
WO 2007/094893 PCT/US2006/062662  USE OF A PCV2
IMMUNOGENIC COMPOSITION FOR LESSENING CLINICAL
SYMPTOMS IN PIGS  SEQUENCE LISTING This application
contains a sequence listing in paper format and in
computer readable  format the teachings and content of
which are hereby- incorporated h reference. 10
BACKGROUND OFTHE INVENTION  Field of the Invention 15
The present invention relates to the use of an
immutrogenic composition comprising a  porcine
circovirus type 2 (PCB"2) antigen for treatment of
several clinical manifestations  (diseases). Preler
thla,, those clinical manifestations are associated
with a PCV2 infection.  More particularly, the present
invention is concerned with an immunological
composition  effective for providing an immune
response that reduces, or lessens the severity. of the
20 clinical symptoms associated with PCV2 infection.
Preferably, the iartlr unological.  composition
comprises a recombinantly produced antigen or PCV2.
More preferably, the  PCV2 antgen is a recortrbinanlv
produced protein encoded by one of the open reading
frames (ORF;s) in the PC ,T2 genome. Still more
preferably, the antigen is PCV2 ORF2  protein, : lost
particularly, the presort invention is concerned with
an immunological 25 composition effective for
treatment of clinical sypmtoms associated nub PCV2
infections in  swine receiving the immunological
composition, and wherein the composition comprises the
protein expressed by ORF2 of PCV2. Another aspect of
the present invention is the use of  airy of the
compositions provided herewith as a medicament,
preferably, as a veterinary  lrtedicarnent, evert more
preferably as a vaccine, Moreover, the present
invention also relates 30 to the use of any of the
compositions described herein, for the preparation of
a .medicament  1 WO 2007/094893 PCT/US2006/062662  



for reducing or Jesse rairl the St e r ity of clinical
symptoms associated with PCV2 irl.f coon.  Preferably.
the medicament is for the prevention of as PCV2
infection, even More preferably in swine. A further
aslxct of the present in croon relates to a process
for the production o1' a  rrredicaarrcrat, corarprisin
an immunogenic Composition ofPCV:. for the treatment
of several  S cl inicaal rr ani:l'estati.ons.
Description of the Prior Art Porcine circovirars type
2 (PCV2) is a small. (1.7 -22 am in. d ameter),
icosahedral,  non-enveloped lls'!~1.k z:irus. which
contains a single-stranded circular genome. PCV2
shares  1 tl appro: innately 80% sequence identity
with porcine circolirars type 1. (PCVl). l loiawesver,
in contrast with PCVI, which is generally :raor}
~i:rarlerrt., swine it}-Ceded with PCV2 exhibit a
syndrome commonly referred to as Post-weaning
Nlultisyysternic Wasting Syndrome  (PMWS). PMWS is
clinically characterized by wasting, paleness of the
skin, u.ntl3:rifti:rress,  respiratory distress,
diaarrhea, ict.crars, aarcl jarrrrdice. In some
affected swine. a combination of 1 all symptoms ~v ill
apparent while other affected swine will only have one
or two of these  symptoms. During necropsy,
microscopic and macroscopic lesions also appear on
multiple  tissues and organs. with lymphoid organs
being the most common site for lesions. A strong
con-e.laation has been observed between the amount of
PCV2 nucleic acid or antigen and the  severity
W'microscopic lymphoid lesions. Mortality rates for
swine infected with PCV2 can het approach 80%. in
addition to P MWS, PCV2 has been associated with
several outer  infections including pseudorabies,
porcine reproductive and respiratory syndrome (PRRS).
Glasse 's disease, streptococcal meningitis,
salrraondllosis, postweaningg coliba.cillosis,
dietetic liepaatosis, and suppurative
brouclropneumoniar. - owi.ez er, research thus far has
not  confirmed whether any. of these clinical
symptoar:ms are in fact., the direct result of as
PCV'2  2 WO 2007/094893 PCT/US2006/062662  infection.
Moreover, it is not Yet known whether ata, of these
clinical syutptouts can be  effecivcl y reduced or
cured by an actit,e agent directed against PCV1 



Current approaches to treat PCV2 infections include
DNA-based vaccines, such as  those described In U S.
Patent No. 6,703,023. However, such vaccines have been
ineffective: at conferring Protective i murt ity
against. PCV2 infection or reducing, lessening  the
severity of, or curing any clinical symptoms
associated therewitlh. Mloreov,er, vaccines  described
in the prior art were focused solely on the prevention
of PCV2 infections in swine,  but did not consider any
further medical use. Accordin{glv, what is needed in
the art is all iru.rrmmmo{genic composition for the  t
treatment of several clinical maaaifestations,
Furtlher. what is needed in the art is an
immunological composition which confers protective
imnrarrr.ity against PCV2 infection but  which can
also be used to treat existing clinical symptoms
associated 0kith PCV2 infection. !MSCf OSf '.R OF l`HE
INt E:N ION 15 The present invention overcomes the
problems inherent in the prior art a 1d provides i
distinct advance in the state W, the art. The pre sent
invention provides a medicinal use(s) of  immunogenic
cotrl_position(s) comprising PCV2 antigen. In general
no adverse events or Infection site reactions were
noted for an of the  PCV2 antigen immunogenic
compositions as used herein. Thus, the
inlrrrrarrlogenic.  eta compositions used herein
appear to be safe when administered to young Pigs,
preferably to pigs not older than 15 weeks of age,
more preferably not older than 6 weeks of age, even
more preferably not older than 3 weeks, most
preferably not older than `? weeks.  Altemaativ ely>,
it is preferred that the administration of the
irlrmuno epic compositions of the  present invention
occur vv itlri:n at least 2 and preferably within. at
least I weeks of exposure to 225 virulent PCV.
according to a further embodiment, the Imnnu r.ogerric
compositions used  3 WO 2007/094893 PCT/US2006/062662
herein for any medicinal use described herein, is aad
ninstered to pigs of 3 weeks of age or older,
preferably of 2 i4 eeks of mge or older, most
preferably but not older than 15 weeks of  age. 



Unexpectedly, it iSas found that the therapeutic use
of the immunogenic Compositions  swine.  described
below, is effective for lessening the seventy of w
rious clinical symptoms in In particular, it was
discovered that the therapeutic use of the immunogenic
compositions of  the present invention, and specifica
l compositions comprising PCV2 ORF2 antigen. is
effect ve for reducing or lessening l
yniphaadenopathy. lyinphoid depletion and,or
rrlultinucleated/giant histiocytes in ss ine infected
with .PC'V2. Moreover, the therapeutic use f tl of an
antigenic composition, as provided herewith, and that
comprises, PCV2 anntigen,  preferably ORF2 antigen. rr
duces the overall circovirus load and its
inummosuppressive  impact, thereby resulting in a
higher level of general disease resistance and a
reduced  incidence of.PCV associated diseases and sY
niptouls. Thus one aspect of the Present in ention
relates to the use of all immunogenic  15 composition
comprising PCV2 a antigen. preferably recombinant PCV2
a antigen,. and more  preferably PCV2 ORF2 protein as
provided herewith, lbr the preparation of a medicament
for  the prev>ent:ioar, lessening and/or reduction of
l mphaadenoptathy, lymphoid depletion and/or
anultinucteated/giant .histiocvtes in swine,
Preferably, said medicament is effective for the
prevention, lessening and/or reduction of
lvmphaadenopathy, lymphoid depletion aaard or 20
talaa.fti.ucacteaated `giara histiocytes associated
with PCV2 infections in swine. Still more  preferably,
said medical-rent is elf active for the pre ention,
lessening and/or reduction of  lyymphadenopathy,
lymphoid depletion and/or arultiuaa:cleaateclr iattat
histiocytes associated  with PCV2 infections in pigs.
when administered to pigs not older than 15 weeks of
ago.  more preferablyy, not older than ti a,,-eels of
-age. even more preferably not older than 3 kceks, 225
maid most preferably not older than 2 weeks.
Mteriiativ :ly, it is preferred that the  4 WO
2007/094893 PCT/US2006/062662  a a dtaliatistraatiou
of the iraattuol eatic compositions of the present
irave:tation mcisr within at least 2 and preferably
within at lcaast r we.:elcs of exposure to virulent PC
V, 



Another aspect of the present i_aavention r hatcs to a
method for the trcatrn nl of  h mphadenopathy. 1:s
mphoid depletion and/or aitultimicleatcdr iaalt his
tioc; rtes iaa swim-,  coinprisiaap the
adn.-nnisaraatiort of an iiaaaaa.ua:ac~gcraic
ccaaa.position ar` provided hcrewith, to a  pig, said
iaaairraaanogcuic coataposition comprising a PCV72
antigcn, prefer-ably a rceombinan  PC ,T2 antigen. and
niorepreft raably PCV2 ORF2 proteins. In Yet another
aspect, the present  invention provides a a etl:aod
for the to ataient of lymphadenopathy, 1lmphoid d
pletioaa.  an(/or laistioc ytes associated with a J
CV2 infection in swine, l tl comprising the
administration of an imrta mogenic composition as
provided herewith, to a  pig. said immunogenic
composition con prisiug a PCV2 aantigeaa., p
relierably a recombinant  .PCV2 antigen and more
preferaably PCV2 O.RF2 protein. Preferably . said
treatment results in  the iesseaning_ rvductiotn.,
prevention. andfor cure of the l; mphadeanopaathv..
lymphoid  depletions and/or
ttmultimic.leated:`g:iaaaat histiocytes in smiane
receiving said imtnnnu.nogenic 15 composition.
According to a further aspect, said msiethods.for
treatment further- comprise the  at dtasiaiistaation
of said imastunnogenic composition to pigs not older
than 15 weeks of ace, more preferably not older than 6
weeks of are, even more preferably not older tlharl 3
weeks, and most preferably not older than 2 ~A:eeks,
Alternatively, it is preferred that the
administration of the imiuno enic compositions of the
l resent iataeaatimz occur within at  20 least 2 and
prel rably i ith.in at least 3 aviceks of exposure to
viraalem PCC'. It was further discovered that the
thcrapeu1 c use of an iastmunogenic composition
comprising PCV2 antigen, preferably as recominantt:
PCV' antigen, and most prefereably  PCV2 ORF2
proteins. as provided herea. ith. can reduce or
lessens by-mphadenopa:thy in i it aafl cted swine: (1)
comb naatioas. with one or a multiple of the following
s\-asaptoas:as 25 interstitial pneumonia ic'ith
interlobidaar ederma, (2) cutaneous pallor or icterus.
(3) mottled  5 WO 2007/094893 PCT/US2006/062662
atrophic hers, (4) gastric ulcers. (5) nephritis and
(f~l rcprodmtihc disorders, abortion,  stillbirths,
mummies, etc. 



Thus crate aspect of t1hc present ir: vemion relates
to the talc of an i t mua nogenic  conipositioar
comprising PCV2 antigen, preleraably a recombinant
PC's': antigen and ilia-cc  5 prefc:rrath , PCV2 ORF2
protein as provided h~ re ~ ith for the preparation of
a tried .cat xnt for the prevention Icssct~ir:rr
and/or rcdtaction of lyrnphaadenopathy> in combination
t~ ith orrc:  or a multiple of the following s mptoms
in pigs. (1 interstitial pneumonia with interlobular
c.dc:nra, ('') cutaneous pallor or :icterus. (?)
mottled atrophic tilers. (4) gastric ulcer,-;, (5)
tact?brats and (6) reproductive disorders, e.g.
abortion. stdllbirtlas. tnuslunics, etc., ill pigs. 1
tt P e.ter ably . said rnedicauagealt is effective for
the 11re~entioal, tessennBalg and/or reduction of  lvn
plaadenopatin. in combination with one or a 11111htipk
of t1le fiollowing symptoms  associated with PCV.2
atal.cetiota ata pigs: (1) interstitial prewnonia with
interlobular edema,  (2) cutameorrs pallor or icterus.
(3) mottled atrophic livers.. (4) gastric ulcers , (5
nephritis  and (6) reproductive diso'de:r , e.g.
abortion, stillbirths. mual:tamies. etc. According so
-a 15 further aspect, said mrredicarneaat is effective
for the prevention, lessening and/or reduction of
lymphade nopaathyy in Coil) bination with one or a
multiple of the following symptoms in pigs:  (1)
interstitial pneumonia with uatcrtobtalar edema, (2)
cutaneous pallor or ictems-, (3) mottled  atrophic
livers, (4) gastric ulcers .(5) nephritis amid (0)
:reprodtict ve disorders, e.g. abortion,
stillbirths., ai aunaimies, wtc.. in pigs, when
administered to pigs not older than 15 weeks of afe,
20 more prcferabl, not older than 6 weeks of age, Oven
more preferably not older then 3 weeks,  and most
prefcrably not older than 2 weeks. A1t:eniadvety, it:
is preferred that the  a administration of the
immunogenic compositions or tile. prese at invention
occtwr within at  least 2 and preferably w%.- ithin at
]cast 3 weeks of exposure to virulent PC V.. Moreover,
the present imcantion also relates to aE method for
the treatment of  25 1y>iiaphadcrtopatl-ti in
c:ortabirration with one or a mahiplc of the following
sy>mptoins in pigs;  6 WO 2007/094893
PCT/US2006/062662  (1) interstitial pnountotaiaa with
interlobular edema, (2) cutaneous pallor or ictertas.
(3) mottle 'd atrophic livers. (4) gastric ulcer's .
(5) n phritis and (6) reproductive:. disorders, e.g.
abortion,  



stillbirths., nm.urn ni ;s. etc., said method co
xmprising the admin stratior: of any immunogenic
conmpositionr comprising PCV2 antigen, prefcrabi4 a
recombinant: PCV2 antigen. and more  pref :rail PCV2
ORF2 protein as p:rovided :herewith. Preferably. the
present invention also  relates to a method for the
treatment of lvma:aphadenopaths in combination with
one or a  multiple of the following symptoms
associated with PCV2 infection in pigs: (1)
interstitial  pneumonia c ith into:rlobuiar edema, (2)
cutaneous pallor or icterus, (3) mottled atrophic
liners, (4) gastric ulcers. (5) nephritis and (6)
reproductive disorders, e.g. abortion, stillbirths, 1
tl munmaies, etc., said method comprising the a
admima:istration of an inima uicsgeaaic composition
comprising PCV2 mtigen. pr'efereahly recombinant 1?CV2
a antigen and more preferably  .PCV2 ORF2 protein, as
provided herewith, to a pig, preferably, said
treatment results in the  lessening or reduction of
the lymphadenopaathy, and one or multiple of the
ihllowing  symptoms associated with PCV2 infection in
pigs: (1) interstitial pneumonia with 15 interlobular
ede.niaa.. (2) cu aneous pallor or icterus. (3)
mottled atrophic livers, (4) gastric  ulcers . (5)
nephritis and (6) reproductive disorders, e.g.
abortion, stillbirths., mummies., etc.  According to a
further aspect, said methods for treatment further
comprise administration of  the imtmitnnogenic
composition comprising PCV2 antigen, preferably
recombinant PCV2  antigen and more preferablsy PCV2
OR.12 protein, as provided herein, to pigs not older
than 20 15 weeks of age, more preferably not older
than 4 wee s of age. B ear more, paefera:b s not
older thanS eeks, and most preferably not older than 2
weeks. Alternatively, it is preferred  that the
administration of the imtumiogenie coatapositions of
the pad setae invention occur  within at least 2 and
preferably within at least 3 weeks of exposure to
virulent PCV. It was also unexpectedly found that the
therapeutic use of an im nuamgenic  225 composition
comprising PCV atatigcrt, preferably recombinant PCV2
antigen and mor :  7 WO 2007/094893 PCT/US2006/062662
pre4'erably PCV2 ORF2 protein as provided here ith,
can also reduce or lessen Pia like  lesions, normally
known to be associated with Laaw rsonia
intracellulaaris infections (Ileitis). 



Thus one aspect of the present invention relates to
the use of an immunogenic  composition comprising PCV2
antigen, preferably recombinant PCV2 antigen and more
preferably PCV2 ORF2 protein as provided herewith, for
the preparation of a medica anent for  the prevention,
lessening the severity or and or reduction of Pia like
lesions, normally known  to be associated with
Lawsonia intracellularis insertions in swine.
Accordin,y to a. further  aspect, said medicament is
effective for the prevention, lessening of the
severity of and,or  reduction of Pia like lesions, nom
ally known to be associated with Lawsonia intracellul
Iris tt infections. when administered to pigs not
older than 15 peeks of age. more preferably not  older
than 6 weeks of age. even more preferably not older
than 3 weeks,. and most preferably  not older tha g 2
weeks, Alternatively, it is preferred that the
administration of the  immunogenic Compositions of the
present invention occur withiiii at least 2 and
preferably  within at least 3 weeks of esposaare t:o
virulent PCV. 15 Moreover, the present invention also
relates to a method for the treatment of Pia like
lesions.. normally known to be associated with
Latvsonia intraceliularis infections, said  method
comprising the administration of an in munoge.nic"
composition comprising PCV2  a antigen., preferably
recombinant PCV'2 antigen and more preferably 1'('L?'
ORF2 protein as  provided herein." to a pig.
Preferabi, said treatment results in the lessening or
reduction of 2tt the Pia like lesions, normally known
to be associated with Lawsoniaa intraaceliularis
infections. According to a further aspect, the methods
for treatment described above further  comprise the
administration of the immunogenic composition
comprising PCV2 antigen,  preferably- reconibiauat
PCV2 antic" en, and more preferably PCV2 OR F2 protein
as provided  herein, to pigs not older than 15 weeks
of age, more preferably not older than 6 wN-ccks of
age, 225 .v in more preferably not older than 3 weeks,
and most preferably not Gilder than 2 weeks,  8 WO
2007/094893 PCT/US2006/062662  Alternatively, it is
preferred that the administration of the
ittataata:taogentc compositions of the present
invention occur within at least 2 and preferably
within at least 3 weeks of exposure to  



virulent PCV. The immunogenic composition. The
iummogenic composition as used herein is effective for
inducing an inini arac  response against PCV2 and
presenting, reducing and/or lessening the severity of
the clinical  sympton:ms associated with .PCV2
infection:. The Cotaalx sltlon generally comprises at
least one  PCV2 antigen. 1 t Unless defined otherwise,
all technical and -scientific terms used herein have
the same  meanings as commonly understood by one of
ordinary skill in the cart to which this invention
belongs. The term 'immunogenic conmposition" as used
herein refers to ally pharmaceutical  composition
containing a PCV2 antigen,: which composition can be
used to prevent or treat a  l'CV2 inf coon associated
disease or condition in a subject. .A preferred
immunogenic 15 composition can inducet stimulate or
enhance the immune response against PCV2. The term
thus encompasses both subunit immunogenic
compositions, as described bolo ,, as well as
compositions contaiaring whole killed, or attenuated
and/or inactivated .PCV2, The term "subunit
immunogenic cona.positiorl" as rased .herein refers to
a Composition  containing at least one immunogenic.
polypeptide or antigen, but not all antigens, derived
20 from or homologous to an antigen from PCV2. Such a
composition is substantially Free of intact PCV2.
Thais, a subunit immunogenic composition' is prepared
from at least partially  purified or fractionated
(preferably substantially purified) immunogenic
polvpeptidcs from  PCV2. or recombinant analogs
thereof! ` subunit imnmunogemc composition can
comprise  the subunit antigen or antigens of interest
substantially free of other antigens or lxalypept des
9 WO 2007/094893 PCT/US2006/062662  from PCV2. or in
fraactionaated from, preferred irmnnnrogenic subunit
composition  comprises the PCV2 ORF2 protein as
described below. An  innnarno og'ical or immune
response' to a composition or vaccine is the  de
eloprrrent in the host or ar cellular and! or
antibody-mediated immune response to the  



corr-apos:itio:n o:r vaccine of interest. Usually., an
"immune response" includes but is not  limned to one
or more of the following effects: the pro action or
activation of antibodies, B  cells, helper T cells,
suppressor T cells, and/or ct>totoxic T cells and/or
yd T cells. directed  specifically to an antigen or
antigens included in the composition or vaccine of
irate.:rest...  Preferably, the host will display
either a therapenuc or protective rrnmunologic al
response t tl such that resistance to new infection
will be enhanced and/or the clinical severity of the
disease reduced, Such protection will he demonstrated
by either a reduction in r. umber or  set erihy of; or
lack of one or more of the sy rnptonis associated with
PC's2 infections as  described aaL7ove. The terms
"i:rrramrrac gearic' protein o polypz ptrtle or
"antigen as used herein refer to  15 an amino acid
sequence which elicits an immunological :response as
described above, An  "immunogenic" protein or
polvpeptide, as used herein, includes the full-length
sequence of  any PCV2 proteins, analogs thereof, or
immunogenic frag.111cnts thereof The term
":irrarrtrnrogenic fragartent" refers to a fragment of
a protein which includes one or more  epitopes a ad
thus elicits the immunological response described
above. Such fragmenits can eta be. identified using
any number of epitope trapping techniques, 3 ell known
in the an. See,  e.g., l laitope Mapping Protocols in
Methods in Molecular Biology, Vol. 66 (Glenn B.
Morris, Ed., 1196) T-lnmaanaa Press, Totowa, New
Jersey. For example, linear e.pitcot es may he
determined by e.g.. concurrently synthesizing large
numbers of peptides on solid supports.  the peptides
col-respondirng. to lxmif-ms of the protein molecAule,
a and react :ng the peptides with 25 antibodies while
the peptides are still attached to the supports. Such
techniques arc k noCin in  10 WO 2007/094893
PCT/US2006/062662  the aar-t and described iat e.g.. U
,S. Patent No. 4,708,871; Geysen et fit, (1984) Proc.
Nail. Acad, SQL USA 8L3998-40021-, Cieysen et al,
(1986) , olec, Iraamurtol, 23:709.715,  Siatailarh,
confor-m.aational epitopces are read h idcrtti1 ed by
determining spatial conforataatio:ra  



of amino acids such as by, c.a., x-ray
crystaallorgr'aphay and 2-dimensional nuclear magnetic
resonance. See, e.g.. pitope Mapping Protocols,
supra... Synthetic antigens are also included within
tiro,; definition, for exaaniple, poively topes,
flanking e pitola+ s. and other recombinant or
synthetically derived antigens. Sri, e. g..  Bergmann.
ct a -t. (199.33) Eur, J. l.rnmaanof 23:2777-2781:
Berginar et at, i.aarmurncsl, 157:3242-3249: Suhrbier,
A. (19Y)7). Imtart unol. and Cell Biol. 75:402-408; I
ti Gardner et aal., (1998) 12th World AIDS Conference,
Geneva, Switzerland. June 28-Jti1y '1,  . 1998. In a
preferred embodiment of the present invention, an
i:aaiaagaraacs epic composition that  induces an
immune response and. more prefer ably, confers
Protective immmrmmrtity against the  clinical signs of
PCV2 infection, is provided. The composition most
Preferably comprises 15 the polypeptide. or a fragment
thereof:, expressed by ORF2 of PCV2, as the antigenic
component of the composition. PCV2 ORF2 DNA and
protein, used herein for the  preparation of the coma
positions and within the processes provided herein is
a .highh'  conserved domain w01rin PCV2 isolates and
tlaereby, any PCV2 OT F2 would be effective as  the
source of the PCV ORF2 DNA and/or poi ypepude as used
herein, A preferred PCV2 20 C RF2 protein is that of
SEQ ID NO. 11, A preferred PCV ORF2 polypeptide is
provided  herein as SEQ ID NO. 5, but it is understood
by those of skill in the a art that this sequence
could vary by as much as 6-10 %i in sequence homology
and still retain the antigenic  characteristics that
render it useful in immunogenic compositions. The
antigenic  characteristics of all immunological
composition can be, for example., c',stimatcd by the
225 challenge experiment as provided by Example 4.
Moreover, the aartigeanic characteristic of a  11 WO
2007/094893 PCT/US2006/062662  talodi:l od antigen is
still retained, when the al odified antigen confers at
least 70%, preferably. 80%, more Preferably 90% of the
protective immunity as compared to the PCV2 OR 2
protein, encoded by the poly ntac:lc:otide sequence of
SEQ ID N`0:33 or SEQ ID NO:d. Au  



"immunogenic composition" as used herein, means a PCV2
ORF2 protein which elicits an iaalrnartaological
respons " in the host of a cellular and/or
antibody-inediated inn-mine  response to PCV2. ORF2
protein.. Pref. ;rab1:4', this :i~~ ttat~ ~:o c a:c cs
c mposition is capable of  eliciting or enhancing an
is iltsne resin aase against PCV2 thereby cortfering
protective  immunity aga:inst PCV2 infection and a.
reduction in the incidence of, severity of, or
prevention of one or more, and prefe:rably all of the
clinical signs associated therewith. 1 tl In some
fibrins. immunogenic portions of PC' ' 2 ORF2 protein
are used as the  antigenic co.nipone~nt in the
composition}, 'T'ile term '"iaa:tmutiogenic lxaatgort'
its used herein  re fens to truncated and/or
substituted forums, or fragments of.PCV2 OR.F2 protein
andr'or  pals rtu.cleotide respectively, Preferably-
such ta-ia:aicated and/or 'tibstitutcd forms", or
-fragments; will comprise at least 6 co itiu.ous amino
acids from the fia.ll-:length f?.RF2 15 polyp ptide,
More prefc /ably, the truncated or substituted forms,
or fragments will.haavc at  least 10, more preferably
at least 15, and still more prof rabl y at least 19
contiguous amino  acids fr<aira the full-length ORF2
poivpe tide. 'N-ca preferred sequences in this respect
are  provided herein is SEQ ID .N-Os, 9 and 10, It is
further- understood that such sequences ma  be a part
of larger fragments or truncated i:c~rlaxs 2tt A
further preferred PCV2 ORF2 polypeptide prodded herein
is encoded by the  nucleotide, sequences of SEQ ID NO:
3 or SEQ L NiO, J. However, it is understood b  those
of skill in the art that this sequence could vsarg by
as /much as 620% in sequence  homology and still
retain the antigenic characteristics that render it
useful in immunogenic  conlpos:it ons. In some forms,
a truncated or substituted fior ta, or fragment of
this PVC2 225 ORF2 polypcptide is used as the
antigenic component in the Composition, Preferably ,
such.  12 WO 2007/094893 PCT/US2006/062662  iruaacated
or substituted fora as. or fragments will comprise at
least IS contiguous ttaaclcotides from the hall-length
Olga2 nucleotide sequence, e.g. of SEQ ID NO: 3 or SEQ
ID NO: 4.  More p:referably, the truncated or
substituted or rag Tmeants, will have at least 3ti,
more  



preferably at ]cast 45, and still more preferably at
least 57 contiguous nuelcotides of the hill- length
ORF2 aa:aacleo tle sequence e.g SEQ 1l NO: 3> or SEC)
ID NO, 4. "Sequence Identity" as known in the art
refers to a relationship between two or  more pol
peptide sequences or two or more polvnucleotide
sequences. namely a reference  sequence and a given
sequence to be compared with the reference: sequence.
Sequence  identity is determined by comparing the
given sequence to the reference Sequence after the l
ti sequences have been optimally aligned its produce
the highest degree of sequence similarity' as
determined by the match between strings of such
sequences. Upon such ali :ani:tment, sequence identity
is ascertained on a position-b -position basis. e. g,
the sequences are  `'identical" at a particular
position if at that position, the nucleotides or amino
acid residues  are identical. 'The total number of
such position identities is then divided by the total
number 15 of nucleotides or residues in the reference
sequence to give % sequence identity. Sequence
identity can be readily calculated by known methods,
including but not limited to, those  described in
Computational Molecular Biology_ i.esk, A. N., ed.,
Oxford 1 niv>ersit Press,  Nev York (1988),
Biocomputing: Tnfo:rmatics and (ienomc Projects.,
Smith., 11W., ed"  Academic Press. New York (1993.y
Computer Analsysis of Sequence Data. Part 1. Griffin,
A .\,,I,, and OrilTht. Fl. U.. eds.. Humana Press. New
Jersey (1994); Sequence Analysis in Molecular Biology,
von 1Teiaa e, Ci., Acadeataic. Press (1987)- Sequence
Analysis Priaamer,  G.iribskov. M, and Devereux, I.,
eds., M. Stockton Press, New. York (1991); and
Carillo, 11.,  and _.ipmau, D, SIAM T. Applied :,\4h .
48: 1073 (1988). the teachings of which are
incorporated herein by reference. Preferred methods to
determine the sequence :identity are 25 d sitgned to
give the largest match between the sequences tested.
Methods to determine  13 WO 2007/094893
PCT/US2006/062662  sequence identity are codified in
publicly available co nputer programs which detennine
sequence identity between gdven sequences. Examples of
such programs include, but are not limited to, the GCU
paograau:a package (Deaereux. 1.. et al.. Nucleic
Acids Research,  1-1(1):387 (1984)), BL ATP. BLASTN
and FASTA (Altschul. S. F. O t al.. J. Melee. Blot.,
5 215:403-410 (990). The RLASTX prograun is publicly
available from NC B1 and other 



sources (BLAST Manual, Altschul, S. et al., " CVI
N1.141 NII:H Bethesda, NI D 20894..  Altschul, S. F.
et: al .. J, Molec:. Biol.., 21 ?.403-410 (1990), the
teachings of which are  incorporated herein. by
reference), These programs optir:ar:ally ali.gr
sequences usirr default  gap weights in order to
produce the highest level of sequence identity between
the given and 10 reference sequences. As an
illustration, by a polynucleotide having a nucleotide
sequence  having at least. to:r example. 85%.,
preferably 90%. even n ore preferably 95`.%'4
"sequence  identity," to Cl reference nucleotide
sequence, it is intended that the nucleotide sequence
of the  given polviru.eleotide is identical to the
reference sequence except that the given  polo
nuc.leoi:ide sequence may include up to 15, prelcrahh
tip to R). even more preferibla up 15 to 5 point
mutations per each 100 nucleotides of the reference
nucleotide sequence. In other  w cords. in a
polynucleotide having a nucleotide sequence having at
least 85`.'.:x, preferably  90%. even more preferably
955% identity relative to the reference nucleotide
sequence, up to  15'~.. preferably 10%, even more
preferably 5"'a of the nucleotides in the reference
sequence  may be deleted or substituted with another
nuccleotide, or a nunther of nucleotides up to 15%. 20
preferably 10%. even more preferably 5 of the total
nucleotides in the reference sequence  may be inserted
into the reference sequence. 'These mutations of the,
reference sequence may  occur at the 5' or 3' terminal
positions of the re erence nucleotide sequence or a
anywhere  b tr ,een those terminal positions.
interspersed either individually among nucleotides in
the  reference seque:rce or in one or more contiguous
group's within the reference sequence. 25 A
rnalogously. by a polypeptici : having a given amino
acid sequenc : having at least, for  14 WO 2007/094893
PCT/US2006/062662  example, pre 'rally 9M%, UN.-'n
more preferably 95% sequence identity to it
i-cferetice amino acid sd quciice. it is intended that
the giveii amino acid sequence of the polypeptide is
identical to the reference sequence except that the
given polypept do sequence may include  tip to 15.
preferably up to 10, even more preferable tip to 5
amino acid alterations per each. 5 100 amino acids of
the reference .uitino-i acid sequence. In. other
wvords, to obtain a given  



pokpeptidee sequence having at least pre e:rablv 90%.
even more preferably 95%  sequence identity with a.
reference amino acid sequence:, :tip to 15%r
preferably tip to 10%,  even more preferably tip to
5N, of the amino acid residues in the re ereucee sequ
;nce ritay be  deleted or substituted with another
amino acid. or a number of amino acids up to 15%, 10
pielerably tip to 10`r<, e ven more preferably tip to
of the total number of amino acid  residues in the
reference sequence may be inserted into the reference
sequence. These  alterations of the reference sequence
may occur at the amino or the carboxy terminal
positions of the reference amino acid sequence or
anywhere between those terminal  positions.
interspersed either individually among residues in the
reference Sequence or in the 1 one or more contiguous
groups within the reference sequence. .Preferably ,
residue positions  which are not identical differ by
conservative amino acid substitutions. However.
conservative substitutions are not included as a match
when determining sequence identtit ', Sequence
110111010gyy", as used hereii3, refers to a method of
determining the  relatedness of two sequences, To
determine sequence homology, two or more sequences are
hit opt mall aligned, and gaps are, introduced if
necessary However. in contrast to 'sequence ideatity",
conservative amino acid substitxrtions are counted its
a match when determining  sequence hotiiold? a,. In
other words, to obtain a polrpeptide or
polynticleotide having 95'N%  sequence homology with a
reference sequence, 85%, preferably 9M%, even more
preferably  95% of the amino acid residues or
nucleotides in th ; reference sequence must match or
225 comprise it conservative substitution with another
amino acid or nucleotide, or a number of  15 WO
2007/094893 PCT/US2006/062662  amino acids or
nucleotides up to 15%, pa eferably> tip to 10"N, even
more preferably up to of the total amino acid residues
or nucleotides. not including conservative
substitutions, in  the reference sequence raaa\ be
inserted into the reference sequence.. Preferably the
ho:raa.olog  sequence comprises at least a stretch of
50, even more pr'eferaably at least 100, exen more  5
preferably at least "250, and even more preferably at
least 500 nucleotides. 



A "conser vativc substitution" refers to the
substitution of an amino acid residue or  nucleotide
with another amino acid residue or nuc:leoti.de having
similar characteristics or  properties including
sire:, hy>dropl::obicity, etc., such that the overall
functional ty does not  change si nifi aptly. 1 tf
"Isolated" means altered "by the hand of man" from its
natural state, i.e., if it occurs  in nature, it has
been Changed or removed from its original environment,
or both For  exa sample, as polynucleotide or
polypeptide naturally present in a lining organism is
not isolated,` but the same polymicleotide or
polypeptide separated from the coexisting  materials
of its natural state is '"isolated".. as the term is
employed herein. 15 l'hus, the immunogenic composition
as used herein also refers to a composition that
comprises PCV2 OR&'2 protein, wherein said PCV2 ORF2
protein is myone of those.  described above.
Preferably, said PCV2 OR-F2 protein is i) a
po.lypeptide comprising the sequence of SEQ Ii) NO: 5,
SEC? ID NO: 61 ,  SEQ ID NO: 9, SEQ ID NO: 10 or SEQ
l.D NO: 11: 2tt ii*) any polypeptidc. that is at least
80% homologous to the polypeptide of i),  iii) any
iartanimogenie portion of the poly>peptides of i)
and/or ii) i4) the immunogenic portion of iii),
comprising at least 10 contiguous aamaino  acids
included in the sequences of SEQ ID NO: Y, SEQ ID NO:
6. SEQ ID  NO: 9. SEQ ID NO, 1 tf or SEQ ID NO: 1. 1,
16 WO 2007/094893 PCT/US2006/062662  v) a lrolypeptide
that is encoded by- a DNA cot prising the sequence of
SEE ID NO: 3 or SEQ ID NO: 4, vi) any laoh.1xlrtide
that is encoded b a poivnucle i de that is at least
8,(_i? i~  homologous to the polymideolide of v), vii)
any imamnogerti . portion. of the lxalypelat a es
encoded by, the  



lxrh'nucleotide of v) and/or vi) iii) the immunogenic
Portion of vi ), wherein polyraa.rcicotide coding for
said  it rrtauraop epic Portion comb:rises at least 30
cor:toguous nucleotides in ;luded  in the sequences of
SE Q ID NO: 3, or SEQ ID NO: 4, I tl Preferably ally
of those islunrr:rrogernic Portions have the
immunogenic characteristics  of PCV2 ORF2 protein that
is encoded by the sequence or SEQ ID NO: 3 or SEQ ID
NO: 4.  According to a further aaspe'ct, PCV2 ORF2
protein is provided in the immunological composition
at an antigen inclusion level effective for inducing
the desired immune response,  tratraeh, reducing the
incidence of, lessening the severity of. or preventatr
one or more  15 clinical signs resulting from PCV2
:infection. .Preferably, the PCV2 ORF2 protein
.inclusion level is at least 0.2 pig antigen / taal of
the final immunogenic composition t.aa aaal).: more
preferably from about 0.2 to about 400 pig/tail, still
more preferably from about 0.3 to about  200 pig/tart,
even more pref%rably from about 1.35 to about 100
pig/m1, still more preferably  from about 0.4 to about
50 gag./ml, still more preferable, from a about 0.45
to about 30 ptl /rzal,  20 still more preferably from
about 0.6 to about 15 pg /ml. even more preferably
from about  0,75 to about S plv/ ml, even more
preferably from about 1,C) to about 6 ttg/tai, still
more  preferably from about 1.3 to about 3.0 ptp
rrrrl, even more preferable, from about 1.4 to about
2.5 ptg/anal, even more preferably from about 1.5 to
about 2.0 t4~ sell. and most pref:erably>  about i .6
lrz:/ nl. 17 WO 2007/094893 PCT/US2006/062662
According to a further aspect. the ORF2 antigen
inclusion level is at least 0.2 pg/ PCV2 ORF2 protein
as described above. per (lose of the final antigenic
Composition  tlrg.'d:osei. more preferably from about
o.2 to about 400 paps dose, still more preferably
froth  about 0.3 to about 200 rg. dose. even more
preferably from. about 0 35 to about 100 pg/dose,
still arrore lynrerabl4 from about 0.4 to about 30
ptg.'dose. still more lynrerably from about  



045 to about 3tf 1r4:/dose:, still more pry fer ab y
F-tote about 0.6 to about 15 pg/dose, even  more
preferably from about 0.75 to about 8 rgidose. ewers.
more preferably from about 1.0 to  about 6 paf;'cosc
still more preferablyy, ffrom about 1.3 to about 3.0
ufg, dose, even more  preferably from about 1.4 to
about 2.5 lrt/dose, Lien more preferably from about
1.5 to about  1 tl 2.0 lag/dose., and most preferably
about 1.6 tt.g/dose. The .l'C\'2 ORJ-2 poll; peptide
used in the imm anogentc composition in -accordance
With the present invention can be derived iii any
fashion including isolation and purification  of PCB 2
O.RF2. standard protein c titlaesis. and recombinant
methodology. Preferred  methods for obtaining .PCV2
ORF2 polpeptide are provided in L "S. Patent
Application 15 Serial No. I1 034,797, the teachings
and content of Which are hereby incorporated by  r~
fer nee, Brief'st susceptible cells are infected with
a recombinant viral vector containing  'PC"V2 ORF2 DNA
coding sequences, PCV'2 OR_F'2 poiv>peptide is
expressed by the  recombinant virus, and the expressed
PC' '2 O1 F2 polypcptide is recovered from the
supc.mate by filtration and inactivated by any
conventional method, preferably using binary  eta
ethylenimine,w~hich is then n1etrtralize:d to stop the
inactivation process. The immunogenic composition as
used herein also refers to a composition that
comprises i) any of the PCV2 OR F2 protein described
above, preferably in concentrations  described above,
and ti) at least a portion of the viral vector
expressing said PCV2 ORF2  protein, preferably. of a
recombinant haculot irus. Moreover, the innnunogettic
composition  can comprise i) any of the PCV2 ORF2
proteins described above, preferably in  18 WO
2007/094893 PCT/US2006/062662  concentrations
described above, ii) at least a portion of the viral
vector expressing-said PCV2 ORF2 protein, preferably
of a recombinant haculovirus, and iii) a portion of
the cull culture  supenlate. The immunogenic
Composition as used herein also refers to a
composition that  5 comprises ii) ally of the PCV2
ORF2 proteins described above.. prete:rah.ly in
concentrations  



described above-.l) at least a portion or the viral
vector expressing said PCV2 (YRF2 protein,  preferably
or a. recombinant baa.culovirus. and iii) a Portion of
the cell culture; wherein about  90% (;:~ e?l t lay c
otallxallcllts have a saza; smaller t :taal l pm-The
immunogenic composition as used heroin also refers to
a composition that 10 comprises i) any or the PCV2
ORF2 proteins described above, preferably in described
above, ii) at least a portion of the viral vector
expressing, said PCV2 ORF2 proeiaa,  iii) a portion of
the cell culture, iv) and inactivating agent to
inactivate the recombinant viral  vector preferably
EEl, wherein about 90% of the components 1.) to iii)
have a. size smaller  than l ptm. Preferably, ERl is
present in concentrations effective to inactivate the
1. lvaaculovireus. Effective concentrations ar
described above. The imu uunmogenic composition as
used therein also refers to a composition that
comprises i) any of the PCV2 ORF2 proteins described
above, preferably in concentrations  described abovet
ii) at least a portion of the viral vector expressing
said PCV2 ORF2 protein,  iii) a portion of the Cell
culture., iv) an inactivating agent to inactivate the
recombinant viral 20 vector preferably BE]'.. and v)
an neutralization agent to stop the in activatioal
mediated b the  inactivating agent.. vv lerein about
90% of the components of to i.ai) have a size smaller
than 1.  um. J3ref"erahl3, if the inctiv,nbrag agent:
is BET, said coutpositgo:n comprises codilwl
thlosuilate all equivalent amounts to P:1. 19 WO
2007/094893 PCT/US2006/062662  The polypeptide is
incorporated into a composition that can be
administered to an animal susceptible to PCV2
infection, In preferred forms, the composiion may also
include  additional components known to those of ,kill
in the art isce also .Rcr rington's  Pharmaceutical
Sciences. (1990). 1 8th e d. Mack Pub]- Easton).
Additionally. the  corrtposit:ion :na.ay include one
or more veterinars acceptable carriers. As used he
rcin, "a  veterinary-acceptable; c'arrie'r" includes
any and all soNcirts, dispersion media. coatings,
aaciju ants, stabilizing agentm, diluents,
prestrvative s, antibacterial and anti.f` rragal a
gents,  isotonic agents, adsorption delaying agents.
and the like, in a preferred embodiment, the  



immunogenic composition comprises PCV2. OR.F2 protein
as provided herewith, preferably 1 tl in
concentrations described above, which is mixed with an
adjuvant. preferably Carbolosl  and physiological
saline. Those of skill in the art will understand that
the composition used herein maa  incorporate known
injectable, physiologically acceptable sterile
solutions. For preparint a  ready-t:o-u.se solution
for parearteral infection Or infusion, aqueous
isotonic solutions, such as 15 e.g-. saline or
corresponding plasma protein solutions, are readily
available. In addition, the  immunogenic and vaccine
conrposmons of the prevent invention can include
diluents.  isotonic agents, stabilizers, or adjuvants.
Diluents can include water, saline, dextrose,
ethanol, glycerol, and the like. Isotonic agents can
include sodiu:ni chloridet dextrose,  imannitol.
sorhitol, and lactose, among otlre:rs. Stabilizers
include albumin and alkali salts of  20
ethylendiaminte;t. acetic acid. among others.
"Adjuvants" as used herein, can include aluminum
hydroxide and aluminum  phosphate, saponins Quil A,
QS-21 (Cambridge Biotech Inc., Cam bridge MA), (Wi-
0100 (Ga.lenica. Pharmaceuticals. Inc.. Binninghaan.
AL). water--in-coil emulsion. coil-iar-a~aater
emulsion. c~aler' iir o l-irt ~~aater emulsion. The
emulsion can be based in particular on light 25 liquid
paraffin oil (European Plmrrrtacopea t4ype);
isoprenoid oil such as squalane or squale e  20 WO
2007/094893 PCT/US2006/062662  oil resulting from
theolrgorrrerixaation of alkenes, in particular of
isobutene or decerre; esters of acids or of alcohols
cotltaaitrin , a linear alkyl group, more particularly
plant oils, ethyl  oleate. propylene glycol
di-(caprylate.,caprate), glyceryl tri tcapryl~rte
capratc) or propylene  glycol. dioleate; esters of
branched Catty acids or alcohols, in particular
isostearic acid esters.  The oil. is used in
combination wide emulsifiers to form the emulsion..
The emulsifie arc  preferably' nonionic strafirctants,
in particular esters of orbitan, of maimide (e.g..
anlr vdromatrsri.tol oleate), of glycol, of poly
glycerol, of propylene glycol and of oleic,
isosteaaric. ricinnoleic or hy>droxa stearic acid,
which are optionally 61--ioxyhoacd. arid  



l l~ o pros lcare-lrc~l c?si Ltlr~ lerle ccspoh met
blocks, ill particular the Phaaormyc products, 1tl
especially. 1,121. See Hunter et al., The Theory and
Practical Application of Adjuants
(Ed,Stewaart-"fral.l, D..ES.). _iolrr Wiley and Sons,
NY. pp-51-94 (1995) and Todd ot al,  Vaccine
15:364-570 (1997), For example, it is possible to use
the SPT emulsion described on page .147 of  "Vaccine
Design, The Subunit and Adiuvant Approach" edited b
:M1, Powell and M  15 Newman, Plenum .Press, 19951,
and the emulsion MF59 described on page 183) of this
same  boob, A further .instance of an acl;#u ant is a
compound chosen from the polymers of acrylic  or
rnethac:rsvl:ic acid and the copolymers of inaleic
anhwdride and alkenyl derivative.  Advantageous
adjuvant compounds are the polsymers of acrylic or
tuethacr jic acid which are 20 cross-linked,
especially- with pol va.ikenyl ethers of sugars or pol
va.lcohols. These compounds  are knows ,ti by the term
caarlromer (Phanicur'opa Vol, 8. No. ', Junk, 199(),
Persons skilled in  the art: can also refer to U. S,
Patent: No. 2,909,462 which describes such acrylic
polymers  cross-linked 3 ith a polyhydroxylated
compound having at least 3 hydroxyl groups.
prefet-abhy not more than 8, the hydrogen atoms of at
least One h a droxtils being replaced by 225
unsaturated aliphatic. radicals having at least '2 ca
abon atoms, The preferred radicals are those  21 WO
2007/094893 PCT/US2006/062662  containi.ugg from 2 to
4 carbon atoms. e.g. vinvls, ally-Is and other
ethvlezricalh, unsaturated groups. The unsaturated
radicals maay. themselves contain other substituents,
such as mehyl.  The products sold under the name
Carbolxol; (BF Goodrich. Ohio, USA) are particularly
appropriate. They are cross-lurked with an. ally l
sucrose or with ally] pentaerythritol.. Among 5 theme.
there rnaa be mentioned Carbopol 9741'. 934P and
9711?. Most preferred is the use of  Carbopol, in
particular the use of Carbopol 9711, preferably in
amounts of about 500 ug to  about 5 mg pe r dose,
L'i'en more preferred in an amount of about 750 tai;
to about 2.5 rng per  close and most preferred in an
amount of about 1.:rng per dose. 



Further suitable adjuvants include, but are not
limited to, the RIBI adjuvant system  10 (Ribi luc,),
Block co-polymer (CvtRx. Atlanta GA), SAF-:M1 (Chiron,
Eugeryxiile CA,),  monophosphoryl lipid A. Avridine
lipid-amine ad.ju:vaut, heat-.labile enteroto. i:n
from E. soli  (recombinant or otherwise), cholera
toxin, T.MS 1314, or atruran'ivl dipeptide among
arlaat y  others. Preferably, the ad.ju:vaut is added
in an amount of about 100 pg to about .10 mg per  15
dose. Evert more irref rably, the adjuvant is added in
an amount of about 100 rig to about .10  mg per dose.
Even r:ore preferably, the ad_juvam is added in an
amount of about 500 pg to  about 5 mg, per dose. Even
more preferably, the adjuvant is added in are amount
of about 750  gg to about 2.5 mg per dose. Most
irreferablv, the adjuvant is added in an a r:ount
ot`about 1  r g per dose. 2tl ~- Iditionally, the
composition can include one or a core 1~laararratc
catticarl acc e table  carriers. As used herein, "ar
pharrmaceut caal acceptarl le carrier" includes any
and all solvents,  dispersion media, coatings,
stabilizing agents. diluents, preservatives,
antibacterial and  arriifuarla.l agents, isotonic
aageuts. adsorption delay~in a cans, and tbe like.
'-lost pref rarbl ,  the composition provided
hercwvith, contains PCB"2 ORF2 protein recovered from
the 225 sulternate of in vitro cultured cells, wherein
said cells 4N,-ere infected with a recombinant viral
22 WO 2007/094893 PCT/US2006/062662  vector containing
PCV2 O .F2 DNA and expressing PCV2 O1 E2 protein, and
wherein said cell culture t vas treated with aaborat 2
to about 8 a N.-I BEI. preferaably with about 5 mM BET
to  inactivat : the Viral vector, and an equivalent.
concentration of a neutral zaa.ti.on agent,
preferably sodium thiosulfate solution to a final
concentration of about 2 to about: 8 111M,  preferably
of about 5 ata 1. The present invention. also relates
to an inunurmgcnic composition that cornprises i)  an
of the PCV2 0R.F2 proteins described above, preferably
in concentrations described  above, ii) at least a
portion of the viral vector expressing said PCV2 ORF2
protein, iii) a  



portion of the cell culture..i) all it activacing
agent to inactivate the recombinant viral vector 10
pmferablv BE!, and v) an neutralization agent to stop
the inactivation mediated by tine  inactivating n
en-at. preicrahly sodium thiosu.lthte in equivalent
amounts to T Et "Ind vi) .1  suitable adjuvant.
preferaabl Caarbollcl 971. in wit-sum described
above-. Therein about 90%,,  of the components :i) to
iii) .haven size sanaa.ller than 1. gin. According to
a further aspect, this  immunogenic composition
Iurilie.r comprises a lal armaceutical acceptable
sa.li:, preferably a 15 phosphate salt in
physiologically acceptable concentrations. Preferably,
, the p.H of said  Immunogenic Composition is adjusted
to a physiological pli meaning between about 6-5 and
7.5. .The immunogenic composition as used herein also
refry to a composition that  comprises per one 1131 i)
at least l.6 gag of PCV2 O.RF2 protein described
above, ii) at least a  20 portion of baeulovir rs
expressing said PCV2 O .F2 protein iii) a portion of
the cell culture, iv) about 2 to 8 aaiM BET. ') sodium
thiocailfaate in equivalent amounts to B EL and 'i)
about It  mug Carbopol 97.1. and phosphate salt i_ra a
physiologically acceptable concentration;  wherein
about 90% of the components i) to iii) have a size
smaller than 1 gnn and the p.1-1 of  said immunogenic
composition is acl)u ted to about 6.5. to 7.5. 23 WO
2007/094893 PCT/US2006/062662  The ita munogenic
compositions can f:alrther include one or more other
iaaaaaitat1o111oclYalaitor} agents such as, e.g..
interlexakinns, iaiterferons, or other cytokines. The
inn nunoge:tlic c(Ytla.positions can also include
Gentamicin and \lcrthiola e. "chile the  amounts and
concentrations of adjuvants and additives useful in
the context of the present  invention can readily he
deteriaai:ned by the skilled artisan. the present
invention contemplates  compositions conipris:1ng
Iroin about 50 pg to about 20th) p,1 of ac iu vant and
preferably about 250 pg;/ ml dose of the vaccine comp
osition. Thus, the immunogenic composition as  Used he
eirs also refers to a compaaosition that colnpnses
from about 1 tag/mt to about 60 p ml  of antibiotics,
and more prefcrabhy less than about it) aalhni of
antibiotics. 



t tf The immunogenic composition as used herein also
ref~rs to a composition that  colnprises i) any of the
PCV2 ORF2 proteins described above, preferably in
concentrations  described above, li) at least a
portion of the viral vector expressing said PCV2
CART:' protei.at,  iii) is portion of the cell
culture, iv) an inactivating agent to inactivate the
recombinant: viral  vector preferably B 1, and v) an
neutaalizatiota agent to stop the inactivation
mediated by the 15 inactivating agent, preferably
sodium tltaosuithte in equivalent amounts to BEL vi) a
suitable  aadjuvaaatt. preferably Carbopol 971 in
amounts described above; vii) a pharm aceut:ical
acceptable concentration of a saline lusher,
preferably of a phosphate salt. and viii) an anti-
microbiological active agent: wherein. about 90t,6 of
the components i) to iii) have aa. size  smaller than.
11 para. 20 It has been surprisingly found, that the
immunogenic composition comprising the  PCV2 ORF2
protein t is .highly stable over a period of 24
nato:nths, It has also been lbund the  immunogenic
compositions are very c.flective in reducing the
clinical symptoms associated  with PCV2 infections. It
was also discovered, that the inmurnogenic
compositions  coumprising the recombinant haaculovirus
expressed 1rC v 2 ORF2 protein as described above, 2
are surprisingly more effective than all immunogenic
composition comprising the whole  24 WO 2007/094893
PCT/US2006/062662  PCV2 z irus in an i. ctivaated
form. or isolated viral .l'CV2 ORF2 antigen. n
particular, it Iaas been surprisingly' found, that
the, recombinant baculovirus expressed PCV2 OI -2
protein is  of ective. in vet v .loci concentrations,
which means in concea:ntrati.or: s tap to #t 25
ktg/dose. This  u expected. high it munogenic
potential of the PCV2 ORF2 protein is increased bz
Carbopol. 5 Emmples l to disclose ir: derail. the
production of PCV:2 ORF2 comprising iataaaauanogen c.
compositiorns. The immunogenic composition as used
herein also refers to inegl ac :it Circ" LEX'',
(Boehringer inggclhe.irtr VcUncdica, St Joseph, MO,
USA), Circo 'itc t.. {\Mlerial S.AS,  Lion, France)~
Circo'Vetat t'Intea et Inc. Millsboro, DE, USA),. or
Sttaa\ ra PC \T-2 One  



I tI Dcsse ? (l ort I odge , atinaatl Health, l
atatsas C att . IC. I :S '# Administration of the
immunogenic composition The composition according to
the invention may be applied inradermalla,,  I
aatratrreheaa.ll, or intrav'atinaa.lly. The
composition preferably may be applied  in
traamuscularly or iaatranasally, most preferably
intraa.aaa.nsc ularlly. In an animal l ocly, it can
prove ad antageous to apply the pharmaceutical
compositions as described above via an  intravenous or
by direct in ection into target tissaaes. For systemic
zipplication, the  intrat.enous, intrava scular,
iatramuscaal.ar, ntr'anasal, intraarterial,
imrtpcritatmil oral., or N intraa:thecal routes are
preferred . .A more local application can be of eced
srabcautaneously,  intradernnally, intrac ut neo usly,
intrac.ardially, intraloballs. intraamed.nllarls.
intrapulrnonarily>  or directly in or near the tissue
to be treated (connective-, bonne-,, muscle-, nert.e-,
epithelial  tissue;). Depending on the desired
duration and effectiveness of the treatment, the
connpositio:ns according to the invention may be
administered once or several times, also  25 WO
2007/094893 PCT/US2006/062662  irltc:ritlittc.it l~
.:foa i:ustance on a, daily basis for several dais. d
peeks or months and in di1Threrit  dosages,
Preferably, at least one dose of the :ial ntlunogen is
composi.tioils as described above is  irltramuseularly
a admilaistered to the subject ill need thereof
According to a. further a aspect,  5 the PCV-2
ariti.gerl or the iltrrt unogenic corilposition
comprising any such PCV-2 antigen as described above
is formulated and administered ill one (1) all, per
dose. Thus. according to a  further aspect. the
present invention also relates to a 1 illl
isll.alluilorgenic Comfx)s it loll,  co lprisi g
.PC\'-2 antigen as dcscsribcd hemp. for reducing- or
lessening lyruph.aadcriopath:y,  lymphoid depletion
and:1csr multrnlicleatedigi mt histiocytes in pigs
infected with PCV2. 1 tl According to a. further
aspect., according its a further aspect, the present
invention also  relates to a l nil iann.rltnlogenic
composition, eomprisialg l?CV-2 antigen as described
:herein,  for reducing or lessening hmphadenopathy,
ill combination with one or a multiple of the  



following symptoms in :pigs: (1) interstitial
pneumonia with interlobular edema, (2)  cutaneous
pallor or ict:erus, (-3) mltottled atrophic livers,
(4) gastric ulcers. (5) nephritis and (6)  15
reproductive disorders, e. g. abortion, stillbirths,
:nl.umnl.ies. Accordinig, to a further aspect, at
least one further aadil3in stration of at least one.
dose  of the immunogenic composition as described
above is given to a subject in need thereof,  wherein
tine second or aamly further administration is given
it least 14 days beyond the initial  or any fclnlxer a
administrations. 'ret'erably, tile, imltmunogenic
composition is administered 20 s it1t an immune
stinllakarlt_ Preferably. said iitrmune stiatlulaant
is given at least hvice.  Preferably. at leans 3
&rvys, More preferaably at least 5 days, weal more
preferably at least 7  days are in betweewl the first
and the second or any further adniirlrstrcatlon of the
immune  stiallulault_ Pre,:fcraably, the inumllle
stimulant is z iven at least 10 days, preferably 15
days.  even more prefer-ably 20, even more preferably
at least 22 days beyond the initial 25 administration
of the immunogenic composition provided lrere:in. A
prefe:i `e.d immune  26 WO 2007/094893
PCT/US2006/062662  stimulant is. for exaaxmmple.
keyhole lirrapet hemoexanita (..l Lr1).. prcferabiy
emulsified with  incomplete Iircaraad's adjuvant
(KLI-L ICI 1). rlo~ rr.~ ar, it is herewith
understood. that any other inrr mne stimulant known to
a person skilled in the art can also be used. The term
"innnu ne stimulant" as used herein, means any agent:
or coniposiborn that can trigger the  immune response,
pref ;raa:bly> without initiat:i g or increasing, a
specific immune response, for.  example the immune
response against a special c paatlhogen. It is further
instructed to  administer the imrrnm nee stimulant in
aa. suitable dose. Moreover-, it has also been
surprising) found that the immunogenic potential of
the  immunogenic compositions used herein. preferably
those that comprise recombinant  10 bac.rr.lovirus
expressed PCV2 ORF2 protein, even more preferably in
combination with  Carbopol. caa:rn be further
Confirmed by the administration of the IngelVac PRRS
vaccine see l.xaxra>lrle. PCV2 clinical suns and
disease manifestations are {~reatls  



magnified when PRR S infection is present. However,
the immunogenic compositions and  vaccination
strategics as provided herewith lessened this effect
greatly, and n ore than 15 expected. In other words,
an unexpected synergistic effect was observed when
aniarmals,  preferably piglets were treated with mV of
the PCV2 ORr?2 immunogenic compositions., as
pro't'ided hereazwith, a and the rngelvac .PRRSMLV
vaccine (Boebringer ingelnccim). 20 BRIEF DESCRIPTION
OF THE DRAWINGS Figure l is a schematic ores- diagram
of a preferred construction of PCV2 ORF2  recombinant:
baculovirus: and 2a and 2b are cacti schematic Dow
diagrams of how to produce one of to  Figs,
compositions used in accordance with the present :in
e.ntion.  223 27 WO 2007/094893 PCT/US2006/062662
DETAILED DESCRIPTION OF THE PREFERRED ENNIBODIMENTS
The following examples set forth pefecrred materials
and procodurcs in accordance,  with the present invent
c?aa. Although an methods and materials similar or
equivalent to  those described herein can be used in
the practice or testing of the present invention, the
5 preferred m Methods. devices, and Ater als are now
described. It is to be understood,  howvcvcr, that
these examples are provided by way of illustrati(xa
only, and notl::ing therein  should be deemed a
lisaaitation upon the overall scope of tile
invorltion, EXAMPLE 1. 1 tt This example compares the
relative yields of ORF2 using methods of the present
invention with methods that are known in the Prior ar.
Four 10001m1.1., Spinner flasks were  each seeded with
approximately 1.0006 Sint c 1ahi in 300mL of insect
serum free medh  Exce.ll 420 ORH Biosciences, Inc.,
Lenexa- KS). The master cell culture is identified as
SF  ti}?far:fc~/r ~tr:t 1i r.:<st ~t<:i<a} Mast:er
Cell Stock, passage I 9, .Lot#N1.12-095W. The cells
used to 



15 generate the SF+ Master Cell Stock were obtained
from Protein Sciences Corporation, Inc.,  Nxleriden,
C"T. The SF+ cell line for this euaatple was confined
between passages 19 and 59.  Other passages W work for
lmq uses of the present invention, but in order to
scale the  process tap for large scale production,, at
least 19 passages ~zil.l probably be necessary and
passages beyond 59 R my have an elect on expression,
although this was not investigated. In 20 t ore
detail. the initial SF+ cell cultures front liquid
nitrogen storage were gums-.n in 1 ;cell  420 media in
suspension in sterile spinner flasks with constant
agitation. The cultures were  grown in 100 ml- to
2SOmL spinner flasks with 25 to 150 ntiL of Excell 420
serum-free  atmediaa. When the cells had multiplied to
a cell density of 1.0 -- 8.0 v 10" cells/mL. they were
split to new vessels wvitla a placating density of 15
- 1 .5: l#f` ct it 'aa:aL. Subsequent expansion  28 WO
2007/094893 PCT/US2006/062662  cultures were grown In
spinner tasks up to-16 liters in size or in stainless
steel bioreactors of up to-100 liters for a period of
2-7 days at 25 29T. .Ter seeding. the flasks were
incubated at 27C for four hours. Subsequently, each
flask was seeded with a recombinant baccrlo-virus
containing the PCV2 ORF2 gene EQ I.D  NO: 4p, The
recombinant bac:tilov rus containing the PCV2 ORF2
gene was generated as  follows: the PCV2 ORF2 gene
from a North American strain of PCV2 was PC .R
amplified to  c,oi3taain a 5' Koraak's sequence (SEQ
ID NO I and a 3` EcoR1 site (S'EQ ID NO: 2), and  c
fond. into the pGE 'I T-Easy vector (Protrm.cga, Mad
s(yn, W1). Then, it was subsequerah.  excised and
subeloned into the transfer vector p 'I_.1392 (.Rt)
Bioscienrces Plrarmi:n en, San 1 tl Diego. CA). The
subcloned porno a is represented herein as SEQ ID NO:
7, The pVL 1392  plasmid containing the PCV2 ORF2 gene
was designated N47-064Y and then co-transiected  with
BaaculoC;o1d its (RD Biosciences Phaarnaingen) baculo1
irus DNA into Sf - insect. cells  (Proteinn
Sciences-k.feriden, CT) to ge:nerat~. the recombinant
baculoviraus containing the  PCV2 O.RF2 gene. The new
construct is provided herein as SEQ I1) NO: 8. The 1s
recora birmant baculovirus containing the PCV2 ORF2
gene was plaque-purified and -Taster  



Seed Virus (\-iSV) % vas propagated can the SF+ cell
lane.: aliquotted, and stored at -71t"C. The  MSV was
positizveiy> identified as PCV2 ORF2 baaculo\irn_s by
PC"R RFLP using baaculo irta_s  specific primers
Insect cells infected ~.zith PCV2 ORF2 baaculo virus
to generate MSV or  Working Seed Virus express PCV2
ORF2 antigen as detected bsy poly clonal serum or 20
monoclonal antibodies in an indirect fluorescent
antibody assay. Additionaall v, the, identit of  the
PCV2 ORF2 baacualovirus was confirmed by l -ternminaal
amino acid sequencing. The,  PCV2 ORF2 baculovirus MSV
was also tested for purity in accordance with 9 C.F.R.
113,27  (c), 113,28. and 113.55. Each recombinant
baeaulovirus seeded into the spinner flasks had
varying nnultiplicities of infection (001s). Flask 1 w
vas seeded w itla 01'.t)81 I(}I 225 seed; flask 2 was
seeded with 1.0 iniiL of 0, 6M01 seed: (lack 3 w as
seeded with 1.5m1, of  29 WO 2007/094893
PCT/US2006/062662  0.1 SMOt seed; and flask 4 was
seeded with 0.75raa l- off 0.09 01. see. A schematic
flow  diagram illustrating the basic steps used to
construct a PCV2 OR F2 recombinant baculov rus is
provided herein as Figure; :1. After being?
seeded,u>ith the baculovi.aus, the flasks were then
incubated at 27  2" C  for 7 days and were also
agitated at 100r-pm during that time. The flasks used
e entilated caps  to allow for air flow, Samples from.
each flask were talcs every 24 hours the the next 7
days..  After extraction, each sample was centrifuged,
and both the pellet and the supernatant were
separated and then ni.ie:rofilt :red through a 0,45-LO
tarn pore size aa:rembrane, 'The resulting samples
then had the amount of RF2 present within them
quantified  l0 -via an ELISA assay. The ELISA assay
was conducted with capture antibody Swine anti- PCV2
..Paab lgG Prot G purified (diluted 1:250 in PBS)
diluted to 1:6000 i:n 0 0 ,M Carbonate  buffer (pH
9,6), 100 ;.ti, of the antibody was then placed in the
wells of the rnictrotite:r plate.  scaled.. and
incubated overnight aat 3TC. The plate was then wasbed
three times with a wash  solution 'whiclh comprised
0.5taa.l of Tween 213 (Sigma. S#:. Louis. MO).
1(()n}f.: of .I OX 0 15 PBS (Gibco 1ar.vitrogen.
Carlsbad. CA) and 899.Sml, of distilled water.
Subsequently, 250  



pt of a block -Mg solution (Sg Camation. Noai-fat dry
milk (Nestle. Glendale, C.) in. I OmL of  D-PISS QS to
1.00mL with distilled water) was added to each of the
wells. The next step was  to wish the test plate as 1d
then aadd pre-diluted a antigen. The pre-dilated
antigen was produced  by adding 200 IAL of diluent
solution. (0.5m vveen 20 in 999.5mL 0-PBS) to each of
the. 20 w lls on a dilution plate. The sample was then
dilated aat a. 1:240 ratio and a 1:480 ratio. and  100
p.L of each of these diluted samples was then added to
one of the top wells on the  dilution plate (i.e. one
top well received 100 gL of the 1:240 dilution and the
other received  100 irL of the 1:480 dilution). Serial
dilutions were theca done for the remainder of the
plate  bs removing 100 p.l_: fo: m:rr each successive
tsel.l and transferring it to the nett well on. the
225 plate. Each well was mixed prior to doing the next
transfer. The test plate washing included  30 WO
2007/094893 PCT/US2006/062662  aw ashiaaz: the plate
three times with the wash btal:f:er. The plate was
then scaled and incubated for an hater at -",7'C
before bethg washed three more, times with the wash
buff er. The  detection antibody used was monoclonal
ant body to PCV ORF2, It was diluted to 1:300 in
diltaeart solution, and 100 ul, of the diluted
detection antibody 4 , as then added to the wells.
The plate was then sealed and incubated for- an hoar
at -37C before being washed three times  with the wash
buafrer. Conjugate diluent was then prepared by adding
no:craal rabbit sertan).  (Jackson
Taaraa-ata.aacsaesearch. West Grovt, PA) to the
diluent solution to 1% concentration.  Conjugate
antibody Coat anti.rrnouse (H-d. -HRP (Jackson
latamunoreseareh) was diluted in.  the conjugate
diluent to l:10,000. 100 ul, of the diluted
ccsna-ju{gate antibody was then added l tl to each of
the wells. The plate was then sealed and incubated for
45 minutes at 37'C bcfe re  lxine washed three times
with the wash buffer. 100 la.l-: of substrate tr.%-1H
Pero: ida-se  Substrate, Kirkgaard and Pen
Laboratories (1.111#, Gaaithersberg. MD), mixed with
an equal  volume of Peroxidase Substrate . (KP1.) w
vaas added to each of the w vel.ls. The palate w vaas
incubated at roonai temperature :Per 15 minutes .100
ttl-: of IN H.CL solution was then added 15 to all of
the wells to stop the reaction. The plate was then
rata through an E LISA reader. The  



results of this assay are. Provided iti Table I below
: Table C. DD Y Flask ORF2 in pellet (pg.) O1 F2 in
supematant (la.g)
------------------------------------------------------
-------------
------------------------------------------------------
----------------------- 1 47, 5 12 57.46 22  3 X3.44
14  4 5S.(a4 f 2  31 WO 2007/094893 PCT/US2006/062662
-------------- ------------.
------------------------------------------------------
------------- ---- 4 1 43.01. 44  4 2 65,61. 62 ----
---- -- --------- --------- --------- --------
--------- --------- --------- --------- --------- 4 3
71.:6 32 4 4 64,97 24  5 1 3.1.74 100  142 5 3 47.84
90  4 55.14 86  6 1 14.7 158  6 2 18.13 182 3 34.78 6
140 ----------------
-------------------------------------------------
------------------------------------------------------
----------------------- f 4 36,88 1.46 ---- ---+ --
--------- --------- --------- -------- ---------
--------- --------- --------- --------- 7 1 6.54 176 



7 2 12.() 190  7 t l ?.84 1.8  7 4 15.19 152  These
results indicate that when the incubation 6me is
extended, expression of 0RM into the sul)ern atam
olthe centrifuged cells and media is greater than
expression in the pellet  of tlae Centrifuged cells
and media. Accord inglyy, <allowg the ORF2 expression
to proceed  32 WO 2007/094893 PCT/US2006/062662  for
at least 5 days and recovering it in the saa.pen-late
rather t1taat allowing expression to  proceed for less
than 5 days and recovering ORT, 2 from the cells,
provides a great increase in ORF2 vields, and a si
rtific ant improvement over prior ttaethods.  EXAMPLE
1 This example provides data as to the efficacy of the
invention claimed herein. A,  1000mL. spinner flask
was seeded x itlt. approximately 1.0x10` 5f cells/nil
In 300nIL of  Excell 420 media. The flask was there
incubated at 27'C and agitated at 10(hrp3n..
Satbsequent.ly, the :flask was seeded with 10 nit of
PCV2 ORF2/Bac p-6 (the recombinant l tl baculovirus
containing the PCV2 ORF2 gene passaged 6 additional
times in the 51R) insect  cells') virus,seed with a
0.1 .N.101 after 24 hours of incubation. The flask was
then incubated at 27'C for a. total of 6 days. After
incubation. the flask;  was then centrifuged and three
samples of the resulting supernatant were harvested
and  inactivated. The supematant was inactivated by
bringing its temperature to 37 21C To the 1 first
sample, a 0.4;M solution of 2-bromoethyleneam:irre
hydrohromide which had been  c,s clued to 0.2.M binary
ethl ien:imi:ue (BT l.) in 03N NaOH was added to the
supernatant to  cive a final concentration of BEI of
5mA4, To the second sample" I thu 1 Bill was added to
the supennauant. To the third sample, no BE I was
added to the supernatant. The samples  were the#n
stirred connnuouslt for 48 ltrs, A l .0 M sodmm
thiosull:ate solution to give a final eta minimum
Concentration of 5 mM was added to rneu:traiue any
residual BE1_ The quantity of  



OR-2 in each sample was thin quantified using the same
ELISA assay procedure as  described in Example I. The
results or this maaly be seen in Table 2 below-,
Table: 2
......................................................
. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .  Sample ORI'2 in
supemataant (tai) 33 WO 2007/094893 PCT/US2006/062662
1 78.71  2 68.75 This example d> ionstaat ;s that
muttaliLation with B1E1 clots not remove or degrad :
significant amounts of the recombinant PCV2 ORF2
protein product. This is evidenced by  the tact that
there is no large loss of ORF2 in the supernatant from
the BEI or el.eeatud 5 temperatures, Those or skill in
the art will. rec +t tai e that: the r; c.osesed O F 2
is a. stable  protein product, EX.A.NMPLE  This
example demonstrates that the present invention is
scalabl : from small ca.le  :1(l production of
recombinant PCV2 ORF2 to large scale production of
recombinant PCV2 ORF'2. 5.0 x 1 0 cells/ml of SF-
cells/mi in 7000mL of ExCell 420 media was planted in
a  20000suL A_pplikotn Biorcactor. The media and cells
w ve:re then incubated at 27C and  agitated at 100RPN1
for the ac m 68 hours, At the 681, " hour, 4!.3ml_: of
PCV2 (3RF2  Baculovirus :SV3 was added to 7000m.L of
ExCell 420 medium. The, resultant mixture 15 was then
added to the bioreactor. For the next seven dais. the
mixture was incubated at 27'C  and agitated at l d
0RPM. Samples from the bioreactor uv ere extracted
eve.ny 24 hours  beginning at day 4, post-iaafectie n,
and each sample was c ;ntrifuged. The supernatant of
tlu ;  samples were preserved and the amount of ORF2
was then quantified rasing SDS-PAGE  densitotuetn,-.
The results of this can be seen in -fable 3 below: 20
Table 3  



34 WO 2007/094893 PCT/US2006/062662  Cww 10-00784T
Posttest. 3welsh (5 deal)  Da- v after infection: ORF2
In supernatant ------------- 29,93 4  Y 41..33  t>
31..3 a  7 60.67 EX NNIPLE 4 This example tests the
efficacy of seven PCV2 candidate y accines and further
defines  5 efficacy parameters following ex stare to a
vinileaat strain of PCV'.  is hundred and eight  (108)
cesarea derived colosiruni deprived (CDCD) piglets,
9-14 days of age. were randotrmly>  divided into 9
groups of equal size, Table 4 sets forth the General
Study Design for is  Example Table 4. General Study
Design Group No, Of Treatment Day' of KLI-1/ICF
Challenged Necropsy  Pigs Treatment A on Da,-,,- x vi
h on Days 49  21alld Virulent Day 217 PC V2 on  Day 24
12 PCV2 Vaccine No. l + 4- I -- (vORF2 16 tigg) 35 WO
2007/094893 PCT/US2006/062662  



2 12 PCV2 Vaccine No. 0 + , 2 - (vORF2 8 lrg) 3 12 1'C
V2 Vaccine: No. {1 f  3 - YORE .14 fad')  4 12 PCV2
Vaccine No, 0  4 - (rORF2 16 frg) CV' Vaccine No.. 0
t- 5 - (rO .F2 8 fag) 6 12 PCV2 Vacc-me No. 0 +  6 "
(rORF2 4 4r) 7 12 PCV2 1Taccine No. 0 -E- ,  7 (Killed
whole cell virus) 8 12 None _ Challenge NIA -+
Controls  9 12 Norte - Strict l`\/.A -f i- Negative
Control Group  vOR} 2 3-01 t3ILd vr1 t ()R}'2' 1{ )RJ
2 == acccxrtb.narrar traculnvint., expressed t)R1'2
yelled whole cctl  virus - P V2 virus grown in s rit
ale cell culture Seven of the groups (Groups 1 - 7)
received doses of PCV2 ORF2 poly peptide. one of  5
the groups acted as a challenge control and received
no PCV'2 ORF2, and another group  36 WO 2007/094893
PCT/US2006/062662  acted as the, strict negative
control group and also received no PCV2 ORF2, On Day 0
Groups I through 7 were treated with assigned
vaccines. Piglets in Group 7 were given a  



booster treatment on Day 1.4. Piglets were observed
for adv'er'se events and irjectio 1. site  reactions
followin vaccination and on Day 19, piglets were moved
to the second study site.  At the second study' site.
Groups 11-8 a ere group housed r: one building while
Group 9 was  ]:roused in aa. separate building. All
pigs :received keyhole limpet :laeraaocyaniaa.
(KL1l)linconlplete Freund's adjuvant 41CFA) on Days 21
and 27 and on Day 24. Groups 1-8  were challenged with
a virulent PCV2.. Pre- and post-ctaallen{ge. blood
samples were collected for PCV2 serology. Post:- 1tl
challenge, body weight data 'or determination of
average daily, weight gain (.ADWC_f), and  clinical
saratptoms, as well as nasal swab samples to determine
nasal shedding of PCV2, were  collected. On Day 49,
all surviving pigs were necropsied, lungs were scored
for lesions, and  selected tissues were preserved in
fiarmaalin for .lxaara raale?.laistc~ la, aaistr (MC"
testing, at a later  Hate. 15 Matti riaals and Methods
This was a partially blinded z accinatioaa chal.l nge
feaasibil:ity' study conducted in  CDC.F) pigs, ') to
14 days of age on Day 0. To be included in the study..
PCV2 T.l"'A titers of  sows were  ]:1000.
Additionally., the serologic status of sows were &oin
a known PRRS- negati e herd. Tweny-eight (28) sows
were tested for PCV2 serological status. Fourteen
(14) sows had it PCV2 titer of i000 and were Lra
sf6rred to the first study site. One  hundred ten
(110) piglets were delivered by cesarean se tion
surgeries and were available for  this stud on Day -4.
On Day -3, 108 CDCD pigs at the first study site were
d eighed.  identified with car tags, blocked by weight
and randomly assign ;d to 1. of 9 groups. as set 225
fortli above in table 4. If any test a nimaal meeting
the inclusion criteria was enroll :d in t e  37 WO
2007/094893 PCT/US2006/062662  studs' and was later
excluded for any reason. the investigator and Monitor
consulted in order to determine the use of data
collected from the animal in the. final analysis. The
date of  



which enrolled piglets were excluded and the reason
for exclusion was documented.  Initially, no sows were
excl adad. A total of 1t#8 of an available I10 pigs
were random is  assigned to one of 9 groups on .Day, -
The two s smallest pigs (Nos. 17 and 19) were not
assigned to a group and were available as extras, if
needed. During th.e course of'th.e study,  sci creel
aaisnaals were remova d. Pig 82 (Group 9) on. Daa -1.
Pig No. 56 (Group 6) on Day 3,  Pig No, 53 (Group 9)
on Day 4. Pig No. 28 (Group l on Day S. Pig No. 69
(Group 8) on  Day 7, and Pig No. 93 (Group 4) on Day
9, were each found (lead prior to challenge. These  I
t1 six pigs w sere not included in the final study
results. Pig no 17 (one of the extra pigs) was
assigned to G roup 9. 'T'ile remaining extra pig No.
19. ats excl ded t oat? rite st~a33 . The formulations
given to each of the groups were as follows: Group I
was designed  to administer Iml of viral O.RF2
(svORF2) containing 16 lag OF F2/ml. This was done by
mixing 10.24 ml of viral ORF2 (256 pg,12S pgtrl W
10.24.ml vQRF2) with. 3.2 ml of 11.5% 15 Carbopol and
2.56 anal of phosphate buffered saline at a pH of 7.4.
This produced 16 ml of  formulation for group I. Group
2 was designed to administer :Im.l of vORF2 containing
81.tg  3ORF2hral. This was done by mixing 5.12 teal of
vORF2 (128 gg'25 ttg/mI = 5.12 nil  vORF2) with 3.2 ml
of 0.5% Caarhopol and 7.68 ml of phosphate buffered
ss+aM saline at a pH of  7.4. This produced 16 ml of
is miulaaion for group 2. (Group 3 was designed to
administer Ir al of vORF2 coaata:iaain g 4 htg
vOK.F2/`tail, 'ilais dsaas done 1? nixing 2.Yf> a al
of vO F`2 (64 pg/ 25 as `nd = 2 56 ml xORF2). with `,2
anal of 0.5%1%% Carbopol and 10,24 ml of phosphate
buffered saline at a pi-T of 7.4. This produced 16 ml
of formulation for group 3. Group 4 was  designed to
administer Iteal of recombinant ORF2 (rO RF2)
containing 16 pg rO.RF2/anal. his  was done by mixing
2.2.3 ml of tO.RF2 (312 ta.g 2t0 ktg:ril 2.23 aaal
tO)CF2) with. 6.4 ail of 225 0.5% Carbopol and 23,37
ail of phosphate bufTcred saline at a pH of 7.4. This
produced 32  38 WO 2007/094893 PCT/US2006/062662  ml
of :fotrmulation for group 4. Group 5 was designed to
administer la-ail of a RF2 coxttannug, Bug rO1.121it
1. This was done: by mixing 1.11 ml of rORl 2 (256
lag!230 itg/ml W 1,11 ml  



ORF22 {c th. 6.4 nm.l of 0.5% Carbolxal. and 2.4.49 r
al of phosphate-bat ;r :d saline at ra pH of  7.4.
This produced 12 aril of foraa-aulaation for group 5.
Group 6 was designed to adm nis er  beat of rORF2
containing, 8 ttg ORF2 ml. This was done by mixing t
50 ml of mORF2 (128  .!g!23 ktg/ml 0.36 aril tO.RF2)
with 6.4 ml. of 0.5% Carbopol and 23.04 aril of
phosphate  buffered saline at a 1-1 of 7.4. This
produced 32 ml of formulation for >rou,p 6. Group 7 4
aas  designed to administer 2m! of PCV2 whole kill.cd
cell vaccine (PC V2 1(V) containing the  MAX PCV2 KV.
This was done by mixing 56 ml of PCV2. KV with 14 ml
of 0.5", 1 tl Carbopol, This produced 70 ml of
formulation for group 7. Finally group 8 us designed
to  ache iniste:r KLH at 0.5 ug ml or :l .0 pgiml per
2 ml dose. This was done by mixing 40.71. ml  hl,ll
(7.0 gg ltrott.iaa: ri l at 0.5 la iytil - .570 ml
(7.0 It r`rtil fix:) (0.5)(57() ri l t), 244.19 ml
phosphate buffered saline at a p-H of 7.4, and, 285 ml
Freunds adjuvant. Table 5 describes the  time runes
for the :keys activities of this Example. 15 Table .
Study Activities
------------------------------------------------------
------------------------------------------------------
------------------------------------------------------
------ Study Study Activity Day  -4.1 0 to 49 General
observations for overall health and clinical symptoms
} Weighed; Raa:rtdor zed to groups: Collected blood
samples  from all pip, 0 Health exan inaatton
Administered IVP Nos. 1-7 to Groups I- 7, re.spccti
elY 39 WO 2007/094893 PCT/US2006/062662
-------------------------- ----------------
------------------------------------------------------
------------------------------------------------------
------- 0-7 Observed pigs for a:aajec.tion site
reactions 14 Boostered Group 7 with PCV2 Va :c rae No.
7; Blood samples  



h oaat all pigs 14-2.1 Observed Group 7 for in lection
sate reactions  16-19 Treated all piYgs with
antibiotics (data missing) 19 Pigs transported from
the first test site to a second test site  21 Treated
Groups 1-9 with Kl:11iICFA 24 Collected blood and
nasal swab samples f: om all pi ;s;  Weighed all
pigs:. Challenged Groups 1.8 with l'CV2 Challenge
material
------------------------------------------------------
------------------------------------------------------
------------------------------------------------------
------ 25,.27, Collected nasal swab samples from. all
pigs 29,31,  3'3 35,  41, 4':,  43.4'7  27 Treated
Groups 1-9 with Kl,IT ICF:
------------------------------------------------------
------------------------------------------------------
------------------------------------------------------
------ 1 Collected blood samples from all pigs 40 WO
2007/094893 PCT/US2006/062662
--------------------------
------------------------------------------------------
------------------------------------------------------
------------------------------- 49 Collected blood and
nasal swab samples from all pigs;  Weighed all Pigs.
Necropsy all pigs. Gross lesions noted with  emphasis
placed on ictertts aaad gasric ulcers; Lungs
es-altaaated  for lesions, Fresh and forataalin fixed
tissue samples saved; In- life phase of the stca:ch,
completed --------------------------
------------------------------------------------------
------------------------------------------------------
------------------------------- Following completion
of the in-life phase of the study..f'oraaralin fixed
tissues were  



examined by lriraarataic~lristoclaeaxaistra, (I1-{C)
for detection of PCV2 antigen by a. pathologist,
blood samples were evaluated for PCV2 serology. nasal
swab samples 4 ere evaluaed for 5 PCV2 t edding, and
average daily weight gains (ADWCG) was determined from
Day 24 to  Day 49, Animals were housed at the first
study site in individual cages five rooms from.  birth
to aplaroxiataateh 1.1 days of age (approxin-mtely Day
t) of the study) Each room was  identical in layout
and consisted of stacked individual stainless, steel
cages with heated and 10 filtered air supplied
separately to each isolation unit. Each room had
separate heat and  ventilation.. thereby preventing
cross-contamination of air between :rtoonis. Animals
wer  housed in two dif:fcrent buildings at the second
study site, Group 9 (The Strict negative  control
group) was .housed separately in a converted finisher
building, and Group 1-8 were  laeaaased is converts d
nurse building. Each group ssas housed in a separate
lean (11-12 Pigs 1.>. per pen) and each pen provided
alalaro.xiniatel 3,0 square fret per pig. Each pen was
on an  elevated deck with plastic slatted floors. A
pit below the pens served as a holding tank for
excrement and waste. Each building had its own
separate heating and ventilation systems,  with little
likelihood of cross-contaat inia- tio:n of air between
buildings. At the first study site, piglets were fed a
specially forna.aalated milk ration from birth to  41
WO 2007/094893 PCT/US2006/062662  aapproximateli 3
weeks of age, All piglets were consuming solid.
special mixed ration by Day- 19 (aapproximaiell 4 ";z
weeks of arc). At the, second study site, all pi lots
i4 ere fed a  custom non-medicated cornmerc.iai ini:
ration appropriate for their age and weight, lid
Iahthirn, W `ater at both study sites was al-go
available a.tc. zlib tuni. All. test pits were treated
with Vitamirn F on Day -2. s i.tln iron injections on
Day -1  and with NA:..C EL.IR. 0.0 mL, IM, in
alternating hams) on. Days 16. 17. ll and 9. In
addition, Pig No. 52 (Group 9) was treaa:ted'c ith an
iron in ection on Day 33, Pig 45 (Group 6)  was
treated with an iron itaiection on Day, 11, Pig No. 69
(Group 8) was treated with  



\AXC'LL ;. on Daa 6, Pig No, 74 (Group 3) was treated
with dexamethazonc and penicillin 1 t) on Day 14, aand
Pig .No. :51 (Group 1) was treated with
dexarncttaaxone and penicillin on Day  13 and ix ith
.NAXC Ft. ( on Day 1.4 tsar various health reasons
White at both study sites, pigs were under veterinary
Care Animal health  examinations were conndu:cted on
Day 0 and were recorded on tine .t-teaaltln
Examination Record  Form. All animals were in good
health and nutritional staatnas before vaccination as
L 5 detemiinned by observation on Day O. All test
animals were observed to be in good health and  a
nutritional staaus prior to challenge. Carcasses and
tissues were disposed of by renderin .  Final
disposition of'studd animals was records on the Ammaal
Disposition Record. On Day 0, pigs assigned to Groups
1-6 received 1.0 nriL of PCV2 Vaccines 1.6,
respectively, l.itrl in the left: neck region using a
sterile. 3.t? rnl. L.uer-lock syringe and a sterile.
20 20g x /z" needle. Pigs assigned to Group 7 received
2.0 nniL of lICV2 Vaccine No. 7 INI in the left neck
region using a sterile 30 mL Luer-lock syringe and a
sterile 2t0g x needle.  On Day 14, pigs assigned to
Group 7 received 2.0 mL of PCV2 Vaccine No. 7 TM in
the  right neck region using a sterile 3.0 oral.
Luer-lock syringe aand a sterile 20g x 1/2" needle. On
Day 21 all test pigs received 2.0 ml, of >iLH!`lC F.A
IM in the right. ham region  225 using a sterile 1.0
mL, Luer-lock s girt, and a sterile 2.Og x1" needle.
On. Day 27 all test pigs  42 WO 2007/094893
PCT/US2006/062662  received 2.0 aril of KLIi/ICFA in
the let ham region using a sterile 3.0 mL Luer--lock
syringe and a sterile 20g x I' needle. On Days 24,
pigs aassigncd to Croups i48 received .1-0 n.i_: of
PCV2 1SUVD1,  h lien e inat:eriaa.l 4 .1 I lor-zo TODI
n, mL) Ili'I. in the it neck region using a sterile
_30 ramL  5 1.tacr lack s~ri:ra c and a ste:a lc 20g x
1" trcedlc. An additional 1.0 aaa.i_: of the same
:aaa.aterial waas admi istcrcd 1N to each pig. (0.5
ataL per nostril) using a stcrilc ).0 rail-.
Layer'-lock sy:riaa.gc  and nasal t:aaatalaa. Test
pigs were observed daa:ilk. fo:r ox-crall health and
adverse events on Day -4 and  



from Day 0 to Day 19. Observations were recorded on
the Clinical Observation Record. All  i t) test pigs
imwcre observed from Oaf 0 to Da 7. and Group 7 was
further observed from Day 14 to 21.. for injection
site avaaciions. Average daily weight gain a\ aas
determined by tve:ighing  each pig on a calibrated
scale on.Daa\\ s , 24 and 49, or on the dad that a pig
was found dead  after challenge. Body 4 eights were
recorded on the Body Weight Forma. Day 3 body  weights
were, utilized to block pis prior to raudoraaizaatio t
Day 24 and Day 49 ix eight data 15 wa_s utilized to
determine the average daily weight gain (:ADW6) for
each pig during theses  tale points. For pigs that
died after challenge and before. Oily 49., the .DWG
wits adjusted to  represent the ADWC3 from Day 24 to
the day of death, in order to determine PCV2 serology,
venous whole blood was collected from each  piglet
from tile, orbital venous sinus on Days -3 and 14. For
each piglet, blood was collected  2ta frora:t the
orbital venous sinus by inserting a sterile caapilian,
tribe into the medial cantilrus of one of the eyes and
draining approximately i.() all, of whole blood into a
4.0 mL Scrum  Separator Tube iSSTi. On Days 24, 31,
and 49, venous whole blood from each pig was
collected from the anterior 4'enaa caaza using a
sterile lSg x I Vacutaainer needle (Becton  Dickinson
and Compar ti . Franklin Lakes. New le.:rscc )., a
\'aacutaa:i acr necdfe holder and a 11 225 rule SST.
Blood collections at each time point wer : recorded on
the Sample Collection  43 WO 2007/094893
PCT/US2006/062662  Record. Blood in each SST was
allowed to clot, each SS T was then spun down and the
senam har ested. harvested serum w vas transferred to
a sterile snap tube and stored at -70- 10" C until
tested at a later date. Serum samples were tested for
the presence of PCV2  antibodies by BIVI-R&D
personnel. Pigs were observed once daily from Day 20
to Day 49 for clinical syruptonis and  clinical
observations were recorded on the Clinical Observation
Record. To test for PCV2 nasal shedding, on Days 24.
25. and thin every other odd numbered  study day up to
and including Day 49, a steril ; dacron swab was
inserted infra nasally into  



either the left or right nostril of each pig (one swab
per pig) as aseptically as possible, t tl swished
around for a few seconds and then remo red. Each swab
was then placed into a  single sterile snap-cep tube
containing .1.0 ml, of EMEM media with 2" 64 IFBS. 500
unis/ail.,  of Penicillin. 500 pg/mL of Streptomycin
and 2.5 gg%agL, of Fun{gizonc. The swab was  broken
off in the tube.. a ad the snap tube was scaled and
appropriately labeled with animal  iiu:nibei% study
number, date of collection, study day and "nasal
swab." Sealed sap tubes 15 were stored at -40 : 10 C
until transported ovemight oia :ice to BIVI t..Ioseph.
Nasal svi ab  collections were recorded on the Nasal
Swab Sample Collection Form. . IVl-R&D  conducted
quantitative virus isolation (VI) testing for PCV2 on
nasal swab samples-, The  results were expressed in
log[ : value<s. A value of 1.3 logs or less was
considered negative  and any value greater than 1.3
logs was considered positive. 20 Pigs that died (Nos.
28, 52. 56. 69. 82, and 9' at the first steads' site
were aecropsied  to the level necessary to determine a
diagnosis. Gross lesions were recorded and no tissues
were retained from these pigs. At the second study
site, pigs that died prior to Dal 49 ( dos.  45. 23,
58, 5), pigs found dead on Day 49 prior to euthanasia
(Nos. 2, 43 ), and pigs  euthani:ra;cl on Day 49 were
necropsied. Any gross lesions were noted and the
percentages of  225 lung lob ;s with lesions were
record :d on the Necropsy Report Form. 44 WO
2007/094893 PCT/US2006/062662  From each of the 103
pigs necropsied at the second study site, a tissue
sample of tonsil, ltaait~. heart, liver, rrtcsenteric
lymph node, l idney and inguinal lymph node w vas
placed  ia:ato a singic container with buffered .10%
fornaalira, while another tissue sample from the  same
aforementioned orrg-aaans was placed into a Whirl-pak
(M-Tech. Diagnostics Ltd., 5 Thelcwail, UK.) as d each
Whirl-pal: was placed on ice. Each container was
properly labeled.  Sample collections were recorded on
the Necropsy Report Form, fterwards, forratalin-faxed
tissue samples and a Diagnostic Request For were
submitted for 1110 t:est:ing. IIIC le sting  was
conducted in accordance with standard 1SU laboratory
procedures for receiving samples,  



sample and Slide preparation.. and staining
techniques. Fresh tissues in Whirl-pales were I tl
shipped with ice packs to the Study .' Monitor for
storage (-70' W 10 C) and possible future  ease.
Fomaalina-tlxed tissues were emmined by a pathologist
for detection of PCV2 b I.HC  and scored easing; the
fbtlowing scoring sstem: 1) - None, I - Scant
positis,c staining. few  sates- 2 = Moderate positive
staianing, multiple sites; and 3 Abundant positive
staining,  ch:tlu.se throughout the tissue Due to the
fact that the pathologist could not positively 15 dif
erea tiaate ingrainal .LN from mesenteric l N, results
f'or these tissues were simply labeled is  lymph Node
m d the score given the highest score for each of the
two tissues per at imaal.  Results Results for this
example are given belmw-. It is noted that one pig
from Group 9 died  20 before Day 0. and 5 more pigs
died post-Vaccination 11 pig from Group 4; 1 pig
l1-mil Group  6; 2 pigs from Group 8; and I pig from
Group 9), lost mor tem examination indicated all six
(lied due to underlying infections that were not
associated With vaccination or PMWS.  Additionally. no
adverse events or iar:#ectiort site reactions were
noted with any groups, Average daily weight gain
(A11WG) results are presented below,,- in Table 6.
Group 9,  225 the strict negative control group, had
the highest AO 'CF (1.06 0.17 ll s/da;y). followed b
45 WO 2007/094893 PCT/US2006/062662  Group 5 (0,94
0.22 lbs/day), 3 -hieh received one dose of 8 prg of
rORF2. Group 3, 3 vlaieh  received one dose of 4 ttg
of vO "2, had the lowest ADWG (0.49 0,21 lbs'day),
followed by Group 7 (0.50 01 5 lbs/day), which
received :2 (loses of killed vaccine 5 Table 6 Summary
of Group Average Daily Weight Gain (A DWG) Group
TreatF petit N 1DWG - lbs/day (Day 24 to M 49) or-
adjusted for pigs dead before Day 29
-------------------
------------------------------------------------------
--------------------------------------
------------------------------------------------------
--------- 1. vORF2 - 16 pe (1 dosa) 12 1).87
0.29.lbs/clay  2 \-ORli2 --- 8 p-.tg (I dose) 12 020
1032 lbs/day  



3 vORF2 --- 4 jig (I dose) 12 0.49 : = 0.21 llas/day
4 rORF2 16 pg (1 dose) 11 0.84  0.30 lbs/day  5 rORF2
e 8 pg (1 dose) 1.2 11,94  11,22 lbs/day  6 rORF2 - 4
pig (I dose) it 1.72 A R25 lbs/day  7 KV 0 doses)  2.
030  0.1 ? Ts/day  8 Challenge Controls 1o 0.76  0.19
lbs/day  9 Strict Negative Controls 11 1,06  0,17
lbs,/da vORF2 isolated `rrzi ()RF2. rO.R1.2
rccoarbitnaarti baculovviru expressed Ot l 2; killed
vx.hole -ell  fFdFS '= PCV2 Virus grown in suitable
cell Culture PCV2 serology results are presented felon
in Table 7. All nine groups were  10 serone aFt d for
PCV2 on Da T. On Day 14. i t}aaps receiving Y OR .F2
vaccines had the  highest titers. which ranged :from
1.87 .5 to 529.2. Rigs receiving killed viral vaccine
had tile  next highest titers, followed by the groups
receiving rOR 2 accines. Groups 8 and 9  46 WO
2007/094893 PCT/US2006/062662  rctrrari.taed sc rorrc
ativG at this ii.raac:, On Day- 24 and Dare 31, vORF2
vaccines pigs receivirnA continu d to de,111onnsira e
it strong scrologicaal response, followed closely by
the group that  received two closes of a 1:i11c:c1
viral vacs:irr.e. Pigs receiving rO1t.F2 vaccines were
slogve:r to  respond serolc gicaliy and Croups 8 and 9
continued to renaarin scronegative. On Day 49, pigs 5
receiving- vORF2 vaccirme. 2 doses of the lJ:llc:d
viral vaccine and tlrc lowest close of r.Ol?t.F2  cler
aonstrated the strongest scrolog cal responses. Pigs
receiving 1.6 fad and lrg of'r }1 F2  aecines had
slightly higher 1F_A titers than challenge controls.
Group on Day 49  cler aonstrated a strong serologjcal
respo:rrsc:. 10 Table 7. Srraxtmar-y of Croup PCV2 IFA
Titers  AVERAGE 1.F.:A `:l'ITER Group Treatment Da -3
Day 14 Day 24 Daa\ 31 Day 41x,.'  



1 e O.RF2 1 f lrg (I dose) 500 529.2 4400.0 7866, 7 1.
1054.5  ---------------------------------------------
--------------- 2 N1RF2 - 8 pl; (ldose) 50.0 0ri.0
3466,7 6800.0 It 181.8  3 ORF2 41ag (1 dose) 50.0
187.5 11;33.3 5733,3 93 33.3  4 rORF2 - 16 lrg 0
(lose) 50.0 95.5 1550.0 3090.9 8000.0  5 rOR.F2 _ 8
ra<F (1 dose) 50.0 75 0 887.5 2266.7 7416. 7  6 rt11 1
w 4 Ii (I close: (M) 50.0 55d1,0 3118.2 10570.0  7 KV
(2 does) 50.0 204.2 3087.5 4620.8 8680.0  8 Challenge
Controls 50.0 55.0 50.0 50.0 5433.3  9 Strict Negabivc
Cor:rirols 0.0 51,1 59.1 54.5 613 4  v(}'l l.. t
isolated v l.rti:c ra'srt t.?.t~1 ': rx ~I.I'? ~
r~xc,raahrr~arrat hzr,_ir1;>~'rr~r~ wxprv c~k s:ll..k
N; killed ztla:?lc. w.w11  47 WO 2007/094893
PCT/US2006/062662  virus = l'c t ,virus gro van in
suit ahle ,ell Cull-are For calculation puroses, a
_100 1.F'A titer ,~Aas designated as a titer of "50
a:''64110 TFA  titer w gas designated as a titer of
"12,800". *-*Day of Cliallerve  5 ^"*-"Dav
of.Necrcrpsv The results from the pacast ch<111crtp e
clinical observations are present d below in Table  8.
This summary of results incitules observations for
Abnormal Behavior. Abnormal  Respiration, Cough and
Diarrhea. Table 9 includes the results from the
Summary of Group  Overall Incidence of Clinical
Sy-nlpt:onls and Table 10 includes results from the
Summary of 10 Group Mortality Rates Post-cliaallenge_
The most common clinical s mptonl noted in this  study
was abnormal behavior, which was soared as mild to
severe letharygy. Pigs receiving  the 2 lower doses of
\OR.F'2, pigs receiving .10 rig of rORF2 and pigs
receiving 2 closes of  KV vaccine had incidence razes
of => 27.3 . Pigs receiving 8 pg of r RF2 and the
strict  



negative control group had no abnormal behavior None
of the pigs in. this study 15 demonstrated any
abnormal respiration. Coughing was n tccl frequently
in all groups (0 to  25%), as 4 , as diarrhea (0-20%).
None of the clinical symptoms noted were pathonrlonlic
for  PM1WS. The overall incidence of clinical symptoms
varied between groups. Groups receiving  any of the
vORF2 vaccines, the group receiving 1.6 ug of rOR.F2..
the group receiving 2 doses  20 of .KV oaccine,, and
the challenge control group had the highest incidence
ofoverall clinical symptoms ('>36,4%). The strict ne
ati e control group, the group receiving, 8 pr.g of`
rO F2.  and the group receiving 4 jig of rORF2 had of
er'aall incidence rates of clMical 'symptoms of  f1%,
8, 3%and 9.1%, respectively.. Overall mortality :rates
bet teen groups varied as well. The group receiving 2
doses  25 of KV vaccine had the highest mortality rate
(16.7",); while groups that received 4 ug of  48 WO
2007/094893 PCT/US2006/062662  vORF1 16 tag olf
rOR1i2, or 8 ptg of rORF2 and the strict negative
control group fall had W,% a aiortalitti ratas. Table
8. Sums-nary. of Group Observations for AID . ortn al
Behavior* Ahnorn al  h Respiration, Cough, and
Diarrhea Group Treatnient N Abnormal Abnormal Cough
Diarrhea4  F3elat~ io:r Behavior' 1. Y(3f .F'2 ^ 1.6
lal' (1 dose) 12 2/12 0/12 +/.12 2/12  (16.7% (0%)
(25%) (16`7%)  2 k.ORF2 - 8 fig (1 dose) 1' 4/12 0/12
1/12 1:/12 (33.3 `~') (() :'t) (8.3 :'t(,3 rte)  3
(_}F .12 ^ 4 ug 1 dose) 12 8i 12 0/12 2 1 / 1.2
(66.7t~ ~t ((~%) t 1 6.7+ir ) (8._ %) 4 r0RF2 - 16 .g
(1 dosG.) 11 /11  /11 0'11 (W%) 21111  



rOR.F2 - 8 1a 1 (1 dos) 1.2 0/12 0112 1/12 0:12 (0%)
6 r'0R.12 ^ 4 1 (l dose) 11 1/11 (a} 1 t,<,) (1/11
0/11 (}"<) 0/12(0%)  7 KV (2 doses) 12 7 a 12 0:.' 12
0 12 (#)'.'.ca) 1/ 121 (. 8.33 (()4}ca) (8.3%)  49 WO
2007/094893 PCT/US2006/062662  8 Challenge Cot nois to
1/10 (11i 10 2/1t- 2/1 t-  11' (0%) (20%) [20 Strict
Negative Controls 11 011, 1 411, 11 1 ()I'll t#)`)
(vi.] (0 ,3  0;'L1)tlif>! t:,i?lxaed viral !.)R  2;
iOR} 2.:;: 3f i a~Ltr t1n tnt IMi.3z.ttx\'ir-u:,
expres,,ed t?Ill: 2, k lied i't3Ole cell.  virus PCV2
vints ~;mwn in "aft able cell (:33.ltEtre. ''.Total
number of pigs in each group that demonstrated any
abnormal behavior .for at least one  5 clay 'Total
number of pigs in each group that demonstrated an
abnormal respiration for at least  one day 'Total
number of lips in each group that demonstrated a cough
for at least one day  "Total number otf pigs in each
group that demonstrated diarrhea for at least one day
10 'i'ablc 9. Summary of Group Overall Incidence of
Clinical Symptoms Group Treatment :r incidence of pigs
with Incidence  Clinical S mptoms` Rate
---------------------------- I vORF2 - 161_tg (l dose)
12 5 41.7%  --------- --------- --------- ---------
--------- --- ---- ---------
------------------------------------------------------
----- - -------- ---- 



2 vORF2 8 I:tg (1 dose) 12 5 41 711[% -
-------------------- 3 vORF2 $ tg (1 dose # 1'2 8
66.7N,  4 t ).17F2 - 16 gg (1 dose) 1.1 4 36.4%  >
rORF2 -8 Iig (.l dose) 12 1 50 WO 2007/094893
PCT/US2006/062662  6 rORF2 - 4 .tg (1 dose) 11 7 .V (2
doses 1.2 7 58.:3+ t  8 Challenge Controls 10 4 4E1%
--------------------- --------- 9 Strict Negative ;
Controls 11 t) 0%  -----------------------
--------------------------------- ------
-------------------- ------------------- v(.)R12
tsol,Eted v 3ral ORl ...; it tld N .W Tccotttbirtant
l::c_itlfw in t", c.xPiv .""l (A' l ", killed ..whole
call  zriE:.' PCV2 ViFU groc;n azt :sEaiWh cell
culture Total number of pigs in each group that
deniotsttated, "my clinical sy.uipto. ui. for at least
One  5 flay Table 10. St mmary of Group Mortality
Rates, Post-challenge Group '. reatment Dead Post-
Mortality 1 ate  challets e 1 vOlil 2 - 16 1{ (1 dose)
12 1 8.3%  2 ti l l 2 8 fl l dose) !-2 1 8.3% vORF2 -
4 ug (.l dose) 12 11 (1%  4 rORF2 - 1 uw (1 dose 11 fl
0%  5 rORF2 - 8 jig (1 dose) 12 El 0%  6 tORF2 - 4 u
g: (.1 dose: i 1.1 1 9L'% KV (2 doses) 12 2 16.':"  



51 WO 2007/094893 PCT/US2006/062662  8 Challenge.
Controls Il- l If)"; 9 Strict: Negative Controls :11
it 0`ii, ,x rk12 iso]nted vrrifi R 2, rOkl 2 W
recombinant baculo; irar larc- ed (7k1: y. 3.rlli i \v
hole. cell  v it a 1'C `2 virus grown xar Suitable
cell Culture PCV2 nasal shedding results are presented
below in Table 1.1. Following challenge  5 on Day 24,
1 pig in Group 7 began shedding PCV2 on Day 27. None
of the other groups  experienced shedding until Day
33, The bulk of nasal shedding was noted from Day 35
to  Day 45. Groups aecewing any of the three YORF2
vaccines and groups remvMg either 4 or  8 jig of'rORF2
had the lowest incidence of nasa.l shedding of PCV2
(<-9.I%). The challenge  control group (Group 8) had
the highest shedding r ate (80%), .Followed by the
strict negative  10 control group (Group 9). which had
arr incidence rate of 63.6%. i'rtfsle 11. Summ ar
trf' G oup incidence of ;tiat:sal Shedding of PCV2
Group Treatment N No. Of pigs that shed Incidence Rate
for at least one day 1 vORF2 16 Ito; (I dose} 1"? 1
8.3%  2 vORF2 8 lad (l dose) 12 1 83%  3 ORF2 - 4 p a
l (lose) 12 1 4 rORF2 - 16 tal; (1 dose) l 1 2 18.2% 5
rO F 2 8 8. (I dose) 12 1 8.3"J  6 rO.F2 4 tai; 41
close) 1.1 1 9.1%  52 WO 2007/094893 PCT/US2006/062662
7 KV (2 doses) 1.2 Y 41.7% 8 Challenge controls to 8
801.%14  to 



9 Strict .Negative Controls 11 7 63.6:u vOR} 2
isolated t' xa31 OR} ` , rORF2 .T reeiaa)thitaa)rat
t?a)cral~~t itta cxl)re sed ORl 2:, killed WTIOle cell
virus ::: l.'c t 2 virus gnruxa in sail: ble Coll
culture The Saraa)araaars' of Group incidence of
Totems, Group incidence of Gastric Ulcers,  5 Group
Meat) Lung Lesion) Scores. and Group Incidence of Lung
Lesions are shown below in  Taablcl" Six pigs died at
the first test site during the post vacciaatioa) phase
of the study  (Group 4. N=1; Group 6, M-1-1 Group 8, N
2; Group 9, N--;2). Four out of six ;pig' had
fibrinous lesions in one orr aaaore body cavities. one
pig (Group 6) had icsi.or: s consistent with
clostri.dial disease, and one pig (Group 9) had no
gross lesions. Nolan; of the pigs that died  10 during
the post-vaccination phased of (lie study had lesions
consistent with PMWS, Pigs that died post-clhaallenge
mid pigs cuthm--6 ed on Day 49 were necropsied. At
n)ecropsv, icterus and gastric ulcers were not present
in my, group. With regard to mean  %" lung :lesio.ns.
Group 9 had lowest meal) % lung lesions (L3 %),.
thllow>ed by Group .1 with 0.40  0.50% and Group 5
with 0.68 -t 1. Groups 2. 3, 7 and S .hand the highest
mean "%, lung  GSIt)11S --`-: l . ~~r<y,.  t :?
lesions C... .:<]c) of these lour groups contained one
pig Silt) % lung which skewed the results higher for
these :fox groups. With the exception of Group 9 with
t}<'ro3 lung lesions noted, the remaining 8 groups had
--- Y% lung lesions. Almost ill lung.  lesions )noted
were described as red; purple and consolidated. 20
Table 12. Summary of Group Incidence of Icte.r us.
Group Incidence of Gastric Ulcers,  Group Mean % Lung
Lesion Scores, and Group Incidence of Lung Lesions
Noted  53 WO 2007/094893 PCT/US2006/062662  Group
Treatmean leterus Gastric Mean % Lung Incidence of
Ulcers Lesions Lung Lesions  Noted  



1. 1ORF2 -16 gg (1. (3/1.2 (o%) 4," 12 0.40 0. 50%
1(}/ 1.2  doqe) l0/1  vt)1ti1i2 _ 8 11tg (.1 dose) } 1
ON 1 0/12 7,41 a 2o."% 1ORF2 - 4 lag (1 dose) 4,12
(()%) 0/12 9,20 20.9" `i; 10/.1  (0(%) 4.74;54/1 1  4
KRI?2 - 16 i- (1 Q1, 11 (W ,0) 3f l 1 1, 5  cla se)
((]`' '} (36 %)  R rORF2 8 lig 01 dose) (1a 1.2 ((1",I
0/12 0.68+ 1 1.5% 9 121
...................................:..................
................ t1.iJ 'r 1 l  65 rORF2 4 .8 (1 dose)
0/11 t;(%) 0/11 ',95 -~ 5,1 2 4l5 7 .Ky (2 doses) 0.12
(t?%) ()/12. 7.27 22 9% 9/12  (0i).ii) (75%)
-------------------
-----------------------------------------------------
------------------------------
------------------------------------------------------
------------------------------------ 8 Challenge
Controls 0/10 (1110 9,88. 29.2% 81'10 ~()i~'(1) y00
'd?)~17i5J) 9 Strict Negative (k "I 1 (l)ty"'t,) #:''
11 o./ 11 ()/ l I  controls (0%) (0%) ((1%)  .....
..... ..... ..... ...................... - .... ......
..... ............ t ()Rl 2 oLted viral s 31:.1 2, a
-31s'_l 2 re <:onthi na na bacult?s'in.i c x1)te ed
()RF , KV or killed  54 WO 2007/094893
PCT/US2006/062662  



lsltol:4 cell virus = PCV2 [ iriks grown in suit:hlc
cell cillture The Sunin ar v of Grou 11-10:- Positive
iuc>ideme Results is shown in Table 13. Group  1
(vORF2 - 16 pg) and Group 5 (r()RF2 - 8 ltg) had the
loi-vest :rate of 11-C positive results  5 (167%),
Croup 8 (Challenge Controls) and Group 9 (Strict
Negative Controls) had the  highest rate of IHC
positive results, 90 %% and 90.9 respectively Table
1.3. Summary of Group .i.HC Positive Incidence Rate
Group 'T-reatmeut N' No, Of pigs that had at Incidence
least one tissue positive Rite  for.NC'V 2 I vORF2 -
16 gg (l dose) 12 2 16.7`'-i'  2 ORF2 8 Ian dl close)
12 25,0%  3 vORF2 - 4 pg (1 dose) 12 8 66.7 4 iORF2 16
ltg (1 dose) 1.1 4 +6.3%  > rORF2 - S p g (I dose) 12
2 1&7%  6 r[ )12T 2 4 (I dose) I 1 4 36.4` i,  7 KV (2
doses) 1.2 5 41.711/<  8 Claal.len e C ontrols 1.0 9
90.{3%  9 Strict Negative Controls 11 1f1 90.9%  -----
---- -- vORl 2 isolated viral (.)RF2; 1 -)RF2 -
r-ecombinani. It l all.?c rus expressed ORl':KV or U
led  1. t? whole. cell vin-t,, ' PCV2 virus growl n in
su33tithle. cell culture 55 WO 2007/094893
PCT/US2006/062662  Post-challenge. Group 5, which
received one dose of 8 l$Ag of r(RF2 a antigen.
outperformed the other 6 vaccine groups. Group 5 had
the highest A1.MIG (0.94  0.22  lbs day' ), the lowest
:incidence of abnormal behavior (0 ./). the second
lowest incidence of  



cough (8-3%), the lowest incidence of overall clinical
svniptoms the lowest mortality 5 rate. (0?%), the
lowest rate of nasal shedding of PCV2 (l .3`%), the
second lowest rate for bra can % haaig les:ions M.68
.W 1.15%l a and the lowest incidence rate for positive
tissues 06. 7%.),  Groups receiving, various levels of
rORF2 antigen overall outperformed group". receiving
various levels of vOR:F2 and the group receiving 2
doses of killed whole cell PCV2 vaccine  performed the
worst. Tables 14 mid 15 contain summaries of group
Ix-challcn e data, l0 Table 14. Summary of Group
Post-Challenge Data - Part I Croup 1 Treatment DWC-s
Abnormal Cough Overall  (lbs/da4) Behavior Incidence
of  Clinical Sys niptoms  1 12 vORF2 - 16 pt 0.87212
3/:12 41.7%  (I dose) (1.29 (16.7%'%) (25%) 2 12 3ORR2
- 8 lie, 0.711 4/12 1;12 41.T.';  (1 dose) 0,32 (
33.3% (8, Y% 3 12 ; ORF2 - 4 p.ag 0,49 - 8/12 ` /12
66.7%  41 close) 0,21 (661`'% (16.7%
--------------------- -------- 4 11 ri3RF2 - 16 ka g
0.84 l 1 13/11 +6.4"%  (1 Close) 0.330 (2;x.3%) {41"e)
56 WO 2007/094893 PCT/US2006/062662  5 12 rORF2 - 8
1tg 0.94 a 0/12 (0%) 1/ 12 8 % (1 dose) 0,22 (8,3 4a
11 {Al." 4 3t g 1).'72 1;11 ['),1% t}/1 9.1:`x'%,  (1
disc) 0,25 (1)`.'. } 



7 12 1 0.503 m 7/12 (583) 0/1'2  doses) 0.1 ` (W/0 1
t? Challenge EF 76 1/ 10 10%) 2/10 EF"'J  2
C'x~tttrctls d).l~-) ~..t}: t3 11 Strict \x:..t[te Q.
1.069/11 (o%) 0/.11. 0%  Controls 0,17 (t1"ia1 0RF2'.
xaokited 'viral OR['"; rOR : _ teG<.?atal~iaxixtaF l
tacxlc7i=ixxaa e atxased t)t~F 2; ~` o3- killed  whole
cell virus = : 11CV2 'Virus town in so table cell
cultaxre T able 15. Su.tnniary of Group
Past-Citttlleage. Data - Part 2 Group N Treatment
Mortality Nasal Mean ".%a I ncidetic , Rate of at
Rate Shedding lung lust one tissue 11-1C;  Lesions
posi6ve for PCV2 ------------------ --------------
------------ ----------------------------
-------------------------
-------------------------------------------------
------------------------------------------------ 1 lv
ti' , . tz z , 15 ~ ez 'T OR F~h . - 16 aA g c } 3 )
0.40 .16, /%~'U (I dose) 0.5t1a.''  1.2 1'OR1'2 8 ate
8.3'N) 8.3% 7,41  . (1 dose) 20.2s%;%  57 WO
2007/094893 PCT/US2006/062662  3 12 vORF2 4 ltd f)~f,
8.3% 9,2() I dose) 4 11 KA 2 - 16 uc, ~ lt % 1.5t) , ~
3~,..~1.~~,  1 dose) 4.7l% 5 12 rf3RF2 - 8 utg tt:" 8,
c") 0.68 t 16,7%  (I dose) 1.1. Y" 



-------------- 6 11 rORP2 - 4 .tg 9.1.% 1), l % 2.95 '
36.4%  (.l dose) 5 12e" i  7 12 KV 16,7% 41, 71`4 7.27
41..7%  3,'  2 2, 10 {"thaa.ll4~~.of.. 1 0 [l U R 8
90.0%  80`''i' 9 .88 L:4 : { 2 cow-rob, 2c.).~.C,rs,
9 11. Strict Negative 0", 63 6% 0/1.1 90.9".'%s
Controls 1 112 isolated -viral t)lr)'2; E{?}
reco37t~r[3fi3EE t~.t itli?virt-L expressed x
f)l:.t'w; l V' of ki11c`d whole yell virus },'C. V2.
virus grown in suitable c dl culture Results of this
said} indicate that all further vaccine e arts should
focus on a rORF2  5 vaccine.Overall. nasal shedding of
PCV2 was detected post-challenge and vaccination with
a PCB 2 vaccine resulted in a reduction of shi dding,
l#[ill]tna(?:liistc3clta ri3istt of selected  lymphoid
tissues also seated as a good parameter for vaccine
off. cacti'. whereas large  differences in ADWO,
clinical symptoms. and yross lesions were not detected
bets een  groups, This study was complicated by the
fact that ee: tr nexus PCV2 was introduced at 10 sonic
point during the study, as evidenced by nasal shedding
of PCV2, PCV2 seroconversion  58 WO 2007/094893
PCT/US2006/062662  and positive 11-IC tissues in Group
9, the strict negative control group. 



D i sc aass:iota Seven PCV2 vaccines were evaluated in
this study, which included three different  5 dose
levels o'vOp:F2 antigen administered once on Day 0,
three diff rent dose levels of  rORF2 antigen
administered once on Day 0 a and one dose level of
killed whole cell. PCV2  vaccine administered on Day 0
and Day 14. Overall, Group 5, which. received l dose
of  vaccine containing 8 j. kg of :rORF2. antigetn.
had the best results. Group 5 had the hi hest  ADWU.
the lowest incidence of abnormal behavior, the lowest
incidence of abnormal l0 respiratioan, the second
lowest incidence of cough, the lowest incidence of
os~e:rall clinical  symptoms. the lowest mortality
rate, the lowest rate of nasal theddi-tag of l?CV2,
the second  lowest rate for mean `} 'ca hang lesions
and the lowest incidence rate for positive IHC
tissues. lntere,tingly, Croup 4, w.hich received a
higher do,-,c of:rORF2 anti" cn than Croup 5,  did not
perform as well or better than Group 5 Group 4 had a
slightly lower Ai)WCi, a  15 hither incidence of
abnormal behaavior, a higher incidence of overall
clinical symptoms! I higher rate of nasal shedding of
PCV2, a higher mean % inn.; lesions, and a higher rate
.For  positive ll-IC tissues than Group 5. Statistical
analysis, which may have indicated that the
differences between thm two groups were not
staatistic<ally significant, was not conducted on
these data, but there was all observed trend that
Group 4 did not perform as well as Group 5. 2tt
Post-vaccination. 6 pigs died at the first study site.
Four of the, six pigs were from  Group 8 or Group 9,
which received no vaccine, None, of the six pi4gs
demonstrated lesions  consistent with PMWS, no adverse
events were reported and overall, all seven vaccines
appeared to be safe when adn inistered to pigs
approximately, I I class of age. During the
post-va-ccinatio:n phase of the study. pigs receiving
c itl: er of One close levels of v>OIt.F'2 25 vaccisn
: or killed whole cell vaccine had the highest IFAT
levels, while Group 5 had the  59 WO 2007/094893
PCT/US2006/062662  lowest Il A I levels_lust prior to
challenge. of the vaccine groups. Although not
formally proven, the predominant. rotate of
transmission of PCV2 to  



young swine shortly after weaning is believed to be by
oronasal direct contact and all  efficacious vaccine
that reduces nasal shedding of PCV2 in. a production.
setting would help  control the spread of infect on.
Groups receiving one of three vORF2 antgen levels and
the  group receiving 8 ttg of rORF2 had the lowest
incidence rate of nasal shedding of PCV2  (8 {ti).
Expectedly, the challenge control >r-oup had the
highest. incidence rate of nasal  shedding (80%)..
Gross lesions in pigs with PMWS secondary to PCV2
infection typically consist of  1 t) peneralire.cl
lymphadenopathN in combination With one or a multiple
of the fOllowin : (1)  in errstitial pneumonia with
interlobular ede'ana, (2:) cutaneous Pallor or
icterus., (3) mottled  atrophic livers. (4) gastric
ulcers, (3) nephritis a ad (t) reproductive disorde s.
e. g. abortion,  stillbir tlts., rtaraaTarta es. etc.
At necropsy. icier tas..hepatitis, nephritis', and
gasIT. ulcers were  not noted in any groups and
Ivratphadenopaathv was not spec ifical.ly examined
.fir. I'.he mean 15 % lung lesion scores varied
between groups. The group receiving 16 lag of vORF2
antigen  had the lowest ma am `ii, lung lesion score
(0.11 followed by the group that received  8 rg of
r-)RF 2 (0.68  1,15'%), As expected, the challenge
control group had the highest z 2z % ataeartl % lung
lesion score (:.x,88 - w~,2 .:a}. In all four groups,
the aandaara ;<, lung Jesaorr Scores were elevated due
to one pig in each of these groups that had very high
lung lesaoaa. scores.  2(a Most of the lung lesions
were described as red/purple and consolidated. 'Ty
picalIN lung  lesions associated to ith P NI-WS are
described as tan and non-collapsible with interlobular
edema, The lung lesions noted in this study were,
either not associated with PCV2 infection  or a second
pulmonary infectious agent may have been present.
Within the context of this  study, the % hang lesion
scores probably, do not reflect a true measure of the
amount of lung  225 infection duo to PCV2.1 60 WO
2007/094893 PCT/US2006/062662  Other researchers have
demonstrated a direct correlation let .:een the
presence of PCV2 antigen by IIIC and histopathology.
Histopaaholozgy on select tissues was not  



conducted with this study. Group 1 (1.6 lt6) of
v0RF2.) and Group ? (8 tai.; of rOR.F2) had the
lowest incidence rate of pigs Positive for PCV2
antigen (83%), "h le Group 9 (the strict  negative
control group - 90.1`%) and Group 8 (the challenge
control group - 90.0% had the  highest incidence rates
fir pigs positive for PCV2 antigen. Due to the
non-subjective natur :  of this test, IHC results are
probably one of the best parameters to udge vaccine
efficacy on. Thus, in or w aspect. or the present
invention, the ll liraiaa Carat Ported :e Dosage (MM)
of a I nil/l dose recombinant product with extracted
.PCV2 OR F2 (at).RF2) antigen in the  1 t) CDC.D pig
model in the face of at PCV2 challenge was determined,
Of the three groups that received varl ing levels of
rORF2 antigen. Group 5 (8 pt,8 of rORF2 aniigcn)
clearly had file  highest level of protection, Group ?
either had the best results or was tied fir the most
favorable: results with regard to all of the
parameters examined. When Group 5 was  compared with
the other six vaccine groups post-challenge.. Group 5
had the highest .ADWG 15 (0,94 0.22 lbs/daay), the
lowest incidence of abnormal l ,havior (0%)t the
second lowest  incidence of cough (8 'No), the lowest
iaicidence of overall cfiazical symptoms (83'No), tile
lowest mortality rate (0%), the lowest rate of nasal
shedding of .PCV2 (8.3%), the second  lowest rate for
mean % lung lesions (0.68 m 1.15%) and the lowest
incidence rate for positive  1110 ussues (16.7 i~.i.
eta In another aspect of the present invention, the
MP[) of a I nil/'t dose conventional  product that is
partially purified PCV2 OR F2 (vORia2) antitgen in the
CDCD pig model in the  face of a PCV2 challenge was
determined, Of the three groups that r ceived varying
le-v6s  of vOp..F2 antigen, Group 1 (16 p..tp of vOK
a2) had the highest level of protection. Group I
outperformed Groups 2 and t with respect to A.DWG,
mean % lung lesions, and 1HC. 25 Croups 1 and 2 (8 pg,
of vORF2 antigen) performed equally with respect to
overall irncidenc :  61 WO 2007/094893
PCT/US2006/062662  of clinical sytztptotzts, Group 3
(4 lig of aORTt2 antigen) had the lowest :til ?rtal it
y :rate, and all throe groups performed equally with
respect to nasal shedding. Overall, vORF vaccines did



not perforni as well as tORF vaccitnes. In yet another
aspect of the present invention, the efficacy of a
maximum close of a  2m1/2 close Conventional Killed
PCV2 vaccine in the CDCD pig- model in the 'ace o'a
PCV2  challenge was adeterrn rted. Of the seven
vaccines evaluated in this study, the killed whole
cell PCV2 vaccine performed the worst. Piglets
receiving two doses of killed whole cell  .PCV2
vaccine had the lowest ADWG, the second highest rate
of abnormal behavior the second highest overall
incidence of clinical symptoms (58.3` ). the highest
mortality rate  I t { 1 fi 7.'.,a}. the second highest
irnciclence of nasal shedding (41.7z'ro%), highest
mean % Iting  lesions (9.88 29.2%,%,).. a high
incidence of lung lesions noted (75%) and a moderate
IH:C  incidence rate in tissues (41.7.'.,a}. Holve
'er, it was still efi ti ve at involiing all immune
response. in still "mother aspect of the present
invention, nasal shedding or PCV2 c as assessed  1 as
an efficacy parameter and the previous PC'V2 efficacy
parameters from previous studies  w ere re.coltined.
Results from this study indicate that nasal shedding
of PCV2 occurs  fbllowill4 intra nasal challenge and
that PCV2 vaccines reduce nasal shedding of PCV2 post-
challenge. Furthermore, results from this study and
reports in the literature indicate that T.HU  should
continue to be evaluated in future PCV2 vaccine trials
as well. 2ta Sortie additional conclusions arising
from this study are that lyattphadenopathy is one  of
the hallmarks of PMWS, Another one of the hallmarks of
PM-WS is lymphoid depletion  and
iultirrttcleated'giant lr stioc 'tes. Additionally',
no ttda.erse events or injection site  reactions were
noted for anyy of the 7 PCV2 vaccines and all 7 PCV2
vaccines appeared to be  safe when administer ;d to
young pigs. 25 62 WO 2007/094893 PCT/US2006/062662  EX
AMPLE This example tests the efficacy of eight PCV2
candidate xaaceiates w id reconf -lis  



PC V2 challenge parameters Prom earlier challenge
studies following e posuare to a virtdent  5 strain of
PCV2. One hundred and fifty (150) cesarean derived
coloslraum deprived (CDCD) paglcts, 6-16 days of age.
4w ere blocked by weight and randomly divided is to 10
groups of  equal site. Table 16 sets forth the General
Study Design for this Example, Table 1.6. General
Study .Deli Group No. Of Treatment Daa of KLII.IC FA
Challenge PR RSV Necrops  Pigs 'Treatment ou Day 22
with on on Day  and Day 28 Virulent Day 46 50  PCV2 on
Day 2 1 I's PVC2 Vaccine 1 0& 14 -+ + - 16 u; TO F2
IMS 1314'=,  16 lrg ORF2 -- Carbopol  1.5 PCV2 Vaccine
3 0 14 16 m, z  rORF2 - Carbopol 4 1> PCV2 Vaccine 2
t} + -t  6 lag \ORF2 Carhopol 5 15 PVC2 Vaccine ~i 0&
14 + + 4- 4 lrl; rC RTi2 -- Caarbopol 6 15 PVC2 L
iccine ? 0 & 14 +  1 itp at RF'2 Cart apol 



63 WO 2007/094893 PCT/US2006/062662  7 15 PVC2 Vaccine
3 (I & 14 0.25 ltc; tOl F2 CartXapol S 15 PVC"2
Vaccine 4 0& 14 + + .  > 8.41 log lCY --- C arbopol 9
1 Challenge N/k 't- + +  Controls 1 tt 15 None _
Strict N/A t- - N egativ e Cont rol Group  - --- -- -
i'OR 2. '' isolated viral OR1..L tOl:1- 2 rococo
shnant b-acul.ovi us express t d (7181 2 K or kil.lot
whole cell virus =1 CV2 irus' growan in suitable ec.ll
culture The vaccine hr taal.ations given to each group
were as ollows. PCV2  5 Vaccine No. 1, administered at
1 x 2 ml dose to Group 1, was a high dosed 16 ug/2
rtal dose')  of inactivated recombinant ORF2 antigen
adjuvan ed with IMS 1'314 (16 ug rrCRF: - 1Z4S  L')
14.)L PCV2 Vaccine No. 2. administered at 1 x 2 ml
dose to Group 2., was a Irigh dose (16  ltgr2 nil
dose) of a partially purified VIDO R-1 {generated PCB
"2 ORE, antigen adjuvanted  with Carhopo.l ( 16 ug
vORF2 --- Carhopol). PCV2 Vaccine \o 3. adminis{e:tad
at 1 2 ml l0 dose to Group 3, was a high dose (.I6
ug/2 ml dose) of inactivated recombinant O.RF2
aantigen  aad(uvanted with Carbolaol (.16 tag rORF2 --
Carbopol), PCV2 Vaccine No. 4. administered at  I x 1.
nil dose t:o Group 4 was, a high dose (16 tag /1 ml
dose) of n 1)artiallo' purified V.1DO R- 1 generated
PC~~2 ORF2 antigen adjuvanted with Carbopol (16 ug
o-(.)RF2 -- Carbopol).  



Vaccine No. 5., administered it 1 x 2 in] dose to
Group 5. was 1 4 ug/2? ml dose of an 15 inactivated
recombinant 0RF2 antigen adjuvanted with Carhopol (4
ug rOR.1`2 -- Carbopol).  PCV2 Vaccine No. 6,
administered at 1. x 2 ml dose to Group 6, was a 1
ug.,2 ml dose of in  inactivated recombinant ORF2
antigen aadjuvaanted with Caarbopol (1 ug r(-F2 -
C:arbopol).  .PCV2 Vaccine No. 7., administered at :l
x 2 tail dose to Group 7, was a loww dose (0.25 ug/2
64 WO 2007/094893 PCT/US2006/062662  all dose) of
inactivated recombinant OR 2 an tigen rdju wanted with
Carbopol (0.25 ug r .F2 Carbopol). PCV2 Vaccine No, 8,
aachn nistered a 1 x 2 ml dose to Group 8, was a high
dose (pre-inactivati(yn titer > 8.0 log.,21 anal dose)
Inactivated Con entional Killed VI DO R-I  guwraa:tcd
PC\'2 Strar 'c antigen a.d n's amtcd with Carbopol
(-=8.0 log h.\' Caarbopol). On  Day 0. Groups 1-8 4w
ere treated with their assigned vaccines. Groups 1-3
and 48 received  boosters of their respective vaccines
again on Day 14. The effectiveness of a single dose of
16 la' or vORF2 Carbopol was tested on Group 4 which
did not receive a booster on. Day  14. Piglets were
observed for adverse events and inject on site
reactions following both  ivaccirnations. On Day 21
the piglets x,,-ere moved to a second study site where
Groups 1-9 10 were group housed in one building and
Group 10 was housed in a separate building, All pigs
received keyhole limpet hemocvvanin emulsified with
incomplete Freund's adjuvant  (K1,H/1Cl;A) on Oars 22
and 28. On Day 2.5, Groups .1-9 were challenged with
approximately 4 logs of irulcrut PC \ 2 ,-iris- R Day
46, very. fen deaths had occurred in  the c:ha.llenge
control group. In an attempt to irnnsamostimulate the
pigs and increase the 15 virulence of the .PCV2
challenge material.. all Groups were treated with
1NGELVACI  .PRRSV ` ILV (Porcine Reproductive and
Respirattory Vaccine, Modified Live Virus) on Da - 46.
Pre- m d post--challenge blood samples were collected
.l'oa PCV2 serology. Post- Challenge t body weight
data for deternrarzation of average daily weight gaily
(ADWG;l and  



eta observations of clinical signs vi ere collected.
On Dat 50, all surviving pigs were arccropsied, gross
lesions were recorded, lungs were scored for
pathology, and selected tissues were  preserved in
fomnaalin for examination by
laairrraarxi~laistochemistr CHIC.) for detection of
PCV2 antigen at a later (late. 225 65 WO 2007/094893
PCT/US2006/062662  Materials and >M%. ethods This was
a partially-blind z ~~ccination-c allei e feasibility
study cony ucted in CDC[)  prt s. 6 to 16 days of age
on Da t}. To be included in th ; study, PCV2 WFA
titers of sows  were 1:1000. Additionally, the
serologic status of sows were from a known
PRRS_negative  herd.. Simeeta (16) sows w ere tested
for .IBCV2 serological status and all sixteen. (16)
had a  .PCV2. titer of 1000 and were transferred to
the first study site. One hundred fifty (150)  piglets
'were delivered by cesarean section sure>'eries and
were. aaailable for this study on lay  - On Day' r t
150 CDC D pigs at the first study site er wei hed,
identified with ear tads,  blocked by weight and
aartdcsanh assigned to 1 of 10 ~:roaxlas as set forth
alaos in table 1.6. l tl Blood samples were collected
from all Pegs. If an test animal meeting the inclusion
criteria  was enrolled in the study aand was later
excluded for any reason. the Investigator and Monitor
consulted in order to determine the use of data
collected from the animal in the final anal sis.  The
date of which enrolled piglets were excluded and the
reason for exclusion was  documented. No,-,owns
meeting the Inclusion criteria, selected .fear the
study and transported to 15 the first study site were
excluded. No piglets were excluded from the study, and
no test  animals %N'-C.re removed from the stttct
prior to termination. Table 17 describes the t me
frames for the key activities of this E atttple. Table
IT Studs Activities  Studs Day Actual Dates Stride
Activity 



-------- ----- ------ --- ----- ------ ---- --- ------
4-04 03 Weighed pigs, health exam randomized to
groups; Collected  Wood
saraapJ.cs--------------------------------------------
---------------------------------
------------------------------------------------------
----------------- 3  0-21 4-07-03 to Observed for
overall health and f-"tar adverse events post- 0-27-03
vaccination EJ 4-07-03 Administered respective IVN to
Groups 1-8  4-07-03 to Observed pigs for iralection
site reactions  0-7 4-14-03 66 WO 2007/094893
PCT/US2006/062662  14 4-21-03 Boostered Groups l -'-3,
5-S with respective lVPs; blood gam pled all rigs
14-21 4-21-03 to Observed pigs for in ecticrtt
reactions  4-28et-- 1 9 :' 1 4-260, t0 Treated all
pigs with antibiotics  4-28-03 21 4-28-03 Pigs
transports from Sts-Live Labs, Inc;, to Veteriraarv  1
esources, Inc.(VRlt 22.50 4-28-03 to Observed pigs for
clinical signs post-challenge  22 4-29-03 Treated
Groups 1-10 with KU !ICF 25 5-02-03 Collected blood
samples from all pigs; weighed all pigs;  cball r cd
Qrc~trps t -) -,\ lilt V2 .laallc:rtg material 8 `lt~
t-_ Trc,i.d Grcrup\ l-1lt with }tl H .IC:FA --- ---
----- ---- ----- 3-09-03, C olUc tod blood samples
rrcmm all pigs  



------------------------------------------------------
----------- ------- ----------------------------------
to all. t>ro~r ?s  46 5-23-03 Administered lNGELVAC`
tf PRRS MLV Collected blood samples, we 6jhcd and
necropsied all pigs;  0 274#;t gross lesions wore rr
.orrlerl; l ngs z r re e etlttAtt:ed for le sinus; fre
sh and forntalirn fixed tissue samples were saved: lst
-1i (G Mvasc cif tl~c ktrcl ~ .t{ crr~rl It i~:cl
F'ollowin T completion of the in-life phase of the
study, formalin lived tissues were  examined by
ltatrtatttat~ltistcac.:ltcrtaistr4 (l HQ for
detection. of PCV2 antigen. by a pathologist,  blood
samples were evaluated for PCV2 serolo y, and average
daily weight gain (ADWG)  5 was determined from Day 2
to Day 50. Air als we ; :housed at the first study
site in individual cages in seven rooms from.  birth
its approximately y 1.1 days of ague (ap proximately
Da 0 of the stuclyy, t. Each room was  identical in
layout and consisted of stacked individual stainless
steel cages with heated and  filtered air supplied
separately to each isolation unit. Each room had
separate heat and 10 entil tt:iort, thereby pre
-ent:ing cross-contartrirnation of air between resoms.
Annuals were  housed in two different buildings at the
second study site. Group 10 (The Strict negative
control group) was housed separately in a converted
nursery building and Groups 1.9 were  housed in a
converted farrowing building. Each group ,. as housed
in a separate pen (14-15  pigs per pe:n) and each pen
provided approximately 2.3 square :feet per _pit.
Groups 2, 4 and  67 WO 2007/094893 PCT/US2006/062662
8 were penned in three adjacent pens on one side ?f
the alley way' and Groups 1- 3. 5, 6, 7, and 9 were
penned in six adjacent pens on the other side of the
alleyviway. 'Ilse,:. Group  separation was due to
concerts by the Study Monitor that lacc.istes
adsari:sai.st :a'ctl. to Groups 2,  4, and 8 had not
been fully inactivated. Each pen. was on an clevated
deck with plastic slatted  floors. A pit below the
pens served as a holding tank for exc.:se.snent and
ivaste, Each  building had its own separate heating
and ventilation systems, with little likelihood of
cross- 



contamination of air between buildinrgs. At the first
study site. piglets were fed aa. specially fhrsnulated
milk ration from birth to  approximately y 3 weckq of
age. All piglets were consuming solid, special mixed
ration by,  1 tf Day, 21 (approximately 4 s, seeks of
age). At f lie second stdacty site, all pig lets were
fed a custom anon-snedicated commercial mix ration
appropriate for their age and weight. ad  /rhUiun.
Water aat both study sates 4as also a4 ailable rs~l
lih zsfrr. All test pigs, were treated with 1.0 real.:
of N X'CE1 4, lMf_ in alternating hams on  Days 19,
20. and 21. In addition, Pig No. 11 (Group l was
treated with 0.5 ata.l., of  15 NA\,CJ 1. IM on lay
10. Pig No. 13 (Group 10) was treated with I suL,
of.Penicil.lin and I mL d' PRED.EF 2X on Day 10, Pig
No. 4 (Ciroasp 9)) was treated with l.0 mL of  : "
AXCE 1. IM on lay 1 1, and Pigs I (Group 1 ), 4 and 11
were each treated with 1.0 mL of  \('F1' , on Day 1.4
for various health reasons. While at both study
sites., pigs were under veterinary care. Animal health
20 examinations were conducted on Day -3 and were
recorded on the Health Examination  Record Form. All
animals wcre in good health and initr'iionaal status
before vaccination as  deter pined by observation on
Day 0. All test animals were observed to be in good-
licalth and  nutritional status prior to clhallenge_
Carcasses and tissues were disposed of by rendering.
Final disposition of study animals was recorded or:
the Animal D:isposit:io:n Record. 225 On Days 0 and
14, pigs assigned to Groups 1-3 and 5-8 received 2,0
mL. of assigned  68 WO 2007/094893 PCT/US2006/062662
PCV2 Vaccines 1-4, respectively', I\l in the right and
left neck region. respective) , using ar sterile _",.O
mL Luer-lock syringe and a sterile 20zgg x ' }" ne
.dle. Pigs assitgned to Group 4  received 1.0 in1, of
PCV2 Vaccine No. 2. IM. in the right neck region using
a sterile 1.0 ml-,  L;uer-lock syringe and a sterile
20g _ 1/'? needle on Day 0 only. On Day 22 all test
pigs received 2.0 int, of Kl:l MCFA lM in the Icf"t
neck region  using a sterile 3,0 m1_: Luer-lock
syringe and a sterile 20g xl" needle. On. Day 2# all
test p:igs  



rcc.cn: d 2.0 mL. of KLI-11ICFeN in the right ham
region using a sterile 3.0 ml- Ltwr-lock  syringe and
a sterile 20g x 1 " needle, On Day 25, pigs assigned
to Groups 1-9 received l,0 nt. of PCV2 ISUVDL  1 tl
Challenge material (3.98 logr,; TClD=;IniL) IM in thc
right neck region using a sterile 3.0 anal.:
Leer-lock syringe and a sterile 20g x I." needle. An
additional 1.0 ml of the same material  was
administered it to each pig (0.5 mill: per nostril)
using a sterile 3.0 a.l Lauer-lock syringe  and nasal
c.amila On Day 46.. all test Digs received 2.0 ml
1NGFLV. C. PRRS \l.l-.V. \I, in the right  15 neck
region using a sterile 3.0 ml, LuerOlock syringe and a
sterile 20g x I" needle. 'The  .NRRSV MLV was atilt
tinistered in an attempt to increase virulence of the
PCV2 challenge  material. Test pigs were observed
daily for overall health and adverse events on Day -33
and  from Day 0 to Day 21. Each of the pigs were
scored for normal or abnormal behavior,  eta
respiration, or cough. Observations were recorded on
the Clinical Observation Record. All test pigs were
observed from Da 0 to Day 7, and Group 7 was further
observed from Day 14  to 21, for irtject:imi site
reactions. Average, daily weight gain was determined b
weighing  ,ranch pig on ar calibrated scale on Days ,
25 and 50. or on the, darn that ar pig was found dead
of er challenge. Bodo- weights were recorded or the
Body- Weight Form, .Day: r body, 225 weights ~w ere
utilized to block pigs prior to randomizart:imi. Day
25 and Day 50 weight data  69 WO 2007/094893
PCT/US2006/062662  was utilized to determine the
average daily weight gain (Al_3WWWG`) for each pi-
during these One points. For pigs that died a1 er
challenge and before Day 50, the ADWG w. as adjusted
to  rep: eseni the kDWG from Day :25 to the day of de
atla. In order to determine PCV2 serology, venous
whole blood was collected from each  5 piglet from the
orbital e enous sinus on. Days -1 and 14.. For each
piglet, blood was collected  from. the orbital venous
sitars by inserting a sterile capillary tube; into the
medial canthus of  



one of the ayes and draining approximately 3.0 r lL of
whole blood into a 4.0 mL.. Serum  Separator Tube
(SST). On Days 25, 32, and 50. a enous whole blood
from each pig was  collected from the anterior a'enta
cava. using a sterile 20g x 1 ' a" Vacutainer needle
(Bectotn I t Dickinson and C ompaany..l~rarnkdin
Lakes, New Jerse\ ), a. Vaccutainet .k' needle holder
and a  13 ml, SST. Blood collections at each time
point were recorded on the Sample Collection  Record.
Blood in each SST was allowed to clot, each SST was
then spun down and the  serum .harvested. Harvested
serum was transferred to a sterile snap tube and
stored at -70+  10 C until tested at a later date
Serum samples were tested for the presence of PCV2  1
antibodies (s 1 1lr1-fa't 13 pe sonnet.. Pigs were
cibsertved once daily from Day 22 to Day 50 for
clinical symptoms and  scored for notinai or abnormal
behavior, respiration or couuglh. Clinical
observations were  recorded on the Clinical
Observation Record. Pigs Nos. 46 (Group 1) and 98
(Groups 9) died at the first study site. Both of these
eta deaths were, caategorired as bleeding deaths and
necropsies were, not conducted on these two  pigs. At
the second study site, pigs that died alder challenge
and prior to Day 50, and pigs  euthanized on Day 50,
were necropsie d. Any gross lesions were noted and the
percentages of  lung lobe=s wNlllt lesions were
recorded on the Necropsy Report Form, From each or the
pigs necropsied aat the second study site, a tissue
sample of tonsil,  25 latrtg, Iacaart, and
raacserateric lymph node was placed into a single
container with buffered IM'4  70 WO 2007/094893
PCT/US2006/062662  formatira. wvltile another tissue
saaampte from the saga e aforementioned organs was
placed into a WW`hirl-pak t l-1'ecta Dia~ta sics Ltd.,
`I'lactt atilt. t'l .i arad e a :l t fl rrl-peat ? was
placed on  ice. Each c:ontainer. seas paropat rl
laabeled. Sample collections were recorded on the
Necropsy:  Report Form. Af erwaards, toraaaaalin-fixed
tissue samples and a Diagnostic. Request Form were
subinmed or IHC testing. li C testing was conducted in
accordance with standard la oratory procedure for
recei iag samples, sample and slide preparation, and
staining  



tedungaues. Freda tissues in W hirt_;paks : were
shipped with ice packs to the Study Monitor  for
storage (-70' - 10 C1 and possible future use. Forma
alin-fi.sed tissues were examined by a pathologist for
detection of PCV2 by I.HC  t ti and scored using the
ibllowwinp scoring sstem: 0 - ,lone; I ' Scant
jxssitive -staining. few  sites- 2 = Moderate positive
staining, multiple sites:. and 3 Abundant positive
staining,  clifiirse throughout the tissue. For anal
ytical purposes. a score of 0 was considered
negative." and a score of greater than 0 was
considered `'positive." 1 5 Ji' esults Results for
this example are given below. It is noted that figs
No. 46 and 98 died on  days 14 and 25 respectively.
These deaths were categoa iced as bleeding deaths. Pig
No. I 1  (Group 1) was panting ~.swith rapid
respiration on Day 15. Other ise, all pigs were normal
.for  behavior, respiration and cough during this
observation period and no systemic adverse 20 events
were noted with any grotaps. No injection site
reactions were ratted following  vaccination on Day 0.
Following vaccination on t_3a y 14, seven (7) out of
fourteen (14  Group I pigs (?tt.(3,p had swelling with
a score of "2" on Day 15, Four (4) out of fourteen
(14) Group 1 (28,0%%) still had a swelling of "2" on
Day 16. None of the other groups  experienced
injection site reactions following eitt:aer vacc
natiorn. 225 Average daily weight pail. (ADWG) results
are presented below in Table 18. Pig  71 WO
2007/094893 PCT/US2006/062662  Nos. 46 and 9S that
died from bleeding were excluded from group results.
Group 4, which  received one dose of 16 ug Or 2 --
Carbopol, had the highest ADWG- (1.16  0.26 lbs/clay
),  followed by Groups 1. 2. 3, 5, 6, and 10 which had
: DWGs that ranged from 1.17  #12~ lbs daay to 1,11.
0.26 lbs/chat. Group 9 had the lowest DWG (0.S8  1.29
lbs/tlaay),  5 followed by Groups 8 and 7, which had
DWGs of 0.93 A. 0.33 lbs/day' and 0.99  0,44  lb ,daay
, r>. spe;ctively . Table 1.8, Sump mary of Group
Average Daily Weight Gains (AOWG)  



Group Treatment AI WCi lb day (Daav 25 to Days ?0) or
adjusted for pigs  dead before lay 50 1 rORF2 _ 16 ug
--- IMS 1314 2 doses 14 1.08 m 0.30 lbs/clay  2 vORF2
- - - t f tag Caarbogxal 2 doses 15 1.1 t If,
lbs/clasp  3 r0,RFT2. 16 lrg Carbopol 2 doses 15 1,07
0,21 lbs/day  4 RF') 16 gad Carbcrpol 1 dose 1 1.16 m
0.26 lbs/clay  s a l l '2 4 ga:g Carbopol l dose 1 l,
t 7 0.26 l bs/day  -------------------
------------------------------------------------------
----------------------------- -----------
------------------------------------------------------
---------------------------- 6 rf?.R.p2 - I w ---
Caarbopol 2 doses 15 1.11 T 0.26 lbs/day
-------------------
------------------------------------------------------
----------------------------- -----------
------------------------------------------------------
------------------------------------- 7 r0RF2 _ 0.25
gag; -- Carbopol 2 doses 15 0,99 W 0.44 Iles/clay p KY
> S.0 log - Carbops~-al 2. doses 15 091 031 lbs/clay
9 Challenge Controls 14 0.k8  0.29 lbs/flay  1#l
Strict. Negative Controls 1.5 1.07 021 lbs/clay
Ni.x3::t 2 - k (Awed viral OR1 2. tOR1?2
reec>rsihiiuaant b aculovir us expresse ! [?R 2; K V
of killed  11l whole c-e 1 virus =1 CV. irus groENnn
in suitable wil Culture PVC2 serology results are
presented below in 'fable 19. All to ra (10) groups
were  72 WO 2007/094893 PCT/US2006/062662
serortegative for PCV2 on Day- --- , On Day 14. PCV2
titers remained low. for all ten (10) groups (range of
50-113), On Day 25, Group 8, which received the whole.
cell killed virus  vaccine., had the highest PCV2
titer (4017), followed by Group I which received 16 ug
, ORF2 Caa.rbopol. Group 4, which received as single
dose of 16 ug v RFL Caar'1 opal, and  Group 3.
s~.lai.cla received 16 rig rORF2 - Carbopol, which had
titers of 2507, 1920 and 1503  rep .ct x cl - On Day,
t2 (acre week post challenge). titers for Groups 1-6
and Group 8  ranged from 2360 to 7619, while Groups 7
(025 ug rORF2 - Carbopol.). 9 (Challenge  



Control.). and 1.0 (Strict r egaative control) had
titers or' 82, 129 and 78 respectively, On Day  50
(clay of necropsy). all ten 610) groups demonstrated
high PCV2 titers (2 1257). 1 t1 On Days 25, 32, and
.50, Group 3, which received two doses of 16 ag rORF2
--- Carbopol, had higher antibody titers than Group 1,
which received two doses or 16 try; rORF2  1MS 1314.
On Days 25, 32 mid 30. Group 2. which received two
doses of 1.6 tag sORF2. had higher titers than Group
4, which received only one does of the same vaccine.
Groups 3,  5, 6, 7, which received decreasing levels
of rORF.2 --- Caarbopol.. of 1.6, 4., 1. and 0.25 ug
15 respectively, demonstrated cormspondirrh.iy
decreasing antibody titers on Days 25 and 32. Table]
9. Summrar~v of Group PCV2 1-FA 'T`iters Group fre:air
rcrrt Day -3 Day 14a* Daav 25" Day 32 [lay ------.
----------------------------- I rORF2 _ 16 ag 30 64
646 326r 4314  1\1S 1314 2 doses 50 1111 250' 5627
4005  2 v{).RF2 _ 1.6 u Carbopol 2 doses KIM 10 ltd 50
80 1503 x.120 6720  - Carb( lpol 2 cltrsc s -----
--------- 4 cOR12 - 16 lab 50 113 1920 3720 1257
Carbopol l dose rORF2 - 4 ltd .. ?tl 61 1867 313 3 453
3  Catbopol 1 dose. 73 WO 2007/094893
PCT/US2006/062662  6 rOl l2 l ftb 50 70 490 2360 5740
Carbo col 2 doses 



7 rORF2 --- 0.25 lag 50 73 63 382 -is 19  Carbopol 2
doses 8 K V => 8,0 1 o> CarE?o of 50 7 4617 7619 10817
2 doses t3 C halleta C Controls ?t ;t) 1.29 4?88  r_-
- 0 io so 78 1120t5  It) uric,: c<Fat.i~c Controls
vORF2 isolated viral a:3RF2; r(:) F'2 - recfambiaaani
'ttacul v nts exp essed ORF2; KV or U led  wholee cell
varaas = Pt ear 2 v irias grown in saaatabl ~ cell
culture:. For calculation purl iOses, a =l 00 IFA
titer wvas designated as a titer of 50"' is :-_6400
1FA  5 titer- was designated as a titer of " 12.800".
`*-Day of Challenge  D<a. of IN, ccropsv The results
from the post-cl:aalienge clinical observations are
presented below. Table  10 20 includes observations
for Abnormal Behavior. Abnort i l Respiration. Cough
and  Diarrhea. Table 21 includes the results from th
Summary of Group Overall incidence of  Clinical S
inptoins and Table 22. includes results from the
Saa:tra:rnar of Group Mortality  Rates Post-cl
alleaage. The incidence; of abnormal behavior,
respiration and cough post- Challenge Were Iona in
pigs receiving 16 ug rORF2---1MS 1314 (Group 1), 1.6
tag .rQRF2-- .15 C'arbopol (Group 3)_ 1. ug
r(-)RF2---Carhopol (Group 6)0.25 tat; rORF 2 arbopol
(Group  and in pigs in the Challenge Control Group
C)r-oup 9). The incidence of abnormal behavior,
resliratioaa, and cough host c:ha.llen e wag zero in
pigs receiving .16 tr YORF244athopol  (Group 2), a
single dose of 16ug z ORI;2--Carbopol (Group 4). 4 ug
af)12F2- Carbopo1 (Group  5). >8to{g Kt'--Carbolaol
(Group 8), and in pigs in the strict negative control
group (Group  



20 10). 74 WO 2007/094893 PCT/US2006/062662  The
overall incidence of clinical symptoms varied bemwen
t" roups. Pigs receiving 16 ugg \ORF2--Carbopo1 (Group
2), a single- dose of 16 tag v>OI -2 Carbopol (Group
4), and pigs  in the Strict. negative control group
(Group 1#) had incidence rates of 0%: pings receiving
16  :cat. rORF2 --C`arbopcil. (Group 3), and I arg
iORF2--C'arbopol (Group 6) had incidence rats of 5
671-.: pigs receiving 0 gag rORF24M4S 1314 (Group .1)
had an overall incidence rate of  7.1t'JJZ. pigs
receiving 4 ug rORF2 (arbopcal (Group >) 0.21'' aag
tORF2.--C'arl pol (Croup 7;,  and >8 log Ky vaccine
had incidence rates of l _t. t" 4a; and pigs in the
Challenge Control  Gri-yap (Group 9) had an incidence
rate of 1.4.3%.. Overall mortality rates between
groups varied as izell. Group 8. what receded 2  10
closes of KV vaccine had the highest mortality rate of
20,0%, followed by Group 9. the  challenge control
group. and Group 7, which received 0.25 ug
t().RF24'arbopol and had  mortality rates of 14.3% and
1).)% respectively. Group 4. which received one dose
of 16 lag.  NO.RF24'arbops l had a 6 7'. mortality
rate. All of the other Groups, 1. 2- 3, ';,. 6, and 1.
01,  had a 0% , mortality rate. 15 Table 20. Summary
of Group Observations for lmor-mal Behavior, bnormal
Respiration, and Cough P0st: Chaallen ;e Group
Treatment N .Abnormal Abnormal C: oulh,
BehaviorBehavior-'  1 K-IRF2- 16 tr8_ 14 0 `14 0/14
1/14 IMS 1.3:14.2 doses (7.1. )  2 vOR.F2 ... 16 au
... Caalxipol 15 (lrl t1'1> tlrtY  2 doses . {k
(tt'o3) -2 l.5  



i r()R-F.2 - 16 ag - Carto pol 15 011,15 t 361 S H1.5
' doses t (1" ~) 0 ---0):.7/0  4 vORF2 - 16 1r.g
Carbopol 1' C)'1 ? t- 15 0/15  1 (lose L (f):ca~ (0%)
rO.RF2-4ir(F l l.:l j {{!f (6 1111i 1.y (l:'tIat (6 %)
15'l? ! . (0 )  Carhopol .1 dose 75 WO 2007/094893
PCT/US2006/062662  6 r F2 ., I p.; ' 1 t) I t -r 15
11/'15 r fit;1 ' i1! Carbo )cal 2 doses L I fit);
f~}.7` vt  7 rO.RF2 0.25 jag 15 0/15 1111i 1`:l a
Carbopol 2 doses w%%') (6 711,;x:) I06, 7.'.641
-------------------
------------------------------------------------------
-------- -------- ----- 8 1C lr 8.0 log Carbopol 2 1 5
l /15 1,15 tl/15  t~: Messes (6.7%) (t, 7":: ..  ~)
~:t d1;:,1 9 Challenge Controls 14 ;14 1/14 1. l
7.1%) (7..1" %) 14  10 Strict Negati e Controls t?/15
(1/15 0/15  Total number of pigs in each group that
demonstrated am abnormal heha3 for thr at least one  



day. otal number of pigs in each group that
demonstrated any abnormal respiration for at least
one da S "Total number of Imps in each group that
demonstrated a cough lib at least one dais Table: 21.
Summary of Group Overall Incidence of Clinical
Symptoms Post- Challenge  Group Treatment N Incidence
of pigs with Incidence Clinical Symptoms Rate  1 l 7
1%  I rORF2 - 16 u4 IM S13142'dos s ORF2 --- 16 lw -
Carhopol 2 1ti i3 t1 ft" "  dose: 3 rORF2 16 p.g
Carbopol 2 } 1 to 7j  doses 4 OR.F2 e 1.6 ta.
C'anc~~laol 1 1 5 t p t 1<, O  dose %  Cat...... sI I
d 6 iORF2 - I ltd L.  Carbopol 2 doses 76 WO
2007/094893 PCT/US2006/062662  `%  { 7 t 8Fh 0.25 lay
Carbopol l ? 1 3  doses 



8 Is. `s' . 8.0 log Carbopol 2 l ? 2 1.3.3%  doses 14
14.3%  t) Challenge Controls 10 Strict Negative
Controls l tl (l l}`'  vORF2 W isolated viral OR1 2. t
:)RF? = ti t>3Fibi:ttaaxt laacLaovirus expr . d t.alt
2; KV cat killed  whole call `iF'tas "" 11CV2 Virus
grown in suitable cell Culture 'Total number o1' pigs
in each group that demonstrated any clinical symptom.
for at least on  day Table- 22. Sunmarv of Group
Moi1ality Rates Post-C.hal.lentge Group Tr ;~
tla~lettt N Dead Post- Mortality Rate  1~a11est e 1.
rO.RF2 - 161.tg _ 1 l ~ 0.(l`'~~  l.M.lS 1314 2 dose 2
vORF2 ... 16 lrg ... Carbopol l ll t1.0".R,  doses g
Carbopol F' l (l 0`i'ss  rORF2 16 doses
------------------------ -------------------
-------------------------------- ......  , 4 sOR.F2 16
u- Carbopol l  ? 1 6 7ca  dose
------------..-----------
------------------------------------------------------
-------------------------------------------- -- -
---------- rOR.1 lp~ 1 (l t.tl`:,  Carltc3 cal I dose.
6 rO1.F2 - 1 lrg 1. [1 (Y 0%  



C`..4 t bt ol 2 doses 15 2 1 ";%  7 rORFI 0.2i ltg
Carbopol 2 doses  -------- --------- ---- ----- 15 j
tt t tip t,  8 KV > 8.0 log Carbopol ? doses <,  1 ,3
' 11  9 Clrallen e Controls l l ------------ 10 Strict
Q. Comrols 1.1 ti vORF2 = i olated vital ORF2; rQU-2 =
recorttl in7nt l zacttlc? itit, express d ORFI. KV or
Killed  whole, cell Virus T V2 virus crown in
sttxrbl:. cell Cwture 77 WO 2007/094893
PCT/US2006/062662  The Summary cif Group Wan
Percentage Lung, Lesion and Tentative (Diagnosis is
given below,,w in Table 23. Group 9. the challenge
control group, had the highest percentage  bane
lesions with a mean or I0.81 . 23.77%, fa llowwed by
Group 7, which received 0.25 up  5 ORF22--Cartopol and
had a n -wan of 6.57 : 224.741%%. Group 5, which
received 4 ug rORF2" Carl apol and had a. mean of 2.88
W 5.88%, and Group 8, which received the KV vaccine
and  had a mean of 2.01  4989%, The remaining six (6)
groups had lower man ;percentage lung  lesions that
ranged f[oni t}.1 1 A-. 03W",'% to 0.90  0.13%.
Tentative diagnosis of pneumonia varied among the
groups. Group 3. which received  1 t} two doses of 16
ug rORF2 -Carbopol, had the lowest tentative diagnosis
of pneumonia, with  



13.3%. Group 9., the challenge control group, had 50%
of the group tentatively diagnosed  with pileaa_monia,
followed by Group 10, the strict negative control
group and Group.", which  received two doses of 16 ug
vO.RF2"C'aarhopol, with 46.and 40% respectively.
tentatively  cliag:nosed with pneumonia. 1 Groups 1.
2, 3. 51 , 9, and 10 had f?`j of the group tentatively
diagnosed as PCV2  infected; while Group 8, which
received two doses if KV vacciae, had the highest
group rate  of tentative diagnosis of PCV2 infection,
with 20%. Group 7, which received two doses of  0.25
ug rOR.F2'--Qarhopol, and Group 4, which received one
dose of 16 taps vOR_F2--Carhopol  had tentative group
diagnoses of PCV2 infection m 133'No m d 6.7% of each
group,  eta respecti~eli. Gastric ulcers were only
diagnosed in one, pig in Group 7 (6,71' ); while the
other 9  girogroups remained free of gastric ulcers.
78 WO 2007/094893 PCT/US2006/062662  Tabl : 23.
Summary of Group Mean % Lung Lesion and Tentative
Diagnosis N No. Of pigs that shcd for l tciclence Rate
Group Treatment at least one day L1 0%  1. tORF2 - 1i
tt 1 S 1314 2 doses -------- _---- ---tom-- -----
------------------------------------------------------
--- ------- - 1 5 1 6,7%  CarE?o 012 closes 3 r(3R-F.2
--- 16 I! ti + 20. tt'', is  Carbo o1 2 doves
------------ ----------- 



1ti 2  4 -v0 .F2 - 16 pg Catrbo o I dose 20. }"  5 70'
rORF2 4 tl. Carbopol 1. dose 6 t 1i 2 1 l!I'  F3 40.
W/  Carbo ?ol 2 doses 7 r O}RF2 --- 0.2 1t 1. 7
6.7`jir  Carbo of 2 doses 12 8ft"i,  8 KV = S,tt log-
- Carbopol 2 doses 1.4 .l4 100.0%  9 Challenge Conrois
-------- ------ ------- a  10 Strict, N"ati e
C:orttrols 1 14 J ': d, "X akl 2. W isolka if v "3t l
OR)" 'L t01:1- 2 r comb mint bac'1:1.ovit us s'\prt
ssed OR 2.: K or ktl.kd  z;'13C'> cell vim's PCV2
Virus 6110 3k E31 :sf37.!ab1 . cell c1,11tetle 7 The
Summary of Group II-IC Positive Irtc.idence Results is
shown below in Table 24,  Group 1 (16 ug CORE' IMS
1314) had the lowest group rate o' II-I.C positive
results with  0% of the pigs positive for
PCV2.:followed by Group 2 (16 tag vOR.C2 ---
Carbc)pol) and  Group 4 (sirtdlc close 16 ug vORF2 ---
Carbopol), which had group 1HC r tics of and 10 13.3%
respectively. Group 9, the challenge control >roup.
had the highest 11-IC positive  incidence rate with
100% of the pigs positive for .PCV2. followed by Group
1 C. the ttr ct  



tlegaative Control group and Group 8 (KV vaccine),
with 93.3% and SM10 of'the pigs positive  79 WO
2007/094893 PCT/US2006/062662  for PCV2. respectively,
Table 24. Summary of Group IHC Positive Incidence Rate
Group 1 tzatmcitt N N o. Of pig-, that shed for
Incidence Rate  at least. one da 1 rORF2 - 16 ltd? 1
0%  IMS 1314 2 doses 1 6 7%,  2 C}.RF2 -- 16 1t
C_ar_k)Pcrl 2 doses ------- --- --------- --------
--------- --------------------------------------- 15
--- 16 Carbo aei 2 doses tt 2 13._ %  4 i'{).1212  16
C-arbo pol I dose K)RF2 - l ttt 15 21  f at b= col 1
dose --------------------------------
-----------------  6 r()RF2 - I 1 f 1> f 40,#)`.6
C"aarbcr o1 2 doses 15 7 46.;%  7 C'arrbo o 2 doses 8
KV :> 8,0 log Car b o 12 t t ".<  



2 doses 14 14 100J)%  9 Clrarllem'C C"i~rrtrcrls 10
Strict Negatt : Controls 14 `},. }`:ro  vORF 2
ixoLlted v3rtr1. # )lkt'2, )()R-22 baculcivirnx id
()k} 2: kV or killed  5 ti hc?k cell virr:rs = PCV2 t
irr-r~ grcasi3r in r33t;3b1G cell euluwe Discussion
Seven .NC V2 t ac c nes were evaluated n this
e>ampkk.. which included a high dose (16  tr8) of
r(RF2 ar ltigen atdjub atated'z itlt 1 CIS 1314
administered twice, a high dose (16 p 6j) of 10 vO.RF2
antigen adjuvanted with Carbopol administered once to
one group of pigs and twice  to a second group o pigs,
a high (lose (16 1tg) of rORF2 antigen adjovanted with
Catrbopol  80 WO 2007/094893 PCT/US2006/062662  a
dtrlirtistc.red twice. a 4 lr.c dose of rORF2 antigen
adjar:a anted w .ith Carlx?po1 a adttr inisterr;.d
twice, a I lts dose of rOIU 2 antigen acljus aimed
with Carbopol a adiaair>.istered mice. a lor~a  dose
(0.25 tr. ) of rORF2 as:at:it era as jaaataar:tecl w
th. Carbopol administered is ice. and a high  dose (>
8 log) of hilted whole cell PCV2 ~>ac cirrc ard.#lx~
aaaateel witty C'&bopol. Overall., Group 5 1. which
receivc:d two closes of 16 tag rORF2 --- IMS 1314,
performed slightly better than  Groups 2 through 7.
which received vaccines containing various levels of
cithcr vORF2 or  a RF2. antigen Carbopol and niu h
better than Group 8, which received two  doses of
killed whole cell PCV 2 vaccine. Group 1. had the
third h ghest M"CY (1. 80  0.30  lbs: dais ), the loi:
est. incidence of abnormal behavior (()%), the lowest
incidence of abnormal t 0 respiration (0%). a low
incidence of cough a low incidence of csi erall
clinical  symptoms (7.1" 10, was tied as ith th:-ree
other groups for tl;e lolvest anortality rate
((1'Ni-%).. the  second lowest rate for mean % Irrrr
lesions (0.1.5 0,34%;#. the second lowest. rate for
pneumonia 2l 4" 4,) and the .lowest incidence rate for
positive !HC tisatrcc (0%). Group 1.  was. ho%.ce3er..
the only Croup in which injection site reactions were
noted, which included 



I5 50% of the vacci rates I day after the second
vaccirration, The other a iccirres administered to
Groups 2 through 7 perfonaxed better than the killed
vaccine and nearly as well as the vaccisle  aadmi
rastc reel to Group l . Group 8.. which received two
doses of killed PCV2 vaccine adjuvarated with
Ctarbopol, had the,. worst set of restarts for any
vaccine group. Group 8 had the io vest ..DWG  2(a
(0.93 -+ 03 3 lbs dad;). the second highest rate of
abx tram behavior the highest rate of abnonmeal
respiration (6 7`'%), t aas tied with three other
groups for the highest overall  incidence rate of
clinical symptorras (13,3" %)). had the highest
mortality rate of all groups  (20%), and had the
highest positive II C rate (8M%) of any vaccine group.
There was  concern that the; killed whole cell PCV2
vaccine item, not have been ltaily> inactivtated prior
to  225 administration to Group 8, x Mch may explain
this group's poor results. Unfortunately, 81 WO
2007/094893 PCT/US2006/062662  definitive data. was
not aav aailaable to confirm this concern. ?s erali,
in the coalte t of this  example, as Conventional
Killed PCV2 acc:itae did not aid in tile reduction of
FICV2  associated disease. As previously mentioned. no
adverse events 4 wera associated with the test
vaccilaes  5 with exception. of the Vaccine adjuvanied
with IMMS  ,314. h ject .on site reactions wen noted
in 50.0% of the pigs t day after the second
vaccination w itla the vaccinc formulated with IM.S
1314 and in 28.6% of the pigs 2 days after the second
vaccination. No reactions were noted  in any pigs
receiving Catrbopol actjuvan ed vaccines. Any further
studies that inc.lt de p:igs  vaccinated iN.ith IN IS
1.3.14 adju anted vaccines should continue to closely
monitor pigs for  t rjeetion site reactaootas, All
pigs were se.ro-negative year PCV2 on Day -3 a ad only
Group 2 had as titer above  100 on Da : 14. Or Day 2.5
(day of challenge). Group 8 had the highest PCV2
antibody titer  (46.19).. followed by Group 2 2507.
With the exception of Group, 7, 9 and 10.. all
grc~taps  demonstrated a strong anntibody response bo
Day 32. By Day 50, all groups including Groups  



15 7. 9 and 10 demonstrated as strong aaaa.tibodzv
response. One of the hallmarks of We stage PCV2
infection and subsequent PMWS  dez;elopmen is growth
retardation in o eaaned pigs, and in severe cases,
weight foss is aaoted.  Average daily weight gaits of
groups is a gitaatltitatti e method of demonstrating
growth  rat trdatiota or weight loss. In this
example.., there was not a large dilf rencce in ADWCO
eta betNveen groups. Group 8 had the lowest ADWG of
d088 + 0.29 lbs/day. while Group 4 had  the hitghest
ADWG of 1,I6 -- 0,26 lb/day. Within the context of
this stud there was not a  sufficient difference
between groups to base, future vaccine efficacy on
ADWG, In addition to w.w:eight toss -- dyspneaa, to
llarly. pallor of the skill and sollactinte-s
icte:rus are clinical svmptotns associated with PMWS.
In this example, abi.-m-m& behavi.or.  225 atul
abnotsta.al respiration and cough were noted
iltfreclucaa.tly for each group. As et idcnced in  82
WO 2007/094893 PCT/US2006/062662  this study, this
challenge Inodel a and challenge strain do not result
in oz er helatain cliaaical  symptoms and this is not
as strong parameter on which to base vaccinne
efficacy. Overaal:l, aamor aaiity rates were not high
in this example and the lack of a high mortality,
rate In the challenge control group limits this
parameter on which to base vaccine efficacy.  Prior to
Day 46. Groups 4 and 7 each had one out of fifteen
pigs die. Group 9 had two out of  fourteen pigs die
and Group 8 had three out of fifteen pigs die. :Mae to
the fact that Group 9,  the challenge control group
was not demonstratin PC'? clinical symptoins and 0311Y
two  deaths had occurred in this group by :lay, 46.
Porcine Respiratory and Reprodaactiv :  Syndrome Virus
(PRRSV:t IN -vaccine was administered to all pigs on
Wy 46. Earlier 1 tl studies had utilized I.NG.ELV.A,('
. PR.RS M.1,V as an iannaunostinaulant to exasperate
PCV2- aassoc:iaated ..P.MWS disease and mortality
rates were higher in these: earlier studies. Two
deaths occurred shortly after aadministerin ;
the.P.RRS vaccine on Day 46 -- Group 4 had one  death
on Daly 46 and Group 7 had one death on Day 47 -- t
-hic.h w sere probably not associated  



with the administration of the PRR:4 vaccine. By Day
50, Group 8, which received two doses 15 of killed
vaccine, had the highest mortality rate (20%),,
followed by Croup ) (chaalletnge  control) and Group 7
(U5 ug rORF2 - Carbopoi)., with mortality rates of
14.3'No and :13.3%  respectively. Overall, a adm
rinistratio:n of the PRRS vaccine to the challenge
model late is the  past cla hear e observation phase
of this e ample did not sag ificantl inaacreaa_se
mortality  rates. 2tt Gross lesions it.1 pigs with
PM-WS secondary to PCV2 infecion typically consist of
generalized l mphaadenopathy in combination with one
or more of the following: (1i  interstitial pneumonia
-with interlobular edema, (2) cutaneous pallor or
ic.terus, (3) mottled  atrophic lavers.. (4) gastric,
ulcers. (5) nephrites and (6) reproductive disorders.
e,g. aborion,  stillbirths, murn nies. etc. Nt
nec:r-opsy> (:Daay, 50). icte:rtes, hepatitis, and
nephritis were not  225 noted in any gioups A gastric
ulcer was noted in one Group 7 pig, but l raaphaad
raop;a lati  83 WO 2007/094893 PCT/US2006/062662  was
not specii ca!l ' examined for. Based on the presence
of lesions that vs-ere consistent with PCV2
itrifection three 4groups had at least one pig
tentatively diagnosed with PCV2 (PM-WS).  Group 8,
which received two doses of killed vaccine, had 20`N,
tentatively diagnosed with  PCV2, while Group 7 and
Group 4 had 13-;3% and espectively, tentatively
diagnosed  with PCV2. The mean % lung lesion scores
Varied between groups at anecropsv. Groups 1. 2,  3,
4. 6 and 0 had low `N, lung lesion scores that ranged
from 0.11 t3.. S'.'.da to t3.9#0 : 0.1.5%  As e. pt
.feet, Group fit, the challenge control group, had the
highest mean' , hint lesion score  (10 81. In fhnr
groups, the mean % lung lesion scores were elevated
duet to one to  three pigs in each of these groups
having e ry high ltraa lesion scores- 'File lung
lesions were 1 t! red/purple and consolidated.
Typica.lly, lung lesions associated with PMWS are
described as  taaa non-collapsible, and with
imerlobu:laar edema, The lung :lesions noted in this
study were  either not associated with PCV2 infection
or a second pulragoraaar infectious agent atta have  



been present. W'it-hi:11 the contect of this study.
the % lung lesion scores probably do no  reflect a
true measure of the amount of lung infection due to
PCV2. Likewise, tentative 15 diagnosis of pneumonia
may have been over-utilized as tell. .Any pigs with
lung lesions,  some as small as 0. 10% were listed
with a tentative diagnosis of Pilo mornia..tar this
evarirple.  there was no sufficient difference between
groups with respect to gross lesions and % lung
lesions on which to base vaccine ell` caacv 11-IC
results showed the largest diMrences between groups.
Group 1 (16 ltg rOR.F'2 --- I MS 1314) had the lowest
positive I11C results for PCV2 antigen while Groups 9
and  10 had the highest positive IHC results with
incidence rates of 100% and 93.3% re-sped z erl ,
Groups 5, 6 and 7, -which received 16, 4, 1 or 0.275
tg or rORF2 antigen, r-espec ti vela, ,  aclttavanted
wpith Carbopol, had I.F-IC positive rates of 2M'O',
20`,o, 40% and 46.7%.  respectivOy. Group 2, which
received two closes of 16 ug lORF2 adjuvanted with
Carbopol 225 had an 1HC positive rate of 6.7N,,.,
while Croup 4 hich received only one dose of the sam :
84 WO 2007/094893 PCT/US2006/062662  vaccine, had an
11-IC positiz e rate of 133%. Due to the objective
mature of this test and the fact that ii1C results
correlated with expected restdts. 1HC test ng is
probably one of the bast  paran:aeter.s on which to
bass; vaccine efficacy. Thus in one aspect of the
present invention, the Minimum Protective Dosage (MPD)
5 of PCV2 iORF2 antigen aadjuvantcd. with Carbopol in
th ; CDCD pig model in the face of a  .PCV2 challenge
is determined. Groups 3. 3. 6 and 7 each received two
doses of ORF2  antigen acij asatated with Carbopol,
but the level of rORF2 antigen varied for each group.
Groups 3. ?. 6 a ad 7 each received 16, 4, 1 or 0.25
lrg of ORF2 antigen resp;ctively. In  general,
decreasing the les ;l ofrOR.F2 antigen decreased PCV2
antibody titers, and increased tti the mortality rate.
mean % lung lesions, and the incidence of IHC positive
tissues. Of the  four groups receiving varying levels
of rORF2 --- Carbopol, Groups 3 and 5, which received
two doses of 16 or 4 leg of rO .F2 antigen, respecti
ch. each had an IH.C. positive rate of only  



20%. mid each had similar antibody titers. Ov :ralf,
based on IHC posit:is~e results. the  minAimurat
protective dosage of rOR-F2 antigen administered twice
is approsiaatately 4 erg. 15 in another aspect of the
present invention. the antigenicity of recombinant
(rORF2)  and VIDE R- l (vORF2) PCV2 antigens were
assessed. Group 2 received two doses of 1.6 pg  z;ORF
2 and Group 3 received two doses of 16 fag r )RF2.
Both vaccines were adjuN anted  with Carbopol. Both
vaccines were found to be sa.t and both .had 0%
mortality rate. Group  2 had a PCV2 antibody liter of
2507 on Day 25, while Group 3 had a PC `2 antibody
titer of het 1503. Group 3 had a lm er mean % bung
lesion score than Group 2 (0.11 *. 0-18% vus. (190
_-i~  0 15%), but Group 2 had a lower 11-IC positive
incidence rate thaat: Group ` (t;,7'' vs. 2W/,'%).
Overall, both vaccines had similar a antigeraiccita,,
but vORF2 was associated with slightly  better HiC
results. in yet another aspect of the present
invention, the suitability or two different  225
adjuvants (Carbopol and IMMS 1314) was determined.
Groups 1 and 3 both received two  85 WO 2007/094893
PCT/US2006/062662  doses of e aacciatc. containing 16
u" of tOltF2 antigeat, but Group 1 received the
antigen  adtu'vanted with IMS 1314 while Group 3
received the antigen adjiuvartted with Carbopol. Both
groups had essentially the same ADWG, essentially, the
same inc dence or clinical. signs  past chalteaal c,
the same mortality rate, and essentially the same:
mean % ping, lesions: but  Group 1. had an IHC
positive rate of 0% while Group a had an IHC positive
:rat : of 20%.  Ha_ N-cver, Group 3, which received
the vaccine ad_juvattted with Carbopol, had higher
1FAT  PCV2 titers on Days 25, 32, and 50 than Group I,
which. received the vaccine adjuvtiaaa:ted  with IMS
1314. Oce:call., although the PCV2 vaccine adjuvanted
with 1: IS 1314 did provide  better IHC results, it
did not provide ovcrc heh iingbv better protection
fro.ni .PC'V2 infection lit and did induce injection
site reaction, Whereas the PCV2 vaccine aadjuvanted
with Carbot)ol  performed nearly as IN ell as the IMS
1314 aatl#u 3 anted vaccine, but was not associated
with  any adverse events. 



III still another aspect of the present invention, the
feasibility of PCV2 OT .F.2 as a  I iiil. I dose
product was deters mined. Groups 2 and 4 both received
16 ft" of v-ORF2 vaccine  1 aclltaz anted with
Carhopol on Da 0, bait Group 2 :received a second dose
on I)ay 14. Group 4 had a slightly hither ADWG and a
lower mean `ii, lung lesions than Group 2~ but Group
-2 had  higher IFA'TT P V2 titers on Day 25. 32 and
50, and a slightly lower incidence rate of 1-IC
positive tissues. All other results for titcse two
groups were similar, Overall, one dose of  vORF2
adjuvatited with Carbopol performed similar to two
doses of the. same vaaccme. Zit 86 WO 2007/094893
PCT/US2006/062662  We claim; 1. A method fh:r reducing
or lessening the severity of clinical symptoms
associated with PCV2 infection, lessening lh, overall
of an animal, and/or reducing the irrlrrrurrosarppra e
ve effect of porcine  circovirus infection in pigs
coaarprisin a g a porcine c:irccr :irars t pe  2
antigen to a pig. 2. The method of claim 1. wherein
said antigen comprises a protein encoded by a  10 DNA
sequence having at least 80% sequence identity with
ORF2 csf a porcine  circovrrrrs type 2 vrra3.1, 3. The
method of either of claims I and 2. w herein said
porcine;, circovirus type 2  antigen is a
r'ecombiaiant Imculovirus expressed ORF2 aungen. l5 4.
The. mabod of any one of claims l to 3 wherein said
porcine circovirats type. 2  anti e zr is :for
rriaalatc cl and administered is one (:l) .mL per
dose. 5, The m thod of an one or claims i to 4.
wherein said clinical symptoms are  20 selected fiord
the group consisting of lymphadenopath y, lymphoid
depletion.  



turd multirita.cleated or giant histrocvtes. ti, The
method or claim 5, wherein said lyinphadenop th , I
mphoid depletion,  and/or iriultir:nucleated or giant
lrist.o,4tes is in Combination with another  25
symptom selected from the group consisting of
interstitial pneumonia with  87 WO 2007/094893
PCT/US2006/062662  interlobular edema, cutaneous
pallor or icterus, mottled atrophic fivers. gastric,
ulcers , nephritis, pin like lesions, and reproductive
disorders, 7, The method of any one of claims 1 to 6,
wherein said administration occurs in  pigs lass than
15 weeks of age'.. 8. The method of any one of
claai.aaas 1 to 7, wlbeaein said administration occurs
Ill  pigs not older than 3 weeks of age.. preferably
not older Harlan 2 weeks of aage. 10 9. The method of
any one of claim s t to 8, wherein said administration
occurs  within ibout 3 reeks of exposure to aa.
Virulent porcine cireovirus type 2  aantigenn. M The
method of ana one of claims t to 9.1 wherein said
composition further  l comprises at least one
additional component selected from the group
consisting of eterizaaa -acceptaabla carriers.,
lwlaaataazac ethical acceptahlc.  carriers, and
.iaalanunomodulaton, a agents. 11. The method. or any
one of claims t to 10, wherein said a administ:raation
is  0 selected From the group consistiam" of
intraaderr aal, utraattaac lac.aal. intraavaginal,
intramuscular, intraanaasal, irntraa 'e nous,
iratraavasculaar. intraaaartcriaal.
iartaaperitoneaal, oral, irrtraathecal,
subc:utaaneous, ntraacutaaneons, intracardial,
inaralobal. intranrtedullaar-, or intraapulmoaaarar.
88 WO 2007/094893 PCT/US2006/062662  12. The method of
am' one of claims l to 11. wherein the administration
of said 



porcine cirrcovirrus type 2 antigen does not show
adverse events or injection  site reactions, 1.. A
method for improving the level of general disease
resist nce of pits  corral rising administering a
porc:me eircoe, irus type 2. antitgen to a pig. 14. A
process for the production of a medicaruent to:r
reducing or lessening the  scveriti of clinical s
y:rrmptoms associated with PCV2 infection, lessening
the  10 overall porcine circco-virus load of an
aniarial, or reducing the immulnosr.rppressive efiCet
of porcine cireovirr:ts inflection, said process
comprising the Steps of Obtaining a porcine
cir'covirus antigen, and combining said antigen wit
veterinar -acceptable. carriers, pharrr aca trtic al
acce table  carriers, or immurrormrodulatory agents.
l5 15. The process of claim 14, wherein said antigen
comprises a polypeptide  encoded by ORF2 of porcine
circov.irus type 2. 16. The use of a porcine
circovirias type 2 antigen for the preparation of a
20 medicament For reducing or lessening, the severity.
of clinical symptoms  associated with PC'V2 infection,
lessening the overall porcine circovirr.as load  of
all anrinral, and/or reducing the inununrosuppressive
el ct of porcine  crreov>irars infection in pigs.
wherein said medicament is administered to a pig.  89
WO 2007/094893 PCT/US2006/062662  17. The ttse
according to claim 16. wherein said antigen comprises
a protein encoded by a DNA sequence having at least
80%) sequence identity with  ORF2 of a porcine,
circovirrs type 2 virus. 18. Th ; use according to
eittaer of claims l6 and .17 he:re.in said porcine
cir :ovirus type 2 antigen is a recombinant
baculovirus expressed ORF2  antigen. 



19. The use according to any one of claims 1.6 to 18,
wherein said porcine  10 circovirus type 2 antigen is
foi elated and administered in one (1) inl, per  dose.
20. 'File use according to any one of claims 16 to
.19.1 wherein said clinical  symptoms are selected
from the group consisting of lyntphade:nopaathy,  1
lymphoid depletion, and muitini.releated or giant
histiocytes. 21. The use according to claim 20,
wherein said is niphadenopathy, lymphoid  depletion.
and/or multinu.cleated or giant histiociyt cs is in
combination with  another symptom selected from the
myttlp consisting cxf interstitial pneumonia 20 with
interlobular edema, cutaneous pallor or icterus,
mottled atrophic livers.  gastric ulcers nephritis,
pin like lesions, and reproductive disorders. 22 The
use according to any one of claims 16 to 21, vs-herein
said a adnministration  occurs in pigs less than 15
weeks of age. 90 WO 2007/094893 PCT/US2006/062662  23.
The use accordin to an one of claitrrs 16 to 2.2,
wherein said administration occ it s in pigs not.
older tlum 3 weeks of age, preferably not old :r than
2 weeks  of age.. 24. The use acco:rcliraa to any one
of claims f ti to 23, wherein said aclarain.istratio:n
is within about 3 weeks of exposure to a virulent
porcine circovirus type 2  antigen. The use, according
to any one of claims 16 to 24, wherein said
composition  10 further comprises at least one
additional component selected from the group
consisting of veterinary-acceptable carriers,
lrlaaaraaaceaatical-;aceelrtable  carriers, and
immuaiomodulaaton: agents. 1 26. The use according to
any one of claims 16 to 25, ~x he:r ;irr said
administration  



is itrtrader'taral., i:ratratratclrcal,
iartrauagiraarl, intrarararscular. izatranaaal,
intravenous, i.ntravascular, iratraarteriai.
intraperitoneaal, oral. arltratlrccal,  subcutaneous.
intracutaneous. intracaardial, intraloba.l,
intrazrtedtrllar, or  int:rapulnionar. 21 27, The use
according to one of claims 16 to 26, wherein the
administration of  said porcine circov~irtrs type 2
antigen dines not show adverse events or  injection
site reactions. 91 WO 2007/094893 PCT/US2006/062662
25. The use of a porcine circovirus type 2 antigen for
the preparation of a medicament for improving the
level of general disease resistance of pigs,  92 


