
MULTIVt ENT PCV2 IMMUNOGENIC COMPOSITIONS AND METHODS OF PRODUCING SUCH
COMPOSITIONS 10       This appli. format, the teachli SEQUENCE, LISTING
lion contains a sequence listing in. paper format and in computer readable
Merit of which are hereby incorporated by reference.  BACKGROUND OF THE
INVENTION Field of the Invention One aspect of the presentconcernedecovery
of a protein expressed by open reading frame 2 (ORF2) of porcine circovirus
type 2 (PCV2). More panicul arty, the protein is a recombinant protein
expressed by a transfected virus con tai recombinant coding sequences for
porcine circov.ending 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 ether than from inside the
cells. Even more particularly, the method involves the steps of amphtymg
the open reading frame 2 gene from porcine circovirts 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,
cotransthcting the transfer vector withviral vector into cells in 25growth
media, causing the cells to become infected by the viral rector and thereby
express open reading frame 2, and recovering the expressed recombinant
protein coded for by open reading frame 2 in the supemale.          In
another aspect, the present invention is concerned with an immunogenic
composition effective for inducing an immune response against PCV2, and
methods for 30producing those immunogenic compositions. More particularly,
the present invention is  concerned with an immtumlogical compo Mon
effective for providing an immune response that protects an animal
receiving the composition and reduces, or lessens the severity, of the
clinical symptoms associated with PCV2 infection, Still more particularly,
the present invention is concerned with a protein-based. immunological
composition that. confers effective protection. against infection by PCV2.
Even more particularly, the presen is concerned with an immunological
composition comprising ORF22. wherein administration of PC1V2-ORP2 results
in protection against infection by PCV2. Most. particularly, the present
invention is concerned with an immunological composition. eiTecti
conferring effective immunity to a swine ecetving the immunological
composition, and 10wherein the composition comprises the protein expressed
by ORF2 of PC V2.       In another aspect of the present miention,
combination vaccines or multivalent vaccines are provided. More
particularly, the present invention provides immunogenic compositions
effective 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 (PCV2) is a small (17 -22 11111
in diameter). lcosahedral, non-enveloped DNA virus, which contains a
single-stranded circular genome. PCV2 shares 20 approximately 80% sequence
identity with porcine circovirus type I (PCV1). However, in contrast with
PCV1, which is generally non-virulent, swine infected with PCV2 exhibit a
syndrome commonly aferred to as Post-weaning Multisystemic Wasting Syndrome
(PMWS). PMWS is clinically characterized by wasting, 'paleness 01 the skin,
unthriftiness, respiratoiy distress, diarrhea, interns, and jaundice. In
some affected swine, a combination of 25alliptom  will be apparent While
other swine will only have one or two of these  WO
2007/076520PCPUS2006/062654 symptoms. Dunne necropsy, microscopic 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 PCV2 nucleic acid or
minden and the severity of microscopic lymphoid lesions. Mortality rates
for swme infected with PCV2 can approach /10%. In addition to PMWS, PCV2
has been associated with several other infections including pseudorabies,
porcine reproductive andp' tory syndrome (PRRS). 



Glasser's disease, streptococcal meningitis, salmonellosis postweaning
dietetic hepatosis, and suppurative brondhopneumonia. Open reading 'r2
(ORF2) protein PCV2 having an. approximate molecular toweight of 30 kna
when runSIDS-PAGE gl, has been utilizedpast as an amigenic component in
vaccines for PCV2. Typical methods of obtaininsuch vaccines generally
consist of amplifying the PCV2 DNA coding for ORF2, transfecting viral
vector with the ORF2 DNA, infecting cells with the viral vector containing
the ORF2 DNA, permitting the virus to express 0RF2 protein within the
cell., and xtracting the 011.172 15protein from the cell vi.a cell lysis.
These procedures generally take up to about four days after infection of
the cells by the viral vector. However, these procedures have disadvantage
in that the extraction procedures are both cosily and time-consu
Additionally, the amount of OM 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 20sufficient 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. However, such vaccines have
been ineffective at conferring protective immunity against PCV2 infection
and the clinical signs associated therewith.  WO
2007/076520PCT/US2006/062654         Porcine Reproductive and Respiratory
Syndrome (PRRS) is caused by a virus which was first isolated and
classified as an arterivirus as recently disease syndrome had been first
recognised in the USA in the mid 1980's and was called "rns'stm swine
disease". It has also been called Hue ear disease. The name porcine
arterivirus has been  C proposed recently. The virus of .PR,RS has a
particular affinity for the macrophages particularly those found in the
lung. Macrophages are part of the body 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
multiplies inside them producing more virus and kills the macrophages. Once
it has entered a herd. it tends to  10 remain, present and active
indefinitely. Up to 40% of the macrophages are destroyed, which removes a
major part of the bodies defence mechanism and allows bacteria and other
viruses to proliferate and do damage, on example of this is the noticeable
increase in severity of enzootic pneumonia in grower/finisher units when
they become infected with PRRS virus. It may take up to a year for all
breeding stock, particularly in large herds, to 15become infected for the
first time and although the virus appears to spread rapidly in. a herd, it
In some 4-5 months betbre at least 90% of the sows have become
sero-positive,Some sows remain naive, Furthermore, it is not uncommon for
sow herds 1-2 years after infection to contain less than 20% of serologi
cal positive animals. This does not, however, necessarily mean they are not
still immune DOT does it mean that they stopped passing on immunity  20 to
their offspring. Adult animals shed. virus for much shorter periods of time
(14 days) compared to growing pins which can exciete 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 PRIRS for the first time
one will show DO recognisable disease the second would show mild disease,
and the. third moderate to severe disease. The reasons for this are not
clearly 25understood, However the higher the health status of the herd, the
less severe the disease  WO 2007/076520PCT/US2006/062654 effects. It may be
that tiating as it nmltipiia e Irains 'that are highly virulent and some
that are not, MRS infects alof herds, including high or ordinary health
status and both indooroutdoor units. irrespee.tiv frplast Ityopnetinmall
bacterium '4(200 mu) classified in the mycaplasmataceae family. Al hyo is
associated with Enzootic Pneumonia, a swine respm ary disease commonly
seen. in growing and finishing pigs. Al hyo attacks the cilia of epithelial
cells of the windpipe and lungs, 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 af infected
swthie can be reduced by up to 1.7%. 'Enzootic Pneumonia 10 is widespread
in swine populations and present in almost every swine herd. Af hyo is
considered to be a primary pathogen that facilitates entry of P.RRSV and
other respiratory pathogens into the lungs. Three separate strains 232, .1
& 7448, have had their genomes sequenced (Minion et al., S. Bacterial, 186:
7123-33, 2004; Vasconcelos et al., .1. Bacterial, 187: 5568-77, 2005).
Porcine proliferalive emierkis is a common diarrheal disease of
growingtinishing and young breeding pigs characterized hyperpiasia 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 bactel '1 . The organism has been cultivated 20
only in cell cultures, and attempts to propagate it in cell-free  medium
have failed. Koch's postulates have been fulfilled by inoculation of pure
cultures of L intracellidaris into conventionally reared pigs; typical
lesions of the disease were produced, and L intracelhdaris was reisolated
from the lesions. The more. common, nonhemorrhagic form of the disease
often affects 18- to 36-kg pigs and is characterized by sudden onset of
diarrhea. The feces are 25watery to pasty, bmtvnish, or faintly blood
stained, After ' days, pigs may pass yellow  fibrinonecrotic casts that
have formed in. the ileum. Most affected pigs recover spontaneously, but a
significant riber develop chronic necrotic enteritis ve emaciation. The
hemorrhagic form is characterized by cutaneous pallor, weakness, and
passage of hemorrhagic or black, tarry feces. Pregnant. gilts may abort.
Lesions may occur anywhere in the lower half of the small intestine, cecum,
or colon but are most frequent and obvious 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
rusiose, may be covered with a brownish. or yellow tibrinonecrotic
membrane, and sometimes has petechial hemorrhages. Yellow necrotic casts
may be found. in the ileum 



10 or passing through the colon. Diffuse, complete mucosa" necrosis in
chronic cases causes the intestine to be rigid, resembling a garden hose,
Proliferative mucosa] lesions often are the colon but are detected only 'by
careful inspection at necropsy. in the profuse') hemorrhagic form, there
are red or black, tarry feces in the colon and clotted blood in the ileum.
Bovine Viral Diarrhoea Virus (BVD) and 'Border's Disease are two viruses,
which are 15in the same group of pestivirti es as the virus of swine fever
(hog cholera) but which primarily infect cattle and sh lively. They can get
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.        eptospirosig is a
contagious disease of animals. including man, caused by various
immunologically distinct leptospiral serovars a 1. of which are regarded as
subgroups of Uptospira interrogans. There are five .erovai aid groups which
are important in swine; pomona, crust arca sovi, canicolo.
iderohaemorrhagicae, and gripp Infections may be asymptomatic or cause
various signs, including anoresia, pyresia, listlessness, 25jaundice.
abortions, stillbirths and other vague reproductive problems, and death.
After acute  infection, leptospires frequently localize in the kidneys or
reproductive organs consisting of scattered small grey foci of a focal
interstitial nephritis, and are shed in the urinesometimes in large numbers
for months or years. Because the mars.= sundve in surface waters for
extended periods, the disease is often waterborne. In the USA, the disease
is primarily due to 5  the serovars Leptospira hart-1A Leptospira pottuma,
and Loptospira grippoophosa. Diagnosis can be difficult because antibody
titers can be transient; lasting less than a month. Further, Leptospira can
also be found in healthy animals, L. australis serovar bratislava is most
commonly associated with reproductive problems. Chronically infected herds
display abortions, still births and weak piglets. 10Brucellosis is caused
by bacteria of' the genus Bowel& and is characterized by abortion, retained
placenta, infertility, orchitLs in boars, and severe metritis in sews. in
piglets, the disease is characterized by posterior paralysis and lameness,
The disease in is caused almost exclusively by Brucella suis biovars 1, 2,
and 3, A number of other mammals can carry and transmit Brucella suis to
Rigs. infection spreads rapidly and causes many abortions in unvaccinated
herds. Transmission occurs mainly by contact with other pig, although
venereal transmission is possible. Serological diagnosis can be difficult
due to a relatively common organism, Yrcinici entermot 7 0:9 common
antigen. with Bruce/la and often causes false positive results. Postmortem
lesions usually indlude memitis and orchitis, and can include
ithscessation, sometimes with necorsis foci in the liver, 20  Clostridium
is a ubiquitous gram-positive bacteria, of the family closuidiaceae,
usually found in the soil, but also occurs naturally in the gut of most,
animals. C diffiede 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. perfringens,
and is characterized by chronic enteritis, which is accompanied by
diarrhea, 25weight loss and fever. Infection with C perilingens types A, B
and C causes severe enteritis,  WO 2007/076520PCT/US2006/062654 dysentery,
toxemia, and high mortally in young calves. Types B and C both produce the
highly necrotizing and lethal 0 toxinis responsible for the severe mt.al
(lama toxin is scasithe to proteolvtic etimnes, and disease is associated
with inhibition of proteolysis in the intestine. Sow colostrum, which
contains a tiypsin inhibitor, has been suggested as a factor in the
susceptibility of young piglets. The disease can cause sudden death in
piglets less than one week old, and is most common within 3 days ofbirth.
In older piglets, Clostridium enteritis causes a thickening of the small
intestine making absorption of food. and nutrients difficult, Piglets
usually die as a result of a combination of the infection and lack of
nutrients, Death may CXXIIT in a. few hi. , but less severe cases survivea
few LUand recovery over a period of several clays is possible, Hemorrhagic
enteritis with ulceration of the mucosa is the major all species. Grossly,
the affected portion of the intestine is deep blue-purple 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-posif ,
rod-shaped bacteria, and filtrates made for detection of toxin and
subsequent lion by neutralization with specific antiserum,               n
notyi 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 pre-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 tag
behind the herd, assume sternal recumbency, 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 1- to 4-y o d Sheep and is
limited to animals infected with Ever flukes. Differentiation from acute
fascioliasis may be difficult, but peracute deaths of animals that 25show
typical lesions on necropsy should arouse suspicion of infectious necrotic
hepatitis,  WO 2007/076520PCT/US2006/062654 The most characteristic lesions
are the grayish yellow necrotic foci inthat often. follow the migratory
tracks ofukes. 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
subcutaneous tissue, 5which causes the adjacent skin to Wm black (hence the
common name; black dis 



CiQsrridh.un septicuin is found in soil and. intestinal contents of animals
(including man) throughout the world. infection ordinarily occurs through
contamination of wounds containing devitalized tissue, soil, or some other
tissue-debilitant. Wounds caused by accident, castration, *Mg, insanitary
vacc,Mation, mud don may become infected. 10 General signs, such as
anorexia, intoxication, and b as 'ell as local lesions, develop \idthin a v
hours to a few days after predisposing i iv The local lesions are soft
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 affected areas. Accumulations of
gas are uncommon. Malignant edema. associated with.  lacerations is
characterized by marked edema, severe toxemia, and death in 24-48 hr.
Tetanus toxeniia is caused by a specific umproduced by Clostridium telan
necrotic tissue. Almost all mammals, including swine, are susceptible to
this disease. Although tetanus is worldwide ii distribution, there are some
areas, such as the northern Rocky Mountain section of the USA, where the
organism is rarely found in. the soil and where tetanus is almost unknown,
In general, the occurrence of C Wane in the soil and the incidence of
tetanus in man is higher in the warmer parts of the various continents.
Ousirithum tetanzaerobe with terminal, spherical spores, is found in soil
and intestinal tracts, In most cases, it is introduced into the tissues
through wounds, particularly deep puncture wounds, that provide a suitable
anaerobic environment,  WO 2007/076520PCT/US2006/062654       Infection
with Salmonella qv can produce diarrhea in. animals of all ages, especially
those that are stressed, closely stocked, or exposed to a heavily
contaminated feed or water supply. Saimoneliosis is caused by many species
of salmonellae and characterized clinically by one or more of three major
syndromes-septicemia, acute cater  d chroi  The incidence has increased
with the intensification of livestock production. Although various types of
Salmonella can cause infections in pigs the classic salmonellas found in
swine are Sl tholeraesuis and S. typhimurizmt Their resulting clinical
patterns of most salmonella are not distinct and different species of
salmonellae tend to differ in their epidemiology. Plasmiti profile and
drug-resistance patterns are sometimes useful markers for 1.0epidemiologic
studies. Septicemic salmonellosis is often associated with S tholerae,
Infected mid may haw thokrczesu,., demonstrate a reluctance to move,
anorexia, a high fever of 40.5C - 41.6C" shallow cough. Piglets may also be
found dead with cyanotic extremities. 8 one of the rare diseases that can
cause both pneumonia and diarrhea and  niortaliv of infected piglets is
often high. Enterocolitis is generally associated with the more common 8
ophimurium. Infections are characterized by yellow or watery 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 products used. as
fertilizers or feedstuffs, pasture and rangeland, and many inert materials.
20 Although S tholemesuis 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 hams or in water
dugouts. 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  WO 2007/076520PCT/U52006/062654 situations such
as sudden deprivationtransportation, drought, crowding, parturition, and
the administration of some drugs.       Eseherichia call is a bacteria of
the erderhacteriacege family and is one of the main types of bacteria
naturally occurring in the small intestines of all mammals. Although
usually harmless, some Ecthi strains can produce a number of ex. and
endotosins that cause infection and disease. Heat-labile (LT) and
heat-stable (ST) eset xins are actively produced by some strains and are
responsible for causing scour. Shigela-like toxin type II variant
(SLT-11c), Stx2e and verotoxin edema disease act OR the wall of the small
arteries -resulting in oedema. Fndotoxins, such as Lipid A, play a role in
mastitis and urn a infectiois. E coil tureen()aracterized by a mmiber of
different symptoms depthe particular involved, including diarrhea, sunken e
, =thriftiness, vit loss, stunted. 



growth, depression, bowel. edema, mastitis pyelonephritis and death, E coil
can be     de.sified and coded by -their cell wall (0 antigens) and
fimbriae (F antigens). For example, . scour is often associated with E coil
Abbot:down: 01.47, 174, 175, whereas bowel edema is 15associated with F18
thribriae, Correctly identifying the code is essential to the selection
orrect vacections compromise a pig'.imune sy stem and deaths are often the
result of secondary, infections and disease. Swine Pox is a disease which
causes skin lesions, patties, pustules and scabs,       .Eperythrozoonosis
is a Rickettsia( (ha.emotrophic) disease caused by Eperythrozoon suis, an
extracellular bacterial organism that adheres to pig erythrocyte membranes,
inducing its deformation and damage. The disease is characterized by anemia
and icterus (yellow discoloration of mucous membranes, sclera and inner
ears), 11 can lead to poor conception rates; other vague reproduction
problems, and even death,              Hog cholera. also known as Classical
Swine Fever (CST') or African Swine Fever 25(AST) is a disease caused by a
Filaviviridae virus, whichis an enveloped RNA virus, or in the  WO
2007/076520PCT/US2006/062654 case of ASP, 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. Within days, pigs present with a
marked fever (41-42 degrees Celsius), \\Inch is sometimes accompanied by a
reddening of the skin. 5 Next, pies develop a conjunctivitis and
constipation leading to yellowish diarrhea. In herds, the pigs will appear
chilled and will often huddle together. A few 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. backs. In established herds, piglets infectedfrom their mothers
during pregnancy can result in abortion, mummification, malformations,n
still births and weak born. piglets. Piglets born from CST-infected mothers
may remain healthy but continually spread the disease throughout their
lives,      .Pleautwale pasteurellosis and Streptococci are caused by
Pasteurella mullocida and various species of streptococci, typically SI
ruts. Infection by the causal agent generally 15 represents the final stage
of the post-weaning respiratory syndrome. Clinical signs appeaL in three
forms, the acute form is most commonly associated with P. multocida
serotype B. animals present with dyspnoea, labored breathing, thumping,
high fever (42.2 Celsius), prostration, and finally death. In some cases
the abdomen becomes purple with discoloration. A second form is a sub-acute
form it is characterized by pleurnis, coughing, and difficulty in 20
breathing. Pigs can loose significant amounts of weight and may have poor
or no growth with serious consequences in pig flow, The chronic form
presents with the occasional cough, thumping, and little or no fever. This
form generally affects pigs from 10-1.6 weths of age.      Streptou ecal
rncwingit causes inflammation of the meninges which are the membranes
covering the brain. In the sucking piglet it is usually caused by
Streptococcus 25vu/s, flamophilus parasuis, or sometimes bacteria such as
E. 'all and other.S.  SUIS has many serotypes. In most countries S. yids
t).me 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. 5 suis also causes
joint problems particularly types 1 and 14. S. suis is carried for long
periods in the tonsils and may be transmitted to the sucking piglet from
the sow or from other piglets. The sow also provides a variable level of
immunity in the colostrum. Streptococcal meningitis in sucking piglets is
sporadi  in individual piglets. Streptococcal meningitis may be worse in
sucking pies when the organism has been introduced into the herd. for the
first time, or where it is secondary to infection with PRRS. ftcudorabies,
also known as porcine rabies virus. Stud herpes vrus in which the 10 causal
agent is an enveloped herpes DNA virus. In nave herds, neonatal pigs
present with a range of severe central nervous 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 cen igns 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 suffer ill thrift are often
stunted, In growing pins, 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
established herds, there may be few clinical signs.      Swine frgluenza
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, huddling/pilling and anorexia. The animals are
often mouth-breathing and breathing is 25labored. Coughing may ensue upon
movement. Other clinical signs include a nasal  discharge and puffy eyes
with rectal temperatures between 4(15 - 41.5" Celsius. The high
temperatures in a breeding stock can result in abortions. infertility,
production of small weak increasedlitters and  still births. In established
herds, annual reinfection appears. Spirochaetal colitis is caused by the
Brachysigra pilosicoll bacteria. This infection 5 generally effects 10-20
week old growers/finishers. It is characterized by a non-fatal wasting
diarrhea of growing pigs that results in an increased number of days.
needed to finish, The diarrhea also results in reduction in feed efficiency
and produces watery diarrhea or loose stools. About half of the phis may
show transient to persist to wa1et to mucoid green to brownish diarrhea
without blood. The clinical signs are more Cor111/10 1-14 days after
10mixing and changing of the feed. 



Swine dysentery is caused by the bacteria iliac] y9pira hyodywnth.criac.
There are twelve known sero-types at this time. Clinical signs in
established herd include diarrhea, a rapid loss of condition in some pigs,
a hairy appearance, dehydration, pain abdomen, and the death of one or TWO
pigs before other pigs show 'fly signs. In a key outbreak in 15herds, all
age 'imps from suckling piglets to adult sows can be effected.
Transmissible gastroenteritis is a disease of the intestines caused by a
corontwirus. it is in the same family as porcine respiratory coronavirus,
epidemic diarrhea virns, and hemagglutitiating encephalomyelitis virus.
initial clinical signs are watery diarrhea, vomiting, and anorexia. Piglets
less than 21 days of age generally die, weaners become 20untbrifty, while
growers,and adults are generally mildly affected and will survive if
provided with. adequate water.       Parvovirus is a disease characterized
by reproductive problems in pigs. The causal agent is a small. DNA
non-enveloped virus. Fetuses are the only affected group and the effect an
the fetus depends upon the age at which it becomes infected. At 10-30 days
of age, 25infection results in death and reabsorbtion of the fetus. Between
30-70 days of age. infection  WO 20071076520PCDUS2006/062654 results in
death, and mummification. And from 70 days to term, infections results in
the birth piglets and mummification. The disease able to cross the placenta
and then move to each fetus alongems, In the sow IIstill births, mummified
piglets, embryonic deaths, infertility, and the production ofasigeduced
number of 5live-born offspring. Abortion is not a characteristicinfection,
Actinobaciffits plettroptermunda, also known as APP and Haemophilus
pleuropneumonia, is caused by the Actinobacillus pletwimetdmonia bacteria.
'There are currently 15 serovims described and the severity of the clinical
signs differ between the different seaming; and the presence of other
factors; Serovirus 1, 5and H are 10considered to be more virulent
Additionally, serovirus 1, 9, and 11; 2, 6, and and 4 and 7 maPigs of all
ages are susceplible. Clinical signs are a sudden illness that results in
animalsown a lot and presenting a high rectal temperature of 41.5 Celsius,
Animals are generally anorexic and do not drink, their extremities become
cyanotic and cold to the touch. Cyanosis can spread to the whole body and
severe breathing difTicuhies, of with mouth breathing, develop before
death. Blood-stained froth can be seen at the mouth and nostrils and death
generally occurs within 24-4S 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
respiratoty distress, coughing., mouth breathing, cyanosis vomiting, and
abortion. Sub-acute clinical signs 20  include intermittent coughing in a
group of pigs, a general loss of appetite, and a reduction in growth.
Cyrovar type 3 presents with arthritis, endocarditis, and abscesses. In
chronically effected herds, daily weight gain may not be affected, but an
intermittent cough may be heard.                  GiaSSCI'S Disease is
caused. by the bacterium Haemopkihts parasuis 040, of which 25there are at
least fifteen different types. It is found throughout the world and
organisms are  WO 2007/076520PCT/US2006/062654 present even in high health
herds. If such herds are set up using SPE or MEW techniques and are free
from Hp; it can be devastating when they first become contaminated,
producing an anthrax-like disease with high. mortality in sows. In the
majority of herds in which the bacteriumdemic, sows produce a. strong
maternal immunity which normally persists their offspring until 8 to 12
weeks of age. As a result, the effects of the infection in.weaners are
usually nil or minimal. Dist.ase may however be seen in suckling pigs. Pigs
usually become sub-clinically infected when still protected by maternal
antibody and then stimulate their own immune response. If however, the
maternal immunity wears off before they become infected they may develop
severe disease. This is usually sometime after weal tr it 1.0 can also act.
as a secondary pathogen to other major diseases particularly enzootic
pneumonia (EP) (Mycoplasma hyopneunioniae). Outbreaks of disease are
sometimes experienced in sucking pigs, particularly in gilt herds. Hp's
attacks the smooth surfaces of the joints,         of the intestine. lungs,
heart and brain causing pneumonia, he, n sac infection, peritonitis and
pleurisy. It is respiratory spread. Disease caused by lips is rare in sows
unless the thy sow is nave. Lameness or stiffness, slight swellings over
the joints and tendons, and rarelymeningitis, are occasionally seen in
gills. in piglets, acute disease presents with rapidly depressed pigs with
elevated temperature, inappet.ence, 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. tips is also known to cause
individual oases 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 growers, pigs with glassers disease
become rapidly depressed or ma 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 baby often result. In young growing pigs, the  WO
2007/076520PCT/US2006/062654 pneumonia heart sac mlection, peritonitis d
pleurisy. Again, a characteristice is a short cough of only 273 episodes.
Exudative epidermitis is caused. by the bacterium ,. .thylocoecus hyieus
which lives normally on the skin without causing disease. ft is not known
why sometimes it flares up and causes a demiantis which oozes greasy fluid.
it produces toxins which are absorbed into the system 'arid damage the
liver and kidneys. In the suckug 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 bacterium
multiples profusely in the SOW'S vagina so that piglets are infected during
the birth process or soon thereafter. Symptoms in 



10   so;include uncommon bur localised lesions may be seen particularly
behind the face and eyes. Severely affected, piglets will die. In piglets,
symptoms include localised lesions on the flanks and behind ears. Lesions
usually commence with IA dark; localised areas of infection around the bee
or on the legs, The skin along the flanks the belly and between the legs
changes to a brown  'tor, gradually involving the whole of the body. The
skin becomes 15wrinkled with flaking of large areas and it has a greasy
feel, In severe cases, the skin Had; due to necrosis and. the piglets die.
A more localised picture is seen if the v has passed some immunity to the
piglet, with small circumscribed lesions approximately 5-10mm in diameter
that do not spread. For iveaners and growers, oms usually commence about 3
days after weaning with localised, brown areas of infection or dermatitis
around. the fate or 20  on the legs, where the skin has been damaged. It
may ulcerate. The skin along the flanks the belly and between the leas
changes to a brown colour gradually involving the whole 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 u ries up to 15%
of the population may be involved and dehydration is common.  WO
2007/076520PCT/U52006/062654       Swine erysipebs is caused by a
'bacterium, JEripeloarix rhzafopathiac that is found in t if not all pig
lamas. lip to 50% 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 pig for a few weeks and longer
in light soils. Thus it is impssihle to eliminate it from aherd. Infected
feces are probably the main source of infection, particularly in growing
and finishing peas. The bacterium alone can cause the disease but
concurrent. virus infections, such as PRRS or influenza, may trigger off
outbreaks. Disease is relatively uncommon in pigs under S-12 weeks of age
due to protection provided by maternal antibodies from the sow via the to
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 symptoms.       Eperythrozoonosis (Epe) is a disease  caused by a
bacterium called. Eperythrozoorensis su'' which attaches to the surface of
red blood cells and sometimes destroys them. 11w pig may then become
anaemic and the products left after the destruction of the cells may cause
jaundice. Clinical disease is more commonly seen in young growing pigs,
However it 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 pigs at birth. Epe is present most if not
all herds but the mechanisms which allow it to become pathogenic and
produce disease in some populations and not in. others are unknown. The
incidence of disease is low.       Eneephalomyneartinis, or EMC, infects
and causes disease in a wide range of vertebrate animals but pigs appear to
be the most susceptible of farm animal species. The virus isworld-wid.e but
differs in pathogenicity and virulence in different countries and  WO
2007/076520PCT/US2006/062654 regons. In. most countries of Europe,
particularly those in the Eli, it tends to be relatively mild or
non-pathogenic and disease in pigs is rarely diagnosed. In Australia the
strains appear to be much more virulent for pins than those in New Zealand.
Virulent strains in Florida, the Caribbean and probably Central America
damage the heart and cause death 5whereas those in the Mid West of the OS
tend to cause reproductive problems. Clinical disease in pins tends to
occur when rat numbers increase to plaguePigs can be infected from rats or
from rat-contaminated feed or water. It does not seem to spread very
readily between pigs. In affected herds there are usually no clinical signs
in weaned and  growing pigs 10Aujeszky's disease, or AD, is an
iniponaritdisease of pigs caused by a herpes vi The virus can remain hidden
in nerves of the pin in a carrier state for long periods of Lime and then
be reactivated. Once introduced into a herd, the virus usually remains
there and it can continually affect reproductive performance at varying
levels. The virus can survive for up to three weeks outside the pig. Acute
outbreaks of disease occur when virulent strains 15 virus first infect an
wivaccinated susceptible herd. The virus crosses the uterus and placenta
and infects the foetuses. The pig is the main host However, dogs and cattle
may also become infected, show nervous signs, and die.      Porcine
Cytornegaloviros Infection (PCMV) is caused by a herpes virus found in the
tissues throughout the body including the nose of newborn piglets where it
causes 20 inflammation (chitlins). PCMV is present throughout the world and
exists 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 rhinitis 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 Paster relic craltocidia. In most herds
therefore the infection is insignificant and apart from  sometimes causing
a milt sneeze has no major effect on the health of' thepig.       Blue Eye
Disease is a viral disease -that causes nervous symptoms, reproductive
failure and opacity or blueing of the cornea. It is seen mainly in Mexico
but has also been reported in other countries. It is not seen in Europe.
Symptoms include inappetence, corneal opacity - conjunctivitis,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 mortality in piglets, swollen
testicles, and loss of libido.       Japanese B Encephalitic Pints (jE) is
a virus spread by mosquitoes and is only important in countries where the
insects are prevalent. Most. domestic animals are affected.. It causes an
encephalitis in the human. The pig is an important source of infection.
Symptoms include mummified or stillborn piglets, nen'ots signs in. piglets
such as fits and convulsions, and oedema fluid in piglets. It can also
cause iniertihty and swollen tesUcles in boars.       Porcine Epidemic
Diarrhoea (PET)) is caused by a. corona virus somewhat similar that which
causes TGE.. This virus is widespread. in Europe. The virus damages the
villi in the gut thus reducing the absorptive surface, with loss of .011nd
and dehydration. After introduction of the vims i.nto a susceptible
breeding herd, a strong ununity develops over two to three weeks. The
colostral immunity then protects the piglets. The virus usually disappears
spontaneously from breeding herds particularly small ones (C am sows).
Acute outbreaks of diarrhoea occur when the virus is first introduced into
a susceptible population. 20 In such cases up to .100% of sows may be
affected, showing a-mild to very watery diarrhoea. Two clinical pictures
are recognised: PED Type I only affects growing pigs whereas FED Type II
affects all ages including sucking pigs and mature sows. The incubation
period is approximately 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 bree particularly if kept 25extensively, not all the females may
become infected first time around and there may be  WO
2007/076520PCT/US2006/062654 



recrudescence. This only Occurs in piglets suckling from sows vdih no
maternal antibodies and is therefore sporadic.       Porcine. Respiratory
Corona Virus infection (PRCV) first appeared in pigs in Europe some ten
years Or more ago.. It is related to but distinct from TOE virus, which
another corona virus. h is thought to spread between farms on wind and so
it is ektremely difficult to keep herds ireon often takes place in the
sucking pig at 2 to 3 weeks of age but is not of importance. It may have an
effect onissue when other respiratory pathogens are present in. chronic
respiratory disease complexes. Sows usually present no symptoms, but
coughing may occur the presence of other respiratory agents coughing may be
associated. In piglets, a. transient cough may be present. In weaners and
vers, 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.
Rotavirns Infection is a virus infection that is widespread. in pig
populations. ft is present in most ill' not all pig herds with virtually a
100% sero-conversion in adult stock. A 15further epidemiological feature is
its persistence outside the pig there it is resistant: to environmental
changes and many disinfectants. Maternal. antibodies persist for 3-6 weeks
pigs become susceptible to infection but exposure does not necessarily
result in      e. it is estimated that only 1045% of diarrheas in pigs are
initiated by a primary rotavirus infection. In a mature herd, disease
appears after piglets are 7 to 10 days of age. It becomes progressively
less important with age However if pathogenic strains of h. coilare I,
severe disease can occur lAith heavy mortality. Rabies is caused by a virus
and considered a rare disease in pigs. It is invariably fatal in all
species including the human - hence its importance. Rabies is absent from
the UK but       present in may other countries throughout the world.
Infection in piglets and sows is rare, In '75SOWS, weaners, and growers,
the onset of disease is sudden with. symptoms that includea  WO
2007/076520PCT/US2006/062654 ens twitching of the face muscles, fits and
ccions,rapid chewing. salivation, muscles that may go into spasm, and
posterior paralysis may occur. Death usually takes place writhin 3 days.
Swine Vesicular Disease (WO) is a different virus from le virus that:
causes foot and mouth disease (ENID). However, it produces a disease in
pigs that is clinically indistinguishable from IND, This disease should
always be considered if sudden widespread lan.eness appears with vesicles
or blisters on the snout, tongue and tops of the claws. Tuberculosis
affects mammals, including people, birds, and swine. The causal 10organism.
Mvcobacierium mherwAlosLr, is subcIassilied into types, human bovine and
avian. The avian type is referred to as Al. avium Or more often the
avithilintracellutare 'complex because it is not a unifbrm species. M.
avium itsellinfeets mainly birds but is also fa the environment along with
M infrath. is predominantly saprophytic or free living. Pigs arerarely
infected by the human or bovine types but are commonly infected by the
avian/intraceilulare complex. The aviantintracellulare complex also causes
sub-clinical non-progressive infection in healthy people. The main concern
is that it could cause more serious disease in immuno-suppressed people and
people with AIDS, In most countries if lesions are found in the neck at
slaughter the whale head is condemned and if they are found in the
mesenteric. lymph nodes which drain the intestines the offals are
condemned. If they 20  are more widespread in the body, whichcarcass may be
condemned or cooked. If small lesions are missed by the meat nispeelor
normal kitchen cooking destroys the organism. In all pigs, 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 lesion are non-progressive,
they do not spread through the body, do not make the pie in and are not
25excreted. There are no clinical, symptoms and there is no difference in
performance between  WO 2007/076520PCT/US2006/062654 infected and
non-infected pigs. 



The virus qf vesicular exanthenta of swine (YES.) is differ it front those
can sing foot-and-mouth disease (FMD) and swine vesicular disease (SVD) but
it produces a disease in pigs that is clinically indistinguishable from FWD
and SVD. Unlike FMD, it only erects 5 pigs. Symptoms include low mortality,
but there may be some deaths in suckling piglets. Other symptoms inchide
salivation, inappetance and vesicles around the mouth, nose, tongue and
feet.       Vesicular Simulates (VS)causes a disease that occurs mainly in
South and Central America, occasionally in the USA and rarely as epidemics
extending as far North as Canada 10 and as far South as Argentina. The VS
virus produces a disease in pigs that is clinically indistinguishable FMD.
SVD and YES. Most oft ui however infection of pigs is subctinical. In all
pigs, infection is characterized by drooling saliva, foot lesions and
lameness, a reduction in growth ran., a rise in body temperature to 4041C
(106-107F) the appearance of vesicles (blisters) up to 30mm diameter on the
nose, lips and teats and around the coronets 15of the feet which may make
the pigs lame. Mortality is usually low and most pigs recover in One to two
weeks.       Atrophic Rhinitis, Progressive and Unprogressive Disease which
causes inflammation 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 20damaged and
atrophy or disappear. Progressive atrophic rl initis describes a specific
disease where the nose tissues permanently atrophy. It is caused by
specific toxin producing strains of Paaturella multocictia (PMt). There are
two types A and D. In sucking pigs, sneezt snuffling and a nasal discharge
are the first symptoms, but in acute outbreaks where there is little
maternal antibody, the rhinitis may be so severe to the extent. that there
is haemorrhage from the nose. By three to four weeks of age and from
weaning onwards, there is evidence of  tear staining and malformation of
the nose associated with twisting and shortening. Severely affected pigs
may have problems eating. There is considerably reduced daily gain. In
severe outbreaks pigs may noigrow to market weight       Eastern equine
encephala! wends viruses (EFIEV) are members of the Alphavirgs genus,
family Togaviridae. BEEV can be transmitted to equines and humans during
the bite of an icted mosquito. In addition to horses and humans. EEEV can
produce severe disease in common livestock species such as swine and
cattle. EEEV, orvirus-specific antibodies, have been recovered from birds
such as the turkey, pheasant, quail, ostrich, and emu, among others,
10Mycoplastna arthiitis is caused by Atvcol,Wasina hyosynovine infection.
This arthritis, is characterized by inflammation one or more joints and is
common in all sucking and growing pigs and sows. However, it is rare in
piglets.       Infection in swine is also caused by allennvirus and
heniaggintimaing encepludonveli s       Accordingly, what is needed in the
art is a method of obtaining ORF2 protein, which does not require
extraction of the ORF2 protein from within infected cells. What needed are
methods of obtaining recombinant ORF2 protein in quantities sufficient for
efficiently preparing vaccine compositions, What. is still further needed
are methods for obtaining ORF2 protein which do not requirecomplicated and
lithor'-inteSve methods 20required by the current 0RF2 protein extraction
protocols. Finally, with respect to compositions, what is needed in the art
is an immunogenic Composition which does confer protective inununity
against Pen infection and lessens the severity of or prevents the clinical
signs associated therewith.         The present disclosure overcomes the
problems inherent in the prior art and provides a distinct advance in the
state of the art.       In a first aspect, there is provided a single dose
multivalent combination vaccine comprising a porcine circovirus type 2
antigen effective for reducing the incidence of or lessening the severity
of porcine circovirus type 2 infections and at least one immunogenic active
component effective against another disease-causing organism in swine
selected from the group consisting of an antigen of: Actinobacillus
pleuropneumonia; Adenovirus; Alphavirus such as Eastern equine
encephalomyelitis viruses; Bordetella bronchiseptica; Brachyspira spp.,
preferably B. hyodyentheriae; B. piosicoli, Brucella suis, preferably
biovars 1, 2, and 3; Clasical swine fever virus; Clostridium spp.,
preferably Cl. difficile, Cl. perfringens types A, B, and C, Cl. novyi,
Cl.septicum, Cl. tetani; Coronavirus, preferably Porcine Respiratory Corona
virus; Eperythrozoonosis suis; Erysipelothrix rhsiopathiae; Escherichia
coli; Haemophilus parasuis, preferably subtypes 1, 7 and 14;
Hemagglutinating encephalomyelitis virus; Japanese Encephalitis Virus;
Lawsonia intracellularis; Leptospira spp., preferably Leptospira australis,
Leptospira canicola; Leptospira grippotyphosa; Leptospira
icterohaemorrhagicae; and Leptospira interrogans; Leptospira pomona;
Leptospira tarassovi; Mycobacterium spp., preferably M. avium, M.
intracellulare and M.bovis; Mycoplasma hyopneumoniae (M hyo); Pasteurella
multocida; Porcine cytomegalovirus; Porcine Parvovirus; Porcine
Reproductive and Respiratory Syndrome (PRRS) Virus; Pseudorabies virus;
Rotavirus; Salmonella spp., preferably S. thyhimurium and S. choleraesuis;
Staph. hyicus; Staphylococcus spp., preferably Streptococcus spp.,
preferably Strep. suis; Swine herpes virus; Swine Influenza Virus; Swine
pox virus; Vesicular stomatitis virus; and Virus of vesicular exanthema of
swine, wherein said porcine circovirus type 2 antigen comprises the ORF2
protein of PCV2 and wherein one dose of said vaccine comprises 2 tig to 150
lig of said ORF2 protein.       In a second aspect, there is provided a use
of ORF2 protein of PCV2 and of at least one immunogenic active component
effective against another disease-causing organism in swine selected from
the group consisting of an antigen of: Actinobacillus pleuropneumonia;
Adenovirus; Alphavirus such as Eastern equine encephalomyelitis viruses;
Bordetella bronchiseptica; Brachyspira spp., preferably B. hyodyentheriae;
B. piosicoli, Brucella suis, preferably biovars 1, 2, and 3; Clasical swine
fever virus; Clostridium spp., preferably Cl. difficile, Cl. perfringens
types A, B, and C, Cl. novyi, Cl.septicum, Cl. tetani; Coronavirus,
preferably Porcine Respiratory Corona virus; Eperythrozoonosis suis;
Erysipelothrix rhsiopathiae; Escherichia coli; Haemophilus parasuis,
preferably subtypes 1, 7 and 14; Hemagglutinating encephalomyelitis virus;
Japanese Encephalitis Virus; Lawsonia intracellularis; Leptospira spp.,
preferably Leptospira australis, Leptospira canicola; Leptospira
grippotyphosa; Leptospira icterohaemorrhagicae; and Leptospira interrogans;
Leptospira pomona; Leptospira tarassovi; Mycobacterium spp., preferably M.
avium, M. intracellulare and M.bovis; Mycoplasma hyopneumoniae (M hyo);
Pasteurella multocida; Porcine  cytomegalovirus;Porcine Parvovinis; Porcine
Reproductive and Respiratory Syndrome (PRRS) Virus; Pseudorabies virus;
Rotavirus; Salmonella spp., preferably S. thyhimurium and S. choleraesuis;
Staph. hyicus; Staphylococcus spp., preferably Streptococcus spp.,
preferably Strep. suis; Swine herpes virus; Swine Influenza Virus; Swine
pox virus; Vesicular stomatitis virus; and Virus of vesicular exanthema of
swine for the manufacture of a multivalent combination vaccine for reducing
or lessening the severity of the clinical symptoms associated with PCV2
infection by the administration of a single dose of said vaccine to a pig,
wherein one dose of said vaccine comprises 2 gig to 150 jig of said ORF2
protein. 



One embodiment of the present disclosure provides improved methods of
producing and/or recovering recombinant PCV2 ORF2 protein, i) by permitting
infection of susceptible cells in culture with a recombinant viral vector
containing PCV2 ORF2 DNA coding sequences, wherein ORF2 protein is
expressed by the recombinant viral vector, and ii) thereafter recovering
the ORF2 in the supemate. It has been unexpectedly discovered that ORF2 is
released into the supemate in large quantities if the infection and
subsequent incubation of the infected cells is allowed to progress past the
typical prior PCV 2 ORF2 recovery process, which extracts the PCV2 ORF2
from within cells. It furthermore has been surprisingly found, that PCV
ORF2 protein is robust against prototypical degradation outside of the
production cells. Both findings together allow a recovery of high amounts
of PCV2 ORF2 protein from the supemate of cell cultures infected with
recombinant viral vectors containing a PCV2 ORF2 DNA and expressing the
PCV2 ORF2 protein. High amounts of PCV2 ORF2 protein means more than about
20 p.g/mL supemate, preferably more than about 25 gg/mL, even more
preferably more than about 30 pg/mL, even more preferably more than about
40 gg/mL, even more preferably more than about 50 p.g/mL, even more
preferably more than about 60 pg/mL, even more preferably more than about
80 pg/mL, even more preferably more than about 100 gg/mL, even more
preferably more than about 150 pg/mL, most preferably than about 190 gg/mL
Those  expression rates can also be achieved for example by the methods as
described in Examples 1 to 3.       Preferred cell cultures have a cell
count between about 0.3 - 2.0 x 106 cells/mL, more preferably from about
0.35 - 1.9 x 106 cells/mL, still more preferably from about 0.4 - 1.8 x 106
cells/mL, even more preferably from about 0.45 - 1.7 x 106 cells/mL, and
most preferably from about 0.5 - 1.5 x 106 cells/mL Preferred cells are
determinable by those of skill in the  art. Preferred cells are those
susceptible for infection with an appropriate recombinant viral. vector,
containing a P012 ORF2 DNA and expre protein. Preferably the cells are
insect cells, and more preferably, they include the insect cells sold under
the trademark Sf+ insect cells (Protein Sciences Corporation, Meriden, CT).
Appropriate growth media will also be determinable by those of skill in the
art with a preferred growth media being serum-free insect cell media such
as Excell 420 ORM Biosciences, Inc., Lenexa, KS) and the like. Preferred
viral vectors include baculovirus such as BacutoGold (BD Biosciences
Phnrmingen, San Diego; CA), in particular if the production cells ere
insect cells. Although the baculovirus expression system. is preferred., it
is understood by those of skill in the art that other expression ems 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 media, It has been surprisingly discovered that when ORF2 is
produced by a baculovinai expression system, it does not require any ignal
sequence or further modification to cause expression of ORE2 into the
media. It is believed that this protein can independently lorm virus
articles (Journal of General Virology Vol. 81; pp. 2281-2287 (2000) and be
secreted into the culture supernate. The recombinant viral vector
containing the PCV2 ORF2 DNA sequences has a preferred multiplicity of
infection (MOD of between about 0.03- 1.5, more preferably from about 0.05
- 1.3, still more preferably from 20about 0.09 - 1.1, and most preferably
from about 0.1 - 1.0, when used for the infection of the susceptible cells.
Preferably the MOls mentioned above relates to one nth of cell culture
Preferably, the method described herein comprises the infection of 0.35 -
1.9 x 1.06 cells/rub, still more preferably of about 0.4 - 1,8 x .1 G
cells/mL, even more preferably of about 0.45 - 1.7 x 106 cells/mL, and most
preferably of about 0.5 - 1.5 x 106 cells/nth with a 25recombinant viral
vector containing a PCV2 OM DNA and expressing the PCV2 ORF  protein having
a MO! (multiplicity of irection) of between about 0.03 1.5. more preferably
from about 0.05 - i.3, stiltpmferahly from about 0.09 - 1.1 and-01 about
0.1 -         The infected cells are then inctibated over a period of up to
ten days. more preferably 5from about two days to about ten days, still
more preferably from about four days to about nine days, and most
preferably front about five days to about eight days. Preferred incubation
conditions include a temperature between about- 32C, more preferably from
about 24 - 30C,lore preferably from about 25 - 29C, even more preferably
from about 26 - 28C, and most preferably about 27C. Preferably, the Slti-
cells are observed following 10 inoculation axacteristic baculovir d iced
changes Such ribservation may include monitoring cell density trends and
the decrease in viability during the post-infection period. It was found
that peak viral titer is observed 3-5 days after infection and peak OM
release from the Cells into the supemate is obtained between days 5 and 8,
&or when cell viability decreases to less than 10%.       Thus, one aspect
of the present invention provides an improved method of producing and/or
recovering recombinant PCV2 ORFZ protthi. preferably in amounts described
above, by i) pemi infection of a number of susceptible cells (see abov
ulture with a recombinant viral vector with alV1.011 as defined above,
expressing PCV2 ORF2 protein by the recombinant viral vector, and iii)
recovering the PCV2 OR:F2 in the supemate 20 of cells obtained 'between
days 5 and 8 after infection and/or cell viability decreases to less then
10%. Preferably, the recombinant viral vector is a recombinant baculovirus
containing PCV2 OM DNA coding sequences and the cells are Sr+ cells.
Additionally, it is preferred that the culture he periodically examined for
macroscopic and microscopic evidence of contamination or for atypical
changes in cell morphology during the post-infection period. Any culture
exhibiting any contamination should be discarded. Preferably, the expressed
GRP2 recombinant protein is secreted by the cells into the surrounding
growth media that maintains cell viability. The 0RF2 is then recovered in
the supemate surrounding the cells rather than from the cells themselves.
The recovery process preferably begins with the separation of cell debris
from 5 expressed 01212 in media via a separation step. Preferred separation
steps include filtration, centrifugation at speeds up to about iQQQg,
continuous flow centrifugation, chromatographic separation using ion
exchange or gel, filtration, and conventional immunoaffinity methods. Those
methods are known to persons skilled in the art for example by (Harris and
Angel. (eds.), Protein purification methods - a practical approach, MC
press 10 Oxford 1.995). The most preferred separation methods include
centrifugation at speeds up to about 20,000xg and filtration. Preferred
filtration methods include dead-end microfilftation and tangential flow (or
cross flow) filtration including hollow fiber filtration dead-end micro
filtration_ Of these, dead-end. microldtration is preferred. Preferred pore
sizes for dead-end microfiltration are between about 0.30 - 1.35 i.tm, more
preferably between about 0.35 - 1,25 15 pm, still more preferably between
about 0.40 - 1.10 it a, and most preferably between about 0.45 - 1.0 pin.
It is believed that any conventional filtration membrane will work for
purposes of the present invention and polyethersulfaue membranes are
prethrred. Any low weight nucleic. acid species are removed during the
filtration step. Thus, one further aspect of' the present invention
provides an improved method of 20 producing and/or recovering recombinant
PCV2 ORF2 protein, preferably in amounts described above, by i) pennitting
infection of a number of susceptible cells (see above) in culture with a
recombinant viral vector with a MOI as defined above expressing PCV ORR2
protein by the recombinant viral vector,RD recovering the .PCV2 012E2 in
the supemate of cells obtained between days 5 and 8 after infection and/or
cell viability decreases to less then 10%, separating cell debris from the
expressed PCV2 O.RF2  



WO 2007/076520PCT/US2006/062654 via a separation. step, Preferably, the
recombinant 'rabaculovirus containing OM DNA coding sequences and the cells
are SY-1. cells, Preferred separation steps are those described above. Most
preferred is a dead-end microfiltration using a membrane having pore size
between about 030 -1.35 pm, more preferably between about 0.35 - 1,25 pm,
still more preferably between about Q40 - Lit) p.m; and most preferably
between about 0.45 - 1,0 pm.       For recovery of PCV2 ORF2 that will be
used in an inuntutogenic or immunologwal composition such as a vaccine, the
inclusion of an inactivation step is preferred in order to ina.ctivate the
viral vector. An ogen ic or immunological composition" refers lo
10composition of matter that comprises at least one antigen which elicits
an immunological      Scin the host of a cellular and! or antibody-mediated
immune response to the composition or vaccine of interest, Usually,
nunological response' includes but is not limited to one or more of the
following effects: the production or activation of antibodies,B cells,
helper T cells, suppressor T cells, an Maxie T cells and/or yd T cells,
directed specifically to an. antigen or antigens included in the
composition or vaccine of interest, Preferably, the host will display
either a therapeutic or 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 invention also relates to method of producing
and/or recovering recombinant PCV2 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 vector with a MOI as
defined above, ii) expressing PGV 0RF2 protein by the recombinant viral
vector, iii) recovering the PCV2 ORF2 in the supemate of cells obtained
between days 5 and 8 after infection and/or cell viability decreases to
less then 10%,  WO 2007/076520PCT/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 step, with after the
filtration step being the preferred time for inactivation. Any conventional
inactivation. method can be used for purposes of the present invention.
Thus, inactivation can be performed by chemical and/or physical treatments,
hi. preferred forms, the riilurne of harvest fluids is determined and the
temperature is brought to between about 32. - 42QC, more preferably between
about 34 - 40C, and most preferably between about 35 - 39QC Preferred
inactivation methods include the addition of cyclized binary ethyl ni(BEI),
preferably 10in, a concentration of about .t to about 20 raM, more
preferably of about 2 to about 10 mM, ferably of about. 2 to about 8 mM,
still more preferably of about: 3 to about 7 d most preferably of about 5
miM. For exampleincludes the addition of a solution of 2-bromoethyleneamine
h drobromipreferably of about 0.4M, :which has been cyclized to 0.2M binary
etBEI) in 0.3N Na0H, to the fluids to give a final 15concentration of about
5mM :BEL 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 1 - 7C. After inactivation is completed, a sodium
thiosulfate solution, preferably at 1,0M is added to neutralize any
residual BEt Preferably, the sodium thios:ullate is added in equivalent
amount as compared to the BEI added prior to for inactivation, For example,
in 20the event BEI is added to a final concentration of 5mM, a 1.0M sodium
thiosullate solution is added to give a:final rniriimwn concentration of 5
mM to neutralize any residual Ba       Thus, one further aspect of the
present invention relates to a method of producing recombinant PCV2 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 vector with a MO1 as defined above 1) expressing PCV ORF2 protein by
the recombinant 30  WO 20071076520PCT/US2006/062654 viral vector, HO
recovering the PCV2 ORF2 in the supernate of cells obtained between days 5
and S after infection and/or cell viability decreases to less then 10%.,
iv) separating cell debris from the expressed PCV2 ORF2 via a separation
step, and v) inactivating the recombinant viral -dor. Preferably, the
recombinant viral vector is a batmlovirus containing ORF2 DNA coding
sequences and the cells are SE+ 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 MM. BEI, and
still more preferably in the presence of about 5 m11/1 BEL It has been
surprisingly found, that higher concentrations of BEI negatively affect the
PCV2 ORR2 10protein. According tofurther aspect of the present invention,
the method described above also includes a neutralization step after step
v). This 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 BEI, addition of sodium thiosulfate to an equivalent
15  amount is preferred. Thus, according to a further aspect, step vi)
comprises adding sodium thiosulfale solution to a final concentration of
about -1 to about 20 mM, preferably of about :2 to about 1.0 niM, still
more preferably of about 2 to about 8 mM., still more preferably of about
to about 7 ridY1 most preferably of about 5 MK when the inactivation agent
is BEI. In preferred. forms and especially in forms thatse the recombinant
PCV2 0RF2 protein immunogenic vaccine, each lot of harvested ORF2 will be
tested fbi inactivation by passage inthe anchorage dependent, bactilovirus
susceptible. S(4. cells. in a ,preferred form of this testing 150 cm2 of
appropriate cell culture monolayer is inoculated with 1,0 la of inactivated
PCV2 fluids and maintained at 25 - 29C for 14 days with at least two
passages. At the end of the maintenance period, the cell monola ers are
examined for cytopathogenic effect (CPE) typical of PCV2 ORP2 baculovirus,
Prefer 



WO 2007/076520PCT/U52006/062654 positive virus controls are also used. Such
controls can consist of one culture of 5.14- cells inoculated with a
non-inactivated reference .PCV2 ORE2 baculoviats and one flask of Sf+ cells
that remain =inoculated After incubation and passage, the absence of
virus-infectedcells in the 13E11 treated viral fluids would constitute a
satisfactory inactivation test. The 5 control cells inoculated with the
reference iirus should exhibit CPE typical of PCV2 ORF2 baculovirus and the
=inoculated flask should not exhibit any evidence of PCV2 0RF2 baculovirus
Cl'E. Alternatively, at the end of the maintenance period, the supernatant
samples could be collected and inoculated onto a SR- 96 well plate, which
has been loaded with Slif cells, and then maintained at 25 - 29'C for 5 - 6
days. The plate is then fixed and 10 stained ivith anti-PCV2 ORP- antibody
conjugated to MC The absence or' CPE and ORF2 expression, as detected by WA
micoscopy, in the BEl treated viral fluids constitutes a satisfactory
inactivation test. The control cells inoculated with the reference virus
should exhibit CPE and IPA a uninoculatecl flask should not exhibit any
evidence of PCV2 ORP2 haculovirus CPE and itntain no WA act 15Thus a
further aspect of the present invention relates to an it for determining
the effectiveness of the inactivation of the recombination viral vector,
comprising the steps: contacting 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
neutralize the inactivation agent, preferably as described above, and 70Hi)
determining the residual. infectivity by the assays as described above.
A further aspect of the invention relates to a method for constructing a
recombinant viral vector containing PCV2 ORF2 DNA and expressing PCV2 OM
protein in high amounts, when infected into susceptible cells. It has been
surprisingly found that the recombinant viral vector as provided herewith
expresses high amounts, as defined above, of PCV2 0RE2 after infecting
susceptible cells. Therefore, the present invention also relates to  WO
2007/076520PCT/US2006/062654 an improved method for producing ndlor
recovering of PCV2 ORF2 protein, preferably comprising the steps oft
constructing a recombinant viral vector containing PCV2 ORF2 DNA and
expressing PCV2 ORF2 protein. Preferably, the viral vector is a recombinant
baculorvirus. Details of the method for constructing recombinant viral
vectors containing 5 PCV2 ORF2 DNA and expressing PCV2 ORF2 protein, as
provided here re described to the following: In preferred forms the
recombinant viral vector containing PCV2 ORP 2 DNA and expressing PCV2 OM
protein used to infect the cells is generated by transfecting a transfer
vector that has had an ORF2 gene cloned therein into a viral vectot
Preferably, only the portion of the transfer vector, that contains the 0RF2
DNA is transfricted into the 10 viral vector. The term "transfected into a
viral vector' means, and is used as a synonym for "introducing" or
"cloning" a hethrolormus DNA into a viral vector, such as for example into
a baculovirus vector. The viral vecto y hut not necessarily a baculovinis.
Thus, according to a further aspect of the present invention, the
recombinant viral vector is generated by recornbwntwn between a transfer
vector containing the heterologous 15 PCV2 0RF2 DNA and a viral vector, a
baculorvirus, even more preferably a linearized replication-deficient
baculovir is (such as Baculo Gold DNA). A "transfer vector" means a DNA
molecule, that includes at least one origin of replication, the
heterologous gene, in the present case PCV2 ORF2, and DNA sequences which
allow the. Cloning of said hethrologoos gene into the viral vector.
Preferably the sequences which allow cloning of the 20 heterolocous gene
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 then allows
recombination of both. molecules, the viral vector, and the transfer vector
to generate a recombinant viral vector containing the beterologous gene.
One preferred. transfer vector is -the pV1.1392 vector (BD Blosciences
25Pharmingen), Which is designed for co-tramsfection with the BaculoGold
DNA into the  WO 2007/076520PCT/US2006/062654 preferred 51-4- cell line,
Preferably, said transfer vector comprises a. PCV2 ORF2 DNA. The construct
co-transfected is approximately 10,387 base pairs in leogf hi more
preferred forms, the methods of the present isolation of PCV2 OKF2 DNA.
Generally, this can be from a known or unknown strain        2 DNA appears
to be highly conserved with at least about 93% sequence identity between
different isolates. Any PCV2 ORF2 gene known in the art can be used for
purposes of the present invention as each would be expressed into the
supemate. The PCV ORF2 DNA is preferably amplified using PCR methods, even
more preferably together with the introduction of a..5' Ranking Kozak's
consensus sequence (CCGCCAUG) (SEQ. ID NO '0 I 0 andlor a 3' flanking EcoR1
site (GAA I. IC) (SEQ JD NO 2). Such introduction of a 5 Koz..ak's
consensus preferably removes the naturally occurring start codon AUG of
PCV2 ORF2,The Y &DM site is preferably introduced downstream of the stop
codon of the PCV2 ORF2. More preferably it is introduced downstream of a
poly A transcription termination sequence, that itself is located,
downstream of the PCV2 ORF2 stop cotton. ft has been found, 15that the use
of a Kozak's consensus sequence, in particular as described above.increases
the expression level of the subsequent PCV2 OKF2 protein. The amplified
PCV2 ORF2 DNA,              'or al sequences, is cloned into a vector. A
preferred vector for this initial cloning step is the pGEM-T-Easy Vector
(Promega, Madison, W1). The PCV2 ORF2 DNA including some pGEM vector
sequences (SEQ. ID NO: ?) is preferably excised from the 20vector at the
Notl restriction site. The resulting DNA is then cloned into the transfer
vector.       Thus, in one aspect of the present invention, a method for
constructing a recombinant viral vector containing PCV2 OM DNA is provided.
This method comprises the steps: i) cloning a recombinant PCV2 ORF2 into a
transfer vector, and li) tratisfectine the portion of the transfer vector
containing the reconthinant PCV2 0RF2 into a virtil vector, to generate the
recombinant viral vector. Preferably, the transfer vector is that described
above or is  WO 2007/076520PCTTUS2006/062654 



constructed as described above or as exemplarily shown in Figure 1. Thus
according to a further aspect, the transfer vector, used for the
construction of the recombinant viral vector as described herein, contains
the sequence ttf SEQ ID NO: 7. According to a further aspect, this method
further comprises prior to step i) the 5 following step: amplifying the
PCV2 ORF2 DNA in vi ein the flanking sequences of the PCV2 OR.F2 DNA are
modified as described above. in toy tato& for amplifying the PCV2 ORF2 DNA
and modifying the flanking sequences, cloning in vitro amplified 9CV2 ORF2.
DNA into a. transfer vector and suitable transfer vectors are described
above, exemplarily shown. in Figure 1. or known to a petson skilled in the
art. Thus 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 PC V2 ORF2 protein comprises the steps oft 1)
tplifying PCVZ 0RF2 DNA in vitro, wherein the flanking sequences of said
PCV2 OR.F2 DNA are inediUed, II) cloning the amplified. PCV2 0RF2 DNA into
a transfer vector: and ill) transfecting the transfer vector or a portion
thereof containing the recombinant PCV2 ORF2 DNA into a viral vector to
generate the recombinant Oral vector, Preferably, the modification of the
.flanking sequences of the P0/2 ORF2 DNA is performed as described above,
e.g. by introducing a 5' Kozak's sequence and tor an EcOR 1 site,
preferably as described above. According to a further aspect, a method of
producing andlor recovering recombinant 20 protein expressed by open
reading frame 2 of PCV2 is provided. The method generally comprises the
steps of: 0 cloning a recombuxant PCV2 ORF2 into a transfer vector; ii)
transfeciing the portion of the transfer vector containing the recombinant
PCV2 ORF2 into a virus; iii) infecting cells in media %Ott) the transfected
virus; iv) causing the translated virus to express the recombinant protein
from PCV2 ORF2; v) separating cells from the supemate; and vi) recovering
the expressed PCV2 ORF2protein from the supemate.        Methods of how to
clone a recombinant PC,V2 ORF2 DNA into a transfer vector are described
above. Preferably, the transfer -vector contains the sequence of SEQ ED
NO:3, SEQ ID NOA, or SEQ ID NO:7. However, the transfer vect PCV2 ORF2 DNA,
unmodified or modified, as long as the PCV2 ORF2 DNA, When transfected into
a recombinant viral vector, is expressed in cell culture. Preferably, the
recombinant viral vector comprises the sequence of SF,Q 1D NO:8. Moreover.
methods of how to infect cells, preferably how to infect insect cells with
a defined number of recombinant baculovirus containing PCN2 OM DNA and
expressing PCV2 ORF2 protein, are described above in detail. Moreover,
steps of separating cells from Me supemate as well as steps for recovering
10 the expressed PCV2 ORF2 protein are also described above in. detail, Any
of these specific process steps, as described herein, am part a the method
of producing and/or recovering 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 count between about
0.3- 2.0 x.106 cells/mI, more preferably from about 0.35 - .1.9 x 10
cells/nil, still more preferably from about 0.4 - 1,8 x 1.06 cells/m.1,J,
even more preferably from about 0.45 - 1:7 x 106 cells/nil, and most
preferably from about 0.5 - 1.5 x 106 cells/nilPreferably, the reconibinant
viral vector containing the PCV2 ORF2 DNA has a preferred. multiplicity of
infection (MOD of between about 0.03 - 1.5, more preferably from about 0,05
- 1.3, still more preferably from about 0,09 - 1,1, still more preferably
from about 0.1 - 1.0, 20 and most prethrably to about 0.5, when used for
the infection of the susceptible cells Preferably, recovering of the PCV2
ORF2 protein in the supemate of cells obtained between days 5 and g after
infection and/or cell viability decreases to less then 10%. Preferably, for
producing PCV2 ORF2 protein, cells are cultivated at. 25 to 294C.
Preferably, the separation step is a centrifugation or a filtration step.
WO 2007/076520PCT/U52006/062654 Optionally, this method can include the
step of amplifying the .PCV2 ORF2 DNA     a strain of PCV2 prior to cloning
the P012 ORF2 DNA into the transfer vector. In preferred forms, a 5'
Kozak's sequence, a3' EcoRI site, and combinations thereof can also be
added to the amplified sequence, preferably prior to or during
amplification. A. preferred 5' Kozak's sequence comprises SEQ ID NO: I. A
preferred 3' EcoRI site comprises SEQ ID NO: 2. Preferred PCV2 ORF2 DNA
comprises the nucleotide sequence Genbank Accession No. AF086834 (SEQ NO:
3) and SEQ ID NO; 4. Preferred recombinant PCV2 protein comprrses the amino
acid sequence of SEQ ID NO: 5, which is the protein encoded by EQ ID NO: 3
(Genbank Accession No. AF086834) and SEQ ID No: 6, which 10protein encoded
by SEQ :ID NO: 4. A preferred media comprises serum-ftell media, still more
preferably Ecell 420 media. When the optional amplification step is
performed, it is preferable to firs( clone the amplified open reading
frames ector, excise the open reading frame -and use the excised open
reading flame for cloning into the transfer vector. A preferred cell line
for conansfection is the SF* cell 15  line. A preferred virus for
cotransfecnon is baculovirus, In preferred forms of this method, the
transfected 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 the cell culture supernate at least 5 days after infecting
the cells with the virus.       Thus, a further aspect of the invention
relates to a method for producing and/or recovering the PCV2 open reading
frame 2, comprises the steps: i) amplifying the PCV2 ORF2 DNA in vitro,
preferably by adding a Kozak's sequence and/or by adding a 3' EcoRI
restriction site ii) Omng the annulled PCV2 ORF2 into a transfer vector;
Hi) transfecting the portion of the transfer vector containing the
recombinant 1PCV2 ORF2 into a virus; iv) infecting cells in media with the
transtected virus: causing the transfected virus  WO
2007/076520PCT/US2006/062654 to express the recombinant protein. from PCV2
ORF2; vi) separating cells from the supemate; aml vii) recovering the
expressed PE.V2 ORF2 protein from the supemate.       A further aspect of
the present m cationrelates to a method for preparing a composition
comprising P(V2 ORE2 protein, and inactivated viral vector. This method
comprises the steps: 1) cloning the amplified PCV2 ORF2 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 transfected viral vector to
express the recombinant protein from PCV2 ORF2; v) separating cells from
the supemate; vi) recovering the expressed PCV2 ORF2 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. Preferahi performed between
about 35 - 39C and in the presence of 2 to 8 frilV1 BEE, still more 15
preferably the presence of about 5 mAll BEL tt has been surprisingly found,
that higher concentrations of BET negatively affect the PCV2 ORF2 protein,
and. lower concentrations are -not effective to inactivate the viral vector
within 24 to 72 hours of inactivation, y, inactivation is performed for at
least 24 hours, even more preferably for 24 to 72 hours. 



20According to a frirther aspect, the method for preparing a composition
comprising PCV2 ORF2 protein, and inactivated viral vector, as described
above, also includes a neutralization step after step vii). This step viii)
comprises adding an equivalent amount of an agent that neutralizes the
inactivation agent within the solution. Preferably, if the inactivation.
agent is BEI, the addition of sodium thiosullate to an equivalent: amount
is preferred. Thus, 25according to a further aspect, step viii) comprises
adding a sodium thiosulfate solution to a  WO 2007/076520PCT/U52006/062654
final concentration. of about I to about 20 mIVI, preferably of about 2 to
about 10 mM, still. more preferably of about 2 to about S tnIVE, still more
preferably of about 3 to about 7 I most preferably of about 5 mM. when the
inactivation *ern is BEE, 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 1) the following
step: amplifying the PCV2 ORF2 DNA in vitro, wherein the flanking sequences
of the PCV2 ORF2 DNA are modified as described above, In vitro methods for
amplifying the PCN2 ORF2 DNA and modifying the flanking sequences: cloning
in vitro amplified ITN:2 0RF2 DNA into a transfer vector and suitable
transfer vectors are described 10above: exemplarily shown in Figure 1, or
known to a person skilled in the art. Thus according to a further aspect,
this method comprises the steps: i) amplifying PM ORF2 DNA in vitro,
wherein the flanking sequences of said PCV2 ORF2 DNA are modified, 11)
cloning the amplified PCN2 ORF2 DNA into a transfer vector; and Hi)
transfecting the transfer vector or a portion thereof containing the
recombinant PCN2 ORF2 DNA into a viral, vector to generate the
recombinantviral vector,infecting cells in media with the transfected I
S') causing the transfected virus to express the recombinant protein from
PCN2 ORF2; vi) separating cells from the supernate:recovering the expressed
PCN2 ORF2 protein from the supernate;inactivating the recombinant viral
vector, preferably, in the presence of about Ito about 20 mM BBL most
preferably in the esif about 5 naW1 BET: and ix) 20 adding an equivalent
amount of an agent that neutralizes the inactivation agent within the
solution, preferably, adding of a sodium thiosulfate solution to a final
concentration of about I to about 20 MM, preferably of about 5 niNI, when
the inactivation agent is BEI.       En 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 immune
25response against PCV2 is provided. Generally, this method includes the
steps of transfecting  WO 2007/076520PCT/US2006/062654 a. construct into a
virus, wherein the construct comprise 1) recombinant NA from GRE2 of PCV2,
ii) infecting cells in growth media with the transfcted virus, causing the
Virus to express the recombinant protein from PCV2 ORF2, iv) recovering the
expressed 0RF2 protein from he supernate, v) and preparing the composition
by combining the recovered protein with a suitable adjuvant andlor other
pharmaceutically acceptable carrier. "Adjuicaiused herein, can include
aluminum hydroxide and aluminum phosphate, saponins eQuit A. QS-21
(Cambridge Biotech Inc., Cambridge MA), GPI- 01.00 (Galenica
Phrumaceuticals Inc., Birmingham, AL), water-in-oil emulsion, oil-in-water
emulsion,water-in-oil-in-water emulsion. The emulsion, can he based in
particular on light 10  liquid paraffin oil (European Pharmacopea type);
isoprenold oil such as squalane or squalene oil resulting from
theoligomerization of alkenes, 1E1 particular of isobutene or dame; esters
of acids Or of alcohols containing a linear alkyl group, more particularly
plant oils, ethyl oleate, propylene glycol di-(caprylatelcaprate), glyceryl
tri-(caprylateicaprate) or propylene glycol dioleate, esters of branched
fatty acids or alcohols, in particular isostearic acid estrs. The oil is
used in combination with emutsiEers to form the emulsion The emulsifiers
are preferably nonionic surfactants, in particular esters of sorbiliu of
mat     romannitol Gleam), of glycol, of polyglycerol, of propylene glycol
and of oleic, isostearic, vicinoteic or hydroxystearic acid, which are
optionally et d, and polyoxypropylene-polyoxyethtylene copolymer blocks, in
particular the Pluronic products especially L121. See Hunter et at, The
Theory and Practical Application of Adjuvants (Ed.Stewart-Tult D. E. S.).
JohnWiley and Sons, NY, pp51-94 (1995) and Todd et al., Vaccine
15:564-570(1997).          For example, it is possible to use the sPT
emulsion described on page 147 of "Vaccine Design, The Subunit and Adjuvant
Approach" edited by M. Powell and :M. 25Newman, Plenum Press, 1995, and the
emulsionMP59 described. on page 1.3 of -1-1"  same  WO
2007/076520PCT/US2006/062654 book.       A further instance of an adjuvant
a compound chosen /kilt the polymers of acrylic or methacrylic acid and the
copolymers of maleic anhydride and alket yl derivative. Advantageous
adjuvant compounds are the polymers of acrylic or methacrylic acid which
are 5 cross-linked, especially with polyalkenyl ethers of sugars or
polyalcohols. These compounds are known by the term carhomer (Phameuropa.
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 groups,
preferably more than 8, the hydrogen atoms of at least three hydroxyls
being replaced by to unsaturated aliphatic radicals having at least 2
carbon atoms. The preferred radicals are those containing from 2 to 4
carbon atoms, e.g. vinyls, allyls and other ethylenically unsaturated
groups. The unsaturated radicals may themselves contain other substituems,
such as methyl. The products sold under the name Carbopol ; (BF Goodrich,
Ohio,USA) are particularly appropriate, They are cross-linked with an ally1
sucrose or with ally1 penuterythritol. Among then, there may be mentioned
Carbopol. 974P, 93413 and 9711?, Most preferred is the use of Cabopol 971P.
Among the copolymers of maleic anhydride and athenyl derivative, the
copolymers EMA (Monsanto) which are copolymers of maleic anhydride and
ethylene. The dissolution of these polymers in wafer leads to an acid
solution that will be neutralized, preferably to physiological pH, in order
to give the adjuvant solution into which the 



20immunogenic, immunological or vaccine composition itself will be
incorporated.       Further suitable adjuvants include, but are not limited
to, the RIM adjuvant system (Ribi Inc.), Block co-polymer (CytRx, Atlanta.
GA), SAF-M (Chiron, Emeryville CA), monophosphoryl lipid A, Avridine
lipid-amine adjuvant, heat-labile enterotoxin from :E. col' (recombinant:
or otherwise), cholera toxin [MS 1314 or mummy! dipeptide among many
25others.  WO 2007/076520PCl/US2006/062654       Preferably, the adjuvant
is added in. an amount of about 100 Ma to about 10 mg per dose Even more
preferably, the adjuvant is added in an amount of about 100 ug to about 10
inta per dose. Even more preferably, the adjuvant is added in an amount of
about 500 pa to about 5 mg per dose. Even more preferably, the adjuvant is
added in an amount of about 750 jig to about 2.5 mg per dose. Most
preferably, the adjuvant is added in an amount of about 1 Ma per dose.
Thus, according to a further aspect, the method for preparing an antigenic
composition, such as for example a vaccine, for invoking an immune response
against PCV2 comprise paring and recovering PCV2 ORF2 protein, and ii)
admixing this with a 10 suitable adjuvant. Preferably, the adjuvant is
Carbopol 97W. Even more preferably, Carhop& 971? is added in an amount of
about 500 ug to about 5 mg per dose, even more preferably in an amount of
about 750 pg to about g per dose and most preferably in an amount of about
1 tug per dose, Preferably, the process step 1) includes the process steps
as described for the preparation and recovery of PM ORF2. For example, in
preferred. forms of this 15 method, the construct comprising PCV2 01212 DNA
is obtained in a transf.er ve r. Suitable transfer vectors and methods of
preparing them are described above. Optionally, the method may include  the
step of amplifying the ORF2 from a strait of PCV2 through PCR prior to
cloning the OFF2 into the transfer vector. Preferred open reading frame
sequences, Kozak's sequences, 3' EcoR1 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 wait for at least 5 days after infection of the cells by
the tmnsfected baculovt 'us prior to recovery of recombinant 0RF2 protein
from the supernate. Preferably, the recovery step of 'this  WO
2007/076520PCT/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 fillet the cell,
debris, and growth media through aLiving pores ranging in sr/about 0.45
0.1. to about 1.0 RM. Finally, for this method, it is preferred to include
a virus inactivation 5step prior to combining the recovered recombinant
P012 ORF2 protein in a composition.  This can. be done in a invention to
use BE!, Thus according to a further aspect, method comprises the steps: 0
amplifying  PCN2 ORF2 DNA in vino, wherein the flanking sequences of said
PCV2 ORF2 DNA are modified, cloning the amplified PC112 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
venerate the recombinant viral vector, h) infecting cells in media      e
mmsfected virus; v) causing the trzmsfected virus to express the
recombinant protein from PCV2 OR172; vi) separating cells from the
supe.mate- vii) recovering the expressed P0V2 0RF2 protein from the
supemate; YR inactivating the recombinant viral vector, preferably, in he
presence of about Ito about 20 ollvl 'BEI preferably in the presence of
about 5 inNI BEI; ix) adding of an equivalent amotint of an agent that
neutralizes the inactivation gent within the Solution, preferably, adding
of a sodium thiosulfate solution to a. final concentration of about 1 to
about 20 mM, preferably of about 5 m1\1,, when the 20  inactivation agent
is BE!, and xt 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 pg to about 5 mg per dose, even more
preferably in an amount of about 750 itg to about 5 mg per dose and most
preferably in an amount of about 1 mg per dose).  WO
2007/076520PCT/US2006/062654      Additionally, the compositon can include
one or ore pharmaceutical-accepia,ble carriers. As used herein, "a
pharmaceutical-acceptable carrier" includes any and all solvents,
dispersion media,'oatings, stabilizing agents, diluents, anti bacterial and
antifungal agents, isotonic agents, adsorption delaying agents, and the
like. Most preferably, the composition provided herewith, contains PCN2
OR.F2 protein recovered from the supemate of in vitro cultured cells,
wherein said cells were infected with a recombinant viral vector containing
PCV2 ORF2 DNA and expressing PCV2 ORF2 protein, and Wherein said cell
culture was treated with about 2 to about 8 m.M. BEI, preferably with about
5 rnlY1 BEI to inacflvate the viral vector, and an equivalent concentration
of a neutralization agent, preferably sodium thiostilfate solution, to a
final concentration of about 2 to about 8 mNI., preferably of about 5 miN4,
Carbopol, more preferably Carbopol 971P, preferably in amounts of about 500
t.ig to about 5 ing per dose, even more preferably in an amount of about
750 pg to about 2.5 mg per dose and most preferably in an amount of about
.1 mg per dose, and physiological saline, preferably in an amount of about
50 to about 90% OM, more preferably 15TO about 60 to 80% (Wv), still more
preferably of about 70% (viv). Thus, a further aspect relates to a method
for preparing anigerim composition, such as for example a vaccine, for
invoking an immune response against PCV2 comprising the steps: i)
amplifying PCV2 0RF2 DNA in vitro, wherein the flanking sequences of said
0RF2 DNA are modified, ii) cloningamplified PCV2 ORF2 DNA into a transfer 



20vector; and iii) transfecting the transfer vector or a. portion thereof
containing recombinant PC:V.2 ORF2 DNA into a viral vector to generate the
recombinant viral vector, iv) infecting cells in media with the transfected
virus; v) causing the transfecied virus to express the recombinant protein
from PCN2 ORF2; vi) separating cells from the supernate; recovering the
expressed PCN2 ORF2 protein from the supemate;inactivating the
25recombinantvector, preferably, in the presence of about 2 to about 20
nilvf BET, most  WO 2007/076520PCT/US2006/062654 preferably in the presence
of about 5 ribM BEI; ix) adding an equivalent amount of an agent that
neutralize the inactivation agent within the solution, preferabIt adding a
sodium thiosulfate solution to a final, concentration of about 0.5 to about
20 mM. preferably of about 5 mM, \NI-len the inactivation agent is BEE, x)
adding a suitable amount of an a.dj vont, preferably adding Carhop], more
preferably Carhop) 971P, still more preferably in amounts as described
above (e.g. of about 500 pg to about 5 Mg per dose, even more preferabl
amount of about 750 jig to about 2.5 mg per dose and most preferably in an
amoruit of about I mg per dose); andadding physiological saline, preferably
in an amount of about 50 to about 90% (vv-), more preferably to about 60 to
80% (Wv), still more preferably of about 10  70% (ily). Optionally, this
method can also include the addition of a protectant A protectant as used
hereinrefers to an anti-microbiological active agent, such as for example
Gentamycin. Merthiolate, and the like, in particular adding a protectant is
most preferred for the preparation of a multi-dose composition. Those
anti-microbiological. active ag.mts are added in concentrations effective
to prevent the composition of interest from any microbiological
contamination or for inhibition of any microbiological growth within the
composition of interest. Moreover, this method can also comprise the
addition of any stabilizingit, such as for example saccharides, trehatose,
marmitol, saccharose and the like, to increaseand/or         product
shelf-life. However, it has been surprisingly found, that the  formulation
is immunologically effective over a. period of at least 24 months, wthout
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 recombinantiy expressed PCS/2 ORF2 protein. Moreover, the
present on also relates to a composition of matter that comprises
recombintintly expressed  WO 2007/076520PCT/US2006/062654 PCV2 ORF2
protein, esupemate of an insect cell culture. Moreover, the present
invention also relates to a composition of matter comprising recombinantly
expressed PCV2 ORE2 protein, recovered from the supemate of an insect cell
culture. Preferably, this composition of matter also comprises an agent
suitable for the inactivation of viral vectors. 5 Preferably, said
inactivation agent is BEI. Moreover, the present invention also relates to
a composition f matter that comprises recombinantly expressed PCV2 ORF2
protein, recovered from the supemate of an insect cell culture, and
comprises an agent, suitable for the inactivation of viral vectors,
preferably BEI and a neutralization agent for neutralization of the
inactivation agent. Preferably, that neutralization agent is sodium tidos
!fate, when 10BEI is used as an inactivation agent Int another aspect of
the present invention,ocompost. ion that induces an immune response and,
more preferably, confers protective niununily against the clinical signs of
PCV2 infection, is provided. The composition genomprises the polypeptide,
or a fragment thereof: expressed by Open Reading Frame 2 ( R 2) of PCV2, as
15the antigenic component of the composition.       PCV2 ORF2 DNA and
protein, as used herein for the preparation of the compositions and also as
used. within the processes provided. herein a highly conserved domain
within PCV2 isolates and thereby, any PCV2 ORF2 would be effective as the
source of the PCV OM DNA and/or polypeptide as used herein. A. preferred
PCV2 OM protein is that of SEQ ID NO. 11. A preferred PCV ORFZ potypeptide
is provided herein as SEP. ID NO: 5, but it is understood by those of skill
in the art that this sequence could vary by as much as 6- 10% in sequence
homology and. still retain the antigenic characteristics that render it
useful in immunogenic compositions: The antigenic characteristics of an
immunological composition can be, for example, estimated by the challenge
experiment as provided by Example 4, 25Moreover,the antigenic chaactenstic
of an modified antigen is still retained, when the 



WO 2007/076520PCT/US2006/062654 modified antigen confers at least 70%,
preferably%, more preferably 90% of the protective immunity as compared to
the PC.V2 GRP 2 protein,encoded by the polynudeotide sequence of SEQ. ID
NO:3 or SEQ ED N0:4. An "inuntmncomposition" as used herein, means a .PC.V2
ORF2 protein which elicits an "immunological response" in the host of a
5cedar and/or antibody-mediated immune response to PM 0RF2.proteit
Preferably, this       ogenic composition is capable of conferring
protective against PC112 infection and the clinical signs associated
therewith, In some foms, immunogenic portions of POV2 012172 protein are
used as the anhigenic component in the composition. The term           it;
portion" as used herein refers to truncated and/or substituted forms, or
fragments of .PCV2 ORF2 protein and/or polyaucleotide, respectively.
Preferably, such truncated )(I/or substituted forms, or fragments will
comprise at least 6 contiguous amino acids from the full-length 0Rn
polypeptide. More preferably, the truncated or substituted forms, or
fragments wilt have at least 10, more preferably at least 15, and still
more preferably a.t least 19 contiguous amino acids from the full-length
ORF-2 polypeptide. Two 15 preferred sequences in this respect are provided
herein as SEQ ED NOs. 9 and 10. It is further understood that such
sequences amy be a part of larger fragments or truncated forms. A further
preferred PCV2 ORF2 polypemide 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 art that this sequence could vt ch as 6-20% in sequence
homology and still retain the 20antigenic characteriositions, In some
forms, a truncated or substituted form, or fragment of ORF2 is used as the
antigenic component in the composition. Preferably, such truncated or
substituted farms. or fragments will comprise least 18 contiguous
nucleotides from the full-length ORE2 nucleotide sequence, e.g. of SEQ ID
NO 3 or SEQ ID NO: 4. More preferably, the truncated or substituted forms,
or fragments 25will have at least 30, more preferably at least 45, and
still more preferably at least 57  WO 2007/076520PCT/US2006/062654
contiguous nucleotides thefull-length ORF2 nucleotide sequence, e.g. of
SEQ: ID NO: 3 or SEQ ID NO; 4. "Sequence Weithe art refers to a
relationship between two or     polypeptide sequences or two or more
polynucleotide sequences, namely a reference sequence and a given sequence
to be compared with the reference sequence. Sequence identity is determined
by comparing the given sequence to the reference sequence after the
sequences have been optimally aligned to produce the highest degree of
sequence similarity, as determined by the match between strings of such
sequences. Upon such alignment, sequence identity is ascertained on a
positionthy-position basis, e.g., the sequences are I 0 "identical" at a
particular position if at that position, the nucleotides OT amino acid
residn. are identical. The total number of such position identities is then
divided by the total number of nucleotides or residues in the reference
sequence to give% sequence identity. Sequence ident n be readily calculated
by known methods, including but not limited to, those described in
Computational Molecular Biology, Lesk, A. N., ed., Oxford University Press,
15 New York (1988), Biocomputing: Informatics and Genome Projects, Smith,
DAV ed.. Academic Press, New York (1993); Computer Analysis of Sequence
Data, Part 1, Griffin, AM,, and Griffin, H., G., eds., Humana Press, New
jersey (1994); Sequence Analysis in Molecular Biology, von Heinge, G,
Academic Press (1987); Sequence Analysis Primer, Gribskov, M. and Devereux,
J., eds., M. Stockton Press, New York (1991); and Catillo, H.. and Lipman,
D., SLAM 3. Applied Math., 48; 1073 (1988), the teachings of which are
incorporated herein by reference. Preferred methods to determine the
sequence identity are designed to give the 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
25limited :to, the GEO program package (Deveren., et al., Nucleic Acids
Research,  WO 2007/076520PCT/US2006/062654 112(0;387 (1984)), BLASTP,
Bl."ASTN and EASTA (Altschul, S. P.led Bid., 215:403-410 (1990), The
BLASTX. program is publicly available from NCBI and other sources (BLAST
Manual, Altschul, S. et al., NCV1 NLM NMI Bethesda, MD 20894, Altschul, S.
F. et al., I 114olec. Biol., 215:403-410 (1990), the teachings of which are
incorporated herein by reference). These programs optimally align sequences
using derail/ gap weights in order to produce the highest level of sequence
identh, between the given and reference sequences,  As an illustration, by
a polynueleotide having a nucleotide sequence having at least, for example,
85%, preferably 90%, even more preferably 95% "sequence identity" to a
reference nucleotid cc, it is ended that the nucleotide sequence of the
given polynucleotide is identical to the reference sequence except that the
given polynycleotide sequence may include up to 15, preferably up to 10,
even more preferably up to 5 point mutations per each 100 nucleotides of
the reference nucleotide sequence. In other words, in a polynucleotide
having a nucleotide sequence having at least 85%, preferably 90%, even more
preferably 95% identity relative to the reference nucleotide sequence,up to
1515%, preferably 10%, even more preferably 5% of the nucleotides in the
reference sequence may be deleted or substituted with another n.ucleolide,
or a number of nucleotides 1.1 preferably 10%, even more preferably 5% of
the total nucleotides in the reference sequence may be inserted into the
reference sequence. These mutations of the reference sequence may occur at
the 5' or 3' terminal positions of the reference nucleotide sequence or
anywhere 20 between those terminal positions, interspersed either
individually among nucleotides in the reference sequence or in one or more
contiguous groups within the reference sequence. Analogously, by a
polypeptide having a given amino acid sequence haying 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 polypedide is 25identical to the reference sequence except
that the given polypeptide sequence may include 49  WO
2007/076520PCT/US2006/062654 



up to 15, preferably up to 10, even more preferably up to 5 amino acid
alterations per each . 100 amino acids of the reference amino add sequence.
In other words, to obtain a given polvpeptide sequence having at least 85%,
preferably 90%, even more preferably 95% sequence identity with a reference
amino acid sequence, up to 15%, preferably up to 10%, 5even more preferably
up to 5% of the amino acid residues in the reference sequence may be
deleted or substituted with another amino acid, or a number of amino acids
up tt, preferably up to 10%, even more preferably up to 5% of the total
number of amino acid residues in the reference sequence may be inserted
into the reference sequence. These alterations of tbe reference sequence
may occurthe amino or the carboxy terminal 10po ions of the referenceacid
sequence or anywhere between those terminal     tons, interspersed either
individually among. residues the reference sequence or in the one or more
contiguous groups within the reference sequence. Preferably, residue
positions which are not identical differ by conservative amino acid
substitutions. However, conservative substitutions are not included as a
match when determining sequence identity.       "Sequence homology", as
used herein, refers to a method of determining the relatedness of two
sequences. To determine sequence homology, two or more sequences are
optimally aligned, and gaps are introduced if necessary, However, in
contrast to "sequence identity", conservative amino acid substitutions are
counted as a match when determining sequence homology. In other words, to
obtain a. polypeptide or poly ucleotide having 95% 20sequence homology with
a reference sequence, A, preferably 90%, even more preferably 95% of the
amino acid residues or lent-ides in the reference sequence must match or
comprise a. conservative substitution with another amino acid or
nucleotide, or a. number of amino acids or nucleotides up to 15%,
preferably up to 10%, even mlore preferably up to 5% of the total amino
acid residues or nucleotides, not including conservative substitutions, in
25the reference sequence may be inserted into the reference sequence.
Preferably the  WO 200710765211P CT/U S2006/062654 homologous sixpence
comprises at least a stretch of 50, even more preferably  .00, even more
preferably 250, evenpreferably 500 nucleotides.       A "conservative
substitution" refers to the substitution of an amino acid residue or
nucleotide with another amino acid. residue or nucleotide having similar
characteristics or properties including size, hydrophobicity, etc., such
that the overall functionality does not change significantly. Isolate'
means altered "by the hand of man" from its natural state, i.e., if it
occurs in nature, it has been changed or removed from its original
environment, or both. For example,         polynuclemide or polypeptide
naturally present in a living organism is not isolated," but 10the same
polynucleotide or polypeptide separated from the coexisting mateals of its
natural state is "isolated",employed heroin.       Thus, further aspect of
the present invention relates to an immunogenic eornpositon effective for
lessening the severity of clinical symptoms associated with PCV2 infection
comprising PCV2 ORP2 protein. Preferably, the PCV2 ORF2 protein is anyone
of those, described above. Preferably, said PCV2 ORF2 protein is
polypoptide comprising the sequence of SEQ. ID NO :.5, SEQ ID NO: 6, SEQ.
ID NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11; ii)any polypeptide that is at
least 80% homologous to the poly Ode all), any immunogenic portion of the
polypeptides of 0 ancVor ii) it)the immunogenic portion of iii), comprising
at least 1.0 contiguous amino acids included in the sequences of SEQ B.)
NO: 5, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 10 or SEQ ID NO: v)a
polypeptide that is encoded by a DNA con3prking the sequence of SEQ ID NO:
3 or SEQ ID NO: 4.  WO 2007/076520PCT/US2006/062654 any polypeptide that is
encoded by a polynucleotide that is at least. 80% homologous to the
polynucleolide of v), any immunogenic portion of the polypeptides encoded
by the polynucleonde of y) and/or vi)       murtogeni 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. 



Prelerabty any of those immunogenic portions will have the immunogenic
characteristics of PCV2 Olin protein that is encoded by the sequence of SEQ
ID NO: 3 or 10SEQ ID NO: 4.       According to a further aspect, PCV2 ORF2
protein is provided in the immunological composition at an antigen
inclusion level effective for inducina the desired immune response, namely
reducing the incidence of or less everity of clinical signs resulting from
PCV2 infection. Preferably, the PCV2 ORF2 protein inclusion level is at
least 0.2 jig antigen ml of the final immunogenic composition (patrul),
more preferably from about 0.2 to about 400 tigiml, still mom preferably
from about 0.3 to about 200 tialml, even more preferably from about 0.35 to
about 100 tigintl, still more preferably from about 0.4 to about 50 mind,
still more preferably from about 0.45 tx,) about 30 pgiml more preferably
from about 0.6 to about 15 Lig /ml, even more preferably from about 0.75 to
about 8 tigiral, even more 20 preferably from about 1.0 to about 6 pa/nil,
still more preferably frmn about 1.3 to about 3.0 ughril, even more
preferably from about 1.4 to about 2.5 Wm!, even more preferably from about
1.5 to about 2.0 pginil, and most preferably about 1,6 pgiml.
According to a further aspect, the OR172 antigen inclusion level is at
least 0.2 ttg PCV2 ORE2 protein, as described above, per dose of the final
antigenic composition 25(pa/dose), more preferably from. about 0.2 to about
400 tig/dose, still more preferably faun  about 0.3 to00 itg/dose, even
more preferably from about 0.35 to about 100 pgidose, still more preferably
from about 0.4 to about 50 pg/dose, still more preferably from about 0.45
to about 30 pedose, still more preferably from about 0.6 to about 15
ug/dose, even more preferably front about 0.75 to about 8 pg/dose, even
more preferably front about 1.0 to about 6 pu/dose, still more p ferably
from about 1.3 to about 3.0 ma/dose, even more preferably from about 1.4 to
about 2.5 paldose, even more preferably from Mom 1.5 to about 2.0 pgidose,
and. most preferably about 1.6 pg./dose.      The PCV2 ORF2 polypeptide
used in an immunogenic composition accordance with the present invention
can be derived, in any fashion including isolation and purification of PCV2
0RF2, 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 Vwitha recombinant viral vector
containing PCV2 0RF2 DNA coding sequences, PCV2 OR.F2 polypeptide is
expressed by the recombinant virus, and the expressed PCV' ORF2 polypeptide
is recovered from the supemate by 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 immunogenic composition comprises I) any of the PCV2 ORF2
protein, described above, preferably in concentrations described above, and
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 1) any of the PCV2 ORF2
protein described above, preferably in concentrations described above, ii)
at least a portion of the viral vector expressing said P0V2  WO
2007/076520PCT/US200 6/062654 0R192 protein, preferably of a reconibinains
and iii) a. portion of the ccli culture supernate. According to one
specific embodiment of the production and recovery process for PCV2 01CY2
protein, the cell culture supemate is filtered through a membrane having a
pore size, preferably between about 0.45 to I. fUT1. Thus, a further aspect
relates to an immunogenic composition that comprises i) any of the PCV2
01<192 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 bac do:virus, and iii) a portion of
the cell culture; wherein about: 90% of the components have a size smaller
than 1 1011111.       According to a further aspect, the present invention
relates to an mirnuflogeni 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 expressi ag said PCV2 ORF2
protein,portion of the cell culture, iv) and inactivating agent to
inactivate the recombinant, viral vector preferably BEI, wherein about 90%
of the components i) to iii) have a size smaller than I pm. Preferably, BE
is present in concentrations effective to inactivate the baculo:virus.
Effective concentrations are described above.       According to a. further
aspect, the present invention relates to an immunogenic composition that
comprises i) any of the PCVZ 0RF2 protein described above, preferably M 20
concentrations described above, at least a portion of the viral vector
expressing said PC.V2 0RP2 protein, Ili) a portion of the cell culture, iv)
an inactivating agent to inactivate the recombinant viral, vector
preferably BE1, and v) an neutralization agent to stop the inactLvation
mediated by the inactivating agent, wherein about 90% of the components i)
to  WO 2007107652(1PCT/US20061062654 iii) have a size smaller than 1 am.
Preferably, if the ninth,said composition comprises sodium thiesuffate in
equivalent amounts to BET.       The polypeptide is incorporated into a
composition that can be. administered to an animal susceptible to PC112
infection. In preferred forms, the composition may also include additional
components known to those of skill in the art (see also Remington's
Pharmaceutical Sciences. (1990). 18th S. Mack Publ., Easton). Additionally,
the composition may include one or more veterinary-acceptable carriers. As
used herein, "a veterinary-acceptable carrier" includes any and all
solvents, dispersion media, coatings, adiuvants. stabilizing agents,
diluents, preservatives, antibacterial. and. ag 10isotonic agents,
adsorption delaying agents, and the like. In a preferred embodiment, the
immunogenic composition comprises P protein as provided herewith,
preferably in concentrations described above as an antigenic component,
which is mixed with an adjuvant, preferably Carbopoi, and physiological
saline. 



Those of skill in this art will understand that the composition herein may
corporate 15  know injectable, physiologically acceptable, sterile
solutions. For preparing a ready-to-use solution for parenteral injection
oriyrEusion. aqueous isotonic solutions, such as e.g saline or
corresponding plasma protein solutions are readily available. Irt addition
the immunogenic and vaccine compositions of the present invention can
include diluents isotonic agents, stabilizers, or adjuvants. Diluents can
include water, saline, dextrose, ethanol, 1#41ycerol, and the like.
isotonic agents can include sodium chloride, dextrose, tannitol, sorbitol,
and lactose, among others, Stabil "ars include albumin and alkali salts of
ethyleadiamintetracetic acid, among Miters. Suitable adjuvants, are those
described above. Most preferred is the use of Carbopol, in particular the
use of Carbopol 97I1', preferably in amounts as described above (e.g. of
about 500 ag to about 5 mg per dose, even more preferably in an amount of
WO 2007/076520PCT/US2006/062654 about 750 jig to about 2.5 mg per dose and
mostref b n an amount of about I. mg per dose)       Thus, the present
invention also relates to an immunogenic composition that comprises I) any
of the PCV2 ORF2 proteins described above, preferably in concentrations
described above, ii) at least a portion of the viral vector expressing said
PCV2 0RF2 protein iii) a portion of the cell culture, iv) an inactivating
agent to inactivate the recombinant Viral vector, preferably BEI, and v) a.
neutralization agent to stop the inactivation mediated. by the inactivating
agent, preferably sodium thiosulfate in equivalent amounts to BEI; and vi)
a suitable adjuvant. preferably Carbopol 971, in amounts described above
wherein about 90% of the components i) to iii) have a size smaller thai I
pm According to a. further aspect, this immunogenic composition further
comprises a pharmaceutical acceptable salt, preferably a phosphate salt in
physiologically acceptable concentrations. Preferably, the pH of said
immunogenic position is adjusted to a physiological p11, between about 6.5
and 7.5, Thus, the present inveiIse relates to an immunogenic composition
comprises per one ml i) at least .1.6 jig of PCV2 ORF2 protein described
above ii) at least a portion of baculovirus expressing said PCV2 ORF2
protein iii) a portion of the cell culture, iv) about 2 to 8 miN1 BEI, v)
sodium thiosulfate in equivalent amounts to BEI; and vi) about I mg
Carbopol 971, and vii) phosphate salt in a physiologically acceptable o c
tiowherein 20about 90% of the components 1) to iiia size smaller than 1 pm
and e pH of said immunogenic composition is adjusted to about 6.5 to 7.5.
The immunogenic compositions can further include one or more other
wmodulatory agents such as, e. g., interleultins, jotons, or other
cytokines. The immunogenic compositions can also include Gentamicia and
Merthiolate. While the amounts  WO 2007/076520PCT/US2006/062654 can readily
beermined by the skilled artisan, the present invention contemplates
compositions comprising from about 50 pg to about 2000 mg of adjuvant and
preferably about 250 nal ml dose of the vaccine composition. In another
preferred embodiment, the present invention contemplates vaccine
compositions comprising from about Intilml to about 60 ttginil of
antibiotics, and more preferably less than about 30 Aging of antibiotics.
Thus, the present invention also relates to an inummogenic composition that
comprises 1) any of the PCV2 ORF2 proteins described above, prefembly in
concentrations described above, ii) at least. a portion of the e o
expressing said PCV2 ORF2 protein, iii) a portion of the cell culture, iv)
an inactivating agent to inactivate the recombinant viral 10 vector
preferably BEI, and v) an neutr&ization agent to stop the inactivation
mediated by the inactivating agent, preferably sodium thiosulfate.M
equivalent amounts to Bill ') a. suitable adjuvant, preferably Carbopol 971
in amounts described above; vii) a. pharmaceutical acceptable concentration
of a saline buffer, preferably of a phosphate salt, and.viii) an
anti-microbiological active agent; wherein about 90% of the components i)
to iii) have a size smaller than 1 urn.       It has been surprisingly
found, that the immunogenic composition provided herewith comprises was
highly stable over a period of 24 months. it has also been lbund the
immunogenic compositions provided herewith, comprising
recombinant.baculoymis expressed PCV2 ORF2 protein as provided herewith are
very effective in reducing the 20 clinical symptoms associated with PCV2
infections, It has been surprisingly found, that the immunogenic
compositions comprising the recombinant baculovirus expressed PCV2 O'RF2
protein as provided herewith, are more effective than an immunogenic
composition comprising the whole PCV2 virus in an inactivated form, or
isolated viral PCV2 0.12112 antigen. In particular, it has been
surprisingly found, that the recombinant baadovirus expressed PCV2 ORT12
protein is effective is in very low concentrations, which means in
concentrations up to 0.25 pg/dose. This unexpected high. immunogenic
potential of the PCV2 OM protein could be further increased by the addition
of Carbopol.       A fiarther aspect relates to a container comprising at
least one dose of the immunogenic composition of PCV2 ORF2 protein as
provided herewith, wherein one dose comprises at least 2 tg PCV2 ORF2
protein, preferably 2 to 16 ug PCV2 O.RF2 protein. Said container can
comprise from 1 to 250 doses of the immunogenic composition, preferably it
contains 1, 10, 25, 50, 100, 150, 200, or 250 doses of the immunogenic
composition of PCV2 ORfl protein. Preferably, each of the containers
comprising more than one dose of the immunogenic composition of .PCV2
011172 protein further comprises an. anti- 10micmbioloicai. active agent.
Those agents are for example, antibiotics including Genta and Merthiolate
and the Eke, Thuaspect of the present inventionto a containe that comprises
from 1 to 250 doses of the immunogenic composition of PCV2 ORF2 protein,
wherein one dose comprises at least 2'V2 ORF2 protein, and Gentamic
Meratiolate" preferably from about 1 gglini to about 60 pg/m1 of
antibiotics, and. More 15preferably less than about $0 pi/mt.       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 least one dose of the immunogenic
composition of PCV2 ORF2 protein into piglets to lessen the severity of
clinical symptoms associated with PCV2 infection. Moreover, according to a
20 further aspect; said instruction manual comprises the information of a
second or further adir Mistration(s) of at least one dose of the
immunogenic composition of PCV2 ORF2, wherein the second administration or
any further administration is at least 14 days beyond the initial or any
former administration. Preferably, said instruction manual also includes
the 



nation, administer an immune stimulant. Preferably, said immune stimulant
shall be  WO 2007/076520PCT/US2006/062654 preferably at least 7 days are
between the first and the second or any further administration of le
stimulant. Preferably, the immune stimulant is given at least 10 days,
preferably            preferably 20, and still even more preferably at
least 22 days beyond the initial administration the nminogenic composition
of PCV2 ORE? protein. A preferred immune stimutant is forple is keyhole
limpet hemocyanin (KU'), preferably emulsified with incomplete Freund's
adjuvant (KLHACFA). However, it is herewith understood, that any other
immune stimulant known to a person skilled in the art can also be used. "In
stimulant' as used herein, means any acomposition that can trigger a
general imm response. preferablywithout initiating or increasing a specific
immune response, for example 10 the immune response against a specific
pathogen. it is further instructed to administer the immune stimulant in a
suitable dose, Moreover, the kit ma alsocomprise a container, including at
least one dose of the immune stimulant, preferably one dose of KLEL or
KLHilCF A. Moreover, it has also been surprisingly found that the
immunogenic potential of the 15 immunogenic compositions comprising
recombinant baculo irus expressed PCV2 ORF2 protein, preferably in
combination with Carbopol, can be further enhanced by the administration of
the IngelVac PRRS MLV vaccine (see Example 5). PC,V2 clinical signs and
disease n ations are areatly magnified when PRRS infection is present.
However. the immunogenic compositions and vaccination strategies as
provided herewith lessened this effect greatly, and more than expected. In
other words, an unexpected, synergistic effect was observed when animals,
preferably pies are treated with any of the PCV2 0:RF2 immunogenic
compositions, as provided herewith, and the thgelvac PARS .MLAT vaccine (Bo
tin ger Ingelheim).              Thus, a further aspect of the present
invention relates to the kit as des bed above, 25comprising the immunogenic
composition of PCV2 ORF2 as provided. herewith and the  mstruction manual.
wherein the instilfurther includes the information to administer the PCV2
0121'2 immunogeni ompos on 'together, or around the same time as, with an
immunogenic composition that comprises PRRS antigen, preferably adjuvanted
PRRS antigen. Preferably, the MRS antigen is IngelVact MRS MIN (Boehringer
5ingelheint).       A further aspect of the present invention also relates
to a kit: comprising 0 a container containing at least one dose of an
itnnnmogenic composition of PCV2 ORF2 as provided herewith, and a container
containing an immunogenic composition comprising PRRS antigen, preferably
adjuvanted PRRS antigen. Preferably the MRS antigen is IngelVarttki PRRS
MiaV (Boehringer Ingetheim). More preferably, the kit further comprises an
ii manual, including the information to administer both pharmaceutical
compositions. Preferably, it contains the information that the PCV2 ORF2
containing composition is administered temporally prior to the PRRS
containing composition. A further aspect, relates to the use of any of the
compositions provided herewith as a '15  medicament, preferably as a
veterinary medicament, even. more preferably as a vaccine. Moreover, the
present invention also relates to the use of any of the compositions
described herein, for the preparation medicament for lessening the seventy
of clinical symptoms associated with 'PO12 infection. Preferably, the
medicament is for the prevention of a PCV2 infection, even more preferably
in piglets. 20A further aspect relates to a. method for (i) the prevention
of an infection, or re- infection with PC.V2 or (ii) the reduction or
elimination of clinical symptoms caused by PCV2 in a subject. comprising
administering any of the immunogenic compositions provided herewith to a
subject in need thereof Preferably, the subject is a pig. Preferably, the
immunogenic composition is administered intramuscularly. Preferably, one
dose or two doses of the immunogenic comp 'o .e administered,n one ose
preferably comprises 60  WO 2007/076520PCT/US2006/062654 at least about 2
jig PCV2 O.RF2 protein even more preferably about 2 to about 16 pg, and at
least about 0,1 to about 5 me earbopol, preferably about 1 mg Carbopol. A
further aspect s to the method of treatment as described above, wherein a
second application of the unogcnic composition is administered. Preferably,
the second administration is done o with the same inununogenic composition,
preferably having the same amount of PCIV2 ORF2. protein. Preferably the
second administration, is also given intramuscularly. Preferably, the
second administration is done at least 14 days beyond the initial
administration, even more preferably at least 4 weeks beyond the initial
administration, 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 $ days, even more preferably at least 7 days are between the first
and the second adminisuation of the immune     rably. the /nut-lune
stimulant is administered at least 10 days, preferably 15, even more
preforab)still more preferably at least 22 days beyond the initial
administration, of the 15PCAP2 0RF2 immunogenic composition. A. preferred
immune stimulant is for example is keyhole limpet hemocy (UR), still
preferably emulsified with incomplete Freund's adjuvant (KLRIICFA),
However, it is herewith understood, that any other immune stimulant known
to a person skilled in the art can also be used. It is within the amoral
knowledge of a person skilled in the art to administer the immune stimulant
in. a suitable dose.       According to a further aspect, the method of
treatments described above also comprises the administration of PRRS
antigen. Preferably the PRRS antigen is ineelVaca: PRRS MLV (Boehringer
ingelheim). Preferably, said PRRS antigen is administered temporally beyond
the administration of the immunogenic composition of PCIV2 protein.
According lo a further aspect, the present invention provides a multivalent
combinati&n vaccine which includes an immunological agent effective for
ducing the          or lessening the severity of PCV2 infection, and at
least one immunogenic active component against another disease-causing
organism in swine 5in artictilar the immunological agent effective for
reducing the incidence of or lessening the severity of PCV2 infection is a
PCV2 antigen. Preferably, said PCV2 antigen is a PCV2 ORF2 protein as
provided herewith, or any immunogenic composition as described above, that
comprises PCV2 ORF2 protein. However it is herewith understood, that a
PC-V2 =Mien alsoany 10composition of matter that comprises at least one
antigen that can induce, enhance the immune response agaimt PCV2 infection,
when administered to a Preferably, said. PCV2 antigen is the whole PCV2
virus, prefenibly in an mactivated form, a life modified or attenuated PCV2
virus a chimeric virus hat comprises at least an immunogenic amino acid
sequence of PCV2, any other polypeptide or component that US  comprises at
least an immunogenic amino acid sequence of PCV2. The terms "immunogenic
proteir 'immunogenic polypeptide" or "immunogenic amino acid sequence" as
used herein refer to any amino acid sequence which elicits an immune
response in a host against a pathogen comprising said immunogenic protein,
immunogenic potypeptide or immunogenic amino acid sequence. An"immunogenic
protein", "immunogenic polypeptide" or 20  "immunogenic amino acid
sequence" as used herein, includes the lath-length sequence of any
proteins, analogs thereof; or immunogenic fragments thereof By "immunogenic
fragment" 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 epitope
mapping techniques, well known in the art. See, e.g., Epitope 25Mapping
Protocols in Methods in Molecular Biology, Vol, 66 (Cileim B. Morris, Ed..;
1996)  WO 2007/076520PCT/US2006/062654 es; Totowa New Jersey. ForPepitopes
maylined by e.g., concurrently synthesizing lane numbers of peptides on
solid supports, the peptides corresponding to portions of the protein
molecule, and reacting the peptides with antibodies while the peptides are
still attached to the supports. Such techniques are known in the art and 5
described in, e.g., U.S. Patent No. 4,708,871; Geyser} et al. (1984) Proc.
Nati, Acad. Sci. USA 8139984002; Geysen ci al. (1986) Malec, Inimunol.
23:709-715. Similarly, conformational epitopes are readily identified by
determining spatial conformation of amino acids such as by, eg."s-ray
crystallography mid2-dimensional nuclear magnetic resonance. See, e.g..
Fpitope Mapping Protocols, supra. Synthetic antigens are also included
within the 10  definition, for example, polyepitopes, flanking epitopes,
and other recombinant or synthetically derived antigens. See, e.g.,
Bergmann et al. (1993) Eta. J. Immunol. 23:2777- 2781; Bergmann et al,
(1996.) J. Immunol, 157;3242-3249; Suhrbier, '1997), limnunot and Cell
Biol. 75;402-408, Gardner et al. (1993) 12th World AIDS Co Switzerland,
June 28-July 3, 1998. 15According to further embodiment, said PCV-2
antigen. is Inalevac40 CircoFLEX.tm, (Boehrinuer Ingelbeitn Vennedica Inc,
St Joseph, MO, USA), CircoVaal (Medal SAS, Lyon, France), CircoVent
(intervet Inc., Millsboro, DE, USA), or Suyaxyn PCV-2 One Doset (Fort Dodge
Animal Health, Kansas City, KA, USA). An "immunological or immune ee" to a
composition or vaccine is the 20development in the host of a cellular and/
or antibody-mediated immune response to the composition or vaccine of
interest Usually, an "immune response" includes hut is not limited to one
or more of the i7ollowing effects: the production or activation of
antibodies, B helper T cells, suppressor T cells, and/or cytotoxic T Cells
and/or yd T cells, directed specifically to an antigen or antigens included
in the composition or vaccine of interest, 25Preferably, 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 the symptoms associated with
host infections as described above, Preferably the other disease-causing
organism in swine is selected from the group 5consisting.Actinobacillus
pleuropnetunonia (1); Adenovirus (2); Alphavirus such as Eastern equine
encephalomyelitis viruses (3); Bordetella bronchiseptica (4); Brachyspira
spp. (5), preferably B. hyodyentheriae (6); B. piosicoli (7), Brucella.
suis, preferably biovars 1.2. and 3 (8); Clasical swine fever virus (9);
Clostridium spp. (10), preferably Cl. difficile (11), Cl. perfringens types
A. 13, and C (12), C1 novyi (13), aseptic= (14): CI. tetani (15);
Corona:virus (16), preferably Porcine Respiratory Corona virus (17);
Eperythroznono (1S);Erysipelothrix rhsiopathia (19) Escherichia coli (20);
Haemophilus parasuis, preferably subtypes 1, 7 and 1.4 (21)
Hernagglutinating encephalomyelitis virus Japanese Encephalitis
VirusLawsonia intracellularls(24) Leptospira spp. (25), pielembly
Leptospira australis (26); Leptospira. canicola (27); Leptospira
grippotyphosa 15(28); Leptospira icterohaem zhagicite (29); and Leptospira
imerrogans (3Leptospira pomo p ospim tarassovi (32); Mycobacterium spp.
(33) preferably M. avium (34), M. intracelhilare (35) and .M.bovis (36);
Mycoplasma hyopneumordae (M hyo) (37) Pasteurella mullocida (38); Porcine
cytomegalovirus (39); Porcine Parvovirus (40); Porcine Reproductive and.
Respiratory Syndrome (PRRS) Virus (41) Pseudorabies virus (42); 20
Rolavirus (43): Salmonella spp. (44), preferably S. thyhimurium (45) and S.
tholeraesuis (46); Staph, hymns (47); Staphylococcus spp. (48) preferably
Streptococcus spp. (49), preferably Strep. snis (50); S-wine herpes virus
(51); Swine influenza. Virus (52); Swine pox rims (53); Swine pox virus
(54); Vesicular stomatitis virus (55); Virus of vesicular exanthema of
swine (56); Leptospira Haute (57); and/or Mycoplasma hyosynoviae (58).  WO
20071076520PCT/US2006/062654      Any reference made in connection with a
swine pathogen in the following can be made by naming the patimgen, for
example M.hyo, or by making reference- to the number in . ind the pathogen,
that is found above. For example reference to M. hyo can be made by M.hyo
or by (37).      Thus, the present invention relates to a combination
vaccine for the treatment and for prophylaxis of swine, that includes an
immunological agent effective for reducing the incidence of or lessening
the severity of PCV2 infection, preferably a PCV2 antigen, and further an
immunological active component: effective for the treatment and/or
prophylaxis of 10 infections caused by any of the swine pathogens (IT),
(12), (13), (14), (15), (16), (17), (18), (28), (29), (30), (31), (32),
(33), (34), (35), , (47), (48), (49), (50), (50, (52),     (1), (2), (3),
(4), (5), (6), (7), (8), (9), (10), (19), (20), (21), (22), (23), (24),
(25), (26), (27), (36), (37), (38), (39), (40), (41), (42), (43), (44),
(53), (54), (55), (56), (57) and/or (58), or is an     miogical active
component of said swine pathogen(s). 'combo 11. An "immunological active
coraponccl hereinmeans a component that induces or stimulates the response
in an 1 to which said component is administered., According to a preferred
embodiment, said immune response is directed to said component or to a
microorganism comprising said component. According to a further preferred
embodiment, the immunological active component is an attenuated
microorganism, including modified live virus (MEN), a killed-microorganism
or at least an. immunological 20active pact of a microorganism.
"Immunological active part of a inicroOrganisa as used herein sugar-, and
or giveoprotein containing fraction of a microorganism th& comprisesone 



antigen -that induces or stiffailates the-es onse in an animal to which
said component is administered. According to a preferred embodiment, said
immune response is  WO 2007/076520PCT/US2006/062654        to said
immunological active part of a. microorganism or to a microorganism CO
prising saidmnoloaitsal active part.      Preferably the further
immunological active component of [tom.bo tj is effective for the treatment
and/or prophylaxis of infections caused by the swine pathogen (41) or is an
immunological active component of the swine pathogen (41).       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 pathogen 7. or is an immunological active component of the swine
pa       According to another aspect, the further immunological active
component of Fe ho 1) is effective for the treatment and/or prophylaxis of
infections caused by the swine pathogen (1) or is an immunological eats
omponent of the swine pathogen (1). According to another aspectfurther
immunological active component of [combo ills effective for the
treatment/or prophylaxis of infections caused by the swine pathogen (7) o.r
is an inimtmo)ogwal active component of the swine pathogen (7). 15
According to another aspect, the further immunological mponent of [combo Ij
is effective for the ueattnent and/or prophylaxis of infections caused by
the swine pathogen (24) or is an immunological ctive 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 pathogen (38) or is an
immunological active component of the swine pathogen (38).       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 pathogen (21) or is an immunological active component of the
swine pathogen (21).        According to another aspect, the further
immunological active component of [combo I) is effective for the treatment
and/or prophylaxis 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 [combo 11
is effective for the treatment and/or prophylaxis of infections caused by
the swine pathogen (2) or is an ii immological active component of the
swine pathogen (2),       According to another aspect, the further
immunological active component of (combo 11 is effective for the
treatmentand/or prophylaxis of infections caused by the swine pathogen (44)
or is an immunological active component of the le pathogen (44). 10
According to another aspect, the further immunological active component of
[combo 11 is effective for the treatment and/or roplwlaxis of infections
caused by the swine pathogen (50) or is an immunological active component
of the swine pathogen (501.       According to another aspect, the further
immunological active component of [combo I] is effective for the treatment
and/or prophylaxis of infections caused by the swine pathogen (19),
preferably (20) and/or (21) or is an immunological active component of the
swine pathogen (19), preferably (20) and/or (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  immunological active component, of the ine pathogen (22). another
aspect, the furtherogical active component of for the treatment and/or
prophylaxis of infections caused by the swine  pathogens (41) and (37), or
is a (41) and (37).       According to at [combo l is effective th
immunological active component of the swine pathogens  WO
2007/1176520PC171182006/062654 



pathogens ) and (41), or is an lin.= ologicat active component of the swine
pathogens (1) and (41). 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 pathogens (1) and
(37), or is an immunological active component of the swine pathogens (1)
and (37). According to another aspect, the furtheroactive component of
[combo ills effective or the treatment and/or prophyJaxis of infections
caused by the swine pathogens, (1) (41) and (37), or is an immunological
active. component of the swine 10pathogens), (1), (41) and (37). In a.
preferred form, this combination is adjusamted with Carbopol. According to
another aspect the further inununoiogicai active component of [combo If is
effective for the treatment and/or prophylaxis of micenons caused by the
swine pathogens (1) and (21), or is an inununological active component of
the swine pathogens (1) 15and (21). According to another aspect, the
further immunological active compot [combo 11 is effective for the
treatmentand/or prophylaxis oi infections caused by the. swine pathogens
(21) and (41), or is an inunundlogical active component of the swine
pathogens (21) and (41). According to another aspect: the further
immunological active component [combo I] is effective. for the treatment
and/or prophylaxis of infections caused by the swine pathogens (21) and
(37), or is an immuncilogical active component of the swine pathogens (21)
and (37). Accordinganother aspect, the further Immunological active
component of 'combo ills effective for the treatment and/or prophylaxis of
infections caused by the stvine  WO 2007/076520PCT/US2006/062654 pathogens
(21) and (38), or is an immunological active component of the swine
pathogens (21) and (38). According to another aspect, the further
immunological active component of       'combo 11 is effective for the
treatment andior prophylaxis of infections caused by the swine 5pathogens
(7) and (19), or is an immunological active component of the swine
pathogens (7) 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 pathogens (38) and (33),
preferably (34), (35) and/or (36), or is an immunological active component
of the swine pathogen8) and (33) preferably (34), (35) and/or (36). 



According to another aspect, the further i logical active compo.nent of
]combo 1.1 is effective for the treatment and/or prophylaxis of infections
caused lw .the swifie pathogens (49), preferably (50), and (21), or is an
inimunolog,ical active component of the swine path.ogens (49) preferably
(50), 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 pathogens (49) preferably
(50), (20) and (21), Or is an immunological active component of the swine
pathogens (49) preferably (50), (20) and (21). 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
pathogens (49) preferably (50), (20) and (21), or is an immunological
active component of the swine pathogens (49) preferably (5()), (20) and
(21). According to another aspect, the further immunological active
component of [combo 11 is effeclive for the treatment and/or prophylaxis
(vf.LntectJons caused by the swine  WO 2007/076520PCT/US2006/062654
pathogens (49), preferably (50), (20), (38) and (21), or is an
immunological active c p ent of the swine pathogens (49), preferably (50),
(20), (M)       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 pathogens (49) preferably
(50), (20), (33) and (21), or is an immunological active component of the
swine pathogens (49) preferably (50), (20) (33) an According to another
aspect, the further immunologicalcomponent of  combo 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 component of the swine pathogens (49), preferably (30\
(20), (38), (33) and (21).       According to another aspect, the further
immunological active component of [combo 1.1 is effective for the treatment
andlor prophy1sis of infections caused by the swine pathogens (41), (40), a
9), orimmunological active component of the swine pathogens (41), (40), and
(19). 13According to another aspect, the further immunological active
component of [combo I I is effective for the treatment and/or prophylaxis
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
[combo 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 the swine pathogens (38), (4), (21) and
(19).       According to another aspect, the further immunological active
conwonent of [combo 11 is effective for the treatment and/or prophylaxis of
infections caused by the swine pathogens (20), preferably,(20), (31) and
(38), or is an inununological active component of  WO
2007/076520PCT/U8206/062654 the swine pathogens (20), (31), (38).
According to another aspect, the further imotunotogical active component of
[co 'be 11 is effective for the treatment and/or prophylaxis of infections
caused by the swine pathogens (5), preferably, (5) and (24), or is an
immunological active component of the pathogens (5), and (24).
According to another aspect, the further immunological active component of
[combo lj is ettective for the treatment and/or prophylaxis of infections
caused by the swine pathogens (I), preferably, (I), and (5), or is an
uuimunological active component of the xi. '1 pathogens (1), and (5).
10According to another aspect, the further immunological active component
of [combo 



11 is effective for the treatment and/or prophy taxis of infections caused
by the swifle pathogens (41), preferably, (40), (27), (23), (29), (30,
(1.9) and (59), or is an immunological active component of the swine
pathogens (41), (40), (27), (28), (29), (31), (19) and (57). According to
another aspect, the farther immunological active component of [combo 15  11
is effective for the treatment and/or prophylaxis of infections caused by
the swine pathogens (6), preferably, (6), (1.9), (38) and (58) or is an imm
tolovical active component of the swine pathogens (1), and. (5). According
to further aspect, the further immunological active component of the
combination vaccine is selected from the group consisting En tisolffi)
Ileitis, EnterisolV 20Ileitis FE, Enterisel(r) SC-54, Enterisolli SC-54 PP,
EnterisolltO ERY-ALC, Ingelvace APP ALC, Meetvac(r) A114, Ingelvact HP-1,
Ingelva HPE-1, Ineelvadt M. hyo, PRRS MLV, Ingelvact PR.RS ATP, ingelvact
PRV-G1, Re.procycO PRRS PLE, Reprocya1 PLE, Tetguare, Toxivaa All+E,
Toxivaelb Plus Parsius, (all of Baelwinger gelheim, St. Joseph, MO, USA);
Circovent, Per *s Coil. Porailis ERYPARVO,  WO 2007/076520PCT/US2006/062654
Porcitis Ery, orcilis Glasser, Porcilis Parvo, Porcili, Powell DR, Porcilis
APP, Pot& ART, Parcilis AR-T DE, Porcilis Porcoli, Porcifis Porcoli Diluvac
forte Porcilis PRRS, Pottilis Porcol 5, Porcilis Aujeszky, Porcilis Begonia
Diluvac, Porcilis Begonia I.D.A.L., Porcilis Begonia Unisole, Porcilis M.
hyo, Porcilis Atrinord, Myco Silencer(r) BPM, Myco Silencer(r)      , Myco
Silencer' ME, Myco Silencer(r) M, Myco Silencer(r) Once, Myco Silencer(r)
MEET, Rbinogent BPE, Rhinogent CIE 5000, Rhinogew(r) USE, Scot; Sow Bac(r)
E 11, Sow Bac(r) CE U, Sow Bac(r) TREC, ProSystetn(r) CE, ProSystem(r) RCE,
PmSystem(r) IREC, ProSystem(r) Pinwale, ProSysteinct Rotainune(r) with
Imugan(r) II, ProSystena Rota, ProSystera) Rolamune KV, ProSystenit
IG-Emune(r) Rota with Intuganc(r) 10  ProSysteS TGE/Rota, ProSystern(r)
TO-Ernune(r) with lintaient, ProSysteint TOE, IMaGESTIC 7, MaGESTIC 8,
MaGESTicw with Spur(r), MaGESTic(r) 7 with Spur(r), MaGESTic(r) S with Spu
End-FLUencet with linugent II. End-FLUence(r) 2, PRRomiSEV, PRV-Begonia
with. Dll unto Forte(r), Arp,usi(r) SC/ST, Strep Bat, Strep Bad(r) with
kungen(r) Ii, Cotisorb, Heptavac, Lambivac, Porcovac phis, Erysorb Parvo
all of 1:5  Into Net Inc., :Millsboro, DE, USA); Hyoresp, Circovac,
Neocolipar, Parvoruy c, Pamsuin, Progessis, Viraflu, Akipor 6,3, ',testier
al-, Jesflu gl- (all of Merin' LTD, Duluth, GA); ER BAC' PLUS, ER BAC(r),
ER BAC PLUSILEPTOPERM-5' ,R BAC(r) Leptothrm-51(r), Farrowsure(r), Farrows
B, FARROWSURE PLUS B, FARROWSURE' PLUS, FARROWSURE(r) PRV, EARROWSURE
B-PRV, FLUSUREIm, FLUSURETM RTU, ELUSURETh /ER BACt PLUS, .FLUSUREThIER.BAC
PLus(r), ELUSURErmfRESPISURE', FLUSURF,INVRESPISURE' RTU,
FLUSURETNVRESPISURE-ONE'/ER BAC, PLUS, FLUSUREGIRespiSure I NEWER BAC
Plus(r), FLUSURETNI/RESPISURE ONE'. FLUSUREDIRESPISURE I. ONE(r),
FLUSUREFarrowsure Plus, FLUSURE/Farrowsure Plus B LITTERGUARD' LT-C,
LITTERGUARD, LT, PleuroGuare 4, Pneumosuis  WO 20071076520PCT/US2006/062654
Stellarnune One. Stelinnuine Lino. SteIlanione Once, Ste'la/mune Mono,
Stellamone Mycoplama, Respisum One, Respisure11, Respisure I ONE011k,
Respisure 1 OneVER Bac Enduracell T; Zylexis (fOrmerly known as Bay
parnurie), AtrobTatnitt, BratiVacV-B,
Leptolerm-5.',ParvoSeac@ILeploterru-541),PR-Vaca PR- 5 Vac Plus" Oil of
Pfizer Inc, New York, NY, USA); Suvaxy S uvaxyn RespiFendV MB waxyn
Mycoplasma; Suvaxyn Aujeszky Bartha + Diluent, Suvaxyn Auieszky Bartha olw,
Suvaxyn Aujeszky-Ilu, Suvaxyn Aujesiky 783  ofw, Suvaxyn fry, Suvaxyn Mu,
Suvaxyn M.hyo, Suvaxyn M1-1-One, Suvaxyn Parvo ST, Suvaxyn Pant/B, Suv
RespiFermkk APP, Suvaxyn RespiFencit 11.PS, Stivaxym .RespiFend41) MUMPS,
10Suvaxyn RespiPerMtgi MK, Stivaxynt/ ARIT/E, Suvaxtynt11 EC-4, Suv.E,
Suv(111-E, SuvWP &oral, Suvaxyntk ?LE, Sus,/PN gpi-, Suva.LE4B, Suv
PLESuvaxyn& PLEB/PN gpt-, Suvaxynt SW, Suvavrizt STY/Mb-one, Stwaxyrt4C P.
Suvnyn PN gpl-, Suvaxynt PCV-2 One Shoe (all of Fort Dodge Animal Health,
Overland Park, KS, USA (Wyeth);SCOURNIUNEg, SCOURMUNEVC 15 SCOURMUNEO-CR;
AR-PA011,1:41D+Eft, AR-PARAPAMtER, Muir/gem/ MPACV, MaxNac Exce1111)3,
MaxiVact HINT, MaxiVaa H3N2, MaxiVacg-FLU, MaxiVact-M+, MaxiVac Exce11.4.,
MaxiVac Excel 3, PARAPACt, PNEU PAC(r), PNED PACit))-ER, PNEU P.A,CigER,
PRY/Marker Gold, PRY/Marker Ooldt, PRY/Marker Goltil1i-Maxi Vac(r) FLU,
RhusigenTM, Gletvax 6, Covexin 8, M + PAC, Gletvax plus, M- 20 ParapactSS
PAC( (all of ScherngPlough Animal Health Corporation, Kenilworth, NJ, USA);
AMERVAC-PRRS"AUSICIPRA-BIc AUSKIPRA-GN, COL:ISM-EL, COLISUIN-TP,
ERYSIPRAVAC, GR1PORK, HIPRASUIS-GLASSER" MYPRAVAC SUIS, NEUN1OSUIN,
PARVOSUIN, PARVOSUIN-MR, PARVOSUIN-NIR/AD, RINIPRAVAC-DT, SUIPRANIAC-PRRS,
SUTPRAVAC-RC, TOMPRA PLUS (all of  WO 2007/076520PCT/US2006/062654
Laboratories Hipra SA., Amer, Girona, Spain); Ciostricol, Coliporc Plus.
Haeppovac, Per-C-Porc, Porciparvac, RESPIPORC ART + EP, RESPIPORC FLU,
Respiporc M. BYO I SHOT, Rhusiovac, Rotlauf-LebendimpliitulT, SitImoporc,
Suisaloral, AK-vac MK35 (all of EDT Impfstoffwerk DessaTornan, Tolman,
Germany); Mypravac Suis, (Albrecht GmbH, Germany); Haemo Shield(r) P.
Parapteuro Shield(r) I. Parapleuro Shieldt P-EBE, Rhinicellt 



Rhini Shield"m 13(4, Piefarrow Shield(r) 9, Prefarrow Strep Shield(r),
Clostratoxt BCD, Clostratoxe C, Clostratox(r) Ultra C 1300, Porcine
Ecolizert 3 + C. Porcine Pili Shield IMf C. Porcine NH Shield 'Porcine
Ecolinot 3, En Serumr'Try ShieleTry Vac Oral, En' Shield." -4-L5, PanSTAR1
Exy. EryceleTzu-vo Shield(r) E, Panto Shield(r) L.5E, Parvo 10  Shield(r)
1,5, Panto Shield(r), Para Shield(r) Pnetu toSTAR SW, Pne noSTART" Myco,
Lepto Shieldmi 5, MYco Shielce!Sahn.o Shield(r) 2, Salmo Shield(r) Live,
Amitox TeffC, Perfincens Type A Toxoid fall of Novartis Animal Health,
Basel, Switzerland); Nitro-Sal (Akre); or any antigen which in included in
the compositions described above, Alternatively, when PCV2 antigen is
already present in any of those vaccines, as described herein. is added to
any of' those compostionsiantigens, or (ii) the PCV2 antigen tose vaccines
is replaced by the PCV2 anten, as described herein.       According to
further aspect, the further immunological active component of the
combination vaccine is selected from the group consisting Enterisolt
Ileitis, Enterisolt Ileitis FE, Enterisollb SC-54, Enterisol(r) SC-54 FE,
Enterisolt Ingelvac(r) APP ao ALC, Ingelvact AR4, ingelvacilb HP-1,
ingelvact EIPE-1, Incelva Ingelvaci(r) ERRS MIN, Ingelvac(r) MRS ATP,
Ingelvac(r) PRV-G1, Reptocyct(r) PRRS PLY, Reprocvc(r) PLE, Terguardmi,
Toxivacti AD+E, Taxi vac(r) Plus Pardus, (all of Boehringer Ingelbeitn, St.
Joseph, MO, USA); Circovent, Porcilis Coll, Pore& Eln7 PARVO, Porcilis Ery,
Porcilis Glasser, Porcilis Pant, Porcilis Porcoli DP, Parcilis APP,
Porcilis AR-  WO 2007/076520PCT/US2006/062654 T, Parciiis AR-T DE, Porcilis
Porcoli, Porcilis Porcoli Diluvac Lone, Porcilis PRRS, Portals Portal 5,
Porcilis Aujeszky, Porcilis Begonia Diluvac, Prircilis Begonia WA, L.,
Porcilis Begonia Unisole, Porcilis M. hyo, Poroilis Atrinord, My co
Silencer& BPM, Myco Silencer(r) BPME, Myco Silencer& ME, Myco Silencer& M.
,Myco Silencer(r) Once, Myco Silencer(r) MEI-I, Rhinogen& SPE, Ithinogent
GTE 5000, Rhinogent CTSE, Score, Sow Bac(r) E IL Sow Bac(r) CE IL Sow
Bac(r) `MEC, ProSysternt CE, ProSystemt RCE, ProSystemt TREC" ProSystemt
Pillmunet ProSystem(r) Rotiumine&i with Imugan(r) 11, ProSystemt Rota,
ProSvstemit Rotamune KV, ProSystem(r) TO-ErmanRota tyitb ImunanCib II,
ProSysternit TOE/Rota, ProSystem(r) TO-Ermine& with IMOProSysternt TOE,
10MaGESTIC 7, MaGESTIC 8, MaGESTiem with Spur(r), MaGESTiot 7 with Spurt,
hilaGESTicit /I with Spurt End-FLUencct with Imam(r) U, Find-FLUencet 2,
PRRomiSE(r), PRV-Begonia with 1311-twa ortet, Argus(r) SC/ST, Strep Bac,
Strep Bac(r) with hmigent El, Colisorb, Flepravac, L arolirvac, Porcovac
plus, Erysorb Partin all of Intervet Inc., Millsboro, :DE, USA); Myra- p,
Circovac, Neocolipor, Parvoruvac, Parvosuin, 15Progressis, Viraflu. Akipor
6.3, SespurSesflu.(all or Merial LTD, Duluth, GA); ER BACs PLUS, ER BACt,
ER BA& PLUSILEPTOFERM-ii s' ER BAGS :Leptofermr5S, Farrow:Aire(r),
Parrowsure(r) B. PARI2OWSUREs PLUS B. PARROWSUREs PLUS, FARROWSURE(r) PRY,
FARROWSUR:E B-PRY, FLUSURE,T", FLUSURETm BTU, FLUSUREtWER BACs PLUS;
FLUSUREThIER BAG PLusit FLUSUREIWRESPISURE., FLUSUREINRESPISUREs RTU,
FLUSUREIWRESPISURE,-ONEs/ER BACs PLUS, FLUSL3REO/RespiSure I ONEVER RAC
Plus(r), FLUSUREINRESPISURE ONE", FLUSUREDRESPISURE 1 ONE(r),
FLUSURE/Farrowsure Plus, FLUSUREIFarrowsure Plus B. LI'l CERGUARD's LT-C,
LMERGUARDs LT, PleuroGuare 4, Pneumosuis Stellamtine One, Stellarnune IJno,
Stellamune Once, Stellamune Mono, Stellamune  WO
2007/076520PCT/US2006/062654 Mycop1asnat, Respisure One, Respisztrot,
Respisure 1 ONE Respisure 1 One(r)/Ell Bac Plus(r), EnduracellZylexis
(formerly known as 13aypatnutte),. Atrobac(r) 3, Bratiliacig.),
Bratilvae(r)-13". Leptofenu-SaYarvo-Vac(r)/LeptoferPR-Vac(r)4Kil1ed,
PR-Vac, PR- Vac Plus (all of Pfizer Enc., New York, NY, USA); Suvaxyn MH
One. Suvaxyn RespiFend(r) MR, Suvatyn Mycopl.asma, Suvaxya Attjeszky Bartha
+ Diluent, Suvacyn Auteszky:BarthaSuvaxyn Aujeszky-Flu, Suva:syn. Aujeszky
783+ o/w Suvaxyn Ery, Suvasyn Flu Suvaxyn M.hyo, Suvaxyn MH-One, Suvaxyn 1
1NO. ST, Suvaxyn Parve/E, Suvaxyn RespiFend(r) APP, Suvaxyn RespiFend(r)
UPS, Suvaxyn RespiFend(r) Suvaxyn Respifendat ME], Sutraxynt AIME,
Suvaxyrrt EC-4, Suvaxyrtai)E, Suvaxyn(r)-E, 10Suvaxyn Eoral, Suva411
PLEIPrV gpl-, Suv,E113, Suvaxyut       B, Suvaxynt PLE+BIEW gpl-, Suvasyne
SlY. Suvaxya(r) S1V/Mh-ot e, S xvn(r) P, Siftaxyn(r) PIN gpl-, Suvaxynt
PCV-2 One Shot (all of Fort Dodge Animal Health, Overland Park, KS, USA
(Wyeth); SCOURMUNE11), SCOURMUNEV-C, SCOURMUNE(r)-CR, AR-PACt-PDEER,
AR-PARAPAC4+ER, 1v1+ Ithusigent, 15M+PACti11, Maxillae Exce1140,
Maxillae(r) ERNI, Maxillae(r) H3N2., MaxiVaet-FLU, MaxiVac Excell(r)
MaxiVac Excell 3, PARAPAC(r) PNEU PAC(r), PNEU PACC31-ER, PNEU PACIAl*ER,
PRAT3.1arker Gold(r) PRWMarker Gold(r) PRY/Matter Gold(r)-Maxi.Vac(r) FLU,
RhusigenTm, Germ( 6, Covexin 8, M + PAC, Getvax plus, M- Parapac7SS PAC(r)
(all of Schering-Plough Animal Health Corporation, 'Kenilworth, 20NJ, USA):
AMERVAC-PERS, AUSK1PRA-BK. AUSKIPRA-GN, COLISU1N-CL, 



COLISUIN-TP, ERYSIPRAVAC, OR1PORK, HIPRASUIS-GLASSER, NWPR.AVAC NEUMOSUIN,
PARVOSU1N, PARVOSUIN-MR, PARVOSUIN-MPJAD, NNW AVAC-DT, SUIPRAVAC-PBRS,
SUIPRAVAC-RC, TOXIMA PLUS (all of Laboratorios Hipra S.A., Amer, Girona,
Spain); Clostricol, Coliporc Plus, Haeppovac,  WO
2007/076520PCT/US2006/062654 Per-C-Pore, Porciparvac, .RESPIPORC ART + EP,
RESPIPO.RC FLU, Respiparc M. BYO 1 SHOT, Rhusiovac,
:Rotlauf-Lebendimpfstoll, Salmoporc, Suisatora, AK-vac MK35 (all of IDT
Imptstoffwerk DessaTornan, Tornat , Germany): Mypravac Suis, (Albrecht
GmbH, Germany); Haemo Shield(r) P, Parapleuro Shieldg P. Parapieuro
Shield(r) P+BE, Rhinicell(r) ED, Rhini Shieldrm TX4, Prefarrow Shield(r) 9,
Prefarrow Strep Shield(r), Clostratext BCD, Clostratox(r) C. Closuntoxli
Ultra C 1300, Porcine Ecolizert 3 C. Porcine Pill Shield Porcine Hi Shield
,Porcin EcolizeEn' Serum7,Ery ShieldTEry Vac Oral, Ery Shieldm +1.6,
PanSTARINT Er,,o Shield(r) E, Parvo Shield(r) L/0 Shield(r) L5, Parvo
Shielcr Pant Shield(r), PnemnoSTAR 51V, P.neemoSTARTm 10Lepto Shiele 5,
Myco Shieldt5almo Shield(r) 2, Salm Shield(r) Live, Anita% TeleNX1
Pertingens Type A Toxoid (all of Novadis Animal Health, Basel,
Switzerland); Nit (Akro); or any antigen which in included in the
compositions described above. Altema when PCV2 antigenalready present in
any of those vaccines (i) PCV2 antigen, as described herein, is added to
any of those compostionst igens or (ii) the P 15present in y of those
vaccines is replaced by the PCV2 antigen, as described herein. Formulations
An important aped t of the present invention is the prepamtho.n of the
combination vaccine(s), The skilled person knows additional components
which may be comprised in said 20composition (see also Remington's
Pharmaceutical Sciences. (1990). 18th ed. Mack 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 solutions, such as e.g saline or corresponding plasma
protein solutions, are readily available. The pharmaceutical compositions
may be present as lyophylisates or thy preparations, which  WO
2007/076520PCT/US2006/062654 can be tconst.ituted with a known. injectable
solution, directly before use under sterile conditions, e.g. as a kit of
parts.      In addition, the immunogenic and vaccine :impositions of the
present inventiOfl can include one or more veterinary-acceptable carriers.
As used herein," eterinary-accepta.ble carrierincludes any and all
solvents, dispersion media, coatings, adjuvants, stabilizing agents,
diluents, preservatives, antibacterial and antifungal agents, isotonic
agents, adsorption delaying agents, and the like.      Diluents can.
include water, saline, dextrose, ethanol, glycerol, and the like Isotonic
agents can include sodium chloride, dextrose, mannitol, sorbitol, and
lactose, among others. Stabilizers include albumin and alkali salts of
ethylendiami.ntetracetic acid, among others.       Preferred adjuvants are
those as described above. The immunogenic compositions can further include
one or more other immunomodulatory agents such as e, g.,interieultins,
inverferons, or other cytokines. The immunogenic compositions can also
include Ciente licin and Merthiolate. While the MllotiMs and concentrations
of adjuvants and additives usefill 15 the context of the present invention
an readily be determined by the skilled artisan, the present invention
contemplates mpositions coxnpnsing from about 30 ug to about 2000 Lig of
adjuvant and preferably about 250 usil ml dose of the vaccine composition.
In another preferred embodiment, the present i wention contemplates vaccine
compositions comprising from about lugitnt to about 60 ugiml of
antibiotics, and more preferably less than about: 30 20uglmi of
antibiotics.      According to a further embodiment the combination vaccIne
is first dehydrated. If the composition is lust lyophilized. or dehydrated
by other methods, then, prior to vaccination, said composition is
rehydrined in aqueous (e.g. saline, PBS (phosphate buffered saline)) or
non-aqueous solutions (e.g. oil emulsion (mineral oil, or
vegetable,':inetabOliZabie Oil 25based/single or double emulsion based)
aluminum-based, carbomer based adjuvant)  



WO 2007/076520PCT/US206/062654 Dosage and administration      According to
the present invention, an th clive amount of a. combination vacci
administered to pigs provides effective immunity against microbiological
infections caused by PCV2 and at least one further pathogen as listed
above. Prefered combinations of antigens for the 'treatment and prophylaxis
of microbiological diseases in pigs are listed above.      Acording to a
further embodiment, the combination vaccine is administered to pigs in one
or two doses at an 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 ago. The second I 0 administration is performed about Ito
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 age of about 2 to 3 weeks should be ravaccinated.
15Administration of subsequent vaccine doses is preferably done on an
annual basis. The amount of combination vaccine that is effe.ctivo depends
on the ingredients of the and the schedule of administration, Typically,
when an inactivated, virus or a modified live virus preparation is used in
the cothbination vaccine, an amount of the vaccine g about. 102 to about
109 TCID50 per dose, preferably about 103 to about 10 TOID50 per dose, more
preferably, about 104 to about 103 TC,ID50 per dose. In general,
inactivated. antigen is normally used in higher amounts than live modivied
viruses. Typically,when bacterial antigen is used. in the combination
vaccine, the vaccine containing an amount of about 103 to about 109 colony
forming units (CBI) per dose, preferably, about 104 to about 103 (CFO per
dose, more preferably about 105 to about: 106 (CPU) per dose. Sub-unit
25vaccines are normally administered with an antigen inclusion level of at
least 0,2 pg antigen  WO 2007/076520PCT/US2006/062654 per dose, preferably
with about 0.2 to about 00 igidose, still more preferably with about 0.3 to
about 200 pg'dose, even more preferably with about 0.35 to about 100
lig/dose, still more preferably with about 0.4 to about 50 pgidose, still
more preferably with about 0.45 to about 30 ggidose, still. more preferably
with about. 0.6 to about 15 pgidose, even, more preferably with about 0.75
to about. 8 pig/dose, even more preferably with about 1.0 to about 6
ggidose, and still more preferably with about 1,3 to about 3.0 pgidose. For
example; the antigen inclusion level of the PCV 0RF2 antigen, preferably of
the PCV2 ORF2 protein as provided. herewith; contains about 2 pg to about
150 ug, preferbably about 2 ttg to about 60 lig, even more preferably about
2pg to about 50 ug, even more preferably about 2ug to about 40 jig, 10 even
more preferably about 2uu to about 30 pg, even more preferably about 2pg to
about 25 lig, even more preferably about ivutt to about 20 14,24 even more
preferably about 4 pg to abo n more preferably about Lltig, to about 16 n.
lathe case of combination              lade (37), it is preferred to use at
least I to 10 logs, more preferably, 5-10 logs, and most preferably, 6-8
logs. In the case of combination vaccines that include (41), it 15is
preferred to use at least Ito 10 logs, more preferably, 3-10 logs, and most
preferably, 5-6 logs.      The composition according to the invention may
be applied intradermally, intratratheaily, or intravaginally. The
composition preferably may be applied intramuscularly or intranasally. In
an animal, body, ii 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, intranasal, intraarteriah intraperitoneal,
oral, or intrathecal routes are preferred.. A more local application can be
effected subcutaneously, intradermaily, intracutaneously, intracardially,
intralobally, intramedulhuly, intraptdmonarily or directly M or near the
tissue to be treated (connective-, 25bone-, muscle-,epithelial tissue).
Depending on the desired duration and  WO 2007/076520PCT/US2006/062654
effectiveness of the treatment, the compositions accoTdin.g to the
invention may be athninist.eted once or several times, also intermittently,
for instance on a daily basis for several days, weeks or months, and in
different dosages. 5Methods for treatment       Yet another important
embodiment of the invention is a method for the prophylaxis or treatment of
diseases caused by PCV2, and one or more swine pathogenic microorganism(s),
wherein a PCV2 antigen, pretbrably a PCV2 ORTIZ protein as provided
herewith, and further immunological active components effective for the
treatment and/or prophylasis 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 0RF2
protein, is part of an antigenic composition, as described above, Thus, yet
another aspect of the present invention relates to a combination vaccine
that comprises any One of the antigenic compositions provided herewith and
that comprises PCV2 ORF2 protein, and another 15immunological active
component effective for the treatment and/or prophylaxis of an infection
caused by said other swine pathogenic microorganism. 



BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a schematic flow diagram of a
preferred construction of PCV2 ORF2 20recombinant baculovirus; and Fig. 2a
and 2h are each a schematic flow diagram of how to produce a compositionin
accordance with the present invention, DETAILED DESCRIPTION OP THE
PREFERRED EMBODIMENTS  WO 2007/076520PCT/US2006/062654 The fhllowing
examples set forth preferred materials and procedures in accordance with
the present invention, -It is tderstood, however, that these cnn are
provided by way of illustration only, and nothing therein should be deemed
a uinritation upon the overall scope of the invention. EXAMPLE!    This
example compares the relative yields of ORF2 using methods of the present
ion with methods that are known in the prior art. Four 1000mL spinner Basks
were each seeded with approximatelycells/ml in 300ml, of inre. media, 10
Excel 420 (iBi Biosciences, Inc., KS). The master cell culture is
identified as SF+ (Spodopiera frugg 1.cfc) Master Cell Stock, passage 19,
Lot/INIT.12-095W, The cells used to generate the SF+ Master Cell Stock were
obtained from Protein Sciences Corporation, Inc., Meriden, CT. The SF cell
line for this example was confined between passages 19 and 59. Other
passages will work for purposes of the present invention, hut in order to
scale the 15process 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. hi more .detail, the1
cultures from liquid nitrogen storage were grown in Excel 420 media in
suspension in sterile spinner flasks with constant agitation. The cultures
were grown in 100 ml. to 250m1; spinner flasks with 2.5 to -150 nil, of
'Excel' 420 ser media. When the cells had multiplied to a cell density of
1.0 - 8.0 x 106 cells/a, they were split to now vessels with a planting
density of 0,5 - 1.5 x 10a cells/mL. Subsequent expansion cultures were
grown. in spinner flasks up to 36 liters in size or in stainless steel
bioreactors of up to 300 liters for a period of 2-729C.  WO
2007/076320PCT/US2006/062654 NO: 4). The recombinant baculoviros containing
the PCV2 ORE2 gene was generated as follows: the PC:\12 ORP2 gene from a
North American strain of PCV2 was PCR amplified to contain a 5' Kozak's
sequence (SEQ ID NO: 1) and a 3 EcoR1 she (SEQ ID NO: 2), cloned into the
pGEM-T-Easy vector (Promega, Madison, WO. Then, it was subsequently excised
and subcloned into the transfer vector pVLI392 (BD Biosciences Pharmingen,
San Diego, CA). The subdoned portion is represented herein as SEQ ID NO: 7.
The pVL1392 plasmid containing the. PCV2 ORF2 gene was designated N47-064Y
and then co-transfected with BaculoGoldt (BD I3ioscierices Pharming
baculovirus DNA. into Sfi insect cells (Protein Sciences Meriden CT) to
generate the recombinant baculovirus containing the PCV2 ORF2 10  gene. The
new construct is provided herein as SEQ ID NO: 8, The recombinant
baculovirus containing the KM ()RF2 gene was plaque-purified and Master
Seed Virus (MW) was propagated on the SP- cell Ii aliquotted, and stored at
-70C. The MW was positively identified as PCV2 ORF2 baculovirus by
.PCR-RELP using baculovirus specific primers. Insect cells infected with
PCV2 ORE:1 haculovirus to generate MSV or Working Seed Virus 15  express
PCV2 ORE2 antigen as detected by polyclonal serum or monoclonal antibodies
in an indirect fluorescent antibody assay. Additionally, the identity of
the PCV2 0RF2 baculovims was confirmed by N-terminal amino acid sequencing.
The PCV2 ORE') baculovirus MSV was also tested for paccordance with 9
C.F.R. 113.27 (c), 11128, and 113,55. Each recombinant baculovirus seeded
into the spinner flasks had vaiying 20multiplicities of infection (MOls).
Flask 1 was seeded with 7,52mL of .088 MOT.c1; .flask 2 was seeded with
3.01mt, of 0.36M01 seed; flask 3 was seeded with 1..5m1, of 0.181001 seed;
and flask 4 was seeded with 0.75m1, of 0.09M01 seed. A schematic flow
diagram illustrating the basic steps used to construct a PCV2 ORF2
recombinant baculovirus is 



provided herein as Figure 1  WO 2007/076520PCT/US2006/062654       After
being seeded with the baculavints, the flasks were then incubated at 27 2C
for? days and were also agitated at 100rpm during that time The flasks used
ventilated caps to allow for air flow. Samples from each flask were taken
evety 24 hours fix the next 7 days. After extraction, each Mle was
centrifuged, and both the pellet and the supernatant were 5separated and
then microfihered 'through a 0.45-1.0 nat pore size membrane.       The
resulting samples then had the amount ORF2 prient within, them quantified
via an EL1SA. assay, The HASA assay was conducted with capture antibody
Swine antiPCV2 Pah IgG Prot, 0 purified (diluted 1:250 in PBS) diluted to
1:6000 in 0.05M Carbonate buffer (pH 9.6). 100 pi of the antibody was then
placed, in the wells of the mictretiter plate, sealed, and incubated
overnight at 37C. The plate was then washed three times with. a wash
solution which comprised 0.51a of Tween 20 (Sigma, St. Louis, MO), I OOrnL
of 10X D-PBS (Gibco Invarogen, Carlsbad, CA) and 899.5mL of distilled
water. Subsequently, 250    of a blocking solution (5g Carnation Non-fat
thy milk (Nestle, Glendale, CA) in 1 thith of D-PBS QS to 100mL with
distilled wafer) was added to each of the wells. The next step was to wash
die test plate and then add pre-diluted antigen. The pre-diluted antigen
was produced by adding 200 id, of diluent solution (0.5mL Tween 20 in
999.5mL D-PBS) to each of the wells on a dilution plate. The sample was
then diluted at a 1:240 ratio and a 1:480 ratio, and 100 pl 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 id., of the 1:240 dilution
and. the other received 20 100 4 of the 1:480 dilittion). Serial dilutions
were then done for the remainder of the plate by removing 100 id., form
each successive well and transferring it to the next well on the plate.
Each. well was mixed prior to doing the next transfer. 'file 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 limes with the wash buffer. The 25detection antibody used was
monoclonal antibody to PCAT 0RF2. It was diluted to 1:300 in  WO
20071076520PCT/US2006/062654 diluent solution, and of the diluted detection
antibody was then added to the wells. The plate was then sealed and
incubated for an hour at 37C before being washed three times with the wash
buffer. Conjugate dIiuent was then prepared by adding normal rabbit serum
(Jackson Immunoresearch, \Vest Grove. PA) to the diluent solution to 1%
concentration. Conjugate antibody Goat anti-mouse (k1+1)-HRP (Jackson
launianoresearch) was diluted in The conjugate diluent to 1:10,000, 100 pi:
of the diluted conjugate antibody was then added to each of the wells. The
plate was then sealed and incubated for 45 minutes at 37C. before . being
washed three times with the wash butler. 100 ut of substrate (TMB
Peroxidase Substrate, Kirkgaard and Pe Laboratories (KAI:), Ciaithersberg,
MD), mixed with an equal 10  volume of Peroxidase Substrate B (KPL) was
added to each of the wells. The plate was incubated at room temperature for
15 minutes. 1.00 yiL of IN HU solution was then added to all of the welts
to stop the reaction. The plate was then run through an EL1SA reader. The
results of this assay are provided in Table 1 below: Table I Dat Flask ORF2
in pellet (u g) ORF2 in supernam(p.g)   47.53 1? 3 2 57.46 nn 4,4 3 3 53.44
14 



4 58,64  4 1 4101 44   65.61 6? 4 3 70.56 32  WO
20071076520PCT1US20061062654 4 4  64.97 24 5 1 31.74 100 5 2 34.93 142 5 i 



'' 47.84 90  4 55.14 86   14.7 158  2 18.13 182 6 3 34.78 140 6 4 36.88 146
6.54 176   12.09 190 N 



3 15.84 158  4 15.19. .152        These resulIs indicate that when the
incubation time is extended, expression of 0R12 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 for at least 5 days and recovering it in the. supetnate rather
than allowing expression to proceed for less tan 5 days and recovering ORF2
from the cells, provides a great increase in ORF2 yields, and a significant
improvement over prior methods.  WO 2007/076520PCT/US2006/062654 EXAMPLE 2
This example provides data as toy of the invention claimed herein. A
1.000mL spinner flask was seeded with approximately 1.0x1.0(5 Sit cells/m1
in 300mL of Excell 420 media. The flask was then incubated at 27C and
agitated at 100rpin. Subsequently; the flask was seeded with 10 la of PCV2
0RF2/Bac p+6 (the recombinant haculovirus containing the PCV2 ORF2 gene
passaged 6 additional times in the Si) insect cells) virus seed. with a 0.1
MO[ after 24 hours of incubation,       The flask was then incubated at 27C
for a total of 6 days. After incubation, the flask was then centrifuged and
three samples of the resulting supematant were harvested and 10
inactivated. The supernatant was inactivated by bringing its temperature to
37  2C. To the first sample, a 0,4M solution of 2-hromoethyleneamine
hydrobromide which had been cyclized to 0,2M binary ethlyiem (BET) in 0,3N
NaOH.' is added to the supernatant to give a final concentration of BE! of
5ntil. To the second sample, niM BEI was added to the supernatant. To the
third sample, 110 BET was added to the supernatant. The samples 15  were
then stirred continuously for 48 hrs. A 1.0 M sodium thiosulfate solution
to give a final minimum concentration of 5 inm was added to neutralize any
residual BEI. The quantity of 0RF2 in each sample was then quantified using
the same EL1SA assay procedure as described in Example 1. The results of
this may be seen in Table 2 below: Table 2 Sample ORF2 in supemataniig
78.71  68.75  83.33  WO 2007/076520PCT/US2006/062654       This example
demonstrates that neutralization with BEI does not remove or degrade
significant amounts of the recombinant PCV2 ORF2 protein product. This is
evidenced by the fact that there is no large loss of ORF2 in the
supernatant from the BEl or elevated temperatures. Those of skill in art
will cognize that the recovered ORF2 is a stable protein product. EXAMPLE 3
This example demonstrates that the present nTVenfl.0I1 is scalable from
small scale 



10 production of recombinant PCV2 0RF2 to large scale production of
recombinant PCV2 ORF2. 5.0 x 165 cells/int of SF+ cells ml in 7000mL of
ExCell 420 media was planted in a 20000mL Applikon Bioreactor. The media
and cells were then incubated, at 27C. and agitated at 100RPM for the next
68 hours. At the 68' ho r 4l.3mL of PCV2 GRF2 Baculovirus MSV-1.3 was
addict to 7000nal, of ExCell 420 medium. The resultant mixture 15 was then
added to the bioreactor, For the next seven days, the mixture was incubated
at 27C and agitated at 100RPM. Samples from the bioreactor were extracted
evety 24 hours beginning at day 4, post-infection, and each sample was
centrifuged. The supernatant of the samples were preserved and the amount
of 0RF2 was then quantified using SDS-P.AGE densitometry. The results of
this can be seen in Table 3 below: Table 3 Day after infection: ORF2 in
supernatant (iiiiimIL) 4 29.33 5 41.33  WO 2007/076520PCT/U52006/062654
3133- 7 60.67  EXAMPLE 4 This example tests the efficacy of seven PCV2
candidate vaccines and further defines 5 efficacy parameters following
exposure to a virulent Strain of PCV2. One inuttired and eight (108)
cesarean derived colostrum deprived (COCO) piglets, 9-14 days al nee, were
randomly divided into 9 groups of equal size. Table 4 sets forth the Gen y
Design for this Example. Table 4. General Study Design Group No. Of Pies
Treatment Day of Treatment KLIVICF A on Day 21 and Day 27 Challenged with 



Virulent -PCAl2 on Day 24 'Necropsy on Day 49   PCV2 Vaccine No. 1 - (vORF2
16 lig) 0     Cl PCV2 Vaccine No. 2 - (v011F2 8 ad 0   - 3 (-4 PCV2 Vaccine
No.) - (vOR72 4 pg) 0 +    WO 20071076320PCT/US2006/062654 4 



12 PcN2 Vaccine No, 4 - &OM 16 0 + +   12 PCV2 Vaccine No. 5 - (tORIF2 8
ttg) 0    6 12 PCV2VaccineNo6 - (rORF2 4 ug) 0  4.   (^4 PCV2VacdaeNo. 7 -
(Killed whole cell virus) 0     



None - authentic Controls N/A.    et, 12 None - Strict Negative Control
Group N/A ..  -  v RF2 = isolated vual OM; rORT72
-reconthibacu!oVflxpics.st... virus = PCV2 virus grown in suitable cell
cult=       Seven of the groups (Groups 1 - 7) received doses of PCV2 ORF2
polypeptide, one of 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 ORF2. On Day 0, Groups 1 through 7 were treated tvith
assigned vaccines. Piglets in Group 7 Were given a booster treatment on Day
14. Piglets were observed for adverse events and injection site reactions
fdllowing vaccination and on Day 19, piglets were moved to the second study
site. 10At the second study site, Groups 1-8 were group housed. in one
building while Group 9 was 90  WO 2007/076520PCT/US2006/062654 housed in a
separate budding.All pigs retai ed keyhole limpet hemocyanin
(10.11)1incomplete Freund's adjuvant (ICFA) on Days 21 and 27 and on Day
424, Groups 1-8 were challenged with a virulent PCV7. and post-challenge,
blood samples were collected for .PCV2 serology. Post- lenue, body weight:
data for determination of average daily weight gain (ADWG), and clinical
symptoms, as well as nasal swab samples to determine nasal. shedding of
PCV2, were collected. On Day 49, all surviving pigs were necropsied, lungs
were scored for lesions, and. selected tissues were preserved in formalin
for ImmunobistochemistrY (IE1C) testing at a later 10 



Materials and Methods      This was a partially blinded
vaccination-challenge feasibility study conducted in CDCD pigs, 9 to 14
days of age on Day 0. To he included in the study, PCV2 I:FA titers of sows
were < I:1000. Additionally, the serologic status of sows were from a known
PR.RS- 15 negative herd. Twenty-eight (28) sows were tested for PCV2
serological status, Fourteen (1.4) sows had a PCV2 titer of S 1000 and were
transferred to the first study site. One hundred ten (110) piglets were
delivered by cesarean section surgeries and were available for this study
on Day -4. On Day -3, 108 CDCD pigs at the first study site were weighed,
identified with ear tags, blocked by weight and randomly assigned to 1 of 9
groups, as set 20forth above in table 4. If any test animal meeting die
inclusion criteria was enrolled in the study and was later excluded for any
reason,Investigator and Monitor consulted in order to determine the use of
data collected from the animalthe 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 108 of an available 110 pigs
were mndomly 25assigned. to one of 9 groups on Day -3. The two smallest
pigs (No. 17 and 19) were not  WO 2007/076520PCT/US2006/062654 assigned to
a group and wereilable as extras, if needed. During the course of the
study, several animals were removed. Pig 82 (Group 9) on DayPig 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 9,
were each found dead prior to challenge. These six pigs were not included
in the final study results. Pig no 17 (one of the extra pigs) was assigned
to Group 9. The remaining extra pig, No. 19, was excluded from the study.
The formulations given to each of the groups were as follows: Group 1 was
designed to administer of viral ORF2 (vORF2) containing 16 ug ORF21m1, This
was done by mixing 10.24 ml of viral ORF2 (256 ug125 iiglml.=, 10.24 ml
vOR172) with 3.2 nil of 0.5% toCarbopol and 2.56 ml of phosphate buffered
saline at pH of 7,4. This produced 16 ml of formulation for group 1. Group
,J was designed to administer 1ml of vORF2 con vORF2/mi, This was done by
mixing 5.12 ml of vORF2 (128 vORF2) with 3.2 nil of 0.51i' Cafbopol and
7,68 ml of phosphate buffered saline, at a pH of 7.4. This produced 116 ml
of formulation for group 2. Group 3 was designed. b administer 151 ml of
vORF2 containing 4 ug vORI2,1m1. This was done by mixing 2.56 ml of vORF2
(64 Pg125 fig/2.56 ml vORF2) with 3.2 ml of 0,5% Carbopol and 10,2.4 ml of
phosphate buffered. saline at a pH of 7.4. This produced 16 ml of
-formulation for group 3. Group 4 was designed to administer lml of
recombinant 0RF2 (rO'RF2) containing 16 Ftg rORF2/ml. This by mixing 2.23
ml of rORF2 (512tg/m1 2.23 ml rORF2) with 6,4 ml of 20  0,5% Carbopo'l and
23,37 ml of phosphate buffered saline at. a pH of 7,4. This produced 32 ml
of formulation for group 4. Group 5 was designed to administer Itni of
rORF2 containing 8pg rORF'2Jrnl. This was done by mixing '1.11 ml of TORF2
(256 ug/230 pg,/m1 = 1.11 nil rORF2) with 6.4 ml of 0.5% Carbopoi and 24.49
ml of phosphate buffered saline at a pH. of 7.4. This produced 32 ml of
formulation for group 5. Group 6 was designed to administer 251 ml of rORF2
containing 8 ug FORF2iml. This was done by mixing 0.56 ml of rOR.F2 (128 02
WO 2007/076520PCT/US2006/062654            = 0.56 ml rORF2 with 6.4 ml of
0.5% Carhopot and. 25A04 ml of phosphate buffered saline at a pH of 7.4.
This produced 32m1 of formulation for group 6. Group 7 was designed to
administerI of PCV2 whole killed cell vaccine (PCV2 KY) containing the MAX.
PCV2 KM. This was done by mixing 56 mlCV:2 KY with 14 ml of 0.5% Cash pot,
This produced 70 ml of formulation for group 7. Finally group 8 was
designed to administer K1,11 at 0.5 pgind or 1.0 pgitni per 2 ml dose. This
was done by mixing 40.71 ml KIM (7.0 pg protein/m.1 at 0.5 pgimi = 570 MI
(7.0 l4/11.11Xx) = (05)(570 ) 244.29 ml phosphate buffered saline at a pH
of 7.4, raid 285 ml Freunds adjuvant. Table 5 describes the time frames for
the key activities of this Example. 



Table 5. Study Activities Study Day Study Activity -4, 0 to 49 General
observations for overall health and clinical symptoms  Weied; Randomized to
groups; Collected blood samples front all pigs 0 Health examinali.0u
Administered IVP Nos. 1-7 to Groups 1-7, respectively 0-7 Observed pigs for
injection site eactions 14 Boostered Group 7 with PCV2 Vaccine No. 7; Blood
samples from all pigs I 42.l Observed Group 7 for injection site reactions
16-19 Treated all pigs withtibiotics (data missing) 19 Pigs transported
from the first test site-to a second test site  TreatedTOups 1-9 with
KIJWTCFA  Collectedblood and nasal. swabsamplesfrom allpigs; Weighed all
pigs; Challenged Groups 1-8 with. PCV2 cliallmge material 25; 27, 33, 35,
37, 39; 41, 43,' 45, 47 



Collected nasal swab samples from all pigs 27 Treated Groups 1-9 with
K[JH/ICFA 31 Collected blood samplesfrom all pigs 49 Collectedblood and
nasalswab samplesfrom allpigs; Weighed all pigs; Necropsy all pigs; Gross
lesions noted with emphasis placed on icterus and gastric ulcers; Lungs
evaluated for lesions; Fresh and fomialin fixed tissue samples saved;
In-life phase of the study completed        Following completion of the
in-life phase of the study. formalin fixed tissues were examined by
immunohistechemistry (11-1C) for detection of P0/2 antigen by a
pathologist, 94  WO 2007/076520PICT/1;52006/062654 blood samples were
evaluated for PCV2 serokgy, nasal swab samples were evaluated for PCV2
shedding, and average daily weight gain (ADWG) was determined from Day 24
to Day 49,       Animals were housed at the first study site in individual
cages in five rooms from birth to approximately it days of age
(approximately Day (I of the study). 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 ventilation, thereby preventing cross-contamination of
air between rooms. Animals were housed in two different buildings at the
second. study site Group 9 (The Strict negative 10 control group) was a
converted finisher building and Groups 1-8 were housed in converted nursery
building. Lath 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 floors. A pit below the pens served as a
holding tank for excrement and waste. Each building had its own separate
heating and ventilation systems, 15with little likelihood of
cross-contamination of air between buildings.       At the first study
site, piglets were fed a specially fornadated milk rationh to approximately
3 weeks of age "All piglets were consuming solid, special mixed ration by
Day 19 (approximately 4 'A weeks of age). At the second study site, all
piglets were fed a custom non-medicated commercial mix ration appropriate
for their age and weight, ad 20libinun. Water at both study sites was also
available acl       All test pigs were treated with Vitamin E on Day -2,
with iron injections on Day -1 and with NAXCEUth (1.0 mU, livt, in
alternating hams) on Days 16, 17, 18 and 19. In add on_ 1 'o, 52 (Group 9)
was treated with iron injection on Day 3, Pig 45 (Group 6) was treated with
an iron injection on Day 11, Pig No, 69 (Group 8) was treated with
'25NAXCELO on Day 6, Pig No, 74 (Group 3) was treated with dexamethazone
and penicillin  WO 2007/076520PCT/US2006/062654 on Day 14, and Pig No. 51
(Group 1) was treated with dexamelhazone and penicillin on Day 13 and with
NAXCELO on Day 14 for various health reasons.      While at both study
site" pigs were under veterinary care. Animal health examinations were
conducted on Day 0 and were recorded on the Health Examination Record Form.
All animals were in good health and nutritional status before vaccination
as determined by observation on Day 0. Al! rest animals were observed to he
in good health and nutritional status prior to challenge. Carcasses and
tissues were disposed of by rendering. Fula disposition aistudy animals was
records on the Animal Disposition Record. On Day 0, pigs assigned to Oro1-6
rece ed tO ml. of PCV2 Vaccines 1-6, 10respectively, WI in the left neck
region using a sterile 3.0 mL Lucy-lock syringe and a sterile 20g x 1/2"
needle. Pigs assigned to Group 7 received 2.0 rit of PCV2 Vaccine No. 7 MI
in the left neck region using a sterile 3,0 nth Luer-lock syringe and a
sterile 2needle. On Day 14, pigs assigned to up 7 received 2.0 inl... of
P.C.V2 Vaccine No, '7 EM in the right neck region using a sterile 3.0 rit
Imer-lock syringe and a. sterile 20g x 1/2" needle, 15  On Day 21 all test
pigs received 2,0 nill: of KLEACFA EM in the right ham region using a
sterile 3.0 nth Luer-lock syringe and a sterile 20g xl" needle. On Day 27
all test pigs received. 2.0 nt of KLEMM in the left ham region using a
sterile 3,0 nth Luer-lock syringe and a sterile 20g x 1 needle. on Day 24,
pigs assigned to Groups 1-8 received 1.0 niL of PCV2 ISUVOT 



20  challenge material (5,11 low TCADRImL)1M in the left neck region using
a sterile 3.0 nt Luer-lock syringe and a sterile 20g x 1" needle. An
additional 1.0 tit of the same material. was administered IN to nchpig (0.5
mt per nos il 'le 3.0 1.1mer-lock syringe and nasal canula             Test
pigs were 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 2007/076520PCT/US2006/062654 test pigs were
observed from Day Gb Day 7, and Group 7 was further observed from Day 14 to
21, 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 found dead after challenge. Body weights were
recorded on the Body Weight Form. Day -3 body weights were utilized to
block pigs prior to randomization. Day 24 and Day 49 weight data was
utilized to determine the average daily weight gain (ADWCi) for each pig
during these time points. For pigs that died after challenge and before Day
49, the ADINCi was adjusted to represent the ADWG from Day 24 to the day of
death.             In order to determine PM serology, venous whole blood
was collected from each 10from the orbital venous sinus on Days -3 and 14.
For each piglet, blood was collected from the orbital venous inserting ry
tube into the Medial cturthus of one of the eyes and draining approximately
3M niL of whole blond into a 4,0 mt. Sertun Separator Tube (SST). On Days
24, 31, and 49, venous whole blood from each pig was collected from the
anterior vena cava using a sterile 18g x ainer needle (E3ecton 15Dickinson
and Company, Franklin Lakes, New :leneedle holder and a ruL SST. Blood
collections at each time point were recorded on the Sample Collection
Record, Blood in each SST was allowed to clot, each SST was then spun down
and the serum harvested. Harvested serum was transferred to a sterile snap
tube and stored at -70 10 C until tested. at a later dale. Serum samples
were 'tested for the presence of PCV2 20antibodies by BM-R&D personnel.
Pigs were observed once daily from Day 20 to Day 49 for clinical symptoms
and clinical observations were recorded on the Clinical Observation
Record..          To test for PCV2 nasal shedding, on Days 24, 25, and then
every other odd numbered study day up to and including Day 49, a sterile
dacron swab was inserted intra nasally inth 25either the left or right
nostril of each pig (one swab per pig) as aseptically as possible. 97  WO
2007/076520PCT/US2006/062654 swished around for a few seconds and then
removed. Each swab was then placed into a single sterile snap-cap tube.
containing 1.0 ML of EMEM media with 2% WES, 500 units/mh of Penicillin,
500 ggirth of Streptomycin and 2.5 fit of Funaizone. The swab was broken
off in the tube, and the snap tube was sealed and appropriately labeled
with animal number, study number, date of collection, study day and "nasal
swab." Sealed snap tubes were stored at -40 10 C until transported
overnight on ice to 131W-St. Joseph. Nasal swab collections were recorded
on the Nasal Swab Sample Collection Form. BIV1-124W conducted quantitative
virus isolation (11) testing tbr PCVZ on nasal swab samples. The results
were expressed in logo value. A value of 1.3 logs or less was considered
negative tOand any value greater than 1.3 logs was considered positive Pigs
that died (Nos. 28, 52, 56, 69, 82, and 93) at the first study site were
necropsied to the level necessary to determine a diagnosis. Gross lesions
were recorded and no tissues were retained from these pigs. At the second
study site, pigs that died prior to Day 49 (Nos.       45, 23, 53, 35),
pigs found dead on Day 49 prior to euthanasia (Nos. 2, 43) and pigs
15euthanized on Day 49 were necropsied. An gross lesions were noted and the
percentages of lung lobes with lesions were recorded on the Necropsy Report
Form.       From each of the 103 pigs necropsied at the second study site,
a tissue sample of tonsil lung, heart, liver, mesenteric de, kidney and
inguinal lymph node was placed into a single container with buffered 10%
fonnalim while another tissue sample from the 20 same aforementioned organs
was placed into a Whirl-pal( (M-Tech Diagnostics Ltd, Mel wall, UK) and
each Whirl-pak was placed on ice. Each container was properly labeled.
Sample collections were recorded on the Necropsy Report Form Afterwards,
.formatir4xed tissue samples and a Diagnostic Request Form were submitted
for MC testing. MC testing was conducted in accordance with standard 1SU
laboratory procedures for receiving samples,  WO 2007/076520
PCT/US2006/062654  shipped with ice packs Co the Study Monitor for storage
(-70' lit 10 C) and possible future use. Formalin-ftxed tissues were
examined by a pathologist for detection of PCV2 by 114C and scored using
the following scoring system: Q= None; 1 =Scant positive staining, few
sites; 2 = Moderate positive staining, multiple sites; and 3 = Abundant
positive staining, diffuse throughout the tissue. Due to the fact that the
pathologist could not positively differentiate induinal IN from mesenteric
IN, results for these tissues were simply labeled as LymphNode and the
score given the highest score for each of the two tissues pet' Results
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-vaccination (1 pig from
Group 4; 1 pig from Group 6; 2 pigs from Group 8; and 1 pig from Group 9).
Post-mortem examination indicated all Six died due to underlying infections
that were not associated with vaccination or PMWS. Additionally, no adverse
events or injection site reactions were noted with any groups. 



Average daily weight gain (ADWG) results are presented below in Table 6,
Group 9, : the strict negative control group, had the highest: ADWG (1.06
A: 0.17 lbsiday): followed by Group 5 (0.94-1 0.22 lbsiday), which received
one dose of 8 ng of rORF2. Group 3, which received one dose of 4 ttg of
vORF2, had the lowest ADWG (0.49 0.21 lbsiday), followed by Group 7 (0.50A:
0,15 lbsiday), which received 2 doses of killed vaccine, Table 6. Summary
of Group Average Daily Weight Gain (ADWG)  Group  Treatment  ADWG - lbsiday
(Day 24 to Day  adjusted for pigs dead before 1.)*   WO
2007/076520PCT/US2006/062654  vORF - 16 pg (1 dose) 17 0.870.29 lbsiday  1.
""dose) 12 0,70 tE 0.32 lbs,dt;.  vORF2 -4 jig (I dose) 12 0.49 4: 0.21
lbs(day 4 rORF2 - 16 pg (I dose) 11 0.84* 0,30 lbsiday  rORF2 -8(1 dose) 12



0 94 st. 0.22 lbsiday  dose) 11 0,72  0.25 lbsiday 7 10.1 (2doses) 12
0,504: 0.15 lbsiday 8 Challenge Controls 10 0.76 0.19 lbsiday  Strict
Negative Controls Ii 1.--i= 0.17 I bsiday v0 .2isolated viral OR.F2; c0 2
reconi tout bacuiovIrus expressL,t viru12 virus grown in suitable cell
culture PCV2 serology results are presented below in Table 7, All nine
groups were 5 seronegarive for PC1,12 on Day -3, On. Day 1.4, Groups
receiving vORF2 vaccines had the highest titers, which 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 time. On Day 24 and Day 31, pigs receiving vORF2
vaccines continued to demonstrate a strong serological response, followed
closely by the group that IQreceived two doses of a killed viral vaccine.
Pigs receiving rORF2 vaccines were slower to respond serolonically and
Groups 8 and 9 continued to remain zeron.egative, On Day 49, pigs       g
vORF2 vaccine, 2 doses of the killed viral vaccine and the lowest dose of
rORP2 demonstrated the strongest serological responses. Pigs receiving 1.6
lig and 8 pi.), of rORF2 vaccines had slightly higher [VA titers than
challenge controls. Group 9 on Day 49 100  WO 2007/076520PCT/U S2006/062654
demonstri cd a strong ()logic%response. 1. Sununu f Group PCV2 IFA Titers
AVERAGE !FA TITER Group Treatment 



D3 Day 14 Day 24 Day 31"1 Day 49^'"  vORF2 - 16 up (1. dose) 50.0 529.2
4400.0 7866.7 11054.5  vORF28 ig. (1 dose) 50,0 500.0 3466:7 6800.0 10181.8
vORF2 -4 ug (1 dose) 50.0 187,5 1133,3 5733.3 9333.3 4 rORF2 - 16 us (1
dose) 50.0 95.5 1550,0 3090.9 



8000.0  rORF2 - 8 Jig (.k dose) 50.0 75.0 887.5 2266.7 7414.7  rORF2 -4 ug
(1 dose) 50.0 50.0 550.0 3118.2 10570,0 7 KV (7 doses) 50.0 204.2 3087.5
4620.8 8680,0  Challenge Controls 50.0 55,0 50.0 50.0 5433.3 9 Strict
Negative. Controls 50.0 



59,1 . 59.1 54.5 6136,4 5vORF2 isolated viral OM; rO.R1-12 recombinant
ELCII ovints expresso, . virus PCV2 virus grown in suitable cc !culture
'Tor calculation purposes, a <100 1FA titer was designated as a titer of
"50"; a 26400 1FA titer was designated. as a. titer of "12,800". **Day of
Challenge. 1.0"*Day of Necropsy       The results from the post-challenge
clinical observations are presented below in Table S. This summary of
results includes observations for Abnormal Behavior, Abnormal Respiration
Cough and Diarrhea. Table 9 includes the results from the Summary of Group
101  WO 2007/076520PCDUS2006/062654 Overall Incidence of Clinical Symptoms
and Table 10 includes results from the SUMMIZTy of Group Mortality Rates
Post-challenge. The most Common clinical symptom noted in this study was
abnormal behavior, which was scored as mild to SOyeTO lethargy. Pigs
receiving the 2 lower doses of vORF2, pigs receiv 6 pg of rORF2 and pigs
receiving 2 doses of  KV vaccine had incidence rates of .1.-t 27.3%, Pigs
receiving 8 pg of 1012E2 and the strict       ve control group had no
abnormal behavior. None of the pigs in this study demonstrated any abnormal
respiration. Coughing was oted frequently in all groups (0 to 2,5A), as was
diarrhea (0-20%). None of the clinical symptoms noted were pathognomic for
PMWS. 10The overall incidence of clinical symptoms varied between groups,
Groups receiving any of the vORF2 vaccines, the group receiving 16 pg of
r0R172, the group receiving 2 doses of KV vaccine and the challenge control
group had the highest incidence of overall clinical symptoms Ca:36.4%). The
strict negarive control group, the group receiving a pg of rORF2 and the
group receiving 4 pg of rORF2 had overall incidence rates of clinical
symptoms of 150%, 8.3% and 9.1%, respectively.       Overall mortality
rates between groups varied as well. The group receiving 2 doses of KV
vaccine had the highest mortality rate (16.7%); while groups that received
4 pg of vORF2, 16 pg of TOM, or 8 pg of rORF2 and the strict negative
control group all had 0% mortality rates. 20 Table 8. Summary of Group
Observations for Abnormal Behavior, Abnormal Respiration, Cough, and
Diarrhea Group Treatment 



N Abnormal Abnormal Cough Diarrhea    Behavior' Behav or2    WO
2007/076520PCT/US2006/062654  v0pg (1 dose) 12 2112 (163% 0/12 (0%) 3 s.
2/12 (16/7%)  vORF2 -8 lag (1 dose) 1,2 4112 (33.3%) 0/12 (0%) 



1/12 (8.3% 1112 (8,3%)  vORF2 -4 pg (1 dose) 12 8112 0112 2/1.2 1.i12
(663%) (0%) 63%) (8.3%) 4 rOR,F2 - 16 pg (1 dose) n $/11 0/11 0/11 (0%)
2111.    (27.3%) (0%)  (182%) 



rORF2 -8gdose)  0/12 0/12 1/12 0/12 (0%)    (0%) (0%) (8.3%)   rORF2 -41
dose) 11 1111 (9.1%) 0111 0/11 (0%) 0/12 0%.     (0%)    KV (2 doses) 12
7(12 



0/12 0/12(0%) 1/12    (583) (0%)  ( 8 Chailenge Controls 10 1/10 0110 2/10
2110    (10%) (0%) ( (20%) 9 Stile( Negative Controls 11 0/11 0111 0/(1)
0/11 (0%)  



(0%) (0%)   vORF2 = isolated vim/ ORF2; ORF2 recombinant 7acti virus p. sse
yirus =PCV2 virus growu in suitable cell culture Total number of pigs in
each group that demonstrated any abnormal behavior for al least one  WO
2007/076520PCT/US2006/062654 dat number of pigs 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 16, 1 one day
4Total number of pigs in each group that demonstrated diarrhea for at least
one day Table 9. Sununary of Group Overall Incidence of Clinical Symptoms
Group Treatment N Incidence of pigs with Clinical Symptomsl Incidence Rate
vOR-16 iigdose) 12 5 41.7%  vORF2 - 8 pi,(1 dose) 12 5 41.7% 



3 4 vORF2 - 4dose) tORF2 - 16 itg (1 dose) 11 8 4 66.7% 36.4%  rORF2 - 8 pg
(1 dose) 12 1 8.3%  rORF2 -4 lig (1 dose) 11 1 9.1% 7 KV (2 doses) 12 7
58,3%  Challenge Controls 10 4 40% 9 Strict Negative Controls 1 I 



0 " 0%    10/Total number of pigs in each group that demonstrated any
clinical symptom for at ast one  WO 20071076520PCT/US2006/062654 Table W.
Summary of Group Modality Rates Post-challenge Group Treatment N Dead Post-
challenge M.ortdity Rate  vORF2 - 6 idose)     vORF2 - 8 sg (I dose) 12 1
8.3%  4dose) 12 0 0%  rORF2 - 16 gg (I dose) 



11 0 0%  FORF2 - 8dose) 12 0   rORF2 - 4 pg cf dose) 1.1. 1 9,1% 7 KY (2
doses) I.'" 2 1.6.7%  Challenge Controls 10   9 Strict Negative Controls 11
0 0%          PCV2 nasal shedding results are presented below in Table 11.
Following challenge an Day 24, 1 pig in Group 7 beau, shedding PCN2 on Day
27. None of the other groups experienced shedding until. Day 33. The bulk
of nasal shedding s noted from Day 35 to Day 45. Groups receiving any of
the three vORF2 vaccines and groups receiving either 4 or 



108 pg of TORF2 had the lowest incidence of nasal shedding of PCV2 (<9,1%).
The challenge  WO 2007/076520PCT/US2006/062654 Table 11. Summary of Group
Incidence of Nasal Shedding of PCV2 Group Treatment N No. Of pigs that shed
for at least one day Incidence Rate 'I vORF2 -16 tig (I dose) 12 I 8.3%
vORF2 - 8 lig (I dose)     v0'2 -4 tg (1 dose) 12 1 83% 4 rORF2 - 16 lig (I
dose) 1.1. 2 18.2%  0dose) 



12 1 8,3% 6 FOR.F2 -4dose) 11 1 9,1% 7 KV (2 doses)   41.7% 8 Challengt.
Controls 10 S 30%  Strict Negative Controls 11 7 . 63,6% vORF2 - isolated
viral ORF2: IORF2 -ecom mara aou o'nus cxpies virus = PCV2 virus grown in
suitable cell culture 5       The Summary of Group Incidence of 'uterus,
Group Incidence of Gastric Ulcers, Group Mean 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, NA.: Group 8, N=2* Group 9, N=2). Four out of six pies had
10 fibrinous lesions in one or more body cavities, one pig (Group 6) had
lesions consistent with clostridia( disease, and one pig (Group 9) had no
gross lesions. None of the pies that died during the post-vaccination
phased of the study had lesions consistent with RNA'S. 106  WO
2007/076520PCTIUS20061062654      Pigs that died post-challenge and pigs
eutbanized on Day, 49 were necropsied. At necropsy, icterus and gastric
ulcers were- not present in. any group. With regard to mean 'X) lung
lesions. Group 9 had lowest mean % lung lesions (0%), followed lw Group .1
with 0,40 dz 0,50% and Group 5 with 0,68  1,15%. Groups 2.3. 7 and 8 had
the highest mean % lung lesions (:27.27%). Each of these four groups
contained one pig with % lung lesions >7L5%, which skewed the results
higher for these four groups. With. the exception of Group 9 with 0% lung
lesions noted, the remaining 8 groups had tt: 36% lung lesions, Almost all
lung lesions noted were described as red/purple and consolidated. 



10Table 12. Summary Group Incidence. of Icterus. Group incidence of Gastric
Ulcers, Group Mean % Lung Lesion Scores, and Group Incidence of Lung
Lesions Noted Group Treatment Icterus Gastric Ulcets Mean % Lung Lesions
Incidence of Lung Lesions Noted  v02 - 16 pg (1 0/1240%) (0%) 0/12 0.40 It:
0.50% 10/12  dose)  (0%)  (83%) 2 vORF2 - 8 tig (1 dose) 0/12 (0%) 0112 741
it 20.2% 10/12   



(0%)  (83%) 3 v011.E2 -4 pg (1 dose) 0/12(0%) 0/12 9.20-.1.- 20.9% 10/12
(0%)  (83%) 4 rORE72 - 16 tig (I 0/it (0%) 0/11 1,5  4.74% 4/11  dose)
(0%)  (36%)  WO 2007/076520PCT/US2006/062654  O.'2.jig (1 dose) 



0112 (0%) 0112 (0%) 0.68 az 1.15% 9/12 (75%) 6 rORF2 -4 itg (1 dose)
0/11(0%) 0/11 5.12% 7/11    (0%)  (64%) 7 RA/ (7 doses) 0/12 (0%) 0112 7.27
a-. 22.9% 9/12    (0%)  (75%) S Challenge Controls 



ORO 0110 9.88 iti: 29.2% 8/10   (0%) (0%)  (1i0%)  Strict Negative Of''0%)
0/11  0111  Controls  (0%) (0%) (0%) vORF2 isolated viral ORF2; rORF2
recombinant ci 'I IS preSSC whole cell virus PCV2 virus grown in suitable
cell cul The S UMMary of Group IBC Positive Incidence Results are shown in
Table 13. 5 Group 1 (vO.RF2 - 16 itg) and Group 5 (rORF2 - 8 had the of 'NC
positive results (16.7%). Group 8 (Challenge Controls) and Group 9 (Strict
Negative Controls) had the highest rate of EEC positive results, 90% and
90.9%, respectively. Table D. Summary of Group MC Positive Incidence Rate
Group Treatment N No. Of pigs that had at least one tissue positive for
PCV2 



incidence Rate  vORF2 - 16 tc.(l dose) 17 2 16.7%  WO
20071076520PCT/US2006/062654  vORF2 - 8 pa (1 dose) 12 3 25.0%  vORF2 - 4
pg (1 dose) 12 8 66.7% 4 rORF2 - 16 pg 1 dose) 11 4 36.3%  rORF2 -8(1 dose)
12 2 16.7%  rORF2 -4k1 dose) 11 



4 36.4% 7 KV (2 doses) 12 5 41.7%  Challenge Controls 10 9 90.0% 9 Strict
Negative Controls Ii 10 - " 90.9% ", vORP2 = isolated viral ORF2; r RF2 =
recombinant taculoVtrUS expresse, whole cell virus- PCV2 virus grown in
saheb c cell culture       Post-challenge. Group 5, which received one dose
of S to- of rORF2 outperformed the other 6 vaccine nrottps. Group 5 had the
highest i),DWG (0.94 a: 0 lbsiday), the lowest incidence of abnormal
behavior (0%), the second lowest incidence of cough (8.3%), the lowest
incidence of overall clinical symptoms (8,3%), the lowest mortality rate
(0%), the lowest rate of nasal shedding of PCV2 (8,3%), the second lowest
rate for mean " lung lesions (0.68  1.15%) and the lowest incidence rate
for positive tissues (16.7%). 10 Groups receiving various levels of rORF2
antigen overall outperformed groups receiving various levels of vORF2 and
the group receiving 2 doses of killed whole cell PCV2 vaccine performed the
worst. Tables 14 and 1.5 contain sun.irnaries of group post-challenge data.
WO 2007/076520PCT/US2006/062654 Table M. Summary otGroup Post-Challenge Dt
ta - Part I Group N Freatment ADWO lbsidaY) Abnormal 



Behavior Cough Overall 'Incidence of Clinical Symptoms   vORF2 - 16 p.g
0.87* 2/12 3112 4 L 7%   (1 dose) 0.29 (163%) (2591)   12 vORF2 -8 jig 030
1/12 41.7%   (1 dose) 0,32 (33.3% 



(8.3%   12 vORF2 - 4 pg 0.49 8/12  66.7%   (I dose)  66,7%) C16,7%     ..._
ii rORF2 - 16 jicz 0.84 3/11 0111 36.4%   



(1 dose) 0.30 (27.3%) (0%)    rORFZ s g 0.94  0/12 (0%) 1/12 8.3%   (1
dose) 0.22    6 ii tORF2 - 4 pa 0.72 /11 110 0111 9.1%   (1 dose) 0,25
(0%) 



7 12 KV 0.50 7/12 (58.3 0/12 58,3%   (2 doses) 0.15  (0%)  0 10 Challenge
0.76 a: 111' (10%) 2/10 40%   Controls 0.19  (20%   WO
2007/076520PCT/US2006/062654  



11 Strict Negative Controls 1.06 : 0.17 0111 (0%) 0/11 0I/ 0% vORF2 =
isolated vital ORF2; rORF2 = recombinant acutOvlfltS exp!,  whole cell
virus PCV2 virus grown in suitable cell ceiture Table 15. Suxunitu-y of
Group Post-Chaliettg Data - Part 2 Group N Treatment: Mortality Rate Nasal
Shedding Lung Lesions incidence Rate of at least one tissue 11-1C positive
for PC,V2   vORF2 - 16c., 8.3% 8.3% 0,40 - 10,7%  



(1 dose)   0.50%    vORF2 -8 pg 8.3% 8.3% 7.41 :.-I 25.0%   ( I dose)   ?a
,8,10   12 vORF2 - 4 ttg 0% 8,3% 920 :::-.. 66,7%   (1 dose)   



20.9%  4 ii rORF2 -16 pg 0% 18.2% 1.50* 36.3%   (1 dose)   4.74%    rORF2 -
8 ag 0% 8.3% 0,68 ,.- 16,7%   (1 dose)   1.15%  '0.  



rORF2 ,, 4 pg 9.1% 9.1% 2.95 tlz 36.4%   (1 dose)   5.12%   WO
20071076520PCT/US2006/062654 7 12 KV 16.7% 41.7% 7,27 :i., 41:7%   (2
doses)   22.9%  8 10 Challenge 10% 



80% 9.887i- 90.0%   Controls   29.2%  9 11 Strict Negative, 0% 63,6% 0/11
90.9%   Controls   (0%)  vORFisolated viral OR.F2; rOR.12 - recombinant
baculovirus expressed, ORF2; KV or kiliec ts PC5/2 virus grown in suitable
cell culture Results ofstudy indicate that all further vacould focus on a
rORF2 vaccine. Overall, nasal shedding of PCV2 was detected post-challenge
and vaccination with a PCV2 vaccine resulted in a reduction of shedding.
Immunohistochemistry of selected lymphoid tissues also served as a good
parameter for vaccine eticacy, whereas large differences in A.DWQ clinical
symptoms, and gross lesions were not detected between groups. This study
was complicated by the fact that extraneous PCV2 was introduced at some
point during the study, as evidenced by nasal shedding of PCV2, PCV2
seroconversion and positive MC tissues in Group 9, the strict negative
control group. Discussion Seven PCV2 vaccines were evaluated iii his study,
which included three different 15 dose levels of vORF2 antigen administered
once on Day 0, three different dose levels of rORF2 antigen administered
once on Day 0 and One dose level of killed. whole cell PCV2 vaccine
administered on Day 0 and Day 14. Overall, Group 5. which received 1 dose
of vaccine containing S pg of rORF2 antigen, had the best results. Group 5
had the highest ADWQ the lowest incidence of abnormal behavior. the lowest
incidence of abnormal 11.2 



WO 20071076520PCT/US2006/062654 respiration, the second lowest incidence of
cough, the lowest incidence of overall clinical symptoms, the lowest
mortality rate, the lowest rateshedding of PC112, the second lowest rate
for mean % lung lesions and the lowest incidence rate Fir positive DK
tissues.       interestingly, Group 4, which received a higher dose of
rORF2 antigen than Group 5, did not perform as well or better than Group 5.
Group 4 had a slightly lower ADWG, higher incidence of abnormal behavior, a
higher incidence of overall, clinical symptoms: a higher rate of nasal
shedding of PCV2, a highet mean % lung lesions, and a higher rate for
positive IC tissues than Group 5. Statistical analysis, which may have
indicated that the differences between these two groups were not
statistically significant, was not conducted on 10these data but therean
observed trend that Group 4 did not perform as well as Group 5.
Post-vaccination, 6 pigs died at the first study site. Four of the six pigs
were Group 8 or Group 9, which received no vaccine. None of the six pigs
demonstrated lesions consistent with FMWS, no adverse events were reported
and overall, all seven vaccines appeared to be safe when administered to
pigs approximately 11 days of age. During the 15 postvaccination phase of
the study, pigs receiving either of three dose levels of vORF2 vaccine or
killed whole cell vaccine had the highest 'FAT levels, while Group 5 had
the lowest 1FAT levels just prior to challenge, of the vaccine groups.
Although not formally proven, the predominant route of transmission of PCV2
to young swine shortly after weaning is believed to be by oronasal direct
contact and. an 20 efficacious vaccine that reduces nasal shedding of PCV2
in a production setting would help control the spread of infection, Groups
receiving one of three vORF2 antigen levels and the group receiving 8 pg of
TORF2 had the lowest incidence rate of nasal shedding of Pen (8.3%).
Expectedly, the challenge control group had the highest incidence rate o.f
nasal shedding (80%), 25Gross lesions in pigs with MINN'S secondary to PCV2
infection typically consist of  WO 2007/076520PCTIUS2006/062654 generalized
lymphadenopathy in combwativn with one or a multiple of the 'following: (1)
interstitial pneumonia with interlobular edema, (2) cutaneous pallor or ter
is, (3) mottled atrophic livers, (4) gastric ulcers and (5) nephritis. At
necropsy, ieterus, hepatitis, nephritis, and gastric Ulcers were not noted
in any groups and lymphadenopathy was not specifically 5examined for. The
mean % lung lesion scores varied between groups. The group receiving 16 tig
of vORF2 antigen had the lowest mean ll,f) lung lesion score (0.4( lir
0.50%), followed       group that received 8 Lig of tORF2 (0.68  1,15%). As
expected, the challenge control - group had the highest mean % lung lesion
score (2.88 29,2%), In all four groups, the mean % lung lesion scores were
elevated due to one pig in each of these groups that had very high 10 lung
lesion scores. Most of the lung lesions were described as red/purple and
consolidated. Typically, lung lesions associated with PMWS are described as
tan and non-collapsible with interlobular edema. The lung lesions noted in
this study were either not associated with PCV2 infection or a second
puirnonaly infectious agent may have been present. Within the context of
this stud. the % lung lesion scores probably do not reflect a true measure
of the 15amount of lung infection due to .PCV2.       Other researchers
have demonstrated  a direct correlation between the presence of PCV2
antigen. by IBC and histopathology. Histopathology on select tissues was
not conducted with this study. Group 1 (16 ug iORF2) and Group 5 (8 ttg of
rORF2) had the lowest incidence rate of pies positive for PCV2 antigen
(8.3%), while Group 9 (the strict 20 negative control group - 90,9%) and
Group 8 (the challenge control group - 90.0%) had the highest incidence
rates for pigs positive for PCV2 antigen. Due to the non-subjective nature
of this test, !RC results are probably one of the best parameters to judge
vaccine efficacy on.       Thus, in one aspect of the present invention,
the Minimum Ponective Dosage (MPD) of a Milli dose recombinant product with
extracted PCV2 ORF2 (rORF2) antigen in the 25CDCD pig model in the face of
a P0V2 challenge was determined. Of the three groups that  WO
2007/076520PCT/US2006/062654 received varying levels of rORF2 antigen,
Group 5 (8 tig of rORF2 antigen) clearly had highest level of protection.
Group 5 either had the best results or was tied for the most favorable
results with regard to all of the parameters examined, When Group 5 was
compared with the other six vaccine groups post-challenge, Group 5 had the
highest ADWG 5 (0.04  0.22 lbsiday), the lowest incidence of abnormal
behavior (0%), the second lowest incidence of cough (8:3%), the lowest
incidence of overall clinical symptoms (8.3%), the lowest mortality rate
(0%), the lowest rate of nasal shedding of PCN2 (8.3%), the second lowest
rate for mean % lung lesions (0.68 :t; 1.15%) and the lowest incidence rate
for positive MC tissues (16.7%). 10In another aspect of the present
inventionD of a hill/1 dose conventional product that is partially purified
PCV2 ORF2 (vORE2) annum in the CDC pig model in the face of a PCN2
challenge was determined. Of the three croups that received. varying levels
of vORF2 antigen, Group 1 (16 pg of vORF2) had the highest level of
protection, Group 1 outperformed Groups 2 and 3 with respect to ADWCI, mean
% lung lesions, and [BC, Groups 1 and 2 (8 mg of vORE2 antigen) performed
equally with respect to overall incidence of clinical symptoms, Group 3 (4
ug of vORF2antigen) had the lowest mortality rate, and all three groups
performed equally with respect to 'mat shedding. Overall, vORF vaccines did
not. perform as well as IOU vaccines. In yet another aspect of the present
invention, the efficacy of a. maximum dose of a 20 2m112 dose Conventional
Killed PC:V-2 vaccine in the CDCD pig model in the face of a PCN2 challenge
was determined. Of the seven vaccines evaluated in this study, the killed
whole cell PCV2 vaccine performed the worst. Piglets receiving two doses of
killed Whole cell PCV 2 vaccine had the lowest ADM/CI, 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%), highest
mean % lung  WO 2007/076520PCT/US2006/062654 lesions (9.88 tE- 29.2%) a
high incidence of lung lesions noted (7:and a moderate MC incidence rate in
tssues(41.7%). Hoeve it was still effective. at invoking an immune
response. In still anmheraspect 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 reconfirmed. Results from
this study indicate that nasal. shedding of PCV2 occurs following intra
nasal challenge and that PCV2 vaccines reduce nasal shedding of P012
post-challenge, Furthermore results from this study and reports ....the
literature indicate that IFIC should continue to be evaluated in future
PCV2 vaccine trials as well. 10Some additional conclusions arising from his
study are that lymphadenopathy is one of the hallmarks of PMWS. Another one
of the hallmarks of PMWS is lymphoid depletion and multi atedlgiant
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. EXAMPLE 5 This example tests
the efficacy of eight PCV2vaccm.es and. reconfirms       PCV2 challenge
parameters from earlier challenge studies following exposure to a virulent
20strain of P012. One hundred. and fifty (150) cesarean derived colostrum.
deprived (CDCD) -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 ample, Table. General Study Design   Group No. Of Pigs
Treatment Day of Treatment KLIVICFA on Day 22 and Day 28 Challenge with
Virulent PCV2 on Day 25 



PRRSV MLV on Day 46 !, Necropsyl on Day 1 50 1 In to"I pVC2 Vaccine I 16 pg
rORF2 - IMS 1314 Q& 14  +  I-  15 PVC2 Vaccine 2 16 pa vORF2 - Carbopol 0 &
14  + 4- + 3 15 PCV2 Vaccine 3 16 pg rORIT2 - Carbopol 



0 & 14 +    4 15 PCV2 Vaccine 2 16 pg vORF2 - Carbopol 0   + +  15 PVC2
Vaccine 3 4 pg rORF2 - Carhop& 0 & 14 + 4. + + 6 15 PVC2 Vaccine 3 1 P..g
(ORO, - Carbopol 0 & 14  



7 15 PVC2 Vaccine 3 0.25 lig rORF2 - Carbopol 0 & 14   + J+ 8 tri 1- PVC2
Vaccine 4 > 8.0 loa KV - Carhopol 0 & 14     9 15 Challenge Controls N/A
IL. + 4.+ 



WO 2007/076520PCT/US2006/062654  to 15 None-Strict Negative Control Group
whole cell virus ,,,,PCV2 virus grown in suitable cell culture
The vaccine formulation given to each group was as follows. PCV2 Vaccine
No. I, administered at 1 x 2 ml dose to Group 1, was a high dose (16 ug/2
ml dose) of inactivated recombinant 0RF2 anuiten adjuvanted with INIS 1314
(16 ua 1012172 1314). PCV2 Vaccine No. 2, administered at i. x 2 ml dose to
Group 2, was a high dose (16     nil dose) of a partially purified V1D0 Rrl
generated PCV2 ORF2 ant:hien adjuvante with Carbopol (16 ua vOR112 -
Carbopol). PCV2 Vaccine No. 3, administered at 1 x 2 ml dose to Group 3,
was a high dose (16 tig/2 ml dose) of inactivated recombuiant ORF2 antigen
adjuvanted with Cathopol (16 ug rOR.F2 Carbopol). PCV2 Vaccine No, 4,
administered at 1 x 1 mi dose to Group 4, was a high dose (16 ug /1 ml.
dose) of a partially purified V1D0 R1 generated PC.V2 ORF2 antigen
adjuvanted with Carbopdt (1 6 ug vORF2 Carbopd1), Vaccine No. 5,
administered at 1 x 2 nil dose to Group 5, was a 4 tig(2 ml dose of an
15inactivated. recombinant ORF2 antigen adjuvanted with Carbopol (4 ug
rOR.F2 - Carhopol). PCV2 Vaccine No. 6, administered at I x 2 nil dose to
Group 6, was a/2 ml dose of an inactivated recombinant ORF2 antigen
atiPmanted with Carbopoi (1. tie rORF2 - Calliope!). PCV 2 Vaccine No. 7,
administered at I x 2 nil dose to Group 7, was a low dose (0,25 ug12. nil
dose) of inactivated reconibinant ORF2 antigen adjuvanted with Carbopol
(0.25 ug rORF2 20 Carhopol). PCV2 Vaccine No. 8, administered at 1 x 2 ml
dose to Group 8, was a high dose (pre4nacdvation titer > 8.0 log/2 ml dose)
Inactivated Conventional Killed VIDO R-I generated PCV2 Struve antigen
adjuvanted with Carhopol (>8.0 log KV - Carbopol). On Day 0, Groups 1-8
were treated with their assigned vaccines. Groups 1-3 and 5-8 received
boosters of their respective vaccines again on Day 14, The effectiveness of
a simile dose of  WO 20071076520PCT/US20061062654 16 pg of v0Carbopol was
tested on Group 4 which did, not eive a booster on Day 14.'ore observed for
adverse events and injection site reactions following both 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 10 was housed in a separate building
ka pigs 5  received keyhole limpet hemocyanin emulsified with incomplete
Freund's adjuvant (10.1111CFA) on Days 22 and 28. On Day 25, Groups 1-9
were challenged with approximately 4 logs of virulent PCV2 virus. By Day
4.6, very few deaths had. occurred in the challenge control group. in an
attempt to immimostimulate the pigs and increase the virulence of the PCV2
challenge material,, all Groups were treated with INOEINACg PRRSV MLV
(Porcine Reproductive and Respiratory Vaccine Modified Live Virus) on Day
46.       Pre- and post-challenge blood samples were collected for PCV2
serology. Post-challenge, body weight data for determination of average
daily weight gain CADMI(k) and observations of clinical signs were
collected. On Day 50, all surviving pigs were necropsied, gross lesions
were recorded, lungs were scored for pathology, and selected. tissues were
preserved in tbrinalin for examination by Immunohistochemistn (MC) for
detection of PCV2 antigen at a later date. Materials and Methods       This
was a partially-blind vaccination-challenge feasibility study conducted in
CDCD pigs, 6 to 16 days of age on Day 0. To be included in the study, PCV2
LEA titers of sows were <1:1000. Additionally, the serologic status of sows
were from a known PRPS-negal 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 first study site. One hundred fifty (150) 



25piglets were delivered, by cesarean section surgeries and were available
for This study on Day 11.9  WO 2007/076520PCT/US20061062654 -3, On Day -3
150 CDCD pigs at the first study site were weighed, identified with ear
tags, blocked by weisibt and randomly assigned to I of 10 groups, as set
forth 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 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. NO sows meeting the inclusion
criteria, selected for the study and transported. to the first study site
were excluded. No piglets were excluded from the study,and no test animals
were removed from the study prior to termination. Table 1.7 describes the
time 10frames for the key activities of this Example, "1'able 17.Activities
St.udDay Actual Dates Study Activity -3 4-04-03 Weighed pies; health
emiandomiz.ed to groups; collected blood samples 0-21 4-04-03 4-07-03 to
5-27-03 Observed for overallalth and fordverse events post- vaccination o
4-07-03 Administered respective RiPs to Group-8 0-7 4-07-03 to 4-14-03
Observed pigs for injection site reactions 14 4-21-03 Boostered Groups1-3,
5-8 with respective 1s; blood sampled all pigs 1.4-21 



4-21-03 to 4-28-03 Observed pigs for iniection reactions 19-21 4-26-03 to
4-28-03 Treated all pigs with antibiotics  4-28-03 Pies transportedfrom
StruveLabs,Inc. to Veterinar?., Resources, Inc.(VRO 50 4-28-03 to 5-27-03
Observed pigs for clinical signs post-challenge  4-29-03 Treated Groups
1-10 withACFA  5-02-03 Collected blood samples from all pigs; weighed all
pigs; challenged Groups 1-9 with PCV2 challenge material  5_05-03 Treated
Groups 1-10 withik11111CFA 32 5-094)3 Collected blood samples from all pigs
WO 2007/076520PCT/US2006/062654 46- 5-23-03 AdministeredkVAC(r) ERRS MLV to
all groups 



50 5-27-03 Collected blood samples, weighed and necropsied all pigs; gross
lesions were recorded; lungs were evaluated. .for lesions; fresh and
"brimful fixed Tissue samples were saved; In-lifephase of the study was
completed        Following completion of the in-life phase of the study,
formalin fixed tissues examined by Immunohistochernistry (WIC) for
detection of PCV2 antigen by a pathologist, blood samples were evaluated
for PCV2 serology, and average daily weight gain (ADWCT) was detennined
from Day 25 to Day 50.       Animals were housed at the first study she in
individual cages in seven rooms from 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 steel cages with heated and
filtered air supplied separately to each isolation unit. Each room had
separate heat and 10 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 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 13 square feet per
pig. Groups 2, 4 and 15S 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. Group separation was due to concern
by the Study Monitor that vaccines administered to Groups 2, 4, and g had
In been. fully inactivated. Each pen was on an elevated deck with plastic
slatted floors. A pit below the pens served as a holding lank for excrement
and waste. Each 10 building had its own separate heating and ventilation
systems, with little likelihood of cross-contamination of air between
buildings. At the first study site, piglets were fed a specially formulated
milk ration from birth to  WO 20071076520PC 11US2006/062654 approximately 3
weeks of age All piglets were consuming solid, special mixed ration by Day
21 (approximately 4 IA weeks of age). At the second study site, all piglets
were fed a custom non-medicated commercial mix ration appropriate for their
age and weight, ad libinon, Water at both study sites was also available ad
Jib! turn.,      All test pigs were treated with 1.0 at of NAXCELZ, 1M, in
alternating hams on Days 1.9, 20, and 21.. In addition, Pig No. 11 (Group
1) was treated with 0.5 nth of NAxcEuv TM on Day 10, Pig No, 13 (Group 10)
was treated with 1 ink of Penicillin and1 ink of PREDEF14( 2X on Day 10,
Pig No. 4 (Group 2) was treated with 1.0 inL of NAXCEIS 1M on Day 11, and
Pigs 1 (Group 1), 4 andl were each treated with 1.0 ml, of I()NAXCELO on
Day 14 for various health reasons. While at both study sites, pins 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 status before vaccination as
determined by observation on Day 0animals were observed to be in good
health. and 15nutritional status prior to challenge. Carcasses and tissues
were disposed of by rend Final disposition of study animals was recorded on
the Animal Disposition Record. On Days 0 and 14, pigs assigned to Groups
1-3 and 5-8 received 2,0 nth of assigned PCV2 Vaccines 1-4, respectively,
IM in the finht and left neck region, respectively, using a       sterile
3,0 mL Luer-lock syringe and a sterile 20g x W needle, Pigs assigned to
Group 4 20received. 1.0 ink of PCV2 Vaccine No, 2, 1M in the right neck
region using a sterile 3.0 niL, Luer-lock syringe and a sterile 20a x 1/2"
needle on Day 0 only,      On Day 22 all test piss received 2.0 nil. of
R1.1111CFA IM in the lefi neck region using a sterile 3.0 niL Luer-lock
syringe and a sterile 20a xi' needle. On Day 28 all test pigs received 2.0
int of KLIVICFA in the right ham region using a sterile 10 mita Luer-lock
25syringe and. a sierile 20g x 1" needle.  WO 2007/076520PCT/US2006/062654
On. Day 25, pigs assigned to Groups 1-9 received 1.0 ra: of PCV2 1STIVDL
challenge material (3.98 logls TODialmL) IM in the. right neck region using
a sterile 3A) la Liter-lock syringe and a sterile 20g x 1" needle. An
additional 1.0 mL of the same material was administered IN to each pig 0.5
MU per nostril) using a sterile 3.0 mL Luer-lock syringe 5and nasal =luta.
On Day 46, all test pigs received 2.0 niL JNOELVAOIO PRRS MIN, TM, in the
right neck region using a sterile 3.0 niL LuerOlock syringe and a sterile
20g x 1" needle. The PRRSV AMLV was administered in an attempt to increase
vkrulence of the PCV2 challenge 



material, 10Test pigs were observed daily for overall health and adversets
on Day -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 ( to
Day 7, and Group 7 was further observed from Day 14 to 21., for injection
site reactions. Average daily weight gain Was determined by weighing
15.each pig on a calibrated scale on Days -3, 25 and 50, or on the day that
a. pig Was found dead      hallentie, Both weights were recorded on the
Body Weight Form. Day -3 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 (ADWG) for each pig during these time points. For
pigs that died after challenge and before Day 50, the A.DWG was adjusted to
20represent the ADWO from Day 25 to the day of death,       In order to
determine PCV2 serology, venous whole blood was collected from oath piglet
from the orbital venous sinus on 'Days -3 and 1.4. For each piglet, blood
was collected from the orbital venous sinus by inserting a sterile
capillary tube into the of one of the eyes and draining approximately 3.0
mt. of whole blood into a 4.0 mL Serum 25Separator Tube (SS*1). On Days 25,
32, and 50, venous whole blood from each pig was  WO
2007/076520PCT/US2006/062654 collected from the anterior ven can using a
sterile 20g x 1 W Yacutainer' needle (Becton Dickinson and Company,
Franklin Lakes, New jersey); a Vaccu ( edle holder and a 13 ml.. SST. Blood
collections at each time point were recorded on the Sample Collection
Record. Blood in each Sr was allowed to dot each SST was then spun down and
the serum harvested, Harvested serum was transferred to a sterile snap tube
and stored at -70 10 C until tested at a later date. Serum. samples were
tested for the presence of PCV2 antibodies by BIV1-R&D personnel.
Pigs were observed once daily from Day 22. to Day 50 for clinical symptoni
and scored for normal or abnormal behavior, respiration or cough. Clinical
observations were 10recorded on the Clinical Observation Record.      Pigs
Nos. 44 (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 1 pigs. At the second study site, pigs that died after
challenge and prior to Day SO, and pigs euthanized on. Day 50, were eced.
Any gross lesions were nojed and the percentages of lobes15lungwith lesions
were recorded 011 the Necropsy Report Form.      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 on with
buffered 10% fonnalim while another tissue sample from the same
aforementioned organs was placed into a Whirl-pakt (M-Tech. Diagnostics
Ltd., Thelwall, UK) and each Whir1-pa14' was placed on 20 ice. Each
container was properly labeled. Sample collections were recorded on the
Necropsy Report Form. .Afterwards, {brimful-fixed tissue samples and a
Diagnostic Request Form were submitted for MC testing. NC testing was
conducted in accordance with standard labomtmy procedures for receiving
samples, sample and slide preparation, and staining techniques. Fresh
tissues in Whirl-paksli were shipped with ice packs to the Study Monitor
25for storage (-70e +. 10C) and possible future use. 124  WO
20071076520PCT/US20061062654       Formalimfixed tissues were examined by a
pathologist for detection of P012 by IHC. ami scored using the following
scoring0 = None; 1 = Scant positive si sites; 2tt Moderate positive
staining, multiple sites; and 3 - Abundant positive slainini., diffuse
throughout the tissue. For analytical purposes, a score of 0 was considered
5"negative," and a score of greater than 0 was considered "positive.'
Results Results for this example areha46 and 98 died on       days 14 tmd
25 respectively. These deaths were categorized as bleeding deaths. Pig No.
11 10(Group 1) was panting with rapid respiration on Day 15. Otherwise, all
pigs were normal for behavior, s 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 0. Following
vaccination an Day 14, seven (7) out of fourteen (14) Group 1 pigs (50.0%)
1 ad swelling with a score of "2" on Day 15. Four (4) out of fourteen
15(14) Group 1 (28.6%) still had a swelling of "2' on Day 16. None of the
other groups experienced injection site reactions following either
vaccination.       Average daily weight. gain (ADWG) tenths are presented
below in Table 18, Pigs No. 46 and 98 that died front bleeding were
excluded from group results.. Group 4, which received one dose of 16 ug
vORF2 Carbopol, had the highest ADWG (1.16 :it 0.26 lbstday), 20followed by
Groups 1) which had ADWGs that ranged front 1,07  0.23 



Ws/day to 1,11 ti; 0.26 lbs/day. Group 9 had the lowest ADWG (0.88 0.29
lbs/day), Mowed by Groups and 7, which had ADWGs of 0.93  0:33 lbstday and
0.99 0.44 lbstday, respectively. 25Table 18. Summary of Group Average Daily
Weight Gains (ADWG) 125  WO 2007/06520PCT/US2006/062654 Group Treatment N
ADWG- lbsiday (Day 25 to Day 50) or adjusted for pigs dead before Day 50 1
6--1314 2 doses 14 1.08 4 0.30 Ms/day  vORF2 --- '16- Carbopol 2 doses 15 1
i1 -I- 0.161/day  rORF2 -6rbopol 2 doses tr, 1.07 r_e 0.211a.  y0)
,igCarbopol .1 dose 15 1.16 -, 026 lbsiday  rORF2 -4 jig --- Carbopol 1
dose se, 1.07 4- 0.26 Ms/day  



FORF2 - 1 pa-1arbopol 2 doses Sn 1.11 - 026 I bilday 7 rORF2 - 0.25 ne-
Carbopol 2 doses r...t 0.99 4: 0.441 s/des'  KY > 8.0 log - Carbopol 2
doses  0.93 + 0.33 lbsiday  Challenge Controls 14 0.88 4, 0.29 lbsiday 10
Strict Negative Controls InI 1.07 + 0,23 lbsiday ..._ vORF2 =iso. ated
viral ORF2; rOR 2 = recombiaata baculoviexpressed; KN or whole cell virus
PCV2 virus grown suitable cell culture       PVC2 serology results are
presented 'below in Table 19. All ten ('10) groups were seronegative for
PCV2 on Day -3, On Day 14, PCA."2 titers remained losv for all ten. (10)
groups (range of 50413). On Day 25, Group 8, which received the whole cell
killed virus vaccine, had the highest PCV2 titer (4617), 161lowed by Group
2 which received 16 ug vORF2 Carbopol, Group 4, which received as single
dose. of 16 ue vORF2.-- Carbopol., and Group 3, which received 16 ug rORF2
- Carbopol, which had titers of 2507, 1920 and 1503 10 respectively. On Day
32 (one week post challenge), titers for Group 1-6 and Group 8 mimed from.
2360 to 7619; while Groups 7 (0.25 ug rORF2 - Carbopol), 9 (Challenge
Control), and 10 (Strict negative control) had titers of 382. 129 and 78
respectively. On Day  WO 2007/076520PCT/US2006/062654 50(day of necropsy)
nil ten (10) groups demnnstrated bihPCV2 titers1257).       On Days 25, 32,
and 50, Group 3, which received two doses of 16 ug rORF2 Carbopol had
higher antibody titers than Group 1, which received two doses of 16 ug
rORF2 - 1.MS 1314, On Days 25, 32 and 50. Group 2, which. received two
doses of 16 ug vO.RE2 5had higher liters than Group 4, which received only
one does of the same vaccine. Groups 3,       , which received decreasing
levels of TORF2 - Carbopol, of 1.6, 4, 1, and 0.25 ug respectively,
demonstrated correspondingly decreasing antibody iiten on Days 25 and 32.
Table 19. Summary of Group I'M IFA Titers Group 



Treatment Day -3 Day 14" Day 25m Day 32 Day 50st,i,*  rORF2 - 16 pg - IMS
1314 ' 2 doses 50 64 646 3326 4314  vORF2-16pg_ Carbopol 2 doses 50 110
2507 5627 4005  r0RF2- 16pg- Carbopol 2 doses 50 80 1503 5120 6720 4
vORY2-16pg- 



Carhopol 1 dose 50 113 1920 3720 1257  rORF2 - 4 pir. - Carb000l. 1 dose 50
1867 3933 4533 6 rORF2 - 1 pg - Carbopol 2 doses  70 490 2360 5740 7
rORF2-0.25r- Carbopol 2 doses 5 73 63 382 5819 8 KV > 8.0 log - Carbopol 2
doses 50 97 



4617 7619 10817 9 Challenge Controls 50 51 50 4288 129  10 Strict Negative
Controls 50 50 50 .__ 78   11205 ...... 10vOR.F2 - isolated viral ORF2;
rORF2 reconibhrnnt baculov rus expresso whole cell virus = PCV2 virus grown
in suitable cell. cult Ire 'Tot calculation purposes, a <100 [FA liter was
designate("50"; a >6400 WA 127  titer was designated as a titer of '12 0".
"Day of Challenge ***Day of Necropsy       The results from the
post-challenge clinical observations are presented below. Table 20 includes
observations for Abnormal Behavior Abnormal .Respiration, Cough and
Diarrhea. Table 21 includes the results from the Summary of Group Overall
Incidence of Clinical toms and Table 22 includes results from the Summat of
Group Mortality Rates Post-challenge. The incidence of abnormal behavior,
respiration and cough post- 10  challenge were low in pigs receiving 16 ug
TORFZ-IMS 1314 (Group 1), 16 ug rORF2- Carbopol (Group 3), 1 ug
rORF2-Carbopol (Group 6), 0.25 ug rORF2-Carbopol (Group 7), and in pigs in
the Challenge Control Group (Group 9), The incidence of abnormal behavior
respiration and comb post-challenge was zero in pigs receiving 16 ug
vORF2-Carbopol (Group 2), a single dose of 1.6ug vORI12-Carbopol (Group 4),
4 ug rORF2-Carbopoi (Group ), >8 log KV-Carbopol (Group 8), and. in pigs in
the strict negative control group (Group 10),       The overall incidence
of clinical symptoms varied between groups. Pigs receiving 16 ug
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 ug rORY2-Carbopol (Group 3), and 1 int
Kar2-Car-1)0pol (Group 6) had incidence rates of 63%; pigs receiving .16 nu
rORF2-11\48 1314 (Group 1) had an overall incidence rate of 7.1%; pigs
receiving 4 ug rORF2-Carbopol (Group 5), 0.25 ug rGRF2-Carbopol (Group 7),
and >8 log KV vaccine had -incidence rates of 13.3%; and -pigs in the
Challenge Control Group (Group 9) had an incidence rate of 14.3%. 25Overall
mortalip; rates between groups varied as well. Group 8, which received 2
doses of KV vaccine had the highest: mortality rate of 20.0%; followed by
Group 9, the challenge control group,. and Group 7 ug tORF2-Carhopol and
had mortality rates of 14.3% and 13.3% respectively, Group 4, which
received one dose of 16 ug vORF2-Carhopol had a 6.7% mortality rate. All of
the other Groups, 1.2, 3, 5, 6, arid 10 had a 0% mortality rate. 



Tabk 20. Summak of Group Observations for Abnormal Behavior, Abnormal
Respiration, and Cough Post-Challenge Group Treatment  Abnormal Behavior
Ahnomlid Behavior2 Coughs  tORF2 -16 pg - 14 0114 0/14 1114  MS 1314 2
doses   (0%) (7.1%)  vORF2 - 16Carbopol , 15 0/15 0115 0/15  2 doses  



0,1 ON (0%)  rORF2 - 16 pg - Carbopol 15 0/15 0/15 1/15  2 doses  (0%) (0%)
(6.7%) 4 vORF2 - 16 pg - Carbopol 15 W15 0/15 0/15  1 dose  (0110 ON (0%)
rORF2 -4 pt- 15 1/15 1115 



0/15  Carbopol 1 dose  (6.7%) (6.7%) (0%) ( rORE2 - 1 pg -  0/15 0115 1/15
(0%)    Carhopol 2 doses   (0) (6.7% 7 rORF2-0.25.i.g- 15 0/15 1115 1115  



Carbopol 2 doses  (0%) (6.7%) (06.7%)  KV > 8.0 log - Carhopol 2 15 1115
1/15 0/15  doses  (6.7%) (63%) (0%)  Challenge Controls 14 1/14 1/14 2/14
(7.1%) (7.1%) (14/30A) 10 Strict Negative Controls I 



0/15 0/15 0115    (0%) (0%) '0%)  1aim nal beh io tor at least one  WO
2007/076520PCT/US2006/062654   oial number of pigs in each. group that
demonstrated a '2 abnormal respirala.n for at least one day 'Total number
of pigs in each group that demonstrated a cough for at least one day Table
21. Summary of Group Overall Incidence of Clinical Symptoms Post..
Challenge Group Treatment.  Incidence of pigs with Clinical Symptoms)
Tncidenc Rate  TOM - 1 IMS 1314 2 doses   7.1%  .vORF2 -16- Carhopol 2 



doses  0.)   TOR '''- Carhopol 2 doses 15 1 6.7% 4 vORF2 - 16 pg - Carhopol
1 dose   0.0%  rORP2 - 4 p.g -- Carbopol 1 dose 15 2 13.3%  r0R172 - 1 pg -
Carbopol 2 doses 15 1 6.7% 7 rORF2 -0.25 ttg - Carbopol 2 doses 15 2 13.3%
KY > 8.0 log - Carboptd 2 doses 



15 2 13.3%  Challenge Controls 14 7 14.3%  10 Strict Negative Controls  0
0.0% vORF2 isolated viral ORM; rORE2 recombinant bactdowas expre edor lCuI&
whole cell virus = PCV2 virus grown in suitable cell culture. 10 1Total
number of pigs in each group that demonstrated any clinical symptom for at
least one day  WO 2007/076520PCT/US2006/062654 Table 22. Summary of Group
Mortality Rates Post-Challenge Group Treatment N Dead Post, challenge
Mortality Rate  rORF2 - 16 gg - IMS 1314 2 doses 14 0 0.0% 



2. vORF2 -- 16 im - Carhop& 2 doses  0 0.0%  rORF2!AlCarbopol 2 doses 15 0
0.0% 4 vORF2 - 16gCarbopol 1 dose 15 1 6.7%  rORF2 -4 mg - Carhop& 1 dose
0 0.0% 6 rORF2 -1 iitt - -- Carbopol 2 doses _ 0   t-OR,F2 ---0.25
.tgCarbopot 2 i doses  



13.3%  KV > 8.0 log --- Carbopot 2 doses   20,0%  Challenge Controls 14 7
14.3%  10 Strict Negative Controls 15 0 0.0%            The Summary 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 with a mean of 10.81 di. 23.27%, followed by Group
7, which received 0.25 ug rORF2-Carbopoi and had, a mean of 6.57 24.74%,
Group 5, \\Inch received 4 ug rO.R.F2- 10 Carbopol and had a mean of 2.88 -
8.88%, and Group 8, with received the :KV vaccine and had a mean of 2,01
4.98% The remaining six (6) groups had lower mean percentage lung lesions
that ranged from 0.11  0.38% to 0.90  0.15%. Tentative diagnosis of
pneumonia varied among the groups. Group 3 which received  WO
2007/076520PCT/US2006/062654 two doses of 16 tig RF2-Carbopol, had the
lowest tentative diagnosis of pneumonia, 13.3%. Group 9, the challenge
control group, had 50% of the group tentatively diagnosed with pneumonia,
followed by Group 10, the strict negative control group and Group 2, which
received two doses of 16 ug vORP2-Carbopol with 46.7% of 40% respectively,
tentatively diagnosed with pneumonia       Groups 1" 5, 9, and 10 had 0% of
the group tentatively diagnosed as PCV2 infected; While Group 8, which
received two doses if KY vaeine, hadthe highest group rate of tentative
diagnosis of PC,V2 infection, which 20%. Group 7, which received two doses
of 0.25 ug rORF2-Carbopol, and. Group 4, which received one dose of 16 ug
vORF2-Carbopol had tentative group diagnoses of PCN2 infection in 13.3% and
6.7% of each group, respectively. Gastric ulcers were only diagnosed in one
pig in Group 7 (6.7%); groups remained free of gastric ulcers. 



15Table 23. Summary of Group Mean % Lu ing Lesion and Tentative iagnosis
Group Treatment z No. Of pigs that shed for at least one day Incidence Rate
rO R'I- IMS 13142 doses  0 0%  vORF2-1 6pg- Carhopol 2 doses 15  6.7% 3
rORF2-16pg- Carbopol 2 doses 15  20.0% 4 vORP2-16mg- Carbopol 1. dose 15
113% 5 



rORF2 - 4 pg - Carhop& 1 dose 1 5 _ 20.0%   WO 2007/076520PCT/US2006/062654
fl rcOaRrbF(;2 0-112udgo-ses IIIIIIIINIIIIIII NI rORF2-0,25... 46.7%  Carbo
01 2 closes  MI KV >8.0 log - Carbopol 2 doses IIIIIIIIIIIMMIM      la
CPiControls 1111111.111111111.     



Strict Negative Controls IIII10   vORF2 = isolated viral ORrORF2 =
recombinant baoulovirus expr ed OJ whole cell virus PCV2 vials grown ii
suitable eell ea hire       The Summary'of Group IHC. Positive Incidence
Results are shown below in Table 24. Group 1 (I 6 lig rORF2 [MS 1314) had
the lowest group rate ofpositive results with 0% of the pigs positive PCV2,
followed by Group 2 (16 ug vORY2 Carbopol) and Group 4 (single dose 16 ug
v0P.F2 Carbopol), which had group MC rates of 6.7% and 13.3% respectively.
Group 9, the challenge control group, had the highest WIC positive
incidence ate with 100% of the pigs positive for PCV2, followed by Group
10, the strict .negatkve control group, and Group 8 (KV much with 913% and
80% of the pigs positive for PCV2, respectively. Table 24. Summary of Group
MC Positive incidence Group Treatment N No. Of pigs that shed for at least
one day incidenceat  r0R122 -16 pg - 1MS 1314 2 doses 15 0 0% 2 vORF2 -
Carhopol 2 doses 15 1 63% 3 rORF2-16 Carbopol 2 doses  3 20.0%  



WO 20071076520PCT/US2006/062654  vORF2-16pg- Carbopol 1 dose 15  1.3.3%
rORP2 - 4 pgCarbopol 1 dose .15  20.0% 6 rORE2 - 1 jig - Carbopol 2 doses -
6 40.0%  rORF2-0.25I.ig- Carbopol 2 doses 15 7 46.7% S KV > 8.0 log -
earhopol 2 doses 15  80%  Challenge Controls 14 14 



1.00.0%  10 Strict Negative Controls  14 93.3% vORF2 = isolated viral
OR.F2; rORF2 = recornbinnnt bacitineirus expressed OR1-2; 1<,,V or killed
whole con virus PCV2 virus grown. in suitable cell culture Discussion.
Seven PCV2 vaccines were evaluated in this example, which included a high
dose (16 jig) of rORF2 antigen adjuvanted with IMS 1314 administered twice,
a high dose (16 jig) of vORF2 antigen adjuvant:6d with Carbopol
administered once to one group of pigs and twice to a seeond group of pigs,
a high dose (16 jig) of rORF-2 antigen adjuvanted with Carbopol
administered twice, a 4 jig dose of rORE2 antigen adjuvant:6d with Carbopol
administered 10 twice, a 1 jig dose of rORE2 antigen adjuvanted with
Carbopol administered twice, a low dose (0.25 pg) of TORF2 antigen
adjuvanted with Carbopol administered twice, and a high dose (> 8 log) of
killed whole cell PCN2 vaccine achuvanted with Carbopol. Overall, Group
which received two doses of 16 jig tORF2 !MS 1314, performed slightly
better than Groups 2 through 7, which received vaccines containing various
levels of either vORF2 or 15 r0R172 antigen adjuvanted with Carbopol and
much better than Group 8, which received two doses of killed whole cell
PCV2 vaccine. Group I had the third highest ADWG (1,80  0.30 lbstday), the
lowest incidence of abnormal behavior (0%), the lowest incidence of
abnormal.  respiration (0%), a low incidence of cough (7.1%), a low
incidence of overall clinical symptoms 0), was tied with ee other groups
for the lowest mortality rate (0%), the second lowest rate for mean % lung
ieions (015  0;14%), the. second lowest rate for pneumonia (21.4%) and the
lowest incidence rate for positive 11-1C tissues (0%). Group 1 was,
however, the only group in which injection site reactions were noted, which
included 50% of the vaccinates 1 day after the second. vaccination. The
other vaccine;  administered to Groups 2 through 7 performed better than
the killed vaccine and nearly as well as the vaccine administered to Group
I.      Group 8, which received two doses of killed PC:V2 vaccine
adjuvanted with Carbopol, had the worst set: of results for any vaccine
group. Group 8 had the lowest ADWG (0.93 4, 0,33 lbsiday), the second
highest rate of abnormal behavior (6.7%), the highest rate of abnormal
respiration (6,7%), Jas 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%), and had the highest positive MC rate
(80%) of any vaccine group. There was concern that the killed whole cell
PCV2 vaccine may not have been fully inactivated prior to administration to
Group 8, which. may explain this group's poor results. Unfortunately,
definitive data was not available to confirm this concern, Overall, in the
context of this example, a Conventional Killed POW vaccine did not aid in
the reduction of POV2 associated disease. 20As previously mentioned, no
adverse events were associatevaccines with exception of the vaccine adj
twanted with IMS 1314. Injection site reactions were noted in 50.0% of the
pigs 1 day after the second vaccination with the vaccine formulated with
1314 and in 28.6% of the pigs 2 days after the second vaccination, No
reactions were noted in any pigs receiving Cartxwol adju.vanted vaccines.
Any further studies that include pigs 25vaccinated with 1MS 1314 adjuvanted
vac es should continue to closely monitor pigs for 135  injection site
reactions.    100 on Day 14. On Day 25 (day of challenge), Group 8 had the
highest PCV2 antibody titer (4619), followed by Group 2 (2507). With the
exception of Groups 7, 9 and 10" all groups demonstrated a strong antibody
response by Day 32. By Day 50, all groups including Groups 7,9 and 1.0
demonstrated a strong antibody response.       One of the hallmarks of late
stage PCV2 infection and subsequent MAYS development is growth retardation
in weaned pies, and in severe cases, weight loss is noted, Average daily
weight gain of groups is a quantitative method of demonstrating growth -10
retardation or weight loss, In this example, there was not. a large
difference in ADWG between groups. Group 8 had the lowest ADWG of 0.88
0.29 lbstday, while Group 4 had the highest ADWG of 1..16 0.26 lb/day.
Within the contextof this study there was not a sufficient difference
between groups to base haure vaccine efficacy on ADWG. In addition to
weight loss - dyspnea, lethargy, pallor of the skin, and sometimes 15
icterus are clinical symptoms associated with PMWS. 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 a strong parameter on which to base vaccine efficacy.
Overall,..morbwere not high in this example and the lack of a high
mortality 



20rate in the challenge control group limits this parameter on which to
base vaccine efficacy. Prior to Day 46, Groups 4 and? each had one out of'
fifteen pigs die, Group 9 had two out of fourteen pigs die and Group 8 had
three out of fifteen pigs die. Due to the fact that Group 9, the challenge
control group was not demonstrating PCV2 clinical symptoms and only two
deaths had occurred in this group by Day 46, Porcine Respiratory and
Reproductive  studies had utilized INGELVACt PRRS NUN as an.
immunostimulant to exasperate PC1112- associated PMWS disease and mortality
rates in these earlier studies. Two deaths occurred shortly after
administering the PRRS vaccine on Day 46 - Group 4 had one death on Day 46
and Group 7 bad one death on Day 47 - which were probably not associated
with the administration of-the PRRS vaccine. By Day 50, Group 8, which
received two doses of killed vaccine, had the highest mortality rate (20%),
followed by Group 9 (challenge control) and Group 7 (0,25 ug rORP
Carbopol), with mortality rates of 14,3% and 13.3% respectively. Overall.,
administration of the PRRS vaccine to the. challenge model late in the
post-challenge observation phase of this example did not significantly
increase mortality It)rates.       Gross lesions in pigs with PMWS
secondary to PC.V2 infection typically consist of generalized
lymphadenopathy in combination one or more of the following: (1.)
interstitial pneumonia with interlobular edema, (2) cutaneous pallor or
icterus, (3) mottled atrophic livers, (4) gastric ulcers 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 tentatively diagnosed with PCV2 (PMWS). 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%, 20 respectively, tentatively
diagnosed with PCV2. The mean % lung lesion scores varied between groups at
necropsy. Groups 1, 2, 3, 4, 6 and 10 had low % lung lesion scores that
ranged from 0.11. 4: 0.38% to 0.90 t 0.15%. As expected, Group 9, the
challenge control group, had the highest mean % lung lesion score (10.81 t
23,27%). In four groups, the mean % lung lesion scores were elevated due to
one to three pigs in each of' these groups having 25rely high lung lesion
scores, The lung lesions were red/purple and consolidated. Typically, 137
WO 2007/076520PCT/US2006/062654 lung lesions associated with PMWS are
described as tan, non-collapsible with interlobular edema The lung lesions
noted in this study were either not associated with PCV2 infection or a
second pulmonary infectious agent may have been present. Within the context
of this study, the % lung lesion scores probably do not reflect a true
measure of the amount of lung infection due to PCY2. Likewise, tentative
diagnosis of pneumonia may have been over-utilized as well Any pigs NNith
lung lesions, some as small as 0.10% were listed with a tentative diagnosis
of pneumonia. In this example, there was no sufficient difference between
groups with respect to gross lesions and % lung lesi o base vaccine
efficacy. 117IG results showed the largest differences between groups.
Group 1 (16 tut rO IMS 1314) bad the lowest positive MG results for PCV2
antigen (0%); while Groups 9 and 10 had the highest positive C results with
incidence rates of 100% and 93,3% respectively. Groups 3, 5, 6 and '7,
winch received 16, 4, I or 0.25 p.g of rORF2 antigen,respectively,
adjuvanted with Carbopol, had NC positive rates of 20%, 20%, 40% and 46.7%,
respectively. Group 2, which received two doses of 16 ug vORF2 adjuvanted
with Curbopol had an the positive rate of 6.7%, while Group 4 which
received only one dose of the same vaccine, had an IHC positive rate of
13.3%. Due to the bjective nature of this test and. the fact that [HG
results correlated with expected. reFiC testing is probably one of the best
parameters on which to base vaccine efficacy. Thus in one aspect of the
present invention, the Minimum Protective Dos(MPD) of :PCV2 rORF2 antigen
*incanted with Garbopol in the GDGD pie modela PC.V2 challenge is
determined. Groups 3, 5, 6 and 7 each received MO doses of TORE2 antigen
adjuvanted 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 lig of rORE2
antigen respectively. In 25general, decreasing the level of rORF2 antigen
decreased PGV2 antibody titers, and increased  the mortality rate, mean %
lung lesions and the incidence of INC positive tissues. Of the four eceived
two doses of 16 or 4 uti of rORF2 antigen, respectively, each had an BIC
positive ate of only 20%, and each had similar antibody titers. Overall,
based on 1HG positive results, the $minimum protective dosage of rORF2
antigen administered twice is approximately 4 pg.       In another aspect
of the present invention, the ardigenicity of recombinant (rORF2) and V1DO
R-1 (vORF2) PCV2 antigens were assessed. Group 2 received two doses of 16
ti vORF2 and Group 3 received two doses of 1.6 jig rORF2. Both vaccines
were adjuvanted with .Carbopol. Both. vaccines were found to he safe and
both had 0% mortality rate. Group 10 2 had a PCV2 antibody titer 01 2507 on
Da while Group 3 had a PCV2 antibody liter of 1503. Group 3 had a lower
mean % lung lesion score than Group 2(0.1.1.  0,38% vs. 090 0.15%), but
Group 2 had a lower IFIG positive incidence rate that Group 3 (6.7% vs.
20%). Overall, both vaccines had similar antigenicity, but vORF2 was
associated slightly  better IFIC results,       In yet another aspect of
the present invention, the suitability of two different adjuvants (Carbopol
and EMS 1314) was led, Groups 1 and 3 both received Iwo doses of vaccine
containing 16 ug of rORF2 antigen, 'but Group 1 received. the antigen
adjuvanted with IMS 1314 while Group 3 received the antigen adjuvanted 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 % lung lesions; but Group I had an INC positive
rate of 0% while Group 3 had an INC positive rate of 20%. However, Group 3,
which received the vaccine adjuvanted with Carbopol had higher [FAT PCV2
titers on Days 25, 32 and 50 than Group 1, which received the vaccine
a.djuvanted with MIS 1314. Overall, although the PCV2 vaccine adjuvanted
with [MS 1314 did provide better  induce injection Site maclion. Whereas
the PC.V2 vaccine adjuvanted with Carbopol performed nearly as well s the
1M.S 1314 adjuvanted vaccine, but was not associated with any adverse
events. 



in still another aspect of the present invention, the feasibility of PCV2
0RF2 as a lmL 1 dose product was determined. Groups 2 and 4 both received
16 t.tg of vORF2 vaccine adjuvanted with Carbopol on Day 0, but Group 2
received a second dose on Day 1.4. Group 4 had a slightly higher ADWC1 and
a lower mean % lung lesions than Group 2, but Group 2 had higher MAT PCV2
titers on Day 25, 32 and 50, and a slightly lower incidence rate of NC
positive tissues. AU other results for these two groups were similar.
Overall, one 10vORT2 adjuvanted with Carbopol performed similar to two
doses of the same vaccine.  CLAIMS We claim: I. A single dose multivalent
combination vaccine comprising a porcine circovirus type 2 antigen
effective for reducing the incidence of or lessening the severity of
porcine circovirus type 2 infections and at least one immunogenic active
component effective against another disease-causing organism in swine
selected from the group consisting of an antigen of: Actinobacillus
pleuropneumonia; Adenovirus; Alphavirus such as Eastern equine
encephalomyelitis viruses; Bordetella bronchiseptica; Brachyspira spp.,
preferably B. hyodyentheriae; B. piosicoli, Brucella suis, preferably
biovars 1, 2, and 3; Clasical swine fever virus; Clostridium spp.,
preferably Cl. difficile, Cl. perfringens types A, B, and C, Cl. novyi,
Cl.septicum, Cl. tetani; Coronavirus, preferably Porcine Respiratory Corona
virus; Eperythrozoonosis suis; Erysipelothrix rhsiopathiae; Escherichia
coli; Haemophilus parasuis, preferably subtypes 1, 7 and 14;
Hemagglutinating encephalomyelitis virus; Japanese Encephalitis Virus;
Lawsonia intracellularis; Leptospira spp., preferably Leptospira australis;
Leptospira canicola; Leptospira grippotyphosa; Leptospira
icterohaemorrhagicae; and Leptospira interrogans; Leptospira pomona;
Leptospira tarassovi; Mycobacterium spp., preferably M. avium, M.
intracellulare and M.bovis; Mycoplasma hyopneumoniae (M hyo); Pasteurella
multocida; Porcine cytomegalovirus; Porcine Parvovirus; Porcine
Reproductive and Respiratory Syndrome (PRRS) Virus; Pseudorabies virus;
Rotavirus; Salmonella spp., preferably S. thyhimurium and S. choleraesuis;
Staph. hyicus; Staphylococcus spp., preferably Streptococcus spp.,
preferably Strep. suis; Swine herpes virus; Swine Influenza Virus; Swine
pox virus; Vesicular stomatitis virus; and Virus of vesicular exanthema of
swine, wherein said porcine circovirus type 2 antigen comprises the ORF2
protein of PCV2 and wherein one dose of said vaccine comprises 2 ttg to 150
lug of said ORF2 protein. 2. The single dose multivalent combination
vaccine of claim 1, wherein the porcine circovirus type 2 antigen is
inactivated porcine circovirus type 2 antigen, or a live modified or
attenuated porcine circovirus type 2. 3. The single dose multivalent
combination vaccine of claim 1 or 2, wherein said porcine circovirus type 2
antigen is a protein encoded by a DNA, wherein the DNA sequence has at
least 90% sequence identity with ORF2 of a porcine circovirus type 2. 4.
The single dose multivalent combination vaccine of claim 1 or 2, wherein
said PCV2 ORF2 protein is i)a polypeptide comprising the sequence of SEQ ID
NO: 5, SEQ ID NO: 6, SEQ ID NO: 9, SEQ ID NO: 10, or SEQ ID NO: 11,  any
polypeptide that is at least 90% homologous to the polypeptide of iii) a
polypeptide that is encoded by a DNA comprising the sequence of SEQ ID NO:
3 or SEQ ID NO: 4, or iv) any polypeptide that is encoded by a polynucleot
de that is at least 90% homologous to the polynucleotide of iii).  5. The
single dose multivalent combination vaccine of any one of claims 1 to 4,
wherein said immunogenic active component effective against another
disease-causing organism in swine is an antigen of Porcine Reproductive and
Respiratory Syndrome (PRRS) Virus. 6. The single dose multivalent
combination vaccine of any one of claims 1 to 4, wherein said immunogenic
active component effective against another disease-causing organism in
swine is an antigen of Mycoplasma hyopneumoniae (M hyo). 7. The single dose
multivalent combination vaccine of any one of claims 1 to 4, wherein the at
least one immunogenic active component effective against another
disease-causing organism in swine is an antigen of Porcine Reproductive and
Respiratory Syndrome (PRRS) and an antigen of Mycoplasma hyopneumoniae (M
hyo) 8. The single dose multivalent combination vaccine of any one of
claims 1 to 7, wherein one dose of said vaccine comprises 4 jig to 16 jig
of said ORF2 protein. 9. Use of ORF2 protein of PCV2 and of at least one
immunogenic active component effective against another disease-causing
organism in swine selected from the group consisting of an antigen of:
Actinobacillus pleuropneumonia; Adenovirus; Alphavirus such as Eastern
equine encephalomyelitis viruses;Bordetella bronchiseptica; Brachyspira
spp., preferably B. hyodyentheriae; B. piosicoli, BruceIla suis, preferably
biovars 1, 2, and 3; Clasical swine fever virus; Clostridium spp.,
preferably Cl. difficile, Cl. perfi-ingens types A, B, and C, Cl. novyi,
Cl.septicum, Cl. tetani; Coronavirus, preferably Porcine Respiratory Corona
virus; Eperythrozoonosis suis; Erysipelothrix rhsiopathiae; Escherichia
coli; Haemophilus parasuis, preferably subtypes 1, 7 and 14;
Hemagglutinating encephalomyelitis virus;Japanese Encephalitis Virus;
Lawsonia intracellularis; Leptospira spp., preferably Leptospira australis;
Leptospira canicola;Leptospira grippotyphosa; Leptospira
icterohaemorrhagicae; and Leptospira interrogans; Leptospira pomona;
Leptospira tarassovi; Mycobacterium spp., preferably M. avium, M.
intracellulare and M.bovis; Mycoplasma hyopneumoniae (M hyo); Pasteurella
multocida; Porcine cytomegalovirus;Porcine Parvovirus; Porcine Reproductive
and Respiratory Syndrome (PRRS) Virus; Pseudorabies virus; Rotavirus;
Salmonella spp., preferably S. thyhimurium and S. choleraesuis; Staph.
hyicus; Staphylococcus spp., preferably Streptococcus spp., preferably
Strep. suis; Swine herpes virus; Swine Influenza Virus; Swine pox virus;
Vesicular stomatitis virus; and Virus of vesicular exanthema of swine for
the manufacture of a multivalent combination vaccine for reducing or
lessening the severity of the clinical symptoms associated with PCV2
infection by the administration of a single dose of said vaccine to a pig,
wherein one dose of said vaccine comprises 2 jig to 150 )1g of said ORF2
protein.  10. The use of claim 9 wherein said PCV2 ORF2 protein is i) a
polypeptide comprising the sequence of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
NO: 9, SEQ ID NO: 10 or SEQ ID NO: 11, ii) any polypeptide that is at least
90% homologous to the polypeptide of a polypeptide that is encoded by a DNA
comprising the sequence of SEQ ID NO: 3 or SEQ ID NO: 4, or 



iv)any polypeptide that is encoded by a polynucleotide that is at least 90%
homologous to the polynucleotide of iii). 11. The use of claim 9 or 10,
wherein said immunogenic active component effective against another
disease-causing organism in swine is an antigen of Porcine Reproductive and
Respiratory Syndrome (PRRS) Virus. 12. The use of claim 9 or 10, wherein
said immunogenic active component effective against another disease-causing
organism in swine is an antigen of Mycoplasma hyopneumoniae (M hyo). 13.
The use of claim 9 or 10, wherein said at least one immunogenic active
component effective against another disease-causing organism in swine is an
antigen of Porcine Reproductive and Respiratory Syndrome (PRRS) and an
antigen of Mycoplasma hyopneumoniae (M hyo) 14. The use of any one of
claims 9 to 13, wherein one dose of said vaccine comprises 4 pig to 16 j.tg
of said ORF2 protein.  Case 10-0077-PCT US  <110> SEQUENCE LISTING
Roof,Mike   5  Eichmeyer, Mark     Nitzel,Greg     Schaeffer, Mer     



Hayes,Phillip   10 <120> PCV2 IMMUNOGENIC COMPOSITIONS AND METHODS OF
PRODUCING   COMPOSITIONS    <130> 34816-CIP1   15 <140> UNKNOWN    <141>
2005-01-10    <150> Unknown  



<151> 2004-12-30   20      <160> 11    <170> PatentIn version 3.3   25
<210> 1    <211> 8    



<212> DNA    <213> Artificial   30 <220>     <223> This is a modified
Kozak's sequence.    Case 10-0077-PCT US <400> 1 ccgccatg8 5 <210>2
<211>6 



<212>DNA       <213>Artificial      10 <220>       <223>This is a
recombinant Eco R1 sequence.    



<400>2       gaattc     6 15        <210>3       <211>713    



<212>DNA      20 <213>Porcine circovirus      <400>3       cagctatgac
gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60  ttggccagat
cctccgccgc cgcccctggc tcgtccaccc 



ccgccaccgc taccgttgga 120 25 gaaggaaaaa tggcatcttc aacacccgcc totcbcgcac
cttaggatat actgtggaga 180  aggaaaaatg gcatcttcaa cacccgcctc toccgcacct
tcggatatac tgtgacgact 240  ttgttccocc gggagggggg accaacaaaa tctctatacc
ctttgaatac tamagaataa 300  gaaaggttaa ggttgaattc tggccctgct ccoccatcac
ccagggtgat aggggagtgg 360  



gctccactgc tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg 420 30
acccatatgt aaactactcc tcccgccata caatccccca acccttctcc taccactccc 480
gttacttcab acccaaacct gttottgact ccactattga ttacttccaa ccaaataaca 540
aaaggaatca gotttggctg aggctacaaa cctctagaaa tgtggaccac gtaggcctcg 600  Case
10-0077-PCT US gcactgcgtt cgaaaacagt aaatacgacc aggactacaa tatccgtgta
accatgtatg660 tacaattcag agaatttaat cttaaagacc coccacttaa accctaaatg act713
5<210> 4 



<211> 713 <212> DNA <213> Porcine crrcovirus 10<400> 4 ccgccatgac
gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc60 ttggccagat
cctccgccgc cgcccctggc tcgtccaccc ccgccaccgc taccgttgga120 gaaggaaaaa
tggcatcttc aacacccgcc tctcccgcac cttcggatat actgtcaagg180 ctaccacagt
cacaacgccc tcctgggcgg tggacatgat gagatttaat attgacgact240 15ttgttccccc
gggagggggg accaacaaaa tctctatacc ctttgaatac tacagaataa300 gaaaggttaa
ggttgaattc tggccctgct ccoccatcac ccagggtgat aggggagtgg360 gctccactgc
tgttattcta gatgataact ttgtaacaaa ggccacagcc ctaacctatg420 acccatatgt
aaactactcc tcccgccata caatccccca acccttctcc taccactccc480 gttacttcac
acccaaacct gttcttgact ccactattga ttacttccaa ccaaataaca540 20aaaggaatca
gctttggctg aggctacaaa cctctagaaa tgtggaccac gtaggcctcg600 gcactgcgtt
cgaaaacagt aaatacgacc aggactacaa tatccgtgta accatgtatg660 tacaattcag
agaatttaat cttaaagacc coccacttga accctaagaa ttc713 25<210> 5 <211> 233
<212> PRT <213> Porcine circovirus 30<400> 5 Met Thr Tyr Pro Arg Arg Arg
Tyr Arg Arg Arg Arg His Arg Pro Arg  Case 10-0077-PCT US 510 Ser His Leu
Gly Gin Ile Leo Arg Arg Arg Pro Trp Leo Val. His Pro 202530 Arg His Arg Tyr
Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg 4045 Le, Ser Arg TSr Phe
Gly Tyr Thr Val. Lys Ala Thr Thr Val Thr Thr 10505560 Pro Ser Trp Ala Vol
Asp Met Met Arg Phe Asn Ile Asp Asp Phe Vol 65707580 15Pro Pro Gly Gly Gly
Thr Asn. Lys Ile Ser Ile Pro Phe Glu 



'859095 Arg Ile Arg Lys Vol Lys Val Glu Phe Trp Pro Cys Ser Pro Ile Thr
100105110 20 Gin Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu Asp Asp
Asn 115120125 Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr Vol Asn
Tyr 25130135140 Ser Ser Arg His Thr Ile Pro Gin Pro Phe Ser Tyr His Ser Arg
Tyr 145150155160 30Phe Thr Pro Lys Pro Val Leu Asp Ser Thr Ile Asp Tyr Phe
Gin Pro 165170175  Case 10-0077-PCT US Asn Asn Lys Arg Asn Gin Leu Trp Leu
Arg Leu Gin Thr Ser Arg Asn 5 Val Asp Gln Asp 180185 His Val Giy Leo Gly
Thr Ala Phe Glu Asn 195200 Tyr Asn Ile Arg Val Thr Met Tyr Val Gin 190 Her
Lys Tyr Asp 205 Phe Arg Giu Phe  210 215 220   10 



Asn Leu Lys Asp Pro Pro Leo Lys Pro     225 230     <210> 6    15 <211> 233
<212> PRT     <213> Porcine circovirus 



<400> 6    20       Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg
Pro Arg   510   15  Ser His leo Gly Gin Ile Leo Arg Arg Arg Pro Trp Leu Val
His Pro 



25  2025  30   Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr
Arg   35  95  30 Leu Her Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val
Thr Thr  505560  Case 10-0077-PCT US Pro Ser Trp Ala Val Asp Met Met Arg
Phe Ass Ile Asp Asp Phe Val 65707580 Pro Pro Gly Gly Gly Thr Asn Lys Ile
Ser Ile Pro Phe Giu Tyr Tyr 859095 Arg Ile Arg Lys Val Lys Val Ole Phe Trp
Pro Cys Ser Pro Ile Thr 



100105110 10Gin Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leu Asp Asp Asn
115120125 Phe Val Thr Lys Ala Thr Ala Lee Thr Tyr Asp Pro Tyr Val Ass Tyr
130135140 15 Ser Ser Arg His Thr Ile Pro Gin Pro Phe Ser Tyr His Ser Arg
Tyr 145150155160 Phe Thr Pro Lys Pro Val Lee Asp Ser Thr Ile Asp Tyr Phe
Gin Pro 20165170175 Ass Asn Lys Arg Ass Gin Lee Trp Lee Arg Lee Gin Thr Ser
Arg Ass 180165190 25Val Asp His Val Gly Lee Gly Thr Ala Phe Glu Ass Ser Lys
Tyr Asp 195200205 Gin Asp Tyr Asn Ile Arg Val Thr Met Tyr Val Gin Phe Arg
Giu Phe 210215220 :30 Ass Lee Lys Asp Pro Pro Lee Giu Pro 225230  Case
10-0077-PCT US  <210>7 <211>756   5 <212>DNA    <213>Artificial 



<220>    <223>This sequence is from porcine circovirus type 2,open reading
10 frame 2, together with a portion from the pGEM T-easy vector. <400>7
goggccgogg gaattcgatc cgccatgacg tatccaagga ggcgttaccg cagaagaaga 60
caccgccccc gcagccatct tggccagatc ctccgccgcc gcccctggct cgtccacccc 120 15
cgccaccgct accgttggag aaggaaaaat ggcatcttca acacccgcct ctoccgcacc 180
ttcggatata ctgtcaaggc taccacagtc acaacgccct cctgggcggt ggacatgatg 240
agatttaata ttgacgactt 



tgttcccccg ggagggggga ccaacaaaat ctctataccc 300  tttgaatact acagaataag
aaaggttaag gttgaattct ggccctgctc ccccatcacc 360  cagggtgata ggggagtggg
ctccactgot gttattctag atgataactt tgtaacaaag 420 20 gccacagccc taacctatga
cccatatgta aactactcct cccgccatac aatcbcccaa 480  ccottotcct accactcccg
ttacttcaca cccaaacctg ttottgactc cactattgat 540  tacttccaac caaataacaa
aaggaatcag ctttggctga ggctacaaac ctctagaaat 600  gtggaccacg taggcctcgg
cactgcgttc gaaaacagta aatacgacca ggactacaat 660  atccgtgtaa ccatgtatgt
acaattcaga gaatttaatc ttaaagaccc cccacttgaa 720 25 ccctaagaat tctatcacta 



gtgaattcgc ggccgc 756  <210>8    <211>10387   30 <212>DNA
<213>Artificial    Case 10-0077-PCT US <220> <223> This is the porcine
circovirus type 2, 0RF2 construct, which includes baculovirus and pGEM
7-easy coding sequences. 5<400> 8  aagctttact gaaagcacgt ataaaagatt
gtgactagcg cgtaaagcga gtaaaatgtt ctaatctgat aagaagatgt gttgaaggat
tcccgcgcgt atgttttaaa gtggaccgca catatttagt tggcacaact acacctttgc
gaacagatag tgcgtttatg atttacaatg ggcccgagtt taaaacaaaa agataagatt
cggccaagtt gtttgcgtac ccctagtatt  60 120 180 240 



10 ggagcaataa tcgatttaac caacacgtct aaatattatg atggtgtgca ttttttgcgg 300
gcgggcctgt tatacaaaaa aattcaagta cctggccaga ctttgccgcc tgaaagcata 360
gttcaagaat ttattgacac ggtaaaagaa tttacagaaa agtgtccogg catgttggtg 420
ggcgtgcact gcacacacgg tattaatcgc accggttaca tggtgtgcag atatttaatg 480  



cacaccctgg gtattgcgcc gcaggaagcc atagatagat tcgaaaaagc cagaggtcac 540 15
aaaattgaaa gacaaaatta cgttcaagat ttattaattt aattaatatt atttgcattc 600
tttaacaaat actttatcct attttcaaat tgttgcgctt cttccagcga accaaaacta 660
tgattcgctt gctccgttta gcttgtagcc gatcagtggc gttgttccaa tcgacggtag 720  



gattaggccg gatattctcc accacaatgt tggcaacgtt gatgttacgt ttatgctttt 780
ggttttccac gtacgtcttt tggccggtaa tagccgtaaa cgtagtgccg tcgcgcgtca 840 20
cgcacaacac cggatgtttg cgcttgtccg cggggtattg aaccgcgcga tccgacaaat 900
ccaccacttt ggcaactaaa tcggtgacct gcgcgtcttt tttctgcatt atttcgtott 960  



tcttttgcat ggtttcctgg aagccggtgt acatgcggtt tagatcagtc atgacgcgcg 1020
tgacctgcaa atctttggcc tcgatctgct tgtccttgat ggcaacgatg cgttcaataa 1080
actcttgttt tttaacaagt tcctcggttt tttgcgccac caccgcttgc agcgcgtttg 1140 25
tgtgctcggt gaatgtcgca atcagcttag tcaccaactg tttgctctcc toctoccgtt 1200  



gtttgatcgc gggatcgtac ttgccggtgc agagcacttg aggaattact tottctaaaa 1260
gccattottg taattctatg gcgtaaggca atttggactt cataatcagc tgaatcacgc 1320
cggatttagt aatgagcact gtatgcggct gcaaatacag cgggtcgccc cttttcacga 1380
cgctgttaga ggtagggccc ccattttgga tggtctgctc aaataacgat ttgtatttat 1440 30 



tgtctacatg aacacgtata gctttatcac aaactgtata ttttaaactg ttagcgacgt 1500
cattggccac gaaccggacc tgttggtcgc gctctagcac gtaccgcagg ttgaacgtat 1560
cttctccaaa tttaaattct ccaattttaa cgcgagccat tttgatacac gtgtgtcgat 1620
Case 10-0077-PCT_US tttgcaacaa ctattgtttt tatgggggaa catgcgccgc ggcgcaagcg
gctaaaacgt tacagttttg atttgcatat ttaacgcaaa tacaacactc gttgcgcgtt
taacggcgat ctaaacttat gtcgttatga caacgcggca tttttaaatt tgtggtaagc
acgcagacgg aacatcgcaa atcttattta aataattaaa cgccggtctc aagccaatag
ataaatagtt 1680 1740 1800 1860 



5 atgacgccta caactccccg cccgcgttga ctcgctgcac ctcgagcagt tcgttgacgc 1920
cttcctccgt gtggccgaac acgtcgagcg ggtggtcgat gaccagcggc gtgccgcacg 1980
cgacgcacaa gtatctgtac accgaatgat cgtcgggcga aggcacgtcg gcctccaagt 2040
ggcaatattg gcaaattcga aaatatatac agttgggttg tttgcgcata tctatcgtgg 2100 



cgttgggcat gtacgtccga acgttgattt gcatgcaagc cgaaattaaa tcattgcgat 2160 10
taatgcgatt aaaacgttgt acatcctcgc ttttaatcat gccgtcgatt aaatcgcgca 2220
atcgagtcaa gtgatcaaag tgtggaataa tgttttcttt gtattcccga gtcaagcgca 2280
gcgcgtattt taacaaacta gccatcttgt aagttagttt catttaatgc aactttatcc 2340 



aataatatat tatgtatcgc acgtcaagaa ttaacaatgc goccgttgtc gcatctcaac 2400
acgactatga tagagatcaa ataaagcgcg aattaaatag cttgcgacgc aacgtgcacg 2460 15
atctgtgcac gcgttccggc acgagctttg attgtaataa gtttttacga agcgatgaca 2520
tgaccoccgt agtgacaacg atcacgccca aaagaactgc cgactacaaa attaccgagt 2580  



atgtcggtga cgttaaaact attaagccat ccaatcgacc gttagtcgaa tcaggaccgc 2640
tggtgcgaga agccgcgaag tatggcgaat gcatcgtata acgtgtggag tccgctcatt 2700
agagcgtcat gtttagacaa gaaagctaca tatttaattg atcccgatga ttttattgat 2760 20
aaattgaccc taactccata cacggtattc tacaatggcg gggttttggt caaaatttcc 2820
ggactgcgat 



tgtacatgct gttaacggct ccgcccacta ttaatgaaat taaaaattcc 2880  aattttaaaa
aacgcagcaa gagaaacatt tgtatgaaag aatgcgtaga aggaaagaaa 2940  aatgtcgtcg
acatqctgaa caacaagatt aatatgcctc cqtqtataaa aaaaatattg 3000  aacgatttga
aagaaaacaa tgtaccgcgc ggcggtatgt acaggaagag gtttatacta 3060 25 aactgttaca
ttgcaaacgt 



ggtttcgtgt gccaagtgtg aaaaccgatg tttaatcaag 3120  gctctgacgc atttctacaa
ccacgactcc aagtgtgtgg gtgaagtcat gcatctttta 3180  atcaaatccc .aagatgtgta
taaaccacca aactgccaaa aaatgaaaac tgtcgacaag 3240  ctctgtccgt ttgctggcaa
ctgcaagggt ctcaatccta tttgtaatta ttgaataata 3300  aaacaattat aaatgctaaa
tttgtttttt 



attaacgata caaaccaaac gcaacaagaa 3360 30 catttgtagt attatctata attgaaaacg
cgtagttata atcgctgagg taatatttaa 3420  aatcattttc aaatgattca cagttaattt
gcgacaatat aattttattt tcacataaac 3480  tagacgcctt gtcgtcttct tcttcgtatt
ccttctcttt ttcatttttc tcctcataaa 3540   Case 10-0077-PCT US aattaacata
gttattatcg tgtcataaat atatatgtct tgtaatttac aacagtgcta aatttatata
atcaatgaat 



tatccatata tttttaatgg ttttctggta ttgggatcgt tgtatctatc ggtgtatagt
gttcttcgga cggttttgta gtatagagta accgctgcgc gtgtgttgct caatatgttg
aattttttgt atagtttttc ttaattatta ccggcatagt 3600 3660 3720 3780 5
acgcagcttc ttctagttca attacaccat tttttagcag caccggatta acataacttt 3840
ccaaaatgtt gtacgaaccg ttaaacaaaa acagttcacc tcccttttct atactattgt 3900
ctgcgagcag ttgtttgttg ttaaaaataa cagccattgt aatgagacgc acaaactaat 3960
atcacaaact ggaaatgtct atcaatatat agttgctgat 



atcatggaga taattaaaat 4020  gataaccatc tcgcaaataa ataagtattt tactgttttc
gtaacagttt tgtaataaaa 4080 10 aaacctataa atattcogga ttattcatac cgtcccacca
tcgggcgcgg atcagatctg 4140  cagcggccgc gggaattcga tccgccatga cgtatccaag
gaggcgttac cgcagaagaa 4200  gacaccgccc ccgcagccat cttggccaga toctccgccg 



ccgcccctgg ctcgtccacc 4260  cccgccaccg ctaccgttgg agaaggaaaa atggcatctt
caacacccgc ctctoccgca 4320  ccttcggata tactgtcaag gctaccacag tcacaacgcc
ctcctgggcg gtggacatga 4380 15 tgagatttaa tattgacgac tttgttcccc cgggaggggg
gaccaacaaa atctctatac 4440  cctttgaata ctacagaata agaaaggtta aggttgaatt
ctggccctgc tcccccatca 



4500  cccagggtga taggggagtg ggctccactg ctgttattct agatgataac tttgtaacaa
4560  aggccacagc cctaacctat gacccatatg taaactactc ctcccgccat acaatccccc
4620  aaccottctc ctaccactcc cgttacttca cacccaaacc tgttcttgac tccactattg
4680 20 attacttcca accaaataac aaaaggaatc agctttggct gaggctacaa acctctagaa 



4740  atgtggacca cgtaggcctc ggcactgcgt tcgaaaacag taaatacgac caggactaca
4800  atatccgtgt aaccatgtat gtacaattca gagaatttaa tcttaaagac ccoccacttg
4860  aaccctaaga attctatcac tagtgaattc gcggccgccg gccgctccag aattctagaa
4920  ggtacccggg atcctttcct gggacccggc aagaaccaaa aactcactct cttcaaggaa
4980 



25 atccgtaatg ttaaacccga cacgatgaag cttgtcgttg gatggaaagg aaaagagttc 5040
tacagggaaa cttggacccg cttcatggaa gacagcttcc ccattgttaa cgaccaagaa 5100
gtgatggatg ttttccttgt tgtcaacatg cgtcccacta gacccaaccg ttgttacaaa 5160
ttcctggccc aacacgctct gcgttgcgac cccgactatg tacctcatga cgtgattagg 5220 



atcgtcgagc cttcatgggt gggcagcaac aacgagtacc gcatcagcct ggctaagaag 5280 30
ggcggcggct gcccaataat gaaccttcac tctgagtaca ccaactcgtt cgaacagttc 5340
atcgatcgtg tcatctggga gaacttctac aagcccatcg tttacatcgg taccgactct 5400
gctgaagagg aggaaattct ccttgaagtt tccctggtgt tcaaagtaaa ggagtttgca 5460 



Case 10-0077-PCT US       ccagacgcac ctctgttcac tggtccggcg tattaaaaca
cgatacattg ttattagtac 5520  atttattaag cgctagattc tgtgcgttgt tgatttacag
acaattgttg tacgtatttt 5580  aataattcat taaatttata atctttaggg tggtatgtta
gagcgaaaat caaatgattt 5640 5 



tcagcgtctt tatatctgaa tttaaatatt aaatcctcaa tagatttgta aaataggttt 5700
cgattagttt caaacaaggg ttgtttttcc gaaccgatgg ctggactatc taatggattt 5760
tcgctcaacg ccacaaaact tgccaaatct tgtagcagca atctagcttt gtcgatattc 5820
gtttgtgttt tgttttgtaa taaaggttcg acgtcgttca aaatattatg cgcttttgta 5880  



tttctttcat cactgtcgtt agtgtacaat tgactcgacg taaacacgtt aaataaagct 5940 10
tggacatatt taacatcggg cgtgttagct ttattaggcc gattatcgtc gtcgtcccaa 6000
ccctcgtcgt tagaagttgc ttccgaagac gattttgcca tagccacacg acgcctatta 6060
attgtgtcgg ctaacacgtc cgcgatcaaa tttgtagttg agctttttgg aattatttct 6120
gattgcgggc 



gtttttgggc gggtttcaat ctaactgtgc ccgattttaa ttcagacaac 6180  acgttagaaa
gcgatggtgc aggcggtggt aacatttcag acggcaaatc tactaatggc 6240 15 ggcggtggtg
gagctgatga taaatctacc atcggtggag gcgcaggcgg ggctggcggc 6300  ggaggcggag
gcggaggtgg tggcggtgat gcagacggcg gtttaggctc aaatgtctct 6360  ttaggcaaca 



cagtcggcac ctcaactatt gtactggttt cgggcgccgt ttttggtttg 6420  accggtctga
gacgagtgcg atttttttcg tttctaatag cttccaacaa ttgttgtctg 6480  tcgtctaaag
gtgcagcggg ttgaggttcc gtcggcattg gtggagcggg cggcaattca 6540 20 gacatcgatg
gtggtggtgg tggtggaggc gctggaatgt-taggcacggg agaaggtggt 6600  ggcggcggtg
ccgccggtat aatttgttct 



ggtttagttt gttcgcgcac gattgtgggc 6660  accggcgcag gcgccgctgg ctgcacaacg
gaaggtcgtc tgcttcgagg cagcgcttgg 6720  ggtggtggca attcaatatt ataattggaa
tacaaatcgt aaaaatctgc tataagcatt 6780  gtaatttcgc tatcgtttac cgtgccgata
tttaa.caacc gctcaatgta agcaattgta 6840 25 ttgtaaagag attgtctcaa gctcgccgca 



cgccgataac aagccttttc atttttacta 6900  cagcattgta gtggcgagac acttcgctgt
cgtcgacgta catgtatgct ttgttgtcaa 6960  aaacgtcgtt ggcaagcttt aaaatattta
aaagaacatc tctgttcagc accactgtgt 7020  tgtcgtaaat gttgtttttg ataatttgcg
cttccgcagt atcgacacgt tcaaaaaatt 7080  gatgcgcatc aattttgttg ttcctattat 



tgaataaata agattgtaca gattcatatc 7140 30 tacgattcgt catggccacc acaaatgcta
cgctgcaaac gctggtacaa ttttacgaaa 7200  actgcaaaaa cgtcaaaact cggtataaaa
taatcaacgg gcgctttggc aaaatatcta 7260  ttttatcgca caagcccact agcaaattgt
atttgcagaa aacaatttcg gcgcacaatt 7320   Case 10-0077-PCT_US ttaacgctga
cgaaataaaa tctattttaa tcacggttcc ccgatttatt tgaaacacta ttattagaca
gctgtgtgaa 



gttcaccagt atcaacaacc caaattaaag gcgctcaacg taatgagcga aagtgatcgt
gcgagctttc atttgcacaa ccacccaaat gatggactac gtaccaactt gcacaatttc
tttataaaaa attgactgtc gttagcaata atacacaacg 7380 7440 7500 7560 5
acataaaact cgaaaatgtc ttatatttcg aagcacttga tcgcgtgtat gtttgcgatt 7620
acggattgtg caaa.cacgaa aactcactta gcgtgcacga cggcacgttg gagtatttta 7680
gtccggaaaa aattcgacac acaactatgc acgtttcgtt tgactggtac goggcgtgtt 7740
aacatacaag ttgctaacgt 



aatcatggtc atagctgttt cctgtgtgaa attgttatcc 7800  gctcacaatt ccacacaaca
tacgagccgg aagcataaag tgtaaagcct ggggtgccta 7860 10 atgagtgagc taactcacat
taattgcgtt gcgctcactg cccgctttcc agtcgggaaa 7920  cctgtcgtgc cagctgcatt
aatgaatcgg ccaacgcgcg gggagaggcg gtttgcgtat 7980  tgggcgctct tccgottcct
cgctcactga 



ctcgctgcgc toggtcgttc ggctgcggcg 8040  agcggtatca gctcactcaa aggcggtaat
acggttatcc acagaatcag gggataacgc 8100  aggaaagaac atgtgagcaa aaggccagca
aaaggccagg aaccgtaaaa aggccgcgtt 8160 15 gctggcgttt ttccataggc tccgcccccc
tgacgagcat cacaaaaatc gacgctcaag 8220  tcagaggtgg cgaaacccga caggactata 



aagataccag gcgtttcccc ctggaagctc 8280  cctcgtgcgc tctcctgttc cgaccctgcc
gcttaccgga tacctgtccg cctttctccc 8340  ttcgggaagc gtggcgcttt ctcatagctc
acgctgtagg tatctcagtt cggtgtaggt 8400  cgttcgctcc aagctgggct gtgtgcacga
accccccgtt cagcccgacc gctgcgcctt 8460 20 atccggtaac tatcgtcttg agtccaaccc 



ggtaagacac gacttatcgc cactggcagc 8520  agccactggt aacaggatta gcagagcgag
gtatgtaggc ggtgctacag agttcttgaa 8580  gtggtggcct aactacggct acactagaag
gacagtattt ggtatctgcg ctctgctgaa 8640  gccagttacc ttcggaaaaa gagttggtag
ctcttgatcc ggcaaacaaa ccaccgctgg 8700  tagcggtggt ttttttgttt gcaagcagca 



gattacgcgc agaaaaaaag gatctcaaga 8760 25 agatcctttg atcttttcta cggggtctga
cgctcagtgg aacgaaaact cacgttaagg 8820  gattttggtc atgagattat caaaaaggat
cttcacctag atccttttaa attaaaaatg 8880  aagttttaaa tcaatctaaa gtatatatga
gtaaacttgg tctgacagtt accaatgctt 8940  aatcagtgag gcacctatct cagcgatctg
tctatttcgt 



tcatccatag ttgcctgact 9000  ccccgtcgtg tagataacta cgatacggga gggcttacca
totggccoca gtgctgcaat 9060 30 gataccgcga gacccacgct caccggctcc agatttatca
gcaataaacc agccagccgg 9120  aagggccgag cgcagaagtg gtcctgcaac tttatccgcc
tccatccagt ctattaattg 9180  ttgccgggaa gctagagtaa gtagttcgcc agttaatagt 



ttgcgcaacg ttgttgccat 9240  Case 10-0077-PCT US tgctacaggc atcgtggtgt
cacgctcgtc gtttggtatg gcttcattca gctccggttc9300 ccaacgatca aggcgagtta
catgatcccc catgttgtgc aaaaaagcgg ttagctcctt9360 cggtoctcog atcgttgtca
gaagtaagtt ggccgcagtg ttatcactca tggttatggc9420 agcactgcat aattctctta
ctgtcatgcc atccgtaaga tgcttttctg tgactggtga9480 5gtactcaacc aagtcattct
gagaatagtg tatgcggcga ccgagttgct cttgcccggc9540 gtcaatacgg gataataccg
cgccacatag cagaacttta aaagtgctca tcattggaaa9600 acgttcttcg gggcgaaaac
tctcaaggat cttaccgctg ttgagatcca gttcgatgta9660 acccactcgt gcacccaact
gatcttcagc atcttttact ttcaccagcg tttctgggtg9720 agcaaaaaca ggaaggcaaa
atgccgcaaa aaagggaata agggcgacac ggaaatgttg9780 10aatactcata ctottccttt
ttcaatatta ttgaagcatt tatcagggtt attgtctcat9840 gagcggatac atatttgaat
gtatttagaa aaataaacaa ataggggttc cgcgcacatt9900 tccccgaaaa gtgccacctg
acgtctaaga aaccattatt atcatgacat taacctataa9960 aaataggcgt atcacgaggc
cotttcgtot cgcgcgtttc ggtgatgacg gtaaaaacct 10020 ctgacacatg cagctcccgg
agacggtcac agcttgtctg taagcggatg ccgggagcag 10080  15 acaagcccgt cagggcgcgt
cagcgggtgt tggcgggtgt cggggctggc ttaactatgc 10140 ggcatcagag cagattgtac
tgagagtgca ccatatgagg tgtgaaatac cgcacagatg 10200 cgtaaggaga aaataccgca
tcaggcgcca ttcgccattc aggctgcgca actgttggga 10260 agggcgatcg gtgcgggcct
ottcgctatt acgccagctg gcgaaagggg gatgtgctgc 10320 aaggcgatta agttgggtaa
cgccagggtt ttcccagtca cgacgttgta aaacgacggc 10380 20cagtgcc10387 <210> 9
<211> 20 25<212> PRT <213> Porcine circovirus <400> 9 30Ser Tyr Pro Arg Arg
Arg Tyr Arg Arg Arg Arg His His Pro Pro Ser 151015  Case 10-0077-PCT US His
Leu Gly Gin 20 5 



<210> 10 <211> 19 <212> PRT <213> Porcine circovirus 10 <400> 10 Pro Arg
His His Tyr Arg Pro Arg Arg Lys Asn Gly Ile Phe Asn. Thr 151015 15 Thr Leu
Her 20<210> 11 <211> 233 <212> PRT <213> Artificial 25<220> <223> This is
an amino acid sequence for porcine circovirus type 2, open reading frame 2.
<400> 11 30 Me' Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
51015  Case I0-0077-PCT US Ser His Leo Gly Gin Ile Lieu Arg Arg Arg Pro Trp
Leo Val His Pro 202530 5Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe
Asn Thr Arg 354045 Leo Ser Arg Tht Phe Gly Tyr Thr Val Lys Ala Thr Thr Val
Arg Thr 505560 10 Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asp Asp
Phe Val 65707580 Pro Pro Gly Gly Gly TSr Asn Lys Ile Ser Ile Pro Phe Glu
Tyr 15859095 Arg Ile Lys Lys Val Lys Val Glu Phe Trp Pro Cys Ser Pro Ile
Thr 100105110 20Gin. Gly Asp Arg Gly Val Gly Ser Thr Ala Val Ile Leo Asp
Asp Asn 115120125 



Pie Val Thr Lys Ala Thr Ala Leo Thr Tyr Asp Pro Tyr Val Asn Tyr 130135140
25 Ser Ser Arg His Thr Ile Pro Gin Pro The Ser Tyr His Ser Arg Tyr
145150155160 Phe Thr Pro Lys Pro Val Leo Asp Ser Thr Ile Asp Tyr Pie Gin
Pro 30165170175 Asn Asn Lys Arg Asn Gin Leo Trp Leo Arg Leo Gin Thr Ser Arg
Asn  Case 10-0077-PCT US 180185190 Vol Asp His Vol Gly Lou Giy Thr Ala Phe
Glu Asn Ser Ile Tyr Asp 195200205 5 Gin Asp Tyr Asn Ile Arg Vol Thr Met Tyr
Vol Gin Phe Asp Giu. Phe 210215220 Asn Leu Lys Asp Pro Pro Lou Lys Pro
10225230 








