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ABSTRACT.  A wasting disease characterized by progressive weight loss and dyspnea has been observed in weaning pigs on a farm in
Yamagata Prefecture in 1998. Histopathologic findings in an affected pig were bronchointerstitial pneumonia and intracytoplasmic
clusters of basophilic inclusions in macrophages of lymph nodes, which were similar to those in pigs with postweaning multisystemic
wasting syndrome (PMWS) recently reported in North America and Europe.  Porcine circovirus (PCV)-like particles were observed in
bronchial lymph node of the pig by electron microscopy, and PCV antigens were detected in the lesions by immunohistochemical staining.
PCV DNA was also detected in the lung and tonsil by PCR, and restriction fragment length polymorphism analysis of the PCR products
with HinfI showed the same type of the PCV associated with PMWS (pmws PCV).  Homology of nucleotide sequences between the PCR
product and corresponding regions of published pmws PCV genomes was very high.  These results indicated that virus detected in this
study was pmws PCV.  To our knowledge, this is the first report on the presence of pmws PCV in Japan.—KEY WORDS:
immunohistochemistry, PCR, PMWS, porcine circovirus.
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Samples of lung, liver, kidney, heart, intestine, brain, tonsil,
spleen, bronchial and mesenteric lymph nodes, and tracheal
swab were collected from an affected pig aged 50 days in
this farm.  These samples were examined for bacteria by
routine methods.  Virus isolation from the samples was
carried out using porcine alveolar macrophage cultures as
described previously [19].  The samples were also examined
for porcine reproductive and respiratory syndrome virus
(PRRSV), porcine parvovirus and hog cholera virus by PCR
[8, 12, 18].

Pathological Examination: At necropsy, the tissues were
fixed in 10% buffered formalin and embedded in paraffin
wax by standard techniques.  Four to five µm thick sections
were stained with haematoxylin and eosin (HE), and also
used in immunohistochemistry.

Immunohistochemistry: Hyperimmune rabbit antiserum to
np PCV (CCL-33) as PK15 cells contaminant was kindly
provided by Dr. Imada, National Institute of Animal Health,
Japan.  Porcine immune serum (kindly provided by Dr.
Haritani, National Institute of Animal Health) was from a
healthy pig from a herd in which PMWS had been diagnosed
by histopathologic examination (unpublished data).  This
serum was biotinylated with a commercial kit according to
the manufacturer’s instructions (Pharmacia Biotech, Ltd.).
Immunohistochemical identification of PCV was performed
with a streptavidin-biotin-complex immunoperoxidase kit
(Nichirei Co.) as previously described [4].  Briefly, after
removal of paraffin and rehydration, sections were incubated
with either rabbit anti-PCV serum (diluted 1:500) or
biotinylated porcine immune serum (diluted 1:16).  Sections
stained with rabbit anti-PCV serum were then incubated
with biotinylated goat anti-rabbit IgG.  Following reaction
with biotinylated sera, these sections were reacted with a

Porcine circovirus (PCV) was originally detected as a
noncytopathic contaminant of porcine kidney (PK15) cell
line [17].  PCV has been classified into a new virus family
called the Circoviridae [10], on the basis of its circular
single-stranded DNA genome [15].  PCV as PK15 cells
contaminant was nonpathogenic for experimentally infected
pigs [16].

Postweaning multisystemic wasting syndrome (PMWS)
in pigs was first reported in western Canada in 1991 [2].  It
was characterized by progressive weight loss, respiratory
signs, and jaundice.  Gross and histologic lesions were
granulomatous interstitial pneumonia, lymphadenopathy,
and lymphocytic, granulomatous hepatitis and nephritis.
Similar syndromes have been described in pigs from the
United States [3] and Europe [1].  PCV antigen and nucleic
acid have been demonstrated in tissues of pigs with PMWS
[1, 4].  PCV from PMWS (pmws PCV) was antigenically
and genetically distinguished from nonpathogenic PCV (np
PCV) [1, 6].  These findings have led to speculation that a
new or modified virulent PCV may have participated in
those lesions in pigs with PMWS.

This report describes the detection of PCV from tissues
of a pig with a wasting disease in Yamagata Prefecture,
Japan, and compares the partial length of this PCV genome
to the published corresponding sequences from pmws PCV
and np PCV.

MATERIALS AND METHODS

Clinical samples: A wasting disease has been observed
in weaning pigs on a farm in Yamagata Prefecture since
May of 1998.  About 20 of 400 weaning pigs showed
progressive weight loss and dyspnea, followed by death.
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streptavidin-biotin-complex immunoperoxidase reagent and
with 3,3'-diaminobenzidine tetrahydrochloride (Wako Pure
Chemical Industries, Ltd.).  The sections were then
counterstained with methyl green.  Tissue sections from
non-infected gnotobiotic pigs and sera from a non-
immunized rabbit and a non-infected gnotobiotic pig were
used for control purpose.

Electron microscopy: Transmission electron microscopic
examination of bronchial lymph node of the pig was
performed using negative staining and ultrathin section.  For
negative staining, the tissue was frozen and thawed at －
70°C (3 cycles), homogenized in 50 mM Tris buffer
containing 100 mM NaCl and 1 mM CaCl2 (TBS; pH 7.5),
and sonicated in an ice bath.  Cell debris was removed by
centrifuging the lysate at 1,812 × g for 10 min and then at
7,730 × g for 20 min.  The supernatant was transferred to an
ultracentrifuge tube and centrifuged at 57,600 × g for 2 hr.
The pellet was then resuspended in TBS.  This suspension
was applied to a carbon-coated collodion grid for 10 min,
and negatively stained with 2% phosphotungstic acid.  For
ultrathin section, formalin-fixed tissue of the bronchial
lymph node was refixed with 1% osmium tetroxide for 2 hr,
dehydrated in alcohol, and enbedded in Epon mixture.  The
ultrathin section was stained with 2% uranyl acetate and
lead citrate.

DNA extraction, PCR amplification, and sequencing:
Viral genomic DNA was extracted from lung and tonsil of
the pig and from PK15 cells with a commercial DNA
isolation kit (SepaGene, Sanko Junyaku Co., Ltd.).  PCR
for detection of PCV was conducted with the primers
reported by Hamel et al. [6].  The primer pair N1f and N4r
resulted in 815 bp and 802 bp PCR products of pmws PCV
and np PCV genes, respectively, which were located in the
open-reading-frame 1 coding for the Rep proteins [6].  The
PCR was performed as follows. A mixture of 2 µl of sample
DNA, 1 µl each of primer (100 pmol), 77 µl of water and
19 µl of the reagent mixture of Takara Ex Taq (Takara
Shuzo Co.) prepared according to the instructions of the
supplier was subjected to 35 amplification cycles, each cycle
consisting of 30 sec denaturation, 30 sec annealing and 30
sec elongation steps at temperatures of 94, 58 and 72°C,
respectively.  In the first cycle, the denaturation step
continued for 5 min at 94°C.  The PCR was concluded with
a final elongation step of 7 min at 72°C.  The amplified
products were separated by electrophoresis on 2% agarose
gels and visualized with UV light after staining with
ethidium bromide.  The PCR products were also digested
with restriction enzyme HinfI for 1 hr at 37°C, and analyzed
by electrophoresis.

The PCR product from the lung tissue was sequenced
directly with these PCR primers by cycle sequencing with
an auto sequencer (ABI PRISM 377; Perkin-Elmer Applied
Biosystems).  The DDBJ accession number for the PCR
product is AB025276.

RESULTS

Pathological and microbiological examination: The lung
was noncollasped, rubbery and edematous.  Histologically,
the characteristic lesion in the lung was bronchointerstitial
pneumonia.  The lesion included filling of alveolar septa
and bronchioles with macrophages, edema fluid,
inflammatory cells and debris.  In some lobules, purulent
exudate was predominant in alveolar lumen.  Bronchial and
mesenteric lymph nodes were enlarged.  Small necrotic areas
were seen in follicles of the lymph nodes.  In these areas,
intracytoplasmic clusters of basophilic inclusions were seen
in macrophages (Fig. 1).  Streptococcus suis type 1 was
isolated from lung and tracheal swab.  PRRSV was isolated
from lung in alveolar macrophage cultures, and also detected
from lung, brain and tonsil by PCR.  Other viral and
bacterial agents were not detected.

Immunohistochemistry :  Immunohistochemical
identification using porcine immune serum was attempted.
PCV antigens agreed with basophilic cytoplasmic inclusions
in bronchial lymph node, mesenteric lymph node and spleen
(Fig. 3).  PCV antigen was also observed in the lung.
Immunohistochemical identification using hyperimmune
rabbit antiserum in the tissue showed faint positive antigens
agreeing with basophilic cytoplasmic inclusions (Fig. 2).

Electron microscopy: Circovirus-like particles (17 nm in
diameter) were observed in the extract of bronchial lymph
node by negative staining (Fig. 4).  In ultrathin sections of
the bronchial lymph node, the inclusions seen on light
microscopy were composed of electron-dense granules
approximate 20 nm in diameter that formed crystalline
arrays (Fig. 5).

PCR amplification and genetic characterization: PCR
products of the expected sizes were detected in both lung
and tonsil of the affected pig and in PK15 cells (Fig. 6).

Fig. 1. Bronchial lymph node of a pig with wasting disease.
Macrophages in lymphoid follicle are distended with globular
intracytoplasmic inclusion bodies (arrowhead). Haematoxylin
and eosin. Bar=25 µm.
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The PCR products from both tissues were digested with
restriction enzyme HinfI into 2 fragments, 437 bp and 378
bp (Fig. 6).  All of 13 pmws PCV genomes published in the
GenBank database had the same cleavage site with HinfI as
determined by computer program.  By contrast, the PCR
product from PK15 cells was not digested with this enzyme
(Fig. 6).  In this region, HinfI had no recognition site in all
3 published np PCV genomes.

The 766 bp of the PCR product from the lung sample
was sequenced and compared with the corresponding regions
of 13 pmws PCV and 3 np PCV genomes.  Nucleotides
identity of the detected PCV, designated the Yamagata

strain, was 95.7–97.7% to pmws PCV strains, and 80.5–
80.9% to np PCV.  Deduced amino acid (aa) identity of the
Yamagata PCV (246 aa) was 95.5–99.6% and 88.9–89.3%
to pmws PCV (246 aa) and np PCV (243 aa), respectively.
Figure 7 showed aa alignments of the Yamagata and one of
each pmws PCV and np PCV.  There was a potential
glycosylation site located at aa 23 to 25 in the Yamagata
and pmws PCV, and at 20 to 22 aa in np PCV.

DISCUSSION

PMWS appeared to be an emerging disease problem in

Fig. 5. Electron micrograph showing crystalline arrays of
circovirus-like particles in cytoplasmic inclusions in bronchial
lymph node of a pig with wasting disease. Uranyl acetate and
lead citrate staining. Bar=100 nm.

Fig. 4. Electron micrograph of small circovirus-like particles in
homogenate of bronchial lymph node of a pig with wasting
disease. Negative staining. Bar=50 nm.

Fig. 3. Posit ive cytoplasmic staining for circovirus in
macrophages in bronchial lymph node of a pig with wasting
disease. Immunohistochemical staining using porcine immune
serum. Bar=25 µm.

Fig. 2. Circoviral antigen in accordance with intracytoplasmic
inclusion bodies in macrophages in bronchial lymph node of a
pig with wasting disease (arrowhead). Immunohistochemical
staining using anti-PCV rabbit serum. Bar=25 µm.



1122 A. ONUKI ET AL.

although antibodies to PCV have been found in
approximately 30% of pigs (T. Imada, personal
communication), it is difficult to determine whether these
antibodies in pigs were produced by np PCV or by pmws
PCV infection due to the fact that np PCV and pmws PCV
share common antigens [1, 4].

In the present case, a wasting disease was observed in a
swine herd.   PCV antigens were detected by
immunohistochemistry, and PCV-like particles were
detected by electron microscopy.  PCV gene was detected
in the lung and tonsil by PCR, and restriction fragment
length polymorphism analysis with the PCR products
showed the same type of pmws PCV.  Homology of
nucleotide sequences between the PCR product and the
corresponding regions of the published pmws PCV genomes
were very high.  These results indicated that the PCV
detected in this study was pmws PCV.  To our knowledge,
this is the first report on the presence of pmws PCV in
Japan.

On the basis of detection of viral antigens and particles
in the bronchial and mesenteric lymph nodes, follicular
necrosis with intracellular inclusion bodies was presumed
to be induced by replication of PCV.  These lymphoid
lesions in this pig were similar to those of pigs affected
with PMWS reported in Canada and the United States [1,
4].  However, emaciation and dyspnea, which are
characterized by PMWS, are also prominent clinical features
of PRRS-affected pigs [14].  Pathologically, interstitial
pneumonia and lymphadenopathy are also common to
PMWS and PRRS.  Thus, at least some clinical signs and
pathological findings in PMWS and PRRS may be
indistinguishable.  Further, PRRSV was also detected in
some previous PMWS-affected [7, 13] and the present pig.
On the basis, the etiology of the present wasting disease
may be concurrent infections of PCV, PRRSV and other
infectious agents including Streptococcus suis.  Moreover,
experimental infection of pmws PCV alone failed to
reproduce the disease in pigs [5].  Thus, a clear

Fig. 7. Alignments of amino acid (aa) sequences (243 or 246 aa) of a part of ORF 1 in the Yamagata PCV (DDBJ accession no.
AB025276), pmws PCV (GenBank accession no. AF027217 [6]), and np PCV (GenBank accession no. U49186 [11]).

Fig. 6. PCR detection of PCV DNA in lung of a pig with wasting
disease and in PK15 cells. PCR products were treated with
restriction enzyme HinfI (lanes 2 and 4) and visualized on 2%
agarose gel stained with ethidium bromide. Lanes: M, molecular
weight marker; 1, lung of the affected pig; 2, lung of the
affected pig (digested with HinfI into 2 fragments, 437 bp and
378 bp); 3, PK15 cells; 4, PK15 cells (treated with HinfI).

North American and European swine herds [1–3].  Several
papers reported that PCV was detected from PMWS-affected
pigs.  PCV from PMWS was distinguished from np PCV
both antigenically and genetically [1, 4, 6].  Serological
surveys using indirect immunofluorescence assays indicated
that antibodies to PCV were very common in North
American and European swine herds [9, 16].  In Japan,
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understanding of the pathogenesis of the detected PCV
requires further investigation, such as epidemiological
studies.
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