WO 2009/126356PCT/US2009/031847 PCV2 MYCOPLASMA HYOPNEUMONIAE IMMUNOGENIC
COMPOSITIONS AND METHODS OF PRODUCING SUCH COMPOSITIONS RELATED
APPLICATIEAEY/12635& application claims the priority benefit of U.S. prodiSioNSPYPAI&H0N serial
number 61/023,086, filed on January 23, 2008 and U.S. provisional serial number 61/025,293, filed on
January 31, 2008. The teachings and content of both of these applications are hereby incorporated by

referenceheyait, B AGHKORQHNR O TGN EIRM TR T BYRDs {\RIS Afpect of the

present invention, an immunogenic composition effective for inducing an immune response against
infection by MycoplastnalNitid bielim 6HTRRODH{ONS ploiddOMBeSpaEHNFarly, the present invention
is concerned with an immunogenic composition effective for inducing, eliciting, or providing an immune
response that protects an animal receiving such a composition and reduces the incidence of, or
lessens the severity of, the clinical sygpios:asgeenied Wik, hyo infection. Still more particularly,
the present invention is concerned with an immunogenic composition that includes therein cell-based
antigen, preferably a bacterin, which confers a protective immune response against infection by M.

hyo. Even morepartighianivioine Rresentnyentgn iRaancsmedkwith, 3 mmuAgdRIicsompgsition

comprising M. hyo bacterin, wherein administration of the bacterin results in a protective immune
responsBuadnst ifiéétbionyilndngs. Nesgepartidul20Pstnengrddent irpeitionals seiwlemenbiith an
immunogeriescampoegitien & estive fos confriging prRratachie IMMUNG FRSROBS IR Swipgeceiving
the immunogenic composition, and wherein a dose of the composition comprises M. hyo bacterin with
a relativePpbaHiepy RphefetdeerporateA duitfiseneahettideds for producing and administering such
immunogenic compositions are provided. In another aspect of the present invention, an
immunogenic composition effective for inducing an immune response against infection by porcine
circovirus 2 (PCV2) is provided. BASr& s MW FhEFFrd SEEMTEAON is concerned with an
immunogenic composition WO 2009/126356PCT/US2009/031847 effective for providing an immune
response that protects an animal receiving the composition by reducing the incidence of, or lessening
the sevértig)dotitte diimigdiagymptoms associated with PCV2 infection. Still more particularly, the present
invention is copgesped i & prgteip-hasedimmunogsic.cameesition iahconiers frotegive
immune response against infection’by P V2. Even’more partic ar}y, Hhe l|?Jresent invention is
concernedueitgaam immunogesiorsorpasitianfeonsprisindf @RHasofPIGY2 anheveive ddininisiration of
PCV2- ‘&?f&'%?déﬁ?‘%'ﬁ%&'?eag%rr?ﬁ?ﬁ‘é!}’lﬁ,‘ “”rees%%%p%%%%t?&ai&s%brﬁgé%%@ Y C%Zir%\u"ﬁ%ggag%%“'a”% the
presentinvention is concerned with’an immunogenic compaosition effective for conferring=a protective
immunecespontenc desiirteloe cedviog ghelionmmgnog enic idomgpositionyan desphereithti epomagposition
comprisgs EAIGIRIR Axaressed Y ORIEATLrVGiand fasian Rbaaiie of aLisast 1 38 Agditionally
the present invention provides met ot tor producing and administefing suc |mmunogen|cy
compositfortbe clinfiead ngthptaspestofitied prage i/inkentiofscti @omBinktiaoimpannadartic demposition,

combinatigglevpl(%gjre)](;:ﬁ ol {Q%givcaé%%%i%l UQI?%%%C I(l:(g)r(rgl;%%s(i:tci)on or.Maccin is r(évid,E d.hl\/lorel_
particulé’rliy, the presen iAvention provides Immunogenic compositions etfective At isach iﬁ:S %m immune
responseasghimsigefeqtiofctapiy. shpecanthatlbast onefathermisease: cansing: argabism igniswtine. Even
more particularly, the presentinvention proyid composition effective at inducing an immune
respons%&é%a%?r?)slp thfectiery b;‘%\‘ﬁ%%oé%&’ h u%?ﬁ”? a%g]%?isﬁtelqré%ﬁe&ﬁ@g é@&#&%‘%ﬂ?%‘it%ﬁhb%cvz.
Preferabhgptine jamunengspinse agaipstidl o dand Padids, suiiient teireducetie seveatisy of or
incidence of clinical signs or symptoms associated with each.respective pathogen up to and includin
preventing e s& %ﬁﬁgnlﬁré‘fe?\fgfc%g?’ﬁ\slmﬂ% 5%3%%&8&%‘&?58 ?ﬁ%ﬁgﬁ}’é’ng@e@%‘ hy%%%trtion )
thereof wilthalelgntRPprajuet dhetddastil. 2ahanddheRE W2 porionfesieebmibaiserhafecandP value
of at Iea%t 1.38..The present invention firtherprpvides methods of producingggd administering such
composibnE LRt P HTE SRS TRADEBHMaling HyBPelrAoNag idhs sAEMBIERIfim

(400-1268npitdlassified whiteinycoplassiadaceaenfamiipnAtoiyie A0 gigte d amith i Rzmotic

Pneumonja,. a swine respjratary disease commonly seen in growing and finishing pigs. Al. hyo attacks
the ci|iaf84aé‘ﬁsﬁ‘ir¥‘éﬁ8ﬁl%\é§§%} é 'ﬁﬂaéé-aﬁ\ﬁlﬁ&%%??&%ﬁ’éﬁ%ﬂfﬁ%f%%“%% Bh AN EEis) and
eventuadlychausingareas ebiimitiogs i& gedafisa. Depending on the extent of the disease, WO
2009/126356PCT/US2009/031847 daily live weight gain of infected swine can be reduced by up to
17%. Enzootic PAEAMTHISASIdBRRIZEFH S BoptildiHEasar e EmRIR AR GRS ¥Ry fCivine herd.
M. hyo imgefisidercahiobe adRpsnaEypaiearriiah Beilitaeserics o-RRRPY-and;otherespiratory
pathogens into the lungs. Three separate strains, 232, J, & 7448, have had their genomes sequenced
(Minion18%0512,W@%ﬁé?ym.f&%@f?sfﬁé-%’?é@m;1@&@@6%%%%@91@%%@@@%@, 2005).
Clinical signs of M. hyo infection include a dry cough, impaired perfoitnance, and lung lesions.
Porcine circovirus type 2 (PCV2) is a small (17 -22 nm in diameter), icosahedral, non-enveloped DNA
virus, which contains a single-stranded circular genome. PCV2 shares approximately 80% sequence
identity with porcine circovirus type 1 (PCV1). However, in contrast with PCV |, which is generally

non-virulent, swine infected with PCV2 exhibit a syndrome commonly referred to as Post-weaning
NMiiltievetemice \WWAactina Svndrome (PMA/SY PMA/< ie clinicallyy characterized hy wactina nalenacce nf



Open reading frame 2 (ORF2) protein of PCV2, having an approximate molecular weight of 30 kDa
when run on SDS-PAGE gel, has been utilized in the past as an antigenic component in vaccines for
PCV2. Typ%glwgfﬁ%?agﬁof obtaining ORF2 for use in such vaccines genergﬁg"g? a818t% 8¢';‘14'r.17”|plifying the
PCV2 DNA coding for ORF2, transfecting a viral vector with the ORF2 DNA, infecting cells with the
viral vectffecdrddoripgpthéitRik arhiAcpesmitin ghthieritest taexpness @R F2ngrite towjibsitide cell, and
extracting the ORF2 protein from the cell via.cell lysis. These procedures generally take up to about
four doy S ARG AR 7 TREEeS B TR RS ety O BT SRR P e et
disadvantgigePtiviDaintfeetxiragiih praceprndsiBréybatle gastiyhandvisméesorsconingncAdditionally, the
amount of PRFZ reigovered from the cells. is nlc/gévterxé}i h; con%equentg{ a Iarge number of quIIs need
to be infEET B thF R HORRSEI O TRPVESIL I8 Th STSFYG ABLAfiT LRGN SUSIRRE drea™

ino
recombimdttRxptss FEMotEinciomiee ipavacsines ahe freskke. inverAegoidinghcewhat isithemsled in the
art is an.immunogenic compgsition that,conf r Vg immune response against, ces the
cidendE STTRTF 16 A <R DR D B eR TS e LRy O AR EHatat itk Py
infectiorOme Mestito dinteptiase v paniewiacsttisspatde thiadhiendst IB@ChNMBAarareine

compris‘ig M. hyo_antigen and PCV-2 anltji_geh in sufficient amounts to c%{f}fer,a pégrteclt_a%e immune
responsE AEEHA FRHIERD IS FHERIBREE HE ShtBP1E08ENS FRINSUIRD B CH retRd IS Mhnical signs
associateghiitRiRe iziinieetiegspanddtd o sniactienditipasinglamngminisitatiomsisueh, vagtine.
Such a vaccine would improve the compliance of swine vaccines, SUMMARY he present

disclosufdFatBmERTRASHIBBIEMRPRITE EIG RRIRE STIBFeafe ARy SiBVided A aictiiBlativatitstn the
state of {famarsf EhecpseIeTy, diselosise PHO Vides-aRinimeRRaNE 8RR osHiRed Feisfidgamprotective
immune response in a pig against M. hyo. Preferably, the immunogenic composition comprises
porcine BRI ES RS HRAYER Even more preferably, the amount of the M. hyo
antigen in each,dpsehas.geledivempoiesay (Rizhviahia oatienasioh 2énMisEeinAcaipbmipatency
value of 1.22 means that at least 95% and preferably 100% of mice receiving an administration of
one-fort R TIAETHT 4ieRea R URE R I S HRAgE A6 SORIBRSH IR RICHARRNSAAY BFednd¥BEfes within
orat21 &@Qﬂr}Eﬁ@%ﬂ@é&ﬂ@%@fb&%ﬁ@ﬁﬁ@i%ﬁ%ﬁ@%ﬂ%ﬁﬁ%ﬁ&’-eb?e%tﬂféta@%mﬁir@?re is
provided an immunogenic composition for eliciting a protective immune response in a pig against
MyeopldSmiEBAYBS e e qNnshyBisTHetehy sKid b gb et o ot EesaHiSa& P8rcine
circoviryg YRR atigemandinyaNHetyWASGIR &k&%s%m%%&fiéheghévme@ antigspoRRldose has a
relative potency (RP) value of at least 1.22, wherein an RP value of 1.22 for M. hyo means that 95%
and prefdfaslya 00Us SeGigeab dBINHBCAFFERAMIAISEANSH Brferiiatoliet (YM0)8dsindveibaht of M.

hyo antigen develop,adelesiabimAmaunb oo dieg it Oalidh RS- RORhiea IRaL i7.an M.
hyo specific antibody detection assay. Thus, the 40-fold amount of M. hyo ang%;n that is needed to

induce dieteetaBle WA, HySWHetnt HhiBdese répsaeerity aeledistinsdsnasd Hretdriashy $60%00f mice
within ogat, 24, davs peskbieatmeds sufficient aEepiana %%ﬁ&@ﬂ&ﬁ'&lﬂ%’ﬁ%&&ﬁ%@ﬁ% gaiost,

reduces the incidence of, and/or lessens the severity of or prevents the clinical signs associated with a

M. hyo ihfén‘ﬁ&mmfeﬁr&q}ﬁ WQ@%MWWWM% gicdlifre BpyEan dbrigeh Wikl dgisr words
the amoynkef Ml fygraptigah 29 slgseriebaRovENasPLERASAV 10 AR6 [V eLsomEr any

negative interference with the PCV2 antigen, when mixed and administered as a combination vaccine.
Conseqirently; Ihe prespreseiddlosureonldor feda i vedan methofb gé e dartigosiordsompising porcine
circoviru&%pc%%(fdggi%&and Al. hyo antigen, wherein the amount of the Al. hyo antigen per dose has
a relative potency (RP) value of at least 1.22, wherein said RP value of 1.22 corresponds to the
40-fold amount of M. hyo antigen, that is needed to induce a detectable Al. hyo specific antibody
respons (jfgc ni’k?‘%&?%ﬁ& %rﬁferably 100% of mice within or at 21 days post treatment. In some
preferred fornis, the composition further includes or comprises an adjuvant. A variety of adjuvants will
be useful with theqapsemadigeipsereanitean bemelbobrsdchyhd4elef 2Killimind st fisdt isarlomer and
even moe paferably Carbanalare Rartiulady preferied: Adyeniageonsie e mmunedsnic.
composﬁ%n the present disclosure confer a protective immune response against, reduces the
incidencespiiy #ng/alijesseosnhesbverity of goprogemts finestlmigaksight assetiated thdthibaMf hyo
infection when administered to a.pig as a single dose administration. Such.a single dose.elicits a
duration b EHLA or o Tea B e e S L TG e S PR o
still moreverefetabhaatitenstd30;fethenimgsepeidapbly d¢pastibdOystiionatenprefehablyseddeast 150,
even more preferably at least 160, still more preferably at least 170, even more preferably at least 180,
and most preferably at least 184 days when adminjstered to a pig. In other words, one dose of the
immunogenic composition of the present disclosure, without boosters or subsequent doses, provides
an animal or group of animals with a reduced incidence of or lessened severity of clinical signs of
infection from Al. hyo for at least 100 (110, 120, 130, 140, 150, 160, 170, 180, etc) and most preferably
at least 184 days. With respect to the antibody detection assay, those of skill in the art will be able to

identify and utilize appropriate products. ELISA assays and especially the IDEXX Herdchek M. hyo
Teact Kit (IDEXYXY | abharatoriee Ilne \Weaececthronok ME) are nrefarrad In narticiilar the IDEXYY Herdehele



In another embodiment of the present disclosure, an imrhunogenic composition comprising an
effective amount of M. hyo antigen and an effective amount of PCV2 antigen is provided. Preferably,

both the MY¥)/8°4?#efi%nd the PCV2 antigen will have an RP value of at Fé<V 1204943847 38,
respectively, as described above wherein an RP value of 1.22 for M. hyo and 1.38 for PCV2 means

that 95% ARdiRieesatily LD U affied Realying a8 AUIBISYALIRNOT one-Teristiemehepunt of M.
hyo and one-tenth of such amount of PCV2 antigen deyelo‘p a detectable amount of antibodies within

or at 21 §ayidseiead dinerm BPPMeaRgs s FESY S JR e BYRy deriibardssdd. Thudshe
40-fold aEpunted M. hyq aptigas thahiaeeradie;insuse Aetachaate W i are cifigantiRody

response in at least 95% and preferably 100% of mice within or at 21 days post treatment and the

10-fold AHBABEBS BoVhaRigsn thBiGe M 5 9HHude & declddfe PBYhaddbmE asmBby
responsg:inatde@ghArinand:prafesably 0% of rrcewithiter ehddAavsPastiireatmenthave been

shown to be sufficient to confer a protective immune response against, reduce the incidence of, and/or
lessen th85evelity’df aPPrevehliesd itirns 8igAé dasosmestwithelre\» drfeetienhamarAiivd hyo
infection, JMaeRALRINIRIRIRS together with a M. hyo antigen. In other words the amounts of PCV2
antigen and M. hyo antigen as described above have been shown to be able to overcome any
negative interfé’r‘éﬁ@@éetféfﬁié’%b&ﬂ?eaﬁtiﬁ’&lg%vﬁeﬁ ﬁmﬁgd(éﬁd@dﬁﬂhféléi@éiasfaa depbiiediin vaccine.
Conseqygntly, g RIEBAMA JiSloSHR RIShISIAES IR AL IMMENPYRBIGLUDRASIIOBEEMBYINg porcine
circovirus type 2 antigen and M. hyo antigen, wherein the amount of the M. hyo and PCV2 antigen per
dose ha@l}@r@m@@pf&@?f{eywwwé\@%ﬁsmmmmli.%olfé@wcmyl, (HeYdin sdrrRPEvEiue of 1.22
for the M, hyo.pntigeneqrespapds o te-405qldamouat ot My bya pligenthasis,needag;to,induce a

detectable M. hyo specific’antibody résponse in at least 95% and preferably 100% of mice within or
21 daysyedraraatrentmadywhdrsiadaliel RP \Ritlevofaniag oyl ihespovidaniigetinubriegpens to the
20-fold amayntpr Bvaniaan il inneededde indueadsieaiable Bava sredlin anibady
response in at least 85% of mice within or 21 days post treatment. Preferably, said RP value of 1.38
for the PSSy apigénttssetipohes, tottnesl dfblavadounins@e\diastiden thatdsembdetido iduce a
detectahlg P ifi [ [ I 5%;and. preferably 100% of mice within or at
21 dayslglp!)sfosS tré%%r%ﬁgi?naé%r%%ggféﬁgi%ﬁ%r%n%gﬁs&%ﬁslge%@d% rﬁlgt%%e é%?nﬁ%;‘ﬁgnoéﬁﬁ eesré includes
or compsiseptamadiveng nevenpely ofiadioentsand| e usehpivitsities pltesenppaisclosundtiphd can be
selected, by g of sl n.ihe oo Rutarban st andiespediallGabane! s paricularly preferred.
Advantageously, theimniunog nlclpcompo ition of the presen‘t: Isclosure elicits a pro ective fmmune
responseowhisfiadhainistenetbtoragdid ets eesitigterdose tasinfois atioheiS achl @smglecdosel elicits a

duration of immunity: of at least. 100, more prefergbl least 110, even more prefer t least 120,
il mors N S B e D B 10
even megpprefer8bls.at leasddBiystith Ro4&VShe fRREABY Fats| carsin] A85cev@ndmerth pyeferablytiatrieast 180,

and most preferably. alieast 104 days when sdminisiared 1o a.4q.1n olher worde, one sioge of the
immunogeniC CoOmposi o of the preser’ltpé)lscﬁ)sur%, Without Boostere or &béquuen Ses,provides
an animéll asgreup starimaispwitboaasdduced nptide nednodrar lesse nediseasaiity of alibicilssgns of
infection fr(t)n% I\@1 hXP anoé1 PdlC-VZ foggt\l?a?st 1190 110, 120, 130, 140, 150, 160, 170, 180, etc) and
most pre Sra ‘fy fOF A&t 8P %ﬂ/sl.v i 0?83%%0? o?ﬁleaantibody detection assay, those of skill in the
art will be able Gptaendityiandrutiizé OPBDripteteneiOHE |Wad prodycis. HlpSAimssaysobod]tre
procedures describe awagitgul, e teachings and. content of which are hereb
incorporgféﬁg%f?é?éﬁ%ﬁ%/&wﬁ%ﬁ%%%@g %?éé%@%%%&h aéib@%@i?&ﬁ(ﬁ@ﬁ PPhasaY YHEFEmbinant
capsid pretginr@R 2 )-basecs HbtSACfL thel dpiedtiortbantifosiesimp QR ElinoDiagnil-akcHmmunol.
9:33-40 (20Q2), are particularly preferred.for a PC\. {i detectiop a and the IDEXX
oS TRY B OB Ao Rl T N o o JOA O ARGITE & 1
another efabedimentid the pRERMNisClostrena taBthetfahelgiing & farotestiei i ANINBRESPONSE In
a pig against M. hyo js provided. Generally methad comprises the step of administering an
mmunoBoi 88%‘6‘&%6%ﬁ'la%%&&éﬁﬁ%gwt#?ﬁe%‘?@é’éﬁ‘fl 56 el kB, SRR HedoRRereot
preferabyctemdirGrefaeaddll, $he dalMyk1ogernieseomRRgiien LOMBIIFasiRONGING SHAQVItLS BAS 2
antigen apd M. hyo antigen. Even more preferably, the amount of the M. hyo antigen in each dose has
a re|ativ@%6téﬂgﬂesb)%am§ 16t B2/ HiheYeiPan REOVANR0TASH RIPRITHTS hedhdthat 95%
and prefgikablu Q0% pf mige rBeedngdadpiisdtionef onatouirtl ohsuchamnesuaiiM:. hyo
antigen develop a detectable amount of antibodies within or at 21 days post treatment in an Al. lwo
specific antibody detection assay. Consequently, the present disclosure also relates to method for
eliciting a protective immune response in a pig against Mycoplasma hyopneumoniae (M. hyo)
comprising administering to said pig an immunogenic composition which comprises porcine circovirus
type 2 antigen and M. hyo antigen, wherein the amount of the Al. hyo antigen per dose has a relative
potency value of at least 1.22, wherein said RP value of 1.22 corresponds to the 40-fold amount of M.

hyo antigen that is needed to induce a detectable M. hyo specific antibody response in at least 95%
and nrafarablyvy 10004 of Mmice within or at 21 dAave nnet treatment In ecome nrefarred forme the



WO 2009/126356PCT/US2009/031847 preferably between about 1.22 and 3.5, and most preferably

between about 1.22 and 2.8. An RP value for M. hyo is greater than about 1.22 when 95% and more

preferably 100% of mice treated with one-fortieth of the amount of M. hyo antigen associated with the
RP value of 1.22 develop a detectable amount of antibodies against M. hyo using an M. hyo-specific

antibodydéttotietyadsaymithin 6rAR P2 taps pedtitreathreneldy wosttadmihishatonsetubet &l shyo

antigen. "Adjuvants” as used herein.can.nclu mj rOXI -alumi hasphate,
i IR e Bt S i N B
Phaimasetfifiidals,ginmti Bésnin glramvoAibinadtexdiresiteprodsiodpoilsininvaterispsulsiohe like.
water-in-oil-in-water emulsion. The emulsion.can pe based in particular on light liquid pataffin oil
Py et v Pl ket o A D S b
oligomepzatenofialkanescipmadiagldnof isdbeieniecdnddeane psiadécnfilacids ashobaledhots

containing a linear alkyl grqup, more particularly pl il %ti%l oleate, propylene glycol

i (capr R LI BN Bt TRy B broByRSHbIE0) Wi a8 aof Banched
fatty acidsracaleohals: ip Radicularisosterric acit@stars vhbei e dsrupasihg aombinaiidpewithd
emulsifiers to form the emulsion. The emulsifiers are preferably nonionic surfactants, in particular

esters of SOMAARI S A AHTHE AL GRS RaHI 6 RS RIGEE) oINSt TEFBITG RERRST, BEBFShylene
glycol apgk-qf,glgiacisosteatio Heinalgitesbyskhaxystenpasits whichata apsienallyathexyated, and

polyoxygé) lene-polyoxyethylene copolymer blocks, in particular the Pluronic products, especially

L121. SBE Vititdpaaion anch/T eerp e pralice ) MppifcatBAnaTRiRR A4S Ed 8teWarSreh . E. S.).
John Wiley and 39 Pl L ARAPATANA Ghahelaccine 15:564 570 (1997).  For
example, it is possible to use the SPT emulsion described on page 147 of "Vaccine Design, The
Subunit and Adjuvant Approach" edited by M. Powell and M. Newman, Plenum Press, 1995, and the
emulsion MF59 described on page 183 of thigsameoek. A further instance of an adjuvant is a
compound chosen from the polymers of acrylic or methacrylic acid and the copolymers of maleic
anhydride and &lkengicakrivelive Adverray Bsus bt aneeaiipdihadearsttird payitiers itlchylic or
methacryliggeid, whichsare grgss-liskedagspegially witheolyalkeay| etheenaksugass.@epolyalcohols.

These compounds are known, b%gfeierm carbomer (Phameuropa Vol. 8, No.. 2, Juneté{?Q@. Persons
WO 2008HPESSEPE 15830605 47 SRS T T B TR ARt PR f0 L BEPAHEA 6. 209,462

which desgrigsisuckhacritiealyseeis cusspiriash withamalyhydroxytatedcosmpasndavir at least
3 hydroxyl groups, preferably not more than 8, the hydrogen atoms aof at least three hydroxyls being
replace&%%?ﬁfé’é%@@’%ﬁﬁﬂﬁ% r%ﬂé@‘ﬁﬁﬁ%@?ﬁ%&ﬁ? VR AT p?r’gfg??{a@fﬁ% als are

those cofigining fredmavio foeHBOREPMS.E & Mnyis: allyls andrether eibyienicaliyeynsatirated
groups. The unsaturated radicals may themselves contain other substituents, such as methyl, The

products! SAdiAEHE Halsrs O oA PrEr s diide ShiButsSRSAr B AR AR SFiidbhte. They

are crosgglinksd with sa@!yrsugesaiuwithali pentasnyitale-Amang thaseteemaynesnentioned
Carbopol 974P, 934P and 971P. Most preferred is the use of Carbopol 971P. Among the copolymers

of mqlei@@iﬂ%@ﬁj@iﬂﬁa anéényl @%ﬁv@?ﬁﬁé{?ﬁ@’é@b&ﬁﬁ\{@mﬂ ' | aalbesNrlsiention Topolymers of
maleic aphydgide and gthylenss a%%@fé@dcﬁ?tﬁmpﬁ Thesdissaiutianesf hrseqRolymsts:in water
leads to an acid solution that will'be neutralized, preferably to physiological pH, in order to give the
adjuvantsolutenisonskich thenianigniogedib drmeme| dyieandimadend Yorposinds e sl be
incorporated. Further suitable.adj j . hut. jmited.to; g system (Ribi
Inc.), Blc?c l%%n%%%?/lr%go?égﬁééi%%%%%ﬁé%%%egM %ﬁi% ée?yéi%é%i%ﬁ%ﬁ?gﬁ%g%ﬁorf/l lipid A,
Avridine ipidteamiine aijuvant] Healdahile snigrotprindestrhes eoklgécomisisrant GPotkeineisé atcholera
toxin, IMS 1 r muramyl digeptide a a thers, ref I ' ' E}d din an
amount g?a ggiétg 136’ %ﬁ{éuh))é%dlggﬁ? i ?n%rfné)éargd%}égy E% eonnr%eg%les E?g%fgrgaaﬁtﬁn t%?gﬁ%ggt{ i@fdggd in an
amount efiaboutdl 0@ gigdoad bonistétioy peodedertiEte flOlesiredehaliyotine aljuvdprisEgaed in an
amount qgf ahout 500 ji about 5 m dose. Even more preferably, the adjuvant is ed in an
mount SPLROR AT B & o Lot Rt et e g, B o Lot bt i s aount
of aboutshéngipantesey detddnids, asaprdingjahe flrthed aspect;, tieunéthodfigeprépatingatedntigenic

composition, such as for example a vaccjne, for invoking an immune r nse against P and M.
0 ComHERETS AFISHG Sl S RS Jro AR KEPR O DAHe T A A SO L
Preferably, the adjuvant is a carbomer, and more preferably is Carbopol 971P. Even more preferably,
Carbopol 971P is added in an amount of about 50Q;,ug to about 5 mg per dose, even more preferably
in an amount of about 750 lag to about 2.5 mg per dose and most preferably in an amount of about 1
mg per dose. WO 2009/126356PCT/1152009/031847  Additionally, the vaccine composition can
include one or more pharmaceutical-acceptable carriers. As used herein, "a
pharmaceutical-acceptable carrier” includes any and all solvents, dispersion media, coatings,
stabilizing agents, diluents, preservatives, antibacterial and antifungal agents, isotonic agents,

adsorption delaying agents, and the like. The immunogenic compositions can further include one
nr more nther immiinomodiilatary anenie cr1irch ae a A interlearnikine interfearone nr other evtokinee The



Briefly, PCV2 ORF2 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 PCV2 isolates and
thereby, any PCV2 ORF2 would be effective as the source of the PCV2 ORF2 DNA and/or polypeptide
as used herein. A preferred PCV2 ORF2 protein is that of SEQ ID NO. 11. A preferred PCV ORF2
polypeptiflerisprovitied drereid lad SEQIH N@nBemutst ssifindetstoochbiethnge@ediilt imthwsuggt that this
sequence copld vanyhy asmuchas 400, 1n secuence homology. and sil refain the aniognic
charactensiics that render it usefut in immunogehic compositions. The anttl)éenic cRAFacteristic of a
modified:Aniige ri ga stillsretainé dyidhe A he madideed g ntigen confiekseat deagt: @Yoy phedepalatin 80%, and
more preferahly 90% oé the, protective immunjty as com aregt he PCV2 ORE, 2 protein, encoded by
the poly FUCIEOTEE Bt dRBEr SEQTITNGTS SPEEER B IO Y. kR AMHThEL SRS 36 on as
used herainbBraasaP Vi QRE2peteinthateliciiscanvimmumialegical naspenBeVin tadhwast of a
cellular and/or antibody-mediated immune response to PCV2 ORF2 protein. Preferably, this

immunogéfift GBb<Hon SRR 0P oRTEIIRG BHORRCR A HHfuN ity BHHBT POV iltEeiBh and the
clinical sigRs-assosiatiadiHar eyt ihaeme-fic BSmipasROgeRisRAUtgRT GhPEMIQRERRrotein are
used as the antigenic component in the WO 2009/126356PCT/US2009/031847 composition. The
term "inftESY_RMc oktieAm S s S HERITT SRR MR dunarSesRtiRsE deRRdekiitagments
of PCVZ,QRKS preteiniapdior: Ralynusteotide, respectively. Preferably, such truncated and/or
substituted forms, or fragments will comprise at least 6 contiguous amino acids from the full-length
ORF2 polypeptide. More preferably, the truncated or substituted forms, or fragments will have at least
10, more preferably at least 15, and still more preferably at least 19 contiguous amino acids from the
full-length ORF2 polypeptide. Two preferred sequences in this respect are provided herein as SEQ ID
NOs. 9 and 10. It is further understood that such sequences may be a part of larger fragments or
truncated foi ins. A further preferred PCV2 ORF2 polypeptide provided herein is encoded by the
nucleotide sequences of SEQ ID NO: 3 or SEQ ID NO: 4. However, it is understood by those of skill in
the art that this sequence could vary by as much as 6-20% in sequence homology and still retain the
antigenic characteristics that render it useful in immunogenic compositions. In some forms, a truncated
or substituted km In, or fragment of ORF2 is used as the antigenic component in the composition.
Preferably, such truncated or substituted forms, or fragments will comprise at least 18 contiguous
nucleotides from the full-length ORF2 nucleotide sequence, e.g. of SEQ ID NO: 3 or SEQ ID NO: 4.
More preferably, the truncated or substituted foul's, or fragments will have at least 30, more preferably
at least 45, and still more preferably at least 57 contiguous nucleotides the full-length ORF2 nucleotide
sequence, e.g. of SEQ ID NO: 3 or SEQ ID NO: 4. "Sequence Ildentity” as it is known in the art
refers to a relationship between two or more polypeptide sequences or two or more polynucleotide
sequences, namely a reference sequence and a given sequence to be compared with the reference
sequence. Sequence identity is detelinined by comparing the given sequence to the reference
sequence after the sequences have been optimally aligned to produce the highest degree of sequence
similarity, as determined by the match between strings of such sequences. Upon such alignment,
sequence identity is ascertained on a position-by-position basis, e.g., the sequences are "identical" at
a particular position if at that position, the nucleotides or amino acid residues are identical. The total
number of such position identities is then divided by the total number of nucleotides or residues in the
reference sequence to give % sequence identity. Sequence identity can be readily calculated by
known methods, including but not limited to, those described in Computational Molecular Biology,
Lesk, A. N., ed., Oxford University Press, New York (1988), Biocomputing: Infoimatics and Genome
Projects, Smith, D.W., ed., WO 2009/126356PCT/US2009/031847 Academic Press, New York
(1993); Computer Analysis of Sequence Data, Part I, Griffin, A.M., and Griffin, H. G., eds., Humana
Press, New Jersey (1994); Sequence Analysis in Molecular Biology, von Heinge, G., Academic Press
(1987); Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M. Stockton Press, New York
(1991); and Carillo, H., and Lipman, D., SIAM J. Applied Math., 48: 1073 (1988), the teachings of
which are incorporated herein by reference. Preferred methods to determine the sequence identity are
designed to give the largest match between the sequences tested. Methods to detel mine sequence
identity are codified in publicly available computer programs that determine sequence identity between
given sequences. Examples of such programs include, but are not limited to, the GCG program
package (Devereux, J., et al., Nucleic Acids Resegich, 12(1):387 (1984)), BLASTP, BLASTN and
PASTA (Altschul, S. F. et al., J. Molec. Biol., 215:403-410 (1990). The BLASTX program is publicly
available from NCBI and other sources (BLAST Manual, Altschul, S. et al., NCV1 NLM NIH Bethesda,
MD 20894, Altschul, S. F. et al., J. Molec. Biol., 215:403-410 (1990), the teachings of which are
incorporated herein by reference). These programs optimally align sequences using default gap
weights in order to produce the highest level of sequence identity between the given and reference

sequences. As an illustration, by a polynucleotide having a nucleotide sequence having at least, for
aoavamnle QK04 nrafarahlvs ON04 ovven more nreafarahlhvy OR0A4A "ecaarlience identinnv'" t0 a refarance



i) any polypeptide that is at least 80% homologous to the polypepti de of i), iii) any immunogenic
portion of the polypeptides of i) and/or ii) the immunogenic portion of iii), comprising at least 10
contiguous amino acids included in the sequences of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 9,
SEQ ID NO: 10 or SEQ ID NO: 11, v)a polypeptide that is encoded by a DNA comprising the
sequencehef Sk iDRNO:aBiord® EQ2 Daxespdndnyoptily gépfedeé shatisterfckdéddyna polythatlesotide that
is at least 80% homologous to th lynucleotide qu‘;’ vii).any immunogenic paqrtion pf the

i L AT S R R R S
wherein ghefepathynucleptictraading tfon saidtidimisyegenictpartanicompyises atfeast Ioraontigtious
nucleotides included.in the sequences of SEQ ID NQ: 3, or SEQ ID NQ: 4, Preferably any of those
mmunoGeH R BB I BT AAROUEHTR M A er ey BPOL\A RS Bl Hhatis
encoded:-ixy the seguenaladdsSQiD MHOLS eSSk B M4l skilAstmentanédiaboventhexélative

potency (geP) of the PCV2 ORF2 portion of the .composition,.is at least 1.38 more.preferably. between
e L St ate B e e e R e e
about 1.38mandtByrand meshipseferdbiivbetwearf@aboutdt88iandn2vibe Siwplanto therdeteedmrzation of an
RP value of. at.least 1.22 with respect to M.hyQ. an RP.value for PCV2 is greater than ghout 1.38 when
WO 2000 TSR A O B TRE dooeay o & p e P e P HIaC R e o
PCV2 antigérvassodiated ivithadm R Rtealdecot HidBadevelapeaddetestatitesamioumt Shentibookds against

PCV2 using a.PCV2- specific antibody. detectign a within or at 21 da freatment or post
iSO 5708 S BT B i Ao R B el o S AT 36 when
95% andhffefabipht 10094 of mide dieaiedafétbbdnattkath dftheameunt e EfEWR matigert dskociated
with an RP. value of 1,38 develop a detectable amount of antibodies against PCV2 usin

POV o RO IR AL DY S G by SR I AT FrdCe RSl P AP ST Phon of
the PCVRR0tgeN cven TheE GNRQRT 21aiain sseahid avimpreagenie cenpasitianie ageardance
with the present invention can be derived in any fashion including isolation and purification of PCV2
ORF2, stAtAIITH 0t inspHthe LisOhsH FERdmISAG S fe oS ISRy BN E F ARRATES o 'okining
Pﬁvﬁ OB&%@OB(;&%L% ararkso was«z&sﬂ@clbfn gm@égi@ﬁmlaa@agl ;/@ag@a&gm;@aﬁh@m \r/l%@ @Q@%—Q?Z%S, f
which corresponds,to the U.S. Patent Application Serial No. 4,797, the teachings.and content o
which PRy bl B OISR ARy Bt b C=SEha SETERTY 2 SURISEL SN el antigon
is Ingelvagdritiraabide XodBoahringen bigeleinsyetapdize, e, Stojesanh oM ehektnd)y Gineadface
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Ingelvac(r)CircoFLEX or is IngelvacOCircoFLEX. A "M. hyo antigen" refers to any composition of
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specific antibody detection assay.



Injection timing is flexible. Compositions as described herein can be used as early as three weeks of
age through the time when pigs leave the nursery with the objective of vaccinating at least 2 weeks
prior to exposure to Mycoplasma hyopneumoniae. The composition according to the invention may be
applied in any conventional manner including intradermally, intratracheally, or intravaginally. The
composition préferabiyaiayebeappheskintisdosseuiaiyromoteanasalysitivafvamithaklaoyteitiean prove
advantageouis.to apply.the pharmaceptical comnpositiers, as describedabove vig an lgiravepgus
injection_or by direct’injection into target tissues, For systemic application, the intravenous,
intravas UL TASHEH USRS tFa AR TRt ROAFBA AR He MBS caPBiIgsn i hAtheeA1dERBs are
preferre%@mﬁéﬁel99&%%%9@{%9&&@@&%@%%%@#@%9%% ttagelinaliyaiftaguiangously,

r

intracardially, intralobally, intramedullarly, intrapuLmonarily or directly in or near the tissue to’be
treated (GONhedigeal Bbiast hadckherpe relapivisanernsyuajupepéridimecears theididivedt 8&tation and
effectivepesal i URAeNnhe amROsHaNsREsRAnG ISnE-QeNing mAY G Remipilgred once
or several times, also intermittently, for instance on a daily basis for several days, weeks of months,
and in ditfvgap dodaigetibomayent af detibirdeeherginnthe golibilatiaresf eahyerbaoteriand PCV2
ORF 2 provides an.immu ni mpositien. that proyi effective immunity.and/or reduces the
severity o R P e R SRS  eving
such a ceaspdsitionraftereisstidpel dddeo! mitPecrenset on "réductivntinthel incidende 4f b¥)seterity of
clinical, patholodical andlonhistopatholonical sians: shall mean fhaliany,of sueh sians arecduced in
incidence or severllaty in"animals receiving An administration of the vaceing in comparison with a
"control group” of animals when both have been infected with or challenged by the pathogen from
which the immunological active component(s) in the vaccine are derived and wherein the control group
has not received an administration of the vaccine or immunogenic composition. In this context, the
teiin "decrease" or "reduction” means a reduction of at Least 10%, preferably 25%, even more
preferably 50%, and most preferably of 100% in the vaccinated group as compared to the control
group as defined above. WO 2009/126356PCT/US2009/031847 "Clinical signs" shall refer to
signs of infection from a pathogen that are directly observable from a live animal such as symptoms.
Representative examples will depend on the pathogen selected but can include things such as nasal
discharge, lethargy, coughing, elevated fever, weight gain or loss, dehydration, diarrhea, swelling,
lameness, and the like. PCV2 clinical signs can include wasting, paleness of the skin, unthriftiness,
respiratory distress, diarrhea, icterus, and jaundice. Clinical signs of M. hyo infection include a dry
cough, impaired perfai mance, and lung lesions. "Pathological” signs shall refer to signs of
infection that are observable at the microscopic or molecular level, through biochemical testing, or with
the naked eye upon necropsy. For PCV2, pathological signs will include microscopic and macroscopic
lesions on multiple tissues and organs, with lymphoid organs being the most common site for lesions.
"Histopathological” signs shall refer to signs of tissue changes resulting from infection. In another
embodiment of the present invention M.hyo antigen, preferably M.hyo bacterin, is combined with
antigen from another disease-causing organism in swine. In such cases, the RP value of the M.hyo
portion is as described above. In another embodiment of the present invention, PCV2 antigen is
combined with antigen from another disease-causing organism in swine. In such cases, the RP value
of the PCV2 portion is as described above. Furthermore, in another embodiment of the present
invention, PCV2 antigen and M. hyo antigen, preferably M. hyo bacterin, are combined with antigen
from another disease-causing organism in swine. In such cases, the RP value of the M. hyo and PCV2
portion are as described above. Preferably the other disease-causing organism in swine is
selected from the group consisting of: Actinobacillus pleuropneumonia (1); Adenovirus (2); Alphavirus
such as Eastern equine encephalomyelitis viruses (3); Bordetella bronchiseptica (4); Brachyspira spp.
(5), preferably B. hyodyentheriae (6); B. piosicoli (7), Brucella suis, preferably biovars 1, 2, and 3(8);
Classical swine fever virus (9); Clostridium spp. (10), preferably CI. difficile (11), Cl. perfringens types
A, B, and C (12), Cl. novyi (13), CI. septicum (14), Cl. tetani (15); Coronavirus (16), preferably Porcine
Respiratory Corona virus (17); Eperythrozoonosis suis (18); Erysipelothrix rhusiopathiae (19)
Escherichia coli (20); Haemophilus parasuis, preferably subtypes 1, 7 and 14 (21) Hemagglutinating
encephalomyelitis virus (22); WO 2009/126356PCT/US2009/031847 Japanese Encephalitis Virus
(23); Lawsonia intracellularis(24) Leptospira spp. (25), preferably Leptospira australis (26); Leptospira
canicola (27); Leptospira grippotyphosa (28); Leptggpira icterohaemorrhagicae (29); and Leptospira
interrogans (30); Leptospira pomona (31); Leptospira tarassovi (32); Mycobacterium spp. (33)
preferably M. avium (34), M. intracellulare (35) and M.bovis (36); Pasteurella multocida (37); Porcine
cytomegalovirus (38); Porcine Parvovirus (39); Porcine Reproductive and Respiratory Syndrome
(PRRS) Virus (40) Pseudorabies virus (41); Rotavirus (42); Salmonella spp. (43), preferably S.
thyphimurium (44) and S. choleraesuis (45); Staph. hyicus (46); Staphylococcus spp. (47) preferably

Streptococcus spp. (48), preferably Strep. suis (49); Swine herpes virus (50); Swine Influenza Virus
(BE1) <wine nov viriie (RB2)Y wine nav viriie (RB2Y: \/acictilar etamatitie virtie (RBAY: \/iriie nf veciciilar



(18), (19), (20), (21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31), (32), (33), (34), (35), (36),

post treatment in a PCV2 specific antibody detection assay. Thus the 20-fold amount of
PCV2 antigen that is needed to induce a detectable PCV2 specific antibody response in at
least 85% of the mice within or at 21 days post treatment or preferably the 10-fold amount of
PCV2 antigen that is needed to induce a detectable PCV2 specific antibody response in at
least 95% and preferably 100% of the mice within or at 21 days post treatinent has been
shown to be sufficient to confer a protective immune response against, reduce the incidence
of, and/or lessen the severity of or prevent the clinical signs associated with a PCV?2
infection, when administered together with a M. hyo antigen, In other words the amount of
PCVZ antigen as described above has been shown to be able to overcome any negative
interference with the M. Ayo antigen, when mixed and administered as a combination
vaccine.  Consequently, the present disclosure also relates to an immunogenic composition
comprising porcine circovirus type 2 antigen and M. hyo antigen, wherein the amount of the
PCV2 antigen per dose has a relative potency (RP) value of at least 1.38, wherein said RP
value of 1.38 corresponds to the 20-fold amount of PCV?2 antigen that is needed to induce a
detectable PCV2 specific antibody response in at least 85% of mice within or at 21 days post

ireatment. According to another embodiment, the present disclosure also relates to an immunogenic
composition comprises porcine circovirus type 2 antigen and M. hye antigen, wherein the
amount of the PCV2 antigen per dose has a relative potency (RP) value of at least 1.38,
wherein said RP value of 1.38 corresponds to the 10-fold amount of PCV2 antigen, that is
needed to induce a detectable PCV2 specific antibody response in at least 95% and preferably
100% of mice within or at 21 days post treatment.

In some preferred forms of this embodiment, the composition further includes or
comprises an adjuvant. A variety of adjuvants will be useful with the present disclosure and
can be selected by those of skill in the art, but carbomer and even more preferably Carbopol
are particularly preferred. Advantageously, the immunogenic compositions of the present
disclosure confer a protective immune response against, reduce the incidence of, and/or lessen
the severity of or prevent the clinical signs associated with a PCV2 infection when
administered to a pig as a single dose administration. Such a single dose elicits a duration of
immﬁni‘ry of at least 100, more preferably at least 110, even more preferably at least 120, still
more preferably at least 130, even more preferably at least 140, still more preferably at least
150, even more preferably at least 160, still more preferably at least 170, even more
preferably at least 180, and most preferably at least 184 days when administered to a pig. In
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(37), (38), (39), (40), (41), (42), (43), (44), (45), (46), (47), (48), (49),(50),(51),(52), (53), (34),
(55),(56),(57)and/or (58),orisan immunological active component of said swine pathogen(s). An
"immunological active component" as used herein means a component that induces or stimulates the
immune response in an animal to which said component is administered. According togﬁreferred

embodiibt, seidbinifesesorie ITHHRRABHC SR BT et oP I A mittEI8TYENidt EBMprising
said coppangat Accdingte adwtherpraferred embodinenidhe vanannedegisalhactivedgosdponent is

an attenuated microorganism, including modified live virus (MLYV), a killed-micrgorganism or at least an
immuno‘l’éf@fé@cﬁ(ﬂﬁ/ér i e ﬁ;ﬁéf%yg%g}ﬁl_cal signs of infection from PCV2 for at least 100

(110, 120, 130, 140, 150, 160, 170, 180, etc) and most preferably for at least 184 days. With
respect to the antibody detection assay, those of skill in the art will be able to identify and
utilize appropriate methods and products. ELISA assays and the procedures described by
Nawagitgul, P., et al. (the teachings and content of which are hereby incorporated by
reference) in Modified indirect porcine circovirus (PCV) type 2-based and recombinant
capsid protein (ORF2j-based ELISA for the detection of antibodies to PCV Clin. Diagn. Lab.
Immunol. 9:33-40 (2002), are particularly preferred.

In another embodiment of the present disclosure, an immunogenic composition comprising an effective

amount of M hyo antigen and an effective amount of PCV2 antigen is provided

Preferably, both the M. hyo antigen and the PCV2 antigen will have an RP value of at least
1.22 and 1.38, respectively, as described above wherein an RP value of 1.22 for M. hyo and
1.38 for PCV?2 means that 95% and preferably 100% of mice receiving an administration of
one-fortieth of such amount of . hyo and one-tenth of such amount of PCV2 antigen
develop a detectable amount of antibodies within or at 21 days post treatment in an M. hyo
and PCV2 specific antibody detection assay. Thus the 40-fold amount of M. hyo antigen that
is needed to induce a detectable M. hyo specific antibody response in at least 95% and
preferably 100% of mice within .or at 21 days post treatment and the 10-fold amount of PCV2
antigen that is needed to induce a detectable PCV2 specific antibody response in at least 95%
and preferably 100% of mice within or at 21 days post treatment have been shown to be
sufficient to confer a protective immune response against, reduce the incidence of, and/or
lessen the severity of or prevent the clinical signs associated with a PCV2 infection and/or M.
hyo infection, when administered together with a M. hyo antigen. In other words the amounts
of PCV2 antigen and M. hyo antigen as described above have been shown to be able to
overcome any negative interference between both antigens, when mixed and administered as
a combination vaccine. Consequently, the present -disclosure also relates to an immunogenic
composition comprising porecine circovirus type 2 antigen and M. hye antigen, wherein the
amount of the M. hvo and PCV2 antigen per dose has a relative potency value of at least 1.22
and 1.38 respectively, wherein said RP value of 1.22 for the M. hyo antigen corresponds to

the 40-fold amount of M. hyo antigen that is needed to induce a detectable M. hyo specific



WO 2009/126356PCT/US2009/031847 Immunological active part of a microorganism" as used
herein means a protein-, sugar-, and or glycoprotein containing fraction of a microorganism that
comprises at least one antigen that induces or stimulates the immune response in an animal to which
said component is administered. According to a preferred embodiment, said immune response is
directedatibaity imspenstogicall activedpiit afda pritrodlgalidih arftanacenistdonganidin dompasing said
immunological activ rt. . rdipng to.f r e further immunological acti
componE R B B el e e hciea e Foe g e R B S B el
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Porcilis ERY PARVO, Porcilis Ery, Porcilis Glasser, Porcilis Parvo, Porcilis Porcoli DF, Porcijlis APP,
Porcilis AP Ao RACARIPPSEA OGS PBRENC BRENSBEREB BAtALTSHE, PARMIRERALY Porcilis
Porcol 5 Rukcilis AdesakwniRoseilis Begama Riluvak.kessilis Beaomia fhfuked PRAGHIS Segania
Unisole, Porcilis M. hyo, Porcilis Atrinord, Rhinogen(r) BPE, Rhinogent CTE 5000, RhinogenQ CTSE,
Score, SHPEURFE ﬁ{eSWB%(WIC@F@%W Uie) TRECIPRSSy SefEIVER; PSR RCE,
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MaGE STiedhnopéiie SpamiiisititaG bS Tie(rbrasith SiptlosiviaGESEicir) lBondthvd putighlinz nekdpbhience(r)
with Imu\%ﬁne IId End-FLUence 1(r) 2, PRRolmigEO, PRV.—E}{egonia it D.Iluvaq Fgrte(QI.Ar us SC/ST,
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R BACEER b AL PRI 81 BT LM () BACHT (RGN B0l R AMsShoT e B rbwsure
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FLUSUREC/RespiSure 1 ONE(r)/ER BAG Plus(r), FLUSURETmM/RESPISURE ONE(r),
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Stellamyne Uno, Stellamune Once, Stellamune Mono, Respisure One, Respisure0, Respisure 1
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Study Day (approximately ) Study Event Before Day 0 (DO) ID pigs; Health examination Before DO
Randomize pigs to one of five groups All pigs: Collect blood samples; Clinical Assessments D-2 DO
All pigs: Clinical Assessments DO Administer Investigational Veterinary Product | (JVP1) to Group 1;
Administer Investigational Veterinary Product 2 (IVP2) to Group 2; Administer Investigational
VeterinarynRrosksch S (HvPSjdovEne upps; Asimigistendnife stigationgnV disxinanpiRrpdtietBly] e 3) to
Crou 4SS S i Colin claue 5,012 039 iy D) s 01

wherein an RP value of 1.22 for M. hvo means that 95% and preferably 100% of mice

recetving an administration of one-fortieth of such amount of M. hyo antigen develop a

detectable amount of antibodies within or at 21 days post treatment in an M. hyo specific

antibody detection assay. Consequently, the present disclosure also relates to method for

eliciting a protective immune response m a pig against Mvcoplasma hyopneumoniae (M. hyo)

comprising administering to said pig an immunogenic composition which comprises porcine

circovirus type 2 antigen and M. hyo antigen, wherein the amount of the M. hyo antigen per

dose has a relative potency value of at least 1.22, wherein said RP value of 1.22 corresponds

to the 40-fold amount of M. hyo antigen that is needed to induce a detectable M. Ayo specific

antibody response in at least 95% and preferably 100% of mice within or at 21 days post

treatment. In some preferred forms, the composition further includes or comprises an

adjuvant. A varety of adjuvants will be useful with the present disclosure and can be selected

by those of skill in the art, but carbomer, and even more preferably Carbopol, are particularly

preferred.  Advantageously, the momunogeme composition of the present disclosure elicits a

protective immune response when administered to a pig as a single dose administration. Such

a single dose elicits a duration of immunity of at least 100, more preferably at least 110,

even more preferably at least 120, still more preferably at least 130, even more preferably at

least 140, still more preferably at least 150, even more preferably at least 160, still more

preferably at least 170, even more preferably at least 180, and most preferably at least 184

days when administered to a pig. In other words, one dose of the immunogenic composition

of the present disclosure, without boosters or subsequent doses, provides an animal or group

of amimals with a reduced incidence of or lessened severity of clinical signs of infection from

M. hyo for at least 100 (110, 120, 130, 140, 150, 160, 170, 180, etc) and most preferably at

least 184 days. With respect to the antibody detection assay, those of skill in the art will be

able to identify and utilize appropriate products. ELISA assays and especially the IDEXX

Herdchek M. hyo Test Kit (IDEXX Laboratories, Inc., Westbrook, ME) are preferred.

In another embodiment of the present disclosure, 2 method for eliciting a protective immune
response against PCV2 in a pig is provided, Generally, the method comprises the step of administering an
immunogenic  composition in  accordance  with  the  present  disclosure to  an

animal in need thereof, preferably a pig. Preferably, the immunogenic composition



Group 3; CP administered to Group 5. D32 Move at least the strict control group (Group 6) to a
separate room D33 All pigs: Collect blood samples All pigs: Anesthetize; Challenge with virulent AL
hyopneunwn toe strain 232 D32 to D63 All pigs: Daily clinical observations D47 All pigs: Collect blood
samples D6l All pigs: Collect blood samples All pigs: Euthanize; Necropsy; Score lungs; Collect lung
samplescompiifis [p@macginationscigatichgetietficany sfudycandgrtediea miminpurafeafbl Q0dpiglets,

i et SEHCSR Y 0 S DEREE H GRS S PR

RespirateheSindioRe walss(BRR Y@ pigletsdhativere negatigs ool nhiyoneesimapiag and

PRRSY gfbodien s sruueis coISered oL e Sy oleble 241 aSHmmany L g ey
amount of antibodies within or at 21 days post treatment in a PCV2 specific antibody
detection assay. Preferably, an RP value of 1.38 for PCV2 means that at least 95% and
preferably 100% of mice receiving an administration of one-tenth of such amount of PCV2

antigen develop a detectable amount of antibodies within or at 21 days post treatment in a
PCV2 specific antibody detection assay. Consequently, the present disclosure also relates fo
method for eliciting a protective immune response in a pig against PCV2 comprising
administering to said pig an immunogenic composition which comprises PCV2 antigen and
M. hyo antigen, wherein the amount of the PCV2 antigen per dose has a relative potency
value of at least 1.38, wherein said RP value of 1.38 corresponds to the 20-fold amount of
PCV?2 antigen that is needed to induce a detectable PCV2 specific antibody response in at
least 85% of mice within or at 21 days post treatment. Preferably, said RP value of 1.38
corresponds to the 10-fold amount of PCV2 antigen that is needed to induce a detectable
PCV2 specific antibody response in at least 95% and preferably 100% of mice within or at 21
days post treatment. In some preferred forms of this embodiment, the composition further
includes or comprises an adjuvant. A variety of adjuvants will be useful with the present
disclosure and can be selecied by those of skill-in the art, but carbomer and even more
preferably Carbopol are particularly preferred.  Advantageously, the immunogenic
composition of the present disclosure elicits a protective immune response when administered
to a pig as a single dose administration. Such a single dose elicits a duration of immunity of
at least 100, more preferably at least 110, even more preferably at least 120, still more
preferably at least 130, even more preferably at least 140, still more preferably at least 150,
even more preferably at least 160, still more preferably at least 170, even more preferably at
least 180, and most preferably at least 184 days when administered to a pig. In other words,
one dose of the immunogenic composition of the present disclosure, without boosters or
subsequent doses, provides an animal or group of animals with a reduced incidence of or
lessened severity of clinical signs of infection from PCV2 for at least 100(110, 120, 130, 140,
150, 160, 170, 180, etc) and most preferably for at least 184 days. With respect to the
antibody detection assay, those of skill in the art will be able to identify and utilize
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Treatment on DO Treatment on D12 Challenge with M. hyopneumoniae On D33 Day of Necropsy 1 >
19 1.0 mL of IVP-1 (50 rn1_, of M hyo Bacterin) 1M in the neck region N/A Yes D61 (N > 19 2.0 mL of
IVP-2 (100 mL. 50 mL of M. hyo Bacterin and 50 mL of PCV2 vaccine) IM in the neck region N/A Yes
appropriate methods and products. ELISA assays and the procedures described by
Nawagitgul, P., et al. (the teachings and content of which are hereby incorporated by
reference) in Modified indirect porcine circovirus (PCV) type 2-based and recombinant
capsid protein (ORF2)-based ELISA for the detection of antibodies to PCV Clin. Diagn. Lab.
Immunol. 9:33-40 (2002), are particularly preferred.

In yet another embodiment of the present disclosure, a method for inducing or eliciting a

protective Immune response against M. hvo infection and PCV2 infection is provided. In
preferred forms, this aspect includes an immunogenic composition comprising an effective
amount of M. hyo antigen and an effective amount of PCV2 antigen. Preferably, both the M.
hyo antigen and the PCV2 antigen will have an RP value of at least 1.22 and 1.38,
respectively, as described above wherein an RP value of 1.22 for M. Ayo and 1.38 for PCV2
means that 95% and preferably 100% of mice receiving an administration of one-fortieth of
such amount of M. Avo and one-tenth of such amount of PCV2 antigen develop a detectable
amount of antibodies within or at 21 days post treatment in an M. Ayo and PCV2 specific
antibody detection assay. Consequently, the present disclosure also relates to method for
eliciting a protective immune response in a pig against M. Ayo and PCV2 comprising
administering to said pig an immunogenic composition which comprises PCV2 antigen and
M. hyo antigen, wherein the amount of the M. hyo and PCV2 antigen per dose has a relative
potency value of at least 1.22 and 1.38 respectively, wherein said RP value of 1.22 for the M.
hyo antigen corresponds to the 40-fold amount of M. hyo antigen that is needed to induce a
detectable M. fivo specific antibody response in at least 95% and preferably 100% of mice
within or 21 days post treatment and wherein said RP value of 1.38 for the PCV2 antigen
corresponds to the 20-fold amount of PCV2 antigen that is needed to induce a detectable
PCV2 specific antibody response in at least 85% of mice within or 21 days post treatment.
Preferably, said RP value of 1.38 for the PCV2 antigen corresponds to the 10-fold amount of
PCV2 antigen that is needed to induce a detectable PCV2 specific antibody response in at
least 95% and preferably 100% of mice within or 21 days post treatment. In some preferred
forms of this embodiment, the composition further includes or comprises an adjuvant. A
variety of adjuvants will be useful with the present disclosure and can be selected by those of
skill in the art, but carbomer and especially Carbopol are particularly preferred.
Advantageously, the immunogenic composition of the present disclosure elicits a protective

immune response when administered to a pig as a single dose administration. Such a single

11



D61 3> 19 1.0 mL of IVP-3 (100 mL: 50 mL of M hyo Bacterin and 50 mL of PCV2 vaccine) IM in the
neck region 1.0 ml, of IVP-3 (100mL: 50 mL of AL hyo Bacterin and 50 rul of PCV2 vaccine) IM in the
neck region Yes D61 WO 2009/126356PCT/US2009/031847 2.0 mL of IVP-3 (100

dose elicits a duration of immunity of at least 100, more preferably at least 110, even more
preferably at least 120, still more preferably at least 130, even more preferably at least 140,
still more preferably at least 150, even more preferably at least 160, still more preferably at
least 170, even more preferably at least 180, and most preferably at least 184 days when
administered to a pig. In other words, one dose of the immunogenic composition of the
present disclosure, without boosters or subsequent doses, provides an animal or group of
animals with a reduced incidence of or lessened severity of clinical signs of infection from M.
hyo and PCV2 for at least 100 (110, 120, 130, 140, 150, 160, 170, 180, etc) and most
preferably at least 184 days. With respect to the antibody detection assay, those of skill in
the art will be able to identify and utilize appropriate methods and products. ELISA assays
and the procedures described by Nawagitgul, P., et al. (the teachings and content of which are
hereby incorporated by reference) in Modified indirect porcine circovirus (PCV) type 2-
based and recombinant capsid protein (ORF2)-based ELISA for the detection of antibodies to
PCV Clin. Diagn. Lab. Immunol. 9:33-40 (2002), are particularly preferred for a PCV2
antibody detection assay and the IDEXX Herdchek M hyo Test Kit is particularly preferred
for the M. hyo antibody detection assay.

As used herein, a “protective immune response” refers to a reduced incidence of or
reduced severity of clinical, pathological, or histopathological signs of infection from M. Ayo
or PCV2 infection up to and including the complete prevention of such signs.

In another aspect of the present invention, a method for preparing a composition,
preferably an antigenic or immunogenic composition, such as for example a vaccine, for
invoking an immune response against PCV2 and M. hyo is provided. Generally, this method
includes the steps of transfecting a construct into a virus, wherein the construct comprises i)
recombinant DNA from ORF2 of PCV2, ii) infecting cells in growth media with the
transfected virus, iii) causing the virus to express the recombinant protein from PCV2 ORF2,
iv) recovering the expressed ORF2 protein from the supernate, v) and preparing the
composition by combining the recovered protein with a suitable adjuvant and/or other
pharmaceutically acceptable carrier, together with M. hyo bacterin and a suitable adjuvant.
Due to the long-term stability of the components of the immunogenic composition, the
composition can be administered to animals up to 3 years after being mixed together.
Preferred forms of the composition described herein will have an M. hyo portion with an RP

value greater than about 1.22, more preferably between about 1.22 to about 4.5, even more
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mL: 50 mL of Al hyo 4 > 19 13acterin and 50 mL of N/A Yes D61 PCV2 vaccine) IM in the neck
region @ Aef AR50 mL PCT/US2009/031847

preferably between about 1.22 and 3.5, and most preferably between about 1.22 and 2.8. An
RP value for M. hyo is greater than about 1.22 when 95% and more preferably 100% of mice
treated with one-fortieth of the amount of M. hyo antigen associated with the RP value of
1.22 develop a detectable amount of antibodies against M. Ayo using an M. hvo-specific
antibody detection assay within or at 21 days post treatment or post administration of the 4.
hyo antigen.

“Adjuvants” as used herein, can include aluminum hydroxide and aluminum
phosphate, saponins e.g., Quil A, QS-21 (Cambridge Biotech Inc., Cambridge MA), GPI-
0100 (Galenica Pharmaceuticals, Inc., Birmingham, AL), water-in-oil emulsion, oil-in-water
emulsion, water-in-oil-in-water emulsion. The emulsion can be based in particular on light
liquid paraffin oil (European Pharmacopea type); isoprenoid oil such as squalane or squalene
oil resulting from the oligomerization of alkenes, in particular of isobutene or decene; esters
of acids or of alcohols containing a linear alkyl group, more particularly plant oils, ethyl
oleate, propylene glycol di-(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene
glycol dicleate; esters of branched fatty acids or alcohols, in particular isostearic acid esters.
The oil is used in combination with emulsifiers to form the emulsion. The emulsifiers are
preferably nonionic surfactants, in particular esters of sorbitan, of mannide (e.g.
anhydromannitol oleate), of glycol, of polyglycerol, of propylene glycol and of oleic,
isostearic, ricinoleic or hydroxystearic acid, which are optionally ethoxylated, and
polyoxypropylene-polyoxyethylene copolymer blocks, in particular the Pluronmic products,
especially 1121, See Hunter et al., The Theory and Practical Application of Adjuvanis
(Ed.Stewart-Tull, D. E. S.). John Wiley and Sons, NY, pp51-94 (1995) and Todd et al,,
Vaccine 15:564-570 (1997).

For example, it is possible to use the SPT emulsion described on page 147 of
"Vaccine Design, The Subunit and Adjuvant Approach" edited by M. Powell and M.
Newman, Plenum Press, 1995, and the emulsion MF39 described on page 183 of this same
book.

A further instance of an adjuvant is a compound chosen from the polymers of acrylic
or methacrylic acid and the copolymers of maleic anhydride and alkenyl derivative.
Advantageous adjuvant compounds are the polymers of acrylic or methacrylic acid, which
are cross-linked, especially with polyalkenyl ethers of sugars or polyalcohols. These

compounds are known by the term carbomer (Phameuropa Vol. 8, No. 2, June 1996). Persons
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1.0 mL of CP (50 mL 5 > 19 saline) IM in the neck region saline) IM in the neck region Yes D61 6 >5

N/A N/A N@@%&EH%SSAVPJ (monovalent M. hyo) was serial 273-011B tl?ﬁf@@ﬁo@%% 6 RP of 1.44
and an RP of 1.22 at 18 months. IVP-2 (PCV2-M. hyo) utilized M. hyo serial 273-011B ?gP of 1.22 at

18 months) and PCV2 serial 309-035 (release RP of 1.38) IVP-3 (PCV2- M. hyo) was composed of M.
hyo seriskiiz3- 0108 trelemsalRP @) tarid. PCYaesdriap 3080853 oldusk d@mcobesagich acrylic

polymers cross-linked with a polyhydroxylated compound having at least 3 hydroxyl groups,
preferably not more than §, the hydrogen atoms of at least three hydroxyls being replaced by
unsaturated aliphatic radicals having at least 2 carbon atoms. The preferred radicals are those
containing from 2 to 4 carbon atoms, e.g. vinyls, allyls and other ethylenically unsaturated
groups. The unsaturated radicals may themselves contain other substituents, such as methyl.
The products .sold under the name Carbopol; (BF Goodrich, Ohio, USA) are particularly
appropriate. They are cross-linked with an allyl sucrose or with allyl pentaerythritol. Among
then, there may be mentioned Carbopol 974P, 934P and 971P. Most preferred is the use of
Carbopol 971P. Among the copolymers of maleic anhydride and alkenyl derivative, the
copolymers EMA (Monsanto), which are copolymers of maleic anhydride and ethylene, are
also contemplated. The dissolution of these polymers in water leads to an acid solution that
will be neutralized, preferably to physiological pH, in order to give the adjuvant solution into
which the immunogenic, immunological or vaccine composition itself will be incorporated.
Further suitable adjuvanis include, but are not limited to, the RIBI adjuvant system (Ribi
Inc.), Block co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryville CA),
monophosphory! lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli
{recombinant or otherwise), cholera toxin, IMS 1314 or muramyl dipeptide among many
others. _ _

Preferably, the adjuvant is added in an amount of about 100 ug to about 10 mg per
dose. Even more preferably, the adjuvant is added in an amount of about 100 ug to about 10
mg per dose. Even more preferably, the adjuvant is added in an amount of about 500 pg to
about 5 mg per dose. Even more preferably, the adjuvant is added in an amount of about 750
ug to about 2.5 mg per dose. Most preferably, the adjuvant is added in an amount of about 1
mg per dose.

Thus, according to a further aspect, the method for preparing an antigenic
composition, such as for example a vaccine, for invoking an irmnune response against PCV2
and M. hyvo comprises i) admixing PCV2 ORF2 protein with . hyo bacterin and a suitable
adjuvant. Preferably, the adjuvant is a carbomer, and more preferably is Carbopol 971P. Even
more preferably, Carbopol 971P is added in an amount of about 500 pg to about 5 mg per
dose, even more preferably in an amount of about 750 pg to about 2.5 mg per dose and most

preferably in an amount of about 1 mg per dose.
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Prior to DO, all pigs were assigned completely at random to one of six groups. Group 1 consisted of >
19 pigs arg/&@g)@?%g&ed to the M. hyo vaccine treatment group (Investigatiprakyglgsiaasy Product-1
1VP-1)) treatéd group. Group 2 consisted of? 19 pigs and was assigned to a M. hyo-PCV2 vaccine

( ) group p pig g y

(Investigational Veterinary Product-2 (IVP-2)) treatment group and was administered a 1 x 2.0 mi.
dose on day 0AGloima yortbistadcsine] Qopigoshenwern auiifsd v M. Tpe: Pebvumdsesialreatment
group (IVP-3).and was adminjst & Ok dose ondays & & digFrane4 GRISRIeH! 49 pigs
and rec%?&%%e%%%l.cﬁ%?gc@g {\%gc{?g%% 8&7P-3 I X 2.8 ml.:o_n Daé)?/bo. C?roup 5rserved asgcnr?;llgnge
controlsaindsbeeived @sPaniicnf conthiol prodtisgon Balyildzarmg kgenis. ofldopnisl ppotiat 8y Bay 12.
Group 6 served as strict cantrols and did not receive a taBHOL 10.DQ: £26H Higas examined
for overaft 38{1 Igna '(#15%1 ?ﬁ&%ﬁ%%%lfgé%ﬁ%ﬁ)%‘&s%%g%% %%%@Hfigdgg%tg gggig%ed to Group | received
1.0 mL of IVP-TH:M iy piglets assigrsétbte Geoup Srdosiveddudanloot |VEr-2 marg) 0i8piglets
assigned to Group,3,r ceivecd 0 mL of IVP-3 IM on days 0 &12. 4)? 19 piglels igned Group 4
receive&%ﬂ?ﬁé?w&@ﬁﬁ%%%%v ;ag) f@bié%%ﬁa%é}ghe%&%% %%ﬁ’p% r%gég%v%?%%g%L% CP IMon
Study Dayn@iasgkAif seipbivioBtuety DayiddpdndGed)ambe pigledsNssignkdktoNdibuth 6 i wos receive

product and served as strict controls. On.Study Day 0, treatments werg administered in the right
neck redi¥%h F%%g§tﬁ)@ﬁl\}§e% {Hgag§s%ngf atf%{égé‘é?%%s tlef%ct)lr?t o't ejé(;_ts%ou Qer” %Inﬁ ?G’gﬁ{f%%y 12,
treatmeniwvas:adiministeeechinitlae |8t nackdegioh, anichuaytbetyesenthénvaseécnl tmanEadshe point
of the shoulder. All piglets were gbserved dajly from DI to or any.adverse events and.qverall WO
2009/1%@%@6@?%@8&9%@&%? ﬁ!ﬁfﬁlé?sa ggé%iﬁéd ERplE ugr%r%ﬁ;% rrl%%rﬁi,%/ach pig
was challengerbiniiatrackeadyowithe 16:6ekof ¢otieniddahyapnenreageaddpigshvdnaabsedrved daily
for any clinical signs of disease from D32 to 061. Blood s&r&oles‘.we e CO|$Ct§? frca/mlfa(\ll gti)%ston 047
and 061PBISBHEHRE"Es BTG RALERTH L%%gtm SHAL ¥§/Gpnédmdhiae and

PRRS sgfiqlagy) Bleadisamples coleetpebnnbldeR38x04boand (Do mierpadeatiaditer Al.
hyopneumoniae serology only. On D61, all pigs were ,c,uthar%ized ang]necr?é)sled. Thfz Iun[g)s and

trachea were rémdvet aARHERUFTSTSC8rélY ALARSIEWal rBHlTe P HorTBRERCT AL 'SAY f¥%ted by
PCR for 4; lyopaessnanias O Nm e elesmiagdd the stusimebieglivesvasiachruwd, infgtlesion score

data from Group 1, 2, 3 and 4 was compared to cantrols (Group 5) for statis?qc
8

I sianificant
differendETDABIRIRFSTOID 6 Wi HotiRabitedtitahl Y rHiiarh syt & o Py

5\/3()5&%2 infoffhation

purposes; ol RtReLAln IXoPRSY MpRiae IPRIAMAIRSS thalweisahalyzedvelyeniGeaiiniug, 3 and 4
and controls (Group 5) included Al. hyopneumoniae serology, post-vaccination clinical assessments

and postheh&NEHGE BiFideaSigh SIPUROLSEIM BGARE D ASSHRRESAHNT o g HISh R BRI Was
completed o samplestakemndreriihg iunas.to damepstigie anisfectiivachalienge Mesultsiand

Discussion: ~ Upon necropsy, angs were scored. One animal in Group | had consolidation and
multiple EbBseSSERHNETAE AFMHEY In CPSHPREEHAPREBIASTINT plTYPIEGSHAY SSHHYR. 4P Khalysis
was perf -@&%9%@ with aBdWitbRutthase W ARimals ARSI IDEIRYY: Gl dMpnddeaddhsiewest lung

score of the vaccinated groups, with a score of 2.20. Group 4 had the highest lung score of the
vaccinatiadedrotipeanithaa e tseencanpriBee s e dHRIIGHTS REICAIoWSIIING BEPe @R thimals

or’.“Thim YRlY L VIt 1 hei HEeat
729 and 12, 163REGUVEY Bad Pegn emavet Vith fing SEAIEJALRIOUR L REING RbihiAREt2:56 for
Group 2 with the animals removed. Lung scores for all of,the vaccinated groups were sgnlflcantly
lower thanlfipeitidg seofEshGegis (ap7ydid wHthmgee grggmibk@r@ﬁalr@ﬁkyé%séh Wivaeeihe was
administered, Lung SCRes, FIAHUD AYSIRIE LHBEs1CoLes inmmafich M F2ehamOUade £ 3By
"immunogenic fragment” is meant a fragment of a protein, which includes one or more
epitopes and thus elicits the immunological response against the relevant pathogen. Such
fragments can be identified using any number of epitope mapping techniques, well known in
the art. See, e.g., Epitope Mapping Protocols in Methods in Molecular Biology, Vol. 66
(Glenn E. Morris, Ed., 1996) Humana Press, Totowa, New Jersey. For example, linear

epitopes may be determined by concurrently synthesizing large numbers of peptides on solid

supports, the peptides corresponding to portions of the protein molecule, and reacting the
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WO 2009/126356PCT/US2009/031847 2 3.90 2 (with 712 removed) 2.56 3 2.20 4 4.19 5 14.27 0.00
Below is the statistical pail-wise comparison summary. This includes analysis both with and without the
two animalgv\%iﬁqocg@ﬁﬁ?@ﬁng factors. Results of Pairwise Test - Scores. Corﬁﬁgfg‘%zr?%ﬁﬁv. Group)
Wilcoxon Two- Sample Test P Value Median Two-Sample Test

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

are known in the art and described in, e.g., U.S. Patent No. 4,708,871; Geysen et al. (1984)
Proc. Natl. Acad. Sci. USA §1:3998-4002; Geysen et al. (1986) Molec. Immunol. 23:709-
715, Similarly, conformational epitopes are readily identified by determining spatial
conformation of amino acids such as by, e.g., x-ray crystallography and 2-dimensional
nuclear magnetic resonance. See, ¢.g., Epitope Mapping Protocols, supra. Synthetic antigens
are also included within the definition, for example, polyepitopes, flanking epitopes, and
other recombinant or synthetically derived antigens. See, e.g., Bergmann et al. (1993) Eur. J.
Immunol. 23:2777-2781; Bergmann et al. (1996), J. Immunol. 157:3242-3249; Suhrbier, A.
(1997), Immunol. and Cell Biol. 75:402-408; Gardner et al, (1998) 12th World AIDS
Conference, Geneva, Switzerland, June 28-July 3, 1998,

Most preferably, the vaccine composition that can be used according to the invention
contatns PCV2 ORF2 pfotein, preferably expressed in and recovered from in virro cultured
cells. Preferred examples of PCV2 ORF2 proteins are described in the international patent
application WO02006-072065, the teaching and content of which is entirely incorporated
herein by reference. '

Briefly, PCV2 ORF2 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 PCV2 isolates and thereby, any PCV2 ORF2 would be effective as the source
of the PCV2 ORF2Z DNA and/or polypeptide as used herein. A preferred PCV2 ORF2 protein
18 that of SEQ ID NO. 11. A preferred PCV ORF2 polypeptide is provided herein as SEQ ID
NO. 5, but it is understood by those of skill in the art that this sequence could vary by as
much-as 6-10% in sequence homology and still retain the antigenic characteristics that render
it useful 1 immunogenic compositions. The antigenic characteristic of a modified antigen is
still retained, when the modified antigen confers at least 70%, preferably 80%, and more
preferably 90% of the protective immunity as compared to the PCV2 ORF 2 protein, encoded
by the polynucleotide sequence of SEQ ID NO: 3 or SEQ ID NO: 4, An “immunogenic
composition” as used herein, means a PCV2 ORF2 protein that elicits an “immunological
response” in the host of a cellular and/or antibody-mediated immune response to PCV2
ORF2 protein. Preferably, this immunogenic composition is capable of conferring protective
immunity against PCV2 infection and the clinical signs associated therewith. In some forms,

immunogenic portions of PCV2 ORF2 protein are used as the antigenic component in the
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3vs. 5<0.0001 ) '

composition. The term “immunogenic portion” as used herein refers to truncated and/or
substituted forms, or fragments of PCV2 ORF2 protein and/or polynucleotide, respectively.
Preferably, such truncated and/or substituted forms, or fragments will comprise at least 6
contiguous amino acids from the full-length ORF2 polypeptide. More preferably, the
truncated or substituted forms, or fragments wiﬂ have at least 10, more preferably at least 13,
and still more preferably at least 19 contiguous amino acids .from the- full-length ORF2
polypeptide. Two preferred sequences in this respect are provided herein as SEQ ID NQOs. 9
~and 10. It is further undersiood that such sequences may be a part of larger fragments or
truncated forms. A further preferred PCV2 ORF2 polypeptide provided herein is encoded by
the nucleotide sequences of SEQ ID NO: 3 or SEQ ID NO: 4. However, it is understood by
those of skill in the art that this sequence could vary by as much as 6-20% in sequence
homology and still retain the antigenic characteristics that render it useful in immunogenic
compositions. In some forms, a truncated or substituted form, or fragment of ORF2 is used
as the antigenic component in the composition. Preferably, such truncated or substituted
forms, or fragments will comprise at least 18 contiguous nucleotides from the full-length
ORF2 nucleotide sequence, e.g. of SEQ ID NO: 3 or SEQ ID NO: 4. More prefer.abiy, the
truncated or substituted forms, or fragments will have at least 30, more preferably at least 43,
and still more preferably at least 57 contiguous nucleotides the full-length ORF2 nucleotide
sequence, e¢.g. of SEQ ID NO: 3 or SEQ ID NO: 4.
“Sequence Identity” as it is known in the art refers to a relationship between two or
- more polypeptide sequences or two or more polynucleotide sequences, namely a reference
. sequence and a given sequence to be compared with the reference sequence. Sequence
identity 1s determined by comparing the given sequence to the reference sequence after the
sequences have been optimally aligned to produce the highest degree of seqﬁence similarity,
as determined by the match between strings of such sequences. Upon such alignment,
sequence identity is ascertained on a position-by-position basis, e.g., the sequences are
“identical” at a particular position if at that position, the nucleotides or amino acid residues
are identical. The total number of such position identities is then divided by the total number
of nucleotides or residues in the reference sequence to give % sequence identity. Sequence
identity can be readily calculated by known methods, including but not limited to, those
described in Computational Molecular Biology, Lesk, A. N, ed., Oxford University Press,
New York (1988), Biocomputing: informatics and Genome Projects, Smith, D.W., ed.,
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Academic Press, New York (1993); Computer Analysis of Sequence Data, Part 1, Griffin,
AM., and Griffin, H. G., eds., Humana Press, New Jersey (1994); Sequence Analysis in
Molecular Biology, von Heinge,. G., Academic Press (1987), Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds., M. Stockton Press, New York (1991); and Carillo, H.,
and Lipman, D., STAM J. Applied Math., 48: 1073 (1988), the teachings of which are
incorporated herein by reference. Preferred methods to determine the sequence identity are
designed to give the largest match between the sequences tested. Methods to determine
sequence identity are codified in publicly available computer programs that determine
sequence identity between given sequences. Examples of such programs include, but are not
limited to, the GCG program package (Devereux, J., et al, Nucleic Acids Research,
12(1):387 (1984)), BLASTP, BLASTN and FASTA (Altschul, S. F. et al., J. Molec. Biol.,
215:403-410 (1990). The BLASTX program is publicly availabie from NCBI and other
sources (BLAST Manual, Altschul, S. et aii, NCVI NLM NIH Bethesda, MD 20894,
Altschul, S. F. et al., J. Molec. Biol.,, 215:403-410 (1990), the teachings of which are
incorporated herein by reference). These programs optimally align sequences using default
gap weights in order to produce the highest level of sequence identity between the given and
reference sequences. As an illustration, by a polynucleotide having a nucleotide sequence
having at least, for example, 85%, preferably 90%, even more preferably 95% “sequence
identity” to a reference nucleotide sequence, it is intended that the nucleotide sequence of the
given polynucleotide is identical to the reference sequence except that the given
polynucleotide sequence may include up to 15, preferably up to 10, even more preferably up
to 5 point mutations per each 100 nucleotides of the reference nucleotide sequence. In other
words, m a polynucleotide having a nucleotide sequence having at least 85%, preferably
90%, even more preferably 95% identity relative to the reference nucleotide sequence, up to
15%, preferably 10%, even more preferably 5% of the nucleotides in the reference sequence
may be deleted or substituted with another nucleotide, or a number of nucleotides up to 15%,
preferably 10%, even more preferably 5% of the total nucleotides in the reference sequence
may be inserted into the reference sequence. These mutations of the reference sequence may
occur at the 5' or 3' terminal positions of the reference nucleotide sequence or anywhere
between those terminal positions, interspersed either individually among nucleotides in the
reference sequence or in one or more contiguous groups within the reference sequence.

Analogously, by a polypeptide having a given amino acid sequence having at least, for
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example, 85%, preferably 90%, even more preferably 95% sequence identity to a reference
amino acid sequence, it is intended that the given amino acid sequence of the polypeptide is
identical to the reference sequence except that the given polypeptide sequence may include
up to 15, preferably up to 10, even more preferably up to 5 amino acid alterations per each
100 amino acids of the reference amino- acid sequence. In other words, to obtain a given
polypeptide sequence having at least 85%, preferably 90%, even more preferably 95%
sequence identity with a reference amino acid sequence, up to 15%, preferably up to 10%,
even more preferably up to 5% of the amino acid residues in the reference sequence may be
deleted or substituted with another amino acid, or a number of amino acids up to 135%,
preferably up to 10%, even more preferably up to 5% of the total number of amino acid
residues in the reference sequence may be inserted info the reference sequence. These
alterations of the reference sequence may occur at the amino or the carboxy terminal
positions of the reference amino acid sequence or anywhere between those terminal
positions, interspersed either individually among residues in the reference sequence or in the
one or more contiguous groups within the reference sequence. Preferably, residue positions
that are not identical differ by conservative amino acid substitutions. However, conservative
substitutions are not included as & match when determining sequence identity.

“Sequence homology”, as used hercin, refers 6 a method of determining the
relatedness of two sequences. To determine sequence homology, two or more sequences are
optimally aligned, and gaps are introduced if necessary. However, in contrast to “sequence
identity”, conservative amino acid substitutions are counted as a match when determining
sequence homology. In other words, to obtain a polypeptide or polynucleotide having 95%
sequence homology with a reference sequence, 85%, preferably 90%, even more preferably
95% of the amino acid residues or nucleotides in the reference sequénce must match or
cornprise a conservative substitution with another amino acid or nucleotide, or a number of
amino acids or nucleotides up to 15%, preferably up to 10%, even more preferably up to 5%
of the total amino acid residues or nucleotides, not including conservative substitutions, in
the reference sequence may be inserted into the reference sequence. Preferably the
homologous  sequence comprises at least a stretch of 50, even more preferably 100, even
more preferably 250, even more preferably 500 nucleotides.

A “conservative substitution” refers to the substitution of an amino acid residue or

nucleotide with another amino acid residue or nucleotide having similar characteristics or
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0.0515 0.3785 1 vs. 4 (729 Removed) 0.0022 0.0135 0.0150 All vaccinated groups showed
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Preferably, said PCV2 ORF2 protein is
1) a polypeptide comprising the sequence of SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11,

ii) any polypeptide that 1s at least 80% homologous to the polypeptide of 1),
1i1) any immunogenic portion of the polypeptides of i) and/or ii)
iv)  the immunogenic portion of iif), comprising at least 10 contiguous amino

acids included in the sequences of SEQ ID NO: 3, SEQ ID NO: 6, SEQ ID
NO: 9, SEQID NO: 10 or SEQ ID NO: 11,

v) a polypeptide that is encoded by a DNA comprising the sequence of SEQ
ID NO: 3 or SEQ ID NO: 4.

vi) any polypeptide that is encoded by a polynucleotide that is at least 80%
homologous to the polynucleotide of v),

vii) any immunogenic portion of the polypeptides encoded by the
polynucleotide of v) and/or vi)

viii} the immunogenic portion of vii), wherein the polynucleotide coding for said
immunogenic portion comprises at least 30 contiguous nucleotides included
in the sequences of SEQ ID NO: 3, or SEQ ID NO: 4.

Preferably any of those immunogenic portions will have the immunogenic
characteristics of PCV2 ORF2 protein that is encoded by the sequence of SEQ ID NO: 3 or
SEQ ID NO: 4. ,

As mentioned above, the relative potency (RP) of the PCV2 ORF2 portion of the
composition is at least 1.38, more preferably between about 1.38 and 4.5, still more
preferably between about 1.38 and 3.5, even more preferably between about 1.38 and 3, and
most preferably between about 1.38 and 2.75. Similar to the determination of an RP value of

at least 1.22 with respect to M.Aye, an RP value for PCV2 is greater than about 1.38 when
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85% of mice treated with one-twentieth of the amount of PCV?2 antigen associated with an
RP value of 1.38 develop a detectable amount of antibodies against PCV?2 using a PCV2-
specific antibody detection assay within or at 21 days post treatment or post administration of
the PCV2 antigen. Preferably, an RP value for PCV2 is greater than about 1.38 when 95%
and preferably 100% of mice treated with one-tenth of the amount of PCV2 antigen
associated with an RP value of 1.38 develop a detectable amount of antibodies agamst PCV2
using a PCV2-specific antibody detection assay within or at 21 days post treatment or post
administration of the PCV2 antigen.

The PCV2 ORF2 protein used in an immunogenic compaosition in accordance with the
present invention can be derived in any fashion including isolation and purification of PCV2
ORF2, standard protein synthesis, and recombinant methodology. Preferred methods for
obtaining PCV2 ORF2 polypeptide are also provided in the international patent application
WO 2006-072065, which corresponds to the U.S. Patent Application Serial No. 11/034,797,
the teachings and content of which are hereby incorporated by reference.

According to further embodiment, said PCV?2 antigen is Ingelvac®CircoFLEX,
(Boehringer Ingelheim Vetmedica Inc, St Joseph, MO, USA), CircoVac® (Merial SAS,
Lyon, France), CircoVent (Intervet Inc., Milisboro, DE, USA), or Suvaxyn PCV-2 One
Dose® (Fort Dodge Animal Health, Kansas City, KA, USA), or any of the PCV?2 antigens
included in any of the vaccines mentioned above. Most preferably, the PCV2 antigen is that
which is included in Ingelvac@CirboFLEX or is Ingelvac®CircoFLEX.

A “M. hyo antigen” refers to any composition of matter that comprises at least one
antigen that can induce, stimulate or enhance the immune response against M. hyo infection,
when administered to a pig. Preferably, said M. hyo antigen is the whole M. hyo bacterin,
preferably in an inactivated form, a live modified or attenuated M. fyo bacterium, a chimeric
virus that comprises at least an immunogenic amino acid sequence of M. hyo, or any other
polypeptide or component that comprises at least an immunogenic amino acid sequence of M,
hyo. Preferably the M. hyo antigen is an inactivated M. hyo bacterin. More preferably the M.
hyb antigen is derived from the M. hyo J-strain. Most preferably the M. hyo bacterin is the
mactivated M. Ayo bacterin that is included in Ingelvac®MycoFlex vaccine (Boehringer
Ingelheim Vetmedica Inc, St Joseph, MO, USA) or is InQelvac@MycoFlex. However, the M.
hyo antigen that can be used according to the invention can also selected from any one which

is included in the following vaccine compositions: Porcilis M. hyo, Myco Silencer® BPM,
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Yes 2>19 2.0 mL of IVP-2 (100 mL: 50 mL of Al. hyo Bacterin and 50 mL of PCV2 vaccine) IM in the

neck regioa,&lé%gﬁ%%@. 19 1.0 mL of IVP-3 (100 mLi 50 mL of Al. hyo Bagteyinsyad, e of PCV2
vaccine) IM In the neck region 1.0 mL of IVP-3 (100m150 inL of M. Yes hyo Bacterin and 50 mL of

PCV2 vaccine) IM in the neck region
Myco Silencer® BPME, Myco Silencer® ME, Myco Silencer® M, Myco Silencer® Once,

Myco Silencer® MEH (all of Intervet Inc., Millsboro, DE, USA) Stellamune Mycoplasma
(Pfizer Inc., New York, NY, USA), Suvaxyn Mycoplasma, Suvaxyn M. Aye, Suvaxyn MH-
One (all of Fort Dodge Animal Health, Overland Park, KS, USA (Wyeth).

Injection timing is flexible. Compositions as described herein can be used as early as
three weeks of age through the time when pigs leave the nursery with the objective of
vaccinating at least 2 weeks prior to exposure to Mycoplasma hyopneumoniae. The
composition according to the invention may be applied in any conventional manner including
intradermally, intratracheally, or iniravaginally. The composition preferably may be applied
intramuscularly or intranasally. In an animal body, it can prove advantageous to apply the
pharmaceutical compositions as described above via an intravenous injection or by direct
injection into target tissues. For systemic application, the intravenous, intravascular,
mtramuscular, iﬁtranasal, intra-arterial, intraperitoneal, oral, or intrathecal routes are
preferred. A more local application can be effected subcutaneously, intradermally,
intracutaneously, intfacardiaﬂy, intralobally, intrarmnedullarly, intrapulmonarily or directly in
or near the tissue to be treated (connective-, bone-, muscle-, nerve-, epithelial tissue),
Depending on the desired duration and effectiveness of the treatment, the compositions
according to the invention may be administered once or several times, also intermittently, for
instance on a daily basis for several days, weeks or months, and in different dosages.
However, as detailed herein, the combination of M. hyo bacterin and PCV2 ORF 2 provides
an immunogenic composition that provides effective immunity and/or reduces the severity of
or incidence of clinical signs associated with AZ. hyo and/or PCV2 infection in pigs receiving
such a composition after just one dose.

“Decrease” or “reduction in the incidence of or severity of clinical, pathological,
and/or histopathological signs” shall mean that any of such signs are reduced in incidence or
severity in animals receiving an administration of the vaccine in comparison with a “control
group” of animals when both have been infected with or chailenged by the pathogen from
which the immunological active component(s) in the vaccine are derived and wherein the
control group has not received an administration of the vaccine or immunogenic composition.
In this context, the term “decrease” or “reduction” means a reduction of at least 10%,
preferably 25%, even more preferably 50%, and most preferably of 100% in the vaccinated

group as compared to the control group as defined above.
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4 >19 2.0 mL of IVP-3(100 mL: 50 mL of Al. hyo Bactcrin and 50 mL of PCV2 vaccine) IM in the neck
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IM in the ﬁ\e{@r@g%#g Ss 6 > 5 N/A N/A N/A gl

“Clinical signs” shall refer to signs of infection from a pathogen that are directly
observable from a live animal such as symptoms. Representative examples will depend on
the pathogen selected but can include things such as nasal discharge, lethargy, coughing,
elevated fever, weight gain or loss, dehydration, diarrhea, swelling, lameness, and the like.
PCV2 chlinical signs can include wasting, paleness of the skin, unthriftiness, respiratory

~ distress, diarrhea, icterus, and jaundice. Clinical signs of M. hyo infection include a dry
cough, impaired performance, and lung lesions.

“Pathological™ signs shall refer to signs of infection that are observable at the
microscopic or molecular level, through biochemical testing, or with the naked eye upon
necropsy. For PCV2, pathological signs will include microscopic and macroscopic lesions
on multiple tissues and organs, with lymphoid organs being the most common site for
lesions.

“Histopathological” signs shall refer to sigﬁs of fissue changes resulting from
infection.

In another embodiment of the present invention A hyo antigen, preferably M. hvo
bacterin, is combined with antigen from another discase-causing organism in swine. In such
cases, the RP value of the M. Ayo portion is as described above. In another embodiment of the
present invention, PCV2 antigen 18 combined with antigen from another discase-causing
organism in swine. In such cases, the RP value of the PCV2 portion is as described above.
Furthermore, in another embodiment of the present invention, PCV2 antigen and M. hvo
antigen, preferably M. Ayo bacterin, are combined with antigen from another disease-causing
organism in swine. In such cases, the RP value of the M. svo and PCV2 portion are as
described above.

Preferably the other disease-causing organism in swine is selected from the group
consisting of: Actinobacillus pleuropneumonia (1); Adenovirus (2); Alphavirus such as
Eastern equine encephalomyelitis viruses (3); Bordetella bronchiseptica (4); Brachyspira spp.
(5), preferably B. hyodyentheriae {(6}; B. piosicoli (7),. Brucella suis, preferably biovars 1, 2,
and 3 (8); Classical swine fever virus (9); Clostridium spp. (10), preferably CL. difficile (11),
CL perfn'ngem types A, B, and C (12), CL novyi (13), Cl. septicum (14},'(31. tetani {I5);
Coronavirus (16), preferably Porcine Respiratory Corona virus (17); Eperythrozoonosis suis
(18); Erysipelothrix rhusiopathiae (19) Escherichia coli (20); Haemophilus parasuis,
preferably subtypes 1, 7 and 14 (21) Hemagglutinating encephalomyelitis virus (22);
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The pigs in the challenged groups were challenged on D184 of the study. All piglets were observed
daily from DVtb2DB3 16¥58ny adverse events and overall health. All piglets \/\ﬁf@/hmgggg@gmed on D33.
On D184, each pig was challenged intratracheally with 10 ml of virulent M. hyopneumoniae. All pigs
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days or 26 weeks post vaccination. This is a surprising resdilt given attt inati . hyo and
PCV2 akfigsHoly SHeveresmbiserioftBxmwforbly StrephisuinvetlySivmevasmasriechsut®);

POV Tho Sty oo et e R Ty g o P bl e e
presenc@imsp@ Virus of vesicular exanthema of swine (55); Leptospira Hardjo (56), Porcine
circovirus (57); and/or Mycoplasma hyosynoviae (58).

Any reference made in connection with a swine pathogen in the following can be
made by naming the pathogen, for example Pasteurella multocida, or by making reference to
the number in ( ) behind the pathogen that is found above. For example reference to
Pasteurella multocida can be made by Pasteurella multocida or by (3 7).

Thus, the present invention relates to a combination vaccine for the treatment and /or
prophylaxis of swine, that includes an immunological agent effective for reducing the
incidence of or lessening the severity of M. hyo and/or PCV?2 mnfection(s), and further an
immunological active component effective for the treatment and/or prophylaxis of infections
caused by any of the swine pathogens (1), (2), (3), (4), (5), (6), (7), (8), (9. (10, (1 1), (12),
(13), (14), (15), (16), (17), (18), (19), (20}, (21), (22), (23), (24), (25), (26), (27), (28), (29),
(30), 31D, (32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42), (43), (44), (45), (46),
(47), (48), (49), (50), (51), (52), '(53), (54), (35), (56}, (57) and/or (58), or is an
immunological active component of said swine pathogen(s).

An “immunological active component” as used herein means a component that
induces or stimulates the immune response in an animal to which said component 1s
administered. According to a preferred embodiment, said immune response 18 directed to said
component or to a microorganism comprising said component. According to a further
preferred embodiment, the immunological active component is an attenuated microorganism,
including modified live virus (MLV), a killed-microorganism or at least an immunoiogical

active part of a microorganism.
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Materials and Methods Pigs were 3 weeks 5 days of age at vaccination. Group 1 was vaccinated
with a singi® 9 #PHHEWSF M. hyo antigen in the form of a bacterin. Group PHESH8AERY with a
single 2 ml dose of equal amounts of M. hyo antigen and PCV2 antigen. Group 3 was a challenge

control group arEn@iRIeREI MRS IGkEOB Al BRoHILSHIYRS L3 Welemrbsequsntly, ?ﬁ@ﬂged on

D33 with a virulent M. hyo isolate. All animals in the study were necropsied at D61. Résults and
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2009/126356PCP-1152009/031847 Efficacy of Ingelvac MycoFLEX as a monovalent arid arter mixing

with CiréSPIEXITEsaidiarnalap gl ertiys Bidss Lung Pathology (% of lung) Ingelvac MycoFLEX
5.5% (P<0.001) Myvcaink B xaR WL G Cofd- Bt B2 /HmTR 0 Ghallenog Gonirels T3¢
combination vaccine is selected from the group consisting Enterisol® Ileitis, Enterisol®
Ileitis FF, Enterisol® SC-54, Enterisol® SC-54 FF, Enterisol® ERY-ALC, Ingelvac® APP
ALC, Ingelvac® AR4, Ingelvac® HP-1, Ingelvac® HPE-1, Ingelvac® PRRS MLV,
Ingelvac® PRRS ATP, Ingelvac® PRV-Gl, Reprocyc® PRRS PLE, Reprocyc® PLE,
Tetguard™, Toxivac® AD+E, Toxivac® Plus Parasuis, (all of Boehringer Ingelheim, St.
Joseph, MO, USA); Circovent, Porcilis Coli, Porcilis ERY + PARVO, Porcilis Ery, Porcilis
Glasser, Porcilis Parvo, Porcilis Porcoli DF, Porcilis APP, Porcilis AR-T, Porcilis AR-T DF,
Porcilis Porcoli, Porcilis Porcoli Diluvac forte, Porcilis PRRS, Porcilis Porcol 3, Poreilis
Aujeszky, Porcilis Begonia Diluvac, Porcilis Begonia 1.D.A L., Porcilis Begonia Unisole,
Porcilis M. hyo, Porcilis Atrinord, Rhinogen® BPE, Rhinogen® CTE 5000, Rhinogen®
CTSE, Score, Sow Bac® E II, Sow Bac® CE II, Sow Bac® TREC, ProSystem® CE,
ProSystem® RCE, ProSystem® TREC, ProSystem® Pillmune, ProSystem® Rotamune®
with Imugan® II, ProSystem® Rota, ProSystem® Rotamune KV, ProSystem® TG-Emune®
Rota with Imugan® II, ProSystem® TGE/Rota, ProSystem® TG-Emune® with Imugen®,
ProSystem® TGE, MaGESTIC 7, MaGESTIC 8, MaGESTic™ with Spur®, MaGESTic® 7
with Spur®, MaGESTic® 8 with Spur®, End-FLUence® with Imugen® II, End-FLUence®
2, PRRomiSE®, PRV-Begonia with Dlluvac Forte®, Argus® SC/ST, Strep Bac, Strep Bac®
with Imugen® 1I, Colisorb, Heptavac, Lémbivac, Porcovac plus, Erysorb Parvo all of
Intervet Inc., Millsbore, DE, USA); Hyoresp, Circovac, Neocolipor, Parvoruvae, Parvosuin,
Progressis, Viraflu, Akipor 6.3, Jespur gl-, Jesflu gl- (all of Merial LTD, Dulath, GA); ER
BAC® PLUS, ER BAC®, ER BAC® PLUS/LEPTOFERM-5® ER BAC® Leptoferm-5®,
Farrowsure®, Farrowsure® B, FARROWSURE® PLUS B, FARROWSURE® PLUS,
FARROWSURE® PRV, FARROWSURE B-PRV, FLUSURE™, FLUSURE™ RTU,
FLUSURE™/ER BAC® PLUS, FLUSURE™/ER BAC PLus®, FLUSURE™/RESPISURE®,
FLUSURE™/RESPISURE® RTU, FLUSURE™/RESPISURE-ONE®/ER BAC® PLUS,
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Strict Controls 0 The results of this study show that the difference in lung pathology, between
those pigs VHEEHIRMERSISRN Al. hyo antigen alone versus those pigs vaccinaked witnes@apsisination of
M. hyo and PCV2 antigens, was not statistically significant. Therefore, this study shows that

surprisingh, S anlgem dees nesare williheinmunaoeain eieetnt tiedvichyoaaieen
component. This makes the combination vaccine comprising M. hyo antigen an 2 antigén
efficaciolib¥oriREEtBABYIN. R0 | AQiNEEha L, ISEHB RS snatvthis ndleb cdthbisERdIFaf-aowtigeas can be
mixed a ti i Qgﬂg&g@ rotecti Inst h thogens r a single dos

EXAM PE‘%‘% Iﬁ’%$xlg%%vestlgatioigvﬁ¥a§ gfrﬁ%%%%?’%@éte r?fns‘[?h g?ﬁ%oﬁlgrag}%’f ?ﬁlg‘g%ﬂ?ﬁ}bssﬁ%n,
compris&tebfmuin antigéel lanmiRCVacartigdamvhe rCsivalleSrgHdnvitle PEMD, Natgrialsaogdylethods

The PC ffl tion formed in sixty. c lan-derived, colgstrum-deprived. piglets. At
approxir\ri%tb I{%% reéeI\\/(vgeég S Of %@%Fe se\slyésr%r?/af((:éﬁlgi%?\?‘vié% iﬁ\?%c(ﬁ’ﬁ%ﬁnﬁ XV elvac(r)
PRRS MivrmrtizndringelvacOBBinaReXTMbinmsbglk Briiloss OB oy 3dmest Yagehiaiion,
vaccinat d controlanimals were aqminist .a vjrulent PCV2 challenge virus, Twenty-two days
following§o tﬁlgagv rﬁ%%@éafgfa %083? égega?{gﬁ %C%%?éﬂgﬁ’ %&nﬁ%@s werd duthinie i ref thixeect
tissues \uers MeavoVEdr&NANSIDUIRIEY fonhisiplogyraroHEnsuRekistoggmisiye HE) fosREN2. Al
procedures for. handli andarg)using the piglets were observed as described in Example 1.'Results
" and DisCU¥SHATY V\%@ 91128358 P CHIESB O 7 Barthe o' cA(BHaTeY IREP S WesekicEly
evaluatignwere Iympkeid depletiaflymehaith fiamaionAre.lymphgid @lga%ey%irﬁed group
had 0% Jymphoid depletion, 4.2% (1/24) lymphoid inflammation, and 8.3% (2/24) lymphoid IHC. The
control g%y‘éﬁ%%dP@é?@%s(z%ﬁ&WmBﬁ%}ﬁ:&eéﬁ%u&{%7.%%w-z%qwﬁmé@ ifABBmerkyand 91.7%

(22/24) lympirisdt G TNGrES W AR SHRNRRtZES h@gyv?sa\?-@@@ SLmmaRy HrReV2

Dy R B Gavany et Suvatym® Bomtl S 8£§§"£t¥2?<ph%dpLE/prv -
; : i gpi-,

Suvaxyn® LE+B, Suvaxyn® PLE + B, Suvaxyn® PLE+B/PrV gpl-, Suvaxyn® SIV,
Sﬁvaxyn@ SIV/Mh-one, Suvaxyn® P, Suvaxyn® PrV gpl-, Suvaxyn® PCV-2 One Shot (all
of Fort Dodge Animal Health, Overland Pai‘k, KS, USA (Wyeth); SCOURMUNE®,
SCOURMUNE®-C, SCOURMUNE®-CR, AR-PAC®-PD+ER, AR-PARAPAC®+ER, M+
Rhusigen®, M+PAC®, MaxiVac Excell®3, MaxiVac® HINI, MaxiVac® H3N2,
MaxiVac®-FLU, MaxiVac®-M+, MaxiVac Excell®, MaxiVac Excell 3, PARAPAC@,
PNEU PAC®, PNEU PACR-ER, PNEU PAC®+ER, PRV/Marker Gold®, PRV/Marker
Gold®, PRV/Marker Gold®-MaxiVac® FLU, Rhusigen™, Gletvax 6, Covexin 8, M + PAC,
Gletvax plus, M-Parapac™SS PAC® (all of Schering-Plough Animal Health Corporation,
Kenilworth, NJ, USA); AMERVAC-PRRS, AUSKIPRA-BK, AUSKIPRA-GN,
COLISUIN-CL, COLISUIN-TP, ERYSIPRAVAC, GRIPORK, HIPRASUIS-GLASSER,
MYPRAVAC SUIS, NEUMOSUIN, PARVOSUIN, PARVOSUIN-MR, PARVOSUIN-
MR/AD, RINIPRAVAC-DT, SUIPRAVAC-PRRS, SUIPRAVAC-RC, TOXIPRA PLUS (all
of Laberatories Hipra S.A., Amer, Girona, Spain); Clostricol, Coliporc Plus, Haeppovac,
Per-C-Pore, Porciparvac, RESPIPORC ART + EP, RESPIPORC FLU, Respiporc M. HYO |
SHOT, Rhusiovac, Rotlauf-Lebendimpfstoff, Salmopore, Suisaloral, AK-vac MK35 (all of
IDT Impfstoffwerk DessaTornau, Tornau, Germany); Mypravac Suis, (Albrecht GmbH,
Germany); Haemo Shield® P, Parapleuro Shield® P, Parapleuro Shield® P+BE, Rhinicel®
FD, Rhini Shield™ TX4, Prefarrow Shield® 9, Prefarrow Strep Shield®, Clostratox® BCD,

26



inflammation +/total Lymphoid IHC -F/tdtal (%) (%) Vaccine 0/24 (0.0%) 1/24 (4.2%) 2/24 (8.3%)
Controls 2%%%@92@5%1/24(87.5%) 22/24 (91.7%) P-value between grow&;@sgg&}ug&zgom

Clostratox® C, Clostratox® Ultra C 1300, Porcine Ecolizer® 3 + C, Porcine Pili Shield
™+C, Porcine Pili Shield ™Porcine Ecolizer® 3, Ery Serum™Ery Shield™Ery Vac Oral, Ery
Shield™ +L5, PanSTAR™ Ery, Erycell™Parvo Shield® 'E,'Parvo Shield® L5E, Parvo
Shield® LS5, Parvo Shield®, Para Shield®, PneumoSTAR SIV, PneumoSTAR™ Myco,
Lepto Shield™ 5, Myco Shield™Salmo Shield® 2, Salmo Shield® Live, Amitox Tet™C.
Perfringens Type A Toxoid (all of Novartis Animal Health, Basel, Switzerland); Nitro-Sal

(Akro); or any antigen included in the compositions described above.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following examples set forth preferred materials and procedures in accordance
~with the present invention. It is to be understood, however, that these examples are provided
by way of illustration only, and nothing therecin should be deemed a limitation upon the

overall scope of the invention.

EXAMPLE 1

The study design was set up to evaluate the combination efficacy of PCV2-M.Avo at
full and 2 x 1/2 dose, at two different inclusion levels of M. hyo for the combination product
and also to demonstrate any interference of the combination product compared to -the

monovalent M. hvo.
Materials and Metheods:

Pigs were divided into 6 groups. All of the challenge groups (Groups !-5) had around
19 pigs in each group. The control group containing pigs that were not given treatment and
were not challenged (Group 6) had 5 pigs in the group. All pigs were necropsied on Day 61
of the study. The Schedule of the Investigation 1s shown below in Table 1

Table 1
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<0.0001 There were no injection site or other adverse reactions that could be attributed to the
vaccine mixture. The results, together with the results of the M. hyo challenge study described in
Example 1, WEABIE#588%hat the mixture of M. hyo antigen and PCV2 antigeraediveressipga single 2
mi dose is efflcaC|ous agalnst mfectlons by M. hyo and PCV2. The ability to mix these antigens

H praiechian aj FThe patoy s decreasing the
qe animal while decreasjng the labor required to
- thoy acrificing-the safety of the individyal vaccines. Further this
demonstrates that thg;y)acum c3r?15b|r?aaf|c§ﬁaﬁ’§”§tfﬁtaaous for infection agains{ PCV2. EXAMPLE 5

This example deteriineththe] mEmBek ok e PToRURTY Uetettabtetevetsofpntibodies to M. hyo or
PCV?2 after recgivingi adm m&mmmmmmmm@w@altlon comprising M. hyo antigen or

PCV2 antigen ih-acectdance Wity -Tk,‘ m.a an. Ma and Methdds WO _
2009/126356PC T/US2009/03 ifﬁfm 6@;@;@56?#35} lffgéa@fg@em h mice from 5 different
treatment groups, each havir g'}QJQpIT]IQ&rﬁhﬁEe[B\Je ﬁufﬂé‘f: Mﬁ‘é’&ﬁhﬁ@\#ﬁc se of M. hyo antigen, the

ivedraw éserdhPEY Zaniigen Ia‘mﬂexﬁheylastdtwm
(IVE2Lioiaun 41 Administer oL
RINAEs Cridical Astessments o« o

AMQTOVEHER S, FYo & 'ér-l‘iif'l" VAdging "‘fér“TVF_’s 0 1. : :
18monthsqseedianple 4 above). Prior 10 a inistration, the Al. hyo

v gfdesstiibe st fottroTdrs (Hnerainounbaianagen administered to the
%ﬁg@dﬁ quc;té?e lt“édml istered to pigs in Example 1. Each mouse in
matnistation of P ﬁnéen‘f’fgevﬁmsi%’“h% o9y {fdlease RP of 1.38) (See
tHenid. Ihwlosimtigenerofiéeroup T, The PCV2-antigen for each dose of
BledsHledlierapiseich that it contained one-lenth of the PCV2 antigen
administered tp the plgs in xgi eé}m igﬁéﬁs ouse in Group 3 receied a 0.2m1 administration
of PCV2 antigen'seria Rt et VAL, 14 with physiological saline
such that it contained one-twentieth of the PCV2 antigen administered to the pigs in Example 1 above.
Groups 4 and 5 each received a 0.1m1 (Group 4) or 0.2m1 (Group 5) administration of physiological
saline/c:arbop&hmfteamtmmﬂmmnmﬁfﬁcammag Wﬁ@f&ﬂiﬂ@%ﬁxﬁrﬁﬁﬁ%fqGéclfy'ié‘?c?s““b‘-"dy
detect|o ll.% j;‘%r rou 1 anq?4 ar(ggaﬁlng a specific PCV2 antibody detection assay
(ELISA) or groups 2, 3, an c(t)a 24 s of antibodies were found using the assay, the
result was ter table a nts of antlbo ies wer not found using the assay, the
result was ternmpgglj'ﬁggg%\?éa}@ggﬁs% l]éée |h68ro ﬂ wera 13 nﬁ’i‘f?ﬁ%é%éfﬁ&@ﬁﬁ%éaievels of M
hyo antititifedoadd dﬂfﬁm@@tm@mp@mmrﬁtmddave\@em&b&ﬂﬁuﬁlﬁzoé?x@%ﬁn%ﬂgles 21

roups served as a control
b in Group | received a
411B that had a release RP

second and thi
group and rec
0.1 ml adminis
of 1.44 and an
antigen for eac
mice was 40-fg
Group 2 receiVf
Example 1 abg
Group 2 was d

d groups rece
veg Agige o
ratiorme TVP-

P of 1.22 at
rlncgzm Gro.

T uuuu T+

Id less ﬂ1an th
cd a 0.2m1 a
vp‘DSStmﬂ@rt

days afipradmini taini osition. In_contrast, no detectable levels of Al.
hyo antggdles &iﬁ%ﬁ%@%@%%{&%&g@aﬁng efgé%n%g neigrBeE s FRR SYica thadignimd in

Group §@Z‘f%léi'9§eawsdm%@réhmﬁ@sth&ﬂﬁyé&cgb@imlssaime@afb@@gl@mposmon. Thus,
one-fortieth of the antigen effective at inducing a protective immune response in pigs was able to
produce detélthllé amounts of antibodies to Al. hyo in 100% of WO

2009/1 PCT/US2009/031847 mice receiving an administration of a composition in accordance
with thd present invention{ This amount was defined as an RP or I. zzrqﬁ@leygyw%wcuvw ong-tenth
of the gntigeip effeatingeat Indugingaprglasyve immyne responge in pigs waggble to pragice
detectgble amopnts of anthbodles to PCV2 in 10p% of mice receiving an:aginaimisiation fcsopsy
compositiomimcTordance-with L”%g}.m-nn yertien—This.amount was defin@3®as an RP of 1.38 for
PCV2.|WQ 2009/126356PG; Fﬁt 9?9?9%%%7 Claims /s Yes D61
the neck region
2.0 mL of IVP-2 (100
mL: 50 mL of M. hyo
Bacterin and 50 ]
2 219 1 pev2 vaccine) EMnif t}(l)ef VA ves Dol
neck region
L0 mL of IVP-3 (100 1.0 mL of IVP-3
ml: 50 mb of M hvo (100mL: 50 mL of A,
3 =19 Bacterin and 50 mL of | Ayo Bacterin and 50 mL Yes D61
PCV2 vaccine) IM in the | of PCV?2 vaccine) IM in
neck region the neck region
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1. An immunogenic composition for eliciting a protective immune response in a pig against
Mycoplasnwé‘%zoq%pegsrgﬁoniae (M. hyo) wherein said immunogenic composition com risesgorcine
circovirus type2 antigen and Al. hyo antigen, wherein the amount of the I\/P%Vg%%’ﬂ 8%% r dose has
a relative_potency (RP) value of at least 1.22, wherein an RP value of 1.22 for ill hyo means that 95%
and preferably 1j00% of micatecéivifig @hrhditinjstration of one-fortieth (1/40) of such amount off Al.
hyo antigen develop a deteéthblédamlowht ¥f drtibodies within or at 21 days post treatment in an jAl.
ibody dete @@@%@sﬁjﬁ THe fmunogemttompositibn accdfding to claifff L, wherein

brcine circ xg&qﬁﬁgnf)an iﬁle%eper dose has a relativg potency (RP) value of at feast

RP Value alL 38 T EPTEie. 1T COVIUR (YPE R ST Wgen means that 95 and preferably
ceiving an asfdnistuatiomef @ae testhnél IO afcsidah amountadsporcing cimmvirus type
oamount of antibodies withieeRd days pgst treatment in an porcine|
circovirds type 2 speciic antibody déiéction assay. 3. Thédmmunogenic comygasition accoxding jto
claim 1 or 2, whereln said composition further comprises an adjuvant. 4. The immunogenic
composition acﬂio{?agr{@fg‘wé’iﬁrgpg%%@?éiwelﬁéeﬁﬁ aaﬁﬁslg &?t%#é’r.m %g‘ﬁﬁr’%ﬁﬁéggaé’ﬁlén
COMpOSsRPRACOQIGiNG tasiain) 4vwlereinsail carbomerist GArbapehi4. THeIMB IRPEETIC?
composition mgﬁg&n one of clgims 1 to 5, wherein said immunagenic compaosition elicits a

protectivi il YgaiRdeat Ry onErlstinRisteteb18)d Big 24 Singi&adue) was

adminisyatigbsed of NE. IMMYALETTS-0OUMOSiliaR-aer dNan® POY DRERI Glgdnns £ fRieaywerein said
immunogenic composition elicits a protective immune response against M. hyo and porcine circovirus

type 2 wHen&dministered to a pig as a single dose administration. 8. The immunogenic composition
according to any.on laijms 1 to 7, wherein the | nogenic compositign elicits a duration of
immunity agains (I\yl.? %?/5(9: ’a%ig] 13%8%%5%%5@&?&%%%’ 3? gﬂé&%& PRPGLYS WL BYMiT&Bred to a
pig. 9. Thedmisiedogertic ¢onmyigsition arsordiviptedlaimtBs Wwiersio theciraunegeanic: cgropesition

elicits a duration of i nity against M. hy r porcine circovirus type 2 of at least 150 days when
i AN MR R i S R e e N
immunogehigasampesidon alisitsadRENID N efdmmUmnits @gaiostk My fyarind/ProdareidgI6MEgYjrus type 2
of at least 184 days when, adminjstered to.a pig...11. The immunogenic composition according to any
one of S FIEPYP ARG a&%&w&*&*@&rﬁmcﬁmit RHDATLLER s SO Uh LORed 2T
immunogieRiaeeMpRAsiliaiasgotding 19, ampare V! chaitise tecddnsmberringhg spepifigrantihedy
detection assaﬁ)%/&for de{/eﬁgl&%the porcine circovirus type 2 specific antibodies is the modified indirect

porcine SHBYURTEERE DU 4B EcbmBHSHP P St O O RPIEE BA4daET R for the
detectiop/of pntooeies.teiRE M aB-exempiayinidescriagd in GliupDiagn:ddoks SRuMemRl. @@a:#0 (2002).
13. Use of an immunggenic composijtion in the production of a medicament for eIici%ilr?ﬁ?a protective

immune SFSHSE e gt Rfafest M RRSaEAE RysohatsnbhRigelat wepor wreda sdimndnogenic

COMpositiRiF PYPHLES PG SieeM f tiREndaRtGRE and Ibbye: amiigens Wheisthe, ameunt of the
M hyo antigen per. dose has a relative potency value of at least 1.22, wherein an RP value of 1.22 for

M. hyo rFEangsA dpo8us alh dordicrab Rrd oo Berfcemadedving an administration of one-fortieth (1/40)
of such amounbafihh, hyc-ansigendevelamarieiesiahic amau of antinodiepwwithiner 8 21 glays post

treatment in an M hyo specific antibody detection assay. 14. The use of claim 13, wherein the amount

of porCIEToF5HERY 5 GTRHRGETF BT Hbld ke 2 IR d Yo @hey | AP Rk JESmac S Ge ms,
whereinzpp RRupiug & 133VeL PakEing SicayiRUSYRE:2 x@z’@%\g@@ﬁgﬁeﬁ@ Ercdapnd pEsesably

100% of mice receiving an administration of one-tenth (1/10) of such amount of porcine circovirus type

2 antigen Y 8Ve by BerdMapnelim Qunt b dtipisdresanitane @ todayrupostereBttdehl imbrPpRine
circovirus {2 apesiicoAibp AR URNARRRISa LTRSS SoSRICiAg 40.AAMA Gkl yuherein

said composition further comprises an adjuvant. 16. The use according to claim 15 wherein the
adjuvantlid Bot&eRINeaproduct and served as strict controls.

On Study Day 0, treatments were administered in the right neck region, midway
between the base of the ear and the point of the shoulder. On Study Day 12, treatment was
administered in the left neck region, midway between the base of the ear and the point of the

shoulder. All piglets were observed datly from D1 to D33 for any adverse events and overall
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17. The use according to claim 16, wherein said carbomer is Carbopol. 18. The use according to any
one of clai 0.17, wherein said immunogenic composition elicits a protective immune response
against M r3133/;%]zv%\@/f‘)itgé’}l%ggd’ginistered to said pig as a single dose administratiBﬁ.T/E.z‘}Pﬁ’@%gg’according
to any one of claims 13 to 17, wherein said immunogenic composition elicits a protective immune
responskealjainstiMl. figteane perdite dirsoujried typeIBdheDadmisterad 9saidpichasagiagle dose

administration. .20..The. use.according o ne of claims 13 to 19, wherein the immunogenic
composi %ﬁ by g ig(r)l %jﬁi(r)npﬁlﬁqﬁlif’gl %a%%i?%?% %%ngﬁf/orﬁgﬂ@i%%ﬁr@o\)/%?ﬁfg BB least
130 daysnwhéiniadnipistefediseasaifiqpig D21 1 De Ls@ aeebrdinglée slaimcalcvwhereimthp frumunogenic
composition. elicits ratjon of immuynity ggainst M. hyo /or. porcine circovirus type 2 of at least
120 oy h AL e TS SHFI, CLSHe P ioe o FOrH) SEFHPD O b drette: M
immunogenisaompisitod RS a-doiation Bfosdnumiicagainsidd. syandioz panine cirgsyirus type 2

of at least 184 days.wh dministered to said pig. 23. The use according to any one of claims 13 to
22, Whe%?ﬁetﬁeg(jt g ef(?ﬁiﬁg 88(}“&%‘%81&%&65%% SR arﬁSIEL%Az YU DIt SEsRIRg #4ny one of

claims Ittengicdherain hexspadfigaenthadydetossion assryfon deiecliogthe ROLGBICiIkERYIrus type
2 specific antibodies is tfbe modified indirect porcine circavirus (PCV) type 2-based and recombinant

capsid PO {ORELFASAHRETE ARG ddiBction'dt ArtiBtarastivp OV As defesamdiscribed in

Diagn. Ltab.sinnusgbctias ik (2002)edi0RRE TEY ENEEMIS NG s1dd> Boehsinger ingglheim
Vetmedica, Incﬁé?oof, mik@ 'chmeﬁ\rf Mark <120> PCV2 MYCOPLASMA HYOPNEUMONIAE
IMMUNEEEBRIRE ESRE @F@% B Mgt tes s Yt bliEseaceu A e SRIPESIONS <130>

40077 <iedmol incli402 MASNURNQISIORRGsis and was for information purposes only. Other M.
hyopneumoniae parameters that were analyzed between Group 1, 2, 3 and 4 and controls
(Group 3) included M. hyopneumoniae serology, post-vaccination clinical assessments and
post-challenge clinical signs. PCR testing for the presence of M. hyopneumoniae DNA was

completed on samples taken from the lungs to demonstrate an effective challenge.

Results and Piscussion:

Upeon necropsy, lungs were scored. One animal in Group 1 had consolidation and
multiple abscesses and one animal in Group two had consolidation plus pleuritis. Statistical
analysis was performed both with and without these two animals. As shown below, Group 3
had the lowest lung score of the vaccinated groups, with a score of 2.20. Group 4 had the
highest lung score of the vaccinated groups, with a score of 4.19. Both Groups 1 and 2 had a
lower lung score when animals 729 and 712, respectively, had been removed, with lung score
for Group 1 being 2.13 and 2.56 for Group 2 with the animals removed. Lung scores for all of
the vaccinated groups were significantly lower than the lung score of Group 5 (14.27) in

which the pigs were challenged and no vaccine was administered.

Lung Scores:

Group Average Lung
Scores
1 5.54

1 (with 729 2.13
removed)
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<210> 1 <211> 8 <212> DNA <213> Artificial <220> <223> This is a modified Kozak's sequence
<400> 1 cggee <é%09> 2 <211> 6 <212> DNA <213> Artificial <220> ;égép his is combinant
Eco R1 se%%%%?@ > 2 gaattc6 <210> 3 <211> 713 <212> DNA <21 6‘%%8@@?&‘%5 <400> 3
cagctatgac gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc60 ttggccagat cctccgecge

cgccegtgge tegtccacce cgggeaccgc tagegttiggal20
2 (with 712 2.56
removed)
3 2.20
4 4.19
5 14.27
6 0.00

Below is the statistical pairwise comparison summary. This includes analysis both

with and without the two animals with conflicting factors.

Results of Pairwise Test - Scores,

Comparison (Group | Wilcoxon Two- P Value Median P Value Two-
v. Group) Sample Test Two-Sample Test Sample T Test
1vs.5 <0.0001 <0.0001 <0.0001
1 vs. 5(729 <0.0001 <0.0001 <0.0001
Removed)
2vs. S <0.0001 <0.0001 <0.0001

1 2vs. 5(712 <0.0001 <0.0001 <0.0001
Removed)
3vs. 5 <0.0001 <0.0001 <0.0001
4vs. 5 <(.00601 <0.0001 <(.0001
1vs.2 0.3707 0.3872 0.3012
1vs. 2(712and 729 | 0.1636 0.2931 0.1139
Removed)
3vs. 4 0.0006 0.0005 0.0165
2vs. 4 0.2196 0.2706 7767
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gaaggaaaaa tggcatcttc aacacccgcc tctcccgeac cttcggatat actgtggagal80 aggaaaaatg gcatcticaa
cacccgcctc tccecgeacct tcggatatac tgtgacgact240 ttgttcccce gggagggggg accaacaaaa tctctatacc
ctttgaatac tg%gﬁi%ﬂféégﬁ gaaaggttaa ggttgaattc tggccctgct cccccatcac ccagfatyjatmgyguagtgg360
gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg420 acccatatgt aaacfta}f:tcci[ cticenn
tcccgedada cca acccttct ccactccc480 gtfacticac acctaaaccy gttcttgact teactatty

ccaaataaﬁ 6Eslggcl)w:‘[ﬁagg|aatca g(E(}:‘t @é ctg aggctacaa.aéc]& gaaa tgtggagc %ﬁﬁggcctchOO gcactgcgtt
cgaaa Sglgz‘a[%? cgacc agdactacaa tatccgtgta accatgtatg660 tacaattcag agaatitaat cttaaagacc
ccecacttag,acectaaatg aat71yRage 1 40077 <210>45211> 713 <2125 (B'z\tl‘fd‘ <213> Porcine

circovirus <400> 4 ccgccatgpc gtatccaagg aggcgitacc gcagaagaag acpccgcccc cgcagccatg60
1vs. 3(729 0.6212 0.3629 0.9196
Removed)
1vs. 4 0.0356 0.0515 0.3785
I vs.4(729 0.0022 (G.0135 0.0150
Removed)

All vaccinated groups showed statistically significant results when compared to
controls. There were differences between the 2x1/2 dose and the 1x2m! dose {Groups 3 and
4). These groups had lung scores of 2.2 and 4.19 respectively. There were also differences
between the monovalent and the high M. Ayo antigen inclusion combo group (Group 1 versus
4). The results of this study provide surprising results that M. Ayo in combination with PCV2
can provide an immunogenic effect when administered to pigs, as well as preserve the
efficacy of the M. hyo component. Additionally, the results show that a single dose of the
composition provides quick, long-lasting immunity. A single dose of this kind requires less

time and manual labor and puts less stress on the pigs.

EXAMPLE 2

This study design was set up to determine the duration of immunity of the

combination vaccine.
Materials and Metheds:

Pigs were divided into 6 groups. All of the challenge groups (Groups 1-5) had around
19 pigs in each group. The control group containing pigs that were not given treatment and
were not challenged (Group 6) had 5 pigs in the group. The Schedule of the nvestigation is

shown below in Table 3.

Table 3

I Greup I Number ] Treatment ¢n D0 | Treatment on D12 | Challenge with ]
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ttggccagat cctccgecge cgecectgge tegtccacce ccgecaccgc tacegttggal20 gaaggaaaaa tggeatctte

aacacccgcc tCtCCCgC

gagatttaat YA

ac cttcggatat actgtcaagg180 ctaccacagt cacaacgccc tcc

1) ttgttccccc gggagggggg accaacaaaa tctctatacc ctﬁ&&%%ge(%gé‘ggg‘gtaawo

acatgat

gaaaggttaa ggttgaattc tggccetgct cceecatcac ccagggtgat aggggagrgg360 getccactge tgttattcta

gatgataagt ttgtaac
acccttctcg taccact
aaaggaa

aaatacgafc aggac
accctaagfa ttc713

Arg Arg
Trp Leu

aaa ggccgcagcc ctaacctatg420 cccatatgt aaactactcc|tcccgceata caatccccca
ccc480 gttacttcac acccaaacct gttcttgact ccactattga ttacttépaercomaitadcas40
dr‘fg aggctacaaa r‘r‘fr‘mnnnn 'rm‘n gaccac ntnnnrrtrnﬁﬂ gr‘mrj}gﬁﬂ cg aaacagt
tacaa tatcc &é X acaattca gaatttaat "ttaaa%?cc cccagacttga
<240 5K 9 'I <213> Poreine circolvirus <460> 5 Met Thr Tyr Pro
Tg-TYT ATg AT ATO AT EIILS JAYLe RFC) /-&{g@BIOIS’"SET’Hi‘S‘L‘EWG i Arg Arg Pro
| His Prio mL: 50 mL of M. hyo
» - 19 Bacterin and 50 mL of N/A Yes
- PCV2 vaccine) IM in the
neck region
1.0 mL of IVP-3 (100 LO mL of IVP-3
ml: 50 mbE of M Avo | {(100mL: 50 mL of M.
3 > 19 Bacterm and 50 mlL of | Aye Bacterin and 50 mL Yes
PCV2 vaccine) IM in the | of PCV2 vaccine} IM m
neck region the neck region
2.0 mL of EVP-3 (100
ml: 50 ml of M hyo
4 =19 Bacterin and 50 mlL of /A Yes
PCV2 vaccine) IM in the
neck region
2.0 mL of CP (50 mL LOmE of CP (50 mL
5 >19 saline) IM in the neck saline) IM in the neck Yes
region region
6 =5 N/A N/A N/A

The pigs in the challenged groups were challenged on D184 of the study. All piglets
were observed daily from D1 to D33 for any adverse events and overall health. All piglets
were blood sampled on D33. On D184, each pig was challenged intratracheally with 10 ml
of virulent M. hyopneumoniae. All pigs were observed daily for any clinical signs of discase
from D32 to DIg4. Blood

samples collected prior to IVP administration were tested for M. hyopreumoniae and PRRS

Blood samples were collected from all pigs on D47 and D61.

serology. On D184, all pigs were euthanized and necropsied. The lungs and trachea were

removed and the lungs scored.

Results and Discussion

After the pigs were necropsied their lungs were removed, and the lungs were
observed for lung lesions. The vaccinated groups (Groups 1-4) had an average gross lung
pathology of 6.2% (P>0.0023), the challenge control group (Group 5) had an average gross
lung pathology of 14.9%, and the strict controls group (Group 6) had an average gross lung

pathology of 1.6%. These results are summarized in Table 4 below.

Table 4
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202530 Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ille Phe Asn Thr Arg 354045 Leu Ser Arg Thr Phe
Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr 505560 Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn lle
Asp Asp PREAAIEE#39580 Pro Pro Gly Gly Gly Thr Asn Lys lle Ser lle PréPHESEIHiSHr 859095
Arg lle Arg Lys Val Lys val Glu Phe Trp Pro Cys Ser Pro lle Thr 100105110 40077 Gin Gly Asp Arg
Gly Val Sificsepilapdlac WalcHBLEX 2ASpekgphsncddaba0125 Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr

Asp PFWH AT Q%;g[glé &?ﬂ@fz’u@'ﬁﬁﬁ&%“fb@&ﬁ&% His—Ser Arg Tyr

145150155160

Ingelvac MycoFLEX 6.2% (P<0.0023)
Challenge Controls 14.9%
Strict Controls 1.6%

The results of this study indicate that the vaccine combination of M. hyo and PCV2
has a Jong-lasting effect in pigs that iz-at least 184 days or 26 weeks post vaccination. This is
a surprising result given that the-combination of A4. hyo and PCV2 antigens is a novel

combination.
EXAMPLE3

This investigation was carried out to determine the amount of interference observed
when mixing an antigen of M. Ayo with an antigen of PCV2. The study demonstrated that the

M. hyo component of the vaccine was still effective in the presence of PCV2,
Materials and Methods

Pigs were 3 weeks = 5 days of age at vaccination. Group 1 was vaccinated with a
single 2 ml dose of M. hvo antigen in the form of a bacterin. Group 2 was vaccinated with a
single 2 ml dose of equal amounts of M. hyo antigen and PCV?2 antigen. Group 3 was a
challenge control group and Group 4 was a strict control group. Groups 1-3 were
subsequently challenged on D33 with a virulent M. %yo isolate. All animals in the study were

necropsied at D61.
Resulis and Discussion

Upon necropsy, lungs were scored. Group 1, vaccinated with M. Ayo antigen, only
had average gross lung pathology of 5.5% (P>0.001). Group 2, vaccinated with M. hyo
antigen and PCV2 antigen, had average gross lung pathology of 3.9% (P>0.001). Group 3,
the challenge controls, had average gross lung pathology of 14.3% and Group 4, strict
controls, had an average gross lung pathology of 0. The results are summarized below in

Table 5.

Table 5
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Phe Thr Pro Lys Pro Val Leu Asp Ser Thr lle Asp Tyr Phe Gin Pro 165170175 Asn Asn Lys Arg Asn
Gin Leu Trp Leu Arg Leu Gin Thr Ser Arg Asn 180185190 Val Asp His Val Gly Leu Gly Thr Ala Phe
Glu Asn SeVRAYIAES 195200205 Gin Asp Tyr Asn lle Arg Val Thr Met PEINGE2GIH RIS Arg Glu
Phe 210215220 Asn Leu Lys Asp Pro Pro Leu Lys Pro 225230 <210> 6 <211> 233 <212> PRT <213>

Porcine EifftauwruindBoeMyt0BL TR LTy b - Asek Akl Aig didIeide:A81ARg His Arg Pro Arg 151015

Ser Hi %&ﬁ%@ﬁg@%&ﬁ LeuArgArgArg ProTrp g;‘*je;"';%if ﬁi:%s:;ﬁngoggﬁgﬂgy (% of lung)
Ingelvac MycoFLEX 5.5 % (P<0.001)
MycoFLEX mixed with CircoFLEX 3.9% (P<0.001)
Challenge Controls 143% '
Strict Controls 0

The results of this study show that the difference in lung pathology, between those
pigs vaccinated with M. hyo antigen alone versus those pigs vaccinated with a combination of
M. hyo and PCV2 antigens, was not statistically significant. Therefore, this study shows that
surprisingly, PCV2 antigen does not interfere with the immunogenic effect of the M, hyo
antigen component. This makes the combination vaccine comprising M. hyo antigen and
PCV2 antigen efficacious for infection by M. hyvo. Additionally, it shows that this novel
combination of antigens can be mixed and still provide the necessary protection against these

pathogens after a single dose.

EXAMPLE 4

This investigation was carried out to determine the efficacy of the composition,

comprised of M. hyo antigen and PCV2 antigen, when challenged with PCV?2.

Materials and Methods

The PCV2 efficacy evaluation was performed in sixty caesarian-derived, colostrum-
deprived piglets. At approximately three weeks of age, piglets were vaccinated with
Ingelvac® MycoFLEX™, Ingelvac® PRRS MLV™ and Ingelvac® CircoFLEX™ in a single
2 ml dose. On day 31 post vaccination, vaccinate and control animals were administered a
virulent PCV2 challenge virus. Twenty-two days following the administration of the
challenge material, all animals were cuthanized and the select tissues were removed and
submitted for histology and immunochistochemistry (IHC) for PCV2. All procedures for

handling and housing the piglets were observed as described in Example 1.

Results and Discussion
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Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly lle Phe Asn Thr Arg 354045 Leu Ser Arg Thr Phe Gly Tyr
Thr Val Lys Ala Thr Thr Val Thr Thr 505560 Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn lle Asp Asp
Phe Val 65787888 Bf®ro Gly Gly Gly Thr Asn Lys lle Ser lle Pro Phe GIEGTUER893E9S Arg lle Arg
Lys val Lys Val Glu Phe Trp Pro Cys Ser Pro lle Thr 100105110 40077 115120125 Phe Val Thr Lys

Ala Thr Ala LedideiwsridspPtaeTpCVal éitabyr d30lahbldQer iseiphtadispibidie RigGnPro Phe
e 12600, i SRR TR, The Vabcmarad group had 034 fyaiphod deplerion, 4%
(1/24) lymphoid inflammation, and 8.3% (2/24) lymphoid IHC. The control group had
83.3% (20/24) lymphoid depletion, 87.5% (21/24) lymphoid inflammation, and 91.7%

(22/24) lymphoid THC. The results are summarized below in Table 6.

Table 6

Summary of PCV2 Primary Challenge Results

Treatment Lymphoid depletion Lymphoid Lymphoid IHC
+/ total (%) inflammation +/total +/total (%)
(“0)
Vaccine 0/24 (0.0%) 1/24 (4.2%) 2/24 (8.3%)
Controls 20/24 (83.3%) 21/24 (87.5%) 22/24 (91.7%)
P-value between <0.0001 <(.0001 <0.0001
groups

There were no injection site or other adverse reactions that could be attributed to the
vaccine mixture.

The results, together with the results of the M. Ayo challenge study described in
Example 1, demonstrate that the mixture of M. hyo antigen and PCV?2 antigen delivered in a
single 2 ml dose is efficacious against infections by M. hyo and PCV2. The ability to mix
these antigens provides needed protection against the pathogens M. hyo and PCV2 as well as
decreasing the number of injection sites and subsequent stress on the animal while decreasing
the labor required to administer two separate vaccines without sacrificing the safety of the
indrvidual vaccines. Further this demonstrates that the vaccine combination is efficacious for

infection against PCV2,

EXAMPLE 5
This example determined the number of mice producing detectable levels of
antibodies to M. hyo or PCV2 after receiving an administration of an immunogenic
composition comprising M. hyo antigen or PCV2 antigen in accordance with the present

mvention.

Materials and Methods
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Asn Asn Lys Arg Asn GIn Leu Trp Leu Arg Leu GIn Thr Ser Arg Asn 180185190 Val Asp His Val Gly
Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp 195200205 GIn Asp Tyr Asn lle Arg Val Thr Met Tyr Val
GIn Phe Ar§"@RI1HE 316215220 Asn Leu Lys Asp Pro Pro Leu Glu Pro 226CBUsRINP3T35211> 756
<212> DNA <213> Artificial <220> <223> This sequence is from porcine circovirus type 2, open

reading frame 2 iqagthepilianewian:fomiibe AGRM T6aSY uesior, <490z 7, gcagecacy
gaattcgatc qgccatgapggfﬁ;tccaag%g gz%:gttaccg cagaagaaga60 caccgc(?:%cc1 egacaﬁccﬁcaul%gcc%aatc
A4

ctecgeedi Heeeligyes dheseiaec Hogioacrseasshttdgay el doaaatt ygoatbticaaericasgcct

tg240 agatttaata
cteccgcanrBOrYeRoRIala, ClOlCAAANGHPESASaglg ARAALYSRC! CEIggacgat agacat
ttgacgactt tgtt%:cccg ggagggggga ccaacaaaat Ct%tafaccc%%% taf%gaatag%%i@agsa%t §g 35a‘§cﬂ%f§’ g
gttgaattﬁﬁggc@g&%cémkgggg@@ physiclogical saline and Carbopol. Each mouse in Group 1

received a 0.1 ml administration of IVP-1 (monovalent M, hyo antigen) from serial 273-011B
that had a release RP of 1.44 and an RP of 1.22 at 18 months (see Example 1 above). Prior to
administration, the M. Ayo antigen for each dose in Group 1 was diluted 1:4. Thus, the
amount of antigen administered to the mice was 40-fold less than the amount of antigen
administered to pigs in Example 1. Each mouse in Group 2 received a 0.2ml administration
of PCV2 antigen serial 309-035 (release RP of 1.38) (See Example 1 above). Similar to the
M. hyo antigen for Group 1, the PCV?2 antigen for each dose of Group 2 was diluted 1:2 with
physiological saline such that it contained one-tenth of the PCV?2 antigen administered to the
pigs in Example 1 above. Each mouse in Group 3 received a 0.2ml administration of PCV?2
antigen serial 309-035 (release RP of 1.38) that had been diluted 1:4 with physiological
saline such that it contained one-twenticth of the PCV?2 antigen administered to the pigs in
Example 1 above. Groups 4 and 5 each received a 0.1ml (Group 4) or 0.2ml (Group 5)
administration of physiological saline/Carbopol. After 21 days, antibody production was
measured using a specific M Hyo antibody detection assay (ELISA) for Groups 1 and 4, and
using a specific PCV2 antibody detection assay (ELISA) for groups 2, 3, and 5. If detectable
amounts of antibodies were found using the assay, the result was termed “positive”. If
detectable amounts of antibodies were not found using the assay, the result was termed

“negative,”

Resulis

All mice in Group 1 were found to have detectable levels of M. hyo antibodies and all
mice in Group 2 were found to have detectable levels of PCV?2 antibodies 21 days after
administration of the antigen-containing composition. In contrast, no detectable levels of A,
hyo antibodies were found in Group 4 and no detectable levels of PCV?2 antibodies were
found in Group 5 21 days after administration of the physiological saline/Carbopol
composttion. Thus, one-fortieth of the antigen effective at inducing a protective immune

response in pigs was able to produce detectable amounts of antibodies to M. hyo in 100% of
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cagggtgata ggggagtggg ctccactgct gttattctag atgataactt tgtaacaaag420 gecacagcecc taacctatga
cccatatgta aactactcct cccgecatac aatcccccaad80 cecttctect accactceeg ttacttcaca cccaaacctg ttettgacte
cactattgatSHPAMEP4ERS caaataacaa aaggaatcag ctitggetga ggctacaaac cte@Haze0wgeyaccacy
taggcctcgg cactgegttc gaaaacagta aatacgacca ggactacaat660 atccgtgtaa ccatgtatgt acaattcaga
gaatttaalfileaagaang GACARIEARZANA AR ICIARARA QIIRAHIGIS Q0 GRIGHRR AN RL0> 8
<211> 10387 <212> DNA <213> Artificial <220> <223> This is the porcine circovirus type 2, ORF2
construct NSHEI I g8 SpEpetotsrar BRIOSE EM SrelsyicodiMysstian iusstoatioos Baarfiganct
cytaaagegrRGHgangaal AR U3 AQeA MeAGRIAAGRNED 9ARRYGRL0L AIAAR Pkl casasgh fggcacaact

atttacaatg cggccaagttl20 )
amounts of antibodies to PCV2 in 100% of mice receiving an administration of a

composition in accordance with the present invention. This amount was defined as an RP of

1.38 for PCV2,
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ataaaagatt ctaatctgat atgttttaaa acacctttgc ggcccgagtt gtttgcgtac180 gtgactagcg aagaagatgt
gtggaccgca gaacagatag taaaacaaaa ccctagtatt240 ggagcaataa tcgatttaac caacacgtct aaatattatg
atggtgtgca ttttt (%3300 cgggcctgt tatacaaaaa aattcaagta cctggccaga ctttgccgec tgaaa cata360
gttcaagaat 3 fg éfq aaagaa tttacagaaa agtgtcccgg catgttggtg420 gd’%‘i@q@%‘f 3&% cacgg
tattaatcgc accggttaca tggtgtgcag atatttaatg480 cacaccctgg gtattgcgcc gcaggaagcc atagatagat
tcgaaaaagc cagaggtcac540 aaaattgaaa gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc600
tttaacaaat actttatcct attttcaaat tgttgcgctt cttccagcga accaaaacta660 tgcttcgctt gctcegttta gettgtagec
gatcagtggcgttgticcaa tcgacggtag720 gattaggccg gatattctcc accacaatgt tggcaacgtt gatgttacgt

Camgti cGu LT BUGUD M ATt G o ARArOBO CLBEHE i G5 3 B RGRcet
gcgcgtcttUHtetgﬁathatt@gﬁ&t&Qﬁ@ﬁﬂ&tt@da%g@tttcﬁég@ramdcggtgtmgaﬁgs:ggmlbaglmgtm@itgaa@gcgcg1020
tgacctgcaa ; atcttt cc tcgat cttga acga ttcaataal080 actcttgttt titaa t tecteggttt
tttgcgccacD caccg gc alg%cg%'gﬁtg%f‘il@% c%% e a(f% gen A ceéegi%t%% cac@éac%&?tg%%t’éc
tcctcecgtt2@0geyttigadoge lyggateytac wwwg&%ga@woﬁgtag@adt@cmbﬂrﬁmaaaﬂﬁwue of

1.22 for M. hyo means that 95% and preferably 100% of mice receiving an administration of
one-fortieth (1/40) of such amount of M. hyo antigen develop a detectable amount of

antibodies within or at 21 days post treatment in an M. hye specific antibody detection assay.

2, The immunogenic composition according to claim 1, wherein the amount of porcine
circovirus type 2 antigen per dose has a relative potency (RP) value of at least 1,38, wherein
an RP value of 1.38 for porcine circovirus type 2 antigen means that 5% and preferably
100% of mice receiving an administration of one-tenth (1/10) of such amount of porcine
circovirus type 2 antigen develop a detectable amount of antibodies within 21 days post

treatment in an porcine circovirus type 2 specific antibody detection assay.

3. The immunogenic composition according to claim 1 or 2, wherein said composition further

comprises an adjuvant.

4. The immunogenic composition according to claim 3, wherein the adjuvant s a carbomer.
5. The immunogenic composition according to claim 4, wherein said carbomer 1s Carbopol.
6. The immunogenic composition according to any one of claims 1 to 5, wherein said
immunogenic composition elicits a protective immune response against M. Ayvo when
administered to a pig as a single dose administration.

7. The immunogenic composition according to any one of claims 2 to 5, wherein said
immunogenic composition elicits a protective immune response against M. Ayo and porcine

circovirus type 2 when administered to a pig as a single dose administration.
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gccattcttg taattctatg gcgtaaggca atttggactt cataatcagc tgaatcacgc1320 cggatttagt aatgagcact
gtatgcggct gcaaatacag cgggtcgccc cttttcacgal380 cgctgttaga ggtagggccc ccattttgga tggtctgctc
aaataacgat ttgtatttat1440 tgtctacatg aacacgtata gctttatcac aaactgtata ttttaaactg ttagcgacgt1500

cctiggccag OpACCaRAGH It OleaE ARIEIAYCAG GIRCCICARO HaAreatatlR6q alictecaar tiiaaattct
ccaattttaa cgcgagccat tttgatacac gtgtgtcgat1620 tttgcaacaa ctattgtttt ttaacgcaaa ctaaacttat tgtggtaagc
aataattaagii%%@%&wfg@a&ﬁlewgaﬂéaé%@&éﬁ&%?@@fﬁ@l&%%éﬁ@é&fé%&@@@ﬁ&%@ Page 5

40077 ggogedatcy lgatasaatgt gligcagdgitcaagioggea. aacatcgcaa aagccaatagl800 tacagttttg
atttgcatat taacggcgat tttttaaatt atcttattta ataaatagtt1860 atgacgccta caactccccg cccgcegttga ctcgetgcac

ctcgagcagt tcgttgacgc1920 cttccteecgt gtggecgaac acgtcgageg ggtggtcgat gaccagegge gtgecgecacg1980
cgacgcacaal §tatefgracsscorang at CoRCsG e Ag Ghatgte§ BRIEIE CBRGIPOUD HHEa ataTRY HtBaattcga
aaatatatagisgitgggigditecasataitotaicatog? 100 sultegocat gtacained apeatigatii-gaatgraagc

cgaaatta%ahg%agctjglc}g% gr% Qotggitgg_cgatt aaaacgttgt acatcctcgc ttttaatcat gccgtcgatt aaatcgcgca2220

10. The immunogenic composition according to claim 8, wherein the immunogenic composition
elicits a duration of immunity against M. hvo and/or porcine circovirus type 2 of at least 184 days

when administered to a pig.

11. The immunogenic composition according to any one of claims 1 to 10, wherein the specific

antibody detection assays are an ELISA.

12. The immunogenic composition according to any one of claims 2 to 11, wherein the specific
antibody detection assay for detecting the porcine circovirus type 2 specific antibodies is the
modified indirect porcine circovirus (PCV) type 2-based and recombinant capsid protein
(ORF2)-based ELISA for the detection of antibodies to PCV as exemplarily described in Clin.
Diagn. Lab. Immunol. 9:33-40 (2002).

13. Use of an immunogenic composition in the production of a medicament for eliciting a
protective immune response in a pig against Mycoplasma hyopneumoniae (M. hyo), wherein the
immunogenic composition comprises porcine circovirus type 2 antigen and M. hyo antigen,
wherein the amount of the M. hyo antigen per dose has a relative potency value of at least 1.22,
wherein an RP value of 1.22 for M. hyo means that 95% and preferably 100% of mice receiving
an administration of one-fortieth (1/40) of such amount of M. hve antigen develop a detectable

amount of antibodies within or at 21 days post treatment in an M. sivo specific antibody
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atcgagtcaa gtgatcaaag tgtggaataa tgttttcttt gtattcccga gtcaagcgca2280 gcgcgtattt taacaaacta
gccatcttgt aagttagttt catttaatgc aactttatcc2340 aataatatat tatgtatcgc acgtcaagaa ttaacaatgc gcccgttgtc
gcatctcaac2400 acgactatga tagagatcaa ataaagcgcg aattaaatag cttgcgacgc aacgtgcacg2460 atctgtgcac
gcgttccgqge%ggglgggggyattgtaataa gtttttacga agcgatgaca2520 tgacccccgt agtgacaacg atcacgccca
aaagaactgc cgactacaaa attaccgagt2580 atgtcggtga cgttaaaact attaagccat ccaatcgacc gttagtcgaa
tcaggaccgc2640 tggtgcgaga agccgcgaag tatggcgaat gcatcgtata acgtgtggag tccgcetcatt2700 agagcegtcat

gtttagacag,0afagqaiaca iakinato.alccroatgatilalioatR0RAGIIGEE IRACICGAIR SRRGOIRIC
tacaatggcg gggttttggt caaaatttcc2820 ggactgcgat tgtacatgct gttaacggct ccgeccacta ttaatgaaat

taaaaattch¥BBAHT LA EBRAYRNS Ghahlrathatt 1Gtatsisiy Uatdcytifaddoith iy Rr10940
aatgtcgtcgircaigaigagecaasaagattnatalgtelic eyigtatdagrararialigBR00raacgatitga dagaanacaa

oG o A e AL L At AT loB A0t o0 Llimctic GEdeSas100
atcaaatcatredgatgtdtactagdde caccanaadigethadi@aedfidaddic tjicgacsagd24bmtctgtecgbttgatggcaa

ctgcaagggltrgé%%%gc;(%% gt%g{g la Et&g%%t(%]aég%’é ) (())n%%gac}gattat aaatgctaaa tttgtttttt attaacgata caaaccaaac
gcaacaagaa

15. The use according to cldim 13or 14, wherein said composition further comprises an

adjuvant.
16. The use according to claim 15, wherein the adjuvant is a carbomer.,
17. The use according to claim 16, wherein said carbomer is Carbopol.

.18. The use according to any one of claims 13 to 17, wherein said immunogenic composition
elicits a protective immune response against M. Ayo when administered to said pig as a single

dose administration.

19. The use according to any one of claims 13 to 17, wherein said immunogenic composition
glicits a profective immune response against M. svo and porcine circovirus type 2 when

administered to said pig as a single dose administration,

20. The use according to any one of claims 13 to 19, wherein the immunogenic composition
celicits a duration of immunity against M. hve and/or porcine circovirus type 2 of at least 130

days when administered to said pig.
21. The use according to claim 20, wherein the mmmunogenic composition eliciis a duration

of immunity against M. hyo and/or porcine circovirus type 2 of at least 150 days when

administered to said pig.
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catttgtagt attatctata attgaaaacg cgtagttata atcgctgagg taatatttaa3420 aatcattttc aaatgattca cagttaattt
gcgacaatat aattttattt tcacataaac3480 tagacgcctt gtcgtcttct tcttcgtatt ccttctcttt ttcatttttc tcctcataaa3s540
aattaacata gttattatcg tatccatata tgtatctatc gtatagagta aattttttgt3600 tgtcataaat atatatgtct tttttaatgg :
ggtgtatagy acgqelocc AlagiiiieIge0Ialpaias pacAolgca kAR dUCiqaR plotoqg) tatialiasr20
aatttatata atcaatgaat tigggatcgt cggttitgta caatatgttg ccggcatagt 0 age 4 7eacgcagcttc
ttctagttcadattaitacodtintttaytng grosigtfaiacasataacttls4Dcanaaytygtac ghalckgttdddchaaa
acagttcaGe, IeeCtitict 1alstt%rcetgtttgts 2%%O(l) ctgcgagcag tgtitgttg ttaaaaataa cagccattgt aatgagacge
acaaactaat%é%% atcacaaact ggaagtétct atcaatatat agttgctgat atcatggaga taattaaaat4020 gataaccatc
tcgcaaataa ataagtattt tactgttttc gtaacagttt tgtaataaaa 4080 aaacctataa atattccgga ttattcatac cgtcccacca
tegugcocaq aigaoRlcIddifiade0gR0as099aaIRgR 1EC9seRon RalalCARd 0a0Redlias agagaagaa
4200 gacaccgccc ccgcagccat ttggcgaga tcctccgecg cecgeecctgg ctegtecace cccgccac\{:g
ctaccgttggederirnggmasies atggoditttehacacccgce ctetccegead320

24. The use according to any one of claims 14 to 23, wherein the specific antibody
detection assay for detecting the porcine circovirus type 2 specific antibodies is the .
modified indirect porcine circovirus (PCV} type 2-based and recombinant capsid protein
(ORF2)-based ELISA for the detection of antibodies to PCV as exemplarily described in
Clin. Diagn. Lab. Immunol. 9:33-40 (2002).
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' ccttcggata tactgtcaag getaccacag tcacaacgcc ctcctgggeg gtggacatga4380 tgagatttaa tattgacgac
tttgttcccc cgggaggggg gaccaacaaa atctctatac 4440 cctttgaata ctacagaata agaaaggtta aggttgaatt
ctggccctgc tcceccatca4500 cccagggtga taggggagtg ggctccactg ctgttattct agatgataac tttgtaacaa 4560
aggccacagc cctaacctat gacccatatg taaactactc ctcccgccat acaatccccc4620 aacccttcte ctaccactce
cgttacttca cacccaaacc tgttcttgac tgé:acéﬁg 4680T 4¥Hcttcca accaaataac aaaaggaatc agetttgget
gaggctacaa acctctagaa4740 atgtgg%ca gﬁeﬁgé@ﬁ: ggcactgcgt tcgaaaacag taaatacgac caggactaca
4800<aidrecpgtmavuatgtanged baaticeegagaatiaanettaaagac cccccacttg4860 aaccctaaga attctatcac
tagtgaattc g %&/’%éegg&ggccag aattctagaa4920 ggtacccggg atcctttcct gggacccggc aagaaccaaa
aactcactct cttcaaggaa 4980 atccgtaatg ttaaacccga cacgatgaag cttgtcgttg gatggaaagg aaaagagttc5040
tacag &gggg%mgi‘%%gﬁwmﬁ: EUMUNAGEA DY aeargaa5000 ghpatggatpitoettigt
tgtcaacatg cgtcccacta gacccad %Sttgttacaaa5160 ttcctggccc aacacgctct gegttgcgac cccgactatg
tacctehifa cgftfagg5220 atcgtcgagc cttcatgggt gggcagcaac aacgagtacc gcatcagcct ggctaagaag5280
ggcagegdct ggccaataat gaaccttcac tctgagtaca ccaactcgtt cgaacagttc5340 atcgatcgtg tcatctggga
gaacttctac aagcccatcg tttacatcgg taccgactct5400 gctgaagagg aggaaattct ccttgaagtt tccctggtgt
tcaaddtiaa Fgaguigoasacoion 3.3

<210> 1

<211> 8

<212> DNA
<213> Artificial

<220> o
<223> This is a modified Kozak's sequence

<400> 1
ccgeeatg 8

<210> 2

<21il> 6

<212> DNA

<213> Artificial

<220>
<223> ‘This is a recombinant Eco

<400> 2
gaattc 6

R1 sequence.

<210> 3

<211> 713

<212> DNA

<213> Porcine circovirus

<400> 3

cagctatgac 60

ttggecagat
gaaggaaaaa
aggaaaaatyg
ttgttecccc
gaaaggttaa
gctccactgce
acccatatgt
grtactteac
aaaggaatca
gcactgcgrt

tacaattcag

gtatccaagg
cctecgeege
tggcatctte
gcatcttcaa
9992999999
ggttgaattc
tgttattcta
aaactactcc
acccaaacct
gctttggetg
cgaaaacagt

agaatttaat

aggcgttacc
cgcecectgge
aacacccgee
cacccgecte
accaacaaaa
tggccctget
gatgataact
tccegecata
gttcttgact
aggctacaaa
aaatacgacc

cttaaagacc

gcagaagaag
tecgtecaccee
tcteeegeac
tcccgeacct
tctctatace
cceeeatcac
ttgtaacaaa
caatccceca
ccactattga
cCctctagaaa
aggactacaa

ccccacttaa

acaccgeecc
ccgecaccge
cttcggatat
tcggatatac
ctttgaatac
ccagggtgat
ggccacagece
accettetee
ttacttccaa
tgtggaccac
tatccgtgta

accctaaatg

Page 1 .

cgcagecatce
taccgttgga
actgtggaga
tgtgacgact
tacagaataa
aggggagtgg
ctaacctatg
taccacteee
ccaaataaca
gtaggccteyg
accatgtatg

dat

120
180
240
300
360
420
480
540
600
660
713



ccagacgcac ctctgttcac tggtccggceg tattaaaaca cgatacattg ttattagtac5520 atttattaag cgctagattc tgtgcgttgt
tgatttacag acaattgttg tacgtatttt5580 aataattcat taaatttata atctttaggg tggtatgtta gagcgaaaat
caaatgattt5640 tcagcgtctt tatatctgaa tttaaatatt aaatcctcaa tagatttgta aaataggttt5700 cgattagttt
caaacaaggg ttgtttttcc gaaccgatgg ctggactatc taatggattt5760 tcgctcaacg ccacaaaact tgccaaatct
tgtagcagca atctagcttt gtcgatattc5820 Page 7 408007 gtttgtgttt tgttttgtaa taaaggttcg acgtcgtica aaatattatg
cgc tttgta5880 tttctttcat cactgtcgtt agtgtacaat tgactcgacg taaacacgtt aaataaagct5940 tggacatatt
taacaﬂi%g tgttagct ttattaggcc gattatcgtc gtcgtcccaa6000 cectcgtegt tagaagttge ttccgaagac gattttgeca
tagc% §g? cctatta6060 attgtgtcgg ctaacacgtc cgcgatcaaa tttgtagttg agctttttgg aattatttct6120
gattgengac giitepge gogidcaal£taactgtge ccgattttaa ttcagacaac 6180 acgttagaaa gcgatggtgce
aggcg%g}gt aflcatttcag acggcaaatc tactaatggc6240 ggcggtggtg gagctgatga taaatctacc atcggtggag

gcg ctc

300Rg9Ed0RY, B50aRAMINA 0EgOLGR! dgRgacaao Ot

aaatgtctct6360 ttaggcaaca cagtcggcac ctcaactatt gtactggttt cgggcgccgt ttttggtttg642
tggccagat cctcegeege cgeocetygge tegtecacce ccgocaccge taccgtigga 120
gaaggaaaaa tggcatcttc aacacccgee tcteccgcac cttcggatat actgtcaagg 180
ctaccacagt cacaacgccc tcctgggegg tggacatgat gagatttaat attgacgact 240
ttgttcccee gggaggggygg accaacaaaa tctctatacc ctttgaatac tacagaataa 300
gaaaggttaa ggttgaattc tggccctget cccccatcac ccagggtgat aggggagtgg 360
gctccactge tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420
acccatatgt aaactactcc tcccgecata caatccecceca accetrotcoe taccactecoc 480
gttacttcac acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540
aaaggaatca gctitggctg aggctacaaa cctctagaaa tgtggaccac gtaggecteg 600
gcactgcgtt cgaaaacagl aaatacgacc aggactacaa tatccgtgta accatgtatg 660
tacaattcag agaatttaat cttaaagacc ccccacttga accctaagaa tic 713
- <210> 5
<2ll> 233
<212> PRT
<213> Porcine circovirus
<400> 5
Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
i 5 10 15
Ser His Leu Gly GlIn Ile Leu Arg Arg Arg Pro Trp Leu val His Pro
20 25 30
Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg
35 40 45
Leu Ser Arg Thr Phe Gly Tyr Thr val Lys Ala Thr Thr val Thr Thr
50 55 60
Pro Ser Trp Ala val Asp Met Met Arg Phe Asn Ile Asp Asp Phe val
65 70 75 80
Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro phe Glu Tyr Tyr
85 30 95
Arg ITe Arg Lys val Lys val Glu Phe Trp Pro Cys Ser Pro Ile Thr
100 105 110

Page 2



accggtctga gacgagtgcg atttttttcg tttctaatag cttccaacaa ttgttgtctg6480 tcgtctaaag gtgcagcggg ttgaggttcc
gtcggcattg gtggagcggg cggcaattca6540 gacatcgatg gtggtggtgg tggtggaggce getggaatgt taggcacggg
agaaggtggt6600 ggcggcggtg ccgecggtat aatttgttct ggtttagttt gttcgcgcac gattgtggge6660 accggcgceag
gcgccegctgg ctgcacaacg gaaggtcgtc tgcttcgagg ?gcgcttgg6720 gotggtggca attcaatatt ataattggaa
tacaaatcgt.aaaaatctqc tataagcatic 780 gtaatttc tttac cgtgccgata tttaacaacc gctcaatgta
agca%%g%@éﬁé%tg%a agdg a?gt%?gageg?pﬁ:%%c/g]c%%%gcﬁa%a %Saé\égﬁcftﬁ% Aftfttacta 6900 cagcattgta
gtggcgagac acttcgctgt cgtcgacgta catgtatgct ttgttgtcaa 6960 aaacgtcgtt ggcaagcttt aaaatattta
aaaggacateqt tgt tgtt tttgeg cttccgecagt atcgacacgt
tcaaﬁ%a%gg g%fg%i%ﬂgtt%tgﬁé %ﬁ%ﬁ%:f% a%%ag%%%?tgk%iaﬁ\a gttc'(g(a'{atCY 140 tacgattcgt
catggccacc acaaatgcta cgctgcaaac gctggtacaa ttttacgaaa7200 actgcaaaaa cgtcaaaact cggtataaaa
taatcadcae §oQtigns ARRARICIRT2RA IRl 99RCaRg cRRAGH A0GaRANE) %tggcagaa aacaatttcg
gcgcktaatt7320 ttaacgctgalifaaataaaa gttcaccagt s&atgagcga ccacccaaabittataaaaa7380 tctattttaa
tcacggttcc atcaacaacc aagtgatcgt gatggactac attgactgtc7440 ccgatttatt tgaaacacta caaattaaag
gegagnittehgtatenasis gitagoantaébORsataganar gelalglgaargsgpteaasy aitigcacaa geacaattic
atacacaacg7560 165 170 175

Asn Asn Lys Arg Asn Gln Leu Trp Leu Arg Leu GIn Thr Ser Arg Asn
180 185 190

val Asp His val Gly Leu Gly Thr Ala phe Glu Asn Ser Lys Tyr Asp
195 200 205

Gln Asp Tyr Asn Ile Arg val Thr met Tyr val GIn phe Arg Glu phe
210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro
225 230

<210> 6

<211> 233

<212> PRT

<213> Porcine circovirus

<400> 6
get The Tyr Pro grg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
10 15

Ser His teu Gly Gin Ile Leu Arg Arg Arg Pro Trp Leu val His Pro
20 25 30

Arg His ggg Tyr Arg Trp Arg Qgg Lys Asn Gly Ile pPhe Asn Thr Arg
45

Leu ggr Arg Thr pPhe Gly Tyr Thr val Lys Ala Thr Thr val Thr Thr
55 60

Pro Ser Trp Ala val Asp Met 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 Phe Glu Tyr Tyr
85 a0 95

Arg Ile Arg Lys val Lys val Glu Phe Trp Pro Cys Ser Pro Ile Thr
100 105 110

Gin Gly Asp Arg Gly val Gly Ser Thr Ala val ITe Leu Asp Asp Asn
Page 3



' acataaaact cgaaaatgtc ttatatttcg aagcacttga tcgcgtgtat gtttgcgatt7620 acggattgtg caaacacgaa
aactcactta gcgtgcacga cggcacgttg gagtatttta7680 gtccggaaaa aattcgacac acaactatgc acgtttcgtt
tgactggtac gcggcegtgtt7740 aacatacaag ttgctaacgt aatcatggtc atagctgttt cctgtgtgaa attgttatcc7800
gctcacaatt ccacacaaca tacgagccgg aagcataaag tgtaaagcct ggggtgccta7860 Page 8 40077 atgagtgagc
taactcacat tagtjgcgtt gcgcetcactg cccggftee agte é; %1a79292c‘5ctgtcgtgc cagctgcatt aatgaatcgg
ccaacgcgcg gggagaggcg gtttgcgtat7980 tgggcegctct tccgcttect cgctcactga ctcgetgegce tcggtegtte
ggctgeggceg, 8040 agcggtatca getcactcaa aggeggtaat acggttatcc acagaatcag gggataacge 8100
aggﬁggéé% gﬂftg cé% %Jgé%éggchegaﬁg%cﬁ%gAzﬁ%cﬁaggé gé%cgcsg%gtt 160 gctggcgttt ttccataggc
tccgeccccc tgacgagcat cacaaaaatc gacgctcaag 8220 tcagaggtgg cgaaacccga caggactata aagataccag
gegtlieeg glaganqelc 3280 sglaglgagt (diestalle agaeqglgce,goliacogaa iggetgteeg cttictocd 8340
ttcgaaaagc gtgggcgcttt ctcataggtc acgctgtagg tatctcggtt cggtgtaggt 8400 cgitegctce aagctgggct
gtgtgcacga accccccgtt cagcccgacc getgegectt 8460 atccggtaac tatcgtettg agtccaaccc ggtaagacac
gactialcor, rapiguEagc32) A0cCacay aaraguatia 9cagnacoasylaiginggs gotgctacag agtictigaa
8580 gtggtggcct aactagggct acactagaag gaceitattt ggtatctgcg ctctgctgaa8640 gccagttacc ttcggaaaaa
gagttggtag ctcttgatcc ggcaaacaaa ccaccgctgg8700 tagcggtgat ttttttgttt gcaagcagca gattacgcgce
agaazaansy diclepngad/edagalcatly ateltieta cegaoiatan £godieagiggamcgaaaact cacgttaaggs8s820
gattttggtc atgagattii€aaaaaggat cttcaccttp atccttttaa attaaaaat§8880 aagttttaaa tcaatctaaa gtatatatga
gtaaacttgg tctgacagtt accaatgctt8940 aatcagtgag gcacctatct cagcgatctg tctatttcgt tcatccatag

ttgcc.taciQBOQ;(tsscmgtag}tg lagat@apt%%gaﬁangg@acggg@ﬁacgggtotggmcapgtgctgcaat9060
1 ,

Gln Asp Tyr Asn ITe Arg val Thr Met Tyr val Gln Phe Arg Glu Phe
210 215 220

Ash Leu Lys Asp Pro Pro Leu Glu Pro
230

225

<210> 7

<211> 756

<212> DNA

<213> Artificial

<220> . . ) .

<223> This sequence is from porcine circovirus type 2, open reading
frame 2, together with a portion from the pGEM T-easy vector.

<400> 7

geggeegegy gaattcgatc cgocatgacg tatccaagga ggcgttaccg cagaagaaga 60

caccgcccce geagecatct tggccagatc ctecgeegee geeectgget cgtecaccee 120

cgccaccget accgttggag aaggaaaaat ggeatcttca acacccgect cteccgeacc 180

ttcggatata ctgtcaagge taccacagtc acaacgccct cctgggcggt ggacatgatg 240

agatttaata ttgacgactt tgttcccccg ggagggggga ccaacaaaat ctctataccc 300

tttgaatact acagaataag aaaggttaag gttgaattct ggecctgotc ccccatcacce 360

cagggtgata ggggagtggg ctccactget gttattctag atgataactt tgtaacaaag 420

gccacagocc taacctatga cccatatgta aactactcct cccgecatac aatcccccaa 480

ccctrtcicct accactcccg ttacttcaca cccaaacctyg ttettgacte cactattgat 540

tacttccaac caaataacaa aaggaatcag cttltggctga ggcetacaaac ctetagaaat 600

gtggaccacyg taggectegg cactgegrttc gaaaacagta aatacgacca ggactacaat 660

atccgtgtaa ccatgtatgt acaattcaga gaatttaatce ttaaagacce cccacttgaa 720

ccctaagaat tctatcacta gtgaattcege ggeege 756

Page 4



gataccgcga gacccacgct caccggetce agatttatca gcaataaacc agecagecgg9120 aagggecgag cgecagaagty
gtcctgcaac tttatccgec tccatccagt ctattaattg9180 ttgccgggaa gcetagagtaa gtagttcgec agttaatagt
ttgcgcaacg ttgttgccat9240 tgctacaggc atcgtggtgt cacgcetcgtc gtttggtatg gcttcattca getccggttc9300
ccaacgatca aggcgagtta catgatcccc catgttgtgc aaaaaagcgg ttagctcctt9360 cggtcctccg atcgttgtca
gaag(tgﬁg)tt ccgcagtg ttatcactca tggttatggc 942‘@%75cactgcat aattctctta ctgtcatgcc atccgtaaga tgcttttctg
tgaciggtga943@ptactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttget cttgcccgge9540 gtcaatacgg
gatas?déeg dhticacatag cagaacttta aaagtgctca tcattggaaa 9600 acgttcttcg gggcgaaaac tctcaaggat
cttactgtty tt§a5atdEadttegatgtads60 acccactcgt geacccaact gatcttcage atcttttact ttcaccageg
tttctggp9 720 agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac ggaaatgttg9780
aatatidata c@"tﬁc?ctgtsttégaté’lﬁréfﬂ@ﬁagl:’égPQ P%t?gtcgfétbsfm rgkg?}qaféﬁ atttgaat gtatttagaa
aaataaacaa é?ﬁgﬁgeg?tc 85%9%\51%%958 IBage ) gégcggaéagaaslgfhggcg ctgacacatg acaagcccgt
ggcat¢dgag 8gtaaggaga agggcgatcg aaggcgatta cagtgcc gtgccacctg atcacgaggc cagoctcccgg

Page 5

cagdeStt e tRAR st AT e PR SFCAE GG EGI Tty agataagatt
gaaagcacgt gtaaaatgit tcccgegegt tggcacaact atttacaatg cggcecaagtt 120
ataaaagatt ctaatctgat atgttttaaa acacctttge ggcececgagtt gttigegtac 180
gtgactagcg aagaagatgt gtggaccgca gaacagatag taaaacaaaa ccctagtatt 240
ggagcaataa tcgatttaac caacacgtct aaatattatg atggtgtgca tritttgcgg 300
gcgggeoctgt tatacaaaaa aattcaagta cctggecaga ctttgecgee tgaaageata 360
gttcaagaat ttattgacac ggtaaaagaa tttacagaaa agtgtcccgg catgttggtg 420
ggcgtgeact gcacacacgg tattaatcge accggttaca tggtgtgcag atatttaatg 480
cacaccctgg gtattgcgcc gcaggaagec atagatagat tcgaaaaagc cagaggtcac 540
aaaattgaaa gacaaaatta cgttcaagat ttattaattt aattaatatt atttgeattce 600
tttaacaaat actttatcct attrtcaaat tgttgegett cttccagega accaaaacta 660
tgettegett getecgttta gottgtagec gatcagtgge gttgttccaa tcgacggtag 720
gattaggccg gatattctee accacaatgt tggcaacgtt gatgttacgt ttatgetttit 780
ggttttccac gtacgtcttt tggecggtaa tagecgtaaa cgtagtgeceg tegegegtca 840
cgcacaacac cggatgtttg cgcttgtccg cggggtattg aaccgcgoga tccgacaaat 900
ccaccacttt ggcaactaaa tcggtgacct gogogtettt ttteotgeatt atttegtett 960
TCtttigcat ggtttccrgg aagccggtgt acatgeggtt tagatcagtc atgacgegeg 1020
tgacctgcaa atctttggec tcgatctget tgtccttgat ggcaacgatg cgttcaataa 1080
actcttgttt tttaacaagt tccteggttt tttgcgccac caccgettge agegegttty 1140
tgtgeteggt gaatgtcegea atcagcttag tcaccaactg trtgetctec tectcccgtt 1200
gtttgatcgc gggatcgtac ttgccggtygc agagcacttg aggaattact tettctaaaa 1260
gccattcttg taattctatg gcgtaaggca atttggactt cataatcagce tgaatcacgc 1320
cggatttagt aatgagcact gtatgcggct gcaaatacag cgggtcgecc cttttcacga 1380
cgctgttaga ggtagggeco ccattitgga tggtetgetc aaataacgat ttgtatttat 1440
tgtctacatg aacacgtata gctttatcac aaactgtata ttttaaactg ttagcgacgt 1500
ccrtggecac gaaccggace tgttggtoge gotctageac gtaccgeagg ttgaacgtat 1560
cttetcecaaa tttaaattcet ccaattttaa cgcgagecat tttgatacac gtgtgtegat 1620
tttgcaacaa ctattgtitt ttaacgcaaa ctaaacttat tgtggtaage aataattaaa 1680
tatgggggaa catgegecge tacaacactce gtcgttatga acgcagacgg cgccggtctc 1740



' acgtctaaga cctttcgtct agacggtcac cagcgggtgt tgagagtgca tcaggcgcca cttcgctatt cgccagggtt 40077
aaccattatt cgcgcegtttc agcttgtctg tggcgggtgt ccatatgcegg ttcgecattc acgccagctg ttcccagtca atcatgacat
ggtgatgacg taagcggatg cggggctggc tgtgaaatac aggctgcgca gcgaaagggg cgacgttgta taacctataa 9960
gtgaaaacct 10020 ccgggagcag 10080 ttaactatgc 10140 cgcacagatg 10200 actgttggga 10260

Page 6

gatgtggégga%%%éog%%gg Sgggcg%gggg()c%ggS{:Zacgﬁggzg aacatcygcaa aagccaatag 1800
tacagtittg atttgcatat taacggcgat tttttaaatt atcttattta ataaatagtt 1860
atgacgccta caactccecg cocgegttga ctcgetgeac ctcgagcagt togttgacge 1920
cticctecgt gtggecgaac acgtcgagey ggtggtcgat gaccagegge gtgecgcacg 1980
cgacgcacaa gtatctgtac accgaatgat cgtcgggcga aggcacgteg goctccaagt 2040
ggcaatattg gcaaattcga aaatatatac agttgggttg tttgcgeata tctatcgtgg 2100
cgttgggcat gtacgtccga acgttgattt gcatgcaagc Cgaaattaaa tcattgcgat 2160
tagtgcgatt aaaacgttgt acatcctege ttttaatcat gocgtcgatt aaatcgegea 2220
atcgagtcaa gtgatcaaag tgtggaataa tgttttcttt gtattcccga gtcaagcgea 2280
gcgcgtattt taacaaacta gccatcttgt aagttagttt catttaatgec aactttatcc 2340
aataatatat tatgtatcgc acgtcaagaa ttaacaatgc goccgttgtc gcatctcaac 2400
acgactatga tagagatcaa ataaagcgcg aattaaatag cttgcgacgc aacgtgeacg 2460
atctgtgcac gegrtccgge acgagetttyg attgtaataa gtttttacga agcgatgaca 2520
tgaccccegt agtgacaacg atcacgccca aaagaactge cgactacaaa attaccgagt 2580
atgtcggtga cgttaaaact attaagccat ccaatcgacc gttagtcgaa tcaggaccge 2640
tggtgcgaga agccgcgaag tatggcgaat gcatcgtata acgtgtggag tccgotcatt 2700
agagcgtcat gtttagacaa gaaagctaca tatttaattg atcccgatga ttttattgat 2760
daaatigaccc taactccata cacggtattc tacaatggcy gggttttggt caaaatttec 2820
ggactgcgat tgtacatgct gttaacgget ccgcccacta ttaatgaaat taaaaattcec 2880
aattttaaaa aacgcagcaa gagaaacatt tgtatgaaag aatgcgtaga aggaaagaaa 2940
aatgtcgtceg acatgctgaa caacaagatt aatatgcctc cgtgtataaa aaaaatattg 3000
aacgatttga aagaaaacaa tgtaccgcge ggcggtatgt acaggaagag gtttatacta 3060
aactgttaca ttgcaaacgt ggtttecgtgt gccaagtgtg aaaaccgatg tttaatcaag 3120
gctcetgacge atttctacaa ccacgactec aagtgtgtgg gtgaagtcat gcatctttta 3180
atcaaatcce aagatgtgta taaaccacca aactgccaaa aaatgaaaac tgtcgacaag 3240
ctctgtccgt trgetggeaa ctgecaagggt ctcaatccta tttgtaatta ttgaataata 3300
aaacaattat aaatgctaaa tttgttittt attaacgata caaaccaaac gcaacaagaa 3360
catttgtagt attatctata attgaaaacg cgtagttata atcgctgagg taatatttaa 3420
aatcattttc aaatgattca cagttaattt gcgacaatat aattttattt tcacataaac 3480
tagacgcctt gicgtettet tctteogtatt cottctettt tteatttttc tcctcataaa 3540
aattaacata gttattatcg tatccatata tgtatctatc gtatagagta aattttttgt 3600
tgtcataaat atatatgtct tttttaatgg ggtgtatagt accgctgege atagtttttc 3660
Tgtaatttac aacagtgcta ttttctggta gttcttcgga gtgtgttgcet ttaattatta 3720
aatttatata atcaatgaat ttgggatcgt cggttttgta caatatgttg ccggcatagt 3780



<210> 9 <211> 20 <212> PRT <213> Porcine circovirus <400> 9 Ser Tyr Pro Arg Arg Arg Tyr Arg Arg
Arg Arg His His Pro Pro Ser 151015 His Leu Gly Gin 20 <210> 10 <211> 19 <212> PRT <213>
Porcine circovirus <400> 10 Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly lle Phe Asn Thr 151015
Thr Leu Ser <210> <211> <212> <213> <220> <223> <400> 11

acgcagettc ttctagttca attacaccat tttttggggg caccggatta acataacttt 3840
CcCaaaatgtt gtacgaaccg ttaaacaaaa acagttcacce tccottttct atactattgt 3900
ctgcgageag ttgttigrtg ttaaaaataa cagccattgt aatgagacgc acaaactaat 3960
atcacaaact ggaaatgtct atcaatatat agttgctgat atcatggaga taattaaaat 4020
gataaccatic tcgcaaataa ataagtattl tactgtttic gtaacagtiti tgtaataaaa 4080
aaacctataa atattccgga ttattcatac cgtcccacca tegggogegg atcagatctg 4140
cagcggecge gggaattcga tccgecatga cgtatccaag gaggegttac cgcagaagaa 4200
gacaccgece ccgcagecat cttggcecaga tcctccgccg ccgeecctgg ctcgtccace 4260
cccgecaccyg ctaccgttgg agaaggaaaa atggcatctt caacacccge ctctcccgca 4320
cctteggata tactgtcaag getaccacag tcacaacgec cteoctgygeg gtggacatga 4380
tgagatttaa tattgacgac ttigticccc €gggagggog gaccaacaaa atctctatac 4440
cctttgaata ctacagaata agaaaggtta aggttgaatt ctggccctge tcccccatca 4500
cccagggtga taggggagty ggctccactg ctgttattct agatgataac trtgtaacaa 4560
aggccacagc cctaacctat gacccatatg taaactactc ctcccgecat acaatcccce 4620
aacccttctc ctaccactec cgttacttca cacccaaacc tgttcttgac tccactattg 4680
attacttcca accaaataac aaaaggaatc agcetttgget gaggectacaa acctctagaa 4740
atgtggacca cgtaggcctc ggcactgcgt tcgaaaacag taaatacgac caggactaca 4800
atatccgtgt aaccatgtat gtacaattca gagaatitaa tcttaaagac cccccacttg 4860
aaccctaaga attctatcac tagtgaattc geggecgecy gecgetccag aattctagaa 4920
ggtacccggg atcctttcct gggacccgge aagaaccaaa aactcactct cttcaaggaa 4980
atccgtaatg ttaaacccga cacgatgaag citgtcgttg gatggaaagyg aaaagagttce 5040
tacagggaaa cttggacccg cttcatggaa gacagcttcc ccattgttaa cgaccaagaa 5100
gtgatggatg ttttccttgt tgtcaacatg cgtcccacta gacccaaccg ttgttacaaa 5160
ttcctggeee aacacgCtct gegttgcgac cccgactatg tacctcatga cgtgatragg 5220
atcgtcgagce cttcatgggt gggcagcaac aacgagtacc gcatcagcct ggcotaagaag 5280
ggcggcegget geccaataat gaaccticac tctgagtaca ccaactcgtt cgaacagttc 5340
atcgatcgtg tcatctggga gaacttctac aagcccatcg tttacatcgg taccgactct 5400
gctgaagagg aggaaattct ccttgaagtt tccctggtgt tcaaagtaaa ggagtttgca 5460
ccagacgcac ctctgttcac tggtccggeg tattaaaaca cgatacattg ttattagtac 5520
atttattaag cgctagattc tgtgcgttgt tgatttacag acaattgttg tacgtatttt 5580
aataattcat taaatttata atctttaggg tggtatgtia gagcgaaaat caaatgattt 5640
tecagegtctt tatatctgaa tttaaatatt aaatcctcaa tagatttgta aaataggttt 5700
cgattagttt caaacaaggg ttgtttttcc gaaccgatgg ctggactatc taatggattt 5760
tcgetcaacy ccacaaaact tgecaaatct tgtagcageca atctagettt gtcgatattc 5820
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233 PRT Artificial This is an amino acid open reading frame 2. 11 sequence for porcine circovirus type
2, Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 151015 Ser His Leu Gly Gin lle
Leu Arg Arg Arg Pro Trp Leu Val His Pro 202530 40077 Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly
lle Phe Asn Thr Arg 354045 Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Arg Thr
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gtttgtgrtt tgttttgtaa taaaggticg acgtcgggzg aaatattatg cgcttitgta 5880
tttctttcat cactgtcgtt agtgtacaat tgactcgacg taaacacgtt aaataaagct 5940
tggacatatt taacatcggg cgtgttaget ttattaggece gattatcegtc gtcgtcccaa 6000
ccctcgtegt tagaagttge ttccgaagac gattttgeca tagcecacacg acgectatta 6060
attgtgtcgy ctaacacgtc cgcgatcaaa tttgtagttg agcitttigg aattatttct 6120
“gattgeggge gtttttggoc gggtttcaat ctaactgtge ccgattttaa ttcagacaac 6180
acgttagaaa gcgatggtge aggeggtggt aacatttcag acggcaaatc tactaatgge 6240
ggcggtggtg gagctgatga taaatctacc atcggtggag gcgcaggcgg ggetggegyc 6300
ggaggcggag gcggaggtgg tggeggtgat gcagacggceg gtttaggetc aaatgtotct 6360
ttaggcaaca cagtcggcac ctcaactatt gtactggtit cgggcgocgt ttttggtttg 6420
accggtctga gacgagtgcg atttttitcg tttctaatag cttccaacaa trgttgtctg 6480
tcgtctaaag gtgcageggg ttgaggttec gteggeattg gtggagoggg cggcaattca 6540
gacatcgaty gtggtggtgg tggtggaggc gotggaatgt taggcacggyg agaaggtggt 6600
ggcggeggtg ccgecggtat aatttgtict ggtttagttt gttcgegecac gattgtggge 6660
accggegeay gegecgetgg ctgcacaacg gaaggtcgtc tgcttcgagg cagegettgg 6720
ggtggtggca attcaatatt ataattyggaa tacaaatcgt aaaaatctgc tataagcatt 6780
gtaatttcgc tatcgtttac cgtgccgata tttaacaacc goetcaatgta agecaattgta 6840
ttgtaaagag attgtctcaa gctcgccgea cgccgataac aagocttttc atttttacta 6900
cagcattgra gtggcgagac acttcgctgt cgtcgacgta catgtatget ttgttgtcaa 6960
aaacgtcgtt ggcaagcttt asaatattta aaagaacatc tctgttcage accactgtgt 7020
tgtcgtaaat gttgtttttg ataatttgeg cttccgcagt atcgacacgt tcaaaaaatrt 7080
gatgcgcatc aattttgttg ttcctattat tgaataaata agatigtaca gattcatatc 7140
tacgattcgt catggccacc acaaatgcta cgcetgcaaac gcetggtacaa ttttacgaaa 7200
actgcaaaaa cgtcaaaact cggtataaaa taatcaacgg gcgetttgge aaaatatcta 7260
ttttatcgeca caageccact agcaaattgt atttgcagaa aacaatttcg gcgcacaatt 7320
ttaacgctga cgaaataaaa grtcaccagt taatgagcga ccacccaaat tttataaaaa 7380
tcrattttaa tcacggttcc atcaacaacc aagtgatcgt gatggactac attgactgtc 7440
ccgatttatt tgaaacacta caaattaaag gcgagctttc gtaccaactt gttagcaata 7500
ttattagaca gctgtgtgaa gcgctcaacg atttgcacaa gcacaatttc atacacaacg 7560
acataaaact cgaaaatgtc ttatatttcg aagcacttrga tcgegtgtat gtttgcgatt 7620
acggattgtg caaacacgaa aactcactta gcgtgcacga cggcacgttyg gagtatttta 7680
gtccggaaaa aattcgacac acaactatge acgtttegtt tgactggtac geggegtgtt 7740
aacatacaag ttgctaacgt aatcatggtc atagetgitt cotgtgtgaa attgttatcce 7800
gctcacaatt ccacacaaca tacgagecgg aagcataaag tgtaaagect ggggigecta 7860



505560 Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn lle Asp Asp Phe Val 65707580 Pro Pro Gly Gly
Gly Thr Asn Lys lle Ser lle Pro Phe Glu Tyr Tyr 859095 Arg lle Lys Lys Val Lys Val Glu Phe Trp Pro
Cys Ser Pro lle Thr 100105110 Gin Gly Asp Arg Gly val Gly Ser Thr Ala Val lle Leu Asp Asp Asn
115120125 Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr 130135140 Ser Ser Arg
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His Thr IIetProcGln Pr Phe Ser Ser Ar ‘*;gtMCSchSO%%SlGO Phe Thr Pro L%/ gro Val Leu Asp

Ser ?ﬁ??ﬁe g\s% Tyr fé 5K A Lys %Crg ,&gﬁ & ﬁ_ge%’alarp Leugzrg Leu Gin Thr

Ser A@MW&SSQQ@ZW /&spdﬂ&tv% GhebegcGly HugAtmddre @l AsryBer Ile 7BR0ASp 195200205
tgggcgetct tecgoettect cgcetcactga ctcgotgege tcggtcgtic ggctycggey 8040
agcggtatca gctcactcaa aggcggtaat acggttatcc acagaatcag gggataacgc 8100
aggaaagaac atgtgagcaa aaggocagea aaaggccagg aaccgtaaaa aggocgeogtt 8160
gctggegttt ttecatagge tCccgoccece tgacgageat cacaaaaatc gacgctcaag 8220
tcagaggtgg cgaaacccga caggactata aagataccag gegtttcccc ctggaagctc 8280
cctegtgege totectgtte cgaccctgee gettaccgga tacctgtecg cctttetcee 8340
ttcgggaagc gtggegettt ctcatagetc acgetgtagg tatotcagtt cggtgtaggt 8400
cgttcgctce aagctggagct gtgtgcacga accccccgtt cageccgacc gotgegectt 8460
atccggtaac tatcgtcettg agtccaaccc ggtaagacac gacttatcge cactggecage 8520
agccactggt aacaggatta gcagagcgag gtatgtaggc ggtgctacag agttcttgaa 8580
gtggtyggcect aactacgget acactagaag gacagtattt ggtatctgcg ctctgetgaa 8640
gccagttacc ticggaaaaa gagtiggtag ctcttgatcc ggcaaacaaa ccaccgctgg 8700
tagcggtggt ttttttgttt gcaagcagca gattacgcge agaaaaaaag gatctcaaga 8760
agatcctttyg atcttitcta cggggtctga cgetcagigg aacgaaaact cacgttaagg 8820
gattitggtc atgagattat caaaaaggat cttcacctag atccttttaa attaaaaatg 8880
aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacagtt accaatgett 8940
aatcagtgag gcacctatct cagcgatctg tcratttegt tcatccatag ttgectgact 9000
ccccgtegtg tagataacta cgatacggga gggcottacca tetggeccca gtgctgcaat 9060
gataccgcga gacccacgcet caccggetce agatttatca gcaataaacc agccagecgg 9120
aagggccegag cgcagaagtg gtcctgcaac tttatccgec tccatccagt ctattaattg 9180
ttgccgggaa gotagagtaa gtagttcgec agttaatagt ttgcgcaacg ttgttgecat 9240
tgctacagyge atcgtggtgt cacgctcegte gtttggtatg gettcattca getccggtre 9300
ccaacgatca aggcgagtta catgatcccc catgttgtgc aaaaaagegg ttagectcctt 9360
cggtcctccg atcgttgtca gaagtaagit ggecgcagtg ttatcactca tggttatggc 9420
agcactgeat aattctctta ctgtcatgcc atccgtaaga tgcttttctyg tgactggtga 9480
gtactcaacc aagtcattct gagaatagtyg tatgcggega cegagttget cttgoccgge 9540
gicaatacgg gataataccg cgccacatag cagaacttta aaagtgctca tcattggaaza 9600
acgttcttcg gggcgaaaac tctcaaggat cttaccgctg ttgagatcca gttcgatgta 9660
accecactegt geacccaact gatcttecage atcttttact ttcaccageg titctgggtg 9720
agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac ggaaatgttg 9780
datactcata ctcticcttt ticaatatta ttgaagcatt tatcagggtt attgtctcat 9840
gagcggatac atatttgaat gratttagaa aaataaacaa ataggggttc cgcgcacatt 9900



tccccgaaaa
aaataggcgt
ctgacacatg
acaagecccgt
ggcatcagag
cgtaaggaga
agggcgatcg
aaggcgatta
cagtgcc
<210> 9
<21l> 20
<212> PRT
<213>

<400> 9

225230

gtgccacctyg
atcacgaggc
cagctcecgg
cagggcgegt
cagattgtac
aaataccgca
gtgcgggect
agttgggtaa

acgtctaaga
cctitegtet
agacggtcac
cagcgggtat
tgagagtoca
tcaggecgceca
cttegetatt

cgccagggrt

Porcine circovirus

40077
aaccattatt

cgcgegtttc
agcttgtetg
tggcgggtgt
ccatatgegy
ttcgccattc
acgeeagetyg

ttrcccagtca

atcatgacat
ggtgatgacyg
taagcggatg
cggggctggc
tgtgaaatac
aggctgcagca
gcgaaagygg
Cgacgttgta

taacctataa
gtgaaaacct
ccgggageag
ttaactatge
cgcacagatg
actgttggga
gatgtgctge

aaacgacggc

Ser Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His His Pro Pro Ser
1 5 10

His Leu Gly
<210> 10
<211> 19
<212> PRT
<213>

<400> 10

Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly Ile pPhe
1 5 10

Thr Leu Ser

<210> 11
<211> 233
<Z212> PRT
<213> Arti
<220>
<223> This
open
<400> 11

Met Thr Tyr
i

Ser His Leu

Gin
20

ficial

Porcine circovirus

Asn Thr
15

Gin Asp Tyr Asn lle Arg Val Thr Met Tyr Val Gin Phe Arg Glu Phe 210215220 Asn Leu Lys ASp Pro
Pro Leu Lys Pro

9960
10020
10080
10149
10200
10260
10320
10380
10387

is an amino acid sequence for porcine circovirus type 2,
reading frame 2.

Pro érg Arg Arg Tyr Arg ggg Arg Arg His Arg igo Arg

Gly GIn Ile Leu Arg Arg Arg Pro Trp Leu val His Pro
20 25 30
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Arg

Leuy

Pro

65

Pro

Arg

Gln

Phe

Ser

145

Phe

Asn

val

Glin

Asn
225

His

ser

50

Ser

Pro

Ile

Gly

val

130

ser

Thr

AsSn

ASp

Arg

35

Arg

Trp

Gly

Lys

Arg

Pro

Lys

His

195

Tyr

Lys

Tyr

Thr

Ala

Gly

Lys

Arg

Lys

His

LYS

Arg

val

Asn

Asp

Arg

rhe

val

Gly

85

val

Gly

Ala

Thr

Pro

165

Asnh

Gly

Ile

Pro

Trp

Gly

Asp

70

Thr

Lys

val

Thr

Ile

150

val

Glin

Leu

Arg

Pro
230

Arg

TYr

55

Met

Asnh

val

Gly

Ala

135

Pro

Leu

Leu

Gly

val

215

Leu

Arg

40

Thr

Met

Lys

Glu

Ser

120

Leu

Gin

Asp

Trp

Thr

200

Thr

Lys

Lys

val

Arg

Ile

Phe

105

Thr

Thr

Pro

Ser

Leu

185

Ala

Met

Pro

40077

Asn

Lys

Phe

ser

90

Trp

Ala

Tyr

Phe

Thr

170

Arg

Phe

Tyr

Gly

Ala

ASn

75

Ile

Pro

val

ASp

Ser

155

Ile

Leu

Glu

val

Ile

Thr

60

Ile

Pro

Cys

I'le

Pro

140

Tyr

Asp

GIn

Asn

GIn
220
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Phe
45

Thr
Asp
Phe
Ser
Leu
125
Tyr
His
Tyr
Thr
Ser

205

Phe

Asn

val

Asp

Glu

Pro

110

ASp

val

Ser

Phe

ser

190

Ile

Arg

Thr

Arg

Phe

AsSp

Asn

Arg

Glin

175

Arg

Tyr

Glu

Arg
Thr
val
80

Tyr
Thr
Ash
Tyr
Tyr
160
Pro
Asn

Asp

Phe



