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USB OF A PCV2 IMMUNOGENIC CXJMKBraON FOR LESSENING CONICAL 
SYMPTOMS IN PIGS 

SEQUENCE LISTING 

T'Jiis application contaias a seqaence listing in paper format and in computer readable 

forms!, jhe teach.iii.gs and content of which are hereby incorporated by refereBce. 

BACKGROUND OF THE INVENTION 

Field of ibe Invetrtba 

Hie presem itiventba rektes Io the use of a» iiataaflogeaic composition compriskg- a 

porcine circovirtss type 2 (PCV2) atnigsn for treatment of several elkical nmnitfestalioHS 

(diseases), iVefeably, those clinical manifestations are assocbted witii a PCV2 iafectkre, 

More particularly, the paaastt teveatkw is cosoemed set itaotutjologica} composition 

effetive for providing aa imnrane response thai reduces, or lessens the severity,, of the 

elkical syrap&mis associated with PCV2 iafeetic®. PrefetaMy, th§ staasisiologreal 

composition comprises a recombinaxitly prodded antsgea of PCY2. .More preferably > the 

PCV2 antigen is a nscombkantly produced pro«irt encoded by one of me opes reading 

frames C'O.RFs} in Jfee PCV2 genome. Stiil mors preferably, (he amigea is PCV2 OR.F2 

protek. Most particularly, fee preseat kveniiora is cqnearaed wife -aa kamiBiological 

composittoft efteedve for treatment of conical syprntoms associated with PCV2 infectious k 

swine rscdvmg trie imnnKioktgical «»Bposh.ion, and svhersk the composition comprises the 

protein expressed by QRF2 of PCV2. Another aspect of the present kveittba is the use of 

any of the coaipositksas proYtded herewith as a medicameat, pre&r&bly as a. veterinary 

raedicsxneat, even more preferably as & vaccine. Moreover, the present krv-sBiioa also elates 

to die use of any of the compositions described herei.ii, for tie preparation of a ra.erficaraem: 
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Jfor reducing or lessening the seventy of clinical syaiptoms associated PC V2 infection. 

Preferably, tie medicament is ft® &e prevmticm of «. PCV2 iafeciioH, evea mote preferably 

is swiiss. A. further aspect of fee present im-eniiots relates to a process for the production of a 

medicament comprising an imjtaaiiogeme composition of PCV2 for lire treatsnettt of several 

5 clinical manifestations. 

Description of the Prior Art 

Poj'ciug oireovifiss type % <PCV2) is a small (17 -22 a® ia diameter), icosafeedml 

non-euvdoped DNA virus, which contains a single-stranded circular genome. PCV2 shares 

10 • apprairaafsly. 8C% sequence identity with porcine cireovirus type 1 (PCVi). However, m 

coretmt with PCVI t which is generally i^i-virufent} swiae iiifected with -PCV2 exhibit a 

syndrome commot# relaxed to as Post~westt»ftg Mtiltist^stcraic Wasting Syndrome 

(PMWS). f MWS is eliascaih' characterized by wasting, paleness of the sMa, wnti3aiftmessf 

respi?at<sy distress* diarrhea. ietBras, and jaundice. 1B SOHKJ affected swiae. a coaibimtioa of 

15 ail symptoms will be apparent while other affected swine will, only have one or Swo of these 

symptoms. During necropsy. microscopic aad macroscopic iesioas also appear OK multiple 

tissues aiid organs, wkfe lymphoid organs feeing the most common site for lesioas. A strong 

correlation has been observed feetweesa the amowrtt of PCV2 mjdc-ic acid ax antigen and the 

severiiy of microscopic fymplioid lesions, Mortality mtes for swiae irdected with PCY2 c#» 

2(t approach 80%. M additks} to PMWS. PCV2 has been associated with several other 

infections inciadiag psemtorahses, porcine reproducing aad respirator}1 syndrome (PRRS), 

Ol&sser's disease, streptococcal m&mgkk, salmonellosis. postwummg colibacillosis, 

dietetic hepatosis. assd suppurative broachopaeataoma. Howe\'er> seseareh thus far has sot 

cottfkmed whether say of these claieai symptoms are in fact, the dfaec* result of a PCV2 
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infection. Moreover, it is not jet knows whetfeer any of these ctiaical symptoiss cast be 

effectively reduced or cured by an active agent directed against PCV2. 

Current approaches to test PCV2 infections include DNA-based vaccines, suck as 

those described in U.S, Patent No. 6,703,023. However, sach vaccines have been 

ineffective: at conferring protective jaummity agsinst PCV2 iafecuo® or reducing, lessening 

th£ severity of, or curing aay dimorf symptoms associated therewith. Moreover, vaccines 

described in the prior art were focused, solslj on the prevention o? PCY2 infections ia swine, 

but did act: consider any further medical «se. 

Accordingly, wto is needed" in the art is an ixraaniiogcnic composition for fc 

treatment: of several clinical manifestations. Further,, what is needed ia the art: is aa 

imnraaological composition which, confers protective siH»5imity agsiast PCV2 kfecttois. but 

which, cm also be used to treat existing clinical symptoms associated rnft I*C-VJL infection. 

SUMMARY 

In a first aspect, there is provided the use of a porcine circovirus type 2 antigen for the 
preparation of a single-dose medicament for reducing or lessening the severity of clinical 
symptoms associated with PCV2 infection, lessening the overall porcine circovirus load of 
an animal, and/or reducing the immunosuppressive effect of porcine circovirus infection in 
pigs, wherein said porcine circovirus type 2 antigen is a recombinant PCV2 ORF2 protein, 
and wherein said medicament is administered to a pig in only a singie dose. 

In a second aspect, there is provided the use of a porcine circovirus type 2 antigen for the 
preparation of a single-dose medicament for improving the level of general disease 
resistance of pigs, wherein said porcine circovirus type 2 antigen is a recombinant PCV2 
ORF2 protein, and wherein said medicament is administered to a pig in a singie dose. 
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DISCLOSURE OF THE MVBMTlQbi 

The present invention overcomes the problems inherent in. the prior art and provides a 

distinct advance in the state of tlie art The present im-enticm provides a medicinal «se(s) of 

ifljmuaogetjic coBiposifon(s) comprising PCV2 antigen. 

In general no adverse events or injection site reactions were noted for aw at the 

PCV2 antigen immunogenic compositions as used herein. Thus, die inunuoogcnic 

compositions ased liereitj appear to be safe whea administered to voting pigs, preferably to 

pigs not old® tea 15 weeks of age. mors preferably nol older &sn 6 weeks of age, even 

more preferably act older than 3 weeks., most preferably not older fcm 2 weeks. 

Alternatively, it is preferred &at the administration of the immunogenic compositions of ths 

present invention occur wiifcitt at least 2 mid preferably within, at leas* 3 weeks of exposure to 

virnkat PCV. According to s farther embodiment the immunogenic compositions used 
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herein far say medicbal use described 'herein, is aclm.tnsrered to pigs of 3 weeks of age or 

older, preferably of 2 weeks of age or older, laosi preferably but not older torn 15 weeks of 

age. 

Unexpectedly., it was found thai the iherapeimc use of the immunogenic coaipositiosis 

described, below; is effective Sot lessening fee severity of vsdoas cfirsical symptoms in swiac. 

la fmsfcujar, it vsas <liseoveiecl that $>e tfcrapeii&c use of ihe temmogeitic cowposkiwis of 

the preseHl iaveatiotv and specifically composilioKS comprising PCV2 0&F2 antigen., i$ 

ejTecSj.ve fee reducing or lesseaiiig SyrRphadenopatby. lymphoid depletion and/or 

raa?tiKttcfcated/g®«t histiocytes at swfias infected wife PGV2. Moreover, Ste therapeutic TISG 

of an atifige&ic emtpositfca?, as provided herewith, and feat comprises .PCV2 antigen. 

preferably 0&F2 Mttigen. reduces the overall circovinis load and its immunosuppressive 

impact, thereby resulting in a higher level of general disease resistance sad a reduced 

atcidenee of PCV-2 associated diseases aad symptoms. 

Thus one aspect of the present iiiyeBtioH relates to the use of an immunogenic 

composition comprising PCV2 astigen, preferably recombinant PCV2 antigen, and more 

preferably PCV2 ORF2 protein as provided l>erewith» for the preparation of a medicamentfor 

the prevention, lessening and/or reduction of lymphadenopathv. lymphoid depletion. and/or 

inuitiaucleated/gipat histiocytes in swine, Preferably, said medicament is effective for the 

prevention, iesseiimg asd/or reduction of hatiphadeuopaihy, lymphoid depletion and/or 

mtdlmucieated/giaHt histiocytes associated with PCV2 infections k swiae. Still asra® 

preferably, said JMedicameat is effective tot the prevaatksa,, lessening and/or induction of 

lymphadeaopathy, lymphoid depletion and/or multinaeleatedteian! histsooytes associated 

Wife PCV2 tafsciions in pigs., wfaea administered to pigs jaot older than 15 weeks of age, 

©core preferably not older fen 6 weeks of age, even more preferably not older than 3 meks, 

ajid most preferably not older than 2 weeks. Aitoisiiveiy, it is preferred that the 
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aferaistratioa of fee iramttROgesic compositions of fee present mvet&iaa occur within stt 

least 2 aad preferably at least 3 -wed® of exposure to vindsat £CV. 

Aootter aspect of the present invention relates to a method for fee treatment of 

lyfophadenopafhv. lymphoid- depletion and/or rasltiniiclcatsci/gknt histiocytes ia swine. 

5 cotttprismg fee afetfemsirffioit of as iaaiumofeaic composition as provided herewife, to a 

pig, said HBmtmogenic cois|>ositiioa comprising a SCV2 antigeft, preferably a recombinant 

PCV2 attiigeii, astd inorspreferabK' PCV2 ORF2 protein, in yet aaother aspect, the present 

iiiveniiciR provides a rosfeod. for fee treatment of lympktdeRopafey, Htnphoid depletioji 

and/or muitiKxtciested/giant histiocytes associated with. a PCV2 infection in swine, 

10 coR^isbg fee sdmmistraticai of m imxntmogcnjc composition as provided herewith, {0 a 

pig. said Hnmunoganc composition comprising a PCV2 antigen, preferably a reeombdaam 

jPCV2 aatigsft and more pefemtsljr PCV2 ORF2 protein. j^dterafaly, said trestaveat results ia. 

tfec lessening. redaction, prevention. aad/or care of the lymphadmopathy, lymphoid 

depletion and/or mifeimieleaied/gifmt histiocytes in swine receiving said itHjauiiogesic 

15 composition. Ac-cording to a further aspect, said methods for treatment further comprise the 

adRuuistratkai of said iaraaatogetuc composition to pigs not older than. 15 weeks of age,, 

metre preferably no; older ton 6 weeks of ags.. even more preferably not older than 3 weeks, 

and most prefersWy not older than 2 weeks.' Aiteniaiively, it is preferred that the 

adraraistratioft of die imtntirEogeitic compositions of fee present invention occur within at 

20 least % aad preferably wifeia «least 3 weeks of esjjosare to vinsleai PCV. 

ft was further discovered that (fee therapeutic use of an immunogenic composition 

oofflpriismg PCV2 antigen, prcfeabiy & Kcomiifflat PCV2 antigen. and most preiereatsly 

PCV2 OKF2 pmieiis, as provided herewith., cat* reduce or lessen lymphjtdeaopathy ia 

coinbtaation wife one or a multiple of fee foHoiviag sjtrgjtonjs ia affected swine: (1) 

25 interstitial pneumonia with interlobular edema. (2) ctflaasaoas pallor or icterus, <3) mottled 
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atrophic livers,' (4) gastric ulcers, (5) aepteiis and (6) reproductive disorders, e.g. abortion, 

stillbirths, mummies, etc. 

Hies one aspect of the present tm^n&ots idaics to the «se of an immunogenic 

composition comprising PCV2 antigen. preferably a fecoiabkaat PCV2 antigen sad. more 

5 preferably. PCV2 GRJF2 protein as provided herewith, for the preparation. Of a medicament 

Cor the prevention. lessening and/or reduction of lymphadenopathy is combination wish o®e 

or a multiple of the following symptoms as pigs: (1) interstitial pneumonia with interlobular 

edema, (2) cutaneous pallor or icterus, (3) moated atrophic livers, (4) gastric ulcere, {5} 

jiep.hri.tSs and (6) reproductive disorders, e.g. abortion* stillbirths, mummies, etc, in pigs. 

10 ftefcrably,. said medicament is effective for tite prevention, lessening sod/or reduction of 

lymphadenopathy in combination with one or a mntopfc of the following symptoms 

associated with PCV2 Infection in pigs: (I) interstitial pneumonia with, interlobular edema, 

(2) ciromeoas pallor or icterus, (3) mottled atrophic livers, (4) gastric alcers , (5) nephritis 

and (6) reproductive disorders, e.g. abortion. stillbirths, nmmmies, etc. According io a 

15 farther aspect, said medicanacnt is effective for the preronfiOB, lesseasig aad/or redaction of 

lyxnphadenopathy in combination with otic or a misltiple of the following symptoms its pigs: 

(1) intsmitiaJ pneumonia wife, intsrlobaiar edema. (2) culsaeous pallor or icteras, (3) mottled 

afropfeic livers, (4) gastric alcers . (5) nephritis End (6) reproductive disorders, e.g. abortion, 

stillbirths,, mnmmies, etc.. ia pigs, when administered to pigs not older than 15 weeks of age, 

20 more preferably not older tare 6 weeks of age, even more preferably not older than 3 weeks, 

and most preferably not older ton 2 weeks. Altssntativefy, it is preferred that the 

tiftaiHistratioft of die inunxmogenic compositions of &s present invention occur within at 

least 2 and preferably within. at least 3 weeks of exposure to vinileat PCV.. 

Moreover, the present invention also relates to a method fee the treatment of 

25 lymphadenopathy in combination one or a multiple of the following symptoms in pip; 
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(1) interstitial poetasonk with interlobular edetmt, (2) cutaneous pallor or icterus, (3) mottled 

»iropMc liters, (4) gasfeic aie«rs , (5) ftephritis wad (6) reproductive: 4isor«kiri, «;g. abortion, 

stillbirths, mummies, etc., said method coispismg the administration of an. immunogenic 

compoSRioK corapxisaig PCV2 afitigea, preferably ts recombinant PCV2 antigen, SR4 more 

5 preferably PCV2 ORF2 protem as provided herewith. Preferably, the present iiivcMioa also 

relates to a me&od for the treatment of lympha&tjopathy hi oaajblnation wills oae or s 

multiple of fte following symptom associated with PCV2 infection ia pigs: (!) interstitial 

paemRoma t(ii iMeriolsiMr edeaja, (2) catsseoas patlof or icterus, (3) mottled atrophic 

fivers, (4) gastric ulcers, (5) nephritis and {6} reproductive disorders, e.g. abortioa, stillbirths, 

3 () KitiJiHBies, etc., said method comprising fee administration of an ittisisuiiogciib composition 

comprising FCV2 antigen., pffifereably recombinant PCV2 aafcigeii a»d more preferably 

PCV2 OR.F2 proteht, as provided: herewith, to a pig. Preferably, said treatment: results ia the 

lessening or reduction of Use lymphadennpathy, and one or multiple of the following 

symptoms associated wiSi PCV2 infection ia pigs: (I) interstitial pneamoiiia with 

15 iMerfobulai: edema. (2) cataoeoKS pallor or icteras, (3) mottled afropfeic livers, (4) gastric 

ulcers, (5) nephritis atul (6) reproductive disorders, e.g. abortion, stillbirths, aiumsues. etc. 

According to a further aspect, said methods Cor treatosent further comprise administration of 

the immunogenic composition comprising PCV2 antigen, preferably recosrtbiaaiK PCV2 

antigen more preferably PCV2 QR.F2 proiera, as provided herein, to pigs not older than 

20 IS weeks of age, more prefcrabiy not older ttatt 6 weeks of age, even more preferably not, 

older lhan 3 weeks, atid most preferably «» older tot 2 weeks. Aftmuitrvsiy, it is preferred 

that tie administration of fee immunogemc compositions of the present invention occur 

withitt at least 2 asd preferably witbia at least 3 weeks of exposure to virulent "PC-V. 

ft was also unexpectedly found that the therapeutic use of' ais temtmogeisic 

25 composition comprisiflg PCV antigen, preferably recombiaant FCV2 siitigeH and more 
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preferably PCV2 0RF2 proteia as provided bemvitfi. COR also reduce or lessen Pis like 

lesions, Bormallv kaom' to be assRxiated with Lmvsoara ktoeelMaris Meetkwss (Ileitis). 

Thus one aspect of the present teveniioii relates to tlie use of m immunogenic 

composition comprising PCV2 antigen, preferably recombkiaat PCV2 fsndgen and more 

5 preferably PCV2 0RF2 protein as provided herewith, for fee preparation of a medicament for 

jfec prehension, lessening tke severity of and/or redaction of Ma 8fes Jssioiis, ao£sas%' kitovra 

to be associated wiiBi Lawscma intracelhdaris infections in swine. According to a further 

aspect; said medfcaiReat h effective for the preveniiojt, lessening of (lie severity of atsdfor 

rcdtscUon of Pis like lesions, aeraaalty known to be associated with Lawsoraa iataeellalaris 

30 infections, wfcea administered to pigs sot older than 15 weeks of age. HWJKS preferably not 

older than. 6 weeks of age. even mors preferably aot older ifcia 3 weeks, acd.most preferably 

tsoi older than 2 weeks. Alternatively.. it is preferred that the administration of the 

imiromogetisc compositions of die present -isvesitioa occur within at least 2 and preferably 

wiflwas at feast 3 weeks of exposus: to vfraieat FCV, 

13 Moreover, the present invention also relates to a method for (he treatment of Ha like 

fesioas^ aoroially kaowa to be associated w«St Lsmwm mtiaeeiiularis iafeaiojss, said 

method ccsnprssing the administration of an immunogenic- composition comprising PCV2 

antigen, preferably recombinant PCV2 antigen. and more prsfe.mb.lv PCV2 ORF2 protein, as 

provided lioresti, to a pig. Preferably,, said treatment results ia the lessening or reduction of 

50 the Ha like lesions, normally ksowa to be associated with Lawsotaa ituraceEalaris 

Mictions. Acsordisg to a farter aspect; she methods for treatment described above further 

comprise fee adniiiftslxation of the immunogenic composition comprising PCV2 antigen, 

preferably reeombiatii PCV2 antigen. and more preferably PCV2 GEF2 protein as provided 

liereia to pigs ftot older tteo 15 weeks of age, mors preferably not older thsa 6 weeks of age, 

25 even more preferably mi older thaa 3 weeks, and most preferably not older than 2 weeks. 
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Alternatively, it is preferred that the a<3mtaistradoa of &e iromaiK>g<ssac camposMgiis of t&e 

savexitioa occer within at least 2 aad psfbafsiy %v«feia at least 3 weeks of exposure to 

viratastPCV. ' 

The imtrmfiogenk composition 

The ssmnmogenic composition as usedlierein is Costive for inducing m immass 

lespatee against ?€V2 and pfevestiag, restating ami/or lessening the severity of fie dkic&l 

symptoms associated with KTV2 kfectioa The composition generally comprises st feast oae 

PCV2 antigen. 

Unless ddieed oftewise, all technical and scientific tenas ami tarda liare fee same 

meanings as commonly wadcs'slood by oae of ordinary skill in iiie art to which (his iaverttion 

beJt>«gs. The terai "iasmaftogmc composition" as used herein refers to any {Aamsacebtical 

composition containing a PC V2 antigen, which c^mposkioii caa be used to prevent or teat a 

PCV2 infection-associated disease Of coftdiiioji ia 8 subject. A preferred immunogenic 

corapositkm can induce,. stimulate or eafeaace the usatsije tfsppjjse agakst JPCV2. Tte- terns 

thus encompasses both sukssiit immattogeaic compositions, as described below, as well as 

compositions coataiisiag wbols Idiie&r or attenuated and/or itiacrfvgisd PCV2. 

Tie term "subirak imrauaogenio composition" as used herein refers to a composition 

containing at least ose immunogenic polypeptide or antigen bat Hot all antigens, derived 

from or homologous to m antigen from PCY2. Such a eompositioti is sabstawually free of 

sitae? PC-V2. Tfoas, a "sab«iiit imaiBROgsmc composiiictR* is prepared from at least partially 

purified or fractiossfed (preferably mbs&ittiaMy parifsed) immunogenic polypeptides from 

BCY2, or reeombiHast analogs thereof. A sabumt htmimogesic composition cats comprise 

the sabunit antigen or siiugsiis of interest substantially free of other antigens or polypeptides 
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fern PCV2, or as fractionated from. A preferred immunogenic subuait caaiposiiiou 

comprises the PC V2 OR.P2 protein as described below. 

Aa *inmuMologj«s( or immune response* lo s composition of vacciae is ike 

development HI <he host of a cellular a®d/ or antibody-mediated immune response to the 

ccmpositioii or wcim of raterest. Usually, an "inumrae response" iacludss kit is not 

Homed to ooe or mm of the folknviag. effects: the producttoti or activation of antibodies, B 

ceils, kelpat T cells, sappressot Tcells, gad/or cytotoxic T sells and/or yd T cells, directed 

specifically to as antigen or aiisigens incladsd in tie composition or vaccine of interest. 

Preferably, flic host trill display either a therapeutic or protective iimmroologieal response 

such fbat resistance to new infection -will be enhanced attd/or the clinical severity of the 

disease reduced. Such profeetioa will fee demonstrated by either a rediictioB in tmmber ox 

severity -of, or lack of one or wore of ftc ^-raptaras associatssd with PCV2 itdscfioBs as 

described above, -

Tile terms "anijiiffiogeaic" protein or polypeptide or "aatigen" as used herein refer to 

an araiao acid sequence which elicits Jin immunological response as described, above. An 

"iairauuogemc" protein or polypeptide, as used feemm, iactades &e felHeagfe sequence of 

any PCV2 proteras, analogs thereof, or immunogenic fragments thereof. The tens 

"iror/!tii50ge«ic Fragment" refers to a ixagiaeat of a protein, which includes one or more 

epitopes and thus elicits fee immunological response described above, Such fragments cart 

be jdestified using any aumber of epitope mapping techniques, well known ia the art See, 

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

Morris. EdL. 1996) Humana Press. Totem®, New Jersey. For example, linear epitopes Hay be 

determined by s.g., cosacaa-eatly ^jakmmg isrgfe ijambets of peptides o» solid sappoits, 

the peptides corresponding to portions of tbe protein mokcisk, aud reacting the peptides wiffa 

antibodies wliife the peptides are still attacked to the supports. Sucii techniques Eire knows ia 
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the art sod described k» e.g., LIS. FatsM No. 4,?C®,-871; Geysen et at (1984) Proc. Nad 

Acad Sci. USA 81:3998-4002; Geysen el aL (1986) Molee, 23:709-715. 

Similarly, coafoiiaatiosal epitopes are nsadily MeniiSed % deimmaiag spatial coafcatMiioK 

of amino scids sack as fey, e.g., x-ray crystallography and S-dimensiofial asiclssr magnetic 

5 resonate. See. e.g.. Epitope Mapping Protocols. supra. 

Synthetic anttgeas ase also iiickded witfaia ihe defertfcm, for example, polyepitapes, 

£!aakiitg* epitopes, a»d oilier jreeombraaat or "^ufljetjcslly derived antigens, See, e.g., 

Bergmaom et al. (1993) Bur. J. Itstnunol. 23:2777-2781: Bergtnatm et at (199<>).. J. 

fcsasiaoL 157:3242-3249; Saferbier* A. (1997), Immunol. and CeO Biol 75:402-4(58; 

10 Omtteec et al.. (39.98) 1.2th World AliDS Conference, Geneva. Switzerland. June 28-iah* 3, 

1998. 

In a preferred mKotf intent of the present rave«tte», an jraonmogeatc composition that 

Induces as imsssie response and. state preferably, confers protective iiumtmrty against the 

clinical sifps of JCV2 mfectios* is provided. The composstsofi mos* preferably emprises 

13 the polypeptide, or a fragment thereof, expressed by ORP2 of PCVX, as ifee antigenic 

component of the composition. PCV2 ORF2 ON A aud protein. used herein for the 

" preparation of tte compositions and withm ffes processes provided herein, is a highly 

conserved dosuam witfete PCV2 isolates and thereby, aay FCV2 ORF2 would be affective as 

fee source of the PCV GRE2 W4A aaid/or polypeptide as used harem, A preferred PCV2 

2d ORF2 proiein. is that of SEQ ID NO. 11. A prefesred PCV ORF2 polypeptide is provided 

fesnsis as SEQ ID NO. 5. but it is understood by those of skill at fee art that Ms sequence 

could vary by as mnefc as 6-10% in sequence homology sad still retain the antigenic 

characteristics that render it useful ia immisaogeaic cmafmdtloas. the antigenic 

characteristics of w iraaumological composition can be, for essiapie, estimated by the 

25 challenge experiment as provided by Example 4. .Moreover, the antigamc characteristic of a 
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modified aaugest is still retained.. when the modified antigen confers at least 70%. preferably 

80%,. more preferably 90% of the protective immunity as compared to tiic PCV2 ORF 2 

pmfcin, encoded by she polynucleotide sequence of SEQ ID NO:3 or SEQ ID N0:4. An 

"immunogenic composition" as asect herein, means a PGV2 GRF2 ptoteia which elicits an 

5 "iajmuiiologkat response" at fee host of a cellular atid/or staifocdy-mediated imrauae 

lespcaise to PCV2 ORF2 proteia. Preferably. ibis imremaogetik: eonrposmon is capable of 

eliciting or enhancing an imtmiae response against PCV2 thereby conferiag protective 

amawBty against PCV2 i(ifecti.c?n. sad a isxtoiaft i» ihs mcicfeisce o£. severity of, or 

prevention of one or more, and preferably ail of the clinical sips associated therewith, 

Hi la some forms, immunogenic portioas of PCV2 ORF2 protein arc used as the 

antigenic eoBiponent in the composition. The terra "imatHROgeiiic portion" as used herein 

refers to umicated and/or substituted forms, or fragments of PCV2 OR.F2 protein and/or 

poly nucleotide. respecth'eiy. Preferably, such totBcated and/or substituted forms. or 

fragments will comprise at less! 6 contiguous amino acids from the fell-leagth O.RF2 

13 polypeptide. More preferably, the truncated or substituted. forms. or fragmeats will have at 

least 1ft, more preferably at least 15, and still more preferably at least 19 contiguous amino 

acids from the full-length ORF2 polypeptide. Two preferred sequences ia this respect are 

provided hereits as SEQ ID NOs. 9 md 10. It is further understood fat such sequences may 

he a pari of larger fragments or truncated forms. 

20 A ferfher preferred PCV2 ORF2 polypeptide provided herein is encoded by the 

nadeoikfe sequences of SEQ ID NO: 3 or SEQ ID NO: 4, However, it is understood by 

those of skill in the sat that this sequence could vary by as much as 6-20% in sequence 

homology and still retain the antigenic characteristics that render « useful in itsmraogeme 

compositions. ia some forms, a tnutcated or substituted fonts., or ifeagajeat of Ms PYC2 

25 OSF2 polypeptide is used as the antigenic component in fee composition. Preferably, such 

12 
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iriHjcated or substituted forms, or fragments will comprise at least 18 contiguous nucleotides 

from the M14e»gtii ORF2 nacleoiide sequence, e.g. of SEQ ID KG; 3 or SEQ ID MO; 4. 

Mom preferably, fee truncated or substituted foims. or fragments, mil have at feast 30, more 

preferably st least 45, and stil t more preferably stt feast 57 contiguous nadeoiides of the full-

5 feag& ORF2 nucleotide sequence, e.g. SEQ ID NO; 3 or SEQ ID NO: 4. 

"Sequence Ideamy" as it is known in the art refers to a relationship bctxveea two or 

more polypeptide seqwenees or two or snore polynucleotide sequences, namely a referee 

sequesce and a given seqnencc to be compared with ihe reference sequence. Sequence 

identity is determiasd by comparing the grmi sequence to the reference sequence after the 

10 seqaenees have been optimaH? aligned So produce the highest degree of sequence 6teflari$% 

as determiaed by the match between strings of suck sequences. Upon. such aligtssfiestt, 

seqaeocw ideartits" is ascertained o» a jiosstion-by-positim basts, e.g., the seqsenees are 

""identicar at a particular position sf at feat position, the nucleotides or ammo acid residues 

are identical. Tiie tola! m;niher of such position identifies is then divided by the total number 

15 of BBcteotideg or residues ia die refesreace seqoaace to give % sequence identity. Seqasuce 

identity cm be readily caicaf&ted by fctsoissi methods. roctiidijig bat not limited to, chose 

described in Computational Molecular Biology. Lesk, A. N., ed,, Oxford University Psress^ 

New York (198%), Biocomputing: Informatics ami Genome Projects, Smith; D.W.. ed.. 

Academic Press, New York (1993); Compater Analysis of Sequence Data. Part L CAriiSm, 

20 AM, aad Griffis, H, G, eds,, Karaaisa Press, New Jersey (1994); Sequence Analysis ia 

Molecular Biology, vm Heinge, G., Academic Press (1987); Sequence Anafysis ftmm, 

Qribskov, M. and Devenssix, J., eds., M. Stockton Press, flew York (1991); aad Catifo, II, 

and Lipman, D., S1AM J. Applied Matiu 48: K573 (1988), the teachings of which are 

incorporated herein by reference. Preferred methods to deiemiae the sequence ideality are 

25 designed to give the largest match between (lie sequences tested. Methods to detesHOie 
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seqaeacs Mewtiiy are codified in publicly available computer programs which determine 

sequsace identify between givea sequences. Examples of such programs include, bat are not 

felted to, die GCG program package (Dewepww, I~ et al, Nucleic Adds Eweasrcfc, 

!2(i):387(1984)). BLASTP, BLASTN and FASTA (Ahsdnsl S. F. eUL J. Molec. Bio!,. 

5 215:403-410 (1990). lite BLASTX program is pabliciy available from HCBI and other 

sowces (BLAST Masmal AltscteL S. si aL, NCVJ WM K1H BdbeaJa, MD .20894, 

Aitsehul, S. F. et at, J, Molec. Biol., 215:403-410 (1990). (he teachings of which 

incorporated herein, by referesee). "these programs optimally align; sequences using default 

gap weights it* order to produce the highest level of sequence identity between the given and 

JO reference sequences. As an. illustration, by a pofynacleotide having a mteleotide sequence 

havisig at least, for example. 85%f preferably 90%. even, store preferably 95% "sequence 

identity" fa a reference rnscleotids; secpeRce, rt is intended that the lmdeotidc secguencc of the 

given polynucleotide is identical to the reference sequence except feat the gives 

polynucleotide sequeRce may ittelade tip to 13,. preferably up So 10. even more preferably up 

13 to 3 point mutations per each 100 nucleotides of the reference nucleotide seipeaca in other 

vtwds, its a pdynacfootide having a nucleotide seqaetsce having at least 85%, psforably 

90%. even more preferably 9S% identity relative to tie reference nucleotide sequence, itp to 

1.5%, preferably i.0%. even. more preferably 5% of the flucleotid.es in die reference sequence 

may be deleted or substituted with aaother nucleotide, or a rmmter of nucleotides Bp to 13%, 

20 preferably KJ%, even more preferably 5% of ike total nucleotides m the reference seqiseaee 

may be inserted into the reference setpeiteer. These imitations of She reference sequence may 

occur at fee 5' or 3' terminal positions of the reference nucleotide sequence or anywhere 

between those tertmaa! positions, interspersed either individually smoag mieleoiides in the* 

reference seqtieBce or in one or more contiguous groups within the rdbreace sequence. 

25 Analogously, by a polypeptide having s given amino acid seqoeaee haviag al least, for 
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example, 85%, preferable 90%, even ajare preferably 95% sequence identity ia a reference 

amino acid sequence, it is intended that liie given ammo acid sequence of the polypeptide is 

identical to the reference seqaewse except ihat the given polypeptide sequence laay iectede 

wp to !.5„ preferably up (s 10, even more preferably op to 5 amino acid dlsratkxas pet each 

5 10G amino acids of (he reference amino acid sequence. Ia otter words, is obtain a given 

polypeptide sequence having m least 85%. preferably 90%, evsa mare preferably 95% 

seqacsioe identity with a reference amino acid, sequence, «p to 15%. preferably op to 10%, 

evea ware preferably up to 5% of (fee mihoadd residues m the reference sequence may be 

deleted or substituted with another amino acid, or a muster of amino adds «p to J 5%, 

10 preferably up to Hf'Ki, even more; preferably tip to 5% of die total fuimber of amino add 

residues ia She raifejrettoe sequence may be inserted irato the reference sequence. These 

alterations of the reference' sequcncc niay occar at the amino or the csrboxy terminal 

positions of the reference amino acid sequence or anywhere between those terminal 

positions, iiMsrsparsed sifter iiidividnMly among residues la the reference sequence or in the 

13 one or more contiguous groups within the reference sequence. Preferably. residue positions 

which are not identical differ by conservative amino acid SHbsduiiions. However, 

conservative substitutions axe »ot included as a itsateh when detmninhig seqaeace idatrtijy. 

"Sequence homology", as used herein, refers to a melted of determining the 

relatedness of two sequences. To detemurw sequence homology, two or more sequences are 

20 optimally aligned, anil gaps arts iatrodoeed if necessary, However, ia coa&ast to "sequence 

identity", conservgiive a«H acid substitutions are counted as & match when deiettainkg 

sequence homology. In other words, to obtain a polypeptide or polynucleotide having 95% 

sequence homology with Reference .sequence, S5%, preferably 90%, even more preferably 

95% of the amino acid residues or nucleotides in. the reference sequence mast match or 

25 comprise a conservative substitution with another amino acid or nucleotide, or a number of 
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aimtio acids or nucleotides up to 15%. preferably sip to 10%, even more preferably up to 5% 

of ike total amino acid residues or nucleotides, not i&cladmg ccosmative substitutions, ia 

lite reference sequence may Ire iiaseited m\o the rcfereace sequence, Preferably the bomolog 

sequence comprises at feast a stretah of 50, evert mare prdbrably al least 100, exxtn .more 

preferably at leas? 250, mid even more preferably at least 500 nucleotides. 

A "conservative substitution" refers to the substitution of att amino acid residue or 

nucleotide wife another amino acid, residue or audepude fcaviag similar characteristics or 

properties Ittdadkg siae, hydrophobieity, sic., sisch tltal the overall, fmiciioomlity does eot 

change sdgniifeawbt. 

"Isolated" means altered &e toad of nwif from its naajral Le., if it occurs 

m nature, it bag beea changed or removed IVOID its origins! environment, or both, For 

example, & polynucleotide or polypeptide naturally present in a living organism. is not 

"isolated.." bet the same polynucleotide or polypeptide separated frnra the coexisting 

materials of its natural state is "isolated", as the tarn is employed herein. 

Thus, the immmaogenic composition as used herein also refer.1; to a composition that 

comprises PCV2 ORF2 protein. wbereia said FCV2 0RF2 protein is astvaae of those, 

described above. Preferably. said PC V2 ORF2 protein is 

i) a polypeptide comprising the sequence of SEQ i'D NO; 3. SEQ ID NO: 6. 

SEQ m HO: 9, SEQ ID NO: 10 or SEQ IB MO: 11; 

si) say polypeptide tftat is as least 80% kaaotogotss to the polypeptide of Q, 

in) my immunogenic portion of Sse polypeptides of i) and/or ii) 

h) the iremnmogemc portion of sii),. comprising at least 10 contiguous amino 

acids included ia the se<|HeHees of SEQ I3> MO: 5, SEQ ID HO: 6, SEQ ID 

HO: 9. SEQ ID TO: lt> or SEQ IB NO: i 1, 
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v) a polypeptide that is encoded by a 33NA comprising fine seqiteace of SEQ 

ID NO: 3 or SEQ ID NO: 4. 

vi) any polypeptide feat is-eacoded fey a polymtcleofciffc that is at least 80% 

homologous to the polynucleotide of v). 

vii) ssj' iianiunogenic portion of the polypeptides encoded by the 

polymicfcotklc of v) sad/or vi) 

viii) the hnmuttogenic porta of vii), tvteem poiynaciteotide coding for said 

inmuaogemc portirn comprises at least 30 contiguous nucleotides ioduded 

ia the sequences of SEQ ID ISiO: 3, or SEQ ID NO: 4. 

Preferabh' m$ of those immunogenic portions have tiie immunogenic characteristics 

of PCV2 OE.F2 pfofeia that is encoded by the seqaeane of SEQ II) NO: 3 or SEQ ID NO: 4. 

According to a farther aspect, PCV2 ORF2 proteh is provided in the immunological 

composi&ftti at an antigen mcfostan level effective for inducing the desired immune response, 

nanielv reducing the incidence of, lesseaiag the severity of. or pteventiitg one of mcae 

cikdcai sigsg tesaitiag from FCV2 infection. Ptelbrablv, the PCV2 0RF2 protein iacfaskm 

level is at fea<s 0.2 p.g ai&igeti / ml of the iiml iKim«jiogemc composition (jig/ml), more 

preferably from about 0.2 to about 400 pg/rat, still mors; preferably from aboat 0 J to about 

200 pg/ffii. evssij laore preferably from abous 0.35 to about 100 p.g/fii.l, still more preferably 

fk>Ki aboat 0,4 to about 50 ug/ffli, still more preferably from about 0.45 to aboat 30 tig/ail 

siill aioj® preferably from about 0.6 §o aboat 1$ pg /mi even moss prefecabiy frost about 

0.75 to about 8 pg/mL even more preferably from abowt 1,0 to aboat 6 ug/ml. still more 

preferably from about 1.3 to aboat: 3,1) jttgf'raL eves mare preferably from aboat 1.4 to about 

2.5 pg/itil, evett more preferably from about 1.5 to aboat 2.0 pg/ml aad most: preferably 

about 1,6 pg,'ml 
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According to a fsriier aspect the ORF2 antigen iaclasioa level is at least 0.2 jtg/ 

PCV2 QRF2 protein as described abo^e per dose; of the faml aatigsaic ooaipositioa 

(pg/dose). mote preferably from about 0.2 to abort 400 ^ig/cfose, stOl mote preferably j&taa 

aboui 0,3 io about 200 us/dose, even more preferably from about 0,35 to about 100 fig/cfose, 

5 still more prefer b!y from abotii (14 to about 50 jig/dose. ssif! more preferably from abom 

0,45 to about 30 pg/dosst stlH more preferably fo® about 0.6 to about 15 tig/dose, evea 

more preferably from aboat 0.73 to iibout 8 fig/dose, evea more preferably from about 1,0 to 

abom 6 }.ig/dose> still snore preferably fro® about 15 to abom 3.0 ug/dose, even more 

preferably from aboat 1.4 to about 2.5 pg/dose. even man: preferably torn about 1,5 to about 

1 ft 2,0 ,ug/<!ose.. sad most preferably abort 1.6 fig/dose. 

The PCV2 ORF2 polypeptide used m the siamtmogemc compositionstt accordance 

with the present mention cs» be dented ia any fashion including isolation. and ptiriScaticBi 

of PCV2 ORF2. standsrel protein synthesis, and leoerabiaant methodology. Preferred 

methods For obtairsisg PCV2 ORF2 polypeptide are provided, in LIS. Patent Application 

13 Serial Ko. U/034,797, the teaclmgs and ocurteat of -which m& hereby ineGiporated % 

inference. Briefly susceptible cells are infected with a nsccsntwaant virai vector aaflaming 

PCV2 ORF2 DNA coding sequencer. PCV2 ORF2 polypeptide is expressed by lite 

recombinant vims;, and the expressed PCV2 OE.P2 polypeptide is recovered from the 

superaate fey Sltrstion aad iaactivated by a»y conventional faetkod, preferably usksg binary 

2(1 etbykBimiae,, which is ihea stexitrafesed to stop the iaactivation process. 

The immunogenic composition used hereifi also refers to a composition that 

comprises t) ssiy of die PCV2 OR.P2 proteia described above, preferably in coBcentrations 

described above, and ii) at feast a portion of the viral vector expressiiig said PCY2 0&P2 

protein. preferably of a recorabirifau bacatovim. Moreover, the iuirarawgeatc composition 

25 catj cofiiptfee i) any of the PCV2 OEF2 protests Ascribed above, preferably iii 
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coRcentrauoRS 4fisciibed above, it) at least a pottim oCtfee vector expressing said PC V2 

ORF2 protein, preferably of a recombir;am bactilovitas. arid Hi) a portioa of 8ie cell culture 

supemate. 

The iiaiimaogemc compaction as used herein also refers to a composition that 

comprises i) any of the PCV2 ORF2 proems described sbove, preferably ia coaeetriratiosis 

described. above, li) st least a posioii of Site viral vector expressing said PCV2 ORF2 ptoteia, 

profitably of a recombmats baodavsrus,. and m) a. portion of the cell caltare; wherein about 

90% of the cosnpoaenis have a sis® sjaialkx than 1 ism. 

The smffiiaiogeaic composito as used herein also refers to a composition that 

comprises 1} <i;;y of fee PCV2 O.RF2 proieiBS described above, preferably ia ccaioentrstiotis 

described above, i) at least a portion of the viral vector expressing said PC V2 ORF2 protein, 

Mi) s portion of the eel! culture,. jv) attd inactivating agem so roaettvate the recoretbifs.a5.tt vkai 

vector preferably BH, \vtereiti about 90% of (ks components i) to isi) have a size smaller 

than 5 pm. Prdrerablv, BE! is pres«M: ia concentrations iifTwiive to motivate the 

bac-ukrviras. Bftscuve txntosrttmiotts are described above. 

The immunogenic composition as used herein also refers to a composition {feat 

comprises i> any of the PCV2 OK.F2 proteins described above, preferably k concentrations 

described above, «) at least a portion of fe viral vector expressing said PCY2 O.RF2 protein, 

ill) 8 portion of the cell ctslmre, »v> an inactivating agent to inactivate the recombinant vital 

vector preferably B.EL and v) an rteutralizatbft agent to stop the inactivation mediated by the 

kaotivaliftg ageat wherein aboat 9(5% of the comfsox?en£s i) to iii) have a size smaller foaa 1. 

par, Preferably. If lite inactivating agent is BEL, said oonaposihCHi comprises sodktift. 

thiostilfale is equivalent amounts to BEL 
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The 'polypeptide is incorporated iato tt composition ihst caa 1)8 administered £0 m 

animal siisc-epuble to PCV2 infection. la preferred forms, the composition max- also ktelade 

additions! components ksowa to tfeose «f Ail! in the art (see also Remington's 

Pharmaceutical Sciences. (1990). ISlh ed. Mack PabL Essten). Additionally, the 

composition may include one or more veterinary-acceptable carriers. As used herein, "a 

veteritmy-acceptable carrier" iftcludes any and all solvents, dispersio?) media, coatings, 

adjuvants, suMiaing agents. dikenss, preservatives. antibacterial and aatifangal agstas, 

isotonic agents, adsoiption delaying agents, ami the like, in a preferred esibodiaaeat fee 

ktirminogenic composition comprises PCV2 ORF2 protein as provided herewith, preferably 

i» concentrations described above* which is raised witfo an sdpvant, preferably Cadxypol, 

sad physiological saline. 

Those of skill ia the art will understand that fiie composition used herebs. may 

incorporate known injectable, physiologically acceptable sterile solutions. For preparing a 

ready ~£o~«se solution for parenteral injection or infusion* aqueous isotonic solutions, aiefc, as 

e.g. saline or corresponding plasma protein solutions, are readily available, in addition, the 

iraimmogettic and vaccine «s»positiQ»s of die present invention cm include ditaeitts, 

isotonic agents, stabilizers. or adjuvants. Diluents can isciude water, saline, dextrose*, 

ethanol. glycerol;, and (he like, bourne agents can include sodium cMoridc, dextrose, 

ftiannrtoi sorbitol, and lactose. among others* S&bithssrs include aibamin aad alkali sate of 

etbykndietBunietiaceuc acid, among otters. 

"Adjuvaais55' as used Itarem, can incltaie alnmiaimi hydroxide gad ylanunuta 

pte>spfeate< saponins c.g,f Quil A, QS-21 (Cambridge Biotecfe Inc.. Cambridge MA), QPI-

0100 (CMssoea Hxarmaceisticals.. Inc., Binniagitam, AL), water-in-oU eamlsiesti, oft-in-waler 

eontisioo. ^aief-m-oiWn-^tet* enmtsion. The emulsion caa be based m particular cm fiigfei 

liquid paraffin oil (European Piannacopea type); ssoprenoM oil stsc-li as sqaatase or squslsnc 

20 



WO 2007/094893 PCT/US2006/062662 

oil resuming from ikeoligoraerixatioii of alkenes, k particular of isobuieae or decerse; esters 

of acids or of alcohols containing a linear alkyl group, mots particularly plant oils, ethyl 

oleate, pxtpylsae glycol dHcapiylate/eapMe)., glyceryl ttHcaptyiis^capraie) or propylene 

glycol dioieate: esters of branciscd fatty acids or aicofiols. in patticyiar isoslearic acid esters, 

5 The oil is used k combination with earulssficrs io fora? the emulsion. The enwisfkrs are 

preferably aoaiomc sirrfaceatas, ia particular ssiers of sotbi'tan, of matmide (e.g„ 

aahydroKMimiio! oieate), of glycol, of polyglyceail. of propyleae glycol and of oleic, 

isosleaiic, rieiaofeic or hydroxystsaric acid, yUask are optionally etfeoxylated arid 

polyosypropykfic^Kjlyoxyefeyksie copolymer blocks, in particular the Plurome products. 

10- especially LX21. See Mamer et aLs Tlie Tfesory and Practical Application of Adjimais 

(Ed-Stewari-Tuil, D.E.S.). JohaWilty a»d Sons, NY, pf>SHM (1995) and Tasld «f al. 

Vaccine 15:564-570 (1997), 

For exsmple.. if is possible to use the SP'I* aTHiisicm described cm page 347 of 

"Vaccine Design The Sainmit and Adjuvant Approach" edited by M. Powell and M. 

13 Newmaii, Plenam Press, 1995, and the emtiMm M.FS9 described QUI page 183 of Ikfs sine 

book, 

A .Ckrslier instance of as adjuvant is a com|»und ckosea from the polymers of aaylic 

or isetfiacryBc acid aad tlie copolymers of raaleie anhydride aad aikenyl derivative. 

Advaatafeoas adjtrvartt compounds ace tfee polymers of acrylic or nae&aciEyJic acid wfwclt are 

20 cross-liiiked, especially with pofyaikenyf. ethers of sugars or poly alcohols. These coiapoisids 

are kaoxva by the tsmr earbomer (Phatneuropa Vol. 8, No. 2, lone 1996), Persons skilled ia 

liie art: can. also refer toU. S. Patent Ho. 2,909,462 wliicia describes such aciylk polymers 

cm»4sxke& wi& a polyliydroxjdat&d asatpouad having ti least 3 Itydroxyt groups, 

preferably sot more than 8, tlie hydrogen atoms of at least three by&oxyls being replaced by 

25 unsaturated aliphatic radical having at least 1 carbon stonis. The preferred radicals ase those 

21 



WO 2007/094893 PCT/US20G6/062662 

conteoaing- front* 2 4»4 carboa atoms, e.g. vtevi$f alfvis sad other eibyietiieaMy unsaturated 

••groups. The aasatitrated radicals max' themselves contain other stibstiiueats.. much, as jae&yt 

Tlie products sold -under the nams Csrbapol; (BF Goodrich, Ohio, USA) are particularly 

appropriate. They afe cioss-liiiked wife mi ally! sucrose or with alM penlafflrythritol. Among 

them. there may be incmkmcd Carbopo! 974P> 934P asd 97IP. Most preferred is the use of 

Carbopol, in particular ihe ase of Carbopol 97 IP, preferably in amounts of about 500 ug to 

about 5 :tm> per dose., evea most preferred in sn amount of about 750 pg to about 2,5 trig per 

dose and most preferred in, an amotsst of about 1 mg per dose. 

Further saitahle adjuvants include,. but are not limited to, the RTB1 adjwant system 

(Rfbi lac.X Block co-polvn^er (CysRx,. Maata OA)} SAF-M {Qikoa, Emeryville CA), 

atojxsjphaspkoryl lipid A. Avridiite iipki-assiua adjavant, heat-labile estierotoxin ftom E. cois 

(recombinant or otherwise), cholera loxits, MS 1314, or rmfratmi dipeptide among many 

others. 

Preferably, tlie adjuvant is added m an aatowtt of about 100 pg to about K) sng par 

dose. Even maze preferably. the adjuvant Is added in an amotmt of about 100 ug to about 10 

m$ per dose, Eva more profitably. the adjuvant is added in ati amount of aboist 500 p.g to 

about 5 mg per dose. Even more preferably. die adjuvant is added hi as amoant of about 750 

ug to about 2.5 mg per dose. Most preferably, the adjuvant is added i» an atsmyut of about 1 

rag per dose. 

Additbaally, the composition cm. kcMe OKC or more pimramoeutkal-accepsable 

carriers. As ssed herehr, "a plmrmacetiticahacceptable carrier" mciades aaa? and all solvents, 

dispersion media, costings, stabilizing agents,. 4siueRt$, preservatives, antibacterial ai»d 

sntifiajgal agents, isotonic ageate, adsorption delaying agents. and the like. Mast preferably, 

the composition provided herewith, coGtaitjs PCV2 OEF2 proteiji recovered from the 

stspertiate of in vitro cultured cells, wteeia said ceils wu infec ted with a mxmikmmt viral 
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vector coataimag PCV2 ORF2 DMA and stressing PCY2 GM2 jxroseia, aad wtierek said 

cell culture was Sreaisad wMt abend 2 to aboist & mM BEL preferably with about 5 aiM BE! to 

inactivate fe vital vector, aad aa eqaivatest csajcwitsrtos a£ a aexrtmfe&iism ageat, 

preferably sodram thiosolfatc solatie® to & final concciitetion of about 2 to abowt 8 niM, 

5 preferably of about 5 mM. 

The pjpssest inveiisian also relsies to an tamatiogeme composite! thai: comprises i) 

aav of the PCV2 ORF2 proteins described, above, preferably ja ooaceateiioas described 

abov?, ii) at least a portion of the vira! vector ^joesang said JPCV2 GRF2 proteas, Ml) a 

portion of the cell ctiharc. iv) an bmcrivalmg agent to inactivate fee recombinant vkal vector 

10 pefensMy BEI, aad v} aa aeutralizatioR agent to stop the insctivation mediated by the 

aractivatkg agent pmiht&hh: sodraai tlsiosuliate in eqitivaleat amoants to BEI; and vi) a 

suitable adjust preferably Carbopol 971 m araoauts deser&ed above; wherein aboat 90% 

of tfie cottipnfieuss i) to fil) have a size siaailer fliari 1 aw. According $o a fmlitef aspect, diss 

tffitnaaogei5ic composition further comprises a pharmaceutical acceptable salt preferably a 

!5 ptesspl&ae salt is ]jfaysiakJgi.caily acceptable coBeaitralioas. Prefenibiy, the pH of said 

itnnmnogeRic composition is adjusted to a physiological pH, meaning between. about 6.5 aad 

7.5. 

Tlie immunogenic composition as used herein siso refers to a exposition thai 

comprises per one ml ij> at least 1.6 ug of PCV2 O.RF2 protein described above, fi) at least a 

20 portion of baoaioyirus expressing said PCV2 OR.F2 protsia ul> a poitiats of' the cell cuhare., 

iv) about 2 to 8mM BEI, v) sodium tluossdfate to, equivalent amounts to BEI: aad vi) abotit 1 

mg Carbopol 971, a«d v»;t phosphate salt m a physiologically acceptable coixeeoiratba; 

wherein about 90% of the componetus i) to iii) have a mm smaller ttea 1 urn aad (Its pH of 

said kmuaogexiic composition is adjusted to aboat 6.5 to 7.5, 
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The immiMK'gemc compositions am further include oite or more oilier 

imm^omoditktory agemx such as, e.g., iHterlexskks, iaterleroiis. or ogusr cytokines. The 

imintniagcnsc compositions can also mckde Gmiaaucai and Mcrtlaolate. While the 

amounts and concentrations of acijuvaats and additives useful in to; context of the present 

5 iiTvemioB cm readily be determined by tlie skilled artisan, the present kvetitktti coatemplates 

coiBpodtions comprising torn aboai SO j,sg to about 2000 isg of adjuvant and preferably 

about 250 j.£iV ml dot® of the- vaccine composition. Thus, die itaimuiogerric oompositiott as 

used hereto also refers to a composition, that comprises j&om about lug/ml to abemi <50 ua/mJ 

of antibiotics, aad more preferably less than about: 30 fig/mi of antibiotics, 

30 The insHHaiogerac compositioii as used tiereia also refers to » composition that 

comprises 1} atsy of the PCV2 O.RF2 proteins described above, preferably k concentrations 

described above, 8) &t least a ponion of the viral vector expressing said PCV2 ORF2 protein, 

il«) a portion of the celt eisltare, iv) sn imictrvatiag agent to inactivate the recombinant viral 

vector preferably BEL and v) an sieisirafeaiioK agmt to stop the imc&vation medsated by the 

.! 5 siactivatsiig agent, {preferably sodium thiosulfatc is equivalent amounts to BEI; vi) a suitable 

adjuvant, psreferably Carbopol 971 ia amounts described abovs; ill) a {temaceafical 

acceptable concentration of 8 saline baffcr, preferably of a phosphate salt and viii) an anti-

raierofeiokjgical acti ve ageat. wherein. afeotst 90% of the components i) to iii) lave a size 

smaller than 1 pro. 

20 It: has feeeti sarprismgly found, that the h«jxmaogenie composition comprising the 

PCV2 ORF2 protein was highly stable over a period of 24 months. It has also beea fotasd the 

mimuaogpnic compositions are very effective to reducing {fee clinical symptoms associated 

wife PCV2 infections. It was also discovered, that the ismnitiogeraic coasposteioas 

coraprissrsg the t&xmbmsxt bacaibvirus expressed PCV2 Q8F2 protein as described above, 

25 are surprisingly mote effective &aa an iaHaanogciric corapositioa comprising the whole 
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PCV2 viras in aa inactivated fiasa, or isolated vsisi PCV2 Q&F2 aaiigea. M particiilar. il has 

been surprisingly foend, thai lite recombiiiant baoidowms expressed PCV2 0RF2 protein is 

effective k very low cotrasntratiotis, which meads ia caiiceirtratioes up to 0.25 jig/dose, Tliis 

isne>q;ecfsd high iSHaanogerao potential of she PCV2 ORF2 proteia is increased by- Carbopol. 

5 Examples 1 to 3 disclose k detail the production of PCV2 ORJF2 comprising immunogenic 

compositioRS-

The imansiiog^aic- eonipasition as used terfiinsiso tefers so lngef?ac# CaooFLEX**4, 

{8cdiri«g§r Ittgelheim VelmecBca, Inc., St Joseph., WO, USA). CircoVac# {Meiial SAB, 

Lyoa» Fiance), CiicoVcut (fatcrat Inc., MSWbaco, DB> USA), or Sm-asyii PCV-2 One 

3 6 Dose# (Fort Bodge Animal Health, Kansas City, KA, USA). 

Administration of die immunogenic composition 
The? composition according to fe inversion may be applied iafradeonalh', 

15 ktmixachealb, or isur<ragi«alfy. The a>tt*po§stk>H preferably may be applied 

isteamuscuia% or itisranasally, most preferably iaitatoasc«ta%. !a an aaiaiaf body, it cars 

prove advantageous to apply the pharmaceutical compositions as described above via at* 

masyefKWs or by direct injection; into target tissues. For systemic appficalioii, the 

mtraveoous, iiitravascalar. arframascadat, intranasal, iiilT&arterial, ktrapmtonea!, oral, or 

20 iKimlhecal rotiies are preferred. A more local applicatkm can be effected su'bcotaaeoasly, 

infmd&ntt&llv, kirawtaeously, ktracardkilly, ktfalobaDy, mtram^dlsdy, sntr^uiraoHarily 

or directly in. or near the tissue to fee treated {coratective-, bone-, imiscle-, aerve-v epithelial 

tissue;}, Depending oa the desired dasaiion and effectiveness of the treatment, the 

compositions according to the imxsstioa may be administered ottoo or several tiroes, also 
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ffiteimiftently, for iiisUmce OB a daily basis for several days, weeks or aKsaths and m difieieal 

dosages. 

Preferably. at least one dose of the. iiamiaiogemc compositions as described above Is 

intramuscularly adn<ffii&:teed to tlie subject io need thereof. According to a farther aspect 

5 fee PCV-2 asiigefi or tli£ mmumgmk eoiapositfe® comprising act sacli PCV-2 aisiigen as 

described above is formulated said administered hi erne (I) mi per dose, Thus. according So a 

farter aspect the present inveatioit also tfslatss io a 1 ml iuifiiuiiogemc composition, 

comprising PCV-2 aatigea as described tem for redadng or lessening lympliadesopatigv 

lymphoid depletion. and/or mrikinuclcated/giant histiocytes ia pigs iafoctetl witli PCV2, 

10 Accordiag to a further aspect accordisig to a fertlier aspect, the present invetitioa also 

relates to & 1 ml imsmmogeaic wmposiiiot?, comprising PCV-2 aoligeii as described Irercifi, 

for redocing or lessening lyiaphadeoopfsky ia combiisatioB with one or a mndtipJe of {he 

following symptoms fe pigs: (1) rnterststsal pneumonia with interlobular edema. (2) 

cataaeoEs pallor or icterus (3) mottled atrophic livers. (4> gastric- alears. (5) nephritis atid {6} 

15 reproductive disorder, c. g. abortion, stillbirths, maffisnies. 

According to a further aspect, at feast om further admimstratioa of at least one dose 

of the iromuRogeiiic composition as described above is given, to a subject in. need thereof, 

wiiersm she second or any further admiret&msfcioa is given at least 14 days beyond the initial 

or aay looser admkistratioas. Preferably, tlie isumiinogenie cossposmott is administered 

20 with tst kaaiarse stiimifesu. Preferably, said stumtkat is given at least twice. 

Rrefemblv, at least 3 days, more preferably at least 5 days, even more preferably at-least 7 

days tire in between the first and the second or am; farther admijiistralksR of fee immune 

stinmlaai. frefisraWy, tfee inmwae stimulant is gix'ea at least 10 dajrs, preferably IS days, 

evea soo*© pef««Wy 20, ev«a raw prefsr&bb at least 12 days beyaod <be initial 

25 sdmiaistration of tlie immunogenic composition provided Itaxia, A preferred. immune 
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stiiiralant is, for example, keyitole limpet hsjnocysnin (KX.H), preferably emalsifted mtk 

jjicoHipiete PrewxTs adjuvant (SXSEMCFA). However, it is herewith understood, &at aay 

other jaaaaae stiaialast fcsa<,>,-jrt to a person skilled in tlie art cm, steo be used. Us tens 

"immune stimulant" as used herein, means any agent or composition tliar can trigger fee 

5 sKHiime response, preferably withaat kteadag or increasing a specific mi ni tin e response, for 

example the teaatme response against a specific pa&ogea. ii; is further insstseted to 

administer the inmume stimulant iit a suitable dose. 

Moreover, it has also bees sisprissBgly found that the isiBiuoogemc potential of tlie 

anrmmogenic compositions used herein, preferably those tte comprise ssconsbfiaajit 

10 bacoloviras expressed. PCV2 OR.F2 protein. evea more preferably ia oofiofciaatioa wife 

Carbopol. can be fiirSier coiiOrmod by ?iie iidtK^iisiimi-Oa of the IisgelVac P.RRS MLV 

vaccinc (see Exarapie 5). PCV2 clinical sips and disease manifestations are greatly 

magnified ivtaa PRRS infection is present. However, the immimogeitic compositions and 

•vaccination strategies as provided herewith lessened this effect greath > and more than 

13 expected, la o&er words, an acexpected synetgisric effect was observed wtoi animals, 

preferably pigtets were treated with any of the PCV2 ORF2 imtmtaogeme compositions, as 

provided hesemdn, md the fogelvae PJRES MLV vaccine (Boetirmger fegefheim). 

20 BMBF DESCRIPTION OF IDE DRAWINGS 

Fipire I is « schematic flow diagram of a preferred construction of PCV2 ORF2 

recombinant bacttk>v*ras; am! 

Figs. 2a and 2b ait; each schematic flow diagrams of tow to produce - one of the 

compositions used to accordance with she present iavsatiati. 

25 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following esaaapifis set fortk preferred materials and procedures m accordance 

with tl»e present raveRlioit AMicasgh am: assthods aad materials similar or equivalent to 

those described hereia can be used in the practice or iesdag of ihe present invsjttioti, the 

5 preferred methods, devices, md materials are BOW described It is to be asiderstood, 

however, tot these examples are provided by way of illustration ardyT 3»d tiolbrag ifeareia 

swonld be deemed a iiraitaiiofi upon Ik; overall scope of the invention, 

EXAMPLE 1 

! 0 Has example compares the relative yields of QRF2 ssiag aaetkods of the present 

kn-eniioK with ffiefiiods flsal arc knowa in fee prior art. Four 1000ml. spinner lla$ks were 

each seeded tvitk approximately IJkltf5 Sfr cells/mi isi 398»*L of iassct: sensm free media, 

Excell 420 (IRE Btoscie»ccs, Inc.. I^euexa, KS). The tnasfer cell culture is identified as SF+ 

(Spadapfemjfr&gipertiay Master Ceil Stock, passage !.9„ Lot#NlI2-095W- The ceils usod to 

13 gmieme the SF+ Master Cell Stock were obtained from Protein. Sciences Cwixaation, fee., 

Meriden, CT, The SF+ cell liae for this example was coated between passages 19 ai*d 59, 

Other passages will work for proposes of the p-resent invention, bm in order to scale the 

process sip for large scale prodyw;&»t at least 19 passages will probably fee ssecesssiv aad 

passages beyond 59 tnay have ait effect on expression,, although das was not investigated, IB 

20 more detail, the kti&a! SF+ ceil adjures from liquid nitrogen storage were grows in Excell 

428 media in suspension in sterile spissner ffesks wrth constant sgitaskm. The caiturss were 

grown in i 00 ml. to 250mL spainer flasks with 25 to 150 mL of Excell 420 serum-fee 

aiedia. When the cells had multiplied to a cell density of 1.0 - Si) x iif cells/®L they w«r» 

split to new vessels with & planting density of 0,5 - 1.5 x W ceBs/asL. Subsequent expansion 
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eatares were growa ia spinner flasks Bp to 36 litess ia sbe ear k stateless steel bioreactors of 

up to 3(K> liters for a period of 2-7 days at 25 - 29°C. 

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

fkidk xvas seeded wi& ft reeoKibiflaJtt bscufovifas coalmining the PCV2 ORF2 ggae (SEQ ID 

5 NO: 4). The reccsaibisaBt: bactdo virus containing. Sue PCV2 ORP2 geae xvas generated as 

fellows: the PCV2 ORF2 gese from a North Aaaericaa stem of PC,V2 was PGR amplified to 

coiftaifi & 5f Kodak's sequence (SBQ II) NO: 1} aim a 3' EcoRl site (SEQ ID NO: 2), asd 

denied kfo the pGEM-T-Basy vector (Psaraega, Madison WI). Then, it was subsequently 

excised and jrabctoned arto the transfer vector pVLI392 (BD Biosciences PfearKtingei?, San 

10 Diego, CA), 'Die sabclojsed porttois k represented herein as SEQ ID NO: '7. The pVl,1392 

pksmid corttaifiHig tke PCV2 QRF2 gesie was designated N47-064Y and theis co-tratisfeeied 

wifli BaewioGold® (BD Biosciences Pfearmistgen) baoulavifas DNA into Sff insect cells 

(Protein Sciei5€es, Mexidea, CT) to generate the recontbirianf bac-oloviais coajaiBiog the 

PCV2 QRF2 gene. The new coastmot is provided herein as SEQ ID 'NO: 8. Tbs 

13 recambiaaat haodoviras contaiiiiag ike PCV2 GRF2 gene was pisque-piirifed and Master 

Seed Vims (MSV) was propagated on &a SF+ cell liaey aliQttoSsii siid stored at -78°C. The 

MSV was positively identified as PCV2 O.RF2 baculoviius % PCR-RFLP using bscaloviras 

specific pnracrs. insect ceils Mfecied with PCV2 ORF2 bse-uloviras to generate MSV" or 

Wad&ag Seed Vims express PCV2 ORF2 anfigeii as detected by polyclonal smm or 

20 mcmocimd antibodies k m iadkecl feorasceat aalifaody assay, AMi&matfy, fe Meatity of 

lite PCY2 ORP2 baeitkmras was confirmed by N-totminai amino acid sequencing. The 

PCV2 ORF2 baesloviros MSV was also tested for parity is accordance wilii 9 C.F,R. 113,27 

(cX 113-2.8, and 113.55. Each imsttbiaaftt baexdovins seeded mto fits spaaer flasks had 

varying multiplicities of mfectioR (MOIs). Flask I was seeded with 7.52mL af ,088 MOI 

25 seed; fesit 2 seeded witk 3,01IHL of 0.36MOf seed; Bask 3 •was seeded with. iJrnt of 
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O.iSMOI seed; and Itesk 4 -was seeded witli ti.JSmfL cf O.O^MOI seed A sdieasatie flow 

diagism illustrating fee basic steps used to ooaslmot 8 PCV2 0RF2 reconjbinast bacubvires 

is provided herein as Figure I. 

After beiag seeded wilii the bacalavims, the flasks were &ea tisaibated: at 27 ± 2°C 

5 for'7 days and were also agitated at lOOrpra during that time, The flasks used veniilated caps 

to allow for air {low. Samples from each flask were taken every 24 from for the next 7 days. 

After exiraesjou, each sample was oeiitrtfegeii and both tlie pellet Slid fee swpomaian? wem 

separated and iiien microfilteed through 3 0.45-1.0 am pore sfcs« membrane. 

The icstsllreig samples tte liad tke amount of 0RP2 present within {hem quantified 

J 0 -via an ELISA assay. The ELISA assay was eotidkieted with. captwe aafikady Swine anti-

PCV2 Pab IgG Pml Q purified (dibsed 1:250 m PBS) diluted to 1 :60(X) in 0.G5M Carbonate 

buffer <p.H 9.6). 100 j*L af (be antibody was then placed in. the welts of the mfetrotiter plate, 

sealed, sad incubated oveiuig&t at 3TC. The plate was then washed tiiree times wMs a wash 

sototion -vvMcii comprised ().5mL of Tweeu 20 (Sigma, St Louis, MO), lOOmL of 3 0X D-

15 PBS (Gibco iaviftogen, Carlsbad, CA) and 89&.3n*L of 4istiHed water. Subsequently,. 250 

jiL of 2 blocking solution (5g Carnation Non-fet dry milk (Nestfo,. GteSate, CA) i» 1 ftwL of 

D-.PBS QS to lOOmL with distilled water) was added to each of the wells. Hie next step was 

to wasli if$s test plate and. tfaes add pte-dikitsd aitigsfi. The pre-dikrted. antigen was produced 

by addiag 200 u.l of dihteist solatioa <0.5rnt Tweets 20 Sa 99Si.5mL D-PBS) to each of fee 

20 wells OB a dilution. plate. The sample was titers dilated at a 1:240 ratio and a 1:480 ratio, aad 

100 |xL of each of these dilated samples was then. added to one of the top wells on the 

dihtiim# plats (i«, ony top well received 100 of (lie 1:240 dilution and tlie odier received 

100 «.L of die I;480 dilution). Serial dilutions wens then done for the reiaaindeT of the plate 

by amoving 100 jiL Sana caob successive well and tramfsttiftg it to ik: next well OE die 

2S plats. Each well was mixed prior to doing the next transfer. The test plate washing included 
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washing Jtie plate fee® times \vi& the wash buffer. The plate was Acs sealed a»d kctfcated 

for m hoar at 37°C before bm$. washed tfaree more times with the wash taifffer. The 

detection antibody used was monoclonal aKtihody to PCV GRJF2. li m$ dilated to 1:300 ia 

dilacm solution, and 100 uL of the diluted defection atstibody was Shei? Ridded *a she wells. 

5 The plate was then sealed and incubated for as hour at 3'7°C before besRg washed three times 

xvita she wash hsffe>\ Conjugate diiueat was Sfren prepared by adding normal rabbit seram 

(Jtick$oii IffiraimoresBgi'ch, West Cnxrve, FA) to the dihseist soksisoa to 1% concentetiOH. 

Conjugate antibody Goat anii-mouse (B'+li-HRP (Jackson Immimoreseareb) was dikitsd in 

the cojiJagaSe diluent: 10 1:10,000. TOO uL of the dilated conjugate antibody m then added 

19 to each of the wells. Hie plate was thai sealed and amhated for 45 mimnes at 37°C before 

bemg washed three times with fee wash buffer, 100 pi, of sisbsfrste (1MB Peroxidase 

Sabs&ate, Kftkgaard and Perry Laboratories (KPL.s. Gaithsrsherg, MD), mixed, wftb ass equal 

volume of Peroxidase Substrate B {KM.) was added to each, of the wells. The plate wag 

incubated at room temperature for 1.5 miiimes. .100 ill, of IN" HCL sahitson wag the# added 

13 to all of tlie wells to stop tlie rsaetim. The plate was then run tlirough an ELISA reader. The 

results of this assay are provided in Table 1 Mow: 

Table 1 

Day Flask | OR.F2. ia pellet (fig) ORF2 in supernatant (ug) 

1 j 47,53 12 

3 *> \ 57,46 22 

3 3 53.44 14 

4 j 58.64 12 
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4 1 43,01 44 

4 t 
A* 65.f>i 62 

4 3 70.56 32, 

4 4 64.97 24 

3 i 31.74 urn 

j 34,93 m 

5 3 47,84 90 

5 4 55.14 86 

6 I 14.7 13$ 

6 2 18.13 182, 

6 3 34.78 140 

6 4 3C>,88 146 

7 1 6.54 176 

7 2 12XJ9 .190 

7 Jc 15.S4 158 

7 4 15.19 152 

These tesaUs locate that when tlie ineabaiioii time is extended, espessioa of OS&2 

H'tfo the supernatant of the eeatriftigBd cells and nwxiia is greater lliaii expression in the pallet 

of The catitifaged ceils and media. Accojasfmgly „ allowing tte O.RF2 expression to proceed 
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for at te 5 days and recovmag it in &e saperaate jsafter than, allowing expression, to 

proceed for less ifaaa 3 days aad recovmag OEF2 Sxm ilie ceils, provides a great iacr esase ia 

OB.F2 yields, and a sipdfscaai over priot methods. 

This example provides date as to tlie efiseaey of tlie iirvenlic® claimed, herein. A 

lOOOmL spitifter flask was seeded with agspxmnuttely 1.0x1(f Sf-i- oells'ml in 30GmL of 

Excel! 420 media. The flask was then incubated at 2TC aid agitated al: lOtepm. 

Subsequently, the flask was seeded, with K) mtcfPCV2 GSF2/Bac p+6 (the recoinbhiaiit 

i 0 bactdovirus camming the PCV2 ORF2 gene passaged 6 addifcaai limes in the S© insect 

cells) virus seed with a 0.1 MOT after 24 lioiifs of sscubatioa. 

The flask was then mcubatetl at 27*€ for a total of 6 days. After iiK>tbatson: die flask 

was then eearriftiged mid three samples of fee result trig supernatant were harveaed and 

inactivated. The supernatant was inactivated by briKgiag its temperabare; to 37 A 2°€. TO the 

13 first sample, a 0.4M solution of 2-b.ron.iosLhyicn.eamiiie liydrobromtdc which had be® 

eydij&ed to 0.2M binary ethiyieransmc (BE!) ia 0,3N NaQH was added to the supernatant to 

give a final concentration of BEI of 5mM. To the secoadsample, lOmM BEi was added to 

the supera&tairt. To tits iftird sample, BO BEI was added to Ike supemafemi The samples 

were then stitm! co:t«imK>asiv .for 48 hrs. A 1.0 M sodium thiosislfate solution to give a final 

20 mhtimam «moetatsajo» fff 5 mM was added to neutralize a»y residual BEL The quantify of 

ORF2 is each saiap'ie was then quantified using the mm ELISA assay procedure as 

described in Example L The resets of Ovis. may be seen in Table 2 below. 

5 EXAMPLE 2 

Table. 2 

Sample ORF2 TO snpematanr (jig) 
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1 78.71 

2 68.75 | 

\ S3.33 1 

This example dattoaso^les that nctitralization with BEI does not remove or degrade 

significant amounts of the recombinant PCV2 ORF2 protek product. This is evidenced by 

ttic fact t&at ifaece is BO tetge loss of ORF2 ia ®e supernatant fram the BBl or elevated 

5 temperatures. Those of skill in the art will recognize that the recovered 0RF2 is a stable 

protein product 

EXAMPLE 3 

This example demoastrsses tfeat the present iEvejitioa is scalable from small scale 

M) production of recomhisaiK PCV2 ORF2 to large scale prodaetios of teeombmasit PCV2 

ORF2L 5.0 x 10' cells/m! of SF-f cdfs/as! ia 7(MK>mL of ExCeH 420 media was planted ia a 

2O00GSHL Appfikoa Bi.oreacs.or. The media and cells were then, mewbated at 27°C ami 

agitated at JOORFM for fee ttesa 68 hoars. At the 68th boar, 4L3mL of FCV2 ORF2 

Baciikmrus MSV+3 was added to ?0(M)HSL of ExCcl1. 420 xsediyjit The resuitaat mixture 

13 was iters added to tte bicreaclor. For tfee mxt mm d&\% the mixture was iacabaisd at 27°C 

and agitated at HJORPM. Sasaples ikstR ft© bioraactor were extracted even' 24 hours 

begbming at clay 4, post-infection, and each sample was centrifeged. The supernatant of the 

samples were preserved aisd the amoant of 0RF2 was fea qmwiified -using SBS-PAGE 

dmsitometry. The results of litis caa be seen in Table 3 below: 

20 Table 3 
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f •ffonssattesJs Swedish (Swedes) 

EXAMPLE 4 

this example teste tbe efficacy of seven PCY2 caadMale vacciHes and farther defines 

efficacy parameters following esposiay to a -vinilattt strain of PCV2. One ktawfred and eight 

(108) cesarean derived colostrum depri ved (COCO) piglets, 9-14 days of age, wsre random!}1 

divided into 9 groups of equal »s». Table 4 sets forth the General Study Design for tfe 

Example. 

Table 4. General Study Design 

Group | No. Of Treatoeist I Day of KLH/iCF Chaifengeil Necropsy 

1 Figs Treatment A OR Day with on Day 49 
1 

21 and Virulent 

| 
| 

Day 27 PC Won 
1 
f 

! 
i 

Dav 24 

1 j 12 \ PCV2 Vaccine No. I 0 + 

* 
1 ~(x?ORF2Jkiig) j • j 

I 
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2 12 PCV2 Vaccina No. 

2 - (vORP2 S pg) 

0 • 
3 12 FCV2 Vacciiie "Me. 

3 - iO'RF2 4 |Ag) 

0 + -f 

4 12 PCV2 Vaccine No. 

4 - (rGR.P2 16 jig) 

0 +• 4" 

S 1.2 PCV2 Vaccine No. 

5 - (rOREl 8 pg) 

0 + f 

1.2 PCV2 Vaccine Mo, 

6 - (TO R F2 4 !i g ) 

0 •b 

7 12. PC V2 Vaccine Ko. 

7 - (Killed whole 

ceil virus) 

0 

S 12 None - Challenge 

Coim'oJs 

N/A 4- -£• 

9 12 Now - Strict 

Negative Control 

Group 

N/A 4~ •4^ 

vQRFJ ~ isolated v»ai ORF2; rORF2 » recossbiiJiis: becxiiovitas expressed 01RF2:, kilted wfeote cell 
virus *> PCY2 was grown ia suitable ceH culture 

Seven, af She groups (Groups 1 - 7) received doses of PCV2 O.RF2 polypeptide., one of 

5 fee groafis acted as a obaltaRge control and received no PCV2 ORF2. and another group 
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aeted as strict negative control group aad also received no PCV2 GRF1 Gs, Day Q, 

Groups I throagh 7 were treated with assigned vaccines. Piglets iu. Grotip 7 were given a 

booster treatment on Day 14. Piglets were observed for adverse ©vents and injection. site 

reactions followiag vaccination sad OR Day 19, piglets were moved to the secoad study sits. 

5 At the second study site. Groups M> were group housed is me building %vhile Group 9 was 

boused ia a separate bdldteg. Aii j)i|s received keyhole limpet hejaocyaaia. 

(KXH)/f«oompkss Freimd's adjuvant: (ICFA) on Days 21 md 27 aad Ofl Day 24, Groups 1-8 

were challenged with a viruieat PCY2. 

Pre- and post-challenge, blood satrapies were collected for FCV2 serology. Post-

3 0 challenge. bod? weight data fcr deieroiinatiafl. of average daily weight gain (ADWG). and 

clinical symptoms, as well as raasa! swab samples to determine sias&l shedding of PCV2, were 

collected. Oft Day 49. a!) surviving pigs wens necropsisd, lungs were scored for lesions, and 

selected tissues were preserved in formalin for Irttmunobistochemisar (IMC) testing at a later 

date, 

IS 

Materials a«d Methods 

This was a partially foliaded vacciaatioa-cbaflenge feasibility stady cotidaetet! at 

CDCD pigs, 9 to 14 days of age OR .Day 0. To he included is the stady, PCV21FA titers of 

sows were < 1:1000, Additionally, the serologic status of sows were frows a known PRR.5-

20 negative herd, Twen$-eaghl (28) sows were tested for PCV2 serological state. Fourteen 

(14) sows had a PCV2 titer of < 1000 and were transferred to the first study sits. Oae 

bandied ten (110) piglets were delivered % cesaresa section surgeries aad were available for 

this study GB Day -4. Oa Day -3, 108 CDCD pigs at tlie first study site were weighed, 

kfeRtified with ear tap, blocked by weight aad randomly assipsd to i of 9 groups, as set 

25 fertli above in. table 4. If my test ammal meeting me mclasioa criteria was enrolled ia the 
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stodjy ami was later excluded for aay reason, tfee lavestigator and Monitor consulted as order 

to deiatnine the use of dais collected from fee animal ia sirs final analysis'. Tlie da£© of 

which enrolled piglets tvers excluded a ad &e reason Ibr cxshtsioa was documented. 

Mtiaih, <10 saws were excluded. A total of 108 of a» available 110 pigs were randomly 

5 assigned to one of 9 groups oti Day -3. Hie *wo smallest pigs (Nos. i? and 19) were no; 

assigned to a group and were available as extras, if needed. Durrng tlie course of tlie study, 

several animate were temoved, Pig 82 (Group 9} on Day -1, Pig No. 56 (Group 6) on Day 3, 

Pig No. 53 (Group 9) oa Bay 4. Pig: No. 2$ (Groap 8} oa Day 8. Pig Mo, 69 (Group 8) on 

Day 7, and Mg No. 93 (Group 4) cm Day 9, were each found dead prior to dialienge. These 

.1 ft six pigs tvere not incioded ia tlie final stud? results. Pig ao ! 7 (cms of Itie extra pigs) vm 

assigned to Group 9. The remaining extra pig. Ho. 19, was exc-kided from the siudy. 

The formulations given to each of the groups were as follows: Grosrp 1 was designed 

to administer 1ml of viral ORF2 (V0RF2) coKlaiairig 16 fig ORF2/mi This was do«e by 

mixing 10.24 ml of viral. ORF2 (256 ag/25 pg^aol «= 10.24 mj \ORF2) with 3.2 ml of 0.5% 

13 Carbopol and 2.56 ml of phosphate Wfered saSme at & pH of 7.4. This produced 16 ml of 

formulation tor group I. Gamp 2 was designed so adratefer 1ml of vORPZ containiag 8 jig 

vORF2/ml. Tills was done by mixtog 5.1.2 ml of vOREJ (128 gg/25 jig/ml - 5.12 ml 

vORF2) with 3.2 ml of 0.5% Carbopol and 7.68 irii. of phosphate hollered saitee at: a pH of 

7.4. This produced 16 ml of fommlation for group 2, Group 3 was designed to adrateisfer 

20 1ml of vORF2 coutaiuMg 4 jig vORF2/i»l This was fom b? mhaitg 2.56 ml of vOEP2 (64 

*tg/25 figftal ™ 2.56 ati vQRF2> with 3.2 ml of 0.5% Carbopol a»rf 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 iail of recambinaxu: O.RF2 (rORF2) coHiainmg 16 tig; rORF2,;inl. This 

was dorse by safaoag 2.23 mi of rOEF2 (312 fig/230 ftg/ml = 123 ml fGRF2} wife 6.4 ml of 

2S 0.5% Carbopol and 23.37 mi of phosphate kiffered saline al a pH of 7.4. Tbis produced 32 
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ml of faraiolatkra for group 4- Group 5 was designed to administer 1ml of rOKF2 com&mkg 

%g rORf2'ml The was tloae by asking 1.11 ml of rDRF2 (256 JLUJ/230 ).tg/f&l -- 1,11 ml 

rORF2) with 6.4 mi of 0,5% Csa&opQl md 24.49 ml of plK^spaate-buffered saSiae at a pH of 

7.4. This produced 32 sit! of fonaaiation for gioap 5, Group (> wm designed to admkuster 

1ml of K3RF2 coKiaintKg 8 pg rQRF2Ml. 'this was done by mixing 0.56 ml of iORF2 (128 

jig/230 fig/oil = 0,56 ml rORP2) with 6,4 ial of 0.5% Carbopol and 25,04 ml of phosphate 

buffered saline atapH of 7.4. This produced 32 ml of fonuuiadon for group f>. Group 7 was 

designed to adaiasisfer ~tml of PCV2 whole killed cell vaccine <PCV2 KV) contaimag titc 

MAX PC ¥2 KV, Tfeis was done by mixing 56 in! of PCV2 KV with 14 ml of 0.5% 

Carbopol. This produced 70 ml of ferrmslafios for grotsp 7. Finally group 8 was designed to 

atoiaister KLH at 0.5 ,ug/Kil or 1.0 jigMl per 2 ml dose, litis was dose mixing 40.71 ml 

KURT (7.0 jig pxada/mi at 6.5 jtg/irai ~ 570 ml (7,0 jtgAnJXx) - (0,5)(570 ml)), 244,29 ml 

phosphate buffered saline at a pH of 7,4, and 285 ail Freunds adjuvant. Table 5 describes tlie 

time frames for tlse .key activities of this Example. 

Table 5. Study Activities 

Stodv Stcdv Activity 

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

Weighed; Ratidtsniized to groaps; Collected blood samples 

1 from, ail pigs 

0 j HeaSiti examiaaiioa; Administered fVPNos, j -7 Groups I 
I 

7, respeciiveh' 
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0-7 Observed pigs for i ejection site reactions J 

14 Boostered iMmp ? with. PCV2 Vacci.se Mo, 7; Blood samples 

from all pigs 

14-2.1 Observed Group 7 far injection site reactions 

16-19 Treated ail pigs with antibiotics (data missing) j 

19 Pigs transported fro® the first test ate to a second lest site J 

21 Treated Groups 1-9 vriiii iCLWICFA j 

24 Collected blood and. nasal swab samples from all pigs; 1 

Weighed all pigs: Challenged Groups 14; with PCV2 challenge | 

material j 

25,27. 

29,31, 

33,35, 

37,39, 

41,43, 

45,47 

i 
Collected iiasal swab saaipks from all pigs j 

! 
i 
i 
i • | 

Treated Groups 1 -9 with KLH/ICFA | 27 

31 Collected blood samples from, all pigs | 
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Collected blood and aasal swab samples from all pigs; 

Weighed ail pigs; Necropsy all pigs; Gross le&ioRS noted with 

emphasis placed oil icterus and gastric ulcers; LoegB evaluated j 

for lesions: Fresh and foimalin fixed tissue satnpies saved; In- j 

life phase of rise study completed j 

Following compfetioa of the in-lite phase of fee study. fomtalm fixed tissues were 

examined by Inimmolitstocheirashry (IHC) for detectioa of PCV2 antigen by a pathologist, 

blood samples were evaluated for PCV2 serology . nasal swab samples were e valuated for 

5 PCV2 shedding, sad average daily- weight gaia (ADWCj) was determined from Bay 24 to 

Day #. 

Aaitaals were housed al the first study sits to individual edges Jit five roams from 

birth to appmxstaaldy i I dag's of age (approximately Day 0 of the study). Each roam was 

identical k layout and consoled of stacked radivMaai stainless steel cages with Seated and 

10 filtered air supplied separately to each isolation anil. Each room lutd separate heat and 

vesatifeiiati. thereby preveaiitig cross-eoatautinatioM of air between xotsm. Animals were 

housed in. two differeat buildings at the second study site. Group 9 (The Strict negative 

cootrol group} was housed separate^ in. a eonested feisher building and Groups 1-8 tvere 

housed iii converted nursery building. Esoli group was boused in a separate pea (11-1.2 pigs 

15 per pen) and each pen provided approximately 3.0 square feet per pig. Each pea was on m 

elevated deck with plastic slaiteti floors. A pit below tie pests sewed as a holding tank for 

exeremest and waste. Each building had its O-.VR separate teasing and ventilation systerasf 

with. iittb likelihood of cross-contaminatson of air between buildings:. 

At the first study site., piglets were fed a specially fonualated milk ration from birth to 
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approximately 3 weeks of age. All piglets were ctmsaasiisg solid, special jaixsd ration by 

l>aj 19 (approximately 4 '/i weeks of age). At the second study site, all piglets were fed a 

custom noa-nicclicated corajwsrci&t ink ration appropriate for {heir age sad weight ad 

libiitm, Walei* at "both study sites was also available ad libitum. 

5 All test pip were treated with Vitamin E on Day -2, with iron. mjecrfioHS OR Day -1 

asid with NAXCEL# (1,0 asL, 1M, in. aftenmtteg' teas) on Days H, 17, IS sad 19. ia 

addition. Pig No, 52 (Group 9) was treated with aft iton injection on Day 3. Pig 45 (Group 6) 

was treated witlt aa iron injection on Day 11, Pig No. 69 (Group 8) was treated with 

NAXCEL® Oft Dsj' 6> Hg Ho. 74 (Graap 3) &as treated With dexainethaxone aad. peascillin 

.10 oa Day 1.4. asrd Pig Ho. 51 (Group 1) was treated with desaiaetha^one and penicillin. on Day 

13 and wiftt NAXC.HL® on Day 1.4 Sar various heaMt seasons. 

Wfeile $ both stiedy sites,. pigs were tinder veterinary cam, Animal health 

examinations vttm> ccaKtacted o« Day 0 and wess recarded. oa the Haaltii Exajiriuatiofl lecord 

Form. All animals ivere *ui good health and. nutritional status before vaccination as 

13 determined by observation OK Day 0, All less animals were observed to be in. good health and 

nutritional status prior to challenge, Carcasses and tissues were disposed of by readormg, 

Final disposition -of study animals was records on the Aninsai Disposition Record, 

Qa Day ft, pigs assigjsed to Groups .1-6 received. 1.0 mL of PCV2 Vaccines l-6f 

respectively,, IM in the left seek £egkm mmg & sterile 3.0 mL Laer-lock fringe sad a sterile 

20 20g x%" aeedfe, Pigs assigned to Groap 7 received 2.Q mL of jPCV2 Vaccine Ko. 7 IM m 

the left tteck region using a sterile 3.0 mL Lwer-lock sytmge md & sterile 20g x '4" needle. 

On Day 14. pigs assigned to Gnjop 7 received 2,0 IBL of PCV2 Vaccine No. 7 IM in th© 

right neck region using a sterile 3.0 mL Luer-loek syritip and a sterile 20# * ¥zK j&eedle. 

0.ti Day 21. aQ test pigs ajeceived. 2.6 isL of KLH/1CFA IM in lit© rigfei ham rggios 

25 using a sterile 3,0 IBL Laer-lock syringe and 3 sterile 20g xl" seed!©. Oa Day 27 all $est pip 
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teceived 2.0 mL of KLH/ICPA is. the left ham region using a sterile 3.0 mL Luer-lock 

syrirsge and a sterile 20g x Is needle. 

Oa Daty 24, pigs assigned to Groups 1-8 received 1.0 mh of PCV2 ISUVDL 

challenge material (5,11 iogw TCIDssAaL) IM ia the left: neck regkat asmg a sterile 3,0 ntL 

5 Laer-lock syringe sad a sterile 2% x I" needle, As additional 1.0 rat of ill© same material 

•was admiaa^ered JH to each pig (0,5 JBL pet nostril) using a sterile 3.0 mL Luer-lock syriage 

aad nasal caaala. 

Test pigs were observed, daily for overall health mi adverse events oa Day 4 and 

from Day 0 to Day 19. Obsemifioiis were recorded on the Clinical Observation Record. All 

10 test pigs were observed Sum Day 0to Day 7, and Group 7 was further observed from Dsy 14 

to 21, for uyeetioft site leaedoias. Average daily wei^it gain was detertmt&ed |jy- weighing 

each pig OB a calibrated scale OK Days -3, 24 and 49. or on the day that a pig was found dead 

after diaflfittge. Body weights were recorded on the Body Weight Form. Day -3 body 

weights were utilized to block pigs prior to raaifombasiort Day 24 aad Day 49 weight data 

13 was utilised to deteoasse the average daily wdgte gaiii (ADWG) for each pig during these 

tisne points. For pigs that died after challenge and before I>ay €>, fee ADWG was adjusted to 

represent the ADWG from Day- 24 to $te day of death. 

IK order to determine JPCV2 serohgy. venous whole Wood %vas collected from each 

piglet front the orbital vessoiis shaus on Days -3 aisd 14, For each psglst Wood was collected 

20 ixsssi lite orbital ve«otis sinas by iiisertmg a sterile capillary lube iato the medial canthas of 

cm of the eyes aad draining apfsoximaiely 3.0 mL of whole Wood into a 4.0 mL Serata 

Separator Tube (SST). Oa Days 24. 31, and 49, venous whole blood from each pig was 

collected from the anterior -varta cava using a steifle 1% x I Vacuiainer aeedle (Becioa 

Dickinson aad Company. Ftasklia Lafoss, Nw Jersey), s Vacmamer needle holder and s 13 

25 xaL SST. Blood collections at each iisne point were receded on (he Sample Collection 
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Record. Mood at each SST was allowed to clot, each SST was the® span down and the 

serum harvested. Harvested saam was teaasfetxed to a sterile snap tube sad sto®ed at -Tftfc 

10° C until tested at a later date. Serum samples ^vere Jested for tlie presence of PCV2 

antibodies by BIV.T-R&D pessoflael. 

5 Pigs xvere observed once daily from Day 20 io Day 4$ for clinical symptoms aad 

clinical obsereattotts were recorded on the Clinical Observation Record. 

To test for PCV2 nasal sheddisig, Ofl Days 24. 25. and then evesy Other odd numbered 

study day ap to and including Day 49. s sterfie (.heron swab was inserted intra nasally mo 

either the left or righc isosiril of each pig (one swab per pig) as asepticaHy as possible. 

It) misled arotmd for a few seconds and tires removed. Each swab was diet) placed into a 

single sterile snap-cap tube containing 1.0 mL af FMBM media with 2% 1FBS, 5(30 BBifg/iaL 

of Penicillin, 506 |tgtaL of Streptomycin and 2.5 pgv'asL of F«agi®»ae. The swab was 

brakes off in She tube, aad the snap tabe was sealed sad. appropriately labeled with animal 

tna&ber, study number, date of coUectioG, study day and "nasal swab." Sealed snap tubes 

15 were stored at -40 & l(f C until transported overnight o» ice to Bl'VX-St. Joseph. Nasal swab 

collections were recorded o.is tie Masai Swab Sample Collection Form, BIVI-R&D 

conducted qusmtitative viras isolation (VI) testing for PCV2 OR nasal swab samples. The 

results were expressed ia fog}9 values. A vahse of 1.3 logs or Jess was coasidoed negative 

aad any value greater thsn 1.3 fogs was considered positive. 

30 Pigs that died (Mos. 28> 52. 56. 69, 82, aid 93) at the first study site were aecropsied 

to the level necessary to determine a diagnosis. Gross lessons were recorded and no tissues 

were regained from these pigs. Al the second study sits, pigs &3t died prior to Day 49 {Nos. 

45, 23, SS, 35), pigs found dead OB Day 49 prior to euthanasia. (Nos. 2. 43). aad pigs 

eaihaaked on Day 49 were eecropsied, Ajiy gross iesious were rioted aad tie percentages of 

25 tag lob® v«tk lesions vvcre recorded OH the Necropsy Report Fosm. 
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From each of the 103 pigs ascrapsied at fe secoad study site, a tissue sample of 

tonsil lung, heart, liver, messitteric lymph node, kidney find inguinal lymph node was placed 

Mo a single container with baffered 10% jfor&sUa; while another tissue sample frota fhe 

s&s»e afbrsanoRlioned organs was placed into a Whirl-pale (M-Tecli Diagnostics Ltd., 

5 Thehvall UK.) and each Whirf-pak was placed on ice. Each ccmtaiiser -was properly labeled. 

Sample collections were recorded cm the Nccropsy Report For®. Afterwards, fisrmaiahfixed 

tissoe samples and a Diagnostic Reqaest Form veers submitted for IHC testing. iHC testteg 

was conducted in accordance wit!) standard ISU Jabco&»y procedures for jeceivhg samples, 

sample aad slide preparation, and stsiuiag teclmicpes. Fresh tissues ia WhM-paks were 

16 dipped with ice pacta to ths Study Monitor for stooge (-70° ± 10° C) and possible future 

use. Feraaliii-fked tissues were examined by a pathologist for detection of PCV2 by IHC 

and scored wsiag the foHowiag scoroig system; 0 — Hone; 1 « Scant positive staiahsg, few 

sites; 2 = Moderate positive staking, multiple sites; and 3 « AbuMaKt positive staiiriag, 

diffuse throughout tiie tissue. Due to the fact thai Ifee paihalogist could siot positively 

15 differentiate mgais&l LN from meseMerio LN, resulte for these tisswes were simply labeled as 

Lyrtspit Node ami the score given line highest score for each of Ik; two tissues per animal. 

Results 

Results for this example are gjnea below, ft :is tioied that one pig irora Group 9 died 

20 before Day 0, and 5 mom pigs died post-vaccHradaa (t pig item <3roup 4; I pig from Group 

6; 2 pigs from Group 8; and 1 pig fitaa Group 9). ^ost-jnorteai examination indicated all sax 

died due to atideriyiug infections dial were not associated with vacoawtion or PMWS. 

Additionally, no adverse events or ayeciioa site reactions wens noted with any groups. 

Average daily -weighs gain (ADWG) results are presented below m Table 6. Group 9., 

25 the strict negative eoirtrol group, had ft® highest ADWG (1,(16 & 0.1? ihs/day), foilawsd by 
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<3KJBP 5 (0,94* 0.22 Ibs/di^X w&kfc received otse dose of 8 p.g of rORF2. Qtonp 3, whick 

received one dose of 4 ug of V0RF2. had the lowest ADWCj (0.49 0.21 Ib&'day), followed 

% Group 7 (O.50± 0,15 fts/dayX •^ocfc received 2 closes of killed vaccine. 

5 Table 6. Summary rtf Group Average Daily Weight Gain (ADWG) 

Group Treatment ! M 
| 

AD WG - fa'day (Day 24 to Day 49) or | 

adjusted for pigs dead before Day 29 

i vO.RF2 -16 tt|5 (1 doss) i 12 
j 

0.87 * 0,29 lbs/day 

2 vORF2 - 8 ug (1 dose) | 12 
| 

0.70 0.32 ibs/day 

»% ,•> A-<}RF2 - 4 ug (I dose) 1 12 0.49*0.21 lbs/day | 

4 iOR.F2 -1$ jig (.1 dose) 1 ii. : 0.84 * 0.30 fts/day 

5 rOE.F.2 - B j,tg (1 dose) 
! 
| 12 0.94 ± 0.22 lbs/day 

6 JORF2 - 4 ug (1 dose) ! i) 0,72 ± 0.25 lbs/day 

7 KV (2 doses) { 12 0,30 4 0.15 lbs/day j 

8 Challenge Controls | 10 0.76* 0.19 lbs/day J 

9 Strict Negative Consols 1 l} 1.06 ± 0.17 lbs/day 1 

vORF2 ~ asoiatsid viral ORIS; rGBF2 ~ fscoiabitisai baeufovirus expressed QRF2: killed whols cell 
vims"" PCV2 vires grows! its. suitable cell culture 

PCV2 serology results are presaged below in Table 7. All mae groups were 

10 seronegative for PCV2 on Day -3. On Dm 14, Groups xeceiviag >OSF2 vaccines had the 

ijigliesf titers, whick ranged from 1.87.5 to 529.2. Pigs receiving killed viral vaccine had the 

next highest titers, followed by fee groups receiving iORF2 vaccines. Groups 8 and 9 
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jtmaiaed seronegative at ?!«s time. Oa Bay 24 aad Baj? 31, pigs receiving vORF2 vscciaes 

coiWiiuied to dmmstmte a stroag serological imposm, foibwed ciosely % the groap that 

received (wo doses of a killed viral vaccine. Figs receiving rOREJ wseciaes were slower to 

respond serologically and Groups 8 <jfid 9 continued io remain seronegative, Oa Day 49, pigs 

reiving vOSF2 vaccine. 2 doses of fee killed vital vaccinae and the lowest dose of tORF2 

demonsfcated file strangest serological responses. Mgs receivlKg 16 ug and 8 ug of »ORF2 

vacoHios aad slightly higher TFA titers thas cMleng« controls. (ko«j> 9 m Day 49 

demonstrated a strong serological response. 

Table 7. Summary of Groap PCV2 If A Titers 

AVERAGE I.FA TITER 

I 
Group Treamieat Day -3 Dm 14 Day 24 Day 31** Bay 4^*-

.! | vORF2 - .16 fig (). dose) 50.0 529.2 4496.0 7866.7 0054.5 

2 j~ vGRF2 * 8 ftg {1 close) 50,0 5(RM) 3466,7 6800.0 UUHi .8 

3 1 vORF2 - 4 jtg <1 dose} so.y 187.5 1.1333 57-33,3 9333.3 

4 | JORPS -16 jig; (1 dose) 
? 

ss.o 95.5 1530.0 3090.9 SOOO.Ci 

5 | rORF2»& jig (1 dose) 50.0 75.0 887.5 2266.7 741.6.7 

6 | rORF2- - 4 jig (1 dose) 50.0 50.0 550.0 3U8,2 10570.0 

7 | KV (2 doses) 
\ 5 

50.0 204.2 3087.5 4620.8 8680.0 

8 j Gmfeuge Controls 50.0 55.0 50.0 50.0 5433.3 

9 ! Strict Negative Contois 50.0 59.! 59.1 54.5 613&4 

V0RF2 ~ isolated viral ORF2; rOBS2 » recoiabinaat basukwirus expressed ORF2; killed -whole eell 
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virus * PC Y2 virus grown in saitettafc ceU culture 
*For caic«aiiio« purposes, 3 <100 TFA titer was designated as a titer of "5{f; a >6400 TFA 

tker was designated as a titer of "'12,800". 

**Day of Challenge 

5 ** *Day of Necropsy 

The results from tlie post-chalienp clinics! observations are presented below in Table 

8. 'litis summary of results includes observstioas for Abnormal Behavior, Abnormal. 

Respiration. Cough aad Diarrhea, Table 9 includes the results from the Summary of Croup 

Overall Incidence of Clinical Symptoms aad Table 10 includes jesalte from tlie SuiHmsrv of 

10 Group Mortality Rates Post^baieitge-. The most common clinical sy raptors noted ia this 

study was abnormal bekmor. wiiich was scored as mikl to severe lethargy. Pigs receiving 

the 2 lower doses of vOR.F2, pigs receiving 16 ug of rt)RF2 and pigs receiving 2 doses of 

KV vaccine had iaoideace rates of > 27.3%. Pigs receiving 8 ,ug of tOlFl w& ft© strict 

negative coKtrol group had HO abaomml behavior. Noae of tlw pigs m this study 

15 demonstrated am- abnormal respiration. Coughing was noted frequently Hi all groups (0 to 

25%), as was diarrhea (0-20%). None of the clmicftl symptoms noted were pafeogrnHflic for 

PMWS. 

The overall incidence of clinical symptoms varied betwsea grasps. Groups receiving 

aay of the vORF2 vaccines. the group receiving 16 pg of t01tF2> the group mceiviag 2 doses 

20 of K V vaccine.. aad tie challenge coattol group had the highest sncideisce of overall cllafcal 

symptoms (>36.4%). Hie sirict negative control groap, the groap receiving 8 jig of rO'RF2 

aad the group reesiviitg 4 fig of 1ORF2 had overall iaeideace rates of clinical symptoms of 

0%, 8.3% sad 9. i.%, respee&veiv. 

Overall, iftortality rates hetweesi groups varied as well The group receiving 2 doses 

25 of KV vaccine had the highest mortality sate (16.7%); while groups that receded 4 jig of 
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vORF2.16 ug of rOKKl. or 8 ofiGRF2 aad the sirict negative control group all had 0% 

mortality rates. 

fable & Swwmafy of Group Ghs;eratt«ra$ for AbfsormM Beiumor, Abnormal 

5 Respiration, Cough, and Diarrhea 

Group TreatoieiS K Abnormal 

Behavior3 

AhnonRal 

Behavior3 

Cough5 | Dbntea4 

I 
5 

1 

3 

V0RF2 -16 jug (.1 dose) 12 2/12 

(16.7% 

0/12 

(tl%) 

3/12 | 2/12 

(25%) (16/7%) 

1 

3 

vORF2 - 8 fig (1 dose) 

vORF2 - 4 fu; (1 dose) 

12 4/12 
' 

(33.3%) 

ft/12 

(Q%) 

1/52 j .1/12 

(8.3% (8.3%) 

1 

3 

vORF2 - 8 fig (1 dose) 

vORF2 - 4 fu; (1 dose) 12 8/52 

(66.7%) 

mi 

(D%) 

2/12 | 1/12 

(16.?%) | (8.3%) 

0/11 (M) ! 2/11. 
j 

| (18.2%) 

4 fORI?2 -16 p.g (1 dose) H 3/11 

(27.3%) 

0/11 

(0%) 

2/12 | 1/12 

(16.?%) | (8.3%) 

0/11 (M) ! 2/11. 
j 

| (18.2%) 

3 TORF2 - 8 jig {]. dose) 12 0/12 

im 
0/12 

(0%) 

1/3 2 10/12(0%) 
| 

(s.3%;) | 
i : 

6 rORF2 - 4 m (1 rfose) n 1/11 (9,1%) 0/11. 

(0%) 

0/11 (0%) 10/12 (0%) 

7 KV (2 doses) 12 lilt 

(58.3) 3
 

£
 

••£>
 

*•>
 

0/12 (0%) 1/12 

j (8.3%) 
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8 Challenge Controls j 10 i 

t \ 
j ! | \ 

1/10 

(10%) 

0/10 

(0%) 

Ifif) 

(20%) 

2/10 

(20%) 

3 Strict Negative Cottfmls i 11 | 0/Fl 

! 1 (o%> 
i | 

0/13 

(ft%) 

0/11 (0%) 0/11 (0%) 

vOKF2 = isolated viral ORF2; rO.RF2 *isecsabkyiat bafflj|(»iais expressed OEF2; kilted wftoje cell 
vitas m PCV2 virus grown in suitable celt culture 

'Total aswafeer of pigs in eaefe group ihni demonstrated any abnormal behavior for at least oae 

day 

"Total number of pigs in each group that demonstrated any abnormal respiration for at least 

oae day 

"Total auHiter of pigs ia sack group ttiai demonstrated a cough lor at least oae day 

"Total number of pigs in easts group tfeat demonstrated diarrhea for at least one day 

Table '-h Summary of Group Overall Incidence of Clinical Symptoms 

Group Trcsatraestrt N j incidence of pigs with 

| Cliskiai Symptoms1 

Incidence ] 

Rate 1 

I vORF2 - 16 |ig (1 dose) 12 j 5 41,7% 

7 vORF2 - S |xg (1 dose) 12 1 5 41.7% | 

3 vORF2~ 4^(1 dose} 12 8 66.7% j 

4 fORF2 - .} £> ug <1 dose) 1.1. 4 36.4% | 

5 rORF2 - 8 jig (1. dose) 12 1 83% j 
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6 rQRF2 - 4 jig (1, dose) 11 | 1 j 9.1% 

7 KV (2 doges) 12 \ 7 | 58.3% 

8 Challenge Cais&ols 10 1 4 | 40% 

9 Strict Kega'avs Conixols 11 j 
1 

0 ! o% 
vORF2 * isotetoJ vital ORF2; tOKF2 = mxttftbfcsa® foacui&vjtus expressad OEF2; killed whole cell 
virus - PCV2 virus grown ia sailabfc cell eultttrc 

'Total. aamber af pigs in each group mm demonstrated any clinical symptom, tor at least one 

3 day 

Tabic 1ft, Sonsnary «f Grftep Mortality Rate: Post-challenge 

t'map Tremirtem M Dead Post-

clialleage 

Mortal ;ty Rate 

1 YORF2 - 16, jig (i dose) 12 1 S.3% 

•j vQRF2 - 8 jig (1 dose) 12 1 8.3% 

3 vORP2 - 4 jig (1 dose) 12 0 {)% 

4 iORF2 -16 jig (1 dose) 11 0 0% 

5 :iORF2 - f> fig (1 dose) 12 0 0% 

6 iORF2 - 4 ug (1 dose) ii 1 9.!% 

7 KV (2 doses) .12 2 147% 
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a Challenge Controls 10 |. 1 j 10% j 

l 9 Strict istegstive Co&tr&is H 0 | 0% 

VORF2 - isolated viral ORP2; iORF2 ~ recombinant baeuioviras excesses:! 08F2; killed whole cell 
vhits ~ P€¥2 virus growa is suitable cell euiuire 

'PCV2 nasal sledding results are preseated below in Tabic Li. Foilowiag diMteage 

cm Bay 24, .1 pig in Gro»f> 7 begas bedding PCV2 OH Day 27, IMCMIC of fee other groups 

experienced sheddittg ustil Day 33, Tke bulk of mssl shedding was jsoted from I5ay 35 to 

Day 45, Grasps receiving arty of the three vORF2 vaccia.es and groisps receiving cither 4 or 

S ug of rORF2 bad the lowest incidence of nasal sfieddiiig of PCV2 (< 9.1%). The elialbnge 

control group- (Group 8) had tlie highest shedding .rate (88%), followed "by the strict .negative 

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

Tabic 11. Sanmmry of Grc«j|> lucMencc of ISasai Shedding of PCV2 

Group • Treatment :N No. Of pigs feat shed incidence Rate 

.for at k-asJ one day 

I vQRF2 -16 «g (1 dose) 12 1 ! 8,3% 
l 

2 vORF2 - 8 ug (1 dose) 12 1 j 8.3% 
i 

3 'vORF2 ~ 4 ug- (1 dose) 12 1 j S.3% 
i 
J 

4 iORF2 - 16 jig (1. dose) it 2 1 18.2% 
j 
i 

rORF2 ~8ag(] doss) 12 I J 8.3% 

6 >OSF2 - 4 £ig (l dose) 11 1 | 9.1% 
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7 | KV (2 doses) 12 3 j 4.17% 

8 Challenge Controls 10 8 | 80% | 

9 j Strict Negative Controls 13. 7 | 63.6% 
5 
i 
i 

vQR§2 - isolated viral ORF2; rORF2 ~ recombinant haculovin® expressed <StF2; kitted whole eeM 
vires « FCV2 vims grown insurable cell culture 

The SMmnsaiy af Group Incidence of Icterus, Group Incideisce of Gastric Ulcers, 

5 Group Mean Lung Lesion Scores, and Group Incidence of Lang Lesions are shown below ia 

TahM 2. Six pigs died at the first jest site daring the post-vaccination phase of 0® smdy 

(Group 4, N»l; Group 6. N»I; Group 8, N--2; Group 9, N~2>. Four out of six pigs liad 

fibrinous tested itv one or more body esvi!i©&. oae pig (Group 6) laid lesions cwmsteaf with 

clostridial disease, sad one pig (Group 9) tod. m gross hskm. Nose of the pigs tfeat died 

10 during flje post-vacciKatjon phased of ffcfi study had lesions consistent wi& PMWS. 

Pigs ibat died post-clialleagc and. pip etulwnked on. DEQ: 49 wefe necropsied. At 

necropsy, icterus and gastric ulcers -were aot previa ia aay group, Witfe regard to nrna % 

littig lesioos, Group 9 liad lowest tneais % king lesions {(>%), followed by Group 3 with 0.40 

* 0.50% aad Group 5 wife 0.68 ±-1.15%. Groups 2,3,7aad 8 liad fee bighess mean % tang 

15 lesions {> 7,27%}, Each of $iese foar groups contained cm pig with % taag lesions >71.5%, 

wMcli stewed the resales higher for fltese four groups. WiSi tjac escepiios of Group 9 with 

0% teg lesions noted, the remsitiing B groups bad < 36% hmg lesioas. Abacs! all mng 

lesions woted were described as red'purple a«d consolidated. 

20 Table 12. Sammary of Group Incicleace of Icterus, Gnnsf incideftce of Gastric Ulcers, 

Groap Mean % Laitg Lesion Scores, m4 Grmq3 Ifldtleiiee of Lmg hnmm Pfeicd 
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Group Treatment Icleras Gastric 

Ulcers 

Mean % Liiftg 

LSSIOHS 

Imeisteaee of 

Lang Lesions 

Noted 

I vORF2 - IS jig (1. 

dose) 

0/12 (0%) 0/1.2 

<0%) 

0.4CI=fc 0.50% 

! 
j 

10/12 

(83%) 

2 vORP2 - 5? |Xg (1 dose) 0/12 (0%) 0/12 

(0%) 

7,4! x 20.2% | 10/12 
§ 
j (83%) 
X 

3 vORF2 -4 pg (I dose) m 2 fo%) 0/12 

(0%) 

<120 ±20,9% | 10/12 

| (83%) 
i 

4 t0RF2 - 16 jig (1 

dose) 

m i ip%) o/i i 

(0%) 

1,5 &4.74% ! mi 

| (36%) 

5 rORF2 - 8 jtg (I dose) 0/12 (0%) 0/1:2 

(0%) 

0.68-4- 3 w/» | 9/]2 

| (75%) 

6 rORF2 - 4 fig (1 dose) 0/11 (0%) 0/11 

(0%) 

235 ±5,12% | 7/U 
1 
j (64%) 

? KV (2 doses) 0/12(0%) 0/12 

(0%) 

7.27 ±22.9% | 9/12 
* 
| (75%) 

8 Challenge Controls 0/10 

(0%) 

C3/10 

(0%) 

9.88 ir 29.2% | 8/10 

1 (so%) 
I 

9 Strict Negative 

Controls 

0/1. i (0%) 0/11 

(0%) 

om I o/ii 
(0%) ! (0%) 

* 
? 

vORF2 ~ isolated vkai C3RP2; tOiiF2 ~ recombinant b«cxiiovkii& expressed ORF2; KV or killed 
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wtjole eel! vims - PC'V2 vims growo in soitJitafe cell culture 

The Summary of Group IHC Positive Incidence Results is shown in Table 13. Group 

3 (vQRF2 - Hi fig) and Qroap 5 (rGRP2 - 8 ug) liad te lowest rate of IHC positive malts 

(16.7%). Group & (Challenge Contois) ami Group 9 (Strict Negative Ccaurois) had the 

highest rate of IHC positive results, 90% and 90.9%, respectively. 

Tahte 13, Summary of Group fflC Positive Incidence Rate 

wWe cell vires = PC V2 virus grown ia sait«bfc cell culture 
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Post'diaMeage, Group 3, which received oae dose of 8 y g of rQRK ajitigea. 

^performed the other 6 vacciae groups. Group 5 had the highest ADWG (0.94 =fc 0.22 

ifes/day}, the fowssi: ijtctdence of abitort«al belm-sor (0%), the second lowest incidence of 

cough <8.3%),. tiie lowest iseadence etf overall clinical symptoms (8,3%), the lowest mortality 

5 mit (6%X the lowest rat© of nasal sheddi&g of F€¥2 (8.3%), she second lowest rate for mean 

% htttg lesions (0.68 ± 1.15%) aad the lowest iiicictece rate for positive times <16.7%). 

Croups reeeMttg various levels of rORF2 antigen overall outperformed groups reeeh'ing 

various levels of vORF2 stud she group receiving 2 doses of killed tvhote cell PCY2 vaccine 

performed the worst Tables 14 sad 15 con tain summaries of group posi-chaHsnge data. 

10 

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

Group- N Tr&alrneiit ADWG 

(Ibs/dsv) 

Abnormal 

Bdmior 

Cough Overall 

fegcideoce of 

Ciiiiioai 

Symptoms-

1 12 vQRF2 -16 fig 

(i dose) 

0.87 ± 

(US 

2/12 

(16.7%) 

3/12 

(25%) 

41.7% 

2 12 vORF2 - 8 jig 

(1 dose) 

0.70* 

0.32 

4/1:2 

(33.3% 

1/12 

(83% 

41.7% 

3 12 vORF2 - 4 pg 

(I dose) 

0.49 i; 

0:21 

8/12 

(66.7%) 

2/12 

(16.7% 

66,7% 

4 11 rORF2 - 16 jig 

(1 dose) 

0.84-

0.3 0 

3/11 

(27.3%) 

0/11 

(0%) 

36.4% 
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5 J 12 
j 
j 

rORP2 - 8 }ig 

(i dose) 

0.94 & | 0/12(0%) 1 1/12 
I j 

0.22 1 j (8.3% 
| | 

8.3% 

f> 1 11 

3 
I \ 
i 

rORF2 - 4 fig 

(1 dose) 

0:72 £ |l/U(9.1%! 0/1.3 

0.23 | <0%) 
! 1 

9.1% 

7 ! 12 KV 

(2 doses) 

0,50 A 

0,15 

7/1.2 (58.3) ( 0/12 

| (0%) 
1 

58,3% 

8 j 10 

\ 
| 

Challenge 

CoB^mk 

0,76 + 

0.19 

1/10(10%) | 2m 

{20% 

40% 

9 | 11 Strict Negative 

CCUHVOIS 

1.06* 

0.17 

0/11(0%) 1 0/11 

| (0%) 

0% 

« isolated vital Q&F2; JORF2 * iecofflbinaet: h&eiitevfcys expressed ORF2; KV or kilted 
wWe ceil vim - PCV2 « s^owamssiibtbie cej[{ critwe 

Table 15. Summary of Group Fosi-Clialtege Data - Fart 2 

Gfcrap | N Treatraeiit Mortality Nasal Meaa % Incidence Rate of at 

Rate Sheddifi.g Lung least BOS tissue IHC 

Lesions posiiive for PCV2 

I j 12 vORFl - 16 ug S.3% 8.3% 0.40 ± 16.7% 

(1 dose) 0.50% 

2 j 12 V0RF2 - 8 yg 8,3% 8,3% 7,41 i 25,0% 

(1 dose) 20.2% 
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|2 vORF2 - 4 u.g 

(.1 dose) 

0% 8.3% 9,20 ± 

20.9% 

66.7% 

4 ii rORF2 - 16 jig 

(1 dose) 

0% 18.2% 1.50 i 

4.74% 

363% 

s 12 rOE.F2 - & fig 

(1 dose) 

0% 83% 0,<$8 i: 

1.13% 
i 
i 

16.7% 

6 11 iORF2-4*ig 

(1 dose) 

9.1% 9,1% 2.95 ± 

5.12% 

36,4% 

7 | 3.2 
j 

] 

KV 

(2 closes) 

16.7% 41.7% 727± 

22.9% 

41.7% 

8 j 10 

j 
i 

Challenge 

Controls 

10% 80% 9,88 ± 

29.2% 

90.0% 

9 ! 11 Strict Negative 

j j Controls 
i j 
J !' 

0% <>3.6% 

; : 

mi 

{Q%} 

9(19% 

VQK.P2 » isolated vsra! ORF2; iORP2 - recouibeiastt bft&t&wirus expressed ORF2; KV or killed 
whole ceB vtitis » PCV2 virus gsxwsst HI suitable cell culture 

Results of this stady indicate- ihat all farther vaccinc efforts should focus. OR a rORF2 

vaccine, Overall nasal shedding of PCV2 was delected poss.-challeirgg and vaccmatbn wiljj 

a PCV2 vacaac resulted in a redaction of shedding. Inuii'ttaoBiEaociienjjsify of sekcted 

lysaplioid feswes also served as a good parameter for vaccke sfflcacr, whei«as large 

differences its ADWG. clmical symptoms, and gross lesions were not detected between 

groups. Hits study was complicated by the fact that eNlrauanss PCV2 was iatroduoed si 

soiise pomf daritig live study, as evidenced by nasal shsddiiig of PC V2. PCV2 seroconversion. 
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aad positive IHC tissues in Group 9, the strict cegative control groap. 

Discission 

Seven PCV2 vaccines were evslasted M this stadv, which iaekided three differs 

5 doss levels of vORF2 antigen adaiinistered ance cm Day 0, three different dose levels of 

iOHF2 antigea adaiiiiislered once on Day 0 sad one dose level of -killed whole cell PCV2 

vaccine administered on Day 0 sad Day 14. Overall. Group .5. wMek received 1 dose of 

vaccine a>fitaitikg 8 |.sg of rORF2 atdigeB., had tlie best results. Group 5 liad tlie highest 

.ADWG, the lowest incidence of abnormal txsiiesx-ior. the lowest incidence of abnormal 

16 respiration, tlie sesoad kwesi incidence- of cosgh, the lowest incidence of overall clinical 

symptoms, the lowest mortality rate. the lowest :rate of nassl sheddisg of PC V2. die second 

lowest rate for mean % lung lesions and the lowest incidence rate for positive IHC tissues. 

Interestingly, Group 4„ %*4»ch Ksceiyedi a higher dose of sORF2 saligea than Group 5, 

did no! perform as well or "better than Group S. (soap 4 liad a slightly lower ADWG.. a 

13 higher iucafonce of abnormal "behavior,, a higher incidle®ce of overall cMcal sysnptoms, a 

higher rate- of nasal shedding of PCV2, a higher ntean % teg lesions. and a higher race for 

positive IHC tissues thaa Groap 5. Statistical analysis, which may have indicated (hat the 

differences between these two groups were aot statistically significant, was not conducted on 

these data, bat there was m observed trend that Group 4 did mi pmhxm as wli as Group 5. 

20 Post-vacciaatioa, 6 pigs died at the first stedy site. Foar of &e six pip WBB fkorn 

Group 8 or Group % which received BO vaccine. "Hot© of the six pigs demonstrated lesions 

consistent with PMTWS,, ao adverse events were reported and overall, al! seven vaccines 

appeared to be safe when administered to pigs approximately j 1 days of age. Darkig die 

post-vacoiiiaiioB phase of die study, pigs receiving either of three dose levels of vOSjr2 

23 •vacciae or killed whole cell \mane fesd the highest IFAT levels, while Group 5 had fee 
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lowest IFAT levels jast prior to challenge,. af the vaccine groups. 

Although not formally proves, ike predoiaiaaixt routs of transmission of PCV2 to 

yornig swine shortly after weashig is believed to be by oaijiasal direct contact aad m 

efficacious "vaccine that reduces nasal shedding of PCV2 ia a prcxkiotiosi setting wo aid help 

5 control the spread of Mectse®. Groups receiving one of three vO'RF2 antigen levels aad the 

group lecdviag 8 jig of iORF2 hast fee lowest iacidescs fate of sasai shsddfeig of FCV2 

(8.3%), Expectsdly. the challenge control groap had the highest incidetjce fate of nasal 

shedding (80%). 

Grass lesions i« pigs with PMWS secoadarr to JPCV2 iofectioB typically consist of 

Id getssntfoed lymphadsnopsthy in coiabrnatioH with oae Of a raalfipfe of the foHowiag: (I) 

interstitial paeumosiia with interlobular edma, (2) eutaaeous pallor or icterus., (3) mottled 

atrophic livers, (4) gastric tsiccrs. (5) nephritis aad (6) reproductive disorders., e.g. abortion, 

stillbirths, msnames, etc. At necropsy, sote-res, hepatitis, nepteitisr and gastric ulcers were 

not aoted in. any groups and lympbadcBOpathy was aot specifically examined for. The mean 

13 % teg lesion scores varied beiseeeo groups. The groap receiving K> jig of vORF2 antigen 

had die lowest mean. % lung lesion score (0,400,50%), followed fey die groap that received 

$ ag of rORF2 ('0.68 A i.15%). As expected, tlie challenge control groap had the highest 

)W % hmg ksksi score (9,88 * 29.2%). In. all four groups, the mean % lung Isssois scores 

were elevated d«e to one pig in each of these groups ffeat had very high feag lessoa scores. 

2(> Most of the tag lesions were described as ps&pasph mA consolidated. Typically, limg 

lesions associated with PMWS are described as tan aad non-collapsible with interlobular 

edema. The tag hdons noted hi this stody wore ©itlier Rot associated with PCV2 Infection 

or a second pulmonary infectious agent may have been present Within the context of dais 

study, the % limg lesion scares probably do «ot reflect a tnis ajeaswe of the anioant of bag 

25 infection due to PCV2, 
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Oliver researchers have demonstrated. a direct correlatioa between the presence of 

PCV2 antigen fey 1HC arid Mstopalhology. Hisiopalkolosy on select fissires was not 

conducted xvhh this shitty. Group I <l€ j.t.g of YORF'2) aad Group 5 (8 stg of rORFZ} had tlie 

lowest iacidaioe rate of pigs positive fear PCV2 aatiigeii (8J%k while Groap 9 (the strict 

5 negative coiWs-ol group - 90.9%) ami Group S (fee challenge coafcrol group - 90.0%) had She 

highest joddeace rates for pigs positive for PC V2 antigen. Dae to thfi aoii-sab?edh!e aaiore 

of iMs test IHC results are probably one of the test parameters to judge vaccine efficacy oa. 

Xtes, in cm aspect of the present mveosaoa, the Miaiittiaa Fortecrive Dosage (MFD) 

of s I mVl dose recombinant product with extracted PCV2 O.RF2 (rQ.RF2) antigen int the 

i 0 CDCD pig model is the fece of a .PCV2 ehaUeage tsas deternsiBed Of fie thiee groups that 

received varying levels of tORF2 aisiigeu. Group 5 (B pg of tORF2 aatigea) clearly had She 

highest level of protection, Group 5 either had the best results or was tied for the most 

favorable results with regard to ail of tlie parameters cxamirsed. When Group 5 was 

compared, with the other six vaccine groups posKhalleagc. Group 5 Jwid the highest ADWG 

13 (ft, 94 ± 032 lbs/day)f ihe lowest hscidefice of abaomal behavior (0%), the second- lowest 

ajoidkaace of cough the lowest uicide®ce of overall clinical symptoms (8.3%X tk> 

lowest mortality rate (G%)» the lowest rate of nasal sfceddiag of PCV2 <8.3%), the secosd 

lowest rate for raeaa % lung lesions (0.S8 ± 1J 5%) aad the fewest mcsfeace rate for positive 

IHC tissues (16.7%). 

20 Ira another aspect of the present itiveBtioa, the MPD of a 1 tsM dose coavatfiaaal 

product tot is partially purified PCV2 ORF2 (vGRP2) antigen in the CDC-D pig model in the 

fsce of a PCV2 challenge was determined. Of &e three gnxips to: received "varying lewis 

of vORF2 ajHigen, Group i (16 ug of vORF2') hat! the highest lev-el of protection. Group i 

outperformed Groups 1 and 3 vvitix respect to ADWG, raeaa. % luag leskras, sad IHC. 

25 Groiips 1 and 2 <& jig of vORF2 antigen) performed equally wiih respect to ovcmll incidence 

61 



WO 2007/094893 PCT/US2006/062662 

of clinical symptoms. Group 3 (4 fig of vORF2 aatigca) imd the lowest mortally iate. and all 

three groups performed equally witlx respect to nasal shedding. Overall. vO'RF vaccines did 

not perform as well as rORP vaccines, 

& yet bother aspect of fee present invention, {he efficacy of a maximum dose of a 

5 2m\IZ dose CosveRtional Killed PCV2 v&eciiie ia {he CDCD pig model, in tiie face of a PCV2 

chsliejsge was deiarmsBed. Of fee seven vaccines evaktaisd in tMs study, (he Mfled whole 

Ofiil PCV2 vmxiae per&fmed lite worst Piglets receiving doses of killed wlioie cell 

PCV2 vaccine had the fewest ADWG, lite second, highest tats ofalsjonaafl behavior <58.3%), 

live second highest oxgall incidence of clinical symptoms (58.3%), Che highest mortality rate 

JO (16.7%), tise second highest incidence of nasai sfeeddiag (41.7%), highest raeaa % iaug 

lesions (9.88 sfe 29.2®/% a high ifickfeace of Mag lesions noted (75%) aad 8 moderate IHC 

iticidsscc rase ift tissues (41.7%). However, it was still elective at mvoknsg an iaimaae 

response. 

In Fiill miofteer aspect of the prcseat inveatioa, tiasal shedding af PCV2 was assessed 

15 as an efficacy parameter aad the previous PCV2 efficacy psxametsrs from previoHS state 

were leoorttaaed. Results jfasm this stiady ladies® tfeat nasal shedding of FCV2 occurs 

following intra Basal cMlenge and dial: PCV2 vaccines reduce nasal shedding of PCV2 post-

challenge. Furthermore. tm&s from this study and reports is the literature indicate that IHC 

should continue to be evaluated, m f«tese PCV2 vaccine trials as well. 

20 Some additional a>nclusion$ arising from this study are thai: iymphactem>p&U\v is one 

of tlie feallmarks of PMWS, Another one of the itailsnarte of PMWS is lymphoid depletion 

and mul&iiiclea&d'giaHt histiocytes. Additionally, ao adverse events or injection site 

jeaotiiGBS were aoted for any of &£ 7 PCV2 vaccines aad all 7 PCV2 vaeci»es appeared to be 

safe wfeea, administered to youag pip. 

25 
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EXAMPLE5 

Has example tests tie efficacy of eight PCV2 candidate vaccines aad rtxoafims 

PCV2 challenge parameters irons earlier challenge ssadies followrag exposure to a vinileiif 

5 strafe of PCV2, Due lii?n.<lred aad fifty (J 50) cesarean derived ooiostota deprived (CDCD) 

piglets, 6-16 days of age. were blocked by weight aad randomly divided into 10 groups of 

espial sisee. Table 16 sets forth lite General Study Design for this Example. 

Tahie 16. General Steth- Design 
Croup Mo. Of 

Pigs 
Treainient Day of K'LH/ICFA 

Treatment on Day 22 
sad Day 28 

i 

Challenge 
wiili 

VirulfcRt 
PCV2 or, 
Day 25 

PRRSV 
ML¥ on 
D®y 46 

Necropsy 
on Dav 

50 * 
: 

i 1.5 PVC2 Vaccine 1 
16 ug 

xOSF2 - IMS 1314 

0 $: 14 | + 

{ 
i 

+ -U i 
i 

; 

2 15 .PVC2 Vaccine 2 
16 pg 

vORF2 - Carbopol 

0& 14 | + 

! 

+ 4-

3 * 15 PCV2 Vaceiae 3 

16 jig 
rORF2 Carbopol 

Q& 14 j + 

! 

4* j 

: 
4 !S PCV2 Vaccine 2 

16 m 
vO&F2 - Carbopo 

0 J + 
1 

* 

5 

6 

15. PVC2 Vaccine 3 
4pg 

rORF2 ™ Carbopol 

0&14 | + 

] 
's 

•4*-5 

6 15 PVC2 Vaceise 3 

* PS 
rORF2 - Carbopol 

0& !4 J + 
} 

! 

•%* 
•4*-
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7 IS FVC2 Vaccine 3 
0.25 fig 

O.RF2 - Carbopol 

0& 14 + j + 4-

| 
i 

8 .15 PVC2 Vaccine 4 0& 14 4. j 4. 4-

> S.O log j 
J 
1 

KV-Carbopol \ 
9 15 Challenge 

Coatrok 
N/A 4 1 «• 

i 
i 

-f- *h I 

10 15 Noae - Strict 
Negative Control 

Group 

N/A + j •4" 

3 

\ 
*OKF2 « isolated vital ORF2; rORF2 •= jscifflibkiant h&culovirus expressed ORF2; KV or killed 
whole sell virus « PCV2 vm& grown ia suitable «li oul&tre 

Tlie vaccine fomiulatkrtss given to each group were as follows. PCV2 

5 Vaccine No. 1, administered ail x 2 asi dose to Group 1„ was a Mgh dose (16 ug/2 mi dose) 

of inactivated recombinant ORF2 gniigea adjuvaivted with MS 1314 (16 ug fO.RF2 ~ MS 

1314). PCV2 Vacciae No. 2, adramisteted at 1. x 2 mi dose to Group % was a. bjg& dose {16 

ug/2 ml dose) of a partially porified ViDO S-l generated .PCV2 ORF2 atitigeu adjovsated 

with Cart>opoi (16 ag V0RF2 - Carbopol). PCV2 VaceiHe No. 3, administered at I x 2 mi 

10 dose So Group 3. was a high dose (.16 ag/2 ml dose) of motivated recoisihitMfiii ORF2 atsfcigsR 

adjtrvanted with Cart»|»ol {16 og rORF2 - Carbopol). PCV2 Vaccine Ko. 4, administered a* 

1 x 1 mi dose to Group 4, was a high, dose (16 ug ft jal dose) of a partially purified VIDO R-

1 generated PCV2 OK.F2 aatigeK adpvanted wtlfe Carbopol <16 «g vORF2 - Carbopol). 

Vaccina No. 5, adiraais&red. at 1.x 2 ml doae to Croup .1 was a 4 ug/2 j&i dose of an 

15 feaotivated recombinant ORF2 aaligea adjtrvanted wMt Carbopol (4 ug rOE.F2 - Carbopol). 

JPCV2 Vacdae No. 6, adtairastoed&lx2 mi dose to Group 6, was a 1 ug/2 ml dose of an 

inactivated recombinant ORF2 antigen adjuvanted with Carbopol (1 ug fORF2 - Carfjopo?), 

JPCV2 Vaecitie "No. 7. adatiais&red i 1 x 2 ml dose to Orosp 7, was a tove dose (&25 ug/2 
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ml close) of iaaeih-ated jecombiaani ORF2 antigen adjisvarited with Carbopol ({>,25 tig rORF2 

- Carbcfol). FCV2 Vaecitt« Ko. 8, admiaistered »t i x 2 Mil dose to Group 8, was a high 

dose {pre-kactivatio® iiisr > S O fc>g/2ml fee) laactivated Conveatioa^ Kilted VJDG R-i 

generated FCV2 StruYe an%©a a#svaa«ed wills Carbopoi (>8.0 log KV - Carijopol). OH 

5 Day 0, Grasps 1-8 were Seated with ibeir assigned vaccines. Groups 1-3 and 5-B received 

boosters of their respective vacctees agak oa Day 14. Hie effectiveness of a single dose of 

16 iig of YORF2 - Carbopol was tested cm Group 4 which did not receive a booster oa Day 

14. Piglets -were obsesrved for advise events and ifljeelswi site reactions following both 

vaccinations. OB Day 21 five piglets were moved to a second study site where Groups 1 

16 were po«p housed in mc teiidtag and Groap 10 seas boused in a separate baMiag. All pip 

received keyhole limpet heaiacyania erauteiiSfid wife mcomplete PratmsFs adjuvani 

(KLH/ICFA) oa Days 22 and 28. Chi Day 25, Groups 1-9 wc cbaBeaged with, 

approximately 4 logs of vkalest PCV2 vims. By Day 46, -vary few dcatfes had occupied in 

the challenge control group. Ia aa attempt to irtiiHotioaiiiBuiate fee pigs and iacroase die 

13 viraletice of (toe PCV2 cha&Hge material, all Groups were treated witfj INOELVAC® 

PRRSV MLV {Ptersiae Ropoductive and Respirstoty Vaccitss, Modified Live Vlias) oa Day 

46. 

Pre- aad post-clsalfcage blood samples were collected for PCV2 aerology, Post-

cMJetsge. body weight data for detmwraatioa of average daily weight pis (ADWG) and 

20 obssn-'ano.ax of c&sieal signs were collected, Oa Pay 50, aU sumvhjg pigs were itecropsbd,. 

gross i«ssksss wem teeoried, lungs were scored for pathology, aad selected tissues tvere 

preserved in formalin tor exaniinstioft by inHinsnolastoehemistry (IHC) for detection of 

PCV2 antigen at a laser date. 
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Materials and Methods 

IMs was a pariially-blind vaccasiiioa-oliallenge feasbifity stady coadue&sd "m CDCD 

pigs, (> to f 6 days of age OK Day 0. To be included ia she study, PCV2 IFA titers of sows 

were < i: 1000, Additionally, tiie serologic $tatas of sows vesfe from a knows PERS-ttsgath'e 

herd. Sixteen (16) sows were tested for PCV2 serological status aad. all sixteen (16) had a 

PCV2 liter of < 1000 aad were teasferaed to the first study site. One hundred ft% (15(1) 

pigfeis we« dsMvePsd % cesarean sectiort surgerks sod were available for this stady OK Day 

-3, OB Bay -3, S.50 CDCD pigs at the fast study site ware weighed., MeaiiSed wiili ear tags,, 

blocked by weight and randomly assigned to 1 of 10 groups, as set forth above in table 16. 

Blood, samples were collected front all pip, If any test animal meeting tire inditsioit criteria 

was carolled ia the study and was later excluded for any jeasoiiu the iavesfcigator and Moaitof 

coKSuked in order to determine the use of data collected fern tfe arnsaal in the final analysis. 

Tlie date of wliieh earalied piglets were excluded aad the reason for exclusion was 

dooumeafed. Ko sows meeting tise inclusion criteria.. steeled for Hie study aad transported to 

tbe first stadj? Sit© were excluded. No piglets were excluded from fee study, and ao test 

animals were removed from Ate study prior to termination. Table 1? describes the time 

frames for the key activates of this Exasnple. 

Table 17. Study Activities 

Study Day 
"O1 

i 
Actual .Dates j Stody Activity 

4-04-83 1 Weigked pigs: keaMfe exam; raadcHniasd to groups; collected 
I blood samples 

-3, 
0-21 

4-D4™0_> ""j" 
4-07-03 to Observed for overall hcaMt and for adverse even is post-

5-27-05 vacckaiion 
0 4-07-03 j Administered respective IVPs to Cfe'oups 1-8 

0-7 
4-07-03 to Observed pigs for injection site reactions 
4-14-03 | 
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14 4-21-03 Boostered Groups 1-3, 5-8 with respective IVPs; blood j 
sampled all piss i [ 

f 
«
 

jrj
j 

| -*r 
j ON 

r r 4-21-05 to 
4-28-03 

4-2648 to ~ 
4-28-03 

Observed pigs for injection reactions j 
i 

Treated all pigs wife antibiotics | 

21 

22-5lT*~ 

4-28-03 

4-284>3 to 
5-27-03 

Pip transported from Saw© Labs, .fee. ia Vete&iar? | 
Resources, Ihc/VRl) j 
Observed pigs for cftmcal signs post-chalioage | 

22 4-29-03 Treated Groups 1 -10 with KLH/JCFA ! 
25 5-02-83 Collected blood samples front all pigs; weighed all pigs; | 

challenged Groups 1-9 mill PCV2 challenge -material j 
2$ 
32 
46™"' 

5-05-03 
54)9-03 

" 3-234K3 

Treated Groaps H0 with KIMCFA i 
Collected bload samples from all pics j 
AslmtBistsred 1KGELVAC# PRRS MLV to all fgm&s ! 

50 5-274)3 
Collected Mood samples, weighed aad cecropsisd all pigs; j 
gross lesions wen: recorded, lungs were e-vslaated fori 
lesions; fresh and formalin fixed tissue samples were saved; j 
la-Ufe pkise of die study was completed 

Following completion of lie in-life pfta.se of the stuch\ formalin Sxeci tissues were 

examined by (IHC) for deteetfcea of PCV2- anapa by a pathologist, 

blood samples ware evaluated for JPCV2 serology, aad average daily weight gsm (ADWG) 

was determined from Day 25 to Day 50. 

Anmnals were housed at i&e IksS study site k kdmdaal cages is ssvea ioom& from 

birth to approximately II days of ago (approxisnatcly Day 0 of tlie study). Each moot was 

Metrical k i^foaf and consisted of stocked kdmdoa? steiiiicss steel cages with healed aad 

filtered air supplied separately to each isolation rmit. Each room had separate beat aad 

thereby prevettliag wsss-caaiaaikaticaj of air betwcea rooms. Animals were 

housed ia two different buildings at the second stady site, Group 10 (The Strict negative 

control group) was bowsed separately in a converted jaursery braiding aad Groups 1-9 were 

boused ia s eom-srted laxrowing building. Each grotip was housed a; a separate pea (14-15 

pigs pes- pen) aad each pen provided approximately 2.3 stpare feet: per pig, Groups 2.4 aad 
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S panned ia iferee adjacent oa one side cf flte alleyway and Groups I, 3, 5, 6, 7, 

mid 9 were penned ia six adjaceat pons on fee other sicte of &.e alleyway. His Giwp 

separation •was due to concern by the Study Monitor thai vaccines administered to Groaps 2, 

4. and 8 had not besfl fidh motivated. Each pea was on asi elevated sleek willi plastic siasted 

5 Moors, A pit below the pens served as a k>ldiag iatik for exccrejaect aad waste. Each 

baikBttg had its own separate heating aad ventilatioa sysastns, wiSx Little likelihood of ctoss-

coiitsnifRatioti of air between buildings. 

A? te first steely site, piglets wer© fed & specially formulated asilk ration from birth to 

approximately 3 weeks af age. AH piglets were eosmsnting solid, special imxed ration by 

16 Day 21 (approximately 4 % tseeks of age). At the second study site, all piglets were fed a 

custom noa-mcdlcated comnsetcial mix ration, appropriate for their age and weight ad 

Hbittm, Water at both smdy sites was also a vailable ad libitum. 

All test figs were treated with 1.0 mL of NAXCElJl IM, hi alternating tots on 

Days 19, 20, and 21. in addition, Fig No. 1.1 (Group I) was uested with. 0.5 mL of 

13 N AXCEMfe IM on Bay 10, Pig Mo. 13 (Group 10) was treated with J. nsLof Penicillte and I 

mL- of PREDEF-® ZX OK Day *0, Fig No. 4 (Groap 9) was treated with 1.0 mL of 

NAXCEL* IM on Day 1.1, and Pigs i (Growp 1), 4 and 11 were eadh tested with 1.0 mL of 

MAXC.EL® cm. Day 14 for various heaMt tessm. 

Whilo 3t "boift stttdy sites, pigs were aider vmarary cars. A»imal health 

20 exjtittiiRsdfitKS were conducted on Day -3 aad were leconfed OR tfae Health; BmmnatioK 

Record Fom. AM animals were in good health and mitririoxiai stains before vaccination JSS 

determined by observation on Day (J. All test animus were observed to fee ia good health and 

nutritional st&ms prior to cltafleage. Carcasses and tissues wire disposed of by readeriag. 

Final disposition of stack' aniaiafe was sgccaxfed OH the Animal Disposition Eecord. 

25 Oa Days 0 and 14, pigs assigned to Groups 1-3 and 5-8 received 2.0 saL of assisted 
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PCV2 Vaeeiaes 14, respective^?, IM ia the right ami left Reek regie®. sespec&vsly, wsiag a 

sterile 3,0 mL Laer-loc& syringe aad R stole 28g x 14" seedle. Pip assigned to Group 4 

received 1,0 tst of PCV2 Vscel»e No, 2, IM ia ite right mck regioo nmg a sterile 3,0 mL 

Lt$er4ock syringe aad a sterile 2% x Keedle OK Day 0 onh. 

5 OH .Dsrf 22 all test pigs received 2.0 taL of KLH/ICFA IM it) the Ml neck regies 

usasg a sterile 3.0 JHL Luer-lock syringe and a sterile 20g xl" seedle. Oa Day 28 ail test pigs 

received 2.0 nil. of KLH/ICFA in file right ham region 'using a sterile 3,0 mL Lifer-lock 

syringe a«d a sterile 2% x IR itsedle. 

On Day 25. pigs assigned so Groups 1-9 received L0 i«L of PCV2 LSUVDL 

10 challenge material {3.9H tog® TCIDsoitoL) IM j» tfc right neck regioc xjsiag 8 sterile 3.0 a».L 

Liggr-locfc syringe aad a sterile 2% x i" needle. An additional 1.0 ml. of fee same materia! 

was admmsvered IN to each pig (0,5 IBL per nostril) -using a sterile 3.0 mL Luer-loek syringe 

aad nasal earmla. 

Oa Bay 46, all test pigs teemed 2.0 mL INGELVAC& PRRS MLY, IM, m the right 

15 neck region using a ststiks 3.0 taL LaerOlock symgs and a sterile 20g x T needle. Tlie 

PRRSV MtV was admmssaered is an attempt to increase viraksaoe of the PCV2 cfca&mge 

material. 

Test pigs were observed daily for overall feealtli and adverse events oa Day -3 and 

frous Day 0 to Day 2.1, Eacli of tlie pigs were scored for norma! or abnormal. behavior, 

20 r^pirdtbn, m cough. Observations were recorded oa ike Clinical Qbsemtw® Record. All 

test pigs wwo observed from Day 0 to Day aid Qmsp 7 vests further observed fttss Day 14 

to 21, for injection site reactions. Average daily weight gain was determined by weighing 

sack pig OR a calibrated scale OR Days ~3S 25 aad 50. or an. fee day t&at a pig was fotstd dead 

after cMkftge, Body weights were recorded oii lbs Body Weigh? Form. Day -3 body 

25 weigiits were atilked to block pigs prior to rsmdomizatfea. Day 25 sad Day 50 weight data 
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was aiiiksd ft) determine the average daily weight pis (ADWG) for eactii pig during these 

time poiais. For pigs that died after challenge and before Bay 50, slie ADWG was adjusted to 

represent Che ADWG from Day 25 to the dm- of deaib. 

In order to determine PCV2 serology, venous whole blood was collected from eacli 

5 piglet ftoiii tlis orbital venous staas oa Days -3 aad 14. For each pigki, blood was collected 

from tlie orbits! venoas sieas by inseruRg a sterile capillary tabs too the medial earctlm of 

oae of tire eyes aad. draining approximately 3,0 mL of whole Mood into a 4,0 mL. Ssrwm 

Separator Tube (SST). Oa Days 25, 32, and 5(i 'veaoas whole blood from saeb pig was 

collected frosts fee anterior vena cava i*si»g a sterile 20g x 1 (AK Vacatsiner® needle (Becton 

J ft .DiolciasoK end Compass?, Franklin Lakes, New Jersey), a Vaccatsiaei# needle holder sad a 

13 «L SST, Blood coilectioss at each time point were recoiled oa tlie Sample Collector* 

.Record. Blood is sack SST xvas allowed to clot., eadi SST was then span down and the 

serwa jjansested. Harvested serum was transferred to a sterile saagj tube sad stored at -7fe 

10° C until tested, at a later d&to. Senna samples were tested for the presence of PCV2 

13 antibodies by BIV1-R&.D personnel. 

Pigs wove observed csm daily frooi Dav 22 to Das 50 for draicai symptoms and 

scored for normal or abaormal behavior, respiration or coagfc, Clinical observations w«re 

recorded on the Clinical Observation Record. 

Pigs Nos, 46 (Qxmp i) mid 98 (Groups 9} died at ths ffcst stady site- Both of these 

2Q deaths wens categorised as bleeding deaths and aecropsies were not ooadacted oa these two 

pigs. At the second study site, pigs that died after challenge and prior to Day 50, and pigs 

eattaiked on Day 50, were necropsied* Any gross lesions were noted aad fee percentages of 

lung lobes with iesiotis were recorded OR the Necropsy Report Pons, 

From sack of tlie pigs aecropsied at the second study site, a tissue sample of bsasil, 

25 iiHig, heart aad xaeseraejic lymph. isode was placed into a single coiitaiiier ivitfa baffersd 10% 
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formalia; while aaother tissue sample from tiss same afotementionei organs was placed kto 

a Whir£~pak® (M-Tech Diagnostics Ltd.. TfeshvaiL UK) aad each was placed on 

ice. Each container was properfc labeled. Sample collections w« recorded oa ifeet Necropsy 

Report Form. Afterwards. formalin-fixed tissue samples and a BiagaoslJC Request Form 

were submitted for IHC testing. IHC testiag was conducted. k accordance with standard 

laboratory procedures far recdviftg samples, sample and slide preparation., and siamkg 

tschfikfues. Fresh tissues ® Whkl-pafcs# w«re shipped wisl» fee psck$ to tibe Study Monitor 

for storage (-70° & .10® C> and possible future use. 

Fornutlin-fixcd tissues were examined by a pathologist for detection of PCV2 by IHC 

aad scored using the following scoring svs&aa; ft ~ Noae; I « Scant positive stesaiog, few 

sites; 2 ~ Moderate positive staim»g, rmiltipie sites; and 3 - AbursdaKi positive staining, 

diffuse throughout the tissue. Far analytical purposes, a score of 0 was considered 

"aegattve/' and a score of greater than 0 was considered ""positive." 

Results 

Results for tMs example are gmsa below. It is isoied that Pigs No. 46 aad 98 died on 

days 14 and 25 respectively. These deaths were categorized as bleeding deaifes. Fig No. 11 

(<3ro«p I) was positing rapid respiration cm Day 15. Otherwise, aU pigs were normal for 

behavior, respiration sad cough dating this observation period and ao systemic adverse 

ov&nis were acted wilh sag? gamps. No kjedioa. sits reactions was woted following 

vaccm&iioR on Qsv 0. Following vaechmfion on Day 14, seven (7) out of fourteen (14) 

Group i pigs {50.0%) had swelling" with a score of "2" on Day 15, Four (4) oat of fourteen 

(14) Group 1 (2SUS%) stiM had a swelling of "2" oa Day 16. Nooe of the tnher groups 

experienced injection sits reactbas .following either vaccination. 

Average 4sify vm$& gsoa (ADWG) results are presented below in Table IS. Fig 
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Nos. 46 and 98 that died from bleeding were excluded from group results. Group 4, which 

«»«?«[ one dose of 16 ug -yQRF2 - Carbopol,. had the Mgbest ADWO (1.16 ± 0.26 lbs/clay), 

folknved by Groups 1, 2, 3„ 5, 6, aad 10 which liad AUWGs tha? .ranged from 1.0? ± 0.23 

lbs/day to 1,11 i 0.26 lbs/day, Group 9 "had the lowest ADWG (0,88 ± 0.29 lbs/day), 

foitewetf by Groups 8 and 7, which had AfJWGs of 0.93 -± 0.33 lbs/day ®ud 0.99 ± 0.44 

lbs/day, respectively. 

Table IS. Summary ef GWBJJ /Average DaUv Weight Gains (A0WG) 

Group Treatment N | ADWG - lbs/day 
(Day 25 to Day 50) or adjusted for pigs i 

1 dead before Day 30 
1 rORF2 - 16 ug - IMS 1314 2 doses 14 j 1.08 ± 0.30 ?bs/day 

! 
2 vORIr'2 lh ug - Carbopol 2 doses 15 1 1.11 =fe0.16Ibs/cfav 

! 
3 TGRF2 ™ 3 6 j.tg - Carbopol 2 doses 15 | 1.07 ± 0.21 lbs/day 

vOR'F2 - M ug - Carbopol 1 close- 13 | 1.16 * 0.26 lbs/day 
* > 

5 rQRF2 - 4 tig - Carbopol 1 dose 13 ! J.07±0JZ6lbs/dOT 
1 

6 rO.RF2 -1 ug Carbopol 2 doses 15 1.11 s 0.26 lbs/day 

7 rORF2 - 0.25 jig - Carbopol 2 doses 15 0.99 A 0,44 lbs/day 

8 KV > 8.0 log ~ €arbcpol 2 doses 15 0,93 & 0,33 lbs/day 

9 ChglktBge Contois 14 0.88 ± 0.29 ibs/day 

10 Strict: Negative Cctitrols 15 1.07*0.23 lbs/clay 

vQKK ™ isolaied viral ORF2; iORP2 ® reeambkiant. baciilovtrus expressed C®tF2; K.V or kilted 
whole eell virus =-PCV2 virus grown m sellable «sll cidtare 

PVC2 serology results arc presented below in Table 19. AU ten (16) groups were 
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seroHegaiive for PCV2 m Day -3. OH Day 14, PCV2 users remained low for all leu (10) 

groups (range of 30-113). Oa Bay 25, Group 8, which received His whole cell killed virus 

vaceise, had &e highest PCV2 titer (4617), followed by Group % which. received U> «.g 

TORF2 - Carbopol €kmp 4, yrfaolt received as single dose of 16 ug V0RF2 - Carbopol, and 

Group 3, which received 16 ag rORF2 ~ Carbopol, which had (iters of 2507, 192!) aad 1503 

respectively. 0» Day 32 (erne week post challenge}, titers for Groups 1-6 and Gronp 8 

ranged from 2360 to 7619: while Groups 7 (0.25 ug rORF2 - Carbopol), 9 (Challenge 

Control). snd 10 (Strict negative control) had tiSars of 382,129 sad respectively. OR Day 

50 (day of necropsy). all teii (10) groups demonstrated high PCY2 titers (> 1257), 

On Days 25, 32, and 50, Group 3, vt-itich received two doses of 16 ug rORP2 -

Carbopol had higher aaisbody titers tba« Group L which received two doses of 16 ug i'ORF2 

- IMS 1314. OK Bap 25.32 and 56, Groap 2, which received two doses of 16 eg vOR.F2» 

ted. higher titers thai* Group 4, which received <mty cm does of the same vsecine. Oowps 3( 

5, 6. 7, which received cfecjeasiag levels of I0RF2 - Carbopol of 16, 4, I, and 0,25 «g 

respectively, dmocstrated cotxespOBdrngly decreasing antibody titers on. Bsys 25 aad 32. 

Tabic Summary of Group PCV21FA Titers 

Group Treateiettt j Day -3 Day 14** m $• * Day 32 | Day 
5 0 

1 ri')RF2 -16 tig - i 50 64 616 3326 | 4314 

2 
IMS 13.14 2 doses 
vQ.RF2 - 16 
Carbopol 2 doses 

m rrio m _ 
"5627"]" 

3 

4 

iGRFZ - 16 
Carbopol 2 doses 
vORF2 - 16 
Carbopol 1 dose 

m -
fig -

J 50 80 1503 5120 j 

~l720~T 

6720 

5 rORF2 - 4 ug -
Caibopol 1 dose 

! 50 61 3867 • 3933 j 4533 
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6 r0KF2 - ] >ii> -
Csrbopol 2 closes 

50 70 490 2360 574(1 

7 rORF2 - 0.25 pg -
Carbopol 2 doses 

50 73 m 382 5819 

8 KV > 8.0 log ~ Carbopol 
2 doses 

30 97 4617 CC
 

<
1 

9 Challenge Controls 50 S3 50 129 j 4288 

10 S&ricl. Negative Controls 50 50 50 

1 aij
 J 

V
M

 ^ 
h—

; i 
W

 ; 'C&
j 

v(>RF2 = isolated vksl ORF2; rORP2 = recoxubiiffltti: ferasutoviras expressed ORF&; KV or kiikrf. 
wfrofe cell vims = PC V2 vrsrus grown in suiubfe cell culture 

*For c&fcsiaiioK purposes, a <160 1FA liter was desigaated as a titer af "50"; a >6400 IF A 

titer was designated as a. (iter of* 12,8 

**Dajr of Challenge 

***Dagr of iSlecropsy 

The results IKHR &e post-challsyge climcal cfeseraiticsas arc presented below. Table 

20 includes observations for Abnornial Behavior. Abnonaal Respiration. Cough a«d 

Diarrhea, Table 21 iaciisfes the results from lh$ Swretntary of Grasp Overall Incidence of 

Qiracal Symptoms stid Table 22 includes results from. &e Summary of Group Mortally 

Rates f'ost-clialiefige. The mcideaee of abnormal behavior, respiration and cough posi-

cbaltertge were low ia pigs receiving 16 «g rORF2—MS 1314 (Group 1), 16 ug rORF2~ 

Carbopol (Group 3), I ug rORFS-Cfitbopo! (Grcmp <>). 0.25 ug rORF2-Carbopol (Ckoap 7), 

and m pigs in tbs CbslleKge Control Groop (Groep 9). The incidence of abnormal befeatior, 

respiration. aad cough post-challenge was zero is pigs receiving 16 ujg. vOKF2~C®ft>0|X)l 

(Group 2), a single doss of 16tig vQRF2~€arbopol (Group 4), 4 ug TQ.RF2~€arbopol (Group 

5), >& log KV-Carbopo! (Group 8)f snd ia pigs ia {fee strict negative control grasp (Group 

m. 
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Hxe overall moMenes of clinical symptoms varied beiweea poap. Pip receiving 16 

jig vORF2-C:arbopo] (Group 2). a single dose of 16 ag vORFS'-Carbopoi (Group 4), asid pip 

m the Siricv. aegathre control groap (Gsxmp 10) lad inckicncc rates of 0%; pigs receiving 16 

ug tOM^-Cafbopol (Group 3), and I ug rORF2~Carix>pol (<3KH$P 6) had incidence mfes of 

6,7%; pigs feceiviag 16 ug J£>RE2-IMS 1314 (Group J) fead a« overall incidence sate of 

7.1%; jap receiving 4 eg tORF2-Csrf>oj3oI (Group $), 0.23 tig fORF2~Carfaopol (Groap 7), 

sod >8 lag KV V&csiiie had itiesdsROe rates of 13.3%; and pip ia the Gi&iienge Coiwrol 

Group {Group 9) liad an mckfcaee « of 14.3%, 

Overall mortality rates between groups varied as well Croup 8. wWch received 2 

tfoses of KV wcciac had liie highest mortality rate of 20.0%; followed by Gamp % the 

chaliartge control group, and Group 7, wMdx received 0.25 ag jQRFS-Csrbopo! and .bad 

mortality rates of 14.3% aad 133% respectively. Ckoup 4, tvlaeb receH'ed t»w dose of 16 ug 

xORF2~C!arbopo? liad a &7% mortality rate. All of the other Groups, L 2, 3, 5. 6, and 10s 

had a 0% mortality raie. 

Tatxle 20. Suaunary 0* Group Obsemtions for Abaomai Bdsavior, A&mirm&l 
RespiratiOB, and Coa«h PosC-Cfuilfenge 

Gro«p Treatment 

rORF2- lf>Mg-
IMS 1314 2 doses 

N | Abaoraa&j 
j Belh&viof' 

14 j 0/14 
| <P%> 

Abnormal 
Behavior 

M4 
<«%) 

CmgSr 

1/14 
(7.1%) 

1 

Treatment 

rORF2- lf>Mg-
IMS 1314 2 doses 

N | Abaoraa&j 
j Belh&viof' 

14 j 0/14 
| <P%> 

Abnormal 
Behavior 

M4 
<«%) 

CmgSr 

1/14 
(7.1%) 

2 

•> 
3 

vORFl - 1.6 m - Carbopol 
2 closes 

*0BF2 - 16 ag - Carbopol 
2 doses 

15 j 0/15 
; <«%> 

15 j ft/15 
I (0%) 

0/15 
(0%) 

a/is 
TO 

ms 
ma 
1/1.5 

(6.7%) 
4 vGRF2 - U> ug Carbopol 

1 doss 
15 } 0/15 
| {^> 

0/15 
0%) 

0/15 
(0%) 

5 vGKFl - 4 ug -
Carbopoi 1 dose 

1.5 | I./I5 
! (6.7%) 

1/15 
(6,7%) 

0/15 
(0%) 
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€ JrGRF2~l 
| Carbopol 2 doses 

15 ! 0/15 
i (0%) D/15 

<<J%) 
i/15 

(6.754) 

7 rORF2 - 0.25 jig -
| Carbopol 2 doses 

15 1 0/15 
| <(»%} 

1/15 
<6,7%) 

1/15 
<96.79® 

8 j KV > 8.0 log - Carbopol 2 
j doses 

1 1/1.5 
| (6-7%) 

1/15 
(6.7S4) 

0/15 
(0%) 

9 CWtaage Controls 34 1 1/14 
j (7.1%) 

1/14 
(7.1%) 

2/14 
{14/3%} 

10 Strict Negative Controls 15 | 0/13 
! n.i%> 

0/15 
(0%) 

0/15 
(0%) 

hfotal number of pip ia eaeli group Stat dmoasiratsd miy abnormal behavior for at least oae 

day 

"hfotei number of pigs iu eadi group that demonstrated any abnormal Tcspiration for at least 

one day 

3 T oial number of pigs ia each group that demonstrated a. cough for si least oae day 

Table 21. Summary of Group Overall lncidmee of Clinical Symptoms Post-
Chaifenge 

Group Treasft.eftS N | Incidence of pip with 

f Clinical SympsoRK: 

Jncktaee j 

Rate j 

1 I0RF2 - M tig-
MS 1314 2 doses 

t4 | i 7.1% | 

1 vORF2 - 16 pg ~ Carbopol 2 
doses 

1.5 \ 0 M64 | 

3 tQHF2 » 16 ps ~ Carbopol 2 
doses 

15 | 1 
\ 

u.7% 

4 vORF2 - 16 fig - Carbopol I 
dose 

15 | 0 0.0% 

5 rORF2-4ug-
Carbopol 1 dose 

35 [ 2 
| 

13.3% 

6 t'OP,F2 - 1 ug -
Carbopol 2 doses 

15 | I 6,7% 
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7 | tQKE2 - 0.25 fig - Carbopol 15 | 2 

! 2 doses j ; 
13.3% i 

8 j KV > 8,0 log - Carbopol 21 15 | 
\ (loses 1 

2 13.3% j 

9 i j 14 1 I Cbsllenge Controls j 2 14.3% | 

10 
» r | ̂ J 
| Strict Negative Controls | 0 0.0% 1 

vORF2 ~ isolated viral OKF2; tORF2 ~ reoambfoaat teculovirus expressed ORF2; K.V or fcilied 
Vifiok celt virus « PCV2 vims grown in suitable celi culture 

'Total raambsr af pigs is each groap to demonstrated any clinical symptom for at least one 

day 

Tabic 22. Summary of Gr»«p Mortality Rates Pwtf-ChaOengc 

Group | TtealJoent j 
i f 

N .Dead Post-
oksllexiae 

Mortality late j | 

1. |rORF2- !.6pg-
| MS 1314 2 doses 

: 14 ft 0.0% j 

"> ' | vO R Fl - 16 ^ - Carbopol 2 j :is 0 0.0% 1 

*> \tom - i6 ug» 
;do$es 

Carbopoi 21 15 0™ ~~ ooiT ™1 
i 

4 | vORF2 - 16 fig -
1 dose 

Carbopol I \ IS 1 6.7% | 
| 

5 [ 10RF2 - 4 gg- f" 
5 15 0 Q.Q% { 

i Carbopol 1 dose 
6 |i0i«ra-lp8-

; Carbopol 2 doses 

! 15 0 o.o% ; 

7 j rORFZ - 0.23 fig -
! doses 

Carbopoi 2 f 15 1 13.3% i 

8 jKV > 8.0 log -
i doses 

Carbopol 2j 15 3 20,0% j 

9 i Challenge Controls | 14 2 .14.3% j 

10 | Strict Negative Controls j 15 a 0.0% ; 

V0RF2 ~ isolated viral OKP2; rORF2 - recoaibinant tmeutovkas impressed QRF2; KV or killed, 
whole cell virus - PGV2 virus srrowri in st&iabie ccll coiiure 
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The Summary of Group Mean Percentage Litng Lssioas and Tmteiive Diagnosis is 

gives bsimv ia Table 23, Group 9. ifas chaMeage control group, hsd Hie Mgjiest percentage 

laag lesksos with a mean of 10.81 =fc 232?%, followed by Group 7, which received (125 tsg 

tORF2-CarbopoI and bad a meat* of 6.5? 24,74%. Group S, wfeicli received 4 «g :rORF2-

C«bo|>ol aad liad a mean of 188 A 8.88%, and Group 8, which isceivsd Jfae ICV vaccine sad 

liad a mean of 2.01 & 4.98%. Hie remsisirag six (6) groups had lower meati percentage king 

lesions that faaged from 0.11 ± 0.38% to 0.90 £ 0.15%. 

Tentative diagnosis of peicmonia •varied among &G groups. Group 3, which; received 

two doses of 16 t)g lORFS-Carbopol, had the lowest teaistive diagnosis of pjetsaariia, with 

13.3%. Group 9. the challenge control group, had 50% of tlie group tentatively diagnosed 

with pneumonia, followed by Group 10. the strict negative control group and Group 2, waicSi 

received two doses of 16 ag t-ORFZ-Carbopol, with 46,7% snd 40% respectively, tentatively 

diagnosed with psieuEROn®. 

Groups 1. 2, 3, 5f 9, and 1.0 had 0% of the group tentatively -diagnosed as PCV2 

Mected; while Group <S, which received two doses if KV wecine, had the highest group rate 

of tentative dmgaosis of PCV2 Medico, with 28%. Groap 7, which, received two doses of 

0.25 ag rORF2~Carbopoi sad Group 4. which received oue dose of 16 ug vOJiF2-Carbo|x)i 

had tentative groap disposes of PCV2 mfecdoit ir< 13,3% asd 6.7% of each group, 

jffispecttvely. 

Gastric ulcers were only diagnosed m one pig m Group 7 <6,7%); wails the other 9 

groups remained free of gastric ulcers. 



WO 2007/094893 PCT/U S2006/062662 

Table 23. Summary of Group Mean % Lung Lesba aad Tentative Diagnosis 

Group | Treatment 

1 | r€>.RF2 - 16 ftg-~ 
1 MS 1314 2 doses 

N 

15 

. 

No. Of pigs that shed for J incicfcace Rate 

at least one day 
____ * j 

0 | 0% 
| ; 

2 |V0EF2 - 16 jig -| 15 | 1 } 6J% j 

i Carbopol 2 doses 1 j 1 
3 |tQRF2 - 16. i«g ~| 35 ! 3 W'm 

i Carbopol 2 -doses j 1 1 
4 |^ORF2 - 16 fig -| 15 i 2 | l3J% 

i Carbopol i <io-;e j 1 j 
5 jtORE2~4pg~ | 15 | 3 j 2Mm 

i Carbopol I dose j i j 
6 jrORF2-lpg~ 

i Carbopol 2 doses 

IS | 6 j 40.0% 
: j 

7 ! fORF2 - 0,25 pg -
1 Carbopol 2 doses 

15 | 7 46.7% 

8 | KV > 8.0 log - Carbopoi 
i 2 doses 

15 { 12 mi 

9 j Challenge Controls 14 | 14 100.0% 

10 j Strict Negative Controls 15 | 14 93.3% 

Y0RP2 - isolated vital ORF2; iQRE2 ~ recotubiisus baculoviras expressed ORF2; K.V or killed 
wls£>its ceil virus *» PCV2 virus gtosa m suitable cell cwliare 

The Simraary of Groap iHC Positive Inc-icteffije Results is shown below m Table 24. 

Group I (16 tig i€)RF2 -- MS 1314) had the knvess group rate of iHC positive results wi& 

0% of the pigs positive for PCV2, followed by Group 2 (16 itg V0RF2 - Carbopol) and 

G?o»p 4 (single dose 16 ug -V0RF2 - Csrbopol), which liad group IHC sties of 47% atid 

13.3% respectively. Group 9, the challenge coatrol group, bad the highest IHC positive 

mcMeaee rate -wife B>0% of tlse gigs positive for PCY2. followed by Groap 10. ifee strict 

eegative cootsol group* and <jtcrop & (KV vaccine), with. 5B„3% and 80% of &s pigs positive 
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for PCVSL, respectively'. 

Table 24. Summary of Groap IHC Positive Incidence Rate 

Group Treatment 
r"~lT No. Of jags tot si^for f Incidsnce Rate 

I 
at least ate day j 

1 rGRF2 - 16 ftg - j 15 

IMS 1314 2 doses 1 

0 | 0% 

2 

3 

vOR¥2 - 16 jig -j 15 

Carbopol 2 doses ^ j 
rORFl - 16 ug -j 15 

Carbopoi 2 doses i 

I | 6.7% 
_______ 1 

3 j 2Q&& 
5 | 

4 vORPS - 16' jig -
Carbopoi 1 dose 

15 } 2 | 133% 

rQRF2-4^g~ | 15 | 3 j 
Carbopol 1 dose j ! j 

6 t0RF2 -1 |tg ~ | *5 j ~6 1 
Carbopoi 2 doses 1 ! j 

7 rORF2 - 0.25 ug -j 15 | 7 j 46;?% 

Carbopol 2 doses i f 1 
8 

9 

KV> 8.016g~ Cartel 15 j 12 | m 

2 doses j j | 
Challenge Controls | 34 j ^ J 

10 Strict Negative Coatofe j j 93.3% 

vQRF2 » isolated vjnti QjKFJS; rORFZ » recombinant expressed ORF2; KY or killed 
5 vs&ole cell vims ~ PGV2 vans grown ai suitable «l! ciEtare 

DiscussioK 

Semis PCV2 vaccines were evaluated ia this example,. which isioladed a high dose (16 

fig) of rORF2 aatigea adjiivarited with IMS 131.4 administered twice,, a high dose (16 ug} of 

10 vO.RF2 aiuigefi adjuvaated with Carbopol administered ouce to one group of pigs and twice 

to a second group of pigs, a high dose (16 ug) of rORF2 antigen adjuvanted with Carbopoi 
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administered twice, a 4 dose of TORF2 antigen sdjovanted with Carbopol admiaiistered 

twice, s I dose of rORF2 antigen adjutvaaled with Carbopol adniiaistered twice, a low 

dose (0.25 ^ig) of rQRF2 antigen. adjuvanted with Carbopol, administered mice, and a high 

dose (> 8 log) of killed whole Ceil PCV2 vaccine adjavanted wisft Carbopoi . Overall Group 

5 1, which received two doses of 16 pg JO'EF2 - IMS 131.4, performed stigMy belter thw 

Gumps t through 1, which received vaccines coiitasmag varices tevels of cither vORF2 or 

iORF2 {mtigett Mjaviiiited wife Caifeopoi sad much better than Grcup 8. which Deceives two 

doses of killed, whole cell PCV2 vaccine. Group ! had the (bird highest ADWG (1.80 -A 0.30 

fes/d^), the lowest incidence of abnormal heavier (0%). the lowest iacadcnce of abms-mal 

ID respiration <0%), a low incadoaoe of coagh (7.1%), a low iacidcnce of ow® clinical 

symptoms; (7.1%)t was tied with Siree otter groups tor the lowest mortality rate (0%). She 

second lowest rate fat mean % tog lesioas (0.15 ± (3.34%), the second lowest rate for 

pneumonia (21.4%) aad fee lowest incidence rate tea* positive IMC tissues (0%), Group 1 

•was. however, the only gro«p i» which injeeiioa site rations were acted, which included 

13 50% of the vaccinates 1 day after She second vaccination. The other vaccines administered to 

Groups 2 ibroagh 7 performed better than fee killed vaccine aad nearly as wet? as die vaccine 

administered to Group 1. 

Group & which received two doses of killed. FCV2 vaccine adjovamed wish 

Carbopol, had the wotst set of resales for any vaccine group. Group 8 had die lowest ADWG 

20 (0.93 i 0.33 lbs/day)., the seooad highest rate of abBoarmal behavior (6,7%), the highest rate of 

»I»K»SBSI respiration (6.7%), was tied with tee otter groups for the highest overall 

kcidcnce rate of clinical symptoms (13.3%), had the highest mortality rate of all groups 

(20%), and had the highest positive IHC rale (80%) of any vacciae group. There was 

concern that the lolled whole cell PCY2 vaccine raay wot have been Mly macsivated prior to 

25 administration to Group 8, w&ififc may explain this group's poor resafes. Unfortunately, 
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definitive {lata was not available to confirm this concern. Overall, ia context of this 

example, a Conventional Killed J?CV2 -vaccase did not aid in the mlaesioa of PCV2 

associated disease. 

As previously raeiiticsied. ao Mve® events were associated the test vacc-iaes 

5 with exception of tits vacciae adjvn'OHicd with MS 1314. injeeiioa site reactions were aoled 

iu 50.6% of llis pigs 1 day after (fee second vaccination with ihe vaccine formulated with IMS 

1314 and ai 28,6% of tlie pigs 2 days after the second vaccination. No reactions were noted 

ia atiy pigs receiving Carbopol adjuvan&d vaccines. Any fiaHter studies that include pigs 

vaccinated with IMS 1314 adjirvanted vaccines should continue to closely monitor pigs for 

10 injection she reactions. 

All pigs were sartw^g^ve for PCV2 on Day -3 and mf$ <Sro«p 2 bad & titer above 

100 on Day 14. On Day 25 (day- of challenge). Group B ted the highest PCV2 antibody liter 

(4619). followed by Group 2 (2307). With the exception: of Groups 7, *J and 10, all groups 

demonstrated a STOfig antibody response by Day 32. By Day 50, all groups including Groups 

13 ?,9 and 1.0 demonstrated a strong anMbxjdy response. 

One of the hallmarks of tee stage PCV2 infection and subsequent FMWS 

development is growth retardation, in weaned pig% and j® 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 

20 beUveea groups. Group 8 had the lowest ADWG of 0.88 ± 0.29 lbs/day, while Gronp 4 had 

the highest* ADWG of 1.16 ± 0.26 ft/day. Within the context of isis sm&y {here was rsot a 

sufficient difference between groups to base Mure vaccine efficacy on ADWG. 

la addition to weight loss ~ dyspnea, leghargv, pallor of the skin and sometimes 

icterus are clinical symptoms associated wiiti FMWS. In this example, abnormal behavior 

25 aud abnormal respirauon and cough were noted infrequently for each group. As evidenced in 
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ilys study, Ass challenge model and ctaMetige strata do not insult m werwhe&mag clinical 

symptoms aad this is not a strong parameter on vvltioh to base •vacciee efficacy, 

Overall, mortality rates were no? high ia this example aid the lack of a high mortality 

t#e in the challenge control group limits this parameter OH wiiich to base vaccine efficacy. 

5 Prior to Day 46. Groups 4 and 7 each had osie out of fifteen pigs die. Group 9 had two out of 

fourteen pigs die and Groap 8 had litres oat of lifteett )>igs die. Dae to tlie fact that Group % 

like oWleage control group was not demonstrating PCV2 clinical symptoms sad. only two 

daaihs had occttrred ia tMs group by Day 46, Porcine Inspiratory aad Repatductivc 

Syndrome Vims (PRRSY) MLV vaccine was admimstered to all pigs oa Day 46. Earlier 

10 studies had utilised 1.NGBLV A.C® PRRS MLV as an tmmuRosumxiiant to exasperate PCV2-

assoeiated PMWS disease and morality rates were higher it? iiiese earlier studies. Two 

deaths occmred shortly aftex administering the P.RR.S vaccine OR Day 46 - Group 4 had one 

death on Day 46 aad Qsmtp 7 kad one death oa Day 4? - which were probably aot associated 

•with the adaimstraiioa of the PRRS vacciRO. By Day 5G, Group 8» which, received two doses 

13 of killed vaccine, had the highest mortality rate (2.0%), followed by Group 9 (challenge 

control) and Group 7 (0,23 ug rORF2 - Carbopol), with, morality rate of H.3% aad 13,3% 

respectively. Overall admimsteattoii of the PRRS vaccine to the challenge model late in flse 

post^cfeallcatge observation pfaase of this eample did tsot agaiffoaativ iacrease mortality 

raiss, 

20 Qmss lesioas at pigs with PMWS secondary to FCV2 iafectioa typically consist of 

generaiixad iyniphadeHOp&fhy in combination with oae or mom of the following: (I) 

interstitial pnetunaaia wiiii ifiterk>tj«iar edema, (2) cutaneous. pal tor or icterus. (3) mottled 

atrophic live®, (4) gastric iikeis, (5) jaephritis aad (6) jreprodacfive disorders, e.g. atetiaK, 

stillbirths, nsaamies, etc. At necropsy {Day 50), icterus,. hepatitis, and nephritis were sot 

25 soted its any groups. A gastric ulcer was noted ia one Group 7 pg, bat lymphadettopa&y 
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was aot specificaUy exasrojied for. Based oa tlie presence of lesioas thai were corasistm: with 

FCV2 iufectk>H, flare© groaps had at least one pig jsaalatively diagnosed with FCV2 (PMWS). 

Group 8, %vMcli received two dos«s of killed vaccine, had 20% tentatively disposed with 

PCY2, while Oroap 7 aitd Group 4 had 13,3% and 6.7%, flesjxsctrv&ly,, tentative^- diagaosed 

5 wife FCV2. Hie meas % long lesioc scores varied between groups st necropsy . Groups L 2, 

3, 4.6 and. 10 liad low % lniu> Iesioa scores that raaged from 0.11 & 0.38% to 0 JO ± 0.15%. 

As especial Group 9, di$ challenge control groap, liad lbs highest .mean % kitig Iesioa score 

(10.81 & 23.27%), la fotir groups, ihe mean % laug lesion scores were elevated due lo one to 

three pies ia each of these groups feitsg very high long lesion scores. Tlie hxag lesiotjs were 

i ft red/purple and consolidated. Typically, liiug lesions associated with PMWS are described as 

tan, »on~collai>sibteT sad with mterfoMar Metaa. Use liatg lesions ijoted in this stady were 

either not associated wit PCV2 infection or a second pulmongrv in&sctkms agent may have 

been present. Withiis the context of this study, the % fcaig lesioc scores probably do no 

reflect a tee measure of the amount of lung infection due to PCV2. likewise, tentative 

15 diagnosis of pneumonia may have beea over-utilized as well. Arty pigs with kffig lesions, 

soine as small as 0. 10% were listed wilii a tentative diagnosis ofpsieumoma. in this example, 

ttere was no sufficient difference between groups with respect to gross lesions and % hmg 

lesions oa which to base vacckie efficacy, 

IHC results showed tfee largest differences between groups. Group 1 (16 pg i:ORF2 -

20 IMS 1314} liad die lowest positive IHC results lor PCV2 antigen (0%); while Groups 9 and 

H) liad the highest positive IHC results wife incidence rates of 100% and 93,3% respectively. 

Groups 3, 5, 6 asd 7. which received 16, 4, 1 or 0.25 jjg of rORF2 aniigeit respectively, 

adjuvauted wift Carbopoi had IHC positive rates of 20%, 20%, 4(5% and 46.7%, 

respectively, Groap 2, wiacb jecejyed two doses of 16 jig vOKF2. adgswaated with Carbopol 

25 had an IHC positive rate of 6.7%, while Gro«p 4 vdtich received only oae dose of die same 
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vace-me. kid m IHC positive rate of 13.3%. Due to die objective nature of ibis test and tfee 

fact to IHC results correlated mill expected resales, IHC testing is probably one of the best 

pamasms o« whfch. to base vacerae efficacy. 

Tliiss ia one aspect of the present iaventioa, ilie Minimum Projective Dosage (MFD) 

5 of PC V2 (ORF2 aaligsii adixmsKted with Carbopol m tiae CDCD pig model ia (he face of a 

PCV2 challenge is deienmiied. Groups X 5, 6 and 7 each received too doses of iGRF2 

aaligea adjuvsaled wife Carbopoi but the level of rORF2 aKtigen varied for eaolt groap. 

<3roisps 3, 5, 6 gad 7 each received 16, 4,1 or 0.25 of t0RF2 aatlgsa respectively. & 

general decreasing Use .level of iORF2 antigen decreased PCV2 antibody titers, and increased 

10 the mortality rate, ateao % lung lesions, artd the accidence of IHC positive tissues. Of ibe 

fiwr groo|» receiving varying levels of fORFl - Cafbopol, Gftraps 3 aad 5, which received 

wo doses of 16 or 4 ug of rOHF2 sotigea, fospesaively, each had an IHC positive rate of oeiy 

20%, aad each had similar antibody titers. Overall, based oa IMC positive results, the 

KiiaianiM protective dosage of rQRF2 antigeis adiniaistered twice is approximately 4 jig. 

15 I:i5 another aspect of the present inveatkm, tae aMigemeity of recombinant (rORF2) 

aad Y.1DO R-l (\OSF2) JPCV2 aattgeas were assessed. Group 2 received wo doses of 1$ pg 

vQRF2 and Group 3 received two doses of 16 jig rORF2, Both vaccines were adjuvanted 

wills Carbopol. Both vaccines were fouud to be safe and both had 0% mortality rate. Group 

2 bad a PCV2 antibody titer of 2507 OK Day 25, wbile Group 3 bad a PC ¥2 antibody titer of 

2(i 1503. Group 3 liad a tower meati% tag lesion scope than Otoup 2 (CU 1 ± 0.38% vs. 0.90 ± 

0.15%), btti' Group 2 bad 8 lower IHC positive incidence rate that Group 3 (6.7% vs. 20%). 

Overall, both vaccines bad similar antigenicity, bat vORF2 was associated with slighth 

better IHC ssuits. 

fo yet another aspect of the present iaveatiott, ihe suitability of two diffeess 

25 sdiuvaats (Carbopol and IMS 1314) was determined. Groups 1 aad 3 boifa received two 
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doses of vaccine coaisiaiag 16 Kg of rORF2 antigen, bat Group I received the antigen 

adurvuisted Witts MS 1314 while Grasp 3 received the antigen adjuvaiHed witfa Carbopoi 

Both groups had essentially the same ADWG, essentially the same aicideace of cMaical sigas 

past-challenge, {fee satae titortalily rate, asid esseal&lly the same meaa % laag lesions: hit 

5 (hoop 1 had an IHC positive rate of 0% wisile Group 3 had aa IMC positive rate of 20%. 

However, Group 3, which received {fee vaecm sdjavaated mis Carbopol, had higher IFAT 

PCV2 lilKfs -OR Bays 25, 32. asid 50 than OroKp 1, which received fee vassciae afsmMI 

with IMS 1314. Overall although the PCV2 vaccine a&javajtterf with MS 1314 did provide 

bete ?HC results,, it did not provide ovarwlieimiiigiy better protection from PCV2 miction 

i 0 and did indtsoe injection site reactioa. Whereas the PCV2 vaccine adjavsHtted wit!) Carbopol 

l>erfornied nearly as well as the IMS 1314 adjm-atited y&cehie, but wag not associated with 

any adverse cvests. 

hi still another aspect of the present invention, the feasibility of PCV'2 OKF2 as a 

IM, 1 dose product was dctmnirted. Groups 2 $»d 4 both received 1.6 |ig af vORF2 vacciae 

13 adjevanfcd with Carbopol on Day 0. te Group 2 received a second dose OR Day 14. Group 4 

had a slightly higher ADWG and a lower mean % bmg lesions itatt Group 2. but Group 2 had 

higher IFAT FCV2 titers OH Day 25, 32 and 50, and a slightly lower incidence rate of IHC 

positive tissues. AJi other tesidis for these two groups were similar. Overall, tm dose of 

wO.RF2 adjavanted with Carbopoi performed similar So two doses of tie same vaccine. 

20 
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CLAIMS 

We claim: 

1. The use of a porcine circovirus type 2 antigen for the preparation of a 

single dose medicament for reducing or lessening the severity of clinical 

symptoms associated with PCV2 infection, lessening the overall porcine 

circovirus load 
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of an animal, and/or reducing the immunosuppressive effect of porcine 

circovirus infection in pigs, wherein said porcine circovirus type 2 antigen is 

a recombinant PCV2 ORF2 protein, and wherein said medicament is 

administered to a pig in only a single dose. 

2. The use according to claim 1, wherein said medicament comprises 4\ig to 

400p,g of said porcine cirovirus type 2 antigen per dose. 

3. The use according to claim 1 or 2, wherein said antigen comprises a protein 

encoded by a DNA sequence having at least 90% sequence identity with 

ORF2 having the sequence of SEQ ID NO:4 of a porcine circovirus type 2 

virus. 

4. The use according to either of claims 1 to 3, wherein said porcine 

circovirus type 2 antigen is a recombinant baculovirus expressed ORF2 

antigen. 

5. The use according to any one of claims 1 to 4, wherein said porcine circovirus 

type 2 antigen is formulated and administered in one (1) mL per dose. 

6. The use according to any one of claims 1 to 5, wherein said clinical symptoms 

are selected from the group consisting of lymphadenopathy, lymphoid 

depletion, and multinucleated or giant histiocytes. 

7. The use according to claim 6, wherein said lymphadenopathy, lymphoid 

depletion, and/or multinucleated or giant histiocytes is in combination with 

another symptom selected from the group consisting of interstitial pneumonia 

with interlobular edema, cutaneous pallor or icterus, mottled atrophic livers, 

gastric ulcers , nephritis, pia like lesionss and reproductive disorders. 
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8. The use according to any one of claims 1 to 7, wherein said administration 

occurs in pigs less than 15 weeks of age. 

9. The use according to any one of claims 1 to 8, wherein said administration 

occurs in pigs not older than 3 weeks of age, preferably not older than 2 

weeks of age. 

10. The use according to any one of-claims 1 to 9, wherein said administration 

is within about 3 weeks of exposure to a virulent porcine circovirus type 

2 antigen. 

11. The use according to any one of claims 1 to 10, wherein said composition 

farther comprises at least one additional component selected from the 

group consisting of veterinary-acceptable carriers, pharmaceutical -

acceptable carriers, and immunomodulatory agents. 

12. The use according to any one of claims 1 to 11, wherein said administration 

is intradermal, intratracheal, intravaginal, intramuscular, intranasal, 

intravenous, intravascular, intraarterial, intraperitoneal, oral, intrathecal, 

subcutaneous, intracutaneous, intracardial, intralobal, intramedullar, or 

intrapulmonar. 
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13. The use according to one of claims 1 to 12, wherein the administration of 

said porcine circovirus type 2 antigen does not show adverse events or 

injection site reactions. 

14. The use of a porcine circovirus type 2 antigen for the preparation of a 

single-dose medicament for improving the level of general disease 

resistance of pigs, wherein said porcine circovirus type 2 antigen is a 

recombinant PCV2 ORF2 protein, and wherein said medicament is 

administered to a pig in a single dose. 

15. The use according to any one of claims 1 to 14, wherein said medicament is 

an immunogenic composition. 

16. The use according to any one of claims 1 to 15, wherein said medicament 

is a vaccine. 

17. Use of an immunogenic composition capable of eliciting or enhancing an 

immune response against porcine circovirus type 2 (PCV) and comprising 

recombinantly produced PCV2 ORF2 protein in the manufacture of a 

medicament for preventing one or more of the following symptoms 

associated with PCV2 infection: 

nasal shedding, increased mortality rate, decreased average daily weight 

gain, wherein the PCV2 ORF2 protein is to be administered once to a pig. 

18. The use according to claim 17, wherein the recombinantly produced PCV2 

ORF2 protein is baculoviras expressed PCV2 ORF2 protein. 

19. The use according to claim 17 or 18, wherein the recombinantly produced 

PCV2 ORF2 protein has been obtained by a method, wherein 
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susceptible cells are infected with a recombinant baculoviras vector 

containing PCV2 ORF2 DNA coding sequences, 

PCV2 ORF2 polypeptide is expressed by the recombinant baculoviras, 

and 

the expressed PCV2 ORF2 polypeptide is recovered from the supernate 

by filtration and inactivated. 

20. The use according to any one of claims 17 to 19, wherein the 

recombinantly produced PCV2 ORF2 protein has been recovered from the 

supernate of in vitro cultured cells, wherein said cells were infected with a 

recombinant baculoviras vector containing PCV2 ORF2 DNA and 

expressing PCV2 ORF2 protein, and wherein said cell cultire was treated 

with 2 to 8 mM binary ethylenimine (BEI) to inactivate the baculoviras 

vector, and an equivalent concentration of a neutralization agent. 

21. The use according to any one of claims 17 to 20, the composition further 

comprising at least a portion of recombinant baculoviras vector expressing 

said PCV2 ORF2 protein. 

22. The use according to claim 21, the composition further comprising a 

portion of cell culture supernate. 

23. The use according to any one of claims 17 to 22, wherein the composition 

is a vaccine. 
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24. The use according to any one of claims 17 to 23, the composition 

comprising from 0.3 to 200 |j,g of the recombinantly produced PCV2 ORF2 

protein per dose. 

25. The use according to any one of claims 17 to 24, wherein the pigs are pigs 

of 2 weeks of age or older, but not older than 15 weeks of age. 

26. The use according to any one of claims 17 to 25, wherein the composition 

further comprises an adjuvant. 

27. The use according to claim 26, wherein the adjuvant can include aluminum 

hydroxide and aluminum phosphate, saponins, water-in-oil emulsion, oil-

in-water emulsion, water-in-oil-in-water emulsion, or wherein the adjuvant 

is a compound chose from the polymers of acrylic or methacrylic acid and 

the copolymers of maleic anhydride and allcenyl derivative. 

28. The use according to claim 26 or 27, the composition comprising 100 jig to 

10 mg of adjuvant per dose. 

29. The use according to any one of claims 17 to 28, wherein the immunogenic 

composition is substantially free of antigens or polypeptides from PCV2 

other than PCV2 ORF2 protein. 

30. The use according to claim 20, wherein the immunogenic composition 

further comprises an adjuvant listed in claim 27 and is stable over a period 

of 24 months. 
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The use according to any one of claims 17 to 30, wherein the medicament 

is to be administered intramuscularly. 
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Case 10-0078-FF 

SEQUENCE LISTING 

<110> Roof, Mike 

Eichmeyer, Mark 

Nitzel, Greg 

Schaeffer, Merrill 

Hayes, Phillip 

<120> USE OF A PCV2 IMMUNOGENIC COMPOSITION FOR LESSENING CLINICAL 
SYMPTOMS IN PIGS 

<130> 34816-CIP1 

<150> Unknown 

<151> 2005-12-30 

<160> Ml 

<170> Patentln version 3.3 

<210> 1 

<211> 8 

<212> DNA 

<213> Artificial 

<220> 

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

<400> 1 

ccgccatg 
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Case 1&0O78-KF 

<210> 2 

<211> 6 

<212> DNA 

5 • <213> Artificial 

<220> 

<223> This is a recombinant Ecc R1 sequence. 

10 <400> 2 

gaattc 

<210> 3 

15 <211> 713 

<212> DNA 

<213> Porcine circovirus 

20 

25 

30 

<400> 3 

cagctatgac gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60 

ttggccagat 'cctccgccgc cgcccctggc tcgtccaccc ccgccaccgc taccgttgga 120 

gaaggaaaaa tggcatcttc aacacccgcc t-ctcccgcac cttcggatat actgtggaga 180 

aggaaaaatg gcatcttcaa cacccgcctc tcccgcacct tcggatatac tgtgacgact 240 

ttgttccccc gggagggggg accaacaaaa tctctatacc ctttgaatac tacagaataa 300 

gaaaggttaa ggttgaattc tggccctgct cccccatcac ccagggtgat aggggagtgg 360 

gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420 

acccatatgt aaactactcc tcccgccata caatccccca acccttctcc taccactccc 480 

gttacttcac acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540 

aaaggaatca gctttggctg aggctacaaa cctctagaaa tgt-ggaccac gtaggcctcg 600 

gcactgcgtt cgaaaacagt aaatacgacc aggactacaa tatccgtgta accatgtatg 660 

tacaattcag agaatttaat cttaaagacc ccccacttaa accctaaatg aat 713 
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Case 10-0078-FF 

<210> 4 

<211> 713 

<212> DNA 

5 <213> Porcine circovirus 

<400> . 4 

ccgccatgac gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60 

ttggccagat cctccgccgc cgcccctggc. tcgtccaccc ccgccaccgc taccgttgga 120 

gaaggaaaaa tggcatcttc aacacccgcc tctcccgcac cttcggatat actgtcaagg 180 

ctaccacagt cacaacgccc tcctgggcgg tggacatgat gagatttaat attgacgact 240 

ttgttccccc gggagggggg accaacaaaa tctctatacc ctttgaatac tacagaataa 300 

gaaaggttaa ggttgaattc tggccctgct cccccatcac ccagggtgat aggggagtgg 360 

gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420 

acccatatgt aaactactcc tcccgccata caatccccca acccttctcc taccactccc 480 

gttacttcac acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540 

aaaggaatca gctttggctg aggctacaaa cctctagaaa tgtggaccac gtaggcctcg 60.0 

gcactgcgtt cgaaaacagt aaatacgacc aggactacaa tatccgtgta accatgtatg 660 

tacaattcag agaatttaat cttaaagacc ccccacttga accctaagaa ttc 713 

20 

<210> 5 

<211> 233 

<212> PRT 

25 <213> Porcine circovirus 

< 4 0 0 > 5 

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

30 1 5 10 15 

Ser His Leu Gly Gin lie Leu Arg Arg Arg Pro Trp Leu Val His Pro 
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Case 10-0078-FF 

20 25 '30 

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

35 40 45 

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

50 55 60 

Pro Ser Trp Ala.Val Asp Met Met Arg Phe Asn lie Asp Asp Phe Val 

65 70 75 80 

Pro Pro Gly Gly Gly Thr Asn Lys lie Ser lie Pro Phe Glu Tyr Tyr 

85 90 95 

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

100 . 105 110 

Gin Gly Asp Arg Gly Val Gly Ser Thr Ala Val lie Leu Asp Asp Asn 

115 120 125 

Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr 

130 135 140 ' 

Ser Ser- Arg His Thr lie Pro Gin Pro Phe Ser Tyr His Ser Arg Tyr 

145 150 155 160 

Phe Thr Pro Lys Pro Val Leu Asp Ser Thr lie Asp Tyr Phe Gin Pro 

165 170 175 

Asn Asn Lys Arg Asn Gin Leu Trp Leu Arg Leu Gin Thr Ser Arg Asn 

180 185 190 
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Case 10-0078-FF 

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

195 200 205 

Gin Asp Tyr Asn He Arg Val Thr 

210 215 

Asn Leu Lys Asp Pro Pro Leu Lys 

225 230 

<210> 6 

<211> 233 

<212> PRT 

<213> Porcine circovirus 

<4 00> 6 

Met Tyr Val Gin Phe Arg Glu Phe 

220 

Pro 

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 lie Leu Arg Arg Arg Pro Trp Leu Val His Pro 

20 25 30 

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

35 40 45 

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

50 55 60 

Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn lie Asp Asp Phe- Val 

65 70 75 80 
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Case 10-0078-FF 

Pro Pro Gly Gly Gly Thr Asn Lys lie Ser lie Pro Phe Glu Tyr Tyr 

85 90 95 

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

100 105 '110 

Gin Gly Asp Arg Gly Val. Gly Ser Thr Ala Val lie Leu Asp Asp Asn 

115 . 120 125 

Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr 

130 135 140 

Ser Ser Arg His Thr lie' Pro Gin Pro Phe Ser Tyr His Ser Arg Tyr 

145 150 155 160 

Phe Thr Pro Lys Pro Val Leu Asp Ser Thr lie Asp Tyr Phe Gin Pro 

165 170 175 

Asn Asn Lys Arg Asn Gin Leu Trp Leu Arg Leu Gin Thr Ser Arg Asn 

1'80 185 190 

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

195 200 205 

Gin Asp Tyr Asn lie Arg Val Thr Met Tyr Val Gin Phe Arg Glu Phe 

210 215 220 

Asn Leu Lys Asp Pro Pro Leu Glu Pro 

225 230 

<210> .7 
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Case 10-0078-FF 

<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. 

<400> 7 

gcggccgcgg gaattcgatc cgccatgacg tatccaagga ggcgttaccg cagaagaaga 60 

caccgccccc gcagccatct tggccagatc ctccgccgcc gcccctggct cgtccacccc 120 

cgccaccgct accgttggag aaggaaaaat ggcatcttca acacccgcct ctcccgcacc 180 

ttcggatata ctgtcaaggc taccacagtc acaacgccct cctgggcggt ggacatgatg . 240 

agatttaata ttgacgactt tgttcccccg ggagggggga ccaacaaaat ctctataccc 300 

tttgaatact acagaataag aaaggttaag gttgaattct ggccctgctc ccccatcacc 360 

cagggtgata ggggagtggg ctccactgct gttattctag atgataactt tgtaacaaag 420 

gccacagccc taacctatga cccatatgta aactactcct cccgccatac aatcccccaa 48D 

cccttctcct accactcccg ttacttcaca cccaaacc'tg ttcttgactc cactattgat 540 

tacttccaac caaataacaa aaggaatcag ctttggctga ggctacaaac ctctagaaat 600 

gtggaccacg taggcctcgg cactgcgttc gaaaacagta aatacgacca ggactacaat 660 

atccgtgtaa ccatgtatgt acaattcaga gaatttaatc ttaaagaccc cccacttgaa 720 

ccctaagaat tctatcacta gtgaattcgc ggccgc 756 

<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 coding sequences. 
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Case 10-0078-FF 

<400> 8 

aagctttact cgtaaagcga gttgaaggat 

gaaagcacgt gtaaaatgtt tcccgcgcgt 

5 ataaaagatt ctaatctgat atgttttaaa 

gtgactagcg aagaagatgt gtggaccgca 

ggagcaataa tcgatttaac caacacgtct 

gcgggcctgt tatacaaaaa aattcaagta 

gttcaagaat ttattgacac ggtaaaagaa 

10 ggcgtgcact gcacacacgg tattaatcgc 

cacaccctgg gtattgcgcc gcaggaa-gcc 

aaaattgaaa gacaaaatta egttcaagat-

tttaacaaat actttatcct attttcaaat 

tgcttcgctt gctcegtlta gcttgtagcc 

15 gattaggccg gatattetcc accacaatgt 

• ggttttccac gtacgtcttt tggccggtaa 

cgcacaacac cggatgtttg cgcttgtccg 

ccaccacttt ggcaactaaa tcggtgacct 

tcttttgcat ggtttcctgg aagccggtgt 

20 tgacctgcaa atctttggcc tcgatctgct 

, actcttgttt tttaacaagt tcctcggttt 

tgtgctcggt gaatgtcgca atcagcttag 

gtttgatcgc gggatcgtac ttgccggtgc 

gccattcttg taattctatg gcgtaaggca 

25 cggatttagt aatgagcact gtatgcggct 

cgctgttaga ggtagggccc ccattttgga 

tgtctacatg aacacgtata gctttatcac 

ccttggccac gaaccggacc tgttggtcgc 

cttctccaaa tttaaattct ccaattttaa 

30 tttgcaacaa ctattgtttt ttaacgcaaa 

tatgggggaa catgcgccgc tacaacactc 

ggcgcaagcg gctaaaacgt gttgcgcgtt 

catatttagt tgcgtttatg agataagatt 60 

tggcacaact atttacaatg cggccaagtt 120 

acacctttgc ggcccgagtt gtttgcgtac 180 

gaacagatag taaaacaaaa ccctagtatt 240 

aaatattatg atggtgtgca ttttttgcgg 300 

6ctggccaga ctttgccgcc tgaaagcata 360 

tttacagaaa agtgtcccgg catgttggtg 420 

accggttaca tggtgtgcag atatttaatg 480 

atagatagat tcgaaaaagc ca'gaggtcac 54 0 

ttattaattt aattaatatt atttgcattc 600 

tgttgcgctt cttccagcga accaaaacta 660 

gatcagtggc gttgttccaa tcgacggtag 720 

tggcaacgtt gatgttacgt ttatgctttt 780 

tagccgtaaa cgtagtgccg tcgcgcgtca - 840 

cggggtattg aaccgcgcga tccgacaaat 900 

gcgcgtcttt tttctgcatt atttcgtctt 960 

acatgcggtt tagatcagtc atgacgcgcg 1020 

tgtccttgat ggcaacgatg cgttcaataa 1080 

tttgcgccac caccgcttgc agcgcgtttg 1140 

tcaccaactg tttgctctcc tcctcccgtt 1200 

agagcacttg aggaattact tcttctaaaa 1260 

atttggactt cataatcagc tgaatcacgc 1320 

gcaaatacag cgggtcgccc cttttcacga 1380 

tggtctgctc aaataacgat ttgtatttat 14 40 

.aaactgtata ttttaaactg ttagcgacgt 1500 

gctctagcac gtaccgcagg ttgaacgtat 1560 

cgcgagccat tttgatacac gtgtgtcgat 1620 

ctaaacttat tgtggtaagc aataattaaa 1680 

gtcgttatga acgcagacgg cgccggtctc 17 40 

caacgcggca aacatcgcaa aagccaatag 1800 
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Case 10-0078-FF 

tacagttttg atttgcatat taacggcgat tttttaaatt at-cttattta ataaatagtt 1860 

atgacgccta caactccccg cccgcgttga ctcgctgcac ctcgagcagt tcgttgacgc 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 aaatcgegea 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 

tggtgcgaga agccgcgaag tatggcgaat gcatcgtata acgtgtggag tccgctcatt 2700 

agagcgtcat gtttagacaa gaaagctaca tatttaattg atcccgatga ttttattgat 2760 

aaattgaccc taactccata cacggtattc tacaatggcg gggttttggt caaaatttcc 2820 

ggactgcgat tgtacatgct gttaacggct ccgcccacta ttaatgaaat taaaaattcc 2880 

aattttaaaa aacgcagcaa .gagaaacatt tgtatgaaag aatgcgtaga aggaaagaaa 2940 

aatgtcgtcg acatgctgaa caacaagatt aatatgcctc cgtgtataaa aaaaatattg 3000 

aacgatttga aagaaaacaa tgtaccgcgc ggcggtatgt acaggaagag gtttatacta 3060 

aactgttaca ttgcaaacgt ggtttcgtgt gccaagtgtg aaaaccgatg tttaatcaag 3120 

gctctgacgc atttctacaa ccacgactcc aagtgtgtgg gtgaagtcat gcatctttta 3180 

atcaaatccc aagatgtgta taaaccacca aactgccaaa aaatgaaaac tgt cg'acaag 3240 

ctctgtccgt ttgctggcaa ctgcaagggt ctcaatccta tttgtaatta ttgaataata 3300 

aaacaattat aaatgctaaa tttgtttttt attaacgata caaaccaaac gcaacaagaa 3360 

catttgtagt attatctata 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 
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Case 10-0078-FF 

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 

cagcggccgc gggaattcga tccgccatga cgtatccaag gaggcgttac cgcagaagaa 4200 

gacaccgccc ccgcagccat cttggccaga tcctccgccg ccgcccctgg .ctcgtccacc 4260 

cccgccaccg 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 

aggccacagc cctaacctat gacccatatg taaactactc ctcccgccat acaatccccc 4620 

aacccttctc ctaccactcc cgttacttca cacccaaaco tgttcttgac tccactattg 4680 

attacttcca accaaataac aaaaggaatc agctttggct gaggctacaa acctctagaa 4740 

atgtggacca cgtaggcctc ggcactgcgt tcgaaaacag taaatacgac caggactaca 4800 

atatccgtgt aaccatgtat gtacaattca gagaatttaa tcttaaagac cccccacttg 48 60 

aaccctaaga attctatcac tagtgaattc gcggccgccg gccgctccag aa-ttctagaa 4920 

ggtacccggg atcctttcct gggacccggc aagaaccaaa aactcactct cttcaaggaa 4980 

atc-cgtaatg ttaaacccga cacgatgaag cttgtcgttg gatggaaagg aaaagagttc 5040 

tacagggaaa cttggacccg cttcatggaa gacagcttcc ccattgttaa cgaccaagaa 5100 

gtgatggatg ttttccttgt tgtcaacatg cgtcccacta gacccaaccg ttgttacaaa 5160 

ttcctggccc aacacgctct gcgttgcgac cccgactatg tacctcatga cgtgattagg 5220 

atcgtcgagc cttcatgggt gggcagcaac aacgagtacc gcatcagcct ggctaagaag 5280 

ggcggcggct gccca-ataat gaaccttcac tctgagtaca ccaactcgtt cgaacagttc 5340 

atcgatcgtg tcatctggga gaacttctac aagcccatcg tttacatcgg taccgactct 5400 

gctgaagagg aggaaattct ccttgaagtt tccctggtgt tcaaagtaaa ggagtttgca 5460 

30 

ccagacgcac ctctgttcac tggtccggcg tattaaaaca cgatacattg ttattagtac 5520 

atttattaag cgctagattc tgtgcgttgt tgatttacag acaattgttg tacgtatttt 5580 
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Case 10-0078-FF 

aataattcat taaatttata atctttaggg 

tcagcgtctt tatatctgaa tttaaatatt 

cgattagttt caaacaaggg ttgtttttcc 

tcgctcaacg ccacaaaact tgccaaatct 

5 gtttgtgttt tgttttgtaa taaaggttcg 

tttctttcat cactgtcgtt agtgtacaat 

tggacatatt taacatcggg cgtgttagct 

ccctcgtcgt tagaagttgc ttccgaagac 

attgtgtcgg ctaacacgtc cgcgatcaaa 

10 gattgcgggc gtttttgggc gggt'ttcaat 

acgttagaaa gcgatggtgc aggcggtggt 

ggcggtggtg gagctgatga taaatctacc 

ggaggcggag gcggaggtgg tggcggtgat 

ttaggcaaca cagtcggcac ctcaactatt 

15 accggtctga gacgagtgcg atttttttcg 

tcgtctaaag gtgcagcggg ttgaggttcc 

gacatcgatg gtggtggtgg tggtggaggc 

ggcggcggtg ccgccggtat aatttgttct 

accggcgcag gcgccgctgg ctgcacaacg 

20 ggtggtggca attcaatatt ataattggaa 

gtaatttcgc tatcgtttac cgtgccgata 

ttgtaaagag attgtctcaa gctcgccgca 

cagcattgta gtggcgagac acttcgctgt 

aaacgtcgtt ggcaagcttt aaaatattta 

25 tgtcgtaaat gttgtttttg ataatttgcg 

gatgcgcatc aattttgttg ttcctattat 

tacgattcgt catggccacc acaaatgcta 

actgcaaaaa cgtcaaaact cggtataaaa 

ttttatcgca caagcccact agcaaattgt 

30 ttaacgctga cgaaataaaa gttcaccagt 

tctattttaa tcacggttcc atcaacaacc 

ccgatttatt tgaaacacta caaattaaag 

tggtatgtta gagcgaaaat eaaatgattt 5640 

aaatcctcaa tagatttgta aaataggttt 57 00 

gaaccgatgg ctggactatc taatggattt 5760 

tgtagcagca atctagcttt gtcgatattc 5820 

acgtcgttca aaatattatg cgcttttgta 5880 

tgactcgacg taaacacgtt aaataaagct 5940 

ttattaggcc gattatcgtc gtcgtcccaa 6000 

gattttgcca tagccacacg acgc-ctatta 6060 

tttgtagttg agctttttgg aattatttct 6120 

ctaactgtgc ccgattttaa ttcagacaac 6180 

aacatttcag acggcaaatc tactaatggc 6240 

atcggtggag gcgcaggcgg ggctggcggc 6300 

gcagacggcg gtttaggctc aaatgtctct 6360 

gtactggttt .cgggcgccgt ttttggtttg 6420 

tttctaatag cttccaacaa ttgttgtctg 6480 

gtcggcattg gtggagcggg cggcaattca 6540 

gctggaatgt taggcacggg agaaggtggt 6600 

ggtttagttt gttcgcgcac gattgtgggc 6660 

gaaggtcg'tc tgcttcgagg cagcgcttgg 6720 

tacaaatcgt aaaaatctgc tataagcatt 6780 

tttaacaacc gctcaatgta agcaattgta 6840 

cgccgataac aagccttttc atttttacta 6900 

ogtcgacgta catgtatgct ttgttgtcaa 6960 

aaagaacatc tctgttcagc accactgtgt 7020 

cttccgcagt' atcgacacgt tcaaaaaatt 7080 

tgaataaata agattgtaca gattcatatc 7140 

cgctgcaaac gctggtacaa ttttacgaaa 7200 

taatcaacgg gcgctttggc aaaatatcta 7260 

atttgcagaa aacaatttcg gcgcacaatt 7320 

taatgagcga ccacccaaat tttataaaaa 7380 

aagtgatcgt gatggactac attgactgtc 7440 

gcgagctttc gtaccaactt gt.tagcaata 7500 



Case 10-0078-FF 

ttattagaca gctgtgtgaa gcgctcaacg atttgcacaa gcacaatttc atacacaacg 7560 

acataaaact cgaaaatgtc ttatatttcg aagcacttga tcgcgtgtat gtttgcgatt 7 620 

acggattgtg caaacacgaa aactcactta gcgtgcacga cggcacgttg gagtatttta 7 680 

gtccggaaaa aattcgacac acaactatgc acgtttcgtt tgactggtac gcggcgtgtt 7740 

5 aacatacaag ttgctaacgt aatcatggtc atagctgttt cctgtgtgaa attgttatcc 7800 

gctcacaatt ccacacaaca tacgagccgg aagcataaag tgtaaagcct ggggtgccta 7860 

atgagtgagc taactcacat taattgcgtt gcgctcactg cccgctttcc agtcgggaaa 7 920 

cctgtcgtgc cagctgcatt aatgaatcgg ccaacgcgcg gggagaggcg gtttgcgtat 7980 

• tgggcgctct tccgcttcct cgctcactga ctcgctgcgc tcggtcgttc ggctgcggcg 8040 

10 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 

cctcgtgcgc. tctcctgttc cgaccctgcc gcttaccgga tacctgtccg cctttctccc 8340 

15 ttcgggaagc gtggcgcttt ctcatagctc acgctgtagg tatctcagtt cggtgtaggt 8400 

cgttcgctcc aagctgggct gtgtgcacga accccccgtt cagcccgacc gctgcgcctt 84 60 

atccggtaac tatcgtcttg agtccaaccc ggtaagacac gacttatcgc cactggcagc 8520 

agccactggt aacaggatta gcagagcgag gtatgtaggc ggtgctacag agttcttgaa 8580 

gtggtggcct aactacggct acactagaag gacagtattt ggtatctgcg ctctgctgaa 8640 

20 gccagttacc ttcggaaaaa gagttggtag ctcttgatcc ggcaaacaaa ccaccgctgg 8700 

tagcggtggt ttttttgttt gcaagcagca gattacgcgc agaaaaaaag gatctcaaga 87 60 

agatcctttg atcttttcta cggggtctga cgctcagtgg aacgaaaact cacgttaagg 8820 

gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa attaaaaatg 8880 

aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacagtt accaatgctt 8940 

25 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 

30 tgctacaggc atcgtggtgt cacgctcgtc gtttggtatg gcttcattca gctccggttc 9300 

ccaacgatca aggcgagtta catgatcccc catgttgtgc aaaaaagcgg ttagctcctt 9360 

cggtcctccg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca tggttatggc 9420 
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Case 10-0078-FF 

agcactgcat aattctctta etgtcatgcc atccgta'aga tgcttttctg tgactggtga 9480 

gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttgct cttgcccggc 9540 

gtcaatacgg gataataccg cgccacatag cagaacttta aaagt gctca tcattggaaa 9600 

acgttcttcg gggcgaaaac tctcaaggat cttaccgctg ttgagatcca gttcgatgta 9660 

acccactcgt gcaccca:act 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 cagggcgcgt cagcgggtgt tggcgggtgt cggggctggc ttaactatgc 10140 

ggcatcagag cagattgtac tgagagtgca ccatatgcgg tgtgaaatac cgcacagatg 10200 

cgtaaggaga aaataccgca tcaggcgcca ttcgccattc aggctgcgca actgttggga 10260 

agggcgatcg gtgcgggcct Cttcgctat.t acgccagctg gcgaaagggg gatgtgctgc 10320 

aaggcgatta agttgggtaa cgccagggtt ttcccagtca cgacgttgta aaacgacggc 10380 

cagtgcc 10387 

<210> 9 

<211> 20 

<212> PRT 

<213> Porcine circovirus 

<400> 9 •• • 

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

1 5 10 15 

His Leu Gly Gin 

20 
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Case 10-0078-FF 

<210> 10 

<211> 19 

<212> PRT 

<213> Porcine circovirus 

<400> 10 

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

1 5 10 15 

Thr Leu Ser 

<210> 11 

<211> 233 

< 22 > PRT 

<213> Artificial 

<220> 

<223> This is an amino acid sequence for porcine circovirus type 

open reading frame 2. 

<400> 11 

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

15 10 15 

Ser His Leu Gly Gin He Leu Arg Arg Arg Pro Trp Leu Val His Pro 

20 25 30 
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Case 10-0078-FF 

Arg His .Arg Tyr Arg Trp Arg Arg Lys Asn Gly lie Phe Asn Thr Arg 

35 40 , 45 

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

50 55 60 

Pro Ser Trp Ala Val-Asp Met Met Arg Phe Asn lie Asp Asp Phe Val 

65 7 0 75 80 

Pro Pro Gly Gly Gly Thr Asn Lys lie Ser lie Pro Phe Glu Tyr Tyr 

85. 90 95 

'Arg lie Lys Lys Val Lys Val Glu Phe Trp Pro Cys Ser Pro lie Thr 

100 105 110 

Gin Gly Asp Arg Gly Val Gly Ser Thr Ala Val lie.Leu Asp Asp Asn 

115 120 , 125 

Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr 

130 135 140 

Ser Ser Arg His Thr lie Pro Gin Pro Phe Ser Tyr His Ser Arg Tyr 

145 150 155 160 

Phe Thr Pro Lys Pro Val Leu Asp Ser Thr lie Asp Tyr Phe Gin 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 lie Tyr Asp 
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Case 10-0078-FF 

195 200 205; 

Gin Asp Tyr Asn lie 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 
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