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WO 2008/098909PCT/EP2008/051628 PREVENTION AND TREATMENT
OF SUB-CLINICAL PCVD SEQUENCE LISTING This application contains
wa seguene listing in paper format and in computer readablegiofmaboti® =162
teachings and content of which are hereby incorporated by reference. The
sequence listing is identical with that incorporated in W006/072065.
BACKGROUND OF THE INVENTION Field of the Invention The
preseRHREASHNGH CSlatd$NIOTRE ASe/GRE DINBNBDIehiNEompasitivn
comprising a porcine 15circovirus type 2 (PCV2) antigen for the
prevention and treatment of sub-clinical (chronic) PCV2 infections in
animals, preferably in pigsSB@s8eigtiahlds e Brior Art Porcine circovirus
type 2 (PCV2) is a small (17 - 22 nm in diameter), icosahedral,
This syodicenveloped DNKvingscwhithcontairs fosirglendtranded gircutadable format,
genome. PCV2 shares approximately 80% sequence identity with porcine
the tepghdBgirascdypatantPEVIIEHEWEFebyimedmrEse hith PEVIcawhichsiguence listing
~generally non-virulent, infection of swine with PCV2 has recently
i 1de‘§é‘§’6é’i’é&éé‘“@\ﬂfﬁcﬁrﬁﬂﬁﬁér“bm%?%dromes which have been
collectively named Porcine Circovirus Diseases (PCVD) (also known as
Porcine Circovirus associated Diseases 25 (PCVAD)) (Allan et al, 2006,

1111VS Congress). Postweangn,%%Multis%ﬁtemic Wasting Syndrome
(PMWS) is generaﬁfﬁ% BE e thE 4?3W@%ﬁ?8§%anifestation of

P tV,D Hﬁartding et al., 1997, Swine Health Prod; 5: 201-203; Kennedy et
- = ymp Pathol; 122: 9-24). Other potentially related conditions
. reported in the literatyre include.porcine respiratory disease complex "
The BRI BOFAIS Aot aib Aty ahtl REGHIOP ARy CYRCROIIE e e @ porine
- 20Q8t/0989%§ JEP2008/051628 (PDNS), reproductive failure, . . L
e B mtoue A EHE A IR COnten ot TSRO (AR higroni

PCv:zl%ﬁfﬁ}%@wgﬁﬁﬁgﬁifp@@%%g%gi ary J., 2005; 169: 326-336). PCVD
weeks 0

affects pigs between'5-22 :

Field

age. PCVD is clinically characterized
by wasting, 5 paleness of the skin, unthriftiness, respiratory distress,
diarrhea, icterus, and jaundice. In some affected swine, a combination of
Descritisympioms willde apparent while other affected swine will only have
one or two of these symptoms (Muirhead, 2002, Vet. Rec.; 150: 456).
pPorcitMeialitiratefor swipeinfeciad with REV2 ean apRroash 20%0- LIRS ral. non-
necropsy, microscopic and macroscopic lesions also appear on multiple
enveldigsstenand piganshivhtiodiyimphoidiergans heine:the rpost:eemmen sitghares
for lesions (Allan and Ellis, 2000; J Vet. Diagn. Invest., 12: 3-14). A strong
approConpelafiG0has hesnolisaritedhatywemtha Rmnoustioh CURMuUGleigagiter, in
or antigen and the severity of microscopic lymphoid lesions (Brunborg,
contra004)h |R@dditioh; doikefatiorhasatsoihear fonfedifor the ameurtiof PCY2 has
nucleic acid or antigen in blood and the severity of the clinical symptoms
recent{F3sumbotyl 2004 hin 2000 10weray1B2004) wRigh Buftebing froledBCAPnamed
have been shown to have viral loads that are higher than 106 gcnomic
Porcingduivatents posaricdiorrasely dinivallysdhparentdiseass associated Diseases
manifestations of PCV2 infection, sub-clinical PCV2 infections are thought
(PCVAdHe prdbentih thosd AnintRIstharagesiniecisdwignPe\ I Btisrrento Wasting
clinically asymptomatic. In general, a releat onship exists between these
Syndf?ét%ﬁqéi)é}ﬁﬁféyi/zsiﬁ?@éﬁéﬁs}i@&fﬂéd&ﬁibi@;li?ﬁc%zpiﬁﬁé&foﬁ@lrﬁay%ﬁ?stﬁaﬁgiwérPCVD
into PCVD, and since convalescent animals may stay persistentl}/
(Hardigeh b dfcal Y fnfotiae (SaliFigare 1), Récdhs Stweratip nadeo. | Comp Pathol;
o] sgated that sub-clinical PCV2 infections are freqlJJliJent events. WO

dem \ | :
122: %gﬁé/ FouPE R felaleh TE38HMY dRRAEREbiRIBIETHIES) RfdMomereine
. has beend t th i tal field studies. |
e B T AV HaE i igrome

is not always associated with clinical signs or lesions (Harms et al., 2001,
Vet. Pathol., 38:528- 539). In addition} several field studies have shown
that the incidence of PCV2 infected, 5 seroposit ve herds is higher than
the incidence of herds affected with PCVD (Olvera et al., 2004, J. Virol.
Methods, 117: 75-80). Often, herds that have experienced an acute

outbreak of PCVD remain PCV2 infected without showing any apparent
clinical cinne Aceonrdinn to the literatiire thie form of cirith-clinical
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comprising PCV2 antigen for the preparation of a medicament for
reduction of growth impainnent due to PCV2 sub-clinical infection, wherein
wa teyapsutically effective amount of said medicament is t0 Bg-/xpas0s/051628

administered to an animal in need of such administration. In a third

aspect, there is provided the use of PCV2 antigen or an immunogenic

composition 15 comprising PCV2 antigen for the preparation of a
(PDNRgdigginantifar feguetionekibe numberefianimalswithaing! leashabeve remors

106 genomic copies per ml serum in a group of animals (herds)
(CT-Atib-clihjealhsinfectecuwdiths POM2, ihereina thetapeuticaltyseffantive

amount of said medicament is to be administered to an animal in need of

such administration. 20In a fourth aspect, there is provided the use of

PCV2 antigen or an immunogenic composition comprising PCV2 antigen
PCViforfthetprepabatiors obalihedidamengfoP (BdUct atiof sty sinasat shetiingasting,

and/or duration of viremia in animals sub-clinically infected with PCV2,
palenghareiha tharapubricalsseffectivetemoisitof sdidmedicament isdghmdice. In

administered to an'animal in need of such administration. BRIEF
some pEEER | PTIONCRTHRBR AMAN SSEiguve 1 Differerirfotma o RGW2affected

. infections. Figure 2: Mortality rate and average daily weight gain in

swiner 5l fIRY OWth &Sty v R Blsfor & vnpreme f Suthardi 688, FiguRes: 150: 456).

Development of the relative body weight difference (1VP-CP) and of the
Mortgliys Xl Qi S8 6 g THT g6 r tHEcAir¥e of #he Gy ciigiWWe 4 During  necropsy,
. Comparispn of the percentage of animals with a virus load of > 106
miero Rt AR 67 SBruth BOTHE<tniBHE BloUBs Figie Sreens. with
Fvm h((3)9{{11(;)_61,rison af the | ercentage of anima#Ps Vii,th a virus load of 104-10E6
YmpRold SRR S gLl A S SRR Bo P b et gt p DR GUURE Vet.

. OF THE INV ON Clinical apparent PCV2 infections are associated
Dldgnwgﬁvgﬁférght%lﬁs@asﬁé %ﬂ%%%%@ﬁ%%éﬁai SSSnO%W&%@aﬁ%?&&Hw amount of
' ression farm, clinical signs ef an acute PCV2 infectian may be
PO o 3 e e g meore.
2004)/21ArEB% NARERR)ASIAIARR'GIEASE L NSIEALPACY O TBS.: antigon
(5-50% more) and c) other clinical apparent signs such as respiratory =
in bloYMR , glaprk : t{%g@%g} 2dC thrffiness. idity.
o bl rate 4%%%))9&& a (ﬁi@ﬂgh?gﬁﬁ\?%f iters éfbm@ﬁéd ?ﬁgﬁlﬁgﬂéf Sltd&g:aér)(g r?#d Biver,
2004) ST tissyeare Pcoharasierislic inding 40 mestaling.a0imals Withoner than
acute signs of PCVD. Beside this acute PCV2 infection, sub-clinical PCV2
10° cdifectiensichiractrrizgd by WO 2008/098909PCT/EP2008/051628 no or
a low morbidity rate becomes more and more visible. In some case
situation of an acute PCV2 infection might shift into a sub-clinical PCV2
infection. However, sub-clinical infections may also occurs without any
In conpraviousisigrilofppaaciite REN ZinfEetiane fitdas ean surprisioslyfauadp ey
that a sub-clinical PCV2 infection has a significant impact on performance
mfectipasametbroftapparenttyshealth hpignimparticad arshe feedthyith PCV?2 but are
performance of pigs. Even if sub-clinically infected animals do not develop
clinicapieatoimicsd syniptemsmwihiehr dleiothbijdentificationcof RGO forde of PCV?2
_ show only a low morbidity, those animals are significantly affected by the
infectignb iiptcaiubeiisate dtiontiSub-slimicakinfectionsiofpigstwithkCYDPGY2  since
result in a significant loss in weight gain (e.g. see example 3). As already
convaighepicHE R AR B GBS TS gively ishirnissby infsoifdr shaf suteclinical
PCV2 infections have any impact on the health, in particular on the growth
performance of pigs. Moreover, has also been surpisingly found that
reduction in weight gain caused by a sub- 15 clinical PCV2 infection can
Recenpobsepiidog it Fagteried duindtishrireafimatsitettisas operequent events.
sub-clinical infected with PCV2 antigen (e.g. see example 3). Thus, it was
not only found that the sub-clinical PCV2 infections affects the growth
performance of pigs, evidence is alsd given that such negative impact can
be significantly reduced by treatment/vaccination of animals with PCV2
antigen. Tn other words, even if the phenomenon of sub-clinical
20infections have been described in the prior art, evidence is given now

for the first time that - the sub-clinical PCV2 infection, occasionally
Nnbhecarvied in the field hac a cianificant imbpact on the arowth nerformance
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A "sub-clinical PCV2 infection" as used herein is characterized by i) a viral
load in an individual animal that remains during the entire life below 106
genomic copies of PCV2 per 10 ml scrum, ii) a low proportion of PCV2
Whosh@#iinmals within a group or herd with viral titers of moRCHHER28EBI51628
genomic copies per ml serum,iii) a virus persistence in a group or herd of
at least 6 weeks, preferably of at least 8 weeks, more preferred of at least
10 weeks, most preferred of at least 12 weeks, iv) the absence of typical
The capfrngeyriporiaifg A Uop baiivesaARRAN TS G JWIS: S 1Be eHsiciy field
_rate within a group of animals or herd of 15PCV2 positive animals and/or
studicsy It [3RPrcHARY dafe Witk Bobeis o PR\ podiRréiamim g isidnataigs is not
The term "low. ro;f,or,tion of PCV2 positive animals” as used in criteria n)

alwa g SR PRI ANY P At 1BEL XD G96 DTS (bt TsS thlar 186, ‘Eehtiigle 38:528-
eferred less tha %, even more 20 preferred less than 8%, even
5300 P Tt Tt IR SR VR Tt oot A0 (AR A9, e infected.

_ referred less than 3% of the.PCV-2 positive, animals within up, of
o B g o R Bt Vs o o1

20047 .@%ﬁi%&?ﬁ%&l‘s% erj:ﬁsﬁgg%? %‘ééjé’%"{@ft%%igg?gﬁ %%é/cfﬁgggmg%ufbreak of

animals within a’group or with viral titers of m an genomic

nies: U o ta 809 r'fre by‘rm e
o SRR TR, S IR I, o

literafMQB AR R O¥e, SVELIPATE P& IR e MR AN A7 YL EYER T €alled “chronic”

preferred more than 94%, éven more preferred more than 96%, mosterre
infectBRG a7 Y% 0f the, Ifr_gé{gaggﬁmiye animals of a group of animals or herd
havetiters of less than 106 genomic copies of PCV2 per nil serum. 5 The
term "PCV2 positive" as used herein means but is not limited to an animal
that comprises a detectable amount of PCV2 genome equivalents (= viral
The cCORIRSLHN imparnpler(t 1l sermBhileing Higsuet RedRtactahleiameustaland has
PCV2 genome equivalents means that PCV2 genome equivalents can be
neverdetectestianpdymenasdchainireactnn KRGR) assay ifitOsampe iser given
considered PCR positive, if two indepented samples due to a positive
wheteCR Iredulicl suel assHy VM ethatsiehquantificatipirobl @ gparBERince of
assay are well known in the art. Actually, the quantification of PCV2
animajgno mezetuiate tits wasis kiahd bftthe ffrethddrdesdribed in 15 Brunborg
et al., 2004; J. Virol Methods 122: 171-178 For amplification of PCV2,
primers PCV2-84-1265U21 and PCV2-84-1319L21 were/are used. Such
method shall function as reference assay in any case of doubt. The
APProaeng iy i P erSisie Aescaenadedederein Fsansaepiar this iffevibedamitiad. Patent
has a viral load of 20at least 101 viral copies of PCV2 per nil serum for
No. Gheriod oftim83 WS idParieduetrwetks divengemas defiseidapsvisscribed,
The term "the absence, of typical clinical symptoms in PCV2 positive _
Compaﬂnﬁaﬁ'?%fh&é&kﬁ%iﬁw‘gﬁ%%mg@%@& 8T AP P EhPErRiedIC V2 strains

symptions normally associated with a clinical W

replac S SEI00P Lo e b DO 1808 A A APV R AHBE Mioians and

recise and undoubtfut identificati f.a PCV2 infection only by its typical

proce L IV e TAPREN St BIRILS] SRS He HoRE Rrollh SEPEVB rhere
particular paleness of the skin, unthriftiness, respiratory distress, diarrhea, .
been ié?g?ﬁs?%)réﬂnarcg%ﬁe %nmm(%rbﬁlgigt%/dra Ié%%rgtus%ﬁ%%%/ei S ﬁeﬁdiég%ged n

woodfifiransenee olglnicaslans whish AW e deniiealion ofan acie o or
V2 infection by its clinica appearanceqt IS therefore an indicator for the
swine%']?}gpgﬁi&f @ u? '\%&g%f%%ev %J%@SP%JQ%&%@ 1{ Ve A Iggrygeastce ibed for
as used herein refersto the percentage of animals with altere generaf1
the prgﬁﬁﬁlax'r’g%ﬁﬁ%%g&?%?rﬁl.imtgﬁgcﬂﬁﬁqiﬁ?ﬁﬁi@é@gﬁnﬂ?g@@%‘ﬁ/{ore@ver, such
preSence of one or more PCVD related clinical signs such as the
occurrence of runts (defined herein as animals with a body weight 25 A
less than ean weight of its animal groyp of the same age), paleness of the
skin, unthriffness, respiratory distress; diarrhea, icterus, or jaundice. Thus,
a "low morbitidy" as used herein, means that less than 25%, preferably
less than 20%, more preferred less than 15 15%, even more preferred

less than 12%, even more preferred less than 10%, even more preferred
lace than Q04 oven more nrafarred lece than R04 mnet nrefarrad lece than
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WO 2008/098909PCT/EP2008/051628 The term "low mortality rate" as

used herein means but s not limited to a mortality rate of less than 0%,

preferably of less than 15%, more preferred of less than 12%, even more

preferred of less than 10%, even more preferred of less than 8%, even

more preferred of less 5than 6%, most preferred of less than 4% of the

PCV2 positive animals within a group of animals or a herd. The

termneed of such administration" or n need of such administration
vaccitreslirventt; bscuskEddrdrainameafts thantheadgainis PatichirEatmemt mb-clinically

associated with prevention of health or 10any other positive medicinal

 infecsfigubups halthrelthadminalgsovhitisrepeivihthe fo@v2emntigen. According

to a preferred embodiment a sub-clinical case of a PCV2 infection is

given, when at least criteria i) "a viral load in an individual animal that

remains during the entire life below 106 genomic copies of PCV2 per ml

serum"” criteria ii) "a low proportidiMFBEY-2 15 positive animals within a
o a group or herd with viral titers of more than 106 gcnomic_copies per ml

futiPetr S M dAuE pErEiSiehCE PR BBUY G HEHMBRESase BPosition
comprtsme%f(f@’f Q%E%g%/ f?}r %& leaSt Sas(t)elfléis ] ?n"eé%&nﬁ%‘;? H)? i Of at L%ae'g?';[ é)lfo a sub-clinical

S, MOS ererre weeks™ mentione ove a

rev2RRlieaRe; Moshpigler @Qﬁ%ﬁ sub-clinica! &&%@19‘\%%\4% E‘Iﬁ&%p&hiﬁﬁiy Chective

when criteria i) and Ii) as mentioned above are applicable. 20 In cases,
amouNVReERigkitericahancddas eHterdlikis LOMBINeIMItA SEH8URNMOL AdwilkiStration.
persistence in a group or herd of at least 6 weeks, preferably of at least 8
weeks, more preferred of at least 10 weeks, most preferred of at least 12
weeks", or in any other cases comprising criteria WO
In 2 sopd/89BI0IRCTEP20d8I0bE 678 of) sVdetiriedratiove inmeusptsmlifieaposition
infection is considered to be a "chronic sub-clinical PCV2" infection.

| GOmP%rﬁﬁ%‘é%oaﬂﬁﬁﬁ%r@gpaa RFPBRECBNI Y SRATSABII S dsHnstifgd $brerowth

the nd.5 treat t of sub-clinical CV2 |nfe tlo wherein
e s o T S B oA TR Sount o
said niB@iMRluAl RRipakalhslow. 406 &%%ﬁ&f?é@&%f%ﬁﬁ@d&ﬁ%&%oﬁ?mm’
comprising the step of administering a therapeutically effective amount of
PCV2 antigen or an immunogenic composition comprising a PCV2
antigen to that animal in need of such administration Preferably, that
In a tbub-sipwicatiPG\V2 infedtich tis:fusthef PLU/2hantacterized byrtheqreseneemebition
less than 20 % of the animals with more than 106 preferably more than

- comprifyR,iPal COpIEEHr TR perrsetth Witkibeansro fprordwiteal soha mapger of

g‘nd/é?f a virus persistence in such group or, herd of at least 6 weeks,

animags M X %?F%Pé%‘(&t%)v§88i%‘§““rﬁ8PéebP8fé??é8“8?‘é‘f PESERG FBEIAL fhegdp) sub-
ctnic P GHER.LL 3 P12 eeks, More Rrelsrabl Al subaglinicalniengign i
is further characterized y the absence o ny clinical signs’in‘an
to be aRiRdiviclaL REMARASHINEAR MR PRRglinediabove o or a low morbidity
rate as defined above and/or a low mortality rate as defined above.
According to further aspect, the present invention provides a method for
the prophylaxis and treatment of sub-clinical PCV2 infection, wherein the
In a foutthcipical PEY % ipfeciion ibe 20echiaP4dte imtidebyon anr ahitoath garagm composition
individual animal that would remain during the entire life below 106

comprifiRp AiicY et B e pRiEpAT R i fﬂ@é’ﬁ%’éﬁ%@%f%ﬁ‘ﬁﬁ%\}’f virus nasal
snedd O R e SRS pova wherein 2

rapeutically efféctive amoun

therapEQBARSHRLSAMRHSNG ABF Y2 AtAs; 9 fhat animalin e e ﬂn%‘d?ﬁl gped of
administration. Preferably, that sub-clinical PCV2 infection is tfurther W

such 22908/098909PCT/EP2008/051628 characterized by the presence of Iess
than 20 % of the animals with more than 106 preferably more than 10'
viral copies of PCV2 per ml serum within a group of animals or a herd
and/or a virus persistence in such group or herd of at least 6 weeks,
preferably of at least 8 weeks, more preferred of at least 10 weeks, most
preferred of at least 12 weeks. More preferably, 5 that sub-clinical

- infcnction is further characterized by the absence of any clinical signs in

an individual PCV2 positive animal as defined above, no or a low
maorhiditys rate ac defined abhnve and/or 2 low maortalityy rate ac defined



weeks, preferably of at least 8 weeks, more preferred of at least 10
weeks, most preferred of at least 12 weeks. Preferably, that sub-clinical
PCV2 infenction is further characterized by the absence of any clinical
signs in an individual PCV2 positive animal as defined above, no or a low
morbidity rate as defined above and/or a low mortality rate as defined
above. S According to a further aspect, the present invention also
provides a method for the prophylaxis and treatment of sub-clinical PCV2
infection,wherein the sub-clinical PCV2 infection is characterized by the
absence of any clinical signs in an individual PCV2 positive animal as
defined above, ceRprEsING $uRsran ONaoinigierng wikesgpeutically
effective 10 amount of PCV2 antigen or an immunogenic composition
Figueomirisiaga REM2-EMINeD iafanianimal in need of such administration,
Preferably, that sub-clinical PCV2 infection is further characterized by no
Figupr 2 [blemmabtpidity sateaasregfidedyabveighiagdiomafiomnmgrtalitheratedasarm before
defined above. More preferably, such sub-clinical PCV2 infection is further
and eharstotbrizaitidsipa viral load in an individual animal that remains during
the entire life below 106 genomic 15copies of PCV2 per ml serum and/or
Figuze|dwWprepumiont of PEveRposiivey ardrabislitittinca groti s heddfhgiratan virus
titers of more than 106 genomic copies per ml serum. According to a
load flptHéy aupieibe thurpredahe ifvention also provides a method for the
_ prophylaxis and treatment of sub-clinical PCV2 infection, wherein the
Mcé@i@@m@vz@Ghﬁf@éfﬁﬁﬁl%%éh{afa@c"éﬂﬁédfﬁhrﬁ) Briewarbidity §h genomic
_group of animials or a herd, preferably of less than 25% or lower as
equiHE LB LB PRSI AESIE B BB ministering a therapeutically
. effective amount of PCV2 antigen or an immunogenic composition p )
ELeU i SRSy S P 2 A RGE PG 8 Anfianits el i SusHednthiktratign. genomic
. Preferahly, such sul-clinical PCV2 infection is further characterized by a
eq““(ﬁi%ﬂ Oh SR AR R0y & StR58/098909PC T/EP2008/051628
that remains during the entire life below 106 genomic copies of PCV2 per
ml serum and/or a low proportion of PCV2 positive animals within a group
or herd with viral titers of more than 106 genomic copies per nil serum.
5According to a further aspect, the present invention also provides a

thod for th i _clinical PCV?2 infection,
method o e ot pmat et V2 et
clinifale g5 definesierein,piglarably. of jess han <0% of;lewer, ORI Wrcromes.

the step of administering a therapeutically effective amount o

Depeﬁ@ﬂ%&%@%@@%ﬂﬂ@&‘iSiQé’i},’tP,Qﬂﬂ‘éEbf&”%Bﬂﬁf”&iﬁi&?\ﬁ%ﬁ”&@ﬁﬂ &8 pcva

~animal in need of 10 such administration. Preferably, such sub-clinica

infecRSaMRaPIRCHRR 43 tﬂams@n@rﬁ%%ﬁ% By Andiabioad: in @R JRAMIANAld mortality

animal that remains during the entire life below 106 gcnomic copies of

rate (PGY6% REIHEM, S6Y UIG: NGO 10V RECNAMIRNARE RGV HOSIHNE 8RS 0re) and c)

within a group or herd with viral titers of more than 106 genomm copies

otherPEBLIS ey eSSt hies agiinistratipn 66 fastye AR QUNERER GM2rRRIgenhe skin,
to animals or a group.of animals that are sub-clinically infected with PCV2
icteruig silis iR Aty ehancadyvwets - geie) ofihasRianinals Vi {BHEMINE, Mbre than 10° or
reduction of the number of animals with viral load comprised between 104
107 pto hDS:genomdseopies pehmicerisay; ity diianafoftts naselishaddingte signs
and/or in reduction of duration of viremia. 20 Thus according to a further
of P(AdReBgdhie presentenleEntiv matsaprovitiediaicabiiod Tarfediwtsorhafdasszed by
of weight gain in animals sub-clinically infected with PCV2, comprising the
step of administering a therapeutically effective amount of PCV2 antigen
or an immunogenic composition comprising a P012 antigen to an animal
in need of such administration, WO 2008/098909PCT/EP2008/051628
Preferably, average weight gain is incrd&sed in weeks 10 to 22 of age for
more than 1.5 kg as compared to non vaccinated animals. The term
"during fattening" as used herein means but is not limited to weeks Ito 36
of age, preferably to weeks 10 to 28 of age of those animals. 5The term in
animals sub-clinically infected with PCV2" as used herein means the

individual animal that becomes sub-clinically infected with PCV2, but also
rafarce to 2 Aarnirin of animale wherein mnoet of the animale nof that Aaroinin
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WO 2008/098909PCT/E1'2008/051628 According to a further aspect, the
present invention also provides a method for reduction of the number of
animals with a clinically relevant viral load (above 106 genome copies per
WRARSEHHPRYGH a group of animals (herd) sub-clinically infectedRGItHEPDWA2}51628

comprising the step of administering a therapeutically effective amount of
PCV2 antigen or an immunogenic 5 composition comprising an PCV2
antigen to an animal in need of such administration. Preferably, the

no oTr B P FPERIMETS Wi RYiraPIS 48 BBuVR 1ablgchosereo pies pratisefamacute
could be reduced due to vaccination with PCV2 antigen to less than 10 %,

PCV PSSy 1648 haW'S okl evantHiorE Bate PADKZtoNESERart o 96 ave pub-clinical
more preferably to less than 3 %, even more preferably to less than 2 %,

infec eSS BrE A B IR EL AT B9 U6 AeBATHig ta ?&%}ﬂé@fﬁg& the
present invention also provides a method for reduction of nasal virus
shedding, reduction of the duration of viremia in animals sub-clinically

Tt he dJnfecteSdl\/j\gtP P @%nsm e ste [%}Zfl @lsterlngather?eutlcau
?fcegtlvuelalin%ﬁrﬁ TR na D HUGEHRE Earibsislant mmpact on
comprisin g an PC 2 anti

nimal in eed.of . 1
performance &ratlnetc ddé’é’cn% c:aalﬂh?l DIoS I F n}twul T ﬂ?etgo?wth n]?gll"gormdnce of

aamini ove V Ctrna rea men ani

pigs. Mn Wiﬁ@l% !ﬂﬁ%ﬁﬁ?ﬂ% t&(ﬁ 59 é%alg%%l qcﬂ% rlop_l%' h9 ot of }ﬁgea hsg%g ms which

as compared to noh vaccinate COI’]'[I’O animails average S

allowIAE Qfdherdurationobieryire ‘aas, &7 fays.as, Pfﬁeﬁ!%% 0 e animals are

vaccinated control animals of the same species. Thus, acco dlng toa

signifidHnes Aspach thelresanti ﬂyﬁrﬁ@w&ﬁ@e%ﬁ%a E‘ﬁ%‘i@ﬁq{%&ﬁ%%ﬂﬂgs with

of duration of vife ia in 20 animals sub-clinically infected with PCV

PCVERRRAsNG dheistenobadminisiaringa theraneutically @@‘?CAy%s?é“&’}’ Hetioned,

PCV2 antigen or an immunogenic composmon comprising a PCV2
no cvadiigensteiddhanimabibreadotaushadminsialiot\whergindhe ieatme Mpact
or prophylaxis results in shortening of the viremia phase of 5 or more
on theaysirefesaidyiGrenmere-eash pvaormare: prgfarably of 7 or more days,
even more preferably of 8 WO 2008/098909PCT/EP2008/051628 or
more days, even more prefably of 9, even more preferably of 10, even
more preferably of 12, even more preferably of 14, most preferably of
Morepvereithaun 1Bcdbys: asparmpay dditodathimeaddiafiamonstregtedtontralegrovp sub-
of the same species. 5The ‘icons "antigen" as used herein refer to an
clinicalnfiny acidestquencdavitidicedidits thn rerhuns/ respoasenmBanostl Athat become
antigen, as used herein, includes the full-length sequence of any PCV2
sub- Cbﬁéﬁé‘i mfeaiealngs thetebinoeimmunogenieriplgmiriiathérest Theapnfound that
"immunogenic fragment" refers to a fragment of a protein which includes
the syhelipigsiofé ¥gitapesiond tHusteibrmeimproheresponteigsativdtnee is also
Such fragments can be identified usin an){ number of 10 epitope
given thad SiHefEBRiGESERIEN Kiblh HemEanlsaeluy Epitopenvappingnation of
Protocols in Methads in Molecular Biology, Vol. 66 (Glenn E. Morris, Ed.,

animajy 9’6*)1]?4 Gindra BILES. TORMBENERF %r§c¥9ﬁ For BrarisROmARE i |tb‘ﬁé§] imical

concurrently synthesizing large numbers of

- dléter ined b
6“&@3 § BIFRSRETES %&hﬂi%ﬁ@%&.&@&%ﬁégﬁmﬁawﬁﬁoﬁfﬁbﬂ@wffébﬂ
protein. m IeCl%’L‘e[5 % cting the peptides with antibodies while the
é?b‘h&‘é‘% CHBIG LA At RO PHRASLUNSrRSENER {BCRRAIGEKS JFe Kbt icant
|n the art anéj descr § Patent No. 4,708,871; Geysen et al.
a*FP %ré?ag%/ﬁi 1%8998- 4002; Geysen et al. (1986)

roc, Nt
Molec Immun S| ilarly, conformational eptope re readily
~ identified By c?etermlnlhrﬂcép |a??:on grrﬁ@ﬁoﬁ’ al I:‘[?‘dé)gi aqé‘tﬁifn can

rystallography and 2-dimensjonal ear
BB Y e e
antigens are also mcluded within the deflnltlon for example, polyepitopes,
flanking cpitopcs, and other recombinant or synthetically derived antigens.
See, e.g., Bergmann et al. (1993) Eur: J. Immunot. 23:2777-2781,
Bergmann et al. (1996), J. Immunol. 157:3242- WO
2008/098909PCT/EP2008/051628 3249; Suhrbier, A. (1997), Immunol.
and Cell Biol. 75:402-408; Gardner et al., (1998) 12th World AIDS

Confareance CCeneava <witzarl and Tiin 22¢:-Tiihy 2 1002 An "immiine
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According to further aspect, the immunogenic composition as used herein
most preferably 5 comprises the polypeptide, or a fragment thereof,
expressed by ORF-2 of PCV2. PCV2 ORF-2DNA and protein, used herein
wignthedreparation of the compositions and within the proces BEBP/@WE%%
herein is a highly conserved domain within PCV2 isolates and thereby,
any PCV2 ORF-2 would be effective as the source of the PCV2 ORF-2
DNA and/or polypept de as used herein. A preferred PCV2 ORF-2 protein
is that of SEQ ID NO: 11 of 10 W006/072065. A further preferred PCV
ORF-2 polypeptide is provided as SEQ ID NO: 5 of W006/072065.
Therpfoweveroitiisgiridemstoodroyithise ok skill imtheiar thatihis sequenee for the
could vary by as much as 6-10% in sequence homology and still retain the
proplyritigie me Ehesrastaristts thet-eéndel iPUSEfuhindtiomunogenitmal or a group of
_ compositions. The antigenic characteristics of an immunological
animgl§n ST e dhcorctop lesdinipiecdatimdbetpsuthelbhaffengec experimeftPCV2
. as 15prqvided by Example 4 of W006/072065. Moreover,the antigenic
ANBSRR OF A ST BRI SO RGO stnEreBinGdantisen hamiodifiddn need of
cuch g;\{g]tict:;[g-:-nt c?nfers at least 70%, preferably = more preferably 90% of the
s f)rg}eé |\E}aelﬁ%munity as compared to the PCV2 ORF2protein, encoded by
the polynucleotide sequence of SEQ ID NO:3 or SEQ ID NO:4 as
provided in W006/072065. 20 Thus according to another aspect, the
< Joresent.J ion Ides_a method for the prophylaxis,and treatment of
A b%%?gﬁé?gﬁﬂm%ﬁé%éﬁonﬁa&?gg; Sﬁ%rlﬁnccr‘élaagﬁézgﬁl/ebr%gi ey t%ﬁ% 1 an
cadiv e Xall imal I -clinjeally infected with
e e Lo o the oo 3] A RN Sagev2 per
ml sc@@tﬂ!ﬂﬁﬁ@@oﬁemﬁ)@%m}@@%ﬁm&a aMBhls within a group or her%i with viral
2008/098909PCT/EP2008/051628 copies per ml serum, a ngethod or
titers retiuolionhah the numdadt ebarimalswithviral igad %ﬁ&@ﬁ&@@%@ up or
ml scrum within a sub-clinically infected herd, a method for reduction of
herd olsaleuinus sheddinglaabigthioe Tossietlucipn afderatinmel yraiaid: 10 weeks,
animals sub-clinically infected with PCV2, a method for the reduction of
most thefenxbiding fetet Withinchssid-diinidaitycb dfifgpies binitaa snethosidor thecv?
_ reduction of the mortality rate within a sub-clinically infected herd, all
positigg ifisthg theo ste ol sl finisteringdity thierapiduticallyeifectiveiandsuntlafrd of
PCV2 antigen or an immunogenic composition comprising an PCV2
POV RagEN G AR Al i ﬁ@eﬂ%\%dﬁﬁr%ﬁiiﬁmwﬂﬁyv@h@r@m @RS 2positive
.__antigen is an antigen PCV2 ORF-2 protein that has at least 70%,
ammag?é’fgel?gﬂy, 80% even more preferably 90% of the protective immunity as
10 compared to compared to the PCV2 ORF-2 protein, encoded by the
polynucleotide sequence of SEQ ID NO:3 or SEQ ID NO:4 as provided in

WO006/072065. Preferably, said PCV2 ORE-2 have the sequence of SEQ
e B TR O o7 Rb0BI07 006 LA R shove meshs
less tHAHTHPROGRIERBIYONS QLEC M ORE;2 protein are used as the @?‘9&%&? more
15 component in the Immunogenic composnFon, comprising TFL’(J: 2

preferaiGRR RIS R HMBHNRAYRRIC PRILAN,AgUSedD g@é%@%@e&?lws than 4%,

truncated and/or substituted Forms, or fragments of PCV2 ORF-2 protein

most pREEEPOyNUsigotide, T ﬁﬁpggt‘WQ%anﬁf@@@:lﬁ{a@%hﬁwg(ﬁ%g ApdiOmals or a

substituted forms, or fragments will comprise at least 6 contiguous amino
herd tawcidg from theful-leogthh@R2dabprptideeMeranreferably, Yiger words, the
truncated or substituted 20 forms, or fragments will have at least 5,
term gpréferably@tinmore Prafenabiyito anvards praferably@ijeastdd vandstil] titers of
more preferably at least 19 contiguous amino acids from the full-length
more thay IOREDpitypaptitlesTwb wrefeireticeguencstimthis teapgitatecferably
provided as SEQ ID NO: 9 and SEQ ID NO:10 of W006/072065 It is
further understood that such sequences may be a part of larger fragments
or truncated forms. WO 2008/098909PCT/EP2008/051628 As mentioned
above, a further preferred PCV2 ORE-2 polypcpt de is any one 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 5 homology and still retain the antigenic
rharactarictirce that randear it 1icefiil in iIMmMiIiinaonenic comno<itinne |ln ecome
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15 100 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
vari@agaarce, up to 15%, preferably up to 10%, even more prefighadlit MpPieas
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 15%, 20 preferably up to 10%, even more preferably up to 5%
morgfiie otal Aumbesrofaniine o retidudsin, the-referense REGUaNEE: MAY 92%,
be inserted into the reference sequence. These alterations of the
evenrgipre e geeflarte may dtburattheaminoiorthiersarbtantevinalost preferred
positions of the reference amino acid sequence or anywhere between
morgiie WErnalsditicheomitsrspersdd eftherindividusheBmong desiduesal titers
.._in the reference sequence or in the one or WO
of lessihan O seTeBEIRIPE0NIER bR mbfereantiguous groups within the
reference sequence. Preferably, residue positions which are not identical
differ by conservative amino acid substitutions. However, conservative
The §_L1bstjpb|£i s are. not included as a match when determining sequence
* identity. 5" SeRRIdNER HEMbIIGY S 88 USEaRebeini TeTersliBifmethan efimal that

com (Ej_]eq’te%rm(i:{gitn t(EEF [elatec%n? f %WO sequences. To determine sequence
HSmology’; two of Tord & f&e SEUEDpIRAs L gned shRangapsanesample (1

Infroduced if necessary. However, in contrast to "sequence identity"
f’lql‘?lij T 1158 Yy AP : q - y‘,
5 5Ccolr]1sgr\$§tm g?’rﬂlr% ;{iig < %Hﬁt%‘h%“&?é’ OUNtEdSEEIH SBAMsBH means that
pCvASIENRINIng seqyer f}é)m ology..In other fords, to optain a polypeptide or

pglynuc‘?ego%é%e %&v?ngggrb %gteec%ﬁégngea&é)?ggnml%%ﬁyc A FeHereHdeR) assay. A
sampREQUENSE B8 cRreferably 90%, even mote ref_[aéjlr 95% of the amino

Pacid residues or nu Ieé%désl in the re eerﬁer@\%é"%m %‘Se Eé B SOMBYEH &t result in

such £QMprise 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

Methdéle kafgrengecddaequence May bernsgred into.fhe referenge %f%q 8&%@1&:&%@7, the

Preferably the hornolog sequence comprises at least a stretch of 50, eve

quantifiargcpreeraly at jeasit00gavenmoreRIefelshly @t Iaast 259, ang.evei.q i
more preferably at least 500 nucleotides. A "conservative substitution™
Bruntrefers td.fReGubsittomefaniamine acid residbe SRNHERERNES 13 WHN rimers
another amino acid residue or nucleotide having similar characteristics or
PCV2ghépdiidsincludifg Size& dhiirophobicity aeiCusstch R BRAYaRI function as
functionality does not change significantly. WO
refereROOSEYS909P CFER 20081051628 "Isolated” means altered "by the hand
of man" from its natural state, i.e., if it occurs in nature, it has been
changed or removed from its original environment,or both. For example,
polynucleotide or polypeptide naturally present in a living organism is not
The togoixtay PHGtRCSAMa eyt oRdasohpbipeptide deparatbdsfrondhead of
coexisting materials of its natural Sstate is "isolated”, as the term is
at I-Ga%n‘]%lo‘g}é’fg Repsih of Ris\Beestditg toran s enes petiodhe present irfventideast 6
provides a method for the prophylaxis and treatment of sub-clinical PCV2
weeksiptARReH 4 AsSisrRSH creasing average weight gain in an animal or a
group of animals (herd) sub-clinically infected with PCV2, a method for 10
reduction of the number of animals with viral load comprised between 104
The tolQ Lg@egﬁgomue copies per m| crum, a method for reduction of the number
1© 1COF animalswith Vit 164 E AN 6V 108 (BN R p&F RASEEYERT I 2 used herein
- .Suk-clinically infected herd a method for reduction of nasal virus shedding,
s o RIoOR o A PRI OGS0 gl & conic
infected with PCV2, a method for the reduction of the morbidity rate within
a sub-clinically 15 infected herd, a method for the reduction of the
mortality rate within a sub-clinically infected herd, all comprising the step
of administering a therapeutically effective amount of PCV2 ORF-2 protein
to an animal in need of such administration, wherein said PCV2 ORF-2

protein is anyone of those, described above. Preferably, said PCV2
ORE-2 nrotein ic NYa nolvvnentide comnricina the ceniience nf SEO ED NO:-



Preferably any of those immunogenic portions have the immunogenic

characteristics of PCV2 ORF-2 protein that is encoded by the sequence of

SEQ ID NO: 3 or SEQ ID NO: 4 of 15W006/07065. According to a further

WESHeREIPCY 2 ORF-2 protein is provided in the immunogeni®®€arapoigion 628

at an antigen inclusion level effective for the treatment of animals

sub-clinically infected with PCV2. Preferably, the PCV2 ORF-2 protein

inclusion level is at least 0.2 lig 20 antigen / ml of the final immunogenic
appaiggmpositior iggimaa  hiorb prete AP froR apel b B0 idpwilt woonugiml, PCV2
.. still more preferably from about 0.3 to about 200 pg/ml, even more
infoctpRraRAh Ry Y BISOUE Bas G RSB TD LSS LIHGRE raterahPholown as
p CV%bout 0.4t abou_t 50 fig/ml, }jll more g{rﬂeferaply f_rgm about O.45,to”about ]
"CV S0 RGRHICHLT RibTBTSetbtAb R For d58URY'S 5 RB6IYL S jig5i strehra. icterus,

_._more preferably from about 0.75 to about 8 jig/ml, even WO

or ja“Lﬁéld%/ogsgogF>c:T/|5|32008/051628 more preferably from about 1.0 to

about 6 ug/ml, still more preferably from about 1.3 to about 3.0 ,ug/int,

even more preferably from about 1.4 to about 2.5 tig/m1, even more

referably from.about.1.5 to about 2.0 pa/ml,.and most preferably about . .

The R o5 R 0 Bl PR SR et s
whicl SHNOUEVELE ARl Z A IRELHORN AL ATRADELANNE 11 s

per dose of the final antigenic composition tg/ofosé), more pre bba 1y

there f52MA0QUL9:219,2bQUt 40Q.08/dgse. stll mare.preferablyfromahaut .3, o

to about 200 fig/dose, even more preferably from about 0.35 to about 100

morbHE/doser still mere pisferally from about Q4 40 .abauES0 Hig/dose. stilkral healh.

more preferably from about 10 0.45 to about 30 fig/dose, still more

10 Alterbielaiabnfiom aborh 084 abaut b 90/d038.LYeD S1erR Breferably (B iated
about 0.75 to about 8 fig/dose, even more preferably from about 1.0 to

clinicabguh6 gerdasaesitcmerecpraferahly deam abertid & thahaytadil PYSBScight
even more preferably from about 1.4 to about 2.5 gg/dose, even more
25 Yopeefetablytisom abouldhbdniabatitid] Ocgaif esahand-masicprefecably abowt skin,
1.6 jig/dose. 15 The PCV2 ORF-2 polypeptide used in the immunogenic
unthrifonepositign: iag chsdancel witheth e qprese ot iluediian Tambe detivedibitidy” as
any fashion including isolation and purification of PCV2 ORF2, standard
uscd peoteinsynthelsis, landirecdimbinprt metyodetogyn Péferres metifodsddess than
obtaining PCV2 ORF-2 polypeptidc are provided in W006/072065, the
15 15%, teashimgg andic2@ edpiethof Wiichears herabyrisfeoipbiatedhby iéfdrenca more
in its entirety. Briefly, susceptible cells are infected with a recombinant
preferjial vedtsndontairagro\Z-ORFII BNAadding sequefices) PeVizn 4% of the
~ ORF-2 polypeptidc is expressed by the recombinant virus, and the
animady Sfes sEerP OV 21 ORI PHERPtiaON soveBahehnthd stpetaatast R VD,
filtration and WO 2008/098909PCT/EP2008/051628 inactivated by any .
prefergbielftionarmEYhRFHFETRTAOR} USRI Bty By IR ine UARRE i9thids skin,
neutralized. to stop the inactivation process. The immunogenic
ui}thr%%?ﬁb%ﬁ%ﬁaé%éiéﬁrﬁ%‘r&}?%i?&r’éfﬁ%sté’%}'ﬂﬂﬁ%sition that comprises i)
5 any of the PCV2 ORF-2 protein described above, preferably in
concentrations described above, and ii) at least a portion of the viral
vector expressing said PCV2 ORFE-2 protein, preferably qf a recomhinant . .
T e RHetaSver S RO O pOROH LA B G  geive
f the PCV2 ORF-2 p oteins?(aeggriped above 1;%refer bl

rjmrmc%r?cedln yrgﬁ )nos d]élglclﬁ Yed alllgove, iiS’ at leas grpoﬁfgncé?lt%dg W%P%r?; o?f PCVD,

prefer%%ﬂﬁc?&i@go%iqh@%oy&u%%gé 2R QH?{H’ ;IQ P(ﬁgf%f@ab le%Rrg%;Eg[% met)s!snaC)r}'t the skin,

aculovirus, and i) a portion of the cell culture supernat us
unthriAGEQKIING0.AN0URSL-ASPREL e RERSENLINVERipN provides a method for
the prophylaxis ‘and treatment of sub-clinical PCV2 infection, a method for
increasing average weight gain in an animal or a group of animals (herd)
sub-clinically infected with PCV2, a method for 15 reduction of the
number of animals with viral load coni%rised between 104 to 106 genome
copies per ml serum, a method for reduction of the number of animals with
viral load above 106 genome per ml serum within a sub-clinically infected

herd, a method for reduction of nasal virus shedding, a method for
radiiction of diriration of viremia in animale cirih-clinicallyvy infacted with

h
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portion of the cell culture, iv) an inactivating agent to inactivate the
recombinant viral vector preferably BE!, and v) a neutralization agent to
stop the inactivation mediated by the inactivating agent, wherein about
woong Bt components i) tolave a size smaller than 1 WO PCT/EP2068/651628
2008/098909PCT/EP2008/051628 um. Preferably, if the inactivating agent
is BEI, said composition comprises sodium thiosulfatc in equivalent
amounts to BEI. The polypcptide is incorporated into a composition that
can be administered to an animal 5 susceptible to PCV2 infection. In
preferred fowls, the composition may also include additional components
The HBWITH THEER BT BRAT ifPtHE ARYSER HISHREMIHGISh S B4 thaceaticdity rate of
! ggiegcgs. (1990). 18th ed. Mack Publ., Easton). Additionally, the .
less L8mposHidc My dhde b e Br mdre Wit AFdR/TaE Qplbidhaariiats, sen more
o548 d Eer‘ei , "a veterinary-acceptable carrier” includes any and all
prefeaf, hlEs AL TERE EoRTGR- 010 JTuUARS, b Sgeriisd of less
__diluents, preservatives, antibacterial.and antifungal agents, isotonj¢
G A eh P gE ATt e B & pf BBt i @ eroup of
anime?l'énobx%d}i@%m’ the immunogenic composition comprises PCV2 ORF-2
protein as provided herewith, preferably in concentrations described
above, which is mixed with an adjuvant, preferably Carbopol, and
physiological saline. 15 Those of skill in the art will understand that the

The tgﬁ{ppﬂsi%%] %%Q%@@n@@&f '&Orﬁtg&ﬁom%l{a g&%%'l%&;traﬁ n freatment”, as
physiologically acceptable sterile solutions. For preparing a reagy-to-use ’
used BAMHARIR:RREENEALINSSHAR RAIILSIAN; AAYSAUS ISQIANC AN heatth or
such as e.g. saline or corresponding plasma protein solutions, are readily
any oBMRIRRIEVD AEAILAR; (G INUNHRABEEE 20BNV AGEIRS LRMPARIRRS Olntipen.
the present invention can include diluents, isotonic agents, stabilizers, or
adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol,
and the like. Isotonic agents can include sodium chloride, dextrose,
Accoftidpniol jsorhital, sarishinstiose: ampaNgiotnesse SRDHZOTS ihnHEhe AIRIR hen
and alkali salts of ethyl dia intetracetic acid, among others. WO
at 1ca008{E28909P CTdERZ0Q8/Ab L62R Adjumants! dsiusethhereiRigarme entire life
include aluminium hydroxide and aluminium phosphate, saponins e.g.,
belovQUil A¢RSi2 L¢GambiBgy Biateoh kecunCambeidgd MAYoG RE@E8on of PCV-2
(Galenica Pharmaceuticals, Inc. Birmingham, AL), water-in-oil emulsion,
positigll-ininatewsmulsigmubwaterd midilsinalvates efwisiothFhd eprutsion agries per
be based in particular on light liquid paraffin oil (European Phainiacopca
ml serype)oisopeEAGID Gil Stichrassstralaiteeareeualdredilirgduiting frorks, preferably
theoligomerization of Acmes, in particular of isobutene or decene; esters
of at lgpgdidEcskbianed Retscesatalmhlpaslihd arcaksy ngpeup choed pantidedsih? weeks”
plant ails, ethyl oleate, propylene glycol di-(capry_laﬁe/caprag), glyceryl
mentigiqd ARNateTepRiie) F @m%@%bw@%m@; @sters Gibyanafsion is
. fatty acids or alcohgls, in particular isostearic acid esters. The oil is used
given; WABRIHFON Wit @ ATUISHERLEE 1ORYEHE arplirabls: The emulsifiers are
preferably nonionic surfactants, in particular esters of sorbitan, of mannide
(e.g. anhydromannitol olcate), of glycol, of polyglycerol, of propylene
lycal and of aleic, ispstcatric, .ricinoleic or.hydroxystearic acid, which are.
I o SR NARER S S oy BN ST iy perisence

opitionaﬁycgfﬁoxy
. copol mer_({al ks, in particular the Plyronic products, especially LI121. Se '
o e TR L S P el ABPLA B ASvAs PrTned of a

a e Theory an ion of
leas stewart-Tull, D, E. S.), JohnWiley and Sons, NY,, pp51-94 (1995) and. .
oo R A e T A A B e e R A

the SPT emulsion described on page 147 of "Vaccine Design, The
Subunit and Adjuvant Approach” edited by M. Powell and M. Newman,
Plenum Press, 1995, and the emulsion MF59 described on page 183 of
this same book. A Further instance of an adjuvant is a compound chosen
from the polymers of acrylic or metha%ryl c acid and the copolymers of
maleic anhydride and alkenyl derivative. WO
2008/098909PCT/EP2008/051628 Advantageous adjuvant compounds

are the polymers of acrylic or methacrylic acid which are cross-linked,
acneaciallvy with nolvvallkenvl etheare nof cirinare nor nnolvvaleohnle Thece
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10 the composition provided herewith, contains PCV2 ORF-2protein
recovered from the supernatant of in vitro cultured cells, wherein said cells
were infected with a recombinant viral vector containing PCV2 ORF-2DNA
ing PCV2 ORF-2protein, and wherein said cell culture was
‘ﬁgzﬁﬁﬂ&ﬁﬁabout 2 to about 8 mM BEI, preferably with abodit 8 filfEer1628
to inactivate the viral vector, and an equivalent concentration of a
neutralization agent, 15preferably sodium thiosulfate solution to a final
iif) sotekmitaiinnQf abaub 2 tniahontBmMiPsierabhyofaboutamm, The .
present invention also relates to the use of an immunogenic composition
PCMY infremsing average weight gain in an animal or a group of animals
(herd) sub-clinically infected with 70 PCV2, reduction of the number of
animals with viral load comprised between 104 to 106 genome copies per
ml serum, reduction of the number of animals with viral load above 100
Accqdgnife fpehanpamainbwithineat subectinically inée ctee et Giopngfaxis and
nasal virus shedding, reduction of duration of viremia in animals
treatgent o phichtyelvseteBGWith Péviom redactiontof thebmbnbiditpcare withinian s
sub-clinically infected herd, a method for the reduction of the WO
CharasiekeRio B GO T B9 00 A BEBIg UHGHANE) Ritbolvithih sulorlinicallys of PCY?2
or ir}fected herd ,wherein said immunogenic composition comprises i) any of
PO e B IBE S SeinS R QL e sl Eve, rbreramiyidn boskenivationsunt of
PCVQ%% ]rilé)ed aabol\étla H& g;_least a Eortion of the,yjral vector expressing said _
PCVZ ORF=2 proteinsiny a SEHEH SR e gaistat el K3 apitracty/dengnimal in
» @ inact regombinant yiral 5 vector preferably BEI, and v)
e e At 8 RIS oo Qe by fHestion 15 st
chard Ve L kg iHm) thiosulfate in equivalent amounts to
B e L BT b PR Bl prerersbly
morcARSCNPag ARV ' 09 C onents i) to iii) have a
size smaller thﬁﬁ%ﬁﬁ%@?gggﬁg Eﬁf %@fﬁh%@glsl%ggtﬁﬁg%ﬂﬁ r?nehﬁl%a iiora
virus qemasitiom fuithes-60merisas @pﬁaféggqqg%%gg,aﬁcc@g%t?}e o?%'%’leaq ¢ 8 weeks
preferably a phosphate salt in physiologically acceptable concentrations. ™
more Preferablyf theqaH 0f seddikinmunqgeniecosrposiion is adiysted in. Dreferably
physiological pH, meaning between about 6.5 and 7.5. 15The ’
that sirrvliriodénfencompodititirashusedthereinvalso seiars:torasompasitian hat .,
___ comprises per one mli) at least 1.6 tig of PCV2 ORF-2 protein descri%ed
indivighgh B apasiistaapionibasof damulobivus, @xpressing SaithREY 2 QRE-3efined
protein iij) a portion of the cell culture,iv) about 2 to 8 mM BE!, v) sodium
abovepndionimieviegaiiaient anistines ®BEI: and vi) about 1 mg Carbopol
971, and vii) phosphate salt in a physiologically acceptable concentration;
wherein 20about 90% of the components i) to iii) have a size smaller than
urn an rH?éar H of said immunogenic composition is adjusted to about 6.5

I a \ )
According 0 iethar aspesls 1S prossg POTHERAR s iflsrHensad derdhe opphplexis and
., e[ mmuno-mod ula‘tpéry. ents such as, e.g., interleuki s interferons, or
truniy o lEA HCV L eon " ks B0 it BB00PET EPObasTob s is

other cyt he immunogenic
charaGORPPSIIQNSSAR.ASQ Include. Gentamicin and Merthiolate. While the
amountskt and concentra%én@%%dj&\r}%?lsqg%td‘?dl RS diing Peentire fife
o O e B i
artisan, the preset nventm contemplates compositions compneing fronntgen
adminabeub S0 igieiakhoui2000 iig ehaditvantandipialeablyabout 280 jig/ il .
5 dose of the vaccine composition. Thus, the immunogenic compaosition
PCV2 astigecbherdinralsogeirrsde s aampesiianinal ¢empriser fom Aot v in
lug/ml to about 60 fig/ml of antibiotics, and more preferably less than
need - aboweBO4igimistofiantibiotitsatTihe immMYIBYARIELOMPESItARAUSed fyrher
herein also refers to a composition that comprises i) 10 any of the PCV2
ORE-2 proteins described above, preferably in concentrations described
above, ii) at least a portion of the virgfvector expressing said PCV2
ORF-2 protein, iii) a portion of the cell culture, iv) an inactivating agent to
inactivate the recombinant viral vector preferably BEI, and v) an
neutralization agent to stop the inactivation mediated by the inactivating

agent, preferably sodium thiosulfate in equivalent amounts to BE] ; vi) a
criitahle 18 adun/ant nrefarabhlhvy Carbonol O71 in amoiinte decerihad
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The amount that is effective depends on the ingredients of the vaccine
and the schedule of administration. Typically, when an inactivated virus or
a modified live virus preparation is 20 used in the combination vaccine,
vah AReusl,ef the vaccine containing about 102'0 to about 1 50 per
dose, preferably about 103.0 to about 1208M TCID50 per do%eg,r %(E%gw 051628
preferably, about 104 to about 10" TCID50 per dose. In particular, when
modified live PCV2 is used in the vaccines, the recommended dose to be
charadeninigteyetictp:thensuscepibleanimalds meaferably oW 0% TC1 B8R rerabiy
(tissue culture infective dose 50% end point)/dose to about WO
mOI’@@@@/UﬁS@@Q@@"EéE}PEmﬁwﬂ&ﬁﬁiﬁﬁﬂ%@{@%ﬁ%@&r & herd and/or &
~ preferably about 104m TCID50/dose to about 105w TCID50/dose. In
VISR thet sttty obamtigen wilkbébetiveenkd, and-BOPQMICTOGIaMscks,
and between 102'0 and 109.0 TC1D50. preferably between 103w and
more) psEETeD0R e HeferkblyrastwedirkOde anth$03T GHEIS0 Mdtepreforably,
purified antigen is used. 5 Sub-unit vaccines are normally administered
that W%W%%hffg@%fﬁﬁd%i%ﬁﬁéhéﬁﬁf%@ vahaphsrigerrpenddsepal signs in an
indi P{)ef{e?%bgl with. about 0.2 to about 400 ng/dose, still more preferably with
VEBBUL O 310 BBUE 286G ot e AbRISr e preferdBly WiFbiboU0:35 tdefined
~about 100 ng/dose. still more preferably with about 0.4 to about 50
abwﬁg? 0se. %tl I moorfgé%’a'ré?teerﬁ Wﬂﬂfﬁ 4BR\{t 0.45 10 to about 30 ng/dose, still
more preferably with about 0.6 to about 16 tig/dose, even more preferably
with about 0.75 to about 8 ng/dose, even more preferably with about 1.0
A ; i9/dos il y with.about 1.3 tg.abput 3.0 :
R A i I AR e
treat:689rQ¢ QL prateet in BEVgHntest inical di €S o
associated withﬁPg@%eﬁ%ﬁé&%hﬁﬂgi%c%ﬁgg Hélg%i :ﬁ%‘\g/\v?g tbn%i@tmn '
charatitet-dapsndenthighes titeisis 98ner!MPIRMRGIVE NGEeasIONEP HterS.ply
are not (McKeown et al., 2005; Clin. Diagn. Lab. Immunol.; 12:
more 1B47-WB54)a Thginean rntibogy halfJifedn WeanlingsasResnestinatederq
to be 19.0 days and the window for PCV2- passive antibody decay within ~
compisiepiation isfrelativelyrwigde (Rpriessiigiplal@804ndb20 WS Heal by or
. Prod. 12:186-191). The presence of maternal derived antibody not only
an LITREGAESHTe carepetainm egrueiohpretE6eh againstyithddnfeetions, WaiChf such
. however is not predictable, but also be known to impair the efficacy of
adminisiration, AtieRrakinadauiprisingty fBGNG, irfactibe ipréséncehef i:REMS) a virys
. antibadies, in particular of anti-PCV2 antibody titers of up to 1:1000, does
PEISISOER # SRR EMB AR 6F pasttfonttrlantoreieably of at least 8 weeks, more
refer?é&8§é°?899 CT/EP2008/051628 Thus according to another aspect, the
preferd SLAL IRvEMtOTPEOVIS MSHatRbaTer 18t dropRgaad atndstashienthaf sub-
.. Ssubrclinical RCV?2 infection, a method for increasing average weight gain
i S o YRl LAy ket h i
PCV.2. . { ction of the number, of animals with viral load
BCV2 p&,\'@mﬁdﬂﬁﬁh% Iigfin%d’ %9&186110 Ora E)w MOT 1dlet¥ %ch%sr 5?%“5%8{}&*8 dﬂfﬂ%or’ a

comprised between 104 to geno e coples p

low migAelienOfthernumigt.of animals with viral load above 106 genome per
ml serum within a sub-clinically infected herd, a method for reduction of

nasal virus shedding, a method for eductioi of duration of viremia in
animals sub-clinically infected with PCV2, a method for the reduction of
Accortivez mofinidity seiecwithim@sub rﬁh%@hhypr%olu&%&%gtﬁtﬁd%m%%ﬂ §95<¥b &nd
rcduction of the mortality rate within a sub-clinically infected herd all
treatmenmpiisitgdive csfle POV adininisiering actbrape utigalyeffactve,amauntaf, ;.
PCV2 antigen or an immunogenic composition comprising an PCV2
characiptge o airarimsbinne edofsuph Al steation, wherkibrthe @pimals.s: ¢
at the time of vaccination have anti-PCV2 antibodies, preferably wherein
said animals have at the time of vaccination have a detectable 15
anti-PCV2 antibody titer of up to 1:10, preferably of more than 1:100,
even more preferably of more than 1:250, even more preferably of more
than 1:500, even more preferably of 1:640; even more preferably of more
than 1:750, most preferably of more than 1:1000. Preferably, the

anti-PCV2 antibody titer is detectable and quantifiable in a specific
Aanti—-PC\/?2 immiine accav nrafarahlh/ in the accecav ac daceribed in
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10than 1:500, even more preferably of 1:640, even more preferably of
more than 1:750, most preferably of more than 1:1000 at the day of
vaccination/treatment. The composition according to the invention may be
wapphiegdpsadermally, intratracheally, or intravaginally. The ¢eRRASHON., e
preferably may be applied intramuscularly or intranasally, 15 most
preferably intramuscularly, in an animal body, it can prove advantageous
to apply the pharmaceutical compositions as described above via an
weekntravenols of dyditet tinjectionrintodarget #85URSs(FON SYSIEMGst preferred of
application, the intravenous, intravascular, intramuscular, intranasal,
at ledpitidamential Piretiapitoims allordihiosl RidCanfoutesnatefprafe etaAdaiehy the
local application can be effected subcutaneously, intradermally, in
absengsah a0l iaatraieardioiy i2Ovistel A prttarn edishialrhs, dofiapLdonarityor a
or directly in or near the tissue to be treated (connective-, bone-, muscle-,
low eskzdityeisithistide biaed o rsenéintindoahiinaadies e autefiion abeive.
effectiveness of the treatment, the compositions according to the invention
may be administered once or several times, also intermittently, for nstance
Accagpﬂna dt%il% %%or seyeraégsérs,‘weeks or mor!ths and in differ_ent ..
0Sages. 081989 TIEB2B0ERIS 1628 P rataidply 2atmeketofs the
0 immu nic comMpositi s described above is .
P L e B P Ao V2
- : igen.Qr the immunogenic compositi i
e B B A AR e

anima@ng a&m@e@tﬁf&%,ae&ad%-tg ke QfiverRdmhRe% Sf’tﬁésjgga?ézﬁo Le0live

per dose. Thus, accor 0 a further aspect, the présent invention H1S6

amoupt@figes/a hilio 2mb preferabbag %dﬁ%ﬁ@@&ﬂ@&%?}%%@ RQSHP Batigen to an
comprising PCV-2 antigen as described herein, for the prophylaxis an
animdf éatroeht diesalinicat-RIGY Pivfaction iRananmatararotn et ANMRIS ther
(herds), for increasing average weight gain in an animal or a 10 group of
charaginimnedsbiheed)rsubrelinicdiy infected, Withn LMy tegidction BhthBIMIMbehte as
of animals with viral load comprised between 104 to 106 genome copies
defingsbrtimysevlm, rederstibn afcthehiribenl di@viiniafscvitthivifalteadiaboneized by
. 106 gcnome per ml serum within a sub-clinically infected herd, reduction
2 Vlf%fl%gsa? vitusdinisedingiand feduetiinefdigradi or oivire fifia elawim@liszenomic
, i%-clinically infected with PCV2, a method for the reduction of 15
copiey A bidify Rt Witina S0l inilempraRsstion RERE Y Metssiy fortineals within a
reduction. of the mortality rate within a sub-clinically infected herd alll
grourey mfﬁ;}s‘?ﬂ R SHE b T HOMIRIB g SRRBES SE0iFSAIR) BHFEEtvE amount of
PCV2 antigen or an immunogenic composition comprising an PCV2
antigen to an animal in need of such adminstration. The present invention
relage methad for the prophylaxis and treatment of sub-clinical
Ao B L A Al Rers = e o v
ngkeasing Ight. g0, jnpaR AN r a group of animals. (herd
pmph?féil%ﬁé@é?g%%ﬁgg%v%%%%%, a met@%&“@gﬁ%ﬁ%ﬁ %F tﬁ%bhculr%ﬁér 0 V2
infecti@RiMalawilsdel ﬁ?@ﬁl) SPMRISREREIWEEN g]rgﬂptgfld%%ggocmg ﬁ:c%iepsf&g lZably
nil scrum, a method for reduction of the number of animals with viral load
of lesaboMe 1G6,genasi-pek nakaasdmimsihin Asplsslinicalyiniesied et @ing «
method for reduction of WO 2008/098909PCT/EP2008/051628 nasal
therapvinis:Bhedtiingva meifad fof reductiomageturationnofiMiremiRindntalsosition
sub-clinically infected with PCV2, a method for the reduction of the
comprpiobidityrite anthienasub-alimedlly infecieitshelrdidanmstho@ddor Bagerably, such
reduction of the mortality rate within a sub-clinically infected hcrd alll
sub-cliggenbRSiHg theediep bf dminidterayrized 5y, prefdvablin bamindfddual animal
therapeutically 5effective amount of PCV2 antigen or an immunogenic
composition comprising an PCV2 antigen to an animal in need of such
administration. According to a furthef aspect, at least one further
administration of at least one dose of the immunogenic composition as
described above is given to a subject in need thereof wherein 10 the
second or any further administration is given at least 14 days beyond the

initial or any former administrations. Preferably, the immunogenic
combnocitinn ic adminictared with an immiine ctimiilant Prafarabhlyvy caid
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The
following examples set forth preferred materials and procedures in
accordance with the present invention. Although any methods and
woatetalgsimnilar or equivalent to those 10 described herein @,p/%%%%%q ii&g
the practice or testing of the present invention, the preferred methods,
devices, and materials are now described It is to be understood, however,
that these examples are provided by way of illustration only, and nothing
that thergin shinddecdeenediaitinitationaspan theiaver #soops Afitheum and/or a
invention. 15EXAMPLE | Preparation of PCV2 ORF-2 antiaen Initial SF+
low prehetoreSHEOM ligsidvnitrogen stoiage gars growa WitExeal! e presiae than
. (JRH Biosciences, Inc., Lenexa, KS) in suspension in sterile spinner flasks
10 SRR ARPATT 2 itatisn20 The cultures were grown in 100 mL to 250mL
spinner flasks with 25 to 150 mL of Excell 420 serum-free media. When
the cells had multiplied to a cell density of 1.0 - 8.0 x 106 cells/n-1E, they
AcoNere split to.new vessels with a planting density of 0.5 1.5 x 106 cells/mL.
ccorlibae§unt BYANIBIF bulisra¥ heite GrewHOn shinnepfidsksupiol®d for the
1o gi'[f?rs in séz% or in stai%ess steel bigreactors of up to 300 liters for a period
PROPIBFS B0 <SR oIL8 s G0 86 980 B PE T7E PRO0EI 05 628-plidgul PCV2
s ing., the flasks were incubated at 27C _for four hours. Subsequently,
ol B A B G AR B B B iy e 20%
. Vv - : IDNO: 4). The,recomhingnt haculovirus
> 1"‘5‘%’tﬁ?ﬁr‘%ﬁ‘fég@?}3‘%’5&%“53&33& Sobnanar esnggt of PCV2
antic Y QP60 __ ' ith ovirus, the flasks were
e B e R e of
such guringsthabime.the lasksnused.vantiaied 6ans.1o allovfar air flo IWét'eA‘rEtz%rd by
incubation he resulting supernatant were harvested, filtered in order to
a virdiefnal toell iddvdebisandinaativaiacths TheisYRRENARRt YRS AR o mic
by bringing its temperature to 37 2C and binary ethlylenimine (BFI) is
copicagfléd i@ thersupeenatantdma final gasgemsationreiomMsithe SamMAeSithin a
were then stirred continuously for 72 to 96 hrs. A 1.0 M sodium thiosulfate
groupgglbtishvsyive ifimabfmnimdmmchiicentratiotopid peMhvasadded to
neutralize any residual BEI. Afler inactivation, PCV2 ORF-2 buffered with
phosphate buffer and 15Carpopol was added to about 0.5 to 2.5 mg/dose.
The final dose comprises about 16 jig PCV2 ORF-2 antigen. EXAMPLE 2
The adipimisealion ohATTHSE $sEag PO P REY (i T GCIO0US3R parMIDE Riimeltsthat
are seeded onto a 96 well plate (about 20.000

- escribed in WO 02/07721 : , ;
are S"‘gd%@fﬁ CBIRCISErTNIBS. CelRsfe hictabpiaed & Pev 2dsondibowiammals in

fatt emrrpor]lolraf}éeggi rz‘ag%aﬁgroxi atelﬁl 65 %85% confluent. Inf_eg:ted cells are ) ]

incubated Tor 48 ASUFE MBS LR TS Ved ahg i snearssi dshsern tints10
ith, PBS, The wash buffer is WO 20081098909PCT/EP2008/051628

genon%s%ﬁgfg ana calls B i O R ORI Bans! FRsARG Mdih iR Tdisven of

duratiénl QO HUelf) for about 15 min at about -20C. The fixative is discarded and
the plates are air tried. Serial dilutions of porcine serum samples are
prepared in PBS, added to the plates and incubated to allow antibodies to
bind | present in the serum samples for about 1 hr at 36,5-1C. In 5

Thus @delition, eriak-dilitions Ot ARIPEY2RASITIVE AR NEIATNE SO 4uction
sample (Positive Control and Negative Control Samples) are run in

of lospafaliskTheiplatesiaielthep-washer tiree Imesit\BBR TR RBSdSsep of
discarded. Plates are then stained with an comcrcial Goat anti-Swine

adminifg g corfegateudiluted Ik06va RBSandfneahatedforabaull hAbnogenic
36.51C, which allows detection of antibodies bound to infected cells. After

COMPORBEOH BRI stamp| &Y thenti@emicroplatesade iremadedfraniculidoristhgion.
conjugate is discarded and the plates are washed 2 times with PBS. The
plates were read using UV microscopy and individual wells reported as
positive or negative. The Postive Control and Negative Control samples
are used to monitor the test system. If the controls are within expected
ranges the test results arc acceptable in regard to test method
parameters. The serum antibody titers were calculated 15using the

highest dilution showing specific IFA reactivity and the number of wells
nocitivve nar diliitionn or a2 BN04 andnnint ic calerilated 1icina the annronriate



10

5

20

WO 20081098909PCT/EP2008/051628 group (n=775) was vaccinated
with Ingelvac(RD CircoFLEX, containing the minimum release antigen
content and the other group of piglets (n=773) received control product
wphwsilegigal saline). The vaccine and the control product ( ere
given as a%ﬁwgle 1 ml dose intramuscularly in the right neck%gg%%?%ﬁlg?\ms
piglets were approx. 21 days old. 5 Individual live body weights of all
study animals were collected. Clinical observations with respect to PCV2
Prefasbiciatechsy mpomsanese pesiormecyane deviations Joum,parmaligenesal, ,
health were recorded on an individual animal basis. Serum samples an
compysalisaoretionswedensinalys@tquantiativel i Relyineiase IGh&Nmeans but is
Reaction (PCR) for the presence of PCV2. In addition, the PCV2 antibody
not liftetedftomicals 10ostady aminat-atlisectimelof Macchation ancfmReuthgals.
same 5% of the pre-selected study animals were analyzed by an Indirect
Fluorescent Antibody Titration (1LFAT) test as described in Exampe 2.
The Confirmation of the chronic (sub-clinical) status of the study site: 15The
° 7SR dIBGRBE PPN e A EORS dsmendtherbeforethehe individual
amm%ﬂfg[mance of the study. A mortality rate of 14.1 % and the presence of _
N R R PR it WaHS e R 8 Ghe Birbalth pribformanteuwas animals
r low-(644 g/d), T resence of a PCV2 infections was confirmed by
e g S nEUReHRer e BReUROa s
and.d -2 was {dentified by AHC am¢ .Jesions. 20 When lgoking at
the t(g?;u%%}?%%\%ar? t)e((?gclegtlecrcll tﬁé¥€ %Crdngf%%%?a%e%ﬁsfﬁt]é%Fﬁ@dd’écﬁﬁeé’ééﬁmals sub-
clini GRS 4% t0.8.1 %.suggesting.a shift of an acute PCVD.
e TR I S Y G B A TR Sobabaias sub
clinideppiitration ef theysubclinical infection of the study animals The shift to
sub-clinical infection on the farm was confirmed by the results obtained
during the study. The study animals were characterized by a predominant
sub-clinical viral load, a tow mortality rate (below 0%) and a low morbidity
Accordbeg(etoturli0yo)s i E 8id LTS Mirproa e RIOPRIL R QPALIR ALV IEMIG o of
animals was observed at study week 14 with 55.5% vircmic animals in the
the n@ﬂ)@reé"temirgmp@}mdiappmxim_pma@%twéemim‘hmnﬂaﬂsg%éh@ copies per ml
vaccinated group. As shown in figures 4 and 5, the majority of animals in
SCTUNhL Bt GROSAE BT 0ab O hab-dithicsilibicfinical withlHoads (defifed @s . step of
.104-106 genomic equivalents per ml). The highest proportion of animals
admingiter g it iy Mg e UG e (e 060G CREMIC egigvalentspemmnogenic
was 2.52 % for CP-treated animals and 0.87% for vaccinated animals.
COmPRESIRI P TBTFHE B rafl Befole ahdaimer onsaewt vifermih wdsirtherion.
e.low. Prior to the onset of viremia, the mortality rate was 1.55% in the
Profer i e IR Qs 4 18 ihottJ;fé’ O eshers anmalSeATrtsossetd be
rate was observed in CPtreated

redu remi £ _niﬁn rease.in ortalit ‘ € )

d C(g\{m?{ggltsol(%roﬁnl 550 ftcf)léigg(‘é: W I etgs}?ﬁgeth‘?&%@z PasE TR dethaber 20%.
even @D \ ight! d compared to the time b t of
a3 1Sy oA TR SOUMRCAE S I herRUREN et nom

vacciramong [ : : ter onset j iremi d,ig not .
b S s B R D S
betweEliniCad SidnsnBaforennrsel ol vtaIn] : inical signs L
detected in %goth trea%)rrﬁé;r?{% %S%g vﬁ&%&@%ﬂ ée%‘v%}%@/%dfvgggazcﬁt%rfg’ with
10* to th¥ analyredpiarametgrs:The onset of viremia was accompanied by
aco-infection with PRRSV and Adyeoplasma hyopneumoniae. However,
5 neither PCV2 nor any other co-infectious pathogen caused severe
clinical signs. Accordingly, the proportion of animals with respiratory
symptoms such as cough and/or dyspnea was only 3.9% and 0.7% in the
CP-treated group and 3.0% and 0.4% in the vaccinated group. The
frequency of other clinical findings was always below 1% and not different
between treatment groups. 10 Frequency of Runts No significant
differences in the frequency of 'runts' could be observed between the
vaccinated and the placebo-treated group on any of the respective
weighing time points. After the overall onset of PCV2 viremia, the
frequency of 'rums' was generally low in both
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15treatment groups (3.3-4.7%). Table .1: Comparison of the fre_quen_cy of
'runts' (pooled data of all three week groups) Before Onset of viremia
After Onset of viremia Study week 0 7 12 17 22 CP 11.51% 11.94%

vwt8ihAssafo 4.53% IVP 10.84% 10.46% 4.78% 3.36% 3.24%.R.06874,
0.3728 0.4884 0.1898 02259 I): p-value of t-test for eonlparrsoil between

groups; p > 0.05 no sigiiificant 20 Impact of subclinical infection on growth
performances Body weight gain until study week 17 was 2.36 kg higher
Accaragntibsiutyemmptcel tit was<A 39 kgthigheoinihadmaccinated g5puRithabn of
in the CP-treated group. As shown in Figure 3, the WO
the mOGB1008908RCDER00SLIS1628odiravéight siffeserite:begandeplisger ml
slightly at the time of the onset of viremia (study week 12). On study we_ek
seruny & gifferé neenidadived) afeatyio:B6 lfrddderoht e Vi hemyueight gaistep of
the mean time from weaning to slaughter was 1.9 days shorter for the
ik ARSI AR T CPRted aRmElS antigen or an immunogenic

composition comprising an PCV2 antigen to an animal in need of such administration.
Preferably, the number of animals with a viral load above 10° genome copies per ml serum
could be reduced due to vaccination with PCV2 antigen to less than 10 %, preferably less
than 5 %, even more preferably to less than 4 %, even more preferably to less than 3 %, even

more preferably to less than 2 %, most preferably to less than 0,3 %.

According to a further aspect, the present invention also provides a method for reduction of
nasal virus shedding, reduction of the duration of vireria in animals sub-clinically infected
with PCV2, comprising the step of administering a therapeutically effective amount of PCV2
antigen or an immunogenic composition comprising an PCV?2 antigen to an animal in need of
such admunistration. As described above, vaccination/treatment of animals sub-clinically
mfected with PCV2 resulted in shortening of viremic phase as compared to non vaccinated
control animals. The averape shortening time of the duration of the viremia was 17 days as
compared to non vaccinated control animals of the same species. Thus, according to a further
aspect, the present invention also provide a method for reduction of duration of viremia in
amimals sub-clinically infected with PCV2, comprising the step of administering a
therapeutically cffective amount of PCVZ antigen or an immunogenic composition
comprising a PCV2 antigen to an animal in need of such administration, wherein the
treatment or prophylaxis results in shortening of the viremia phase of 5 or more days,

preferably 6 or more day, even more preferably of 7 or more days, even more preferably of &

15
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5 Table 2: Comparison of Weight gain and ADWG (pooled da_ta of all five
week groups) Study week CP-treated Group (LSMean) Vacu_nated Group
(1,SMean) Difference (1VP minus CP) Mr p-yalueu Weight Lain 0-7

vl RBgadfnkl ka 0-19 INIMEn 86.75 kg =1111.1.1 79'03&%%%%@0‘%1&628
Milign. 2.39 kg <0.0001 ttt

or more days, even more prefably of 9, even more preferably of 10, even more preferably of
12, even more preferably of 14, most preferably of more than 16 days as compared to animals

of a non-treated control group of the same species.

The terms "antigen” as used herein refer to an amino acid sequence which elicits an immune
response i a host.  An antigen, as used herein, includes the full-length sequence of any
PCVZ proteins, analogs thereof, or immunogenic fragments thereof. The term "immunogenic
fragment” refers to a fragment of a protein which includes one or more epitopes and thus
clicits the immune response in a host. Such fragments can be identified using any number of
epitope mapping techniques, well known in the art, See, e.g., Epitope Mapping Protocols in
Metheds in Molecular Biology, Vol. 66 (Glemn E. Morris, Ed., 1996) Humana Press,
Totowa, New Jersey. For example, lincar epitopes may be determined by e.g., concurrently
synthesizing large numbers of peptides on solid supports, the peptides corresponding to
portions of the protein molecule, and reacting the peptides with antibodies while the peptides
are still attached to the supports. Such techniques are known in the art and described n, e.g.,
U.S. Patent No. 4,708,871; Geysen et al. (1984) Proc. Natl. Acad. Sci. USA 81:3998%-
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,
¢.g., x-ray crystallography and 2-dimensional nuclear magnetic resonance. See, e.g., Epitope

Mapping Protocols, supra.

Synthetic antigens are also included within the definition, for example, polyepitopes, flanking
epitopes, and other recombinant or synthetically derived anti gens. See, e.g., Bergmann et al.

(1993) Eur. J. Tmmunol. 23:2777-2781; Bergmann et al. (1996), J. Immunol. 157:3242-

16
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<0.0001 *** .11 12-17 29.05 Ilca MEMMI 1.68 Ica<0.0001 7-19

=MEM 68.38 ka 2.31 k<,1<0.0001 *** 1) p-value of t-test for comparison

between groups, ns: not significant; * significant,p < 0.05; ***significant, ) <

WO.00B/ D%Etion of viremia in the blood When comparing the raveraitrmeem 628

and median duration of yiremia in the two treatment 10 groups, a

significant longer (p = 0.0003) duration of viremia was detected in the

CP-treated animals. The IVP group had a mean duration of viremia of 5.8
32499 ayaripne’thél 83 by leupisidbwiat! & phedield uraiéR-40 21 Brdays cTHis (1998) 12th

corresponds to a reduced duration of viremia by 73 % in the 1VP group.
Worldg¥ibhid-gnioisascahiansashan desisn wrénlalyiebiffent group

Number of Pigs Mean (days)

An "immune response” means but is not limited to the development in a host of a cellular
and/or antibody-mediated immune response to an antigen, a immunogenic composition or
vaccine of interest. Usually, an "immune response” includes but is not limited to one or more
of the following cffects: the production or activation of antibodics, B cells, helper T cells,
suppressor T cells, and/or cytotoxic T cells, directed specifically to an antigen or antigens
included in the composition or vaccine of interest. Preferably, the host will display either a
therapeutic or a protective immunclogical (memory) response such that resistance to new
infection will be enhanced and/or the clinical severity of the disease reduced. Such
protection will be demonstrated by either a reduction in number or severity of, or lack of one
or more of the symptoms associated with PCV2 infections, in delay of onset of viremia, in &
reduced viral persistence, in a reduction of the overall viral load and/or a reduction of viral

excretion.

The terms “immunogenic composition” or “vaccine” (both terms are used synonymously) as
used herein refers to any pharmaceutical composition containing a PCV2 antigen, which
composition can be used to prevent or treat a PCV2 infection-associated discase or condition
in a subject. A preferred immunogenic composition can induce, stimulate or enhance the
immune tesponse against PCV2. The term thus encompasses both subunit immunogenic
compositions, as described below, as well as compositions containing whole killed, or

attenuated and/or inactivated PCV2,
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Median (days) p-value Total CF 76 21.8 14.0 0.0003 'VP 18 5.8 0.0 1VP
minus CF -16.0 -14.0 P: p-value of 1-test for comparison between groups
ns: not significant, p > 0.05; * significant, p < 0.05 WO
wAP9R4R28PIPCT/EP2008/051628 CONCLUSION The stu%}g E%?%en
conducted on a farm that shifted from an acute to a chronic Status With B2
sub-clinical infection shortly before the implementation of the study. The
viral load of the study animals during the study confirmed that assumption.
Thusderyiginpsiushy animaisct B Inhad Miraloae, SerumRBRYE P, Slinish
cut-off' of 106/ ml genomic copies. The vaccination succeeded in lowerin
and tremendolshp thinjpercentagefefiofeatedaninais i AAPaVaesinAe s oain in
group. Therefore, the vaccination enabled the comparison of non infected
an aginiphals fvaueinatédugralp) vith) sub-clinicailly infected wrimals/(hlacelkdod for
group). Vaccinated animals demonstrated better growth performances
redugrigin el ity irfectadlaniitialerOostudymyeekdlf; thedifférande® senome
.reached already 2.36 kg. Vaccinated animals has a more than 16 day
copies s &t dFatiort Breiirshing idwsivpafcbooumdaord-veEosibated gicupodbaliove
10° can be concluded that although infected animals remained apparently
STESIP PV F SUBLIAE hfdrcktathhavecsrelerhnt Mgl éoimpdsttion of
nagajovrllrg‘];eg }%rggvth perfqtggggces. CLAIMS 1. Use of PCV2 antigenoran
S mUNOG e cAMSES N CoMHpHnY BEYr R Mgaiim thenrenaadorivically
: Ic t for the treatment of asub-clinical PCV2 infection inan
e T B ot B A INBIE! AifchasFPA erBebtang oMkl
i ynt ' ' iS to be administered to.an animal in need of.
R R R PR e
herd. RE Ve j acCter] maximum.of 20% of.animals within _
e e S L S AT A, PR S v
antig@C6PEHINGNA®aNd Qg INBBIRIBANE SHD -l BIERbRGYZINEGHION IS | i1 need of
characterized by a viral load in individual animals below 106 genomic
such gogiasnd w‘ﬁbﬁ:ﬁﬂ&@@ﬁﬁﬁﬁdiﬁ@f@c%&ﬁ@ﬂﬁt%Q§‘m§ﬂﬁ%%%@siﬁ W& position
sub-clinical PCV2 infection is characterized by a virus persistence in tHe ’
a confperdtiofiatdenstByvesiis. 5ldheuseactardingdomany-eag ofclaims 1 to 4,
wherein the sub-clinical PCV2 infection is characterized by no morbidity or
a low morbidity rate of less than 25% of the PCV2 positive animals within

a herd.
The tcrm "subunit immunogenic composition” as used herein refers to a composition

laxis

containing at least one immunogenic polypeptide or antigen, but not all antigens, derived
from or homologous to an antigen from PCV?2. Such a composition 1s substantially free of
intact PCV2. Thus, a "subunit immunogenic composition” is prepared from at least partially
purified or fractionated (preferably substantially purified) immunogenic polypeptides from
PCV2, or recombinant analogs thereof, A subunit immunogenic composition can comprise
the subunit antigen or antigens of interest substantially free of other anti gens or polypeptides
from PCV2, or in fractionated from. A preferred immunogenic subunit composition

comprises the PCV2 ORF-2 protein as described below. Most preferred are immunogenic
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6 The use according to any one of claims | to 5, wherein the sub-clinical

PCV2 infection is further characterized by low mortality rate of less than

20 % of the PCV2 positive animals within a herd. 7 Use of PCV2 antigen

vk andmgydpogenic composition comprising PCV2 anti e for

preparfg%igggaof a medicament for reduction of growth impairn%g?{E GefosTes

PCV2 sub-clinical infection, wherein a therapeutically effective amount of

said medicament is to be administered to an animal in need of such
subuadroinigtietions, 8vhiseohREM2ANELER PUAM IMMALIRNIGICOMRISIIAN 72065,

comprising PCV2 antigen for the preparation of a medicament for
whidteduetibm et thetedbeindfanirats svithivrakloagdyabove 106 genomic

copies per ml serum in a group of animals (herds) sub-clinically infected

with PCV2, wherein a therapeutically effective amount of said medicament

is to be administered to an animal in need of such administration. 9. Use
Accegipg i fartigemsprcanthn unogenndccomposition eomypdingaRCMast preferably

antigen for the preparation of a medicament for reduction of virus nasal
compsaditorahaIer iiGration Srgmemiticanimrscaidd-SinRBRAnfE REF WitPC V2
prg)géénwherein a therapeutically effective amount of said medicament is to

b admiAfsRPE o S dtiHal T eebretstipnaeilinisomtontion: aivewuden the
proc (%ECQ%% %%h%gxs one oficé%igps‘ 1109, hergi,n the PCV2 antigenisa

polypeptide having At fe A&l 80T St SR -Blof gstes andripsreby,

in said PCV-2 antigen is

aty HE&8CE E‘%é)uﬁp %& nc?fggtgflg iagst%t%éx%c’}\év %?r EV%CY% Qﬁgﬁsgiﬁ/& and/or

a recombinant baculovirus expresse

polyR$8ALRG toany.ape of claims, L Hﬂﬁfﬁh%qgnpic%}%?%r}g%fg %%F;Zu of

protein of PCV2. 13. The use according to any one of ¢

woowhereisthe apima ,%%M@@P@E@&#EA‘J}'{%@%?JA’& 6’%‘% %%%%ﬁfg%@?s of

INGELHEIM VETMEDICA INC. <120> ENTI

WOO@EWT@'@N%LH Eﬁﬁ@oﬁm%f %"%]Jfgsﬁiiqgﬁl% Jar? H&Qﬁlﬁiasteergﬂtégce could
version 3.3 <210> 1 <211> 8 <212> DNA <213> Artificial <220> <223>

vary This siacinaded ttozaks;seaidaneroisdPrikeleceiafe A0 e SRIAz Qistics
<212> DNA <213> Arti cia <220> <223> This is a recombinant Eco R1

that sedeenicessd0ir hyaattefin? dmBosibhz 7% wlizanRNA ek stics of an
) Porcine c COV US <400> 3 cagctatgac gtatccaagg aggcgttacc

1mm@@gwa@a:gglmnggc@gcbe, for example, estimated by the challenge experiment as
provided by Example 4 of WO06/072065. Morcover, the antigenic characteristic of a
modified antigen is still retaincd, when the modified antigen confers at least 70%, preferably
80%, more preferably 90% of the protective immunity as compared to the PCV2 ORFE-

Zprotein, encoded by the polynucleotide séqucnce of SEQ 1D NO:3 or SEQ ID NO4 as

provided in WGO06/072065.

Thus according to another aspect, the present invention provides a method for the prophylaxis
and treatment of sub-chinical PCV?2 infection, a method for Increasing average weight gain in
an animal or a group of animals (herd) sub-clinically infected with PCV2, a method for

reduction of the number of animals with viral load comprised between 10* to 10° genome
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cgcagccatc 60 ttggccagat cctccgecgce cgecoctggce tcgtccacce ccgecaccgce
taccgttgga 120 gaaggaaaaa tggcatcttc aacacccgcc totccogcac cttoggatat
actgtggaga 180 aggaaaaatg gcatcttcaa cacccgcctc tcccgcacct tcggatatac

W igeepeet 240 ttgttocccec gggagggggg accaacaaaa tctotatacBCHtEFaoM&051628
tacagaataa 300 gaaaggttaa ggttgaattc tggccctgct cccccatcac ccagggtgat
aggggagtgg 360 gctccactgc

copies per ml serum, a method for reduction of the number of animals with viral foad above
10° genome per ml serum within a sub-clinically infected herd, a method for reduction of
nasal virus shedding, a method for reduction of duration of viremia in animals sub-clinically
infected with PCV2, a method for the reduction of the morbidity rate within a sub-clinically
infected herd, a method for the reduction of the mortality rate within a sub-clinically infected
herd, all comprising the step of administering a therapeutically effective amount of PCV2
antigen or an immunogenic composition comprising an PCV2 antigen to an animal in need of
such administration, wherein the PCV2 antigen is an antigen PCV2 ORF-2 protein that has at
least 70%, preferably, 80% even more preferably 90% of the protective immunity as
compared to compared to the PCVZ ORF-2 protein, encoded by the polynucleotide sequence
of SEQ ID NO:3 or SEQ ID NO:4 as provided in WG06/072065. Preferably said PCV2

ORF-2 have the sequence of SEQ ID NO: 11 or SEQ ID NO: 5 of WO06/072063.

In some forms, immunogenic portions of PCV2 ORF-2 protein are used as the antigenic
component in the immunogenic composition, comprising PCV2 antigen. The term
“immunogenic portion” as used herein refers to truncated and/or substituted forms, or
fragments of PCV2 ORF-2 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 ORF-2 polypeptide. More preferably, the truncated or substituted
forms, or fragments mf;ill have at least 5, preferably 8, more preferably 10, more preferably at
least 15, and still more preferably at least 19 contiguous amino acids from the full-length
PCV ORF-Z polypeptide. Two preferred sequences in this respect are provided as SEQ 1D
NO: 9 and SEQ ID NO:10 of WO06/072065. If is further understood that such sequences

may be a part of larger fragments or truncated forms.
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tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420 acccatatgt
aaactactcc tcccgcecata caatoccoca acccttctce taccactmec 480 gttacttcac
acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540 aaaggaatca

WgctgEetstaggctacaaa cetctagaaa tgtggaccac gtaggcectcg 60DQFEEeIE1628
cgaaaacagt aaatacgacc aggactacaa tatccgtgta accasgtatg 660 tacaattcag
agaatttaat cttaaagacc ccccacttaa

As mentioned above, a further preferred PCV2 ORF-2 polypeptide is any one encoded by the
nuclectide sequences of SEQ ID NO: 3 or 3EQ 1D 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
homelogy and still retain the antigenic characteristics that render it useful in immunogenic
compositions. In some forms, a truncated or substituted form, or fragment of this PVC2
ORF-2 polypeptide 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 PCV2 ORF-2 nucleotide sequence, e.g. of SEQ ID NO: 3 or SEQ ID
NO: 4. More preferably, the truncated or substituted forms, or fragments, will have at least
30, more preferably at least 45, and still more preferably at least 57 contiguous nucleotides of

the full-length PCV2 ORF-2 nucleotide sequence, ¢.g. SEQ 1D NOG: 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 is determined by comparing the given scquence to the reference sequence after the
sequences have been eptimally aligned to produce the highest degree of sequence similarity,
as determined by the match between strings of such sequences. Upon such alignment,
sequence 1dentity 1s 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
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accctaaatg aat 713 <400>4 ccgccatgac gtatccaagg aggcgttacc

gcagaagaag acaccgcccc cgcagccatc 60 ttggccagat cctcecgecgce

cgccoctggc tegtccacce ccgecaccyc taccgttgga 120 gaaggaaaaa tggceatcttc
WEAGAYERYE8 tctoccgoac cttcggatat actgtcaagg 180 ctaccacagt CHERABGHEE 628

tcctgggegg tggacatgat gagatttaat attgacgact

described in Computational Molecular Biology, Lesk, A. N, ed., Oxford University Press,
New York (1988), Biocomputing: Informatics and Genome Projects, Smith, D.W., cd.,
Academic Press, New York (1993); Computer Analysis of Sequence Data, Part I, Griffin,
AM., and Gridfin, 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, I, eds., M. Stockton Press, New York (1991); and Carillo, H.,
and Lipman, D., SIAM J. Applied Math., 48: 1073 (1988), the tecachings of which are
mcorporated herein by reference. Preferred methods to determine the sequence identity are
designed to give the largest match between the sequences tested. Methods to determine
sequence identity are codified in publicly available computer programs which determine
sequence 1dentity 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, 8. F. etal, J. Molec. Biol,
215:403-410 (1990)., The BLASTX program is publicly available from NCBI and other
sources (BLAST Manual, Altschul, S. et al, NCVI NLM NIH Bethesda, MD 20894,
Altschul, 8. F. et al, J. Molec. Biol,, 215:403-410 (1990), the teachings of which are
mcorporated 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 rucleotide sequence of the
given polynucieotide 1s idenfical to the reference sequence except that the given
polynucleotide sequence may include up to 13, preferably up to 10, even more preferably up

to 5 point mutations per cach 100 nucleotides of the reference nucleotide sequence. In other
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240 ttgttocccc gggagggggg accaacaaaa tctctatacc ctttgaatac tacagaataa

300 gaaaggttaa ggttgaattc tggccctgct cccccatcac ccagggtgat aggggagtgg

360 gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg
WIZHBAsedatgt aaactactcc toccyccata caatccocca acccttctcc taGeaRtoer31628

480 gttacttcac acccaaaccm gttcttgact ccactattga ttacttccaa ccaaataaca

540 aaaggaatca gctttggctg

words, in 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 info 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 scquence having at least, for
example, 5%, 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 inchude
up to 13, 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%, cven 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 15%,
preferably up to 10%, even more preferably up to 5% of the fotal number of amino acid
residues in the reference sequence may be inserted into the reference sequence. These
aiterations 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,

mterspersed either individually among residues in the reference sequence or in the one or
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aggctacaaa cctctagaaa tgtggaccac gtaggcctcg 600 gcactgcgtt cgaaaacagt

aaatacgacc aggactacaa tatccgtgta accamgtatg 660 tacaattcag agaatttaat

cttaaagacc ccccacttga accctaagaa ttc 713 <210> 5 <211> 233 <212>

WP APEPERY Porcine <400> 5 Met Thr Tyr Pro Arg Arc An; TYRGEE7RAG8A] 628

Arg His Arg Pro Ary 51015 Her His Len Gly Gin lle Leo Arg Arg Arg Pro

Trp Leo Val His Pro 202530 Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly

lle Phe Asn Thr Arg 354045 Leo Ser Ar Thr Phe Gly Tyr Thr Val Lys Ala .
MOrCPRPFHIOVAICTHIT AT E0B 560 PRI S6f Trpuarasy al mesaliet MedasgPidoAsavhich

lle Asp Asp Phe Val 65707580 Pro Pro Gly Gly Gly Thr Asn Lys lle Ser lle
are npl 4SRRI HAT Fyr SHEE0E G HERSGEEYS Wélﬁﬂ%ﬂ?}&l GlPPRETr s Brervative
sivs G ReREIe e TUI00105110 oln Gly Asp Arg Cly Val Ol Ser Thr Al

“Sequence homology”, as used herein, refers to a method of determining the relatedness of
two sequences. To determine sequence homology, two or more sequences are optimally
aligned, and gaps are introduced if necessary. However, in contrast to “sequence identity”,
conservative amino acid substitutions are counted as a match when determining sequence
homology. In other words, o obtain a polypeptide or polynucleotide having 95% sequence
homology with a reference sequence, 85%, preferably 90%, even more preferably 95% of the
amino acid residues or nucleotides in the reference sequence must match or comprise a
conservative substitution with another amino acid or nucleotide, or a number of 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 mserted into the reference sequence. Preferably the homolog sequence
comprises at least a stretch of 50, even more preferably at least 100, even more preferably at

least 250, and even more preferably at least 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 properties
including size, hydrophobicity, etc., such that the overall functionality does not change

significantly.
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115120125 Phe Val Thr Lys Ala Thr Ala Len Thr Tyr Asp Pro Tyr Val Asn
Tyr 130135140 Ser Ser Arg His Thr lle Pro Gin Pro Phe Ser Tyr His Ser
Arg Tyr 145150155160 Phe Thr Pro Lys Pro Val Leo Asp Ser Thr lle Asp
whioR@4gip Pro 165170175 Aso Asn Lys Arg Asn Gin Leo {5 &8rh itk 1625
Len Gin liar Ser Arg Asn 180185190 Val Asp His Val Gly Leo Gly Thr Ala
Phe Gin Aso Her Lys Tyr Asp 195200205 Gin Asp Tyr Asn lle Arg Val Thr
Met Tyr Val Gin Phe Arg Gin Phe 210215220 Asn Len Lys Asp Pro Pro
“Isolbed Lysdir0aR2EA3hy 200D K 21 krr33sl 2y RRTax 248> Pora<4QRzs in
ne olroov US Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg
natui@rg Aag b5 0h& ke ddisthewGioGiitdlergge agviogring, Ricdilp Llee Makple,
His Pro 202530 Arg His Arg Tyr Arsf Trp Arg Arg Lys Aso Gly lle Phe Aso
a polyAwciaeid6 4048 v eevider g athr Phe Gl Byl Tihg VadahimsnAlanThr Fbia)” but
Thr Thr 505560 Pro Her Trp Ala Val Asp Met Met Arg Phe Asn lle Asp
the savae, pokayArEBrOTSBOMPPE orsBES o Tmossstings i Sels|id Pyaatural

Phe Gin T

r Tyr 659095 Arg lle Arg Lys Val Lys Val Gin Phe Trp Pro Cys

- L) P y -\
3 state &a 1581 Gt FRIEOETO LIRSS BEp Arg Gly Val Gly Her Thr Ala Val
lle Leo Asp Asp Aso 115120125 Phe Val Thr Lys Ala Thr Ala Leo Thr Tyr
Asp Pro Tyr Val Asn Tyr

Thus according to another aspect, the present invention provides a method for the prophylaxis

and treatment of sub-clinical PCV2 infection, a method for increasing average weight gain in

an animal or a group of animals (herd) sub-clinically infected with PCV2, a method for

10 reduction of the number of animals with viral Joad comprised between 10 to 10° genome

copies per ml serum, a method for reduction of the number of animals with viral load above

10° genome per ml serum within a sub-clinically infected herd, a method for reduction of

nasal virus shedding, a method for reduction of duration of viremia in animals sub-clinically

mfected with PCV2, a method for the reduction of the morbidity rate within a sub-clinically

15 infected herd, a method for the reduction of the mortality rate within a sub-clinically infected

herd, all comprising the step of administering a therapeutically effective amount of PCV2

ORF-2 protein to an animal in need of such administration, wherein said PCV2 ORF-2

protem is anyone of those, described above. Preferably, said PCV2 ORF-2 protein is

i)
20

a polypeptide comprising the sequence of SEQ ID NO: 3, SEQ ID NO: 6, SEQ
1D NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11 of W006/07065,

any polypeptide that is at least 80% homologous to the polypeptide of 1),

any immunogenic portion of the polypeptides of 1) and/or i)

the immunogenic portion of jii), comprising at least 5, preferably &, more

preferably, even more preferably 10 contiguous amino acids included in the
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130135140 Her Her Arg His Thr lle Pro Gin Pro Phe Her Tyr His Her Arg
Tyr 145150155160 Phe Thr Pro Lys Pro Val Leo Asp Her Thr lle Asp Tyr
Phe Gin Pro 165170175 Asn Aso Lys Ars Aso Gin Leo Trp Leo Arg Leo

walthdhfdes Arg Asn 180185190 Val Asp His Val Gly Leo G- FRLAR B84
Gin Aso Ser Lys Tyr Asp 195200205 Gin Asp Tyr Aso lle Arg Val Thr Met

Tyr Val Gin Phe Arg Giu Phe 210215220 Asn Leo Lys Asp Pro Pro Leo
Gin Pro 225230 <211> 756 <212> DNA <213> Atrtificial <220> <223>
This sequemnes i fom EpiMeSCEEQVIMSVYPE, ZHPeD readingfame Ro: 10 or
together with a portion from the pGEM T-easy vector. <400>7
gcggctgtydrgdatithalceGocdigaug tatccaagga ggcegttaccg cagaagaaga
60 caccgcccce gecagccatct tggecagate ctccgecgec
V) a polypeptide that is encoded by a DNA comprising the sequence of SEQ 1D NO:
3 or SEQ ID NO: 4 of WO06/072065.
Vi) any polypeptide that is encoded by a polynucicotide that is at least 80%
homologous to the polynucleotide of v),
Vi) any immunogenic portion of the polypeptides encoded by the polynucleotide of
v} and/or vi}
vil)  the immunogenic portion of vii), wherein polynucleotide coding for said

immunogenic portion comprises at least 30 contiguous nucleotides included in

the sequences of SEQ 1D NO: 3, or SEQ 1D NO: 4 of WO06/072065.

Preferably any of those immunogenic portions have the immunogenic characteristics of
PCV2 ORF-2 protein that is encoded by the sequence of SEGQ 1D NO: 3 or SEQ ID NO: 4 of

WG06/07065.

According to a further aspect, PCV2 ORF-2 protein is provided in the immunogenic
composition at an antigen inclusion level effective for the treatment of animals sub-clinically
infected with PCV2. Preferably, the PCV2 ORF-2 protein inclusion level is at least 0.2 pg
antigen / ml of the final immunogenic composition (ug/ml), more preferably from about 0.2
to about 400 ug/ml, still more preferably from about 0.3 to about 200 pg/ml, even more
preferably from about 0.35 to about 100 pg/mi, still more preferably from about 0.4 to about
50 pg/mi, still more preferably from about 0.45 to about 30 pug/ml, still more preferably from

about 0.6 to about 15 ug /mi, even more preferably from about 0.75 to about § pg/ml, even
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gcccctggct cgtccaccee 120 cgecaccgct accgttggag aaggaaaaat ggcatcttca
acacccgcct ctccegeacce 180 ttcggatata ctgtcaaggce taccacagtc acaacgcecct
cctgggeggt ggacatgatg 240 agatttaata ttgacgactt tgttccoccg ggagggggga

utctataccc 300 tttgaatact acagaataag aaaggtta ttgaattct
WIS 3ARARARL aigcl%i«%gﬂfé%aamzs

ggoccfgcetc coccatcacc 360 cagggtgata ggggagtggg ctccactgct g
atgataactt tgtaacaaag 420

more preferably from about 1.0 to about 6 pg/ml, still more preferably from about 1.3 to
about 3.0 ng/ml, even more preferably from about 1.4 to about 2.5 ug/ml, even more

preferably from about 1.5 to about 2.0 ug/ml, and most preferably about 1.6 ng/ml.

According to a further aspect, the PCV ORF-2 antigen inclusion level is at least 0.2 ug/
PCVL ORF-2 protein as described above per dose of the final antigenic composition
{pg/dose}, more preferably from about 0.2 to about 400 pg/dose, still more preferably from
about 0.3 to about 200 pg/dose, even more preferably from about 0.35 to about 100 ug/dose,
still more preferably from about 0.4 to about 50 ug/dose, still more preferably from about
0.45 to about 30 pg/dose, still more preferably from about 0.6 to about 15 ng/dose, even
more preferably from about 0.75 to about 8 ug/dosc, even more preferably from about 1.0 o
about 6 pg/dose, still more preferably from about 1.3 to about 3.0 ug/dose, even more
preferably from about 1.4 to about 2.5 ng/dose, even more preferably from about 1.5 to about

2.0 ug/dose, and most preferably about 1.6 pg/dose.

The PCV2 ORF-2 polypeptide used in the immunogenic composition 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 ORF-2 polypeptide are provided in WO06/072065, the teachings and
content of which are hercby incorporated by reference in its entirety. Briefly, susceptible
cells are infected with a recombinant viral vector containing PCV2 ORF-2 DNA coding
sequences, PCV2 ORF-2 polypeptide is expressed by the recombinant virus, and the

expressed PCV2 ORF-2 polypeptide is recovered from the supernatant by filtration and
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gccacagccc taacctatga cccatatgta aactactcct cccgecatac aatcccccaa 480
cocttctect accacteeeg ttacttcaca cccaaaccty ttetigacte cactattgat 540
tacttccaac caaataacaa aaggaatcag otttggctga ggctacaaac cteitagaaat 600

Wi aeReERGE taggcctcgy cactgegtic gaaaacagta aatacgacca ggagtagaat . oo
660 atccgtgtaa ccatgtatgt acaattcaga gaatttaatc ttaaagaccc cccacttgaa

720 ccctaagaat tctatcacta gtgaattcgc
inactivated by any conventional method, preferably using binary ethylenimine, which is then

neutralized to stop the inactivation process.

The immunogenic composition as used herein also refers to a composition that comprises i)
any of the PCV2 ORF-2 protein described above, preferably in concentrations described
above, and i} at least a portion of the viral vector expressing said PCV2 ORF-2 protein,
preferably of a recombinant baculovirus. Moreover, the immunogenic composition can
comprise 1) any of the PCV2 ORF-2 proteins described above, preferably in concentrations
described above, i) at feast a portion of the viral vector expressing said PCV2 ORF-2 protein,

preferably of a recombinant baculovirus, and iif) a portion of the cell culture supernatant.

Thus according to another aspect, the present invention provides a method for the prophylaxis
and treatment of sub-clinical PCV2 infection, a method for increasing average welght gain in
an animal or a group of animals (herd) sub-clinically infected with PCV2, a method for
reduction of the number of animals with viral load comprised between 107 to 10° genome
coptes per ml serum, a method for reduction of the number of animals with viral load above
10° genome per ml serum within a sub-chinically infected herd, a method for reduction of
nasal virus shedding, a method for reduction of duration of viremia in animals sub-clinically
infected with PCV2, a method for the reduction of the morbidity rate within a sub-chinically
infected herd, a method for the reduction of the mortality rate within a sub-clinically infected
herd, all comprising the step of administering a therapeutically effective amount of PCV?2
antigen or an immunogenic composition comprising an PCV2 antigen to an animal in need of

such freatment, wherein the PCV2 antigen is recombinant PCV2 ORF-2, preferably a
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ggccge 756 <210> 8 <211> 10387 <212> DNA <213> Avrtificial <220>
<223> This is the porcine circovirus type 2, ORF-2construct, which
includes baculovirus and pGEM 2-easy coding sequences. <400> 8

wapgeliRebegtaaagcga gttgaaggat catatttagt tgcgtttatg agataggatiSMs/osiezs
gaaagcacgt gtaaaatgtt tcccgcgegt tggcacaact atttacaatg cggccaagtt 120

ataaaagatt ctaatctgat atgttttaaa acacctttgc ggcccgagtt atttgcgtac 180
gtgactagcg aagaagatgt gtggaccgca gaacagatag taaaacaaaa
baculovirus expressed PCV2 ORF-2. Preferably those recombinant or baculovirus expressed

PCV?Z ORF-2 having the sequence as described above.

The immunogenic composition as used herein also refers to a composition that comprises 1)
any of the PCV2 ORF-2 proteins described above, preferably in concentrations described
above, i) at least a portion of the wviral vector expressing said PCVZ ORF-2 protein,
preferably of a recombinant baculovirus, and iii) a portion of the cell culture; wherein about

90% of the components have a size smaller than 1 um.

The immunogenic composition as used herein also refers to a composition that comprises i)
any of the PCV2 ORF-2 proteins described above, preferably in concentrations described
above, 11} at least a portion of the viral vector expressing said PCV2 ORF-2 protein, iii) a
portion of the cell culture, iv) and inactivating agent to inactivate the recombinant viral vector
preferably BEL, wherein about 0% of the components i) to iii) have a size smaller than 1 um.
Preferably, BEI is present in concentrations effective to inactivate the baculovirus, preferably

in an amount of 2 to about 8 mM BEI, preferably of about 5 mM BEL

The immunogenic composition as used herein also refers to a composition that comprises 1)
any of the PCV2 ORF-2 proteins described above, preferably in concentrations described
above, ii) at least a portion of the viral vector expressing said PCV2 ORF-2 protein, iii) a
portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral vector
preferably BEL and v) a neutralization agent to stop the inactivation mediated by the

activating agent, wherein about 90% of the components i) fo iii) have a size smaller than 1
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coctagtatt 240 ggagcaataa tcgatttaac caacacgtct aaatattatg atgaigtgca
ttttttgcgg 300 gcgggcctgt tatacaaaaa aattcaagta cctggccaga ctttgecgec
tgaaagcata 360 gttcaagaat ttattgacac ggtaaaagaa tttacagaaa agtatcccgg

werigiagied20 ggcgtgcact gcacacacgg tattaatcgc accggttaca-teaigiaeaseos
atatttaatg 480 cacaccotag gtattgcgcc gcaggaagcec atagatagat tcgaaaaagc
cagaggtcac 540 aaaattgaaa

um. Preferably, if the inactivating agent is BEL said composition comprises sodium

thiosulfate in equivalent amounts to BEL

The polypeptide is incorporated into a composition that can be administered to an animal
susceptible to PCV2 infection. In preferred forms, the composition may also include
additional componenis known to those of skill in the art (see also Remington's
Pharmaceutical Sciences. (1990). 18th ed. Mack Publ, Easton).  Additionally, the
composition may include one or more veterinary-acceptable carriers. As used herein, "a
veterinary-acceptable carrier” includes any and all solvents, dispersion media, coatings,
adjuvants, stabilizing agents, diluents, preservatives, antibacterial and antifungal agents,
isotonic agents, adsorption delaying agents, and the like. In a preferred embodiment, the
immunogenic composition comprises PCV2 ORF-2 protein as provided herewith, preferably
in concentrations described above, which is mixed with an adjuvant, preferably Carbopol,

and physiological saline,

Those of skill in the art will understand that the composition used herein may incorporate
known injectable, physiologically acceptable sterile solutions. For preparing a ready-to-use
solution for parenteral injection or infusion, aqueous isotonic solutions, such as e.g. saline or
corresponding plasma protein solutions, are readily available. In addition, the immunogenic
and vaccine compositions of the present invention can include diluents, isotonic agents,
stabilizers, or adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol, and
the like. Isotonic agents can include sodium chloride, dextrose, mannitol, sorbitol, and
lactose, among others. Stabilizers include albumin and alkali salts of ethylendiamintetracetic

acid, among others.
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gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc 600 tttaacaaat
actttatcct attttcaaat tgttgcgctt cttccagcga accaaaacta 660 tgcttcgctt
gctccgttta gettgtagec gatcagtggce gttgttccaa tcgacggtag 720 gattaggecg

wapiaiaias@ccacaatgt tggcaacgtt gatgttacgt ttatgctttt 780 gOBReRaG s /051628
gtacgtotut tggccggtaa tagccgtaaa cgtagtgccg tiagcgegtca 840 cgcacaacac

cggatgtttg cgcttgtccg cggggtattg

“Adjuvants” as used herein, can include aluminium hydroxide and aluminium phosphate,
saponins e.g., Quil A, Q5-21 (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 {(Furopean Pharmacopea type); isoprenoid oil such as squalane or squalene ol
resulting from theoligomerization of alkenes, in particular of isobutene or decene; esters of
acids or of alcohols containing a lincar alky! group, more particularly plant oils, ethyl oleate,
propylenc glycol di-(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylenc glycol
dioleate; 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 (c.g. anhydromannitol
oleate), of glycel, of polyglycerol, of propylene glycol and of oleic, isostcaric, ricinoleic or
hydroxystearic  acid, which are optionally ethoxylated, and polyoxypropylene-
polyoxyethylene copolymer blocks, in particular the Pluronic products, especially L121. See
Hunter et al., The Theory and Practical Application of Adjuvants (Ed.Stewart-Tull, D. E. S.).

JohnWiley and Sons, NY, pp51-94 (1995) and Todd et al., Vaccine 15:564-570 (1997},

For example, it is possible to use the SPT emulsion described on page 147 of "Vaccine
Design, The Subunit and Adjuvant Approach” cdited by M. Powell and M. Ncwman,

Plenum Press, 1995, and the emulsion MF59 described on page 183 of this same book.

A further instance of an adjuvant is a compound chosen from the polymers of acrylic or

methacrylic acid and the copolymers of maleic anhydride and alkenyl derivative.
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aaccgcgcga tccgacaaat 900 ccaccacttt ggcaactaaa tcggtgacct gcgcgtottt
tttctgcatt atttcgtctt 960 tottttgcat ggtttcctgg aagccggtgt acatgeggtt
tagatcagtc atgacgcgcg 1020 tgacctgcaa atctttggcc tcgatctgct tgtecttgat

widRAMEAtE cottcaataa 1080 actcttgttt titaacaagt toctcggittt {iigcaceas 051628
caccacttgc agcgcgtttg 1140 tgtgctoggt gaatgtcgca atcagottag tcaccaactg
tttgctctcc tccteeegtt 1200

Advantageous adjuvant compounds are the polymers of acrylic or methacrylic acid which are
cross-linked, especially with polyalkeny! ethers of sugars or polyalcohols. These comtpounds
are known by the term carbomer (Phameuropa Vol. 8, No. 2, june 1996). Persons skilled in
the art can also refer to U. 8. Patent No. 2,909,462 which describes such 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, ¢.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) arc particularty appropriate.
They are cross-linked with an allyl sucrose or with allyl pentaerythritol. Among them, there
may be mentioned Carbopol 974P, 934P and 971P. Most preferred is the use of Carbopol, in
particular the use of Carbopol 971P, preferably in amounts of about 500 ug to about 5 mg per
dose, even more preferred in an amount of about 750 pg to about 2.5 mg per dose and most

preferred in an amount of about 1 mg per dose.

Further suitable adjuvants include, but are not limited to, the RIBI adjuvant system {Ribi
Inc.), Block co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryville CA),
monophosphoryl lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli
(recombinant or otherwisc), 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 ng to about 10 mg per
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gtttgatcgc gggatcgtac ttgcoggtgc agagcacttg agaaattact tattctaaaa 1260
gccattcttg taattctatg gcgtaaggca atttggactt cataatcagc tgaatcacgc 1320
cggatttagt aatgagcact gtatgoggct gcaaatacag cggatcgccc cttttcacga 1380

wepsaigiegaggtagggcecc ccattttgga tggtotgcto aaataacgat ttgtasiosdAdusise
tgtotacang aacacgtata gctttatcac aaactgtata ttttaaactg ttagcgacgt 1500
ccttggccac gaaccggacc tgttggtcge
dose. Even more preferably, the adjuvant is added in an amount of about 500 ug to about 3
mg per dose. Even more preferably, the adjuvant is added in an amount of about 750 pg to

about 2.5 mg per dose. Mast preferably, the adjuvant is added in an amount of about 1 mg

per dose.

Additionally, the composition can include one or more pharmaceutical-acceptable carriers.
As used herem, "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. Most preferably,
the composition provided herewith, contains PCV2 ORF-Zprotein recovered from the
supernatant of in vitro cultured cells, wherein said cells were infected with a recombinant
viral vector containing PCV2 ORF-2DNA and expressing PCV2 ORF-2protein, and wherein
said cell culture was treated with about 2 to about 8 mM BEI, preferably with about 5 mM
BEI to inactivate the viral vector, and an equivalent concentration of a neutralization agent,
preferably sodium thiosulfate solution to a final concentration of about 2 to about 8 mM,

preferably of about 5 mM.

The present invention also relates to the use of an immunogenic composition for increasing
average weight gain in an animal or a group of animals (herd) sub-clinically infected with
PCV2, reduction of the number of animals with viral load comprised between 107 to 10°
genome copies per ml serum, reduction of the number of animals with viral load above 10°
genome per ml serum within a sub-clinically infected herd, reduction of nasal virus shedding,
reduction of duration of viremia in animals sub-clinically infected with PCV?2, a reduction of

the morbidity rate within a sub-clinically infected herd, a method for the reduction of the
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gctctagcac gtaccgcagg ttgaacgtat 1560 cttctccaaa tttaaattct ccaattttaa
cgcgagccat tttgatacac gtgtgtcgat 1620 tttgcaacaa ctattgtttt ttaacgcaaa
ctaaacttat tgtggtaagc aataattaaa 1680 tat ggggg aa catgcgccgc

wiaeaanaeigtogtta tga acgcagacyg cgcecggtctc 1740 ggcgcarastpnos/osicas
gctaaaacgt gttgcgcgtt caacgcggca aacatcgcaa aagccaatag 1800 tacagttttg
atttgcatat taacggcgat tttttaaatt atcr_ tattta
mortality rate within a sub-clinically infected herd ,wherein said immunogenic composition
comprises i) any of the PCV2 ORF-2 proteins described above, preferably in concentrations
described above, i) at least a portion of the viral vector expressing said PCV2 ORF-2 protein,
iii} a portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral
vector preferably BEL and v) an neutralization agent to stop the inactivation mediated by the
inactivating agent, preferably sodium thiosulfate in equivalent amounts to BEIL and vi) a
suitable adjuvant, preferably Carbopol 971 in amounts described above; wherein about 90%

of the components 1) fo iii) have a size smaller than 1 um.

According to a further aspect, this immunogenic composition further comprises a
pharmaceutical acceptable salt, preferably a phosphate sait in physiologically acceptable
concentrations. Preferably, the pH of said immunogenic composition is adjusted to a

physiological pH, meaning between about 6.5 and 7.5.

The immunogenic composition as used herein also refers to a composition that comprises per
one ml 1) at Jeast 1.6 ug of PCV2 ORF-2 protein described above, ii} at least a portion of
baculovirus expressing said PCV2 ORF-2 protein iii) a portion of the cell culture, iv) about 2
to & mM BEI, v) sodium thiosulfate in equivalent amounts to BEIL and vi) about 1 mg
Carbopol 971, and vii} phosphate salt in a physiologically acceptable concentration; wherein
about 90% of the components i) to iii) have a size smaller than 1 um and the pH of said

mmunogenic composition is adjusted to about 6.5 to 7.5.

The immunogenic compositions can further include one or more other immuno-modulatory

agents such as, e.g., interleuking, interferons, or other cytokines. The immunogenic
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ataaatagtt 1860 atgacgccta caactocccg cccgcegttga ctcgetgcac czcgagcagt

tcgttgacgc 1920 cttccteegt gtggecgaac acgtcgageg ggtggtcgat gaccageggce

gtgccgcacg 1980 cgacgcacaa gtatctgtac accgaatgat cgtegggcga
waggesegise goctccaagt 2040 ggcaatattg gcaaattcga a a atafatagraaes/osiss

agttgggttg tttgcgcata tctatcgtgg 2100 cgttgggcat gtacgtccga acgttgattt
gcatgcaagc cgaaattaaa tcattgcgat 2160 tagtgcgaz t
compositions can also include Gentamicin and Merthiolate. While the amounts and
concentrations of adjuvants and additives useful in the context of the present invention can
readily be determined by the skilled artisan, the present invention contemplates compositions
comprising from about 50 ug to about 2000 g of adjuvant and preferably about 250 pg/ ml
dose of the vaccine composition. Thus, the immunogenic composition as used herein also

refers to a composition that comprises from about Tug/ml to about 60 pg/ml of antibiotics,

and more preferably less than about 30 pg/ml of antibiotics.

The immunogenic composition as used herein also refers to a composition that comprises 1)
any of the PCV2 ORF-2 proteins described above, preferably in concentrations described
above, 1) at least a portion of the viral vector expressing said PCV2 ORF-2 protein, iii) a
portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral vector
preferably BEIL, and v) an ncutralization agent to stop the inactivation mediated by the
Inactivating agent, preferably sodium thiosulfate in equivalent amounts te BEI; vi) a suitable
adjuvant, preferably Carbopol 971 in amounts described above; vii) a pharmaceutical
acceptable concentration of a saline buffer, preferably of a phosphate salt, and viii} an anti-
microbiological active agent; wherein about 90% of the components i) to iii) have a size

smaller than 1 um.

The immunogenic composition as used herein also refers to Ingelvac® CircoFLEX™,
{(Boehringer Ingelheim Vetmedica Ine, St Joseph, MO, USA), CircoVac® (Merial SAS,
Lyon, France), CircoVent (Intervet Inc., Millsboro, DE, USA), or Suvaxyn PCV-2 One
Dose® (Fort Dodge Animal Health, Kansas City, KA, USA). Thus according to another

aspect, the present invention provides a method for the prophylaxis and treatment of sub-
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aaaacgttgt acatcctcgc ttttaatcat gccgtcgatt aaatcgcgca 2220 atcgagtcaa
gtgatcaaag tgtggaataa tgttttottt gtattcccga gtcaagcgca 2280 gcgcgtattt
taacaaacta gccatcttgt aagttagttt catttaatgc aactttatcc 2340 aataatatat

wiatgiRiegecacgtcaagaa ttaacaatgc geccgttgtc goatctcaac 24@p-pegariaidn s

tagagatcaa ataaagcgcg aattaaatag cttgcgacgc aacgtgcacg 2460

atctgtgcac gcgttccgge acgagctttg a ttgtaataa
clinical PCV2 infection, & method for increasing average weight gain in an animal or a group
of animals ¢herd) sub-clinically infected with PCV2, a method for reduction of the number of
animals with viral load comprised between 107 to 10° genome copies per mi serum, a method
for reduction of the number of animals with viral load above 10° genome per ml serum within
a sub-clinically infected herd, a method for reduction of nasal virus shedding, 2 method for
reduction of durafion of viremia in animals sub-clinically infected with PCV2, a method for
the reduction of the morbidity rate wiihin a sub-clinically infected herd, a method for the
reduction of the mortality rate within a sub-clinically infected herd comprising the step of
administering an effective amount of PCV2 antigen to an animal in need of such
administration, wherein said immunogenic composition comprising a PCV2 antigen is
Ingelvac® CircoFLEX™, CircoVac®, CircoVent and/or Suvaxyn PCV-2 One Dose®,

preferably it is Ingelvac® CircoFLEX™,

The term “an effective amount of PCV2 antigen™ as used herein means but is not limited to an
amount of PCV2 antigen, that elicits or is able to ¢licit an immune response in an animal, to

which said effective amount of PCV2 antigen is administered.

The amount that is effective depends on the ingredients of the vaccine and the schedule of
administration. Typically, when an inactivated virus or a modified live virus preparation is
used in the combination vaccine, an amount of the vaccine containing about 10°° to about

*to about 10 TCIDs, per dose, more preferably,

10° TCIDsy per dose, preferably about 10
about 10* to about 10 TCIDs, per dose. In particular, when modified live PCV2 is used in

the vaccines, the recommended dose to be administered to the susceptible animal is

preferably about 107" TCIDs (tissue culture infective dose 50% end point)/dose to about
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gtttttacga agcgatgaca 2520 tgacccccgt agtgacaacg atcacgccca
aaagaactgc cgactacaaa attaccgagt 2580 atgtcggtga cgttaaaact a
ttaagccat cca a tcgacc gttagtcgaa tcaggaccgc 2640 tggtgcgaga

waonegegaae tatggcgaat gcatcgtata acgtgt_ggag tecgetcatt 3400 prgosns1628
agagcgtcat gtttagacaa gaaagctaca tatttaattg atcccgatga ttttattgat 2760

aaattgacco taactccata cacggtattc t aca a t_gg cg ggigttttggt caaaattt cc

2820
109 TCIDsy/dose and more preferably about 10™° TCIDse/dose to about 10°° TCIDso/dose.
In general, the quantity of antigen will be between 0.2 and 5000 micrograms, and between

107 and 10°° TCID+, preferably between 1077 and 10%° TCIDsy, more preferably between

10™ and 10™° TCIDso, when purified antigen is used.

Sub-unit vaccines are normally administered with an antigen inclusion level of at least 0.2 pg
antigen per dose, preferably with about 0.2 to about 400 pg/dose, still more preferably with
about 0.3 to about 200 pg/dose, even more preferably with about 0.35 to about 100 ug/dose,
still more preferably with about 0.4 to about 50 pg/dose, still more preferably with about 0.45
to about 30 pg/dose, still more preferably with about 0.6 fo about 16 pg/dose, even more
preferably with about 0.75 to about 8 ug/dose, even more preferably with about 1.0 to about 6

Lg/dose, still more preferably with about 1.3 to about 3.0 pg/dose.

Maternally derived immunity has been shown to confer a certain degree of protection against
PCV2 mfection and clinical diseases associated with PCV2 infections. This protection has
been shown to be titer dependent: higher titers are generally protective whereas lower titers
are not (McKeown et al., 2005; Clin. Diagn. Lab. Immunol.; 12: 1347-1351). The mean
antibody half-life in weanlings has been estimated 1o be 19.0 days and the window for PCV2-
passive antibody decay within a population is relatively wide (Opricssnig et al. 2004, J.
Swine Health Prod. 12:186-191). The presence of maternal derived antibody not only may
confer a certain degree of protection against viral infections, which however is not
predictable, but also be known to impair the efficacy of immunization. It has surprisingly
found, that the presence of anti-PCV2 antibodics, in particular of anti-PCV?2 antibody titers of

up to 1:1000, does not affect the efficacy of the PCV2 treatment.
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ggactgcgat tgtacatgct gttaacggct ccgcccacta ttaatgaaat taaaaattcc 2880
aattttaaaa aacgcagcaa gagaaacatt tgtatgaaag aatgcgtaga aggaaagaaa
2940 aatgtcgtcg acazgctgaa caacaagatt aatatgcctc cgtgtataaa aaaaatattg

walfi0smaggattiga aagaaaacaa tgtaccgcge ggcggtatgt acaggaegadzoos/nsies
gtttatacta 3060 aactgttaca ttgcaaacgt ggtttcgtgt gccaagtgtg aaaaccgatg
tttaatcaag 3120 gctctgacgo atttctacaa ccacgactcc

Thus according to another aspect, the present invention provides a method for the prophylaxis
and treatment of sub-clinical PCV2 infection, a method for increasing average weight gain in
an animal or a group of animals (herd) sub-clinically infected with PCV2, a method for
reduction of the number of animals with viral load comprised between 10" to 10° genome
copics per ml serum, a method for reduction of the number of animals with viral load above
10° genome per ml serum within a sub-clinically infected herd, a method for reduction of
nasal virug shedding, a method for reduction of duration of viremia in animals sub-clinically
mnfected with PCV2, a method for the reduction of the morbidity rate within a sub-clinically
infected herd, a method for the reduction of the mortality rate within a sub-clinically infected
herd all comprising the step of administering a therapeutically cffective amount of PCV?2
antigen or an immunogenic composition comprising an PCV?2 antigen to an animal in need of
such administration, wherein the animals at the time of vaccination have anti-BCV?2
antibodies, preferably wherein said animals have at the time of vaccination have a detectable
anti-PCV2 antibody titer of up to 1:100, preferably of more than 1:100, even more preferably
of more than 1:250, even more preferably of more than 1:500, even more preferably of 1:640;
even more preferably of more than 1:750, most preferably of more than 1:1000. Preferably,
the anti-PCV2 antibody titer is detectable and quantifiable in a specific anti-PCV2 immune

assay, preferably in the assay as described in Example 2.

Methods for detection and quantification of anti-PCV2 antibodies are well known in the art.
For example detection and quantification of PCV2 antibodies can be performed by indirect
immunofluorescence as described in Magar et al., 2000, Can. J. Vet Res. ; 64: 184-186 or

Magar et al., 2000, J. Comp. Pathol.; 123: 258-269. Further assays for quantification of anti-
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aagtgtgtgg gtgaagzcat gcatctttta 3180 atcaaatccc aagatgtgta taaaccacca
aactgccaaa aaatgaaaac tgtcgacaag 3240 ctctgtccgt ttgctggcaa ctgcaagggt
ctcaatccta tttgtaatta ttgaataata 3300 aaacaattat aaatgctaaa tttgtttttt

- ttatciata
vallapsgnplaggaaaccaaac gcaacaaga a 3360 catt-cgtagt a %%T P2008/051628
attgaaaacg agtagttata atcgctgagg taatatttaa 3420 aatcattttc aaatEgathca{ 0

cagttaattt gcgacaatat aattttattt tcacataaac

PCV2 antibodies are described in Opricssnig et al., 2006, 37" Annual Meeting of the
American Association of Swine Veterinarians. Moreover, example 2 also describes an
indirect immunofluorescence assay, that can be used by a person skilled in the art. In cases of
controversial results and in any question of doubt, anti-PCV?2 titers as mentioned herein, refer

to those which are /can be estimated by the assay as deseribed in Example 2.

Thus according to another aspect, the present invention provides a method for the prophylaxis
and treatment of sub-clinical PCV2 infection, a method for Increasing average weight gain in
an animal or a group of animals (herd) sub-clinically infected with PCV2, a method for
reduction of the number of animals with viral load comprised between 10° to 10° genome
copies per ml serum, a method for reduction of the number of animals with viral load above
10° genome per ml serum within a sub-clinically infected herd, a method for reduction of
nasal virus shedding, a method for reduction of duration of viremia in animals sub-~clinicaliy
infected with PCV2, a method for the reduction of the morbidity rate within a sub-clinically
infected herd, a method for the reduction of the mortality rate within a sub-clinically infected
herd all comprising the step of administering a therapeutically effective amount of PCV?2
antigen or an immunogenic composition comprising an PCV2 antigen to a young animal in

need of such administration.

The term “young animal” as used herein refers to an animal of 1 to 22 days of age.
Preferably, by the term young animal, an animal of 1 to 20 days of age is meant. More
preferably, the term young animal refers to an animal of 1 to 15 days of age, even more
preferably of 1 day of age to 14 days of age, even more preferably of 1 to 12 days of age,

even more preferably of 1 to 10 days of age, even more preferably of 1 to 8 days of age, cven
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3480 tagacgcc tz gtcgtottct tottcgtatt cct tout-L. tt ttcatttttc tcctcataaa 3540
aattaacata gttattatcg tatccatata tgtatctatc gtatagagta aattttttgt 3600 tgt ca
taa at atatatgtct tttttaatgg ggtgtatagt accgctgcgc a tagtttttc 3660 tgtaatttac

vansaglgsiRdiitctggta gticttcgga gtgtgttgct ttaattatta 3720 a.atiaiala \uq 051628
atcaatgaa_t ttgggatcgt cggclattgta caatatgttg ccggcatagt 3780 acgcagettc
ttctagttca

more preferably of 1 to 7 days of age, even more preferably of 1 to 6 days of age, even more
preferably of 1 to 5 days of age, even more preferably of 1 to 4 days of age, even more

preferably of 1 to 3 days of age, even more preferably of [ or 2 day(s) of age, most preferably

to an animal of 1 day of age.

Due to the ubiquity of PCV2 in the field most of the young piglets are seropositve in respect
to PCVZ. Thus according to a further aspect, said young animals, at the day of
vaccination/treatment, have a detectable anti-PCV2 antibody titer of up to 1:100, preferably
of more than 1:100, even more preferably of more than 1:250, even more preferably of more
than 1:500, even more preferably of 1:640, even more preferably of more than 1:750, most

preferably of more than 1:1000 at the day of vaccination/treatment.

The composition according to the invention may be applied intradermally, intratracheally, or
intravaginally. The composition preferably may be applied intramuscularly or intranasally,
most preferably intramuscularty. In an animal body, it can prove advantageous to apply the
pharmaceutical compositions as described above via an intravenous or by direct injection into
target tissues. For systemic application, the intravenous, intravascular, intramuscular,
Intranasal, intraarterial, intraperitoneal, oral, or intrathecal routes are preferred. A more local
apphication can be effected subcutancously, intradermally, intracutanecusly, intracardially,
intralobally, intramedullarly, intraputmonarily or directly in or near the tissuc to be treated
(connective-, bone-, muscle-, nerve-, epithelial tissuc). 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.
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at tacacca t tttttagcag caccggat ta acataacttt 3840 ccaaaatgtt gtacgaaccg
ttaaacaaaa acagttcacc toccttttct atactattgt 3900 cr_gcgagcag ttgtttgttg
ttaaaaataa cagccattgt aatgagacgc acaaactaat 3960 atcacaaact ggaaatgtct

walcariasgsmygtigctgat atcazggaga taattaaaat 4020 gataaccate tEgeaaalaa o8
ataagtattt tactgttttc gtaacagttt tgtaataaaa 4080 aaacctataa a tattcogg a

ttattcatac cgtoccacca togggcgegg

Preferably, at least one dose of the immunogenic composition as described above is
mtramuscularly administered to the subject in need thereof. According to a further aspect,
the PCV2 antigen or the immunogenic composition comprising any such PCV2 antigen as
described herein is bottled in and administered at one (1) mL to five (5) ml per dose,
preferably to 1 ml per dose. Thus, according to a further aspect, the present invention also
provides & 1 ml to 5 ml, preferably a 1 ml immunogenic composition, comprising PCV-2
antigen as described herein, for the prophylaxis and treatment of sub-clinical PCV2 infection
In an animal or group of animals (herds), for increasing average weight gain in an animal or a
group of animals (herd) sub-clinically infected with PCV2, reduction of the number of
animals with viral load comprised between 10* to 10° genome copies per ml serum, reduction
of the number of animals with viral load above 10° genome per ml serum within a sub-
chinically infected herd, reduction of nasal virus shedding and reduction of duration of
viremia in animals sub-clinically infected with PCV2, a method for the reduction of
morbidity rate within a sub-clinically infected herd, a method for the reduction of the
mortality rate within a sub-clinically infected herd all comprising the step of administering a
therapeutically effective amount of PCV2 antigen or an immunogenic composition
comprising an PCV2 antigen to an animal in need of such adminstration. The present
mvention also relates to a method for the prophylaxis and treatment of sub-clinical PCV?2
infection in an animal or group of animals (herds), a method for increasing average weight
gain in an animal or a group of animals {(herd) sub-clinically infected with PCV2, a method
for reduction of the number of animals with viral load comprised between 10° to 10° genome
copies per ml serum, a method for reduction of the number of animals with viral ioad above

10° genome per ml serum within a sub-chinically infected herd, a method for reduction of
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atcagatctg 4140 cagcggccgc gggaattcga tccgcecatga cgtatccaag
gaggcgttac cgcagaagaa 4200 gacaccgccc ccgcagcecat cttggccaga
tcectecgeceg cecgecoctgg ctegteccacce 4260 cccgecaccg ctaccgttgg

waghaggaaaa atggcatctt caacacccgc ctetcccgea 4320 cottcggatadpsiaieands
gctaccacag tcacaacgcc ctcctgggeg gtggacatga 4380 tgagatttaa tattgacgac
tttgttccce cgggaggggg gaccaacaaa atctctatac 4440 cctttgaata
nasal virus shedding, a method for reduction of duration of viremia in animals sub-clinically
infected with PCV2, a method for the reduction of the mobidity rate wthin a sub-clinically
mfected herd, a method for the reduction of the mortality rate within a sub-clinically infected
herd all comprising the step of administering 1 to 5 ml, preferably 1 ml of a therapeutically

effective amount of PCVZ antigen or an immunogenic composition comprising an PCV2

antigen to an animal in need of such administration.

According to a further aspect, at least one further administration of at least one dose of the
immunogenic composition as described above is given to a subject in need thereof, wherein
the second or any further administration is given at least 14 days beyond the initial or any
former administrations. Preferably, the immunogenic composition is administered with an
immune stimulant. Preferably, said immune stimulant is given at least twice. Preferably, at
least 3 days, more preferably at least 5 days, even more preferably at least 7 days are in
between the first and the second or any further administration of the immune stimulant.
Preferably, the immune stimulant is given at least 10 days, preferably 15 days, even more
preferably 20, even more preferably at least 22 days beyond the initial administration of the
immunogenic compesition provided herein. A preferred immune stimulant is, for example,
keyhole limpet hemocyanin (KLH), preferably emulsified with incomplete Freund’s adjuvant
(KLH/ICFA). However, it is herewith understood, that any other immune stimulant known
to & person skilled in the art can also be used. The term “immune stimulant” as used herein,
means any agent or composition that can trigger the immune response, preferably without
initiating or increasing a specific immune response, for example the immunc response against
a specific pathogen. It is further instructed to administer the immune stimulant in a suitable

dose.
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ctacagaata agaaaggtta aggttgaatt ctggccctgc tcccccatca 9500 cccagggtga
taggggagtg ggctccactg ctgttattct agatgataac tttguaacaa 9560 aggccacagc
cctaacctat gacccatatg taaactactc ctccogccat acaamccocc 4620 aacccttcto

welaceasigmagttactica cacccaaacc tgttattgac tccactattg 9680 @ttagheeansiers
accaaataac aaaaggaatc agetttggct gaggctacaa acctctagaa 4740

atgtggacca cgtaggcctc ggcacmgcegt tcgaaaacag

The present invention also relates to the use of a PCV? antigen or an immunogenic
composition comprising PCVZ antigen for the preparation of a medicine for the prophylaxis
and ftreatment of chronic PCV2 infection in an animal or group of animals (herds), for
increasing average weight gain in an animal or a group of animals (herd) sub-clinically
infected with PCV2, reduction of the number of animals with viral load comprised between
16% to 10° genome copies per ml serum, reduction of the number of animals with viral load
above 10° genome per ml serum within a sub-clinically infected herd, reduction of nasal virgs
shedding and reduction of duration of viremia in animals sub-clinically infected with PCV2,
method for the reduction of the morbidity rate within a sub-clinically infected herd, a method
for the reduction of the mortality rate within a sub-clinically infected herd. Preferably, the
PCV2 antigen is a recombinant antigen, preferably PCV2 ORF-2, even more preferably

Ingelvac® CircoFLEX™,

The “animal” as used herein means swine, pig or piglet, Thus according to another aspect, the
present mvention provides a method for the prophylaxis and treatment of sub-clinical PCV?2
mfection in pigs, a method for increasing average weight gain in an animal or a group of
animals (herd) sub-clinically infected with PCV2, a method for reduction of the number of
animals with viral load comprised between 10" to 10° genome copies per ml serum, a method
for reduction of the number of animals with viral load above 10° genome per ml serum within
a sub-clinically infected herd, a method for reduction of nasal virus shedding, a method for
reduction of duration of viremia in animals sub-clinically infected with PCV2, a method for
the reduction of the morbidity rate within a sub-clinically infected herd, a method for the

reduction of the mortality rate within a sub-clinically infected herd all comprising the step of
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taaatacgac caggactaca 4600 atatccgtgt aaccatgtat gtacaattca gagaatttaa

tcttaaagac cccccacttg 4860 aaccctaaga attctatcac tagtgaattc gcggecgecg

gccgctccag aattactagaa 4920 ggtacccggg atcctttcct gggacccggce
WaagaHeBRaA aactcactct cttcaaggaa 9980 atccgtaatg ttaaacccgfell/EP2608/051628

cacgatgaag cttgtcgttg gatggaaagg aaaagagttc 5040 tacagggaaa

cttggacccg cttcatggaa gacagcttcc ccattgttaa cgaccaagaa 5100

administering a therapeutically effective amount of PCV2 antigen or an immunogenic
composition comprising an PCV2 antigen to pigs in need of such administration. Preferably,
the PCVZ antigen or immunogenic composition comprising PCV?2 antigen is anyone of those

described supra, most preferably the PCV2 antigen is Ingelvac® CircoFLEX™.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following examples set forth preferred materials and procedures in accordance with the
present invention. Although any methods and materials similar or equivalent fo those
described herein can be used in the practice or testing of the present invention, the preferred
methods, devices, and materials are now described. It is to be understood, however, that
these examples are provided by way of illustration only, and nothing therein should be

deemed a limitation upon the overall scope of the invention.

EXAMPLE 1

Preparation of PCV2 ORF-2 antigen

Initial SF+ cell cultures from liquid nitrogen storage were grown in Excell 420 media (JRH
Biosciences, Inc., Lenexa, KS) in suspension in sterile spinner flasks with constant agitation.
The cultures were grown in 100 mL to 250mL spinner flasks with 25 to 150 mL of Excell
420 serum-free media. When the cells had multiplied to a cell density of 1.0 - 8.0 x 10°
cells/mL, they were split to new vessels with a planting density of 0.5 - 1.5 x 10° cells/mL.
Subsequent expansion cultures were grown in spinner flasks up to 36 liters in size or in

stainless steel bioreactors of up to 300 liters for a period of 2-7 days at 25 - 29°C.
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gtgatggatg ttttccttgt tgtcaacatg cgtoccacta gacccaaccg ttgttacaaa 5160
ttcctggecc aacacgctct gegttgcgac cccgactatg tacctcatga cgtgattagg 5220
atcgtcgagc cttcatgggt gggcagcaac aacgagtacc gcatcagcct ggctaagaag

WEZBUP/§PIY gcggct gcccaataat gaacct toe. tctgagtaca ccaactBgi/EP2608/651628
cgaacagttc 5390 atcgatcgtg tcatctggga gaacttctac aagcccatcg tttacatcgg
taccgactct 5900 gctgaagagg aggaaattct

After seeding, the flasks were incubated at 27°C for four hours. Subsequently, each flask
was seeded with a recombinant baculovirus containing the PCVZ ORF-2 gene (SEQ ID NO:
4}).  The recombinant baculovirus containing the PCV2 ORF-2 gene was generated as
described i WO06/072065. After being seeded with the baculovirus, the flasks were then
incubated at 27 + 2°C for 7 days and were also agitated at 100 rpm. during that time. The

flasks used ventilated caps to allow for air flow.

After incubation, the resulting supernatant were harvested, filtered in order to remove cell
debris and mactivated. The supernatant was inactivated by bringing its temperature to 37 &
2°C and binary ethlyienimine (BEI) is added to the supernatant to a final concentration of
SmM. The samples were then stirred continuously for 72 to 96 hrs. A 1.0 M sodium
thiosulfate solution to give a final minimum concentration of 5 mM was added to neutralize
any residual BEIL After inactivation, PCV2 ORF-2 buffered with phosphate buffer and
Carpopo! was added to about 0.5 to 2.5 mg/dose. The final dose comprises about 16 pg PCV2

ORF-2 antigen.

EXAMPLE 2

Antt PCV-2 Immuno assay

PKIS (e.g. ATCC CCL-33) or VIDO R1 cells described in WO 02/07721,are seeded onto a
56 well plate (about 20.000 to 60.000 cells per wells). Cells are infected with a PCV?2 isolate ,
when monolayers are approximately 65 to 85% confluent. Infected cells are incubated for 48

hours. Medium is removed and wells are washed 2 times with PBS. The wash buffer is
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ccttgaagtt tccctggtgt tcaaagtaaa ggagtttgca 5960 ccagacgcac ctetgttcac
tggtccggcg tattaaaaca cgatacattg tzattagtac 5520 atttattaag cgctagattc
tgtgcgttgt tgatttacag acaa ttgttg tacgtatttt 5580 aataattcat taaatttata a tcttta

WHg§Ueifta gagcgaaaat caaatga Lt t 5640 tcagcgtott tatatGGEEP2008/051628
tttaaatatt aaatcctcaa tagatztgta aaataggttt 5700 cgattagtzt caaacaaggg
ttgtttttcc gaaccgatgg ctggactatc

discarded and cells are treated with cold 50/50 methanol/acetone fixative (~100 pl/well) for
about 15 min at about -20°C. The fixative is discarded and the plates are air tried. Serial
dilutions of porcine serum samples are prepared in PBS, added to the plates and incubated to
allow antibodics to bind if present in the serum samples for about 1 hr at 36,5+1°C. In
addition, serial dilutions of an anti-PCV2 positive and negative control sample (Positive
Contrel and Negative Control Samples) are run in parallel, The plates are then washed three
times with PBS. The PBS is discarded. Plates are then stained with an comercial Goat anti-
swine FITC conjugate diluted 1:100 in PBS and incubated for about 1 hr at 36.5+1°C, which
allows detection of antibodies bound to infected cells. After incubation is complete, the
microplates are removed from incubator, the conjugate is discarded and the plates are washed
2 times with PBS. The plates were read using UV microscopy and individual wells reported
as positive or negative. The Postive Control and Negative Control samples are used to
monitor the test system. If the controls arc within expected ranges the test resulfs are
acceptable in regard to test method parameters. The serum antibody titers were calculated
using the highest dilution showing specific IFA reactivity and the number of wells positive

per dilution, or a 50% endpoint is calculated using the appropriate Reed-Muench formuta.

EXAMPLE 3

Efficacy of PCV2 ORF-2 (Incelvac® CircoFLEX™™ in treatment of chronic PCV?2 infection

STUDY OBJECTIVE AND DESIGN
Conventional piglets from five consecutive weeck groups, each comprising approximately 300
animals were included into this study. Animals were equally distributed among two treatment

groups with respect to initial body weight and litter assignment. At the day of weaning, one
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taatggattt 5760 tcgctcaacg ccacaaaact tgccaaatct tgta.gcagca a tctagct t
gtcgatattc 5820 gtttgtgttt tgttttgtaa taaaggttcg acgtcgttca aaa tattatg
cgcttttgta 5880 tttctttcat cactgtcgtt agtgtacaat tgactcgacg taaacacgtt

Waaapa4aer 5990 tggacatatt taacatcggg cgtgttagct ttattaggcc Rfaktaragee/051628
gtcgtcccaa 6000 ccctegtegt tagaagttge ttccgaagac gattttgcca tagccacacg
acgcctatta 6060 attgtgtogg

group (n=775) was vaceinated with Ingelvac® CircoFLEX, containing the minimum release
antigen content and the other group of piglets (n=773) received control product
(physiological saline). The vaccine and the control product (CP) were given as a single 1 mi
dose mtramuscularly in the right neck region when piglets were approx. 21 days old.
Individual live body weights of all study animals were collected. Clinical observations with
respect to PCVZ associated symptoms were performed and deviations form normal general
health were recorded on an individual animal basts.

Serurn samples and nasal secretions were analysed quantitatively by Polymerase Chain
Reaction (PCR) for the presence of PCV2. In addition, the PCV2 antibody titers from all
study animals at the time of vaccination and from the same 5% of the pre-selected study
animals were analyzed by an Indirect Fluorescent Antibody Titration (IFAT) test as described

in Exampe 2.

Confirmation of the chronic (sub-clinical} status of the studyv site:

The first diagnosis of PCVD on the farm was done 4 months before the performance of the
study. A mortality rate of 14.1 % and the presence of runts in the faftening unit were
identificd. The growth performance was rather low (644 g/d). The presence of a PCV2
infections was confirmed by histological examination., The lung sample showed interstitial

preumonia and PCV-2 was identified by THC among the lesions.

When looking at Figure 1, it can be seen that the mortality rate in fattening decreased

considerably from 14.1 % to 8.1 % suggesting a shift of an acute PCVD infection to sub-

clinical infection,
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ctaacacgtc cgcgatcaaa tttgtagttg agct trttgg aatratttct 6120 gattgegggc

gtttttgggc gggtttcaat ctaactgtge ccgatttta a ttcagacaac 6180 acgttagaaa

gcgatggtgc aggcggtggt aacatttcag acggcaaatc tactaatqgc 6240
WHJEBHgeY gagctgatga taaatctace atcggtggag gecgcaggegg gRCtieRIge/051628

6300 ggaggcggag gcggaggtgg tggcggtgat gcagacggeg gtttaggcete

aaatgzotct 6360 ttaggcaaca cagtcggcac ctcaaczatt gtactqqttt

Confirmation of the subclinical infection of the studv animals

The shift to sub-clinical infection on the farm was confirmed by the results obtained during
the study. The study animals were characterized by a predominant sub-clinical viral load, a
low mortality rate (below 10%}) and a low morbidity rate (below 10%).

RESULTS

Viremia

The highest proportion of viremic animals was observed at study week 14 with 55.5%
viremic animals in the CP-treated group and approximately 10% viremic animals in the
vaccinated group. As shown in figures 4 and 5, the majority of animals in both treatment
groups had only sub-clinical viral loads (defined as 10*-10° genomic equivaients per ml). The
highest proportion of animals with clinically relevant PCV2 loads (> 10° genomic equivalents

per mi) was 2.52 % for CP-treated animals and 0.87% for vaccinated animals.

Mortality

The mortality rate before and after onset of viremia was rather low. Prior to the onset of
viremia, the mortality rate was 1.55% in the vaccinated animals and 2.19% in the CP-treated
animals. After the onset of viremia an increase in the mortality rate was observed in CP-
ireated ammals (from 1.55% to 3.02%) whereas the mortality rate in vaccinated animals was
slightly decreased compared to the time before onset of viremia (from 2.19% to 1.98%). The
differences in the mortality rate among both treatment groups before and after onset of

viremia did not reach statistical significance,
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cgggcgccgt tittggtttg 6920 accggtctga gacgagtgcg a ttituttcg tttctaatag
cttccaacaa ttgttgtctg 6980 tcgtctaaag gtgcagcggg ttga ggttcc gtcggceattg
gtggagcggg cggcaattca 6540 gacatcgatg gtggtggtgq tggtggaggce |
WEcttiFdfgtaggcacggg agaaggtggt 6600 ggeggCggtg ccgecqiitateRatig)tiets2s
ggtttagttt gttcgcgcac gattgtgggc 6660 accggcgcag gcgcecgcetgg ctgcacaacg
gaaggtcgtc tgcctcgagg cagegcttgg 6720
Chinical Signs
Before onset of viremia only few clinical signs were detected in both treatment groups with
incidences below 1% for cach of the analyzed parameters. The onset of viremia was
accompanied by a co-infection with PRRSV and Mveoplusma hyoprneumoniae. However,
neither PCV2 nor any other co-infectious pathogen caused severe clinical signs. Accordingly,
the proportion of animals with respiratory symptoms such as cough and/or dyspnea was only
3.9% and 0.7% in the CP-treated group and 3.0% and 0.4% in the vaccinated group. The

frequency of other clinical findings was always below 1% and not different between

treatment groups.

Frequency of Runts

No significant differences in the frequency of ‘runts’ could be observed between the
vaccinated and the placebo-treated group on any of the respective weighing time points. After
the overall onset of PCV2 viremia, the frequency of ‘runts’ was generally low in both

treatment groups (3.3-4.7%).

Table 1: Comparison of the frequency of ‘runis’ {pooled data of all three week groups)

Before Onset of viremia After Onset of viremia
Study week L 7 i2 17 22
CP 11.51% 11.94% 5.68% 4.72% 4.53%
VP 10.84% 10.46% 4.78% 3.36% 3.27%
p (o874 (0.3728 (.4584 0.1898 (0.2259
P: p-valoe of t-test Tor comparison between groups; ¢ > 0.05 no significant

Impact of subclinical infection on erowth performances

Body weight gain until study week 17 was 2.36 kg higher and until study week 19 it was 2.39

kg higher in the vaccinated group than in the CP-treated group. As shown in Figure 3, the
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ggtggtggca attcaatatt ataattggaa tacaaatcgt aaaaatctgc tataagcatt 6780
gtaatttcgc tat cgtttac cgtgccgata tttaacaacc gctcaatgta agcaat tgta 6890
ttgtaaagag at tgtctcaa gctcgccgca cgccgataac aagcattttc attzttacta 6900

WenHeaitYPa%gtggcgagac acttcgetgt cgtcgacgt a catgtatget ttgtREGEPEEEG51628
aaacgtcgtt ggcaagcttt aaaata ttta aa.a.gaacatc tctgttcagc accactgtgt 7020
tgtcgtaaat gttgtttttg ataatttgcg

body weight difference began to rise slightly at the time of the onset of viremia (study
week 12). On study week 17, the difference reached already 2.36 kg. Due to the higher
weight pain, the mean time from weaning to slaughter was 1.9 days shorter for the vaccinated

animals than for the CP-treated animals.

Table 2: Comparison of Weight gain and ADWG (pooled data of all five week groups)

Study CP-treated Vaccinated Difference p-value"
week Group Group (IVP minus
(LSMean) {L.SMean) Py
Weight 0-7 20.63 kg 20.71 kg 0.08 ke 0.7166 ns
gain
0-17 76.73 kg 79.09 kg 2.36kg <B.0041 *w=
0-19 86.75 kg 89.14 kg 2.3% kg <0.0601 ***
12-17 29.05 kg 30.73 kg 1.68 kg < 0.0001 #k*
7-19 66.07 kg 68.38 kg 231 ke <0.00071 =+
1) p-value of t-test for comparison between groups, ns: not significant; * significant, p < 0.03;
#E#gionificant, p < (.00

Puration of viremia in the blood

When comparing the overali mean and median duration of viremia in the two treatment
groups, a significant longer (p = 0.0003) duration of viremia was detected in the CP-treated
animals. The IVP group had a mean duration of viremia of 5.8 days while the CP group
showed a mean duration of 21.8 days. This corresponds to a reduced duration of viremia by

73 % in the TVP group.

Table 3: Mean and median duration of viremia

Treatment | Namber of Mean Median p-value
Eroup pigs (days) (days)
cr 76 21.8 14.0
Total | IVP 18 5.8 0.0 0???%
IVP minus CP -16.0 -14.0
P: p-value of t-test for comparison hetween groups
ns: not significant, p > 0.05; * significant, p < 0.05
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cttccgcagt atcgacacgt tcaaaaaatt 7080 gatgcgcatc aattttgttg ttcctattat
tgaataaata agattgtaca gattcatatc 7140 tacgattcga catggccacc acaaatgcta
cgctgcaaac gctggtacaa ttttacgaaa 7200 actgcaaaaa cgtcaaaa ct cggta

Wia g/ tadtehacgg gegetttgge aaaatatcta 2260 ttttatcgca caageCEaR2008/051628
agcaaattgt atttgcagaa aacaatttcg gcqcacaatt 7320 ttaacgctga cgaaataaaa
gttc-accagt taatgagcga ccacccaaat tttataaaaa

CONCLUSION

The study has been conducted on a farm that shifted from an acute to a chronic status with
sub-clinical mfection shortly before the implementation of the study. The viral load of the
study animals during the study confirmed that assumption. Very few study animals (2,19 %)

had viral load in serum above the “clinical cut-off” of 10°/ ml gencmic copies.

The vaccination succeeded in lowering tremendously the percentage of infected animals in
the vaccinated group. Therefore, the vaccination enabled the comparison of non infected
ammals (vaccinated group) with sub-clinically infected animals {(placebo group). Vaccinated
animals demonstrated better growth performances than sub-clinically infected animals, On
study week 17, the difference reached already 2.36 kg. Vaccinated animals has a more than

16 day shorter duration of viremia as compared to the non-vaccinated group.

It can be concluded that although infected animals remained apparently healthy, PCV2

subclinical infection can have a relevant negative impact on the growth performances.
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7380 tctattttaa tcacggttcc atcaacaacc aagtgatcgt gatggactac attgactgtc
7440 ccgatttatt tgaaacacta caaattaaag gcgagct ttc gtaccaactt gtaagcaata
7500 ttattagaca gctgtgtgaa gcgctcaacg atttgcacaa gcacaatttc atacacaacg
7560 acataaaact cgaaaatg, tc ttatatttcg aagca.cttga tcgcgtgtat gtttgcgatt
7620 acggattgtg caaacacgaa aactcactta gcgtgcacga cggcacgttg gagtatttta

7680 gtccggaaaa aattcgacac
CLAIMS

2

Use of PCV2 antigen or an immunogenic composition comprising PCV2 antigen
for the preparation of a medicament for the treatment of a sub-clinical PCV2
infection in an individual animal or a group of animals, wherein a therapeutically
effective amount of said medicament is to be administered to an animal in need of

such administration.

The use according to claim 1, wherein the sub-clinical PCV2 infection is
characterized by a maximum of 20% of animals within a herd with viral titers

above 10° genomic copies per ml serum.

The use according to claim § or 2, wherein the sub-clinical PCV?2 infection is

characterized by a viral load in individual animals below 10° genomic copies.

The use according to any one of claims 1 fo 3, wherein the sub-clinical PCV2

infection is characterized by a virus persistence in the herd of at least 6 weeks.

‘Fhe use according to any one of claims 1 to 4, wherein the sub-clinical PCV2
infection is characterized by no morbidity or a low morbidity rate of less than

25% of the PCV?2 positive animals within a herd.



acaactatgc acgtttcgtt tgactggtac geggcgtgtt 7790 aacatacaag ttgcta acgt
aa tcatggtc atagctgttt cctgtgtgaa attgttatcc 7800 gctcacaatt ccacacaaca
tacgagccgg aagcataaag tgtaaagoct ggggtgccta 7860 atgaqgtgagc
taactcacat taattgcgct gcgctcactg cocgctt tot agtogggaaa 7920 cctgtcgtgce
cagctgcatt aatgaatcgg ccaacgcgcg gggagaggcg gtttgcgtat 7980 tgggcegctct
tccgcttect cgctcactga ctcgetgegce tcggtegtte

6.

10.

The wuse according to anv one of claims { to 5, wherein the sub-clinical PCV2
infection is further characterized by low mortality rate of less than 20 % of the

PCV2 positive animals within a herd.

Use of PCV2 antigen or an immunogenic composition cormprising PCV2 antigen
for the preparation of a medicament for reduction of growth impairment due to
PCV2 sub-clinical infection, wherein a therapeutically effective amount of said

medicament is to be administered to an animal in need of such administration.

Use of PCV2 antigen or an immunogenic composition comprising PCV?2 antigen
for the preparation of a medicament for reduction of the mumber of animals with
viral load above 10° genomic copies per ml serum in a group of animals (herds)
sub-clinically infected with PCV2, wherein a therapeutically effective amount of
said medicament is to be admimistered to an animal in need of such

administration.

Use of PCVZ antigen or an immunogenic composition comprising PCV2 antigen
for the preparation of a medicament for reduction of virus nasal shedding and/or
duration of viremia in animals sub-clinically infected with PCV2Z, wherein a
therapeutically effective amount of said medicament is te be administered to an

animal in need of such administration.

The use according to any one of claims 1 to ¢, wherein the PCV2 antigen is &

polypeptide having at least 80% homology with ORF-2 of PCV2.
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ggctgcggeg 8040 agcggtazca gctcactcaa aggcggtaat acggttatcc
acagaatcag gggataacgc 8100 aggaaagaac atgtgagcaa aaggccagca
aaaggccagg aaccgtaaaa aggccgcgtt 8160 gctggcegt tt ttccataggc
tccgeccccc tgacgagcat cacaaaaatc gacgctcaag 8220 tcagaggtgg
cgaaacccga caggactata aagataccag gcgtttcccc ctggaagctc 8280
cctcgtgegc tectectgate cgaccctgec gottaccqqa tacctgteeg cctttctcece 8390
ttcgiggaagc

11. The use according to any one of claims 1 to 10, wherein said PCV-2 antigen is a

recombinant baculovirus expressed ORF-2 of PCV2,

12. The use according to any one of ¢claims 1 to 8, wherein the PCV?2 antigen 1s ORF-

2 protein of PCV2,

13. The use according 1o any one of claims ! to 12, wherein the animal is swine.
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gtggcgettt ctcatagctc acgctgtagg tatetcagtt cggtgtaggt 8900 cgttcgctcc
aagctgggct gr.gtgcacga acccoccgtt cagcccgacc gctgcgcectt 8460
atccggtaac tat cgtcttg agtccaaccc ggtaagacac gacttatcgc cactggcagc 8520
agccactggt aacaggatta gcagagcgag gtatgtaggc ggtgctacag ag ttcttgaa
8580 gtggtggcct aactacggct acactagaag gacagtattt ggtatctgcg ctctgctgaa
8640 gocagttacc ttcggaaaaa gagttggtag ctcttgatcc

SEQUENCE LISTING

<110> BOEHRINGER INGELHEIM VETMEDICA INC.

<120> PREVENTION AND TREATMENT OF SUB-CLINICAL PCVD

<13C> POL-2179%

<160> 11

<170> PatentIn wversion 3.2

<210> 1

<211> 8

<212> DNA

<213> artificial

<220

<223> 7his i1z a modified Kozak's sequence.

<400> 1

cegecaty 8

<210» 2

<211> 6

<212> DNA

<213>» Artificial

<220>

<223» This i1s a rescombinant Eco Rl sequence.

<dQ0> 2

gaattc &

<210> 3

<211> 713

<212> DNA

<213>» Porcine circovirus

<400> 3

cagctatgac gtatccaagg aggcgttace goagaagaag acaccgcccce cgecagecate 60
ttggccagat cotocgocyge cgocectgge tegtocacce cogocaccge taccgttgga 120
gaaggaaazaa tggoatotte aacaccegee tcetcocegeac cticggatat actgtggaga 180
aggaazaaty gcatcttcaa cacccgectc toccgeacch toggatatac tgtgacgact 240
ttgttecooe gggagadggy accaacaaaa totctatacc ctttgaatac tacagaataa 300
gaaaggttaa ggttgaattc tggocctgot cccoccatcac ccaggglgal aggggagtgy 360
gctccactge tgttattota gatgataact ttgtaacaaa ggcocacagece ctaacctatg 426
acccatatgt asaactactcc toocgocata caatcecccca accettotec taccacteoe 480
gttacttcac acccaaacct gttettgact ccactattga ttacttccaa ccaaataaca 540
aaaggaatca goctttggelty aggoctacasza ccictagaaa tgtggaccac gtaggcocteg 200
gcactgegtt cgaaaacagt aaatacgacc aggactacaa tatccogigta accatgtaly 660
tacaattcag agaatttaat cttaaagacc ccccacttaa accctaaatg aat 713
<210> 4

<211>» 713

<212>» DNAa

<213> Porcine cilrcovirusg



ggcaaacaaa ccaccgctgg 8700 tagoggEqggt tttzttgttt gcaagcagca
gattacgcgc agaaaaaaag gatictcaaga 8760 agatcctttg atcttttcta cggggtctga
cgctcagtgg aacgaaaact cacgttaagg 8820 gattttggtc atgagattat caaaaaggat
cttcacctag a tccttttaa attaaaaatg 8880 aagttttaaa tcaatctaaa gtatatatga
gtaaacttgg tctgacagtt accaatgctt 8990 aatcagtgag gcacctatct cagcgatctg

tctatttcgt tcatccatag ttgcctgact

<400> 4
ccgocatgac gtatecaagyg aggogttace geagaagaag acaccgocoe cgcagocats 60
Liggecagat cctocgeoge cgececetyggo tcgteccacee cogecaccyge taccgttgga 120
gaaggaaasa tggcatctitc aacaccogec totoccgeac cttoggatat actgtcaagy 180
ctaccacagt cacaacgcece toctgggogg tggacatgat gagatittaat attgacgact 240
ttgttcocooe gggaggggyy accaacasaa totctatace ctitgaatac tacagaataa 300
gaaaggttaa ggttgaattc tggocctget ccoccocatcac coagggtgat agygggagtygy 360
gcteccactge tghtattceta gatgataact tigtaacaaa ggccacagcec ctaacctaty 420
acccatatgt asactactece tcocogecata caatccccca accettctee taccacteoo 480
gttacttcac acccaaacct gttettgact ccactattga ttacttecaa ccaaataaca 546
aaaggaatca gotttggoty aggotacaaa cctotagaaa tgtggaccac gtaggceotcy 600
gcactgeogtt cgaaaacagt aaatacgacce aggactacaa tatcogtgta accatgtatg 660
tacaattcag agaatttaat cttaaagacc ccccactiga accctaagaa tte 713
<210» 5
«211» 233
<212> PRT
<213> Porcine circovirus
<400> 5
Met Thr Tyr Prc Arg Arg Arg Tyr Arg Arg Arg Arg His Rrg Pro Arg
1 5 10 15
Ser His Leu Gly Gln Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro

20 25 30
Arg His Arg Tyr ARrg Trp Arg Arg Lys Asn Gly lie Phe Asn Thr Arg

35 40 45
Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr
50 55 60
Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp Phe Val
6h 70 75 80
Pro Pro Gly Gly Gly Thr Rsn 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

1006 105 110
Gln Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu Asp Asp Asn

115 120 125
Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr
1368 135 140
Ser Ser Arg His Thr Ile Pro Gln Pro Phe Ser Tyr His Ser Arg Tyr
145 150 155 160
Phe Thr Pro Lvs Pro Val Leu Asp Ser Thr Ile Asp Tyr Fhe Gln Pro
1e5 170 175

Bsn Asn Lys Arg Asn Gln Leu Trp Leu Arg Leu Gln Thr Ser Arg Asn

180 183 150
Val Asp His val Gly Leu Gly Thr Ala Phe Glu Asn Sex Lys Tyr Asp

195 200 205



9000 riccogtcgtg tagataacta cgatacggga gggcttacca tctggcccca gtgctgcaat
9060 gataccgcga gacccacgct caccggctcc agatttatca gcaataaacc
agccagccgg 9120 aagggccgag cgcagaagtg gtcctgcaac tttatccgcec
tccatccagt ctattaattg 9180 ttgccgggaa gctagagtaa gtagttcgcc agttaatagt
ttgcgcaacg ttgttgccat 9240 tgctacaggc atcgtggtgt cacgctogtc gtttggtatg
gcttcattca gcticcggttc 9300 ccaacgatca aggcgagtta

Gin Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln 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

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
1 5 16 15

Ser His Leu Gly Gln 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 44 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 Agp Phe Val
65 70 75 80

Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro Phe Glu Tyr Tyr
85 S0 85

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

Gln Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu Asp Asp Asn
115 120 125

Fhe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr
130 135 1490

Ser Ser Arg His Thr Ile Proc Gln Pro Phe Ser Tyr His Ser Arg Tyr
145 150 155 160

Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tvr Phe Gln Pro
165 170 175

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

Val Asp His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp
195 200 205

Gin Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg Glu Phe
2190 215 220

Asn Leu Lys Asp Pro Pro Leu Glu Fro
225 230

<210> 7

Led



catgatcocc catgttgtgc aaaaaagcgg ttagctcctt 9360 cggtcctccg atcgttgtca
gaagtaagtt ggccgcagtg ttatcactca tggttatggc 9420 agcactgcat aattctotta
ctgtcatgcc atccgtaaga tgcttttctg tgactggtga 9480 gtactcaacc aagtcattct
gagaatagtg tatgcggcga ccgagttgct cttgcccggce 9540 gtcaatacgg gataataccg
cgccacatag cagaacttta aaagtgctca tcattggaaa 9600 acgttcttcg gggcgaaaac
tctcaaggat cttaccgctg ttgagatcca

<211> 756
<212» DNA
<213> Artificial
220>
<223> This sequence is from porcine circovirus type Z, open reading
frame 2, together with a porticn from the pGEM T-ecasy vector.
<400> 7
goggecgegy gaattcegatce cgecatgacyg tatccaagda guogittaccey cagaagaaga 60
caccgeeoce geagecatot tggecagatce ctoogeegeo goccetgget cgtocacccee 120
cgccaccegcet accgttggag aaggaaaaat ggcatctica acacccgect cteecogeaco 180
treggatata ctgtcaagge taccacagte acaacgcoct cctgggeggt ggacatgaty 240
agatttaata ttgacgactt tgttccococyg ggagggggga ccaacaaaat ctotataccc 300
tttgaatact acagaataag aaaggttaag gttgaattct ggccctgetc ceccateaco 360
cagggtgata ggggagtggy ctocactget gttattcectag atgataactt tgtaacaaag 420
gocacageoe taacctatga cocatatgta aactactect cocgoccatac aatcccccas 480
ceettotect accactceog ttacttcaca ccceaaccty ttctitgacte cactattgat 540
tacttccaac caaataacaa aaggaatcag ctitggetga ggctacaaac ctctagaaat 600
gtggaccacyg taggcctegg cactgegttc gaaaacagta aatacgacca ggactacaat 660
atcocgtgtaa ccatgtatgt acaattcaga gaatttaatc ttaaagaccc cccacttgas 720
ccetaagaat tcetatcacta gtgaattoge ggooge 7506
<210> 8§
<211»> 10387
<212> DNA
<213> Artificial
<220>
<223> This is the porcine circovirus type 2, ORF-Zconstruct, which
includes baculovirus and pGEM T-easy coding seguences.
<400> 8§
aagctttact cgtaaagega gttgaaggat catatttagt tgegtttatg agataagatt G0
gaaagcacgt gtaaaatgtt tcccgegeghb tggcacaact atttacaatyg cggecaagtt 120
ataaaagatt ctaatctgat atgttttaaa acacciitgc ggeocgagtlt gtitgogtac 180
gtgactagceg asgaagatgt gtggaccgcea gaacagatag taaaacaaaa ccctagltalt 240
ggagcaataa tegatttaac caacacgtct aaatattatg atggtgtgca ttttttgcgg 300
gegggectgt tatacaaasa aabttcaagta ccoctdggecaga ctttgocgoe tgaaageata 360
gttcaagaat ttattgacac ggtaaaagaa tttacagaaa agtgtcccgg catgitggtg 420
ggcghgcact geacacacgg tattaatcge accggttaca tggtgtgcag atatttaatg 480
cacaccetygy glattgegeo goaggaagee atagatagat togaaaaage cagagghcac 540
aaaattgaaa gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc 600
tttaacaaat acttitatcct attttcaaat tgttgegett cttccagega accaaaacta 660
tgettegett gotecgitita gottgtagee gatcagtgge gtlgttecaa togacggtag 720
gattaggcog gatattctee accacaatgt tggeaacgtt gatgitacgt Ltatgebtit 780
ggttttoeac gtacgtctit tggecggtaa tageocgtaaa cgtagtgeeyg togoegegtea 840
cgoacaacac cggatgbtttg cgcttgteeg cggggtattg aaccgegega tecgacaaat 900
ccaccacttt ggcaactaaa tceggtgacct gogegtcottt tttcetgeati atttegtett 960
tctttbgeat ggtticctgg aagecoggigt acatgoggtt tagatcagte atgacgegoyg 1020
tgacctgeoaa atctttggoe togatctgeh tgtecttgat ggcaacgaty cgttcaataa 1080
actcttgttt tttazcaagt tocteggttt ttitgogecac caccgettge agegegtttg 1140
tgtgotoggt gaatgtcgea atcagettag tcaccaactg tttgotcteoco tectocegtt 1200
gtttgatcge gggatcogtac tigecggtge agageacttg aggaattact tcottcetaaaa 1260
gccattcottg taatbetaty gegtaaggeca atttggactt cataatcage tgaatcacge 1320
cggetttagt aatgagcact gtatgcgget geaaatacay cggytogece cttttcacga 1380
cgctgttaga ggtagggece ccattttgga tggtctgoic aaataacgat ttgtatttat 1440
tgtctacatg aacacgtata gotttatcac aaactgtata ttttaaactg ttagcgacgt 1500
cethggocac gaaccggace tgttggtcge getctageac gtaccgcagyg ttgaacgtat 1560
cttcteccaaa tttaaatiet ccaatittaa cgogagecat tttgatacac gtgtgtegat 1620



gttcgatgta 9660 acccactcgt gcacccaact gatcttcagc atcttttact ttcaccagcg
tttctgggtg 9720 agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata
agggcgacac ggaaatgttg 9780 aatactcata ctottocttt ttcaatatta ttgaagcatt
tatcagggtt attgtctcat 9840 gagcggatac atatttgaat gtatttagaa aaataaacaa
ataggggttc cgcgcacatt 9900 tccccgaaaa gtgccacctg acgtctaaga aaccattatt

atcatgacat taacctataa 9960 aaataggcgt

tttgcaacaa ctatigittt ttaacgcaaa ctazacttat tgtggtaage aataattaaa 1680
tatgggggaa catgcogeoge tacaacactc ghecgtibatga acgcagacgg cgocggtotc 174¢
ggcgcaageg gotaaaacgt gtigogegit caacgoggoa aacatcgeaa aagecaatag 1800
tacagttttg atttgcatat taacgycgalt tttttaaatt atcttatita ataaatagtt 1860
atgacgccta caactccocoyg cocgegitga cteogetgeac ctegageagt tegttgacge 1920
cttecotcoocgt gtggocgaac acgtogagey ggtggtegat gaccageggce gtgeogoacy 1980
cgacgoacaa grartctgtac accgaatgat cgtogggega aggoacgtog gectcocaagl 2040
ggcaatattg goaaattcga asatatatac agttgggtty tttgcgcata tcotategtyy 2100
cgttygggeat gtacgtocga acgttgattt geatgeoaage cgaaattaas teoattgegat 2160
tagtgcgath aaasacgttgt acatccotege ttttaatcat gecgtegatt amatcgegea 2220
atcgagtcaa gtgatcaaag tgtggaataa tgttttottt gtattcccga gtcaagogea 2280
gegogtattt taacaaacta gecatcttgh aagttagtbt catttaatge aactttatcce 2340
aataabatat tatgtatcge acgtczagaa ttaacaatgc gocegttgtce goatctcaac 2400
acgactatya tagagatcaa ataaagcgeg aattamatag cttgogacge aacgtgcacy 2460
atctgtgeac gegttecgge acgagetttyg attgteataa gtttttacga agcogatgaca 2520
tgaccccoogt agtgacaacg atcacgecca aaagaactge cgactacaaa attaccgagt 2580
atgtcggtga cgttaaaact attaagecat ccaatcgacce gttagtogaa tcaggaccogc 2640
tggtgegaga agoogegaag tatggegaal geatcgtata acgtgltggag tecegetecatt 2700
agagcgtcat gittagacaa gaaagctaca tatttaattg atcccgatga ttttattgat 27760
aaattgacce taactccata cacggtattc tacaatggeg gggttttggt cazaatitce 2820
gyactgcgat tgtacatget gttaacgget ccgeccacta ttaatgasat tasaaatice 2880
aattttaazaa aacgcagcaa gagaaacatt tgtatgaaag aatgegtaga aggaaagaaa 2940
aatgtcgtog acatgotgaa caacaagatt aatatgeocote cgtgtataaa aassatatig 3000
aacgatttga aagazaacaa tgtaccgcge ggoggtatgt acaggaagag gtttatacta 3060
aactgttaca ttgcaaacgt ggtttogtgt gecaagtgty aaaaccgatg tttaatcaag 3120
gototgacge atttctacaa coacgactce aagtgtgtgg gtgaagtcat geatctitta 3180
atcaaatcoc aagatgtgta taaaccacca aactgcecaaa aaatgaaasac tgtogacaag 3240
ctetgtecgt ttgctggeaa ctgcaagygt ctcaatocta tttgtaatta ttgaataata 33060
aaacaattat aasatgctaaa tttgtttitt attaacgata caaaccasac gcaacaagas 3360
catttgtagt attatctata attgaazacg cgtagttata atcgetgagg taatalitaa 3420
aatcattttc aasatgattca cagttaatit gogacaatat aattttattt tcacataaac 3480
ragacgcott ghcgicttct tottoghtatt cottotetht trcatttttc toctcataaa 3540
aattaacata gttattatcg tatccatata fghatctate gtatagagha aattititgt 3600
tgtcataaat atatatgtct tttttaatgg ggtgtatagt accgoctgege atagttttte 3660
tgteaatttas aacagtgota ttttotggta gttottogga gtgtgttget ttaattatta 3720
aatttatata atcaatgaat ttgggategt cggttttgta caatatgttg ceocggeatagt 3780
acgcagetic thoctagttoa attacaccat tttttagcoag caccggatta acataacttt 3840
ccaaaatgtt gtacgaaccyg ttaaacaaaa acaghtcacc tocctttict atactattgt 3960
ctgegageag ttghttgtty ttaaaaataa cagecattgt aatgagacgc acaaactaat 3%60
atcacazact ggaaatgtet atcaatatat agttgetgat atcatggaga taattaazat 4020
gataaccatce togeaaataa ataagtattt tactgttttc gtaacagtitt tgtaataaas 4080
aaacctataz atattccocgga ttattcatac cgtoccacca togggcgegg atcagatotg 4140
cagcggecyge gggaattoga tocgecatga cgtatcecaag gaggegttac cgoagaagas 4200
gacaccgcee cogeagoeat ctitggcocaga toctecogocyg cogeoccetyg ctegteccace 4260
cocgocaceg ctaccgttogg agaaggaaaa atggeatctt caacacccge ctetecegea 4320
cocttoggata tactgtcaag gotaccacay tcacaacgoe ctectgggcyg gtggacatga 4380
tgagatttaa tattgacgac tttgttccce cgggaggggy gaccaacaaa atctcetatac 4440
cctttgaata ctacagaata agasaggtlta aggittgaatt ctggeccctge toccccatca 4500
cccagogtga btaggggaghtg ggctocacty ctgttattcet agatgataac tltgtaacaa 4560
aggcocacage cctaacctat gacccatatyg taaactactc cteccgcocat acaatcocce 4620
aacccttore ctaccactco cgttacttca cacccaaaco tgttotigac btocactattg 4680
attactbcca accaaataac aaaaggaalc agotttgget gaggctacaa acctctagaa 4740
atgtggacca cgtaggectc ggcactigogt btogazaacag Laaatacgac caggactaca 4800
atatccgtgt aaccatgtat gtacaattca gagaatttaa tcttaaagac cocccacttg 4860
saccotaaga attctatcac tagtgaatitc goggccgecg gocgotcocag aattctagaa 4820
ggtacccggyg atccttteoct gggaccocgge aagaaccaaa aactcacict cttcaaggaz 4980
atcogtaatyg ttaaaccega cacgatgaag cttgtegtty gatggaaagg aaaagagttc 5040
tacagggaaa cttggaccog cttcatggas gacagottce ccattgitaa cgaccaagasa 5100
gtgatggaty tttiocttgt tgtcaacaty cgtoccacta gacccaaccy ttgttacasa 5160
ttoctagoore aacacgotot goghtgogac cocgactatyg taccteatga cgtgattagg 5220
atcgtcocgage cttcatgyyt gggeageaac aacgaglace geatcagect ggotaagaag 52806



atcacgaggc cctttcgtct cgcgcegtttc ggtgatgacg gtgaaaacct 10020 ctgacacatg
cagctcccgg agacggtcac agcttgtctg taagcggatg ccgggagcag 10080
acaagcccgt cagggcgcegt cagcgggtgt tggcgggtgt cggggcetggce ttaactatgce
10140 ggcatcagag cagattgtac tgagagtgca ccatatgcgg tgtgaaatac
cgcacagatg 10200 cgtaaggaga aaataccgca tcaggcgcca ttcgccattc

aggctgcgca actgttggga 10260 agggcgatcg gtgcgggcct cttcgctatt

acgcca%ctg N ] _

ggcoggegactTgeccdaataat gaaccttcac tcetgagtaca ccaactegtt cgaacagtte 5340
atcgatcgty tcatctggga gaacttctac aagoccatcyg tttacatcegg taccgactct 5400
gctgaagagg aggaaattet cocttgaagti tceoctggtgl teasagtaaa ggagtttgea 5460
ccagacgcac ctotgttcac tggtocggeg tattaaaaca cgatacattyg ttattagtac 5520
atttatiaag cgetagatic Lgtgegttgt tgatttacag acaattgttg tacgtattitt 5580
aataattcat tazatttata atctttaggy tggtatgfta gagocgaasat caaatgattt 5640
tcagegtett tatatctgaa tttaaatatt aaatcoctcaa tagatttgta aaataggitt 5700
cgattagitt caaacaaggg ttgtttttco gaaccgatgg ctggactate taatggattt 5760
tecgetcaacyg ccacaaaact tgccaaatct tgtagcagca atctagettlt gtcgatattc 5820
gtttgtgttt tgttttgtaa teaasggticg acgtogtica aaatattatg cgocttttgta 5880
tttcttteat cactgtegtt agtgtacaat tgactcgacg taamacacgtbt aaataaaget 5540
tggacatatt taacatcggg cgtgttaget ttattaggce gattatcgtce gtegteccaa 6000
ccctogtogt tagaagttge titccgaagac gattitgceca tagceccacacg acgectatta 6060
attgtgtcegyg ctaacacgtc cgcgatcaaa tttgtagtig agetttttgg aattattict 6120
gattgcggge gtitttggge gggtttcaat ctaactgtge cogattttaa ttcagacaac 6180
acgttagaaa gogatggtge aggcggtggt aacatttcag acggcaaate tactaatgoge 6240
ggeggtyguty gagetgatga taaabtctace atceggtggayg gogeaggcegg ggctggegge 6300
ggaggeggag gedgaggtgg tggeoggtgat gecagacggeg gltttaggete aaatgtectcet 6360
ttaggcaaca cagtcoggeac ctcaactatt gtactggbtt cgggegecght Ltrtggtttg 6420
accggtectga gacgagtgog atttittteg tttctaatag cttccaacaa ttgttghtctg 6480
tegtetaaag gtgcagoggy ttgaggttco gtoggeatty gtggageggg cggcaattca 6540
gacatcgaty gtggtggtog tggtggagge gotggaatgt taggcacggg agaaggtggt 6600
ggoguoeggty cogecggtat aattigttct ggtbttagthtt gitcegegecac gattgtggge 6660
accgycegeayg gogecgetgg ctgcacaacy gaaggtogte tgottogagg cagegoitgg 6720
ggtggtggca attcaatatt ataattggaa tacaaatcgt aaaaatctge Cataagcatt 6780
gtaatttcge tatcgtttac cgtgocgata tttaacaacc getcaatgta ageaattgta 6840
ttgtaaagag attgtctecaa gctcgeccegea cgococgataac aagoctttte atttttacta 6800
cagcattgta gtggecgagac acttogetgt cgtegacgta catgtatget ttgtigtcaa 6960
aaacgtcgtt ggcaagcttt aaaatattta aaagaacatc tctgttcage accactgtgt 7020
tgtcegtaaat gtigttittg ataatttgeg ctteccgeagt atcgacacgt tcasaaaatt 7080
gatgogeate aattttgttg ttoctattat tgaatasata agatigtaca gattcatatc 7140
tacgattcgt catggccacc acaaatgcta cgctgcaaac gotggtacaa ttitacgaaa 7T200
actgcaaaaa cgtcamaact cggtataaza Laatcaacgg gcogetbigge asaatatcta 7260
ttttategea caageoccact agcaaattgt atttgceagaa aacaatticyg gegecacaatt 7320
ttaacgctga cgaaataasa gttcaccagt taatgagcga ccacccaaat tttataaaaa 7380
tctattttaa tcacggttoc atcaacaacc aagtgatcegt gatggactac attgactgte 7440
cecgatttatt tgaaacacta caaatiaaag gegagettte gtaccaactt gitageaata 7500
ttattagaca gctgtgtogaa gogetcaacg atttgracaa geacaatttc atacacaacg 7560
acataaaact cgazaaatgtc ttatatttcg aagcactiga tcogcgtgtat gtttgegatt 7620
acggattgtg caaacacgaa aacltcactta gegtgcacga cggcacgtty gagtatttta 7680
gteeggaaaa aattogacac acaactatge acgtticgtt tgactggtac goggegtgtt 7740
aacatacaag ttgctaacgt aatcatggtc atagetgttit cctgitgtogaa atigttatcc 78060
gctcacaatt ccacacaaca tacgagecygyg aagcataaag tgtaaagect ggggtgecta 7860
atgagtgage taactcacat taattgogtt gegectcactg coccgetttco agtecgggaaa 7320
cctgtegtge cagetgeatt aatgaatcogg ccaacgeogeg gggagaggceg gtttgegtat 7980
tgggcgetot foogottoct cgeotcactga ctogotgege toggtegtte ggctgeggeg 8040
agecggtatca getcactcaa aggeggtaat acggttatcec acagaatcag gggataacge 8100
aggaaagaac atgtgagcaa aaggcocagca aaaggcecagg aaccgltaaaa aggecgogltt 8160
gectggoygttt ttccataggce teccgeooecee tgacgagcat cacaaaaatc gacgctcaag 8220
tcagaggtygy cgaaacccga caggactata aagataccag gegtttocee ctggaagecte 8280
cctegtgcge totecotgitc cgacccigee gottaccgga tacctgtooyg cettictoccoce 8340
Ltcgggaage ghtggegettt ctceatagete acgectgtagg tatctcaghtt cggtgtaggt 8400
cgttegeter aagctggget gighigeacga acccccogtt cagocccgace gotgegeott 8460
atccggtaac tatcgtettyg agtccaacce ggtaagacac gacttatcge cactggeage 8520
agccactyggt aacaggatta gcagagcgag gtatgtagge ggtgctacag agttottgaa 8580
gtggtggeot aactacggct acactagaag gacagtattt ggtatctgeg ctcoctgotgaa 8640
gecagttace ttoggaaasa gagttggtag ctotligatee ggcaaacaaa ccaccgetgg 8700
tagoggtggt thttttgttt geaagoagea gattacgeoge agaaaaaaag gatctcaaga 8760
agatcctttyg atcttttcta cggggtotga cgcteagtgy aacgaaaact cacgttaagg 8820
gattitggtc atgagattat caaaaaggalbl cltcacctag atccttttaz attaaaaatg 8880
aagttttaaa tcaatctaaa gtatatatga gtaaactigg tctgacagitt accaatgett 8940



gcgaaagggg gatgligctgc 10320 aaggcgatta cagtgcc agttgggtaa cgccagggtt
ttcccagtca cgacgttgta 10387 aaacgacggc 10380 <210> 9 <211> 20
<212> PAT <213> Porcinercoyi US <400> 9 Ser Tyr Pro Arg Arg Arg Tyr
Arg Arg Arg Arg His His Pro Pro Ser 151015 His Lou Gly Gin 20 <210> 10
<211> 19 <212> PRI <213> Porcine ci <400> 10 covirus Pro Arg H s His
Tyr Arg Pro Arg Arg Lys Asn Gly lle Phe Asn Thr 11015 Thr Lou Ser
<210> 11 <211> 233 <212> SAT <213> Artificial <220> <223> This is an
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Arg.

ccaacgall aggegagtta cafgat“ccc catgtigtge aamaaagegg ttagetcctt 2360
cggtectoeg atcgtigtcs gaagtaagti ggcocgcagtyg ttatcactca tggttatgge 9420
agcactgeat aattctetta ctgtcatgoce atccogtaaga tgocttttetg tgactggtga 2480
gtactcaacc aaghtcattet gagaatagtg tatgeggega cogagttget cttgeccgge 2540
gtcaatacygg gataataccg cgccacatag cagaacihlta aaagtgctcea tcattggaaa 2600
acgttcttcg gggcgasaac tetcaaggait cttaccgetg ttgagatcoca gttegatgta 3660
acccactegt geacccaact gatcttcage atcttttact ttcaccageg tttctgggtg 9720
agcaaaraca ggaaggcaaa atgcocgoaaa aaagggaata agggcgacac ggaaatgtitg 9780
aatactcata ctctteottt ttcaatatta ttgaageatt tatcagggtt attgtctcat 9840
gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggitc cgogcacatt 9900
teeccegaaaa gtgeocacchtyg acgictaaga aaccatitabt atcatgacat taacctataa 9960
aaataggcogt atcacgague cctttegict cgocgogitte ggtgatgacg gtgaaaacct 10020
ctgacacatyg cagetocegyg agacggtcac agottgtctyg taageggatg ccgggagecag 10080
acaagceegt cagggogogt cagogggtgt tggegggtgt cggggctgge ttaactatge 10140
ggcatcagag cagattgtac tgagagigca ccatatgcegg tgtgaaatac cgcacagatg 10200
cgtaaggaga aaataccgca tcaggeogeca ttogecattc aggetgcegea actgttggga 10260
agggcgateg gtgegggect cttogeotatt acgocagety gogaaaggoyg gatgtgetge 10320
aaggcgatta agttgggtaa cgcocagggtit ttoccagtea cgacgttgta aaacgacgge 10380
cagtgeo 10387
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354045 Len Per Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Arg Thr
505560 Pro Ser Trp Ala Val Asp Met Met Arg Phe Asp, lle Asp Asp Phe
Val 65707580 Pro Pro Gly Gly Ply Thr Asn Lys lle Per lle Pro Phe Gin Tyr
Tyr 859095 Mg lle Lys Lys Val Lys Val Glu Phe Trp Pro Cys Ser Pre lle
Thr 100105110 Gin Gly Asp Arg Gly Val Gly Per Thr Ala Val lle Leu Asp
Asp Asn 115120125 Phe Val Thr Lys Ala Thr Ala Len Thr Tyr Asp Pro Tyr
Val Asp, Tyr 130135140 Per Ser Arg His Thr lle Pro Gin Pro Phe Ser Tyr
e |s Pgr Ar 145150155160 Phe Thr.Pro L}/s Pro Val Leu Asp Ser Thr
- op sﬁégl E@e in Pro 165170175 Asn Asn 'L COVA%SA%D%M Len Trp
Len Arg Len Gin Thr Per Arg Asn 180185190 Val Asp His Val Gly Len Gly
<400> Fhr Ala Phe Gin Asn Per lle Tyr Asp 195200205 Gin Asp Tyr Asn lle Arg
wer 1hr VBLTHLMet Tyr Vial Gin Phe Arg Gin Rhe 210215220 Asp Len Lys Asp
1 Pro®Pro Len Lys Pro 225230 15

Ser His Leu Gly Gln Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro
26 25 30

Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg
35 40 45

Leu Sexr Arg Thy Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Arg Thr
50 55 60

Pro Ssr Trp RAla 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 ac 95

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

Gln Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu Asgp Asp Asn
115 120 125

Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn Tyr
130 135 140

Ser Ser Arg His Thr Ile Pro Gln Pro Phe Ser Tyr His Ser Arg Tyr
145 156 135 160

Phe Thr Pro Lys Pro Val Leu Zsp Ser Thr Ile Asp Tyr Phe Gln Pro
165 170 175

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

Val Asp His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser Ile Tyr Asp
195 200 205

Gln Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg Giu Phe
210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro
225 230



