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USE GF A POV IMMUNOGENIC COMPOSITION FOR LESSENING CLINICAL
SYMPTOMS IN #GS

SEQUENCE LISTING
This appHcation comtains & seqoence listing in paper format and in computer veadable

format, the teachings and content of which are hereby incomporated by refosence.

BACKGROUND OF THE INVENTION

Fiedd of the Investion

The prosent fnvention melates o the uss of an imnogenic sompogition compriniag 4
porcine circovires type 2 (PCVD) antigen for treatment of several clinical manifestations
{hiscases). Preferably, those clinical manifestations are associated with a PCV2 jnfection.
More prticudarly, the presont fnvention is concemed with sn imemunological somposition
effevtive for providing an immune response that reduces, or lessens the severity, of the
plinicgl svmpioms associsted with POVZ infection.  Preferably, the imenmaclogical
composition comprises 8 recombinantly produced antigen of PCV2. More preferably, the
PCY2 aniigen ix g recombinantly produeced prowin encoded by ome of the open reading
frames {ORFs) in the PCV2 genome, Still more preferably, the antigen i PCV2 ORF2
protein.  Most paviicidmly, the prosent inveniion i concerned with o immunoclogical
compoxition effectis for teatment of clinival xypotioms assosiated with POVE infeotions in
swine recobving the innmaciogical comaposition, and wherin the composiiion comprises the
profein oxpressed by ORF2 of PUV2. Another aspect of (ko preserd fuvention. is the vee of
any of the compostions provided herewith as o medicuvent, preferably a5 a vetovingy
medicament, even more proferbly ag a vaccine. Moreover, the present invention alse relates

to the use of any of the compositions descrilied hereln, for the preparation of 2 medicament
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for re&ucing or lessoning the severity of clinical svptoms associated with POV infection.
Preferably, the madicamwt is for the prevention of & POV infeciion, even more preferably
in swine. & further aspect of the present rvendion relates 10 a process for the producting of &
medicament, comprising 30 Immuaogenic composition of PCV2 for the freatment of several

o) cliniond manilesistions.

Descripsion of the Prior Ast
Porcing ciecovites type 2 (PCV2Y is g small {17 -22 wm dn dismeicry, icozghedial,
non-enveloped INA vives, which coniains a single-stranded ciroudar genome. PUV2 shares
10 “approximately 80% soquence idontity with porcing clvconvinyy tvpe 1 (PCVI). However, in
covdrast with BOVE, which is geserally nonvirslent, swine infeoted with POV exhibit a
syndrome  commonly refened 0 ss ?.’os:tqfeéaning Multisystomic Wasting  Syndvome
(PMWS). PMWS is clinically charactorized by wasting, paleness of the skin, unthriftiness,
respirgtory distvess, diasrhes, icterns, and jaundice. In some alfected swine, & combination of
i3 all symiptoms will be apparent while other sffooied swine will coly fuve one o two of these
syapioms.  Daring nocropsy, mivroscopic and macroscopic losions alse appeny on mahiple
tissies and organs, with ymphoid organs being the wost common site for lesions. A sirong
comslation bag been obeerved betwesn the amownt of BCV2 nucleic acid or antigen and the
severity of micrescopic rmphoid fesions, Mortallly retes for swine infcted with PCV2 aam
2 approach 80%. In aai:ii_iim o PMWS, POVZ bas beon associaled with several other
miections Including psegdorabics, porcine reprodecive and respiratory syndrome (PERS),
CGlasser’s disease, strepiococeal menipgitis, salmonellosts, postweaning  colibacillosis,
digietic hepatosis, and suppusative bronchomesmonis, However, rescarch thas far hag not

confirmed whether anv of these olindcal svapioms are i faot, the divest resuli of 8 PCV2
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mifection.  Moreover, il is not yet known whether any of these clinical vsympioms cam be
elfactively reduced or cired by an aclive agont directed agningt POV,
Currerd spproaches o ireat PCV2 infections include DNA-based vaceives, such as

those described in U.S, Patent No. 6703023, Howewer, such vaccines have been

meffective at conferring protective jmmumity againgt PCV2 infecion or reducing, lessening

the severily of, or curing any clitical symploms associsied therewith,  Moreover, veccines

dusorfbed in the prior ant were fooussd solely o the prevention of PCV?2 infections in swing,

but did not consider say furiher madical use.

Accordingly, what i needed: in the &t is an immwrogenic composition for the

- freatment of stversl olinical maniﬁasm&bp& Forther, sehat & mcded in the art is an

immenological composision wirich. confers protective izn;iiuriity against POV2 infection but
which can also be used Yo treat éxisting chnical semptonss associsted with POV2 nfeotion,

SUMMARY

in a first aspect, there Is provided the use of a porcine circovirus type 2 antigen for the
preparation of a single—dosé r,ﬁed_icament for reducing or lessening the severity of clinical
symptoms associated with PCV?2 infection, lessening the overall porcine circovirus load of
ah animal, é,ndior reducing the im'rnundsupp‘ressiyve effect of porcine circovirus infaction in
pigs, wherein sa'id porcine circovirus type 2 antigen is a recombinant PCV2 ORF2 protein,

and wherein said medicament is administered to a pig in only a single dose.

in a second aspect, there is provided the use of a porcine circovirus type 2 anfigen for the
preparation of a single-dose medicament for ' improving the level of general disease
resistance of pigs‘ wherein said porcine circovirus type 2 anfigen is a recombinant PCV2

ORF2 protein, and wherein said medicament is administered to a pig in a single dose.
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DISCLOSURE OF THE INVENTION
The present invention mresrcarﬁes the problems inixm"mxz in the priot art and provides 2
digtinct advance in the swie of fie art The present ibvertion provides a medicingl uge(s) of
imnxéﬁogenic contposition(s} campnsmg POVZ antigen. |
In genesal no adverse evenfy m'. fnjection sirté reactions wérs noted for avy of the
PCY2 antigen inEMUMOpenic c(mmasitimsv as used heroin,  This, the imnumogenic

compositions used herein appear to be safe when administered to young pigs, preferably

. pigs not older than _15'weeks of age, more praferabiy not older fhan 6 wesks of age, even

more ‘preﬁaraibiy. not oider than 3 wesks, most preferably not older than 2 weeks.
Ahernatively, it is preferred ihat the administration of the immunogenic conypositiois of the
prosent ir_wexz&bn ooear within ot feast 2 and proferably within at least 3 weeks of SRPOSULS {0

#‘imlmt PCV. According 10 s further embodiment, the immunogenic compositions used

3a
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herein for any medicinal use described herein, is adminstered o pigs of 3 weeks of age ar
older, proferabily oi‘ 2 weeks of age or older, most preferably but not older than 35 wedks of -
| age.

Unexpectedly, i was fourd that the therapautic use of the innnunogenic sompositions

desctibed below, is effective for lessening the severity of varions clnical symptoms in swing.

LA

In partioudar, it was discovered that the therapeitic use of the immunogenic compositions of

the‘pmseﬁt invention, and specifically compositons comprising PCV2 ORFI ardigen, is

éﬁae{iw for reducing dr llessc:aing ivmphadenopathy, lymphoid dephdion andior

mubttinucicated/giant histiovstes in swine infected with .!?C.V?,‘ Moreover, the therapentic use
kb khaf‘au éﬂﬁgﬁﬁic compusition, s provided herewith, and thet compriscs POVZ antigen,

~ preferably ORF2 antigen, mduécs the m:eraﬂ clreovirus Toad and its IMBEOsIppIestive
impust, thoreby resulting in 2 higher fevel of gencral discase rosistance and 8 m&tme:i
incidence of PCV.2 associated diseases and symptoms.

Thus one gspect of the present tnvention relotes fo the use of m hununogenic

P
4

composition comprising POV2 amige;g ;)mfcmﬁijf recombinant POV2 andgen, and sore
preferably POV ORF2 profein as provided berewith, for the pm?amrﬁag of 8 medicament for
the prevention, lessening andfor reduction of 1}:"mpijadﬁ:mpath§, Iympheid depletion andfor
multisuciented/giant histioovtes in swine. Preferably, said medicament is effective for the
‘pzwenﬁoﬁ, fessening andlor reduction gf Irmphadenopathy, iymphoid dépic:t‘:oﬁ sndfor
g multivacliented/giant histioovtes associated with PCV2 infections m oswine.  Soll more
preferably, said medicament s effoctive for the prevention, Tessening and/or reduction of
femphadenopathy, fymphoid depletion and/or multinuclested/giam histiooyies assooiated
with PCV2 infections in pigs, when adminisiered to pigs not older thar 13 'wéﬁks of age,
more preferably not elder ihan 6 weeks of age, even mon pmﬁeraiai:g not o'-.l_dér than 3 waeks,

25 sod most preferably ool older than 2 weeks,  Alemsiively, ¥ 5 prferred that the
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adnrinisiration of fhe hmmunogenic compositions of the prosent invention ocowr within &
teast 2 and proferably within at least 3 woeks of exposure 1o virglent PCY,
Another aspect of the present invention relates to & method for the treatment of

iymphadenopathy, Iymphoid- depletion amWor multimecleated/giamt histiooytes in gwing,

s

'cc;fmpfising the adminisiration of an immanogenic composition as pmuded hexgwiﬁzb ©a
pig, said immunogenic composition cotprising a POV anigen. pmfémiﬂy A vecombinant
POV alﬂigm and worepreferably PCV2 Om,‘pmtcin. in ya{anoﬁmr aspest, the present
iamméim provides & method far: {im’txezimem of Gmpﬁaﬁmoyaihy-q bemphoid d&:pleticml
| andfor ﬁaiﬁuncieatcdfgiant histicevies assocdated with. 8 POV2 infoction o swing,
10 pomptising {w sdministration of an lnsaunogenic composition as provided herewith, o &
bpigv, said immazmgmzéc'cmpﬁsiéaﬁ comprising a PUV2 qm‘ziigenf preferalidy a recomhiﬁam
PUVZ antigen and more proferably PCVl; ORF2 protein. Proforably, said treatment results in
the le#sening, reduction, prevention, and/or cure of the 1ymphadﬁm§a§1§f, }}’mg}mié
depletion andior multinucleated/glant histiocyics in Rwine rcooiving said ihmmsxégsxzs’c
i3 composition. According 1 a further aspect, said methods fnr‘ treatment finther comprise the
sdminisration of said nmEmogenic m&p@sﬁﬁm © pige not alder than 15 weeks of age,
mene prefersbiy not alder than 6 weeks of age, even more prefesably not older fhan 3 weaeks,
1 and most preforably not older than 2 weeks.  Allernatively, 3 zs preferned that the
adhministration of the immunogenic compasitions of the preserd fnvention oeowr within st
i jpast E‘ami prefermbly within at ast 3 weeks of expossre o vingdent P;f:‘é’. |
& was Bether discovered that the therapeutic nse of an munogenic composiion
vomprising PCV2 antigen, proforably 2 recomingnt PCV2 antigen, and most prefereably
vPC‘;?Z ORFZ profein, as provided horewith, cun reduce or lessen lymphadenopathy in
combination with one or & multiple of ﬁm following sympices in affeciad swine: (O

23 interstitial preumonts with inteclobidar edema, (2) cutancous paline or icteres, 3) mottied
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atrophic vers, (4) gasivic wicess, () nephwitis snd {6 reproductive disorders, o.g. abortion,
sti¥fbirths, mymaies, sfc.
Thes one aspect of the present bneention relates 1o the wse of an hnmmmogenic

sorposition comprising PCVI antigen, preferably & recombimant POVZ antigen and mor:

A

prefesably, PCV2 ORF2 protein as provided herewith, for the preparation of 2 medicament

for the prevention. joskening awdior reduction of fymphadenopathy in sombination with one

ora mzxiti;:;]c of the following symptoms i pigs: (13 mtersiitial poeypnonia with ﬁxmrloh:ﬂar

adama, () cuiaﬁaouspaiicr oy icterus, (3) m;::izlr:d atrophic fvers, (4 gastric eloats, (5)

nephritis and (6')- reproductive é;sorders, e.g.  abortion, siilibicths, maunymics, ot in pigs.

10 Proforably. said medicansent is offective for the provention, lessening at}dt’m‘ reduction of

§§-:‘nphadémpézhy in combination with ‘oﬁe of 4 mxxitipl& of the ibﬂm’sfmg‘ mmptcsms

sssociabed ﬁ-‘itﬁ POV infection in pigs: {1} interstitial gecmmonia with inferdobular edoma,

{2} cutaneons g@ior o icterns, (3) me}:tk:ti atraphic livers, (£) gasivic uicéré . {58 mﬁkriﬁs

and (6) seproductive disorders. o.g. aimrtimﬁ stilloirths, mummies, ef¢.  According fo 8

5 further aspect, seid medicament is effective for the prévaaﬁien, lessening sndéor reduction of

hrmophadenopathy iy combination with one ar ¢ multiple of the following s‘:ympmhxs it pigs:

(D) interstival preumonta with miedobular edéna, (2} culancous patlor or icteras, (3) motded

afrophic ii&m,{%} gasiric nleers | {3) nephritis aud (6) reproductive disorders, e.g. abortion,

sti?ibirths, IRIMNNES, et in pigs, when administered 1o pigs not {ﬁ_éer than 15 weeks of age,

2 more preferably not older dran & weeks of age, even more pmfembff not older than 3 weeks,

and most profenbly ot older than 2 wesky .&im:aiis>ei§'ﬁ it s preferred fhat ihe

admimstration of the immunogenic compositions of iim‘pmsent invention ocomr within at
least 2 apd preforably within at least 3 weeks of expcsz:re; 1o virulent PCV..

Moreover, the presert invention also weletes to & mothod for the tscasment-ef

25 Iymphadenopathy in combination with one or 3 muliiple of the following symptoms in pigs;
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£13 interatitial preumntis with snmri&bni&r cx.ieims* €2y eltancons pa}inr of icteras, (3} mottled
atrophic livers, (3 gastric a}mrs {5} ne;}hrxm and {Qs} rc,proaiucme disorders, e abomem_
stiffbirths, mummies, oc., said method comprising the adminisiration of an immunogenic

compusition comprising PCV2 antigen, preforably o recombinant PCVZ antigen, and more

LAy

preforably PCV? ORFE2 protein as ;ﬁcwided herewith, Preferably, the present mvention also
relates in x method for the treatment of hvmphadsnopathy m combination with one or &
mdtiple of the fanawing Svimoms z;ssocigiaci with PCV2 infestion in pigs: (1) interstitial
premnonia with iﬁisrlo'ﬁuiéi‘ sdema, {2} cutanscus palior 01." icterus, {3) ‘mmticd arophic
Tvers, (4) gastric wlosws, (53 mphritis: and {6} weprodpctive disorders, .. abortion, siiibirths,
10 itwnmznim e, said method comprising the adminisiration of an Bnmunogeric composition
cmnprisingf’{f\fz antigen, profercably recmixfbinmzt PCV2 am:igan and more preferably
POV ORFZ protein, a3 pré*ﬁidz:d hegasvith, o a pié. Praferably, said treatmsent rosidts in the
lessening or redoction of the Irymvpimdﬂnnpath}x and one or mhitipie of fhe Following
symptoms associated  with PCVZ infecticm. in pigss (1) iwforstitial preumonia with

: meﬁcbuiar odemg, {”} cutaneous patlor of iowerus, (3 motiled zzzmp}m §u ars, () gastric

Joad
A

ulcm {‘3) nephrms and (&) repméucm'e disorders, ¢.8. abortion, mﬁibzﬁhs mwnmm o,
According 1o a further aspect, said methods for freatment ﬁmher com;xrz% aémm!mmn of

the immunogenic cmnpesmcm comprising PCV2 &msgen pm"cmbk recombinam PCVZ

antigen mul more prc—:ﬁ.mhiy POY2 ORE2 pm;‘em, as provided horein, o pigs not older than

20 15 weaks of age, more preferably not older than 6 weeks of agse, even MOR pmf&rahi_y nel

older than 3 weeks, and mogt preferzbly not older thar 2 weeks, Alernatively, it is preferred

that the sdminigration of the imuunogenic compositions 5’5‘ the presest invention oosar

- within 2t Jeast 2 and preferably within ai leasi 3 weeks of exposuse (o vindent POV, .
I was algso unexpectedly found i the therspeatic use of ar immum}gmio

23 somppsision compriging POV satigen, preferably recombinamt POVZ watipen and mors
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praferably PCV2 ORFI protein as provided herewith, can also seduce or lessen Pia ke
tesions, rormally known to be associaied with Lawsonia m&ag;gﬁularés infections (Tewtis).
Thus e aspect of the present fnvention relales fo the wse of an immunopenic

vompusition comprising POVZ antigen, preferably recombinont PCVE antigen and more

L

preferably PCY2 ORF2 protein as prmdéﬁd herewith, for the preparation of a medicament for
the prevention, Iessoning tﬁé severity of and/or reduction of Fia fke kedons, sommally known
10 be associated with Lawsonia intraceHularis infeotions iﬁ_ swing, According to 3 feiher
aspect, sadd medicament iy effective ft;r fhe _;:xmfemion, lessening of (e severity of -éndfcsr
reduction of Pis like lesions, nomally imgsm 1o be associnfed with Lawsonds intraceHalaris
in infections, when sdministered to> pigs ot %)idc:r than 15 weeks of gge, mowe preferably BOL
older than 6 weeks nf age, even more preferably not older than 3 weeks, andﬁmt ﬁmfemiﬂ.y
vot older than 2 weeks.  Altemmatively, it s preferred that the sdministration of the
immunogenic compositions of the present. invention ocpur within at least 2 and 1}»3{(3;::5b?y~

within it least 3 weeks of sxposuss to viruleat PCV,

foy
24

Maoteover, the prosesy. fveion. atso relates 1o & mathod for the seatment of Ma fike
legions, mornially knoven to be associated with Lés;mm’a inwacelhdaris nfections, said
wethod comprising  the a&mﬁﬁsﬁaﬁm of an emunogenic composition comprising PCV2
antigen, preforably mcomhi—:m:mt POVZ zmtégen and more peeforably PC%J:Z DR¥E2 grotein a#
provided »iwraiﬁ, 1o a pig. Preforably, said trogtment resulzs sxz the fossening or &_zcizzotion of
(] fhe Pia iifie esions, xzézmz:liy ‘kiown to be associated wi{h Lawsonia iruxacéﬂuiazis
infoctions. Acconding fo & further aspect, fhe methods for treatmient described above further
comprise the sdmiistration of the immmmogenic composition comprising PCV2 antigen,
preferably resombiant ?C’V‘_i andigen. and more praferably PCV2 ORF2 protein as provided

beredn, 10 pigs not older than 15 weeks of age, more proferably nol older than 6 weeks of age,

&~
T

syeg more preferably not older thag 3 weeks, and most preferably ot older han 2 weoks.
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Alternativele, # & preferred that the administyation of the Impunogenic compositions of the
prosent invention ocour within at least 2 and preferably within at Joast 3 woeks of exposure to

vivulent POV,

The immaogenic composition

A

The immamogenic coraposition as used hefein is Veffe’trti% for inducing an inumuns
iasmﬁsc against PCV2 and preventing, redecing and/or Rossening the severity- of the cliniesl
SyrEploms as‘_smciazeﬂ w‘rﬁa PCV2 infection. The composition generally comprisss &t leastone
ﬁCVE ansiger,

0 _ Uinless defined othcﬁ-‘i’sc, all technical snd scientific terms used hercin have the same
mcanings ag commonly un&jcmmd by one of oxdingry skill in the aet fo which this invention

“ “bolonps. The temm “isemgnoponic cmnposiﬁon’g as uset! hevein refers to any pharmaccutical

© composition contsiaing a PCV2 antigen, whick composition can be nsed to provent oy treat 2

PCV?2 infection-asyociated disease of condition in g sebject. A preforred inmumogenic

Yk
s

compo&;i‘timx can induce, stimulate or enlance the imomne rg&;imzm sgamnst PCV2, The term
thus mxcomimsséx Ubﬁﬁz subuit immmtgagenic compositions, ay desoribed below, as well a5
composttions confainiag whole killed, cr- attenvated andos izz‘a.cxivated POVZ,

The term "subunit ir%smumgmic composition” as used herein refers 16 a composition _
containing ar least one ﬁzmmmge’nic poivpeptide or dutigen, Dyt not all antigens, derfved
el from or h@m&lﬂg&ﬁg 'ﬁp an antigen from POV2. Such & composition i sebstaniially free of
ftact PCVZ. Thus, a “sibunit ImpunOgenis composition” is prepared from at least partially
purified or fractionated {;zrefembiy substantiafly purificd) issmmogenic paifpeptides from
BCVL, or recombinant anatous thereof. A sabuniifimmum‘)g&mc composition caftt comprise’

the subunit antigen or antigens of interest subsiantiafly free of other anigens or polypeptides
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fom POVE, or in fractonoted from. A preferred mmmumogenic sebunfl composition
comprises the PCV2 ORF2 protein as déscribed below.
An “tmmanological or immunc rosponse” {o @ composition of vaccine is the

development I the host of a cethidar and/ or antibody-mediated immune respotise &y the

A

cotuposition m*bmccims of inrerest. Usually, an "immume responss” inchsdes but is nod
thmited 1o one or mare of the followiag eﬂr’eét@: the production of activation of antibodies, B
solis, helper T cells, supprassor T oells, aaéﬁmicywmxia T cells amdfor v T cells, directed
specifically 10 an %x‘ﬂig@. .or.anéigehs meluded i the aazztﬁaarsiti@n or vaccine of interest
Preferably, the host -Wiﬁ display cither a therspeutic or pm@cﬁm immemological response
i0 such that ms&smm 0 ey infeation will be enhsnced meo: the clinical severity, of the
disense éduceé’. Such profcction will be d@zonsimi&é by cither a reduction in ﬁ!i;fﬁbéi‘ of |
. :;z’cverity of, m‘ fack of one or move of the sympfoms associnted with POVE infestions ss
described above, - |

-+ The terms "imomnogenic” protein or polvpeptide or “aatigen” 85 vsed berein refer 1o

}M .
4

an amino acid seqguence which chicits an mmmogim TESPONSE as dw:rmcd dbove. An
“Brmurogenic” protein oF polypeptide, as used herein, inchdes the fdbloagth seqeenee of
any POV proisins, analogs thereof, or immwmogenic fragments thereof. The term
“rwunogenic Fagment® refers m a Fapment of & protein xsﬁziﬁh includes one o more
epitopes and thus olicits the mummmological response éascfiix& above, Such fragmonts can
24 be idewiified usmg 3#3'>numbar of epiiope mapping technigues, swelf kapwn i the arl. See,
e.g.. Epitope Mapping Frotocols in Methods in Moleculsr Biaiagé, Vol &6 {Glenn E.
Morris, Bd., 1996 Humana Press, Totowa, New Jersey. For example, finsar epitopes may be
determsined by ¢.g.. concazrently sg;miwséiiing farge mlmbérﬁ; of peptides on solid supporis,
the peptides comesponding to portions of the proisin makcz;zh:, and reasting the peptides with

2% autibodics whiks the pepiides are still agiached to the supports. Snch teohmiques e known in

19 -
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'Lh-e art and described W, e, ULS. Patent Ne #.f?ﬁ“&ié‘»?iz Goysen et al, (3984 Proc, Nail
Avad.  Sci. USA BL3998-4002; Gueysen et gl (I986) Moler, -lﬁmunnlq 200709715,
Simstarky, conformaticnal e;}ito;;es arg readily iésnﬁﬁad by de@mni:ai;;g é}:z&iai conformation
of aming aeids such as by, ©.g., x-my crystallography and 2-dimensional suclear magnetic
X | ;aesmma;e. See, a.g., Epifope I;ciapping Protocols, smpi%r;~
Synthetic antigons are also included yviihia. the definition, for example, polyépimpe’s,
ﬁagiking epitoges, and other remmhin&nf or synthotically dosived amligens.  See. s,
Bergimann et ai.‘ {39‘}3) Fur, 1. Iz_mﬁmmi. _ ;,3:273’?~278i; B@rgm&ﬁm et al. (?996}, L
Tnumuncl _15'?:3242—32#9; Subwbicr, A, (1997, Jmmunol. and Cell Biol 75402308,
i (Mﬁ ot al., {1998 126 World AIDS Conference, Gengva, Swiﬁz:_a:&s‘}and, lmne 28-July 3,
1998, | B |
In a preferved embodiment of the present inveition, an ImunEnegenic composition ihét
induces an inmsune response and, more preferably, confers pmtective invmonity 'agﬂainﬁs*tv the

clindoal signs of POV mfection, is provided. The composition. most preferably . comprisss

s
12

the polepeptide, or 8 fragment thereof, expressed by ORFZ of PCVZ, a5 the antigonio
. cbm;:ancnt of the composition, POVE ORF2 'i)N,;& and protein, @ad hamiﬁ for the
" prepantion of the compositions and within fhe processes prt}videdw};aréin. s a highly
conserved domain \‘viﬂxin POVZ isolates and thereby, any PCV2 ORF2 would be effective as
the somce of the POV ORF2 DNA and/or polspoptids as weed herain, A ;)mfar_ﬁ:é POVD
2 ORFE2 prolein is that of B8Q 1D NQ. 11 A preferred POV ORFE2 polvpeptide i3 provided
Berein ag SEQ ID NO. 5 bug @t is woderstood b}" ihose of skilf b the art that this sequence
vould ‘%’aﬁ by os much as 6-10% in sequence homology and still retain the amipenic
z;hamcterimics fat render it useful 'immu:mgenic compogitions.  The antigenio
charasisristics of an immanological composition can be, for example, csimaied by the

shallenge expm‘ﬁnentés provided by Example 4. Moreover, the antivenic characteristic of &

(3
[

11
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modified amtigen i sgll setained, when the modified antigen confers at least 70%, preferably
BO%, more preferdbly 90% of the profective bomunity as compared o the POV ORF 2
profeis, encodsd by the polynacieotide seqaence of SRQ 1D NO:3 or SEQ I \I{H An

“inmurogenic composition” as used herein, means § POV2 ORF2 profein which cliciis an

CAA

“immunologicat response”™ ﬁmf host of a cellaler andor antibody-mediated immune
'Vrespm’z}m to PV ORF2 protein.  Preferably, this immunegenic composition is capable of
éiichixig or cohancing an bumune rexponse againgt POV thereby confering profective
ixmnmxity_ against ‘\E’CVE i:.x{_'acl:icm. ahzi a rediction i e intidence of ﬁevet_iw of, of

prevention of one or wore, snd preferably all of the clinicat xigny asyociated therowith, |
E34] “In some forms, omzenoginic port?qns~éi‘ PCV2 GR?Z otcin are used a8 the
antigenic compuonend to e ::am;ms&iniz. The term "‘mngnmgei;ic: portion” as used berein
refefs {0 t‘ﬁmgﬂtﬁd and/or substituted forms, or fragﬁmzrt‘s oi; POV ()RFE profein and/or
polymucieotide, respectively.  Preferably, such tuncated andior substimsed forms, or
fxagmeﬁts will comprise al least 6 contiguous ambio scids Hom ﬂ;;é ﬁx%i&mﬁh Q%{Fi
15 paiypeﬁ%{ie. More preferably, the wruncated or substituted forms, or i‘ragﬁmsits will have gt
least 10, more proforably at leagst 15, and still more proferably of leas! 19 contignons smino
8{:%(33 from she full-length ORFP? polvpeptide. Two prefered s_;équ‘ances in fhis sespect are
provided herein as SBG ID NOs. 9 amd 10, } is fiether vnderstood that such sequences may

be & part of lazger fragments or trumcated forms. ' |

S A i‘mhezf prafomred POVI ORFZ polypeptide providéd’hatﬂin i gncoded by the
mucleotide sequences of SEQ ID NO: 3 or SEQ {3 NO» 4. Howewer, it &8 undersiood by
© those of skitl in the art that ihls sequence could vary by as much as 6-20% in sequense
homology and still rewsin ike antigenic characteristivs that render it wseful n im:mngmia

compositions. 1o some forms, a irnncated o substituted form. or Fragment of this PYV(C2

[
LA

CIRF2 polypeptide i used ag the andigenic component in the composition,  Preferably. such

12
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trmcted or subsitiwied forms, or fragments will comprise at least 18 contiguows nucleotides
from the full-dength ORF2 nucleoiide sequence, e.g. of SEQ ID NO: 3 or SEQ ID NO: 4.
More preferably, fhe roncated or sbstitubed forms, or fragments, will hues af least 39, more

preforsbly at loast 45, and still more preforably of loast 37 comtipnons miclotides of the full-

2

Jength ORE2 nucleotide sequence, e, SEQIDNG: 3 or SEQIDNO: 4.
“Seguence Idenisly™ as ';i’: is known in the art rafers 10 2 relationship between two ot
TS palfpepﬁcie sapeeiees Or fwo or more polynuclectide sequences. namely a gefénmcc
seouente and a given sequence o ba m(}mpmd with {he referencs sequence.  Sequencs
identity i deformined by comparing the given ﬁeqﬁeszce 1o the reference segusnce afier fhe
1] sequences have been ap;iamﬂy aligned to produse zii; highest degree of sequence similaﬁtyﬁ
a8 dc‘temvzﬁmd'-by the match between strings of such sequences.  Upon such sHenme,
seguence iderdity g ascérstain?cd. on ¢ position-by-position basiy, o.g., the segnences are
“identical” at & partioniar positicn # at that position, the macleotides or amino acid residues
se identical. The fotal number of such position identities is then divided by the total rumtber
13 of nncleotides or residues in the reference sequence o give % sequence identity. Sequence
i&amity can be readily caloudmied by kroven me{hqu,, inchiding but sor fusited b, those
described in Computationat Molecutar Biotogy, Lesk, & N, ed., Oxford Usiversity Press,
New York (198%), 3i0§0mpuﬁaxg: Informatics and Genome Projects, Smith; DLW, od.,
Acadomic Press, Mew York (1993) Computer Analysis of Scguence Data, Part 1, Griffin,
st AM., and Griffin, H G, eds., Humana Press, New Jersey (1994), Sequunoe Aaadysis in
Molecolar Biology, von Hebwge, G, Academic Press (1987 Sequenne Andlvsis Primer,
Gribskov, M. and Dsw;m_u};, 1., eds., M. Stockion Press, ‘\iaw York {1991}, and Cartilo, 1.,
aad Lipman, D, SIAM 1 Appled Ma{h; 43 TR (1988), the &ﬁchings of which are

incorporated hercin by reference. Preferred methods to determine the sequency identity are

a2
L

designed o give the largest maich between the sequences wsted, Methods o determine

13
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seguence ey are caélﬁc:é m ;mbk(,h gaiiable computier pmgmms whivh delermine
soquenge idenitty bptm;m given sequences. Examples of sach programs inclode, bui are not
Hagted to, e GOO program .gackage (Devereux, . et al, Mucleic Acids R@ﬁ&mﬁl?
12{1}:387 (1984)), BLASTP, BLASTN and FASTA {Aiis,%imi, § F oatalll Méiec. Biol,

215403410 (1920). The BLASTX program is publicly available fom NCBI and ofher

s

smmtes (BL;XST Maopel, Alsohul, & ol al, NCVY NLM NIH Betheada, MD 208%,
.-«;dtschui, S. F et al,, J. Moles. Biol.,'zii:%:%»fim (199, the teachings of whick are
corporaid herein by ﬁfe:‘aﬂoe}. These pﬁg{&xns optimally .aiign sequencés ysing defmlt

sap wioights i order 1o ixmdum the highest level of sec{ésnce %ée&xiii}-‘ between faa' given and

10 1 x:r;fem%cc scquamas. As mxfiﬂﬁstpatimx, ifr_y # polvnucleotids hoving a muclentide sc:q‘ucnc&
having at least, for example, 85%, preferably 90%, even more prelerably 95% “sequence
identity™ o a reftrence nucleotide scquence, it m intended that the nucleotide scquence of the

‘given polvmucieotide is identical to the reference sequence . escept that the given
paifnuc%ec)tiée sequones may inclade up fo 15, preférably up o 14, even more pﬁ:farabzy up

13 1o point muations per gach 100 nusleotides of the reference ﬁuc!mide sequence. by other
words, @y 4 pﬁivnuc-feméde having @ micleotide seqncmce having at least 85% mfamlﬁﬁ’

S0%, ever more preferably 93% xiemm refagive o the reference m:»i@oﬂde sequence, 1p

13%, pmfm'abk 10%, even more preferably 5% of the mmiaom{us in the reference seguence

may bs defered or substituted mﬁ\ amthw nusimt;de ord mm;hﬁ:r m" nuc:iwttdcf; ap 0 }‘W

0 ‘ proderably 10%, even more pmferai:xig 3% of ke wtal nuclectides in the reference msana&
may be inserted it the reference sequenpe. These %mutaiium of the reference soquenpe may

ocowr at the 5' or X' tormina} posttions of the refercnce nucleotide seguence or anywhere
between fhose terminad pasitian’st _ixizt:mpersed either ndividuslly amony ﬁnc}eelities in e’

reference sequence or it one of mor vomigunus proups within the reference soquence.

{2
L8

Auvalogoasly. by a polypeptide having a given amino acid seqpence having at Jeast. for

14
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~example, R3%, preferably 90%, even more profersbly 93% sequense identity o o wference
amine acid seguerce, 1l s inteaded that the given amine acid sequencs of de polypeptide is
identical to the reference sequense except that the given polypeptide sequencs may include

up $o 15, preferably ap (o 10, even more preferably ap to 3 amino acid alivrations per each

oy

100 amin@acicis of the reforence aming acid sequence. In other words, to obisin a piven
polypeptide sequende Mv‘mg»aé Teast 85%. praf-t‘:mﬁly 9%, cvon more preferably 95%
sequence identity with a seference amino acid sequenve, uplo 15%, proferbly op to 10%, -
cven more preferably ‘il‘p to 5% of the amifo acid sesidues in the reference sequence may be
deletnd or sobstituted with ancther amino acid, or & number of aming acids gp fo 1%,
£0 ;;rcfcrabis up-to 108, even more preforably B 1 3% of éhe tofal mambsr of amino acid
xmiéu&s m the reference sequence may be inseried info the reference sequenca. These |
sterations of the refercnce scquonce e occor & the amino or the carhoxy ieminai
positions of the reference smino acid sequesce or anywhere between those farmﬁzai
ms’iﬁgﬂs, nierspersed cither indfvidatly among residues in the reference sequence or in the

.

one or more contignons woups within the seference sequence.  Preforably, ressduie positions

P
4

which are not identical 4iffer by conservative smdno acid substitmtions.  Fowever,
conservative substitutions are not included as o maich when determining sequence identity.

“eguence hmnologv",' as wsed herein, sefers fo a method of detcomining the

relatodness of mo seguences. To dotormme seguence homology, 1Wo 0OF IOt SequeBces arg

20 optimally aligz'wdg and gaps are introduced if necessary. However, In contrast to “sequonce

sdentity”, conservative amine acid ssbsiutions arve couwnted a5 & maich when determining

sequence homology. In otficr words, to obtain a polypeptide or polvascleotide baving 95%

SBOUCHDS homplozy with géxcférence segaence, $5%, preferably ‘91?%‘, gven more preferably

93% of the amino acid residues or suclootides in the reference SCQUERCT nms{ match or

25 gomprise a conservative substitution with annther amino acid or nuclectide, or a nonber of

15
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aaing zm;ids'ar nucleotides up to 13%, praf&:gﬁig"ap o 18%, ever pore preforably up to %

of the total z:mix;q acid residues or nacleotides, ‘not incladivg conservative substituiions, in

ihe referencd seq@m wmay be nsered iy the reference sequence.  Proferably the homolog

sequense somprises &t feast a stretch of 30, even more preferably at least 100, even more
3 proferably at least 250, md even more preferably af least 500 micleotides. ‘

A “conservative substiturion” refvey to he suﬁeiiiuﬁm of an amivo scid residue or
neciootide with another amino acid residus or sucieids having similar characteristics or
prpperti&s mcluding size, hydm;)ﬁobiciéy; ak, éuch that 'th:e overall fmzciioﬁaiijty dos x'mt
change s,{ignif;éam’l};j. | |

10 » “Teokated™ megas alteri?d' “bf‘ the Bnd of man” from its nataral stste, -i;&., if itﬁéonrs .
in natwe, it has been changed or removed fz:w;, its orginal environment, or both. For -
example, & poiynuciecxtid_e' or pofvpeptide naturally present @z Hving organisi s oot
“isolated,” but the same polvsuclectide or polvpeptide separated from the couxisting
ragterials of #s natwal stafe Is "isolated”, a3 the form i employed herein.

Thas, the Immunoseric composition as used heredn wlso refers 1o & somposition that

13
comprises PCV2 ORFI profein, wherein said PCVZ ORF2 prowin is amvone of thass,
described above. Preferably, said PCVZ ORF2 protein s - _
B 2 polypepiid comprising the sequence of SEQ I NO: 5, SEQ 1D NO: 6,
| SEQ D NO: 9, 5BQ D NO: 10 or SEQ IDNO: 11 ”
20 i3 any. palvp@pm&, 'éha'i 15 at least R0% homologous w the polypeptide of j),
i) any immnnogenic portion of the polypeptides ei“ 1y andfor 1}
o the immxmagegio postion of #), comprising ai feast 10 configuouy aming

anids included in the sequences of SEQ 1D NO: 8, SEQ I_‘I'Zi NO: 6, SEQ D

NG9 SEQ ID NO: 1 or SEQ IDNG: 1),

16
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¥) a polypeptide thai s awoded by a INA comprising e sequence of SEQ
NG 3o SEQGIDNG: 4
vi) any polypeptide ihat is encoded by a polynuctentide thal is af teast 86%
homerlogous 1o the polynuclesiide of vl
vif} any  imassnogenic portion of the polypepiides encoded by the
polymuckeotide of v) andior vi)
viit) the fmmmnogenic portion of vil), wherehr polynuciectide coding for said
immpnogenic poriion comyprises at leagt 30 coptipuous nucieotides included
in the sequences of SEQ D NO: 3, or SEQ NG 4,
Profembly any of those immunogenic portions have the umenogenic characteristics
of POV2 ORF2 protein that is e;;m‘sdeé by the sequence of SEQ D NO: 3 or SEQID KO 4.
According to a futher aspect, POVZ ORE2 protein s provided in the immunclogical
compoition at én sutigen nclusion kevel effective for inducing the desired inmame sesponse,
ramely reducing the dncidence of, lessening $he severity of or provesting one of more
olinical signg reselting from PCV2 iﬂfecﬁen. Praforably, the PUV2 ORE2 protein inclusion
level is at feass 7 pg angigon / mi of the fioal bamumoegenic composition (rg/md), more
preforably from about .2 1o abowt 460 geiml, sill more preferably froon sbont 03 o about
209 pgiml, even more preferably from abont 0.33 to about 100 pg/ml, still more prefesably
from abowt 9,4 o about 30 pfml. still more proforsbly from sbowt 045 1o about 30 pginl,
sl more preferabdy from about 4.6 & about 13 pg Aml even wote proforably from abost
.75 o about B pgfml, even more proferably from sbout L0 lo sbout 6 ug/ml, still more
preferably from about 1.3 1o abont 3.0 pghsl, cven more gmfcmgiy from gbont 1.4 1o gbow
2.5 ugimd, even mwore preferably from shboat 1.3 so sbowt 2.0 poiml, and most preferably

ahout 1.6 pgiml

17
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According to & further aspect. the ORY2 antinen inclusion lovel & at feast 0.2 pyf
BOV2 OREZ protein as described above per dose of the fmad amtigesic composition
{profdose), more preferably from sbout 8.2 {0 abowt 400 pyfdose, il move preferabdy fom
aboui 0.3 1o abowt 200 pg/doss, even more proferably from sbout 8,33 to sbowd 108 pgddoss,
sl mone proforably from about 0.4 fo sboet 30 pgidose. still more preferably from aboul
845 v about 30 pgfdoss, still more preforably from sbout 4.8 to about 13 py/dose, even
mgiee preferably from abous 873 ‘1:0 about & pgddose, even more preficably from sboyt 1.0 o
sbowt 6 py/dose, sl mors prefevably from abour L3 to aboul 3.0 ppfdose, oven siore
preforably from aboat 14 0 sbont 2.3 pgfdose, oven more preferatdy from sbont L3 to sbow
2.0 pg/dose, and most proferably about 1.6 pavdoss.

The PUVI ORF2 polypeptide nsed in the inmunogenic composition: in accordance
with the prosent Invention cso. be dertved da any fashion including isolation and priBcation
of PCV2 ORF2, siendsrd protein synthesis, and recombinant methodology.  Profered
methods for obtaining PCVZ GRE2 pelvpeptide are provided in ULS. Patent Appleation
Serial Wo. 1HABL 797, the eackings and contest of wihich are bereby fncorporated by
reference. Brisfly, susceptible cells are infected with a recombimsnt viral vector contsining
PCY2 QRF2 DNA ooding sequences, POVZ ORFZ polvpepiide is expressed by ihe
recombinant vins, and the expressed POVZ ORF2 polvpeptide is recovered from the
supernate by flrstion and inactivated by anv conventionsl wethod, preforadly using binsvy
ethvicniming, which is then neutalizad 1o stop the macivation process.

- The impunogenic composition as used berin also refers to a somposition that
comprises § sny of the POCVZ ORFZ prowin described above, preferably in concentrations
descxibed above, aad B} al feast a portion of the vigal vectoy expressing said POV ORF2
profein, preformbly of 2 recounbingnt bacwloving, Moreower, the inummogesic composition

can comprise ¥} any of the PCVI ORFZ proteins described shove, prefurably in

18
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concentraiions described shove, ) at least 2 portion of the viral vector exprossing seid POVR
ORF2 protein, preferably of a recombinant bacalovirus, sud i) a porion of e celf cultwe
supernaie,

The inpmumosenic composition as used bersin also refers fo a8 composition that

LA

comprises ¥} any of the PUV2 ORF2 proteing desoribed above, preforsbly in concentrationg
described above, 1E) st Teast a portion of the viral vecior exprassing said POV ORF? protein,
preferably of & recombinant bacidovires, and 83 a portion of the cell culivrs; wherein abowt
Q0% of the components have 3 size spialier than 1 pm.

The impamogenic composition 8% wsed herein also rofers 0 & somposition that
i comprises I} any of the PCVZ ORF2 proteing described above, preferably tu concentrgiions
described above, H) ot least a portion of the viral vector expressing said POV2 ORT2 protein,
iHi} 2 portion of the cell culnwre, iv) and inastivating agent fo inactivate e recombinant viral
voolor preferably BEL wherein abouwt 90% of dhe componenis 1) fo i) have a size smaller

than I gm.  Prefombly, BEL & present fo concentrations effective i imactivae the

13 baculovirus, Effeciive voncontrations are desoribad above.

The smmunogenic composition as ased herein algo refers o o composition fhat
comprises #) any of (e POV ORF? proteins described above, preforably in consentrations
described ahove, ) at least a portion of B viral vector exprossing said POV2 ORF2 protein,
§ily 2 portion of the cell cnlfure, W) an Inactivating agent ¢ inactivaie fiie recombinant vivsd

n veotor preforably BEL and ) an souiralization agent to stop the inactivation madiated by the

mactvating agost, whersin abowt SU% of the components 1} fo 1) have a sire smeller than 1
s, Preferably, iF the inactivating agent s BEL sald composition comprises sodium

fhiosaifate in cquivalont amonnts fo BEL
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The polvpeptide is incorporaied Into & composition thet can be administered & an
animal suscepiible lo POV2 infecion. In prefiorred fonms, the cnmpositios may #iso mclude
addstionsl componcats keown fo those of &ill m the st {see zlze Remington's

Pharmaceutical Scignces.  {1990).  {&th ed.  Mack Publ. Baston) Addiionally, the

LA

composition may nclude oae o more vererinary-acceptabls carrders.  As wsed hersin, *a
veterinary-acceptable carrier” docludes any and =l solvemss, dispersion media, costings,
a@iuvamé, siabilizing egents, dilupnis. ypregorvaiives, antibacterial aud antifanga! agents,
isofonic agents, adsorption delaving agenis, snd the like.  In & prafored embodbnent, the
imrownogenic composition comprises PCV2 ORFZ protein as provided herewith, preforably
in in concentrations described above, which is mived with an sdjwvant, prefesably Carbopel,
and physiological saline,

Those of skill in the art will understnd that the compogition used herel may
imcorporate known injectable, ph}*sielogicaiiy aocceptabic sterile solutices,  For prepariag a

ready fo-nse sohstion for parenteral infection or infucion, agusouws tsotonie solutions, such as

fovs
A

ey saline or corresponding plasma protein solutions, s readily available. i addidon, the
mununceenic and vecclue composiions of die prosemt vention omn iaclude diinans,
isotonic agends, stabilizers, or adjuvants.  Diluenss can include water, saling, doxtrose,
cthanol, givcerel, and the Hke. Isotomic agents cam inglude sodium chioride, dextrose,
mannitod, sorbitol, and lactose, smong others, Smabilizers include albunun and alkali salts of
0 ethviendiamintetacetic acid, among others.

“Adjwvanss” a5 used herein, bc-an. inchele slominom hydoxide and alaminem
phogphate, saponing o.g., Quil &, 05-21 (Cambridge Biotech Ing., Cambridge MA), GPL
300 (Galendca Pharmaceyticals, Inc.. Birminghamw. ALY, walr-in-oll eomision, oil-n-water
cmulgon, walse-in-nil-ln-water emudsion. The emelsion con be based In particular on Hight

25 iguid parafiin oil (Buropean Pharmacopen iype); isoprenoid ofl such as squalane or squalens
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oil resulting fom Seolipomerization of alkenes, in pasticedar of isobulcne or decone; estors
of avids or of aloobols contsiming & linear alkyvl group, more patticulardy plant oifs, ethyl
olosis, propylene glyool di-(caprviate/caprate), glyceny] tri-icapryisteioaprate} or propylene

glyool dioleate: esters of branched fatty acids of alcohols, in paticalar sostearic acid esters,

L

The ofl s used i combination with emuisifiers lo form the emnigion. The emulsfiens are
preferably pomionic surfactsms, iv partivular ssters of sorbitan, of masnide feg
anhydromanaiio? ofeats), of ghycol, of polvelyoerol of propylens glveol and of oleic,
isosteario, rcinoleic or hydrosystearic acld, which are opiiorally ciboxyiaied and
polvocypropekae-polvoxvefiyions copolymer blocks, in panticudar the Plarorie products,
30 eepeciathy D121, See thumer of al, The Theory sad Proctical dpplication of Adivvanis
(Fd Sewari-Tull, DES). JohsWiey and Sons, NY, ppsi- (1993) mnd Tedd of al,
Vacsine 15:304-570 (1997,

For example, @ iz possible to use the SPT emmision desoribed on page 147 of

"Vieeine Desigr, The Subunit and Adjnvant Approach” edited by M. Powell and M

s
s

Newman, Plenom Press, 1993, and the cmnlvion MP3S doscrbed on page 183 of Oy smne
& further instance of an adipvant is 8 conipomad chosen from the polymers of sorylie
or methacrvlic acid and the copolvmers of malels anbydride and afkenyl derbvative.
Advantageous adjuvang campounds ars the polymers of sorviic or mathacrvlic acid which we
et cross-Huked, especially with polyalieny! eibers of sugars or polvaloohols. These compomnds
e known by the tem carbomer Phamewrogs Vol 8, Koo 2, Tune 39961 Persons skilled in
the art can also refer to U, S Potent No, 2,909.462 which dcscribes such seryBe polymers
cross-Hnked with a2 polvhydroxvisted compound bhavisg ot Jeast 3 hvdroxel groups,
preferably not mors than 8. the hydrogen stoms of at least three hydroxyls being repdaced by |

2% unsaturated atiphatic radicals having o least 2 carbon ayoms, The preferred radicals are those
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containing from 2 1o 4 corbon atoms, eg. vinvls, allvls and olher ethylenivally wnsaterated
groups. The yasapurated radicals may therassives conlain ofhier substiteents, such ag metiivl,
The products sold voder the name Cwbopol; (BF Goodiich, Ohio, USAY are particuiarly

appropriate. They are crogs-Tnked with an ally? sacrose or with allyl pentserytheitol. Among

1

thean, there oay be memioned Carbopol 9740, $34P and 9718, Most preferred 35 the use of
Carbopol, in particalar the use of Carbopol D7IP, profersbly in anwounts of about 300 ug 1o
about 5 mg per dose, even more preforred in an amomnt of about 738 pg 1o sbowt 2.5 myg per
dose and most prefbrred @ an amowd of about 1 my per dose,

Further spitable sdhrvants inchude, but arp not fhnited to, the RTBL gdjuvant systom
10 {Ribi nc.), Block co-polvmer {OviRy, Adamta GA), SAEN { Cﬂxéxrc_:m, Hemervville CA),
monophasphory! Epfd A Avridine lipid-amine sdivaant, beaplabile enterotoxdn fom B, ool
{recombinant or otherwisel, cholera toxin, IMS 1314, or muramyi dipeptide among many
othiers.

Preferabiy, the adjuvant Is added in an amount of about 100 ag 1o about 19 mg per

i3 dose. Even more prefersbly, the adjuvant is added in anr amount of abowt 190 ug to sbout 16
myg por doss. Bven more preforably, e adievang is added in an amount of about 300 ap ©
about 3 mup por dose.  Bven more preferably, the adiuvant is added in an amonnt of aboug 750
ug o about 2.8 me per dose. Most preferably, the adievant is added in an muount of about }
:ng ger dose,

0 Addiionally, he composition can jeclude one or more phaspacentical-acoepiable
parriers. Ag wsed herein, "s pharmacoticabacoepiable carsier” iwlndes any and 88 solvenis,
dispersion media, costings, stebilizing agents, diluents, preservaiives, amibacterial and
antifingal gyents, isotonic agents, advorpiion delaving agents, and the Hke. Most preferably,
the composition provided bherewith, comtaing POV2 ORF2 protein reconvored from the

28 supernate of iy vitre cultured cslie. wherein said cells were mfocted with a recombinant vival
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veetor conlaining POV OREFY DMA and exprossiog PCV2 ORFX protds, and wherein said
pell culbwre was Brealed with about 2 1o about B mM BEL preferably with sbout 5 md BEl o
mactivale the virsl vector, and on cquivalent concenitation of 8 neutalizaiion sgent,
preforably sodium thiospifawe solation to o fingd conceniration of aboul 2 10 about § mdd,
preforably of aboat 3 mM,

The present fnvention also relsios to an Mumanogeaic composition that comptises i)
any of lhe POVZ GRFZ proting described above, preferabdy in concewiralions described
above, i} at Teast 2 portivn of the vival vector sxprosuing sasd POVZ ORF? protein, Hi) a
porion of the coll cudture, B} an aactivating agent lo inserivate Ure recombinant viral vector
prefersbly BEL sad v} aw neunslization sgenl to stop the inactvaton mediated by the
factivating agent, proforsbly sodinm thicsulfate i sombvalent amouns 1o BEL asd vD 3
suitable adpvant, preforably Carbopal 971 o amounts deseribed above;, whorein about 50%
of the componeats 1) 3o #5 bave a size smatler than | g, According 10 a furthey aspect, this
Hnmunogenic composiion fasther comprises & pharmacewtios] aé@c;xabie salt, proferably a
phospliate salt in physiclogioatly scceplable comeentrations,  Prefembly, the pH of ssid
munosenic conpostiion 13 adiugtod o a physivlopical pH, meaning bebweon abowt 6.3 and
735

The immmmogenic cotuposiSion as used herein also refors 0 & composition that
comprises per one md ¥ 48 Rast L6 ug of POV ORFZ prowin described sbove, # 8t foast &
portion of bacslovirns expessing said PCVZ ORFZ protein iiiy a portion of the cell subae,
v} about 7 to S M BEL ) sodinen ddosalate w @quivaiém: amounts 1o BEL and vi} about }
mg Carbopol 971, and j’ii} phnsphaie salt in a physiclogieally scoeptable conveniration;
wherein abou 90% of the componenis 1) o 1) have & aize smaller than 1 um and the ol of

said mmenogenic composition is adiusted fo aboat 6.5 10 7.3,
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The immunogenis compositoms can further include one or more olber
mmunompddatory agenis such as, e.p., herdeking, interforons, or m’hg:r pviokines. The
imsmmnogenic compositions can a’léo mnchde Gentanmsicin snd Merthiolate.  While the
smounls and concentrations of adiuvands and additives wseful in the context of the presem
frveniion can roadily be determinged by the skilled artizan, the presert invention comenplates
compositions comprising fivan sboat 50 ug to abour 2000 ug of adiva and preforably
ahowt 250 ug/ wl dose of the vacoiie composition. Thus, the immarogenic composition: as
used horein slze refers o o composiion that comprises from about lugi o sbout 60 pefml
of anfibiotics, and more preferably loss than abmi:‘i%v{} pgind of antibiotics,

Thy wamimogenic composition a8 used heredn also refors 1o & composition that
comyprises i} agy of the POCVZ ORF2 proteins desoribed abeve, preferably in concenirations
doscribed sbove, #) ot loast a povtion of the viral vector expressing said PCV2 ORF2 protein,
it} # portion of the cell caliwre, iv} auy hmctivating agend © inactivate the recombingnt viral
veotor preforably BEL and v} an nouralization agent o siop the inaciivation mediated by the
mactivating agent, proferably sodium thosuliate in equivalont amounts o BEL vi) & suitable
atjuvant, preferably Cabopol 971 in amcunts deseribed above: i) & pharmacenticsl
aceeptable conceniration of a saline buffer, preforably of » phosphate salt, and viil) an anti-
microbiofogical active agont, wherein aboug 90% of the components ) 10 i) have a sive
smaller than ¥ pin.

It has been swrprisiegly found, that the Jmmunogenic composition comprising the
PCV2 OORE? protets was kighly stable over a period of 24 months. Tt has also been found the
Hmnogenic compasitiong are very offective in reducing the clinical symploms associated
witls POVY infections, 1t was alse discovered, that the inswunogenic compositions
somprising the recombinant bacslovirng sxpressed POVI ORFI profzin as described sbove,

are sarprisingly more effective than an jmmmnogenic composifion compeising the whok
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POV wivns in an nactivaied form, or isolated viral POV2 ORE2 antigen. o purticuisr, 1 has
been surprisingly found; thal S recombinant bacudovivus exprassed POV2 ORF2 protein ix
effective i very low coscondeiions, which means in concentrstions up to 8.23 pgidose, This
wexpested high emonogenic potential of the PCV2 ORFZ protein is momcased by Carbopel,
Examples 1 to 3 disclose in deail she produgtion of PCV2 ORF2 comprising imummogsnic
sompasitions.

The inummogenic composition as wsed herein slso rofers o Ingetvac® CircoPLEX™,
{Boshringer Inpelhoim Veimedica, Inc., St Joseph, MO, USAL ClreoVear® (Merial SAS,
Lyor, Frances), CircoVent {futervet Inc., Millsborn, DE, USA). or Sevasyn POV-2 One

Dose® (Fort Dodge Animal Healih, Ransas City, K&, USAY

Admintsiration of the fmoumogenic composition

The composition sccording o the imvention may be applied intradesmally,
imtratracheally, or inizavagieally.  The 'compzssiﬁom preferably may be  applied
intinenoscnlarly or iniranasally, most preferably intramascrlarlly. In an animal body, it can
ove a:ivamagéous te apply the phavmacentical compositions s described above vig an
itravenous or by direst injection imio lmrget tissoss.  For sysiomic spplication, the
wiravenous, infavascular, inframmscular, intranasal, intraavierial, inwaperitoneal, oral, of
mrirathecs! rouies are preferred. A more Jocal application can be effected seboutanecusly,
intradermally, lntractaneousty intracardislly, hatralobatly. intryeedaliyely, intrapuimonarily
or directly in or asar the tissue Io be tresied {conpective, bone~, twscle-, nerve-, epithelial
tissue),  Depending on the desired dusation and effectivensss of the treamment, tho

compositions according w0 he invention may bo admindsiored once or seversl timas, zlzo
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astenmitently, for festare on o dathy basis for several days, weeks or nonths and in different
dosages.
Preferably, at jcast ope dose of the imenmogenic compositions as described above ¥

inframusouiardy sdminigered fo the subject in need thereof, According o a further aspec,

i3

the POV amtiges or the immunogenic ctanposition comprising ary such PCY-2 antigen as

described above is Rwnselated sod administered in one (13 mb por dose. Thas according o a

forthor aspect, the present fnvention also selales v a 1 ml banwnogenic composition,

somprising PCV-2 antizen as deseribed heren, for reducing or lessening lymphadenopathy .

Ivsnphoid depletion andfor multinucleated/giant histiovyies ia pigs infocted with POV2,

i According to a further aspect, according o 8 further aspeot, the prese fnvention also
relaies 0 8 1wl sasmopenic composiiion, comprisitng POV-Z antigen as described herein,
fow reducing or kessosng Wuphadenopsthy o combination with one or a maliple of
following symptoms i pigs: (1) inferstitial prouwmonia with isterlobwlar edema, {3
cataneaus pallor or ieterus, (3} mottled atrophic lvers, (3} gasiric aloers, (37 nopbritic and (6)

i3 reproductive disorders, ¢ g abortion, stilibirths, smmmics.

According o 2 further aspect, 4l keast one furthor adwinistration of at least one dose
of the immunogeic consposition as described above is given @ a subject i need thereof]
wherein the second or any further adminisiation is given a1 least 14 devs bevond the indtial
or @y former adminisgations. Preforable, the mmamogenic compostion i3 administered

30 with na bumene stimugland,  Preferably, said mwene stimudant is given at jeast twice.

Freforably, at loast 5 days, more proferably at leagl 5 days, even more preferably at-least 7

davs me In botween the {irst and the second or any further administration of the fmmuaee

stimulant.  Preferably, the omune stimulant s ghven at leagt 10 days, preferably 15 davs,
even moze preferably 20, sven mowe preforably of feast 22 davs beyond the initiad

25 administration of the immenogenic compogition provided hegin, A profuered imeme
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siimulant 35, For example. kevhole limpet hemovyamin (KLH), preforably omulsified with
fucomplete Fround's adjovant (KLIFICTFA). Howpver, it is herewith undersiood, that any
other immene siiselent known to 8 person shilled in the &t can alzo be vesd, The tenm
“immune stmelast” a8 used heoreln, means sy sgent or composition that can frigeer the

apme fesponse., preferably withont initiating or increasing o specific mwnme tesponse, for

i

exavpie the immmene response against a specific pathogen. I is funther instacted o
afminigter i mmyne sthmoland b g suitable doge,
Moreover, it has also been swprisingly found that the immunogesic pofential of the
mmunogemc compositions used  herein, preforably  those that comprise sscombinant
1! basplovivns expressed POVZ ORF2 protein, ecven more profersbly i combiuation with
Carbopol, can be further confirmed by Hhe sdministrstion of the IngeiVas PRRS MLV
vageine (oo Examiple 53 POVZ clinical signe and discase manifesiations sre greatly -
magaified when PRES infoction is present. However, the immusogenic compositions and

vaccingtion staptegics as provided herewith lessened this effect greatly, and moss than

P
L

axpected.  In ofher words, an anexpected synerpistic effect was observed when animals,
profurably piglets were treated with any of the POV ORE? nnunogenic compositions, as

provided herewith, and the Inpelvac PRRS MLY vaccine (Bochringer ingetheing).

20 BRIER DESCRIPTION OF THE DRAWINGS
Figure 1 is # schematic flow diagram of o preferssd constraction of POCV2 ORF2
reconbinant baculovirus; and
Figs. Za and b are each schowaagc fow disgrams of how 1o produce. one of the

compositions wsed w1 aceordarnce with the present invention.
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DETARLED DESCRIPTION OF THE PREFERBED EMBODIMENTS

The following examples set forth profiured materialy amd procedures o accordance

those degorfbed horein can be used tn the practice or {esiing of the present invention, the
preforred meothods devices, and materialy are now described. It & io be anderstood,
bowever, that these examples are provided by way of Hlustaiion only, and soiling therein

should be deemed » limisation apon W oversll scope of the invention,

EXAMPLE 1

This cxample compares $he relative vields of ORF2 ueing methods of the present
nvendion with mathods fxat are knows in e priov el Four 1000ml spioner Hasks were
cach sceded with zsppﬁmimawiy 1.0x10° SF- coll/mi in 300mL. of insoct serum free madia,
Escel] 470 (JRH Biosciences, Inc., Lenexa, KE). The master cell culture 15 identified gs RF+
Spodaptera frugiperda) Mnsici‘ Cell Stock, passsge 19, LotiNTI2-09FW. The cells used to
senerate the SFY Master Cell Stock were oblained from Proteiny Sciences Corporation, Tne.,
Meriden, CT. The 5P+ cell line for this exampls was coidfied between passages 19 and 59,
Other pagsages will work for pwposes of the present hwvension, bt in order w scade the
process up for laree scale producton, at least 19 passages will probably be necessary and
passages bevond 39 may bave an offect on expression, although deis was not investigaed., o
more dotail, the mital SF+ celf culiures from liguid niiroges storage ware grovwn in Excell
420 meedia v susponsion in gierile spinver fasks with constant agitasion. The cubwres wers
wown i 100 mL fo I30mlL spimer flashs with 23 w0 130 mb of Escell 420 serum-fres
media, When the cells had multiplied to o cell density of 1.0 - 8.0 x 17 colls/ml, they were

sphif 10 nevs vessels with a planting density of 0.5 - 1.5 x 10% cellvmsl.. Subsequent expansion
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endtures were grown i spimer fasks wp o 36 liters In st or i stainless sieel bioresciors of

up o 200 Flees for 2 perdod of 247 days at 23 - 29°C.

flask was sceded with a recombinant bavulovirus containing the PCVZ ORF2 gens {(SEQ IR

L2

NO: 4. The reconsbinant bacalovirus contaming the PCVZ ORF2 gene was generated as
follonws: the PCV2 ORF2 gene from a North American strain of PCV2 was POR amplified to
cortain 2 5 Kozah's sequeace (8EG ID N 15 and a 3 EeoR1 site (BEGQ 1D NO 2), aud
cloped o the pGEM-T-Easy vector (Promeza, Madison, WI). Then, it was sebscquently
excised and subcloned imo the transfer veotor pVLIZN2 {BD Biostionces Pharmingen, San
i8 Diego, CA}. The subcloned postion i sopresonted horeln as SEQ D RO 70 The pVLI39Z
plagmid conteining the POVI ORF2 gone was designated N$7-004Y and then co-transfecied
with BaculoGold® (8D Biosciences Pharminges) bscudoviros DNA bmto Sf+ inssol cofis
(Provein Sciences. Meriden, 1) fo generate the recontbinant baculovims consaining the

PCV2 ORF2 gene.  The new constuct i provided horein as SEQ ID NO: 8 The

i
244

recovmbinant baculovirs containing the POV ORF2 gene was plague-purified snd Master
Seed Vires (MSV3 way propagssd on the SFr coll line, aliguotied, snd stoved at »’}@"C_, The
MYV was positively identified as POV ORF2 baculovirus by POR-RFLP using bacylovires
specific primers. Insect cells infocted with PCV2 ORF2 baoulovirus fo generate MSV or
Working Secd Vinws expregs POVY ORFI antigen as detected by polycional serm o
20 mewmocional amtibodies tn an ndirect Auorsscent aatibody assay. Additionally, the identity of
the POVI ORF2 booulovires was vonfirmed by Netermingd andno scid sequencing.  The
POV ORF2 bavnlovivns MSV ves also tested for purity in secordance with 9 CF.R. 11327
{c), 11328 and 113.33 Ench recombinan! baculovins speded into the spimer fasks had

vaeying multipicities of nfection (MOIs). Flask 1 was seeded with 7.52mi. of .08% MY

Par
(x4

seed; Hask 2 was sonded with 2 .01l of 0.36MOF seed; fask 3 wus seeded with 1 5mi of
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0. 18MO sead; and flask 4 was seaded with 0.75mL of GO9MOT seed. A schematic flow
dagram Slostrating the basic skeps wsed to construct & POV ORF2 recombinant baculovires
15 pravided herein as Figere 1.

After being seeded with the acalovirus, the flasks were thes incabated at 27 2 2°C

L

for ¥ days and were algo agitated al 100rpm during that time. The Hagks used ventibind caps
to allow for air flow. Samples from each flask were taken every 24 bows for the next 7 days.
After extraction, cach sauple was contrifged, and both the pellot and the supormatant were
separated and den microfilisred duough o 0.45-1.0 wa pore sizs menvbrang,

The rosuliing samples then had e amomt of OREF2 psr:smt within them quantifisd
10 win an ELISA assav. Tho ELIBA assav was conducted wish captone antibody Swing anti-
POV Pab EgG Peot. G purified (diluted 1:250 i PBS} diluted to 1:6008 in 0.05M Carbonate
buffer {pH 9.6). 106 b, of the antibody was then placed in the wells of the mistrotiter plate,
sealed, and incubated overndght at 37°C. The plate was then washed three thwes with g émh
sofution which comprised 0.5ml of Tween 20 {Kipmn, 8§t Louis, M(H, 100mL of 10X D

PES (Giboo lavitrogen, Carlsbad, CA) and 899 3ml. of distilled waier. Sabssauently, 250

ot
(¥ 3

ul of & Mocking solutton (5S¢ Carnation Noo~far dey milk (Nostde, Glondalke, CAY I Tl of
I)-‘P.QS 038 to 100mL with distilied water) was added 1o each of the wells. The next step was
o warh the tost plate and then add pre-diluted satigen. The we-diluted sntigen was produced
by adding 200 sl of dilnent solugon (0.3ml. Tween 20 w 99¢.5ml D-PBS) to cach of the
240 welis on a dilution plate. The sample vias then dibed ot a 02490 ratio and a 1480 ratio, and
100 pl of cach of tese diluted samples wos ten sdded fo ane of the top wells on the
dilution plate (e, one top well received 160 1L of the 1:240 ditution and the ofher recetved
108 ul. of e 1480 dilution). Sertal difutions were then done for the remainder of fhe plate
by removimg 108 pl. form cach swecessive well and transforing # o the next well on the

23 platz. Each well was mixed prior 1o doing the sext transfer. The test plate washing incduded
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washing the plale three times with the wash buffer. The plate was then sealed and incubated
for an bhour at 37°C before being washed fhroe more thmes with the wash buffer. The
deluction antibody vsed was monacional anttbody 1o POV ORFL. 1t was diluted o 1300 Iy
dilpent sohution, snd 100 pl. of the diluted detoction auribody was then added fhe welts,
The plate was then sealed and incubated for an hour at 37°C before befng washed thrse times
with the wash buffer. Conjupgate diluznt was then prepared by adding normal rabbit seram
Gackson Inwnanoresesrch, West Crove, PAY o the dilsemt solution 1o 1% congeniration.
Conjugate satibody Goat muti-mouse {H+D-HRP Jackson fmmunorssearshy was dilnisd in
the conjugaie dilgent vo 1:10.006. 100 pl. of the dilwed conjugsic antibody was then added
1o oach of the welle, The plate wag then serled and incubated for 43 mbmtes a8 37°C befors
being wasthed twee tmes with the wash buffer. 108 pl. of subsiiste (TMB Peroxidase
Substrate, Kirkgased and Porey Laboratories (KPLY, Gaithersherg, #ID), mixed wiih an oqual
volume of Peroxidase Subsgate B (KPL) was added to each of the wels. The plate wag
inc#bamd af reom temperstuee for 13 minutes. 100 pl. of IN HCL solution way then added
to all of the wells o mop the reaction. The plas was thew nm theough oy ELISA reader. The

results of dils wssay are provided i Table 1 below:

Tabled
Day ‘ Flask ORFZ i peliet (gg,j} vORFE in supernatant ugd
3 1 4753 12
3 Z .46 22
3 3 33.44 34
3 4 5864 ' 12
i
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4 1 43,41 44
4 2 65.61 62
4 3 TG 3?.
s 4 6497 2
3 i 3174 1460
5 2 KEX:2 142
3 3 4784 96
3 4 3314 86
6 1 47 $38
6 2 18.13 182
& 3 34’?—3 14
6 | 4 3588 146
7 i £.54 176
7 | 2 12.(3‘9 190
7 3 15.84 138
7 4 15,18 152

These resalts hdicaty that when the mcubation thne is exionded, expression of ORE2

st the supernatant of the contrifoged colly and medin 15 gremey than espression in the peliet

of the camrifuged cells snd media.  Accordingly, sBowing the ORF? exprossion © proveed
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for at feast 5 davs and rscovering B in the superaate twther ian allowing expression o
procend for less than § days and recovering ORE2 from the colls, provides a great mcrease in

ORF2 vields, and g gipnificant tmprovemest over price methods,

EXAMPLE 2

ik

This example provides dats as 1o the afficacy of the laveniion clsimed horein A

1000mLs spinser flask was seeded with approximately 10x10° $f4 celflgml in 300mL of

Exvceli 420 media.  The flask was then incubaind & 27°C and aseitsied @ 0Upm

Sobsoguently, the flask was scoded with 10 mb of PCV2 ORF2/Mac p+6 (he meoombinant

10 baculovirus comtairdng the POV2 ORF2 pone pagsaged § additional times in the S dusect
celig) virns seed with s 4.1 MOL afier 24 bours of incubativn.

The flask was then incubated 5t 27°C for 3 fotal of 6 days, After incwbation, the fask

was then contrifuged mnd fuwee samples of the resufiing sapernmtant were harvested and

mactivated. The sepurnstant was imactivated by bringing its temporsture t0 37 = 2°C. To the

first gample, 2 0.4M solution of Z-bromosthylencamine hydrobromide which had been

oy
LA

oyelized Yo 0.2M binary efhiyionimine (BED in 0.3N KaOH was added to the sapernaimt &0
give a fuml concentration of BE] of Smbdd. To the second sample, 10 BEL was added wr
the superantant. To the thivd sample, no BET was sdded 10 the supematans.  The samples
were feen stired contimsously for 48 hus. A L8 M sodisun tiosuifate solution 10 give ¢ fingl

20 minimam concentration of 5 mM was added 10 newiralize wy residunl BEL The quastity of
ORF2 i esch sample was then quantified using the same ELISA assoy procedure as
deseribed in Bxomple 1. The results of fus rmay be secn in Tabks 2 below:

Table 2

Sample ORF2 m supematant (5g)
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1 T8
2 GR.7S
3 3333

This examplc demonstrates that meutsalization with BEI does not romove or degrads
significant amownts of the recombinant PCV2 ORF2 proteis produet. This 18 evidenced by

the fagt that there 3 no large loss of ORFZ i the sopomatant froms the BEL o clevated

L

waperateres.  Those of gkill it the a will recogaive that the recovered ORF2 s 3 isble

prevtein progiost,

EXAMPLE 3

This exﬁmg}c desmonsirstes that the prosent iveention is soalable from anall scale
1 production of recombinant PUVZ ORFZ © large zcale production of recombinant POCVZ
ORF2. 5.0 x 16 cellsiml of SF+ cefly/adt in 7000mL of BxCelf 420 media was planted in a
20000mL Appliken Bioreactor. The media md cells were then inovbated ar 27°C and
agitated wt FOURPM for the mext 68 Loars. At the 68° howr, 41L3mi of PCV2 OBRE2
Baculoviras MSV+3 was added to 7060mL. of ExCell 42(% wmadinm, The resubinat mixture
13 was then added o the bloreactor, For the pext soven davs, the mbaore was incubated at 37°C
mnd sgitated at TOOGRPM. Somples from e bioreactor were eximacied every 24 hows
beginming at day 4, post-infection, and esch sampie was contrifaged. The sopamatant of fhe
samples were preserved and the amoant of DRF2 was then guaniified using SDS-PAGE

densometry. The results of 1his cen be scon in Tabie 3 below:

24 Table 3
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Cagsio, 0O TREHF
_{ Fovmtied: Swedish (Sweden)
Day afler infoction: ORF2 msupempatant (pgml), 7
4 2933
X 41.33
& 3133
7 60,67
EXAMPLE4

This example tests the efficany of seven PCV2 candidate vaccines and farther deftnes
efficacy parameters following exposwre {o a virnlent srain of PCVE, One headred and eight
{108) cesarean derivad cofostrum doprived (CHUDY pidlets, 914 days of age, were randorsly

divided into 9 groups of equal sive, Table 4 sets forth the General Stedy Desiga for this

Example.
Tanle 4. General Study Design

Growp | No, OF Treatment Dayof | KLWACF | Challenged | Koeoropsy
Plgs Trestment ; A on Day with on Day 49

21 aod Viralent

Dy 27 PCV2 on

fiav 24

i iz POVZ Waccing No. & + ¥ +
1 - (VORF2 16 ug)
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2 12 POV Vazoing No. & +
2 - (vORF2 8 pg)
3 12 PCV2 Vaocine No, i : E
3 - (RORE2 4 pgd
4 i2 PCVZ Vaceine No, £ &
4~ ORF2 16 22)
3 i2 PCV2 Vaccine No. ¢ +
S-(rORE2 8 )
& 12 BOVE Vacsing Mo, i} *
6 - (rORF2 4 pyy
7 12 PCVZ Vaceine No. )
7 - (Killed whole
coll virns)
8 12 None - Challenge NYA +
Contols
& 12 None - Sgicl WNiA e
Megative Control
Group

ORFR = polated viral OREZ: rOBRE2 = recombinunt baculoving expressed ORF2
virgs = POV vivas growa i soitable celf oulture

- killed whols cell

Seven of the groups (Croups 1 - 73 received doses of POV2 ORF? polypoptide, oue of

the groups gosed as a challenge comtrel and received no POVI ORFZ, ond sovther mrowp
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swted as e siricl negalive conired group and sl secetved no POV GRFZ On Day 4,
Groups § through 7 were treaterd with sesigned vacomes. Piglots in Group 7 wore given a
boosler fromtment on Day 14, Piglets were observed for adverse events and injection site

reactions fotlowiag vaccination and onr Doy 19, plgles were moved 1o the second siudy gite.

LA

At the second study sile, Groups 1-8 were group housed in one building while Geoup © was
boused in & sepamste building Al pizs recoived keybole limpet homosyamin
KL inoonplete Fromd's adjuvant (JCFAY on Days 21 and 27 and on Day 24, Groups 1-8
wars challenged with a vingdent PCV2.

Pro- and ;m@t~cbﬁl§esig&, blond sawiples were collected for PCV2 serology.  Post-
i challenge, body weight daty for deteenination of aversge daily welght gain (ADWEG), and
clinical symptoms, as well as nasal swab samples to detormine neasal shedding of PCV2, were
volfected. Ost Day 49, all surviving pigs were ngoropsied, funes wers scored for lesions, and

selected tissogs wers preseyved i formalin for Immumohistochenistry {(HC) tosting at a later

date.
13
Materials and Methods
This was a partiafly Minded vaccination-chalienge feasibility stady conducted
CDCD pigs, 9 1o 14 days of age on Day 0. To be included in the study, PCV2 TFA titers of
sows wore < 11000, Additiorally, the serologic stutus of sows ware from a known PERS
] negative hord, Twengy-cight (28) sows were tested for POV serological siatug  Fourteen
{14) sows had & PCV2 (ier of £ 1000 and were tonsforved o the fiest study sis. One
bundred ten {110) piglets were delivered by cesarean seotion surgeries and were avatiable for
this study oe Day - On Day -3, 1R COCD pigs & the first stdy site weore weighsd,
entified with ear taps, blocked by waoisht and randosaly asgignsd 1o 1 of O aroups, as set
23 forth above i fable 4. If any fest animal mesting the inclusion criteris was enrolied in the
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study and was luter excheded Sor aay rewson, the Investigator and Mowdtor conselist inn order
fo defermine the use of dats collecled from the snimal in e lnal analvsis, The date of
which enrolled pindels wore oxchuded and fhe rmason for exclusion way documented.

Indtiadly, 0o sows were exchuded. A tofal of 1092 of an gvailable 110 pigs were randomly

Ty

assigned to one of § groups on Day -3, The two oweliest pigs (Nos. 17 and 19) were nod
mssigned 10 & group and were available as extras, if aceded. During the courss of the sludy,
seversl animals were retmoved, Pig 82 (Group % on Day -1, Pig Ne, 58 (Group 6) on Day 3,
Pig No. 53 (Gronp ) on Day 4. Pig No. 28 (Groap ) on Day 8 Pig Ne. 69 (Group 8 on
Day 7, and Pig No. 93 (Group 4) on Day 9, were esch found desd prior to challenge. These
i0 six pigy were not iclinded 1o the final study resulis. Pig no 17 (one of the axtrn pigs) was
assigned 1o Group 9. The renwintug extra pig, No. 19, was excluded from the siudy.

The tormulations given to cach of the groups were as follows: Groupr 1 was designed
to adminisier Iml of viral ORE2 GORFD) containing 16 pg ORF2/ml This was done by

mixing 10.24 ml of viral ORF2 (236 pg/25 pgémt = 10.24 md vORFLY with 3.2 mi of 0.5%

s
LA

Carbopol saixd 2.56 m) of phosphate baffered sabive of 2 pH of 7.4, This produced 16 wl of
fornudation for group 1. ngmp 2 ways designed to administer lnil of vVORFZ cﬁzxzaiiﬁaé § U
ORPZiml. This was done by mading 513 ml of vORF2 (138 o8 goml = 512 wd
vORF2) with 3.2 mi of 0.5% Carbopol and 7.58 mi of phosphate buffered saline at 2 pH of
74, This produced 16 mi of formulation for group 2. Croup 3 was desigaed © admimister
et Ll of vORF2 containing 4 pg vORF2ad. This was done by mixing 236 mi of vORFZ (64
{25 weiml = 256 mi vORF2) with 3.7 wmd of 0.5% Carbopol and 1024 nd of phosphate
buffored saline at a pH of 7.4, This prodoced 16 mi of fornmdation for group 3. Group 4 veas
designed ko adwinister 1ngd of recombinant QRF2 (ORF2Y comaintug 16 pg rORFZimi. This

was done by mivdng 2.23 ml of fORFZ (312 pe/230 guiml = 223 sl 1ORF2) with 6.4 m of

b
Y

€.5% Carbopo!l and 23.37 ml of phosphate buffered saline ata pH of 74, This produged 32
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md of formmation for wroup 4. roup § was dosigned to aderwister ael of tORF? contsining
Buy sORFYml.  This wes done by mixing 1.11 ml of tORF2 (256 pgf230 peiml = 111 ml
tORE?2)Y with 6.4 mi of £.5% Carbopol and 2449 ml of phosphate-bulfored saline af 2 pH of
7.4, This produced 32 mi of formudation for grogp 3. Group 6 was designed to adminigtar
Imi of tORY? contumining B pg tORF2/mt. This was done by mixing 0.36 mf of 20ORF2 (128
230 pefodd = 056 mi vORFZ} with €.4 ml of 8.5% Catbopol and 25.04 mi of phosphais
buifered saliec ot p pH of 7.4, This praduced 32 mi of fonmglation for group 6, Jroup 7 was
designed to adusdster Zimd of POV2 whole killed celf vaccine (PFCVZ XV} containing the
MAX PCV2 RV, This was dowe by mixing 56 mi of POV2Z KV with 14 mi of §.3%
Casbopol. This produced 70 ml of formulation for growp 7. Finally group B was designed
atndnister KLH st 0.5 pgimad or 1.8 pgdmd per 2 md dose. "Thds was done by wibdng 40,71 md
KLH (7.0 ug prorcindmd at 05 ggfml = 870 o {7.0 pp/oa)00 = (0870 mly), 24429 ml
phosphate E‘miﬁrmd salige at a pH of 7.4, and 283 ml Freunds adjavant, Table 3 deseribes the

e frameg for the key activitics of this Exawple.

Table & Study Agtivities

Study | Stedy Agtiviiy

Day

-1, 010 4% | General obgervations for overall health and clinioal symploms

-3 Waighed: Randamimd‘m sroups, Tolected Bood semples

from. all pigs

0 Health examinstion, Administered IVP Nos. 127 o Groups 1-

7. respucively
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7 Obeerved pigs for injecton siie reactions
14 Boosteretl Group 7 with POV2 Vaccise No. 7, Blood samples
from sl pips
14-21  § Observed Group 7 for iygection site reaciions
16-19 | Troated all pigs with andibiotics {date missing)
1% Figs trangported from the Brst o8t sife to o scooad o5t sife
o2 Tremed Groups -9 with KLHACFA
24 Collected  blood . and nasal swab samples from sl pigs
Weighed all pigs; Chattenged Groups 1-8 with POV challenge
Takerial
25,27, | Colisoted nasal swab samples from all pigs
28,31,
33, 3%,
37,39,
41, 43,
43, 47
27 Trested Groups -9 with KLHACFA
31 Collecied blood samples from all pigs
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3% Collevted blood and nasal swab sewples from sl pigs;
Weighed all pigs; Necropsy all pigs, Gross legions soted with
emphagis placed on ioterys and gastriv sleery: Lunes evaluated
for lesions, Frosh and foomalin Heed tvwe samples seved; -

Hife phage of the study completed

Following completion of the in-dife phase of the shudy, formalin Sised tsaes were
sxamined by Immumohistochemistry (JHC) for detection of PCVZ antigen by a pathologist,

blood samgples wese evaluated for POV2 serology, nasal swab samples were svaluated for

LA

PCY2 shedding, mnd average daily weight gain (ADWE) was determined from Day 24 1o
Trav 49,

Aniruals were housed at the first study site in Individund cages in five rooms from
birvth o approvimately 11 days of age (approximately Day 0 of the studv). Bach roosm was
identical in layoul and consisted of stacked ndividaal staindess steal vages with heated and
10 fitored abr supplicd separately fo vach iscdstion unit,  Eack roem had scparste heat and

ventifation, thershy proventing cross-confaminaition of air betwosn rooms.  Animals wers

housed i two different buildings at the scoond stady site. Group ¢ {The Strict negative

control. group} wis boused separately iv 8 converted fintsher pitding and Groups 1-8 were

housed i converted nursery building. Esch group was housed in a separate pors {11-12 pigs
5 per pont and cach peﬁ provided approximaicly 3.0 square feot per pig. Fach pon was on an
clovated deok with plastie statied Qoors. A pit below the pone served as 2 holding sank for
excroment and wasie. Bach building had #is own separate heating and ventilation systems,
with Htife Hkelihood of cross-contamination of air betwesn bulldings.

A the st sidy side, piglets wers fod 2 specially fornuiated milk ration from bicth to
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approximately 3 woeks of age. Al pigleds were consuming sobid, special mixed ration by
Dy 19 (approvimstely € 34 weeks of age). Al the second siady sife, gl piglets were Red 3
custom nos-tnedicated comperclal mix ration sppropriste fir thelr spe and weight, o
libinom, Watsr at both study sites was also availabie ad Lbitumn.

Al test plgy weore ealed with Vilansin E on Day -2, with ivon injections on Day -1
g with NAXCELE (3.0 ml, 1M, in alternating has) on Days 16, 17, (R and 19 In
addition, Pig No. 32 (Group 93 was treated with an fron tgection on Day 3, Pig 45 (Group 6)
was freated with an fron infection on Day 1L, Pig No. 6 (Group B) was weated with
NAXCEL® oo Day 6, Pig No. 74 (Group 33 was treated with dexasnethazone and pendeiliin
o Day 14, and Pig No. 31 {Group 1) was treated with dexamethazons and penicillia oo Day
13 and with MAXCELR on Day 14 for vartous health reasons.

While af both stdy sifos, pips were ondor vewrrinary care, Awnimal hoalth
examinations were conducted on Day 0 and wese recorded on the Health Hxamisation Record
Formr Al animals were in good health and suititional status before vaccingtion as
determined by observation on Bav 0. ATl test animals were observed to e in goed hoalth sud
putritional statas prior @ challenge, Carcasses and tissues were disposed of by readering.
Finad digposivion of study animals was records on the Anfmal Disposition Record,

- Dn Day 0,‘ pres asség}md 10 Groups 146 received 1.0 mL of PCY? Vaccines 18,
respectively, IM i the left nock region using & sterfle 3.0 mil. Loer-lock syringe and a sienile

20g 55" needle. Pigs essigned o Group 7 seceived 204 mb of POV2 Vaccing No. 7 1M i

i)

the Ioft neck ﬁagimz wsing # stortde 5.0 als Luer-look syringe and & sterfle 20g x %6° needle.
On Day 14, pigs asstgned o Group 7 wecetved 2.0 ml of POVZ Vaccine No. 7 IM in the
right neck region using a sterile 2.0 mi LuerJdock syringe and a slerile 20g & %" neadle.

On Day 21 all ot pigs received 2.0 sl of KEHACEA IM in the right ham rogion

using » sterile 2 0ml Loec-lock syringe and 3 sterile 20g x1" needie. On Day 27 all isi pigs
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seoeived 2.0 mi of RLHACFA in the lefl bam mogion wsing a sterfie 3.8 ml Luerdock
syringe and a sterile 20z x 1* needie,

On Day 24, pigs assdpeed o Groups -8 reccived 1.0 sl of POVZ ISUVDL
challonge material (3,11 logw TCIDw/mL) I dn the loft reck region asing a stovile 3.0 mi
Luor-lock syringe and a stertls 20g x 1Y ﬁeedie. An additional 1.0 mi of the same materkal
was administered IN to each pig (1.5 ml per nostrily using a sterile 3(} il Luer-lock syrings
aud nasal canala,

Test pigs were observed daily for overall health and adverse events on Day -4 and
from Day § 1o Day 19 Observations were recorded on the Clinical Observation Record. Al
test pigs were observed from Day O 1o Day 7, and Growp 7 was Buether obsorved from Dav 14
o 21, for indection. site reaciions. Av@r&gﬁ duily weight gain was determsined by weighing
cash pig on 2 calibrated scale o Days -3, 24 and 49, o0 on the day that a plg was found dead
after challenge., Pody weights were recorded on the Body Weight Forma, Day <3 body
weights were utilized to block pigs prior © randomization. Day 24 and Day 49 weight data
was wiilized fo detormine the average dadly weight gain (ADWG) for cnch pig dwing these
titne polmts. For pigs dhat died sfter challenge and before Day 49, the ADWG was adiusted o
represem fhe ADWG from Day 24 1o the dav of death.

I order to determine POVY serology, venous whole blood was collected from each
piglet from the orblinl venous sinus on Davy -3 and 14, For each piglet, blood was collected
from the orbiial venous sinﬁs by lserting a sterile copiliary tube o fe medial cantins of
one of ihe oves and doining approximately 3.0 mbl of whole Bood into 3 4.0 ml Serum
Separator Tube (S5 On Days 24, 31, and 49, venous whole blood from cach pig was
coliscted from The anterios vona cave using # siestle IBg x 112" Vaculainer seedie Beolon

Prickinson and Company, Franklin Lakes, Now Jorsey), & Vacutsiner needle holder and & 13

b 55T, Blood collections @ each fimse point were recorded on the Sample Collection
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Record. Blood m each SST was sllowed to clot, sach 857 was then spow dovwn and the
sermn harvested. Harcosted sonmn was trpmsfiured o a sterile snap tube and stored af -7
HP O unidl tested o g ster dote. Serum samples ware tested for the presenge of POVD

satibodics by BIVI-R&D personnel.

1921

Pige wers observed once daily fram Day 20 to Day 49 for clinical sympioms and
slinfcal observationg were recurded on the Clinloal Observation Resord. |
Tex ost for PCV2 nasal shedding, oa Days 24, 25, and then eyvery other add nambered
stedy day ap 1o and inclhsding Day 99, & sterils docvon swab was nsorted inita wassily fwo
cither the left or right nostril of cach pig (ous seab por pig) as asepiically ss possible,
in swished around. for g fow ssconds and then removed.  Hach swab was then placed o a
single sterile sngp-cap twbe confaining L0 mL of EMEM. medin with 2% IFBS, 300 uniifind,
of Penicilhin, 560 pgfml. of Streptomysin and 2.3 pg/ml. of Funglzone.  The swab was
broken off in the mbe, and the snsp mbe was sealed and appropriately lebeled with animal
mamder, study nuinber, date of collections, study day and “sasal swab” Sceled snap tobes
i3 wers stored at ~36 & 10° C undl trensported overnight on dce 1o BIVE-SL Joseph. Masal swab
collections were regorded on the Nasal Swab Sample Collection Form.,  BIVERED
conducted quamitative viras isolation (V1) tesung for POVZ on nasal swab samples. The
rosults were expressed o fogs valoes, A value of 1.3 logs or less was considered negative
and any value greater shen 1.3 logs was sonsidersd positive.
20 Pigs that died (MNos. 28, 32, 56, 69, 82, and 93) al the fust stundy site were necvopsied
to the level necessary fo defermine a dlagnosis, Gross fesions were wocorded and no tissues
weore setained from these pige. At the second stndy site. pigs that died prior io Day 49 (Nog.
45, 23, ¥, 338), plgs found dead on Day 49 prior 1o ewthonasla (Nos. 2, 43), and pigs
enihantzed on Day 49 were necropsied, Anv gross lesions were noiod and the percentages of

23 fong fobes with lesions were recorded on the Necropsy Report Foem,
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From cach of the 103 pige wecropsied st the second study sile, a tesue sample of
jousil, hung, heart, Hver, mesonteric ymph node, kidoey and ingoinad lvmph node yas placed
do & single container with hidfered 10% formading while another tissee sample from the

same aforomentionsd organs was plased fmto 2 Whirlpak {(M-Tech Dingnosties Lid,

kv

Thetwall, LK) and sach Whitk-pak was placed on ice. Earh coniatizer was propordy leheled.
Sample collentions were recopded on the Neoropsy Repori Formn,  Afterwarnds, formalin-fixed
fissne samples and & Disgnostic Regaest Form wore submitied for THT westing, THC (esting
was condudted i aconwdance with stsndard ISU laboratory proseduzes for secciving samples,
sample snd shide propavation, and staining techniques, Frosh tissues o Whid-paks were
0 shipped with oo packs to the Studs Monitor for sorage (-70° = 17 (4 and possible fonee
wse. Formalindived tssucz were examined by g pathologist for detection of POV by THC
sd scored using the folfowing sowring systern: 0= Nong; 1= Scant positive staining, fow
sites; 2 = Moderale positive staining, multiple sttes; and 3 = Abundad positive siaining,

diffuse throughowt the tssue. Due to the fact that the pathologist could not positively

it
L

differentiate ingaina! LN from mesentenc LN, resulis for these Sssues were simply labeled as

Lymph Node and the score given the highest score for each of the two tissucs por aninial.

Resulis
Reswuiis for this example are given below. 1t s noted that one pig from Group 9 died
20 before Day 9, and 5 mere pigs died post~vascimetion {1 pig fom Group 4; 1 pig Hom Group
&, 2 pigs from Group 8 and 1 pig Bowm Group 9). Post-mortem examination indicated all six
died dae to wnderfying infections thal were not agsociated with vaccination or PMWS.
Additonally | no advarse evenls or infeckion shic reactions wese noted with any groups.

Average daily woight guin (ADW3) resulis are presontsd below in Table 6. Group 9,

a3
“h

the strict negative conirol group, had the highest ADWG (1.06 = (.17 Badday), followed by
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Uroup 5 (194 0.32 lbsAday), which received ons dose of § pg of YORFY. Group 3, which
received one dose of 4 ug of vORFZ, had the lowest ADWG {849 2 021 Bs/day), followed

by Chroup 7 {0302 0.3 ¥ Ibsfday), which received 2 doses of killed vascine.

Table &, Sumnmary of Groep Average Daily Weight Gain (ADWG)

Croup Treatmant N § ADWG - Ibsrday (Day 24 to Day s or

adjusied for pigs dead before Day 29

£ | VORF2- 16 pg {1 dose) 12 0.87% 0,29 Ibe/day
3 ¢ORFZ ¥ pg {1 dose) 12 §$.70 % 032 bhedday
3 | VORF2 -4 pe (1 dase) 12 0.49 £ 0.21 Tos/day

4 JYORE2 ~ 16 pg (1 dose) 11 .84 = 0.30 Iheiday
3 ri)RI‘Z -8 ug {1 dosey i2 0.9 £ $.22 Ibs/day
| & (rORF2 -4 pg (1 doss) 13 G724 005 Ihadday
7 KV {2 doses) 2 .50 4 .15 Tbe/day
8 Challenge Controls 10 .76 = .19 Bwiday
9 Strzot Negative Congrols 14 E 1064 0,17 los/duy

CORF2 = jgolated vival OREZ; yORF2 # recombinent bacalovicus sxpressed ORF2, killed whole oell
wirgs = POV viras grows i suitable cell euliare

POCV2 servdogy resclis are prosenied below in Table 7. All nine groups were
seronegative for PCVZ on Day -3, On Day 14, Groups receiving vORF2 vacoines had the
highest titers, which ranged from 187.3 10 5282, Pigs recebving killed viral vacoine hiad the

next Mghest tiers, followed by the groups receiving tORE2 vaccines. Groups 8 and ¢
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remained ssronegative of tis e, On Day 24 sud Dey 31, pigs receiving vORFZ vaccines
continued to demonstrate a strong serological response, followed clogely by the group thay
received two doses of & killed viral vaccine. Pigs recsiving tORE2 vaccines wers slower to

respond serologioally and Groups & and 9 continued fo remain séronegative, On Day 49, pigs

iy

reostving vORF? vaceine, 2 doses of the killed vizsl vaceine aid the lowest dose of 1ORF2
demonsirated the stronpest serological responses.  Plos recaiving 16 ae and 8 ug of 1ORF2
vacoiies bad slighty higher IFA thiers than cladlenge controls,  Groap @ on Dav 49

demounstrated a strong servlogical responss.

0 Table 7. Swmmary of Group POV IFA Thers

AVERAGE IFA TITER

Graup Treatrcnt Day -3 | Day 14| Day 24§ Day 31% | Day 490

i VORFZ - 16 pg {1 dose) 340 EYALILE R & CERY ROO7 [ Eian

2 | vORFz.Bpg(idese) | 300 | 5600 | M667 | 68000 1818
3 VORF2 -4pg (Fdose) | 500 | 1875 | 11333 1 57A33 9333.3

4 sORFZ ~ 16 gyl doge) 0.8

g
s
i

FE0ERY 3G BOGELO

L

ORF2 w8 ug (1 dosey 54.0 758 BR7.% 32667 FA4I6T7

6 sORF2 -4 pg (1 dose) 6.0 300 5500 31182 sy

7 KV (2 doses) 3.0 242 | 3R7S 46208 3680.0
8 Challenge Controls HLG 350 MO 300 54333
& Steict Negative Contrals 3G.0 591 94 4.5 61364

YORF2 = isnjated viral ORFZ; rORF2 = reeombinant bacwlovins exprossed ORF2: killed whols cell
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virus = FOVE vivus grown in suifoble cell euliure
*For paicaighion prmposes, 3 C100 TFA titer was designated as g titer of “30%, 5 20400 TFA

titer was designated ay & fier of "12,800"
#*Jay of Chalienge
o 2+ Day of Necropsy
The resulis from the post-chatlengs clinical observations are presented below i Table
. This sampuary of resulls mcludes observaiions for Abnormal Bebamvior, Abnonmal
Respiration, Cough mad Dharchea, Table 9 includes the resudis from the Sununary of Group
Ovesall Tncidence of Chinical Symptoms and Table 10 includes segults from ghe Sumomasy of
10 Gronp Mortality Rates Post-chalienye. The most common chnical sviaptom noted in B
stisdy was abaormal behavior, which was scored as mild to sovere lethargy, Pigs roceiving
the 2 lower doses of vORF2, pigs reseiving 18 pp of rORF2 and pigs receiving 2 doses of
KV vaccine hed incidence rates of & 27396 Pigs weceiving 8 ug of tORF2 and the givist
negative oomtrol grouwp had wo sbmormal bohador.  Wone of the pigs da this study
i3 ciemm'mtmlcd any sbnormal respiration.  Coughing was neted freguently i sll groups {0 ©
25%), as was diarrhes (0-2094). Nonc of the ¢linical syanploms noled were pathpgnomic for
PMWS,
The wverall incidense of chinical svuptons varied between growps. Gronps recsiving
anty of the vOREZ vaccines, the group receiving 16 pg of rORF2, the group m:;raivmg 2 doses
20 of KV vaccine, and fie chalfenge contrel group had the highest incidence of overall dlinical
symptoms (236.4%6). The srict negative comtrol groap, the proups seceiving § g of fORF2
sl the group recsiving 4 ug of YORF2 had oversll incidence rates of clinical symptoms of
%, 8.3% and 9.1%%, respectively.

Overall mortality maies befoeen groups vavied as well. The group receiving 2 doses

]
[¥]

of XV vacwine had the highest monality sale (16.7%), while groups that received 4 gg of
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vORFZ, 16 pg of rOR¥Z, or § pg of sTORF2 and the sivicl negatve control group all had &%

moriahiv rates,

Table 8 Sunpmary of Group Observations for Abnermat Behavior, Admormal

Respivation, Cough, and Biarrhea

Ciroup Treatmens N | Abmormal | Abnormal | Congh® | Disrdes’
Behavior' | Behavior®
H vORFEZ - 16 ua (1 dose} 3 22 iz ¥12 232
(16.7% (0% ass | as7
2 VIORFZ - 8 g (1 dosey 12 412 Hi2 12 1412
B3 1 0% @3% | @3
3 vORFEZ -4 pg (1 dose) 1z 812 Gz 13 1712
{656.7%) {5} £16.7% (B35
4 rORE2 - 16 pe T dose) i1 il &1} /13 (0% 2%
27390 (0%) (IR.2%)
5 FORFD-Bag(ldossy | 121 0412 w12 11202 0
0% (%) (8. 3%s
6 YORF2 -4 ug (Ldose) | B LVALOISS L 801, | 0711 0%) | 0412 0%
{O%;
7 KV (2 doses) 12 iz HWE2 12 (o) 17i2
(58.3) (%) (83%)
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8 Chatlonge Conwols | 36 | 1/16 810 e |2
10%) O% | e | o

9 | Swict Negative Contrals | 31 | 071 GY | L0 | 011 (0%)
0% @)

YORFER = jolated viral LRF2; rORY2 = recombinent baculevinm exprossed ORFY; kifled whole cell
viruis = POV2 virug growa in suitebie ool coltu

"Total mumber of pigs in each group that demonstrated awy abnormal behavior for at least one
day

*Total number of pigs by sach group thet demonstrated any abnormal respimtion for at Jeast
e day

“Total nuher of pies in cach growp that demonstrated 2 cough Tor at least one day

*Toral number of pigs in eash group that dessonstrated diarrhes for at least one day

Table 4. Suwmmary of Groug Overall incidence of Clinical Symptoms

Crowp Treatmant N tncidence of pigs with | Tacidense
Clinical Symptoms’ Ragte
- VORF2 - 16 122 (1 dose) 12 5 | 41.7%
3 VORF2 — 8 ug (1 dose} 2o s S
3 yORF2 ~ 4 pe (1 doss} 12 8 $6.7%
4 YORFZ - 16 ug 1 dose) 3] 4 36.4%
$ 1 ORFZ-8ugfl dase’}- 12 1 i 8.3%
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[ rORFZ - 4 up {3 doge) 11 1 9.1%
7 KV (2 doges 12 7 58.3%
# - Challenge vficﬁm:‘s»ls 3¢ 4 %%

9 Striet Negaiive Controls §§ 0' % "

SORFY = ilated viral ORFY; rORF? = recombinant bacdloving expressed ORF2 kiflad whole cell
virug = POV virus groven i sadfable colf eulbre

"Total number of pigs br cach group that denmonstrated any clinical symptom for st least one

day
Table 1. Sammary of Group Moriality Rates Post-challespge
Groap Treatment b Dead Post~ Moriaiity Rate
challonge

i vORF2 - 16 g (I dose) 12 i £3%
2 vORFEZ - 8 pg {1 dose) iz 1 8.3%
3 | VORFZ - 4 pg (1 dose) | 12 { 21
4 rOREZ - 16 pg (¢ doss} il ¢ %
3 TORF2 - 8 pg (1 dose) 12 0 0%
£ rORF2 - 4 pg (1 dose) il i 9.1%
7 KV (2 doses) o 2 16.7%
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& Chalienge Contvols W] 1 10%
9 Strdor Negative Controls il ¢ 0%

VOREL = jgalaled virgl ORP2; rORFE = recombinant hactlovirs sxpressed ORFZ: killed vhide cell
vires = PCVZ ving grown in suitebie ool colwmre
PCVZ nagal shedding resnits are presented below  Teble 11, Followiag challenje
5 ca Day 24, 1 plg in Group 7 began shedding POV2 on Day 27, None of the other groups
expericnced shedding witl Day 33, The bulk of nased shedding was soted from Day 35 e
Dy 43, Groups receiving any of the three vORF2 vaccines mud groups receiving eithor 4 ar
¥ g of vORF? had e lowest incidence of nasal shedding of POVE (9.1%). The chaflenge
conteel group (Group 8) had the highest shedding rate (80%), followead by 1he sirict negative

10 control group (Groap 9, which had an incidence sate of 63.6%.

Table 11, Suawmary of Group Incidence of Nasal Shed@ding of POV2

Cirowp - Treatwent N Mo, Of pigs that shed | Incidence Rate

For at keast one day
1| vORF2-16pg(ldosey | 12 [ / -
2 vORE2 - 8 pg {J dose) 12 i 8.3%
3 vORF2 - 2 pg (1 dose} 32 3 8 1%,

4 5 fORFZ- 16 gz dose) i 2 18.2%
5 rORF - & g (1 dose) 12 1 2.3%

& ORE2 - 4 pg (1 dose) it i 2.1%
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7 KV (2 doses) 2 5 417%
] Chalienge Controls it 8 B0%G
4 Strict Negative Controls il 7 £63.6%
CORFY = isolatet viral ORVL. rLIRES = recombmant bacuocins exprossed ORF2; kifled whele ool

wivgs = POVE vivus grows in suitable colf oultare

The Semmary of Orowp Iosidesee of Ioverns, Crowp Incidence of Gastrie Ulsers,
CGroap Mean Lung Lesion Scores, and Group Ineidence of Lung Lesions ase shown below in
Tablel2, Six pigs died at the {first test site during the post-vaccination phase of the study
{Group 4, N=}; Group 6, N={; Group 8, N=2; Growp 9, N=2). Fowr out of six pigs had
fibrinous losioag in one or move body cavifies, one ply (Group 6) had lesions consistent with
slogtridial discase, and one pig (Group 9) hadd no groge fesions.  None of the pigs that died
during the post-vaceination phased of the study bad Jesions consistent with PMWS.

Pigx that died posi-challenge and pigs enthanized on Dey 4% were necropsied. At
BROTOPSY, icterug and gastric wlcers ware pot presout in any gronp. With regard 1o moss %
tung lestons, Group © hud Sowest mean % Jung Jesions (0%, followed by CGroup § with 0.40
+ 0.50%5 and Group 5 with 0.68 & L13%. Croups 2, 3, 7 and § had fie highest mean % hang
fesions (= 7.27%%), Hach of these fowr groups contained ong g with % lnng lesions ©71.53%,
which shewed the results higher for these four groups. With the sxceplion of Group & with
% g Jesions noted, the romaining & gronps bad € 36% hmyg lesions. Abnost ol fung

fesions noted were described as redfpurple and consolidated.

Table 12, Swremary of Grong Inciidence of Ioferuy, Group Incidence of Gastric Uleers,

Group Mean % Long Lesion Seores, and Grosp Incidence of Lung Lesions Noted
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Group Treatmens Ioterns Gastric | Mean ™ Lung | Iwidonce of
Ploers Lesions Lunp Lesioos

MNoted

H VORF2 - 36 ug (1 G712 (0% 112 (.40 % 0509 10412
dose) 46} {83%)

2 vORFEZ -8 g () dose) | D712 (0343 iz 7415200 112
(%) ®3%)

3 ORF2 -4 pg (L dose) | 712 (0% ¥iz 920 209% 12
(0% {83%)

4 WORFZ- 16ps ¢l | 11 @% | &1 1 L5 =4.74% 411
dose) (0% (36%5)

3 FORE2 -8 up (Y dose) | U712 (0% 12 0684 1.153% 912
{096} {73%)

6 rORF? -4 pp ¢l dosey | O/ €0%) U 29EE 310 74

| (0% (64%:

7 KV (2 doses) W2 {00 iz 7375 329% %12
(U1%) (T5%;

8 Challenge Controls o1 I | 988w 292% &10
{0e) 0%} {B0%)

9 Strict Negative LI %) | wil W1 0711
Controls 0% 0% (0%

ORYY = isolated viral ORFZ vORF2 = ecombinant baoubovhis exprossed QRFZ; BV or killed
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The Swmmary of Group HO Positive Incidence Results is shown in Table 13, Group

1 (¢ORFY -~ 16 ag) and Groap 5 GUREZ - B 1) bad the lowest mate of IC positive resalts

{10.7%). Group & (Chatlenys Controly) and Group 9 (Strict Negative Controls) had the

Iighest rate of THC positive results, 90% and 90.9%, respectively.

Table 13, Summary of Group IBC Positive Tucidence Rude

Gmu;i I*}v‘:'.ream}mt N ?‘*é‘{s. {}i’pigsv ?;tsat hadst | {ncidence
loast one tssue positive Rate
for PCV2
H VORFZ - 16 12 (1 dose) 12 2 16.7%
2 YORFZ - 8 ng €1 dose) iz 3 2549
3 VORFZ - 4 ug (1 dose) 12 8 66.7%
4 HORFE - 16 g (1 doss) i1 4 36.3%
5 1ORYFE -8 pg {1 dosed 12 2 6. 7%
6 TORE2 « 4 pe {1 dose) 11 4 36.4%
7 KV (2 doses) 12 S $1.7%
8 Chaflenge Controls 10 © 90 0%
9 Strict Negative Contols 1 10 93.9%

SORFZ = welated wiral ORF2; pORE2 = rcoobinst basudovions exprossed ORFZ; KV or kiiled
whols cell vimes = POV vires grown in suitable cell culture
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Post-chalionge, Growp 5, which received one dose of § uy of rORFZ satisen,
sutperformed the other 6 vacolne groups. Group 3 had the highest ADWG (094 & 022
Hhsiday). the lowest incidenoe of abnonmsl behavior (0%), the second Towest ncidence of

conjgh {8.3%, the lowest nerdencs of overall clintoal syruptoms (8.3%6), the lowest mortality

L2y

rate (49), the lowest rate of nasal shedding of POV2Z (8.3%), the sevond lowest maie for mesn
% hang Jesions (.68 & 1.13%) und the lowest incidence rate for positive tizsuss {36, 7%).
Ciroups receiving various Iovely of rORFZ amigen overall owtpesformed groups recciving
varions Jovels of vORFZ and the group receiving 2 dossr of killed whole celf PCVZ vagcing
perfonmed the worst, Tablex 14 aud 13 contain swomarios of group posi-challenge data.

e

Table 14, Svmmary of Groap Pest-Challenge Bags - Part 1

Group N Troalraent ADWEG | Abnormal | Cough Orveralt
{lbafdnyy | Behavior fnpidence of
Clinical
Sympioms
1 12 § vORF2-Itug 587% 2 312 41.7%%
{1 dose) 029 (O6.7%) 1 se
2 12 vORF2 - S g 8,76 % 412 i1z 41 7%
{1 doge) {32 {35.3% #.3%
3 12 vORF2 - 4 g 4494 8712 212 66.7%
{1 dose) 021 | (BT | (167%
e i1 rORFEZ - 16 ug (844 /il /1% 36.4%
{1 dose) 0.30 QI | O%)
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5 12 1 GORFZ-Bpg | 0945 | 0A2¢0% | W2 8.3%
(1 dose) 022 (8.3%

& it ORF2 ~d g 872 % 11 (31% 0413 21%
{1 doze) 0.25 {0%)

7 12 Y 8504 1 73583 G417 3%
{2 doses) Q.15 {i8%)

8 10| Chaltenge 076 | 1I0Q0%) | 20 40%
Controls 8.1 (2%

& 1} Sirict Negative 1862 1 QLT (%% 31 %%
Controls 0.37 {0%%)

whide call virgs = POVZ vipus growen in suttable cell coltrs

VORF2 = eolated viral QREFL; tORF2 = recombinsat haculovirus exprossed ORF2, KV or killed

Table 15, Swomary of Group Post-Challenye Biain - Part 2

Croup | N Treatraest Mortality | Nagal | Mean % | Incidence Rateof 0t
Ritte Shedding | Lung | least one tissue THC
Lesions | positive for PCV2Z
] 2 | vORFI-15ug 8.3% 8.3% {40 & 16,7
{1 dos) {3.56%
z 12 vORFZ - B pg 8.3% £3% 741 & 25 0%
{1 dose) W25
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3 iz | vORFZ-4up 0% 83% | 920= 66.7%
{1 dosed 28.9%

4 | 11 | ORFZ-16pg | 0% 182% | 150= 36.3%
{1 dosed L T4%%

5 12 | fORF2-Bug 0% 83% | 088 16.7%
{1 dose} 1.15%

6 11} fORF2 -4 g 9.1% 91% | 29%% 36.4%
1 dosey 5.12%

7 12 EV 67% | AP 1 72T 41L.7%
{2 dosen) 225%

8 10 Chalfenge % $0% 988 % 90.0%
Controls 20.7%

o 11 | Stict Negagtve %% 83 6% 1] 2.9%
Controls {0%

whole cell wiras = PCVI vists prossn i udiable cell sulture

SORED = isolated wined ORFZ; sORF2 = secontbinag bucwlovios expressed ORFZ RV or killed

Resuits of this stady indicate that afl further vaccine eflorts should Focus on 2 vORE2

vacuing., Overall, agsal shedding of PCV2 was delected post-challenge and vacoination with

a POV2 vaceine wsolied i 8 seduction of shedding.  Immanchistochemissy of selscted

Ivmphoid sissues also sorved as 2 good parmneter for vaccine sffioacy, whereas large

differsnces in ADWG, clinica! svraptomus, and weoss leslons were not detected between

groups. This sludy was complicsied by the fact that exsrancoss PCV2 was introduced at

some point daring the study, a5 evidenced by nasal shedding of PCV2, POV seroconversion
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andt posiiive T Gseues In Group . the siviot negative control group.

Discussion

Seven POV2 vaccines were ovaluated n this study, which ncladed shree different

ih

doss fevels of vORFZ antizen administered atice on Day 0, thise different dese evels of
ORF2 antigen adminisisred once on Day {3 aad one dose feved of kifled whole cell PCV2
vaceine sdministered on Day € and Day 14, Overall, Crowp 5, which received 1 dose of
vagcins cotsaining 8 pg of TORF2 antigen, had the best resuits. Group 5 had the highest
ADRWG, the fowest invidence of abnormal bebavior, the lowest mncidence of abmormsl
it respivation, the sceond kowest incidence of copgh, the lowedl incidence of oversll olindcsl
symptons, the lowest mortality rate, the lowest rate of nasal shedding of POV, the sccond
iowest rate for mean % hung lesions and the lowest incidence rate for positive THC tissecs.
inerostingly, Group 4, whick roceived a higher dose of fORF2 antiges than Group 3,

did not perform a8 well or begior than Croup & Geoup 4 had # shightly Jower ADWG, &

wat
44

higher incidence of abnommal behavior, a higher invidence of overall clintesl sympioms, 8
higher rate of nasal shedding of POV, & higher neean % hung festons, and a higher rute for
positive THC tissues than Group 5. Siatistical awabesiz, which wmay tave indicated Gt the
differences beiween these two groups were not stattstically stonificant, was not conducted on
these data, but there was an observed trond that Group 4 Jdud not perform as vell as Group 5.

iy Post-vaccination, ¢ pigs disd at the Sest study site. Foor of the six pigs were Fom
Group 8 or Group 9, which recaived no vacoine, Nom of the six pigs dewmonsivated lesiong
consisient with PMWS, no sdverse evenis wore reported am:i overgll, ail seven vaccines
appeated to be safe when admuinistered to pigs approsimately 11 davs of age. During the

post-vacoitation phase of e study, pigs seoniving either of three dose lovels of vORF2

Tt
RX 4]

vageine or killed whole cell vapcine had the highest IFAT levels, while Group S had fhe
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fowest IFAT Jevels just pricr to challenge, ol the vacrine groups.
Although not formadly proven, the predominant rowie of rawsmission of POVI 1o
sonng swing shortly afley weaning i belisved to be by oronasal dwrect contant and 2

sfficacions vacoine that reduces nasal sheddiisg of POV2 in a production seiting would help

LA

control the spread of infecton. Groups tecelving one of three vORF2 antigen levels aad the
group reociving § pg of rORF2 bad the Jowest incidence rate of naxal shedding of PCV2
{8.3%), Expeciediy, the challenge control group had the highest incidence rate of nasal
shedding (80%:,

Ciross lesions in plgs with PMWS scoondary yo PUV2 infection typically consist of
i gereratizod lymphadenopathy in combination with ong or ﬁnm.ltipic of thw followiag: (1}
interslitial pucumonia with tuterjobular edema, (2) cutapeouns pallor or ivterus, (3) motided
strophic Hvers, {4} gasirio ulcors, (5) nephritis and (8 reproductive disorders, ¢y abortion,
stiftbirths, mununies, ete. Al necropsy, ioierns, hepatifis, nephritis, and gastric lcers were

ot aoted in any groups and lvmphadenopathy was nol specifically exmmined for. The mean

penry
A

%% Tung lesion scores varied betwees groups. The group recetving 16 ug of vORF? antien
had he kowost mean. 3o fuug iesi';:m seore (048G £ G508, followed by the group that repetved
% ng of TORFI (.68 « L15%) As expected. the challenge control group had the highest
| mean % hung lesion score (D88 + 29.2%). In all four groups, the mean % Jung lesion scores
were elevaied dus o one pig i cach of these groups that had very high hing fosion scores.,
2 Most of ihe bing josions were deseribed ag rediporple and consolidsind,  Tepically, lmg
lesions agsociated with PMWS are described a5 tan and non-collapsible with interlobular
edema. The lung Jesions noted in this study were either not associated with PCV2 infection
or z second pulmonary infections agent may have been present.  Within the contaxt of thig
shady, the %% ung Jesion scores probably do not reflect a sras measure of the amonnt of long

28 nfection due o POV,
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Other researchers hove domonstrated a direst corredation between the presence of
POVE antigen b IHC and histopathology.  Histopathology on selert tisses was not
oonducted with this sivdy. Groop I (16 pg of vORE2) and Gronp 5 (8 pp of yORF2) had the

fowest moidense rate of pigs positive for PCV2 anligen (8.3%), whike Croup 9 (the sirict

i

negative control group - BS990 and Growp 8 (e challenge nonirol growp - 90.0%) bad the
highest sncidenoe rasag for pigs positive for PUVE aatigen. Due fo the son-sublective naturs
of this test, IMC results are probably one of the best parmmeters i judge vaceing efficacy on.

Thus, in one aspect of thé present invention. the Mininnun Porective Dosage (MPD)
of & 1 mifl dose seconbinant product with extragied POV2 ORF2X GORFD) antigen in the
10 CDCD pig mode! in the face of & PCV2 chalienge was determined,  Of the three groups that
received virying levels of rORFZ antigen, Geoup 5 (8 pg of tORFZ antigen) clearly had fhe
highest lovel of protoction. Growp 3 cither had the best rosulis or was tied for the most
favorable results with regard to all of the parametors examined. When Group 3 was

cotupared with tha other six veotine groups post-challénge, Group 3 had the highest ADWG

ey
kv 23

@t = 027 the/day), the lowest incidence of abmormsl bebavier {884, (he second fowwst
ncidence of cough (8.3%). the lowest incidence of overal clinical svupoms (8.3%), the
fowes: movtalite rate (0%), the Towest rate of nasa! shedding of POV2 (8.3%), the second
foweost rate Tor wean % bung lesions (0.68 = §18%) and the fowest meidenve rate Tor positive ’
HC §issaes {16.7%:.

Y Tne another aspect of e prosent Invention, the MPD of a 1 mid dose conventional
product that is purtially purified POV2E ORF2 (vORE2Z) antigen in the CDCD pig mwodsd i the
face of a PCV2 challenge was determined. Of the three groups thet received earving levels
of vORF? sutigen, Gronp 1 (36 pg of vORED) had the highest level of projection, Group {

ocutperformed Groups 2 and 3 with respect 1o ADWG, mean % lung Jesions, snd THC

o
ey

Groups 1 and 2 & pg of vORFZ musigen) performed cqually with respect 1o overall invidence
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of clinical symproms, Group 3 62 ug of vORFY astigen) had the lowsst mortality tate, and ol
three groups performed equally with regpect o nasal sheddirg. Ovexall, vORF vaccines did
sot perform as well as sORF vacoines,

In yet smother aspect of the present iirvention, the efficaey of a maximen dose of &

A%

2m72 dose Conventional Killed POV2 vaccine in the COTD pig model & the fice of 5 OV2
challenge was determined.  Of the seven vaceines evaluaizd in this study, the killed whole
gell POV2 vaccine porformed the wast,  Piglets recoiving bwo doses of killed whole cell
PCVZ vacoine had the fowest ADWG, the second highest sats of abnormal bebamvior £38.3%),
the second highest overall incidence of clinical symploms (38.3%%), the highest mortality rate
H¥ {15,796}, the second ldghest incidence of nasal shedding (41.7%), highest mean % lung
fegions (888 = 29.2%), a high ncidesse of hng Tesions noted (739%3 and & moderate THO
inoidonce rate i Hssues ($1.7%6). However, it was il effective at mvoking an inmame
RSPOTSE.

Ire stil] another aspect of the prosent invention, naved shodding of POV was assessed

Irerd
L

as an officacy paremeter and the previons POV2 efficacy paramaters from previows studies
were reconfiomed.  Roselis from Qs study dudicats that nasel shedding of POVZ ocoms
following intra nass] challenge and that POV vaccines reduce nasal shedding of PCV2 post-
challenge. Furilermore, resulis frons this stndy and veposs i the literature indicate that TRO
should continue w0 be evaduated fn fiure POVY vaccing mais as well

20 Some addiional conchisions arising from his study are that Iymphadenopaiby is one
of the hailmarks of PMWS, Another one of the hallmarks of PRMOWS iz Ivmphoid depletion
and multinucleated/giant histioovtes.  Additonally. no adverss events or njection site
reactions were noted for apy of the 7 POVE vacoines snd all 7 PUVZ vaccines appeared 1o be

safe wheh administersd & voung pigs.
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EXAMPLE S
Thiy ssample lesty the efficacy of sight PCVE candidate vaccines and seconfisms
POV challonge parameters frons eacdier challenpe stodies following exposure 10 8 virulent
strain of POV One Inmdred and fifty (150) cosarcan derived colostrum deprived (CDCD)
piglets, 6-16 davs of age. wers Wocked by welght and rendomdy divided into 10 groups of

squal size. Table 16 sets forth the General Study Design for this Example.

Table 16, General Study Desion

GroupiNe, Off  Treament Day of [ KLHACEA{Challenge | PRERSV Necropsy
Pigs Trentmont] on Day 22 with MLV on| on Day
and Day 28] Virgest | Day 46 3G
POV2 on
Dy 25 _
1 13 | PV(2 Vaceine 1 | D& 14 + * + B
16 ng
rORF2 -~ IMS 1334
z 15 PVCI Vaocine 2 ¢ O z& 14 + + +
16 pg
FORF2 ~Carbopol
K 153 POVI Vaccine3d | 0& 14 + + + +
6wy
tORF2 ~ Carbopol
4 15 POV2 Vaecing 2 0 + o+ + +
16 ug
VORFZ — Carbopod
) 13 0PV Vaeeine3 L 08 14 + 4 _ +
4peg
rORY2 -~ Carbopol
& 35 PV Vaceine 3 | D& 14 + + + +
Ing
OIRFD - Cagb&\gsal
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7 85 | PVCIVaoce 3 | 048 14 * + + +
825 pe
tQRE2 - Carbopol
g 13 PVCZ Vacoine 4 | 0& 14 + + + +

> 84 log
K¥ ~Carbopol

@ 13 Challenge WA + + +
Comteols
10 | 15 | Nowe-Swiet | NA + - +
Negative Controd
Group

WIKEZ = okdsd viral ORFI fOREZ = eoombinant bacudovires expressed ORFZD KY ar killed
whele cell virus = POVE vivus grow i suitable cell culinre

The vaccize formulatioes given 1o cach gmup wess s follows, POV
Vaocime No, 1, adminisiored ¢ T x2 mi dose to Group 1, was & high doso {16 ug/2 wi dose)
of mactivated resombinant ORF2 antigen adjuvanted with IMS 1314 (16 ug (ORF2 ~ IMS
1314, PCV2 Vaccine No. 2, administered at 1 x 2 mi dose 1o Group 2, was a high dose (16
w2 ml dose) of & pevdally purified VIDO R-1 gonorated POVE ORF? antigen adjuvanted
with Carbopel (16 ug vORF2 ~ Carbopoly. POVZ Vacelne No. 3, adosirdstored af 1 %2 md
dose & Group 3, was 3 Mgh dose (16 ag/2 vl dose) of inactivated tocombinant OREY antigen
adjrvaniod with Carbopol {16 ug yORFZ - Cavbopol). POV Vacoine No. 4, sdministersd st
1 x 1 i dose to Group 4, was a bigh dose {16 ug 73 ml dose) of a partially porified VIDO R-
1 generated POV OREZ antigen adjvvanted with Carbopot (16 uwg vORF2 -~ Carbopol).
Vacoine No. 3, administered 2t 1 x 2 nid dese o Group 5, was a 4 ug/2 mi dose of an
fnactivated recombinant ORF2 antigen adjuvanted widh Carbopol (4 ag rORF2 — Carbopoly.
POV Vacoiase No. 6, admitgstered at 1 x 2 mi dose to Orong 6, was a  ug®2 ml dose of an
inactivaied recombinmyt ORFZ autigen adjuvanted with Carbopol {1 ug rORF2 - Carbapol).

POV2 Vaooine No. 7, admindstered ¢ 1 x 2 sd dose w0 Group 7, was 8 fow doge (025 ag/?
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il dose) of mactivated meombinmt ORFZ migizen adinvanted with Carbopot (0.23 ag fOREZ
- Casbopol), POV2 Vaccine Mo, &, administered at 1 x 2 ml dose to Group 8, was & high
doss {pre-tnasiivation der > 8.0 log/2 m dose) Inectivated Conventional Kifled VIDO R-1

generated POV2 Streve antigen adjuvanted with Carboped (#B.4 log KV ~ Cabopoly. On

T2

Dav 0, Groups 18 were ircated with thelr sssigned vaceines. Groups 1-3 and 3-8 recetved
boosters of their respective vacoines again o Day 14, The effectivencas of 2 single dose of
16 ag Vaf-‘ vORF2 - Carbopol was tosied on Group 4 which did not receive a bouster on Dy
14, Piglsts weore observed lor adverze ovenss snd Becton site reactions followmg both
vaccinations. On Day 21 the piglets were moved o a scoond study site where Groups 1-9
19 were group housed in cie biddiding and Gronp 10 was housed in a separsie building. AH pigs
weaived kevbole limpet bomocvanin  smdsified V with mcomplete Froond's adhuvant
(KLHACFA) on Days 22 and 28 On Day 25, Geowps 19 weore challenged with
approvimately 4 logs of vingdent PCV2 virss. By Day 46, vory fow deaths bad ocoumed in

the challenge control group. In an attempy fo immuncstiadate the pigs and inciease the

i3 virplence of the POV2 challenge malerial, s Groups were Weated swith INGELVACR
PRESY MLV (Porving Ropraductive and Respirstary Vascine, Modified Live Vi) én Doy
46,

Pre- and posi-chalienge blood samples were coliected for POV serclogy.  Post-

challenge, body weight data for deterpinaton of sverage datly weight gain (ADWEG) and

W ohsereations of chinical stgns wers collestod. On Dray 30, all surviving pigs were necropsied,
sross lesions wore ecorded, hungs were scored for pathology, and selected tissues were
preserved in formalin for examination by Imonmohistochemistey (THC) for detection of
PCV2 antigen 1 2 fater date,

28
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Materials apd Methods

This veas a pariiallyv-bling vaccination-challonge feasibifity study conducted in COCD
pigs, 6 to 16 days of age on Day §1. To be included in the sindy, POV A tilers of sows
wore S 11000, Additionsily, the serologic states of sows wese from g knows PRES-nepative
beed. Stueen (16) sows were tested for POV serological siatus and all shdves (16) had a
POV giter of < 1000 and were ransforred to the first study site.  One huodred fifty (156
pighsts wore delivered by cesarcan sevilon surgeries and wers aveilable for this stady on Day
-3, Omy Day -3, 150 CDCD pigs ar the fivst study site were welghed, Mentified with ear tags,
blocked by weight and sandomly asgigned o 1 of 10 groups, as sot fosth above in table 16,
Blood samples were collected from ol plgs, I anv tost snimal meoting the inclusion criteria
was eqarolied in the stndy aed wag lster exchaded for auy reason. the Investigator aud Monior
sonsulted v ortder to determing the use of data collected from the aviina! in the fhnal snabysis,
The date of which eorplled piglets were excluded and the reason for exciusion was
doommented. No sows meeting the inchision otitetia, selevted for the stedy and transported to
the first stady sitc wore excinded. Wo piglers were excloded from G study, and no togt
sainals were omoved fom the stody prior © tomination. Table 17 describes the dme

franes for the key activiries of this Example.

Fable 17, Study Activities

Study Dav | Actuad Dates | Stady Sorbviny
-3 40403 | Weighed pigs; health exam; randomized o groups; collectad
bloodsamples

Y 40403

Q321 ] 40703 | Observed o overall bealth and for adverse evends post-
537453 | vaccinalion
3 407-03 1 Administered respective [VPs 1o Groups 18
070310 | Observed pigs for Ingection site reactions
-7 4-34053
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14 42103 | Boostered Groups 13, 3-8 with respective IVPs; blood
sanupled aif pigs
1473 42103 o | Observed ples for infection reastions
428453
1921 4-26-43 o | Troated o pigs with antibiotics
428403
21 43843 | Pigs transported from Sweve Labs, ke, v Volerinary
Resouroes, fne (VR
2380 4280310 | Observed pigs for olinical signs post-challenge
52703
22 A-29-63 | Treated Groups 1-10 with KLHACFA
I3 302083 | Coliscted bood smaples from all pigs, weighed sl pigs;

challenged Groups -9 with POV challesgs matessal
3-03-03 | Treaisd Groups 1-10 with KLIICFA

5306-03 | Collected blond samples from all pies v
322-03 1 Administered INGELVACE PRRS MLV o all groups

_ Coflected blood samples, weighed and neovopsiod all pigs;
56 537903 jgross losions wore roporded; lengs were evsluated for
lesions; fFrosh and formalin fixed tissue samples were saved;
fn-difk phase of the study was completed

Following complotion of the in-dife phase of the study, formalin fixed tisoues were
examined by nmonohistochemistry (THC for detection of POV2 antigen by a pathologist,
blowod samples v«nfc exfaﬁuaind for PCVZ serclogy, and average daily weight gain (ADWG)
was determined from Day 23 10 Day 50,

Animalbs were housed af the sl stody slie & ndividual cages 1n seven voomg from
birth o approsimstely 11 davz of age (approximately Day 0 of fhe studey. Each room was
ideatical by lgyout and conststed of stacked individag! stainless steel cages with heated and
fittersd air supplied sepasatoly to cach iscdation wnit.  Each room. bad sepangie heat gnd
ventilation, therchby preventing cvoss-tomtaminstion of gir between rooms.  Antmals wer
Troused in owo differont buildings ac the second study site, Group 10 (The Swict negative
control group) was boused sepazately i g converted nursery beilding and Groups 149 were
housed in g conversed farrowing building. Each group was housed i 2 separste pen {1415

plgs per per) and cach pen provided approximately 2.3 square foct per plg. Groups 2, 4 and
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& were penned in dues adjacent pens on one side of the allerway snd Groups 1.3, 5,6, 7,

and 9 were penned in $ix adjacent pens on the olber side of the aﬁesywa}n- The Group

sepazation wis due o consern by te Study Monitor thet vacoines adoiinistered 1o Growps 2,

4, and § bad not besn Aslly inactivated. Each pen was on an elovated deck with plagtio sisized

5 floors. A pit below the pens served as a holding fmnk for sxorement and waste.  Each

building bad #ts own separate heating and ventilation svelems, with lale likelihood of crogs-

contansiation of air batwesn buiiéings.

Ay the first stady site, piglels were fed a specially formeleted milk ration from birth 1o

approstmsiely 3 waeks of ago. All piglels werg consuming sobid, special mived ration by

o Dray 21 {approximately 4 % wosks of age).  Af the scoond study site, all piglets wore fed @

custom non-medicatod commespial pix ration sppropriaie for their age and welght, ad
lébinim, Water at both stedy sios was alzo available o bigon.

All tost pigs were treated with 1.0 mi of NAXCEL®, 1M, in altemnsting hams on

Days 19, 20, and 21 I addition, Pig Ne i1 {Group 1} was imated with 8.3 ml of

pe
12

NAXCELS 1M on Day 16, Pig No. 13 (Uroup 10) was treated with § ml. of Pendcillin and |
ml of PREDEFE 2X op Day 10, Pig Ne. 4 (Qroup 9 was teared with LD mb of
NAMCELE 1M on Dar 11, and Pigs § (Group 11, 4 and 11 were each treated with 1.0 wml of
MNAXCEL® on Day 14 for various health reasons,

White 2t both swmdy sifes, pigs wore under velpnary ome.  Aninal health
el examinations were conducted on Day 3 and were recorded o the Healfh Examinaion
Record Form. AH andmals wore in good laaal;ii and mdritional status before vacoinaiion ag
defermined by observation on Day ¢ All tost sabmals were observed 1o be 1o good health and
notritional stafug prier to challenge. Carcasses and tismws were disposed of by rendering.
Fiaat disposition of study soimals was reccgded on the Andimal Disposidon Record.

N On Dy  and 14, pige assiened in Oroups 1-3 and 3-8 received 2.0 mL of assigned
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POVZ Vaocimes 14, respectively, 1M in the right and loft neck segion, respectively, vsing &
sterile 3.0 sl Luer-dock svringe sod g sterils 20g x ¢ neadle. Pigg zmsigmi to (Group 4
recsived 1.0 x.zﬁ, of PC&YZ Vaonine No, 2, M in t}m‘righé neck region amag asterile 3.0 ml
Luardock serings ézid a sterile 208 x %" nesdie on Day 0 ondy.

On Day 22 off fest pips received 2.0 ml of KLHACFA M in the el neck region
using a sterile 3.0 mi, Loer-Jock syringe and x sterile. 20z x1" needle. On Day 28 alf test pigs
received 2.0 ml of KLHACFA in tw riglt bam region esing g sterile .0 ml Luer-dock
syritsgs and a stexfle 20 x 17 necdle.

On Day 25, pigs asigned o Growps 19 wesived 1.0 mL of PCVZ TSUVDL
shatlenge matorial (3.9% fogys TUD /i) IM i the diglst nock repion esing g derdls 3.0 i
Luer-lock syringe and o stertie 280 x 17 needle.  An addisions] ZG 1l of the same material
wak administered IN o cach pig (0.5 mb. par nosteil) using & sterile 3.0 ml Laerdock svringe
and nasal canula.

On Day 46, sll test pigs received L0 mi INGELVACE PRRE MLV, IM, in tho right
neck region wsing & sterile 3.4 ml Laerblock svringe and o sterdle 20g 2 P meedle. The
PRESY MLY wag sdmindstorad in an atenpt 1o Increase virulonoe of the POV challenge
mateyial,

Test pigs were observed daily for overall bealth and sdverse cvents on Day -3 and
from Day & o Day 231, Each of the pigs were scored for nomual or sboormal behavior,
respiration, or cosgh.  Observalivns were recorded on the Clinical Cbeervation Record. Al
fost pigs were obgerved from Day 0o Day 7, and Groop 7 wes further observed from Day 14
to 21, for imjection site reaptons.  Average deily weight gain was detormined by weighing
sack pig on 4 calibrated scale on Days -3, 25 and 50, or on the day that a pig vas found doad
after challengs, Pody weights were momrded on the Body Weight Form. Day -3 body

weights were milized so Blook pies prior to rmdomization. Dayv 25 and Day 30 weight data
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was wilized to detormine the average datly weight gain (ADWEG) For sach. ply during these
time poinia. For pigs that died after challenge and bofore Day 58, the ADWG was adiusied o
represent e ADWG froan Day 23 to the day of death,

I order to determsine PCV2 serclogy, venous whede blood was collected from each

L1

piglet from the orbital venous sims on Days -3 and 14, For each piglet, Blood was coflested
from the orhital vonous sines by inseriing & sterite capiifary tube o the medial canthay of
one of the eves and draining approximately 3.0 1wl of whole blood o & 4.0 ml Senem
Sepsrainr Tube (S8T). On Days 25, 32, and 30, venows whole blood from gach pig was
collected from the anterior vena cava using & sterile 20g x 14" Vecntsiner® ncedle (Becton
10 Drickinson and Cn%npmii}r, Frankdin Lakes, Now Jersey), & Vaccutsiner'® needle hodder and =
13 md, 88T, Blood collections 4t each time point were recorded on the Sample Collection
Record. Blood i cach 88T was allowed to clot, cach 88T was then spun down and the
serums harvested, Harvosted sonmn was tansforred fo a sforile siap twbe and stoved st <702
10° (.“ unti tested at a lster date. Seram samples were fisied for the presence of POVR
i3 aatibodios by BIVI-R&D personuel,

Pigs wore observed once daily from Day 22 w Day 50 for clinical svmptoms and
scored for normal or abnormal behavior, respiration or éough, Chinical observations were
recorded on the Clinical Observation Record.

Pigs Nos, 46 (Grouy 1) and 58 (Groups 93 died at the fivst study site. Both of these
et deaths wer calegorized as bleading deaths and necropsies ywere mot condacted on these two
pigs. Atthe second study sie, pes thal died after chalienge and prior to Day 50, and pigs
exthanized on Day 50, were necropsted. Any gross festons were noted and the percentages of
lung lobes witls lesiors were recorded on the Necropsy Report Form.

From gach of the plox necropsied i the second stady site, a tistus sample of wonsil,

25 lung, hesrt, and mesenteric [ymph node was plaved into a single contamer with bufforsd 10%
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formalin while another issee sample from the same aflorementioned oreans was placed iio
& Whirlpok® (M-Tech Disgoogtivs Lad., Thehwall, UK) and each Whirl-pak was plaged on
ice. Each container wis properly laboled. Sample collections were recorded on the MNeoropsy

Report Formm,  Alferwards, formelin-fived tssue saaples and & Diagnostic Request Form

2y

were submitted for THC westing.  JHC testing was conducied tn ascordance with standard
laboratory procedures for recelving samples, sample and glide preperaiion, and siaining
wchnigues. Presh tissues in Whirk-pake® were shipped with oo packs fo the Stady Mouitor
for storage (-707 & 10° ) and possible {faters use.

Formalin-fixed tissuss wore examingd by a2 pathologiar for detection of POV by RO
i1 and scored wsing the following scoring system: 0 = Nowg; = Scant positive talaing, fow
sites, 2 = Moderate positive staining, wultiple sites, and 3 = Abundad powitive stadning,
diffuse throughowt the fissue.  For ssalytion] purposcs, & scove of § was considerved

“negative,” gad 1 score of greater than O was considered “positive.”

ot
¥

Rosults

Results for dds example are given below, 1t iy noted that Pigs Ko, 46 and 98 died on
days 14 and 25 respectively. These deaths were categorized & bleeding desths. Pig No. 11
{Group 1) was pating with rapid respiration on Day 13, Otherwise, all pigs were nommal for
belaviorn, respisation and cough f.iming this observation period and no systemic adverse
W events were poted with any groups.  No igjecion site mactions wore noted following
vacoimation on Dav 8. Following vaccination on Day 14, seven (7} out of furteen {14}
Gronp 1 pigs (50.0%) bad swelling with a score of “2” on Day 13, Four {4) out of fourieen
{14y Groop 1 (28.6%) still had a swelling of 27 on I}a\ 16, Nore of die other groups

experisnced injection sile reactions following etther vaccinstion,

P2
S

Average duily weight gain (ADWG) remlls are presenied below in Table 18 Pig
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Nos. 46 and 9% that died from Meeding wors exchuded from growp resulis. Group 4, which

racetved one dose of 36 ag vORF2 -~ Carbopol, had the Tighest ADWG (116 + 0.26 The/day),

followed by Groups 1, 2, 3, 5, 6, sad 10 which had ADWGs that ranged fram 1.07 £ D23

bafday to LI & 026 foday, Group ¢ had (he lowest ADWG (088 & 429 fbsidayy,

followed by Groups B and 7, which had ADWGs of 0.93 5 0.35 Ihelday and 0.99 = 0.44

Hoslday, rospuctively,

Table 18, Summary of Group Average Dally Welghe Gaing (ADWG)

Group Treataent R m%{;ﬁ%{;ﬁ%ﬁw for pigs

dend before Day 30
1 {TORF2-16pg~IMS 1314 2 doses | 14 1.08  4.30 thsiday
pA YORFZ ~ 16 ug ~ Carbapol 7 doses 13 L1616 Tositay
3 TORFI~ 16 gg ~ Carbopot 2 doses 13 1.07 & G210 Yosfday
1 VORFI-16 ug - {?a;tgopoljl dose | 15 1.36 % 426 Ibatday
3 rORFD - 4 pg ~ Carbopol 1 dose 13 147 = 636 tba/day
& | rORF2 - | pg -~ Carbopol 2 doses 13 'i.n + (.26 Ibs/day
7 (rORF2 - 0.2% g~ Carbopol 2 ties:zs 15 $.99 = .44 be/day
8 KV A.log - Carbopol 2 doses 13 $,92 2 0.33 the/day
9 Challonpe Contreds 14 388 £ 1029 fhe/day
it | Sisict Negative Controls 13 1072023 the/day

YORE2 = molaled wvirgd ORFYL 1ORF2 = recombinant bacsovires expressed ORF2Z ¥V or Lilked
whole eell vires = POV virus grovn in ssiiable el aulbvre

PV(2 serology results are presenied below in Table 190 All ten (16) proups wese
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serotegative for POYE on Day -3, On Doy 14 POVE o romatned Jow for afl b (1)
groups (range of 38.1133 On Day 35, Group 8, which woetved the whols cell killed virag
vacoine, had the hishest POVY titer (36173, followsd by Growp 2, which recsived 16 ug
sORF2 ~ Carbopol, Groop 4, which received as single dose of 16 ug vORF2 ~ Carbopol, and
Gm#iﬁ 3, which weceived 16 ng tORF2 ~ Carbopol, which had iHses of 2307, 1920 and 1583
regpectively.  Op Dey 32 {one week post challenge). titers fiw Coroups 1-6 and Growp &

rangad from 2360 to 7619, while Groups 7 ¢825 uy »ORF2 — Cuwbopol), ¥ {Challenge

Control), snd 10 {Strict negative contrel) had tiers of 382, 129 and 78 respeetively. Or Day

50 {day of nooropsy), all fen (1) groups demonstrated high POV2 titers (& 1257,

On Days 23, 32, and 30, (uoup 3, which recetved twoe doses of 16 ug ¥ORFZ -
Carbopol, had bigher antibody titers than Group 1, which reosived two doses of 16 vg 1ORF2
~ IMS 1314 On Dave 25, 32 and 59, Growp 2, which remiwé o doses of 16 up vORF2,
had higher titers than Gronp 4, which received only one doss of the sawe vacoine. Groups 3,
3, 6, 7, which received decreasing Jevels of fORF2 ~ Carbopol, of 16, 4, 1, and 0.23 ug

respectively, dessonstrated correspondingly decreasing antibody titers on Davs 25 and 32.

Table 19, Sumpnary of Growp POVE A Tieers

PCTIS2006/062662

73

Growp Treatment Day -3 | Day 14% | Day 25%%% | Dy 32 aéia:w

TS 1314 2 doses
Cavbopol 2 doses

3 ORE2 - 16 pg  ~ bt hif 1803 3120 &7

_ Carbopol 2 doses

4 vORFZ - 16 pg - 34 i3 20 3720 1257
Carbonot 1 doss

3 rORF2 - 4 g ‘?ﬁ & 1867 3933 4533
Carbopod 1 dose
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6 LORF2 -1 g~ 30 70 5901 Z60 | a0
Carbopol 2 doses

7 [WORF2 - 025 pg - U 73 63 382 3819
{arbopol 2 doses

g KV > 8.0 log ~ Carbopol it or 4617 7614 10817
2 doses '

9 | Challengs Conirads 30 3 30 129 4288

16 | Suriet Negative Controls 36 50 50 7 112¢5

SOREY = iscdated viral ORE2, rGHF2 = recombinant bavulovine cxprossed ORFZ, KV or kilked
whiole cell virns = PCV2 visus grown fo suithie ooll oudtues

*For caloutation prrposes, 3 X180 IFA tter way designated ay a tter oF ¥50%; 2 26400 1FA

Lo

ey was destgnated as o ey of “12.8G0"
*Day of Challenge

#%%gy of Necropsy

The rexubs from the post-challenge olinical observations are presented below. Talde

io 20 incindes observations for Abmormal Behavior, Abnormal Reospiration, Cough and
Ddiarchoa, Table 21 incisdes the sesulls from the Summary of Group Oversdl fncidence of
Clinical Svoptome snd Table 22 inclades resplts from e Summary of Group Mortalily

Rates Post-challenge. The Icidence of abnormgl behavior, regpiration and cough post-
challenge were low in pigs recetving 16 ng rORF2-IMS 1314 (Group 1), 316 ng vORF2-

13 Carbopo! {Grovp 33, 1 ug rORFI-Carbopst (Growp 63, .23 ag yORFI-Carboped {Gronp 73,
and in pigs in the Challenge Courol Group (Growp 91, The dncidence of sbrommal Tehavior,
respiration, and cough post-challenge was zero in pigs receiving 16 vg vORFZ-Carbopol
{Group 2), a single dose of 16ug vORF2-Carbopol {Troup 45, 4 ug vOREI-Carbopol (Group

3), > log KV-Carbopod (Group 83, and in pigs in the strict negative controd group (Group

26
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The overall mwidence of chintcal svimplons varied babween groups. Pigs recefving 16
g vORFZ-Carbopol (Group 2), 8 single dose of 16 ag ¢ORF-Carbopol (Group 4), and pigs
s the Sirict pegative conivol group (Troup 10) bad incidence retos of 9% pigs receiving 16
ug rORE2~Carbopol (Group 3), and 1 ug rORF2-Carbopol {Group 6) had incidence yates of
£.7%; pigs recgiving 16 vg rORFZ-IMS 1534 (Group 3 had an overall incidence rate of
7. 1% pige receiving 4 ng rORF2-Carbopol (Geoup 53, 8.23 ag sORF2-Carbopad {Groap 7),
and »8 log KV vaceine had incidence rates of 13.3%; and pigs in the Challenge Contred
Group {Group 9 had an incidenoe rae of 14.3%.

Oworall mortality vatos between groups varied ag well. Group R, which mpeeived 2
doses of KV vaccine had the highest morality mie of 20.0%, followed by Group 2. the
chalienge comtrol group, snd Group 7, wideh received 823 ng 2ORP-Casbopol sod hed
wortslity rates of 14.3% and §.3.3‘§-*é; respectively, Geoup 4, which received one dose of 16 ug
vORF2-Carbopol had & 6.7% moriality rate. All of the ather Groups, 1, 2, 3, §, 6, and 10,

had g 0% mortality 1aic.

Table 20, Swawary of Group Observations for Almorsad Behavier, Aboormal
Respiration, and Congh Post-Chalienge

Growp Tregiment N Ahacr@&} ﬁsbr}{)ﬂ;ﬁ&j Congh®
Behgelor’ Beluyior”

1 YORE? - 16 pg - I 814 YT
IMS 1314 2 doses W1 o £7.1%)

2 |VORE2~ 16 pg ~ Carbopol | 1| W15 015 o/15
2 doses §0%) {0%p (0%

3 1ORF2 - 16 ug ~ Carbopol | 15 | 0715 W15 1215
2 doses %) {9 (5.7%)

4 |VORFL- 16 pg -~ Carbopol| 171 O1F D% /15
11 dose %) {64%) 0%

5 IrORFL-4pg— 15 1S 1413 015
Carbopol § dose {6.7%) (6.7%) {0%)
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6 [rORFI-1gg- 13 ‘;j? o8 115
Corbopol 2 doses W (W (6.75%)

7 LfORF2 -~ 025 s -| 151 oas 1415 118
Carbopol 2 doses e} {6.7%) (06.7%5)

8§ |Kv>80log-Cabopol 2| ¥ 1 1S 1413 0718
doses (6.7%) (6.7%) )

S Challenge Controks 4 4 /14 ¥is
{7.1%) 7.1 { 1473%0

10 | Swict Negative Conwrols | 0 | 0413 0413 018
(0%} %) (0%

“Total munber of phzs in cach group that demonstrated any abpormal behavior for at least one
day |

*Total number of pigs i sach group that demonstrated any sbnormal respiration for at loast
one day

*Total number of pigs in cach group Shat demonsirated 2 congh for at least ong day

Table 21. Sunusary of Group Overall Incidence of Clinical Synepioms Posts

Challenge ‘
Group Trontment N Incidence of pigs with | Inpidence
Clinical Symprams’ Rate

i tORE2- 16 ug— 4 ‘ 7.1%
IME 1314 2 doses ‘

2 1SORF2- 16 pg - Carbopal 2| 15 & 4.4%
doses i

3 ORF2 — 16 ag - Carboppi 2 13 1 6.7%
doses

4 [VORF2- 16 pg —Carbopal 1| 17 o 0.6%
doge

5 fORF2 -4 pg ~ 15 2 13.3%
Carbopol { doge

6 HORFI-ipg- i3 1 6.7%
Carbopol 2 doses
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7 tORFZ - 025 pg - Catbopot| 13 2 13.3%
2 doses ~

8 1KV > 8.0 log - Carbopet 2| 12 2 13.3%

9 | Challenye Controls 14 2 143%

10 | Surict Negattve Congrols 15 0 0.0%

VORF2 = isolaied vissl ORFY; tORE? = roeombinane beoulovis expressed ORF2 KY o killed
wehole eolf virgs = POVE viras grovwn i suitable cell ouliure

Motal nember of pigs bx vach group thas demonstrated any chinicsl symptom for at Jesst ons

day

Table 22. Sammary of Group Mortality Rates Post-Challenge

(}myp Trsaiment N Preoad Post- Monality Rate
' challenge
L rOREI- 16 pg- o b 0.0%
IMS 1314 2 doses
2 ' {vORE2 ~ 16 gg — Carbopol 21 19 0 0.0%
} doses _
3 fORED ~ 16 yy ~ Carbopot 27 12 0 {.0%
doses
4 vORFZ - 16 ug ~ Carbopat 1 1% ! 6.7%
doso
Carbopel 1 dose
6  LfORFZ-1pg- i3 b 0.0%
Carbopol 2 doses
7 tORF2 - 0.25 pg - Carbopot 2§ 17 2 13.3%
 doses
8 KV » 80 log — Cabopol 2. 15 200%
dosag
3 Challenge Controls 14 2 M.3%
19 Strict Negative Controls 15 u 0.0%

VORFZ = jsoketed viral GRF2; yORFZ = recormbingy beouloviome exyprowsed ORFZ, KV or killed
whole cel} viros = POV2 virus grown in sadabie ooll culiore
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The Summary of Oroup Mean Perceatage Lamg Lesions and Tentative DMagnosis i
given below dn Table 23, Group 9. the challenge control group, had the highed porcentage

Iung losions with 2 mean of H3L.81 & 23.27%, followed by Group 7, which received 0235 uy

th

rORF2-Carbopoi and bad a mean of 6.57 & 24.78%, Growp 3. which received 4 uvp yORF2-
Carbopol and ad a moan of 2.88 & £ 3855, end Group B, whach recetved the KV vaccine and
had & mean of 200 + 4.98%, The remaining six €6) groups hod lower mesn parcentage hug
fesions (het ranged from G116 Q38% 0 00 £ G1E%.

Tentative diagnosis of patunioniz varied swmong the groups. Group 3, which recaived
10 two doses of 16 ug TORF2-Carbopol, had the lowest tentative dingnosis of presmonia, with
13.3%. Growp 9, the chalicnge controf group, had 30% of the group teptatively disgnosed
with preansonda, followed by Group 10, fhe sieict nogative control group and Grotp 2, which
regeived two doses of 16 ng VORF2-Carbopol, with 46.7% and 40% respectively, temstively

dipgnosed with pacunionia,

faad
s

Groaps 1, 2, 3, 5, 9, and 10 had (% of the group tentatively disgnosed as PCY2
wfected: while Group 8, which recolved wo dosss i KV vaccing, had the hghest proup raie
of fentative disgaosis of POCVE hdkotion, with 20%. Group 7, which recetved nwo doses of
625 ug rORF}Carhopoi, and Growp 4, which received one dose of 16 ug yORF2-Carbopol
had tensative group diagaoses of POVE afection i 13.3% and 6.7% of cach group,
30 respestively,

Gastric alcers wors only diagnosed iu ove pig in Group 7 (6,73%); while the other 9

groups remained froe of gastric weers.
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Fable 23, Summary of Group Mean % Lung Leosion and Tentuiive Blagnosis

PCT/US2006/062662

N i No. Ofpigsthat shed for | focidence Rate

Growp | Troatment
at least one day

I LORE2-16ug - i3 0 0%
IMS 1314 2 doses '

1 SORF2 ~ 16 pg - O } 6.7%
Carbopol I doges

3 ORED - 16 g - 10 3 20.0%
Carbopi! 2 doses

4 VORR2 - 16 pg - P 2 - 133%
Carboool 1 dose

5 ORF2-4 gg i3 3 26.0%

__iCarbopolidoge | 1

&  YORF2-1pg- 18 6 T i 0%
Carbopol 2 doses

7 ORF2 - 025 pg - B 7 3675
Carbopol 2 doses

8 KV >80 log - Carbopol| I3 12 #0%
2 doses N

9 [ Challenge Controls i 14 106 0%

10 | StrictNegative Conwrols | 5 14 92 3%

WOREZ = fsofaiad wiral ORYFZ, +OREZ = recombinam baciiovirus expressed ORFZ; KV or kilhad
whole coll vimus = POVE virus groven I swiable coll culiies

The Summary of Group HC Positive Incidenve Results 13 shown below in Table 24,
Croup | (16 ug rORF2Z ~ IMS 1314} had the lowest group mte of IHC positive resuits with
% of the pigs positive for POVE, foliowed by Oronp 2 (36 ug vORF2 ~ Carbopol) and
Group 4 {single dose 16 wg vORF2 ~ Carbopol}, which bad group IHC mies of 6.7% and
13.3% respectively. Group 9, the challenge costrel wroup, had the highest $HT positive
mcidence rate with ID0% of the plus positive for POV, followed by Group 10, ihe suict

pogative contried group, and Groap 8 (KV vaccing), with 93.3% and 80% of the pigs positive
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For POV, respeciively.

Tabie 24, Summary of Group B Positive Incidenes Rale

PCT/US2006/062662,

Ciroup Treatmest N i No. Ofpigs that shedfor | Incidence Rate
af Ioast one day

i 1ORF2 - 16 pg ~ i5 ] {54
IMS 1314 2 doses

2 [VORFZ - 16 pg - i 675

1 Cartbopol Zdoses -

3 tORF2 - 16 pg -~ B 3 20.4%
Carbopot 2 doses

4 [VORER2 -« 16 pg - O 2 13.3%
Carbopol 1 gdose

5 {fORF2-4ug- 15 3 A
Cabopol T dose

6§  [tORF2-1ug- 15 6 30.0%%
Carbopol 2 doses

7 LORFZ -~ 025 yg - 7 36.7%
Corhopol Zdoses

& KV>80lg- Cabopol 12 80%
2 doses

9 [ Challenge Controls 14 14 FO0.0%

16 i Swios Negative Contvols 3 14 93.3%

whode ool viris = POV2 vinuy grown in soitable ool cuitare

Disenssion

Seven POV2 vaccines were evaluated i this exampie, which included a high dose (16

ugy of fORF2 antigen adivanted with IMS 1314 adwninistered twice, a Mgh dose (16 ug) of

vORFZ antiger adfuvanted with Carbopol adiministered onee o one group of pigs and twice

w 8 second group of pigs, 8 high dose (16 ug) of 1ORET antigen adjwvamed with Carbopol
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sdministered twice, a 4 pg dose of TORFZ antigen adjuvanted with Carbopol admindstersd
twice, & ¥ pp dose of rfORF2 antigen adpevanied with Carbopol administered fwive, 2 low
dose (.25 ag) of rORF? antigen adjmvanied with Carbopol administered twics, and a high

dose > 8 log) of kifled whele coll POV2 vaceine adipvanted with Carbopol. Overall, Growp

Ly

1. whick received two doscs of 16 pg tORF2 — IMS 1314, performed gightly botter than
Groups 2 through 7, which repeived vaccines contmining vanous Invels of cither vORF2 or
FORE2 amtigen adiwvaed with Carbopol and much better than Group 8, which received wo
doses of killed whole ceB POV2 eaceine. Group § had the thind highest ADWG (1804 .30
Hrsfday), the lowest mncidence of sboomaal behavior (0%), the lowest incidence of abmormat
Ef ¢ rexpiration (0%}, a Jow incidence of cough (7.1%). a2 low ncidence of wverall clinical
semptoms (7.1%). was tied with Suee other growps for the jowest mortality safe (0%), (he
seoomd towest rate for mean %% hug jesions (013 2 .33%5, the sccomd lovwest rate for
puewnonia (214%) and e lowest incidence rate Tor pogitive T dssees (%), Group 1

was, however, the only gronp s wiich injeciion site reactions were sotad, which inshuded

ok
L

S0% of the waccinates 1 day afler the sscond vacrinstion, The other vaccines administored fo
Cronps 2 trongh 7 pecformed better than the killed vateine and noarly as well a8 the vacoine
adovnistared yo Group 1.

Group 8§ which received two doses of killed POV wvaccion adjovansed with
Carbopel, had the worst set of results for any vaccing gronp. Group 8 had the lowest ADWE
20 €0.93 4 ¢33 Thadday]. the second highest rate of sbavemal behavior (6.7%%), the bighest rate of
shoormal respirstion (6.7%), was ted with Ouee other groaps for the highest overall
meidence rate of clindeal symplomy (13.3%), had the highest monality e of all groups
20%), and had the highest posicive THC rale 80%;3 of any vastine group.  There was

concern that the killed whale cell FOV2 vavcine may not have been fully inactivated prior @

]
A

sdministration o Group 8, which mav sxplatn this group’s poor resuls.  Unfortunately,
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definitive dala was nol available to confizm this concern. Overall, 1n e comext of this
cxaraple. a Conventional Killed PUV2 waccing did not aid in the reduction of PCV2
associated diseass.

As previogsty mentioned, no adverse evends were assoctated with the test vateines

A

with exosption of the vaccie adhrvanted with BMS 1314, Inyjection site reactions were noted
i 500 of the pigs § day after the second vacscination with the vacoine fymulated with IMS
1314 and in 28.6% of the pigs 2 days after the seoond vaccination. No reactions were noted
it any pigs receiving Carbopol adfuvanted vacoines. Any furber studies thay inchude pigs
vaceinated with IMS 1314 adjuvanied vaccings shonld comtinue o closely monitor pigs for
in thjection gite roactions.

Al pigs were stroenegative for POVY on Day -3 and only Uroup 2 had a titer sbove
108G on Day 14 On Day 25 {day of challenge), Group § bad the lighest POV2 anﬁimdy pitessd
£4619), followed by Group 2 (23075 With the exception of Gromps 7, ¥ aud 19, all goups
demonstrated g strong aatibody response by Day 33 By Day 30, sll groups including Groups

i3 7. 9 and 10 demongirated a strong sntibody response.

Ong of tie hallmarks of Iste stage POV2 infection and subsegment PMWS
development is growth retardation 1o weaned pigs, and i severe cases, sveight loss & woted.
Avergge daily weight gain of growps is a guanifiative method of demonsirating prowth
retoedstion or weight loss,  In this example, thore was not a large difference i ADWO

20 bebwosn groups. Oroup § had the lowest ADWG of 088 + 0.29 lbedday, while Growp 4 had
the highest ADWO of 1,16 & 0.26 /day. Within ihe comext of thig study there was ot a
sutficient differsoge betwean groups 10 base futere vaseine effiacy an ADWG

In addition to weight loss ~ dyvspnen, legharpy, palior of the skin and sometimas

ictorus are cHaical symptoms sssocisied wilh PMWS, In this example, aboonual behavior

[
s

and sboormal respiration and cough were noted mitegquently for gach groap. As evidenced in

82



WO 2007/094893 PCT/US2006/062662

this study, this chalienge nwodel and chalionge stain do vot reenlt in overwhelming clinical
syrnploms sad this is not g sirong parametsr on which 10 base vaceine efficacy,
Ovzrall, mortality rates were nod high in this example and the lack of a high mortaliy

e ia the challonge conlrol sroup limits this parameter on which fo base vaccine efficacy.

L

Frior to Day 46, Groups 4 and 7 sach had ove oet of fifteen pigs dis, Croup 9 had two oul of
fourteen pigs dic and Group 8 had thues val of fiftees pigs die. Due to the fact that Group 9,
the challenge contiol group was nof demonsizating POVZ clinical symptoms aud only two
douibs had ocowrred fn fhis growp by Day 46, Porcine Respiratory and Reproductive
Syadrome Virus (PRRSVY MLV vaccing was administered w all pigs on Day 46, Barlior
19 studics bad witized INGELVACK PRRS MLV as an immunostimulant o exasperate POV
associated PMWS discase spd mortality rgfes were higher fu these cadfier stodies. Two
doaths ocomred shonly after adminisiering the PRES vaccing on Day 46 — Group 4 had ont
death on Day 46 and Group 7 had one death on Day 47 — which were probably sot assosiated
with the administrgiion of the PRRS vaceine. By Day 50, Group 8, which received fwe dosss
i3 of killed voceine, had the highest mortalny rate (0%), followed by Groap 9 (chalienge
control) and Gmi:p 725 ug TOREZ Carbopols, with mostality rates of 14.3% and 13.3%
respactively, Overall, admbmistration of the PRRS vaccine to the challenge moded late in the
postchallenge observation phase of this example did rot denificantly Increase mortality
rates.
2 Gross losions i pigs with PMWS secondasy 1o POV2 infection typically consist of
| seneralized Iymphadenopathy in combination with o or more of the following: (1)
mtersitial prewmonia with interfobulor edema, (2} cutaneons pallor or icterus, (33 mottled
sirophic Bvers, (4) gasite ulcers, (5) nephrilis and (6) reproductive disorders, o abortion,

siiftbinhs, mumuiies, oo, At neoropsy {Day 50), ictorus, hepaifiis, and nephritis were not

[
R

moted in gny groups, A gasivic elosr was noted in one Group 7 pig, bui Iymphadenopathy
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was wal specilically exmmined for. Based om the prosence of lesions that swere consistent with
PCV2 infection, threr groups had at least one pig tentatively disgnosed with POV (PMWS).
Group 8, which received two doses of killed vaccine, had 20% tendatively disgnosed with

PCV2, while Group 7 and Group 4 had 13396 sod 6, 7%, respestively, tentatively diagnosed

Ay

with POV2. The mean % fung lesion scorss varicd bebwsen groups st nesropsy. Oroups 1.2,
3, 4 6 and 10 had low % lusg lesicn seores that raaged fros 0.3] 2 D.38% w0 090 £ 0.15%.
As axpocied, Group 9, the chalienge control group, had the highest moun % lang lesion score
(1081 = 23 27%). In four groups, the mean % lung lesion soores were elovated due (6 one fo
three pigs in cach of these groups having very high lang jesion scores. The hung lestons were
it red/purple and consolidated. Typically, lung lesions associated wish PMWE are dessvibed as
s, soa-collapsible, and with interiobular edema. The lung lestons voted i this study were
either not associated with POVY infection or a scoond pulmonsry nfectious agond may bave
been present.  Within the context of this siudy, the % hung lesion scores probably do no

reflect & tme mcaswe of the amount of hung bdestion dee & POV, Likowise, temative

po
A

diagnosis of presmonis way bave been over-utitized as well.  Auy pigs with hang fesions,
somae as amall as & 10546 were Hated with o jomative dingnosis of pneumonda, [ this exsaple,
there was no sulficient difference botween groups with respect to gross fesions and % by
fesions on which to base vaccine efficacy.

THC results showed the Targest differcnces between gwups. Growp 1 (16 ag tORF2 ~
a4 IME 1334} bad the lowest positive THC results for POVZ antigen (0%); while Groups § and
10 had the highest positive THC resals witl incidence rales of 100% and 93.3% respeciively.
Groups 3, 3, 6 and 7, which received 16, 4, 1 or 125 g of sORF2 antigen. respevtively,
adivvamed wilh Carbopol, bad HC positive rates of 2096, 20%. 44%% and 48.7%,

regpectively. (uoup 2, which meceived two doses of 16 ug vORF2 adjavanted with Carbopnl

| N
L

had an THC positive rate of 6.7%, while Group 4 which received only one doss of the seme

84



WO 2007/094893 PCT/US2006/062662

vaceine, dad ap 1HC posigive rate of 13.3% Due 10 dhe objective nature of this st and the
foct et THC rerutis correlaled with expected results. THO festing iz probably one of the best
parenmeters o which o base vaccine efficacy.

Thass In one sspact of the present bvention, the Minimam Prolective Dossge (MPD)

L2

of PCV2 vORF2 antigen adfuvanted with Carbopol in the CDCD pig wodel in the face of o
PCV2 challenge is deterndned. Groups 3. 5, 6 and 7 exxh roosived two doses of 1OREF2
airigen adjwvanled with Carbopod, but the level of rORF2 astigen waried for sach group.
Groups 3, 5, 6 and 7 cach seonived 16, 4, | or .25 pg of rfORFZ antigen respesihvely. In
gencral, docreasing the level of tORFZ antigen deoroased POV2 antibody tfers, and increased
10 the mortality rate, mesm % lung lesions, and the mneidence of IMT positive dssues, Ofthe
four groups receiving varving levels of PORE2 ~ Casbopol, Groaps 3 and 3, wﬁiah roceived
two doses of 16 or 4 pg of rORFY sutigon, respectively, cach had an IHC positive rate of oedy
20%, and cach had similw antibody tiers. Oversll, based on IHC positive results, the

mindm proteciive dosege of rORF2 antigen adusinistored twice is approxtmately 4 ug.

ek
L4,

I sother aspest of the prosent invention, the antdgenivity of recombinant FORF2)
and VIDO R-1 (OREZ) POV antigens wore assessed. Group 2 reoeived two doses of 16 pg
vORFZ and Group 3 received two doses of 16 pg tORFL Both wactines were adjuvanted
with Carbopol. Both vaccines were found o be safe and both had 0% monislity rate. Group
2 bad a POVZ antibody tier of 2507 on Day 23, while Group 3 had 2 POVT saibody der of
g 1303, Group 3 had a lower mean % bang lesion score Bum Croup 2 {'&.11 & 0.3R8% va, 090
£.15%), but Groap 2 had a lower BIC positive incidence rate that Group 3 (6.79 ve. 29%).
Overafl, both vaccines had similer antigentcite, but vORF2 was associated with slightly
Petter THC sesally,

In yet anodhey aspect of the pressmt fnvention, the swifability of bwo difforent

25 adivvants (Carbopol and IMS 1314 was detcrasined, Cwoups 1 and 3 boik received two

8BS
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dosoy of voocine condaining 19 ng of rORED antigen, bat Group 1 received the antigen
adjayaﬁiéﬁ with [MS 1314 while Group 3 received the antigen adjuvanted with Carbopel,
Both groups had csssntially the same ADWGQ, cssontially the rame mneidencs of clinical signs
post-challenge, the same mortalily rate, and essentially the same maan %% lung Josions, but
5 Group 1 bad an THC positive rate of (% while Group 3 had ae IHC positive raie of 20%.
Huosvever, Group 3, which received the vaccing sdjuvanted with Carbopol, had bigher TFAT
POVE thiees on Davs 25, 32, and 30 than Group 1, which received the vagcine adjyvanted
with IM$ 1314, Oversdl, although the PCV2 vaccine adjuvanted with IMS 1314 did provide
better THC readiy, it did vot provide overwhelmangly bettor protection from POV mivoiion
o snd did induce injecdon sits reaction. Whagas the POV weccine adjuvanted with Carbopol
performed aoarly a8 well ag the IMS 1314 adhevanted vacoing, but was not associated wih

any sdvorse ovents,
T =t} another aspect of the presest invention, the feasbility of POV2 ORF2 ax &

Imi, 1 dose product was detennined. Groups 2 avd 4 bath recsived 16 pg of vORFI vaceine

i3 adivvanted with Carbopol on Day 0, bat Group 2 recetved a second dose on Tiay 14, Group 4
hagt a slightly higher ADWG and & lower moan % hng losians than Groap 2, but Sroup 2 find
higher IFAT PCVZ thers on Day 25, 32 and 50, and a slightly lower incidence rate of THC
positive fissacs. Al other resulis for fhese two grongs were similay, Overall, one dose of
CORFY adjueanted with Carbopo! performed similar io two doses of the saae vaccine,

els)
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CLAIMS
We claim:
1. The use of a porcine circovirus type 2 antigen for the preparation of a
single dose medicament for reducing or lessening the severity of clinical

symptoms associated with PCV2 infection, lessening the overall porcine

circovirus load

&7



of an animal, and/or reducing the immunosuppressive effect of porcine
circovirus infection in pigs, wherein said porcine circovirus type 2 antigen is
a recombinant PCV2 ORF2 protein, and wherein said medicament is

administered to a pig in only a single dose.

The use according to claim 1, wherein said medicament comprises 4ug to

400pg of said porcine cirovirus type 2 antigen per dose.

The use according to claim 1 or 2, wherein said antigen comprises a protein
encoded by a DNA sequence having at least 90% sequence identity with
ORF?2 having the sequence of SEQ ID NO:4 of a porcine circovirus type 2

virus.

The use according to either of claims 1 to 3, wherein said porcine
circovirus type 2 antigen is a recombinant baculovirus expressed ORF2

antigen.

The use according to any one of claims 1 to 4, wherein said porcine circovirus

type 2 antigen is formulated and administered in one (1) mL per dose.

The use according to any one of claims 1 to 5, wherein said clinical symptoms
are selected from the group consisting of lymphadenopathy, lymphoid

depletion, and multinucleated or giant histiocytes.

The use according to claim 6, wherein said lymphadenopathy, lymphoid
depletion, and/or multinucleated ér giant histiocytes is in combination with
another symptom selected from the group consisting of interstitial pneumonia
with interlobular edema, cutaneous pallor or icterus, mottled atrophic livers,

gastric ulcers , nephritis, pia like lesionss and reproductive disorders.
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10.

11.

12.

The use according to any one of claims 1 to 7, wherein said administration

occurs in pigs less than 15 weeks of age.

The use according to any one of claims 1 to 8, wherein said administration
occurs in pigs not older than 3 weeks of age, preferably not older than 2

weeks of age.

The use according to any one of-claims 1 to 9, wherein said administration
is within about 3 weeks of exposure to a virulent porcine circovirus type

2 antigen.

The use according to any one of claims 1 to 10, wherein said composition
further comprises at least one additional component selected from the
group consisting of veterinary-acceptable carriers, pharmaceutical -

acceptable carriers, and immunomodulatory agents.

The use according to any one of claims 1 to 11, wherein said administration
is intradermal, intratracheal, intravaginal, intramuscular, intranasal,
intravenous, intravascular, intraarterial, intraperitoneal, oral, intrathecal,
subcutaneous, intracutaneous, intracardial, intralobal, intramedullar, or

intrapulmonar.
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13.

14.

15.

16.

17

18.

19.

The use according to one of claims 1 to 12, wherein the administration of
said porcine circovirus type 2 antigen does not show adverse events or

injection site reactions.

The use of a porcine circovirus type 2 antigen for the preparation of a
single-dose medicament for improving the level of general disease
resistance of pigs, wherein said porcine circovirus type 2 antigen is a
recombinant PCV2 ORF2 protein, and wherein said medicament is

administered to a pig in a single dose.

The use according to any one of claims 1 to 14, wherein said medicament is

an immunogenic composition.

The use according to any one of claims 1 to 15, wherein said medicament

is a vaccine.

- Use of an immunogenic composition capable of eliciting or enhancing an

immune response against porcine circovirus type 2 (PCV) and comprising
recombinantly produced PCV2 ORF2 protein in the manufacture of a
medicament for preventing one or more of the following -symptoms
associated with PCV2 infection:

nasal shedding, increased mortality rate, decreased average daily weight

gain, wherein the PCV2 ORF?2 protein is to be administered once to a pig.

The use according to claim 17, wherein the recombinantly produced PCV2

ORF?2 protein is baculovirus expressed PCV2 ORF2 protein.

The use according to claim 17 or 18, wherein the recombinantly produced

PCV2 ORF?2 protein has been obtained by a method, wherein
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20.

21.

22,

23.

- susceptible cells are infected with a recombinant baculovirus vector
containing PCV2 ORF2 DNA coding sequences,

- PCV2 ORF2 polypeptide is expressed by the recombinant baculovirus,
and

- the expressed PCV2 ORF2 polypeptide is recovered from the supernate

by filtration and inactivated.

The use according to any one of claims 17 to 19, wherein the
recombinantly produced PCV2 ORF2 protein has been recovered from the
supernate of in vitro cultured cells, wherein said cells were infected with a
recombinant baculovirus vector containing PCV2 ORF2 DNA and
expressing PCV2 ORF2 protein, and wherein said cell cultire was treated
with 2 to 8 mM binary ethylenimine (BEI) to inactivate the baculovirus

vector, and an equivalent concentration of a neutralization agent.

The use according to any one of claims 17 to 20, the composition further

comprising at least a portion of recombinant baculovirus vector expressing

said PCV2 ORF2 protein.

The use according to claim 21, the composition further comprising a

portion of cell culture supernate.

The use according to any one of claims 17 to 22, wherein the composition

1S a vaccine.
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24,

25.

26.

27.

28.

29.

30.

The use according to any one of claims 17 to 23, the composition
comprising from 0.3 to 200 pg of the recombinantly produced PCV2 ORF2

protein per dose.

The use according to any one of claims 17 to 24, wherein the pigs are pigs

of 2 weeks of age or older, but not older than 15 weeks of age.

The use according to any one of claims 17 to 25, wherein the composition

further comprises an adjuvant.

The use according to claim 26, wherein the adjuvant can include aluminum
hydroxide and aluminum phosphate, saponins, water-in-oil emulsion, oil-
iﬁ—water emulsion, water-in-oil-in-water emulsion, or wherein the adjuvant
is a compound chose from the polymers of acrylic or methacrylic acid and

the copolymers of maleic anhydride and alkenyl derivative.

The use according to claim 26 or 27, the composition comprising 100 pg to

10 mg of adjuvant per dose.

The use according to any one of claims 17 to 28, wherein the immunogenic
composition is substantially free of antigens or polypeptides from PCV2

other than PCV2 ORF?2 protein.

The use according to claim 20, wherein the immunogenic composition
further comprises an adjuvant listed in claim 27 and is stable over a period

of 24 months.
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31. The use according to any one of claims 17 to 30, wherein the medicament

is to be administered intramuscularly.
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Case 10-0078-FF

<110>

<120>
SYMPT

<130>

<150>

<151>

<160>

<170>

<210>
<211>
<212>

<213>

<220>

<223>

<400>

cegeo

SEQUENCE LISTING

Roof, Mike
Eiéhmeyer, Mark
Nitzel, Greg
Schaeffer, Merrill

Hayes, Phillip

USE OF A PCVZ IMMUNOGENIC COMPOSITION FOR LESSENING CLINICAL

OMS IN PIGS

34816-CIP1

Unknown

2005-12-30

11

PatentIn version 3.3

1
8
DNA

Artificial

This is a modified Kozak's segquence.

1

atg

1/16
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Case 180078-FF

<210> 2

<211> &

<212> DNA

<213> Artificial
<220>

<223>

<400> 2

~gaattc
<210> 3
<211> 713
<212> DNA
<213>

<400> 3

cagctatgac
ttggcecagat
gaaggaaaaa
aggaaaaatyg
ttgttceccee
gaaaggttaa
gctecactge
acccatatgt
gttacttcac
aaaggaatca
gcactgegtt

tacaattcag

gtateccaagg

‘ccteegeege

tggecatctte
gcatcttcaa
g99a999999
ggttgaattc
tgttattcta
asactactcce
acccaaacct
getttggetg
cgaaaacagt

agaatttaat

Porcine circovirus

aggegttace
cgeecectgyge
aacacccgcec
cacccegectc
accaacaaaa
tggecectget
gatgataact
teecgecata
gttcttgact
aggectacaaa
aaatacgacce

cttaaagace

gcagaagaag
tegtecacce
tctecegeac
tceegeacet
tctetatace
cccccatcac
ttgtaacaaa
caatceoccca
ccactattga
cctctagaaa
aggactacasa

cceecacttaa

2/16

This is a recombinant Eco Rl seguence.

acaccgceeoge
cegocaccege
cttcgéatat
teggatatac
ctttgaatac
ccagggtgat
ggccacageo
acccttetee
ttacttccaa
tétgqaccac
tatccgtgta

accctaaaty

cgcagecate
tacegttygga
actgtggaga
tgtgacgact
tacagaatas
aggggagtgg
ctaacctatg
taccactece
ccaaataaca
gtaggceteg
accatgtatg

aat

60

1290

180

240

300

360

420

480

540

600

660

713
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Case 10-0078-FF

<210> 4
«<211> 713
<212> DNA
<213>

<400> 4

ccgccatgac
ttggecagat
gaaggaaaaa
ctaccacagt
ttgttcceee
gaaaggttaa
gctcecactge
acccatatgt
gttacttcac
aaaggaatca
geactgegtt

tacaattcag

C <210> S

<211> 233

<z212> PRT

<213>

<400> 5

gtatccaagg

ceteecgecge

tggcatcttc
cacaacgcece
gg9gagggyagy
ggttgaattc
tgttattcta
aaactactce
acccaaaccet
gctttggetyg
cgaaaacagt

agaatttaat

Porcine circovirus

aggcgttacc
cgecectgge
aacacccgec
tectgggegy
accaacaaas
tggcoctget
gatgataact
tceegecata
gttcettgact
aggctacaaa
aaatacgacc

cttaaagacc

Porcine circovirus

gcagaagaag
tcgtecaccee
tctcccgcac
tggécatgat

tctctatacc

ccceccatcac

ttgtaacaaa
caatccecca
ccactattga
cctectagaaa
aggactaéaa

ceeccacttga

acaccgoees
ccgocacege
cttcggatat
gagatttaat
ctttgaatac
ccagggtgat
ggccécagcc
acccttotee
ttacttccaa
tgtggaccac
tatccgtgta

accctaagaa

cgeageceate
taccgttgga
actgtcaagg
attgacgact
tacagaataa
agyggagtygyg
ctaécctatg
taceactcce
ccaaataaca
gtaggecteg
accatgtatg

tte

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg

1

5

10

15

Ser His Leu Gly Glh Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro

3/16
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120

240

300

360

420

480

540

600
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Case 10-0078-FF

20 25 - 30

Arg His BArg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe

35 40 45

Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr

Pro

65

Pro

Arg

Gln

. Phe

Ser

145

Phe

Asn

50 55 60

Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp

70 75 - 80

Pro Gly Gly Gly Thr Asn LyS‘Ile Sexr Ile Pro Phe

85 90 . 95

Ile Arg Lys Val Lys Val Glu Phe Trp Pro Cys Ser

100 . 105 110

Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu

115 120 ' 125

Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr

130 135 140

Ser Arg His Thr Ile Pro Gln Prc Phe Ser Tyr His

150 155 , 160

Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr

165 ’ 170 175

Asn Lys Arg Asn Gin Leu Trp Leu Arg Leu Gln Thr

180 185 190

4/16

Asn

Val

Asp

Glu

Pro

Asp

Val

Ser

Phe

Ser

Thix

Thr

Phe

Tyzr

Ile

ASD

Asn

Arg

Gln

Arg

Arg

Thr

Val

Tyr

Thx

Asn

Tyx

Tyr

Pro

Asn
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Case 10-0078-FF

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

195 200 205

Gln Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg Glu Phe

210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro

225 230
<210> 6

<211> 233

<212> PRT

<213>» Porcine circovirus

<400> 6

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Afg Pro Arg

1 N "5 10 15

Ser His Leu Gly Gln Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro

20 25 30

Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg

35 40 45

Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr

50 55 ' 60

Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp Phe Val

65 ' 70 75 80

5/16
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Case 10-0078-FF

Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro Phe

85 a0

Arg Ile Arg Lys Val Lys Val

100 v 105

95

Glu Phe Trp Pro Cys Ser

110

Gln Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu

1is . 120

Phe Val Thr Lys Ala Thr Ala

130 135

125

Leu Thr Tyr Asp Pro Tyr

140

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

145 150

155

160

Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr

165 170

Asn Asn Lys Arg Asn Gln Leu

180 185

175

Trp Leu Arg Leu Gln Thr

180

Val Asp His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser

185 200

Gln Asp Tyr Asn Ile Arg Val

210 215

Asn Leu Lys Asp Pro Pro Leu

225 230

<210> .7

205

Thr Met Tyr Val Gin Phe

220

Glu Pro

6/16

Glu

Pro

Asp

Val

Ser

Phe

Lys

Arg

Tyr

Ile

Asp

Asn

Arg

Gln

Arg

Tvyr

Glu

Tyr

Thr

Asn

Tyr

Tvr

Pro

Asn

Asp

Phe



Case 10-0078-FF

<211> 756

<212> DNA

<213>» Artificial

<220>

<223> This sequence is from porcine cilrcovirus type‘Z,‘openfreading

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

10

15

20

25

36

<223> This is the porcine circovirus type 2, ORFZ construct, which

includes baculovirus and pGEM T-easy coding seguences.

7/16

<400> 7
geggecgegy gaattcegatce cgecatgacg tatccaagga ggegttaccg cagaagaaga 60
caccgeecce geagecatet tggeocagatce ctecgecgee geceecctgget cgtecacccee 120
cgccaccgct accgttggag aaggaasaat ggcatcttca acaccégcct ctccegcace 180
ttcggatata ctgtcaagéc taccacagtc acaacgceccct cctgggeggt ggacatgatg 240
agatﬁtaata ttgacgactt tgttceccecey ggagggggga ccaacaaaat ctetatacce 300
tttgaatact acagaataag aaaggttaag gttgaattct ggcocctgete ccccatcace 360
cagggtgata ggggagtgég cteccactget gttattetag atgataactt tgtaacaaag 420
gccacagece taaéctatga cccatatgta aactactcecet ceccgecatac aatcccccaa 480
ceettotect accacteooceyg ttacttcaca cccaaacctg ttcottgacte cactattgat 540
tacttccaac caaataacaa aaggaatcag ctttggetga ggctaéaaaa ctctagaaat 600
gtggaccacyg taggcectcecgg cactgegttc gaaaacagta aatacgacca ggactacaat 660
atccgtgtaa ccatgtatgt acaattcaga gaatttaate ttaaagaccc cccacttgaa 720
ccecetaagaat tctafcacta gtgaattcge ggecge 756
<210> 8
<211> 10387
<212> DNA

' «213> Artificial
<220>
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<400> 8

aagcetttact
gaaagcacgt
ataaadgatt
gtgactageg
ggagcaataa
gcgggectgt
gttcaagaat
ggcgtgeact
cacaccctgg
aaaattgaaa
tttaacaaat
tgcttcgett

gattaggccy

. ggttttccac

cgcacaacac
ccaccacttt
tettttgeat
tgacctgeaa
actcttgttf
tgtgetceggt
gtttgatecge
geecattcettyg
cggatttagt
cgetgttaga
tgtctacatg
ccttggecac
cttcteecaaa
tttgcaacaa
tatgggggaa

ggcgcaagcg

cgtaaagcga
gtaaaatgtt
ctaatctgat

aagaagatgt

tcgatttaac’

tatacaaaaa
ttattgacac
gcacacacgg
gtattgegece
gacaaaatta
actttatect
gctcegttta
gatattctce
gtacgtecttt
cggatgtttyg
ggcaactaaa
ggtttcctygg
atctttggee
tttaacaagt
gaatgtcgea
gggatcgtac
taattctatg
aatgagcact
ggtagggece
aacacgtata
gaaccggace
tttaaattet
ctattgtttt
catgecgeege

gectaaaacgt

gttgaéggat
tcecgegegt
atgttttaaa
gtggaccgea
caacacgtcet
aattcaagta
ggtaaaagaa
tattaatcge

gcaggaagcce

cgttcaagat.

atttﬁcaaat
gctitgtagee
accacaatgt
tggeceggtaa
cgettgtecy
teggtgacct
aagccggtgt
tegatctget
tceceteggttt
atcagcttag
ttgecggtyge
gogtaaggca
gtatgcgget
ccattttgga
gectttatcac
tgttggtcge
ccaattttaa
ttaacgcaaa
tacaacactc

gttgcgegtt

catatttagt
tggcacaact
acacétttgc
gaacagatag
aaatattatyg
cctggocaga
tttacagaaa
accggttaca

atagatagat

ttattaattt

tgttgegett
gatcagtgdgc
tggecaacgtt

tagcecgtaaa

.cggggtattg

gegegtettt
acatgecyggtt
tgtecttgat
tttgcgecac
tcaccaactg
agagcacttyg
atttggactt
gcaaatacag

tggtetgete

aaactgtata

gctctageac
cgcegagecat
ctaaacttat
gtcgtﬁatga

caacgcggca

8/16

tgcgtttaﬁg
atttacaatg
ggcecegagtt
tazaacaaaa
atggtgtgea

ctttgecgee

agtgtcccgg‘

tggtgtgcag
tcgaaaaage

aattaatatt

cttccagega

gttgttccaa
gatgttacgt
cgtagtgeeg
aaccgcgeyga
tttctgcatt
tagatcagtc
ggcaacgatg
caccgettge
tttgctctee
aggaattact
cataatcagce
cgggtegeee
aaataacgat
ttttaaactg
gtaccgeagyg
tttgatacac
tgtggtaage
acgcagacag

aacatcgcaa

agataagatt
cggecaagtt
gtttgcgtac
ccetagtatt
ttttttgegyg
tgaaagcata
catgttggtyg
atatttaatg
cagaggtcac
atttgcattc
accaaaacta
tcgacggtag

ttatgetttt

tcgcgcgtcaﬂ

tcecgacaaat

atttegtett

atgacgegey
cgttcaataa
agegegtttyg
tectecogtt
tettctaaaa
tgaatcacgc
cttttcacga
ttgtatttat
ttagcgacgt
ttgaacgtat
gtgtgtcgat
aataattaaa
cgecggtete

aagccaatag

180
240

300

420
480
540
600
660
720
780
840
900
860
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1800
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tacagttttg
aﬁgacgccta
cttecteegt
cgacgcacaa
ggcaatattyg
cgttgggcat
tagtgcgatt
atcgagtcaa

gcgcgtattt

aataatatat-

écgactatga
atctgtgcac
tgaccceegt
atgtcggﬁga
tggtgcgaga
agagcgteat
aaattgacce
ggactgegat
aattttaaaa
aatgtcgteg
aacgatttga
aactgttaca
gectctgacge
atcaaatcce
ctctgtecgt
aaacaattat
catttgtagt
aatcatttte
tagacgectt
aattaacata

tgtcataaat

‘tgtaatttac

atttgcatat
caactccceyg
gtggcocgaac
gtatctgtac
gcaaattcga
gtacgtecega
aaaacgttgt
gtgatcaaag
taacaaacta
tatgtatcege
tagagatcaa
gegttceegge
agtgacaacg
cgttaaaact
agccgogaag
gtttagacaa
taactccata
tgtacatgct
aacgcageaa
acatgcetgaa
aagaaaacaa
ttgcaaacgt
atttctacaa
aagatgtgta
ttgetggeaa
aaatgctaaa
attatctata
aaatgattca
gtcgtettct
gttattatcg
atatatgtct

aacagtgcecta

taacggegat
cececgegttaga
acgtcgagceg
accgaatgat

aaatatatac

acgttgattt

acatcctcge
tgtggaataa
gacatcttgt
acgtcaagaa

ataaagcgeg

acgagetttyg

atcacgeeca
attaagccat
tatggcgaat
gaaagctaca
cacggtattc

gttaacgget

gagaaacatt

caacaagatt
tgtaccgege
ggtttegtgt
ccacgactcc
taaaccacca
ctgcaagggt
tttgtttttt
attgaaaacg
cagttaattt
tcttcgtatt
tatccatata
tttttaatgyg

ttttetggta

tttttaaatt
ctcgctgceac
ggtggtcgat
cgtcgggega
agttggyttg
gcatgcaage
ttttaatcat
tgttttettt
aagttagttt
ttaacaatgc
aattaaatag
attgtaataa
aaagaactge
ccaatcgacc
gcatcgtata
tatttaattg
tacaatggcg
ccgcqcacta
tgtatgaaag
aatatgccte
ggeggtatgt
gccaagtgtg
aagtgtgtgg
aactgccaaa
ctecaatecta
attaacgata
cgtagttata
gcgacaatat
ccttetettt
tgtatctatc
ggtgtatagt

gttcttcecgga

9/16

atcttattta
ctcgageagt
gaccagcgge
aggcacgteg
tttgcgeata
cgaaéttaaa
gecgtegatt
gtattccega
catttaatgce
gececgttgte
cttgecgacge
gtttttacga
cgactacaaa
gttagtcgaa
acgtgtggag
atccegatga
gggttttggt
ttaatgaaat
aatgcgtaga
cgtgtataaa
acéggaagag
aaaacegatg
gtgaagtcat
aaatgaaaac
tttgtaatta
caaaccaaac
atcgetgagg
aattttattt
ttcattttte
gtatagagta
éccgctgcgc

gtgtgttget

ataaatagtt
ﬁcgttgacgc
gtgcocgcacyg
gcctecaagt
tctategtgyg
teattgegat
aaatcgegea
gtcaagcgcea
aactttatce
gcatctcaac
aacgtgeacyg
agcgatgaca
attaccgagt
tcaggaccge
tececgeteatt
ttttaﬁtgat
caaaatttece
taaaaattcce
aggaaagaaa
aaaaatattg
gtttatacta
tttaatcaag
gcatctttta
tgtcgacaag
ttgaataata
gcaacaagaa
taatatttaa
tcacataaac
téctcataaa
aattttttgt
atagtttttc

ttaattatta

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660

3720
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aatttatata
acgcagcttc
ccaaaatgtt
ctgegagceag
atcécaaact
gataaccatc
aaacctataa
cageggeoygce
gacaccgeoa
cceygccaceg
ccttcggéta
tgagatttaa
cctttgaata
cccagggtga
aggccacagc
aacccttete

attacttecca

~atgtggacca

atatcegtgt
aaccctaaga
ggtacccggy

atcecgtaatg

" tacagggaaa

gtgatggatyg
ttecectggeee
atcgtcgage
ggcggegget
atcgatcgtyg

gctgaagagg

ccagacgoac

atttattaag

atcaatgaat
ttectagttcea
gtacgaaccyg
ttgtttgttg
ggaaatgtct
tcgcaaataa
atattecgga
gggadattcga
ccgeagecat
ctaccgttgg
tactgtcaag
tattgacgac
ctacagaata
taggggagtg
cctaaccetat
ctaccactce
accaaataac
cgtaggectce
aaccatgtat
attctatcac
atcetttect
ttaaaccecga
cttggaccey
tttteottgt
aacacgetet
cttcatgggt
gcecaataat
tcatctggga

aggaaattct

ctetgttcac

cgctagatte

ttgggatcgt
attacaccat
ttaaacaaaa
ttaaaaataa
atcaatatat
ataagtattt
ttattcatac

tcegecatga

cttggccaga’

agaaggaaaa
gotaccacag
tttgttccece
agaaaggtta
ggctccactyg
gacccatatg
cgttacttca
aaaaggaatc
ggcactgcegt
gtacaattca
tagtgaattc
gggacccgge
cacgatgaag
cttcatggaa
tgtcaacatg
gegttgegace
gggcagcaac
gaaécttcac
gaacttctac

cctitgaagtt

tggtccggeg

tgtgecgttgt

cggttttgta
tttttagcag
acagttcacc
cagccatigt
agttgctgat
tactg£tttc
cygtecccacca
cgtatccaag
teceteegeeyg
atggcatctt
tcacaacgece
cgggaggggyg
aggttgéatt
ctgttattet
taaactactc
cacccaaacc
agcetttggct
tegaaaacag
gagaatttaa
geggecegeey
aagaaccaaa
cttgtegttyg
gacagcttce
cgteccacta
cecgactatyg
aacgagtace
tctgagtaca
aagcccatcg

tcedtggtgt

tattaaaaca

tgatttacag

10/16

caatatgttg
caccggatta
tececettttet
aatgagacgce
atcatggaga
gtaacagttt
tecgggcgegg
gaggcegttac
ccgeccctgyg
caacacccyge
ctecetgggeg
gaccaacaaé
ctggccctgc
agatgataac
ctececegecat
tgttettgac
gaggctacaa
taaatacgac
tcttaaagac
gecegetcecag
aactcagtét
gatggaaagg
ccattgttaa
gacccaaccyg
tacctecatga
geatcagect
ccaactegtt
tttacategg

tcaaagtaaa

cgatacattg

acaattgttyg

coggeatagt
acataacttt
atactattgt
acaaactasat
taattaaaat
fgtaataaaa
atcagatctyg

cgcagaagaa

ctegtecace

ctecteoeegea
gtggacatga
atctctatac
tooccocatca
tttgtaacaa
acaatcccoe
tcecactattg

acctetagaa

caggactaca

Cccccacttg
aattctagaa
cttecaaggaa
aaaagagtte
cgaccaagaa
ttgttacaaa
cgtgattagg
gggtaagaag
cgaacagttc
taccgactet

ggagtttgca

ttattagtac

tacgtatttte

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
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aataattcat
tcagegtett
cgattagttt
tegetcaacy
gtttgtgttt
tttecttteat
tggacatatt
cectegtegt
attgtgtcgg
gattgeggge
acgttagaaa
ggeggtggtyg
ggaggcggay
ttaggcaaca
accggtctga
tcgtctaaag
gacatcgatg
ggcggegatyg
accggogcay
ggtggtggca
gtaatttcge
ttgtaaagag
cagcattgta
aaacgtegtt
tgtcgtaaat
gatgcgeatce
tacgattegt
actgcaszaas
ttttatcgea
ﬁtaacgctga
tctattttaa

ccgatttatt

taaatttata

tatatctgaa
caaacaaggyq
caacaaéact
tgttttgtaa
cactgtegtt
taacatcggyg
tagaagttge
ctaacacgtc
gtttttggge
gcgatgétgc
gagctgatga
gcggaggtgy
cagtecggecac
gacgagtgeg
gtgcageggy
gtggtugtyg
cegecggtat
gcgeegetygy
attcaatatt
tatcgtttac
attgtctcaa
gtggcgagac
ggcaagettt
gttgtttttg
aattttgttyg
catggccacce
cgtcaasaact
caagcccact
cgaaataaaa
tcacggttce

tgaaacacta

atctttaggg
tttaaatatt
ttgtttttce
tgccaaatcet
taaaggttcg
agtgtacaat
cgtgttaget

ttcecgaagac

‘cgegatcaaa

gggtttcaat
aggcggtggt
taaatctac;
tggcggfgat
ctcaactatt
atttttttceg
ttgéggttcc
tggtggagge
aatttgttet
ctgcacaacyg
ataattggaa
cgtgcegata
gctegecgea
aéttcgctgt
aaaatattta
ataatttgeg
ttcctattat
acaaatgcta
cggtataaaa
agcaaattgt
gttcaccagt
atcaacaacc

caaattaaag

tggtatgtta
aaatcctcaa
gaaccgatgyg
tgtagcagca
acgtcgtfca
tgactcgacy
ttattaggee
gattttgcca
tttgtagttyg
ctaactgtge
aacatttcag
atcggtggag
geagacggcey
gtactggttt.

tttctaatag

‘gtcggeattyg

gctggaatgt
ggtttagttt
gaaggtcgte
tacaaatcgt
tttaacaacce
cgccgataac
cgtcgacgté
aaagaacatc
cttccgeagt’
tgaataaata
cgctgcaaac
taatcaacgg
atttgcagaa
taatgagcga
aagtgatcgt-

gcgagettte

11/16

gagcgaaaat
fagatttgta
ctggaétatc
atctagettt
aaatattaty
taaacacgtt
gattatcgte
tagccacacg
agcttttigg
cecgattttaa
acggcaaatc
gcgcaggcegyg
gtttaggctc
cgggegeogt
cttccaacaa
gtggagcggy
taggcacggyg
gttcgegeac
tgcttogagy
aaaaatctge
gctcaatgta
aagécttttc
catgtatget
tetgttecage
atcgacacgt
agattgtaca
getggtacaa
gcgetttgge
aacaatttcg
ccacccaaat
gatggactac

gtaccaactt

caaatgattt
aaataggttt
taatggattt
gtcgatattce
cgettttgta
aaataaagcet
gtcgtcécaa
acgcectatta
aattatttct
ttcagacaac
tactaatgge
ggctggegge
aaatgtctct
ttttggtttg
ttgttgtctg
cggcaatica
agaaggtggt
gattgtggge
cagcgettgy
tataagecatt
agcaattgta
atttttacta
ttgttgtcaa
accactgtgt
tcaaaaaatt
gattcatatce
ttttacgaaa
aaaatatcta
gegeacaatt
tttataaasaa
attgactgtc

gttagcaata

5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6540
6900
6960
7020
7080
7140
7200
7260

7320

7440

7500
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ttattagaca
acataaaact
acggattgtyg
gtoccggaaaa
aacatacaag
gctcacaatt
atgagtgage

cetgtegtge

. tgggegetet
'agcggtatca

‘aggaaagaac

gctggqgttt
tcagaggtgyg
cectagtgege
ttcgggaagc
cgttcegetee
atcecggtaac
agccactggt
gtggtégcct
gccagttacc
tagcggtggt
agatcctttyg
gattttggte
aagttttaaa
aatcagtgag
cececgtegtyg
gataccgega
aagggocgag
ttgcegggaa
tgctacéggc
ccaacgatea

cggtceectecg

gctgtgtgaa
cgaaaatgtce
caaacacgaa
aattcgacac
ttgctaacgt
ccacacaaca
taactcacat
cagetgeatt
teegettect
gctcactcaa
atgtgagcaa
ttccatagge
cgaaacccga
tctectgtte
gtggegettt
aagctgggcet
tatecgtcttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gecacctatcet
tagataacta
gacccacget
cgcagaagtyg
gctagagtaa
ategtggtgt
aggcgagtta

atcgttgtca

gegetcaacy

ttatatttcy

aactcactta

acaactatge
aatcatggtc
tacgagcegyg
taattgegtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tcegeocecce
caggactata
cgaccctgcé
ctcatagete
gtgtgcacga
agtccéaccc
gecagagcegag
acactagaag
gagttggtag
gcaagcagcoa
cggggtctga
caaaaaggat
gtatatatga
cagcgatcetg
cgatacggga
caccggetee
gtcetgeaac
gtagttcgee
cacgcetegtce
catgatcccee

gaagtaagtt

atttgcacaa
aagcacttga
gcgtgecacga
acgtttegtt
atagctgttt
aagcataaag
gegetcactg
ccaacgcgag
ctegetgege
acggttatce
aaaggecagy
tgacgagcat
aagataccag
gcttaccgga
acgectgtagg
acccceegtt
ggtaagacac
gtatgtaggc
gacagtattt
ctettgatee
gattacgcgco
cgctecagtgy
cttecacctag
gtaaacttgg
tctatttegt
gggcttacca
agatttatca
tttateegee
agttaatagt
gtttggtatg
catgttgtge

ggccgeagtyg

12/16

geacaatttc
tecgegtgtat
cggecacgttg

tgactggtac

cctgtgtgaa

tgtaaagect
ccegettteoe
gggagaggcg
teggtegtte
écagaatcag

aaccgtaaaa

cacaaaaatc-

gogtttecce
tacctgtecy
tatctcagtt
cagceegace
gacttatcge
ggtgctacag
ggtatctgcg
ggcaaacaaa
agaaaasaag

aacgaaaact

atccttttaa

tctgacagtt
tecatccatag
tctggececa
gcaataaacc
tcecatcecagt
ttgcgcecaacy
getteattea
aaaaaagcegdg

ttatcactca

atacacaacg
gtttgcgatt
gagtatttta
gecggegtatt
attgttatcce
ggggtgecta
agtcgggaaa
gtttgegtat
ggctgeggag
gggataacge
aggecgegtt
gacgctcaag
ctggaagete
cctttectece
cggtgtaggt
getgegeett
cactggcage
agttcttgaa
ctotgotgaa
ccaccgetygg
gatctcaaga
cacgttaagy
attaaaaatg
accaatgett
ttgcctgact
gtgctgecaat
agccagecyy
ctattaattg
ttgttgceat
gctecggtte
ttagetectt

tggttatgge

7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
3360

9420
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agcactgcaﬁ
gtactqaacc
gtéaatang
acgttetteg
acécactcgt
agcaaaaaca
aatactcata
gagcggatac
tceccgaaaa
aaataggcgt

ctgacacatg

acaagccegt

ggcatcagag
cgtaaggaga
agggegateg
aaggegatta

cagtgcce

<210> 9
<211> 20
<212> PRT

<213>

<400> 9

aattectetta
aagtcattet
gataataccg
gggcgaaaac
gcacccaact
ggaaggceaaa
ctettecttt
atatttgaat
gtgecacctyg
atcacgaggc
cagctceccgyg
cagggegegt
cagattgtac
aaataccgea
gtgcgggect

agttgggtaa

ctgteatgeo
gagaatagtg
cgccacatag
tctcaaggat
gatctteage
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttcgtc?
agacggtcac
cagegggatgt
tgagagtgca
tcaggegeea
cdttcegctatt

cgecagggtt

Porcine circovirus

atccgtaaga
tatgcggcgav
cagaacttta
cttaccgetyg
atecttttact
aaagggaata
ttgaagecatt
aaataaacéa
aaccattatt
cgcgegttte
agcttgtetyg
tggeggatygt
cCatatgcgg_
ttcgecatte
acgccagetg

ttccecagtca

tgettttetg
cegagttget
aaagtgctca
ttgagatcca
ttcaccageg
agggcegacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacyg
taagcgqqﬁg
cggggctggc‘
tgtgaaatac
éggctgcgca
gcgaaaggég
cgacgttgta

10387

tgactggtga
cttgcecgge
tcéttggaaa
gttcgatgta
tttctgggtyg
ggaaatgttyg
attgtctcat
cgegcacatt
taacctataa
gtgaaaacct

cecgggageaqg

ttaactatgc‘

cgeacagatg
actgttggga
gatgtgctge

aaacgacggce

Ser Tyr Pro BArg Arg Arg Tyr Arg Arg Arg Arg His His Pro Pro Ser

o1

5

His Leu Gly Gln

20

10

15

13/16

9480
9540
5600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320

10380
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<210> 10
<211> 19
<212> PRT

<213> Porcine circovirus
<400> 10

Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly Tle Phe Asn Thr

1 5 10 15

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 Gln Ile Leu Arg Arg Arg Pro Trp Leu Val His Pro

20 - 25 30
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10

15

20

25

30

Case 10-0078-FF

Arg His Arg Tyr Arg

35

Leu Serx

50

40

Arg Thr Phe Gly Tyr

55

Pro 'Ser Trp Ala Val Asp Met

65

Pro Pro

‘Arg Ile

70

Gly 8ly Gly Thr Asn

Lys

100

85. 90

Lys Val Lys Val

105

Gln Gly Asp Arg Gly Val Gly

11

Phe Val

130

Ser Ser

S 145

Phe Thr

Asn Asn

Val Asp

5

Thr

Arg

FPro

165

120

Lys Ala Thr Ala

135

His Thr Ile Pro

150

Lys Pro Val Leu Asp Ser Thr

170

45

Thr Val Lys Ala

60

Met Arg Phé Asn

75 80

Lys Ile Ser Ile

95

Glu Phe Trp Pro

110

Ser Thr Ala Val

125

Leu Thr Tyr Asp

140

Gln Pro Phe Ser

155

4
Ile

175

Trp Arg Arg Lys Asn Gly Ile Phe

Thr Thr

Ile Asp

Pro Phe

Cys Ser

Ile Leu

Pro Tyr

Tyr His

160

Asp Tyr

Lys Arg Asn Gln Leu Trp Leu Arg Leu Gln Thr

180

185

190

His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser

15/16

Asn

Val

Asp

Glu

Pro

Asp

Val

Ser

Phe

Ser

Ile

Thr

Axrg

Phe

Tyr

Ile

Asp

Asn

Arg

Gln

Tyr

Arg

Thr

Val

Tyr

Thr

Asn

Tyr

Tyr

Pro

Asn

Asp



Case 10-0078-FF

195 200 - 205

Gln Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gln Phe Arg Glu Phe

210 215 220

Asn Leu Lys Asp Pro Pro Leu Lys Pro

225 230
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