
WO 2007/076520 PCT/US2006/062654  MULTIVALENT
PPCV2IMMUNOGENIC COMPOSITIONS AND METHODS OF PRODUCING
SUCH COMPOSITIONS  5 SEQUENCE LISTING This al
pli.cation contains a sequence listing in. -paper
format and in computer readable  format, the teachings
and content of which are: hereby incorporated y
reference. 10 B, CICC3FROI.IND OF THE INVENTION  Field
of the invention 15 One aspect of the present
invention is concealed wiffi the recovery of a protein
expressed by open .reading frame 2 (ORF2.) of porcine
circovirus type 2 (PCV2). More  particularly, the
protein is a recombinant protein expressed by a
transiected virus containing  recombinant coding
sequences :for porcine circovirus type'-), open
reading .frame: 2. Still  more particularly, the
transfected virus is permitted to infect cells in
growth media and the 20 protein expressed by open
reading frame 2 is recovered in the sz.tpernzite,
rather than from  inside the cells. Even more
particularly, the method involves the steps of
amplifying the  open}. readintg .t""r me 2 gene from
porcine circovirus type 2, cloning this amplified
portion into  a first vector, excising} the open
reading, .frame 2 portion from this first vector and
cloning it  into a transfer vector, cotraiisfecting
the transfer vector With a viral vector into cells in
25 growth media, causing the cells to become infected
by the viral vector and thereby express  open reading
frame 2, and recovering the expressed recombinant
protein coded for by open  reading frame 2 in the
supernale. In another aspect, the present invention is
concerned with an immunogenic.  composition effective
for inducing an immune response against PCV2, and
methods for  30 producing those immunogenic
compositions. More particulairly tile present
invention is  i 



WO 2007/076520 PCT/US2006/062654  concerned with an
irz3nmunologi.cal composition e fecth e Bor pros iding
an immune response  that protects an animal receiving
the composition and reduces, or lessens the severity,
of the  clinical symptoms associated PC*%T2 ifection.
Still more particularly, the present  invention is
concerned with a protein-based, immunological
composition that confers 5 effective protection
against infection by PCV2, Even more particularly, the
present, invention  is concerned vvit:h an
immunological composition comprising ORF2 of PCV2,
wwwherein  administration of PC.V2-ORp22 results in
protection against infection by PCV2. Most
Partin.larly, the present invention is concerted with
an immunological composition et active  for
eeonferri.ng O f:ective imnr1 rily to ,. swine
receiving the immunological composition, and  10
wherein the composition comprises the protein
expressed by ORF2 of PCV2. In another aspect of the
Present in ention, combination vaccines or multivalent
vaccines are provided. More particularly, the present
invention provides immunogenic  compositions elective
at inducing an immune response against infection by
PCV2 and at  least one other disease-causing organism
for swine. 15 Description of the Prior Art Porcine
circovirus type 2 (PC Y2) is a small (17 -22 aim in
diameter), icosahedrdl,  non-enveloped'DN.A virus,
which contains a single-stranded circular genome. PCV2
shares  2Q approximately- 18{)% sequence dentity. ,
ith porcine circovirus type I (P V1). However, in
contrast with PCI 1, which is generally nor-virulent,
swine infected with PCV2 exhibit a  syndrome commonly
referred to as Post-weaning ;icl'ultisystemic Wasting
S- c ndronme  (PMWS). PMWS is clinically.
characterized by wasting, paleness of the skin,
unthriftiness,  respiratory distress, diarrhea,
icterus, and jain.dice. In some affected swine, a
combination of 25 all symptoms will be apparent while
other swine will only have one or two of these  le. WO
2007/076520 PCT/US2006/062654  



s ymptoms. During necropsy, t icroscopic and
macroscopic lesions also appear on multiple  tissues
and organs, with lymphoid organs being the most common
site for lesions. A strong  correlation has been
observed between the amount of PC' V2 nticleic acid or
antigen and the  severity of: microscopic lymphoid
lesions. Mortality rates for swine infected with PCV2
can 5 approach 80%, In addition to PMTS, PCV2 has been
associated with several other  infections including
pseudorab.ies; porcine reproductive and respiratory
syndrome (PRRS),  Glasser's disease, streptococcal
meningitis, salmonellosis, posts eaning
colibacillosis,  dietetic hepatosis, and supprlrat ye
bronchopneurntonia. Open. reading frame 2 (OR.172)
protein of PCV2, having an, approximate molecular  to
weight of 0 l::l. a when run on SDS-PAGE gei, has been
utilized in the past as an altigenic  coinponeM in
vaccines for PCV2. Typical methods of obtaining ORF2
.for use in such  vaccines generally consist of a
mplifying the PCV2 DNA coding for ORF2, transfecting a
viral vector with the ORF2 DNA, infecting cells with
the viral vector containing The ORF-2  DNA, permitting
the virus to express ORf'2 protein within the cell.,
and extracting the O.RF2 15 protein from the cell via
cell lysis. T'hese procedures generally take up to
about four days  after infection of the cells by. the
viral vector. However, these procedures have a
disadvantage in that the extraction procedures are
both costly and tinse-consuming.  Additionally, the
amount of ORF2 recovered from the cells is not very
high; consequently, a  large number of cells need to
be infected by a large number of viral vectors in
order to obtain 20 sufficient quantities of the
recombinant expressed protein for use in vaccines and
the like.  Current approaches to :PCV2 immunization
include DNA-based vaccines, such as  those described
in U.S. Patent No. 6,703,023. .Hrstti, t>er, such
vaccines have been ineffective  at conferring
protective immunity against PC4'2 infection and the
clinical signs associated  therewith. 3 WO 2007/076520
PCT/US2006/062654  Pordne .R.epr ducative axed R s
rrutorv a ndr zm a (PRRS) is caused by. a virus wh ch 



was first isolated and classified as an arterivirus as
recently as 1991. The disease syndrome  had been first
recognised in the. USA in the mid .1980's and was
called "myst:er>> sN.O.ne  disease". It has also been
called blue ear disease. The name porcine arteriviros
has been 5 proposed recently. The virus of PRRS has a
particular affinity for the macrophages  particularly
those found in the lung. Macrophages are part of the.
bodfz defences, Those  present in the lung are called
alveolar macrophages. They ingest and remove invading
bacteria and viruses but not in the case of the PRRS
virus, Instead, the virus rmiultipl.ies inside  them
producing more virus and kills the macrophages. Once
it has entered a herd it tends to lt) remain present
and active indefinitely. Up to 40% of the macrophages
are destroyed, which  removes a major part of the
bodies defence nmechanisna and allows bacteria. and.
other viruses  to proliferate and do damage. A common
example of this is the noticeable increase in
severity of enzootic pneumonia in grower/f.nisher
units w Shen they become infected with  PRRS virus. It
may take up to a year for all breeding stock,
particularly in large herds, to 15 become infected for
the first time and although the virus appears to
spread rapidly- in. a herd.,  it may be some 4 -5
months before at least 90% of the sows have become
sego-positi ye. Some  sows remain naive, Furthermore,
it is not uncommon for sow herds 1-2 years after
infection  to contain less than 20'X?) of serological
positive animals. This does not, however, necessarily
mean they are not still immune .nor does it mean that
they have stopped passing on ini nmunity 20 to their
offspring. Adult animals shed virus for much shorter
periods of time (14 day s)  compared to growing pigs
which can excrete it for 1-2 months. The clinical
picture can vary  tremendously from one herd to
another. As a, guide, for every three herds that are
exposed to  PRRS for the first time one will show no
recognisable disease, the second would show mild
disease, and the third moderate to severe disease. The
reasons for this are not clearly 25 understood.
However the higher the health status of the herd, the
less severe the disease  4 WO 2007/076520
PCT/US2006/062654  effects. It in ay be that the virus
is mutating as it multiplies, throwing tip some
strains that are  



highly virulent and some that. are .not. PilRs infects
all types of herds, including high or  ordinary health
status and both indoor and outdoor units, irrespective
of size. A1ycop/at ui hytgmeu uoutiie (x IItyo) is a
small bacterium (400-1200 nm) classified  5 in the n:
tycoplasnmataceae family. Af lzyo is associated with
Enzootic Pneumonia, a swine  respiratory disease
cotnmonly seen in growing and finishing pigs. Al liya
attacks the, cilia of  epithelial cells of the
windpipe and lutes, causing the cilia to stop beating
(ciliostasis) and,  eventually causing areas of the
lungs to collapse. Depending on the extent of the
disease,  daily live weight gain of infected swine can
be reduced by up to 1.7%. Euzootic Pneumonia 10 is
widespread in sNvine populations and present in almost
every swine herd. J hyo is  considered to he a primary
pathogen that facilitates, entry of PRRSV and other
respiratory  pathogens into the lungs. Three separate
strains, 232, J &. 7448, have had their genomes
sequenced (Minion et al., J. Bactetiol. 186; 7123-33,
2004; Vasconcelos et al., .1. Bacteriol.  1157:
5568-77, 2005). 15 Porcine /.zrol:'ifer ive enteritis
is a common diarrheal disease of growing-finishing
and young breeding pigs characterized by hyperplasia
and inflammation of the ileum and  colon. It often is
mild and self-limiting but sometimes causes persistent
diarrhea. severe  necrotic enteritis, or hemorrhagic
enteritis with high mortality. The etiology is the
recently- classified intracellular bacterium L,a
sonicz intraceliuloris . The organism has been
cultivated 20 only in cell cultures, and attempts to
propagate it in cell-.f:ree r tedium have failed.
Koch's  postulates have been fulfilled by inoculation
of pure cultures of L introc:etluiaris into
/n/rszc~c~llzilrzz is  conventionally reared pigs;
typical lesions of the disease were produced, and L
was reisolated from the lesions. The tmre common,
nonhemorrhagic form of the disease  often affects 1$-
to 36-kg pigs and is characterized by sudden onset of
diarrhea. The -feces are  25 watery to pasty,
browN7nish, or faintly blood stained.. After -2 days.
pigs may pass yellow  5 WO 2007/076520
PCT/US2006/062654  



fabrinonecrotic casts that have formed in. the iictrn,
Most affected pigs recover  spontaneously, but a sig
ilieant number develop chronic necrotic enteritis %
ith progressive  emaciation. The hemorrhagic form is
characterized by cutaneous pallor, weakness, and
passage of hemorrhagic or black, tan feces. Pregnant
gilts may abort. Lesions may occur 5 anywhere in the
lower half of the small intestine, cectun, or colon
but are most frequent and  oblivious in the ileum. The
wall of the intestine is thickened, and the mesentery
may be  edematous. The mesenteric lymph nodes are
enlarged. The intestinal mucosa appears  thickened and
.ru ;ose, .tray be covered with a brownish. or yellow
fibrinoraecrotic membrane,  and sometimes has
petec:hial hemorrhages. Yellow necrotic casts may be
found in the ileum 10 or passing through the colon.
Diffuse, complete ntucosal, necrosis in chronic cases
causes the  intestine to be rigid, resembling a garden
hose. Proliferative mucosal lesions often are in the
colon but are detected only by careful inspection at
necropsy. In the profusely hemorrhagic  form, there
are red or black. t:arrc feces in the colon and
clotted blood in the ileum. Bovine Viral Diarrhoea
Virus (1:3VD) and'Border`s Disease are two viruses,
which are  15 in the same group of pestiviruses as the
virus of seine fever (hog cholera) but which
primarily infect cattle and sheep respectively. They
can get into pig breeding herds and cause
reproductive problems. The disease is not a common
cause of infertility in the sow and  would be
considered low on the list of possibilities from a
diagnostic point of view. 2() Le xtosliiPosis is a
contagious disease of anin als, including man, caused
by various  immunologically distinct leptospiral
serovars, most of which are regarded as subgroups of
I,c/xospiru imerrogcros. There are five serovars and
groups which are important in swine:  .poinontr,
austrn//,s, tarr ssov/, can/cola. I
tert~laaer~tt~r'rha icae, and grijp,{ o/1.phosa,
'Infections  may be asympomatic or cause various
signs, including anorexia, pyrex ia. listlessness, 25
jaundice, abortions, stillbirths and other vague
reproductive problems, and death. After acute WO
2007/076520 PCT/US2006/062654  infection. leptospi.ris
.frequently localize in the kidneys or reproductive
organs consisting of  scattered small grey loci of a
focal interstitial nephritis, and are shed in the
urine, sometimes  



in large numbers for months or years. Because the
organisms survive in surface waters for  etitended
periods, the disease is often waterhome. In the USA,
the disease is primarily due to 5 the serovars qpio..v
ttcr lay miv.. Xe tras )ittr /vrrzvn , and I.,ci
tosiVr"ct gr: Brae?~tp ho a. Diagnosis can be.
difficult because antibody titers can be transient,
lasting less than a montlh. Further, Leptospira can
also be found in health ' animals. L. aw trctlis
serovar bratislava is  most commonly associated with
reproductive problems. Chronically infected herds
display  abortions., still births and weak piglets.
lt) Brucellosis is caused by bacteria of the genus
Brutceila and is characterized by  abortion, retained
placenta, inferili.ty, orchitis in boars, and severe
me riti.s in sows. In  piglets, the disease is
clharacterired by posterior paralysis and lameness.
The disease in pigs  is caused almost exclusively by
Brucel/a uis biovars .l. 2, and 3. A number of outer
mammals can carry and transmit Bruce.l/cz suis to
pigs. Infection spreads .r ipidly and causes 15 many
abortions in unvaccinated herds. Transmission occurs
mainly by contact: tOth another  pig, al-though
venereal transmission is possible. Serological
diagnosis can be difficult due to  a. relatively
common organism, Yersinia enieivoo/itica 0:9 ~~liich
shares a common antigen  with Bruce/!.<:a and often
causes false positive results. Post-mortem lesions
usually include  nxetritis and orchitis, and can
include abscessation, sometimes with necorsis foci in
the liver. 20 Cimtrid um is a ubiquitous gra-positivve
bacteria, of the family clostridiaceae,  usually found
in the soil, but also occurs naturally in the gut of
.most animals. C ti(frci/e  infections in swine are
characterized by severe mesocolonic edema, diarrhea.
and edema in  other tissues such as the hydrothorax.
Clostridium enteritis in swine is caused by C.  ei in
e>~r:4, and is characterized by chronic enteritis,
vv-h.ich is accompanied bye diarrliva, 25 -vv-eight
loss and fever. infection with C perfringens types A.
B and C causes severe enteritis  7 WO 2007/076520
PCT/US2006/062654  dysentery.. toxemia, and high
mortality in young caalves. Types B and C: both
produce the  highly necrotizing and lethal P toxin
that is responsible for the severe intestinal dux age.
This  



'toxin is sensitive to proteolvtic enzymes, and
disease is associated with inhibition of  proteolysis
in the intestine. Sow colostrum, which contains a try.
sin inhibitor, has been 5 suggested as a factor in the
susceptibility ol.` young piglets. The disease can
cause sudden  death in piglets less than one week old,
and is most common within > days of birth...1:a. older
piglets, Clostridium enteritis causes a thickening of
the small intestine making absorption of  food and
nutrients difficult, Piglets usually. (lie as a result
of a combination of the infection  and lack of
nutrients, Death may occur in a Few hours, but less
severe cases surveil e for a few to days, and recovery
over a period of see eral days is possible.
Hemorrhagic enteritis with  ulceration of 'the Inucosa
is 'the major lesion in all species. Grossly, the
affected portion of  the intestine is deep bluepurple
and appears at first glance to be an infarction
associated with  mesenteric torsion. Smears of
intestinal contents can be examined for large numbers
of  gram-positive, rod-shaped bacteria, and filtrates
made for detection of toxin and, subsequent  15
identification by neutralization with specific
antiserum. "lostri fhan not-nri has been suspected but
not yet confirmed as a cause of sudden  death in
cattle and pigs fed high-level grain diets, and in
which pro-existing lesions of the  liver were not
detectable, The lethal and necrotizing toxins
(primarily a toxin) damage  hepatic parenchyma.
thereby permitting the bacteria to multiply and
produce a, lethal. amount: 20 of toxin. Usually, death
is sudden with no well-defined signs. Affected animals
tend to lag  behind the herd, assume sternal recutr
bency, and die within a few hours, Most cases occur in
the summer and early fall when liver fluke infection
is at its height. The disease is most  prevalent in l-
to 4-yr-old sheep and is limited to animals infected
with liver flukes.  Differentiation from acute
fascioliasis may. be difficult, but peracute deaths of
animals that 25 show typical lesions on necropsy
should arouse suspicion of infectious necrotic
hepatitis,  8 WO 2007/076520 PCT/US2006/062654  The
most ul a.racetistic lesions are. the grayish yellow
necrotic foci in the liver that o. en.  follow the
migratory tracks of the young :flukes. Other common
findings are an enlarged  



pericardial sac .filled with straw-colored fluid, and
excess fluid in the peritoneal and thoracic  cavities.
Usually=_ there is extensive rupture of the
capillaries in. the subcut, aeous tissue,  5 which
causes the adjacent skin to turn black (hence the
common name, black disease). Clostrridiwn sep/icum is
found in soil and intestinal contents of animals
(includ_ing  man) throughout the world. Infection
ordinarily occurs through contamination of wounds
containing devitalized tissue, soil, or some other
tissue-debilitant. Wounds caused by  accident,
cartrationn docking, insanitary vaccination, and
parturilion may become infected. 10 General s ris.,
such as anorexia, intoxication, and high .fever, as
well as local lesions, develop  within a fe}~s hours
to a few days after predisposing inju y.. The local
lesions are so-ft  swellings that pit on pressure and
extend rapidly because of the formation of large
quantities  of exudate that infiltrates the
subcutaneous and intramuscular connective tissue of
the  .f'Cected. areas. Accumulations of gas are
unconmmon. Malignant edema associ.a.ted with.  15
lacerations is characterized by marked edema, severe
toxemia, and death in 24-48 hr. Tetanus toxemia is
caused by a specif.c.neurotoxin produced by Clostri
llu)n to ani .in  necrotic tissue. Almost all mammals,
including swine. are susceptible to this disease.
Although tetanus is worldwide in distribution, there
are some areas, such as the northern  Rocky Mountain
section of the USA, "here the organism is .rarely.
found in the soil and 20 where tetanus is almost unkno
n, In general, the occurrence of C:" tetemi in the
soil and the  incidence of tetanus in mats is higher
in the warmer parts of the various continents.  O
sstricrium te&mi, an anaerobe with terminal, spherical
spores, is found. in so.il and .intestinal  tracts. In
rilost cases, it is introduced into the tissues
through wounds, particularly deep  puncture wounds,
that provide a suitable anaerobic environment. 9 WO
2007/076520 PCT/US2006/062654  Infection with
Salmonella :sfpp cats. produce diarrhea in, animals of
all ages, especially those that are stressed, closely
stocked, or exposed to a heavily contaminated feed or
water  supply. Sal.monellosis is caused by marry
species of salmonellae and characterized clinically  



by one or more of three major
syndromes------septicemia. acute enteritis, and
chronic enteritis. 5 The incidence has increased with
the intensification of livestock. production. Although
,various types of Salmonella can cause infections in
pings the classic salmonellas Bound in  swine are -".
Choierae uis and S. t ~lazt rtttitct t, Their
resulting clinical patterns of most  salmonella are
not distinct and different species of salmonellae tend
to differ in their  epidemiology, Plas.nii.d profile
and drug-resistance patterns are sometimes useful
markers for to epidemiologic studies. aepticemic
salmonellosis is often associated with S
clwle:raesuis.  Infected piglets demonstrate a
reluctance to move, anorexia, a high fever of 40.5C -
41.6C,  and may= have a shallow cough. Piglets may
also be found dead with cyanotic e: trenmities. S
choleraesu.Y is one of the -rare diseases that can
cause both pneumonia. and diarrhea and  mortality of
infected piglets is often high. Enterocolitis is
generally associated with the more 15 common ,S tx
t7ltlttt2.tt zt ttt. infections are characterized by
yellow or 3 waterv.y diarrhea that .may,  contain
blood or mucus as the infection progresses. Mortality
is low and often associated  with dehydration and
potassium deficiency from the diarrhea. 'Feces of
infected animals can  contaminate feed and water,
fresh and processed meats from abattoirs, plant and
animal pasture and rangeland, and many- inert
materials,  products treed as feri:il.izers or
feedstuffs, 20 Although S cholemesuis is rarely found
in feed, It can also be passed directly through
contact with an infected animal. Salmonella can
survive for months in wet, warm areas such  as in
-feeder pig barns or in water dugs*uts. Rodents and
wild birds also are sources of  infection. The
prevalence of infection varies among species and
countries and is much  higher than the incidence of
clinical disease, which is commonly precipitated by
stressful  if) WO 2007/076520 PCT/US2006/062654
situtions such as sudden deprivation of eed,
transportation, drought. cro ding, parturition,  and
the administration of some drugs. . sckeHefxia coif is
a bacteria of the enterbacteriaceae family and is one
of the main  



types of bacteria naturally occurring in the snail
intestines of all nmarnnmals. Although.  5 usually
harmless, some E coil strains can produce a number of
exo- and endotoxins that cause infection and disease.
Heat-labile (LT) and heat-stable (ST) esoitoxins are
actively produced  by some strains and are responsible
for causing scour. Shigela-like toxin type it variant
(SLT l le). Stx2e and verotoxin edema disease act on
the wall of the small arteries resulting in  oedema.
Endotoxins, such as Lipid .a, play a role in mastitis
and urinary tract infections. E. 10 coil infection is
characterized by a number of'di.f 'erent symptoms
depending on the particular  strain in-wlv'ed,
including diarrhea. sunken eyes, unthrrftiness,
visible R eight loss, stunted  gro .w-tl , depression,
bowel edema, mastitis, cystitis, pyelonephritis and
death, E. coli can be  classified and coded by .their-
cell wail (0 antigens) and .in briar (F ai- tigens).
For example,  scour is often associated with E. cols
Abbotatow.vn: 0147, F4, F5. ti Whereas bowel edema is
l5 associated with R8 :limbbriae. Correctly
identifying the code is essential to the selection of
the correct Vaccine. E coil infections co.mprornise a
pig's immune system and deaths are  often the result
of secondary infections and disease. Swine Pox is a
disease which causes skin lesions, paules, pustules
and scabs: 1 iex ~t#rrr~;,fatxx~r~.ri is a Rieke
ltiiz3.l. (lia.enioi (yphic) disease caused by
I..'PPeiyttlz ra r>ota  20 sruic. an extracellular
bacterial organism that adheres to pig erythrocyte
meirxbraiaes, .inducin  its deformation and damage.
The disease is characterized by anemia and icterus
(yellow  discoloration of mucous membranes, sclera and
inner ears), It can lead to poor conception  rates,
other vague reproduction problems, and even death. Hog
cholera also known as Classical x wirine Fever (CSF')
or African Seine Fever  25 (ASF) is a disease caused
by a. F.laviviridae virus. which is an enveloped RNA
virus, or in the  11 WO 2007/076520 PCT/US2006/062654
case of ASF, an enveloped DNA. virus that is related
to the Pox. viruses. Clinically, CSF and  ASF are
indistinguishable. The first symptoms are a decrease
in activity and drowsiness with  some anorexia. and
the swine may appear chilled. Nkithiri days, pigs
present with a marked  



fever (4i-42 degrees Celsius)r which is sometimes
accompanied by a reddening of the skin. 5 Next: pigs
develop a conjunctivitis and constipation leading to
yellowish diarrhea. In herds,  the pigs will appear
chilled and t gill often huddle together. A, fim: pigs
may convulse before  dying. Pigs start to die with a
spreading purple discoloration of the skin and death
often  occurs within 10-20 days post-infection.
Surviving pigs will. oftentimes be affected by a
severe retardation of their growth and arched bails.
In established herds:v piglets infected 10 from their
mothers during pregnancy can result in abortion, mum
ification, malformations,  still births and weak horn
piglets. Piglets born from CSF-inf'ecled mothers may
remain  healthy but continually spread the disease
throughout their lives. .Ftneatttcrrmi : pa.4
`eurellksi,S and Streptococci me caused by Paswurelia
trtt.liocida and  various species of streptococci,
typically S. suii. infection by the cabal ageu.t:
generally  l5 represents the final stage of the post-
v'eaning respiratory syndrome. Clinical signs appear
in three fo.rrrms, the acute form is most corimmonly
associated with P. n-lullocida serotY_pe R.  animals
present with dyspnoea, labored breathing, thumping,
high fever (42.2 Celsius),  prostration, and finially
death. In some cases the abdomen becomes purple with
discoloration.  A. second form is a sub-acute form it
is characterized by pleuritis. coughing, and difcully
in 20 breathing. Pigs can loose significant amounts of
weig it and may have poor or no grow-di  pith serious
consequences in pig flow, The chronic form presents w
ith the occasional cough;  thumping, and little or no
fev er. This form generally affects pigs from 10-16
weeks of age. Streptococcal rrwnrin~gitis causes
-inflammation of the meninges i hich are the
membranes covering the brain. In the sucking piglet it
is usually caused by Streptacoccuv  25 Buis,
Haernophilus parosuis, or sometimes bacteria such as
E. coil and other streptococci.S  1,2 WO 2007/076520
PCT/US2006/062654  ,ruts has many serotypos. Ilh. most
countries S. ,saris type 1 is the main one in sucking
Piglets,  but this may not be true in other countries,
For example in Denmark it is type 7. S sutis also
causes joint problems particularly types .l and 14. S.
suis is carried for long periods in the  



tonsils and may be transmitted to the sticking piglet
from the so vv or from other piglets. `l he 5 sow also
provides a variable level of immunity in the
colostrum. Streptococcal meningitis in  sucking
piglets is sporadic in individual piglets.
Streptococcal meningitis may be w -o.rse in,  sucking
pigs h Shen the organism has been introduced into the
herd for the first ii ne, or where  it is secondary to
infection with PRRS. Peudarabies, also known as
porcine rabies i:rus, Suid herpes virus in c Which.
the  10 causal agent is an enveloped herpes DNA
-virus. In. naive herds, neonatal pigs present with a
range of severe central nemmis signs from fitting to
severe in coordination. Posterior  paralysis may
result in piglets sitting in a manner that resembles
dogs. Additionally,  mortality is high. In weaned
pigs, the central nervous signs may be reduced but may
be  accompanied by an increase in respiratory signs.
Oftentimes, respiratory diseases are 15 associated
with secondary infections. Weaned pigs can waste and
sufi'er ill thrill: and are  often stunted, In growing
pigs, the central nervous signs continue to .reduce
while the  respiratory signs increase. The degree of
respiratory disease depends on the presence and,
severity of secondary infections. In adults,
reproductive signs predominate. Sows may abort  and
animals infected close to term are likely to give
birth to stillborn or weak piglets. In  20 established
herds, there may be few clinical signs. Swine Zi
fluettza Virus causes swine flu and belongs to the
influenza Type .A virus  group. In naive herds.
clinical signs may present in explosive outbreaks with
all or many  animals becoming ill at the same time.
Animals may present with inactivity, depression,
hhxddlingipilling and anorexia. The animals are often
mouth-breathing and breathing is 25 labored. Coughing
may ensue upon movement. Other clinical signs include
a nasal  13 WO 2007/076520 PCT/US2006/062654
discharge and puffy- eyes with rectal temperatures
between 40.5 --- 4!.5 Celsius. The high  temperatures
in a breeding stock can result in abortions,
infertility, production of small weak  litters, and
.increased still births, in established herds. annual
reinfection appears. 



Spirochaet<il colitis is caused by the Rnwhywpi a p
1/arieo/ bacteria. This infection  5 generally effects
10-20 vvweek old grovversltTnishers. It is
characterized by a non-fatal wasting  diarrhea of
growing pigs that results in. an increased number of
days needed to firnish, The  diarrhea also results in
reduction in feed efficiency and produces watery
diarrhea or loose.  stools. About half of the pigs may
show transient to persist to watch > to mmucoid green
to  brownish diarrhea without blood, The clinical
signs are more conwnon :10-14 days after  10 mixing
and changing of the feed. Swine dysentery is caused by
the bacteria .Brae/.. rpira ~zv~~i };r rxrizr> i{~ .
There are  twelve known sero4typees at this time.
Clinical signs in established herd include diarrhea, a
rapid loss of condition in some pigs, a hairy
appearanice, dehydration, painful abdomen, and  the
death of one or two pigs before other pigs shove any
signs. In a key outbreak in l5 herds, all age groups
from suckling piglets to adult sows can be effected.
Transmissible gastroent~ ritis is a disease of the
intestines caused by a t t7.rt~nsic irtis. It  is in
the sane family as porcine respirator corontavirus,
epidemic diarrhea virus, and  henrnagglutinating
encephalomyelitis virus. Initial clinical signs are
watery diarrhea,  vcomiting, and anorexia. Piglets
less than 21 days of age generally die, weaners become
20 unnthrifty, while growvers, finishers, and adults
are generally mildly affected and will survive if
provided wv-itl1, adequate water. .Parvovirus is a
disease ct aracterired by reproductive problems in
pigs, The causal  agent is a small. DMA non-enveloped
virus. Fetuses are the only affected ~g)roup and the
ell'ect  on the fetus depends upon the age at which it
becomes .infected. At 10 30 days Of age, 25 infection
results in death and reabsorbtion of the fetus.
Between 30-70 days of age, infection  14 WO
2007/076520 PCT/US2006/062654  results in death and
mummification. And from 70 days to to m, infections
result,, in the birth  of weak piglets and
mummification. The disease is able to cross the
placenta and then move  to each fetus along the
uterus. In the sow, the clinical signs are still
births, nzrunnritied  



piglets, embryonic deaths, infertility- and the
production of a signi:icantly reduced number of  5
live-bon offspring. Abortion is not a characteristic
feature o.f partvovirtus .infection. Actinobari/lus
t/eurgpnernwnia, also known as APP and Haemoplrilus
pleuropneummnia, is caused by the : 4Mno&w.illus
plet.opnen nonO bacteria. 'There are  currently '15
serovi.rus described and the severity of the clinical
signs differ between the  dif 'rent serovirus and the
presence of other flactors. Sero-virus L 5. 9.. 10,
and IT. are 10 considered to be more
v.irulent..Additiona ly, serovirus 1, 9, and 11; 2, 6,
and 8; and 4 and 7  Max.- cross-react. Pigs of all
ages are susceptible. Clinical signs are a sudden
illness that  results in animals lying dot n a lot and
presenting a high rectal temperature of 41.5 Celsius,
Animals are generally anorexic and do not drink, their
e: tremities become cyanotic and cold  to the touch.
Cyanosis can spread to the whole body and severe
breathin 15 with mouth breathing, develop before
death. Blood-stained froth can be seen at the mouth
and nostrils and death generally occurs within 24-48
hours. Acute clinical signs include a  high percentage
of animals in a group being, depressed and lying down.
high rectal  temperatures of 40.5 -- 41" Celsius,
anorexia, lack of drinking, severe respiratory
distress, motrilz bre rthing, cyanosis, vomiting, and
abortion. Sub-acute clinical signs  C-011 2include
intermittent coughing in a group of pigs, a general
loss of appetite, and a reduction in  ;rowth. Cyrovar
type 3 presents with arthritis, endocarditis, and
abscesses. In chronically  effected herds, daily ~.
eight gain may not be afected, but an intermittent
cough may be  heard. GUssers Disease is caused. by the
bacterium 1ii4einopp1tihis p aiwsuis (Hps), of which
2:7 there are at least fifteen different types. It is
found throughout the world and organisms are  15 WO
2007/076520 PCT/US2006/062654  present even in. high
health herds. If such herds are set up using SPF oor
MEW techniques and  are free from Hps, it can be
devastating when they first become contaminated,
producing an.  



alithra -like disease with high. mortality in sows, In
the rrra)cyrit >> of herds in which the  bacterium is
endemic, sows produce a. strong maternal immunity -c
Which normally persists in 5 their offspring until 8
to 12 weeks of age. As a result... the effects of the
infection in weaners  are usually nil or minimal.
Disease may however be seen in suckling pigs. Pigs
usually  become srib-cliriicall~-- infected when still
protected by maternal antibody and then stimulate
their own immune response. If ho-,.ever, the maternal
immunity wears off before they  become infected they
may develop severe disease. This is usually sometime
after weaning. It 1 tT can also act as a secondary
pathogen to other major diseases particularly enootic
pneumonia  (EP) (Atycop1asma hyop),newnoriiae).
Outbreaks of disease are sometimes experienced in
sucking pigs, particularly in gilt herds. Hps attacks
the smooth surfaces of the joints.  coverings of the
intestine, l wigs, heart and brain causing
pneurimonia, heart sac infection,  peritonitis and
pleurisy. It is respiratory spread. Disease caused by
Pips is rare in se =s unless 15 the drv sow is naYve.
Lameness or stiffness, slight swellings over the
joints and tendons, and  rarely meningitis, are
occasionally seen in gilts. In piglets, acute disease
presents >ith  rapidly depressed pigs with elevated
tenmperatu.re, inappetence. and a reluctance to rise.
One  characteristic feature is a. short cough of 2-3
episodes. Sudden death in good sucking piglets  is not
uncommon. T-Ips is also known to cause individual
cases of arthritis and lameness with 20 fever and
inappetence. Chronic disease is characterized by pale
and poor growing pigs.  Sudden death may also occur.
For weaners and gro\. ers, pigs it:It glassers disease
become  rapidly depressed or may be just found dead.
Other symptoms include elevated temperature,
anorexia, a reluctance to rise, nervous signs such as
fits and convulsions including  meningitis, and poor
pigs, that are wasting and diair often result, in
young growing pigs, the 25 fdllo'% ing symptoms are
most common: fever, 'mild meningitis, arthritis,
lameness,  16 WO 2007/076520 PCT/US2006/062654
ptneumonia, heart sac infection, peritonitis and
pleurisyy. Again, a. characteristic feature is a
short cough of only 2-3 episodes. 



Exudative epide.i'm tis is caused, by the
bacteriunt.5`~i~fa 2)lo o kt~,r vicus which lives
normally on the skin without causing, disease. it is
not f noxvii why sometimes it flares up and  5 causes
a dermatitis which oozes greasy fluid. It produces
toxins which are absorbed into the system and damage
the 'liver and kidneys.. the sucking piglet disease is
usually confined to  individual animals, but it can be
a major problem in new gilt herds and weaned pigs.
During:  the days immediately preceding farrowing, the
bacter-iu multiples profusely in the so 's  vagina so
that piglets are. infected during the birth process or
soon thereafter. Symptoms in 10 sows include uncommon
but localised lesions may be seen particularly behind
the face and  eyes. Severely affected piglets will
die. In piglets, sy nin .Ttoms include localised
lesions on the  flanks and behind ears. Lesions
usually commence wit:l, small, dark, localised areas
of  infection astound the face or an the legs. The
skin along the flanks the belly. and between the
leers changes to a brown color- gradually involving
the whole of the body.. The skin becomes 1 s
vv>ritikled wv>ith flaking of large areas and it has a
greasy feel. In severe cases, the shin turns  black
due to necrosis and the piglets die. A i-nore
localised picture is seen rf~ the sow has  passed some
immunity to the piglet, v3dth small circumscribed
lesions approximately 5-1 Omm  in diameter that do not
spread. For -i enviers and growers, symptoms usually
commence about  3 days after weaning with localised,
brown areas ofin.fection ordermat:itis around. the
face or 20 on the 'legs, where the skin has been
damaged. It may ulcerate. The skin along the flanks
the  belly and between the legs changes -to a brown
colour gradually involving the wvhole of the  body.
'The skin becomes wrinkled with flaking of large areas
and progresses to a dark greasy  texture and in severe
cases turns black. Such cases usually die due to the
toxins produced by  the staphylococci organisms. In
nurseries tip to 15% of the population nmay be
involved and  25 dehydration is common. 17 WO
2007/076520 PCT/US2006/062654  Swine a ysipelas is
caused by a. bacterium.. Etyripeioi/irix ihuriopat
riae that is found in most if not all pig farms. 'Up
to 501% of animals may carry it in their tonsils. It
is always  



present in either the pig, or in the environment
because it is excreted via saliva, .feces Or urine.
it is also found in many other species, including
birds and sheep, and can survive outside the 5 pig for
a few weeks and longer in light soils. Thus it is
impossible to eliminate it from a herd.  Infected
-feces are probably the main source of infection,
particularly in. growing and finishing  pens. The
bacterium alone can cause the disease but concurrent
virus nfections, such as  MRS or influenza., May
trigger off outbreaks. :Disease is relatively
unconirmin in pigs under  8-12 weeks of age due to
protection provided by, maternal antibodies from the
sow via the 10 colostrum. The most susceptible animals
are growing pigs, non vaccinated gilts, and up to 4th
parity sews. The organism multiplies in the body, and
invades the bloodstream. to produce a  septicaemia.
The rapidity of multiplication and the level of
immunity in the pig then  determines the clinical sy
mptoms. Eperytl r(c)zoonosis (Epe) is a disease caused
by a bacterium called.  15 Iattf2rrru~t~ai:s suis
which attaches to the surface of red blood cells and
sometimes  destroys them. J be pig may, then become
anaemic and the products left after the destruction
of the cells may cause jaundice. Clinical disease is
more con)monly seen in Young growing  pigs. However ii
can also cause reproductive problems in the breeding
herd.A sow may carry  Epe and yet remain quite
healthy, however, it can cross the placenta resulting
in weak- pale 20 piss at birth. Epe is present in most
if not all herds but the mechanisms which allow it to
become pathogenic and produce disease in some
populations and not i.n. others are unl noivrn.  The
incidence of disease is low. E cephalomyoc:ardiis, or
EMC, infects and causes disease in a wide range of
vertebrate wimals but pigs appear to be the most
susceptible of farm animal species. The  25 virus is
world-wide but differs in pathogenicity- and virulence
in different countries and  is WO 2007/076520
PCT/US2006/062654  regions. in. most countries of
Europe, particularly those .in the EL J_ tends to be
relatively  mild or non-pathogenic and disease in pigs
is rarely diagnosed. In Australi,a the strains  



appear to be much more virulent for pigs than those in
New Zealand. Virulent strains in  Florida. the
Caribbean and probably Central America damage the
heart and cause death 5 whereas those in the Mid West
of the US tend to cause reproductive problems.
Clinical.  disease in pigs tends to occur when rat nu
bers increase to plague levels, Pigs can be  infected
from rats or from rat-contaminated feed or water. It
does not seem to spread vecy:  readily between pigs.
In affected herds there are usually no clinical signs
in i earned and  growing pigs. TO Auujeszky's disease.
or AD, is an important disease of pigs caused by.. a
herpes virus.  The tiros can remain. hidden in .nerves
of the pig in a carrier st rte for long periods of
time and  then be reactivated. Once introduced into a
herd, the virus usually remains there and it can
continually affect reproductive perfornnance at
varying levels. The virus can survive for up to  three
weeks outside the pig. Acute outbreaks of disease
occur when virulent strains of the 15 virus first
infect ari unvaccinated susceptible herd. The virus
crosses the uterus and placenta  and infects the
foetuses. The pig is the main host. HozLever, dogs and
cattle may also  become in('ected, show nervous signs.
and die. Porcine Cy't'onmegalovi. us 1.14cetioa (PC V)
is caused. by a herpes virus found in.  the tissues
throughout the body including the nose of =NA.-,born
piglets where it causes  20 inflanttiation (rhinitis).
PCMV is present throughout the world and exist:,, in
most if not all pig populations but most infections
are sub-clinical and clinical disease is rare.
Serology  carried out in the UK. for example,
indicates that over 90% of herds have been exposed to
infection. The rhini'tis produced by this virus is
uncommon and occurs mainly in newborn  pigs and has no
relationship to atrophic rhinitis caused by the
toxin-producing; bacteria 25 .Past eztrelk?
iwiiocid/C7. In most herds therefore the i n.fection
is insignificant and apart from  19 WO 2007/076520
PCT/US2006/062654  sometimes causing a mild sneeze has
no majo.r ef'f'ect on the health of the pig. Blue Eye
Disease is a viral disease 'that. causes nervous
symptoms, reproductive  



failure and opacity or blueing of the cornea. It is
seen nniinly in Me ico but has also b+ en  reported in
other countries. It is not seen in Europe. Syr ptoms
include inappetence, corneal 5 opacity nervous signs
such as fits and convulsions, a tendency. to sit like
a  dog, fever, increased returns, increased weaning to
mating intervals, stillbirths, mummified  piglets,
high mortalit  in piglets, swollen testicles, and loss
of libido. Japanese B Encephalitis Virus (E) is a
virus spread by mosquitoes and is only  important in
countries mhere the insects are prevalent. 'lost,
domestic animals are affected. It  1.0 causes an
encephalitis in the human. The pig is an important
source of infection. Symptoms include mummified or
stillborn piglets, nervous signs in piglets such as
fits and convulsions,  acid oedema fluid iii. piglets.
It can also cause infei ti.litY attd s~ o:llen
testicles in boars.  Porcine Epidemic Diarrhoea (P D)
is caused by a. coronavirus somewhat similar to that
which causes TGE. This virus is widespread in Europe.
The virus damages the villi in the  '15 gut thus
reducing the absorptive surface, with loss of f'l'uid
and dehydration. After  introduction of the virus into
a susceptible breeding herd, a strong inimunrtty
develops over  two to three xveeks. The colostral
immunity then protects the piglets. The virus usually
disappears spontarwously from breeding herds
particul.arl~. small ones (< 300 sows). Acute
outbreaks of diarrhoea occur when the virus is .first
introduced into a susceptible population. 20 In such
cases tip to .l 0011,1% of sows may be affected,
showing a' mild to vei n rsatert> diarrhoea.  Two
clinical pictures are recognised: PET) ` ype I only
ti'l 'ects growing pigs whereas .PET  Type 11 affects
all ages including sticking pigs and mature sows. The
incubation period is  approx.irnalely 2 days and
diarrhea lasts for 7 to 14 days. In sucking pigs, the
disease can be  mild or severe with mortalities up to
40%. In large breeding herds. particularly if kept 25
extensively, not all the .f=emales may become infected
'first time around and theie may be  2(l WO
2007/076520 PCT/US2006/062654  recrudescence. This
only- occurs in piglets suckling from sows witii no
maternal antibodies  and is therefore sporadic. 



Porcine Respiratory C oraiua Virus Infection (.P.R.CV)
first appeared in pigs in  Europe some ten years or
more ado. it is related to but distinct from TGE
vinis, which is  5 another corona virus. It is thought
to spread between thnns on wind and so it is extremely
difficult to keep herds tree from it. Infection of
:ein takes place in the sucking pig at 2 to 3  weeks
of age but is not of importance. It may have an effect
on laze tissue when other  respiratory pa:ilxogens are
present in chronic respiratory disease complexes.
Sort's usually  present no symptoms, but coughing may
occur in the presence of other respiratory agents 1.0
coughing. may be associated. In piglets, a. transient
cough may be present. In weaners and  growers, herds
exposed for the first time have .few if any signs of
disease. The most common  symptom. is a transient
coughing lasting only a few hours. Rotav'irus
infection is a virus infection that is Nvidespread. in
pig populations. It is  present in most if not all pig
herds with virtually a 100% sero-conversion in adult
stock. A  15 further epidemiological feature is its
persistence outside the pig iN-bere it is resistant to
environmental changes and. many disinfectants.
Maternal antibodies persist for 3-6 weeks  after which
pigs become susceptible to infection but exposure does
not necessarily .result in  disease. It is estimated
that only 10-15% of diarrheas in pigs are initiated by
a. primal  rota.virus infection. In a mature herd,
disease appears after piglets are 7 to 10 days of age.
It 20 becomes progressively less important: with age.
However if pathogenic strains of E. coh are  present,
severe disease can occur with her y mortality. Rabies
is caused by a virus and considered a.iare disease in
pigs. It is invariably fatal  in all species including
the human -- hence its importance. Rabies is absent
from the U.K but  present in may other countries
throughout the world. Infection in piglets and sows
-is rare. In 25 sows, weaners. and growers, the onset
of disease is sudden with symptoms that include a 21
WO 2007/076520 PCT/US2006/062654  nervous twitching of
the face muscles, fits and convulsions, rapid.
chewing. salivation,  muscles that May go into
spasrtm, and posterior paralysis may occur. Death
usually takes  



place within 3 days. Swine Vesicular Disease (SVD) is
a different virus from the virus that causes foot  5
and mouth disease (FMD). Howwwev=er, it produces a
disease in pigs that, is clinically  indistinguishable
from FNID, This disease should always be considered if
sudden  widespread lameness appears with vesicles or
blisters on the snout, tongue and tops of the  claws.
Tubes culosis affects mammals, including people,
birds, and swine. The causal  10 oruanis.rn,.t
;rt>cr~hczc1erirarrz iraherLwlbsis, is subclassified
into types, human, bovine and avian.  `.I-he avian
type is referred to as M. (whoa or more often, the
~~3}ian/i zirac .1l rlcrr a complex  because it is not
a uni.tbri a species. M' avium itself'infects - ainly
birds but is also .fi)und in  the environment along
sit:h tf in/race/lu/are which is predominantly
saprophytic or free  living. Pigs are rarely infected
by the human or bovine types but are commonly infected
by 15 the avian/in-tracellulare complex. The
criiian..' rr rceyl/rrlcrre complex. also causes
sub-clinical  non-progressive infection in healthy
people. The main concern is that it could cause i .ore
serious disease in inununo-suppressed people and
people with AIDS. In most countries if  lesions are
.found in. the neck at slaughter the whole head is
condemned and if they are found  in the mesenteric
lymph nodes which drain the intestines the oft'als are
condemned, if they 2t3 are more vvidespread in the
body.- which is rare, the whole carcass t may be
condemned or  cooked. If small lesions are missed by
the meat inspector normal kitchen cooking destroys
the organism. In all pits, infection causes small
nodules in the lymph nodes of the neck and  those that
drain the small intestine. In the great majority of
cases the lesions are non- progressive. axes do not
spread through the body, do not make the pig, ill and
are not 25 excreted. There are no clinical symptoms
and there is no difference in performance between  22
WO 2007/076520 PCT/US2006/062654  infected and
non-infected pigs. The virus qf re'ticular'
extrrtthe-inrr of swine (1'ES) is ditierent from those
causing  



foot-and mouth disease (F;tID) and swine vesicular
disease tS '1) but it produces a disease  in pigs that
is clinically indistinguishable from FMD and SV*D.
Unlike.FMD, it only effects 5 pigs. Symptoms include
low{: mortality, but: there rrray be some deaths in.
suckling piglets.  Other symptoms include
salivation..inappetazrc , and vesicles around the
mouth, nose, tonnguce  and feet. Vesicular Stomatifis
(VS)causes a disease that occurs mainly in South and
Central  America,, occasionally in the LISA and rarely
as epidemics extending as far North as Canada  10 and
as far South as Argentizna. The VS virus produces a.
disease in pigs that is clinically indistinguishable
FMD, WD and YES. Most often however infection. of pigs
is subclinical.  in all pigs, infection Is
characterized by drooling saliva, foot lesions and
lameness, a  reduction in growth rate, a rise .in body
temperature to 4041C (106-10 7.l`) the appearance  of
vesicles (blisters) up to 30 mni diameter on the nose.
lips, and teats and around the coronets 15 of` the
-feet vv-hick may make the pigs lame. Mortality is
usually low and most pigs recover in  one to two
weeks. Atrophic :Rhinitis, Progressive and
Uoptogteessive Disease which causes  inflarnnartion of
the nose and it can be caused by a. variety of
bacteria and irritant substances.  During the process
of infection, the delicate structures or turbinate
bones in the nose become 20 danmag>ed and atrophy or
disappear. Progressive atrophic rhinitis describes a.
specific disease  ti here the nose tissues permanently
atrophy. It is caused by specific toxin producing
strains  of P reurella rnultoeWia (Pelt). There are
two types A and D. In sucking pigs, sneezing.
snuffling and it nasal discharge are the first
symmrptoms. but in acute outbreaks where there is
little maternal antibody, the rhinitis may. be so
severe to the extent that there is haemorrhage 25 from
the nose. By three to four weeks of age and from
weaning onwards, there is evidence of  23 WO
2007/076520 PCT/US2006/062654  tear staining and
malformation of the nose associated v ith t"isting and
shortening. Severely  affected pigs may. have problems
eating. "There is considerably reduced daily gain. In
severe  



row to marl et Z ei ht. outbreaks pigs nay? not,
Eastern eqWn encephaiatuyehtic viruses (EEEV) are
members of the Ail;~havirus  5 genus f'amily
Togaviridac. EEEV can be transmitted to equities and
humans during the bite  c?fan infected. r xosqu~to. In
addition to horses and humans, EEEV can produce severe
disease  in common livestock. species such as swine
and cattle. EEEV, or virus-specific antibodies,  have
been recovered from birds such as the Curl; e >,
pheajsa rt, quail, ostri c.h, and emu, among.
c?thers. 10 My-coplasaz a ar7tluifis is caused by A
t.co:?Ias a Rios noviae infection. This  arthritis, is
characterized by inflammation of one or more joints
atxd is common in X 11 sucki x4  and growing pigs and
sows. How ever, it is rare in piglets. infection in
swine is also caused by. adden rirus and heirs
girctinatin  euc~e h alorryelitts virus. 15
Accordingly, w hat is needed in the art is a method of
obtaining OR.E2 protein, which  does not require
extraction of the ORF2 protein from within infected
cells. What is f rher  needed are methods of obtaining
recombinant ORI2 protein in quantities sufficient for
e,fficien.tly preparing- vaccine compositions. Wiat is
still further needed are methods for  obtaining OR F2
protein which do not require the complicated and
laborrintersive methods 20 required by the current
ORF2 protein extraction protocols. Finallcy, with
respect to  compositions, what is needed in the art is
an immunogenic composition which does confer
protective immunity= against PCV%2 infection and
lessens the severity of or prevents the  clinical
signs associated therewith. 2.5 SUN MARY OF THE
INVENTION  24 WO 2007/076520 PCT/US2006/062654  The
present invention overcomes the problems inherent in
the prior art anal provides a distinct advance in the
state. of the art. Specifically, one aspect of the
present invention  



provides improved methods of producing and/or
.recovering recombinant PCV2 ORF2  protein.. i) by
permitting infection of susceptible cells in culture
-tv-itb a recombinant virtu 5 vector containing PCV2
ORF2 DNA. coding, sequences, i.v-herein ORF2 protein
.is e: pressed  by the recombinant viral vector, and
ii) thereafter recovering the ORF2 in the supernate.
It  has been unexpectedly discovered that ORF2 is
released. into the s ipernate in large quantities  if
the infection and subsequent incubation of the
infected cells is allowed to progress past the
typical prior PCV 2 ORF2 re-cover= process, which
extracts the PCV2 O:1 .P2 from within 10 cells. it
.furthermore has been surprisingly. found, that .PCV
ORF2 protein is robust against  prototypical
degradation outside of the production cells. Bab.
findings together allow a  recovery of high amounts of
PCV2 ORF2 protein from the supertnate of cell cultures
infected  with recombinant viral vectors containing a
PCV2 ORF2 DNA and expressing the PC "2  GIZl:^ 2
protein. High amounts of :PC.:V2 ORF2 protein means
more than about. 20 pg/itiL 15 supernate, preferably.
more than about 25 tfg/mL, even more preferably more
than. about 30  pg/ml,., even more preferably more
than about 40 .tg/mL, even more preferably more than
about 50 n /n,L. even more pre:fer,~Wy more than about
60 p tmL, even amore preferably  more than about 80
ltg/nil,, even more preferably more than. about 100
teg/mL, even more  preferably more than about 150
Ig/ri ., most preferably- than about 190 tg mL.
'T'hose 20 expression rates can also be achiev=ed for
example by the methods as described in Examples I  to
3. Preferred cell cultures have a cell count between
about 0.3 - 2.() x'106- cells/ tmmL, snore  preferably
from about 0 5 - 1.9 x 10 cellshuL, still more
preferably from about 0.4 - 1.8 x- I0 cells/niL. even
more preferably from about 0.45 - 1,7 x 1Qt cells/niL,
and most preferably 25 from about 0.5 - 1.5 x. 10
cells;mL. Preferred cells are determinable by those of
skill in the  25 WO 2007/076520 PCT/US2006/062654
art. Preferred cells are those susceptible for
infection. with an. appropriate recombhinant viral.
pressing the PCV2 0' F2 protein. Preferably  



vector, containing a PCV2 C)ItF2 DNA and ex l~ the
cells are insect cells, and more preferably, they
include the insect cells sold under the  trademark Sf
insect cells (Protein Sciences Corporation, eriden,
CT). 5 Appropriate growth media vv-ill also be
determinable by those of skill in the art with a.
preferred growth media being serutn-free insect cell
media such as fxcell 420 (JRT:J  Biosciences, Inc.,
Lenexa.. KS) and the like, Preferred viral vectors
include baculovirus such  as BaculoGold (BD
Biosciences Pharmingen, San Diego,. CA), in particular
if the. production  colts are insect cells. Although
the baculovirus expression. system. is preferred., it
is to understood by those of skill in the art 'that.
other expression systems will work .for purposes of
the present invention, namely the expression of PCV2
ORF2 into the supernatant of a cell  culture. Such
other expression systems may require the use of a
signal sequence in order to  cause ORF2 expression
into the nmedia. It has been surprisingly discovered
that when ORF2  is produced by a baculovirus
expression system, it does not require any signal
sequence or 15 further modification to cause
expression of ORF2 into the media. 1t is believed that
this  protein can independently .form virus-like
particles (journal of General Virology Vol. 81, pp.
2281--2287 (2000) and be secreted into the culture
supemate. The recombinant vial vector  containing the
PCV2 ORF2 DNA sequences has a preferred multiplicity
of infection (MO1.)  of between about 0.03 -1.5, more
preferably front: about: 0.05 - .1.3, still more
preferably from 20 about 0.09 - I.1, and most
preferably from about 0.1 - 1.0, when used for the
infection of the  susceptible cells. Preferably the
MOIs mentioned above relates to one niL of cell
culture  fluid. Preferably. the method described
herein comprises the infection of 0.35 - 1.9 x 10
cells/ml, still more preferably of about 0.4 - 1.8 x
106 cells/mL, even more preferably of  about 0.45 - T
.'7 x 10 cells/mL, and most preferably of about 0.5 -
1..5 x I O cells/niL with a 25 recombinant viral
vector containing a PCV'" ORF2 DNA and expressing the
PC'V2 ORE 26 WO 2007/076520 PCT/US2006/062654  protein
having a MO! (multiplicity of infection) of between
about 0.03 - 1.5, more preferably  



fro.ni about 0.05 - 1.3, still more preferably from
about 0.09 - 1. 1., and most preferably from  about
0.1 - .l . . I lie infected cells are then incubated
over a. period of tip to ten days. more preferably  5
from about two days to about ten days, still more
preferably from about four days to about  nine days.
and most preferably from about five days to about
eight days. Preferred  incubation conditions include a
temperature between about 22 - 32-T, more preferably
from  about 24 - 30"C. still more preferably from
about 25 - 29C. even.more pr.elerably- from about  26
- 28C., and most preferably about 27C. Preferably, the
81 cells are observed following 10 inoculation for
characteristic baculovrus-induced charities. Such
t}bsen ation may include  monitoring cell density
trends and the decrease in viability- during the
post-infection period.  It was found that peak viral
titer is 6bserved 3-5 days after infection and peak
ORF2 release  from the cells into the supernate is
obtained bets eeri days 5 and 8. and/or when cell
viability  decreases to less than 1)%. 15 Thus,, one
aspect of the present invention provides an improved
method of producing  and:'or recovering recombinant
1'CV2 OR1Z2 protein, preferably in amounts described
above,  by. i) permitting infection of a number of
susceptible cells (see above) in culture with a
recombinant viral vector .illi a M.01.s defined above,
ii) expressing PCV2 Op.P2 protein by  the recombinant
viral vector, and W) thereafter recovering he PCV2
OR:p2 in the supernate 20 of cells obtained betwen
days 5 and 8 after infection and/or cell viability
decreases to less then .l 0%. Preferably, the
recon.ibinant viral vector is a recombinant
baculovi.rus containing,  PCV2 ORF2 DNA. coding
sequences and the cells are SP- cells. Additionally,
it ispreferred  that the culture be periodically
examined for macroscopic and microscopic evidence of
contamination or for atypical changes in cell
morphology during the post-infection period. 25 Any
culture exhibiting any contamination should be
discarded. Preferably, the expressed  27 WO
2007/076520 PCT/US2006/062654  OR72 recombinant
protein, is secreted by the cells into the surrounding
growth media that  



maintains cell viability. The ORF2 is then recovered
in the super.ate surrounding the cells  rather than
from the cells themselves. The recovery process
preferably> begins 'c itb the separation of cell
debris from the  5 expressed ORF2 in media via a
separation step. Preferred separation steps include
:iil.traation.  centrifugation it, speeds up to about
20,000`g, continuous flow centrifugation,
chromatographic separation using ion exchange or gel.
filtration, and. conventional  immunoainiti methods.
Those methods are known to persons skilled .in the art
for example  by (Harris and Angel. (eds.), Protein
purification x ethods - a practical approach, TRL
press 10 Oxford 1995). The most preferred separation
.methods include centrifugation at speeds tip to
about 20,000xg and filtration. Preferred filtration
methods include dead-end inicrofiftrat:ion  and
tangential flow (or cross flow) filtration including
hollow fiber filtration dead-end micro  f`iftration.
Ofthese.... dead-end n icraliltratia>n is preferred.
Preferred pore sizes for dead-end  mi.crofiltration
are between about 030 - 1.35 pia, more preferably
beh-veen about (05 - 1.25 15 gig, still more
preferably between about 0.40 - 1.1t) gm, and most
preferably between about  0.45 - 1..0 um. It is
believed that any conventional filtration membrane
will work for  purposes of the present invention and
polyetherstulfone membranes are preferred. Any. low
weight nucleic acid species are removed during the
filtration step. Thus, one .further aspect of the
present invention. provides an unproved method of  20
producing and/or recovering recombinant PCV2 ORF2
protein, preferably in amounts  described above, h i)
permfttinag infection of a number o.f'susceptible
cells (see above) in  culture with aa. recombinant
viral vector with a MOI as defined above.. ii,)
expressing PCV  OR.F2 protein by the recombinant:
viral vector, .iii) recovering the .PCB 2 ORF2 in the
supemate of cells obtained between days s 5 and S
after infection and/or cell viability. 25 decreases to
less then 10%, .and, iv) separating cell debris from
the expressed PCV2 o.R:P23  28 WO 2007/076520
PCT/US2006/062654  via a separation. step. Preferabl ,
the recombinant viral vector is a bac_ulov.irus
containing  



ORF2 :ONA coding sequences and the cells are S' ,V+
cells. Preferred separation steps are those  described
above. Most preferred is a dead-end na crofaltration
'using a nac mbrane having a  pore size between about
030 -1.35 ftm. more preferably between about 0.35 _.
1.25 um, still 5 more preferablr:. between about 0.40
- l.1 tl ftm. and most preferably between about 0.45
l.0  4uu. For recovery of PCV2 ORF2 that will be used
in an in mtunogenic or immunological  composition such
as a vaccine,, the inclusion of an inactivation step
is preferred in order to  inactivate the viral vector.
An "'inunuuwgenic or immunological composition" refers
to a 10 composition of matter that comprises at least
one antigen which elicits an immunological  response
in the host of a cellular and! or antibody-mediated
immune response to the  composition or vaccine of
interest, Usually, an ttinununological response"
includes but is not  limited to one or more of the
.lollowwing effects: 'the production or activation of
antibodies, B  cells, helper T cells, suppressor T
cells, aand/br c:ytotoxic T cells and/or yd T ells.,
directed. 15 specifically to an antigen or antigens
included in the composition or vaccine of interest,
Preferably, the host will display either a therapeutic
or protective immunological response  such that
resistance to new infection will be enhanced and/ or
the clinical severity of the  disease reduced. Such
protection will be demonstrated by either a reduction
or lack of  symptoms normally displayed by an infected
host, a. quicker recovery time and/or a lowered 20
viral titer in the infected host. Thus, the present
inv=ention also relates to method of producing  and/or
.recovering recombinant PCV2 ORF2 protein, preferably
in amounts described above,  by 1) permitting
infection of a number of susceptible cells (see above}
in culture with a  recombinant viral vector with a
MO:I as delaned above, ii) expressing :PC v ORF2
protein by  the recombinant viral vector:. i1)
recovering the PCV2. ORF2 in the supernate of cells
.25 obtained between days 5 and,,", after infection
and/or cell viability decreases to less then 10%, '2
29 WO 2007/076520 PCT/US2006/062654  iv) separating
cell debris from the expressed PCV2 ORF2 via a
separation. step, and v)  



inactivating the recombinant viral vector.
Preferably'. this inactivation is done either Just
before or just after the filtration stept  with after
ae filtration step being the preferred time for
inactivation. Any conventional  5 inactivation method
can be used for purposes of the present invention.
Thus, inactivation can be performed by chemical
and./or physical treatments. in. preferred forms, the
volume of  harvest fluids is determined and the
temperature is brought to between about 32 - 44'110C,
more  preferably between about 34 - 40'C, and most
preferably between about 35 - 39C. Preferred
inactivation .methods include the addition of cy
clizeci binary ethylenimine (13E.t), preferably 1.0 in
a concentration of about I to about 20 mlvi, more
preferably of about 2 to about 10 noel:,  still m?re
preferably of about. 2 to about ti mM, still more
preferably' of about 3 to about 7  mlbl., and most
preferably of about 5 mM. for e: ample the
inactivation includes the addition  of a solution of
2-bromoethyleneamine hydrobronAde , preferably of
about 0,4M, which has  been cyclized to 0.23M. binary
ethyl emir e (BEI) in 0.3N .Nla.OH., to the fluids to
give a final 15 concentration of about 5m-NI BEI,
Preferably . the fluids are then stirred continuously
for 72 - 96 hours and the inactivated harvest -fluids
can be stored frozen at -40C or below or between
about I - 7C. After inactivation is completed, a
sodium thiosulfate soluution, preferably at  I OM is
added to neutralize any. residual BE L Preferably, the
sodium thiosuculfa e is added in  equivalent amount as
compared to the BEI added prior to for inactivation.
Fur example, in 20 the event BE.1 is added to a final
concentration of 5mM, a LOM sodium thiosulfate
solution is  added to give a -final minimum
concentration of 5 mkt to neutralize any residual 13EL
Thus. one further aspect of the present invention
relates to a method of producing  recombinant PC`V2
ORF2 protein, preferably.in amounts described above,
by i) permitting  infection of a number of susceptible
cells (see above) in culture with a recombinant viral
25 vector with a .MOL as defined above; H) expressing
PCV ORF2 protein by the recombinant  30 WO 2007/076520
PCT/US2006/062654  viral vector, lit) recovering the
PCV2 O.RF2 in'the supernate of cells obtained between
days 5  



and 8 after infection acrd/or Cell viability decreases
to less then 10%%, iv) separating cell debris  from
the expressed PCV2 ORp2 via. a separation step, and v)
inactivating the recombinant  viral vector.
Preferably, the recombinant vector is a bacul.ovirus
containing OR.F2 DNA 5 coding sequences and the cells
are SF's- cells. Preferred separation steps are those
described  above, most preferred is the filtration
step. Preferred inactivation steps are those described
above. .Preferably, inactivation is performed between
about 35 - 39C and.in the presence of  2 to 8 nikf
BEI, and still snore .preferably in the presence of
about 5 .nmM BE!. It has been  surprisingly found,
that higher concentrations of BBI negatively a.1-Tect
the PCV2 ORF2  10 Protein. According to one further
aspect. of the present iavention, the xmethod
described above  also includes a neutralization step
after step v).tpis step vi) comprises adding of an
equivalent amount of an agent that neutralizes the
inactivation agent within the solution.  Preferably,
if the inactivation agent is EEl, addition of sodiwn
thiosulfacte to an equivalent 15 amount is preferred.
Thus, according to a further aspect, step A) comprises
adding a sodium  thiosuiffrte solution to a final
concentration off about I to about 20 mM, preferable=
of abort 2  to about 10 iritM, still more preferaibly
of about 2 to about. 8 m.M4. still galore preferably
of  about 3 'to about 7 ii-Al most preferably of about
5 rriM, when the inacti-Nv ation agent is B:l^I. In
preferred. farms and especially in forms that will use
the recombinant PCV2 O.R.F2  20 protein in an
inullunogenic composition such as a vaccine, each lot
of harvested ORF2 will  be tested for inactivation by
passage in the anchorage dependenrt, haculovirus
susceptible 5t+  cells. In a preferred form of this
testing. 15t1 cm of appropriate cell culture monolayer
.is  inoculated with LO n , of inactivated PCV2 fluids
and maintained at 25 - 29C for 14 days  with at least
tww'o passages. At the end of the maintenance period,
the cell monolavers are 25 e: amined for c
topathogenic effect (CPE) typical ofPCV''2 ORF2
baculovirus, Preferably,  31 WO 2007/076520
PCT/US2006/062654  positive virus controls are also
used. Such controls can consist of one culture of S.R
cells  



inoculated with a non-inactivated reference PCV2 ORF2
baculovirus and one flask of Sf+  cells that remain
uniaoculated. ,:Miler .incubation and passage, the
absence of virus-infected  cells in the 1311 treated
viral fluids wotld constitute a satisfactory
inactivation test. The 5 control cells inoculated with
the reference virus should exhibit CPE  pical of PC'
'2 OR  baculovirus and the. uninooulated flan- should
not exhibit any evidence of PCV2 ORF2  baculovinas
CPE. Alteratively, at the end of the maintenance
period, the supernatant  samples could be collected
and inoculated onto a Sf+- 96 well plate, which has
been loaded Sf-t- cells, and then maintained at 25 w
291C for 5 - 6 days. The plate is then fixed and  10
stained with anti.PC"2 ORF2 antibody conjugated to
FI.TC.C. The absence of t. PE and ORF2  expression, as
detected by IPA tnicoscopy, in the BE[ treated viral
fluids constitutes a  satisfactory inactivation test.
The control cells inoculated with the reference virus
should  exhibit CPE and IFA activity and the
uninoculated.flask should not exhibit any evidence of
PC 2.ORP2 baculovi.rns CPE and contain no JFA
activity. 15 '.t'hus a further aspect of the present
invention relates to an inactivation test for
determining the of ective;ness of the inactivation of
the recombination viral -vector,  comprising, the
steps: i) contacting at least a portion of the culture
fluid containing the  recombinant viral vector with an
inactivating agent, preferably as described above, ii)
adding;  a neutralization agent to neutrfalize the
inactivation agent. preferably as described abovev and
20 iii) determining the residual infectivity by the
assays as described above. A further aspect of the
invention relates to a method for constnicting a
recombinant  viral vector containing PCV2 ORF2 DNA and
expressing PCV2 ORF2 protein in high  amounts, when
i.nf'ected into susceptible cells. It has been
surprisingly found that the  recombinant viral vector
as provided herewith expresses high ainounts, as
defined above, of 25 PCV2 ORF2 after infecting
susceptible cells. Therefore, the present invention
also relates to  3'2 WO 2007/076520 PCT/US2006/062654
an improved method for producing and/or recoverit:ne
of PCY2 ORF2 protein, preferably  



comprising the steps o'f: constructing a recombinant
viral vector containing PCV 2= OR F2  D NIA and e .pre
si'rtg PCV2 ORF2 protein. Preferably, the viral vector
is a recombinant  baculorvirus. Details of the method
for constructing recombinant vi.ntl vectors containing
5 PCV2 ORFZ DNA and expressing PCV2 ORF2 protein, as
provided herewith, are described  to the following: In
preferred forms the recombinant viral vector
containing PCV2 ORF 2  DNA and expressing PCV2 ORF2
protein used to infect the cells is generated by
transfecting  a transfer vector that has had an ORF2
gene cloned therein into a viral vector. Preferably,
only the Portion of the transfer vector , that
contains the ORF2 DNA is 'transtected into the it)
viral vector. The term "trwisfected into a viral
vector" means, and is used as a Synonym f(--,r
"introducing" or "cloning" a heterologous DNA into a
virail vector, such as for example into a
baculovir'us vector. The viral vector is preferably
but not necessarily a baculovirus. Thus, according to
a further aspect of the present invention, the
recombinant viral  vector is generated by
recombination between a transfer vector containing the
heterologous  15 PCV2 ORF2 DIVA and a viral vector,
preferably a bacuilorvir us, even more preferably a
linearized replication-deficient baculoti irus (such
as :Baculo Gold DNA). A " traunsfer vector"  means a
DNA molecule, that includes at least one origin of
replication, the heterologouus  gene, in the present
case PCV? OR ''2, and DNA sequences which allow the
cloning of said  heterologous gene into the viral
vector. Preferably the sequences which allow cloning
of the 20 lteterologous serve into the viral vector
are flanking the heterologous gene. Even more
preferably, those flanking sequences are at least
homologous in parts with sequences of the  viral
vector. The sequence homology theft allows
recombination of both molecules, the viral  vector,
and the transfer vector to generate a recombinant
viral vector containing the  heterologous ;gene. One
preferred. transfer vector is the pVL'1392 vector (13D
:Biosciences 25 Pharmingen), ~-sihich is designed for
co-transfection with the BaculoGold DNA into the  33
WO 2007/076520 PCT/US2006/062654  preferred Sf+ cell
line, Pre.ferably,. said transfer vector comprises a.
PCV2 OR.12 DNA. The  



construct: co-transfected is appro>drnalely 10,397
base pairs in length. In more preferred forms, the
methods of the present in'vcation will begin c d-& the
isolation of PCV'2 ORF2 DNA. Generally, this can. be
from a knm-Nm or unknown strain as  5 the ORF2 DNA.
appears to be highly conserved with at feast about 95%
sequence identity ;eiie l novvn in the art can. be
used for purposes  between different isolates. Am-
PCV2 ME? of the present invention as each would be
expressed into the supernate. The PCV ORF2  ether with
the  DNA is preferably. amplified using PC.R methods,
even more preferably tog introduction of a. 5'
11w.king Kozak's consensus sect . once (CCGCCAI'C) (SE
Q ID NO 1.)  to and or a 3' flanking EcoRi site
(GAATTC) (S. EQ ID NO 2). Such introduction of a 5'
Kozak's consensus preferably removes the naturally
occurring start codon AUG of PCV2  CRF2, The 3 ` EcoR
i site is preferably introduced downstream of the stop
codon of the PCV2  OR.F2.Nffore preferably it is
introduced downstream of a poly. A transcription
termination  sequence, that itself' is located.
downstream of the P(..-V2. ORF2 stop colon. 11 has
been .found, 15 that the use of a Kozak's consensus
seq ence,. in particular as described above, increases
the  expression level of the subsequent PCV2 ORF2
protein. The amplified PCV2 ORF2 DNA,  with these
additional sequences, is cloned into a vector. A
preferred vector for this initial  cloning step is the
pCEM-T-Easy Vector (Promega, Madison, WI). The PPGV2
ORF2 DNA  including some pOl M vector sequences (SEQ
ID NO: 7) is preferably> excised from the  2o vector
at the Noel restriction site. The resulting DNA is
then cloned into the transfer vector.  Thus, in. one
aspect of the present inv:enztion, a.r method for
constructing a recombinant  viral vector containing
PCN12 ORF2 DNA is provided, This method comprises the
steps: 1)  cloning a recombinant PCV2 ORF2 into a
transfer vector; and li) transfecting the portion of
the transfer vector containing the recombinant PCV2
ORF2 into a vir ii vector. to generate 25 the
recombinant viral vector. Preferably, the transfer
vector is that described above or is  



34 WO 2007/076520 PCT/US2006/062654  constructed as
described above or as exemplarily shown in Figure 1.
Thus according to a  further aspect, the transfer
vector, used :R_)r the construction of the recombinant
viral vector as  described herein, contains the
sequence of SEQ ID NO, 7. According to a further
aspect, this method .further comprises prior to step
1) the  S following step: amplify ying the PCV2 OR.P2
DNA in vitro, wherein. the flanking sequences of  the
FICV2 ORE" .f)NA are modified as described above. In
vi%ro methods for ampiil'ing the  PCV2 ORl 2 DNA and
modif gins} the flanking sequences, cloning in vitro
amplified PCV2  ORF2 DNA into a transfer vector and
suitable transfer vectors are described above,
exemplarily shot m in Figure 1, or krro c vrr to a
person skilled in the art. ` hus according, to a 10
.further aspect, the present invention relates to a
method for constructing a recombinant viral  vector
containing, PCV2 ORF2 DNA and expressing PCV2 ORF2
protein comprises the steps  of. i) amplifying PC V2
ORF2 DNA in vitro, therein the flanking sequences of
said PCV'2  ORF2 D.NA are modified, ii) cloning the
amplified PCV2 ORF2 DNA into a. transffer vector;  and
iii) tr,rnsfecting the trans.l'er vector or a portion
thereof containing the recombinant: PCV2 15 O'RP2 DNA
into a viral vector to generate the recombinant viral
vector, Preferably, the  modification of the flanking
sequences of the PCV2 ORF2 DNA is performed as
described  above, e.g. by introducing a 5' Kozak's
sequence and for an EccoR 'F site, preferably as
described above. According to a further aspect. a
method of producing and/or recovering recombinant  20
protein expressed by open reading frame 2 of PCV2 is
provided. The method generally.  comprises the steps
of: is cloning a reconit}irtant P(. V2 ORt'2 into a.
transfer vector; ii)  transfecting the portion of the
transfer vector containing the recombinant 'PCV2 ORP2
into a  virus; iii) infecting cells.in media with the
transferred virus; iv) causing the trwsfected virus
to express the recombinant protein from PCV2 ORF2; v)
separating cells from tlxe supernate;  2:5 and vi)
recovering the expressed PCV2 ORP2protein.from the
supemaie. 



:5 WO 2007/076520 PCT/US2006/062654  felbods of how to
clone a recombinant PCV2 ORF2 DNA into a transfer
vector are described above. Preferably, the transfer
'ector contains the sequence of SEQ 1:17 O:3, SEQ  ID
NO:4, or SEQ ID O:7. l: owev.er, the transfer vector
can contain any P('.Vf 2 ORF2 DNA,  unmodified or
modified, as long as the PCV2 C).RF2 DNA, when
trans.l:ected into a 5 recomb rant viral c ector, is
expressed in cell cult .ire. Preferably, the
recombinant viral vector  comprises the sequence of
SEQ ID NO:8. Nforeover,, methods of hm to infect
cells,  preferably- how to infect. insect cells with
a. defined nun ber of recombinant baculovirus
containing PCV2 ORF2 DNA and expressing PCN 2 ORF2
protein, are described above in  detail. 1'l.oreover,
steps of separating cells from the supernate as well
as steps for recovering 10 the expressed PC'I` 2 Q.RF2
protein are also described above in. detail. A xy of
these specific  process steps, as described herein,
are part of the method of producing and/or .recoverin
recombinant protein expressed by open reading frame 2
of PCV2 as described above,  Preferably, the cells are
SF+ cells. Still more preferably, cell cultures, have
a cell co wit  between about 0.3 - '2.0x. 10'>
cells/nI.T.., morel .ref. rabl from about: 0.35 - 1.9
x 10'> cc>lls/ mL, 15 still more preferably from about
0.4 - 1.8 x 10c' cellshx)L, even more preferably from
about:  0.45 - 1.7 x 10'> eclls/mL, and most
preferably from about 0.5 - 1.5 x 1O" cellstniL.
Preferably, the reconhbinant viral vector containing
the PC'% 2 ORF22 DNA has a preferred  niultiplicit `
of infection (M l) of between about 0.03 - 1.5, more
preferably from about 0.05 1... still more preferably
from about 0.09 "~ 1. 1, still more preferably from
about 0.1 1.0.  20 and most preferably to about 0.5. r
hen used for the infection of the susceptible cells.
Preferably, recovering of the PCV2 ORE2 protein in the
supernate of cells obtaked between  days 5 and 1;
after infection and"'or cell viability decreases to
less then 10%o. Preferably., for  producing PCV2 ORF2
protein, cells are cultivated at. 25 to 29CC.
Preferably, the separation  stop is a centrifugation
or a filtration step. 36 



WO 2007/076520 PCT/US2006/062654  Optionally- this
method can include the step of amplifying the PCV2
ORF.2 DNA. from a. strain of PC:V2 prior to ctoz ing
the PC"V2 ORE2 :DNA into the transfer vector. in.
preferred forms, a S' Kozak',,-, sequence, a 3` EcoRi
site, and combinations thereof can also he  added to
the amplified seeence, preferably prior to or during
amplification. A, preferred 5' 5 Kozak-'s sequence
comprises SEQ :1D NO: 1. A preferred 3' EcoRl site
comprises SE-0, ID  NO: 2. Preferred .PCV2 ORF2 DNA
comprises the nucleotide sequence Genbank Accession
No. AF086834. (SEQ ID NO: 3) and SEQ ID NO, 4.
Preferred recombinant PCV2 ORF2  protein comprises the
amino acid sequence of SEQ II) O: 5. which is the
.protein encoded  by SEQ ID NO; 3 (Gonbank Accession
No. AF086834) and SEQ ID No: 6, t ih.ich is the 10
protein encoded by SEO IUD NO: 4. A preferred media
comprises serum-free insect cell  media; still more
preferably Excell 420 media. When the optional
amplification step is  performed. it is preferable to
first clone the amplified open reading frame 2 into
af.rst vector.  excise the open reading frame 2 from
the first vector, and use the excised open reading
.flame for cloning into the transfer veator. .'A.
preferred cell line for cotrans ec tir~r: is the 5F4-
cell  I5 line. A preferred virus for cotransfection is
haculovir s. In preferred forums of this nmettiod,
the tr .isfected portion of the transfer vector
comprises SEQ ID NO: 8. Finally, for this  method, it
is preferred to recover the PCV2 open reading frame 2
(ORF2) protein in the cell  culture stpernate at least
5 days after infecting the cells with the virus. Thus,
a further aspect of the invention. relates to a method
for producing atnd/or  20 recovering the PCV2 open
reading frame 2, comprises the steps: i) amplifying
the PCV2  ORF2 :DNA in viiro,. preferably by adding a
5' Kozak's sequence a=d/or by adding a 3'  EcoRl
restriction site, ii) cloning the am lifed PCV2 ORF2
into a transfer vector; ilia)  tra<3sfecting the
portion of the transfer vector containing the
recombinant :PCM. OM into a  vircs; h') infecting
cells itt media z vith the rarisfected virus: v)
causing the transfected vines  37 WO 2007/076520
PCT/US2006/062654  



to express the recombinant protein from.PCV2 ORl~2;
vi) separating cells from the supernate;  and vii)
recovering the expressed PC\f2 ORF2 protein front the
sripernate. A further aspect of the present invention
relates to a method for preparing a  composition
comprising. PC V2 ORF2 protein, and inactivated viral
vector. This method  5 comprises the steps: i) cloning
the amplified PCV2 O 2 into a transfer vector; ii)
transfecting the portion of the transfer vector
containing the recombinant PCV2 ORF2 into a  virus;
iii) infecting cells in media. with the transfected
viral vector; iv.) causing the  traunsfected -viral
vector to express the recombinant protein .fiotn PCV2
ORF2; Y) separating  cells from the supernate; vi)
recovering the expressed PCV2 O:RF2 protein from the
10 supernate; and vii) inactivating the recombinant
viral vector. Preferably. the recombinant  viral
vector is a baculovirus containing ORF2 DNA coding
sequences and the cells are SF+  cells. Preferred
separation steps are those described above, most
preferred is the .filtration  step. Preferred
inactivation steps are those described above.
Preferably, inactivation is  performed between about
35 - 39C and in the presence of 2 to 8 niM f3Fl, still
more 15 preferably in the presence of about 5
nmM:.13.1;.1, ft has been surprisingly fond, that
higher  concentrations of BET negatively affect the
PCV2 ORF2 protein, and louver concentrations  are
-flat of ective to inactivate the viral vector , ithin
24 to 72 hours of inactivation.  Preferably-,
inactivation is performed for at least 24 hours, even
more preferably for 24 to 72  hours. 20 According to a
further aspect, the method for preparing a composition
comprising  PCV2 ORE2 protein, and inactivated viral
vector, as described tibove_ also includes a
neutralization step after step vii). This step viii)
comprises adding an equivalent amount of an  agent
that neutralizes the inactivation agent wvxth.itn. the
solution. Preferably, i.fthe inactivation.  agent is
BE1:, the addition of sodium thiosulf:ate to an
equivalent amount .is preferred. Thus, 25 according to
a further aspect, step viii) comprises adding a sodium
thiosull'ate solution to a  3$ WO 2007/076520
PCT/US2006/062654  



final concentration of about "l. to about 20 Wert.,
preferably of about 2 to about 10 mM. still  more
preferably of about 2 to about l; mM. still mare
preferably of about 3 to about 7 ntNwl.  most prefer,
bly of about 5 "mM, v ;,hen the .inactivatton agent's
BEL According to a further aspect, the method for
preparing a. composition comprising,  5 PCV2 ORF2
protein. and inactivated viral vector, as described
above, comprises prior to step  i) the 'following
step. amplifying the PCY2 ORI`2 DNA h? nitro, wherein
the flanking  sequences of the PCV2 ORF2 D A are
modified as described above, In vitro methods for
ampli"4 ink the PCV2 ORi/2 D' A. and modifying the
flanking sequences, cloning in vitro  amplified PCV2
O-RF27 DNA into a transfer vector and suitable
transfer vectors are described 10 above, exemplarily>"
shown in Figure "I" or known to aperson skilled in the
art. Thus according  to a further aspect, this method
comprises the steps: i) amplifying PCV2 ORF2 DNA in
vitro,  v Therein the 11ulki.ng sequences of said PCV2
ORF2 DNA are modified, ii) cloning the  amplified PCV2
ORF2 DNA into a transfer - vector; and iii) t-rat
sfeu"ting the transfer vector or  a portion thereof
containing the recombinant PCV2 ORF2 DNA into a viral
vector to 15 generate the recombinant viral vector,
iv) infecting cells in media with the transl:ected
virus;  v) causing the transfec(ed virus to express
the recombinant protein from PCV2 ORF2; vii)
separating cells from the supernate; vii) recovering
the expressed PCV2 OR F21 protein from  the supernate;
viii) inactivating the recombinant viral vector,
preferably, in the presence of  about t. to about 210
rnNf BFI, niost preferably in the presence of about 5
n.M. BF.f; and ix) 20 adding an equivalent amount of
an agent that neutralizes the inactivation agent
within the  solution, pre.terably, adding of a sodium
th.iosulfate solution. to a final concentration of
about  I to about 2.0 preferably of about 5 nmM,
vvlien the inactivation agent is BE!. In another
aspect of the present invention, a method for
preparing a composition,  preferably an antigenic
composition, such as For example a vaccine, for
invoking an .inmmune  25 response against PCV2 is
provided. Generally, this method includes the steps of
transfecting  39 WO 2007/076520 PCT/US2006/062654  



a. construct into a virus, wherein -ibe construct
comprises i) recombinant.D\A from ORF2 of  1?C;L2, ii)
infer ling cells in growvtli media. with the
transfected virus, iii) causing the virus to  express
the recombinant protein from PCV2 ORF2, iv)
recovering; the expressed O1 .P2  protein from the
supernate, vv) and. preparing, the composition by
combining the recovered  5 protein with a. suitable
ad-ljm.vant and/or other pharmaceutically acceptable
carrier. Adjuvants" as used herein, can include
aluminum hydroxide and aluminum  phosphate, saponins
e.g., Quit A, QS-2l (C'aiiibridge Biotech lnc,,
Cwiibridle MIA). OPt- 0100 (CGalenica Pharmaceuticals_
I3irininghairi, AL), water-in-oil emulsion,
oil-.in.-water  emulsion, r .Fter in-of}.-iir-c ::rter
emulsion. The emulsion. can be based in particular on
light 10 liquid paraffin oil (Eurr'opean
Phannacopeatype); isoprenoid oil such as squalaire or
squalene  oil resulting from theoligomerization of
alkenes. in particular of isobutene or decene; esters
of acids or of alcohols containing a linear Mlkyl
group, more particularly plant oils, ethyl  oleate,
propylene glycol di-(capes late,cal rate), glyceryl
tri-( ~rprc>l~rteicaprate) or propylene  glycol
d.iolea:te- esters of branched fatty acids or
alcohols. in particular isostearic acid eaters. '15
The oil is used in combination with emulsifiers to
form the emulsion. 'ihe emulsifiers are  preferably
nonionic surfactants. in particular esters of
sorbi'tari, of nizainide (e.g.  a alxydromann.itol
oleate). of glycol, of polyglycerol, of propylene
glycol and of oleic,  isostearic, ricinoleic or
hydroxystearic acid, which are optionally ethoxylated,
and  poly oxypropylene-polyoxyethylene copolymer
block's, in particular the Pluronic products, 20
especially L121. See Hunter et dl" The Theory and
Practical Application of Adjuvants  (Ed.Ste.
vart-Full. D. E. S.). JolidWiley and Sons. 'NY,
pp5l-94 (1995) and Todd et at.  Vaccine 15:564-570
(.1997). For example, it is possible to use the SPT
emulsion described on page 1.17 of  "Vaccine ties
ig?n, The Subunit and ,Adjuvant .Approachu edited by
M. Powell and M.  25 N'ewwman, Plenum Press. 1995, and
the emulsi.on..VIF.59 described on page '183 of this
same  40 WO 2007/076520 PCT/US2006/062654  



book. A further instance of an alj uvant is a compound
chosen :irons the polymers of acrylic  or metbacrylic
acid and the copolymers of maleic anhydride and
alkenyl derivative.  Advantageous adjuvant compounds
are the polymers of acrylic or .meth.acrylic acid
ww-hich are 5 cross-linked, especially with
polyalkenyl ethers of sugars or poly ilcohols. These
compowids  are knc3~j~n by the term carbomer
(Phanieuropat. Vol. 8, No, 2, June 1996. Persons
skilled in  the art can also refer to U. S. 'Patent
No. 2,909,462 which describes such acrylic polymers
cross-linked with a polyhydroxylated compound having
at least 3 hydroxyl gMrouups,  pre erably not more
than 8. the hydrogen atoms of at least three
hydroxyl," being replaced by 10 unsaturated aliphatic
radicals hating at least 2 carbon atoms. 'flee
preferred radicals are those  containing from 2 to 4
carbon atoms, e.g. virryls, allyls and other
ethylenically W3salurated  groups. The unsaturated
radicals may themselves contain other s.ibstituents,
such as methyl.  The products sold sunder the name
Carbopol ; (BF Goodrich, Ohio, L SA) are particulafly
<tpprqpriate. They are cross-linked with an a.ilyl
sucrose or with allyl pen.tae. thrit:ol. Among 15
then, there may be mentioned Carbopol 9741',9341' and
971P, Most preferred is the use of  Cabopol 971 P.
Among the copolymers of rnaleic anhydride and alkenyl
derivative, the  copolymers EMA (Monsanto) which are
copolymers of maleic anhydride and ethylene. The
dissolution of these polymers in water leads to an
acid solution that will be neutralized,  preferably to
physiological pFl, in order to give the adjuvant
solution into w which the  2t) imnmunogenic,
immunological or vaccine composition itself will be
incorporated. Further suitable adjuvants include, but
are not limited to, the 1211;31 adjuvant system  (Ribi
inc.). Block co-polymer (Cy(12x, Atlanta. GA), SAP-M1
(Chiron, Famer.cyri.lle C.A),  monophosphory-l lipid
A, Avridine lipid-arnine adjuvant, heat-labile
enterotoxin from E, coli  (reconmbina3t: or
otherwise), cholera toxin,. IMS 1314 or muramyi
dipeptide among many  25 others. 41 WO 2007/076520
PCT/US2006/062654  



Preferably, the adjuvant is added in an amount of
about .100 uc to about 10 mg per dose. Even .more
preferably, the adjuvant is added in. an amount of
about 100 trg to about I#;  mrg, per dose. Even more
preferably. the adjuvant is added in an amount of
about 500 gg to  about 5 m; per dose. Even more
preferably, the adjuvant is added in an amount of
about 750 5 ttg to about 2.5 tug per dose. N lost
preferably, the a4 avant is added .in an amount of
about I  nrg per dose. Thus, according to a further
aspect the method for preparing an antigenic
composition, such as for example a vaccine,.fcer
invoking an immune response against PCV2  comprises 1)
preparing and recovering PCV2 ORF2 protein, and ii)
admixing this with a 10 suitable adjuv~annt.
P.referably>, the adjuvant is Carbopol 971 P. Even
more preferably, Carbopol  97IP is added .in an amount
of about 500 ug to about 5 nrg per (lose, even more
preferably in,  an amornt. of about 750 tg to about
-2.5 mg per dose and most preferably in an amount of
about 1. mg per dose. Preferably, the process step i)
includes the process steps as described  for the
preparation and recovery of PCV2 ORF2. For example, in
preferred forms of this 15 method, the construct
comprising PCV2 ORF2 DNA is obtained in a transfer
vector. Suitable  transfer vectors and methods of
preparing them are described above. Optionally, the
method  may include the step of amplifying the ORF2
from a strain of PCV2 through PCR prior to  cloning
the ORF2 into the transfer vector. Preferred opera
reading fry me sequences, Kozak''s  sequences, 3'
EcoRl site sequences, recombinant protein sequences,
transfected construct 20 sequences, media, cells, and
viruses are as described in the previous methods.
Another  optional step for this method includes
cloning the amplified PCV2 ORF2 DNA into a first
vector, excising the ORF2 DNA from this first vector,
and using this excised PCV2 ORF2  DNA for cloning into
'the transfer vector. As with the other methods, it is
preferred to c 'ait  for at least 5 dayys after
infection of the cells by the trrnsfected baculovirus
prior to recovery 25 of recombinant OUF2 protein from
the supernate. Preferably, the recover step of -this
42 WO 2007/076520 PCT/US2006/062654  



method also includes the step of separating the
.media.from the cells and cell debris. This can  be
done in a variety of ways but for ease and
convenience, it is preferred to filter the cells,
cell, debris, and growth media through a filter having
pores ranging, in size from about 0.45  i%-T to about
1.0 lrl.l. Finally, for this method. it is preferred
to include a. virus inactivation 5 step prior to
combining, the recovered recombinant PCV2 O.RI"2
protein in a. composition.  This can be done in a
variety of ways but it is preferred in the practice of
the present  invention to use BE!. Thus according to
a.further aspect, this method comprises ilie steps: i)
amplifying  PCV2 ORp2 DNA in vitro, wherein the
flanking sequences of said PCV2 ORF2 DNA are  10
modified. ii) cloning the amplified PCV2 ORF2 DNA into
a transfer vector; and iii) transfecting the transfer
vector or a portion thereof containing the recombinant
PCV2 ORF2  DNA. into a viral vector to generate the
recombinant viral vector, iv) infecting cells in media
with the t'ansfec'ted vrims; v) causing the trz
rsfected virus to express the recombinant protein
from PCV2 ORF2: vi) separating cells -from. the
supe.rna:te; viii) recovering the expressed 15 PCV2
ORF2 protein from the supernate; viii) inactivating
the recombinant viral vector,  preferably, in the
presence of about 1 to about 20 mM BEL, most
preferably in the presence of  about 5 mM BE[; ix)
adding of an equivalent amount of an agent that.
neutralizes the  inactivation agent within the
solution, preferably. adding of a sodium tl iosul.fate
solution to a  final concentration of about 1 to about
20 uN,1, preferably of about 5 ntM, when the 20
inactivation agent is BEI, and x) adding a suitable
amount of an adjuvant, preferably adding  Carbopol,
more preferably Carbopol 971 P, even more preferably
in amounts as described  above (e.g. of about. 500 fig
to about 5 mg per dose, even .more preferably in an
amount of  about 750 jig to about 2.5 rug per dose and
most preferably in an amount of about I rug per
dose). 43 WO 2007/076520 PCT/US2006/062654
-.dditionally, the composition can include one or more
phharmacouticai.-acceptable 



carriers. As used herein, "a l~lrarniaceutcal
aceeptabt carrier" includes any and all solvents,
dispersion 'rned't.a, coatings, stabilizing agents,
diluernts, preservatives, antibacterial and
anti.fungal agents, isotonic agents, adsorption d
laying tt{,ants, and the like. Most preferably. 5 the
composition provided herewith, contains PCV2 ORF2
protein recovered from the  supen-.tate of in t>itro
cultured cells, wherein said cells were infected with
a rectxrrmbinant viral  vector containing 1'C1.2 ORF2
DNA mid expressing, PCV2 ORF2 protein, and wherein
said  cell culture vas treated will. about 2 to about
8 mM. BE1, preferably with about 5 mi M BE] to
inactivate the viral vectort and an equivalent
concentration of a. neutralization agent, 10
preferable sodium thiosiilfate solution, to a final
concentration of about 2 to about 8 n M,  preferably
of about 5 mill, Carbopol, more preferably Carbopol
971 P. preferably in amounts  of aboi.n 500 1tg to
about. 5 rug per dose, even more prefentbly in an
amount of about 750 pg  to about 2.5 n g per dose and
most preferably in an amount of about 1 i g per dose,
and  physiological saline, preferably in an amount of
about 50 to about 90% 4v v), more preferably  15 to
about 60 to 80% (v v), still more preferably of about
70% (v: i-). Thus, a further aspect relates to a
method for preparing an antigenic composition,  such
as for example a vaccine, for invoking an immune
response against PCV2 comprising  the steps: i)
amplifying PCV2 ORF2 DNA in vitro, wherein the
flanking sequences of said  PCV2 ORF2 DNA are
modified, ii) cloning the amplified PCV2 OR F2 DNA
into a. transfer 20 vector; and iii) trans.fecting the
trans.fer vector or a. portion thereof containing the
recombinant PC1r 2 OR.? DNA into a viral vector to
generate the recombitnant viral vector,  iv)
infecting, cells in media with 'tile transfected
virus; v) causing the transfected virus to  express
the recombinant, protein .from PCV2 ORF2; vi)
separating cells from the supernate;  vii) recovering
the expressed PCV2 ORF2 protein from the supeniat'e;
viii) inactivating the 25 recombinant viral vector,
preferably, in the presence of about 2 to about 20
n*l. BET, most  44 WO 2007/076520 PCT/US2006/062654
preferably in the presence of about 5 r x `1.131":1;
l) adding an equivalent amount of an agerxt  



that neutralize the inactivation agent within the
solution, preferably, adding a sodium  thiosulfate
solution to a'final concentration of about 0.5 to
about 20 m 4. preferably of about  5 nAM, when the
'inactivation agent is BM, x) adding a suitable amount
of an adjuvant, 5 preferably adding Carbopol, more
preferably Carbopol 971'P, still .more preferably in
amounts  as described above (e.g. of about 500 l-{w to
about 5 mg per dose, even more preferably in all
amount of about 750 lrg to about 2.5 mrg per dose and
most preferably in an amount of about:  I r rw_> per
dose); and xi) adding physiological saline, preferably
in an amount of about 50 to  about 9M% more preferably
to about 60 to 1+0% (v/v), still more preferably of
about 1t) 70% (,fv). Optionally, this method can also
include the addition of a protectant, A protestant  as
used herein, refers to an anti-microbiological active
agent, such as for example  Gentamycin, Merthiolate,
and the like. In particular adding a prolectant is
most preferred for  the preparation of a. muli-dose
composition. Those anti-microbiologgical active agents
are  added in concentrations effective to prevent the
composition of interest from any 15 microbiological
contamination or for inhibition of any microbiological
growth within the  composition of interest.
Mo'reovver. this -method can also comprise the
addition of any stabilizing agent; such  as for ex
ample saccharides, rehalose: mannitol, saccharose and
The like, to increase and/ or  maintain product
shell-life. However, it has been surprisingly found,
that the resulting 20 formulation is immunologically
effective over a. period of at least 24 months,
without adding  any further stabilizing agent. A
further aspect of the present: invention. 'relates to
the products resulting from the  methods as described
above. In particular, the present invention relates to
a composition of  matter comprising recombinantly
expressed PCV2 ORF2 protein. Moreover, the present 25
invention also relates to a. composition of matter
that comprises recombinantly expressed  45 WO
2007/076520 PCT/US2006/062654  PCW2 ORF2 protein,
recovered from. the supenma.te of an insect cell
culture. Moreover, the  



present invention. also relates to a composition of
matter comprising recombinantly expressed  PCV2 ORF2
protein, recovered from the supernate of an insect
cell cult-are. Preferably, this  composition of matter
also comprises an agent suitable for the inactivation
of viral vectors. 5 Preferably, said inactivation
agent is BE:l. Moreover, the present invention also
relates to a  composition of natter that comprises
.recombinantly expressed. PCV2 ORF2 protein.
recovered from the supernate of an insect cell
culture. and comprises an agent, suitable for  the
inactivation of viral Vectors, preferably BE[ and a.
neutralization agent.tibr neutralization  of the
inactivation agent:. Preferably, that neutralization
anent is sodium thio"wl.fa.ie, when  10 BE1 is used as
an inactivation agent. In yet another aspect of the
present invention, an immunogenic composition that
induces an immune response and, more preferably,
confers protective immunity against the  clinical
signs of PCV21 infection, is provided. The composition
generally comprises the  poly peptide, o.r a fragment
thereof expressed by Open Reading Frame 2 (ORF2) of
PC.V?, as  15 the antigenic component of the
composition. PCV2 ORF2 DNA and protein, as fused
herein for the preparation of the compositions  and
also as used within the processes provided. herein is
a highly conserved domain within  PCV2 isolates and
thereby, any PCV2 ORF2 would be e0ective as the source
of the PCV  ORF2 DNA and/or polypeptide as used
herein. A preferred PCV2 ORF2 protein is that of 20
SEQ ID NO, 11. A preferred PCV ORF2 polypeptide is
provided l .erein as SEQ 11 _NO. 5,  but it is
understood by those of skill in the art that ttais
sequence could v,,.m,y by as .much as 6- 1 01!1% in
sequence homology and. still retain the antigenic
characteristics that render it use.ttl in  immunogenic
compositions. The antigenic characteristics of an
immuunological composition  can be, for exauample,
estimated by the challenge experiment as provided by
Example 4. 2:5 Moreover the antigenic characteristic
of an. modifed antigen is still retained, when the  46
WO 2007/076520 PCT/US2006/062654  modified ;antigen
confers at least 70%, preferably 80%, more preferably
90% of the  



protective inxnn.tttaity as compared to the PC'V2 ORF
2 protein, encoded by the poly-nucleotide  sequence of
SEQ. ID Nt3:3 or SEQ ID hO:4. A.n "immunogenic
composition" as used herein.,  means a "PCV2 ORF2
protein v~-wbich elicits an "$mmtrndlo Tical response'
in the host of a 5 cellular andior antibody--nmediated
immune response to.PCV2 ORT 2 protein, Preferably,
this  gaagainst PCV2  immunogenic composition is
capable, of conferring prolec:tive irnintir i.ty a,
infection. and the clinical signs associated. tl
erewitlr, in some forms,, immunogenic portions  of
PCV2 OR.R2 protein are used as the antigenic component
in the composition. The term  'imn.unogen:nic portion"
as used herein refers tta truncated and/tar
substituted forms', or to fragments of .PCV2 ORF2
protein and./or polyaucleotide, respectively.
Preferably, such  truncated atnd/or substituted forms,
or fragments will comprise at least 6 contiguous amino
acids from the full-lengtlh ORF2 polypeptide. ?store
preferably, the truncated or substituted  forms, or
:fragments will have at least 10, more preferably at
least 15, and still more  preferably, at least .19
contiguous amino acids froni the full-len4gtl. ORF2
poly-peptide, Two is preferred sequences in this
respect are provided herein as SEQ I'D NOs. 9 and 10,
It is  further understood that such sequences may be a
part of Ina er .fra rrmernts or truncated forms.  A
further preferred 'PCV2 ORF2 polypeptide provided
herein is encoded by the nucleotide  sequences of SEQ
ID NO: 3 or SEQ ID NO, 4. But it is understood by
those of skill in the all  that this sequence could
vary by- as much as E-20~% in sequence lnarxrolog and
still retain the 20 antigenic characteristics that
render it useful in immunogenic compositionls. In some
forrn.s> a  truncated or stnbstituted forma, or
fragment of Oi Y2 is used as the antigenic component
in the  composition. Preferably, such truncated or
substituted forms, or fragments will comprise at
least V& contiguous nnuoleotides from the. full-length
ORF2 nucleotide sequence, e.g. of SEQ  Ili NO: 3 or
SEQ ID NO: 4.: More preferably, the truncated or
substituted form , or fragments 25 will have at, least
30,, more preferably at least 45. and still more
preferably at least 57  47 WO 2007/076520
PCT/US2006/062654  



contiguous nucleotides the full-length OR .2
nucleotide sequence, e.g. of SEQ 11) NO: 3 or  SEQ ID
NO: 4. "Sequence Identity-" as it -is known in the art
refers to a relationship between two or  more
polypeptide sequences or two or more poly ntccleotide
sequences, namely a reference  5 sequence and a. given
sequence to be compared with 'the reference sequence.
Sequence identity is determined by comparing the given
sequence to the reference sequence after the
sequences have been optimally aligned to produce the
highest degree of sequence similarity,  as determined
by the match between strings of such sequences. Upon
such alignment,  sequence identity is ascertained on a
positioc:c-by-position basis. e.~~.. the sequences,
are 10 "identical" at a particular position if at that
position, the nucleotides or amino acid residues  are
identical. The total number o.f such position
identities is thea divided by the total .number  of
nucleotides or residues in the reference sequence to
give % sequence identity. Sequence  identity can be
readily calculated by known methods, including but not
limited to, loose  described in Computational
Molecular l iolog , Lusk, A. N., ed., Oxford
University Press, 15 New York (198$), Biocomputing:
Informatics and Genome Projects, Smith. D.W., ed..
Academic Press, New York (1993}; Computer Analysis of
Sequence Data, Part 1. Griffin,  A.M., and Griffin, H.
G., eds., Humana Press., 'New Jersey (1994); Sequence
Analysis in  Molecular Biology-, von Heinge, G.,
Academic Press (1937); Sequence Analysis Primer,
Grihskoti, M. and Devereux, J.. eds.,.M.. Stockton
Press. New York (1991):, and Carillo. .I..  and
Lipman, D.. SIAM J. Applied Math,. 46: 1073 (1988),
the teachings of which are  incorporated herein by
reference, Preferred methods to determine the sequence
identity are  designed to give the. largest match
between the sequences tested. Methods to determine
sequence identity are codified. in publicly available
computer programs which determine  sequence identity
between given sequences, Examples of such programs
include, but are not 25 limited io, the GCG program
package (Devereux..1.. et at.. Nucleic Acids
Research,,  48 WO 2007/076520 PCT/US2006/062654  



:12(1):387 (1984)). BLASTP, BLAST\ and F.ASTA
(Altschul, Si. F. et at. J. Molce. Biol.,  215:03-410
(.1990). The IBLAST7;. program .is publicly available
from NCBI. and other  sources (BLAST Manual, Altschul,
S. et at. NCVL NLM NIH Bethesda, ID 20894,  Altschxtl,
S. F. et al.. I M:olec..Biol., 215:403-410 (1990), the
teachings of r Which. are 5 incorporated herein by
reference). These pro grams optimally align sequences
using default  gala weights in order to produce the
highest level of sequence identity between the given
and  reference sequences, As an illustration, by a
polynucieotide having a nucleotide sequence  having at
least, ..tbr example, 85%, preferably 90%, even more
Preferably 951X% "sequence  identitv' to a reference
nucleotide sequence, it is intended that the
nucleotide sequence ofthe 10 given polynucleotide is
identical to the reference sequence except -that. the
given  polyniicleotide sequence may .include up to 15,
preferably up to 10. even more preferably up  to 5
point mutations Pei each 100 nucleotides of the
reference nucleotide sequence. in other  words, in a
polynucleotide having a nucleotide sequence having at
least 85%, preferably  90%, even more preferably 95"X~
identity relative to the reference nucleotide
sequence, up to 15 15%, preferably 10%, even more
preferably 5% of the nucleotides in the reference
sequence  rrra-v be deleted tar substituted ~vrilr
another nude otide; or a rziimber of iriicleotides up
to.15%,  preferably 10%. even more preferably 5% of
the total nucleotides in the reference sequence
max.-- be inserted into the reference sequence. These
mutations of the reference sequence may  occur at the
5' or 3' terminal positions of the reference
nucleotide sequence or anywhere 20 between those
terminal positions, interspersed either individually
among nucleolides in the  reference sequence or in one
or more contiguous groups within the reference
sequence,  Analogously, by a polypeptide having a
given amino acid sequence having at least, for
example, 85%, preferably 90%, even more preferably 95%
sequence identity to a reference  amino acid sequence,
it is intended that the given amino acid sequence of
the polypeptide is 25 identical to the reference
sequence except that the given polypeptide sequence
may include  49 WO 2007/076520 PCT/US2006/062654  



up to 15, preferably up to 10, even more preferably up
to 5 wnino acid alterations per e clh.  100 amino
acids of the reference amino acid sequence. in other
~, cords, to obtain a given  polypeptide sequence
having at least 85%, preferably 90%, even more
preferably 95`Yo  sequence identity with a reference
amino acid sequence, tip to 15%, preferably up to 10%,
5 even more preferably up to 5% of the amino acid
residues in the reference sequence may be  deleted or
substituted with another amino acid, or a. number of
at ino acids up to 15%.  preferably tip to 1^ even
more preferably up to 5% of the total number of amino
acid  residues in the reference sequence may be
inserted into the reference sequence. These
alterations of the reference sequence may occur at the
amino or the carboxy terminal I(l positions of the
reference amino acid sequence or anywhere between
those terminal  positions, interspersed either
individually among residues in the reference sequence
or in the  one or more contiguous groups within the
reference segtience. Preferably, residue positions
which are not identical differ by conservative amino
acid substitutions. Hor~vever,  conservati~ e
Substitutions are not included as a match when
determining sequence identity. 15 Sequence homology",
as used herein t refers to a method of determining the
relatedness of two sequences. To determine sequence
homology,, two or more sequences are  optimally
aligned, and gaps are introduced if necessai-y-.
However, in contrast to "sequence  identity",
conservative amino acid substitutions are counted as a
match when determining  sequence hom010&. in other
words, to obtain a polypeptide or poNnucleot:.ide
having 95% 2sequence honiolowgy with a reference
sequence. 85%. preferably 90%, even more preferably
95% of the amino acid residues or.nucleotides in the
reference sequence must match or  comprise a.
conservative substitution with another amino acid or
nucleotide, or a. number of  amino acids or
nucleotides up to 15%, preferably up to 10 %i,, even
more preferably tip to TX)  of the -total amino acid
residues or nucleotides, not including conservative
substitutions, in 25 The reference sequence may be
inserted into the reference sequence. Preferably the
50 WO 2007/076520 PCT/US2006/062654  



homologous sequence comprises at least a stretch of
50, even more preferably 1.00, even  more preferably
250, even more preferably 500 . ucleotides. A
"conservative substitution" refers to the substitution
of an amino acid residue or  nucleotide with another
an ino acid residue or nucleotide having sir laar
characteristics or  5 properties including size,
hydrophobicity, etc., such that the overall
functionality does not  change significantly.
isolated" means altered "'bv the hand of man" from its
natural state, i.e" if it occurs in  nature..it has
been changed or removed from its original environment,
or both. For example,  a polyncucleotide or
poly>peptide naturally present in a living organism is
not "isolated but 10 the same polynucleotde or
polypeptide separated from the coexisting materials of
its natural  state is "isolated", as the tern's is
employed herein. Thus, a further aspect of the present
invention relates to an immunogenic composition
effective for lessening the se-verity of clinical
symptoms associated with PCV2 infection  comprising
PCV2 ORF2 protein. Preferably, the PCV2 ORF2 protein
is anyone of those,  15 described above. Preferably,
said PCV2 ORF2 protein is i) a polypeptide comprising
the sequence of SEQ II) NO: 5, SEQ ID NO: 6.  SEQ ID
NO, % SEQ ID NO, 10 or SEQ ID NO: I I; ii) any
polypeptide that is at, least 80% homologous to the
poly peptide of i),  iii) any immmogenic portion of
the polypepti des of i) and/or ii) 20 iv) the
immunogenic portion of iii), comprising at least 1.0
contiguous amino  acids included in the sequences of
SEQ *11) NO: 5. SE Q ID NO: 6, SEQ ID  NO:9,SEQIDNO:
lOor SEQ. ID NO:'1I, V) a polypeptide that is encoded
by a 'DNN`A comprising the sequence of SEQ  ID NO: 3
or SEQ ID NO: 4. 51 WO 2007/076520 PCT/US2006/062654
vi) any polypeptide that is encoded by a
polynueleotide that is at least 80%  



homologous to the poly-Duclecytide of v.), Ai) any
immunogenic portion of the polypeptides encoded by the
polynucleotide of v) tared/or vi) 5 vii) the
.inmmunogen.ic portion of vii), wherein, the
polynucleotide coding for said  immunogenic portion
comprises at least 30 contiguous nucleotides included
in the sequences of SEQ ID NO: 3, or SEQ. ID NO: 4.
Preferably- any of those immunogenic portions will
have the immunogenic  characteristics of PCV2 OR1/2
protein that is encoded by the sequence of SEQ ID NO:
3 or  10 SEQ ID NO: 4. According to a further aspect,
PCV2 ORF2 protein is provided in the immunological
composition at at, antigen inclusion level effective
for inducing the desired immune response,  namely
reducing the incidence of or lessening the severity,
of clinical signs resulting from  PCV2 infection.
Preferably, the PCV2 ORF2 protein inclusion level is
at least 0.2 p.g antigen 15 / rnl of the .final
immunogenic composition (tg/.lxal , more preferably
from about 0.2 to about  400 pg./nil, still more
preferably from about 0.3 to about 200 pg/t 1, ever,
more preferably  from about 3.35 to about 100 pg/ml,
still more preferably from about 0.4 to about 50
gg/ml.,  still more preferably from about 0,45 to
about 30 pghA, still more preferably from about 0.6
to about 1.5 gg /ml, even more preferably: from about
0.75 to about 8 erg/ml, even more 20 preferably from
about 1.0 to about 6 gg/ ml, still snore preferably
from about 1.3 to about 3.0  pg/ml, even more
preferably from about 1.4 to about 2.5 pg/ml, even
more preferably from  about 1.5 to about 2.0 gg/nil,
and most preferably about 1,6 g /mnl. According to a
further aspect, the ORF2 antigen inclusion level is at
least 0.2 pg  PCV2 ORF2 protein, as described above,
per dose of the final antigenic composition  25 (t
tg/'close), more preferably from, about 0.2 to about
400 gg/dose, still more preferably, from  52 WO
2007/076520 PCT/US2006/062654  about 0.3 to about 200
tag./dose, even more preferably from about 0.35 to
about .100 pg./close,  



still more preferably from about 0.4 to about 50
pg/dose, still more preferably from about  0.45 to
about 30 pxg/dose. still more preferably from about
0.6 to about 15 pg/dose, even  more preferably from
about 0.75 to about. 8 pig/dose: even.more preferably
from about 1.0 to 5 about 6 p."./dose, still more
preferably from about 1.3 to about 3.0 ppg/dose, even
more  preferably from about L4 to about 2.5 ttg/dose,
even more preferably from about 1.5 to about  2.0
p.g/dose, and. most preferably about 1,(i pg/dose. The
PCV21 ORF2 poly-peptide used in an immunogenic
composition in accordance  witl} the present invention
can be derived in any .fashion including isolation and
purifmation  10 of : N""I" O:RF2, standard protein
synthesis, and recombinant methodology. Preferred
methods for obtaining PCV2 ORF2 polypeptide are
described. herein above and are also  provided in U.S.
Patent Application Serial No, 11/034,797, the
teachings and content of  which are hereby
incorporated by reference. Briefly, susceptible cells
are infected with a  recombinant viral vector
containing PCV2 ORF2 DNA coding, sequences, PCV2 ORF2
15 pcilypeptide is expressed by the recombinant virus,
aid. the expressed PCV2 OR:F2  polypeptide.is
recovered from the supernate bye filtration and
inactivated by any conventional  method, preferably
using binary ethylenimine. which is then neutralized
to stop the  inactivation process. Thus, according to
a further aspect the imnniuoogenic composition
comprises 1) any of  20 the PCV2 ORF2 protein
described above, preferably in concentrations
described above, and  ii) at least a portion of the
viral vector expressing said PCV2 ORF2 protein,
preferably of a  recombinant baculovirus. Moreover,
according to a further aspect, the immunogenic
composition comprises i.) any of Mite PCV2 ORF2
protein described above, preferably in  concentrations
described above, ii) at least a portion of the viral
vector expressing said PCV2  53 WO 2007/076520
PCT/US2006/062654  ORF2 protein, preferably- of a
recombinant baculovirus, and iii) a portion of the
cell culture  supernate. 



According to one specific embodiment of the production
and recovery process for  PCV2 ORFZ protein, the cell
culture siupernate is filtered through a membrane
having a pore  5 sire, preferably between about 11.45
to 1. p.m. Thus, a further aspect relates to an
immunogenic composition that comprises i) any of the
PCV2 ORF2 protein described above,  preferably in
concentrations described above, ii) at least a portion
of the viral vector  expressing said PCV2 ORF2
protein, preferably of a recombinant baculovvirus, and
iii) a  Portion of the cell culture; wherein about 90%
of the components have a size smaller thar:t f  10
1tm. According to a Further aspect. the present
invention relates to an immunogenic  composition that.
comprises i) any of the PCV2 ORF2 protein described
above, preferably in  concentrations described above,
ii) at least a portion of the viral vector expressing;
said PCV-2  ORF2 protein, iii) a portion of the cell
culture, iv) and inactivating agent to inactivate the
1.5 reconxbinant viral vector preferably BE1, wherein
about 90 l% of the components i) to iii) have  a. size
smaller than t gm. Preferably, BEI is present in
concentrations effective to inactivate  the
baculovirus. Effective concentrations are described
above. According to a. further aspect, the present
invention relates to an in nurnogenic  composition
that comprises i) any of the PC;V2 ORF2 protein
described above, preferably in  20 concentrations
described above, ii) at least a portion of the viral
vector e l~ressin said PCV2 ORF2 protein, iii) a
portion of the cell culture, iv) an inactiva.tin went
to inactivate the  recombinant viral vector preferably
BE], and v) an neutralization agent to stop the
inactivation mediated by .the inactivating agent,
wherein about 90% of the components i) to  54 WO
2007/076520 PCT/US2006/062654  iii) have a size
smaller than .l pm. Preferably, if the inactivating
agent is BE!. said  composition comprises sodium
thiostitfate .in equivalent amounts to BET. The
polypeptide is incorporated into a composition that:
can be administered to an  animal susceptible toPCV'2
infection, In preferred forms, the composition may
also include  



5 additional components known to those of skill in the
art (see also Remington's Pharmaceutical Sciences.
(1990). l8th ed. Mack .Pubt.. Easton). Additionally,
the  composition may include one or more
veterinary-acceptable carriers, As used herein. "a
vcterina.ry-acceptable carrier" includes any and all
solvents, dispersion media, coatings,  adju arils.
stabilizing agents, diluents, preservatives,
antibacterial and antiftn ;al agents.  l4 isotonic
agents, adsorption delaying agents, and the like. In a
preferred embodiment; he immunogenic composition
comprises PCV2 O:RF2  protein as provided herewith,
preferably in concentrations described above as an
antigenic  component, which is mixed with an adjuvant,
preferably C'arbopof, and physiological saline. Those
of skill in the art c gill understand that the
composition herein may incorporate  15 kno-t n
injectable, physiologically- acceptable, sterile
solutions. For preparing a ready-to-use  soltiion 'for
parenteral injection or.inlusion, aqueous isotonic
solr.utrons, such as e.g. saline or  corresponding
plasma protein solutions are readily available. In
addition, the inununogenic  and Vaccine compositions
of the present invention can hiclude diluents,
isotonic aggents,  stabilizers, or adjuvants. Diluents
can include water, saline, dextrose, etlhanol,
glycerol, and 20 the like. Isotonic agents can include
sodium chloride, dextrose. mannitol, sorbitol, and
lactose, among oflmis, tabili ers include albumi.ri
and alkah salts of ethyleadiariiintetracetic  acid,
among others. ,Suiumble adjuvants, are those described
above. Most preferred .is the use  of Carbopol, in
particular the use of Carbopol 971P, preferably in
amounts as described -4 per dose. even more preferably
in an amount of  above (e.g. of about 500 it.:; to
about 5 to 55 WO 2007/076520 PCT/US2006/062654  about
750 }g to about 2.5 mg per dose ai}d. most preferably
in an mount of about l nit per  dose). Thus, the
present invention also relates to an immunogenic
composition that  comprises i) any of the P'Ctr2
O...F2 proteins described above, preferably in
concentrations  



5 described above, 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 recoxbi~at viral  vector, preferably
'REI, and v) a. neutralization agent to stop the
inactivation niediated. by the  inactivating agent,
preferably sodium thiosulf:a.te in equivalent amounts
to BEJ; and vi) a  suitable adjuvant, preferably
Carbopol 971, in amounts described above; wherein
about 90% 10 of the components i) to iii) have a size
smaller than .1 Gcm. According to a. further aspect,
this  immunogenic compositioll further comprises a
pharmaceutical acceptable salt, preferably a.
phosphate salt in physiologically acceptable
concentrations. Preferably, the pH of said
immunogenic composition is adjusted-to a physiological
p1l, meaning between about 6.5 and  7.5. is Thus, the
present invention also relates to an immunogenic
composition comprises  per one ml i) at least 1.6g-
of.PCV2 ORF2 protein described above, ii} at least a
portion of  bacilovirus expressing said PCV2 ORF2
protein iii) a portion of the cell culture, it) about
2  to $ nukl..B.FL, v) sodium. thiosulfite in c
uivalent amounts to .BEI; and A) about I mg  Carbopol
971. and v1) phosphate salt .in a physiologically
acceptable concentration; wherein  20 about <)O% of
the components i) to iii) have a size smaller than I
lain and the pH of said  immunogenic composition is
adjusted to about 6.5 to 7.5. The immunogenic
compositions can further include one or more other
immunomodulatory agents such as, e. g., interleukins,
inierferons, or other cytokines. 't'ile  Immunogenic
co positions can also include Qentamicin and.Miertl
iolate. N?r bile )e its 25 and concentrations of
adjuvants and additives useful in the context of the
present invention  56 WO 2007/076520 PCT/US2006/062654
cart readily be determined by. the skilled artisan,
the present invention contemplates  compositions
comprising from about 50 ~tg to about 2000 ug of
adjuvant. and preferably  about 250 It / ml dose of
the vaccine composition. In another preferred
embodiment, the  



present invention contemplates vaccine compositions
comprising from about lug/mi to about  5 60 pg/inl of
antibiotics, and more preferably less than about 30
tg/ml of antibiotics. Thus, the present invention also
relates to an rtz munogenic composition that-
comprises i) any of the PCV2 ORF2 proteins described
above, preferably in concentrations  described above,
ii) a. least a portion of the viral vector expressing
said .PC'V2 ORF2 -protein,  iii) a portion of the cell
culture, iv) an inactivating agent to inactivate the
.recombinatnt viral lt) vector preferably BEt, and v)
an neutralization agent to stop the inactivation
mediated by the  inactivating agent, preferably sodium
thiosuifate in. equivalent amounts to BEt; -vi) a.
suitable  a44f event,, preferably- Carbopol 971 in art
ounts described above; prix) a pharmaceutical
acceptable concentration of a saline bcifer,
preferably of a phosphate salt, and viii) an anti-
microbiological active agent; wherein about 90% of the
components i) to iii) have a size  1.5 smaller than *1
Lim. it has been surprisingly found, that the
immunogenic composition provided here-with  comprises
"~as highly stable over a period of 24 months. It has
also been found the  immunogenic compositions provided
herewith, comprising reccsitxbiitant:, bticulooirus
expressed PCV2 OR.p2 protein as provided herewith are
very effective in reducing the 20 clinical s: >mptorns
associated with PCV2 infections, it has been
surprisingly found, that the  immunogenic compositions
comprising the recombinant baculovirus expressed PCV2
ORF2  protein as provided herewith, are more
e.flect:ive than an i.ttirnutiol enic composition
comprising the whole PCV2 virus in an inactivated
form, or isolated viral PCV2 ORF2  antigen. In
particular, it has been surprisingly found, that the
recombinant baculovirus 25 expressed PCV2 ORF2 protein
is effective is in very love concentrations, which
means in  57 WO 2007/076520 PCT/US2006/062654
concentrations up to 0.25 tig dose. This unexpected
high immunogenic potential .rf the PCV2  ORF2 protein
could be further increased by the addition of
Carbopol. A 'farther aspect relates to a container
comprising at least one dose of the  



immunogenic composition of PCV2 ORF2 protein as
provided herew vith, wherein one dose  5 comprises at
least 2 f.ig PCV2 O:RT 2. protein, preferably 2 to 1.6
gg PCV2 O.RF2 protein, Said container can c c?riiprise
from I to 250 doses of f be immunogenic commposition.
preferably it contains 1, 10, 25. 50, 100, 150, 200,
or 250 doses of the immunogenic  composition of PCV2
ORF2 protein. Preferably, each of the containers
comprising more than  one dose of the immunogenic
composition of PCV2 ORP2 protein further comprises
all,  microbiological active agent. Those agents are
for eample, antibiotics including C euta ticitt  and
Merthiolate and the :like. Thus, one aspect of the
present invention relates to a container  that
comprises from I to 250 doses of the immunogenic
composition of FICV2 ORF2 protein"  wherein one dose
comprises at least 2 tg PCV2 ORF2 protein, and
Gentamicin and./or  Mert:hiolate., preferably from
about 7. p.n/ml to about 60 pg./nil of antibiotics.
and more  15 preferably less than about $0 .tg/ml. A
further aspect relates to a kit, comprising any of the
containers, described above,  and an instruction
manual, including the information for the
intramuscular application of at  feast one dose of the
immunogenic composition of PC 172 ORF2.protein into
piglets to lessen  the severity of clinical symptoms
associated w pith PCV2 irn'fec:tion. 'Moreover.
according to a 20 further aspect, said instri.iction
manual comprises the information of a second or
further  adminisratioa(s) of 'at least: one dose of
the immunogenic composition of PCV2 OR F2.  i herein
the second admit istration or any' further a
administration is at least 14 days beyond. the
initial or any former administration. 'referably, said
instruction manual also includes the  itifoiirzatio~i_
to administer an immune stimulant. Preferably. said
immune stimulant: shall be 25 given at least twice.
Preferably, at least 3, more 'preferably at least 5,
and even more  5s WO 2007/076520 PCT/US2006/062654
preferably at least'7 days are between. the first and
the second or any further administration of  the
immune stimulant. Preferably, the immune stimulant is
given at least: 10 days, preferably  1.5, even more
preferably 20, and still even more preferably at least
22 days beyond the initial  



administration of the immunogenic composition of PCB'
2 ORF2 protein. A preferred immune 5 stimulant is for
example is keyhole limpet hemocyanin (.ly,.Lkl),
preferably emulsified with  incomplete Freund 's
adjuvant (KIAMCFA). However, it is herewith
understood, that any  other in-umme stizmilant known
to a person skilled in the art can also be used. "Inum
n e  stimulant" as used herein, .means any agent or
composition that can trigger a ; neral immune
response, preferably withouut initiating or.increasin;
aspecif"ic immune response, for example to the immune
response against a specific pathogen, It is further
instructed to administer the  iirmruze stimulant in a
suitable dose. Moreover, the kit may also comprise a
container,  including at least one dose of the immune
stimulant', preferably one dose of KLH, or  hLH/ICFA.
M'Mo.reocve.r, it. has also been surprisingly.- found
that the immunogenic potential of the  15 immunogenic
compositions comprising recombinant baculovirus
expressed PCV2 ORF2  protein, preferably in
combination with. Carbopol, can be Further enhanced by
the  administration of the tingelVac PRRS MLV vaccine
(see Example :i). PCV2 clinical signs  and disease
manifestations are greatly magnified ivIien PRRS
infection is present. Ho-"wever,  the immunogenic
compositions and vaccination strategies as provided
herewith lessened this 20 effect greatly, and more
than expected. In other words, an unexpected.
synergistic effect was  observed -w-heu animals,
preferably pigs, are treated with any of the PCV2 GRF2
immunogenic compositions, as provided herewith, and
the .Ingelvac .PRRS A=ll.,' Vaccine  (Boehringer
Ingelheim). Thus, a further aspect: of the present
invention relates to the kit as described above,  2:5
comprising the immunogenic composition of PCV2 ORF2 as
provided herewith and the  59 WO 2007/076520
PCT/US2006/062654  instruction manual, w :herein the
instruction manual further includes the information to
administer the PC'V2 O.RF2 immunogenic composition
together,, or around the same lime as,  with an
immunogenic composition that comprises PRRS antigen,
preferably adjuvarned  



MRS antigen. Preferably, the PRRS antigen is inget
acO':~ PIRRS N (Boehringer  5 l:ngel.heit. ~ ). A
further aspect of tlxe present invention also relates
to a kit comprising i) a container  containing at
least one dose of an immunogenic, composition of PCV2
O:l .l 2 as Provided  herewith, and iii) a container
containing an irnmunlogeme composition comprising
P.RRS  antigen, preferably adj uvanted PRRS antigen.
Preferably the :PRRS antigen is 'inge1Vac k> I i) MRS
MIN (loehringer ingelheim). More preferably. the kit
further comprises an  instruction manwill including
the information to administer both pharmaceutical
compositions. Pref:era.bly, it contains the i.nt
brmation that the P0,12 ORF2 containing  composition
is administered temporally prior to the.PRRS
containing composition. A f further aspect, .relates
to the use of any: of the compositions provided
heremvit:h as a  i5 medicament, preferably as a.
veterinaty medicannent; even. more preferably as a
vacc cte.  lbloreo-v.er, the present invention also
relates to the use of any of the compositions
described  herein, :for the preparation of a
medicament for lessening the severity of clinical
symptoms  associated with PCV2 intectiort. Preferably.
the medicament is for the prevention of a PCV2
infection, even more preferably in piglets. 20 A
further aspect.relates to a method for (i) The
prevention of an infection, or re- infection with PCV2
or (iii) the reduction or elimination of clinical
symptoms caused by  PCV2 in a subject, comprising
adnninistering any of the immunogenic compositions
provided  herewith to a. subject in need thereof
Preferably, the auhject is a pig. Preferably, the
immunogenic Composition is administered intramuscula
ly. Prel'era.bly, one dose or two doses 25 of the
immunogenic Composition is/are administered, w. herein
one dose preferably comprises  60 WO 2007/076520
PCT/US2006/062654  at least about 2 }rg P 0%2 O.RF2
protein, even more preferably about 2 to about 16 tig,
and at  least about {).1 to about 5 ntgg C arholtol_
.preferably about l rug Carbopol. A further aspect
relates to the method of treatment as described above,
wherein a. second application of the  



intmunogetxk composition is administered. Preferably-
the second administration is done 5 with the same
inununogenic composition, preferably hawing the same
amount of PCV2 O.RP2  protein. Preferably the second
administration is also given intramtrsccil.arly.
Preferably, the  second administration is done at
least 14, days beyond the initial administration, even
more  preferably at least 4 Y eeks beyond the initial
adminirtratinzt. According to a. further aspect, the
method of treatment also comprises the  10
administration of an immune stimulant. Preferably,
said immune stimulant is administered at  least twice.
Preferably, at least 3, more preferably at least 5
days, even More prel'erabl at  least 7 days are
between the first and the second administration of the
inunrnne stimulant,  Preferably, the immune stimuli nt
is administered at least 10 days, preferably 15, even
more  preferably 20, still more preferably at least 22
days beyond the initial administration. of the 15
PCB'2 ORF2 immunogenic composition. A. preferred
immune stimulant is for example is  keyhole limpet
hemocyanin (KUI)) still preferably emulsified with
incomplete Freund's  adjuvant (KLH.:~IC1"A),
Hour==ever, it is herewith understood, that any other
immune stimulant  known to a person skilled in the art
can ilzo be used, It is within the general knowledge
of a  person skilled in the art to administer the
i.tnrr une ~tirattlant. in. a suitable dose. 20
According to a further aspect, the method of
treatments described above also  comprises the
administration of .PRRS antigen, Preferably the MRS
antigen is tngelVac1  P.R.RS MIN T oehringer
tngelheim). :Preferably, said PRRS antigen is
administered  temporally beyond the administration of
the immunogenic co'n position of PCV2 ORF2  Protein.
61 WO 2007/076520 PCT/US2006/062654  According to a,
farther aspect, they present invention provides a
multivalent combination vaccine which includes an
immunological agent effective for reducing the
incidence of or lesseni-ng the severIty of PCV'2
.infection, and at least one immunogenic active
component against another disease-causing organism in
swine. 



5 In particilar the iminu logical agent effective for
reducing the incidence of or  lessening the severity
of PCV2 infection is a PCV2 antigen. Preferably, said
PCV2 a tfig . is  a. PCV2 ORF2 protein as provided
herekwdth. or any immunogenic composition as described
above, that comprises P+C.`.V2 ORF2 protein. However
it is herewith understood, that a PCV2 antigen also
refers to any  to composition of matter that comprises
at least one antigen that can induce, stimulate or
enhance the ininimie response against PCV2 infection,
wvhen administered to a pig;'.  Preferablyt said. PCV2
antigen is the whole PCV2 virus, preferably in an
inactivated form, a  life modified or attenuated PCV2
virus, a chimeric virus that comprises at least m
immunogenic amino acid sequence of PCV 2, any other
polypeptide or component that 15 comprises at least an
immunogenic amino acid sequence of PCV2. The terms
immunogenic  proteiri", t'irntrtuno ;.etric
polypeptide" or "immunogenic amino acid sequence' as
used herein  refer to any amino acid sequence which
elicits an inumme response in a host against a
pathogen comprising said immunogenic protein,
immunogenic polypeptide or immunogenic  amino acid
sequence. An "imn}.unogernic frrotein", "irrimunogenic
poly>peptitle" or 20 "immunogenic amino acid sequence"
as used herein, includes the 'hill-length sequence of
any  proteins, atnalogs thereof, or iminwiogenic
fragments thereof By ".In rnunog nic . afxuetlt" is
meant a fragment of a protein Which includes one or
more epitopes and thus elicits the  immunological
response against the relevant pathogen. Such fragments
can be identified  using, any number of epi'tope
mapping techniques, well kno' i in the art. See,
Epitope 25 Mapping Protocols in : ethods irr
:'tialecular Biology, Vol, fib (Glenn E. Morris.. Ed.,
1996)  62 WO 2007/076520 PCT/US2006/062654  e g.:. .
lum mna Press. ' "ototca. Now Jersey. For example,
.linear epitopes may be determined by  concurrently s
.nthesizing large ownbers of peptides on solid
supporrs, the peptides  corresponding to portions of,
the protein molecule, and reacting the peptida s with
antibodies  



while the peptides are still attached to the supports.
Such techniques are known in the art and. 5 described
in. e.g., 'U.S. Patent No. 4,7()5,371; Geyser at al.
(1984 Proc, Natl. Acad. Sei.  USA $1.3998-4002 Geysen
ei at. (1.986) l tolec, immunol.. 23:709-715.
Similarly.  confor-mmrational epitopes are readily
identified by determining spatial conformation of
amino  acids such as bi>, e. ... -raj> cm stallos
raphy and 2-dimensional nuclear magnetic resonance.
See, e.g.. EpitopU ;Mapping protocols. stupra.
Synthetic antigens are also included within the 10 def
nitian, for example. polyepitopes, flanking epitopes,
and other recombinant or  ergmarm at al. (1993) Eur.
J. lmmunol. 23:2777- s nthetically derived antigens.
See, ex...' 2.781; Bergmann at al. (I9% , J. Im unol,
157:3242-3249; Suhrbier, A. (1997)t IrmnunoL  and Cell
Biol. 75:402-408; Gardner at al.. (1998) 12th World
AIDS Conference, Geneva,  Switzerland. June 28-Jul. >,
1998. 15 According to further embodiment, said PCV-2
antigen is inglevac CircoFLEXT"r.  Jheim Vetmedica.
Inc, .St Joseph, : ~IO.. i1SA). CircoNmaxm:('liwmial
SAS,  (Boehringer Inge Lyon, France), C.ircoVent
(Intervet inc., Nlilisboro,, DE, LISA), or Suvaxyni
pCV-2 One  DosewK, (Fort Dodge Animal Health, Kansas
City, KA, USA). An "immunological or immune -response"
to a composition or vaccine is the  2(1
d.e~slc~pn-ient in the host of a cellular and: or.
antibody-mediated immune response to the  composition
or Vaccine of interest. Usually. an "immrmune
response" includes but is not limrmited  -to one or
more of the following effects: the production or
activation of antibodies, "I3 cells,  helper T cells,
suppressor T cells, and/or cytotoxde T cells and/or yd
7' cells, directed  specifically to an antigen or
antigens included in the composition or vaccine of
interest 25 Preferablyt the host will display either a
therapeutic or protective immunological response  63
WO 2007/076520 PCT/US2006/062654  ;~-ch. that
resistance to new infection will be enhanced and./or
the clinnicaa SeYerity of the  



disease reduced, Such protection will be demonstrated
by either a reduction or lack of the  symptoms
associated with host infections as described above.
Preferably the other disease-causing; organism in
swine is selected from the group  5 consisting of.
Actinobacillus pleuropneucl onia (1); Adenovirus (2);
Alphavirus such as  Eastern equine encephalomyelitis
viruses (3); Bordetefla. bronchiseptica (4)_.
Brachysp.-.ra  spp. (5), preferably B. hyodyentheriae
(6); B. piosicoli (7), Brucella.suis, preferably.
biova-rs  1, 2, and 3 (8); Clasical s ;wine fever
-virus (9); Clostridimn spp. (1.0), preferably CL
diifficile  (t 1), Cl. perfringens types A, B, and C
(12), Cl. rnovvi (13), C1.septicum (14), Cl. testa-ni
(15); 10 Corona:virus (16), pref~rahly Porcine
Respirator Corona virus (17); E'pet throzoonosis Buis
(1S); Erysipelothrix hsiopathiae (19) Escherichia coil
(20); Haenmophilus parasuis,  preferably subtypes 't,
7 and 14 (21) Hemagglutinating encephalomyelitis virus
(22);  Japanese Encephalitis Virus (23); Lawsonia
intracellularis(24) Leptospira spp. (25),  preferably
Leptospira ausiralis (26); Leptospira. canicola (27);
Leptospira grippotyphosa 15 (.28); Leptospira.
icterohaemorrh >icae (29); and Leptospira interrogans
('30); Leptospira  pomona (31); Leptospim tarassovi
(32); wt- cobactedwn spp. (33) preferably N.I. avium
(34),  M. intrac.ellulare- (35) and .N4.bo' is (36);
&-tycoplasma hyopneui oniae (M hyo) (37)  Pasteurella
rnultocida (38); Porcine cytomegalo\virus (39);
Porcine Parvovirus (40); Porcine  Reproductive and.
Respiratory Syndrome (PRRS) Virus (41) Pset.-dorabies
virus (42); 20 Rotavirus (43); Salronc"lla spp. (44),
preferably S. thyhirnurium (45) and S. choleraesuis
(46); Staph, hyicus (47); Staphylococcus spp. (48)
preferably. Streptococcus spp. (49),  preferably
Strep. srtis (50) Swine herpes, virus (51); Swine
'Influenza. " ~ ir.is (52); Swine pm  virus (53);
S,~Nwine pox virus (54); Vesicular stomatitis virus
(55); virus of vesicu'ar  exmithema of swine (56);
Leptospira.H.'ardjo (57); and/or -t coplasma b cos .no
e iae (58). 64 WO 2007/076520 . PCT/US2006/062654  Any
reference made in connection with a swine pathogen in
the follov wing can be made by waning the patl pgen,
for example i111.hy o, or by making reference to the
number in  



} behind the pathogen, that is .Round above. For
example reference to .M. Iwo can be made by  M.hyo
or'by (37). 5 Thus. the present invention relates to a
combination vaccine for the treatment and for
prophy-kiwis of sw i::oe, that includes an it
-u-nonological agent effective for reducing The
incidence of or lessening the severity of PCV2
infection, preferably, a PCV2 arntigen, and  further
an immunological active component effective for the
treatment and/"or prophylaxis of  infections caused by
any of the swine pathogens (1), (2), (3)- (4). (5),
(6), (7), (8). (9), (10). (21). (22), (23), (24),
(2..5), (26). (27),  10 (11). (12). (13). k-14), (15),
(16), (17), (1 ), (1.9), (20), (34). (35). (6). (37),
(38). (39), (40). (41 ), (42), (43), (4).  (?. ).
(29). (30), (3.1:), (32), (33). (45). (46), (47).
(48). (.;49), (50). (51), (52), (53). (54). (55),
(56). (57) andlor (58), or is an  immunological
,active component of said swine paathogen(s), lcoxnbo
I. An "immunological active component" as used herein
means a component that  15 induces or stimulates the
immune response in an animal to which said component
is  adi iY.tistered...According to a preferred
embodiment, said immune response is directed to said
component or to a microorganism comprising said
component. According to a father  preferred
embodi.ment, the immunological active component is an
attenuated microorganism.  including modified live
-virus (MIN), a killed-microorganism or at least an
immunologic,l  20 active part of a microorganism. '
immutnological active part of 'a microorganism" as
used '.herein means a protein-,  sugar-, and or
gly-coprotein containing fraction of a microorganism
that comprises at least one  antigen that .induces or
stimulates the immune response in an animal to which
said  component is administered, According to a
preferred embodiment, said immune response is  65 WO
2007/076520 PCT/US2006/062654  



directed to said inzarunofogical active part of a
anicroorgaalisan or to a microorganism  comprising
said immunological active part. Preferably the further
h-."naun.ologi.cui active component of [combs 11 is
effective for  the treatment and/or prophylaxis of
infections caused by the swine pathogen (41) or is an
5 immunological active component of the swine pathogen
(41). According to another aspect, the further
immunological active component of  [cannbo 11 is
effective for the treatment and/or proph taxis of
infections caused by the swine  pathogen (37) or is
art im unolo ical active component of the swine
pathogen (37). .According to miother aspect, the
further inmmunological active component of  10 (combo
11 is effective for the treatment anti/or prophylaxis
of .infections caused .by the swine  pathogen (1) or
is an immunological active component of the swine
pathogen (1). According to another aspect, the
-further immunological active component of  Icorubo I
] is effective for the treatment and/or Prophylaxis of
infections caused by the swine  pathogen (7) or is an
immunological active component ofthe swine pathogen
(7). '15 According to another aspect, the further
immunological active component of  (combo I ] is
effective for the treatment and/or propht;=la is
ofi.nfections caused by the mine  pathogen (24) or is
an immunological active component of the swine
pathogen (24). According to another aspect, the
,further immunological active component of  [combo 1]
is effective for the treatment and//or prophylaxis of
infections caused by the swine  20 pathogen (8) or is
an immunological active component of the swine
pathogen (38). According to another aspect, the
.further immunological active component of  jcombo 11
is effective for the treatment aandlor. prophylaxis of
infections caused by. the swinne  pathogen (2l) or is
an immunological active component of the swine
pathogen X21 j. 66 WO 2007/076520 PCT/US2006/062654
According to another aspect:, the further i.
rnnmunological active component of [combs 11 is
effective for the treatment and/'or prophy taxis of
infections caused by the swine  



pathogen (40) or is an immunological active component:
of the swine pathogen (40).  According to another
aspect, the further immunological active component of
5 [combo 11 is of ective for the treatment and/or
prophylaxis of i.n actions caused by, the swine
pathogen (2) or is an immunological active component
of the swine pathogen (2), According to another
aspect, the further initx3cinoloicl active component
of  [combo 11 is effective for the treatment and/or
prophylaxis of infections caused by the swine
pathogen (44) or is an immunological active component
of the swine pathogen (44). the farther
im'ununololical active component of  Its According to
another aspect, (combo 11 is effective for the
treatment and/or prophylaxis of.infections caused by
the swine  pathogen (50) or is an immunological active
component of the se ine pat ogen (50).  According to
another aspect, the further immunological active
component of [ccr.mbo 11 is effective for the
treatment and/'or prophylaxis of infections caused by
the swine  15 pathogen (19). preferably (20) and/ar
(21) or is an i maunological active component of the
swine pathogen (.19), preferably (20) and/ or (21).
According to another aspect, the further i munological
active component of  [combo 11 is effective for the
treatment and./or prophylaxis of infections caused by
the swine  pathogen \22 i or is an immunological
active component of the swine pathogen (22). 20
According to another aspect, the further immunological
active component of  [combo 11 is ef'f'ective for the
treatment and/or prophy taxis of infections caused by
the stizwi.ne  pathogens (41) and (a7), or is an
immunological active Component of the swne pathogens
(41) and (37). According to another aspect, the
further immunological active component of  25 [combo
11 is effective for the treatment and/or prophylaxis
of.infections caused by the swine  67 WO 2007/076520
PCT/US2006/062654  patl:rogerns (1) and (4.1), or is
an immunological active component of t e swine
pathogens Cl.)  



and (41). According to another aspect, the further
immune logical active component of  lcombo I] is
effective for the treatment arrtcl<'or prophylaxis of
infections caused by the swine  in of'tthe sc~~cne
pathogens (1)  5 pathogens (1) and (37), or is an
immunological active cop and (37). according to
another aspect, the further immunological active
component of  Icombo 1 is effective for the treatment
and/or prophylaxis of infections caused by the swimme
pathogens, (1) (41) and (37), or is an immunological
active component of the swine 10 pathogens), (1), (41)
and (37). In a preferred form, this combination is
arljrrvarrrteci with  Carbopol. According to mother
aspect, the further immunological active component of
(combo 11 is effective for the treatment nd/or
prophylaxis of infections caused by the swine
pathogens (1) and (21). or is an immunological active
component of the swine pathogens (1)  15 and (21).
According to another aspect, the - urtl er
immunological active component of  (combo 11 is
effective for the treatment andlor prophylaxis of
.infections caused by the svwi.ne  pathogens (21.) and
(41). or is an iimnundlogical active component of the
swine pathogens  (21) and. (41). 2.0 According to
another aspect, the further immunological active
component of  (combo 11 is effective for the treatment
and/or prophylaxis orf'.infections caused by the swine
pathogens (21) and (37), or is an immunological active
component of the sawine pathogens  (21) and (37).
According to another aspect, the further Immunological
active component of  25 lconcbo 11 is effective for
the treatment and/or prophylaxis of infections caused
by the ovine  68 WO 2007/076520 PCT/US2006/062654  



pathogens (21) Niel (3S), or is an .i t~tzttar oio i~
active componet.1 of the swine pathogens  (21) and
(38). According to another aspect, the further
.immunolo<3.ica1 active component Of  [connbo i] is
effective for the treatment and/or prophylaxis of
infections caused by the swine  5 pathogens (7) and
(19), or is an i nmunologica1 active component of the
swine pathogens (7)  and (19). According to another
aspect, the farther izm3unological active component of
jconTbo 11 is effective for the treatment and/or
prophylaxis of infections caused by the swine
pathogens (3$) and (33), preferably (34). (35) and: or
(36), or is an immunological active  1t) component of
the swine pathogens (33) and (33) preferably (34),
(35) and/or (36). According to another aspect, the
further itmaunological active conmporient of  [coinbo
1.; J is for the treatment and/or prophylaxis of
infections caused b ,v- the seine  pathogens (49),
preferably (50), and (21.), or is an immunological
active component of the  swine pathogens (49)
pretera.biy (5(). and (21). 15 According to another
aspect, the further immunological active component of
teombo I I is effective for the treatment
and/or'proplty>la ns of infections caused by the Swine
pathogens (49) preferably (50), (20) and (21). or is
an immunological active component of  the swine
pathogens (49) preferably. (50). (2-0) and (21).
Accordiiig to another aspect, the further
immunological active component of  2{) [combo .II is
effective for the treatment and/or prophylaxis of
infections caused by the swine  pathogens (49)
preferably (50), (20) and (21). or is a i
immunological active component of  the swine pathogens
(49) preferably (50)., (20) and (21). According to
another aspect. the further immunological active
component of  [combo 11 is effective for the treatment
and/or prophylaxis of .infections caused by the swine
69 WO 2007/076520 PCT/US2006/062654  pathogens (49),
preferably (50)7 (20), (38) and (21.), or. is an.
active component  



of the swine pathogens (49), preferably (50), (20).
(33) and (21). According to mother aspect, the further
immunological active component of  [combo 1 is
effective for the treatment and/or prophylaxis of
infections caused by the swine  5 pathogens (49)
preferably (50), (33) and (21), or 'is an
immunological active component  of the seine pathogens
(pi)) preferably (5i))_, (2t)) (33) and (21).
According to another aspect, the further immunological
active companent of  Icembo 11 is effective for the
treatment and/or prophylaxis of infections caused by
the swine  pathogens (49), preferably (50), (20), (38)
(33) and (21), or is an immunological active  10
component of the swine pathogen (49), preferably (50),
(20), (38), (33) and (21). According to another
aspect, the further immunological active component of
Icombo 1.1 is effective for the treatment and/or
prophylaxis of infections caused by the swine
pathogens (41), (40), and (19), or is an immunological
active component of the swine  pathogens (11), (0),
and (19). 15 According to another aspect, the 'further
immunological active component of  Icombo 1 I is
effective for the treatment a id"or proplrylaNis of
infections caused by the swine  pathogens (38), (4),
and (19), or is an immunological active component of
the swine  pathogens (38), (4), and (19). According to
another aspect, the further immunological active
component of  20 lc(c)inbo 11 is effective for the
treatment and/or prophylaxis of infections caused by
the swine  pathogens (38):. (4), (21), and (19), or is
an immunological active component of 'tlie .swine
pathogens (38). (4). (21) and (19). According to
another aspect:, the .further immunological active
component of [combo  :11 is effective for the
treatment and,/or prophylaxis of infections caused by
the swine  25 p athoge ns (20l; preferably, (20), (31)
and (38), or is an immunological active component of
7() WO 2007/076520 PCT/US2006/062654  the swine
prrth.ogens (20). (:31), t38). 



According to another aspect, the fin er immunological
active component of [combo  :11 is efTective for the
treat m1en t. and/or prophylaxis of infections caused
by the swine  pathogens (5), preferably, (5) and (24).
or is an immunological active component of the swine
5 pathogens (5), and (24). According to another
aspect, the further immunological active component of
[combo  :1.j is effective for the treatment and/ or
prophylaxis of infections caused by the swine
pathogens (1), preferably, (1), and (5), or is an
immunological active component of the swine  pathogens
(1), and (5). 10 According to another aspect, the
.further immunologucal active component of [combo
.1.1 is effective for the treatment and/or prophylaxis
of infections caused by, the s ine  pathogens (41).
preferably, (40), (27). (28). (29), (3I), (1.~) and
(59), or is an immunological  active component of the
swine patho_gans (41), (40), ("7), (:28), (29), (.31).
(.19) and (57). According to another aspect, the
further immunological active component of [combo  15
11 is e0ective for the treatment and/or prophylaxis of
infections caused by the swine  pathogens (C),
preferably, (6), (19), (38) and (5S) or is an
immunological active component  of the swine pathogens
(1), and. (5). According; to further aspect, the
further imrntmological active component of the
combination vaccine is selected from the group
consisting Enterisol<l) Ileitis, Enterisoli8  .70
Ileitis FF, .Enterisol-alt` SC-54, Enterisol(r) SC-54
FF, Enterisol , ERY--ALC, :fngelvac APP  ALC, Ingelvac
? AR4, Ingelvac,;l : HP-1, ingelvac(r)l` H'E-1,
ingelvac ` M. hyo, ingelvac lz:  PRRS 41N, Ingelvac >
P.RRS ATP, Ingelvac? PRV-G1. 'Reprocyc PRRS PL
Reprocyyc1(r) PLE, TetguardiM, To ivacV AD+E,
1'oxivac& Plus Parsius, (all ofBoe:hringez.
ingeiheinr, St. Joseph, 'NIO, USA); Circovent,
Porcilis Coll, Porcilis ERA:' I PARVO,  71. WO
2007/076520 PCT/US2006/062654  Porcilis Fri',
Aorcili.s C).asse r, Porcil.is Fa.rti>t?, Portilis Pc~
c7.li DF, Porz lis APP. P. orcilis .AR- T..Porcilis
Alt' Y DF, Porcilis Porcol . Porclis Porcoti D1tuv ac
forte.Porctis PRRS, Parcilis  



Porcol 5, Po`ciis Aujeszky, Porcilis Begonia Diluvac,
Porcilis Begonia. T.D. A.L.. Porcilis  Begonia
Uniscile, Porcilis M. hyo, Porcilis Atrinorcl, .iyco
SileYCerl` $1'11T_ . ll`co Sileacer(r)t? 5 13PME, Myco
Silence ~ ME. %Iyco Siieneet1 M.:M co Silencer , Once,
Nlyco Silencer  MEH, Rlrinogei (r) SPE, Rliinogenlt
C'TE 5000.. Rliinog 11:,x' CTSE. Scarp, Sow Bac,'i  E
11.  Sows' Bac : CE H, Sow Bac E ' I'REC,
ProSystenn(r)it CE, ProSysteni(r) RCE, ProSy stern<k%
TREC, ProSystem(r) Pilimune, P.roSysten (r):(r)~
Rotamune` : with Imu at 11, P'r`oSyste 3(r)  Rota,.
ProSysten 4 ` Rota une Ky, ProSvsten T - TO-.Eniuno
Rota with T.mugao:(r)? I.I. 10 ProSystem-RO, TG/Rota,
ProSystei (r) TG-Eniune4b, NNih 1:muwgen(r), Pros-
stern(r)' TOE,  MaGESTIC 7, MaGESTIC 8, MaGESTic4"tz
with Spurr..-.. MaGES'lic 7 with Spurt?:,  M,aGESTiC
$ with Spur, End-FLT etnce(r) with lnnugen (r) I:1,
End-FLT. enceik", 2,  PRRoiniSE(r)(r), PRV-Begonia w
vitlh. Dllurac Forte??,, .Argus~l~ SC/ST. Sttrep
:13ac. Strep Sac:1?  witlr :iinrtgen. IIL Colisorb.
Hepta-vac. Lambivac, Porcovac. plus,, Ery-sorb Parvo
all of 15 Xnter'cet Inc., Millsboro, DE, USli-);
1-1voresp, Cireovac, ;' eocolipo.r, Parvonr aC, Par
oscuin.  Progre>sis, 'Virafu, Akipor 6.3. Jespur al,
Jest:lu gl- (all of M.erial LTD, Duluth, GA); ER
B.AOPLUS, ER. BAC:t?, FR BAC` Pt US, T~1 P t~PE.P
-5'F'' ER 'AC(r) Leptoterna-5,  Farrow sure,
Farrowsure(r) B, FARROWSURPLUS B. FARROWSURE.": PLUS:.
FAR.ROWSLRE:(r)4 PRV, FARROWSURE B-PRY, FLUSURE-,'r.
FLUSUREI-11 RTU, 20 F:LUSUR.FTti1/ER BAC:~ BAC
PLus(r)(r), P l USl/1 1 x :'1 1 S.P1.5'Uhl s ".
FI.:EiSURFT';RESP1S1J E`R' RTU, FT. E:`Sl;'Rl TM R1
SP1.S1JRE~C3"il `R/ER BACF' PLUS.  FLE. SURE w
/RespiSare 1 ONPRNER SAC P.luse.. FLUST.
R.ET~.M/RESPISU'RE ONE`",  ltLUSURED/RESPIST ~RI~ 1
ONE(r).: FLUSUREJFarrow- su e Plus, FLUSI.lREf
Farrowsxtre  Plus B. LrrrERGUARD~` LT-C,
L1rI'ERGLUARD" ur, PleuroGmrcP' 4. Pneurnosuis 111.
72 WO 2007/076520 PCT/US2006/062654  Stefanxune One,
Stdll,inr.une Uno, Sfellaniune Once, Stellairinne
Mono, S:efammne  My coplasra.; Respisure One..
Respsure Respistire 1 ON1 ii.; Respisure I Oae.l ~JE:R
Bac  Piiis:l~:, Enduracell T. Zylexis (former y known
as Baypamun ). Atrolaac(r) 3, Brati'VaOR',  



Brat.il acX-R, Ise ptferrri- : P7rirE3~ `zi.
`i\ail.elafcsf4ri~~S , *R- 'ac -i illi;ci, PR-Vac: ,
PR 5 Vac Plus" -l" (all of Pfizer Inc., New York, N1',
USA), Suivawyn ]NO-1 One. Suvaxyn  RespiFencl `
11-11.1, Suvaxya Mycoplasma,. Suvaxyn Aujeszky Bartha
-i Diluent, Suva yn  Ai#eszk Bartha + oh-V' Suvaxyia
Au s lc -Flu.. Suzy ax-yn _Atiijeszk 7,93 - olw,
S-uvaxyn Ery-,  Suvaxyn Flu, Suvaxyn vI.hyo. Suva.~xyn
1\41-I-Otne, Suzvaxyn Pam--o ST, Suvaxyn Parvo/E,
Suvaxyn RespiFend APP, Suva yn RespiFenclik H.PS,
Suv-myn RespiFend(r)` li l/PI.PS,. 10 Suva axyia.
RespiFend 12 MR. Siir~axyn k AR/T/E, Suv>a..'. yn :
EC-4, Su axyn(r) E, Suivaxyn  Suvaxv-n `E-oral. PLE,
Suvama-F,PLE/Pr'1/ gpl-, Suvaxyn LE--.B. Suvaxyri.i~
PI,E + E. Suvaxyn PLE+E/Pr's gpi-, Sutvaxyn(r) STY.
Supaxyn-Sly IN-11l-osne, Suvv ixy0  P, Suvaxyn ' Prt`
gpl-, Suvaxyn(r) PCV-2 One Shot (all of Fort Dodge ,
heal fealb,  Ovei aiul Park, KS, USA (i /)yeth);
SCOUR.MUNEA,, SC'O R:t 1= E:`C., 15 SCO1
R%-1UN.Ts*-CR, .R-PAC(r)-PD- E.R., ARPARAP.AC-IN-ER,
M+ Rl risigen ,  lv+P GV, :t faixiVac Ex.celOP3, l~rla
.i4'tic,' .l .UN.l, Maxi'Vat(r) H3N2, +a i4'at(r)-Ply
,  i~Iaxi 1/ac `-M , Maxieac Excell(r). Man Vat Excell
3, PAR AP AC11), PNEU PAC(r), P AEU  PAC-41-,",ER,
PNEU P.AC' r--ER, PRY/Marker Gold (r), PRY/Marker Gold
R', PRV `Mar ;er  Gold - rlaxi is:lx~ FLU, .Rhu
sigenl'M 0letvax 6, Covexiii 8, M + PAC, Gletvax phis.
M 20 ParapacT'SS P.AC(r) (all of Schering-Plough
Animal Health Corporation, Kenilworth,  NJ, (USA).
All?lER'VAC-PRRS, AUSKIPRA-BK, AUSKIPRA-GN.,
COLiSUIN-CL,  COLISUI.N-1'P, ERY'SIPRAV'AC. GRIPORK,
HIPRASUIS-GLASSEP, MYPRAVA.C`  SUIS, NEUMOSUIN,
PARVOSUIN, PAR1/OSUIN-MR, PAR VOSU NT-MR/AD,
RINIPRAVAC-DT, S'U1PR AAV`AC-PRRS, SL'IPRA'VAC-RC,
TOXI.PRA PLUS (all of  73 WO 2007/076520
PCT/US2006/062654  Lab o :~~torins 1 ipra S.A., Amer,
Girona, Spain), Clostricoi.
Coliporc..PlUs..B.aeppovac,  Per-C Pore, Porciparvac,
:RESPIPORC. ART -;- EP, RESPIPORC. FLU. Respipo. c M.
HYO '1  SHOT, Rhusiovac, Rotiauf-Lebendi.mpfstofl>
Salroporc, Suisalorfl. AK-vac MtK 5 (all of  IDT
Inapfstoff" erk Dessalor nan, Toi'nau, Germany):
Myprava.c. Suis, (Albrecht GmnbH, 



5 Gel-malty); Hum Shield P. Parapleuro Shield=' P.
Parapleuro Shield r P- 13E, ithinicellk  PAD, Rhiiti
Shield3'T' TX4, Prefarrow Shield l~, 9, Prefarrow
Strep Shield X, Clostratox l`: BCD,  Clostrato -'R' C,
C.lostratox :(r) Ultra. C '1300. Porcine Ecoiizer(r)`
3 C, Porcine Pili Shield  T' Y.C. Porcine Pili Shield
`` Porcine Ecolizer: 3, Ery Seruzrt "'Ery ShieldT-Er>
Vac Ora, Ery  ShiekPM -s-:I 5, PaznSTATO",1 Ei Er
yce11T--1'Panvo Sbi.eldl. IE. Pan.* Shield; L5E. Parma
10 Shield(r) L5, Pane Shield. Para Shield--t',
Pucun1oS"l AR SI.Y, PneutraoSTART,' Myco,  Lepto
ShieldTe' 5, ; yco Shieldd''zsalmo Shield(r) 2, Saline
Shield='(r)` Live_ Amitox TefINIC'  Periinggens Type A
Toxoid ball of Novartis Animal Beaith, Basel,
Switzeiland); Nitro-Sal  (Akro); or any antigen which
in included in the composition described abo~ e
.Alterzta.tiveh.  when PCV2 antigen is already present
in any of those vaccines, (i) PCV2 a:cntigen, as is
described herein, is added to any of those
compostions/auutigens, or (ii) the PCV2 antigen
present in any of those vaccines is replaced by the
PCV2 antigen. as described herein.  According to
further aspect; the further inummological, active
component. of the combination vaccine is selected from
the group consisting P:rtterisol4` llctis. Enterisolil
Ileitis PP.:Enteriisol(r) SC-54, Enterisol- SC-54 PP.
Enterisol40 ER.'Y.ALC, Engelrmc,",R) APP  20 ALC, l
tvc l~ ac ARC-, Izn ;ehevac.1% TIP-l, ingelvadk
11PE-1. lzt el act?.: N-1. 1~yo. ixnl elvac(r).~"'
PRR5 .M.Lir. ingelvac:k` PRRS A.'l'FI. i.ngelvac=(r)
PRV-Ol_ Reprocyc=(r)` PRRS PLE,  Reproc4 ctt? PLE.
Tetguard1~*c, Toaiv-ac k'r AD+ +E. Toxi vac< '> Plus
Parsius, (all of Boehringer  tntgetheim, St. Joseph,
1110, USA)i Circovent, Porcilis Cot, Porcilis FRY +
PAIWO.  Porcilis Ery, Porcilis Glasser, Porcilis
Parvo, Porcilis Porcoli DP, Porcilis APP. Porcilis AR-
74 WO 2007/076520 PCT/US2006/062654  T, Porcil.is AR-T
IMF.. Porcilis Porcoli, Porci.lis Porcoh Dil wac
forte, Porciis PRRS- Porcilis  Porcol 5.:Porcilis.
Aujeszky, I'orcilis Begonia Diluvac, Porcilis Begania
LD.A.L.. Porcilis  Begonia Unisole, Pon ilis M. l yo.
Porcilis Atrinord, Myco Siieocei,V BPM,1 Iyyco
Silezncer:l*`  BPME, dycry Silencer, ME, Iyco
Silencer, M. . vttvco Silencer ~ Once. Myco
Silencer(r) 5 MEH, Itlhiaogen(r)(r); B:PE, Rhinogerr
"R', CTE 5000,Rhinogenv:l CTSB, Score, Sow Bac %P E
II,  



Stns.- Bac'` CB II, Sow Bactl TREC, P. ros stem : CE,
ProSyslem(r) RCE, ProSvstej -' .  'I'REC. Pros stem >
Pillrnune. ProSystenrl Rotarnune4l with Iinugan(r) fl,
ProSysterxrk  Rota, ProSysterm::l4 Rotamune 1""N"
ProSystem(r) TG-EEn un6,R) Rota with Inugan(r) II,
ProSvstem,' TOE:/ ota, I?roS Met a:: TG~F7 t vv-.iili
Imugen: . ProSstem  TOE. It) MiaGBSTIC 7, AIaGESTIC S,
MaGB.STicrW" with Spur `, N.MIaGESTic-P 7 with
Spark,,.  MaGESTiC(r)? S with Spur(r).
End-FLUence:I:(r) with Imugen.(r)(r) Il, End-FLUence;
(r) 2.  PRRontiSE, PRVf'Begonia. with DIluvacc
Forte>w, Argus l = SC/ST, Strep Bac, Strep Bae r  with
I.nugent, ll, Colisorh, t: ept ivac, Larahivac,
Porccovacc plus', Erysorh Parvo all of SA}; I-lt:
oresp, Circovac, Neocalipor, Pamoruvac, Parvo?suin,
Intervet Inc., Millsboro. DE, U 15 Progressis.
Virallu. Akipor 6.3. Jespur gl-. Jesflu g1.- (all oP
Ierial LTD, Dtrlutlt, GA); ER  BAC'-' PLUS. ER :13AC:
",, ER BAC"PLUS/ PTOFERM 5" ER BAG :Leptol'errn-5(r),
Farrowsure'T, Farrowsure(r) B, FAR:RO gUR:FE`: PLUS B,
F ARROWSURE''. PLUS,  FARROWSURE(r) PRV, FA:RR.OWSU-RE
:B-PRV, FLUSURE3' m. FLUSURET R'I'U, k 'k  , FLL
SURB"r~VRESPISLI'RE'  F.LI>SUR '/Eli BAAC' PLUS, FLUSC
RE'`YER :BAC P:Lus' 2(:y FLI =SUIIMT IIESPISLIRI '~` 1
t , LITSURIMr` ::RI S1?ISLIRI ~C3 IIa~'1BR B,AC''''
PLI. S,  FI.:USL RE -' R.espiSure I ONEVER BAC
Pius(r), FLI SURB~'~'4/:RESPISURE, ONEF,  FLUSU>RED:;
:/RESPISU"RE I ONE(r), .FLUSU:RBiFarrmv-sure Plus,
PLUSURE/Farr0WSitre:  Plus B, LITT.ERGU.ARD"` LT-C,
LITTERGI. ARD':' LT, PlauroGxrard'' 4, :Paeumosuis
Ill,  Stellacnune One. Stellarnune Uno, Stellatntnse
Once. Stellamune Mono. Stellarnune  75 WO 2007/076520
PCT/US2006/062654  y-coplawrtut, Respisure One, Rc
spisure b, Respisure I (WE R):. Respi.sure I On/ER
Banc P si?i>, : ndu cefl T. yl tis 1tsri w ly known as
Bkvpatnune), tltrobac(r) 3, I3rafiVac(r).  13rati~
ac12>-B Lepfo:C rn -~"'Part o- 7 c: lL p ~~err~~~ :?>,
PR-Vacs ;rKilied, PR.- ao , 'PR- 



Vac. Plust',z (all of Pfizer hic., New York, NY, USA);
Suvvaxyn MB One. Suvaxytn 5 Respi:Fend:(r) ME..
Suvaxyn My`coplasma, Suvaxyn .ArIjeSZkY 13artha +
.Dilue ., Suvaxyn  Aujeszky:l3artha + Sxuvawn
Aujeszky-Flu, Suvaxya A.ujeszky 193 -_- o/w, Suvaxyn E
y.,  Suvaxyn Flu, Suvaxyn M.hyo, Suvaxyn NTH-One,
Suvaxyn Par-vo S'1'. Suv'axyn Parvo/E.  Suvaxyn
RespiFend(r)' APP, Suvaxyn R.espiFend(r) ZIPS, Suvaxyn
RespiFend '` -W ./Z=IPS,  S-uvaxyzn RespiFenthi MU,
SuvaxynIZ: AR,,T%Z , Suv ativ n Z C- , Suv <txc>n< 1
E. Suv-axyn iM., 10 Suvcaxyn(r) E-oral, Su va.;cw
PLE, Suwaxyniz~ PLE/ Pr'V gpl-, Suvaxyn i LE ~l3,
Suv=ax.-yn  PLE B. SuvaxyukU., PLE-t+B/Prv, Suvaxyn` ?
Std', Suvaxynx) SM"Mlb-ore, Suvaxynn:R,  P, Suv~axyn:
Pry' gpl-, Swax~yn~ii:: PC.V-2 One Shot (all of Fart
Dodge. Animal Health,  Overland Park, KS, USA (Wyeth);
SCOU'rR'vlI,ThE , SCOt)R14U'NE4 P-C,  SCOURX UNE< -CR,
AR-PA.C -PDfER. AR-PAR z .PAC k-+ER,; IN :i .l usigen
. 1.5 l~I l?ACiir; MaxiVac Excel11 3, Maxl\ av* BIN 1,
.flaxilFac 1I3N, I xiVacI1-FLUU,  1~9.axa'~rac:? -t :t
a i r a.e Excell4 . Maxi ac .Excell 3_ PAR.APAC 9,,
PNEI PPA.C,I ), PNEU  PAcl -ER. PNEU PAC '-ER, PR,'Vi
artier GoldIi:, PRV/Marker Gold l!,,, PRV/Marker
Gold<>z- Z~~xi. `acitir FLU, Rlv tsIgen , G eLvax 6,
C`ovexin. 8, M PAC, Gletv.t : plus, :M- Parapac"",I.SS
PAC I` (all of Schering-Plough Animal Health
Corporation, fs enilworth, 20 NJ. USA); AMERVAC-PRRS,
AUSK11.'RA-131, AUSKIPRA-GN, C OUS >1"xl-C ..  CCOLiSC
IN-TP, ERYSWPRANTM, GRIPORK, Z I1PR~1St:=1S-C;t,lSSER.
NJ1YP.RAVAC  SUIS, NEUMOSUIN. PARVOSUIN. PARVOSU=IN-TV
R, PARVOSUIN-:M1IVAD,  RINIPRAVAC 'OT, SUIPRAVAC-PRRS,
SUIPRAVAC-:1RC, TUxipR.k PLUS (all of  Lahoratorios
Hipra S.A., Amer, Girona, Spain)- ClosWcol, Coliporc
Plus, Haeppov rc,  76 WO 2007/076520 PCT/US2006/062654
Per--C'--Pore, Porcparv: c, R.RSPIPORC ART EP,
RESPIPORC FLU, Respipo.rc.:'Vt. IM) 1  SHOT,
Rhtrsiovac, :Rotlauf Lebendimpfsto'f, S'alniol ozc,
Suisalaral, AK vac MK35 (all of  IUT :ir rpf toff
'er'k DessaTer rau, To. nau, Ger' r=rrry ; lypravac
Suis, (Albrecht Grrxbl t.,  Ger many); Haemo
Shield-.1k. P, Parapleuro Shield--X, 1), Parapleuro
Shield)?: P-4-RE, Rhinicell~'PJ 



5 FD, Rhini ShieldT'''T`X4, Pret:arrow ShieldX 9,
Prefarrow Strip Shieldil, Clostratox(r)(r)` BCD.
Clostrato:...R` C. Clostratox- ' Ultra C 1300. Porcine
Ecolze.i 3 --- C, Porcine Dili Shield  T'4C. Porcine
Pili Shield 'TM.Porcine Ecolixer?~ 3, Ery Serun-i{':,'
ry Shiekld~iEryr Vac: O.ril, Fry.  ShiekP'~r PanST
l'r-'-Is Ery. B ceiP' ?P:arvo Shield k': E, Parvo
Shield(r)'= L5E, Parvvo  Shields,': L5, Panso Shield,.
Parr. Shield '. Pneurrro STAR. SW, P.neurrroST.AR '"
.M yco, 10 Lepto Shield"'" :M co Shield'' 'tSalrno
Shield 2, Salrrro Shield--`t' Live, Amitax Tet'f`rC.
Perlin gens Type A Toxoid (all of Novactis Animal
Health, Basel, Switzerland); Nitro-Sal  (Akre); or and
antigen r hich in included in the compositions
described abm e. ; lternative.ly,  when PCY2 antigen
is already present in} any of those vaccine;:, ()
PC'-V2 anntigert, as  described herein, is added to
any of those compostions/antigens. or (ii) the PC 2
antigen  Is present in any of those Vaccines is
replaced by the PCV2 antigen, as described herein, F
orrrulations An important apect of the present
invention is he preparation of the combination
vaccine(s). 'ille skilled person knows additional
components which may be comprised in said  20
composition (see also Remington's Pharmaceutical
Sciences. (1990). 18th ed. Mack Ptibl., Easton). The
expert may'use known injectable, physiologically
acceptable, sterile solutions.  For preparing a
ready-to-use solution for parenteral injection or
infusion, aqueous isotonic  sol-utions, such as e.g.
saline or corresponding plasma protein solutions, are
readily available.  The pharmaceutical compositions
may be present as l o171r~:.lisates or dray
preparations, which  77 WO 2007/076520
PCT/US2006/062654  can be reconstituted with a known.
injectable solution. directly before use under sterile
conditions, e.g. as a kit of parts. In addition, the
immunogenic and vaccine compositions of the 'present
invention can  include one or more teterinar
~acceptabic carriers. As used herein,"a veterinary
acceptable  5 carrier".inctudes any and all solvents,
dispersion media, coatings, adjuvants, stabilizing
agents, diluents, preservatives, antibacterial and
an'ti.tungal agents, isotonic agents, adsorption  



delaying agents, and the like. Diluents callinclude
water, saline, dextrose, ethanol, glycerol, and the
like. Isotonic  agents can include sodium chloride,
dextrose, mannitol, ,,orbitol, and lactose, among
others.  it) Stabilizers .include atbu&nin and alkali
salts of etliylenrdialii. tetracetic acid, among
others. Preferred adj-uvan s are those as described
above. The immunogenic compositions can  further
include one or more other inuntinomodutatot y agents
such as, e, g.,interleukins,  interferons, or other
cytokines. The immunogenic compositions can also
include Gent:aniicin  rind Merth.it}Late. ~~hile the
amounts and concentration s of adjuvants and additives
usefi.l in 15 the context of the present invention can
readily be determined by the skilled artisan, the
present invention contemplates compositions comprising
from about 50 ug to about 2000 ug  of adjuvant and
preferably about 250 ugi inl dose of the vaccine
composition. in another  preferred embodiment. the
present invention contemplates vaccine compositions
comprising  from about lug/rill to about 60 ug/fill of
antibiotics, and more preferably less than about 30
20 ug/nIl of antibiotics. According to a further
embodiment the combination vaccine is first
dehydrated. If the  composition is first lyophilized.
or dehydrated by, other methods, then, prior to
1vaccination,  said composition is rebydrated in
aqueous (e.g, saline, .PBS (phosphate buffered
saline)) or  non-aqueous solutions (e.g. oil emulsion
(mineral oil, or iegetabla?.ri~etaboli able oil  25
based/single or double emulsion based),
aluminum-based, carhomer based adjuvant). 7S WO
2007/076520 PCT/US2006/062654  Dosage and
administration According to the present invention, an
effective amount of a. combination vaccine
administered to pigs provides effective im~xutn.ityy
against microbiological infections caused  > by PCV2
and at least one further pathogexi as listed above.
Prefered combinations o:t antigens  for the treatment
and prolpbyla.is crf microbiologi.ca.l diseases in
pigs are listed above. cording to a further
embodiment., the combination vaccine is administered
to pigs in  



one or two doses at art .interval of about 2 to 4
weeks, For example. the first administration is
performed when the animal is about 2 to 3 weeks to
about 8 weeks of age. The second 10 administration is
performed about I to about: 4 weeks after the first
administration of the first  vaccinantion. According
to a .further embodiment, revaccination is performed
in an interval.  of 3 to 12 month after administration
of the second dose. Administration of subsequent
vaccine. doses is preferably- done on a 6 month to an
annual basis. In another -preferred  embodiment,
animals vaccinated before the arge. of about 2 to 3
weeks should be revaccinuted.  15 Administration of
subsequent vaccine doses is preferably done on an
annual basis. The amount of combination vaccine that
is effective depends on the ingredients ofth.e
vaccine and the schedule of administration. Typically,
w Shen ari inactivated virus or a  modified live virus
preparation is used in the combination vaccine, an
amount of the vaccine  coat riving: about 10 to about
I 0 TCTD o per dose, preferably about 10 to about 10
TC1D~ 20 per dose, more preferably, about 104 to about
10 'I'Cl)r35r, per dose. In general, inactivated
antigen is normally used in higher amounts than live r
rodivied viruses. Typically., when  bacterial antigen
is used in the combination vaccine, the vaccine
containing an amount of  about 10to about 109 colony
forming units (C'F*C-') per dose, preferably, about
10' to about  1t}` (CPU) per dose, more preferably
about I0 to about: 10(' (CPU) per dose. Sub-unit 25
vaccines are normally administered with an antigen
inclusion level of at least tt.2 lag antigen  79 WO
2007/076520 PCT/US2006/062654  per dose, preferably
with about 0.2 to about 400 pg/dose, still. more pref
rably Vsilh about 0.3  to about 200 g /dose., even
more preferably with about 0.35 to about 100
larr/dose, still more  preferably with about 0.4 to
about 50 ctg/dose, still more preferably with about
0.45 to about  30 ug/dose, still more preferably with
about. 0.6 to about 15 pgg/dose, even more preferably
5 with about. 0.75 to about 8 pg//dose, even more
preferably with about 1.0 to about 6 ,ug/dose,  and
still more preferably with about 1.3 to about 3.0
pig/dose. For example, the antigen  inclusion level of
the PCV GI 2 antigen, preferably of the PCV2 OR.p2
protein as provided  



hi rew vi.th, contain,,, about 2 ug to about 150 ug,
preferbably about 2 pg to about 60 pg. even  more
preferably about 2pg to about 50 pg, even more
preferably about 2pg to about 40 10 even more
preferably about 2pg to about 30 p.7 even more
preferably about 2pg'to about 25  u ,. even more
preferaably about Zug to about 20 pg. event rniore
preferably about 4 uu to  about 20 pg. and even more
preferably about lug to about 16 pg. Tn the case of
combination  vaccines that include (37), it is
preferred to use at least l to 10 logs, more
preferably, 5-10  logs, and most preferably, 6-8 Jt .;
s. In the case of combination vaccines that includ :
(41), it 15 is preferred to use at least I to 10 logs,
more preferably. 3-10 lots, and most preferably, 5-6
logs. The composition according to the invention may
be applied intradermally,  intratracheally, or
intravaginally. The composition preferably may be
applied intramuscularly  or intranasally. In an
animal. body, it can prove advantageous to apply the
pharmaceutical 20 compositions as described above via
an intravenous injection or by direct injection into
target  tissues. '.For systemic application, the
intravenous, intravascular, intramuscular.
intrarnasid,  intraarterial, intraperitoneal, oral, or
intrathec il. routes, are preferred...A more local
application  can be effected subcutaneously,
intradermally, intracutaneously, intracardially,
intralobally,  intramedu:llarly, intrapulmonarily or
directly in or near the tissue to be treated
(connective-, 25 bone-, muscle-, nerve-, epith&Jial
tissue). Depending on the desired dtiration and  80 WO
2007/076520 PCT/US2006/062654  effectiveness of the
treatment, the compositions according to the invention
may be  administered once or several tunes, also i.Y
ters ~ittently, for instance on a daily basis for
several days, weeks or montlss, and in di.ffbrent
dosages. 5 Methods for treatment ct another important
embodiment of the invention is a method for the
prophylaxis or  treatment of diseases caused by PCB'',
and one or more swine pathogenic microorganism(s),
Therein a PCB' 2 antigen, preferably> a PCV2 ORF2
protein as provided herewith, and .further  



i.inmunological. active components c ffective for the
treatment and/or prophylaxis of the 10 infection
caused by said further swine pathogenic microorganism
is administered to an  animal. in need thereof at a
suitable dosage, According to a further aspect, said
PCV2 O:R:P'w  protein, is part of an antigenic
composition, as described above. 't'hus., yet another
aspect of  the present intcrition relates to a
combination vaccine that comprises tarry one offhe
antigenic  compositions provided herewith and that
cornprises PCV2 ORF2 protein, and miother I
imnmunologicail active component effective for the
treatment and/or prophylaxis of an  infection caused
by said other swine pathogenic microorganism. BRIEF
DESCRI TION Of~ THE DR.ANVINGGS Figure I is a.
schematic flow diagram of a preferred construction of
PCV2 ORF2  2tt recombinant baculovirus; and Fig, 2a
and 2b are each a schematic flow diagram of'how to
produce a composition in  accordance with the present
inYv en ti on. DETAILED DESCRIPTION OF THE PREFERRED
EM ODIMENTS  25 Si WO 2007/076520 PCT/US2006/062654
The following examples set forth preferred .materials
and procedures in accordance with the present
inVeznt:ion, It is to be understood, however, that
these examples  are provided by of .illustration only,
and nothing therein should be deemed a limitation
upon the overall scope of the invention. 5 EXAMPLE I
This example compares the relaive N ields of ORF using
methods of the present  i ~ ti ention cj itlt methods
that are known in the prior art. Four l 000mL spinner
flasks were  each seeded with approximately "1..N10'
S1 cells mi in 300.rrit, of insect serum free media,
10 Excell 420 t l:l l ~iosciences, :laic., :l enexa,
KS). The master cell culture is identified as SF- 



(S`paodopprer'a T igip ercda)Master Cell Stock,
passage 1% LollMI2-095W. The cells used to  generate
the SF+ faster Cell Stock were obtained from Protein
Sciences Corporation, Ti c..  Meriden, CT, The SF cell
line for this example was confined bets >een passages
19 wid 59.  Other Passages will work for purposes of
the present invention, but in order to scale the l5
process up for large scale production, at least 19
passages will probably be necessary and  passages
beyond 59 may have an effect on expression, although
this was not investigated, In  more detail, the
initial SP4 cell cultures from ligtuid nitrogen
storage were growwi1 in :: cell  420 media in
suspension in sterile spinner flasks w itlr constmit
agitation. The cultures were  grown in 100 nit., to
25fn.mL spinner flasks with 25 to 150 niL of Ex.cell
420 serum-free 20 media. When the cells had multiplied
to a cell density of 1.0 - 8.0 x l0 cellsfnmL, they
were  split to nee; vessels with a planting densitt:
oft?.5 - 1.S x 1l t'lf' cellsin3k . Subsequent
expansion  cul tures were grown. in spinner flasks up
to 36 liters in site or in stainless steel bioreactors
of  up to 300 liters .for a period of 2-7 days s at 25
- 291C. After seeding, the flasks w tiere incubated at
27"C for four hours. Subsequently, each  25 flask was
seeded a recombinant baculovirus containing the PCV'2
ORF2 gene (SEQ i'U  S2 WO 2007/076520
PCT/US2006/062654  N3: 4). The recombinant baculovirus
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  contain a 5 1
oral;s sequence (SEQ ID NO: 1) and a 3+ EcoRl site
(SEQ ID NO: 2), cloned  into the pGEM-T-.Easy rector
(Promega, Madison, WI). `1 Beni, it i. as subsequently
eNcised 5 and subcloned .into the transfer vector
pVL1392 (DD Biosciences Pharmingen. San Diego,  CA).
The subcloned portion is represented herein as SF Q ID
NO: 7. The. liVL1392 piasriiid  containing the PC4'2
ORF2 gene was designated N47-064Y and then
co-transfected with  I3aiiilo oid 1 (BD Biosciences
Pliarmingen) baculmirus DNA into S.fk .insect cells
(Proteit  Sciences, Meriden, CT) to generate the
recombinant baculovirus containing the PCV2 ORF2 1 tl
gene. The new constmet is provided herein as SEQ ID
NO: 8. The recombinant bacutovirus  



containing the PCB= 2 ORF2 gene was plaque-puri'ied
and Master Seed Virus t. ~~15' ~ } was  propagated on
the SF-- cell line, aliquotted, and stored at -7(YC.
The MSV was positively  identified as PCV2 ORF2
bacuulovirus by PCR-RPLP usin baculovinis specific
primers.  Insect cells infected with PCV.2 O.RF2
baculovi.rus to generate M.SV or Working Seed Virus 15
es.press PCV'2 ORF2 antigen as detected by polyclonal
serum or monoclonal antibodies in an  indirect
fluorescent antibody assay. Additionally, the identity
of the PCV2 ORF2  baculovirus was confirmed by
N-terminal amino acid sequencing. The PCV2 ORF2
baculovirus A SV was also tested for purity in
accordance with 9 C.F.R. 113.27 (c), 1.13.28..  and ..
1 3.55. Each recombinant baculovirus seeded into the
spinner flasks had varying 20 mxiutti.1 licities of
infection (MO1s). Flask 't was seeded with 7,52n-LL of
.088 MO1 seed; flask  2 was seeded with 3.0'1mL of
0.36M01 seed; flask. 3 was seeded with l.SmL of
0.18MO1  seed; and .Mask 4 was seeded with 0.'15ml, of
0.09M01 seed. A schematic flow diagram  illustrating
the basic steps used to construct a PCV2 O.'RF2
recombinant baculovirus is  provided herein as Figure
1. 83 WO 2007/076520 PCT/US2006/062654  After being
seeded with tlae baculo-virus, the flasks were then
incubated at 27 .E 2C for 7 days and were also
agitated at t00rpm, during that time.. The flasks used
ventilated caps  to allow 'for air flow. Samples from
each flask were taken every 24 hours for the next 7
des.  After extraction- each sample was centrifuged,
and both the pellet and the supernatant were  5
separated and then microfltered througli a 0.45-1.0 gm
pore size membrane. The resulting samples theii had
the amount of ORF2 present within, them quantified
via an ELISA. assay. The ELISA assay was conducted
with capture antibody Swine anti- Prot. 0 purified
(diluted .1:250 in PBS) diluted to 1,6000 in 0.05M
Carbonate  PCV2 Pat} If.) buffer (OH 9.6). 100 p.L of
the antibody was then placed in the wells of the
mict:rotiter plate,  10 seated, and incubated
overnight at 37'C. The plate was then washed three
times with a -aslh  



solution which comprised 0.5mL of Tween 20 (Sigma, St.
Louis, MO), tt141mL of lOX: 1- PBS (Ciibcc invitrogen,
Carlsbad, CA) and 899.5rL of distilled water,
Subsequently-, 250  p.L of a. blocking solution (5g
Car nation Non-fat. th 'milk (Nestle, Glendale, CA) in
10mL of  1)-PBS QS to l OOml.L with distilled water)
was added to each of the wells. The next step was
't'he pre-diluted anti err was prosduced  15 to wash
the test plate and-lien add pre-diluted, antigen. by
adding- 200 uL of diluent solution (0.5mL Twveen 20 in
999.5x-1 D-PBS) to each of the  wells on a dilution
plate. The sample was then. diluted at a1:240 ratio
and a 1:480 ratio, arid.  10(1 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
ti, of the 1:240 dilution and. the other received 20
100 ttL of the 1:460 dilution). Serial dilutions were
then done for the remainder of the plate  by removing
lot) p1 form each successive well and transferring it
to the .next w;:el:t on the  plate. Each A.vell was
mixed prior to doing the next transfer. The test plate
washing included  washing the plate three times with
the wash buffer. The -plate was then sealed and
incubated  for an hour at 37C before being washed
three more time`} with the wash buffer. The 25
detection antibody. used was monoclonal antibody- to
PCV t3RF2. It was diluted to 1:300 in  84 WO
2007/076520 PCT/US2006/062654  diluent solution, and
100 ula of the diluted detection antibody was they
added to the wells.  The plate was then sealed and
incubated for an hour at, 7'. before being w aslied
three times  with the wash buffer. Conju ate diluent
was then prepared by adding normal rabbit serum
(.Jackson immunoresearch, West Grove, PA) to the
dihient solution to 1% Concentration. 5 Conjugate
antibody Goat anti-mouse (H+l)-HRP (Jackson l.iz ui
erese~ueh was diluted in  'the c:cs.-~_jugate dih
en.t: to 1.:1(y,t 00. l t)t) p L o.t tl1.e diluted
cool ugate antibody tiz as 'then added  to each of the
wells. The plate was then seated and incubated for 45
minutes at 31C before  being washed three times with
the wash buffer. 100 uL of substrate (TMB Pero .idase
Substrate, Kirkgaard and Perry Laboratories (KPL),
Gaithersberg, MD), mixed with an equal  



volume of Perotidase Substrate B (KPL) was added to
each of the wells. The plate was  incubated at room
temperature .for 1.5 minutes, '100 1t:L of I .T-WL
solution was then added  to all oftlh.e wells to stop
the reaction. The plate i~as then run through an EL1SA
reader. "Me  results of this assay are provided in
Table 1 below: Table I Day F1as ORP2 in p llet (pg.)
OM in supernaiant 61.0  3 1 47.53 1.2  3 2 57,46 22  3
3 53.44 '1.4  3 4 58.64 12  4 1 43.01 44  - -------
----- -- 4 2 65.61 Cz2  4 3 71).56 32  85 WO
2007/076520 PCT/US2006/062654  4 4 64.97 2.4 1 31.744
'WI)  5 2 34.93 142  5 3 47.84 90  5 4 55,14 86  6 1
14.7 158 1.82  6 2 18, 13 (> 3 34.78 1440  6 4 36.88
146  7 1 6.54 176  



7 2 12.09 190  7 3 15.844 158 152  7 4 15.19 These
results indicate that when the incubation time is
extended, expression of OR F2  into the supernatant of
the centrifuged cells and 'media is greater than
expression in the -pellet  of the centrifuged cells
and media. Accordingly, allowing the ORF2 expression
to proceed. 5 for at least 5 days and recovering it in
the. supemate rather than ailowi ng e .pression. to
proceed.l'or less Ain :i 5 days and recovering ORF'2
from the cells. provides a great increase in  ORF2
yields. and a significant improvement over prior
methods. $6 WO 2007/076520 PCT/US2006/062654  EXAMPLE
2 'T'his example provides data as to the efficacy of
the invention claimed herein. A  1000nmL spinner flask
Yeas seeded with approximately .I.Ox1.(P S.ff.
cell~s/rxml in 300.11mL of  Excet1 420 media. The
flask was then. incubated at 27C and agitated at M
ptn. 5 Subsequently, the flask . was seeded with 10 mL
of PCV2 OBf 2fBac p+6 (the recombinant  baculovirus
containing the PCV2 ORF2 gene passaged 6 additional
times in the S.1?9 insect  cells) virus seed. with a
0. l *MO1 after 24 hours of incubation. The flask was
then incubated at 27C` fix a total of 6 days. After
incubation, the flask.  was then centrifuged and
th.rer~ samples of the resulting supernatant were ham
ested and  to inactivated. The supernatant was
inactivated by bringing its temperature to 37  2C. To
the first sample, a ()AM solution. of .-hromoetln
leneamirxe hydrobroi ide which had been  cvcl.ized to
I1.2 -f binwy eihlyleniniine (BET) in 0.3 ti3 NaON. is
added to the supernatant to  give a final
concentration of BET of 5nihsl. To the second sample.
1 Onm 4BE15 gas added to  the supenxataut:. To the
third sample, no BET was added to the supernattant.
The samples 15 were then stirred continuously for 48
tars. A 1.0 M sodium thiosulfate solution to t ive a
final  



minimum concentration of 5 mM was added to neutralize
any residual BET. The quantity of  ORF2 in each sample
was Then quantified using the same ELISA assay
procedure as  described in Example 1. The results of
this may be seen in Table 2 below: Table 2 Sample
ORF2.in supernatant (pg)  1 75.71  2 68.75 53.33  87
WO 2007/076520 PCT/US2006/062654  't'his example
demonstrates that t e atrali anon with BEt does not
remove or degrade si ni.ftcaant amounts of the
recombinant PCV2 ORF2 protein product. This is
evidenced by  the fact that there is 110 large loss of
ORF2 in the supernatant from the BEI or elevated  5
temperatures. Those of skill in the art will recognize
that the recovered O.RF2 is a stable  protein product.
EXAMPLE 3 This example demonstrates that the present
invention is scalable irtorn small. scale  10
production of recombinant PCV2 O.F2 to large scale
production of recombinant PCV2  ORP2. 5.0 x 1("
cellshnl of SF cellshnl in 7000m1 of ExCell 420 media
was planted in a  20000nm.L Applikon 'Bioreactor. The
media and cells were then incubated at 27C and
agitated at 10ORMN-1 for the next 68 hours. At the
68"' hour, 41.3ytmL of PCV2 ORF2  Baculovirtas was
added to 7000ml., of ExCell 420 medium. The resultant
mixture I s was then added to the bioreactor, For the
next seven days, the mixture was incubated at 27T  and
agitated at .100RPINI. Samples ilroin the bioreactor
were extracted ever, 24 hours  beginning at day 4,
post:-infection, and each sample was centrifuged. The
supernatant of the  samples were preserved and the
amount of OR12 was then quantified Using SDS-PACE
densi.tonvtry. The results of this can be seen in
Table 3 below: 



20 Table 3 Day, after infection: ORF2 in supernatant
(ltg,imL)  4 29.33  5 4,33 WO 2007/076520
PCT/US2006/062654  333  6 7 60.67  EXAMPLE 4 This
e--.,;ample tests the efficacy of seven 1?CV2
candidate vaccines and furrtber defines  5 efficacy
parameters following exposure to a virulent strain of
PCV2. One hundred and eight  (1(is) cesarea, derived
colostrum deprived (CDCD) piglets, 9-14 days of agte.
were randomly  divided into 9 groups of equal size.
Table 4 sets forth the General Study Design for this
Example. Table 4. General Study Design Group No. Of
'treatment Dax, of KLH,'ICF Challenged Necropsy  Pigs
Treatment A on Dad: with on Day 49  21 and virrrle7rt
Day 27 PCV2on  Day' 24 1 12 PCV2 Vaccine No. 1 0 r
(vORF2 16 bcg) t  2 'I2 PCV2 Vaccine No. 2 0 (vOR.1`2
8 It --------- -- - -- ------------ - - --  3 .12 PCV2
Vaccine No. 3 0 r r- r  



(vO1;1~24 pi^) 89 WO 2007/076520 PCT/US2006/062654  4
12 PCV2 Vaccine No, 4 0 ~. {. H (rORF2 16 utg) 5 '12
PCV2 Vaccine No. 5 {) _ +  (rORF2 8 p9) 6 12 PCV2
Vaccine No. 6 {) + + +  (rORP'2 41~g) 7 '1.2 PCV2
Vaccine No. 7 0 '.  (Killed Y 'bole cell visits)  8 12
'None - Challenge N/A. +  Controls 9 12 None - Strict
N/A - a- Jti'egati e Control Group  vORF2 isolated
viral ORF2:.rORF2 = recombinant baculovirus expressed
ORF2-. killed whole cell  virus .W PCV2 virus grown in
suitable cell culture Seven of the groups (Groups I -
7) .received doses of PCV2 ORF2 poll-peptide. one of
5 the groups acted as a challenge control and received
no PCV2 ORF2, and another group  acted as the strict
negative control group and also received no .PCV2
ORF'2. On .Day 0.  Groups I through 7 were treated
with assigned vaccines. Piglets in Group 7 were given
a  booster treatment on 174ty. 14. PI(lets were
observed for adverse events and .injection site
reactions fcfflo,~wing vaccination and on .Days 19,
piglets were moved to tlrt: second study site. 10 At
the second study site. Groups 1-8 were group housed in
one building while Group 9 was  90 



WO 2007/076520 PCT/US2006/062654  housed in a separate
building. Al) pigs received keyhole limpet
lhemocyanin.  (KLH)!incomplete Preund's adjuvant (IC
FA) on Days 21. and 27 and on Day 24, Groups 1-8  were
challenged -, itlh a virulent PC;ti 2. Pre_ and
post-challenge, blood samples -,sere collected for
PCV2 serology. Post- 5 challenge, body weight data for
determination of average daily weight gain (ADWG.),
and  clinical ymptoms, as well as nasal swab samples
to determine n,as,i.l. shedding of PCV2. were
collected. On lay 49, all surviving pigs were
necropsied, hangs were scored for lesions, and
selected tissues were .preserved in -fomialin for
lra~traurac~laista~claetrai rtt~> (1110) testing; at a
later  date. 1.i.) Materials and.NMlethods 't'his was
a partially blinded vaccinaiora-cl alleni e
feasibility study conducted in  CDCD pigs, 9 to 14
days of age on bay 0. To be included in the study,
PCV21FA titers of  stars were. ti 1:1000,
Additionally, the serologic status of sows were from a
known PRRS 15 negative herd. Twenty-eight (28) sows
were tested for PCV2 serological status. Fourteen
(14) sows had a PCV2 titer of k lt)t)t) and were
transferred to the first study site. One  hundred ten
(l 10) piglets were delivered by cesarean section
surgeries and were available for  this study on Day
-4. On lay -3, 108 CDCD pigs at the first study site
were weig7lhed,  identified x-vith ear tags, blocked
by weight and randomly assigned to I of 9 groups, as
set 2t) forth above in table 4. If any- test animal
meeting the inclusion criteria was enrolled in the
study 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 excluded. A.
total of 10$ of an available 1.10 pigs were madomly 25
assigned to one of 9 groups on Day -3. The two
smallest pigs No. 17 and 1`?) were not  91 



WO 2007/076520 PCT/US2006/062654  assigned to a group
and were mailable as extras, if needed, During, the
course of the study,  ser,eral animals were removed.
Pig 82 (Group 9) on Day 4. Pig No. 56 (Group 6) on Day
3.  Pig No. 53 (Group 9) on Day 4, Pig No. 28 (Group
8) on Day 8, Pig No. 69 (Group 8) on Day,  7. and. Pig
No. 93 (Group 4) on Day 93. were each found dead prior
to challeng_>e. These six 5 pigs were not included in
the final study results. Pig no 17 (one of the extra,
pigs) was  assigned to Group 13. The remaining extra
pig. No. 19. was excluded from the study. `l'lte
formulations given to each of the groups were as
follows: Group 1. -,.va-s designed  to administer
'lrirl of viral ORF2 (vORF2) containing '16 gg GRF2.1'
, This Nv-ws done by  mixing 10.24 nil .if viral ORF2
(256 pg/.25 lcg/nil. .10.24 nil vORF2) v.,111t 3.2 nil
of 0.5% to Carbopol and 2.56 nil of phosphate buffered
saline at a pH of 7.4. This produced 16 ml of
forrrrulation for group 1. Group 2 was designed to
administer Imi of vORF2 containing 8 gg  vORF2/ml.
This was done by mixing 5.12 ml of vORFZ (128 p:,`725
gg/ ni = 5.12 nil  vO.1F2) with 3.2 nil of 0.5%
Cafbopol and 7.68 ml of phosphate buffered saline at a
pH of  7.4. This produced 16 ml 0.1' .iorntiilation
f:or group 2. Group 3 was designed. to administer 15 1
rnl of vORF2 containing 4 gg vOR Z/ml.. 't'his c gas
done by mixing 2.56 ml of v ORF2 (64  1ttg/25 .1g/rnl
::: 2.56 ml vORF2) with 3.2 ml of 0.5% Carbopol and
10.24 ml of phosphate  buffered saline at a pH of 7.4.
This produced 16 nil of formulation for group 3. Group
4 was  designed to administer Iml of recombinant ORF2
(rO'RF`Z) containing 161ig rORF2fm1. This  was done b;
mixing 2,23 ml of rORF2 (512 1/:231) fig ntl = 2.23 ml
rORF2) ti:itl3 6.4 ml of 20 0,5% Carbopol and 23,37 ml
of phosphate buffered saline at a. pH of 7.4. This
produced 32  ml offormulation for group 4. Group 5 was
designed to administer l nil o.f rORF2 containing  8
.ig rORF2.11 nf. 'Ibis was done by raising 1..11 ml of
rORF2 (256 iv,/23t) .tglml = .1, 11 ml  rUIU2) with
6.4 nil of 0.5% Carbopol and 24.49 ml of phosphate
buffered saline at a pH. of  7.4. This produced 32 ml
of llermulation for group 5. Group o was designed to
administer 25 1 rtl of rORF2 containing 8 tig
rORF2!rtrl. This was done by mixing 0.56 ml of rORF2
(128  ~ys 



WO 2007/076520 PCT/US2006/062654  ltd? 2 t)
ls&/zrtl....: 0.56 ml .rORF2) with 6.4 ml of 0.5%
Carhopol and. 25.04 ml of phosphate  # rl red saline
at sr. l 1 of 7.. 't'his produced ~2 nrl ot:
fare~ulatio foz ro p 6. Group 7 was  designed to
administer 2ml of PCV2 L hole killed cell vaccine
(PCV2 K.V) containing the  MAX.. PCV2 K.V. This was
done by. mixing, 56 r:nl of .PCV2 KV- with 1.4 i 1. of
0.5% 5 Carhopol. This produced 70 nil of :formulation
for group 7. Finally- group 8 was designed to
administer KIM at 0.5 pg/nil or l..0 fig/ml per 2
.t:al dose. This was done by mixing 40.71 nil  KLH
(7.0 pg protein/mi at 0.5 pg./ml = 570 sail 47.13 Iil;
:/irrl){) (13.5)(570 ml)). 244.20 nil  phosphate
buffered saline at a pH of 7.4, and 285 nil Freunds
adjuvant. Table 5 describes the  time frames .fi. r
the trey activities of this Example. 10 Table 5. Study
Activities  Study Sttudy>.Acivity Day  -40 to 49
General observations for overall health and clinical
symptoms  -3 Weighed; Randomized to groups; Collected
blood samples  from all pigs t) Health e aminat:ion;
Administered JVP Nos. 1-7 to Groups 1..7,  respectiv
l) 04 Observed pigs for injection site reactions 14
Boosteted Group 7 with PCV2 Vaccine No. 7; Blood
samples  from all pigs I4.2.l Observed Group 7for
injection site reactions  93 WO 2007/076520
PCT/US2006/062654  16-19 Treated all pigs with
antibiotics (data missing) 19 Pigs transported from
the f rst test site to a second test site  



21 Treated Groups 1-9 v i.t:h i l,T lilC lj A 24
Collected blood. and nasal swab samples from all pigs;
Weighed all pigs; Challenged Groups 1-8 with PCV2
challenge  material 25, 27, Collected nasal s wiib
samples from all .pigs  3:3, 35, 37, 39,  41,43,  45,
47 27 Treated Groups 1-9 with KLHACFA  3.1 Collected
blood samples from all pigs 49 Collected flood and
nasal swab samples from all pigs;  Weighed all pigs.
Necropsy all pigs; Gross lesions toted with  emphasis
placed on icterus and gastric ulcers; 'Lungs evaluated
for lesions, lresh and fornialin fixed tissue samples
saved; 1'n- life please of the study completed F
llo~w4rngg completion of the in-line please of the
study', 'formTrsilin fixed tissues were  examined by,
1 umunohistocheinistr r (11-IC) for detection of PCV2
antigen by a pathologist,  94 WO 2007/076520
PCT/US2006/062654  blood samples were evaluated for
PCV2 serology. nasal swab samples wwere evaluated for
PCV2 shhedding, and average daily A-8-'eight groin
(.ADW'G) was determined from Day 24 to  Days 49.
Animals were housed at. the first sYadv site in.
individual cages in -hve rooms from  5 birth to
approximately 11, days of age (approximately Day 0 of
the study). Each room was  identical in layout and
consisted of stacked individual stainless steal cages
with heated and  filtered air supplied separately to
each isolation unit. Each room had separate l .eat.
and.  



ventilation, thereby preventing cross-cor trartiration
of air between .rooms. Animals were  housed in two
dif`erent buildings at the second study site. Group 9
(The Strict negative 10 control group) was housed
separately in a converted fnri.sher building and
Groups :l-S A.vere  housed in converted nursery
building. Each group was housed .in a separate pen
(11-12 pigs  per pen) and each pen provided
approximately 3.0 square feet per pig. Each pen was on
an  elevated deck with plastic slatted doors. A pit
below the pens served as a holding 1xik for  excrement
and waste. Each building had its own separate heating
w id ventilation systems,  is withi little. likelihood
of cross-contamination of air between buildings. At
the f rst study site, piglets were fed a spocial1y
formulated .milk ration. from birth to  approximately
3 weeks of age. All piglets were consuming solid,
special nii\ed ration by.  Day- 19 (approximately 4 14
weeks of age). At the second study site. all piglets
were fed a  custom non,-medicated commercial nix
ration appropriate for their age and weight. a d  20
libitw n. Water Oat both study sites was also avalable
ad lihitr.. n, All test pigs were treated with Vitamin
.F on Day -2, with iron irkjections on l ay -1  and
with. NAXCEL't) (1.0 ml, ilvi, in alternating l mis)
on Days 16, 17, 18 and 19, In  addition, Pig No. 52
(Group 9) was treated with an iron injection on Day 3,
Pig 4$ (Group 6)  was treated , itl) an iron injection
on Day 11. Pig No, 69 (Group 8) was treated with 25
'AXCEL0 on Day- 6, Pig No, 74 (Group 3) was treated
with dexamethazone and penicillin  95 WO 2007/076520
PCT/US2006/062654  on Day-- 14, and Pig No. 51 (G:roup
.1 was treated -tj-itb dexannethazone and penicillin
on Day.  13 and ~,wwith NAX...E.L-l, on Day 14 for
various health .reasons. While at both study sites,
pigs were under veterinary care. Animal health
examinations were conducted on Day 0 and were recorded
on the Health Examination Record  5 Form. All animals
were in good health and nutritional status before
vaccination as determined by observation on Day 0. All
test animals were observed to be in good health and
nutritional status prior to cl-rallenge. Carcasses and
tissues were disposed of by rendering,  



Final disposition of study animals was records on the
Animal Disposition Record. On Day 0, Pigs assigned to
Groups 1-6 received LO rril., of PCV2 Vaccines 1-6.
to respectively, IM in the left neck region using a.
sterile 3,0 nil... Luer-lock syringe and a sterile
20g x .16" needle. Pigs assigned to Group 7 received
2.4) mL of .PCV2 Vaccine No. 7 IM in  the left neck
region using a sterile 3.0 rrtL Luer.-lock syringe and
a sterile 20g x z,? needle,  On Day.- 14. pigs
assigned to Group 7 received 2.0 mL of PCV2 Vaccine
No. 7 IM in the right  .neck region using as ted) e
3.0 ml. Luer look. syringe and a. sterile 20g x 16"
needle. 15 On liar' 21 all test pigs received 2.0 mL
of K> -*R,' .C1+A lM in the right ham region  usirll?
a sterile 3.4) mL Luer-lock syringe acrd a sterile
24)~w l" needle. On :lay 27 all test pigs  received.
2.0 rriL of KLFI ICFA in the tell ham region using a
sterile 3.0 mL Luer-leek.  syringe and a. sterile 200
x 1" needle. On lay 24, pigs assigned to Groups '1--8
received 1.0 rriL of PCV2 ..SU;VD.L  20 challenge
material (5,11 login 'I CiDi(/mL) T: i in the left
neck region using a sterile 3.0 niL  Luer-lock syringe
and a sterile 2.O4g x 1 "needle. An additional 1.0 tnL
of the .sage material.  was administered IN to each.
pig (0,5 mla per .nostril) using a sterile 3.4) 1:,
Luer--lock syringe  and n.rsal canula. 'Test pigs
'vere observed daily for overall health and adverse
events on Day -4 and  25 from Day- 0 to Day 19,
Observations were recorded on the Clinical Observation
Record. All  96 WO 2007/076520 PCT/US2006/062654  test
were observed .from Day 0 -to Day 7, and Group 7 was
further observed .from Day 14  to ?l, for injection
site reactions. Average daily weight gain was
determined by weighing  each pig on a calibrated scale
on Days -3, 24 and 49, or on the day that a pig was
tbutd dead  after challenge. Body weights were
recorded on the Body Weight Form. Da ; -3 body 5
weights were utilized to block pigs prior to
randonhization. Day 24 and Day 49 Nveight data  was
utilized to determine the average daily weight gain
(ADWO) for each pig during the 'se  time points. For
pigs that died after challenge and before Day- 49, the
ADDWC1 was adjusted to  



represent the AD 'O from Day 24 to the dik of death.
In order to determine PCV2 serology, venous whole
blood was collected from each  10 piglet from the
orbital venous sinus on Aar>s -3 and 14. For each
piglet, blood was collected  from the orbital venous
sinus by. inserting a sterile capillary tube into the
medial canthus of  one of the e,, es and draining
approximately 3J) nit, of vhole blood into a 4,0 niL
Serum  Separator Tube (SST). On Days 24, 31, and 49,
venous whole blood from each pig was  collected from
the anterior versa cava using a sterile 1$g x I ' ."
Vacutairner .needle (Becton. 15 Dickinson and Company,
Franklin Lakes, New ;terse), a Vacutainer needle
holder and a 13  m-mL SST. Blood collections at each
time point N ere recorded on the Sample Collection
Record, Blood in each SST was allowed to clot, each
SST was then spun do-,,N--n and the  serum harvested.
Harvested serum was transferred to a sterile snap tube
w id stored at -70  10' C until tested at a later
date. Serum samples were tested for the presence of
PCV2  2c) antibodies by BIVI-R&D personnel. Pigs were
observed once daily from Da;: 20 to Day, 49 for
clinical symptoms and  clinical observations were
recorded on the Clinical Observation Record. To test
for PC '2'nasal sheddin, on Days 24, 25, and then
even., other odd numbered  study dayv up to and
including Dad 49, a. sterile dacron swab was inserted
i.ntra nasally into  25 either the left or right
nostril of each pig (one swab per pig) as aseptically-
as possible,  97 WO 2007/076520 PCT/US2006/062654  s
Ished. around for a few seconds and then ran'oved.
Each swab was then placed into a  single sterile
snap-cap tube containing :1.t3 nil, al > 1`I>u 1: t
tedia i itl 2% 1:1135, stlt3 uthtsim  of Penicillin,
500 tg nit of Streptomycin and 2.5 ctg/mL of Fungi
zone. The swab was  broken off in the tube, and the
snap tube was sealed and appropriately labeled with
animtil 5 number, study number, date of collection,
study day and "nasal: swab." Sealed snap tubes  w erc
stored at -fit) 100 C until transported overnight on
ice to BJVI-St. Joseph.. Nasal swab  collections were
recorded on the Nasal S ;wab Sample Collection Foram.
BIVI-R&D  



conducted quantitative virus isolation (VI) testing
fo.r PCV2 on nasal swab samples. The  results were
expressed in. togs{) values. A. value of 1.3 logs or
less was considered negative  10 and anrvalue greater
than 1.r3 :logs was considered positive. Pigs that
died (Nos. 28, 52, 56.6; . 82, and 93) at the first
study site were neeropsied  to the level necessary to
detemine a diagnosis. Gross lesions were recorded and
no tissues  were retained from these pigs. At the
second study site, pigs that died prior to Day 49
(Nos.  45.. 23, 58, 35), pigs Bound dead of Day 49
prior to euthanasia (Nos. 2. 43) and pigs l5
euthanized on Day 49 were necropsied. Any gross
lesions were noted and the percentages of  lung lobes
with lesions ,ve.re recorded on the Necropsy Report
Foust. From each of the 103 pigs necropsied at the
second study site, a tissue sample of  tonsil, lung,
heart, liver., mesenteric lymph node, kidney and
inguinal lymph node was placed  into a single
container with buffered 10% formalin; while another
tissue sample from the 20 same aforementioned organs
was placed into a. Whirl-pak (x'1.=Tech Diagnostics
Ltd.,  Thelwall, UK) and each Whirl-pak was placed on
.ice. Each container was properly labeled.  Sample
collections were recorded on the Necropsy :Deport
Form. Afterwards, -formal in-fixed  tissue samples and
a Diagnostic Request Form were submitted .tor IHC
testing. IHC testing  was conducted in accordance with
standard ISU laboratory procedures for receiving
stur.ples, 25 sample and slide preparation, and
staining techniques. Fresh tissues in Whirl-pales were
98 WO 2007/076520 PCT/US2006/062654  shipped with. ice
pacltis tote Study Monitor or storage .100 :1 a d
possible future  use. Formalin-.fixed tissues were ex-
mined by a pathologist ('or detection of PC')2 5y- JF
C  and scored usin the e following scoring system, t}
:-:: None; :l Scant positive staining, few  sites; 2 =
Moderate positive staining. multiple sites; and 3 -
Abundant positive staining, 5 diffuse throughout the
tissue. Due to the fact that the pathologist could not
positively  Cliff rentiat:e :in .veinal LN from .i
.mesenteric LN, results for these tissues were simply
labeled as  Lymph Node and the score given the highest
score for each of the two tissues per anin1al.  



Results 111 Results for this example are given below.
It is .noted that one pig from Group 9 died  before
Day 0, and 5 more pigs died post-~vaccnation (1
pig.from Group 4; 1 pig from Group  t ; 2 pigs from
Group 8; and I pig from Group 9 . Post-mortem
examination indicated all six  died due to ru7derlving
infections that were not associated with vaccination
or PMWS.  Additionally, no adverse events or infection
site reactions were noted with any groups. 15 Ai..e ge
dail weight gain (ADWG) results are presented below in
'Fable 6. Group 9..  the strict negative control
group, had the highest ADWG (1.06 10.17 lbs/day),
followed by  Group 5 (0.944, 0.22 lbs/day>), which
received one dose of S lag of rORF2. Group 3,,kOich
received one dose of 4 pg of vvORF2, had the lowest
ADWG (0.49 th 0.21 lbs/day),followed  h Group 7
({3.5(? 0..15 lbs/day), which received 2 dose ofkilled
vaccine, 20 Table 6.. Summary of Group As eragee Daily
Wei t Gain (A.DW 'G) Group Treatment N ADWG - lbs/days
(Day 24 to Day 49) or  adjusted for pigs dead before
Day 29  99 WO 2007/076520 PCT/US2006/062654  I s ORF2
- *16 f-.g (1 dose) 12 0.87 0.29 lbs/ da, 2 r>vORF2
--- 8 gg (.l dose) ] 2 0,70  0.32 lbs/day  3 vOR172 -
4 g g (1 dose) 12 0.494- 0.21 lbs/day  4 rORF2 16 jig
(1 dose) 1.1. 0.84!  0.30 lbs/dam'.  5 rORly2-8jig(1
dose) 12 0,94i, {1,272 111 day  6 rORF2 - -4 f.#w (1.
close) 11 0,72 0.25 lbs/da ;  7 K.V (2 doses) 12 0,50
0.15 lbs/clay,  8 Challenge Controls l t) 0.76;!-,
0.19 lbs/d* :.  9 Strict- Negative Controls l 1 1.E)t}
0. 17 i b s/day 



vORF2 isolated viral ORF2.ORF2 reco~xil lxiant
baculcxvirt~.s expressed ORF2: killed whole cell
virus virus5cair1' if siaiable cell cukure PCV2
serology results are presented below in Table 7. All
nine groups wvere  5 serozae~ative for PC:-Y=2 on Day
-3. On. Day 1.4, Groups receiving vORF2 vaccines had
the  highest titers, w-lt.ich ranged from 187.5 to
529.2. Pigs receiving killed viral vaccine had the
next highest titers, followed by the groups receiving
rORF2 vaccines. Groups 8 and 9  remained seronegative
at this little. On Day 24 and Day 31, pigs receiving
vORl;2 vaccine  continued to demonstrate a strong
serological response, followed closely by the group
that 10 received two doses of a. killed viral vaccine.
Pigs receiving.rORF2 vaccines were slower to  respond
serologicaily and Groups 8 and 9 continued. to remain
seronegative, On Day, 49, pigs  receiving, vORF2
vaccine, 2 doses of the killed viral -vaccine and the
lowest dose of rOR.F2  demonstrated the strongest
serological responses. Pigs receiving 16 pg and 8 gg
of rORF2  vaccines had slightly higher ff<A titters
than challenge controls. Group 9 on Day 49  100 WO
2007/076520 PCT/US2006/062654  den.ioustrate{ a strong
serological .response. Table 7. Summary of Group
p'CV21 'A Titers  AVERAGE WA TITER Group i'reatmesnt
Day -3 Day 14 Day 24 Day 31*'' Day- 491**  -
----------------------- ---- 1 vORlr2 - 16 }tg (I
dose) 50.tl 529.2 4400.0 7866.7 110.54.5  2 vORF2 - 8
It ; (1 dose) 50.0 500.0 3466.7 6800.0 101.81.8  3
vORF2 -- 4 p.g (l dose) 50.0 187.5 1133.3 5733.3
9333.3  4 rORF2 - 16 }tog (1 dose) 50.0 95.5 1550.0
3090.9 800.0  5 .rORFi2.8 ltg (1 dose) 50.0 75.0 887.5
2266.7 7416.7  6 rORF2 - 4 ltg (1 dose) 50.0 50.0
550.0 3118.2 .10570.0  7 KV (2 doses) 50,(} 204.2
3087.5 4620.8 8680.0  



S Challenge Coot 55,0 50.0 .0.0 5433.3  rc}1s 5 t).C3
9 Strict Negative Controls 50.0 59.1 59.1 5 -.5 6136.
5 vORF 2 isolated viral ORF'2; tO.RF2 recombinant
baculovirus expressed ORR..killed whole cell  virus T
PCtr2 virus grozea in suitable cell culture "For
calculation purposes, a'I00 1WA titer was designated
as a titer of "50"; a 6400 WA  titer was designated.
as a titer of "12,800". ' Val' or Challenge  1.0 * Day
of Necropsy The results from the post-challenge
clinical. observations are presented below in Table
8. his sunmuity of results includes observations for
Abnormal Behavior, Abnormal.  Respiration, Cough and
Diarrhea. Table 9 .includes the results from the
Summary of Group  101 WO 2007/076520 PCT/US2006/062654
Overall Incidence of Clinical Symptoms and Table 1 t)
includes resells front. the Summary of  Group
Mortality Rates Post-challenge. The most common
clinical symptom noted in -this  study was abnormal
behavior, whIcli was scored as mild to severe
lethargy. Pigs receiving  the 2 lower doses
ofvO.R.i~2, pigs receiving .16 Vg of rORF2 and pigs
receiving 2 doses of 5 KV vaccine had incidence rates
of =- 27.3%,Ia. Pigs receiving 8 Gag of rORF2 and the
strict  negative control group had no abnormal
behavior. None of the. pigs in 'this study
demonstrated any, abnormal respiration. Coughing was
noted frequently in all groups (0 to  25, ), as was
diarrhea (0-20%). None of the clinical symptoms noted
were patliognomic for  PMvwvr& 10 The overall
incidence of clinical syavmptoms varied between
groups, Groups receiving  any of the v ORR2 vaccines,
the group receiving If; um of rORF2, the group
receiving 2 doses  of KV vaccine and the eh flenge
control group had the highest incidence of overall
clinical  symptoms (,,-,-36,41/1-%). The strict
negative control group, the group receiving 8 lag of
rORF'2  



and the group receiving 4 ug of rORF2 had. overall
incidence rates of clinical. symptoms of  15 0%,
8.3%A4oaand 93%, respectively . Overall mortality
-rates between groups varied as well. The group
receiving 2 doses  of KY vaccine had the highest
mortality rate (1631)%); while groups that received 4
trg of  v:OR112, 16 ug of rORF'2, or 8 ~tg of rO'RF2
and the strict negative control group all had 0 %o
mortality rates. 2(~ Table S. Summary of Grout)
t)hservrations for Abnormal Behavior, Abnormal
Respiration, Cough, and Diarrhea Group Treatment t
Abnormal Abnoravtal Cough' I iarrliea'  Behaviors
Behavior` 102 WO 2007/076520 PCT/US2006/062654  1
v.ORF2 -10 jig (1 dose) .12 2,12 0/12 3%1.2 2,/12
(16,7% (0%) (?S%) (1.6/7  ? vvORF2 - 8 jig (l dose)
'12 4/12 0/12 1x'12 1/12 ~~~]" ls)) (mi1) (8,3% (83%
vORF2 - 4 jig (1 dose.) 12 8/ 11.2 C1i 1.2 2;12 1.:12
4 rOR.F2 - 16 jig (1 dose) 11. 3/11 0/I .l 0111 (00.)
211.'1.  (27.3%) rORF2-81x(1 dose) .12 0/1.2 0/1.2
1/12 0/1.2({ ,-o)  (0%) (0%) (8.3%) 6 rORF2 - $ lig>
(I dose) 1.1 1./l 1 (t3,1`?+) O'/l1 0/11 (0%) 0/1 2
(01%..O  7 KV (2 doses) 12 7/12 0/12 0/12 (0%) 1/ 12
(58,3) {x.1'.1>i~) (.8.3%) 8 Challenge Controls 10
1/10 0/10 2/10 2/10  (10%) (00x)) (20%) (2tNO  



9 Strict Negative Controls 11 011.1 t>/.l 1 0/11 (0
%1) 0/11 (t)%) (0%) ((3;'%i)) C RR2 isol tud i>ixal
QR.F2; rnR.F2 W rero~~rbi7r zrt 1z<acu1ouru e\precWd
OR.F2; l ilkd'shole cell  .virus = PCV2 virus grown in
suitable cell culture ''Total number of -pigs in each
group that demonstrated any abnormal behavior for at
least one  5 dais 1 03 WO 2007/076520
PCT/US2006/062654  Tortryi number of pigs in eac..h.
group that de.aionsirated any abnormal respir-atian
for at least  one day "Total number o.f pigs iin each
group that demonstrated a cough for at feast one day
4Tytal number of pigs in each group that denonstrated
diarrhea for at least one day  Table 9. Summary of
Group Overall incidennce of Clinical Symptoms Group
Treatment N Incidence of pigs with Incidence  Clinical
Symanptoam-ts Rate I vORRF2 -.16 tg (1 dose) 12 5
41.7%  2 X1.7%  vCRF2 - S tat; (I dose.) 12 3 vORF 2 -
4 lag (I dose) 12 8 66.-T%%  4 rO RF2 - 16 tg (I dose)
11 4 36.4%  rO.RE2 - 8 tip; (I dose) 12 1 8.3" No 6
rO:R:l<2 - 4 p4; (I dose) 1.1 1 9.1`}tr  7 ;.V (2
doses) 12 7 58,3%  8 Challenge Controls 10 4 40`'`0  9
Strict Negatti ve Controls 11 0 0% yO .12 iso'aed
~4ra1 OR 2; ~0R'la'2 w ;eco t3bit ant hsc~~tc3 c iri s
v pre ssc'ci t3RTi7, .trilled ti~.l~ole icft  virus =
PCV'2 -: irus grown in suitably: cell culture 



.10 ''Total a: umber of pigs in each group that
demonstrated any clinical symptorn 'ftor at least one
day 104 WO 2007/076520 PCT/US2006/062654  ``able i.0.
Bona Fury of Group Mortality :Rates Post chatlenge
Group Treatment N Dead Post- MortMitv Rate  ch.rllenge
1 v . ORF2 - I6 . g (l dose) 12 1 8.3% 2 vOR.p2 - 8 g
g (1 dose) 1:2 1 8.3`1fr  3 vORF2 - 4 ttg (I dose) 12
0 0%  4 rORF2 -16 ug (l dose) 11 0 0%  5 rt t-R:l=2 -
li dig (I dose) 12 0 0%  6 rORF2 - 4 .tg (I dose) 11
-l 9,1%  7 I. ' (2 doses) '12 ? 16.7%  8 Challenge
Controls 10 1 9 Strict Negative Controls 11 0 O,X{
YORF2 = isolated viral ORF2 iORF2  rocombbi;urt
bacrr.l wi us e\prcased C;1R1^2: killed -whole cell
virus W PCV2 virus grown in suitable cell culture 5
PCV2L nasal shedding results are presented below in
Table 11. Following challenge  on Day 24. .1 pig in
Group 7 began shedding PCV2 on Davy 27. None of the
other groups  experienced shedding until Day 33. The
bulk of nasal shedding: was noted from *Day 35 to  D<
- 45. Groups receiving any, of the three v=ORF2
vaccines and groups receiving either 4 or 10 8 pg of
rORl72 had the lowest incidence of nasal shedding of
PCV2 (( 9. l%). Tire challenge  control group (Group
8) had the highest shedding rate (80%), followed by
the strict. -negative  control group (Group 9), which
had an incidence rate of 63.6%. 105 



WO 2007/076520 PCT/US2006/062654  Table 1i.. Summary
of Group Incidence. of Nasal Shedding of :I'C '2 Group
Treatment N No. Of pigs that shed for incidence Rate
at least. one day 1. v:0RF2 - 16 p.g (l dose) 12 .l
8.3%  2 vORl;2 -8.tg(1 dose) 12 1 8.3%  3 vfl.''2 " 4
It 8,3[).u  M (l dose) 12 1 4 tORF2 - 16 pg (1 dose)
11 18.2%  S rf3:RF2 - 8 !sg (1 dose) 12 6 rORF2 - 4 p
(t dose) l 1 1 9.1%  7 K\ (2 doses) 12 5 41.71%  8
Challenge Controls 10 8 8t IN,  9 Strict Negative
Controls 11 7 63,06 Y ORF2 isolated iral ORF2. rORF2 =
recombinant baaulovirus expressed ORF2: killed 'whol :
cell  v virus = PCV2 virus grow n in suiable cell
culture  S The Sun-unary of Group incidence of
Icterus, Group incidence of Gastric. Ulcers,
Group.N.4ean Lung Lesion Scores, and Group Incidence
of Lung Lesions are shown below in  Table 12. Six pigs
died at the first test site during the
post-vaccination phase of the study  (Group 4, N:::1;
Group 6, Group 8. fit::=2; Group 9, N ::-2). Four out
of six pigs had lt) fibrinous lesions in one or more
body avities, one pig (Group 6) had lesions consistent
with  clostridiat disease, and one pig (Group 9) had
no gross lesions. None of the pigs that died  during
the post-vaccination .phased of the study had lesions
consistent with PNMWS. 106 WO 2007/076520
PCT/US2006/062654  



Pigs that died post-challenge. and. pigs euthanized on
Day 49 were necropsied. At necropsy, icterus and
gastric ulcers were not present in any group. with
regard to mean %  lung lesions. Group 9 had lows t
mean "r& lute; lesions (0fro), foliovved by Group I
with 0.40  0.50% and Group .5 with 0.68 1.15`:'0.
Groups 2_ 3_ 7 and 8 had the highest mean % lung 5
lesions (- 7.27%). Each of these four groups contained
one pig with %i% lung lesions L71.5%,  h tl~. skewed
the results higher for these four groups. With the
exception of Group 9 with  0% lung lesions noted, the
remaining 8 groups had ::: 361% lung lesions. Almost
all ling  Iesions noted vv-ere described as red/purple
and consolidated. l~ Table 1.2. Summary of Group
Iucidenre of Ieterus, Group Incidence of Gastric
Ulcers,  Group Mean % Lung Lesion Scores, and Group
.Iancidence of Lung Lesions Noted  Group Tieatznent
Icterus Gastric Mean % Lung Incidence of Ulcers
Lesions Lung Lesions  Noted  1 z f3 l'.1;2. - 16 It
/12 (0%)  /12 (}. }3 } a St1ifi 1 /12 dose) (t}%)
(63%)  2 vORF2 - 8 ltg (1 dose) 0/12 (E}f?%o) 0/12
7.41 - 20.2% IWi.2  3 vORF2 - 4 pg ('1 dose) 0/12 (0%)
/ 12 9.20 , 29%'/o 10/12  (0%) 4 rURi 2 - 16 ltg; (I.
()",.I I. (0%) 01"I 1 1.5  4.74% 4/11  dose) (0%)
(36%)  107 WO 2007/076520 PCT/US2006/062654  rORF2 -
j.u ('1 dose) 0/12(0% ) 0 12 0.0.68 a 1.1 ?";i> 9/ 12.
F (f3.i~i) (75% f~ rORF2. - 4 j:5. (l dose) 0/11 (t)%)
01,11 2.95 . 5.12% 7/11.  (tl%) (64%) 



7 KY (2 doses) t)""12 (m) 01,12 7.27, 22.3% 9:.12 0%)
(75`/14) i Challenge Controls 011.10 0./10 9.85 ::.
1219-21% 8111.0 (0%) (0%) (80 Ft?) 9 Strict Negative
till. (0%) 0/11 0)"T I. 0/l i  Controls 4t)`l~E=) ({
INO vORF2 isolated viral ORF2; rORF2 - recombinant
baculo irus e oprosscd ORF2; KV or killed  w whole
cell virus = FCV2 virus grown.in suitable cell culture
The Summary of Group IHHC Positive Incidence Results
are shown n in Table 13.  5 Group '1 (vORF2 - 16 tig)
and Group 5 (rOR.F2 - S Its=.) had the lowest .rate of
11- C positive  results (16.7%). Group 8 (C.lhallenge
Controls) and Group 9 (Strict Negative Controls) had
the tai he t rate of 11IC positive results, 90% and
90.9% r'especl'ir=ely. Table. 13. Summary of Group [BC
Positive 1uddertce Rate Group Treatment N No. Of pigs
that had at Incidence  least one tissue positive Rate
far PCV2 1 vvORF2 - 16 1tg (l. dose) 12 2 16.7%  108
WO 2007/076520 PCT/US2006/062654  0RF2 - $ in. 4:1
dose 1 25.t3";, 8 66  3 vOR.F2 - 4 ptg (l dose) P .7%
4 rOR.F2 - .16 ptg (.l dose) 11 4 36.3%  5 rORF2 - 8 p
(1. dose) 12 2 16.7%'ro 36.4%  11 6 rt)R 2 - 4 its? (I
dose) 



7 IW ('2 doses) 12 5 41.7%  8 Challenge Controls 1.0 9
90.0%  9 Strict Negative Controls 1.1 10 90.9%
-%..ORF2 isolated viral ORF2; rORF'>_ :=- r
con~l~inant baculovirus expressed ORF2; KV or killed
whole CCU virus = PC 2 it :ts grown :in suitable
cc-1.1 inltxare Post-challenge. Group S, which
received ~3ne dose of S cif; of rf1RP2 anti e .  5
outperformed the other 6 vaccine groups. Group 5 had
the highest ADWO (0.94 - 0.22  lbs/dad ), the log pest
incidence of abnonmd behavior (0%), the second lowest
incidence of  cough (18.3%). the lowest incidence of
overall clinical symptoms (8.3%), the lowest mortality
rate (0%), the. lowest rate of nasal shedding of. PCV2
(8.3%k)t the second lowest rate for mean  % ]wig
lesions (0,68 1 1.15%) and the lowest incidence rate
for positive tissues (16.7%). 1t1 Groups receiving
Various levels of rORF2 antigen overall outperformed
groups receiving  various levels of v-ORF2 a`tnd the
group receiving 21 doses of killed whole cell PCV2
vaccine  performed the worst. Tables 14 and 15 contain
summaries of group post-challenge data.. 109 WO
2007/076520 PCT/US2006/062654  't'able 1.4. Stsmoutr '
of ac  C') :11er~ e a -Part I Gro h, 1` 'T'reatment
ADWO Abnormal Cough Overall  (lt~s./cla4 :Behavior
Incidence of  Clinical Symptoms  1 .12 vORF2 - 16 g
O.V -1- 2/12 12 41.7%  (1 dose) 0.29 (16,7%) (25%) 2
1.2 vORF2 - 8 ltg 0.7t) 4/1.2 1112 41.7%  (1 dose)
0,32 (333% 8.3'0 3 12 vO.R.F2 -- 4 Ltd; 0.49  8/12
2/12 66.7%  (I dose} 0,21 (66,7'N) (16.7% 



4 11 rORF2 - 16 }two 0.54..x- 3/11 0/11 36.4%  (I
dose) 0.30 (27.3`;:x) (0o"%%) 5 12 rORF2.8 g 0.94
0/12 (01.o) 1/12 8.3%  (1. chose) 0.22 (8.3% 6 .11
rORF2 - 4 ttt? 0.72 1;11 (9,1% o/ 11 9.1%  (1 dosi)
0.25 (4m) ---- -------- --- ----------- --
---------------- ------ ------ ----- 7 12 KV 0,50 7/12
(58.3) 0/12 58.3%  (2 doses) 0-15 (0%) - ----- ------
-- - ---- --- --------- - ----- 8 .10 Challenge t}.76
-~ V 'W (10%) 2110 40%  Controls 0,19 (20% 110 WO
2007/076520 PCT/US2006/062654  9 11 Strict Negative
1.w 0/ 11 (0%) 0/11 0% Controls 0.17 (t)%) vORF2 W
isolated viral OR.F2, r-OR1/2 = recomhinaut baciiosi
.ts peed ORF2, KV or killed  jw11ole cell virus T PCV2
virus grovva in staitalale cell culture Table. 19-
Sununary of Group Post-Challenge Data -- Part 2 Group
N Treatment: Mortality Nasal Mean "%% It cidence Rate
of at  Rate Shedding Lung least one tissue IHC
Lesions positive for PCV2  1 12 rORF2 - 16 go 8.3'Mu
8.3% t).40 ~. 16.7% (I dose) 0.50 %i, 2 12 tORf2 - 8
Vg 83% 8.3% 7.41 _ 25.0%  (I dose) 20.2% 3 12 tORiF2 -
4 j.tg 0% 8,3% 9.20. 66,7%  



('l dose) 20.9% 4 11. rORF2.10 lt.g 0 % 18.2% 1.50.
36.3%  (1 dose) 4.74% 5 12 rORF2 * 8 j g 0% 8.3,%u
0.68,. 16.7%  (1 dose) .1.15% 6 11 1OORF2 .. 4 l.tg
9.1% 9.1 % 2.95 - 36.41.'%i%  (1 dose) 5.12% 1.1.1 WO
2007/076520 PCT/US2006/062654  ------- ---- 7 12 K'V
16.7% 41.794, 7.27 413%  (2 doses) 2 t3t>ic, ---------
- ---- ------- 8 .10 Challenge 10% 80% 9.88 F. 90.0%
Controls V,21)/4  9 11. a'trictNegati. ve 0% 63,6%
0/11 90.9% Controls (0%)  ivORF2 isolated viral ORF2;
rORF2 - recombinant baoulovirius expresSed ORF2; KV or
killed  whole cell virus = PCV2 virus ;grown in
suitable cull culttrre Results of this study indicate
that all further vaccine efforts should .focus on a
rO.R-F2  5 vaccine. Overall, nasal shedding of PCV2
was detected post-challenge and vaccination, with  a
PCV2 vaccine resulted in a reduction of shedding. J
munohistochen- sS r y of selected  lyniphoid tissues
also served as a good parameter for -vaccine efficacy,
;whereas large zz~  differences in ADNVCsr clinical s
yrrmptot ts, and gross lesions Nv-ere not detected
between.  groups. '111is study was complicated by the
fact that extraneous PCV2 was introduced at serocortz
erstos  10 some point during the study, as evidenced
by nasal shedding of PCV2, PCV2 



and Positive WIC tissues .in Group 9, the strict
negative control group.  Discussion Seven PCV2
vaccines were evaluated in this study, which included
three different  15 dose levels of vORRF2 antigen
administered once on Day- 0, three different dose
levels of  rOR:F'2 antigen administered once on Day- 0
and one close level of killed whole cell PCV2  vaccine
administered on Day 0 and Dad. 14. Overall, Group 5,
which received 'l dose of  -vaccine containing 8 .ig
of rORF2 antigen, had the best .results. Group 5 had
the highest  ADNVQ, the lowest incidence of abnormal
behavior, the lowest incidence of abnormal  11211 WO
2007/076520 PCT/US2006/062654  respiration, the second
lowest incidence of cough, the lowest incidence of
overall clinical  symptoms, the lowest mortality mate,
the lowest rate of nasal shedding of PCV2, the second
lowest -rate for menu; % la.cang lesions and the
lowest incidence rate for positive IUC tissues.
Interestingly, Group 4, ,. Which received a higher
dose of rOR.F2 antigen than Group 5,  5 did not
perform as well or better than Group S. Group 4 had a
slightly lower ADWO, a  higher incidence of abnormal
behavior, a higher .incidence of overall clinical s
ympt'orns, a  higher rate of nasal shedding of PCV2.
a. higher mean % hang lesions, and a higher rate for
positive RI'IC tissues than Group 5. Statistical
analysis, which may have indicated that the
diff'erence's between . these two groups were not
statistically significant, was not conducted on 10
these data, but there was an observed trend that Group
4 did not perform as well as Group 5.
Post-vaccination, 6 pigs died at the first study site,
pour of the six pigs were from  Group S Or Group 9,
which received no vaccine. None of the six pigs
demonstrated lesions  consistent with PMWS, no adverse
events were reported and overall, all seven vaccines
appeared to be safes when administered to pigs
approximately I I days of arse. During the 15
post-vaccination phase of the stticdy, pigs receiving
either of three dose levels of vORF2  vaccine or
killed whole cell vaccine had the highest IFA`p
levels, while Group 5 had the  lowest IFM' levels just
prior to clh.al.lenge, of the vaccine groups. 



Although not formally proven, the predominant route of
transmission of PCV2 to  young swine shortly after
weanin ; is believed to be by oronasal direct contact
and. an  20 efficacious vaccine that reduces nasal
shedding of. PCY2 in a production setting would help
control the spread of infection. Groups receiving one
of -three vORli2 antigen levels and the  group
receiving 'S pg of rO F2 had the lowest incidence rate
of nasal shedding of PCV2  (8.3%). Expectedly, the
challenge control group had the highest incidence rate
of nasal  shedding (80%). 25 Gross lesions iil pigs
with P I'IWS secondai to PCV2 infection typically
consist of  113 WO 2007/076520 PCT/US2006/062654
generalized l y-rophadenopathy in conrlaination with
one or a Multiple of the fol.lMtwing: 0)  interstitial
pneumonia with interlobular edema.. (2) cutaneous
pallor or icterus, 13) mottled  atrophic livers, (4)
gastric ulcers mid (5) nephritis. At necropsy,
icterus, hepatitis, nel$hritis,  and gastric ulcers w
=ere not noted in any groups and ivt iphadenopatlty v
ms not specifically 5 examined for. The mean % lung
lesion scores t aried between groups. The group
receiving  16 erg of vORF2 antigen had the lowest mean
% lung lesion score (flat) _1.0.50%), followed  by the
group that received S pg of rORF2 (0.68 _ 13 5%). As
expected, the challenge control  group had the highest
mean % lung lesion score (~ 8 :t: 292%). In -,Al four
groups. the mean high  % lung lesion scores were
elevated due to one pig in each of these groups that
had very 10 lung lesion scores. :L :ost of the lung
lesions were described as red/purple and consolidated.
Ty-picafy-. lung- lesions associated w -ith PMWS are
described as tan and non-collapsible N ith
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 % lung
lesion scorn, probably do not reflect a true measure
of the  15 amount of lung infection due to PC *2.
Other researchers have demonstrated a direct
correlation bet wween the presence of  



PCV' 22 antigen. by 11.1C and histopahology .
Histopathology on select tissues was not  conducted
with this study. Group 1 (16 ltg of v0'RF2) and Group
5 (8 pg of rORF2) had the  lowest incidence rate of
pigs positive .tor PCV2 antigen (8.3%), while Group 9
(the strict: 20 negative control group - 90.9%) and
Group 8 (the challenge control group - 90.(3" E,) had
the  highest incidence rates for pigs positive for
PCV2 antigen. Due to the non-subjective nature  of
this test, IHC results are probably' one of the best
parameters to judge Vaccine of cacy on. 't'hus, in one
aspect of the present invention, the Minimum
Portective Dosage (. IPD)  of a hul/`I dose
.recombinant product with extracted PCV2 ORF2 (rORF2)
antigen in the  25 CDCD pig model in the face of a
PCV2 challenge was determinied. Of the three groups
that  114 WO 2007/076520 PCT/US2006/062654  received
varying levels of rORF2 antigen, Group 5 (S crg of
rORF2 antigen) clearly had the  highest level of
protection. Group 5 either bad the best results or was
tied for the most  favorable results with regard to
all of the parameters examined. When Group 5 as
compared with the other six vaccine groups
post--challenge, Group 5 had the highest AD WrG 5 (0
94 : 0.22 lbs./day ), the lowest incidence of abnormal
behavior (U%). the second lowest  incidence of cough
(8.3%), the lowest incidence of oven all clinical
symptoms (8.3%), the  lowest mortality rate (0%), the
toNvest rate of nasal shedding of PCV2 the Second
lowest rate for mean % lung lesions (0.68.J-1. 15%)
and the lowest incidence rate for positive  11IC
tissues (16.7%). 1 c1 in another aspect of the present
invention, the MPD of a lmrl/I dose conventional
product 'hat .is partially purified PCV2 ORF2 (0RP2)
antivgen in the CDC.R pig model in the  face of a.
PCV2 challenge was determined. Of the three groups
that received vai- int levels  of vORF2 antigen, Group
1 (16 pg of vORF2) had the highest level of protection
Group I  outperformed Groups 2 and 3 with respect to
ADWG, mean % lung lesions., and RIC. 15 Groups I and
.2 (8 I+ 17 of vORI~2 antigen) performed equally with
respect to overall incidence  of clinical symptoms,
Group 3 (4 g of vORF2 antigen) had the lowest
mortality rate, and all  



three groups performed equally with respect to -nasal
shedding. Over all. v ORF vaccines did  not perform as
well as rf3RF vaccines. In yet another aspect of the
present invention, the efficacy of a n aximum dose of
a  2Q 21111;'2 dose Conventional Killed PCV'2 vaccine
in the CDCD pig model in the face of a PCV2  challenge
was determined. Of the seven vaccines evaluated in
this study, the killed whole  cell ?C:V2 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 (58.3%),
the second highest overall incidence of clinical
symptoms (58.3%), the highest .mortality rate 25
(16.7%). the second highest incidence of nasal
shedding (41.7 f ). highest Mean % lung  115 WO
2007/076520 PCT/US2006/062654  lesions (9.88 ::-
29.2%), a high incidence of lung .lesions noted (75%)
and a n.ioderate  incidence rate in tissues (41.7%).
it was still effective at invoking an immune
response. in still another aspect of the present
invention, nasal shedding of PCV2 was assessed  5 as
an efficacy parameter and the previous PCV2 efficacy
parameters from previous studies  were reconfirn}.ed.
Results from this study indicate that nasal shedding
of PCY2 occurs  following Wra nasal challenge and that
PCV2 vaceines reduce nasal shedding of PCV2 post-
challenge. Furthermore. results f=rom this study and
reports in the literature indicate that 11-IC  should
continue to be evaluated in future PCV2 vaccine trials
as well. 10 Some additional conclusions arising from
this study are,, that iynmphadenopathy. is one  of the
hallmarks of PNMWS. Another one of the hallmarks of
Pty W S is lymphoid depletion  and
multinucleated/giant histiocytes. Additionally=, no
adverse events or injection, site  reactions were
noted for any of the 7 PCV2 vaccines and all 7 PCV2
vaccines appeared to be  safe when administered to
young pigs. 15 EXAMPLE 5 



This example tests the efcacy of eight PCVi2 candidate
vaccines and reconfirms  PCV2 challenge parameters
from earlier challenge studies following exposure to a
virulent  2() strain of P. CV2. One hundred and fifty,
(150) cesarean derived colostrum deprived (CDCD)
piglets. 6-16 days of age, were blocked by weight and
randomly divided into 10 groups of  equal size. Table
16 sets forth the General Study Design for this
Example. Table :1.6. General Study Design  116 WO
2007/076520 PCT/US2006/062654  - - - ----- - ----- -
----- --- ---- R :ropsy  'Ne  Group No. Of Treatment
Day of KLHACFA Challenge PR figs Treatment on Day 22 t
ith MLV on on Day,  and'Da ; 28 Virulent Dad' 46 50
PCV2 on, Day "y 1 15 PVC2 Vaccine 1 0 & 14 + + +  16
fig rORF2 - IMS 131=1 ----- ------------ 2 15 P`r C: 2
Vaccine 2 0& 14 + + ,3 l6 lid' vORF2 ... Carbopol 3 15
i'CV2 Vaccine 3 0 &. 14 + + .  16 rORF2 - Carbopol
.........--- 



4 15 PCV2 Vaccine 2 t3 + + .16 jig  v0R.F2 - Carbopol
5 15 PVC2 Vaccine 3 0 & 14 } 4. .4. +  4 leg, ~RP2 -
Carbopol 6 15 PVC2 Vaccine 3 0 & 14 + + + ,  1s rORF2
. - Carbopol .  7 15 PVC2 Vaccine 3 0 & 1.4 4.. . 4
0.25 p.g  rORF2 ... Carbopol. 8 15 PVC2 V acc'ine 4 0
& 14 + + +  > 8.0 lot) {  1M.V - Carbopol 9 1.5
Challeng N/A + 4. ~.  Controls .............  11.7 WO
2007/076520 PCT/US2006/062654  { 15 None -Strict N/A +
Negative Control  Group  vORF2 7 iso1r .d viral ORF2;
rORF2 ' ricc~~r~I~irtarrt baculovirrts expressed ORF2;
KV or killed  t 'hole Gill virus PC` 2 ins gown ism
table Gcll culture 



The vaccine formulation given to each group was as
folio v.s. PCV2 Vaccine  5 No. 1, administered at I x
2 ml dose to Group I. was a high dose (16 1.102 ml
dose) of  inactivated recombinant ORF2 antigen a
luvanted with IMS 1314 (16 ug rORF2 ... IMS  1314).
PCV2 Vaccine No. 2, administered art i : 2 nil dose to
Group 2. was a. high dose (16  ugi2 ml dose) of a
partially purified V13O R4-1 generated PCV2 O1 F 2 w
ilium. acljuvanted  with Carbopol (.16 ug, vOR12 -
Carbopol). PCV2 Vaccine No. 3, administered at 1 x 2
ml l t1 dose to Group 3, was a high dose (16 ug/2 l
dose) of inactivated recombinant OM antigen  .
juvanted with Carbopol (16 rig rORF2 ... Carbopol).
PCV2 -Vaccine No. 4, administered at.  aij I 'x 1 nil
dose to Group 4. was a high dose (16 rig I1 nil dose)
of a partially purified VIDO P,  I generated PCV2
O.RF2 antigen aldjuvanted with. Carhopol (16 ug vORF2
- Carbopol).  Vaccine No. 5. administered at I x 2 ml
dose to Group 5, was a 4 u f2 -ml dose of a n 15
inactivated recombinant ORF2 antigen adjuvanted with
Carbopol (4 arg rO.RF2 - Carbopol).  PCV2 Vaccine No.
6, administered at 1 x 2 nil dose to Group 6, was a 1
cog/2 ml dose of an  inactivated recombinant ORF2
antigen adjuvanted with Carbopol (1 cog rORF2 -
Carbopol).  IBC N, 2 Vaccine No. 7, administered at :l
x '" nil dose to Group 7. was a tow dose (0.25 ug/2
nil  dose) of inactivated recombinant ORF2 antigen
adjuvauuted ".4% Carbopol (0.25 ug rORF2 ... 20
Carbopol). PCV2 Vaccine No. 8. administered at I x 2
ml dose to Group 8, was a high dose  (pre-blactivation
titer- > 8.0 log/2 ml (lose) Inactivated Conventional
Killed VIDO R-1  generated PCV2 Struve antigen
adjuvanted with Carbopol (>8.0 log KV - Carbopol). On
Day 0, Groups 1-is were treated with their assigned
vaccines. Groups 13 and 5-8 received  boosters of
their respective vaccines again on Day 14. The
effectiveness of a single dose of  1.18 WO 2007/076520
PCT/US2006/062654  16 tg of %,ORF2 - Carhopol v vas
tented on Group 4 which did not receive a booster on
Day  14. Piglets were observed for ad-verse events and
innectiorr site reactions following bofl-i
vaccinations. On Day 21 the piglets were moved to a
second study- site where Groups 1-9  



were group housed in one building, and Group I () was
housed in a. separate building. All pigs 5 received
key1idle limpet heniocyanin emulsified with
.incomplete Freund's adjuvant  (KI.H/ICpA) on Days 22
and 2$. On Day 2:5, Groups 1-9 were challenged with
approximately 4 logs of virulent PCV2 virus. By Day
46, very few deaths had occurred in  the challenge
control group. In an attempt to irmtunostimulate the
pigs and increase the  virulence of the PCV2 challenge
material., all Groups were treated w.. lNG LVAC.'. :
to PRRSV MLV (Porcine aeprodtoctive and .Respirator
Vaccine, Modified Live Virus) on Day  46. Pre- and
post challenge blood samples were collected for PCV2
serology. Post- challenge, body weight data for
detenninaion of average daily weight gain (ADW O) and
observations of clinical signs were collected. On Daly
50. all surviving pigs were necropsicd; 15 gross
lesions were recorded, lungs were scored. for
pathology, and selected tissues were  preserved in
..lfiirmalin for examination by Immunohisiochemistry
([HC) for detection of  PCV2 antigen at a later date.
Materials and :Methods at) This was a partially-blind
vaccination-challenge feasibility study conducted in
CDCD  pigs, 6 to 16 days of age on Day O. To he
included in 'the study. PC` 2 IFA titers of sows
were-<1:1000. Additionally, the serologic status
c..fsows were from akmm-wn'PRRS-negative  herd.
Sixteen (16) sows were tested for PCV2 serological
status and all sixteen (16) had a  PCV2 titer of 1000
and were transferred to the -.rst study site. One
hundred fifty (150) 25 piglets were delivered by
cesarean section surgeries and were avvtiildble
foi-tliis study oin Day  1.19 WO 2007/076520
PCT/US2006/062654  -3, On. Day -3-150 Cl~Ct3 pi~:s at
the first study site c ere tweig~hed, identified with
ear tags,  blocked by weig it and randomly assigned to
I of .10 groups, as set. forh. above in table 16.
Blood samples were collected from all pigs. If any
'test animal meeting the inclusion criteria  was
enrolled in the study and was later excluded for any
reason, the Investigator and Monitor 



5 consulted in order to determine the use of data
collected from the animal in the fnal, analysis.  The
date of which enrolled piglets were excluded and the
reason for exclusion was  documented. No sows l eeting
the inclusion criteria, selected for the study and
transported to  the first study site i ere excluded.
No piglets were excluded .f om the study, and no test
animals were removed from the Study prior to
termination. Table 17 describes the time  10 frames
for the key activities of this Example. Table 1'7.
Study Activities  tud I7ay Actual Dates St.udj,
ctiyi1v -3 4-04-03 Weighed pigs; health exam;
.randomized to groups; collected  blood sang Iles ,
4.04-03 0-21 4-07-03 to Observed for overall health
and for adtiverse events post- =a,c cinatiot 5-27-(r3
0 -07-03 Administered res ective IL)?s to trr"r7 ~s l-
4-07-03 to Observed pigs for injection site reactions
0-7 4-14-03 -- 4-21-03 13orsstered Groups 1-3, 5-8
with respective '[VV"Ps; blood  sampled all xis 14-21
4-21-03 to Observed pigs for injection reactions
4-28-03 1 -21 4-26-03 to Treated all pigs wvit1i
antibiotics  4-28-03 21 4-28-03 Pigs transported from
Struve Labs. Inc. to Veterinary  Resources, Inc.
'\7R1) 22-50 4-28-43 to Observed pigs - or clinical
signs post-challenge,  S-27-03 



22 4-29-03 Treated Groups 1-13 with KILTHI/ICFA 25
5-02-03 Collected blood samples from all pigs; weighed
all pigs;  challenged Grou s 1-9 with PCV2
challtn~e.czrat.erial 2 -05-(}:3 Treated Grora s
1).-i0 r-vitit. KLIAACF. .  32 5-09-03 Collected blood
samples.from all pigs  1'20 WO 2007/076520
PCT/US2006/062654  elf 5-23-03 Administered
ItiGELVAC(r):PRRS MLV to 0:11 groups Collected blood
san ples_ weighed and necropsied all pigs;  50 5-27-03
gross lesions were recorded; lungs w ve.re evaluated.
for  lesions: fresh and.forrnalrn .fixed tissue
samples were saved;  ii-life phase of the study was
curt feted - ------ ----- Following completion of the
in-life phase of the study,, l'orn akin fixed tissues
were  examined by Immtiunohistochen .istry (ll IC) for
detection of PCV2 antigen by a pathologist,  blood
samples were evaluated for PC-V2 serology, and average
daily weight gain (ADWG)  5 was determined from Day 25
to Day 50. A ninmmals were housed at the first study
site in individual cages in seven rooms from  birth to
approximately 11 days of age (approximately Day 0 of
the stud). 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
1 t1 ventilation, thereby preventing
cross-contamination of air between rooms, Animals 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 was housed in a. separate pen.
(14-15  pigs per pen) and each pen provided
approximately- 2.3 square feet per pig. Groups 2, 4
and 15 8 were penned in three adjacent pens on one
side of the alleyway and Groups 1, 3, 5, 6, 7,  



and 9 were penned in six adjacent pens on the other
side of the alleyway. The Group  separation was due'to
concern by the Study Monitor that vaccines
administered to Groups 2,  4, and 4 had not been fully
inactivated. 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 20
building had its own separate heating and ventilation
systems, 'frith little likelihood of cross-
contamination of air between buildings. At the frst
study site., piglets were fed a specially formulated
'r .ilk ration from birth to  121 WO 2007/076520
PCT/US2006/062654  approximately 3 weeks of age. All
piglets were consuming .sold. special mixed ration.
bey  Day 2.1 (approximately 4 14 weeks of age). N t
the second study site, all piglets were fed a  custom
non-medicated con mercial mix ration appropriate for
their age and eig t, ~rci  libitum. Water at both
study sites was also available aad lihiturrr. 5 All
test pigs were treated t with 1.0 mL of N XCEL '. tM.
in alternating hams on  Days 1.9, 20. and 21. In
addition:. Pig No. 11 (Grouerp 1) was treated with 0.5
mL of  N AXCEL,, IM on Day- 10. Pig No. 13 (Group 10)
was treated with I mL of Penicillin and I  mL of
PREDEF(r) 2X on Day 10, Pig, No. 4 (Group 9) was
treated with. .1.0 mL of  N.AXCEL.:(r) UM on Day 11,
and Pigs .l (Group 1), 4 and i I were each treated
with l.0 xnl, of  10 1` AXCEL} on Day 14 for various
health reasons. While at both study sites, pigs were
under veterinary care. Animal health  examinations
were conducted on Day -3 and were recorded on the
Health Examination  Record Form. All animals "were- in
good health and nutritional slates before. vaccination
as  determined by observation on Day 0, All test
ani.rnals were observed to be in good health. and. 15
nutritional status prior to challenge, Carcasses and
tissues were disposed of. by rendering,  Final
disposition of study animals was recorded on the
Animal Disposition Record. On Days tl and 14, pigs
assigned to Groups 1-3 and 5-8 received 2.0 mL of
assigned.  PCV2 Vaccines 1-4, respectrvvely` lM in the
right and left neck- region, respectively, using a  



sterile 3.0 mi. Litter-lock s >rin;e and a sterile 20g
x .4" needle. Pigs assigned to Group? 4 20 received LU
mL of PCV2 Vaccine No. 2, IM in the right neck region
using a sterile 3.0 niL  Leer-lock syringe and a
sterile 2Og x 1,6" needle on Day 0 only. On Day 22 all
test pigs received 2.0 mL of :KL'H11CFA UM in the left
neck region  using a. sterile 3.0 mL Luer-lock syringe
and a sterile 20g x1" needle. On Day 28 all test pigs
received 2.0 mL of KLHIIC.FA in the right ham region
using a sterile 3.0 mL Luer-loci:  25 syringe and a
sterile 20g x I" needle. 122 WO 2007/076520
PCT/US2006/062654  On Day 25, pigs assigned to Groups
1-9 received 1.tt nmt_: of PCV2 ISUVDL challenge
material (3.98 logo, TClD5oh iL) lM in the right neck
region Using a. sterile 3.L) raL  Liter-lock syringe
and a sterile 2Og :. .l" needle. An additional 1.0 mL
of the same material  was administered IN to each pig
(t).5 n A, per nostril) using a sterile 3.t) mL
Luer-lock syringe  5 arid .nasal caula. On Day 46, all
test: pigs ree eivead 2.i3 ~}l: iNG T_:lr,,.C : PRR;
l'll. `, TM, its. tlac riot  neck region using a
sterile 3.0 nil.: LuertOlock syringe and a sterile 20g
x 1" needle. The  PRRSV ]%1LV was administered in an
attempt to increase virulence of the PCV2 challenge
mater al. 10 Test pigs were observed daily for overall
health and adverse events on, Daly -3 and  from Day 0
to Day 21. Each of the pigs was scored for normal or
abnormal behavior;  respiration or cough. Observations
were recorded on the Clinical Observation Record. All
test pigs were observed from Day 0 to Day.- 7, and
Group 7 was further observed from Day 14  to 21, for
injection site reacctions. Average daily weight gain
was determined by X-veighin: 15 each pig on a
calibrated scale on Days -3.25 and 50, or on the day
that a. pig was found dead  after challenge, Body-
weights were recorded on the Body Weight Form. Day -a
body  weights were utilized to block pigs prior to
randomization, Day 25 and Day 50 weight data.  was
utilized to determine the average daily weight gain
(AD' Y03) for each pig during these  



time points. For pigs that died after challenge and
before Da SO, the ADWO was adjusted to  20 represent
the A VO -from DDay 25 to the days of death, In order
to determine PCV2 serology, venous whole blood was
collected from each  piglet from the orbital venous
sinus on Days -',and 14. For each piglet, blood was
collected  from the orbital venous sinus by inserting
it sterile capillary tube into the .medial canthus of
one of the eyes and draining approximately- 3.0 r rf,
of whole blood into a 4.0 rnL Serum 25 Separator
'T'ube (SS' T). On Days 25. 32, and 50, venous i hole
blood from each pig was  1 '23 WO 2007/076520
PCT/US2006/062654  collected .f ica.m the anterior
vena c x a. using a sterile 20g x .1 }: }
b''.rca7tainePt needle (Becton  Dickinson and Company,
Franklin Lakes. New= Jersey). a Zlaccutainer' needle
holder and a  13 mL SST. Blood collections at each
time point were recorded on the Sample Collection
Record. Blood in each SST c a-s allowed to clot, each
SSTT' was then spun doY a and the 5 serum harvested,
Harvested serum was transferred to a sterile snap tube
and stored at -70  I0 C until tested at a. later date.
Serum samples were tested for the presence of PCV2
antibodies by B1Vi-R&D personnel. Pigs N ere observed
once daily from Day 22 to Day. 50 for clinical
symptoms and  scored for normal or abnormal behavior,
respiration or cough. Clinical observations were  1 t)
recorded on the Clinical Observation :Record. Pigs
Nos. 46 (Group 1) and 98 (Groups 9) died at the first
study site, Both of these  deaths were categorized as
bleeding deaths and necropsies were not conducted on
these two  pigs. At the second study site. pigs that
died after challenge and prior to Day 50, and pigs
euthaniz xl tin. l a3y ~t).. ~~ tare necrops:i d.. any
gross .lesions were noted and the perce ntages of  i s
lung lobes with lesions were recorded on the Necropsy
Report born. From each of the pigs necropsied at the
second study site. a tissue sample of tonsil,  lung,
heart, and mesenteric lymph node was placed into a
single container with buffered 10%  formalin; while
another tissue sample from the same aforementioned
organs was placed .into  



a L~'l~irl~laal~: (tip: Tech. Diagnostics Ltd., Thei
all, UK) and each Whirl-pal:- : was placed on 20 ice.
Each container was properly labeled, Sample
collections were recorded on the Necropsy  Report
Form. .Af:tenvards, fonnalin-f .ed tissue samples and
a Diagnostic Request Form  were submitted for 114C
testing. IFiC- 'testing was conducted in accordance
with standard  laboratory procedures for receiving
samples, sample and slide preparation, and staining
techniques. Fresh tissues in Nkhirl-pakst were shipped
With ice packs to the Stud Monitor  25 for storage (70
-!- 101 C) and possible future use. 124 WO 2007/076520
PCT/US2006/062654  1^o.rmalit:e-fixed tissues were
examined hr a pathologist for detection of PCV2 by
J.H.C. and scored using the following scoring system:
0 = None; 1 Scant positive stainizng, few  sites; 2
::: Moderate positive staining, multiple sites; and 3
Abundant positive staining,  diffuse throughout the
tissue. For analytical purposes, a score of 0 was
considered  5 "negatit=e," and a score of greater than
0 was considered "positive." Results Results.t r this
example are iv-en below. It is noted that Pigs No. 46
and 9$ died on  days 14 and 25 respectively. These
deaths were. categorized as bleeding deaths. Pig No.
1.1  10 (Group 1) was panting with rapid respiration
on Day 15. Otherwise, all pigs were normal for
behavior, respiration and cough during this
observation period and no systemic adverse  events
were noted with any groups. No injection site
reactions were noted following  vaccination on Day tl.
Following vaccination an Day 14, seven (7) out of
fourteen (14)  Group 1 pigs (50.0%) had welling i it:h
a score. of "21' on Dart- 15, Four (4) out of
fourteen. 15 (14) Group 1 (2$.6%) still had a s~tellin
of "-2" on Day 16. None of the other groups
experienced i~ectioa site reactions.following either
vaccination. Average daily weight. gain (ADWG)
restilts are presented Mom, in Table 18, Pigs  No. 46
and 98 that died from bleeding were excluded from
group resuits. Group 4, which  received one dose of 16
ug vORF2 - Carbopol. had the hi2.hest.ADWG (1. 16 :t:
0.26 lbs/da)=), 



20 followed by Groups 1, 2, 3, 5, 6, and 10 ;which had
ADWGs that ranged from 1.07 0,23  lbs/day to 1,11 1
0.2t5, lbs/day=. Group 9 had the lowest ADWG (0,88 -'
0,29 lbs/day),  followed by Groups S and 7, which had
ADWGs of 0.93 :ti: 0.33 lbs/clay and 0.99 .A 0.44
lbs/day, respectively. 225 Table 18, Summary of Group
Average. Daily Weight Gains (ADNN G)  125 WO
2007/076520 PCT/US2006/062654  Grou3 Treatment NT .~
DWG- lbs/day 1 (Daz: 25 to'Day, 50) or adjusted for
pigs  dead before Pat- 50 1 rO.RI~2 -161.tg --- IMS
1314 2 doses 14 1.08 0.30lbs/dal  2 vOR 2 --- iti tg
.--- Carbopol 2 doses 15 1. 11  0. l61bsiday  3 rORF2
-- 1 Cy pg ... Carbopol 2 doses 15 1.07 0.21 111) s/
day  4 vO 2 - i6 tg   Carbopol I dose 15 1.1  0,2(,
1bs/day  S rOR.p2 - 4 pg --- Carbopol 1. dose 15 1,07
.t 0.26 'lbs/day  6 rORF2 - i . g.... Carbopot 2 doses
15 1.11  0,261bs/day  7 rORF2 - 0.25 .rg - Carbopol 2
doses 15 0.99 0.44 lbs/da.v  8 K V> 8.0 log -M
Carbopol 2 doses 15 0.93 03 3 l.bs/day.  9 Challenge
Controls 14 0.88 0.29 Ibs/dad:  10 Strict Negative
Controls 15 .1 .07 0.23 lbs/day vO12lj2 =isolated oral
0.1 12; rORF2 recombi, aut: bactllovin s e press d O.R
2; KV or killed  -whole cell virus' - PCV2 virus grown
in suitable cell culture PVC2 serology result's are
presented blow in Table l9. All tell (10) groups were
S seronegative for PCV2 on Day - 3, 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
(4617), followed by Group 2, which received 16 ug
vORF2 .-. Carbopol, Group 4, ww>hich, received as
single dose of 16 ug vO:k:li2 -- Carbopol., and  



Group 3. which received 16 ug rORF2 --- Carhopol.
which had titers o.F2507, 1920 and 1503 10
respectively. On Day 32 (one '. eek post challenge),
titers for Groups 1-6 and Group S  ranged from. 2360
to 76.19 while Groups 7 (0.25 u{7 rORF2 M- Carbopol),
9 (Challenge  Control), and 10 (Strict negative
control) had titers of 382, 129 and 7t respectively.
On Day  1.26 WO 2007/076520 PCT/US2006/062654  5O (day
of necr psi ), all ten (10) groups der onsi:rzted high
PCV2 titers (=1- 1257). 011 Days 25. 32, and 50, Group
3, which received two doses of 16 ugg rORF2 ...
Carhopol had higher antibody titers than Group 1.
which received Iwo doses of 16 ug rORF2  -- .IMS 1314.
On Days 25, 32 and 50.. Group 2, which received two
doses of 1.6 ug vO.RF2 5 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 rORF2 -- Carhopol, of 16, 4, 1, and 0,25 ug
respectively, demonstrated correspondingly decreasing
antibody titers on Days 25 and 32. Table 19. S mmary
of Group PC N 22 IF A Titers Group 'ireartrnent Day -3
Day 14 Day .25*s: Day 32 Day  So 64 646 3326 4314  1
tO1tF2 - 16 l.qg .... .I`l a 1,314 2 doses 2 vORF2 w..
16 It 5{) 110 2507 5627 005  C.arrbo aol 2 doses 3
rORF2 _ 16 1tg 5{) $0 1503 5120 6720  arbo of 2 doses
4 t:0RF2 - 16 g 50 113 1920 3720 1257  Carbopol 1 dose
5 rOR.F2 - 4 gg -- 50 61 1867 3933 4533  Carbo oft
dose 6 rORF'? - 1 vg, --- 50 70 490 236{) 5740  



C:a.thop col 2 doses 7 rORF2 - 0.25 1rg - 50 73 63 382
5819  Carbopol 2 doses 5{) 97 4617 7619 10817  8 1~.V
> 8.0 Jog - Carbopol 2 doses 9 Cliallen "e Controls 50
53 50 129 4299  10 Strict. Negative Controls 50 50 50
78 11205  10 -vORF2 = isolated viral ORlt1rORF2 .-
rmombthant baculotircrs expressed ORl2; KV or killed
NV110le cell v:irras = PC\'2 virus grown in suitable
cell curltare "For calculation purposes, a.5100 IFA
titer was designated as a titer of "50"; a x,,6400 IF
A,  127 WO 2007/076520 PCT/US2006/062654  titer was
designated as a titer of "1.2,800". "Day of Challenge
*Day of Necropsy 5 The results from the post-challenge
clinical observations are presented below. Table  20
includes observations for Abnormal Behavior, Abnormal
.Respirationn, Cough and  Diarrl ca, Table 21 includes
the results from the Summary of Group Overall
Incidence of  Clinical Symptoms and Table 22 includes
results from the Summary of Group Mortality  Rates
Post-challenge. The incidence of abnormal behavior,
respiration and cough post 10 challenge were low in
pigs receiving 1.6 ug rOR12.--.IMS 1314 (Group 1), 16
ug rORF2...  Carbopol (Group 3).. 1 ug
rORF2---C`a.rbopol (Group 6i), 0.25 ug .rORl
2-CarbopoI (Group 7).  and in pigs in the Challenge
Control Group (Group 9), 'I'h iiciderice of abnormal
beliati for  respiration and cough post-challenge was
zero in pigs receiving .16 ug vORp2....Carbopol
(Group 2), a single dose of l.6ug vv OR.R2W-Carhopc-l
(Group 4), 4 ug rORF2-Carbopol (Group 15 5), >8 log
KY-Carbopol (Group S).. and in pigs in the strict
negative control group (Group  



10). The overall incidence of clinical symptoms varied
between groups. Pigs receiving 16  un vORF2---Carbopol
(Group 2), a single dose of 16 ug vORF2..Carbopol
(Group 4), and pigs  in the Strict negative control.
group (Group .10) had incidence rates of 0%; pigs
receiving '16 2{~ ug rORF2--Carbopol (Group 3), and 1.
ug rORF2-Carbopol (Group (>) had incidence rates of
6.794); pigs receiving 16 ug rORF2---1i1MS 1314 (Group
..1) had an overall incidence rate of  7.1%; pigs
receiving 4 ug .rOR.l 2-.Carbopol (Group 5),13.=25 ug
rORP'2_Carbopol (Group 7), :1 >8 log KV vaccine had
incidence rates of 13.3%. and pigs in the Challenge
Control  am Group (Group 3) had an incidence rate of
14.3%. 25 Oven all mortality= rates between groups
varied as well. Group S, which received 2  128 WO
2007/076520 PCT/US2006/062654  doses of KY vaccine had
the highest:.Knortality, rate of 20JAO: followed by
Group 9, the  challenge control ;roup, and Group 7,
which received (1.25 ua.rORF"---Carbopol and had
mortal.it rates of 14.3% and '1.3.3% respectively.
Group 4, which received one dose of 16 ug  vO
.12-.-Carbopol had a 6.7%, mortality rate. All of the
otter Groups. l._ 2.3, 5, 6. and 10 had  5 a 0%
mortality rate. Table 20. Summary, of Group
Observations for Abnormal Behavior, Abnormal
Respiration, and Cough Post-Challenge Group
"1rea'tment. N Abnorma.1 Abnormal Coughs  Behavior'
Behavior' ' 1 rORF2 - 16 tg --- 1=1 0/14 0/14 '1./14
lst1S 1314 2 doses (7.1 t1/0  vORF2 - 16 ig Carbopol 1
11/15 0/15 0/15+  2 doses ((1,s>) (0%) 3 rORF') - 16
leg - Carbopol 15 0115 0/15 1/ 15  



2 doses {()%) (0%) (6 7%)  4 vOR1/2 -- 16 pg -
Carbopol 15 (0/10%) 13/.15 0/15 rt 1  1 Y dose ( `
/iJ) 1 (03?) 5 rORV2--4p4J- 1.5 1/15 1.:.15 0/15  Card
o of l dose ((53%) (fJ.7%) {),o)  6 r.OR F2 - 1. pg --
5 0,1: 0/15 1 /15 '-arbo of 2 doses (0;0) t(? ___  7
rORF2 - 0.25 lr`: 1.5 0115 1/15 1/15  Carbopol 2 doses
((ni)' (6.7%) {06.7 rJ) 8 lt.'s' 3.0 log - Car'bopol 2
15 1/15 1/15 t},`'15  doses (6.7%) (6.71%) (0%)  -- -
------ ---------- ------  9 Challenge Controls 14 1114
1/14 2/14  (7.1 ,`o) (7.1%) (14/3%)  10 Strict
Negative Controls 15 ()/15 0/15 0,115 t3%) 1{3`'i~J)
tat"o)  'Total number of pigs in each group that
demonstrated any abnormal behavior for at least one
1() clad: 1'2'. WO 2007/076520 PCT/US2006/062654
2Totai number of l igs in each group that demonstrated
any abnormal respiration for at least  one day :;Total
number of pigs in each group that demonstrated a cough
for at least one day Table 21. Summar of Group  r
verall incidence of Clinical Symptoms Post  Challenge.
Grogp '1 re qtr ent N incidence of pigs with Incidence



Clinical Symptomst Rate  ---- -------------- ----- ---
--- - I rORF2 - 16 p .... lei 1. 7.1%  IMS 1314 2
doses 1 0 E).0%  2 z ORF2 -.16 L.tg - Carhopoi 2 uses
%  t  rORF2 ^- 16 frg Carbopol 2 15 1 6.7%  rloseS 4
vORF2 - 16 pg - Carbopol :l 15 0 0.0i%  dose rOR 2. -
is 2 13.3%  C:arbo of 1 dose 15 1 6.7"i%  Carbo pol 2
doses 7 rORF2 - 0.25 n, - Carbopol 2 13.3%  2 doses S
KV 8.0 log --- Carbopol 2 1  doses ----- - ---- -----
l 4 2  9 Challenge Controls I t) Strict Negative
Controls 1 0 0.0%  \OR..t 2 w isolated ' naat OR.i 2i
rORF2 W t-ecoxtbinazrt batculotiirus expressed ORT`2;
K\ ot. killed  whole cell virus = PCV2 tiros grown in
suitable cell culture 



10 t l oral number of pigs in each Croup -drat
demonstrated any clinical symptom liar at least one
day 130 WO 2007/076520 PCT/US2006/062654  Table 22. Sn
ntt ary of Group A aorta ty Rates Post-Challenge Group
Treatment N Dead Post- l ortalitlyy Rate  challe ;~e l
rORF2-16pgw '14 0 0.0%  IRIS 1314 2 doses 15 0 0.0%  2
YOM -, 16 uhf ..,. Carbol3ol 2 doses  3 r(R1^2 --- 16
ug --- Carbopol 2 E) 0.0%  doses 4 rvORF2 - 16 pg.
Carhopol 1 15 1 0.7%  dose 5 iORF2 .- 4 .t.I, -- 15 0
0.0%  Carbo pol 1 dose 6 rORF2 - 1 ug -- .15 (} 0.0%
Carlo of 2 doses 2 l5 2 11311  7 i0k1~2 ... 13.25 its
--- Carbopol doses  8 Ky > 8.0 log --- Carbopol 2 15 3
20.0%  doses 9 Challenge Controls 14 2 14.3%  



li) Strict Negative Controls l5 i) 11.0%  .ORF2
isolated viral C}RF2; 3ORFF2 :z-- recorbi art
baculovinis ex pressed VV or killed  w hole cell Virus
w PCV2 virus grown in sluabie cell. etdturc ti The
Summaryy of Group Mean Percentage Lung Lesions and
Tentative Diagnosis is  given below in Table 23. Group
9, the challenge control group, had the highest
percentage  lung lesions i ith a mean of 10.81
23.27%, followed by Group 7, which received 0.25 ug
rORF2--.Carbopol and had a mean of 6.57 24.740/6.,
Group 5, \ hich received 4 ug rO.RF2 10 Carbapol and
had a.meam of 2.88.1. 8.88 t.. and Group S.. w vbich
received the :KY vaccine and  had a mean of 2.01 -F-
4.98%. The .remaining sig. (6) groups had lower mean
percentage lung  lesions that ranged from. 0.1.1.
0.38% to 0.90  0.15%. Tentative diagnosis of pneumonia
varied among the groups. Group 3, which received  131
WO 2007/076520 PCT/US2006/062654  two doses of .16 ug
rORF2-Carbopol, had the lowest tentative diagnosis
tit.' pneumonia, iv--U h  1-13%. Group 9, the
challenge control group, had 50% of the group
tentatively diagnosed  with pnetim(ia, "{hewed by>
Group .10, the strict n~mtive control group and Group
22. t hich  received two doses of 16 ug
vORF2--.Carbopcl, Y pith 46.7% of 40% respectively,
ten ..atively  5 diagnosed with pneumonia. Groups l:.
2, 3, 5, 9, and 10 had 0% of the group tentatively
diagnosed as PCV2  infected.;: while Group 8., which
received two doses if KV vaccine, had the highest
group rate  of tentative diagnosis of PCb,2 int ction,
which 20%. Group 7, which received two doses of  0.25
ug rORp2-Carbopol, and. Group 4, which received one
dose of 16 rig vORF2-Carbopol 10 had tentative group
diagnoses of PCV2 infection in 13.311N, and 6.7% of
each group,  respectively. Gastric ulcers were only
diagnosed in one pig in Group 7 (.7%); While the
Other. 9  groups remained 1`ree ofgastric ulcers. 



15 Table 23. Summa y of Group Mean 0% Lung Lesion and
Tentative Diagnosis Group Treatment N. No. Of pigs
that shed.for Incidence Rate  at least one day I rO 12
16 l1? 15 0  1NIS 1113,114 2 doses 2 vORF2 -- 16 1tg
l.5 1 6,7%  Carho Sol 2 doses yy~~ 7 rORF2 16 p 1,5 3
0.0%  Carba aol 2 doses 4 vORp2 - 16 1. g 15 2 13.3%
C:arbo of l dose 5 rOR.R2 - 4 ftg - .15 3 20.0%
Carhopol I dose 13 2 WO 2007/076520 PCT/US2006/062654
6 rORp'2 - 1 tg a 15 ti 40M%  .'arbU of 2 doses 7
roRI;2 0.25 pg .. 15 7 46.7%  Carbo of 2 doses 8 KV
8.0 log ... Carbopol 15 12 80%  2 doses 9 Challenge
Controls 14 14 1(>0.0%  14  1.0 Strict Negative
Controls vORFi2 W isolated viral ORF2; rORF2 =
recombinant: baculovirus expressed ORF2; E V or killed
whole cell irus' 1'C 'Z virus grown in suitable cell
cttllure The Sutnrary'of Group INC :Positive incidence
Results are shot;>n below in Table 24. 



5 Group 1 (.16 ug rORF2 -- INTS 1314) had the lowest
group rate of I11C positiv-e resultswith  0% of the
pigs Positive for PCV2, followed by Group 2 (16 ttg
vOR;F2 - Carbopol) and  Group 4 (single dose 16 tag
vOR1<2 Carbopol). which had group 1.HC rates of 6.7%
and  13.3% respectively. Group 9, the challenge
control group, had the highest INC positive  incidence
rate with 1[30% of the pigs positive for PCV2,
followed by. Group 10, the strict 10 t .el ati've
control group, and Group 8 (kV vaccine), with 93.'3%
and 80..4 of the pigs positive  for. PCV2,
respectively.. Table 24. Suninmy of Group EHC Positive
Incidence Rate Group Treatment N No. Of pigs that shed
for Incidence Rate  at least one day 1 rO.RF2 -10 ug M
15 0 0%  IMS 13.14 .2 doses t~  63%  %  2 vORp'2 ....
16 tt~x l 1 Carbo cll 2 Closes 3 rORF2 .... 16 .tg 15
3 20.0%  Carbopol 2 doses 133 WO 2007/076520
PCT/US2006/062654  ---- - - - ---- 15 2 13.3%  Carbo
of 1 dose 5 rOR.l 2 - 4 .t. '--- .b y 20.0%  Carbo cil
l dose 15 a 40.0" N%  



6 r0R1;2 ^ l jig ... Carbo of 2 closes 1 7 46.7'.'x %
7 rORF2 --- 13.25 ttW .. C'arbo of 2 doses, 8 KV 8.0
log - Carbopol 15 12 80`N)  2 doses 9 GhallenV
Controls .14 14 1.00.0%  10 Strict Negative Controls
15 14 93.3%  vOR.F2 - isc*lated viral ORt 2; rORF2 =
recombinant baculmints expressed t3RF2; KV or killed
i~'ll.cile cell tiros a,- PCV2 virus grown in suitable
cell culture Discussion.  5 Seven l'CV2 vaccines were
evaluated in this example. w vhich included a high
dose (16)  pg) of rORF2 antigen adjuvanted with IMS
13.14 administered twice, a high dose (16 pg) of
vORF2 antigen adjuvanted with Carbopol administered
once to one group of pigs and twice  to a. second
group of pigs, a high dose (16 grg) of rORF2 antigevi
adjuvanted with Carbopol  administered twice, a. 4 gig
dose of rORF2 antigen adiitvwed. with Carbopol
administered 10 twice, a .l .ig dose of rORF2 antigen
adjuvvanted with Carbopol administered twice, a low
dose (0,25 pg.) of rORF2 antigen adj-uvanted with
Carbopol administered twice, and a high  dose (> g
log) of killed whole cell PCV2 vaccine adjuvanted with
Carbopol. Overall, Croup  1, which received two doses
of 16 pg rOR1`2 ... IMS 1314, perforated slightly
better than  Groups 2 -through 7. which received
vaccines containing 'rations levels of either vOR `2
or 15 rO.RF'2 antigen adjuvauted with Carbopol and
much better than Group 8, which received. 'two  doses
of killed w ole cell :l'C1r2 vaccine. Group l had the
third highest A DWG (1,80 0.313  lbs/'da ). the lowest
incidence of abnormal behavior (f:}'f). the 'l ow~vest
incidence of atbnorr all.  134 WO 2007/076520
PCT/US2006/062654  



respiration (0%), a low incidence of cough (7..1%), a
lore .incidence. of overall clinical  symptoms Q. i%).
was tied with three other groups for the lowest
Mortality rate the  second lowest rate for mean % lung
lesions (0.15 . 0.34%), the second lowest rate for
pneumonia (21.4"/(,) and the to vest incidence rate
f'or positive 11 C tissues (0%0). Group 1 5 w.vas, how
wever, the only group in which injection site
reactions were noted, which included  50% of the
vaccinates 'l clay after the second -vaccina:tion. The
other actin s administered to  Groups 2 through 7
performed better than the killed vaccine and nearly as
NNelt as the vaccine  administered to Group 1. Group
8, which received two doses of killed PCZ'2 vaccine
adjuvanted with  10 Carbopol, had the worst set of
results for any vaccine group, Group S had the lowest
ADW'G  (().93 1. 0.3'3 lhs'day ), the second highest
rate of abnorrr al. behavior (6.-7"/,)),, the highest
rate of  abnormal respiration ((-,.,7%), was tied with
three other groups for the highest overall  incidence
rate of clinical symptoms (13.3%), had the highest
mortality rate of all groups  (20-0, and had the
highest: positive, IF-iC. rate (80%) of any- vaccine
group. 'here was 15 concern that the killed rvhcile
cell l>CV2 vaccine may, not have been fully
inactivated prior to  administration to Group 8, which
may explain this ' roup's poor results. t
nfortunately,  definitive data A as not available to
confirm this concern, Overall, in the context of this
example, a Conventional Killed F'C'C 2 vaccine did not
aid in the reduction of PCV2  associated disease. 20
As previously mentioned, no adverse events were
associated with the test vaccines  exception of the
Vaccine ac4juvanted with IMS .1:114. Injection site
reactions were noted  in 50.0% of the pigs 'I day of
erthe second vaccination with the vaccine .fornmulated
rtiitll IMS  1314 and in 28,6% of the pigs 2 days
after the second vaccination, No reactions were noted
in any pigs receiving Carhopol adjuvanted vaccines.
Any further studies that include pigs 25 vaccinated
with IMS 1314 adjuvanted vaccines should continue to
closely monitor pigs for  35 WO 2007/076520
PCT/US2006/062654  



injection site reactions. All pigs were sego-negative
for PCV2 on lay. -3 and only Group 2 had a titer above
100 on Day 14. On Day 25 (day of challenge), Group $
had the highest PCV2 antibody titer  (4619), followed
by Group 2 (2507). With the exception of Groups 7, 9
and 10, all groups 5 demonstrated a strong antibody
response by Day 32. By Day 50, all groups including
Groups  7,11 and 10 demonstrated a strong antibody
response. One of the hallmarks of late stage PCV2
infection and subsequent P11NVS  development is growth
retardation in weaned pigs, and in severe cases,
weight loss is noted.  Average daily weight gain of
groups is a quantitative method of demonstrating grog
tlx 10 retardation or it loss. In this example- there
was not a large difference in ADtVG'  betx~~ee ~
groups. Group 8 had the lowest ADNVG of 0.88 0.29
lbs'day, while Group 4 had  the highest AMWWO of
1..16:- 0.26 lb/clay. Within the context of this study
there was not a  sufficient difference between groups
to base future vaccine efficacy on ADWO. In addition
to weight loss - dyspxea, lethargy, pallor of the skin
and sometimes  15 icterus are clinical symptoms
associated with PliMWS. In this example.. abnormal
behavior  and abnormal respiration and cough were
noted infrequently .for each group. As evidenced .in
this study, this challenge model and challenge strain
do not result in overwhelming clinical  symptoms and
this is not to strong parameter on which to base
vaccine efficacy. Overall, mortality rates were not
high in this example and the lack of a high mortality
2() 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 13 had three out of fifteen pigs die. Due to
the fact that Group 9,  the challenge control group
was not demonstrating TTV2 clinical symptoms and only
two  deaths had occurred in this group by Day 46,
Porcine Respiratory and Reproductive 25 Syndrome Virus
(PRRSV) NTLV vaccine was administered to all pigs on
Day 46. 'Earlier  136 WO 2007/076520 PCT/US2006/062654



studies had utilized INGl l ~~ Ci %PRRS Ibll,' :rs an
inrrrrtrnosti.rrrGrl~ant to exasperate PCrL'2-
associated PMWS disease and mortality rates were
higher in these earlier studies. Two  deaths occurred
shortly after administering the PR.RS vaccine on Day
46 - Group 4 had one  death on Day 46 and. Group 7
had. one death on Day 47 - which were probably- not
associated 5 with the administration of the PRRS
vaccine. By Day 50, Group 8. which received two doses
of killed vaccine, had the highest mortality rate
(201,%), followed by Group 9 (challenge  control) and.
Group 7 (0.25 ug rOR. 2 - Carbopol). with mortality
rates of 143% and 13.3%  rc spectis ely. Overall.,
administration of the PRRS vaccine to the challenge
.rmodel late in the  post-challenge observation. phase
of this example did not significantly increase
mortality  ltl rates. Gross lesions in pigs with PMWS
secondary to PC 2 .infection typically consist of
generalized lymphadenopathy in combination with one or
more of the following; (1.)  interstitial pneumonia -~
ith interlobular edema, (2) cutaneous pallor or
icterus, (3) mottled  atrophic l.iti ers, (4) gastric
ulcers and (5) nephritis. At necropsy (Day 50)
icterus, hepatitis. 15 and nephritis were not noted in
any groups. A gastric ulcer was noted in one Group 7
pig.  but lymphadenopathy was not specifically
examined for. Based on The presence of lesions  that
were consistent with PCV2 infection, three groups had
at least one pig tenuntiv ly  diagnosed with PCV2
(P:MWS;). Group 8, which received two doses of killed
vaccine, had  20% tentatively diagnosed with PCV2,
while Group 7 and Group 4 had 13.3% and 6.7%, % ~,
lung lesion scores varied.  2t) respectively,
tentatively diagnosed with PCV2. The mean between
groups at necropsy. Groups '1. 2, 3. 4, 6 and 10 had
low % lung lesion scores that  ranged from 0.11.:$:
0.38% to 0.90 0.15".4,. As e>xpected, Group 9, the
challenge control  group, had the highest mean % lung
lesion score (10.81  23:27%). In four groups, the mean
% lung lesion scores were elevated due to one to three
pigs in each of these groups having 25 very. high lung
lesion scores, The lung lesions were red/purple and
consolidated. '1'~ pically.  137 



WO 2007/076520 PCT/US2006/062654  lung lesions
associated with P I1\VS are described as -tan,
non-collapsible with interlobular  edema. 'the lung
lesions noted in this study were either not associated
with PCV-7 infection  or a second pulmonary infectious
agent may have been present. Within the context of
this  study, the % lung lesion scores probably do not
reflect a true measure of the amount of lung 5
infection due to PCV-2. Like'cwwise, tentative
diagnosis of pneumonia may have been over- utilized as
well. Any pigs with lung lesions, some as small as
0.10% were listed with a.  tentative diagnosis of
pneunmonia. In this example, there was no sufficient
difference  between groups with respect to gross
lesions and 1'4, lung lesions on which to base vaccine
efficacy. 1(l INC :results showed the largest
differences between groups. Group 1 16 ggg rORF7, .-.
IMS 1314) had the lowest positive INC results for PCV2
antigen (0%); while Groups 9 and  10 had the highest
positive IHC results with incidence rates of 100% and
933,3% respectively.  Groups 3, 5, 6 and 7. c hich
received 16, 4, 1 or 0.25 gg of rORF2 antigen,
respectively,  adjuvanted with Cart)opol, had INC
positive rates of 20%, 20%, 40% and 46.7%, 15
respectively. Group 2, which received two doses of '16
go vORF2 adjuvanted witl Carbopol  had an RIC positive
rate of 6.71 -is, while Group 4 which received only
one dose of the sane  vaccine, had an INC positive
rate of '13.3%. Due to the 6bjective nature of this
test and. the  fact that IHC results correlated with
expected results, INC testing is probably one of the
best  parameters on which to base vaccine ef3Ficacy.
2t) "Thus in one aspect of the present invention, the
Minimum Protective Dosage (MPD)  of PCA72 rORF2
antigen adjuvanted Carbopol in the CDCD pig model in.
the .Mace of a  PCV2 challenge is determined. Groups
3, 5, 6 and 7 each received two (loses of rORF
antigen ad~juvanted with Carbopol, but the level of
rORF2 antigen varied for each group.  Groups 3, 5, 6
and 7 each received 16, 4. 1 or 0.25 ug of rORF2
antigen respectively. In 25 general, decreasing the
level of TOM antigen decreased PCV2 antibody titer,
and increased  138 



WO 2007/076520 PCT/US2006/062654  the .mortality rate,
mean % lung lesions and the incidence of !HC positive
tissues. Of -tile four  groups receiving varting
levels of rORF2 ... Carbopol, Groups 3 and 57 which
received two  doses of 16 or 4 pg of .rORF2 antigen.
respectively, each had an RIt positive rate of only
2t)%. and each had similar antibody titers. Overall,
based on IHC positive results, the 5 minimum
protective dosage of rORF2 antigen administered twice
is approximately 4 leg. In another aspect of the
present invention, the antigeniciy of recombinant
(rORF2)  and V1DO a-I (vORF2) PCY2 antigens were
assessed. Group 2 received two doses of 16 pg  vORF2.
and Group 3 received two doses of 16 pg rORF2. Both
vaccines were adjuvaented  with. Carbopol. Both
vaccines were found to be safe and both had 0%
mortalitt :.rate. Group to 2 had a PCV2 antibody titer
of 2507 on Day 25. while Group 3 had a PCV2 antibody
titer of  1503. Group '3) had a lower .mean Rio lung
lesion score than Group 2 (0.11 -- 0.38% vs. 0,90 1-
0,15'?,'(,), but Group 2 had a lower IHC positive
incidence rae that Group 3 (6.7% vs. 20%).  Overa 1,
both vaccines had similar antigenicity, but vORF2 was
associated with slightly  better J.HC results, 15 In
yet another aspect of the present invention. the
suitability of two different  adjuvants (Carhopal and
1MS 1314) was determined. Groups I and 3 both received
tNv-o  doses of vaccine containing 16 ug of rORF2
antigen, but Group 1 received the antigen  adjuv anted
with 1IMS 1314 while Group 3 received the antigen
ad~juvatnted with Carbopol.  Both groups had
essentially the same .ADWG, essentially the same
incidence of clinical signs 20 post-challenge, the
same mortality rate, and essentially the same mean %,n
lung lesions; but  Group .1 had an 11'1C positive
.rate of 0% while Group 3 had an IFIC positive rate of
20"x,.  However, Group 3, which received the vaccine
adjuvanted with Carbopol had higher I T  PCV2 titers
on Days 25, 32 and 50 than Group 1, which received the
vaccine adjuvanted with  IMS 1314. O'verall, although
the PCV2 vaccine a.djuvanned with IXIIS 1314 did
provide better 25 I`Hc results, it did not provide
overwhelmingly better protection from PCV2 infection
and did  139 



WO 2007/076520 PCT/US2006/062654  induce injection
site .reacliou. Whereas the PCN2 vaccine adjure anted
with Cubopol  performed nearly as well as the IMS 1314
adiuvatnted vaccine, but was not associated with
adverse events. any In still another aspect of the
present invention, the feasibility of PCV2 ORF2 as a
5 lnal, I dose product was determined. Groups 2 and 4
both .received 16 ~tg of vORF2 vaccine  adjuvanted
with Carbopol on Da-y- 0, but Group 2 received a.
second dose on. Day 14. Group 4  had a. slightly
higher AD W' GG and a lower mean % hmg lesions than
Group 2, but Group 2 had  higher IFAT PCV2 titer: on
Day 25. 32 and 50, and a slightly lower incidence rate
of .11-1C  positive tissues. All other results for
these two groups were similar. Overall, one dose of
10 vORP2 adju.vauted Lwitla Carbopol performed similar
to two doses of the same vaccine. 140 WO 2007/076520
PCT/US2006/062654  CLAIMS  We claim: 1. A multivalent
combination vaccine- comprising mi. immunological
agent effibctiv-e for  reducing the incidence of or
lessening the severity of porcine circovirus type 2  5
infections and at least one immunogenic active
component effective against another  disease-causing
organism .in svvine. 2. The .. aultivalent combination
vaccine of claim f. wherein said immunological agent
effective for reducing the incidence of or lessening,
the severity of porcine circovirus  10 type 2
infection is a porcine circovirus type 2 antigen, 3.
The multivalent combination vaccine of claim 2:.
wherein the porcine circovirus type  2 antigen is
inactivated porcine circovirus type 2 antigen, a live
modified or  attenuated porcine ci.rcovir.s type 2, a.
chimericc virus that comprises at least an 15
immunogenic amino acid sequence of porcine circovinus
type 2_ or any other  



poly-peptide or component that comprises at least an
immunogenic amino acid  sequence of porcine circovirus
type 2. 4. The multivaLl.ent combination vaccine of
any one of claim 1 to 3, wherein said porcine  20
circovirus type 2 antigen is a protein encoded by a
DNA sequence having at least  80% sequence identity
with ORP2 of a porcine circcovirus type 2. 5. The
multivalent combination Vaccine of any one ofdl.aim 1.
to 4, wherein the porcine  circov.irus type 2 antigen
is baculovirus expressed ORF2 a7.ntigen. 2-5 0. The
multivalent conmbtnation vaccine of any one of claims
I to 4. v bereini said  immunogenic active component
effective against another disease-causing organism in
seine is selected from the group consisting of an.
antigen of: Actinobacillus  plet ropneut onia.;
Adenovirus; Alpha.virus such as Eastern equine
encepha.loiny-el.itis 30 viruses:. Bordetella,
bronchiseptica; Brachy spina spp., preferably B.
hyodyenfheriae;  141 WO 2007/076520 PCT/US2006/062654
B. piosicoli. B.rucella this. preferably- bio airs L
2. and 3; Clasical swine levier virus;  Clostridium
spp., preferably Cl. difficile, Cl. perizingens types
A.:13, and C. Cl. no vyi,  Cl.septieu.m, Cl. tetani;
Coronavirus, preferably 'Porcine Respiratory Comm.
virus;  Epercthrozoonos'is suis; En.s'ipelotlrrix
rhsiopathiae; Escherichia. coli; Haeiriophilus 5
parasuis. preferably subtypes 1, 7 and 14; I:lema
glutinating enccphaloniyelitis virus;  Japanese
Encephalitis Virus; La.v,wsoni,i intracelln.ilaris;
Leptospira spp., preferably  Leptospira australis;
Leptospira canicola; Leptospira grippotyphosa;
Leptospira  icterczlxf~e .orrhag.icae; and
l.:cpt:c)spira .inlerro ns; i.,eptosl7i.r i painc)n,i;
Lej)tospira  tartassovi; Mycobacterium spp.,
preferably A avium, M. intracellulare and M.boviss 10
Mvcoplasnxa. hyopixeun:iorii,ie (;.1I h yo); :I
asteurella. n-.iultoc.ida; Porcine
cytome4,il.ovi.rus; Porcine Parvovirus_ Porcine
Reproductive and Respratoiy  Syndrome (PRRS) Vials;
Pseudorabies virus; Rota.virus; Salmonella spp..
preferably  



S. thyhimuriurn and S. choleraesuis; ata.ph, hvicus;
Staphylococcus spp, preferably  Streptococcus spp.,
preferably Strep. Buis; Swine herpes virus; Swine
influenza 15 Virus; Sw-O.nie pox virus; Swine pox
vials; Vesicular sto'rn-atitis virus; and Virus of
vesicular exanthetmi of swine. 7. The m ilt:i.valent:
combination vaccine of any one of claims .1 to (,
wherein said  iniiirunogeriic activ e component
effective against another disease-causing organism in
20 swine is selected from the tt?roup consisting of
any antigen contained in Enterisol-l Ileitis,
Eritorisol.--i iicitis FF. Enterisoi: > SC-SCI. F
nterisol--SC'.-54 FF, Ent'eriso.lig  ERY-ALC, lnCZel
=ac APP ALC. ingelwic' `AR4, ingelvacs HP-1, ingetwic<
HP E- 1, ingelhs'ac1), M. hyo, ingelvac7 ? MRS .MLV,
Inge.ivac(r) PRRS AT), ingelv,-c4Z'  PRV-G1. Reprocy
c= ` i'RRS 1'LE, Reprcicyc t?: PLE, `ietgoar& ,
Toxivac`:~ AD+E, 25 Toxivac`i'D Plus Parsius. (all of
Roehringe!r ingeihei'_r, St. Joseph, MO, USA);  142 WO
2007/076520 PCT/US2006/062654  Circov-era. Porcilis
Coli, Porcilis ERY PAR~r ?, Porcilis Ery, Porcilis
Glasser,  Porcilis Parvo. Porcilis Porcoli OF.
I>orcilis.APP. Porcilis AR-T, Porcilis AR-i' OF.
Porcilis Porcoh, Porcilis Poreoli Diluvac forte,
Porcilis PRRS. Porcilis Porcol 5.  Porcilis Aujeszk ,
Porcilis 'Begonia "Diluvatc, .Porcilis Begonia
LD.A.L.. Porcilis 5 Begonia Unisole, Porcilis M. hyo,
Porcilis A.trinorrl, Mvco Silencer'?) :l :PAM. Myco
Silencer) BP IE. Myco S leocer'i`. 'Nffla, M4ve.o
SiiencertiZ` M. l1Ty. o Silencer 'X" Once.  Myco
Silencer, MEH., *Rhinogen=R` BPE, Rhinogea 'O CTE
5000, R.hinogen7 C'ISE,  Score, Sow Bac: ` B It, Sow
Bac(r) CE It, Sow Bac-R` TREC. ProSystemk CE,
ProSystem RCE. Pros s#enr:?: TREC`. ProSysterr : >
Pill.inrr7~ P.roSysteni"k` Iti Rotamune ?(r) with
hnugaan ' Ti. ProSy>stemk Rota, ProSy=stez :(r) Rota
mane Ky,  ProSy>stetrrl` TCr-Evaune4t' Rom with
Imugarr(r) U. ProSystemn2 TGE/Rota.  ProSystein(r) '1
G-Einune(.l ` with 1.7 r.tr errs` ProSrsier(r) TOE.
MaGESTIC 7,  MaG STIC S. MaOES'flcx.", With Spur:?:.
MaOES'.T'icl 7;wi#:h Spur, Ma.GESTici. 8  



w =.ih. Spur :(r), End-FL"L ence(r) with imu?en(r) U.
E d-FLUence ` 2. PRRomiSE(r)l;. 15 PRV-Begonia with
D1luvac Forte(r):, ArguslR,) SC/ST: Strep Bac, Strep
Baca': with  imugen(r) IT, Colisorb, Heptavac,
Lanrbivac, 'Porcovac plus, Erysorb Parve all of
TnIem-et Inc., Millsbo r, DE, l.SA); l-ly>oresp,
C.ircovac, Neocolipor, Parvoruvac,  Parvosuin, T'ro
ressis, 1Tirafiltr, Akipor 6.3_ Jespur gl-, Jesllti
w'l- (affl of Medial LTD,  Duluth; GA); ER BACK` PLUS,
ER BAC(9;,, 'ER BAC""` P..LUS/I.I P'l"C FT Rl4l- ' ER
20 B AC?(r) Leptoferm-50. :Farros sure (r)(r), .
arrowsure(r) B, F -1.RR.OWSURE: PLUS B,  )r.ARROW'St
RE PLUS. EARRCT11/SURE;h PR1+, F RRi YSIYRC B-MV.
E.LUSUREI'`'t, FLUSURE'rlr RTU. FLUSUREY-4/:ER BAC"
PLUS. F:LUSURFT. UFR  BAC PT..t~stY , FLUSU RL;
r`'x`RESPI. URB '. FLUSURV, ',"/RTSPJSURE " RTU,
FLUSURE,'"/RESPIST RE,-CONE 1BR BAC" PLUS, :FLU`SUR.B
D/RespiSure 1  1.43 WO 2007/076520 PCT/US2006/062654
O.NEA. :R BAC .P uTV', FLUSURP""I ESPISU>RE ONE",.  FL
USU RED .RES:PISUREE I O :E(, ELUSU RE/Farrowsure
Plus.  FLIT SURE/Farm".-sure Plus 13, LITTERGU.ARD '
LT-C. LPTTERGU ?ARD LT.  PleuroGuard' 4, I.'neumosuis
III. Stellannune One, Steltaiurno Urn: Stellatnune
Once, 5 Stel:larune :Z :nno, Stet.latz~rcrie 'S
ycoplasn~.a Resppisure One, .Respisure `, Respisure I
ONES`. Respisure I One i`/ER. Bac PIYr; . Enduracell
T, Zylexis Iorn~crl l~nt~t n as  Baypancmel, Atroback:
3, Brati\tac ,. BratiVac -B, Lepiofern-1-511Parvo ac
,: Leptnfersr -5: `, RIB-Vac':R-KflIead, P.RAr ac `,
:P.R-- 'acc Pli s ' x (al.l of Pfizer .111C.,  New
York NY, USA); Suvaxvrn MM One, Suva yn R.espiFeadlk`
IM. Suva>vn  Itt 11~1~ coplasnra, Sa a .yn A.ujeszky
I3attlr.a -.- Dil.uen1, Su1vasyn Aujesrky Bartha oAv,
Suvaxyn Atljeszky-Flu, Suv--- 'n .Auje.srky 783) +
ofwe, Suva: n Em Strvaxvn. Flu.  Suvaxyn ': l.ityo,
Suvaxyn MM-One, Suva%vil Parvo ST. Suvax.yn Parvo/E.
Suvaxyn  RespiFend'l: APP. Suvaxyn RespiFend(r)~ HPS.
Suvaxyi RespiFendk} N1I1,11PS,  Suvaxyn RespiFend??
:t1H, Suvtr v~7/t?:> AR;`I;/E: Suvax n/k) EC-4,
Suvaxynn/k; E, 



15 Suvax yra(r)-E. Suvaxyn(r)` E-oral. Suv-axyn : PLE,
Suvaxyn} PLE,PrV Cpl-.  Su.t.,atvr~ > l:E+:B,
Suvaxynt4 PLE + B. Suvaxyn(r) PI.,E1-B;'PrV gpl-, Suva
. n:: S IV,  Suvaaynk' SWP%VIh-one, Suvaxy nk '.
Suvaxyn i PAI t3pi-, Suvaxyn(r) PCV-2 One  Shot (all
of Foil Dodge Animal Health, Overland Park, WS, USA
(W'yeth)  SCOURMU `Ek:. SCOURM.UNE(r):.)-C. C'UL~'R
UNE(r)-C.R AR-PAC(r)-PD+ER, 20 AR-PARAPA.C `-:-ER,
M... Rhusiger:rk. &P-PAC I ;, MaziVacc E,xcell(r):3.
M,,xiVaev (Hi N 1, M.axiYac,:.' I l aM, laxi'v ac t`
-FLU, MaxiVac 'b-M.- , M.axi.Vac Excell .  MaxiVac
Excell 3, PAR 1PAC(r). PNEU PAC::, PNEU PAC(r)AR)-ER
PNEU  P.ACk?t-:ER, PRV/:Marker Clold(r). PRV/ Marker
Gold.,, PRV/Marker Gold - -lava' ac:[ FLU Rhusigelf M.
Gletvax 6, Covesin 8. M.  PAC. Gletvax plus, 144, WO
2007/076520 PCT/US2006/062654  Parapaci' ASS PAC':i'
(all of Scherixwg Plough Animal Health Corporation,
Kenilworth, ;!`.l, USA); AMERVAC-P.RRS. AUSKIPRA--BK,
AUSKIPRA-Od,  COL1SUIN-CL, C.OLISULN-TP, ERYSIPRAVAC,
GRIPORK, 1-i1P%,kSUIS- G:L ASSE:R.:NfYPRAVAC St IS, Nl
UMOSU:.N, PARVTOSL I.N, PARV-OSUiN-MR, 5 P ARVOS 1N-
MRiAU. RINIPRAV'A.C-13"1, SU1PRAVAC-PRRS.. S i'l'RA
AC-RC.  TOXIPRA PLUS (all of Laborator ios illipra
S.A., Amer, Girona, Spahr);  Clostricol. Colipore
Plus. Haeppovac, Per-C-Pore. Porciparvac, RESPIPORC
A:RT' +  EP, RESPIPORC FLU, Respiporc 111. MTO I SHOT,
Rhusiovac, Rotlauf- Lebendimpfstoff, Salmoporc_.
Suisaloral_ AK-vac . ]t 35 (at1 of .Il'l' lmpfstoff
werk. 10 DessaTornau, Tornau, Cennany); Izypravac
Saris, (Albrecht GmbH, Germany):  Haerno Shieldl? P.
Partrlalenro Shield:,) P.Parapleuro Sl~ild.:> P ;
BE,12hinicelt: P:),  Rhini Shield'~' "lX4, Prefarrow
Shields 9. PrefarroW Strep Sl ieldt . c-losiratoxk
BCD, Clostrat.ox, = C, Clostratox(r)t r Ultra C 1300,
Porcine Ecolizer(r):' 3 + C, Porcine  Pili Shield
"'-,44--C, Porcine Pili Shield ~ifPorcine Ecolirerk 3,
Pry Senrryi"!"En-' 15 Shield"14Ety Vac Orail. Erv
Shield'E`4 +I 5, PanSTART , EE'y. Eryeel.I"' "Parvo
Shieldlik's  E, Parvo Shield:( LSE, Par--o Shield:?
L5, Par~vo Shield:i.~, Para. Shield(r):tf'.,
P.neumoSTAR SW, PneulroSTAR''`f s41-yoo, Lepto
ShieldTM 5, M ?co Shield'~'fsatrr o  



Shield(r) 2S2Sal ro Shield,* Live. unitox Te''`''C.
Perfingens 'type A Toxoid (all of  Normtis.Aria al
Health, :Basel, Switzerland); Nitro-Sal (:Akrv); or
combinations  2tl thereof 145 


