WO 2009/030684PCT/EP2008/061566 1 REDUCTION OF CONCOMITANT INFECTIONS IN PIGS
BY THE USE OF PCV2 ANTIGEN SEQUENCE LISTING This application contains a sequence listing
in paper forng%{))%)'&o%%pputer readable format, the teachings and content of which are hereby
incorporated by referénce. The sequences sequence listing is identical Wi?ﬁﬁ‘l%‘ﬁ?‘?é@lﬁﬂé?gted in
WO006/072065. BACKGROUND OF THE INVENTION Field of the Invention:  The present invention
relates to the field of veterinary medicine, in particuTaJr to infectious diseases. Moreover, the present
invention relates to a method for reducing concomitant 15infections in pigs caused by pathogens other
than PCV-2. Background In 1996 a new emerging disease termed "Postweaning Multisystemic
Wasting Syndrome” (PMWS) was described in reference to cases observed in Canada five years
earlier (Clark T. 20 Pathology of the Postweaning Multisystemic Wasting Syndrome of Pigs. 1996 p.
22-5). Porcine cirocvirus,ty identifie esse agent of this disease
syndrome. PMWS has meahwhite-been-otisern EirtereyES gions-aithewd;

(Brunborg IM, Moldal T, Jonassen CM. J Virol Methods 2004 Dec 15:122(2):171-8). Pigs 5 to 15
weeks of age are most commonly aff HLEAWSE QBN IR DE EGB

and Control: What do we know? 2006 Jul 16-2006 Jul WO 2009/030684PCT/EP2008/061566 - 2 - 19;
2006; Aflan GM, et al., Vet Microbiol 2004 Feb 4:98(2):165-8; Chae C. Vet J 2004 Jul;168(1):41-9).
Clinical signs include a marked increase in the mortality rate, wasting, generalized enlargment of
lymphnodes, respiratory signs, and occasid??acﬁ%gﬁiﬁ,}/f Te and diarrhoea (Chae C. Vet J 2005
May;lGQ(S):%%%;gG' Setgales J. et al. Vet Micyohiol 2004 5 Eeb 4;98étl

1 1ains 3 sed \ 2%:151-8 . These clinical signs are
not all seen afthe AR FReRiA L & S PRSI PRRSS I e tPBE i SHpmRYres trasehie BRBRLssion of

clinical signs,s | E tly Iinf}<ed o farm-specific co-pathagens that preferentially target different organ
systems (Kr%atl}?ol\g\% gﬁ:g?.éfétag y vgt%elggt?%ﬁ ‘@1ajgn%;%aff):@f?@f%ﬁ?}émﬁ%%a%al i?ﬁ\%égﬁa'é?%ﬁ% have
shown that i d ! irat ' V), swine influenza virus (SW),
10 porcine ggéﬁcﬁig%@g\%%%ﬁ%ﬁﬁ@%ﬁ%ﬁ?ﬁ%ﬁ%ﬁé@b eﬁ'ropneumaniae (APP),
Streptggpccus suis and Mycoplasma hyopneumoniae (Chae C. Vet .1 2004 Jul;168(1):41-9) are most
commonly seen in combination with the disease syndrome. For the production of PMWS activation of
the immune system has been postiated tozlpa the OF piveiakgyaetikrakowka S. et al., Vet Pathol
2001 Jan:38(1):31-42). While the experimental inoculation with PCV2 alone did only produce clinically
asymptomatigeiafettienswandavery modest histologic evidence of inflammation the dual infection with
PCV2 and PPV or PRRSV resulted in more severe clinical signs, gross and histological Lesions, a
wider spreadandreshig ercR 2alingh |eathwifield affectedntissueslidhese fiadingaseetiodbeas
predominantly caused by PCV2 since infection with PRRSV or PPV alone did not result in comparable
clinical signslisedessiohéofadiean, ethal pr3s@umipvRatino| £H9 Jial; 2 206Notl 1oy AbduriBd/ satcathitash Virol
2000;145(11):2421-9; Harms PA, et al., Vet Pathol 2001 Sep;38(5):528-39; Krakowka S. et al., Vet
Pathol B000R&s}iSm 3).pisa cg8scO Srapeho weneptier e RGi¥rdbiol 2005 Jul 1;108(3-4):179-86; Rovira.
A, et al., J Viral 2002 Apr;76(7):3232-9). 25In addition, a similar increase in disease severity could also
be achieved in the absence of WO 2009/030684PCT/EP2008/061566 - 3 - other co-infecting agents if
pigs were immunostimulated with keyhole limpet hemocyanin in incomplete Freund's adjuvant
(KLH/ICFA) BREERIA S. et al., Vet Pathol 2001 Jan:38(l ):31-42). 5The effects of PCV2 on the pig

immune system are not fully known. It has been reported that the main target cells for PCV2
replication a gl’?%éranao %"é’y?%é'renﬁ%%ﬁo%ﬁ%“s 1FEKSe §§) W‘f?ﬁ@%%ﬁnﬁﬁ‘ﬁgﬁ%?‘g@ﬁ%éy&@ﬁ%ch as

follicular dengriti lIs (Darwich.L.et al., Arch Viral 2004 May;149(5).857-74). Several studi
suggested t@%&fﬁ” Fr?(f%%%n(ﬁ?/?d #16%%%?%3&%5%%%? §ndnléa?éar%?j Iggﬁ %{Siﬁﬁﬁg{r{gﬁﬁﬂ;ﬁtosis of
the B cglIs t t ] saphoid.tissues resulting in ex ive phogyte depletion
(Damiah L e e R SR R e
histiocytic infiliration:and; @y(tpcs{gﬂl ' Qllic! r afolli ones,
symptoms aggf)%igt%gdv}\%#mggésencé o?hligg@% ?gée%%agigg §s %?la . \%@%%ﬁli%gﬁgééﬁ%%
98(2):151-8;sRianvich lpiptvas ArehnViral RA0AMAY LR 57T hese Jrsls hewe 16 Rome to
suggest that 15 PCV2 infection might cause immunosuppression %Darwich L.et al., Arch Viral 2004
May;149(5):BRbutd; Kiakqwkaboret @z, VivalidamonahrQe: 150056 7v82 ARRIRashesqip trrat PCV2
infections, in particular PMWS, based on a DNA vaccine are described in U.S. Patent No. 6,703.023.
In WO 03/043703 @eductinmigh a tive Thiseryisr2Qeaccingrissinneriedraamnising@ RieNMdbackbone
in which an immunogenic gene of a pathogenic PCV2 strains replaces a gene of the PCV1 backbone.
W099/182 14 helsi o as s BiegabRC Visstrainsiahehpobcatiures for theypreperation; efmidlird PCV2
vaccine. An effective ORF-2 based subunit vaccine has been reported in W006/072065. Any of such
vaccines are intended to be used for the vaccination/treatment of swine against PMWS. 4 No reports
exist about the potential impact of PCV2 infections on the incidence of concomitant infections caused
by various swine relevant pathogens. Particularly, nothing is reported about the potential impact of

PCV2 on specific pathogens, such as Actinobacillus pleuropneumoniae, Haemophilus parasuis,
MNMveonlaema hvorhinie Pactarirealla miiltocida PRR\/ almonealla enn <V\/ ar <|trenococeclic riie




In a second aspect, there is provided the use of PCV-2 ORF-2 protein as the antigen for the -
manufacture of a medicament for the reduction of the concomitant infection caused by PCV2 and one
or more viral, bacterial and/or fungal pathogens other than PCV-2 in pigs. 4a BRIEF DESCRIPTION
OF THE DRM%’g‘gﬁ%re 1: Profile of PCV2 viraemia. Blood samples ﬁSﬁﬂEﬁ?gQ@g@Bfgd
placebo-treated animals (Figure 1A; n=110) and vaccinated animals (Figure 1B; n=110) were collected
at the indicated time points. On the basis of the quantitative PCR results animals were grouped into

classes of gnimys Wl SHREIIIGA! Wal loRds il bockOR 8RBl hangcaniggl tetevant yirplpads (>

106 gE/m1)."Whité bars représent the proportion of animals with $ubclinical viral loads and black bars

illustrate the o liorpf enimaAlswilh cliner! relayaph vikaldaads, PRE SARRHRY daY. REEERIPTION
OF THE INVENTION The present invention is based on the surprising finding, that PCV2 vaccine

cannot only.feeiicedhaipgirentageal Rtoddnfeglionsinigs ana hamdiehpigsphid-alatnthe:

percentage of concomitant infections caused by pathogens other than circovirus, in particular other
than PCVand ierefe, @keerding:tq onesaspectsd(® Bresest dayaaiionerelpvs tnammiioddor reducing
the percentage of concomitant infections in pigs or a herd of pigs caused by one or more WO
2009/630684RCIRIE P08 P56 Glibalpsthe gen anthie sébantRE\Ereompasing shglstBM&dninistering
to said pig(s) an effective amount of PCV2 antigen or an immunogenic composition comprising PCV2
antigen. Thfdeged fzpheonbitant apfectiots!t dseusgatdssrairoSinkillimab aigptoutsismibetithitEdldal dny 5
infection of swine caused by viral, bacterial, fungal or worm pathogens other than circovirus, in
particular dthersiieaifiP @viztiTigenethat weftcentitintpath dyéneraogend strein (hednykul istinot limited
to a pathogen of swine other than eircovirus, in particular other than PCV2. Thus according to another
aspect, thalprésen? myaniBhlpreniatd aihéhod riiarimiespthayercatitage o eoeomit8ist infections
in pigs or a herd of pigs caused by one or more viral, 10 bacterial, fungal or worm pathogens other
than cireoWPHRIDFTFRAPTUGHE GG FRPRIRIOT \Pords v iRy (RERED i Smwtov R Bigls) an
effective amount of PCV2 antigen or an immunogenic composition comprising PCV2 a(glii}g%n.
I

Prefe3blyP TR KoRRS AT e e APE A &l B Snd D AIGFY BA S HER PURAT 87 RSngHl Pathogens,
binati th fM f d, th itant i ti
ctorial oV B SR SO SO HTATRRE ACHES i S B e B e esent

invention, thgs}errxrﬁ r'}'}%%?ggr&tgn&i}g&%g }Hrsl';\%@g%hrg] ans that pée “#%ig infected with one or more
concomitant pa(t:ﬁogensyot er'than eircovirus, In particular other than PCV2 is co-infected with PCV2.
Thus according to another aspect, the 70 present invention provides a method for reducing the
percentage of concomitant infections in pigs or a herd of pigs co-infected with PCV2, wherein the
concomitapg}qig.cﬁ@ag% RUBAH/RYOME:R5MAT R LHROIRNS Qe LD MR LIEOMIMEd RaPa tigular other
than PCV2 comprising the step administering to said pig(s) an effective amount of PCV2 antigen or an
immuRogeRic.EAPReSItIoNIERMBILSIBt.POX? patigerudireferally: tha poneaini@plkyiachiensiare
caused by WO 2009/030684PCT/EP2008/061566 - 6 - one or more viral, bacterial, fungal or worm
pathogensigibelathanGircpyivissiohpard cnbar pidatdin BNV 2svbhsdauic eddodestethdvithdACV2"as
used herein means but is not limited to any form of co- 5 infection with PCV2, which means that the
PCV2 infeaiiafractistsigriordddeivubdneusiyavith chafterthafirtéotionvithANe pathdddhswhich are
different from circovirus, in particular different from PCV2. It also includes sub-clinical, clinical
apparent, RRREdrtaridchromecouese slofiRCNZnm fgotonad Inithio gorttdsdioapparddecepresds are not
limited to PMWS, but also include any other clinical appearances of PCV2 infections such as porcine
respiratoryal@ dissieicdthpiéx PrOead pwitie ddeiedopashssant pepHropatiy sptrémesPDNS),
reproductive failure, granulomatous enteritis, potentially, congenital tremors (CT-All) and perinatal
myocitditisTedpaEarEYesvasd by, DOYS b sé@%%ynm&?e%%‘r’ e TeYrmloas he haarewiéttion” does

not necessarily mean that the pig or herd of 15 pigs is co-infected with PCV2, Thc term "concomitant

infection” ASEPEIAE GlitiehymnteiHPRasANN At JiGOBP & 1B F8iduH AL dxpbsitb PCV2 or
h isk exi inf ith PCV2, Th i h , j i
B el o TR o iAol ek e Tl 1
d . d ibl i d with i
expose togg’ﬂﬁéi@%%@@%%% -%ev&f?gf §“§C§P‘{§%§ﬁ%@;§6ﬁﬁgﬁe@;§. N gs herein the 20)

concomita ons are y bhe Gr more p gens n CIrCovirus, In partictlar other

than POV oMAlalie 053150 SARMpISiS g 1o Sed polel e efSsyesfpougt ok B2 Agigen or an

immunogenic composition comprisin réterably, the céncomitant in are"caused by one
or moye virgl, hagierial {pgal prwelivipatiionens ailer 1A GeoMris,in paTicHanALhes han PCV2.
WO 2009/030684PCT/EP2008/061566 - 7 - The term™ the percentage of concomitant infections is
reduced shall mean that the number of pigs infected with a pathogen other than circovirus, is reduced
for said pathogen for more than 10%, preferably for more than 20%, more preferred for more than
30%, even more preferred for more than 40%, even more preferred for more than 50%, even more
preferred 5 for more than 60% even more preferred for more than 80% even more preferred for more

than 100% as compared to a non-vaccinated control group. In this context the term "non-vaccinated
control arornn” chall mean a aroirin of nieace which ara not adminictaread with an effectivie amoiint of



WO 2009/030684PCT/EP2008/061566 - 8 - caused the by the respective pathogens can be reduced.
Thus according to another aspect, the present invention relates to a method for reducing the
percentage of concomitant infections in pigs or a herd of pigs caused by one or more enteric,
respiratory, %8r6%3'@ﬂ3@4central nervous or locomotory pathogens other ﬁgﬁEﬁW%Wprising the
step administering to said pig(s) an 5 effective amount of PCV2 antigen or an immunogenic
composition comprising PCV2 antigen. Preferably, said pigs are co-infected with PCV2 as defined
above, exposed o BEYE, L ERAANgEISL AT SUSGRRIBISIRGEL IfSRled Wil RO Y2 Mors prgferred. the
number of pigs infected \I%It an enteric, respiratory, reproductive, central nervous or%comotory
bathogen qibh{aR RGNS A5 (ea o a1/ R PNIRUA JGERITAION, BRIOPUCINgy GPNIFg) nervous or
10 locomotory pathogen for more than 10%, preferably for more than 20%, more preferred for more
than 30%, guerymese.preferred for more than 40%, even more preferred for more than 50%, even
more preferred for more than 60% even more preferred for-more than 80% even more preferred for
more than 100% as compared to a non-vaccinated control group. 15Enteric pathogens are for
example Lawsonia intraeellularis, E.coli, Streptococcus suis, Clostridium spp, Salmonella spp.,
BrachyspirehsRiffedi@tarOves: tgosmviRuse Sy Respiesaninptinagens RieiaexampiePRRSY,
Mycoplasma hyopneumoniae, M. hyorhinis. Reproductive pathogens an for example Leptospira spp.,
PRRSV. Chtamyliauspp ctibcimBoOvy pajtiogans asclio nexamplgnficsypta dd . 1hgassiaiswElysipelotrix
rusiopathiae. 20 Pathogens of the central nervous system are for example Pseudorabies virus, S.
suis., Haentbphilniszsp . dresgetieg aethesteim ' galimdendetideritheail PO RV inkehas dytAschoviimiited to one -
or more of the pathogens selected from the group consisting of: Actinobacillus suis; Arcanobacterium
pyogenes;2RefindbisaciHGSpRUIGANhebeveriia SAPRY; Agrsaiedwiine RUNRvindsrAspimiditigscaltsD -
2009/030684PCT/EP2008/061566 - 9 - spp.; Astroviruses; Ascaris suurn; I3lastocystis spp.; Bordetella
bronchiseptitdoBREHAEIIE SpprheryifodderineriperRsipitisieoR sl satls, Brikeedrmsars biovars
1. 2 and 3; Candida spp.; Classical swine fever virus; Clostridium spp., in particular C. difficile, C.
perfrifyengfiiBrhRIdRisfHgsceelting i ernsdyribmmbes yinemstien é)?éﬁil,c chgh#eidsppirg
Cryptosporidium app.; Encephalomyocarditis virus; Eperythrozoonosis suis; Erysipelothrix
ohtiopa AR B e BATSHP S LS AP Ba et HEPHAG R iR o
encephalomyelitis virus; Hepatitis E, virus; Japanese encephalitis virus; Hyostrongyhas rubidus;
Lawsonia ﬁégggﬁﬁﬁ%rlg?ggé){'o%ﬁr&%‘ﬁ 1‘? éi%%{t]erraslieé't.1 P%%r%@é‘féa .zaﬁ?)spcsﬁ%lﬂfﬁ% ¢ss %%?‘Heona, L.
icterohaem i .in Lt tarassovi,L. hard] jrac, L. ratislava; Mannheimia
haemolytic‘ﬁ;%@%ﬁég%%%?rﬁs; nggea%atlgtﬁé 'mg‘?sgplbty?\sl.{}a@\ci%gr%ﬂ?@ﬁ%?r%%%f%ﬁ%ﬁé?ﬁf%gg%ﬁ%sis;
Mycoplasma.spp. MciYaRNesIBenaS, Mofyadynis; Nipal s 1SRN agas M 8PRs: at
Oesophagostum dentatatn, Oesophagostum quadrospinulatum; Pasteurella spp., P."multocida;
Penigifiumpenp; Rareing adanevinis: Persingsyipregaloyisus:,Roreine enteric galigivifusgs; Porcine
enteric pieornaviruses; Porcine 15 parvovirus; Porcine respiratory corona virus; PARS virus;
Pseudorabigs,vingss JREovinsRaiani es :Rubwayinisnadnmoels aps e Sgtyphimurium, S.
choleraesuis, S. dublin; Sarcoptes spp.; Staphylococcus hyicus; Streptococcus spp., S. suis, S.
porcinus, S. dysgalactiae, S. clysaalactiae subsp. equisimilis; Strongyloides ransomi; Swine herpes
virus; Swine influenza virus; Swine pox virus; Transmissible gastroenteritis virus; Trichuris spp. Taenia
spp., Trichkeitambiralis; tvesiEATEE staneatitis, virusrifinds NS ubasedxamthddaiof swvine ;awest Nile
virus; or Yersina spp.,Y. pseudotuberculosis. Y. enterocolitica. Thus according to another aspect, the
present inviestidredelatesSouimméthiod foiletRicing W& pEréERigerstdotiooneifzntiviedtiorgdn pigs or a
herd of pigs caused by one Or more 25pathogens other than PCV2 comprising the step administering
to sai¥ pigteyeinetfedatsaibpdoconpoiinG 84 PCY 1 ERpbiogo 61 586 <h1 8- igioangfiP G2 &ithgen or an
immunogenic composition comprising PCV2 antigen, wherein the pathogens cause the concomitant
infections BAES8RE& Y- YSAtiHES RS Com &l She A& biragingas D ATESRdt eterraidsgogenes;
Actinobacillus pleuropneumonia (APP); African swine fever virus; Aspergillus S\Pﬁ ; Astroviruses;

Ascaris sUtETBI 3oty SR spene BYRGSsns BYodhiBsprtaton gty & shp :‘;’H%H?séﬁtcriae, B.
ilosicoli; B || i | is bi s 1, 2 and 3; Candid : ical swi irus;
Clostidiurt S i e M B M GERS [SPELEA, B TP skt o, &

difficile, C. tetani; Chlamydia ., Cryptosporidium . Encephalomyocarditis. virys.
Eperythroz‘fggﬁ%glssarsﬁis}?éérﬁg?pge gt‘?ﬁsﬁé%ﬁsﬂ%bﬁ% Ii%?e% éﬁ&ﬁgﬂ%ﬁgqjc% i‘; ﬁﬁ%%’ﬁﬁtfsﬁi(s/{)%ﬁs;‘ 10 Haernophilus
paras,léis: Hemagglutinating encephalomyelitis virus; Hepatitis E virus; Japanese encephalitis virus;
Hyostrongylus rubidus; Lawsonia intracellularis; Leptospira spp., L. australis, L. canicola. L.
grippotyphosa, L. pomona, L. icterohaemorrhagicae, L. interrogans, L. tarassovi, U hardjo, L. sejroe, L.
bratislava: Mannheimia haemolytica; Menangle virus; Mycobacterium spp., M. avium , M.
intraccllulare, M. tuberculosis; Mycoplasma spp., M. 15 hyopneumoniae, M. hyorhinis; Nipah virus;
Oesophagostum spp., Oesophagostum dentatwn, Oesophagosturn quadrospinulaturn: Pasteurella

spp., P. multocida; Penicillium spp.; Porcine adenovirus; Porcine cytomegalovirus; Porcine enteric
calieniriicace: PAarcine eantariec nicamavviriicae: Porcine narvoviriie: Poarcine racniratory coraona viriie:



wo 2009/030684ecriEP20080061566 - 12 - The terms "PCV2 antigen" as used herein refer to an
amino acid sequence which elicits an immune response against PCV2 in a host. An antigen, as used
herein, includes the hill-length sequence of any PCV2 proteins, analogs thereof; or immunogenic
fragments thereof 5The term "immunogenic fragmeént" refers to a fragment of a protein which includes
one or more epitopes and thus elicits 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
Protocol¥din' kRSt d it I\ﬁg@éu F BROISBY\ SR AR AviBHsstiens | soolelimsidergsreds,
Totowa, New Jersey. For example, linear epitopes may be determined 10 by e.g., concurrently
synthesraREPIRGBIREREOF HSHH RS VFILBH FUTSoETRY AenFEINARS dATRSHSHIMP BB Hons of
the protein molecule, and reacting the peptides with antibodies while the peptides are still attached to
the supﬁ%ﬁgﬁeé@%éhﬁiaa@g%ﬁilmf@wn%?ﬁevarpanﬂ’%éer%mﬁﬁ@g%? | &5 PAHEIRA4E/%5708,871;
‘Geysen et al. (1984) Proc. Natl. Acad, Sci. USA 81:3998-4002; Geysen et al. (1986) Molec. Immunol.
23:709- 88T FHAHAIRFAS derrBieRatish dupeped Arerbedi faerites vy asdisihing Lpdta
conformation of amino acids such as by, e.g., x-ray crystallography and 2-dimensional nuclear
magnetich8sbnatit@ose? SRp, EPitolss MARIREPBYSIOEETs, Mapial Syitrdtid aftigenatald-dido
included within the definition, for example, polyepitopes, flanking 20 epitopes, and other recombinant
or synthEHfEHIRP dEFilBAAhiidehsh gb e ot B FiwpRth MR CAneroBE) Etiesy amimtissthes. 3772781
Bergmann et al. (1996), J. Immunol, 157:32423249; Suhrbier. A. (1997), Inununol. and Cell Biol.
75:402-H08VBSINEr A KROFB98) 12th World AIDS Conference, Geneva, Switzerland, June 28-July
3,1998. WO 2009/030684PCT/EP2008/061566 - 13 - 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 effects® g:tion or activation of antibodies, B cells, helper
T cells, 5 suppressor T cells, and/or eytotoxic T cells, directed specifically to an antigen or antigens
includedin’t g%&ﬁﬁ%n@ﬁraﬁm& & fHeorss: e BB HESE WP LRy CRABT % ¥rapeutic
or a progective immunological (memaory)_respanse such that resistance to new infection will lg:‘
enhancEQ SR Gritha EitichYReve i f the- tiSeadd Vi dad. QA oRAECISH WP BertesHdRSrated by
either a reductign in number or severity of, or lack of one or more of 1Qthe symptoms associated with
PCV2 infBBhdOT e REFRF R O s 06 RedSAPSF 5B SRR G P R EAL EHER B the
overall viral load and/or a reduction of viral excretion. The terms"immunogenic composition” or
"vaccin@a(ES%bt%Prﬂ:své@eaﬂgé’&%?ﬁSﬁ%Bﬁéiy AT f&iﬁlﬁé&@rmﬁlwlbﬂaﬁﬁﬁéﬁ@%ﬁ&Y@
composijtion containing a PCV2 antigen, which 15 composition can be used to prevent or treat a PCV2
infection®d8&dciated disease or condition in a subject. A preferred immunogenic composition can
induce, stimulate or enhance the immupe response inst PCV2. The term thus encompasses both
subunit Tt OB AP EE GO A e B0 By S T S SE TGS S Tt Gole
killed, or attenuated and/or jnactivated PCV2, 0 Thus_according tp one aspect, the present jnvention
relates BRFHE or rRAGHAG e BERREHABESP GO AR HIIBE F}Pﬁiggua?da%e?é@pigs

caused by one or more pathogens other,thgn PCV2 comprisipng the ste 2mini_stering to said pig(s) an
effoctiva ST S PE v HGLBL S, BB EERA Rt GHE G B2 antigen, wherein
25 the immunogenic composition comprising PCV2 antigen a is subunit immunogenic WO
20(19/030684PCT/EP2008/061566 - 14 - composition, a compositions containing whole killed, or
attenuated and/or inactivated PCV2. Preferably, said pigs are co-infected with PCV2 as defined above,
exposed to PCV2, or endangered or susceptible to get infected with PCV2. More preferred, the
number of pigs infected with said pathogens other than circovirus, is reduced with regard to one or
more of 5 said pathogens for more than 10%, preferably for more than 20%, more preferred for more
than 30%, even more preferred for more than 40%, even more preferred for more than 50%, even
more preferred for more than 60% , even more preferred for more than 80% even more preferred for
more than 100% as compared to a non-vaccinated control group. 10The term "subunit immunogenic
composition" as used herein refers to a composition containing at least one immunogenic polypeptide
or antigen, but not all antigens, derived from or homologous to an antigen from PCV2. Such a
composition is 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 15 PCV2, or recombinant analogs thereof A subunit immunogenic composition can
comprise the subunit antigen or antigens of interest substantially free of other antigens 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 subunit compositions,
which comprise any of the PCV2 antigens provided in W006/072065. 70which are all incorporated
herein by reference in their entirety. According to further aspect, the immunogenic composition as

used herein most preferably comprises the polypeptide, or a fragment thereof, expressed by ORF-2 of
PC\/?2 PC\/?2 ORR 2 DNIA anAd nrotain 11ced hearain for the nrenarationn of the comnocitinne and within



WO 2009/030684PCT/EP2008/061566 5 - any PCV2 ORF-2 would be effective as the source of the
PCV2 ORF-2 DNA and/or polypeptide as used herein. A preferred PCV2 ORF-2 protein is that of SEQ
ID NO: 11 of W006/072065. A further preferred P&ZV ORF-2 polypeptide is provided as SEQ ID NO: 5
of W006/072065. However, it is understood by those of skill in the an that this sequence could 5 vary
by as much as 6-10% in sequence homology and still retain the antigenic characteristics that render it
useful in immunogenic compgositions. The antigenic cﬁ racterjsti c},&f immunological composition
can be, for example, estimatgéqnpyFtﬁ%E B’r?gg)‘e% rﬁﬁhﬁ%ﬁ 5% by Example 4 of
WO006/072065. Moreover, the anti;?enic characteristic of almo(&ified anti%(fn is stil] retained, when the
modifieligRfigel corrale af Idsst 7oukasrateratiNP o BHU S e rRISrRBRF §8oR BF RS Brdtsttive
immunity as compared to the PCV2 ORF?protein,.en O&? d by the polynucleotide sequence of SEQ ID
NO-3 oReIZel 1) K% K SFolIdea VOBDEAES SORBIIRSRHE ity 14 Decas SOE IR reiSent

invention relates to a method for reducing the 15 percent of concomitant infections in pigs or a
ord of PRUC SRS By Bt 9GS ARG HES EoTi R T AR TG AFUREE A g s) an

effective. amount of PCV2 antigen or an immunogenic gompasiti omprising PCV2 antigen, wherein
the PCYSSHEGE ﬁ%%ﬂ%ﬁﬁ*&ew%é%&@#@; E?a bt il 5?@%?@%}%%@#&%%}%%3%3 ven
more preferably 90% of the protective immunity as compared to_ compared to the PCV2 ORE-2 protein,
70 enbOBB ] UG RS B RSB BB b ST NE S ALSIEURd
WO006/072065. Preferably said PCV%AORF-Z have the se uen%—:*aqf SE IP NO: _11&0 S%&ID NO: 5 of
WO06/0P20EE P RIEF ;. LHFEG I EE ARl TR ey 5 o8 BT aE BBy e U MAEPE v, or
endangered or susceptible to get infected with PCV2. More preferred, the number of pigs infected with
said pa W& GfRer than eireovirus, is reduced 25 for more than 40%. preferable for more than 50%,
more preferred for more than 60%, even WO 2009/030684PCT/EP2008/061566 - 16 - more preferred
for more than 80% even more preferred for more than 100% as compared to a non-vaccinated control
group. In some forms, immunogeni rti f - in are used as the antigenic 5
component in the immunogenic ?%ﬁ&%ﬂaﬁo%iﬁfﬁ@ﬁmen The term "immunogenic
portion” as used herein refers tq truncated and/or substjtuted forms, or fragments of PCV2 ORF-2
protein ARG/BFSER TS Te! %’ﬁﬁ‘é R Prafer Ay, ﬁéﬁlﬁ’uﬂj(?étgcggﬁd BF LB LREH $8ins, or

fragments will comprise at le ntiguqus amino acids from the full-length ORF-2 polypeptide.
Niore prEAUHER BT B AR BIH AP e Ao A RS S e
preferably at least 15, and still more preferably at least 19 contiguaus amino acids from the full-length
POV ORI BN FHE RceBHSFr ) BEHOR S S IS o SHERY L o L 48 S5 FRIO: © and
SEQ LD N§'10 of W006/072065. It is further understood that such sequences may be a part of larger
fragmer}f)tg 2truncated forms. 15 As mentioned above, a further preferred PCV2 ORF-2 polypeptide 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

homolom@? still retain the antigenic ch?racteristtjcs that ren er it ;fjseful i{ﬁ ila;?wun&g%nic .

compos RS- RGBS, A RS e 4 S rRe Bt (e d PP 6 fragient of thiS PV RS
polypeptide is used_as the anti enﬁg component in thtk? C osition. PC{%ferablgf such truncated or
substituPEEFNASS GropAgERIE WCC RIS AR & 50 (RR 18 ORIt SIS LIRS R 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 WO
2009/030684PCT/EP2008/061566 - 17 - preferably at least 45, and still more preferably at least 57
contiguous nucleotides of the 11 length PCV2 ORF-2 nucleotide sequence, e.g. SEQ ID NO: 3 or SEQ
ID NO: 4. "Sequence Identity" as it is known in the art refers to a relationship between two or more
polypeptide sequences or two or more polynucleotide sequences. namely a reference sequence and a
given sequence to be compared with the reference sequence. Sequence identity is determined by
comparing the given sequence to the reference sequence after the sequences have been optimally
aligned to produce the highest degree of sequence similarity, as determined by the match between
strings of such sequences. Upon such alignment, sequence 10 identity is ascertained on a
position-by-position basis, e.g., the sequences are "identical" at a particular position if at that position,
the nucleotides OT amino acid residues are identical. The total number of such position identities is
then divided by the total number of nucleotides or residues in the reference sequence to give %
sequence identity. Sequence identity can be readily calculated by known methods, including but not
limited to, those described in 15 Computational Molecular Biology, Lesk, A. N., ed., Oxford University
Press, New York (1988), Biocomputing: informatics and Genome Projects, Smith, D.W., ed., Academic
Press, New York (1993); Computer Analysis of Sequence Data, Part I, Griffin, AM., and Griffin, H. G.,
eds., Humana Press, New Jersey (1994); Sequence Analysis in Molecular Biology, von Heinge. G.,
Academic Press (1987): Sequence Analysis Primer, Gribskov, M. and Deve eux, 20 J., eds., M.
Stockton Press, New York (1991); and Carillo. H., and Lipman, D., SIAM J. Applied Math., 48: 1073

(1099) thea tearcrhinace of which are incornnrated herain by refearence Prefarred methnde to determine



polypeptide sequence may include up to 15, preferably up to 10, even more preferably up to 5 amino
acid alterations per each 100 amino acids of the reference amino acid sequence. In other words, to
obtain a given polypeptide sequence having at least 85%, preferably 90%, even more preferably 95%
sequence idgﬁﬁw@ﬂﬁ(gﬁeference amino acid sequence, up to 15%, prei%ﬁ:gfﬁyzﬂ?)g@lﬂﬁ%, 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,u °% e total number of amino acid residues, in.the reference sequence
may be inggﬁgﬁeﬁto&/meg r¥§ er(gré{é“msg%rﬁgﬁ%gg %ssgeglt%dr%rs%rg%gtﬁg r‘sea%r Wgé saélqﬁ%%%%e@nay occur
at the ami xY,10 termi iti i ' nce or anywhere
between tﬁglg%[?%?nﬁr?ar\?%g}é%gﬁg %%%gg?ég%ﬁgt%ﬁ%ﬁﬁﬁ :% 3% %&g?gg g?jé gi[?l the reference
sequence or in the one or more contiguous groups within the reference sequence. Preferably, residue
positions which are not identical differ by conservative amino acid substitutions. However,
conservatiyg.sybstittionsignnghingidded as adatehiwhenidelenniping seauencRidentiyy 15
"Sequence homology", as used herein, refers to a method of determining the relatedness of two
sequencesytadaisrning segianseviampiegyiMREMAe SefpaRcamammeptimalyaligned, and
gaps are introduced if necessary. However, in contrast to "sequence identity", conservative amino acid
substitutionsparg ey iserabaa PEHCh Whertetesniningsseguhngen2@shasiohegyn inatiiesunards, to
obtain a polypeptide or polynucleotide having 95% sequence homology with a reference sequence,
85%, preferatiy:88d4o avenhmereqirsfeialbliic®5herofithevaninin aerdodsidibs dranURBAidEw#n the
reference sequence must match or comprise a co iscrvative substitution with another amino acid or
nucleotideaswaiimgnibesmflzmimpatidb o mmescBotidestiqn toreSiisspreferdisly dprtoed0simzetisn more
preferably up to 5% of the total 25amino acid residues or nucleotides, not including conservative
substitutiopetcimtiss fepspen W PERY/OB0BSUECT/EPIY0E/ 0BE3EESE0LY SEEUENEEMEY¥e inserted
into the reference sequence. Preferably the honiolog sequence comprises at least a stretch of 50,
even orebpeistidhiingel cisvonn, raeEaorelieBrapH et Eust PspartAdEeheh Sigipféférably at
least 500 nucleotides. 5A "conservative substitution” refers to the substitution of an amino acid residue
or nucleotiERIBTH B Bih SR AT NST RSN SR O PR SOt E HER RSN ERACRIESR Y P properties
including size, hydrophobicity, etc., such tha t&. verall function lﬁ;{)t oes not change.significantly.
0 0lated LRS5BT R er s 4 TR L EH A R o PP MRS 1
been chanagred or removed from s aricqin%& Q@Q{%In ent, or.both. For exag}gzll%bgsrggl é’lol%?ﬁ%}%de or

. e erL unipal paibpgens, or ¢o
polypeptide haTurs )? %Pé’geﬂr{tﬁjr? a |V|n%nofgan|sm IS r‘Erzo% R0 ecf, Batthe same polynucléotide or

poneptide@%%%@%%% framuihe.searstateral Qfils iRl stalsdspisplated: . as g deumis

employed herelin. hus according to one aspect, thé present invention relates to a method for
redugigg the pereantags gf.cepeomitant infections in pigs or a herd of pigs caused by one or more
pathogens other than PCV2 comprising the step administering to said pig(s) an effective amount of
PCV2 antigen or an immunogenic composition comprising PCV2 antigen, wherein 20 said PCV2
ORF-2 protein is anyone of those, described above. Preferably, said PCV2 ORF-2 protein is i) a
polypeptide eqntpiis it Hotsesipencer hShadh) NRnHoabEk B CobcSRRHIME¢hsSED NO: 10
or SEQ ID NO: 11 of W006/07065; ii) any polypeptide that is at least 80% homologous to the
polypeptide:edd}, iRGiihapidinfiad gadiopottanoot theq@olypeaptittassohs) calnd/Grat)cW@irus, in
2009/030684PCT/EP2008/061566 -21 - the immunogenic portion of iii), comprising at least 10
contiguouspariintzaciber itelu @6 ih ithersofrotricesloPSFD NGO ®;SEQIRINO:6s8ER B NO: 9,
SEQ ID NO: 10 or SEQ ID NO: 11 of W006/072065, a polypeptide that is encoded by a DNA
compisingprthesciguentte ¢ Sigs | Dvtiod 3o rSEOUDUIN @ SR AR00BoTROB:M iipiopeptide that is
encoded by a polynucleotide that is at least 80% homologous to the polynucleotide of v), vii)any
immunogehigsparidrefahe Pofppdiis wite SR b rES Bl ERIIEHIHEIS AR eifTD A FAG6HI ) the
immunogenic portion of vii), wherein polynucleotide coding for said immunogenic portion comprises at
least 30 cobitiglo s athagsTHehtdan qwéogw%ﬁméE@m%?g%’% PEFPREGS4 of

WO006/072065. Preferably any of those immunogenic portions ve the immunqQgenic characteristics
of PCV2 15 ErETBRBIE (bl HEIED B T EARAMTLS bT G115 R %5 RS, 4 of

WO006/07065. Preferably, said in igs are ca-infected with PCV2 as,defined above, osed to
T e e 3 R T R R A

infected with said pathogens other than circovirus, is reduced with regard to one or more of said
pathogen for more than 10%, preferably for more than 20%, more preferred for more than 30%, even
more preferred for more than 40%, even more preferred for more than 50%, even more preferred for
more than 60% , even more preferred for more than 80% even more preferred for more than 100% as
compared to a non-vaccinated control group. WO 2009/030684PCDEP2008/061566 -22 - 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
PC\/?2 ORE-2 nrotein inchiicinn leveal ic at leact O 2 maA anticnen / ml of the final immiimoaeanic



5 about 400 mg/ml, still more preferably from about 0.3 to about 200 mg/ml, even more preferably from
about 0.35 to about 100 gg/ml, still more preferably from about 0.4 to about 50 mg/ml, still more
preferably from about 0.45 to about 30 pg/ml, still more preferably from about 0.6 to about 15 mg /ml,
even more prefet B #%Hh about 0.75 to about 8 mg/ml, even more prefePSBFFROM 4B 1.0 to about
6 mg/ml, still more preferably from about 1.3 to 10 about 3.0 mg/ml, even more preferably from about
1.4 to about 2.5 mg/ml, even more preferably from about 1.5 to about 2.0 mg/nil, and most preferably
about 1.6 mg/ml. According,to.a further ct,.the PCV ORE-2 antigen.inclusion.leyel.is at least 0.2
o PoV AR e o e oee),
more 15 p&ﬁ{g{%ym'about 0.2 to about 400 mg/dose, still more preferably from about 0.3 to about
200 mg/dose, even more preferably from about 0.35 to about 100 mg/dose, still more preferably from
about 0.4 to about 50 mg/dose, still more preferably from about 0.45 to about 30 pg/dose, still more
preferably from about 0.6 to about 15 mg/dose, even more preferably from about 0.75 to about 8
mg/dose, gyen-mpreiatetaplyitroprabert ds& tneAbo ulamadora ot Gisitmersmpraiaraiiysirom about
1.3 to about 3.0 mg/dose. even more preferably from about 1.4 to about 2.5 mg/dose, even more
preferablyfreesabesinlFe i akhois2f:me/tes eheapdVnosipeieraiabedt b smefdasaudipe PCV2
ORF-2 polypeptide used in the immunogenic composition accordance with the WO

2009/0306541P¢&: kP 22GHB165ibh66ith 2Be-paiktip2n stetridia rdepiiterens Yrthesisodnd recambidant
methodology. Preferred methods for obtaining PCV2 ORF-2 polypeptide are provided in

WO006/07 20i6tr¢hiefteachnigs. dndisometief wibhickhscel heliabylinppaporatidhbyarefend ndedmdts entirety.
Briefly, susceptible cells are infected with a recombinant viral vector containing PCV2 ORF-2 DNA
coding sequences{ FEENnBRFRE. polipeptitiexs axprestedupseitiecrocbiimiisdrio sy anldithe
expressed PCV2 ORF-2 polypeptide is recovered from the supernatant by filtration and inactivated by
any convetloriat kst oferelaparluamnenrnesy EtRUVRinTReti s cHIR HBaRERIERREH slop the
inactivation process. 10The immunogenic composition as used herein also refers to a corrlSJosition that
compfisesdsertsy FMREIPCERBRE- PYHFIRSIFaBsEnBRiYast e HSPETEPAEY iRYEErEBRtEHIMNS described
above, and ii) at least a portion of the viral vectqr, expressing said PCV2 ORF-2 grotein preferably of a

recombinaiP G o BBVEPRAL i TS Ge M BiAPosFEGACHAl JOFRSS Q)Téﬁ\l%??ﬂe PCV2
ORF-2 proteins described.above, preferably in cancentratio described above, ii) at least a portion
of the viralp\‘?g‘gfiéarl(aemx%or%asrgfﬁa @g}%gP%lﬁéﬁiﬂ?%rﬁogfe?é%%ré?g?aéy of a recombinant baculovirus, and
iii) a portion of the cell culture supernatant. Thus according to one aspect, the present invention relates
to a method for reducing the percentage of concomitant infections in pigs or a herd of pigs caused by

one or moie. {0 RetgoRns ORLARAR R LM BHng eoslenarlaisising. R aa () an

effective amount of PCV2 antigen or an immunogenic composition comprising 2 antigen, wherein

the PGV2 antigeRdssecmbinepcRe VaORm 2 bhefalakblY A Rasieoviiis e 855 athB GM2LRF-2.
Preferably those recombinant or baculovirus expressed PCV2 ORF-2 having the sequence as
described gheaes, Wir2 ¢/ Q3Q6R4B GFf FER2008/Q035641 &RV iRt R gRRISGaMP@Sition as
used herein also refers to a composition that comprises i) any of the PCV2 ORF-2 proteins described
above, prefgatly widomcriratibns desalihedabovhet papdensha padian pivinaoiratyeadtsr expressing
said PCV2 ORF-2 protein, preferably of a recombinant baculovirus, and iii) a portion of the cell culture;
wherein abetth&DA86 ofdiergorhpqrentsdayefacsimemsital cntheivtipiin. Hige immurayedipigomposition
as used herein also refers to a composition that comprises i) any of the PCV2 ORF-2 proteins
described atmsed preRENBly dn entoantedtionsudessiiibe doabeviniiyied leadt BPdtiorhofanetvral vector
expressing said PCV2 ORF-2 protein, iii) a 10 portion of the cell culture, iv) and inactivating agent to
inactiRte teaceBEmbiRReNME VECIOSPEfdRINCBE, WHETchathersns oUbsiofiie eBERFBHENIS i) to iii)
have a size smaller than 1 pm, Preferably, BEI is present in concentrations effective to inactivate the
baculoviruB2Riarefapiyei hahto(hcorPrsiab b Sitp HASIINERE dBIyHE ¥ shifecsThe
immunogenic compasition as used herein also refers to a composition that comprises i‘ any of the
PCV2 OREDWPRO T ISstriset ShavamBratarant SRTRBYEHAR SHBRE WesEfibeu B55ab N feast a
portion of the viral vector expressing said PCV2 ORF-2 pratein, i _ortioIn of the cell culture, iv) an
inactivating BSERYEIrAEEVAES A FEBEMBI A SRR Vel prETErAtly 6T Shat VYA RRSRE S ation
agent to Stoéﬂ thl%inactiv%tion mediated b tlt_lhei‘ZO if;q)g,tgvating agent, wherein about 90% of the
componenfJ Srto?iril) Tave & siZeFmaler than }%IFn. réferably, if the inactivating agent is BE, said
compgqsition comprises sodium thiosulfate in equivalent amounts to BE. The polypeptide is
incorporated into a composition that can be administered to an animal WO
2009/030684PCT/EP2008/061566 - 25 - additional components 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, 5 diluents, preservatives, antibacterial and antifungal agents, isotonic agents,
adenrntinn delavvina anente and the like In 2 nreferred embodiment the immiinodenic comnoc<ition



15 stabilizers, or adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol, and the like.
Isotonic agents can include sodium chloride, dextrose, marmito), sorbitol, and lactose among others.
Stabilizers include albumin and alkali salts of ethylendiamintetracetic acid, among others.
20"Adjuvant® AR rein, can include aluminium hydroxide and alunfifEFEPHIIEEpIH4te, saponins
e.g., Quil A, QS-21 (Cambridge Biotech Inc., Can]b]ridge MA), GPI-0100 (Galenica Pharmaceuticals,
Inc., Birmingham, AL), water-in-oil emulsion, ail-in-water emulsion, waterin-oil-in-water emulsion. The

emulsion cgn be based in particular on light liguid paraffin oil (Eurppean, Pharmacopea type):
isoprenoidc%fgﬁ%% agl%gﬁlg%ﬁéaeg%ro i&ﬁ% glrj]jéta(%h%fs%ﬂﬁ]ngs ffom Eﬁfeoﬁ%’rhrﬂlgﬁ%ﬁ%n%f%&@ﬁés, in -
particular Qf-is r.decene.. ester ids or of . WO. 2009/030684PCT/EP2008/061566 - 26 -
Bleonols oo e B R B iR co
di(caprylaigigapsalel-abasty it (faR Yialelsanraiho LRRNENG Ao digleate: xjgrsalbranched
fatty acids or alcohols, in particular isostearic acid estePs. The oil is'used in combination wit
emulsifierssferiorm fBeaopuisionifeSmusiers aepierahl AN SfacianReigparticular
esters of sorbitan, of mannide (e.g. anhydromannitol oleate), of glycol, of polyglycerol, of propylene
glycol and Bt algie, ISASERAKIC LciNRIGIE ehylioxysisaiciagikovhich Ageptianalyethoxated, and
polyoxypropylenepolyoxyethylene copolymer blocks, in particular the Pluronic products, especially
L121. Seeihiunienss ad. cdgatddeqry dad-PrastisatiApplicationp! Adiuvapts:tkdtawart-full, D. E. S.).
10JohnWiley and Sons, NY, pp51-94 (1995) and Todd et al.. Vaccine 15:564-570 (1997). For
example, ivisginasibletaslserdhp”SRAl envatsiodescsib gk o pabentdicobiMassisadesignnThe
Subunit and Adjuvant Approach” edited by M. Powell and M. Newman, Plenum Press, 1995. and the
emulsion MESSidesenibed off FAGE 188igfithis samenhookagtbiA fanthesitistacmepefsarn apjivant is a
compound chosen from the polymers of acrylic or methacrylic acid and the copolymers of maleic
anhydride axtkenkdhyb.dexivativg 1AeRetheagerss defjuvasintompuimdstareihddoslymetisodffacrylic or
methaculic acid which are cross-linked, especially with polyalkenyl ethers of sugars or polyalcohols.
ThestlconipyBisiess the REE-RIHEH BycHieaantans dreriens h anige Lo pabvts). &, Pigs. 223eAe 1 906).
Persons skilled in the art can also refer to U. S. Patent No. 2,909,462 which describes such acrylic
polymers dRJ88Emkadskithes Syt armaisieg By Admialiingae ©astd M an Gidssdcpreferably

not more than 8, the | ogen atoms of at least three hydroxyls being rePpIaced by unsaturated
aliphatic r&thEAR ﬂTae{n 1 A THREY O AL AR R PRSPt P PR s e B b MYERRARHRY 25from 2

2019/030L BT S OBICR L 5 L SR P aimat P el e SERalF G
Substitue r&%%tf%@% ?ér%%‘!%y{%?? ?09,{9%{%?5%?_?&%%”
a ey aré

ti}ﬁ cCarbo ol. (BE, ?oodrich Ohio, USA)
are particularly appropriate. ross-linke \%%eanagl%i?gdcrﬁgg% Bor? {/?/%fﬁda R/rl rﬁlgﬁa%??thritol.

Among thepgihere Mayds BeRiORe S GRRARA L AR-0 340204244 P s MestPiefgrEad. is.the use of

Carbopol, in 5 particular the use of Carbopol 971P, preferably in amounts of about 500 tig to about 5

Mg per dogg,8vsRIREE fFefesre drth 3D /MOok0fAROUEAB0R- GoioAbRUIAR Mgl Log@nd most
preferred in an amount of about 1 mg per dose. Further suitable adjuvants include, but are not limited
to, the RIBgramelitbisak &y@temafﬂib@%(hd@@mp@@@l&mmaﬁlymefnﬁ%ﬁt%m%ﬂgmaf%éfe%ﬁwhéchiron,
Emeryville CA), monophosphoryl lipid A, Avridi lipid-amine adjuvant, heat-labile enterotoxin from E.
coil (recombinanticnothntise); chelera texiral, M&t3ikoofunialagnybgipeptidetamenrgomany others.
15Preferably, the adjuvant is added in an amount of about 100 rig to about 10 mg per dose. Even
more preferajytithieadheydimtni S Q8deVimaprainaulyt sfidipiust d0@ligotopacut 20-migaeet wizse. Even
more preferably, the adjuvant is added in an amount of about 500 ug to about 5 mg per dose. Even
moreZfrefdtaMy, ahdesidpdvairtis adeisddicarfadoumemiaabenatl 760wgeisiblsdutg2tSnfrgtpdmiibse. Most
preferably, the adjuvant is added in an amount of about 1 mg 20per dose. Additionally, the
compositidi-c&h include one or more pharmaceutical-acceptable carriers. As used herein, "a
pharmaceutical-acceptable carrier” includes any and all solvents, dispersion media, coatings,
stabilizing agents, diluents, preservatives, antibacterial and antifungal agents, isotonic agents,
adsorption delaying agents, and the like. Most preferably, WO 2009/030684PCT/EP2008/061566 _.
the compogﬁ’f%‘?ﬁ’lﬁfg\ﬁ’d‘é‘gzﬂé‘?%ﬁﬁﬁ‘?%H%’aﬁw‘élliﬂ]é:W'@F@I‘:QZ FreeaimFEeseR % SR KESHEnatant of in
vitro cultured cells, wheyein saiéi @% were infected with g recombinant viral vector containing PCV2
ORF-2 DNA Bﬁ‘?if"é%%%’r&’s{é"ﬁm@% REL S BRGEM Hn OTHETAT - SERICAURTE S GrATR LA E%EeRF with about

2to a}%out é} GrgMO%EI_. lsﬁrrﬁaf%rab%\@(ix%hix%%&%t% rr&]Mag El 8 inactivate I,é]g virallyectf)r, ang{j an equivalent
concéntration of & Mecrralzation agent, pre(%eragiy Sotun thioLuffatd sbitto ‘EB‘?& finatc8htentration

of about 2 to about 8 mM, preferably of about 5 mhil. According to a further embodiment, the present
invention also relates to the use of PCV2 10 antigen for the preparation of a immunogenic composition
for the reduction of concomitant infections caused by one or more pathogens other than PCV-2 in pigs
or a herd of pigs, wherein said immunogenic composition comprises i) any of the PCV2 ORF-2

proteins described above, preferably in concentrations described above, ii) at least a portion of the
viral vector avnraccina caid PC\/2 ORE-?2 nrotain 111 2 nortion of the call ciriltrire v an 18 inactivzatinn



According to a further aspect, this immunogenic composition further comprises a pharmaceutical
acceptable salt, preferably a phosphate salt in physiologically acceptable concentrations. Preferably,
the pH of said immunogenic composition is adjusted to a physiological pH, meanggﬁbetween about
6.5 and 7.5. ¥R THMifRSYenic composition as used herein also refers to BERpYEHI6Hhat comprises
per 10 one ml i) at least 1.6 jig of PCV2 ORF-2 progein described above, ii) at least a portion of
baculovirus expressing said PCV2 ORF-2 protein ii) a portion of the cell culture, iv) about 2 to 8 mM
BEI, v) sodium thjostilfate in_equivalent amounts to BM: and.yi) about L m Car%}o ol 971, and vii)
phosphate{:%}z]jﬁ?cl;r?'Il éﬁséﬁysfoﬁgsﬁ%gﬁi/egg%ﬁeoﬁ%%lgago%ecré%n r%%%?lr;}{v%%%?%?ﬁd&%gﬁt 96 o‘%f1 Sfﬁ%%fé%n%ponents )]
lo ih have,g,sige amalien 1At 4m ADAMBGRHLALSAILASImMURaaeic RmRasiaR.5;8dlysted o

5. T o

about 6.5 to e Immunogenic compositions car further in e one or more other

immuno-madulatory aggnts SUCR A% Fdle ARISHRUKINS;INEHBLONS, QLAIRGL QUQKINES nINS

immunogenic compositions can also’include Gentamicin and Mefthiolate. While the amounts and 20

concentrationsohagiHvantsand additives p@efyl:mn%ﬁ%m%@ﬁz HagRIeReREIRVeRiiphega eadily be
determined by the skilled artisan, the present invention contemplates compositions comprising from
about 50 ragaiab o R0ROcifgrefadjuManiare Riefprably-abeet 288 diaiphdesspfsthe vaogne
composition. Thus, the immunogenic composition as used herein also refers to a composition that
comprisesafipgarabeefeiigimbin aheutré 0dpiaied antibbatics .2 RNgd-masevirefgrablyitepsttmn about
30 jig/m1 of antibiotics. WO 2009/030684PCT/EP2008/061566 -30 - The immunogenic composition
as used herseindalsereferssisatirkposiiomftatEompisEdl) Soyeai:tifeRC V2 @it pfojains
described above, preferably in concentrations described above, ii) at least a portion of the viral vector
expressingrdaitt P G\ @REZoratemrdiry Sporiotivof thetodllremtue pv ) ervinsctivatitigrggent to
inactivate the recombinant viral vector preferably BEI, and v) an neutralization agent to stop the
inactivationthse#iateeiragving innradretd doagaigteprstertisBirgsaiuneRMdBeifeteciieguivalert @mounts to
BEI: r\){/&a suitable adjuvant, preferably Carbo(pol 971 in amounts described above; vii) a

pharifacelffear Hers peainectoie srEatibinor s s Bblrefomas iy 6f%4-presppiatersdtioand vin) an
anti- 10microbiological active agent; wherein about 90% of the components i) to iii) have a size smaller

than 1 pm ™ Hfm 18RI O FBSiiBR Ao UBarr iR Yetdro T HIGBRAE) BREOBEEXTm,
(Boehringer. Ingelheim Vetmedica Inc, St Jose HJ 0O, USA), Circ V%%% Merial S yon, 15
France), BV AR AR FEES AR O R B S PR/ BTE Db AP Docige
Animal Health, Kapsas, City, KA,.USA). Thus according to another aspect, the present invention
lates to Lo oA L B R R B8 v o pios
caused by one or more pathogens other than PCV2 comprising the step administering to said pig(s) an
effective amount of PCV2 antigen or an immunogenic 70 composition comprising PCV2 antigen,
wherein saigMUARAERIS CRMRASILERCAMPEMING RirdEARIGEN IS HNgeMAGHA GIEHRFLEXTM,
CircoVac(r), CircoVent and/or Suvaxyn PCV-2 One Dose(r), preferably it is Ingelvac(r) CircoFLEXTm.
Preferablycsaiginiacien, NesrRIRsHeSedii P G2 as9alinacabova. AHRRSeRARRENR, of
endangered or susceptible to get infected with PCV2. More prefe ed, the number of pigs infected with
said pathogghsgetiiera?bthian ciseonpids, FRRSMICENwWibhiregard ioopRenaionese ofisaidpataagen for
more than 10%, WO 2009/030684PCT/EP2008/061566 -31 - preferably for more than 20%, more
preferred Reprmhectivan BiRogavenroferprafanmsd fheprensthapplDVBRARSN nCiampyeierrgg for more
than 50%, even more preferred for more than 60% , even more preferred for ore than 80% even more
preferred fhesmm@dtyapallgf¥sasicomparadtécaSnonivabtinatedioontfol girlyis Tireomthiatan effective
amount of PCV2 antigen" as used herein means but is not limited to an amount of PCV2 antigen, that
elicitg@r isPatiiecenelieit B indiniGhapegpunsesienarignivtaetenwhichssaigrafisstivievamBuntias PCV2
antigen is administered. 10The amount that is effective depends on the ingredients of the vaccine and
the scheddié st eihasiEkration. Typically, when an inactivated virus or a modified live virus preparation
is used in the combination vaccine, an amount of the vaccine containing about 1020 to about 109-
TCIDso per dose, preferably about 103 to about 1.080 TCID50 per dose, more preferably, about 1040
to about le TCIDsoper dose. In particular, when modified live PCV2 is used in 15 the vaccines, the
recommerldeéFERR TS KR ﬁﬁ}%&%&%ﬂh&fﬁb&%ﬁgyéptm@%wasigﬁrawaﬁ|§P ABESY 1636 FCID50
(tissue cultyre infective dc;set %084) end point)/dose.tq abo#t 060 él' Cjé?SO/dosggnd hnore, referably
about 1040 EIUBE-EESE TS Bbott™ FRiBSEraEE88E 1R o P TR ugﬁf’f’ty AR a% be
betwgen 0.2 &%%3%9% n&]}ié‘?r)og@msie%g bee&weeré ﬁ%gﬁ ar}g?l()QO L%D% Jrefverasplyl/&beé\r/vs?ur% 103k and
le 1D§8/, more’prefera efy etween 104.0 20 and (35k 8ﬁ35:b When puriﬁ_éld‘ ansﬁlge% IS"used.
Sub-unit vaccines are normally administered with an antigen inclusion level of at least 0.2 jig antigen
per dose, preferably with about 0.2 to about 400 jig/dose, still more preferably with about 0.3 to about
200 ug/dose, even more preferably with about 0.35 to about 100 pg/dose, 25still more preferably with
about 0.4 to about 50 pwWdose, still more preferably with about 0.45 WO
2009/030684PCT/EP2008/061566



- 32 - to about 30 kg/dose, still more preferably with about 0.6 to about 16 kg/dose, even more
preferably with about 0.75 to about 8 mg/dose, even more preferably with about 1.0 to about 6
kg/dose, still more preferably with about 1.3 to about 3.0 jig/dose. 5The administration of PCV2
antigen to pi&?ﬁ%@“ﬁ%ﬁnly result in the reduction the percentage of corl¢oritaAtifidéfions caused
by pathogens other than circovirus, in particular other than PCV2, but also to a general improvement
of health, particularly to the resistance against such concomitant infections, Thus, according to another

t, th ti ti | lat thod for | ing,th ISt f . inst
or more cOREOTTAAY 1EPHCRTRE Wb EHe b AT IS MR E 8 Blmnistoring

to said pig(s) an effective amount of PCV2 anti Qr.anjmmunogenic co itign, comprising PCV2
e BBk oA B LA e R S R B R
endangered Qr. tible toget i tedwith . PCV2 1 21, improving. the resistance of pigs
against co%rjjgé’m(%g%?%?fe%%%s@%i g](s%?j ﬁé%%gdﬁg%er B'ﬂ%%si}%g)tﬁ r%ﬁ%tgl t%?f}glgp%%’ceéf %ﬁ?ﬁeﬁ |r(1§ the
number of,pigs infegied yitr a pathggen @.h%ﬁgh@&hﬁir@vwﬁci%,reéu%gfyjt%@ﬁgﬁyaiao $iid pathogen
for more than 10%, preferably for more than 20%, more preferred for more than 30%, even more
preferred forymaLsdhainA QK. C¥aR.ma slerind formo 3954n SYE RO for more
than 6506% , ?\llﬁe\n go more pégf’érred %%!?r@r;e than SO%vgﬁ%nﬂoﬁre preffsrred for %ﬁsﬁ‘gﬁw% as
compared jghddpatinkeC FoHBGERNUSH I iR I USRCCAIEhRG AR @NpthaasnechdhaRieseRt invention
also relates to a method for improving the resistance of pigs against concomitant infections with one
Or more patbggansotaisthand ONchacan Eisigshesirpadeinigtaling toimssjdpigioapyafiective
amount of PCV2 antigen or an immunogenic composition comprising PCV2 25 antigen, wherein the
number ofplgdunfectednidtinoneibnmicré oftsgidpgthofenssotiiar thaanéa, L. grippotyphosa, '
2009/030684PCT/EP2008/061566 - 33 circovirus, is reduced with regard to one or more of said
pathogenslfopsnums:tHanidestapredetmgipaar Inontetham20%, museopicferteddior moseitbarl.30%, even
more preferred for more than 40%, even more preferred for more than 50%, even more preferred for
morelthanBagslavey ddamdeimpirehepadlfoe s dlerunsics0mse Weycavaicriraterped Mr Avoia thih 100% as
Scornpared to a non-vaccinated control group. Preferably, said pigs are co-infected with PCV2 as
defined abﬁ%?@kﬁ%e%o‘%’&?ﬂ%&%%&ﬁ@&% FPBudde piiBratsRtiattey RiNBCN B ETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS 10 The following examples_set forth preferred
materials aHdHrOEERRIRE TH B SBPdaRER BARAGHET) r SRy S HROR SRRy (4R CARERBHE and
materials similar q[ﬁsquivale to thase described t}lerein can be égseol in thg %%ractice o[, testing of the
present inv@AtTSH, the Préterred MEtNGHE devitbE AHE mEBrials & Tow aE8E By, it E¥8%e
understoog: lowever, that %;%e%% £xam Lesca i€, rO\S/ég,eq)gy .vvgyexoi];eill.%ustr%tion 9n| an Dn&tnr&ing therein
should be deemet a 15limitation upon the overaﬁusco’pe‘ of the inventioh. MPL éB’etecﬂon of
concogntaphipfegtions JRBC Ve infelet Am s BlUy heauaRRa B ahaR Aopducted in the
Southern part of Germany. Hyeb id pigs of commercial cross breeds (Landrace or Edelschwéin (f x
Pietrain (iphweseobtaiped\Hom Kdifrent freedingfarmsReing RartRiidRgPredugansgmmunity”.
The breeding farms differed in size (50 to 300 sows), management and health status. Routine
preventivegpeasiie g9 thedanipieiscan allRireding fanmpscinclysied ikonsiniection,dpatisang tail cutting
and castration. WO 2009/030684PCT/EP2008/061566 - 34 - Following weaning at the age of
approximagghsAaneeks pilsisiaiinesdifieregldaretin gfanmsolRke i s rsedde leemdssarystarm with
an all-in-all-out production system. They were housed commingled in three barns with pens designed
to hold 60 Bawk20ipinsper pan; Raodinedqurevestilezmadsiings aistheneriseryisite Nothded grophylactic
treatment with 5 tetracyclinhydrochlorid for the first ten days after arrival. Four changes of food
compkitiochawezresperforisiecetio ingabiar S&sicThesteadiprovided Watnecdnirsalsay asasélfprepared
based on barely and minderals At the age of approximately 12 weeks pigs were transferred to a
fattening famingyithi esh Nileirials cutissthacion SyeterdoiTharpulsie Newheusaiiitagled and housed in
two stables with pens designed to hold 10 to 30 pigs per pen. 10 Three changes of food composition
were performed during fattening. The feed provided was self-prepared based on barely, wheat, corn,
and whey concentrate. Pigs remained at the fattening farm for 13 to 18 weeks. Disease history 15The
disease patiéthasFPRiveSHAYBECAREtIRCATRPE fareHidbiaiahiate pefted Heardysing ¥ study

initiation in November 2002 and was serglogically, confirmed in December 2002. At the end of nursery]

beginning BFRSHAEH P BRI LA B S ROW IR PSI GnBest Ilipies Sered st a8t Gt reSHiratory

Signs A & arked Icresee e mortal 6 g AR AR R RIF R PloeHafgegons Wi



20 (4-12 weeks of age) usually ranged between 3.5 and 4.8% but peak levels of up to 10% mortality
were also occasionally reported. During the middle to late phase of fattening respiratory signs and
growth retardation were predominating in PCV2 infected animals. Mortality rate during fattening (12-26
week old pig¥PIE4Hsdximately 1.7-2.4 % and the number of culls was CHERPEFLYE Baily weight
gain was only moderate (719-731 g/day). Three ths before study initiation, the diagnosis of PMWS
was verified on the WO 2009/030684PCT/EP20%1§%61566 - 35 - basis of clinical signs and PCV2

viraemia that bo%h %ggg;edtwhéen aagillcpnaI)s were ,%%groximatel)é 910.13 VE%L@ olg. EHRR§V %nd

Aticoplasrﬁg]?lgf%)r%l is Wefe teenttied mﬁﬁlﬁaﬁwagen%%?ﬁ}ﬁ’l%% or BEVSihfalted aAals a }coinfecting
pathogens, Test.articles Faor active vaccinatio ainst P%/Z an.inactjvated subunit vaccipe
(ngetvac Lo L e R R e R R e

contained 6 RIcAiFRR PRSI IR 33 Bethe.cauppReRl B0 AR BR st The

ORF2 sequence was derivéd from a North American PCV?2 isolate that wa tonsil and

liver sampleg;af Q;RIoRWIH SlanSQE RMWS s e QRRA-SGIUANES Wasaibspgeply gserted into a
baculovirus expression system using an insect cell line derived from ovaries of the amiyworm
Sodopferagp @R s (atitseRis; anastphs sNtre! akliciesearyad, RPIaEehQ FORRIING KfsV2 capsid
protein-free cell culture supernatant and carbomer as adjuvant. 15 Experimental design The field trial
was performegreserdbng desthenmaciplesald:Geed Clisical RvastieartGER), anstiolinwess,
randomized, negative-controlled, double-blinded, parallel study design. A total of 1519 healthy piglets
were equallypdisiithated dffiog Wvadriatgaent?2@sg60 Boandith ¢k eard tainitpliboedydveighiiand litter
assignment. One week before weaning, one group of piglets (n=754) was vaccinated with Ingelvac(r)
CircoFLEXT'm &chihe Otiergliaupsgps. 7 65)yrecgivediaplaspbp. Theddstiarticlesdittre atnministered as
a single 1 ml dose intramuscularly in the right neck region when piglets were 25.4 + 3,18 days (mean +
S.D.) old, Aftenythesiongspigsw$:bditytiesdotharnt gebsippathine kBpthierinbice dgioUpsariib tiprend of
finishing in order to maximise the uniform exposure to pathogens. WO

20091030 68aPETE PBosds 1 H e acg B mgRg reraRke ki Fonrivsd 1 el Eraisusc apnesaction
assays were used as described in order to detect specific nucleic acids for PRRSV (lvlardassi H. et al.,
J Olin Microsrare86s.; 398). Fipriongy s Mybidurashrd pen i eetiter $ cb ertospstincRiterbbiol 2000;
38(4):1390-6), Mycoplastna hyopneurnoniae (Calsamiglia M, et a)., J Vet Diagn Invest 1999 May;
11(3):246- 85 & pt6R¥ERls iu@%@?@ﬁ’ﬁ% i, R ol R OB IS 383 A kg A E) 85 2-9),
Pasteurelli nttultocida T?rwréserfl KM, et El.bq Iogglvl\{li (gg)]% I 199§‘Aepr;:§6é4g_: 096-1q0)bAcSt_inobacillus
pleuropneuhté‘ﬁalgségféc iallerA, et &, %?px toXHS I Pastaurailhceas- T Epetica M anihats. vet
Microbiol 2000 12:74(4):365- ordei ISREeCHI l0zhor, tal., Res Migcrobiol 1999
Jun;150(5): ﬁﬁfﬂegﬂ éFn%%%ﬁ&ﬁ)ttggs%@%]gg%%igﬁaﬁ%ﬁtjﬁlﬁﬁ% \I>J<i-:-)}t’(:I(.S)?a%gsﬁr1 ?n% st 1999 Mar;

LL2340-5) 558 ST RS A CRI00, AL BV VLA RSB genome

equivalents'was/is 15 quantified according to the met described in Brunborg et al., 2004; J. Virol

Methods 18¢s.halabdiinQl-ArBRIHGRINR .0f Riee PIRETE. Ry et lbnlinlAng P P¥asgd- 1319121

were/are used. The cut-off level for a positive sample was set as 104 template copies per ml serum
based on validatianexpadmentsMldpaivadINArguantification asspysiwess; pedammedamehioScreen
GmbH, Mijnster, Germany. Results PCY2 viraetnia It was investigated whether the onset and
severity ofpherabseived AT charastaristicialioiaal sigpEand lesians weieselaerdo thewpnset of
PCV2 yiraemia in the blood of pre- 95selected "sample animals". As illustrated in Figure 1, the onset of
PCV2 vira@maiaistasted viM© ROOGOSOBSARIOIE/HR20D8106] 566087 e inpthe Plagdhatreated.group
when animals were approximately 9-10 weeks old. Peak levels with up to 85% PCV2 positive animals
wereZeachbdlevirsniarintaks weBarappro xirpathpidlaootAipkskesoRirdetormctyswepks . olig8. until the
nd of fattening, the proportion of PCV2 viraemic animals was decreasing without however reaching
baseline 5pRavielssagaity sEalavsiaty cradsgpladhenidbe. (arEBOH B Viknail IdetcanfionBE TEs (data not
shown) Compared to the placebo-treated group the proportion of PCV2 positive animals in the
vaccinatedgitip WHs styimtcHHtFRay YESE: (BRIDOBY) Wit nbraRovesHRln S59608PI5BEIVE Eimals at
the peak of viraemia (Figure 18). The average duration of viraemia in 10vaccinated animals was
reduced by H{PHEYSP<E68 FPBatA B SHAWRT2 AR ofFEF HHE ROMAL I 488 ofie &M H&fion of the
viral load in animals. In_this study viral loads of clinical relevance (>106 gE/m1 of serum) were mainly
observed i%ﬁ@@ﬁ%-t%a@ﬁ%inﬁ@%nﬁﬁ eﬁth%e‘%l’W&eﬁﬂ%’ he?!s%l‘?%ﬁé\f?grﬁ}é?@ pB?‘oximately

1015,}\/geeks old (Fll%ure 1A). At the age of 11 weeks the proportion of animals with clinical 15 relevant
viral [cads ?ﬂ%%?%agahigher than the proportion of animals with subclinical relevant viral loads (37%).
This ratio was drastically changing at the late phase of viraemia (17-25 weeks of age) due to a
significant reduction of infections with clinical relevance. In vaccinated animals that were positive for

PCV2, subclinical infections were predominating at all analyzed time points (Figure 18).



In summary, the PCV2 profile on the selected study sites during the time of the study were
characterized as follows: a) an onset of PCV2 viraemia at study week 9-10 that coincided with the
onset of clinical signs and lesions of PMWS, b) a high viral load in placebo-treated animals at the early
phase of PCY? #3844 c) a significant reduction in the duration of viraethic Hitt#PH&percentage of
animals with clinical and sub-clinical relevant viral lpads in vaccinated animals compared to
placebo-treated animals. WO 2009/030684PC17ég2008/061566 - 38 - Presence of C017COMilant
infectionszg)r! [?Ia_ bo-treated animals The results obtﬁined so far conf[tr{n the dlijagnosis of PMWS within
the analyZd.StEdY FOHSRRRSM AN REEURSAL: TAEEM R B RS PV RAPRERS F&IHIRY protect
animals SEIrom ; MWS. This Pltaceb ;C%Erollbed i‘ mmu iﬁg}ior&uex&ﬁgem tth(e)r%tri)rse a”%W%CJ the testing
of the hypoﬁ%sseth%f’ BV &alsed ah tinder f/lngsirﬁr%unggur%ression fianmats. FESEsS Speculated
that in the,case of a PCV.2 asspciated immundefici the frequency of co-infecti fter the onset
of PC\12 I\\/ﬁlyﬁgﬁ%gmvso%ﬁ]g%?’;% S%}?% {:) ace czﬁz-lttré({e’aﬁe ah%fat soqt’ﬁg% [ ptﬁgac\’/%%?}r%gtgggl gnsti%rsals. In a first
step the eXRRR\Is Ah .ol o AAlRAA0RRAOTHNISHE A GNP AR PSP ALe Aalyard In more
detail. Since monitoring 0 I signs had shown that animals were predominately affected from
respirgtory. Signs itwas drcigdedjosalechivngsamalesaiiead Rpinakin e spacivgmaihogen
screening by PCR. In Table 3 results are presented for placebo-treated animals only, since they are
consideredtqsaflectmosisiose wnatyial fieldsenditionsndaBelorrpnsekeR MR vispemia (3-8
weeks of age) the only pathogen that was detected in 2 out of 5 lung samples of placebo-treated
animals WegspHeRINE QLI NaHS pATORSei-of PGYeniiiae miac{rlavanksal Bgele lootbes 8flung
samples of placebo-treated animals was found positive for PCV2 while 4 out of 8 analyzed lung
samples weteinstedrRosiive-tDIBRRBY ihercpathdgensidetedtetailow plamarsuaitiésealone or in
combination with these two pathogens were Mycoplasma hyorhinis, Alycoplasma hyopneumoniae and
Streptocoddusosiisnd herhighastidtRE i\bé st psftestiny pdtkogesrs avashigtentddn B Rk samples of
placebo-treated animals during the acute phase of PCV2 viraemia (11-16 weeks of age). Among the
17 luHy samples tested positive for PCV2, 12 were also found to be positive for PRRSV and 13 for
Mycoplasma hyorhinis. In addition, co-infections with Streptococcus suis or Pamela-el/a multocida
were spor8aitanhigeteitaiaringlgo-tapres 2o8o v surdsfinep 20080618664 89 PGNE:1ate phase of
viraemia (17-26 weeks of age) co-infections with Mycoplasnia hyopneumoniae were predominating (6
out of 7 PEVBEEE IEHS 5&)%%@@6%%&%&%’@1 MoEopra&Etn R HIHBP R tinBisACillus

plezeropneumoniaeﬁnd Streptococcus, suis were also foynd. For the entire,time‘(%er'od after the onset

of viraemid &I R SR LCHFHE Bhig'S BIPLEDS BITtRHGEEH IR BF PritEnS FELtEY BRitdks were
tested positive for PCV2 alone. In most analyzed lung s les, osigve for. F;IC compi _ g}ons of two
or three oﬁﬁﬁ?‘f&ﬁ%t@o@g@éﬁi@lr%%%ve/'%%gﬁelgggﬁ P u‘ﬁ%ré‘ t %Rc%%%emof ?I‘Peregf’ucff/y If(E\%olﬁlgeﬁlctlon was
th j [ati ' I ' itant-i ' t f PCV2
e o B R el e 8288 ections

whereas the late,phase af PR aeEys, wasarcamparias:by e ansetahasiyconasma.

hyopneumoniae infection. Reduction of co-infections by vaccination akainst PCV2 15Comparison of

the frequepryofieaniraiaw Mathaaens detesisddd lWnoRANRIekERealRdNrajoNdifiarepees among
both treatment groups for the time before onset of PCV2 virae ia (data not shown). After the onset of

PCV2 viragimigo{ Al Neekmohauslitherprepariematdanp samplas of vascipatetanimatsnvhich were
tested positive for Mycoplasma hyorhinis and PARS V was reduced by 71% (p=0.0293) and 46%

(0=0.2847Fsespesively(lhaide by nhaklehdn SWdy saseiiof BOechidd\vih Q30ulfiacatiectal)eVaccine
%(N) reduction PCV2 92 (24/26) 55 (6/11) 40 PRRSV 50 (13/26) 27 (3/11)
20 means that the infection rate with regard to a specific pathogen is reduced for more than 10%.
It does not necessarily mean that the infection rate with regard o all pathogen is reduced for

more than 10% as compared to a non-vaccinated control group, or with regard to a herd of

pigs that less than 10% of the pigs of said herd are infected by all of said pathogens.



46 M. hyorhinis 62 (16/26) 18 (2/11) 71 M hyopneunzoniae 23 (6/26) 45 (5/11) WO
2009/030684PCT/EP2008/061566 - - 40 - S. suis 12 (3/26) 27 (3/11) P. ttnellocida 4 (1/26) 9 (1/11)

- APP 8 (2/2&3‘) 0 30/113 100
0 2009/030684 PCT/EP2008/061566

-12-
The terms "PCV2 antigen™ as used herein refer to an amino acid sequence which elicits an
immune response against PCV2 in a host. An antigen, as used herein, includes the full-length

sequence of any PCV2 proteins, analogs thereof, or immunogenic fragments thereof.

5  The term "“immunogenic fragment” refers to a fragment of a protein which includes one or
more epitopes and thus elicits the immune response in a host. Such fragments can be
identified using anjf number of epitope mapping techniques, well known in the art. See, e.g,,
Epitope Mapping Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E. Morris, Ed.,
1996) Humana Press, Totowa, New Jersey. For example, linear epitopes may be determined

10 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 in, e.g., U.S. Patent No. 4,708,871, Geysen et al. (1984) Proc, Natl. Acad. Sci.
USA 81:2998-4002; Geysen et al.  (1986) Molec. Immunol. 23;’?09—715, Similarly,

15  conformational epifopes are readily identified by determining spatial conformation of amino
acidg such as by, e.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
20 epitopes, and other recombinant or synthetically derived antigens, See, e.g., Bergmamm et al.
(1993} Eur. | Immunol. 23:2777-2781; Bergmann et al. (1996}, J. Immunel. 157:3242-
3249 Suhrbier, A. (1997), Immunol. and Cell Biol. 75:402-408; Gardner et al., {1998 12th

World AIDS Conference, Geneva, Switzerland, June 28-fuly 3, 1998.



B. bronchiseptica 0 (0/26) 0 (0/11) O H. parasuis 0 (0/26) 0 (0/11) O Furthermore lung samples from
placebo-treated animals were sporadically found to be positive for Actinobacillus pleuropneumoniac.
Slight differences in the number of lung samples positive for Mycoplasma hyopnewnoniae,
StreptococciESHIPEFPESteurella 5 multocida were observed in a secon8GHERF ¥R A Hoth
treatment groups. As indicated in Table 2 these pathogens were either present at only low frequencies
(Streptococcus suis, Pasieurella multocida) or did appear at the very late phase of PCV2 infection

(Mycoplasma hyopnewnoniae). 10In another study (study BOS BIVI 013) a similar resistance to
concomita‘ﬁPpM&’é%EeWngSS%)gé%d B v oGh AR A kR BYPregsed f HeshRf 2 eiBid 2: study

results of BO%Env' t%%_P%}cetb %(N) Vaccine %{N) ﬁegﬁjt(:ti{eon P. multoc(i,da. 14 15/10,%, 0 0/32 100 H.
parasuis Sag %}'986 16 S m}(gl‘ri_] a€STpESPDﬂSE 08 1£€0, & YNMUNOgEenIc composition ar

vaccine of interest. Usually, an "immune response” includes but is not limited to one or more

of the following effects: the production or activation of antibodies, B cells, helper T cells,

5  suppressor T cells, and/or cytotoxic T cells, directed specifically to an antigen or antigens
included in the composition or vaccine of inierest. Preferably, the host will display either a
therapeutic or a protective immunological {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

1 the symptoms associated with PCV2 infections, in delay of onset of viremia, in a reduced

viral persistence, in a reduction of the overall viral icad 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 composifion containing a PCV2 antigen, which
15  composition can be used to prevent or treat a PCV2 infection-associated disease or condition
in a subject. A preferred immunogenic composition can induce, stimulate or enhance the
immune response against PCV2. The ferm thus encompasses both subunit immunogenic
compositions, as described below, as well as compositions containing whole killed, or

attenuated and/or inactivated PCV2.

20
Thus according to one aspect, the present invention relates 1o a method for reducing the
percentage of concomitant infections in pigs or a herd of pigs caused by one or more
pathogens other than PCV2 comprising the step administering to said pig(s) an effective
amount of PCV2 antigen or an immunogenic composition comprising PCVZ antigen, wherein
25  the immunogenic composition comprising PCV2 antigen a iz subunil immunogenic



55/109 0 0/32 100 APP 4 4/109 0 0/32 100 S. suis 50 15/30 n.a ma. ma. 15Under the influence of
vaccination against PCV-2 the frequency of PCV2 infections as well as the frequency of Actinobacillus

pleuropneumoniae, Haemophilus parasuis, Mycoplasma hyrhinis. Pasteurella m.ultocida, PRRSV.

Salmonella 3BB 298 EBEoccus suis. co-infections was thus notably redudéd/BRAEPEH61566
2009/030684PCT/EP2008/061566 -41 - In anothey Et_udy a similar resistance to Mycoplasma
hypopneumoniae was observed in vaccinated animals also. WO 2009/030684PCT/EP2008/061566
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Circovirus Jypeid G2 QR hrbaiRie tdaAPHanerer v oiRivele INRNHAKE Plabie sauiars fgy the

preparation of a medicament for the reduction of the concomitant infection caused by PCV-2 and one

or more Virahi Racteriab aorfop fpngahnathegens RleThanREYHip BgR, &<hhediseaesaHNNg to claim

1, wherein the one or more veterinary-acceptable carriers are selected from the group consisting of
solvents, dispersiahenadiagidaaingsinésuyanigpsiadiiziogngeaisicdiie FSYRreservatesin,
antibacterial and antifungal agents, isotonic agents, and adsorption delaying agents. 3. The use
accoffing taaddirhtly ah@ pohamadtetidedeimthed thfeSEahEOMkaArR anfEEGD N SN sedpbyvadwirah pathogen.
4. The use according to claim 3, characterized in that the concomitant infection is caused by Porcine
ReproductW&amé RespiradliyBhnshidie (RRIRE)YA/hrere: the sequence of SEQ 1D NO: 11 or SEQ

ID NO: 5 of WO06/072065. Preferably, said pigs are co-infected with PCV2 as defined
above, exposed to PCV2, or endangered or susceptible to get infected with PCV2. More
preferred, the number of pigs infected with said pathopens other than circovirus, is reduced

25 for more than 40%, preferable for more than 50%, more preferred for more than 60%, even



5. The use according to claim 1 or 2, characterized that concomitant infection is caused by a bacterial
pathogen. 45 6. The use according to claim 5, characterized in that the concomitant infection is
caused by Actinobacillus pleuropneumoniae, Haemophilus parasuis, Mycoplasma hyorhinis,
Mycoplasma i oPH&aHShiae, Pasteurella multocida, Salmonella spp., STEPOEFARHBEfE. 7. Use of
PCV-2 ORF-2 protein as the antigen for the manufacture of a medicament for the reduction of the
concomitant infection caused by PCV2 and one otfriore viral, bacterial and/or fungal pathogens other
than PCV-2 in pigi"ﬁ[& The use accarding to claim 7, characterized in that the concomitant infection is

caused by SPTRIFFRTROSEEC ¥178 ti8e SLeb RGNS ERith 8T BHIrAbee A AR E R Gomitant
infection is caused b ERRS irus. 10. The use according to claim 7, characterized in that the
concomitafit i %t‘.%a#". °€§H§Z§r8‘9pa bacterial pathogen. Il.The use according to claim 10,
characterized in that the concomitant infection is caused by Actinobacillus pleuropneumoniae,
Haemophilus parasuis, Mycoplasma hyorhinis, Mycoplasma hyopneumoniae, Pasteurella multocida,

SoEnRINE R A eI Y i s S BB S P
INFEGTIONSINGICE BiY T HEHSR08 POIBANTICEN 5130, P30-0100,7360> A, <14g> Patentin
version 3.3 <210> 1 <211> 8 <212> DNA <213> Artificial <220><223> This iS a modified Kozak's
sequencesg400z dARIGRAMYS <2 ARed Rldiz Peetd 23 INA 2l Indelifigildk@>sdd3 > his is a

recombinant Eco R1 sequence. <400> 2 gaattc6 <210> 3 <211> 713 <212> DNA <213> Porcine
circovirus f4@Qeni GRoBtaiRaoRalceAREE: ABBLItRIGnucleotide, respectively. Preferably, such
truncated and/or substituted forms, or fragments will comprise at least 6 configuous amino
acids from the full-length ORF-2 polypeptide. More preferably, the truncated or substituted
10 - forms, or fragments will have at least 10, more preferably at least 15, and still more preferably
at least 19 contiguous amino acids from the full-length PCV ORF-2 polypeptide. Two
preferred sequences in this respect are provided as SEQ ID NO: 9 and SEQ ID NO:10 of
WO06/072065. It is further undersiood that such sequences may be a part of larger fragments
or truncated forms.
15
As mentioned above, a further preferred PCV2Z ORF-2 polypeptide is any one encoded by the
nucleotide sequences of SEQ ID NO: 3 or SEQ [D NO: 4. However, it is understood by those.
of skill ir the art that this sequence could vary by as much as 6-20% in sequence homology
and still retain the antigenic characteristics that render it usefull in immunogenic compositions.
20 In some forms, a truncated or substifuted 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 1D NO: 4. More

preferably, the truncated or substituied forms, or fragments, will have at least 30, more



gcagaagaag acaccgcccce cgecagecate 60 ttggccagat cctcegeege cgeccctgge tegtccacce ccgecaccge
taccgttgga 120 gaaggaaaaa tggcatcttc aacacccgcec tetceccgeac cttcggatat actgtggaga 180 aggaaaaatg

gcatcttcaa cacccgcctc tcccgeacct teggatatac tgtgacgact 240 ttgttcccce gggagggggg accaacaaaa
tctctatace ctt 5?3%‘@5%&&% 300 gaaaggttaa ggttgaattc tggccctgct ccéq&%%gggﬂ Cab6tgat

aggggagtgg 360 - 17-

preferably at least 45, and still more preferably at least 57 contiguous nucleotides of the full-

length PCV2 ORF-2 nucieotide sequence, e.g. SEQ ID NO: 3 or SEQ ID NQO: 4.

“Sequence [dentity” as it is known in the art refers 1o a relationship between two or more

5 polfpeptidﬁ sequences of two or more polynuclectide sequences, namely a reference sequence
and a given sequence to be compared with the reference sequence. Sequence idr:ﬁtity is
determined by comparing the given sequence to the reference sequence after the sequences

- have been optimally alipned to produce the highest degree of sequence similarity, as
determined by the match between strings of such sequences. Upon such alignment, sequence

10 identity is ascertained on a position-by-position haéis, 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 nuclectides or
residues in the reference seguence to give-'% sequence identity. Sequence identity can be
readity calculated by known methods, including but not limited to, those described in

15 Computational Molecular Biology, Lesk, A. N., ed., Oxford University Press, New York
{1988), Biocomputing: Informatics and Genome Projects, Smith, D. W, ed., Academic Press,

New York (1993); Computer Analysis of Sequernice Data, Part I, Griffin, A M., and Griffin, H.

G., eds., Humana Press, New Jersey (1994); Sequence Analysis in Molecular Biology, von
Heinge, G., Academic Press (1987); Sequence Analysis Primer, Gribskov, M. and Devereux,

20 1, eds, M. Stockton Press, New York (1991); and Carillo, H., and Lipman, D., SIAM J.
Applied Math., 48: 1073 (1988), the teachings of which are incorporated herein by reference.
Preferred methods to determine the sequence identity are designed to give the larpest match
between the sequences iested. Methods to determine sequence identity are codified in
publicly available computer programs which determine sequence identity between given

25  sequences. Examples of such programs include, but are not limited to, the GCG program



gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420 acccatatgt aaactactcc
tccecgecata caatcececcca acccttctee taccactccce 480 gttacttcac acccaaacct gttcttgact ccactattga ttacttccaa
ccaaataaca 540 aaaggaatca gctttggctg aggctacaaa cctctagaaa tgtggaccac gtaggcctcg 600 gcactgcgtt
cgaaaacagt gﬁfﬁ%%gégéggactacaa tatccgtgta accatgtatg 660 tacaattcagfadaehttddieitdaagacc

ccccacttaa _
- 18-

package (Devereux, J., et al., Nucie‘ic Acids Research, 12(1):38';’ (1984)), BLASTP, BLASTN

and FASTA (Altschul, S. F. etal, J. Molec. Biol, 215:403-410 (1990). The BLASTX
program is publicty available from NCBI and other sources (BLAST Manual, Alts-:hﬁ}, S.et

al., NCVI NLM NIH Bethesda, MD 20894, Alischul, S. F. et al., J. Molec, Biol, 215:403-

5 410 (1990), the teachings of which are incorporated herein by reference). These programs
optimally align sequences using default gap weights in order 10 produce the highest level of
sequence identity between the given and reference sequences. As an illustration, by a
polﬁucleoﬁde having a nucleotide sequence having at least, for example, 85%, preferably
90%, even more preferably 93% “sequence identity” to a reference nucleotide seguence, it is

10 intended that the nucleotide sequence of the given polynucleotide is identical to the reference
sequence except that the given polynucleotide sequence may include up to 15, preferably up

to 10, even more preferably up to 5 point mutations per each 100 nucleotides of the reference
nucleotide sequence. In other words, in a polynucleotide having a nucleotide sequence
having at least §5%, preferably 90%, even more preferably 95% identity relative to the

15  reference nucleotide sequence, up 1o 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
mucleotides in the reference sequence may be inserted into the reference sequence. These
mutations of the reference sequence may occur at the 5° or 3' terminal positions of the

20 reference nuc}eo‘iide sequence or anywhere between those terminal positions, interspersed
either individually among nucleotides in the reference sequence or in one or more contiguous
groups within the reference sequence. Analogously, by a polypeptide having a given amino

acid sequence having at least, for example, 85%, preferably 90%, even more preferably 95%
sequence identity to a reference amino acid sequence, it is intended that the given amino acid

25 sequence of the polypeptide is identical to the reference sequence except that the given



accctaaatg aat 713 <210> 4 <211> 713 <212> DNA <213> Porcine circovirus <400> 4 ccgccatgac
gtatccaagg aggcgttace gcagaagaag acaccgecce cgeagecate 60 ttggccagat cetccgecge cgecectgge
tcgtccacce cegecaccgc tacegttgga 120 gaaggaaaaa tggeatcttc aacaccegcee tetcccgeac cttcggatat
actgtcaagg 1 %:'}%{ggégtgt cacaacgccce tcetgggegg tggacatgat gagatttaatpaﬁ?a%ﬁ%ﬁ’f@ﬁ@“ttgttccccc

gggagggggg _19.

polypeptide Séquence may include up to 15, preferably up to 10, even more preferably up to 5
amino acid alterations per each 100 amino acids of the reference amino acid sequence. In
other words, to obtain a given polypeptide sequence having at least 85%, preferably $0%,
even more preferably 95% sequence identity with a reference amino acid sequence, up to
5 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, ér a number of
amino acids up to 15%, preferably up to 10%, even more preferably up to 5% of the total
number of amino acid residues in the reference sequence may be inserted into the reference
sequence. These alferations of the reference sequence may occur at fhe amine or the carboxy

10  terminal positions of the reference amino acid sequence or anywhere between those terminal
positions, interspersed either individually among residues in the reference sequence or .'m the
one or more contiguous groups within the reference sequence. Preferably, residue positions
which are not identical differ by conservative amino acid substitutions. However,
conservative substitutions are not inchuded as a match when determining sequence identity.

15
“Seguence 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

20  homology. In other words, to obtain a polypeptide or polynucleotide having 95% sequence
homology with a reference sequence, 85%, preferably 90%, even more preferably 95% of the
amino acid residues or nucleotides in the reference sequence must match or comprise a
conservative substitution with another amino acid or nucleotide, or a number of amino acids
or nucleotides up to 15%, preferably up to 10%, even more preferably up to 5% of the total

25 amino acid residues or nucleotides, not including conservative substitutions, in the reference



accaacaaaa tctctatacc ctttgaatac tacagaataa 300 PhoenixTemp31156.tmp.txt gaaaggttaa ggttgaattc
tggccctgct cccccatcac ccagggtgat aggggagtgg360 getccactgc tgttattcta gatgataact ttgtaacaaa
ggccacagcc ctaacctatg420 acccatatgt aaactactcc tcccgecata caatccccca acccttctcce taccactccc 480
gttacttcac actchale éttgact ccactattga ttacttccaa ccaaataaca540 aaaﬁﬁggﬁ?é?‘}jaﬂﬁ@fbtg
aggctacaaa cctctagaaa tgtggaccac gtaggcctcg6oog§cactgcgtt cgaaaacagt aaatacgacc aggactacaa

tatccgtgta accatgtatg660 tacaattcag agaatttaat cftddagacc ccccacttga accctaagaa ttc713 <210> 5

Arg s A BRSSP 151 P AL T Ty AR Brt EUBIPG AT Ero 200520
Arg His Arg Tyr.Arg Trp Arg A Gly lle Ph Thr Arg.354045 L Arg Thr Phe Gly T
T val Ly R ) T o Bar Bhg e A A K e o5 P SRR e e Adp

Phe Val 65707. ro.0r Igfg I Q{é : gt[;c“e Pro Phe Glu Tyr Tyr 859095 Arg lle Arg
Lys Val Ly%a\%ga%ﬁ P E"e ﬁﬁg‘gr‘i? &ys‘ljs%e Proglgk'-ré{ﬁrri}%](?l%fio Gin Gly Asp Arg Gly Val Gly Ser Thr

Ala Val lle Leu Asp Asp Asn 115120125 Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Val Asn
Tyr 130135140 Ser Ser Arg His Thr lle Pro Gin Pro Phe ser Tyr His Ser Arg Tyr 145150155160

5 A “conservative substitution™ refers to the substitution of an amingo 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.

10 “Isolated” means aliered “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, a
polynucleotide or polypeptide naturally present in a living organism is not “isolated,” but the
same polynucleotide or polypeptide separated from the coexisting materials of its natural state
is “isolated”, as the term is emploved herein.

15
Thus according to one aspect, the present invention relates to a method for reducing the
percentage of concomitant infections in pigs or & herd of pigs caused by one or more
pathogens other than PCV2 comprising the step administering to said pig{s) an effective
amount of PCV2 antigen or an immunogenic composition comprising PCV2 anﬁ-gen, wherein

20 said PCV2 ORF-Z protein is anyone of those, described above. Preferably, said PCV2 ORF-2
protein is |

i) a polypeptide comprising the sequence of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
NG: 9, SEQ ID NO: 10 or SEQ ID NO: 11 of WO06/07065,
ii) any polypeptide that is at least 80% homologous to the polypeptide of 1),

25 i) any immunocgenic portion of the polypeptides of i)' and/or ii)



Phe Thr Pro Lys Pro val Leu Asp Ser Thr lle Asp Tyr Phe Gin Pro 165170175 Asn Asn Lys Arg Asn
Gin Leu Trp Leu Arg Leu Gin Thr Ser Arg Asn 180185190 val Asp His Val Gly Leu Gly Thr Ala Phe
Glu Asn Ser Lys Tyr Asp 195200205 Gin Asp Tyr Asn lle Arg Val Thr Met Tyr Val Gin Phe Arg Glu
Phe 2102155% R‘éﬁ“ﬁ%%‘iys Asp Pro Pro Leu Lys Pro 225230 <210> 6 S5H{P94§/633%> pRT <213>
Porcine circovirus <400> 6 PhoenixTemp31156.tmp.txt Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg
Arg His Arg Pro Arg 151015 Ser His Leu Gly Gin Ife Leu Arg Arg Arg Pro Trp Leu Val His Pro 202530

Arg His Arg Tyr Arg Trp A g Arg Lys Asn G'ly.lle.Phe Asn.Thr 45 L.eu Ser Arg Thr.Phe Gly Tyr
Thr Val Lys Al\‘l}g Thr ;Eﬁgr) {%ﬁﬂl H‘rgglﬁﬁ}?%%%lggﬁ %frtl)1 ‘%’e?QFFB"ﬁ%%ﬂ%SS Mef ISF‘A?%S Igﬁ}é%sgﬁlﬁé Asp Asp
Phe Val 65707580 Pﬁ%ﬁ&% tﬁ%'xe‘cs?dxnm r@é}ﬁjgbgﬁ)'ﬁé% He:BrinRis. Qe Ay hnG8o80gaArg lle Arg

Lys Val Lys Val Glu Phe Trp Pro Cys ser P hr 100105110 Gin Gly Asp Arg Gly val Gly ser Thr

Ala Val lle Leu Asp Appnfrsny 4 1o220120\Rhe Vat ThsdaisAlgd hr Ala Leu 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 Ryo Val Ligkuﬁwﬁﬂrsy%ré@&a’ ¥y RirenGiR irarkanlif0 hdquéne ASoHy sAR@ASN Gin
Leu Trp Leu Arg Leu Gin Thr Ser Arg Asn 180185190
5 3.or SEQ D NO: 4 of WO06/072065.
vi} any polypeptide that is encoded by a polynucleotide that is at Jeast 80%

homologous to the polynucleotide of v),

vii} any immunogenic portion of the polypeptides encoded by the polynucleotide of v}

and/or vi)
i0 viii) the immunogenic pertion of vii), wherein polypucleotide coding for said

immunogenic portion comprises at least 30 contigucus nucleotides included in the

sequences of SEQ ID NO: 3, or SEQ ID NO: 4 of WO06/072065,

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

WO06/07063.

Preferably, said infected pigs are co-infected with PCV2 as defined above, exposed to PCV2,
or endangered or susceptible to get infected with PCV2. More preferred, the number of pigs
20 infected with said pathogens other than circovirus, is reduced with regard to one or more of
said pathogen for more than 10%, preferably for more than 20%, more preferred for more
than 30%, even more preferred for more than 40%, even more preferred for more than 50%,
even more preferred for more than 60% , even more preferred for more than 80% even more

preferred for more than 100% as compared to a non-vaccinated control group.



Val Asp His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp 195200205 Gin Asp Tyr Asn lle Arg
Val Thr Met Tyr Val Gin Phe Arg Glu Phe 210215220 Asn Leu Lys Asp Pro Pro Leu Glu Pro 225230
<210> 7 <211> 756 <212> DNA <213> Atrtificial <220> <223> This sequence is from porcine
circovirus type22%8yEH®ading frame 2, together with a portion from the FEERFI4%Y G ctor. <400> 7
gcggcecgegg gaattcgatc cgeccatgacg tatccaagga ggcgttaccg cagaagaaga60 caccgecccc gcagcecatct
tggccagatc ctccgeegcec gecectggcet cgtccaccecl120 %gccaccgct accgttggag aaggaaaaat ggcatcttca
acacccgcct ctcccgecaccl180 ttcggatata ctgtcaaggc taccacagtc acaacgccct cctgggcggt ggacatgatg240
agatttaataft@‘é’é@%ﬂ%t@c@éﬁé@fg%@‘ggfﬁézc Ha R EtBtdtatEeadedtigatiadraprEEag
aaaggttaag gttgaattct ggcc%tg%c ccccatcacc360 c%%ggt ata ggggagtggg ctccactgct gttattctag

atgataactt tGTRRSERIL 42D BEISEABELE RaE P E e tataidhs Aaetae Aiupetatil-dinicalcaa 480
cccttetect accacteecg ttacticaca cccaaacctg ticttgacte cactattgats540 tacttccaac caaataacaa

aag gaatca’&%ﬁ&ﬁ%@@é Bégtgac%arﬁg%ag&ata8%5&%‘6%%@%8&%%&5&&5&?89’(5%6? BhlfakBagta
aatacgacca ggactac 60.atccgtgtaa ccatgtatgt acaatica aatttaatc.ttaaagaccc,cccacttgaa/20
ccctaagaa?rfgga céc g%%gg&%%%@é%%“@&a}% %S'g’oﬁ’ o%grﬁllg Wﬁﬂi@ﬁ%ﬁ B 39&’52% 11>

10387 <21%> ONA,<213> Artificial <220> <223> This.is the, poscine ci irus type 2, ORF-2construct,
which f?ncllﬁi (e}%l?l%t%)u I%%/i%&’s Sétgﬁd %&EI\W‘T‘%%%@ c%o |ngak§%uq!:1%'§céos.a< B%C@? fféc ﬁae&égg?éogggcga

gttgaagga%p&g%gggﬁ%gg&%%%gq@ag@g 100 pg/ml, still more preferably from about 0.4 to about

50 pg/ml, still more preferably from about 0.45 to about 30 pg/ml, still more preferably from
about 0.6 to about 15 pg /mi, even more prcferabiy from about 0.75 to about 8 pg/ml, even
more preferably from about 1.0 to about 6 pg/ml, still more preferably from about 1.3 fo
10 about 3.0 pg/ml, even more preferably from about 1.4 to about 2.5 pg/ml, even more

preferably from about 1.5 te about 2.0 pg/mi, and most preferably about 1.6 pg/ml.

According to a further aspeet, the PCV ORF-2 antigen inclusion level is at least 0.2 pg/ PCV2
QORF-2 protein as descﬁbed above per dose of the final antigenic composition (1g/dose), more
15 preferably from about (.2 1o about 400 ug/dose, still more preferably from about 0.3 to about
200 ug/dose, even more preferably from about 0.35 to about 100 ug/dose, stili more
preferably from about 0.4 to about 50 pg/dose, still more preferably from about 0.45 to about
30 ug/dose, still more preferably from about 0.6 to abount 15 pg/dose, even more preferably
from about (.75 to about 8 pg/dose, even more preferably from about 1.0 to about 6 pg/dose,
20 still more preferably from about 1.3 to about 3.0 pg/dose, even miore preferably from about
1.4 to about 2.5 pg/dose, even more preferably from about 1.5 to about 2.0 pg/dose, and most

preferably about 1.6 ug/dose.

The PCV2 ORF-2 polypeptide used in the immunogenic composition in accordance with the

25  present invention can be derived in any fashion including isolation and purification of PCV2



60 gaaagcacgt gtaaaatgtt tcccgcgcgt tggcacaact atttacaatg cggccaagtt 120 ataaaagatt ctaatctgat
atgttttaaa acacctttgc ggcccgagtt gtttgcgtac 180 gtgactagcg aagaagatgt gtggaccgca gaacagatag
taaaacaaaa ccctagtatt 240 ggagcaataa tcgatttaac caacacgtct aaatattatg ca tttett cgg 300
tatacaaaaa é‘é‘?tﬁ‘é%@'ﬁ?(s“gcgggcctgt cctggecaga ctttgecgece tgaaagceata 3 %%f’ét ’Eattgacac
ggtaaaagaa tttacagaaa agtgtcccgg catgttggtg 420 %gcgtgcact gcacacacgg tattaatcgc accggttaca
tggtgtgcag

ORF?2, 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 hereby incorporated by reference in its entirety. Briefly, susceptible cells are
infected with a recombinant viral vector containing PCV2 ORF-2 DNA coding sequences,
5  PCV2 ORF-2 polypeptide is expressed by the recombinant virus, and the expressed PCV2
ORF-2 polypeptide is recovered from the supernatant by filiration and inactivated by amy
conventional method, preferably using binary ethylenimine, which is then neuiralized to stop

the inactivation process.

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

15 described above, ii) at ieast_ a portion of the viral vector expressing said PCV2 ORF-2 protein,

preferably of a recombinant baculovirus, and iit) 2 portion of the cell culture supernatant.

Thus according to one aspect, the present invention relates to a method for reducing the
percentage of concomitant infections in pigs or a herd of pigs caused by one or more
20 pathogens other than PCV2 comprising the step administering to said pig(s) an effective
amount of PCV? antigen or an immunogenic composition comprising PCV2 antigen, wherein
the PCV2 antigen is recombinant PCV2 ORY-2, preferably a baculovirus expressed PCV2
ORF-2. Preferably those recombinant or baculovirus expressed PCV2 ORF-2 having the

seguence as described above.



atatttaatg 480 cacaccctgg gtattgcgcc gcaggaagcc atagatagat tcgaaaaagc cagaggtcac 540 aaaattgaaa
gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc 600 tttaacaaat actttatcct attttcaaat tgttgcgctt
cttccagcga accaaaacta 660 tgcttcgctt getccgttta gettgtagcc gatcagtggc gttgttccaa tcgacggtag 720
gattaggccg ghtatbltétUEéacaatgt tggcaacgtt gatgttacgt ttatgetttt 780 ggtttic HERUENTE R ggccggtaa
tagccgtaaa cgtagtgccg tcgegegtca 840 cgcacaacac cggatgtttg cgcttgtccg cggggtattg aaccgcgega
tccgacaaat 900 ccaccacttt ggcaactaaa tcggtgacct %%gcgtcttt tttctgcatt

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

5 90% of the components have a size smaller than | 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, ii) at least a portion of the viral vector expressing said PCV2 ORF-2 protein, i) 2
10 portion of the cell culture, iv) and inactivating agent to inactivate the recombinant viral vector
preferably BEL wherein zbout 90% of the components 1) o 1ii) have a size smaller than 1 wn,
Preferably, BEI is present in concentrations effective to inactivate the baculovirus, preferaély‘

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

15 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, ii) a
portion of the cell culture, iv} an inactivating agent to inactivate the recombinant viral vector
preferably BEL and v) a peutralization agent to stop the inactivation mediated by the

20  inactivating a-gént, wherein about 90% of the components 1) to iii) have a size smaller than -
1 um. Preferably, if the fﬁactivating agent is BEI, said composition comprises sodium

thiosulfate in equivalent amounts to BEL

The polypeptide is incorporated inte a composition that can be administered o an animal

J
Lh

susceptible to PCV2 infection, In preferred forms, the composition may also include



atttcgtctt 960 tcttttgcat ggtttcctgg aagccggtgt acatgcggtt tagatcagtc atgacgcgcg 1020 tgacctgcaa
atctttggcc tcgatctgct tgtccttgat ggcaacgatg cgttcaataa 1080 actcttgttt tttaacaagt tcctcggttt tttgcgecac
caccgcttgc agcgcgtttg 1140 tgtgctcggt gaatgtcgca atcagcttag tcaccaactg tttgctctcc tcctccegtt 1200
gtttgatcgc g ge@g%{)gﬂtf@‘bcggtgc agagcacttg aggaattact tcttctaaaa 1260 d’éggmgﬂagﬂgﬁﬁéf‘atg
gcgtaaggca atttggactt cataatcagc tgaatcacgc 1329} cggatttagt aatgagcact gtatgcggct gcaaatacag
cgggtcgccc cttttcacga 1380 cgctgttaga ggtagggc“ccSCCattttgga tggtctgctc aaataacgat ttgtatttat

additional components known 1o those of skill in the art (see also Remington's Pharmaceutical
Sciences. {1990). 18th ed. Mack Publ., Easton). Additionally, the composition may include
ore or more veterinary-acceptable carmiers, As used herein, "a veterinary-acceptébie carrier”
inciudes any and all solvents, dispersion media, coatings, adjuvants, stabilizing agents,
5  diluents, preservatives, antibacterial and antifungal apgents, 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 deseribed

above, which is mixed with an adjuvant, preferably Carbopol, and physiological saline.

10  Those of skill in fhe 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,

15 stabilizers, or adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol, and
the like. Isotonic agents can include sodium chloride, dextrose, manmitol, sorbitol, and
lactose, among others. Stabilizers include albumin and alkali salts of ethyiéhdimintetraceﬁc

acid, among others,

20 “Adjuvants” as used herein, can include aluminium hydroxide and aluminium phosphate,
saponins e.g., Quil A, Q8-21 {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
(Buropean Pharmacopea type); isoprenoid oil such as squalane .QT squalene oil resulting from

25  theoligomerization of alkenes, in particular of isobutene or decene; esters of acids or of



1440 tgtctacatg aacacgtata gctttatcac aaactgtata ttttaaactg ttagcgacgt 1500 ccttggccac gaaccggacc
tgttggtcgce getctagcac gtaccgcagg ttgaacgtat 1560 cttctccaaa tttaaattct ccaattttaa cgcgagccat tttgatacac
gtgtgtcgat 1620 tttgcaacaa ctattgtttt ttaacgcaaa ctaaacttat tgtggtaagc aataattaaa 1680 tatgggggaa
catgcgccgc ﬁ@a@@%ﬂfgﬁafcgttatga acgcagacgg cgccggtctc 1740 ggcgcaad’é‘ng&&%iﬁ%f&(t‘ﬁ?(gttgcgcgtt
caacgcggca aacatcgcaa aagccaatag 1800 tacagttttg atttgcatat taacggcgat tttttaaatt atcttattta ataaatagtt

1860 atgacgccta caactccccg cccgcegttga ctcgctgCae’ctcgagcagt tegttgacge 1920 ctteccteegt gtggccgaac
acgtcgagc
Jiegad e(ﬂcohoifs containing a linear alky] group, more particularly plant oils, ethyl oleate, propylene

glycol di-(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene glycol dioleate;
esters of branched fatty acids or alcqhols, in particular isostearic acid esters. The oil is used
in combination with emulsifiers to form the emulsion. The emulsifiers are preferably
5 nonionic surfactants, in particular esters of sorbitan, of mannide (e.g, anhydromannitol
oleate), of glveol, of polyglycerol, of .pmpyl'eﬂe glycol and of oleic, isostearic, ricinoleic or
hydroxystearic  acid, which are optionally ethoxylated, and polyoxypropylene-
polyoxyethylene copolymer blocks, in particular the Pluronic products, especially L121. See
Hunter et al., The Theory and Practical Application of Adjuvants (Ed.Stewart-Tull, D. E. S.).

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

For example, it is possible to use the SPT emulsion described on page 147 of "Vaccine
Design, The Subunit and Adjuvant Approach" edited by M. Powell and M. Newman, Plenum
Press, 1995, and the emulsion MF359 described on page 183 of this same book.

15
A further instance of an adjuvant is a compound chosen from the pelymers of acrylic or
methacrylic acid and the copolymers of maleic anhydride and alkenyl derivative.
Advantageous adjuvant compounds are the polymers of acrylic or methacrylic acid which are
cross-linked, especially with polyalkenyl ethers of sugars or polyalcohols. These compounds

20 are known by the term carbomer (Phameuropa Vol. 8, No. 2, June 1996}, Persons skilled in’
the art can also refer to U. §. 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 8, the hydrogen atoms of at [eas!{ three hydroxyls being replaced by unsaturated
aliphatic radicals having at least 2 carbon atoms. The preferred radicals are those containing

25  from 2 10 4 carbon atoms, ¢.g. vinyls, allyls and other ethylenically unsaturated groups. The



ggtggtcgat gaccagcggc gtgccgcacg 1980 cgacgcacaa gtatctgtac accgaatgat cgtcgggcga aggcacgtcg
gcctccaagt 2040 ggcaatattg gcaaattcga aaatatatac agttgggttg tttgcgcata tctatcgtgg 2100 cgttgggcat
gtacgtccga acgttgattt gcatgcaagc cgaaattaaa tcattgcgat 2160 tagtgcgatt aaaacgttgt acatcctcgce
ttttaatcat gectegatta&iditdgcgca 2220 atcgagtcaa gtgatcaaag tgtggaataa HftERIYEEEEYa
gtcaagcgca 2280 gcgcgtattt taacaaacta gccatcttgt aagttagttt catttaatgc aactttatcc 2340 aataatatat
tatgtatcgc acgtcaagaa ttaacaatgc gcccgttgtc gcafc%ga'ac 2400 acgactatga

unsaturaied radicals may themselves contain other substituents, such as methyl. The products
sold under the name Carbopol; (BF Goodrich, Ohio, USA) are particularly appropriate. They
4are cross-linked with an allyl sucrose or with allyl pentaerythritol. Among them, there may
be mentioned Carbopal 974P, 934P and 971P. Most preferred is the use of Carbopol, in
5  particular the use of Carbopol 971P, preferabiy in amounts of about 500 pg to about 5 mg per
dose, ever more preferred in an amount of about 750 g 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
10 Inc.), Block co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryville CA),
monophosphoryl lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli
(recombinant or otherwise}, cholera toxin, IMS 1314, or muramy! dipeptide among mény

others,

15 Preferably, the adjuvant is added in an amount of about 100 pg to about 10 mg per dose.
Even more preferably, the adjuvant is added in an amount of about [00 ug to about 10 mg per
dose. Even more preferably, the adjuvant is added in an amount of about 500 ng to about 5
mg per dose. Even more preferably, the adjuvant is added in an amount of about 750 pg to
about 2.5 mg per dose. Most preferably, the adjuvant is added in an amount of about I mg

20 perdose.

Additionally, the composition can include one or more pharmaceutical-acceptable carriers.
As used herein, "a pharmaceutical-acceptable carrier” includes any and all solvents,
dispersion media, coatings, stabilizing agents, diluents, preservatives, antibacterial and

25  antifungal agents, isotonic agents, adsorption delaving agents, and the like. Most preferably,



tagagatcaa ataaagcgcg aattaaatag cttgcgacgc aacgtgcacg 2460 atctgtgcac gcgttccgge acgagctttg
attgtaataa gtttttacga agcgatgaca 2520 tgacccccgt agtgacaacg atcacgccca aaagaactgc cgactacaaa
attaccgagt 2580 atgtcggtga cgttaaaact attaagccat ccaatcgacc gttagtcgaa tcaggaccgc 2640 tggtgcgaga
agccgcgaag Y9 %ﬁgﬁcatcgtata acgtgtggag tccgctcatt 2700 agagegtcat GltEFatHY 4bagctaca
tatttaattg atcccgatga ttttattgat 2760 aaattgaccc _taagtccata cacggtattc tacaatggcg gggttttggt caaaatttcc
2820 ggactgcgat tgtacatgct gttaacggct ccgcccact“a‘t%afatgaaat taaaaattcc 2880 aattttaaaa

the composition provided herewith, contains PCV2 ORF-2 protein recovered from the
supernatant of in vitro cultured ceils, wherein said cells were infected with a recombinant
viral vector containing PC%v’Q ORF-2 DNA and exp;essing PCV2 ORF-2 protein, and wherein
said cell culture was treated with about 2 to aboui 8 mM BEI, preferably with about 5 mM
5  BEI to inactivate the viral vector, and an equivalent concentration of a neutralization agent,
preferably sodium thiosulfate solution to a final conceniration of about 2 to about § mM,

preferably of about 5 mM.

According to a further embodiment, the present invention also relates to the use of PCV2
10 antigen for the preparation of a immunogenic composition for the reduction of concomitant
infections ¢sused by one or more pathogens other than PCV-2Z in ;ﬁgs or a herd.nf pigs,
wherein said immunogenic composition comprises i) any of the PCV2 ORF-2 profeins
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
15 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 BEI; and vi) a sultable adjuvant, preferably
Carbopol 971 in amounts described above; wherein about 90% of the components i) to iii)
have a size smaller than 1 um. Preferably, said pigs are co-infected with PCVZ as defined
20 above, exposed to PCV2, or endangered or susceptible to get infected with PCV2. More
preferred, the number of pigs infected with said pathogens other than circoviras, is reduced
with regard to one or more of said pathogen for more than 10%, preferably for more than
20%, more preferred for more than 30%, even more preferred for more than 40%, cvén more

preferred for more than 50%, even more preferred for more than 60% ., even more preferred



aacgcagcaa gagaaacatt tgtatgaaag aatgcgtaga aggaaagaaa 2940 aatgtcgtcg acatgctgaa caacaagatt
aatatgcctc cgtgtataaa aaaaatattg 3000 aacgatttga aagaaaacaa tgtaccgcgc ggcggtatgt acaggaagag
gtttatacta 3060 aactgttaca ttgcaaacgt ggtttcgtgt gccaagtgtg aaaaccgatg tttaatcaag 3120 gctctgacgc
atttctacaa c@&@éﬁ%"[@%ﬁ&%tgtgtgg gtgaagtcat gcatctttta 3180 atcaaatcce aslgHfdt A fécacca

~aactgccaaa aaatgaaaac tgtcgacaag 3240 ctctgtcc,gt ttgctggcaa ctgcaagggt ctcaatccta tttgtaatta
ttgaataata 3300 aaacaattat aaatgctaaa tttgtttttt atta%c'gata caaaccaaac gcaacaagaa 3360

for more than 80% even more preferred for more than 100% as compared to a non-vaccinated

control group,

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

physiological pH, meaning between about 6.5 and 7.5.

The immunogenic compaosition as used herein also refers to a composition that COmprises per
10 one mi i)at least 1.6 ug of PCV2 ORF-2 protein described above, ii) at least a portion of
baculovirus expressing said PCV?2 ORF-2 protein iii) 2 portion of the cell culture, iv) about 2
to 8 mM BEJ, 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 compoﬁents_i) to i) have a size smaller than T um and the pH of said

15 immunogenic 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., interleukins, interferons, or other cytokines. The immunogenic
compositions can also include Gentamicin and Merthiolate. While the amounts and
20 concentrations of adjuvants and adci‘itives useful in the context of the present invention can
readily be determined by the skilied artisan, the present invention contemplates campositions
comprising from about 50 pg to about 2000 pg of adjuvant and preferably about 250 pg/ ml
dose of the vaccine composition. Thus, the immunogenic composition as used herein also
refers 1o a composition. that comprises from about lug/ml to about 60 pg/ml of antibiotics,

25  and more preferably less than about 30 ug/ml of antibiotics.
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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 viral vector expressing said PCV2 ORF-2 proteih, i) a
5  portion of the cell culture, iv) an inactivating agent to inactivate the recombinant viral vector
preferably BEI, and v) an neutralization agent to siop the inactivation mediated by the
inactivating agent, preferably sodium thiosulfate in equivalent amounts to BEI; vi} a suitable
adjovant, preferably Carbopol 97! in amounts descrived above; vii) a pharmaceutical
acceptable concentration of a saline buffer, preferably of a phosphéte salt, and viii) an anti-
10 - microbiclogical active agent; wherein about 90% of the components i) to iii) have a size

smaller than 1 pm.

The immunogenic composition as used herein also refers to Ingelvac® CircoFLEX™,
(Boehringer Ingelheim Vetmedica Inc, St Joseph, MO, USA), CircoVac® (Merial SAS, Lyon,
15 France), CircoVent (Intervet Inc., Millsboro, DE, USA), or Suvaxyn PCV-2 One Dose® (Fort
Dodge Amimal Health, Kansas City, KA, USA). Thus according to another aspect, the present
invention relates 1o a method for reducing the percentage of concomitant infections in pigs or
a herd of pigs caused by one or more pathogens other than PCV2 comprising the step
admiaistering to said pig(s) an effective amount of PCV2 antigen or an immunogenic
20 composition comprising PCV2 antigen, wherein said immunogenic composition comprising a
PCV?2 antigen is Ingelvac® CircoFLEX™, CircoVac®, Circo;‘sfani and/or Suvaxyn PCV-2
One Dose®, preferably it is Ingelvac® CircoFLEX™. Preferably, said infected pigs are co-
infected with PCV2 as defined above, exposed to PCV2, or endangered or susceptible to get
infected with PCVZ. More preferred, the number of pigs infected with said pathogens other

25 than circovirus, is reduced with regard to one or mere of seid pathogen for more than 10%,



3600 tgtcataaat atatatgtct tttttaatgg ggtgtatagt accgctgcgc atagtttttc 3660 tgtaatttac aacagtgcta
ttttctggta gttcttcgga gtgtgttgct ttaattatta 3720 aatttatata atcaatgaat ttgggatcgt cggttttgta caatatgttg
ccggcatagt 3780 acgcagcttc ttctagttca attacaccat tttttagcag caccggatta acataacttt 3840 ccaaaatgtt
gtacgaaccg HEA AR Hcagttcacc teccttttet atactattgt 3900 ctgcgageag tiftgEg REHa¢kaa
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preferably for more than 20%, more preferred for more than 30%, even more preferred for
more than 40%, even more preferred for more than 50%, even more preferred for more than
60% , even more preferred for more than 80% even more preferred for more than 100% as

compared to a non-vaecinated conirol group.

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

which said effective amount of PCV?2 antigen is administered.

16 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
vsed in the combination vaccine, an amount of the vaceine containing about 10*? to about
10%¢ TCIDs per dose, preferably about 10*? to about 10%° TCIDs per dose, more preferably,
about 10* to about 105" TCIDs, per dose. In particular, when modified live PCV2 is used in

15 the vaccines, the recommended dose to be administered 1o the susceptible animal is preferably
about 10°° TCIDg (tissue culfure infective dose 50% end point)/dose to about 1059
TCID;¢/dose and more preferably about 1040 TCIDsg/dose to about 16°° TCIDs¢/dose. In
general, the quantity of antigen will be between 0.2 and 5000 micrograms, and between 10"

~ and 100 TCIDs, preferably between 10°° and 10°° TCIDsg, more preferably between 10+°

20 and 107" TCIDsp, when purified antigen is used.

Sub-unit vaccines are normally administered with an antigen inclusion level of at least 0.2 ug
antigen per dose, preferably with about 0.2 to about 400 pg/dose, still more preferabiy with
about 0.3 to about 200 ug/dose, even more preferably with about 0.35 to about 100 pg/dose,

25  still more preferably with about .4 to about 50 pp/dose, siill more preferably with about 0.45



cagccattgt aatgagacgc acaaactaat 3960 atcacaaact ggaaatgtct atcaatatat agttgctgat atcatggaga
taattaaaat 4020 gataaccatc tcgcaaataa ataagtattt tactgttttc gtaacagttt tgtaataaaa 4080 aaacctataa .
atattccgga ttattcatac cgtcccacca tcgggcgegg atcagatctg 4140 cagcggcecgce gggaattcga tccgccatga
cgtatccaag g¥§GEEdcagaagaa 4200 gacaccgece ccgecagecat ctiggedigbER M BESssccgecectgg
ctcgtccacc 4260 1

to about 30 pg/dose, still more preferably with about 0.6 to about 16 ug/dose, even more
preferably with about 0.75 1o about 8 pg/dose, even more preferably with about 1.0 to about 6

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

5 The administration of PCV2 antigen to pigs does not only result in the reduction the
percentage of concomitant infections caused by pathogens other than circovirus, in particular
other than PCV2, but also to a general improvement of health, particularly to the resistance
against such concomitant infections, Thus, according to another aspect, the present invention
also relates to a method for improving the resistance of pigs against one or more conconzitant

10 infections with pathogens other than PCV2, comprising the step administering to said pig{s)
an effective amount of PCV2 antigen or an immunogenic composition comprising PCV2
antigen. Preferably, said pigs are co-infected with PCV2 as defined above, exposed to PCV2,

or endangered or susceptible to get infected with PCV2.

15 The term “improving the resistance of pigs against concomitant infections™ as used herein
refers but is not limited to a process wherein the number of pigs infected with a pathogen
other than circovirus, is reduced with regard to said pathogen for more than 10%, preferably
for more than 20%, more preferred for more than 30%, even more preferred for more than
40%, even more preferred for more than 50%, even more preferred for more than 60% , even

20 more preferred for more than 80% even more preferred for more than 100% as compared to a
non-vaccinated control group. Thus, according to another aspect, the present invention also
relates 10 a method for improving the resistance of pigs apgainst concomitant infections with
one or more pathogens other than PCV2, comprising the step administering to said pig(s) an
gffective amount of PCV2 antigen or an immunogenic composition comprising PCV2

25  antigen, wherein the number of pigs infected with one or more of said pathogens other than



cccgcecaccg ctaccgttgg agaaggaaaa atggcatctt caacacccgc ctctccecgeca 4320 ccttcggata tactgtcaag
gctaccacag tcacaacgcc ctcctgggeg gtggacatga 4380 tgagatttaa tattgacgac tttgttccce cgggaggggg
gaccaacaaa atctctatac 4440 cctttgaata ctacagaata agaaaggtta aggttgaatt ctggccctgc tcccccatca 4500
cccagggtga BEFIGEE R Ygctecactg ctgttattct agatgataac tttgtaacaa 4560 85T R hacctat
gacccatatg taaactactc 33

eircovirus, is reduced with regard 10 one or more of said pathogens for more than 10%,
preferably for more than 20%, more preferred for more than 30%, even more preferred for
more than 40%, even more preferred for more than 50%, even more preferred for more than
60% , even more preferred for mwore than 80% even more preferred for more than 160% as
5  compared to 2 non-vaccinated control group. Preferably, said pigs are co-infected with PCV2

as defined abiove, exposed to PCV2, or endangered or susceptible to get infected with PCV2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
10 The following examples sei forth preferred materials and procedures in accordance with the
present invéntion. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present ipvention, 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 2

I5  limitatior upon the overall scope of the invention.

EXAMPLE }

Detection of concomitant infections in PCV-2 infected animals

20 Studyv population

The study was conducted in the Southern part of Germany. Hybrid pigs of commercial
cross breeds (Landrace or Edelschwein (f) x Pietrain (m)) were obtained from 15 different
breeding farms being part of a “pig-producer community”. The breeding farms differed in
size (30 to 300 sows), management and health status. Routine preventive measures of the

25 piglets on all breeding farms included iron injection, tooth and tail cuiting and castration.
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ggtacceggyg 4.

Following weaning at the age of approximately 4 weeks piglets of the different breeding

farms were transferred to a pursery farm with an all-in-all-out production system. They

were housed commingled in three barns with pens designed to hold 60 to 120 pigs per

pen. Routine preventive measures at the nursery site included prophylactic treatment with

5 tetracyclinhydrochlorid for the first ten days afier arrival. Four changes of food

composition were performed during nursery. The feed provided to the animals was self-

prepared based on barely and minderals. At the age of approximately 12 weeks pigs were

transferred to a fattening farm with an all-in-all-out production system. They were newly

commingled and housed in two stables with pens designed to hold 10 to 30 pigs per pen.

10 Three changes of food composition were performed during fattening. The feed provided
was self-prepared based on barely, wheat, corn, and whey concentrate. Pigs remained at

the fattening farm for 13 to 18 weeks.

Disease history

15 The discase pattern of PMWS had become clinically apparent approximately three years
prior to study initiation in November 2002 and was serologically confirmed in December
2002, At the end of nursery / beginning of fattening animals started to show typical signs
of PMWS such as wasting, respiratory signs and a marked increase in the morfality rate.
The disease was complicated by co-infections with PRRSV. Mortality rate during nursery

20 (4-12 weeks of age) usually ranged between 3.5 and 4.8 % but peak levels of up to 10 %
mortaiity were also occasionally reported. During the middle to late phase of fattening
resl.}i.ratery signs and growth retardation were predominating in PCV2 infected animals.
Mortality rate during fattening (12-26 week old pigs) was approximately 1.7-2.4 % and
the number of culls was 1%. Average daily weight gain was only moderate (719-731

25 s/day). Three months before study initiation, the diagnosis of PMWS was verified on the
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basis of clinical signs and PCV2 viraemia that both occurred when animals were
approximately 9 to 13 weeks old. PRRSV and Myeoplasma hyorhinis were identified in

lung lavage samples of PCV?2 infected animals as coinfecting pathogens.

h

Test articles

For active vaccination against PCV2, an inactivated subunit vaccine (Ingelvac®

CitcoFLEX™, Boehringer Ingelheim Vetmedica GmbH) was administered. The vaccine

coniained .th.e ORF2 capsid protein of PCV?2 as active component and carbomer as

adjuvant. The ORF2 sequence was derived from a North American PCV? isolate that was

10 isolated from tonsil and liver samples of two pigs with signs of PMWS. The ORF2
sequence was subsequently inserted into a baculovirus expression system using an insect
cell line derived from ovaries of the armyworm Sodoptera frugiperda (SF+ cells} as host.
As control article served a placebo containing PCV2 capsid protein-iree cell culture
supernatant and carbomer as adjuvant.

15

Experimental design

The field trial was performed according to the principles of “Good Clinical Practice”
{GCP) and followed a randomized, negative-controlled, double-blinded, parallel study
design. A total of 1519 healthy piglets were equally distributed among two treatment
20 groups with regard to initial body weight and litier assignment. One week before weaning,
one group of piglets (n=754) was vaccinaied with Ingelvac® CircoFLEX™ and the other
group (n=765) received a placebo. The test articles were administered as a single 1 ml
dose intramusculﬁrly in the right neck region when piglets were 25.4 + 3,18 days (mean +
S.13.) old, After weaning pigs of both treatment groups were kept in m'ixsd groups until

25 the end of {inishing in order to maximise the uniform exposure {o pathogens.
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Polvmerase chain reactions

Polymerase chain reaction assays were used as described in order to detect spe;ciﬁc
nucleic acids for PRRSY (Mardassi H, et al,, J Clin Mécrobioi 1994;32(91:2197-203),
5 Mycoplasma hyorhinis (Caron L.et al., J Clin Microbiol 2000;38(4):1390-6), Mycoplasma
hvopreumoniae (Calsamiglia M, et al., J Vet Diagn Invest 1999 May;11(3):246-51),
Streprococcus suis (Wisselink HI, et al, 1 Clin Microbiol 2002 Aug;40(8):2922-9),
Pasteurella multocida {Townsend KM, et al., J Clin Microbio) 1998 Apr:36(4):1096-100),
Actinobacillus pleuropneumonige (Schaller A, et al., Apx toxins in Pasteurellaceae
10 species from animals. Vet Microbiol 2000 Jun 12;74(4):365-76), Bordetella
bronchispectica (Hozbor D, et al, Res Microbiel 1999 Jun;150(5):333-41) and
Haemophilus parasuis (Caisamiglia M, et al., J Vet Diagn Invest 1999 Mar;11{2):140-5)

in lung tissue samples.
For quantification of the PCV2 viral load in serum, PCV2 penome equivalents was/is
i5 quantified according to the method described in Brunborg et al., 2004; 1. Virol Methods
122: 171-178. For amplification of PCV2, primers PCV2-84-1265U21 and PCV2-84-
13.1 9F21 were/are used. The cut-off level for a positive sample was set as 107 template
copies per ml serum based on validation experiments. All PCV2 DNA quantification

assays were performed by bioScreen GmbH, Miinster, Germany.,

Results

PCY2 virgemia

It was investigated whether the onset and severity of the observed PMWS characteristic
clinical signs and lesions were related to the onset of PCV2 viraemia in the blood of pre-

25 selected “sample animals™. As jllustrated in Figure 1, the onset of PCV2 viraemia started
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in the placebo-treated group when animals were approximately 2-10 weeks old. Peak
levels with up to 85% PCV2 positive animals were reached wlhien animals were
approximately 11 to 14 weeks old. From 14 weeks of age until the end of fattening, the
proportion of PCV2 viraemic amimals was decreasing without however reaching baseline
5 leveis again. In the average the individual duration of viraemia lasted for 56 days (data not
shown]).
Compared to the placebo-treated group the proportion of PCV2 positive animals in the
vaccinated group was significantly reduced (p<0.0001) with no more than 35% of positive
animals at the peak of viraemia (Figure 1B). The average duration of viraemia in
10 vaccinated animals was reduced by 31 days (p<0.0001; data not shown).
Another focus was placed on the examination of the viral load in animals. In this study
viral loads of clinical relevance (>10° gE/m] of semrﬁ) were mainly observed in placebo-
treated animals in the early phase of viraemia when animals were approximately 10-15
weeks old (Figure 1A). At the age of 11 weeks the proportion of animals with clinical

15 relevant viral loads (40%) was higher than the proportion of animals with subelinical
relevant viral loads (37%). This ratio was drastically changing at the late phase of
viraemia (17-25 weeks of age) due to a significant reduction of infections with clinical
relevance. In vaccinated animals that were positive for PCV2, subclinical infections were
predominating at all analyzed time points (Figure 1B).

20 In summary, the PCV2 profile on the selected study sites during the time of the study
were characterized as follows: a) an onset of PCV2 viraemia at study week 9-16 that
coincided with the onset of clinical signs and lesions of PMWS, b) a high viral lead in
placebo-ireated anitnals at the early phase of PCV2 viraemia, ¢) a significant reduction in
the duration of viraemia and in the percentage of animals with clinical and sub-clinical

23 relevant viral loads in vaccinated animals compared to placebo-treated animals.
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taaatctacc ag.

Presence of concomitant infections in placebo-treqated animals
The resuits obtained so far confirm the diagnosis of PMWS within the analyzed study
population and indicate that vaccination against PCV2 can considerably protect animals
5 from PMWS‘. This placebo-controlled immunization experiment therefore allowed the
testing of the hypothesis that PMWS causes an underlying immunosuppression in animals,
It was speculated that in the case of a PCV?2 associated imm.undeﬁc.iency the frequency of
co-infections after the onset of PCV2 viraemia would be higher in placebo-treated animals
than in the vaccipated animals. In a first step the exposure of the study animals to
10 opportunistic organisms was therefore analyzed in more detail. Since monitoring of
clinical signs had shown that animals were predominately affected from respiratory signs
it was decided to select lung samples of dead animals for a respective pathogen screening
by PCR. In Table 3 results are presented for placebo-treated animals only, since they are
considered to reflect most closely natural ficld conditions.
15 Before onset of PCV2 viraemia (3-8 weeks of age) the only pathogen that was detected in
2 out of 5 lung samples of placebo-treated animals was Streprococcus suis. At onset of
PCV2 viraemia (9-10 weeks of age), | out of & lung samples of placebo-treated animals
was found positive for PCV2 while 4 out of 8 analyzed lung samples were tested positive
for PRRSV. Other pathogens detected in low numbers either alone or in combination with
20 these two pathogens were Mycoplasma hyorhinis, Mycoplasma hyopneumoniae and
Streptococcus suis. The highest amount of co-infecting pathogens was detected in lung
samples of placebo-treated animals during the acute phase of PCV2 viraemia (11-16
weeks of age). Amoﬁg the 17 lung samples tested positive for PCV2, 12 were aiso found
o be positive for PRRSV and 13 for Mycoplasma hyorhinis. In addition, co-infections

25 with Streptococeuns suis or Pasteurella multocida were sporadically detected. Finally, at
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the late phase of viraemia (17-26 weeks of age) co-infections with Mycoplasma
hyopnewmoniae were predominating (6 out of 7 PCV2 positive Iuhg samples) but co-
infections with Mycoplasma  hvorhinis, Actinobacillus plewvopnewmoniae  and
Sireptococcus suis were 2lso found. For the entire time period after the onset of viraemia
5 (9-26 weeks of life) only 2 out of 22 of lung samples of placebo-treated animals were
tested positive for PCV2 alone, In most analyzed Jung samples positive for PCV2
combinations of two or three opportunistic organisms were detected. During the course of
the study PCV2 infection was thus seen in association with several respiratory
concomitant-infections, The onset and peak of PCV?2 viraemia coincided with the onsets
10 and peaks of PRRSV and Mycoplasma hyorhinis co-infections whereas the late phase of
PCVZ2 viraemia was accompaﬁied by the omset of a Mycoplasma hyopneumoniae

infection.

Reduction of co-infections by vaccination aogingt PCV2

15- Comparison of the frequency of respiratory pathogens detected in lung szmples revealed
no major differenices among both treatment groups for the time before onset of PCV?2
viragmia (data not shown). After the onset of PCV2 viraemia (10-26 weeks of age) the
proportion of lung samples of vaccinated animals which were tested positive for
Mycoplasma hyorhinis and PRRSV was reduced by 71% (p=0.0293) and 46% (p=0.2847),

20 respectively (Table 1).

Table 1: Stody results of BOS BIVI 030

Placebo Vaccine reduction
%o N % (N} %
PCV2 92 (24/26) 55 (6/11) 40
PRRSV 50 (13/26) 27 (311 46
M. hyvorhinis 62 (16/26) 8 2n 1
M. hvopneumoniae 23 (6/26) 45 (511 -



ggcggceggtg ccgecggtat aatttgttct ggtttagttt gttcgcgceac gattgtggge 6660 accggcgcag gcgecgcetgg
ctgcacaacg gaaggtcgtc tgcttcgagg cagcgcttgg 6720 ggtggtggca attcaatatt ataattggaa tacaaatcgt
aaaaatctgc tataagcatt 6780 gtaatttcgc tatcgtttac cgtgccgata tttaacaacc gctcaatgta agcaattgta 6840
ttgtaaagag aw&aggg(?&?ﬁ‘&gccgca cgccgataac aagcctitte atttttacta 6900 cadcHBtAERGagac

acttcgctgt cgtcgacgta 40
8. suis 12 (3726) 27 (31D -
P. mullocida 4 (1/26) 9 (11D .
APP 8 {2/26) 0 {01 100
B. bronchiseptica 0 0/26) 0 {0/ 0
H. parasuis 0 (0/26) 0 ({11 0

Furthermore hung samples from placebo-treated animals were sporadically found to be
positive for dctinobacillus pleuropneumoniae. Slight differences in the number of lung
samples positive for Mycoplasma hyopnewmoniae, Strepiococcus suis or Pasteurella
5 multocida were observed in a second study among both treatment groups. As indicated in
Table 2 these pathogens were either present at only low frequencies {Streptococcus suls,
Pasteurella muliocida) or did appear at the very late phase of PCV2 infection

(Mycoplasma hyvopneumoniae).

10 In another study (study BCS BIV1 013) a similar resistance to concomitant pathogens was

observed in vaccinated animals as presented in Table 2,

Table 2: Study results of BOS BIVI 013

Placebo Vaccine reduction

% (N) % (N k4
P. multocida 14 15/309 0 0732 100
H. parasuis 3 3/109 0 32 100
Salmonellz spp. 5 5/109 0 0/32 100
APP 4 4109 0 0732 100
S suis 50  15/30 na. I 1.d.

15 Under the influence of vaccination against PCV-2 the frequency of PCV?2 infections as

well as the frequency of Actinobacillus pleuropneumoniae, Haemophilus parasuis,
Mycoplasma hyrhinis, Pasteurella multocida, PRRSV, Salmonella spp., Strepococcus suis.

co-infections was thus notably reduced.
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In another study a similar resistance to Mycoplasma hypopneumoniae was observed in

vaccinated animals also.,
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tgtaaagcct ggggtgccta 7860 atgagtgagc taactcacat taattgcgtt gcgctcactg cccgctttcc agtcgggaaa 7920
cctgtegtge cagetgcatt aatgaatcgg ccaacgcegeg gggagaggceg gtitgegtat 7980 tgggcegcetct tecgcettect
cgctcactga ctcgetgegce tcggtegttc ggetgeggeg 8040 ageggtatca getcactcaa aggcggtaat acggttatcc
acagaatcag gggataacgc 8100 aggaaagaac atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa
aggccgcegtt 8160 gcetggcgttt ttccataggc tccgeccc€dgid§agceat cacaaaaatc gacgcetcaag 8220

1. Use of an immunogenic composition consisting of Porcine Circovirus Type 2
(PCV-2) ORF-2 protein and one or more veterinary-acceptable carriers for the
preparation of a medicament for the reduction of the concomitant infection caused
by PCV-2 and one or more viral, bacterial and/or fungal pathogens other than PCV-

2 in pigs.

2. The use according to claim 1, wherein the one or more veterinary-acteptable
carriers are selected from the group consisting of solvents, dispersion media,
coatings, adjuvants, stabilizing agents, diluents, preservatives, antibacterial and

antifungal agents, isotonic agents, and adsorption delaying agents.

3. The use according to claim I or 2, characterized in that the concomitant infection ts

caused by a viral pathogen.

4.  The use according to claim 3, characterized in that the concomitant infection is

caused by Porcine Reproductive and Respiratory Syndrome (PRRS) virus.

5. The use according to claim 1 or 2, characterized that concomitant infection is caused by a

bacterial pathogen.



tcagaggtgg cgaaacccga caggactata aagataccag gcgtttcccc ctggaagctc 8280 cctcgtgegc tetectgttc
cgaccctgcc gettaccgga tacctgteeg cetttctcee 8340 tiggggaage gtggegctit ctcatagete acgctgtagg
tatctcagtt cggtgtaggt 8400 cgttcgctcc aagcetgggct gtgtgcacga accccccgtt cagcccgacc getgegcectt 8460
atccggtaac tatcgtcttg agtccaaccc ggtaagacac gacttatcgc cactggcagc 8520 agccactggt aacaggatta
gcagagcgag gtatgtaggc ggtgctacag agttcttgaa 8580 gtggtggcct aactacggct acactagaag gacagtattt

6. The use according to claim 5, characterized in that the concomitant infection is caused by
Actinobacillus pieuropneumontiae, Haemophilus parasuis, Mycoplasma hyorhinis,
Mycoplasma hyopneumoniae, Pasteurella multocida, Salmonella spp., Strepococcus suis.

7. Use of PCV-2 ORF-2 protein as the antigen for the manufacture of a medicament
for the reduction of the concomitant infection caused by PCV2 and one or more viral,
bacterial and/or fungal pathogens other than PCV-2 in pigs,

8. The use according to claim 7, characterized in that the concomitant infection is
caused by a viral pathogen.

9. The use according to claim 8, characterized in that the concomitant infection is
caused by PRRS virus.

10.  The use according to claim 7, characterized in that the concomitant infection is
caused by a bacterial pathogen.

11.  The use according to claim 10, characterized in that the concomitant infection is
caused by Actinobacillus pleuropneumoniae, Haemophilus parasuis, Mycoplasma hyorhinis,

Mycoplasma hyopneumoniae, Pasteurella muliocida, Salmonella spp., Strepococcus suis.



ggtatctgcg ctctgctgaa 8640 gccagttacc ttcggaaaaa gagttggtag ctcttgatcc ggcaaacaaa ccaccgcetgg 8700
tagcggtgat ttttttgttt gcaagcagca gattacgcgc agaaaaaaag gatctcaaga 8760 agatcctttg atcttttcta
cggggtctga cgctcagtgg aacgaaaact cacgttaagg 8820 gattttggtc atgagattat caaaaaggat cttcacctag
atccttttaa attaaaaatg 8880 aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacagtt accaatgctt 8940
aatcagtgag gcacctatct cagcgatctg tctatttcgt tcatccatag ttgcctgact 9000 cccegtcgtg tagataacta

SEQUENCE LISTING

<110> BOEHRINGER INGELHEIM VETMEDICA INC
<120> REDUCTION OF CONCOMITANT INFECTIONS IN PIGS

BY THE USE OF PCVZ2 ANTIGEN
<130> P10-03i00
<160> 11
<1i70> PatentIn version 3.3
<210> 1
<211> 8
<212> DNA
<213> Artificial
<220> o o
«223> This is a modified Kozak's seguence.
<400> 1
cegeeaty 8
<210> 2
<211> &
<212> DNA
<213> Artificial
<220> o .
<223> This is a recombinant Eco R1 sequence.
<400> 2
gaattc 6
<210> 3
<211> 713
«212> DNA ) )
<213> Porcine circovirus
<400> 3
cagctatgac gtatccaagy aggcgttace gcagaagaag acaccgccec cgcagecatce 60
ttggecagat cectecgeege cgeecetgge tecgtccacce ccgecaccge taccgttgga 120
gaaggaaaaa tggcatcttc aacacccgcc tctcccgcac ctteggatat actgtggaga 180
aggaaaaatg gcatcttcaa cacCcCgccic tecccgcaccth tcggatatac tgtgacgact 240
ttgttcceoe gggaggggoyg accaacaaaa totctatace ¢trtgaatac tacagaataa 300
gaaaggttaa ggttgaatic tggccctget cccccatcac ccagggtgat aggggagtgg 360
gctccactyge tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420
acccatatgt aaactactce teccgecata caatccccca acccttctee taccactcee 480
gttacttcac acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca 540
aaaggaatca gctttggctg aggctacaaa cctctagaaa tgtggaccac gtaggeceteg 600
gcactgcgtt cgaaaacagt aaatacgacc aggactacaa tatccgtgta accatgtatg 660
tacaattcag agaatttaat cttaaagacc ccccacttaa accctaaatg aat 713
<210> 4
<211> 713
<212> DNA
<213> Porcine circovirus
<400> 4
ccgecatgac gtatccaagy aggcgttace geagaagaag acaccgcccc cgcagecatce 60
ttggccagat cctceacege cgcccctgge togtecacce ccgecacege taccgttgga 120
gaaggaaaaa tggcatcttc aacacccgcc tctcecgcac cttceggatat actgtcaagg 180
ctaccacagt cacaacgccc tcctgggegg tggacatgat gagatttaat attgacgact 240
ttgttceece gggagoggyy accaacaaaa tctctatacc ctttgaatac tacagaataa 300

PhoenixTemp31156. tmp.txt
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cgatacggga gggcttacca tctggcccca gtgctgcaat 9060 gataccgcga gacccacgct caccggctce agatttatca
gcaataaacc agccagccgg 9120 aagggccgag cgcagaagtg gtcctgcaac tttatccgec tccatccagt ctattaattg
9180 ttgccgggaa gctagagtaa gtagttcgec agttaatagt ttgcgcaacg ttgttgccat 9240 tgctacaggc atcgtggtgt
cacgctcgtc gtttggtatg gcttcattca gctccggttc 9300 ccaacgatca aggcgagtta catgatcccc catgttgtge
aaaaaagcgg ttagctcctt 9360 cggtcctccg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca

gaaaggttaa
gctccactge
acccatatgt
gttacttcac
aaaggaatca
gcactgegtt
tacaattcag

ggttgaattc
tgttattcta
aaactactcc
acccaaacct
getttggotg

cgaaaacagt

agaatttaat

PhoenixTemp31156. tmp.txt

tggccctgct
gatgataact
tccegccata
gttcttgact
aggctacaaa
aaatacgacc
cttaaagacc

ceeecateac
ttgtaacaaa
caarccgeeca
ccactattga
cctctagaaa
aggactacaa
cecccacttyga

ccagggtgat
ggccacagec
acccttetec
trtacttccaa
tgtggaccac
tatcegtgta

accctaagaa

aggggagtgg
ctaacctatyg
taccactccec
ccaaataaca
gtaggccteg
accatgtatg
tic

360
420
480
540
600
660
713

<210> 5

<211> 233

<212> PRT

<213> vpPorcine circovirus

<400> 5

?et Thr TyrSPro Arg Arg Aig Tyr Arg Arglérg Arg His Arg Pro Arg

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

Arg HigSArg Tyr Arg lgp Arg Arg LyzSAsn Gly I1le pPhe Asn Thr Arg

Leu Ser Arg'Thr phe Thr val Thr Thr

50 55

Pro Ser Trp Ala val
65 70

Gly Tyr Thr val Lys Ala Thr
60

Asp Met ygt Arg Phe Asgoz1e Asp Asp Phe val

Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro Phe Glu Tyr Tyr
85 90 85

Arg ITe Arg Lys val tys val Glu Phe Trp Pro Cys Ser Pro Ile Thr
100 145 110

ser Thr Ala val Ile
125

val Gly
120

Gln G1{l?sp Arg Gly Leu Asp ASp Asn

Phe val Thr Lys A1a3ghr Ala Tyr val Asn Tyr
1

Leu Thr Tyr Asp Pro
130 140

Ser Ser Arg His Thr Ile Pro Gin Pro Phe Ser Tyr Ser Arg Tyr
150 1

His
145 155 o0

Phe Thr Pro Lys Pro val Leu Asp Ser Thr Ile Asp Tyr Phe GlIn Pro
170 175

165
Ser Asn

ASn Ash Lys Arg Asn Gin Leu Trp Leu Arg Leu Gln Thr Arg
180 18 190

val Asp His val Gly Leu Gly Thr Ala pPhe Glu Asn Ser
195 : 200 205

Lys Tyr Asp

GIn Asp Tyr Asn Ile Arg val Thr Met Tyr val G1n Phe Arg Glu Phe
210 215

220

Asn Leu Lys Asp Pro Pro Leu Lys Pro
225 230

<210>
<211
<Z212>
<213>

<400

6

233

PRT

Porcine circovirus

6
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tggttatggc 9420 agcactgcat aattctctta ctgtcatgcc atccgtaaga tgcttttctg tgactggtga 9480 gtactcaacc
aagtcattct gagaatagtg tatgcggcga ccgagttgct cttgcccgge 9540 gtcaatacgg gataataccg cgccacatag
cagaacttta aaagtgctca tcattggaaa 9600 acgttcttcg gggcgaaaac tctcaaggat cttaccgcetg ttgagatcca
gttcgatgta 9660 acccactcgt gcacccaact gatcttcagc atcttttact ttcaccagcg tttctgggtg 9720 agcaaaaaca

ggaaggcaaa atgccgcaaa aaagggaata agggcgacac ggaaatgttg 9780 aatactcata ctcttccttt ttcaatatta
PhoenixTemp31156. tmp. txt

?et Thr TyrSPro Arg Arg Agg TYr Arg Arglgrg Arg His Arg Pro Arg

ser His Leu Gly Gln Ile Leu Arg Arg Arg Pro Trp Leu val His Pro
20 25 30

Arg HﬁgSArg Tyr Arg Igp Arg Arg LyisAsn é]y Ile phe Asn Thr Arg

Leusger Arg Thr ng Gly Tyr Thr val Lys Ala Thr Thr val Thr Thr
60

Pro Ser Trp Ala val Asp Met Met Arg Phe Asn ITe Asp Asp Phe val
80

65 7G 75
Glu

Thr Asn Phe

90

Pro Pro G%ygg?y Gly Lys Ile Serg%?e Pro Tyr Tyr

Lys val Ile Thr

105

Glu Phe Trp Pro Cys
110

Arg Ile Arg Lys val ser Pro
100

Gln G1{I§sp Arg Gly val Giy ser Thr Ala val Ile teu Asn

120 125

ASp ASp

Phe1§81 Thr Lys Ala Thr Ala Tyr val Asn Tyr

Ley Thr Tyr Asp Pro
135 140

Ser Ser Arg His Thr Ile pPro Ser Arg Tyr
o]

Gln Pro Phe Ser Tyr His
145 15 160

155

Phe Thr Pro Lys Pro val Leu Asp Ser Thr Ile Asp Tyr
165 175

Phe G1n Pro

Asn Asn Lys Arg Ash Gln Leu Trp Leu Arg Leu GTn Thr
180 185 190

ser Arg Asn

val Asp HWis val Gly Leu Giy Thr Ala Phe Glu Asn Ser
195 - 200 205

Lys Tyr Asp

G1n2§gp Tyr Asn Ile Arg val Thr Met Tyr val GIn phe Arg Glu Phe

215 220

Asn Leu Lys ASp Pro Pro Leu Glu Pro
225 230

<210> 7

<211i> 756

<212> DNA

<213> Artificial

<220>
<223> This sequence is from porcine circovirus type 2, open reading

frame 2, together with a portion from the pGEM T-easy vector.

<400> 7

gcggeegegg gaattcgatc cgecatgacg tatccaagga ggcgttaccg cagaagaaga &0
Caccgeocee gecagecatct tggccagatc ctocgecgee geccctgget cgtccaccee 120
cgccaccget accgttggag aaggaaaaat dgcatcitca acaccogoct cteccgeacc 180
ttcggatata ctygtcaagge taccacagic acaacgccct cctgggeggt ggacatgaty 240
agatttaata ttgacgactt tgttcccccg ggagogggga ccaacaaaat ctetatacce 300
tttgaatact acagaataag aaaggttaag gttgaatict ggecctgctec ceccatcacc 360
cagggtgata ggggagtggg ctccactget gttattctag atgataactt tgtaacaaag 420
gccacagecce taacctatga cccatatgta aactactceet coccgecatac aatcccccaa 480
ceccttctect accactcccg ttacttcaca ceccaaaccty ticttgactc cactattgat 540
tacttccaac caaataacaa aaggaatcag ctttggctga ggctacaaac ctctagaaat 600
gtggaccacy taggecticgg cactgcgtic gaaaacagta aatacgacca ggactacaat 660
atcegtgtaa ccatgtatgt acaattcaga gaatttaatc ttaaagaccc cccacttgaa 720
ccetaagaat totatcacta gtgaattcege ggoege 756
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ttgaagcatt tatcagggtt attgtctcat 9840 gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc
cgcgcacatt 9900 tccccgaaaa gtgccacctg acgtctaaga aaccattatt atcatgacat taacctataa 9960 aaataggcegt
atcacgaggc cctttcgtct cgcgcegtttc ggtgatgacg gtgaaaacct 10020 ctgacacatg cagctcccgg agacggtcac
agcttgtctg taagcggatg ccgggagcag 10080 acaagcccgt cagggcgegt cagcgggtgt tggecgggtgt cggggctggce
ttaactatgc 10140 ggcatcagag cagattgtac tgagagtgca ccatatgcgg tgtgaaatac cgcacagatg 10200

<210> 8
<211>
<212>
<213>

<220>
<223>

DNA

10387

Artifﬁcia@

PhoenixTemp31156. tmp. £Xt

This is the porcine circovirus type 2, ORF-2construct, which

includes baculovirus and pGEM T-easy coding sequences.

<400> 8

aagctttact
gaaagcacgt
ataaaagatt
gtgactageg
ggagcaataa
gcgggectgt
gttcaagaat
ggcgtgeacyt
cacaccctgg
azaattgaaa
tttaacaaat
tgcttocgett
gattaggccy
ggttttccac
cgcacaacac
ccaccacttt
tctettgeat
tgacctgcaa
actcttgttt
tgtgctcgot
gtttgatcege
geccattcttg
cggatttagt
cgetgttaga
tgtctacatg
ccttggccac
cttctccaaa
trttgcaacaa
tatgggggaa
ggcgcaagcyg
tacagttttg
atgacgccta
cttccteccgt
cgacgcacaa
ggcaatattg
cgttgggcat
tagtgcgatt
atcgagtcaa
gcgegtattt
aataatatat
acgactatga
arctgtgcac
tgaccceegt
atgtcggtyga
tggtgcgaga
agagcgtcat
aaattgaccc
ggactgcgat
aattttaaaa
aatgtcgtcg
aacgatttga
aactgttaca
gctctgacgce
atcaaatccc
ctctgtccgt
aaacaattat
catttgtagt

cgtaaagcga
gtaaaatgtt
ctaatctgat

aagaagatgt

tcgatttaac
tatacaaaaa
ttattgacac
gcacacacdg
gtattgcgec
gacaaaatta
actttatcct
gctccgttita
gatattctcc
gtacgtcttt
cggatgtttg
gygcaactaaa
ggtttcctgg
atctttggec
tttaacaagt
gaatgtcgea
gggatcgtac
taattctatyg
aatgagcact
ggtagggecc
aacacgtata
gaaccggacc
tttaaattct
ctattgtrtt
catgcgeege
gctaaaacgt
atttgcatat
caactceeceyg
gtggccgaac
gtatctgtac
gcaaattcga
gtacgtccga
daaacgtigt
gtgatcaaag
taacaaacta
tatgtatcge
tagagatcaa
gcgtitccgac
agtgacaacg
cgttaaaact
agccgcdaag
gtttagacaa
taactccata
tgtacatgct
aacgcagcaa
acatgctgaa
aagaaaacaa
ttgcaaacgt
atttctacaa
aagatgigra
ttygctggcaa
aaatgctaaa
attatrctata

gttgaaggat
tcececgegegt
atgttitaaa
gtggaccgea
caacacgtet
aattcaagta
ggtaaaagaa
tattaatcge
gcaggaagcce
cgttcaagat
attttcaaat
gcttgtagec
accacaatgt
tggccggtaa
cgcttgtecy
tcggtgacct
aagccggrgt
tcgatctget
tccteggttt
atcagcttag
ttgccagtge
gcgtaaggca
gtatgcggct
ccattttgga
gctttatcac
tgttggtcge
ccaatttiaa
ttaacgcaaa
tacaacactc
gttgcgcott
taacggcegat
ccegegttga
acgtcgagceg
accgaatgat
aaatatatac
acgttgattt
acatccicge
tgtggaataa
gcecatcttgt
acgrcaagaa
ataaagcgog
acgagctttyg
atcacgeeca
attaagccat
tatggcgaat
gaaagctaca
cacggtatte
gttaacggct
gagaaacatt
caacaagatt
tgtaccgogc
ggtttcgtot
ccacgactce
taaaccacca
ctgcaagggt
ttrgtttttt
attgaaaacg

catatttagt
tggcacaact
acacctttge
gaacagatag
aaatattatg
cctgogccaga
tttacagaaa
accggttaca
atagatagat
ttattaattt
tgrtgcgett
gatcagtggc
tagcaacgtt
tagccegtaaa
cggggtatty
gcgcgtcttt
acatgcggrt
tgtccttgat
ttigcgcecac
tcaccaacty
agagcacttg
attiggactt
gcaaatacadg
tggrcrgetc
aaactgtata
gctctagcac
cgcgagecat
ctaaacttat
gtcgttatga
caacgcggca
tttttaaatt
ctegetgeac
ggtggtcgat
cgtcaggcga
agttgggttg
gcatgcaagc
ttttaatcat
tgttttettt
aagttagttt
ttaacaatgc
aattaaatag
attgtaataa
aaagaactgc
ccaatcgacc
gcatcgtata
tatttaattyg
tacaatggcy
ccgeccacta
tgtatgaaadg
aatatgcctc
ggcggtatgt
gccaagtgtyg
aagtgtgtgg
aactgccaaa
ctcaatccta
attaacgata
cgtagttata
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tgcgtttaty
atttacaatg
ggcccgagtt
taaaacaaaa
atggtgtgeca
ctttgccgcc
agtgtcccgy
tggtgtgeag
tcgaaaaage
aattaatatt
cttccagega
gttgttccaa
gatgtiacgt
cgtagrgecy
aaccgegega
tTtctgecatt
tagatcagte
ggcaacgatg

caccgcettge.

tttgctctee
aggaattact
cataatcage
cgggtcgeec
aaataacgat
ttttaaacty
gtaccgcagg
tttgatacac
tgtggtaagc
acgcagacgg
aacatcgcaa
atcttartta
ctcgagcagt
gaccageggc
aggcacgtcg
tttgcgcata
cgaaattaaa
gcogtcgatt
gtattcccga
catttaatgc
gecoegttotc
cttgcgacgc
gttittacga
cgactacaaa
gttagtcgaa
acgtgtggag
atcccgatga
gggttttggt
ttaatgaaat
aatgcgtaga
cgtgtataaa
acaggaagag
aaaaccgatg
gtgaagtcat
aaatgaaaac
tttgtaatta
caaaccaaac
atcgctgagg

agataagatt
cggccaagtt
gtttgcgtac
cecctagtatt
ttitttgcyy
tgaaagcata
catgttagtg
atatttaatg
cagaggtcac
atttgcattce
accaaaacta
tcgacggtag
tratgcetttt
tcocgegtca
tccgacaaat
atttegtett
atgacgcgcg
cgttcaataa
agcgcgtttg
tccteccgLt
tettctaaaa
tgaatcacgc
cttttcacga
ttgtatttat
ttagcgacgt
ttgaacgtat
gtgtgtcgat
aataattaaa
cgccggtetc
aagccaatag
ataaatagtt
tcgttgacgc
gtgccgeacg
gccteccaagt
tctatcgtad
tcattgcgat
aaatcgcegea
gtcaagcgca
aactttatcc
gcatctcaac
aacgtgcacg
agcgatgaca
attaccgagt
tcagoaccge
tccgctcatt
ttttattgat
caaaatttcc
taaaaattcc
aggaaagaaa
aaaaatatty
gtttatacta
tttaatcaag
gcatctttta
tgtcgacaag
ttgaataata
gcaacaagaa
taatatttaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
260

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
24560
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420



cgtaaggaga aaataccgca tcaggcgcca ttcgccattc aggctgcgea actgttggga 10260 agggcegatcg gtgcgggect
cttcgetatt acgccagetg gcgaaagggg gatgtgetge 10320 aaggcgatta agttgggtaa cagtgec cgecagggtt

ttcccagtca cgacgttgta 10387 aaacgacggc 10380 <210>9

circovirus

aatcatittc
tagacgcectt
aattaacata
tgtcataaat
tgtaatttac
aatttatata
acgcagetic
ccaaaatgtt
ctgcgageag
atcacaaact
gataaccatc
aaacctataa
cageggeege
gacaccgecc
cecegecaccey
cctteggata
tgagatttaa
cctttgaata
cccagggtga
aggccacage
aacccttcte
attacticca
atgtggacca
atatccgtgt
aaccctaaga
ggtacccgyg
atccgtaatg
tacagggaaa
gtgatggatg
ttcectggecc
atcgtcgagc
gocggegoct
atcgatcgtg
gcigaagagg
ccagacgeac
atttattaag
aataattcat
tcagecgtett
cgattagrtt
tcgetcaacy
gttigtotit
ttictttcat
tggacatatt
ccecrogtegt
attgtgtcgg
gattgcggyc
acgttagaaa
ggcggtggty
gagaggcggag
ttaggcaaca
accggtctga
tcgtctaaag
gacatcgatg
4ygcogcagly
accggcgcag
ggtggtggea
gtaatttcgce
ttgtaaagag
cagcattgta
aaacgtcgtt
tgtcgtaaat
gatgcgeatc
tacgattcgt
actocaaaaa
ttttatcgca
ttaacgctga
tctatittaa
ccgatttatt
ttattagaca

aaatgatica
gtcgtectict
gttattatcg
atatatgtct
aacagtgcta
atcaatgaat
ttctagttca
gtacgaaccy
ttgtttgttg
ggaaatgtct
tcgcaaataa
atattccgga
gggaatticga
ccgcagecat
ctaccgttyg
tactgtcaag
tattgacgac
ctacagaata
taggggagrg
cctaacctat
ctaccactec
accaaataac
cgraggectc
aaccatgtat
attctatcac
atcctrtect
ttaaacccga

cttggacecy

ttttcettgt
aacacgctct
cttcatgggt
gcccaataat
tcatctggga
aggaaattct
ctctgttcac
cgctagattc
taaatttata
tatatctgaa
caaacaaggd
ccacaaaact
tgtttigtaa
cactgtegtt
taacatcggg
tagaagttgce
ctaacacgtc
grtttggoc
gcgatggtyc
gagctgatga
gcggaggtag
cagtcggcac
gacgagtgcg
grgcagegag
gtggtogtgg
ccgccggtat
gegeegetgg
attcaatatt
tatcgtttac
attgtctcaa
gtggcgagac
ggcaagcttt
gttgttttty
aattttgtty
catggecacc
cgtcaaaact
caagcccact
cgaaataaaa
tcacggticc
tgaaacacta
gctgtgtgaa
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cagttaattt
tcttegtatt
tatccatata
tttttaatgg
ttrictgota
ttgggatcgt
attacaccat
ttaaacaaaa
ttaaaaataa
atcaatatat
ataagtattt
ttattcatac
tccgecatga
cttggocaga
agaaggaaaa
gctaccacag
tttgttecec
agaaaggtta
ggctccactg
gacccatatg
cgttacttca
aaaaggaatc
ggcactgcgt
gtacaattca
tagtgaattc
gggaccegge
cacgatgaag
cttcatggaa
tgtcaacatg
gcgttgegac
gggcageaac
gaacctrrcac
gaacttctac
ccttgaagtt
tggtcegycey
tgtgcgttgt
atctttaggg
tttaaatatt
ttgtttttec
tgccaaatct
taaaggttcg
agtgtacaat
cgtgttagct
ttccgaagac
cgcgaticaaa
gggtttcaar
aggcggtgge
taaatctacc
tggcggtgat
Ctcaactatt
attrttttcg
ttgaggttcc
tggtggaggc
aatttgtict
ctgcacaacg
ataattggaa
cgtgccgata
gctcgeogea
acttcgecrgt
aaaatattta
ataatttgcg
ttcctattat
acaaatgcta
cggtataaaa
agcazatigt
grtcaccagt
atcaacaacc
caaattaaag
gcgctcaacyg

gcgacaatat
ccttctecttt
tgtatctatc
ggtgtatagt
grticticgga
cggttttgta
tttttagcag
acagttcacc
cagccattgt
agtigctgat
tactgttttc
cgtcccacca
cgtatccaag
tcetecgeeg
atggcatctt
tcacaacgcc
€g4g4gagg949g
aggttgaatt
ctgttattct
taaactactc
cacccaaacc
agctttggct
tcgaaaacag
gagaatttaa
gcggecgoecy
aagaaccaaa
cttgtcgttg
gacagcttcc
cgtcccacta
ccecgactatg
aacgagtacg
tctgagtaca
aagcecateg
tccetggtagt
tattaaaaca
tgatttacag
tggtatgtta
aaatcctcaa
gaaccgatgy
tgtagcagea
acgicgttca
tgactcgacyg
ttattaggcc
gattttgceca
tttgtagttyg
ctaactgtgc
aacatttcayg
atcggtggag
gcagacggcg
grtactggttt
titctaatag
gtcggcattyg
gctggaatgt
ggtttagttt
gaaggtecgtc
tacaaatcgt
tttaacaacc
cgcegataac
cgtcgacgta
aaagaacatc
cticcgeagt
tgaataaata
cgctgcaaac
taatcaacgg
atttgcagaa
taatgagcga
aagtgatcgt
gcgagetttc
atttgcacaa
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aattttattt
ttcatttitc
gtatagagta
accgctgege
gtgtgttgct
caatatgttg
caccggatta
tcccttttct
aatgagacge
atcatggaga
gtaacagttt
t<gggcacag
gaggcgttac
ccgececctyg
caacacccge
ctcetgggcyg
gaccaacaaa
ctggccctge
agatgataac
ctcecegecat
tgttcttgac
gaggctacaa
taaatacgac
tcttaaagac
gcegetecag
aactcactct
gatggaaagg
ccattgttaa
gacccaaccg
tacctcatga
gcatcagect
ccaactcgrt
tttacatcgg
tcaaagtaaa
cgatacattg
acaattgttg
gagcgaaaat
tagatttgta
ctggactatc
atctagcttt
aaatattatg
taaacacgtt
gattatcgtc
tagccacacy
agctttttog
ccgattttaa
acggcaaatc
gcgcaggeog
gtttaggctc
cgggcgecgt
cttccaacaa
gtggagcgog
taggcacggg
gttcgcgcac
tgcttcgagg
aaaaatctge
gctcaatgta
aagccttrtte
catgtatgct
tctgttcage
atcgacacgt
agattgtaca
gctggtacaa
gcgetttggc
aacaatttcg
ccacccaaat
gatggactac
gtaccaacty
gcacaatttc

<211>20

tcacataaac
tcctcataaa
aattttttgt
atagtttttc
ttaattatta
ccggcatagt
acataacttt
atactattgt
acaaactaat
taattaaaat
tgtaataaaa
atcagatctg
cgragaagaa
ctcgtccacce
ctcteeegea
gtggacatga
atctctatac
tcceecatea
tttgtaacaa
acaatcccce
tccactatty
acctctagaa
caggactaca
cccccacttg
aattctagaa
cttcaaggaa
aaaagagttc
cgaccaagaa
ttgttacaaa
cgtgattagg
ggctaagaag
cgaacagtic
taccgactct
ggagtttgca
ttattagtac
tacgtatttt
Caaatgattt
aaataggttt
taatggattt
gtcgatattc
cgertttgta
aaataaagcet
gtcgtcccaa
acgcctatta
aattatttct
ttcagacaac
tactaatgge
goctggegge
aaatgtctet
ttttggttta
ttgttgtcty
cggcaattca
agaaggrtgor
gattgtyooc
cagegettygg
tataagcatt
agcaattgta
atttttacta
ttgttgtcaa
accactdgtgt
tCaazaaatt
gattcatatc
ttttacgaaa
aaaatatcta
gcgcacaatt
tttataaaaa
attgactgtc
gttagcaata
atacacaacg

<212>PRT

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5840
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560

<213>Porcine



<400>9

ser Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His His Pro Pro Ser 151015 His Leu Gly Gin

20 <210> 10 <211> 19 <212> PRT <213> Porcine circovirus PhoenixTemp31156.tmp.txt <400> 10
Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly lle Phe Asn Thr 151015 Thr Leu Ser <210> 11
<211> 233 <212> Pm- <213> Artificial <220> <223> This is an amino acid sequence for porcine
circovirus type 2, open reading frame 2. <400> 11 Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg
0 Trp Leu val His Pro 202530 Arg

é&};ﬂ; y%@@} Apélghr Phe Gly Tyr Thr

His Arg

Prg

His Argam

Val LysAS0BRR TR 98] AR T
val 65732658 o

att
atgagtgagc
cctgregtge
tggogcgetct
agcggtatca
aggaaagaac
gctggegttt
tcagaggtag
cctegtgege
ttecgggaagce
cgttcgctcc
atccggtaac
agccactgot
gtggtggect
gccagttacc
tagcggtggt
agatccttty
gattttogtc
aagttttaaa
aatcagtgag
ccccgtegtg
gataccgcga
aagggccgag
ttgccgggaa
tgctacagge
ccaacgatca
cggtcectecg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcrcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tcceccgaaaa
aaataggcgr
ctgacacatg
acaagcccgt
ggcatcagag
cgtaaggaga
agggcgatcg
aaggcgatta
cagtgcc

<210>
<211>
<212>
<213>

9
20
PRT

<400> 9

51015 ser H|

Ry 3!@38% At

@SW@r@%ﬂ TeptAlaodsk

ccacacaaca
taactcacat
cagctgcatt
tcecgettect
gctcactcaa
atgtgagcaa
titccatagge
cgaaacccga
tctcotgttc
gtgacgcttt
aagctygggyct
tatcgtettyg
aacaggatta
aactacggcet
ttcggaaaaa
ttttttgttt
atctttteta
atgagattat
tctaatctaaa
gcacctatct
tagataacta
gacccacgat
cgragaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctrta
aagtcatict
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttecttt
atatttgaat
gtaccacctyg
atcacgaggc
cagcteccecay
cagggcgegt
cagattgtac
aaataccgca
gtgcgggect
agttgggtaa

u

aatcatggtc
tacgagccgy
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagea
tcegeecece
caggactata
cgaccctgec
ctcatagctc
gtgtgcacga
agtccaacce
gcagagcgag
acactagaag
gagrtggtag
gcaagcagea
cggggtctga
caaaaaggat
gtatatatga
cagcgatcty
cgatacggga
caccggcetee
gtcctgcaac
gtagttcgec
cacgctegte
catgatcccec
gaagtaagtt
ctgtcatgec
gagaatagtg
cgccacatag
fcrcaaggat
gatcttcage
atgccgcaaa
ttCaatatta
gtatttagaa
acgtctaaga
ccrtricgtct
agacggtcac
cagcgggtgr
tgagagtgca
tcaggoegeca
cttcgetatt
cgecagggtt

Porcine CTFCOVTVUS

gilenigi A

atagctgrtt
aagcataaag
gcgctcactg
ccaacgegeg
ctegetgcgce
acggttatec
aaaggecagg
tgacgageat
aagataccag
gcttaccgga
acgctgtagg
acceceecgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatce
gattacgcgce
cgctcagligg
cttcacctag
gtaaacttgg
tctatttegt
gggcttacca
agatttatca
tttatccygce
agttaatagt
gtttggtatg
catgttgtgc
gaccgcagtyg
atccgtaaga
tatgcggega
cagaacttta
cttaccgcety
atcitttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgcgegtttc
agertgtetg
tggcgggtyt
ccatatgcgg
ttcgecattc
acgccagetg
ttcccagtca

Ser Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg
i 5 10 15

His Leu Giy GlIn
20

<210>
<211>
<212
<Z213>

10
19
PRT

Porcine circovirus

Page ©

TR o

cctgigt

tgtaaagcct
cecogetetece
gggagaggcg
tcggtegttc
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgtticccc
tacctgtecg
tatctcagtt
cagcccgace
gacttatcgc
ggtgctacag
ggtatctgcy
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagrt
tcatccatag
tetggcccecca
gcaataaacc
tccatcecagt
ttgcgcaacg
gcttcatteca
aaaaaagcdg
ttatcactca
tgottttcte
ccgagttget
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagogtt
atagaggtrtc
atcatgacat
ggtgatgacg
taagcggatg
€ggggctggac
tgtgaaatac
aggctgcgea
gcgaaagggg
cgacgttgta

10387

MQEM@BN@Z

a attgttatcc
gggdtgccta
agtcgggaaa
gtttgcgtat
ggcrgeggeg
gggataacgce
aggccgegtt
gacgctcaag
ctogaagctc
ccrttectece
cggtgraggt
gctgcgectt
cactggcayc
agttcttgaa
ctctgetgaa
ccaccgetgy
gatctcaaga
cacgttaagg
attaaaaatg
accaatgcett
ttgcctgact
gtgctgcaat
agccagccgg
ctattaattg
ttgttgccat
gcrecegarc
ttagctcctt
tggttatgge
tgactggtga
cttgeecyge
tcattggaaa
gttcgatgta
tttctgggto
ggaaatgttg
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggageag
ttaactatge
cgcacagatg
actgttggga
gatgtgctge
aaacgacggc

His His Pro Pro Sser

PH&4sn lle Asp Asp Phe
7800

7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
59780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380



Pro Pro Gly Gly Gly Thr Asn Lys lle Ser lle Pro Phe Glu Tyr Tyr 859095 Arg lle Lys Lys Val Lys Val
Glu Phe Trp Pro Cys Ser Pro lle Thr 100105110 Gin Gly Asp Arg Gly Val Gly Ser Thr Ala Val lle Leu
Asp Asp Asn 115120125 Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr val Asn Tyr 130135140
ser Ser Arg His Thr lle Pro Gin Pro Phe ser Tyr HiS Ser Arg Tyr 145150155160 Phe Thr Pro Lys Pro
Val Leu Asp Ser Thr lle Asp Tyr Phe Gin Pro 165170175 Asn Asn Lys Arg Asn Gin Leu Trp Leu Arg
Leu Gin Thr Ser Arg Asn 180185190 VAR IS AP &Y Pel?Ely Thr Ala Phe Glu Asn ser lle Tyr Asp
1952006205-GintAsp Tyr Asn lle Arg Val Thr Met Tyr Val Gin Phe Arg Glu Phe 210215220 Asn Leu Lys

Asp Prgr%rgrj'ge%lﬂgﬁgr(})%zgggopig Arg Arg Lyslésn Gly Ile Phe Asn Thr

Thr Leu Ser

<210> 11

<211> 233

<212> PRT

<213> Artificial

<220>

<223> This is an amino acid sequence for porcine circovirus type 2,
open reading frame 2.

<400> 11

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
1 5 10 15
Ser His Leu Gly Gin Iie Leu Arg Arg Arg Pro Trp Leu val His Pro
20 25 30
Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg
_ 35 40 45
Leusger Arg Thr ng Gly Tyr ThrﬁgaW Lys Ala Thr Thr val Arg Thr

pro Ser Trp Ala val Asp Met Met Arg Phe Asn Ile Asp Asp Phe val
65 70 75 80
pro Pro Gly Gty Gly Thr Asn Lys Ile Ser Ile Pro Phe &lu Tyr Tyr
85 a0 95
Arg Ile Lys Lys val Lys val Glu Phe Trp Pro Cys Ser Pro ITe Thr
100 105 110

GIn Gly Asp arg Gly val Gly Ser Thr Ala val Ile Leu Asp Asp Ash
115 120 125

Phe val Thr Lyé ATa Thr Ala Leu Thr Tyr Asp Pro Tyr val Asn Tyr
130 140

Ser Ser Arg His Thr Ile Pro GIn Pro Phe Ser Tyr His Ser Arg Tyr

145 150 155 160

Phe Thr Pro Lys Pro val Leu Asp Ser Thr Ile Asp Tyr phe Gin Pro
165 170 175

Asn Asn Lys Arg Asn Gln Leu Trp Leu Arg Leu GlIn 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 I%te Arg Val Thr Met Tyr val G1n Phe Arg Glu Phe
210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro
225 230
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