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Coinfection by porcine circoviruses and porcine parvovirus in
pigs with naturally acquired postweaning multisystemic
wasting syndrome

J. A. Ellis, A. Bratanich, E. G. Clark, G. Allan, B. Meehan, D. M. Haines, J. Harding, K. H. West,

S. Krakowka, C. Konoby, L. Hassard, K. Martin, E McNeilly

Abstract. Postweaning multisystemic wasting syndrome (PMWS) is an emerging disease in swine. Re-
cently, the disease has been reproduced with inocula containing a newly described porcine circovirus (PCV),
designated PCV 2, and porcine parvovirus (PPV). In order to determine if these viruses interact in naturally
acquired PMWS, affected tissues from field cases were examined by immunohistochemistry (IHC) and poly-
merase chain reaction (PCR) for PCV 2 and PPV, as well as by PCR for the other recognized porcine circovirus,
PCV 1. Porcine circovirus 2 was detected by PCR or IHC in affected fixed or frozen tissues from 69 of 69
cases of PMWS collected over 3 years from 25 farms. Porcine parvovirus was detected in 12 of the same cases,
and PCV 1 was detected in 9 of 69; however, an apparent decrease was found in the sensitivity of the PCRs
used to detect the latter 2 viruses when fixed tissue from the same cases were compared with the use of frozen
tissues. Porcine circovirus 2 was not detected by PCR in affected tissues from 16 age-matched pigs that had
Streptococcus suis-associated disease. Electron microscopic examination of plasma pooled from 15 pigs with
PMWS revealed the presence of PCV and PPV, whereas these viruses were not observed in pooled plasma
from 5 age-matched clinically normal pigs. These results confirm and extend previous findings documenting a
consistent association of PCV 2 with PMWS. Aswell, infection by PPV or PCV 1 or both may be an important

cofactor in the pathogenesis of some, but apparently not all, cases of PMWS,

Postweaning multisystemic wasting syndrome
(PMWS) is an emerging disease in swine herds in
Canada,’® the United States,* and Europe.* This syn-
drome occurs most commonly in 5-12-week-old
pigs.#*° Clinicaly, affected pigs present with progres-
sive weight loss, tachypnea, dyspnea, and jaundice.
Gross lesions include lymphadenopathy, interstitial
pneumonia, hepatitis, and nephritis.#1° Histologically,
multifocal lymphohistiocytic cellular infiltrations, of-
ten with a prominent eosinophilic component, are
found in affected organs. Multinucleated giant cellsare
commonly found in lymph nodes from pigs with
PMWS 410

A consistent association between PMWS and infec-
tion by an apparently new virus, tentatively designated
““porcine circovirus 2"’ (PCV 2), in pigs with naturally
acquired disease has been demonstrated.*'° Moreover,
PCV 2 isolates obtained from affected pigs in several
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countries are virtually identical genetically and are dis-
tinctly different from the PCV (CCL33; PCV-I) that
was originaly identified in the 1970s as a noncyto-
pathic contaminant of porcine kidney (PK/15) cell
lines.*”?> Previous serological surveys documented an
apparently high prevalence of seroconversion to PCV
1 in pig populations in North America and Eu-
rope>42; however, to date, PCV 1 infection of pigs
with PMWS has not been documented.

Pigs with PMWS are often infected with a variety
of other pathogens, including bacteria and, less fre-
quently, viruses, mycoplasma, and protozoa, in addi-
tion to PCV 2.2 In previous studies, the involvement
of porcine parvovirus (PPV) in PMWS was not ex-
haustively ruled out, largely because PPV was not
identified in low-passage cell cultures derived from the
organs of pigs with PMWS, and its potential involve-
ment in severe multisystemic disease in weanling pigs
was not anticipated. Although PPV is thought to be
endemic in pig populations throughout the world, it
has only rarely been associated with any disease in
pigs other than fetal death.”#> Most available data in-
dicate that the apparently universal exposure to PPV
in pigs was amost exclusively associated with sub-
clinical infection and development of immunity.’® Re-
cently, the lesions of PMWS have been reproduced in
pigs with inocula that, retrospectively, were found to
contain low concentrations of PPV in addition to PCV
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2.11 Subsequent prospective studies confirmed the ap-
parent synergistic effect of the 2 viruses in producing
severe clinical disease These observations raised
guestions concerning the role of PPV in naturaly ac-
quired PMWS.

The objectives of this study were to determine the
prevalence of PCV 1, PCV 2, and PPV in lesions of
pigs with naturally acquired PMWS and to compare
the efficacy of immunohistochemistry (IHC) and poly-
merase chain reaction (PCR) and in detecting PCV 2
in frozen and fixed tissue.

Materials and methods

Case selection. One hundred six weanling pigs ranging in
age from 4 to 12 wk were the subjects of this study. Sixty-
nine pigs were presented to the referring clinical veterinarian
or the diagnostic laboratory at the Western College of Vet-
erinary Medicine during 1995-1998 with clinical signs and
multisystemic lesions*®® characteristic of PMWS.41° These
pigs were from 25 farms, comprising high health and com-
merical herds in Alberta and Saskatchewan. Pigs on these
farms are routinely vaccinated for parvovirus as gilts prior
to entry into the breeding herd. ‘‘Booster’” vaccines for par-
vovirus are usually administered every 5-6 mo. Tissues were
collected at necropsy, fixed in formalin, and paraffin-embed-
ded or frozen at —70 C. Paraffin blocks containing samples
of diseased organs from 16 pigs with Streptococcus suis-
related illness from 13 farms in Saskatchewan from which
PMWS has never been diagnosed were examined by PCR.
Blood samples from 15 pigs with PMWS from 1 farm were
examined by electron microscopy for circulating viruses.
Tissues from 6 clinically normal weanling pigs from a farm
where PMWS has not been diagnosed were used as controls.

PCR for PCV and PPV. Primers were designed that al-
lowed the amplification of a 347-bp fragment specific to the
PCV | (for, 5-GCGCCATCTGTAACGGTTTC-3'; rev, 5'-
TCCAAACCTTCCTCTCCGC-3') and a 481-bp fragment
specific to PCV Il (1443, 5'-CGGATATTGTAGTCCTGG-
TCG-3'; 150, 5'-ACTGTCAAGGCTACCACAGTCA-3').16
DNA was extracted from 10 10-pm sections of paraffin-
embedded tissue blocks or 50 mg of frozen tissue with a
commercial kit according to the manufacturer’s instructions.2
The reaction mixture contained 200 uM dNTPS, 1.5 mM
MgCl,, 50 pmoles of each primer, 1X Taq buffer,® 1.25 units
Tag polymerase,> and 100 ng DNA in a fina volume of 50
pl. Reaction conditions were 94 C for 1 min (1 cycle), fol-
lowed by 35 cycles of 94 C for 1 min, 55 C for 1 min, and
72 C for 1 min, and afina cycleat 72 C for 10 min. A PCR
for PPV was performed with primers that amplfy a 158-bp
fragment from the VP2 gene.’® Reaction conditions were as
previously described except that the annealing temperature
was increased from 45 to 50 C and 1 ng DNA was used per
50-pl reaction. The identity of amplified fragments was con-
firmed by digestion with EcoR1.%°

IHC. Immunohistochemical identification of PCV 2intis-
sues was performed as previously described.l® Briefly, sec-
tions cut from blocks of embedded tissue were reacted with
either diluted rabbit anti-PCV antiserum, diluted porcine im-

mune serum, or a monoclonal antibody specific for PCV 2.1
After reaction with the primary antibody, tissues were in-
cubated with appropriate secondary antisera before visual-
izing the reaction product by an avidin—biotin complex tech-
nique as previously described.’® For immunohistochemical
detection of PPV, sections were cut from blocks of frozen
tissue with a cryostat and similarly stained with a monoclo-
nal antibody specific for PPV.1? Negative controls included
serial sections of each block stained with the omission of
primary antisera and with the substitution of primary anti-
sera with irrelevant polyclonal antisera from the appropriate
species. Positive control tissue from a pig with naturally ac-
quired PMWS was also stained. Tissues tested included lym-
phoid organs, liver, kidney, lungs, stomach, intestines, and
pancreas.

Electron microscopy. Plasma samples from 15 pigs af-
fected with PMWS and 5 clinically normal pigs were pooled
separately, filtered (0.2 wm), and centrifuged at 100,000 X
g at 4 C for 24 hr. Each pellet was resuspended in 1 ml of
Tris-NaCl—ethylenediaminetetraacetic acid (EDTA) buffer
(50 mM Tris-HCI, 100 mM NaCl, 1 mM EDTA, pH 7.4)
and passed through a 20-50% sucrose gradient prepared in
the same buffer. The gradient was fractionated and the frac-
tions were measured for protein concentration. Peak frac-
tions were pooled and measured for refractive index. Pooled
fractions with a refractive index of approximately 1.17 g/
cm3 were pelleted as above for 4 hr at 4 C. The resulting
pellets were resuspended in 100 pl of Tris-NaCIl-EDTA buff-
er. One drop was applied to carbon-coated formvar (0.3%)
grids that had been wetted, with a drop of water containing
2% fetal bovine serum and dried. After 30 sec, excess liquid
was removed, and the specimen was air dried and stained
with 0.5% phosphotungstic acid in phosphate-buffered saline
(pH 7.4).

Results

Detection of PCV and PPV in PMWS cases. Porcine
circovirus 2 was detected by PCR or IHC or both (Fig.
1; Table 1) in 69 of 69 cases that were previously
diagnosed as PMWS on the basis of clinical and path-
ologic examination. Porcine circovirus 2 DNA was de-
tected in 65 of 69 cases tested. Porcine circovirus 2
antigens were detected by IHC in fixed tissue from 35
of 35 PMWS cases that were tested by this method.
Circoviral antigens were detected most consistently in
lymphoid tissue and variably in other tissues exam-
ined. Four cases were IHC+ for PCV 2 and PCR neg-
ative for PCV 2. Histologically, these PCR-negative
cases had low numbers of PCV 2+ cells in affected
tissues. With the same extracted DNA samples, PCV
1 was detected in 9 of 69 cases of PMWS, 8 of 34
frozen samples, and 1 of 35 fixed, embedded samples.
Detection of PCV 1 antigens by IHC was not attempt-
ed. Parvoviral DNA was detected in 9 of 69 cases of
PMWS from 7 farms, 11 of 34 frozen samples, and 1
of 35 fixed, embedded samples. |mmunohistochemical
examination of frozen sections of 4 randomly selected
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Figure 1. Detection of porcine circoviruses (PCV) 1 and 2 and
porcine parvovirus (PPV) in porcine tissues by polymerase chain
reactions. a, DNA ladder, b, PCV 1 positive control, ¢, PCV 2 pos-
itive control, d, PPV positive control, e, blank, f, PCV 1 PCR with
liver from norma pig, g, PCV 2 PCR with liver from normal pig,
h, PPV PCR with liver from normal pig, i, PCV 1 PCR with affected
liver from pig with PMWS, j, PCV 2 PCR with affected liver from
pig with PMWS, k, PPV PCR with affected liver from pig with
PMWS.

PMWS samples that were PCR+ for both PCV 2 and
PPV revealed coinfection by both viruses in the same
lesion sites in liver, kidney (Figs. 2—4), lung, or lym-
phoid tissue. In contrast, neither PCV 1 or PCV 2 was
detected by PCR in lesions from 16 pigs that had S.
suis-associated disease; 1 of these pigs was PCR pos-
itive for PPV (Table 1). No apparent relationship was
found between accession date and results of tests for
virus detecton.

Electron microscopic examination of pooled plasma
from pigs with PMWS reveded that both PCV and
PPV were present in gradient-separated preparations.
Although similar in size and physiochemical charac-
teristics, the viruses were distinguishable. Parvovira
particles were slightly larger and often had an electron-
dense center surrounded by a radiolucent ‘“halo”
(Figs. 5, 6). These viruses were not observed in the
plasma of the age-matched clinically normal pigs that
were sampled.

Effect of fixation on the detection of PCV and PPV
by PCR. In order to assess the effect of fixation and
routine processing on the PCRs for PCV 1, PCV 2,
and PPV, additional PCR tests were conducted with 7
PCV2/PPV PCR-positive PMWS cases for which both
frozen and fixed tissues were available. PCV 2 was
detected in all 7 cases with both types of tissue sam-
ples, however, there was a reduction in the number of

Table 1. Detection of porcine circoviruses (PCVs) 1 and 2 and
porcine parvovirus (PPV) by polymerase chain reaction (PCR) in
diseased organs from pigs with and without postweaning multisys-
temic wasting syndrome (PMWS).

PCV 1 PCR PCV 2PCR PPV PCR
PMWS (fixed tissue) 135 31/35 1/35
PMWS (frozen tissue) 8/34 34/34 11/34
Non-PMWS (Streptococcus
Suis) 0/16 0/16 116

PCR-positive results for PCV 1 and PPV comparing
frozen and fixed tissue (Table 2). Overal, PCV 1 and
PPV were detected in a higher percentage of frozen
tissue than in the same fixed tissue from clinically af-
fected pigs.

Discussion

The results of this study confirm and extend previ-
ous observations of consistent association between
PCV 2 and lesions in pigs with PMWS.41° This as-
sociation was detectable by both PCR and IHC. These
data are in contrast to a previous study reporting that
only 15% of pigs with PMWS were infected with PCV
2 at the time of death or euthanasia because to wasting
disease.?® In contrast to the consistency of infection
with PCV 2, alower prevalence of PCV 1 in affected
tissues was determined by PCR. In approximately 17%
of randomly selected typical cases of PMWS, coinfec-
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Figure 2. Renad tissue from a pig with PMWS. Note severe

lymphogranulomatous interstitial nephritis. Hematoxylin and eosin
stain. Bar = 100 pm.
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Figure 3. Cryostat section of renal tissue from pig in Fig. 2
with PMWS immunohistochemically stained for PCV 2. Note scat-
tered intensely stained cells. Bar = 100 pm.

tion by PPV and PCVs was found in organs with le-
sions typical of PMWS.

The comparative testing results by PCR on frozen
and fixed tissues suggest that routine fixation, pro-
cessing, and extraction apparently have little discern-
able effect on the ability to detect PCV 2 with these
primers under these PCR conditions. Most tissues sub-
mitted to the diagnostic lab would have been fixed for
2-3 days prior to processing. Moreover, fixation in for-
malin of up to 7 days apparently does not affect the
detection of PCV 2 by this PCR or IHC (J. Ellis, un-
published results). In contrast, the lower prevalence of
PCV 1 positives and PPV positives in fixed tissues as
well as the direct comparison of frozen and fixed tissue
indicate a decrease in sensitivity (apparent false-neg-
ative results) of these PCRs to detect the latter viruses.
The reason for the decreased sensitivity was not ap-
parent but could be related to low viral copy number
or the direct effect of processing or extraction methods
on DNA from PCV 1 and PPV. Nevertheless, these
results serve as a caveat to the application of PCRs
with these conditions for PCV 1 and PPV for retro-
spective studies on readily available archival material.
Furthermore, these comparative results indicate that in-
fection by PCV 1 or PPV could have been underdi-
agnosed in the 35 PMWS cases for which only fixed
and embedded tissue was available. Application of a
recently reported® nested PCR may increase the sen-
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Figure 4. Cryostat section of renal tissue from pig in Fig. 2
with PMWS immunohistochemically stained for PPV. Note scattered
intensely stained cells. Bar = 100 pm.

sitivity of detection of PPV, but applicability of this
assay in fixed tissue remains to be demonstrated.

The lower prevalence of PCV 1 compared with PCV
2 infection in pigs with PMWS was unexpected on the
basis of previous serological surveys conducted in
Canada and other countries.®*2 Those studies docu-
mented a high prevalence of seroconversion to PCV 1
in healthy pigs. Those data, together with experimental
infections with PCV 1, suggested that infection by
PCV 1 was endemic and apparently nonpathogenic.?
Severa explanations are possible for this discordance
between past serological data and the present results.
One possibility is that previous serological testing that
was done by immunofluorescence on PCV 1-infected
cells detected group-specific antibodies that cross-re-
acted with PCV 2. Supportive of this hypothesis a high
degree of homology in the sequences of open reading
frame (ORF) 1 of both viruses, with less homology in
the 3 other ORFs, has recently been documented.”
This finding would imply that exposure to PCV 2 in-
fection was widespread in clinically normal pigs,
which is supported by more recent preliminary sero-
logical studies (J. Ellis, unpublished data). Another
possibility is that PCV 2 emerged as a pathogenic var-
iant of PCV 1 since previous serological surveys were
conducted and is now the predominant PCV infecting
domestic swine. Finally, available data indicate that
PCV 2 replicates to high titersin cell cultures, whereas
PCV 1 infection results in only low copy number.'” |f
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Figure 5. Electron micrograph of PCV in gradient-purified
pooled plasma sample from pigs with PMWS. X 98,000.

a similar phenomenon occurs in vivo, identification of
PCV 1 in affected tissue in many cases may be beyond
the detection limits of the PCR that was used.

The failure to detect PCV 2 in organs with a variety
of lesions from pigs with S. suis-associated disease
from unaffected (no PMWS diagnoses) farms suggests
that there is not endemic persistent infection by PCV
2 in pigs without PMWS. More extensive studies are
currently under way to determine the prevalence of
exposure to both PCV 1 and PCV 2 in populations of
clinically normal pigs and diseased pigs. Nevertheless,
presence of PCV 2 in affected organs of pigs with
PMWS, and lower prevalence of PCV 1, is consistent
with the hypothesis that PCV 2 is at least a necessary
cofactor in the pathogenesis of PMWS.

Previously, PCV 2 and PPV have been isolated from
naturally acquired cases of PMWS.! This coinfection
would not necessarily be unexpected, given the re-
ported endemic nature of PPV infection;® however,
how the current management systems employing strin-
gent biosecurity and sanitation may have affected the
prevalence and epidemiology of parvovira infections
is not documented. Both PPV and PCV are small, sin-
gle-stranded DNA viruses that have a small coding
capacity and are, therefore, highly dependent on host
cell functions.*”?* The predilection of autonomous par-
voviruses from avariety of species for rapidly dividing
cells is well recognized and well documented both in

Figure 6. Electron micrograph of PPV in the same gradient-
purified pooled plasma sample as Fig. 5 from pigs with PMWS.
X 98,000.

vivo and in vitro.61324 Although it has been docu-
mented in vitro that the replication of at least the orig-
inal isolates of PCV are dependent on the S, or syn-
thesis phase, of the cell cycle, currently little is known
about the requirements for PCV growth in vivo.® Rep-
lication of both PPV and PCV depends on cellular
enzymes expressed during S phase of the cell cycle®
suggesting that PPV and PCV may target the same
cells in vivo. They may interact in some way to syn-
ergistically enhance replication, or the same physio-
logic factors may enhance replication of both viruses.
Therefore, the presence of both PCV 2 and PPV in
lesions sites could be causally related to disease. Al-
ternatively, viral antigens in phagocytic cellsin lesion
sites may have been engulfed at extralesional sites and
transported intracellularly into sites of tissue damage,
or replication of both PCV 2 and PPV may occur in
rapidly replicating (repairative) cells in sites of pre-
existent tissue damage.

Table 2. Comparision of detection of porcine circoviruses
(PCVs) 1 and 2 and porcine parvovirus (PPV) by polymerase chain
reaction (PCR) in fixed and frozen tissues.

PCV 1 PCR PCV 2 PCR PPV PCR
Frozen tissue 777 77 a4/7
Formalin fixed 7 77 3/7
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The presence of cell-free PPV in the circulation of
pigs with PMWS would not necessarily in and of itself
be an indication that the virusis causally involved in the
disease process. Pigs with PMWS generally present with
clinical signs and corresponding lesions at an age when
maternal antibodies would be waning.? Pigs exposed to
PPV at thistime could be subclinically infected and tran-
siently viremic prior to the development of immunity.®
Although the pathogenesis of the newly described strains
of PCV is not currently known, a similar scenario could
also occur after infection of postweaning age pigs with
this virus. However, the detection of both viruses in the
typica lesions of PMWS, in which necrosis or inflam-
mation or both are associated with infection of cells,
indicates that the viremia detected was not simply indic-
ative of an inocuous or subclinical infection, as has usu-
ally been reported for PPV infections in postnatal pigs.'®
These data support the concept that PPV may be one of
severa cofactors, including other infectious agents such
as PRRSV," that act synergisticaly with PCV 2 in the
pathogenesis of PMWS.

Both PPV and PCV have a predilection for lym-
phoid tissue3101213 therefore replication of these
agents in synchrony or in concert could have profound
immunomodulating consequences and predispose to
debility and secondary infections. PPV also has extra-
lymphoid targets, including pulmonary and renal epi-
thelium, hepatocytes, and endothelium.?* Although
controversial, it has been proposed on the basis of in
vitro and in vivo studies that observed differences in
virulence among PPV isolates may relate to differenc-
€es in tissue tropism.8¢ Although similar studies have
yet to be performed with PCV isolates, it appears, on
the basis of immunohistochemical analyses of lesions
in naturally and experimentaly infected pigs,*-31012
that, compared with PCV 1, the recent isolates of PCV
2 have a wider tropism than just lymphoid tissue,
which may account, in part, for its virulence in vivo.

In conclusion, the results of this study confirm and
extend previous work documenting a consistent asso-
ciation between active infection by PCV 2 and the de-
velopment of PMWS in weanling pigs. Together with
data from recent experimental infections with PCV 2,112
this study is consistent with the notion that PPV may
serve as an important cofactor in the development of
naturally acquired PMWS. Further investigation is re-
quired to identify additiona cofactors that, together
with PCV 2, interact in the pathogenesis of PMWS.

Acknowledgement
This study was supported by a grant from Meria Ltd.
Sources and manufacturers

a. Qiagen Inc., Mississauga, Ontario, Canada.
b. Gibco-BRL, Burlington, Ontario, Canada.

Ellis et al.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

References

. Allan GM, Kennedy S, McNeilly F, et al.: 1999, Experimental

reproduction of wasting disease and death by co-infection of
pigs with porcine circovirus and porcine parvovirus. J Comp
Pathol 121:1-11.

. Allan GM, McNeilly F, Cassidy JR, et a.: 1995, Pathogenesis

of porcine circovirus; experimental infections of colostrum de-
prived piglets and examination of piglet foetal materia. Vet Mi-
crobiol 44:49-64.

. Allan GM, McNeilly F, Foster JC, Adair BM: 1994, Infection

of leukocyte cell cultures derived from different species with
piglet circovirus. Vet Microbiol 41:267-279.

. Allan GM, McNeilly F Kennedy S, et al.: 1998, Isolation of

porcine circovirus-like viruses from piglets with a wasting dis-
ease in the United States of America and Europe. J Vet Diagn
Invest 10:3-10.

. Belak S, Rivera E, Ballagi-Pordany A, et a.: 1998, Detection

of challenge virus fetal tissues by nested PCR as a test of the
potency of a porcine parvovirus vaccine. Vet Res Commun 22:
139-146.

. Bergeron J, Hebert B, Tijssen P: 1996, Genome organization of

the Kresse strain of porcine parvovirus: identification of the al-
lotropic determinant and comparison with those of NADL-2 and
field isolates. J Virol 70:2508-2515.

. Bolt DM, Hani H, Muller, Waldvogel AS: 1997, Nonsuppurative

myocarditis in piglets associated with porcine parvovirus infec-
tion. J Comp Pathol 117:107-118.

. Dea S, Elazhary MA, Marineau GP, Vaillancourt J: Parvovirus-

like particle associated with diarrhea in unweaned piglets. Can
J Comp Med 49:343-345.

. Dulac GC, Afshar A: 1989, Porcine circovirus antigens in PK-

15 cell line (ATCC-CCL-33) and evidence of antibodies to cir-
covirus in Canadian piglets. Can J Vet Res 53:431-433.

Ellis JA, Hassard L, Clark EG, et a.: 1998, Isolation of circo-
virus from lesions of piglets with postweaning multisystemic
wasting syndrome. Can Vet J 39:44-51.

Ellis JA, Krakowka S, Allan G, et al.: 1999, The clinical scope
of PRRSV infection has expanded since 1987; an alternative
perspective. Vet Pathol 36:262—265.

Ellis JA, Krakowka S, Lairmore M, et al.: 1999, Reproduction
of lesions of postweaning multisystemic wasting syndrome in
gnotobiotic piglets. J Vet Diagn Invest 11:3-14.

Harding MJ, Molitor TW: 1988, Porcine parvovirus: replication
in and inhibition of selected cellular functions of swine alveolar
macrophages and peripheral blood leukocytes. Arch Virol 101:
105-117.

Hines RK, Lukert D: 1995, Porcine circovirus: a serological
survey of swine in the United States. Swine Health Prod 3:71—
73.

Kresse J;; Taylor WD, Stewart WW, Eernisse KA: 1985, Par-
vovirus infection in pigs with necrotic and vesicle-like lesion.
Vet Microbiol 10:525-531.

Lager KM, Mengeling WL, Liu W: 1992, Comparison of the
virulence of two isolates of porcine parvovirus in 72-day-old
porcine fetuses. J Vet Diagn Invest 4:245-248.

. Meehan BM, McNeilly F, Todd D, et a.: 1998, Characterization

of novel circovirus DNA's associated with wasting disease syn-
dromes in pigs. J Gen Virol 79:2171-2179.

Mengeling WL: 1992, Porcine parvovirus. In: Diseases of
swine, ed. Leman AD, 7th ed., pp. 299-311. lowa State Uni-
versity Press, Ames, |A.

Molitor TW, Orveerakul K, Zhang ZZ, et a.: 1991, Polymerase
chain reaction (PRC) amplification for detection of porcine par-
vovirus. J Virol Methods 32:201-211.

Nayar GPS, Hamel A, Lin L: 1997, Detection and characteriza-



PCV and PPV in postweaning multisystemic wasting syndrome 27

tion of porcine circovirus associated with postweaning multi- demiology and pathogenicity of porcine circovirus. Arch Virol
systemic wasting syndrome in pigs. Can Vet J 38:384—386. 91:271-276.
21. Oraveerakul K, Choi C-S, Malitor TW: 1993, Tissue tropisms 24. Tischer |, Peters D, Rasc R, Pocuili S: 1987, Replication of
of porcine parvovirus in swine. Arch Virol 130:377-389. porcine circovirus: induction by glucosamine and cell cycle de-
22. Paul PS, Mengeling WL, Pirtle ED: 1982, Duration and biolog- pendence. Arch Virol 96:39-57.
ical half-life of passively acquired colostral antibodies to por-  25. Tischer |, Rasch R, Tochtermann G: 1974, Characterization of
cine parvovirus. Am J Vet Res 43:1376-1379. papovavirus- and picornavirus-like particles in permanent piglet

23. Tischer I, Mields W, Wolff D, et al.: 1986, Studies on the epi- kidney cell lines. Zentralbl Bakterial Org A 226:153-167.



