PCV2 | MMUNOGENI C COVPCSI TI ONS AND METHODS OF PRODUCI NG SUCH COWPOSI TIONS 5
RELATED APPLI CATI ONS This application clains the benefit of provisional
application serial nunber 60/640,510, filed on Decenber 30, 2004, and
application serial nunber 11/034,737, filed on 10 January 13, 2005, the
teachi ngs and contents of which are hereby incorporated by reference.
SEQUENCE LI STING This application contains a sequence listing in paper
format and in conmputer readable 15 format, the teachings and content of

whi ch are hereby incorporated by reference. BACKGROUND OF THE | NVENTI ON 20
Fi el dof  t hECVAVKAMUYR ENICAQMEDSSTIONRAPPMETHOLS ORERIPVSING SH&Ehed wi ¢ h
the recovery of a protein expresCOMBOSIOKENS readi ng frane 2 (ORF2) of
porcine circovirus type 2 (PCV2). Mrxre particularly, the proteinis a
reco%binant protein expressed by a transfected virus containing reconbinant
codi hg sequences for porcine circoyiru 2, _open reading frame 2. Still
nore 25 particularly, the traﬁ%ﬁé@?@hAéPt%QEHQ rmtted to infect cells in
grow h nmedia and the protein expressed by open reading frame 2 is recovered
in the superndhis, applidatien t ¢laimsf thembemefitdef tprevisiondl| gpplEation sorial number
particularly, the nethod involves the steps of anplifying the open reading
frame 2 @orea0fs510,Miled b iDeeersber 3020045 arid/4pplicatiotserdl iunibbt 51/66¥y137 fild opor t i on
into a first vector, excising the open reading frane 2 portion fromthis
fir Vet ard ' hinol QTS pig the

tr azgf er qvect o@&g?%ﬁg&%ﬂéﬂgk \Q/"je(g%d%;&lli nto h?% %gh?&g%@g?/&pﬂq{ﬁg%?gﬁ%ﬂéégausi ng
the cells to becone infected by the viral vector and thereby express open

reading frame 2, and recoveri n%ngM@‘gifSSﬁﬁ% reconbi nant protein coded for

by open reading frane 2 in the

This application contains a sequence listing in paper format and in computer readable

15 format, the teéchjngs and content of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

20 Field-of the Invention
One aspect of the present invention is concerned with the recovery of a protein
expressed by open readiﬁg frame 2 (ORF2) of porcine circovirus type 2 (PCV2). More
particularly, the protein is a fecombinant protein expressed by a transfected virus containing
recombinant coding sequences for porcine circovirus type 2, open reading frame 2. Still more
25 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

30 vector, cotransfecting the transfer vector with a viral vector into cells in growth media,



I n anot her aspect, the present invention is concerned with an i munogenic 5
conposition effective for inducing an i mmune response agai nst PCV2, and

nmet hods for produci ng those i munogeni ¢ conmpositions. Mre particularly,
the present invention is concerned with an immunol ogi cal conposition
effective for providing an i mmune response that protects an ani nmal

recei ving the conposition and reduces, or |essens the severity, of the
clinical synptonms associated with PCV2 infection. Still nore particularly,
t he pragesihg fHe delly embecme mfestodcley thedvisal tvicter prdotheteby leapresh openeadingi cal
conposition that confers effective protection against infection by PCV2.
Even noggndRiahd fbring thd éi&:ré%&ﬁ%_éﬁmﬁiﬁﬁﬁ@gfdt&ﬁ chd Weﬁ?&dﬂgtﬂhn?éb ,

i mrunol ogi cal conposition conprising ORF2 of PCV2, wherein adm nistration
of PCV2- ORF2 1 lts in protection against infection by PCV2. Most

parti cdpglgsé?erﬁ%g present invention is concerned with an i nmunol ogi cal
conposition effective 15 for conferring effective imunity to a sw.ne

recei ving t HR #OMEHo#SBETtc e JURSBS IBYHHON Hif dConRFaFd; Witk hal dBHRHSEIHON
conprises the protein expressed by ORF2 of PCV2. Description of the Prior
Ar$ 20 deopositien effeatiyei foudndugpg n (@YY résponse sagainkt PAY2, 2ad metliads dornnet er ) ,
i cosahedral, non- envel oped DNA virus, which contains a single-stranded

ci r cul grodiRMgMBosP ERAUBSIRNRS cortisitions. MRoed Yariohfad R the nresentl eitehtion Wé t h
porcine circovirus type 1 (PCV1l). However, in contrast with PCVI, which

Comont S rer T BHinEplog Al o RS R DL POV Rl v O o)
2 PMAS j linically characterized by. i ng. I f th i
anthr ppgeds e b ARG G ol e B BRRR R e i e, 1

sone affected swine, a conbination of all synptons will be apparent while
ot her <hipical fymptos|assagiated With BeV2 ipfegtion. he‘%lél B0R Partisularlyy the Ryessat r opsy,
m croscopi ¢ and macroscopic | esions al so appear on nmultiple tissues and 5
ol@ans,inwntibn isycopdenied withyaprotdie basgd ithmunalegical commpositson thatfconferssaffeotive A
strong correlation has been observed between the amount of PCV2 nucleic
aci d orprétedtiogieipaniRel itfbRioREMEPICIV2. OEven more particularly, the present invention is

concerned with an immunological composition comprising ORF2 of PCV2, wherein
administration of PCV2-ORF2 results in protection against infection by PCV2. Most
particularly, the present invention is concerned with an immunological composition effective
15 for conferring effective immunity to a swine receiving the immunological composition, and

wherein the composition comprises the protein expressed by ORF2 of PCV2.

Description of the Prior Art

20 Porcine circovirus type 2 (PCV2) is a small (17 -22 nm in diameter), icosahedral, non-
enveloped DNA virus, which contains a single-stranded circular genorhe. 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).



m croscopi c |lynphoid |l esions. Mortality rates for swine infected with PCV2
can approach 80% In addition to PMA5, PCV2 has been associated with
several other infections including pseudorabies, porcine reproductive and
respiratory syndrone (PARS), d asser's 10 di sease, streptococcal neningitis,
sal nonel | osi s, postweaning colibacillosis, dietetic hepatosis, and
suppurati anchao uponi a.. en reading fra 2 {ORF2) .protein.of PCV2,
havi ng an\f@b\g&o@ Fﬁ@?@ﬁ'ﬂ‘gﬂg@(ﬁflé X/\EF%W& Bgerf%s 'E%Qe \Rﬁfgnu?%ﬁ'ﬂﬁlgﬁsssﬁglﬁﬁﬁ gel ,
has been utilized in the past as an antigenic _conponent in vaccines for
PCV2. TypidisHessmeianbisd isteryspangd daungicerrin seme adfected syting a1 sombipationesf all
generally consist of anplifying the PCV2 DNA coding for ORF2, transfecting a
viral vecsymptoinswillfbe appiEent Ditle othefr swvinengillomily bavieidnk or ltveo wf these syeqtams.
containing the ORF2 DNA, permtting the virus to express ORF2 protein

wi thin t heyugigk Inecraps), aérostopicnadtherédhmc 16 idRk also afp?éuﬁohhﬁulﬁﬁiehis\ﬂe% 288! |
| ysis. These procedures generally take up to about Tour days after

i nfecgion hy | t . S S have a
i sacvant 300 JRE SRRkl btk the 86 SBlmdME 16 1osbREER sBEAEREMRR
time-consum ng. Additjonall the a of ORF2 .recovered fromthe cells
s ot verge Prepmbstsd Bdtierm thy amuptTH 7 RUALFE afid of GRY Estrfod OSBRI ot ect ed
by a large nunber of viral vectors in order to obtain sufficient quantities
of the reduereseenictlyapheiddesionsp Mertdlity fates fos ewing infaeted yath (W2 caeappreash 3
Current approaches to PCV2 i mmuni zation include DNA-based vacci nes, such as
t hose des@b¥dedn iadditiofs. toPRVIAWS, MNOV2 6hasdOieen Z8sockdbenk wéth, sevemah ottee dnfeetionkave
been ineffective at conferring protective imunity against PCV2 infection
and the clijdiidif pSubsrabies SRediAd BrodubBveeind Fespitatdi§Csyharone! (PRRE) G 1aswerseeded
in the art i's a nethod of ‘obtaining ORF2 protein, which does not require
extragtion. th gglfg i.n.tro i Lk n-d N .cel | s %g IS t her
needlgd(; ar g] S(re}%ste ’nosgrs 0 3.:5@1{' %%%B%’e%%}lﬁg%%g’ C)Eiﬁg&’gérﬁgfggiér?%lbﬁ qugsht Iﬁ:{efeeé

suffici eni‘@&%{?%ﬁ@#ﬁ’ﬁ%@ rgﬁrlc%ggﬁéu&%m\ggcm ne conpositions. Wiat is still

farther n

Open reading frame 2 (ORF2) protein of PCV2, having an approximate molecular
weight of 30 kDa when run on SDS-PAGE gel, has been utilized in the past as an antigenic
component in vaccines for PCV2. Typical methods of obtaining ORF2 for use in such

15 vaccines generally consist of amplifying the PCV2 DNA coding for ORF2, transfecting a
viral vector With the ORF2 DNA, infecting cells with the viral vector containing the ORF2
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
20 . in that the extraction procedures are both costly and time-consuming. Additionally, the
amount of ORF2 recovered frém 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.



obtaining ORF2 protein which do not require the conplicated and

| abor-i ntensive nethods 10 required by the current ORF2 protein extraction
protocols. Finally, with respect to conpositions, what is needed in the art
i's an i munogeni ¢ conposition which does confer protective inmunity against
PCV2 infection and | essens the severity of or prevents the clinical signs
associ ated therewith. 15 SUMMARY OF THE | NVENTI ON The present invention

Senaones ! kb0 BnFERAL REPRN InfinlullEarbh fifiudd DNIBadtl Veollfiss, Ruatfud | N0t

advance in the st art. Ica oné aspect of the present

i nvention royi des_.i ymr ov 0 roducing and/.or recaverin

o onbitheRsPAge B BRS Ne b 050y Motk e S B RSBt | b e
cells in culture with a reconbinant _viral 20 vector containing PCV2 ORF2 DNA
codi ng a squieHBEprotEpdvecimmaiiyagainst BCM2 jinfeetiqnr andsthe clipigalk signsy assemsspdhant

viral vector, and ii) thereafter recovering the ORF2 in the supernate. It
has beaherewsipect edl y di scovered that ORF2 is released into the supemate in

| arge quantities if the infection and subsequent incubation of the infected

cekls is al | Quedidely, WHAGREIRAAR thd 1is 4 MOhE6@bf MthiRing SREZ oW wigapvery
process, which extracts the PCV2 ORF2 fromwithin 4 cells. It furthernore

has bee ri.si. n P ot e n | u i

pr ot of yisrb At s lfenbeb BTG ot A2 Pl bn BT etk LIS I Ry
together allow a _recoyvery.of high, anou of PCV2 ORF2 protein fromthe
super ndieedegh T cpthedy o Obiinihe SecOminan DRY2oRIolet s AEayitlen o hsisnt for
containing a PCVv2 ORF2 DNA and expressing the PCV2 5 ORF2 protein. High
anmount sfiidentip\prepaRing yaceine campesitiensyroMdat isastilh Buther needgd/an methads rfnt e,
preferably nore than about 25 gg/nL, even nore preferred nore than about 30

g9/ m., cbwiingORF2pprefear whithrdor ot tréquirecthe dbmglicaged/ anld, lator-dntensiveemptheler r ed
nore than about 50 g/nL, even nore preferred nore than about 60 pg/nL, even

nMph e Prediie ety MRS CulBAN ORBROHiotdH Sdratiion BMRSLOND! RIS akitte GedfREE td han
about 100 pg/niL, even nore preferred than 10 about 150°gg/ nlL, nost preferred

t han al%:%iﬁ&)oélitcl)gnsg Whitis nbORGn SAP LR TS he? ﬂmﬂl%oeg%m% ac'am%l)ﬁﬁmp Which does confer

protective immunity against PCV2 infection and lessens the severity of or prevents the

clinical signs associated therewith.

15 SUMMARY OF THE INVENTION
The present invention overcomes the problems inherent in the prior art and provides a
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
20 vector contaiﬁing PCV2 ORF2 DNA coding sequences, wherein ORF2 protein is expressed
by the recombinant viral vector, and ii) thereafier recovering the ORF2 in the supernate. It
has been unexpectedly discovered that ORF?2 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



achi eved for exanple by the nethods as described in Exanples 1 to 3.
Preferred cell cultures have a cell count between about 0.3 - 2.0 x 106
cells/m., nore preferably fromabout 0.35 - 1.9 x 106 cells/nm, still nore
preferably fromabout 0.4 - 1.8 x 106 cells/nL, even nore preferably from
about 0.45 - 1.7 x 106 cells/n, and nost preferably 15 fromabout 0.5 - 1.5
x 106 cell .. Preferred cells are determ nabl e hose qof skill in the
art. Pref %ﬂiégh fE‘él?qrgloﬁrléastl}?ﬁgsé’m%li’p%“ﬂ‘ﬁ’g\l?to?cyn‘géé PERieIi1E Fooust 283Sbpri at e
reconbinant viral vector, containing a PCV2 ORF2 DNA and expressing the
PCV2 ORF2prgtotpidah degiadationaditside 1o ghe prddyctionecdliss Both Satlings tegsthenwllew a
preferably, they include the insect cells sold under the trademark Sf+

i nsect cefebovefPoftiigh am&aiteoCBCV ORI pRéte@Tronitel supeinatedy celPéhltArep infpdtedit e
growh nmedia will also be determ nable by those of skill in the art with a

forred.. odi o hoel . : i Il 420
pref err edygn QothbitRt irlShddfbrs E5didThihf GEPE S gﬂﬂ:{e. A 'ZR4 Ie??%%ﬁ% A8 Pese

(JRH Biosciences, Inc., Lenexa, KS) and th Prefe ral vectors

i nclyde b QVi,rus ch as B (.BD Bi gsci ences . Phar m n an

i egd. - cAPRER PRI HIM Hofiis 3R PoPCRG st BRAL P R dbPhecAf Ty

Al t hough the bacul gvirus expression systemis preferred, it is 5 understood
by those #iedipte; prefesably, anoze thapahputodhisg/mbx syesEornprslpsied morgithan apept3¢ or

pur poses of the present invention, nanely the expression of PCV2 ORF2 into
t he super pglimnevenimere padférredondrt thran. abSueh pgirhkrevex moesmefored potesthan ahapt
require the use of a signal sequence in order to cause ORF2 expression into
the nmedi as0 hpy/nilg evéebreSpreRired ntde thafiab&R\60r |BFmI Nadenhisre prdtbrdedmbi® thawduced
by a bacul ovirus expression system it does not require any signal sequence
or furth I, EAfat. r i %ﬁ& s tol] t is
bel i eved %&WH@’%&%F% ﬂg%ﬁgdnﬁé%éﬁﬁgénb?%%oo v %ﬁganf“}ljl%?r par tdlatE:1 es
(Jour.nal qf eral ‘Virolo Vol.. 8 1-2287 (2000 nd be sgecreted
e a0t he ot T Ebe et EoterRD tien A0ons TR0 e LRSS EXPERIONBRE SFHARGOR he
PCV2 ORF2 DNA sequences_has a preferred nultiplicity of infection (MJ) 10
of bet wee#fhigyed for gxample by thy m ap Aesebesin fExamples A3t 0.05 - 1.3, still
nore preferably from about 0,09 - 1.1, and nost preferably fromabout 0.1 -
1.0, when usedPreferred bell culfusesthiavena oéll tduat between about 0.3 - 2.0 x 10° cells/mL, more

preferably from about 0.35 - 1.9 x 10° cells/mL, still more preferably from about 0.4 - 1.8 x
108 cells/mL, even more preferably from about 0.45 - 1.7 x 10° cells/mL, and most preferably

15 from about 0.5 - 1.5 x 10° cells/mL. Preferred cells are determinable by those of skill in the
art. Preferrcd cells are those susceptible for infection with an appropriate recombinant viral
vector, containing a PCV2 ORF2 DNA and expressing the PCV2 ORF2 protein. Preferably
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).

20 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



susceptible cells. Preferably the MJs nentioned above relates to one nL of
cell culture fluid. Preferably, the nethod described herein conprises the
infection of 0.35 - 1.9 x 106 <cells/nmL, still nore preferably of about 0.4
- 1.8 x 106 cells/nm, even nore preferably of 15 about 0.45 - 1.7 x 106
cells/m., and nost preferably of about 0.5 - 1.5 x 106 cells/nL with a
reconbi nant viral vector cont ai ni ng a PCV2 ORF2 DNA and expressing the PCV2

CRF protel Vi n lnf tion t ween abqut 0. 03
ieistop By e Py A i atsolitoBiebufespion v il Y"h]r%'f”é( f§¥ BFEPRBOY 1 r om
about 0 09 - 1.1, and nost pref erably from about .0. 20 The infected
cel | s dhe prasem m‘fr@u%tr@awbv&e exppsesiobaf BEVAORE? m thrag}wemﬁ@meofpal e¢lkrabl y
from about two days to about ten days, still nore preferably from about four
days t cculthreutSuchiother eleprassioarsststems inayreduireahd ysef ofammigiab sdéquenoedn dades té 0 about
ei ght days. Preferred incubation conditions include a tenperature between

about 22yge éﬁﬁz ?%és%wﬂrlﬁtfo%@ﬁle&af rIPﬁBs%&U&urEx‘ﬂsmgl Biseoveted that' WA ORES er abl y

from about 2 even nore preferably from about 26 - 28C 6 and nost
ferabl fe Sf+c Ilowlng
Scul doieS ‘*‘éye%%c‘% il epiision Wifest %s ok pfe 2R S eafiope o

observa i ncl ude noni torlng ceII nst{lty t.r ends and the decrease in

vi abi | i ‘Hu‘PP ifeation tgJatise FHRERSSIOBP p%wwtm e Fediar dfyfscbelieyegd thab s vi r al

titer is observed 3-5 days after infection and peak ORF2 rel ease fromthe
cel | s Eproteincean tiedepensientiyafosmi srustiike ipaidled flonashotiagusrad Viradogy, Veln8l,ap. when
cell viability decreases to |less than 10% Thus, one aspect of the present
i nvent i 7981228V (2009) aid bérpeopated! infte thivochlinfe supoditiei The rezbmbinant vt wettony
recombi nant PCV2 CORF2 protein, preferably in amounts descri bed above, by i)

per m t tdagidifg &EHED ORFE HN'K*%@?ueﬁEes%% éfe}?éc?mﬁﬁig]!élty( SemiReY ?Mdlj‘ culture

with a 10 reconbi nant V|ra vector wt I\/[J as defi ned above,

S ST Al B SRR AR
bet Weenab((:inatyos 095 imi]dan% n?gstt %Ir'eférgl];l}e'%tolmogbo%p 8 /1 C)rl OC (\aa!hlen \élse%bflol' Itlfe%nt%gtgorneoafsiﬁg to less
susceptible cells. Preferably the MOIs mentioned above relates to one mL of cell culture
fluid. Preferably, the method described herein comprises the infection of 0.35 - 1.9 x 10°
cells/mL, still more preferably of about 0.4 - 1.8 x 10° cells/mL, even more preferably of
15 | about 0.45 - 1.7 x 10° cells/mL, and most preferably of about 0.5 - 1.5 x 10° cells/mL with a
recombinant viral vector containing a PCV2 ORF2 DNA and expressing the PCV2 ORF
protein having a MOI (multiplicity of infection) of between about 0.03 - 1.5, more preferably
from about 0.05 - 1.3, still more preferably from about 0.09 - 1.1, and most preferably from
about 0.1 - 1.0.
20 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 betwéen 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,



then 10% Preferably, the reconbinant viral vector is a reconbi nant

bacul oviras containing PCV2 ORF2 DNA codi ng sequences and the cells are Sf+
cells. Additionally, it is preferred 15 that the culture be periodically
exam ned for macroscopi ¢ and m croscopi c evidence of contam nation or for
atypi cal changes in cell norphol ogy during the post-infection period. Any
cul ture exhibiting any contam nation should be discarded. Preferably, the
expr essednd GRFPIeiSbIILIDOBNE7°Br Prefemablysthe SEt ealisdregbsenved Edlopving ln@@llftt%s
surrounding growmh nedia that maintains cell viability. The ORF2 is then
recover edor ¢chatdeeeristip dacubdvirus-iiducsdchiangest hSuobiedservatdéh may hisdludehmonitariam t he
cells thensel ves. The recovery process preferably begins with the separation

of cell deiaémit) HeMsAN thetdefe8 SR YiabiNey dinthg W hést-HhfBotnIRABA. 2k WaS fRin@P-
Preferred separation steps include filtration,  centrifugation at speeds up

t o about 0] .cont i.n fl pw centrd fugati.on 0 [ i C

separati 5%93@&%%%;1 8%9(135)(%%%&5%3-8@%6%#%.[urflfcftl iagﬂ p e%%@%m@%%??fgﬁﬁﬁpe Ce}ls

i mrunoaf finity methods. K Those nmet hods are known tQ persons, skilled in the
art Yor dstatht sipepmpte ingbtamed belveap days T aress,)andfor 3then ﬁe]§H}3£¥lit3éQ?qTQ9ﬁ°erEt hods -
a practical approach, IRL press Oxford 1995). The nost preferred separation
met hods ilessthaddO%ent ri f ugati on at speeds up to about 20, 000xg and
filtration. Preferred filtration nmethods include dead-end mcrofiltration 5
and tangenti alThid, vk a§ectcofabSpittedtinvEntidnpRéviads dn'ifdpkslied Gndidd cF\rddubidg

fil ]Erati on dead-end nmicro fi tration. O these_, deapl-end m crofiltration is
bout | 0. Jp0CE FeBicRg ARLRiphe FEV) ERIAGICR] breffhufly H bigbhl YRGBT 1P pr

nore preferably between .about 0.40 - 1.10 m. a post . pref.eraply between
mbout | 0.0y Peiuiliia TREASE 3 st ofsstcontlye ol BRE bfie) iF ch sk Ygh
menbrane will work for 10 purposes of the present invention and |
pol I&t herengnibinsat virahiveeterowith p M@ asfdefinedaboreyii) lexpressing REY2 AREL erateindyd
species are renoved during the filtration step. Thus, one further aspect of
t he pr eseind recondbinint otrapvertorgdasl iif) therqafiernrecoverhf i REV2 PREIUS ithegsupardater
recovering reconbi nant PCV2 ORF2 protein, preferably in amounts

of cells obtained between days 5 and 8 after infection and/or cell viability decreases to less

then' 10%. Preferably, the recombinant viral vector is a recombinant baculovirus containing
PCV2 ORF2 DNA coding sequences and the cells are Sf+ cells. Additionally, it is preferred
15 that the culture be periodically examined for macroscopic and microscopic evidence of*
contamination or for atypical changes in cell morphology during the post-infection period.
Any culture exhibiting any contamination should be discarded. Preferably, the expressed
ORF2 recombinant protein is secreted by the cells into the surrounding growth media that
maintains cell viability. The ORF2 is then reqovered in the supernate surrounding the cells

20 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



descri bed above, by i) permtting infection of a nunber of susceptible cells
(see above) in 15 culture with a reconbinant viral vector with a MJ as
defined above, ii) expressing PCV ORF2 protein by the reconbinant viral
vector, iii) recovering the PCV2 ORF2 in the supernate of cells obtained
bet ween days 5 and 8 after infection and/or cell viability decreases to

| ess then 10% and, iv) separating cell debris fromthe expressed PCV2 ORF2

via a  feRdicatinty méteeds. Amelahahbis ard Rowiteehionaskilled indhe MEfor @karhle
bacul ovirus contai ning ORF2 20 DNA codi ng sequences and the cells are SF+

cells. . Rar akd ; ar e de j referred
e & doon O B ASRAY G LB AbERRBLAioh BRodsC R BiACRER BB, WP He 7\ 0
about 0,30 - 5.m nore preferably be en about Q,.35.- 1.25 still

rore. pr ORBIBFS) e BB trpaBion RenGUY Mol demB BT SPSR IR  veen
about 0.45 - 1.0 m 8 For recovery of PCV2 ORF2 that will be used in an

i munogaheut 26,000xgranddfilbglional Prefeond didtration methasds indude deadend anicrofiliratios| usi on
of an inactivation step is preferred in order to inactivate the viral

vest or . apintangeftialige (dreereds flownfiiteatiof ichldigohgls fibepfiltratRinalead-ead micro
conposition of matter that conprises at | east one antigen which elicits an

| mrunol ggl.68, Bf H?e%&ﬁféﬁ@-eﬁd‘rxﬁé}@ﬁlﬂgﬁ(;n Ripréter&d. | Pe Iea?gfe Ges 0 4dAAdYq edi at ed

i mrune response to the conposition or “vaccine o nterest. Usually, an

"1 mrunol ogi .response” incl S i S_not im.t.ed to on of the
ol | ows BT RRAgCEe BRResn B PG 10 whembaresiroBb iR lPE P Pek, s

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

cel I's, Wmy il mgre RrgtsEably betwesn shout0y4Qnd i1 Jarm.indanest gsterably betyeer 2bavtt he
conposition or vaccine of interest. 10 Preferably, the host will display

ei t her @4f hel.Qpenti B isrbeticodethai ey conventddnayifidtzdtionempmbeee vallcworkhfor
resistance to new infection will be enhanced and/or the clinical severity of

the di ;epsRs betHeCHEsenBiibntidnQing GolyRtheiulfbndmeMBARBS ire Prefdrdl AhYy Mew a

reduction or lack of synptons normally displayed by an infected host, a

qui cker Eﬁﬁ%fdcic}id&\??g@i@gé@'ielﬁ%\%ﬁ . e\ﬁilt;ﬁontshg.er in the infected host.

Thus, th’e present ntion also relates to nethod of producing

Thus, one further aspect of the present invention provides an improved method of
producing and/or recovering recombinant PCV2 ORF2 protein, preferably in amounts
described above, by i) permitting infection of a number of susceptible cells (see above) in

15 culture with a recombinant viral vector with a MOI as defined above, ii) expressing PCV
ORF2 protein by the recémbinant 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%, and, iv) separating cell debris from the expressed PCV2 ORF2 via a
separation step. Preferably, the fecombinant viral vector is a baculovirus containing ORF2

20 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 pm, 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.



15 and/or recovering reconbi nant PCV2 ORF2 protein, preferably in anmounts
descri bed above, by i) permtting infection of a nunber of susceptible
cells (see above) in culture with a reconbinant viral vector with a MJ as
defined above, ii) expressing PCV ORF2 protein by the reconbinant viral
vector, iii) recovering the PCV2 ORF2 in the supernate of cells obtained
bet ween days } O d/ ar ¢ ylabi |ty s ito0 less
Chen 10% 20 9 Raaier ok Fy2 R aly S Ma i BRechir BEGHRRESL 7, 2
separation step, and v) inactjivating the reconbinant vir vect or,.

Prefer abl%‘?{inﬂg%“ P IAVEET B8R ti‘% mghisond taHéPaﬁ“M%tP“b%?Po‘rsé’r%lF“?‘ﬁg’t ordenier the
filtration step, wth after the filtration step being the preferred tine
for i nactihactivaterihe xisgl vestoveAni ‘Gmajunogeniccer iremimaiogieal rempesitionerefre do faor

pur poses of the present invention. Thus, inactivation can 9 be performed by
chem cal cangositionp by siatted thht edibyprives at lehst queehdpdredhichrelisits b émmahologicalf
harvest fluids is determ ned and the tenperature is brought to between about

32 -542C,rodiih& PRl BERRUTYa REINEE An@POU intisbdy-nidfated® RAMURS respbRbClodfley
bet ween about 35 - 39C. Preferred 1inactivation nethods include the addition

cyclized binary ethyl eninmn ref.era .n,a 5 concent.rati.on_qf about
VS0 abouBrBuipor et B et Tdbang o5 FlARolod ResoReRER Y Hndt
preferably of about 2 to apout 8 nmM _still nore preferably of about 3 to
about 7 rifpitedgeone B’r’é‘P@r%fBﬁ? Plowingoeftects: mpr?s{slpn%wgaqwﬂaﬁ%q%aﬁ on
i ncludes the addition of a solution of 2-bronoet hél eneani ne hydrobromni de ,
pr ef er ablogllsthelpenitcelds, sipprodsoch chllss abdencydgtokic Zie cellsand(or FWTo¢ahlay directed
ethylenimne (BEI) in 0.3N NaOH, to the fluids to give a final concentration
of 10 abapecifitsllyB&lan ditigéie oflahtigent Hecliided id Sthelcompbgtiors bt MactheCofintepesqus| y
for 72 - 96 hours and the inactivated harvest fluids can be stored frozen
2 140C roBBbBUR 1P HIP Ay A Uitherl ticAb GlotdeRAC Ik @dIGHIcal SesporR! et ed a
g F&}t{?onf) %Ig%‘ aBTegagglt“l. Cﬁoi S adg}gg to6E3c es?gﬁggie

sodi um t hi osul fate so era neut Ze any

resi dual BEI r.ef er abl t he.spdi U hi osul fat e, dded in_eauiv nt
ount - 400 Wb IR Re™ BRRSG W b, Rhes pfoof HRCS RRal PR b o
LT s reddcdn %g@agggc@zgo&%q b Agmosiaied By 4T o reduchen or fack of 0" UM

symptoms normally displayed by an infected host, a quicker recovery time and/or a lowered

viral titer in the infected host. Thus, the present invention also relates to method of producing

15 and/or recovering recombinant PCV2 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%,

20 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



final m ninmum concentration of 5 mMMto neutralize any residual BEI. Thus,
one further aspect of the present invention relates to a nmethod of producing
reconbi nant PCV2 ORF2 protein, preferably in anounts descri bed above, by i)
permtting infection of a nunber of susceptible cells (see above) in
culture with a reconbinant viral 20 vector with a MJ as defined above, ii)
expressing PCV ORF2 protein by the reconbinant viral vector, iii)

r ecover bé) geifbreneB@Bi2 clidrtical | amdloh @hysieet epdatineals. delprefemrtd fomsd theetvoleas ofays 5
and 8 after infection and/or cell viability decreases to |l ess then 10% iv)

separ at et Alulds Etdriinel 88 i tEmBerRuRSES BbuBhie belieén ¥béut32SABAE GhiRN St €p,

and v) I nactivating the reconbinant viral vector. Preferably, the

reconbi napt Vi eGt j S bacul oyi r ont ai ni 2 cadi ng
sequen c%rgpeg}%y E’%lgeééne%og{ %‘ir 'e4(gE+a'b eli"f’és? _pregfrgﬁlg ?’ v @cf Qi% g‘%’é* g? I (‘;’ %@t %%gengﬁ e those
descri bed . above, nupst preferred is the filtration step. Preferred

i nact i viaastiatien msthods @6ﬁﬂ6§1@ afidition; yelired bpwpecthypeupunc(HE]), preferablyymai on i s
per formed between about 35 - 39C and in the presence of 2 to 8 nM BEl,

stiSl | neongengragibrof abbut i to laboysr28seNG ereférably of ebdut AvoBiput 10 mivVhsstilanore
surprisingly 5 found, that higher concentrations of BEl negatively affect
t he PC\Vgrefariibly pf sicat 0.to AbORBCInNY st ntuie prefiérhile fof abqag Gt toaboit e mM,a8631t

i nvention, the method described above also includes an neutralization step

after sieRmably ofiqblofit 5 AR, Fé)r)ex&ﬂ?ﬂﬁﬁéﬁﬁcﬁ%&rﬁﬁcﬁﬁe@tﬂe a&ﬁﬂ&ﬁ’ & £LYufARNt of an

agent that neutralizes the inactivation agent wthin the sol ution.

Prefer i f. the inactivation agept .is I ithon .of . sodi um t.hi osul fate
Lo an cattmsemeas iR Slontd SPERRbl ofibou M WpiR gt piatiHiaith;
aspect, step vi) conprjses_adding of a sodium thjosulfate solution to a
final c@RAMebinaryiethylengpingkBED m 0t3g‘1 NBQH: toothe figtds $p &veraaiina) copcentgtionof2 t o
about 10 MM still nore preferably of about 2 to about 8 MM still nore

prléf er aidtopt SmM BBED Rrefrably, diedlitidsraretienstitreheantioneusly fon?2 apohourSamdbe when t he
i nactivation agent is BEI. In preferred forns and especially in forns that
wi 'l usmaéthateddaovesi Madd cdiBE2stedelf TrozdbatpA0tE® binbélow i befiwedh abaitilc- 7@Iposi ti on
such as a vaccine, each |lot of harvested ORF2 will be tested for

is,?fCt | VARE OO aRES RApldled §Sodiih MRb&UEeAORRIAHEferdbRr st CONIMiY adRdI6EPt i bl €

neutralize any residual BEI. Preferably, the sodium thiosulfate is added in equivalent amount
as compared to the BEI added prior to for inactivation. For example, in the event BEI is
15 added to a final concentration of 5SmM, a 1.0M sodium thiosulfate solution is added to give a
final mlmmum concentration of 5 mM to neutralize any residual BEIL
Thus, one further aspect of the present invention relates to a method of producing
recombinant PCV2 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
20 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



cells. In a preferred formof this testing, 150 cnR2 of appropriate cell
culture nonolayer is inoculated with 1.0 nL of inactivated PCV2 fluids and
mai ntai ned at 25 - 29C for 14 days wth at | east tw passages. At the end
of the maintenance period, the cell nonolayers are 20 exam ned for

cyt opat hogenic effect (CPE) typical of PCv2 ORF2 bacul ovirus. Preferably,
positive virus control re.al so_ use uch controls can copsi st of. ane

Ul tur e GPagE Sedignies and i IR St frls. Piriuen FRRAT iR S Bt BPenisciedy ore
bacul ovirus and one flask of Sf+ «cells that remain uninocul ated. After

i ncubat i chovmdnqshpeeiryed is the Alreten stepf Proferrad inagtivation gtepg arq thosendesprabedE|
treated viral fluids would constitute a satisfactory inactivation test. The’
11 cont r above PteferablpGnictitvatibnvis pérfdrined bethveeeatsoat 95 ¢ 88°Csdnd\ih thegxdseinietof CPE

typi cal of PCv2 ORF2 bacul ovirus and the uninocul ated flask shoul d not

exhi bi t 3p% neMi BN Bbrefpreferédihthe RECHEC bbbt 54k BEY, it@h§iBdeh LBipYisingly t he

end of the maintenance period, the 'supernatant sanples could bé collected

and knoc + 96 Pl at € i.ch,h ded 5 with Sf+
cel I$s, aﬁaﬁiﬁgﬁpﬁn&? erﬁ% 8}?%3 8§P¥\§f5ﬁl§f) %@ewg“?ﬂ’ﬁ?’@é}}w&%%ﬁgt e is then
fixed and stained with anti-PCv2 ORF2 anti body conjugated o FITC The
absence of CPBC§ sne B3RP ot ﬂ&sprasspb@wﬁwsyﬁwm& %f&?ﬁg abqvs { he
BEI treated viral fluids constitutes a satisfactory inactivation test. The
cont r ol @édol mcludesc anh ancutrhlizatidn sthe aftef stepde Thisr step yHoednaprisesk hiding ofRR and

| FA activity and the uninocul ated flask should not exhibit any evidence of

10 PCV2 @fiRalemtcathéutit rof anCGigentothet fi@utatized the ihdcivativhi agehqty withinUhe dolutibh.her
aspect of the present invention relates to an inactivation test for

determ ”'P?Qfefaﬂgf, & the Hdot Gition St it BE1 ARGIdnVéHdo fhidshffatt &6 QHQ@P%&B“ viral
vector, conprisés the steps: "1) contacting at |east a portion t he

cul tyure fluid containing the reconbinant.viral ., vectqr with an,i.nactivating
Coeh " ormbuf, DRl Buls, Bedo iR T & S drlpst M85 L oo d A BE g ont
to neutralize the inactivation agent, preferably as described above, and
iii) det spdium thipsulfatesqlutigndo 4 finaheansentiatioy ohgbouh b te ko, 30 sM.gueierablyf above.
After inactivation, the relative anmount of reconbinant PCV2 ORF2 protein in
a about 2 to about 10 mM, still more preferably of about 2 to about 8 mM, still more preferably

of about 3 to about 7 mM most preferably of about 5 mM, when the inactivation agent is BEL

In preferred forms and especially in forms that will use the recombinant PCV2 ORF2

15 protein in an immunogenic composition such as a vaccine, each lot of harvested ORF2 will be
tested for inactivation by passage in the anchorage dependent, baculovirus susceptible Sf+

cells. In a preferred form of this testing, 150 cm® of appropriate cell culture monolayer is
inoculated with 1.0 mL of inactivated PCV2 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

20 examined for cytopathogenic effect (CPE) typical of PCV2 ORF2 baculovirus. Preferably,
positive virus controls are also used. Such controls can consist of one cﬁlture of Sf+ cells
inoculated with a non-inactivated reference PCV2 ORF2 baculovirus and one flask of Sf+

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



sanpl e can be determned in a nunber of ways. Preferred nethods of
quantitation include SDS-PAGE densitonetry, ELISA, and ani mal vaccination
studies that correlate known 20 quantities of vaccine with clinical outcomnes
(serology, etc.). Wien SDS-PAGE is utilized for quantitation, the sanple
mat eri al containing an unknown anmount of reconbinant PCV2 ORF2 protein is
run on a gel, together with sanples that contain different known anmounts of

reconmbi pebl EEY2nddRiate oW h e refefenst FFAAEHINRLENEHIEEPE Hfén] e PRVOAURES based

on the known sanples and the amount of reconbi nant PCV2 ORF2 in the unknown

sanpl e tern 0 Nn_Wt. i.S: n Because
21 Sag ERMoR e A GhiTbARHeD HaSCHRA B b by HOEABTHECVE OKEy |
guantitation, t are preferred for quantitation. Thus, acorrding to a

f ur t her basujoxiys ﬁ’ﬁe pﬁﬁ@ggﬂwlwﬂ%ﬁﬁ%ﬁl off the mainianane, Beriad; Hhq SyperRARt 5t he
quantifi.cation of reconbi nant PCV2 ORF2 protein. A preferred ELISA as

provi deshmplesrcowldt be calletted end mmictlgted @giorn Bftt 96 wiell plateygvhichehasdieen deadadit | body

1: 6000 or an appropriate working dilution in coating buffer. A preferred
cagt ur ewahSFHbesll, sl theh ARidiihéd KQY2 J9A0 forlPs 016. dals. PThd plarkds tikndixed phef er r ed
coating buffer is 0.05M Carbonate buffer, which can be nade by conbining

2.93 ¢ &ﬁmNgﬁ %ﬂ?@\@%ﬁf@ntihﬁd@?%rﬁlﬁa% _Igﬁ‘i“ﬂ‘(‘f.aﬁﬁé‘kﬁs.eﬂ&dof%ffiﬁaexg (émﬂF%aCOB

(Si gma Cat -6139, or equiva e mxture Is co

distilled water, .or equival.ent.. to nmake o liter, at of f 0.1.
Next | ¢ SmsRb s oSl Bl iy Tl Bicost o TSy, tepfel it ek Somstintis: o o
working dilution, in _coating buffer. For example, for four plates, _ one
woul d neadgfastoryanactiyptien, igst-ndhe ¢pmteql cgltiinogylated | Wil thessferenee yius sheild  Usi ng
a reverse pipetting nmethod, 100 sL of diluted capture anti body is added to
al | of ¢ithibitlGPReahd §FA lantivtydand the unibo@ilatechflaskvshouldomt extgbit ameeddehes 0b6f each
pl ate should be gently tapped. The plates are then sealed with plate

sqal er SpCY2 ORF2ibaclbvigls CRE drddecontaii SIFANGti¢igppi ng the stack with an enpty
96-wel | plate. The plates are incubated overnight (14-24 hours) at 35-39C.

Each plate i-fnefuhRs isect Vrafe bleiER ddlionaRfitelUb’ &1 idShiviioh NEst Uk r @ wash

plus mcro titer

determining the effectiveness of the inactivation of the recombination viral vector, comprises

the steps: i) contacting at least a portion of the culture fluid containing the recombinant viral

vector with an inactivating agent, preferably as described above, ii) adding a neutralization

15 agent to neutralize the inactivation agent, preferably as described above, and iii) determining
the residual ipfectivity by the assays as described above. |

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

20 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

ORF?2 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



pl ate washer set at 250 gL/wash with three washes and no soak tinme. After
the last wash, the 20 plates should be tapped onto a paper towel. Again,
using the reverse pipetting technique, 250 L of blocking solution should be
added to all of the wells. The test plates should be sealed and incubated
for approximately one hour (f five mnutes) at 35-37C. Preferably, the

pl at es i |1 _nat he stacked after.this. step. During th ocking step, al
Peat - samielekmfl i35 RRRSHEN it i’ Hafiafd i o auh ELRS: Siey Pl
four separate, dilution, plates should be prepared 13 by adding 200 L of

di | uent Jegoghizeth asothg fmdystry standadnfori ARfiaga| Auanglation: they, ateopreferedq forow  H,
colums 1-3. Next, six test tubes should be |abeled as follows, lowtiter,
medi um t iquentjtatidn. gh titer, inactivated/filtered (1:240),
inactivated/filtered (1:480), and internal control. hi the designated

tubes, an appriops,iassrelisl tol ﬁ@tﬂeﬁi&?éﬂt,dh@?re@élﬂ Rdvestbon Ao felibes(to bh BMSW fdrest
sanples. 5 The thawed test sanples should be vortexed prior to use. For four

platgs, ttﬂ% qbéddg%ﬁfgg%ﬁ Qkéﬁﬂihm%w%;oﬂﬁzeg%%. A E&&%@E’Lﬁ& g g)éﬂv'laﬁied”‘)t be

pre-dilute ow titer; tive control at a l'ution

(SF+ cells): .3.77 nLs aof .diJuent + 130 gL of the.negat control .. ©
ot um ¢ ietsvich vl ently; teins i ey e caBtare, 0T oot op R Emtoptiahy o
the nmediumtiter; D) high titer at a 1:90 dilution (16 g/nL): 2.967 nLs of
di | uent -wogkingdilgtion m ¢pafpg buifery ; A Preferrdc¢apiuse antibody |is Swie apti-BC2 PAY
dilution: 2.39 nLs of diluent + 10 L of inactivated/ filtered sanple; F)
i nact i vatRrat. G pliifiededndit preférréd Goating Uhuiffenis 0.08MnCarbénatk buffer; whichlcaf bel of
inact/ filtered (1:240) prepared sanple fromE above; G internal control at
1:30 di |lphddeoBy combidingl2930f NHHCON{Sigma 3tht INo.0§-60IE drécaivaRht)Cmat1.89 g Next,
add 300 L of the prepared sanples to corresponding enpty wells in the
di l ykion ef; - I 5 &gh%l ek is then
set “% o] 1&34 @3 §r11 E’E ﬁgi g%cﬁfs e%{@iog%g@\yvéxmir eﬂ}r%ﬁ")f(le ;& Q%?E%%‘% Wﬁ‘g (?Jl%)tﬁ%ﬁd down
for at least 5 tine d then 1 pL is,t rr t.o,Row B usi.ng,the
overse. (Tt B MVAsoh P qiAke OpFdN 32 G PR DO IC S e arpe LD B
procedure is followed down the plate to Row G Sanples in_these dilution
pl at es ardiluted\li60R% @y amoptherappeppeatetwprking dilption, injgogting buffis e Forexample, 3] at es
have been washed 3 tinmes with wash buffer using the ultrawash

four plates, one would need 42 mLs of coating buffer and seven pL of capture antibody.

Using a reverse pipetting method, 100 puL of diluted capture antibody is added to all of the

15 wells. In order to obtain an even coating, the sides of each plate should be gently tapped.
The plates are then sealed with plate sealers, prior to stacking the plates and capping the stack

with an empty 96-well plate. The plates are incubated overnight (14-24 hours) at 35-39°C.

Each plate is then washed three times with wash buffer using the ultra wasﬁ plus micro titer

plate washer set at 250 pL/wash with three washes and no soak time. After the last wash, the

20 plates should be tapped onto a paper towel. Again, using the reverse pipetting technique, 250
uL of blocking solution should be added to all of the wells. The test plates sﬁould 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
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20 plus mcrotiter plate washer (settings at 250 gL/wash, 3 washes, no soak
tinme): After the |ast 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 sinple transfer procedure. Mre specifically, starting at row H
100 pL/well is transferred fromthe dilution plate(s) to corresponding wells
of the test plate(s) using reverse pipetting technique. After each

t r ansf epy addirgs 2000l dedilvepssobftionltd all @f tHedrembimirgesliclisfexoept Rawo®, A dadrdviwel | i n
the dilution plate(s) is transferred to corresponding wells of the test

pl at e( sy bslinags I BYeNSg, fk R&t Edb@Qsﬁcﬁz@d‘Bé Hbeled B FolRANE 10V tite? mBdiRR ey, L1 PS can
be wused for the remaining transfer. To ensure a hofibgenous sol ution for the

o e ORI 8 B0 b B

1.0 hour 5 mnuytes at 37C ain ble not to stack t he
pl at es. depigaated fyhss, %@Pf%élﬁtemlélﬁ% slgouﬂci hégrwqeﬁ %‘E?WIES tegksamgples: he
ultrawash plus mcrotiter plate washer (settings at 250 L/ wash, 3 washes,
an@ no Theathawed rtes) samples shaulk bé arsttexesdspriortthaispl dioeiomldatbaﬁpedollnwinga paper
towel . Using reverse pipetting technique, 100 L of detection antibody

di | ut eddihitidR® wild be aRfeOBY) ithd Bow\Bikds i vill bt | bet preddiluted: 1.0 16ls UL Mw SiGdruBoON i s
added to all of the wells of the test plate(s). For exanple, for four

pl ates r gQ{Fﬁee tgls)lt Bgﬁeﬁmf'?ﬂugﬂuﬁ (§F+@hl‘lﬁe§!"77 é%g'ggﬂen%t fzolﬁoo#thehegagp%ur €

anti bo ate are t sea |ncu ated for our

Ui ng (HBE Mﬁgati?%?hﬂ 2% ?hlﬁt%ra(ﬁmg{ri%sfﬁﬁpﬁ SEdHenbE 120 agde %LL”

3 washes, and no soa H%a er the |ast _wash, the El ates are tapped onto
a 15 papedivmdiies D)rlvés&tltef é@ﬂ,dﬂga%(kﬁ rElh 3.9675mlp oF diues +otdil gt 1%
normal rabbit serumto the diluent. For exanple, for four plates, 420 L of
ndPmal highbiter; $Orinantivatedidfiketed at 421:240 @ﬁluﬁmzlh&tmLsThédﬂmmﬁ dg&OeLIanf i body is
diluted to 1:10,000, or any other appropriate working dilution, in a

f r eshl yinpdtrpraedltaed saglé;F)dhictioned/sfitaiéd stra 1 dg@ldilutiel: 10 si dffblubsst
plate(s). Using a reverse pipetting technique, 100 kL of this diluted

ggg{ gg g g Eﬁlnc%gﬁl g‘l nglg%b)tﬁeﬂréndut 1 gﬂé‘ﬁo&@ﬁ 'aﬁoveTg? ihtErbl éUn%FétSl) :3@r e then
dilution: 3.77 mLs of diluent + 130 pL of the internal control. Next, add 300 pL of the
prepared samples to corresponding empty wells in the dilution plates for plates 1 through 4.
15 The multichannel pipettor is then set to 100 pL, and the contents in Row A are mixed by
pipetting up and down for at leaét 5 times and then 100 pL is transferred to Row B using the
reverse pipetting technique. The tips should be changed and this same procedure is followed
down the plate to Row G. Samples in these dilution plates are now ready for transfer to the
test plates once the test plates have been washed 3 times with wash buffer using the ultrawash
20 plus microtitér 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



Preferably, the plates are not stacked. The plates are then washed 3 tines
with wash buffer wusing the ultrawash plus mcroliter plate washer (settings
at 250 L/wash, 3 washes, and no soak tinme). After the |last wash, the plates
are tapped onto a paper towel. Next, equal volunes of TMB Peroxi dase
Substrate (Reagent A) with Peroxidase Solution B (Reagent B) 15 are m xed

i nedi at e us e unt ry _dependi ng_upon. t he
quant | £y ieSa e Ra Ga 00 BHARD it SiEquitiaeq bR e PRRL S i giing
Therefore, for 4 plates, it wll be 21 nL of Reagent A + 21 nlL of Reagent
B. Using VéPlﬁéﬁ@Fé“ét pleisé) using reversp RIP e tecbniquey| Thersamgisetof pinstte Epserads to al |
wells of the test plate(s). The plates are then incubated at room5

t enper at wsed fayrthd Semuiningetsansfed Skoc emsise a Thoemogesoss i sotutios fot depeahsey, thee
addition of 100 L of IN HCl solution to all wells using a reverse pipétting

t echni queolufibie skulSBe Riptied gaz@le Idowh Sat UM 3 ttithdRGsHoR Mo AAfsfer. | NukdtHeeqtr OCeed

t hrough its diagnostics and estl ng phases in a  conventional manner. A

further t e nth try

Fecombi nateo e seief aﬁd“!r%c“ﬁat e hE PSR B H a8 Al Wiste,
ORF2 proteln i n hi ts, when infected into susceptlble cells, It has
been sur prefeabligme “I"cﬁ!ﬂ?g ﬂml@te% hEhe platenarpitheanivasted  Hmpe withwagh bt psiag o
herewi t h expresseshi gh anounts, as defined above, of PCV2 ORF2 after

i nf ect i nghsultrewashi flhemiabtiter plateewashar (esttingseat (256 3drvashny evashesparal mosaak| at es
to an inproved nmethod for producing and/or recovering of PCV2 ORF2 protein,

pr ef er abltime).5 AR el 186 Wabi)@hSplates areQsped Bfifol Axghper fokeRNUsiAA Riverse ?i}iettm ctor
cont ai ning PCV2 ORF2 DNA and expressing PCV2 F2 protein. Preferably, the

Conet ructy aueg, S L OF Rl Q‘@‘E@‘%ﬁ@é‘%‘*&ﬁﬁ&? ?%‘*’E@%}‘%{e&@?ﬂ%&gg“ i h
For 1wt ngitor Seuo B BraftorTie PPRIEY 1 Ste} cForindlE” B5 105 iy pove

ORF 2 DNA and 20 e£ressm PCV2 ORF2 protein used to infect the cells is
gener at e®nByVil pap4Zmls 9f dduent Eﬂl%‘!‘életh/é‘éQ Bl of septurs satibpdy. Jhe drEplatpéne

cloned therein into a viral vector. Preferably, only the
are then sealed and incubated for 1.0 hour + 5 minutes at 37°C £ 2.0°C. Again, the plates are

washed 3 times with wash buffer using the ultrawash plus microtiter plate washer (settings at
250 pL/wash, 3 washes, and no soak time). Aﬂer‘ the last wash, the plates are tapped onto a
15 paper towel. Next, the conjugate diluent is prepared by adding 1% normal rabbit serum to the
diluent. For example, for four plates, 420 uL of normal rabbit serum is added to 42 mL of
diluent. The conjugate antibody is diluted to 1:10,000, or any other appropriate working
dilution, in a freshly prepared conjugate diluent solution to all wells of the test plate(s).
Using a reverse pipetting technique, 100 pL of this diluted conjugate antibody is added to all
20 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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portion of the transfer vector is transfected into the viral vector, that
contains the ORF2 DNA. The term"transfected into a viral vector" neans,
and is used as a synonymfor "introducing" 16 or "cloning" a heterol ogous
DNA into a viral vector, such as for exanple into a bacul ovirus vector. The
viral vector is preferably but not necessarily a bacul ovirus. Thus,
according to a further aspect of the present invention, the reconbi nant

viral wyechidediimnediagsltpeidr iy us&C OThei 4idduin® iiked wek rvady depgendingrupoacther
containing the heterologous 5 PCV2 ORF2 DNA and a viral vector, preferably
a_bacul Graifush pl At BRLGIRE Sif 5&%&{\%‘)1@ e

bacul ovi'rus “(such as Bacul o Go transfer vector”™ neans a DNA

| ecul hat i nghud t t Loin. of |icati.on, the h I
gene, - Fi bra! patRepER A pEOY oiBe ML R (R oSSRt ERb R ek pr G0E Tre
cloning of said heterologous gene into the viral vector, Preferably the
sequencBk ofstbstate is agdedtosl; wells of therfest platainl dihe plites st Bemmcnbated atpeonyi r al

vector are flanking the heterol ogous gene. Even nore preferably those
f 1 anki ngmperptizre fard Saniputes H ISasstoridenFhe raction is spapedsbyihe dditiqn efit@subf t he
viral vector. The sequence honol ogy then allows reconbinati on of both

ol ecul gSIN HT svlutigh to MEGENY usiiitla tversé pipefingtechBiyuor The EUESIEpRtctredder
reconbi nant viral vector containing the heterol ogous gene. e preferred

| < lost BrSG ped Sn Wb sBred R pUERC IR R EREIGTG R RO RIEBREPRTY 2 O

Sf+ cell line. &raéaf erably, said transfer vector conprises a PCV2 ORF2 DNA.
The coﬁ‘g’cVF‘E}H“a Mhnsfected i s approxi mately 10, 387 base pairs in |ength.
In nore preferred fornms, the nethods of the present invention will begin

with the i solfarthesgsperet efthe impptionrgatesgorremgthog for eanstructing gare¢onehinant known or
unknown strain as 20 the ORF2 DNA appears to be highly conserved wth at

| dist abinalt veetobocoatyininy ECVRcORIF2 YDNAL avek exptessingr BOV2 i QRF2 tpestein AnyhipV2 ORF2
gene known in the art can be used for purposes of the present invention as

each WopheuflE Wiy aFectsll linth Osubdtptibld PEINB! & hakhBeddC¥urpiiigly Jond $hdpri@éer ably
anplified using PCR nethods, even nore preferred together with the
recombinant viral vector as provided herewith expresseshigh amounts, as defined above, of
PCV2 ORF?2 after infecting susceptible cells. Therefore, the present invention also relates to
an improved method for producing and/or recovering of PCV2 ORF2 profeih, preferably
15 comprises the step: constructing a recombinant viral vector containing PCV2 ORF2 DNA and
expressing PCV2 ORF2 protein. Preferably, the viral vector is a recombinant baculorvirus.
‘Details of the method for constructing recombinant viral vectors containing PCV2 ORF2
DNA and expressing PCV2 ORF2 prdtein, as provided herewith, are described to the
following: In preferred forms the recombinant viral vector containing PCV2 ORF 2 DNA and
20 expressing PCVZ ORF2 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 “introducing”.
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introduction of a 5 flanking Kozak's consensus sequence (CCGCCAUG) (SEQ ID
NO 1) 17 and/or a 3' flanking EcoRl site (GAATTC) (SEQ ID NO 2). Such
introduction of a 5° Kozak's consensus preferably renoves the naturally
occurring start codon AUG of PCV2 ORF2.The 3' EcoRl site is preferably

i ntroduced downstream of the stop codon of the PCV2 ORF2. Mre preferably

it is introduced.downstream.Qf . a poly transcri ption termpatjon, 5.
sequence, %% ﬁg?m?gc Sace}fefer?lggqlgé%g%dmg&%gafy%cé?ﬁ e orﬁé@p@g{} abaloviay N 1t
has been found that the use of a Kozak consensus sequence, in particular

as descr i WstPrabsadral yestor dvpreferablybut agtyiesessinily a baguovigs. t he subsequent PCV2
ORF2 protein. The anplified PCV2 ORF2 DNA, w th these additional sequences,
i s cloned int oThusyexbuling th pifiather ngubcy ef therprésent investionn khtei mtomihantivigl st ep
is the pCEM T- Easy Vector (Pronega, Madison, W). The PCv2 ORF2 DNA 10

i ncl udi NgyeRFEs RERMINESY RicoRBRNEALBstweerEsArhidfdiJecthr chftaiRin@f tBE Bbtkivlcxsad Sed
fromthe vector at the Notl restriction site. The resulting DNA is then

cloned in k@]ﬁ vect Qr h j

i nve%ti onf,’eXEms %W‘%%B%(?ns]%arquvgﬁog ?ﬁ%@’o%ﬁ%@ﬁ&%%’r%%ﬁ%ﬁ g’?&glgﬁl&a% ni ng
PCV2 ORF2,.DNA i rovid .This nethod co i ses t teps:..i cloni,ng a

r ecombi n alr’ﬁ‘e%gr e%mﬂé%ﬁ%&w&t k’?‘:é‘ll&vf%‘ﬁ SPeR ggé?""i‘h G‘oﬁe‘?ﬁf‘ﬁa%s ﬁ‘@éﬁfPrn\ffC‘toﬁ e
portion of 15 the transfer vector containing the reconbinant PCV2 ORF2 into
a viral vmewmsa DNA mpleculesthet mpladeseat deabti ong otigini of a¢pligationethe heterolegougene, t he
transfer vector is that described above or is constructed as descri bed

above or msthexsregehtacdsk WCVDORHA2N ahd PNA stquehbesswhieh cilidive ghé oloaingf off daidr
aspect, the transfer vector, used for the construction of the reconbi nant

viral VeCh&érogou: 6 itO At MR Sbdlor. PRIKIAMI) thel RGuSRAURRIEE albw SleRingRMEE 7. 20
According to a further aspect, this nethod further conprises prior to step

B e T L
AR G T W O i G R
and suitable transfer vectors are descri bed above,
viral vector. The sequence homology then allows recombination of both molecules, the viral
vector and the transfer vector to generate a recombinant viral vector containing the
heterologous gene. One preferred transfer vector is the pVL1392 vector (BD Biosciences
15 Pharmingen), which is designed for co-transfection with the BaculoGold DNA into the
preferred Sf-lj cell line. Preferably, said transfer vector comprises a PCV2 ORF2 DNA. The
construct co-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
20 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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18 exenplarily shown in Figure 1, or known to a person skilled in the art.
Thus according to a further aspect, the present invention relates to a

met hod for constructing a reconbi nant viral vector containing PCV2 ORF2 DNA
and expressing PCV2 ORF2 protein conprises the steps of. i) anplifying PCV2
ORF2 DNA in vitro, wherein the flanking sequences of said PCV2 5 ORF2 DNA
are nodified, ii) cloning the anplified PCVv2 ORF2 DNA into a transfer

vect or ;andfonch B'dflankingnEéedRdt siteg(GAATTCRSEQIDVNC 8). Sncla ipmductiom otherséof
containing the reconbinant PCV2 ORF2 DNA into a viral vector to generate

the r ecmaﬁak@%seﬂs%rev&aﬂzﬁ temdve§ RS Adthndlly tobalm%@ diafti oabh AUG oftHevS | anki ng
e

sequences of the DNA is perforned as scri bed above, e. g by

trod K
osor: RORFETRe 3SRt e AGHERES Re ﬁgf?%’;%%g??*mpﬁ’é% SHF PR i ng
pov2 1 D %f"ve”?j?reéwinh”‘é'ﬂﬁirﬁ% e iy ocach s Bk A HBRETRI GIBUROR] oni ng

reconbi nant PCV2 ORF2 into a transfer vector; ii) transfectl ng the portion
of 5t he sequencd, dhat vtsel{ isrlocatad:deinmistneant ofthe BEVAIRE stopedeniRbas been doundi5 vi r us:
iii) infecting cells in nmedia with the transfected virus; iv) causing the

t r ansf etaitate vsd ofSa Klogalcedis@sts kdyRericeCinirticulvir apdesceibed ﬁb@m Hciédsethe?; V)
separating cells fromthe supernate; and vi) recovering the expressed PCV2

%Z 2prédbfkdor {980 dtthe M@%ﬂ%ﬁé FevMIRI250tn, uﬂplﬁie‘&rlit\?"z OR¥2 rﬁmqant PCV2

DNA'I1nto a transfer vector are descrl be oove Preferably, t he
transfer..vect or ont ins the .segue of S 20.1D 4, SEQ
D o it SR RadioeHeE sqihancdl, 4 SRR fto Byeor, APIYIERty VRS fErs T
unnodi fi ed or rmdlfled as Ing as the PCv2 ORF2 when transfected into
a  recdHnREED {5 the PGEM-Iasy Vecter (Fremegn Madison; W1} u?%?GVZ ERFEPRB y, the

Teconbi nant viral vector conprises the sequence of SEQ ID NO 8. Moreover,
mé® hodsindfdihgwome pGEMcvectoe Isequencesr(SEE HbINO:hdwist preferablyc exdised doam dhd | s wi th
a defined nunber of reconbinant bacul ovirus 19 )
vector at the Notl restriction site. Ihc resulting DNA is then cloned into the transfer vector.
Thus, in one aspect of the present invention, a method for constructing a recombinant
viral vector containing PCV2 ORF2 DNA is provided. This method comprises the steps: i)
cloning a recombinant PCV2 ORF2 into a transfer vector; and ii) fransfecting the portion of
15 the transfer vector containing the recombinant PCV2 ORF?2 into a viral vector, to generate the
recombinant‘ viral vector. Preferably, the transfer vector is that described above or is
constructed as described above or as exemplarily shown in Figure 1. Thus according to a
further aspect, the transfer vector, used for the constructic;n of the recombinant viral vector as
described herein, contains the sequence of SEQ ID NO: 7.
20 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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cont ai ning PCV2 ORF2 DNA and expressing PCV2 ORF2 protein are described

above in detail. Miyreover, steps of separating cells fromthe supenate as
wel | as steps for recovering the expressed PCV2 ORF2 protein are al so
descri bed above in detail. Any of these specific process steps, as

described herein, are part of the nethod of producing and/or recovering 5
r econbi ngnt. i . d Qpen readi ng.fra f scri bed
Cbove. " Brapbidly PudFERAEERTL of knSRED L B K Es] TR

cul tures _have a cell count, between about 0.3 _- 2.0 x 106 cel]|s/nL, nore
pref er ab Iﬁ&‘%ﬁ Wﬁb&'ﬁ {Prejerignventon r“iatq_So‘e %@F‘gg‘ffﬂf,“n%tf‘ﬂ”i‘g HrbrcempingRtariidh v from
about 0.4 - 1.8 x 106 cells/nl, even nore preferably fromabout 0.45 - 1.7
X 106 ceNedgreontaiping FE¥2 ORFEIANAlshg eXpressing PEIM2 QRE2 proteih comprizgs theisteps nl.. 10
Preferably, the reconbinant viral vector containing the PCV2 ORF2 DNA has a
pref err edf: iyamlifphg ®OV2 ORFR A tih Gfird, MBejei thelftinking seqieacds of.skid PCM25, nore
preferably fromabout 0.05 - 1.3, still nore preferably from about 0.09 -

abo i SBL?”mwelﬁAf%éﬁ%ﬁ?%?f’%‘ﬂfe&%%@? doplifica P2 ?ﬁé?%ﬁ%“?@tac%hﬁ%%%’yl |t °
P " i PCV2 ORF2. in in.
obt a1 neq WLI\TBRSaE edrMiF yeotar g ap iR B e GROGIRPI RS EEPROPRU Y Ty

decreases to less then 10% Preferably, for Broduc,i ng PCV2 ORF2 protein,

cel I s ar ORFGI PNGainke) aafirap syegter o generatefthg sepyrbinenpte visal pigeter-i Rraferablpghe s o
centrifugation or a filtration step. Optionally, this nethod can include the
step of amndificatjornef the dlaflGhg séubirteDAthef ROVI2 ORI2rBNA isfpefféiiéd s idescribed cl oni ng
the PCV2 ORF2 DNA into the transfer vector. In 20 preferred forns, a 5
Kozak' s gesided)g sy iftrotduciag@R’ Kozhleseqadtide aRdTdr AHcbRNSsite \REeRAblyER Mestkibed be
added to the anplified sequence, preferably prior to or during

anpq fi cgmvg_n. A preferred 5° Kozak's sequence conprises SEQID NO 1. A
preferred 3" EcoRl site conprises SEQID NO 2. Preferred PCV2 ORF2 DNA
conprises the,nucl.eotid equence Cenbank. Accessio No. AF086834.(SEQ ID
N0 T3) “and SEAFPBIRESS & TuibEEREReA T I B A0S ERRaVersg TRORAtER
conprises the am no_acid sequence of SEQPI D NO 5, which is the protein
encoded protein expressed by open reading frame 2 of PCV2 is provided. The method generally

comprises the steps of: i) cloning a recombinant PCV2 ORF2 into a transfer vector; ii)
transfecting the portion of the transfer vector containing the recombinant PCV2 ORF?2 into a
15 virus; iii) infecting cells in media with the transfected virus; iv) causing the transfected virus
to express the recombinant protein from PCV2 ORF2; v) sepafating cells from the supernate;

and vi) recovering the expressed PCV2 ORF2protein from the supernate.
Methods of how to clone a recorﬂbinant PCV2 ORF2 DNA into a trans_fer vector are
described above. Preferably, the transfer vector contains the sequence of SEQ ID NO:3, SEQ
20  ID NO#4, SEQ. ID NO:7. However, the transfer vector can contain any PCV2 ORF2 DNA,
unmodified or modified, as long as the PCV2 ORF2 DNA, when tr;ansfected 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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by SEQ ID NO 3 (CGenbank Accession No. AF086834) and SEQ ID No: 6, which is
the protein encoded by SEQID NO 4. A preferred nedia conprises serumfree
insect cell media, still nore preferably Excell 420 nedia. \Wen the
optional anplification step is 5 perforned, it is preferable to first clone
the anplified open reading frame 2 into a first vector, excise the open
reading frame 2 fromthe first vector, and use the excised open reading

frame {ddtaiih® PCV2 ORFD DNI® ahd @RFieS¥ing/ BCVOIORFR Bfodig lafccfeseibdd dboR€ i OF
cotransfection is the SF+ cell ine. A preferred virus for cotransfection

of the e?iéiﬁs e(r:w&’*éé%?"?%‘??%%ﬁééég%é%“?Eﬁyﬁ%ﬁg‘?@%? el St BEREERAfe Pt o,
it PC\2 ] ' 2 F2 . ini
Lhe ool € cSRE BCYAIRRE I srccey SGomaibaye f o4t dgheseienBi < W o1

the virus. Thus, a further aspect of the invention relates to a nmethod for
pr oduci prgcesh arens, asrdsgasibed iharpin, se pay2f dhremethed dif mgoducingeand/or geegyerisgs t he
steps: i) anplifying the PCV2 ORF2 DNA in vitro, preferably by adding a 5
Kojak srecembinmtaproteonr expressettlibygopenteading Rrandeb 2r efs PCVEt asodesstib&] above. cl oni ng

the anplified PCV2 ORF2 into a transfer vector; lii) transfecting the
por ti onpeferdblf; thé A & YBC LALs. SEN BbrR! I{Mfe}dw r@ QRS HavEeVee It | N O 2
virus; iv) infecting cells in nmedia with the transfected virus; v) causing

the {1 SaLent 80§ U5.0%0l0" BXRIGE Smb S L8R AP MuP095 &1 18 { IBTLAEGHE, OFF2

Vi) separa C romt supern recovéring the ekpressed

| nvent 5 PereareRably Eom b s o 4F 05ralARL: B RSB PELSH L 5951 HEkhg POV

ORF2 protein, and (nactivated viral vector. This method conprises the
steps: 045 cl bdi ?hd()% ivellsimp) iapd gaosb@ysferabiy2 frpm: abaut t:hnsk-&rx V8ctcels/mi; )
transfecting the portion of the transfer vector containing the reconbi nant
POY2 ORF2ferably) the recombimanti vital viectbecdrntaiging ¢hd BCV2 ORE2 DNW thas aheeferredisf ect ed
viral vector; iv) causing the transfected 21 viral vector to express the

r econbi RaRiblicitydrehRcticnAMOK YL bédakeen abbut 66PN, itgle prefarsbly 8N abbite.g3/per nat e;
Vi) recovering the expressed PCV2 ORF2 protein fromthe supernate; and vii)
- 1.3, still more preferably from about 0.09 - 1.1, still more preferably from about 0.1 - 1.0,
and&nost preferably to about 0.5, when used for the infection of the susceptible cells.
Preferably, recovering of the PCV2 ORF?2 protein in the supernate of cells obtained between

15 days 5 and 8 after infection and/or cell viability decreases to less then 10%. Preferably, for
producing PCV2 ORF2 prdtein, cells are cultivated at 25 to 29°C. Preferably, the separation .
step is a centrifugation or a filtration step.

Optionally, this method can include the step of amplifying the PCV2 ORF2 DNA
from a strain of PCV2 prior to cloning the PCV2 ORFZ DNA into the transfer vector. In

20 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
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i nactivating the reconmbinant viral vector. Preferably, the reconbinant viral
vector is a baculovirus containing ORF2 DNA codi ng sequences and the cells
are SF+ cells. Preferred 5 separation steps are those descri bed above, npst
preferred is the filtration step. Preferred inactivation steps are those
descri bed above. Preferably, inactivation is perfornmed between about 35 -

or csence BPLRUHTAES fifoBind o seiudls At seQuR el Rty B bR Pockhe,

concentrations of BEI negatively  affect _the PCV2 ORE2 protein, and |ower
concent r abY §ﬁ§ Eloﬁétp@Pgaé’&‘t‘i“%ssﬂ%l NpabFO80s88) e SEQ \HBP& év/@"@fcg‘rls\ﬂ“t hin 24
to 72 hours of inactivation. Preferably, inactivation is perforned for at

| east 24 proteirs encoded b PP @1 4.2 dA froeferzed tredia2cdmpuises. setwrudrediinggct oelh
further aspect, the nmethod for preparing a conposition conprising PCV2 ORF2

protein, media) Etﬂllido\f@?%fermﬂy EHxcHEAROmedie VPhd theeshtiohdl enplificsiton step tgles an
neutralization step after step vii). This step viii) conprises adding of an

equi v¢al e : i j i i ent
wthen ¢ nerRERidle S preictad AR ol B AR S A R BLPRRIET

of sodiumthigsulfate to an ivalept anpunt is preferred. Thus,.according
Co ot ur Fisie fnen oo e 7 omdhe Rt SERend e B et tiS, o
solution to a final concentration of about 1 to about 20 pM, preferably of
about 2 t®r&iewing inty thairansfer yactosp e pyoifestedroghilipe dor easesnsfectionds okt eel

still nore preferably of about 3 to about 20 7 mM nost preferably of about
5 mM whelind h& preferced vintsi foncogesfection iBkiculodirosr & prgferred dorfngrof ies methodct , t he
met hod for preparing a conposition conprising PCV2 ORF2 protein, and
inactivat g tiinkfdbted P6Idh, ofahe HaAITE #&%r%ogigﬂsescgmrmsﬂ@: /B[ | Pinally) foi 8fs 1)
the follow ng step: "anplifying the PCV2 2 DNA in vitro, wherein the

f 1 anki ng : 1] i ve.. In
Vi tng o RSB R Bied Biefdme el Cl DOy il Rt ZRQREZEPER Bl P

fl anki ng seguences, c|oni invitro,. anplified PCV2 ORF2 DNA into a
transfer W‘ﬁ@f%ﬁ”pﬁwﬁte§tﬁ?%§%§ysﬁﬁ§ﬁg’fwgg@t‘ﬁ{l%wgpg’ed’é@@ri bed above, _
exenplarily shown in Figure 1, or known to a person skilled in the art. Thus
accordi ng Thus, a further aspect of the invention relates to a method for producing and/or

recovering the PCV2 open reading frame 2, comprises the steps: i) amplifying the PCV2
ORF2 DNA in vitro, preferably by adding a 5° Kozak sequence and/or by adding a 3’ EcoRl1

15 restriction site, ii) cloning the amplified PCV2 ORF2 into a transfer vector; fif) transfecting
the portion of the transfer vector containing the recombinant PCV2 ORF2 into a virus;
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;
and vii) recovering the expressed PCV2 ORF2 protein from the supernate.

20 . A further aspect of the present invention relates to a method for preparing a
composition comprising PCV2 ORF2 protein, and inactivated viral veéfor. 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 ORF?2 into a

" virus; iii) infecting cells in media with the transfected viral vector; iv) causing the transfected
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to a further aspect, this nethod conprises the steps: i) anplifying PCV2
ORF2 DNA in vitro, 5 wherein the flanking sequences of said PCv2 ORF2 DNA
are nodified, ii) cloning the anplified PCVv2 ORF2 DNA into a transfer
vector; and iii) transfecting the transfer vector or a portion thereof
contai ning the reconbi nant PCV2 ORF2 DNA into a viral vector to generate
the reconbinant viral vector, iv) infecting cells in nedia with the

t r ansf egiabdectorrtoexpaeds the tsdontbindnb proteinfivhePCYd ORFwv)tsepeatingaels filogh
reconmbi nant protein fromPCV2 ORF2; vi) separating 10 cells fromthe

super Nah&supbirate; Oﬁq'%%ﬂirgtih% Sﬁgfﬁgg% PEFODIEN Brotdil fof tBE @%ﬂénfafé? &e ?g)bl v, in

supernate; "vill 5 Inactiv e reconbi nant viral vector, pre

the presence. of .about ..1 to .about,6 20 | , oSt eferr.ed in the presence
of * abolTacBeciP: Fibrmo el uiH Yitof PRy, T enEb B HE ek B bne -t had
neutral izes the inactivation agent within the solution preferably, adding
of a sdAFYRAYIFYSicoRmng ORERIDNA seding sgauencesiand dhe eslisrase SBH celfs. Rpdderred t o

about 15 20 mM preferably of about 5 mM when the inactivation agent is
BES . | rsepanaiionestepssare chosefdesdribeh abeen tmdsh pririednis the riltratiod stapr Ppefepett i ng a
conposition, preferably an antigenic conposition, such as for exanple a

vacci N§nactiQdtion stéPsi ané@ tiRe dBSTHB& a6 PPRERablgdhattivatitaVid pesfoficVbél®Ben
Generally, this nethod includes the steps of transfecting a construct into

povz, g Berc e ?*%s%%e§%%@?§l%at¥ﬁﬁ9ﬁt i %*‘@f"“fd R )
. . . . . o2 5

¢ ecoverht) 3 M Hibothas BaBt s singe R, et EnS A & DRASSEHIYD epar | ng

the conposition by conbining the recovered protein with a suitable adjuvant

and/ or abfeetethe PRY2NQRER thretein] gndolowsp censerirations prernot ei{getiyg 4a timactiyae gl d
herein, can include al um num hydroxi de, and al um num 23 phosphate, saponins
el@., Qinal voitor @Gthdd 24 Cafibhowtsef Baciivetion. [Preferablgaimbetivdtien Msijerfotdirid fod a00

(Gal eni ca Pharmaceuticals, Inc., Birmngham AL), water-in-oil enulsion,

Oi | - i n¥@t 24 hours) eVl A6 piettredd fon24id 72 Hourat er emul sion. The emul sion can be

based in particular on light |Iliquid paraffin oil (European Pharnacopea
type); i sopngRsiitheOo! a Fitfiflr 3SheSd R ARG0A For BH&BASE a composition comprising
PCVZ- ORF2 protein, and inactivated viral vector, as described above, also includes an
neutralization step after step vii). This step viii) comprises adding of an equivalent amount of
15 an agent that neutralizes the inactivation agent within the solution. Preferably, if the
inactivation agent is BEI, addition of sodium thiosulfate to an equivalent amount is preferred.
Thus, according to a further aspect, step viii) comprises adding of a sodium thiosulfate
solution to a ﬁﬁal concentration of about 1 to about 20 mM, preferably of about 2 to about 10
mM, still more preferably of about 2 to about 8 mM, still more preferably of about 3 to about

20 7 mM, most preferably of about 5 mM, when the inactivation agent is BEL

According to a further aspect, the method for preparing a compositibn comprising
PCV2 ORF?2 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 ﬂaﬁking

sequences of the PCV2 ORF2 DNA are modified as described above. In vitro methods for
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5; oil resulting fromtheoligonerization of alkenes, in particular of

i sobutene or decene; esters of acids or of alcohols containing a |linear

al kyl group, nore particularly plant oils, ethyl oleate, pro pylene glycol
i -(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propyl ene

gl ycol dioleate; esters of branched fatty acids or alcohols, in particular
isostearic acid esters. The oil is used in conbination wth emulsifiers to

form t he amplifgingrihe PRY2c0RF2 DN A rand anadifyngpthe fllankibg peansn¢esnelenisg it airant s,
in particular esters of sorbitan, of mannide (e.g. anhydromannitol ol eate),
of gl ycol ampitfied GV QRER MINA drfto ptapsfereveetog hivd eilitable dranéfeoveetors are desefib&hr i C,
ricinoleic or hydroxystearic acid, which are optionally ethoxylated, and

pol yoxypr gk %&&hﬁﬁhm&\% yFighe 1CePRloWIRb aRM%SK §k111éd‘mﬁﬁé 5& Otih@hechRfing

Pl uroni ¢ products, espem ally L121. See Hunter et al he Theory and

Practi cal catli i on nts 1 d ohnW | ey
2nd_ Sone. Q@gﬂb A, o st KRR Rush s mP@@E&L#‘%V%QREgP@%M%%?)

For exarrpl e, is, possible to use the SPT erul sion descri bed on page 147 of
"Vac€i ne Bb@rp’@ntheﬂ%k%tsmepwmf sl BOYAIORB IO 1ere Bwdified, bY) wenipg s | and
M  Newman, Plenum Press, 1995, and the emul sion MF59 described on page 183
of this samﬂiﬁeﬁ(l’ﬂi&)@RFADNA itten tiansferavecter;afnddid) taatjsfectimg the srapsferomptoniod
chosen fromthe polymers of acrylic or nmethacrylic acid and the copol yners

of naleicy F@xﬁmeeftaf@dwmﬁhgﬁwbcdiﬁfmsﬁapcvz ORPAYRAlAG0HS] Astdi Y@ dnefa@pounds
are the polyners of acrylic or nmethacrylic acid which are cross-Iinked,

especi al | y . ft"g’rb[e}‘g{}tﬁ‘gllv?nﬁs%wrt ﬁi}ﬂ}%&%‘g%elfsqﬂﬁ{eﬁx %hﬂpﬁkm q@&%‘ﬁru T\t}%ﬁgsmgz June

conmpounds carboner aneuro

1996) . Perso led in the art cap, al so ref rt Pat.ent No.

2, 909, 4628 ﬁémso@se’%%sﬁ thig. Fepppbinge Igrﬂm%owrfg‘ggz QRS A feprratiie

poI yhydroxyl ated conpound having at |east 3 hydroxyl groups, preferably not
mor d0t hancedls frere thy dupeyeste;aviihsecobering t@a@tpmsmcbé’(%@d | proteén gy dld aced

by unsaturated 5 aliphatic radicals having at |east 2 carbon atons. The

pr ef er r edsupaghatepVidl) fractivaking eheaedUnibiming giral vector, preferably, in the presence of about

1 to about 20 mM BEI, most preferred in the presence of about 5 mM BEI; and ix) adding of
an equivalent amount of an agent that neutralizes the inactivation agent within the solution,
preferably, adding of a sodium thiosulfate solution to a final concentration of about 1 to about
15 20 mM, preferably of about 5 mM, when the inactivation agent is BEL
In another aspect of the present invention, a method for preparing a composition,
preferably an antigenic composition, such as for example a vaccine, for invoking an immune
response against PCV2 is provided. Generally, this method includes the steps of transfecting
a construct into a virus, wherein the construct comprises i) recombinant DNA from ORF2 of
20 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 vexpressed 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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from2 to 4 carbon atons, e.g. vinyls, allyls and other ethylenically
unsaturated groups. The unsaturated radicals nmay thensel ves contain other
substituents, such as nmethyl. The products sold under the nanme Carbopol ;
(BF Goodrich, Chio, USA) are particularly appropriate. They are
cross-linked with an allyl sucrose or with allyl pentaerytbritol. Anong
then, there may be 10 nenti oned Carbopol 974P, 934P and 971P. Most preferred
i s the phsgphate, Sijoaiele.®, /Gl A,A)DNY (Cbﬁbﬁ?%hmhsln@.]‘ Cambfidge B dyprde and

al kenyl” derivative, the copolymers EMA nsant o) whi ch are copol yners of

o1 ¢ 0D EeHEs BBk AR Thn AR UL A liy SR ISHEI KR Salkf) VR

| eads t0o an aci ut1 on 78 neutrall zed, era

P! oL SHNESL Vel Sl AR Do B PR D,

i ncorporated. Further suitable adjuvants include, but are not limted to,

t he R Biquishpamafiin oildfuropean Ririmaacopenctype); Bpprenroid oil suehyafesquelaye pequaleneant a GA) ,
SAF-M (Chiron, Eneryville CA), nonophosphoryl lipid A Avridine |ipid-amne
ad§ uvantojl teedting fadam ltieeotipbracridation of 41kenes,En panicular ¢ff ischmtdne oo decene; esteber wi se)
cholera toxin, IM5 1314 or nuranyl dipeptide anong many 20 others.

Pr ef er afplatids td?eorab AR NbontamiRe dathehalRf OB NHhoref padtitatilyfltht bilsOepput 10 ny

per . dose. Even nore preferred the adjuvant 'is added i n"an anount of about
100 gg a > ) dj u | s added
in an aotflr%ﬁehsj Q%Ieég&ljﬁ %@gfcag &ga?e/%aggag{), gB,r ﬁ%wgér?zcgéé’ga?e/{fg gar@ rréf)r r %‘%g’?l% %rred the
adj uvant is_added in an amunt. of about 750 25 g.to about 2.5 er dose.
Mbst prgixcefﬁ@geatehest%{a pﬁbr&ﬁ?heﬂsfa%% 9yl OEM??U%‘fmawaﬁﬁﬂqwﬁé%ér dose.
Thus, according to a further aspect, the nethod for prepari rlll?'an antigenic
conposiTheonl issuseth im sorhbinationaywith emalsifiass ton éormf the emwlsioq. ﬂgle@m sifierp@re esponse
agai nst PCV2 5 conprises i) preparing and recovering PCV2 ORF2 protein, and
i 10 adrpreferablyt mosiondct RBudactdnits, alyl epadiitjultr aBsters Poéf sorbitdny , oft heanmitleu(egt i s
Car bopol 971P. Even nore preferred, Carbopol
anhydromannitol oleate), of glycol, of polyglycerol, of propylene glycol and of oleic,
isostearic, ricinoleic or hydroxystearic acid, which are optionally ethoxylated, and
polyoxypropylene-polyoxyethylene copolymer blocks, in particular the Pluronic products,
especially L121. See Hunter et al., The Theory and Practical Application of Adjuvants
15 (Ed.Stewart-Tull, D. E. S.). JohnWiley and Sons, NY, pp51-94 (1995) and Todd et al.,
Vaccine 15:564-570 (1997).
For example, it is possible to use the SPT emulsion described on page 147 of
"Vaccine Design, The Subunit and Adjuvant Approach”" edited by M. Powell and M.
Newman, Plenum Press, 1995, and the emulsion MF59 described on page 183 of this same
20 book.
A further instance of an adjuvant is a compound chosen from the bolymers 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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971P is added in an amount of about 500 g to about 5 ng per dose, even nore
preferred in an anmount of about 750 g to about 2.5 ng per dose and nost
preferred in an anount of about 1 ng per dose. Preferably, the process step
i) includes the process steps as described for 10 the preparation and
recovery of PCV2 ORF2. For exanple, in preferred forns of this nmethod, the
construct conprising PCV2 ORF2 DNA is obtained in a transfer vector.

Sui t abl e tredmewaby theterm carbamer (RhemeeropdV opbSe pier 2ntyne A89)aPasans skilled dny
above. Optionally, the nmethod may include the step of anplifying the ORF2
froma st theiant cin dOVRfdrho ALdh PRER Noi 2,009,46X bivhrdgscribee suoRFRryilia tpolyniees
transfer vector. Preferred open reading frame sequences, Kozak's 15

sequences grogs-liftkea Withs potyly AR FRRE TompS\EAHAVIAE Bt 1Rt BLISFXSESURRC Hiferably

transfected construct =~ sequences, nedia, cells, and viruSes are as descri bed

in the preyi ti] ' L.hcl.udes

ol oni g A8 RS R . Bl t5hp R B Bloeth Bty R el b 4UEH B ks 0
DNA fromthis . first. vector, and using this_excised PCV2 ORF2 DNA fqr

cl oniong i AiRhatiqEadicaly a@@@f"%"?”‘?@ W‘Pﬁ%{}ﬁé’r@fgﬁ@r m%f"zlﬁ&lﬁfst,%oﬁetcofl?“ﬂ?%f erred
to wait 20 for at least 5 days after infection of the cells by the A

t r ansf ect fomohtod earbenuatops; eg. vinyls, elpls eng other ethgleninallyensatuarEerpunst €her from
t he supernate. Preferably, the recovery step of this nethod al so includes
the step aifisateqped atlicaly nidyehsthsdivas tontdain biter sdbistitiedtsbuciehd methydr The proiucs can

be done in a variety of ways but for ease and convenience, it is preferred

Lo fi1ter sdifndeblidchan®drbosdP DIEFEGoRRRN XORB IS AT He BaitBiRHS Bprfodretd ;m;p aving

p(ﬁ_res raﬂglng_ln_mze;romabot_0.|45 Mto_26 abo 1 _
combi m gy UV E R shiteie e WG e B BB Ee B i s

can be done in a varie of ways, but it is preferred in the practjce of the
or eskht 1 Reeianed Latbopol 92sed b gind {1 P Mest arstemedb sqtie e o CROPAI TP b <
nmet hod conprises the steps: i) anplifying PCV2 ORF2 DNA in vitro, wherein
t he fl ankAmyngdhgieonodaness of malkcieanyddims andrikenyl ederinativies thedcoppiymers BMisng t he
anplified PCV2 ORF2 DNA into a transfer vector; and iii)

(Monsanto) which are copolymers of maleic anhydride and ethylene. The dissolution of these

~
U

o8

polymers in water leads to an acid solution that will be neutralized, preferably to .
physiological pH, in order to give the adjuvant solution into which the immunogenic,
15 immunological or vaccine composition itself will be incorporated.
Further suitable adfuvants 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
20 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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transfecting the transfer vector or a portion thereof containing the

reconbi nant PCV2 ORF2 DNA into a viral vector to generate the reconbi nant
viral vector, iv) infecting cells in nmedia 10 with the transfected virus; v)
causing the transfected virus to express the reconbinant protein from PCV2
ORF2; vi) separating cells fromthe supernate; vii) recovering the expressed
PCV2 CRF2 protein fromthe supernate; viii) inactivating the reconbi nant
viral gt@about p.ﬁ&ﬁ%béibdldée MBsttﬂ?@feﬁé@ﬁﬁraﬁﬁint ifhaddd i ah QAL abdu™M BEI ,
nost preferred in the presence of about mM BEI; ix) adding of an
eQUIvalﬁﬁém ynt of an agent that neutrallzes the 15 inactivation agent

W thin solution, preferably, adding of a sodiumthiosulfate solution to
a final congentration abqut. 1 to abqut 20 referably of .abqut 5 nV
Shen the ©f niIBE: VAISrORE olfert iiheBefspechn dhs. Rt rigT PO BRbHE SHBEHE of an
adj uvant, preferably adding Carbopol, nore preferably Carbopol 971P, even
mor e presRosiEian; wclam)tﬂmesara@le@e@@qmqa@ummkmgeammrgmedespamamd’@ 20 about
5 ng per dose, even nore preferred in an anmount of 20 about 750 g to about
2.5 ny ¢ontipridesd) prephrigsdndpeedvering ®GVI? @RF2mootein, ahd di) adinidingrthipevith alose) .
Addi tionally, the conposition can include one or nore

phar macgipie atijudsd SPeRPIWRy, thPddjihbis @?bdg%?ﬁ I}Peﬁ%rf‘mor@preferred Carbopol
phar maceut | cal™ accept abl € carrl er” includes any and al |~ sol vents,

di spers |2|n t|ves

ant i bac?ﬂ?llggg ﬁdn %g%gﬁ'?t uﬁé tyog gb&?gg‘%’gﬁ &%%g %@mogdgr%f

del ayi ng agents,. and the |ik I\/bst ref t he corrp05| tion I’OVI ded

her ewi 31 R A ABOUSCATD Heieratigib P i mE Pek raee o RTaiFrEFd 18\ A9caragunt

vitro cultured cells, wherein said cel I s were infected wirth a reconbi nant
viral ahout bmg@hd@bn?m@r@mmmsm Dinrludep theproasss stepy2s deaetibest for ei n, and
wherein said 5 cell culture were treated with about 2 to about 8 mM BEIl,
prief er ahk yraphiatiortdl vecsveNOBEIVI ORFRITE ekataple, ih prefotrddafornieettthis mettivd, an

equi val ent concent ration of a neutralization agent, preferably sodium

t hi osul 'Pisﬁlg pe\fz ORE2 mf‘s’ﬁﬁ’tﬁﬁédq{i aq;angfep’v'éct& Sxﬂta%i%%ﬁnsﬁr
prefera abo Car bopol, nore preferably Carbopol 971P
prefer ablch Onf IR ods of preparing them are described above. Optionally, the method may

include the step of amplifying the ORF2 from a strain of PCV2 through PCR prior to cloning
the ORF2 into the transfer vector. Preferred open reading frame sequences, Kozak’s
15 sequences, 3' EcoR1 site sequences, recombinant protein sequences, transfected construct
sequences, media, cells, and v1;ruses are as described in the previous methods. Another
optional step for this method 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
20 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 recevery 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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of about 500 g to about 5 ng per dose, even nore preferred in an anount of
about 750 gg to 10 about 2.5 ngy per dose and nost preferred in an anount of
about 1 ng per dose, and physiological saline, preferably in an anmount of
about 50 to about 90% (v/v), nore preferably to about 60 to 80% (v/v),
still nore preferably of about 70% (v/v). Thus, a further aspect relates to

a met hod for EeRAr i an. a e i tion as tor.exam

vacci ne, P8t f@]\?@z ﬁ‘éﬁgx’ €°ﬁ#ﬂﬁgl ﬂé’?pl}n‘% 3 dnté’tmét‘%z (‘:’B—H%Hagtil‘f?ao?ﬁ b 15
steps: i) amé)l ifying PCV2 ORF2 DNA in vitro, wherein the flanking sequences
of said MOQDICREmBbIRE th weewsERdi Teeqmbinant PCVFHORE2 bR ki omwesitety2 THRF2  DNA
into a transfer vector; and iii) transfecting the transfer vector or a
portion tcaebe dbneciomt\aﬁﬁjyrm@ waps boeit dnriefeand irPGY prac@iFE thipresent cnvantiomnr tal

vector to generate the reconbinant viral vector, iv) infecting cells in

medi a W tyde BEE transfected virus; v) causing the transfected virus to
express the reconbi nant 20 protein from PCV2 ORF2; vi) separating cel I s from

o P i LR LS RS e P

supenmate; Vil nan Vi ra

t he pres 2 to ahout BEI st ef esence
of about RVABRELDNA atth H@l ethin i Rningdeaoes B e %‘?%@%ﬂf‘ﬁ Rt
neutralize the inactivation agent within the solution, preferably, adding
of & Sodimeiied, odi|dienies ¢ amplied PEVEGORFR|PNA inénGctnster  \setoss et 0. 5
to about 20 mM preferably of about 5 mM when the inactivation agent is
BEl, x) acksfagting theitrimddr &ectoDormd pation thebedif doidtaining the ricembinhyt RECMIE ORF2

Car bopol, nore preferably Carbopol 971 P, still nore preferred in amounts as

descri be%}_@}}fﬁ{t% a Vifdl Jectdtfto ghiRte ﬁQQe&ﬂn&MbﬂMtve@mf@vﬂﬁfecﬁlﬂ?@dls Sy fiddigor €
preferred in an anount of about 750 5 g to about 2.5 °'ng per dose and nost

pre rre f bout 1 dj

phyS| ol ogi g{ltlh @C%HVIR] Bﬂ/g }hﬁ %&’%(ﬁ%?a S t? %Qa% ttﬂ%{f%? f)m t@{Ot%%
(v/v), nore f to abput 60 to 80% (v/v), still npre preferably of
about 70%%/1’@)\? @B??owspgﬂm% cells rfgaom S é‘&’ﬁm&} s Y1) Aeqoviere he Xarsstdon of a
protectant. A protectant as used herein, refers to an anti-m crobi ol ogical
active ad¥i2 ORIRhprateirf (ﬁlormﬁmnwpenmnwﬁﬁymhﬁivam thei recembinantnyiral fvsctior, ke.

preferably, in the presence of about 1 to about 20 mM BEI, most preferred in the presence of

about 5 mM BEIL ix) adding of an equivalent afnount of an agent that neutralizes the

15 inactivation agent within the solution, preferably, adding of a sodium thiosulfate solution to a

final concentration of about 1 to about 20 mM, preferably of about 5 mM, when the

inactivation agent is BEL 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 amoupt of

20 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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10 I n particular adding of a protectant is nost preferred for the
preparation of a nulti-dose conposition. Those anti-m crobiol ogi cal active
agents are added in concentrations effective to prevent the conposition of
interest for any mcrobiological contam nation or for inhibition of any

m crobi ol ogi cal growth wthin the conposition of interest. Mreover, this
nmet hod can al so conprise addition of any stabilizing agent, such as for 15
exanpl eantifighicdgenisSisototiie higbits udsdiptivh dedying seahipnathe dikel Mt bidfgred] 0

i ncrease and/or maintain product shelf-life. However, it has been

Sur pri shadopb@HOH  préviddd ;h@l%vahﬁ,s Wbithil® BOVIUORED Qotbin recHTEIL I GRd | Y
effective ovéﬂ a period of at least 24 nonths, mnt%out addi ng any further
stabilizing agent.. A further. aspect of. the present .inyention relates to the
ot oductSPPERERE vigg bl Shsn Bt Ra oS B R R e B P RER AT ar * ¢ ne
present invention relates tq a conposition of mtter conprises

r ecombi ¥§819F Fontanme ey OREY Dhferand srpressing PGY?Z QR K2y proteite angd whergin saidhyent i on

also relates to a conposition of matter that conprises reconbinantly
expr essell cugvveGRFtql witleatrout 2 exaboet $thM BEH) fréferablypeitteabouts miM BEisect cel |
cul ture. Moreover, the present invention also relates to a conposition of

matter AQRateSBE Vit Ovdetdraahd »ﬁn%?lﬁ%&ﬂdconz&uaﬁbﬁ dPRE ZheptrsliZation dgemover ed
fromthe supemate of an insect cell culture. Preferably, this conposition

of mat ;;ﬁéfe@ag)]?%) "tﬁiéﬁ&fa%”soﬁ%ﬂ.tto%“hﬁa@@oﬁcefnﬁﬁﬁégﬁﬁflz%@ﬁgi ¥ abbs Hmy! r al

vect ors. rably, sard 1 nactivation agent I reover, the’present
i nvention, al so | ates.to C osi ti.on .of tt hat .c tises

r econbi H{%fﬁfa*’fy @@P@é@y’@@%fﬁ P{ﬁf‘ér?‘?{y C?Iri?%&?]géﬂel e Bref A% nat e of
an insect_ cell culture, and conprises an agent, suitable for the

i nact i vaftabert 589 ngite apoul & ngopes dosey evepmase prefired:in an ampwniof abqus 450 Batagent for
neutralization of the inactivation agent. Preferably, that neutralization

adgent iabostodiSumgt per alost faad emostvipesferBidl in an aumedt af abouti Inagt peradosenambent . | n
yet anot her aspect of the present invention, an inmunogeni c conposition that

10 i ndysmgsioRBichl§AUAE, pifeEbly $ieardiflouniof sbot 86 & MLYI0% Q) idrdprefeedbly Ve
i munity agal nst the
to about 60 to 80% (v/v), still more preferably of about 70% (v/v).
Thus, a further aspect relates to a method for preparing an antigenic composition, such
as for example a vaccine, for invoking an immune response against PCV2 compﬁsing the
15 steps: i) amplifying PCV2 ORF2 DNA in vitro, wherein the flanking sequences of said PCV2
ORF2 DNA are modified, ii) cloning the amplified PCV2 ORF2 DNA into a transfer vector;
and iii) transfecting the transfer vector or a portion thereof containing the recombinant PCV2
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
20 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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clinical signs of PCV2 infection, is provided. The conposition generally
conprises the polypeptide, or a fragnent thereof, expressed by Open Readi ng
Frame 2 (ORF2) of PCV2, as the antigenic conponent of the composition. PCV2
ORF2 DNA and protein, as used herein for the preparation of the conpositions
15 and al so as used wthin the processes provided herein is a highly
conserved dogain within PCV2 isol ates and thereby, any PCV2 ORF2 woul d be
ef f ect i veoasiingh gongspiration pf abpt Girte alimt-20 MM, pistrdhly pHrRAYE piMe When theeq
herein. A preferred PCV2 ORF2 protein is that of SEQID NO 11. A preferred
PCV ORF2 ipadtiyptiqnt agéet issBEY, aiadding esuitable zamaBRQof Bn Mdjuvants, fveferably ddsling
under st ood by those of skill in the art that this sequence could vary by as

nuch as 6CaBopbYadre prefsatiy CarbdpeIB 70BYstifl Hbré bidfdrrddah ambuith 85 @REALRE Ab6ve
characteristics that render it useful in inmmunogenic conpositions. The

cxanpl o, G Praper e £3o8h FghEMEC I8 s SERRATH MO EP St 1Y

Moregver, the. antjgenic characteristic of an nodified antigen is still
ot apned MRS R gt Jobe ACmon grietein an Smann ot s6out 1og BE der B0 006
more preferably 90% of the protective 30 imunity as conpared to the PCV2
ORF 2 pr cadding physielogisal ssline, nsefprablyrin anamaugtobehput A éo akyfut 88% (VO)NBOB or SEQ
I D NO 4. An "imunogeni c conposition” as used herein, nmeans a PCV2 ORF2
prot ei n vrefefabbi tb abdus 680 BO¥EUARIsal) nfuaé prefsgtdynsfaboun70% ¢v/inp Optiodally, thésl | ul ar
and/ or anti body-nedi ated i mune response to PCV2 ORF2 protein. Preferably,
this 5 i IEMAGEEH dsoCReRasink blib? of ApARkAnt. & Fofkfint AIREERLEMN CrefMAY Al Y
agai-nst PCV2 infection and the clinical signs associated therewith. In sone
forms, i n ! .ons PCV2 ORE2 pnrotejin. are S piigenic
corrponenf% n ﬁo@ mg%é%gé%ﬂéc? ﬁfggtﬂghl P%?%exanllﬁ%%a[ aﬁ?lcl:l’ If)%?‘ﬁﬁ@%’ a}é@%ﬁig herein
refers to truncated and/or substituted forns, or fragnepnts of P ORF2
pr ot Bi n aIHcPaéﬁ‘c“%él i8I Y pratectant 5, BO0fY pfefeﬁed FfPfefl@r%rs?aﬁﬂ@u%fha I‘B’ﬁ%ﬂ?ﬁ’cat ed
and/ or substituted forms, or fragments will conprise at |east 6 contiguous
am no  actotpositionn Khose anfi-midrebiglogicalRictive agentreire iadded intgoacentratiensegbfeqtivet he
truncated or substituted

to prevent the composition of interest for any microbiological contamination or for inhibition

OF

of any microbiological growth within the composition of interest.
Moreover, this method can also comprise addition of any stabilizing agent, such as for
15 | example saccharides, trehalose, mannitol, saccharose and the like, to increase and/or maintain
product shelf-life. However, it has been surprisingly found, that the resulting formulation is
immunologically effective over a period of at least 24 months, without adding any further
stabilizing agent.
A further aspect of the present invention relates to the products result from the
20 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 ORF?2 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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forms, or fragments will have at |east 10, nore preferably at |east 15, and
still nore preferably at |east 19 contiguous am no acids fromthe
full-1ength ORF2 pol ypeptide. Two preferred sequences in this respect are
provi ded herein as SEQ ID NGs. 9 and 10. It is further 15 understood that
such sequences may be a part of larger fragnents or truncated fornms. A
further preferred PCV2 ORF2 pol ypeptide provided herein is encoded by the

nucl eot PO¥2 CREQGORAS reovabfibh NS superite SE& InsediCell dulhiBelt Preferabdy, whisler st ood
by those of skill in the art that this sequence could vary by as nuch as

6-20% i Qr3REieRCE rmltapéaw%rf@%eﬁﬁ !a%e i Shitdbik fof@he RMALHVARGH 6f GRANRELRL | Stics

that render 1t useful in i nogeni ¢ conpositions. In sone forns, a 20
truncategd.on.subst.ituted form. f ment of ORF2.is used as.the antigenic
componeREreppi fad s itom feGf i MRAEREE €4eitoof ihEaliGEtsf FubigEid e Lt O
forms, or fragments will conprise at |east 18 contjgququs nucl eotides from
the ful fomRosigion efrmatiay that oeqrpprises Jeeamptanantly gexpsessesE BCYH QRI2 prefeingEQ | D
NO. 4. More preferably, the truncated or substituted forms, or fragnments

wi 51 hareeovated feoms the30pernate ef priafeet cdbl gpltate, drebimptiSes anragett suitabledorethe
preferably at |east 57 31 contiguous nucleotides the full-length ORF2

nucl eot ing@ivaget 6N gieal veetdrs, Pleforkisly IBRINGH aShelfraliz2tibd hfanhEr HbutralpREbe € e

Identity" as it is known 1nh the art refers to a relationship between two or
nore p - . 6Pk q*iﬁg s hanely a
refer e(r)lt(ll:% %gﬁ%aglgﬂ éﬁég]g qgﬁlg&g%fh%\%ugél&%‘gﬁg 3&‘[&[6}/5?? aicorrpadrgglé?IQt g\’n fﬁl eference
sequence. .Sequence j.dentity is determ ned by conparing the given sequence to
the ref&PdASE LAGYBHMAE R or the sequences have been optimally aligned to
produce the highest degree of sequence simlarity, as determ ned by the

mat ch bet wedf ¥t enother apedt efhthe qyessat dyentighe @n SEEINgReIs sampositiaze habnce
identity is ascertained on a position-by-position basis, e.g., the seqguences
ané 10 ihdubestn dahiine resporsarahd,cmberprefdmbly, oonfefs protedtivatimpomity iagmnsttthe

nucl eotides or am no acid residues are identical. The total nunmber of such
posi t i OdlinicdP Bighé 0@ POV IdTestiof] 141 pIB¢IdRY. TR doRipdkitioh NHeBErallP bomiphdegGhé des or
residues in the reference sequence to give % sequence identity. Sequence

polypeptide, or a fragment thereof, expressed by Open Reading Frame 2 (ORF2) of PCV2, as

the antigenic component of the composition.
PCV2 ORF2 DNA and protein, as used herein for the preparation of the compositions
15 and also as used within the processes provided herein is a highly consérved domain within
PCV2 isolates and thereby, any PCV2 ORF2 would be effective as the source of the PCV
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-
20 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 Exafnple 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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identity can be readily cal cul ated by known nethods, including but not
limted to, those described in Conputational Ml ecul ar Biol ogy, Lesk, A

N., ed., Oxford University Press, 15 New York (1988), Bi oconputi ng:

Informati cs and Genone Projects, Smith, D.W, ed., Academ c Press, New York
(1993); Conmputer Analysis of Sequence Data, Part I, Giffin, A and

M ! . .
VI ccul arit el a8 ?g%aﬁ%?@%g%m?%”%%ﬁgr%%gé%%?%gﬁﬁ&éiﬁﬁg et ysi s
(1001, oIPEDY f0:H or REQ IBONGHG AR riaiinishic commam o MpRFLBETRR HEAsgs, 1073

(1988), the teachings of which are incorporated herein by reference.

Pr ef er r edPGé2 RIS protedre whichi ¢lisits e “Smoueologicaldrespanse)” iarthe hostsoigmedlular gi ve
the | argest match between the sequences tested. Methods to determ ne
sequence dnd®nt ardtiody-megiagtdf indelune) rédpbhdeC kyy FONVD | GRFE proweiaut BrefepbDQr éais Whi ch
determ ne sequence identity between given sequences. Exanples of such

progeans jiRGin : [ :

(Dovr oot m8Bc Qihodin18kapalll, t SBhicf rokétnd Ry BsHSY RCYRARRARR, )
BLASTN and ,FASTA. tschul,. S..F. e ., . J..Mlec. Biol., 215: ~410
Coo0) . Hnd 16 dicel sieBS PG vt i somie faie SRR ke oS o KL
sources (BLAST Manual, Altschul, S. et al., NCVI. NLM Nl H Bet hesda, NMD 20894,
5 Al t schUPRFZ prpteingtargyjused ps fltg aetigegicolcomponest 4p3the 1 ompnasdion. thee tar®achi ngs
of which are incorporated herein by reference). These prograns optinmally

al i gn sedtmmmesgen®i portide’t asilused depinveefgist ® irnnatedeand/ar substituied fohes,horghest

| evel of sequence identity between the given and reference sequences. As an

i 11 ustr atfrfyeniY o PEV2Y ORFL EfYoteile afidét ?ﬂly%uélbkﬁid%?trésgébtﬁaw??&&abl?,a‘éﬁdhg at
| east, for exanple, 85% preferably 90% even nore preferably 95% "sequence

10 igenti gy ' 1S Rt th
hgen 'dﬁ'\}ﬁcatte@ aﬁd/BFE@Ett‘ﬁl'iqlfGéﬁ OHE %Ph‘aﬁ@nexﬁ?%ﬁ{&?@gnée at!l%aest] tﬁic;Ba tgé ?ﬁﬁno €

nucl eoti de sequence 0 gi vén porynucleo s i e

reference s ence ept t he glve ol yaucl eqt i de sequence,.

ol ude. s gtons tie ilte O poletiite” vtk RREREOH: SlecrsHd of SBHRE, of o
nmut ati ons_per each 100 nucl eotides of the reference nucleotide sequence. In
ot her forms, or fragments will have at least 10, more preferably at least 15, and still more preferably

at least 19 contiguous amino acids from the full-length ORF2 polypeptide. Two preferred
sequences in this‘ respect are provided herein as SEQ ID NOs. 9 and 10. It is further
15 understood that such sequences may be a part of larger fragments or truncated forms. A
further preferred PCV2 ORF2 polypeptide provided herein is encoded by the nucleotide
sequences of SEQ ID NO: 3 or SEQ ID NO: 4. But it is understood by those of skill 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
20 truncated or substituted form, or fragment of ORF2 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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words, in a polynucleotide having a nucl eoti de sequence having at | east 85%
preferably 90% 15 even nore preferably 95% identity relative to the

ref erence nucl eoti de sequence, up to 15% preferably 10% even nore
preferably 5% of the nucleotides in the reference sequence may be del eted
or substituted with another nucleotide, or a nunber of nucleotides up to
15% preferably 10% even nore preferably 5% of the total nucleotides in
the ref giiftigGousSRAIEHAES théfll-Regth ORI Ritldotile séuendegt gl 6NSEQIBINENg&r These
mut ati ons of the reference sequence may 20 occur at the 5 or 3' term nal
posi ti O?E qh Ndes.ref erence nucl eoti de sequence or anywhere between those
term na Sosi trons, interspersed either individually anong nucleotides in

the referenge sequenc r i.n, qne or, re, canti guoys. groups, within the

ref er ence se%@?\e@g‘? %leﬂﬁglpd’@d{}@ﬁ?‘?wﬁ g%p"’& Vg@ﬁf‘?ﬁé‘%{?fb‘gﬁsﬁa%ﬁ“@e{} Of%ino acid
sequence having at |east, for exanple, 85% preferably 90% even nore

pr ef er atole pHypeptide) soquendes on e wr mrore pplyneglentide se@mnegy; Avnely jagrefasengence, it
is intended that the given am no acid sequence of the pol ypeptide is

i dént i csdquérmetdnd a given eseqeenee tp do compared prith it refdrencyi sequenpal ySeqpéricde
sequence may include up to 15, preferably up to 10, even nore preferably up

to 5 amdemitdGé detdintiféPby eOpRRI tRAEHed 9ueRdt 8Gha Ffeten@f sehihct @h&r @BCce am no
acid sequence. In other” words, to obtain a given 5 polypepti de sequence

havi 0 0/ 2.

aent 1t PR e n BRELALHehed B BrofUE In Righesb LR Hpluctbd bR BRIE 0S|
10% eveg rmr,ewggef rabléil E&}Nto 5% of the am no ac! resi dq%eqﬁ_ in the .

r ef er endSe SR BY 43S Mt S SrgEs of 1Such SRAvERFes « Hooth sHohetligamenb aci d,

or a nunber of amno acids up to 15% gr eferably up to 10% even nore

pr ef er agfqyengp identitysis faseenainedonl a pasitien-bypositivm dasis,i €181 0he sequéness ara t he

ref erence sequence may be inserted into the reference sequence. These

al1er at fidéemsicall” at Bgartichlar positiorsFQ €iac positioh, decnucledtidésher aatihe acidredidis car boxy
term nal positions of the reference am no acid sequence or anywhere between
those t gt RidnAtal PTRE tdtAMmbet ms‘a&ﬁﬁﬁtfo%qd@dﬁ&ie@fs thétlivided'a) Ih¥ 1sPREnBeRsi dues

in the reference sequence or in the one or nore contiguous groups within

the ref gf ORS8RI SuesTh HcloRRlnte sLfRhAUS RS dcqMhcl ey, Scquence

identity can be readily calculated by known methods, including but not limited to, those

described in Computational Molecular Biology, Lesk, A. N., ed., Oxford University Press,
15 New York (1988), Biocomputing: Informatics and Genome Projects, Smith, D.W., ed.,
Academic P;ess, New York (1993), Computer‘ Analysis of Sequence Data, Part I, Griffin,
AM., and Griffin, H. G., eds., Humana Press, New Jersey (1994); Sequence Analysis in
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.,
20 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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15 are not identical differ by conservative am no acid substitutions.
However, conservative substitutions are not included as a match when
determ ni ng sequence identity. "Sequence honol ogy", as used herein, refers
to a method of determning the relatedness of two sequences. To determ ne
sequence honol ogy, two or nore sequences are optimally aligned, and gaps
are introduced if. n sary. However, in contrast to,'"sequence 20 identity",
conser vaﬁ’i"y'?ﬁawr e m @B%?Pi P?Vi\"ﬁﬁa%%@ﬂeée“éodnt EtdalasN}iaﬁ’gt gﬁﬁw}gﬁeargh,

determ nin sequence_honol ogy. In other words, to obtain a polypeptide or
pol ynucl datas? RERNgBbASIPs BlASTECAIoRAF b fARILRL 5. FoPbalorls Sty Farloe, 85%
preferably 90% @even nore preferably 95%of the am no acid residues or

nucl eot i @45:403+410€1996]. e (Tha CBL ASTX eprogramuis tpubti¢ly ravailable dnopr NOBI eand aoilseer vat i ve
substitution with another am no acid or nucl eotide, or a nunber of 34 am no

aci ds or spuetscMiACE MinkD ARShuR'Sf &r ablMcve NOVIRH BaBEdAOMD ROgHLT abl y
up to 5% of the total am no acid residues or nucl eotides, not incl udi ng

consgr vaty ulstii | ORSy r | { pheNRE uenc ' rred into
The 5 of oriliEil 3o bR OEoMald, 8., HEABCPC 5T, e Ralitel Bt WARE b8, L0 ¢
a stretch of 50, . even nor referred of 100, even nore preferred f 250,
even nor NGOMREPG AeBIFOGTRGE) ¢ Dhesel B eSSl e seteness o RG e BHR. ( of o s
to the substitution of an amno acid residue or nucleotide with another

ani no acigdp weightsun ovder tauptioderei the highest iryekofisequence ldgntify betwesn thesgivan and
properties including size, hydrophobicity, etc., such that the overal

f unct i onatfeieyicelegBenced. As raridestition by & polyhiycleotide havihg tacmlicleotiden seqabricer ed " by
the hand of man" fromits natural state, i.e., if it occurs in nature, it
has been lﬁ@iﬁ@g@q’eaﬁ’t{ foreERMpE, fSVS%Pﬂréféran&' SoR adveR Mdrk MéeAbly 5% edghendEOr
exanple, a polynucleotide or polypeptrde naturally present in aliving

organi sm.ips. .net. "isol ated. t .t s l.eot | . ide
cepld ot edoBie pETeiitrlenlt seabitRerE N pR Rt Ml LR ROuR elBont BBl S, o

as the termis enployed herein. /15 Thus, .a further aspect. of the present
Chvent | oréive| Relimioletide, 15 gt thenisHEgnee ofpquence except that' He given

polynucleotide sequence may include up to 15, preferably up to 10, even more preferably up

to 5 point mutations per each 100 nucleotides of the reference nucleotide sequence. In other -
‘words, in a polynucleotide having a nucleotide sequence having at least 85%, préferably 90%,
15 even more preferably 95% identity relative to the reference nucleotide sequence, up to 15%,
preferably 10%, even more preferably 5% of the nucleotides in the reference sequence may be
deleted or substituted with another nucleotide, or a number of nucleotides up to 15%,
preferably 10%, even more preferably 5% of the total nucleotides in the reference sequence
may be inserted into the reference sequence. These mutations of the reference sequence may
20 occur at the‘S' or 3' terminal positions of the reference nucleotide sequence or anywhere
between those tenninal positions, interspersed either individually among(ﬁucleotides 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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effective for | essening the severity of clinical synptons associated with
PCV2 infection conprising PCV2 ORF2 protein. Preferably, the PCv2 ORF2
protein is anyone of those, described above. Preferably, said PCV2 ORF2
protein is i) a polypeptide conprising the sequence of SEQID NO 5, SEQ ID
NO 6, 20 SEQID NGO 9, SEQID NO 10 or SEQID NO 11; ii) any pol ypeptide
that is at | east 80% honol ogous to the pol ypeptide of i), iii) any

I MMUNOYeminG 4ol $éqience it ishiatep@ddRethe @Ren @i ack§bgRénceiof tlbpdlyheptieis _
i mrunogeni ¢ portion of iii), conprising at |east 10 contiguous am no acids

ncl ude Féi% Q{Pm 9, SE
II D Ng) %Shgcraﬁ R%hé N%%es%i&kc%ge% ype p%li vea%% @WIP ncode% BBlud ©
[ f SE
ol ypeptd B PHEAOY SR 0 d0eeg m%rspff& eﬁ?‘%pi%?.aaan&aﬁ) P%a%ensmsaéacﬁ%%
honol og to the polynucl eoti de of vii) any inmunogenic portion of the
pol ypepeminesacidic ofidhe Eference ¥ping rasid seuence. iﬂ ofher HRIA%  toyphtainea \given) t he
i mmunogeni ¢ portion of vii), wherein polynucleotide coding for said

i mSunogpolypeptide tsequenco hpving et ledst 1888 t préférabhyn %L euen mort @otferdbly 959%61 uded
in the sequences of SEQID NO 3, or SEQID NGO 4. Preferably any of those

| MUN0Q§dHnEnde QAR Svith aVieRlerich AmiikB YA I6dHefice, & %as%e te?érhlSl ftoHQWZ ORF2
pr ot ei ngéqh is éi?l{:]oéed gy t he sequence&igif SeE .E) §u? 3 QI'D NO 4.

ACCOr A1 Bl 0 UEGTupAR 95 L e CEEE i F:?hﬂhé SetBiE s%g\ge g%For

|nnunolog|ca conpo en 1 nclusion l'eve
i nduci n

L O A 5 G5

preferably up to 10%, even more preferably up to 5% of the total number of amino acid

10 residues in the reference sequence may be inserted into the reference sequence. These
alterations of _thc reference sequence may occur at the amino or the carboxy terminal positions
of the reference amino acid sequence or anywhere between those terminal positions,
interspersed either individually among residues in the reference sequence or in the one or
more contiguous groups within the reference sequence. Preferably, residue positions Which

15 are not identical differ by conservative amino acid substitutions. However, conservative
substitutions are not included as a match when determining sequence identity.

“Sequence homology”, as used herein, refers to a method of determining the
relatedness of two sequences. To determine sequence homology, two or more sequences are
optimally aligned, and gaps are introduced if necessary. However, in contrast to “sequence

20 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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PCV2 infection. Preferably, the PCV2 ORF2 protein inclusion |level is at

|l east 0.2 pg antigen 20 / m of the final immunogenic conposition (gg/m),
nore preferably fromabout 0.2 to about 400 gg/m, still nore preferably
fromabout 0.3 to about 200 jig/m, even nore preferably fromabout 0.35 to
about 100 pg/m, still nore preferably fromabout 0.4 to about 50 g/,

still nore.prefer :om about, 0.45 to about .30 pg/m . still nore

pref er ablay G crques a‘%t%l le%t!_icges P 20 i%éu?feﬁ%“bgy W?T?o, foﬁ,quﬁﬂ%é 5rrege1raeb|1%5q>§p ?o{"om
about 0.75 to apout 8 pg/m, even nore 36 preferably fromabout 1.0 to
about 6 Pdfhstotakgminp aﬂgrf%ﬂﬂ“f‘éf”e‘iuﬁbpvdqsr phingheling conseryaiivg sphstituiiops, inghen |
even nore preferably fromabout 1.4 to about 2.5 jig/m, even nore

pr ef er ablr¢fefencarsequpisat may He tinsesthd into 2h@ refgrente, samehoro Breferatdy dhaabbmoligout 1. 6
pg/ M. According to a further aspect, the ORF2 antigen inclusion level is at

| east 0. Zequefice conipiives 4DREast 5B oF 585 eebRSAbre pesTernddioafel 0D évetl Decte piefdried i nal
antigenic conposition (-pg/dose), nore preferably fromabout 0.2 to about

400 pg/d i about 0.3 to about 200 pg/dose,
P9/ AQ$950 ?%ﬂ ‘JB?y &eﬁécﬁ%tgsgt@*ﬁgé‘lg@{dé@

even nore préfera roma to about 100 pg/dose, still nore

preferably frgm.about 0.4 to. gboyt 50 dose,., still. nore preferably from
Ut 0. 45 1 & HaBTese supsdn” coff Bl Sttifioh abf S s SRS | o
about 15 pg/dose, even nore 10 preferably from about 0.75 to about 8

pg/ dose, Pagleetidepywith prethery aming acidoiesidue ar Nucleptids hapwatsimiaryerstoristicstar| | nor e
preferably fromabout 1.3 to about 3.0 gg/dose, even nore preferably from
about 1. prdperteebandluding sizey/ jalsephokicity) et®) suchrthitethe bivgrall famotiatadity déesSndto about
2.0 pg/dose, and nost preferably about 1.6 pg/dose. The PCV2 ORF2

pol ypept icHghgd SRdificAntR) | NmMunogeni ¢ conposition in accordance 15 with the
present invention can.be derived in any fashion including isolation and

puridication ﬂai%% b ﬁ%@“} I g Lnant

met é)dol ogy. Igéraieafté;rre m@ﬂ%ﬁ@ﬂ%@ﬂl&@){f%ﬁ ?fé) E@lsféat%g%y?)@gg I de ‘are

descri bed herei.n above and are al rovi.ded in U S. Patent | ication

Sor 1 ol - et ks BeGhalind @ iied Jomb i Rl snfirosmenger bt Fof Reanifs,

i ncorporated by reference. Briefly, susceptible cells are infected with a
a polynucleotide or polypeptide naturally present in a living organism is not “isolated,” but

the same polynucleotide or polypeptide separated from the coexisting materials of its natural
state is “isolated”, as the term is employed herein.

15 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

1) a polypeptide comprising the sequence of SEQ ID NO: 5, SEQ ID NO: 6,
20 SEQ ID NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11;

if) -any polypeptide that is at least 80% homologous to the pdlypeptide of i),

iiii) any immunogenic portion of the polypeptides of i) and/or ii)
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20 reconbi nant viral vector containing PCV2 ORF2 DNA codi ng sequences, PCV2
ORF2 polypeptide is expressed by the reconbi nant virus, and the expressed
PCV2 ORF2 polypeptide is recovered fromthe supernate by filtration and

i nactivated by any conventional method, preferably using binary
ethylenimne, which is then neutralized to stop the inactivation process.
37 Thus, according to a further aspect the immunogenic conposition conprises
i) any of theg) PCV2iHeRkemNoptmé Bodier Of i do HME% aPle8dt A02nMghdhs amino
concentrations descri bed above, "and ii) at least a portion of the viral
vect or expressing sai. pﬁF i (=\gF=)]| X i t

bacul ovi rus. Mor eovgdrl{iis g@:@? di n'ée ?%q%é%feg?{ﬁéeﬁ @s@@b%,ﬁ%g’iﬁn@rﬁ%gﬁ% 5
conposi tion conprisgs i) Qf the P F2 protein descri-bed above,
preferably in concgﬁt-Pa%g@ﬁQm‘&grqr@%Z@% e,lﬂi i) at least a portion of the
viral vector expressing said PCV2 ORF2 protein, preferably of a reconbinant
bacul ovi rus, Wnd i i &polypgpdide thab isehcaded by e DNA gbmprising the sequenteenf SEEEHY di ng to
one specific enbodi nent of the production and recovery process for 10 PCV2
ORFZ protein, the cHQ:3¢uSEQ® NOpgnate is filtered through a nenbrane
having a pore size, preferably between about 0.45 to 1 m Thus, a further
aspect rel at to ap,J [ : i & | i oof the
P2 ORF2. pr oPei n - PHRRAEE et i€ BRARY by WA MRICERAT P 3ot ol BOE |05
above, ii) at I-eastha or%i@n o‘f t he vi rﬁl vector expressing said PCV2 ORF2
protein, preferabl yPYroIRE .18 RAIVAUSIEOHS 8 )ovi rus, and iii) a portion of the
cell culture; 15 wherein about 90% of the conponents have a size snaller
than 1 m Acdbdi ngamyonunynggenieportiopetthe pelypentideswsedadihydhe paynucteotifes to an
i mrunogeni ¢ conposition that conprises i) any of the PCV2 ORF2 protein
descri bed above, pref¥raaldoyvi)n concentrations descri bed above, ii) at |east
a portion of the viral vector expressing said PCV2 ORF2 protein, iii) a
porpi on of tRgijcel | teUkdmiiRgerdi? boidd dfMAD! WhereinSolptiR¥otill® chdias rbrvai®@ t he 20
recombi nant viral vector preferably BEl, wherein about 90% of the conponents
1) to iii) have immunogenic portion comprises at least 30 contiguous nucleotides included
in the sequences of SEQ ID NO: 3, or SEQ ID NO: 4,

Preferably any of those immunogenic portions having the immunogenic
characteristics of PCV2 ORF2 protein that is encoded by the sequence of SEQ ID NO: 3 or

15 SEQ ID NO: 4.

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
PCV2 infection. Preferably, the PCV2 ORF2 protein inclusion level is at least 0.2 pg antigen

20 / 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 pug /ml, even more preferably from about 0.75 to about 8 pg/ml, even more
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a size smaller than 1 m Preferably, BElI is present in concentrations
effective to inactivate the baculovirus. Effective concentrations are
descri bed above. According to a further aspect, the present invention
relates to an i nmunogeni ¢ conposition that conprises i) any of the PCV2
ORF2 protein descri bed above, preferably in 38 concentrations described
above, ii) at least a portion of the viral vector expresm\rg)lt said PCV2 ORF2

protein, Ptequablhffﬂ@rﬁtbp%l Bfo ahext 6 eugimig stilt mere preferablynrom gboyt\lat torpgorigeht t o

i nactivate the reconbinant viral vector preferably BEl, and v) an
neut r al i pgimlpeveagmort praferstly froih ebout i alctoiabenti D5 ks a\teadnduy préferablyefodm vat i ng
agent, wherein about 90% of the conponents i) to 5 iii) have a size smaller

than 1 mupdk ef5e6 atiuy 2. OIJg/ﬁmSndﬁe&tﬂré&&Tabls}%&ﬁqmu ml.BEl, said conposition
conpri ses sodi um thi osul fate in equi val ent anounts to BEI. The pol ypept i de

IS incorporat S n t i mal
suscepti bl e t% ¥ Pcﬂ{m& Asb c?l, %%mrg%]$§rlgrrbgﬂglé}ﬁévgf ﬁg%&? ?gnz ﬁ%y al s
|nclude conpo ngwn to those o il in e art (see also
Rorihgt oBCYR) éhgﬁal’fﬂﬁ&'b&h e Se or (RS0 e phhAl ARIEREE CoBRIFton
Easton). Additionally, the conposition may include one or nore

veteri na(}&g/@ase)emoa@p@f@dﬂy fremsabont; 0.3 ge @bews r4@0 nug/doge, stilltraere pagforably dfegm abl e

carrier” includes any and all solvents, dispersion nedia, coatings,

adj uvant abous 03kto labait 1200 agkloses eveli mu&rﬁr&erabllyaﬁeﬂi Wsdut 0SS to abdut BeE ugidosd, and
antifungal agents, isotonic agents, adsorption delaying agents, and the

i ke. 15sﬁ1ﬂnﬁr@bﬁ?e?£lﬂ§’@row 0BG abB 50 EEM ‘s“rt‘i!l&dfé’ﬁ%hﬁl&%n?%’i' S€s

PCVv2 ORF2 protein as pr herew t rably I n"concentrations

d b ' h d
oo Py U RuES DO WG ARDTSH S ) Bl R, 1
w || understand that the conposition herein may incorporate

i nj ¥t abpefergy &pmy Bhguidhy {p sborkh ngpss, evenmorg p@f‘é?ralelmw ahoyt X Bﬁ%m ng a

ready-to-use 20 solution for parenteral injection or infusion, aqueous
i sot oni ¢ 6g@/dose,ctil, mera prefersbly. frpm shéduitrie3 tr about B.stﬁme,r@emereﬁarmlﬁi n
solutions are readily available. In addition, the immunogenic
from about 1.4 to about 2.5 pg/dose, even more preferably from about 1.5 to about 2.0
pg/dose, and most preferably about 1.6 pg/dose.
The PCV2 ORF2 polypeptide used in an immunogenic composition in accordance
15 with the present invention can be derived in any fashion including isolation and purification
of PCV2 ORF2, standard protein synthesis, and recombinant methodology. Preferred
methods for obtaining PCV2 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
20 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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and vacci ne conpositions of the present invention can include diluents,

i sotonic agents, stabilizers, or adjuvants. Diluents can include water,
saline, dextrose, ethanol, glycerol, and the like. Isotonic agents can

i ncl ude sodi um chl oride, dextrose, mannitol, sorbitol, and 39 |actose,
anong others. Stabilizers include albumn and al kali salts of

et hyl endi am ntetracetic acid, anong others. Suitable adjuvants, are those

descri bed abqwas, awaﬁamgrt@ﬁﬁ&ﬂﬂdaﬂp@cttthenmmogeﬁwmbmﬁxin coniprides ) afiybfir t he
use of Carbopol 971P, preferably in anmounts as descri bed above (e.g. of

about Sgg ggwg to g’bout %Qgﬁedj%%@e, ﬂé‘-&’ﬁfﬁb%&%oﬂée%&%&@%ekdﬁ aBoRUBLg Of

about 7 per’ ‘dose nost pre erre in an amount of

about 1 resent. inv o relate
munogdiit Vet sies of e Veufarpentng MEREVIORE Brokda Tebmbf % ns
descri bed above pr eferably in concentrations descri bed above, ii) at |east
a porti gecogibinast Raculgyirye cMereoustpraseailing miad firther opect, Hheotigmnogdniq ) a
portion of the cell culture, iv) an inactivating agent to inactivate the
recdnbi reaipositiomlcorhPrises d) any pf elicc PENRYORER ,préteisl described nebove, aprefemibiyoin agent
to stop the inactivation nmediated by the inactivating agent, preferably

sodi um tah Qeuhiics Qleécﬁb@(ﬂhﬁo‘(t@l ik 1350 rBor 6F tREVira1aRetoY é)apréksm Whiliplehe

adj uvant, preferabl y Carbopol 971 in anpunts descri bed above® wherein about

OO B R 50 oo b S L s g o 0 o

phar maceut i cal accept abI e salt, preferably a 15 phosphate salt in

physi ol é@P"éﬁa}Fy accept abl e concentrations. Preferabl y, the pH of said

i mmunogeni ¢ conposition is adjusted to a physiol ogi cal pH mneaning between
about 6.5 andccarding ®here, spetific pmbodiment nf ¢hret produciion and gketivery process for

I mrunogeni ¢ conposition conprises per one m i) at least 1.6 g of PCV2 ORF2

prog ei N PBECORBR Gratéiay e ctll fulfire Spfifatedis Fidtefed Airo0gh a Alémbedhd |h@Vi Ingdore
expressing said PCV2 ORF2 protein iii) a portion of the cell ture |v)

\a/llb?uEibcz)u%ZQ’1lﬁ.ef€Mb<E,zj:;}g %W&)nl 9@1101‘{%%2 @?#%%%%ﬁafgﬂgcgﬁlﬁgtomoé ogl cal I 36/1 nd

accept ab lor%pgsqg r%lgart %E)rlnggses 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, preferably of a recombinant baculovirus, and iii) a portion of the cell culture;
15 wherein about 90% of the components have a size smaller than 1 pm.

According to a further aspect, the present in\;ention relates to an immunogenic
composition that comprises 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

20 recombinant viral vector preferably BEI, wherein about 90% of the componeﬁts i) to iii) have
a size smaller than 1 pm. 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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about 90% of the conponents i) to iii) have a size smaller than 1 mand the
pH of said inmunogenic conposition is adjusted to about 6.5 to 7.5. 40 The
i mrunogeni ¢ conpositions can further include one or nore other

i mmunonodul atory agents such as, e. ¢., interleukins, interferon, or other
cyt oki nes. The i mrunogeni c conpositions can al so include Gentam cin and
-Merthiolate. Wiile the anpunts and concentrations of adjuvants and

addi t i vesongarratipns deserihed abpyes i) atdeast mporpion eEthe viral eastor sxpressingFaidel2 y be
determ ned by the skilled artisan, the present invention contenpl ates
conposi t DBA2 prateipy iiHi a1 gorftionrnfaho véll biltuge,tiv) aib dntcti2ADG agentf toaidpativatetthend
preferably about 250 g/ ml dose of the vaccine conposition. In another
pref er r eghogibinshtmoiMl, védiG pRESIN!BENVAR! VP AnC AEHANPARNC 8zehfG6| 6p the .
conpositions conprising fromabout lug/m to about 60 pg§n1 of antibiotics,

and nore.’ |y han about 30 m. o bPILPRHIC 1 h. t he

pr esent pﬁétﬁ%ﬁérgﬁmeg ggso e*‘%fé‘l‘?g%fagmﬁﬁg?m%a’é ﬁ?gﬂ@?@g@fhﬁq%ﬂm? I%’é‘gs 151z%rrpri ses
i) %ny of...t.he PCV2 CRFaﬁ protei ns described above, preferably in .

concent r 4D gwe 2 e csmaller) thash ey iPrefaiablye Af the, m36tivating agent e BELr said vect or
expressing said PCV2 ORF2 protein, iii) a portion of the cell culture, iv)
an i nact conpoisitign ag@ptises sodimadhiosufate ih kguivalerdabionatsto BELal  vector preferably
BEI, and v) an neutralization agent to stop the inactivation nedi ated by the

15 inactivatiTke pegiptid®isimRopblakdsia® 4 eblposdsdd fhat €ad be adiiniskrédto aount s
to BEl; vi) a suitable adjuvant, preferably Carbopol 971 in anmounts

descri beg: rer¥hi RS et 4 t ha sal i ne
bt er, - RSPt R RAGE" hift e A0 ol RRRR A AR DhAE oo
active agent; erein about 90% of the_.c onents i 0 il ave a size
smal | er g‘ﬁgwnfy\hgﬁwpfﬁeq?i §ané%ntth§§fr i @T“nﬁgpﬁl% u?'f}d, {s?enaatls‘% ﬁgm?lﬂﬁﬁ’h%geni c
conposition provided herewith conprises was_highly stable over a period of
24 1ont hBhaWCWEQalaﬁ@@%&eNIQ%mndgEth- iMiaekin Byllni ggﬁ!@ﬁ?posﬁﬁlﬂl@ﬂ@aﬂm db¢ ded
herewi t h, conprising reconbi nant, bacul ovirus expressed PCV2 ORF2 protein
as provi cembdsitioavwnayh irmlwleveaney oe friosc veternaryracoeplable n@ridie As used herein, "a

veterinary-acceptable carrier" includes any and all solvents, dispersion media, coatings,
adjui;ants, stabilizing agents, diluents, preservatives, antibacterial and antifungal agents,
isotonic agents, adsorption delaying agents, and the like.

15 In a preferred embodiment, the immunogenic composition comprises PCV2 ORF2
protein as provided herewith, preferably in concentrations described above as an antigenic
component, which is mixed with an adjuvant, preferably Carbopol, and physiological saline.

Those éf skill in the art will understand that the composition herein may incorporate
known injectable, physiologically acceptable sterile solutions. For preparing a ready-to-use

20 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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clinical synptons associated with PCV2 infections. It has been surprisingly
found, that the 41 immunogenic conpositions conprising the reconbi nant
bacul ovi rus expressed PCV2 ORF2 protein as provided herewith, are nore
effective than an i mmunogeni c conposition conprising the whole PCV2 virus
in an inactivated form or isolated viral PCV2 ORF2 antigen. In particular,
it has been surprisingly found, that the reconbi nant bacul ovirus 5 expressed
PCV2 ORE rofein | f Ve 1S ] 0 i \Whi ch. peans in
concent 1aHREitth difnf BRIk b Bt ad OUNCACORERF bRl B0
potential, of the PCV2 _ORF2 protein could be further increased by the

addi t i ofcigf RaRGpES. Suitapls adwantacise dose drsarioed Fvg Nghese e EdfipPiSes at
| east one dose of the i munogenic conposition of PCV2 ORF2 protein as
provi deof Rarbepdli in, paiteslas the use of Qabepal 9 PR, ipseferably in apounisias descrihpdRBvE ORF2
protein, preferably 2 to 16 gg PCV2 ORF2 protein. Said container can

conpri sgsg.loftabortF00 g6 Gb@it Strhe pérdved) @UeinbreqReRasd inl ramduntdfdbatd Y50 t
contains 1, 10, 25, 50, 100, 150, 200, or 250 doses of the imrunogenic
congosi ti g\ﬁg% t.el f: ai ners
corrr?};ri situﬁg8 ?rggrué E)'t ha go?%s%)%@elﬁ%?p{eﬁ%e?m%ggurﬁtgg%g%éﬁsél}ﬁr gﬂg} f PCV2 ORF2
protein further conprises .an anti-m cr.obiol ogical active agent.. 15.Those
agents are fdf%o ee?fﬁ?ﬁ??én eﬁ’?‘f)ﬂi 39 (,Igla{%ﬁctf’ug? AJ e EEH 9 PRROREBENi ol at e
and the |[|ike. Thus, one aspect of the present invention relates to a

cont ai nEPMPFges ik el %?Ci\’f ORFB proteins descebed #hovepFelsElbhincconeenbistens on of
PCV2 ORF2 protein, wherein one dose conprises at least 2 jig PCV2 ORF2’

pr ot ei ndesniledCabuivenii)ai teastradgontiodviefl thé) vivdlaveetor gnpedssing shid PIANEhORB2 ptoteid, gg/ m
to about 60 gg/m of antibiotics, and nore preferably | ess than about 30

09/ M . 28) £pbivioh BE thedBN Gl ture CivithR Sndc@vatink iagent 36 MCH Pité) theaBdonSHindnd %iral
cont ai ner’'s, descri bed above, and an instruction manual, including the

[ ti f LNt .apnl i ' . t f th

| 6 nogd R TR Rhd Py B Ry sih 1 Mok s thoes B! wRORRBE T, (T
it f i ni cal t ; [ d with PCV2 infectiagn. Mye, ,

2ccor di SRCHYAE R BT TAa P P e b RS ARRHICE BBt TR

information of a second :
suitable adjuvant, preferably Carbopol 971 in amounts described above; wherein about 90%

e

of the components i) to iii) have a size smaller than 1 pm. According to a further aspect, this
immunogenic composition further comprises a pharmaceutical acceptable salt, preferably a
15 phosphate salt in physiologically acceptable concentrations. Preferably, the pH 6f said
immunogenic composition is adjusted to a physiological pH, meaning Between about 6.5 and

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
20 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; aﬁd 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.
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42 or further adm nistration(s) of at |east one dose of the inmunogenic
conposition of PCV2 ORF2, wherein the second adm nistration or any further
adm nistration is at |east 14 days beyond the initial or any forner

adm nistration. Preferably, said instruction nmanual also includes the
information, to adm nister an inmune sti rrul ant Preferably, sai d i nmune 5
stimulant shall be given at |east. tw ce. erabl ,, at | east e
preferably at g.p%gmog%% COPBROSIONY f é?nab hep jnglude i EVAS ﬁ}oée b%'ﬁ’ﬂ'een t he
first and the second or any further adm nistration of the i mune stimulant.
Pr ef er abl ignmyneaopwaioRe agantsniuch ss, ¢.s2.ginteslqulgns, |intgeferond orquther cypokitear Bl y 15,
even nore preferably 20, even nore preferably at |east 22 days beyond the
initial admunogéniatdmpositiont e dlsoniuciodeGetaraizinasi Mexitolate. MINI2 theRirdoymitsOt ein.
A 10 preferred i mune stimulant is for exanple is keyhole |inpet henpocyanin
(KLH), Stdnhlcon&'hﬁﬁt%r@bmédﬁM@ hid &dbitideb *ﬁséfmcmrmé 8biftei’ TUREpR s AN

(KLHI I CFA). However, it i's herewth understood, that any other immune

sti Iant kn Ie the art can " l.mmune
sti nul ant“ 1£s)Wéll‘ss}e &glj terTé ﬂ%‘/llleg&gg’ﬁ{satbr&‘gopﬁ%eﬁ tllﬁ ger?%?ﬁa?%%ge lat?s“ gger
t he i mune response, preferabl wi thout initiating or increasing a specific
i Mmune 15°0PWe ﬁ&%commswﬁm %’Otﬂhéo ikgnierAbope SYhES oA diuyant andsyelerabhe

pat hogen. It is further instructed to adm nister the imune stinmulant in a
sui t abl e aboste250vpbg/eml dose ofhthe kiatcimayompasisionc impnather spreferret embodiment, tied udi ng
at | east one dose of the immune stinulant, preferably one dose of KLH, or

KLH | CFA. prbdeneiavéition icbntbplates sgcch@%n@uélﬁéﬂssdoﬂqirmmgcﬂoﬂﬂaﬁdaauug/mtd dpsunogeni c
potential of the 20 imunogenic conpositions conprising reconbinant

bacul ovi "SR PiEPS sgué’%ﬁﬁfegprafe@mﬁh@mﬂ BhE! RAle/ml O mAPRIAAT I On W L h

Car bopol rther en m ni stration e I ngel Vac

PRR MV i | d
nani Qest a;/?g(r:llsﬂéf?’eabeegéets? iolnl alge vﬁﬁ@# %Ra i Y i iléqog%rﬁcl %on'ﬁog@i@ﬂtthat

However, the _inmrunogenic COITpOSI tions and vaccjnation strategies as
pr ovi ded SoEmESES ) ang o eecRCYh ORF24goteins described above, preferably in concentrations

described above, ii) at least a portion of the viral vector expressing said PCV2 ORF2 protein,
jii) a portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral
vector preferably BEL and v) an neutralization agent to stop the inactivation mediated by the

15 inactivating agent, preferably sodium thiosulfate in equivalent amounts to BEI; vi) a suitable
adjuvant, preferably Carbopol 971 in amounts described above; vii) a pharmaceutical
acceptable concentration of a saline buffer, preferably of a phosphate salt, and viii) an anti-
microbiological active agent; wherein about 90% of the components i) to iii) have a size
smaller than 1 pm.

20 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

41



effect greatly, and nore than expected. In other words, an unexpected
synergi stic effect was observed when aninmals, preferably pigs are treated
with any of the PCV2 ORF2 i nmmunogeni c conposition, as provided herewth,
and the Ingelvac PRRS MLV vacci ne (Boehringer Ingelheinm). 5 Thus, a further
aspect of the present invention relates to the kit as descri bed above,
conprising the i nmunogeni ¢ conposition of PCV2 ORF2 as provided herewith and
t he i niginmwoigedo compaositionswhmpfising tHeareconsinant baculovims eaprefsad PIOM2 ORBL ude t he
information to adm nister the PCV2 ORF2 i nmunogeni ¢ conposition together

Wi th | NIRAOGE1 Srovided PR eWiki) Nark N lore Q@éﬂv%ﬁﬁxaﬁ RS ifftidndgéhic RioR{p5iAbBh Y

adj uvanted PRRS antigen. Preferably, 10 the PRRS antigén is Ingel Vac(V PRRS
M.V (Boehringer, | ngelhej A further aspe of the.present oMenti.on al so
rel at escoﬂynﬁg’ﬁi the c‘%ir%? ?ngr%gv'f)'s 1 FbRg lﬁ?d%o(%lntoéil?ﬂlﬁﬁ Jtre ng? @%‘EQ dose of

an i mmunogeni ¢ conpasition of PCV2 ORF2 as provided herewith, and ii) a
cont ai natigem nnapartigyars it ihasbeery swpesiagliplound,; hat Ssnfrermbigntpheeslovis i gen,
preferably adjuvanted PRRS antigen. Preferably the PRRS antigen is

| n§el VaexpressetiSPGRRORE/ploBor iy effigptive linipevengilowy .coientrationsf whizhlmeans e ki t
further conprises an instruction manual, including the information to
adm ni sdpeerratibhsnipato XU/ ddsa) THOMRAHEdddMIgh imMiuRSgehie Poientidllof G BRE@VRS t he
information that the PCV2 ORF2 contal ning conposition is adm nistered

tenmpor ab#gz P{?itéiﬁ c&ﬂd%@%a@%&h%&%&&dﬁﬂ%ﬁh}%@& A Turther aspect,

rel ates e use o conpositions provided herewith as a 20

medi canment, pr.ef.erabl a,veteri.nary nedic t ven re preferred as a
vacei ne. UEF Eobe 2SR S TR TR o P A6 4 e FERHrOBSHE "y of
t he conpositions described herein, for the preparation of a nedicament for
| esseni ¢nganopidion ©fF SIGY2, ORE2rpigincag proyided berswithswherpiat g dose ompNsEsiahf ect i on.
Preferably, the nedicanment is for the prevention of a PCV2 infection, even
nmife priedst2aly BCVR QREY mbtein dgrefRrabiy 2 het6 pg PEI2 ORF2 prdein.o Saidnehtaddr f or (i)
t he prevention of an infection, or re-

can comprises 1 to 250 doses of the immunogenic composition, preferably it contains 1, 10,

25, 50, 100, 150, 200, or 250 doses of the immunogenic composition of PCV2 ORF2 protein.
Preferably, each of the containers comprising more than one dose of the immunogenic
composition of PCV2 ORF2 protein further comprises an anti-microbiological active agent.

15 | Those agents are for for example antibiotics including Gentamicin and Merthiolate and the
like. Thus, one aspect of the present invention relates to a container that comprises 1 to 250
doses of the immunogenic composition of PCV2 ORF2 protein, wherein one dose comprises
at least 2 pg PCVZ 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.

20 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. Morebver,

according to a further aspect, said instruction manual comprises the information of a second
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infection wwth PCV2 or (ii) the reduction or elimnation of clinical
synptons caused by PCV2 in a subject, conprising adm nistering any of the
i mrunogeni ¢ conpositions provided herewith to a subject in need thereof.
Preferably, the subject is a pig. Preferably, the 5 i nmunogeni c conposition
is adm nistered intranuscul ar. Preferably, one dose or two doses of the

i nmmunogeni 0 ikl I adm ni st er wherein . [ bly
conpri ses’ 4 e@%@ﬁggglgﬁé(%%ﬁﬁwgo eﬁsg]{’ee}nﬁl?u%é\gg%ﬁ %pﬁgﬁﬁgrfgfgﬁﬁ about
2 to about_16 g, ang at |east, about 0.1 to about .5 ng. Carbopol, preferably
about 1 rﬁf—@r"%’&ﬁ&ﬂ &eﬁef’?ﬂdt inig@pfan; or qny) fyrther adgu g&ﬁ’@t‘ﬁ&ﬂ?%ﬁt %‘f@%ﬁsrrent as

descri bed above, wherein a second application of the 10 i mmunogenic

conposi t ibeypnidsthe dnitial ot eny dorner edeyinstayion.t Prefesahdy nsdich thstrnétionr manush alse done
with the same i munogeni c conposition, preferably having the same anount of
PCV2 ORFinclydestthé¢ rinfofthstionl ab!adniitictes af oftina@nitimiantaPrederably, 8did dm@hunen
intramuscul ar. Preferably, the second adm nistration is done at |east 14

dayss bey%ﬂﬁghgﬁsﬂm il ig?JeP%g Y R delbleRiablf YR abtD), Sror® pREGARP hYleddk 5| &RAt 4

weeks beyon eilnitra mnistration.”’15 Accdérding to a ?urther aspect,

t he met hod _of treat nen | so,conpri.ses th dmnistration of an d ne

st mu andnorprtRRRY B lealh 3 e ©FTsr e FRE Bk Rerae & 2B iy
twice. Preferably, at least 3, nore preferably at |east 5 days, even nore
pr ef er ablagmigistratign of the igmyne stpraulant; Dieterably, dherimmayne sHapulagkis gieg ghleast 10

adm ni stration of the inmmune stinulant. Preferably, the inmmune stinulant is
admi ni st elapsyl peeferbtdpd§, &ven deore praferebly 2Qpéven Tigre @veferablyrat 16t 32 deye beywingd 20,
even nore preferably at |east 22 days beyond the initial admnistration of
the PCVZhéORfiflali admifiRGRHUNC of AR YiruhGgenic cqihiisRiohesf PCV2NORFRI prdtealt Ai s for
exanple is keyhole |Iinpet henocyanin (KLH), still preferably emulsified

Wi t inc%m : di ki NExabfpd _ BEmodvhanil ng??e kif1h
undgbr stood, t a?ﬁgﬁ?/mottl glraﬂﬁjlrlr#lﬁ%eéxstl nulléagmlﬂ%ﬁgl}qgev/m I%l% ygmge o) ’\gE'lfI led in
the art can. al.so be .used.. It. is within the genera d of a . person
Ski 1 ed PretpAE S eg gvith indobpottnh P, sSEDR KPR AL Ko £ B one.

Accor di n% to.a further aspect, the nethod of treatnents descr.ibed above al so
erewith understood, that any other immune stimulant known to a person skilled in the art can

also be used. “Immune stimulant” as used herein, means any agent or composition that can
trigger the immune response, preferably without initiating or increasing a specific immune
15 response, for example the immune response against a specific pathogen. It is further
instructed to administer the immune stimulant in a suitable dose. Moreover, 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
20 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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conprises the adm nistration of PRRS antigen. Preferably the PRRS antigen is
I ngel Vac(r) 5 PRRS M.V (Boehringer Ingelbeim. Preferably, said PRRS
antigen is admnistered tenporally beyond the adm nistration of the

i mrunogeni ¢ conposition of PCV2 ORF2 protein. 10 BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure | is a schematic flow diagramof a preferred construction of
PCV2 ORF2 . reconbi nant bacul ovirus; and Fig. 2a and 2b are a schematic fl ow
di agr am Sfef&aHY apd BRF a“aexé’?ﬁ‘ﬁ?ojll piﬁranrﬂs, an PRI PRFLGI SRR e ‘Tf%&t WSesent

i nvention, 15 DETAILED DESCRI PTI ON OF THE PREFERRED ENMBODI_VENTS The

fol | owi nPbestsdpaer atmalsy prpfersplys Bigs e rigppted | Wit 3R goh s E&YiZe ORIR
accordance with the present invention. It is to be understood, however, that
t hese exdpplaagenis (FORIPEsIiiNNg 3 eqyidsd hepeyithf and) the Jngedvar JREeh MLV aaesingot hi ng
therein should be deened a limtation upon the overall scope of the

i nvent i or{BoghxinggpiBelheim)s Thi s exanpl e conpares the relative yields of ORF2
usi ng nmet hods of the present invention with nethods that are known in the
priob art. FoWhus]@@@ther sspeat o€ thefpressrit Snweetion rekts o thedited dascribedagprvexi mat el y
1.0x106 Sf+ cells/m in 300n of insect serumfree nedia, Excell 420 (JRH
Bi osci encempridimg the inamesgenickKSmpositien ofiBCE2 QRH2| ascprbvidedehérewitld emd thei ed as SF+
5 (Spodoptera frugi perda) Master Cell Stock, passage 19, Lot#N112-095W The
cel | s usdfktiuctiongmannalt wherdie thd-msvbaion rméisrbl filshe kncivde ethe lihfaim@idnftoom Pr ot ei n
Sci ences Corporation, Inc., Meriden, CI. The SF+ cell line for this exanple

was conf izamehiseet ee RCV2S ORYL S inkBundpéhid® Tompbdithdr tRBEAGAEM ibduny@his f or
pur poses of the present invention, but in order to scale the process up for
| ar ge scabpaitivd Ukdt icoiprised PRRS Shitigh), RESHRY agjuintdd FRRS AL, PRerigtgssary and
10 the PRRS antigen is IngelVac® PRRS MLV (Boehringer Ingelheim).
A further aspect of the present invention also relates to a kit comprising i) a container
containing at least one dose of an immunogenic composition of PCV2 ORF2 as provided
herewith, and ii) a container containing an immunogenic composition comprising PRRS
antigen, preferably adjuvanted PRRS antigen. Preferably the PRRS antigen is IngelVac®
15 PRRS MLV (Boehringer Ingelheim). More preferably, the kit further comprises an instruction
manual, including the information to administer both pharmaceutical compositions.
Preferably, it contains the information that the PCV2 ORF2 containing composition is
administered temporally prior to the PRRS containing composition.
A further aspect, relates to the use of any of the compositions provided herewith as a
20 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.



10 passages beyond 59 may have an effect on expression, although this was
not investigated. In nore detail, the initial SF+ cell cultures fromliquid
nitrogen storage were grown in Excell 420 media in suspension in sterile
spi nner flasks with constant agitation. The cultures were grown in 100 niL
to 250nL spinner flasks with 25 to 150 nL of Excell 420 serumfree nedia.
Wien the cel |l s Adurthenlaspet ielates tto aanaledd) fod @i shet grevemtidn Of an $fetin, 1@6ecel | s/ ni,
they were 15 split to new vessels with a planting density of 0.5 - 1.5 x 106
cell s/ m.. SifdetieqwithtP@Rpam@i)ale redudtibiiroe slimankongsfOvlinidah sygitorme caufddalgks up t o
36 liters in size or in stainless steel bioreactors of wup to 300 liters for
a period oPC22 h dawpieciatonzivising 28inisdtihg inyf et imgunddeticicbapdsitionepreviteic ubat ed
at 27C for four hours. Subsequently, each flask was seeded with a

r ecombi nanherbwigt ko ui sublectCRANARHE Nhérbf! PRAMBYY, thdREwbj@ene a( SEQPlelrabB) (O 4) .
The reconbi nant bacul ovirus containing the PCV2 ORF2 gene was generated as

follows: t GeminleYehidEpoSianeisf 2R RerdOhirinieRE PRRrsbly, 3hé1d&k oPf2does PCR
anplified to contain a 5 Kozak's sequence (SEQIDNO 1) and a 3' EcoR

site (SEQ bEnMhmeogefi QRGsitibisRrel AR, FhERRYonY 86 PreférbblP BRRYRIsedVRi SON,

W). Then, it was subsequently excised and subcloned into tﬁe transfer
vector pVL i 1 ] 1 , ubcl oned
por i on' i 5% e e TREPCUEORES pRRGL K iaRepoBRe) 867 0 Hoel) p it

co-t ranst oetR PG E Oy PIAE RS Rk AR dhou | g Blsbo o Bflrimmect 11 s
DNA into Sf+.insect lls.(Protein. Sciences, Meriden to.generate the
r econbi nanfef%?gﬂ%\ffl?ctﬁ%d %fo'%]eta eﬁf?fgdets%’g’e‘g e’dﬁ?‘fﬁe% a&%ﬁ?@ﬂﬁ%&%@vﬂ?&%st ruct
is provided herein as SEQ I.D NO . 8. ‘The. reconbi nant bacul gviruys cgntai ni ng
the Pl CRESERE QPRI lﬁﬁ&ﬁﬁeﬂe@e@?@?ﬁ%ﬂg@%@@aﬂﬁﬁw Wﬂ\m:ﬁ )
propagat ed_on the ce ine, aligquotted, apd stored at - : e was
posi ti vel ythe;sgmpdmmRegenle CP'W%RFE‘%SES | Bvme Jae pRmepEROURE L ég’%r@‘%

bacul ovirus specific primers. Insect cells infected with PCV2 ORF2

bacul ovi r uBroieg Jesferpbly dhavasgonsh adpgpigtratign & algo \givien dntramussylare Bstepblys thorro

antigen as detected by polyclonal serumor nonoclonal antibodies in an
second administration is done at least 14 days beyond the initial administration, even more

preferably at least 4 weeks beyond the initial administration.

15 According to a further aspect, the method of treatment also comprises the
administr;ation of an immune stimulant, Preferably, said immune stimulant is administered at
least twice. Preferably, at least 3, more preferably at least 5 days, even more preferably at
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

20 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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indirect fluorescent antibody assay. Additionally, the identity of the PCV2
ORF2 bacul ovirus was confirnmed by N-term nal am no acid sequenci ng. The
PCV2 ORF2 bacul ovirus MSV was also tested for purity in accordance with 9
C F.R 113.27 (c), 113.28, and 113.55. Each reconbi nant bacul ovirus seeded
into the spinner flasks had varying nmultiplicities of infection 15 (MJs).

Flask 1 Wasws® qwgebomnsmeﬂmm%als%@uév&ln 26fithin &kg&i@:@ kﬂ@ae%%d W th
3.01nL of 0.36 seed; fl ask was seeded with 1 seed; and

oSk & YRtorgadag i b Buiatl BBV aF St uhpEegEc o (1 ov ol agram

illustra asi c steps use construct a PCV2 ORF2 reconbi nant

pacul 8?5?32 'Wﬂgﬁf L4Fd B el fffl'n%ﬁ %eaf’ﬁe‘d%{fn?e%%&;%%r égy%“ing‘
i w1 i

o L st AR Mg Dt P G B,

ond Dot hPRRE y@ﬂpzz@%ﬁiwgéﬁt'e § ol PRRSLARRER & aipngme 19

mcrofllteredt haC 45 1, ore size, menbrane. ulting
sanpl es t raﬂﬁg’ ?ﬁ?gg]ﬂ% WOEReESRic Fﬂr’i‘P"f‘ﬂ@‘i‘nﬁﬁ’gM}i P#EZ via an
ELI SA assay. The ELI SA assay was conducted with capture anti body Swi ne anti -
PCV2 PabPI¥f#-Prot. G purified (diluted 1:250 in PBS) diluted to 1:6000 in
0. O5M Carbonate buffer (pH 9.6). 100 L of the antibody was then placed in
the wells of the mictrotiter plate, 5 sealed, and incubated overnight at
37C. The plate was then washed three tinmes with a wash solution which
conprised 0.5nmL of Tween 20 (Sigma, St. Louis, MJ), 100nL of I OX D- PBS

(G bco Invitrogen, Carlsbad, CA) and 899.5nL of distilled water.
Subi®quently, 250 L ofBRIEBDESKRIRJIGNIOR THHDRAYVINGSnat i on Non-fat dry milk
(Nestle, Gendale, CA inl O of DD PBS @ to 10O wth distilled water)
was added to Egwob lof a $vhematicl flow diagrameofta pefepedvaenstruoctibd ofiIV2 OBF2 est pl at e
and then add pre-diluted antigen. The pre-diluted anti gen was produced by
addi ng 2@4ombiodnt Hadulogirts; swd uti on (0. 5nmL Tween 20 in 999.5nL D PBS) to each
of the wells on a dilution plate. The sanple was then diluted at a 1:240
rati o and a I1Fig80 4ndtdbure asthdidatic flow diagram of how to produce a composition in

accordance with the present invention.
15

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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L of each of these diluted sanples was then added to one of the top wells on
the dilution plate (i.e. one top well received 100 pL of the 1:240 dilution
and the other received 100 gL of 15 the 1:480 dilution). Serial dilutions
were then done for the renmainder of the plate by renoving 100 L form each
successive well and transferring it to the next well on the plate. Each

wel | was m xe rior to doing the next trans The tes I washi ng

i ncl uded msﬁ{tﬁbeﬁqg}%pg{l@m %Fl@ew[]ait‘ﬁ%é’le\iﬂast‘i’fjéhgz\}dé?ﬁ rﬂf#‘?‘gsr&t %ﬁé’r?ﬂeﬁtt e was
then seal ed and incubated for an hour at 37C before being washed three nore
times witinventienwEthmpthedseihat arp&nogn de thecpriasrartanfous d§)0mE spinpersilasks wereonal
antibody to PCV ORF2. It was diluted to 1:300 in diluent solution, and 100

gL of t hecadh keeted withtappiokinmteln ti0ao0f/Sfrvaslls/mg ih 3@0held of instdisema free medinge pl at e
was then seal ed and i ncubated for an hour at 37C before being washed three

times wighef A80 (ENBRIEEREs, IRON 4Ed KSYi TUE HasibPSell iBires g%ﬁlﬁﬁéh fsraddi ng

normal rabbit serum (Jackson |mmunoreséarch, West G ove, to the diluent

r mal . ksor . . i
(i) - rre PR RN Malter, 80 SHRRLOTE ) SN R ke BP0 1
1:10,000. 100 L.of the dil d ' i body was.th dd h of
U ol | SSCOHtE 5P SF 5 WA (b Iedm s SR e SO G GATAYEN, dR-57C

before being washed three tines with the wash buffer. 100 L of substrate
(TMB Per oMenidene C8. Jibe SFr-ael linkiforkthis exampla tvaPeonfined botyvesn prisages (IRROY 59.
Gai t hersberg, MD), m xed with an equal volune of Peroxidase Substrate B

(KPL) wasOheflpshsiges adlt ivaak fohpurpdek of td) prepémdtifivention, Bubdildedetdo atalé @@m
tenperature for 15 mnutes. 100 L of IN HCL solution was then added to all

i "ok STk SESAG, 1RGPl SRR LS |
SDE;yAE | g; kpa%zggs ‘tiner)]ror[l)cie gé gltay gg&e ag:\éFf?ecg h gx%?e%gigﬁta?tﬂgug(hi tl'lg)was %of’L in%gsﬁgg‘ie& 21n 32
more detail, the initial SF+ cell cultures from liquid nitrogen storage were grown in Excell
420 media in suspension in sterile spinner flasks with constant agitation. The cultures were
grown in 100 mL to 250mL spinner flasks with 25 to 150 mL of Excell 420 serum-free
media. When the cells had multiplied to a cell density of 1.0 - 8.0 x 10° cells/mL, they were
15 split to new vessels with a planting density of 0.5 - 1.5 x 10° cells/mL. Subsequent expansion
cultures were grown in spinner flasks up to 36 liters in size or in stainless steel bioreactors of
up to 300 liters for a period of 2-7 days at 25 - 29°C.
After seeding, the flasks were incubated at 27°C for four hours. Subsequently, each
flask was seeded with a recombinant baculovirus containing the PCV2 ORF2 gene (SEQ ID
20 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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3353.44 14 3 458.64 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 50 5 2 34.93 142 5 3 47.84 90 5 4 55.14 86 6 1
14.7 158 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 These results indicate that when
the incubation tine is extended, expression of ORF2 into the supernatant of
the centrifuged cells and media is greater than expression in the pellet of

t he centpi.f TpesubeRinkd paion iERbRsenfvddrtdh BOSEQ B NOW.NThé PUL R Diaxgessi on
to proceed 5 for at least 5 days and recovering it in the supernate rather

than al é&,\fﬂ@]a% AP PEID! ORFD Dol UGS AWsifBted ﬁﬁ?—OB%ﬁt gﬁos.a&gkgécf@ég%ﬁﬁi ng ORF2

i
fromthe ce provides a great increase in i significant
' Tpr OVGEEc%‘ioc?Si% (Bbl ﬁ{osggr}cgg gﬁénmEnéé%P bLa%ul%virus DNA into Sf+ insect cells (Protein

Sciences, Meriden, CT) to generate the recombinant baculovirus containing the PCV2 ORF2

5 gene. The new construct is provided herein as SEQ ID NO: 8. The recombinant baculovirus

containing the PCV2 ORF2 gene was plaque-purified and Master Seed Virus (MSV) was

propagated on the SF+ cell line, aliquotted, and stored at -70°C. The MSV was positively

identified as PCV2 ORF2 baculovirus by PCR-RFLP using baculovirus spgéiﬁc primers.

Insect cells infected with PCV2 ORF2 baculovirus to generate MSV or Working Seed Virus

10 express PCV2 ORF2 antigen as detected by polyclonal serum or monoclonal antibodies in an

indirect fluorescent antibody assay. Additionally, the identity of the PCV2 ORF 2 baculovirus

was confirmed by N-terminal amino acid sequencing. The PCV2 ORF2 baculdvirus MSV

w-as also tested for purity in accordance with 9 C.F.R. 113.27 (c), 113.28, and 113.55. Each

recombinant baculovirus seeded into the spinner flasks had varying multiplicitieé of infection

15 (MOIs). Flask 1 was seeded with 7.52mL of .088 MOI seed; flask 2 was seeded with 3.01mL

of 0.36MOI seed; flask 3 was seeded with 1.5mL of 0.18MOI seed; and flask 4 was seeded

with 0.75mL of 0.09MOI seed. A schematic flow diagram illustrating 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

20 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 pm pore size membrane.

48



51 This exanple provides data as to the efficacy of the invention clained
herein. A 1000nL spinner flask was seeded with approximtely 1.0x106 Sf+
cells/m in 300nm. of Excell 420 nedia. The flask was then incubated at 27C
and agitated at 100rpm Subsequently, the flask was seeded with 10 m, of
PCV2 ORF2/Bac p+6 (the reconbinant 5 bacul ovirus containing the PCV2 ORF2
gene passaged 6 additional tines in the Sf9 insect «cellg) virus seed with a
0.1 MO af tor The TRoing Bmplaschiembaie ameRps of QR weesent pufiin ethaieBtined  27C
for a total of 6 days. After incubation, the flask was then centrifuged and
t hr ee sanpkhes HElSAmssayesThe EhlPAs apey mas anndusdewitia capture cuitibody Swina@nfivat ed.
The supernatant was inactivated by bringing its tenperature to 37 2C. To the

10 first pawpiPab IgG Proé\G porifidd (@futed 1250 1:0PBS} diltta9ara000 i A5MOCaBbithee Whi ch
had been cyclized to 0.2M binary ethlylenimne (BED in 0.3N NaOH i s added

Second sanaBOA 0 B FLYEOR sty A TRENURL R el Rt el 0
BEI ded.to.th t e D I t h tirred

Cont PruouSror B HSONPE YRR TP e Ry BREC I B HUA Y8, ¢ nal

15 m ni num_concentration of 5 mM was added to neutralize any residual BEl.

The quant salstiogfwhichrpomprised :=Hnk afdweema8 (Bigma, §tidwouist MQ), 480mly of 48X sRne

ELI SA assay procedure as described in Exanple 1. The results of this nay be

seen i n TBBS$ éGibchhivitwigerd, alarlsbad, CANphd890RImZL. bhdistiljedrweadra Subdeqlently, 258.p411 2

68.75 3 83.33 52 This exanple denonstrates that neutralization with BEl

does not pEIBYEIRY sdhbna@g Caflalibn Nbg@ﬁttdrylﬁﬂkmstﬁf Gldngale AR 1081t of V2 ORF2
y

protein product. This is evidenced
PBS QS to 100mL with distilled water) was added to each of the wells. The next step was to
10 wash the test plate and then add pre-diluted antigen. The pre-diluted antigen was produced by
adding 200 pL of diluent solution (0.5mL Tween 20 in 999.5mL D-PBS) to each of the wells
on a dilution plate. The sample was then diluted at a 1:240 ratio and a 1:480 ratio, and 100
uL of each of these diluted samples was then added to one of the top wells on the dilution
plate (i.e. one top well received 100 uL of the 1:240 dilution and the other received 100 pL of
15 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
20 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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the fact that there is no large loss of ORF2 in the supernatant fromthe BE
or elevated tenperatures. Those of skill in the art will recognize that the
recovered ORF2 is a stable 5 protein product. EXAMPLE 3 This exanple
denonstrates that the present invention is scalable fromsnmall scale
production of reconbinant PCV2 ORF2 to | arge scal e production of reconbi nant
PCV2 10 ORF2. 5.0 x 105 cells/m of SF+ cells/m in 7000nm. of ExCell 420

medi a V‘@ﬁnjﬁ%a%é"aﬁtﬁbddg Goat ARG ATuse B Hi-KRP gﬁ&{s&@%ﬁﬁmofg&@x a8 dMaRdGR! | s were
then i ncubated at 27C and agitated at 100RPM for the next 68 hours. At the

68" h hoyr, 4 . 2 Q. Vi F. \/+ . to 7 of
ExCel | ﬁlﬁ(foﬁlé%ﬂﬁ 5191‘19%5’6#%&% ar11 ﬁ%ﬁ%# %eédﬁ%%“@m %t\r%%glg e e‘tg%s tﬁ%neg‘gdgg}eact or.
For the next ven_days, fhe m xture s .incubated at 27C 15 gitated at
100RPM tOSARRP e pvelin ﬁépfﬁ%%sa@%ﬁe ra@dée&ug%teé f 4§J€W9t32&t %%Eﬂ?%orﬁegi nni ng
at day 4, post-infection, and each sanple was centrifuged. The supernat ant
of the beirgrwashkedwibres times withetlie avagh thufernnd 00 tplobf GrtERrateaTMB deropidasei f i ed
usi ng SDS- PAGE densitonetry. The results of this can be seen in Table 3
belsow:  Jithatrate 3K Bghan drdIPeiryabbratfies BRI, Ghitlerdern MDY tmiked With an4q@. 33 5
41.33 6 31.33 53 7 60.67 EXAMPLE 4 This exanple tests the efficacy of

seven P i i i iC ters
Fol | ot rome S8 FefAidasd SLARTE TRPLY Wb 6l [ GBR v (ho el P T0Y phi 38, |
(108) C s AP 55 VeiShorth O oY 1HERRA 150 WL TR rRiLOUoilion was el iR O 29°:

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:

10 . Table 1
Day Flask ORF?2 in pellet (ug) ORF?2 in supernatant (ug)
3 1 47.53 12
3 2 57.46 227
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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divided into 9 groups of equal size. Table 4 sets forth the General Study
Design for this Exanple. Table 4. CGeneral Study Design Goup No. O
Treatment Day of KLH I CF Chal |l enged Necropsy Pigs Treatnent A on Day with
on Day 49 21 and Virulent Day 27 PCV2on Day 24 1 12 PCV2 Vaccine No. 1 0 +
+ + (VvORF2 16 g) 2 12 PCv2 Vaccine No. 2 0 + + + - (vVORF2 8 g) 3 12 PCV2

VaCC| ne o— 30—tk /\lmE’) 4 n\ B4 4 12 P2 \lgr\ru Ae-—No- [ W S S N

(rORF2 16 g) § 12 DC,\/Z Naccine No. 53403 + + (rJORF2 8 jig)la8 12 PCV2
Vaccine No. 6 0 + ¥+ + (rORF2 4g) 7 12 PCV2 Vaccine No. 7 0 + + + (Killfed
whol e celp—wtrtus—8—12—Nore ShreHenge—N-A—+—H—+—Controts

5 3 47.84 90

5 4 55.14 86

6 1 14.7 158

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

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

5 for at least 5 days and recovering in 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 pﬁor methods.

EXAMPLE 2
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9 12 None - Strict WA + - + Negative Control Goup VORF2 = isolated viral
ORF2; rORF2 = reconbi nant bacul ovirus expressed ORF2; killed whole cell
virus = PCV2 virus grown in suitable cell culture Seven of the groups
(Goups 1 - 7) received doses of PCV2 ORF2 pol ypeptide, one of 5 the groups
acted as a challenge control and received no PCV2 ORF2, and anot her group
acted as the strict negative control group and al so received no PCV2 ORF2.
On Day 0, G hipexdmplelproddds dataved & theadfiedy Wftthe asehtiviedalnedcharéis. Ai gl ets
in Goup 7 were given a booster treatnment on Day 14. Piglets were observed
for adv e LAY Felapway | ¢ ' . hat icon and
on Doy THURL S (BRE ddl GERRiR sbokRRlY A0’ St SR KRS0 o0
study sjte ups,.1- 8 r roup,.housed in one_buil din ile.goup 9 was
housed ia‘S‘?S”lli %‘g i a?ﬂgt;%iﬂ?d‘f'q‘fg?heﬁl an‘g?atfz‘ Pt'e?(z,i@e k@@ﬁﬁ‘%&eaﬁ il%‘@f’f
henocyani n (KLH) | inconplete Freund s adjuvant %%CFA) on Days 21 and 27 and
on Day Subsequethpdha flgskywpeseeded withddnl wif V2 ORE&(Bag p+odie reqamgbinagig
post - chal | enge, bl ood sanpl es were collected for PCV2 serol ogy. Post- 5
chdl | enggenlovirady comtdiging thaPEVRODREE paremassagedf adflitioua rtages idahd $fOnmisett gai n
(ADW3), and clinical synptons, as well as nasal swab sanples to determ ne

nasal shaENing sedd WY 0.1YKOE aft& U 186 @€ incthatidgy 49, al | surviving pigs were
necropsi ed, lungs were scored for lesions, and selected tissues were

Lo PR R LR D T o itk
ot DB SOED KB bl T SRUBSE S5 DB By

inactivated. The supernatant was inactivated by bringing its temperature to 37 = 2°C. To the

10 first sample, a 0.4M solution of 2-bromoethyleneamine hydrobromide which had been
cyclized to 0.2M binary ethlylenimine (BEI) in 0.3N NaOH is added to thé supernatant to
give a final concentration of BEI of 5mM. 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

15 minimum concentration of 5 mM was added to neutralize any residual BEL. 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 (pg)
1 | - 18.71 |
2 68.75
3 83.33
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sows were 51:1000. Additionally, the serologic status of sows were froma
known PRRS 15 negative herd. Twenty-eight (28) sows were tested for PCV2
serol ogi cal status. Fourteen (14) sows had a PCvV2 titer of 51000 and were
transferred to the first study site. One hundred ten (110) piglets were
delivered by cesar ean secti on surgeries and were available for this study
on Day -4. On %é plgs at theflrst ﬁgd%s‘site wer e ighed,

i dentified with a?ial{l%laé’emell%fe & 4% petaligptionawitth BEh 487H 30t AEESRIAegde of 9
groups, as set 20 forth above in table 4. |f any test animal neeting the

i ncl usi on significantiamownals of reotererabinant (a2 OREFAreteia predict-ailbis iegddengediby or any
reason, the Investigator and Monitor consulted in order to determne the
use of dati® faed thectherdt isrmnlatdeeload bMDRF2Nint the siipdiadtar edny $hes BET be eldadted of
which enrolled piglets were excluded and the reason for exclusion was
docunent e I {

avai | abl ege[niﬂ(%mpt)‘igr Sg: %?%@5@%%%3@%5@@%@ t’h@tré’é&v &fgdég%uzglss agér}ablil)%y - 3.
The tvvo snal l.est gs (No. 17 and 19) were not assigned to a group and were
avai IPabl e PRSI0 Pﬁ% if needed. During the course of the study, several
animals were renoved. Pig 82 (Goup 9) on Day -1, Pig No. 56 (G oup 6) on
Day 3, Pig No. 53 (Goup 90 on Day 4, Pig No. 28 (Goup 8 on Day 8, Pig
No. 69 (Group 8) on Day 7, and Pig No. 93 5 (G oup 4) on Day 9, were each
found dead prior to challenge. ThesBEXAMPLH s were not included in the
final study results. Pig no 17 (one of the extra pigs) was assigned to G oup

9. The renai NThHi§ eR¥hpie d@hidnsthites thdt theasresMCinveiftfbnl & Qoalbble ffom eMall Ebge
formul ati ons given to each of the groups were as follows: Goup 1 was

This vas BERECES AL BTSN (e KRB it 2O 20
O i, 500, W&é@gﬁ%%ﬁwﬁ 7@8}1&%&#’4&%@? %55’ AT T

designed to adninister Im of VORF2 containing 8 g VORF2/m. This was done
by m xi ng28000mIlnApplikopcRiopeactop.g Bhezgwgwmndw@ls 1werg ther, apmbgtedypt R7°6 and  of
0. 5% Car bopol and 7.68 ml of phosphate buffered saline at a pH of

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
15 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: OREF?2 in supernatant (pg/mL)
4 29.33
5 41.33
6 31.33
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15 7.4. This produced 16 m of fornulation for group 2. Goup 3 was desi gned
to admnister |Im of VORF2 containing 4 g VORF2/ M. This was done by m xi ng
2.56 M of VORF2 (64 g/25 g/m = 2.56 mM VvORF2) with 3.2 ml of 0.5%

Car bopol and 10.24 m of phosphate buffered saline at a pH of 7.4. This
produced 16 m of forrulation for group 3. Goup 4 was designed to
adm nister Im of reconbinant ORF2 (rORF2) containing 16 gg rORF2/ m .
20 was [done by ngl ng 2.123 mM of rORF2 (512 g/é’ﬁig go/ = 2.23 M rORMR)
with 6.4 m of ‘0.5% Carlbopol and 23.37 ni of 6 sphate buffered sali nE at a
pH of 7.4. This produced 32 ml of fornmulation for group 4. G oup 5 wa
designed to admnister Im of rORF2 containing 8ltg rORF2/m . This was done
by mxing 1.11 m of rORF2 (256 ¢g/230 g/m =1.11mM TrORF2) with 6.4 m of
0. 5% Car bopol and 24.49 m of phosphate buffered saline at a pH of 57 7.4.
This produced 32 ml of fornulati O@XR'g&Pqur up 5. Goup 6 was designed to
admnister Im of rORF2 containing gr 2/lm. This was done by m xing

0 b oS i

Thi s

A4 m

firher defypes T g
produced 32 ml of fornmulation for group 6. Goup 7 was 5 designed to
adfi ni sefficacyparapfetepipdlowing exprsurd teda. viswlent\straimi of @ VR2C\Qnadgndeadrandieightg t he
MAX PCV2 KV. This was done by mxing 56 mM of PCV2 KV with 14 m of 0.5%
Car bopof108)Tdesareqim duitived Colédirum deppived (CDTUDRpiglets, Ooi4 dayouPagé, weierandoynlgr oup 8
was designed to admnister KLH at 0.5 ggknl or 1.0 gg/m per 2 m dose.

Thi s ; j & i [ g = 570
m (7%&%&??‘%@9 Bofped ¢ %logirzﬁﬂ') e Bl b ot %SR%%E%%)E% Wesigh for il = 570

a pH ofE7.41 and 285 m Freunds adjuvant. Table 5 describes the tinme franes
for the %ctivities of this Exanpl e. Table 5. Study Activities Study Day
Study Activity -4, 0 to 49 CGeneral observations for overall health and

clinical synptons -3 Wi gHadle RGererab¥ydy DegigBups: Col | ect ed bl ood sanpl es
Group | No. Of Treatment Dayof | KLH/ICF | Challenged | Necropsy
Pigs Treatment | A on Day with on Day 49
21 and Virulent
Day 27 PCV2on
Day 24
1 12 | PCV2 Vaccine No. 1 0 + + +
- (VORF2 16 ug)
2 12 PCV?2 Vaccine No. 2 0 + + +
- (VORF2 8 png)
3 12 PCV2 Vaccine No. 3 0 + + +
- (VORF2 4 ng)
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fromall pigs O Health exam nation; Adm nistered IVP Nos. 1-7 to G oups 1-7,
respectively 0-7 Cbserved pigs for injection site reactions 14 Boostered
Goup 7 with PCV2 Vaccine No. 7; Blood sanples fromall pigs 58 14-21
Cbserved Group 7 for injection site reactions 16-19 Treated all pigs wth
antibiotics (data m55| ng) 19 Pigs transported fromthe first test site to a

second t gst—s+te reat-et—G-oups—i—9—wh—d-HH-CFA24—Cot-egted—bloed and
nasal swab sfanpl eéZfrchGMZVancgﬁNo. i ghed al| pigs; Challenged G oups 1-8
wi th PCvVZ chal llenge naterial 25, 27, CoI | ect pd nasal |swab sanpl es fromial |
pigs 29,31, 33, 35, 37105\9216?% 3, 45,4ff 27 Tregated G oyps 1-9 wijth
KLH | CFA (31 Col|l ected bl ood sanp s ffromal |l pigs 49 (ol lected bl ood and
nasal SV\B{b%a.I les fraom-all n| g Y.y ¥ nhnr‘l al pl gs- Nec+ OpSY al-] p! gs
Gross | es|i orss not gd w tplcvzevmﬁ@m Bl aced) on | ctefus and gastrijc ulgers;
Lungs eval uated for llesions; Fresh gnd formalin fixed tissue danples sgved;
In- - (rORF2 8 pig)
6 12 PCV2 Vaccine No. 6 0 + + +
- (tORF2 4 pg)
7 12 | PCV2 Vaccine No. 7 0 o+ + +
- (Killed whole cell
virus)
8 12 None - Challenge N/A + + +
Controls
9 12 None - Strict N/A + - +
Negative Control
Group

VORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; killed whole cell
virus = PCV2 virus grown in suitable cell culture

Seven of the groups (Groups 1 - 7) received doses of PCV2 ORF2 polypeptide, one of

5 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
through 7 were treated with assigned vaccines. 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

10 second study site, Groups 1-8 were group housed in one building while Group 9 was housed
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|ife phase of the study conpleted Follow ng conpletion of the in-life phase
of the study, formalin fixed tissues were 59 exam ned by

| mmunobi stochem stry (I HC) for detection of PCV2 antigen by a pathol ogi st,
bl ood sanples were evaluated for PCV2 serol ogy, nasal swab sanples were
eval uated for PCV2 shedding, and average daily weight gain (ADW5 was
determned fromDay 24 to Day 49. 5 Aninals were housed at the first study

site ing ndk peréi%hﬂ@lﬁgesm Bblgd fe%e&&plzsyhueomnpbﬂ hérRodyaniA QRIS higfiste 11 days
of age (approximtely the study). Each room was entl cal in

I t I h heat ed
and fiTE %Ie&e’%” ek >Séaﬁé§241a%§12y‘f %é&a%na@h?‘?%ﬁ%?f?‘l%ﬁ%ﬁ%% W oom had

separ at e,_ heat awgp \zgntl | ation, thereby preventing cross-contam nation of
air bet A ViBls imals were 10 housed in two different buildings at the

second st udy site. Goup 9 (The Strict negative control,group) was housed
separ at el y iRre-aanbposichaltengé, hledrk sanipies WﬁWgccalhdted}fguﬁ§V2 grolegye Posgtused in
converted nursery building. Each group was housed in a separate pen (11-12

pi §s  péhallage) bedydweightddne forpdeterintitlom pp avethgedAlyyweght ginpAPW@eander pig.
Each pen was on an elevated deck with plastic slatted floors. A pit bel ow

the pengin&l B‘ﬁ%t@rﬁs As W&ll% kal ﬁg%ven?le%% &é&iﬁﬁ@ﬁ&sa@ﬂ%&@%ﬁ’cﬁf%&“' I di ng

had its own arate heating a ati1on systems 1t

l'i keliho am nation of air t. the first
Study Seeise; Qdvy FERLe ml%%se%ffrsmfsf%%?dﬁﬁ‘fnﬁ s R ety B b v ¢
to approximately 3 weeks of age. piglets were consum ng solid, special
mi xed r¥ASCISH tisguepEpre EEQSC(EHFSFM&T}“@“P@WWIW QHE) testaps atadatsecond
study site, all piglets were fed a custom 20 non-nedi cated comercial m X
ration daigropriate for their age and weight, ad libitum \Water at both
study sites was also available ad libitum Al test pigs were treated with
Viijpamin E on Day -2, with iron injections on Day -1 and with NAXCEL(r) (1.0
m., IM in alternating hanms) on Days 16, 17, 18 and 19. In

Materials and Methods
This was a partially blinded vaccination-challenge feasibility study conducted in
CDCD pigs, 9 to 14 days of age on Day 0. To be included in the study, PCV2 IFA titers of
sows were <1:1000. Additionally, the serologic status of sows were from a known PRRS-
15 negative herd. Twenty-eight (28) sows were tested for PCV2 serological status. Fourteen
(14) sows had a PCV2 titer of <1000 and were transferred to the first study site. One
hundred ten (1 10) I;iglets were 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
20 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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addition, Pig No. 52 (Goup 9) was treated with an iron injection on Day 3,
Pig 45 (G oup 6) 60 was treated with an iron injection on Day 11, Pig No.
69 (Group 8) was treated with NAXCEL(r) on Day 6, Pig No. 74 (G oup 3) was
treated with dexanet hazone and penicillin on Day 14, and Pig No. 51 (G oup
1) was treated with dexanet hazone and penicillin on Day 13 and with
NAXCEL(r) on Day 14 for_various health reasons. 5 Wile at both study sites,
pi gs wer eofif gequby ek Blay ndhr Fhe Byesmallestpigs Qw17 19nd dDawprs a0t assignodios seBpluct ed
on Day 0 and were recorded on the Health Exam nation Record Form All

ani mal s wendewere ayaitadhleresaixtras, ifivibeded. rduringrihd carsetafsheostrfidy; eeverat aninmtsi were as
determ ned by observation on Day 0. Al test animals were observed to be in

good heal tdinRd PIEBY (GroyBlonIdaAL-YSPIRNGR56 (GrowP 3) b DA 3, BRNASS ¢Sradp d)
ti ssues were disposed of by rendering. 10 Final disposition of study

ani mal s 0 L |, PRSI rel. Y. Q,p: PhgS

assi gnedW?;ﬁ) d§ g’a%’%ﬁ’i’g? %@8@%1)@7 %Lﬁi?fﬁ‘lgg{é/ a cgnoélgﬁ ?[}DZ an(arpéglg}gb? 'T’ vely,
IMin the lLeft neck_region usi a sterile 3.0 Luer-1lock syringe and a
Steri e $5UR Gbn HBba oreph Tagd G prios texcbilfsnge s dberein REOVHE Y Pove
Vaccine No. 7 IMin the |left neck region using a sterile 3.0 nL Luer-Iock
syringe aingluded incthe finalz0mly tesudts.nBigdioel7 (08 ahith@extraipigs) yiag gssagneil nEtbupd. G oup

7 received 2.0 nL of PCV2 Vaccine No. 7 IMin the right neck region using a

steril e 3T8e ramainigg edtraghg, No. 1 90asarcludedsfir@tn testitiyg X' '/ 2" needle. On Day 21
all test pigs received 2.0 nL of KLH ICFA IMin the right hamregion using

a sterile 3.0 e fof alaélizé VoA th @?&ﬁ?ﬂﬁ %Eiﬁs%é'rk%s ?JI?%?NFJ GrogPas adsipnbly 27

all test pigs recelve nm. o in the ham'r egi on uUsing a

20, pi s el G i DR o Bl e i oty STRBRAE ks By

T oS T B TS S o
m. of the sanme material was admnistered INto each pig (0.5 nL per
nostril) Geibepoleandi2e¥6 inkoBplsphate befiferededling pt & pHeofaidl This produced 16 ml of
formulation for group 1. Group 2 was designed to administer 1ml of vVORF2 containing 8 pg
VORF2/ml. This was done by mixing 5.12 ml of vORF2 (128 pg/25 pg/ml = 5.12 ml
vORF2) with 3.2 ml of 0.5% Carbopol and 7.68 ml of phosphate buffered saline at a pH of
15 7.4. This produced 16 ml of formulation for group 2. Group 3 was designed to administer
1ml of vORF2 containing 4 pg vORF2/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 (rORF2) containing 16 pg rORFZ)ml. This
20 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
mt of formulation for group 4. Group 5 was designed to administer 1ml of rORF2 containing
8ug rORF2/ml. This was done by mixing 1.11 ml of rORF2 (256 pug/230 pg/ml = 1.11 ml

rORF2) with 6.4 ml of 0.5% Carbopol and 24.49 ml of phosphate buffered saline at a pH of
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61 nasal canula. Test pigs were observed daily for overall health and

adverse events on Day -4 and fromDay O to Day 19. Qbservations were

recorded on the dinical Cbservation Record. Al test pigs were observed
fromDay 0 to Day 7, and Group 7 was further observed fromDay 14 5 to 21,
for injection site reactions. Average daily weight gain was determ ned by
wei ghing each pig on a calibrated scale on Days -3, 24 and 49, or on the
day t hay.4a Thisgproduced 60 mal dfdachulafohdor gloap 5engoupBowys designbd & addifistegcor ded
on the Body Wi ght Form Day - 3 body weights were utilized to bl ock pi gs

prior t SR ;m]-gg,
det ermﬁgrthe a\%é%gggﬁna@?é wel g t g@glesn\Q A&[S“\?l;\lf;%p or gg’csr?wg{sc’ﬂ?url ng these 10

s o e el b ddReEh S o W TS ef e 2 GG Pt

order to determ ne PCV2 serol ogy,. venous whol e bl ood was coll ected from each
pi gl et Puffed salinoats RE L (-én Shis Paedveed Hrmbal/rmuationfor group§r Caawm? pieg| et ,

bl ood was collected fromthe orbital venous sinus by inserting a steri le
cafi | | adegighebé adrhimistdre2nmtefi RIVZ svbbleulsllied cdb vaemedPCVI2EK ¥y eentainthgdthei ni ng
approximately 3.0 m, of whole blood into a 4.0 mL Serum Separator Tube
(SST) . MADPCVR2&V. 3 TThiRes 4ne ¥ HRiig MO il o1l POV2 TKPwigRah hl ef \065%

collected fromthe anterior vena cava using a sterile 18g x 1

YZ?SL?;B% R b8 AL T pE o KATARGREN SHPT Ml PO & o &F@’ect. ons  at
cacn sommigit k6634 G oF Lo Sl e ERSe Dby SRh St rmte 10 et um |

har vest ed. Harvested serumwas transferred to a steril|le snap tube and stored
at - 70dKLH@-00:g prateind ot 8 18/mbh =) W0l (A e/ xum@aKpTe A4 2%l ed f or

the presence of PCV2 antibodies by BlIVI-R& personnel. Pigs were observed
on6e dapHogpHatectmffagd @lin¢ at a3y oA P45 and 285imii Fremnds pdjovantsTabielS dé@ribes the

time frames for the key activities of this Example.

Table 5. Study Activities

Study Day | Study Activity

-4, 0 to 49 | General observations for overall health and ciinical 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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nt ai ner with
same’
agnostics Ltd.,
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27

Treated Groups 1-9 with KLH/ICFA

31

Collected blood samples from all pigs

49

Collected blood and nasal swab samples from all pigs;

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

Weighed all pigs; Necropsy all pigs; Gross lesions noted with |

Following completion of the in-life phase of the study, formalin fixed tissues were
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Sampl e coll ections were recorded on the Necropsy Report Form Afterwards,
formalin-fixed tissue sanples and a Di agnostic Request Form were submtted
for IHC testing. IHC testing was conducted in accordance with standard | SU
| aborat ory procedures for receiving sanples, 5 sanple and slide preparation,
and staining techniques. Fresh tissues in Wiirl-paks were shipped with ice
packs to the Study Monitor for storage (-70 10 C) and possible future use.
For ni al pamdihedes InrfeoBistodBERis AAOER Aytedtidhod et Ve astigeh By eﬁgéts&b' igf) of PCV2
by HC and scored using the follow ng scoring system 0 = ne; = Scant
positiv Wl e | . = Lt | Jofl lsiple
sites; glﬁg& ggﬁlﬁgﬁ%aérﬁah%{ggieft%f \l;g V52t %?(ﬁ?%%&fgqﬁ:&% fk éég%lé% ﬁ‘}re{(yué&%})ugggﬂ t ﬁ?%a tissue.
Due to fact.. t hat, t he t.hol Qgi st. C ot sit.ive differentiate
Cnout natCHAsFElimenRd aPef BDRyS S Gt Pre Bdeiadadn pa 4 & By

| abel ed as Lynph Node and the score given the highest score for each of the
two tis4lUes per animal. Results 15 Results for this exanple are given
below. It is noted that one pig fromGoup 9 died before Day 0, and 5 nore
pi §s di ed poAtnimalcweradioused 4t the ifigst fstudgn side dn inddviddal wiagesf indfiweGoomp frdm 2 pi gs
fromGoup 8, and 1 pig from Goup 9). Post-nortem exam nation indicated all

si X di gifndySpdBtiey |y uas SMieqbiABambRA! DIPD ST AR srAB)0Hadh bkl

vacci nation or Additional 'y, no adverse events Of injection site
reactio not it h. e i wei aht LN ¢ ADWG)
result sﬁglrl%cg{)r%elggorﬁ gﬁd\nﬁéﬁbs\;w %%%Fei@q@@c{) g%l ?SS gféﬁfega&_ i ng hﬁ%ggtafu\g/e

control _group, had,the highest A 1.06 ., 0.17 I bs/day), followed by G oup
5 (0. afieredh airsp g sepgiR eghtore i Felatiom anigo CBfm@ng&do%epmﬁze_at@ up 3,
whi ch received one dose of 4 gg of VORF2, had the |l owest ADW: (0.49 0.21

| bs/ dayYentifatiph,othexgby Ipyeventingpcrps-@nganigatig ¢fhair deljeen whimdy Asimaly ovkr® doses
of killed vaccine. 64 Table 6. Summary of G oup Average Daily Wight Gain
(ADWG) Ksueedpinl tventiflerdnt Wudddigs at thesectayd dtidysit4 Groupay (TIR) Stoict neglkivst ed f or
pi gs dead before Day 29

control group) was housed separately in a converted finisher building and Groups 1-8 were

housed in converted nursery building. Each group was housed in a separate pen (11-12 pigs
per pen) and each pen provided 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 holding tank for
15 excrement and waste. Each building had its own separate heating and ventilation systems,
with little likelihood of cross-coﬁtamination of air between buildings.
At the first study site, piglets were fed a specially formulated milk ration from birth to
approximately 3 weeks of age. All pigleté were consuming solid, special mixed ration by Day
19 (approximately 4 2 weeks of age). At the second study site, all piglets were fed a custom
20 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)

60



1 VORF2 - 16 g (1 dose) 12 0.87 0.29 Ibs/day 2 vORF2 - 8 g (1 dose) 12
0.70 f 0.32 I bs/day 3 VORF2 - 4g (1 dose) 12 0.49 0.21 Ibs/day 4 rORF2 -
16 g (1 dose) 11 0.84 0.30 Ibs/day 5 rORF2 - 8 g (1 dose) 12 0.94 0.22

| bs/day 6 rORF2 - 4 g (1 dose) 11 0.72 0.25 Ibs/day 7 KV (2 doses) 12
0.50 0.15 I bs/day 8 Challenge Controls 10 0.76 0.19 Ibs/day 9 Strict

Negative Contrals 11 1.06 .0.17 |bs/da = | at ed,\viral 2;. rORF2 =
Feconb nalfts Bage S0 H T9p Pisdton oY 1 PleckiohEoRuBl B i oo i
virus growmn_in suitable cell culture 5 PCV2 serol ogy results are presented
bel ow i n NAKCELR onDay & Bié Ne. GéGrow D wascresiedgath Sesemgiharapy2ngemediin 3. on
Day 14, G oups receiving VORF2 vaccines had the highest titers, which
ranged franDaB¥4,5ntd @iHRO. . (GRowgs])reaseareatedgviki ddxettethazank and peiiciBinhmdDiashe

next highest titers, followed by the groups receiving rORF2 vacci nes. G oups

8 and 9 1f3 HRTGHHRAXTHLEGIDAY VEfoR VatidtishedliRaso® Day 24 and Day 31, pigs
recei ving vORF2 vaccines continued to denonstrate a strong serol ogi cal

. foll | g5l ' :
i iT8a viral vaeay Ol S, AR i NBler SRS YA, | MidrRRE,

serologically and G oups, 8 gnd_9 conti nued t emni n_seragnegat i.ve, On, Day

» Prgs : I an
29, pi gs KABERANORS e cpasiciyd OB g 0 2nd qrssieceled o teiticp By EparpmptionReeditt. and
the | owest dose of rORF2 denonstrated the strongest serol ogical responses.
Pi gs receFarmg Alb angmals dvee (o ogoodORpdthsanda ouiritienal hstetus | iefve | yaceinafionr ag FA
titers than challenge controls. Goup 9 on Day 49 denonstrated a strong
ser ol ogi cddtermixsdbydservatioh @n Day Bu Mthteyt adimdls ooz dBedf¢dta beiiti gowl health and

nutritional status prior to challenge. Carcasses and tissues were disposed of by rendering.
10 Final disposition of study animals was records on the Animal Disposition Record.

On Day 0, pigs assigned to Groups 1-6 received 1.0 mL of PCV2 Vaccines 1-6,
respectively, IM in the left neck region using a sterile 3.0 mL Luer-lock syringe and a sterile
20g x %" needle. Pigs assigned to Group 7 received 2.0 mL of PCV2 Vaccine No. 7 IM in
the left neck region using a sterile 3.0 mL Luer-lock syringe and a sterile 20g x %" needle.

15 On Day 14, pigs assigned to Group 7 received 2.0 mL of PCV2 Vaccine No. 7 IM in the right
neck region using a sterile 3.0 mL Luer-lock syringe and a sterile 20g x %" 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

20 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 logjo 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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AVERAGE | FA TITER G oup Treatnent Day -3 Day 14 Day 24 Day 31 * * Day 49***
1 VORF2 - 16 g (1 dose) 50.0 529.2 4400.0 7866.7 11054.5 2 vORF2 - 8 g (1
dose) 50.0 500.0 3466.7 6800.0 10181.8 3 VORF2 - 4 g (1 dose) 50.0 187.5
1133.3 5733.3 9333.3 4 rORF2 - 16 g (1 dose) 50.0 95.5 1550.0 3090.9 8000.0
5 rORF2 - 8 g (1 dose) 50.0 75.0 887.5 2266.7 7416.7 6 rORF2 - 4 g (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 pfaiGaahlhenge 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 10 vORF2 = isolated viral ORF2; rORF2 =

recombi nant -pag gi&Q }[(%ergi:’ %b&%ﬁde&ﬁ?q‘o%%ﬂ% gédéﬁmﬁﬂld%%ﬁe Eqdnts o Hay $47nfCV2

virus grown in e ce cufture al culatron purposes; a : 1400 1FA

titer S Si ed as~a titer of "50"- ~a X400Q..1FA 66 tit: si gnat ed
bs o ¢ Pam T PBPS0E Ofehidighs sferersprden ga b Cgic gpseti s th A oo Ul s
fromthe post-challenge clinical observations are presented below in Table

5 8. Thiest mmpybwq%é‘éqm Day 0 te Pay dsandifatenn 4 tas dierthep posepied diean Dred4vi or |

Abnormal Respiration, Cough and Diarrhea. Table 9 includes the results from
t hé Sumuelly faf infactiop sitdreactink. |Avetage naidy efeight gainords dsyempinedtbyaweighiagl e 10
includes results fromthe Summary of G oup Mirtality Rates Post-chall enge.

The NMDSEack PIEEa EdlibRitéPécaRYIHID/I-N DM d 149, binSthe B4yt ¥EiE wWRTOIHBlealpENAVI OT

whi ch was scored as mld to severe |ethargy. Pigs receiving 10 the 2 | ower

doves Ol it RNl Sl SETRZBRN MU G BP0 Bl
the str \IN(e:itghtrs]e e?é 1|1t\1/1(1azed to block pigs prior to randomization. Day 24 and Day 49 weight data
was utilized to determine the average daily weight gain (ADWG) for each pig during these
10 time points. For pigs that died after challenge and before Day 49, the ADWG was adjusted to
represent the ADWG from Day 24 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 coll;:cted
from the orbital venous sinus by inserting a sterile capillary tube into the medial canthus of

15 one of the eyes and draining approximately 3.0 mL of whole blood into a 4.0 mL Serum
Separator Tube (SST). On Days 24, 31, and 49, venous whole blood from each pig was
collected from 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

20 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
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control group had no abnormal behavior. None of the pigs in this study
denonstrated any abnormal respiration. Coughing was noted frequently in all
groups (0 to 2599, as was diarrhea (0-20%. None of the clinical synptons
not ed were pat hognom c for PMAS. 15 The overall incidence of clinical
synptons vari ed between groups Groups receiving any of the vORF2 vaccines,

the group rec IVI n , grou recei 2 doses of KV
vacci ne afitt g“ﬁ@ CE’S?F PHE'F gL %eﬁ‘@uﬂi‘éﬁ@g@ i nci dence of overall

clinical syrrptoms (6.49 The strict negative control group, the group
recei ving 8 g Tftestdm2CV nasal shedding,uqn Days &dy25 gnd thgn gery Ofbep odrbiiinahezedal |
i ncidence rates of clinical synptons of 20 0% 8.3%and 9.1% respectively.

Overal | naidyaddytup toadnd<Sndleding Bay @004 periléadacfl swiibWedsinsefibé ingfaciapallyeiaf vi ng 2
doses of KV vaccine had the highest nortality rate (16.7%; while groups

that receigrind }egt &ri EBV N of g&o%@g %? tg&%:ﬂ: %; p?@ltaga&gu&fllgfa%&bﬁ” Cwishigy strict

negative contro gro ha 8. "Summary of

S B o028 Tert St e RO, s PR s 535541?3 a %Escfw?%r and

Behavior2 I vORF2 - 16 g (1 dose 12 2/12 0/12 3/ 12 2/12 7% (0% (25%
(16/ 7% snapcmrpbe C@tggmg% f EMEM, megliagywitlp 2%y IFBS7 5 00und 0/§Pepm}6m( 8. 3%
(8.3 3 VORF2 - 4 g (1 dose) 12 8/12 0/12 2/12 1/12 (66. 7% (0% (16.7%
( 283;/?3/() 4 $500RkFmL dfStgploinydimsanyd 213 pg/hill oDFdnki£dhd.1 The $fval? ivhd broke ol tie0%)
e tube, and the snap tube was sealed and appropriately labeled with animal number, study
number, date of coilection, study day and “nasal swab.” Sealed snap tubes were stored at -40
10 Z 10° C until transported overnight on ice to BIVI-St. Joseph. Nasal swab collections were
recorded on the Nasal Swab Sample Collection Form. BIVI-R&D conducted quantitative
virus isolation (VI) testing for PCV2 on nasal swab samples. The results were expressed in
logo values. A value of 1.3 logs or less was considered negative and any value greater than
1.3 logs was considered positive.
15 Pigs that died (Nos. 28, 52, 56, 69, 82, and 93) at the first study site were necropsied
to the levél 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
20 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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5 rORF2 - 89 (1 dose) 12 0/12 0/12 1/12 0/12 (0% (0% (0% (8.3% 6 rORF2
- 49 (1 dose) 11 1/11 (9.1% O0/11 0/11(09/0) 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% 68 9 Strict Negative Controls 11
0/11 0/11 0/11 (0% O/11 (0% (0% (0% VORF2 = isolated viral ORF2; rORF2
= reconbi nant bacul ovirus expressed ORF2; killed whole cell virus = PCV2
vi rus grhsiwallNUK) atidusck Wkikllpak uvdsiplseed daticd, Huchicentainér wagpropétlychabéledr oup

t hat denonstrated any abnormal behavior for at |east one 5 day 2Total

number  gfm gﬂﬁ%meﬁoﬁsaw&e%&mdtoﬁm SEHBS KR hoRY ARAPRER ok eRRIHH On f or

at | east e day 3Total number of pigsS”in-each group t hat denonstrated a

Gamonst PowEaeEs paEA B KQhE TNty SorfldSsl G WLH O &R .,

Overal | InC| dence of Cinical Synptons G oup Treatpent N |Incidence of pigs
wi t h | n¥pgeendactedin srcerdanog vith ﬁ%wwaboremowdws;g Teqeiying 63mples.s 41. 7%
2 VORF2 - 8 g (1 dose) 12 5 41. 7% 3 VvVORF2 - 4 gg (1 dose) 12 8 66. 7%

5 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,
10 diffuse throughout the tissue. Due to the fact that the pathologist could not positively
differentiate inguinal LN from mesenteric LN, results for these tissues were simply labeled as

Lymph Node and the score given the highest score for each of the two tissues per animal.

Results

15 Results for this example are given below. It is noted that one pig from Grou;i 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.

20 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 lbs/day), followed by
Group 5 (0.94% 0.22 lbs/day), which received one dose of 8 ug of rORF2. Group 3, which
received one dose of 4 pug of VORF2, had the lowest ADWG (0.49 & 0.21 Ibs/day), followed

by Group 7 (0.50+ 0.15 Ibs/day), which received 2 doses of killed vaccine.
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4 rORF2 -16 g (1 dose) 11 4 36.4% 5 rORF2 - 8 g.(1 dose) 12 1 8.3% 6 rORF2
- 49 (1 dose) 11 1 9.1% 7 KV (2 doses) 12 7 58.3% 69 8 Challenge Controls
10 4 40% 9 Strict Negative Controls 11 0 0% VvORF2 = isolated viral ORF2;
rORF2 = reconbi nant bacul ovirus expressed ORF2; killed whole cell virus =
PCV2 virus grown in suitable cell culture 'Total nunber of pigs in each
group that denonstrated any clinical synptomfor at |east one 5 day Table
10. Summary of Group Mortality Rates Post-chall enge Goup Treatnent N Dead
Post- Mortality Rate challenge 1 VORF2 - 16 g (1 dose) 12 1 8.3% 2 VORF2 -
8 pg (1 dose) 12Tablg63SmmmarpRfSroupdverngeDady wagm Gan (ADWEFr2 - 16 g (1
dose) 11 0 0% 5 rORF2 - 89 (1 dose) 12 0 0% 6 rORF2 - 49 (1 dose) 11 1

Nogat i ve| EBMP: b o 11 0 ObFUBISRD =i sof atlel” i AaN GRS e Lt ph Bl
bacul ovi fus expressed ORF2; killed wholg celfl 70 virus = PCV2 virus grpwn
in suitable cell culture adjusted for pigs dead before Day 29

14 VORF2 - 16 pg (1 dose) 12 - 0.87 +£0.29 Ibs/day

2 VORF2 - 8 pg (1 dose) 12 0.70 £ 0.32 lbs/day

3 VORF2 ~4 pg (1 dose) 12 0.49 % 0.21 Ibs/day

4 rORF2 - 16 pg (1 dose) 11 0.84 £ 0.30 Ibs/day

5 rORF?2 - 8 pg (1 dose) 12 0.94 £ 0.22 Ibs/day

6 rORF2 - 4 pg (1 dose) 11 0.72 £ 0.25 Ibs/day

7 KV (2 doses) 12 0.50 £ 0.15 Ibs/day

8 Challenge Controls 10 0.76 £ 0.19 Ibs/day

9 Strict Negative Controls 11 | 1.06 £ 0.17 Ibs/day

VORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; killed whole cell
virus = PCV2 virus grown in suitable cell culture

5
PCV2 serology results are presented below in Table 7. All nine groups were
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
next highest titers, followed by the groups receiving rORF2 vaccines. Groups 8 and 9
10 remained seronegative at this time. On Day 24 and Day 31, pigs receiving vORF2 vaccines

continued to demonstrate a strong serological response, followed closely by the group that
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PCV2 nasal shedding results are presented below in Table 11. Foll ow ng
challenge on Day 24, 1 pig in Goup 7 began shedding PCV2 on Day 27. None
of the other groups 5 experienced shedding until Day 33. The bul k of nasal
sheddi ng was noted fromDay 35 to Day 45. Groups receiving any of the three
VORF2 vaccines and groups receiving either 4 or 8 g of rORF2 had the | owest
i nci dence of nasal shedding of PCV2 (59.1%. The challenge control group
(G oup 8gcelvad twé dodes ol @il vingineatPegs(BEHing FORFDwetiney wiehesleiver ©t
negative control group (Goup 9), which had an incidence rate of 63.6% 10

Tabl e 17 Mmgejny%a'éﬁo&ﬂa% AR Rnffucdas ?éma%?%g gheparivl d¥zy 43, ot ay |

Tr eat nent pirgs that shed for I nci dence at | east” on

VORF2 - ( 8. 3% 3 VORF2
i) (1f%f8¥g3g ot §3°§ 5 Bt o MR ol e 56 S B S g
(1 dose)-12 1 8.3% rORF2 - 4g (1 dose) 11 1 9,1% 7 KV, (2 doses 12 5
41. 7% Seoppipied dee ﬁ%ﬁ%ﬁ%lsgrom@ EP@P}GnSf?Sl Rigs mmegiving kg end, 8 neortrORE3 11 7
63.6% VORF2 = isolated viral ORF2; rORF2 = reconbi nant bacul ovi rus

exd ess edccieFadkslightiy MghdreIFAetiters vhanushatlef®e\V/eontiolsus Goopw? ion Bay t4a@bl e cel |
culture The Sunmary of G oup Incidence of Icterus, Goup |Incidence of

Gastri c db6irhted aRtrEAPssRoldR4) rdspbkel €Si on Scores, and Group Incidence of
Lung Lesions are shown below in  Tablel2. Six pigs died at the first test
site during the post-vaccination phase of the study

Table 7. Summary of Group PCV2 IFA Titers

AVERAGE IFA TITER

Group Treatment Day -3 -Day 14 | Day 24 | Day31** | Day 49***

1 VORF?2 - 16 pg (1 dose) 50.0 529.2 | 4400.0 7866.7 11054.5

2 VORF?2 - 8 ug (1 dose) 50.0 500.0 | 3466.7 6800.0 10181.8

3 VORF2-4pg(ldose) | 500 | 1875 | 11333 | 57333 93333

4 rORF2 - 16 pg (1 dose) 50.0 95.5 1550.0 3090.9 8000.0

5 TORF2 - 8 pg (1 dose) 50.0 75.0 887.5 2266.7 7416.7

6 rORF2 - 4 pg (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

10 VvORF2 = 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
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(Goup 4, N=1; Goup 6, N=1; Goup 8, N=2; Goup 9, N=2). Four out of six
pigs had fibrinous lesions in one or nore body cavities, one pig (Goup 6)
had | esi ons consistent with clostridial disease, and one pig (G oup 9) had
no gross | esions. None of the pigs that died 10 during the post-vaccination
phased of the study had |esions consistent with PMAB. Pigs that died

post-cha e .and S t hap on Day 49 were necropsied. At necropsy,
i cterus ‘%ﬁgf? %&%88313 \Rg Lzzﬁg]t present in any group. Wth regard to
mean % Iung | esions, Goup 9 had | owest nmean % |l ung | esions (0%, followed
by Group *tDar efClellgege 0. 50% and Group 5 with 0.68 f 1.15% G oups 2, 3, 7
and 8 had the highest nean % lung 15 lesions (>7.27% . Each of these f our

groups cdritRayneNarpspi g with % | ung | esions X1.5% which skewed the
results higher for these four groups. Wth the exception of Goup 9 with 0%

llung I esions mag %aultstmn&msﬂbmeﬁgnegﬂlﬁmpoﬁaa%ndn@ﬁ%)ﬂreyaateh 88lo@1A TableOSt
all lTung lesions noted were described as red/purp e and consol i dated. 20

Table 12.5 Supplmf) Ggpwsu[tmas@ OBl YR HE; G BRAISI B est 11 C

ul cers Group ung Lesion cores and enceo

Lesions Noted, 72 Treat rrent er us stri %Lung I n dence of
U cers LESSBRS0 mggégii 319 W@&F‘ESG?‘C m“g@g? @t/pé@“l’
0. 40+0. 50% 10/ 12 dose) (0% (83% 2 VORF2 - gg (1 dose) 0/12 (0% O0/12

7.41 20.Qwgallongidence 094ClinR3LFymBomORED Table l@gncmleol esulfs Bdm A0SemoAyf9. 20
20.9% 10/ 12 (0% (83% 4 rORF2 - 16 gg (1 0/11(0% O/11 1.5 f 4.74% 4/ 11
dose) (0%rot&iartality Rates Post-challenge. The most common clinical symptom noted in this
study was abnormal behavior, which was scored as mild to severe lethargy. Pigs receiving
10 the 2 lower doses of VORF2, pigs receiving 16 pg of rORF2 and pigs receiving 2 doses of KV
vaccine had incidence rates of 227.3%. 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.
15 The overall incidence of clinical symptoms varied between groups. Groups receiving
any of the vVORF2 vaccines, the group receiving 16 ug of rORF2, 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 pug of rORF2 had overall incidence rates of clinical symptoms of
20 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 pug of rORF2 and the strict negative control group all had 0%

mortality rates.
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5 rORF2 - 8 gg (1 dose) 0/12(0% O/12 0.68 f 1.15%9/12 (0% (75% 6 rORF2
- 4 99 (1 dose) 0/11 (0% O/11 2.95 f 5.12% 7/11 (0% (64% 7 KV (2 doses)
0/ 12(00/0) 0/12 7.27 f 22.9%9/12 (0% (75% 8 Challenge Controls 0/10 0/ 10
9.88 f 29.2%8/10 (0% (0% (80% 9 Strict Negative 0/11(00/0) 0/11 0/11
0/ 11 Controls (0% (0% (0% 73 vORF2 = isolated viral ORF2; rORF2 =
reconbi nant bacul ovi rus expressed ORF2; KV or killed whole cell virus =
PCV2 virus grown in suitable cell culture The Summary of Group | HC Positive
I nci dence Results are shown in Table 13. 5 Goup 1 (VORF2 - 16 g) and G oup
5 (rORF2 - N 79 . Group
8 (Chall eng}% l:Cli:)ontro S) and Gg’ E%Fv%{rl ct rHaxge]&:%‘ﬁ?#o 0{131]91 th

hi ghest rate of |HC positi ul t 0% d 0.9% respectively. TabI e 13.
Summary of Group | HC Posi r‘?"\% ?ﬁ%‘f’é@’r‘@g p Treatnment N No. O pigs

t hat had-—at—l tissue pgs|t for PQ\V2 1 VORE? - 16
pg (1 dOGRDugH 2 16-T?&?tm?nthF2 ¥ 0 Abhoase) AbRonal5| Wbugh’® V[ BRarhead| 99 (1
dose) 12 8 6. 7% 4 rORF2 - 16 g| (1 |dose) 11 ¥4 36.3% b rORF2 + 8 g (1] dose)
12 2 1. 7% Behavior' | Behavior®
1 VORF2 - 16 pg (1 dose) | 12 2/12 0/12 3/12 2/12
(16.7% (0%) (25%) (16/7%)
2 VORF?2 - 8 pg (1 dose) 12 4/12 0/12 1/12 1/12
(33.3%) (0%) (8.3% (8.3%)
3 VORF?2 - 4 ug (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 1112 | 0/12 (0%)
(0%) (0%) (8.3%)
6 tORF2-4pg(ldose) | 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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6 rORF2 - 49 (1 dose) 11 4 36.4% 7 KV (2 doses) 12 5 41.7% 8 Chall enge
Controls 10 9 90.0% 9 Strict Negative Controls 11 10 90.9% 10 vORF2 =
isolated viral ORF2; rORF2 = reconbi nant bacul ovirus expressed ORF2; KV or
killed whole cell virus = PCV2 virus grown in suitable cell culture 74
Post - chal | enge, G oup 5, which received one dose of 8 g of rORF2 antigen,

out perfo‘ oup 5 had-th hi nh 0.94
f 0.22 | bsg dal) StrictiNegativeSbntkdl§ i ¢ obnezbnorrmlo/mehaﬁo/cm((I%')0 0/11 (Ws)sfecond
| owest ipcidence of 5 cough (8.3%, the |owest|incidencg of overall clijnical

synpt ons| (8. 39
sheddi ng west ratp _
(0.68 t U e rate fb anlfIIF\ tiss 99 .

G oups r ¥QRFA/T itg a\?ﬁWF%WPe‘&BIF% —GﬁCOPMQFJZ b&‘ﬂ{lqu‘éﬁexmﬁéieémédﬁlkéﬁhek@'él gr oups
recei vi n§irusyHhG $ grown 1 syitablecp¥toulired t he group receiving 2 doses of killed
whol e cell PCV2 vaccine 10 perforned the worst. Tables 14 and 15 contain
sumari es of group post-challenge data. Table 14. Summary of Group

Post - ChalTatalgembert 6f pigsRalchchlgréipomipt démbnstpdteaty abhVnalbetavisafor@plegh oty er al |

(1 bs/ day) Behavior Incidence of Cdinical Synptons 1 12 vORF2 - 16 g 0.871
2/ 1% 3/ 13,#1. 7% (1 dose) 0.29 (16.7% (2599 2 12 vORF2 - 8.g 0.70 4/12
1/12 41. 7% (1 dose) 0.32 (33.3%(8.3%3 12 VORF2 - 4 g 0.49 f 8/12 2/12

66. 7%

e of na

r @(0 ,g;oo | pwest r

2Total 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

*Total number of pigs in each group that demonstrated diarrhea for at least one day

10

Table 9. Summary of Group Overall Incidence of Clinical Symptoms

Group Treatment N Incidence of pigs Wlth | 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 pg (1 dose) 11 4 ' 36.4%
5 . TORF2 - 8 pg (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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(1 dose) 0.21 (66.7% (16.7% 75 4 11 rORF2 -16 g 0.84 t 3/11 0/11 36.4% (1
dose) 0.30 (27.3% (0% 5 12 rORF2 - 8 gg 0.94t 0/12 (0% 1/12 8.3% (1
dose) 0.22 (8.3%6 11 rORF2-4g 0.72 1/11(9.1%0/11 9.1% (1 dose) 0.25 (0%
7 12 KV 0.50 f 7/12 (58.3) 0/12 58.3% (2 doses) 0.15 (0% 8 10 Chal |l enge
0.76 f 1/10 (10% 2/10 40% Controls 0.19 (20%9 11 Strict Negative 1.06
0/11 (0% 0/11 0% Controls 0.17 (0% VCRFZ = isolated viral ORF2; rORF2 =
reconbi rant_baqul oVl rus exXpr essed obZ; KiTTed whole CElt_viruy = PCV2
virus gfowBin [suitekallengelontroly ¢ ur ¢ 50I'a e 15. Suhmary of [ otffye
Post - Chal | enge |Data - Part 2 Goup N Treatjment Mortality Naspl Mean %o

I nci denge tejof _at g|Lu l'least one tissue IHC Lesiohs
positive =0 2SE1"1?Fa iﬂ’mgg .Q&s.s% 0.40% 16.7% [1 h@e) 0. 50%
76 2 12|vORF2 -4 8 g 8.3%8.3% 7. 41 25. 0%]| (1 dose) 20.2% 3 [12 VORF2]|- 4 ¢

0% 8. 3%vORE0 =fisoffted Afal ORF2; rORF2 = recombinant baculovirus expressed ORF2; killed whole cell
virus = PCV2 virus grown in suitable cell culture

14

ITotal number of pigs in each group that demonstrated any clinical symptom for at least one

5 day
Table 10. Summary of Grloup Mortality Rates Post-challenge.
Grogp ' Trgatment | N Dead Post- Mortality Rate
challenge
1 VORF2 - 16 pg (1 dose) 12 1 8.3%
2 VORF2 - 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 ug (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%

VvORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; killed whole cell
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(1 dose) 20.9% 4.
rorRF2 -
2.95 f 36.4%

22.9% 8 10 Chal l enge 10% 80% 9.88 t 90. 0%
Negative 0% 63.6% 0/ 11 90.9% Controls (0%
ressed ORF2; KV or

rORF2 = rec ul ovi

virus = W%m\%(&gs% gr%gwmﬁsm{a%{S Euémcell
indicate that all

vacci ne. Overall, nasal

vacci nati on vm?(l;n
hnmunohi st ochem s

clinical synptons,

11 rORF2 -

8 pg 0%8.3%0.68 f 16. 7%
(1 dose) 5.12% 7 12 KV 16. 7% 41. 7% 7.27 41. 7%

16 g 0% 18.2% 1.50 36. 3%
(1 dose) 1.15%6 11 rORF2 - 49 9.1% 9. 1%

Controls 29. 2%
vVORF2 =

i sol ated viral
killed whole cell
culture Results of this st udy

(1 dose) 4.74%5 12

(2 doses)
9 11 Strict
ORF2;

further vaccine efforts should focus on a rORF2 5

try of selected

and gross | esions were not detected between

st udy wasexpefigiced %ﬁ&n@){mhh Paf 38! ThRMulkest faBaleBbEdiiEWds Weted ifoht D
some point during the study,

Sheddqug of PCV2 was det ect ed
Basplhedding sesylis presnrpieaigd ibsloy inglabda L bhn

ost -

chal | enge and

Fgllowing ghallegge

| ynphoi d tissues al so served as a good
par anet er off Day 2Act pigpinedifoup chegamkiaddmg RGY2en D&y 2di fNenceorfcths other AfOWG

as evi denced by nasal

sheddi ng of P

groups. This

ge¢p at
2, PCVv2

seroconveps! 29 arfigs ROSUE Ry b b HSited RuofhibHBa o fecthiyineaatd Ve

contr ol

SCussI

pg of rORF2 had the lowest incidence of nasal shedding of PCV2 (<9.1%). The challenge

control group (Group 8) had the highest shedding rate (80%), followed by the strict negative

control group (Group 9), which had an incidence rate of 63.6%.

10

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 pg (1 dose) 12 1 8.3%
3 VORF2 - 4 pg (1 dose) 12 1 8.3%
4 rORF2 - 16 pg (1 dose) 11 2 18.2%
5 rORF2 - 8 ug (1 dose) 12 1 8.3%
6 rORF2 - 4 pg (1 dose) 11 1 9.1%
7 KV (2 doses) 12 5 41.7%
8 Challenge Controls 10 8 80%

71




Seven PCV2 vaccines were evaluated in this study, which included three
different dose levels of VORF2 antigen adm ni stered once on Day 0, three
different dose levels of rORF2 antigen adm ni stered once on Day 0 and one
dose level of killed whole cell PCV2 10 vacci ne adm nistered on Day 0 and
Day 14. Overall, Goup 5, which received | dose of vaccine containing 8 pg
of rORF2 antigen, had the best results. Goup 5 had the highest ADWS the
| owest [TCIOENCE Of__abnor mal De avTor,riTﬁe 'OWeST | nci dgnce o abno'rngal
t

respiraliof, thetristNegative apzalsiinciilience of codgh, the Ijowes?3-6%ci dence of

overal I| clinigal synptons, the |l owest| nortality rate, tlhe | owest rate of

nasal s A gholaled M DRFLNORFE COBGmbmaht DaEHdviruseProseetl ORFAIkilted WO deRSi ONS

and theVlhgmq@vzmggewﬁglsﬁagbfe&mu@gﬁl tive |HC tissues. Interesti ngly,
G oup 4, which received a higher dose of rORF2 antigen than Goup 5, did

not performas wel | or better than Goup 5. Goup 4 had a slightly |ower

overal | cli e oRGREE BF S8l TRRGRET or KFe: Clove noloRiiiat G005

hi gher nean %Iun IeS|ons and a_hi gher rate for 20 positjve |HC tissues
th gn G GigupsMean Ialmgslﬁswa cares apdiGroupHicidenerRt Iﬂagéwﬁaﬁ a5 sBeve helowrine

di fferences between these two groups were not statistically significant, was
not condaleld Bix pighdied ati theafirsbtest siteeduringethe postobemnation rhasenof thbatud@ oup 4
did not performas well as Goup 5. Post-vaccination, & pigs died at the

first ste@up s Nesl; Baodp 6f NEheGouy §iN; \mb? by oED). GFetodt drran)@dmaa whi ch
recei ved no vaccine. None of the SI X p| gs denonstrated | esions

consi Stﬁaﬁnawsmld°§/‘ﬁ§on & BE¥ HodP RN m d Sggcfogp%gwailea*aﬂs %&ﬁfs&h{m seven

vacci nes appeare e sa plgs approxi mat e y 11

d f f

ci ther BPATHRLLS ”geanﬂe%ﬁoigséfﬁ Oee-Bad 13 geshR ESGpS, oo of Witcttes B ictocoi e -
had t he hi ghest | FAT |levels, while G oup 5 had he 5 | owest | FAT | evels

j 49t pr dwingthe peskivacsingtion phasedief tbaatedmadgl%wsconwtﬁmuww formal |y

proven, the predom nant route of transm ssion of PCV2 to young sw ne
shortly aft ePigswimtidieg post-tlelllergecthd: pigh eutbgnizadooraDay 49 were tnecropgiedt Adnd an

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
15 lesions (=7.27%). Each of these four groups contained one pig with % luhg 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 ali lung

lesions noted were described as red/purple and consolidated.

20 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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effi caci ous vac
setting would h

three VORF2 antigen levels and the 10 group receiving 8 g of

reduce
t he

ci ne that
elp control

s nasal shedding of PCV2 in
spread of infection. G oups

a production
recei ving one of
rORF2 had the

| owest incidence rate of nasal shedding of PCV2 (8.3%. Expectedly, the
chal I enge control group had the highest incidence rate of nasal shedding
(80% . G pss—testonrs—a—prgs—w-th—PMAS-seconrdary—to—REW2infeetion—typical ly
consi st of Graggner al i PreatnleytrphadenoRedrfyy | nGagtﬂb? NEflearOY Wingh mx@de&be@f]
multiple [of thg following: (1) |15 intergtitial |pneunonia with interl gbul ar
edema, (2) cutaneous pallor or jcterus, (B t|l edpaidRphi L&ﬁMﬁ%ﬁns 4)
gastric ul cers jand (5) nephritig. At necriopsy, ifcterus, he
nephritis gastric ulcers yjere not noted in any groups Oﬁé _
| ynphade was not speC|f|,aIIy exgam ned flor. The mean W g | esion
scores Vv en groups, The aroup rieceiving 16 g of vCRF2 anti gen had
the | owes b?@g C O Q 0% I d Yot he [group
that recel &E?gctg 68 %2 ﬁ‘g/af AQ/IZX 0463:(}%%}2 haI I enge ¢ont r ol
group had |ghest n @6Iu1g | esion |s (19.88 f 29.2% al | {four
groups, tihe negn %/ L(llﬂif | esi on| scores wgr e(%e/‘s viat ed due to égapﬁ’ each
of these qroups that had very hjgh |ung ]l esion scores Sit of the I ng
| esi ons dgs d, as d/pur d co i Lypi cal | umg
I-esi ons ci at Wt%”g’“/@o @g@}f})ﬂed Q@Qt E%%QOQI% ol | &byl?b Wi th
79 interlobular edema. The Iung Iesions Mot ed i n thls st udy mereoelther not
associategd withH PCV2 infectionjor a secondoﬁﬂlnmnary infectio enf may
have been presgnt. Wthin the g¢ontext off this dtudy, the 0alung | esi on
ot ecti ol due dloRkE: 4 BEE 8 [ MAERERES Pade (bafadibdy o Ao
correl atijon betjween the presencg of PCVZ antiggn by | HC anld hlstopathology.
Hi st opat hol ogy lon sel ect tissuef was not | d8¥dudted with this §3%y. Goup 1
(16 g of |[VORF2)| and G oup 5 (8 g of rORFZ) had tlhe |owest |incidence fate of
i i T PCVZ Y Wil ‘
Pigs posifitve Tor brks el | ottt | §at J"R.82 %728, St S
dose) (0%) (36%)
5 rORF2 - 8 ug (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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negative control group - 90.9% and G oup 8 (the chall enge control group -
90.0% had the 10 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 paraneters to judge vaccine efficacy on. Thus, in
one aspect of the present invention, the M ninmm Portective Dosage (MPD) of
a lm/1 dose reconbinant product with extracted PCV2 ORF2 (rORF2) antigen in

the CDGERIY 9 i$oRakRl vilal ORPE, fORFE OfecintiiedPv&liRlingnaprewas ORED.LK VI faglled X t he
r

three gyRsPEeIivias = PED2 VRGSkHRON Vifabik BEI dufii@! S Oof F2 antigen, Goup 5 (8 g
of rORF2 antigen) clearly had the highest |evel of protection. Goup 5

either had the best results or was tied for the nost favorable results with

regard to all, of, the pa t erg~exam ned.. When_ G qup 5 S ..C r W th
he-other oi ¢ Sebrie’ §F TR pRC: EAT BrigRReCR Gl Bes B i HEBRCEY Aoves
(0.94 0.22 Ibs/day), the | owest incidence of abnormal behavior (0%, the
sedond Gswest (EREZc | Geakanddpross SoHORE2 s$yue)had thelpwest rateqf dHGcRoSBVeover al |
clinical synptonms (8.3%, the I|owest nortality rate (0%, the |lowest rate
of nasatesslsedi7t6). dBroRC8ACh8lEYE ContrelskarioGrbup| Bkt Negative Contradsyrhado | ung

| esions (0.68 f 1.15% and the |owest incidence rate for positive |HC
tiSsueSﬂ{ela@%%ratebﬂm?bMe@M@péowsnddr@%,rx@mvdmvention, the MPD of a
| M/ 1 dose conventional 80 product that is partially purified PCV2 ORF2
(vORF2) antigen in the CDCD pig nodel in the face of a PCV2 chal |l enge was
determned. O the three groups that received varying |levels of VvORF2
antigen, Goup 1 (1 of, VORF2 dt L ghest . |l evel of protection. Goup
1 out perforned 0&6&9332S&HH“@'Y)\Mf?ffoPBgﬁé,]%O%{lﬂ’ekW&“ €% | ung | esi ons,

and |1HC__ 5 Goups 1 and 2 (8 jig of vORE?2 antigen) perforped equally with

respect| tgrqyperjal I i ncpdgpeg of clii nigal smgmplﬂgs thed 124dRt SIp%i&énge qf vORF2
antigen) had'the lowest nortality rjlate, and all hree groups perforjned
equal lyf with rgspect to nasal sheddi ng. O V. inespdid |not
perforn as wel Il as rORF vacci nes. I{n yet aiﬁ%%ké%e%%qs@% theR%F’esent
inventipn, the lefficacy of a maxi mym dose|of a
. for PCV2

1 VORF2 - 16 pg (1 dose) 12 2 16.7%

2 VORF2 - 8 pg (1 dose) 12 3 25.0%

3 VORF2 - 4 pg (1 dose) 12 8 66.7%

4 rORF2 - 16 pg (1 dose) 11 - 4 36.3%

5 rORF2 - 8 ug (1 dose) 12 2 16.7%

6 rORF2 - 4 pg (1 dose) 11 _ 4 36.4%

7 KV (2 doses) 12 5 A 41.7%

8 Challenge Controls 10 9 90.0%

9 Strict Negative Controls 11 10 90.9%

10 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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10 2nl/ 2 dose Conventional Killed PCV2 vaccine in the CDCD pig nodel in the
face of a PCV2 challenge was determ ned. O the seven vacci nes evaluated in
this study, the killed whole <cell PCV2 vaccine perforned the worst. Piglets

receiving two doses of killed whole cell PCV2 vaccine had the | owest ADWG
t he second highest rate of abnormal behavior (58.3%, the second hi ghest
overall incidence of clinical synptons (58.3%, the highest nortality rate

15 (16.79%, the second highest incidence of nasal shedding (41.7%, highest
mean % |l ung |gsion 9. 29. 2%... a hi i nci.dence jof | i ops not ed
(75% and a m%@k'gtf@eﬁ(‘ﬁc%ﬁoﬁ?:isde‘ﬁ igh  Tegeived,onq Sgﬁegf(w.g?‘%%]?om it was

still effectivye at invoking an immune response. In still_another aspect of
the presepitpsrfarmad iths other 8 Macadwaroupy Sroyncy/haddhe highest AHAWG (.94 £oh22
ef fi cacy paraneter and the previous PCV2 efficacy paraneters from previous
st udi es ibsiday); €eoloestnipciderRe xfilabsorfirab betalvics (8%a)dthe isembind dowest liatidenes af
sheddi ng of PCV2 occurs following intra nasal challenge and that PCV2

vaccisnes geugh¢®3%,saé lowesidbiehce of Blerall Biaséal spliplons1818%),fiHé [dwektMbfality esul t's

fromthis study and reports in the literature indicate that 1HC should

conti nue S/ e | i t Qi

addi ti ona{a?ec@r@i %g?&ﬁis?%ﬁ g%\akgglg iée?%la hi g%y%e A’a?f glet% %%P a??/‘%rf%kggfeﬁgglg y is
one of the hall mar f Anot her one qf the hall marks .of P IS
ymohor o GeBREAFTS Q8 il o /ahel 8 sk BRCHedRieoE) PRI AUBRE ORIy, no
adverse events or injection site reactions were noted for any of the 7 PCV2
vacci nes Srupa|recevimyariapgdevelieof spREX @atigenovsEall gutperfasmaf aroupd fesfidir ed t o
young pigs. EXAMPLE 5 This exanple tests the efficacy of eight PCV2

candi dat evarpos lavels of vORFRand fther group iddeiPig?2 ddsed éfkilied pholarell RCY 2fvacemear | i er
chal l enge studies follow ng exposure to a virulent strain of PCV2. One
hundped apéfdrinkd the(wozét) TERISAT£AN BohtaBrsuahRRE bEFoASPost-CRallehdYd). pi gl et s,
6- 16 days of age, were bl ocked by wei ght and random'y divided into 10 groups
of

Table 14. Summary of Group Post-Challenge Data - Part 1

Group N Treatment ADWG | Abnormal | Cough Overall
(Ibs/day) | Behavior Incidence of
Clinical
Symptoms

1 12 | vORF2-16 pg 087+ 2/12 3/12 41.7%
(1dose) 0.29 (16.7%) (25%)

2 12 vORF2 - 8 ug 0.70 £ 4/12 1/12 41.7%
(1 dose) 0.32 (33.3% 8.3%

3 12 VORF2 - 4 pg 0.49 + 8/12 2/12 66.7%
(1 dose) 0.21 (66.7%) | (16.7%
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equal size. Table 16 sets forth the General Study Design for this Exanple.
15 Table 16. General Study Design G oup No. O Treatnent Day of KLHI I CFA
Chal | enge PRRSV Necropsy Pigs Treatnent on Day 22 with MLV on on Day and
Day 28 Virulent Day 46 50 PCV2on Day 25 1 15 PVC2 Vaccine 1 0 & 14 + + + +
16 g rORF2 - | M5 1314 2 15 PVC2 Vaccine 2 0 & 14 + + + + 16 g VORF2 -

Carbopal 3 15 PC\V2 Vaccine 3 0 & 14 + + + + 16 g rORF?2 - Carbopol 82 4 15
PCV2 Vacci ng 20(£ H +rO!RF2]=6165% ORy34= Carbapgl 5 15/1vag2 Vaggwye 3 Q& 14
+ + + 1+ 4 gg ORF2 -| Carbopol 1p PVC2 Vaccine 3 D & + + 1g RF2 -
Car bopgl (ldose) .| 030 | (273%) | (0%
5 12 TORF2 - 8 pg 094+ | 0/12 (0%) 1/12 8.3%
(1 dose) 0.22 8.3%
6 11 rORF2 -4 pg 0.72+ | 111(9.1% | 0/11 9.1%
(1 dose) 0.25 (0%)
7 12 Kv 050 |} 7/12(58.3) | 0/12 58.3%
(2 doses) 0.15 (0%)
8 1 10 Challenge 076 = | 1/10(10%) | 2/10 40%
Controls 0.19 (20%
9 11 Strict Negative 1.06= | 0/11(0%) | 0/11 0%
Controls 0.17 (0%)

vORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; KV or killed
whole cell virus = PCV2 virus grown in suitable cell culture

5 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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7 15 PVC2 Vaccine 3 0 & 14 + + + + 0.25 jig rORF2 - Carbopol 8 15 PVC2
Vaccine 4 0 & 14 + + + + > 8.0 log KV - Carbopol 9 15 Challenge VA + + + +
Controls 10 15 None - Strict NNA + - + + Negative Control Goup VORF2 =
isolated viral ORF2; rORF2 = reconbi nant bacul ovirus expressed ORF2; KV or
killed whole cell virus = PCV2 virus grown in suitable cell culture The
vacci ne for Bt 1 o QI to eafh group re as] 1ol owk. ccingd 5 No.
1, adm njstered b2 1%@%8%55 % o p B7 wals 7a41rng"| dsgé%((% ug/ 4 m
dose) of | inactivatjed reconbi napt ORF2 fntigen jJadjuvanfed with I M5 1314 (16
ug rORF2|- IMg 1314). (Pdw®) Vactine No.| 2, adni|ni2®t2bed at 1 x 2 nl dose to
G oup 2,|was al high dose (16 wupg/2 m dpse) of |a partipally purified VIDO R 1
gener at e PCVZ[ ORF4 anti gen_ adj pvant ed E/\ntn Larboia (16 Ug VORFZ -

0
Car bopol | . PCvp Madcit Ag” hdn¥ stler 6%t [L %20t 10 #8d&to Gloup 3,
was a high dosp (14 ug/2 m dosk) of injactivated reconpi nant ORF2 antji gen

adj uvant ¢d wi th Carlbopdl d¢sep ug| r ORF2 -| Car bopal )20.99¢VR Vacci ne No. 4,
admnistered af 83 1 x | m dope to Glup 4, V\#as a high dose (16 ug /1 m
dose) of fapartiatty purified—vWbDOoR% eneratfed—PEV2TORFZ—amt T gen
adj uvant ed i t h ar b@éBFZ(.l@qu vORf2 - Ch&b%pc{l )1.50 ¥apci ne 3% 5,
admnistered af 1 ¥ 2 mM dose tp Goup b, was a 4 ug/2|m dose of an
i nactivated regonbijnant(l1 @ anfigen adj uvant ed w.14% Car bopol (4 ug rjlORF2 -
Car bopol .
5 12 rORF2 - 8 pg 0% 8.3% 0.68 + 16.7%
(1 dose) 1.15%
6 11 rORF2 - 4 ng 9.1% 9.1% 295+ 36.4%
(1 dose) 5.12%
7 12 KV 16.7% 41.7% 7.27 41.7%
(2 doses) 22.9%
8 10 Challenge 10% 80% 9.88 £ 90.0%
Controls 29.2%
9 11 Strict Negative 0% 63.6% 0/11 90.9%
Controls (0%)

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
5 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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5 PCV2 Vaccine No. 6, admnistered at | x 2 nl dose to Goup 6, was a 1 ug/2
m dose of an inactivated reconbi nant ORF2 anti gen adjuvanted wth Carbopol
(1 ug rORF2 - Carbopol). PCV2 Vaccine No. 7, administered at | x 2 m dose
to Goup 7, was a | ow dose (0.25 ug/2 m dose) of inactivated reconbi nant
ORF2 antigen adjuvanted with Carbopol (0.25 ug rORF2 - Carbopol). PCV2
Vaccine No. 8, admnistered at 1 x 2 ml dose to Goup 8, was a high dose 10

(pre-i nagfetanedsl BNADWE! cHniBalOsynBiérss, HnddQe®) 151386 ef@nBe deie@Hetwtdg! Kill ed
VIDO R-1 generated PCY2 Struve anti'gen adjuvanted with Carbopol (>8.0 |og

KV - Carbopol ) . 3 re. treated w heir assi,gned
vacci negou%’ Oﬂ‘&s%ﬁqﬁ#ﬁ%@@@%@é@?}&% fg%otﬁastteé(ﬁ IS yﬁ%)i}r &?Segwgg?‘fe\‘}gaqvacci nes
again on Day ,14. The effectiveness of a single dose of 16 g of VORF2 -

Car bopofomgRontediriag thestegdye arevadenredby pasal s,hsq?d%e%ﬁ’%la%%gqr%onmrsmy 15 14,
Piglets were observed for adverse events and injection site reactions

f ol | ow gl pwsitive NG ¢issuesin Grosp I0he Bigt &gativeecopirgl goep.wer e noved to a second
study site where G oups 1-9 were group housed in one building and G oup 10
wag housed in a separate building. Al pigs received keyhole |inpet
henocyanin enul sified with inconplete Freund' s adjuvant (KLH |ICFA) on Days
22 and AR ..ppPay 25, Goups 1-9 were challenged with 20 approxi mately 4

| ogs of virulent PCV2 virus. By Day 46, very few deaths had occurred in the

chal | enge cogtr ol up..In an attenpf.to.i nost.i.nul ate.the pigs and

i ncrease theg‘“’\(l'fl P&ﬁgg%cws e ?”@i}?%’é’i &En%g&lynﬁ”f%é?}} ?ﬂcﬁldﬁﬁi thr gﬂ Lher e
treated with | NGELVAC(r) . PRRSV MLV (Porci ne Reproductive and Respiratory
Vacci nedosgdavels efi vORFE aptigansydmainistesgd onpg. ongRaye threg diffsennt destaleveld 98 bl ood
sanpl es were collected for PCV2 serol ogy. Post- chall enge, body wei ght data
for det EDRFhaitigen adhnimstered@aceden DayWearghdnegdase 1{vaDWkillad dvhotebeedlr PAV2 ons  of
clinical signs were collected. On Day 50, all surviving pigs were

nQQr opsiReine AifEiStere8 TnODFy BRNE DAECHY, deRferallUGasupVE I'Phisle BécBfed QT dddatofol ogy,
and selected tissues were 5 preserved in formalin for exam nation by

| munohy, 3toe Q:%H?aﬁﬁﬂgy 8 (plgF SFOREY arﬂﬁ&‘?,c}}ahqge BLst resuits. Group 5 had the highest

ADWG, the lowest incidence of abnormal behavior, the lowest incidence of abnormal
respiration, the second lowest incidence of cough, the lowest incidence of overall clinical
symptoms, the lowest mortality rate, the lowest rate of nasal shedding of PCV2, the second
15 lowest rate for mean % lung lesions and the lowest incidence rate for positive IHC tissues.
Interestingly, Group 4, which received a higher dose of rORF2 antigen than Group 5,
did not perform as well or better thgn 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
20 positive IHC tissues t_han 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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PCV2 antigen at a later date. Materials and Methods This was a
partially-blind vaccination-challenge feasibility study conducted in CDCD

10 pigs, 6 to 16 days of age on Day 0. To be included in the study, PCV2 |IFA
titers of sows were 51:1000. Additionally, the serologic status of sows
were froma known PRRS-negative herd. Sixteen (16) sows were tested for

PCV2 serol ogi nd all sixteen (16 ad a,. P Fter of 51000 and
wer e trancsoggst%%édwﬁ féaét@%nro S?Avgxisa&\;e ft"ve@.{'e E%?@Hﬁ‘g ﬁﬂ? eoa&\f{ﬁf %y S?‘Tgo‘facmﬂfsgl ets
were delivered, by cesarean section surgeries and were available for this
study on 43&9‘“3‘&5‘}/ be St V&w admunigtersd trpiss APgoxanatelyel I davs of egqaPusipg dpere
wei ghed, identified with ear tags, blocked by weight and randonly assigned
to 1 of I®stvasaipgtiomphasetofftbe studpbpige récaivingbeithet Of thigt dosk keaelp|of svORI2e
collected fromall pigs. If any test animal neeting the inclusion criteria

was enr ol yaeeiné br kilRdswhisly célhdacvtfe hodl he hphestuFad feoélsankild Gasupns had ¢he
| nvestigator and Monitor consulted in order to determ ne the use of data

col | Fct e%{”("?@H%Vmiﬁ%’fiﬁ@gﬁﬂ%ﬁék&%th@wcm 8“ 0 The date of which

enrolled piglets were’ex the reason excl usi on was docunent ed.
No sows neeting,.the inclusion critegia, sel.ected for. the st.udy

ranapor ted t cAtiofgh mbf EaRY afven. the RirBRubEr s OF GaBRRBEE 2 Ho2 Bccl uded
fromthe study, .and no test animals were renoved fromthe study prior to

t er ni nat | YHNg FHEnce shortly afler wisaning hie bekiqved rip dipeBy orenasal pdiregk gordedtapdtaes of
this Exanple. 85 Table 17. Study Activities Study Da Actual Dates Study
Acti vity efficatiodd va®inAtthatireduces nasal shedding oEREN? in armtodrictienl s¢ttingywould delp

coll ected blood sanples -3, 4-04-03 0-21 4-07-03 to (bserved for overall
heal t h angnirer tha@peidef iBRRAb6E Gfsubs reeeiviiizbae b8 Gfitd MORPD antigen levels and the

10 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)

15 interstitial pneumonia with interlobular edema, (2) cutaneous pallor 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

20 by the group that received 8 ug 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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0 4-07-03 Administered respective I'vTs to Goups 1-8 4-07-03 to (bserved
pigs for injection site reactions 0-7 4-14-03 14 4-21-03 Boostered G oups
1-3, 5-8 with respective IVPs; blood _sanpled all pigs 14-21 4-21-03 to
bserved pigs for injection reactions 4-28-03 19-21 4-26-03 to Treated all
pigs with antibiotics 4-28-03 21 4-28-03 Pigs transported from Struve Labs,
Inc. to Veterinary Resources, Inc.(VR) 22-50 4-28-03 to Cbserved pigs for
cl i ni cahtedotoutes qdeme.- cHhel lueg desions-m@®d0B this stu@owes dithennetdasSpaatpd wWithl0 wi t h
KLH I CFA 25 5-02-03 Col | ected bl ood sanples fromall pigs; weighed all pigs;

chal | erpgnath fafction oda Sedohd pu 'hﬁbﬂi@i@g@eﬂi\fﬁhﬁf hae b&én prebéint OWifliedeed G oups
1-10 wth KLH I CFA 32 5-09-03 |l ected bl ood sanples fromall pigs 46

5 23- %o dfil i, 09FHAGUsdn EBRES bl Pl QKR Srue b Lo 00

sanpl es, wei ghe necro pigs; gross lesions were

recorded; |lungs were.eval ya for lesions; fresh and formalin fixed tissue
arigupt Pt dEpedateSdh e tf B

sanpl e ase of the study was conpl eted Foll ow ng
conpletion of the in-life phase of the study, formalin fixed tissues were 5

exim ned by Othes Taseetrhes dane demopsirated Ofirees  Comelation jbgtvesn theppesgrfei ofen by a

pat hol ogi st, bl ood sanpl es were eval uated for PCV2 serol ogy, and average
dai | y \B&IV¢htantigennby ABGGand histopathology. Histopathology on select tissues was not

conducted with this study. Group 1 (16 pg of vORF2) and Group 5 (8 pg of rORF2) had the
lowest incidence rate of pigs positive for PCV2 antigen (8.3%), while Group 9' (the strict
negative control group - 90.9%) and Group 8 (the challenge control group - 90.0%) had the
| 10 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
15 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 w1th 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
20 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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was determned fromDay 25 to Day 50. Aninmals were housed at the first study
site in individual cages in seven roons from birth to approximtely 11 days
of age (approximately Day 0 of the study). Each roomwas 86 identical in

| ayout and consisted of stacked individual stainless steel cages with heated
and filtered air supplied separately to each isolation unit. Each room had
separate heat and ventilation, thereb reventing ¢rass-contam nation of
ai r bet weEustdhatds P%lﬁqmugﬁﬁ%PQVZm%?eéq%M Psiegn 11y @P SHCDgigmedshm the ¢ he
second study site. Goup 10 (The Strict negative 5 control group) was housed
separ at elfage pfia BCY3shallengelwasideseminddu iOfdhetyrezpioups thap seceived varying ldvelsofd in a
converted farrow ng building. Each group was housed in a separate pen (14-15
pi gs per vORE2 aatigene @bupd e 116 19 \6fAEIR ) had Xhdhighdsy leveBof protdctior. eGroupel pi 9.
Goups 2, 4 and 8 were penned in three adjacent pens on one side of the

al | eymyoﬁt@%f%g@fo&?%g’aﬁi 3 Q}Vith7res$%gt AN RERNO 1B 118§i6ns2‘15&“‘1ﬁ% pens

on the ot eyway. oup separation was due

congern the S Mbni t hat vacci neg adnjnistered o Gaups.2, 4, and
" R G e Blen) B el W et ocovef] oy
plastic slatted floors. A pit bel ow the pens served as a holding tank for
excr emen®f dﬁ@cahmmmsz@ﬁumgm HE 9§ vARE2 pntigenhhad the fnayest moriddy ratey anghall
ventilation systens, with little |ikelihood of cross-contam nation of air
bet ween Ihred ghomgssperfoimedt eduaky fithatspsétitd yasai steddingg|OstemlveOBFivadcigesstidci al | y
formulated mlk ration frombirth to approximtely 3 weeks of age. Al

pi gl ets yierRrfoRN asWeINgs HE vhecit@eCi @l m xed ration by Day 21 (approximately
4 1/2 weeks of age). At the second study site, all piglets were fed a custom

non- nedi cat ed.C i.al. . o ti i L. a | ght, ad
7B vam vt B o an bt b b RnAR0LaBh, A SercRby Pkl B $E4°N
test pig re treated w of, CEL(r IM in aJternati ans on
Dayd 19, 2542 da%foé@fm%%@ﬁﬁ?%ﬁwan%ﬁﬁﬁ@% al%*'fp%iﬁe o th 0 5
mL of NAXCEL(r) IMon Day 10, Pig No. 13 (Goup 10) was treated with 1 nL
of Peni crhdllepgeaywas determined. Of the seven vaccines evaluated in this study, the killed whole

cell PCV2 vaccine performed the worst. Piglets receiving two doses of killed whole cell

PCV2 vaccine had the lowest ADWG, the second highest rate of abnormal behavior (58.3%),

the second highest overall incidence of clinical symptoms (58.3%), the highest fnortality rate

15 (16.7%), the second highest incidence of nasal shedding (41.7%), highest mean % lung

lesions (9.88 + 29.2%), a high incidence of lung lesions noted (75%) and a moderate THC

incidence rate in tissues (41.7%). However, it was still effective at invoking an immune
response.

In still another aspect of the present invention, nasal shedding of PCV2 was assessed

20 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 THC.

should continue to be evaluated in future PCV?2 vaccine trials as well.

81



mL of PREDEF(r) 2X on Day 10, Pig No. 4 (G oup 9) was treated wwth 1.0 nL of
NAXCEL(r) |IMon Day 11, and Pigs 1 (Goup 1), 4 and 11 were each treated
with 1.0 nmL of NAXCEL(r) 87 on Day 14 for various health reasons. Wile at
both study sites, pigs were under veterinary care. Animal health

exam nati ons were conducted on Day -3 and were recorded on the Health

Exam nation Record Form All aninals were in good health and nutriti onal

status befor ALt i : L ' ' 0. | test
ani mal s wer e§o(§%ser vtg%mt 0 @&f’ﬁs %&%%@ﬁﬁﬁ%ﬁg%ﬁﬁ%@%@%@ °@?§t‘8§n€ri or to
chal | enge casse tissyes were. disposed r.endering Fi nal

di sposi i tB% ﬁ%im%rf(% ngw %‘BIAQ"%&"S 0%@18 bﬂlﬁBﬂﬁf Hgijwm yﬂpg‘ﬁ‘gsqeﬂeﬂﬂn Recor d.
On Days 0 and 14, pigs assigned to G oups 1-3 and 5-8 received 2.0 nL of
assi gneand malfinugigated/giast histiocytess p fudditiomplly, hoviadverseventgior injedtiorefsite neck
region, respectively, using a 10 sterile 3.0 nL Luer-lock syringe and a

st eri | ere2di@nx were ndteteforlhigy. offhed® PEVRI vab¢iflestand GHIOURC V2 vaceitiey egbedred torbe of PCV2
Vaccine No. 2, IMin the right neck region using a sterile 3.0 nL. Luer-I|ock

Sysi ngesagé\gh@ia%hﬁﬁg{epedgpzo%‘ﬁ/ 5. needl e on Day 0 only. On Day 22 all test
0 mL of KL AIMin the left neck region using a sterile

pi gs received 2.
3.0 nL Luer-lock syringe and a sterile 20g x |I" needle. On Day 28 all test
pigs 15 received 2.0 nL of KLH ICFA in the right hamregion using a sterile
3.0 nmL Luer-lock syringe and a sterile 20g x 1" needle. On Day 25, pigs
assigned to Groups 1-9 received EBAMPLES pcv2 | SWDL chal | enge” nateri al
(3.98 logto TAD50/n) IMin the right neck region using a sterile 3.0 nL
Luer-1ock sthis expmpledests tht effidacy 20gight PCViReeaatindate Araccidel aridorad¢onfirds nl. of
the sanme material was 20 administered INto each pig (0.5 nL per nostril)
uspng aPGVEichilknge ParatnefettCfiorh ReHies YhdlREge fldies RABMing ipdbae 162 vikulend6, al |
test pigs received 2.0 nL I NGELVAC(r) PRRS MLV, IM 1n the right neck

" €91 0N Habd\oF PP * Ok huitarda B kit (309 Shsadith Ao osiui! Biplive 8SCH) 1"

needl e. Tl
piglets, 6-16 days of age, were blocked by weight and randomly divided into 10 groups of

equal size. Table 16 sets forth the General Study Design for this Example.

15 | Table 16. General Study Design
Group | No. Of Treatment Day of |KLH/ICFA |Challenge| PRRSV |Necropsyy
Pigs Treatment| on Day 22 | with {MLV on| on Day
and Day 28| Virulent | Day 46 50
PCV2on
Day 25
1 15 PVC2 Vaccinel | 0& 14 + + + +
16 ug
rORF2 - IMS 1314]
2 15 PVC2 Vaccine2 | 0& 14 + + + + .
16 ug
vORF2 - Carbopol
3 15 | PCV2Vaccine3 | 0& 14 + + + +
16 pg
rORF2 — Carbopol
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PRRSV MLV was adm nistered in an attenpt to increase virulence of the PCV2

chal | enge

88 nmt er

ial.

Test pigs were observed daily for overall

heal t h

and adverse events on Day -3 and fromDay O to Day 21. Each of the pigs were
respiration or cough. Qbservations
5 test pigs were

scored for
were recorded

nor nal

or abnor mal
on the dinical

behavi or,
hservation Record. All

obser vedrfrombay Qto Day 7 —and—Goug— 7 was—further—pbserved—from Day 14
to 21, fordinjetdi qnPEVRVaceiaclijons0 Aer age daji | y+wei ght+gailn was
determ ned by| wei ghi ng ch pl( on a dalibrategd scal efon Days -3, R5 and
50, or op the| day t/hat a631‘ 1 found |[dead afjter chall enge.| Body meights
were recprded on th fol ) Form |Da 3 bod we| ghts Were utflized to
b| OCk p| 25} pr oF _Ltrg(r)ggg%m 79(§ o n:m ')Ryonrl \lyl-_\ﬂ A |gg1lqj‘: data—10 was
utilized{tg detesm npvcbwaaa@gyc eogamy weisght ga| n (ADWG- for each| pig
during these | tine|points. For pigs thgt died gfter chpllenge and before Day
50, the ADWG Was adj ust eHligo represent the Al frompay 25|to the| day of
death. I ord r to q@ﬁ"{; g 2 seroljogy, venous who| e bl ogd was (ol | ected
fromeach__piglet f The, vengus_sinusl on Dayk -3 amd 14. [For each
piglet, blgod was d & f e orpbital venoup sinug by inserting a
sterile gapilfary toﬂ’be ?:thao ntl‘%? 6§ma‘f cant hus |of one pf the|eyes and
dr ai ni ng| apprpxi matjel y 31 ignlL of whol e [bl ood irfto a 4.p nL Serum par at or
Tube (SS|). Dayd 25, 32, and|50, verjous wholfe bl ood| from each pijg was
collectefl fro the EOREZ+ 6irbopald cava Usi ng a Sterile pog x 1 ''/2"
Vacutai ngrgr)| n ] nspn Conpany, Franklin Lakes, New
Jersey), a(7Va cE ﬁ%\wf%ﬁ%‘é%a ﬁ ffg and a 20 13 ni| SST. Bl og'd
col I ectipns eacr | n@opRE Nt lere redorded or the Sapipl e Col | ectijon
Record. Blood|in ectch SST was alll owed tjo cl ot, jeach ST was then spun down
and the |[serum har - Chdhoped gt ed serlum was tfransferfed toja sterfile snap
tube and[3STorgd at [-70__ 10 C unyit rtesyed at a [rater dpte. serum sanpl es
vere tesfed fpr1¥hg BY€S¥aewnet |PO&I4 gnti Hodi gs by BN - R&D per Sonnel .
> 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

5

10

whole cell virus = PCV2 virus grown in suitable cell culture

The vaccine formulation given to each group were as follows. PCV2 Vaccine

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 purified 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 antigen

adjuvanted with Carbopol (16 ug rORF2 — Carbopol). PCV2 Vaccine No. 4, administered at
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89 Pigs were observed once daily fromDay 22 to Day 50 for clinical synptons
and scored for normal or abnornmal behavior, respiration or cough. Cinical
observations were recorded on the Cinical Cbservation Record. Pigs Nos. 46
(Goup 1) and 98 (G oups 9) died at the first study site. Both of these 5
deat hs were categori zed as bl eedi ng deaths and necropsi es were not conducted
on these two pigs. At the second study site, pigs that died after chall enge

and priqry { Q1 B5¥ t06ro nﬁwawﬁigﬁgfd%i@ghgwm@aoﬁafé&mw ‘%&Wﬁéilé‘-(i: Any

gross lesions were noted and t ent ages | 'ung bes with | esions

were recorded h Craps eport . Fa Erom h_of Pj necropsi ed
at the 5812:6632%‘1 ?{%&@yg’g}?ea‘a‘%@g ia@gx@ntg%ﬁ%lf}g]cgfbopgfn ug Mﬁgbﬁ@%‘ﬁ% and
nmesenteric |ynph node was placed into a single container with buffered 10%
f or mal i Yaceipg Ne. éné@fﬁ@FStftfP‘E%é % gnipl BosertgnPiToNB % Has afttethantdasned ar gans
was placed into a Wirl-pak(r) (MTech D agnostics Ltd., Thelwall, UK) and,
each Wiimakti yatdd( reyormzisarn IGRFE2dantigen adjevankgchitic Catbapole@ uga®RF2cp€ribgpdlnbel ed.
Sanpl e coll ections were recorded on the Necropsy . Report Form Afterwards,

forgral i pchiox@steint N0 6, sdnRlsRFePdtd 22 BB GouPs)was h 1~ Min doséesfan
submtted for IHC testing. IHC testing was conducted in accordance with

st andar . ; . I Vi I | e i de
pr epar aﬁag!ﬁw?at?égﬁa S lﬁ{mﬁ{t ?ﬁ%‘g‘%ﬁé g@‘eﬂé&? r‘ﬁgﬁ@ﬁ% g@@e@%lgnﬁgﬁérl Cglggg@) wer e
shi pped_w ice cks to .the Study itor  for storage. (- ) and
S0ser b1 BCNar\aoeing NB: T radimmp it 1522 1 Qs BLOWIPY, BREHIREIH (T2 peml og! st
for detection of PCV2 by IHC 20 and scored using the follow ng scoring
syst em dose} ofimaetivatedre@azhinanp ORIL| aptigen adjyvianigd withCarbopad £0.29ug r@RB2 r-at e
positive staining, nultiple sites; and 3 = Abundant positive staining,

di f f use CatbopolynPQV2-Vdeeint Nos Beadntinisteredak ¥ txi Taill dpuertp @rewp 8,avasadiigh dbse0 was
considered "negative," and a score of greater than O was consi dered

"PRPI ti Yfte-inaelvdaea WitkS > 8.0 log/2 ml dose) Inactivated Conventional Killed VIDO R-1

generated PCV2 Struve antigén adjuvanted with Carbopol (>8.0 log KV — Carbopol). On
Day 0, Groups 1-8 were treated with their assigned vaccines. Groups 1-3 and 5-8 received
boosters of their respective vaccines again on Day 14. The effectiveness of a single ddse of
16 pg of vORF2 — Carbopol was tested on Group 4 which did not receive a booster on Day
15 14. Piglets were observed for adverse events and injection site reactions following 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
20 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 pigs‘ 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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Results for this exanple are given below. It is noted that Pigs No. 46 and
98 died on days 14 and 25 respectively. These deaths were categorized as

bl eedi ng deaths. Pig No. 11 (Goup 1) was panting with rapid respiration on
Day 15. O herwise, all pigs were normal for 5 behavior, respiration and
cough during this observation period and no system c adverse events were
noted with any groups. No injection site reactions were noted follow ng
vacci nation orf fDa?“‘gPOﬂfﬁhﬁlm%Qlo@dcf@m&Si%ﬁecﬁ?ﬂg‘@d for, PGXY esgrofogy. oBestof
fourteen (14) Goup 1 pigs (50.0% had swelling with a score of "2" on Day

15. Four dMllengas bady weightt datan for(defymiBation of ay&@8gec8gilysweight gpaml (ADW®) dndhg of
"2" on Day 16. None of the other groups 10 experienced injection site

react i onsobsevhidis o8 cBAibA) BIgnY Jefd dhkEOd - O BEY wall%wiwng@icga RéerdadcRopsRBVG)
results are presented below in Table 18. Pigs No. 46 and 98 that died from

of 16 g YERrs A YERE bR B YD ok, o sbichy, W §elool CERUERRT 05

followed by Gqups.1, 2, .3, 5, .6,, and 10 which had. Al t ranged from
1,075 0. RISSeEveanS) fpyalit, Ry eipmigiion b}bivwm@@ﬁ i O et Ceiatn

(0.88 t 0.29 Ibs/day), followed by Goups 8 and 7, which had ADWGs of 0.93
f 0.33 | bRCVYagntigen ate b@rdge44 | bs/day, respectively. Table 18. Sunmary of
G oup Average Daily Wight Gains (ADW3 G oup Treatnment N ADWG - | bs/ day
(Day 25 to Day 50) or adjusted for pigs dead before Day 50 1 rORF2 - 16 g -
| M5 1314 2 doses 14 1.08 0.30 Ibs/day 2 vORF2 -16g - Carbopol 2 doses 15

1.11 0. IGatchshk 98y MehotORF2 - 16 g - Carbopol 2 doses 15 1.07 0.21 |bs/day
91 4 VORF2 - 16 g - Carbopol 1 dose 15 1.1610.26 Ibs/day 5 rORF2 - 4 gg -

Car bopol 1 dosﬁﬁslv5vasla Ba?rtialpy-gl?ndl v%cszc/:ilqﬁ%n-challenge feasibility study conducted in CDCD
10 pigs, 6 to 16 days of age on Day 0. To be included in the study, PCV2 IFA titers of sows
were <1:1000. Additionally, the serologic status of sows were from a known PRRS-negative

herd. Sixteen (16) sows were tested for PCV2 serological status and all sixteen (16) had a

PCV?2 titer of <1000 and were transferred to the first study site. One hundred fifty (150)

piglets were delivered by cesarean section surgeries and were available for this study on Day -

15 3. On Day -3, 150 CDCD pigs at the first study site were weighed, identified with ear tags,
blocked by weight and randomly assigned to 1 of 10 groups, as set forth above in table 16.

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.

20 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.
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6 rORF2 -
Car bopol

I

1499 -

Car bopol
2 doses 15 0.99 0.44 Ibs/day 8 KV > 8.0 log -

Car bopol 2

2 doses 15 1.1110.26 Ibs/day 7 rORF2 - 0.25 g -

doses 15

0.93 0.33 Ibs/day 9 Challenge Controls 14 0.88:L 0.29 Ibs/day 10 Strict

Negative Controls 15 1.07 f 0.23 | bs/day vORF2
reconmbi nant bacul ovirus expressed ORF2; KV or
PCV2 virus grown in suitable cell
presented below in Table 19. All
PCV2 on Day -3. On Day 14, PCV2 titers remained |ow for all

(range of
Vi rus

vacci ne,

50- 113).

On Day 2

had the hi ghdsbleRd\Study Astivitiess17) ,

i solated viral
killed whole cell

culture PVC2 serology results are
ten (10) groups were

ten (10)

5, Goup 8, which received the whole cell

ORF2:
Vi rus

r ORF2

5 seronegative for

gr oups
killed

foll owed by G oup 2,

whi ch recei ved 16 ug VORF2 - Carbopol, Group 4, which received as single
oA R PRGN U ISR Sy
(one week pogg chal I‘E%'Q  Weighed pigs; lﬂlﬁ@mir%ldam&e@%éﬁu@’ F%‘#@ from
2360 to 7619; while Groups [blewlsampley r ORE2 - Carbopol), 9 (Challen
Control),| ane3, 10| ( St-04-68 niegat ive control) had titers of 382 129 ?ﬂnd 78
respecti Vel yo-2n Day-0303 (el apOlsskrved efor oparyll ,health ahé rfor ad»ersgrmd:ﬁs pwsegnst r at ed
high PCVZ] titers (> 352%63. Qacmn% 32, and 50, G oup 3, which received
two doseqd Of 6 ug r - 3 fiters tnan Gou
1, which FELE(?-VE J 44%63 %g:, Q@gﬂ; 5 Jz\@?%%éﬁ?igéq%\?: Bays—25;132 and P
50, Group 2, ;}flm b ?d 583 Ot f%nﬁ’ggv 2 had higher titlers than
G oup 4, ,t—one—dges—gi—-t-he—sa-n@%eeme-—&ou-ps-& 92 b5,
6, 7, whilch fécei yed-dkE? ealdbangterady Braupst 1-3ORS withcrgspesize , [VEs; P@OdAL, 1, and
0.25 ug |respectivVely. denpisempledeal pigsrr espondi ngly decreasing anti hody
titers on DagR125| a4d1-33 to Tiahbserved pigSdoninjeytionfredationp PCV2 | FA Titerg G oup
Treat nent] Day -3 Day-2gd3 DOay 25*** Day 32 Day 50****
19-21 4-26-03 to | Treated all pigs with antibiotics
4-28-03
21 4-28-03 |Pigs transported from Struve Labs, Inc. to Veterinary
' Resources, Inc.(VRI)
22-50 4-28-03 to | Observed pigs for clinical signs post-challenge
5-27-03
22 4-29-03 | Treated Groups 1-10 with KLH/ICFA
25 5-02-03 | Collected blood samples from all pigs; weighed all pigs;
challenged Groups 1-9 with PCV2 challenge material
28 5-05-03 | Treated Groups 1-10 with KLH/ICFA
32 5-09-03 | Collected 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
5 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
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1 rORF2 - 16g- 50 64 646 3326 4314 | M 1314 2 doses 2 VORF2 - 16 g - 50 110
2507 5627 4005 Carbopol 2 doses 3 rORF2 - 16 gg - 50 80 1503 5120 6720

Car bopol 2 doses 4 VORF2 - 16 g - 50 113 1920 3720 1257 Carbo of 1 dose 5
roORF2 - 4g- 50 61 1867 3933 4533 Carbopol 1 dose 6 rORF2 -1 g- 50 70 490
2360 5740 Carbopol 2 doses 7 rORF2 - 0.25 g - 50 73 63 382 5819 Carbopol 2

dores O i i B RR P AN S e SR B 5705
5 VORF2 = isolated viral ORF2; rORF2 = reconbi nant bacul ovi rus expressed
ORF2; KV fdterad; 9ir sepphied |sepasetely toi qaglks iselatigyunit r Bechyraswh hadh separataabpat and |
culture *For calculation purposes, a g 00 IFAtiter was designated as a
titer of vehfillatiom tRet€HYy preventing tepdsswomtaidtatigmaf @it Besweent tobmis. OAnifnbR, Wé@". 10
**Day of Challenge ***Day of Necropsy The results fromthe post-challenge
clinical HRArHao WBerdhtCoutldfpe At 8 RedMaVtudiPile® GRAp 10 (The Strict negative
5 control group) was housed separately in a converted nursery building and Groups 1-9 were
housed in a converted farrowing building. Each group was housed in a separate pen (14-15
pigs per pen) and each pen provided approximatély 2.3 square feet per pig. Groups 2, 4 and 8
were penned in three adjacent pens on one side of the alleyway and Groups 1, 3,5,6,7,and 9
were penned in six adjacent pens on the other side of the alleyway. The Group separation
10 was due to concern by the Study Monitor that vaccines administered to Groups 2, 4, and 8
had not been fully inactivated. Each pen was on an elevated deck with plastic slatted floors.
A pit below the pens served as a holding tank for excrement and waste. Each building had its
own separate heating and ventilation systems, with little likelihood of cross-contamination of
air between buildings.
15 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
21 (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.
20 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 Penicilliﬁ 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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20 includes observations for Abnormal Behavior, Abnormal Respiration, Cough
and Diarrhea. Table 21 includes the results fromthe Summary of G oup
Overal |l Incidence of dCinical Synptonms and Table 22 includes results from
the Sunmary of Group Mortality Rates Post-challenge. The incidence of
abnormal behavior, respiration and cough post 5 challenge were low in pigs
receiving 16 ug rORF2-IMs 1314 (G oup 1), 16 ug rORF2- Carbopol (Goup 3), 1

ug rmFé-ﬁ‘%qngégi%%h Yeasdhs25 Ug r ORF2- Carbopol (Goup 7), and in pigs

in the enge ntrol oup (G oup 9). The incidence of abnormal behavi or

respiration d, cough post-chal | enge was roin., receivin 6
VCRIFZ)IZ Calr bop le(@;g’ﬁgpfﬁ{dyaﬂ Sndle J55% ; e é’lﬁt@n@a&ﬁfﬁar b\éifﬂg Bllﬁﬁlg'gp 4), 4

ug r ORF2- Car bopol (Goup 10 5), >8 | og KV-Carbopol (Goup 8), and in pigs in
t he st resaminaiiensi were conductid er ddgy (arwsliperel rorded onothe rHgalth Bxdminstinn of
clinical synptons varied between groups. Pigs receiving 16 ug

vORF2- CRebaf dorfaGrAll pnithals wersiingbed Hexdth anfl nhfritiopalveBiRE? béfarebwpcinatidn sup 4) ,
and pigs in the Strict negative control group (G oup 10) had incidence

rates ofjedihinbd BpobiseSafiot SPDAP0 1 AUkt hidalk Wk BORRled (56O Pgodll hedlftfand U
r ORF2- Car bopol (‘Group 6) had 1ncidence rates of 6.7% pigS receiving 16 ug

ecervi Ao FEEHRch B TS B SRR S oo o by P, 7).

and >8 | og KV vaccine had incidence rates of 13.3% and pigs_in the

Chal | enddiabdispesiion ofstydyanimals ypsggcorded onthe Apimpd Resposiipr Rggord.4 305 20
Overall nortality rates between groups varied as well. G oup 8, which
recei ved 2 QusRays OfandM 4y pigs assigrieddo Chauphilghast S-fuedeieid 120 mit of asfigk@. 0%
followed by Goup 9, the challenge control group, and G oup 7, which

recei ve@d¥22Gadéthes ORI ZespedtivelypiMdn thedght af®ldfbhdck\tegiah, a8spettividy, &%fmgrad 13. 3%
respectively. Goup 4, which received one dose of 16 ug VvORF2-Carbopol had

g 4ﬁ)a700/% @%&fgp%%ﬂ%ﬁgcﬂw 2% QL0 %OUPeedle. gigs%ssiénedﬁo Gratp 40 had
received 1.0 mL of PCV2 Vaccine No. 2, IM in the right neck region using a sterile 3.0 mL
Luer-lock syringe and a sterile 20g x 2" needle on Day 0 only.

On Day 22 all test pigs received 2.0 mL of KLH/ICFA IM in the left neck region
using a sterile 3.0 mL Luer-lock syringe and a sterile 20g x1" needle. On Day 28 all test pigs

15 received 2.0 mL of KLH/ICFA in the right ham region using a sterile 3.0 mL Luer-lock
* syringe and a sterile 20g x 1" needle.

On Day 25, pigs assigned to Groups 1-9 received 1.0 mL of PCV2 ISUVDL challenge
material (3.98 log;o TCIDso/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

20 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 Luer0Olock 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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Tabl e 20. Summary of G oup Qbservations for Abnormal Behavi or, Abnor mal
Respiration, and Cough Post-Chall enge G oup Treatnment N Abnormal Abnor mal
Cough Behavior Behaviorz 1 rORF2 - 16 g - 14 0/14 0/14 1/14 I M5 1314 2
doses (0% (0% (7.19% 2 vORF2 - 16 .sg - Carbopol 15 0/15 0/15 0/15 2
doses (0% (0% (0% 3 rORF2 - 16 g - Carbopol 15 0/15 0/15 1/15 2 doses
(0% (0% (6.7% 4 vORF2 - 16 g - Carbopol 15 0/015 0/15 0/15 1 dose
(00/0) (Ofptefifl®) 5 rORF2 - 49 - 15 1/15 1/15 0/15 Carbopol 1 dose (6.7%
(6.7% (0% 6 rORF2 - 1g - 15 0/015 0/15 1115 Carbopol 2 doses (0 /0) (0%

(6.7% 7 r ORFPest 8%5%@ obserRdUaflp 37 dverall Aénlth @At aPake Sved@S@PDaPY ah®- 7%
(06.7% 8 KV > 8.0 log - Carbopol™2 15 1/15 1/15 0/15 doses (6.7% (6.7%

Striof negat oa TR AT el 4t M b o of i) o gl beidler, |
east onereSHEOD PE Al HBHYEHoN IS THOUEL AL HIEGui iR G uH Aoty
abnornmal respiration for at |east
5 test pigs were observed from Day 0 to Day 7, and Group 7 was further observed from Day 14
to 21, for injection site reactions. Average daily weight gain was determined by weighing
each pig on a calibrated scale on Days -3, 25 and 50, or on the day that a pig was found dead
after challenge. Body weights were recorded on the Body Weight Form. Day -3 body
weights were utilized to block pigs prior to randomization. Day 25 and Day 50 weight data
10 was utilized to determine the average daily weight gain (ADWG) for each pig during these
time points. For pigs that died after challenge and before Day 50, the ADWG was adjusted 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
15 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 2" Vacutainer® needle (Becton
Dickinson and Company, Franklin Lakes, New Jersey), a Vaccutainer® needle holder and a
20 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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one day 3Tot al
| east one day

nunber of pigs in each group that denonstrated a cough for at
10 95 Table 21. Sunmary of Goup Overall Incidence of

Clinical Synptonms Post- Challenge Goup Treatnment N incidence of pigs with

| nci dence di
doses 2 vORF2

nical Synptons' Rate 1 rORF2 - 16g - 14 1 7.1% | M5 1314 2
-16 g - Carbopol 2 15 0 0.0% doses 3 rORF2 - 16 g - Carbopol

2151 6.7% doses 4 VORF2 - 16 g - Carbopol 1 15 Q0 0.0% dose 5 rORF2 - 4g

- 15 2 13. 3%

Carbopol 1 dose 6 rORF2 -1g - 15 1 6. 7% Carbopol 2 doses 7

rORF2 - 0. 2Big§ werepbsupes ongs daily JrameDay BotpeBag SR\forclinial| sygptomSagtsbpol 2 15
2 13.3% doses 9 Challenge Controls 14 2 14.3% 10 Strict Negative Controls

15 0

10

15

20

scored for normal or abnormal behavior, respiration or cough. Clinical observations were
recorded on the Clinical Observation Record.

Pigs Nos. 46 (Group 1) and 98 (Groups 9) died at the first study site. Both of these
deaths we;e categorized as bleeding deaths and necropsies were not conducted on these two
pigs. At the second study site, pigs that died after challenge and prior to Day 50, and pigs
euthanized on Day 50, 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 pigs necropsied at the second study site, a tissue sample of tonsil,
lung, heart, and mesenteric lymph node was placed into a single container with buffered 10%
formalin; while another tissue sample from the same gforementioned organé was placed into a

Whirl-pak® (M-Tech Diagnostics Ltd., Thelwall, UK) and. each Whirl-pak® was placed on

ice. Each container was properly labeled. Sample collections were recorded on the Necropsy .

Report Form. Afterwards, formalin-fixed tissue samples and a Diagnostic Request Form
were submitted for IHC 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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VORF2 = isolated viral ORF2; rORF2 = reconbi nant bacul ovirus expressed ORF2;
KV or killed whole cell virus = PCV2 virus grown in suitable cell culture 5
"Total nunber of pigs in each group that denonstrated any clinical synptom
for at |east one day Table 22. Summary of G oup Mirtality Rates
Post - Chal | enge Group Treatnment N Dead Post- Mrrtality Rate challenge 1
rORF2 - é]g% - 14 0 0.0% |IMs 1314 2 doses 96 2 VORF2 - 16 gg - Carbopol 2 15
0 0.0% ulis 3 rorRF2 - 16 gg - Carbopol 2 150 0.0% doses 4 VORF2 - 16 g -
Carbopol 1 15 1 6.7% dose 5 rORF2 - Ig 15 0 0.0%  Carbopol | dose 6 r ORF2
- 1 gg - 15 0 Resuids forfipexserploang@ives belowoliHs noted. ﬂz%ngS-N@alﬁwaé@B diedion 2
13.3% doses 8 KV > 8.0 log - Carbopol 2 15 3 20.0% doses 9 Chall enge
Cont r ol s da4s 24 3dd 39aespectively. These deaths were categorized as bleeding deaths. Pig No. 11
(Group 1) was panting with rapid respiration on Day 15. Otherwise, all pigs were normal for
5 behavior, respiration and cough during this observation period and no systemic adverse
events were noted with any groups. No injection site reactions were noted following
vaccination on Day 0. Following vaccination on Day 14, seven (7) out of fourteen (14)
Group 1 pigs (50.0%) had swelling with a score of “2” on Day 15. Four (4) out of fourteen
(14) Group 1 (28.6%) still had a swelling of “2” on Day 16. None of the other groups
10 experienced injection site reactions following either vaccination.
Average daily weight gain (ADWG) results are presented below in Table 18. Pigs No.
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 1bs/day),
followed by Groups 1, 2, 3, 5, 6, and 10 which had ADWGs that ranged from 1.07 % 0.23
15 lbs/day to 1.11 £ 0.26 Ibs/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 Ibs/day and 0.99 % 0.44

lbs/day, respectively.

Table 18. Summary of Group Average Daily Weight Gains (ADWG)

Group Treatment * N ADWG - lbs/day _
. (Day 25 to Day 50) or adjusted for pigs
dead before Day 50
1 rORF2 - 16 pg— 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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10 Strict Negative Controls 15 0 0.0% VvORF2 = isolated viral ORF2; rORF2 =
reconbi nant bacul ovi rus expressed ORF2; KV or killed whole cell virus =
PCV2 virus grown in suitable cell culture The Summary of G oup Mean

Percent age Lung Lesions and Tentative Diagnosis is 5 given below in Table
23. Goup 9, the challenge control group, had the highest percentage |ung
| esions with a nean of 10.81 23.27% followed by Group 7, which received

0.25 ug ORFZ- _,ar‘DOf and had—a Team off 6. 97~ 24. 74%_ 0

received # u§ r OFPRF Cé@bﬁpélarmdl hdasea n”eb‘»h of 2. 881f168t@%6/ﬁ>5@ﬂ1ﬂ G oup

whi ch received the KV vaccine and had a|meap of 2.01 t 4.98% The renmi |ng
six (6) gfoups rcent age ¢ 10 lesi t ranged from
0.11 f 0.B8%to W%ﬁ%%ﬁﬁ&f&qs\/e di aﬁ psi s of gr%)glr}n%%@) ¥| ed anong

t he group‘;_ CGro whi-ch—recei-ved—twoldoses-of—16 ||9Lr('DE7 C: ad

:llu v, A_ A a—a ~a—

the [owes| tent MORE2 di gEnCaitiopsi2 @REUMDNi B | Wit h 13.13% 0.25 b4fdag. the

chal | engefcontrol group, had 58% of the dqroup tentatively diagnosed wt

pneunoni a—foftpwed by G oup 10, the SUTijcl_fiegatt ve contr0| group and \;ioup
0%o

2, which 5 7ecPiQRRR 1 085 #8sdarbapol 3 desgs | GRFp- Car bop8i99 %@ #hlbalday % of 4

respectively, tentatively 97 diagnosed Mith|{pneunonia. Groups 1, 2, 3,

9, and 10| h 0 f el y hgnosed R Iy cted ile
G oup 8, /vh?gh %ge?%QZ"%g'mgH@oées |%é Valgzgc ne, hade? Q?]/ ]r?)a%ygroup \rMite

of tent at knvte—d+ ﬂhnCLC of—RO\/2—inie ghflnn wh-eh—2-004- f?r;u_u—\ whi-ch—+eced ved

A -~ b

two doses|ofg5 DCEﬂleu@Cﬁﬁﬂ.’s- Car bopol , andid3 oup 4, mBe&ozgemeAdyyad one dse

of 16 ug YORF2- uar bopol had tentative grloup|di agnoses of PCV2 infection|in

13. 3% and[®. 7% eacn group, .respectivagly. |GSIiric _UlLCers wWere omy

di agnosed|i f%n ﬁtﬁFbN?gﬁ‘ 1V GORTOlS (6. 799 ; th/ﬁ b the ot A 30-23bs@a% r emai ng

free of gastriclulcers., 10
vORF2 = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; KV or killed
whole cell virus = PCV2 virus grown in suitable cell culture

\1"4

d

PVC2 serology results are presented below in Table 19. All ten (10) groups were

5 seronegative for PCV2 on Day -3. On Day 14, PCVZ 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

10 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 titers‘ 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 -

15 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,
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Tabl e 23. Summary of G oup Mean % Lung Lesion and Tentative Di agnosis G oup
Treatnent N No. O pigs that shed for Incidence Rate at |east one day |
rORF2 - 16 g - 15 0 0% |IMS 1314 2 doses 2 VORF2 - 16 g - 15 1 6. 7%

Car bopol 2 doses 3 rORF2 - 16 g - 15 3 20.0% Carbopol 2 doses 4 vVORF2 - 16
g - 15 2 13.3% Carbop 011l dose 5 rORF2 - 4g - 15 3 20.0% Carbopol | dose 6
rORF2 - 1 g - 15 6 40.0% Carbopol 2 doses 7 rORF2 - 0.25 g - 15 7 46. 7%

Car bopol % 6]05 ehid@d ¥ceiSed¥ecteaSing 1e@ds of HORBPPOCarbépol 2080604, 2, da& ©R5% 9
Chal | enge Controls 14 14 100.0% 10 Strict Negative Controls 15 14 93. 3%

VORF2 = i golafiqdy ‘ﬂ-bﬁl@ﬁsn%ﬁ.%brrésggﬂﬁﬁaég HE& g@ﬂﬁﬁoé}ﬁﬁé& 8y bﬁ%ﬁ%eseﬁérgr ssed ORFZ;

KV or killed whole cell virus = virus-grown-in sulta I'T" cul ture
The Summary of G oup IHC Positive Incidence Results are shown bel ow in Tabl e
24.

Table 19. Summary of Group PCV2 IFA Titers

Group | Treatment Day-3 | Day 14** | Day 25%** | Day 32 | Day 50%***
1 |rORF2-16 ug— 50 64 646 | 3326 | 4314
IMS 1314 2 doses

2 |vorRF2 - 16 pg -| 0 110 2507 | 5627 4005
Carbopol 2 doses

3 fORF2 - 16 pg - 50 - 80 1503 5120 6720
Carbopol 2 doses '

4 |vORF2 - 16 pg - 50 113 1920 3720 1257
.Carbopol 1 dose '

5 tORF2 - 4 pg - 50 61 1867 3933 4533

| Carbopol 1 dose

6 |tORF2-1pg- 50 70 490 2360 5740
Carbopol 2 doses

7 |fORF2 - 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

5 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". .
10 **Day of Challenge

***Day of Necropsy

The results from the post-challenge clinical observations are presented below. Table
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5 Goup 1 (16 ug rORF2 - I M5 1314) had the | owest group rate of |IHC positive
results with 0% of the pigs positive for PCV2, followed by Goup 2 (16 ug
VORF2 - Carbopol) and Goup 4 (single dose 16 ug VORF2 - Carbopol ), which
had group IHC rates of 6.7% and 13.3% respectively. Goup 9, the challenge
control group, had the highest IHC positive incidence rate with 100% of the
pigs positive for PCV2, followed by Goup 10, the strict 10 negative control

group, and Group 8 (KV vaccine), with 93.3% and 80% of the p| gs_positive
for PO, lncéyﬁsécqhsvlé@tyonsmm ébmrmals@nhawyr,oﬁb@lwb Regpirating, t CQueh| aed dence
Rate G oup Treatnment N No. O pigs that shed for Incidence Rate at |east

one dayDiirrhéaRFPable 26gneludes the B%ultd filin Bd Sudniog ef GRoupCBFéall Iﬂcﬁdegce off5 1 6. 7%
Carbopol 2 doses 3 rORF2 - 16 g - 15 3 20.0% Carbopol 2 doses 4 vVORF2 - 16

g - 15 Ginleh fethd and TaBle ADSRcRAESREWts frdfl_the amin o@o@r M&mi_?r dose 6
rorRF2 -1g - %{ggﬁg 40. 0% g:afbopolc 2 dosesS 99 7 ?CRFZ a%? 0@ 15 46. 7%

Carb Op%étgs 99&—%ﬁalﬁ:n§é./ i Qxc d9fte o%ngﬂffﬁl be%§v1&12, rg%%’atlon and cough post-

5 challenge were low in pigs receiving 16 ug rORF2-IMS 1314 (Group 1), 16 ug rORF2—-
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

10 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

15 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%.

20 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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2 doses 9 Challenge Controls 14 14 100.0% 10 Strict Negative Controls 15 14
93.3% VORF2 = isolated viral ORF2; rORF2 = reconbi nant bacul ovirus
expressed ORF2; KV or killed whole cell virus = PCV2 virus grown in
suitable cell culture Discussion 5 Seven PCV2 vaccines were evaluated in
this exarrpl e, which included a high dose (16 ¢) of rORF2 antigen adjuvanted
wth IMS 1 &4 ad n| stered twi ce, a high dose (16 g) of VvORF2 antigen

adj uvant rIBS'poI admi ni stered once to one group of pigs and twice
to a second group of pigs, a high dose (16 g) of rORF2 antigen adjuvanted

wi th Carbopol admnistered twice, a 4 g dose of rORF2 anti gen adjuvanted
with Carbopol adm nistered 10 twice, a | g dose of rORF2 antigen adjuvanted
wi t h Car bopol Tasle2tiSsinansx; dfdrvap GbsePitiofOfe dmmaﬁagmehﬁwdrgiﬁﬂomau gen

adj uvanted wi th Carbopol agEssirstidH, ﬁﬂdmgﬁpoﬁl@mﬂeﬂggh dose (> 8 log) of
kill ed whol ne adjuvanted with bopal Querall Group 1,

whi ch recei VegodpWo dosesr@fmdE 99 r ORAP LAIbN@’n‘F@l&l Abaemal neld s¢¢lw1%ly
better thanl_Goups 2 through 7, whi ¢h r lo Behardat’ vacdiehmoﬁonit al ni ng vari ous

| evel s of e}ther ﬁf% 5 rORF2 antidgen edguvant ed and nuch
better than Grhgup Whi chl recei ved qwo do, of | ki If%% g@ﬂ PCV2
vacci ne. Gpup 1 hBdStBkt 2 Hosesl hi ghespt ADWG (1.80] f I bs/ déyD%) t he

| owest incigde of vi ot 16009 , otibe | pwes | nci denc abnor nal
respiration (8"&) Vi@oﬁg\ﬁv Iiﬁﬂ&'igd— ﬁ%rﬁ RY | cough (B9 | E} i ncj dem{gg
overal |l clihical Wfﬁoms (7.19, was tlied with thre her gr 0%3 for t he
| owest nortplijy (00 th nid | fFat e an %
| esions (0.[5 io % h%ugecﬁﬂgofl’o Nggt m@gfor %{%Dm al i)/Léj/() and the
| owest i ncipdence ﬁ‘or p05| tive | HC tj ss(ﬁ%) ( OpA up 1 vva(z’: 7%)100
however, thge 41I y h. 1 nj,€qisi lon giike r eact re d, which
i ncl uded 50pP6 o ‘ﬁ%ﬁg Hﬁt 5o afftergohe secongi)gacm nation. The
other vaccipes adpi#€tered to G oup$ (0%)
5 rORF2 - 4 pg— 15 1/15 1/15 0/15
Carbopol 1 dose (6.7%) (6.7%) (0%)
6 |1ORF2-1pg- 151 015 0/15 115
(0%) (0%)
Carbopol 2 doses 0 (6.7%)
7 |(tORF2 - 025 pg -|15 0/15 1/15 1/15
Carbopol 2 doses (0%) (6.7%) (06.7%)
8 |KV>8.01log— Cabopol 2| 13 |  1/15 115 0/15
doses (67%) (6. 7%) LO% )
9 Challenge Controls 14 1/14 1/14 2/14
(7.1%) (7.1%) (14/3%)
10 | Strict Negative Controls 151 ons 0/15 0/15
(0%) (0%) (%)
5 !Total number of pigs in each group that demonstrated any abnormal behavior for at least one

day

2Total number of pigs in each group that demonstrated any abnormal resﬁifaﬁon for at least
one day

3Total number of pigs in each group that demonstrated a cough for at least one day

10
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15

1

6.7%

rORF2 - 0.25 pg — Carbopol
2 doses
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13.3%

KV > 8.0 log — Carbopol 2
doses

15

13.3%

Challenge Controls

14

14.3%

10 Strict Negative Controls

15

0.0%

VORF?2 = isolated viral ORF2; rORF2 = 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

Group Treatment

N

Dead Post-
challenge

Mortality'Rate

1 |tORF2-16pg-~

IMS 1314 2 doses
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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

10

lestons 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

15
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received two doses of 16 ug vORF2—Carbopol, with 46.7% of 40% respectively, tentatively



5 control) and Goup 7 (0.25 ug rORF2 - Carbopol), with nortality rates of
14. 3% and 13.3% respectively. Overall, admnistration of the PRRS vacci ne
to the challenge nodel late in the post-challenge observation phase of this
exanple did not significantly increase nortality rates. Goss lesions in
pigs with PMAS secondary to PCV2 infection typically consist of 10
general i zed | ynphadenopathy in conmbination with one or nore of the

fol I ow ng: d4) interstitial pneunonia with interlobular edema, (2)

cut aneodiagnesad vwith preumenigy us, (3) nottled atrophic livers, (4) gastric

ul cers and (5) nephritis. At necropsy (Day 50), icterus, hepatitis, and
nephritis waGreupsot, 2103,e4 9, randriy) lggdo@fs sof the gesipr tentativelye diagassed @as RCV2Y one
Goup 7 pig, but |ynphadenopathy was not specifically exam ned for. Based

on the 1er@§3%ﬁl@@rdu?% QhfchirB@bved IwdAb&s SORYI vabaRs, hall e HRERGSt ok patté
three gr oups had at [east one pig tentatively diagnosed W th P PM/\S)

G oup 8 i ively

di agnosS A s mﬁPﬁEWaf@ psﬂ,;w%ﬁé%%r@%%%"%%vé%é%ﬁ%ﬁ 8
respectlvely, tentative |agnosed wi th PCV2. The an % esi pn scores
Vabr ed O F eV CthoPoh ind GEG oy hidh Tesrykedne Aosesol T Vi OREE- Lo 0Ral | 0w of

| ung IeS|on scores that 20 ranged from0.11 f 0.38%to 0.90 t 0.15% As
expect dud @natiye grouphdiaghesks ofi RCDrinfection iy d33% had 6.7% bf ghchsigrampan % | ung
| esion score (10.81123.27% . In four groups, the mean %/ung |esion scores
wer e ellegpa&@m}due to one to three pigs in each of these groups having very
high lung l'esion scores. The lung | esions mere red/ purple and consol i dat ed.
Typi cal |y, )

non- col | apm%ﬁﬁl& lh ?@lfee?[?gbulg%s‘é&lﬂ\%ﬁ ﬁlgma T%ﬁ7qﬁﬁg{1g’§§%§§ &not ed in this
study were either cﬁa Stn gt ed with PCV2 infection or a second pul nonary
i nf ect | SOPSIFBHPCHESS HLIEBEERSpresent. Wthin the context of this study,
the %l ung | esion scores probably do no reflect a true nmeasure of the anpunt
ofl0lung infection due to PCV2. Likewi se, tentative diagnosis of pneunonia
may have been over 5 utilized as well. Any pigs with lung | esions, sone as
smal | as 0.7Tadb¥k 2% Seanimatyad Grioih Mean % Lung Lesion and Tentative Diagnosis

Hb

Group Treatment N | No. Of pigs that shed for | Incidence Rate
at least one day

1 rORF2 - 16 pg— 15 0 0%
IMS 1314 2 doses

2 vVORF2 - 16 pg - 15 1 6.7%
Carbopol 2 doses

3 |1oRF2 - 16 pg -| B3 3 20.0%
Carbopol 2 doses

4 |vORF2 - 16 pg -| B 2 13.3%
Carbopol 1 dose

5 |tORF2-4ug- 15 3 20.0%
Carbopol 1 dose

6 |rORF2-1pg- 15 6 40.0%
Carbopol 2 doses

7 |tORF2 - 025 pg -| 1 7 46.7%
Carbopol 2 doses

8 |KV > 8.0log— Carbopol| 13 12 80%
2 doses ‘ i T
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tentative diagnosis of pneunonia. In this exanple, there was no sufficient
di fference between groups with respect to gross |lesions and % | ung | esions
on which to base vaccine efficacy. IHC results showed the | argest

di fferences between groups. Goup 1 (16 g rORF2 - I M5 1314) had the | owest
positive IHC results for PCV2 antigen (0% ; while Goups 9 and 10 10 had
the highest positive |HC results with incidence rates of 100% and 93. 3%
respectivel . &G oy , D, b and 7, Whigh [Tecei Vedj406, 4, Ljor g of

@eﬁw W& + 14- Yo%

rORF2 antigen, 9res %F}?ntmlédj uvgnted vith Car bopol had |1 HC posi'ti ve
rates of 20Rq_20% 40% and 46. 7% respecglvelv QGoup 2. which received two
doses of 16 it.h |Catdhopgol had Bh | HC positi\ws.3®ate of
6.7% while Gl\(g)ﬁ% |c% recelni\l/{%lg gnly orle dose of the sar’rE 15 vacci ne had
an | HC post%F f=-e1£ 13 2D“’ e—to—the ‘% 2e--ve—at f—t-hts—test-land
the fact O%4r i %Egkqlgp C(SW‘gatrgﬁ?“\\Rﬁ“W éé&%%t‘%erpfeé?éﬁ?@ FN@&‘@E% ng is
probabl y kel "BFV‘Fﬁe VIR SOWRHY to base vaccine efficacy. Thus
in one aspect of the present invention, the Mninmum Protective Dosage (MPD)
of PCV2 r ORF2 TwtSugaaryef Groandd@ Rositive mdsc?poﬁtesphs smshomchelpyvdn deklel4i n t he
face of a 20 PCV2 challenge is determned. Goups 3, 5 6 and 7 each
recebved Gmop dqdé sgaORFORFAMS M8 14)dnad al lowasttgecuprtatehofTRhpyxitive rbauilts twith | evel
of rORF2 antigen varied for each group. Goups 3, 5 6 and 7 each received

16, 4, 1 ®% *-tBSpi gb Podtivé g?':li’cﬁﬁltfo%@edg/gﬁﬁsﬁﬂ 961§ -ug! YORBELECSRbo o@eﬁfdeaS' ng
t he Ievel of r anti gen decreased P anti body titers, and i ncr eased

t he nort % e e f 0, |t| ve
ti ssues, Pl 55%%82 g 968 SRl DR B %&%3
Carbopol, ) 3.a which recei ved t doses |0 or r ORF2
anti gen, mi%é&w E‘a@wﬁa@eéﬁ qnee (SeRIFe 7ol eun, e ?}lta#rf P/am%‘f?d each
had simlar anti body t| ters. Overall, based on | HC positive results, the

m ni mum preitense irgte veths %% of theCmgs pasltr‘vq:;@m PEOR, foliaweadeby Graupel, ghe strict
approximately 4 g. 5 In another aspect of the present invention, the

ant ilgeni ciegytivefconteslgidip) and GeaupRFARV vadtihe)/Ivih 93.3% (an@RE%) oﬂ?ﬁé/ﬁgﬁpés'imns wer e
assessed. G oup 2 received two doses of 16 g

for PCV2, respectively.

Table 24. Summary of Group IHC Positive Incidence Rate

Group Treatment N No. Of pigs that shed for | Incidence Rate
at least one day

1 rORF2 - 16 ug— 15 0 0%
IMS 1314 2 doses

2 |VORF2 - 16 pg -| 13 1 6.7%
Carbopol 2 doses

3 rORF2 - 16 pg - 15 3 20.0%
Carbopol 2 doses

4 |vORF2 - 16 pg -| B 2 13.3%
Carbopol 1 dose

5 |tORF2-4pg— 15 3 20.0%
Carbopol 1 dose

6 |tORF2-1pg- 15 6 40.0%
Carbopol 2 doses
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VORF2 and Goup 3 received two doses of 16 g rORF2. Both vaccines were

adj uvanted w th Carbopol. Both vaccines were found to be safe and both had
O%nortality rate. Goup 2 had a PCV2 antibody titer of 2507 on Day 25,
while Goup 3 had a PCV2 antibody titer of 10 1503. G oup 3 had a | ower nean
%1 ung | esion score than Group 2 (0.11 0.38%vs. 0.90 0.15%, but Goup 2
had a | ower IHC positive incidence rate that Goup 3 (6.7%vs. 20%.

Overall, both vaccines had simlar antigenicity, but VORF2 was associ at ed

with slightl betbﬁ_;% | HG sesults.[ Insyef anot her7 aspect df thaas,'p}{,esenEj
| | M5

r

inventionf the g i ] of Mewo [di f f erlent adj uvants 15 [( Car bopol an
1314) wast-deterui pdt-3-both -+ eceivedtwo—doses—of—vaccihe

containing 1§ ugmxmlf@garuahg@m bd# Group 1 rédeived tHe ant0¥en

adj uvanted wi th |olddgs1314 while Gloup 3 feceived the antiden adjuvanted with

Car bopol . [Bottrgroups fad—essentTar ty tjhe sane WG, €55 n[léibab(y[ﬂe ane

i nci dencel of 9cl i|fiheBenggiCgnkolpost - chal I enge, the Same nortlality rate, land

essentially the jsane nean % | ung llesi ons but Group 1 hadl|an 20 | HC positive

rate of OPowhi | g HC pesiftive rateqof 20% |Howedssy% G oup 3,
S ARarind il
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with IN@MHW%T%?%YIW%ENWWWG*&WQS it did not provide

overwhel m ngly better protection fromPCV2 infection and did induce
injection 105 site reaction. Wereas the PCV2 vaccine adjuvanted with

Car bopdis@msibnr mred nearly as well as the I M5 1314 adj uvanted vacci ne, but
was not associated with any adverse events. In still another aspect of the

present i nveRLEPPCVE RecchiRe Wek dviafudte@fin ﬁ’ﬁ%\/&a%l%z %&hﬂn&lﬁd@dalﬁgld&&@ pg oduct
was determ ned. G oups 2 and 4 both received 16 g of VvORF2 vacci ne 5

dj Da
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to a second group of pigs, a high dose (16 pg) of rORF2 antigen adjuvanted with Carbopol

administered twice, a 4 pg dose of rORF2 antigen adjuvanted with Carbopol administered
10 twice, a 1 pg dose of tORF2 antigen adjuvanted with Carbopol administered twice, a low '
dose (0.25 pg) of rORF2 antigen adjuvanted with Carbopol administered twice, and a high
dose (> 8 log) of killed whole cell PCV2 vaccine adjuvanted with Carbopol. Overall, Group
1, which. received two doses of 16 pg rORF2 — IMS 1314, performed slightly better than
Groups 2 through 7, which received vaccines containing various levels of either vVORF2 or
15 rORF2 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 hjgheét 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 incideﬁce of overall clinical
symptoms (7.1%), was tied with three other groups for the lowest mortality rate (0%), the_
20 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,
100



positive tissues. Al other results for these two groups were simlar.

Overall, one dose of VORF2 adjuvanted wth Carbopol perfornmed simlar to
two doses of the same vaccine. 10 106 34816-Cl Pl. ST25 SEQUENCE LI STI NG
<110> Roof, M ke Eichnmeyer, Mark N tzel, Geg Schaeffer, Merrill Hayes,

Phillip <120> PCV2 | MMUNOGENI C COVPCSI TI ONS AND METHODS OF PRODUCI NG SUCH
COVPOSI TI ONS <130> 34816-Cl P1 . <140> UNKNOWN <141> 2005-01-1 <150>
Unknown D2PEEYerohe pnly-gragp invhigh injeption Sifpsessiiophwew I\?@tdsWBWﬁéf}@“de‘i%@Ofl
<211> 8 <212> DNA <213> Artificial <220> <223> This is a nodified Kozak's
sequence. the vaccinates 1 day after the second vaccination. The other vaccines administered to Groups

2 through 7 performed better than the killed vaccine and nearly as well as the vaccine
administered to Group 1.

5 Gfoup 8, which received two doses of killed PCV?2 vaccine adjuvanted with Carbopol,
had the worst set of results for any vaccine group. Group 8 had the lowest ADWG (0.93 +
0.33 Ibs/day), the second highest rate of abnormal behavior (6.7%), the highest rate of
abnormal respiration (6.7%), was tied with three other groups for the highest overall
incidence rate of clinical symptoms (13.3%), had the highest mortality rate of all groups

10 (20%), and had the highest positive IHC rate (80%) of any vaccine group. There was concern
that the killed whole cell PCV2 vaccine may not have been fully inactivated prior to
administration to Group 8, which may explain this group’s poor results. Unfortunately,
definitive data was not available to confirm this concern. Overall, in the context of this
example, a Conventional Killed PCV2 vaccine did not aid in the reduction of PCV2

15 associated disease.

As previously mentioned, no adverse events were associated with the test vaccines
with exception of the vaccine adjuvanted with IMS 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

20 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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<400> 1 ccgccatg 8 <210> 2 <211> 6 <212> DNA <213> Artificial <220>

<223> This is a reconbi nant Eco Rl sequence. <400> 2 gaattc 6 <210> 3
<211> 713 <212> DNA <213> Porcine circovirus <400> 3 cagctatgac gtatccaagg
aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60 ttggccagat cctccgecgce
cgcccctgge tcgtccaccc ccgccaccgce taccgttgga 120 gaaggaaaaa tggcatcttc
aacacccgcc tctcccgcac cttcggatat actgtggaga 180 aggaaaaatg gcatcttcaa

cacccgggjg’ FHe 688 8§ Wrotyf 424D ASWitDIHE R&EREbn 9 Birodps 9 b(l%ﬁﬁcl@) 919%%%%9999

accaacaaaa tctctatacc ctttgaatac tacagaataa 300 age 34816- sT25

gaaaggtt aa t attc t. cct gct ,caeccat o] tgat a a 360
ot coatersiged 2ftre bt tpenie HGHIR. TR G AN 8 b BHARREGRRes 20
acccat at gt aaactactcc tcccgccata caatccccca acccttctcc taccactccc 480
gt t act T.08d 48 demansbated ¢ strong gtbody1e8RANE-t ga ttacttccaa ccaaataaca 540

One of the hallmarks of late stage PCV2 infection and subsequent PMWS
5 development is growth retardation in weaned pigs, and in severe cases, weight loss is noted.
Average daily weight gain of groups is a quantitative method of demonstrating growth
retardation or weight loss. In this example, there was not a large difference in ADWG
between groups. Group 8 had the lowest ADWG of 0.88 + 0.29 lbs/day, while Group 4 had
the highest ADWG of 1.16 £ 0.26 1b/day. Within the context of this study there was not a

10 sufficient difference between groups to base future vaccine efficacy on ADWG.

In addition to weight loss — dyspnea, leghargy, pallor of the skin and sometimes
icterus are clinical symptoms associated with PMWS. In this example, abnormal behavior
and abnormal respiration and cough were noted infrequently for each group. As evidenced in
this study, this challenge model and challenge strain do not result in overwhelming clinical |

15 symptoms and this is not a strong parameter on which to base vaccine efficacy.

Overgll, mortality rates were not high in this example and the lack of a high mortality
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,

20 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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aaaggaat ca gctttggctg aggctacaaa cctctagaaa tgtggaccac gtaggcctcg 600
gcactgcgtt cgaaaacagt aaat acgacc aggactacaa tatccgtgta accatgtatg 660
tacaattcag agaatttaat cttaaagacc ccccacttaa accctaaatg an 713 <210> 4 <211>
713 <212> DNA <213> Porcine circovirus <400> 4 ccgccatgac gtatccaagg
aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60 ttggccagat cctccgccgce

Cgcccctg gc tacc t . 1a C
acacocq bt BRaERE Story FESHARSLARE Ber RS ffigine SPIMR BB RIL O
t cct gggcg at gat atffaat attgacgact, 240 .ttgttcc a g
accaac aaégatﬁ‘g’?@faé't%d gffg'ﬂbf’aﬁ%cgm &f&%ﬁ&?"é’a“ BOWhlcb éf%éﬁﬁrf’gé‘iy g&%ﬁ%’ggge%c
tggccctget, cccccatcac ccagggt gat aggggagtgg 360 gctccactge tgttattcta
gat gat aacwith @gaélatmh@;g@fgtg@ Bng vecars: dylbay AR Ground veieh weeivHmoalosesc
tcccgccata caatccccca acccttctcc taccactccc 480 gttacttcac acccaaacct
gttctt gacf ldiat vadcingahdd drt highayt neealst Asc 20960 folkhaed daaGesupg? t(tHalgngeq
aggct acaaa cctctagaaa tgtggaccac gtaggcctcg 600 gcactgcgtt cgaaaacagt

aaat @cga { i t&ad, ot
Ctt anagac e O O 7 ¢ St S o R PRI 105

Por ¢i ne GLe Ol Soverall) Admishation OF thePRRY Vactind t6¥ed chlifnfy Inolidate'ih the 9 A9
Hs Arg Pro 6

post-challenge observation phase of this example did not significantly increase mortality

rates.
Gross lesions in pigs with PMWS secondary to PCV2 infection typically consist of
10 generalized lymphadenopathy in combination with one or more of the following: (1)
interstitial pneumonia with interlobular edema, (2) cutaneous pallor or icterus, (3) mottled
atrophic livers, (4) gastric ulcers and (5) nephritis. At necropsy (Day 50), icterus, hepatitis,
and nephritis were not noted in any groups. A gastric ulcer was noted in one Group 7 pig, but
lymphadenopathy was not specifically examined for. Based on the presence of lesions that
15 were consistent with PCV2 infection, three groups had at least one pig tentatively diagnosed
with PCV2 (PMWS). Group 8, which received two doses of killed vaccine, had 20%
tentatively diagnosed with PCV2, while Group 7 and Group 4 had 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
20 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 grbups, 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
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Ser
Arg

Hs Leu Gy An Ile Leu Arg Arg Arg Pro Trp Leu val H's Pro 20 25 30
Hs Arg Tyr Arg Trp Arg Arg Lys Asn Ay |Ile Phe Asn Thr Arg 35 40 45

Page 2 34816-cl P1.sT25 Leu Seer Arg Thr Phe Ay Tyr Thr Val Lys Ala Thr Thr

Val
Phe
Au
Pro
Asp
Tyr
Hi s
Ile
Leu
du
Tyr

5

10

15

20

Thr Thr 55 60 Pro ser Trp Ala Val Asp nmet net Arg Phe Asn Ile Asp Asp
Val 65 70 75 80 Pro Pro Ay Ay Gy Thr Asn Lys Ile ser Ile Pro Phe
Tyr Tyr 85 90 95 Arg Ile Arg Lys Val Lys Val GQu Phe Trp Pro cys Ser
| | egleffiar Thé Minglid&orshibtéd in this stulywebe either yotvaskooitgd with PUVW?2 ifeetidial |1 e Leu
Asp Asn 115 120 125 Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro

Vadr £SeRodd/ pultndblar)Infediidls a36it 8/ hate bebh PﬁreIéiﬁ. W ehiffiRe Ednfextof tiRhe Ser Tyr
ser Arg Tyr 145 150 155 I60 he Thr Pro Lys Pro Val Leu Asp ser Thr

SR T ] S B ARl Rt 2 1
\;Asdﬁfe%%p é%‘:toggéVgs &i]g;%}géige, 2tg19tat12v0e5diag?mgis %%%nl&lr;onpi\g rI]nalyI favérb%el}/ %Ler'_l'hr Vet

utilized aé well. Any pigs with lung lesions, some as small as 0.10% were listed with a
tentative diagnosis of pneumonia. In this example, there was no sufficient difference between
groups with respect to gross lesions and % lung lesions on which to base vaccine efficacy.

IHC results showed the largest differences between groups. Group 1 (16 pg rORF2 —
IMS 1314) had the lowest positive IHC results for PCV2 antigen (0%); while Groups 9 and
10 had the highest positive IHC results with incidence rates of 100% and 93.3% respectively.
Groups 3, 5, 6 and 7, which received 16, 4, 1 or 0.25 pug of rORF2 antigen, respectively,
adjuvanted with Carbopol, had IHC positive rates of 20%, 20%, 40% and 46.7%,
respectively. Group 2, which received two doses of 16 pg vORF2 adjuvanted with Carbopol
had an THC positive rate of 6.7%, while Group 4 which received only one dose of the same |
vaccine, had an IHC positive rate of 13.3%. Due to the objective nature of this test and the
fact that IHC results correlated with expected results, IHC testing is probably one of the best
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 rORF2 aqtigen varied for each group.
Groups 3, 5, 6 and 7 each received 16, 4, 1 or 0.25 pug of rORF2 antigen respectiv.ely. In
general, decreasing the level of rORF2 antigen decreased PCV?2 antibody titers, and increased

the mortality rate, mean % lung lesions and the incidence of IHC positive tissues. Of the four
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210 215 220 Asn Leu Lys Asp Pro Pro Leu Lys Pro 225 230 <210> 6 <211> 233
<212> PRT <213> Porcine circovirus <400> 6 Met Thr Tyr Pro Arg Arg Arg Tyr
Arg Arg Arg Arg His Arg Pro Arg 1 5 10 15 Ser Hs Leu Ay Gn Ile Leu Arg
Arg Arg Pro Trp Leu Val His Pro 20 25 30 Page 3 34816-Clpt.ST25 Arg Hi s
Arg Tyr Arg Trp Arg Arg Lys Asn Ay Ile Phe Asn Thr Arg 35 40 45 Leu ser

Arg Thr Thr. Th hr Val Thr, Thr 0.55 60 Pro ser
Trh Ala ?“PM cefiite Yavinkdgein e R EakgpolaCipoena 0. bR RAY e
Pro dy G Thr Asn Lys Ile ser Ile Pro Phe Gu Tyr Tyr 85 90 95 Arg
Ille Arg L%e 116 9rs4 yg|of (PRFPeatigang rqspestivgly, eash hpd gn|IHE pnsmve 180 0{@8ly110 G n

Gy Asp Arg Gly Val dy ser Thr Ala Val Ile Leu Asp Asp Asn 115 120 125
20%, and each had similar antibody titers. Overall, based on IHC positive results, the

minimum protective dosage of rORF2 antigen administered twice is approximately 4 pg.

5 In another aspect of the present invention, the antigenicity of recombinant (rORF2)
and VIDO R-1 (vORF2) PCV2 antigens were assessed. Group 2 received two doses of 16 pg
vORF2 and Group 3 received two doses of 16 pg rORF2. Both vaccines were adjuvanted
with Carbopol. Both vaccines were found to be safe and both had 0% mortali& rate. Group
2 had a PCV2 antibody titer of 2507 on Day 25, while Group 3 had a PCV2‘ antibody titer of

10 1503. Group 3 had a lower mean % lung lesion score than Group 2 (0.11 & 0.38% vs. 0.90
0.15%), but Group 2 had a lower IHC positive incidence rate that Group 3 (6.7% vs. 20%).
Overall, both vaccines had similar antigenicity, but vORF2 was associated with slightly better
IHC results.

In yet another aspect of the present invention, the suitability of two different adjuvants

15 (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

20 IHC 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 PCVZ 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
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Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr 130 135 140
Ser Ser Arg His Thr Ile Pro An Pro Phe Ser Tyr H's ser Arg Tyr 145 150 155
160 Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe G n Pro 165 170
175 Asn Asn Lys Arg Asn A n Leu Trp Leu Arg Leu A n Thr ser Arg Asn 180

185 190 Val Asp His Val Ay Leu Gly Thr Ala Phe GQu Asn ser Lys Tyr ASP 195
200 205 d@n ASP Tyr Asn Ile Arg Val Thr Met Tyr Val A n Phe Arg A u Phe 210

<2125 DR oAby R VR lfhab By et Cobotl bl By 1.
w1 iy IS Ta G adbiagied yocsinss butorss Potsmonst ety us oy GRE BB gaat t coal o
cgccat gacg tatccaagga ggcgttaccg cagaagaaga 60 caccgccccc gcagccatct
t ggccagat ¢ cinstijenyber aguset of the ptesang inventtog the feBibility of PCV2 ORF2 as a 1ml,
1 dose product was determined. Groups 2 and 4 both received 16 pg of vORF2 vaccine
5 adjuvanted with Carbopol on Day 0, but Group 2 received a second dose on Day 14. Group 4
had a slightly higher ADWG and a lower mean % lung lesions than Group 2, but Group 2 had
higher IFAT PCV2 titers on Day 25, 32 and 50, and a slightly lower incidence rate of IHC
positive tissues. All other results for these two groups were similar. Overall, one dose of

vORF?2 adjuvanted with Carbopol performed similar to two doses of the same vaccine.

10
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cgccaccgct accgttggag aaggaaaaat ggcatcttca acacccgcct ctcccgcacc 180
ttcggatata ctgtcaaggc taccacagtc acaacgccct cctgggcggt ggacatgatg 240
agatttaata ttgacgactt tgttcccccg ggagggggga ccaacaaaat ctctataccc 300
tttgaatact acagaat aag aaaggttaag gttgaattct ggccctgctc ccccatcacc 360
cagggt gat a ggggagtggg ctccactgct gttattctag atgataactt tgtaacaaag 420
gccacagccc taacctatga cccat at gt a 3a818-atitilcet2scccgceccat ac aat cccccaa 480
cccttcetect accactcccg ttaE@¥@§3hL€EEMhacctg ttcttgactc cactattgat 540
tactt ce8RC wRRAMAREaa aaggaatcag ctttggctga ggctacaaac ctctagaaat 600
gt ggaccacg tiay rcogrkcact gcgttc gaaaacagta aat acgacca ggactacaat 660
atccgtgtaa.?%ég e@ﬁﬁkrgﬁqattcaga gaatttaatc ttaaagaccc cccacttgaa 720
ccct aagaat Eﬁ,ﬁg}@ﬁ-{:ﬁqutgaattcgc'ggccgc 756 <210> 8 <211> 10387 <212> DNA
<213> Artificial <220> <223> THis is the porcine circovirus type 2, ORF2
const r<té®>, %Fg}%’!”gﬁgéﬂ%é@”@ééﬂpwiAN%#EE*ﬁRPSpQEERFOP%H@S%bli ng sequences.
<400> 8 aag {t Cgt aaagcga gttgaaggat catatttagt tgcgtttatg agataagatt 60
gaaageadqyt 3IBaGEarPPtt tcccgcgcecgt tggcacaact atttacaatg cggccaagtt 120
at aaaagad t % ctgat atgttttaaa acacctttgc ggcccgagtt gtttgcgtac 180
gt gact.ageg g 8 gt gt ggaccgca gaacagatag taaaacaaaa ccctagtatt 240
ggagcaat aa tcgatttaac caacacgtct aaatattatg atggtgtgca ttttttgcgg 300
gcgggggégt g{f%ggtggg@aa aattcaagta cctggccaga ctttgccgcc tgaaagcata 360
gttcaa t 1404t gatac ggtaaaagaa tttacagaaa agtgtcccgg catgttggtg 420
<160> 11

<170> PatentIn version 3.3

<210> 1

<211> 8

<212> DNA

<213> Artificial

<220>
<223> This is a modified Kozak's sequence.

<400> 1
ccgcecatg 8

<210> 2

<211> 6

<212> DNA

<213> Artificial

<220>
<223> This i1s a recombinant Eco Rl sequence.

<400> 2
gaattc ‘ 6

<210> 3

<211> 713

<212> DNA

<213> Porcine circovirus

<400> 3
cagctatgac gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60

ttggccagat cctccgccge cgcccctgge tcgtccacce ccgecaccge taccgttgga 120
gaaggaaaaa tggcatcttc aacacccgcc tctcccgcac cttcggatat actgtggaga 180
aggaaaaatg gcatcttcaa cacccgcctc tcccgcacct tcggatatac tgtgacgact 240
ttgttccccc gggagggggg accaacaaaa tctctatacc ctttgaatac tacagaataa 300
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480
540
600
660

gcacacacgg tattaatcgc accggttaca tggtgtgcag
gtattgcgcc gcaggaagcc atagatagat tcgaaaaagc
gacaaaatta cgttcaagat ttattaattt aattaatatt
actttatcct attttcaaat tgttgcgctt cttccagcga accaaaacta
tgcttcgctt gctccgttta gcttgtagcc gatcagtggc gttgttccaa tcgacggtag 720
gattaggccg gatattctcc accacaat gfglgi tt gatgttacgt ttatgctttt 780 Page
53 t cgt cgt agtgccg
Ccacatgres 8%%95%3522552%2’1%@%5%& STETS CoRtT g oo ey o0 A Cueacaa

t ccgateraatgcoty) tatlisde caag g taagy dagikarcasa gg;gg¢@ac&taggg:@gm ctt420tttctgcatt
att 9 t g9t feot @agat cagt c
atgéggéﬁ%ét %%ﬁt&%kgg%gggéaggg%%ﬁ%g ﬁ?ﬁ%ﬁ%ﬁ% g%g{tggttgZI ggcaacgat g
cot gtmtbcaclPRVaaagCt catitgtigact iccactetlpgt ttacttcc:ggtqcaaattaag:cgccmﬂ caccgcttgc
agc 1 t aaciqy tttgctctce
¢ o namieg e gigeodsh HEhEERh SCEL IR GRS FERREL oA CREE D Looaat tact
t ct gcacaegtt 1@Reaaq@gt santddggee aamatcca@agtmggwagqccaamtatgggacﬁﬁo cat aat cagc
tga t gcaaat a cgggt cgccc
ctt?%&%gg‘%gﬁ%g“t%gg%{“ 3%3“83 %%88‘?&3%%%9‘3?3%% tggtctgct® aaat aacgat
ttgtatttat 1440 tgtctacatg aacacgtata gctttatcac aaactgtata ttttaaactg
tta@ﬂg g‘} 1500 ccttggccac gaaccggacc tgttggtcgc gctctagcac gtaccgcagg
tt Qgggtqu1560 cttctccaaa tttaaattct ccaattttaa cgcgagccat tttgatacac
gtgkaﬁbgamr¢6@0cnmbvgmaacaa ctattgtttt ttaacgcaaa ctaaacttat tgtggtaagc
aatagg%a 1680 tatgggggaa catgcgccgc tacaacactc gtcgttatga acgcagacgg

atatttaatg
cagaggt cac
atttgcattc

ggcgt gcact
cacaccct gg
aaaatt gaaa
tttaacaaat

CgCe etdac 1gt40ccadgs Hogedtec O gt ARG a A ESted€ HgkadRa€OCIJGR aacat cgcaa
aagccaatag 1800 tacagttttg atttgcatat taacggcgat tttttaaatt atcttattta
at ag@ggggqqatlgggecgccgc cgcccctgge tcgtccaccc ccgccaccge taccgttgga 120

gaaggaaaaa tggcatcttc aacacccgcc tctcccgcac cttcggatat actgtcaagg 180
ctaccacagt cacaacgccc tcctgggegg tggacatgat gagatttaat attgacgact 240
ttgttcccce gggagggggg accaacaaaa tctctatacc ctttgaatac tacagaataa 300
gaaaggttaa ggttgaattc tggccctgct cccccatcac ccagggtgat aggggagtag 360
gctccactgc tgttattcta gatgataéct ttgtaacaaa ggccacagcc ctaacctatg 420
acccatatgt aaactactcc tcccgccata caatccccca acccttctce taccadctccc 480
gttacttcac acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540
aaaggaatca gctttggctg aggctacaaa cctctagaaa tgtggaccac gtaggcctcg 600
gcactgcgtt cgaaaacagt aaatacgacc aggactacaa tatccgtgta accatgtatg 660
tacaattcag agaatttaat cttaaagacc ccccacttga accctaagaa ttc 713
B 33

<212> PRT

<213> pPorcine circovirus

<400> 5
qet Thr Tyr Pro Arg Arg Arg Tyr Arg 959 Arg Arg His Arg igo Arg
5

Ser His Leu Ggy GIn Ile Leu Arg égg Arg Pro Trp Leu gg] His Pro
2

ITe phe Asn Thr Arg

Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly
35 40 45
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at gacgcct a
cttcctccgt
cgacgcacaa
ggcaatattg

cgt t gggcat

caact ccccg
gt ggccgaac
gt at ct gt ac
gcaaattcga
gt acgt ccga

cccgegttga
acgt cgagcg
accgaat gat
aaat at at ac
acgttgattt

ctcgctgcac ctcgagcagt tcgttgacgce
ggt ggt cgat gaccagcggc gt gccgcacg
cgt cgggcga aggcacgt cg gcct ccaagt
agttgggttg tttgcgcata tctatcgtgg
gaaattaaa tcattgcgat

1920
1980
2040
2100
2160

tagt gcgatt aaaacgtt gt ?%@%%%?2%%2 ccgtcgatt aaatcgcgca
at cgagt caa gtgatcaaag tgtggaataa tgttttcttt gtattcccga gtcaagcgca
gcgegt Bt Eg’t ARt Jhachs ‘ﬂdc?)}i‘”c?'!"gt’ahéé% AAYIE At YaladtgEhhact ttat cc
aataatataf tatgtatcgc acgicaagaa ttaacaatdc gcccgttgtc gcatctcaac
acgact at ga tagagat caa ataaagcgcg aattaaatag cttgcgacgc aacgtgcacg
at ct gt Boageneen AR g ApediRfcliet Q"Qaﬁ‘%g?i&tlé\a AsPt APt Bl ghgcgat gaca
t gacccCcgt agtgacaacg at cacgccca aaagaactgc cgactacaaa attaccgagt 2580
atgtcggtga cgttaaaact attaagccat_ ccaatcgacc gttagtcgaa tcaggaccgc 2640 Page
6 3481BUEPT!%h2§1yQﬁéfﬁ@g@ﬁhLﬁhébbggﬁééeﬁﬁ? g%hkT§b£¥Egtata acgt gt ggag
tccgctcatt 2700 agagcgtcat gtttagacaa gaaagctaca ?atttaattg at cccgat ga
ttttattgat 2760 aaattgaccc taactccata cacggtattc tacaatggcg gggttttggt
caaaat M E1Q80D Ly yadtlyegw! et %?F@ttp'”@tcﬂaa?@g 0 Etgydbtact a ttaat gaaat

t aaaaattcc 2880 attttaaaa aacgCagcaa gagaaaca t gt at gaaag aat gcgt aga
aggaaagaaa 2940 aatgtcgtcg acatgctgaa caacaagatt aatatgcctc cgtgtataaa
aaaaat ath @1538% Arg &0 a3l t gy ?%Bgé‘a"aég%lé(al &ﬂaﬁgcﬁé’ 8% 48 at gt acaggaagag
gcaaacgt ggttt

gtttatacta 3 aactgttaca tgt gccaagtgtg aaaaccgatg

2220
2280
2340
2400
2460
2520

acatcctcgc

tttaatcaag 3120 gctctgacgc atttctacaa ccacgactcc aagtgtgtgg gtgaagtcat
gcat ct Phet S%TSIB'O LyatAdaak c%% bty Ay Tyt Ase f{ggc"b/ac‘(?d Aty caaa aaat gaaaac
t gt cgacaa %240 ctctgtcc ttgctggcaa ctgcaagggt ctcaatccta tttgtaatta

ttgaataata 3300

ser Ser Arg His Thr Ile Pro Arg Tyr
145 150

GIn Pro Phe Ser Tyr His Ser
155 160

Phe Thr Pro Lys Pro val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro

165 170 175

Asn Asn Lys Arg Asn GIn Leu Trp Leu Arg Leu GIn Thr Ser Asn

180 185 190

Arg

val Asp His val Gly Leu Thr Ala Phe Glu Asn Ser Lys Tyr Asp
195 200 205

val Thr Glu phe

215

GIn Asp Tyr Asn Ile Arg Met Tyr val Gln Phe Arg
210 220

Asn Leu Lys Asp Pro Pro
225 230

Leu Lys Pro

<210> 6

<211> 233

<212> PRT

<213> Porcine circovirus

<400> 6
%et Thr Tyr Pro érg Arg Arg

Tyr Arg Arg Arg Arg His Arg Pro Arg
10 15

Ser His Leu Gly GIn Ile Leu Arg égg Arg Pro Trp Leu ¥81 His Pro
20
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aaacaatt at
catttgtagt
aatcattttc
t agacgccet t

aaatgctaaa tttgtttttt attaacgata caaaccaaac
attatctata attgaaaacg cgtagttata atcgctgagg
aaatgattca cagttaattt gcgacaatat aattttattt
gtcgtcttct tcttcgtatt ccttctcttt ttcatttttc

aattaacat a
t gt cat aaat
tgtaatttac
aatttatata

gttattatcg tatccatata tgtatctatc gtatagagta
atatatgtct tttttaat tgtatagt accgctgcgc
aacagtgcta ttttct 993§8¥F3%1r8 a gtgtgttget
at caat gaat ttgggatcgt cggttttgta caatatgttg
acgenn i s Arg tTor A0t T ACa AcGidyaitAst tGlyt BlgcBiy asrcdbyaitrua
ccaaaat gt gt acgaaccg tt aé Caaaa acagt t caﬁ tccecttttct
ctgcgagcag ttgtttgttg ttaaaaataa cagccattgt aat gagacgc
at chetngaciirganathgt Gty ayrc aht aphtlyagtlagirgatr ¥akabggaga
gataacé tc tcgcaaat aa aiaagtattt tactg?dttc gt aacagttt
aaacctataa atattccgga ttattcatac cgtcccacca tcgggcgcgg
cagEggéetgfrrgqgaataﬂ Mmgetarga?he?satﬂ@aw sy gbetvahic
gacﬁ cgccc ccgcagcec cttggccaga t étccgccg ccgccc@@gg
cccgccaccg ctaccgttgg agaaggaaaa atggcatctt caacacccgc
cct Pogfea &1y &y @lyaty 4ot ma&aget cdearrogeie Gtwayggycy
tgagatttaa tattdacgac tttgttccc chggaggggg gac@éaoaaa
cctttgaata ctacagaata agaaaggtta aggttgaatt ctggccctgc

cccarpngigary aiggg@éIgltsg YAjc G abe gre tRyb tGyst 8er aﬁﬂgatmac
7 34816-d pi 28¥25 aggccacagcl®rtaacctat gaccé

gcaacaagaa
taatatttaa
t cacat aaac
t cct cat aaa
aattttttgt
atagtttttc
ttaattatta
ccggcat agt
acataacttt
atact att gt
acaaact aat
t aat t aaaat
t gt aat aaaa
at cagatctg
cgcagaagaa
ctcgt ccacc
ctctcccgea
gt ggacat ga
atctctat ac
tcccccat ca
tttgtaacaa

3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560 Page

atg taaactactc ctcccgccat

acaatccccc 4620 aacccttctc ctaccactcc cgttacttca cacccaaacc tgttcttgac

t ccabt aix
acct ct agaal#740 1

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

Ile Pro GIn Pro

150

Ser His Thr

145

Ser Arg Phe igg Tyr His Ser Arg I%S

Phe Thr Pro Lys Pro val Leu Asp Ser Thr Ile Asp Tyr Phe g;g Pro

165 170

Asn Asn Lys Arg Asn GIn Leu Trp Leu Arg Leu Gln Thr Ser Arg Asn
180 185 190

val Asp His val Gly Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp
195 200 205

val Thr Met Arg Glu Phe

215

Gln Asn Ile

Asp Tyr

Ar
210 g

Tyr val Gln Phe
220

Pro Leu Glu Pro

230

Asn Pro

225

.Leu Lys Asp

<210> 7

<211> 756

<212> DNA

<213> Artificial

<220>
<223>

This sequence is from porcine circovirus type 2, open reading

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

Page 4
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at gt ggacca cgt aggcct c ggcact gcgt tcgaaaacag taaat acgac
atatccgtgt aaccatgtat gtacaattca gagaatttaa tcttaaagac
aaccctaaga attctatcac tagtgaattc gcggccgccg gccgcetccag
ggt acccggg atcctttcct gggacccggce aagaaccaaa aact cact ct
atccgtaatg ttaaacccga cacgatgaag ctt g at ggaaagg
tacaggg cf t ggacccg cttcatggaa ¢ @%g T<Ccattgttaa

caggact aca
cccccacttg
aatt ct agaa
ctt caaggaa
aaaagagttc
cgaccaagaa

gt gat g@agdichddot gt @até g;tgeee&@a&gg t@&fcssggacgg%ge@%eg aagaabol t aGoaa

ttcctg

ccc aaca%{%ct ct
at cgt cGAYFICTSc

A s eV e A e S

cccgactatg tacctcat&%cggtcgattagg

990990@@&hc&ﬁﬁCﬂﬁbﬁ@ma@&@Q@kﬁﬁ@@gé&&gﬁﬂﬁ&ﬁﬁc@&ﬁéﬁQQG&&nSQﬁaC@thC

tcatc ga gaacttctac aagcccatcg tttacatcg

atcgat c
gct gaaég’gqgaﬁadﬁa% T99€ JRFEAFAEES 2ERCOE LGt G999 h JIOA

taccgact ct

98thgt t4*9ca

ccagacggadtedrat gheqett Qﬁtﬁé&G@ gé@gbé’@ﬂ%a@ﬂﬁb@&%&a&a&é@t t aggbac

atttattaag cgctagattc tgtgcgtt gatttacag acaattgtt

tacgtatttt

aat aat { E‘Eﬂaafaﬁai‘ctaﬁ%ﬁt&a%taéﬁﬂq 5"&{3 QF%P%ﬁcﬁt B CHRAGEG FASCR RS aat Pt t
t cagcyiceddgthathaddabdgd idreaitigit gt@rtEGlgCaFatalat tdgbiatadant agQot t

cgattagttt caaacaagg

t cgct c 8852 EcERRSa AT 97 gféé%lt&éﬂ'a AAGAGE A gL I

ttgtttttcc gaaccgatgg ctagggété?%%cgagt gtg‘%%)tt
ga c

gttt gt @bddect@lddcBlRRcl 33O hED caGlhedy! frtnRitdlchetft6aCt L tshgt a

tttctttcat cactgtcgtt agtgtacaat tgactcgacg taaacacgtt

aaataaag ct

t ggacatratitceaRacEABERAGAR FREFARERT C’E‘tt@%t&@gﬁﬂ?tg‘%@@ﬁﬁt%gﬁ@agﬁfcgt @
ccct cglyegtactRG2BPhEGeq atcfaeg%%a%& g dtdCoAat RRIES YgRERcAHICClabt a

attgtgtcgg ctaacacgtc cgc aaa tttgtagttg agctttttgg

aattatttct

gat t gc@'@"g‘@t@‘ta?t %@@@@Gg‘gggmr@m geattéa@attgt H@aReAG8E (CCFIEFIIAT agd@fac
acgt t ageaaa et 9t Gt AQAEAALE jgagat ttcag acggcaaat ¢ tact agtsggce

ggcggt ggt g gagctgatga taaat ctacc atcggtggag gcgcaggcgg ggctggcggc
<210> 8
<211> 10387
<212> DNA
<213> Artificial
<220>
<223> This is the porcine circovirus type 2, ORF2 construct, which

includes baculovirus and pGEM T-easy cod1ng sequences.

<400> 8
aagctttact cgtaaagcga gttgaaggat catatttagt tgcgtttatg agataagatt 60
gaaagcacgt gtaaaatgtt tcccgcgcgt tggcacaact atttacaatg cggccaagtt 120
ataaaagatt ctaatctgat atgttttaaa acacctttgc ggcccgagtt gtttgcgtac 180
gtgactagcg aagaagatgt gtggaccgca gaacagatag taaaacaaaa ccctagtatt 240
ggagcaataa tcgatttaac caacacgtct aaatattatg atggtgtgca ttttttgcgg 300
gcgggcctgt tatacaaaaa aattcaagta cctggccaga ctttgccgcc tgaaagcata 360
gttcaagaat ttattgacac ggtaaaagaa tttacagaaa agtgtcccgg catgttggtg 420
ggcgtgcact gcacacacgg tattaatcgc accggttaca tggtgtgcag atatttaatg 480
cacaccctgg gtattgcgcc gcaggaagcc atagatagat tcgaaaaagc cagaggtcac 540
daaattgaaa gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc 600
tttaacaaat actttatcct attttcaaat tgttgcgctt cttccagcga accaaaacta 660
tgcttcgctt gctccgttta gecttgtagcc gatcagtggc gttgttccaa tcgacggtag 720
gattaggccg gatattctcc accacaatgt tggcaacgtt gatgttacgt ttatgctttt 780
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4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300



ggaggcggag gcggaggtgg tggcggt gat gcagacggcg gtttaggctc aaatgtctct 6360
ttaggcaaca cagtcggcac ctcaactatt gtactggttt cgggcgccgt ttttggtttg 6420 Page

8 34816-cl P1. ST25 accggtctga gacgagtgcg atttttttcg tttctaatag cttccaacaa

ttgttgtctg 6480 tcgtctaaag gtgcagcggg ttgaggttcc gtcggcattg
cggcaattca 6540 gacatcgatg gtggtggtgg tggtggaggc gctggaat gt
agaaggt ggt 6600 ggcggcggtg cc @%_gta a? ttgttct ggtttagttt
gattgtgggc 6660 accggcgcag gcg éﬁﬁzdﬂ' cacaacg gaaggtcgtc
caggrett@ac @taytcger @9d@ggenaatdgeaddaal tcgbirgtid Bagegcaeaaat @go
tatgggcatt 6780 ?taatttcgc tatcgtttac cgi ccgata tttaacazgﬁ
agc AP tHICAC F89YF 9T G CASHGhT 9at oG A ER G U ¥ §EPAERA g at

at t ¢dakeddtat @godhctadnytaddrghatd@gdgrgaatacigcsac hfttcagdtrgac gsa
ttgttgtcaa 6960 aaac tcgtt ggcaaqgcttt aaaatattta da%%aagi 5
o TR AITFCCTof BRAARTtAPEOTEET o0t AAPYG GEGBrdDegaig

t Cageaicha A886tgged Ge@ratdetanyttti@ht Yotdeghey tattchgaat aaaka
gattcatatc 7140 tacgattcgt catggccacc acaaatgcta cgctgcaaac
Ut t1CRETRAE T35 cangl SEcheaasrt CHRBCRESAT (oL Tt D 28I RO A dl
aaogfrgétdgdt 638Ehtchdd hedaggtRigCRADELEES ttE@Fata tattcetditgcagea
gcgcacaatt 7320 ttaacgctga cgaaataaaa gttcaccagt taatgagcga
Dt (SHEAGPTAEC BIRTFCOTS ATYACHACI HABTETS Ot AEE hH gt ieh)

at t gretth€g 446 ctatPgtdthaddcat Hrdgfaret TataraddARgdhtesa@RICtBLE
gttagcaata 7500 ttaftagaca gct gctcaacg atttgcacaa

tgt gaa gc
at a9gtEagt ?BWQC%%PEE%&%&%%&%%%E%Q C9995094% EEE}ta%Fg?éact%%
ot tdgdepthba G6EdyggaclgedticgtdpaCnbeiyedAaaat§AC ttdrage@itgCcaqga

G N R O S RO L
gcgfg('sgfag«ﬁfg A2e3r9 g g g gcgacg
ccttggccac gaaccggacc tgttggtcgc gctctagcac gtaccgcagg ttgaacgtat 1560
cttctccaaa tttaaattct ccaattttaa cgcgagccat tttgatacac gtgtgtcgat 1620
tttgcaacaa ctattgtttt ttaacgcaaa ctaaacttat tgtggtaagc aataattaaa 1680
tatgggggaa catgcgccgce tacaacactc gtcgttatga acgcagacgg cgccggtctc 1740
ggcgcaagcg gctaaaacgt gttgcgecgtt caacgcggca aacatcgcaa aagccaatag 1800
tacagttttg atttgcatat taacggcgat tttttaaatt atcttattta ataaatagtt 1860
atgacgccta caactccccg cccgegttga ctcgectgcac ctcgagcagt tcgttgacge 1920
cttcctccgt gtggccgaac acgtcgagcg ggtggtcgat gaccagcggc gtgccgcacg 1980
cgacgcacaa gtatctgtac accgaatgat cgtcgggcga aggcacgtcg gcctccaagt 2040
ggcaatattg gcaaattcga aaatatatac agttgggttg tttgcgcata tctatcgtgg 2100
cgttgggcat gtacgtccga acgttgattt gcatgcaagc cgaaattaaa tcattgcgat 2160
tagtgcgatt aaaacgttgt acatcctcgc ttttaatcat gccgtcgatt aaatcgcgca 2220
atcgagtcaa gtgatcaaag tgtggaataa tgttttcttt gtattcccga gtcaagcgca 2280
gcgcgtattt taacaaacta gccatcttgt aagttagttt catttaatgc aactttatcc 2340
aataatatat tatgtatcgc acgtcaagaa ttaacaatgc gcccgttgtc gcatctcaac 2400
acgactatga tagagatcaa ataaagcgcg aattaaatag cttgcgacgc aacgtgcacg 2460
atctgtgcac gcgttccggc acgagctttg attgtaataa gtttttacga agcgatgaca 2520
tgacccccgt agtgacaacg atcacgccca aaagaactgc cgactacaaa attaccgagt 2580
atgtcggtga cgttaaaact attaagccat ccaatcgacc gttagtcgaa tcaggaccgc 2640

Page

6

gt ggagcggg
taggcacggg
gtt cgcgcac
t gctt cgagg
aaaaat ct gc
gct caat gt a
aagccttttc
cat gt at gct
tctgttcagc
at cgacacgt
agattgtaca
gct ggt acaa
gcgctttgge
aacaatttcg
ccacccaaat
gat ggact ac
gt accaactt
gcacaatttc
t cgcgt gt at
cggcacgttg
t gact ggt ac



7800
7860
7920
7980
8040
8100
8160
8220
8280

aacat acaag ttgctaacgt aatcatggtc atagctgttt cctgtgtgaa
gct cacaatt ccacacaaca tacgagccgg aagcat aaag tgtaaagcct
at gagt gagc taactcacat taattgcgtt gcgctcaatg cccgetttcc
cctgtcgtgc cagctgcatt aatgaatcgg ccaacgcgcg gggagaggcg
t gggcgctct tccgecttcct cgcetcactga ctcgetgege tcggtcegttc ggetgecggeg
agcggt at ca gctcactcaa aggcggt aat adgpg-cagicsTamcagaat cag gggat aacgce
aggaaafasiacalat 8erseeanag dg§eeaata IattgtRIGagrytatagegt taactcatyc gt t
9C! 990 QbidegtiRCGAUGCah RITRAEEE LORGHAYC A cERRARAARL A PRCOCH ABA0
t cagaggl gg cgaaacccga caggact ata aagataccag gcgtttcccc Ctggaagctc
cct cgt gegtoreacc taagt eqata gacedngte tacatagaogeuatt taot gragarfteee t t 2428cc
9 348165l a1 1 g t ¢Lgta tatctcagtt
cggt gt gagttgé%foogétg (S]tttggg g#g%&ggg%:t g%%g%étt&t g‘%aéﬁa’%%gg %g%gagc%%t t £u(%zgl)gc ccgacc

gctgcg @attttsaa@oaacat:wggtmeaatcam fortogepagglayoagiaos aggeassgataclYPlct t at cgce
cact gg 3 t c gc t gct acag
agttct f(é ggggc 5 Oacagg &gggg%g{:a g‘@?g%g%%?ctgcg%?%%gg a%gg&atg{t%t t 3dgibgt at ctgcg
ct ct gcegegatBa@0aaggaega tmccqgmcg gacustatayaataggepdag artrtatagta cc3fcaaacaaa
ccaccg 0 o gc aaaaaaag
gat ot canodShdo kA RE Ptedbde blblo g IREAREE ARl e aaac
cacgtt aagagcgmoutgatacaa gg:acga&tgagmmagtggamaggat gratcatta ag3l:8100 cttttaa
att aaa 0 t t f t gacagtt
ccan: aerrebtomdipidh A28 GEarh el Rt BLALRLAT PRREH J0 0 ocar ag
t t gcct gactgte@AOttoctagrga (Igugaalgagat:amttact@gatttgtma ggaptiab e C a310©t ggcccca

attgttatcc
ggggt gcct a
agt cgggaaa
gtttgcgt at

8340 Page

gt get gié‘féaag%g aaaQ LAGSE9%Y &%&%@&%%at%a& 9&%%8 %%ggéat%gﬂ cas aat aaacc

agccagccgg gggccgay cgcagaagty gtcctgcaac atccgcc catccagt

CtaIt:aaatq;g€HUROattatctata attgaaaacg cgtagttata atcgctgagg taatatttaa 3420
aatcattttc aaatgattca cagttaattt gcgacaatat aattttattt tcacataaac 3480
tagacgcctt gtcgtcttct tcttcgtatt ccttctcttt ttcatttttc tcctcataaa 3540
aattaacata gttattatcg tatccatata tgtatctatc gtatagagta aattttttgt 3600
tgtcataaat atatatgtct tttttaatgg ggtgtatagt accgctgcgc atagtttttc 3660
tgtaatttac aacagtgcta ttttctggta gttcttcgga gtgtgttgct ttaattatta 3720
aatttatata atcaatgaat ttgggatcgt cggttttgta caatatgttg ccggcatagt 3780
acgcagcttc ttctagttca attacaccat tttttagcag caccggatta acataacttt 3840
ccaaaatgtt gtacgaaccg ttaaacaaaa acagttcacc tcccttttct atactattgt 3900
ctgcgagcag ttgtttgttg ttaaaaataa cagccattgt aatgagacgc acaaactaat 3960
atcacaaact ggaaatgtct atcaatatat agttgctgat atcatggaga taattaaaat 4020
gataaccatc tcgcaaataa ataagtattt tactgttttc gtaacagttt tgtaataaaa 4080
aaacctataa atattccgga ttattcatac cgtcccacca tcgggcgcgg atcagatctg 4140
cagcggecge gggaattcga tccgccatga cgtatccaag gaggcgttac cgcagaagaa 4200
gacaccgccc ccgcagccat cttggccaga tcctccgecg ccgeccctgg ctcgtccacc 4260
cccgeccaccg ctaccgttgg agaaggaaaa atggcatctt caacacccgc ctctcccgca 4320
ccttcggata tactgtcaag gctaccacag tcacaacgcc ctcctgggcg gtggacatga 4380
tgagatttaa tattgacgac tttgttcccc cgggaggggg gaccaacaaa atctctatac 4440
cctttgaata ctacagaata agaaaggtta aggttgaatt ctggccctgc tcccccatca 4500
cccagggtga taggggagtg ggctccactg ctgttattct agatgataac tttgtaacaa 4560
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agttaatagt ttgcgcaacg ttgttgccat
gtttggtatg gcttcattca gectceggttc
catgttgtgc aaaaaagcgg ttagctcctt
ggccgeagtg ttat cact ca.

ctgtcatgcc atccgtaaga tgcttttctg tgactggtga
gt act caacc aagtcattct gagaat agt t gcggcga ccgagttgcet cttgececgge
gt caat acgg gat aat accg cgccacaté%BigégﬁggT 2 aaagt gctca tcattggaaa
acgtaggddacgpcd aoragaatad Cgdcctaraag Fahactht ac egicgedat gR@atceac gt uezmt gt a
acccactcg_t cacccaactggatcttcagc atcttttact ttcaccagﬁg tttg ggt g
agc 8RS E S G oATIRT S S BTG SRS BARYy JHFC R R g aaEILd ggd&et gt t g
aat aﬂ:faft&tﬁcaCh(ﬁahEﬁattadah@@atﬁfabdtﬁtbgt&aﬂfg’gﬁ:’tadaatmg@@fgha at wgdcct cat
gagcg at ac atattt%% ggtatttagaa aaat aaacaa atqgg gttc cg cacatt
{ o0 CLOIASEAQF HFR0ATIE PR HOEPE A5 HPAACHIF LA £ CORE (HDBEAL? 1 adBlH at
a?ahw&@?igtaﬁﬁgmg%ﬁ@iit&ﬁ?bﬁﬁa&gﬁ?fg%ﬁttbﬁa?gt@.@E&'tf[igg gt ggenacct
ct gacaca cce acggt cac agc c aa atg ccgggagcag
acadfetatoacy géﬁegtta@g@égg@mj@gﬁcg 8 g%ég’?ﬁ‘@gat tg at gc

QQC@bﬁﬂﬂa@ngHﬂfc@ngg@@a@@é gﬁéaa@eﬁaah&&@&&et@%aﬁg@@a cgegsagat g
10 34816-ci pl. sT25

tt gccgggaa
t gct acaggc
ccaacgat ca
cggt cctccg
agcact gcat

gct agagt aa
at cgt ggt gt
aggcgagtta
atcgttgtca
aattctctta

gt agttcgcc
cacgctcgtc
cat gat cccc
gaagt aagt t

9240
9300
9360

tggttatggc 9420

9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200 Page

cca ttcgeccattc aggctgcgca

a_aaataccgca tcagg
act @f?f@@@%{tgmt?éecccgg g%f@%ﬁ%gbgg Gregayec a"t‘-f’ﬂi‘iaég aégi‘gaé(’fﬁﬁcaa%og gcgaaagggg
gat ¢heHpgesaal OFdfacrg I eRlghda aBtdgdbedcaacat8§aa8 dhtcdagascagigrn cgacgttgta
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A oty Prhrecttgt oUcancaty Cotcccacta gacceaatts trgttacass . 5160
ttcctggccc aacacgctct gecgttgcgac cccgactatg tacctcatga cgtgattagg 5220
atcgtcgagc cttcatgggt gggcagcaac aacgagtacc gcatcagcct ggctaagaag 5280
ggcggcggct gcccaataat gaaccttcac tctgagtaca ccaactcgtt cgaacagttc 5340
atcgatcgtg tcatctggga gaacttctac aagcccatcg tttacatcgg taccgactct 5400
gctgaagagg aggaaattct ccttgaagtt tccctggtgt tcaaagtaaa ggagtttgca 5460
ccagacgcac ctctgttcac tggtccggcg tattaaaaca cgatacattg ttattagtac 5520
atttattaag cgctagattc tgtgcgttgt tgatttacag acaattgttg tacgtatttt 5580
aataattcat taaatttata atctttaggg tggtatgtta gagcgaaaat caaatgattt 5640
tcagcgtctt tatatctgaa tttaaatatt aaatcctcaa tagatttgta aaataggttt 5700
cgattagttt caaacaaggg ttgtttttcc gaaccgatgg ctggactatc taatggattt 5760
tcgctcaacg ccacaaaact tgccaaatct tgtagcagca atctagcttt gtcgatattc 5820
gtttgtgttt tgttttgtaa taaaggttcg acgtcgttca aaatattatg cgcttttgta 5880
tttctttcat cactgtcgtt agtgtacaat tgactcgacg taaacacgtt aaataaagct 5940
tggacatatt taacatcggg cgtgttagct ttattaggcc gattatcgtc gtcgtcccaa 6000
ccctcgtcgt tagaagttgc ttccgaagac gattttgcca tagccacacyg acgcctatta 6060
attgtgtcgg ctaacacgtc cgcgatcaaa tttgtagttg agctttttgg aattatttct 6120
gattgcgggc gtttttgggc gggtttcaat ctaactgtgc ccgattttaa ttcagacaac 6180
acgttagaaa gcgatggtgc aggcggtggt aacatttcag acggcaaatc tactaatggc 6240
ggcggtggtg gagctgatga taaatctacc atcggtggag gcgcaggcgg ggctggcgge 6300
dggaggcggag gcggaggtgg tggcggtgat gcagacggcg gtttaggctc aaatgtctct 6360
ttaggcaaca cagtcggcac ctcaactatt gtactggttt cgggcgccgt ttttggtttg 6420



<213> Porcine circovirus
Arg H's Hs Pro 1ro Ser
<213> Porcine circovirus
Asn Ay Ile Phe Asn Thr

<400> 9 Ser Tyr Pro Arg Arg Arg Tyr Arg Arg i @
Hs Leu Ay G n 20 <210> 10 <211> 19 <212> PRT
<400> 10 Pro Arg His His Tyr Arg Pro Arg Arg Lys
15 10 15 Thr Leu Ser <210> 11 <211> 233 <212>

PRT <213> Artificial <220> <223> %yj; éﬂ%;lﬂ no acid sequence for
por ci ngc 'E@L%‘é' jaié§a§t£9§ a%tttt@@@ntf e 19”&? céa tig&f%ic Mfgo Thr Tyr Pro
Arg Arg Arg Hs Arg Pro A Ser Hs Leu Gy

an Il éCSLTé a%BgQWFQQCAE’@ tPﬂ%Qg'fF‘if- awg%ntgmtggwcsgmgg@axeca Arep4hi s Arg Tyr

Arg Tr BadtlodtyUotiglitodss tibdoghdRt FEQoaStYt HHgglYgg agaaggtggt 6600
ggcggeggtg ccgccggtat aatttgttct ggtttagttt gttcgcgcac gattgtgggc 6660
accggcgcag gcgecgctgg ctgcacaacg gaaggtcgtc tgcttcgagg cagcgettgg 6720
ggtggtggca attcaatatt ataattggaa tacaaatcgt aaaaatctgc tataagcatt 6780
gtaatttcgc tatcgtttac cgtgccgata tttaacaacc gctcaatgta agcaattgta 6840
ttgtaaagag attgtctcaa gctcgccgca cgccgataac aagccttttc atttttacta 6900
cagcattgta gtggcgagac acttcgctgt cgtcgacgta catgtatgct ttgttgtcaa 6960
aaacgtcgtt ggcaagcttt aaaatattta daagaacatc tctgttcagc accactgtgt 7020
tgtcgtaaat gttgtttttg ataatttgcg cttccgcagt atcgacacgt tcaaaaaatt 7080
gatgcgcatc aattttgttg ttcctattat tgaataaata agattgtaca gattcatatc 7140
tacgattcgt catggccacc acaaatgcta cgctgcaaac gctggtacaa ttttacgaaa 7200
actgcaaaaa cgtcaaaact cggtataaaa taatcaacgg gcgctttggc aaaatatcta 7260
ttttatcgca caagcccact agcaaattgt atttgcagaa aacaatttcg gcgcacaatt ' 7320
ttaacgctga cgaaataaaa gttcaccagt taatgagcga ccacccaaat tttataaaaa 7380
tctattttaa tcacggttcc atcaacaacc aagtgatcgt gatggactac attgactgtc 7440
ccgatttétt tgaaacacta caaattaaag gcgagctttc gtaccaactt gttagcaata 7500
ttattagaca gctgtgtgaa gcgctcaacg atttgcacaa gcacaatttc atacacaacg 7560
acataaaact cgaaaatgtc ttatatttcg aagcacttga tcgcgtgtat gtttgcgatt 7620
acggattgtg caaacacgaa aactcactta gcgtgcacga cggcacgttg gagtatttta 7680
gtccggaaaa aattcgacac acaactatgc acgtttcgtt tgactggtac gcggcgtgtt 7740
aacatacaag ttgctaacgt aatcatggtc atagctgttt cctgtgtgaa attgttatcc 7800
gctcacaatt ccacacaaca tacgagccgg aagcataaag tgtaaagcct ggggtgccta 7860
atgagtgagc taactcacat taattgcgtt gcgctcactg cccgctttcc agtcgggaaa 7920
cctgtcgtgc cagctgcatt aatgaatcgg ccaacgcgcg gggagaggcg gtttgegtat 7980
tgggcgctct tccgcttcct cgctcactga ctcgctgege tcggtcgttc ggctgcggeg 8040
agcggtatca gctcactcaa aggcggtaat acggttatcc acagaatcag gggataacgc 8100
aggaaagaac atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa aggccgcgtt 8160
gctggcgttt ttccataggc tccgcccccc tgacgagcat cacaaaaatc gacgctcaag 8220
tcagaggtgg cgaaacccga caggactata aagataccag gcgtttcccc ctggaagctc 8280
cctecgtgege tctectgttc cgaccctgec gcttacggg: ;acctgtccg cctttctcec 8340



35 40 45 Leu Ser Arg Thr Phe Ay Tyr Thr Val Lys Ala Thr Thr Val Arg Thr
Page 11 WD 2006/ 072065 PCT/ US2005/ 047596 34816-ClI P1.sT25 50 55 60 Pro ser
Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp Phe vVal 65 70 75 80 Pro
Pro Gy Gy Ay Thr Asn Lys Ile ser Ile Pro Phe Gu Tyr Tyr 85 90 95 Arg

Ile Lys Lys Val Lys Val G u Phe Trp Pro cys ser Pro Ile Thr 100 105 110 G n
Gy Asp Arg Ay Vval Ay Ser Thr %gq{a ks Leu Asp Asp Asn 115 120 125
Phe Val Thr Lys Ala Thr Ala Leu % Pro Tyr Val Asn Tyr 130 135 140
ser tseggodagr bitgocdewttl ¢1EaEHgntGamg¢:irgma§d1eaﬁmtagIE;trcgﬁtgtﬁgt ABgoOlyr 145 150 155
160 e Thr Pr Va Le Ser Thr_| r Gn Pro 165 170
175 TR e 2895S 9%{3 Focty? Bégmffgt‘i_&?%%“fe%“écﬁmﬁr Arg Asn 180

185 ateéygvadc Asyrgtiixg\Vagtcdayct eygtddgycadpaddtatddeecddtygodgn Sa862d | e Tyr Asp 195

ggg aég%ctggt aacaBga%a gcagagclggg Aﬁ:gtg\{aggchgtgctgca-gl;-yagttcétgga Ig?go Arg Gu Phe 210
gtggtggcct aactacggct acactagaag gacagtattt ggtatctgcg ctctgctgaa 8640
gccagttacc ttcggaaaaa gagttggtag ctcttgatcc ggcaaacaaa ccaccgctgg 8700
tagcggtggt ttttttgttt gcaagcagca gattacgcgc agaaaaaaag gatctcaaga 8760
agatcctttg atcftttcta cggggtctga cgctcagtgg aacgaaaact cacgttaagg 8820
gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa attaaaaatg 8880
aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacagtt accaatgctt 8940
aatcagtgag gcacctatct cagcgatctg tctatttcgt tcatccatag ttgcctgact 9000
ccccgtcgtg tagataacta cgatacggga gggcttacca tctggcccca gtgctgcaat 9060
gataccgcga gacccacgct caccggctcc agatttatca gcaataaacc agccagccgg 9120
aagggccgag cgcagaagtg gtcctgcaac tttatccgcc tccatccagt ctattaattg 9180
ttgccgggaa gctagagtaa gtagttcgcc agttaatagt ttgcgcaacg ttgttgccat 9240
tgctacaggc atcgtggtgt cacgctcgtc gtttggtatg gcttcattca gctccggttc 9300
ccaacgatca aggcgagtta catgatcccc catgttgtgc aaaaaagcgg ttagctcctt 9360
cggtcctccg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca tggttatggc 9420
agcactgcat aattctctta ctgtcatgcc atccgtaaga tgcttttctg tgactggtga 9480
gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttgct cttgcccgge 9540
gtcaatacgg gataataccg cgccacatag cagaacttta aaagtgctca tcattggaaa 9600
acgttcttcg gggcgaaaac tctcaaggat cttaccgctg ttgagatcca gttcgatgta 9660
acccactcgt gcacccaact gatcttcagc atcttttact ttcaccagcg tttctgggtg 9720
agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac ggaaatgttg 9780
aatactcata ctcttccttt ttcaatatta ttgaagcatt tatcagggtt attgtctcat 9840
gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc cgcgcacatt 9900
tccccgaaaa gtgccacctg acgtctaaga aaccattatt atcatgacat taacctataa 9960
aaataggcgt atcacgaggc cctttcgtct cgcgcgtttc ggtgatgacg gtgaaaacct 10020
ctgacacatg cagctcccgg agacggtcac agcttgtctg taagcggatg ccgggagcag 10080
acaagcccgt cagggcgegt cagcgggtgt tggcgggtgt cggggctggc ttaactatgc 10140
ggcatcagag cagattgtac tgagagtgca ccatatgcgg tgtgaaatac cgcacagatg 10200
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Asn Leu Lys Asp Pro Pro Leu Lys Pro 225 230 Page 12 Wiat is clainmed is: 1. A
nmet hod of recovering reconbi nant protein expressed by open reading frame 2
of PCV2 conprising the steps of: A) cloning said reconbi nant open readi ng
frame 2 fromPCV2 into a transfer vector; B) transfecting the portion of
said transfer vector containing said reconbinant open reading frame 2 into
a virus; C) infecting cells in medjgewith $3kd virus; D) causing said virus
to exptgasgddae fueicyn fcéay@?tfy@iadtﬂ;@e&trt@@és;%@cgéd’ abeytdggda) ®eBarating cells
fromsaid vector fromthe supenmate; and Q recoveri nq: sal d exEressed open

r eadi nBPHPFEHEY FHRFMOET CFW%&F& AIGAATES 9222999 IRELHEI O 18P m 1, wherein
sai d neddaoghtiardghegogtaic kyetagodtteriticeqyted cgargtchta/ ahsgaagdt omeBor eadi ng frane
2 froma strain of PCV2 prior to cloning said open reading frame into said
transf 819%€ctor. 3. The method of claim!| or 2, wherein saitP3Béconbi nant
open reading frame 2 further conprises a sequence selected fromthe group
consi st419y & a 5 Kozak's sequence, a 3' EcoR | site, and conbinations
thereoﬁﬁg. 2 he method of claim3, wherein said 5 Kozak's sequence
conpr i 83> Skkerdille MNGeovlirustO7 5. The nethod of claim 3, wherein said 3" EcoRl
site cg4r(r)18£i sées SEQ I D NO 2.

Ser Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His His Pro Pro Ser
1 5 10 15
His Leu Gly Gln

20

<210> 10

<211> 19

<212> PRT

<213> Porcine circovirus

<400> 10
Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly ITe Phe Asn Thr
1 5 10 15

Thr Leu Ser

<210> 11
<211> 233
<212> PRT
<213> Artificial

<220>

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

<400> 11

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

1 5 10 15

Ser His Leu Gly Gin Ile Leu Arg Arg Arg Pro Trp Leu val His Pro
20 25 30

Arg His égg Tyr Arg Trp Arg ggg Lys Ash Gly Ile Z?e Asn Thr Arg

Leu Ser Arg Thr Phe Gly Tyr Thr val Lys Ala Thr Thr val Arg Thr
Page 11



6. The nethod of any one of clains | to 5 wherein said PCV2 open reading
frame conprises SEQID NO 4. 7. The nethod of any one of clains | to 5,
wherein said reconbi nant protein conprises SEQ ID No: 6. 8. The method of
any one of clainms | to 6, wherein said nedia conprises serum free insect
cel | mediwo 28s6/07d0es met hod of any one of clains | to 8 PANGI200S04T5061pr i Si Ng
the steps of: i) prior to step A cloning said anplified open reading frane
2 into a first wvector; ii) exc38ilegIBhisizbpen reading frane 2 fromsaid
first vi¥tor; and iii)>using said excPled open reading frame 2 in step A
10. The nethod of any one of clains Ito 9, wherein said cells conprise SF+
cel Irso set1TrpThila wEt Aopl Mef MemyArgneheoAsrciide msp lasp Ph@, valai d virus conpri sing
bac®ovirus. 12. TK® nethod of any7®ne of claims 18%0 11, wherein said
transfected portion conprises SEQID NGO 4. 108 13. The nethod of any one
of drairme d1yt @yl&ly whemnsn nysaild nle eaaliphg dloarye Byr protein i s recovered
in said supernat®at least 5 day® after infectiny the cells with said
virus. 14. A nethod of preparing a conposition for invoking an immune
respegsHe 1agaLyssvalPGYR vataild rhet hdpooaps issr rrgotile ®ireps of @ i) transfecting
a construct iHO a virus, sai¥3construct conggpsi ng reconbinant DNA from
open reading frame 2 of PCV2; ii) infecting cells with said transfected

Vi r 3n @§iAbpcalg 61 oeanNG1y rsed ThiroaAtahvalrelé agu iAsp )Aspaashi ng said virus to
express thesreconbi nant pridPein from sai d1dpen

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

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

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

Asn Asn Lys Arg Asn GIn Leu Trp Leu Arg Leu GIn Thr Ser Arg Asn
180 185 190

val Asp His val Gly Leu Gly Thr Ala Phe Glu Asn Ser Ile Tyr Asp
195 200 205

GIn Asp Tyr Asn Ile Arg val Thr Met Tyr val GIn Phe Arg Glu Phe
210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro
225 230

Page 12



reading frame 2; iv) recovering said expressed open reading frame 2 protein
in the supernate; and v) conbining said recovered protein with a suitable
adj uvant or other pharnaceutically acceptable carrier or excipient. 15. The
met hod of claim 14, wherein said nethod further includes the step of
obtaining said construct froma transfer vector. 16. The nethod of claim 14
or 15, wherein said nethod further includes the step of anplifying said
open readi ngWhatisslapngdrism a strain of PCV2 prior to cloning said open
reading frane 2 into said transfer vector. 109 17. The nethod of any one of
clains 14 toli16, Arethedef setoveringcenvbibinent projsarexpressgd bk @pén rgadin@fréae t her
conpri ses a sequence selected fromthe group consisting of a 5 Kozak's
sequence, a 3'of ECY¥Rcomprising thaistepsarfbi nati ons t hereof. 18. The nethod of claim
17, said 5 Kozak's sequence conprising SEQ ID No: 1. 19. The nethod of
claim 17, said 3'"AEcOoR si tlnngnpidireiondin8m@pebrebiding ram2Q.frofhBCHR2itod of any
one of clains 14 to 19, wherein said PCV2 open reading frane 2 conprises
SEQ ID NO 4. 21. The net hadrandferarytogne of clainms 14 to 20, wherein said
reconmbi nant protein conprises SEQ ID NO 6. 22. The nethod of any one of
claims 14 to 21, pherein saafsfedtid ahe oSN SEGId GaTsBINESBEcInBsERE sael | nmedi a.
23. The nethod of any one of clains 16 to 22, further conprising the steps

of. i) cloning said anplifigthbaRAoper adiRg fhi@M8ntd avith a first vector; ii)
excising said open reading frame 2 fromsard first vector; and iii) using

sai d exci sed opencyeadi ng fif@iRs2elOh nfddiftkaldVis;sai d transfer

D) causing said virus to express the protein from said open reading
frame 2;
E) separating cells from said vector from the supernate; and
F) recovering said expressed open reading frame 2 protein in said
supernate.
2. The method of claim 1, wherein said method further includes 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 or 2, wherein said recombinant open reading frame 2
further comprises a sequence selected from the group consisting of a §' Kozak’s

sequence, a 3' EcoR1 site, and combinations thereof.

4. The method of claim 3, wherein said 5' Kozak’s sequence comprises SEQ ID

NO: 1.

107



vector. 24. The nethod of any one of clains 14 to 23, wherein said cells
conprise SF+ cells. 110 25. The nethod of any one of clains 14 to 24,
wherein said virus conprises baculovirus. 26. The nethod of any one of
claims 14 to 25, wherein said transfected construct conprises SEQ ID NO 4.
27. The nethod of any one of clains 14 to 26, wherein said open reading
frame 2 protein is recovered at |least 5 days after infecting said cells

wi th said vibrus. TRBmetlibreofiddiincdd whéremrsgidd Ecalf1 site abmpristd SEQ IRTNO:\vher ei n sai d
recovery step further conprises the step of separating said nmedia fromsaid
cells and cell debris. 29. The nethod of claim 28, wherein said separating
step includes the step of filtering said cells, cell debris, and growh

nedi a through a Thd methol@¥iaRg oROLESIalANGithY, whiteii Rl PCOMPBPHadAg45 M to
about 1.0 pM 30. The method of any one of clains 14 to 29, wherern said

net hod furt k@me cbiplidsdeBQlibaNGI£p of inactivating said virus prior to

conbi ning said recovered protein wth a suitable adjuvant. 31. A nethod of
recovering the protein expressed by open reading frame 2 from PCV2, wherein
said nethod includes the steps i) infecting cells in growh nedia with a
[ecomi nant ¥\ Lamy GEhOG orGROLAL B 0RiRa do APRACA B B hBHE Srokh! 1)
causing said vector to express sald protein’for at leas ays; and iii)

recovering id.ex .protein in the supemate. 32. The nmethod of claim
31, mherein%gg r“?%%@é@ﬁﬁﬁg’occurs at |east 5 days after

8. The method of any one of claims | to 6, wherein said media comprises serum-

free insect cell media.

9. The method of any one of claims 1 to 8, further comprising the steps of:
1) prior to step A, cloning said amplified open reading frame 2 into a first
vector;
i) excising said open reading frame 2 from said first vector; and

iii) using said excised open reading frame 2 in step A.

10.  The method of any one of claims 1 to 9, wherein said cells comprise SF+ cells.

11.  The method of any one of claims 1 to 10, said virus comprising baculovirus.

12.  The method of any one of claims 1 to 11, wherein said transfected portion

comprises SEQ ID NO: 4.
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infection of the cells with said viral vector. 33. A conposition of matter
obt ai ned by the nethod of any one of clains Ito 32. 34. The use of the
conposition of claim33 as a nmedi canent. 35. The use of the conposition of
claim33 for the preparation of a nedicanment for the prevention of a PCV2
infection. 36. A nethod for producing a diagnostic kit for the detection of
a PCV2 infection in a sanple which conprises i) producing a reconbi nant

protei n as rEexit egheinfeti®dyof@AAL ofd oftIAint¥sl o 120 whé@in saracbpieh}eaaa.glf@gierm said
reconmbi nant protein into a suitable container. 37. The nethod of claim 36,

further conpplbofin@ rdcbeersd BRaifsupdtfdisI G 1Bt 8Qaysi ahSt rn%ai}g)mg RRIRUAth wid h the
contai ner that packages the reconbi nant protein. 38. An immunogenic

conposi tion gffective for |essening the severity of clinical synptons
associated wth PCV2 infection conprising PCV2 ORF2 protein, or an 112

i rmunogeni ¢ portion thereof, wherein said i munogenic portion has at | east
10 contiguous amno acids from PCvV2 ORF2 protein. 39. The i nmunogenic

conposition cl ai m .38 {hereLn sai d PCV2 F2 protein. is i) a polypeptide
comor i ng t he seuUBHRe of PR Angmas g 50K % msetye SRR o’ "SEQ | b
NO 10 or SEQ ID NQY 11; ii) .an ol ypeptide that is at |east 80% honolog to
t he polypepti(‘igii‘é-;“S ﬁgb%f?dpﬁfOdéﬂépﬁﬁﬂ%ﬁﬁéﬁﬂ?@iportion of the pol ypeptides of
i) and/or ii) iv)_the immunogenic portion of iii),_ conprising at |east 10
contiguous am no) aci d@NEREING o PONPNich eiNe Gu e ssaisk CARUPIDCRIBPTISANE SEQ | D
recombinant DNA from open reading frame 2 of PCV2;
i) infecting cells with said transfected virus, said cells being in a growth
media;
iii)  causing said virus to express the recombinant protein from said open
reading frame 2;
iv) recovering said expressed open reading frame 2 protein in the
supernate; and

v) combining said recovered protein with a suitable adjuvant or other

pharmaceutically acceptable carrier or excipient.

15.  The method of claim 14, wherein said method further includes the step of

obtaining said construct from a transfer vector.
16.  The method of claim 14 or 15, wherein said method further includes 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.
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NO 6, SEQID No: 9, SEQ ID No: 10 or SEQ ID No: 11, v) a pol ypeptide that
is encoded by a DNA conprising the sequence of SEQ ID NO 3 or SEQ I D NO

4. vi) any pol ypeptide that is encoded by a pol ynucleotide that is at | east
80% honol og to the pol ynucl eotide of v), vii) any inmunogenic portion of the
pol ypepti des encoded by the polynucleotide of v) and/or vi) viii) the

i nmunogeni ¢ portion of vii), wherein polynucleotide coding for said

i mrunogeni ¢ portiThe nahpd bbay ate dfedaitns3@ 0Ol wWhereinssaidtecoebihardeper ncl uded
in the sequences of SEQ ID No: 3, or SEQID No: 4. 113 40. The i mrunogenic
conposi tion ehdiag @anme 238rtieer cSAprissh @ sejuenasedcted ipmsthé penp consistihgsf £conpri ses
an inactivated viral vector and cell culture supernate. 41. The i nmunogenic

conposi tion efKdzhidk B8hbhce ML ECOR SRl ghd dobirabigis@Reradfr al  vector is a
reconbi nant bacul ovirus coding for the PCV2 ORF2 protein. 42. The

i munogeni ¢ conposition of claim40 or 41, wherein said conposition
conprises BE!. 43. The i mrunogeni c conposition of claim42, wherein said

conposi tion gONDIYSREGHAPSHMM YA QR kaLhes s%é}uenw@orﬁmgwﬂm&qmosi tion

of any one of clains 39 to 43, wherein said ‘conposition conprises an
addi tional ingredient selected fromthe group consisting of carriers,
adj uvants, nedia, viral inactivators, diluents, isotonic agents,

i mmunonodul at gry ent . bi.gtics,, -and conbi nat.i o eof . 45. The
i mrunogeni ¢ g‘rrpo T’%tﬁ(bdo‘%nciﬁ"gilz‘is iﬂ% \l/:vﬁ@?lef'ﬁ CS%TPHS'%%%ZIW{OO% conprises an
adj uvant, preferably carbopol.

20.  The method of any one of claims 14 to 19, wherein said PCV2 open reading

frame 2 comprises SEQ ID NO: 4.

21.  The method of any one of claims 14 to 20, wherein said recombinant protein

comprises SEQ ID NO: 6.

22. The method of any one of claims 14 to 21, wherein said media comprises

serum-free insect cell media.

23.  The method of any one of claims 16 to 22, further comprising the steps of:
i) cloning said amplified open reading frame 2 into a first vector;
i) excising said open reading frame 2 from said first vector; and
iii)  using said excised open reading frame 2 for cloning into said transfer

vector.

24.  The method of any one of claims 14 to 23, wherein said cells comprise SF+

cells.
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46. The i munogeni ¢ conposition of claim45, wherein said conposition
conpri ses a pharnmaceutical acceptable salt, preferably saline. 47. The

i mmunogeni ¢ conposition of any one of clains 38 to 46, wherein said
conposition conprises at least 0.2 ncg/mM PCV2 ORF2 protein. 114 48. The

I munogeni ¢ conposition of any one of clains 38 to 46, wherein said
conposition conprises at least 2 g PCV2 ORF2 protein. 49. A contai ner
conprising at | east one dose of the imrunogenic conposition of any one of
clainms 38 to 47, wherein one dose conprises at |east 2 pg PCV2 ORF2
protein. 50.2A coreambbd GPERY bd BY clbiné 94 36 24deRiOaid REud BEHRIREENI C
conposition of any one of clains 38 to 47, wherein one dose conprises at

| east 2 g PCYufes. protein. 51. The container of clainms 49 or 50, wherein
said container further conprises an anti-mcrobiological active agent. 52.
A kit conprising a container of any one of clains 49 to 51 and an
instruction manual, including the information for the intramuscul ar

appt [ catt on 9 AnlcSaho PR, 4R28r Shink - TTNRGEN G0 ANROSL LfRelel ©

piglets to | eéSsening e sev Clinrcal np associ.a wi th PCV2

infection. 53. A ne recovering reconbi nant protein expressed by open
r eadi ng franﬁmngﬁﬁﬁééﬁgagg%ﬁprising the steps of: A) cloning said

reconbi nant open reading frame 2 fromPCV2 into a transfer vector; 115 B)
transfecting the portion of said transfer vector containing said

reconbi nant open reading frame 2 into a virus; o )
27.  The method of any one of claims 14 to 26, wherein said open reading frame 2

protein is recovered at least 5 days after infecting said cells with said virus.

28.  The method of any one of claims 14 to 27, wherein said recovery step further

comprises the step of separating said media from said cells and cell debris.

29.  The method of claim 28, wherein said separating step includes the step of
filtering said cells, cell debris, and growth media through a filter having pores ranging

in size from about 0.45 uM to about 1.0 uM.

30.  The method of any one of claims 14 to 29, wherein said method further
includes the step of inactivating said virus prior to combining said recovered protein

with a suitable adjuvant.

31. A method of recovering the protein expressed by open reading frame 2 from
PCV2, wherein said method includes the steps
i) infecting cells in growth media with a recombinant viral vector

containing said open reading frame 2;
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C infecting cells in nedia with said virus; D) causing said virus to
express the protein fromsaid open reading franme 2 for at |east 5 days; E)
separating cells fromsaid vector fromthe supernate; and F) recovering said
expressed open reading frame 2 protein in said supernate. 54. A nethod of
preparing a conposition for invoking an immune response against PCV2, said
nmet hod conprising the steps of: i) transfecting a construct into a virus,

sai d construct CQﬁpr'%hﬁ&gs&@@@ﬂ&%@%?&e&@%dfhﬁﬂh%ﬂ%ﬂhﬁﬁ%@h?ﬁa&fanﬁ 2 of
PCV2; ii) |nfect|ng cellswth said transfected virus, said cells being in a

gromﬁh medi a; i) cqg&kggﬁ%ggg?%k£&gprﬁﬂg ggggthQ reconbi nant protein

fromsaid open reading fra east iv) recovering said
expressed open reading frame 2 protein in the supernate; and v) conbining
said recovered protein with a suitable adjuvant or other pharnmaceutically

accept abl e C?f ri elr"he metﬁ())(cf ofp I]Z?lrrtllt?)l, ]W%xgrein said recovering occurs at least 5 days after

infection of the cells with said viral vector.
33. A composition of matter obtained by the method of any one of claims 1 to 32.
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.

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 as recited in any one of claims 1 to
30; and

i) packaging said recombinant protein into a suitable container.

37.  The method of claim 36, further comprising the step of including an

instruction 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
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immunogenic portion thereof, wherein said immunogenic portion has at least 10

contiguous amino acids from PCV2 ORF2 protein.

39.  The immunogenic composition of claim 38, wherein said PCV2 ORF2 protein

is

vi)

vii)

viii)

a polypeptide comprising the sequence of SEQ ID NO: 5, éEQ ID
NO: 6, SEQ [D NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11;

any polypeptide that is at least 80% homolog to the polypeptide of
i),

any immunogenic portion of the polypeptides of i) and/or ii)

the immunogenic portion of iii), comprising at least 10 contiguous
amino acids included in the sequences of SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID No: 9, SEQ 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% homolog 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 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.
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40.  The immunogenic composition of claims 38 or 39, wherein said composition

further comprises 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 ORF?2 protein.

42.  The immunogenic composition of claim 40 or 41, wherein said composition

comprises BEI.

43.  The immunogenic composition of claim 42, wherein said composition

comprises sodium thiosulfate.

44.  The immunogenic composition of any one of claims 39 to 43, wherein said
composition comprises 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 any one of claims 38 to 46, wherein said

composition comprises at least 0.2 mcg/ml PCV2 ORF?2 protein.
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48.  The immunogenic composition of any one of claims 38 to 46, wherein said

composition comprises at least 2 pg PCV2 ORF2 protein.

49. A container comprising at least one dose of the immunogenic composition of

any one of claims 38 to 47, wherein one dose comprises at least 2 ug PCV2 ORF2

protein.

50. A container comprising 10 to 250 doses of the immunogenic composition of

any one of claims 38 to 47, wherein one dose comprises at least 2 pg PCV2 ORF2

protein.

51.  The container of claims 49 or 50, wherein said container further comprises an

anti-microbiological active agent.

52. A kit comprising a container of any one of claims 49 to 51 and an instruction
manual, including the information for the intramuscular application of at least one
dose of the immunogenic composition into piglets to lessening the severity of clinical

symptoms associated with PCV2 infection.

53. A method of recovering recombinant protein expressed by open reading frame

2 of PCV2 comprising the steps of:
A) cloning said recombinant open reading frame 2 from PCV2 into

a transfer vector;
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B) transfecting the portion of said transfer vector containing said
recombinant open reading frame 2 into a virus;

C) infecting cells in media with said virus;

D) causing said virus to express the protein from said open reading

frame 2 for at least 5 days;

E) separating cells from said vector from the supernate; and
F) recovering said expressed open reading frame 2 protein in said
supernate.

s4. A method of preparing a composition for invoking an immune response
against PCV2, said method comprising the steps of:
i) transfecting a construct into a virus, said construct comprising
recombinant DNA from open reading frame 2 of PCV2;
ii) infecting cells with said transfected virus, said cells being in a growth
media;
iif)  causing said virus to express the recombinant protein from said open
reading frame 2 for at least 5 days;
iv)  recovering said expressed open reading frame 2 protein in the

supernate; and

v) combining said recovered protein with a suitable adjuvant or other

pharmaceutically acceptable carrier or excipient.
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