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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 PCVZ2 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
S1V, 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 wvarious
experiments. However co-infections with both PCV?2
and PPV, or with PCV2 and PRRS, or with PCVZ2 and
Mycoplasma hyopnewmoniae (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 Pasteurelle 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 mullocida 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
PRRSYV 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. hyo 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 PCV?2 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 1s 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 Pneumocystis carini 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 fo

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 THI 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 PCVZ 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 ORI2
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 PCVZ2 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 PCVZ2-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 mnatural 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 34 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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gbtain PMWS
Type pigs/ Reference

CDCD piglets
Ellis et al., 1999 (26)
Krakowka et al., 2000 (27)

Pogranichniy et al., 2000(28)
Krakowka et al., 2001(29)
Bolin et al., 2001 (30)
Harms et al., 2001 (31)
Allan et al., 1999 (32)
Kennedy et al., 2000 (33)
Allan et al., 2000 (34)
Allan et al., 2000 (35)
Allan et al., 2002 (36)

Kim et al., 2003 (37)
Hasslung et al., 2005 (38)

Conventional SPF
Magar et al., 2000 (39)

Larochelle et al., 2000 (40)
Ladekjaer-Mikkelsen , 2002(41)

Fenaux et al., 2002 (42)

Conventional
Balasch et al., 1999 (43)

Albina et al., 2001 (44)
Rovira et al., 2002 (45)

Opriessnig et al., 2004 (46)

Age and challenge

Table III: Experimental inoculations with PCV2 alone or in combination to

Clinical outcome
(no.affected/no. inoculated)

3 days PCV2 (Stoon)
1day PCV2 (Stoon)
PCV2 & # )
PCV2 -+ PRV

8 wks PCV2 (ISU 98-15237)

Iday PCV2 (0OSU3)
PCV2 + immunostimulation

20-25 d PCV2 (688)

3 wks  PCV2 (35358)
PCV2 (35358) + PRREY

Conventional, colostrum-deprived piglets

1day PCV2 (Stoon)
PCV2 (Stoon) + PPV(Kresse)

1day PCV2 (Stoon)
PCV2 (Stoon) + PPV(Kresse)

1 day PCVZ2 (Stoon)
PCV2 (Stoon) + PPV(Kresse)

1day PCV2 (48285)
PCV2 (48285) + PRRSY

3 days PCV2 (SPCV2)
PCV2 (SPCV2) + PPV

28 days controls
PCV2 (Koreal2) + PPV

3 days PCV2 + PPV
PCV2 1010 + PPV
PCV2 (Sweden) + PPV (swe)
PCV2 (Sweden) + PPV (den)
3-4 wks PCV2 (LHVA-V53)
7 mos PCV2 (LHVA-V53)

3 wks PCV2 (0OSU3)
PCV2 + immunoastimulation)

4 wks  Cloned PCV2 40895

8wks  PCV2
5-9 wks PCV2

31-40 d PCV2
PCV2 + PRESV(iot/91)

4-6 wks Myco hyo (4 w old)
PCV2 (6 w old)
Myco hyo + PCV2 (6 w old)

Normal (0/6)
Normal (0/3))
Normal (0/4)
Wasting (4/4)

Normal (0/5)

Normal (0/3)
Wasting (24/24)

Wasting (17/17)

Normal (0/5)
Normal (0/13)

Normal (0/3)
Normal (0/5)
:{/‘e/ﬁf;éiﬁg (5/9)

Normal (0/8)
Wasting (24/24)

Normal (0/7) »
Wasting (;?/8)
Normal (0/11)

Normal (0/4)
Wasting {. ?/§ '}

H

Normal (0/10)

Normal (0/8)

Normal (0/7)
NVavting (1/5)
No PMWS (0/17)
No PMWS (0/17)

g :
KIS

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 b01.*n 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
PCV2 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
facces 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 wvaccinated
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
13992 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 53% 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-



24

Proc Jpn Pig Vet Soc No.49 2006

Table 1V: 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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TIF R~

SailLBd T a1 ) XEERE

(PMWS & LU PCV2 BS54 % PRDC) MO hE—Jb

JBIC

BEALRZ AR T A B (PMWS) 1, 1996
e AP T OB LR OB B CRINIRE S
P, RIKERTORERELPWEERE L 2o TV b,
(Clark, 1997 (1); Harding and Clark, 1997 (2)) #4103t
Hed < PMWS ICIEFLIC /oo o7 5

a4V R 28 (PCV2) DS T 52 &L ML
o lze (Ellis et al, 1998 (3)) PCV2 id, D% PMWS

WRE LT, Mofks 8~ PRDC (RIMIRHA
J&YudE, Porcine Respiratory Disease Complex). (Al
lan and Ellis, 2000 (4); Harms et al., 2002 (5); Kim et al,,
2003 (6)) ¥ . (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, (R B FEREEEE. 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) BFoe. BB Y 3l & OCRSEIE MR % o
FEGINSAHESh, $2, BEOBIMEREERE D
M (Chae, 2005 (16)) dHEE SN TV 5,

TN BRA B BLEERRE 21 A PCV2 O
52 B3 5 7200 ISP ARG IR 2 & ONIC BRI
LOBEECOF—F 2L a—T5, Lhblf, w»
A L CHR G R T4 PCV2 BIEE ORSEICE L Y
FHoTWDPRIBv, F/o, PCV2 B % Pt
BB WIEERAL S 572000, ORI L Bk I %
E¥T CIRCOVAC® RV DV TEHI L 72w,
*CIRCOVAC®RIZRE, HAB L EETO A1) 7 Vit

DE SRR

1. PCV2 BEERZE 4 & CNIEEERE DO RERN
1.1 B RSEAMERETRIEGRE (PMWS)
PMWS & PCV2 j&Ge%ik < Bl U | 5 H o JRZE K
W B W CERREREEEERER L 2o Twd, 7
V7 8-ay NBLERT AT BB TPMWS I
WA (endemic form) & BV IZHATHE (epidemic
form) & LTHEAELTWS, (Allan and Ellis, 2000 (4);
Ellis, 2004 (17) and Segales and Domingo, 2002 (18)) 7
VTIZBITH PMWS OFEIIOWTIEE LT o5
WD 5, (Kawashima et al 2003 (19))

PMWS DUFEI0 2 BT KL, 9 6 ~ 120 # D KD
HATHOFERIES L ORI, ) R f@iofflk Ric
SSVARVINPATY (1SS ok e WAVAE IR Z I 220 E N
HB L OHETH L. PMWS OFEZNIE, LiToW

IR T BB 72 U > 7 SHLER LS 5 1) 2 LA
HORRZE CHLIRERIEE. 3 AMORIES & ORI R %
w%uyﬂﬁmQ\:hg@m%mmmf@ﬁ%w%
Bobs) 4 bIHENICBIT 2 REN SR
O PCV2 ORI HET o BEBWI \9&<&%oﬁ
OFFFRIRANFED BB W & A b 7z, P&
HBELEEARKO LA PSR T 5. (Buro-
pean Consortium definition - Project No 513928 Sixth

Framework Programme - http:// www.pcvd.org ).

PCV2 1 PMWS OEPAMER A 5 3BT S N5 A5
£1OT V7 TCOWMED L9 CHOFHRT A Vv AH L
CIRMEMMB & MR IND 2 EPFEy
(Jeong et al,, 2003 (20))

KECOEF TR ICB VT, PMWS & B0
7 A4 N (PCV2, PRRS & 4 WA, TF78)VET AL
2 (PPV), 7HZyF7uo L VA1 - 38, 754
YINWEZY YA VA TIPSR T Y A VA
TGE wANVA, 7 NEMEL tuy A VA, 75 ¥
ISERIFIPEA VR R A VA 1 RIB LT BVD ™ A )L A)

DYEFW R B ORI 2 ME Lok 2 A, PCV2 &
PMWS & o B PE D o %@@atoPMwscﬁui

5 A7, PCV2 & PRRS 7 A4 Vv AN RFICERY: L
TS EA L, PMWS IR T —7 7 7 & — 12
L BMEAPLETSH B RN S, (Po-
gramchmy et al, 2002 (24))

PMWS & PCV2 BUAREAR 72 & OB o) BRG] 12
& % B5-O W5 OSBRI TEEL T 7OV 38 éhfw
VD 0 FEBR R e i PCV2 M HE A 2
PMWS #8583 52 W HETCH -7 L L’Zwb‘
b, PCV2 & PPV, PCV2 & PRRS WA WA, &BWN
1 PCV2 & Mycoplasma hyopneumoniae (M.hyo) DIRA
&G % < OFEERT PMWS OISIEMEE % 15 8872,

NS DOEBREG I LT, RAEBRGT L Y EE S
BRARAEIR 72 & IR R BB 2 B L. 72
PCV2 &% L& X & 7%, (Allan et al, 2000 (47); De-
Jong et al, 2003 (48); Harms et al, 2001 (49)).
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1.2 PCV2 & EMES[EESREAE (PRDC)
WK O G I 1632 S 22 B OB B

MEBEUNCIEE BP0 C. BEBE, fERIEROIT,
TERIHE, BRCRIR, B B KON bR i A 4
&3 %, (Halbur, 1998 (50); Thacker, 2001 (51) and
Harms et al, 2002 (52)) BPA-#AR SR> 5, PRDC
BIROMi&E, A VR LI #1218 PRRS 7 £ v
Ay PCV 2, TH A4 70y Fy L v A (SIV).
M.hyo, Actinobacillus pleuropneumoniae (APP) 3 & OF
Pastewrella multocida DA EFIRK T %, (Halbur,

1998 (50); Thacker, 2001 (51)) —B1% & iF% &, 20034%
T PRDC 105 B0 5 i) & # & Tk, (Kim

et al, 2003 (6)) SSHEHIDT PCV2 B, 66IEHIDS PRRS
AV A, BOIEBA PPV B, 14D SIV
HTHY, INLDOEBOLE L PBARITH - 72,
PCV2 & Pasteurella multocida O 54 TEYE B 23 38AE B
RVyT PCV2 & Mbyo 2333ER T - 720 FPOFAE
ik RETO MG &N TS, (Harms et al. 2002
() PRDC Tid. & L 1D 5 WITHEED 2 RIY
TR RS Z AU, RIS AT A, (Done,
2002 (53); Harms et al, 2002 (5); Kim et al, 2003 (6);
Thacker, 2001 (51))

T 9% 0 e Bk 7 FE 0 1L B T MR BEZE M NG 4% (prolifera-
tive necrotizing pneumonia (PNP)) C. FF8H 22 85
WMER RIS o EBEMEE LTI O,
JCH PNP 1d SIV B, K\ T PRRS 7 A v A e &
B4 5 & s 3/, (Harms et al 2002 (52):
Morin et al., 1990 (54); Rossow, 1998 (55); Larochelle et
al, 1999 (56)) In situ hybridization & % \ XML
FR GBI L B PNPIES CoO—H L7z PCV2 O
W25, PCV2IXPNP OBELRNFTH L LU S
Twih, (Ellis et al, 1999 (57); Harms et al, 2002 (5))
PRDC DEHIEIRIZFE A4 T 2 O R B EBEUIC £ 7oAt
BEEZOLNDD, LIEFHEIC K MM T PCV2
DNA B S SR B B 5 v I35 28 P
DML RS SESZHEME A L & B IC, PCV2 S
Bl#E$ % PRDC O RELBWHEEL LTHWLRT
Wb,

FERE LAV TlE, PCV2 & PRRS 7 4 )V A G A
LT & D BB IPRAFEIR & MWEL B4 &A%
SN TW5D, (Allan et al, 2000 (58)) PCV2 1 PRRS &7
ANZADOWHEZEHELL %25 PRRS 74 VR
PCV2 Bl % W T 5 DD % & 9 CH 5o (Allan
et al, 2000 (58)) PCV2 & PRRS 7 £ )V A O RAREY:IZ

Y o T SN A RE LW EMMN &%, PRDC OU¥F4}
HAREZE L LT 5, (Drolet et al, 2003 (59)) FIRELZ,
PCV2 & M. hyo ® DA BHRETIE M. hyo 73 PCV2
PR ORI & 2 ORI O LR, PMWS O 584
BOBEM, PCV2IEGC L %) 7 SlwE R EAL

AW K B TP IR AR O H R R IZ I S T
M.hyo HAWEHT 1/9, PCV2 HAlEHe T 2/8 TR
B A RO b Nlzolza L, IRE Y x
279 BB EMAE XRPRD SN,
(Opriessnig et al., 2004 (46))

1.3 PCV2 #EE T 2 hOEREECRE

EPAER] & LTy PCV2 I BARCRAE & OBl
Wis STl Y, 2o, Bk, T & psFEk 2, i
B, B A, AREIR D B\ I R SR
et (PDNS) L oBdis M IhTnsd, Thbo
PO PCV2 O 5 W IGR A KRS A REAICD
Wik, R, AEOLENRD SS9,

2. PCOV2 BEROFRIPRAE A H = X L EIRE B

(& 2EEEA

PCV2 BHDIRBEIEI DOV TIES R A = X &
PR S, FNRDRE S PCV2 R EICH O <
EHBHENTWD, (Segales et al, 2004 (60)) 2441,
PCV2 DI EARN TORMOEEIIRRR HT 1y » o3
#i (Clark, 1997 (61); Rosell et al,, 1999 (62)) . & 5\ &
2 A TOVHL (Rosell et al, 1999 (62); Royer et al,, 2001
63) DX MO 0T 7 — VPR
PR TR 5 M S, Tn6DY) o3k
R R OMRIC T A VAP H L THoh B T L
PHOREMTH - 72 PCV2 BHER IO~ 2 1
7y YRR PURE R R - L, Mifla s
B e LIdAE > ST v 2SHi R it i
Feo CTBEITLEEZ LN, TOE L OMBRICOR
P35 RPN C PCV2 BRYUHifa s A2 2 itk »
Ty BRA GEEICY A VABEDPH D Z L HERZ D
N2DOTHD, LrLeds, TOFEZILPCV2O&
F~OELPEMFRE LTS hizb oo, PCV2
Fw w7y — VRN TR E L &
W RSBk, (Vincent et al, 2005 (64))
Y50, HWIk wru Ty — VR PCV2 2 &
L. BYE. KEOIVANVAERFETLZ L0 5,
INHOMBTESICTA VAP S L Bbh
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b0 Invitro DFEBAG RS, BHRABRTCE YA VAD
ALY As LA TR b 7 o THUR & &
Ber A VAPERT A2 ENH LM E NI, PCV2
RN S IR & B B Z R X o TR 2 R -
THIBIAIC R L. BRI CogiIzdh > TH IR
FE SN Tz, (Mc Cullough et al, 2003 (65)) Hii. JF
JBE BRI, OB BRI B 1) 2 SERINE AN R I
VRGeS 5 & PMWS RIEE~HEB T 5, CORTF—Y
Tlk B ER N ISy A W ADEEL L,
BIH RO A NABINS DRB TR S NS,
MR M~ OBAE LR L. PMWS 29583553 %
LEZLNTWA, (Krakowka et al, 2003 (66)) %
MEBEBEEL TR EEDLNADN, WHILTHFOE
MBI T, FEbh o Tnkv, —J,
PCV2 IEBHRMI IR A 2 2 5 2, 0% 5
L CRIERIIE 1k S CTRIEFRR 7 AV — (I
BEIl) ~NEQWEEMERD B S LRI, WF S hs,
ZOHFEEZ, HOWD 2 KWERIIKOAMRNICHE
BUIBALBL A3 E L5, (Mc Cullough et al,
2003 (65) KiZ T A5 226 5 PCV2 DR
e b v =% 2 KIGFEA L OWEEED H
BIHBIEHICOWT LY o —F 5,

2.1 PCV2 Bgid el £ 8 <
PCV2 e D il O HHud, Ma % o UM Bk

PMWS O, &5 Mo RFIEME&RE,. 2% EMR
DR B L ORM LR e v s 07 7 - YW
B4 % B CIRRL & B MR B IR A v AR A
HEFEET 5, &b, PMWS O D FEN %
MR, 2REPTFARKRED SN L IMEF
FHEORIFEDORKIETH 5. T ORFRIREIL BT
DA NVAERA L BHELIZERL-THBY. PMWS
DBWIHH TH B0 MARIRRIE T PCV2 B0
BOUEDT, WIRIZEY X FER S LR 5
N Do WYEMICIXERE 42U ¥/ BRI R B 7 MK
Bk - S E MR EIERRO N { kb, (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)). PCV2HuE 1L #4T
LR EICERICEO LN Z b s, HFEEY
YREIRE OB EN TS (Kim and Chae,

2005 (71)). BPAVERAE 7 © O BRI ST 0 AR 1l
KEERMPE R 7R & OV HRR BT B & B4 1) 0%
RIS BT DSERIRA R VST v FOF)
BOEAHTEI B T RSNz, ) U3 RIS B
% PCV2RANT 2 Dbt U ¥l oBY
INERETY Y SEREIRO ) ¥ SEANE RS S (Dar-
wich et al, 2002 (72): Nielsen et al, 2003. (73)). 7 &
b - A& PMWS #EEKOB%: & 2 TR A o J5
BEZD, £ A P AL POV T FIAREDR
Lsdh 5 b X N /zAY, (Shibahara et al, 2000 (74))
DA Z A LG TOWETHEN O bbbl Tk
v, (Krakowka et al, 2003 (66) PCV2 BRI 2 & O
(2 PMWS R EIK TSR BE IS & 0 SREISE 2
EIN, HRRBGHED PCV2 BT L » THF s
B L B PIZIE, RER (W5%) @ Peu-
mocystis caringi JEHHSYE 1 F 50 PMWS O3 0 5 5
THE SN TV S, (Bllis et al, 1998 (75)). BloFhL,
PMWS R EIK O H RIS E DR RO AT
# 5, (Charreyre et al, 2000 (76); Meerts et al, 2006
7).

2.2 PCV2RBBEERLICAPHDED MYy H—~
FERAIC PCV2 IR 2l ~ 7 a7 7 — VW T
Vany PEALTUR TR A 2 1T & D PMWS
DIEN T F 5o HIERHEIL PCV2 Bz PMWS 4K
RIS 2O THEREFTH S T Lo
Ehize (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))
KRETHEEMEINTHD 5T YR T 2
Fh—a ¥ (APP & Mhyo 2327 51) V) i3 PCV2 D
W 2L, PMWS O RRIRAEIR & JH28 % AL & &
B L s N, BFloT s FA—va v
BEOZNT Vg y NCOFRIEE, FANT Y an
¥ by BRI OB PCV2 BHE B & MR WRBATHUA L
NVIE PMWS OZEA LR 2T TR D 5o
(Opriessnig et al. 2003 (83); Hoogland et al. 2006 (34))
MRt L7z & 91, PMWS ik, PCV2 & PPV, PCV2
EPRRS 7 A WA B LU PCV2 & M. hyo DFRABLeE
FVTHBEIN TS, DEDOEBREFVIZBNT,
PPV B TIEA v~ A F VI0BEATAHI L
&) BMIE & TR EAL L SERAE & PCV2 DD sh A
RRTZEAVRBEI N, Fo, A vy —u L F 10
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OBMM PR EBEFRTIHERE L Twiz, (Hasslung
alimwsmlmv*ﬁwa PCV2 & % 727%%

HE LTV AL S L ISR 3 A BEY 1
I NVEETLODC, (Meehan et al, 1998 (85)) 7 A IV A
WO D B0 58 % H5T 5 N1, PCV2
OHEBEZMRL, DWTEY AV ARORK & Iz
Bhihe ThWw R, Ks il & il LIS énmﬂ
RO FIT 5 PPV O X 9 2 FRe 71, P
M PCV2 OB 2 IR T B W g H %o YA b A
4 rRMMORERF D F7o, MlasResEs & T,
Wz PCY2 @%E%&J;#év&“) %o

PRRS £ VA hife~ 2277 —Y (PAMs) 2
eSS LA 2, Mk L7z & 9 WCHisk ~ 2
w7 7 — VRN, PCV2 # AR L. BRI, Ml
N THEMRZ RS TV BERmDO ™ A VA % IFH LT
57:%, PAMs OfBIE, IS TL &0 PCV2
BT A5Z L0 % )%, PRRS 7 A v A DY
RN T ) B b7z 5720, B oR AR

Tk, PCV2 OZmjii & B zof:ow;%b»@biu_
09 b

M. hyo G I RIEVEY A T b 4 Y ORAE T FHET b,
%ﬂ@K\thc?muik%%@LfPOQ@ﬂ
WL B & T 5 2 L XA T, PCV2 HUEEO
WAL REOFRELMEL, PMWS @ ‘/ﬁ BERMR S
%5, (Opriessnig et al, 2004 (46)) BLER W &2,
In vitro 38k T PCV2 &3 PAMs (3HREI 1221 L.
M. hyo D & 95 72 2 RIEGeIR A% BRI HIECE 7
W EDS, B, Wi 8z, (Chang et al, 2006 (86)

BEHICLPS O L 9 7% 75 AT ORI R IN
W3 TdH 72 PAMs NTO PCY2 O % H T 2 M
BRDDLIMEN R SN E720 M o B~ 711
T 7= D RIEHAL LY A L AR TS A Thl i
BB, XD RROEG Th2 JIE~Y 7 b &8,
(Thacker, 2001 (87)) PCV2 O Y JAHA weAE$ 2 W 6
DD Do MO SIV R APP 1O BPE S0 % 0k L.
(Thacker et al., 2006 (88)) #KIEFIGAILHET L2 2 & T
PCV2 OB AT 2 d e v, & TORREARHH
592 &) B ORMCE XY BRI EREo A S
ZAANPHESEH LTS THA I,

3. UAINIMDOEEICL BHE

S 7n B WRREIR % B3 5 IR W BRI LT 3472 5 3
LS N PCV2 BROBEHRES IS B S e, §XC
@ PCV2 AR ORI MEIZ90 - 96% L 1 & IR ICE W 2

EBB S L e o7z (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); Meechan et al,
1998 (93)) PCV2 ik IEM LD PCVL & O FEA )
62% T H T &h b, PCV2ILHEMNEZ b O H—oilt
fZF B &M & e (Hamel et al, 1998 (94);
Tischer et al, 1974 (95); Tischer et al, 1986 (96); Mee-
han et al, 1998 (93)) 7 S L7z PCV2 OIEIERANI X
XA F =T EEEH S D, (Choi et al, 2002 97); Farn-
ham et al, 2003 (98); Mechan et al,, 2001 (13); O'Connor
etal, 2001 (10) 4 DETH, TDYA F—RENIC
EDEDREERNHDLPIANTH S, ORFL &
ORF2 DIFIEIFI O53H 0 & ARSI OEB DR &
SILORFLICHNORF2TREVWZ EPHLPE 2o
720 (Fenaux et al, 2000 (90); Hamel et al., 2000 (91);
Mankertz et al, 2000 (92)) FELMER v 7Y FEH
o a— K35 ORF2 (Nawagitgul et al, 2000 (99))
DEAE, F v ST FERAONY) - g v & PCV2
DFFMEE D BB MR, EEY A VAF Y
7Y FOBHI & o THRIBAE 2w LIZY 4 VA —

TE EOMEAEH I D 5 e E R 2L S8 5 W e
Wb HAHWMETH. PCV2D ORF2 D~ A F—17
ZALHE ERAME O ZRIZO A5 LML Tvn b,
(Mankertz et al, 2000 (92)) Hlo 2 DL Tk, 2
WL PDNS » 6408 S b PCV2 RIZ R IA R #S
FHIA PMWS 255 HES AR & 135 2R %
2L Twb, (Meehan et al, 2001 (13); O'Connor et
al, 2001 (10)) L L7236, BUERERT O PCV2 Ko
IR ClIE C OB E VD2 H > THRENTH 5,
(Hasslung et al, 2005 (38); Halbur and Opriessnig,
2006 (100))  H# o HEIRRER O fi T RRSLHERE,
ERN T 2 VIO A b L AR T PCV2 ESD
W & BRIEIR B2 KESEAT DT, iR
BB B0k OWEM AT 5 Z L IZREETH
Bo EHIZPMWS IS 52 TOPCY 2 & E /
7= VHUAR R ) 7 1 = VBRI A B PR
HIZHEM L T 5, (Allan et al, 1999 (101))

4. BRBTOY—aVANITIF R~V a2
PAR I N7 2 L7ZE W LNV PCV2 BATH

AT 51T & % BEHRBHEIK R BHIR A~ O PCV2 BELESE O

T FR—a vk, UTORBRIC X 0 Z20HMER

P X b, (Charreyre et al. 2004 (102))

e PCV2IRIERICEZELTED., BEREMISHE



36

Proc Jpn Pig Vet Soc No.49 2006

RS B 720, £ ORI TEERIIEBETH 5,0

e  PMWS JE4 BT, B BN s ok
ABOFEEM O TL RO PCV2 BB E N %,
(Sibila et al. 2005 (103), Lopez-Soria et al., 2005 (104)
Rose et al,, 2004 (105))

o  PCV2IIxHd 5 BATHRIZ PCV2 kg & PMWSJE
FEV LRI B 5 & L b o 72, (Char-
reyre et al, 2002 (106); Thomas et al,, 2005 (107))

® U & LR 3 MAT ORI PCV2 % #Hi§
HZ XD FHE SN, O o BHIK
W2 T 2050% 5, (Park et al, 2005 (108))
LaL%aBES, BEEKEOD 75 42— a vk

PCV2 Pifk D ZBHIEIC & » Tid, BAHERIME T+

B DT, TIRD PCV2 IBHATH 5 B B 1 B e 11

RIS BT b, Bk 5 ~ 15 M BYhifko

EFHDEZ B EHORUAD S b ZERIESREN TH

BIEDPHEBTE B, (Cotrell, 1999 (109): Larochelle

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

% 7N &) BERHARIE PMWS 4215 L TR

MERY S B PG SN, Thwz, k<av

b a7z PCV2 o BREGE PCV2 BEE I

9 BARBIME ST 5 L ZE 2 b5,

4.1 EBREILB B 2 DOOBEMWEHR

BROERO Hi, PCV2 g a y ba—L &
NI2BHE T ORI A VT Vs RPCV2 T 2 F
v (CIRCOVAC) OAH#MEZ AL TH o720 7
7 F VRS N BB oMUk LR L E R
TPIROER 3 ~ 4 BT PCV2 RSB X 58
HRRDEHI S e 28 B ORERO B i, TroL R
WTo7 oI VBRI BIK Y & R F Wz TR A R
KIE®, FITHRBRBREIT) itk YU r Ty
DEMEERARD Z L THoToo T ORBETIAELRY
4 BEC PCVZIZHB S L, TORMRIEFE S
720 SO 2ODREBRPSICT 7 F » DILIRIKIZK T %
B EFIHE L 72 (Reynaud et al, 2004 (115 and
116))

B O R T, ELISA BRI X 5 PCV2 Hifkaska
P> SPF BIHBERAS 2 AT Bz, T1H O %M
R Z v — 7123280 5 B L OV 2 HEl, B & OV 2
BFNHAWICRAROPUEA T 72 F yEf s,
MOV OBIRFRIZ T 2 F VIR ThH o T T
X COBGEIFRIE10 7 HEC AR S 1 8 HORK
PR L7z, £z, E 4O T 7 F

FHREHSE D220 O FIKC, #2407 7 F v 3
BB D228 T, BOBD 3~ 48 PCV2
MBWEPBERL X Nz, BER R & NS TR O L i o
PCV2 Pofid BRI b, — @ kR TSNz, B
Bt WREAEIR A 4 BIEEEE Uiz MTE R & OIS
HO PCV2 W A VARG ER PCR % (QPCR) Tl
BN oo BUTIDIFIRA LM S . BRI >~
2XHIAY PCV2 % SRR LA SRR 3 5 72 0 1T BRI
Ao WG, 77 F U BERRKEE LR LR
PCV2 $iAffili & o 725, —F5. 7 7 F v IEHiRE D
BEIR 2 & M2 O FIRISHARBW Ch o 7o DY
7 F MG IR BIRFE S N, 5RO
3 H BRI X ) —BoEneEZsrti bl B
2 X BBATYMRO 0 fh 5 Lk, T2 5 v B
B & 248 F Nz TR o ME H PCV2 Jifko s il ©
AR O 6D EDRWPUMIEC X DR S iz B
Weth, B RWAROBEST 7 F v IERERKH RO
TR HNTzDS T T R Rk o F IR
LR O 3% A D5 Pz & O KR T Ik MO 2
PMWS SEBIZEED S ho 7o b OO, PCV2 Bk
WCHRRSEIR & REBESBR S, IRRAa 7k, v
7 F VIEBRERRE RO FRBEE CBETH o 2
(p = 0015) MEIRE, WA AT I3T 7 5 v BRI
HROFIEAS T 7 F » IR RIK R O-FRIC H T
HEIENMETH - 72 (p < 000001)o &S IIMFFH.

BBy 7B X CEBEEY) EiTo PCV2 DNA

wAX T 7 T VMBI R O TR HE B IR WET
Hot (p=000002) ZORELT 2 F ik o+
RS NI SRR AR < 258 U 7 BUAMI % i L
FeZ bbb, BOIRERMELS L I LAVHE S i,
ZOT Y FR—=Ta L) Ty F VB RKE RO
F IR & 5 PCV2 OB U T 2B
WRER LTze ZORRME, CIRCOVAC KK X 57
UFF - VIEEECI Y - L E N BET T
& PCV2 BB BROKOBEIRBORF IR D
BT EDTRENT,

2 BZ AR R T, PMWS J82E B3 c B0
BRI O B W FIRASRBIC WOz, 1R
% COBRYO DT 2 F IR RIR sk 0 K12
B Uieo #2HEE2 2 0OBE 05 2 BHEHI /R
DPLE (CIRCOVAC) AHiWMAIC—FEM S 17z 7 31
ORBEHROTRKIOH E Lize WBMKE LT, 1150
D SPF RAE IR E LCERIT N ZOBE» 5,
¥ 3 HIOTIEPBIFERA 7 YV a—ViZi-7-HI
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ERBPFERI B RA T, Fhw i, Thb 38
OWKIEIE U HIZ PCV2 BREPERHM S 725 wi R
ABRLZHIERMOMRE ol Tbh, WRBINZH
Wk, B B0 Y 7 F v IRHRER IR R o TR
32H M. 2 BE T 2 F VIERE R s o T RiZ 25 FI
Wk & O 3 OB BRI SPE KIZ4TH#TH -
Too PABRIIM A0 L€ BRI TS E 0T
Kol PCV2 JURfll. B & O TROFF I S h
% PCV2 U A W ADHR S NIz BB 40, iR
JEIRE By — Ly 4 B HICEERE Sz i,
ek ) o S SRIERR L RIS L A A VA&
WEDIzDIHRI S Nz, 400 2 BIRL. Thbby
7 F Y EMBICE. £ ToRBRIZEM L -HEmo
PCV2 B2 BRAE L C\Wize W2 F VMR IKO 55k
#% 2 HB O PCV2PMINIAZIC LR L (p < 0.005),
7 25 R RIKE R O TR O PCV2 Pifkfiiiz w2 7
VIR REIR R O FIRIC AR, BB H  THREICE
HCHosz (p=00Do 3~5BEOMM. Frpiz/h
O PCV2 PRI SN B FROKIE, 70 F Bk
RS DT IREEDST 2 T & FRBAE REIR B SR 0 TR BE &
DA% TROBIHROBUREO @k & B L ¢
VWizo BRI R, L PMWS SEIR 2 /R 3 3R 1K
BWIFNOBIC DN L olcs LBLENDL,
SPF KB CORRE A a7 @ 5 & PCV2 Pk B3 7
Ko7z & N AT T OB R O F I~ PCV2 ORI
o, TORERBROAEFEEIRD SNz, 7T
FERR R H 3k T KIS B 814 PCV2 Uil 0 L3747
RO LN T U F VBERREREO KT
EHME OB AR\ 7o 7 7 F v BERIHRE RO T
R CHERO PCV2PURMIIO FAPRD bNZnT &
W BATHURIC & 0 A s i PCV2 RS B B
RN 2 LB NG, BER, VT U
MR O TR T, 7 2 F v IR R 1K
% & ONZ SPF RICHA, IR R 2 7 OSEEE 2 b

WD LNz (p = 00001) THOY 7 F MR

HSEO TR CIEBNEY I RIERE IR L h
BRI olzh, —J o 2 BEDT70-80% D TR TIEE

~HD TECIRER 27 D550 b7z (p = 0.00043) 0
PRIz Xy, BHEY To CIRCOVACIZ L %
BHRT 27 F 4 — 2 a VIZRBNO PCV2 OFERPIHE
K 4 v AR OIS LAY S 51800 ¢
% <. PCV2 ABHOTIRDOBERBOYEICHR)T
Holzo

4.2 AYTRIZED TS XE RSV TOFNEL
MR

WAV AEDOD & 79 VY AD 3 D0 PMWS J4E
B C18 o H UL RIS b 72 B WAL A A M B As Rk foit
Thb, 2BYTIE. 3SHITLITHHET 5 1 HR358
ORRDS 7 B, 580 1B ClAmE W H 5 1 BE12
TR D22 STl S ize TR O 1 2 BTN 2 3,
2206 P 1, 3. 5. 7. 9B XONIEENY 7 F VIR
RS Lize R0 OBICIZRIIMICh 72 Tl 338
W11 CIRCOVAC Of/NHEAS 1IN 27 V3RS
Nizo BEHRREAIE SBA S, BRI 138
AT OB 2 [y 7 F S s, S OB
& DRy 725 VRSN RIE RO
T0%42 % o 120 BERBEE O MU S2 00 2 3B BR AR DA
B~ 4B L O 1 ~ 128 okt 2 W OHERD S 4 %
NI COTIRIZ BT PCV2 BIIR O A 415
TSN, T F VERL LN 7T IR
FEEHR S 042 C O IR OSBRI JE 2 R B 7 TR
RBRASHET Uzo SERBAIAIE, 3 2OBYOETOR
BiZ PCV2 PR C. 2 D12% I F WHLARASF0
BNFze DIF v i—a ik, 56%DT Y F M
THRDS T HUARA & R L HF S el L, 72
F U IEBEMBE T T %OARTH ol V7 F R
¥ oa YR OERIREE T O PCV2 PR O LA 12w,
PMWS 6113 018 + H ORI BERIRE D 5 %
PLEDOFFER D S 7 7 F IR K ok o F R
(4,1830H) T1.12%. 72 F v EEREEEO KT
(10, 462) 0.67% & BWUNWA Lo DL EofRIE, F
A& 75 v ATH CIRCOVAC O &R T odkw
WCRBBLR RBRIC X > CHOMRE N e SRBIR
366, SOSEADRHRAST 7 F VR S 2. BER S
BIEFICRE SN T2 (4,300 F—A D9 5 1 DD F
TS & 44,000 K= 2D 9 5 1 DOWER), FA v
TOWL DOPOWMBERREBNCET S, FA veEI
7207213, 99280 T 7 F- ERERHE D & O RAE
FhTwb, CIRCOVACDY 73— a v OER)
Pk, BT o9 4 — % — 5 K. ALK S X
DIEEROFCCHELR & IR T ORI BRI &
NTZHREIC L o T S 7z SBTEITER 4107
L7z —HOBETCOT I FA—T a VEROER
PoH, TN T 7 52— a YR oRe R
BIXEZTH B, L LADS, K TS 3%, IUE
KT 3%E 3DDOMERTF — YV TORTROIRA L
FHETHolz, INOHOUHERRTBRLICE KM%
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B26LTWwad, fiifme LT, ST E B OFAE
HOFW WA L OW—55%E, B XOPEwEME
m®ﬁ9&w‘L%m&M%#ﬁ%hto%ﬂ#%ﬁ

W ETOEROLTROBIIEIPLR LD, 50%D K
lm“C b Bz,

A

EIRB N b OB RBE R &, PCV2 Bl
T BT 7T R - a ik PMWS F5E & B4 5%
RSB NI NIz THE~NOT 7 F 2~V 3

YRBATHAL VB RWR) a2y bo—- v Eh
TRHEBBRN LNV TREIARTH 5o IIRIK % & {8
BROY 2 F A —Ta VidEETay ba—LEns:
EEENLV RV THINTH A LB ENIZ, T2

F A= a rOFFEL T F DR R PMWS
DRI IIFINCE R LAV TH B 2 & ZiEID B
YR oL L ToWWRT 7 v &8 R
TEARBEIK 0 KB 7 BP AL A S BR CaLEE S o Al
® PCVZ B R IC T 2iicBIr 5%
PCV2 7 2 F v ORI LTI E IR T %0
DD D05 BIHERA~O PCV2 1557 7 F 4 —
Ya it BTICED F OB R KIRICEmRT 25 2
EAREHICET 5, ZOWE R MOBRERD Y
BHAZ D RSB WL O PCV2 BEHIC L > TH 725
ENBEMIChA B 4ET, Blkh v LIZEEO %S
HHRBOWELHEL TWEDOTHA I,

(BHER B Em] BEadL )
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