MULTI Vt ENT PCV2 | MMUNOGENI C COVPCSI TI ONS AND METHODS OF PRODUCI NG SUCH
COVPOSI TI ONS 10 This appli. format, the teachli SEQUENCE, LI STI NG
lion contains a _sequence listing in. paper format and in conputer readable
Merit of WHiZEH/4P¥"hereby incorporated by reference. Eﬂ@%@ﬂ Y THE

| NVENTI ON Field of the Invention One aspect of the presentconcernedecovery
of a protein expressed by open reading frame 2 (ORF2) of porcine circovirus
type 2 (PCV2). More panicul arty, the protein is a reconbinant protein
expressed by a transfected virus con tai reconbi nant codi ng sequences for
porcine circov.ending frane 2. Still nore particularly, the transfected
virus is permtted to infect cells in growmh nedia and the 20 protein
expressed byBh& Hdath Hg¥? PAMENDGEVIECGVROSTIENRSND MEAHL ¥ nside the
cells. Even nore parti cul 8ROPUCHRE SHEFHOAMPRGEIIVRS t he steps of anphtyny
the open reading frame 2 gene fromporcine circovirts type 2, cloning this
anplisfied portion into a first vector, excising the open reading franme 2
portion fromthis first vector s@dENCRILBYING into a transfer vector,
cotransthcting the transfer vector withviral vector into cells in 25growth
nedi a, causi nghishgpeatibscdeiRacemRadenisesd Reafy tirher Akt iatons Rk asd@nd t her eby
express open reading franme 2, and recovering the expressed reconbi nant
protei n cRasd hioruddned Baicohadif Agich ki TRroy ktoibRi:S bp eiabae. In
anot her aspect, the present invention is concerned with an i nmunogenic
conpgsition effective for inducing an inmune response agai nst PCvV2, and
nmet hods for 30produci ng those i mmunogeni ¢ conpositions. Mire particularly,
the present invention is peoREesRet Wrthiantien ogi cal conpo Mon
effective for providing an i mmune response that protects an ani nal

recei vi ngeit:RiereRmesiidd on and reduces, or |essens the severity, of the
clinical synptons associated with PCV2 infection, Still nore particularly,
the pyesent i NYRNLHAN of $hL ORER! BRGWLTE BnRhRl 8l PRSEYvearl NITUNIREH Cal
conposition that. confers effective protection. against infection by PCV2.
Even nor eqepakddich! @feh YeadREDRES RORKS) SONFERH BTN i kB8 21 YR Qg cal
conposi tion conprising ORF22. wherein adm nistration of PCLV2-ORP2 results
i N prot echi-HnA9aiB kil {SCLEADIRN: PEVR: exMRSkd bP B bl AN odnbnify esent
invention is concerned with an i mmunol ogi cal conposition. eiTectl

confer ri ng ehliech ¥@nd SIBICEY ok QoRine Wi 06viRE B4 NGpb RalifTVARL 991 6@l

conposition, and 10wnerein the conposition conprisSes the protein expressed

by ORF2 _()Iuml?at%a}{&gﬁaﬁv: the ‘lr!u@faﬁ{é@%%?ﬁ&r 3.3%%,%{1 Qf infeliCoeft ﬁ%@%@%}%%ﬁ gﬁr}bc

conbi nati on vaccines or mnultival ent 'vaccines are pro

partiygul aplyi, L ?»as&rdelﬁreﬁ%n iré&Mi‘?zgtf}a% Pk Wodass LY ?%{%ﬁﬁ%&? rdfR 8 314 '519”5

effective at |1 nducing”an | muné response agai nst ectlon P and at

| east one; oh:hef, %('z;?.e%%@ri ﬁﬂ%sﬁa@&u%ﬁﬂazﬂ% ﬂfa@%@%e@i%m sheds Q?%ﬁm{vfz@ ’jg?ggez()f the

Prior Art cine circovirus' ty s a snal _ 11111

in dianetgr.), ... ahadral ., senvel.oped. £ [ ML G 6 QR RS, @
;ing:e-st%%%éégﬁ%?$ﬁﬁlé%hggﬁgﬁgga%%%gﬂg'a%}s“%ghggﬁwﬁg%ﬁgigﬁgﬁgggyéequence
identit i=t.h. i.Ne: Gli, i Y I { : VAT A E t with
povL,  whi BT (RIS LA iSoh HRfhe s ok o HREN el BAGERMETE o1 ' &

syndr O”EPW%%F@@&%P S}Jax?sﬁ&.ﬁnf ARt dSef i»-@&u“%{ﬂ% 'rf,]z;%%{ ggz& z'}%séegg%t Syndr ome

(PMAS) . is clinical charatteriz by was eness he skin

unt hgg fti LS réz\%ﬁ%%géa{}s%goﬁzé’ c&iﬁ% bt f;ﬁ'ﬁggg{ Fsiegz[e el {Zetd? a%ﬂﬂgrei\-aékéﬂ{s?e- In

sone af f ecte aconbination o om W e appar Wi | e
ot her sw pe._w L0Ly. D €, t.Wo,..Qf ese,. i ol fmr B eene
2007/ 0765%5%%@ 51706 %‘é‘gffgg‘ieﬁ%% e g Sﬁ‘% ge“ﬁlgfé’%‘%%g’i?}e‘%”’%ﬁ?% £ 8% ng

macroscopi ¢ ..l esi ons. al so _appear on nultiple tissues and organs, wth
| ynphoi d Sﬁggﬁﬁmﬁ%fﬂéh?ﬁ@mﬁﬁgt common site for lesions. A strong

correlation h S been observed bet‘aen,t$e amount of. gﬁvz nucl ei ¢ _acid or
minden and t helsBURRT (G0h  BFCPERED eI coRes | BRE NSFERIBES 1 at os
f i nfect.ed with PCV2 h /10% |r L to, P PCv2
hos beon SOUEEREY allbGite oy BT ZPHORN HGCH SHOST ACl Gt Ry eatubt abi oo,

orcjne reproductive, andp' tory syndro PRRS ) L
P ik pi%tiucmg ghose xmmw%gemc cgmp(}éﬂmus. rﬁmﬁz pam{,)uiaﬂ}-', the present invention is
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d asser's di sease, streptococcal nmeningitis, sal nonellosis postweaning

di etetic hepatosis, and suppurative brondhopneunoni a. Open reading 'r2
(ORF2) pr.o e%n PQ¥2 havi ng an. approxi mate nol ecul ar tomeight of 30 kna
when runst §35ﬁéﬁ'%l, has been utilizedpast as an aniggﬁT%r%%Wﬁgﬁ%nt in
vacci nes for PCV2. Typical nethods of obtaininsuch vaccines generally
“consi st of anplifying the PCV2 DNA coding for ORF2, transfecting viral
vector with the ORF2 DNA, infecting cells with the viral vector containing
the ORF2 DNA, permitting the virus to express ORF2 protein within the
cell., and xtracting the 011.172 15protein fromthe cell vi.a cell lysis.
These pr oc@dtmebwie reiadilnsldepdeecaspobionbitidtivd By hrodtalts @f ihannt pkpesd on of
the cells by the viral vector. However, these procedures have di sadvant age
in that the: gxtaaat HORADEEOOGIHLE Soafeiibo bt £O%iet, \or BRGNS H1TE@ORSHE the
Additionally, the ambunt of OMrecovered fromthe cells is not very high;
consequentfiysal avihasge dphet ath pevk simerd. t eubendrnbheatedibymapkamge nunber
of viral vectors i n order to obt ain 20$uffici¢nt quantities_of t he

r econbi naptve@XRI i@ S&RErMiot@hN, f195teM B NinMAGRICRRS! afdpdsfien | hiteconfers

Current approaches to PCV2 i munization include DNA-based vaccines, such as
t hoses desgfidchedprbRaldoIeaiPAlERdioNdy POVT OBv:l 23re FONRNER, hSpenViacaiines have
been ineffective at conferring protective imunity against PCV2 infection
and the cli RinE@hedS LN SumASSOGLALRE LhRQILSWHT f&exn&%g ORF2 of PCV2, wherein

2007/ 076520PCT/ US2006/ 062654 _ Por ci ne Reproductive and Respiratory
Syndrone (HERSkaticR @apgedomraartii U kaian Wasinkl mbdoid:S 0L atcad. angost
classified as an arterivirus as recently disease syndrone had been first

r ecogni sedadifudieneAdd ilvBRidNderhO8fdSyiang ;MRS neBLike dompRE8 bLIRGVe ne

di sease”. It has al so been called Hue ear disease. The nane porcine

arteri vi r ug Basmheeffecte REARARSE JRERNdNoinyTHE idthbMFosal «RRBRoNag @

parti cul ar afflnlfy for the nmacrophages particularly those found in the

| ungyo MaCLORRRAGRSALEsiRH don@hisd R fPadY delencRHRFNAFEVRr esent in the lung
are call ed al veol ar macrophages. They ingest and renove invadi ng bacteria

and viruses but, fEel AsdeRof 386 nt ROBRS M MSon VASEER Dy hRv A US
mul tiplies inside themproducing nore virus and kills the macrophages. Once

it has enk?{/ﬁ;@g Qrehﬁ'ﬁgded.t E\I{&Q%ﬁ&&aﬁ%%é ARLA, inRLESE '}mf%l@éj \%ﬁ?gﬁﬁ\{ﬁnic

indefinitely. Up to 40% of the macrophages are destroye renoves a

maj or par tcmﬂ;‘éos{ﬁi@f‘seg%ﬁ@ém‘%ﬁ&&%ﬁ&nﬂi‘%ﬁgﬂ% LSRRI Abd ?%@cﬁ.@é%% Phva ARdy ot her

viruses to pro rate and do damage, on exanpfe of this 1s the noticeable
i ncrease h&m%ﬁ%ﬁ%&&%mﬁ&%ﬁﬁﬁg L& RNEUpN @ in grower/finisher units when

t hey becone infected wth P ‘virus. It may take up to a year for al
breegdi ng stock, particularly in large herds, to 15becone infected for the
first tinme and al though the virus appears to spread rapidly in. a herd, it
In some 4-5 nonths betbre at | east 90% of the sows have becone
sero-positive, Sone sows remain naive, Furthernore, it is not uncomon for
som/herdstég-qgggﬁﬁﬁ%g%ﬁgﬁjnfection to contain | ess than 20% of serol ogi
cal positive A mals i s does not, however, necessarily nean they are not

still i mmune %&;&%%ﬁ&%ﬁs{@%} ;’;’,t(gﬁ{??}t ﬂ%ysﬁatlloﬁgsgz Rz@ksiﬁi i %ateg}.iim% Y 20 to

their offspring. mal s ed. Vi rus hich sho perrods of time
( 1.4 Qays) GRS Ggs.gd' JQAQ,';J%W x@gﬁ:lfpclmn%inmtlsg brie%%@m%é%'n%%g - tJe}tmn];a(.)rPC]\?Ez shgp*gt hs. The
clinical prcture“can vary trenenaously Fom one "herd T o another’ A% a.
guidg, for_every three herds.that are exposed .t PRI.RS he first tine
one 0 11 el B HAREET I AR b RHE TR RS U R AL i s case.
and the. third mnmderate t.o severe.disease The reasons fog.this.are not
clearly 260Hae TROEGT vl B R rER M o e AR vt BT i Fera, ¢ e
less severe the di sease WO 2007/ 076520PCT/ US2006/ 062654 ef fects. |t may be
that &1 ot FIAE FPPRATG: FITETem () HECTFLE . STATREGRCy WUPTH SRTERE soms

that are not.... snfects. alof herds,  .including high. .or ardinary health
st at us an@%}é‘éﬁ?ﬁ&@%f%ﬁ%ﬁ%& d@m“{e’slf"édi hﬁ‘r‘%@b‘éé’e.p?ﬂie S??H%ﬁéltm*l?“é %‘Eﬁﬁ’nm&l I
bacterium ' 4(200 nu) classified in the nycaplasnptaceae fam|y. A .hyo is
D00 at olF R ARUES e Bidmoni A G T e G bt Seae b v
seen, in grow ng and finishing pigs. Al hyo attacks the cilia qof epithelial
col 185 of Fheviw api peé *ammrra{ﬁlfgé\?ﬁm}?f AFIEEREC PR 2120 98¢ 6 e ifhﬁg
(ciliostasis) and eventual |y causi ng arieas of the lungs to coll apse.
Dependi ng on the extent of the disease, daily |live weight gain af infected
swt hie can be reduced by up to 1.7% 'Enzootic Pneunonia 10 is w despread
in sw ne popul ations and present in al nost every swine herd. Af hyo is
considered to be a primary pathogen that facilitates entry of P.RRSV and
other respiratory pathogens into the lungs. Three separate strains 232, .1

a N~



10 or passing through the colon. Diffuse, conplete nucosa"” necrosis in
chroni c cases causes the intestine to be rigid, resenbling a garden hose,
Prolifer a] lesions often are the col on but only ' by
car ef ul %&éé@gﬂﬁg%§at necropsy. in the profuse') henort {QB?%%§&%EQ t here
are red or black, tarry feces in the colon and clotted blood in the ileum
Bovine Viral Di arrhoea Virus (BVD) and 'Border's Disease are two viruses,
whi ch are 15in the same group of pestivirti es as the virus of swi ne fever
(hog cholera) but which primarily infect cattle and sh lively. They can get
breedi ng herds and cause reproductive problens, The disease is not a conmon
cause of susfperrtd | Darpaimacibbey, sovwesarpde weiuhdeomtoirsbeberi edhppowcomudiyde | i st of
possibilities froma diagnostic point of view eptospirosig is a
cont agi oussscissedsmant wahilmaheid orgek bdbanthe meny| copausedte iy lssamb.odsstrong

i mmunol ogically distinct |eptospiral serovars a 1. of which are regarded as
subgr oupscof:ldipt bspicsachsatved bogeamsihic Theame obPEVE hvdeic edidvasnigedargrioups whi ch
are inportant in sw ne; ponobna, crust arca sovi, canicolo.

i der ohaenpsvedtagh =m@ﬂﬂhg¢h@ﬁhk@h£dﬂb@&ﬁ\nmxi@ew&smﬁbmﬂmamhéﬁbﬂcmause

vari ous signs, |nclud|ng anoresia, pyresia, listlessness, 25jaundice.

abor t3 onsgpsdakh 1ok t s sadidow tih MW EQ BEVE dpis dstie takaseiafed obitte e prabmehedeat h.
After acute infection, leptospires frequently localize in the kidneys or

r epr oduct kN@iiofsgadsdif® Psddraitie, ofrcme afireueilosndl bspgriey fedbwofPRRS0Cal
interstitial nephritis, and are shed in the urinesonetines in |arge nunbers
for nont h§iBfery edik&se, Bagpwsschih encmpisis, = sgmoailiasis, N psuwiace wdibetBosisor
extended periods, the disease is often waterborne. In the USA, the disease
i's primarileptidugatods and hguserayatiolheph@spi ra hart- 1A Leptospira pottuma,
and Loptospira grippoophosa. Diagnosis can be difficult because anti body
titers can be ¢FRNEIOM frahagtiORE?)] @6&int A @z, kA an Bprbbest: hephbspi ra can
al so be found in healthy animals, L. australis serovar bratislava is nost

commpnl y asseciraiathaWiieh e WWF\E&%&DU}@@i}@ﬁ&iiih@ﬁ&i@ﬂiﬁ@)ﬁéi ly 2 Rifigedied herds
di spl ay abortions, still births and weak piglets. 10Brucellosis is caused

by bact er i@y Qhni i€ 1 GR0Y SBPIRE & Bl Sebbar acheriizedry Bbasd inofkch r et ai ned
pl acent a, |nfert|I|ty, orchitLs in boars, and severe netritis in sews. in

piglets, theidi 58R88y icoehar aehieting etk BYVDOL £ loh@y RATGHALS kiSnsBRfind aMEness,
The dlsease ints caused al nost excl usively by Brucel | a suis biovars 1, 2,

and 3, A RpTheEoPholREIRMBNE HiiGaf &AE kyhandyitd aBas donBiteehd arsYi S to
Rigs. infection spreads rapi dly and causes many abortions in unvacci nated

herds. TrangsskieR, GRGIES mr@bﬂwmwv g@mnafs’qmmi, R0t @ bxiRbEhy B4 DROUGH
vener eal transn155|on is possible. Serological diagnosis can be difficult

due o a & ?c’t&ﬁ BRI e AP RIPLIRNTSMe pYEcEhRiClenSRI LMD b Mol BAMIRE
anti gen. mnth Bruce/la and often causes fal se positive results. Postnortem

l'esions usyal Ly lindlopdg. e tb\ Sm@Nn@Onehbit | S1ovaRe, cmel PG nave a
ithscessation, sonetines wth necorsis foci In the liver, 20 dostridium

I's a ubl quidh Ay s, @{“1995 ok | e\é\ agﬁ}ﬁt BlckRiure®f ark NQof 2k a&d Qﬁ:&ék@hﬁtﬁﬁz‘ﬂe

usual l'y found in the soi t also occurs naturally in the gut of nost,

ani mal s. %défut;&dn%dﬁe &nﬂ&&ﬁ Toi 9&?‘? wao@wm%@ ¢9&ag ackeni rad caﬁe@@a&gr g

nesocol oni ¢ edema, di arrhea and edemm in ot her tissués such as the

hydr ot hor%e&én@éu Qﬂzéﬁ&ﬁ(&t%h&é 84 mﬂ% A6 ao@we&f&h&m@%&mungens

and is characterized by chronic enterit |s i s acconpani ed by

di ar ghea, e AP Ny _ types A B
and ﬁpcauééﬁwgﬁv %g&gﬁﬁg%ﬂgggﬁﬁ %%g%ﬁgB%%ﬂﬁoP%#?%Egg%%%%g%%giadzgentery,

toxem a. and G fabdBicy ey PHMAmGRNER ind RO GobpkNophoduce the

hi ghly necroti zing a et hal toxini's responsi e severe nt.a

(lama t oxigh) 85683k 08 Fﬁ@uﬁ‘\%t BIBYAC 11 BT @%&nsu ¢9§ 2 i RB8R0CH at ed
0 h

wi th inhibirtion proteolysis i'n the intestine. om1co run1 ic

cont ai ns £ [

cuscept bt FeYPRAL phlR b BB RE PE v H0ERh . 3, @ %ﬁ%@{s Sk
piglets |ess Lhan one meek oId and is nost common within 3 days ofblrth

I n ol der gﬁ“‘*&?‘*‘* 's, Clostridiumenteritis causes a thickeni ng of the small

i ntestine maki ng absorption of food. and nutrients difficult, Piglets
usually die as a result of a conbination of the infection and | ack of
nutrients, Death may CXXII T in a. few Hi. , but |ess severe cases survivea
few LUand recovery over a period of several clays is possible, Henorrhagic
enteritis with ulceration of the nucosa is the mgjor all species. Gossly,
the affected portion of the intestine is deep bl ue-purple and appears at
first glance to be an infarction associated with nmesenteric torsion. Smears
of intestinal contents can be exam ned for |arge nunbers of gramposif ,



C rridh.un septicuinis found in soil and. intestinal contents of animals
(i ncluding man) throughout the world. infection ordinarily occurs through
contam nation of wounds containing devitalized tissue, or some ot her
ti ssue- deBPIPMVE?" Wounds caused by acci dent, castratiBﬁTHE%BmmVﬁganitary
vacc, Mation, nmud don may becone infected. 10 General signs, such as
anorexia, intoxication, and b as 'ell as local |esions, develop \idthin a v
hours to a few days after predisposing i iv The local |esions are soft

swel lings that pit on pressure and extend rapidly because of the formation
of large quantities of exudate that infiltrates the subcutaneous and

i nt ramuscul ar AseireBeredicin ayd Respgfararh Sraf drec PR Saseas:ed Be ¢ wimud witithons  of

gas are unconmon. Malignant edema. associated with. lacerations is

char act er vefistiyointad kedclsadéndias evEnentsox emaly anidot ik hisome 2 d8ndr .
Tetanus toxeniia is caused by a specific unproduced by Costridiumtelan
necr ot i ¢ tddslzwge Srltpogtisall i thedifel & (He nal UGBty asivivae colbd engusseptinbl e to
this disease. Although tetanus is worldwide ii distribution, there are sone
areas, sudkass. tiHes rbothher cllRbEky dvbdistaat. heertuc grrdde fhevidS8MAaswaer e t he
organismis rarely found in. the soil and where tetanus is al nost unknown,

| n geéner aprppashe roestyr rBrceirof oCPRRAehIzN tpheicslad lkifaitd fohehd nekdenges of
tetanus in man is higher in the warner parts of the various continents.

Qusi ri t humricedssinzher doendnint the tepmMiatophsph el @l ofShoernesdy déBndguigdsd n soi
and intestinal tracts, In nost cases, it is introduced into the tissues

t hrough wourdsin paritne utcatdiyd dbegapunatplihgeandtadsmpetinatl PHoW Beadingsui t abl e
anaerobi ¢ environnment, WD 2007/ 076520PCT/ US2006/ 062654 I nf ection

wi th Sal neseekik andpinsarbupradube ol af Hib@RRE NiruaMistad, shofinahlulpgesnsi@speci al |y
those that are stressed, closely stocked, or exposed to a heavily

cont am nahed steigcing monaties asppt he nSalophaed. e 8 hhSerGabb DY (ARRY: Speci es
of sal nonell ae and characterized clinically by one or nore of three major

Syndionesreaepliraentiaad «atutigl=bateal Ugichepds hdhecrbishdencehasdinsgeased
with the intensification of livestock production.” Al'though vari ous types of

Sal nonel | @nees :QadiGepatiRf e@tbodBSAdiMcP h@thabiBe &l ASSHGasahiBRklAgfseund in
swine are Sl tholeraesuis and S. typhinuriznt Their resulting clinical

patt er ns iof prof@iyeSaldngn ehh@e are ch@inoflisedhle b ahdidint [BEeRkle SReGLES Of
sal nonel l ae tend to differ in their epidem ology. Plasmti profile and

dr ug- r esi gtang e f Rakdoft I@ﬁei@ﬁ)ﬁmsﬁ MRé BB abil BE Rk ek e hiiQeRiG@m ol ogi c
studi es. Septicenmic sainmonellosis is often associated with S thol erae,

I nfected PRES MRy, N@al h M&Km@l@%@bm1f‘oid§1’r§)i@§£ﬂs?§t&1\a§eﬁ@é&%ﬁﬁ AREGed QerlDYE,
anorexia, a high fever of 40.5C - 41.6C' shal |l ow cough. Pigiets may al so be

found deaghot higyAnethe AaxEHe Bd iiBSus8HONGGl F)péaﬂ:q;) LRbs Q%:%ﬁ»%ﬁ gedihat can
cause both pneunoni a and di arr hea and niortaliv of infec pig ets is

of ten hi gfmaEBE &MRCOISInkdnghs beoB8aNREAILY, A3 QG AR pWhED L RS IR L5 GQmMON 8
ophi muri um Infections are characterized by yellow or watery giarrhea t hat

may cont alcls rRhROHa0L FAIHEHSe@SH LNeyr LeGoh 95 SB(&QQ{:(@%S?\SMSM?{ £ Bbdefiy, 1S | ow
and often associated with dehydration and potassi um ef|C|ency fromthe

di arrhea. o keges 1k ﬂ!ﬁﬂﬁﬁ‘%to@ge:@QL}@?flp%mﬁ%nﬁ% %msr&@&ﬁmi %%@é?%x@éﬁ fresh
and processed neats fromabattoirs, plant and ani mal products use as

fertili zegsuQhe SEAS LI [1fmRaS] W8 ti@%ﬁ nRAEe i?(ﬂgwoﬁél% AR ch@;%[:rﬁ:mﬂat erials.

20 Al'though S tholenesuis is rarely found in can~al so be" passed

di regt!y LhhoHghsseat Agky WikiisaRed HMECHE D H' Blrer L &Eiuk@ (P Bas fV' ve

"for nonths in wet, "warm areas such as in ans or ‘I n wat

dugouts. Radenks, %El;g r%)lmg W ds, 8l39: RES ispilljl[}i?{gss 'ﬂife Liiﬁ@ﬁ@&di&@b -m%n

preval ence of Inféction varies anbng speci es and COuntries an “much

b oo pi t oyt IELEROR-Oh AFURD. 5% el B el Db 6 RE T %55 Pons such
as suddensgeped, \G?etﬁrgirifzﬁeaﬂi%ggﬁ Tsl?évi RQrecgfn%%QQhrseﬁ% ﬁl\f%ec&id \pcﬁﬁcf é'llxr ! tﬁzz and

the adm nistrati on of sone eria of

the er derig%qgeer,{h@qgeggm%a}%},&gﬂgncﬁ Sé‘%{ a?J A0 re{lﬁm el YRS Squ Bf?}% ri a

natural ly occurring in |nes of

usuakl y Nanoless. nSONE. RehilhoSHLaLs, Sal B AdYSe %]gigf%}f’sgi ?rgi,i e%e&a

endot osi caus ectroh an
heat - st abl e (ST) eset X|ns are activeI§ produced by sone strains and are
responsi bl e for causing scour. Shigela-like toxin type Il variant

(SLT-11c), Stx2e and verotoxin edena di sease act OR the wall of the snal
arteries -resulting in oedenma. Fndotoxins, such as Lipid A play arole in
mastitis and urn a infectiois. E coil tureen()aracterized by a mm ber of

di fferent synptons depthe particular involved, including diarrhea, sunken e



growt h, depression, bowel. edema, mastitis pyelonephritis and death, E coi
can be de.sified and coded by -their cell wall (0 antigens) and
finbriae i s). For exanple, . scour is often i ith E coi
Abbot:doﬁ%SZ@Qk%g%pl74, 175, whereas bowel edema is 1?%2@@%@%@@%&%ﬁth F18
thribriae, Correctly identifying the code is essential to the selection
orrect vacections conpromse a pig' .inmune sy stemand deaths are often the
result of secondary, infections and di sease. Swine Pox is a disease which
causes skin lesions, patties, pustules and scabs, . Eperyt hr ozoonosi s
is a Rickettsia( (ha.enptrophic) disease caused by Eperythrozoon suis, an
ext r acel laffear. Toaat Br halihorigan sneidyas laukiyles howpiggperyt Hraeybae sreenbr anes,
i nducing its deformation and danage. The di sease is characterized by anem a
and i ct erighif yetibowndissookint akion BRREudews alirewbr ahesds, sehemg haghdod nner
ears), 11 can |lead to poor conception rates; other vague reproduction

pr obl ens, oréingly Gyt steatiy both indoor and outdooHag sciedpectae ofibiso known as d assi cal
Swi ne Fever (CST') or African Swi ne Fever 25(AST) is a disease caused by a
Fi | avi vi ri dae pgichplasnabiophinsoanre¢ieb)op e dmRNBecwirms 3008 200mnt) sy WO

2007/ 076520PCT/ US2006/ 062654 case of ASP, an envel oped DNA virus that is
rel ated tig hdgywReshhtsbae Sanill | B jpali ysse@Bkd antl Babktarfeeimehis tisgw shabl e.
"The first synptons are a decrease in activity and drowsi ness with sone
anor exi a @@fkaloRedisdtkd @ niiRyvaRPERl yretiht hedinidiidshiig:. days mpeigshptibsent wWith a
mar ked fever (41-42 degrees Celsius), \\Inch is sonetinmes acconpani ed by a
r eddeni ngephelisheetis ok the \5:18;!&%‘5 andives, desel 0p chiaae Rjoy nedtingi (titisstai g and
constipation |leading to yellow sh diarrhea. In herds, the pigs wll appear
chilled apdnwiily cafibeieiuddhe 1ot d8hinse ADRWIPL @8 hayae0RY teskselef or e
dying. Pigs start to die with a spreaéing purpl e discoloration of the skin
and deat hggftep m‘é@ﬁ%&&a Wiikht®d 30me Gndaysdup@bty énhagtd. dmzoditvbuhdngh pi gs

will oftentines be affected by a severe retardation of their growh and
arched. backgesplnd §stabbkimbhathide s nRbgligtsnéhlegt adiionsd hairmyoat her s
during pregnancy can result in abortion, nmunm fication, malformations,n
still birthsdand eak phan®. palic@hehs: nRigkebsinber mmiswanCoked Ripalad not hers
may remai n heal t hy buF continually spread the disease throughout their
lives, sthopBl:ERll Ha b8 DaTheu el @skitiaN g St L PINC A6E hArBeif gnsae: by
Pasteurel?a nmul | oci da and various species of streptococci, typically Sl
ruts. Infgetlon B¥inthe: sausahaagenisonnenal Jny o EaRues 8 S thewfitinal stage
of the post-weaning respiratory syndrone. Cinical signs appeaL in three
forns, theyaeie;f oM is nost commonly associated with P. nultocida
serotype B. animals present with dyspnoea, |abored breathing, thunping,

i ghyf ever (42n2uflllitd irelifleh 3 b WBmnBRdid Bl didadl et dhowih DisiQR, Cases

t he abdonen becones” purple wth discoloration. A second formis a sub-acute

formit i %1&%%?@%&%&. %gﬂgh DY BLELLRILS 1y GOMARE B 1nARGmEidd bCHE S R0

breat hi ng. Pi gs” can se signiticanht anounts of wel ght and may have poor

or no gr Oﬁl{ghvv'; Bﬂeégrmﬁn&gaéﬁ%ﬁg%ﬁsmﬁmes cgihls%v‘(f;eém@mcc@&&@i%e@é% m

presents he occasi onal cough, unping, and Tittle or no fever. This

form general |y AfHECTS h@;@x&?ha‘;z{co%’te?igé 348 st 19&1%-', 30€ ettology is B BRHGU ecal
I tion of th I ch

rncw ngit causes 1 nflammuatio e nmeni‘nges are the nmenbranes

covering E!Q&zfﬁg g’u& o) }Iﬁﬂx{ fncjﬂ;?erﬁzﬂ'? KING R LS8l b | SRy nk BHSED I MNed

St r ept ococcus vufs, anmophi I'us parasuis, or sonBtines bacteria such as
E. "gll and, eSS, RN . e OURELA yi ds
C 0 S TN S g s S e ) ¢

ot her CO“”{A&%&- nEQr bt grgﬁﬂg;gg 0 .ﬂ?é?éll{t‘&g%!é J{}m&%aﬁ%ﬁ’& & 1.5 Maals Gusauses

j Oi nt proB ens particu ypes n sSurs'is carried for |ong

periods | gm,;vgtg%%ggﬁégﬁ!lﬁ%ﬁgg TR REIS ANRBLLEA KO, SN UEKS DYaRYALEL Trom

the sow o SOw al’so pro a variabl'e Tevel of

BT R T e T T e SN
Ki i .Lhe. )i h been jintr uced.ipt.o0 .t h ., th
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al so knomn'as‘.orqing'rab'es__irqjﬁ gtud Herﬁes,yrU§ HQ«“@%CQWRQﬁx%O causa
agent” i s AACENPRBPe I NEFPe? YA g Sine Ve hdPasPEhdEnAf 1 by s
present with a range of severe central “nervous signs fromfitting to severe
in coordination. Posterior paralysis may result in piglets sitting in a
manner that resenbl es dogs. Additionally, nortality is high. In weaned
pigs, the cen igns may be reduced but nay be acconpanied by an increase in
respiratory signs. Otentinmes, respiratory diseases are 15 associated with
secondary infections. Waned pigs can waste and suffer ill thrift are often



Swi ne dysentery is caused by the bacteria iliac] y9pira hyodywnth.cri ac.
There are twel ve known sero-types at this tine. Cinical signs in
established _herd include diarrhea, a rapid | oss of con i in_sqne pigs,
a hairy a égpgﬁ%@) dehydratlon pai n abdonen, and theggéggﬂm%&ﬁ%ﬁe or TWO
pi gs before other pigs show 'fly signs. In a key out break in 15herds, al
age 'inps fromsuckling piglets to adult sows can be effected.
Transm ssi ble gastroenteritis is a disease of the intestines caused by a
corontwirus. it is in the same famly as porcine respiratory coronavirus,
epidem c diarrhea virns, and hermagglutitiating encephal omyelitis virus.
initial chidios@loisi gRs: ane Wwakefymdd anr tea ilesramiMdéshgsifeated pigorexivar Pi gl ets
| ess than 21 days of age generally die, weaners beconme 20untbrifty, while
grover s, ag@dnacialdls baf @ seeitesalnhyban deddiyp dfrfiee hatotmnahiontid kil progiessve f

provi ded with. adequate water. Parvovirus is a disease characterized
by repr odggdeien. PriebhenBribdc Foes s Thewssusihby agantont Paldors nabiness DA

non- envel oped virus. Fetuses are the only affected group and the effect an
the fetus @ﬁ?@@ﬂﬁcn@t@ﬂ’xﬂgt& hebRge uaty ks ChredrinDERONES alionf dokiets mAt o&O: 30 days
of age, 'n ection results in déath and reabsorbtion of the fetus. Between

30-7G day&n@»ﬂte{%%ﬂze it Gl OMhe W2 0417 6RRAP&RIIRAN640 62658 :queswhd S i n
death, and mummification. And from 70 days to term infections results in

the bi rthypiiakah SHANSkAUImE {4cat iRnneXhe idiseans, ahl et MeseftOsSmighee pl acent a
and then nove to each fetus alongens, In the sow llIstill births, nunmfied

piglets, eman ehed@RbddSuici RHGH tidids Yee @RFedahertpriaguiadi emcw‘qa@p@eﬂuced
nunmber of 5live- born of fspring. Abortion is not a characteristicinfection,

Act i nobaciyffibded spk BlobEORRE bEMAA A WSOk RS APRL AR Mo R RRbhiss
pIeuropneunDnla I's caused by the Actinobacillus pletw netdnonia bacteri a.

' There ar g, Ciiihtd dhs bore88S Q¥nbBhAeS shilhedodnf &igvapeuerdby iohe tihen cl i ni cal
signs differ between the different seam ng; and the presence of other

factoys J B hb@zte é&ﬁ@&@h%{%t@spemm&gummm
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ages are shseepbiphlgis, (hbibigadls o r%lzﬂﬁ‘ﬁm%r Bofeat Adencdshi1RQSS olibddr: fegyl ts in
ani mal sown a | ot and presenting a high rectal tenperature of 41.5 Cel sius,

Ani mal s arq, d%tt%@t&éemm\ew ar @0 SRRt Hikdey . ih BRI fro@¥dy BHdhES: become

cyanotic an to the touc Cyanosi s can spread to the whol e %ody and

severe br gtgg{‘{h&% afl iEJ!fnCtH'é'b't : Sy ?!afceg% i) chBHtu‘ih é%t%%h:lo@% inel@ugh op before

deat h. Bl stained froth can be seen at the nmouth and nostrils and death
general |y occugg. i Bigd oé‘tﬁ E*P@H tﬁ"d&'l 'fﬂl;é,%@u&r ixﬂﬂsfrdstgc\.lt?t@?ar@ hi gh
percentage of aninmals in a group elng epressed and |ying down, high

rect al te%qp%(’? reggfgt%f 0&48 ﬁsf}&se% S tﬁ Lbr e | ng, Boved BOK Bbiefll 'bﬁf(hﬂgh severe

resplrato ing., nou cyanosi s vomting, and
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group of ﬁlgs a genera appet | uction in growh
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chroni cal ect erds, melg £ galn nay not ecte but an
|ntern1tte E§§ I []sease IS
caused. b ﬁggggg erlaﬁf '%ghgﬁﬁﬁmx&ﬂgﬁﬁgﬁPgdﬁﬁﬁﬁé% ey 25there are at
| east fifteen different types. It is found t hr oughout the wor | d and
organi sns are WO 2007/ 076520PCT/ US2006/ 062654 present even in high health
herds, If such h r @g%y C free
fr om“(f-lp, it can "}Wg"a‘ ﬁt a &"%R‘mﬁak&g%ép Ef‘?ifzsst e%m% o %ﬁt%ﬂga 01[1@
producing.an a
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pneunoni a (EP) (Mycopl asma hyopneuni onit@ae). Qutbreaks of disease are

soneti mes experienced in sucking pigs, particularly in gilt herds. Hp's
attacks the snooth surfaces of the joints, of the intestine. |ungs,
heart and brain causi ng pneunonia, he, n sac infection, peritonitis and
pleurisy. It is respiratory spread. Di sease caused by lips is rare in sows
unl ess the thy sow is nave. Laneness or stiffness, slight swellings over

Pi gs



10  so;include uncommon bur | ocalised | esions may be seen particularly
behind the face and eyes. Severely affected, piglets will die. In piglets,

synpt ons _j local i sed | esions on the flanks and bghi Lesi ons
usual |y é%ﬁﬁéﬁ%@ﬁﬁtttl/\dark | ocal i sed areas of |nfe§$h§gﬁ§§@%ﬁﬁ t he bee
or on the legs, The skin along the flanks the belly and between the | egs
changes to a brown 'tor, gradually involving the whole of the body. The
skin becomes 15winkled with flaking of large areas and it has a greasy
feel, In severe cases, the skin Had; due to necrosis and. the piglets die.
A nore localised picture is seen if the v has passed sone immunity to the

pi glet, vhtRimMblosgit GufEet Redizk asihe NEnARNT 0Xi:RRER Yorhmd Quaxisting 6f amet er
that do not spread. For iveaners and growers, ons usually comence about 3

days aft efaiRAniniag oWivtiBei lbo§ 8dehiSe@rsti N QWMiBE 2a8 xRfshidtherd LRe, Phedgsymatitis
around. the fate or 20 on the |egs, where the skin has been damaged. It

may ul cergtfee Sk PrdhANer tAe. flanks tlheshikk Ywand ibalmeetabigo eas
changes to a brown col our gradual ly involving the whole of the body. The

skin becoBsi iRkl s Wistdle fslohkl AoieRbmbal08e BEAMG: ARchsPHHASH®: 10 a dark
greasy texture and in severe cases turns black. Such cases usually die due

to the tqox NgrREQAHESLPY Ecﬂ@;os"i@ﬁzﬁiﬁrﬁ&c%ﬁb}ﬁpregﬂn't?§gﬂ§rprrhng#mfaha%>sﬂp to 15%
of the population may Ee i nvol ved and dehydration i's conmon

2 007/ 076 Q%QE (ot U2 0086062 @5@41}% amtimdwteﬂsecrﬂri%%%% 1h8in g AUSEEL DihoRiD, _
'bacterium~JEripeloarix rhzafopathiac that is found ih t if not all pig

lamas. 1igdg %Qp@;etm%r 18 B PRYY GPRdaMid fnitfls t NeIuliabRNGHvdr biblistdvd 1@l ways
pr esent |n either the pig or in the environnment because it Is excreted via

sal i va, zﬁ&?%m‘g{m&( '%Ek%uate& Jif r%!r&ﬁrc{t@-‘ﬂf gbi!:tﬂs ”@i’i‘rﬁm?&iﬂ%?&i@@ﬁ&@§a:iw;'rlfékc| udi ng
bi rds and heep, and can survive outside the pig for a few weeks and | onger

in light gQkd, E@%%%%m%@miﬂ@%@ hle to elimnate it fromaherd. Infected
feces are pro a h mai n source of infection, particularly in grow ng

and (i ni shing é?&%ﬁmmew aat g 'b!lrjbg%]ﬁt' &“ﬁ%% ﬂzsCBJi%éffr} Bt Al SRARR A by

concurrent virus 1 nfections; uenza, nmay trrgger of f

out br eakso B ARl SLEha! bty LOBTRNLAR, RLOSeAARGY: 12 sueks, of age

due to protection provi t'er na les fromthe sowvia the to

col ostrum, v@%ﬂh%ﬁ%ﬁé P%E&QE ér?)e& b{"%{@ta? P&E %8%&1"2’%:{?&&%‘ 95y AOR. ViAfEd Nat ed

gilts, an Sews he of gahi sm nu [ies in the Body, and

| nvades t, KQ ecmtr)xleg Oa?rgtu{t %%éﬂhtn%iip E;P?#&%y& ol H}‘id x%ﬁew A ana_ %e 2R dt%et % %Eher

nultrplrcatron an t hen determnes the

cl i ni cal tg{‘l)‘tfﬂ? azm ‘.:am tut{} i?%?ﬁ%ﬁyéi}}r_cgl%z Pp(?g?pr%a ( EP:% mri %}f@ﬁgrzﬁﬁﬁs«%d ng}sldgsed by a

bact eri un¥" hrozoorensr to the surface of
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I've probF |ng erﬂ A sow
Eflyht éyr BB B g i GBS I%‘S%‘a D d?%ty @9“% Erﬂ}@%r éf;f;rrtﬁ A t.dfe not
o oduce. i @é?gwﬁa W %2 $3pr & Hihatih e ‘fO‘%rfnet?trZ?est% LR rEUA e

i nci dence of..dis i nfects

and causeBSFIE ¥R {seoé&] B ﬁldv{zafﬂlép‘ "ﬂ%&"é‘“%‘t*g"\?‘grsi’%‘%*%*t‘é“ r?‘“?%]%ﬁ}ﬁ‘ it w Bi'gS appear to
b t t bl f f | d-wi d but
i 178rs i n patOURRTE: by & ﬁ*?{s?@rfﬁg'eggaﬂrpeﬁrﬂf o SB W S © o

2007/ 076520P UuS200 /06 54 regons. nmost cou tries, of

par t 1 oul o FRH5 o e e e P ffwtserrraeﬁt o FEPaPTyaTyF i e

non- pat hogeni.c and drsease in_pi is rarely dJa nosed. ral.ia the
strains aegeésrmﬂa SR R R 1B R SR BREICOIRI S rfﬁ%ﬁhtrtlr&% @*A\u?r‘temav\}i Zeal and.
Virulent strains in FIoré ? t he Carjpbbean and praobably Centr rica
damage t h&HeBEesaRln cadle H@&*ﬁ‘ﬁ*’ﬁfrvm@r“@&é“‘tﬁh%‘%’*“is ¢ ‘?\/fsde'\‘/‘% “the OS

tend to cause reproductive prablens. Cinical disease in ds to
occur wheFfFH#EeHy w%rscwrffeﬁefaé&»t@rtﬂua@tte‘mswheaﬁ% Beomﬁrreei ~<rpp§% rats or
fromrat-contam nated feed or water. It does not seemto spread very

readt y betigkiderspngeven dnigpiactibd- ReFEssHEre ﬂatﬁéﬁﬂué‘f@arsre«;/%heeérlrﬁt‘% al signs
in weaned and grow ng pigs 10Auj eszky'’s di sease, or AD, is an

i ni ponaritdi sease of pigs caused by a herpes vi The virus can remai n hi dden
in nerves of the pinin a carrier state for long periods of Linme and then
be reactivated. Once introduced into a herd, the virus usually remains
there and it can continually affect reproductive performance at varying
IeveIs The vrrus can survrve for _up to three meeks outsrde the prg Acute



recrudescence. This only Gccurs in piglets suckling fromsows vdi h no

mat ernal anti bodies and is therefore sporadic. Porcine. Respiratory
Corona Virus infection (PRCV) first appeared in pigs ip ten
years Cr‘ﬁ%?@”@&gﬂ] It is related to but distinct fron?%@%gﬁﬁ§U§9 whi ch
anot her corona virus. h is thought to spread between farns on wind and so
it is ektrenely difficult to keep herds ireon often takes place in the
sucking pig at 2 to 3 weeks of age but is not of inportance. It may have an
ef fect oni ssue when other respiratory pathogens are present in. chronic
respiratory di sease conpl exes. Sows usually present no synptons, but

coughi ng dmyniagciosetineandriegemcaliof inotdreg calespihatoB pndgentis pedugithng may be
associated. In piglets, a. transient cough nay be present. |In weaners and
vers, herldshiexposethyfod diad b foxdshatis repdhaiie e soferahyecdngdangk. Thisease.

The nobst common synptomis a transient coughing lasting only a few hours.
Rot avi r nsiokinf gcichivd 8 grovdoiwds dnafree! iaoh dshab ik Ssswicdedprgladehibidorpied

popul ations. ft is present in nost ill' not all pig herds with virtually a
100% ser opoRbNaE Sk dr hksaul Sovws boedumAvkizhwohlies sepipdanhabiogl kalbekeature is
its persistence outside the pig there it is resistant: to environnental
changes afn@ei®dyssd &ibf RohanitepibihesMalng aleisbolisaisepRrah Shust @idder 6 weeks
pi gs becone susceptible to infection but exposure does not necessarily
resul t i ngdeath in piatett fesd BaLSlehvwiel 6/d, iddt menlymdod Siefs o asrigasioiepi gs are
initiated by a primary rotavirus infection. In a mature herd, disease

appear s afit:Rls, Diogiets: afe@nif chi@eslOhEANEnOdf fBganall ibt=RR6 MRBRbQGIREST Vel Y
l.ess inmportant with age However if pathogenlc strains of h. coilare I,

severe di §RA%Ad GRNREEMEcltARPtderh@aMyy BB RS akdstly of RabitRsuibs oCausPebiby a Vi rus
and considered a rare disease in pigs. It is invariably fatal in al

speci es i pgd il dTeukBes NN oy RRAGE aihS hd AP OLTIAR G eroRaRk 85vivE f@Rgant from
t he UK but present in may other countrles t hroughout the worl d.

I nfegfiong8 RldokedSryand: §3j@ﬁed 8 4RER) dehB is FRIEME, HIRINAES en@igh GRIOVETS,
the onset of disease’is sudden with. synptons that includea WO

2007/ 07652061 \5320064:062 658 8RR: ladoh Q:hhlﬂ&ae@zis t RsAGRe ARG Snichisks and

ccions,rapid chewi ng. salivation, nuscles that nmay go into spasm and

posterior ﬂm@%ﬁé’s‘ﬁ)@ls%eé{ﬁ%u@@\glé sncﬂ%@&'ff's A blded B8 8 AEAGRN Wshilkdyin days.
Swi ne Vesi cul ar Di sease is adfferent virus fromle virus that:

causes f oQbs AR TRMLR 4 88RSY LENR) conldWeUR e dbmREQHUCESe Fudbegase i N
pigs that is clinically indistinguishable fromIND, This di sease should

al ways be,consi:det 6da.bfapSHALR s Wind %&pﬁg%ﬂ @& &ﬂ@% AAPEALS: Wbtdesi cl es
or blisterfs on the snouf tongue and tops of the claws. Tuberculosis

af fept s nﬁmﬁmmcﬂeugm%mqw ecﬁbammgnd swine. The causal 10organi sm

M/cobaci ert um mher WAl osLr, is subclassilied into types, human bovine and

avian. The avian.Lyps z’zo’iwr&[@ %L&ﬁ@sﬁé&ie@%uﬂmt Ryl &(Hn@éd E%a&@%@@ﬁécﬁéﬁ M

avithilintracellutare '"conpl ex because It Is not a unifbrm species.
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The virus gf vesicular exanthenta of swine (YES.) is differ it front those
can sing foot-and-nmouth di sease (FMD) and sw ne vesicul ar disease (SVD) but
it produces a disease in pigs that is clinically indisginguishable fromFW
and SVD. WHARE$RD, it only erects 5 pigs. Synptons |%%T/gﬁ?ém(l’(3\%?%rtal ity,
but there may be sone deaths in suckling piglets. O her synptons inchide
sal i vation, inappetance and vesicles around the nouth, nose, tongue and
feet. Vesi cul ar Sinmul ates (VS)causes a disease that occurs mainly in
South and Central Anmerica, occasionally in the USA and rarely as epidem cs
extending as far North as Canada 10 and as far South as Argentina. The VS
Vi rus progicest ahdickease lekionpigshd atish setloh micoaik |yct iim dieslhien gat shabl e FMVD.
SVD and YES. Most oft ui however infection of pigs is subctinical. In al

pi gs, i nfRBéd ¢r mradanacitsest e doday fakeol Gihgr satrhorafindastard gsexdmrgedand

| aneness, a reduction in growh ran., a rise in body tenperature to 4041C

( 106- 107 Rjerith@talapp aasanaiesiafv-sdsbCihes, {bkicteils] inupe poit@@amditaneicer on the

nose, lips and teats and around the coronets 150f the feet which may make
the pigs dzames Vortial ki ik sciasival hiyredeon B dagihsies pi §8 soe@ovens itesuéne to two
weeks. Atrophic Rhinitis, Progressive and Unprogressive Di sease which

causes i NfhiaFmids @R facdih gimnesematdl Heneah: denmaused, Byckaiseasay i ety of
bacteria and irritant substances. During the process of infection, the
delicate strUugiMias.®bediRiinakad ElDEtﬁiszuidrmktt&mh&S’&nb;eﬂaﬁﬁaﬂ@sﬂdmgs@ﬁ and
atrophy or disappear. Progressive atrophic rl initis describes a specific

di sease WAGHAHLRGROMS WdriES UeScREN FROQDY lyadd HeRRY cohthmingtimanSetnly
specific toxin producing strains of Paaturella multocictia (PM). There are

two typescoyaaith Bevitze8 UGN GoRl 8SsonsN 6@t isnetifiliiing. andoeisnasedd @i scharge
are the first synptoms, but in acute outbreaks where there is little

mat er nal - aRtsROoL¥iradReddlind] fok®itRR Y abnaSon, SOV QhBud Rnthe Wxbedinfedddat there
is haenorrhage fromthe nose. By three to four weeks of age and from

weanjing opWRLS siend NRE Qs kit &Y, SENGRUM and 1B S84 G aRE PRIk Qet@sy on of
the nose associated with twi sting and shortening. Severely affected pigs

may have REORILENS BAkd R0s FDREs bler GRARIESRAR YT etiucREl daiduy @akdk | N
severe out breaks pigs may noi grow to market melght Eastern equi ne

encephal al yen (ERLEW R SoiIR TRekS &fnd RendRhak a8 aReYS,
famly ToﬁEV|F?gmy#{&§%%ﬁcaﬁgbet?ran%nltteg to eqU|%es and“ﬁgﬁéns during

the bite of e@ﬂaﬁ%%ﬁ%ﬁﬁé&%"tﬁ@ wﬂc@nﬁé&% Lh® Bt B BON S ES AR v UERE Df @EEV can

produce severe di sease in common |ivestock speC|es such as sw ne and

cattle. Ehl¥.q “'1% r %c&m%ﬁn{«,%@% hal%qu'c(%ﬁmmba"@ahb%[‘ oHBGONSSEek4l §m bi rds
such as the turkey, pheasant, qﬁal , ostrich, and ermu, anong others,

10Mygopl a%{}ﬁm?ig s%ﬁn &ié‘sz’e& b@ﬁH&@@%&Mm%%@ o83 R d@ﬁ@ﬁlm%'h?e i nfection.

This arthri I's characteri zed y i nflammation one or nore jOIntS and is

common in all “?altﬁ% 1 N9A06 &Ex%Wb@gs Péugﬁt R RIS o W JIONRY B s v ibilin | S @E € 1D

piglets. ection 1n swhne I'so caused y al 'ennvirus and

heni aggl n}zé ﬁ’fcnlgﬁ Oa@&gﬂqomvﬂéﬁﬁéls mclugzlng‘ \%'El AOLYere MIRT 1ol iﬁzsn«.ﬁ%e&d in the

art is a ne al ni ng doe not require

extract | 01@ 1@%ueh NGl 1\}3{1%01%‘6 R Eﬂs%@éﬁt Qlepe kx@fsgﬁlg kol %lulths as Woabafgeded are

met hods o ai’nrng reco rotein in quant |t|es suff|0|ent for

e 1 cl ent LXrBRRILDG.ACGE NS, BORPOSLYL 'a%f‘(ﬁaﬁ\%s?k oy Rhbd bn I Agkg needed

are netho or 0 do not reqU|reconp i cated and

it hp 11._1%\'123@@%3}1%913% HQLTEQQ}EJII E gen? Xl tih@ c&%{{uagp& PF%li%u B{ﬁ)}% %J‘gﬁ%ﬁé action

protﬁcols respec is need In the art

IS .an I mn%gt}ﬁgeggf %}ﬁ? I}fhtﬂ%ksglggvﬁ ”hﬁ{ H% S% “a%p% 3&1 *-r(gt &?gt 1%835' Q(H\ Htghit y

agai nst P& verl revents e clinica

i di h
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t at f th | d
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antigen effective for reduci the 1Inci r lessening the severlty
of porC|némﬁﬁy%BW?@héh%9ﬁ%“§agﬁ?@@ﬁ?@%@”%ﬁﬁ“%?“?‘ast one i mmunogeni ¢ active
conponent effective agai nst anot her di sease-causing organismin sw ne
selected fromthe group consisting of an antigen of: Actinobacillus

pl eur opneunoni a; Adenovirus; Al phaviru$ such as Eastern equine

encephal omyelitis viruses; Bordetella bronchiseptica; Brachyspira spp.,
preferably B. hyodyentheriae; B. piosicoli, Brucella suis, preferably
biovars 1, 2, and 3; Casical swine fever virus; Costridiumspp.,
preferably d. difficile, d. perfringens types A, B, and C, O . novyi,

Cl .septicum C . tetani; Coronavirus, preferably Porcine Respiratory Corona



One enbodi nment of the present disclosure provides inproved nethods of
produci ng and/ or recovering reconbi nant PCV2 ORF2 protein, i) by permtting
i nfection of susceptible cells in culture with a reconbi.nant viral vector
containiﬁ805@V@7 2 DNA codi ng sequences, wherein CRFﬁcﬁgﬁ?@anﬁ?
expressed by the reconbinant viral vector, and ii) thereafter recovering
the ORF2 in the supenmate. It has been unexpectedly discovered that ORF2 is
rel eased into the supenmate in large quantities if the infection and
subsequent incubation of the infected cells is allowed to progress past the
typical prior PCV 2 ORF2 recovery process, which extracts the PCV2 ORF2

fromw thin cgledSen &l Gl REIRERANASIRE GRS BlahiStanH N fa@diNehpediliat  PCV
ORF2 protein I's robust agai nst prototypical degradation outside of the

product i g%a{ Sre sBOLD: BloBgi B8k 0geLhREd Al d PR EREAVER fadd &righeranount s
of PCV2 protein fromthe supenmate of cell cultures infected with

reconbi n ! QL & A NGods REVALORERe BNAmaAE@XPLREEIRNY t he
PCV2 CRF%Q rhotgrel?gﬁmg}ﬁlgg a&r?f%eggr}%\s zo C,\/6 ORF2 protein nmeans nore than about

20 p. g/ my,. &%Q%{rﬁﬁﬁ of E}{i@g E&@pﬁd%{eﬁgmlﬁg%{m 2R 9, Bl VAT laRItiE

preferably nore an about m., even nore preferably nore than about
40 gg/nt ' THe Y EEI&EE‘B%%P L e%%bm{h W%{&Qﬁ&u@@%tznéﬁm@ ﬁ(’)ﬁﬂeﬁt}rﬁv@m hoRne

pref érabl’y nore an a m., even nore preferably nore t han about
80 pg/ni, vag\{t?sr}» ra? BhE gjr’z@}?@mry ct Q@J Ezf&h@ﬂ 1@%@4{[ ﬁlé‘@ﬂﬁ&ggé dhoreBMERADRE

prefer abI than a mL, nost preferably than about 190 gg/nL

Those rﬁeesgan bR szgp,d%m%b' 98f LAl @RIRkRmd e ot hods as

descri be referred cell” cultures have a cell

count bety 3?0@&&%% tmq (%H}uz md ﬂjcgagi CElleS /oy @éifteptre}ﬁt{ &1 alrky nf; s about

0.35 - 1.7 nor € refer om about 0.4 - 1.8 x 106
cells/m, eye U;ggrﬁagm mgrnéf Jng(prgg@rgpc%g& zi.rsyc;ngmé*-. Q8 ?&fkcé/fm- and

nost  pref rab}liy "’f“roma m. Preferred cells are

det el m nabl [ r I d.hose
susc@pt i bY"e ef‘%‘r}f%i‘h?%‘%‘f I ongéf\l/che Irlﬁ“c Sq‘mtmhlgirOcﬂ%rjlts at e ﬁ%e%%n%? ﬁgﬁl *\%ﬁy{?{g% l;!h?/ect or,
cont ai ni PO1 t B C are

i nsect cel f“é“‘d§“ ‘%Fé‘“‘ g?‘%ﬁ ﬁ@éf\hng&;%] %1((:) G“E:‘le t gi?‘%gélc%{h?el I@rlél(gol d under
t he trade

' d
Appr opr i af rﬁngw g8 m}i e %zw eg s{) Ig%e%l%elf%%%&cﬁ%f gﬂ%&% d&ﬂet}d}{@{(' gen,

erm na ose il |nthe

Lt B B S %%erg%%%rﬂrm%%@r o such
viral vect or %él Q%lfggbd p;&i{ i P*ﬁ““g‘ ]ts L%‘E"f‘é’ﬁ)m‘lsﬂ hnu y %‘1 (}gl&,{? W5 %L%QQ@S

Phnr mi ngef™ & production ce

i nsect cells. bacul ovi.,Jus. ex ress rred it
i s uhder stOHEPHYD f?}l’.f%’g’é”%f ?gﬁ(ft’fof‘s ii“%dfaﬁ}gmgft? W{Rw %%{@RQ& “rz*e%{s& H{a?&% Wil l
wor k for r poses . of the e nventi on, f PC\/2
ORF2 i nt og‘g’l"f"gﬁ E@E@Phﬁ‘f‘%fp" '%S‘éf?eég';" ;{r@%fﬁ‘lts exﬂ%%'%%)(s {w‘ 7 eg%géigggﬁgsyst ens

o RN S e AR R TR,
S BT R e O AT,

nmedi a. is believed that ths r.otein ca i nd ntI | orm.vi r
articl es Qf}?@ih‘rl‘néﬂ“séf TS ‘F@ RPN & nd ””““gg{? D5 8FY 2‘9’? Tﬁﬁrb%s) and be

secretedlntothec | ture .supernate.. The, r corrb nt vir .
cont & ni ngtegh poyy W@‘M&fglécfﬁmc@smﬁlasg 4 %‘f’akf r ’85%4“&8?‘@1 fthm £y
infection (MO of between about 0.0 "Ofr 8 F %ﬁ’bf from abﬁ)ut 0. 05
1.3, st FeiachiHe sl BTN YRR &6?5‘11?3“6‘ gr months 0 gk R SEaFIEE or g y

fromabout 0.1 - 1.0, when used for the_ infection of suscep tibl.e cells.
Pref er abl y5 tth&eobée Hight 0bFbaEh Juer el Redes (¢ ork z'r‘if‘{ﬁ f&‘ef‘i" 6 Y ur e
Preferably, the nmethod described herein conprises tpe i nfectiaon of 0.35 -
1.9 x 1. 08vesph.s/Thaprevalensy ohtfestipn stris @5109* Fspecim g counres apdgs youich ~
cells/m, even nore preferably of about 0.45 - 1.7 x 106 ¢ s/ m_, and nost
pr ef er abl Jigber e ii®nce ¢f gien gBorsd|HRTNE POREIR! ‘f’aﬁl?“sﬁfi&fgﬁ’éu Wamtlvi r al
vector containing a PCV2 OM DNA and expressing the PCV2 ORF protein having
a M) (multiplicity of irection) of between about 0.03 1.5. nore preferably
fromabout 0.05 - i.3, stiltpnferahly fiwom about 0.09 - 1.1 and-01 about
0.1 - The infected cells are then inctibated over a period of up to
ten days. nore preferably 5from about two days to about ten days, still
nore preferably from about four days to about nine days, and nost
preferably front about five days to about eight days. Preferred incubation
condl t| ons i ncl ude a terrper ature bet ween about- 32C, nmore pr ef er abI y from

Py " Py



WO 2007/076520PCT/U82006/062654 via a separation. step, Preferably, the
reconbi nant 'rabacul ovirus containing OM DNA codi ng sequences and the cells
are SY-1. cells, Preferred separation steps are those described above. Most
pref er r edVPSU 8- end microfiltration using a nenbrake ASONEDr e si ze
bet ween about 030 -1.35 pm nore preferably between about 0.35 - 1,25 pm
still nore preferably between about Q40 - Lit) p.m and nost preferably

bet ween about 0.45 - 1,0 pm For recovery of PCV2 ORF2 that will be
used in an inuntutogenic or inmunologwal conposition such as a vaccine, the
inclusion of an inactivation step is preferred in order to ina.ctivate the

viral Vecsgtgmméa‘?heﬂgxg BuddGn @il AT RS QA EALnSINR0 BichiANcrok &h & parthfion,
10conposi tion of matter that conprises at |east one antigen which elicits

an i munol agl.Gal isiraierGismt BRehost of a cellular and! or antibody- medi at ed
i mmune response o he corrp05| %’l on or vaccine of interest, Usually,

nunol ogi cal %:%@PJQQ&;F{ PG VORRHBYE tleDrR@lictbidFhdcStnliP 20D8 R ofMMESuB the

foll owing eff e production or activation of antibodies,B cells,

hel per T & 5'3&' an bq%{'épxgyn%?ﬁﬁ’ﬁ ckoGBlié S 1N M inRednS Ol B ARdhOK. Yﬂiﬂiﬁugﬂ I's,

directed $p&cif an. antigen or antigens included in the

conpasi tion ?}a}m}elx% J 080k s,dfgrlru?u € 8k pr &bl &5&%&’@? deBeal Q8 dorMislALaRd ay

eitheér a ?t‘gﬁg e or protective ‘i mmunol ogi cal response such that

resi stanceg g V¥ e %Ctﬂlé ﬁb%‘d Jf} e h@%@?zﬂfé?d'gﬁﬁ%&fm Lhectldnhedlceseverity

of the di &6% uce rotection nstrated by either a

reduction_or Iack 2%f an%ya?ap;e%% ]%r#gplgjm\gmg|S§mrayg,%q,agyi,§‘@r10{1@fi\eiﬁt;@qqmg a.
e owe

qgui cker rlécgmear ahd ed 20 viral titer in the infected

host, Thugs’cwé ﬁ%hg&”l‘ X ﬂo{lz\{ﬁnédé%?%gégf & &L Gy bPy 1@?&1519@1@%& REPYG Ng

and/ or B HAnNt protein, preferably in amount s

descri bed dggx\é\e/g)lc?a%(ﬁncuggﬁ dnﬂg ﬂ sz?t% ;Txggwmns%néﬂu 13 rtszt mf&"?l@%eml bl e

cells (se& reconbi nant viral vector with a MJ as

def d b \ I

vect B, | Fit ppeelaia R %ff‘%cxé’?f{a%ﬁg%“@f S i AP ARARI B T2

bet d f ect . t
Jess t Ren%a/m% 200 H 5 beDuBer DR D06 BB e Sttt PRSP ebr i <
from the expr es ﬁgﬁr@& %(f,x\qQ ecgema m gfecg?{{u%fy%gﬂx %ﬁthﬁgs o) A %Féﬂ'ﬂ%@t ing the

r econbi nafit°Wk I nactivation I's done
Filtrat ofustd f°r§ et aseh Srnad v bl il Pl Aot ona
Thus, | nacty gt”?f%ﬂoag@ﬁ%ﬂa Qﬁ@? P vty &%ﬁoﬁfcaf*t‘a%ﬂﬁ‘o*@”? ke R ront s,
{erpet at urEoREhrGRaNE [egoBbt LR RTET S e o 'eﬁ‘é%“é“%ﬁ RO, a0 e

about 34 - 40C, and nost preferably between abou r.ed
i nact i vat iheHEFHBAEET ngrl e eh‘&’“éd’&?%{’ﬁgg’hwdqf Vg ﬁén 1%%%3\6?32%1(:1 Cgtg%?%

preferably 10in, a concentratjon of .about .t to about 20 raM nor e

pr ef er abl @ﬁg}pﬂ}g%@go@e{;%ﬁg%gﬁ%ﬁ%@% W%NP@FabI y of about. 2 to about 8 nM
still nore preferably of about: 3 to gl y of about 5
nm M For exarrpﬁﬁi”t‘i@uéfé%d‘%eﬁ% ‘gﬁﬁ%%‘?‘%ﬁg‘&?}&%{‘jﬁoﬁﬁﬁgdﬁmﬂ: c{)r"gt’r%et hyl eneani ne
h dr obrom preferably of about @(3 1 % L 1,.Lg mﬁw%M bi nary
et BEl) in 0. 3NEREBHospgrand Fl%kﬂl?*"iigifﬁf“\‘?@“ |(ﬁ’éi‘?wf%" fondentyation of about
5mM : BEL Preferably, the fluids are then stirred continuo 72 - 96
hour &0and “hea sraateilyat egleralyEssy PeisderE4n 9%135159?8?\&8“’{3\’%%% ‘é‘?““‘%c or
bel ow or between about 1 - 7C._ After jnactivatiqn is co et ed sodi um

t hi osul f atis &Erueionmdpiergs alieytigsepis F%’ﬁ%(ﬁﬁgﬁ ?“8“’%{‘}&1& eﬁeﬁ“ %’rw
residual BEt Preferably, the sodiumthios:ulla e S ﬁg i n equiyval ent
anount as donlstied of Buehe MBELTREd SUSPANG PP 9‘?‘53‘?‘ \}%tpP?frF‘:’ﬁ Btllm exanpl e,
in 20the event BEl is added to a final conce tratl on of 5MM a 1.0M sodi um
t hi osul | atietes Gthgt ¥ague rwroé@ﬁ@am@iegis\f@d&*@ll%} rniriimm concentration of 5
mMMto neutralize any residual Ba hus, one further aspect of the
present invent iFog chelont ds kova Weﬁ"fhﬁ&fibﬁ"“ﬁ#d"&d@‘ Wg??? BE GABRaANENPES ORF2
protein, preferably in amounts descri bed above, ermtting infection
of a WunbeiAss) issuibeaptchipke beeFisivitkierviahoviayh | B An é@ﬂef%i?‘g RUPLH OF Bdbi nant
viral vector with a MOL as defined above) 1) expressing PCV ORF2 protein by
t he reconbi nant 30 WO 20071076520PCT/ US2006/ 062654 viral vector, HO
recovering the PCV2 ORF2 in the supernate of cells obtained between days 5
and S after infection and/or cell viability decreases to |less then 10%,
iv) separating cell debris fromthe expressed PCV2 ORF2 via a separation
step, and v) inactivating the reconbinant viral -dor. Prefer abI Y, the

| e ow r~A ) A

ni (BEI),



WO 2007/ 076520PCT/ U52006/ 062654 positive virus controls are al so used. Such
controls can consist of one culture of 5.14- cells inoculated with a

non- |nact| erence .PCV2 ORE2 bacul oviats and o lask of Sf+ cells
t hat renal &ﬁ%8%g$ated After incubation and passage, P§8%§%§@W?g4of
virus-infectedcells in the 13E11 treated viral fluids would constitute a
sati sfactory inactivation test. The 5 control cells inoculated wth the
reference iirus should exhibit CPE typical of PCV2 ORF2 bacul ovirus and the
=i nocul ated flask should not exhibit any evidence of PCV2 ORF2 bacul ovirus
C"E. Aternatively, at the end of the maintenance period, the supernatant

sanpl es coul @ e £ol)eci@dnandiinasul Aled ©HePoR vHites S6HMaNE, @ik, Which
has been loaded with SIif cells, and then maintained at 25 - 29'C for 5 - 6

days. Theyq At 84is§ &xﬁkﬁﬁbié ' ?(f%qﬁrﬁ@@ Qm§§t@"z'a§cgedsé’ intdRiARt dnd BlMRAmERRihant i body
conjugated to MC fh bsence or' and ORF2 expression, as detected by WA

M COSCOPY, ol Rrd DG, %'r:c!htht: L&RL %Qw ‘ébﬁt%l’ ﬁﬂxﬂlé&' dgiuae '&%st@ bk @fs@u Sdth lashagddory
i nactivation test. e control [1s inoculated Wwmfh the reference virus

shoul d e&@#é’ |§:> é\/%P W{‘ f‘f}anﬂi@it %?HL&B@SQCLJ;}!}@%& shaulgh-Rat oexRkhht any

evi dence bvirus CPE and Itntain no WA act 15Thus a

further %&R@ fosQerd iR e tﬂ)ﬁ%@ﬁs‘t&%eﬁ%&%@%@é?le@:%h'cﬁm&t@{ gekerm ni ng

t he effectlv ness Qﬁ ﬁg I nactivation of the rFeconbination viral vector,

conpri sing, {5 h§\\§ S;gr n%leﬁﬂ@ﬁ Mﬁﬂ%fteﬁ @&Jdiﬁe&?r%&' aNuQf gr s Py BTG @tk d

contalnlng nant viral vector w an 1 n étlvatlng agent,

preferabl y., QQSS GLi Dedio.abave ’s%r%tl;d)mg,a}qgr%lg Gisfol NG é?fi 123k 0Rd REBN b0

neutral i Z& the Fnactivation era y as described above, and 70Hi)

determ ni ng Lhg %stmEfcr dﬁ@t\q ol LGELA térurttymt, *b‘?f,saaﬁaarﬁe %a?@aserm@%aabove

A further® as et tion relates or constricting a

recombi nan% gre rf%_‘i&datm% tt?l{c;rc %@1 :t r}sgcheﬁ{ai t«%@gqﬁ &Kpﬁ?%§§lﬂﬁg&§p\/ 2 oM

protein in when | ected to susceptibl'e cells. It has been

oxpr G sed il bttﬁ 5 15, LTI DD VG5Bl o ﬁé“ th
Sbosr Dr6s @p@%%%%tggﬁo%%é%%h%‘?@@ tf“‘!“f“ﬁﬁg 0 E RS Bt
L o R e g el

bamul orvi pus . Tastar s Biedulis sbE SR ’é”é%*t‘ﬁggttééét Pl BB liR By W DID! nan!

vectors containin

o ed Pt e O R r?&\r'ﬂraﬁ Syl PRaRL gg ér‘r*é?i %‘P%‘@E"qh“’ 2

nb t t t CVv2 OV
it LR LR S g E%?%“E“r@m&éﬁsgréﬁp TR a?.ﬂ R ALY

t that has h F2 t
Prof or abl Jresciiy (e ot 1 iarfgefrnogt R er bl TR EeErtE (he orez

DNA t f ted the 1 t Th { ed t
FARRRIE DML IR SRS S e DR
I het hr ol t | nt
bt S A LS el Rt el BT P AR

Thus, according to a further_as of th sent enti
reconblnaﬁﬁ*ﬁﬁgéwﬂveéﬁg'mW§”BEﬁEFatéﬁw%?’ﬁé@@&ﬁﬁ“h?%@lﬁ %@gﬂyﬁﬂ%fansfer
vect or conta|n|n t he heterolqgous 15 ﬁg 3 P %
bacuttbr vi Prigthmgy diesgR &o95F et tf‘rmamt“t P 764 r"e"blllab"at’?%r’i” 8‘éf‘=’t‘%‘i ent
bacul ovir is (such as Bacul o ﬁg C% transfer gector @ ﬁ
nol ecul e, With IGuH EPHREERSE ‘“Ipé%t IV ohE BFRYi fﬂmb?msre@‘ﬁl‘\‘ 3b4 %ﬁas‘of‘ﬁé‘ow b
het er ol ogous gene, in the present case P DNA equenges whi ch
al | ow t hetuEPEs ¥#§ g @ ap aw*ﬁ*ét"t%tsd?r)%wgf &ﬁ@‘i‘*rﬁ’t@ f‘t%% ‘a?“ Ve .
Preferably the sequences which allow cloning of the 20 het | ocous gene
into the viralSgapérercrh e fAghifk Faveest RETRSEEToPbBuLYRBE W8N HolE
preferably, those flankin se?uences are at | east_honol ogo S |n parts with
sequencesW@mbﬂhervrﬁahiﬁeg# nﬁwemsbﬁﬁéﬁ&e“Hbﬁﬁﬁ@b?ﬁﬁﬁeg Yo

reconbi nation of both. nol ecules, the viral vector and the transfer vect or
to géner ates.dlacwepbl reineidy oF simajiges Brciesasudi Hifn g0 M BRSPS gene.

One preferred. transfer vector is -the}pVl. 1392 vector (BD Bl osci ences
25Phar mi ngen), Which is designed for co-tranmsfection with the Bacul oGol d
DNA into the WO 2007/076520PCT/ US2006/ 062654 preferred 51-4- cell 1ine,
Preferably, said transfer vector conprises a. PCV2 ORF2 DNA. The construct
co-transfected is approximately 10,387 base pairs in | eogf hi nore
preferred fornms, the nethods of the present |solat|on of PCV2 OKF2 DNA

o~ Pk A



constructed as descri bed above or as exenplarily shown in Figure 1. Thus
according to a further aspect, the transfer vector, used for the
constructjgn of the reconbi nant viral vector as described herein, contains
t he seque‘ﬁgé("pf”fm%%Q ID NO 7. According to a further 5§5/g§%906/?%9%4 met hod
further conprises prior to step i) the 5 following step: anplifying the
PCV2 ORF2 DNA in vi ein the flanking sequences of the PCV2 OR F2 DNA are
nodi fied as descri bed above. in toy tato& for anplifying the PCV2 ORF2 DNA
and nodi fying the flanking sequences, cloning in vitro anplified 9CV2 ORF2.
DNA into a. transfer vector and suitable transfer vectors are described
above, exaapkatizhy sSHEMA, IninsFhgkires ¥. suory genDiMihd deia opetsomkiskpikleed in the
art. Thus according to a 10 further aspect; the present invention relates
to a. nethadsf eky eANSIRNGT HBE AuReSO AR Ranpls W Dalmadedtorpedril aiinilsg PCV2
ORF2 ' DNA and expressing PC V2 ORF2 protein conprises the steps oft 1)

tpli fyi ngchR6ad4oi0RERuIBNApArioRErE reopss Whet aitn St hes fsl ankt fg Isaqpeindes f said
PCV2 OR F2 DNA are inediUed, 1) cloning the anplified. PCV2 ORF2 DNA into

a transf efon¥BGh®kiay 8 charshdhedts anshactd fget faan teansioe fromeaid pbights. hpor ti on
t hereof containing the reconbinant PCV2 ORF2 DNA into a viral vector to

genersaat e (R ELGHTRNARLE Bl Ve GhiSliniy 7 @k eblabhys. Sthpondilfteaiiiem of the
.flanki ng sequences of the PO/2 ORF2 DNA is perforned as described above,

e.g. by i Elkl;‘?;d:j;k A1 pBradiKQF Bl Sd BPHURRC Birépictob @l maftnFEOMayl b6 by in
preferably as escri bed above. According to a further aspect, a method of

prOdUC'ngaﬁﬂ@h%@sk%&@%@%h@ﬂ&h%%ﬂﬂhﬁBﬁﬂ&wﬁ@nﬁd@kﬂmﬂﬁ@%ﬁf&%&Q&:byuﬁ@@n
readi ng franme" PCV2 i's provided. The nethod generally conprises the

steps of ! 40 GLORIG RekfGOMUNMER PCV2 ORF2 into a transfer vector; ii)
transfeciing the portion of the transfer vector containing the reconblnant

PCV2 ORF2 i Nt Op@gMirhidtsy, alsh lhod N ELGELRE 1Rl Srek NS OB dbPeVE ds)in td1gcht iansf ect ed
virus; iv) causing the translated virus to express the recombinant protein

fr 0”1d°CV2 ggg ven‘{)s ﬁx%ﬁ*?t{k@;el{ REpEEHNA dAO Mt e SHRE MR Rial fRE nikah: fRIEQVETr i NY
t he expresse ORF2protein fromthe supemate. t hods of how to

cl one a r ggophy a&%& PGeX2nORER A i Gisthel 0ARSERTin UBEkORIAT € PARSRE | bed

above. rabl'y, the transfer -vector contains the sequence of SEQ ED
unmodi 1 6807 'P?f&aﬁg%é*‘*%?%; B O A Rt e oc ed i nto
Fecombi nant i 41 Pol o PR S ERET e e B I BT BE N cover

2 det | med "0 %*?19% S A G S AR s A T v

expr essi ng PeV2 %%e&f ?&rte xgect > dR8Gk nﬁ%duaﬁthgz\éﬁ 4 8843 |1hrfii@/%'ic?8¥er

st eps of sep ara rom supendte as we as steps recoveri ng

10 the exppes %ffxgietg) Ve SR ?f&z?:[ ﬁlence dag n%}\%gegﬁﬁc EhRGH: BPAME. Rrudgtai |, Any

of these speciftic process s Scri erein, an1part a the method

Ceati ng 1V ARED g ?%%@E@%eré*{%@'ﬁ%%&E%@%“ BRI o,

cells. St 'se\fbtgpgi‘g?qgﬁfa rﬁe{n% i, (fz?lzclruitgq i O%@ﬁg B%td&gﬂngtgcg%&t mg,e%?\ﬁﬁgn about
cells/nil

0.3- 2.0 nDre era a
f 6 | fm1,J,
even nore “B‘? é?"e“r‘% il;"S’Fr (r%l%ggr ng Q@gj# %Q‘l}b%} ani}x?m;& ﬁhf’g‘ EQ% ms)is{n

preferably = ). Sells/nilPreferably, the reconibi nant
Vir al’“6vect qi?f;i?g]gfh iﬂﬁ%egﬁ“ b%@ﬁ%%&f’% has a preferr ed rruI tiplicity of
infection ( k " YefoL, out 0,05
- 1.3, stil I nﬁ?épege}ekfeé ‘étg rf/“f‘ L‘o‘rﬁ “b%ﬁ ftlu 6“(}0@a n"‘iu‘p{hg rﬁf'ﬁ% aT\ eoxglr@ erably
from about eth

df
the | nf oS 7 e el ARETITES (B TBRap ErtiByifE ﬂ*ﬁée%&e“ﬁh o Srie pov2
ORF2 t th t | db ft
oot on Saftepinpeenging 0 LR Ry ke, SuBRh e Pt IRE RS a?p%lglr%b?y, *tor

produci ng P tein, | I's.are cultivate

Pr ef er abl yudgi H@iggéaﬁﬁfa%ﬁv§fe § @igals gy ‘ﬁhﬁﬁﬁﬂﬁwe%WHQ ?§¥V’ Tk step.
WO 2007/ 076520PCT/ U52006/ 062654 tionall {;n S ne%?od can, i,ncl ud t he
stepZof anPIFHyi MUERE MET\PBSERENORAYCment. 5 Qlpar G1peas SBeS/BIF & 88 ¢ oni ng
the PO12 ORF2 DNA into the transfer vectior. In preferred forns, a 5

Kozak's sequence, a3' EcoRl site, and conbinations thereof can al so be
added to the anplified sequence, preferably prior to or during
anplification. A preferred 5 Kozak's sequence conprises SEQID NO I|I. A
preferred 3' EcoR site conprises SEQID NO 2. Preferred PCV2 ORF2 DNA
conprlses the nucleotlde sequence GEnbank Acce55|on No AF086834 (SEQ NO

P s~ PN




20According to a frirther aspect, the nethod for preparing a conposition
conprising PCV2 ORF2 protein, and inactivated viral vector, as described
above, also includes a neutralization step after step vi%@. This step viii)
conpri ses?QdHi"1§%34h equi val ent amount of an agent that ThEYETEIPLE¥E t he

i nactivation agent within the solution. Preferably, if the inactivation.
agent is BElI, the addition of sodiumthiosullate to an equival ent: anount
is preferred. Thus, 25according to a further aspect, step viii) conprises
adding a sodiumthiosulfate solution to a W) 2007/ 076520PCT/ U52006/ 062654
final concentration. of about |I to about 20 m VI, preferably of about 2 to
about 10 gdvhargé kdd pufiosees phietetbblnpeaturabotte? 106 -aboIttCaiibsn I Me kgt i [ | nore
preferably of about 3 to about 7 I nost preferably of about 5 nM when the
i nact i vatixafediernid ShiBing sACE ofrdisn g ih abatidudl hledlitagpebtiontdiematetedd f or
preparing a conposition conprising 5 PCV2 ORF2 protein, and inactivated
viral vealRfs, sr@Sndeses il edtaboVenb &0 bPkdrde surpili reihfebonsbaprsl) the fol [ ow ng
step: anplifying the PCV2 ORF2 DNA in vitro, wherein the flanking sequences
of the PCV2 ORGZoJaNAiahBidMdiiiety 3k Basnfhhesialey exctdia. Viky afarihods for
anplifying the PCN2 ORF2 DNA and nodi fying the flanking sequences: cloning
in vistro aphif dedsliBiNo 2000852 sV MEidea. Tianskenveitneaistaisuistabl e
transfer vectors are describe& 10above: exenplarily shown in Figure 1, or

known to 8RRk 30BreRld Ji@0hiNeduli®idht ncrthus naskeding Heeicd f Brikermaspect ,
this nmethod conprises the steps: i) anmplifying PM ORF2 DNA in vitro,

wher ei n theafeh ankiBg:S SONERESES i10feed alrkichbVendGRbduckNAm R eli sm@h bt @dse 11)
cloning the anplified PCN2 ORF2 DNA into a transfer vector; and H)
transfectdfg t BEHERSE B FACHA' 18k BnRofitib OBkherealy cORhaLNAE, the

recombi nant PCN2 ORF2 DNA'into a viral, vector to generate the

reconbi nagh ikl weed MnddhhRIT NB:C8hba ddhs BAbRraddbindhey-14 anafeet ed |

S') causing the transfected virus to express the reconbi nant protein from
PCNZ ORF 25 W) arat, ihg, I's fromthe supernate:recovering the expressed
PCN§{ORF%B%¥%f§§§ ?%%fthgggﬁpernate;inactivating t he reconbi nant viral

vector, prefer ke ESHENES 19k DO il bR AR AR IMBBL: DSt
SRR dysbitet '8 CRLESH {@K‘z@_ h%aégrﬂngﬁghgis‘{)g;a %%Qﬂié%rg QM

preferably in the esif about 5 na : addi ng an equi val ent
anmount of,._.an. _ hat ULk al.i.Z es; | Ly ! bt 4 he

col Ut on, R D e R e £ a
concent r aLl an,Qf.e %}%ﬁ’n{onili% L, I 10U 1:29, ;E%ear%e%f %ﬁ@@‘!ﬁﬁ’@n?{mﬁ%??&%aémﬂ i, when

the inactiVvation agen anot her aspet t he present

| nventiong,. 3. Bﬁ ngesc(rﬁ%‘g %é(z)% g;%%)}'é;&ié% \ﬁ}&.@ﬂ&?&'g‘ﬁ# Rdns, pfn%{(ﬁﬁf%'t%aﬁ N ARt geni ¢

conposi tion, suc accine, for 1nvo |ngha3 |nnrn§ )
-5 . . Covided... General Ly, . :
crers of TrEndl Ba R S SuBh e bYEE s R e R e “Construct i nto a

' SSRL 88 »-.-s.ae ! 8 DOTONRVITE f PCV2,

virus, wherei he. const

ii) infectingqg%Fﬁggﬁgkg ransfcted virus, causing the
Virus to express recombi nant_ or. in. fror C¥eRE 4 LY) hecqvering the
expressedi(golﬁli'gva ?%$§W#%fggg?ﬂ§£§3%%%%§t390§¥%g§d pﬁgggﬁﬁﬂgg h%%égﬁﬁosition
by combinji ng the recoyve ratein with a suit.abl e adjuvant andl ot her
phar mce%‘?‘%ﬁ?ﬁ“@“%@ée%’fé{b é’%%‘%@i {eE?L%Q! " B\Wﬁﬁ gfé!?“%‘gesgﬁﬁelri%i ﬁ%e%a%g%rgé ude

al um num hydroxi de and .al wai,num phosphat e, saponins;eQui t A Q.21
(Canbr 1 dob Bl Gh ot Fees LR b IRRAT o AL RBB B, hofhor St

Phr ceuticals lnc. . Birmngham, AL, water:insail . enul sion, oll-kn-water
e D on. WHEERS PhE R P PR hafb s Ehan UL bR B VRt
particular on light 10 liquid paraffin oil (European Pharnmacopea type);
isoprenol@ﬁﬁﬁ?jgg%ﬁmﬁgn%ﬁﬁglane or squal ene oil resulting from

t heol i goreri zation. of al kenes, 1E1 .particul ar .of isobutene or, dane, esters
of aci ds O of BIRBAbIE BOHCRg Al Y HedP & FoRPB R P r GG cul ar | y

plant oils, ethyl te, pr lLene gl ycol di-(caprylatelcaprate)., glyceryl
tri-(caprigeatidp é’é‘ﬁféﬁg‘) n%"regb‘??‘g’é? "éfre q}j &te th‘? é‘ﬁ‘é gf{f%!a%@gqug rag‘g %F &%?‘Cé nched
fatty acids _or,alcohols, in particular. isostearjc acid estrs. The oil is
us edyi n cOBEHERP SRPSR H?"@n@{") SPESY “’g]l"?kb i W‘Wf‘?sh‘glﬁé'ﬁgl ﬁq&ﬁ‘ﬁph‘g‘}’% r‘f‘E Fe¥fiers

are preferably nonionic surfactants, in particular esters of sarhiliu of
mat 25 r BfERR s g aodgrebipriieg ol tf@ffe’ﬂsw%mfééf@ ,‘i&ﬁrﬂi&%ﬁﬁ?@ﬁ% gl ycol
and of oleic, isostearic, vicinoteic od4hydroxystearic acid, which are
optionally et d, and pol yoxypropyl ene-pol yoxyet ht yl ene copol yner bl ocks, in
particular the Pluronic products especially L121. See Hunter et at, The
Theory and Practical Application of Adjuvants (Ed.Stewart-Tult D. E. S.).
JohnW | ey and Sons, NY, pp51-94 (1995) and Todd et al., Vaccine

15: 564-570(1997) . For exanple, it is possible to use the sPT

. A e S



20i mmunogeni ¢, i nmunol ogi cal or vaccine conposition itself wll be

i ncor por at ed. Further suitable adjuvants include, but are not limted
to, the RRM ad{ ant system (Ri bi Inc.), Block co-polyner gQ£ t Rx, Atlanta.
&), SAF-WPEEHITBAY Emeryville CA), monophosphoryl |ip}n§T’H 5 ine

| i pi d-am ne adjuvant, heat -l abil e enterotoxin from:E. col'’ (reconblnant:
or otherwi se), cholera toxin [ M5 1314 or nummy! di pepti de anong many

250t hers. WD 2007/ 076520PC / US2006/ 062654 Preferably, the adjuvant
is added in. an anount of about 100 Ma to about 10 ng per dose Even nore
preferably, the adjuvant is added in an amount of about 100 ug to about 10

inta per (do8€in Y8 RdRLSREeES alldront MedRdkiantineSoaf e ihnani-@amount  of
about 500 pa to about 5 ng per dose. Even nore preferably, the adjuvant is

added in a@%eﬁlﬂﬁﬁ@& Al nﬁtﬁﬁ’x&!ﬁmﬁé&p l‘l!e%zs?e‘?se@?ﬁﬂé 1020rSes M [ PREmA 98B herMASTe

preferably, e a juvant I's added in an anount of about 1 Ma per dose.

Thus, acggr, %hne&&%z ofHE LRRE 38RECIow LRl ogdud 8k mqusl RgmARgRANt i geni ¢
COprOSItI on, such as for exarrpl e a vacci ne, for invok |ng an i mmune response

agai nst Pg%(zts %Q@Rro'n&%fgﬂsr '111?&{1@{0 %n'ii?‘&ﬁ;}égcﬁi't{:% QUL R L QLB RyratRNEE 11)

adm xi ng Fhis wth a suitablfe a Preferably, the adjuvant is

Car bgp g :) é& £\ %}ﬁ%‘fﬁ@iﬂp r/g)oﬁfoﬂ &ez{c;@l? k%w%&gﬁlf%’@&m%% Bark (ﬁ 1:‘39%@&& &0 an anount of

about per dose, even nore preferably in an anount of

about 750 pg tq%t%Q% 11§ P@ﬁw?:ﬁ S50 RSt 1.95\5;{ erablyp | ﬂn@“ﬁéﬂ%ﬂﬂh{z@f about

1 tug per dosée er ab e protess step 1) Includes the process steps

as descri r i r v Fos le, in
preferre 0‘95{? djn%m& R E c%@s%@%t, lﬂﬁ t%ﬂi%b zgzﬁ%so fa)/fl,y%g;{ﬁ? %%{%&éiangﬂﬁﬁg{%lzj_z DA

|s obtal “%gﬁ;ng] gs Eér@&?Js Rlore fug B EARE oL 12 %ﬁg@ JEELQES @ndofinods of

prepari are descri be. ab ove. tion may I nclude the

step of ?{ﬂﬁ&f p&tr{ W%ms{,}?mo% R gzéles‘gf ‘SP?O\( u AT oughy PCRY RYiQr to

cl oni ng tf anst er vector Preferre open readlng Frane

:gqt}gnces fmtfi Shatn? %igﬁ? Ag’ zix%%ﬂmsta;%ui% I @%ﬁgqe;s ’i? 4 %Cép%pfl »‘D t protein
arg aQCSZscrrggz ?ﬁ Soe o Vi ous QEE Q ueZ%es 8L o&élqﬂag %ﬁﬁ {é}rgﬁ?:
nmhodln&ﬂﬁgﬁmﬁr1W&#h %mfm “EP%%Q g%% sl h

a nto a flrs vect or

h @ d PCV2
SREs DA %ﬁ%ﬁ“ i w%w SRt ARl e S el feﬁﬁgeﬂ#%ﬂ&%h’“”s act, Py
it is prefe

he t s SETER BaeIPal dﬁﬂ?r\iﬂa%}#é?%??dffnéﬂ%i?3%%@5%2\>é‘&>?%7%§h%*‘~%ﬁf:%%pfﬁ't i
2007 B?&%Mﬁ&z’é@%ﬂ%@%@ﬁ' Fip b ATE8F s SEB Phunle il s at i ng
g out W " el S Gee IB@%%F%? el 26 oFPrra bl 7
DERRTEE L S “&F‘ﬁ?%‘%%w”g*ﬁ%%% R0 Sl B0 et ude

avirus in ctlvatpon step,prior to % %55 e ecov red ricon?inant
PO12 ORF2UBF EEFHMT °h Y oE’i £ GhEP T‘H 8*5 o (584 88 T e FRVERE on to
use BE!, Thus accor, |ng t further .a he steps: O
anpl i fyi nEPEREss '(ﬁalﬁ}‘i‘“nﬁnmm‘eﬁ&?‘ %nﬁf"%asﬁk?fﬁ%@é?%%ﬁ%%féssof sai d
PCV2 ORF2 DNA are i clonjn e a P

transfer {REHEE: m&%ﬁ ’?ﬁﬁmﬁr%ﬁ@*@c???ﬁm¥hgﬁtﬁﬁﬁgwerS&eﬁﬁdr SVQEABB?tlon

t her eof contalnlng t he reconbi nant PCV2 OR ENA nto.a viral, vector to
venettat e FREYT BEEHIERATEHZ AP HRERCOPS ﬁ)%:ei“‘r‘i‘f hﬁ’i’t’:‘éﬁaﬁdf"ﬁ?%ﬁ?‘éﬁ‘ e
mvsf ected virus; v) causjng the trznsfect Vi rus t express .the

r econbi na#P™Hr OtEPHLAY S PER's it pn éﬁuét NG t@?’sle% T SRRy

supe. mate-_vii) recovering the expressed POV2 0RF2 rotein fromt

supenat e; ﬂfW‘*id%ﬁ odtri Mgt BRo R Vfa?‘r{fe"i?ﬂf Bt HBEBRITS oY BB g in he
presence of about [to about 20 ollvl 'BEl preferably in the presence of
about 5 i WRFE.BEI; ix) adding of an equival ent anptint of an agent that
neutralizes the |nact|vat|on gent within the Solution, preferabl addi ng
of a sodi um t HFGwary Bisesss 5l awPbhy ths bactertum Monerdenemiioiioer ORBUEE 1 t o
about 20 MM preferably of about 5 ni\1,, when the 20 i nactivation agent
is BE, atdrexte alddish§lieenslifferatiwearibis rf@w@fth@n;mj o Al apt eEEEEB §7¢ addi ng
Carbopol nore preferably Carbopol 971)F, even nore preferably in anounts
as described above (e.g. of about. 500 pg to about 5 ng per dose, even nore
preferably in an anmount of about 750 itg to about 5 ng per dose and nost
preferably in an anount of about 1 ng per dose). WO

2007/ 076520PCT/ US2006/ 062654 Additionally, the conpositon can include
one or ore pharmaceutical -accepia,ble carriers. As used herein, "a




20vector; and iii) transfecting the transfer vector or a. portion thereof
contai ning reconbinant PC.V.2 ORF2 DNA into a viral vector to generate the
reconbi n vector, iv) infecting cells in media,w ~ansf ect ed
Vi rus; %pééﬁgﬂﬁéZQhe transfecred virus to express thep¥%@gﬁ%$ﬁ%%% protein
fromPCN2 ORF2; vi) separating cells fromthe supernate; recovering the
expressed PCN2 ORF2 protein fromthe supemate;inactivating the

25r econbi nantvector, preferably, in the presence of about 2 to about 20
ni | vi BET, nost WD 2007/ 076520PCT/ US2006/ 062654 preferably in the presence
of about 5 ribMBEI; ix) adding an equival ent anount of an agent that

neut r al i zgredchesvkmachigh/iaditoherag éhtichiickBisee sehep SolgBAran MPF efchrigk tmdddi ng a
sodiumthiosulfate solution to a final, concentration of about 0.5 to about
20 MM pr gberabby 10fk, abeuk: Serihitink Nbead ©8y Ghebicaae chvahirond agelnting s BEE, X)
addi ng a suitable anpbunt of an a.dj vont, preferably adding Carhop], nore
pref er abl ygbas-nep His@fd Rithstigh ofmine ipE@fser ably shforaig sl &s wiRhchd bed
above (e.g. of about 500 pg to about 5 My per dose, even nore preferam
amount  of kel i 5fchiq 5410 BOQKE 2 2o TBx B8] ifOBRItaNE: cHBSimaiY eéskalty in an
anoruit of about | ng per dose); andaddi ng physiol ogical saline, preferably
I N ars anDRh offfprdB Mkl 0 hov@ROag Q0 (1ésdr) the s PRl Brabbyict@aadout 60 to
80% (W), still nore preferably of about 10 70% (ily). Optionally, this

net hod cageaksdyipchug@itie mddid hanhebaar PE QtnChantkify P! Bt ankilas used
hereinrefers to an anti-m crobiol ogical active agent, such as for exanple

Gent anyci BecoMBEMNLIIANE infadh 1108 <lifl kewecteh tRahdilctdl lAfibad dhd@edstROitect ant i s
nost preferred for the preparation of a multi-dose conposrtron Those

anti - m cr gRir0l@0i:ERhne AEHINVE B HhoW:S:, AL iRl i eRNGRRLr & hensk ek ective
to prevent the conposition of interest from any nicrobiol ogical

cont am nahh@hhe Qifedi thaNRhPESHIOP Qe FMYash) THOR 09 LSRG M Dol N the
conposition of interest. Mreover, this nmethod can al so conprise “the

addi {4 on efy ARYcELAkLduahP %ihmszeﬁ U A% QR XATR 8. 5RG ShAki dRSumbLighat ose,
marmtol, saccharose and the |I1ke, to I ncreaseand/ or pr oduct

shel f-11i f%:?} W&ﬁ&ww' féro})@%m@ﬁzgﬂ BUTHRLLS b ls¥ast QN GormdiiRl lRBend@riArUl ati on
is |nnunolog|ca Iy efféctive over a. period of at |east 24 nonths, w hout

addi ng an)s'ucfkﬁ‘% pafi@Rbhi 2 0¢l: fOEN! Hpé\ btk NRL ﬁ%@&%g%ﬂ Lhecfasent
i nvention rel to the pro ucts resulting fromthe nethods as descri bed

above. | nc&%{;ﬁgf C:H'l @t mtés‘ﬁﬁe LSS E Rart] a!l%{%%ﬂz Q&ls r% 2@ LRBorti® Rt UPRRLELON Of

matt er conpri sing reconbi nant1y expressed ORF2 protein. Mreover, the

resent o 0 OR;.d y
R i A fé‘%z%b%%r%%%%/% SR B

protein, %&L{Q\e@%{[i ngfxeaﬁﬂrﬂz&‘ég%g ciﬁﬁ{e& Q%&] Lo ML L NEE hinyes LRE1RILS G rr%l nant | y

invention also relates o a conposi t Of matter co rrsing reco

expressed IBRQV %neQE\F% sp%%t Sofbiork&E Qe‘éﬁ &% %ﬂ{ SRl % 08 HB@%&&Q Ipze@éhté pagct cell

cul ture. IS conposition™ er al so conprises an agent

sui table E»gﬁdk H%) %s%gﬁ %‘éﬁ%ﬂ %”i{%’fd n%fr'; et %‘f‘a&wg&&me 5’1115’%%1? SRR Yo ritalch,

i nactivati reove sent” 1 nvention al so reFates to

a_composi i ol o FRRLEL i p@rm&%ﬂgr i85 188 e%mumtdexm G B RSAAh YR, ORF2

protein, recovered he s insect cell “culture, Pana

cConpri ses “|§’|‘5}* %Q]E ms Wgu{s %“Bg&nfo'l%sal ﬂ%ﬁ#ﬁéﬁés%ﬂﬂk 1?‘{1% fﬂ!l 3&\5‘?&&%9(&@

pref erably iZat on

| rachvarian. g ngPLEL e ol Ffzsyg&&wr%r 0L 2050, L8, SR ¢ dos

I f at €, mhe% Sed-as an i hac i onage another pect of
t he present nvention, nco |nduce§ a n on and
nor e prefé?% @£%8ﬁr ggoﬁﬁ%tg%&?ngﬁﬁﬁgﬁﬂ“FSphs“gh%ﬂg%S%h%gﬁpég gsrgns of

oF & fragAiy bR rwg&‘éréeg@ S Rlrr R AETS ot E%Yg’%"“?egtclvge as
15t he anti geni.c co onent com

protein, ““Er‘é%da r“‘étf”?'?ef B “?‘Tﬁemﬁ‘r‘)}é?)aﬂg&frsfi‘ﬁ & Tthe 180?‘&1}6@?1?’?50?‘\1% % aI so as

used. withi r,ocesses. prov rein.a hi conserved

wi thin po;zeﬂrm*iarrar  SSG e, HEk Soy R g Py O e ot o B8 wer‘ré%c%rw Cas the
sour ce of tP CV OM DNA and/ or pol ypepti de used. herejn. A%Hareferred
PCV220OM plotodig SETPREF §F Be® PO Fren A”‘gcf SPBHTY: "‘k‘_iseF' Potypepti de
is provided herein as SEP. IDNO 5, butt it is understood by those of skil
in the art that this sequence could vary by as nuch as 6- 10%in sequence
honol ogy and. still retain the antigenic characteristics that render it
useful in i munogenic conpositions: The antigenic characteristics of an

i mrunol ogi cal conposition can be, for exanple, estinmated by the chall enge
experiment as provided by Exanple 4, 25Moreover,the antigenic chaactenstic




WO 2007/ 076520PCT/ US2006/ 062654 nodi fied antigen confers at | east 70%

pref erabl y% m)re preferably 90% of the protective immunity as conpared to
the PC. V2 rot ei n, encoded by the pol ynudeotl de seqguence of SEQ ID
NG 3 or éﬁ‘gQ 294 An "inunt mconposition” as used hg&gyﬁzooﬂ%%ﬁg a .PC V2
ORF2 protein which elicits an "immnol ogi cal response” in the host of a
5cedar and/or anti body-nedi ated i nmune response to PM ORF2. proteit
Preferably, this ogeni ¢ conposition is capable of conferring
protective against PCl12 infection and the clinical signs associated
therewith, In sonme fons, inmmunogenic portions of POV2 012172 protein are

used as tﬁ%&m 98 G ﬁ%ﬂa%l%lémhﬁmtmpleemosmﬁonu&h,%y;@& fhasre s a it
portion" as used herein refers to truncated and/ 6r substituted forns, or

f ragnment g?Fg i n and/ or pol yaucl eoti de, respectively.
Pr ef erabl%{‘/(?gwt'g@%rnunca?e %I/or substituted fornms, or fragnents wll

conprise at | easf 0. g@ﬂ&hgﬁ?k@%a 0 BOmBGhddsi by QM. FPJ@OL»M" Ay zclrf@ngﬁcff'hpﬁn

pol ypepti de. re prefera e truncated or ‘substituted forns,

fragment g 0‘:%%1} A eesliﬁ\t\x 1&1?)@%%&:33% GERELHRY & REAR Y ozr#eﬁﬁ;@i it ﬁ%a% %ﬁ%dSt il

nore pr eféra cohtiguous am no aclds fromt | engt h

ORF- 2 pol xggpg E%sm%gé#o e»i%r%lis( %Rnds ﬁ%&m&%ﬁ{;& LR q;eg,ﬁeﬁﬁg i36 GhoP" ovi ded

hereln as urther understoo such

sequences %t[:%ﬁg) %ﬁp@*ﬁ :Qér 4 rk%[m y {:“%Qeﬂ%ﬁhﬁw irﬂie&. hEDCAL SLng'l[iQ EBmedYol Urt her

preferred“ provi erefrmis enco by the nucleotlde
SAINERL S TRl T i BB oy e el
honol ogy

f or ns, F i uﬁé’afm 3dm Wﬁc%fnf%ufu? %'%%gn lﬂ%’? ikt aﬁgﬁjﬁ{“ g? 6‘\@2{% ’ﬁéc %@ ggrrgs t he
23})'3???:]?& élég’lfqg(? ﬁ}gt ;?i%llg,{?}fdi‘c mf‘e%g,g%%%rk t:l gxﬂhpg*ggu%r segﬂt ihclrg% oL %8&29 or

con ous
I d f d SEQ I D
RI%C:-)ISSJ; I‘ S;E%s nr L0 un%mmf\%xrbut Ec}c fsé? gQ%g}s m?&h{eee 9&::[55 %?S%ﬂgﬁ&@&bﬁg %f.e %{;’f e c?r -~

or fragments 25w . refer and

ot rorde r‘@f%r%ﬁifgf? s sif85 Mg Sooor %@%&6@%%@%5%%7%5@%
contiguou ucI tides thefull-1ength ORF2 nucl

SEQ 1 Nors o St s ot me@% GRS e N &y Ot BUTRE e g

rel ationshi bethwe two or ptide uen -

pol ynucl e’ﬁ}w ’%%ngélﬁéé%ﬂ oF i 4h ’ﬁk’sa T%E?léz'} aﬁéges‘\&g"&@@ﬁg%"%h&“ ﬁé‘i‘?}‘*‘é‘ sequence
to be conpared with the r ferec ence. qu 'd t‘ i s determ ned
by conpar iy AHE RS EtekE s AR lwaé*ﬂfe‘r\gﬁ FlE Btk ‘é 97 B
sequences have bee all n uce t he h| t ree of
sequence ‘éT‘ EENT @0*“ ot ‘e‘t:% nggﬁs qﬁ}aa(‘? ét’—‘vﬁéee‘h" ?LFﬁ g‘&’ﬁs such
sequences n such ali guence identity is .ascer |ned on a

Sosi 1 ont HFRHUSI PP BEaRghs 8“’63*‘*' e Soguenbes HrudFR iiBRETeAR o a
particul ar p05|t|on if at thaﬁ ﬁ‘u‘ n, the érgaH(ileotldes Or .ani.no _acid
resi dn. aPaESE ARRR PRIl 1hhe Petk WS FrOEFUsEeH U8t BIPSRPERPTIOMES i s t hen
di vided by the total number of nucleotides or residues . in the reference
sequence P@gEle drkEgbHTEd 5@11??%"?" G B‘éf‘?& SYPRIORY USPRE CruEE ¢ ‘;"Efal cul at ed
by known nethods, including but not limted to, those descrL? g

Conput at | DAMK eV EsRP P B SRES, b“l’_‘e%%‘“m‘ﬁ?l ”W““‘“e&r derpitis PP SFEPT y Press,
15 New York (1988), Bioconputing; Informatics and_Genone Projects, Smth,
DAV ¥d. . Ache s, é’*IWé%%S CINgRY et dereso §)‘m‘*(96°r‘?b’tﬁ é’?h"*ﬁwﬁl%ir §edRnisattience
Dat a, Part 1, Giffin and Giff Humana Press, New
jersey (189)nd S@QM% !%aﬁwygﬁswﬂuw E‘ti‘l}ﬁablm@“% @éﬁ}“%gﬁ HeleRjdhe g
Academi ¢ Press (1987); Sequence Analysis Prinmer, Gibskov, M and Devereux,
J., eds., bady. Shodkt broppsesaniladeyithiikiog of tose) areas Aol TAEFISFUD 2Ktk GH¥F Li prran,
D, SLAM 3. Applied Math., 48; 1073 (1988), the teachings of which are

i NCor por atesdranes & 5945y cises ers sk, Rychiceser uralvedin dusionls fﬁetﬁeﬁfﬁihﬁéd bhe
sequence identity are designed to give the |argest: match between the
sequencesttevplethconbrizaaisns. onderendirdo $Eque theaopdetimingy berevobisdiond ed in
publicly avail abl e conmput er prograns Wi ch determ ne sequence identity

bet iden gitahgdrag@gueneor®. Exanpl es of such prograns include, but are not
25limted :to, the CGEO program packageitDeveren., et al., Nucleic Acids
Research, WD 2007/ 076520PCT/ US2006/ 062654 112(0; 387 (1984)), BLASTP,

Bl . "ASTN and EASTA (Altschul, S. P.led Bid., 215:403-410 (1990), The
BLASTX. programis publicly available from NCBI and ot her sources (BLAST

Manual , Altschul, S. et al., NCV1 NLM NM Bet hesda, MD 20894, Altschul, S.
F. et al., | 1l4olec. Biol., 215:403-410 (1990), the teachings of which are



up to 15, preferably up to 10, even nore preferably up to 5 amno acid
alterations per each . 100 am no acids of the reference am no add sequence.

I n ot her obtain a given pol vpeptide sequence i east 85%
preferabf¥8§g%ﬂw%§%n nore preferably 95% sequence |denF??%%&ﬁWﬁ5§£reference
am no acid sequence, up to 15% preferably up to 10% Seven nore preferably

up to 5% of the amno acid residues in the reference sequence may be

del eted or substituted with another am no acid, or a nunber of am no acids
up tt, preferably up to 10% even nore preferably up to 5% of the total
nunber of am no acid residues in the reference sequence may be inserted
into the referkaseasapuns eusdit@sehalchenalonsobly theoieliereniefcasuence
may occurthe am no or the carboxy term nal 10po ions of the referenceacid
sequence Rrm@&NYWRELE plReiwe ey thire of imbinalay carry tONGweirkflly SPeRSAK ei t her
individually anpng. residues the reference sequence or in the one or nore
cont i gUOUS GO RENMEIHiNortif GreleBHRTEREE SRS ReRLc Rl efaefiah] #ees keakdue
positions which are not identical differ by conservative am no acid

substi t ut 1 aNSso fHRNENM Aany GRBSPEIA! IndRIREBSA ddkh@PSandletn AR AGddidrd as a
mat ch when det erm ni ng sequence identity. ‘Sequence honvol ogy", as

used sher ep for BERNRE0md i omeiho deiakode ik M iR B sdhe 1 @hatadingss a0kl wo
sequences. To det erm ne sequence honol ogy, two or nore sequences are

opti mal | yyaldgneds «2RthaaP e dath dolick 08MESELA, barREEARSAENwiddMENSENind N
contrast to sequence i denti ty , conser vative am no acid SubStI tutions are

counted ageRd B 6RISNICEt @R HRE N 3REHE BHEROIRLOGY s hitc@inBeducias ds, to
obtain a. pol ypeptide or poly ucleotide having 95% 20sequence honol ogy with

a ref er enpRREQANANSE,, rﬁm tRERF 8 %Qsmaﬁﬂ%m@wmmw RE&RSR@0h ip9aleef the
am no acid residues or Ient-ides in the reference sequence nust match or

conpri se @«12‘%@3’1&95{\’@% ':Metcﬁ&%éﬂotnlﬁrbﬁébd%tﬂ%ai@:ﬂﬁltaﬂﬁﬁed@é@%% BEisbhv 9Ly e
nucl eotide, or a. ntnber of am no acids or nucleotides up to 15%

pref gy abl y, %mhoﬂl@n{?}at ?u)é?tgmgk%ﬁ}aﬁra?é ELARL YN Pioh Qa2 Rl o1&k QL &) sgam no-

acid residues or nucl eot not includi Ag conservativé substitutions, in

25t he ref NG t I nge.
Pref or abl S e e o s B DR B e e

COMpri ses, trid ShbR! CR BlupReadV el RIS eﬁ”&fﬁ{?}ﬂl&’ @0 pigeign more
pr ef er abl %%%%ﬁgzv%%pre fera II S%Oaﬁlucﬁeo?%edeé e u(‘ionsgrvatl ve
substi tutison. . .lﬁlé%ft??erc% L9 ﬂj’;ilﬁ " gbstl tution of an am no aC| d residue or

nucl eoti dé Wi th anot her amno aci d. resi due or nucleotide having sinilar

characteristi C??EQ’P?JI!Q&Z%QI?HS%SI e{?pé}nctls ud{' s ez emu?e)édr Qpho b'b%t%s}ﬁm eEﬁf]ecE such

that the overa unctrional i doés ‘not ~change si gni fi cant ate'

meanss al t‘?ﬁer%znp}ﬂaémg‘é SRNGAT ofBfes f AMLERLNAL red %'iw%k%%i? and bcﬁnmn}& It

occurs in een C ang ed or rem)ve fromits ori

envi ronme Bgs’ims 5 m%’ o t Hw a{f g? ar:rmxe%%%méc%me ammmxc audgﬁé %ﬂ?}g ?Lhtei@‘g qﬁe&fuf Qc%{s@tfch; Pt i de

natural | y "prese 1 Ng of gani e sane
pol ynucl e 0 e r X, of its
nat ur al %glthg Iigg’ m&séﬁ)ﬂg ;) JQ% ;igc% éﬁrﬁggig Elege r%?e ch%m%ﬂ%. 53%1 ﬂw ng@&fb&r algpec t of
the present at es Lo ane for

| esseni ng?fgﬁ k?%‘éGOEr E*p(fzm aﬁ? ‘e h gr&wﬁ) s}aﬁs}‘ég%g gn OS ’%1“%@?{7?% nf ecti on
P. t P L

of Those, “eSeT %Rgn%lﬁwﬁﬁm %&a&%ﬁfl N el P s b e e Y o1

' o, el TR @vg?bﬁ%fmééé a‘ifer% FS’ZQW“S‘&‘I"%‘@?) 9&% g f, S0

Ieast 80‘Vhom)lo ogstoth PL{“ 1), ﬁ%/ [og ) |{§)\&of t he
pol ypeptltbé‘smi‘ff?‘% OERABE PRodyes ¥t ’én's?fﬁ% 558 IE“B%P? BHEE ﬁf"}’,‘ conpri si ng
at | east 0. conti %lfjg.us anbno acids included in the sequences of SEQ B.)
NO 5, SE®'fBedesces! diggags ‘*"No 9, SEQIDNO 10 or SEQ ID NO Vv)a

pol ypeptide that is encoded DNA con3 ing the sequence of SEQ I D NO
3 or SEQ ID Nd’“‘&i*h“‘m%tﬁﬁibﬁ B bCi ek ot fﬁ%%%%ﬂéfny‘ ﬁo‘ﬁsbé’ﬁ‘r‘ffd that is
encoded by a polynucleotide that is at |east. 80% honol og o S to s&]

pol ynucl edPﬁfﬁ’éﬁ%ftﬁ“\?‘)ﬂS bﬁhlfﬁ ﬁﬁﬁ?ﬁ‘dﬁéﬁ’l 15‘3 ﬁ@*ﬁltﬁu%ﬁ%m&’ﬁe PWé‘”Bé‘PWb pteriges "8ncoded
by the polynucleonde of murt ogeni _portion of vii),
wher &f n t KEuH& Vﬁ’i}%}"é‘@tﬁuﬁéﬁf&éﬁPh@a“ﬁ‘{ﬁmiéiéi and WelesE iR PSS IPr i ses at
| east 30 contiguous nucleotides included in the sequences of SEQ ID NGO 3,
or SEQ ID NO 4.




Prel erabty any of those immunogenic portions wll have the immunogenic
characteristics of PCV2 din protein that is encoded by the sequence of SEQ

ID NO 3 0r D NO 4. According to a furth PCV2 ORF2
protein .‘2063"%@%@ in the i munol ogi cal conposition a?Egﬁﬁgﬁf?]&ﬁgﬁ
inclusion level effective for inducina the desired i mune response, nanely

reducing the incidence of or less everity of clinical signs resulting from
PCV2 infection. Preferably, the PCV2 ORF2 protein inclusion level is at

|l east 0.2 jig antigen m of the final imunogenic conposition (patrul),
nore preferably fromabout 0.2 to about 400 tigim, still nompreferably

from aboyf; 0.3t on@Q%Enc%Q}@ Efuhf?ﬁl_ nﬂam&%%n HRE & BE Qﬁeﬁtaé@tlldé thmenyabeut 0.35 to
about 100 tigintl, still nore preferably fromabout 0.4 to about 50 mi nd,

still ”Drzﬁticp&ef:&fﬁiﬂ erﬁnf m @Q%é 1;9;314*5 id Yardry AROMseB0 1P NuBkaiA0RE sRfief er abl y

fromabout 0.6 to aLout 15 Lig , even nore preferably fromabout 0.75 to
about 8 Hg%’% be %ﬂ'n ?UL% i%i fiz@vf ﬁ%%{faé‘?&n\@@% 'uld Oyt @ermRQMEs & pa/nil,

still prefera out 3 to about 3.0 ughril, even nor e

pr ef er abl ; t u ' I gfiedal! ¥eaftr om about
15 to ate E%a@%‘wt by goshe D A B B By ter

Accordi ng“ t%e | ME@E; FAPREL oftt‘il;heifgjérg oad%ée% ol 3615088k, e\(,@th;t,tﬂs at

| eas protein cribed a ove per dose of the final

ant i genl Cy Si:ti 20( ¥ {0 { to about
400 ti /d‘é%%mg} [%’I Q‘Ergsrg’ Q%‘?E??Lf gﬁﬁ@ %ﬁ%’%t G ¥% ?Lo{)é})d??gg?#kd%%e% even

fror € pr ef ﬁfeggg%tofgrﬁ thcc%g Er&z:&?f&gcf 1R0ePH HRS For s%%ﬂz hé s#R6RY eF erably

fr om abou Abou ose, sti nore preferably from about O0.45
to about 30.pedos t" 58 PL&S M, 3RO Qioffs §0 BRON bl 5

ug/ dose, e\%dégemrrg’?cé‘h ;}1 g?igﬂf?%ﬁt%&%out a%{a@S }to a%ou?t %Ipé dose, even
nor e pref %aﬁ?' ){) front about 1 O to about 6 pu/dose, still nore p ferably
from about "t S % about 3.0 ma/ dose, even nore preferably fromabout 1.4 to

b 2.5 | d : Ly..f d
and ot brertradny absn o r B Syt 3?““ ARt s BBl e e
d { ;, 1] t
used in gﬂ%xgﬁ?ﬂgﬁ? %g;;]uc h*dgxgﬁ?’esﬁlﬁﬂlfzgcl RS ordance. WL, bhe REERSRL L Oyent | on

can be d ﬁglso ation and“ urlflcatlon of PCV2

ORF2 d th d
ot hoda. 1 BF BHEGTRP ﬁ'g-” St e AP a T %ﬁ SRR R
are al so r Qvi

| h
t eachi ngs* & “ﬁa‘*@bﬁ E%ff’t‘b ”WF@W?%{PQ"D%#E%% 'n%? gﬁésr?r%lreétiu%dc %%&Agg Lo uﬁ?o the
SNt i o nPaTRD Ry %d%f}b%o?%ﬁa'@’fé%%%ﬁee e b EREED AR ,B‘i’g‘rta‘ﬁt HegHor
AP B oareh Iffﬁidﬁfetet%g?éhﬁgﬁét%%%ﬁt B3 B SR amS%?é@t@. 1{%@ gRR yPept ! de

convention met hod, pref e ary.eth ni_m | ch | s t hen
neutral i z%@ Prest Bp | ?ﬂ%@“ﬁ n ’f‘l%‘ngrb“?”bg%ﬁsﬁmﬁeﬁ%‘s R ‘é’f‘t@h F0¥° f ur t her

aspect th eni c corrp05|t| nprises |) any of the PCV2 ORF2
protein, E’F"Fiﬁ aBEV @SR ;lei n concentrations described above, and

at |east a. portion of the viral vectao r.essi \ rotein,
preferably of %“F‘é?:&ﬁi“?‘?@ﬁ’t“‘lb"é‘tltﬂfb‘iﬂﬁf‘ﬁéc“’@ﬁﬁ%h@'@&gﬁ’} h‘&?ﬁ‘l"ﬁ%‘“ﬁ i urther
aspect, the inmunogeni c conmpositi,o 0 23( c1 g}

protei n dd§ckswadtuRsirel hey MeE riagt ‘3“‘" c?)‘f“i?: 1t P‘f’%n@ 8@3 %%3&*‘Hﬁﬁbve ii)
at least a portion of the viral vector o F'iss‘lgg ci d "
200770765 2oPawRisp Etisro ESBEAsorse% PrasWrhie posf ap B‘Pg}" ‘f“‘%ﬁ‘-f ‘B’éﬁ‘i bi nai ns
and iii) a portion of the ccli culture supernate. Accordin ne

speci fic ebprdisions B TReDBEHINCYT S *éWéF“‘f Fot sy SEPfi)'”’é‘eéf‘ & or“’i‘i‘ V2 01CY2
protein, the cell culture supemate is filtered through a nenbrane having a

pore si zeswpreperabiiibdpnednivipbidicass 43t piT PO “fflﬁiitlds ﬁ’ﬁ\?&e%e‘fﬁ?ﬂdﬁér aspect

relates to an i munogeni ¢ conposition that conprises i) of the PCV2
01<192 pr étfeitian.ddbe fipbdradege by ﬁriet@tﬁaﬁbluyﬂtﬁﬁn@oﬁé@ﬁt%t*% s JERR¥T bed
above, ii) at least a portion of the viral vector expreSS| ng said PCV2 ORF2

protein, pisefistdil pootlatensodabimalie thatls deved Mshe anén-PiRying BsPfon of

t he ceII culture; wherein about: 90% of the conponents have a size snaller
t han2d 10Padels wudtovide dprdsirigrds shaiberbhfecagpis designifirenipd seait fpfivent i on
relates to an mrnuflogeni conposition,luthat conprises i) any of the PCV2
ORF2 protein described above, prefer abI y in concentrations described above,
ii) at least a portion of the viral vector expressi ag said PCv2 ORF2
protein,portion of the cell culture, iv) and inactivating agent to

i nactivate the reconbinant, viral vector preferably BElI, wherein about 90%
of the conmponents i) to iii) have a size smaller than I pm Preferably, BE



Those of skill in this art will understand that the conposition herein may
corporate 15 know injectable, physiologically acceptable, sterile

sol uti ons aring a ready-to-use solution for p r injection
orlyrEusﬁ%RZ&ggpggﬁs i sotoni c solutions, such as e.g sgéﬁﬁﬁﬁ%@&n&ﬂ
correspondi ng plasma protein solutions are readily available. Irt addition
t he i mmunogeni ¢ and vacci ne conpositions of the present invention can

i nclude diluents isotonic agents, stabilizers, or adjuvants. Diluents can
i nclude water, saline, dextrose, ethanol, 1#4lycerol, and the |ike.

i sotoni ¢ agents can include sodium chloride, dextrose, tannitol, sorbitol
and | act oggetiRBDRAG QL HONS sneSlcald ko mabsSeifopcdaubehaldbuihopiand al kal i salts of
et hyl eadi am ntetracetic acid, anong Mters. Suitable adjuvants, are those
described abovygue Wosipaaf Brd eghli Bschdemusendd (earbopabyoms) Paddicttd ar t he
use of Carbopol 9711, preferably in anounts as described above (e.g. of

about 500p,a 8] 8RRUE oBLNEPES 19088e eV ReIDRGnPrieheskably: b «&o tagount  of
WD 2007/ 076520PCT/ US2006/ 062654 about 750 jig to about 2.5 ng per dose and

nostref bep.aa 1@%&%3&?;@@&%‘&0{ beenTH ERAG:. 98 &homs includeliiifhetcbddcddipB ent
invention also relates to an i munogeni ¢ conposition that conprises |) any

of the PQYARE2PLRLEHNTAB8CHERMARAUE iRl Q48R X 1WhlaRPRCanttad | Ons
descri bed above, ii) at least a portion of the viral vector expressing said

PCV2 ORF2:r alugl fhckdabell 8RO hb@Re@lveldl® G8hAinEUhEMRE, il ihh@MdnR@GEd Vati ng
agent to |nact|vate the recombi nant Viral vector, preferably BEl, and v) a.

neutrali Z8 % SR8k %tsom%ﬁ&?&s R6udnNAGELY abd P& ﬂ‘%@!é@t ed. by the i nacti vat | ng
agent, pre era Fy o) |un1t?|osu | fate in equivalent anounts to BEI; and vi)

a suitable adj, ;a%mtg Bpfﬁée,@m}?iwﬁer{%pgl %;swpma AouRk e skt te.beﬁt above

wher ei n about % of the conponents 1) to iii) have a size snaller thai
pm Accor dingbQ iR eodntel D8Ere %F?Sa%&n *yf& qmmmet%amccemest kol Ut t her

conprises a pharnaceutlcaf accepta e salt, preferably a phosphate salt in

physipl ogi.cally A5oeRLER ﬁ&ﬂzﬁ&eﬁhé Ao t}tplgﬁ‘?nfi ShAR HintkSn PELQfwsai d

i mrunogeni c position 1s a juste to a physiol oglcal pll, between about 6.5

and 7.5, fhpg. mtgtt%tfttraea?% bo}ﬂ‘;agl' S a%t abes Ftpgggfmcmuma@tmowaneOSI tion

conprises per one 6jig o protein descri bed

above i), c«,ti&ﬁ?tzt;@ %ges.og o ﬂi%%ac%'sje(?ﬁ’l%ﬁ MR e&&tegeg'tegazéew FLEV2 ORF2

protein irt) a por e ce culture; 1v m N1 BEl, v)

sodi um thi 05”'5& ?u: 'Fp ﬂx;fll ﬂ?iltﬁ{&&a @’gﬂf@&ug& bBEzlcmc n@m‘(h% RRQUE 5l

Car bopol 971, and I'n a phy SIO ogically accepta le o c

tiowher e' 6}3@ I%%%)gm%%%u (:OEOfF}uts E‘tz\clg gpcf%&?&td?]n %gmg@ .'Ihé l—z?tﬁ%'m%% tgg%ﬁx?an 1 pm

and e pH nogen

The W notct\e ng rcgur(’gplqs htcl %ncsug? %n surlfgcgz h%&i}t' l%g.Jt %g e{}u%] ng rdeﬂptgfg"tm%t t}ﬁ{er

t oFy" agent’s eul

cytol Bfifftm'*\mmmt‘Oe%ﬁ%%wﬁ%’ d St%&ﬁ%?ﬁﬁ‘%?&g%oEaﬁf%‘é'a’%%ﬁf@%%%ﬁ* fig e, y

b d.b Kil I
peer m ned s« 15 S}u&tﬁgﬂf S S S LSS BBl egt 3 emamkares
f bl bout th
B; gf g; ? e d%}?g@g%i’ .tm,o[m r%’f‘};ﬁ%%%mﬁ ]ﬁ‘vée] rﬁ'}fttclgf%gb ﬁ{ﬂ@ nx{i) Eis gbts) o\w:) A2t her
to, a out 60 tt

t f b
oot S a0 coh@uRR e el s el i ERSh %attﬁ%‘%é‘? Poghf t % ot i cs.
Th th t | t 1 t hat
JUSCTIRE 1% DI %@z&rﬁ%ﬁﬂzr%fﬁfé?%gﬂaa%wﬂm Dy ES o RaR, | v ”. e
t d bed ab . rti f ot
xpr o551 nd ST BERCVRUGRRS Brdrh PP Typed b 1o ot R S AP ERlr e,

an |nact|vat|ng agent to inactivate the reconbinant viral 10 vector

pr ef er abl yYiEl Ali&Hy a@)“"‘?rf“ﬂé‘ﬁ’ﬁ% ﬁiﬂg’égl%ﬁ Y SPTE §O%Y 6%‘3 t“??@bqruﬁ’é@?‘?ctﬂa‘tgl on
nmedi at ed by the |nact|vat|ng agent, prefer sodi um t hj osul fate. M

equi val entPERBEREY % GrERd ‘fm‘)hbéld“%ﬁ‘i"ﬂaﬁl la ¢ g‘tﬂ’[ i‘\‘/ﬁh g ;B}'béfffb‘r ib‘ﬁ/’ ®Bopol 971
in anounts descrlbed above; vii lp arnmaceuti cal accep tab#e Cﬂncentratlon
of a sal i nEldoufEEEe “ﬁﬁie‘tie‘?ﬂéﬂﬁﬁ%/“?bﬂ 40% h§§dﬁ‘§t drasging heglgdpaiquyty gh kept

anti-m crobiol ogi cal active agent; wherein about 90@6of the conponents i)
to i#1) haviessdy egt ret Jhiiel famalehmay Degppig, infected Tyt tingagordend SeFHFIEINgl y
found, that the inmunogeni c conpositi orgtprovi ded herewith conprises was

hi ghly stable over a period of 24 nonths. it has al so been | bund the

i nmmunogeni ¢ conpositions provided herewith, conprising
reconbi nant . bacul oym s expressed PCV2 ORF2 protein as provided herewith are
very effective in reducing the 20 clinical synptons associated with PCV2
infections, It has been surprisingly found that the |nnunogen|c

N L ——



nation, adm nister an immune stinulant. Preferably, said i mune stinmul ant
shall be WD 2007/ 076520PCT/ US2006/ 062654 preferably at |east 7 days are
between the first _and the second or any further adm ni ion of |e

sti mul antWSﬁP‘&f@?%ﬁ y, the immune stinulant is given a?&@g@[wﬂﬁﬁﬁays,
preferably preferably 20, and still even nore preferably at

| east 22 days beyond the initial adm nistration the nm nogeni c conposition
of PCV2 ORE? protein. A preferred imune stinmutant is forple is keyhol e

| i npet henocyanin (KU ), preferably emulsified with inconplete Freund's
adj uvant (KLHACFA). However, it is herewith understood, that any other

i mune st ayhanh-KAQWhshOo@uR ek $QRSKbklQdrdud sdewidd ho faRmAl §oibbEeused. "In
stinmulant® as used herei'n, neans any aconposition that can trigger a

gener al iﬁH‘thﬁ&Qﬁ?@s‘%m&HEEef erabl ywi thout initiating or increasing a specific
i mmune response,' or exanple 10 the immne response against a specific _

pathogen. it iyg. S k@gmmté%%&@krm AH0RE PRV Res | ApURR Bljigubant in a
sui t abl e dose, Wbt eov r, the kit nma al soconprise a container, 1ncluding at

| east onegdose, e b1 tedAb SLEEARLY o e iR Olhish L Or

KLHi | CF A?lgﬁgersé}g%é%?‘e?%tl ag&gl%é‘% g‘?r%lfﬂseur priisi ngl‘"y Yf ound tih:'it "t he

| munogen Gy ROL SOL Jhys Of i igﬁﬂ}m%&%é?m?%&%ﬂdaﬁhﬂ% GOTREk ST

r ecorbi nagﬁ%m%fa%{% ¢ \?}r{ﬁg& ésxtggueeijgie{} PBEVS T ORE2 pgr‘f)t ei ﬁ pre?erabl y& iLri

Coaol et | St 8 teo BB RLUE IR RAOBREER BY ofchBe M) &5 20 N of

t he | ngel vacci ne (see Exa , V2 clinrcal signs and

di sease nFﬁé%\ls Wb ALeabt %%tg;g&%f hqgas\rq%tgg 2R Rt M R Qe hheP GABENT -

However . € | mtnogeni € CO Itrons a vaccl nation Strat egl es as

provided herew th lessenead thi 1 -gF | YixocD L t g, expgeted. In
ot her wor o0& ‘{a{%} G)ﬁ%%é £ %&rﬁélifﬁne%%'{{}sgtf‘i rcgjré[ﬁ?&e\‘c%{m%%'sg% Sié‘rfled&v\heiﬁ ani mal s,

¢
compos t1 Bret i BTRbP SR Rabe AT osls 1B PR BT IR R i e (o
T
ancrern tRERRSETREIPE RGP TR MBS e ST ira vlef Bee Sadi oL Eb e peve
s TR PP B 1 S L 1,
T e B U LI AT R

5i ngel heint). res I'on al so rel ates

| nnnmogeRIETE B E RS 61 12 BROHE oot deucharan thtBREE 4ont ai ner
] bhnt T PRREFEPGEHE BFGFer 401 FTTE MRS T el TRT ol VA EERr PRRS
1 anual ST HGotSRS TP R A ORCrS. S ChOP B PR Bl Rt cal
cont ai ni ngNBHBESPE BRHOTE SECRAFSL B GHIOF BHOP ST o6t TOr RS U Pire
cont ai ni n%ﬁcorrposi tion. A further Q’%p%géiél‘%gt% %f;}%%ﬁ%ﬂ% %&gﬁgigﬁq\%mgg :aof t he

conposi t | GHEXHr BV dePHRd B 1y AL tae
veterinary nedi canent, even. nore, prefer ab[%/,qu_ ? vagﬁinga NbrFoyeh_, t he
present i AVBYIEE GHEEPR d0 Adpasie e gipRe BEEDHIRIEIGT ¥ N&° CoRpS ST E¥%Hs

descri bed herein, for the prepar atitﬁn medi canment {Ior iIcesseni_gg the seventy

p ' e :; Y -
of cPPni cACHIEPISHES BRISISEY IPETE TR PP ST EBYIEHTC Br et 4b PG “Phe
medi canent is for the prevention of a PCV2 infection, even nore preferably
in pigl et resotAeTaR §pRSF W8 PECE WRRPSTE ST IS, nethod for (i) the prevention
of an infection, or re- infection with PC.V2 or (ii) _ the reductiaqn or
el i mination of Rebienis catsednptisnsnd susdarhy rpedoestmdig b fde ey i si ng
adm ni stering any of the inmmunogeni c conpositions provi ded hgr ey\@,%h. to a
subj ect i riv ARerpciehackighy tredfuara bibgucett dmparspee Rabes 1y apegy osp Bedifably . t he
i mmunogeni ¢ conposition is adm nistered intranmuscularly. Preferably, one
dose or twesavdesaohthertouimenivoadniiche bapd. igtecondd HigHRSIE S8R i 'Bhelose
preferably conprises 60 WD 2007/ 076520PCT/ US2006/ 062654 at | east about 2
jig PEV2 GoREvpnot.eind sewers, oy espr st iy salounid surapsditat islyg e and at
| east about 0,1 to about 5 nme earbopol ,zpreferably about 1 ng Carbopol. A
further aspect s to the nethod of treatnent as descri bed above, wherein a
second application of the unogcnic conposition is adm nistered. Preferably,
the second adm nistration is done o with the sanme i nununogeni ¢ conposition,
preferably having the same anmount of PCIV2 ORF2. protein. Preferably the



10 adm nistration of an immune stinulant. Preferably, said i mune stinul ant
is admnistered at |east twice, Preferably, at least 3, nore preferably at

| east $ S n nore preferably at |east 7 days are n the first
and the 3%§&Wﬁﬁé§ﬁ9nlsuatlon of the inmmune rably. Fﬁiﬁﬁﬁﬁwmﬁﬁﬁe
stimulant is adm nistered at | east 10 days, preferably 15, even nore

preforab)still nore preferably at | east 22 days beyond the initial
adm ni stration, of the 15PCAP2 ORF2 i mrunogeni c conposition. A preferred
i mMmune stimulant is for exanple is keyhole |inpet henmocy (UR), stil
-preferably emul sified with inconplete Freund's adjuvant (KLRIICFA),
However - Lt 1Sy r}@ﬂg‘@‘ denuingds rl’ﬁ&\%g m% hah ARyaekhe hgﬁmf‘s?r%os Liukgnt known

to a person Ski') int e art can also be used Thi'n the "anoral
knowl edg 0 . 10 nLSken stlnulant
in. a su%&géﬁpm% B% QD%éé ccordﬁggmgg&wl?ﬁggﬁ%r %%pé%%mque netﬁod
treatnent ?ﬁﬁﬁ %%g above al so conprises the admnistration of PRRS

anti gen. e?era 'y the PRRS antigen is ineel Vaca: PRRS M.V (Boehri nger

pngel heim . PeShe Al Hlfle RS, Al i8Rl SrAdNLALELC ! siRRTG |y beyond

the admi ni stration nog nl ¢ conmposi protern.
According Lo a.fur e es i r | tival ent
conb%natl % W%g Hﬁgmgﬁfgﬁﬁlﬁ%?w%- ﬁ”ﬁﬁ%%n%?%gg%a g’ﬂ%‘%fﬁgﬁ?ﬁ%e for
ducing th eni.png. the se PCV2 iafectia nd at

| east Onéw¥%Wﬂﬁg88%l Oﬁcﬁgve c§g$ NEHE égg@ng‘“%% thmm%&§§a55£%§%5|ng

or gani sm i, _ no o i cal ent t f or
redu0|ng‘?ﬁ?mﬁﬁgﬁﬁﬁﬁ%ﬁanggﬁﬂﬁ\§§8ﬁ?ﬂbggﬁgsg% &r ?% ?%ﬁéﬁé{wgpeéglon is a
PCV2 antigen. Preferably, said PCV2 antigen is a PCV2 ORF2 protein as

provi ded “f8fewi th, or any i nmunogeni ¢ conposition as described above, that

PO V2 <M en Al eBRRIORDALRBOETEG ariiad %?0%%%2%?‘%%%‘ 3l one

antigen that,6 cap, i nduce, hance t he i n agaim PCV2 infection,
whert adm%dgwr%féw%uﬁﬂfﬂf PP s TR eo P GRET CODRRATRERE POV

Vi rus, pr fenjbly i.n macti vated for e nmodified, or attenuated PCV2
virus a c ﬁ%WP@xvﬁngﬁﬁﬁﬁoéﬁ r e % g&ﬁégg?‘%ﬁﬁwﬂ%ﬁﬁﬁﬁgﬁﬂﬁ %WWE% aci d
sequence .of PCV2, any ot her tide o1 .Co ent t . Con ri ses at

| east an'%ﬁWﬁn%ﬁéﬁ?é“ﬁﬁWﬁHﬁ ?ﬂxgégﬁ@h% dl gfecp & ?ﬁ@"éﬁﬁg ogeni c
proteir 'jnmunog en|c g tide" _@Exnogen|c am no ac¥d se ence as
Used her dih EP@RBIH ¢ %w’l ngirges f’aﬁ%eq Ic8 BRFOEIPENN SPFQIRH §T

response in a host against a pathogen conpr|S|n% sai d |nnun%%§n|c proteln

i mrunogerii‘é“gpé ?Wﬁf’ﬁeﬂén%ﬁw‘i{ Pnibs dyast er %ﬁ‘ﬁd‘% ¥ ¥R GRIBRENY AP Uriunogeni c
protein", "inmunogenic eptide" or "i mmunogeni ¢ am nQ acijd
sequénce thagr tmléaaq%@ﬁiéreﬁm blﬂﬁéﬁ”‘?’*‘ﬁ@"ﬁ*&ft{*ﬁﬂ’ﬂcéﬁ@’ﬁ“ﬁ"s‘@t}dé‘r‘ﬁ%s Lhaﬁfr’
proteins, analogs thereof; or_ imunogenic fragnents thereof By "inmunogenic
f r agment "ropgrapEve Hleciar Hekral lef i’%’?br SPRPRDVKTERD INB U 6316 FESH P e
epitopes and thus elicits the |nnunolog|cal response agai nst the relevant
pat hogen.seSRis HiFRagheRPERCaRrBEes deamts Filagogsimg »%EW n]gn‘ﬁ@f* cIPEhilk ope

mappi ng techniques, well known in the art. See, e. Epi t ope 25Mappi ng
Pr ot ocol desions pethesnile mve Eetimstrershorists henddy wﬂéﬁm(beb&? if r‘r‘?ﬁB soNp¥id s, Ed.
1996) WD 2007/ 076520PCT/ US2006/ 062654 es; Tot owa ersey. ForPepltopes

may| i ned ibyheamegerierdohiauh pedns | Whidyapin dlq Bopies &W@ﬁ%@fnﬁ@ P@ldemﬁebft%es on
solid supports, the peptides corresponding to portions of the protein

ol @8ul e, wamdry wietirend 1 i Inept Melels 1swiaen Tarvhaio eiress wWaY 18 pHETPEDE des are
still attached to the supports. Such techniques are known in the art and 5
descri bedwiked. & sgpall l9i@®s apapisird iNdhe ReR0SpeRdy; naBayiddichenerooking dgsktgs4) Proc.
Nati, Acad. Sci. USA 8139984002; Geysen ci al. (1986) Ml ec, Inimunol.

23: 709- 7 1i5e c:i@rdrh.al af} pxgﬁom@mamu@mama%pq}cttﬁﬁpes thahwpbezded §f thﬁj@ﬁk pfd ed by
determ ning spatial conformation of am no acids such as by, eg."s-ray
cryst al | ogesaphgt driid 2belpmehsitsind.  Budlcearat mogjorsr iof cpws ditalisiens SBeaone. g.
Fpi t ope Mapping Protocols, supra. Synthetic antigens are al so i ncl uded

wi t hi n t heogsiveefinidbi on spibak thexghphe bodyoldpepi tiopedhe plzallkindgere pit opes,
and ot her reconbinant or synthetically derived antigens. See, e.g.

Ber gann mtregll. Thdd a®)nokligical Jymptonm mal the@ & 12:7&1%3:re;2:§811pm‘B@mgwamt\"\etn al,
(1996.) J. Immunol, 157;3242-3249; Suhsbier, '1997), |imunot and Cel

Bi ol . 75;402-408, Gardner et al. (1993) 12th Wrld AIDS Co Swi tzerl and,
June 28-July 3, 1998. 15According to further enbodi nent, said PCV-2
antigen. is Inalevac40 CircoFLEX. tm (Boehrinuer Ingelbeitn Vennedica Inc,
St Joseph, MO,. USA), CircoVaal (Medal SAS, Lyon, France), G rcoVent
(intervet Inc., MIIlsboro, DE, USA), or Suyaxyn PCV-2 One Doset (Fort Dodge



such, that resistance to new infection. wll be enhanced and/or the
clinical severity of the disease reduced. Such protection wll be

denonstr elther a reduction or lack of the synp jated with
host infg%ﬁg%ﬁémﬁé}described above, Preferably the oth% ! ?@%@%%@%ausing
organismin swine is selected fromthe group 5consi sting. Acti nobacill us

pl eur opnetunonia (1); Adenovirus (2); Al phavirus such as Eastern equine
encephal omyelitis viruses (3); Bordetella bronchiseptica (4); Brachyspira
spp. (5), preferably B. hyodyentheriae (6); B. piosicoli (7), Brucella.
suis, preferably biovars 1.2. and 3 (8); Casical swine fever virus (9);

Cl ost ri dizpRisPRa rbd-Shectdardserably A . difficile (11), d. perfringens types
A 13, and C (12), Cl1 novyl (13), aseptic= (14): Cl. tetani (15);

Corona: Vi rus §b) s, Péef-etaR) YxdROl el SRBEPIVERL @ MifGREOREM thdsh Sailshi) ;
Eperyt hroznono (1S); Erysipelothrix rhsiopathia (19) Escherichia coli (20);

Haenophi |5 DRLASH Seadl@LeNaRE YB b DEYRBS dkeasd (AN vhit 4 phdllides o disease

Her naggl utinating encephal onnyelitis virus Japanese Encephalitis

Vi rusLawgg 53!0‘3 W }srd.?ﬁﬁﬁ%'lgvgiln_@iﬁé SRR SRE @2 LA SPD. ULRRIFMIPI ieh@nldkes

i1
Leptospira‘australis ); Leptospira. canicola (27); Leptospira

gri ppot yﬁggg;? gﬁgﬁ&@ itk BPLRS Pbfdi. BLEHENABIP BNRGICichs (RAMKiANdglept OSpi ra

i merroga tospira pono p ospimtarassovi (32); Mcobacterium spp.

(33) pref , LML) 0. MipdeBhEAGR1 R SofrdR)e ABEL MDENES (36);

Mycopl as rr{g&%%%ﬁeuﬁg}régggl%Mﬂ%}g?b'?{h}%%%&gggtxeﬁr el | g rrulii o?:ki dan (38) ;“L Por ci ne

cyt onegal %gif(%ys (39); Porcine Parvovirus (40); Porcine Reproductive and.

Respiratory Syndrome (PRRS) Virus (41) Pseudorabies virus (42); 20

Rol avi rus (43);,..Sal.n A SRl 3A) s RLEHET ARl M Si il BY BL ARl E4D) and S
X ét?]?mg?%gr%{:ﬁiﬁ 3?’71%}53‘%7{57% ?i_zg%tscg %ﬁ{/ ?L%{JM revinth B BA Y B dUnR,

t hol er aesui s (zf coccus spp. (48) preferably

St t i { KA eld ns L‘. g : .11-- Y g rlace .

051y o R c PR 1y B BSALAP NP Rtor il b IR g e Kol alChRRS, v TuS
54).. Vesjcul ar Stomatitis: virus. (55).. V . Afpvgsizcul.an exanthemm of
St M (2 2 SLATR MRt { 155 V3 Ty Yoliips SlaetBR i il hARRATE Y w0

g\(/)vloz éoggfﬁ i&?@{z%ﬁé}?ogig)g%@gﬁnd VES %téﬁ%%%é}%%%?h{@aqgn 'OP}'F];Q@@ @%ﬁh;@ﬁ. with a

ow ' ng ca nam ng thé patingen, for

e M hyo, or by mmking reference: to the nugher in .4 pd.the pathogen,

That 1 s f Bulavisoidteimn s Sarkdh Bl cralifle' B 0 eabl and Rbelche ba\ 1O9CT

by (37)., . . Thus, Lhe .present inventon.ehates tewacomhinati
vacel ne 1 e i #EET £ ERATRER SPBERDILSne ErC LA T PR e o
munon ol ngt f S5 06 A LORUELDR e b ol ygleseen )
i | ogi cal _act,. t: effective for the treatpent and/gr
or ophy! axpeher g racrRone bk bt S ily Sr R LA S s ey 1)
(12), (13) 1e,i(_14§{‘,ae§{g5)1 (16), (17), (18), (28), (29), (30), (31), (32),
(390 (STRIFLETAD, (40, (490 (30), (50, (22, ) (W) (2), (3,
L b e )

: , ., : _andg/ or , or is,an . . m.ogical active
conponent “@fm‘%?‘ ‘éf\f{]i“)rfé’s‘bﬁi‘%fbﬁ@ ﬂ’("‘ §5“’.E‘g{?i§"ow}5‘eiff:? baieria AT glg{obéﬂgfé%mact ive

cor aponccl_ herei nnmeans _a angonenéwt hat induces.or rgoti mulzat es. Lle. response
in an 1 t &wiks BRPL5HSY OEBIRFEANLME FECARMRFEE 8F WAL Bt T 4B ef er r ed
enbodi ment, sai d jnmupe r‘gisponse is dir e(;st&gd\ ﬁo.sa'_cj_ggn%‘)gnelﬁt‘ Qr. Lo a

mi cr dbr gaRFBee SifhFTOEI NG SHIPRCE IR RSP 2 ’&‘O”H’i“ﬁd}‘&f’%" B ¥ UrthE et erred
enbodi ment, the i munol ogi cal acti er.co,rrponen s an att engat ed .

mi cr oor gahemihy HEr HetpgPpyEr ey dt iFicred %_fwmfﬁmé"ﬁ&’? PICEYHE Y786 gani sm
or at |east an. inmunol _ﬂgi cal Z?active pact of cg m.cr oor anism_ .

" nmunol ogt Baveusadio; mpdtopiicy (PHIY: 2 hPRI s DO GEEi S BEY J8 SFHERFNEHERF- . and

or giveoprotein containing fraction of a m croorgani smthé& conpri sesone
snolfling and a nasal discharge are the frst sympioms, but in Acute outbreaks where there is

litle matemal antibode, the thinitis may be 5o severe o the extent that there is haemorthage

23 from the hose. By three to foar weeks of age and from weaning onwards, there is evidence of

23



antigen -that induces or stiffailates the-es onse in an animal to which

sai d conponent is adm nistered. According to a preferred enbodi nent, said

i mune r n i.s. WD 2007/ 076520PCT/ US2006/ 062654

i mmunol oéﬁ@g?ﬂs@& ?Q/e part of a. mcroorganismor to a H?ypg%)%@%f’sm CO
prising sai dmol oai tsal active part. Preferably the further

i munol ogi cal active conponent of [tombo tj is effective for the treatnent
and/ or prophyl axis of infections caused by the sw ne pathogen (41) or is an
i mmunol ogi cal active conponent of the sw ne pathogen (41). Accor di ng
to anot her aspect, the further inmunol ogical active conponent of 'conbo 11

s eff eCliYGulol shiGalbaldPRnARAE Al REOPRYS BlihgOhd LIVERRRL GRS,GaUSEd bY

the swine pathogen 7. or Is an i mmunol ogi cal active conponent of the sw ne
a e Refoah ABUARI 081 gal..a6tive
corrponent ﬁgﬁgi{ﬁ ngl&gg%ﬁefﬁiﬁge%%? gstaﬁlemﬁ%at{r?g{ﬁt and/ or pr c%hyl axi s of

i nfecti o%%hpqﬁgggrm( Jolﬂgm )%&?%t\g en (1) or is an imunol ogi cal eats

onponent o pat hogen ccordi ng to another aspectfurther

| mmunol ogi cal gagl, v ,fz%mo.g,ﬁg rp Qi SRS (EELS) LRGN B 4l PR

treatment/ or prop axi's ctions used e sw ne pathogen (7) o.r

Is ap inimt ”Di)g.[ﬁ g c»%%mfag € =Y he ?nitrafng u‘ctre@?o $qn n??e%*lﬁ&e&r&%}he

Accor di ng‘zgi}% aspec ogi cal nponent [ combo [
1o effectd grgin;%ggmw l)%ag)tgh%@m QL rRirh%me ﬁ%@% Bl ol BELL QNGRS bY

mponent of the sw ne
pat hogen . ccording to anat b ) noI ogi cal
active cd %‘ SRt Iib‘?mff%‘?’rﬁlgs 3 %5%¥1F g’c{]i‘m\"}ﬂee for H?r s %%E%& ﬁaﬂ it}
prophyla

i nf ections pat ho ),..0r %an
i munol og}aeea ‘“‘3%&%“*’\%@@& 8 ?{{58%@ b?“\’ %hé“ s‘% he %%téit MH EI%B}%% e m&l}g&ccor di ng
t o anot her. aspect the further imunol ogi cal actl ve conmponent of 'conbo 1
is effect‘i\f’é 'for the treatnent and/or prophyl aX| s of infections caused by
onent

h 2 th
swi b pat hﬁgte Sﬁ%ﬁi%s(ml)ﬁﬁﬁ%i\e?%a»%%““?é”q@a%ﬁ PP e i Pher

|mTunoIog >&5|vec @’[‘ﬁ LS effcﬁctlvefor itreatment
and/ or ?Wfi 8 @"‘6?”’? %"ﬁ’é” A é’g“do‘r&} P RS R CHAP LG EH SEREYR is an
i mmunol ogl acti.ve of ..t he swi.ne, pat hogen (40). + Accordi ng
to anot het é@a@&m”ﬁm@ ?ﬁé"iﬁv?nﬂ’tﬁr’iﬁﬂﬂ&b‘?‘f‘gﬁﬁs active corrponent of [conmbo 11

is effective for the, treatnent nd/ or | axi.s of ec ns caused by
the swine pat Ff@g‘é‘ﬁ“(?) DY s"*ar‘f 50 “‘l“’r'ﬁfg %“?1" PHEF | Gy Jé‘r%%r PO 1 he

swi ne pat hogen (2), According to anot her aspect, the further

i munol og‘T”é%k“"éRﬁ?"i”'(f% "EBfponent of (combo 11 is effective for the
treatnment and/ or prophyl axis of infections caused b E} sw ne pat hogen (44)
or i}$ an’i muAGrBEREN B 65 RredddhpBse it 2 Betehet ‘T’tem%ﬁ% L L 0

Accordi ng to another aspect, the further immunol qgical actjive co onent of
[ conbo 1199EsnefgeEe ICWCP 195t ok e ORTR At fomintion il Y81 FRPECt i ons
caused by the sw ne pathogen (50) or is an_inmunol ogical active corrponent
of the svidedpte HERYEHs (BePalning recompipay (ﬁﬁ‘fg' PBHeHh 8t ﬁ%‘?mﬂ%s i1 i £ ur t her

i mmunol ogi cal active conponent of [conb i.s effective for t he treatnment
and/ or pr&PHIEIFEPERE ¥ ﬁﬁceetqvaﬁemwus e‘Hﬁ%ys tHe Nlpneecpat FSganae dy,
preferably (20) and/or (21) or is an inmmnol ogical active conponent of the

swi ne pat $orjens PREY Pf‘?ﬁ?ﬁéf“é“iﬂcébf%ﬂ% ZOyira G /ceRPEEy and fborinkgyt aegst o

anot her aspect, the further inmmunol ogi cal active conponent of [corrbo 11 is
ef f @8t i verefidredt e Trer satane MIREIN QIHIN SRGIHON dxatecolt il wfhslwuséu by the
swi ne immunol ogi cal active conponent, of the ine pathogen (22). another
aspect, t#erpiienerbyivagedet heat éj’nff?dﬁ@wi?&ﬁmf’«é‘rnp?%@mt Viigh AeHtcosRd/ or
prophyl axis of infections caused by the swine pathogens (41) and (37), or
i's a (41)pandive3mmuenily agaicAJKoid nfigtion 2t ipwonily $o9#8y of fosaTavoes the

i mmunol ogi cal active conponent of the sw ne pathogens WO

2007/ 1176820PGims $820061 heze5i

2
(]

3 SUMMARY OF THE INVENTION
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pat hogens ) and (41), or is an |lin.= ologicat active conponent of the sw ne
pat hogens (1) and (41). According to another aspect, the further

i mmunol ogi cal active conponent of [conbo 1.] is effective for the treatnent
and/ or prophyl axis of infections caused by the sw ne pathogens (1) and
(37), or is | | | (1)
Snd (37). AQEOP Ty O e et TS B ot b e BHLEL B H0RRSa
[corrbodl |.ls effectiye or éﬂtﬁ treatment and/or prophyJaxis of infections
caused “BYEt V@Weﬁ%“’ﬁéff’ﬁ% 83 1) (41) and (37), or is an i nmunol ogi cal
active. conponent of the sw ne 10pathogens), (1), (41) and (37). In a.
preferred f&rm fitshiaspasbnibeteatsi D‘I@Vlfbda&jjsmgbmi@@ i thy atzat ropdinatidggscor di ng to
anot hevaaspemimprivargfayrardies cirqaynunoipedi cai acti ve conponent of [conmbo If is
ef f ect anttpchosffdctiec foreatingng tien thetdenps 0pby l@xdmsnotheniesengnst satised by the

swi ne patdeee tpe(Dlinfafind £k at 184st bie aﬁnuﬁ%@ﬁﬁoalcagé c@hpéehl ¥8egiogponent  of
e, SUABARLGEE Lokl i GG M g % %é:ﬁg?s%%ht he
treat 4 taga%ﬁg 9 tmﬁgericﬂ 1?3 %1%%56 n?om A 6':110v1&u§j vzru% such as at hogens

21) akdt qulfgiefe el Bt B c o B Wﬁ%ﬁ’@ﬁﬂt ‘fa\édFW S ne
|(oat zlogél?& ERTQ abanl- lomtlyenthxriasy B szﬁmﬁfe}haﬁwﬂé% sws pecierabyhuoyagy

i munokudyide dFlesied | srene depso nens; | R $pp- ,elprﬁ’éemhlyéil ﬁbﬁﬁcﬂﬁeck reat ment
and/ or ppriopdepk dyps &f B.nhedctC,00% nosus €d. soptitung W eenpaCoogensuy, 21) and
(37), erefersblgPor¢indiRespingire doraet ving; Epaponenionsdis tiie, |ryswlqatinogens (21)
and ( 3flsiopAafiAs; BkEHBADRL RET; BEReGhilul Berabuls, thekrabRTBBRL @Ql cﬁéndamt ive

cormonm;nag 1unﬁamgoedcégm&ﬁ§eﬁ% hYiis q% 1he th %&%g@é &%’%ﬁhyl axi s of

I(gl;-)ectll E éi%s Le s 1&6513%\? rab él?& pat hogens
a

pat hog@ﬁ%f SippopaRise: aAlEpo IE& SRePAER Bl ec e heL‘Tpﬁ‘?SPH%r

i muno¥ Q%‘Psﬁactlrep SRR of Leptospira &gatsevy 1 Mysokackesiim P or t he

t r eat nerderaPlsliNGr aviyep My indsere udgre japd dEboomsMyeanasthadyopheumaiiareMpat hogens
(7) andy@)1Ppstewells sidincidanbomiegivtahegbiviive, donmpoadatvosfrus;Rorsing ne

pat hog&eprodudtivending 1 Respife@er diyagrobe: JRBRISGr VasRe Chseulldigbibur ines:

| MunoRQ@vEak; JalhyRlle PP OPRIKraBl L aRISuAdm aaldefs‘ %B&lbz\é@s&@rsﬁﬁlﬁ treat nent
and/ or cQQ@tla l&ogéus g;%%&%lf%ﬁgc@éug h {fgﬁﬁggf&%?)su%d (33),

g][efﬁéés\}\l}’ené v1 s g ang{rﬁ% vird n?;}a%c ?ﬁanz’gtscorrponent

virus; and II“LIS 2 ve51 W1 & S anthetha BE § swme
wherein said porcine circovirus type 2 antigen comprises the ORF2 protein of PCV2
and wherein one dose of said vaccine comprises 2 pug to 150 pg of said ORF2 protein.

In a second aspect, there is provided a use of ORF2 protein of PCV2 and of at
least one immunogenic active component
effective against another disease-causing organism in swine selected from the group
consisting of an antigen of: Actinobacillus pleuropneumonia; Adenovirus; Alphavirus
such as Eastern equine encephalomyelitis viruses; Bordetella bronchiseptica;
Brachyspira spp., preferably B. hyodyentheriae; B. piosicoli, Brucella suis, preferably
biovars 1, 2, and 3; Clasical swine fever virus; Clostridium spp., preferably Cl.
difficile, Cl. perfringens types A, B, and C, Cl. novyi, Clsepticum, ClL tetani;
Coronavirus, preferably Porcine Respiratory Corona virus; Eperythrozoonosis suis;
Erysipelothrix rthsiopathiae; Escherichia coli; Haemophilus parasuis, preferably
subtypes 1, 7 and 14; Hemagglutinating encephalomyelitis virus; Japanese
Encephalitis Virus; Lawsonia intracellularis; Leptospira spp., preferably Leptospira
australis; Leptospira  canicola; Leptospira  grippotyphosa;  Leptospira
icterohaemorrhagicae; and Leptospira interrogans; Leptospira pomona; Leptospira
tarassovi; Mycobacterium spp., preferably M. avium, M, intracellulare and M.bovis;
Mycoplasma hyopneumoniae (M hyo); Pasteurella multocida; Porcine
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According to another aspect, the further i |ogical active conpo.nent of
Jconmbo 1.1 is effective for the treatnent and/or prophylaxis of infections
caused |w .the swifie pathogens (49), preferably (50), and (21), or is an
i ni munol og, i cal active conponent of the sw ne path.ogens (49) pr ef erably

(o0), bl oA, o ROGHQE L ARRRCp b ST ) ool

active eat ne

pr ophylsa%) St Bf{h{%&: Vt“i“B SeBi‘BI%%SS ?/'u% O%Wgﬁ %‘f‘ﬂ%%%r‘??p R eral?qéf erabl y
(50), C26phiRwriy holeragstisiiiig ApReas ere Ythe swine
pat hog FF§PT€@r@‘)°u§)rSéPerpa%fP§?bb5§§Tep (@@9 %Wale(mes BESHr oﬁwgetlé HeiBEher aspect,
t he fuMtiher Svmapoes voys:.Cédsicabar isteenatidnpongrnd ofinfsednbo 1] is effective for

t he treaficdmt candicona pf ophyd dxi theofnahnfaentd ofis emitbeadkndcoitténsionne

pat hogenceifedd} rddieing e syen{flhe sé2Blty éMble C@dikal sQplotnsadsdarn@iRgi cal

act i ve peQmpateiionOby Whe 1&Wi&-Reh NAuens é‘%bse%fv‘fs%a@cxmé%)a 5’(; 20) and

(20), SBERAELASALE o1 Ol B L AORE gL R Sl 3T ve
(vf.Lntect J%,eﬁ%ggg?%ﬁh@&%%@%%w . 2007/ 076520PCT/ US2006/ 062654

pat hogens ( prefe (38) and (21), or is an

i nmunol o activ nt.of he sw pat hogens ( (50),
(50) " prgvidd niStetb rffy b Zinufine” B P RET drdominartr B SORER
active conponent of [conbo 1] is effective for the treatnent and/or

pr ophy beotéis, bfby m:zemttmrmf@ag@@d spycephibleswilnen pattinggeitls o woympmariteviedl y
(50), (20), (33) and (21), or is an immunological active conponent of the
swi ne paitbogansinipgNCYL SRabNA (Eihg sé@Blcds 3wherdih GREDHEHBE it @xplRekher
aspect, the further inmunol ogi cal conponent of conbo 11 is effective for

pat hééﬁﬁﬁﬂfﬁf&fﬁ%ﬂg SRR "’%&dsﬁ)qﬁs")ﬁ?q%%&%%%i ?ﬁ%‘%t‘ﬁ‘%ﬁ‘@%ﬁﬁn ‘o
(20) . paEgeeR s Sievarcd it ORIFFisE a%ﬁﬁ?%@%n%ﬁ%%&ef CRRETEF Y hor

i mmunol ogi cal active conponent of [conbo 1 1 is effective for the treatnent
andl or lfﬁggqutmn@r@fsubwne@tt ingmbatteueledic byfeethd cdliiinellpueiogengregsatst the 40) , a
9), orinmunol ogi cal active conponent of the sw ne pathogens (41), (40), and
(19). tPAetqidt MLV Q @ROL hetovaspeetess] Maichugdihes themPang ogircaro@clitive
conponent of [conbo I | is effective for the treatment and/or prophylaxis

of i nfegjd Qﬁﬁuﬁgﬂﬁ&g HY bEQ?e‘ﬁ}%QggI?%G&ﬂecﬁét ﬁé@@Rﬁﬁ?mt@iﬂ% (r%l%%st age{irésjts an

i mrunol ogi ca tive conpon he sw ne pat hogen (19).

Accordin t he p e . furt acti v onent of
oo PHHoV By R taasBR i o Pe AT RAREOR 1 hgﬁoﬁﬂ%&ﬁ%ge o aﬁl?)&ﬁi ons
caused by the swi ne pathogens (38), (4), (21), and (19), or is

i munoksgiveralof diegh aeo e 1 mroteniinm thashrsgesie of o) guliuzg, 111’(\“32‘@91 and
(19). Accordi ng to another aspect, the further imunol ogical active
conwonerith ekohbmabovitdl vestoed teahing & RChORR2EBNIeALd @rpresingd tiephgVaxi s of
i nfections caused by the swi ne pathogens (20), preferably, (20), (31) and

(38), n
ooy 0 RIS pAfih ] W%@%&‘ﬂ%‘?‘i’%ﬁ%?ﬁﬁﬁ‘ggﬁﬁ%ﬁ@ t(h§n jFbogt g ne/ml

Accor d| n ano e r i notunoto acti ent of
oo " beikhile TBPREEly BRF o shalf J L in R aes ppTuaRyieatS: SRR one
caused by the sw ne pat hogens (5), preferably (5) and (24), or is an

i mmnowéén%,awacmp%aréfﬂﬁb Bore Bfantaheupal m@@@ﬂq,se‘(ea)mozanueiem}y more than
Accordi ng to anot her aspect, the further inmunol ogical active conponent of
[ conbo abguti ¥ eptdctéver har frbferabiyeatone tanaatebbio 60 pragphy leeet moed praféreldlyi ons
caused by the swi ne pathogens (1), preferably, (lI), and (5), or is an

uui munglRgideAl a6t BY §8ANPORENhoRS piel@abt) mord (RAt HRAENS (1 EmI,a8dn (Bdre
10Accordi ng to anot her aspect, the further inmmunol ogi cal active conponent

of [Coplcc%erabiy more than about 150 pg/ml., most preferably than about 190 pg/mL. Those
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11 is effective for the treatnent and/or prophy taxis of infections caused
by the swifle pathogens (41), preferably, (40), (27), (23), (29), (30,

(1.9) and (59), or is an imunol ogical active conmponent of the sw ne

pat hogens (41), (40), (27), (28), (29), (31), (19) and (57). According to
anot ek 3SRRALratch Ry L3 b0 &En LAEYBOLOGI ALy ﬂ&tﬂlé‘tﬁo&m ka @ EkagpRor 15 11
is effective for the treatnent and/or 'prophylaxis of ctlons caused by

t he swtonf pat hogens (6), preferably, (6), (1.9), (38) and (58) or is an imm
t ol ovi " active conponent of the swi ne pathogens (1), and. (5). According
to further aspect, the further inmunol ogical active conponent of the

conbi nat i onPreieresdwell almeds deved celf epnnt hetwpes apowdhs i 210 g0 Rrellsindolmare )
Ileitis, EnterisolV 20lleitis FE, Enterisel(r) SC-54, Enterisolli SC 54 PP,
Ent er i prfhidy ERYn bt 0L35gel ac e0?ARRS/AIC, stilVetre aeéfjabAditdn dboged.¥adis HP- 1

I ngel va HPE-1, Ineelvadt M hyo, PRRS M.V, Ingelvact PR RS ATP, i ngel vact
PRV- Gl 'Re1IRHAC %G %@P@biﬁ%{no%%o B5Eq 7 fftl GUAIR /T 0%l RS ﬂelfé'fgol

Toxi vael b Pl us 'Par si us, of Bael w nger gel heim St Joseph, {J SA) ;
Circov Pe i RYPA 2007 52006/ 062654
por ot ¢ P9t G5 é*?a%@é L BREieR 8 fpirp S Bl %Swgmm, Porci |15
APP, Pot& ART, Parcilis AR T DE PorC| I is Porcoli, Porci fis Porcoli D luvac
forte Porcilis PRRS, Pottilis Porcol 5, Porcilis Auj eszky, Porcilis Begonia
Diluvac, Porcilis Begonia |I.D. A L., Porcilis Begonia Unisole, Porcilis M
hyo, Porcilis Atrinord, Myco Silencer(r) BPM M co Silencer(r) , Myco
Silencer' Mg, Myco Silencer(r) M Mco Silencer(r) Once, Myco Silencer(r)
MEET, Rbi nogent BPE, Rhinogent Cl E 5000, Rhinogew(r) USE, Scot; Sow Bac(r)
E 11, Sow Bac(r) CE U, Sow Bac(r) TREC, ProSystetn(r) CE, ProSysten(r) RCE,
PnSystenm(r) I REC, ProSystem(r) Pinwale, ProSysteinct Rotainune(r) with

I rugan(r) 11, ProSystena Rota, ProSystera) Rol anune KV, ProSystenit

| G Enune(r) Rota with Intuganc(r) 10 ProSysteS TGE/ Rota, ProSystern(r)
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kungen(r) 1li, Cotisorb, Heptavac, Lanbivac, Porcovac phis, Erysorb Parvo
all of 1:5 Into Net Inc., :MIlsboro, DE, USA); Hyoresp, C rcovac,

Neocol i par, Parvoruy c, Pansuin, Progessis, Viraflu, Akipor 6,3, ',testier
al -, Jesflu gl- (all of Merin' LTD, Duluth, GA); ER BAC PLUS, ER BAC(r),

- ER BAC PLUSI LEPTOPERM 5" , R BAC(r) Leptothrm 51(r), Farrowsure(r), Farrows
B, FARRONSURE PLUS B, FARROASURE PLUS, FARROANSURE(r) PRV, EARRONSURE

B- PRV, FLUSUREI m FLUSURETM RTU, ELUSURETh /ER BACt PLUS, .FLUSUREThI ER BAC
PLus(r), ELUSURErnf RESPI SURE' , FLUSURF, | N\VRESPI SURE' RTU,

FLUSURETNVRESPI SURE- ONE' / ER BAC, PLUS, FLUSUREGQ Respi Sure | NEWER BAC
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AR- PAO11, 1: 41D+Eft, AR- PARAPAM ER, NéiSE/ geni MPACV, MaxNac Excellll) 3,
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Rhini Shield"'m 13(4, Piefarrow Shield(r) 9, Prefarrow Strep Shield(r),
Clostratoxt BCD, Costratoxe C, Costratox(r) Utra C 1300, Porcine
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Lepto Shieldm 5, Myco Shielce!Sahn.o Shield(r) 2, Salno Shield(r) Live,
Am tox TeffC, Perfincens Type A Toxoid fall of Novartis Animal Health,
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aquggus ?@%P%ﬁﬁ%%géﬁﬁ?§%ﬁ§?%§ﬁ‘ “'§“@5§?§§¥%ﬁ% 'W%é%ﬁ?ﬁgﬁ%ﬁﬁ%ﬁﬁﬂ asna
protein s v ar maceut i

ot eSS B S L AR TR BB TRSGHL ke 1 e
2007/ 076520PCT/ 006/,062654 be . t.ptuted, wit .. injectab
2O OB 0 e K SRR b By e o0 20 ©
ts. diti the | i d i o i fi. f th
o R i TRUBRIEIL 200 Ya0el ey BRSO R,

As used Qﬁ(gquﬁ et rinﬁﬁy-accepta.ble carrierincludes any and al

sol vent s, *SHPEPEPLTORAddPa, coatings, adjuvants, stabilizing agents,

di lyents, preservatives, antibacterial and antifungal agents, isotonic
agent's, adsorE?EOW“H§F§§P§@6Eﬁﬁﬁf@fmﬂﬁﬂpPﬁ@a?FH@W“%mjme { BleRiPicEgn

i nclude water, saline, dextrose hanol , glycerol, and the_like |Isotonic
agents cdf 'P’n%’F%F&@“%@H?’Wm‘%?éW@g‘,“-’fd*é%?‘?»d%'@?ém%h‘h PRGOS SairlPd #eveand

| act ose, .anmpng ot hers, Stahilizers |nclude albumn and al kali salts of

et hyl endibﬁﬁ.pl%’("é’ln?:‘%é@??“@néﬁi‘ }u’%ﬁb ﬁt; susEapiple cells (see apspigt By sl aljidant s are
those as descri bed above. The inmmunogenic conpositions can further include
one or nOFETOIRYE NG HEREPHGE Folie Abw e sl Pasing PUY 2 YRtarpEa by ns,
inverferons, or other cytokines., The inmunogenic conpositions can also

nol ude CReReRHIFET Hrk e e kil bitsteaer VRPY@iE Kie 1V ob Rk A S@eHEent 1 at | ons
of adjuvants and additives usefill 15 the context of the present invention
an Feadi 14 ‘B dhueed feiiee By s Cred Siafie] sfchon wsiin colf HebiBedsemeses et i on
contenpl ates nposi tions coxnpnsing from about 30 ug to about 2000 Lig of

adj uvant ad Oy Srderady b reombingn visg vectat isdoseondinaphbacylgeinisrentaisimiosi t i on.

I n another preferred enbodi ment, the present i wention contenplates vaccine
conposi t iFéns LBIHPNG wging severdsoand heglis are 406 callfodtdiBonaliyi inks pefiered
antibiotics, and nore preferably |ess than about: 30 20uglm of

ant i bi ot ifles the culiurgnbie ededigily examipad fieraeeroedi weh mitheoporthidyaei gn vaccl ne
is first dehydrated. If the conposition is lust |yophilized. or dehydrated
by ot her chretiioekon ahienatvprd chages naslimaphichrgy dahg teqopasictiicpeiisd
rehydrined in aqueous (e.g. saline, PBS (phosphate buffered saline)) or
nonZaquedus sbivgtdxbiBing ey cowihingim| SpGa bé nisvedad. Bielorabby, the expressed
vegetabl e, ' :inetabd i Zabie O | 25basedi;si ngl e or doubl e enul si on based)

al um num based, carboner based adjuvant)



WD 2007/ 076520PCT/ US206/ 062654 Dosage and adm ni stration According to
the present invention, an th clive anmbunt of a. conbination vacci

adm nistered to pigs provides effective immnity against m crobi ol ogi cal

i nfecti on¥22¢id&d2by Pcv2 and at | east one further pat RoYERAY0RP%t g
above. Prefered conbinations of antigens for the 'treatnent and prophyl axis
of m crobiological diseases in pigs are |listed above. Acording to a
further enbodi ment, the conbination vaccine is admnistered to pigs in one
or two doses at an interval of about 2 to 4 weeks. For exanple, the first
adm nistration is perfornmed when the aninmal is. about 2 to 3 weeks to about
8 weeks Qfp@0Q.. RGn$ ﬁ\%&‘ gislse&etgtg B S 2k 0 he! 3 ﬁ&lrdim%;n G, 300HE g Lt O
about : 4 weeks after the first admnistration of The Frrat vaccinantion.
According._ tQ.. rt.hes..e by B ' .on.l.s..perforoed,i n

it or val ey GG P RE Ok el A R e By D L BRI kS8

AdninistQﬁ%}q@mqkm§&ga§g%%ﬁﬁd%%pcine doses is preferably done on a 6 nonth
to an annual basi's. Tn another preferred enbodi nent, aninals vacci nated

before the ageyQ ]:'ec. 5bc?su %;éotzgeq% %h@?ﬁ?r}f!’g‘g Eg%xzsmgﬁlu ﬂz@bs% e(rgt\}.lo%cf%j {’g@}dﬁ%jﬁé ofﬁ{’éﬂ fhe

15Adm ni stration Of su vac 0ses 1S prefer on an

| bagi . . of natjon,vacgi hat ..is.effe.ctivo d d
anedl bR ¥ O RAAR TR Sl ebB R LR R e
wh , i vated. Vi | difi . - : ! 4
e cot nPRMERatkc S o folBit oS4t cioklhity "HERCEAMBEGE nols' "
109 TCI D5 {Pertgpge, greterabl _aboutzgog to aQo_f %0 TA,D50 per dose, nore
pr ef er abl Y RS 0 A PE b o it 1 6 fﬁfFﬁﬁb(%e$&d§§@.m¥nmﬁeﬁ@P§W¥ma

g A DL SO S Sh ATy BB Lt v o
12001 . GYSSENS,S00 3 M BB AR Bl SO0, 100, 0,20 309 0l ony
N S B RN T N s ST T
£ 3 2083 STbER 0,200 SISTARECTLSA00RL 082051 ek s Le! oY
U 200 R S Tt Bl LA B B SR
T B o2l QA o5 SRR 0 S8 daoe L L TR o T oLy

to about. 8 @ig[dose, even nore preferably with about 1.0 to about 6
ggi dose, BRPUEEHPT SRR CHt %wél'r%f Vi ’&B‘"&@fe-"‘ﬂf?‘gﬁ’ PEVEBRE S -dgidose. For
exampl e; the antigen_ inclusion |evel of the PCY ORF2 antigen, preferably of
t he IPCV2 HORPEH et Belraby TS deeyt CHBr dvil e dHs; aai%feraﬁ-zs?iﬁWeWO% about
150 ug, preferbably about 2 ttg to about 60 |ig, even nDre,Preferany about
2pg to abotr -850 uE: Everrehbiee Ut ofe rapiepiapb Gty negbapsuti! 400 i, 10 even
more preferably about 2uu to about 30 pg, even nore preferably about 2pg to
about 25 HFRPIseRfdie PRTE Pretian Al JoieasTR PRaRe e BEURCRRN 4Ap4lo8V en or e
preferably about 4 pg to abo n nore preferably about LItig, to about 16 n.

| at he casEgi nedeipradiesRs are removed during fledieatioBFYD. it is preferred to use at
least | to 10 | ogs, nore preferably, 5-10 |ogs, and nost preferably, 6-8

l ogs. In the dage ot lebabrmatiodoveernusentisamraviies g dnpatsd mpthod o) s
preferred to use at least Ito 10 logs, nore preferably, 3-10 |ogs, and nost
pr ef¥r abl §odusing gugps . recoveringTRReoBYHRPB ST Y D RICC orodim grelgablyeln Avesy(s on may
be applied intradernmally, intratratheaily, or intravaginally. The

conposi t i Seerpreplsrablyy tnyiécapirticadismebausicuperiie erlsilerbnasm |y, In
an animal, body, ii can prove advantageous to apply the pharmaceutical 20
conposi t i wiereasthde ssenbigoh alrel excipr avithre MOt reaviefimd sebior, & kioessiog PR di rect
injection into target tissues. For system c application, the intravenous,

i nt ravasc@RE protat hentis cedesnbinadintiranastat, i} mopasing ebé FVZNOREDer ittconeal |
oral, or intrathecal routes are preferred.. A nore |ocal application can be
ef f ect ed mpyoait afi eslls bippinkd theixder maisl §, ani g nbeubrdrntoushy/or teit mabisindi al |y,
intralobally, intramedul huly, intraptdnonarily or directly Mor near the

ti ssiie todebeades al:-@dhéc et ivesepa@bizon-debiulel: ehe epichded [PCAL GRRsUe) .
Dependi ng on the desired duration and ;3D 2007/ 076520PCT/ US2006/ 062654
effectiveness of the treatnent, the conpositions accoTdin.g to the -

i nvention may be athninist.eted once or several tines, also intermttently,
for instance on a daily basis for several days, weeks or nonths, and in

di fferent dosages. 5Methods for treatnent Yet anot her inportant

enbodi nent of the invention is a nethod for the prophylaxis or treatnent of

,,,,,,, - e A 1PN



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a schematic flow di agram of a
preferred construction of PCV2 ORF2 20reconbi nant bacul ovirus; and Fig. 2a

and 2h are_each _a_schematic flow di agram of how to produce a conpositionin

accor danc®OPtH7tYiR present invention, DETAILED DESCRI BT O Pk

- PREFERRED EMBODI MENTS WO 2007/ 076520PCT/ US2006/ 062654 The f hl | ow ng

exanpl es set forth preferred materials and procedures in accordance wth

the present invention, -It is tderstood, however, that these cnn are :
provi ded by way of illustration only, and nothing therein should be deened
a uinritation upon the overall scope of the invention. EXAWVPLE! Thi s

exanple Gom %{ grth{»zﬂglgggeazﬁﬂa&g ¥ %o@tﬁ}l]angmg%@ VoSG S MRENOGS:s Ahnikiie PT €SENt

g3
ion with nme are known in rior art. Four 1000mL spi hner Basks

ner e each, seeded i\ ARREEXLIHL EhUGR! Ls/The bRAGANTL il Liiero (R8I 2. 10

3
Excel 426 I OSC1 ences, e nmaster ce culture Is

L dent L A ARaiet ROPQRISER o] § 4t biCLE MR ELafRL IRk paiR ga0C 19

Lot/INT. e c S use 0 generate t ster St ock were

OBt 110 RSBl DL SICES: ERLPRLNY S MGy, JLA0en S S° ool

et'Ween passages 19 an er

i || f f .t JLAYENti.Qn, kn,arder t
Rl ot et el e R AP AP S - P S o S Berek MNP Bl apith b D1 8L SO0 1O

wi || probably be necessary and passages beyond 59 nay have an effect on
expressi dif- al though this was not investigated. hi nore .detail, thel

cultures from.liquid nitro: torage .were .gr in. . dia in
suspensi on i rr:‘}grtfg’f‘?"le’é’ %%icﬁﬁe ?‘}?J‘Itg ilég'ﬁvﬂetu e%égﬁfgg\%ﬁﬂ%égicizgg{ ilmi)}%go i(éj'lﬁcul tures
were grown in 100 M. to 250ml: . spinner flasks.with 2.5.10 .- il of
Eccel BBt 5 & GHERor Mo ERPPE ohat R C e T PR BRSRS 1y of
1.0 - 8.0 x 106 cell ?/‘q‘,. they.were split .to 'nﬁvgt.\(issjgil sewith.a nlanting
density dgpacgvEe theVigd yeqey, AT ' PEFRESHE B JEFHBRPSEX SRRSO "cdf Tires wer e

rown. in spinner flasks u in stai nlﬁ%ﬁ)ﬁicﬁt eel

~

to, 36 |jt in. size.
bi orlBiact GPERBTHGROL BHED 0 FUBHISY 1o 5Bt PUigSh FOIRAGE BN (e
cont ai ni ng

2007/ 076320PCT/ US2006/ 062654 1 4),. The,.reconpi nant bacul oviros,.c:

the PCV2 ERRED:SgEnEe fiEe: ﬁé ﬁe“rﬁg{ggd a%é “f“oﬁl“{%f%%g?’ my %e‘gm“f? fﬁ%\fs‘bg(}néh”f rom a
North American, strain_of PCV2 -g?s PCR anplified to contai n.a 5£. Kotzak' S
sequence PIPESHR NARCE o st 3 RRERE SHE PERB N FREEC 2 TIEPIREE Pht o t he
pGEM T- Easy, vector (Pronega, Madisop, WD, Then, it was. subsequently excised
and subc|BREd ¥ ARDOHEE OF g‘ﬁ SO IREETER 'V%EW*IOQWO? BOEY %?Eiog ﬁlglg’g %%? rm ngen,
San Diego, CA). The subdoned portion is represented herein as SEQ ID NO 7.
The VL 13585 s deEoRPRFHIFRG cEhe THENE RS T GRS I i ATEFNA7- 064
and then co-transfected with Bacul oGol gt &BD | 3i oscierices. Pt}ar m ng
baculdovi r gcifrglly 1 RGTRE FEEES FRIIIES bl BIFPOSRPR AT STCRBMY dBRET) to
generate the reconbi nant bacul ovi rus cont ai ni nq the PCV2 ORF2 10 gene. The
new const Fraferebiys Urtewi wdlodsbaeriteny ISEpps Nar BC;*“"TWB"“P%”&‘M FraRse

bacul ovi rus contai ning the KM g_) RF2 gene was pl aque- pu{ﬁiﬂli ed_ an }J\_/ast er
Seed Vi r usich N8 ssaagngy Bporyainéetioh wilh&e phangsd udior 1y PEisE FEE Y dRd"St ored at
-70C. The MW was positively identified as PCV2 ORF2 bacul ovirus by,

. PCR- REL Piisssian gpdiedubenlii proSctipernily Pe dpppisispied by rEBer & CEMPEN o 88t 8 wi th
PCV2 ORE: 1 hacul ovirus to generate M5V or Working Seed Virus éS _express
PCV2 ORE2svamptingersraslvabinbs ey Byingoie) drgnatider RO6FY RohsY BiaP™ 4t | bodi es
in an indirect fluorescent antibody assay. Additionally, the identity of

t he JCV2 ORtAehinche Bicivd barsion ik freseal BienNen drareils IRy APry¥usBuenci ng.
The PCV2 ORE') bacul ovirus M5V was al so tested for paccordance with 9

C.F. R 1187 rgoysring 1aasbinatid CVEIDBE: pitivh pre&sfbiomasunip 48561 3991¢: seeded
into the spinner flasks had vaiying 20nmultiplicities of infection (MJs).

Fl ask 1 was iisgeadchaninfdatian sRminmnber, fo8svmible sslls, Secastiors iersiiwaad®or wi t h
3.01nt, of 0.36M)1 seed; flask 3 was seeded with 1..5nl, of 0.181001 seed,
and f| askredombisars eededoiwi with OMIBmg delpfed 0boeMIessrsedng PO ORERRITE PY ow
diagramillustrating the basic steps used to construct a PCV2 ORF2

reconbi natik basudiow vys testor, Hi) recovering the POV ORF2 in the supsmate of cells

25 obtained hetween days 5 and § after infection andfor cell viability decreases Lo less then 10%,
29



provi ded herein as Figure 1 WD 2007/ 076520PCT/ US2006/ 062654 After

bei ng seeded with the baculavints, the flasks were then incubated at 27 2C
for? day e also agitated at 100rpm during that t.i J asks used
ventil at gﬁggg@éﬁ{%ﬂ allow for air flow Sanples from eagéjf;fﬂszé's%zﬁ(’\%é:’r“e t aken
evety 24 hours fix the next 7 days. After extraction, each Me was
centrifuged, and both the pellet and the supernatant were 5separated and
then mcrofihered 'through a 0.45-1.0 nat pore size nenbrane. The
resulting sanples then had the amount ORF2 prient within, them quantified
via an EL1SA. assay, The HASA assay was conducted with capture anti body

Swine antjPCV2 Pah. i oG Pr gt . Buridiescisidubeds ki 25045 BBSmdiduted to
1: 6000 iﬁ}d;%%ﬁng}r”{%gﬁg Seg rﬁ’fi%erg&{ﬁ')S agg%) 100 p? o%ét ﬁje]an?igbody' was t hen

pl aced, in-Ih-la,z\:@L : ~rhe mctretiter plate, sealed, and incubated
over ni ghf“a’g{“a : .Lﬁ%ig%}%n?gm\ﬁ/\}a‘é&%rhen washed three tinmes with. a wash

sol Ut o whi cly CAIPY 320.0. S1A VB8R 1201510y, She hOHiSiAly | OO L

of 10X D PBS {( Avar ogen, 5mi of distilled

Chy i 1 CRate e traflare, bl B BSOS B hoeBlutad 17 RbRsn T
0 4L B SISy SR onh T g ot o et

P ute ntigen. e pre- uted antigen

559, b B pey ] SRl il B! SRR bR RS R SBEe R L
tnese o Poren teidrin s ek ot el BB B Gl 6, SRR
ano.  t ne renan® peaf RS 188" PonbTRER BN ooy 3y PR ' ons
Sach sucBHER e REPISRUT REFIPR] Hob PR BERe B e PR PR o
vasng. iREIaSEES ARG L his HPRUS M G5 HEeo R TRETh2 ke RTRRY. o

i co. moRdl PR E SRR CHEoaH BUH T CP oL b 28Re BUR o SRl Pasdnhded was

nonocl onal  anti bod o, PCAT ORE2. 1t was diluted.to. 1:300 in. WD
20071076%%@%@%7%@%5@"@?I*‘?J%én%(”seo\ﬁ’ﬂ?? i W,‘*’aé:‘ﬁﬁg%’fl % ﬁéia&!’dji%? %&F “det ecti on
antibody was then added to the wells.. The plate was.then, seal. \d

i ncubat ed FeFtulpe RotProRpel e sgEns r"é&BB‘?‘)ﬂ‘gj%&%‘@ﬁﬁ% it ‘ébé’“{]‘i}'ﬁs “’%%P' ﬁ&l’t he wash
buffer. Conjugate dliuent was then pr red. b it serum

a, by addi ng notmal . rah
(Jackson YeRwaTFordise Q?&'ﬁ?*“‘\”}@g‘%’ig@%%@%%@ %t%\" % f@gﬂ%’ Ira%eiﬁ{‘&gsf% Pt i‘igﬁﬁ!t 0 1%

concentration. Conjugate anti bod) at_apti-nouse (k1l+1)-HRP (Jagckson

| auriPanoreyerirainn shaoulii Pl i | F%ef 5’?&5%?‘&%5‘&?%%8‘? f‘%@ tco%tgzuigsixdf}%%, 100 pi:
of the diluted conjugate antibody was then ﬁgded(tg ?,ac of t?)g well's. The
plate wasd%iwer e dicatronied ean il crohe S8R NEe e Ut FPEYEPEIET  peing
washed three tines with the wash butler. 18\0 u%i of . subst.r at eeéTIYB _

Per oxi das®o8ubs /¥ at &lekpqigaierds sHEP P CABHRR BPTBRIERAFY. PEEANY Aer sber g,
MD), mixed with an equal 10 vo|une of Peroxidase Substrate B (KPL) was
added to b&¢Hs afdeg frrrsEplizg anTHE R W&éﬁf’g’ éﬂ’é‘a&“@aﬂ *“’-’?@‘6%*%@ %i‘“gat ure for

15 minutes. 1.00 yiL of IN HU solution was then added to all of the welts
to stop téeiebacriont sTHEpra et REEHER Mith 1 Y SUGRE ELL8RWEader . The
results of this assay are provided iin Table 1 bel ow ask ORF2

in pél | etthe avay) BERF2dded tauprat pawppragen of Saplissl 4M lﬂ@ﬁi‘iﬁné‘?&g@“ﬁ% AP E‘ﬂﬁg%'i:l% 3 53.44
4 added to give a final mininun concentration of 5 mM fo neutratize any residual BEL
Thus, one further aspect of the present invention relaies 1o a method of producing
recombinant PCVZ ORF2 protein, preferably in amounts described above, by §) permilting

infoction of o number of susceptible cells (see above) in cubivre with g recombinaut virsl

vector willh 2 MOI a5 defined above, H) espressing PCV ORF2 protein by the recombinant
30
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4 58,64 4 1 4101 44 65.61 6? 4 3 70.56 32 WO
20071076520PCT1US20061062654 4 4 64.97 24 5 1 31.74 100 5 2 34.93 142 5 i
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ra

viral vector, HE) recovering the PCV2 QORF2 i the sopernate of cells obtained between days §
and § after infection andfor cefl viability decranses to less then 1094, iv) separating cell debris
from the axpressed POV ORF2 via 2 separation step, and v} inactivaiing fhe recombinant
viral yector, Proferably, fhe recombinant viral veotor is a bacvlovirug containing ORFI DNA
b coding sequences and the cells are SF+ cells. Preferred separation steps are those described
ghove, most prefarred is the fltration siep. Preferred inactivation steps are those described
above, Preferably, inactivation is performed between about 35 - 39°C and in the presence of
2 1o 8 mM BEL and still more preferably in the presence of about 3 mM BEL H has been
surprisingly found, that higher concentrations of BEID negatively affect the POCVZ ORF2

10 protem.
According to ous further aspect of the present vention, the method described above
alse includes a nevivalization step after step v} This step vi} comprises adding of an
squivalent smount of an agent that reuralizes the inactivation agent within the solution,

Preferably, if the nactivation sgent is BEI, addition of sodium {hiosulfate fo & sguivalent

-
L

amouryt is preferred. Thus, according to & further aspect, stap vi) comprises adding a sodium
thiosalfale solution 1o 8 final concentration of abowt T to about 20 mM, preferably of abouwt 2
o abowt 10 mM, sifll more preferably of sbout 2 to zbout § mM, stll more preferably of
about 3 1o about 7 mM most preferably of about 5 i, when the inactivation agatr{'is BEL

In preferred forras and especially in forms that will wse the recombinant PCVZ ORF2
20 protein {n an romunogenic composition such as a vacﬁine, each fot of harvested ORF2 will
be tasted Tor nactivation by passage in the anchorage dependend, bacwlovirus susceptible S{+
ocells. In a preferrad form of this testing, 150 em® of apprapriate cell culture monolaver is
incculated with 1.0 ml of inactivaied PCV2 fuids and naintained at 23 - 29°C for 14 days
with at least two passages. At the end of the muintenance period, the celf monolavers are

35 examined for cytopathogenic effect {CPE) typical of POV ORFR bacvlovirus, Preferably,
3}



"' 47.84 90 4 55.14 86 14.7 158 2 18.13 182 6 3 34.78 140 6 4 36.88 146
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positive virus controls are also nsed. Such controls can consist of one culturs of S+ cells
noounlated with a non-inactivated reference PCVZ ORF2 baculovirus and one flask of Sf+
celle that remain sninocntated. Afler inoubstion and passage, the absente of vires-infected
colls in the BEI treated viral Auids would copstitnte a saiisTactory inactivation test. The

5 conirol cells inoculated with the reference virus should exhibit CPE typical of PCVZ ORF2
hacdovivus snd the uninoculated flask should not éxiz.i’bi{' any evidence of PCVZI ORF2
baculovirus CPE.  Altematively, af the end of the maintenance periad, the supernstant
samples could be collected and inocnlated onio a $F+ 96 well plate, which has been loaded

with §&+ cells, and {heo maintained af 23 ~ ES?*‘C for 5 - 6 days. The plate is then fixed and

10 stained with anti-PCV2 ORFZ antibody conjngated fo FITC, The absence of CPE and OREF2
axpression, a8 detected by IFA rmicoscopy, in the BEL treated virel fluids constitutes a
salisfactory insctivation test. The controf cells inoculated with the reference virus should
exhibif CPE and IFA activity and the uninoculated fiask should not exhibit any evidencs of
PCVZ ORFZ baculovires CPE and comtain no IFA activity.

15 Thus a further aspect of the present invention relates .1'0 an inaclivation test for
determining the effectivensss of the inactivation of the recombination viral veclor,
comprising the steps: i} comtacting at least & portion of the cnlture flotd containing the
recombinant vira! veclor with an inactivating agest, prefersbly as desoribed above, i) adding
a neutralization apent 1o neutralize the inactivaton agent, preferably as described above, and

20 iif} deformining the residual infectivity by the assays as described above.

A Further aspect of the fnvention relates to a method for constructing a recomibinant
viral vector containing PCV2 ORF2 DNA and expressing PCV2 ORF2 protein i high
amounds, when infocted into susceptible cells. It has beem surprisingly found thal the

recombinant viral vecior as provided herewith expresses high amounts, a5 delined above, of

B
A

POYV2 ORF2 after infecling susceptible cells. Fherefore, the present mvention also relates to
32



3 15.84 158 4 15.19. .152 These resulls indicate that when the
i ncubation tine is extended, expression of ORlL2 into the supernatant of the

centrifuged cells and nmedia is greater than expression_in | ] et of'
t he centrl?ﬁggﬁﬂg%?ls and medi a Accordingly, allow ng thuégﬁa&§§%ression

to proceed for at least 5 days and recovering it in the. supetnate rather
than all owi ng expression to proceed for less tan 5 days and recovering ORF2
fromthe cells, provides a great increase in ORF2 yields, and a significant
i nprovenent over prior nethods. WD 2007/ 076520PCT/ US2006/ 062654 EXAMPLE 2
Thi s exanple provides data as toy of the invention clainmed herein. A

1. 000nL - d Lask, was, s, 1 | ; atiecel | s/ nt
I 300 i ER PR P RERT Y e RRRLE ol e Ok AR e

agi t at ed & %r}?q%hﬁ' @teg?#gsc%ﬂéﬁ% !cry'a Iretcg'x?nbt(z!nrﬁsxlfr M@&t&%gﬁﬂm‘m Itd“v’ A0plka of PCV2

ORF2/ Bac p+ I nant e“t’cu ovirus containing t ORF2 gene

passaged Ry 2dfl LAkl t@d@ﬁg;zﬁohﬁb&b&' BrofelIRRE L Bk Skt I L%f&eﬁgmw thao.1

MJ afte our & fcub was then 1 ncubated at 27C

for at Oﬁ?ﬁ%g{%?s &%%ﬁa of uk]e m&ﬂlm%ci'ﬂp %ﬁsﬁ Qm[né NEed Jn{bﬂﬁgvest e%a Jgﬂgﬁzfﬁ'gf uged and

three sa

%g:ctLva%ﬁﬂﬁuiﬁﬁi §R~ ggﬁﬁﬂ£m§@gvh d561 @&%95%%@%&%?%%%%%%& gﬁﬁgﬁgggture to
0, 3N
y oo 021 gﬁdy\@m{% epr(ge e(tm}ngmgmztg/la?{ Béozﬁ‘&zm“y PWE(&EJ )Z in

ant‘ nal concentration of BE! of

Snil Tahs (fiecond Sggzgi §§5 MBE RS, Added b »@%&y@@@@m&% To the
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This exanpl o dBdASTTATEE § A0S e L BN STVENTT bl B (SO0ARanIE from
smal | scaJ imr is genemnted by recombination betwaen a transfer vector containing the heterclogous
i5 POV ORF2 DNA and a viral veclor, preferably a baculorvirus, even more prefergbly a
linearized replisation-deficient baculovirus (such as Bacule Gold DNA)Y A “transfer veotor™
means 8 DNA molecule, thal includes @ least one origin of replcation, the heterclogous
gene, in the presend case PUVZ ORF2, and DNA sequences which aflow the cloning of said
heterologous gene into Lhe viral vector. Preferably the sequences which allow cloning of the
20 heterologous gené imto the viral vector are flanking the heterologous gene. Even maore
preferably, those flanking sequences are at least homologous in parts with sequences of the
vival vector. The sequence homology then allows recombination of hoth molecides, the viral
vector, mid the mansfer vector to generate a recombinam viral vecior containing the

heterologous gene. One preferred transfer vector is ihe pVLI392 veotor (BD Biosciences

25 Pharmingen), which 5 designed for co-transfection with the BaculoGold DNA into the
33



10 production of reconbinant PCV2 ORF2 to | arge scal e production of
reconbi nant PCV2 ORF2. 5.0 x 165 cells/int of SF+ cells m in 7000nL of

ExCel | 420 nedia was planted in a 20000ni Applikon Bioreactor, The nmedia
and cel | S*Q&E%YREh i ncubat ed, at 27C. and agitated at P&@&m’?%?”dt he next

68 hours. At the 68 ho r 41.3nL of PCV2 CGRF2 Bacul ovirus MSV-1.3 was
addict to 7000nal, of ExCell 420 nmedium The resultant m xture 15 was then
added to the bioreactor, For the next seven days, the m xture was i ncubated
at 27C and agitated at 100RPM Sanples fromthe bioreactor were extracted
evety 24 hours beginning at day 4, post-infection, and each sanple was

centrifuged. TRE SHAGLNBLANLOL NS, SATRLES OISl 56T wad: Mch tiae anount
of ORF2 g‘/‘é‘g‘ﬂ:{“-{gﬁc hggﬁ? i ? ?‘gﬁg&“ﬂsﬁﬁ%@“ﬁ%@%&“‘}éﬁfﬁ’% oﬁsetry. The results of

this can _ n...L.n..Jlahl . - Jale. Jier infection: ORF2 in
super nat 5‘%“‘?"??‘?‘?‘%“%??82156 ?gﬁOgg‘l‘“%\{g4' T8 eidabe) 6‘%_520PCT/ U52006/ 062654
3133- 7 60.67, 5&@'}4‘?&5@ S -ﬁ?%@?%?%}%séfgﬁé @-ﬁ;éa@ &bidaasy h%éinssf%gf{% PCV2

candi dat e vaccines *an urthér efficacy paraneters | owi ng

cp BRI D A IR R B s el
T T e
Treat rrentbetg%gn <%‘I?fer1:7§teiﬁ3 2 esr] tﬁt{\gl}:’(i\(fjﬁ%ﬂﬁ ;g:: @ RﬁXmZn]l 1'&%1{ a%)ﬂe gde %}%,ﬁ,@,&ged Wi th
of the present invention as each would be expressed into the supernate. The PCV ORFZ
DNA is preferably amplified using PCR methods, even more preferably fogether with the
imtroduction of a 5 Ranking Kozak's consensus segoence (CCACCAUG) (SEQ ID NO 1}
16 andor a ¥ flanking BeoR1 site (GAATTC) (SEQ ID NO 2). Such introduction of 2 ¥
Kozak's consensus preferably removes the natuvally occwrring start codon AUG of PCV2
ORF2.The 3 BooR1 site is preferably introduced downstream of the stop codon of the PCVZ
ORF2. More preferably it is introduced downstream of a poly A transeription fermination
sequance, that itself 1s tocated downstream of the PCVZ ORF2 stop codon. 1t has been found,
i5 that the use of a Kozak's consensus sequence, in particular as described sbove, increases the
expression lavel of the subsequent PCV2 ORF2 protein. The amplified PCV2 ORFZ DNA,
with these additional sequences, is cloned inlo a vector, A preferred vector for this initis}
cloning step is the pGEM-T-Eagy Vector (Promega, Madison, WI). The PCVZ ORF2 DNA
inctuding some pGEM vector sequences {SEQ 1D NO: 7} is preforably excised from the
20 vector at the Notl restriction site. 'ﬁz.e resulting DNA is then cloned into the transfer vector.
Thus, in one aspect of the present inventior, & method for construcling a recombinant
viral vector containing PCV2 ORF2 DNA is provided. This method conprises the sleps: i)
cloning a recombinant PCV2 ORF2 into a transfer veclor; and i} translecting lhe poriion of

the transfer vector containing the recombinant PCVZ ORFZ info g viral vector, 1o genavate

[a
1%/

the recombingni viral vecior. Preferably, the transfor vector is that deseribed above or &g
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Vi rul ent

-PCAl 2 on Day 24 ' Necropsy on Day 49 PCV2 Vaccine No. 1 -

(VORF2

16 lig) O a PCV2 Vaccine No. 2 - (vOl1llF2 8 ad O - 3 (-4 PCV2 Vaccine
No.) - (%Z&wﬁ?&% 0 + WO 20071076320PCT/ US2006/ 06%@’?%87&)96/062654
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L

g

g
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constructed as described above or as exemplarify shown in Figure 1. Thus sceording fo a
further as pect, the transler vector, used for the construction of the recombinant viral vecior as
described herein, contains the sequence of SEQID NO. 7.

According to # further aspect, this method further comprises prior to siep §) the
following stop: amplifying the PCV2 ORF2 DNA in viro, wherein the fanking sec;azencég of
the PCV2 ORF2 DNA are modified as deseribed above. fn wiire methods for amplifving the
PCV2 OREZ DNA and modifying the flenking sequences, cloning i vitre amplified PCV2
CREZ DNA mio a transfer veclor and suilable lransfer vectors sre described above
exemplarily shown in Fiewe 1, or known 1o a person skilled it the art. Thus according o 2
farther aspect, the present invention relates fo a method for constructing a recombinent viral
vector containing POV2 ORF2 DNA and espressing PCV2 ORF2 protein comprises the steps
of ) amplifving POV ORFI DNA in vitro, whersin the (Qanking sequences of said PCV2
ORF2 DNA are modified, §) cloning the amplified PCV2 ORFZ DNA into a transfer vector
and i#) transfecting the fransfer vector or a portion (hereof containing the recombinant PCVZ
ORF2 DNA into a viral veotor fo generate the recombinant viral vecior, Prefergbly, the
modification of the flanking sequences of the PCV2 ORF2 DNA is performed as deseribed
above, ey by introducing a 3 Kowk’s sequence and Jor an EcoR 1 site, prefershly as
described above.

According to a further agpect, a method of producing andfor recovering recombinent
protein expressed by open reading frame 2 of PCV2 is provided. The method generally
comprises the steps of i} cloning & recombinant PCV2 ORF2 indo 2 transfer vselor, #}
translecting the portion of the transfer vector containing the recombinant PCV2 ORF2 into &
virue $) infecting cells in media with fhe transfected virus; iv} causing the transfiscted virus
10 expross the recombinant projein from PCVZ ORF2; v) separating cells from the supemate;

and wi) recovering the expressed PUVE ORF2protein from the supemale.

e
el



12 PcN2 Vaccine No, 4 - &OM 16 0 + + 12 PCV2 Vaccine No. 5 - (tORIF2 8
ttg) O 6 12 PCV2Vacci neNo6 - (rORF2 4 ug) 0 4. ("4 PCV2VacdaeNo. 7 -

(Killed whole cell virus) O
WO 2007/076520 PCT/US2006/062654

Methods of how to clons a recombinanl PCV2 ORF2 DNA iplo a fransfer vector are
describad above, Preferably, the transfer vector contains the sequence of SEQ D NG:3, SEQ
D NO:4, or SEQ D NO:7. However, the transfor vector can contain any PCV2Z ORF2 DNA,

upmodified or modified, a8 long as the PCV2 ORFZ DNA, when transfected o &

x

recombinant viral vector, is expressed in call cufture. Proferably, the recombinant viral vecior
comprises the sequence of SEQ ID NO:R. Moreover, methods of how lo infect calls,
preferably how to infect insect cells with a defined number of racombinant bgculovirus
containing PCV2 ORF2 DNA and expressing PCV2 ORF2 protein, are described above in
detwil. Morsover, sleps of separating cells from the supernate ag well ay steps for vecovering
3t the expressed PCV2 ORF2 profein are also desoribed sbove n detsil. Any of these specific
provess steps, as described herein, are part of the method of producing andfor recovering
recombinant protein expressed by open resding frame 2 of POV as described above
Preferably, the cells are SF+ cells. Stili more preferably. cell cultures have a ceil count

belwesn about 0.3 ~ 2.0 x 10°% cells/m., more preferably from sbout (.35 - 1.9 x 10° celbyiml.,
p )

ot
L

stilt mors prefersbly from aboot 0.4 ~ 1.8 x 16% cells/mL, even move preferably from about
045 - 1.7 x 10° cellafml., and most praferably from asboai 9.3 - 1.5 3 10% cellsfmi.
Preferably, the recombinant viral vecior containing the PCV2 ORFZ DNA has a preferred
mattiplicity of infection (MOT) of between about 0.03 - 1.5, more préferzéb’ly from about 0.05
~ 1.3, still more preferybly from abowt 6,09 « L1, stifl more preferably from about 0.1 - 1.0,
20 and most preferably to gbout 0.5, when used for the infection of the susceptible cells.
Preferably, recovering of the PCV2 ORF2 protein in the supernate of cells obtained between
davs 5 and § after infection andior cell viability decreases 1o tess then 10%. Preferably, for
producing PCV2 ORF2 profein, cells are cultivated at 25 to 29°C. Preferably, the separation

step 15 a cenlrifugation or a fitration step.



None - authentic Controls N A et, 12 None - Strict Negative Control
Goup VA .. - Vv RF2 = isolated vual OM rORT72

- thi bacu! oVf| xpics.st... virus = PCV2 I
cure VBRI (R G oups (G oups 1 - 7) recei veRtHASAER R ore2

pol ypepti de, one of the groups acted as a challenge control and received no
PCV2 ORF2, and anot her group acted as the strict negative control group and
al so received no PCV2 ORF2. On Day 0, Goups 1 through 7 were treated tvith
assigned vaccines. Piglets in Goup 7 Wre given a booster treatnment on Day
14. Piglets were observed for adverse events and injection site reactions

fdllow ng vacej,nathenmAntin Yndds Bk e ﬁtc $ MBESiFNe Sl e dlye sraond st udy
site. 10At the second study site, Goups 8 weré group housed. in one

bui | di ng ‘ég]l('ljh : AFPCQE";‘@%& %1000 %QQ*E’I\QJ@Q@BQW HRP006/4082654homsed in a

separate p| gs retai ed keyhol e |1 npet henmpcyanin

(10.11) 1&}“ ”é:ﬂg(gl:zﬁs £5 r; eg-ﬁieldev%@“ EddrRAe, aﬁ’@t&ﬁ%éﬂz@é& tﬁ&@of%Zn afdson Day

424, G o wer e c Wi th a virul ent . and post-chal | enge,

bl ood sa ?dsmvigé! & Hﬁfﬁe!ﬂ %ﬁz@r@e%%faaﬁ%z& & & LAYe atﬁ&ﬁ‘?camluew&efel?@@ﬁ' wei ght

data for ‘determ nation of  aver age y wel ght gain (ADW5), and cli nical

SynpLons, - a8, %MECL'CLL .Z% ‘B@‘?‘lﬁa%gg’)%?p L3 hfedel £ %ﬁ'ﬁst&%ﬁ%pm% keddpng of

PCV2, weré Co survi ving pi gs were necropsi ed, Iungs

were scor e% 1 Oﬁrah:?z%h BPg s oRRd P"@f l{.&ﬁ £ds bk %&HE@(M@J{;&T@E %@&iﬂé@%&%uﬁypf malin
for Irmun i'stoc ems E1C) tesmg ter 10
Ne. AFOBGE34 {_.SI:Q 1D NO: 3) and SEQ 1D NO; 4. Preforred recombinant PCV2 ORFZ
protein comprises the amine acid sequence of SEQ 1D NO: 5, which is the protein encoded
by SEQ ID NO: 3 (Genbank Accession No. AFO86834) and SEQ ID Nov 6, which is the
10 protein encoded by SEQ 1D NO: 4. A preferred media comprises sarum-free insect cell
media, still more preforably Excell 420 media. When the oplional emplification step is
performed, it is preferable to firs{ clone the amplifiad open reading frame 2 into o first vector,

excive the open reading frame 2 from the first vector, and use the exeised open reading fame

for cloning into the transfer vecior. A preferred cell line for cotransibetion is the SF+ cell

et
LW

fine. A preferred virus for cotransfection is baculovirus, In preferred forms of this method,
the transfected portion of the transfer veclor comprises SEQ 1D NO: 8. Fipally, for this
methed, it is preferred to recover tha POV open reading frame 2 (ORFD) protein in the cell
culturs supernate af least 3 days after infecting the cells with the virus.

Thus, a further aspect of the invention relates o a method for producing and/or
20 recovering the PCV2 open reading frame 2, compuises the steps: ) amplifying the PCV2
OREZ DNA in vitre, preferably by adding 2 5° Kozak’s sequence andfor by adding a 3°
Feol] restriction site, #) cloning the amplified PCV2 ORF2 into a transfer vector; i)
fransfeting the portion of the fransfer vector containing the recombinant PCV2Z ORF2 inlo a

virus; iv) infecting cells in media with the transtected virus; vy cansing the ansfecied vimg



Mat erial s and Met hods This was a partially blinded
vacci nation-chall enge feasibility study conducted in CDCD pigs, 9 to 14

days of 0. To he included in the study, PCV2_l. i s of sows
were < I%ggagﬂﬂﬁg%?tionally, the serol ogic status of s§ﬁ§“§§¥§@?§%n1a known
PR. RS- 15 negative herd. Twenty-eight (28) sows were tested for PCV2
serol ogi cal status, Fourteen (1.4) sows had a PCV2 titer of S 1000 and were
transferred to the first study site. One hundred ten (110) piglets were
del i vered by cesarean section surgeries and were available for this study
on Day -4. On Day -3, 108 CDCD pigs at the first study site were wei ghed,

I denti Tiggl.y 'résbm%?éw s pRU0s ke soyy vetigh b sgdratian s Tymabsiugaeget o 1 of 9
groups, as set 20 ortnh above in table 4. If any test animal neeting die

i ncl usi on gLit el 8 a8 SRRk eevh G &bk dynanskapasabat er excluded for any
reason, I nvestigat or "and nitor consulted in order to determ ne the use of
data col [ ected tram taQ;%ctaf»‘F PRl Evz@,%r-f iixﬂ@ﬂxtia%n%k:ﬁ{e‘éi ® & tRghddale @pavibg ah
enrol | ed pigl ets were "excluded ané t he reason for exclusion was docunent ed.
Initially, no.sows were exglu At ald Qhed@84 afiraPRegtairhiath@ndil0 pi gs
wer e rrndod'r‘?fn}‘/l&é%%\é\%in h{é@:ﬁitg\ oﬁjg\g%fi%&g'roupsm%n Day LtQS.QLThe two smal | est

pi gs (No. 17 .and, 19) wepe 0F6520RGH 5200642626R40as8I gned to
a group a‘??alp{/%fetlh%as)ﬁp\é\‘eésd@%% géé?alglpl%%%eded. During the course of the
study, seyeral . animal s, ver vl BlithifRy (G QR Qb P DY REGinh 56

(G oup 6)“%‘?&1%\2%3%5%&?%}%%%@H?@e%{%?%s%lgﬁg E%a;; 4, Piyé€ No. 28 (iGr oup 8) on
Day 8, Pig No. .69 (G:oup,.8); 0 il AN BRGNP 3o hEF QMPcARin®NnDay 9,
wer e each‘g\‘%unﬁgdlgée(%nﬁr ?%% ‘Fo&% aﬁ%’néhg. ¢ ﬁ%”gﬁgg??@ﬁfﬁg ngr% n%? i ncl uded
inthe final .study results Pig, bk QF f. b X .4 ) MR8, ASSi gned
to Group $HH ?’%?‘}ﬁiaﬁi‘“nté’ %})}(lf&rgghép:%&?n Ké%??@%rﬁi&ﬁeﬁl udeg 19 ?oer% the study.
The formul ations given to each of .the grol 2 emasnEolLows: i oup 1 was
desi gned ‘?Egs dcoéﬂﬁ‘ ﬁgesls'épre“ 1l J?’r -&ﬁ““‘ﬁiﬁ%q?% é%%e&(l:\%%?g?%f{%g ; 1 ¥Y1$1ugfr%FIQFZél)ml, Thi s
was done by m xin ORF2

10..24 .. of _vi | 2. (256 el gl = 10..24 M
oo R o 110 gty Vs e D i SRRl Bl ccponihme T
| t pH of 7,4. Thi d, 16, rd.. of for i q | .G
58 e Gebimenors hamidiad R OR B0 bodh¥ el Ao Tl UBER ST OUP
i Xi 5.12 ni f ORF2 (128 VvORE2) with ) *| f Qe [ | d
s o ofsnbeitial emaireree Oa e tagioed Bpft ol plild i belhoRgy 208

of formulation for group 2. Gou was_designed. b admni.ster Jpk.nl of
VORF2 contiah nfrRgrad GpcteRPp SER .*‘P‘E’Tﬁ]%e %ﬁfﬂgﬁgn n”%?/ %L%Iar@gﬁg%g{ 8r#ﬁtj)l? VORF2
64 Pg125 fig/2.56 M VvORF2) with 3.2 nl of 0, 5% Carhopol .and..10,.2. 4 nl of
E)hos pﬁat ei’%‘ﬁﬁ%@ﬁ agtvedn phore 3%&“ Y %I@”@)f‘“ %841?"3“’?%@50‘%%% gcﬁgg ?gﬂ ﬂtlaodf“%e

-fornmul ation for group 3. G oup 4 esigned to adm nister,| . of

r ecolbi nanefut iy POPREDYe ehateRl ﬁi“ﬁ@sfi?g» Ry gﬁf‘eﬁﬁ‘ﬁ’ﬁf‘.’”ﬁﬁrr‘f?"g‘%b§‘/1°“‘rr?i“i‘%“ﬁg 2.23
m of rORF2 (512tg/ml 2.23 m_ rORF2) w.th m_of 20 0, 5% Carbopo'|l and
23,37 nl  efacphisspha SHuredrel Lt ‘?ﬁ% FS%? &%ﬁ*B‘Fmv?‘&’%ﬁ‘ﬁﬁ’ %"“ﬁ‘?%g‘aﬁ% d 32 n

of formulation for group 4. Goup .5 was desjgned t m nister.|tni of
r ORF2 contei mtng s F‘mﬁC‘?@?@nﬁ?& R Fredtes e%%;,o %23'?%& f :‘%f‘[mﬁ#’&(jf TORF2

(256 ug/230 pg,/nl = 1.11 nil rORF2) with 6.4 nm of 0.5% Carbopol .and 24. 49
m of phodpierdy.codctisrien suripreddpr & §5pl 24gwus, gen ?Wf%?‘[#ff‘gﬁé%dﬂfﬁ H of
formulation for group 5. G oup 6 was designed to adm nister 251 m of rORF2
cont ai ni nge@sug FORF2i M. This was done by mixing 0.56 mM of rOR F2 (128 02
WD 2007/ 076520PCT/ US2006/ 062654 .=0.56 M roRE2 with 6.4 m of
0. 59%Car hopot &peprding xoa fyfhep psPERo BB RO dHigr PEPETSSFTHEYED™ OPHEF 7. 4.
Thi s produced 32nl of fornulation for group 6. Goup 7 was designed to
admi ni st ePC\SF OREYDrowisl endiveribiegetiel vEes e Cieib‘@%?P RY5vec 81t ATy % he MAX.
PCV2 KM This was done by mxing 56 ml Cv:2 KY with 14 gl of 0.5% Cash pot,
Thi s pr odueerhiZ@iomstephiidroregylhfhissiop §HH gorarfesadding a8 ey b HECE fe
designed to admi nister Ki,11 at 0.5 pgind or 1.0 pgitni pg{_‘ 2 n dose. This
was done bwentithal neyirdBred heipackyaiby F2e0t ‘m@b-%ﬁ@ts@eiitwrmg@i‘%@he MRS 70\
(7.0 14/11.11Xx) = (05) (570 ) 244.29 nl phosphate buffered saline at a pH
of 7.4, rakeht28BENhdrdigiiod st sy Shasuliaals & Guitslesraopest i pliche! f¥anes for
the key activities of this Exanple. ) . _

2% socording {0 a further aspect, siep viil) comprises adding & sodium thiosuifate solution 1o a
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Table 5. Study Activities Study Day Study Activity -4, 0 to 49 General
observations for overall health and clinical synptons Wied; Random zed to
groups; Collected blood sanples front all pigs O Health exam nali. Ou

Adni ni st Y84V Rbs. 1-7 to G oups 1-7, respectively B¢ lerdulsray pigs for
injection site eactions 14 Boostered G oup 7 with PCV2 Vaccine No. 7; Bl ood
sanples fromall pigs | 42.1 Observed Goup 7 for injection site reactions
16-19 Treated all pigs withtibiotics (data mssing) 19 Pigs transported
fromthe first test site-to a second test site TreatedTQups 1-9 with

KI JWICFA Col | ect edbl ood and nasal. swabsanpl esfrom al | pi gs; Wi ghed all

pi gs; Ch%%\'&?&ﬁ@i%h%&y&%b&ﬁt&_ Wiabb 206YE, ShtalblyaesiRlen Bha 49 md fwin33, 35,
37, 39; 41, 43," 45, 47
more preferably of abowt 2 to about § miMl, stifl more preferably of about 3 o about 7 mM,
most preforably of about 5 M, when the inaciivation agent is BEL
According to a further aspect, the method for preparing a composition comprising
5 POV ORFY protein, and inactivated viral vector, as described above, comprises prior 1o siep
1) the following siep: amplifving the PCY2 ORF2Z DNA im witrp, whereln the Hanking
sequances of the PCV2 ORF2 DNA are modified as descxibed above. I virre methods for
amplifving the PCV2 ORF2 DNA and modifiing the flanking sequences, cloning 1 witre
amplified POV ORF2 DNA into a transfer vector and suitable transfer vectors are described
10 aboves, exemplarily shown in Figure 1, or known to a person skilled in the arl. Thus according
1o a further aspect, this method comprises the steps: i) amplifiving PCY2 ORF2 DNA i vifro,
wherein the {Janking sequences of sald PCVZ ORF2 DNA are modified, #) cloning the
amplified PCV2 ORF2 DNA inio a transfer vector; and i) transfecting the transfer vector or
g portion thereof conlaining the recombinant PCVZ ORF2Z DNA into a viral vector ©
15 generate the recombinant viral vecior, iv) infecting cells in media with the transfected virus;
¥) causing the transfecied virus to express the recombingyt protein from PCVZ ORFZ; vi
separating cells from the supernate; vi) recovering the expressed POV ORFEZ protein from
the supernate; vill) inactivating the recombinant viral vector, preferably, in the presence of
about 1 io about 20 mM BEL, most preferably in the presence of sbout 3 mM BEI and ix}
20 adiding an equivalent amount of an agent that neviralizes the inactivation sgent within the
sohution, preferably, adding of » sodium thioyulfate solution o o final concentration of about
1 to about 20 mM, preferably of about 5§ md, when the inactivation agent is BEL
In another aspect of the presemt invention, 8 method for preparing a composition,

preferably an antigenic composition, such as for example a vaceine, for invoking an inwmane

e
n

response against POV is provided, Generally, this method inchudes the steps of transfecting
3% :



Col | ected nasal swab sanples fromall pigs 27 Treated G oups 1-9 with
KIJH I CFA 31 Col | ected bl ood sanplesfromall pigs 49 Coll ectedbl ood and
nasal swab sanpl esfrom al | pi gs; Wi ghed all pigs; Necrogs al | Bi g_s; G oss
| esi ons nWPég‘BW?Sﬂﬁ enphasi s placed on icterus and gast F%’Uﬁ?‘@@ @554 ungs
eval uated for |l esions; Fresh and fomalin fixed tissue sanples saved;
In-1ife phase of the study conpleted Fol | ow ng conpl eti on of the
in-l1ife phase of the study. formalin fixed tissues were exam ned by

i mrunohi stechem stry (11-1C) for detection of PO/2 antigen by a

pat hol ogi st, 94 WD 2007/ 076520PI CT/ 1; 52006/ 062654 bl ood sanpl es were

eval uated for PCV2 serokay,. [, | N : _Igi f10f fPCV2
Shedd: ng." AR EVEP A0 A D e e B R R AP Pt oy 24
~to Day 49 .o AR mals. wer e ed. Ahe el sk, study site. in.inadividual
cages i _n%F’l\'\?“e“}r BERG g?’r%”b%‘; 7Y %h’?eg%a‘ﬁ%}ra&c& itl%gstfgé;?i;g s@itl 1tgig§§5yésém%¥” gla é!}m’ 8

Consi ot cd BresL Akt VPatar i i o0d e Radr i e Bl el i e
filtered air supplied separate to. each isolation unit.FE _hﬂr\ omshad
separ at e HEHP HERYRGSHITT ‘%i"gﬁ‘,‘é gwngrgg?&p?o VBt TRy 5?16’?@%3% 5%9‘%ap]t{ii on of
air between rooms. Anjimals wereg housed in two.different buildings at the
second. $¥RIEY “%‘ihtﬁé“@bli!r%w@m{t?@mﬁw 8‘?3‘}&%(:63??3{}%a?ﬁﬁﬂ%‘ﬁ’a}g&?{' group) was a

converted finisher buildin

_ nd G oups. 1-8 were housed.in gopverted nursery
bui | di ng. Lat hAGFEHE wis ¥ ug‘é‘ﬂ“‘i NN S 325181”5@1%% i‘f"—“f‘i a&ﬁggmg\ oen) and
each pen provi ded approxinately 3.0, are feet per I ..Each, pen,was on an
el evat ed THEERHG FSHOPISa%E gﬁél"’at(@%ﬂg @%@w *%?cpqﬁ%i @?ﬁﬁ'ﬁ%@e %gwg%?érved as a

hol di ng tank for excrenment and waste. Fach k%ui_l _di.n%jhad its own separ ate
heating dHED (eHetsaeliBRicayispErdRs - BEMPEIFTE it th WORT RN OGP o pti--witss
cross-contam nation of air between buildings. At the %i‘r st,vs‘t udy
site, pigire¥sonasRlesel-B-SPEERING 57 ARTSCREPE REphET BEREHD “BlisPoxi mat el y
3 weeks of age "All piglets were consunming solid, eciall m xed ration by
Day 19 ( dispidiersie aif (Euoreaa FReREopt: k) sobRpofy Sgéﬁ%ﬁau%ﬁﬂﬁawﬁéiﬁ’?%% al |
piglets were fed a custom non-nedicated comercial. mx ratjon appropriate
&Bﬁgﬁ it %Eerms al so

for thei reibigauisnedromiltyriicomeg2aon ichpkene: hardr it 1 YeRFe
avai |l abl e acl Al test pigs were treated with, \/{ tf?”"'[” E,on [__)]ay -2,
Wi th i ronofiasjdeoricmlsolrs BaYmiag Adee iy RIRVEEDPK PR RHY) Plapt Ofs. oy

alternating hans) on Days 16, 17, 18 and 19. In add on_ 1 'o, 52 éGoup 9)
was treat eehteireyieng alvie| EdeepBiRiBrrpg). 9ycenil gHASPTIFBEEY NP RSt ed Wit h
an iron injection on Day 11, Pig No, 69 (G oup 8) was treated with

' 25 NAXCEL €y e dDipieaesion of INechgataradipr 3icobels 1 pEbtel SRIRERIe4Tethazone
and penicillin WD 2007/ 076520PCT/ US2006/ 062654 on Day 14, and Pig No. 51
(G adp 1)Thwag! tsrwat sdcomtittide silrermiisreedram fermraisod 4 AeBEPeB3™and wit h
NAXCELO on Day 14 for various health reasons. Wil e at both study
site" pigselebly undericveririanar yo carriclaantsig  Heapbitex@niHEvF® N -Sner e
conducted on Day O and were recorded on the Health Exam nation Record Form
Al'l  ani mekdyderenii gbow), hdagltelant peingirtereto ARIPrY % S5 Hide ol 48& nat i on
as determ ned by observation on Day 0. Al'! rest animals were observed to he
in good hsaddakicanmiginaligter iot | Drahyseasicuscigr wdicht arec hadanely ethassip@ds $86 and

ti ssues were disposed of by rendering. Fula disposition aistudy aninmls was
records opolfdyeprnytamtpobiospoigilttie cupResor dockeninDegti@iar phe Sluaddi BiRé¢' s o Orol-6
rece ed tOnm. of PCV2 Vaccines 1-6, 10respectively, W in the left neck
regimn uskspgeidhysl.eri. ISes 3iremrist Bucyhd Bldons ynd Repsticshdiralietien iof ddpogng 1/ 2"
needl e. Pigs assigned to Goup 7 received 2.0 rit of PCV2 Vaccine No. 7 M
in the | effidheek-Idyi BNk .uS). nighadViterid Bu8, BYnirS 1-He (1998 knsYedhgetland a
sterile 2needle. On Day 14, pigs assigned to up 7 received 2.0 inl... of

P. C. V2 Vawaigie MNas4570 BMHn the right neck region using a sterile 3.0 rit

| mer-lock syringe and a. sterile 20g x 1/2" needle, 15 On Day 21 all test
pi gs recei ved RurCexpinplk; itof phBACKA uEMtenSR hempisght debatbed @gi wee Udi iy a
sterile 3.0 nth Luer-lock syringe and a sterile 20g xI" needle. On Day 27
all test pigsingeateigedhe Zubutit aaf QDM Apprtdal’ ledifdd hial.r BgieinadsiMig a
sterile 3,0 nth Luer-lock syringe and a sterile 20g x 1 needle. on Day 24,
pi gszassi gRKeak P1ERLPSs:11 B3 riehy eduiliof) MIL dofciPEV: pGRVER of this same
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20 challenge material (5,11 low TCADRInL) 1M in the | eft neck region using
a sterile 3.0 nt Luer-lock syringe and a sterile 20g x 1" needle. An
additional 1.0 tit of the same material. was admnistered INto nchpig (0.5
m per no%¥9 2!"’7"‘"7@2‘3 0 1.1ner-lock syringe and nasal caRGE&S2006/062654 Test
pi gs were observed. daily for overall health and adverse events on Day -4
and 25 fromDay 0 to Day 19. (Observations were recorded on the dinical
bservation Record. Al 96 WD 2007/ 076520PCT/ US2006/ 062654 test pigs were
observed fromDay Go Day 7, and G oup 7 was further observed fromDay 14 to
21, for injection site reactions. Average daily weight gain was determ ned
by wei ghl %each pig on a calibrated scale on. Days -3, 24 and 49, or on

t he day t a pig was found dead after chall enge. Body wei ghts were

e YR AL O b R
S A B .gxg%%'hatm%e% ARG Lot P9
45, 10 AR MRS 1 NP R B o
' ot ot Lo S LA N Bk 0 G 14

Priond venous  inserting ry

L“;&r;ﬂr&pg%'tsmnpﬁﬁrgmga peiy i
2 3L, g0 %, v ety o Lmench it sellasisb
o, CoTPe LS et PSSR ol R el Tl oo
ot S i S b Lk S AP
S 1 A Sl ot ek Shen ol e BT
R
b A S R B R4 -

dacron swab was inserted intra nasall @én_jth 2 %‘ er 1. Ieft g h| ght
nostril of egehopi G oier SRedBTHer P @g/ %f%%ﬁ ! yL } PEPETEY @f 97 VO
2007/ 076520PCT/ U82006/ 062654 swi shed around f w second §

removed. EREIPISRaDEE ¢ ‘P’Péﬁmb?éa‘b‘gﬁ an ‘ﬁ‘t‘ b“”éimé‘? Wg‘i*"g‘ %‘ P?‘W—ff“é}ﬁﬁg ﬁjﬁ“% ube
containing 1.0 M. of EMEM ne ES (500} unltpsf%(yéh of Penicillin,
500 Gyi r t menfha F’“@bf’@ﬁiﬁ’éi‘wﬁéﬁﬂﬂ?pﬁ qf7r”f t’\’61“ Ritthad 12 ofiest %‘Wéﬁhev\ﬁ’so r oken
off in the tube, and the snap tube was seal ed and appyopri atel beI ed
with ani nERbRENBER, Astonsyihn GrsbEIeTH AL G0BEC ARV FEER B aikgli‘ﬁdg?‘i‘tfé{y& "nasal
swab. " Seal ed snap tubes were stored at -40 10 C until tran por eig

over ni ght cembings BEATBIDWES) WS EFhcorRHEER & Moy ddi ”Bﬁ? Were 'Fecor ded
on the Nasal Swab Sanple Collection Form BIV1- 124Wconduct ed quantitative
virus i soltistolinn of these eelviag it YRIPCES 3h o 48] soliah AT €8 P Glesul t s
were expressed in |logo value. A value of 1.3 |logs or |ess was considered
negati ve p@Emvdhany phesidiesion odt ép ahdniols'se I“Eg%dl\)va*‘é‘ ESHEIER AP ve Pigs
that died (Nos. 28, 52, 56, 69, 82, and 93) at the first study site were
necripsi edmpgoghrec, Iuem@?lﬂﬁwé@s\a?@nq@W@%“é@rﬁsﬁéﬁéi o agiREted Gross |esions
were recorded and no tissues were retained fromthese Pl gs. At the second
study site, piBsthehainids edupnisonclud:. bayeragoi(igid to, the RIGSdipant sggem3s) |

pi gs found dead on Day 49 prior to euthanasia (Nos. 2, 43) and

15eut hani gt &) Dijoct Tonmetyenan 6y Bss idalinta Ay riessM Ediivns Fmﬁéﬂ%cff‘gb and the
percentages of lung lobes with | esions were recorded on the Necropsy Report
Form monomheat ipidfA, thedine Spigigsnavelbrrapsheatisbile shsoigss divier Breddy site,

. a tissue sanple of tonsil lung, heart, liver, nesenteric de, kidney and
inguinal Kyomphimoter Mm’»ﬁa}amwmmmaﬁé&? ﬁgl%c‘ncmnﬁal\héwevﬁflerﬂﬁbmﬁf%’?ﬂEd 10%
fonnal i mwhile another tissue sanple fromthe 20 sane af orenentioned organs
was pd acediiento a Wiirl-pal ( (M Tech Diagnostics Ltd, Mel wall, UK) and
each Wiirl-pak was placed on ice. Each gontainer was properly | abel ed.
Sanmpl e coll ections were recorded on the Necropsy Report Form Afterwards,
.formatir4xed tissue sanples and a D agnostic Request Form were submtted
for MC testing. MC testing was conducted in accordance with standard 1SU

| aboratory procedures for receiving sanples, WD 2007/076520

PCT/ U82006/ 062654 shi pped with ice packs Co the Study Monitor for storage
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Average daily weight gain (ADNW5) results are presented below in Table 6,
Erogplg, Ib tge str}ct negative control group, had the hi ghest: ADWG (1.06

- 0. iday); followed by Goup 5 (0.94-1 0.22 | bsida whi ch received
one dose © 2@‘”%%;’6 Bt r ORF2. G oup 3, which received onepﬁaéék‘%?fjm@q“tg of
VORF2, had the | owest ADWG (0.49 0.21 | bsiday), followed by Goup 7 (0.50A:
0,15 | bsiday), which received 2 doses of killed vaccine, Table 6. Sunmary
of Group Average Daily Wight Gain (ADWG G oup Treatnment ADWS - | bsiday
Day 24 to Day adjusted for pigs dead before 1.)* WO

2007/ 076520PCT/ US2006/ 062654 VvORF - 16 pg (1 dose) 17 0.870.29 | bsiday 1.

""dose) 12 O, z‘gsk,r%l\ tﬁzmﬂ J&%m@t addedMORE 2modht ot Bhdal 10108€)o $2a0148s 4er 0. 21
| bs(day 4 rORF2 - 8 | dose) 11 0.84* 0,30 I bsiday rORF2 -8(1 dose) 12

dose. Even more prei.embi}} the adinvant is added in an amount of about 100 pg to about 14

mg por dose. Even more preferably, the adjuvant 18 added in an amount of about 500 pg 1o

about 3 mg per dose. Even more preferably, the adiuvant is added i an amowmnt of about 730

5 1g to about 2.5 mg per dose. Most praferably, the adiuvant is added in av amount of about
mg per dose. |

Thus, according ifo a further aspect. the method for preparing an antigenic

composition, such as for example a vageine, for involing an immune response against PCV2

comprises §) preparing and recovering PCV2 ORFZ protein, and §f) admixing this with &

1 suitable adjavant, Preferably, the adjuvant is Cm‘_b_epoi §71P. Bvan mose prefesably, Carbopol

STIP is added in an amount of about 500 ug to about 5 my per dose, even more preferably in

an anount of about 750 ug to abowt 2.5 my per dose and most preferably in an amount of

gbout 1 mg per dose, Preferably, the process step 1} includes the process sleps as described

for the preparation and recovery of PUVZ ORF2Z, For exanple, 'in 'pre'f'errad forms of this

135 method, the construst comprising PCVZ ORF2 DNA is obtained in a transfer wector. Suitable

wansfer vectors and methods of preparing them are described above. Optionslly, the method

may include the step of amplifving the ORF2 from a strain of PCV2 through PCR prior w0

cloning the ORF2 inte the transfer vector. Preforred open reading frame sequences, Kozak's

sequenoces, 3 FeoRl site seguences, recombinant protein sequences, wransfected construet

20 sequences, media, cells, and wiruses are as descrdbed in the previous methods.  Another

optional step for this methed inchudes cloning the amplified PCV2 ORF2 DINA into 2 first

vacior, escising the ORF2 DNA from this first veotor, and using this escised PCV2 ORF2

DNA for cloning into the ransfir vector. As with the other methods, it 18 preferred to wait

for at lenst 5 daps after infection of the cells by the transfected baculovirus prior o recovery

of recombinant ORF?2 protein from the supernate, Preferably, the recovery step of this
42
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0 94 st. 0.22 Ibsiday dose) 11 0,72 0.25 Ibsiday 7 10.1 (2doses) 12
0,504: 0.15 | bsi day Chal | enge Controls 10 0.76 0.19 | bsiday Stri ct

hbgatlve ntr li 1.--i= 0.17 | bsiday vO .2isolate cO 2
reconi C$2%3 digblrus expressL,t virul2 virus grown ?ﬁ%@%ﬁmgé{% tcel |
culture PCV2 serology results are presented belowin Table 7, Al nine
groups were 5 seronegarlve for PCl,12 on Day -3, On. Day 1.4, G oups

recei ving VORF2 vacci nes had the hi ghest titers, which ranged from 187.5-to
529,2. Pigs receiving killed viral vaccine had the next hi ghest titers,
fol l owned by the groups receiving rORF2 vaccines. Goups 8 and 9 renai ned

ser onegatj e ko ;mhéml 8B ep HehaNind4hAnekiDRYm 3k, col) G4 celedRbiv.i Tigs woRF2
vacci nes continued to denonstrate a strong serol ogi cal response, followed

closely by {he mg'{ Q4 Qtt A patardt uaELENE Qndt MRy a0ses 10k paskhkihedinwithadalivacci ne.

Pigs recelving rORF2 vaccines were slower to respond serolonically and
G oups 8 and, td &Uﬁ@; 410, SRR R fHSI ARing GRkdk Y einn By 148, abpiigsis g
vORF2 vac{’(t:'?(r%et%mZ%@ ges of1 thé ki1ied viral g’\i:’acm ne and the | owest dose of

rORP2 de L N@eshis 3R1Ak A0 Gl k@S ORSES o RugmadRafinvi ng 1. 6
lig and gﬁq% i&tuggoﬁ%g@%igcgf}nééﬁﬁad sl |Eg}ﬁ{f Ielyb hi-gher [q\}A titers than

chal Lenos Gomid: Y Som BTt oDRYARHI pA BRO7LATARAORCTAIRA00 062054

denpnstri rong ()l ogi c% esponse . Sununu Goup PCV2 IFA Titers
AVERAGE ik I&T%Rd&%g R, Tz[r%ﬁi BBRLes, but it is preforred in the practice of the present

mveniton {0 use BEL
Thus according Lo & further aspect, this wethod comprises e sieps: 1) amplifying
PC‘&-’E ORF2 DNA & vigro, wherein the flanking sequences of said PCVZ ORFZ DNA are
10 sodified, i) cloning the amplified PCVZ ORF2 DNA imo a transter vector; and i}
sramstiecting the transfer vector or a portion thereof containing the recombinant PCV2 ORFz
TINA into a viral vector to generale the recombinant viral vector, iv} infecting cells in media
with the transfected vims, v) cansing the fransfected virus to express the recombinant protein
from PCV2 ORF2; vi) separating cells from the supemate; vii) recovering the expressed
s PCVZ ORF2 protein from the supernate; vil) Inactivating the Tecémhiﬂam viral veeior,
prefevably, in the presence of about 1 1o abotd 20 mM BEL most preferably in the presence of
shoul 5 mM BEL iy} adding of an equivalent amount of an agen that neutralizes the
inactivation agent within the solution, preferably, adding of a sodium thiosulfate sotution to
faal concentration of about 1 lo about 20 mM, preferably of sbout 3 mM, when the
20 inactivalion agent is BEL, and x) adding a suitable amount of an adjevant, prefersbly adding
Carbopol, more preferably Carbopol 971P, even more preferably in amounts as described
above {e.g of aboul 300 ug to about 5 mg per dose, even more preferably in an amount of
ahout 730 pg o about 2.5 mg per dose and most preferably in an amonnt of about I mg per

dose).
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D3 Day 14 Day 24 Day 31"1 Day 49M'" VORF2 - 16 up (1. dose) 50.0 529.2
4400.0 7866.7 11054.5 VORF28 ig. (1 dose) 50,0 500.0 3466:7 6800.0 10181.8

VORF2 -4 ug (1 dose) 50.0 187,5 1133,3 5733. . -
dose) 50F68§§P§”%%%%,0 3090. 9 793.3 9333:3 4ok Rosnciis ' (1

Additionally, the composition can include one or more phasmaceutical-acceplable
carriers. As used herein, "a pharmaceuticsl-accepiable carrier” includes any and all solvents,
dispersion media, coatings, stabilizing agents, diluents, preservaiives, antibacterinl and
antifongal agents, isofonic agents, adsorption delaping agents, and the like. Most preferably,

5 the composition provided herewith, contains PCV2 ORF2 protein recovered from the
- supernate of i vilre c:ul‘iured cells, wherein said cells were infected with a recombinant viral
vector containing PCY2 ORFZ DNA and expressing PCVE ORF2 protein, and wherein said
cell cultire was treated with about 2 1o aboat 8 mM BEL preferubly with about 3 mM BEY to
inactivate the viral vector. and an equivalent concentration of a neutralization agent,
i0 preferably sodivm thiosulfate solution, fo a final concentration of about 2 10 about § HEUR
preferably of about 5 mM, Carbopol, more preferably Casbopol 571P, preferably in amounts
ol about 500 pg 1o shout 5 mg per dose, even more preferably in an amount of about 730 ug
1o about 2.3 mg per dose and most preferably in an mmount of about 1 mg per dose, snd
physiological saline, preferably in an grount of about 50 abotxi H0% (v/e), more preferably

i5 1o about 60 1o §0% (v/v), still more preferably of about 70% (viv).

Thus, a further aspect relates fo & method for preparing an antigenic composition,
such ds for example 8 vaceine, for invoking an inunune response against PCV2 comprising
the steps: 1) amplifving PCV2 ORF2 DNA in vitro, wherein the flanking sequences of said
PCV2 ORFZ DNA are modified, 1) cloning the amplified PCVZ ORF2 DNA into a wansfer

260 vector; and i) fransfecting the transfer vector or a poriion thereof containing the
recornbinant PCV2 ORF2Z DNA into & viral vector 1o generate the recombinant viral vector,
iv) infecting cells in media with the transfected virus; ¥) causing the transfected virus 1o
axpress the recombinant protein from PCVZ ORF2; vi} separating cells from the supernate;

vil) recovering the expressed PCV2 ORF2 protein from the supemate; vik) mactivating the

1=
1h

recombinant viral vector, preferably, in the prasence of about 2 to about 20 M BEIL most
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8000.0 rORF2 - 8 Jig (.k dose) 50.0 75.0 887.5 2266.7 7414.7 TORF2 -4 ug
(1 dose) 50.0 50.0 550.0 3118.2 10570,0 7 KV (7 doses) 50.0 204.2 3087.5

4620.8 8 .
Negat | Ve%%g%iwg%}g{{ I58.nge Controls 50.0 55,0 50.0 50.0 gé%%sgwgfﬂé%gél ct

preferably in the presence of about 5 mM BEL ix) adding an equivalent amount of an agent
that neviraiize the inactivation agent within the solulion, preferably, adding & sodiam
thiosul fate solution o a fogl concentration of about 0.5 to sboat 20 mM, preferably of about
3 nivl, when the inactivation agent is BEL x) adding a suitable amount of an adjuvant,

A preferably adding Carbopol, more preforably Carbopa) §71F, sull more preferably in amounts
as described above {e.g. of about 300} pg to about 3 myg per dose, evell more preferably inan
amount of about 750 pe to ahow 2.5 my per dose and most preferably in an amount of about
1 mg per dose); and xi) adding physiclogical saling, preferably i an amount of ghout 3010
éboa'i 90% {v/v), more prefarably o about 60 to 80% (v}, still more preferably of about

He 0% (v/v). Optionally, this method can also include the mddition of a protectant. A profectant
as used herein, refers 1o an anti-microbiological active agent, such as for example
Gantamycin, Merthiolate, and the ke In particdar sdding a prolectant is most preferred for
the preparation of a multi-dose composition. Those anti-mivrobiological active agents are
added i concentrations offective fo prevent the composition of interest from any

15 microbiological contamination or for inhibition of any microbiclogical growth within the
composition of interest,

Moreover, this method can afso comprise the addition of any stabilizing agent, such
as for example saccharides, frehalose, mannitol, saccharose and the ftke, to increase and/or
maintain product shelf-ife. However, it hes been swprisingly found, that the resulting

20 forrmdation is imemunologically effective over a period of at least 24 months, without adding
any further stabilizing agent.

A further aspect of the present invention relates 1o the products resuliing from the
melhods gs described above. In particufar, the present invention velates to a composition of

malier comprising recombinantly expressed PCVZ ORF2 protein. Morsover, the present

v
LA

myention also relates to a composition of watter that comprises recombinantly expressed
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59,1 . 59.1 54.5 6136,4 5vORF2 isolated viral OM rQO R1-12 reconbi nant
ELCIl ovints expresso, . virus PCV2 virus grown in suitable cc !culture
"Tor cal cul ation purposes, a <100 1FA titer was design s atjiter of
"50"; a %Qéﬁf’@ﬁ()&%iter was designated. as a. titer of %'ﬁ”g}f’%}@@“?zw‘*Day of
Chal | enge. 1.0"*Day of Necropsy The results fromthe post-chall enge
clinical observations are presented below in Table S. This sunmary of
results includes observations for Abnormal Behavi or, Abnormal Respiration
Cough and Diarrhea. Table 9 includes the results fromthe Sunmary of G oup
101 WD 2007/ 076520PCDUS2006/ 062654 COverall Incidence of Cinical Synptons
and Tabl epdQz irghugdesinl @stleted ForroiR: henGtd\dd AATiyseof celraatifre Mabtzatdrt e Rat es
Post - chal | enge. The nobst Comron clinical synptomnoted in this study was
abnor mal  behavinGintiohbikse Reia@o 8 canediias ofthiith: tamBidlng Teohbinaalygyprellied s
receiving the 2 | ower doses of VORF2, pigs receiv 6 pg of rORF2 and pigs
recei vi ngp2veoses Rbiein K¥edtd6E ide: NatpbgledERS Gustatas ctfure. Profdraldy 43% Pi gs
receiving 8 pg of 1012E2 and the strict ve control group had no
abnor mal pghRaviies of Neil® 06 cbRgrik 88 adellt &fbSie TrUBY ndarvanat sfatadveanys. abnor mal
respiration.” Coughing was oted frequently in all groups (0 to 2,5A), as was
di arrhea eR:200, sailloRRafkiok REen sl MRIC Blor@Y AP ie MBesBAtRdnNEY @spalkiognoni ¢ for
PMAB. 10The overal | incidence of clinical synptons varied between groups,
G oups recghVisien a8 nfdfiert DG WORFZ Y 360hARNtTT Rp@508 PINEC EIRFNGrokfs, pg Of
rOR172, the group receiving 2 doses of KV vaccine and the challenge control
group had dhe.-bi gheste dupehse e RlecOVBr @il diadhis@WAREOAEGHISA 499 . The
strict negarive control group, the group receiving a pg of rORF2 and the
group rec %}e\’i h AR Qe Qfratelih, Dadovairalshd hREhERRER 2ake SorQbuadibAiogal
symptons of 150% 8.3% and 9.1% reSpectively. Overal |l nortality

rates between ;grQURRnViREACHrofsNe lita ndRGHARON RedR GELMhAY tdosd@se SRR KV
vacci ne had the highest nortality rate (16.7%; while groups that received

4 pg;®f VR o dfasRd ::RhshEM oRh: 8 Pg of rORF2 and the strict negative
cont %{bl group ug haél 05/\0 nor%"allity rates. 20 Table 8. Summary of G oup

Qoservations fQr.AQRoE Bl BeRAVIOR s APRRETRL, BESR@LEAR cofbfighn BAd
D arrhea G oup Treatnent
induces @ inmmune tesponse and, more preferably, confers proteciive tmmunity agamst the

clinical signs of PCV2 infection, is provided  The composition penerally comprises the

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

—
(¥

the anfigenic componeni of the composition,

PCVZ ORFZ DNA and protein, as used herein for the preparation of the compositions
and also as used within the processes provided herein is a highly conserved domain within
POV isolates and thereby, anv PCV2 ORF2 would be effective as the source of the PCV
ORF2 DNA andfor polypeptide as used herein, A preferred PCV2 ORF2 protein is (hat of
20 SEQ IDNO. 11 A preferred POV ORF2 polypeptide is provided herein-as SEQ 1D NO. 5,
but it is understood by those of skill in the art that this sequence could vary by as mach as 6-
10% in sequence homology and still retain the antigenic chavacteristics that render it usefud in
Immunogenic compositions, The antigenic characieristics of an immnwunolagical composition
canr be, for example, estimated by the challenge experiment as provided by Example 4,

25 Moreover, the antigenic characteristic of an modified antigen is stili retained, when the
A0



N Abnormal Abnormal Cough D arrhea Behavi or' Behav or2 WO
2007/ 076520PCT/ US2006/ 062654 vOpg (1 dose) 12 2112 (163% 0/ 12 (0% 3 s.

: ) .
R (16/\750/()2007/\6%?592 8 lag (1 dose) 1,2 4112 (33.3% 0}{’&%[}&2%(()}@/962654

modified sntigen confers at lesst 70%, preferably 8§09, more preferably 98% of the
protective immunily as compared to the PCVI ORF 2 protein, encoded by the polynuciectide
sequence of SEQ ID NOJ or SEQ IDNOMA An “imﬁmmvganic composition”™ as used herein,

meang 4 POV2 ORF2 protein which elicits an “immumological response”™ in the host of &

5 cellutar andfor antibody-mediated inymune response to POV2 ORF2 protein. Preferably, this
imrmogenic composition is capable of conferring prolective bmanity agsinst PCV2
infection and the clinical signs associated therewith, 1n some forms, immunogenic portions

pf PCV2 ORF2 protein are used as the antigenic component in the composition, The term
“immunogenic porfion™ 35 used hereln refers to funcated andior substituted forms, or

0 fragments of PUVZ ORF2 proteln andior polvnucleotide, respeciively. Preferably, such
sroncated andfor substituled forms, or fragments will comprise af least 6 contiguous amine

seids from the full-length ORFZ polvpeptide. More praferably, the troncated or substituied

forms, or fragmends will have at least 10, more prefergbly at feast 15, and stll move
preferably at Jeast 19 contigvous amino acids from the full-length ORF2 polvpeptide. Two

5 nraferred sequences in this respect are provided herein as SEQ ID NOs. T and 10. It i
further understood that such seguences may be a parl of larger fragments or truncated {orms.

A further preferred PCY2 ORFZ polypeptide provided herein is encoded by the nucleotides
sequencas of $EG 1D'NO: 3 or SEQ ID NO: 4. But if is understood by those of skill in the art

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

20 - antipenic characteristics thal render it useful in immunogenic composiiions, In some forms, a
trancated or substitated form, of fragment of ORF2 is used as the antigenic component in the
composttion, Preferably, such '[rzmcatedlor substitated forms, or fragments will comprise o

feast 18 contiguous nucleotides from the full-length ORF2 nuclentide sequence, eg. of SEQ

10 NG 3 or SEG YD NO: 4, More preferably, the runcated or substitided forms, or fagments

A%
(¥4

will have at least 30, more preferably at lesst 45, and still more preferably ai least 37
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1/12 (8.3% 1112 (8,3% VORF2 -4 pg (1 dose) 12 8112 0112 2/1.2 1.i12
(663% (0% 63% (8.3% 4 rORF2 - 16 pg (1 dose) n $/11 0/11 0/ 11 (0%

2111. . 39 9 20
W6 lididestd” (1829 PCT/US2006/062654

contiguous ngciﬂo&ideg the fulllength ORF2 nucleotide saquence, eg. of SEQ ID NO: 3 o
SEQIDNO: 4

“Sequence Identite™ as 1t is known i the ast refers fo a relationship between two of

more polypeptide sequences of two or more polynucteotide sequences, namely o velerence

5 sequence and a given ssquence to be compared with the reference sequence. Sequence

idenlity is determined by comparing the given sequence to the reference sequence after the

saquences have been optimally sligned fo produce the highest degree of sequence simiarity,

as defermined by the match between strngs of such sequences.  Upon such aligmment,

saquence identilv is ascertamed on a position-by-position basis, e.g. the sequences are

i “identical™ at a particular position if at that position, the nucleotides or amino acid residues

are identical. The total number of such position identitiss is then divided by the tolal number

of mucleotides or residuss in the reference sequence to give % sequence identity, Sequence

identity zan be readily caloulsled by known methods, including bt not limied to, those

deseribed in Computational Molecdar Biology, Lesk, A N., ed., Oxford Umiversity Press,

i3 New York (1988). Biocomputing Informatics and Cenome Projects, Smith, DLW, ed.

Academic Press, New York (1993); Computer Analysis of Sequence Date, Part 1. Gnffm,

AM, and Griffin, H. G., eds., Flumana Press, New Jersay (1994); Sequence Anglysis in

Molecular Biology, von Heinge, .. Academic Press (1987} Sequence Analysis Primer,

Gribskos, M. and Devercux, L, eds., M, Stackton Press, New York (1991); and Caritlo, H,,

20 and Lipman, 1., SIAM 1 Apphed Math, 48 1073 (1988), the teachings of which are

incorporaled herein by reference. Preferred mathods to detarmine the sequence identlly are

destoned to give the largest mmcﬁ beiween the sequences tested. Methods to detenmine

sequence identity are codified in publicly available compuier programs which determine

sequence identity between given sequences. Bxamples of such programs include, but are not

3
2t

fimited 1o, the GCG program package (Deversux, J. ot al, Nuclelc Acids Research,
4%
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1210387 (19847, BLASTP, BLASTN and FASTA {Alischul, S. F. ei al, J. Molee. Biol,
215:403-410 (1990). The BLASTX program is publicly available from NCBI and other
sources (BLAST Manual, Alischal, 8. o al,, NCVI NLM NIH Bethesda, MD 20894,

Altschul. 8. F. et al, J Molec. Biol, 215:403-410 (1990), the teachings of which are

e

incorporaied hersin by refarence). These programs optimally align sequences using default -
gap weights in order to produce the highest lovel of sequence identity belween the given and
reference sequences, - As an iHustration, by a polvnucieotide having a nucleotide sequence
having at teast, for example, 85%, preferably 90%, wven more preferably 5% “sequence
identity™ to a reference nucleotide sequence, # is intended that the nucleotide sequence of the
10 given polvnucieotide i idéntical to the refeyence saqaence' except thal the given
polynucieotide sequence may include up to 13, preferably up to 10, evan more praferably up
10 5 point mutations pet each 100 nucleatides of the reference nucleotide sequence. In other
words, in 3 polvnucleotide having a nucieciide sequence having at least 85%, preferably
9%, even more preferably 95% identity refative to the rofierence nucleotide sequence, up fo
i3 15%, preferably 10%, even more preferably 5% of the nucleotides in the reference sequence
may be deteted or substifuted with another nucleotide, or 3 number of nucleotides up 10 13%,
preferably 109, even more preferably 3% of the total nucleotides n the reference sequence
may be inserted into the reference sequence. These nuulations of the reference saquence may
oceur at the 5 or 3' terminal positions of the reference nucleotide sequence or anywhere
20 between those terminal positions, interspersed either individually among nucleotides in the
raference sequence of in one of more contiguous groups within the reference séquanca.
Anslogousty, by a polvpeptide having a ghven aming acid sequence having af least, for
example, 85%, preferably 90%, even more preferably 95% sequence identity to a reference
amine acid sequence, L is iﬁiendeé that (he given aming acld sequence of the polypephide is

25 identical to the reference sequence except thal the given polypeptide sequence may include
44
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up to 15, prefershly up to 10, even more preferably up o § amino scd alicrations per each
100 amine acids of the reference mmino soid sequenca. In other words, to obtain 8 given
polvpeptide sequence having at least 83%, prefersbly 9%, even more preferably 93%

sequence identity with a reference amino agid sequesice, up o 15%, prefarably up fo 10%,

Ln

gven more preferably up to 5% of the smino acid residues in the reference sequence may be
deleted or substited with another amine acid, or a number of smino scids wp to 15%,
preferably up to 10%, even more preferably up fo 5% of the total number of ansino acid
residoes in the refsrence sequence may be inserted hite the reforence sequence. These
alteraions of the referemce sequence may occur ai the amino or the carboxy terminal
10 positions of the reference amino acid seqnence or aywhbere benwsen those terminal
positions, interspersed either individually among residues in the reference sequence or in the
oz or more contiguous groups within the reference sequence. Prefarably, residue positions
which are not identical differ by congervative amino acid substitwtions.  However,

consarvative substifutions are not included as a maich when determining sequence identily.

Rt
W

“Sequence homology™, ss used herein, refers to a method of determiming the
relatedness of two sequences. To determine sequence homology, IWo oF Tore sequences are
optimatly sligned, and gaps are introduced if necessary, However, in contrast 10 “sequente
identity”™, conservative amino acid substitutions are counted as a maich whan determining
sequence homology. In other words, to obtain a polypeptide or polynucleotide having 95%
20 sequence homology with a reference sequence, 85%, preferably 90%, even more preferably
95% of the amine acid residuss or nucleotides in the reference sequence must match o
comprise a conservative substitotion with another antino acid or wucleotide, or a number of
amino acids or nucieotides up 1o 15%, preferably up 1o 10%, even more preferably up to 5%

of the iotal axvino scid residues or nucleotides, not inclading conservative substiintions, in

R
L

the reference sequence mmay be inserted inio fhe reference sequencs. Prelerably the
50
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more preferably 230, even more preferably 500 nuckeotides.

A “conservative substitution” refers to the substitution of an amino acid residue of
nucleotide with another amino acid residoe or nucleotide having sigrilar characteristics or
properties including size, hydrophobicity, ste., such that the overall functionality doss hot
change stgnificantly.

Isolated” means altered “by the hand of man™ from its nateral state, i.e., i it ocours m
nature, it has been changed or removed from il origingl environment, or both, For example,
& pobynncleotide or polypeptide naturally present in a living orgmaism is not “isolated.” but
the same polynuclectide or polypeptide separatad from the coexisting materials of iy natural
state ts “isolated”™, as the tenm is emploved heremn.

Thus, a further aspect of the present invention relates 1o an immunocgenic compasttion
effective for lessening the severity of clinical symptoms assoctated with PCVZ infection
comprising PCV2 ORFZ protein. Preferably, (he PCV2 ORF2 protein is anyone of those,
described above. Preferably, said PCVZ ORFZ protein is

i) s polypeptide comprising fhe sequence of SEQ ID NO: 5, SEQ ID NO: 6,

SEQIDNO: % SEQIDNO 10 or SEQIDNG: 1L

it} any polypeptide thal is at Jeast 803 homologous to the polypeptide of 1},
i) any tnrunogenic portion of the polypeptides of 1) and/or i3}
v} fhe trumunogenic portion of ), comprising at least 10 contiguous smine

acids included in the sequences of SEQ D NQ: 3, SEQ ID NO: 6, SEQ ID
NO: 9, SEQ ID NG 10 or SEQID NO2 11,
¥) a polypeptide that is encoded by & DNA comprising the sequence of SEQ

NG I or SEGIDNG: &

3l
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vi} any polypeptide that is encoded by a polynucleotide that js at least 80%
homologous to the polynucleotide of v),
vit)  @ny immunogemic portion of the polypeplides encoded by he

polvnucieotide of v) andfor vi}

La

vili} the innnunegenic portion of vii), wherein fhe polynucteotide coding for said
immumogenic porlion comprises gt least 30 contiguous nucisotides included
in the sequences of SEQ ID NG 3, or SEQ IDNOw 4
Proferably amy of those immunogenic portions will have the mmunogemic
chargeleristics of PCVZ ORF2 motein that is encoded by the sequence of SEQ ID NO: 3 or
10 SEQ D NO: 4.

According to a further aspect, PCVZ ORF2 protein is provided in the immunclogical
composition at an antigen inclusion level effective for Inducing the desired immune response,
namely reducing the incidence of or lessening the severity of clinical signs resulung from
POV2 infection. Preferably, the PCV2 ORF2 protem inclusion ieva} is at least 0.2 pg antigen

15 7l of the final immupogenic composition (ug/mi), more preferably from about 0.2 to about
400 e/, stilt more preferably from about 0.3 to abowl 200 ugfml, even more preferably
from about ©.35 lo abouat 100 pe/ml, still more preferably from sbout $.4 16 about 30 wgfml,
sitl move preferably from aboul .43 to about 30 pyimi, still more prefevably from about 0.6
1o aboul 15 pg /wl, even more preferably from abour 0.75 to sbout 8 pg/ml, even more

20 prefarably from about 1.0 1o about 6 ug/mi, siill move preferably from about 1.3 to about 3.0

g/t even more preferably from abowt 1.4 to sbout 25 ue/ml, even more preferably from

gbout 1.5 to about 2.0 ug/ml, and most preferably about 1.6 pp/ml.
According fo & further aspect, the ORF2 antigen inclusion level is at least 02 pg

POYV2 OR?E protein, as described a’b.mse, per dose of the fingl antigenic composition

25 (ngfdose), more preferably from abowt 0.2 to abowt 400 pg/dose, stll more preferably from
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Sunmmary Mdality Rates Post-challenge Goup T ad Post -
chal | engg‘kﬂ/l%‘ﬁég@%) Rate VORF2 - 6 idose) vORF2 -E’g%gfﬂ?%’“ég :Jgg) 12 1
8.3% 4dose) 12 0 0% rORF2 - 16 gg (I dose)

about 8.3 o sboat 200 pyidese, even more preferably from sbout 0.33 to about 100 pyfdose,
stilt more preferably from about 0.4 to about 30 pgidose, stifl more praferably from about
045 to shout 30 uefdose, sill mora preferably from aboul 0.6 fo about 15 ug/dose, even
more profembly From ghout §.75 to about § ugpidose, even more praferably i‘mm_ about 1.0 10

about 6 pg/dose, still more preferably from about 1.3 to sbowt 3.0 ugfdose, even more

s

preferably from about 1.4 lo abowt 2.5 pg/dose, even more preferably from about 1.5 10 about
2.0 pgdose, and most preferably sbout 1.6 ugidose.

The PCV2 ORF2 polypeptide used in an fmwnunogenic composition i accordance

with the present Inveption can ba derived in any fashion including isolation and purification

10 of PCY2 ORFEF2, standard protein synthesis, and recombinant methodology. Preferrad

methods for obtaining PCV2 ORF2 polypeptide are desciibed herein above and ave also

provided in U.S. Patem Applcation Serial No. 11034797, the teachings and content of

which are hersby incorporated by reference. Briefly, susceptible cells are infected with a

recombinant virzal vector confaining PCVY ORF2 DNA coding sequences, PCV2 ORF2

el
L¥

polypeptide is expressed by the recombinant vires, and the expressed PCVI ORFZ
pelypeptide is recovered from the supernate by filivation and inactivaied by any conventional
method, preferably using hinary ethylenimine, which is then neutralized fo siop the
inactivgtion process.

Thus, according o a further aspect the immmogenic composition comprises §) any of
20 the POV ORE2 protein described above, prefarably in concentrations described above, and
11} at Jeast a portion of the viral vector expressing sald PCVZ2 ORF2 protein, preferably of a
recombinant baculovirus. Moreover, according to a furtber aspect, the Immunogenic
composition comprises 1} any of the PCV2 ORF2Z protein described above, preferably in

concentrations desctibed above, ) at [east a portion of the viral vector expressing said PCV2

LA
Lrk



11 0 0% FCRFZ - 8dose) 12 O rORF2 - 4 pg cf dose) 1.1. 1 9,1%7 KY (2
doses) 1. 2 1.6.7% Challenge Controls 10 9 Strict Negative Controls 11

0 0% 2 nasal shedding results are '
 wossTh present eg,. Jable 11.
Fol | owi ng h%jlresr?g(}e an Day 24, 1 pig in Goup 7 beau, gﬁ@ﬁ%@%@%@@ on Day

of nasal shedding s noted from Day 35 to Dmy 45, Gloups reckiving any of
the three vORF2 vaccines and gr ou%s recgi Vi %g ei t Se(r)ugfso; cceiving any of
ORFEZ protein, preferably of a recorabinamnt baculovirus, and ) & portion of the cell culture
sppermnals,
According fo one specific ermbodiment of the prodaction and recovery progess for
POV2 ORFZ protein, the cell cufture supernate is filtered through 2 membrane laving & pore
5 8122, preferably between about 043 to 1 pm. Thus, a farther aspect relales o an
immunogenic composition that comprises 1} any of the PCV2 OR¥2 protein described above.
preferably in conceniralions described above, B at least a portion of the viral vector
expressing said PCV2 ORFZ protein, preferably of a recombinant baculovizus, and i} a
portion of the cell cajture; wherein sbout 90% of lhe components huve a size smaller than §
10 .

According to a Forther aspect, the present invention relates 1o an STAUROZENC
composition that comprises £} any of the PCY2 ORF2 protein describad above, praferably in
concentrations describad above, H) al least a portion of the viral vector oxpressing said PCVZ2
ORF2 profein, §if) a portion of the cell cubture, iv} and inactivating agent o inactivate the

15 recombinant viral vector preferably BEL wherein sbout 90% of the components i} to i) have
a size smaller than | pm. Preferably, BEY is present iy concentrations effective to ingctivate
the baculovinus. Effective concentrations are described above.

According o a Further aspect, the present invention relates o o Irmnogenic
composttion that comprises 1y any of the PCV2 ORF2 protein described above, preferably in

20 concentrations described above, 1} at least a portion of the viral vecior expressing said PCVZ
ORF2 prolein, ¥} a portion of the cell colture, iv) an inactivaling axent fo activate the
cocombinaat viral vector preferably RBEL and v) an neuiralization agent lo siop the

inactivation mediated by the inactivating sgenl, whersin about 90% of the components i} to

Lh
J



108 pg of TORF2 had the | owest incidence of nasal shedding of PCV2 (<9, 1%.
The chal | enge WO 2007/ 076520PCT/ US2006/ 062654 Tabl e 11. Sunmary of G oup

I nci dence_of Nasal Shedding of PCV2 Group Treatnment N No. O Ei s_that shed
for at | e492"YME*dhy I nci dence Rate '| VORF2 -16 tig (FPCHESE AP 8. 3%
VORF2 - 8 lig (I dose) vD'2 -4 tg (1 dose) 12 1 83% 4 rORF2 - 16 lig (I
dose) 1.1. 2 18.2% O0Odose)

i) have a size smajler than | pm Preferably, if the Inactivating ageat is BEL said
commposition compirises spdivm thiostifate in squivalent amounis to BEL
The polypeptide is incorporated imo & composition thal can be administered to an
animal suscepiible o POV infection, In preferred forms, the composition may afso inclade
3 additional components koown o those of skifl in the art (see also Remington's
Pharmaceulicsl Sciences. (1990). 18th ed. Mack Publ, Haston)  Addifionally, the
composition may include one or more veterinary-acoeptable carriers. As used herein, "a
velerinary-accepiable carrier” Includes any and alf solvents, dispersion media, coatings,
sdjovans, stabilizing agenis, diluents, preservalives, antibacterisl and anfifungal agenis,
10 isotonic apents, adsorption defaying agenis, and the Hle.

In & preferred embodiment, the immusogenic composition comprises POV ORF2
protein as provided herewifli, preferably in concentrations described gbove as an amtigenic
component, which is mixed with an adjuvant, preferably Carbopoi, and physiological saline.

Those of skilf in the art will understand that the corposition herein may Incorporate

13 known injectable, physiologically acceptable, sterile solutions. For preparing a ready-fo-use
sofution for parenteral infection or mfusion, aqueous isotonic solutions, such as .y saling or
corresponding plasma protein solutions are readily gvailable. In addition, ihe immunogenic
and vaccine compositions of the present invention can include diluents, isolonic agents,
stabilizers, or adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol, and

20 the like. Ikotonic agents can include sodium chloride, dextrose, mannitol, sorbilel, aud
factose, among ofbers, Stabilizers include albumin and alkali salts of sthylendiaministracetic
acid, amony ofhers. Suitable adjuvants, are those described above. Most preferred is the use
of Carbopol, in particular the use of Carbopol 971P, preferably in amounts as deseribed

above {e.g. of abowt 300 pg to aboul 5 my per dose, even more preferably in an amount of



12 1 8,3% 6 FOR F2 -4dose) 11 1 9,1% 7 KV (2 doses) 41. 7% 8 Chal | engt .
Controls 10 S 30% Strict Negative Controls 11 7 . 63,6% VvORF2 - isolated
viral ORF2: IORF2 -ecommara aou 0' nus cxpies virus = PCV2 virus grown in
sui t abl e ¥R Ure 5 The Sunmary of Group | nclGEREROUIO 6t er us,

G oup Incidence of Gastric U cers, Goup Mean Lung Lesion Scores, and G oup
"Incidence of Lung Lesions are Shown below in Table 12. Six pigs died at
the first test site during the post-vaccination phase of the study (G oup
4, N=1; Goup 6, NA.: Goup 8 N=2* Goup 9, N=2). Four out of six pies had
10 fibrinous lesions in one or nore body cavities, one pig (Goup 6) had
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phased of; %);e study had | esions consistent with RNA'S. 106 WO

2007/ 076%‘?' CT1 US20061062654 Pigs that died post-challenge and pigs
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mactivating agent, preferably sodium thiosul{ate iﬁ equivalent amounis to BEL and vij a
suitable adjuvant, preferably Carbopol 971, in amoants described above; wherein about 90%
10 of the compenents 1} to 1) have a size smafler than 1 . According to & further aspect, fhis
immunogenic composition further comprises a pharmaceutical aceeptable salt, preferably a
phosphate salf in physielogically as:cepmﬁies concentrations. Preferably, the pH of said

immunogenic composition ks adjusted 1o & physiological pH, meaning behween sbout £.5 and

1.3

P
iy

Thus. the present invention also relaes to an inymunogenic compasition COMPrises
per one o ) at least 1.6 ug of PCVZ QRF2 protein deseribed above, H) at loast & portion of
baculovirus expressing said PCV2 ORF2 protein iiH a porton of the cell cuﬁufe, v} ahout 2
10 8 mM BEL ¥) sodium thiosulfate 1 equivalent amounts to BETL, and vi) about 1 mg
Carbopol 971, and vil} phosphate salt in a physiologically scoeptable contentration; wherein
20 abous 90% of the corponents i) fo 1if} have & size smaller than § i oug the pH of swid
immunogenic composition is adjusted to sbout 6.5 10 7.5.

The inununogenic ocompositions can further mciude one or more other
immunomodulgtory agenis such s, & p., interleukins, interferons, or other eviokines. The
immunogenic compositions can also include Gentamicin und Merihiolate. While the amounts

25 and concentrations of adjuvants and additives uselnl in the context of the present invention
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10Tabl e 12. Summary G oup I ncidence. of lcterus. Goup incidence of Gastric
U cers, Goup Mean % Lung Lesion Scores, and G oup Incidence of Lung

Lesi ons Noted Group Treatnent Icterus Gastric U cets M % Lung Lesi ons
I nci dencewéfqu(?ﬁifz{esi ons Noted v02 - 16 pg (1 O/ 124055%85%96/69%”2 0.40 It:

0.50% 10/ 12 dose) (0% (83% 2 VORF2 - 8 tig (1 dose) 0/12 (0% 0112 741
it 20.2% 10/ 12

can resdily be determined by the skilled astisan, the presenl invention comfemplates
compositions comprising from abowt 30 pg to about 2000 pg of adjuvanl and preferably
about 250 ped mi dose of the vaccine composition. In another preferted embodiment, Hhe

present irvention contemiplates vacting compositions comprising from sbout Tue/mi tor about

L

60 pgrml of antibiotics, and more praferably less than abous 30 ug/ml of antibiotics.

Thus, the presest invention also relates to ap bmmunogenic composition that
comgprises 1) any of the PUV2 ORFZ proteins desciibed above, preferably in concentrations
described above, #i) at feast a portion of the viral vector expressing satd PCV2 QRF2 protein,
#if) a portion of the cell culture, iv) an inactivating agent to inactivale the recombinant viral
10 vector preferably BEL and ¥) an neutralization agent to stop the inactivation mediated by the

inactivating agent, preferably sodium thicsnifate in equivalent amounts fo BEL vi) a sultable

adjuvant, preferably Carbopol 971 in amounts described above; vH) a pharmaceutical

avceplable concentration of a satine buffer, preferably of a phosphate salt, and vili} an anti-

microbiotogical active agent; wherein about 90% of the components i) o §ii) have a size
15 gmatlor than 1 pm.

It has been surprisingly found, that the immmmogenic composition provided bevewith
comprises was highly steble over s period of 24 months. it bas also been found the
fmomnogenic  compositions provided herewith, comprising recombinant, baculovirus
exprassed PUV2 ORF2 prowin s provided herewilh are very elfeclive in reducing the

20 clinical symptoms associsted with POV jnfections. 1t has been surprisingly found, that the
iinmuriogenic compositions comprising the recombinant bactlovirus expressed PCVZ ORFZ
protein as provided herewith, are more effective than an imwmmogenie composgition
congprising the whole PCV2 vins i an inactivated form, or isolated wiral PCVZ ORE2
anfigen, fn particular, & has been swprisingly found, that the recombinant baculovirus

et expressed PCV2 ORF2 protein s effective is in very low concentrations, which means in
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concentrations up fo 0.25 pg/dose. This unexpected high imnunogenic potential of the PCVZ
ORFZ protein could be further increased by the addition of Carbopol.

A forther aspect relutes to o contpiner comprising at least one dose of the
iromumogenic composition of PCVZ ORF2 protein as provided herewith, whereln one dose
comprises al least 2 ug PCVI OREFZ protein, preferably 2 1o 16 up PCV2Z ORF2 protem.
Swid contsiner can comprise from 1 io 250 doses of the immumegenic composition,
preferably it comtains 1, 10, 28, 50, 100, 150, 200, or 230 dopses of the immunogenic
composition of PCVZ QRF2 protein. Preferably, each of the containers comprising rore than
one dose of the immumogenic composifion of PCVY ORF2 protein further comprises an anti-
microbiological active agens. Those agents are for example, antibiotics including Gentamicin
and Merthiolale and the like, Thas, one aspect of the present invention relates 1o a container
that comprises from 1 o 250 doses of the unmunogenic composition of PCV2 OREZ protein,
wherein one dose comprises at least 2 pg POV2Z ORF2 protein, and Gentanicint and/or
Mérlhi.o%am:_ preferably from sbout 1 pgimi to about 60 ag/nd of mafibioties, and more
preferably less than abowt 30 pe/mi.

A further aspect refates to a ki, campriéing any of the containers, described above,
and an instruction manual, including the information for the intrgmuscular gpplication of at
feast one dose of the immmunogenic compesition of POV ORF2 profein into pighels 1o lessen
the severity of clintcal symptoms associgted with POCV2 infection. Moreover, according to a
farther aspect said Instruction manual copprises the information of a second or further
adminisiration(s) of at least one dose of the mmunogenic composition of PCVZ QRFZ,
wherein the second admimstration or any further administration s st lesst 14 days bevond the
initial or any former administration, Preferably, seid ingtruction manual alzo includes the
informalion, to adminjster an lsmpone stimudant. Prefarably, sald immune stinulant shall be

given at least twice Prefergbly, af least 3, more prefepably at Teast 5, and even more
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preferably at least 7 days are between the first and the second or any further admimisiration of
the immune stimulant. Preferably, the immune stimulant is given af least 10 days, preferably
15, even more preferably 20, and stll even more preferably at loast 22 days beyond the ipsiat
administration of the immunogenic compostdon of PCV2 OR¥2 protein, A preferred inimung

stimulant is for example is kevhole impet hemoovanin (KL, preferably emulsified with

(¥

mcomplete Freund™s adjuvam (KLHACFA)Y. However, it is herewith understond, that any
other immmune stimulant known to & person skilled in the art can slso be used. “inumune
stimufant™ as used hereln, means any agent or composition that can trigger & general lmane
sesponse, preferably withows initialing or increasing o specific immune response, Tor exampie
10 the immune response against & specific pathogen. It is further ingtracted fo adminster the
imimme stiufant in a subiable dose. Morsover, ihe kit may also comprise a contaner,
inchuding at lesst one dose of the inwnune stimulant, preferably one doss of KLH, or
KLEACFA.
Maorsover, it has also been sorprisiogly found that the tmmunogenic potential of the
15 imnnmogenic compositions comprising recombinant baculovirus expressed PCVE ORFZ
protein, preferably in combination with Carbopol, can be further enhanced by the
adminisiration of the IngelVac PRRS MLV vaccine (zes Example 3). PCV2 clinical signs
and diseage manifestations are greaily magnified when PRRS infection 1 present. However,
the impunogenic composittons and vaccination strategies as provided berewith lessened this
20 effect greatly, and more than expected. In other words, an unexpecied synergistic effect was
oheerved when animals, preferably pigs, are weated with any of the PCVZ ORF2
fmramogenic composttions, as provided herewith, and the Ingelvac PRRS MLV vaceing
{Rochringer Ingelheim).
Thus, a further aspect of the present invention relates Lo the kit as des;aribed above,

23 comprising the immmogenic composiiion of PCV2 ORF2 as provided herewith and the
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reconbinant ci 'l IS preSSC whole cell virus PCV2 virus grown in suitable
cel | cul WHEME'"NREry of Group | BC Positive Incidence %ggﬁ%{;§6/%2@4sh0m in
Table 13. 5 Goup 1 (VORF2 - 16 itg) and Goup 5 (rORF2 - 8 had the of 'NC
positive results (16.7% . Goup 8 (Challenge Controls) and Goup 9 (Strict
Negative Controls) had the highest rate of EEC positive results, 90% and
90.9% respectively. Table D. Sunmary of G oup MC Positive |Incidence Rate

G oup Treatnment N No. OF pigs that had at | east one tissue positive for

PCV2 instruction meneal, wherein the Instnuction manual larther includes the information 1o

administer the PCV2 ORF2 immunogasic composiiion togather, or aronnd the same thme as,

with an hamunogenic composition that comprises PRRS antigen, preforably adjuvenied

PRRS antigen. Preferably, the PRRS antigen is IngelVac® PRRS MLV (Bochringer
5 Engethein).

A further aspect of the present invention slso relates to & kit comprising 1) a coutainer
comtaiiing af least one dose of an immunopenic composition of PCV2 ORF2 as provided
herewith, and #) a coutainer containing an hmrmunogenic compostion comprising PRRS
antigen, preforably adjuvamied PRRS antigen. Preferably the PRRS amigen is IngelYack

10 PRRS MLV (Bochringer Ingelheim). More prefersbly, fhe kit further comprises an
instrucion  manual, including the infopmation to administer both pharmaceutics]
compositions. Preferably, it contains the information that the PCV2 ORF2 containing
compozition is sdministered temporaly prior to the PRRS containing composition,

A further aspect, relgtes 10 the use of any of the compositions provided herewith as a

15 medicament, preferably &5 & veterinary medicament, even more prefernbly as a vaccine.
Moreover, the present invention also relates 10 the use of auy of the compositions described
herein, for the praparation of & medicament for lessening the severtty of ck’_nicai gymptoms
associated with POV2 infection. Preferably. the medicarnent is for the prevention of 2 POV2
infecfi{m,laven more preferably in piglats,

20 A further aspect relfates to a method for (i) the preveution of an tafeciion, or re-
infection with PCV2 or (i) the veduction or elimination of clinical sympioms caused by
PCV2 in a subject, comprising administering any of the imnamogeric compositions provided
herewith to a subject in need thereof. Preferably, the subject 1s a pig. Preferably, the

fmamouenic composition is administersd intramosculady. Preferably, one dose or tivo doses

1%
Lh

of he impustogenic compesition isfre administered, wherein one dose preferably comprises
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al least about 2 pg PCV2 ORFZ protein, even more preferably abowt 2 o aboat 16 py, and at
ieast abowd 0.} ip about 5 mg Carbopol, preferably sbout | myg Carbopol. A further aspect
relatas to the method of treatment as desaribed above, wherein o second application of the
immumogenic composition is adwinistered. Preferably, the second administration is done
with the same immunogenic composition, praferably having the same amount of PCVZ O’RFB-.
profein. Preferably the second administration is also given intrwnusculadly. Praferably, the
second admindstration is done at lesst 14 davs bevond the initial adnunistrstion, even more
praferably af least 4 weeks beyowd the initial ad ministration.

According o a further aspect, the method of treatmenl also comprises o

8(1 dose)

administeation of an imniune stimulant. Preferably, said imenune stimulant is administered at

feast twice, Preferably, at least 3. more preferably at least 3 days, sven more preferably af
feasi 7 davs are hetween the first and the second administation of the fmmune stinula,
Preferably, the immune stinulant is administerad at least 10 days, preferably 15, even more
preferably 20, siill more preferably af least 22 duys beyond the inital adminisiration of the
POVZ ORF2 numunousnic composition, A preferred immune stimulant is for example is
kevhole lmpst hemocyanin {(KLH), still preferably emulsified with incomplete Fraund’s
adjuvant (RLFWVICFA). However, it 1s herewith understood, that any other immune stirglant
knowh to 1 person skilled in the art can also be used. I is within the general knowledge of a
person skifled in the art to administer the immune stirmud antin a suitable dose.

According to a further aspect, the method of treatmenms described above also
comprises the administration of PRRS antigen. Preferably the PRRS antigen is ingelVacdh

PRRS MLV (Bochringer Ingetheim). Preferably, said PRRS sntigen 16 administered

temporally beyond the administration of the Imsnunogenic composition of PCY2 OREZ

protein,

6l
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In particular the immunclogical agenmt effsctive for radaéing the mcidence of or
Jossening the severity of POV2 infection is a PCV2 antigen. Preferably, said PCV2 antigen 18
a PCVZ ORF2 protein zs provided herswith, or any immunogenic composition s described
above, that comprises POVZ ORF2 ?rotein

However i is herewith wnderstood, that a POVZ aotigen also refers fo any
£ composition of matter fhaf comprises al least one antigen that can induce, stmmiate or
enhance the immune response against PCV2 infection, when admisislered fo a pig
Preforably, said POV antigen is the whole POV2 virus, prefinably in an inaclivgted form, a
Hfe modified or attenvated PCV2 virug, a chimerlc virus that comprises af least an

itmanogenic amine acid sequence of POVZ. any other pelypeptide or component that

Porgtel.
(v

comprises af least an immmmogenic amino acid sequence of POV, The terms "immunogenic
protein”, “immunogenic poly peplide” or “lmmumogsnic amino acld sequence”™ as used herein
refer to any wmine zoid sequencs which eficits an dmmune response in a host against &
pathozen comprising sald inununogenic protein, immunogenic potypeptide or immunogenic
smino acid sequence. An “immunogenic proein”, “immunogenic polypeptide” or
20 “Immunoegenic amine acid sequence™ as useé herein, includes the full-length seguence of sy
peoteing, analogs thereof, or immawogenic fragmenls thereoll By "immumogenic fagment” is
et a finement of a protein which includes one or more epitopes and thog elicits the
immunological response against the relevant pathogen. Such fragments can be identified
using any number of epitope mapping fechnigues, well known in the arl. See, eg., Epitope

28 Mapping Protocols in Methods in Molecwlar Biology, Vol 66 (Gleun E. Momis, Ed., 1996)
&l
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Fumana Press, Talowa, New Jersev. For example, limesr epitopes may be determined by 0.8.,
concumently septhesizing large pumbers of peptides on solid supporls, the peplides
corresponding to portions of the protein molecute, and reacting the peptides with antibodies

while the peptides are still attached 1o the supports. Such techniques are known i the art and

W

daseribed in, e.g. U.S. Patent No. 4,708,871; Geysen et al. (1984) Proc. Natl. Acad. Sel.
LISA R1:3998-4002; Geysen o sl (1986) Molec, Inwpunol. 23:709-715. Simitasty,
contormational epitopss ave veadity identified by determining spasial conformation of amino
acids such as by, ag., x-ray crvsiaflograpby and 2-dimensional muclenr magnefic resonance.
See, .g.. Fpitope Mapping Prolocols, supra. Synthetic antigens are also included within the
10 defimition, for exanmple, polvepitopes, flanking epitopes, and other recombinent of
syrthetically derived antigens. See, ey, LBe;gma:m et al. {19933 Bur. J. Imwnunol. 23:2777-
2781; Bergraann et al. (1996), I, fnunnnol, 137:3242-3249; Schrbier, A, {1997), fngramol,
and Cell Biol, 75:402-308; Gardner et al., {1998} 12th World AIDS Conference, Geneva,

Switzerland, June 28-July 3, 1998,

]
1%

According o further embodiment, said PCV-2 antigen is Inglovacd ClrooFLEX™,
{Bochringer Ingelheta Veimedica tne, $t Joseph, MO, USA), CireoVack® {Metal SAS,
Lyon, France), CircoVent (Eniervet Inc., Millsboro, DE, USA}, or Swvaxyn POV-2 One
Dose®t (Fort Dodge Animal Health, Kansas City, KA, USA).

An “imumotogics] or immune yesponse” to a composition or vaccine s the
20 development in the host of a cellular and/ or antibody-mediated immune response 10 the
composition or vaccine of interest. Usually, an "immune response” includes bul is not limited
1o one of more of the following sffects: the production or acivation of smibodies, B cells,
helper T cells, suppressor T cells, andfor evtotoxic T cells and/or yd T cells, direcled

specifically to an antigen or entigens included in the composition or vaccine of inlerest

i~
L

Preferably. the host will display either a therapautic or profective inmpunological response
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such thal resisiante o new infection will be enbanced and/or the clinical severity of the

disaase reduced. Such protection will be demonstrated by either a reduction or lack of the
symptoms associated with host infections as described above.

Preferably the other disease-causing organism in swine is selected from the group

3 consisting oft Actinobacillus plevropnewnonia (1); Adenovirus (2). Alphavirues sach as

Eastern equine encephalomyelitis viruses (3} Bordetetla bronchseptica (4); Erachyspi.ra.

spp. (%), prefershly B. hvodventheriae (6); ‘fi’s piosicoll (7}, Brugella suis, preferably biovars

1.2, and 3 {8); Clasicat swine fever virys (9): Clostridium spp. (38), preferably Cl difficile

(31}, CL perfringens types A, B, and C (312}, CL novyi (13), Clsepticun £34), CL totant {15),

j1¢ Coronavirus (16). preferably Porcine Respiratory Corona virns (17); Eperyvthrozoonosts suig

(18).  FErvsipelothrix sthsiopathiae {19} Bscherichia coli (20% Haemophilus parasuls,

proferably subtypes 1. 7 snd 14 21) Hemagolulinating encephalomyelitis virag (221

Japanese Encepbalitis Vires {23)%  Lasesonda intracelloaris{24) Leplospira spp. 25},

preferably  Leptospirs australis {26y, Leptospira canicela {27); Leptospiza grippotyphosa

15 ¢28); Leptospira icterohaemonthagicas (29% and  Leplospira interrogans (38} Leptospira

pomona (31), Leptospira tarassovi {32); Mycobacterium spp. (33} preferably M. avium {34},

M. iniracelilare (35) and Mbovis (36} Mycoplasma hyopreumoniae (M hyoy (37)

Pasteursile multocida (38); Porcine cytomegalovirus (39) Porcine Parvovirus (40) Porcine

Reproductive and Respiratory Svadrome (PRRE) Vires (413 Pseudorabiss virps (42)

0 Rotavirgs (33), Salmonelis spp. (44), preferably S thyhimurum (45) and S, choleraesuis

(46); Staph. hyicus (#7); Smaphviococous spp. (48) preferably Sweplocowcus spp. (43),

pioferably Sirap. suis (30); Swine herpes virus (51), Swine nfluenra Virus (82); Swine pox

virus (83); Swine pox virus (34 Vesicular stornafitis virms (58) Virus of vesicular

exanthema of swine (56); Leptospira Hardjo (87); and/or Mycoplasma hyvosvnovias (58}

b4
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Any reference made in connection with a swine pathogen in the following can be
matle by naming the pathpgen, for example Mbyo, or by making refersnce to the number in
{) behind the pathogen, that is found sbove, For example reference to M. hyo can be made by
MLEyo or by {37}, |

Thus, the present invention relates 1o & combination v accine for the freatment and fov
prophviasis of swive, thai includes an immmunological agent effective for reducing the
incidence of or lessening the severty of PCVZ infection, preferably a PCVZ antigen, and
further an immumological aclive mmﬁaonmzt effective for the treaiment andfor prophyisxis of
infections cawsad by any of the swine patbogens {1}, (2), (3, (4, (33, {6}, {7} (8). (8. (10},
(11, 12y, C33), 414D, (150, (36, (173, (383, (19, (20), 1), {22}, 23), {2:4), (25), 28), 273,
(28), (29, (303, (31}, (32), (33), (34), (35, (36), (37), (38), (39, (40, (41, {42), {43), {44),
{45, {46), (87), (48), (49%, (50}, (31}, (52), (53), (38}, (53, (56). (37) and/or (38}, or is mn
mmmunotogical active component of said swing pathogen{(s). lcombe 1}

An “inununological active componemt™ 28 used herein means a component that
induces or stimulates the immune response in an animsl 1o which said corponent is
administerad, According 1o 8 prefered embodiment, said imawme response is divected to said
component or 10 a microorganism cormprising said componant. According to a further
preferrsd embodiment, the immunological active component s an altenuated microorgamism,
mctuding modified Hye virus (MLV), a killed-microorganizm or af least an immunological
active part of a microorganism,

“frumunological active part of a microdrganism™ as used herein means & provein-,
sugar-, and or glvcoprotein containing fraction of a microorganisim thal comprises ol least one
antigen that induces or stimulates the tumraune vesponse in an animal to which said

componertt is administered. Acvording o a prefemred embadiment, said impmne response is

(1
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direcied to said immmonological aciive part of a microorganism Or 1o & MiCrOOrganism
comprising said immmoltogical active part.

Preferably the further mmunologicsl sctive component of feowmbo 1 s effective for
the treatment and/or prophylaxis of infections caused by the swine pathogen (41} or is an

5 immunological active component of the swine pathogen (415

According to mnother aspect, the Turther inmwnumologicel active component of
jcombe 1] i effective for the treatment andfor prophiylaxts of infeciions caused by the swine
pathogen {37} or is an immunological active component of the swine pathegen (37}

According to another aspect, the Turther impmmological active component of

Hy feombe 1} is effective for ihe treatment and/or prophylaxis of infections caused by the swine

pathogen (1) or is an inrounclogical active component of the switte pathogen (1), |

According fo another aspect, the further fmnwmological active component of
teombo 1] is effective for the weatment and/or prophylaxis of infections caused by the swine

pathogen (7) or is an immunologieal sctive component of the swine palhogen (7).

[
Lha

According 1o another aspect, the further imnunclogioal active componeni of
fcombo 1] is effective for the treatment and/or prophy laxis of infections caused by tha swine
pathogen {24) or is an immunological sctive component of the swine pathogen (241,

- According to another aspeet, the further immunological aclive component of
{eantho 1] is effoctive for the freatment and/or prophytaxis of infections caused by the swine
20 pathogen (38) or Is an immunological active component of the swine pathogen {38},

According to another aspect, lhe Furlher immunologicat .au:iiva component of
fcomba 1] is effective for the treatment andior prophylasis of infections causad by the swing

nalhogen (21) or is an immunological active component of he swine pathogen {21}
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According fo avother aspect, the further immumological active component of
feombe 1} s effective for the wreatment andfor prophylasis of infections caused by the swine
pathogen (40} or is an irsmunclogical astive component of the swine pathogen (40).

According to another aspect, the further immunological aclive component of

5 fcombo 1] is effective for the treatment gnd/or gropbylesis of infections caused by the swine
pathogen (2} or is an fmmunotogical active cormponent of the swine pathogen {2,

According 1o another aspect, the furlher imvmanological active component of
{combe 1] is affective for the treatment andior prophylaxis of infections caused by the swine
palhogen (44} or is ap immaonological active component of the swine ;}athegen {44),

) According fo another aspect, the furiher immmumolopical active component of
feombeo 1] is effective for he irsatment andfor prophylaxis of nfections caused by the swine
pathogen {50) or is an inununological active component of the swins pathogen (30).

According fo mnother aspect, the futher imwmumological active compouent of
feombo 1] is effective for ihe freatment andfor prophylaxis of infections eaused by the swine

i3 pathogen (193, preferably (20 and,m {21} or is an inununological active componant of the
swine pathogen (19), preferably (20) and/or (21}

According to mwther aspect, the [urther inmwmunological active component of
§cr;m-5§:; 1] is effective for the freatment andéor prophylaxis of infections caused by the swine
pathogen (22) or is an immunological active component of the swine pathogen (22).

24 According to another aspect, the further immamological active component of
feombo 1} is effective for (e treatment and/or prophylaxis of infections caused by fhe swine
pathogens {(41) and (37), or is an immumological active component of the swine pashogens
ED and 37

According lo aunother aspect, the further inmnunological active component of

fovsd
i

feombe 1] is effoctive for the freatment andior prophylaxis of infeclions caused by the swine
67
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pathogens {1} and {41}, or is an mmanological active component of the swine patbogens (1)
and (41D
According to another aspect, the further immanological active component of
Tcamtho 1] is effective for the eatment and/or prophviasis of infections caused by the swine
3 pathogens (1} and (37}, oris an immanological active component of the swine pathogens (1)
and {371
Actording to another nspect, the further immunological active component of
feontho 1] is effective for the treatment andior prophylasis of infections caused by the swine

pathogens, (1} (41} wod 37). or is an immunological active component of the swine

10 pathogens), (1}, (31 and {37). 1n a preferred form, this combination is adjuvented with
Carbopol.

According to another aspect, the lurther imanmological  active component of
jcambe 1} is effective for the treatment and/or prophylaxis of infections caused by the swine
pathogens (1) and (21), or is an immunclogical active component of the swine pathogens {1}

i5 and (Z1).

According to another aspect, the fwrther irsmunological active compouent of
feombe 1] 18 affeclive for the ireatment andior prophylaxis of infechions caused by the swine
pathogens (21 and {41}, or 18 an imymunological aotive component of the swine pathogens
{21) and (41D

20 According to mnother agpect, the furher immunological active component of
feomba 1] s affective for lhe traatment andior prophylaxis of infections caused by the swing
pathogens (21) and (37), or is an immunological active component of the swine pathogens
(21) and (37}

According fo pnother aspect, ihe Furlher fmmunological active componest of

=

La

[eontha 1 is effective for the treatment and/or prophylasis of infections cansed by the swing
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pathogens (21) and (38), or is an immunelogical sctive component of the swine pathogens

{21} 2ad (38).

According to another aspect, the farlher immunological active component of
fcomtho 1] is effective for the treaiment andéor prophylaxis of infections caused by the swine
pathogens (7) and {19}, or is an immonological acﬁi ve camponent of the swine pathogens {7}
and {19}

According to another aspect, the further immunological active component of
feombeo 1] is effective for the treatment andfor prophyvlaxis of infections caused by the swine
pathogens (38) and {33}, preferably (34), (35) andior (36), of is gn immunological active
component of the swine pathogens {38) and (33) preferably { 343, (35 sndfor (36).

According to another aspect, the fwther imnwrological active component of
Jeombo 1} is effective for the weatment andfor prophylesis of infactions caused by tha swine
pathogens (49}, preferably (50}, and (21), or i an immunological active component of he
swine pathogens (39) preferably (500, and {21}

According lo aoother aspect, the further jmnmnological active component of
fcambe 1] is effective for the treatment andor prophylaxis of infections caused by the gwine
pathogens {49} preferably {30}, £20) and {21}, ov i3 an impamological active component of
the swine pathogens {49) preferably (30), (20} and {21).

According lo another aspect, the further immunological active component of
icombe 1} is effective for the treatment andier prophylaxis of infections caused by {he swine
pathogens {49) praferably (50}, (20) and (21}, or is an mmumological aciive component of
the swine pathogens (4%} preferably (50), {20) and (21),

According 1o another aspect, the further imemmological active component of

feombo 1 is effeclive for the freatment andfar prophylaxis of infections caused hy the swine
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rORF2 ,, 4 pg 9.1%9.1%2.95 tlz 36.4% (1 dose 5. 12%
, : : . WO
20071076520PCT/ US2006/ 062654 7 12 KV 16. 7% 41. 70/3 7,27 i .(? 41: 7% (2

doses) 9% 0 Chall enge 10%
6200 078524 g€ 0 PCT/US2006/062654

palhogens (49}, preferably (50, (20), (387 and {21}, or is ap immunological achive componant
of the swine pathogens (49), preferably {30), (20}, {38y and (21},

Agcording to another aspect, the fwlber immanological aclive component of

feombe 1] is effective for the treatment andior prophviasis of infections cavsed by the swing
3 pathogens (49) preferably {30), (20}, (33) and (21), oris an mununological active component
of the swine pathopens (49) preferably (50), (20} (33) and {21}

According to another aspect, the further iomunolouical active component of
Teombe 1] is effective for the treatment andfor prophylasis of infections caused by the swine
pathozens (49}, preferably {50), (203, (3%) (33) and (21), or is an umunologicat active

1 component of the swine pathogens (49}, proferably (50), (20), {383, (33) and {21},

According to ‘zmoéher aspect, the further immupological active compohent of
teombo 1] is effective for the treatment andfor prophylesis of infections caused by the swine
pathogens (413, (40}, and (19), or is an immuniological acive component of the swine
pathogens (21}, (40}, and {19).

139 According 1o another agpect, the further imnmmolegical active component of
feombe 1] is effective for the weatment and/or prophylasis of infections caused by the FWING
pathogens (38), (&), and (19}, or is an immenclogical active component of the swina
pathogens (38), (4}, and (19}

According lo another aspect, the further jmummological active componeni of

20 Frombe 1] s effective for the treatment and/or prophyiaxis of infections caused by the swine
pathogens {38), (3, (21} and {19}, or s an immupological active componant of the swing
pathogens (38), (4), {21} and (19).

According 1o another aspact, the furlher imnunological active component of [combo
¥ is effective for the treatment andfor prophylaxis of infections caused by the gwine

23 pathogens (20), preferably, (200, £31) and (38), or is an immunological active component of
70



80% 9.887i- 90.0% Controls 29.2% 9 11 Strict Negative, 0% 63,6% 0/ 11
90.9% Controls (0% VvORFisolated viral OR F2; rOR 12 - reconbi nant
bacul ovi rus expressed, ORF2; KV or kiliec ts PC5/2 vi ry rown in_suitable
cell cul t‘ﬁaéﬁ{ dOYt s of study indicate that all further éyg}(‘i%ﬂ"ﬁ“@&“us on a
rORF2 vaccine. Overall, nasal shedding of PCV2 was detected post-chall enge
and vaccination wwth a PCV2 vaccine resulted in a reduction of sheddi ng.

| nmunohi st ochem stry of selected |ynphoid tissues also served as a good
paranmeter for vaccine eticacy, whereas large differences in A DWQ clinical
synptons, and gross | esions were not detected between groups. This study
was conphi cated Dby 1he 36 ddat extraneous PCV2 was introduced at sone
poi nt duéthf‘?f@m?ﬁ‘;ei&g”t%%g?ig%‘t}’é%}denced by nasal sheddi ng of PCv2, PCV2

Ser oconver si 0&%&%&8%&1@{ %sépygnﬁxég%&%siﬂuﬁm@a@iéﬁ Biivd R@pSkdnt sticnapat i ve
v

control gr ouﬁ. SECussi on 2 vaccines were evaluated iii his study,

uhi oh 1 ng) Uoed L e G LLELEN! A0-I9RGuevelos iatuyERERLantY dencdar ni ot er co

once on erent dose el s of rORF2 antigen adm ni stered

once on 3l %%%%9 %%aﬁﬁ?ﬁﬁé@%“? a%iirhilnﬁr?okﬁw&i&?v@ 8dhpoREYf Hageimae

admi ni st & era G oup 5. which received 1 dose

of vacci ne, cont ai ni S pg of rORF2 antigen, had the best results. Goup 5
had % he H?"B‘P%gst{%i\%&ﬁ e |l owest incidence of abnormal behavior. the | owest

| nci dence of ﬁ?c%%;@a a;]ig’thezt‘ aspect, the futther immunological active component of feombo
1} is effective for the treatment aﬁﬂ.=‘or prophylaxis of infections caused by the swine
pathogens (1), preferably, (1), and {5}, o is an immasological active component of the swine
palhogens {13, and {3).

HE Acoording fo another aspect, the further immunological aetive component of {combo
1] is effective for the treatment and/or prophy laxis of infections cagsed by the swine
pathogens (41}, praferably, (40) 27), {28), (29), {31), (19 and (593, or is an Imnumological

active component of the swine pathogens (41 Y, €403, (27, (28), (293, (31, (1 and (37,
According to another aspect, the further Immunological active component of [combo

1) is effeciive for ihe treatmeni andfor prophylaxis of imfections caused by the swine

el
¥

pathogens (6), preferably, (63, {19}, (38) and (58) or is an mmunological active component
of {he swine pathogens (1), and {5},
According 1o farther aspect, the further imimunological active component of

the combination vaceine is selevted from the group consisting Enterisol® Heitis, Enterizol®
20 tleitis FF, Prterisol® 5C-54, Enterizol® §C-34 FF, Enterisol®® ERY-ALL, }fngeilvacff_\t‘} APP

ALC, Ingelvac® AR4, Ingebvac® HP-1, Ingelvac® HPE-], Ingelvac® M. hye, Ingelvack:

PRRS MLV, Ipdlvac® PRRS ATP, Ingelvac® PRV (31, Reprooye® PRRS PLE,

Reprocyo® PLE, Tetpuard ™, Toxivach AD+E, Toxivac®: Plus Parsius, (all of Bochringer

Ingelheim, St. Joseph, MQ, USAY Circovent, Porcilis Coli, Poroilis ERY + PARVQ,
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WD 20071076520PCT/ US2006/ 062654 respiration, the second | owest incidence of
cough, the | owest incidence of overall clinical synptons, the |owest
nortalit ate, the | owest rateshedding of PCl12, the st rate
for neanxﬁ/o{)IZQPﬂié{?qsé%i ons and the | owest incidence rate Eﬁ?ffgg%?]i’ 6:%@’3 DK
tissues. interestingly, Goup 4, which received a higher dose of
rORF2 antigen than Goup 5, did not performas well or better than G oup 5.
Goup 4 had a slightly | ower ADWG higher incidence of abnornal behavior, a
hi gher incidence of overall, clinical synptons: a higher rate of nasal
sheddi ng of PCV2, a highet nean %Il ung |esions, and a higher rate for
POSTLT v | il b SHES L ARLLIOHRsPar ol Ahrish PO BRAPUSTiS AP0ttty have

i ndi cat ed ¥ hat - the di fferences between these two groups were not

stati sti. |V Si-@Ri&i: i MRS M8 60P0UA1 BowQB QL besieis HRRA Huwtlid her ean
obser vedﬁﬁJPre%g ‘%’%glt&@g%ﬂ&ph% did not performas well as G oup 5.

Post - vacgi natd an, .6 pi.as.digd atpd 08, fiifShe, Foudy SidoSia DML, Hortilee si x pigs
were G CCE:"O?OI‘@({%’U%Q%?L%}%C re(‘:’e){ﬁ\z/%edi no vacci ne. None of the six pigs

denonstrat ed. | esi ons sk St 1ot BB RO RAMEE $21E WBRD Silveead r eport ed
and over ‘Fﬁ“i"“aéfﬁm 3e§%r%&\g§'%2‘§§gtsm‘;ﬂgﬁggr ed 10 be safe when adninistered to

F Ih g SSS ?58% 8{%&”8:@%% §éé%;\e#{ﬁéﬁ% %\-‘e@gﬁw}c@kf LN45BRiLRROSYA0HI0 Bl barphase of

either of three 'dose | evels of vORF2 vacci ne or

killed whol |1 vaccine had thechi@hest . 5aT dexeksoe Wid B@®ip 5 had
L o0 M0 SRR Rt emly AT et i B © e

prior to cha_ enge, of the vaccine groups.
Al t hough _not, faor ﬁ%lr‘{iﬁg}; %gﬂiﬁhr{ek%ﬁ%g%in@@t phMtemef nt ¥ apsmisgsidn of PCV2

to youngi’%‘\‘fh%ﬁ’s I weaning’is beliteved'to be by oronasal direct

contact and. an 20 efficacious vaccine that &educes.nasal sheddag of PCV2
in a prod&Eti Sﬁ’%é‘f"‘ﬁ&ng‘ %‘ﬁ%ﬁ ﬁ%%%%o%ﬁ%“gﬁh%hg‘ggff‘g’é&a of i nf gﬁj&i&{on, G oups

receiving one of three vVORE2 antigen.lewxeks and the. droup eeesiwviing 8 pg of
TORF2 ha#othe TOREEL %’l‘éﬂ‘“ﬁ@hc@’r 'gggso %{‘nq‘ﬁg’ksgl” S edd?ﬁg of Pén“(8. 39 .

Expectedly, the challenge, cantral g« \ad he highesinedengerate o.f
nasaf shé’éﬂﬁ?ﬁﬁmf%% :’Rcﬁ‘gd? %’SE‘Q’E"’I‘I&Si%ﬁ%ﬁﬁﬁgg%’%ﬁ]\?ﬁ?ﬁ&%’ N%(ICP% géécondar y to PCV2

i nfection ty%;?gg: %yﬁ%%ﬁ égf\%%%ﬁvg%%?g}?&gpg& 14320, '.6/70@g§?3$ug§ner alized

| ynphade a muitiple of the ol l owi ng: (1)

interstitial pneunonia with interlobul ar edenm, (2) .cutangaus palbor or ter
is, (3) AmEEgEht$ o csTf‘if"%'ergé‘,g“g ﬁ)’mﬁ‘ ‘st“i}\?‘c r{‘?ﬁi?beg‘%s 3%%@@?‘@%@%% i'tis. At

necropsy, ieterus, hepatitis, nephritis. and gastric. Ul Gersqmere pot noted
in ang// lgrPé?{.‘ 'i?fgvml iGHE TR nfivaeeh z«sﬁ%ﬂj&}; té"_’{ﬁ%t ?;%;égﬁs(itf %Elcﬁivp é?(’ZSr%lﬁﬁe%{"for. l'EI;hte_
mean % | ung | esion scores varied between groups. e .gr oyp,r e ving ig
of VORF2 et higessniiall. Cadsabvisdiovie \Qﬁ%“;ﬂﬁ) E’?fﬁﬁ" MRS ‘Sg’%:bg? 'é&%%}:“f(ﬂ ir
0.50%, followed group that received 8 Lig of {ORE2 (0,68 .1,15%. As
expect ed, Intdrect dhal Vidhsheroe BRt Fob): ﬁF’ﬂP%S‘*%’&“*W89%§?8%§§ Onﬁ‘ﬁmagp‘&ﬂbﬂ%‘g | esi on

score (2.88 29,2%, In all four groups, the mean %l | esi SGQr es were
el evat ed rlugetss, Yrnelpiddion SSaterupe!-t @gégig%dﬁgi‘f‘ﬁﬁtﬂ{ﬁ’gé) ‘\6’2#”3(9%}5’3% 10 | ung
| esi on scores. Most of the |ung |esions were grl aS ., I € ILpl e and
consol i daw&d® PLES ER 'By\;ci&mLﬁ?gﬁrg%‘égif’éwﬂa%"s‘fétﬁ%ﬁggg vﬁ‘f %W&“@%&ﬁégmi bed as
tan and non-collapsible with interl obul ar, edema. The 0., &SI Qs noted in
this studjuwesees| thepwse® abs FORROSYRE h P&P ﬁ‘*nfég%{%‘%ﬁé&sa%gggond

puirnonaly infectious agent may have been present. \Wthino,ths,c ext of
this studFARROWALIRG PRE FHRSESYERpr BRI yﬁefés\iﬁ%wwr eﬁf{rékéfﬂg“t ?‘3& measur e
of the 15ampunt of lung infection due to .PCV2. ~ Qher researchers
haveygdenopstSaR Bt/ ER BN SEIUS BETSIRETGR BaliBen®t He P 8hES 6TV Pov2
antigen. by |IBC and hi stopat hol ogy. Hi stopat hol o on select .tissyes was
not condu;g;ggumgtwnagm‘ssuaﬁﬁdyTUQfdaﬁtﬁfw&ﬁlﬁﬁ@?ﬁ&%@}mafﬁ@ &¥up BYB ttg of
rORF2) had the |owest incidence rate of pies positive for PCV2 antigen
(8.3%, whileu@roumsPistihe SNEIER 28AtefhtRy FLEBARISIRFSBIHRE 99 and

G oup 8 (the challenge control group - 90.0% had the hiﬂhesft i nci dence
rates for gpiigSppositdNSURRrT POVR, antiyiir Dueste e AR GIbEOITYE nature
of this test, 'RCresults are probably one of the best parameters to judge
vacci ne ebfiGagyremrcuarn® FhasLITrERGEARIBDEET Plofrothiwd preBrsmofny Bht i on,

t he M ni num Ponective Dosage (MPD) of a MIIi dose reconbi nant product with
extracted PCV2 ORF2 (rORF2) antigen in the 25CDCD pig nodel in the face of
a POV2 chall enge was determ ned. O therthree groups that WO

2007/ 076520PCT/ US2006/ 062654 recei ved varying |l evels of rORF2 anti gen,
Goup 5 (8 tig of rORF2 antigen) clearly had highest |evel of protection.
Goup 5 either had the best results or was tied for the nost favorable
results with regard to all of the paraneters exam ned, Wen Goup 5 was
conpared with the other six vaccine groups post-challenge, Goup 5 had the

P — a ~ NN



25(16. 7%, the second hi ghest incidence of nasal shedding (41, 7%, highest
mean %l ung WO 2007/ 076520PCT/ US2006/ 062654 | esions (9.88 tE- 29.2% a

hi gh incidence of lung |lesions noted (7:and a noderate e izn(}%i dence rate in
tssues(4ﬁ9%‘}7mﬁt§&e it was still effective. at invoki R H" Hiatre

response. In still anmheraspect of the present invention, nasal sheddi ng of
PCV2 was assessed 5 as an efficacy paraneter and the previ ous PCV2

ef fi cacy paranmeters from previ ous studies were reconfirmed. Results from
this study indicate that nasal. shedding of PCV2 occurs following intra
nasal chall enge and that PCV2 vacci nes reduce nasal sheddi ng of P012

post - Cha]éilaﬁ’e{il&%w GhEt BRARLR tesuldiSiahhemddts ssiiusymandotoe eltasone . . t he
l[iterature 1ndicate that .1 FI C should continue to be evaluated in future

PCV2 vacg) ne; Lid 35, Wlel reshQSRNE RaglEd PIAFIS GRSk QronedvEsiBag from his
st udy argd}fﬁ)% ﬁ&kiirkr%ﬁg%g\r%ﬁeat ﬁ%’ is one of the hallmarks of PMAS. Anot her one

of the nalluerls. ol AMGLS (umoLshAeR sikfuandamulei AlEdigiant

hi stiocytes.” fonalTy, no adverse events or injection site reactions

were noted for.any of -t he.d, PEMZ ¥aCEIRes. Bndbrakk.L rRGY? praceikneR- appear ed
to be sa%éa“&ﬁ%%“%aéﬁf}ir{lj{ct‘sr ‘grfggﬁt%z)@lﬁdun i gs. "EXAMPLE 5 Thi s exanpl e tests

par aret er B GHF IO BN AT ToRGE SP0as ol Pon e bastr® o vi ol ent
depr | ved RECHCDI®- 8. 2589 B BBy ol P Aeht ey
Desi gn f OvIEHTPARRBT & RbPa A 37 SEUEY B T Gl N O P gs
Treatmen Day of Treat et KL V1CEA 90 R 22 SRR ZaGUA A W L1
 Suvaxys RespiFend® APP, Suvaxyn RespiFend® HPh, Suvexyn RespiFend® ME/HPS,
10 Suvaoyn RespiFend® MH, Suvaxyn® AR/T/E, Suvaend BC-4, Suvaynd B, Suvaxynd-E,
Suvaxyn® B-oral, Sevaxyni PLE, Suvaxyn® PLEPIY gpi-, Suvaxyn® LEHB, Sevaym®
PLE + B, Suvaxyn® PLE+B/PIV gpl-, Suvaxyn® STV, Suvagyn® STV/Mb-one, Suvarynd
P, Ravaxya® Prv gpl- Suvaxye® PCV-Z One Shot {all of Fort Dodge Animal Health,
Overland Park., K8, USA (Wyeth) SCOURMUNE®, SCOURMUNE®-C,
15 SCOURMUNE@-CR,  AR-PACR-PDHER, AR-PARAPACHER, M+t Rhusigen®,
MAPACHER MaxiVae Bxcell3, MaiVac® HINI, MaxdiVac® HINZ, ModVach-FLU,
MaxiVac@-M+, MaxiVao Excell®, MasiVac Excell 3, PARAPACE, PNEL PACR, PNEYU
PACH-ER, PNEU PACHR+ER, PRY/Marker Gold®, PRV/Marker Gold®, PRV Marker
Galdi-MaxiVac® FLU, Rhusigen™ Gletvax 6, Covexin 8, M + PAC, Gletvsx plus, M-
20 Parapac™S$ PACR (all of Schering-FPlough Anima! Heakth Corporation, Kentlwerth,
NE, E84). AMERVAU-PRRS, AUSKIPRA-BK, AUSKIPRA-GN, COLISUIN-CL,
COLISUINSTE, EBRYSIPRAVAC, GRIPORK, HIPRASUIS-GLASSER, MYPRAVAL
SUIS.  NEUMOSUIN, PARVOSUIN, PARVOSUIN-MR, PARVOSUIN-MR/AD,

RINIPRAVAC-DT, SUIPRAVAC-PRRS, SUIPRAVAC-RC, TOXIPRA PLUS {all of
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PRRSV MLV on Day 46 !, Necropsyl on Day 1 50 1 In to"l

roRF2 -

14 + 4- + 3 15 PCV2 Vaccine 3 16 pg rORIT2 -

LA

£0

20

Car bopol
WO 20077076520 P PCT/IS2006/062654

Labovatorios ﬁi;:t‘a S.A., Amer, Givons, Spain); Clostdeol, Colipore Plus, Haeppavac,
Per-()-Pore, Porciparvac, RESPIPORC ART + EP, RESPIPORC FLU, Respipore ML HYG 1
SHOT, Rhasiovas, Roflauf-Lebendimpfsioff, Satmopore, Suisalorsl, AK-vac MR35 (afl of
T Impfstoffwerk DessaTormau, Tornay, Germany): Mypravac Suis, (Albrecht GmbH,
Germany); Haemo Shield® P, Paraplenro Shield® P, Parapleurc Shield® P+BE, Rhinicell®
FD, Rhini Shigld™ TR, Prefarrow Shieldit 9, Prefarrow Strap Shieldd®, Clesiratox® BCh,
Clostratox® €, Clostrmoxd® Ultra € 1300, Porcine Eoolizer® 3 + €, Porcine Pili Shield
™eC, Porcine Pili Shisld *Porcine Bcolizer® 3, Ery Seratm™Bry Shigld™Ery Vao Oral, Bry
Shield™ +L3, PanSTAR™ Erv, Ervceli™Parvo Shield® £, Parve Shield® L3E, Parvo
Yhield® L5, Parvo Shishl®, Para Shield®, PoeumeSTAR SIV, PrewmoSTAR™ Myoo,
Leplo Shield™ 5, Myco Shicld™Satmo Shield® 2, Salmo Shield® Live, Amitox Tet™(C,
pPerfingens Type A Toxold (all of Nevartis Aninal Bealth, Bagel, Swim&ri#nd }: Nitre-Sal
{Adare); or avy antigen which in indd uded in the compositions described above, Alternatively,
whan PCV2 antigen is already present in any of those vaocines, (i) PCVY antigen, a8
deseribed herein, is added to any of those compostiong/antigans, or () the PCV2 antigen
present in any of those vaccines is replaced by the PCVY antigen, as described herein,
According to further aspect, the further immunological active component of the
combination vaceine is selecied from the group consisting Fnterizol® Beltis, Enterisol®
teitis FF, Enterisol® $C-54, Enterisolf SC-54 FE, Fnterisol® ERY-ALC, Ingetvack APP
ALC, Ingeivac® AR4, Ingelvac® HP-1, ngelvach HPE-1, Ingelvac® M. byo, Ingelvaciy
PRRS MLV, Ingelvac® PRRS ATP, Ingelvack PRV, Reprocye® PRRS FPLE,
Raprocved® PLE. Tetguard ™, Toxivac® ADHE, Toxivack Plus Parsius, {all of Bochringer
ugetheim, St Josepl, MO, USA) Circovent, Porcilis Toli, Porcilis BRY + PARVOQ,

Porcilis Ery, Porcilis Glasser, Porcilis Parvo, Porcilis Porcoli DF, Porcilis APP, Porciliy AR~
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&



0 & 14 + 4 15 PCV2 Vaccine 2 16 pg VORF2 - Carbopol O + + 15 PVC2

Vaccine 3 4 pg rORF2 - Carhop& 0 & 14 + 4. + + 6 15 PVC2 Vaccine 3 1 P..g

(ORO, - Carbopol 0 & 14

WO 2007/076520 PCT/US2006/062634

T, Porcitis AR-T DF, Porcilis Porcoli, Porcilis Porcolt Dituvac forte, Porcilis PRRS, Porcilis
Porcol 5. Porcilis Aujeszky, Porcilis Begonia Diluvae, Porcilis Bagonia LD.A L. Porcilis
Begonia Unisole, Porcilis M. lvo, Porcilis Auinord, Myco Silenceris BPM, Myco Stlencer®
BPME, Myco Siieﬁcer&ék ME, Myco Silencer® M, Myco Silencer® Once, Myco Silencer®
3 MEH. Rhinogendd BPE, Riinogen® CTE 5000, Riunogen® CTSE, Seore, Sow Bac® E 1L,
Sow Rac® CE II Sow Bac® TREC, ProSysten® CE, ProSvsiem® RCE, ProSysiem®
TREC. ProSystem® Pillmune, ProSystem® Rotaomme® with Imugan® I, ProSystem®
Rots, ProSystems®d Rotammne KV, ProSystem® TCG-Bmunel® Rots with Inmugan® 1§,
ProSvstemii® TGERota, ProSysiem® TG-Erowne® with Imogendd, ProSvstem® TGE,
10 MaGESTIC 7. MaGESTIC % MaGESTIC™ with Spurk, MaGRSTioR 7 with Spurd,
MaGESTicR 8 with Spw®, BEnd-FLUsnce® with Bongen® i, End-FLUence® 2
PRRomiSED, PRV-Begonia with Diueac Forte®, Argus® SCAT, Strep Bac, Strep Back
with Imugendt H, Colisorh, Heptavac, Lambivac, Porcovac plus, Hrvsorh Parve all of

Fatervel Inc., Millsboro, DE, USA), Fyoresp, Chrcovac, Neocolipor, Parvoruvae, Parvosuin,

i
L

Progressis, Viraflu, Akipor 6.3, Jespur gl-, Jesflu gl- fall of Merial LTD, Dulutls, GA); ER
BACT BLUS, ER BACR, ER BAC® PLUS/LEPTOFERM-5™ ER BACR Leptofern-5&,
Famrowsure®, Farrowsure®® B, FARROW SUREY pLUS B, FARROWSURE® PLUS,
FARROWSURE® PRV, FARROWSURE B-PRV, FLUSURE™, FLUSURE™ RTU,
FLUSUREMER BACT PLUS, FLUSUREYWER BAC PLus#, FLUSURE™YRESPISURE,
0 FLUSURE™RESPISURE® RTU. FLUSURE™/RESPISURE-ONEVER BACT PLUS,
FLUSURE(/RespiSore 1 ONER/ER BAC Plas®, FLUSUREWWRESPISURE ONE,
FLUSURED/RESPISURE | ONB&®, FLUSURE/Farowsure Plus, FLUSURB/Famowsure
Plus B, LITTERGUARDY LT-C, LITTERGUARD® LT, PleuroGuard® 4, Paeumosuis 11,

Stellamune One, Stellamune Uno, Stellamune Once, Sweflamune Mono, Stellamuns
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7 15 PVC2 Vaccine 3 0.25 1ig rORF2 - Carbopol 0 & 14 + J+ 8 tri

Vaccine 4 > 8.0 loa KV - Carhopol 0 & 14
+ 4.+

I L.
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paad
i

20

WO 2007/076520 PCT/US2006/062654

Mycoplasms, Respisure One, Respisure®, Respisure | ONF®:. Respisure } One®VER Bae
Phys®, Bnduracefl T, Zylexis (formerly known as Bavpamune), Atroback 3, BratiVack,
BratiVac®-B, Lepiefesm&e‘i“ff?zm:Q—Vac‘f.’;f?s\:’LepwfermuﬁQ?}, pRr-Vack-Killed, PR-Vac®, PR-
Vac Plus™ {all of Plizer Imc., New York, NY, USA) Suvaxyn MH One, Suvaxyn
Respifend® MFL Suvasyn Mycoplasma, Suvasyn Aunjeszky Bartha + Diluent, Suvaxyn
Aujeszky Barfha + ofw, Suvaxyn Aujesvky-Flu, Suvasyn Aujesrky 783 + ofw, Suvasyn Ery,
Suvasyn Flu, Suyasyn Mhbyo, Suvasyn MH-One, Suvaxyn Parvo ST, Suvaxvn Parvo/E,
Suvaxyn Respifend® APP, Suvaxyn RespiFend® HPS, Suvasyn Respifend® MEVHPS,
Suv axyn RespiFend® MH, Suvasyn® AR/TVE, Suvaxyn® BC-4, Suvaxyn® E, Suvagyn®-E,
Suvaxyrl Beoral, Suvaxyn® PLE, Suvaxynd PLERLV gpl-, Suvaxyn® LE+B, Suvepayn®
PLE + B, Suvaxynd® PLEAB/PIV gpl-, Suvaxyn® SIV, Suvaxya® Si'v??vih-one, SuvaxynR
P, Suvaxyn® Prv gpb, Syvaxye® PCV-R Ome Shot (all of Fort Dodge Animal Healih,
Overtand  Park, K85, USA  (Wyeth) SCOURMINER, SCOURMUNER-C,
SCOURMUNES-CR,  AR-PACR-PDHER, AR-PARAPACHHER, M+ Rhusigen®,
MAPACE MaxiVac BExesli®3, MaxiVac® HINL, MaxiV acl FI3NZ, MaxiVac®-FLU,
MaxiVacii-M+, MaxiVac Excell®, MaxiVac Escell 3, PARAPACHE, PNEU PACE, PNEU
PACHK-ER, PNEU PACRHER, PRY/Marker Gold®, PRV/Marker Goldd®, PRV/Marker
Cold®-MaxiVac® FLU, Rhusigen™, Gletvax 6, Covesin 8, M + PAC. Gletvas plus, M-
Parapact™8S PACR (all of Schering-Plough Antmat Health Corporation, Kenihwarth,
f\‘f LSA)  AMERVAC-PRRS, AUSKIPRA-BK, AUSKIPRA-GN, COLISUIN-CL,
COLISUIN-TP, ERYSIPRAVAC, GRIPORK, HIPRASUIS-GLASSER, MYPRAVAC
QUIS. NEUMOSUIN. PARVOSUIN, PARVOSUIN-MR, PARV OSUIN-MR/AD,
RINIPRAVAC-DT, SUIPRAVAC-PRRS, SUIPRAVAC-RC, TOXIPRA PLUS (all of

Laboratovios Hipra 8.4, Amer, Girooa, Spain); Clostricol, Colipore Plus, Hasppovae,
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9 15 Challenge Controls N A



WO 2007/ 076520PCT/ US2006/ 062654 to 15 None-Strict Negative Control G oup
whol e cell virus ,,,,PCV2 virus grown in suitable cell culture

The vaccine fornul ation given to each group was as follows. PCV2 Vaccine
No. I, adWPH’¥{P8Y at 1 x 2 i dose to G oup 1, was aPﬁ?ﬁﬁzfﬁﬁ@gﬁi‘HG ug/ 2
m dose) of inactivated reconbi nant ORF2 anuiten adjuvanted with INIS 1314
(16 ua 1012172 1314). PCV2 Vaccine No. 2, admnistered at i. x 2 m dose to
G oup 2, was a high dose (16 nil dose) of a partially purified V1DO Rrl
generated PCV2 ORF2 ant: hien adjuvante with Carbopol (16 ua vOR112 -

Car bopol ). PCV2 Vaccine No. 3, admnistered at 1 x 2 nl dose to Goup 3,

was a high dgse LY RuddpORESIR PE spNREsHvBREFILE ROfhIaNt HORFR2 antigen
adj uvant gccf év'dvl??rﬁ’ %‘f@ﬂ%%)%{g%?% ggé?é%?m Carbopol ). PC,\/Zm\%/aéci ne No, 4,

admi ni st L ostneSe. B QU 1S5 @&aRbghadese MedB Wy of 1 .
dose) of gggcp}arﬁ%“ﬁ% ‘F(ii]ﬁpotq}l?' ?ﬁ%gﬁlwgl@%éﬁ%%ﬁ éd&PC. V2 ORF2 ant{i gen

adj uvant g‘ﬁiggé‘ntg m‘f{%«%?@ B%%sr{g?eémgmuﬂm%: B2 k@h PORE Blava MBS Eﬁﬁﬁ!‘d&% GRBH,

admi ni st ose to o'up h,”was"a 4 tig(2 m dose of an

15i nact at.,lgg%g %91%5@ BRI AN L08R bHIADLE dnitial /p- o RERRENGA UG

rOR F2 - acci admnistered at | x 2 nil dose to

Goup 6, was a/2 . dose of. an i.nactiv ‘ LRt (QREZankirgen

at i Prant 88 Boh SearBoEST. Fererty R P L P 4 e . 7
adm nistered at | x.2 nil e _ 0. 7, =Was. a 1 ow. 28ungl2. nil
dose) of qi?ﬁ&é‘f’?‘:@aﬁfvéﬁW‘é‘E’d‘?ﬁ}?@%ﬁa‘%gB%&ﬁﬁt it 1ﬁﬁ1§df tji,/\tei‘gf%gné\??ﬁégl?bopol

(0.25 ug rORF2 20 Carhopol ). PCGV2 Vaccipe No. 8. adm nistered ated x 2 n
dose to GrtfeFoginadals SHegi e rﬁ%“?ﬁ?zé%n'gﬁ'ﬁg%‘%ﬁ*% ?1‘%‘[}3?“ g‘r&g%‘r%g?% n dose)
| nacti vated Conventional Killed VIDO R-I gener at %deCQIZh L ruve. antigen

adj uvant g™ h*iGaPhEPOIR Y 8y OErvee RRerve Ehiekidh &t JFary ~"ﬁé§§‘d:“ &8s 1-8
were treated with their assigned vaccines. Groups 1-3 and 5-8 received
boost er s fetdiheiss Pres RioldleParadbichiss PugabpS bR BAY. PaemphEABTT &b FPveness of
a siml|e dose of WO 20071076520PCT/ US20061062654 16 pg of vOCar bopol was
testgd ON oFcoupldWhirghtodiehidiStimeiSkialdl: Bodm e rShphliDayre] Antitgr d=B¥ser ved for
adverse events and injection site reactions follow ng both vaccinations. On
Day 21 t hg,pioghete WET S ADNBA! Keviatis aanng ISty Basiel, SwithehadBroupsSall- 9 were
group housed in one building and Goup 10 was housed in a separate buil ding
ka pigs 5ukecs Mednkey ol il nbhnedd ihemmeypaniitone drbsidliabaewitidmitndonpl et e
Freund' s adj uvant "(1Cf’. 1111CFA) on Days 22 and 28. On Day 25, Goups 1-9
wer e chal Lenogsh Wiotdl A RPL0XBkabyt 8 dnoaF MbseWatdtha@nt (HPBVR2 winitges, By Day
4.6, very few deaths had. occurred in the challenge control group. in an
attenpt tg_ i AN I Ul et B8 Rilse RB8pdsHeieagent he (W) thelERCewsfert he PCV2
chal | enge&g};ri’éltf'{ggzri F{g?itn rgl;Ildl%Cgéoﬁ"pseri}rwere ??%at ed w %%h | NCEI NACg PRRSV MLV

(Porci ne Rep ! i ME<RA DLk -RESPHLBLAT B YascvDend\adiaf ittt ueredi rus) on Day
46. 5 Iﬁ%&é{)&ggﬁdéﬁé%g??%ﬁgﬁfighé}?ﬁ%od sanpl es were collected for PCV2
serol ogy. Post-chall enge, body weight data for determ nation of average
daily wei ght gain CADM (k) and observations of clinical signs were

col | ect edpﬁla% 50, all surviving pigs were necropsied, gross |esions
were recorded, lungs were scored for pathol ogy, and selected. tissues were

preserved in thri ' XRMhRahi Reon ! EENABLS10E RE NS tamtidEn f or
det ecti on of ﬁg/a&%agg%)g&a{? ?T‘at er dgte.i Mat egﬂiagl s and Met hods Thi s

was a part]ally: bl ndassh etk enash £ 8ashibi bixt bo Gkgvedaonddict ed i n
CDCD pi gs‘:g“‘?“ & 14! %ﬁ%ﬁ?@?@%@"‘%ﬁﬂ%g";““‘lo;&ﬁ"?%“be FHG Il Mo Ehipiyec study, PCV2

LEA fjter gmqégﬁ%%%ﬁgggg_s R%i‘xﬁr?g‘?%%- Piﬁqu{c&ktf?:&aédiéflg?sﬁ beosenehogi &ast atins of sows

wer e froma nega erd. SiIxteen ( sows were tested for PCV2
serol ogi cal status and all.sixteen (18) RadiaREVackids, efk L8Gand vere
transferr gﬂ“‘?‘%'aﬁ Le“*?ﬁggg}g gsf{'uc?yx Si pceb Ohé “hundred fi f’tjy ('150)

For preparing a ready-lo-use solution for pavenieral inj ection or infusion, aquecus isolonic

solhutions, such as e.g. saline or corresponding plasma protein solutions, are readily available.

The pharmaceutical compesitions may be present as Ivophylisates or dry preparations, which
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25piglets were delivered, by cesarean section surgeries and were avail able
for This study on Day 11.9 WD 2007/ 076520PCT/ US20061062654 -3, On Day -3
150 CDCDégigs at the first study site were weighed, identified with ear
tags, bl 0¢R&WP7HVeHei sibt and random y assigned to | of P¢bUgH8YEE ™ as set
forth above in table 16. Bl ood sanples were collected fromall pigs. If any
test aninmal neeting the inclusion criteria was enrolled in the study and
was | ater excluded. for any reason, the Investigator and Mnitor consulted
in order to determne the use of data collected fromthe animal in the
final analysis. The date of which enrolled piglets were excluded and the

reason for excl usjon  wa rented NQ.SOUS B8k Rlort NRe hREH USdridn _
criteriaMMs# é’fﬁ?{}é’{im%gr“’l?hglo%'tal[}g%%%gm%\l?gnsported.' to the first study site

wer e excl uded. No {gi gl‘ﬁeﬁﬁ Jer e excluded fromthe study,and no test animals
vere renBFEFRS Bi TREUSUBY prior to termination. Table 1.7 describes the

time 10frames for the key activities 0of .I0iSEXAAPKE nracekt dRbBiok aACtivities
St. udDay Act dﬁlag‘{%?negméf‘%‘(ﬁ ‘Sﬁﬁgéiab# ? %‘”"&g Cﬁi? %%}t%@%&iﬁg ﬁgﬁé" }[{)i es; 10heal th

ST Ao 2 S b B0l L SEL, B 0Rd SRk 5Bt Adafadd 03 1o

ordverse events post- vaccination o

4-07-03 Adninistered respective RiPs - 8afael 43:iml3 sh@tignd 4- 03
bser ved“‘ﬁP@‘s‘n?EB‘fesi Hy e%’?i @rc] SR rcgs 8{3%%%%9%5 %—1213‘"’-‘ 5¥Boostered & oupsl- 3,

8 wit hagt&%ﬂ?&?v&:ﬁz{{e\;}régr;v&igfleg?:&ibsagtggzlﬂ%gd gf!’ii'fat@&%@. 5,45'0%}111{; agents, adsorpion
delaying agents, and the like.

Diluents can include water, saling, dexirose, ethanol, glycerol, and {he like. Isotonic
agents can include sodium chloride, destrose, mummitol, sorbitol, and lactose, among others.

10 Qiabilizers include albumin and afkali salts of ethylendiamintetracetic acid, amang others,

Preferred adiuvants are those as described above. The immusogenic compositions can
further include one or move ofher immunemodulatory agems such as, & . interieukins,
interferons, or other eytokines. The lnnmunogenic compositions can also include Gentamicin
and Merthiclate. While the amounts and concentrations of adjuvants zad additives vsefid 1o

15 the confext of the preseni tavention can readily be determined by the skilled artisan, the
present invention contemplates compositions comprising from about 30 ug to aboul 2000 ug
of adjuvant and preferpbly about 250 ug/ ml dose of the vaccine composition. In another
praferred embodimens, the present invention contemplates vaccine compositions comprising
from sbowt Tug/ml fo sbout 60 ughml of antibiotics, and more prefarably less than about 30

20 ug/mi of antibiotics.

According to a farther embodiment the combination vaccing is first dehvdrated. If the
composition is first lyophilized o dehy drated by othey methods, thew, prior to vaccination,
said composition is rebydrated in aguecus {e.g. saline. PBS (phosphate buffered saline}} or
non-agueous solutions {e.g. off emudsion (mineral oil, or vegslablefmetabolizable oil

25 bsedfsinele or double emulsion based), aluminam-based, carbomer based adjuvam),

-y
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4-21-03 to 4-28-03 Cbserved pigs for iniection reactions 19-21 4-26-03 to

4-28-03 Treated all pigs with antibiotics 4-28- '
StruvelLabs Inc. to Veterinar?. 8-03 Pies transportedfrom

_ et , Resources, Inc. (VRO 50 _4-28- -27-
Coser ved ‘PP §4PEFL1 i nical si gns oot ohal | enge 420 BaTRSHIGIERE pons
1-10 wi thACFA 5-02-03 Col | ected bl ood sanples from all

-10 _ t gs; wei ghed all
pi gs; challenged G oups 1-9 with PCV2 chall enge materi al P g 05- 03gTr eat ed

Groups 1-10 withi k11111CFA 32 5-094)3 Col |l ected bl ood sanmples fromall pigs

WD 2007/ 076520PCT/ US2006/ 062654 46- 5-23- i ni
al | groups 5-23-03 Adm ni steredkVAC(r) ERRS M.V to

Dosage and admimsiralion

According 1o the presenl mvention, an effective amount of a combination vaceing
administered to pigs provides effective fmmunity against microbiofogical infections caused
5 by POV2 and at least one furthar pathogen as listed above. Prefered combinations of antigens

For the trestment and prophyiaxis of microbiological diseasss in piys are listed sbove.
Acosding 1o 8 further embodiment, the combination vaecine is administered o pigs
ane oF two doses at an fnterval of sboal 2 1o 4 wecks. For example, the first administiation 1s
performed when the animal is about 2 to 3 weeks 1o about & weeky of age. The second
e administeation is performed abont 1 to about 4 weeks after the first administration of the fist
vaccinantion. According 1o a furlher embodiment, revaccination is performed in an wierval
of 3 to 12 momh after administration of the second dose. Admiristration of subsequent
vaccins doses is preferably dome on a & monih 10 an annual basis. In another preferred

smbodiment, aninals vaccinaied before the age of ahout 2 to 3 weeks should be revaccinated,

st
L2t

Administration of subsequem vaccine doses is prefierably done on an annual basis,

The amount of combination vaceing that ks effective depends on fhe ingredients of the
vacoine and the schedulz of administiation, Typically, when an inactivated virus or a
modified live virus preparation ts used in the combination vaceine, a0 amount of the vaccine
gontaining about 1 0% to abowt 10° TCTxg per dose, preferably sbout 16 Lo shout 10° TC1Ds
20 per dose, mote praferably, about 10* 10 about 10° TCIDs per dése. In general, inactivated
antigen is normally ssed in higher amounis than live modivied viruses. Typically, when
hacterial anligen is used in the combination vaccine, the vaccine contatuing an amount of
abott 107 to abowt 10" colony forming units (CFU} per dose, preferably, about 10 to about
10° (CFUY per dose, more preferably about 10% 1o about 10% (CFUY per dose Sub-unit

25 vaccines gre sormally administered with an antigen inclusion level of af Jeast 0.2 pg anfigen
79



50 5-27-03 Col | ected bl ood sanpl es, wei ghed and necropsied all pigs; gross
| esi ons were recorded; lungs were evaluated. .for lesions; fresh and
"brinmful fixed Tissue sanples were saved; In-lifephase of the study was
conpl et edVO 20970764 | owi ng conpl etion of the in-1ife pRSEESHPHE st udy,
formalin fixed tissues exam ned by | munohi stochernistry (WC) for
detection of PCV2 antigen by a pathol ogi st, blood sanples were eval uated
for PCV2 serol ogy, and average daily wei ght gain (ADWT) was detenni ned
fromDay 25 to Day 50. Ani mal s were housed at the first study she in
i ndi vi dual cages in seven roons frombirth to approximately 11 days of age
(approxi matel y Day, 0 of. the study)., sEaeHid00m:\Wase hdrihhoath dubuilteyout and
consi st ef67°% .@%@@ ‘ﬁ&xcf%b\c/?téﬁé# J)sg%%i ﬁ?g%bs{bs’t eel c‘é%es with heated and
filtered air supplied se | SL%AR BRGR:SPIsAE 18R YO0 fio/ddsachi meen had
separ at e "@8‘?“Qﬁgéf%avsé%&g{gg%?%%fa%@ﬁggse Y preventing cgr‘“éss-‘cont ami nation of
air betweep roons. Ani S aused.i 0 two.di:fif ergnboRWidsdh mgs: at . the
second sP¥ "‘bg"i g@%ab@ﬁo(g%hﬁ%)\é?@et‘ ?‘T’gitﬂ5 Ir?lﬁe}g:“:'!gt'?(f've control group) was housed
separ at el

convert eaé{f%_;‘P%ﬁﬁi&%%&}p%@%ﬁ:f%%% agﬂﬁgﬂ'id{} i@ ;@@5@ Seh MREPOMEd n @

group was houtsed in a. separate pen

(14-15 pi gs per pen) .and, each pen pravi ded.an hiatehwndd cagumEe feet per
pig.” Grob‘%g'Ei ,utﬁgéﬁ%alf S gsa’p‘%%iﬁgl %ﬂﬁ‘q%%?igg‘gg}%glggnt pens ol% one si de of
the alleyway and Goups,1,.3,.5. .6, 7 d 9 WRLE RENNSELE LS ki RA] acent
pens on F‘%”%fﬁ‘gfe %ﬁ“ﬁgﬁ’%f {“‘flﬁgb%\“ftlzéﬂlm ‘i"/b.ﬂ 'gﬁlﬁ}é%a@ati dﬁ? Vias due to concern
by the Study. Monitar that cines adm ni sk ik F-OURS: &vic@d g had

I n been. iﬁciﬂgiog?/?‘?'“ﬁ 'ti%‘%@&%égg%aﬁﬁ%g} O%Ei?%ﬁg’é I?‘g?/éit e@@%g@ﬁ Wth pl astic

slatted floors. A %% al?i]%gf»%\év*% 'ﬁlﬁou?fass @ﬁf&‘&%&aﬁ%b@u 0l Al ngokiankof Qepexcrement

and wast &HCEEGFOTS! Separat e heating and ventilation

systems, with little Iikelihpod. of cross-contamnatian o, alk: Retyeen
bui | di ngé-"‘?“‘"‘?)\’é”'-‘?'faﬁg}‘fzf%l’“‘é‘t?‘*‘%gttﬁdgmgia?@?’ Sy f‘%f‘*&ﬂ%%‘?%@‘é’@%“é’Sﬁe%"eh | y’g For mul at ed

mlk ration frombirth to W) 20071076520PC 11US2006/ 654, oxi mately 3
week8 of eayevar Im'eﬁ‘?"@tlﬁéi‘ié“%?em@ ?{Egj B &I T ,py%?%rg@“?gf?&%n“g‘éﬁaar%g%i on by Day

21 (approximately 4 | A weeks qf age). the secqo Wy sl 8 J piglets
were fed - EYRRLBYFE POTE Hiag%tgﬁggigmg’%’éﬁw ‘*ﬁ?%%?%‘é%%ﬁ%?%%& igaﬁg’?ufor their

age and wei ght, ad i bi non, ter at poth st Si S, AL S0 ilable ad
Ji bl t ur ritbout 20 ng. aapl EYengEgTe Biey ﬁ%?"&‘“t“&éé? &t “ﬁ]d({‘f*?' 1{“31%%%@%@@%@@, 1M in

alternating hans on Days 1.9, 20, and 21.. |n addition, Pi.g No. :1% (G oup
1) was t reatiey Wfﬂﬁ‘@-ﬁ”??ﬁi*ﬁisﬁrﬂm@ﬁﬁe %WL?I%WO & nﬁ;apﬁ%r%%\? 5(%%' oup 10)
was treated with 1 ink of Penicillin andl ink of PREDEE14 L O y 10,
Pig No. dogscrolpos ettt odnost Witara & PRP IS NAYCES @*ﬁ&hc%‘%(‘“ %‘2{:9?1 and
Pigs 1 (Goup 1), 4 andl were each trea%e .\[\Ii,,t{] 1.0 " g(gfmke@gb AXCELO on
Day 154 f o peskeried is Wik IonH i a8 s R PSRy PalHogt &S pins were
under veterinary care. Animal health exam nations were conducted on Day -3
and were kggorded on the Health Exami nation Record Form All animals were
in good health and nutritional status hefore vaccinati

n,as
det ermi ned by Tobservasiioh SROGEY Garbhareniigt BodEr (‘}%}g‘e? om%%deilﬂag&jbod

heal th. and 15nutritional status prior, to'c,h_aé I}eyﬁg .g}%?%sga ses, a}%ivti ssues
wer e di spoeithchfalipyor insvrgmanzl ThicepBSHN SHIGFOE % 53‘ HaE RS Fecor ded on
the Aninmal Disposition Record. On Days 0 and 14, E’I‘%‘S assi gned }gﬂ? oups
1-3 and SeSinreusilyel: @ Gimelbods. hs¥ FREdePEVREL K HaY B¢ S PREHE i vel vy,
IMin the finht and |l eft neck region, respectively, using a . sterile
3,0 ML LuesmposiGhnisy diseybedaheysayis Meipifianoin ety H“e‘é’o‘i*‘é‘r?‘ *ﬁg‘d?‘lé@% f‘a&nagd to
Goup 4 20received. 1.0 ink of PCV2 Vaccine No, 2, 1IMin the. right neck
regi on usiitsgesa Fat emicnge Bpmdoaion, TRUBFIEHER SYRaHYET o RHTRISERYy 11 S8 x 1/ 2"
needl e on Day 0 only, On Day 22 all test piss received, 2.0 nil. of

RL. 1111CFaukMdiin, tivepdriadicalnesek of Bgtowelusiipgrarefeapi maredos] FPEEEPR | ock
syringe and a sterile 20a xi' needle. On Day 28 all| test pigs %c ived 2.0
int of KLkM GFdiderd tshimumbeutly hatradespionintresipeenslit éﬁﬁaF%d“f& r‘i‘i"’fagf Bler - 1 ock
25syringe and. a sierile 20g x 1" needle. W) 2007/ 076520PCT/ US2006/ 062654
On. Day 2Sirapie@slagsShimpetineriiGroo diyscis -9 of wese Ihgdigsup, 1 by Featgk (cppge "$3T) VDL
challenge material (3.98 logls TGDialnL) IMin the. right neck region using
a stesilenad), laustll eserteac lepitheiiningiesvandDepssting | o o glopred dREEEH ndAn
additional 1.0 nmL of the sane material gyas adm nistered INto each pig 0.5
MJ per nostril) using a sterile 3.0 nL Luer-lock syringe 5and nasal =luta.
On Day 46, all test pigs received 2.0 niL JNOELVAO O PRRS MN, TM in the
right neck region using a sterile 3.0 niL Luerd ock syringe and a sterile
20g x 1" needle. The PRRSV AMLV was administered in an attenpt to increase
vkrul ence of the PCV2 chall enge



material, 10Test pigs were observed daily for overall health and adversets
on Day -3 and fromDay 0 to Day 21.. Each of the pigs was scored for nornal

or abnor behavi or, respiration or cough. Cbservatio orded on
the di nir{?élm(’gﬁ%@%ati on Record. All test pigs were obgé?/@g@%?”\gﬁggﬁ%ay (to
Day 7, and Group 7 was further observed fromDay 14 to 21., for injection
site reactions. Average daily weight gain Was determ ned by wei ghi ng

15. each pig on a calibrated scale on Days -3, 25 and 50, or on the day that
a. pig Was found dead hal  enti e, Both weights were recorded on the
Body Weight Form Day -3 body weights were utilized to block pigs prior to

random zgtlon, Day da And, DAY 10 NelGRbndaard@s witibé lipedido ntiet Br m ne the
aver age %%fﬁvh%?ﬁg{hﬁggggﬁn ADWG) L(¥}§‘5r ee;}g:h ptig duri ng these tine points. For

pigs that, di.ed after chall i 08 Yor S8stadcb @/ BMEG W@ fadj usted to
20r epr es%jr‘f'fm’f‘rﬁlgg,ﬁ ki %%@5}%’2%@0&?&@&%}%' of deat h, " In order to

determ ne PCVZ ser gl en L& hkard was collected fromoath piglet
fromt hese‘é?r@%éﬁ’ “ngéi‘rsigg‘éms‘%ﬁ{}g&%n‘ﬂﬁ%ays *3 and 1.4. For each pi gl et, bl ood
was collected fromthe orbital venous sinus by inserting a sterile
capillary tube into the of one of the eyes and draining approximtely 3.0
nt. of l.e . blood into a 4.0 nL Serum 25Separator Tube (SS*1). On Days 25,
32 DandV\g%ﬂw%}ﬁf)ﬁ‘é’““ﬁﬁ%I e blood fromeach pig was WD

inT o520 s SR o b e 0

neegf%' "ﬁecggﬁ;%ﬁcki nson and Conpany,

Franklin Lakes, .New | ersey): ,a.\V 4] fo@R @ fRokarefism(sSST. Bl ood
col | ect | GREMER L HEHT %3%35? A '\V\'Ea%(eé%ﬁée?:ﬁgé&gé“gﬁq}t e Sarrpic{e ol I ection
Record. Blood in. each Sr was allgwed 4-dot.. Seld MRS INe makkm down and
the ser uMPRERAST ™™ ‘-@}eﬁ’@‘t%% %gﬁmdm@sz%%‘gﬁg%(}?ed to a sterile snap tube
and stored at -70 10 Cuntil tested at_ a.later . % YcBANPles were

t est ed féﬁW%“%?%?@ﬁéeﬁgﬁpGW"af‘hctmf‘bttgo ?Hé(é q{%‘g&% %&R% pggglgnnel N

Pigs were observed qnce daily from Day 22. . 20:.f o ekl galy, synpt oni
and&cor &f*HER Ct"i%“t‘*i’rg? B gLBTrﬁ%rr F‘?_ﬁ‘fw ﬁaﬁéﬁﬁ%ér fngcg%os?%l\é}sglt fso%i%&%%{ijgﬁma i ni cal
observations were 10recorded on.the G inical Chservation:Reeosenr: Pi gs
Nos. 44 @ﬁ%ﬁ* oy ‘*ﬁ?“-’g@ a_(‘%%i‘?jg?)ﬁ"*‘@%; g“é’?”g{“t%ﬁ%%g%wg%{%égq Rt OI
ese deaths were categorized, as .bleedin hsand... ONSkRS: were no
conduct ecPr@fin1is By et Mg goé’@@ﬁgﬁﬁ%tﬂﬁgiﬁm%ﬁ%%%&% ég&f }ﬁgﬁﬁ ‘3?%3 ;%?itég?

chal | enge and prior to Day SO and .pigs euthanize - B 1ROl eced.
Any gr oss$h§ @8BS VRIBYEH éﬁa%‘g’ﬁf’é}l’fgn 'aé:?lg%ﬁ a'gcgogé%g?gq&o%g?{ %Suﬁigl%\n&tch | esi ons

were recorded 011 the Necropsy Report Form . h =Pl gS
necr opsi exr@pst e @%%‘éf‘f‘?dh‘%r?‘l‘j’a “%‘ftﬁé“f YITES feaﬁsza&f#%n@g%? ® naglgla?ml%ij ng,

heart, and. nesenteric |ynph nodg was . placed into_ g.si , ¥
buf fiér ed it@MPloBEHI i‘%FWP#“éC’%HbFﬁ%?“’? ifg’gg}é %%ﬁff%‘f“é %“F&é"?np? é“%é‘%gecw l

af orenentioned organs was placed into a Wirl-pakt (M Tech. D agnostics
Lt d., Thebiwlion cowky basr lBws W oA ORE$* Wi 8ced on 20 ice. Each
contai ner was properly | abeled. Sanple collections were recorded on the
Necropsy Report Form .Afterwards, {brinful-fixed tissue sanples and a
Di agnosti ¢ Request Form were submtted far sti-Rg. NC testing was
conduct ed in accor dance&%i‘?lﬁag%’(a%‘ém(g‘\ipgg@ﬁ\%}\g’ﬁgggdur es for receiving
sanpl es, sanple and slide preparation, and staipning. techni . ~EE£sh
tissues in Whifguwpaks kischgrasic JRrpihiad i ¢ R ﬁ”‘?‘:‘@“f‘)‘g‘c“%‘gtri’f“ F ﬁ%%gt%?’d?/g ni t or
25for storage (-70e +.. 10C) and possible future use. 124 WO

2007107 6 520R0TNUSPBOE 1062654 Formal i nfi xed tissues were exam ned by a
pat hol ogi st for detection of PO12 by IHC am scored ysing the,‘lfol.lllowi ng
scoring0 = Norigy 2% sed BrantaPdsrhenmac 8pw gepse ‘}'@‘f"c" i%@g?“ﬁtﬁ‘ PV
staining, nmultiple sites; and 3 - Abundant positive slainini., diffuse

t hr oughoutcctiliendeivedues prigrl iyl i cal pur poses, a score of 0 was consi dered
5"negative,"” and a score of greater than 0 was considered "positive.'
Results Results for this exanple arehad46 and 98 di ed on days 14 tnd
25 respectively. These deaths were categorized as_b| %ﬁ'&g\g@eat hs. Pig No.
11 10( G oup 1) WBBTHHEI iagswmff%ﬁ%ﬂlg%wf%ﬁ%ﬁw b 45> Ot herwi se, all
pi gs were nornmal for behavior, s and cough during this observation period
and mo systenmi c adverse events were noted with any groups. No injection
site reactions were noted follow ng vacggi nati on on Day 0. Foll ow ng

vacci nation an Day 14, seven (7) out of fourteen (14) Goup 1 pigs (50.0%
1 ad swelling wwth a score of "2" on Day 15. Four (4) out of fourteen
15(14) Goup 1 (28.6% still had a swelling of "2' on Day 16. None of the
ot her groups experienced injection site reactions follow ng either

vacci nati on. Average daily weight. gain (ADW5) tenths are presented

- o~



Ws/day to 1,11 ti; 0.26 | bs/day. Goup 9 had the | omwest ADWG (0.88 0
: : : : . 29
Iobggdgy)44 :ngfg by Groups and 7, which had ADWGs of 0.93 O: 3% | bst day and
st da respectively. 25Table 18. Summary of Group Average Dail
Wi ght cal¥fig! Rﬁ%@ﬁ 125 WO 2007/06520PCT/u32006/062655CE$@6§“$P8§t%ent N Y
ADWG Ib5|day (Day 25 to Day 50) or adjusted for pigs dead before Day 50 1

6--1314 2 doses 14 1.08 4 0.30 Ms/day VORF2 --- '16- Carbopol 2 d

. : - oses 15 1
i1 b;-bO'lﬁllgaé rORF2 -6rbopol 2 doses tr, 1.07 r_e 0.2112. y0)

, i gCar bopol . ose 15 1.16 -, 026 Ibsiday rORF2 -4 jig ---

dose se, 1.07 4- 0.26 Ms/day d e carbopol 4

The following examples set forth preiem,d materials and procedures in
soccordance with the presens invention. 1t is fo be mdastood, however, that these examples
are provided by way of illustration only, and nothing therein should be deemed a limitation

upon the overall scope of the invention.

EXAMPLE 1

This example compares the refative viglds of ORFZ usmg mathods of the present

invention with methods that are known m the prior arl. Four 1000mL apinner flasks were

each seaded with approximatety 1.0x1 o &% cellsiml in 300ml of insect serum free media,

10 Excell 420 (ORH Blosciences, Inc., Lenexa, K8). The masier call colture is identified as SF+
(Spadoptera frugiperday Master Cell Stock, passage 19, Lot#N112-093W, The cells used to
generate the SF+ Master Cell Stock were obtained from Protein Sciences Corporation, Inc.,
Meriden, CT. The 8F+ cell line for thix example was contined between passages 1% and 5%

Other passages will work for purposes of the present invention, bat i order o scale he

it
TR

process up for large scale production, at least 19 passages will probably be necessary snd
passages beyond 59 may have an effect on expression, allhough this was not Investgated. In
more detail, {he initisl SR+ call cultures from liguid nitrogen storage were grown in Excell
420 media in suspension in sterile spinner flasks with constant agitation. The cultures were
grown in 100 ml to 250mE spinner flasks with 25 to 150 mi of Excell 420 serum-free
20 media When the calls had mulliptied 1o a cell density of 1.0-80x 108 eelis/mi, they were
split lo new vessels with a planiing density of 0.5 - 1.5 x 10° cells/mb.. Subsequent expansion
cultures were grown in spirmer flasks up to 36 tiers in sive or in stainlesy steel bioreactors of
up to 300 Hiters for a period of 2-7 duys at 25 - 2PC,

After seeding, the Masks were incubated at 27°C for four bows. Subsequently, each

[
L

fiask was seeded with a recombinant bacvlovirus containing the PCY2 ORF2 gene {S8EQ 1D
82



FORF2 - 1 pa-larbopol 2 doses Sn 1.11 - 026 | bilday 7 rORF2 - 0.25 ne-
Carbopol 2 doses r...t 0.99 4. 0.441 s/des’ KY > 8.0 log - Carbopol 2
doses 0.93 . + 33 | bsi day Challenge Controls 14 0.88 i day 10
Strict Ne‘&étz?‘vgwéﬁ'ﬁt rols Inl 1.07 + 0,23 I bsiday ..._ Séﬁﬁgj‘ﬁ?@%_‘%‘at ed
viral ORF2; rOR 2 = reconbi aata bacul ovi expressed; KN or whole cell virus
PCV2 virus grown suitable cell culture PVC2 serology results are
presented 'below in Table 19. Al ten ('10) groups were seronegative for
PCV2 on Day -3, On Day 14, PCA. "2 titers remained losv for all ten. (10)
groups (range of 50413). On Day 25, Goup 8, which received the whole cell

killed vjrus, vaccine, . -had N 00esknRONR HOEOREABIE) wasl@hbeietds by G oup
2 whi ch I!Fécz’} vgg li{’é&ﬁ%%%%%%%ég!ﬁ%gg% T}E?Br oup 4, whi gh rez:]eti’ ved as single

dose. of 16 ue VOREZ~nn. CAl Mo R30S of MV T Rad BURbngidictiGo ug r ORF2
- Carbop ?‘*vﬁ*ecﬁ%%i%rfefgﬁgﬂé%?? %920 and 1503 10 respectively. On Day

32 (one week chall e)aymred it ¢ g 156 comd yGnay ) Slddred from
2360 to 3%‘ } Eg\ﬁ%\?@t‘%mﬁ%guZ;ﬁ?(%ifégbﬁéﬁ?%g%%&{éa?%é%%l@) 9 (Chall enge

Cont o) B A IR SRR o ety sasaenc To
LS (SR RTTRR S, R b P ol 5. 52
IS T DAL Bl ot yones it 19
one. does iR (B RET i P Lt b8 ORI Gl o e ety caasi ng

i Y37 P égggﬁgﬁ%g%ﬁﬁ%gg%ﬁr;%mﬁ%&ma@%@a ZRo HO- HEIPRAL [k,

denonst r & créasing anti body 1iten on Days 25 and 32.

Table 19 sigsagm{izn {%]:1, (q')otg E;anlﬁcml\i/la ’tlh:'a: ﬁaa&'n&%’%ﬁ b%u%{;ﬂus sontaining the PCVZ ORFZ

4! gene. The new construet is provided herein as SEQ IDNO: € The recombinant baculoviras
containing the PCV2 ORF2 gene was plague-puified and Master Seed Virus (MBV} was
aropagaied on the $F+ cell ling, afiguotted, and stored & -TOPC. The MSV was positively
identified as PCV2 ORF2 baculovirus by PCR-RFLP using baculovirus specific primess.
Insect cells infected with POV2 ORFZ2 baculovirus to generate MSV or Working Seed ¥V irus

15 express POVZ ORFZ antigen as detected by polvelonal serum or monoclonal antibodies i an
idirect fluorescent antibody assay,  AddiGomally, the identity of the PCVZ QRFZ
baculovirus was confirmed by Neterminal amino acid sequencing. The PCVI ORF2
naculovirns MSY was also tested for purity in accordance with O CFR. 11327 {c), 113.28,
and 11355, Bach recombinant baculovires seeded into lhe spinner flasks had varying

20 multiplicities of infection (MUs). fask 1 was seaded with 7.32mb of 088 MOT seed; flask
2 was seeded wilh 3.00mL of 0.36MO1 seed; flask 3 was seeded wilh 1.3mL of 18MON
seed; and flask 4 was seeded with 0.75ml of 0.09MO1 seed, A schematic flow disgram
itfusirating the basic steps used to construct a PGV ORF2 recombinant baculovirus is

provided herein as Figuea 1,
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Treatnment Day -3 Day 14" Day 25m Day 32 Day 50st,i,* rORF2 - 16 pg -

1314 "

VORY2- 160 2007/076520 PCTUS2006/062634

Hy

o
e

ey
thn

After baing seeded with the baculovins, the Plasks were then incubsted o 27 & 2°C
for 7 days and were also agitated at 100rpm during thai time. The flasks used ventilated ocaps
5o aflow for air flove. Samples from each flask were taken every 24 hours for the next 7 days.
After extraction. sach sample was centrifuged, and both the pellet and the supemalant were
separated and then microfiliered through a 0.45-1.0 pm pote sixe membrane.

The Tesulting samples thew had he amount of ORF2 present withio them quantified
vig m BELISA assay, The ELISA assay was c:c:ﬁducted with capture antibody Swing anfi-
PCV2 Pab IaG Prot. G pwified (diluted 1:250 in PBS) diluted to 16000 in 0.05M Carbonate
buffer (pH ©.6). 100 1L, of the antibody was then placed in the wells of the mictrotiter plate,
sealed, and incubated overnight at 37°C. The plate was then washed three times with g wash
solution which comptised 0.5mL of Tween 20 (Sigma, St Louls, MO, 100mL of 10X D-
PRY (Gibeo Invitrogen, Carisbad, CAY and 890 5mb of distilied water, Subsequently, 230
1L of a blocking solutton (5g Camation Non-fat dry itk (Nestle, Giendale, CA) in 10mL of
T-PES QS to 100mi with distilled waier) was added lo each of [he wells. The next step was
{o wash the test plate and then add pre-diluted antigen, The pre~dilwed antipen was produced
by adding 200 ul of diluent solution {0.3mL Tween 20 in 999.5mi. D-PHS) to each of the
wells on o dilution plate. The sample was then diluted at a 1:240 ratio and a 1:480 ratio, and
100 uL of each of fhese diluted samples was then added to one of the top wells on the
dilution plate (.. one top well received 180 L of the 11240 dilation and the other recetved
100 pL of the 1:480 dilution). Seriai dilutions were then done for the remainder of the plata
by removing 100 pl. form each succsssive well and transferdng it to the next well on the
plate. Each well was suxed prior to doing the next transfer. The test plate washing inclhuded
washing the plate thres fimes with the wash buffer. The plate was then sealed and incubated
for an hour at 37°C befors being washed three more times with the wash buffer. The

detection antibody used was monoclonal antihody to PCY ORF2, It was diluted to 1:300 in
84
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2 doses 50 64 646 3326 4314 VvORF2-16pg_ Carbopol 2 doses 50 110
2507 5627 _4005 rOQRF2- 16pg- Carbopol 2 doses 50 80 1503 5120 6720 4



Car hopol

1867 3933 4533 6 rORF2 - 1 pg - Carbopol 2 doses 70 490 2360 5740 7

r ORF2- 0.

L

1 dose 50 113 1920 3720 1257 rORF2 - 4 pir. - Carb00OIl .

1 dose 50

Hoses 50%‘5}5-‘)(%[76%%)0' 2 doses 5 73 63 382 5819 8 KV > ]E}C%Ulsz%gﬁlémgﬁr bopol 2

diluent solution, and 100 al. of the difuled detection antibody was then added 1o the wells.
The plate was then seated and Iincubeted for an hour al 37°C befors heing washed three tines
with the wash bufer, Conjugate diluent was then prepaved by adding nommal rabbif seruin
(Jackson bmmunoresearch, West Grove, PAY to the dilumﬁ' solution to 1% conceniration.
Conjugate antibody Goat anti-nouse (H-@’“}}ﬁ}@ {Jackson Lmmunoresearch} was diluted in
the conjugate difvent to 1:30,000. 100 pl. of the diluled conjugate antibody was then added

to each of the walls. The plate was then sesled and incubated for 45 minutes af 37 °( before

. being washed three times with the wash buffer. 100 pL of substrate (TMB Peroxidose

10

Substrate, Kirkganrd and Perry Laboratories (KPL), Ga thewsberg, MDY, mixed with an equal
volume of Peroxidase Substrate B (KPL) was ndded o each of the welis. The plate was
incubated at room terperatare for 15 minutes, 100 pl of INHCL solution was then added
1o afl of the welis 10 stop the reaction. The plate was then tup through an BLISA reader. The

results of this assay wre provided in Table 1 below:

Table 1
Day Flask QORF2 in peliet (ng) ORF2 in supermatant (g}
3 1 47.53 | 12
3 2 57.46 4 22
3 3 ‘ 53.44 14
3 4 38,64 12
4 ! 43.01 44
4 2 _ 65,61 62
4 3 70.56 32
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These resulls ndicate that when the incubation time is extended, expression of ORF2

tnto the supernatant of the cenfrifuged eells and media is greater than expresston i the pellet

of the cenirifaged cells and media.  Accordingly, atlowing the ORF2Z expression. to proceed

for at least 5

days snd Tecovering i ip the supzinate vather than aflowing exprassion to

proceed fot less than $ days and recovering ORF2 from the cells, provides a great increase n

OREZ vields, and a significant improvement over prior methods.
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Tabk 20. Summek of G oup Cbservations for Abnornal Behavior, Abnormal.
Respiration, and Cough Post-Chall enge G oup Treatnent Abnornal Behavi or

Ahnom i d_Behay] Coughs tORF2 -16 pg - 14 0114 0/ 14
doses ("55/&&%19%1?5/% VvORF2 - 16Carbopol , 15 0/15 0115"‘3)%1‘%‘2"”%@&%%? ’

EXAMPLEZ

This example provides data as fo the efficacy of the invention claimed herein, A
1000mL spinner flask was sseded wilh approximately 1.0x10° §FF celisfml in 300mL of
Bxeell 420 wedia.  The flask was then mcubated at 27°C and agitated af F00rpim.
5. Subsequently, the flask was seeded with 10 mk of FOVZ OREF2/Bac p+6 ({he recombinant
baculovicus contaiming the PCV2 ORF2 gene pussaged 6 additional limes m tixe 519 ingect

cells) virus seed with 2 0.1 MOT alter 24 hours of thcubation,
The Nlask was then incubated af 27°C for o total of 6 days. Affer incubation, the flask
was then cenirifuged and three samples of the resulling supernatant were harvested and
10 inactivated. The supernmiant wag inagiivated by bringing its temperatura to 37 £ 2°C, “To the
first sample, a ¢4M solulion of 2-bromoethyleneaming hydrobromide which had been
evelized to 0.2M binary ethlylenimine (BED i 03N WNaQH is added to the supernatant ©
pive a finat concentration of BET of SmM. To the second sampie, 10mM BEI was added 1o
the supernatant.  To the third sample, no BEI was added 1o the supernatant. The samples
15 were then stirred continuously For 48 hrs, A 1.0 M sodium thiosulfate solution 1o give g fingl
sinitnm concentration of 3 mM was added 1o peutralize any residual BEL The guantify of
ORFZ in each sample wes then quantified wsing the same ELISA assay procadure as

described in Example 1. The resulis of this nray be seen in Table 2 below:

Table 2
< v © . 1
Samyple ORF2 in supernaiant {§g)
1 7871
2 68,75
3 8333




0,1 ON (0% rORF2 - 16 pg - Carbopol 15 0/15 0/15 1/15 2 doses (0% (0%

(6.7% 4 VORF2 - 16 pg - Carbopol 15 W5 0/15 0/15 1 dose (0110 ON (0%

rORF2 -4 pt- 15 1/15 1115 -
WO 20077076320 PCT/US2006/062654

This example demonstrates that nentralization with BEI does not remove of degrade
significant amounts of the recombinany PCVI ORF2 protein product. This is evidenced by

the fact that there is no large loss of OR¥FZ in the supematant from the BEL or clovated

s

wemperawes. Those of skifl in the art will recognize that the recovered ORF2 is a stable

protein prodoct.

EXAMPLE 3

This example demonstsates that lhe presenl invention is spalable from small scale
10 production of recombinant PCVZ ORFZ 10 large scale production of recombinart PCVZ
ORE2 5.0 x 107 celis/mt of 8F+ cellsfm! in 7000miL of ExCell 420 media was plantad i a
20000mE, Applikon Bioreactor. The media and cells wete then incubated at 27°C and
agitated al 100RPM for the next 68 hours. At the 68M howr, 41.3mL of PCV2 ORF2
Baculovirus MYVH3 was added o 7000ml, of BxCell 420 wedium. The resultant mixture
15 was then added to the bioreactor. For the next seven days, the aixiure was incubated at 27°C
and apitaled ot 10ORPM.  Samples from the bioveactor wera extracted every 24 hours
beginning at day 4, post-infection, end each sample was centrifuged. The supamatant of the
samples were preserved and the amount of ORFZ was then quaniified using SDS-PAGE

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

20 Tabke 3

Day after infection: ORF2 in supematani {1g/mL)

4 2933

3 41.33

8&



0/15 Carbopol 1 dose (6.7% (6.7% (0% ( rORE2 - 1 pg - 0/15 0115 1/15

(0% Car hopol 2 doses (0) (6.7%7 rORF2-0.25.i.9- 15 0/15 1115 1115
WO 2007/876520 PCT/US2006/062654
& 3133
7 G067
EXAMPLE 4
This example tests the efficacy of seven PCV2 candidate vaccines and further delines
5 afficacy parameters following exposare lo & virulent sirain of PCV2. One hundred and eight

{108} cesarean derived colostrum deprived (CDCD) piglets, 9-14 days of age, were ranpdomly

divided into © groups of equal size. Table 4 seis forth the Genaral Study Design for this

Example.
Table 4, General Study Design
Group | Neo. O Treatment DPav of | KLHACF | Challenged | Necropsy
Pigs Treatment | A on Day with on Day 49
21 and Virutent
Day 27 BPCVZ on
Dav 24
H 12 PCV2 Vaccine No. 1 & + + S
- (VvORF2 16 g}
2 12 POVZ Vaccine No. 2 { + + 4
- (VORF2 8 pg)
3 12 POV Vaccine No. 3 ¢ + o +
- (¢ORF2 4 ug)

g9



Carbopol 2 doses (0% (6.7% (06.7% KV > 8.0 log - Carhopol 2 15 1115

1/15 0/15 doses (6.7% (63% (0% Challenge Controls 14 1/14 1/14 2/ 14

(7.1% (7“?{1)%07%&/2530& 10 Strict Negative Controls |

PCTUS2006/062634
& 12 POVE Vascine No. 4 0 + + 4
- FORF2 16 ng)
5 12 PEVZ Vaccing No, 8 O + 4 N
- (TORFZ R pg)
6 iz PCV2 Vaccing No. & 1) + -+ +
- {rORF2 4 ug)
7 12 PCVE Vacona Na, 7 0 + + +
« (Killed whols ceil
virpg)
g i2 None - Challenge N/A + + +
Conirols
9 12 None - Strict NiA + - +
Negative Control
Group

VORED = igolased viral ORF2; sORF2 = recombinant baculovires expressed ORF: killed whole sell
virus = POV virs grown in suitable coll ouluwe

Seven of the groups {Groups 1 - 7) received doses of PCV2 ORF2 polypeplide, one of

L

the groups acted as a challenge control and seceived no PCV2 ORF2, and another group
acted as the strict negative conrol group and also reveived ne PCVZ ORFZ. On Day O,
Groups 1 through 7 were treated with assigned vaccines. Piglets in Group 7 werg given a
booster Ireatment on Day 14, Piglels mre oheerved for adverse events and injection sie
reactions following vaccination and on Day 19, piglets were moved fo the second study sife.

10 At fie second stady site, Groups 1-8 were groop housed in one building while Group 9 was

80



0/15 0/ 15 0115 (0% (0% 'O% laimnal beh io tor at |east one WO
2007/ 076520PCT/ US2006/ 062654 oi al nunber of pigs in each. group that

denonstrated a '2 abnornmal respirala.n for at |east one day 'Total nunber
of pigs i WOSAH §Pbup that denpnstrated a cough for at PFE&%{M@H@@%W Tabl e
21. Summary of Group Overall Incidence of Cinical Synptons Post..

Chal | enge Group Treatment. Incidence of pigs with dinical Synptons)
Tncidenc Rate TOM - 1 IMS 1314 2 doses 7.1% .vORF2 -16- Carhopol 2

boused in o separste bullding. Al pigs received keyvhele limpet hemocyanin
(KLHYincomplate Freund’s adjuvant (JCFA) on Days 21 and 27 and on Day 24, Groups 1-6
were challenged with a vindent PCV2,

Pre- and post-challenge. blood samples were collected for PCVI serology. Post-

W

challengs, hody weight data for determination of average daily weight gain (ADWE), and
climical symptoms, us well as nasal swab semi.ples to deternine nasal shedding of POVZ, wers
collected. On Day 49, ol surviving pigs were necropsiad, fungs werg scored for tesions, and
selected tissues were preserved i formalin for Immunchistochemisiry (HC) testing at a later
date.
10
Materials and Methods

This was a partially blinded vaccination-challenge feasihility study conducted in
CDCD pips, 9 o 14 davs of age on Day (. To be included in the study, PCV2 IFA diters of

sowe ware < 1:1000. Additionally, the serologic stalus of sows were from a known PRRS-

et
n

negative herd. Twenty-eight (28} sows were tested for PCV2 serolopical status. Fouorlesn
{14) sows had a POVZ titer of £ 1000 and were transferred to the first study site. Qne
hundred ten {110) piglets were delivered by cesarenn section surgeries and were ayailable for
fhis study on Day -4 On Day -3, 108 CDCD pigs at the first study site were weighed,
idenlified with ear tags, blocked by weight and famdomly assigned to 1 of 9 groups, as set
0 forth gbove in table 4. 1T any test animal meeting the 'mc.h;sion oriteria was enrolled in the
study and was later exciuded for any reason, the Investigator and Monitor congulted in order
10 determine the use of data collected Trom the animal in the fnal snalysis. The date of
wiich enrolled piglets were excluded amd the resson for exclusion was docymented.
Initially, no sows were excluded. A total of 108 of an available 110 pigs were randomly

25 sssioned to one of & groups on Day -3. The two smatlest pigs (No. 17 and 1%) were nof
9]
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assigned to & group and were available as extras, if needed. During the course of e study,
several animals were removed. Pig 82 (Group 9 on Doy -1, Pig No. 36 (Group 6) on Day 3,
Pig No, 53 (Groap Y) on Day 4, Pig 1.\*-0* 28 (Group §) on Day 8, Pig No. 69 (Group 85 on Day
7. and Pig No. 93 {Group 4) on Day 9, were each found dead prior to challenge, These six
pigs were not included in the final study results. Pig no 17 {one of the exwra pigs) was
asstgned 1o Group . The remaining exiva pig, No. 19, was excluded from the study.

The formutations given fo each of the groups were as follows: Group 1 was desiened
to adrinister 1ml of viral ORF2 (vORF2) consaining 16 ug ORF2ml. This was done by
mixing 10.24 mi of vira} ORFZ (236 pg/25 pg/mi = 10.24 ol YVORF2) with 3.2 ml of 0.3%
Carbopol and 236 ml of phosphate buffered saline at a pH of 7.4, This produced 16 mi of
formulation for groap 1. Group 2 was designed to admindster Lol of vORF2 confaining 8 kg
CORE2/mi. This was done by mixing 512 mit of vORF2 (128 pg2% pp/ml = 542 mi
v{}R}’Z} with 3.2 11l of 0.5% Carbopel and 7.68 mi of phosphaie buffered saline at a pH of
7.4, This produced 16 o} of formulation for group 2. Group 3 was designed lo administer
{ni of vORF2 containing 4 ug vQ’R‘E‘Zﬁni. This was done by mixing 2.56 ml of vORFZ {64
0g/238 pgiml = 236 mt vORFD) with 3.2 mi of 01,595 Carbopol and 10.24 1ol of phosphate
bufferad saline at o pH of 7.4. This produced 16 wi of formulation Tor group 3. Group 4 wag
designed to administer 1] of recombinant ORFZ { rORE2) containing 16 pg vORF2/ml. This
was done by mising 2.23 mi of rORF2 (312 pg/230 pyfml = 223 md TORF2) with 6.4 mi of
0.5% Catbopol and 23,37 ml of phosphate buffered saline at a pH of 7.4. Thig produced 32
it of Tormulation for group 4. Growp 3 wm- designed to administer 1ol of YORF2 containing
Rug rORF2Ami. This was dooe by wising 111wl of ¥ORF2 (256 wp/230 pfmi = 111 mil
rORF2) with 6.4 mi of 0.5% Carbopof amd 24.45 mi of phosphate bu.f‘fereci sadine at a pH of
7.4, This produced 32 ml of formulation for group 5. Group 6 was designed 1o administer

trid of 1ORFY comtnining § ug rORFZAL This was done by mixing 0.36 mi of fORFZ (128

o2

Car hopol

1 pg -

PC%/HQ?O%(%{?GZ%S% 2 13.3%



15 2 13.3% Challenge Controls 14 7 14.3% 10 Strict Negative Controls O
0.0% vORF2 isolated viral ORM rORE2 reconbi nant bact dowas expre edor | Cul &

whol e cel]l virus = PCV2 virus grown in suitable cell culture. Tot al
nunber ofwﬁizﬁegmﬁ?ﬂéach group that denonstrated any cli ﬁ‘FIE/E?Z"QW%%? m for at

| east one day WO 2007/076520PCT/ US2006/ 062654 Table 22. Summary of G oup
Mrtality Rates Post-Challenge Goup Treatment N Dead Post, challenge
Mrtality Rate rORF2 - 16 gg - | M5 1314 2 doses 14 0 0. 0%

ue/230 je/ml = 0.56 ml 1ORFZ) with 6.4 ml of 0.5% Carbopol and 25.04 m of phosphate
buffered saline at & pH of 7.4, This produced 32 mi of formulation for group 6. Group 7 was

designed to administer 2ml of PCV2 whole Killed cell vascing (PCV2 KV) contalning she

MAX PCV2 KV, This was done by mixing 56 ml of PCVI KV with 14 mb of 6.5%

trh

Carbopol. This produced 70 ral of formulation for group 7. Finally group B was designed 10
administer KLH at 0.5 pg/ml or 1O pg/mi per 2 m) dose. This was done by wixing 40.71 ml
KLH (7.0 ug protein/mi at 0.5 ugfmi = 570 il (7.0 peimlix) = @.5)X570 mi)), 244.29 mi
phosphate buffered saline at a pil of 7.4, and 285 wi Freunds adjuvant. Table 5 desciibes the
time frames for the key activities of this Example.

10

Table 8. Study Activities

Study Study Activily

Pay

-4, 0 1o 4% | General observations Tor overall healih and clinteal symptoms

~3 Weighed: Randomized o groups; Collecied Blood samples

from sli plgs

0 Health examination; Adrministered TVP Nos. 1-7 lo Groups 1-7,
respectively
o7 Observed pigs for injection site reactions
14 Boostered Group 7 with PUV2 Vaccine No, 7; Blood samples

from all pigs

1421 Observed Group 7 for injection site reactions




2. VORF2 -- 16 im- Carhop& 2 doses 0 0.0% rORF2! Al Carbopol

0.0% 4 vORF2 -

0 0.0%6 rORF2 -1 iitt - -- Carbopol 2 doses 0 t-
.t gCar bop8P V73 es B

2 doses 15 0

16gCarbopol 1 dose 15 1 6.7% rORF2 -4 ng - Carhop& 1 dose

| 16-1%

Treated afl pigs with antibiotics (data missing)

1%

Pigs transported from the first test site 1o a second test site

Tromted Groups 19 with KLIICFA

Collected blood and nasal sweb samples from all pigs:
Weighed all pigs; Challenged Groups 1-8 with PCV2 chailenge

mataral

Collected nasal swah samples from all pigs

Treated Groups 1-9 with KLHACFA

Collectad blood samples from all pigs

Collected Hood and nasal swab samples from all pigs;
Waighed all pigs; Necropsy al pips; Ciross festons noted with
emphasis placed on icterus and gastric ulcers; Lungs evaluated
for fesions; Tresh and formatin fixed tissue samples saved; In-

life phase of the study completed

OR ---0,
PC%/%”SMG(»/(?GZ%S%

Following completion of the in-iife phase of the study, formalin Nixed issues were

examined by Inmmmohistochemistry (THC) for detaction of PCVZ antigen by a pathologist,

04



13.3% KV > 8.0 log --- Carbopot 2 doses 20, 0% Challenge Controls 14 7
14.3% 10 Strict Negative Controls 15 0 0.0% The Summary O

ﬁ]o_ll{gb:\/gaggg%@g%%@ge Lung Lesions and Tentative Di agng&jﬁ@s%ﬁﬁaﬁdég%n bel ow

, the challenge control group, had
percentage lung lesions with a nean of 10.81 di. 23.27%  followed by G oup
7, which received 0.25 ug rORF2-Carbopoi and had, a nean of 6.57 24.74%
Goup 5, \\Inch received 4 ug rOR F2- 10 Carbopol and had a nean of 2.88 -
8.88% and Group 8 wth received the :KV vaccine and had a nean of 2,01
4.98% The remai ning six (6) groups had | ower nean percentage |ung |esions

that ranged, fromQ 11, . %1 PPz Wio, 129 sTenbliiscensh apnesiisioof
pneunoni N %?ﬁm}(ﬁ}ké‘ﬁ%tn{g‘&?ﬁ%gg{%%%s. *Grgﬁp 3 which récei ved WO

2007/ 076520PCT/ LIS2006/ 062654 51 wo.. A0S W8y LhOadRirdnfearthapohy zhad the
| onest t%ﬁf‘g%r‘??é{ﬁﬁl %’gﬁ"g‘gu%% éo%lig\g%é%grﬁﬁi?a(,%bf%{.@}:%%@ Groupi 9, the ‘chal | enge

contr ol grpv,p, had 50% of the group tentatively diagnosed wi th pneunoni a,
fol | owed“By" @ oup 10, the strict negative control group and Group 2, which

recei ved two : O%;ﬁ% gﬂ%ge %ﬁ?%{gﬂt\é@ﬁéﬁf &i%&b apak i@i_giggés%Q%ge%iﬁfﬁﬁfé%{sﬂﬁﬁlect ively,

tentatively pneuroni a 5, 9, and 10 had 0% of

the gr OUQ?.%{}‘%%%%%‘%. @ﬁga@{?so&e@g%%gcf’r@t%t'z{-‘fz:%%‘%ﬁitne%&y? S AUBo3 swanhi ch

recel ved _ del ne, e highest group rate of tentative

di agnosi s, of PC V2 infection, whieh, 20% . Groun. L. Whieh LRERiNRGnE W doses
of 0.25 tH§eFERE ﬂb&# BEhS }?’85%3&&‘5%%%%9& ?’du\%\?)n&ig}% Tecei ved one dose of 16 ug

6. 796 of - BHERS g GUB demeLty VeI R B B R o e T one
pigin Grvg;% ax’meS t?m?a?}/? ;gfegén e %r({sggaazgu%%gat%ﬁ 8% A 19k th G| GRInPs were
| housed in two different buildings at the second study site,  Group 9 (The Siriet negative
10 control group} was housed separately in a converted finisher butiding and Groups 1-8 were
housed in converted nursery building. Bach group was housed in a separaies pen (11-12 pigs
per pen) and each pen provi ded approximately 3.0 square (el per pig. Each pen was on an
elevated deck with plastic siatted floors. A pit below the pens served 2s 2 holding tank for
everement and waste. Each buildiog had its own separate heating and ventilabion systems,
i3 with Hiftle Hkelihood of cross-contamingtion of air between buildings.
At the fivst study site, piglets were fed a specially Formulaied milk ration from birth to
approximately 3 weeks of age. All piglets were comsuming solid, special mixad ragion by
Day 19 (approximately 4 % weeks of age). Al the second study site, all piplets were fod a
custorn non-medicated commercial mix ration appropriate for their age snd weight, el
20 Iibinm. Water a1 both study sites was also available ad libinn.
All test plus were treated with Vitamin E on Day -2, wilk iron injections on Day -1
and with NAXCEL® (1.0 mi, IM, in alternating hams) on Days 16, 17, 18 and 19, In
addition, Pig No. 52 (Group 9) was treated with an iron injection on Day 3, P_i 45 (Group 6}
was treated with an iron injection on Day 11, Pig Neo. 69 (Group §) was treatad with

NAXCEL® on Day 6. Pig No. 74 {Group 3) was treated with dexamethazone and penicillin
)

)
¥ 3



15Tabl e 23. Summary of Group Mean % Lu ing Lesion and Tentative iagnosis
G oup Treatnent z No. O pigs that shed for at |east one day I nci dence Rat e
rOR |- %/g 13142 doses 0 0% VvORF2-1 6pg- Carhopol 2 doses 15 7% 3

5-103?52516p VBP0 2 doses 15 20.0% 4 vORP2- 16ny- CSFE%g)qwimaxose 15
0

on Dav 14, and Pig No. 51 {Group 1) was treated with dexamelhazone and penicillin on Day
13 and with NAXCEL® on Day 14 for various health reasons,

While at bolh shudy sites, pigs were wnder velerinary cace. Animqi health
examinations were conducted on Day © and were recorded on fhe Health Exeminatjon Record

5 Form. All animals were in sood health and nuuifional status bafore vaccination as

determined by observation on Day 0. Al test animaly were observed to be in good heatlh and
nutritional status prior to challenge, Carcusses and fissues were disposed of by rendering,
Final disposition of study animals was records on the Animal Disposition Record,

On Day 0, pigs assigned to Groups 16 teceived 1.0 mi, of PCV2 Vacanes 16,

10 respectively, IM in the left neck region nsing a sterile 3.0 mi Luer-lock svringe and a sterile
20 x % needle. Pigs assigned 1o Group 7 recsived 2.0 ml of POV2 Vaccine No. 7IMin
the lsft neck region using a sterile 3.0 mi. Luer-lock syrings and & sterile 20g x° 15" neadie,
On Day 14, pigs assigned to Group 7 receivad 2.0 mL of PCY2Y accing No. 7 §M in the rigls
neck region using a sterfle 3.0 mL Luer-tock syringe and a sierile 20g x 14" needle.

5 On Day 21 all fest pigs received 2.0 mb of KEHACFA 1M in the right ham region
asing @ sterite 3.0 ml, Luar-lock syringe and a sterile 20g x1" needle. On Day 27 all test ples
seceived 2.0 mb of KLBACEA in the left ham region using g sterile 3.0 mb Luyer-Jock
syringe and a sterife 20g x 1" needle.

On Day 24, pigs assigned to Groups 1-8 received 1.0 ol of PCVZ ISUVDL

20 challenge maiarial (5.1 logg TCIDs/mL) T in the left neck region using 2 sterile 3.0 mL
tuer-lock syringe and a stetie 20g x 1 needie. Ap additiopal 1.0 ml. of the same material
was administered IN o each pig (0.5 m per nosteil) vsing » sterile 5.0 mb Luer-lock syringe
and nasal canula.

Test pigs were observed daily for overall healih and adverse evenis on Day -4 and

25 from Day 0 1o Day 19, Observations were recorded on the Clinical Observation Record. All

96
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test pigs were observed from Day 0o Day 7, and Group 7 was farther observed from Day 14

10 21, for injection site reactions. Aversge daily weight gain was defermined by weighing

each pig on & calibrated scale on Days <3, 24 and 49, or on the day (hat 2 pig was found dead

after challenge, Rody sweights were recorded on the Body Weight Form. Day -3 body

3 weights wers wilized 1o block pigs prior to randomization. Day 24 and Dav 4% weight data

was ulilized to determine the average daily weight gain (ADWG) for each pig during thase

fime points. For pigs that died after challenge and betore Day 49, the ADWG was adjusted 1o
represent the ADWG from Day 24 to the day of death.

In order {o determine POV2 serology, venous whole blood was collected from each

Hy pigiet from the orbital venous sinus on Days -3 and 14 For each piglet, blood was collecied

from fhe orbital venous sinus by inserting o sledle capiliary tube into the medial canthus of

one of the eves and draining spproximately 3.0 mbl of whole blood tnte 4 4.0 mb Serum

Separator Tube (S8T). On Days 24, 31, and 42, venous whole blood from eacﬁ pig was

collected from the anterior vena cave using a sterile 18g x 1 %" Vaculainer needle (Becton

ot
e

Pickinson and Company, Franklin Lakes, New Jersey), a Vacutainer neadle holder and 2 13
mb. SST. Blood coliections at each Hme point were vecorded on the Sample Collection
Record. Blood in esch 88T was allowed to clot, each 88T was then spun down and the
serutn harvested. Harvested serum was transferred to a sterite snap tube and stored at -7
1 C unlil tested at o later dale. Serum samples were fested for the presence of PCV2
20 antibodies by BIVI-R&D personnel.

Pigs wers observed once daily from Day 20 lo Day 49 for clinical symploms and
clinmical observations were recorded on the Clinical Observation Record.

o test for POV2 nasal shedding, on Days 24, 23, and then every other odd mmbered
study day up to and i;i_chxciing Day 49, a sierile dacron swab was iserted intra nasally o

25 cither the lefr or right nostril of each pig {one swab per pig) aseptically as possible,
: a7



Strict Negative Controls 11110 VORF2 = isolated viral ORrORF2 =
reconbi nant baoul ovirus expr ed QJ whole cell virus PCV2 vials grown ii
suitable eell ea hire The Sunmmary' of Group IHC. Positive |Incidence
Resul ts at8 {8 bel ow in Table 24. Goup 1 (I 6 |ig FERESXPORE2%14) had
the | owest group rate ofpositive results with 0% of the pigs positive PCV2,
followed by Goup 2 (16 ug vORY2 Carbopol) and Goup 4 (single dose 16 ug
vOP. F2 Carbopol ), which had group MC rates of 6.7% and 13. 3% respectively.
G oup 9, the challenge control group, had the highest WC positive

I ncidence ate with 100% of the pigs positive for PCV2, followed by G oup
10, the Stl’l tk of d URaB wb¥eaBERzicha 913% and
80% of tiﬁ‘é’“’}b é‘%ﬂmgg& {1 %L%%%%/d el oo P }@UQ LN

ositive respectively. Table 24. Sunmary of G oup

Positi.v i denc T t o, S at | east
one day ?ﬁ@? Eéﬁ?mg?géﬁg%mﬁg@t{ geiL {%%l}%f%%&g%i ei h?%s Ob%g};l%%mﬁ i

Car hopol 2 Pameﬂ%n, I dof %}f?"%ire%'x:z% c;Jn G PARAUL 4r 907 PRne. 3 THO s was

broken off in the tube, and the snap tube was sealed and appropri ately labeled with animal

L%

namber, study number, date of collection, study day and f‘z}ésal swab” Sealed snap tubss
were stored at ~40 = 10° € unti} fransporied overnight on lce o BIVI-St Joseph. Nasal swab
collections were recorded on the Nasal Swab Sample Collection Form. BIVLRED
conducted quansitative vims isofation (VD testing for PCVZ on nasal swab samples. The
results were expressed in logy, values. A value of 1.3 logs or less was considered negalive
10 and any value greater than 1.3 logs was considered positive,

Pigs that died (Nos. 28, 52, 36, 69, 82, and 93 ot the first study site were necropsied
1o the level necessary to determine a diagnosis. Gross lesions were recorded and no Hesues
were retained from these pigs. At the second study sile, pigs that died prior fo Day 49 {Nos.
45, 73, 38, 35), pigs found dead on Day 49 priot to euthanasia (Nos. 2. 43Y and pigs

15 cuthanized on Day 49 were necropsied. Any gross lesions wera noted and the percentages of
hmg tobes with lesions were recorded on the Necropsy Report Fomm.

From each of the 103 pigs necropsied af (he second study site, & tissue sample of
tongil, lung. heart, liver, mesenteric lymph node, kidney and inguinal fymph node was placed
into a single container with bulfered 10% formaling while snother tasue sampte fron the

20 same sforementioned organs was placed into a Whirk-psk (M-Tech Diagnostics Lid,,
Thelwall, UK) and each Whirl-pak was placed on ice. Rach container was properly labeled,
Suraple coltections were recorded on the Necropsy Repovt Form. Aferwards, Tormalin-fixed
fissue samples and a Disgnostic Request Form were submitted for IHC tegting. THC tesiing
was conducted in aceordance with standard ISU laboratory procedurss for receiving samples,

2% sample and slide preparation, snd staining techniques. Fresh tissues in Whit-paks were
0%
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shipped with ice packs to the Study Monitor for storage (~70° = 10° €Y and possible Huture
ase. Formalin-fixed tissues were examined by a pathologist for detection af PCV2 by HC
and scored using the following scotng systemy: O = Nome; 1= Scant posilive staining, few
sites; 2 = Moderste positive staining, multiple sites; and 3 = Abundani positive staining,
diffuse faroughout the tissue. Due fo the fact that the pathologist could not positively

differentiate ingwingd LN from mesenteric LN, results for these fissues were simply labeled s

Lymph Node and the seore given the highost score for each of the two tissuss per animal,

10

Results

Resulis for this exarmple are given below. It is noted that one pig from Group 9 died
hefore Day 0, and 5 more pigs died post-vaccination {1 pig from Group 4; | plg from Group
& 2 pigs from Group &; and 1 pig from Group 9. Post-mortem axanunation indicated all six
died due to underiving infections that were not associafed with vaccination or PMWS,
Additiopally, no adverse evenls or injection site reactions were 5o led with any groups.

Average daily weight gain (ADWG) results are presented below in Table 6. Group 2,
ihe sirict negafive control group, bad the highest ADWG (1.06 £ 0.17 ba/dwy), followed by
Ciroup 5 {0.942 0.22 lbs/day), which received one dose of 8 ug of rORF2. Group 3, which
received one dose of 4 ug of vORFZ, had the fowest ADWG (.49 & 021 ibe/dav), followed

by Group 7 (0.502 018 thsfday), which rec.e,i ved 2 doses of killed vaccine,

Table 6. Swmmary of Group Average Daily Weight Gain (ADWG)

.3.3%
2 doses -

T{Sa*cm;ts Treaiment N | ADWE - fisiday (Day 24 10 Doy ) or

adjusted for pigs dead before Day 29

e



1.00.0% 10 Strict Negative Controls 14 93.3% VvORF2 = isolated viral

OR F2; rORF2 = recornbinnnt bacitineirus expressed OR1-2; 1<,,V or killed
whol e con_virus PCV2 virus grown. in suitable cell cul ture Di scussion.
Seven POOVEEIHES were evaluated in this exanple, whfENUEHEPMREY a hi gh
dose (16 jig) of rORF2 antigen adjuvanted with I M5 1314 adm ni stered tw ce,
a high dose (16 jig) of vORF2 antigen adjuvant:6d w th Carbopol

adm ni stered once to one group of pigs and twice to a seeond group of pigs,
a high dose (16 jig) of rORF-2 antigen adjuvanted w th Carbopol

adm nistered twice, a 4 ]Ig dose of rORE2 antigen adjuvant:6d w th Carbopol
adm ni streret—~3o—t-wce; t-rrog-dose-ofi-rGREZENt | % nted wti
Car bopol| adni hreRER et : iwiidfé“e)a | ow dosé(0. 25 pg)~ 1‘“@ Fil’lé? Anti gen
adj uvantied wi th Carbopol adm nistereditwice, and.a high.dose (> 8 19¢g) of
killed whole ¢ [ § e achuvanted wth -ROPeL~ @gall Gi oup
whi ch rdcefved {)&gf%éug?gﬁ?s]e 6jig tCRF@ | VB 13%? per%olrb%d slightlly
better tihan Gioups 2 through—Z—whi-ch-ireepi-ved—vracetnes—contarnmngvari ous
| evel s of gitFQQngﬁﬁapqndéﬁ)r0R172 antﬁgen adj uveited2bsidasCar bopol; and
much betiter than (}oup 8, which recei ed two doses of killed whole cgel
PCV2 vacetne—iGou hrad—thethiTd hiig, ,est ADWG 8 I bstday), the
| onest i nci%ené@kﬁg"é‘b%?lﬂ%ﬁv Ybehavi or g’og , the I{“g)éi' 83?%% ence of

abnor mal i, respiration (0%, a Iom1|ncide1ce of cough (7.1%  a }ow
i nci dence af I | synpt ons was tiess whtbhleesot her grioups
for the | owest r%?l%afg%!%yparag e (0% th;epjs =cond | onest rate for nean %I ung
i eions (P15 +-14%) - t-he.—second-t-onest-—rat-e—for preunonia - (2174%dnd the
| ovest i hcigleraerrat e kot dpesitive 11-10 {i ssues ¢804 02860 1 was,
however,ithe only group in which injection site reactions were noted, which

—

A

i ncl uded the vaccinates 1 day aftet the se d gd.pation. iThe

ot her va,C|?1e K¥#hisesdt ered to G oups ? t hr ough Efgge}“f \é?i%e!&pbetter t han
the killed vacgcine and nearly as well tthe vacci-ne--admi-hi-stered-+6 G oup
| . 3 o4p 8(‘#«1 Es%?aﬁ@&@' ved two doseg of kill edsRG;1¥V2oakieci ne

adj uvanted w th opo had t he worst seet of results for any vacci ne
group. G-oup-8i-had-the—+tonwest—ABNG-(-0-93-40,33 bt day),  THe Secon

hi ghest fate ofStabméﬁwm:ale(bveh@ivi or (6. 7/<)“ the hi gh8&t G BF abnor nl
respiratiton (6} 7%, Jas tied with three otiher groups for_ the highest

overal | iW@g&g & oaF? GhRIY € abontyap bemsnifuk 3x889cd (RAd illed vhilg kst

nor tal i t bt eoofvaal fogliosmsbi{ 20%kuwand had the highest positive MCrate
(809 of any vaccine group. There was concern that the killed whol e cel
PCV2 vaccine may not have been fully inactivated prior to admnistration to
G oup 8, Whi ClpcvirBy@XR Abiist fié prgeaeh bslopoior Tads Ul t &l W GrYpnates v,
definitive data was not available to confirmthis concern, Overall, in the
cont ext  QfrokBiaSveRamEive, cnadGoRY ant Dandl, (irkseekeROY YRR veeciesduAdle ai d in
the reduction of POV2 associated di sease. 20As previ ously mentioned, no
adverse aqy 1%&%@1@%%&1/@@ BERY. N Fhseace:smw&dtedoimitmmm@lﬁwe adj
twanted w | M5 1314. Injection site reactions were noted in 50.0% of the
pigs 1 d%xtafwﬁ_ﬁési ties, Secand vaneipatk areikiitghrGRFE vaciobne Chapsil aldd wi t h
1314 and in 28.6% of the pigs 2 days after the second vaccination, No

react i ONS,Waime) B4Rl aBBY YO PEERV Mg Garll wolkecaldiog VORAE atkcat i nes.
Any further studies “that include pi gs 25vaccinated with 1M5 1314 adj uvanted
vac es Sh%kz&uﬁ%tdla;ﬂ&%&t@ AGHOSEbayol BBN! kxporp.gblifonl A3Sly iyipeetipihai te
reactions. on Day 14. ol Day 25 (day of challenge), Goup 8 had the

hi ghgst PCVa. é’%ﬂkb%% of hkBlkd (A8 X ind Alidsavedth nh)ylimzmpuﬁne(h@%??l% ante h t he
exception of Goups 7, 9 and 10" all groups denonstrated a strong antibody

response hy dogmge;g;%mﬁx FRYGrEPs 8 8hd 0 BRAHRS 1§ RedairdiengeBtioapn Paditapds 1. 0
dermnstrate a strong anti body response. One of the hallmarks of late

stage PCV%L&%(@QE}'R@H vAeheSHRSLALEME KVAY Sirdervediapamente losegrdovd of 1DBFAr dat i on
i n weaned ples and in severe cases, weight loss is noted, Average daily

wei ght gakggm% {r@[@%@%l}'{n‘%u@ &%@Qﬁhﬂr@iﬂcﬂb@k n@ﬁ*b%u@fiwdﬁﬁ@ﬂ&ﬁﬁﬁlﬂ wigOgEDWE h - 10
retardation or wel gh , In"this exanple, there was not. a |l arge

difference, | r@up hSieh@d cbi@isl OwRaly ARMGHEf 40. 88
0. 29 |bstél°“"Cmas 59%3 ﬁg}hag e R ?‘Eﬁé‘gt %dDV\G of 1..16 0.26 Ib/day.
Wthin the contextof thls st udy there was not a suff|C|ent di fference

bet ween groups to base haure vaccine efficacy on ADAG. In addition to

wei ght |l oss - dyspnea, lethargy, pallor of the skin, and sonetines 15
icterus are clinical synptons associated with PMAS. I n this exanple,
abnormal behavi or and abnormal respiration and cough were noted
infrequently for each group. As evidenced in this study, this challenge
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rO 1M 1314) bad the | owest positive Mcresults for

LBg

roups.
PCV2

anti gen (0% wawdiislgeale wupgserof a0 had the hi ghest positive Cresults with
i nci dence rates of 100% and 93, 3% respectively. Goups 3, 5, 6 and '7,
rORF2 anti gen, respectively,

Wi nch r ecé&fVadiiBpiiengs |
adj uvanted wi th Carbopol,

or 0.25 p.g of

had NC positive rates of 20%

20%

40% and

46. 7%

respeet i vekiDarGidigpoRsy which recei ved two doses of 16 ug vVORF2 adj uvant ed

with Curb

13. 3%

opol

had an the positive rate of 6.7% while G
recei ved only Gherestds dowfihe prst-gatenrsy abueah ePsCHABOM A RRSEHE
Due to the bjective nature of this test and.

t he fact

t hat

q¥§¥$§£p&§@e of

HG

resul ts carr diat st hofexpds tivdudes et ationt g APRetpEo BEPTote S he best
paraneters on which to base vaccine efficacy. .
present i mueptiion,Cdible i Riantem Plabledtintlvdes D eMEpyroas he SEvpay OREIOWnt i gen

*Incanted with Garbopol

Thus in one aspect_ of the

in the GDGD piejgyodel a PC. V2 challenge is

determned. Goups 3, 5 6 and 7 each received MO doses of TORE2 anti gen

adj uvanted wi th Carbopol,

group. Goups 3, 5 6 and 7 each received 16, 4, 1 or 0.25 lig of
antigen respectively.

I n 25general ,

but the | evel

of

decreasing the |evel

of

rORF2 antigen varied for each
r ORE2
rORF2 antigen

decreased PGV2 antibody titers, and increased the nortality rate, mean %



in still another aspect of the present invention, the feasibility of PCVv2
ORF2 as a InmL 1 dose product was determned. Goups 2 and 4 both recei ved
16 t.tg of VORF2 vacci ne adjuvanted with Carbopol on Day 0, but G oup

recei ved $OS&UEHEHose on Day 1.4. Group 4 had a sii ght"@’%?‘lﬂﬁ@@“?ﬂﬂ/\m and
a lower nean % lung lesions than Group 2, but Goup 2 had hi gher MAT PCV2
titers on Day 25, 32 and 50, and a slightly | ower incidence rate of NC
positive tissues. AU other results for these two groups were simlar.
Overall, one 10vORT2 adjuvanted wi th Carbopol perfornmed simlar to two
doses of the sane vacci ne. CLAIMS W claim |. A single dose nultival ent
combi nat @O?%}:{ A ::{,0 Jﬁgﬁ%\? 1Bk FL8 h"?'%zfr:ﬁf{%&é foktdis ERARL S@Rkkg On

effectiv crn ern ence o essening the severity of

por ci ne J ZiI]l S, kégsa “chsflg%%}te' Of% dﬁ&? cBhinb® 8 kicd mbBRUReAsRIwgs act i ve

conponen ST aR0t her di Sease- causi ng organi Smin sw ne

CErecred (com ¢ g‘@g§§}a&%@%¢z%h' 08 0620 ANLPSRRTdE! BobARI hys

pl europné‘t’tﬁlr‘r)'i‘arf“ha n havi T Us suc st erfi equi ne

encephal omyel '“g R Bor de, eén'a%gh ONGB! ?3%} fis BliashYsR&aLSPP. |

pr ef er abfF BOVRY (“a 888 @C‘glﬁ) , r ucel 4 suis, preferably
biovars 1, 2 asi cal S, G A0

pr efier aby¥ ﬁmiﬂaqﬁ'%ﬁ%ﬂﬁ o i "@ | hge ;a\éé {é{g 3A% %Sk%ir?g % ) thovyr
C.septicum. C. tete ronay, r b [ rafiory Cor ona
virus: EFESUYRG? n%g‘i*% 1’%@3 " ? h Eﬁ it | )3\ Jrn strﬁ(c)){hgt ;ﬂi%agﬁ %Eégscsﬁ;érr chi a

col i; Haenophi l u par asui r ef er X 4. 0
Hemagg! utiERERSTAE %‘ﬁ'ﬁ%’i‘f‘ﬁ WE‘W‘WS }1‘% Us “ﬁ%i%g%e%ge r%%gg ﬁ% }'Dtu?ssz‘ Vir us;

t:rfgsgﬁrg“r;a%ﬁ@gr;la ot ety e T

i ct er ohaenorr hagi cae; and Leptospira i nterrogans; Leptospira ponona,
Lept ospi F3Var assovi ; Mycobact eri um spp., preferably M avium M

t | ul d Mb M : ¥
rul 6 da; Ports MEyPOHERhPGYR RS PO rrréxﬁ*ééhﬁrgg%sr%ﬁ&é Skranahe el e

Reproductive and Respiratory Syndrone RRS J 0 £ rus;

Rot avi r usay ShivgsRBER 38 mg&r’éﬁ’é‘?‘ﬁﬁﬁ? 18 1 % %#tm?lrsebﬁ%m gwéwc“h% éélslr aesui s;
St aph. hyi cus; Staphyl ococcus sp toc

pr ef er abl of K¥ pegsined Er%lﬁ‘e chyffeRe fe i?‘“gég%‘%émf’ 'f"]c ﬁg%é? ﬁ?‘%é‘: ¥ sui ne
pox virus; Vesicular stomatitis vr rus rus of vesij ary it hema of
swi ne, wherelarsdaPEEbr Biendic PREE ?‘ifi‘gozt%fﬁ‘én éheaﬁﬁ’?‘l‘pg}gﬁem%%rprzi’ses t He ORF2
protein of PCV2 and wherein one dose, of vacci ne Cﬁrrg %mg%g to 150
lug of saind iBRERupPFesTEPH * 12 TTRBI S HgPE §é’d‘rﬁfﬁ faT SHP 30?1% nat I on

vaccine of claim1, wherein the porcine circovirus type 2 antigen is
i nacitsi vat @4d. ?bﬁ%@ilm‘éi%n eeRsviielis type 2 antigen, or a Iive nodified or
- attenuated porcine circovirus type 2. 3. The si e dose nultiy

conbi nati on vaderdlenetalip] @empatvgpn @"Wﬁim&?@} ?i"é%i{] Bor R eSS B ot 3?" s type 2
antigen is a protein encoded by a DNA, wherein the DNA se C at
| east 90%BBYuences hafetht ﬁltgﬁes&mﬁtﬂﬁﬁa?ﬁﬁaéré %r’"b&héler%(’“@r tﬁ%\ﬁg?“tfg 'Fﬁ}%é’ 2. 4.
The single dose multival ent conbi nati on vacci ne of gr ﬁ wherein
sai d POV2vORER 1pngtoBrdRFS of § aembrypeptdde: %B%‘P&%’ﬁﬁ&”l"ﬁ "@@hﬂ% 8 'df SEQ ID
NO 5 SEQIDNO 6, SEQID NO 9, SEQID NO 10, or SEQID NO 11, any
pol ypept i deritiiatutess at | east 90% honol ogous to the pol ypeptide of iii) a
pol ypeptide that is encoded by a DNA conprising the sequence of SEQ I D NO
3 orxBEQ ID NO 4, or iv) any polypeptide that is encoded by a pol ynucl eot
de that is at Ieast 90% honol ogous to the pol ynucleotide of iii). 5. The
singl e dose rishleiS Suemare ofiGramt Pomrvaions e Abpousn) Bshyigs ABPUPHE 1 to 4,
wherein said i munogeni c active conponent effective against another
di sease- causi ng organi sm i niteyimeed.Coxghuandlianbef  Porci ne Reproductive and
Respiratory Syndrome (PRRS) Virus. 6. The single dose.miltiv

conbi nati b T{g%vac I ne of. any .one of |glai rz@m;m{ap Aapdhgsie] reagi’'d |ipadeggeni c

active co effecfrve agai nst anot her di sease-caugi ng organi smi
swine is an antjgen of Mycopl asma|hyopaguipm aepiMibyo). 7. The single dose
mul tival ent conpi nati on vacci ne off any one of iclains 1jto 4, i he at

| east onetii nmunbgeni ¢ active conponent effectitve agai nst anot her
di sease-causing organismin swine is angantigen of Porcine Reproductive and
Respiratory Syndrome (PRRS) and an antigen of Mycoplasma hyopneunoni ae (M
hyo) 8. The single dose nultivalent combination vaccine of any one of
clains 1 to 7, wherein one dose of said vaccine conprises 4 jig to 16 jig
of said ORF2 protein. 9. Use of ORF2 protein of PCV2 and of at |east one

i mrunogeni ¢ active conponent effective against another di sease-causing



iv)any pol ypeptide that is encoded by a pol ynucleotide that is at |east 90%
honol ogous to the pol ynucleotide of iii). 11. The use of claim9 or 10,
wherein said i mmunogeni ¢ active conponent effective against another
disease-€g8§WH6”8p&anish1in swine is an antigen of PorgFﬁ@Eﬁ@ﬁ?%ﬁﬁ%tive and
Respiratory Syndrone (PRRS) Virus. 12. The use of claim9 or 10, wherein
sai d i mmunogeni ¢ acti ve conponent effective agai nst anot her di sease-causing
organismin swine is an antigen of Mycopl asna hyopneunoni ae (M hyo). 13.

The use of claim9 or 10, wherein said at |east one inmmunogenic active
conmponent effective agai nst another disease-causing organismin swine is an

anti gen pf—Percine-ReproductivepndiRespirat ryﬂgéndr e (PRRS)., and ian
anti gen bf M coptaRifr Kyeshetstbn| 48 (M H#Vo) 14. YTHe use *OF any Bhe of
claims 9ito 13, wherein one doseiof isaid _vac¢ine conprises. 4ipig.t.0 116 j.tg
of said DRF2 protein. Case 10-0077-{PCTCIS <11§§” EQUE%%E}Lléfgﬁéﬁ
Roof , M ke 5 | Ei chneyer, Mark itzel . eq Schaeffer., I
2 VORF2 -8 pg (1 doss) | 12 412 012 1612 V12
{33.3%) {0%) (3% | (33%)
3 VOREZ -4 ug (L dose) | 12 8112 0/12 212 1412
{66.7%0} {0%) {10,7%) {#.3%)
4 ORF2 - 16 pg {1 dose) il 311 0F11 0711 ({0} 211
(27.3%) {0%) : {18.2%)
E
5 YORF2 - 8 ug {1 dose} iz 0712 3412 TR YA 0112 {0%%)
(0%} (%) (8.3%}
6 [ORF2-dpg(ldose) | 11 [ HLIOAM] 01 /1T (0%} | 0712 (0%)
(0%)
7 KV (2 doses) i2 712 012 /12 (0%} /12
(58.3) {O%) (8.3%)
3 Challenge Controls 10 T334 GF10 2/10 210
(10% (09%) Q0% | U%)
g | Strict Negative Controls 11 {1l o1l OFLT (0%} ¢ O3 1 (0%}
{085} {0%}

VORFD = fsolated wiral ORF2; fORF2 = recombinant baculovirus exprassed ORFZ; killed whole cclk

wirps = POVY viras grown in suifable cell ouliore

"Total number of pigs in each group that demonstrated any sbnormal hehavior for al lsast one
3 day
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Hayes, Phillip 10 <120> PCV2 | MMUNOGENI C COVPCSI TI ONS AND METHODS OF

PRODUCI NG ~ COVPOSI TI ONS <130> 34816-Cl P1 15 <140> UNKNOWN <141>

2005-01-10 <150> Unknown

WO 2007/07652¢ PCT/US2006/062654

*Total number of pigs in each group that demonstrated any abnonmal respiration for at least
one day
Sotal nuntber of pigs in each group that demonsirated a cough Tor at least one day

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

3
Table ., Summary of Group Overall ncidence of Clinical Symptoms
) ; T |
Oroup Frealment N Fncidence of pigs with | Incidence
Clinical Syraptoms’ | Rate
i vORFZ - 16 pg {1 dose) 2 3 1. 7%
2 vORF2 - 8 ug (1 dose) 12 3 41.7%
3 vORF2 - 4 pg (1 dosey iz 3 86.T%
4 TORF2 -~ 16 pg (3 dose) i 4 36.4%
5 rORE2 - 8 pg (! dosed 12 1 R.3%
& tORF2 - 4 ug (4 dose) it I 9.1%
7 KV (2 doses) 12 7 58.3%
B Challensge Controds 10 4 P
@ Siriet Negative Controls i1 Q 0%
TORF2 = isolated viral ORF2 1ORF = recombinant baculovins expressed ORF2; killed whole celt
virgs = POV?2 virus grown in suitable ceft sulure
10 Mrotal mumber of pigs in each group that demonstraled any chinical symptom for al least one

day
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<151> 2004-12-30 20 <160> 11 <170> Patentln version 3.3

<210> 1

10

<211> 8

WO 2007/076520 PCTAUS2006/062654

Fable 18 Sumsmary of Grouy Mortality Rates Post-ehallenge

G’;‘oﬁp Treatnent N Dead Post- Mortaliy Rate
chatlenge
1 vORFZ - 16 g {1 dose) | 12 1 8.3%
2 vORFZ ~ 8 pg () dose} 12 i 8.3%
3 YORFZ - 4 g {1 dose) 12 0 0%
4 TORF2 - 16 ug {1 dosg) 1 : 0 (%
3 TORF2Z - § ng (1 dose} 12 G 0%
6 | rORF2 - 4 pg (1 dose} 11 1 91%
7 KV {2 doses) 12 2 16.7%
8 Challenge Controls 10 1 10%
G Strict Negative Controls 1% ) 0%

VORF = solated viral ORFL, sORF2 = recombimmnt bacalonires sxpressed GRFL kitled whole celt
vireg = POVZ virus grown in suitable colf culinse

PCVE nasal shedding results are presented below in Table 11. Following challenge
on Day 24. } pig in Group 7 began shedding PCV2 on Day 27. Noue of the other groups
experienced shedding until Day 33. The bulk of nasal shedding was noted from Day 35 to
Day 45, Groups %eca’wing any of the thiee vORF2 vaccines and groups recelving either 4 or
8 py of YORFZ bad the lowest incidence of nasal shedding of PCV2 (£9.1%). The challenge
controf group (Group 8) had the highest shedding rate (8Q%}, followed by 1he strict negative

coutrol groap (Group 93, whick had an incidence rate of 63.6%.
108
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<212>. DNA <213> Artificial 30 <220> <223> This is a nodified
Kozak's sequence. Case 10-0077-PCT US <400> 1 ccgccatg8 5 <210>2

<211>6
WO 2007/076520 PCT/US2006/062654

Table 11, Summary of Grovp Incidence of Nasal Shedding of PLVZ

Growp Treafment N { No. OF pigs that shed for | Incidence Rale

at Teast one day

1 YORF2Z - 16 py (1 dose) | 12 1 8.3%
2 VORF2 « 8§ pg (1 dose} 12 1 8,3%
3 vORF2 ~ 4 ug (1 dose) 12 1 8.3%
4 TORF2 - 16 ug {1 dose} 11 2 18.2%
3 FORF2 - 8 g (1 dose) 12 1 83%

6 rORF2 - 4 ng {1 dose) 11 1 9.1%
7 KV {2 doses) 12 5 41.7%
& _ Challenge Controls 10 g 0%

9 Sirict Negative Controls It 7 63.6%

VORED = jeolsied viral ORF2; tORF2 = recombinant bacalovires expressed ORF2: killed whole sl
virns = POV vires grown in suitabie colf culire
‘The Sununary of Group Incidence of Tekerus, Group Incidence of Gastric Ulcars,
Group Mean Lung Lesion Scores, and Group Incidence of Lung Lestons are shown helow in
Table 12. Six pigs died at the first test site during the post-vaccination phase of the stedy
{Group 4, N=1; Group 6, W=l Group &, N=3; Gronp 9, N=2). Four oul of sty pigs had
10 #ibrinous lesions in one or more body cavities, ene pig (Group 6) had Tesions congistent with
clostridial disease, mﬁd one pig (Group 9) had no gross lesions. None of the pigs that died

daring the post-vaccination phased of the study had lestons consistent with PMWSE,
106



<212>DNA <213>Artificial 10 <220> <223>This is a
reconbi nant Eco Rl sequence.

WO 2007076520 PCT/UR2006/062654

Pigs that died post-challenge snd pigs suthanized on Day 49 were necropsied. At
necropsy, icterys and gasiric ulcers were pot present m any 2rowp. With regard to mean %
tung lesions, CGroup ¢ had lowest mean % lung lesions {09, followed by Group § with 0.40

+ 0.50% and Group 5 with .68 + 1.15%. Groups 2,3, 7and 8 had the highest mean % fung

L

fesions (2 7.27%). Each of these four groups contained one pig with % lung lesions 271.5%,
which skewed the results higher Tor these four groups. With the exception of Group 9 with
0% tung lesions noted, the remaining & groups had = 36% lung lesions, Almost ali lung

lesions noted were deseribed as red/purple and consolidated.

10 Table 12. Summary of Groug Incidence of leterus, Group Incidence of Gastric Ulcers,

Group Mean % Lung Lesion Scores, and Group Incidence of Lamyg Lesions Noted

Group } Treatment Toterus Gastric | Mean % Lung | Incidence of
Lileers fesions Lang Lestons
Noted
1 vORFZ - 16 ug {1 /12 (0% &/12 0.40 & 0.50% W1z
close} (0%} {B3%}
2 vORF2~ 8 pe (1 dosey | 0712 (0%) 0712 7.4% 4 20.2% Wz
(0%} {83%:)
3 L vORFZ-4pp(ldosed ] O12(0%) | 012 | 9205209% 1012
(0%} {83%)
4 rORF2 - 16 g {1 (11 {0%) 0F1L 1 L3 4.74% 411
dose} (0%} (36%:;}
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<400>2 gaattc 6 15 <210>3 <211>713

WO 2007/676520 PCT/US2006/062654

5 | rORFZ-%ug(ldosed | 0209 | 042 | 068 s L1S% 0112
(0%) (75%)

6 rORFE2 - 4 pu {1 dose) | 01T (0%} 1o 2934 5.12% s
(0%) (64%%)

7 KV (2 doses) PAZO%) | 02 | 7.27:229% 9i12
(%) (75%)

8 Challenge Controls /10 W10 | 9.88%202% §710
{0%) {0%6) {B0%%)

G Strict Negative 0711 (0%} 0711 11 0i11
Controls (0%) (0% {095

VORF2 = isolated viral ORF2: rORFZ = reconmbinant baculovirue expressed ORFL KV or killed
whole cell virus = PCV2 virus groven in suitable cell culture
The Summare of Group HIC Positive Incidence Results are shown in Fable 13.
3 Group 1 (vORE2 « 16 11g) and Group § (FORF2 - 8 pg) bad the lowest rate of THC positive
results (16.7%). Group 8 (Challenge Controls) and Group # (Strict Negative Controls} had

the highest rate of IHC positive resulis, 90% and 90.9%, respectively.

Table 13. Sumwmary of Group FHC Positive Incidence Rate

Group Treatment N No. Of pigs that had at | Incidence
Jeast one Hssue positive Rate
for PCV2
I vORF2 - 16 g (1 dose) iz 2 16. 7%
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<212>DNA 20 <213>Porci ne circovirus <400>3

gt at ccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60

cct ccgeege cgeccct
9CCaGSHHNmehg9c tegtccacce

cagct at gac
tt ggccagat

¥

16

PCT/UR2006/062654
- -
2 vORF2 - 8 ug {1 dose) 12 3 28.0%
- 3 vORF2 -4 up (1 dose) 12 8 66.7%
4 rORFZ ~ 16 ng {1 dose) 1 4 36.3%
s FORF2 -8 pg (1 dose) 12 2 16.7%
6 rOREZ - 4 ug {1 dose) i} 4 36.4%
7 KV (2 doses) 12 3 41.7%
8 Challenge Controls 16 B 90.6%
9 Strict MNegative Controls 11 14 90, 9%

VORF? = isolated viral ORFZ sDREZ = reoombinant baculovirus expressed DREZ; EY or Lilled
swhole geil vi;usr— POV virns grown in suitable cell cullure

posl-challenge, Group 5, which sreceived one dose of 8 ug of YORF2 andigen,
outperformed the other 6 vaccine groups. Group 5 had ihe highest ADWG (0.54 & 0.22
the/day). the lowest incidence of abnormal behavior {0%), the second owest incidence of
cough {8.3%), the lowest incidence of overall clinical symptoms { £,3%), the lowest mortality
rate {0%, the lowest rate of nasal shedding of PCV2 (8.3%), the second lowest rate for mean
%% tung fesions (0.68 % 1.15%) and the Jowest incidence rate for positive fissues (16.79%),
Groups raceiving various levels of rfORFZ antigen overdl outperformed groups receiving
various levels of YORF2 and the group receiving 2 doses of killed whole cell PCV2 vaccine

performed the worst, Tables 14 and 15 contain sumrmaries of group post-chatlenye daia.
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ccgccaccge taccgttgga 120 25 gaaggaaaaa tggcatcttc aacacccgec totcbcgeac
cttaggatat actgtggaga 180 aggaaaaatg gcatcttcaa cacccgcctc toccgcacct
tcggatatac tgtgacgact 240 ttgttccocc gggagggggyg accaacaaaa tctctatacc
ctttgaat at0t ‘??z]é?fgigaa 300 gaaaggttaa ggttgaattc tggcc®CEAB2WEBEEH cac
ccagggt gat aggggagtgg 360

Table 14, Swmraary of Group Post-Challenge Data - Part 1

Group N Treatiment ADWG | Abnormal | Cough Overall
(thsfday} | Behavior ncidence of
Clinical
Svmploms
1 12 | vORF2-16ug | 087+ 2/12 312 41.7%
{1 dose) 0.29 (16.7%) | [25%)
2 12 | ORF2-8ug | 070 412 112 41.7%
(1 dose} (.32 {33.3% (8.3%
3 12 vORFZ ~d ug HE S %712 212 66.7%
(1 dose) 0.21 B6THY | (16.7%
4 11| rORF2-16ug | 0.84% 311 011 36.4%
(1 dese) 0.30 (273%) | %)
5 i2 ORFL -8 pg (1.94 = O/12 (%) 112 53%
{1 dose) 0.22 B.3%
6 11 | tORF2-4ug 072s | WIL@I% ] o 0.1%
{1 dose} 0.23 {0%)
7 12 KV 0.304 ¢ 712583y | 12 38.3%
(2 doses) 0.15 (0%
3 10 Challenge 076 | IA0{0% | 210 )%
Controls 0.1% {20%
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gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420 30
acccat at gt aaactactcc tcccgccata caatccccca acccttctcc taccactccc 480

gttacttcab acccaaacct gttottgact ccactattga ttacttccaa ccagat aaca_ 540

aaaggaaté@oéﬂpg?@%%tg aggct acaaa cctctagaaa tgtggaccacpﬁpg
10-0077- PCT US gcactgcgtt cgaaaacagt aaatacgacc aggactacaa tatccgtgta

Feeteee00

Case

accatgtat g660 tacaattcag agaatttaat cttaaagacc coccacttaa accctaaatg act 713
5<210> 4

LA

11

Sirict Negative 1,06 & 0411 (096 ol o
Controls 017 (0%}

VORF? = isclated viral ORFZ; rORF2 = recombinant bacuiovins expressed ORFZ KV or killed
whole colf virns = PCV2 vires grown i suuble cell cultwre

Table 15. Summary of Group Post-Challenge Data - Part 2

| . "
Group ] N Treaunent Mortality | Masal | Mean % | Incidence Rate of al
Rate Shedding | TLung | leastone tssue IHC
Lesions | pesitive for POV2
i 2 1 vORF2-i6ug 8.3%% £.3% .40 % 16.7%
{1 dose} 0.50%
2 $2 1 vORF2-8ug 8.3% 83% | T4t 25.0%
{1 dose) 26.2%
3 12 vORFZ - 4 pug 0% 8.3% G20 = 66,7%
(1 dose} 21.9%
4 11 | rORF2-16ug 0% 18.2% 1.50 36.3%
{1 dose) 4.74%
3 i2 YORF2 -8 ug 0% 8.3% {L68 = 16.7%
(1 dose} 1.13%
6 i sORF2 -4 ng 9.1% 9 1% 293 & 36.4%
{1 dosa} 5.12%
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<211> 713 <212> DNA <213> Porcine crrcovirus 10<400> 4 ccgccatgac
cgcagccat c60 ttggccagat

gt at ccaagg aggcgttacc
cct CCgCCg‘% Cg(CCCC_t gc
t ggcat ct t €O4REACEEYcc
cacaacgccc tcctgggegg
gggagggggg accaacaaaa
ggttgaattc tggccctgcet

tgttattcta gatgataact
aaactactcc t cccgccat a

t cgtccac
tctcccgce
t ggacat g
tctctata
ccoccatc
ttgtaaca
caatcccc

gcagaagaag

acaccgcccc
ccgccaccgce
cttcggat at
gagattt aat
ctttgaatac
ccagggt gat
ggccacagcc
acccttctcc

ccC
ac
at

cc
ac
aa
ca

taccgttggal20
act gt caaggT8¥
at t gacgact 240
t acagaat aa300
aggggagt gg360
ct aacct at g420
taccact ccc480

aa dadaa
USRS gt
15tt gttcccecce
gaaaggtt aa
gct ccact gc

acccat at gt
gttacttcac

acccaaacgtgtrtrttgdact :
gctttggctig ggcﬁ@caaa cé@ttaga
cgaaaacagt aaa}l acgacc aggactac
agaatttagt cttaaagaccf3§€ﬁﬁbtt
<212> PRT <213p Porci ne circov

ccactaltl

aa tatccgtgta

da b gtigdacddct gt a

ga accctjaagaa tf
Brus 30<400> 5

gett
acca}}t{ ;_a1
o

£g600

Vet ThriTvr

ga-trachteeaa c,aga aa:ab40dgggaaggaatca

dctgegt t

g660 tacaattcag
3%25<210> 5 <211>
Pro Arg

233
g Arg

Tyr Arg Arg,Arg Arg Hi o PT
Ay Gn IlegLea‘ rg Ar{gm%ﬂgePr
Arg Trp Arg Arg Lys Asp I
Ay Tyr Thr Val. Lys A??i&fﬁsr T

Acn.ll.a. . .As
T 1T L T wJI7

\Mal

9 Ar@; Gasgueh0- 004¢: PCT US i@y Ser H
o Trp Leo Val.

e Phe Asin Thr A
hr Val Thr Thr

Hs Pro

oS, Le,

202530 Arg Hi
Ser Arg Tdr
10505560 Pro Ser Trp

1.5 Pr.-o- Py

s Leu
5 Arg Tyr
Phe
Al a Vol

Asp Met Net-Arg-—Phé
Thr Asn. iLys || eiiSer SirkceN&uowP

Controls

n..Acn P
T WJ rJ LI

e Ghu

vOIT

65707590
\5)

63,6%

VT OT 9007 ITI1

13

(Q‘%}

PN o |
o~ TrTmTod

9¢.9%

yiAy Gy

l

VORFZ = isolated viral ORF2; rORF2 = recombinant baculovirus expressed ORF2; KV or killed

whole celf virus = PCV2 vires grown

n suable cell culture

Results of this study Indicate that all furher vaccine efforts should focus on a rORE2

vaceine, Overall, nasal shedding of PCV2 was detected post-chalienge and vaccinstion with

g PCVZ vaccine resulted in a reduction of shedding. TImmunohistochemistry of selected

tvmphotd tissues also served as a good parameter for vaccine efficacy, whereas large

differences in ADWG, clinical symptoms, and gross lesjons were not defected between

groups. This study was complicated by the fact thal extraneous PCV2 was introduced at

some polat during the study, as evidenced by nasal shedding of PCV2, PCV2 serovonversion

Seven PCV2 vaccines were evaluated in this study, which included three different

5
10
and positive IHC tssuves In Group 9, the strict negative control group.
Disoussion
15

dose tevels of vORF2 aigen administered once on Day O, three differant dose levels of

fORF2 aniigen administered once on Day 0 and one dose level of killed whole cell PCV2

vaceine administered on Day 0 and Day 14, Overall, Group §, which received 1 dose of

vacsine containing 8 pg of rORF2 antigen, had the best results. CGroup 3 had the highest

ADWG. the lowest incidence of abnormal behavior, lhe fowest incidence of abnormal

112



' 859095 Arg Ile Arg Lys Vol Lys Val Qu Phe Trp Pro s Ser Pro Ile Thr
100105110 20 Gn Gy Asp Arg Ay Vval dy Ser Tﬁr Al aq\//al Ile Leu Asp Asp
Asn 115120125 Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr_ Vol Asn
Tyr 25130%954%(7SeY Ser Arg His Thr Ile Pro Gn Pro Ph3C%@§ZWPéﬁ4s Ser Arg
Tyr 145150155160 30Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe
Gn Pro 165170175 Case 10-0077-PCT US Asn Asn Lys Arg Asn Gn Leu Trp Leu
Arg Leu G n Thr Ser Arg Asn 5 Val Asp G n Asp 180185 His Val Gy Leo Gy
Thr Ala Phe G u Asn 195200 Tyr Asn Ile Arg Val Thr Met Tyr Val G n 190 Her
Lys Tyr Asp 205 Phe Arg Gu Phe 210 215 220 10

respiration, the second lowest incidence of cough, the lowest inctdence of overall clinical
symptoms, the lowest morfality e, the lowest rate of nasal shedding of PCVZ, the second
towest ate for mean % lung lesions and the lowest incidence rete for posttive HIC tissues.
Interestingly, Growp 4, which received a higher dose of rORF2 antigen than Group 3,
5 ciéd not perform as wefl or better than Gronp 5. Group 4 had a stightly lower ADWG, a
higher incidence of abnormal bebavior. a higher incidence of overal} clinicgl syroptoms, a
higher raie of nosal shedding of PCVZ, a higher mean % lung {esions, and a higher rate for
positive THC tissues than Cisoup 5. Statistical analysis, which may bave indicated that the
differences hetween fhese two groaps were not statistically signilicant, was not conducted or
10 these data, but there was an observed trend that Group 4 did not perfor as well as Group 3.
Post-vaccination, & pigs diad ot the first study site. Four of the six pigs were from
Group § or Group 9, which received no vaccine. None of the six pipg demonstrated lesions
comsistent with PMWS, no adverse evenls were reporied and overali, all seven Yaccines
appeared o be saft when administered fo pigs approximately 11 davs of age. During the
15 post-vaceination phase of the study. pigs receiving either of three dose levels of vORF2
vaccine or killed whole cefl vaceine had the highest IFAT levels, white Group 5 had the
jowest IFAT Tevels just prior to challenge, of the vaccine groups.
Although not formally proven, the predominant route of transmission of PCV2 to
young swine shorily after weaning is believed to be by oronasal direct contact and an
. 20 efficacious vaccine ihat reduces nasal shedding of PCV2 in a produciion setting would help
control the spread of infection. Groups raveiving one of three vORF2 antigen levels and the
group receiving § pg of *ORF2 had the lowest Incidence rafe of nasal shedding of PCVL
{8.3%). Expectedly, the chaflenge control group had the highest incidence rate of nasal
shedding (80%}.

25 Giross lesions in pigs with PMWS secondary to POVE infection typically consist of
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Asn Leu Lys Asp Pro Pro Leo Lys Pro 225 230 <210> 6
RT 15 <
<212> P <213> Porcine circovirus : 5 <211> 233

WO 2807/076520 PCT/US2066/062654

generatized lymphadenopathy in combination wi ih ong or a audiiple of the following: (1)
nterstitial pnevmenia with interiobular edema, (2) cutansous palior or fctervs, (3) mottled
atrophic livers, (4) gastric nloers and (3) nephiitls. At necropsy, iclerus, hepatitis, nephuiiis,

and pastric nloers were not noted in any groups and vmphadenopathy was not specificatly

(¥4

sxarsined for. The mean % hung lesion scores varted betwesn groups. The group rECIVINgG
16 ug of vORF2 anligen had the lowest mesn % lung tesion score {140 & 0.50%), followed
by the group that received 8 ng of rORF2 (0.08 & 1,159). As expected, the challenge control
- group had e highest mean % hing Jesion score (9.88 % 29.29%), In alf four groups, the mean
% lung fesion scorss were elevated due to ons pig in each of these groups that had very high
i0 iung lesion scores. Most of the lung fesions were described as red/purple and consolidated.
Typically, lang tesions associated with PMWS are described as tan and non-collapsible with
interlobular edema. The lung lesions noted in this study were etther not agsociated with
POV2 infection or a second pulmonary iafectious agent may have been present. Within fhe

comtext of this study, the % Jung lesion scores probably do nol redlecl a brue measure of the

i,
L

émm:m of tung infaction due 1o PCV2.

Orher researchers have demonsirated a direct correlation betwesn fhe presence of
POV antigen by IHC and histopathology,  Histopathology on sefeat lissues was not
conducted with this study. Group T (16 pg of YORF2) and Group 5 (8 g ol rORF2) had the
Jowest incidence rale of pigs positive for POVZ mtigen (8.3%), while Group ¥ {the strict
20 negative control group - 90.9%) and Group 8 (the challenge control group ~ 90.0%) had the
highest incidence rates for pigs positive for POCV2 antigen. Due lo the non-subjective nature
of this test, IHC results are probably one of the best parameters to judge vaccing efficacy ou

Thus, in one aspect of the present invention, the Minirmum Porteciive Dosage {(MPD)
of a Imi/l dose recombinant product with extracted PCV2 ORF2 (ORF2) antigen in the

25 ChOD pig model in the face of g PCV2 challenge was defermined. Of the three groups that
il4



<400> 6 20 Met Thr Tyr Pro Arg Arg Arg Tyr Arg Ar '
_ _ g Arg Arg H's Ar
Pro Arg 510 15 Ser Hs leo Ay Gnlle Leo Arg Arg Arg Pro Trg Leu Valg

Hs Pro )
. WO 2007/076520 PCT/US2606/662654

received varving levels of fORF2 antigen, Group 5 (8 ngof rORF2 antigen) cleatly had the
highesi level of protgction. 'Greup 5 gifher had the best results or was tied for the most
favorable results with regard 1o all of the parameters examined. When Group 3 wa
corpared will: the other six vaccine groups post-challenge, Grotp 5 had the highest ADWG

3 (.94 < 0.22 Tos/day), the Towest incidence of abnormal hehavior (0%6), the second lowest
incidence of congh {8.3%), the lowest incidence ﬁf overall clivical symptoms (8.3%), the
Towest mortality tate (0%, the lowest rate of nasal shedding of POV (8.3%;), the second
jowest rate for mean % jung lesions (B.68 1 .15%} and the lowest ncidence rate for positive
FHEC tivsues (16.7%).

e in another aspect of the present invention, the MPD of a tmi dose conventional
product that s partially purified PCV2 QRF2 (vORF2) antigen in the CDCD pig model in the
faoe of a PCV2 challengs was determined. Of fhe three groups that received varying fovels
of vORF2 antigen, Group 1 (16 ug of vORF2) had the highest jevel of protection, Growp i
cutperformed Groups 2 and 3 with vespect o ADWG, mean % lung lesions, and IHC,

13 Groups 1 and 2 {8 g of vORF2 antigen) performed equally with respect to overall incidence
of clinicsl symploms, Group 3 {4 pg of vORF2 antigen) had the lowesl mwortatity rate, and all
three groups performed egually with respect 1o nasal shadding. Overall, vORY vaccines did
not perform ag well as rORF vaccines. |
in yet another aspect of the present invention, lhe slficacy of & maximum dose of &

20 2mif2 dose Conventional Killed PCVZ vaccine in the CDCD pig model in the face of 8 PCV2
challenge was deiermined,  OF the seven vaccines evaluated w this siudy, the killed whole
cell PCVZ vaceing performed the worst, Pigie-ts receiving two doses of killed whole cell
POV vaceing had the Towest ADWG, the second highast rate of abniormal behavior (53.3%_),
the second highest overali in{:_idﬁnce of clinical symptoms (38.3%), the highest mortality rate

25 (16.7%), the second highest incidence of nasal shedding (41.7%). highest mesn % lung
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25 2025 30

Arg Hs Arg Tyr Arg Trp Arg Arg Lys Asn Ay Ile Phe Asn Thr

Arg 35 95 30 Leu Her Arg Thr Phe @y Tyr Thr Val Lys Ala Th
r Thr Val
Thr Thr 505560 Case 10-0077-PCT US Pro Ser Trp Al a VZl /bﬁ Met. Met Arg
Rt

Phe Ass IWRHN7®RH Phe Val 65707580 Pro Pro Gy Gy

"

s lle

Ser Ile Pro Phe Gu Tyr Tyr 859095 Arg Ile Arg Lys Val Lys Val Oe Phe Trp

Pro Cys Ser

Pro Ile Thr .

tesions (9.88 = 29.2%), a high incidence of humyg lestons noted {75%) and a moderaie THC

incidence rate in fissues (41.7%). However, it was siill effective of mmvoking an imoune

FOSPOnSE.

L

In still another aspect of the present Invention, nasal shedding of PCV2 was agsessed

as an efficacy parameter and the previows PCVZ afficacy parameters from previous studies

aere reconfirmed.  Rosulls from this study indicate (hat nasal shedding of PCY2E oocors

following intra nasal challenge and that PCV2 vaceines reduce nasal shedding of PCVZ post-

chaltengs. Furthermore, results from this study and reports in the lilerahere indicate thet THC

dhould continne to be evaluated i fujure PCV2 vaccine frinis as well.

i0

Some additional conclusions arising from this study are tha lvmphadenopathy is one

of the hatlmarks of PMWS. Another one of the halimarks of PMWS is Iymphoid depletion

and multinociented/giant histiocytes.  Additionally, no adverse evenls or injection site

reaciions were noted for agy of the 7 PCV2 vaccines and all 7 PCV2 vaccines appeared to be

safe when administerad 1o voung pigs.

ooy
W

EXAMPLE S

This example tesie the efficacy of eight PCV2 candidate vaccines and reconfirms

PCV2 challenge pauameters from earfier challenge studies following exposure 0 3 yirulent

20 sirain of POV2, Oue hundred and fifty (156) cesarean derivad colostrum deps ved (CDCD)

piglets, 6-16 days of age, were blocked by weight and randomly divided into 10 groups of

squal size. Table 16 sets forth the Geperal Study Diesign for this Bxample,

Table 16, Genersl Study Design
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100105110 10G n Ay Asp Arg Gy Val dy Ser Thr Ala Val Ile Leu Asp Asp Asn
115120125 Phe Val Thr Lys Ala Thr Ala Lee Thr Tyr Asp Pro Tyr Val Ass Tyr
130135140 _15 Ser Ser Arg His Thr Ile Pro Gn Pro Phe Ser 'I[']%r H s Ser Arg
Tyr 145158938766Bhe Thr Pro Lys Pro Val Lee Asp Ser TRFVIPEXEH Yy Phe

G n Pro 20165170175 Ass Asn Lys Arg Ass G n Lee Trp Lee Arg Lee G n Thr Ser
Arg Ass 180165190 25Val Asp His Val Ay Lee Ay Thr Ala Phe Qu Ass Ser Lys
Tyr Asp 195200205 G n Asp Tyr Asn Ile Arg Val Thr Met Tyr Val G n Phe Arg
G u Phe 210215220 :30 Ass Lee Lys Asp Pro Pro Lee Gu Pro 225230 Case
10-0077-PCT US <210>7 <211>756 5 <212>DNA <213>Artificial

Group| No. Of  Treatment Day of [KLH/ICFA[Challenge PRRSV Nacropsy
Pigs Treatment] on Day 221 with  |MLV on! on Day
and Dav 28] Virslent | Day 46 56
PCY2on
Day 23
) | 15 | PVC2Vaccinel | 0&14 |+ N N 5
16 pg
TORFZ - IMS 1314
2 15 | PV{2 Vaceine 2 | O& 14 + +o S R
16 ug
vORFZ - Carbopol
3 i5 PCV2 Vaccine3 | 0& 14 + + | + +
16 pg
yOREZ - Carbopol
4 I3 POVZ Vacpine 2 i+ + + + +
Houg
vORF2 - Carbopol
5 15 1 PVC2 Vacoing 3 | U & 14 + + + &
4 ug
rORF2 ~ Carbopal
6 15 1 PVCR Vacoine3 | 0 & 14 + + + +
g
FORF2 — Carbopol
7 i5 PVC2 Vaccime 3 | O & 14 + + +
025 ng
fORFE2 -~ Carbopol
8 13 PVC2 Vaccine 4 | O0& 14 + + + +
> 8.0log
Y ~Carbopol
G 15 Challenge N/& + 4 + =
Controls
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<220> <223>Thi s sequence is from porcine ci rcovi rus type 2, open reading
10 frane 2, to?et her with a portion fromthe pGEM T-easy vector. <400>7
goggccgo aattcgat c cgccatgacg tatccaagga ggcgttaccg a a_60
caccgcccc 08%@566‘292? ct tggccagatc ctccgeccgec gcccct ggct%@?’&@@@%ﬁ”lm 15
cgccaccgct accgttggag aaggaaaaat ggcatcttca acacccgcct ctoccgcacc 180

ttcggatata ctgtcaaggc taccacagtc acaacgccct cctgggcggt ggacat gat
agatttaata ttgacgactt 9 gggcggt 99 gatg 240

10 i3 None - Strict | WA - 4 o
Negative Conirol _ }
Group -;

YORFZ = isalated viral ORE2, rORF2 = revoinbinant bacuboveinss expressed ORF2; KV or killed
whale colf viras = POVZ virus grown bt switable cell cultwee

The vaccine formulation given to each group was as follows. PCVZ Vaccive

3 No. ). admimistered at 1 x 2 ml dose to Group 1, was a igh dose {16 ug/2 mi dose) of
inactivated recombinant ORF2 antigen sdiuvanted with IMS 1314 (16 ng 1ORFL - VS

1314), BCVZ Vaceine No. 2, administered st 1 x 2 mil dose to Group 2, was s high dose {16

ug/2 ml dose} of a pm‘tizﬁl};.-r purified VIDO Re1 generased POV ORF2 mtigen adiueanted

with Carbopel (16 ug' vORE2 — Carbopol). PCV2 Vaccine No. 3, adminstered al 1 x 2 mi

i0 dose to Croup 3, was ahigh dose (16 ug/2 mi dose) of inactivated recombinant ORF2 antigen
adjuvanted with Carbopol (16 ug rORF2 - Carbopoly. POV2 Vaccine No. 4, adimimisterad at

1x 1 ml dose to Group 4, was a high dose {16 ug /1 ml dose) of a partially pusifi ed VIDO R-

1 generated POV2 ORF2 autigen adiuvanted with Carbopol (16 ug vORFZ - Carhopel),
Vaccing No. 5, administered at 1 x 2 mi doss to Group 3, was a 4 ug/2 ml dose of an

i3 inactivaied recombinant CRF2 antigen adiovanted with Carbopol (4 ug rORF2 - Carbopol},
POV Vaccine No. 6, administered at T x 2 nid dose to Group 6, was a1 ug/2 m! dose of an
snactivated recombinant ORF2 antigen adpuvanied with Carbopol {1 og rORE2 « Carbopol).

POV Vaccine No. 7, administered st 3 x 2 il dose to Group 7, was a low dose (0.25 g2 mi

dose) of inactivated recombinant ORF2 antigen adjurvanted with Carbopot (0.25 ug rORF2 -

20 Carbopol). PCV2 Vaceine No. 8, administered at T x 2 mi dose to Group 8, was a high dose
{pre-inactivation titer > 8.0 fog/? ml dose) Inactivated Convertional Killed VIDO R-d
generated POV2 Struve antigen adjuvanted with Carbopol (>8.0 log KV ~ C.’;arbcépoi). On

Day 0, Groups 1-8 were treated with their assigned vaccines, lroups 1-3 and 3-8 received

‘boosters of their respective vaccines again on Day 14, The effectivensss of 4 gingle dose of

ilg



tgttcccccg ggagggggga ccaacaaaat ctctataccc 300 tttgaatact acagaat aag
aaaggttaag gttgaattct ggccctgctc ccccatcacc 360 cagggtgata ggggagt ggg
ct ccact got gttattptag atgataactt tgtaacaaag 420 20 gccacagccc taacctatga
cccat at gt'¥0a4t1%a8%ct cccgecatac aat chcccaa 480 ccot t SFERP2UMERE ¥ cccg
ttacttcaca cccaaacctg ttottgactc cactattgat 540 tacttccaac caaat aacaa
aaggaat cag ctttggctga ggctacaaac ctctagaaat 600 gtggaccacg taggcctcgg
cactgcgttc gaaaacagta aatacgacca ggactacaat 660 atccgtgtaa ccatgtatgt
acaattcaga gaatttaatc ttaaagaccc cccacttgaa 720 25 ccctaagaat tctatcacta

16 ug of vORF2 ~ Carhopol was tested on Group 4 which did ot receive 2 boostar on Day
14, Piglels were observed for adverse svenis and injection site veactions fallowing both
pacoinations. Op Day 21 the pielets were moved to & second study site where Groops 140
were group housed in one building and Group 30 was housed In a separate building. All pigs

5 recoived kevhole limpet hemocyanin emulsified with mcomplete F retnd’s  adjuvant
(KLHACFA) on Days 22 and 28. On Day 23, Groups 1-5 were challenged wih
approvimately 4 Jags of viralent PCVZ vims, By Day 46, very few deaths had occusred in
the challenge conirol grosp. Tn an sitempt to immunostimulate the pigs and perease the
virdence of the POV2 challenge material, all Groups were freated with INGELVACE

10 PRRSY MLV (Porcine Reproductive and Respiratory Vaccine, Modifiad Live Virusy on Day
46.

Pre- and post-challenge blood samples were collected for PUVZ serology.  Post-
challenge, body weight data for determinasion of average daily weight gain (ADW() andg
olservations of chinical signs were collected. On Day 50, all surviving pigs were necropsied,

{5 | Bross lasions were rscorded, hungs were scorad for pathology, and selected tissues were
'preser\fad in Pormalin for examination by Immnenohisiochesnistry (IHC) for detection of

POV antigen ot a lajer date.

Materials and Methods

20 “This was 8 partialiy-blind vaccination-challenge feasibility study conducted in CDCD
pigs, 6 to 16 days of age on Day 0. To be included in the stady, PCV2 IFA titers of sows
were < 111000, Addidonally, the serofogic stats of sows were from aknown PRRS-negalive
herd. Sixtesn (16) sows were tested for PCV2 serofogical status and afl sixteen (16) had a
POVR fiter of < 1000 and wers iransferred to the first study site. Oue handred fifiy (150

25 piglets were deliverad by cesgrean section surgeries and were available for this study on Day
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gt gaattcgc ggccgc 756 <210>8 <211>10387 30 <212>DNA

<213>Artificial Case 10-0077-PCT US <220> <223> This is the porci ne
circovirus t ORF2 construct, which includes bacul ovi rus and
7- easy co‘Hpﬁé&@éﬁ’ﬁ‘énces 5<400> 8 aagctttact gaaagcac§t %?%1035(3(&5%"‘[

gt gact agcg cgtaaagcga gtaaaatgtt ctaatctgat aagaagatgt gttgaaggat
tcccgegegt atgttttaaa gtggaccgca catatttagt tggcacaact acacctttge
gaacagatag tgcgtttatg atttacaatg ggcccgagtt taaaacaaaa agataagatt
cggccaagtt gtttgcgtac ccctagtatt 60 120 180 240

3, On Day -3, 150 CDCD pigs at the first shady stle were weaighed, identified with ear tags,
hlocked by weight and randomly assigned fo 1 of 10 groups, as set forth above in table 16,
Blood samples wers collecied from all pigs.  auny fest animal meeting (he inciusion criteria
was enrolled in ihe stody and was later excluded for any reason, the Evestigator and Monitor
3 consuliad in order fo determine the use of data cotlected from the animal in the final analysis.
The date of which enrolled piglets were escladed and the reason for exclusion was
documented. No sows meeting the inclusion oriteria, selected for the study and transported to
the first stedy sile were excluded. No piglets were exchuded from the study, and no lest
animals were removed from the study prior o termination. Table 17 describes the time

10 frames for fhe key activities of this Example.

Table 17, Study Activities

Study Day | Actual Dates | Swdy Activity
-3 0403 | Weighed pigs; health sxam; randomized to groups; collectad
blood samples
-3, 40403
021 L0703 to | Obsarved for overal]l beafth and for adverse evenls pose
5.27-03 | vaccingion
G o A-G7-03 Administerad respective IVPs to Groups 1-8
4071 10 | Observed pigs for injection site reactions
(-7 4103
14 12103 | Boostered Groups 1-3, 5-8 with respective IVPs; blood
sampled all pias
14-21 4-21-03 1o | Observed pigs for injection reactions
42803
19-21 426-03 to | Treated all pigs with antibiotics
4.25-(13 :
2} 42803 | Pigs transported from Siruve Labs, Inc. to Velerinary
Resourees, Ine (VRI}
2330 1803 1o | Obsetvad pigs Tor clinical signs post-chaflenge
5-27-(3
23 42903 | Treated Groups §-10 with KRLHACFA
25 5.02-03 | Collscted blood samples from all pips; weighed all pigs:
challenged Groups 1-9 with PCV 2 challenge material
28 5.05-03 | Treatad Gronps 1-10 with KLHACEA
32 5.00-03 | Coliected blood samples from all pigs
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10 ggagcaataa tcgatttaac caacacgtct aaatattatg atggtgtgca ttttttgcgg 300
gcgggect gt tatacaaaaa aattcaagta cctggccaga ctttgeccgec tgaaagcata 360

gttcaagaat ttattgacac ggtaaaagaa tttacagaaa agtgtccogg catgttggtg 420
ggcgt gcacwo&e%{"é"&g%ﬁgg tattaatcgc accggttaca tggtgt gcagpgi‘r’é%?‘{ﬁg[g@gs“48o

A6 3-23-03 | Administered INGELVACR PRRS MLV to al} groups
Collected blood samples. weighed and necropsied all pigs;
30 52703 gross lesions were tecorded hungs were evalusled for

lesions: fresh and formalin fixed tssus samples were saved:
In-life phase of the study was completed

Following completion of the in-fife phase of the study, formatin fixed tissues were
examined by hmmunohistochemistry (FHC) for detection of POV antigen by a pathologist,

bicod samples were evaluated for PCV2 serology, and average daily weight gain {ADWG)

Loy

was determined from Dgyv 25 to Day 5
Animals were housed at the first study sife in individual cages in seven rooms from
hirth o approximately 11 days of age (approximately Day O of the study). Bach room was
identical in Iavout and consisted of stacked individual stainless sieel cages with heated and
filtered aiv supplisd sepazately to wach isolalion it Eac-h..ruom had separare heat and
10 ventilation, thereby preventing cross-comiamination of air befween roows, Anumals were
housed in two different bulldings ai the second study site. Group 10 (The Suict negative
controt group) wes housed separstely in & converted nursery building and Groups 1-5 were
housed in a converted farrowing building, Bach group was housed in a separaie pant (14-13
;}igé per pen) and each pep provided approximately 2.3 square feet per pig. Groups 2, 4 and
15 % were penned o thres adjacent pens on one side of the allevway and Groups |, 3, 5.6, 7,
and ¢ were penmed in six adjacent pens on the other side of the alleyway. The Group
separation was due to concern by the Stadv Monitor that vacoines administered to Groups 2,
4. and § had not been filly inactivated. Each pen was on an elevated deck with plastic slatied
fioors. A pit below the pens served as a holding lank for excrement and waste, Fach
20 baitding had ity own separate heating and ventilation systers, with litlle likelihood of cross-
contammnation of air between buildings.
Al the firel study site, piglets were [od a specially formulated milk ration from binh to
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cacaccctgg gtattgcgcc gcaggaagcc atagatagat tcgaaaaagc cagaggtcac 540 15
aaaattgaaa gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc 600
tttaacaaat actttatcct attttcaaat tgttgcgctt cttccagcga_accaaaacta

t gat t cgctWOg @2t a gett gt agce gat cagt gge gttgttccaaP?E@é%‘)@ﬁ{{'géf“‘?Zg

approsimately 3 weeks of age. Al piglets were consuming solid, special mixed ration by
Dav 21 {approximately 4 % weeks of ags). At the second siudy sife, all piglets were fed 2
custom non-raedicated commercial mix raton appropriate for thelr age and weight, ad

Ubitum, Water at both study gites was also available od libinam,

in

All test pizs were treated with 1.0 miL of NAXCEL®, IM, in alternating hams on
I}s%;;;s 19, 20, and 21, In sddilion, Pig Ne. 11 (Group 1} was yreated with 0.3 mbL of
NAXCEL® IM on Day 10, Pig No. 13 (Group 10) was treated with 1 mi of Penicitlin and 1
wi of PREDEF® 2X on Day 10, Pig No. 4 {Group Y3 was freated with 1.0 mb of
NANCEL® IM on Day 11, and Pigs 1 (Group 13, 4 and 11 wore each treated with 1.9 ml of
HY NAXCEL@} on Day 14 for various health reasons.

While al both study siles, pigs wers onder velerinan care Argmal healih
examinations were conducted on Day -3 and wers recorded on the Health Examination
Record Form, - All animals were in good health and nufritional status before vacomation as
determined by observalion on Day 0. All test anfmals were observed 1o be in good health and

13 nutritional status prior to challenge. Carcasses and tissuss were disposed of by rendering,
Final disposition of study animals was recorded on the Ankmal Disposition Racord.
On Davs O and 14, pigs assigned to Groups 1-3 and 3-8 received 2,0 mL of assigned
POV2 Vacoines 1-4, respeciively, T™ in the sight and left neck region, respectively, using a
sterile 3.0 ml, Loerfock syringe and o sterile 20g x %" peedle. Pigs assigned to Group 4
20 seceived 1.0 mb of PCV2 Vaceine No. 2, IM in the right neck region nsing a sterile 3.0 mL
Luer-lock syringe and a stexile 20g x 4" needls on Day 0 only.

On Day 22 al test pigs received 2.0 ml of KLHACFA M in the {eft veck region
using & starile 3.0 mE Luar-lock sysinge and 3 sterite 20g x1" neadle. On Day 28 all test pigs
received 2.0 mb of KLHACEA in the right ham region using a sterile 3.0 ml Luer-lock

25 syringe and a sierfle 20g x 1" neadle.



gattaggccg gatattctcc accacaatgt tggcaacgtt gatgttacgt ttatgctttt 780
ggg;ttccac gt ac?tﬂ:t t ggccggt aa tagccgtaaa cgtagtgceccg tcgecgegtca 840 20
caacac._cgga g cgcttgtccg cggggtattg aaccgcgcga_tccgacaaat 900

ccaccacttwodg(%ﬁ’é%ﬁ‘éaa t cggt gacct gcgcgtcttt tttct gcattPﬁf@géoﬂ?’8§2P54960

On Day 25, pigs assigned to Groups 1-9 received 1.0 mi of PCV2 1ISLIVDL
chaflenge material (3.98 logre TCIDs/mL) 1M in the right neck region nsing a sterile 3.0 mk
Luer-lock syringe and a sterile 208 X 1" needle. An additional 1.0 mb of the same material
was administered IN 1o each pig (0.5 b per nosteil} using a sterile 3.0 mt. Luerdock syringe

5 and nesal canula,

Oﬁ Bay 46, sll test pigs received 2.0 mL INGELVACH PRRS MLV. 1M, in the right
neck region using A sterite 3.0 mbl LuerMock syringe and 8 sterite 20z x 17 needle, The
PRRSYV MLV was sdministerad In an altempt 10 increase virslence of the PCV2 challenge
material,

i0 Test pigs were obsarved daily for overall health and adverse events on Day -3 and
from Day O 1o Day 21, Each of the pigs was scored for normal or abnormal behavior,
respization or cough.  Observations were recorded on the Clinical Observation Recard. All |
tast pigs were observed fron: Day 0o Day 7, and Group 7 was further observed from Day 14
to 21, for injeciion site reactions. Average daily weight gain was determined by weighing

i3 each pig on 1 calibrated scale on Days -3, 25 and 50, or on the day {hat 2 pig was found dead
after challenge. Body weights were recorded on the Body Weight Form Day -3 body
weights were wiilized to block pigs prior to randomization, Day 25 and Day 30 weight data
was utilized to determine the average daily weight gain (ADWG) for sach pig during these
time points. For pigs that disd afler challenge and before Day 50, the ADWG was adjusted to

20 represent the ADWG from Day 25 to the day of.dea{'h.

In order to defermine POV serolomy, venous whole blood was collected from gach
piglet from the orbital venous sinus on Davs -3 and 14, For cach piglel, blood was coltectad
from the orbital venous sinus by inserting a sterile capiliary tube into the medial cauthus of
one of the eves and draining approximately 3.0 ml of whele blood nto & 4.6 1l Serat

25 Separator Tube (SST). On Days 25, 32, and 50, venous whole blood from sach pig was
123



tcttttgcat ggtttcctgg aagccggtgt acatgcggtt tagatcagtc at

gacgcgcg 1020
tgacctgcaa atctttggcc tcgatctgcet tgtccttgat ggcaacgatg cgttcaa?ag 1080
actcttgttt tttaacaagt tcctcggttt tttgcgccac caccgcttgce

cgcat it
t gt gct cggt @ HA§t¢Yca at cagettag tcaccaactg tttget ctcc*’ﬁﬂyg%cs@%ﬁl?“

19

collected from the anlerior veng cava using a sterile 20g x 1 16" Vacutainer® needle (Becion
Dickinson and Company, Franklin Lakes, New Jaisey), a Vacoutainadt needie holder and a
13 mb SST. Blood collections at each time point were recorded on the Sample Collection

Record. Blood in each 88T was atlowed to clot, each SST was then spur down and the

serum hareasted. Harvested serum was transferred 1o a sterile snap tube and stored af -70%

107 C until tested at = later dale. Serum ssmples were tested for the presence of PCV2
antibodies by BIVI-R&D personnel.

Pigs were observed once datly from Day 22 lo Day 30 for clinical symptoms and
scored for normal or abnormal behavior, tespiration or cough.  Climical observations were
recorded on the Clinieal Observation Racord,

Pigs Nos. 46 (Group 13 and 98 {Groups 03 diad at the first study site. Both of these
denihs were categorized 35 bleeding deaths and necropsies were not conducted on fhese two
pigs. At the second study site, pigs hat died afver challenge and prier to Day 50, and pigs
sulhanized op Day 30, were necropsied. Any gross lesions were nofed and the peroeniages of
fung fobes with lesions were recorded on the Necropsy Report Form.

From each of the pigs necropsied at the second study sile, a Ussus sampie of tonsil,
tung, heart, sd mesemtesic hymph node was placed into & single container wilh buffered 10%
formating; while another tissue sanple from the same alorementioned organs was placed inlo
2 Whirk-pak® (M-Tech Diagnostics L1d., Thehwall, UK) and each Whirl-pak® was placed on
ice. Each container was proparly labeled, Sample collections were recorded on the Necropsy
Report Form.  Afterwards, formalin-fixed tissus samples and a Eriagnostic Request Form
were submitted for THC testing.  THC iesting was conducted i accardanc;s with standatd
fgboratory procedures for recetving samples, smmple and slide preparation. and staining
techniques. Fresh tissues jn Whirl-paked® were shipped with ice packs to the Study Monitor

for storage (70 & 10° C) and possible future use.
124
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gtttgatcgc gggatcgtac ttgccggtgc agagcacttg aggaattact tottctaaaa 1260
gccattottg taattctatg gcgtaaggca atttggactt cataatcagc tgaatcacgc 1320
cggattta t aat a cact gt at gcggct gcaaat acag cgggtcgccc _cttttcacga

1380
cgct gttag Jgtcc ccattttgga tggtctgetc aaataacgat PEFEGPATE PSP 41440 30

Formalin-fixed thssues were examined by a pathologist for detection of PCVZ by IHC
and scored nsing the following scoring svstem: { = None; 1 = Scamt positive stalning, few
sites; 2 = Moderate posifive staining, mulliple siles; and 3 = Abundant positive slaining,

diffuse fhroughout the tisswe. For analytical purposes, a score of {0 was considered

L

“negative,” and a soore of greater than 0 was considered “posifive.’”

Resulis
Resalts For this example are given below, Tt is noted thas Pigs No. 46 and 9% died on
davs 14 nnd 25 respectively, These deaths were categorized as bleeding deaths. Pig No, 11
1y {Ciroup 1) was panting with rapid respiration on Day 135, Othersvise, all pigs were nomual for
behavior, respiration and cough during this observalion period and ne svstemic adverse
events were nofed with any proups. No injection site reactions were noted following
vaccingtion on Day . Following vaccination on Day 14, seven {7} out of fouwrteen {143
Group 1 pigs (30.0%) had gwelting with 2 score of “27 on Day 15, Four {4) ot of fourieen

{14) Group 1 {28.{3%} still had a swelling of “2” on Day 16. None of the ofher groups

-
L

expetienced injestion stis reactions following sither vascination.
Average daily weight pain (ADWG) results are presented below in Table 1§, Pigs
No. 46 and 98 that died From blesding were excluded from group results, Group 4, which
roceived one dose of 16 ug vORFZ ~ Cabopol, bad the highest ADWG {116 026 hsfday),
20 followed by Groups 1, 2, 3, 5, &, and 10 which had ADWGs {hat ranged from 1O7 & 023
fos/day to 111 & 026 be/day. Group ¥ had the lowest ADWG (088 & £.29 [be/day),
Foltowsd by Groups § and 7, which had ADWGs of 0.93 % 0.33 lbs/day and 0.99 & 0.44

tha/day, respectively.

95 ‘Fable 18, Summary 6f Group Average Dafly Weight Gains (ADWG)
E25



tgtctacatg aacacgtata gctttatcac aaactgtata ttttaaactg ttagcgacgt 1500
cattggccac gaaccggacc tgttggtcgc gctctagcac gtaccgcagg ttgaacgtat 1560
cttctccaaa tttaaattct ccaattttaa cgcgagccat tttgatacac _gtgtgtcgat 1620
Case 10- OW??E"H&'?G_%% tttgcaacaa ctattgtttt tatgggggaa cggﬁgj&%@ 626"(34cgcaagcg
gct aaaacgt tacagttttg atttgcatat ttaacgcaaa tacaacactc gttgcgcgtt

t aacggcgat ctaaacttat gtcgttatga caacgcggca tttttaaatt tgtggtaagc

acgcagacgg aacatcgcaa atcttattta aataattaaa cgccggtctc aagccaat ag
at aaatagtt 1680 1740 1800 1860

Group Treatmenl N (Day 25 to%zii; c;fzg?:sted for pigs

dead before Dav 50
1 yORF2 - 16 ug - IMS 1314 2 doses 14 1.08 & 0.30 thsiday
2 | yORF2 - 16 g~ Casbopol 2doses | 15 | 111 % 0.16 Ibs/day
3 fORF2 - 16 pg - Carbopol 2 doses i3 1.07 = 021 Tos/day
4 yORFZ2 - 16 pg ~ Carbopel | dose 13 1.16 = 0,26 Ibsiday
s rfORFE2 - 4 g~ Carbopal 1 dose i3 1.07 = 0.26 bsfday
& PrORF2 -1 pg- Carbopol 2 doses i35 1,11 & 0.26 Ibsiday
7 rORF2 - 025 wy — Carbopol 2 doses | 15 0.99 & 0.44 Ibsiday
8 1RV > 8.0 log - Carbopol 2 doses 15 0.93 % 0,33 lbsfday
¢} {hallenge Controls 14 0.88 = 0.29 Ibs/day
10 | Strict Negatiee Controls 15 147 & 0.23 [bsiday

VORF? = isolated viral ORFY rORE2 = recombinant baculovirus expressed ORP2; KV of killed

whole sell virs = POV virus grown in syitable cell sulhyre
PYVC2 serology results are presented below in Table 190 Al ten (10} groups were
5 seronegative for POV on Day -3 On Day 14, PCV2 titers remained fow for all fan (10)
groups (range of S0-113). On Day 25, Group 8, which received the whole cell killed virug
vaceine, had the highest PCV2 titer {4617), followed by Group 2. which received 16 wg
¢ORF2 ~ Carbopol, Group 4, which received as single dose of 16 ug vORF2 - Carbopol, and
Group 3. which received 16 ug TORF2 ~ Carhopol, which had tilers of 2507, 1920 and 1503
10 respeciivaly. On Day 32 (ose wesk post challenge), ttars for Growps 1-6 and Group &
ranged from 2360 to 7619, whils Groups 7 (0.25 ug vORF2 ~ Carbopol), 9 (Challenge

Control), and 10 (Strict negative control) had titers of 382, 139 and 78 respectively. On Day
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5 atgacgccta caactccccg cccgecgttga ctcgectgcac ctcgagcagt tcgttgacgce 1920
cttcctccgt gtggccgaac acgtcgagcg ggtggtcgat gaccagcggc gtgccgcacg 1980

cgacgcacaa gt atct gtac accgaatgat cgtcgggcga aggcacgtcg t_ 2040
ggcaat at t 0 %5’5{5?5?%961 aaatatatac agttgggttg tttgcgcat a”g@%ﬁ’@g%&"‘zloo

501 {day of necropsy), all ten (10} groups demonstrated high POV titers (2 1257),
On Days 23, 32, and 50, Group 3, which recaived two doses of 16 ug OREZ -
Carbopol had higher anifbody titers than Group 1, which recetved two doses of 16 ug rORF2
— IM$8 1314, On Davs 2*? 32 and 50, Group 2, which recelved two doses of 16 ug vORE2
5 had higher titers than Group 4, which received only one doss of the same vaccine. Groups 3,
5, 6, 7, which received deoreasing levels of TORF2 - Carimp{}g of 16, 4, 1, and 0.25 ug

respectivaly, damonsirated cotrespondingly decreasing antibody Hiters on Days 2§ and 32,

Fable 19, Ssmnmary of Group POV2 IFA Titers

Group Treatment Day -3 | Day 14%% | Day 25%9% ) Day 33 5{%?;«*#

L | fORF2- 16 o 30 &4 646 3326 4314
TVES 1314 2 doses

2 [WORFZ ~ 16 pe - 0 110 2507 | 3627 | 4003
Carbopol 2 dosos

3 LORE2 ~ 16 pg ~| 0 80 1503 | Si20 | 6720
Carbopol 2 doses

4 IVORE2 - 16 pg - 30 113 1920 3720 1257
Carbopol 1 dose
Carbopel 1 doss

6 | ORF2-1 g~ 50 70 496 | 2360 | 5740
Carbopol 2 dosas

v FORFZ ~ 025 pg - 50 73 63 382 3819
Carbopol 2 doses

& KV > 800z~ Cahopol] 30 97 4617 | 7619 | 10817
2 doses

D 1 Challenge Controls 30 A S0 129 4288

10 | Stricl Negative Controls 30 a4 0 78 11203

io YOREY = isolated viral ORFZ; rORF2 = rocombinant buculoviras expressed ORF2 KV or killed
whole celf virus = POV2 vizus grown in soitable cell culture

*For caleulation purposss, a <100 IFA titer was designated as a titer of “50%; a 26400 JFA
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cgttgggcat gtacgtccga acgttgattt gcatgcaagc cgaaattaaa tcattgcgat 2160 10
taat gcgatt aaaacgttgt acatcctcgc ttttaatcat gccgtcgatt aaatcgcgca 2220

at cgagtcaa _gtgatcaaag tgtggaataa tgttttcttt gtattcccga_gtcaagcgca 2280
gcgegt at t1OPUIRIE0 o gccatcttgt aagttagttt catttaat chggl(Ele%‘ﬁg{ﬁ@8°42340

titer was designated as a titer of “12,800".
**Day of Challenge

2% e of Neeropsy

5 The results from the post-chailenge clinical observations are presented below, Table
20 includes observations for Abnormal Behavior, Abnormsl Respiraion, Cough and
Diarrthaa, Table 21 includes the results from the Summary of Group Overall Incidencs of
Clinical Symptoms and Table 22 cludes results from the Summary of Group Mortality
Rates Post-chaflenge. The incidence of aboormwal behavior, respiration and cough post-

10 chaflange were low in pigs raceiving 16 ug rORF2-IMS 1314 (Group 1), 16 ug yORE2-

Carbopol (Group 33, 1 g rORF2-Carbopol (Group 6), 0.25 ug rORFZ-Carbepol {Group 7},

and i pigs i the Cﬁaliange Conirol Group (Group 9}, The incidence of abnormal behavior

respiration and congh post-challenge was zero in pigs receiving 16 ug vORF2-Carbopol

(Group 2), a single dose of 160g vORF2-Carbopol (Group 4}, 4 ug rORF2-Carbopot (Group

Lre
(¥

5), >8 log KV-Carbopol {Group 8), and in pigs in the sirict neggtive control group (Group
10).

The overall incidence of clinical svmpioms varied between groups. Pigs receiving 16
ug vORFZ-Carbopot (Group 2), a single dose-of 16 ug vORF2-Carbopol (Group 4}, and pigs
i the Strict negalive control group (Groop 10} bad incidence rates of 09 pies recelving 16
20 ug tORF2-Carbopol (Group 3), and 1 ug rORF2-Carbopol (Group 6) had incidence rates of
6.7%:; pigs receiving 16 ug rORF2-IMS 1314 (Group 1) had an overall incidence rate of
7.1%: pigs recelving 2 vg rOREZ-Carbopoel (Group 3}, 0.25 vy r{)RF&Carbogse;i {Group 7}
and >& log KV vaccine had incidence raes of 13.3%; and pigs in the Chsllenge Conrol

Group {Group 9} had an ineidence rate of 14.3%.

5

Overall mostality rates hetween groups varied ag well. Group 8, which received 2
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aataatatat tatgtatcgc acgtcaagaa ttaacaatgc goccgttgtc gcatctcaac 2400
acgact at ga tagagatcaa at aaagcgcg aattaaatag cttgcgacgc aacgtgcacg 2460 15
atctgtgcac ttcc acgagctttg attgtaataa gtttttacga_a aca 2520
tgaccoccéf’ogﬂfﬁ(jﬁ@é cg atcacgccca aaagaactgc cgact acaaa® ?’Pg’co(‘i' dt42580

doses of KV vaccine bad the highest morfadity rate of 20.0%; followed by Group 9. the
challenge control group, and Group 7, which reseived (.25 ug rORF2-Carbopol and had

mortality rates of 14.3% and 13.3% respectively, Group 4, which received one dose of 16 ug

vORF2-Carbopol had 2 6.7% mortallly rate. All of the other Groups, 1, 2,3, 5, 6, and 10 had

5 a 0% moriality rate.
Table 20, Summary of Group Observations for Abnermal Behavior, Abnormal
Respiration, and Cough Post-Challenge
Group Proatment [ _ﬁbnmyma} .Abnon}m% Cough®
Behavioy Behayior”
1 [YORFZ-16ug~ 14 g}fj; 014 1714
IMS 1314 2 doses - (0%) (7.1%)
2 | vORF2 - 16 ug - Carbopel | 0 ?Gii) 015 o113
. vl e i ‘
2 doses ‘ (%) (0%)
3 | fORF2 ~ 16 ug ~ Carbopal | 13 /18 W13 1713
2 doses 0%) (0%} {6.7%)
4 | vORF2 - 16 pg — Carbopol | 17 {gj?’} 0/1s 0715
i dose ‘0 096} %)
& |YORFZ-4pg~ 15 1715 115 0715
Carbopel 1 dose {6.7%) {6.7%) (0%}
6 | rORF2-1ug~ 18 018 015 1715
: (%) (0%) ’
Carbopol 2 doses 7 (6.7%%)
7 |fORF2 ~ 025 ug ~| 15 0415 115 1715
Carbopal 2 doses %) {6.7%} {06.7%)
8 |KV >80 log - Carbopol 21 ¥ 1713 11s 0115
doses (6.7%) {6.79%) (%)
9 Challenge Conlrols i4 14 14 14
10 | Strict Negative Controls | 201 0413 1S 015
| (0%} (0% (0%)
Mrotal mumber of pigs in each group that demonstrated any abnonmal behavior for at least one
1 {{3};
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atgtcggtga cgttaaaact attaagccat ccaatcgacc gttagtcgaa tcaggaccgc 2640
t ggt gcgaga agccgcgaag tatggcgaat gcatcgtata acgtgtggag tccgctcatt 2700

agagcgtcat gtttagacaa gaaagctaca tatttaattg atcccgatga _.2760 20
aaattgacé@otg‘%gﬁ@?%a%ta cacggtattc tacaatggcg gggttttggtpéﬁhgzg’b%‘?ﬁ?%ﬁ%m
ggact gcgat

“Total number of pigs in esch group fhat demonstrated any abnormal respization for at Jeast
one day

ol number of pigs i each groap that demonstrated a cough Tor at least one day

5
Table 21. Summary of Group Overall Incidence of Clinical Symptome Post-
Challenge
Group Treniment N Incidence of pigs with | Incidence
Clinical Symptoms’ Raie
1 [TORF2-16 pg~ 14 ' 7.1%
IMS 1314 2 doses
2 |vORF2 - 16 yg— Casbopoi 2| 0 0.0%
dqoges
3 |fORF2 - 16 ug ~ Carbopol 2] 19 { 6.7%
doses
4 vORF2 - 16 pg — Carbopol | 13 9 0.0%
dose
5 rORF2 - 4 pg - 13 2 13.3%
Carbopol 1 dose
&  {sORF2-1pg- 13 1 6.7%
Carbepol 2 doses
7 TORF2 — 0.25 pg — Carbopot | 1° 2 13.3%
2 doses
§ |EV > %0 jog ~ Carbopot 2] 17 2 13.3%
doses »
9 Challenge Controls 14 Z 14.3%
10 Sirict Negative Controls 15 _ 0 0.41%
YORFZ = isolated viral ORF2; rORFZ = recombinant bacnlovires expressed ORF2; KV or killed
whole cell virps = PCV2 virns grown in suilable cell cultare
10

ol number of pigs in each group that demonstrated any clinical symptota for at feast one

day
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tgtacatgct gttaacggct ccgcccacta ttaatgaaat taaaaattcc 2880 aattttaaaa
aacgcagcaa gagaaacatt tgtatgaaag aat gcgtaga aggaaagaaa 2940 aatgtcgtcg
acat qct ga att aatatgcctc cqtqgtataaa aaaaatattg ) atttga
aagaaaacaioﬁﬁ’?é?%g%gc ggcggt at gt acaggaagag gttt at act a”é@ggmﬁ%&ég‘% gttaca
tt gcaaacgt

Table 22. Sunmmary of Group Mortality Rates Post-Challenge

Group Treatment N Dead Post- Muortality Rate
challenge

! rORF2 - 16 pg - 14 b 0.0%
IMS 1314 2 doses

2 vORFZ - 16 pg ~ Casbopot 2 13 o (LO%
doses

3 |tORFZ - 16 ug - Cabopol 2| 7 0 0.0%
doses

4 |vORF2 - 16 pg ~ Carbopol 1] *7 ] 6.7%
doge

5 fORFZ - 4 ng ~ 15 0 0.0%
Carhopol 1 dose

6 [tORF2-1yg- 15 0 0.0%
Carbopol 2 doses '

7 [fOR¥Z - 025 pg ~ Casbopot 2| 7 2 13.3%
doses

8 |KV > 80 log - Cobopul 2 P 3 70.0%
doses

o Chaflengs Controls i4 2 14,395

10 Strict Negative Controls k3 O 0.0%

YORF2 = igohued vival ORFZ; vOREF2 = reeombinant buselovirus expressed ORFZ; KV or killed -
whole celf virng = POUV2 virns growsn in seiigble cell cultnre

The Sunmary of Group Mean Percenlage Lung Lesions and Tenfative Diagnosts is
given helow in Table 23, Group 9. the challenve control group, had the highest percentage
hung lesions with a mean of 10.81 & 23.27%, lollowed by Group 7, which received 0.25 ug

yORF2-Carbopol and had s mean of 6.57 2 24.74%, Group §, which received 4 ug 1ORF-
0 Carbopol and had 2 mean of 2.88 # 8.88%, and Group 8, which received the KV vaccine and
had & memn of 2.01 & 4.98%. The remaining six (6) groups had lower mean percentage fung

festons {hat ranged from 0.11 £ 0.38% 10 0.90 & 0.15%.

Tentative disgnosis of preumenta varied among the groups. Group 3, which received
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ggtttcgtgt gccaagtgtg aaaaccgatg tttaatcaag 3120 gctctgacgc atttctacaa
ccacgactcc aagtgtgtgg gtgaagtcat gcatctttta 3180 atcaaatccc .aagatgtgta

t aaaccacca . aact gccaaa aaat gaaaac tgtcgacaag 3240 ctct t t1actggcaa
tct gcaagg@f’oc}?ggéfgqsa%ta tttgtaatta ttgaataata 3300 aaacg%af@g%%%{é"gf’éct aaa
togtttttt

teo doses of 16 ug rORF2~Carbopol, had the lowest tenlative disgnosts of pueumonia, with
13.3%. Group 9, the challenge control gronp, had 30% of the group tenfstively diagnosed
with preumonia, folloswed by Group 1), the strict negative control group and Group 2, which

received two doses of 16 ug vORF2-Carbopol, with 46.7% of 40% respectively, tentaitvely

3 dingnosed with pneumonia.

Groups 1, 2. 3, 5, 9, and 10 had 0% of the group tentatively diagnosed as PCV2
infected; while Group 8, which received two doses i KV yaceine, had the highest group rate
of tentative dingnosis of POV2 infection, which 20%. Group 7, which received two doses of
0.25 ng rORF2-Carbopol, and Group 4, which received one dose of 16 ug vORF2-Carbopol

i had tentative group diagnoses of PCV2 infection in 13.3% and 6.7% of each group,
respectively.

Ciasiric uleers wers only diagnosed in one pig m Group 7 (€.7%); while the other &
groups remained free of gastric ulcers.

i5 Tabie 23, Summary of Group Mean % Lung Lesion and Tentative Diagauosis
Group Treatment W | No. Ol pigs thet shed for | Incidence Rate
at least one day
1 TORF2Z ~ 16 pg - 13 b 0%
. IMS 1314 2 doses

2 VORFZ - 16 pg -1 - } 6.7%
Carbopol 2 doses
Carbopul 2 doges

4 ‘)Oggz " 1 {'} ug .- §5 2 } 33 t};)
Carbopal 1 dose

5 YORF2 -4 e — 15 3 20.0%
Carbopol 1 dose




att aacgat a caaaccaaac gcaacaagaa 3360 30 catttgtagt attatctata attgaaaacg
cgtagttata atcgctgagg taatatttaa 3420 aatcattttc aaatgattca cagttaattt
gcgacaatat aattttattt tcacataaac 3480 tagacgcctt gtcgtcttct tcttcgtatt
ccettct ct YOt t ¢ tcect cat aaa 3540 Case 10-0077-P T”B%Z(’é{g{?%%cata

gttattatcg tgtcataaat atatatgtct tgtaatttac aacagtgcta aatttatata
at caat gaat

6  {TORF2-1ug— 15 3 40.0%
Carbopol 2 doses _
g o T,
7 {tORF2 -~ 025 pg -] I° 7 46.7%
Carbopol 2 doses
~ 0.2
8 KV » 80 log ~ Carbopol 15 12 80%
2 doses
T o vy
9 | Cliallenge Conrols 14 14 100.0%
K QO Y,
10 Suict Negative Controls 13 14 93.3%

VORFY = isolated viral ORF2, rORF2 = recombinant baculovirus expressed ORFZ; KV or illed
whaole cefl vings = POV2 virus grown in suitable cell calhwre

The Summary of Group FIC Positive Incidence Results ave shown below in Table 24.

LV 41

Group 1 {16 ug tORF2 ~ IMS 1314) had Lhe lowest group rate of THC positive results with
0% of the pigs positive for PCVZ, followed by Group 2 (16 ug vORFZ ~ Cazbnﬁcﬁ} and
Group 4 (dingle dose 16 ug vORFZ -~ Carbopol), which Tad group IHC rates of 6.7% and
13.3% respectively, Group 9. the challenge control group, had the highest THC positive
incidence rate with 100% of the pigs positive for PCV2, followed by Group 10, the siict
e negative control group, and Group 8 (KV vaceine), wilh 93.3% and 80% of the pigs positive

for POVZ, respectively.

Tabie 24, Sumunary of Group THC Positive Incidence Rate

Group Trantment N No. Of pigs that shed for | Incidence Rate
at leagt one day
b LHORE2-16 ug - 13 0 0%
IMS 1314 2 doses
- : "
7 |VOREZ — 16 ug ~f 9 L 6.7%
Carbopol 2 doseg _
15 ‘ 6% Y0,
3 ORE2 ~ 16 pg -] ¥ 3 20.0%
Carbopol 2 doses
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tatccatata tttttaatgg
gttcttcgga cggttttgta

aatttttt

acgcagct t Ot

t

atafbtttttc

2t ca

ccaaaatgtt gtacgaaccg
ctgcgagcag ttgtttgttg

at cacaaact ggaaat gt ct

0

ttttctggta
gt at agagt a
ttaattatta
att acaccat
tt aaacaaaa
tt aaaaat aa

ttgggatcgt tgtatctatc ggtgtatagt
accgctgcgc gtgtgttgcet caatatgttg
ccggcat agt 3600 3660 7 ,
tttttagcag caccggatt aﬁéi&@%@%@@?ﬂ%m
acagttcacc tcccttttct atactattgt 3900
cagccattgt aatgagacgc acaaactaat 3960

atcaatatat agttgctgat

4 {vORF2 - 16 pg - 2 13.3%
Carbopol 1 dose
T 3 o
5 |rORF2-4pg— is 3 20.0%
Carbopot 1 doge
3 A8} DYV
6  HORFZ-1pg - 14 6 40.0%
Carbopol 2 doses
' S 2 i
7 rORF2 0.25 3324 15 7 46. 7%
Carbopol 2 doges
B " .0-
§ KV >80l -~ Cabopel] ¥ 12 &0%
2 doges
: . sy
9 Challenge Conirols 4 14 160.0%
0 15 14 93.3%

Strict Negative Controls

vORF? = isolated viral ORF2; rORF2 = recontbinant baculovirus expressed ORFZ; KV ov killed
whole cell virpg = PCV2 viras rovn in seilable ¢ell cuhipre
Driscussion

Seven POV2 va.cemas were gvaluated in this example, which included a high dosz (16
pe of rORF2 antigen adjuvanted with IMS 1314 administered twice, 3 high dose (.16' vy of
vORF2 antigen adjuvanted with Carbopol administered once 1o one group of pigs and twice
10 & sevond group of pigs, & high dose (16 pg) of rORF2 antigen adjuvanted with Carbopol
administered twice, a 4 pg dose of rORF2 amigen adjuvanted with Carbopol administered
twice, 2 1 1 dose of rORF2 amigen adjuvanted with Carbopol administered twics, a low
dose (1.25 ng) of YORF2 entigen adiuvanied with Carbopel administered twice, and a high
dose (> 8§ Tog} of killed whole cell PCVZ vaccine adjuvanted with Carbopol, Overall, Group
1, which received two doses of 16 g rORF2 - IMS {314, performed slightly better than
Groups 2 Through 7, which recelved vaccines conlaining varions Jevels of either vORF2 or
rORF?2 satieen sdiovawted with Carbopol aod much better than Group 8, whicl received two
doses of killed whole oell PCV2 vaceine. Group | had the third highest ADWG (L8502 030

thsiday), the lowest incidence of abnormal behavior (%), the Towest incidence of sbnormal
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at cat ggaga taattaaaat 4020 gataaccatc tcgcaaataa ataagtattt tactgttttc
gtaacagttt tgtaataaaa 4080 10 aaacctataa atattcogga ttattcatac cgtcccacca
t cgggcgc atcagatctg 4140 cagcggccgc gggaattcga tccgegcat tatccaag
gaggcgtta 03&%7 g?f&&aa 4200 gacaccgccc ccgcagccat ctthSE’éJgé‘"’? cgccg

respiration (0%}, ¢ low Incidence of cough (7.1%), a low incidence of overall clinscal
symptoms (7.1%), was tied with three ofter groups for the lowest mortality rate {094), the
second lowest rate for mean % lung lesious (D13 & (0.34%), the second lowest rate for

prieumonta (21.4%) and the lowest incidence rafe for positive FHC tissues (0%). Group }

i

was, howaver, the only group in which injection site reactions were noted, which ixﬁc]udeci
50% of the vaccinates 1 day sfter the second vaccioation. The olher vacemes adﬁainis{maﬁ o
Groups 2 through 7 performed better than the killed vaccine and nearly as well as the vaccine
adminisiered to Group 1.
Group %, which received two doses of killed POVZ vaccine adjuvanted with
10 Carbopol, had the worst set of resulis for any vaccine group. Group § had the lowest ADWG
(1.93 & 0.33 {bs/day}, the second highest rate of abnormal bebavior (6.79), the highest rafe of
abnormal respirstion (6.7%6), was tied with three other gmups for the highest overall
incidence rate of clinical symproms {13.3%), had the highest monality rate of all groups
(20%), and had the highest positive THC rae (80%) ol any vaccine group.  Thore was
5 concem that the kitled whole cell PCV2 vgccine may not have been fully inactivated prior to
administration to Group 8, which may eﬁplain this group’s poor resuits.  Unfortanately,
definitive data was not availsbie to confirm this concemn, Owerall, in the context of thiz
example, a Conventional Killed PUV2 vaccine did not aid in the reduction of PCV2Z
sssociaied disense.
20 As previously mentioned, no adverse events were associsted with the test vaccines
with exceplion of the vaceine adjuvanted with IMS 1314, Injection site reactions ware noted
i 50.0% of the pigs 1 day after the second vaccination with the vaccine formulated with TMS
1314 and in 28.6% of the pigs 2 davs after the second vaccination, No reactions wers noted
in any pigs receiving Carbopol adjuvanted vaceines. Any further studies that include pgs

25 vaccinaied with IMS 1314 adjavanted vaccines should continug to closely monitor pies for
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ccgccccetgg ctcegtccacc 4260 cccgccaccg ctaccgttgg agaaggaaaa atggcatctt
caacacccgc ctctoccgca 4320 ccttcggata tactgtcaag gctaccacag tcacaacgcc

gacoascadioNEIEEA 22 2440 oot figaat a ot acageat s agaabobLe A GuGHHGact ]
ctggccctge tcccccatca

njaction site reactions.

All pigs were sero-negative for PCV2 on Dav -3 and ondy Group 2 had 5 titer above
100 on Day 14, On Day 23 {day of challenga), Group § had the highest POV antibody titer
{4619, followed by Group 2 (25071 With the exception of Groups 7, 9 and 10, all groups

5 demonstrated a strong amibody response by Dav 32, By Day 30, all groups including Groups
7. 9 and 10 demonstrated a slrong sntibody response.

One of the hallmarks of late siage PCVZ infection mad subseguent PMWS
developmant is growth retardation in weaned pigs, and in severe cages, weight foss is noted.
Average daly weight gein of groups 1s 8 guanlitative method of demonsirating growth

10 retardation or weight loss. In this example, there was nol a large difference in ADWG
batween groups. Group 8 had the lowest ADWG of [L88 & .20 {bs/day, while Group 4 had
the highest ADWG of 1.16 = 0.26 lb/dav. Within the context of this study there was nod &
sufficient difference between groups 10 base future vaccing elficacy on ADWG

In addition fo weight loss — dyspues, lethsrgy. palior of the skin and Sometimes

15 icterus are clinical svmptoms aﬁsoaiaied with PMWS. In thiz example, abnormal behavior
and abnormal respiration #nci cough ware noted infrequently for zach group. As evidenced in
this study, this challengs model and challenge strain do not result in overwhelming clinical
symploms and this is not o strong paramieier on which to base vaccine efficacy.

Overall, mortality rales were not high in this example and the lack of a high mortality

20 rais in fhe challenge contral group Hmits this parameter on which 1o base vaccine afficacy.
Prior to Day 46, Groups 4 and 7 each had one out of fiftsen pigs die, Group 9 had two out of
fourtzen pigs die and Group 8 had [hwee out of fifteen pigs die. Due lo the fact that Groap 9,
the challenge control group was not demonstrating PCV2 clinical symptoms and oaly two

deaths had occurred in this group by Dav 46, Porcine Respiratory and Reproductive

3]
L2

Syndronte Virus (PRREYY MLV vaccine was administered 1o all pigs on Dav 46, Earlier
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4500 cccagggtga taggggagtg ggctccactg ctgttattct agatgataac tttgtaacaa
4560 aggccacagc cctaacctat gacccatatg taaactactc ctcccgccat acaatccccc

4650 20 PRLVERE Accanat aac aaaaguaat c. agotttggct gabbLracad R Ct agaa

studies had utilived INGELVACE PRRS MLV as sn immunostimatant o exasperate POV
associated PMWS disease and morfality rates were higher in these emlisy studies. Two
deaths occorred shorlly alter administering the PRRS vaceine on Day 46 - Group 4 had one
death on Day 46 aud Group 7 had one death on Day 47 — which were probably not associated
5 with the administration of the PRRS vaccine. By Day 30, Group 8, which received two doses
of kitled vaccine, had the highed mortality rate (20%), followed by Group 9 (challenge
comroly and Group 7 {0.25 uy rORF2 — Carbopol), with mortality rates of 14.3% and 13.5%
respectively. Overpll, administration of the PRRS vaccine to the challenge model late b the
posi-challenge observation phase of this example did not significantly ncrease mortality
10 rates,
Gross lesions m pigs wilh PMWS secondaty to PUV2 infection typically consist of
generalized Iymphadencpathy in combingtion with one of more of the lollowing: (1}
interstitigl sneumonia with interlobular edema, (2) cutanecus palior or icterus, {3) moled
alrophic Hvers, {4) gasirie ulcers and (5) nephsitis. At necropsy (Day 50, icterus, hepalitis,
15 and nephritis were not noted in any groups, A gasiric ulcer was noted in one Group 7 pig,
but lymphadenopathy was nol speelfically examined for. Based on the presence of lesions
that were consistent with POV2 infection, three groups had at least one plg fentatively
diagnosed with BOV2 (PMWS). Group 8, which recelved two doses of killed vaccine, had
20% lentatively diagnosed with POV, while Group 7 and Group 4 had 13.3% and 6.7%,
20 respectivalv, fentatively diagnosed with PCV2. The mean % lung lesion scores variad |
betwesn groaps af necropsy. Groups 1, 2, 3, 4, 6 and 10 had Jow % tung leston scores that
ranged from 051 & 038% 1o .80 & 0.15%.  As expected, Group 9, (he chatlenge control
group, had the highest mean % hmg lesion score (10.81 £23.279%). In fow groups, the mean
% lang Jesion scores wers elevated dus to one lo three pigs in cach of these mroups having

25 very high lung lesion scores, The lung lestons were red/purple and consolidated. Typically,
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at gt ggacca cgtaggcctc ggcactgcgt tcgaaaacag taaatacgac caggactaca
atatccgtgt aaccatgtat gtacaattca gagaatttaa tcttaaagac ccoccacttg

aac‘géé&plg%sg‘itct atcac tagtgaattc gcggccgccg gccggg@t%gﬁ(}%%gﬁt agaa

ggt cggg-atcctttcct gggacccggc aagaaccaaa aact caaggaa

fung fesions associpted with PMWS are described as fan, non-coliapsible wilh iteriobular
edema. The lung lesions noted in this study were aither not associated with PCY2 infection
or & second pualmonary infectious agent mway have been present Within the context of this
study, the % lung lesion scores probably do not reflect # true measure of the amotnt of hung
infection due to PCYV2. Likewise, fenlative déagaoéis of pneumonia may have been over-
utitized as well.  Any pigy with lung lesions, some s small as 0.10% were lisied with 2
temiative diagnosis of pneumonis.  In this esample, there was no sufficient difference
between groups with reapect 1o grose lesions and % hung lesions on which to base vaccine
efficacy,

{HC results showed the hwrgest differences between groups. Group 1 {16 pz 1ORF2Z ~
IMS 1314} had the lowsest positive FHOC results for PCV2 antigen (0%); while Groups 9 and
10 had the highest positive IHC resulis with incidence rates of 100% and 93.3% raspactively,
Groups 3, 5, ¢ and 7, which received 15, 4, 1 or 0.23 pg of :'ORFB antigen, Iespectivaly,
adjuvanied with Carbopel, had THC posttive rates of 20%., 20%, 40% and 46.7%,
respectively, Group 2, which received two doses of 16 pg vORF2Z adjuvanted with Carbopol
had an HC positive rate of 6.7%, while Group 4 which received only one dose of the same
vaceing, had an HHC positi‘;-’e rate of 13.3%. Dug to the objective nature of this {est and the
fact that IHC resulis correlated with expected results, HHC testing iz probably one of the best
parameters on which o bage vaccine efficacy.

Thus in one aspect of the present nvention, the Minimun: Protective Dosage (MPD)
of PCV2 vORFZ antigen adjuvanted with Carbopol i the CDCD pig model in the face of a
PCV2 chaltenge is determined. Groups 3, 5, 6 and 7 each received fwo doses of rORFZ
antipen adjuvanted with Carbopol, but the level of rORF2 antigen varied for each group.
Groups 3, 5, 6 and 7 esch received 16, 4, 1 or 023 ug of rORF2 antigen respectively. In

general, decressing the level of TORFZ antigen decreased POV antibody titers, and increased
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25 atccgtaatg ttaaacccga cacgatgaag cttgtcgttg gat ggaaagg aaaagagttc 5040
t acagggaaa cttggacccg cttcatggaa gacagcttcc ccattgttaa cgaccaagaa 5100
gt gat ggat Ottt cttgt tgtcaacatg cgtcccacta gacccaaccg

c 5160
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the mortality rate, mean % lung lesions and the incidence of THC positive tissves. Of the four

groups receiving vzzf;g-‘ing levals of tORF2 - Carbopal, Gronps 3 and 5, which received two

doses of 16 or 4 pg of rORF2 antigen, respectively, each bad an IHC positive rate of only

20%, and each had similar antibody titers. Qverall, based on IHC positive results, the
5 minimum protective dosage of TORF2 antizen administered twice is approximately 4 pg.

In another aspect of the present invenlion, the sntigenicity of recombinant (FORFZ}
and VIDO R-1 (¢ORF2) PCV2 antigens were assessed. Group 2 received two doses of 16 pg
vORF2 and Gronp 3 received two doser of 16 pg rORF2. Both vaccines were adjovanied
with Carbopol. Both vaceines were found to be safe and bolh had (%% movtality rafe. Group

10 2 had g PCVZ antibody titer of 2307 on Day 25, while Group 3 had a POV antibody titer of
1503, Group 3 had a lovwer mean % hung lesion score than Group 2 (011 & 0.38% vs. 0.0 %
0.159%), but Group 2 had g lower IHT positive incidence rate that Group 3 (6.7% vs. 20%).
Overall, both waccines had sinsilar antigenicity, but vORFZ was associated with shighily

bedter THC resudis,

——t
¥

In vet another aspect of the present inventicn, the suifability of two dilTerent
sdjovants {Carbopol and IMS 1314} was determuined. Groups 1 and 3 both received two
dosas of vaccine containing 16 ue of tORF2 antigen, byt Group 1 received the antigen
sdjuvanted with IME 1314 whila Group 3 received the antigen adjuvanied with Carbopel.
Both groups had essentially the same ADWG, essentially the same incidencs of ¢limcal signs
20 posi~challenpe, the same mortality rate, and essentially the same mean % lung lesions; bug
Group 1 had an HC positive rate of 0% while Group 3 had an JHC positive rate of 20%.
However, Group 3, which received the vaceine adjuvanied with Carhopol bad higher IFAT
POV 2 titers on Dayvs 23, 32 and 50 than Group 1, which received the vaccine adjuvaniad with
IMS 1314 Overall, although the POV2 vaceine adjuvanted with IMS 1314 did provide better

25 THC results, it did not provide overwhelmingly better protection from PCVZ infection and did
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at cgt cgagc cttcatgggt gggcagcaac aacgagtacc gcatcagcct ggctaagaag 5280 30
ggcggcggcect gcccaat aat gaaccttcac tctgagtaca ccaactcgtt cgaacagttc 5340

at cgat cgt ga gaacttctac aagcccatcg tttacatcgg t_ 5400
gct gaagag‘gogg{g@g‘%g%ct ccttgaagtt tccctggtgt tcaaagt aaa"é%ﬁ%@é@gﬂ‘mao

induce injoclion site reaction. Wherens the PCV2 veccine adjuvanied with Carbopol
parformed nemly as well as tha IMS 1314 adjuvanted vaccing, but wag not assoctated willy

any adverse evenis,
In still anofier aspect of the present invention, the feasibility of PCVZ ORF2 az &
5 imi, 1 dose product was determined. Groups 2 and 4 both received 16 ug of vORF2 vaccine
adjuvanted with Carbopol on Bay 0, but Group 2 received 2 second dose on Pay 14 Group 4
had a slightly higher ADWG and a lower mean % hng lesions than Group 2, but Group 2 had
higher IFAT PCV2 tilers on Day 25, 32 and 30, and a dlightly lower incidence rate of THC
posttive tissues. All other resulis for these two groups were similar. Overall, one 503{5 of

10 vORYZ adjuvanted with Carhopol performed similar to two doses of the same vaccing
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Case 10-0077-PCT US ccagacgcac ctctgttcac tggtccggcg tattaaaaca
cgatacattg ttattagtac 5520 atttattaag cgctagattc tgtgcgttgt tgatttacag
acaattgttg tacgtatttt 5580 aataattcat taaatttata atctttaggg tggtatgtta
gagcgaaaat caaatgattt 5640 5

CLAIMS
We claim:

1. A single dose multivalent combination vaccine comprising a porcine circovirus type 2
antigen effective for reducing the incidence of or lessening the severity of porcine
circovirus type 2 infections and at least one immunogenic active component effective
against another disease-causing organism in swine selected from the group consisting
of an antigen of: Actinobacillus pleuropneumonia; Adenovirus; Alphavirus such as
Eastern equine encephalomyelitis viruses; Bordetella bronchiseptica; Brachyspira
spp., preferably B. hyodyentheriae; B. piosicoli, Brucella suis, preferably biovars 1, 2,
and 3; Clasical swine fever virus; Clostridium spp., preferably Cl. difficile, Cl.
perfringens types A, B, and C, Cl novyi, Clsepticum, Cl. tetani; Coronavirus,
preferably Porcine Respiratory Corona virus; Eperythrozoonosis suis; Erysipelothrix.
rhsiopathiae; Escherichia coli; Haemophilus parasuis, preferably subtypes 1, 7 and 14;
Hemagglutinating encephalomyelitis virus; Japanese Encephalitis Virus; Lawsonia
intracellularis; Leptospira spp., preferably Leptospira australis; Leptospira canicola;
Leptospira grippotyphosa; Leptospira icterohaemorrhagicae; and Leptospira
mterrogans;  Leptospira pomona; Leptospira tarassovi; Mycobacterium spp.,
preferably M. avium, M. intracellulare and M.bovis; Mycoplasma hyopneumoniae (M
hyo); Pasteurella multocida; Porcine cytomegalovirus; Porcine Parvovirus; Porcine
Reproductive and Respiratory Syndrome (PRRS) Virus, Pseudorabies virus;
Rotavirus; Salmonella spp., preferably S. thyhimurium and S. choleraesuis; Staph.
hyicus; Staphylococcus spp., preferably Streptococcus spp., preferably Strep. suis;
Swine herpes virus; Swine Influenza Virus; Swine pox virus; Vesicular stomatitis
virus; and Virus of vesicular exanthema of swine,
wheréin said porcine circovirus type 2 antigen comprises the ORF2 protein of PCV2
and wherein one dose of said vaccine comprises 2 ug to 150 ug of said ORF2 protein.

2. The single dose multivalent combination vaccine of claim 1, wherein the porcine
circovirus type 2 antigen is inactivated porcine circovirus type 2 antigen, or a live
modified or attenuated porcine circovirus type 2.

3. The single dose multivalent combination vaccine of claim 1 or 2, wherein said porcine
circovirus type 2 antigen is a protein encoded by a DNA, wherein the DNA sequence
has at least 90% sequence identity with ORF2 of a porcine circovirus type 2.

4. The single dose multivalent combination vaccine of claim 1 or 2, wherein said PCV2
ORF2 protein is
1) a polypeptide comprising the sequence of SEQ ID NO: 5, SEQ 1D NO:
6, SEQ ID NO: 9, SEQ ID NO: 10, or SEQ ID NO: 11,
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tcagcgtctt tatatctgaa tttaaatatt aaatcctcaa tagatttgta aaataggttt 5700
cgattagttt caaacaaggg ttgtttttcc gaaccgatgg ctggactatc taatggattt 5760
tcgct caacg ccacaaaact tgccaaatct tgtagcagca atctagcttt gtcgatattc 5820
gtttgtgttt tgttttgtaa taaaggttcg acgtcgttca aaatattatg cgcttttgta 5880

i1} any polypeptide that is at least 90% homologous to the polypeptide of
1),

iii) a polypeptide that is encoded by a DNA comprising the sequence of
SEQ ID NO: 3 or SEQ ID NO: 4, or

v) any polypeptide that is encoded by a polynucleotide that is at least 90%
homologous to the polynucleotide of iii).
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tttctttcat cactgtcgtt agtgtacaat tgactcgacg taaacacgtt aaataaagct 5940 10
tggacatatt taacatcggg cgtgttagct ttattaggcc gattatcgtc gtcgtcccaa 6000
ccctcgtcgt tagaagttgc ttccgaagac gattttgcca tagccacacg acgcctatta 6060
attgtgtcgg ctaacacgtc cgcgatcaaa tttgtagttg agctttttgg aattatttct 6120

gattgcgoes Ty, single dose multivalent combination vaccine of any one of claims 1 to 4, wherein
said immunogenic active component effective against another disease-causing

organism in swine is an antigen of Porcine Reproductive and Respiratory Syndrome
(PRRS) Virus.

6. The single dose multivalent combination vaccine of any one of claims 1 fo 4, wherein
said immunogenic active component effective against another disease-causing
organism in swineis an antigen of Mycoplasma hyopreumoniae (M hyo).

7. The single dose multivalent combination vaccine of any one of claims 1 to 4, wherein
the at least one immunogenic active component effective against another disease-
causing organism in swine is an antigen of Porcine Reproductive and Respiratory
Syndrome (PRRS) and an antigen of Mycoplasma hyopneumoniae (M hyo)

8. The single dose multivalent combination vaccine of any one of claims 1 to 7, wherein
one dose of said vaccine comprises 4 pg to 16 ug of said ORF2 protein.

9. Use of ORF2 protein of PCV2 and of at least one immunogenic active component
effective against another disease-causing organism in swine selected from the group
consisting of an antigen of: Actinobacillus pleuropneumonia; Adenovirus; Alphavirus
such as FEastern equine encephalomyelitis viruses;  Bordetella bronchiseptica;
Brachyspira spp., preferably B. hyodyentheriae; B. piosicoli, Brucella suis, preferably
biovars I, 2, and 3; Clasical swine fever virus; Clostridium spp., preferably Cl.
difficile, CIl. perfringens types A, B, and C, Cl novyi, Clsepticum, Cl. tetani;
Coronavirus, preferably Porcine Respiratory Corona virus; Eperythrozoonosis suis;
Erysipelothrix rhsiopathiae; Escherichia coli; Haemophilus parasuis, preferably
subtypes 1, 7 and 14; Hemagglutinating encephalomyelitis virus;  Japanese
Encephalitis Virus; Lawsonia intracellularis; Leptospira spp., preferably - Leptospira
australis; Leptospira  canicola; Leptospira  grippotyphosa;  Leptospira
icterohaemorrhagicae; and Leptospira imnterrogans; Leptospira pomona; Leptospira
tarassovi; Mycobacterium spp., preferably M. avium, M. intracellulare and M.bovis;
Mycoplasma  hyopneumoniae (M  hyo); Pasteurella multocida; Porcine
cytomegalovirus;  Porcine Parvovirus; Porcine Reproductive and Respiratory
Syndrome (PRRS) Virus; Pseudorabies virus; Rotavirus; Salmonella spp., preferably
S. thyhimurium and S. choleraesuts; Staph. hyicus; Staphylococcus spp., preferably
Streptococcus spp., preferably Strep. suis; Swine herpes virus; Swine Influenza
Virus; Swine pox virus; Vesicular stomatitis virus; and Virus of vesicular exanthema
of swine for the manufacture of a multivalent combination vaccine for reducing or
lessening the severity of the clinical symptoms associated with PCV2 infection by the
administration of a single dose of said vaccine to a pig, wherein one dose of said
vaccine comprises 2 pg to 150 ug of said ORF2 protein.
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gtttttgggc gggtttcaat ctaactgtgc ccgattttaa ttcagacaac 6180 acgttagaaa
gcgat ggt gc aggcggt ggt aacatttcag acggcaaatc tactaatggc 6240 15 ggcggtggtg

gagct gat ga taaatctacc atcggtggag gcgcaggcgg ggctggcgge 6300 ggaggcggag
gcggaggt gg tggcggt gat gcagacggcg gtttaggctc aaatgtctct 6360 ttaggcaaca

10. The use of claim 9 wherein said PCV2 ORF2 protein is

i)
i)

iii)

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

any polypeptide that is at least 90% homologous to the polypeptide of
i),

a polypeptide that is encoded by a DNA comprising the sequence of
SEQ ID NO: 3 or SEQ ID NO: 4, or
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cagtcggcac ctcaactatt gtactggttt cgggcgccgt ttttggtttg 6420 accggtctga
gacgagtgcg atttttttcg tttctaatag cttccaacaa ttgttgtctg 6480 tcgtctaaag
gt gcagcggg ttgaggttcc gtcggcattg gtggagcggg cggcaattca 6540 20 gacatcgatg
gt ggt ggt gg tggtggaggc gctggaat gt-taggcacggg agaaggtggt 6600 ggcggcggtg
ccgccggtat aatttgttct
iv) any polypeptide that is encoded by a polynucleotide that is at least 90%
homologous to the polynucleotide of i11).

11. The use of claim 9 or 10, wherein said immunogenic active component effective
against another disease-causing organism in swine is an antigen of Porcine
Reproductive and Respiratory Syndrome (PRRS) Virus.

12. The use of claim 9 or 10, wherein said immunogenic active component effective
against another disease-causing organism in swine is an antigen of Mycoplasma
hyopneumontae (M hyo).

13. The use of claim 9 or 10, wherein said at least one immunogenic active component
effective against another disease-causing organism in swine is an antigen of Porcine
Reproductive and Respiratory Syndrome (PRRS) and an antigen of Mycoplasma
hyopneumoniae (M hyo)

14. The use of any one of claims 9 to 13, wherein one dose of said vaccine comprises 4 pg
to 16 pg of said ORF2 protemn.



gogtttagttt gttcgcgcac gattgtgggc 6660 accggcgcag gcgccgctgg ctgcacaacg

gaaggt

t acaaa

cgt

¢Q£QOhﬂﬁ5E Q%;cagcgcttgg 6720 ggtggtggca attcaatatt ataattggaa

aaaaatcigc tataagcatt 6780 gtaatttcgc tatcgtttac cgtgccgata

tttaa. caacc gctcaatgta agcaattgta 6840 25 ttgtaaagag attgtctcaa gctcgccgca

10

15

20

25

30

<110>

<120>

<130>

<140

<141>

<150>

<151>

<160>

<170

<210>

<211>

<21l2>

<213>

<220

223>

SEQUENCE LISTING

Roof, Mike
Eichmeyer, Mark
Nitzel, Gre
Schaeffer, Merrill

Hayes, Phillip

PCVZ IMMUNOGENIC COMPCOSITIONS AND METHODS OF PRODUCING SUCH

COMPOSITIONS

34816-CIP1

UNKNOWN

2005~-01-10

Unknown

2004-12-30

11

PatentIn versicn 3.3

1

8

DA

Artificial

This is a modified Kozak's sequence.
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cgccgataac aagccttttc atttttacta 6900

e d iR accactatgt 7020

cttccgcagt atcgacacgt tcaaaaaatt 7080

cgtcg
aaaga

10

15

30

<400> 1

cegecatyg

<210> 2

<2il> ¢

<Z212> DNA

<213>» Artificial
<220>

<223>

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

<400> 3

cagctatgac
ttggccagat
Jgaaggaaaaa
aggaaaaatg
ttgttcoccce
gaaaggttaa
gctccactge
acccatatgt
gttacttcac

aaaggaatca

gtatccaagg
cctcogecoge
Tggcatette
geatcttcaa
ggg9agyggygag
ggttgaattc
tgttattcta
aaactactcc
acccaaacct

ctttggetg

Porcine circovirus

aggecgttace
cgcceotgygo
aacaccogeo
cacccgecto
accaacaaaa
tggecectget
gatgataact
tccegecata
gttettgact

aggctacaaa

gcagaagaag
tegteocaceo
tctoecocgeac
tccogeacet
tetcectatace
ccecocecatcac
ttgtaacaaa
caatccccca
ccactattga

cctctagaaa

2/16

cagcattgta
aaacgtcgtt
t gt cgt aaat
gat gcgcat c

This is a recombinant Eco Rl segquence.

acaccgcooaoo
cogocacege
ctteggatat
tcocggatatac
ctttgaatac
ccagggtgat
ggccacagec
acccttecice
ttacttccaa

Ltgtggaccac

gt ggcgagac
ggcaagct tt
gttgtttttg
aattttgttg

cgecagecceatc
taccgttagga
actgtggaga
tgtgacgact
tacagaatas
aggggagtgg
ctaacctatg
taccactccce
ccaaataaca

gtaggeooteg

acttcgct gt
aaaatattta
ataatttgcg
ttcctattat

180
240
300
360
420

480



t gaat aaata agattgtaca gattcatatc 7140 30 tacgattcgt catggccacc acaaatgcta
cgctgc aac g@ g% ttttacgaaa 7200 actgcaaaaa cgtcaaaact cggtataaaa

t aat ca Eﬁglo @% &gg?saaaatatcta 7260 ttttatcgca caagcccact agcaaatt gt
atttgcagaa aacaatttcg gcgcacaatt 7320 Case 10-0077-PCT_US ttaacgctga
cg?a?t f@&@g&@takg;;a%@ag@ acgatd.cc. cegatitatt, hoaaacaci a ttatt.agacsa,
gctgtgtgaa

tacaattcag agaatttaat cttasagacc ccccacittaa accctaaatg aat 713
5 <210> 4

<211> 713

<212> DNA

<213>» Porcine circovirus

10 <400> 4
ccgeccatgac gtatccaagg aggegttace gocagaagaag acaccgoocc cgcagecatc 60
ttggecagat ccectecegeege cgeccctgge tegtecacce cogecaccge taccgbigga 120
gaaggaaaaa tggcatcttc aacacccgec tcteccgrac cticggatat actgtcazago 180
ctaccacagt cacaacgcecce tcoctgggegy tggacatgat gagatttaat attgacgéct 240
15 ttgttceccee gggagggggg accaacaaaa tcotcetatacce ctttgaatac tacagaataa 300
géaaggttaa ggttgaattc tggccctget cccccateac ccagggtgat aggguagtgg 360
gotcocactge tgttatteta gatgataact Ttitgtaacaaa ggccacagece ctaaccitatg 420
acccatatgt aasactactcc tcccgecata caatccccca accctictoe taccactcac 480
gttacttcac acccaaacct gttcttgact ccactattga ttacttcocaa ccaaataaca 540
20 aaaggaatca gebttggetyg aggctacaaa cctcetagaaa tgtggaccac gtaggectog 6006
gcactgogtit cgaaaacagt asatacgacce aggactacaa tatccgtgta accatgtatg el
tacaattcag agaatttaat cttaaagacc ccccacttga accctasgaa ttco 713
25 <210> 5
<211» 233
<212> PRT

<213> Porcine clrcovirus

30 <400> 5

Met Thr Tyr Pro Arg Arg Arg Tyr Arqg Arg Arg Brg His BArg Pro Ar
g g g 1y J g g g g g

3/16



gttcaccagt atcaacaacc caaattaaag gcgctcaacg taat gagcga aagtgatcgt
gcgagqéttjogk%z ccacccaaat gatggactac gtaccaactt gcacaatttc
tttataadsdad att %@f@{ gttagcaata atacacaacg 7380 7440 7500 7560 5

acat aaaact cgaaaatgtc ttatatttcg aagcacttga tcgcgtgtat gtttgcgatt 7620
acggatigtg caaa.cacgaa aactcactta gcgigcacga cggcacgtitsg gagtatttta 7680
gt ccggaaaa aattcgacac acaactatgc acgtttcgtt tgactggtac goggcgtgtt 7740
aacat acaag ttgctaacgt

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

20 25 30

5

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

35 40 45

Leuw Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr
10 50 55 60

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

65 70 75 80
15 Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro Phe Glu Tyr Tyr

B85 20 95
Arg Ile Arg Lys Val Lys Val Glu Phe Trp Pro Cys Ser Pro Ile Thr
100 105 110

20

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

115 120 125

Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr
25 130 135 140

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

145 159 125 160
30 Phe Thy Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe Gin Pro

165 170 175
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aatcatggtc atagctgttt cctgtgtgaa attgttatcc 7800 gctcacaatt ccacacaaca

t acgaggce ) t gt aaagcct ggggtgccta 7860 10 at gagtgagc taactcacat
taattdgﬁggoggggﬁ%ggﬁggcccgctttcc agt cgggaaa 7920 cctgtcgtgc cagctgcatt

aat gaat cgg ccaacgcgcg gggagaggcg gtttgcgtat 7980 tgggcgctct tccgottcct
cgct cagcd gasr Lys Arg Asn Gin Leu Trp Leu Arg Leu Gln Thr Ser Arg Asn

180 185 1320

Val Asp His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp
5 195 200 205

Gin RAsp Tyr Asn Tle Arg Val Thr Met Tyr Val $Sin Phe Arg Glu Phe

Z10 215 220

10 Asn Leu Lys BAsp Pro Pre Leu Lys Pro

225 230

<210» 6
i5 <211> 233

<212> PRT

<213> Porcine circovirus

<400> 6
20
Met Thr Tyr Pro RArg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
1 5 10 15
Ser Eis Leu Gly Gln Tle Leu Arg Arg Arg Pro Trp Leu Val His Pro
25 20 25 30
Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg
35 490 45
30 Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys ARla Thr Thr Val Thr Thr
50 55 60
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ctcgcetgecge toggtcgttc ggetgcggecg 8040 agcggtatca gcetcact caa aggcggt aat

acggttatc Oqg@g gggat aacgc 8100 aggaaagaac at gt gagcaa aaggccagca
aaaggc gﬁa a 8%; aggccgcgtt 8160 15 gctggegttt ttccataggc tccgceccccc

t gacgagcat cacaaaaatc gacgctcaag 8220 tcagaggtgg cgaaacccga caggactata
ro Ser Trp Ala Val Asp Meit Met Arg Phe Asn Ile Asp Asp Phe val

65 70 75 80

Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro FPhe Glu Tyr Tyr

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

100 105 110

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

115 120 125

Phe ¥Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr

130 135 140
15
Ser Ser Arg His Thr Ile Pro Gln Pro Phe Ser Tyr His Ser Arg Tyr
145 150 155 160
Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro
20 165 170 175
Asn Asn Lys Arg Asn Gln Leu Trp Leu Arg Leu Gin Thr Ser Arg Asn
180 185 190
25 Val Asp His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp
185 200 205
Gln Rsp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Rrg Giu Phe
210 215 220
30

Asn Leu Lys Asp Pro Pro Leu Giu Pro

225 230
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aagat accag gcgtttcccc ctggaagctc 8280 cctcgtgcge tctecctgttc cgaccctgcec
gcttaqégggo%gﬁgﬁggéﬁﬁ;cctttctccc 8340 ttcgggaagc gtggcgcttt ctcatagctc
acgctg f cggtgtaggt 8400 cgttcgctcc aagctgggct gtgtgcacga
accccccgtt cagcccgacc gctgecgectt 8460 20 atccggtaac tatcgtcttg agtccaaccc

<210> 7
<21i> 756
5 <212> DNA

<213>» Artificial

<220

<223> This sequence is from porcine circovirus type 2, open reading

10 frame 2, together with a portion from the pGEM T-gasy vector.
<400> 7
goggoecgegg gaattogate cgcocatgacy tatccaagga ggegttacceg cagaagaaga 60
caccgoooce goagocatcot tggeocagatc ctccgocgec gococccoctgget cgtecacccce 120
15 cgccaccget accgtiggag aaggaaaaat ggeatcetica acacccgecet cteocgraco 180
ttcggatata ctgtcaagge taccacagic acaacgccocct cctgggeggt ggacatgaty 240
agatttaata ttgacgactt tgttcccccg ggaggggoga ccaacaaszat ctctatacce 300
ttgaatact acagaataag aaaggttaag gttgaatict ggecoctgcte coccatcacco 360
cagggtgata ggggagtggg ctccactget gttattctag atgataactt tgtaazcaszag 420
20 geccacagoce taacchtatga cccatatgta aactactcct ccocgocatac aatccoccaa 480
ccottotect accactcocccog ttactteacs cccaaacctg ttcottgacto cactattgat 540
tacttccaac caaataacaa aaggaatcag ctttggectga ggctacaaac ctetagaaat 600
gtggaccacy taggectecgy cactgegttc gaaaacagta aatacgacca ggactacaat 660
atccgtgtaa ccatgtatgt acaattcaga gaatttaatc ttasagaccce ccecacttgaa T20
25 ccctaagaat totatcacta gtgaattcge ggcoge 756
<210» 8B

<z2il» 10387
30 <z

fomd
SN
W

DHNA

<213> Artificial
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ggt aagacac gacttatcgc cactggcagc 8520
gt at gt agttcttgaa 8580
gacagt %%ﬁoggﬁg%%?g38;ctctgctgaa 8640
ctcttgatcc ggcaaacaaa ccaccgctgg 8700

agccact ggt aacaggatta gcagagcgag
gt ggt ggcct aact acggct acact agaag
gccagttacc ttcggaaaaa gagttggtag
tagcggtggt ttttttgttt gcaagcagca

<z2Z20>

<223> This is the porcine circovirus type 2, ORF2Z construct, which
includes baculovirus and pGEM T-easy coding sequences.
5 <400> 8
aagctttact cghaaagega gttgaaggat catatttagt tgogtttatg agataagatt &0
gaaagcacgt gtaaaatgtt tcccgecgegt tggcacaact atttacaatyg cggccaagtt 120
ataaaagaltt cteatctgat atgttttaaa acacctitge ggcccgagtt gtttgcogtac igg
gtgactagcyg aagsagatgh gtggaccgea gaacagatag taaaacaaaa ccocctagtatt 240
10 ggagcaataa tcgatitaac caacacgtet asatattatg atggigtges ttittttgcag 300
gecgggectgt tatacaaaaa aattcaagta cctggecaga ctttgeocogeo tgaaageata 360
gttcaagaat ttattgacac ggtaaaagaa tttacagaaa agtgtoccogg catgttggtg 420
ggogigcact gcacacacgg tattaatcoge accggttaca tggtgigeag atatttaatg 480
cacaccectgg gtattgcger gecaggaagee atagatagat tcecgaaaaage cagaggicac 540
15 saaattgaaa gacaaaatta cgttcaagat tiattaattt aattastatt atttgeattc 600
tttaacaaat actttatcct attttcaaat tgttgcgett cttccagcecga accaaaacta 650
tgettogott geotcecegttta gettgtageco gatcagtgge gttgttceccaa tcegacyggtag 720
gattaggocyg gatattctce accacaatgt tggeascgtt gatgtitacgt ttatgetitt 180
gottttccac gtacgtcttt tgygccggtaa tageegtaaa cgtagtgoecg tcocygcgegtca 840
20 cgcacaacac cggatgtttg cgettgtccg cggggtatty aaccgeogega tccgacaaat 900
coaccacttt ggcaactaaa tcggigacct gegegtettt tttetgeatt astttogtett 260
tettttgeat ggittoctgg aageocggtgt acatgeggtt tagatcagtc atgacgcegcyg 1020
tgacctgecas atctrtggee tegatectget tgtocttgat ggeoaacgatg cgttcaataa 1080
actcttgttt tttaacaagt tcocteggttt tttgcgeccac caccgettge agegegtttyg 1140
25 tgtgoteggt gastgtcgea atcagettag tcaccaacty tttgototoo tectocecgtt 1200
gtttgatcgc gagatcgtac ttgcococggtge agageacttyg aggaattact tettctaasa 1260
geccatteottg Taattotatyg gegtaaggea atttggactt cataatcage tgaatcacge 1320
cggatttagt aatgageact gtatgegget geaaatacag cgggtcegeoco cttticacga 1380
cgctgttaga ggtagggoec ceattttgga tggtctgete aaatascgat ttgtatttat 1440
30 tgtctacaty asacacgtata getttatcac aaactgtata tittaaactg ttagcgacgt 1500
ccttggecac gaaccggace tgttggtoge gotctageac gtacogeagy ttgaacgtat 1560
cttctcocaaa tttaaattct ccaattttaa cgcgagecat titgatacac gtgtgteogat 1620
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gattacgcgc agaaaaaaag gatctcaaga 8760
cgct cagt cacgttaagg 8820
cttcac€¢%g¢§ﬁﬁ%ﬁéiéé§attaaaaatg 8880
gt aaacttgg tctgacagtt accaatgctt 8940

25 agatcctttg atcttttcta cggggtctga
gattttggtc atgagattat caaaaaggat
aagttttaaa tcaatctaaa gtatatatga
aat cagt gag gcacctatct cagcgatctg

tCtaIt@ﬂH%Eaacaa ctattgtttt ttaacgcaaa ctaasacttat tgtggtaagce aataattaaa 1480
tatggeggaa catgegeoege tacaacacte gtcegtitatga acgcagacgg cgccggtetco 1740
ggcgcaageyg goetasaacgt gttgcgegtit caacgcggea aacatcgeaa aagccaatag 1800
tacagttttg atttgcatat taacggcocgat tttttaaatt atcttattta ataasatagtt 1860

5 atgacgccta caactccceg ceccgoegttga ctogetgcac ctegageagt tegttgacge 1920
ctteocteegt gtggoccgaac acgtcgageyg ggtagtoegat gaccagegge gtgccgcacg 1980
cgacgeacaa gtatctgtac accgaatgat cgtcocgggoga aggeacgtceg gocteocaagt 2040
ggcaatatty gcaaattcga aaatatatac agttgggttyg tttgocgecata totatcgtgg 2100
cgttgggeat gtacgtcoccga acgtitgattt gcatgcaage cgaaattaaa testigogat 2160

10 tagtgecgatt asaacgttgt acatcctcoge ttttastcat gocgteogatt zaatcogogea 2220
atcgagtcaa gtgatcaaag tgtggaataa tgttttettt gtattcccga gtcaagcgea 2280
gogegtattt taacaaacta geocatcttgt aagttagttt catttastgce aactttatcc 2340
aztaatatat tatgtatcge acgtcaagsa ttaacaatge gocoghbtgte geatcteaac 2400
acgactatga tagagatcaa ataaagcgcg aattaaatag ctitgcegacogce aacgtgeacg 2460

15 atctgtgecac gegttcoccgge acgagetttg attgtaataa gtttttacga agcgatgaca 2520
tgacccocgt agtgacaacyg atcacgecca asagaactyge cgactacaaa attaccgagt 2580
atgtcggtga cgttaaaact attaagccat ccaatcgacce gttagtogaa tcaggaccge 2640
tggtgcgaga agccgcgaaq tatggoegaal geatcegtata acgigtggag tocgetceatt 2700
agagcgteoat gtitagacaa gaaagetaca tattlaathty atccogatyga ttitattgat 2760

20 azattgaccce taactccata cacggtatic tacaatggeg gggottttogt caasaatttcce 2820
ggactgcegat tgtacatgot gttaacggot ccgeccacta ttaatgaaat tasasattec 2880
aattttazaa aacgcagcaa gagaaacatt tgtatgaaag aatgcgtaga aggaaagaaa 2940
aatogtcgtcg acatgctigaa caacaagatt aatatgectc cgtgtataza aaaaatattg 3000
aacgatttga sagaaaacaa tgtaccgege ggcggtatgt acaggaagag gtttatacta 3060

25 aactgttaca ttgcaaacgt ggtttcgigt gcoccaagtgig asaaccgatg tttastcaag 3120
getoctgacge attictacaa ccacgactec aagtgtgtgg gtgaagteat geatetttta 3180
atcaaatcce aagatgtgta taaaccacca aactgccaaa aaatgaaaac tgtcgacaag 3240
ctetgteccgt ttgctggoaa ctgcaagggt ctcaatcota tttgtaatta ttgaataata 3300
aaacaattat aaatgctaaa tttgtttttt attaacgata casaccasac gcaacaagaa 3360

30 catttgtagt attatctata attgaaaacg cgiagttaia.atcgctgagg taatatitaa 3420
aatcattttc aaatgattca cagttaattt gocgacaatat aattttattt tcacataaac 3480
tagacgccett gtcecgtettct tettegtatt cottetottt ttecatittte tectcataaa 3240
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tcatccatag ttgcctgact 9000 ccccgtcgtg tagataacta cgatacggga gggcttacca
t ot ggc ocgO gt 9060 30 gataccgcga gacccacgct caccggctcc agatttatca

gcaat aat 9120 aagggccgag cgcagaagtg gtcctgcaac tttatccgcc

tccatccagt ctattaattg 9180 ttgccgggaa gctagagtaa gtagttcgcc agttaat agt
aattaacata gttattatcg tatccatata Tgtatctatc gtatagagta aattttttgt 3600
Tgtcataaat atatatgtcect tttttaatgg ggtgtatagt accgectgege atagttttto 3660
tgtaatttac aacagigecta tittctggta gttcttegga gtgtgttget ttaattatta 3720
aattiatata atcaatgaat ttgggategt cggttttgta caatatgttyg ccggcocatagt 3785
5 acgcagettc ttctagttca attacaccat ttittagecag caccggatta acataacttt 3840
ccaasatgtt gtacgaaccg ttaaacaaasz acadttcace teecttiteb atactatigt 3900
ctgogageag ttgtttghtitg ttaasaataa cagecattgt aatgagacge acaaactaat 3960
atcacaaact ggaaatgtct atcaatatat agttgctgat atcatggaga taattaaaat 4020
gataaccatc togcaaataa ataagtatit tactgtittc gtaacagiit tgtaataaaa 4080
10 aaacctataa atattccgga ttattcatac cgtcccacca tcgggegegg atcagatcotg 4140
cagcggooge gggaattcega tocgeccatga cgtatccaag gaggegttac cgcagaagaa 4200
gacaccgoce ccgcecagecat cttggocecaga tectecgecyg cegecectygg ctegtocacc 4260
cocogecacoyg ctacegttgy agaaggaaaa atggceatctt cazacacccecge chctcoccocogea 4320
ccttcecggata tactgteaag getaccacag tcacaacgoe chtoectgggeoy gtggacatga 4380
15 tgagatttaa tattgacgac tttgttccce cgggaggggg gaccaacaaa atctcoctatac 4440
cctttgaata ctacagaata agaaaggtia aggttgaatt ctggcccige tocccocatca 4500
cccagggtga taggggagtyg ggeteccacty ctgttattcot agatgatsac tttgtaacas 4560
aggccacage cctaacctat gacccatatg tasactactc ctcocgcecat acaatccccec 4620
aaccctiche ctaccactco cgttacttca cacccaaacce tgttcttgac tccactattg 4680
20 attacttcca accaaataac aaaaggaatc agetttggcet gaggctacaa acctetagaa 4740
atgtggacca cgtaggcctc ggeactgegt tcgaasaacag tazatacgac caggactaca 4800
atatcoccegtgh aaccatgtat gtacaattca gagaattitaa tottaaagac cccccacttyg 4860
aaccctaaga attctatcac tagtgaattc geggocecgecy geoogetecag aattcectagas 4920
ggtaccoggo atoctticet gggacccgge aagaaccaaa aactcactct ctitcaaggaa 4980
25 atccgtaaty ttaaacccega cacgatgaayg ohttgtegttg gatggaaagy aaaagagttc 5040
tacagggaaa ctiggacccg cttcatggaa gacagcticce ccattgttaa cgaccaagaa 5100
gtgatggatg ttitcoocttgt totcaacatg cgtoccacta gacccaaccyg ttgttacaaa 5160
ttccoctggococe aacacgetet gegttgegaco ceccgactaty tacctcecatga cgtgattagg 5220
atcocgtogage cttcatgggt gggeagcecaac aacgagtace gecatcagecht ggoctaagaag 5280
30 ggcggegygcet goccaataat gaaccticac toetgagtaca ccaactogit cgaacagtuce 5340
atcgatcegig tcatctggga gaacttcectac aageccoccatcecg tttacatcgy taccgactcot 54060
gotgaagagg aggaaattcot cottgaagtt tecctggtgt tcaaagtaaa ggagttigea 5460
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ttgcgcaacg ttgttgccat 9240 Case
gcttcattca

ggfgg:é%%goggbztt aaaaaagcgg

gaagtaagtt ggccgcagtg ttatcactca
ctgtcatgcc atccgtaaga tgcttttctg tgactggtga9480 5gtactcaacc aagtcattct
gagaat agtg tatgcggcga ccgagttgct cttgcccggec9540 gtcaatacgg gat aataccg
cgccacat:agcrvagaactitbt acaaagigotca ttebtdggemaal600-acgtittet t egagggcgédaaac
t ct caaggat cttaccgctg%y;gagatcca gttqggt ta9660 acccactcgt gcacceaact
gat ot t EagE" SCt 114G 11 CACEAGY LETCt a0l g0720" Ageadadace Fgaasy aaa
atQCCQQQQQtﬁﬁﬁggﬁﬁﬁk@a@@gg&ﬂﬁgaﬁg99@@@5@%5gﬁ%g&%égéakég%&ﬁk@ ctsalbccttt
ttcaatatta ttgaagcatt tatcagggtt attgtctcat 9840 gagcggatac atatttgaat
gt at t t agaagaaat aaacaszat Agyggttc egegracat 1139600: toce cogaaas tyt gdddect g

10-0077- PCT US
gct ccggt t c9300
ttagctcctt 9360
tggttat ggc9420

t gct acaggc
ccaacgat ca
cggt octcog atcgttgtca
agcactgcat aattctctta

at cgt ggt gt
aggcgagtta

acgtctaaga aaccattatt atcatgacat taacctataa9960 aaataggcgt atcacgaggc
cotttcﬁ?%fa%ﬁﬁg%ﬁ?fﬁﬁgﬁbfg%rééEﬁ:@Fﬁﬁﬁ%ﬁ%%fmf@ﬁﬁﬁtﬁtﬁﬁg%%htg céﬁg ccegg

agacggtcac.-agct Lol ctg. Llaageggat o ¢c909agea0.10080 .+ 1a -geaageccaizz6agggegegt
cagcgggt gt tggcgggtgt cggggctgge ttaactatgc 10140 ggcatcagag cagattgtac
t gagagtgcatcoat atigaggtdgt-garaat acy egecacagat 20200 tegtemaggaga adataccgca
tcaggcgcca ttcgecattc aggcetgcgeca actgtt a 10260 agggcgat cg gt gcgggcct
ottcchéthdﬁﬁcﬁﬁdﬁ%ﬁgdtﬁéﬁgﬁgﬁﬁ:gﬁ?%i %?gdﬁfﬁ%ﬁﬁtéa C@%?F% agtt gggt aa
g¢gccagggtt..ticccaghea . £oac tkgga:%@Q&Q@ﬁQQQpéQ§§%ﬁ8Qﬁ%§%&§%&03&%06210> 9
<211> 20 25<212> PRT <213> Porcine circovirus <400> 9 30Ser Tyr Pro Arg Arg
LasetAt@a00FLSPCT US Hi s

Arg TytccArgrtArgtfr=gaArg

kk@ndﬁbsad?@@tf%nmcSertaﬁédihb@g

Leu Ay Gn 20 5 o )
Attgtgtcgg ctaacacgic cgcgatcaaa thtgtagtte agetttittgg aattatttct 6120
gattgcggge gtititgggc gggtttcaat ctaactgtgc ccgattttaa ttcagacaac 6180
acgttagsaa gcgatggtgo aggeggtggt aacatitcag acggceaaatc tactaatgge 6240

15 gquocggtggtyg gagetgatga tasatctacce atcggtggag gocgcaggogg ggetggogge 6300
ggaggcggayg goggaqggigg tggegghtgat gecagacggeyg gtttaggete aaatgtotcet 6360
ttaggecaaca cagtcggeac ctcaactatt grtactggtitt cgggegecgt ttttggtttg 6420
accaggtctga gacgagtgeog atttttitteg tttcectaatag cttccecaacaa ttgttgtctg 6480
tcgtoctaaay gtgcagceggg ttgaggttece gtoggeattg gtggagegygy cggcaattca 6540

20 gacatcgatg ghtggtggtgg tggtggagge goetyggaatght taggecacgyy agaagghtggt 6600
ggoggocggty ccgocggtat aatttgtict ggtittagttt gticgegeac gattgtgggce 6660
accggeogcayg gcgeogetygy ctgcacaacy gaaggtogtce tgeotiogagg cagegottgg 6720
ggtggtggea attcaatatt ataattggaa tacaaatcgt aaasatctgce tataageatt 6780
grtaatttcge tatcgittac cgtgocgata tttzacaacc gcoctcaatgta ageaattgta 6840

25 ttgtaaagag attgtctcaa gctogoogea cgcecogataac aageoottttc atttttacta 6900
cagcattgta gtggcgagac acttcgetgt cgtcgacgta catgtatget ttgttgtcaa 6960
azacgtcgtt ggeaagcetit aasatatita aaagaacatc tctgttcage accactgtgt TG20
tgtogtaaat gttotttttg ataatttgeyg cttecgeagt atcgacacgt tcaaazaatt 7080
gatgcgeatc aattttgttg ttcotattat tgaataaata agattgtaca gattcétatc 7140

30 tacgattcgt catggccacce aczaatgeta cgetgeaaac gotggtacasa Ttttacgaza 7200
actgcaaaaa cgtcaaaact cggtataaaa taatcaacgg gcgetttgge aaaatatcta 7260
ttttategea caageccact agcasattgt atttgcagaa aacaatttecg gogoacaatt 7320
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<210> 10 <211> 19 <212> PRT <213> Porcine circovirus 10 <400> 10 Pro Arg
H s é d@ 95%10 g Arg Lys Asn Ay Ile Phe Asn. Thr 151015 15 Thr Leu
9-Cpy 33 <212> PRT <213> Artificial 25<220> <223> This is
an am no acid sequence for porcine circovirus type 2, open reading frame 2.
<400> 41,30-0V8' k- Iyda Pro--ARG ARG AGcdy e ARE: ALY tArtg AN:Q:H s;386g Pro Arg
51015 Case 10-0077-PCT US Ser His Leo Ay Gn lle Lieu Arg Arg Arg Pro Trp
Leo VatctHisttRrot 202580:5AF @R scARgSTIAC CAF ga’aTEwp)aCAlag é)ﬂ;rtga@yge';:CAsri“l@y Il e Phe
Asn Thr Arg 354045 Leo Ser Ar Tht Phe é/ yr Thrt Vallt é/ EE Thr Val
Arg Thr 9805560 i%aaﬁ%cwée?aﬁarﬁ ﬁ%‘%ﬁgc p I\?etc‘cfifeatc Arg P “aASn Asp Asp
Phe Vad*a@5g&%589c*%ﬁ'@tcfd’aog@rcy‘cgacyg Gy ISk ASRakYS kL es-Sekcdd-e ProsPhe G u
Tyr 15859095 Arg Ile Lys Lys Val Lys Val Qu Phe Trp Pro Cys Ser Pro Ile
Thr 100105440 20G =Rt @oy tASp tArg GRycVakod hyoSerstThrotAltacasalk | 1é2Leo Asp

Asp Asn 115120125

acggattgtag caaacacgaa aactcactta gcgtgcacga cggcacghbty gagtatttia 7680
gtcoggaaaa aatitcgacac acaactatge acgtttcegtt tgactggtac goggogtgtt 7740
aacatacaag ttgctaacgt aatcatggtce atagotgittt cetgtgtgaa attgttatec 7800
gotcacaatt ccacacaaca tacgagoogg aagcecataaag tgtaaageoct ggggtgecta 7860
10 atgagtgage taactcacat taattgegtt gogetcactg cccgeotttoc agtogggaaa 7920
cetgtogtge cagcetgeatt aatgaatcgg ccaacgogey gggagagygey ghtitgcgtat 7880
tgggegotet toogettcect cgetcactga ctegeigcocge toggtcegtic ggotgeggeg 8040
agcggtatca gcoctcactcaa aggeggtaat acggtitatcoc acagaatcag gggataacgco 8100
aggaaagaac atgtgagcaa aaggccagca aaaggoecagg aaccgtaaaa aggocgegtt 8160
15 gctggegtit ttecatagge tcoogoccococe tgacgageat cacaaaaatc gacgoetcaag 8220
tcagaggtgyg cgaaacccga caggactata aagataccag gegtticece ctggaagetce 8280
cetegtgege tetoctgtte cgaccctgece gottaccegga tacctghtocg cotttoctece 8340
ttcgggaage gtggegettt cteatageotce acgcotgtagg tatetcagtit cggtgtaggt 8400
cgttegetoe aagctggget gtgtgcoacga accceccegtt cageccgace gctgegeott 8460
20 atcoggtaac tatcogtettyg agtccaacce ggtaagacac gacttatcge cactggcagoe 8520
agccactggt aacaggatta goagagegag gtatgtagge ggtgctacag agttcoctigaa 2580
gtggtggect aactacgget acactagaag gacagtattt ggtatctgeyg ctetgectgaa 8640
gcocagttace ttcggaaaaa gagttggtag ctettgatce ggcaszacaaa ccaccgotgg 2700
tagcgogtggt thttttgttt gcaageagea gattacgcdc agaaaaaaay gatctcaaga 8760
25 agatcctita atcttitcta coggggtcectea cgctcagtgg aacgazsact cacgttaagg 3820
gattttggte atgagattat caaasaggat cttcacctag atccttttaa attaaaaatg 8880
aagttttaaa itcaatctaaa gtatatatga gtaaactigyg tetgacagtt agccaatgcett 8940
aatcagtgag geacctatet cagcocgatcectg tcetatttcegt teatccatag ttgectgact 9000
cecegtogtg tagataacta cgatacgggs gggcettacca tetggeccca gtgetgeaat 9060
30 gataccgcga gacccacget caccggetoe agatttatca gcaataaacc agecagecgg 9lz0
aagggccgayg cgcagaagty gtoctgceaac tttatcocgeo tocatccagt ctattaattg 9180
ttgoocgggaa getagagtaa gtagttcogee agttaatagt ttgegeaacy ttgttgecat 8240
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Pie Val Thr Lys Ala Thr Ala Leo Thr Tyr Asp Pro Tyr Val Asn Tyr 130135140
25 Ser . Ser ' Ile Pro Gn Pro The Ser Tyr His Ser Arg Tyr
1451509%%118@0%%?% ro Lys Pro Val Leo Asp Ser Thr Ile Asp Tyr Pie Gn

Pro 30165170175 Asn Asn Lys Arg Asn G n Leo Trp Leo Arg Leo G n Thr Ser Arg

Asn  Gase:10:007-ReT: d4S-18018519Q Mol +Asp JdkScMaka @tckou-A y kb Al a Phe

G u Asn Ser Ile Tyr Asp 195200205 5 G n Asp Tyr Asn Ile Arg Vol Thr Met Tyr

Vol G sraPhestAspz@wz9Phe c2102152202Psriokeu eyps2Aspe PrigyPreartkou 15¢8 Pro

102252§g%tcctccg atcgttgtca gaagtaagtt ggocgeaghig ttatcactca tggittatgge 9420
agcactgcat aattctcetta ctgtcatgec atccgtaaga tgettittctg tgactggtga 9480

5 gtactcaacc aagtcattct gagaatagtg tatgoggcga cocgagttget cttgecccoggo 9540
gtcaatacgy gataataccg cgccacatag cagaacttta aaagtgetca teattggaza 9600
acgttettoeg gggegaaaac tctcaaggat cttaccgetg ttgagatcca gttcgatgta 9660
acccacteogt gcacccaact gatcottecage atettttact ttcaccageg tttoetgggtg 9720
agcaasaaca ggaaggraaa atgccgcaaa aaagggaata agggogacac ggaaatgttg 8780

10 aatactcata ctehttcocttt ttcaatatta ttgaagcatt tatcaggott attgtetcat 8840
gagoggatac atatttgaat gtatttagaa asatzaacaa ataggggttc cgoegeacatt 2500
tcoocogaaaa gtgocacctg acgtetaaga aaccattatt atcatgacat taacctataa 9960
aaataggegt atcacgagge cothttegtot cgogegtttc ggtgatgacg gtgaaaacct 10020
ctgacacatg cagotcecegg agacggtcac agottgtectg taageggatyg cogggageag 10080

15 acaagcooogt cagggcgegt cagegggtgt tggeggotgt cggggetgge ttaactatge 106140
ggcatcagag cagattgtac tgagagtgca ccatatgegg tgtgaaatac cgeacagatg 10200
cgtaaggaga aaataccogcea tcaggogeca ttogecattc aggetgogea actgttggga 10260
agggogatoy gtgogggect cttogetatt acgccagetg gogaaagggg gatotgetge 106320
aaggogatta agttgggtaa cgcecagggtt ttoccagtca cgacgttgta aaacgacgge 10380

20 cagtgece 10387
<210> 9
<2il> 20

25 <212> PRT
<213» Porcine circovirus
<400> 9

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

-

10
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15

20

25

30

Case 10-0077-PCT_US

His Leu Gly Gln

<210

<2ll>

<Z2LZ2>

<213>

<400>

240

PRT

Porcine circovirus

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

1

Thr Leu Ser

<z2ll>
<212>

<Z213>

<220>

<223>

<4060>

5 10 15
11
233
ERT
Artificial

This is an amino acid sequence for porcine circovirus type 2,

open reading frame 2.

11

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

1

5 10 15
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15

20
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30

Case 10-0077-PCT_US

Ser His Leu

Arg His Arg T

35

Leu Ser Ar

Pro Ser Trp

Fro Pro Gly

Arg Ile Lys

o}
L
o
[
;....i
v

Asp

Fhe Val Thr

130

Ser Ser Arg
145
Phe Thr Pro

Asn Asn Lys

Thr

Ala

Gly

Lys

100

Arg

His

Lys

Arg

Gln

Arg

Phe

Val

Gly

85

Val

Gly

Ala

Thr

Asn

ITlie

Trp

Gly

Asp

TG

Thr

Val

Thr

Val

Gin

Leu

55

Asn

Val

Gly

Ala

135

e
£
<

Leu

Arg

7 Arg

40

Thr

Lys

Glu

Leu

Gin

Asp

Trp

Arg

Lys

Val

Arg

Ile

Phe T

1035

Thr

Thr

Leu

Arg E

Asn

Lys

Ser

90

Ala

Tyr

Phe

Thr

Gly

Ala

Asn

75

Ile

Pro

Val

AsSp

Tle

Leu

Trp

ile

Thr

60

Ile

Pro

Cys

Ile

Prc

140

Tyr

Asp T

Gln

Thr

Asp

Fhe

Ser

Leu

125

Tyr

His

Thr

Val

30

Asn

Agp

Glu

Asp

Val

Ser

Phe

Sexr

His

Thr

Arg

Phe

Tyr

95

Ile

Asp

AsSTn

Arg

Pro

Arg

Thr

Val

80

r3
L)
+

Thr

Asn

Tyr

160

Fro

Asn



10

Case 10-0077-PCT_US

Val Asp His

185

Gln Asp Tyr

214

Asn Leu Lys

225

189

Val

Asn

Asp

Gly Leu

Pro Pro

230

Gly T

Lys

185 190

Ala Phe Glu Asn Ser Tle Tyr Asp

205

Met Tyr Val Gln Phe ARrg Giu FPhe

Pro
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