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Introduction

Post-weaning multisystemic wasting syndrome
(PMWS) was first described in high health herds in
1996 in Canada (Clark, 1997 (1); Harding and Clark,
1997 (2)) and is now considered to be an important
emerging disease syndrome in the pig industry. It
was quickly associated with a newly discovered vi-
rus, Porcine Circovirus type 2 (PCV2) (Ellis et al., 1998
3))-

Since then, PCV2 has been increasingly isolated
from pigs affected with various other clinical manifes-
tations as PRDC (Porcine Respiratory Disease Com-
plex) (Allan and Ellis, 2000 (4); Harms et al., 2002 (5);
Kim et al., 2003 (6)), reproductive failures (Josephson
and Charbonneau, 2001 (7); Ladekjaer-Mikkelsen et
al,, 2001 (8); Kim et al,, 2004 (9); O'Connor et al., 2001
(10); West et al, 1999 (11)), PDNS (Porcine Dermatitis
and Nephropathy Syndrome) (Allan and Ellis, 2000
(4); Gresham et al,, 2001 (12); Meehan et al, 2001 (13);
Thomson et al., 2001 (14); Ramos-Vara et al,, 1997 (15)),
and liver disease, necrotizing lymphadenitis, granulo-
matous enteritis or possibly exudative epidermitis
(Chae, 2005 (16)).

This article will review available data from natu-
rally acquired and experimentally induced diseases
to evaluate the involvement of PCV2 in various
pathologies. In particular we will examine to what ex-
tend co-infections are necessary for the full expres-
sion of PCV2-associated diseases. We will also assess
the efficacy of the vaccination with CIRCOVAC®* in-
cluded in more general vaccination regimens, in or-
der to prevent or minimize these syndromes.

*CIRCOVAC® is a registered trademark of Merial

in the United States, Japan and elsewhere.

1. Descriptions of PCV2-associated pathologies
and syndromes
1.1. Post-weaning Multi-systemic Wasting Syndrome

(PMWS)

PMWS is now well associated with PCV2 and has
become a major economic concern in all pig-produc-
ing areas worldwide. In Asia, Europe or North Ameri-
ca, PMWS occurs in both endemic and epidemic
forms (Allan and Ellis, 2000 (4); Ellis, 2004 (17) and Se-
gales and Domingo, 2002 (18)). The presence of
PMWS in Asia has been well documented (Ka-
washima et al 2003 (19)).

PMWS is characterized by progressive growth re-
tardation and wasting, enlargement of lymph nodes
(especially the more easily visible inguinal lymph
nodes), dyspnoea, diarrhoea and jaundice in pigs from
about 6 to 12 weeks of age. Individual diagnosis is
based on these clinical signs, associated with charac-
teristic histopathological lesions in lymphoid tissues
(lymphocyte depletion together with histiocytic infil-
tration and/or inclusion bodies and/or giant cells),
and detection of PCV2 in moderate to massive quan-
tity within these lesions.The herd diagnosis is based
on increase in mortality and wasting post weaning
compared with the historical level in the herd associ-
ated with individual diagnosis established on necrop-
sies of at least 5 pigs. (European Consortium
definition - Project No 513928 Sixth Framework
Programme - http:// www.pcvd.org ).

PCV2 is consistently isolated from PMWS field
cases but the virus is found very often in association
with other known pathogenic viral or bacterial
agents as described in Asia in table I (Jeong et al,
2003 (20)).

In a US field case control study conducted to assess

the epidemiological association between PMWS and a
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Table I: Pathogens mixed-infection detected with PCV2

Associated Pathogens No. of positive pigs / Percentage
No. of pigs examined

PRRSV, P. multocida, B. bronchiseptica 1/52 1.9
PRRSV, P. multocida 1/52 1.9
SIV, P. multocida 1/52 1.9
PRRSV 23/52 44.2
Pseudorabies virus 4/52 7.7
PEDV 3/52 5.8
PRCV 1/52 1.9
P. multocida 6/52 11.5
A. pleuropneumoniae 2/52 3.8
Total 42/52 80.8

list of known viruses (PCV2, Porcine Respiratory and
Reproductive Syndrome virus (PRRSV), porcine par-
vovirus (PPV), porcine enterovirus types 1-3, Influ-
enza viruses (SIV), porcine respiratory coronavirus,
transmissible gastroenteritis virus, porcine endoge-
nous retrovirus, porcine lymphotropic herpesvirus
type 1 and bovine viral diarrhea virus) the strongest
association was found between PMWS and PCV2.
The risk of contracting PMWS was much higher if
the animal was concurrently infected with PCV2 and
PRRSV, suggesting that the development of PMWS
could be enhanced by cofactors (Pogranichniy et al.,
2002 (24)).

PMWS has been reproduced in experimental pig
models by both inoculation of PCV2 alone and in asso-
ciation with other agents. It has been possible to in-
duce PMWS with PCV2 alone in various
experiments. However co-infections with both PCV2
and PPV, or with PCV2 and PRRS, or with PCV2 and
Mycoplasma hyopneumoniae (M. hyo) generally induced
more cases of PMWS. Those experimental co-infec-
tions consistently led to more severe clinical signs
and histopathological lesions, as well as increased
PCV2 viral load (Allan et al., 2000 (47); DeJong et al,
2003 (48); Harms et al., 2001 (49)).

1.2. PCV2 and Porcine Respiratory Disease Complex
(PRDC)
Porcine respiratory disease complex is a threat in
growing and finishing pigs from 16 to 22 weeks of
age. It is characterized by slow growth, decreased

feed efficiency, lethargy, anorexia, fever, cough, and

dyspnoea (Halbur, 1998 (50); Thacker, 2001 (51) and
Harms et al., 2002 (52)).

According to field data, pneumonia in pigs with
PRDC is due to a combination of both viral and bacte-
rial agents, such as PRRSV, PCV2, SIV, M. hyo, Actino-
bacillus pleuropneumoniae (APP), and Pasteurella multo-
cida (Halbur, 1998 (50); Thacker, 2001 (51)). For in-
stance, a large retrospective study of 105 PRDC cases
in Korea in 2003 (Kim et al., 2003 (6)), found 85 cases
positive for PCV2, 66 positive for PRRSV, 60 positive
for PPV, and 14 positive for SIV with a majority of co-
infections. PCV2 and Pasteurella multocida was found
in 38 cases, followed by PCV2 and M. hyo in 33 cases.
A similar picture was described in the US (Harms et
al. 2002 (5)). There is a marked increase in mortality
when single and multiple concurrent bacterial infec-
tions occur (Done, 2002 (53); Harms et al., 2002 (5); Kim
et al., 2003 (6); Thacker, 2001 (51)).

A particular case of pneumonia has been described
as proliferative necrotizing pneumonia (PNP) a term
coined to describe the specific histological features of
a sub-acute to chronic pneumonia in swine. Original-
ly, this lesion was associated with SIV and then
PRRSV infection (Harms et al. 2002 (52); Morin et al.,
1990 (54); Rossow, 1998 (55); Larochelle et al., 1999
(56)). But the consistent identification of PCV2 demon-
strated by in situ hybridization and immunohisto-
chemistry in PNP cases has led to the suggestion that
PCV2 could also be an important contributor to this
syndrome. (Ellis et al.,, 1999 (57); Harms et al., 2002 (5)

Because the clinical signs of PRDC are variable and

its etiology can be multi-factorial, the presence of
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PCV2 DNA or antigen in lung tissues, together with
a bronchointerstitial pneumonia including peribron-
chial and peribronchiolar fibrosis are used as the
main criteria for the diagnosis of PCV2-associated
PRDC.

In the laboratory, experimental evidence indicate
that PCV2 and PRRS viruses can act synergistically
and together induce more severe respiratory signs
and pulmonary lesions (Allan et al, 2000 (58)). Al-
though PCV2 might not increase the severity of
PRRS lesions, PRRSV certainly potentiates the action
of PCV2 (Allan et al., 2000 (58)). The bronchointersti-
tial pneumonia produced by co-infection of PCV2 and
PRRSV is compatible with the typical lesions seen in
field cases of PRDC (Drolet et al., 2003 (59)).

As well experimental co-infection studies with
PCV2 and M. hyo demonstrated that M. iyo can raise
the amount and prolong the presence of PCV2 anti-
gen, increase the incidence of PMWS in pigs, increase
the severity of PCV2-associated lymphoid lesions,
and also the intensity of PCV2-associated lung
lesions. A synergetic effect of respiratory associated
symptoms can be clearly seen as 1/9 of M. hyo in-
fected animals and 2/8 of PCV2 infected animals had
necrotizing bronchiolitis while 7/9 of the dually in-
fected animals were presenting this symptom
(Opriessnig et al,, 2004 (46)).

1.3. PCV2 in other syndromes and diseases

PCV2 has also been associated mainly in field stud-
ies with reproductive failures alone or associated
with enteritis, with diarrheas and granulomatous en-
teritis, with liver disease, with exudative epidermitis,
with neurological signs and with Porcine Dermatitis
and Nephropathy Syndrome (PDNS). The particular
role of PCV2 and/or the other pathogens involved in
these syndromes will have to be explored in the

future.

2. The pathogenic mechanisms of disease in
PCV2 infections and possibility of enhancement
by co-infections
Different mechanisms have been proposed to de-

scribe the pathogenicity of PCV2 infections and ex-

plain the links with different associated diseases
(Segales et al., 2004 (60)).

It was first proposed that initial PCV2 replication
was probably taking place in macrophages and
antigen-presenting cells of lymphoid tissues such as
tonsils and regional lymph nodes (Clark, 1997 (61);
Rosell et al, 1999 (62)), or alternatively in Peyer's
patches (Rosell et al.,, 1999 (62); Royer et al., 2001 (63)),
because the virus is found consistently in those tis-
sues and in those cells. After infection and replication
in resident mucosal macrophages and other antigen-
presenting cells, PCV2 could be transported intracel-
lularly or migrate freely in lymph and/or blood. The
normal traffic of PCV2 infected cells to many tissues
would contribute to the spread of viral infection to nu-
merous organs (Rosell et al., 1999 (62)).

However, while this scheme was indeed confirmed
as a general picture for the dissemination of the vi-
rus, it has been demonstrated that PCV2 does not
usually replicate in macrophages and antigen-present-
ing cells (Vincent et al., 2005 (64)). In fact cells of the
macrophage lineage do phagocytize and store huge
amounts of PCV2 for very long time which explains
why the virus can be found in those cells. In vitro
tests demonstrate a rapid uptake of the virus and per-
sistence of antigen and infectious virus for prolonged
periods of time in dendritic cells. PCV2 survives
there in infectious form by avoiding the cellular deg-
radative machinery and replication in dendritic cells
will be at best extremely limited (Mc Cullough et al,
2003 (65)).

When parenchymal cells are eventually infected in
the lungs, liver, kidneys, heart and other organs the
transition to a full blown PMWS occurs. At this stage
PCV2 can actively replicate in endothelial or epithe-
lial cells and tremendous amount of virus can be de-
tected in the organs. This would support the idea
that the tissue and cellular tropism of PCV2 expand
as PMWS develops (Krakowka et al., 2003 (66)), but
how such a shift takes place is still unclear although
we know it is linked to immune stimulation.

On the other hand, it has been demonstrated re-
cently that PCV2 does have a profound impact on

some categories of dendritic cells and can impair
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their functions to an extent that stops immune de-
fenses and leads to immune pathologies and anergy.
At this point, any secondary pathogen will have an
open access to the pig system (Mc Cullough et al,
2003 (65)).

We will now review the direct effect of PCV2 on
the immune system and possible synergistic effect

with various triggers and secondary pathogens.

2.1. PCV2 infection produces immune suppression

The signs of immune suppression in PCV2 infec-
tions range from the cellular and microscopical level
to the clinical level.

PMWS is characterized by widespread granuloma-
tous inflammation, multinucleated giant cells, and
variable numbers of intracytoplasmic basophilic viral
inclusion bodies within infiltrating histiocytes and
macrophages. In fact the hallmark histologic lesion of
PMWS is multifocal to diffuse mixed angiocentric
granulomatous inflammation. This unusual lesion is
unlike what is ordinarily associated with a viral infec-
tion and is sufficiently characteristic to be considered
diagnostic for PMWS. Histiocytic infiltration is also
one of the initial events during PCV2 infection, and co-
incides with macroscopic lymphadenopathy. More
chronic cases tend to show less severe lymphocyte
depletion with less pronounced
histiocytic/multinucleate giant cell infiltration (Kra-
kowka et al., 2003 (66); Allan et al.,, 1999 (32); Choi and
Chae, 1999 (67); Choi et al., 2000 (68); Ellis et al., 1999
(57); Kennedy et al., 2000 (33); Kim et al., 2002 (69); Kra-
kowka et al, 2000 (27); Clark, 1997 (61); Rosell et al.,
1999 (62); Quintana et al., 2001 (70)).

PCV2 antigen was also found present in more ad-
vanced necrotic lesions, suggesting that PCV2 anti-
gen can be associated with necrotizing lymphadenitis
(Kim and Chae, 2005 (71)).

In field or experimental studies, peripheral blood
mononuclear cells counts and histopathological
evaluations also revealed lymphocyte depletion in dif-
ferent lymphoid organs and a change in the propor-
tions of the different lymphocyte subsets. As the
level of PCV2 in lymphoid tissues increases, so does

the depletion in both B- and T-cell-dependent areas of

these tissues. (Darwich et al, 2002 (72); Nielsen et al.,
2003. (73)).

Apoptosis has been proposed to account for loss of
B and T lymphocytes in PMWS-affected pigs which
could account for disruption in cytokine signaling
(Shibahara et al, 2000 (74)) but this mechanism has
not been definitively demonstrated in all studies (Kra-
kowka et al., 2003 (66)).

The damage to the immune system of PCV2-in-
fected and PMWS-affected pigs can then naturally
lead to impaired immune responses and opportunis-
tic infections are a final evidence of the immune sup-
pression caused by PCV2 infection. For instance, a
low prevalence (approximately 5%) of pulmonary in-
fection with Prewmocystis carinii was documented in
the early cases of PMWS in Western Canada (Ellis et
al, 1998 (75)). Another example is the inability of
PMWS pigs to produce or sustain neutralizing anti-
body responses (Charreyre et al., 2000 (76); Meerts et
al, 2006 (77)).

2.2 Triggering factors leading from PCV2 infection to

more severe clinical diseases

Experimentally PMWS has been obtained more
consistently when PCV2-infected piglets are also im-
mune stimulated by injections of an antigen emulsi-
fied in an oil-based macrophage-targeted adjuvant. In
fact activation of the immune system is the pivotal
event that can induce the shift to PCV2 infected to-
wards full blown disease (Allan et al., 1999 (78); Allan
et al, 2000 (58); Choi and Chae, 2000 (79); Ellis et al,
1999 (80); Kennedy et al., 2000 (33); Kim et al., 2003 (81);
Krakowka et al., 2000 (27); Krakowka et al., 2001 (82)).

Studies demonstrated that vaccination with bacter-
ins commonly used in the USA (APP and M. hyo bac-
terins) enhanced PCV2 replication and the severity of
clinical signs and lesions found in PMWS. Early vacci-
nation, antigen-rich single shot regimens, oily adju-
vants, high PCV2 prevalence in the environment, and
low maternal antibody status may lead to increased
incidence and severity of PMWS. (Opriessnig et al.
2003 (83); Hoogland et al. 2006 (84)).

As described earlier, PMWS has also been ob-

tained more consistently experimentally in co-infec-
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tion models, with PCV2 and PPV, PCV2 and PRRSV,
or PCV2 and M. hyo.

In one of those experimental studies, pigs infected
with PPV appeared to display elevated interleukine
10 responses that could activate B cells therefore fa-
voring immune stimulation and PCV2 uptake. Detec-
tion of IL10 was prolonged in dually infected pigs
(Hasslung and al., 2005 (38)).

Based on the replicative cycle of PCV2 which,
much like PPV, requires or makes use of actively rep-
licating cells (Meehan et al.,, 1998 (85)), factors that in-
duce the replication of potential target cells would
favor PCV2 replication and, by extension, viral load
and disease. Therefore, co-infecting agents like PPV
that can cause death of various cells and lead to re-
generation of damaged tissue may indirectly enhance
the replication of PCV-2. Cytokines and other growth
factors that affect cell division may also indirectly up-
regulate the replication of PCV2.

PRRSV targets and kills specifically pulmonary al-
veolar macrophages (PAMs), a cell population that
can phagocytize and store high amounts of poten-
tially pathogenic PCV2 virus for long periods of time
as we described earlier. Destruction of those cells
could lead to PCV2 release in large amounts in the
lung. Because PRRSV infection is rather persistent in
pigs, bursts of PCV2 release could also occur repeat-
edly over time in chronically dually infected pigs.

Infection with M. hyo induces the production of pro-
inflammatory cytokines that will produce
inflammation. Therefore it is logical to observe that
M. Hyo infection will induce a bronchiolitis that is en-
hancing PCV2 respiratory pathogenesis, then raise
the amount and prolong the presence of PCV2-anti-
gen, and increase the incidence of PMWS in pigs
(Opriessnig et al, 2004 (46)). Interestingly it has been
shown recently in vitro that PCV2 infected PAMs
are functionally altered and will not be able to control
very effectively secondary pathogens like M. hyo
(Chang et al, 2006 (86)). Another interesting fact is
the possibility for Gram-negative bacterial compo-
nents as LPS to induce PCV2 multiplication in PAMs
where it was dormant before.

M. hyo infection will also direct the immune re-

sponse away from a THI1 type, in which the macro-
phages would be activated to destroy it, towards a
less effective TH2 response, (Thacker, 2001 (87)), thus
inducing more immune stimulation that could favor
PCV2 uptake.

Other pathogens like SIV and APP cause acute in-
flammation of the lungs (Thacker et al., 2006 (88)), and
they could as well up-regulate and favor PCV2
multiplication.

All those possibilities will interact with each other
of course in even more complex fashion in field situa-

tions when all pathogens can be present together.

3. The influence of virus variation

PCV2 isolates from different clinical disease mani-
festations and different geographical locations have
been sequenced and are all highly homologous with
more than 90-96% nucleotide identity between
isolates. (Allan et al, 1998 (89); Ellis et al., 1998 (75);
Fenaux et al., 2000 (90) ; Hamel et al., 2000 (91); Mank-
ertz et al., 2000 (92); Meehan et al., 1998 (93)). PCV2 dif-
fers significantly from the non virulent PCV1
(roughly 62% homology) suggesting that PCV2 iso-
lates are all members of a single pathogenic virus
genotype (Hamel et al, 1998 (94); Tischer et al, 1974
(95); Tischer et al,, 1986 (96); Meehan et al., 1998 (93)).

A number of studies have found minor differences
in the respective PCV2 genomes (Choi et al.,, 2002 (97);
Farnham et al, 2003 (98); Meehan et al., 2001 (13);
O'Connor et al, 2001 (10)) but at this time it remains
unclear what significance these minor differences
may have. Sequence analysis of ORF1 and ORF2
genes has revealed that the extent of nucleotide varia-
tion is logically greater for the ORF2 than ORF1
(Fenaux et al., 2000 (90); Hamel et al., 2000 (91); Mank-
ertz et al, 2000 (92)). The alterations in ORF2, which
encodes for the major structural capsid protein (Na-
wagitgul et al, 2000 (99)) may suggest a link between
capsid protein variation and pathogenicity of PCV2.
Modification of the major viral capsid may alter deter-
minants involved in tissue tropism or virus-host
interactions. One study has suggested that the minor
variation in the ORF2 of PCV2 may account for differ-

ences in tropism with respect to the host organism
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(Mankertz et al., 2000 (92)). Two other studies have
suggested that PCV2 isolated from reproductive fail-
ure and PDNS may be phenotypically or genetically
different from PCV2 associated with PMWS (Meehan
et al, 2001 (13); O'Connor et al, 2001 (10)). However
comparison of various PCV2-isolates side by side in
challenge experiments demonstrated no or limited
differences (Hasslung et al, 2005 (38); Halbur and
Opriessnig, 2006 (100)).

Because other host factors such as age, health sta-
tus, route of infection, co-infections or other stressors
can markedly influence the pathogenicity and clinical
manifestations of PCV2 infections, it will be difficult
to assess isolate variability in field situations. Further-
more, all of the characterized isolates of PCV2 associ-
ated with PMWS are antigenically similar to each
other using monoclonal and polyclonal antibodies (Al-
lan et al,, 1999 (101)).

4. Circovaccination of the pig herd
A vaccination scheme for PCV2-associated dis-

eases that targeted gilts and sows and the passive

transfer of high levels of maternally derived antibod-
ies to PCV2 in colostrum and milk has been proposed

(Charreyre et al. 2004 (102)) based on the following

information:

— PCV2is very stable, hardy and abundant in the en-
vironment and eradication unlikely in most farms

— In PMWS-affected farms higher levels of PCV2 vi-
rus are found in the nurseries and post-weaning
phases than in later stages of the pig life (Sibila et
al. 2005 (103), Lopez-Soria et al., 2005 (104) Rose et
al,, 2004 (105))

— Maternal antibodies to PCV2 were demonstrated
to be protective against PCV2 infection and devel-
opment of PMWS (Charreyre et al,, 2002 (106); Tho-
mas et al.,, 2005 (107))

— Abortion and premature farrowing were obtained
in sows inoculated with PCV2 three weeks before
farrowing, thus emphasizing the need to protect
the breeder herd in the gestational phase (Park et
al,, 2005 (108)).

However, vaccination of the breeder herd and pas-

sive transfer of PCV2 antibodies will only protect the

piglets against PCV2 infection for a limited period of
time while maternal antibody decline. This is re-
flected in field conditions, where active seroconver-
sion is reported from 5 to 15 weeks of age (Cotrell,
1999 (109); Larochelle et al., 2003 (110); Segales and
Morvan, 2004 (111)).

Several studies by different groups have demon-
strated that active antibodies are also protective
against PMWS (Blanchard et al., 2004 (112); Pogranich-
niy et al, 2004 (113); Fenaux et al, 2004 (114)). There-
fore a well-controlled natural infection with PCV2 will
induce a natural protection against associated

diseases.

4.1. Description of two laboratory efficacy studies

The objective of the first study was to demon-
strate the efficacy of an inactivated oil adjuvanted
PCV2 vaccine (CIRCOVAC) in a PCV2 controlled
environment. Specific serological responses in vacci-
nated gilts and protection of their piglets after PCV2
experimental challenge at 3-4 weeks of age were
evaluated. The objective of the second study was to
demonstrate the efficacy of this vaccine in piglets
born to vaccinated gilts in the field and brought back
into a PCV2 controlled environment. Protection of the
piglets after PCV2 experimental challenge at about 4
weeks of age was evaluated.

Other studies demonstrated that the vaccine pre-
sented a good safety of use in pregnant animals
(Reynaud et al, 2004 (115 and 116)).

In the first study, specific pathogen free gilts, spe-
cifically seronegative for PCV2 antibodies by ELISA
were allocated to two groups. One group of 11 gilts
was vaccinated at minimal antigen content via the in-
tramuscular route 5 and 2 weeks pre-breeding and 2
weeks before farrowing. Another group of 12 gilts
was not vaccinated. All the gilts were inseminated ar-
tificially at 10 months of age and 8 gilts became
pregnant. Therefore a first group of 22 piglets born
to 4 vaccinated gilts and a second group of 22 piglets
born to 4 control gilts were challenged intra-nasally
with PCV2 at 3 to 4 weeks of age.

PCV2 antibodies were measured at regular inter-

vals in the blood of the gilts and piglets throughout
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Table III: Experimental inoculations with PCV2 alone or in combination to
obtain PMWS

Type pigs/ Reference Age and challenge Clinical outcome
(no.affected/no. inoculated)
CDCD piglets
Ellis et al., 1999 (26) 3 days PCV2 (Stoon) Normal (0/6)
Krakowka et al., 2000 (27) 1day PCV2 (Stoon) Normal (0/3))
PCV2 Normal (0/4)
PCV2 + PPV Wasting (4/4)
Pogranichniy et al., 2000(28) 8 wks  PCV2 (ISU 98-15237) Normal (0/5)
Krakowka et al., 2001(29) 1day PCV2(0SU3) Normal (0/3)
PCV2 + immunostimulation Wasting (24/24)
Bolin et al., 2001 (30) 20-25 d PCV2 (688)
Harms et al., 2001 (31) 3 wks PCV2 (35358)
PCV2 (35358) + PRRSV Wasting (17/17)
Conventional, colostrum-deprived piglets
Allan et al., 1999 (32) 1day PCV2 (Stoon)
’ PCV2 (Stoon) + PPV(Kresse) Wasting (5/5)
Kennedy et al., 2000 (33) 1day PCV2 (Stoon)
PCV2 (Stoon) + PPV(Kresse) Wasting (5/5)
Allan et al., 2000 (34) 1 day PCV2 (Stoon) Normal (0/5)
PCV2 (Stoon) + PPV(Kresse) Normal (0/13)
Allan et al., 2000 (35) 1day PCV2 (48285) Normal (0/3)
PCV2 (48285) + PRRSV Normal (0/5)
Allan et al., 2002 (36) 3 days PCV2 (SPCV2)
PCV2 (SPCV2) + PPV Wasting (5/9)
Kim et al., 2003 (37) 28 days controls Normal (0/8)
PCV2 (Korea2) + PPV Wasting (24/24)
Hasslung et al., 2005 (38) 3 days PCV2 + PPV Normal (0/7)

PCV2 1010 + PPV
PCV2 (Sweden) + PPV (swe)

PCV2 (Sweden) + PPV (den) Wasting (3/8)
Conventional SPF
Magar et al., 2000 (39) 3-4 wks PCV2 (LHVA-V53) Normal (0/11)
Larochelle et al., 2000 (40) 7 mos PCV2 (LHVA-V53) Normal (0/4)
Ladekjaer-Mikkelsen , 2002(41) 3 wks PCV2 (0OSU3) Wasting (3/5)
PCV2 + immunostimulation)
Fenaux et al., 2002 (42) 4 wks  Cloned PCV2 40895 Normal (0/10)
Conventional
Balasch et al., 1999 (43) 8 wks PCV2 Normal (0/8)
Albina et al., 2001 (44) 5-9 wks PCV2
Rovira et al., 2002 (45) 31-40 d PCV2 Normal (0/7)
PCV2 + PRRSV(lot/91)
Opriessnig et al., 2004 (46) 4-6 wks Myco hyo (4 w old) No PMWS (0/17)
PCV2 (6 w old) No PMWS (0/17)

Myco hyo + PCV2 (6 w old)

CDCD, Caesarean-derived, colostrum deprived; SPF, specific pathogen-free; IN, intranasal,;
ON, oronasal; IT, intratracheal; IM, intramuscular; SQ, subcutaneous;
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the study. After challenge, clinical signs were moni-
tored for four weeks. PCV2 viral load in serum and in
faecal swabs was also estimated by quantitative PCR
(Q-PCR). A complete necropsy assessment was car-
ried out on all 44 piglets at slaughter and mesenteric
lymph nodes were collected for PCV2 immunochemis-
try (IHC).

Before challenge, vaccinated gilts had high, stable
and homogeneous PCV2 antibody levels while the
control gilts and their piglets remained seronegative.
Vaccination induced a seroconversion immediately af-
ter the first injection and this was further boosted by
the third injection before farrowing. An efficient
transmission and persistence of maternal antibodies
following colostrum intake was demonstrated by the
measurement of high and homogeneous antibody ti-
tres to PCV2 in serum from piglets born to vacci-
nated gilts.

After challenge, a strong seroconversion was ob-
served in piglets born to non-vaccinated gilts while
the level of antibodies in piglets born to vaccinated
gilts continued to decrease.

Although no classical PMWS cases was recorded
in this experiment, clinical signs and growth impair-
ment were observed after PCV2 challenge and the
clinical scores were significantly higher in piglets
born to non-vaccinated gilts (p = 0.015).

At necropsy, the lesion scores were significantly
lower in piglets born to vaccinated gilts than in pig-
lets born to non-vaccinated gilts (p<0.00001) Addition-
ally, the amount of PCV2 DNA in the serum of piglets
the amount of PCV2 DNA in rectal swabs and the vi-
ral load in mesenteric lymph nodes were also signifi-
cantly lower in piglets born from vaccinated gilts (p =
0.00002).

The inactivated vaccine proved to be highly immu-
nogenic as shown by the high and stable antibodies ti-
tres obtained in vaccinated gilts. Vaccination induced
a significant protection after virulent PCV2 challenge
in piglets born to vaccinated gilts. The results demon-
strated that vaccination with CIRCOVAC was benefi-
cial in improving the piglet health and performances
after PCV2 challenge in a highly controlled

environment.

Sows enrolled in a field efficacy trial in a PMWS af-
fected farm were selected as source of piglets for the
second study.

A first group of 12 piglets was born on the farm to
8 non-vaccinated sows. The second group of 10 pig-
lets was born on the farm to 7 sows that had been
vaccinated once with CIRCOVAC at minimal antigen
content via the intramuscular route 2 weeks before
farrowing. A third group of 11 SPF piglets was added
to the study to monitor challenge. Piglets from the
farm were brought into the challenge facility at about
3 days of age at a convenient date depending on the
herd management calendar. Therefore the 3 groups
of piglets were subsequently submitted to intra-nasal
PCV2 challenge on the same day but at somewhat dif-
ferent ages: group 1 from control sows were 32 days
of age, group 2 from vaccinated sows were 25 days of
age and SPF pigs were 47 days of age.

Throughout the study, PCV2 antibodies in blood
were evaluated in samples from the farm sows and
from the piglets and PCV2 virus in faeces was evalu-
ated in serial samples from the piglets. The follow-up
after challenge lasted four weeks. Clinical signs were
monitored and a complete necropsy evaluation was
carried out at the end. Mediastinal lymph nodes were
collected to evaluate PCV2 viral load by immuno-
chemistry (IHC).

Two weeks before farrowing, at the time of vacci-
nation, all sows were seropositive and had similar
PCV2 antibody titers. Two weeks after farrowing the
level of PCV2 antibody in the vaccinated sows had in-
creased significantly (p < 0.005) and the levels of
PCV?2 antibody in piglets from vaccinated sows were
higher than the levels in piglets from non-vaccinated

sows up to challenge (p = 0.01).

During these first 3 to 5 weeks of age it appeared
that fewer piglets born from vaccinated sows ex-
creted less PCV2 in faeces than piglets born from non-
vaccinated sows. This was correlated with a higher
level of maternal antibodies.

In this experiment, PCV2 challenge did not induce
severe clinical signs in any group. The challenge was
nonetheless validated because of the elevated clinical

score in the SPF group, of the strong seroconversion
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to PCV2 in this group, and of the PCV2 excretion in
faeces of all challenged piglets.

Piglets born from non-vaccinated sows exhibited a
rise in PCV2 antibody levels after challenge, while
PCV2 serum antibodies continued to decay in piglets
born to vaccinated sows. The absence of a booster ef-
fect in that group after challenge can be linked to the
good protection conferred by maternal antibodies
against subsequent PCV2 infections.

At necropsy, the piglets born from vaccinated
sows displayed significant reduced lesion scores than
the piglets born from non-vaccinated and/or SPF
sows (p = 0.0001). No gross lesion was noted in the
mesenteric lymph nodes of piglets born from vacci-
nated sows, while 70 to 80% of the piglets in the two
other groups had high to very high lesion scores (p =
0.00043).

Those results demonstrated that the sow vaccina-
tion with CIRCOVAC in field conditions was benefi-
cial in reducing the natural PCV2 circulation and
shedding in the first weeks of the piglet life, but also
in improving the piglet health and performances af-

ter an additional experimental PCV2 challenge.

4.2. MERIAL field efficacy studies in France and Ger-
many

Under field trial authorisation, a field efficacy study
has been on-going in three PMWS-affected farms in
France for more than 18 months. Two farms were or-
ganized with 7 groups of about 35 sows farrowing
every three weeks, and the third farm had 22 groups
of about 12 sows farrowing every week.

Groups 1 and 2 out of 7 or groups 1, 3,5, 7,9 and 11
out of 22 were kept as control groups. The remaining
groups were vaccinated over time with one injection
of the minimal dose of CIRCOVAC vaccine 3 weeks
before each farrowing time. The replacement gilts
were obtained from outside sources and vaccinated
twice in quarantine before introduction in the herds
throughout the experiment. Therefore up to 70% of
the animals were vaccinated over time.

Besides serological follow-up of the breeder herd,
all piglets born from groups 1 to 4 and groups 1 to 12

in two successive gestations were followed up until

slaughter at market time for signs of PCV2 disease. A
global comparison of all piglets born from vaccinated
and from controls during an entire year was finally
done.

When the experiment started, all dams on the 3
farms studied were seropositive with about 12% of
them being highly seropositive. Following vaccina-
tion 56% of vaccinated sows were deemed highly se-
ropositive versus only 7% in the non-vaccinated
groups. Concurrently to the rise in PCV2 antibody
level in the breeder herds in the 3 farms following
vaccination , PMWS cases decreased quickly from
more than 5% when the farms were selected to 1.12%
in pigs from non-vaccinated sows (n = 4,183 piglets)
and 0.67% in pigs from vaccinated sows (n = 10,462
piglets) in about 18 months.

These results were confirmed in very large num-
bers of animals, under temporary licenses for CIRCO-
VAC, in Germany and in France. During these trials,
about 366,895 sows have been vaccinated. Adverse re-
actions have been very limited (1 local reaction per
4,300 doses, 1 abortion per 44,000 doses).

Some results of the German survey are presented
as example. They contain the results obtained for
13,992 vaccinated sows from all geographical areas of
Germany. The effects of vaccination with CIRCO-
VAC were mainly analyzed through the following
parameters: mortality rates in suckling piglets, in
weaners and in finishers, as well as medications or
drugs use for prevention or cure in the farms.

Mortality results are shown in table IV. Because of
some late implementations of the vaccination in part
of the farms, the full effect of vaccination had not yet
taken place in the herds when the analysis was done.
However, the reduction of mortality was significant
in the three age groups, with a decrease of 5.3% in
the nursery stage and 3% in the fattening units.
These improvements represented a tremendous eco-
nomical benefit for the farms.

In summary, positive results have been observed
with a great reduction of losses and number of
wasted pigs, more homogeneous growth rates, and re-
duction in the use of antibiotic treatments. Global

mortality rates between weaning and the end of fat-
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Table IV: mortality rates in German survey (Results before and during

vaccination are significantly different in all groups, p<0.05)

% mean losses STD Number of farms
Suckling piglets Before V 14.5 5.1 33
During V 12.0 4.1 34
Piglets in flatdecks | Before V 8.4 7.6 34
During V 3.1 2.4 31
Fattening pigs Before V 5.8 3.4 23
During V 2.8 1.5 18

tening decreased by at least 50% in the vast majority

of the farms.

Conclusion

It is now confirmed from laboratory and field trials
that vaccination against PCV2 infection can provide
protection against the development of PMWS signs.

Vaccination of the piglet is efficacious in controlled
laboratory conditions as long as maternal antibody
levels are not too high. Vaccination of the breeder
herd including pregnant animals is safe and was
found efficacious in controlled laboratory conditions.
This result has been confirmed in field conditions in
very large numbers of gilts and sows with a commer-
cial vaccine under temporary license that promoted
an economically relevant level of protection against
clinical PMWS.

Although the efficacy of PCV2 vaccines in the pro-
tection against the development of other PCV2-associ-
ated diseases and syndromes still needs to be
evaluated, it is remarkable that field vaccination of
breeder herds against PCV2 did reduce total losses
significantly, up to the end of the pig life. This im-
provement could be related to the deleterious, acute
and chronic immune suppression that unchecked
PCV2 infections can cause throughout the pig life,

opening the door to other pathogens.
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DIFr—a il&BTE2Y—a9 1L ABEEE
(PMWS & £ U'PCV2 B85 9% PRDC) > hO—Jb
B PMWS ORI 7 BRIRFT HLIZ, %9 6 ~ 1238 #E D KD

BEFLIZ 2 AR S B A BAEERE (PMWS) &, 1996

GE. B F T OHAEL NIV OE BB TRIICHRE S,

BUE, BIKHERECTORERZELFHMERE L 2o T oo
(Clark, 1997 (1); Harding and Clark, 1997 (2)) s # D
HtE T I PMWSIZIEH 72RO o 27 7 3 —
Iy ANVA2HE (PCV2) HBHEGTHIEeMnPont
%72, (Ellis et al, 1998 (3)) PCV2 &, €D 1% PMWS
WCHREST, Mokks 28 ; PRDC (KN EEA
YL, Porcine Respiratory Disease Complex). (Al
lan and Ellis, 2000 (4); Harms et al.,, 2002 (5); Kim et al,,
2003 (6)) HH . (Josephson and Charbonneau, 2001
(7); Ladekjaer-Mikkelsen et al, 2001 (8); Kim et al,
2004 (9); O'Connor et al, 2001 (10); West et al, 1999
(11)) PDNS. (K5 )8 2 BERE B H#E. Porcine Derma-
titis and Nephropathy Syndrome) (Allan and Ellis,
2000 (4); Gresham et al., 2001 (12); Meehan et al.,, 2001
(13); Thomson et al.,, 2001 (14); Ramos-Vara et al.,, 1997
(15) FF4e. HEBEME Y Y NEi KB X OWFEEMER %0
IEBI DS, T BZEOLIBIMEERED
R (Chae, 2005 (16)) b ifEZES N T 5,

T ZTIE B BB IS B 5 PCV2 OB
L2 WEd % 720 I AMVESIK 2 S DN FEBRIER G K
%@ﬂﬁif@?—&%vel—ﬁé EhbiF, w

TL THIRG T4 PCV2 BESE D FIEICRI D D
HGoTWVbhrilkR7zv, F72, PCV2 BIHEUE % B
HHVIIERALT 572012, ZO— M 3R %
28T CIRCOVAC®* DF RN D CEMi L 72\,
*CIRCOVAC®IZKE, HAB X UHETH A1) 7 )V

QFx i

1. PCV2 BERE L 5 CIEERFDORE
1.1 BEARZRESBEMEREARERE (PMWS)
PMWS (& PCV2 4% < B 1 | 5 D JRFEIK
WA BT EEGEEERREERE 2o Twb, 7
VT 3—uyRXRBXUILT A AITB W TPMWS X
WA (endemic form) & %W IEHATHE (epidemic
form) & LTHELTWA, (Allan and Ellis, 2000 (4);
Ellis, 2004 (17) and Segales and Domingo, 2002 (18)) 7
TVTIZBITSE PMWS OFEIZOVWTIET L F o725
RAH 5, (Kawashima et al 2003 (19))

HEATTEDOFEERIES X OHIE, ) o osHiofElkE (R

ZUFWY YOSENRRRD R T VIR | W A,
WBLPHETH S, PMWS OfERZHNIX, LELoH
PHAEARIZIN 2Ty FRBUW 22 0) > SHER IS 3815 2 Mk
AOIRZE (RLRRERIZE, B AMIER S X OTE MR 2
PED ) VSR, NS ORFEITHIT D FIFFIZ D

BOHND) 75 ITIHENIZ )‘Zwtljﬁff‘”zﬁ%%i
D PCV2 DIINZHD o R, %&b 5
DIFFRRANZ D A liﬁ%:/‘?bt‘t\ P& R
HEMEEREARKO LA S MM 5, (Euro-
pean Consortium definition - Project No 513928 Sixth
Framework Programme - http:// www.pcvd.org ).

PCV2 13 PMWS DEAMESIA> 5 23 Hith S % 2%
K1OT VT TOWED LS ITMBORET A VA L
CEMEME L FMEEICHREINDE Z LS
(Jeong et al., 2003 (20))

KETOREFIR B FEIZ BT, PMWS & BEATO
7 A IWA (PCV2, PRRS A VA, TH5VKT A )V
A (PPV), 74T r7uY A VA1 -38, 744
VINVIUVHFEIAL VA, TR ITF T A A,
TGE 7 A VA, 7HHNREEL ta s 4 VA, 75~
ISERIPEANL AR 2 4 VA 1 BB X OBVD 7 4 IV R)
DEFHHHEEOBRI ZMET L2 A, PCV2 &
PMWS & OB D K% b Wi > 720 PMWS IZHEES

%1) A7k, PCV2 & PRRS 7 A )V ADFFEIZ &G L
7oA EA L. PMWS BEEICIEa—7 727 ¥ —1
L HWEADPLETH L Z EPHEW S 7z (Po-
granichniy et al, 2002 (24))

PMWS 13 PCV2 B3R 7 & DN o) &G R 112
& %5 OW )l OEBRNTHHEE T VS EhTwnb,
WL OPDOFERREG TIE PCV2 MM IZ XY
PMWS #5535 Z L IdWRETH o7 L LARD
5. PCV2 & PPV, PCV2 & PRRS VA VA, H B\
1% PCV2 & Mycoplasma hyopneumoniae (M.hyo) DA
EHH % < OFEBRT PMWS OIS % M S 872,
INSOFEFBRGAIE LT, AT LY EER
ERARER 72 & B ERE TR 2% L. £72
PCV2 & % L5 &7z, (Allan et al, 2000 (47); De-
Jong et al,, 2003 (48); Harms et al,, 2001 (49)).
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1.2 PCV2 L FEIFR3REEREAE (PRDC)

R 2 B A TGS 1 1638 2> 5 22 B DB A H
JEEWNCHAET 20Ty FEEIEE, FEREOMT,
TCRIHTE. BERCRHR, FEEL, BXd X OV IR & AR
& 3 %, (Halbur, 1998 (50); Thacker, 2001 (51) and
Harms et al, 2002 (52)) FPAFAAAS 45, PRDC ##
BIROMJIE, 7 A4 VA LR 5 B 21X PRRS 7 A )V
A, PCV 2, 7%A4 7NV ¥4IV A (SIV).
M.hyo, Actinobacillus pleuropneumoniae (APP) B X O°
Pasteurella multocida DIRE G ENT %, (Halbur,
1998 (50); Thacker, 2001 (51)) — & &HiF 5 & 20034
i E ¢ PRDC 105 FEBI D% A ) & ATk, (Kim
et al, 2003 (6)) S5AERIAS PCV2 . 664EH%Y PRRS
7 ANV ZBTE. 60KEHIAS PPV Btk 1456125 SIV B
HETHY, INSDIEBDOL S PREEGTH > 720
PCV2 & Pasteurella multocida DA FEGREBI H33SAE B
RNT PCV2 & Mohyo 2333FEBI T - 720 BB oA
M KETOIMESIN TS, (Harms et al. 2002
(5) PRDC Tid. & L 1HHid 5\ IZBEHE D 2 K1Y
IR AT U, SEERIZE AT 5, (Done,
2002 (53); Harms et al, 2002 (5); Kim et al, 2003 (6);
Thacker, 2001 (51))

Jili 9& D ' Bk 7 S B B A 1k BB M Nl ¢ (prrolifera-
tive necrotizing pneumonia (PNP)) T, FFET 7 MLk
WMEZRTHEMEr O EBMEMEE LTaftiTshi.
JG3K PNP 1% SIV &%, K\ T PRRS 7 £ v R kgL &
B4 2 & & &7, (Harms et al 2002 (52);
Morin et al,, 1990 (54); Rossow, 1998 (55); Larochelle et
al, 1999 (56)) In situ hybridization & % \ X o kAL
FHRAEEI L D PNPJEBITO—E L7z PCV2 O
A5, PCV2IE PNP OEHEELRATFTH S LS h
Twb, (Ells et al, 1999 (57); Harms et al., 2002 (5))
PRDC DERFERIEH 4 T, ZDIERITE I F 7228
5 EEZONED, FRTFEIC L A0k To PCV2
DNA RHUEM NI S S P 8 2 W 35 548 SR PR
DHHEAL 2 P D A SV E MR 2 & & 12, PCV2 28
B3 % PRDC O R 2B WiEE L LTHWHRT
Wb,

FEERE LNV Tk, PCV2 & PRRS 7 1 )V A 1A%
LC &) FEE R IR EHER & iR 2 B3 2 & 25iEH
ENTW5, (Allan et al, 2000 (58)) PCV2 X PRRS 7
ANVADHEZEEILL 2225, PRRS 7 A V21
PCV2 &Y% 503 5 DML 2 L ) TH 5, (Allan
et al., 2000 (58)) PCV2 & PRRS 7 £ )V A DA EGEIC

Lo TBH S N KA S E TR %81, PRDC O ¥4+
HIEVRE L HM T 5, (Drolet et al, 2003 (59)) [AlAf (2.
PCV2 & M. hyo ® DR &G RER TlE M. hyo 73 PCV2
PURE OB E 2 OFAEWH OE R, PMWS D54
RO, PCV2 EAIZ X 5 ) ¥ 3 HJIfRIRE O HEAL
& PCV2EYIC X D MR EOEENZ B 725 Lz W
AW X 2 0 g B o MR R IEH S H Ty
M.hyo HRIEGT 1/9, PCV2 HUMIEYe T 2/8 D IKA
BRI AE L RZARO b zoicxt L, REeKS S
7 7/9 BUS BB R XKD b 7,
(Opriessnig et al, 2004 (46))

1.3 PCV2 »EET B MthDIERBE LR T

BPAMER] & LTy PCV2 I3 B C R BE & o B AT
WESNTB Y. Tl B, TH & W IEER %2 T
A, BIMPERE %, MREIRD B W IE T R RERE
B (PDNS) L OB#E I TS, ThH0
PO PCV2 OfE B B IR A EG S 5 IR
Wik, Rk, EOULENRDH L7259,

2. PCV2 BREDIRIBRIEA H =X L EIRERRE

I & BEBLIEH

PCV2 &G DIFBLIEAIC DV TIZ SRR A 1 = X 4
PRSI, ENAEL 5 PCV2 BRI D <
EHHENTW A, (Segales et al, 2004 (60) 2%,
PCV2 Ofii EARNTORM ORI /AT >~ /%
ffi (Clark, 1997 (61); Rosell et al., 1999 (62)). & %\ i
234 TV (Rosell et al., 1999 (62); Royer et al., 2001
63) DX %) kRO T T 7 — VR
PR TR 2 Ll S iz, S0 v o5k
hR Lt ofMigtic s A VAR B LTR2»5 2 &
PO OHER TH > 720 PCV2 IIHER IO~ 27 1
7 7 — VBRI Y - B -5, Ml e
EBDIT, Vv LITHME2SEENTY ¥ 28R M 2
o TRETALLEEZ LN, ZDE L OMKIZO R
3% RN E RS IC PCV2 IEASHIIEA S 2 212X >
Ty BRA BREFEIST A N RERDIED D 2 ENEZ D
N7zOTHb, L2LEDVEL, TOFEZIZPCV2 D4
BNOERPETFE L LTERHEENZb DD, PCV2
E~ 7 v 77— VPR RN T SR L 4
WZ EDHL»MZE N7, (Vincent et al, 2005 (64))
B2, iR v o7 7 — VRMBIE PCV2 2
ZL. RUME, REOYANVAZRTFTL 050,
NSO TED T A VAP ENDL L Bbh
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%o Invitro DIREFFERD S BRI TIEY A v AD

SRR AR L MBEN TRIIFNIC D7 o T & &

gerr £ W ADFERT B T EFH LIS Nz, PCV2

(T N R BERE 2EF 5 Z B IS X o TS 2o

THIKENIC R L. BHRMITRN TOERIZH > TH R

EENTW, (Mc Cullough et al, 2003 (65)) Miti. JF

s (EFE OB O iE R 35 1T B SRR AS B A

WZEGeT 5 & PMWS IRENHER 5, CORT—

Tld. PRI R IR TR FC 7 4 WV A L,
BRI ZEDOT A NVARINS DO TR S 5,

FLAR LA~ OBAEAELR L. PMWS 25%5E 5 %

E# 2N Twb, (Krakowka et al, 2003 (66)) i

FIBMEBE L Twa ElbNsh, WHZLTEOE

MR 2220 TE, FZbhroTniv, —7,
PCV2 3 BHRMINE IR 2B % 5- 2. Z OFkRE % 1;

ELCHRIEDIH A IR S TRERS T AV F— (F

Fpiil) ~E L WEEES D B 2 L SR, W Sz,
COFEIZ. HOW D 2 RIGIKEARIWKD LRI

PR ALG L 53 L %5, (Mc Cullough et al,

2003 (65)) KiFfafE Y AT AISHT B PCV2 OB HEE

M Etke e MY v A== 2 RIWKEARE OWRERD B

BHFEHICOVWTL Y 2 —F 5%,

2.1 PCV2 BZ (s il 2 &<

PCV2 GO FE Mt o F 4, Milfeze & O Bihg
FLARXUDPLERLANVETIRILESRZD LN S,
PMWS DR, 5Pk W3ERETERAE. 2% EHl
DRMEB L OER L ik~ r07 7 — Y NIC
& RTINS N B M B NP AR A v 28 A
RERHET 5. &) b, PMWS O b FHEY 2
FRR A 1L, 5820 O F AMEICRRD 5L A IIE
PR DO RZFIEE D RIETH B0 T DFFFR AT EH
DIANVABRIZ X BWE L ZR G- THEY, PMWS
DTWICEHTH 5, HMEREREME X PCV2 R4 R
EOVEDT, WIRMIZIZY Y 8@iffike L TR S
Noe BEHINEEE Y ¥ 2 SBRI A 2 B I 2 44K
R - ZRE MR EIERD 272K B b, (Krakowka
et al, 2003 (66); Allan et al., 1999 (32); Choi and Chae,
1999 (67); Choi et al., 2000 (68); Ellis et al, 1999 (57);
Kennedy et al, 2000 (33); Kim et al, 2002 (69); Kra-
kowka et al, 2000 (27); Clark, 1997 (61); Rosell et al.,
1999 (62); Quintana et al,, 2001 (70)). PCV2#ul5i i3 #E4T
L7z AE I L ICROONL T L b, BB
SEIRE ORI ST b (Kim and Chae,

2005 (71). BpALFAAE 2 © OIS FEBRIE G C 00 KA I HE
IR R & NSRRI 2 & B4 1) 2%
HLFRIZ BT Y Y 8Eg AR 85k 7k v b O
HOEAHEZ 5 2 EATRE NIz, ) SRS BT
% PCV2EAENT % DI ) 225l oBY ~
IRERETY VOSBRI D) Y BRI T Ho (Dar-
wich et al, 2002 (72); Nielsen et al, 2003. (73)). 7 &
b= 213 PMWS #EKOBZ & I THIIZ IR A @ J5
WERY, ZRZIEYA P AL DY T FIVREDIR
L3d % &k E 7225, (Shibahara et al, 2000 (74))
CD AN = A NZETONETH D SN /zbiF Tl
72\, (Krakowka et al, 2003 (66)) PCV2 B&4elii 2z & OF
(2 PMWS REREK TIE 02 REEEIC X 0 RIS E 25
EIN, HFHREGGED PCV2 YIS X o> THFE S
LG L % B0 BlZIE, KRR (8 5%) D Peu-
mocystis caringi [EALDG /1 F 5 D PMWS O #) ] O S
THE SN TW5, (Ells et al, 1998 (75)) . BIOHFIIE.
PMWS K O HRIPURIG & O A R R D A4 T
& 5. (Charreyre et al, 2000 (76); Meerts et al., 2006
(77)).

2.2 PCV2EZLzEELICALPDES M) vH—
FERIZ PCV2 AR Z Wit~ 7 a7 7 — VR T
TanNy FFALHE CRIET 5 2 12X D PMWS
DIRIENE F Do SHIERHIE PCV2 &G % PMWS IR
IR S 2O CTEELRFTTH S I &
EN7z, (Allan et al, 1999 (78); Allan et al., 2000 (58);
Choi and Chae, 2000 (79); Ellis et al, 1999 (80); Ken-
nedy et al., 2000 (33); Kim et al., 2003 (81); Krakowka et
al,, 2000 (27); Krakowka et al.,, 2001 (82))
KEITHEFHASINTWE N T) Y E2HVET Y
FA—2a¥ (APP & Mhyo N2 7)) 1 PCV2 D
R 2L, PMWS ORFKRAER & 5% 2 B S &
5 ENWE SN HwfloT s FEA—va v, i
FROZ T vy ay FTOHREE, A4 VT T an
v b BEh OV PCV2 R B L W1k L
NV IE PMWS OISR PBEAL 2 e T W REVED D % o
(Opriessnig et al. 2003 (83); Hoogland et al. 2006 (84))
ARt L7z & 912, PMWS &, PCV2 & PPV, PCV2
L PRRS 7 A WAB L UPCV2 & M. hyo DA IEYE
FTUVTHHEENTVS, DEDDERETNVIZBWT,
PPV K TIIA v ¥ —af F L1008 ERHTH I L
(2 &0 B & i EAL L SRR & PCV2 DI 3AA
ERTEDIRBE I NI, o A v —u A F 10
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OBHBBRAEEKTITER L Tz, (Hasslung
and al,, 2005 (38)) PPV 2B L T, PCV2 & F 72165
WZHEL T LM LED L IERIH T 288 A
I VEHFTLHDT, (Meehan et al., 1998 (85)) 7 1 IV A
B B LD 5% FHRT KTk, PCV2
DHRERL, DWW TE 7 AV AROHK & FAEIZD
Lh b THWZ, KA ML % B L E S hie#l
BROFAZFHRT 5 PPV @ X 9 7 H@agek 13, [
M PCV2 OB & 0§ 2 W REMEASH 50 A b A
A ryeoRERT b 72, MlagRzgd &<,
HHEIYIC PCV2 OB %E ER 38 %o

PRRS 7 A VA dhila~2 w7 77— (PAMs) (2
FERIIC G LS %, Rk L7z X 5 ICHER "~ 2
o7y —YRMKE, PCV2 2E& L. R, Mk
WTHEEZ RS> TR EREDOT A VAZIFH L T
%72, PAMs OffdEE, MRS TL o PCV2
T 52 EI2D% 5%, PRRS 7 4 W A DJEGIE
JEARNTH 72 ) BIIC b7 5720, BYEORAERGK
TlE, PCV2 0L R S BICH 7o THED R Uik
209 %

M. hyo G\ I FIEVET 4 S AV OREEZFET L,
ZTNW R, M. hyo IFMIAGE LR 2 FHE L TPCV2 O
W S & T 9 5 Z L 1ZW P T, PCV2 P E 0
WAL REOFRZ M L. PMWS OFsAR %2 A S
¥ 5%, (Opriessnig et al, 2004 (46)) BLEEZR W Z & |2,
In vitro #ER T PCV2 &4 PAMs 3A8REMIC2AL L.
M. hyo @ & 9 7z 2 RIEGeIRJF AR 2 R RENITHIE T & 2
W EA, IRIE, #il &7z, (Chang et al, 2006 (86))
ESIZLPS O &) %7 T LB OB EZ AR
% Td - 72 PAMs N TO PCV2 DL % 4 2 B
BRd D2MEN R INTe F7o0 M hyo EGlE~ 7 0
77—V REMWAL LY AV AREDSTTHET S Thl K
A S, X DFROF W Th2 JIE~Y 7 b &+,
(Thacker, 2001 (87)) PCV2 OHLY ;A& #4213 2 W] g
YEsdh o Aod SIV %2 APP 3 Hili D 2 JiE % 25k L.
(Thacker et al., 2006 (88)) #HESISASTLHET 5 Z & T
PCV2 OB Z RS 2 b M v & TOREARDH
592 L9 REAORN TIE. L )M EREO 2 A
ZALBHESEM LTS TH A9,

3. TALRMDEEICLDHE

BT B ERHIER & 3 2 KR M B 1 5 70 2 I A
55rEE S 7z PCV2 MROSEIEA AT S e, $XC
@ PCV2 BRI DM FEPEIZ90 — 96% LA L & JER 12BN 2

EWHH B M E T 572, (Allan et al, 1998 (89); Ellis et
al, 1998 (75); Fenaux et al., 2000 (90) ; Hamel et al,
2000 (91); Mankertz et al, 2000 (92); Meehan et al,
1998 (93)) PCV2 133N JEMED PCV1 & A2
62%TdH 5B b, PCV2IIHESEEZ b OH—DH
fm 8 & HEM X 5, (Hamel et al, 1998 (94);
Tischer et al, 1974 (95); Tischer et al., 1986 (96); Mee-
han et al, 1998 (93)) 778 S 1172 PCV2 O IEEHIZ 1
<A F—7AEIEH A, (Chai et al, 2002 (97); Farn-
ham et al,, 2003 (98); Meehan et al., 2001 (13); O'Connor
et al, 2001 (10)) GDE T A, ZDOVA F—=7EWNIZ
EDLX) BEEVD L PEAWTH S, ORFL &
ORF2 DRI O 53T &, MR DOEF DK &
SIEORFLIZHANRORF2TREWVWI ENFHLNE o
720 (Fenaux et al, 2000 (90); Hamel et al, 2000 (91);
Mankertz et al, 2000 (92)) EZEZMEF v 72 FEH
T a— K35 ORF2 (Nawagitgul et al.,, 2000 (99))
DEALIZ, F¥ 7Y FEHDON) T —32 3 & PCV2
DIFFEME LD B2 b ANV, FET AV AF v
7Y FOMBHN & o THBEBAMEZ W LIZY A VA —
16 EOMENEHIZB D 2 PeE BFK 2 2L S & % W Hetk
Vbbb, HBHHETIZ. PCV2 D ORF2 D<A F—7
AL E EBAE O ZE IS O R A LHER L T b,
(Mankertz et al., 2000 (92)) Bl® 2 DO EHTIE, 2
W & PDNS 70 5 478t S 115 PCV2 #RIZ LB R 8 AR
FHAPMWS 2 H0HE S N Bk E TR 5 TR %
#E22L CTv b, (Meehan et al, 2001 (13); O'Connor et
al, 2001 (10)) L22L %256, BERERTO PCV2 HD
FIFEILER ClE Z 028 130 H > THORENTH 0
(Hasslung et al, 2005 (38); Halbur and Opriessnig,
2006 (100))  H e HERTESF O LR RASRERS
RPN T B B W IO A B L AR FIE PCV2 &G0
W & IRIERFEBL 2 RE AL T HDT, HHHR
YilZ B 5 0 BEROWRENE 2 a3 5 2 L AW EETH
%o EHIZPMWS IZB#E Y 5 TOPCV 2 fRi3E /
70 F— NPk R 7 0 — VHRORE A 5 PR
BRI L Twb, (Allan et al, 1999 (101))

4, BEBBTOY—IM VAT IF2—a>
MARLIN T ZHLIZEBO LNV O PCV2 BATHL

PRAF502 & 2 BRI IR R BER~ D PCV2 BEEEE O

T F A=Y a i, LTOERIZE ) 2ofFMED

B XN 5B, (Charreyre et al. 2004 (102))

o PCV2RIHWICHRELTHBY., BERETILE
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T 5720, £ ORETERIZINEETH %,

e PMWS 4 BY Tl IBE N HATHiE MR
ABEOBERMOKTELED PCV2 Rt s b,
(Sibila et al. 2005 (103), Lopez-Soria et al.,, 2005 (104)
Rose et al, 2004 (105))

e PCV2IZxd 2 BATHMARIZ PCV2 &G & PMWS 5
SESKT LTRSS 5 2 & b oo 7z, (Char-
reyre et al., 2002 (106); Thomas et al., 2005 (107))

o jitpE & RV 3 T O RHIKIC PCV2 2 Hefii§
5 EICX)EBlEINT, OO RT OFEIR
HZ2MHT 508N H 5, (Park et al, 2005 (108))
LALBds, BEEEo 7574 —2ave

PCV2 Yk D Z BRI X - Tid, BITHARIME TS

DT, FIKD PCV2 GR35 BRI AR X BRE N

ZPIHICR SN TV %, Aifk 5 ~ 15 I EGehiik o

LA Z 2 EAL ORI B b ZENRIEI R ER TH

5T ENHEETE B, (Cotrell, 1999 (109); Larochelle

et al, 2003 (110); Segales and Morvan, 2004 (111)) ¥7%

% 7V — 72 X0 EGHiARIE PMWS F8E 12k L TR

WK D B EEI N, Zhwz, K{ar

b —VE 7z PCV2 O ARG PCV2 B IS

95 HABIHFHET 5L EZ BN b,

4.1 EREICH3 2 DOBEMMEHER

ROOEBEO HIIZ, PCV2 EYehia v b u— )L &
NBRET TRIEALF A VT V2N KPCV2 T 7 F
v (CIRCOVAC) DHERMEEZRRLZ L ThHoTe 7
7 F PR S N B O Rk LR L EE N
72 TROA% 3 — 4 A TO PCV2 BBABRIZ X % B
RN AR S 7zo 2 H ORERO Himid, BohR
Y ToT o F BB RIK D O N IR R FEER
HIGEY, ZITYEREABREIT)ZLICEYV T F
DEMEZRRDL Z L ThHoTeo TORETIZAERY
4 T PCV2 ICHIE S L, Z OB RN R A S 1
2o D 2ODRBPINIT 7 F ¥ OIEREIKIZNT 5
LA ZEEFEW L 72, (Reynaud et al, 2004 (115 and
116))

A DORERTIL, ELISA M & % PCV2 ifkhska
1> SPF B5HE LK AS 2 BEZ 0T 7z 115H 0 B
BER 7V — 7113l 5 B X OV 2 #ET. B L 052
FFZ RN IRANROBUE AT 7 F 2l S 7z,
OO BIELEIRKIE T 7 F VI CTH > 720 T
NTOEFHBEIKIZ10 7 H T AN LEHR & 8 BHOBEK
PR L 720 TN 2. HE1HNAEHOT 7 F »HHE

THKESR D228 D TR T, 2 M 4T T 7 F V3
BRRKH K D228 T, BOBD 3 ~ 4 B2 PCV2
MRENERE S, BIKZ S IS TR M o
PCV2 Hifkid B, — MR TS5, K
Btk BAIERZ 4 HMBIZE L7 M2 5 N3
o PCV2 w7 4 Vv AL &R PCR i (QPCR) T
Rb N7z, SAUAFEOMFEHMAAFER S L, BRI >~
23§28 PCV2 % RIEHRRALZ I 3 5 72 D I ERIL
Sz, WAL, 7o F rEHBKEIHRE LR
PCV2 Hifhdili 2 - 7225, —Ji. 77 F ¥ RO
BHR 7% 5 N2 D F IR TH 5 720 IO T
7 F Y ERES T CICHRORRATEE S, ST O
3HOHEHIZ X ) —FOBMEIENA SN, W
2 X B RATHURD 103 A 5 L Febe i, 7 7 F v
FER 2 & 4 F N FIR O L i PCV2 Hifk o &5 1<
TR OIE 5D E DL WHUMEIC X RS iz, B
Btk B R PUROBERAST 7 F ¥ IR R IR ok
TIRIZFRD SN2, T 7 F v A RHREE F ok o TR
W PUARAT O 3 A3 7z T O FEER T IR 7
PMWS JEBNEFED SN o 72b DD, PCV2 B
WERAREIR & S H RIS S, BRA 2Tk, 7
7 F v IR R ok O F RSB ST dH o 72
(p = 0.015) o fFHIKE, THER I TIET 7 F VMK
HKDFIRAST 7 F 2 JEHRE BERK R O FIRIZ T
AEIENMETH - 72 (p < 0.00001) &5 IZIMHEH,
EB AT v 78 L CHHIEY >3 To PCV2 DNA
I T 7 F MK R O FRAE ARV E T
o7z (p =000002), TORELT 2 F 377 F
HRE S N REIR DS < e L 7 BUAdI & HERE L
722 e b, BWIEEMEND H 2 & IGE S 7z,
SOOI F A= a ALY s F VEERIKE RO
FIRIZIREED B B PCV2 DI xT L TE 2B
BRER LI ZORES S, CIRCOVACIZL %Y
JFF—vaviEEEIIaYy P a— L ENBRETT
&, PCV2 BUEL OIKORHEIRTE DS (A DS
BT EDREINTZ,

2 H B Ahah SR BR T PMWS J84: 25512 B
B B S F N FIRASRBIC H VW Sz, 651 HE
OO 8FD T 7 F ¥ IR REIR HH K 0T IK12
SHE L7zo 55 2 5% S ORYO 5 2 B ENI /R
OHE (CIRCOVAC) 25 NI — il S 7z 7 B8
OREHKD FIKI05H & L7z BB E LT, 1150
O SPF KA 3MEE LTI bNze TOREN S,
¥ 3 HEO TR EBAr ¥ 2= VIZif-> 72 HIZ
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FERRYe S\ E A TNz, Rz, s 3HE
DK U HIZ PCV2 ARRIENFER S 7225, wdR
ARG DIEMARE o720 Thbb, WEINH
Wl B 1RO T 7 F IR IR R o 1K IX
32HMHm. L 2MDT 7 F YEMKIEOFIKIE25H
B LU 3 ORI RO SPF IKIZ47TH#TH -
7oo RBUIM 2@ LT, EHRICRKZ 5 ICEOF
Rk PCV2 ik, B X O TROFEF K S
% PCV2 7 A WADTHRS NIz, LS 4 B, R
JEREZE=F — L. 4 8B IFERIRA S 7z RIS,
HERR 1) > 2 SH DS RIERRRAL F RN X B 7 A IV A
WED 72D S Nz 5tk 2 EHE, $%bb T
7 F MO, £ToORKIZEM L 2B EMmo
PCV2 HiRZ A LT ize 7 7 F VEFEREIR D 5316k
#% 2 #tR o PCV2 Bufhiiliid A =1 EAH L (p < 0.005) .
7 7 F MR HCR O T KO PCV2 Btz ” 27 F
VIR RO TIRIC AR, IBH E THEICH
licHh-7 (p =001, 3~ 5 BRI, i/
D PCV2 S S b FIROFIE, 77 F » Hepiih)
KK D FIKBEDST & F ¥ IEREREREIR i 2k O TR EE X
DA% K FIROBATHUR OGN O S5 & B L T
Wizo BRI, EEE R PMWS iEIR 2 7R 3 BT IK
FWTNORICHEDOONL D o7 LLARDS,
SPF KBECTORRR A 2 7 O _E5- & PCV2 RO BHZE 7
i e & N4 C DM TR D FErh~o PCV2 O HE:
"o, CORERBROAHMEIIRDO SN, 77TV
FEHEME PR H oK O TR B PCV2 HUiiii o 15753
RO SN —Ti T2 F CERRERO KT
PRI DI D3 2o T 7 F v BERERK R 0T
K CTH % D PCV2 UMD EADPRD NN &
. BATIURIC X D A& vz PCV2 &Y 5 B
RN RACBE S 2 LR SN D, BEKE, 72 F U8
FERHRH RO TR Tl 7 7 F ¥ IR IR R 1K
72 5 NZ SPF RIS, WIHZE A 3 7 OB 70 8
AR L7z (p = 00001 o &THT 7 F v HFIHK
HSk O TR TR Y > 38 WIRRZS 1320 bR
oA )i Mo 2 D70 -80% D TR TIEE
~HDO TEHVWIREA I 7 058D BN/ (p = 0.00043) .
DLEORERIZ XY, ALY ToO CIRCOVAC 12X %
RRT 7 F 43— 3 VIZEYNO PCV2 OIERRIHT
KD A )V ZHEM O BN LA RIEA D 51350 T
%<\ PCV2 WBHZ O TIROMEHIREDOYEITH AT
Holzs

4.2 XYTINCEDTTLRXERLYTOEHHERD
MR ER
WHRHKREDO S & 75 v AD 320 PMWS 584

BYT18 + H UL R 7 2 B b v i B Asikfoe b

Thrbo 2RETIE, SHEITLITHWT 2 1 B35

DOREAS 7 B, 5RO 1B Tl mES D 5 112

BHKO22BED G S N 7ze 7HPO 1425002 2 T,

22BEF 1. 3. 5. 7. 9BXUNEENY 2 F VI

FEREE L7z FR Y OBICIERIIMIZ 725 Toife 3 8

T IC CIRCOVAC O/ A 1 17 7 F 2 el &

N7z EHTHKIZIB A S, B 138

AHTOBIEIIMIC 2 87 7 F VM sz, oM

W2 &) RERIIRI R IC T 7 F R S R K IE RO

T0%\2 7 o 720 BEHEIRIE O IMLTE 71 72 B R A DA,

Bl ~ABBIO 1 ~128E 0k 2 BIOMERY & 4 F

N7 & TOTHRIZB T PCV2 L O A 73 H i

F TGNz, T F Y EMLR ST 7 F VI

Tl BRI 3K 0 4 C O F-IE D 4 1B 1 2 BB 72 He i

RERDSHET L7zo REBRBIIARE, 3 OORYOETOR

JKiE PCV2 HUARE T, 2 D12%12 m W HikliAsiE 60

bz, D7 F A= a v 56%DT 7T R

BER DS UM & 50 ST S ok Ly 72

FUREBEHBKTIZ T %DARTH o1 T F 42—

¥ a VB OEBHEREE T O PCV2 Hifkili o _E S EW,

PMWSERNIZ Z D18 » A ORI, BYHEREED 5 %

P EDRREF P 5T 2 F v IEEM K H ko T K

(4,1835H) T1.12%. 7 7 F v #HMEBKH KO KT

(10,462) 0.67% & 2B L7zo DL EofERIiE, F

A& 75 A TO CIRCOVAC O EB0 T OIkH

WRBIBL 2 BRI X - CHMER I Nz BRI

366, 895SHD FEIR AT 7 F v Heff S 7z RITERI R

BIEFICHRESEN TV (4,300 F—ZD 9 B 12D

FTBUS £44,000 K= A D H B 1 DDFER). KA

TOWL DD DORMAEAEREBNET 5. FA Y EENC

D725 7213,9928D T 7 F R & DM R E

FNTWwb, CIRCOVACD T 7 F 42— a ¥y OFR)

PEE, BT 085 2 —%— ;5 IR, BEILIKS X

OMBEEDOIEC 4 & O TORIFR BRI <

N7IEAMERINC X - T S 7z, JEERIEER 4135

WLz ~EORYTOT 7 F 2= a VEROENR

Mo, BHREE TR 7 F 42— a Y RIROEE LT

FEXFELETHD. LHLEDS, WAKTS 3%, BE

KCT3%&E 3DDNHFRT — I TOHRLEERDPA LI

HZETholo INLOUWERRIIESICE KM%
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BB LT, fime LT, SECKE HBERO 5 A
BoOZFERARRBA. L0 BH—2%E. BXOYUEDERS
FAOWA &) HEMBRERIMES Nz, B S W
fif F COERDETERDBARIP % L b, 50%D
BT bhiz,

+=A
e Akl

FEEREN 7 b IR 5. PCV2 &G4
WY BHT 7 F A — 3 vk PMWS Z9E % 33 5 %)
EWHDL DV ENT, THENDT 7 F A= 3
VIR L NURELS VR a2y br—vEh
TZEBBENLRXVTIIAN TS %o MIRIKE & %50
RO T 7 F 45— a vi3REeTary bu—shiz
ERENLARXVTHERITH S ZEDRBDONT, T

Fr—a yOFMEZ T 7 F U HEIRK 7 PMWS
DOBBRIRRFINCEY 2 L XV TH L I L E2EID S
WERIT DL ETOWNWT 7 F v & H /- ZhE PR &
TR BE R D KB 72 B A4 A7 P BR C AL S 7z At
O PCV2 B 595 R BB 23T 3 2 BBk IC B %
PCV2 7 27 F > OEMECE L TIZE 5ICHRET 542
A B A, EHPHEAND PCV2 IZX$ 57 7 F % —
Ya vk, MAICES T ToOHEEE KBRS 5 2
LIWEHICHET 50 S OUERRIE. MoOREARD S
JEAALIC O DL O PCV2 EGIC L > TH 725
ENLEMICOA2A4ET, 2R LidEEo R
PHIRBOWHELEEL TR0 THA I,
(BAR © st w] B sl i)





