, having an )
organg pyitlolyimphosl onghechding thevwepssisompfonanitekior asipan. A preng correlation
SDS- PAGE gel, has been utilized in the past as an

has be¥RtIHEEREE betw@BR BReithourl of RV D ascléioraciddf2antibgpiandihe severity of
nmet hods of obtaining ORF2 for use in such 15 vacci nes

. o | !

i PR Yo FPRSERL  MorB) 148 87 s, BP0 2l pprosch
DNA, jnfecti I it.h the viral. vector contaipin .
50%. (g abion AV VP g rem assogatf e G REA Oafsr dnfectons

protein within the cell, and extracting the ORF2 ,
includimg pesudofabing powsinseteprogugtiveepnd reppiratoryT Renssorpe (BB Slasser’s
generally take up to about four days after infection
diseasef bthptoobdas Myenirpétis/i kalmoneliésds,. postweusing tcbbBarillosis, dietetic
procedures have a di sadvantage 20 in that the

hqxn§%§EB&EﬁgﬂﬁﬁﬁgiﬁﬂggﬁémgﬁﬁP oth costly and

fe- co I ona , the anmount of ORF2

recovered fromt s i,s. n y. hi.gh; .

TSR qrtes ame £ PBE2h Brastin GrpC TA) niE i spprogimate molecular

infected by a | arge nunber of viral vectors in order L
weight of 30 tkanwherf runcereBPS-RAMaR teet ihes bem wtiized de thaopashat an antigenic

expressed protein for use in vaccines and the |like. 3
comp¥¥en2 G 6/2031865 Sor PETW RIS2 U5 LA 4iBth6ds Gfiobeaming (PREAdhresse in such

to PCV2 imruni zation include DNA-based vacci nes, such

vaccil% v\%éﬁ@l%ﬁy%ﬁﬁlﬁﬂ beSmbRfiheSthelad ¢AtDNA. c&ﬁﬂgD%rO@g{z, transfecting a

ver, “such vacci nes have. been | neffect I ve .
it PR B RGNt PR i ! B6RGe ome2

DNA, permitting the virus to express ORF2 protein within the cell, and extracting the ORF2

protein from the cell via cell lysis. These procedures generally take up to about four days
after infection of the cells by the viral vector. However, these procedures have a disadvantage
in that the extraction procedures are both costly and time-consuming. Additionally, the
amount of ORF2 recovered ﬁém the cells is not very high; consequently, a large number of
cells need to be infected by a large number of viral vectors in order to obtain sufficient

quantities of the recombinant expressed protein for use in vaccines and the like.
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5 Accordingly, what is needed in the art is a nethod

of obtaining ORF2 protein, which does not require
wexbteaaticon of the ORF2 protein fromwi thin i nPettsenos/047596

cells. Wat is further needed are nethods of

obt ai ni ng reconbi nant ORF2 protein in quantities

sOdrként i apptoathes toePEVEI mmmimizggicspiciudg lgﬁéclpas@d vaccines, such as

conpositions. Wat is still further needed are nethods

those de@énbeqhhay Bi PaleitRRR @TO3EH3N Mbwelkr,daciodccires hbvebdehdneffective
conplicated and | abor-i nt ensi ve met hods 10 required by

t
at confeifinf BEE e TSR el AR R A 7 Blieal stgns agociated
i.n the art is an |mTunogen| c conposition which does
therewitdnf er  protective i mmunity against PCV2 infection and
| essens the severity of or prevents the clinical _ i
shgrsdiaglyowhat i dheedrsriavthe hrt i 5 nethaderbobrinmgORF2 protein, which
| NVENTI ON The present invention overcones the problens

does iof P&fhﬁr@textr@cﬂdiheofﬂhb @REX protid fiprowittasinfectadi edlsndVhat is further
advance in the state of the art. Specifically, one

needec?sa?eﬁ ?ﬁdetﬁé tgleoﬁ{aﬁﬁx%tr Wecove VieReHh lqURtANS Sufficient for

produ0| ng reconblnant

2 ORF2 roteln ttln ectio
efﬁc1e§8/d)§g1apﬁge acene scOFWO%‘HP%{% t]ﬁ 31 %‘Etilﬁ{) Pﬁe | fagthods for
20 vector containing PCV2 O?FZ DNA codi ng sequences,
obtainiigeOBER 1OREn phishedonnotsreayint tesawanplisptet (ad rekosrinieRsiie methods
viral vector, and ii) thereafter recovering the ORF2
requlrécD Byhéhes léﬁﬁélﬁtat)RFZJ fprotéias exieation nerofpeolsed| Binallys cwitkr eepect to
that ORF2 is released into the supernate in |arge

comp&#?(ﬂx% e%&tsls ﬂegdédqﬁ'j] ﬂ[hg "s'aﬁrlnﬁﬁ\ﬂmogb’lﬁé QEHPBSitibA GHHEEH HO8¥ confer

I nfect ed ce Is allowed {o progress past the

580 RY BE CeE R Bt g g e

PCT/ U82005/ 047596 cells. It furthernore has

clinica) signs assoeiatidribergwitbund, that PCV ORF2 protein is
robust agai nst prototypical degradation outside of
the production cells. Both findings together allow a
recovery of high amounts of PCV2 ORF2 protein fromthe

supernate of celguMNMARYSF THESSVENTION h r econbi nant
viral vectors containing a PCVZ ORF2 DNA and

R SE50 R T OB RO v

distinct advance in the state of the art. Specifically, one aspect of the present invention

provides improved methods of producing and/or recovering recombinant PCV2 ORF2
protein, i) by permitting infection of susceptible cells in culture with a recombinant viral
vector containing PCV2 ORF2 DNA coding sequences, wherein ORF2 protein is expressed
by the recombinant viral vector, and i) thereafter recovering the ORF2 in the supernate. It
has been unexpectedly discovered that ORF2 is released into the supernate in large quantities
if the infection and subsequent incubation of the infected cells is allowed to progress past the

typical prior PCV 2 ORF2 recovery process, which extracts the PCV2 ORF2 from within
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supernate, preferably nore than about 25 g/nlL, even
nore preferred nore than about 30 gg/nL, even nore
wonedfomrzoed nmore t han about 40 gg/ L, even nor ePCT/US2005/047596
preferred nore than about 50 gg/nL, even nore
preferred nore than about 60 pg/nL, even nore )
cells. Rriaftherede ims beérsarprismphyufoud, thgt BCY ORHR protein is robust against
preferred nore than about 100 gg/nlL, even nore

prototj;g%@dcl eddeBlatitR duliicaBP e PRIMUBHH- cellR Bothr Ridingse thekthan allow a
out I90 g/ nlL. Those expression rates can al so be

achieved for, e I t i i nfected
oo S s SV £ RSO AR Al o
: count between about 0.3 - 2.0 x 1 s/ nm, nore
with rmcémlgpgm\yrafl NEFOEpeAntaiping P8Y_290§$23§&@e?r& praressig ﬁe PCV2
nore preferably fromabout 0.4 - 1.8 x 106 cells/nL
ORF2epteteinfizhpaméertalbf PV ORIBopotdn 48eans mqrexthap@bout 20 pg/mL
cells/nm, and nost preferably 15 from about 0.5 - 1.5
superr%ﬁ}]elég)@ef&%biys_ lﬁ%e thi2h @bt B 1 6RAIL, Seveh ensletpefoirad iphaze yan about 30

e of SKki inthe art. Preferred cells are those

suscepti bl e for, inf i | i d than about

pormly SRR BoremE e gt b Bl A, BB GG ot e opsfhan abou
and expressing the PCV2 ORF2 tei Pr ef er ab| t he

50 gl & eRBoTRITg B19ES o PO L BB BB Tyore digreed More than
include the insect cells sold under the trademark Sf+

about i803eshLcetdnsnéRrmeteired Boreihor sbas 98/ mbnevansppigdncterred than
CT). 20 Appropriate growh nedia will also be

about 460 ?Lrgyﬂmﬂ,arl%bﬁ P8O BRinQbotkiJol pg/mIL HEhase xprietdiorarates can also be
preferred grow h nmedia being serumfree insect cell

. ia such J . By i I.nc.,
a"hle‘@%&%{fa“&i g\ZHg iﬁié&fsfbé gi.e §¢ér|ﬁ e gﬁze liggglﬁ%/ect ors
i ncl ude. bacul ovi rus suc as .Bacul ool d. (B
P RSEe ALC BN r7el QPO AERY: O  455F dPeflgfmL, more

if the production cells are insect cells. Al though

prefertibly foam abowti 4.3 - d)9px 485 ¢adly/mel.sitidlmprs pyeterably Egm ghout @4 - 1.8 x
5 WD 2006/ 072065 PCT/ US2005/ 047596 under st ood by

106 cAIRASE, & SHdrk brdférabliydroni hbdubt450t hEk 16% pelistmLoand most preferably
systenms will work for purposes of the present

from WO O )Dg(?ﬂ%e‘l'lsfgflﬁ fgﬁrf‘eﬁséeﬁﬁ aftf ddkeMAndBR By tHdk® of £1811 in the

super nat ant ac ture. Such other expression

syste require tk se. of .a si.gnal AR :
o, P BTt R s 05 55 R T aPREHRE S i
been surprisingly discovered that when ORF2 IS .
vectoproodiaiing bPGY hORIAINAandesxpressise she BEYRLARF? profejas Preferably
not require any signal sequence or
the cells are insect cells, and more preferably, they include the insect cells sold under the

trademark Sf+ insect cells (Protein Sciences Corporation, Meriden, CT).

Appropriate growth media will also be determinable by those of skill in the art with a
preferred growth media being serum-free insect cell media such as Excell 420 (JRH
Biosciences, Inc., Lenexa, KS) and the like. Preferred viral vectors include baculovirus such
as BaculoGold (BD Biosciences Pharmingen, San Diego, CA), in particular if the production

cells are insect cells. Although the baculovirus expression system is preferred, it is
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further nodification to cause expression of ORF2 into
the nmedia. It is believed that this protein can
wonadsperdent |y form virus-1ike particles (Jour rai/uso0s/047596
General Virology Vol. 81, pp. 2281-2287 (2000) and be
secreted into the culture supernate. The reconbi nant
understdddtly thest afrskiltimnthartithay ottiee cRGYRI@RFRteDINAVISleverkferpurposes of
has a preferred nultiplicity of infection (MJ) 10 of
the pr&%%%%&tﬁﬁo Hﬁmglyot:ﬁe “expressiofRF @AV ORF2b0 fheapahatdht of a cell

, Stl nore preferably from about 0.09 -

r ef erably frg

et e RS B Y BVl 1 bl i order
Preferably the, MO s mentioned above re|ates to

cause ORF2epprestipe ditte the merig. Ibhas keey BP’SP“S’tnﬁb' icastpd Hhst wien ORF2
descri bed herein conprises the infection of 0.35 - 1.9

is product@by hdubvidus expiessiomsysterpy it fdernbbtyreghire by sigoalssequence or
1.8 x 106 cells/n, even nore preferably of 15 about

furthef gf&hfica@loﬂ td cllQ@: E?r‘:s%idﬂ—of aRF2MBEd tHe mkainal i wdlieved that this

06 cells/nL with a reconbi nant

proten\P/ Iﬁéﬁa Jlfgé\ége%té%{l_ﬂ C%nt al; Hiﬁqg(a&a?ﬁ%\{gs %ﬁ%ﬂ%éﬂé?&l e\?iﬁfl VBQ 81, pp.
i nfection) of between about jror &

2281-2285 @AM §nd be sparepd drtoghe gulturg sgperg:lttp| T gmblnant viral vector
preferably fromabout 0.09 - 1.1, and nost preferably

contaihingrthe 2OHM2 OBRF2 DNA. @qu@edhes 4 pfefaresdmpliplisity o6 ntfﬁéwn (MOI)
i ncubat ed over a period of up to ten days, nore

of bet%ﬁ{ £50aPbY3 f1r5) e %%feﬂalﬂ@ el abdu 0adzouL.3 tstifl ilenepreferably from
nore preferably from about four days t o about

il
about @bdéﬁt fjgyafc’ trg%sq yg&‘é bg{ﬁérﬁr g@ﬁtyo {19 aReHsdd dfé? tilBMEectibn of the

erre |ncubat|on condi tions

include a te et ween abput 2 2C
suscepfbly 61k ByolOrDRK o0 1b4nenu§9@i" 2B felates, e, filly §f gl culture
fromabout 25 - 29C, even nore preferably from about 6
fluid. FheferaBBC he McOd2086/bXLbESInROINIEED 05 DALion ofhdp - 1.9 x 10
nost preferably about 27C. Preferably, the Sf+ cells

ceus/ﬁLe sﬁlb%ﬁfra okt ablyouf Msbut morullc ka0® ctli/mihavec hewe préferably of
bacul ovi rus-i nduced changes. Such observat i on may

about' g8 {19 er ' teﬁg/ an& %J& png tlﬂy of hERAD.ANE sLNEOS cells/mL with a

écrease 1n Vla e post-lnfectlon

period, |t vvasfou.nd ter
recontp el Yediorieyiamect HrooRanDhRY “phfPrsgine the PCV2 ORE
rel ease fromthe cells 5 into the supernate is
proteinitasingedVIbd (msbipligiy of iifertionBof batdeet 2wt R-08¢1 1.5, more preferably
viability decreases to

from about 0.05 - 1.3, still more preferably from about 0.09 - 1.1, and most preferably from

about 0.1 - 1.0.

The infected cells are then incubated over a period of up to ten days, more preferably
from about two days to about ten days, still more preferably from about four days to about
nine days, and most preferably from about five days to about eight days. Preferred incubation
conditions include a temperature between about 22 - 32°C, more preferably from about 24 -

30°C, still more preferably from about 25 - 29°C, even more preferably from about 26 - 28°C,
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| ess than 10% Thus, one aspect of the present
i nvention provides an inproved nethod of producing
wanaiemr206ecover i ng reconbi nant PCV2 ORF2 pr ot ePAT/US2005/047596
preferably in amounts descri bed above, by i)
permtting infection of a nunber of susceptible cells )
and mdss peefeablyeboutr27¢Cl Pusferabiyt, theeS i Geleammbieraed foliomang inoculation
vector with a MJ as defined above, ii) expressing

i$RMBacRIRAEE- hdi¥ed Lhigk€ C Subh RBBdrvatidnamay g6dlade monitoring
1br0h§%%@?§¥% thereafter ?ecovgﬁing t he PCV2 ORFZyin t he

super nat e f cells .obhtai.ped en. d It £
ct acREAR P iy BRSPS P R P BBt 10 s ound
: less then 10% Preferably, the reconbin vi ral
that pelb oitek s 15D e 4AYe SBHLINSUPR A2 PEHORE? Fgeaspipm the cells
ORF2 DNA codi ng sequences and the cells are Sf+ cells.
into thAddpérnaads btainetl esveeneatags 5end 5 andat whive celliviability ecreases to
periodically exam ned for macroscopic and nmicroscopic '
]cwth$¥? nce of contamnation or for atypical changes in
ce nor phol ogy during the post-infection period. Any
cul ture exhibiting any. am. nat: i shaoul hod of produci
sl BoPPpr b P iR B LRSS0 Hiethed of producing
protein is secreted by the cells into the surroundin
and/orgeeaperngaerosmbitieRt PCYA ARE? meoteiey prelsraly in PV‘."“lﬁﬁLél‘% d above,
is then recovered in the supernate surrounding the .
by i) pehliing2@fectivherf 4 hambér ofrsuseeptibds Icells (rsambbvasin qulre with a
recovery process preferably begins with the separation

recomBinafievilal ¥6&6# With LVIOT A€ defRicaraBs&e §i) Skrdsditly PEWRORF Apmvtein by
separation step. Preferred separation steps include

filtration entrif. i t

e o R TP oA C2 RVt spermae
chronmat ogr aphi ¢ separati on using i on, exchanqge,. or, gel

of celibiqbtained bRvesA2XECh B IARIMICCHOPANI(SE SFH #5euly detieases to less

. PCT/ US2005/ 047596 i mrunoaffinity nethods. Those o

then 1004, Tadferabiye thecamombimaptvsdnectiiis hadcambingrd baggloyiges containing
exanple by (Harris and Angel (eds.), Protein

Pcvzlftbl}fiF' 5 Irah | BBingREHRASes arl 16 26lld SalSfapproantiitidally it éspreferred
Oxford 1995)#%$he nost preferred separation nethods

that tféehn %Iu#\gili%t %E)te{iﬁéigag;e ?)ga?rrligléd ?tplle ?x‘fja%rdépo i© anfl E&os%g?iggcg)i&nce of"

1 on. tration nmethods 1 nc

=

dead-end mcrofiltration 5 and tangential flow (oF .. .
contargingan oF 4 SPIcEk ShaEES cH PP B e post infotion period

filtration dead-end mcro .
Any culture exhibiting any contamination should be discarded. Preferably, the expressed
ORF?2 recombinant protein is secreted by the cells into the surrounding growth media that
maintains cell viability. The ORF2 is then recovered in the supernate surrounding the cells
rather than from the cells themselves.

The recovery process preferably begins with the separation of cell debris from the

expressed ORF2 in media via a separation step. Preferred separation steps include filtration,

centrifugation at speeds up to about 20,000xg, continuous flow centrifugation,

chromatographic separation using ion exchange or gel filtration, and conventional
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filtration. OF these, dead-end microfiltration is
preferred. Preferred pore sizes for dead-end
wai2etef72des r at i on are bet ween about 0.30 - 1. 35PgmMUSRMDME047596
preferably between about 0.35 - 1.25 gm still nore
preferably between about 0.40 - 1.10 gm and nost
immurpafffrétyahétiodset Tiese nedeuds arekndsm-to Ppesogsrskilled insthe art for example
bel i eved that any conventional filtration nmenbrane

by (Ha\i‘hé bndVals f&i s.3.0p 4P pSSHcafibn tﬂi&hﬁsesﬁljiradtiéweiﬁplrmh,am press
pol yethersu one menbranes are preferred. Any |ow

ol LR 5 B B PR s

pr ot ein, prefer abI y in anounts descrl bed above, by i)
and tapgential fliowgor erbsclownfiliatian meiising béllew benfiitistion d@ﬂd end micro
(see above) in 15 culture with a reconbi nant viral

ﬁltrau&?cmrthé@et fead-MI mfofleitioneld paéfered. Pieferéetopeas sizeg fd?@éad-end

ORFZ protein by the reconbinant viral vector, iii)
F
iR B B0 AN US4 R S -1
um, v b e a4k G B iLed Chodibyhhs won

via a separation step. Preferably, the reconb|nant
0.45 -viapmvedt o believad thatuanyy convendenal Hilfrptien ommmbrage wilh work for
codi ng sequences and the cells are SF+ cells.

purposRs e BrhsSRARVE0ARNE PRBRRERIIONO Sembdss rard eetfabml eAny low
Most preferred is a dead-end m crofl Itration using a

weighpguc elgngdgsé/(#l%?ag \?Eﬁféﬁ§g 3%&? Ug gSBgm- 1.35
t f bl y bet b t 0.4
iﬁhum t{srt@wéfsa%%tﬁo b%‘? wE@ﬁ“ﬁtiﬁa%w%”? wigvides o oo mgghod of

2006/ 072065 PCT/ US2005/ 047596 For recovery of PCV2
produ@RE 2andfat regovérittge repouinant RCY 2rAREG eproteiny preferably in amounts
i mmunol ogi cal conposition such as a vaccine, the

descnbaphbweoay Of) pRAmitfHEE rifstioh VT asiuepbdrofisusdeptiblectells (see above) in
order to inactivate the viral vector. An "inmunogenic

cultur® Rvﬁh“?’fgc?m?cﬂh%}ﬁcéﬁgr | Q51 Mtﬁna\ MG & 8efirRd&bo%8 %O&ﬁrés@ﬁlg PCV

ses at | east one antlgen
elicits an i mmun

l.ogi cal response in the . h f
ORF2Bofsih oy AiFeSmeit By VR SOBoF HREHE. PE 0%‘%}42 eoﬁ‘éz in the
t he
supernate of cells obtained between days 5 and 8 after infection and/or cell viability decreases

to less then 10%, and, iv) separating cell debris from the expressed PCV2 ORF2 via a
separation step. Preferably, the recombinant viral vector is a baculovirus containing ORF2
DNA coding sequences and the cells are SF+ cells. Preferred separation steps are those
described above. Most preferred is a dead-end microfiltration using a membrane having a
pore size between about 0.30 - 1.35 um, more preferably between about 0.35 - 1.25 pm, still
more preferably between about 0.40 - 1.10 pm, and most preferably between about 0.45 - 1.0

pm.
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conposition or vaccine of interest. Usually, an

"1 mmunol ogi cal response” includes but is not |imted
woaowrne2s nore of the followi ng effects: the PCT/US2005/047596

production or activation of antibodies, B cells,

hel per T cells, suppressor T cells, and/or cytotoxic T

cEod mcawedy of PGY2TORE? It vdll heatsediin arpEampnegenjoyon igingnological

antigen or antigens included in the conposition or

compdkRfdhl §ieh @k al VHceineSthe idElufloRbe aabhactivitivn Sters is preferred in order to
di splay either a therapeutic or protective :

o 0 [ r o h 3hatm W

1nact1\|5an ect %lg% x\?me%hr & ennanc ﬁlgn(%f/ or {l‘ﬁ’gb%&fl% Ioggltﬂ)?1 refers to a
severity of Hgg di sease reduced..Suchgf%fteq;ion.mﬁlll :cal

compasifiqlie i RgtrTatheh cogPESE Rl legt 087 GRIIRS, MBIchy dies gt immunologica
synptons nornal |y di splayed by an infected host, a

resporgsai ink the  hest ovfe pycelutae /@ antibogdywamegipted, iimgung| fegponse to the
the infected host. Thus, the present invention also

compbsitici @SvaceingF haerestl Ustifly e Nignrdnaoglédrespeass! éndludes but is not
reconbi nant PCV2 ORF2 protein, preferably in anounts

limiteg S(?Téﬁé Qlegloﬁp@iy the fo]E«?/\gfln% ee?jféf:tg.j fnb ig?&kfcﬁ&? 6t h@Vafbn Bf antibodies, B

er of suscept! s (see above) in culture

i th econbi nant_ vi.ral yector, wt MO, as fined;.
cells, oot ool Spprence hip oy daraipdied s gy T dell tirected
reconmbi nant viral vector, iii) recovering the PCV2 .
specif@RIP to rant snsigen pur antigenoinciusdefl sn thecampesiipn (aReascingaf interest.
5 and 8 after infection and/or cell viability
PreferdBl§] @RSkisst twilll disSayt bighier HOMeradButiov pr prypeetise iimgnumeldgical response
debris fromthe expressed PCV2 ORF2 via a separation

such fHaf esis"ﬂ}%evt nevN RALLERL WP bt REnAREQ AR Mhe iihidh] severity of the

vector. Preterably, this inactivation is done either

. Just befqre or just after the filtratiao tep § th
diseadsy Yegpoiph Supp Hrpet e Sulcls Aefmy el bt Sl Egfegnellohy'y lack of
I nactivation. Any conventional inactivation netho
symploas tisemaly displayed by gadetscisd hostea gRiskerReCco YL Hiema/or a lowered
Thus, inactivation can 9 WD 2006/ 072065 :
viral fRETinHR HFEHEHEED 6T husethp erdsentniaentipn alverrtlates tangtlmd of producing
physi cal treatnents. In preferred forns, the vol une of

and/og ?Jc)@ﬁng{ febhHSinh® FEV S Uﬁmzﬂo&%g ’ RrabRPendduntLddséribed above,

oug 0 between about 32 - nore preferably

. between ahout 34.- 40 and_nost.. pr rahl :
by 0 Fo o e B 1B B LI P e wic
include the addition cyclized binary ethylenim .
reconftimny virph vector apiflya MOhasdefined eheyeadl SHPIEHSingBGY GRF3 protein by

about 20 mM preferably of about 2 to about 10 niV
the ré&dokibinaM®rvéral vector, iii) recovering the PCV2 ORF2 in the supernate of cells

obtained between days 5 and 8 after infection and/or cell viability decreases to less then 10%,
iv) separating cell debris from the expressed PCV2 ORF2 via a separation step, and v)
inactivating the recombinant viral vector.

Preferably, this inactivation is done either just before or just after the filtration step,
with after the filtration step being the preferred time for inactivation. Any conventional

inactivation method can be used for purposes of the present invention. Thus, inactivation can
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preferably of about 2 to about 8 mM still nore
preferably of about 3 to about 7 mM nost preferably
wohowaetes5 nM For exanpl e the inactivation i RCTWEE®S/047596
the addition of a solution of 2-bronoethyl enean ne
hydrobrom de , preferably of about 0.4M which has
be perfe@ibd dyctlienecalt md/dt. Pivisivah aeatmentsy e pirefemed (@ms) they volume of
0.3N NaOH, to the fluids to give a final concentration

harvesPfuiddisfReH i EMnBhe teRiRfRiRN droubiao betweda abowt I12hetp°C, more
stirred continuously for 72 - 96 hours and the

i hacti vat ed vest . Tl yids n
preferal_b[%;b tWEen, o&&?{ﬁ ﬁ@ < ,\%g ﬁnoasbérgfer%ﬁy %é@e@ﬂ &?({)Lg?% FPC. Preferred
: inactivation is conpleted a sodjumthiosul.fa .
inactivatBonmeteds preaid i PYdiion SYQHGPY BIIABLUYIFBIIRG Uy prsfprably in 2
any residual BEl. Preferably, the sodiumthiosulfate
concentition d€dbout lemuiboat 2hmMnpisfirablpof cboria wdahoyt 16 aMEstill more
added prior to for inactivation. For exanple, in the

k 211§ abaudded, 5l ghokd prRifergEINGERAbOwRt3 anatmiut FrdyM, most
preferagjyﬁpfda\/lﬁ?odi um tlrlﬂ osul fate sol gti on ?s added to give a

final .mnj ncent e tradd :
petr b ST SRS e o Rl s 8B o
invention relates to a nethod of prodycing. :
2-bromestipARIeRTe OVIDRGRIAS SREBOI, S AtBRED ANy Hish Wi vclized f
descri bed above, by i) permtting infection of a )
0.2M binalyesthydénimirsc@RI) i . 3DeNLQH( tethe flvddsetp give & finghgaacentration of
with a reconbinant viral 20 vector wth a MJ as
about SEM BEE RRIMEbLy] fhh TRII RS BieRGtiFEY csMnRomsty fei T2 496 lidues and the
reconbi nant viral vector, iii) recovering the PCV2

inactivgt?F | n?s% El?lidl% uc?aﬁ b %qure&’ ffrg%@ﬂ 1«115-4@% %!r %@va&t YEERert Wcut 2 - 7°C.

nrection and/or cell viability decreases

to |l ess then 10%. iv) . separating cell debri fr t.
After maefivadionds pepletodrosagium éhle@’g%ieaiﬂl‘iwns Pé%‘?fa@%at \};m if'faded to
i nactivating the reconbinant viral vector., : ~
neutraRee hugy eesidyal BEE Prefeshly, fhersodipn thiosplfateds addedqn equivalent amount
bacul ovirus containing ORF2 DNA 10 WD 2006/ 072065 _
as corgﬁ_;%wwémﬁaa&i pfiedio Grsiaspisaties Forcexbimpla ahltbe avent BEI is
+ cells. Preferred separation steps are those

eS| of SN, B | thi i ded to give a
addedg? ggffnagrg%?cgﬁt?@éﬁl hact i Vgtlﬁfg%%é(?g%stﬁlg% Eﬁ%t% gglgﬁg%gﬁa% bed &
above. Preferabl [ tivati.on is rf d bet ween
final %@%W@Qngen@%’%ﬁﬁ P&E%Be é"e?ﬂ:yereglﬁ“%‘cﬁ b 8 mv BEI,
still nore preferred in the presence of about Sw .
BEhus, | anehfasthéreespestueipthi Qreﬁgn{/)mvsnwcaurfé%teﬁt fnp TAsthpe pf producing
concentrations of BEl negatively affect the PCV2 ORF2
recomBihePOV2 ORF2 protein, preferably in amounts described above, by i) permitting

infection of a number of susceptible cells (see above) in culture with a recombinant viral
vector with a MOI as defined above, ii) expressing PCV ORF2 protein by the recombinant
viral vector, iii) recovering the PCV2 ORF2 in the supernate of cells obtained between days 5
and 8 after infection and/or cell viability decreases to less then 10%, iv) separating cell debris
from the expressed PCV2 ORF2 via a separation step, and v) inactivating the recombinant

viral vector. Preferably, the recombinant viral vector is a baculovirus containing ORF2 DNA

10
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According to one further aspect of the present
i nvention, the nethod described above also includes
wanowe@ataeal i zati on step after step v). This st epTAS2005/047596
conpri ses addi ng of an equival ent anpbunt of an agent
that neutralizes the inactivation agent within the _
codingSebuénicenand fheedells aktl JF+ icélls. Meefomad séparttionrstepg@nt thiose described
BEI', addition of sodiumthiosulfate to an equi val ent

above jlgoﬁgﬂé'f%{'reél Ss HeChRLEi&H step NPieferARICRLSivaHon BtePs fatt thaes described
’aspect, step vi) conprises adding of a sodium
t

hi osul fate .sqgl ution_to final co i .
above. PrefGrbbn ecs tris prarBRge)er SENGH S FeRlif neHifithoe of2
mV] still nore preferably of about 2 to about 8 m\ . .
to 8 mdt BEI, stilmeorp pesfesresbinyhe preseise af atput § mMJEL it hagberpsurprisingly
preferably of about 5 mM when the inactivation agent
found, itBat Bigher téhcphigdtins efiBED negatiselgt affeptetbe RCMZ2 ORFZ protan.
that will use the reconbinant PCV2 ORF2 15 protein in

g.gc omg %9 Sgé furERRPREL <.i>fgtﬁe ?%%Ehteiﬁve%tiﬁﬁ,ctﬁé RAthRiPdRchidd above

arvésted ORF2 will b ested for inactivation by
.passage in the anchora dependent. cuUhoyj .
also l%ﬁ‘é%é ptt BP‘grag’fzgruonc &ep Sa%elr ns‘%% b’?e?%lﬁ rgg & Qr ér%;rﬁ o5, 2dding of an
testing, 150 cnR of appropriate cell. culture nmpnol gyer . .
equivalent st loftaaceasnt thai ngutializes the, a&shv%x%&&@\@*ﬂ%%smhmn-
and mai ntained at 25 - 29C for 14 days wth at |east
Preferdb¥p, #abs agetivatidh dgert BrBED fadditien rdisndiematidesujfetei tockn equivalent
the cell nonol ayers are 20 exam ned for cytopathogenic

amomgiéﬁﬁéfe&%%hﬁsy RE&RHingT toPLYig i dRRRpQAC Hk® WY BSmprises adding of a

era positive virus controls are al so used.
. Such ntrols can gonsi st of..on I + Jerablv of
s {5 N GO R BT Bt 880 Sty o
bacul ovi rus and one flask of Sf+ celés th reﬂain ferabl
about 2rip e 18mae, st mere piséashly P5Abad P& @géﬁ%, fjill more preferably
absence of virus-infected cells in the BEl treated

of abovit B & atiduti7 cisMwnost grefemblyiof abentd md, ivdiea theoingetivation agent is BEL
i nactivation test. The 11 WO 2006/ 072065

Pﬁf{ éﬂéﬁ%&gﬁéﬁﬂ? 52Besp6Qmy B fof@b it WAL LY B @coomHihark PEV2 ORF2
reference virus should ‘exhibit CPE typical of PCV2

.ORF2 . bacul ovirus _an uni | at i
5 RGARHyah EoLAS ALh [ efsho o
eted o v b B 0 S elapee b B8 g epile e

and inoculated onto a Sf+ 96 well plate, which has ,
cells. bken ptedated fdmwef thisSestings (1158 cngnef appeopristd ealbeylge monolayer is

25 - 29C for 5 - 6 days. The plate is then fixed and
inoculated with 1.0 mL of inactivated PCV?2 fluids and maintained at 25 - 29°C for 14 days

with at least two passages. At the end of the maintenance period, the cell monolayers are
examined for cytopathogenic effect (CPE) typical of PCV2 ORF2 baculovirus. Preferably,
positive virus controls are also used. Such controls can consist of one culture of Sf+ cells
inoculated with a non-inactivated reference PCV2 ORF2 baculovirus and one flask of Sft
cells that remain uninoculated. After incubation and passage, the absence of virus-infected

cells in the BEI treated viral fluids would constitute a satisfactory inactivation test. The

11
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stained with anti-PCV2 ORF2 anti body conjugated to
FI TC. The absence of CPE and ORF2 expression, as
wdebworads by | FA m coscopy, in the BEl treat edPgirnakooso47596
fluids constitutes a satisfactory inactivation test.
The control cells inoculated with the reference virus
controlSédliy lisbcubadd With tRPEefarnced FAsashbild exhitin@PEHgpical of PCV2 ORF2
uni nocul ated fl ask shoul d not exhibit any evidence of

baculovitys P tlg?ﬁﬁin%aﬂuieeVMsksshGaﬁ AdtdeaMit ah ovidlehbAof PCV2 ORF2
activity. Thus a further aspect of the present

i hventjon | ates.to i ngctd yat i e . tant
baculo&‘é?seﬁ]?:]gzi ﬁ@??ﬂ%m’g% ea(t’?tﬁ% &h s‘gs1J 0 ﬁ%sﬂ L?I%g{::? ifp\g/g?ﬁl’o%le of pernatat
: the reconbination viral vector, conprises the. steps:
camples ooushbecalovty s Eeasiated poiort SO ReHabIEis wie Tef fegp loaded
containing the reconbinant viral vector with an
with SERa6ltsi wad tHeg ragieninedmt &5 er24BC foms - dedaysi Hdd pidoisethen fixed and
addi ng a neutralization 15 agent to neutralize the

stained &-ﬁ?ta' NAIAPP ORI UntibBEyEERHBhted BFTUES CTHeh®serrboy EPEamd ORF2
1] etermning the residual infectivity by the

assays scriped abov ' ' B e tut
cxpesf el BRI TR RGP A B AT g econgines
~ sanple can be determ ned in_a, nunper of S. :
satisfaftont Eractvntion; leefdsThe Cati}%tqelfl%ﬂf?%%it%w&li‘g@g &pfereppgirus should
densitonetry, ELISA, and ani mal vaccination studies
exhibit ORE andriFal adtivityrandrih@ Gnigoeulated flesk gfouidinet exdilif any evidence of
clinical outcones (serology, etc.). Wen SDS-PAGE is
PCV2 BRI BRIdVAs CRIARI doftairdib IFA&tivappl e mater i al
cont al ni ng an unknown anount of reconbi nant PCV2 ORF2
protein.i.s run I g ' emabiddlion test f
ciﬁ‘fsaf‘n ’fé?pé:’%{] oirlf%e\?\n?reasgr%uﬁltwglﬂgofn %%lég%manta POy
ORF2 protein. A standard curve.can then bhe produced .
deternﬁgi@gdﬁ@ pffeqlivengss @\Rﬁleglgmvggo ?]]at%{e ﬁ%cogﬁwa?ﬁltong?rafl V&ctst, comprises
reconmbi nant PCV2 ORF2 in the unknown sanple can be 12 |
the stépf) D QOGLOTRDATeRCT/POBROOY/thet78Be flyid eantainag thg  recombinant viral
conparison with this standard curve. Because ELI SAs .
vector®with 38NR4@Van 5?&@,915%%%1}855 tbRribed ubdvey iy hddidg radneutmlization
anti gen quant |%a ion, they are preferred for
agent %;Jlgé{tgl:}?ilgé #R%&H?%R/%’ao Q%e%,&qéf@ﬂlbf}pasadé‘s&rﬂ{éaeefbo@é,Fh%ﬁtSiii)t %éei&mining

on"al so relates "to an ELI SA for
quantification of reconpinan CV2 ORF2 protein. A
the regicheal anfeetivity hydhe asayy @ﬁé%@)ea agove. . .

After inactivation, the relative amount of recombinant PCV2 ORF2 protein in a

sample can be determined in a number of ways. Preferred methods of quantitation include
SDS-PAGE densitometry, ELISA, and animal vaccination studies that correlate known
quantities of vaccine with clinical outcomes (serology, etc.). When SDS-PAGE is utilized for
quantitation, the sample material containing an unknown amount of recombinant PCV2
ORF2 protein is run on a gel, togéther with samples that contain different known amounts of
recombinant PCV2 ORF2 protein. A standard curve can then be produced based on the

known samples and the amount of recombinant PCV2 ORF2 in the unknown sample can be

12
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herewith will generally begin with diluting the
capture anti body 1:6000 or an appropriate working
wdizbostorznesi n coating buffer. A preferred capt uPeT/US2005/047596
antibody is Swine anti-PCv2 PAb Prot. G purified, and
a preferred coating buffer is 0.05M Carbonate buffer,
determiMed cby cmmpagisomaeieh kitisc staidand ngirge. 9 3BgeadatHAUISAS| givn generally
Cat. No. S-6014, or equivalent) and 1.59 g 10 NaCO3
gnizell 9 t; , £ afGiknV Juektitition] htheyn aeuprefirted for
reco coﬁb?ﬁég?ﬁf?h ig??%%gdf wat er , ?r equivgren?T topnake
.one liter at a pHof 9.6 0.1. Next, the capture
quantltﬁﬁ?‘f’body is diluted 1: 6000, or any other appropriate

wor ki ng dilution, in coating buffer. For_ ex I f

06, gsPaUing,to GriBHhes ASEeGelbl PISCHIBVEion gLPITRG % i PR ELISA for

and seven gL of capture antibody. Using a reverse )
the qupntifdatibmof metdnsisinart FCYL QRF2ipreitiad daprefareedaRLISfo@y provided

is added to all of the 15 wells. In order to obtain an
herewifly Wil ?@ﬁérhl‘i‘ﬁ begiflSwith Q‘lﬂﬁtiﬁ’% tiRA6dbtite aineibedyo U 16000 er gmndgpyopriate

tapped. The plates are then sealed with plate

. e i t i A t es. . i 1
workinge Ghfionip R G ISR, “SriEmpd Sppf ApB0E s SRAIMRAREV2 PAD
o, SRS S8 YT S0 (1628, Bt 3,0 Go5 508 b b

using the ultra wash plus mcro titer Hf)l ate washer
made Bgtcomibirad 2193ne NaHCOh (SigmaeCala e S-a04, s epminalennend 1.59 g
After the last wash, the 20 plates should be tapped
NaCO? M5B CAPNo. IWEI0, AGRuivalendi NThé Msixtuey ¢4 sembinpétwitndistilled
echni que, 250 gL of bl ocking solution should be
added. tp all of .t st oR! aU&§, BRAUbHIEntibody is
water, Oézﬁqgla'aggﬁéo ingaé( ﬁ"b(;a})t%e1 }f%t?a ggz(r?fo%{?rra?'el y one hou? o Y
 five mnutes) at 35-37C. Pref ly, th es - W_|
ditutech009m0niAer ARPLF e i AR IR o gdme, for
step, all test sanples should be pulled out and )
four pldtespede atouldared dApeksvlceatingekufferfandy seyep sl aplecapture antibody.
dilution plates should be prepared 13 WO 2006/ 072065
Using RGEv&52 Bpeftd 7a86od,brooagiliof dilaRa oghtued atiodgris added to all of the
solution to all of the remaining wells except for row

A;an w 3 [
thDeXdes oficicit BRite SHORUES bS Bentlydtapped.
Weus'bén Plgaéggﬁoeabtjéﬁsn %gla?g;ﬁ\?\g?aﬁpg’w tit e?, me%li Em titer, Ei gh}d PP
titer, inactivated/filtered.(1:240 .
The poiagrs UsR S VERPIBL CHmOpo! 8 MPCKINEPRBISS SR pigping fhe stck
the designated tubes, an appropriate dilution shoul d o
with aneerpptg9greel] plate. t Fee plotascg mgubated oxernighb £14-24 ppwrs) at 35-39°C.
thawed test sanples should be vortexed prior to use. .
Each piafe if @t WwAshb shred tiheb atithomashgpufier using the ultra wash plus micro titer
plate washer set at 250 pL/wash with three washes and no soak time. After the last wash, the
plates should be tapped onto a paper towel. Again, using the reverse pipetting technique, 250
pL of blocking solution should be added to all of the wells. The test plates should be sealed
and incubated for approximately one hour (+ five minutes) at 35-37°C. Preferably, the plates

will not be stacked after this step. During the blocking step, all test samples should be pulled

out and thawed at room temperature. Next, four separate dilution plates should be prepared

13
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dilutions wll be nade: A) the lowtiter will not be
pre-diluted: 3.0 nLs of lowtiter; B) negative
woamierogtosat a 1:30 dilution (SF+ cells): 3.77 RCS/US2005/047596

diluent + 130 L of the negative control; C nedium
titer at a 1:30 dilution (8 gg/nL): 3.77 nmLs of

by addihg 2EM{LL -of HAGerglsohifioh e all wf theurmtairting welly exdeghforirewrA and row
at .a 1:90 dilution (16 gg/nmL): 2.967 nLs of diluent +

H, colt°i§m'L1 ?f N%Qt Qi}g{%stt iuB@sr shduld b8 aHelededse@lotws, Ibﬁf #idr, ahedium titer,

lution: 2. nmLs of di luent + 10 L of
i A o 108 S S e L 1

inact/ filtered (1:240 re ared sa fro above;
designajed; tpbesy ﬁlmapler@alﬂétéldﬂatlzni Qg@ﬁ @PIRE?HE‘S% Fog .tﬁrez%?"&ﬁ test samples.
diluent + 130 L of the internal control. Next, add 300
The tHavedl teltesanplespshoatil bavpttesed pricotor espohdi fr erigesy the following
wells in the dilution plates for plates 1 through 4.

dllutlol'é \Jmebém{atié CRAMRE owP RE WA nbiShd PRAJiIRRE: 130 1S bf lewiditer; B)
contents ih Row A are m xed by pipetting up and

negatly? gﬁ%tfog :aF gg 4065‘ E&wnégkg%gllﬁn% 7Y I}I?]US A'P&hi'en{ § 130 uL of the negative

reverse pilp ng
t echni

The tips should be ch nd S
controjr GhEGNE FST RbR I LATIRGY HHBLY S04 0 @{o&)@ 150 L. of the
Sanples in these dilution plates are now ready for
mediuit &tesf By high titheat 4 €90 dlutives1opgmkhe.368snly pgﬂié%erﬁ ava3 pL of
been washed 3 tinmes with wash buffer using the

high {ite rﬁmtﬁéiecvl HRerdBd Gk Qf 11280 @haioa: Wwashatls( setilighgst 40 pL of
250 L/ wash, 3 washes, no soak time): After the |ast

inact1%§4) ’ﬁl{eﬁed ol 1650) 1%’(# v?ﬁ:%? it?x%tﬁeag 20Nh€) BiIRRREN.C AMF diluent +

ent ion plate are
ransferredtoth t est Iate etr sf er .

1.0 mbrqfclam% filtorss (128 0cerrrared siippledtom & fhpvenl f&ﬁfﬂ?f °P3f61 at 1:30
L/well is transferred fromthe dilution plate

dilutiaory. &5 pdsdofndjlueet Hs136F pk.ed the daterngl gerirad) Newtngdd 300 uL of the
reverse pipetting technique. After each transfer, the

prepafedR8hdpLes tth RSt Hﬂlﬂg Renptyl dreDir? RE RT3 Ghates for plates 1 through 4.
PCT/ US2005/ 047 changed. From Row G, 100 gL/well in

The ntulﬂf flgankglt ﬁ%to?l 1§‘tt Sdet It lbb 3.[1,'3 f20l B8 cbiRe®ih BRPAJARAnixed by

st plate ng reverse plpettlng

t echni qu t of e .
pipetting,uh # JcofRaloh ehlsari S mepmd BT AP S e @‘g?‘i’ H37 using the
solution for the transfer, the solution should he
reversgi pipdttiegitecnigwel Basipsathoplsbles clengedyens this sgmeqngocedure is followed
transfer. Next, the test 5 plate(s) are seal ed and

downithé phed ®REWIG. 1S£inbl©sl in tHeserdituticmsplates 3@GiovRrdddy foxgadnsfer to the
It Is

test plates once the test plates have been washed 3 times with wash buffer using the ultrawash

plus microtiter plate washer (settings at 250 pL/wash, 3 washes, no soak time). After the last
wash, the plates should be tapped onto a paper towel. Next, the contents of the dilution plate
are transferred to the test plate using a simple transfer procedure. More specifically, starting
at row H, 100 pL/well is transferred from the dilution plate(s) to corresponding wells of the

test plate(s) using reverse pipetting technique. After each transfer, the pipette tips should be

14
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preferable not to stack the plates. The plates are
then washed 3 tinmes with wash buffer using the
wahkoteanrzsh pl us microtiter plate washer (setti RQE/USR005/047596
250 L/wash, 3 washes, and no soak tine). After the
| ast wash, the plates are tapped onto a paper towel.
changéds i Fignt Boer 6¢ 100 petwélhin the elilotion pite(06 ttansferrdd te cetresponding
anti body diluted 1:300, or appropriate working

wells (5*‘ théltels ate(s? ul@lg%‘}ei"s%% %Jiebl(ﬁﬁ w$ PdRhetset ¢t pipedfe tips can be
he wells the test p or exanpl e, for four

@agﬁi e 5 g I e e

and i ncubat ed for

soluticp, @pul%gam&peﬁ@ﬁ ippAngh @%Wraﬁte%a%a§ R oS i?ff‘%‘ﬁ the test

buffer using the ultrawash plus mcrotiter plate o
plate(shast eealéd ehd imybatad fo250 lyiurwashnindtese 1395C Rdd°Go Again, it is
soak time). After the last wash, the plates are tapped
preferfié ﬁotatog? RQH@ 1a¥e@""q4he pifeestare fﬂéﬁ wRRbIY &R ‘%ﬂlﬂ@ﬁﬁh Bufer using

prepare |ng 1% nor nal rabblt serumto the

e, f.or f

the w4 A I -
conjugate antjbody is diluted to 1:10,000, or,K any

time). oAﬁt@rt ppitorashathe pmersmr% tpped PRfoiaopRper oVl Using rﬁvefse pipetting
prepared conjugate diluent solution to all wells of

technitjkg 10OSHL pf aletecn antilzidyglibtedel 808 eompanpedyriatg working dilution, in
techni que, 100 gL of this diluted conjugate anti body

dlluen't olﬁﬁl&?ﬁ Jdge@Itd al28f fh'é%vé%ﬁ'df $he tERep1ate&h. BbAERnsle, o€ four plates,

en seal ed and i ncubated for 45 5 m nutes at 37C

fe I e T.
ey LA ST PEROTE Ry i
the ultrawash plus mcrotiter plate washer (sett]
are thegt sealsd agd ingubated fornh@ hew: + 4 RnREs asak * z@eé Agpitgfhe plates are
the | ast wash, the plates are tapped onto a paper
washed@\Eines bsl@thtwasﬁ%ﬂbr using therdtrofash MBisRaioootiteioysiete washer (settings at
Substrate (Reagent A) with Peroxidase Solution B

250 uﬁB@cﬁ 8 lyahles, g-\g? Vs 2RA8007 2068 (RETHRAQD MO FiaRI Gre @ ?ed onto a

mxe I medi ately prlor t'o use. The amount ' xed wi

[
paper gq\%%ie?\%ﬁf nﬁier cécawilg?ag (11 em_ s %Fegta ed _l_%za%{d rpég ﬁ}f%er e:#igr?‘tgoqf: um to the
plates, it be 21 nml of Reagent
diluertee 5@@ Axargpley e rfguraplaf@s/,é@eﬂp p{%emaﬁ galftét:ffﬁmu% "}f%‘do 42 ml of
of substrate is added to all wells of the test _
diluenpl aFle( sdnjugdte aptiladdysis atilatedhionl 1 0,000.a0% anyabthep epprpriate working
tenperature for 15 mnutes + 15 seconds. The reaction

dilutidsS if P BREEly Bref&d 88giigdtO Ail0ént 1t to all wells of the test plate(s).

Using a reverse pipetting technique, 100 uL of this diluted conjugate antibody is added to all
the wells. The test plate(s) are then sealed and incubated for 45 + 5 minutes at 37°C £ 2.0°C.
Preferably, the plates are not stacked. The plates are then washed 3 times with wash buffer
using the ultrawash plus microtiter plate washer (settings at 250 pL/wash, 3 washes, and no
soak time). After the last wash, the plates are tapped onto a paper towel. Next, equal

volumes of TMB Peroxidase Substrate (Reagent A) with Peroxidase Solution B (Reagent B)
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of 1IN HCl1 solution to all wells using a reverse
pi petting technique. The ELI SA plate reader is then
wountwead2068 and al |l owed to proceed through its PCT/US2005/047596
di agnostics and testing phases in a conventiona
manner. A further aspect of the invention relates to a
are mixet hiounddiately opricer toctseng The rasspmbimixed willovary rdgpendiag gipon the
cont ai ni ng PCV2 ORFZ DNA and expressi ng PCV2 ORF2

quantiBf GHiptatBs bt JatHe Flat@ﬁﬂpfgqﬁbre WO il /plates tanls. NTherefore, for 4 plates, it
susceptlble ce It has been surprisingly found t hat

will bd A€ mI! &5 %%érﬁ%tk M Iof \R%Q @%ﬁﬁ%éﬂ%ﬁe?ﬁﬁ%ﬁcm?@ 100

expresses am)un S, I ne ove

after inf t|n bIe el refor
ML of PpteSa FsaIR 1o E%ﬁé@%p@e@o Thi 5,11 e igitnsg ot room
for produci ng and/or recovering of PCV2 ORF2 protein
tempeatwrt dorall prirkBesch ipseeonds.t Bhe saaetion iscwenped dyithgyaddition of 100 pL
reconbi nant viral vector containing PCV2 ORF2 DNA and

of 1N @X0¥ REfioRGo BRIV SRisthgd fiveiss pipetiiigetectitique. tTie BILISA plate reader
vector is a reconbi nant bachor virus. Details of the
. o) n : t
s thef SeAGE ohDinde AL, bR AATRIAN Linkhbdion 40 Gy phases in a
pr ot as provided heremnth are described to the
convemefrqagwa%ef In preferred forms the reconbinant viral
vector containing PCV2 ORF 2 DNA and 20 expressing
PEVRriRFEppetatfdhe invsation welatas tece metkodcfor |cgngtricting a recombinant
generated by transfecting a transfer vector that has
viral h@forafortiiiag 0RO 2 cORFe ADNAeaml Rxpretting PAVRIORIEX portein in- high
Preferably, onI y the portion of the transfer vector
1 d; kot [ r [
amou%t% QX@%E;BBI\&Q 1n'tﬂ sﬁsée?ﬁbl\ét ?&éﬂgs}lg glttagdbeleltrll [%}%ngrlg f8end that the
ector. and .i s, ysed. synonym f or
recomb{igal Bl TG 21 SISO T 018558 PER BB a 5 dined sbove, of
"cloning" a heterologous DNA into a viral vector, such
PCV2:QRF? afteiaifgsting isnscop@blp sells. dpretpre, the present inpentippalgo relates to
vector is preferably but not necessarily a
an impasil auéthod forTprelnciag cmdtir ngcdveriag fofirRENE2 QRPE proteif, preferably
the present invention, the reconbinant viral vector

¥OE BorRaihf '¥Z ORF2 DNA and
oot AN SR I e e O DA

cors S5 P hIGh e 503 , PRUGHFLEI 8 A5} B by P Bucuoris

bacul ovirus_ (such as Bacul o Gol d DNA). A "transfer
Detaily of the "method g“or constructing recombinant v1ra1) vectors contaming PCV2 ORF2

DNA and expressing PCV2 ORF2 protein, as provided herewith, are described to the
following: In preferred forms the recombinant viral vector containing PCV2 ORF 2 DNA and
expressing PCVZ ORF?2 protein used to infect the cells is generated by transfecting a transfer
vector that has had an ORF2 gene cloned therein into a viral vector. Prefefably, only the
portion of the transfer vector is transfected into the viral vector, that contains the ORF2 DNA.

The term “transfected into a viral vector” means, and is used as a synonym for “infroducing”
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means a DNA nol ecul e, that includes at | east one
origin of replication, the heterol ogous gene, in the
wonres@itossase PCV2 ORF2, and DNA sequences whi eaTaiSk@mas47596
the cloning of said heterologous gene into the viral
vector. Preferably the sequences which allow clonin
or “clafing‘ha ha®rdhegoms AN Gni® ayeind vieoton suble ay faraxamplst ipfo @g@culovirus
fl anking the heterol ogous gene. Even nore preferably

vectorl *Fﬁé Qirdapok RDreREABENGR hoPh&earilyeabdcultRivak.ogous in
parts wth sequences of the viral vector. The

s o)
o o R HorkeF doie 3F St BREHD PR, Ble Rebibinant viral
to generate a reconblnant vi ral gctor contai ni n ng b
vectorhjstdsRefRisgYsIeEURBINas e beNgF e A IS YRt PoRjaiping; thp beterologous
the pVL1392 vector (BD Biosciences 15 Pharm ngen),
PCV20ORFE DNAdesd gneal fyectoroptefeaald ex baamorvires; aviee more preferably a
Bacul oGold DNA into the preferred Sf+ cell line.

11nearﬁé&ﬁ'@ih@5)tlldh-d§ﬁhéiﬁt badlsViftls (MRALRIBAAIPGHIIIINA).PAVAraoke? vector”
The construct co-transfected is approximately

mean%%Dﬁ{n%?e%ﬁlep | cfuﬁeg ftriegisponel &%IR 'b?re&lﬁﬁt&%néglgﬂe%&ﬁgous gene,

e prese I nve

the isolatign DNA. Cenerally, this can .
in theyBrepsmrase [lgu OIRE 2o A G As FRBPRCeR OV higy s A 5T of said
appears to be hi ghI y conserved with at |east about 95%
hetercdagpue gere intie titei viral vector drefdiablyethe sequenedsavkish aiay dhenipg of the

ORF2 gene known in the art can be used for purposes

heterddgdub Sxcib 68@Nthe AXANTEDR a% Satiingobd deleeolexqusegared Even more
into the supernate. The PCV ORF2 DNA is preferably

prefer?ﬁg' ttx{zléeeﬁian%?r g%ﬁlﬁgﬁegﬁféqu@ast H6id %6@3(1? 11??)?&? Lihequences of the

I ntroduction o anlng

s RS 8 S SN S50 s, e v

flanki ng EcCoR site (GAATTC) (SEQ I D NO 2). Such

vector randothec trampfieroveor5'to  gepgwke ¢ ERPNTBHIGE ‘ﬂﬁéf@cml gpntalmng the
renoves the naturally occurring start: codon AUG of

heterd?636ds goRE20AN rederrdd abhsfal vectorsispthefpAIal3og veotor qBIX Bdosciences
downst r eam of the stop codon of the PCV2 ORF2. Mire

Phammlgénz C%’léﬁ st dbsfereRt foP dcesh ?e‘%’t’i@l?tvhﬁ?%é)@a@ulﬁ%lﬂ 'ﬁNA into the

S
ription termnation 5 sequence, that itself

et BB B RR BR RE SR OB, o

sequence, in particular as described above, increases
constugeco- -transfected is approximately 10,387 base pairs in length.

In more preferred forms, the methods of the present invention will begin with the
isolation of PCV2 ORF2 DNA. Generally, this can be from a known or unknown strain as
the ORF2 DNA appears to be highly conserved with at least about 95% sequence identity
between different isolates. Any PCV2 ORF2 gene known in the art can be used for purposes
of the present invention as each would be expressed into the supernate. The PCV ORF2
DNA is preferably amplified using PCR methods, even more preferred together with the

introduction of a 5' flanking Kozak’s consensus sequence (CCGCCAUG) (SEQ ID NO 1)
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expression | evel of the subsequent PCV2 ORF2 protein.
The anplified PCV2 ORF2 DNA, wth these additional
weemsdizes, is cloned into a vector. A preferredTused6/047596
for this initial cloning step is the pGEM T- Easy
Vect or (Pronega, Madison, 5() The PCv2 ORF2 DNA 1 :
and/ori 3! dildn]nggszRlp{BEM%Aﬂ"EC) SHQeHR NO(BES 1 modv«;thnsof a5’
preferably excised fromthe vector at the Notl
Kozak? € Sbrisefidus Qitefetdbdy rebi®yes @B¢l nbiurdlyDddduiring stem colomeédIG of PCV2
into the transfer vector. Thus, in one aspect of the

ORF2 F’fh% ngkolkf‘gf?é‘fs r;ﬁ?fera@l / oh’aﬁ&eﬁ%“&%’&ﬁﬁ HFEHe%%fcodon of the PCV?2

rrecondl nan r contai ni ng PCV2

onr B Sl RSP TR 38 B B by P o

i) transfectl ng the porti on of 15 the transfer

sequencecthet itssdinis docatadglommstreass oftierRrY2 PRY2 serrgodont | has been found,
viral vector, to generate the reconbinant vira

that théagedt.a Rbﬁzﬂ@é@i@bnsus tsdf@ehcfeamsbemicuhc aodescsibedabove, increases the
descri bed above or constructed as described above

expres%fonfqﬁve?)i)?rmé Qt(ﬂs%%ueﬁhﬁw 2l ORFD BHSt6inl - ThENHRpIARRBEN D @)m DNA,

her aspec e transfer vector, used for th

R U D O R e i
7. 20 According to a further aspect, this net

cloninig staphisrthe o@EM eEaser@tort(Br@ﬁ@g Madisqa, W) FBWPFFQ’ 2 ORF2 DNA
step: anplifying the PCV2 ORF2 DNA in vitro, wherein

includi}e séﬂuagjam wRpreeqesiced (SEQADPER 'U%Zpréldﬁabdiy excised from the
nodi fi ed as descri bed above. In vitro nethods for

vectopkff%e‘kltléﬁl'}gsth%n HeVE hg?gs%lt%ﬁﬁ% Rl ioted ntb ke transfer vector.

I ng sequences -cloningin vitro anplified PCV.

vabin, % ot BsCot hEBiFsah Y ERCh PR 4 %ﬁ%@%&@%ff%"mbmam

PCT/ US2005/ 047596 _exenplarily shown in Figure 1, or

viral Yestanreontyining ECGHORER| PEA forproYidedh khis Fshe ROBPYHFe steps: D
to a further aspect, the present invention relates to

clonirgy aMRicb@irfagt PCYRSORBZ irito g teansfec oadtonand ii)itraasfectingrtho portion of
cont ai ni ng PCV2 ORF2 DNA and expressing PCV2 ORF2

the t trgll SR % QoL EBHY; g?het f€ormbigRs POV2 ORF2a1R d ¥ivdl RectBEY ?enerate the

I n Vlt wherein the flanking sequences o

s T R AL Lot U AR v o

|||) transfecting the transfer vector, of a qo&% .
constiupisd enst deseriltes #hovg oF e GrempHBilY: shwipdyFigure 1. Thus accordmg to a

further aspect, the transfer vector, used for the construction of the recombinant viral vector as
described herein, contains the sequence of SEQ ID NO: 7.

According to a further aspect, this method further comprises prior to step i) the
following step: amplifying the PCV2 ORF2 DNA in vitro, wherein the flanking sequences of
the PCV2 ORF2 DNA are modified as described above. In vitro methods for amplifying the
PCV2 ORF2 DNA and modifying the flanking sequences, cloning in vitro amplified PCV2

ORF2 DNA into a transfer vector and suitable transfer vectors are described above,
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ORF2 DNA into a viral vector to generate the
reconbi nant viral vector. Preferably, the
wandisforzmsi on of the flanking sequences of t hePEOWR2005/047596
ORF2 DNA is perforned as described above, e.g. by
introducing a 5 Kozak sequence and /or a' EcoR 1 site,
exempildrilf ahaoh yn Higude $cor heavn b0 pdysueskilbed or tiersgt. Tbusnaccording to a
further aspect, a method of producing and/or

furthef RHEME fHeNFedeRE RIBATNR Helatdd tBEinBhed Fbessefudihg@PRBombinant viral
reading frame 2 of PCV2 is provided. The net hod

engr al | i th v ' .
oG Ko 0TR5) ER WFr R REdicy A DR mpriss e s
transfecting the portion of the transfer. vector .
of: 1) arapliaingi GV 2 1K DRV i aieo. pebgseitniey pling seopances ofsaid PCV2
iii) infecting cells in nmedia wth the transfected
ORF2VDNAsare imoydifixal, $i) nipningethe nmphifiet PEY 2VORE2 DNA intr pritapsfer vector;
the reconbi nant protein from PCV2 ORF2; v) separating

and iifz flahstelif2thé RanSHPRICRR108 a poRtitkh thereof €& ¥ifingBe fdd6mbinant PCV2
xpressed PCV2 ORF2protein fromthe supernate. Methods

0 ow to clone r econbi P j
ORFZ {)EQSFI&P av&:r?g P’ecg?re 0 &8%%%?&%% r%gl}/bgﬁf re er‘)gg‘-l%g,lartegeéably’ the
transfer vector contains the seguence EQ I.D NQ 3, ‘
modifisatiyn ob therflawsing SeapenaeroRbePCHe ,D?‘th 3 Profaraiegas described
vector can contain any PCV2 ORF2 DNA, unnodified or )
abovelregi by ithodacing 0139 Kagalt sequei@y2ndibia DR 1 sherpreferably as described
transfected into a reconbinant viral vector, is
above€Xpressed in cell culture. Preferably, the reconbi nant
viral vector conprises the sequence of SEQ I D NO 8.

reover,, neth f h ' : inant
VAT E AR b B SEERE hfor RIS
reconbi nant bacul oyirys 19 06/ 0720
proteipRPUSIS0RY RIS SERELHEEET A PO FORe (5, Tiymethod generaly
expressing PCV2 ORF2 protein are descri bed above in

comprstsahé st rafovBrelomng psreofmbispetr BEVAJGOBER | igtof ¢ drensfie vector; ii)
supernate as well as steps for recovering the

transfEARIpARS BOHiBR\GE RN Anshér Gle€ioR catginitlgStle depatbim@d PEVAVERF?2 into a
in getall. Any of these specific process steps, as

virus;éiﬁfj fn(rg%ckgﬁg chﬁg 1%' Ilﬁedig ARl ttraﬁgfe{:tgg vﬁ:ﬁgé' ngpcéﬁfsin rtﬂéjg&{bs)@/’&ted virus

covering reconbrnant protéin expresse
o e S S 550y B Bt 5 SAPF Y o e et
preferably, cell cultures have a cell count
and vi) recovering the expressed PCV2 ORF2protein from the supernate.

Methods of how to clone a recombinant PCV2 ORF2 DNA into a transfer vector are
described above. Preferably, the transfer vector contains the sequence of SEQ ID NO:3, SEQ
ID NO4, SEQl ID NO:7. However, the transfer vector can contain any PCV2 ORF2 DNA,
unmodified or modified, as long as the PCV2 ORF2 DNA, when transfected into a
recombinant viral vector, is expressed in cell culture. Preferably, the recombinant viral vector

comprises the sequence of SEQ ID NO:8. Moreover, methods of how to infect cells,

preferably how to infect insect cells with a defined number of recombinant baculovirus
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bet ween about 0.3 - 2.0 x 106 cells/nL, nore
preferably fromabout 0.35 - 1.9 x 106 cell s/ ni,
weoeblslo7mes e preferably fromabout 0.4 - 1.8 x BO®/US2005/047596
cells/nm, even nore preferably fromabout 0.45 - 1.7
x 106 cells/nm, and nost preferably fromabout 0.5 -
contaifting BCYD®ORI D3 Arland kapRsehePEBY ORleprotsiroatsi drsatibed above in
viral vector containing the PCV2 ORF2 DNA has a

detail. W/I@fe%’(fére Qtepsma'f §égﬁfahﬁg e¥1Pfromnthe slipeinté ¥Owellek skpb W@eRcovering
about 0.0 nore preferably fromabout 0.05 -

the exg{esi;edsl-t‘é{’b dﬂ$ g Bt ef %? agl g dra %@89(51{;6 : (%galf Péﬂarlof these specific

nore pre r om a
- preferably to about .5, when used for the infectj

processf stense 2% dsteaibed @P@lfbeﬁrP part @ the apethed, of PRdyE ﬂlj’/%ffecovenng
the PCV2 ORF2 protein in the supernate of cells

recombhiani pedeibetxpressed Hydapesn Fading Samet 2rofi REWEt aspdescribed above.
and/or cell viability decreases to |l ess then 10%

PreferBbl§] @lcaldiN. ark BF+ REIRI SHINhob¥Yre fEdab, REIDcRItHres ARlvE 21 cell count
aré cultivated at 25 to 29C. Preferably, the

betwegrt? Q%u‘?gjorb O§'{t]](%)B cél? ﬁLCS‘BH%rg i . ﬁgmloe[bgﬁt Egt Haf 4 9 cells/mL,

onal e step of
fying the froma strain of .P
still Irm BFef%féblé'lfBHPﬁg ‘t‘th(e?R B X D%gfe > Y QLS Pﬁﬁéﬁi@{& from about
vector. In 20 preferred forns, a 5 Kozak's sequence,
0.45 a 137 xE¢0Rceliy/mb, aaddmostnpiefeaatly rfsorn Hehoab0.% anl 41 % ol 05 ecells/mL.

added to the anplified sequence, preferably prior to

Prefer@blyd tel RBorabiknil Vit vedtdr contalrie tHecPCH2 OKB2Z IXNA has a preferred
sequence conprises SEQID NG 1. A preferred 3' EcoR

multlﬁ cg‘g o‘f%ﬁg& ég@f Bk déép about GOFL %eSE E‘g {ﬁ%?er % frobNibout 0.05

I'eot’| sequence Accessi on

NO AF086834 | L 4.

- 1.3, piifl magre @aet ?@E@ﬁq’ﬂéﬁ?‘l SRSt fﬁ@f%%&ﬁo@%@?w 0.1-10,
-PCT/ US2005/ 047596 protein conprises the am no acid

and ‘reest) peferabbf teBPUD).ROWIBN yeed clar ithe dpfsctinmopbithe shwceptil]e cells.
by SEQ ID NO 3 (CGenbank Accession No. AF086834) and

PreferSE@ tdoNingtof th PCV2 ORFD @rotpindh ehasupermcteck dejis SBRideDd between
NO 4. A preferred nedia conprises serumfree insect

days 5\%11!1 8 eﬁf?—:ﬁj lisPectitnl %ﬂd/(ﬂ'oc{eﬁ Rit{ifF @lloasdeakis thé? 1U%d'P§eferably, for

ent eoptlona fication step|35performe

I e.to first lon
produpiagdiE? BRdizeprofin, & Sﬁ%arﬁ BacttaR BT bERARES Jpe geparation

r eadi ngl frame 2 fromthe f| rst vector, and use the
step iex e¢né@tigatinanoraciiation stehme

Optionally, this method can include the step of amplifying the PCV2 ORF2 DNA

from a strain of PCV2 prior to cloning the PCV2 ORF2 DNA into the transfer vector. In
preferred forms, a 5' Kozak’s sequence, a 3' EcoR1 site, and combinations thereof can also be
added to the amplified sequence, preferably prior to or during amplification. A preferred 5'
Kozak’s sequence comprises SEQ ID NO: 1. A preferred 3' EcoR1 site comprises SEQ ID

NO: 2. Preferred PCV2 ORF2 DNA comprises the nucleotide sequence Genbank Accession

No. AF086834 (SEQ ID NO: 3) and SEQ ID NO: 4. Preferred recombinant PCV2 ORF2

20



10

15

20

for cloning into the transfer vector. A preferred cel
line for cotransfection is the SF+ cell line. A
wonedfomrzoed virus for cotransfection i s bacul ovPCUAIS2008/047596
preferred forms of this nmethod, the transfected
portion of the transfer vector conprises SEQ D NO 8.
proteifFtoraptiges tioaminoi idl@queidead, SEQ IDsNEX: &f shichds ithe protein encoded
recover the PCV2 open reading frane 2 (ORF2) protein

by SEQD N&:C8{Gentfatik tAHcsssrdﬁpﬁb NAregEY34) angt SEQURY Noak| @hich is the
infecting the cells with the virus. Thus, a further

f I
procE 3858l 388, BTNSILLOTN LR TR e et
et B8 e EERS Be Se 0500, B A B s

sequence and/or by adding a 3' EcoRl 15 restriction
performietl gt isi pryfecibbentorfiyst dieneatip lainplifidd PRyvPre@iA fiamed? iato a first vector,

transfer vector; iii) transfecting the portion of the
exmsettﬁé‘ﬂﬁénelreadiﬁg tﬁ‘aﬁ‘le@ﬁblﬁ' thé gkt lvB&oF, QAQ Uk had Rkcik¥MeheEatling frame
into a virus; )|nfect|ngceIIS|n media with the

f
o i IR e T
. KRS T L BAETEIRL OB s e,

supernate. 20 A further aspect of the present
the transfeetedi mortiom lofittles transfer westérocbnipnisepSE6AIPMYOa 8. Finally, for this
conmposition conprising PCV2 ORF2 protein, and

methodN'RGS pRrRA t8irE@ver B FTV2 ?érﬁreﬁ&ﬁl@@hm&l) (PREFSEprotdie in the cell
steps? i) cloning the anplified PCV2 ORF2 into a

culturff* Plgaﬂ gx%aefer at\ige{:st g rdays'e{ er nﬁé&&%ft &Eélﬂ%lﬁﬁfﬁe Ragution of the

er Vector con al nrng t e reco nant PCV2 (PFZ
into a wvirus; iil nf.ectin IIS|n with.t
t Lhps fa dyrther Aspegt df et&?? dpventip f&‘ i 1992 tfﬂ%tg?‘? Jﬁ%?‘é’é‘l‘%‘&g and/or
21 WO 2006/ 072065 PCT/ US2005/ 047596 viral vector

recoverityy thesSPCVi2 apew oedsiinga framer 2t aoimiprised thepgieps: d)?mphfnng the PCV2
separating cells from the supernate; vi) recovering

ORthﬂJNAez%nﬁz%i S efeRBM2b REn s 6t BloBall Seeiieiideentd(op bynddiag a 3° EcoR1
and vii) inactivating the reconbinant viral vector.

f | \V/ t
s ] YonbI R SAPRALOAEY 0RPS IS Bk oty i nstecing
the cell s are_ SF+ ceIIs Pref rred e
the perfien iole BHSET G0 MEDAGIST RETE LG RS T8 a virus

filtration step. Preferred i nactlvatl on steps are
iv) infebtirsge celbssizr inedid witovthe tensfeeediyigs; vheasingahe gransigcted virus to
performed between

express the recombinant protein from PCV2 ORF2; vi) separating cells from the supernate;

and vii) recovering the expressed PCV2 ORF?2 protein from the supernate.

A further aspect of the present invention relates to a method for preparing a
composition comprising PCV2 ORF2 protein, and inactivated viral vector. This method
comprises the steps: i) cloning the amplified PCV2 ORF2 into a transfer vector; ii)
transfecting the portion of the transfer vector containing the recombinant PCV2 ORF2 into a

virus; iif) infecting cells in media with the transfected viral vector; iv) causing the transfected
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about 35 - 39C and in the presence of 2 to 8 nM BEI,
still nore preferred in the presence of about 5 nM
weBbhes/07206has been surprisingly found, that hi gReT/US2005/047596
concentrations of BElI negatively affect the PCV2 ORF2
protein, and | ower concentrations are not effective to
viral veetactd eqtresstthe rdddmbimamt puweeih dromiRGN 2 ORF2t o) Bepamasimgscells from
of inactivation. Preferably, inactivation is perforned

Rhat@lvi) Fe280drindAhd QihiSsse@ PEIVIORE2 Hr&ibRY &l thosupehate) and vii)
thesmgz %od?%. Acggégingyéomg further aggect, t he negﬁod

.. for epar i a,.conmpositio i S .
imactivgig 3he YEorhitndhyCRCTeler PRI, R deodRffmdt TR pyector s &
- above, al so includes an, neutralization ste er
baculoyiray cgtainingTARE2 JPNA cpding) segBeRsEs 804 ety g“gfbg%% fells. Preferred
equi val ent anount of 15 an agent that neutralizes the
separaliomGtepy aré thosaglesdribai tabowe, tthestguefetriedris tiRr &lteatiob| sjep. iBreferred
the inactivation agent is BElI, addition of sodium

inactivaflbR@ $téph kL tHole ABscBibd WBOWN PraBRbIY, indetiPitRinelsReformed between
Thus, according to a further aspect, step viii)

ises. addi 0 [ i f '
svou S8R5 550 O BBl om0 T B SUURLE rgB e bRsene o
about BraIgh G habioenBEriSTAlS (aHigh hebRighfr SpEPHigRLof BEI negatively
preferably of about 3 to about 20 7 nM nost o
affect icePEVADDRFD fpratbimy tnds lavkdr ashesntiations argotot whfestone tagapativate the
Is BEI. According to a further aspect, the nethod for

viral VRE®P $AthD24 16 PIRES loff @ihcEedtidhi BiefigrablGractREan jiy wirformed for at
and inactivated viral vector, as described above,

s S S T s Bl TR S

flanking sequences of the P ORF2 DNA are nodi.fied . .
R ACERIGIIE: 5 TaBISY GDch VP CRGTRHL o BEPRUNE & sompption Somprising
. 2006/ 072065 PCT/ US2005/ 047596 anplifying the PCV2 .
PCV200RF2 Dhtateamdantb driaktivater tvirel veetaki asgdeserbrchbeve, @lseninglpdes an
invitro anplified PCV2 ORF2 DNA into a transfer
neutra¥i@Sidd sté skrct Widpalit) ETHik 86 viil) coairisesadating cfmcequbatent amount of
above,  exenplarily shown in Figure 1, or known to a

an agPfl BRY x?éﬁitﬂsii%% h{éhhﬁ@ti@atft%g dJécémS VABRAT Mk NSlutid. Preferably, if the

er aspect, I's ne onprises the steps: 1)

i .anplifyin ORF2 DNA in,vit 5 wher.ei;n .t he .

inact AR 1 B et BBl R L B s g rferred
ii) cloning the anplified PCV2 ORF2 DNA into a .

Thus, tacaerstingy tov ecfusther asngot, istep Vil rrompsisen gdding afrasedivm thiosulfate
vector- or

solution to a final concentration of about 1 to about 20 mM, preferably of about 2 to about 10

bt

mM, still more preferably of about 2 to about 8 mM, still more preferably of about 3 to gbout
7 mM, most preferably of about 5 mM, when the inactivation agent is BEL

According to a further aspect, the method for preparing a composition comprising
PCV2 ORF2 protein, and inactivated viral vector, as described above, comprises prior to step
i) the following step: amplifying the PCV2 ORF2 DNA in vitro, wherein the flanking

sequences of the PCV2 ORF2 DNA are modified as described above. In vifro methods for
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a portion thereof containing the reconbi nant PCV2 ORF2
DNA into a viral vector to generate the reconbi nant
woiowlo7west or, iv) infecting cells in nmedia w PaOTHISE005/047596

transfected virus; v) causing the transfected virus

to express the reconbi nant protein from PCV2 ORF2; vi)
amplifyiigaha AR URFEDINA fahd mddifyirputher firatkéng sdqugnces, clomng in Vvitro

recovering the expressed PCV2 ORF2 protein fromthe
ampllWV@t(ﬁ{FZVDN'A) intd) Q%héf@it Vdetbrbig shieterRhmditvediotsddre described

ector, pref erably, inth e presence of about 1 to
above,a%;gﬁlplaé&w% in ngtbrel 17(? I8 rr{]tgdaoée?sc}élﬂs?(gge{ﬁlﬁé EIFEC% Fhus according
anount of an ent that neutralizes the inacti %
to a fugthenaspegts ﬂlilsﬁnﬁ‘%@d sempriseshe stppse feymmifying £ ?nB@ DZ'GA in vitro,
sodiumthiosulfate solution to a final concentration
whereBf thebarikirl seuah@stof shid PCVIEMORFReDNiAa bteymoflifiedouii) loning the
mM when the i1 nactivation agent is BEI. In another

ampllﬁ‘ecdgleéV HREDDNN GRE Qttrahg‘%e%dt&n ancf‘uﬂ‘%faﬁ@f@ctﬁrfgr the transfer vector or

eparing a conposition, preferably an antigenic

such as f.or
oo R Bhn R oS T RER LB g
CGeneral ly, this nethod |ncludes t he steps
the reconahrisdns airpigeetoa, v deqtingrcellningnediy “ﬁililsthe W@atw Yipps; v) causing
construct conprises i) reconbi nant DNA from ORF2 of 20
the trdMs¥&tedi Vidusi tBf @@idse ghe eddombimany prtein fiverdi RCV2 tORERevi) separating
transfected virus, iii) causing the virus to express

cells ?ljéﬁl e @tO&'ﬁ_g%c%‘inﬁé QHe PQN&SS@BFﬁ(ZV'ZVDHPQCWlh NBom the

expresse protein fromthe supernate v) and

preparing he cgnpositi.on ni_n Iy I

supert e 0BPDAS IRLSE eGP Ena oL i Ao e of about
phar maceutical ly acceptable carrier. "Adjuvants" as

1 to abew@0lreMeBRI, neesh prefierrasdie the mmwﬁy‘éﬁ%ﬁ g BEE @nd ix) adding of
al um num 23 WD 2006/ 072065 PCT/ US2005/ 047596

an eqﬁb@l&ﬂtf@ﬁ@nt%ﬁﬁﬁmgeﬁ thaigneutr@lizds the ir@Bt ZitiohCapenir Wilhia the solution,
Bi otech Inc., Canbridge MA), GPlI- 0100 (Gal enica

prefelgﬁlgr ﬁ%‘&f* aC dﬁlm kiGsulfaR é’omtféﬁrl@ Afindl-donc¥@tioniofabbut 1 to about
1'si o, ol

-1 n-wat er emJ S on

er | sion. emu n can be
r@bﬁy Bﬁ?‘t%ﬂ&av@l Wﬂ?e‘i‘ H{lacuvflt&ﬁﬂ agc: ar § in oil
(Eur opean Pharmacopea type); .isoprenoid oil such as
sduanether aspesiqahthenpresent I@ant%sm|m¢th@ddf9roﬂﬁepaﬂng a composition,
t heol i goneri zati on of al kenes, in particular of
preferablgtuntakigerfic co@pesiion,eatleasfor (ekaraplledasvacpmcf foa linvokingsan immune
containing a linear alkyl group, nore particularly

respoHAeadﬁﬁmQﬂ PEV2&¢ Hﬁ()'wded. Generally, this method includes the steps of transfecting

a construct into a virus, wherein the construct comprises i) recombinant DNA from ORF2 of
PCV2, ii) infecting cells in growth media with the transfected virus, iii) causing the virus to
express the recombinant protein from PCV2 ORF2, iv) recovering the expressed ORF2
protein from the supernate, v) and preparing the composition by combining the recovered
protein with a suitable adjuvant and/or other pharmaceutically acceptable carrier.

“Adjuvants” as used herein, can include aluminum hydroxide and aluminum
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ol eate, propylene glycol di-(caprylate/caprate),
gl yceryl tri-(caprylate/ caprate) or propylene glycol
wdizalearoes esters of branched fatty aci ds or aPcolsk®s047596
in particular isostearic acid esters. The oil is used
in conbination with enulsifiers to formthe enul sion.
phosphtitsg sapadisd tigerQuihrg (9-2pr(Eambaidgy Biowclodie, Cambridge MA), GPI-
surfactants, in particular esters of sorbitan, of

0100 @F@ﬁéﬁ@ﬂaﬁn%euﬁ@dﬁﬁ%.?ﬁﬁﬁﬁﬁé}ﬁb, AR ler-ifbilPnyidsiba, ¢if-in-water
polyglycerol, of propylene glycol ‘and of oleic,

emulsilgﬁg\%%%fa-ﬁ%ﬁi&irl{-;vlv% e{n%@e}gﬁg@)gl&my grhlglé%%t &a oAt % prcﬁﬁr on light

_ .. pol yoxypropyl ene- pol yoxyet hyl ene copol yner bl ocks, in

liquid peeiTins ol GRUrpPENATHHBHOB DAL IBrenoBL L aveh Wq}i@%‘i‘? or squalene
See Hunter et al., The Theory and Practi cal

: oil reApiping G dreobfondetizatiam b§ altkBndsEth [Brtowlan of isgtutenp or decene; esters
S.). JohnWley and Sons, NY, pp51-94 (1995) and Todd

of aci® ofbf alcoN&1s CoRfinkRgs abiinear Alkyl , TiE pARBNREE, plafit oifs, ethyl

possi biae to use the SPT enul sion described on page 147
of -"Vaccine i uni . Adi

ety 551 FERBE TR Beg Y CRaRD ) o popen
Press, 1995, and the_ enul sion 59 descri bed.on, page .

slycol iaiout: S of BBCheRG B 3RS & PP e THEISHE 4o gieag acid esers.

adj uvant is a conmpound chosen fromthe pol ymers of )
The ofidk yiséd in combipatic withi emulsifidrsatedforhehe epwilsjere ridieggmulsifiers are
mal ei ¢ anhydri de and al kenyl derivative. Advantageous

preferﬁq%r U¥aRibnie O RRdaAslEs, 2@ pixeicwat Yessrs of @ebiydn, CoDrmannide  (e.g.
nmet hacrylic acid which are cross-1linked, especially

Wi th yal ken r . i
el RELYRLESTLT B350 35 ahurAB0R. A APPIBAE IBkE et of oo
) are known by the term carboner (Phanmeuropa Vol . .
isosteatic, JHRBOIEUDEY, BRIOSHEE) b "D (6 R{OTBLY, sfiggiited, and

refer to U S Patent No. 2,909,462 which describes
polyoxypropydeneyiolyoxyethylene sopelymes blgokkeitn wptigulgr the Pluronic products,

pol yhydr oxyl ated conpound havi ng at | east 3 hydroxyl
especidllPUPID], Beefi@id ¥t anoThevMRotshand Pradticel Apdlicagien of Adjuvants
atons of at |east three hydroxyls being replaced by

(Ed.Séé%ﬁE’fﬁlﬁtﬁ.dE.S S?lh gg%mlg}{ {aggi $lsS NRAVHIN -0 (199385 tand Todd et al.,

car bon atons. radi cal’s ‘are those
.cont ai ni from2 to 4 carbon atons, e.g. vinyls,
\@Cm%ﬁﬂ§$§4éﬁg(gphér et hyl eni cal | y unsaturated groups. The

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

A further instance of an adjuvant is a compound chosen from the polymers of acrylic
or methacrylic acid and the copolymers of maleic anhydride and alkenyl derivative.
Advantageous adjuvant compounds are the polymers of acrylic or methacrylic acid which are

cross-linked, especially with polyalkenyl ethers of sugars or polyalcohols. These compounds
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unsaturated radicals may thensel ves contai n ot her
substituents, such as nethyl. The products sold under
woheoervares Car bopol ; (BF Goodrich, Chio, USA) BC®US2005/047596
particularly appropriate. They are cross-linked with
an allyl sucrose or with allyl pentaerythritol. Anmong
are kriovenby thedewm warpoiner (Rhamentdperiéd. 8alNbohdun® 1496). Baaens skilled in
and 971P. Most preferred is the use of Cabopol 971P.

the arf\eBNdIsb Hefet P V. \WTBLEnd NoTalgBba6ankiyidh idderides sedhkedmylic polymers
derivative, the copolyners EMA (Mnsanto) which are

cross-ggﬁé)d ?Ogﬁ% ogghpﬁl?)kg%éédacgg?ﬁgﬁﬁ(gﬁaﬁﬂg \a}\tglze%sif hﬁ%ﬁ%ﬂ]@‘og%s, preferably

I SSO n nmers In

acid sglution that will be neutralized, . preferably to

not mawgwbg p &firogen atpms 6f gleast hrge WpRgS Beyg eplgced by unsaturated
solution into which the i munogenic, 15 i mmunol ogi cal

aliphatic redicals hevingapleesttd carbon steifs. \Whe praferréduadicplraze these containing
Furt her suitable adjuvants include, but are not

from b it§4t @ebdnOatofnbce. & Bhyla iy iodid @l&t @hylediBilbi udsBfurgted groups. The
Bl ock co-polynmer (CytRx, Atlanta GA), SAF-M (Chiron,

s R EE o INACOHASE R b My VLS 1 o procuc
it G LSRR o0 RUBETWERE) 3 Ch0) en2 0 b e The

Preferably, the adjuvant is added in an anount of
are crafselinked 00ithyan allydisuerosel@r wigh plyl pegtsswthritolb Ameneethen, there may be
preferred the adjuvant is added in an anmount of about
mentidRé TatfidpaboudP,1934PnEnd o7 1RIOS®Rst breftiratisethpreskesfr €abopol 971P.
the adjuvant is added in an anmount of about 500 g to

h
t r . r e j
s VIS e AR E BHTREDHR BGOSR i

PCT/ US2005/ 047596 0 .abou . er. dose. ,\Most..
(MongE) Y e A PPl P 1o AR PPk PR o FoRg) ign of these
1 ng per dose. Thus, according to a_further aspect,
polymdne inewatss feads e epmracify salvtignt thgeriwidl beoreisealizednpreferably to
such as for exanple a vaccine, for invoking an immune
physiolegiean pE, agadrdst @k tie adjupaitsesdution fxte pwhichghenthmunogenic,
recovering PCV2 ORF2 protein, and ii) adm xing this

; bid3i | | f18ri e adjuvant is
T L L G

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

Preferably, the adjuvant is added in an amount of about 100 pg to about 10 mg per
dose. Even more preferred the adjuvant is added in an amount of about 100 pg to about 10
mg per dose. Even more preferred the adjuvant is added in an amount of about 500 pg to

about 5 mg per dose. Even more preferred the adjuvant is added in an amount of about 750
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971P is added in an anount of about 500 gg to about 5
ng per dose, even nore preferred in an anmount of
wahost072i69 gg to about 2.5 ng per dose and nDSPCT/US2005/047596

preferred in an anmount of about 1 ng per dose.
Preferably, the process step i) includes the process

ng to shew 2. amgipearalisbddosiqrefetred the adieyrat i adsed aman pawynees/about 1
of PCV2 ORF2. For exanple, in preferred forns of this

mg peiEb&d, the construct conprising PCV2 ORF2 DNA is
obtained in a transfer vector. Suitable transfer

v r hqd p | I : reni
aahed %ﬁﬂoﬁl ¥ Tpfherr RG89 RRAME 6 ARt s?ep oJntigenic
ntFllf %he (RFZfroma trar£ of RPCV2 throu p
compositi ) 19RF¥APLe Revaggio TPHINYOKIRE o RGP POt geast PCV2
Preferred open readi ng frane sequences, Kozak's 15
comps® Uik prepeTing angoeRvesing Q6 ORI proteing awd i) admixing this with a
protein sequences, transfected construct sequences,

suitable4tj@vant Préfera bgndhé/ hdjleRS iACabasoldEs I Eb@tmiote preferred, Carbopol
previ ous net ho Anot her optional step for this

971P EEE{JEQ&' 4 Y Lu’tﬂgﬁl?/te%flta%ph{]g)x()é ﬁg f Lg 'n%*%%q ng}jﬁpreferred in
IRHERE O T B - —

other methods, it is preferred to wait 20 for at | east
aboutd rgyper duise.direferdbiy thaoproogss step ikiacludenihe presess siepstas dessibed for
bacul ovirus prior to recovery of reconbinant ORF2

the pr@ﬁéi&tﬁiﬂhtfdﬁ@éﬁv*eﬁ%ﬁk@‘ﬁﬂ ORF2. Fo¥ efaaipdd) liy preféreed foany of this method,
step of this nethod also includes the step of

the co?ﬁmt %Hnt%l'hE 3d@bmrmtlb SbafleliSn ﬁ"f'rqmg #rec‘ii(‘?rb Klifable transfer

one 1n a varlety or ways or ease

and con [ r ef ofllt r.the c

vectozgind MUERT O Fapratige e edriTDRS QugYe R crneﬁr fﬁsw%’d may
(Eﬂbes rangi n n size fronrabout 0.45 Mto

includegbé step 26 wpg@mmw Dimgsstraghe{PCY2 GhlmlghrPﬁ»Br pripr to cloning
for this nethod, it is preferred to include a virus

the ORIEX tinty aghe Oﬂﬂarfsf@pveqwﬂ orPréforred ripeni regdihp eframee cequendes, Kozak’s
reconbi nant PCV2 ORF2 protein in a conposition. This

sequeﬁ@é% ?eEg&Qf‘ sitd s@gr}@ﬂcé@t%cdﬁfibﬂ‘ﬁﬂ Sroteif sécfueh&str@ﬁs%c’t&fjconstruct

e practice he present |nvent|on to " use

hus .accorf.di n furthe thi s .net ho
sequeegeﬁp meg& cf:ﬁ s guseF )ar%ﬁf‘)l emﬂsbﬁg 1n§8@é)rﬁkgés ods. Another
vitro, wherein the flanking sequences of said CV2
optlolghrs@pmm;;; anethod includes cloning the amplified PCV2 ORF2 DNA into a first

vector, excising the ORF2 DNA from this first vector, and using this excised PCV2 ORF2
DNA for cloning into the transfer vector. As with the other methods, it is preferred to wait
for at least 5 days after infection of the cells by the transfected baculovirus prior to recovery
of recombinant ORF2 protein from the supernate. Preferably, the recovery step of this
method also includes the step of separating the media from the cells and cell debris. This can
be done in a variety of ways but for ease and convenience, it is preferred to filter the cells, cell

debris, and growth media through a filter having pores ranging in size from about 0.45 uM to
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nodified, ii) cloning the anplified PCV2 ORF2 DNA into
a transfer vector; and iii) transfecting the transfer
woeatem72066 a portion thereof containing the reeomhiSz@ans7596
PCV2 ORF2 DNA into a viral vector to generate the
reconbi nant viral vector, iv) infecting cells in nedia
about 700 wM.h Fitedlyt faartbisenetbdd,vit isigrefaryedctmuiaciige ahdrus inactivation step
transfected virus to express the reconbi nant protein

prior fof smbThivg th&fetovetkbd r&@RDiint PCVREORF2fyretin iea composition. This
supernate; vii) recovering the expressed PCV2 ORF2

can bR IO e s R ot b HARL B iRt caft imveniion o
: about 1 to about 20 mM BEI, nost preferred in the
useBlgiesence of about 5 mM BEl; ix) adding of an

equi val ent anount of an agent that neutralizes the 15

i Ahus Accarding tagefirther aépeat, tthis wethad icomprigesether signsy i) amplifying

addi ng of a sodiumthiosulfate solution to a final

PCV2CORFLITHNAL #0086 whewl the flkiipaétuctRedM sqid PCVAORF20DNA are
about 5 MM when the inactivation agent is BElI, and

. addi . it ik o Y.

ol "3 A6 SHLARIBAPLO5 OReaAl HHETY ol SEaend

transfg&%{g%ttﬁé %g&%érte ngzcli;gg @g go pg)% Sfe%ggglrétl’alkr)lgt}dgeﬁg qu\,()gnb(il?én% PCQ; 2 ORF2
preferred in an anmount of 20 about 750 gg to about 2.5 _

DNA fimfo pevirall wectortocgenerste the efoombénhnt mirglvestosuiy) indectimigmgtls in media
ng per dose). Additionally, the conposition can

with thé GlabecteNGing, vBuBingthé FaAsTeited firustoeRptedditR recombinant protein
carriers. As used herein, "a pharmaceutical -acceptabl e

i or i nel 20y | di !
from P57 BREZ, B9 MEAGREYRY Sl BT,y SRR cxprese
reservatives, antibacterial, and . 27 W) 2006/ Q72065 .
PCVHERHIspin dromdhe sEpemrEn JHD wgethading ;o desombingd fital vector,
adsorption delaying agents, and the like. Mst
preferpblyf ior the gresenchef @boypdsiot sbont 20 ;N @i, mestawpferred in the presence of
contains PCV2 ORF2 protein recovered fromthe

aboutSSREVNREE Bf) ddding bf AnCeluivil@fl HEduns of\MiLhgénd thay feutralizes the
. cells were infected with a reconbi nant viral vector

G0 B i RO PR R 6 AT gpion 0
wi t h about o about 8 BEL, preferably wth_ahout

final SopGEBRION §f abAMct | Pt 10 TIVia Pregerabsy of it of T when the
equi val ent concentration of a neutralization agent, )

inactivation agent is BEI, and x) adding a suitable amount of an adjuvant, preferably adding

Carbopol, more preferably Carbopol 971P, even more preferred in amounts as described
above (e.g. of about 500 pg to about 5 mg per dose, even more preferred in an amount of
about 750 pg to about 2.5 mg per dose and most preferred in an amount of about 1 mg per
dose).

Additionally, the composition can include one or more pharmaceutical-acceptable
carriers. As used herein, "a pharmaceutical-acceptable carrier" includes any and all solvents,

dispersion media, coatings, stabilizing agents, diluents, preservatives, antibacterial and
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preferably sodiumthiosulfate solution to a final
concentration of about 2 to about 8 MM preferably of
wahaosto7ZeaNV] Car bopol , nore preferably Car bopoPCO9TER05/047596
preferably in amounts of about 500 g to about 5 ny
per dose, even nore preferred in an anount of about
antifungal agrnts, dsatéhialagetits, 2dSorptiop delayiog @gents] amdshe pkef Masegreferred,
in an anount of about 1 ng per dose, and

the cd?%ﬂo%'itiﬁnogfdi@&eds Able(h, RoghAKaPEY 2 ORET prowint reddvedD Wom the
50 to about 90% (v/v), nore preferably to about 60 to

80% v/ Vv I re ef er 0 . :
supersi 141,y R By SHLGAK oo HEAES, (0 d edbbinant virl
preparing an anti %eni c conposition, such as for L.
vectoreopailiag §CV2cORRE DN frand axprassigs B Yl e Aad wherein said
agai nst PCV2 conprising the 15 steps: i) anplifying
cell cuRGxwEIRRRadNAvitnabout 2 ¢g aldue 8enM Bk pfeferabdiy vgthsahypubh oed BEI to
of said PCV2 ORF2 DNA are nodified, ii) cloning the
inactiBiP lthd V81 RieYidr Oghd daNBqhithientd cbiicifhiedn \WEC4 Qleutralidation agent,
i11) transfecting the transfer vector or a portion
prefer%)abli(xe irsggllfums g@és@fg{eg&éﬂ&% {o°§ ?ig?feg&{&m? (A6 of Float BNG dHdLPs mM,

enerate reconbl nant viral

vectar, iv) infecting cells |n dia wi t he .
profergii A6 Aot U GPOR), TSI HSREHOC EbaRSH P eefsrpi ip gmounts
express the reconbi nant 20 protein from PCV2 ORF2; vi

of abose ) pg tonapone b Insg Par chosd, lewersmors prafeered Vi af) amew\od ebei ')50 ng to
the expressed PCV2 ORF2 protein fromthe supernate;

about 1.5 inhg ipRRGokd @ahd NHost NRefeR6@ TR ddaBiottl 8f abotfCl @ig per dose, and
preferably, in the presence of about 2 to about 20 niM

physiog : ;cal i@%?ﬁea @ge?%rgﬁlgﬁg aﬁ lei)nﬁt of HbEFENED BbulRy &V/g)é gmre preferably

an equi val ent anount of a
that neutralize- the inactivation e wi thin the
to aboghp(tq §7o (W kB Mgrg pre ?fﬁll?lﬁﬁ?ﬁt?m’é 7@%’0&&"&1 t hi osul f ate
solution 28 WD 2006/ 072065 PCT/ US2005/ 047596 to a
f Thad, adortceraspest rabatesto 2abetbed forprensriab enentigeniggomposition, such
preferably of about 5 nmM when the inactivation agent

as forl é&aBlple aXac@fleli fof idvokitigt abireman® wipomse appinadPGVandosnprising the
preferably adding Carbopol, nore preferably Carbopol

: S abptif§ e "SRR 468, Ryl MeSnakiERGhdREdof said PCV2
steps.ﬁ%&@@{n@ﬂg@@%ﬁ%&ﬁ%ﬁ%ﬁﬂé«%% 0 aﬁout 5 }l%e%gr dos%, A
even nore eferred.in.an a f t Q to .
R SHS D TR R S Sl s 8 PRE R e vcor
of about 1 ng per dose); and xi) adding physi ol ogical
and i) dtansfecting df draabfes véotoraoy agontien theteof poniaingyy the regpmbinant PCV2
90% (v/v), nore
ORF2 DNA into a viral vector to generate the recombinant viral vector, iv) infecting cells in
media with the transfected virus; v) causing the transfected virus to express the recombinant
protein from PCV2 ORF2; vi) separating cells from the supernate; vii) recovering the
expressed PCV2 ORF2 protein from the supernate; viii) inactivating the recombinant viral
vector, preferably, in the presence of about 2 to about 20 mM BEI, most preferred in the

presence of about 5 mM BEI; ix) adding of an equivalent amount of an agent that neutralize

the inactivation agent within the solution, preferably, adding of a sodium thiosulfate solution
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preferably to about 60 to 80% (v/v), still nore
preferably of about 70% (v/v). Optionally, this
worbdsmd206an al so i ncl ude the addition of a proPeTanios/047596
A protectant as used herein, refers to an .
anti-m crobiol ogi cal active agent, such as for exanple
to a fiGeintaegmiation MErabhirtod. Stte abeut R0t ind/,| prfsrablpof about 5 mM, when the
particul ar adding of a protectant is nost preferred

inactiva@ibn tagEntPis EBBY, &) | 4A0in@f a Suitdbld hmeaseof & BPFits,Opreferably adding
Those anti-m crobi ol ogi cal active agents are added in

Carbo @”&%pé e@gg&g@ ol g‘&f 679 thP gfﬁ:’éfé}m{i'}ﬁaﬁm@{m@%& tiéseAbed above

r an nlcrb I 0 contam nation or

bitio of any croblolo owt h wi t hi
(c.g. of ﬁé""égﬂﬁé‘&tﬁ Aoy mEAEE P, SVERIR ST eﬂ?@ i arpgy of glpout 750
al so conprise addition of any stabilizing agent, such
ug to ahwuf 25 mg Berdasaphé mostprhfericd ssan amewntiof sboutrtang perglose); and xi)
saccharose and the like, to increase and/or maintain

addin%’ pREYEIbgisA18ating, | freferddDVBY & ambinthefSablo@e B0 36! aPsitH0AE(Wv), more

ound, that the resulting fornulation is

preferéﬂﬂg]ﬁ?I %0%9 !6? %?" oe@ aﬁ stdllvrﬁoﬁvﬁéfeﬁabﬁ%f P O%Yv)v? gftlo%ﬂlly, this

any furt st ab| I zi'ng

A fur her a C Ij th resent inve rel
methodfan lsOARERGE TESdRtion oG fIAT RS Ao ARIDRGUS! e R e defer to an
above. In particular, the present invention relates to
anti-microbiefagsdal peivecigentyauches fonensnpieSeniaayyais: Merthigjate, and the like.
expressed PCV2 ORF2 protein. Moreover, the present
In pattidWen ai@ifg alfSO prdteaintsis trfod preforod ifor dre peparatiore of tahatlti-dose
conpri ses reconbi nantly expressed PCV2 ORF2 protein,
comp«gs‘?tF(QlV 9086 hhtt H]l&%ﬁl @a‘i Rafiw Yenfarb RAGSE 1rp€dﬂcentratlons effective

ture. reover, e presen |nvent|on al so rel ates

OSltI er co es_recanbin ntI i
to preg%al%esgcggpos Efgn?f?y iyt Mﬁgﬂ@}i mingtio inhibition
ORF2 protein, recovered fromthe supernate of an
of any m@&hlol@mcal grgwtmw@hmmhe@@nwnt}pn affinigrestonposi ti on of
matter al so conprises an agent suitable for the
i Msrtovertthdinethod tanpdlso/etiymiss addifion fof napstgbilisiagdgent, such as for
i nactivation agent is BElI. Mreover, the present
exam};)lg \Edhhdes rRi1dse] AbGstol, %a@chaﬁﬁgﬁﬁ’@ tHe' 108, ff 1n5@£§e%1d/or maintain

corrprl ses recombi nantly expressed PCV2

oo, AP S TGP B Spin
i nactivation of viral vectors, E)r ef erably BEI gg
immupelogically gifestisie exgempariof ofcitleas ﬁéd’fl?lahsao‘fﬂthout adding any further

stabilizing agent.

A further aspect of the present invention relates to the products result from the
methods as described above. In particular, the present invention relates to a composition of
matter comprises recombinantly expressed PCV2 ORF2 protein. Moreover, the present
invention also relates to a composition of matter that comprises recombinantly expressed
PCV2 ORF2 protein, recovered from the supernate of an insect cell culture. Moreover, the

present invention also relates to a composition of matter comprises recombinantly expressed
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the inactivation agent. Preferably, that
neutralization agent is sodiumthiosul fate, when BE
wO006SBE5 as an i nactivation agent. In yet anoPO®ms2005/047596
aspect of the present invention, an i mmunogenic
conposition that 10 induces an i mune response and,
PCV2r®RE2 praéisy sobyered foheths sppomatetafias insaetipglt gultige Breterably, this
the clinical signs of PCV2 infection, is provided.

compdsitorCOMRatdrt 410 cafpdyed|ah Yagenguithisle Sot iR ingivipe bt dieal vectors.
or a fragment thereof, expressed by Open Readi ng Frane

. . i n' .
prtef O Bl e SR AERIPET e EIREOIRBRGH b St 0 5
: for th reparati on of the coppositions )
compesians & TPRH, §hat hEP piReE S SES BRBUY P FERE F% By protein,

hi ghly conserved domain within PCV2 isolates and
recoverh@ fremythe suner@y/ef @REScohoell dulbwe,ainfl somprisesa agpet, suitable for the
source of the PCV ORF2 DNA and/or pol ypeptide as used

inactiVitiofl] oF. vird] RE@LR] prAerASIYBIIRMY Phoitrilizaticn sdeat faf neufitlation of
ID NO. 11. A preterred PCV ORF2 pol ypeptide is

. N ol _ . : _
the inflfH PR TR BroB, Babheldlhh secpth bl RIRAS PR BELs
vary by as much as 6 20 10% i n sequence honol ogy and
used ag@n|HACHYMINPLERe anti geni ¢ characteristics that render
it useful in immnogenic conpositions. The antigenic .
c fauyetc peothert aspsctost the prepant dhvaptien) ar dMpBBIOEEHR cograsition that
be, for exanple, estimated by the chall enge experi nment
induc@sarP M ebspynseaatpheret prefdvhlslgoocmifers tphstectivie igaminity against the
characteristic of an nodified antigen is still
.« . el: ; 0 . a r .
einied P B, T e s BT ety @Rlpriscs the

rofectiye 30 WO 2006/ 072065 PCTLUS2005/ 047
polyp Bl i ey AP XS HE ORESH RTS8 g JORF2) of PCV2, as
encoded by the ?olynucLeotide sequence of SEQ ID NO 3
the angigergecpmppiNgt af thagompesitieibgeni ¢ conposi ti on" as used -
herein, nmeans a PCV2 ORF2 protein which elicits an
" POVINOREYIDNA anéd ppscingis used hheihfos theopreparatidl of the compositions
and/ or anti body-nedi ated i mune response to PCV2 ORF2

and al3bs ﬁs@d wWithe] Blegbdessdsirdvided RERRPBEN hizphBOEGRRSIVEA @Bmam within
capable to confer protective imunity agai nst PCV2

povd BBk, B P 5 1 RS0 SARERERRRSLA R et g v

ORF2 DNA and/or polypeptide as used herein. A preferred PCV2 ORF2 protein is that of

SEQ ID NO. 11. A preferred PCV ORF2 polypeptide is provided herein as SEQ ID NO. 5,
but it is understood by those of skill in the art that this sequence could vary by as much as 6-
10% in sequence homology and still retain the antigenic characteristics that render it useful in
immunogenic compositions. The antigenic characteristics of an immunological composition
can be, for example, estimated by the challenge experiment as provided by Example 4.
Moreover, the antigenic characteristic of an modified antigen is still retained, when the

modified antigen confers at least 70%, preferably 80%, more preferably 90% of the protective
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ORF2 protein are used as the antigenic conponent in
the conposition. The term "imunogenic portion" as
wagew/nzeei n refers to truncated and/ or substi PATAS2005/047596

forms, or fragnments of PCV2 ORF2 protein and/or
polynucleotlde respectively. Preferably, such 10

immunity, A% gerapered & the RGBS ORF2 pepteisr ercodest by theqrobugleqsidg sequence
conprise at |east 6 contiguous amno acids fromthe

of SEQUID NiOeh gt BEQREXNR. yAue Pinirflenogvbicecopipebigioab hyusetitherein, means a
truncated or substituted fornms, or fragnents wll

PCV2h@)§'231§rr8{e%§%hnglp eliltR" &n P n%fn (ﬁ%ﬂéalaite o¢1t | £RSt inlthe ROW of a cellular

re preferably east ™19 c guous am no

andiof (oo isEhediolid JHEWEe RIS, Fodoatt  GRED phgioRreferably, this

herein as SEQ ID NGs. 9 and 10. It is further 15

immupegpaics eyppPsitinm is Papible &ay oefecrrotrelive énmuphy pgaipst| Py Yy infection
fragments or truncated forns. A further preferred

and tHeQhicaRkignp assppiatedi tlerewithy iId edmb domny) immuangamie potipns of PCV2
the nucl eotide sequences of SEQID NO 3 or SEQ ID

ORF2a otér B dskdl & YR edfrﬁfg@ﬁg E’é‘mﬁ&{éﬁﬁ A arKich anbﬁﬁ@n'i‘e The term

at this sequence could vary by as nuch as 6-20%

n se e _honol oqy, and st || the nt i
mma&a@ e o8 R ndtER Bt oy Bflafed RS aEAHOGEMRE forms, or
nposi tions. In some forns, a 20 truncated, or
fragmgxy%s@ﬁ PGVRY ORIr2mpraseins anghore Relyshcleytide, irespaetiselya sPrefraably, such
anti genic conponent in the conposition. Preferably,
truncated And/ot subatittedoforimsibart fragmads fill mempoise atr Rgstententigublis amino
conprise at |east 18 contiguous nucl eotides fromthe

dfﬁléllﬂtﬂeﬁﬂtl@n FRIMBHISRL RIS, EERERrably, Ghe BincdFa off Ribstituted
acies NO: eor SECffgB P §9ﬁ%re prefgggbfﬁﬁyth% t?unca?ed -

formsoér %ﬁé{tstp}lfvgflg%vfg%{f g%st gla(l)g &%Ee%bﬁ aWe%th lsaa a s@ﬁl Ih&%%&eferably
preferably at |east 57 31 W 2006/ 072065
at leaicig ety amameacidsHemgths fulldengtie AR ffeRolyprptide. Two preferred
full-lTength ORF2 nucl eoti de sequence, e.g. of SEQ ID
sequehi@s @ this rSpEptl de NEovided 'h8eiuen REQ dBniNQsy'9 awd 1. i B is further
known in the art refers to a relationship between two

under®tood R4t &ub® Is¥ RRRAERa P B UL P& Df QirgbVVBraBhert® lof truncated forms. A
pol ynucl eoti de sequences, hamely a reference

furthe%e%'f%ﬁgg P%\% Q)Ig}'?i/ ‘f’)glg@ qﬁencél%v dﬁn (e &Hﬁgaef g | Bg tlgﬁb g'mcleotlde

erence sequence erm
sequeggqué}&tl" rS(EﬁgID NO: %I c\)/reSqE(g ?ﬂ Lf\?(g Cf Btu% 1‘£t 12 %n(rie%tgg(? {;y ﬁw%g gy ﬁ(nﬁ in the art

that this sequence could vary by as much as 6-20% in sequence homology and still retain the

antigenic characteristics that render it useful in immunogenic compositions. In some forms, a
truncated or substituted form, or fragment of ORF?2 is used as the antigenic component in the
composition. Preferably, such truncated or substituted forms, or fragments will comprise at
least 18 contiguous nucleotides from the full-length ORF2 nucleotide sequence, e.g. of SEQ
ID NO: 3 or SEQ ID NO: 4. More preferably, the truncated or substituted forms, or fragments

will have at least 30, more preferably at least 45, and still more preferably at least 57
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sequences have been optinmally aligned to produce the
hi ghest degree of sequence simlarity, as determ ned
woyodshe206at ch bet ween strings of such sequenceBCTAUSZN5/047596
such alignnent, sequence identity is ascertained on a
position-by-position basis, e.g., the sequences are 10
contighbubemtdlendildes dte falldamgth ORRY npdeitide saqudncate.g. ftSEQ ID NO: 3 or
position, the nucleotides or amno acid residues are
SEQ IDA¢Ot hcal . The total nunmber of such position
|dent|t|es is then divided by the total nunber of
| eot | r,reS|d es. in
“%@ug/n th e & & a8 ?Vn nééﬁ]euaeljri] géefg{set en efa?%ﬂ?xﬁﬁ %gfv&qaen two or
readlly calculated by known nethods |nclud|ng buH
more pplypensidets§aUaNeES &1 tHR 9F Mmase Polmuelgeiidn sqquepres, namely a Teference
Mol ecul ar Bi ol ogy, Lesk, A N, ed., Oxford University
sequeltieeas] alfivétevediende (olﬁs&bmp&'edcwﬁb uhe mgferdnaé sequence s Sequence
and CGenone Projects, Smth, D.W, ed. Academi c

£8 80 &f@é 0@ @€ after th
1dentlt§;§§ﬁtegglfi%@dw &Iﬁ )the gﬁ)@ﬁ%?{%l O Z{?l?e: * n %@éﬂﬁﬂl after the

seque%gg ﬂ'&k}g?’_lgeqn n(‘)aptl gg?c\fvg)‘]@{oﬁﬁé/e’ t&l% %?lgﬂaet cﬁgpéée%cs%quence similarity,

Academi c Press 1987) Seguenc ysis Pri

as detgrmipsd v, tha maieh betwiern sirings of Sé@g Seqyfnces. o i such alignment,
Press, New York (1991); and Caril | o, H, 20 and

sequehdep ncbntltyDls, asSlehingd ohpplposmowdwkposﬂm bagisz .41 988 sequences  are
t he teachings of which are incorporated herein by

“identi®l’ehteN pRtichlae poditicilifMie e §osition bt ublebtiddshe apeifv atidaesidues
identity are designed to give the |ar gest match

{

are id rg c\ég ﬁiglée 1:3? 1 ?Hlt%gpgifszlcfé gg&ﬁ éfgﬁ%@%gg ﬁegl (gﬁggcg 9}7 ﬁ‘% total number
conput er prograns which determ ne sequence ide

of mugleatiles A greidivs B QuoTiEIce BeaRIe &Veq’aéﬁq‘m@ bty Sequence
i nclude, but are not 32 WO 2006/ 072065

identigCranUB2 Geslilyieiosated byi knewnt wethods iaciadingdeptaratJipitedyto, those

(Devereux, J., et al., Nucleic Acids Research,
descrlia&i 1ﬁ C%&K)u(alﬁ;ﬁé]) Mol&hl%ﬁﬁ?olo@jzﬂfeﬁkl ANN. F&BTQxfdithISmhm’sLty Press,
. et al. . Molec. Biol. 215:403-410 (1990).
X
%ﬁé&%&m@é@&%@@ PR o i eniam Mol i, e,

oA ey, D it 8 A0 S B 1,
teachlngs of which are incorporated herein

A M.y gidFeiffie) H. Thesds.pHogeamPrespt Newl Jepsex| (1§95 §qqmﬁlé%s‘\nalys18 in
usi ng defaul t

Molecular Biology, von Heinge, G., Academic Press (1987); Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds., M. Stockton Press, New York (1991); and Carillo, H.,
and Lipman, D., SIAM J. Applied Math., 48: 1073 (1988), the teachings of which are
incorporated herein by reference. Preferred methods to determine the sequence identity are
designed to give the largest match between the sequences tested. Methods to determine
sequence identity are codified in publicly available computer programs which determine

sequence identity between given sequences. Examples of such programs include, but are not
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gap weights in order to produce the highest |evel of
sequence identity between the given and reference
weems@izes. As an illustration, by a pol ynucl eBCTas2005/047596
havi ng a nucl eoti de sequence having at |east, for
exanpl e, 85% preferably 90% even nore preferably 95%
limited steg) tken CXCG Oprogennt i pagkageo (Reveeduay dncet alicNosleicigAcids Research,
sequence, it is intended that the nucl eoti de sequence

12(1):987 (1984))IBY S TR0 IBIASTIR Qint FEA S BA i(A@sdHug,a8. K.Gettalle J. Molec. Biol.,
ref erence sequence except that the given

. I tide e i.nc u ‘
2154BRATERY 1% BERS TG 8 Syl Rghihid Jrom NGBL and other
poi nt nutations per. each 10Q nucl i de t he
sourcgse Rl AhE MARHALe Adiselills gt ride .N@X‘f gt‘ﬁ%Mr ?\II%) Pﬁg’,es% MD 20894,
pol ynucl eoti de having a nucl eoti de sequence having at
AltsclubaSt F858al.pdeMolabl Bid QR 5193eMOn(1980)% the déashitgs yofowdhich are
identity relative to the reference nucl eotide

incorpoBAMENGEIn BiPrdféedRY0 THRESHRARSY optifiallyeM B s¥qiiéhces using default

preferably 5% of the nucleotides in the reference
o RGBSR gl BB NS E R RIS v and

preferably 10% even nore preferahly. 5% of the tota
referehifc fogBENCERs ASan HUISHERQD JHk Pglaaw@?%@e haxipese o ﬂ§%tﬁ‘{ee%iﬂquence

into the reference sequence. These nutations of the

having ef dsastyfer exouEe,c85%mnprad@ablyA)%,a¢ventgol' prgferably 95% “sequence
term nal positions of the reference nucl eotide

identif2 448 R&BreAte MRIVIRIE ReqiRAbYBER ihieAded thatrthe Aadleotide sequence of the
positions, interspersed either individually anong

.o N Ln the. 1efer e [ e :
given BERRRLARS i oBical ol RN RAAFRYT ifcfle, RoGTIRE the given
al ogously, by a polypeptide havi a _giyven am no

polynidrei e agaisibe M paaIL B Fo LEro Pk i VB e proferably w
preferably 90% even nore preferably 95% sequence

to 5 poihe muitations peneachf Wdanekeotids ofghe cfgrnropipotide sequence. In other
PCT/ US2005/ 047596 am no aci d sequence, it is intended

words, iad péipsudiiotids hatinp@ racicdtidespgaane halingheldas 35p6 préfdmbly 90%,
is 1dentical to the reference sequence except that

even %?gef F%g%%yg%%&g%%@ Felafr o hE ré@bénb@ﬁ%ﬁlg&idé%eqﬁegwé%p to 15%,

even nmore preferably up to
' cid alteratiqns_ per. each.1l am no_aci ds_of

oot P B SRS o L AR B S may v

obtain a given 5 pol ypeptide sequence having at | east .
deletedsog syhstifusechiith gnofher naeleotisiee opranumbey pf gweleotides up to 15%,

sequence identity with a reference am no acid
preferaBIGUENE, vetl indro pididtabhr $hoeofabd yotalmuckeotiféd in the reference sequence
may be inserted into the reference sequence. These mutations of the reference sequence may
occur at the 5' or 3' terminal positions of the reference nucleotide sequence or anywhere
between those terminal positions, interspersed either individually among nucleotides in the
reference sequence or in one or more contiguous groups within the reference sequence.

Analogously, by a polypeptide having a given amino acid sequence having at least, for

example, 85%, preferably 90%, even more preferably 95% sequence identity to a reference
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even nore preferably up to 5% of the am no acid
residues in the reference sequence may be deleted or
weubsto7zass ed wi t h anot her ami no acid, or a nunbBer/usto0s/047596
amno acids up to 15% preferably up to 10% even
nore preferably up to 5% of the total nunber of am no
aminoacidisehferncesit dumsendad thue thieficee anincsadd ssyienseagl the polypeptide is
inserted into the reference sequence. These

identic@ tethatdeRfcdleqhdife RSN BRE heSAMIERIhePRlle S@bticeahayt iclude up

amno or the carboxy térm nal positions of the
reference iNQ. acid sequence. qr, I
to 15, pFRsSaB D et pICrPreoREteeitiy R o 3G GRS per cach 100
- individual 'y anong residues in the reference sequence
aminoggcids, of the gpferegee amine asikhesqyantss dr A WPEds; do (ftain a given
reference sequence. Preferably, residue positions
polypephiide rsedfernae ehavotg aiddmasti 84%, diréfemblib Y0¥ rayen vimorey preferably 95%
am no acid substitutions. However, conservative

sequertie Aty NS réfeRNECAmINACAUE 6lRCce uptto I YWh@eferably up to 10%,
determ ni ng sequence identity. "Sequence honvol ogy", as

used herein efer : LA

even ih QR eI o I b aliEALE SRl B ek siience may be
honol ogy, two, or nore sequences are optiJmall .

deleted| qr gyybetituted wish gaother apiRg aeidc &F 3i Iﬁmmﬁge@g%w% acids up to 15%,
However, in contrast to "sequence 20 identity", _ .

preferatin apr toat 0% e moreapieterablip i toudYooolsthartetat aymber o gmdno acid
mat ch when determ ning sequence honol ogy. In other

residud® il the k&feRBERIsERNEP MHICRE lifkerted ipwl theuefeaided®quence. These
havi ng 95% sequence honology with a reference '

alteratigt A)uogﬂ'feterﬁfegé%% s@c{u%ﬁgegﬁgéé?cglg 40 th€ Uftfind "8 the B4 eé}%{ t%ﬁj.?ﬁlgl positions

€ am no" acl es or nucleotl

ref erence sequenge nust match o onpri se a . -
of the JrisEESt @O SHHS t SSHRTNICE nowa{l}ﬁw%%tc‘?% © %‘Ffl?e alerging} positions,
nucl eoti de, or a nunber of 34 WD 2006/ 072065 )
intersREFAUSHEO ndividsdly amangoesidiiesidn dhe rrferenes sagenqgport i@ the one or
15% preferably up to 10% even nore preferably up to

more 88tigdbud Bube WwithiratHe1efeddtict se@ncl € Breférablyictesidiie gositions which
not 1 ncl udi ng conservative substitutions, in the '

are n St:igigﬁt?&? %liiie?e R5RePRY O GnliRS %Eﬂieglbisﬁﬁlﬁoﬁsh e HRfREL NoRservative

ence. erabl’y the honolog sequence conprises

.at, least a. stretch of 50,. even nor.e preferr.ed qf 100,
substiBygRs RSrEY UK Aoty BB R e GREI R of

500 nucl eotides. A "conservative substitution" refers

t 8Sedwencsubomiolagyoms ofsednhexpinn gefges do raegnatied @f determining the

relatedness of two sequences. To determine sequence homology, two or more sequences are
optimally aligned, and gaps are introduced if necessary. However, in contrast to “sequence
identity”, conservative amino acid substitutions are counted as a match when determining
sequence homology. In other words, to obtain a polypeptide or polynucleotide having 95%
sequence homology with a reference sequence, 85%, preferably 90%, even more preferably
95% of the amino acid residues or nucleotides in the reference sequence must match or

comprise a conservative substitution with another amino acid or nucleotide, or a number of
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nucl eotide with another am no acid residue or
nucl eoti de having simlar characteristics or
wonre@7eices i ncl udi ng size, hydrophobicity, etecT/usemko047596
that the overall functionality does not change
significantly. 10 Isol ated" neans altered "by the hand
aminghcignAr nyalentides yp el Sfoapresaraklis upito d 0%, everi morcpigfosaily up to 5%
nature, it has been changed or renoved fromits
of thedtotal) hihédo i tesidusE ot nuclotibey, hot ibeludigaohdevativa substitutions, in the
pol ynucl eotide or polypeptide naturally present in a

referérr)%%/ ;?ﬁ%.}: ?15&9%3 U%'lﬁseﬂf-?& intoS@AE AbRfence %gu n%@ ePl%?eﬁ?oly the homolog

eot | r ypeptlde separ at romt

coexi sti.n r S natura

sequehp Rpripge of ot et o 1 Sefipeipcerefreedion | 0covpp guore grefered
further aspect of the present invention relates to an

of 250 rayam spen prefamdpd S0P ingeleotidesect i ve for | essening the
severity of clinical synptons associated with PCV2
I 1 €céniservativ® spbstigitiof” PElves ©ORAE spbitation offaebarimbhsid res1due or
the PCV2 ORF2 protein is anyone of those, described

nucle@@?é’ %thpa{rfg)ftl?err altlifo 2SRl AsidtYor %El%oﬁ&@hﬂlfé%'sﬁnﬂér éharactenstlcs or

ypept i de conprising the sequence o

Pmperfﬁgwﬁugf%g Sivs, IdrRRabIG L o g Steth it (12 ek 3@@%@5% does not

honol ogous to the pol ypeptide of i), iii) any
changerfignibersHlyc portion of the pol ypeptides of i) and/or

ii) 35 WD 2006/ 072065 PCT/ US2005/ 047596 iv) the

i risolaediemeansdtetéddfbydhe hand) of manipiirom iits attrall seas ti.e1 Gf it occurs in

contiguous am no acids included in the sequences of

namrcs‘g&als%e%pch&l e@%@rérﬁb\m@ frdin 1t9BRglRl edNFonthenSeRbbiR. Ner example,

V) a polypeptlde that i's encoded

a polgéb?qoghl'ﬁ&r Dyl yE)\e;S L({ég@ursléy yﬁ 361% IBGO{IY]HI% Qréanésr% %) ?& ’?’so(l)%ed ” but

pol ynucl eotjde that is_ at |east 80% honpl og
the saaaﬁ pelueucdentidg o pPLpyRtide Separaiey qmlh?o@@msen@ a}aﬁr@%ﬁ “ofits natural

t he pol ypepti des encoded by the pol ynucl eoti de
state is “isolated”, as the term is employed herein.

Thus, a further aspect of the present invention relates to an immunogenic composition
effective for lessening the severity of clinical symptoms associated with PCV2 infection
comprising PCV2 ORF2 protein. Preferably, the PCV2 ORF2 protein is anyone of those,
described above. Preferably, said PCV2 ORF2 protein is

i) a polypeptide comprising the sequence of SEQ ID NO: 5, SEQ ID NO: 6,

SEQ ID NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11;
ii) -any polypeptide that is at least 80% homologous to the polypeptide of 1),

iii) any immunogenic portion of the polypeptides of i) and/or ii)
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of v) and/or vi) 10 viii) the imunogenic portion of
vii), wherein polynucleotide coding for said
wOnmsrnageni ¢ portion conprises at | east 30 conPCOWSBS/047596
nucl eoti des included in the sequences of SEQ I D NO
3, or SEQ 1D NO 4. Preferably any of those , )
i iMunogeMiccinyprrggsnis pratipmgf iibe comptisiogehileast 10 contiguous amino
characteristics of PCV2 ORF2 protein that is encoded
by the secidenmtudet iDHER sdquédoes 3f SEQ IDBNOEQ, EEQND NO: 6, SEQ ID
According to a further aspect, PCV2 ORF2 protein is
provi dedndp J Iggqnm@p.llgg#gﬁbtm@p%l tion at an
| evel effec

antigen 1 nclusio I ve for’ inducing the

desired i ne response n | y.reducing. t he

901 dence PRPEp I FLBER FipPRE e LK P oBing i fogapne of SEQ D
signs resulting from PCV2 infection. Preferably, the

PCV2 ORFNGr30et R IR @ist-on 1 evel is at |east 0.2 gg
antigen 20 / m of the final inmunogenic conposition

(ofiyl ), &ny pobheptideathay if exvadedbdiita Polgnicdecdidethat 00 least 80%
gg/m, still nore preferably fromabout 0.3 to about

I
200 -ga/ ¥% 1 RIREaPLYyy). f rom about 0.35 to
about 10 0161? : og%rﬁ %nore 1pr ef‘é)r’ ably from about 0.4

to.about 50. g/ n stil]. no ref erably from ahout .
0B o aBbifmSpeesah bortiod B i Bp SR g S by i Bolymucteotide
about 0.6 to about 15 g /m, even nore preferably

f r om abogf vbamond) about 8 gg/ml, even nore 36 WD

2006/ 072065 PCT/ US2005/ 047596 preferably from about

1.4Giif 0 alteuimMuletic psitioh |ofmal)e wherde palyhycléstide edding for said
1.3 to about 3.0 Rg/m, even nore preferably from

about 1. %nrﬁ’lil@ # pértien Egélﬂhsegsgt‘( sty @onﬁgg{)&rlﬁkl%tides included

from abou to about 20 gg/m, and

preferably_.about 1.6 Cor dj _further

aspect , ﬂ’ﬁ@eéﬁéﬂﬂ?nﬁ?ﬁ?fgﬁm&?’ 8¥1é$§\}§ﬁ\@s at | east

0.2 gg 5 PCV2 ORF2 protein as described above per . )

ddﬁet%tablx heny | ghl thasei JEMUEOEIRD oPPIions hayigeddhe) immunogenic

nore preferably fromabout 0.2 to about 400 Rg/dose,
charasterikticsnaff RCY2 €IR¥ apioyeif tlamis atwoded By thet seqadieatof BBQ ID NO: 3 or

gg/ dose, even nore preferably from about 0.35 to about

SEQ 9%@g(. dose, still nore preferably fromabout 0.4 to
about 50 gg/dose, still nore preferably from about

According to a further aspect, PCV2 ORF2 protein is provided in the immunological
composition at an antigen inclusion level effective for inducing the desired immune response,
namely reducing the incidence of or lessening the severity of clinical signs resulting from
PCV?2 infection. Preferably, the PCV2 ORF2 protein inclusion level is at least 0.2 pg antigen
/ ml of the final immunogenic composition (pg/ml), more preferably from about 0.2 to about
400 pg/ml, still more preferably from about 0.3 to about 200 pg/ml, even more preferably
from about 0.35 to about 100 pg/ml, still more preferably from about 0.4 to about 50 pg/ml,
still more preferably from about 0.45 to about 30 pg/ml, still more preferably from about 0.6

to about 15 pg /ml, even more preferably from about 0.75 to about 8 pg/ml, even more
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0.45 to about 30 gg/dose, still nore preferably from
about 0.6 to about 15 Rg/dose, even nore 10 preferably
wéorawoaest 0. 75 to about 8 gg/ dose, even nor ePCT/US2005/047596
preferably fromabout 1.0 to about 6 g/dose, stil
nore preferably fromabout 1.3 to about 3.0 gg/dose,
preferablg fromo algoud leff ®@raboliy6 pigimipstilb metre frefertlly dtvpuabeutd.3 to about 3.0
gg/ dose, even nore preferably fromabout 1.5 to about

12 ¢ben BN ReabP GoliPRbouR N1 & fHdY 2 300HN], leven G801 @&ferably fr
ughnTﬁenPCqu%thﬂg%Iypepf?de used in aﬁg?nnunogenic®§ crevy fom

Qs L I naccordanc it h esent
abouti‘i%ﬁa? f’{l)tnf@ %Hl%)légr%fgmpgéﬁgfle%%g'néyoygls'hi” gﬁﬁf( ncl udi ng
i sol atjon and purification__of PCV2 ORE%, S%? dard
pASEXRINESPn? Awdhes asperd theBRBE RaHecECHSHS gsrﬁ. is at least 0.2 pg
Preferred nethods for obtaining PCV2 ORF2 pol ypepti de
PCV2a10RKfe proteineds Wes@ibedattmwe perddeseeofiltbe finat cantigeic i gpmposition
U S. Patent Application Serial No. 11/034,797, the

(pg/déRRGhbRGeRRBIE RBMCIHouPD.2 1hHbelt 40021 BRABSH Y]l more preferably from
I ncorporated by reference. Briefly, susceptible cells

o351 RREEASE U0 By el AT AR bt YSSAp1g0woce
st oYL AR 8205 g ARk 3y 2 s

the supernate by filtration and inactivated bg/ any
0.45 to ahaw30i pghddse, stlitrhore, preferblby fadrh pbostiOnfytopibent 15 pg/dose, even more
et hyl eni mne, which is then neutralized to stop the

prefeﬂalg:l?%dnY abhiR0. T ©GSE: 8 fg/dbE, 208PM3r2Meferably from about 1.0 to about
PCT/ US2005/ 047596 Thus, according to a further aspect

61 g/%gt%(&g ?%?&aﬁ?ﬁ?&ﬁ iab. @ s RERE&RES0 :}Lg/r dg’g%/’y&%% tlitste preferably

el n“descri bed ‘above, pre

concentrations_descy.i bed above, an (i) at ]eas

from gBouti B B rapho20s FERovveR maSrp rpé@%f#z& boft ot sxlp about 20
protein, preferably of a reconbi nant bacul ovirus.

pg/doht rred west praforadylabapt L we/fleset her aspect, the
i munogeni ¢ 5 conposition conprises i) any of the PCV2

ORhe ROV @RFX @R HefiRid @bo s anpihgheogbhi¢ domposition in accordance

concentrations described above, ii) at |east a portion
with Rk %éégntvih(zéﬁt'}o\’l%g% cf‘e?i%c? S AR OfaSRbA 1&%% {®Bfafion and purification
prc? elrn, preferably of a rec I nant bacuf ovirus, and

of Pé{/.b)OﬁFg,o rsttall aQ*dOIf)ro%eri]ne s(}:rg‘lhlesig,uglg " rSconibibant nr%‘ét%bdology. Preferred
methods for obtaining PCV2 ORF2 polypeptide are described herein above and are also
provided in U.S. Patent Application Serial No. 11/034,797, the teachings and content of
which are hereby incorporated by reference. Briefly, susceptible cells are infected with a
recombinant viral vector containing PCV2 ORF2 DNA coding sequences, PCV2 ORF2
polypeptide is expressed by the recombinant virus, and the expressed PCV2 ORF2
polypeptide is recovered from the supernate by filtration and inactivated by any conventional
method, preferably using binary ethylenimine, which is then neutralized to stop the

inactivation process.
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According to one specific enbodi nrent of the production

and recovery process for 10 PCV2 ORF2 protein, the
woebde/ocriés ur e supernate is filtered through a ReETIS206/047596

having a pore size, preferably between about 0.45 to

1 gm Thus, a further aspect relates to an i nmunogenic

c dips,sicconding ozt futtberqaspest shd Immmyogshictdospesiien CRMPrises i) any of

protein described above, preferably in concentrations

the PAVRCORBR $ratbiaviscriiell aBbvé Qﬂ&%ra@%gpﬁrddn@éhtﬁﬁoﬁd‘l@es\éﬁbﬁi above, and
vector expressing said PCV2  ORF2 protein, preferably

. i . hac V] . Il rt.

i) ac fagf BFFREHAE Lt B RS 8q Pyl BRI, Bleferably of o
conmponents have a size smaller than 1 gm According to i

recompipnt ¢ oy&yec Morpoery ageing; iy, e%tf%g"rr a$Pefle s'-tho 9%Wun°gemc
i mmunogeni ¢ conposition that conprises i) any of the

compPGiien CREPrisesoi)edny cftther PO¥E QBB eyrotgine fleaceibéd) abeve, preferably in
concentrations descri bed above, ii) at |east a portion

concefrafitiy desértded\4B6VE) riit) QK Ra{ESHIME0:S 8f e RirPvectdfie’pressing said PCV2
protein, iii) a portion of the cell culture, i

v) and

' Jjvat | t Q.. [ h ore '

ORFY, i, el 9E Ryt R bbb Andsy o B 580h 87 e st cuttre
conponents i) to iii) have a size smaller than 1 m

superpgief er abl y, BEl is present in concentrations effective
to inactivate the baculovirus. Effective
coxcentingitd ons speaificl embpdinent @b dhe proiuctoerd hmdy recovery process for
further aspect, the present invention relates to an

PCV1 ORIMNGE6#RIT; thelPQstuld Qipefrafd is FORRYD thiuigh b rAéiibhe hidbng a pore
PCV2 F2 protein described above, preferably in 38

i NSRS HRONF BB A oo
1 H P F . . PR .
compBRpR dHAoTRECTBRFS o PGy 2 AR orairieubid Hsvagupferably in

to inactivate the reconbinant viral vector preferably
conceBEhtiormnitsujbedrabne; i) af leastta portiey efithe tvirab vesportehpressing said PCV2
i nactivation nedi ated by the inactivating agent,

ORFX\BRjtéih,prefepitly 8PYadonibieint BARMRERS Sarid) i_ii? @ portidn of #Aa8\¢ell culture;

a size smaller than 1 gm Preferably, it the

wherésilg 3‘.%‘“%% %‘%B??gxﬁéoﬂeﬁts%kle a3 é%naﬁéﬁﬂ%? g h n conprises

umt I'n equr val ent anou 0 BElI. The
i ncorporated into a co%lgsi tion

pol ypepti de i t hat .

C AFBRIBEP SIS RSPEFta the RFFI TYERU, FSIPS T ptunogenic

infection. In preferred forns, the conposition my
compasition ithat lcaaprises i) any of the PCV2 ORF2 protein described above, preferably in
concentrations described above, ii) at least a portion of the viral vector expressing said PCV2
ORF2 protein, iii) a portion of the cell culture, iv) and inactivating agent to inactivate the
recombinant viral vector preferably BEI, wherein about 90% of the components 1) to iii) have
a size smaller than 1 pum. Preferably, BEI is present in concentrations effective to inactivate
the baculovirus. Effective concentrations are described above.

According to a further aspect, the present invention relates to an immunogenic

composition that comprises i) any of the PCV2 ORF2 protein described above, preferably in
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addi ti onal conmponents known to those of skill in the
art (see also Rem ngton's 10 Pharmaceuti cal Sciences.
w0 208020618t h ed. Mack Publ., Easton). Additi orairiug2005/047596
the conposition may include one or nore
veteri nary-acceptable carriers. As used herein, "a
concent@tiofid dacibaraept b 4 163t 4 pantion ofitHeudmd veatgr amdesallng said PCV2
sol vents, dispersion nedia, coatings, adjuvants,

ORF2 }% écl?j ng bf thed&éflluaﬁﬁﬁ‘e iRy 82 Qh¥AVhN®S agent to inactivate the

eri-a nd antifungal "agents, isotonic agents,

adsor tion del ayi nd,the |k

recomBgitey e VEHBb AR THE: | b gin s EaiaBeh btk to stop the
conprises PCV2 ORF2 protein as provided herew

inactivpties evedistgd by theoinedtivating hgens, Wearew abeut ABAS e calﬁponents i) to
antigenic conponent, which is mxed with an adjuvant,

iii) haveed aigbkyallar tapol , panPrefbyblyo|ib ghe dhacivhiimg. agd@ittoeBEI, said

of skill in the art will understand that the
compo%ﬁfgﬂ% R8s flﬁh i SR faf eriﬁ‘a ﬁ@ﬁl@ﬁﬁm&ﬂl@é"@ BEY ect abl e,
Sio |ca y acceptable sSterile solutions. For
p read e . 20 sol ut. r
R BobBi Rl R rhebBite gt SO PR ER R lesR el Rhftered to an
such as e . _saline or correspondl ng .pl asma protel

animakelsatibisioal GV P daieption. alparpianpd forms, Bciommositiop peay also include
i mrunogeni ¢ and vacci ne conpositions of the present

additiéray eqdrhgonensn knowhude thbseueoft skilli dot dri artageset silso Remington's
stabilizers, or adjuvants. D luents can include water,

Pharn3@dutf8y s%?eﬂcésos 9988, hém@ﬂ ed9IMEQ! Tubl.2aNBastdr)e |AH@1t10nally, the
sotoni ¢ agents can’ i nclude sodi um chioride, dextrose,

nni t ol rbitaol, and 39 "
compaEn 38 087 B o1 B gstemvl%%g&?t%l@f SHgrs, g psed. perein, "
i ncl ude al bum n and al kali salts
veterigarypreRtRbIaTICAISE r decdides anycang aHniPﬁanést HEsRersieypedip.gcoatings,
adj uvants, are those descri bed above. Mst preferred
adjuvanss, tdldalhﬂﬁg agentBardiloputh,, pieserpativies.c antéractehiel aaé apfifungal agents,
Carbopol 971 P, preferably in anbunts as descri bed

t ﬁp@éﬁts dBofbtionfdePRistagoMt MM thelildbout 5 ng per dose,
lsooneven nor e g)referred H%an anount of about 750 5 gg to

?Ilo gﬂ)géi{egiﬂ%g %rdlrgg %%qgnﬁ%ﬁ)tger?lg o] o@ﬂlohrb RBOBEY/2 ORF2

per nus e p esent entlon
al so reI ates to. an mTuno eni ¢ co g(f
proteip sRPSEed Heewifhy DEACIRY IBEYDCRIRAORY 5 disitfed A yentisenic
above, preferably in concentrations described above,
compdrieht, athitlemsnixad pothtancadjuynt, hesfarablyCavkapobend physielegisg saline.
said PCV2 ORF2 protein,

Those of skill in the art will understand that the composition herein may incorporate

known injectable, physiologically acceptable sterile solutions. For preparing a ready-to-use
solution for parenteral injection or infusion, aqueous isotonic solutions, such as e.g. saline or
corresponding plasma protein solutions are readily available. In addition, the immunogenic
and vaccine compositions of the present invention can include diluents, isotonic agents,
stabilizers, or adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol, and

the like. Isotonic agents can include sodium chloride, dextrose, mannitol, sorbitol, and
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iii) a portion of the cell culture, iv) an
i nactivating agent to inactivate the reconbi nant viral
waQoostaroes preferably BEI, and v) an neutral i zaCTMIS2005/047596
agent to stop the inactivation nediated by the
i nactivating agent, preferably sodiumthiosulfate in
lactosecpmartg @hers aStebitizers tinclBie lbemuh and)alkali salistod isthylendiamintetracetic
adj uvant, preferably Carbopol 971 in anounts descri bed

acid, ARGYELotheRESBitdbl ARG ardé) %re BHosd BEscEHPEDaRB! Mos) pitefertedii} the use
have a size smaller than 1 gm According to a further

. . . . i o :
of CoRARE gt TGSk Py MG 3 dsppsa s
5 phosphate salt in physiologically acceptable
(o2 SohowalialE Qbones BIER<A 9P, CYHETBH B5FICERf P n amolint of about 750
I mmunogeni ¢ conposition is adjusted to a physiol ogica
ug to phout Bfam por dust wae moatprefergd $n amamomtdf alipiid mg per dose).
present invention also relates to an i nmunogenic

CarRgStHel pres&@MvieiSdn REYo rélaRs Mo bn Rimb@Shicl cOmPesition that
of PCV2 F2 protein described above, ii) at least a

comufBl 8 B PP b NBESFR) B AN o
s s i VoL bR 59 o i

vii) phosphate salt in a physiologically acceptable i
iii) a ponios i it cadhculvieriv) an inabvating GEemf totinastiyaiebe eevombinant viral
to iii) have a size smaller than 1 gmand the pH of
vectoﬁﬁﬂefkraﬁlﬁm,oaﬁﬂmgCanQiHﬁH@ﬁia‘tibﬁ ﬁ%érﬁ té ﬁﬂo}d Shethattdvation ihedtatéd by the
to 7.5.7 40 WD 2006/ 072065 PCT/ US2005/ 047596 The
] n [ i $.j.0ns.: t inel ) .
sS850 e AARE AL APERE 5 Ll g8 851 and v &
. Jdnterleuking, interferons, or other cyfokines. The.
sultabi eI HAor e oEAH GATHOPB S i AP fsseNbabatasn; whpEimabout 90%
and Merthiolate. Wile the anounts and concentrations .
of theaforgminentam)tte ihbavecdsize sesllandlesinul pina Acherdingripexdurther aspect, this
the present invention 5 can readily be determ ned by
immuBgerSK bbhpshittdd figtRr chbMprifdsas phirmabdiridhl Suteptable salt, preferably a
contenpl ates conpositions conprising fromabout 50 g
apaut i ' .ap} OWe BA0of said
st A0 Ricl SLLNGEL SRERERLAL Bt FHOr i
i preferred enbodi ment, the resent. inventi.on
iR TR QSRS AISteg I LY HiP DB AL Rk iR betw Ry about 6.5 and
about lug/m to about
7.5.

Thus, the present invention also relates to an immunogenic composition comprises per
one ml i) at least 1.6 pg of PCV2 ORF2 protein described above, ii) at least a portion of
baculovirus expressing said PCV2 ORF2 protein iii) a portion of the cell culture, iv) about 2
to 8 mM BEI, v) sodium thiosulfate in equivalent amounts to BEI;, and vi) about 1 mg
Carbopol 971, and vii) phosphate salt in a physiologically acceptable concentration; wherein
about 90% of the components i) to iii) have a size smaller than 1 pm and the pH of said

immunogenic composition is adjusted to about 6.5 to 7.5.

40



10

15

20

60 gg/mM of antibiotics, and nore preferably |ess than
about 30 gg/m of antibiotics. 10 Thus, the present
wonvernrzws al so relates to an i Mmunogeni ¢ CoMpPBETISN5/047596
that conprises i) any of the PCV2 ORF2. proteins
descri bed above, preferably in concentrations
d@ber ipevinapeonie, compositiodseasin afupbert i imaludf tome \drr ghore other
vector expressing said PCV2 ORF2 protein, iii) a
immuR&hbdAikopf agdies SRl asC lé!rrgy liftterlb0kind ndefTafohb,Vét bther 8g6Kines. The
to inactivate the reconbinant viral vector preferably
. . a . raki [ t .t ) :
immafgenic Bt ls B GG chte GO ARERL o VBRI Bt the amous
- preferably sadiumthiosul fate i n equival ent unts to )
and cegpeentrations of adiyvapis @nd adfitiysh Ps,eﬁ&rle?(ﬁ? samtgxfc%f? Bg peFscBEIvention
i n anpbunts descri bed above; vii) a pharnaceuti cal
can readilypbebiaemunekbyr the ckillefl artisal, i the prgsdngrinvention contemplates
preferably of a phosphate salt, and viii) an anti -
comp¥iGsRbéshseEig froaC hbote SH0RPO AbBEr 2000 pBWftaddnobind Reeferably
conponents i) to iii) have a size smaller than 1 pin.
about?é%oI ;tﬁ%/hﬁf .dl8§ee9f HE Pceile @ oglgilég.dﬁl Eﬁﬂﬁ%rhﬂ‘éferred embodiment, the
i‘fmutfogeéni ¢ conposi t1on praovi de erew conpri ses
was highly staple over a peri.od of 24 ponths.. It ha
presen IauPHHLR SR GERIREHEC BRRHmS cem?&sgﬁg{ﬁ%ﬂ SORL PR about
herewi th, conprising reconbi nant, baculovirus
60 pgénbofentibtieGnd GRER prsferatdly esa thaprabontidigied efvntibiefics.
very effective in reducing the «clinical synptons
aghasi eiee Proveith ilReion NAQCtrélaRs . tol anhaSmbe®Rnic composition that
surprisingly found, that the 41 WO 2006/ 072065

compfi SAORFAHE0 O PIYRREE o OBV ESH O3 ERTPIHhtions
s B bR s IO 0 B 2108 o,

virus in an inactivated form or isolated viral PCV2 )
iii) a RN ofrthé gelhculfure,ds) an inactivatingtagemistoinaativeigrthe iredompligant viral
found, that the reconbi nant bacul ovirus 5 expressed

vectoPsréler s8Ry BHI! &idev)hni ifeuahiifgioh \d8eritSo stdpBE hab@Wition mediated by the
concentrations, which means in concentrations up to

o Oy A Sl S5 A s SRS BB 10 st
LICE— Na 3L RS I T A—

dose of the immunogenic _
acceptable concentration of a saline buffer, preferably of a phosphate salt, and viii) an anti-

microbiological active agent; wherein about 90% of the components i) to iii) have a size
smaller than 1 um.

It has been surprisingly found, that the immunogenic composition provided herewith
comprises was highly stable over a period of 24 months. It has also been found the
immunogenic compositions provided herewith, comprising recombinant, baculovirus
expressed PCV2 ORF2 protein as provided herewith are very effective in reducing the

clinical symptoms associated with PCV2 infections. It has been surprisingly found, that the
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conmposition of PCV2 ORF2 protein as provided herewth,
wherein one dose conprises at 10 least 2 pg PCV2 ORF2
wonatie@7zes preferably 2 to 16 gg PCV2 ORF2 pr ot eCmusSasd47596
contai ner can conprises 1 to 250 doses of the
I mmunogeni ¢ conposition, preferably it contains 1, 10,
immuiigenis Gonp@Sitiohs Gomphifing e Re@Nbivawbachlovires expressed BRIVE ORF2
conmposition of PCV2 ORF2 protein. Preferably, each of

proteint h SRALdD SefevAfi)Pirk Sindg: BfebtivdaRar0 e #afRnOFenid &omposition
I mmunogeni ¢ conposition of PCV2 ORF2 protein further

co i se n I -.m cr.obhi ' I Ve: - 15
compr e SRaRCPEVE' " froph JARNHE 85, 5 sBAR viriRCV2 ORF2
- Gentam cin and Merthiolate anpd_th %ik . Thus, . one .
antigoRe PbgATERIAnd BRODER SHRVSHENOOING: 84stp FosoBbiRR; hagulovirus

that conprises 1 to 250 doses of the inmmunogenic .
expressedP3I2 DRF2oproRBVEs SHEdivprintieivaty laMe caicantzattongowhich means in
conprises at |least 2 gg PCV2 ORF2 protein, and

conceiRIHoRT B t6) 023G (PdosbETHID ufd:pkéted Righfitmablogertic poicatisl Wl the PCV2
1 gg/m to about 60 pg/m of antibiotics, and nore

pr.ef er t L urt her
oRF2E R Al g el MERRRAW e diidH of Clodpdt{ |

cont ai ners, descri bed above, and an instr cti%ql. .

mAryEReT 3speqtaeiPies 19 d EOTHPE SPRATISHS figpast e dose'of the Immunogenic

i ntranmuscul ar application of at |east one dose of the
compositiomofjBENVE OBIBaupteinas ploviRiedhearyith, pylsreinrprierdage comprises at

piglets to |essening the severity of clinica

least B YBWICONS M%bﬁirﬁgﬁwfdribl?@\(a l6nfgePCVArORM prdeiar Said container
according to a further aspect, said instruction manual

o o585 535 RS e SRS oty i conais 1, 10,

adm ni st i 0 ), of | .east one dose qf th - .
25, 56, st A0 cEaTdersich fegRpessgeTieRpBbogig) Bf RCVRORF2 profein.
second adm nistration or any further admnistration is ,
Preferably) eacit of 4helxopstairses, comiprisiag imoerei hpn gmeagdgses ofr they immunogenic
admnistration. Preferably, said instruction manual
comp@¥i&éh of RCVRIORFL hgotein! farthert doapristo andniimistobiolagical active agent.
i mmune-stinmulant. Preferably, said immune 5 stinul ant

Thosei%hjts he ffglir g {E}){(ﬁltgpieeﬁﬁfbi&tl\% ¢etudiheRhaRliYin A NeARbla% and the

e pre | east 5, even "nore preferably at

. east 7 days e between t.he first and the
ike, LG oo psrapt o JhpRREART BT sreEhie Fbnihie AL SPlpfes 1 0 250
Preferably, the immune stinulant is given at |east 10 ,
doses @&k, ingnuhaegenis| seruppsition of P2eOBFE meptai Jhorsin eRgdpse comprises
nore preferably at |east 22 days beyond
at least 2 pg PCV2 ORF?2 protein, and Gentamicin and/or Merthiolate, preferably from about

1 pg/ml to about 60 pg/ml of antibiotics, and more preferably less than about 30 pg/ml. |

A further aspect relates to a kit, comprising any of the containers, described above,
and an instruction manual, including the information for the intramuscular application of at
least one dose of the immunogenic composition of PCV2 ORF2 protein into piglets to
lessening the severity of clinical symptoms associated with PCV2 infection. Moreover,

according to a further aspect, said instruction manual comprises the information of a second
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the initial admnistration of the immunogenic
conposition of PCV2 ORF2 protein. A 10 preferred
wonmmasrne20s5i mul ant is for exanple is keyhol e | i Rp®US2005/047596
henmocyanin (KLH), still preferably emulsified with
i nconpl ete Freund's adjuvant (KLH | CFA). However, it
or furthsr adreingstiatibn(sh d€ ntieastdonet duae ofilye thinenogempuemaposition of PCV2
stimulant known to a person skilled in the art can

ORF22ki@ree tHeseBond hamiira3oh 9 ARt furtRs atheidishetiel s at"Radsl4 days
any agent or conposition that can trigger the i mune

beyonrgetﬁg Olﬂﬁlfeﬂ of .raﬁgﬁfroﬁmiry a%}m%%{ioﬁ.n#}eféﬁﬂlg,gSET% i{lﬁﬁ{cﬁaﬁ"rﬂﬁlual also

SpecitTicC i ne 15 response,” for exanple e | nune

i response agai nst a_specific pathogen. It i urt her .. .

includer, 4 JBOERIRGP JarPHPINEST B émﬂ%nﬁngkﬂﬁml’:rﬁffﬂf bly: goaid immune
sui tabl e dose. Moreover, the kit may also conprises a

stimulantnghall feergivénnas|leasi twicet Prefeaably, ah éeastos enaif préferabhyiairdeast 5, even
stimulant, preferably one dose of KLH, or KLH I CFA

more YRERAYBS at 11éashad dals ard dRRveet! Pkl fits0tind flRUBstohdladr hlye further
i mmunogeni ¢ potential of the 20 inmunogenic

adminfQAHOR 'o{' gl% g%@%gﬁﬁﬂaﬂlg Irrgﬁpm @E}ﬁ@fe&t%ﬂlﬁﬁﬁs given at least 10

expresse protein, “pr
conbi nation wth Carbopol, can be further. enhan
days, BRGETI o P OO e GRAAN 205 FHGRITRIE HRRDRL ) 1G5, O iaYs beyond
(see Exanple 5). PCV2 clinical signs and disease _
the imali ddmsinistriations ofr theginemubggeniggporhpesitiothef BG¥E ORF2 protein. A
infection is present. However, the immunogenic
preferfdMRASuhé Ggudid ¥ e dxampl iss keyobg ilidsped shepioeyarde AKLH), still
herewith | essened this 43 WO 2006/ 072065
/ ; 0 9 t VB 20| nNg it i
o 5T PRI TR oo e A0, ot RELACEIOT poweve, it s
hern O O R e S3 EBSko Einh (IR 8 art can
conposi tion, as provided herewith, and the Ingel vac
also berrel. Viltvmpame stimalant’Bae hsadripssing mgaishasiyrjgentsortgapaposition that can
further aspect of the present invention relates to the
triggeKithe REMORS fosphred, pleditably wichopt iriiating dreincreasing gespecific immune
conmposition of PCV2 ORF2 as provided herewith and the

. S | u:]l 1M % . H é Q 'hﬁsﬁr Elfgn l It iS further
reSpm#S%i ttf?]}ej%&?rﬁgllegg{é ne.u%f 0 r?a% | ogalt o) asg’% 1nli ster % he
instrug% %gﬁ:ii%er the SARune situkac int a glﬂta%f)egc?otsg.el(/[o\{\éotvgr, the kit may also

comprises a container, including at least one dose of the immune stimulant, preferably one

dose of KLH, or KLH/ICFA.

Moreover, it has also been surprisingly found that the immunogenic potential of the
immunogenic compositions comprising recombinant baculovirus expressed PCV2 ORF2
protein, preferably in combination with Carbopol, can be further enhanced by the
administration of the IngelVac PRRS MLV vaccine (see Example 5). PCV2 clinical signs and
disease manifestations are greatly magnified when PRRS infection is present. However, the

immunogenic compositions and vaccination strategies as provided herewith lessened this
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conposition that conprises PRRS antigen, preferably

adj uvanted PRRS antigen. Preferably, 10 the PRRS
wanviegeress | ngel Vac(r) PRRS MLV (Boehringer PCT/US2005/047596

Ingel heim. A further aspect of the present invention

effBdtSPeak1®)] Al @ford ‘Ehaﬁ‘ eXpetefO %Bt‘hgf \?&dé )an An& ﬁ)@&@d %ergmtw effect was

cont al ni ng at | east” one se
P 32 d
ob&eﬁ’g%g %dglaﬂh ?elgxlngiel? g}é%?rz%? i8S ag [ ‘%V' e%%‘(’:"'ghp@g a{gﬁg% ORF2
ti g f bI di PRRS
BENHE WL

Boehri nger | ngel heim. I\/bre pr efer ably, the
(B%eﬁf%%%gﬁ&ﬁmgonpri ses an instruction nanual,
including the information to adm ni ster both
phar Re 8 AETHER PSREBIRIGRT Pioesms invemtiaafrelates |ty thei kit eodaseried above,
the information that the PCV2 ORF2 contai ni ng
CoTapyisifgs thej igEnegenigl apmpasttionef REYih ORH2| 35 provided theretriith and the
PRRS cont ai ni ng conposition. A further aspect, rel ates
insrgctioh emeyial, ofvhereip BF inbtmictionposiuil Gntepimhiddethe information to
herewith as a 20 nedicanent, preferably as a
adnyistser i thar PCVRdiORA e ﬁﬁlmuﬁ(v@mcnﬁﬁmp@ﬂ%e égRtheASwidh immunogenic
vacci ne. Mreover, the present invention also relates

corhymbsitiof thes @omprie Y’R(RE dnkierC PrERRSILY hdﬁﬁ@an%%@ &ffigen. Preferably,
herein, for the preparation of a nedi cament for

the [PRESEMEG: it R SRAYETPRRS M vQBbilis: IREMRAE
associ atgdéld \;h\:%th PCV2 i nf e?:/;‘(lbon g%refer ably, the

gs g)r\] %ngﬂr%g Esg%itfofg rﬁ{aegt%@?tﬁﬁ\ge}‘lg% ﬁl?@re%&ess%lg %égﬁﬂbgég%tg 2Bontainer
TR ) W P ot

nf.ect i .the reduction or
her% i g r}oan °81f *“8? ngaéfrﬂ(‘ JgHRogELifs epmRsitiopegmprising PRRS
subj ect, conprising adm njstering any of the
antﬁgfﬁ{mef Ry RN e8P VR fecHbion e RS, aptégen is IngelVao®
ect in need t hereof Preferably, the subject is a
PR%$ “ptReehringst ngelheim) SMprierpiefergllsi the kib fpbei compmisessan instruction
adni ni stered intranuscul ar. Prefer abl y, one dose or
manugh Hshding dre tnitfermamtmwgadmmtcrmboﬂn tphammacafti@ale compositions.
adm ni stered, wherein one dose preferably conprises
Prefgtablye 4t comthins) tthed irgorR@\an CRE2he ROV ORFEVEstdiiing composition is
preferably about 2 to about 16 g, and at | east about
adnfinidteted tenhyoidllypricptoCad PRRS bont@hiaf esmpdsitioabout 1 ngy
Car bopol . A further aspect
A further aspect, relates to the use of any of the compositions provided herewith as a

medicament, preferably as a veterinary medicament, even more preferred as a vaccine.
Moreover, the present invention also relates to the use of any of the compositions described
herein, for the preparation of a medicament for lessening the severity of clinical symptoms
associated with PCV2 infection. Preferably, the medicament is for the prevention of a PCV2

infection, even more preferably in piglets.
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relates to the nethod of treatnent as descri bed above,
wherein a second application of the 10 i mmunogenic

woanpaseaeson i s admi ni stered. Preferably, the setmsenos/047596
adm nistration is done with the sanme inmunogenic

CONROfatthérOfped® rlhERE &Ph Yndid 9 (hNfe g?é@%tﬁﬂ%{nén irecBoY %or re-

ORF2 proteln Preferably the secon mnistration I’s

inféioR vaihVBEVH rHI‘r(ﬁjsnt%Clléhl?CElbn of % i g&){ 'of n.g\cal sﬁzﬁ%ﬂﬁns caused by

adm ni stration one at | east days eyo

A R BRI O
0 B P e"%gsfd]isﬁ;@aggeﬁe%?abiy,

. stlrrulant Prefe sgrg saldlrmune stimulant is

IMIAASHIG P%‘P%?fl%ﬁﬂ i P %ltstem inramyscplan Pagfprablygenel qoge pr vo doses
nore preferably at |east 5 days, even nore preferably
of the immpnngenie cepgpasitiongs/preedministerpd wherein ongripse prefosehdwermprises
adm ni stration of the immune stinmulant. Preferably,

at leagbatioptds e PEM2rRREhproien, axkminmirs prsfesablpnebdue2 s atht thays,and at
preferably 15, even nore 20 preferably 20, even nore

leagh abdut rOalbtoyabaut $ emsCarBépol] aysferbly abohittlnmg iGartiopal. A further aspect
adm ni stration of the PCV2 ORF2 i nmmunogenic

relaasrp oisd inethnd oA tpatebsr dsaldsdrivedl Bisove whtbiand secénd &pfplication of the
exanple is keyhol e |inpet henncyanln (KLH), stil

imnpiRp e @ddnypoeitivh 9 ddnelsteved.'PréBGBIPIe t& ofid S‘diﬁiglsﬁatlon is done with
adj uvant (KLH I CFA). However, it is herewth

the WAEE BhRAGhenicN@mRBY 00t 8k rab 06, 0Shi L
® 2006/ 672065 PCT/ 6%2085/%47?9?mkn§m to a%é"rlétg%wvz ORE2

prot%lﬁ' |P|r§9ral)19 thD&e@hll ﬁ}aﬁgn k?@ al{éi %‘?\ien dl}x %ﬁplﬂ}eéeggly, the

general know edge o a person S T art

Sec rgdﬂ‘léxﬁ%tgeftxto% I}g d#x{g[# N&st M B%)C otnﬁ Mhé raremt%thu Il &gm'Fnlstragon ‘even more

ccor her as

aboyv conprises the
meérﬁsﬁgg rat| ?mﬁgﬁgnyﬁﬁ §8W1n3W3¥erably the PRRS

ti | 5 PRRS V (Boeh
angﬁg?fgf | St0 %? aegéé%ect,s they %tq?egg‘frﬁéqr’ggglgo comprises the
adn1n|stered tenporall¥ be ond the adm ni stration of
adyipsiration Qf ay Bpfen Erefprably, s mnorestinglagt isjadminigered at
BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
least prieerdirelerablyodf gsigr mereoprefergbhiettdesstd daph svenimioioopreffably at

PCV2 ORF2
least 7 days are between the first and the second administration of the immune stimulant,

Preferably, the immune stimulant is administered at least 10 days, preferably 15, even more
preferably 20, even more preferably at least 22 days beyond the initial administration of the
PCV2 ORF2 immunogenic composition. A preferred immune stimulant is for example is
keyhole limpet hemocyanin (KLH), still preferably emulsified with incomplete Freund’s

adjuvant (KLH/ICFA). However, it is herewith understood, that any other immune stimulant
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reconmbi nant bacul ovirus; and Fig. 2a and 2b are a

schematic fl ow di agram of how to produce a conposition
wonooeones dance with the present invention. 15POETARIOEDI7596

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The fol | owi ng
knewmio psoseskilked it thepriehe blse@be BRHEN i Rhia Mk %bﬁélﬁﬁlgi&x@&lge ofa

in accqrdance wWth the present invention. It is to be
pemsordilistl Gothe attooedtBiiistel BRUMMIRS QintAATR £51itaBR d8EeS

provided by way of illustration only, and nothing

t heAedordigd1ael| 41 fighef ORPRE e | rh&h&%ﬁ’%&gﬁ%% 2%4?: d above also

overal |l scope of the 1nvention.
maHAed thé i§ifals 20 ' a conpar
e T o oy el PR AR BB, et A RS BT Fcrvaco
5 PRRECRERL (BBMJ_E'%%%P o )rrel.;rlé]@rgﬁlyit; rsa’téik?k%eglr( ggumgealc% taRl%inistered

prior art. Spinn
Qx106 Sf+ cell s/

i th.appr oxi mat el . in
tem%%%ﬁfq)g I%dnglgc sflélF%%OPr‘}éﬂet%ﬁéﬁlfl’é'?oge@?c%‘PIPPOEQ’GH(%%’—FVZ ORF2
p]_.Ogosciences, Inc., Lenexa, KS). The master cel

culture is identified as SF+ 5 (Spodopt erafrugi perda)
Master Cell Stock, passage 19, Lot#N1l 12-095W The
cells used to generate the SF+ Master Cell Stock were
obtained from Protein Sci ences Corporation, Inc.,

Meriden, CT. The SF+ cell line for this exanple was
confi ned between passages 19 and 59. O her passages
10 wi Il work forBRIGFEUSERIBFIONOF fEESBRAWINGSNt i on, but

in order to scale the process up for large scale
pr ddEvee il om,2 schethgis flovi Aigpems af @ praveirdd psmRakion FEPCV2 ORF2
necessary and 10 passages beyond 59 may have an effect

recoprbirexpbaeslevioms; amd t hough this was not investigated. In
nore detail, the initial SF+ cell cultures fromliquid

ni FigHganns DBra0en YREREH QYR diddrdhX GFhJ)w.té%podﬂEéj % %mjtnBosition in
suspension in sterile spinner flasks with constan

accA@int@WwitR the pF&iEntGiNchHELS Were grown in 100 nL to 250mL
spinner flasks with 25 to 150 nL of Excell 420

15 serumfree nedia. Wien the cells had nultiplied to a
cell density of 1.0 - 8.0 x 106 cells/nL, they were

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following examples set forth preferred .materials and procedures in
accordance with the present invention. It is to be understood, however, that these examples

20 are provided by way of illustration only, and nothing therein should be deemed a limitation

upon the overall scope of the invention.

EXAMPLE 1
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15 split to new vessels with a planting density of 0.5

- 1.5 x 106 cells/nL. Subsequent expansion cultures
wWornws/0geedn i n spinner flasks up to 36 liters PATRISZ®5/047596

or in stainless steel bioreactors of wup to 300 liters

for a period of 2-7 days at 25 - 29C After seedin%,

t Whisf ¢xasiple wempares cheb adlativeayields ©ff QRF2 awmghmetheds of the present

Subsequently, each flask was seeded with a

inventi Gt X8I HaRbdsPat hidVitdowh FO0ME Piridt A, tIgir AOVBmORpIn@e Masks were
QID 20 NO 4). The reconbi nant bacul ovirus
0

( SE
t ai. ni = . ' .
cach SYN LT PR Y3, 7 SREORIRE 1ORIRLE et soum o ot
strai n_of PCV2 s PCR amplified to contain a 5, ..
ExceliWRE Biosgienes porbrreantes) 1] hemast Sl @tey isdgngifiod as SF+
(SEQID NO 2), cloned into the pGEM T-Easy vector
(Spodoprenniggipendedl Master Call)Stodi @assage 19dotENbE2GBNt | The cells used to
exci sed and subcloned into the transfer vector

generdYiHe3 SR+ (MA3td3i IS @Ok SerdBBtaificd FRitn PERBinXcdgRes Cérpoyiiion, Inc.,
2006/ 072065 PCT/ US2005/ 047596 CA). The subcl oned

. ROT Ed-OR e : | :
Merdl 07k Sy SRR BB, 335 B B och pelffes 19 an 50
desi gnated N47-064Y and then co-transfected wth
Other et gLl POTE (BDPBITSES b Beopreat P YRGERS: Btcl 99 fpseale the
DNA into Sf+ insect cells (Protein Sciences, Meriden,
procesSTYp far lgegsescaleeprofiectione eirisastalh passeges ovillr prebaldyitbginecesgary and
the PCV2 CRF2 5 gene. The new construct is provided

passagiRRyendESO HERhhE: M eff&:t of Repressiom]hithanth thisowdsondt imgstigated. In
contai ning the PCV2 ORF2 gene was pl aque-purified and

more %fgﬁl,efheﬁﬁﬁﬂl R s lig?fgglﬂgt@éﬁpsteﬁgér %r?\sg?\il)wn in Excell

I'ne, al1quotted, and st - 70C. was

ositively .identified as 2 F2 bacul gvj.rus
420 nfsie RrBodsiongh BiReF SUn S urR cong T AeRgion T gytres were
cells infected with PCV2 ORF2 bacul ovirus to generate
grownvy/ 109 mib tii23gmEespinngrflasks oviti 3t de d SPanh abixcedm20gegsum-free
as detected by polyclonal serum or nonocl onal
medizaMWihbe el had mulfiplibidrie atceflldensinsafeing - 8t x hotyellassiaythey were
Additionally, the identity of the PCV2 ORF2
‘ L avi : oo e . . _
split tHAEH \%géeimlthrﬁ%ﬁél%ﬁ%{?sﬁ:@%f BYs N5 griP BAls/al Bab&ehéht expansion

sequencli ng. bacul ovirus M5V was al'so

tested for .purity in, accor ewth 9.CF. R 113, 27
cultrgjefe oo 4 S 1 E55 RLATRER, M iha e lge odt Fibptors of

seeded into the spinner flasks had varying
up to A0 titeps fo& b pped of 2-7 drELatiZsm 29°C.

After seeding, the flasks were incubated at 27°C for four hours. Subsequently, each

flask was seeded with a recombinant baculovirus containing the PCV2 ORF2 gene (SEQ ID
NO: 4). The recombinant baculovirus containing the PCV2 ORF2 gene was generated as
follows: the PCV2 ORF2 gene from a North American strain of PCV2 was PCR amplified to
contain a 5' Kozak's sequence (SEQ ID NO: 1) and a 3' EcoR1 site (SEQ ID NO: 2), cloned

into the pGEM-T-Easy vector (Promega, Madison, WI). Then, it was subsequently excised

and subcloned into the transfer vector pVL1392 (BD Biosciences Pharmingen, San Diego,
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15 (MJs). Flask 1 was seeded with 7.52nL of .088 MO
seed; flask 2 was seeded with 3.01nL of 0.36MJ seed;
wohawk7depas seeded with 1.5nm of 0.18MJ seedPCaS2005/047596
flask 4 was seeded wth 0.75nL of 0.09MJ seed. A
schematic flow diagramillustrating the basic steps ‘
CA). UBedsubolonedpettiouds repréRefed oeteih aseRQEDMN@1 7.0 Abe lpdLil B3 plasmid
is provided herein as Figure 1. After being seeded

contai’i'lutlé1 tRNBCH2COREYI ge% wish@esigna@i NIRDE4 ¥ hal thée dbHaBskected with
at 27 2C 20 for 7 days and were al so agitated at

Baculjo%%ﬁ&@](ﬁﬁgl?ﬁg%&%@g PBEI%%Png %aé.hg\? Fue Sﬂﬁgdmy §f+ n?%c% %Ells (Protein

or -alr o &3ch
very 24 hours far, th next, 7 days After
Sciengss, S@ﬁf{cre )s%ft%?@%i‘ltﬁﬂhé rgegnbipant Saeflu@éals contaiipg fhe Fev2 ORF2
pel | et and the supernatant were separated and then

gene.nThe néw corstmdt ishpraniddd leréin4s SEQIR M @& €Tl reeombinant baculovirus
menbrane. 48 WD 2006/ 072065 PCT/ US2005/ 047596 The

conta{xﬁﬁ% ke POVRAORF2Soehé s velRiridRa Wl MbsteREdePVaag IMSYV) was
ithin them quantsgl fied \Ijtlﬂﬁa’q aﬁﬁELl SA assay. The ELI S,rg )

oGR8 R IR A B L0 2 ol oo
identi llsléu%L ‘8‘5’3 ﬁ%gg%apwsﬂlng% ﬁ%ﬁgﬁau%g. ﬁaﬁﬂ\é‘ Hesl f primers.

the mictrotiter plate, 5 seal ed, and incubated
Insecosablsrinfghted aritlBRCV2 ORFp batubowimis to gererataVi8Y arfWerking Seed Virus
times wwth a wash solution which conprised 0.5nL of
expre$'PEN2AORK Sufitiden abldetebied b§ pol¥idonal $eaiith 0@imdrio¥lobal dABbodies in an
(G bco InV|trogen Carl sbag CA) and 899. 5nL of

indire@{ Ebljegc%ﬂ %ﬁfb&}l ﬁ ?Sggﬁgﬂahélﬁ, tl‘%:qgergh?l l?? EINZP(PY PBIRMSDaculovirus

Ut 1 on

was %“Pg & By Iﬁg@é]al hao, Atid gemisng 1&? f}? bR P Whapuirus sV

next step was to 10 wash the test plate and then add
as afpoetestpd fRrapirdyiin ggsardamierewigh &- @il Ryt B3 -2nic).gldR-28aend 113.55. Each
produced by adding 200 gL of diluent solution (0.5nL

recomBARR1 baéhlbvinBX8ededlinto-thB&pinkice fRekd half vartiag walllislicitiss of infection
dilution plate. The sanple was then diluted at a 1: 240

(MOIg?tFIQs@P%?sfedé@%th%m éﬁgsé@&bl &'cdﬂﬁa%sﬁ asosfeeﬁéaev% h3.01mL

sanpl es was then added to one etopvve

of 0 RRgpY Foed 15,8 e Reefl il e 0 RV s 148 4L seeded

of 15 the 1:480 dilution). Serial dilutions were then
with 3HaLiaf0.Q9MOF seedi Heshewptie Hewpliagrampilustrating the basic steps used to

construct a PCV2 ORF2 recombinant baculovirus is provided herein as Figure 1.

After being seeded with the baculovirus, the flasks were then incubated at 27 + 2°C
for 7 days and were also agitated at 100rpm during that time. The flasks used ventilated caps
to allow for air flow. Samples from each flask were taken every 24 hours for the next 7 days.
After extraction, each sample was centrifuged, and both the pellet and the supernatant were

separated and then microfiltered through a 0.45-1.0 um pore size membrane.
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renmoving 100 L form each successive well and

transferring it to the next well on the plate. Each
woebde/onzss m xed prior to doing the next transfecT/uSkhms/047596

test plate washing included washing the plate three

times with the wash buffer. The plate was then seal ed

arkhei masultiag eanplbothearhalalk ambuit/éE ORFQ peesbrti wihinathéradyuantified

three nore times with the wash buffer. The 20

via aﬁ @LEISA' £BayaNtrh msgsfsga})’\@ﬁs @Pﬂﬁﬁegn? J}é %tgﬁt'uﬁogﬁ’tlﬂoﬁy Rne anti-

It vias diluted to"1:300 in sol uti on

PCV%E%D BB @ P (i P APPSR Bl b Carbonate

i ncubated for an hour at 37C before being washed three
buffeg (nﬁeg 6).wil O LS thyamitiody s thapdrpeedan dhedivellfeef thanictrotiter plate,
then prepared by addi ng normal rabbit serum (Jackson
sealed, ramd iaubsted rovbrnight at 3O VEhe A was thérewdsHed einiee times with a wash
solution to 1% concentration. 49 WO 2006/ 072065
solutlewwg% ﬁ%@gmLWTHQéH €0 S‘l‘g[rﬁogy IRad, Mo), IU@EiLS 6f 10X D-

- HRP Jackson | mmunor esear ch) was diluted in

at.e dil 1 t.he
PBS @%ﬁf%%gf%oggﬂt ¢ihel kA i @%&a‘eaf’ 91?%11%%‘@%%f§%bﬁ%quenﬂ% 250 pL
wells. The plate was then sealed and incubated for 45
ofa h%?qkmge%olwore(ﬁ@ Granafion Nesefah gryvadlkdNestins &dendalee S Agjiin 4 OmL of D-
the wash buffer. 100 gL of substrate (TMB Peroxi dase 5
PBS QSlistloame, wikh distjHed water)dvdlexddyd toadnoh aff drei vedlls( Rfie)next step was to
Gai thersberg, MD), mxed with an equal volunme of

wash 'ﬁ%’ t@%' ipias endiHea b d bRe- @1t intigsRs TRE PRI iRe EARTZeR wak PRduced by

The plate was incubated at roomterrperature

{ 0
addmggrgg #'L 88 AltfefiPsardih (o B, iheblo0 5 bsﬁ&%ﬂ T3B! W6 Bach of the wells
plate was then run thr gh an ELI SA r eader.

on a @&mpéatsf qmsgrn@l?s\g@s 8 dijptsdiatied 349 I‘PHBIa@df lbﬂﬁ(bwﬂo and 100
10 Table 1 Day Flask ORF2 in pellet (g) ORF2 in

uL ofegsbrafahenetdiluggd sapplesawabthen 2dd81 @ &k dfbth2 2op vells $8.tHet dilution
14 3 4 58.64 12

plate (i.e. one top well received 100 pL of the 1:240 dilution and the other received 100 pL of

the 1:480 dilution). Serial dilutions were then done for the remainder of the plate by
removing 100 pL form each successive well and transferring it to the next well on the plate.
Each well was mixed prior to doing the next transfer. The test plate washing included
washing the plate three times with the wash buffer. The plate was then sealed and incubated
for an hour at 37°C before being washed three more times with the wash buffer. The
detection antibody used was monoclonal antibody to PCV ORF2. It was diluted to 1:300 in
diluent solution, and 100 pL of the diluted detection antibody was then added to the wells.
The plate was then sealed and incubated for an hour at 37°C before being washed three times
with the wash buffer. Conjugate diluent was then prepared by adding normal rabbit serum

(Jackson Immunoresearch, West Grove, PA) to the diluent solution to 1% concentration.
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4 1 43.01 44 4 2 65.61 62 4 3 70.56 32 4 4 64.97 24
51 31.74 100 50 WO 2006/ 072065 PCT/ US2005/ 047596 5
wQ 2806/09%6342 5 3 47.84 90 5 4 55.14 86 6 1 BAT/US18/047596
6 2 18.13 182 6 3 34.78 140 6 4 36.88 146 7 1 6.54
176 7 2 12.09 190 7 3 15.84 158 7 4 15.19 152
Conjubas#ntibedy Goat amilntorke (HADIHRP €lackésn Immubhatsearch) iwee diluted in
i s extended, expression of ORF2 into the supernatant

the cd?liu ReqifRat {d f:@ﬁ,@@O.‘: QPb ?La&dth@ﬁﬁﬁ@d ic§njﬁ?§c@taﬁfib$c8@9as then added
expr e ' s and

ession in the pel of the centrifuged ce

i A, cordi ngl al,| ow t he. ORF ression t o
to cacfa s/, T PEHe waditeR 5o aoiEinglhate S HR S 35inffs f37°C before
. the supernate rather than all ow ng expression to .
beingpwesbed dueariimess it Bashabyisfaindl 0 by ef PHSITBIRFTMBoReroxidase
the cells, provides a great increase in ORF2 yields,
Substeuts] Kirkagidi dnid Py liabpratot=eEKPLY GHithprsberg, ME)hanixed with an equal
EXAWVPLE 2 51

volume of Peroxidase Substrate B (KPL) was added to each of the wells. The plate was

incubated at room temperature for 15 minutes. 100 pL of 1IN HCL solution was then added
to all of the wells to stop the reaction. The plate was then run through an ELISA reader. The

results of this assay are provided in Table 1 below:

Table 1
Day Flask ORF?2 in pellet (ng) ORF2 in supernatant (pug)
3 1 47.53 12
3 2 57.46 22
3 3 53.44 14
3 4 58.64 12
4 1 43.01 44
4 2 65.61 62
4 3 70.56 32
4 4 64.97 24
5 1 31.74 100
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WO 2006/ 072065 PCT/ US2005/ 047596 This exanpl e
provi des data as to the efficacy of the invention
woleieroezheher ei n.

approximately 1.0x106 Sf+ cells/m

A 1000nL spinner flas
in

k was seedeasmosid7596
300nm. of Excell

420 nedia. The flask was then incubated at 27C and
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These results indicate that when the incubation time is extended, expression of ORF2

into the supernatant of the centrifuged cells and media is greater than expression in the pellet

of the centrifuged cells and media. Accordingly, allowing the ORF2 expression to proceed

for at least 5 days and recovering it in the supernate rather than allowing expression to

proceed for less than 5 days and recovering ORF2 from the cells, provides a great increase in

ORF?2 yields, and a significant improv—ement over prior methods.

EXAMPLE 2
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significant anounts of the reconbi nant PCV2 ORF2
protein product. This is evidenced by the fact that
wohere®7285n0 | arge | oss of ORF2 in the supernapPamustesns7396

the BEI or elevated tenperatures. Those of skill in

the art will recognize that the recovered ORF2 is a

stHps examplgrsesides datechsdp. thexfliwary of tirhinyeatiomslaimed herein. A

denonstrates that the present invention is scal able
1000fLospinwer| flask cwhse seeded Gttt hsproinatete ANt 1048+ RENGZMOMr 300mL of

to large scal e production of reconbi nant PCV2 10

ExcePRizh media X e &8k Wa?ﬂ e I?tﬁit)a{%ﬁl % &gtng' fgnd7ggigi{éd % 100rpm.

ExCel | 420 nedi a was nte

Bi oreact or,. ,The el i ncub
subseiygnh he Haek Msqested mﬂp&ﬁm f m@@@sﬂcmﬁ? (' bmbinant
the 68th hour, 41.3nL of PCV2 ORF2 Bacul ovirus MSV+3
baculgpisusgepidadining thg@’@ﬁ@ ORFRxgeat [passagechp didditionglhiémes in the Sf9 insect
resultant m xture was then added to the bioreactor.
cells)Farus iséeel Witk b 0sleVIT aftay 34 hédreofinsiibationwas i ncubat ed at
27C 15 and agitated at 100RPM Sanples fromthe
b"l@fe@%f( Pas \ffé'nQn@liHafe"ﬂ% 9§‘° \f&r%to%ﬁ of %lﬂ'a%a RAGH BBLG0R! the flask

day 4, post-infection, eac

was GER ebREn ﬁge%%%%ﬁf“ 3 t%%%ﬁta'ﬁﬁ%g SR it avested and

usi ng_SDS- PAGE densitonetr The results of this can
inactijated o dRe SypeTRAiE V@Sb@acawtecrgw bENZINEly tempeaspturiostt+ 87fs. To the
ORF2 in supernatant (g/m) 4 29.33 5 41.33 6 31.33
first S&Bnp€) 200.8M) sahfion PEIT 2 UB2A0&hH4indadfine hydfbboodmid¥AWRIch Had been
This exanple tests the efficacy of seven PCV2

cycliZe@ndi FRVELMASCAIS Rendffle (BEDNEr 0.9QTNAGH is added to the supernatant to

give a final concentration of BEI of 5SmM. To the second sample, 10mM BEI was added to
the supernatant. To the third sample, no BEI was added to the supématant. The samples
were then stirred continuously for 48 hrs. A 1.0 M sodium thiosulfate solution to give a final
minimum concentration of 5 mM was added to neutralize any residual BEI. The quantity of
ORF2 in each sample was then quantified using the same ELISA assay procedure as

described in Example 1. The results of this may be seen in Table 2 below:

Table 2
Sample ORF?2 in supernatant (p1g)
1 78.71
2 68.75
3 83.33
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5 efficacy paraneters foll ow ng exposure to a.

virulent strain of PCV2. One hundred and ei ght (108)
woeswroeznes der i ved col ostrum deprived (CDCD) pi 8C®1US2005/047596

9-14 days of age, were randomy divided into 9 groups

of equal size. Table 4 sets forth the General Study

DeRligy exdnanle dpinenstiatesnphteneuliabitation witke BEI sloessnetdgmove or degrade

Design G oup No. O Treatnment Day of KLH I CF

signifidtat hRoees olNeled AlREMbinZhOBCVR2EBRFE rotéinGrodery. Whishis @Ridenced by
Day 49 21 and Virulent Day 27 PCV2on Day 24 1 12

the f: glﬁéatﬁg&%bfg rg_ellogs of O%Fﬂéﬂé]ﬁglfer%aqirg) %@%ﬁ@%ﬁéﬁreelevated

tempeAr o BiasF of AN 1oyt sl recpgab fGaine HEaetd,ORF2 is a sable

(rORF2 16 g) 5 12 PCV2 Vaccine No. 50 + + + - (rORF2
prote® gpdw@t.12 PCV2 Vaccine No. 6 0 + + + - (rORF2 4 qg) 7

12 PCV2 Vaccine No. 7 0 + + + - (Killed whole cell

EXAMPLE 3
This example demonstrates that the present invention is scalable from small scale

production of recombinant PCV2 ORF2 to large scale production of recombinant PCV2
ORF2. 5.0 x 10° cells/ml of SF+ cells/ml in 7000mL of ExCell 420 media was planted in a
20000mL Applikon Bioreactor. The media and cells were then incubated at 27°C and
agitated at 100RPM for the next 68 hours. At the 68™ hour, 41.3mL of PCV2 ORF2
Baculovirus MSV+3 was added to 7000mL of ExCell 420 medium. The resultant mixture .
was then added to the bioreactor. For the next seven days, the mixture was incubated at 27°C
and agitated at 100RPM. Samples from the bioreactor were extracted every 24 hours
beginning at day 4, post-infection, and each sample was centrifuged. The supernatant of the

samples were preserved and the amount of ORF2 was then quantified using SDS-PAGE

densitometry. The results of this can be seen in Table 3 below:

Table 3
Day after infection: ORF?2 in supernatant (pg/mL)
4 29.33
5 41.33
6 31.33
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virus) 8 12 None - Challenge WA + + + Controls 9 12
None - Strict NA + - + Negative Control Goup L -1
WOCRIkA 72065 Sol at ed viral ORF2; rORF2 = reconbi nRAT/US2005/047596
bacul ovi rus expressed ORF2; killed whole cell virus =
PCV2 virus grown in suitable cell culture Seven of the

groupg (Goupg 1 - 7) received doses?(pg—/ PCV2 ORF2
ed

pol ypepti de, gne of 5 the groups ac as a chal |l enge
control and rdceived no PCV/2 ORF?2 _ and another group

acted as the strict negative control group and al so
received no PCV2 ORF2. On Day 0, Goups 1 through 7
were treated with assigned vaccines. Piglets in Goup
7 were given a booster giroabpgt on Day 14. Piglets
wer e observed for adverse events and injection site

ctions oI .. oW vacci nat and
e ems e M gL B2 %%@5* VRdeitekiand i g deines
second stud¥ site, Goups 1-8 were up _housed in
efficagy, ppramstprsuiol lowing @ip@swemé ww&@éatralw \P%VE@ o@%b%tsgd and eight
PCT/ US2005/ 047596 in a separate building. Al pigs
(108) rcese¢anattrived babsrum dpmivedd @D IANpiglefsKRHY days ofipges tvere randomly
Freund's adjuvant (I1CFA) on Days 21 and 27 and on Day
d1v1de7d4mt6390glﬁﬁpsloﬁe | gizehatdpndedts Mrthhthd (enktdl SRidyPB¥den for this
Pre- and post-chall enge, bl ood sanples were coll'ected
Fxa ge PCV2 serol ogy. Post- 5 challenge, body weight data
MPSt det ermi nation of average daily wei ght gain (ADWG,
and clinical synptaons, as well as_nasal swab sanples
to determ ne nasa a@ﬁéd&?%ﬁ"ﬁfsm’@/@es‘%re col | ect ed.
O Day 49, all surviving ICIS were necropsied, lungs

Grolfr"| eng G8F ¢d f O’fre dnp S m‘fb?l ecgﬁ‘i—}{ SYEHRal Necropsy
gserved|in formalitn for ohi mgtry

test Il;}gs ap a later Treatment | A on Day with on Day 49

21 and Virulent

Day 27 PCV2 on

Day 24
1 12 PCV2 Vaccine No. 1 0 + + +
- (vVORF2 16 pg)
2 12 PCV2 Vaccine No. 2 0 + + +
- (vORF2 8 pug)
3 12 PCV2 Vaccine No. 3 0 + + +
- (VORF2 4 pg)
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Seven of the groups (Groups 1 - 7) received doses of PCV2 ORF2 polypeptide, one of

through 7 were treated with assigned vaccines.
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isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; killed whole cell
virus = PCV2 virus grown in suitable cell culture

the groups acted as a challenge control and received no PCV2 ORF2, and another group acted
as the strict negative control group and also received no PCV2 ORF2. On Day 0, Groups 1
Piglets in Group 7 were given a booster
treatment on Day 14. Piglets were observed for adverse events and injection site reactions
following vaccination and on Day 19, piglets were moved to the second study site. At the

second study site, Groups 1-8 were group housed in one building while Group 9 was housed
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to admnister Im of viral ORF2 (VORF2) containing 16
g ORF2/ M. This was done by 10 m xing 10.24 m of
woORo@l7IeF2 (256 g/ 25 g/ ml= 10.24 nl vORF2) w POTAIS200684047596
of 0.5% Carbopol and 2.56 m of phosphate buffered
~ saline at a pHof 7.4. This produced 16 m of
in a sepapmie duildimgf oAllgpige pedeivedr keyhol limpet bengepadint (KLH)/incomplete
adm nister 1m of VvORF2 containing 8 g VORF2/m . This
Freuntis adjavent {JCTA Kom @a?s 22 afll 29fand@FBay 2A8GeowdR 198 kre challenged
5.12 M VvORF2) with 3.2 ml of 0.5% Carbopol and 7.68

ith Mir@knfbeophat e buffered saline at a pH of 15 7A This
W prggluréed 16 mM of forrmulation for group 2. Goup 3 was

designed tg adpinister . Iml of VORF2 containi 4

v Gan posetaliate” hiod sPMSIHG eolssie b egtlagy. Post-

g/25 gg/m = 2.56 mM VvORF2) with 3.2 M of 0.5%

challenge weight detador deteninptierns ph avesagenddityeweight ghin{ADWG), and
a pHof 7.4. This produced 16 m of fornulation for

clinicgl yuptSms,@saudl ab nassl swdb sargplesl td detadhithhasabshed@ing@F PCV2, were
reconbi nant ORF2 (rORF2) containing 16 g r ORF2/ mg

s . < ot .
ot S840 S0 i LR g o,
r.bopol and 23.37. of.. phosphat e buf f er ed L\nhe at
seleci [RRRS webbyprossty ! i griaihio8 SRt Sptopbethin Ll s at o tater
group 4. Goup 5 was designed to adm nister Im of
date. y ORF2 containing 8g rORF2/nmli. This was done by nixi ng
1.11 m of rORF2 (256 ¢g/230 g/mM = 1.11 M rORF2)

wth 6.4 m of 0.5% Carbopol and 24.49 ml of phosphate
buffered saline at a pH of 57 WD 2006/ 072065

MateRR5Hd AAERABRIGQ47596 7.4. This produced 32 nl of
formulation for group 5. Goup 6 was designed to

adm.ni ster | f.. TORF2 contal ni 8 r ORE2/ Thi .
T % it e e halinge Sl gy fphdoted in
0.56 M rORF2) with 6.4 ml of 0,5% Carbopol and 25.04
CDCRypigy 9gaddshaat ef agr.en Pagd- ska bainclnded i thegftudy, RCVRAIFA titers of
produced 32 ml of formulation for group 6. Goup 7 was
sows Svede I ighei). t Addidomallys ther seRutbgiofstaREMES sofagl weerkiftdned kaetvh PRRS-
vacci ne (PCV2 KV) containing the MAX PCV2 KV. This

negatW@ Shef® N vty ishiN@ 8P Gows v&%femfé@éfa i P@\TZhse}élo Bloalodtatlls. 5 Yourteen

Car bopol . Thi s produced 7 of formulation for group
(14) s WICR 00 U8 S DND00BUNEG Jkhor L0, Bk Tty S Ome
hundrz:na )t(ei:nn(q lg)opiéﬁetsmwere delivered by cesarean section surgeries and were available for
this study on Day -4. On Day -3, 108 CDCD pigs at the first study site were weighed,
identified with ear tags, blocked by weight and randomly assigned to 1 of 9 groups, as set
forth above in table 4. If any test animal meeting the inclusion criteria was enrolled in the
study and was later excluded for any reason, the Investigator and Monitor consulted in order
to determine the use of data collected from the animal in the final analysis. The date of which

enrolled piglets were excluded and the reason for exclusion was documented. Initially, no

sows were excluded. A total of 108 of an available 110 pigs were randomly assigned to one
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KLH (7.0 g protein/m at 0.5 g/m =570 mM (7.0
g/m)(x) = (0.5 (570 m)), 244.29 m 10 phosphate
woubdemrzdssal i ne at a pH of 7.4, and 285 m Fr eamas$2005/047596
adjuvant. Table 5 describes the tinme franmes for the
key activities of this Exanple. Table 5. Study
of 9 ghaupiswint Das-3. SThelywdayalBistigigs Aoi 17 end 19), w@e mot 4@igned to a group
General observations for overall health and clinical

and weYdRfafEBle as 3xi, dRddeRADEAE BRGoliRe OF EHeRBudy0dvietst lafifnals were

bl ood sanpl es from al | pigs O Health exam nati on;

remo@e%gil’g%gg ?@goglpb\{%nw?afyr -llPigeIg{)). el (QH‘B i) %)' dn D{a\f gﬁgﬁ%ﬁ(’)\ﬁ%l (Group 9)

pI'gs i nj ion s te reac
Boostered Group 7 wth PCV2 Vaccine No. [; 00 .
on DaydpftigdNo. 28 {firaun 8hopDagd, s Blook) g@l}b@s’% on D&Y, and Pig No. 93
PCT/ US2005/ 047596 14-21 Cbserved G oup 7 for
(Groupnfeon iRry 2 werer ealb tfoumd désl pHorTroechaldngd. | Thespssininigs were not
antibiotics (data m ssing) 19 Pigs transported from

includdd8n fthd Sifal kRS rédults. PRk o PERBGfHRSIxtQ whd addigaddad Group 9.
G oups 1-9 w %Ih KLH | CFA 24€%0I | ect ed k?li%())d and nasal P

e SR RABA P S sl BBl P 2
gg['he%‘;rmggtllclng %X/ee%sig %gglg?fs t\ﬁ% %rc?u%gr\)nlle?g asf {o?lglwgzl lGl'glil[? 'T was designed
to administer 1ml of viral ORF2 (vORF2) containing 16 ug ORF2/ml. This was done by
mixing 10.24 ml of viral ORF2 (256 pg/25 pg/ml = 10.24 ml vORF2) with 3.2 ml of 0.5%
Carbopol and 2.56 ml of phosphate buffered saline at a pH of 7.4. This produced 16 ml of
formulation for group 1. Group 2 was designed to administer 1ml of VORF2 containing 8 pg
vORF2/ml. This was done by mixing 5.12 ml of vVORF2 (128 pug/25 pg/ml = 5.12 ml
vORF2) with 3.2 ml of 0.5% Carbopol and 7.68 ml of phosphate buffered saliﬁe at a pH of
7.4. This produced 16 ml of formulation for group 2. Group 3 was designed to administer
1ml of vORF2 containing 4 pg vVORF2/ml. This was done by mixing 2.56 ml of vORF2 (64
pg/25 pg/ml = 2.56 ml vORF2) with 3.2 ml of 0.5% Carbopol and 10.24 ml of phosphate
buffered saline at a pH of 7.4. This produced 16 ml of formulation for group 3. Group 4 was
designed to administer 1ml of recombinant ORF2 (tORF2) containing 16 pg rORF2/ml. This
was done by mixing 2.23 ml of rORF2 (512 pg/230 pg/ml = 2.23 ml rORF2) with 6.4 ml of
0.5% Carbopol and 23.37 ml of phosphate buffered saline at a pH of 7.4. This produced 32
ml of formulation for group 4. Group 5 was designed to administer Iml of rORF2 containing
8ug rORF2/ml. This was done by mixing 1.11 ml of rORF2 (256 pg/230 pg/ml = 1.11 ml

rORF2) with 6.4 ml of 0.5% Carbopol and 24.49 m] of phosphate buffered saline at a pH of
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41, 43, 45,47 27 Treated Goups 1-9 with KLH | CFA 31
Col Il ected bl ood sanples fromall pigs 49 Col |l ected
wohkoewd 72068 nasal swab sanples fromall pigs; Yergise®s/ 047596

all pigs; Necropsy all pigs; Goss lesions noted with
enphasi s placed on icterus and gastric ulcers; Lungs

7.4. Euaptmiue@tF 32 onl of deinoiationFos grouari f@nonp.6i wast degigged fo administer
ti ssue sanples saved; In- |ife phase of the study

1ml of EORF2cestaindid @WQ@QR@QHHI'. eThi® wad dohd By ifixing DS 6plheLrGRF2 (128
the study, formalin fixed tissues were 59 WO

s SEASST I QTP 0 00 U 5 of
i

eval uat e.d. for PCV2 sheddi ng, and average dai I1¥

designgdi to damivisier vad of @Y Hriwlhede gﬂb"rh ®Hyvagaine dPEYY KXY 0015ta1mng the
Ani mal s were housed at the first study site in

MAXi pOVei (iWal Teag®ss idoné ibyembaags6f mdf MCV2 KKV owith 14 ml of 0.5%
approximately 11 days of age (approxinmately Day O of

Carbo&»gf“? PhiY %c)dg]pégtgg gtl%g%ﬂ’@ﬁatid %F%k(ﬁgl7 'Fﬁ‘neﬁ@y%i’bﬁep 8RFs designed to

onsi st i nles cages

WMt t and | tere ds ratel y
amingyek G S SRS (-0 W oR DA HBE s PEPBOR G 3ﬂ’ag 4071 ml
ventilation, thereby preventing cross-contani nation
KLH 1. ugeprntesnn 6o fe. ngiml b0 \'itér(g O10e/m)xeT (PA)E S mD), 244 29 ml
di fferent buildings at the second study site. Goup 9
phospha'tlaébuﬁiafddcsfahﬂ@@&t pHef 7cioahd 085 gl FugindwadjubantsEable 5 describes the
separately in a converted finisher building and G oups
time ffarfes Bf fhe IRPUSRAidSLIAMIYRERBH, nur sery buil ding. Each
group was housed i1 n a separate pen (11-12 pigs per
pen) and each pen provi ded approximately 3.0 square
feet per pig. Each pen was on an elevated deck with

plastic slatted floors. A pit below the pens served as
a hol ding tank for Table 5. Study Activities

Study Day | Study Activity

-4, 0 to 49 | General observations for overall health and clinical symptoms

-3 Weighed; Randomized to groups; Collected blood samples

from all pigs

0 Health examination; Administered IVP Nos. 1-7 to Groups 1-7,

respectively

0-7 Observed pigs for injection site reactions

14 Boostered Group 7 with PCV2 Vaccine No. 7; Blood samples

from all pigs
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4 ne and penicillin on Day 13 and with
EL(r) on Day 14 for various health reasons. 9§

N:
25t re.
Day
2986 or

nutri

33186, ol

obser|

3739, 0f
dlspc

siudy
41ﬁ%¥or

45) "é?ot

Syri

?&EIF‘%%{‘QE%%F‘?# Sih 88 fr&l{]%ﬁ Wgy e under veteri

exam na S were conduct ed

and were recorded on the Health Exam nati on

d Form Al animals were in good health and
tional status before vaccination as determ
servation on Day 0. Al test animals were
ved to be in good health and nutritiona
to chal l enge. Carcasses and tissues were

sed of by rendering. 10 Final disposition ¢
animal s was records on the Animal D spositi

d. On Day 0, pigs assigned to G oups 1-6 rec
m. of PCV2 Vaccines 1-6, respectively, IMin
neck region using a sterile 3.0 nL Luer-I ock
ge and a sterile 20g x '/2" needle. Pigs

st

Lo tl=

&%

nL Ly

nﬁer%ﬁt%(ﬁ(}%lﬁ)gqr%mritﬁw .0 nL of PCV2 Vacci

ion using a steril ¢
er-lock syringe and a sterile 20g x '/2" nee

31

Collected blood samples from all pigs

49

Collected blood and nasal swab samples from all pigs;
Weighed all pigs; Necropsy all pigs; Gross lesions noted with
emphasis placed on icterus and gastric ulcers; Lungs evaluated
for lesions; Fresh and formalin fixed tissue samples saved; In-

life phase of the study completed

ittle

bet weem/US2005/047596

fed a

or
st udy

nary
on

ned
at us

fo--
on’
ei ved
t he

ne
3.0
dl e.

Following completion of the in-life phase of the study, formalin fixed tissues were

59



10

15

20

15 On Day 14, pigs assigned to G oup 7 received 2.0 nL
of PCV2 Vaccine No. 7 IMin the right neck region
\Vosmmgwamsterile 3.0 nmL Luer-lock syringe and aCstuseio5@47596
209 x "/2" needle. On Day 21 all test pigs received
nm. of KLHICFA IMin the right hamregion using a
examsneérhw lmmunphigtoghgyisttyodKC3 vy d@ectmnopfal’(évg reptigerpbyy a>patholog1st
" needle. On Day 27 all test pigs received 2.0 niL of
bloodkidriplésF#eteneviahmatddefdr VR se@lapy, Usdahgwab Shmplek avede @vitbated for
Luer-1ock syringe 20 and a sterile 20g x 1" needle.
PCVE¥hcidifie 2hd & D%%ﬁ ﬁgﬁ;( gggqt £fin G DY) %@a&@@gg{&;ﬂoﬂq Bay4 to Day
TG D50/mL) IMin the left neck region using a sterile
3.0 nL Luer-lock syringe and a sterile 20g x 1"
needl e, An additional 1.0 nL of the sane material was
adimplst were housed @t higclirshstydy eits inindieidud eoges in) five regms from
a sterile 3.0 nmL Luer-lock syringe and 61 WD
birth ROBErOiR Ay PCTaliSA00E Qppladtnataigshdy 0 aftheastudys tEqehdsom was
were observed daily for overall health and adverse

identi@YIGRISy P al@ Londtst8df sfabiR faWidhal SraftBdss Sfel cages with heated and
Observati ons were recorded on the di1nical Observation

e obser.
fitercl° 8 fiont9, ssrheie U SRk ot BOeREa ek b, ey sepBiapt heat and
21, for injection site reactions. Average daily weight
ventilgfipn, thereby Previenting: Grasy-cRip@Inagign of 23N bpiwgen fogms. Animals were
calibrated scale on Days -3, 24 and 49, or on the day
housedhiat tvep giffgremh duildimgsl ad ekl secahd atudyhsidel eGogep B @kie Strict negative
wei ghts were recorded on the Body Wight Form Day -3

contré10hfup) WRasIhuSe VB araiély | ih 28bnt@tddl BRikhR IR £ ERups 1-8 were
randoni zation. Day 24 and Day 49 weight data was

[ t a
ot Ry PR B g -
s .that died after chal I enge and before Day 49, the
per p WASh B} DRV Elgd egpTorEpRtelyeh? sauree Kiohees pigmEasl pom was on an
to the day of death. In order to determ ne PCV2 :
elevated rdetlowyth plastioustatie dloord| Aopit belewctbe ipent stvéd amma balding tank for
piglet fromthe orbital venous sinus on Days -3 and

excredaént el wes€.h Fatl !bﬁﬂdinE'lﬁ@ disV@en §&akR€ hefing! fdnfifition systems,
orbital venous sinus by inserting a sterile capillary

with 1§tH0 Bt 1fHo8 b ErodR Ib RhmERRDA YF aif Between buildings.

49.

At the first study site, piglets were fed a specially formulated milk ration from birth to
approximately 3 weeks of age. All piglets were consuming solid, special mixed ration by Day
19 (approximately 4 %, weeks of age). At the second study site, all piglets were fed a custom
non-medicated commercial mix ration appropriate for their age and weight, ad libitum.
Water at both study sites was also available ad libitum.

All test pigs were treated with Vitamin E on Day -2, with iron injections on Day -1
and with NAXCEL® (1.0 mL, IM, in alternating hams) on Days 16, 17, 18 and 19. In

addition, Pig No. 52 (Group 9) was treated with an iron injection on Day 3, Pig 45 (Group 6)
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15 one of the eyes and draining approximately 3.0 nL
of whole blood into a 4.0 nL Serum Separator Tube
wO038hjo7206m Days 24, 31, and 49, venous whol e bPooaSteens7596
each pig was collected fromthe anterior vena cava
using a sterile 18g x 1 1/2" Vacutai ner needl e (Becton
was fobated mathnamncbnCoyqeaioy , onFDagk] 1, NPigalNes 9 NErouie 183 eyds, treated with
Vacut ai ner needl e holder and a 13 nL SST. Bl ood

NAXCPILResH DaRs, dig RBCH td;fs%pragiwus HRIR WRE abctkiRRohd 8nd penicillin
Sanpl e Coll ection 20 Record. Blood in each SST was

al L OCl chy SST t hen.spun.. d s
on D4R EIENG: Sh(oRER 2 302 4ERe LSRR eplsin on Dy
- sterile_snap tube and stored at -70 100 C until
13 and gathJAKCEL® gp Hay d4er vasious Readtigewsswer e tested for
the presence of PCV2 antibodies by BlIVI-R&
peWhibaret| botRi gmdyvesites,olpsgsr weetle ourgler dwtérinafy aardday Adfinal health
to Day 49 for clinical synptonms and 62 WO 2006/ 072065
examiPationdSHE8 AdCRHon Dhy 0 afidiveRPR86rd8d bR i MGG FxR6RhARE Record

on the Cinical bservation Record. To test for PCV2

Form"3% i A Suggi Wee AN )gggd% ;heéﬁh a%l% Hﬁt@l?iﬁé%\ﬁgﬁanéegg"g%aggcénaﬁon as

odd nufbered” ~stud pto a

sterile_ dacron swab was inserted intra nasally jnto
determained by oppgrvationiondpay §.q1 tepimals WFT%%EPFVE&\ i '{eowegoga&salth and

per pig) as aseptically as possible, swi shed 5 around
nutritfoppl stafuepreedocbisdlengel tGaecassesnandetibsudsawbresdisiipsediof bfigendering.

placed into a single sterile snap-cap tube containing

Final disBosTtio bf SeMMuimells vadirédbrdder fmBAniPAODIsPbiGoiTReVrd.
Penicillin, 500 gg/nL of Streptonycin and 2.5 pg/nL

g];%f ﬁ%\g' (i,g‘ggs tau%%eﬁm@bG sglr-g’ &-i\Qde l.i()nmLh(?f P&%eV?cggles 1-6,

was sealed and appropriately | abe

wj t | ma nber, study. nunber, da of collection .
respegtm?gg, %gda?‘ %ﬁ It pesk speionabing asierie 3 Siko- ek siginge and a sterile
stored at -40 10 10 Cuntil transported overni ght on
20g xi & needi@| VigsSissigaskiophrounasreceived B.Ocml| f G \Gh Yaggine No. 7 IM in
recorded on the Nasal Swab Sanple Collection Form

the 1Bl Ddck REfH0S Uil Q! tekilg Bamill Bhévieck ¥yrin® dn8Ql @trdiler20g )" needle.
testing for PCV2 on nasal swab sanples. The results

On D%f 'ii?, e@é@%ﬁ%ﬁ@@td G él%) ZgjegeiVéH 8L OF ¥l e\/a%Finé No. bqﬂfirn the right

consi negative and any val ue greate

neck }e%florr]l usg‘n'gsa sltg e 3W8Li%%§-io%ﬁrs§gn eoasnldtaI sterile 20g x 4" needle.

On Day 21 all test pigs received 2.0 mL of KLH/ICFA IM in the right ham region
using a sterile 3.0 mL Luer-lock syringe and a sterile 20g x1" needle. On Day 27 all test pigs
received 2.0 mL of KLH/ICFA in the left ham region using a sterile 3.0 mL Luer-lock syringe
and a sterile 20g x 1" needle.

On Day 24, pigs assigned to Groups 1-8 received 1.0 mL of PCV2 ISUVDL challenge
material (5.11 logyo TCIDs¢/mL) IM in the left neck region using a sterile 3.0 mL Luer-lock
syringe and a sterile 20g x 1" needle. An additional 1.0 mL of the same material was

administered IN to each pig (0.5 mL per nostril) using a sterile 3.0 mL Luer-lock syringe and
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15 Pigs that died (Nos. 28, 52, 56, 69, 82, and 93) at
the first study site were necropsied to the |evel
woeesgsz6y to determ ne a diagnosis. G 0Ss | esSPONAISMBEB47596
recorded and no tissues were retained fromthese
pigs. At the second study site, pigs that died prior
nasal tamubay 49 (Nos. 45, 23, 58, 35), pigs found dead on
Day 49 prior to euthanasia (Nos. 2, 43) and pigs

eqtehpig Qfbrd Bbdedveddrilelof REGRIIARSIE Gnd AdYerSé 86nts on Day -4 and
| esi ons were noted and the percentages of 20 |ung

' | es . e d t . .
from P38 e 1, SRRl sk OG0 el B P8 Mpn Record. Al
the second study site, a tjss sanple of tonsil,
test piggigpre Rsgred frm Dy Oipdoari’e apd aI'?‘l‘ﬁ)nﬁ v durtheg phssyeddfiem Day 14
i ngui nal |ynph node was placed into a single
to 21 ctomtinjectéon sitet teaptigifse r dverd@ddilyr weilghthgaintwdsedetarmitedr by weighing
tissue sanple fromthe sane aforenmenti oned organs was

each pibdnecdliBtRedscild o DRRK3( M IRCH0, 3 2ANRS HayEthal d Pig wasBBund dead
2006/ 072065 PCT/ US2005/ 047596 Thelwall, UK) and <

i rd - ; C ice Atai
ater SRSI0NE BTl RURCRERE BCme A58, SRTUT UG, By 3 boay
. .the Necropsy port Form Afterwards, forpmalip-fixed .
weighty §’§¥5’em§15§§ to SiRapiss A sRdomizatiofe ﬁang? i Rpg 45 weight data
submtted for IHC testing. IHC testing was conducted
was utifized toodefemaioe i dvesagardialy dvdig dadb ARG ) fopreacle tligr during these
for receiving sanples, 5 sanple and slide preparation,
time pVisks S Fai pigh that ich afetddlledigeatild Yefdis Dag 40 thWADWPaksSadjusted to
were shipped with ice packs to the Study Mnitor for

repre%gfr)ﬁr%g ?SDWQ‘Q%I B4 44 10314 dﬁpéisdeQih.e future use.

I'n-fixed ti'ssues were exam ned by a pat hol ogi st

for detection of by | HC and scor si ng the
¢ S ot 5 o QY2 sehlos: ki aols Blogl 3 Gsleried fiom each
~staining, few sites; 2 = Mderate positive staining,
pigletrfiom ithe erbgak eenous sigugon-Dagsiridanst 14 olsertdagle pigledi blpedy wag gollected
di ffuse throughout the tissue. Due to the fact that
from tHeeorpRilh@hoed sihuc byl irbenivig Josierilei capilivry thbé figto ehd hetial canthus of
i nguinal LN frommesenteric LN, results for these

one oftBS UGS AR &raﬁigﬁgz :a%%rbﬁ hag 95 mLLXFWhol\%?l%{)ﬁgﬂtto&%g.O mL Serum

score given t est score for each

tis S an| na| . esul t Results far. thi.s .
Separgpf B8 QDo MheReisepiv b1 &7 astatt vhale Wned s eachpis was
G oup 9 died
collected frcem the anterior vena cava using a sterile 18g x 1 %" Vacutainer needle (Becton

Dickinson and Company, Franklin Lakes, New Jersey), a Vacutainer needle holder and a 13
mL SST. Blood collections at each time point were recorded on the Sample Collection
Record. Blood in each SST was allowed to clot, each SST was then spun down and the
serum harvested. Harvested serum was transferred to a sterile snap tube and stored at -70+
10° C until tested at a later date. Serum samples were tested for the presence of PCV2
antibodies by BIVI-R&D personnel.

Pigs were observed once daily from Day 20 to Day 49 for clinical symptoms and

62



10

15

20

before Day 0, and 5 nore pigs died post-vaccination (1
pig fromGoup 4; 1 pig fromGoup 6; 2 pigs from
wanasp7aiesand 1 pig from Goup 9). Post-nort enPCT/US2005/047596
exam nation indicated all six died due to underlying
infections that were not associated with vaccination
clinical oiRkiiBtionsAdelie trecnddd on the CliaitdEOBsreatntRecord. i nj ecti on
site reactions were noted with any groups. 20 Average

dard st 8ol 2amka sﬁéﬂ%e x élj}l sy, 34 eanﬁrtﬁéﬁaleﬁdotﬂﬁrl S numbered

i n Tabl e 6 Group 9 ct 'négative co

study?cgas'lulgj 1nc H‘L%SB % agitelaﬁe%%cc)?%s? 73V|asbwqu:r2%i) intra nasally into

ecei ved one dose of 8 of rORF2. Group 3, which
eltherrfé% Isftrdight sBogigkefl eseh nlgdgn@swvcpmlg)wa@sctmléalﬂmeamsmble swished
ADWG (0.49 0.21 Ibs/day), followed by Goup 7 (0.50
around. foba lfdye betapils anvhiheh rereeeidy dtheR soab ews diienkplhdeddnto a single sterile
vacci ne. 64 WD 2006/ 072065 PCT/ US2005/ 047596 Tabl e 6.

@hinfdpOL0 nfiY 6F h 06
Sap &ﬁﬁgé ¥? ealtn meggltJ N AD\/\EGml\E)%isé/d%aa‘)fﬁ %z;%)/IF(ZB}1 to %?{y@l[)()f Fenicillin,

500 @ﬁnﬁ) tf@reg?%ﬁlrggags bef orfel?zuq%gég ]Thg s&vaglweasllgg?enl%ff in the
70 0.32 | bs/day V(PFZ - dose) 12 0.49
tube, @nélth? §EaRISPe Wag mi%i andl@p@rgp{lqtelgyo@byled with gaimad nggber, study
| bs/day 5 rORF2 - 8 g (1 dose) 12 0.94 0.22 | bs/day
numbgr, [d@RFS colldctipg, §thdyldmedndl hathl Rab.0. Réalddmsap aybes WeldkstdiRd at -40
doses) 12 0.50 0.15 Ibs/day 8 Challenge Controls 10

+ 10°0C 1@til FadsPotts 60'@‘}11gh9 o§‘iée' t%tBINQ%t Jdé%l@oﬂ%a@ lsvald l:oﬁec'ﬁ@ns were
0.17 | bs/day vORF2 = isolated viral

recor%egﬁ?me:’]gg%al %ﬁﬂ\}#lﬁ chtRlisy %‘ggns Ui ]ﬁgbﬂfééb ccinldWhtecli Quantitative

us grown in
cul t

virus 1solat112|);1€(V?) testing for PCV2 on nasal swab samples. The results were expressed in
logio values. A value of 1.3 logs or less was considered negative and any value greater than
1.3 logs was considered positive.

Pigs that died (Nos. 28, 52, 56, 69, 82, and 93) at the first study site were necropsied
to the level necessary to determine a diagnosis. Gross lesions were recorded and no tissues
were retained from these pigs. At the second study site, pigs that died prior to Day 49 (Nos.
45, 23, 58, 35), pigs found dead on Day 49 prior to euthanasia (Nos. 2, 43) and pigs
euthanized on Day 49 were necropsied. Any gross lesions were noted and the percentages of
lung lobes with lesions were recorded on the Necropsy Report Form.

From each of the 103 pigs necropsied at the second study site, a tissue sample of
tonsil, lung, heart, liver, mesenteric lymph node, kidney and inguinal lymph node was placed
into a single container with buffered 10% formalin; while another tissue sample from the

same aforementioned organs was placed into a Whirl-pak (M-Tech Diagnostics Ltd.,
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PCV2 serology results are presented below in Table 7.

Al nine groups were seronegative for PCV2 on Day -3.
wanodsay2068, G oups receiving VORF2 vacci nes ha#Crhs2005/047596

hi ghest titers, which ranged from 187.5 to 529. 2. Pi gs

recei ving, ki Ied viral vaccine had_the next highes
Thelwal}, H&) a r%oqapﬁ Iakiwes paesdoen 1cec &gl Aeptpiapi-yas properly labeled.

vacci nes. Groups 8 and 9 10 renmi ned seronegative at
Sampihealleciions. wedn rémydedlonathd Neeyopsg Repory Forme.c difteiwaydy, RRalin-fixed
vacci nes continued to denonstrate a strong

tissueS@inl@tinda DiRaoRARRequbl! Faueee! sabRitedotsr e t&ftfﬂgp IHC testing
that 65 WD 2606/ 072065 PCT/ US2005/ 047596 recei ved

was c%%g&fﬁsacg&d&clé vlukl*?gt]avéar@ II%ﬁ ‘ril§b 18/ r’P&b&% ?9‘&! Péc{lgmg samples,

vaccCl nes were ower sero ogl Ca

ps 8 and 9 contjnued to rerml n seronegat
samp%]a@aylé%gpre;a?r@gomraé@eﬁtemﬁgg {reRmgussac Eren tissueg dge\ﬁaﬂ-paks were
the killed viral vaccine and the | owest dose of rORF2
shippeid mothsice packd to Hee Studyrigesitorsfor storagedal0°rie $@0a'3 esd pBisitsle future
receiving 16 gg and 8 g of rORF2 5 vacci nes had

use. FotBlin-fixdd Gd3aés W dxahfhéd bya PatoR)gie Faed&etHonUfRCV2 by IHC
Group 9 on Day 49 denonstrated a strong serol ogi cal

PC\/2 . .
and si@%&%?%% 1o W9 it TP ell nfﬁ?*ﬂ‘%a % skt ohyfiRe Seaiging, fow
sites; 522g Iyl%ggfr@‘@ Eos%tg%stqmmggfu 12e251t‘9 1"8 31%%@1%3{9%@)% staining,
) 50.0 500.0 3466.7 6800.0 10181.8 3 VORF2 - 4g (1
diffusgothequgboutothestissge.1 1B8s 30 3183aQ@ 133 the3patholGEFY could enaggpositively
(1 dose) 50.0 95.5 1550.0 3090.9 8000.0 5 rORF2 - 8

differggtidtd ingaima) LNGrdin Aleséht&ST LN, r26l6s for eidtidsueSwefdInad Iz)ty 14beled as
gg (1 dose) 50.0 50.0 550.0 3118.2 10570. 7 KV

s . TR

Controls 50.0 59.1 59.1 54.5 6136.4

Results

Results for this example are given below. It is noted that one pig from Group 9 died
before Day 0, and 5 more pigs died post-vaccination (1 pig from Group 4; 1 pig from Group
6; 2 pigs from Group 8; and 1 pig from Group 9). Post-mortem examination indicated all six
died due to underlying infections that were not associated with vaccination or PMWS.
Additionally, no adverse events or injection site reactions were noted with any groups.

Average daily weight gain (ADWG) results are presented below in Table 6. Group 9,
the strict negative control group, had the highest ADWG (1.06 + 0.17 Ibs/day), followed by
Group 5 (0.94+ 0.22 1bs/day), which received one dose of 8 pug of rORF2. Group 3, which
received one dose of 4 pg of vORF2, had the lowest ADWG (0.49 + 0.21 1bs/day), followed

by Group 7 (0.50 0.15 1bs/day), which received 2 doses of killed vaccine.
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vORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; killed whole cell
virus = PCV2 virus grown in suitable cell culture

PCV2 serology results are presented below in Table 7. All nine groups were

next highest titers, followed by the groups receiving rORF2 vaccines.
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seronegative for PCV2 on Day -3. On Day 14, Groups receiving VORF2 vaccines had the

highest titers, which ranged from 187.5 to 529.2. Pigs receiving killed viral vaccine had the

Groups 8 and 9

remained seronegative at this time. On Day 24 and Day 31, pigs receiving vVORF2 vaccines

continued to demonstrate a strong serological response, followed closely by the group that




KV vacci ne had the highest nortality rate (16. 7% ;
whil e groups that received 4 gg of VvORF2, 16 gg of
woohRied72006 8 gg of rORF2 and the strict negati PET/US2005/047596

control group all had 0% nortality rates. 67 WD

2006/ 072065 PCT/ US2005/ 047596 Table 8. Sunmary of .
received dwp dopesefiankilled yihbyacaimeo hgd regeiingi ORF2Ata¢eingnwere slower to

Respirati on, Cough, and Diarrhea G oup Treatnent N
respoib§@s10Ricalpael GedupC8u@d dantifiiddea4emidalsardnegaive. On Day 49, pigs

Behavior2 1 vORF2 - 16 g (1 dose) 12 2/12 0/12 3/12

o OIS e s o
e SRR NENREL DGR i KNG A

0/11 0/11 (0% 2/11 (27.3% (0% (18.2% 5 rORF2 -
vaccigy had gbgigly hmher 1PAotiteps thanp clpliepgg @omtrolsoogGrowny® on Day 49
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Table 7. Summary of Group PCV2 IFA Titers

AVERAGE IFA TITER

Group Treatment Day -3 'Day 14 | Day 24 | Day31** | Day 49%**

1 VORF2 - 16 pg (1 dose) 50.0 529.2 | 4400.0 7866.7 11054.5

2 vORF2 - 8 pg (1 dose) 50.0 500.0 | 3466.7 6800.0 10181.8

3 VORF2 -4 pg(1dose) | 500 | 1875 | 11333 | 57333 9333.3
4 | tORF2-16pg(1dose) | 50.0 955 | 1550.0 | 3090.9 8000.0
5 tORF2 - 8 pg (1 dose) 50.0 750 | 887.5 | 2266.7 7416.7

6 rORF2 - 4 ug (1 dose) 50.0 50.0 550.0 3118.2 10570.0

7 KV (2 doses) 50.0 204.2 | 3087.5 4620.8 8680.0
8 Challenge Controls 50.0 55.0 50.0 50.0 5433.3
9 Strict Negative Controls 50.0 59.1 59.1 54.5 6136.4

vORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; killed whole cell
virus = PCV2 virus grown in suitable cell culture
*For calculation purposes, a <100 IFA titer was designated as a titer of “50"; a 26400 IFA

66



10

15

20

WD 2006/ 072065 PCT/ US2005/ 047596 9 Strict Negative
Controls 11 0/11 0/11 0/11 (0% O0/11 (0% (0% (0%
WOCRIkA 72065 Sol at ed viral ORF2; rORF2 = reconbi nRAT/US2005/047596

bacul ovirus expressed ORF2; killed whole cell virus =
PCV2 virus grown in suitable cell culture 'Total

titer was dbsignatdd gsiafiter of ‘HARO0Yr oup t hat denonstrated any
abnormal behavior for at |east one 5 day 2Tot al

**DaylofNORdlleffe Pi gS i n each group that denonstrated any
abnornmal respiration for at least one day 3Total

***D&J % (ﬂ; pigs in each group that denonstrated a cough

dst one day 4Tot aI nunber of pigs in each

up that deponstr d diarrh for .at |east
g Ssp b Gomalib na Pefenge s cal G ArE Bireaof beldw in Table
Cinical Synmptonms Go Treatment N | nci dence of pigs
8. Thig sulnmeryl ef crgsulty urmhagrs Qﬁmpfta@w fqra Abnarmabrpghaviors Apnormal

(1 dose) 12 5 41.7% 2 VORF2 - 8 g (1 dose) 12 5 41.7%
Respitatio@REBugh #hddDiattheslo iablelsﬁmﬁhﬁés ﬂ%reéﬂfsﬁﬁﬁﬂ the S@immafylof Group
dose) 11 4 36.4% 5 rORF2 - g.(1 dose) 12 1 8.3% 6

v S s o e 2 ey o
Grou@/ﬂqrfaimg Eflltcf:g 840(§'¢J76:hallenge4 4l‘ggA)mogst %tomln%)tn (Ihllelgcatl symptom noted in this

study was abnormal behavior, which was scored as mild to severe lethargy. Pigs receiving
the 2 lower doses of VORF2, pigs receiving 16 pg of rORF2 and pigs receiving 2 doses of KV
vaccine had incidence rates of =27.3%. Pigs receiving 8 pg of rORF2 and the strict negative
control group had no abnormal behavior. None of the pigs in this study demonstrated any
abnormal respiration. Coughing was noted frequently in all groups (0 to 25%), as was
diarrhea (0-20%). None of the clinical symptoms noted were pathognomic for PMWS.

The overall incidence of clinical symptoms varied between groups. Groups recetving
any of the VORF2 vaccines, the group receiving 16 pg of tORF2, the group receiving 2 doses
of KV vaccine and the challenge control group had the highest incidence of overall clinical
symptoms (36.4%). The strict negative control group, the group receiving 8 pug of rORF2
and the group receiving 4 pg of rORF2 had overall incidence rates of clinical symptoms of
0%, 8.3% and 9.1%, respectively.

Overall mortality rates between groups varied as well. The group receiving 2 doses of
KV vaccine had the highest mortality rate (16.7%); while groups that received 4 pg of
vORF2, 16 pg of rORF2, or 8 pg of rORF2 and the strict negative control group all had 0%

mortality rates.
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sitabhle cell f‘lllflLLe_EM_n_a_S_aj S.h rlrll nn rnru!ts ar-d
1 PriesgoRed -hel@w1idesdhabl ¢211. $abl oy ng o¢mal | ¢ngad/120n 2/12
Day 24, 1 pig I1nh Goup| 7 Qegan shedfdi ng PCV2|on Day
27 None of the other groups XPETr i d gheddéNg | (16/7%
until Day 33. The bul k| of lqswéhejdi E%%aas n%e ( 0
fromDay 35 to Day 451 & unq receiVing any qf the
thre d@ ng, gr oups or ecei vigpgp ei ttheryyd o 1/12
28 y (ﬁl\ég%ﬁh%%?he Iql(zwdest i nci dance of ngsal
sheddi ng of PCV2 (< 9.1%. al contrgl 0
grtup (Group 8) had thg hijg égt:%hw )fell gg% ate (@0}%0 (8.3%)
foll owed by the strict neqatlve
3 vORF2 - 4 pg (1 dose) 12 8/12 0/12 2/12 1/12
(66.7%) (0%) (16.7%) (8.3%)
4 rORF2 - 16 pg (1 dose) 11 3/11 0/11 0/11 (0%) 2/11
(27.3%) (0%) (18.2%)
5 rORF2 - 8 pg (1 dose) 12 0/12 0/12 /12 | 0/12 (0%)
(0%) (0%) (8.3%)
6 rORF2 - 4 pg (1 dose) 11 | 1/11 (9.1%) 0/11 0/11 (0%) | 0/12 (0%)
(0%)
7 KV (2 doses) 12 7/12 0/12 0/12 (0%) 1/12
(58.3) (0%) (8.3%)
8 Challenge Controls 10 1/10 0/10 2/10 2/10
(10%) (0%) (20%) (20%)
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Table 9. Summary of Group Overall Incidence of Clinical Symptoms
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Group Treatment N Incidence of pigs Witﬁ | Incidence
| Clinical Symptoms’ Rate
1 VORF2 - 16 pg (1 dose) 12 5 41.7%
2 vORF2 - 8 pg (1 dose) 12 5 41.7%
3 vORF2 - 4 pg (1 dose) 12 8 66.7%
4 rORF2 - 16 pug (1 dose) 11 4 36.4%
5 .TORF2 - 8 ug (1 dose) 12 1 8.3%
6 rORF2 - 4 pg (1 dose) 11 1 9.1%
7 KV (2 doses) 12 7 58.3%
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VORF%mdso

%ﬂa} ng%,orORfé —-lfgmrrg)n}flgt bagﬂ}ﬁﬁﬂFfXHFSS@ QB.EE lgllled whole cell
virus 5 HeY Hufseramm pepitablecell iy |1 nci dence” of Gastric
U cers, Goup Mean % Lung Lesion Scores, and G oup
‘ I nci dence of Lung Lesions Noted 72 WO 2006/ 072065
ITotaPEARIB P PIs(d a6 groGp ahit dEmeastrated aryctlanricsd s@aptom for at least one
Mean % Lung Incidence of U cers Lesions Lung Lesions

day Noted 1 vORF2 - 16 gg (1 0/12(0% 0/12 0.40+0.50%
10/ 12 dose) (0% (83% 2 VORF2 - 8 g (1 dose) 0/12
(099 0/12 7.41 20.2% 10/12 (0% (83% 3 VORF2 - 4 ¢
(1 dose) 0/12 (0% 0/12 9.20 20.9%10/12 (0% (83%
4 rORF2 - 16 g (1 0/11(0% O0/11 1.5+4.74% 4/ 11 dose)
(0% (3699 5 rORF2 - 8g (1 dose) 0/12(0% O0O/12 0.68
1.15%9/12 (0% (75% 6 .rORF2 - 4g (1 dose) 0/11(0%
0/ 11 2T8de 18. Savnddrlylof Gidp N6k ity Rates Post-challenge
Group Treatment N Dead Post- Mortality Rate
challenge
1 vORF2 - 16 pg (1 dose) 12 1 8.3%
2 vORF?2 - 8 pg (1 dose) 12 1 8.3%
3 VvORF2 - 4 pg (1 dose) 12 0 0%
4 rORF2 - 16 pg (1 dose) 11 0 0%
5 rORF2 - 8 ug (1 dose) 12 0 0%
6 rORF2 - 4 pg (1 dose) 11 1 9.1%
7 KV (2 doses) 12 2 16.7%
8 Challenge Controls 10 1 10%
9 Strict Negative Controls 11 0 0%
vORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; killed whole cell
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7 KV (2 doses) 0/12(0% 0/12 7.27 22.9%9/12 (0%
(75% 8 Challenge Controls 0/10 0/10 9.88 29.2%8/10
wOQbgo/ 00D (80% 9 Strict Negative 0/11(0% O/ pATAKIDS/047596

0/11 Controls (0% (0% (0% 73 WD 2006/ 072065
PCT/ US2005/ 047596 VvORF2 = isolated viral ORF2; rORF2

virus =PE62 vinsigrrnt inlseitsblewell cdgrexpr essed ORF2; KV or killed
whol e cell virus = PCV2 virus grown in suitable cell
culture The Summary of Goup 1HC Positive |ncidence

Regwiot Sasall éhe&@iﬁ edu‘I‘ts E@@B&s&ﬁed bélowi@umble (V.OR6Howinktchallenge
g) and Goup 5 ORF2 - g) had the | owest rate of

on Da@fgﬁ R Oﬁlg)lhv(?r &tag Elé?dl]Z%%C cﬁfﬁag 2 %%ﬁe% é)éher groups
e TG o] B BB Y ok 33 3 oo 3

Positive Incidence Rate Group Treatnent N No. O pigs
Day 45h &irowmdreediving enyl efithe thiee sORF8vacdinessand gp@mStrcmem@her 4o0r8
for PCV2 1 vVORF2 - 16 g (1 dose) 12 2 16.7% 2 vORF2 -

ng of%OSRQF 2(HaddRs ®wek? indideacd ¥F nabal §MRAding of RLVZ (&99€9). TPhechallenge
7% 4 TORF2 - 16 gg (1 dose) 11 4 36.3% 5 rORF2 -

o B R AT Ottty

0%
control group (Group 9), which had an incidence rate of 63.6%.

Table 11. Summary of Group Incidence of Nasal Shedding of PCV2

Group Treatment N No. Of pigs that shed for | Incidence Rate
at least one day

1 VORF2 - 16 ug (1 dose) 12 1 8.3%
2 VORF2 - 8 ug (1 dose) 12 1 8.3%
3 VvORF2 - 4 pg (1 dose) 12 1 8.3%
4 rORF2 - 16 pg (1 dose) 11 2 18.2%
5 rORF2 - 8 pg (1 dose) 12 1 8.3%
6 rORF2 - 4 ug (1 dose) 11 1 9.1%

7 KV (2 doses) 12 5 41.7%
8 Challenge Controls 10 8 80%
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overall clinical synptons (8.3%, the |lowest nortality
rate (0%, the I owest rate of nasal sheddi ng of PCV2
( Sr%%umiraey 9€Groap [Insidaicer oft Rtdray, Gwap Inbtdenvegof Gastric Ulcers,
lesions (0.68 1.15% and the | owest incidence rate

Group MedhASire MRidh! SSHES afdlErohs (@m01dgﬂ&mdh§q,%sl\6h§‘ 9re shown below in
various levels of rORF2 an i gen overal |l “out perforned

Tabicfo, % MEC TG e ML 4831t B Fnd % i ecfiopagoe of the study

vacci ne 10 perforrred the worst. Tables 14 and 15
(Groupoh Nirh; Stiowmbi NslofrepogpNges GreumP) Mgk Faunoutrafsis pigs had
14. Summary of Group Post-Challenge Data - Part 1

fibrinGoolegiols Tir ead oEmbre SIS cbities, e pip (Groupeg had lesions conswtent with
(1 bs/ day) Behavi or | nci dence of O i nical Synpt ons

closn‘;(ﬁal\’&?é{%:age anliebrﬂ%lg (@?ou Zé)%d%{olgroﬁélegléhs ( N(ﬂl@%@th@};%@ that died
7% (259 2 0-70+_ 4/12 1/ 12 41.7%

IWRETE N 9&@3%8%4 aé@gf @éf@%@?ﬂ?é&nﬁeﬁ%ﬁéﬁm-

Pigs that died post-challenge and pigs euthanized on Day 49 were necropsied. At
necropsy, icterus and gastric ulcers were not present in any group. With regard to mean %
lung lesions, Group 9 had lowest mean % lung lesions (0%), followed by Group 1 with 0.40 =
0.50% and Group 5 with 0.68 + 1.15%. Groups 2, 3, 7 and 8 had the highest mean % lung
lesions (=7.27%). Each of these four groups contained one pig with % luilg lesions =71.5%,
which skewed the results higher for these four groups. With the exception of Group 9 with

0% lung lesions noted, the remaining 8 groups had <36% lung lesions. Almost all lung

lesions noted were described as red/purple and consolidated.

Table 12. Summary of Group Incidence of Icterus, Group Incidence of Gastric Ulcers,

Group Mean % Lung Lesion Scores, and Group Incidence of Lung Lesions Noted
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0.84 f 3/11 0/11 36.4%

16 g
(1 dose) 0.30 (27.3% (0% 5

WQ20060RKES- 8 g 0.94 0/12 (0% 1/12 8.3% (1 #OSAR2005/047596
0.22 (8.3%6 11 rORF2 - 49 0.72 1/11(9.1%0/11 9.1%
(1-dose} 025 (0% 7 12 KV Q. 5 7 12(58.3) 0/12 58 3%

Groﬁ? dOSGSTre@trﬂ&lt( 0% |8 Igrekhal | eggaril- |/ Rehh 4P LiALN 9 Incidence of
2/ 40 40% Controls (.19 (20% 9 11 Strjct Negative 1.06
0/41(0% 0/11 0% Cgntrols 0.17 vVORE2 .= | sol
virjal ORF2; rORF2 = |reconbi nart Lgacul OV i r'iéglméxpreq“tu%gusmns
ORR2; KV or killed [whole cell| virus  PCV2 vi rusg
grdwn in suitable cdll culturd 5 Table 15. Sunmafy olNoted
& qup Post - Chal I enge Data - Part 2 Gpup N Treat rrent
Mor|t al | ernce tel of
lshdddiv Q?iizu ‘Il or¢)é ?@s@ue Q@ @@rf%oﬁ J t| vel0/12
forl PCV2 12 VO?FZ g4.3%8.3260.40 16. 7% (1
dode) 0. 501%96)76 WO 2006/ 07206= HOY¥HU2005/ 047596 | 2 B3%)
VORF2 - 8 g 8.3%8.3% 7.41 25.0% (1 |dose) 20.2%3 12
VORFZ - g 0% 8. 3%|9. Z0__ 66. 1%

2 VORFZ pg (1 dose) | 0/12 (0%) 0/12 7.41 £20.2% 10/12

(0%) (83%)

3 VORF2 - 4 pg (1 dose) | 0/12 (0%) 0/12 9.20 +20.9% 10/12

(0%) (83%)

4 rORF2 - 16 ug (1 0/11 (0%) 0/11 1.5+ 4.74% 4/11
dose) (0%) (36%)

5 rORF2 - 8 pug (1 dose) | 0/12 (0%) 0/12 0.68 +1.15% 9/12
(0%) (75%)

6 rORF2 - 4 ug (1 dose) | 0/11 (0%) 0/11 2.95+5.12% 7/11
(0%) (64%)

7 KV (2 doses) 0/12 (0%) 0/12 7.27 £ 22.9% 9/12
(0%) (75%)

8 Challenge Controls 0/10 0/10 9.88 +29.2% 8/10
(0%) (0%) (80%)

9 Strict Negative 0/11 (0%) 0/11 0/11 0/11
Controls (0%) (0%) (0%)
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(1 dose) 20.9% 4. 11 rORF2 - 16 g 0% 18.2% 1.50 f
36.3% (1 dose) 4.74%5 12 rORF2 - 8 g 0%8.3% 0. 68
wWQ@a006¥72063 dose) 1.15% 6 11 rORF2 - 4 pg 9. 1% BCTHS2009H647596

f 36.4% (1 dose) 5.12% 7 12 KV 16. 7% 41. 7% 7. 27+

41. 7% (2.doses) 22.9% 8 10 Chall enge 10% 80% 9. 88 )
vORFg (5= @anteédfma} ORE2ERIE, = gecombigant; hapulNr texpressgdBF 26KV or killed
wholerseH yirery BOY Twimsespven inguifablocelRrgitue | sol at ed viral ORF2;

rORF2 = reconbi nant bacul ovirus expressed ORF2; KV or

killed whole cell virus = PCV2 virus grown in

S WhcaPlhiemast bf Gibtipl TEICR@s4itive Iadidénte SResultsl\aré BHOWRARLIR Table 13.

that all- further vaccine efforts should focus on a

o 153 055 L o ARG g o
resuf G AD%: Bt eriuelorsiCantelo aly BrfRSHOHE esatag Contels) bad

al so served as a good paraneter for vaccine efficacy,
the highest eade of B gpositive sl 087.6md 988 YR aTypestPedB/ 047596

differences in ADW5 clinical synptons, and gross

| esiions were not detected between groups. This study

was conplicated by the fact that extraneous PCV2 was

I ntrodu i j .
evi dencggag;lbhgggfmgﬁgﬁﬁgﬂ{) Pg\'}gﬁl %%@%uen&sl{ate

Grome Jo11 ¢t Mixgatient. Cont 1 Dl BF OUp NG Of pigs that bad | Incidence
least one tissue positive Rate
for PCV2

1 VORF2 - 16 pg (1 dose) 12 2 16.7%
2 VORFZ' -8 ug (ly(iose) 12 3 25.0%
3 vORF2 - 4 ng (1 dose) 12 8 66.7%
4 rORF2 - 16 pg (1 dose) 11 4 36.3%
5 rORF2 - 8 pg (1 dose) 12 2 16.7%
6 rORF2 - 4 pg (1 dose) 11 4 36.4%
7 KV (2 doses) 12 5 41.7%
8 Challenge Controls 10 9 90.0%
9 Strict Negative Controls 11 10 90.9%

VORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; KV or killed
whole cell virus = PCV2 virus grown in suitable cell culture
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Di scussion Seven PCV2 vaccines were evaluated in this
study, which included three different dose |evels of
WwWORA 72651 gen adm ni stered once on Day 0, threeT/UuS2005/047596

di fferent dose levels of rORF2 antigen adm ni stered

once on Day 0 and one dose |evel of killed whole cel

PCV2 10 vacci ne adm nistered on Day 0 and Day 14.

Overall, Goup 5, which received 1 dose of vaccine

c Austchuillenged Gromp §,ORBZhamddeiyed, ofeadodehef [B29ig bEIORIFR. antigen,

Group 5 had the highest ADWS the |owest incidence of
outpeRORAEARe BABAS! Ricoint Nl RICEIoupNS LS TS hfgheﬁbmw@(to 94 + 0.22

respiration, the second | owest "i nci dence "of cough

lbs/d'J[ g:lo rmér:tlt %flﬂgn%eo(gft agav %{r'rﬁéll l? g\%lgf ?6‘16{)? et%% n‘@ﬁoéjgs owtegtelnmdence of
heddi ng of PCV2 the second 15 | owest rate for %
cough (Rrdyod. &g Iveestingidenes of el qlinigadisyiaptoms (-39 the Towest mortality
positive IHC tissues. Interestingly, Goup 4, which
rate (0%¢.ehe bdvest hitgbfnasaloheddihg DfPQEY2£(ﬁBi%)emetshdeB)wa$l r&te for mean
did not performas well or better than Goup 5. G oup

% 1m4gb RRfbnd (@ loB gbtllm%)oaeﬁrthé\%st anciBéitB Ghtel 136 Ipéﬁm@ tRéues (16.7%).

nor mal behavi or, a hi gher incidence of overal
| rate of .nasal .sheddi
o e U W A o AR i

. fo O positjve | tissues,than G ou Statistical )
Vano%Tlrgyég 0 yOﬁﬁZ&pd,{gg groRp desehng Ardoges q»,‘tpalflll@q-, g.yhole cell PCV2 vaccine
di fferences between these two groups were not
perfomeat the wocst! Tables dhand tanontaimasmnories ofighoup pdstathalldrige sleta.
data, but there was an observed trend that Goup 4 did
not performas well as G oup 5. Post-vaccination, 6
pigs died at the first study site. Four of the six

pi gs \Aﬁfﬁf\]%rlgmsue ary 0%(91rou Ipo P&aﬂ}%‘gﬁ%{ ecigar\t{?d no

vacci ne SI X Pl em)ns | esl ons
\WO-2006/-072065—PCFL-U lc')nm:/ n/|7:cm conststent—w-th

GRMPS, |ndN apvergeataeant s rAtedrasld | cveighl I, aldverall

seven {vacc| nes appeared to be sjafe when adm ni sf{ered

to pigs approximately 1 Ryrilng thef poidence of

post - yacci pati on phase tudy, pigs|receiving

eitherl of fhree dose levels of VIORF2 vacg¢ine or linical

killed who|e cell vacci hi ghest |1 FAT | g¢vel &linica

while|Goup 5 had the 5 | owest || FAT | evels just|prior

to chall enge, of the vacci ne groups. Symptoms

1 12 vORF2 - 16 pg 0.87 + 2/12 3/12 41.7%
(1 dose) 0.29 (16.7%) (25%)

2 12 VvORF2 - 8 ug 0.70 & 4/12 1/12 41.7%
(1 dose) 0.32 (33.3% (8.3%

3 12 VORF2 -4 ug 0.49 + 8/12 2/12 66.7%
(1 dose) 0.21 (66.7%) | (16.7%
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Al t hough not formally proven, the predom nant route of
transm ssion of PCV2 to young swine shortly after

worensinizpess bel i eved to be by oronasal direct eomuaeds/047596
and an efficacious vaccine that reduces nasal
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pneumgnia wWith interl obul ar edenp, (2) cutaneous

Bt ricTh borBRI 483 Z"étp‘{%-??% o Az ot |V 0%

icterys, hepatitis, nephritis and gastrijc ul cefs
vere not nptedd Aoy grlougs2%and| | ynphadeno@¥hy | was
not specifjcally examned for. [The mean % | ung |esion

or eg rjed befween grjoups. Thie_qroup_recerving 1o
33 of v@FZ anti §&¢n had th‘gwéfwes?/qﬁéé 394 l%bz | ¢si on58-3%
score{(0.4D 0.50%, fol|l owed 20 by the group that
recei ved 8| g o2 d@RH2 (0. 68.15. 1% . As exp€edXpd| the
chal | gnge pontrol groupg had the| hi ghest rean % I ung

oups,
fean |%0upg IEkdllengscorlesOdere elB041¢4) que/td pne 40%
pig in each of these grgups that| had very|hi gh ung
| esi on scofes. Chhsdlsof tlhe d.1ng | esi ons wer @0deseri bed
as red/purple and consolfidated. | Typically, |ung
=l I - |

TeST o SCofe (9.88 29 2%t ot fourji he

Festons—aspocitated—wthPWAG—aredescribeg—as—tap—an
rfon- col L hpki Biret WNegdtive79 WD0RE06) O7120@50) 0/11 0%
PCT/ U$2005f 047596 i nter|l obul ar ledema. The¢ | ung
| esi ons nofed ankélss stjudy werel ei ther not @zsgotiated
with |PCV2[infection or [a second pul nonary infectious

o hoon nradcaont Wetlhin + ha tcant. avt Of

ept—ray—havre—beep—present—W-thi-n—the—context i -
VORF{ j wolaief, viral PREZotORFAG™ Fesembipant baFuevings sHarpisgd BBFEKY or killed
wholecglf yigysi= BECYZ vigns ggoyayip gvigplecpibcul@fount  of | ung
i nfection due to PCV2. 5 O her researchers have
denonstrated a direct correl ati on between the presence

of
Table 15. Summary of Group Post-Challenge Data - Part 2
Group | N Treatment Mortality | Nasal Mean % | Incidence Rate of at
Rate Shedding | Lung | least one tissue IHC
Lesions | positive for PCV2
1 12 | vORF2-16 pg 8.3% 8.3% 0.40 £ 16.7%
(1 dose) 0.50%
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on select tissues was not
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90.9%

VORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; KV or killed
whole cell virus = PCV2 virus grown in suitable cell culture

Results of this study indicate that all further vaccine efforts should focus on a rORF2
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vaccine. Overall, nasal shedding of PCV2 was detected post-challenge and vaccination with
a PCV2 vaccine resulted in a reduction of shedding. Immunohistochemistry of selected

lymphoid tissues also served as a good parameter for vaccine efficacy, whereas large
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of clinical symptons, Goup 3 (4 gg of VORF2 anti gen)

had the lowest nortality rate, and all three groups
woeodoozed equal |y with respect to nasal sheddPa@us2005/047596
Overall, vORF vaccines did not performas. well as

r ORF vaccines. I n yet another aspect of the present
dlffefPWé rni SR WG elinical] symentoms, andrgxossigsians avesd nat degeted between
2ml/ 2 dose Conventional Killed PCV2 vaccine in the
group€D(Thipistpdyoeesl conplidagdf e theofactithBC¥Riranebas PENVPewa $ntroduced at
determ ned. O the seven vaccines evaluated inthis

some ?bﬁﬁ‘ Bduriﬁ%‘ ﬁlekétﬁdye bs ¥18Red ‘B glhialfgﬁ%i @ G \%‘\ﬁg?oenversion

he wors Pi gl ets receivi WO |IIed
2 vacc the second
and pﬁ‘“ ghe gf HEFUES Bk %983 P ﬂﬁl Sffbcé I’?géqﬁlé? c?%DV\%ﬂ/Sup t he second
hi ghest overall incidence of clinical synptons
(58.3%, the highest nortality rate 15 (16.7%, the
second hi ghest incidence of nasal shedding (41.7%,
Discuksiginest nmean % |lung lesions (9.88 29.2%, a high
i nci dence of lung |l esions noted (75% and a noderate

| ldever PEVIERLRInEARTd BvdlhaSd 9 tKif Stud) whildWRNRIded ithree different
was still effectlve at 1 nvoking an |nnune response

dose |eeR 1oy REF e BRGBee 208 BRITS Gt BrteBfh cosg fovels of
araneter and the previ ous PCV2 effl cacy paraneters
TORF 5 POHEH admigisdered QGFee en Layr @ apd epadpsareye! wekilied svhoﬂ%mll PCV2

this study indicate that nasal shedding of PCV2 occurs
vaccifeohdministeyed onrRaynfsad Riyall it.e perahdGobpts, Rdieh vaedieddsdose of
reduce nasal sheddi ng of PCV2 post- chall enge.

vaccitlESMARIR & ug  THOURED Adteh! RAB Rt BedY rdiik. ' €ROUY § Hal the highest
t he I|terature indicate t hat | HC should continue to

L e

concl si ons r|S|n fromthis study are th

TespirpiGRn eéweaé ﬂ‘yettsmeﬁelcsfoft HoLhatE RS IBFIdFiMﬁS)f overall clinical
Anot her one of the hallmarks of PMAS is | ynphoid

symptgms) theilowestamettality rateube dewestitaje afinadal sheddmg eSPCV2, the second
Additionally, no adverse events or injection site

lowest 8¢ {or aitan YRR GR anf theldweSindiléncé riEYer pRRKENHEE tissues.
and all 7 PCV2 vacci nes appeared to be 5 safe when

aﬂﬁh@btﬁ{gﬁ, %iro{q? 4Y MM BheSed a higher dose of rORF2 antigen than Group 5,
did not perform as well or better than Group 5. Group 4 had a slightly lower ADWG, a
higher incidence of abnormal behavior, a higher incidence of overall clinical symptoms, a
higher rate of nasal shedding of PCV2, a higher mean % lung lesions, and a higher rate for
positive IHC tissues than Group 5. Statistical analysis, which may have indicated that the
differences between these two groups were not statistically significant, was not conducted on
these data, but there was an observed trend that Group 4 did not perform as well as Group 5.
Post-vaccination, 6 pigs died at the first study site. Four of the six pigs were from

Group 8 or Group 9, which received no vaccine. None of the six pigs demonstrated lesions
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EXAMPLE 5 This exanple tests the efficacy of eight
PCV2 candi date vaccines and reconfirnms 10 PCV2
wohedsloermge paranmeters fromearlier chall enge sPQ@iuss005/047596
foll owi ng exposure to a virulent strain of PCV2. One
hundred and fifty (150) cesarean derived col ostrum
consistapwithe EMWBCHp advegk etvents 6vdrd rdpgmedoanchgeqrauealé seven vaccines
bl ocked by wei ght and randomy divided into 10 groups

RIUBIK:
appeargll ed to R Usf%oer %’thﬁil‘i‘ gd@gkﬁregﬁo i}:ﬁ‘gss a%p}giﬁingié]%e} ﬁgirhgf ®£ta§g ; dyuring the

Treat ment V.
post-veswm%@ﬂg@aa%ﬁg@wo@%ws el B it o ey of voRE2
with M.V on_on and y28 Vi rul ent
vaccingrpr llgd 2giole gell pyecineybac Hcighest AT ]-?V?Efaa+whl?e Pty S had the
roORF2 - I M5 1314 2 15 PVC2 Vaccine 2 0 & 14 + + + +
lowestlIFA TVISRER just piaodto gbillcdgd off@/Zacvmegrawws3 0 & 14 + + +
+ 16g ORF2 - Carbopol 82 WD 2006/ 072065

PathbR0as¢ %ﬁ@ prévehd tHRORdMARBLN Coride Of trahsmissiod OfIRCV2 to
VORF2 - Carbop

young swine shortly after weaning is believed to be by oronasal direct contact and an
efficacious vaccine that reduces nasal shedding of PCV2 in a production setting would help
control the spread of infection. Groups receiving one of three VORF2 antigen levels and the
group receiving 8 pg of rORF2 had the lowest incidence rate of nasal shedding of PCV2
(8.3%). Expectedly, the challenge control group had the highest incidence rate of nasal
shedding (80%).

Gross lesions in pigs with PMWS secondary to PCV2 infection typically consist of
generalized lymphadenopathy in combination with one or a multiple of the following: (1)
interstitial pneumonia with interlobular edema, (2) cutaneous pailor or icterus, (3) mottled
atrophic livers, (4) gastric ulcers and (5) nephritis. At necropsy, icterus, hepatitis, nephritis,
and gastric ulcers were not noted in any groups and lymphadenopathy was not specifically
examined for. The mean % lung lesion scores varied between groups. The group receiving
16 pg of VORF2 antigen had the lowest mean % lung lesion score (0.40 + 0.50%), followed
by the group that received 8 pg of rORF2 (0.68 + 1.15%). As expected, the challenge control
group had the highest mean % lung lesion score (9.88 £ 29.2%). In all four groups, the mean
% lung lesion scores were elevated due to one pig in each of these groups that had very high
lung lesion scores. Most of the lung lesions were described as red/purple and consolidated.

Typically, lung lesions associated with PMWS are described as tan and non-collapsible with
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5 15 PVC2 Vaccine 3 0 & 14 + + + + 4 g ORF2 -

Car bopol 6 15 PVC2 Vaccine 3 0 & 14 + + + + 1g ORF2 -
wQandsopzmies 7 15 PVC2 Vaccine 3 0 & 14 + + + +  OCRAISY05/047596

ORF2 - Carbopol 8 15 PVC2 Vaccine 4 0 & 14 + + + + >

8.0 log KV - Carbopol 9 15 Challenge NVA + + + +
interlghydar @;;lqe@aloThg I tesiongtnotest inNthis study were eitberandtvassociated with
Control Goup VORF2 = isolated viral ORF2; rORF2 =
PCV2 infention roa it sebamdipivtionstsy iafpti@msa@nORa? hate/béh freddn®dWithin the
whol e cell virus = PCV2 virus grown in suitable cell

C [
A A T P L RS R S M f?f’ae??ﬁ"ﬁi e ?'%/aszure of the
X 2. dose. t oup 1, was a high dose (16 ug
amouﬁlitoég%ﬁnf%qmni%ﬁg&ﬁggzedpreconbi nant %?FZ anti gen
adj uvanted with I M5 1314 (16 ug rORF2 - IMS 1314).
pE&Jber\agseareherabave dememsitiatedt @ diigctacortelatian hetwdes ¢he presence of
Group 2, was a high dose (16 ug/2 m dose) of a
PCV2antigenl by B idndeHisMpBioRgd. gelistopdthcloBc\bh GEEA tissues was not
antigen adjuvanted wth Carbopol (16 ug VORF2 -

condu%ﬁaﬁkligiﬂgg%% sttﬁ’?./ é}ou Clis{:l% v{%ofa\;i%lllgﬂrg gl'S(ZItoﬁé gctg gégzc;]f r#()I&':Z) had the
lowesfj %?c?&engé raith %‘%tpiigsaf)gsqti\geefo?%\r/]? gx}ltig%?ll:&.?‘%,i \gl%Te Group 9 (the strict
negative control group - 90.9%) and Group 8 (the challenge control group - 90.0%) had the
highest incidence rates for pigs positive for PCV2 antigen. Due to the non-subjective nature
of this test, IHC results are probably one of the best parameters to judge vaccine efficacy on.

Thus, in one aspect of the present invention, the Minimum Portective Dosage (MPD)
of a Iml/1 dose recombinant product with extracted PCV2 ORF2 (rORF2) antigen in the
CDCD pig model in the face of a PCV2 challenge was determined. Of the three groups that
received varying levels of rORF2 antigen, Group 5 (8 pg of rORF2 antigen) clearly had the
highest level of protection. Group 5 either had the best results or was tied for the most
favorable results with regard to all of the parameters examined. When Group 5 was
compared with the other six vaccine groups post-challenge, Group 5 had the highest ADWG
(0.94 £ 0.22 Ibs/day), the lowest incidence of abnormal behavior (0%), the second lowest
incidence of cough (8.3%), the lowest incidence of overall clinical symptoms (8.3%), the
lowest mortality rate (0%), the lowest rate of nasal shedding of PCV2 (8.3%), the second
lowest rate for mean % lung lesions (0.68 = 1.15%) and the lowest incidence rate for positive

IHC tissues (16.7%).

In another aspect of the present invention, the MPD of a Iml/l dose conventional
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adj uvanted with Carbopol (16 ug rORF2 - Carbopol).
PCV2 Vaccine No. 4, adm nistered at 83 WD 2006/ 072065
WOCH6lSABOS5/ 047596 1 x 1 ml dose to G oup 4, wasTASkogh47596
dose (16 ug /1 m dose) of a partially purified VIDO
R-1 generated PCV2 ORF2 antigen adjuvanted with
produGathbiois phrti@ll B pugfiedREX 2-OKEZ BipRIF)).antiyercini the CRECD Hig model in the
adm nistered at 1 x 2 ml dose to Goup 5, was a 4 ug/2

face ola PEOBECIledse whd\@GéhMALE COf 06 BHFbd 'Q_\%ﬂf)s AR recaivtd 98%ing levels of
adj uvanted wth Carbopol (4 ug rORF2 - Carbopol).

. Yacgj 1nist.er.e A .
voRFEffRCOAS L01s G ARG kel ke UL 0980 roup 1
reconpi nant ORF2 antigen adjuvanted wth 9a{ bopol, (1
outpe{fgrnp Eroups 4 p},ml_th r¢spsel 10 ADWE. mp_anf”o ung lesions, and IHC.
admnistered at 1 x 2 nl dose to Goup 7, was a | ow
Groumsoks end 2 (®pg 0§ VORK2 antige®))pedbrmerheduiallpvath nespeohtoi ovardll incidence
ORF2 antigen adjuvanted wth Carbopol (0.25 ug rORF2 -

f clifigdlRORBloms, Bedid Yok ab e vOIRF28intigeHyiHAL TheeToMésBrhortality Zate, and all
? CIrﬂ dg?g toS G oup gfg\%/asva hi gr?lg?ze 10 sronaflysate, anda

e AT, b e g 5, o s i

PCV2 Struve  gen, adj uvanted wi th Carbopol (>8.0 |og
notp mwegl&ﬁéﬁﬁ‘%ﬁcm%y 0, Groups 1-8 were treated
with their assigned vaccines. Goups 1-3 and 5-8
r dic getvandtheb aspscbof thefpredeet inventagme the efficacycefi nwexmgun dose of a
on Day 14. The effectiveness of a single dose of 16
2ml/20s® Com¥Inkidnal IGHEO POV WiRSint @51he CPODPi@Hddél inhhe facebfla PCV2
not receive a booster on Day 15 14. Piglets were

challerﬂgec' §a¥ @die gnieﬁ.d VSF B RYET bdechRd oV GEh iR i Bg@yz?etlﬁged whole

actions oW ng bo vaccl nati ons.

ol ets.were_noved. to a second study sjte wher 0
cell A Sin o en gt Sermstn DR dleg e O Sl Whole cell
was housed in a separate building. Al pigs received
PCVXeaghiok diad thedewesteWd W arthe seoond bighes datgiof Bbrorgwhpehavior (58.3%),
Freund's adjuvant (KLH ICFA) on Days 22 and 28. On

the seboiyd RighesGo0¢tal idci@enol o€ chiaill sy@esind\{ I8B22)Y) the highest mortality rate
approximately 4 logs of virulent PCV2 virus. By Day

, tns: i i 0
(16.7‘%2, th¥eﬁre¥01{c?‘1”ﬂ§qix€$ fgidead 8¢ %gatﬁ %ﬁ?dnﬁinﬁ] 8179 ,lagl ggéti’ ﬁrgean % lung

ntrol group. n an attenpt osti

. pi and,i.pcrease the. virylence.of the P chal | enge
tesionf(§ 38500255 T prevdnareof MR g DA KRIBVREY pymodiiate IHC
.. PRRSV MLV (Porcine Reproductive and Respiratory _
incidepge atadn tgpsist @& d %% vEoveyws )t wes s} effective at invoking an immune
response.

In still another aspect of the present invention, nasal shedding of PCV2 was assessed
as an efficacy parameter and the previous PCV2 efficacy parameters from previous studies
were -reconfirmed. Results from this study indicate that nasal shedding of PCV2 occurs
following intra nasal challenge and that PCV2 vaccines reduce nasal shedding of PCV2 post-

challenge. Furthermore, results from this study and reports in the literature indicate that IHC

should continue to be evaluated in future PCV?2 vaccine trials as well.
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46. 84 WD 2006/ 072065 PCT/ US2005/ 047596 Pre- and
post - chal | enge bl ood sanples were coll ected for PCV2
weenwlagys Post chal | enge, body wei ght data foPCT/US2005/047596
determ nati on of average daily weight gain (ADW3 and
observations of clinical signs were collected. On Day
S@onrl dddstiomd] sonctnsiong ariviap drone ¢io patgdre that 9aHhhdBopathy is one
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- vaccination-chal | enge fea5|b|I|ty study conducted in
reactipgspere notedh fgs anysofi the 7@ (s yacsines gad sl THRyVD vacpinas@ppeared to be
included in the study, PCV2 IFA titers of sows were
safe wheh adfiitisteAddo yowpaligy, the serol ogi c status of sows
were froma known PRRS-negative herd. Sixteen (16)
sows were tested for PCV2 serol ogical status and al
sixteen (16) had a PCV2 titer of :51000 and were

transferred to the firs
piglets were del

(150)

FANEYES cos

One hundred fifty

arean section
on Day

15

surgerles and were available for this study
Thisnexsggple fests) thy abfieaoynigeichi PENE qepdidatestageipes m«b reconfirms
vvere wei ghed, identified with ear tags, blocked by
PCV2ehallenhgeapatamateciofrom arslsdrgihellerige studiés folloghimgipsposars teet virulent
forth above in table 16. Blood sanples were coll ected
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X
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lets nd
Group [N @f T &3&%&% &hilen &?/SPFBLh%Y Nepropsy
te ation. Table 17IG@§EW$H§§ #he2 { i meith r gAMLV ongon Day
t he key activities ol this HradPag28| Virulent | Day 46 50
PCV2on
Day 25
1 15 PVC2 Vaccine1 | 0& 14 + + + +
16 pg
rORF2 — IMS 1314
2 15 PVC2 Vaccine2 | 0& 14 + + + +
16 ug
vORF2 — Carbopol
3 15 PCV2 Vaccine3 | 0& 14 + + + +
16 ug
rORF2 — Carbopol
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85 WD 2006/ 072065 PCT/ US2005/ 047596 Table 17. Study
Activities Study Day Actual
wWa-2006/00365\ei ghed pi gs;

heal t h

Dates Study Activity -3

exam

random zedPCoO/US2005/047596

groups coll ected blood sanples -3, 4-04-03 0-21
07-03 to Chserved far overall health and _adverse
4 eyentss postv2yagdind3 vacgi napion,.0 49107-03 + +
Afdm ni stered respectijve VPs|to Goups 1-8 HK-07-03 to
Observefl pi gd6fir injlection site reagtions p-7
4114-03| 14 4-21-03 Bcostered Goups 1-3, 5-8wth
r espect ar sanp] ed all pigs 14-pP1 4-21-03
to sefl {,9s.fo pn reactifons, 4-28-03
3 19- 4-%?%"‘%% ltgé‘g‘l pigs wifh ahtibjotfcs|
4128-03] 21 4-428s 03 Pijgs transported ffrom Strjuve Labs,
I pc. to|Veterinary Resources, Inc. YRI 22-50 4-28-03
tp CoserOBH2pi Gabdml [clinical si gns post chall | enge
St 27- 03[ 22 4-29-03 Treated g oups =0 w tKEHTCRA
6 25 9502 BY@Vaesinest |b0 ottt shnpl+s flomall |pigs; | +
wei ghed| al | Ié?gs chal  enged Groups|1-9 w th PCV2 |
chal | enpe mat al 28 5-05-03 Treated G oupsl 1-10 with
KLH 1 CFRORF2 — Carbopol
7 15 PVC2 Vaccine3 | 0& 14 + + + +
0.25 ng
rORF2 — Carbopol
8 15 PVC2 Vaccine4 | 0& 14 + + + +
> 8.0 log '
KV — Carbopol
9 15 Challenge N/A + + + +
Controls
10 15 None - Strict N/A + - + +
Negative Control
Group

VORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; KV or killed

whole cell virus = PCV2 virus grown in suitable cell culture

No. 1, administered at 1 x 2 ml dose to Group 1, was a high dose (16 ug/2 ml dose) of
inactivated recombinant ORF2 antigen adjuvanted with IMS 1314 (16 ug rORF2 — IMS
1314). PCV2 Vaccine No. 2, administered at 1 x 2 ml dose to Group 2, was a high dose (16
ug/2 ml dose) of a partially iauriﬁe(i VIDO R-1 generated PCV2 ORF2 antigen adjuvanted
with Carbopol (16 ug vORF2 — Carbopol). PCV2 Vaccine No. 3, adminjstered at 1 x 2 ml
dose to Group 3, was a high dose (16 ug/2 ml dose) of inactivated recombinant ORF2 antigeﬁ

adjuvanted with Carbopol (16 ug rORF2 — Carbopol). PCV2 Vaccine No. 4, administered at

The vaccine formulation given to each group were as follows. PCV2 Vaccine
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32 5-09-03 Col |l ected bl ood sanples fromall pigs 46
5-23-03 Adm ni stered 1INGELVAC(r) PRRS M.V to all
wanroesps206£0! | ect ed bl ood sanpl es, wei ghed and PCT/US2005/047596

necropsied all pigs; 50 5-27-03 gross |esions were

recorded; lungs were evaluated for |esions; fresh and
1 x 1 fd dasel to TP dwad aBigh desmibeg /el elosed\wé @ partiatly|pufified VIDO R-1

phase of the study was conpl eted Foll owi ng conpl etion
gener@td tFEV2 rORF1 exnpibes edpfvahtee withl Varbdpal n@bi wg VMORFR — Carbopol).

tissues were 5 exam ned by | nmunohi stochem stry (1 HC)

£ OF [ i h i st )
Vaccihg NE S FRHARCE BT e 2L B0 DY Sl S s S s A Ml g8Fe of am
.__.dai wei ght [ ADWG) .. was det eram ned. from 25
inactipged g ong e, DRI e Miptaed Htto qrebenet o SEeliRF2T CarbopoD.

in individual cages in seven roons from birth to
PCV2alpecine Mot &l agminisigzgdsatdf x 3gel dasp e 6xoumb.cves Daypg@ wi dose of an

t he study). Each roomwas 86 WO 2006/ 072065

inactit¥tdd +¢o30BNaGU ORI antigem bdjaddntédwith)Curbopl @1 agRrORFLedCarbopol).
of stacked individual stainless steel cages with

PCViI"g g(fc?rg:_ REY, afhinkl{iﬁél%ﬁ afl f{ﬁgg&jﬁ:qg GHERM AR ayloﬁ)glo%@&h% ug/2 ml

ation anit. Each room separ ate ’heat a

dos) A P ep b AR Sk A BRI 28uBome
different buildings at the second study site. Goup 10
Carbqpphe PEHY] Yeacaeg i S.cadministeradat 1gx 8 uph)dagado Fenpedl was a high dose

separately in a converted nursery buil ding and G oups
(pre-iflaclivigore titdtorsRd log/2ant odusey Texdtibated alénvgntietial dlitlgd VIDO R-1
Each group was housed in a separate pen (14-15 pigs

generRB PRAM) salitt 8AGSEnPRAuRnRYI Wikl C%chfﬁgl( 'gi’@i.@ 8y K47 3 Carbopol). On

square feet per pig. Goups 2, were penned in

Day Q%ﬁﬁgsag%a\%?ergé{e%gas\y?ﬁ ggegtegsssig?}gq gg%gir%ﬁ.egl}ﬁhﬁgs\s/\? -2? aa}1|?1d5-8 received

adj acent pens on the other side of the alle

: ] ! | eyway. The

boosters o phedleysspagtive Naaunesagaign Pay tbndbe sitsgivepesssf gjngle dose of
Moni tor that vaccines adm nistered to Goups 2, 4, and

16 pgBof YRARIF etCarbaol fwaks [tystédnac Groavgt 4 svhidhadid noé receve aobooater on Day
el evated deck with plastic slatted floors. A pit

14. g%g&%“?ﬁ 99%??8%&5?@'@3?% eﬁgr%@!agisi N eb@6HK sk kea@li6hC B3 Wing both
vaccinations. On Day 21 the piglets were moved to a second study site where Groups 1-9
were group housed in one building and Group 10 was housed in a separate building. All pigs
received keyhole limpet hemocyanin emulsified with incomplete Freund’s adjuvant
(KLH/ICFA) on Days 22 and 28. On Day 25, Groups 1-9 were challenged with
approximately 4 logs of virulent PCV2 virus. By Day 46, very few deaths had occurred in the
challenge control group. In an attempt to immunostimulate the pigsl and increase the
virulence of the PCV2 challenge material, all Groups were treated with INGELVAC®

PRRSV MLV (Porcine Reproductive and Respiratory Vaccine, Modified Live Virus) on Day

46.
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own separate heating and ventilation systens, with
little |likelihood of cross-contam nation of air
woebosmernebui | di ngs. 15 At the first study sitePCpiugk®ss47596

were fed a specially fornulated mlk ration frombirth

to approximtely 3 weeks of age. Al piglets were

c duzusidch §oswhpllengs dleodiisamples varatdodactpy ToaPC V21 serology. Post-

(approximately 4 1/2 weeks of age). At the second
challengeidyodyi weighialdta fogleetninttien bedvéagdldaibmweight gain (ADWG) and

non- nedi cated comercial mx ration appropriate for

obser{rahﬁinﬁ o29BnieAl iRk I vel %a ?éeétéd i 59 50, Vi sgﬁ\lr&l@fngqﬁééqwéfe%ropswd

tes was al so aval ad I| it um

gross \Q%lg?t rglt%?et ge%ﬂﬁﬁzé B,ngs S Osggr%E p(a([ﬁ%ongi anfli r§ele:cted tissues were
addltlon PI% No. 11 (G oup 1) was treated with. O.

preseryed gp  forpadae(iory Pxemn@ﬂorDévy Ignumhistpghenigry Gl“lﬁbpfororietectlon of
was treated with 1 nL of Penicillin and 1 nL of

PCV2IPiitgER-6r J laRXdate. Day 10, Pig No. 4 (G oup 9) was

treated with 1.0 nL of NAXCEL(r) |IMon Day 11, and

Pigs 1 (Goup 1), 4 and 11 were each treated with 1.0

mL of NAXCEL(r) 87 WD 2006/ 072065 PCT/ US2005/ 047596
%ﬁy for various health reasons. Wile at both

pi gs were under veterinary care. Ani nal

health exam nations were conducted on_Day -3 and were

r dbér W Btiplheblipdvacsirpiignichaliange feasbdy étuFlbi cendyggqd in CDCD

animal s were in good health and nutritional status

pigs, bed dbelaynof agradn Bayds To detieclndekth thy sahlye PCY¥Ri A titers of sows
Day 0. Al test aninmals were observed to be in good

were Baalob. awitionfly, ithd QAGbgR B MRbWR wdrOf6Ma MRIVIEPRR S-negative

Car casses and ti1ssues were di sposed of by renderlng
reco
herd. Enﬂgénl HB? gg‘gé Rx{e?@oﬁag{sgi%f 9&\%1&@)/%1%@ Stat S g sggeen Pl%) had a
ssigned to Goups 1-3 and 5-8 recelved 2.

PCV?a%@r QE sl 008 Were draneforred 4o thes G study ity @rm h‘ﬁldlf%ﬁfty (150)
right and | eft neck region, respectively, using a 10

piglets werd dedivere@ byricesanean-sectidn sygeries endiwdreaavatlahle for (RO gtwdy on Day -
1/z" needle. Pigs assigned to Goup 4 received 1.0 nL

3. 0PDalPQy/21 5decDClepibP at the frM stildyt iR Wér MeifiREKideBEFQDwith ear tags,
using a sterile 3.0 nL Luer-1lock syringe and a

block&d &Y 'vJe?gh% Ad )l(and/oﬁlly Qfs?éﬂeﬁ £81 &40 groﬁf}é,yas set forth above in table 16.

Mate

Blood samples were collected from all pigs. If any test animal meeting the inclusion criteria
was enrolled in the study and was later excluded for any reason, the Investigator and Monitor
consulted in order to determine the use of data collected from the animal in the final analysis.
The date of which enrolled piglets were excluded and the reason for exclusion was
documented. No sows meeting the inclusion criteria, selected for the study and transported to
the first study site were excluded. No piglets were excluded from the study, and no test
animals were removed from the study prior to termination. Table 17 describes the time frames

for the key activities of this Example.

85



On Day 22 all test pigs received 2.0 nL of KLHICFA I M

inthe left neck region using a sterile 3.0 nL
wouers/rzek syringe and a sterile 20g xI" needl eCTDS2008/947596

28 all test pigs 15 received 2.0 nL of KLH ICFA in

the right hamregion using a sterile 3.0 nL Luer-1|ock

syringe and a sterile 20g x 1" needle. On Day 25, pigs

assigned to Groups 1-9 received 1.0 nL of PCV2 | SUVDL

chall enge material TaBIe9d. bRdy AchiG#S0/ ML) IMin the
ri ght neck region u3|ng a sterlle 3.0 nL Luer-1ock

SYyrTnge [and a _sternte 20g—x 1 Teedte—AT additTomat
fActypd Stedyed ¢tiMitywas 20 admini stered IN to

each pid (8-B-08 péVeighad pigh;)heubh axghng rahdoniked . gowps; collected
Luer -1 ogk syringe |aisbd sagpdds canula. On Day 46, all

tesg prgs aqp;e@gvec Z. 0 nL T NGELVAC(T) PHHb VOV, TV 1T

H
Lue f?‘?] gc L 43%;6%39 A %bggrvggt&ig? o@ex%goﬂea tﬁ gog;a[défgrs?heevents post-

T TN WV TV v v VY

virOl ende #0703 pAdministaredsespecting VY to(dnps b84S

PCT/ US2003+@740%5®6 | Ohatryed algs faicigfectiomsitaveacionbser ved
daOt¥y fqr évMdr@8 | |heal th and adverse events on Day -3

and4 frdm pay-@3 t Q Baaverel: GFaiR 013, 1918 WitHSre¥fRicBve IVPs; blood
scored flor nor mal Qﬁmﬁﬁﬂgfl'}'ﬁés behavi or, respi rati on

ugl S Vd.|.| Ull LTI UL T TTI bd.l
Oos:ezlrivat 47T “%rcdﬁﬂ?ﬁve\gp{gég?r1Ble§§°]?lxkeﬂ‘én%’t§served from
‘D%ﬂa;.d_&_o.gp_z_\ms_f_ur_t_her ohserved from
DAY-214 |t 4-26103 foor| Tiregdtedall pigs withantibigties ons. Aver age
4 g
dai | v wdi ghi28¢38 n |was det ermi ned by wei ghing each pig

on2d calli b8l sqR®ig eanéayied- Fom2Stand bBibs, OlncONo t Weterinary
day that a pi g vva< Rfe@&ﬁgesdﬁ@qvmjter chal | enge. Body

gy Wi 9??3 (ygEr € ‘éﬁ,;g ?r%d %gtf&qgﬁ)ﬁlc élgﬂ%%d's%ﬁ%lreh‘gé’ =3

& —Zot+ot 25 dat-a—10—was
g e T @rom.umvmﬁwxgmm gain

(ANG) flor 582B pi| Golleeted pladdesamples dionpellrpigs; Weighed all pigs;
pi gs that di ed af t ehallchgtd Ernges drdwhk POVE dballeridd, mathdal
ADYS wayq agjogsiszed | TeeatddeBfoRps M10twieh REWAJR2OM Day 25
to3phe days@o-13eal @ollected blood samples from all pigs

46 5-23-03 | Administered INGELVAC® PRRS MLV to all groups
Collected blood samples, weighed and necropsied all pigs;
50 5-27-03 | gross lesions were recorded; lungs were evaluated for

lesions; fresh and formalin fixed tissue samples were saved;
In-life phase of the study was completed

Following completion of the in-life phase of the study, formalin fixed tissues were
examined by Immunohistochemistry (IHC) for detection of PCV2 antigen by a pathologist,
blood samples were evaluated for PCV2 serology, and average daily weight gain (ADWG)
was determined from Day 25 to Day 50.

Animals were housed at the first study site in individual cages in seven rooms from

birth to approximately 11 days of age (approximately Day 0 of the study). Each room was

86




10

15

20

In order to determ ne PCV2 serol ogy, venous whol e
bl ood was collected fromeach piglet fromthe orbital
woempus2wss nus on Days -3 and 14. For each pi gl ecT/uskmed47596

was collected 15 fromthe orbital venous sinus by

inserting a sterile capillary tube into the nedial
identicalninHagoubfand wensifted b€ stylkes! individiahistiniess spget oageswith heated and

3.0 mL of whole blood into a 4.0 nL Serum Separ at or
ﬁltereTiUE’l? supSiiad sépardaly So Zach Isblatndudif, FMRAGSMAA SepatA®theat and

fromeach pig was collected fron1the anterior vena

ventil tﬂélleﬂ p? \?Ctnﬁ{l Ic?os Q amgna%l l&:f’% ﬁrr(){)ﬁis ne&%hfals were
AU, HSHeBE RoRhAhL lfock Whctmination orYAE LRI

I'I'n Takes,

Jers ) Vagc talner r) needle holder and
bousedgp. “%1 difsres) ﬁém% A e e s %o.q;rpum\éﬁe(zf%e ]Stﬂct negative
recorded on the Sanple Collection Record. Blood in
contr@agrhuinSvaspbeusad [sepesatelydn @l anyertet husSy budldinghand Gups 1-9 were
down and the serum harvested. Harvested serum was

housddrianséieed ERrowvind Bﬁl'ldlﬁ‘g SHa¢h biap vaRChosbedl @ch S¥paratdpen (14-15
10 Cuntil tested at a |later date. Serum sanples were

i 4 O RO oER)  MARTATB. Gro,4-s

PCT/ 05/ 047596 Pigs were ser.ved o dai | r
were %}})’eg qgewpa@et P © Mnﬁﬁ@ap??w&emy Ceups do ﬁ?ﬂ 7,and 3

normal or abnormal behavior, respiration or cough.
were @inedcial siobdiesanspeanen ter efherr Hdopidhe dieywap. herGioap separation
bservation Record. Pigs Nos. 46 (Goup 1) and 98

was duertoWwpsicéh by thel Saddyt Miendtdr' thht Edcuihys adinistEielt ho drotipyeked, and 8
5 deaths were categorized as bl eedi ng deat hs and

had nﬁﬁﬁéeﬂpﬁllg zné@ﬁ(f ed! OEa&Pﬁ@P&ﬁse&hﬁp e%bﬁé@ d%é’lpwﬂﬂ ;ﬁ)ﬁﬁ ic Statted floors.

e second study site, pigs t ied after ¢ enge

s P e s BT AR a7 B Bl e

percentages of lung |obes with | esions were recorded
own sspanafechenng epd yerdamn syronm, with biglecldledtihged pherops-gpitamination of
necropsied at the second study site, a tissue sanple

air beobeenbidlidings. 10 1 ung, heart, and nesenteric |ynph node
was placed into a single container with buffered 10%

f (iR BBt siMal sBe BRAER SFerd FliSUDeSAIP Fniui A MR 38 Bfrom birth to
?91 psdus? )

af orenenti oned organs was iImto a Wirl-pak(r

appro%\mx?t?lyga‘igﬁz}% %ﬁt | tégget% were consumingLsJo id as?)gélal mlxréd ration by Day

21 (approximately 4 Y2 weeks of age). At the second study site, all piglets were fed a custom
non-medicated commercial mix ration appropriate for their age and weight, ad libitum.
Water at both study sites was also available ad libitum.

All test pigs were treated with 1.0 mL of NAXCEL®, IM, in alternating hams on
Days 19, 20,.and 21. In addition, Pig No. 11 (Group 1) was treated with- 0.5 mL of
NAXCEL® IM on Day 10, Pig No. 13 (Group 10) was treated with 1 mL of Penicillin and 1
mL of PREDEF® 2X on Day 10, Pig No. 4 (Group 9) was treated with 1.0 mL of NAXCEL®

IM on Day 11, and Pigs 1 (Group 1), 4 and 11 were each treated with 1.0 mL of NAXCEL®
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i ce. Each container was properly | abel ed. Sanpl e
coll ections were recorded on the Necropsy Report
woeanwwo7x6s er war ds, formalin-fixed tissue sanpl e6TAIS2008/047596

Di agnosti ¢ Request Form 15 were subm tted for I HC

testing. IHC testing was conducted in accordance with
on Dagtldrfaavagious héadthatanops.pr ocedures for receivi ng sanpl es,

sanpl e and slide preparation, and staining

t QPR Gt Soth FteGN diteSSPR] WerdNiintér RRledinidy \®Bfe€ Animal health

shipped with ice packs to the Study Monitor for
exami%%ff&i%g\%exfe' dhdud@d Can ﬁ?& ROZR We?e E&gﬂ%ﬁ oty $he fE1wIe|'c11’ch .Extamination

ofmal 'n-frxed t1rssues’weére exam ned by a pat hol ogi's

for detection of PCV2 b 20 and. scored ysi.ng the .
Recorfl dfqrigy ISE agppals N@r%ysg%gﬁ heplta agrieiritjonal gatysbefesk vapQypation as

staining, few sites; 2 = Mdderate positive staini ng,
determinked bp besesvation ondPay B All Ast avianals wersiobsareedtodieringgod health and

di ffuse throughout -the tissue. For anal yti cal

nutritPHAIPASRES pridr & elileffe. 0 ChRRsORBHARERR werd aliglossE of b Réhdering.
a score of greater than 0 was consi dered "positive."

. .20 / . ' .
s T T
Pi gs_No. 46. and .98 djed.on_ days 14 25 . .

r eoRaei ar, P piesessiedi fe Gt cd paddrh Seeived 2.0 mL of assigned
bl eeding deaths. Pig No. 11 (Goup 1) was panting )
PCVaWe¢rineapi-4 nespsgtively. b i theDaght eRd 1€kt meeknrogion, a¢speqiivgly, using a

were normal for 5 behavior, respiration and cough
steriled810i AD Ihdt-$odkbSEihp@bh® A P&ile Q0ganth" eedly st assighed ts &roup 4
events were noted with any groups. No injection site
recelv'rggel% h?nse VS VIRLRE N@ld, gﬂylﬁ%he ¥i ﬁﬁ'lé%ﬂ?’%%l&é Sltﬁﬁng?)/st&le 3.0 mL

I'T'om ng vacci nation on 4, Seven

ourteen 4), | o] 20Q, 09 ad swelling with
Luer-%;cg SPmee 618& 'afte"g%&tl£§ 1/21 é‘.egés E?P 9{%’)@ ‘B’E}" of fourteen
(14) Goup 1 (28.6% still had a swelling of "2" on )
D&n Dy 2Ricatletest pigh aeesivrer 2-§rmobipd’ Kld/IeXAeVI dp dbe) left neck region
injection site reactions follow ng either vaccination.
using At 8.0dAL [Lyremkich BYriggd dnd(oADMI 20g 1t haedh. eOp DagaBtalidest pigs
below in Table 18. Pigs No. 46 and 98 that died from
recei\;%h%ﬁ'n'ﬂg P EHACEAUSL the! £ U 1P YWi&8 BbthE S stFiRUPO4nL Luer-lock
whi ¢ f g VORF2

recel ved one dose of 16 u - Car bopol ,

' syringréaa%dtahs?enj?é %ge}%tl" AR (1.16 0.26 |bs/day),

On Day 25, pigs assigned to Groups 1-9 received 1.0 mL of PCV2 ISUVDL challenge
material (3.98 log;o TCIDs¢/mL) IM in the right neck region using a sterile 3.0 mL Luer-lock
syringe and a sterile 20g x 1" needle. An additional 1.0 mL of the same material was
administered IN to each pig (0.5 mL per nostril) using a sterile 3.0 mL Luer-lock syringe and
nasal canula.

On Day 46, all test pigs received 2.0 mL INGELVAC® PRRS MLV, IM, in the right
neck region using a sterile 3.0 mL LuerOlock syringe and a sterile 20g x 1” needle. The

PRRSV MLV was administered in an attempt to increase virulence of the PCV2 challenge
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followed by Goups 1, 2, 3, 5 6, and 10 which had
ADWGs that ranged from1.07 0.23 15 I bs/day to 1.11
wO0.206/07ss day. Group 9 had the | owest ADWG ( 0. 88T/US2@9/047596
| bs/day), followed by G oups 8 and 7, which had ADWGs
of 0.93 0.33 |bs/day and 0.99 0.44 | bs/day,
materiabspecti vely. Table 18. Summary of G oup Average Daily
Wei ght Gains (ADWG Group Treatnment N ADWG - | bs/ day

( l?@M gﬁ tvereD@b/seﬁ@h d&'ilyelﬂf Bodrell He@lth Bh@Sdvetenevdnes od ®ay -3 and
01 rORF2 - -1M5 1314 2 doses 14 1.08 0.30

from bbsg)df%D/aé mEgc}bgzﬁg%glilgs %rg %@egozfog ﬁ&g&a g a %énal behavior,

1,07 0.21 Ibs/da 91 WO 2006/ 072

respirgstopy Qspneh, O@S%thcmsmgecor ded qgt %e C@g}o&bggperiatws%ecord All
15 1.16 0.26 |l bs/day 5 rORF2 - 4 gg - Carbopol 1 dose

test pig§ weredabsefve@ GronbBay o Dy 7ORERGroup fwas athgoplserved from Day 14
doses 15 1.11 O0.26 Ibs/day 7 rORF2 - 0.25 gg -

to 21,k BREMon’siOREGiohs. Qm%? Wl v éterméhed 4 hi
° % bo 0oISIZ dosles 15 3 0933 F dlc}ay S9 Chal | engyg@'elg ne

each [%%%1 t%aﬁb%éedomgg I%b%% P,DS ) ys% é%ggttﬁé &@O%g%s fPund dead

ORE2; rORF2 r.econbi nant Rhacul o
after ghplishesi [Hody WFiBEP SVerEI Forflpd on thpc Yﬁ&@}e%vmy -3 body
suitable cell culture PVC2 serology results are
weighty esenitdizedéd black pighaisios td andamization. [Day)25ansubay W meeight data
5 seronegative for PCV2 on Day -3. On Day 14, PCV2

was utilib&d fo d&emiine the Derdeerdady lwdigt daliDJADWGELfS eéd&lﬁp@edtﬁfng these
50-113). On Day 25, goup 8, which received the whol e

time p%i%&? F&l élg? nat di g& gﬁé!@l%ll&fgf a%&%legdﬁg ]r)gg glbstzlg sz} rhd &djusted to
represent the ADWG from Day 25 to the day of death.

In order to determine PCV2 serology, venous whole blood was collected from each
piglet from the orbital venous sinus on Days -3 and 14. For each piglet, blood was collected
from the orbital venous sinus by inserting a sterile capillary tube into the medial canthus of
one of the eyes and draining approximately 3.0 mL of whole blood into a 4.0 mL Serum
Separator Tube (SST). On Days 25, 32, and 50, venous whole blood from each pig was
collected from the anterior vena cava using a sterile 20g x 1 %" Vacutainer® needle (Becton
Dickinson and Company, Franklin Lakes, New Jersey), a Vaccutainer® needle holder and a
13 mL SST. Blood collections at each time point were recorded on the Sample Collection
Record. Blood in each SST was allowed to clot, each SST was then spun down and the
serum harvested. Harvested serum was transferred to a sterile snap tube and stored at -70+

10° C until tested at a later date. Serum samples were tested for the presence of PCV2

antibodies by BIVI-R&D personnel.
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VORF2 - Carbopol, Goup 4, which received as single

dose of 16 ug VORF2 - Carbopol, and Goup 3, which
woeowiorads 16 ug r ORF2 - Carbopol, which had ti rerasefos/047596

2507, 1920 and 1503 10 respectively. On Day 32 (one

week post challenge), titers for Goups 1-6 and G oup

8Pigangad obkervad 2860 diity A6AODay?2l 0 Daypdpsfor clific@lbsymptoms and

rORF2 - Carbopol), 9 (Challenge Control), and 10

scorecggrrﬂo?fnal" 52 %ﬂd{ﬁlap BEHaRIRJr%reQ ightont & Sough. 3B#nical Zbs@Nskions were

respectively. day of necropsy), all ten

nonst.r ate |gh PCV2 titers (>_1257). On
fecord%éyﬁt‘g%ey%ﬁald(g‘hs é ge 3, which received two doses
. of 16_ug rORF2 - 15 Carbopol had hi her antlé&
t PigsNost A8 Gryupub) and SRR Oetiod gt tadiloRndy sie. 1Bothpf these
rORF2 - IM5S 1314. On Days 25, 32 and 50, G oup 2,
deathsvrerehcategosivateas blaading dexthoindlfecrpsieORfede nhacbridugihéon these two
titers than C?oup 4, which received only one does of

LA}6hs 38&% H%ﬁl YR dBed aff? HEIIRYRGHA TP %0 Day 50, and
igs. n after ¢ 0o Da and pigs
pe PCT/ USZOOS/ 04 éngG 7, which recel ved decr eaS|yng pie

eutharpé %I}:Pﬂ// g O?e'::rg élﬁ%rcﬁ;g%rl? tREy gxg S§ ilegioné} ye}e ?&Q&i afl &R gglg:entages of

r'respon decre
antibody titers on s 25_and 32. le 19. Sunnary
lung lehes yigy SIPMexeFrAcmift 15theyNsGrPPsY BSP%%PmDay -3 Day
14** Day 25*** Day 32 Day 50**** 1 rORF2 - 16 gg - 50
6By 8adBa6théJiids ndckdpsiedlat the saroed stidyGRE2a tissug gaingle- of tonsil,
50 110 2507 5627 4005 Carbopol 2 doses 3 rORF2 16 gg

lung, hea'é@ aﬁ@n&é}ﬁe@%& 6 héle was phee®intd adﬂ}%&ﬁccﬂa‘ca{ﬁﬁﬂtb bufered 10%
- 50 113 192 £720 1257 Car bopol dose 5 rORF2 -

formaﬁngvcx’/hlle g&otﬁe]r t1]s§l?e sa?ﬁ%i3 fré‘rﬁ?fﬁe sar m&%en&ogéﬁscﬁgans was placed into a
Whirl-pak® (M-Tech Diagnostics Ltd., Thelwall, UK) and each Whirl-pak® was placed on
ice. Each contaiﬁer was propetly labeled. Sample collections were recorded on the Necropsy
Report Form. Afterwards, formalin-fixed tissue samples and a Diagnostic Request Form
were submitted for THC testing. IHC testing was conducted in accordance with standard
laboratory procedures for receiving samples, sample and slide preparation, and staining
techniques. Fresh tissues in Whirl-paks® were shipped with ice packs to the Study Monitor
for storage (-70° = 10° C) and possible future use.

Formalin-fixed tissues were examined by a pathologist for detection of PCV2 by IHC
and scored using the following scoring system: 0 = None; 1 = Scant positive staining, few
sites; 2 = Moderate positive staining, multiple sites; and 3 = Abundant positive staining,
diffuse throughout -the tissue. For analytical purposes, a score of 0 was considered

“negative,” and a score of greater than 0 was considered “positive.”
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15

6 rORF2 - 1 gg - 50 70 490 2360 5740 Carbopol 2 doses
7 rORF2 - 0.25 jig - 50 73 63 382 5819 Carbopol 2
wdasesa 786KV > 8.0 | og - Carbopol 50 97 4617 762OTARBAMF/047596
2 doses 9 Challenge Controls 50 53 50 129 4288 10
Strict Negative Controls 50 50 50 78 11205 5 vORF2 =
Resultssol ated viral ORF2; rORF2 = reconbi nant bacul ovirus
expressed ORF2; KV or killed whole cell virus = PCV2

V REMtsFHP M thn?é bRDEGer BabwC it HE@RA TRAPiGAN6 UGO8 died on
purposes, a -4 00 IFA'titer was designated as a titer

" ", I i s i B =]

toy. om0, T, WAL B a8 A0EL el g o, 1
The results fromthe post-chall enge clinical, .

(GrougHg ey 2Rt Wih eanid sxenpiaan gePaw! S TS Wisggalljpjgs were normal for
2006/ 072065 PCT/ US2005/ 047596 20 i ncl udes

behavidys eespagtion snd emouglh mloring | thiBedimweivatipn Aeriod raad no systemic adverse
Respirati on, Cough and Diarrhea. Table 21 includes

eventd Rferé adtdt fvith! 85} sRshpSUNNRI jdtiof HePreaMng! Were noted following
I nci dence of dinical Synptons, and Table 22 includes

. its . of tall

i G5 by O EOTo SR o R Dol A Ak Y7 BB 8 ourien 1
respirati and cough post 5 chal|,enge were_low in

Grou{ gigsr GRSV g peling W%ﬁ@fs:?rﬁ@'}%ﬂ@n( Yol HYUT (4504 fourteen
r ORF2- Carbopol (Group 3), 1 ug rORF2-Carbopol (G oup

(14) GioupOl 228.6%) rstitFHRdCasiepmg ¢fGiDum Day 1GndNona qfithe otlker groups
the Chal l enge Control Goup (Goup 9). The incidence

experRhcaiRfCB] sikeleastions follRaEng eidlidr acaimdionough
post - chal | enge was zero in pigs receiving 16 ug

 CEBE0 N BT e BRESRR LB TR 15 P

46 and 98 that died from bleeding were excluded from group results. Group 4, which

received one dose of 16 ug vORF2 — Carbopol, had the highest ADWG (1.16 + 0.26 Ibs/day),
followed by Groups 1, 2, 3, 5, 6, and 10 which had ADWGs that ranged from 1.07 + 0.23
lbs/day to 1.11 + 0.26 lbs/day. Group 9 had the lowest ADWG (0.88 + 0.29 lbs/day),
followed by Groups 8 and 7, which had ADWGs of 0.93 £ 0.33 lbs/day and 0.99 + 0.44

Ibs/day, respectively.

Table 18. Summary of Group Average Daily Weight Gains (ADWG)

ADWG - lbs/day
G Treatment N
roup reatmen (Day 25 to Day 50) or adjusted for pigs
dead before Day 50
1 rORF2 - 16 ng—IMS 1314 2 doses 14 1.08 £ 0.30 lbs/day
2 VORF2 — 16 pg — Carbopol 2 doses 15 1.11 £ 0.16 lbs/day
3 rORF2 — 16 pg — Carbopol 2 doses 15 1.07 £ 0.21 lbs/day
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15

10 5), >8 log KV-Carbopol (Goup 8), and in pigs in

the strict negative control group (G oup 10). The
woveeateai’2065 nci dence of clinical synptons vari ed POBIUSE®E/ 047596

groups. Pigs receiving 16 ug VORF2-Carbopol (G oup

—single dose of 16 ug vVORE2- Carhopol (G oup 4)
angd p| @SRF2 018 {18 -Ldrb&ol 1EBAL | VE ONt T Ol grqulFH@fglﬂB’s/day

10) hgpd i nci dence r at s of 0% pigs recel ving 16

whan |l

y Al NP A
I\J‘(I'L bcll UU[JUI \\J Uup o}, aht J. oy \JF\I_L WI uupu:

( G oupURFhedipg rdiadiopob 1 dasees of 156 7% pi gd.07ec626ildday
16 ug| rORF2-1 M5 1314 (Goup 1) lhad pn overall

i nci de e of prgs réceiving 4 U
r GRF2L T @jﬁﬁoaﬁ)%(@%‘wog doggs 25 {igor PRF2- Caraoldo'FO-% Ibs/day

(Grau and >8 Ioo KV vacci he hhd incidence rates

f~ 13| n i gs ¢nge| Cont r ol
?CZr ou I@ﬁ@mﬁagzg nC| éﬁgézqrbg%é qg 14. 3% Qg/:%la fbs/day

L’JV‘I d._ac \nnll mf‘\llh
TS T

+ s
nmour t ClLI I ly t Cll €S IJCL vabll 3| uupg A=)

8,8 Whi KW > &0dogedatbopdbB dsseof KY 18arci ne had.a3he0.33 lbs/day
hi ghest nortality rate of 20.0% fo | owed by Group 9,

trebe ar [ enge ContT ol Group, and Group 7, WiT
cei ligngesCopjralorro- Car bopol dftd had m)Pt8§IﬂF999 Ibs/day
rates| of 14 3% and 13. 3% respectively. Goup 4, whi ch

rggel cﬁ@%aﬂgégloﬁ{ro 6 ug VvORF 21& ar bopol hg)dfﬂ-so?g bs/day

m)rt [t t he ot he pups,
ald 1n had 94-WD-2006/ 0720685 aFL U

82995#041596—&
vORFg T ﬁf#‘rﬂﬁ% ‘EZGPE% SORF3i5 Sombines ARHgr Tt cagags ORFS: KV or iiled
whole &‘W&t ViFus £LOREYIB pYiEPle setheliugT |~ Abnor nal

Respi rati on, and Cough Post-Chal |l enge G oup Treat nment

N Abnor mal  Abnor mal Cough Behavior Behavior 1 rORF2 -

18VE2- setdlo@y tebulis bre fretehted MBod3ihdTableld9esALIGeH ((®)%roups were

(7.19%9 2 vORF2 - 16 g - Carbopol 15 0/15 0/15 0/15 2
seronébafies fa0fQ Ve QY DEPY. On Day 14, PCV2 titers remained low for all ten (10)
groups (range of 50-113). On Day 25, Group 8, which received the whole cell killed virus
vaccine, had the highest PCV2 titer (4617), followed by Group 2, which received 16 ug
VORF2 — Carbopol, Group 4, which received as single dose of 16 ug vORF2 — Carbopol, and
Group 3, which received 16 ug rORF2 — Carbopol, which had titers of 2507, 1920 and 1503
respectively. On Day 32 (one week post challenge), titers for Groups 1-6 and Group 8 ranged
from 2360 to 7619; while Groups 7 (0.25 ug rORF2 — Carbopol), 9 (Challenge Control), and
10 (Strict negative control) had titersk of 382, 129 and 78 respectively. On Day 50 (day of
necropsy), all ten (10) groups demonstrated high PCV2 titers (=1257).

On Days 25, 32, and 50, Group 3, which received two doses of 16 ug rORF2 -

Carbopol had higher antibody titers than Group 1, which received two doses of 16 ug rORF2
— IMS 1314. On Days 25, 32 and 50, Group 2, which received two doses of 16 ug vORF2

had higher titers than Group 4, which received only one does of the same vaccine. Groups 3,

92



10

3 rORF2 -
(0% (0% (6.7% 4 vORF2 -
wOhWd/002065 1 dose (0% (0% (0%

16 g -

1/ 15 1/15 0/15 Car bopol

rORF2 -

1g -

Car bopol

16 g

15 0/15 0/15 1/15 2 doses
- Car bopol
5 rORF2 -

15 0/0 5
4gCT/US005/047596

1 dose (6.7% (6.7% (0% 6

15 0/0 5 0/15 1/15 Carbopol

2 doses (O

5, 6, { which(Regivéd dFasihg BRER of MMRIR gCarbd®1,00f156,14,15 and 0.25 ug

1/ 15

respec!(tfg(%}f, d

Car bopol

9 Chal |l enge

(7.19% (14/3% 10 Strict

0/ 15 0/ 15

(0% (0% (0%

2 doses (0% (6.7% (06.7%

SAbmeRR cdrrd oﬁﬁﬂa%ly]delaﬁ:aﬁh% IS Fitdrd o Payk 85 4d 32.

ntrol’s 14 1/14 1/14 2/ 14

(7.

8 KV > 8.0

199

Negative Controls 15 0/15
nunber of pigs in
each group that denponstrated any_abnornal behavior for

at | east onkablgdy. SummaryefGrend FCYE HEA TiteESich group

5 '"Tot al

t hat denonstrated any abnormal respiration for a
G%%Bt one ﬁl@éﬁ%ﬁt al nunibmy -8f | Plagd4ih | EayR5HTduPay 32 | Day 50****
tHhat—deronst+ated—a—~coudh—f at—tegst—one—gay 1085
WO 200ERFZ2O0BEPET/ US2005/ 0F7506 Tl e |21.%Bumbr Pt | 4314
ghglulp &gr@llhzld%gésdence of Cinjcal Synptons Post
2 vOyRFz - 16 pg - 50 110 2507 5627 4005
Carbopol 2 doses
3 rORF2 - 16 pg — 50 80 1503 5120 6720
Carbopol 2 doses
4 VORF2 - 16 pg - 50 113 1920 3720 1257
Carbopol 1 dose
5 rORF2 -4 ng - 50 61 1867 3933 4533
Carbopol 1 dose
6 rORF2 - 1 pg — 50 70 490 2360 5740
Carbopol 2 doses
7 rORF2 — 025 pg — 50 73 63 382 5819
Carbopol 2 doses
8 KV > 8.0 log — Carbopol 50 97 4617 7619 10817
2 doses
9 | Challenge Controls 50 53 50 129 4288
10 | Strict Negative Controls 50 50 50 78 11205

vORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; KV or killed
whole cell virus = PCV2 virus grown in suitable cell culture

*For calculation purposes, a <100 IFA titer was designated as a titer of “50"; a 26400 IFA

titer was designated as a titer of “12,800".

**Day of Challenge

***Day of Necropsy

The results from the post-challenge clinical observations are presented below. Table
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15

20

G oup Treatnent N Incidence of pigs with Incidence
Cinical Synptons' Rate 1 rORF2 - 16 gg - 14 1 7. 1%
woBeh34%52 doses 2 VORF2 - 16 gg - Carbopol 2P@B/U82005/047596
0.0% doses 3 rORF2 - 16 gg - Carbopol 2 15 1 6. 7%
doses 4 VORF2 - 16 gg - Carbopol 1 15 0 0.0% dose 5
20 inclodeR-chggvations? fai3. AAMoraalr Bohavior] Absantl r Ke¥piration, §gugh and
- 151 6.7% Carbopol 2 doses 7 rORF2 - 0.25 gg -

Diarrifed! bpp 219nduded B%oreshltd GRS tie K¥nihaly Bf Gagup Ovafalldaeidence of
2 15 2 13.3% doses 9 Challenge Controls 14 2 14.3%

.. i Lve | = .
cnch Pt Ay PRSI ey 0 AT orany
- expressed ORF2; KV, or killed whale cell virus = PCV2
Rates Q6 h)je80f | THies thoideBP% OF SPROHA (1FPaviar: IPRRIEFIR Agerough post-
of pigs in each group that denonstrated any clinical
challesgermtetenldwrin gtigd emsivingnt6 ugayREIMS2D3145{(meup yi)0i6 ug rORF2-
Group Mortality Rates Post-Chall enge
Carbopol (Group 3), 1 ug rORF2-Carbopol (Group 6), 0.25 ug rORF2—-Carbopol (Group 7),

and in pigs in the Challenge Control Group (Group 9). The incidence of abnormal behavior
respiration and cough post-challenge was zero in pigs receiving 16 ug vORF2-Carbopol
(Group 2), a single dose of 16ug vORF2—Carbopol (Group 4), 4 ug rORF2—-Carbopol (Group
5), >8 log KV—Carbopol (Group 8), and in pigs in the strict negative control group (Group
10).

The overall incidence of clinical symptoms varied between groups. Pigs receiving 16
ug vORF2~Carbopol (Group 2), a single dose of 16 ug vORF2-Carbopol (Group 4), and pigs
in the Strict negative control group (Group 10) had incidence rates of 0%; pigs receiving 16
ug rORF2—Carbopol (Group 3), and 1 ug rORF2—Carbopol (Group 6) had incidence rates of
6.7%; pigs receiving 16 ug rORF2-IMS 1314 (Group 1) had an overall incidence rate of
7.1%; pigs receiving 4 ug rORF2—Carbopol (Group 5), 0.25 ug rORF2—-Carbopol (Group 7),
and >8 log KV vaccine had incidence rates of 13.3%; and pigs in the Challenge Control
Group (Group 9) had an incidence rate of 14.3%.

Overall mortality rates between groups varied as well. Group 8, which received 2
doses of KV vaccine had the highest mortality rate of 20.0%; followed by Group 9, the
challenge control group, and Group 7, which received 0.25 ug rORF2—Carbopol and had
mortality rates of 14.3% and 13.3% respectively. Group 4, which received one dose of 16 ug

vORF2—-Carbopol had a 6.7% mortality rate. All of the other Groups, 1, 2, 3, 5, 6, and 10 had
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G oup Treatnment N Dead Post- Mortality Rate chall enge
1 rORF2 - 16 gg - 14 0 0.0% |IMs 1314 2 doses 96 WO
waQos/02i@865 PCT/ US2005/ 047596 2 vVORF2 - 16 g PCT/US2005/047596

Carbopol 2 15 0 0.0% doses 3 rORF2 - 16 g - Carbopol
2150 0.0% doses 4 VORF2 - 16 g - Carbopol 1 15 1

a 0% Gortditydatee 5 rORF2 - 4g - 15 0 0.0% Carbopol 1 dose 6
rORF2 - 1 g - 15 0 0.0% Carbopol 2 doses 7 rORF2 -
0.25 g - Carbopol 2 15 2 13.3% doses 8 KV > 8.0 log -
Car bopol 2 15 3 20.0% doses 9 Challenge Controls 14 2

L h1d30. gu O%{%Bné’hr? Abhdinti Bl \Vlgf-e'fgbnormal
Rt e s AN S

I rus| grown 4n_suitable cplN |cuthbffalThe Abtormey 9  Cough’
%%‘Qp Mean F;trreﬁgfﬁn ge Lung L.eSIBgﬁé\,lélﬂld Tesdialio® |
Bagnosts—Ts 5 girvenrbetpw, N TR 28— G oup 9, the
chal | pRR&F2cokft wt group, 136 the(O/)ghe>t pdVtent age 1/14

IMS 1314 2 doses (0%) (7.1%)

2 - |vORF2 - 16 ug — Carbopol | 13 | 0/15 0/15 0/15

2 doses (0%) (0%) (0%)
3 rORF2 - 16 pg — Carbopol | 15 0/15 0/15 1/15

2 doses (0%) (0%) (6.7%)
4 |VORF2 - 16 pg — Carbopol | 1° (00/(}/5) 0/15 0/15

1 dose ° (0%) (0%)
5 rORF2 -4 pg— 15 1/15 1/15 0/15

Carbopol 1 dose (6.7%) (6.7%) (0%)
6 |tORF2-1pg— 151 015 0/15 1/15

(0%) (0%)

Carbopol 2 doses ° (6.7%)

7 rORF2 - 025 pg |15 0/15 1/15 1/15

Carbopol 2 doses (0%) (6.7%) (06.7%)

8 |KV > 8.0 log — Carbopol 2| 13 1/15 1/15 0/15

doses (6.7%) (6.7%) (0%)

9 Challenge Controls 14 1/14 1/14 2/14
(7.1%) (7.1%) (14/3%)

10 | Strict Negative Controls 51 o1s 0/15 0/15

(0%) (0%) (0%)

!Total number of pigs in each group that demonstrated any abnormal behavior for at least one
day

Total number of pigs in each group that demonstrated any abnormal respiration for at least
one day

3Total number of pigs in each group that demonstrated a cough for at least one day
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lung lesions with a nean of 10.81 23.27%
G oup 7, which received 0.25 ug

woadeca7mean of 6.57 24.74%

ug r ORF2- Car bopol

r ORF2- Car bopol

fol | oned by
and

Group 5, which reeerwsenod/047596

and had a nean of 2.88 8.88%
Group 8, which received the KV vacci ne and

and
had a nean

ofTdblO21. Sudatdry b Groap0 veral) Iscider(ce)of §Hbuied Symptomedost-
mean percentage |lung 10 Challewge t hat ranged from 0. 11

0—38%-+6—0—90—0-15%—Tentative—diagresis—ef—ppRreurarto—
\Goiged| anong theatgieaups. G qup 18, \hilkHdense of Pigg Withyo | Incidence
doses pf 16 ug r ORF2- Carbopgl, had|the | owest
tentat|ve diagnosis of pneufjonia, W tElinkal Sgmptemslip Rate
9, thel|lchallenge control grqup, had 50% of the group
tenta nosed w th|pngymompia, follaqwed by 71%
Gréup l’@em%/%e @Sgl ct negati Ve contfol group and G oup °
2, Wwhi £ivE5 3ngeeioked two do<es of 16 ug
VORFZ-{2ar bopol o6 Wi th 46. 7% Zpg% Tespectiv , 0.0%
t eRt at | V@R¥2 —of mi@e‘mmﬁc CT/| US2005/ 047596
di aqno séafesvi t h pneunonia. Gloups 1) 2, 3. 5. 9, and 1
ha r p @;e Vel ¥5di agnosed ad PCV2 6.7%
in ect ?ﬁvﬁ 1% da? \Ml% ch recegived two doses if
K \vact horl ¥ hl h| nhacf rur nun f-ate Cf -entat : e
di agno:v@Rpﬁ FIG\p?gJ_rqjaelgdpom, \/\Hﬁch 20% Grmpp 7, which 0.0%
receiv giosgwo doses of 5 0.23 ug r ORF2- Carbopol, and
Goup f,_WIi it Tecef ved one (003§ of 16 Ug 13.3%
vORF2- CEMRIGhot Ughad tentative gioup di agnosés of PCV2 '
i nf ect %rﬁo%oﬂ-?dés@ and 6. 7% of each group,
respectivery. GastTT T Ul TeTS gy diagnosed 1N 6.7%
oné pi rORFLx bug—7 (6.7% ; Whl| t he ot her gr oups e
remai ng éa@g?@lﬁi Sgg;\strl c ul qers. 10 Table 23. Summary
Uf G Uyl AT 70 LUTI I_CDI Ull jdll ICIIL all VA LJI gIIUbI ) 13 30/
G @up I'r%ﬁiher&Zﬂ\lug\l&Cﬁbopmlgs ;jﬁ shed for 1 nci dence 270
Rate @2 dbsast one day 1 rORF2 - 16 g - 15 0 0%
8 KV > 8.0 log — Carbopol 2 15 2 13.3%
doses
9 Challenge Controls 14 2 14.3%
10 Strict Negative Controls 15 0 0.0%

vORF2 = isolated viral ORF2; tORF2 = recombinant baculovirus expressed ORF2; KV or killed
whole cell virus = PCV2 virus grown in suitable cell culture

!Total number of pigs in each group that demonstrated any clinical symptom for at least one

day

Table 22. Summary of Group Mortality Rates Post-Challenge

IMS 1314 2 doses

96

Group Treatment N Dead Post- Mortality Rate
challenge '
1 rORF2 - 16 pg - 14 0 0.0%




10

15

I MS 1314 2 doses 2 VORF2 - 16 gg - 15 1 6.7% Carbo
012 doses 3 rORF2 - 16 gg - 15 3 20.0to Carbopol 2
wdasesd7265ORF2 - 16 gg - 15 2 13.3% Carbopol BCU@S2005/047596
rORF2 - 4 gg - 15 3 20.0% Carbopol 1 dose. 6 rORF2 - 1
gg - 15 6 40 0% Carbo Q12 doses 7 rORE?2 - 0 25 gg -
15 57 4§| JIRELAT bo %2 éﬁ%g%o@KV 358. 0| 1 og - 0Car boppl  0.0%
15 12 O(fd)sesz doses 06/ p72065 PCT/ US2005/ 047596
3 GIC[IILCIIQC CUIILIUI Py J.4 14 ﬂ:oo On//U 4n Qll I Lal Jﬁbgall € 0
Cordt r ol |sORF214 B3.13%VCiRbapot 2 ol ééed viral ORF2 0.0%
r ORF2 :doeegorrbi nant bacul ovi rug expresjsed ORF2; KV or
Killed VITUs = P VREUS [gr own pn o
suit abl e"%ﬁ “C t”lgre qﬁéoﬁlnlfrarylgf Gr oup III1—|C 6.7%
Posi ti viedoseici dence Results are|l shown below in Table
245 5 _]i} 6 ug rORF2 - | M513314) had Ohe | owest 0.0%
group rjate of positive results with 0% of the
pi gs_polsCaibpeok bdoseCVv2, foll owed by Gloup 2 (16 ug
2 - @@o b%_and G oup 4{ (silagl e[ dose 06 ug 0.0%

F2 - rbopoly, which had gfoup IHG rates of 6. 7P6
and 13.G¥bomdRalosésvel y. G oup| 9, the [chal | enge
con7t r ol P, Ot%duétlecgrlbg]ggsi | HEsposfitive 2 13.3%

doses
8 KV > 8.0 log — Carbopol 2 15 3 20.0%
doses
9 Challenge Controls 14 2 14.3%
10 Strict Negative Controls 15 0 0.0%

VORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; KV or killed
whole cell virus = PCV2 virus grown in suitable cell culture

The Summary of Group Mean Percentage Lung Lesions and Tentative Diagnosis is
given below in Table 23. Group 9, the challenge control group, had the highest percentage
lung lesions with a mean of 10.81 £ 23.27%, followed by Group 7, which received 0.25 ug
rORF2—Carbopol and had a mean of 6.57 £ 24.74%, Group 5, which received 4‘ug rORF2—-
Carbopol and had a mean of 2.88 + 8.88%, and Group 8, which received the KV vaccine and
had a mean of 2.01 % 4.98%. The remaining six (6) groups had lower mean percentage lung
lesions that ranged from 0.11 & 0.38% to 0.90 + 0.15%.

Tentative diagnosis of pneumonia varied among the groups. Group 3, which received
two doses of 16 ug rORF2-Carbopol, had the lowest tentative diagnosis of pneumonia, with
13.3%. Group 9, the challenge control group, had 50% of the group tentatively diagnosed
with pneumonia, followed by Group 10, the strict negative control group and Group 2, which

received two doses of 16 ug vORF2—Carbopol, with 46.7% of 40% respectively, tentatively
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i ncidence rate with 100% of the pigs positive for
PCV2, followed by Goup 10, the strict 10 negative
woamieroatoegr oup, and Group 8 (KV vacci ne), w t hP@BUS05/047596
and 80% of the pigs positive for PCV2, respectively.
Tabl e 24. Summary of G oup |IHC Positive Incidence Rate
diagnopedupitipesammmig. N No. OF pigs that shed for Incidence
Rate at |least one day 1 rORF2 - 16 gg - 15 0 0% IMS

133%dups doses, 8, D(BEQIO hh8 @9 of thé giogﬁe%atﬁél bdlaghbded as PCV2
doses 3 r(PFZ ~ 16 - 15 3 20. 0% rbo ol doses 4

r
1nfect\4%ﬁ11%G%cﬁJé)gS d}gﬁl?lbgec%o oﬁraﬁg%eg gf %%’%ég@@ Illsaf t%ﬁ%e%‘hroup rate
0,
of tex%%qv%/ Caé?%ﬁ%@é B SR e g v s
Car bopol 2 doses KV > 8.0 |l og - Carbopol 15 12 80%
0.25 g @&E&—C@rw,l aéldg(ém@pr‘k which receivefl ar@odagemf 16 ugtvQRJi2—Carbopol
Negative Controls 15 14 93. 3%
had tentative group diagnoses of PCV2 infection in 13.3% and 6.7% of each group,
respectively.

Gastric ulcers were only diagnosed in one pig in Group 7 (6.7%); while the other 9

groups remained free of gastric ulcers.

Table 23. Summary of Group Mean % Lung Lesion and Tentative Diagnosis

Group Treatment N No. Of pigs that shed for | Incidence Rate
at least one day

1 rORF2 - 16 pug— 15 0 0%
IMS 1314 2 doses

2 |VORF2 - 16 pg —| 1 6.7%
Carbopol 2 doses

3 |t1ORF2 - 16 pg -| 12 3 20.0%
Carbopol 2 doses

4 vVORF2 - 16 pg - 15 2 13.3%
Carbopol 1 dose

5 |rORF2-4pg- 15 3 20.0%
Carbopol 1 dose

6 |tORF2-1pg- 15 6 40.0%
Carbopol 2 doses

7 |tORF2 - 025 pg -| 13 7 46.7%
Carbopol 2 doses

8 |KV > 8.0 log— Carbopol | 13 12 80%
2 doses ‘ i '
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VORF2 = isolated viral ORF2; rORF2 = reconbi nant

bacul ovi rus expressed ORF2; KV or killed whole cell
WOi2006807206PCV2 virus grown in suitable cell cul PATAIS2005/047596

D scussion 5 Seven PCV2 vaccines were evaluated in

this exanple, which included a high dose (16 q) of

F2 ant edj wiigh | M5 1314 BHm ni st erled 100.0%
twi ce éﬂélke%ggcggse\é(m g) of ORF2 anti gen adJ uvant ed

with d-—onec t o—oRe—a+6Hs g5

VVVV AvA~l u SS
ang t |BeRt Negatirexasmonts of o of pigs, ahigh dosd (16933%
g) of | rORF2 anti gen adJ uyant ed vvlth Car bopol

vORFf‘“'E‘sdf t&% Eg%i;\g ;ﬁ;‘! %W bl@ é’ﬂ ul eg{iﬁ'l' %cp?%&éggéﬁm K\é & killed

WhOIeaeo Vlm en ad) uva wi th Car bopol

ade gm a0l #?fyoverlgeam&ﬁﬁwh%ﬁéﬁwoﬁgﬁave%n Table 24.

and a high dose (> 8 log) of killed whole cell PCV2 .
Groupv h€th ng raBF2vaRdsd 30 haddke Hopest graopeiatel ¢f IHE pogitive results with
whi ch recei ved two doses of 16 gg rORF2 - | MS 1314,

0% opﬁfef Bépdsifivé ghtt PE Ve FslRwednan Gréapo 2 n$6 igt YOREQH- Tarbopol) and
whi ch recei ved vacci nes contai ning various |evels of

Group ht(glﬁ% 5*6%{1?0%‘55179?':%21 gb@ e@hﬁﬂlﬂé\ﬂa%?\h&ﬁ TMEtes of 6 7% and

tter th G oup 8 I'ch received

t wo doses f Ki le cell CV2 vac
13,39, EaresGeh; Fio¥ Jndi: SRARRSS o9 %0%% ﬁb@? &@,esyfﬁg positive
| owest i nci dence of abnormal behavi or th
incidenee rade vdth b90%bichermigs pasiipieriar PEY 2% d¢ OW%d bb\fﬁroup 10 the strict
i ncidence of cough (7.1%, a |low incidence of overall
negativk icontedl| growiy Apd Gru 8 (K3 vaceias), twithdd3a8 %ohantll 8086 obthegrigs positive
groups for the | onest nortality rate (0%, the 20
rate for nean % lung lesions (0.15
forP(?@%%}?eét second | onest rate for pneunonia (21.4%
.and the | owest incidence rate for positive IHC tissues
(0%9. Goup 1 was, 100 WO 2006/ 072065
PCT/ US2005/ 047596 however, the onI%/ ar ou i n_whi ch
i nj ect i Bable 24.cSpmamaryoi Grpupd HG Pasitivecidencs Rateed
50% of the vaccinates 1 day after the second

acci nation her vaccNnes N Ofipigd thateshet dor dupadence Rate
r LH’rcugh 7158%}%eg{ned befter than the killed vacc)ne
and nearly as well as the vaccilne Afqundtsied tp
G oup|1.
0
1 rORF2 - 16 ug— 15 0 0%
IMS 1314 2 doses
V)
2 vORF2 - 16 ug - 15 1 6.7%
Carbopol 2 doses
0,
3 rORF2 - 16 png - 15 3 20.0%
Carbopol 2 doses
0
4 |voRF2 - 16 pg -| 2 13.3%
Carbopol 1 dose
0,
5 |tORF2-4pg- 15 3 20.0%
Carbopol 1 dose
0,
6 |rORF2-1pg-— 15 6 40.0%
Carbopol 2 doses
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5 Goup 8 which received two doses of killed PCV2

vacci ne adjuvanted with Carbopol, had the worst set
wohoteasules s f or any vacci ne group. G oup 8 hadPCinaiS2005/047596

| onest ADWG (0. 93 0.33 | bs/day), the second hi ghest

rate of abnornmal behavior (6.7%, the highest rate of

abnor spiration (6.7%W1.5 was tied w7th three |ot hed6.7%
g%upi?(lf) ft e @Pghé‘& 0 eral}wl i nci dence rate of
clinig¢ 9 dlthe highest mprtallity

9 LA 4 0
rage okvabls @1euPTakboR D915 and had t hE2 hi ghest 80%

posi tilyg,lddC rate (80% of any|vaccine group. There

wWwdS CUITICET T1 tirat trne Krifl Lil‘t wiiurT € CCT 1 CVZ VaC(l Te 1000%

mey noChhldenge boatrolsul | y [ nact i yat ed pri%r to
adm nijstration to Goup 8, whig¢h may explain this

group’ results. Unfortsunately, definitive |[data9g3.3¢
wa n()gnﬁggeg%{b\qegiqngm&som irmthis concern. Overall, in

the context of this examle a Conventional Killled

VORFE\igolgtad virtlcORF2 1ABE2 ai tecombindné bpesdnyirns expressedp@RB2; K or killed
whole gelbvinis at RV 2vinie geoavn imsnifgblewelberdiuze ment i oned, no
adverse events were associated with the test vaccines
wi th exception of the vaccine adjuvanted with | M5
Discudstdft- I njection site reactions were noted in 50.0% of
the pigs 1 day after the second vaccination with the
v ! . . o o _
SSRGS Sl R MAARE, R R ose 10
were noted 20 in any .pi r I yi ng  Carbopol .
1E) ol AR D At HES itk NTS (13Tt TR SV et highogele o) of
pigs vaccinated with I M5 1314 adjuvanted vacci nes, ]
vORFehamtigeh adjnvimedewith Garbopel pdmimstersd opegyte éngr groppjoé pigsgmd twice
site reactions. Al pigs were sero-negative for PCV2
to a s&dnBBtouploBPigs,Chigh @ose! P12 pHosk @ORF2 itigeh @dfivadied with Carbopol
Day@%f. %1 %y 25 (day of cﬁal | enge), Group 8 had the

g R e
S TUNTLIC = W M T L g N T

Day 50, all groups including Goups 7, 9 and 10 . i
dose @eifopg) ofrQRIE 2 anttgen rigiwvianted ovigh Cetheppkedminyféered twige, and a high
hal | marks of |ate stage PCV2 infection and subsequent
dose BM\bg) of killed whole cell PCV2 vaccine adjuvanted with Carbopol. Overall, Group

1, whichA received two doses of 16 ug rORF2 — IMS 1314, performed slightly better than
Groups 2 through 7, which received vaccines containing various levels of either vVORF2 or
rORF?2 antigen adjuvanted with Carbopol and much better than Group 8, which received two
doses of killed whole cell PCV2 vaccine. Group 1 had the third highest ADWG (1.80 + 0.30
Ibs/day), the lowest incidence of abnormal behavior (0%), the lowest incidence of abnormal
respiration (0%), a low incidence of cough (7.1%), a low incidence of overall clinical
symptoms (7.1%), was tied with three other groups for the lowest mortality rate (0%), the
second lowest rate for mean % lung lesions (0.15 * 0.34%), the second lowest rate for

pneumonia (21.4%) and the lowest incidence rate for positive IHC tissues (0%). Group 1 was,
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5 devel opnment is growh retardation in weaned pigs,
and in severe cases, weight loss is noted. Average
wdabdey7res ght gain of groups is a quantitativePaEUS2®S/047596
of denonstrating growh retardation or weight | oss.
In this exanple, there was not a large difference in
howepghe andy groap igvdughsinjeGtion pitBreqetibrs tveeré noledt wihitk\Biabdded 50% of
0.88 0.29 I bs/day, while Goup 4 had the highest

the vadoMGtesfl daykfiter thed€cdnd/vdadinatithnl MHe Jthe vaedheddnsthisteddto Groups
study there was not a 10 sufficient difference

e : ' ffi Y, .
2 a7 P BRSCUL LT HEGRL 5 SHEAS S 1 e vacen
- .pallar t he skin and sonetines icterus are clinical
adm"ﬁ%ﬁ{?ﬁ&?rgrﬁ% ciated with PMAB. In this exanple,
abnormal behavi or and abnornal respiration and cough
wésreup 8t whichnegeinpddwo ldpsdsef ki led PGy D uaccingsdpwiatied edth Carbopol,
in this study, this chall enge nodel and chall enge

had tlsd waish setofMetulisedtibiy Vatchearydin! Giaig & hhdiedowetSADWG (0.93 +
synptons and this is not a strong paraneter on which

j i.+C , 1 al k ty\rales:

033 YBSREREASELRE LSRR or AN noRGLEI ! BSfghes e of
nortal i.ty. r in the chal] enge control group lipmits

abrofial it &4 ok e O Bt abibe, et oty ftns Mehést overal

. Prior to Day 46, Goups 4 and 7 each had one out of

incidgrice traterofpeliicali symptanau fl 333 % chadvibe chighest morralityt g of all groups
pigs die and G oup 8 had three out of fifteen pigs

(20%Yjiaqd hbM ehettiglidsepdsitie [HICAateRISO0U) 09 anPOadchie @b, | E@ewas concern
control group was not denonstrating PCV2 clinical

that thY¥ "RH&EvIRY c@lgl YCi9ovacemat iy IRf e lﬂegﬁ‘gélg oigmtﬁlated prior to

group by Day 46, Porcine Respiratory an uctive

.Syndrome Mirus,(PRR M.V vacgi.ne was adni ni ster Q
aaminSHR D GROURSS" W hepy (E3PIATL At BB oG FIoh P Unfottunately,

INGELVAC(r) PRRS MLV as an inmmunostinulant to _
definifiye slater wee nptowailablestoceuticn thiaepnserea Syt innthe aontext of this

rates were higher in these earlier studies. Two 102
exampl® 2006henRio6E RAAUBZOVOSAEethzOdid dentalis o ahe rredittion of PCV2
shortly after adm nistering the PRRS vacci ne on Day 46
associatdd fstasgt had one death on Day 46 and Group 7 had one
death on Day 47 - which were probably not associ ated
with the adm ni.stration,of the PRRS vaccine, B V. .
504’5 %gxélglﬁﬁg’me\:mllogﬁ&r%oc%cih(%sg eiv\%ts VI Sassocs:]aaq?(q mltédtgg test vaccines
.. vaccine,_ had the hjghest rr_ortalit)( rate (209, .
with exgentigneef tb? V@cgypadgu\(ag}@gwlghg\és 1314. Injection site reactions were noted

in 50.0% of the pigs 1 day after the second vaccination with the vaccine formulated with IMS
1314 and in 28.6% of the pigs 2 days after the second vaccination. No reactions were noted
in any pigs receiving Carbopol adjuvanted vaccines. Any further studies that include pigs
vaccinated with IMS 1314 adjuvanted vaccines should continue to closely monitor pigs for
injection site reactions.

All pigs were sero-negative for PCV2 on Day -3 and only Group 2 had a titer above

100 on Day 14. On Day 25 (day of challenge), Group 8 had the highest PCV2 antibody titer
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5 control) and Goup 7 (0.25 ug rORF2 - Carbopol),
wth nortality rates of 14.3% and 13.3% respectively.
woeerca72o65adm ni strati on of the PRRS vacci ne t8CThs2005/047596
chal I enge nodel late in the post-challenge
observation phase of this exanple did not
(4619)sfolivived G3NGioppi NEAS6AR e Withr thalekteption af €3roud Bs% ahd 30,011k groups
in pigs with PMAS secondary to PCV2 infection

' | | 5, aludihg G
smr RS SL I BB bl s o bomngaponontg v

[ rstitial eunoni.. ith interlobul ar edema, (2)
7,9 angﬂi)gﬁ%f}%trag%c}?%ﬁox@,arﬁt@?g’rﬁg}?mf ) mottled atrophic

livers, (4) gastric ulcers and (5) nephritis. At

e oyfs she Balmss, of cleter 5es h%ﬁa&?-i intection, 784 netspquent, PMWS

were not noted in any groups. A gastric ulcer was _
developmieaidis ighowthererdution An wegnedopilgs, anyrip lseicken ogses,hyeightslosrois noted.

specifically exam ned for. Based on the presence of

Avera%eﬁ hiBP el SRt galp SupsO kS h Sfudititativd Rndthdd of fetohbtedting growth

ree groups had at |l'east one pig tentatively

i agnosed ith 2 (P . 0 i p '
rotarcigh oREEH, s, P, %’éa%é’,t O ot el iﬁ‘{?‘%ﬁé_\}‘xg% ADWG
di agnosed wth PCV2, while G oup 7_an oyp 4 had
betwearaEgupdr P Arhad HeJpRER ARG OF 4B 4142 0I G ady S Ggoup 4 had
with PCV2. The mean %l ung | esion scores varied
the higiettWweBW Grafulpss at0.26@ iv/dgys yWithinolg sontexpof this gtudyp thene was not a
10 had low % lung | esion scores that 20 ranged from

sufficilnt i fferBn@A5wEerCer88ps 18 bafMutie vaxcRrRW Behcy ChQUPWE. t he
chal | enge contro group, had the highest nean % | ung

S RRER S PSS YO 0 BB i
icterquérg Isi‘éllﬁln%g gﬁgfg%tginﬁtr?gseqscgﬁﬁ%{ ?Vg@f%ﬂg‘y% ?lé t}\}/ig %3{?}&')]%? %ll)rg)%al behavior

consolidated. Typically, lung lesions associated with )
and abBMial aespirdtien phdeahghsvara noted anfraguentipor sach soup As evidenced in
interlobular 103 WD 2006/ 072065 PCT/ US2005/ 047596

this stBEERis chierlgd tBodc ah@ REallkakestraifl docd redultciy overwehelming clinical
either not associated with PCV2 infection or a second

s 08 BT BB B R sy

scores probably do no reflect.a true neasur f .the .
a%qﬁ ’ Ig}prtplgmd‘ tes WerRpot dhis exaraple an@ffﬂ%%cg é’f a high mortality

tentative diagnosis of pneunonia may have been over,
rate in the challenge control group limits this parameter on which to base vaccine efficacy.

Prior to Day 46, Groups 4 and 7 each had one out of fifteen pigs die, Group 9 had two out of
fourteen pigs die and Group 8 had three out of fifteen pigs die. Due to the fact that Group 9,
the challenge control group was not demonstrating PCV2 clinical symptoms and only two
deaths had occurred in this group by Day 46, Porcine Respiratory and Reproductive
Syndrome Virus (PRRSV) MLV vaccine was administered to all pigs on Day 46. Earlier
studies had utilized INGELVAC® PRRS MLV as an immunostimulant to exasperate PCV2-

associated PMWS disease and mortality rates were higher in these earlier studies. Two
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5 utilized as well. Any pigs with lung | esions, sone
as small as 0.10% were listed with a tentative
wdizerazics of pneunonia. In this exanple, thereCcnas2006/047596
sufficient difference between groups with respect to
gross lesions and %l ung | esions on which to base
deaths \cacurratdesheftlyi after pdmiiniGering thet BRR 8 omedng pe Dax4§es Group 4 had one
di fferences between groups. Goup 1 (16 g rORF2 - |IMS

death &r?’ﬁé}) 40884 GP&lpl PREBSnd Rt b1vVPay HICvEch tverd mrobablvaot associated
ant |gen (0% ; while Goups 9 and 10 10 had the

with th%lcfglg};xel 1&&8)%1' (ﬁ“ )Yee Pf{f{@ vabci H%: t ﬁyg %8;5@%6@98“ Q@n&?ﬁ@ﬁv&i two doses

respectirve

ich received 16, 4, 1 f .t ORF
of i s Jor i et o e D UEA A " chaten
positive rates of 20% 20% 40% and 46. 7%
control)emp d@rouy &1(9.25 @goiIRE2, - \ﬂarbﬁpo})ewghqulmbrmsmgﬁ% pad 13.3%
g VORF2 adjuvanted with Carbopol had an |IHC positive

respecﬁ%l? Qvefall! YamiMNtlaBofof it BRRE ivatcifienethy edallengy nwdel late in the
dose of the same 15 vacci ne, had an | HC positive rate

post-c ]?ar]i]gng? ég rﬁiﬂ%{l }?rﬁég %fotﬁ e&l Wof s%t'utﬁ:lahﬁy tlﬁ&éas@rlﬁortahty

resu rre at ed expect ed
results, IHC testing is probably one of the best
rates. parameters on which to base vaccine efficacy. Thus in
one aspect of the present invention, the M ninum
PGodse desions iDgEgywith NRPDVS s¢copdyy tp (BQISQZ gﬁpqtg@ntyplcally consist of
adj uvanted with Carbopol in the CDCD pi g nodel in the
generafh%@& 19fpRadedSpAAEVan Chvahbdisaid wsthdeheron mete ofr thap®lBwing: (1)
5, and 7 each received two doses of rORF2 antigen

1nterstﬂ9%l lﬁ%@lﬂﬁ@rﬂa ‘%1(}‘11 it RRRE edeH! (F) rl%ta{n%&?bl %ﬂfor rcg:i’gt%rus, §3) mottled

iFgén varie or each group. oups
each received 1 r ORF

strophi e 4y 8 Fiersgidd i nertst cachesty iR iDﬁ%va%?ms heprit,

rORF2 anti gen decreased PCV2 anti body tlters
and ndphditie wewchot nhisdrin anpEioups. r Atgastrigaiaer Has neigd F%gli“i)ﬁ@o“&r?opl& but
the incidence of IHC positive tissues. O the four

lymphi8éhopiihg GRS/ T 2PESHFATY/ LSRR/ 047 Baked gr thepresaace v laspns that
varying levels of rORF2 - Carbopol, Goups 3 and 5,

were (M}]tsfé{%n{ GERPEAR hﬁ@ct oHOgR& %fouﬂsfihélf at‘le&g of¥d pie@dtively diagnosed

I gen, respectlve y, each had an | HC positive rate

it B3RS R FoloreRy g, A Rpiinkd g, 20%

rotective dosage of rORF2 antigen adm ni st
tentatu%slyagpgm@pﬂawﬁh %’(Z,Vé,_ while Group 7 and Group 4 ﬁac(le 13. 3\% and 6.7%,

respectively, tentatively diagnosed with PCV2. The mean % lung lesion scores varied
between groups at necropsy. Groups 1, 2, 3, 4, 6 and 10 had low % lung lesion scores that
ranged from 0.11 % 0.38% to 0.90 + 0.15%. As expected, Group 9, the challenge control
group, had the highest mean % lung lesion score (10.81 = 23.27%). In four groups, the mean
% lung lesion scores were elevated due to one to three pigs in each of these groups having
very high lung lesion scores. The lung lesions were red/purple and consolidated. Typically,

lung lesions associated with PMWS are described as tan, non-collapsible with interlobular

103



10

15

20

5 I n anot her aspect of the present invention, the
antigenicity of reconbinant (rORF2) and VIDOR 1
WORaRPB206PCV2 anti gens were assessed. Group 2 PETRISY®E/047596
two doses of 16 gg VORF2 and Group 3 received two
doses of 16 g rORF2. Both vaccines were adjuvanted
edemawi The 1Gag besjpmis noBuitin thia stidyezeraeitherfrot assoriatadevisia PE Vanigfection
both had 0% nortality rate. Goup 2 had a PCV2

&Bhi Bethodary ftfedtfousd 28dntARayPBWe250en Mibsefit. Ghdthin thehahtext of this
oras CVZki,gnt?bdg%y ?I toelr gfn 10a1503 Gr\gja 3 had a | ower

study, gl?eg‘go ng lig%g}é ?c%gé)sr})r aﬁ) u)g dél?zﬁrtaﬁ%c? lépm?e ﬂq?aﬂége ofgth§ %r{?o\éﬁt of lung

a | ower
cidence rate that Go 6. 7% vV 209
infectiph e Jadt ibs THERISS dFRER RIS ¢ Pycormsie wﬁ*matgen
associated with slightly better | HC results. In yet
utilized rast Well. a%pepigs ofitht hmgplesioestsomsvasnimathas OH8% were listed with a
suitability of two different adjuvants 15 (Carbopol

tentati®® diabMisl Siheut@fiad ¢h eigex1REble, Bhérd MWas hoanffickenbdifference between
recelved two doses of vaccine containing 16 ug of

groupsa\g hi aﬁ 4 (59 %ﬂ]{s% R:ﬂ{ K}gél%g? ql\ll\lg Tﬁ%fdné%g Xgﬁ%l t;%g%ig?s it ine hegﬁcacy.
Zﬁ—t;,('g %@eqr&g?pf}o qqgtﬁxegqyéme rérg;gg EﬁtyveBOt o “8{;1 %%P?w pg rORF2 —

i ncidence of clinical signs post- challenge the s

IMS 1304} bdd the lowess positisie SdEamsults| oy PENG ansigen (A9%); wmet@@mps 9 and
| esions; but Goup 1 had an 20 I HC positive rate of 0%

10 had"ﬂie' }ﬁ’glgsﬂp&lt&eﬁﬂt ABultsHwith dfdidenve ratét of 10092880 93.3% respectively.

However, G oup 3 whi ch received the vacci ne
had
oo SRS A RO 005 TR g e

the VaCCI adj.u t wth.lMS 1314 o
adiwvapech i CHEORSAdaler nBOSUTLTERY ef At T 19 g 467%
provide better IHC results, it did not provide
respeativelywH@sionp Agwhicharecivediiiot doses oinl & K Wﬁ@%@dm’t‘ﬁ@@ti g Carbopol
and did induce injection 105 WO 2006/ 072065

had alPGICYD3Ae/10 TTH7% swhite Geaws 4 ovhichiNeeeieed ohlyeone@dRe of the same
vacci ne adjuvanted wi th Carbopol perforned nearly as

vaccittehhd aﬁ‘?l—lgrk\%sltﬁ@ rats WF 1384V #5846 tP{@GlSjb&Rbe IJQMIre \Mﬁhl@ @dst and the

assocl ate any adverse events. I'n Stl anot her

as t ofthe sent |nv tio s
fact tl}gt@%&ﬁ%ts gorrgla f rf)srugta’ulﬁE WgF 1‘?% erlr)tﬁf]fb\{ gfle of the best

G oups 2 and 4 bot h r ece| ved 16 gg of v(PFZ vacci ne
parameters on which to base vaccine efficacy.

Thus in one aspect of the present invention, the Minimum Protective Dosage (MPD)

of PCV2 rORF2 antigen adjuvanted with Carbopol in the CDCD pig model in the face of a
PCV2 challenge is determined. Groups 3, 5, 6 and 7 each received two doses of rORF2
antigen adjuvanted with Carbopol, but the level of TORF2 antigen varied for each group.
Groups 3, 5, 6 and 7 each received 16, 4, 1 or 0.25 pg of rORF2 antigen respectively. In

general, decreasing the level of TORF2 antigen decreased PCV2 antibody titers, and increased

the mortality rate, mean % lung lesions and the incidence of IHC positive tissues. Of the four
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5 adjuvanted with Carbopol on Day 0, but Goup 2
recei ved a second dose on Day 14. G oup 4 had a
wehkbghrtogs hi gher ADWG and a | ower nean % | ung PeESiUS2®S5/047596
than Group 2, but Goup 2 had higher IFAT PCV2 titers
on Day 25, 32 and 50, and a slightly |lower incidence
groups sdceivoig Vaigingdowils b EORF2 suGmbopiil) Gonupe 3 ansksh| which egceived two
these two groups were simlar. Overall, one dose of

doses \6ER62orafl g \WFTORF Mt i3 et kiRl el peddch hag dnSIHTG bésititrate of only
two doses of the sane vaccine. 10 106 WD 2006/ 072065

20%, RSl oo %gg/ ﬁé‘ﬁoﬁg{“ﬁ%‘*@t titefh, ClRHRY HasSed én bIs[dg‘gg%lﬂge Usuits, the

recovering rec prof ei n expresse

.. reading frame 2 of PCV2 conprising . the steps aof: A
minimpy B 48 Opeacs OO FRR EARRUS B ST mioe BoRigiy 4 ve
PCV2 into a 5 transfer vector; B) transfecting the
pbr enatherodspecti af the gnestrtrinverdiony theoantigienicity of agembinant (rORF2)
reconbi nant open reading frame 2 into a virus; O

and VIDOEE! i (RORER) PEVi2ranbipelisawvatt bisesild Grotip!$ redd)ved 36 idoges of 16 ug
said virus to express the protein from said open

VORF\?E&?)[ Io(?‘%fui){):ﬁ] ﬁlv%Q tRo dok SZ&JE’OI:IC¥1 g}g iﬁ?@P@?' Ibéth.f\}'agﬁhésa{ggre adjuvanted

€ supernat e; recoveri ng sail

.. expressed. . open readi fra rotejn i aid, ..
with CiBeRalaiot Tesces e faetion o6 sl i otk bk Fedtalierate. Group
further including the step of anplifying said open
2 had reR(@V D gntibadyditer 612567 anddayal vdfileftdronp griadra E@Vg apibasdy titer of
said open reading frane into said transfer vector. 3.

1503. TGeoupe3 hatla Wwek Inddain % Jurgdedon eaperttianGroup peo. 1l eadid sy vs. 0.90 =
frame 2 further conprising a 20 sequence sel ected

O.lS"/@[ Bﬁcég&%p?l %?ééﬂj a gﬁg&i 1BIC P&itHfe AcrlendCRfKingt BRAPCTEET%Ns. 20%).
Overall, both vaccines had similar antigenicity, but vVORF2 was associated with slightly better
IHC results.

In yet another aspect of the present invention, the suitability of two different adjuvants
(Carbopol and IMS 1314) was determined. Groups 1 and 3 both received two doses of
vaccine containing 16 ug of rORF2 antigen, but Group 1 received the antigen adjuvanted with
IMS 1314 while Group 3 received the antigen adjuvanted with Carbopol. Both groups had
essentially the same ADWG, essentially the same incidence of clinical signs post-challenge,
the same mortality rate, and essentially the same mean % lung lesions; but Group 1 had an
THC positive rate of 0% while Group 3 had an IHC positive rate of 20%. However, Group 3,
which received the vaccine adjuvanted with Carbopol had higher IFAT PCV?2 titers on Days
25, 32 and 50 than Group 1, which received the vaccine adjuvanted with IMS 1314. Overall,

although the PCV2 vaccine adjuvanted with IMS 1314 did provide better IHC results, it did

not provide overwhelmingly better protection from PCV2 infection and did induce injection

105



10

conmbi nations thereof. 4. The nethod of claim3, said
5' Kozak's sequence conprising SEQID NO 1. 107 WD
waQos/02i@865 PCT/ US2005/ 047596 5. The net hod 8E€TRISA081047596
3, wherein said 3' EcoRl site conprises SEQ ID NGO 2.
6. The method of claim1, wherein said PCV2 open
site reactiddi Vghdreasrthe BAM2rvaseine 3EQvared With Carbapol perforemedmchdylas well
of claim1l, wherein said reconbi nant protein conprises

as the BAQ 13P4 bgjuvinted BaccilRebuBl 3t SsosibRl With andhiaierlselevsntsd

nmedi a conprises serumfree insect cell nmedia. 9. The
t had of, cl ai.m fur I ISl . ;

" gl el nd B iy SO L B by S PR e i,
reading frame 2 into_a first vector; i XCi sin .

1 dose groduglowns detgemingds r@oers 2randrt bathgtecrived 148 § ;"85111’3 vaccine
iii1) using said excised open reading frane 2 in step

adjuvahtedlWith Tarbopet sroDaph, wit&iroup 2 redeivediaseemiddlose bh Hay 14. Group 4
conprise SF+ cells. 15 11. The nethod of claim1,

had a 19hieHS AN WG 449 CloWRF ine®s vPiaaY I Ri6nk Wsan Gedup BhBut Group 2 had
nmet hod of claim 1, wherein said transfected portion

., C i 4., . g : '
nigheRRY RESR: EIR e BBy 2 5058, sl A, IR fte of TC
_.said sup rnﬁte at Iggst 5 days after infﬁctiaﬁ tﬁe £
positiveefissyesyi Pl Shprareyplis or thepe tROBEWSIVEF SHREHar PNepall one dose o
conposi tion for invoking an immune response agai nst
vORFRGHRwaised withearbepot perfernsidsimilardo $we dgsesfof theggmpyyaccine.
2006/ 072065 PCT/ US2005/ 047596 i) transfecting a
construct into a virus, said construct conprising
reconbi nant DNA from open reading frame 2 of PCV2; ii)
infecting cells with said transfected virus, said
cells being in a growh nedi a;
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iii) causing said virus to express the reconbi nant
protein fromsaid open reading 5 frane 2; iv)

woeoewxericng sai d expressed open readi ng frane BCPUSR@®5/M47596

in the supernate; and v) conbining said recovered
protein wth a suitable adjuvant or other

What shedaimedésat i cal |y acceptable carrier or excipient. 10

1.

PCV2 Lo

2.

15. The et hod_ of claim 14, wherei n _sai d et hod
f Wr fB@6d 0T GhabdeAty t@ bRt 9fotéahteaqffasm by 8pch reading frame 2 of
construct froma transfer vector. 16. The nmet hod of
cl ai rlni%.é'thgﬁ.é .thod further including the step of
'fsy ng sai open reading frane 2 froma strain of

PCv2 prior to cloning said open readjng fra [ .
18)sal d tr aHOMDE YA ferombinant-FRen FERdiB f@meg?a&ﬂmgﬁ,&m mto a
sai d reconbi nant open reading frame 2 further

conpri si ng tansd@geetoce sel ected fromthe group

consisting of a 5 Kozak's sequence, a 3' EcoR site,

apy conbi nghhPEtingheHee PortiodD o8 saidherangfehodendk cdradifing said
17, said 5 Kozak's sequence conprising SEQ I D No: 1.

19. The net ' : j s site
conpri si ng %%%n?@aﬁk@ﬂ@r&%%@?%ﬂﬁgdgﬁ&%& ,
PCT/ US2005/ 8_375.96 ﬁo, The nethod aof claim 14, said
PEV2 open r BYestRg cellsipemedia st spld VIPSSEQ 1D NO 4.
21. The nethod of claim 14, said reconbinant protein
cBpri si ng SEGNg>alOying tosxpress Mrmmﬁqmmalcgmnrrﬁqchpg frame
said nmedia conprising serumfree insect cell nedia.
23. The nethod of claim 16, further conprising the
steps of: i) cloning said anplified open reading frane
2zhnto a fi t O Frotl hi | Si [ . fadi ng
fP me 2 fr o?n%ga:@%fciglpsé?oée%{ﬁ%?{ozn 1{81%isi ?‘%}Hﬁg’l {1113 said
exci sed open reading frane 2 for cloni,ng i.nto said, . . .
t?gnsf er veE?%V?nngZ%‘?“dTﬁ%prﬁ%sFﬂ oP Bt “E?Idm%‘mfrf@,e 2aPE? fein in  said
cells conprising SF+ cells.
supernate.

Lo

The method of claim 1, said method further including the step of amplifying said open

reading frame 2 from a strain of PCV2 prior to cloning said open reading frame into said

transfer vector.

3.

The method of claim 1, said recombinant open reading frame 2 further comprising a

sequence selected from the group consisting of a 5' Kozak’s sequence, a 3' EcoR1 site, and

combinations thereof.

4.

The method of claim 3, said 5' Kozak’s sequence comprising SEQ ID NO: 1.
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6.

25. The nethod of claim 14, said virus conprising
bacul ovirus. 15 26. The nethod of claim 14, said

wonresdfaes ed construct conprising SEQ I D NO 4PCRIS2008047596

met hod of claim 14, said open reading framne 2 protein
bei ng recovered at least 5 days after infecting said
CEhd methiotl bf elaim 3ywhersin 2l P EcoRheiteresthpuaises SEQ B NO1 2,
sai-d recovery step further conprising the step of
separating said nedia fromsaid cells and cel

debris. 110 WD 2006/ 072065 PCT/ US2005/ 047596 29. The

CThe 5100, i A, enPBleColFREVE bt SA8Rs e litidey ko

medi a through a filter having pores ranging in size

NO:4from about 0.45 Mto about 1.0 M 5 30. The nethod of

7.

10.

11.

12.

13.

claim 14, said nethod further including the step of

| Themiethatliofiglagmil dwheteinusidrecanbinentguatsiméomaprisgs §EQ ID No: 6.
recovered protein with a suitable adjuvant. 31. A

met hod of recovering the protein expressed by open .
reading frame 2 fromPCV2, said nethod including the

1685 VBB B D b g

frame 2; ii) causing said vector to express said

protein; and iii) recovering said expressed protein in

t he supernate. 15 32. The nethod of claim 31, said

r Thomethodgfotaimrl; furthencorhpasing thedteps ofif t er i nf ecti on

of the cells with said viral vector. 33. A

Cgmoshﬁbﬁtﬂ s@ip ABdldiBhg Shd aﬂnPBﬂecb&pe’h 18&dihg tame Raatoerfirst vector;
fromthe group consisting o the net hods of claiml,

C}i)?‘i m %)?'cisiﬁé ?Ai@oﬁé‘n regﬁmg GARRI NRbM B ﬁl@te\;e%&fr, ardd

iii)  using said excised open reading frame 2 in step A.

The method of claim 1, wherein said cells comprise SF+ cells.

The mefchod of claim 1, wherein said virus comprises baculovirus.

The method of claim 1, wherein said transfected portion comprises SEQ ID NO: 4.

The method of claim 1, said open reading frame 2 protein being recovered in said

supernate at least 5 days after infecting the cells with said virus.

14.

A method of preparing a composition for invoking an immune response against

PCV2, said method comprising the steps of:
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34. The use of the conposition of claim33 as a

nmedi canent. 35. The use of the conposition of claim 33
woanostonzepr epar at i on of a nmedi canent for the PCT/US2005/047596

prevention of a PCvV2 infection. 111 WD 2006/ 072065

PCT/ US2005/ 047596 36. A nethod for producing a ]

di)agnotsrisfecking af constrhet it @ ctifusnsadd cans@eP comprging gerombinant

in a sanple which conprises i) producing a

r econbbp@pﬁoﬁrdyeﬁ&&dgg fainé2 GEPOWY; sel ected fromthe
group 5 consisting of the nethods of claim1, claim

1 clai.m.31, and. [ ' . . 1o hds o
p]i)ckag’l’“ﬁe’gclﬂgl éicaﬁsrvé”é%g | ﬁ%ﬁ%f%%?%}’lé{l Jrq @%@:& gllsalj’ésl%ﬁ i?la 8Wth media;
container, 37, The nethod of claim 36, furtger . g
cBhpr i @usesll wirespogprese fhrdieremamant RIpi frpg),said gpen reading
manual with the container that packages the
r econbfra@mnt?; prot ei n. 38. An i nmunogeni ¢ conposi tion
effective for | essening the severity of clinica
SYPt OfR o RS RRGhRL xPratbddbpbYediny Rathé O Prareifiif kisd sugernate; and
PCV2 ORF2 protein, or an inmunogenic portion thereof,
wherein said | j.c. P ' t ol
cobt i grpiEnthel " I8Eefedk Yl P85 B BBRL evant, or  other
The i Mmunogeni c onposi%ion of claim 38, wherein said
PCv2 Cremaresticplly aceeptpbly CABIEY BRBIYRIE conpri si ng a
sequence selected formthe group consisting of SEQID
NGO 5 SEQIDNO 6, SEQID NG 9, SEQID NO 10 or
SEQID 20 NGO 11; ii) any polypeptide that is at

15. | 288 ncBD FRITEID YD UPhdréin tshid raethyd Gptlicd éncdiding the stépi Jf obtaining
any i nmunogeni ¢ portion of the polypeptides of i)

sﬂdc?ﬂgéﬂ{ﬁéﬁﬁaéﬁﬁﬁ%%%& )6/ 072065 PCT/ US2005/ 047596 i V)

e I nmrunogeni ¢ portion of iii), conprising at | east
10 contiguous am no

16.  The method of claim 14, said method further including the step of amplifying said
open reading frame 2 from a strain of PCV2 prior to cloning said open reading frame 2 into

said transfer vector.

17.  The method of claim 14, said recombinant open reading frame 2 further comprising a
sequence selected from the group consisting of a 5' Kozak’s sequence, a 3' EcoR1 site, and

combinations thereof.
18.  The method of claim 17, said 5' Kozak’s sequence comprising SEQ ID No: 1.

19.  The method of claim 17, said 3' EcoR1 site comprising SEQ ID No: 2.
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20.

21.

22.

23.

24,

25.

26.

27.

ofThe msthed of clajip dfesaid

acids included in the sequences of SEQ ID NO 5, SEQ
IDNG 6, SEQID No: 9, SEQID No: 10 or SEQ I D No:

wa2po6x0)720a5 pol ypepti de that is encoded by a DNAPCT/US2005/047596

conprising the sequence of SEQID 5 NO 3 or SEQID
NO 4. vi) any polypeptide that is encoded by a

Prieynetad®of dlgien 14ahid RCW2 opeastdifg famednmmpysing IEQ {RNO: 4.

pol ynucl eotide of v), vii) any immunogenic portion of
t he pol ypepti des encoded by the pol ynucl eoti de of v)
and/or vi) 10 viii) the inmunogenic portion of vii),

' h I | ' 1 Ng. f d .
iR FBeh PERih [ o o ubd biein iR SEQ b os s

nucl eoti des included in the sequences of SEQ I D No:

3, or SEQID No: 4. 40. The inmunogenic conposition of
claim38, further conprising an inactivated viral 15
VEiEd @éthad df clainh 14,atdinedis cpmprising serd-frihiaséctraelhmgdiai c
conmposition of claimd40, wherein said inactivated
viral vector is a reconbi nant bacul ovirus coding for
the PCV2 ORF2 protein. 20 42. The i mmunogenic

C osj tiop .of i m 40 ' nposi ti on
cEhERPien SEeRim TRl W TR0 R o
claim 42, wherein said conpgsition conpri.ses _ sodium
{1 os Lglphing said smPliBed 0De} 5edE Famer DEPH BT HeFHeRe 44,
The i mmunogeni ¢ conposition of claim 39, conprising an
aidyli t | enising said epinawsding Ehme Reftorh saichfirstercgionapd

consi sting of carriers, adjuvants, nedia, vira

| BACt | Y@ PEadd efllidedIpes reading Ot T f@@RdHing into said transfer vector.
[ nonodul at ory agents, antibiotics, and conbi nati ons
thereof. 5 45. The i munogeni ¢ conposition of claim
44, wherein said conposition conprises an adjuvant,

preferably carbagpol . 4 The | geni ¢ conposition
%eglscfog’é’ﬁﬁ’(’j‘giégl cﬁerﬂﬁ'orrpri ses a

The method of claim 14, said virus comprising baculovirus.

The method of claim 14, said transfected construct comprising SEQ ID NO: 4.

The method of claim 14, said open reading frame 2 protein being recovered at least 5

days after infecting said cells with said virus.

28.

The method of claim 14, said recovery step further comprising the step of separating

said media from said cells and cell debris.
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phar maceuti cal acceptable salt, preferably saline. 10
47. The i mmunogeni ¢ conposition of claim 38, wherein
weabw/czsposi ti on conprises at | east 0.2 ncg/ RECTRSUDS/047596
ORF2 protein. 48. The inmunogeni c conposition of claim
38, wherein said conposition conprises at 15 |east 2 ,
29.  OTHRGMZhGIRBE clim 8] said ddarating stepancleding dingsters phijltenng said cells,
| east one dose of the imrunogenic conposition of claim

Slvih RR&iadRRBgk ARt IRSINBIpdr&Ashgidg 48 sZe\frbnRbaut 0.45
ceu(wg?%ﬁﬁ?ﬁ? 20 50.aA co%taineg coﬁ%ﬁ?sing %Ogto 250 doses

of t i nogeni ¢ conposition of claim38 ,wherein
”Mtoaﬁ%mggg’émnpri ses at |east 2 gg PCV2 ORF2 protein.

51. The container of claim49, further conprising an

anti-m crobiol ogi cal active agent. 114 WO 2006/ 072065

PCT/ US2005/ 047596 52. A kit conprising a container of )
30. cTla met@darfdlam 14 stiduneihod fderaheluding|thelstep of hieactivating said

information for the intranuscul ar application of at

i % cRftink %@idQEch@&dip?B?dﬁﬂgﬁlﬁ‘h@uit&ﬂmmljﬁ\i'dni:.on into
Vlmsﬂrgﬁ)gl e%s fgrgl essening the severity of clinical

synptons associated with PCV2 infection. 5 53. The

kit of claimb52, wherein the instruction manual

conprises the information of a econd or ,'fyrthe
31, alheihed PRFICORIRIE BF DARIoTGROrosasbbY gRe: Bpdipgdrame 2 from PCV2,

i mrunogeni ¢ conposition, wherein the second
said methodrindediag therstaps any further administration is at
| east 14 days beyond the Ilast adm nistration. 115
i) infecting cells in growth media with a recombinant viral vector containing said
open reading frame 2;

ii) causing said vector to express said protein; and

iii) recovering said expressed protein in the supernate.

32.  The method of claim 31, said recovering occurring at least 5 days after infection of the

cells with said viral vector.

33. A composition of matter obtained by a method selected from the group consisting of

the methods of claim 1, claim 14, claim 31, and combinations thereof.
34,  The use of the composition of claim 33 as a medicament.

35.  The use of the composition of claim 33 for the preparation of a medicament for the

prevention of a PCV2 infection.
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36. A method for producing a diagnostic kit for the detection of a PCV2 infection in a

sample which comprises

1) producing a recombinant protein using a method selected from the group
5 consisting of the methods of claim 1, claim 14, claim 31, and combinations
thereof;
ii) = and packaging said recombinant protein into a suitable container.

37.  The method of claim 36, further comprising the step of including an instruction

10 manual with the container that packages the recombinant protein.

38. An immunogenic composition effective for lessening the severity of clinical
symptoms associated with PCV2 infection comprising PCV2 ORF2 protein, or an
immunogenic portion thereof, wherein said immunogenic portion has at least 10 contiguous

15 amino acids from PCV2 ORF2 protein.

39.  The immunogenic composition of claim 38, wherein said PCV2 ORF2 protein is
i) a polypeptide comprising a sequence selected form the group consisting of

SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 10 or SEQ ID

20 NO: 11;
ii) any polypeptide that is at least 80% homologous to the polypeptide of 1),
iii) any immunogenic portion of the polypeptides of i) and/or ii)
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40.

WO 2006/072065 PCT/US2005/047596

iv)

vi)

vii)

viii)

the immunogenic portion of iii), bomprising at least 10 contiguous amino
acids included in the sequences of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
No: 9, SEQ ID No: 10 or SEQ ID No: 11,

a polypeptide that is encoded by a DNA comprising the sequence of SEQ ID
NO: 3 or SEQ ID NO: 4.

any polypeptide that is encoded by a polynucleotide that is at least 80%
homologous to the polynucleotide of v),

any immunogenic portion of the polypeptides encoded by the polynucleotide
of v) and/or vi)

the immunogenic portion of vii), wherein the polynucleotide coding for said
immunogenic portion comprises at least 30 contiguous nucleotides included

in the sequences of SEQ ID No: 3, or SEQ ID No: 4.

The immunogenic composition of claim 38, further comprising an inactivated viral

vector and cell culture supernate.

41.

The immunogenic composition of claim 40, wherein said inactivated viral vector is a

recombinant baculovirus coding for the PCV2 ORF2 protein.

42.  The immunogenic composition of claim 40, wherein the composition comprises BEL
43,  The immunogenic composition of claim 42, wherein said composition comprises
sodium thiosulfate.
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44, The immunogenic composition of claim 39, comprising an additional ingredient
selected from the group consisting of carriers, adjuvants, media, viral inactivators, diluents,

isotonic agents, immunomodulatory agents, antibiotics, and combinations thereof.

45,  The immunogenic composition of claim 44, wherein said composition comprises an

adjuvant, preferably carbopol.

46. The immunogenic composition of claim 45, wherein said composition comprises a

pharmaceutical acceptable salt, preferably saline.

47.  The immunogenic composition of claim 38, wherein said composition comprises at

least 0.2 mcg/ml PCV2 ORF2 protein.

48.  The immunogenic composition of claim 38, wherein said composition comprises at

least 2 ug PCV2 ORF?2 protein.

49. A container comprising at least one dose of the immunogenic composition of claim

38, wherein one dose comprises at least 2 pg PCV2 ORF?2 protein.

50. A container comprising 10 to 250 doses of the immunogenic composition of claim 38

,wherein one dose comprises at least 2 pg PCV2 ORF2 protein.

51.  The container of claim 49, further comprising an anti-microbiological active agent.
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52. A kit comprising a container of claim 49 and an instruction manual, including the
information for the intramuscular application of at least one dose of the immunogenic
composition into piglets for lessening the severity of clinical symptoms associated with PCV2

infection.

53.  The kit of claim 52, wherein the instruction manual comprises the information of a
second or further administration(s) of at least one dose of the immunogenic composition,
wherein the second administration or any further administration is at least 14 days beyond the

last administration.
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