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Intestinal lesions in pigs affected with postweaning
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ABSTRACT.- Zlotowski P., Corréa A.M.R., Barcellos D.E.S., Cruz C.E.F., Asanome W.,
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Samples of mesenteric lymph nodes and intestines from 79 unthrifty 3- to 5-month-
old postweaning pigs, confirmed as naturally affected with postweaning multisystemic
wasting syndrome (PMWS), were studied. Pigs originated from 12 farms in southern
Brazil and were selected on the basis of clinical signs and/or gross lesions suggestive of
enteric disorder. Lymphohistiocytic infiltrates of varying intensity were associated with
anti-porcine circovirus type 2 (anti-PCV2) immunostaining (IS) in samples of intestines
and mesenteric lymph nodes from all pigs. Although most findings were similar to those
described in PCV2-associated enteritis, anti-PCV2 IS in association with depletion of the
goblet cell mucin stores (24 pigs), diffuse ileal villous atrophy and fusion (18 pigs), and
dilatation of the lymphatic vessels (11 pigs) combined or not with lymphangitis were also
observed. PCV2 antigen was immunohistochemically demonstrated in the cytoplasm
and nuclei from intralesional epithelial cells, histiocytes, and endothelial-like cells in
intestinal tissues. Together these findings imply an association with PCV2. The presence
of co-infections by Lawsonia intracellularis, Brachyspira spp., Mycobacterium spp.,
Salmonella spp., rotavirus, parvovirus, coronavirus and enteric calicivirus with PCV2 in

the intestinal lesions was investigated.

INDEX TERMS: Circovirus, co-infections, enteric lesions, PCV2, PMWS.

RESUMO.- [Les6es entéricas em suinos afetados por
sindrome multissistémica do definhamento dos suinos.]
Amostras de linfonodos mesentéricos e intestinos de 79 lei-
tdes desmamados refugos, entre 3 e 5 meses de idade e
confirmados como naturalmente afetados pela sindrome

" Received on February 21, 2008.
Accepted for publication on April 4, 2008.

2 Departamento de Patologia Clinica Veterinaria, Faculdade de Medi-
cina Veterinaria, Universidade Federal do Rio Grande do Sul (UFRGS),
Av. Bento Goncalves 9090, Porto Alegre, RS 91540-000, Brazil.
*Corresponding author: davetpat@ufrgs.br

3 Departamento de Medicina Animal - Suinos, Faculdade de Medici-
na Veterinaria, UFRGS. E-mail: setorsuinos @yahoo.com.br

4 Laboratdrio de Virologia Animal, Departamento de Medicina Veteri-
naria Preventiva, Universidade Estadual de Londrina, Cx. Postal 6001,
Londrina, PR 86051-990, Brazil. E-mail: alfieri@uel.br

313

multissistémica do definhamento foram estudadas. Os sui-
nos eram oriundos de 12 cria¢cdes no sul do pais e foram
selecionados em fungdo dos sinais clinicos e/ou lesdes
macroscopicas sugestivos de doencga entérica. Infiltrados
linfoistiociticos de intensidades variaveis foram associados
com marcacao positiva anti-circovirus suino tipo 2 (anti-
PCV2) em amostras de intestinos e linfonodos mesentéri-
cos de todos os 79 animais. Embora a maioria dos achados
fossem semelhantes aos descritos em enterite associada
com PCV2, marcagao imuno-histoquimica anti-PCV2 foi as-
sociada com deplecao de células caliciformes (24 suinos),
atrofia e fuséo de vilosidades do ileo (18 suinos) e dilatacéo
de vasos linfaticos (11 suinos) combinada ou nao com
linfangite. Antigenos de PCV2 foram demonstrados por
imuno-histoquimica no citoplasma e nucleo de células
epiteliais intralesionais, histiécitos e células tipo endotelial
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em tecidos intestinais. Em conjunto, esses resultados suge-
rem que as lesdes estavam associadas com PCV2. A pre-
senca de co-infec¢gbes por Lawsonia intracellularis,
Brachyspira spp., Mycobacterium spp., Salmonella spp.,
rotavirus, parvovirus, coronavirus e calicivirus entérico com
PCV2 nas lesdes intestinais foi investigada.

TERMOS DE INDEXAQAO: Circovirus, co-infecgoes, lesbes
entéricas, PCV2, SMDS.

INTRODUCTION

Porcine circovirus type 2 (PCV2) infections have been
associated with many different clinical syndromes (Clark
1997, Allan & Ellis 2000, Opriessnig et al. 2006, Segalés
& Domingo 2002), among which postweaning multissys-
temic wasting syndrome (PMWS) has caused the greatest
economic losses to the swine industry. The disease is
confirmed by the demonstration of PCV2 antigen or nucleic
acids in association with characteristic microscopic lesions
(Sorden 2000) such as lymphocyte depletion and
histiocytic to granulomatous inflammation in lymphoid
tissues and certain organs (Clark 1997, Rosell et al. 1999,
Segalés & Domingo 2000).

Cases of swine enteritis have been associated with
PCV2 alone (Kim et al. 2004b, Segalés et al. 2004, Jensen
et al. 2006) or combined with other organisms (Carrasco et
al. 2000, Segalés et al. 2001, Ha et al. 2005, Jensen et al.
2006). While substantial information has been presented
on the pathogenesis of a number of enteric pathogens of
pigs (Hampson & Trott 1999, Schwartz 1999, Lawson &
Gebhart 2000), the importance and the involvement of some
of these organisms in enteric disorders of PMWS-affected
pigs remains to be clarified. This communication describes
PCV2-associated enteric lesions in PMWS-affected pigs.

MATERIALS AND METHODS

This study included 79 non-thriving 3 to 5-month-old postweaning
pigs confirmed as PMWS cases (Sorden 2000) that were selected
on the basis of clinical signs or gross findings suggestive of
intestinal disease (Table 1). Animals were necropsied immediately
after euthanasia and originated from 12 herds in Rio Grande do
Sul, Brazil. Fragments from mesenteric lymph nodes, jejunum,
ileum, colon, and cecum were collected. Formalin fixed paraffin
embedded samples of tissues were examined by hematoxylin
and eosin and immunostaining (IS). Sections were processed for
IS anti-PCV2 (Department of Veterinary Diagnostic and Production
Animal Medicine, lowa State University, USA, Sorden et al. 1999)
by the streptavidin-biotin immunoperoxidase (Dako, Carpinteria,
CA) technique using diaminobenzidine (Dako, Carpinteria, CA)

Table 1. Summary of gross changes in the intestines and
mesenteric lymph nodes from 79 PMWS-affected pigs

Gross lesion Frequency Y%
Enhanced mesenteric lymph nodes 56 70.9
Necrotizing enteritis 24 30.4
Mesenteric edema 20 25.3
Lymphangiectasy 15 18.9
Thickened ileal mucosa 5 6.3
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as chromogen. Similarly, selected sections were also tested by
IS against Lawsonia intracellularis (Department of Veterinary
Pathobiology, University of Minnesota, USA, Guedes et al. 2002),
Brachyspira spp. (Centro de Pesquisas Veterinarias Desidério
Finamor, Eldorado do Sul, Brazil, Paulovich et al. 2004),
Mycobacteriumspp. (GeneTex Inc., Texas, USA, Radhakrishnan
et al. 1991), Salmonella spp. (Biogenesis Inc., Kingston, USA,
Schauser et al. 2004), porcine parvovirus (VMRD Inc., Pullman,
USA, Kim & Chae 2004), and porcine coronavirus (Serotec,
Whashington, USA). Selected fecal samples (n=12) were also
screened for the presence of rotavirus groups A, B and C, and
enteric calicivirus (Norovirus and Sapovirus genera) by reverse
transcription polymerase chain reaction (RT-PCR) assay. The
viral nucleic acid was extracted from 10% to 20% (w/v) fecal
suspensions in PBS according to Alfieri et al. (20086) followed by
RT-PCR with specific primers for G and P genotypes of group A
(Gouvea et al. 1990, Gentsch et al. 1992); group B, which also
included a second round of amplification (semi-nested PCR)
(Gouvea et al. 1991); and group C (Alfieri et al. 1999). The RT-
PCR for enteric calicivirus was performed in accordance to Barry
et al. (2008) with primers described by Jiang et al. (1999) that
detect norovirus and sapovirus strains. All amplicons were
analyzed by electrophoresis in ethidium bromide stained 2%
agarose gel and visualized under UV light. Double IS for
simultaneous demonstration of PCV2 and cytokeratin (Dako,
Carpinteria, CA) was applied with diaminobenzidine (Dako,
Carpinteria, CA) and alkaline phosphatase (Dako, Carpinteria,
CA) as chromogens, respectively. In addition, selected sections
were anti-PCV2 immunostained and counterstained with Alcian
blue pH 2.5 and hematoxylin (Gaffney 1992). Cecal and colonic
samples were submitted for bacteriological examinations, which
included testing for Salmonella spp. (Carter et al. 1995),
Escherichia coli (Barrow & Feltham 1993) and Brachyspira spp.
(Hampson & Trott 1999). Fragments from intestines were
preserved in glutaraldeide 2% for scanning electron microscopy.
Finally, Ziehl-Neelsen staining was performed on selected
samples.

RESULTS

Diarrhea was observed in 34 pigs and a total of 56 pigs had
at least one gross change in the intestines or mesenteric
lymph nodes (Fig.1). The macroscopic findings are
summarized in Table 1. Microscopic lesions in the Peyer’s
patches included lymphoid depletion, histiocytosis, and
occasionally necrosis. Areas with atrophy and fusion of the
ileal villi were associated with lymphohistiocytic infiltrates
(lamina propria) and anti-PCV2 IS, the latter in samples
from 18 pigs. Atrophy of villi combined with decreased in-
testinal mucin stores were frequent findings. Multinucleated
giant cells were often seen within the lamina propria and
Peyer’s patches of the small intestines. Mucosal necrosis
ranged from focal and superficial epithelial desquamation
to extensive ulceration, frequently reaching the submuco-
sa. Necrotic changes were more severe in large than small
intestines. Fibrin and neutrophils were seen exuding from
abscesses in necrotizing crypts to the mucosal lumen.
Epithelial cells from the abscessing or necrotizing crypts
were also associated with anti-PCV2 IS. Enlarged
submucosal lymphatic vessels were associated with anti-
PCV2 IS (Fig. 2) in samples from 11 pigs, but occasionally
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Fig.1. Pig naturally affected by PMWS. Intestine with mesenteric
edema and enlarged mesenteric lymph nodes.

Fig.2. Pig naturally affected by PMWS Small intestine. Dilatated
lymphatic vessel (central lacteal) associated with PCV2-
immunolabelling in endothelial-like cells. Streptavidin-biotin
immunoperoxidase. Bar: 40um

Table 2. Summary of the microscopic intestinal lesions
observed in 79 PMWS-affected pigs

Lesion Small intestine Large intestine
Frequency % Frequency %
Lymphohistiocytic infiltrate (PP) 64 81.0 NA -
Lymphoid depletion (PP) 26 329 NA -
Giant cells (PP) 12 152 NA -
Intracytoplasmic inclusion bodies (PP) 19 241 NA -
Centrofolicular necrosis (PP) 10 126 NA -
Lymphohistiocytic infiltrate in mucosa 45 56.9 41 51.9
Intracytoplasmic inclusion bodies in mucosa 3 38 4 5.1
Depletion of goblet cells mucin stores 32 405 NA -
Villous atrophy 27 342 NA -
Lymphatic vessel dilatation 25 31.6 12 152
Lymphangitis 14 17.7 7 8.9
Edema in mucosa and submucosa 17 215 39 494
Giant cells in mucosa 16 20.2 4 5.1
Dilatation and abscesses in crypts 8 10.1 28 354
Mucosal necrosis 7 8.9 29 367

PP: Peyer's patches, NA: not analyzed.

with severe mononuclear infiltration. Anti-PCV2
immunostained histiocytes were also seen in association
or not with mononuclear infiltration in the lumen of dilated
lymphatic vessels. Multiple intracytoplasmic inclusions
bodies were observed mostly in the Peyer’s patches, but
also in the mucosa of a few cases. Lymphohistiocytic
infiltrate (79/79), lymphoid depletion (25/79), lympha-
ngiectasy (26/79), lymphangitis (12/79), giant cells (10/79),
multifocal necrosis (12/79), and intracytoplasmic inclusion

Fig.3. Naturally PMWS affected pig. SmaII mtestlnes V|IIous
atrophy and focal depletion of acid mucin stores in goblet
cells associated with PCV2 immunoreactivity within
histiocytes and epithelial cells of the mucosa, and in the
Peyer’'s patche. Streptavidin biotin immunoperoxidase
counterstained with Alcian blue and hematoxylin. Bar: 60um

Fig.4. Electron micrography of the ileal mucosa of a naturally
PMWS-affected pig. Villous atrophy and shallow crypts
(arrow). Bar: 40uum
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bodies (8/79) were seen in the mesenteric lymph nodes.
The main microscopic findings observed in intestinal
samples are presented in Table 2.

All the 79 pigs had microscopic changes and anti-PCV2
IS in samples of both intestines and mesenteric lymph
nodes. Anti-PCV2 IS was seen in Peyer’s patches (53/79),
histiocytes (lamina propria) within the ileal (33/79) and
colonic (29/79) mucosa, in epithelial cells from ileal (6/79)
and colonic (15/79) crypts and endothelial-like cells of the
ileal (11/79) and colonic (5/79) lymphatic vessels. Lawsonia
intracellularis 1S was observed in the apical cytoplasm of
epithelial cells from ileal crypts in 1 out of 32 cases with
depletion of mucin stores. Anti-Brachyspira spp. IS was seen
bordering colonic crypts close to focal areas of necrosis in
2 out of 29 samples with necrotic changes. Anti-Salmonella
spp. IS was observed in 17 of the 29 samples of necrotizing
colitis. In contrast, Salmonella spp. was cultured from
samples of 7 of these 29 with necrotic changes. Imuno-
staining against Mycobacterium spp., porcine parvovirus
(PPV), and porcine coronavirus resulted negative in 20 (with
giant cells), 7 (with necrosis in ileal mucosa), and 27 (with
villous atrophy) intestinal samples, respectively. Double IS
anti-PCV2 and cytokeratin confirmed the presence of PCV2
within epithelial cells in ileal and colonic samples. Anti-PCV2
IS counterstained with Alcian blue demonstrated the PCV2
antigens in association with evident depletion of the goblet
cells acid mucin stores (Fig. 3) in samples from 24 pigs.
Controls for the intestinal mucin stores were ileal sections
from pigs confirmed as free from both PCV2 and Lawso-
nia intracellularis infections. Scanning electron micros-
copy detailedly illustrated the shallow crypts (Fig. 4) and

Fig.5. Electron micrography of the ileal mucosa of a naturally
PMWS-affected pig. Severe villous atrophy. Observe
flattened, fused, and widened villi. Bar: 10um
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Table 3. Bacterial isolates in intestinal samples from 79
PMWS-affected pigs

Bacteria Frequency %
Escherichia coli 5 6.3
Brachyspira spp. 4 5.1
Salmonella spp. 7 11.4

Table 4. Detection of enteric rota- and calicivirus in fecal
samples of 12 PMWS-affected pigs with diffuse ileal
villous atrophy and fusion by PCR (RT-PCR; SN-PCR)

techniques
Sample Rotavirus group Calicivirus
A B C Sapovirus  Norovirus

1 +
2 -
3 -
4 + +
5 - +
6 + -
7 + -
8 -

9 + - + -
10 - +
11 + +
12 + - + +

atrophied and fused villi (Fig. 5). Table 3 includes the
results of bacteriological examinations and Table 4 shows
PCR results on rotavirus and enteric calicivirus detected
in fecal samples from 12 out of 27 pigs with villous
atrophy.

DISCUSSION

Although an unspecific sign of enteric dysfunction, diarrhea
has been a common feature in PMWS and was present in
34 pigs. Lymphohistiocytic enteritis and anti-PCV2 IS were
observed in intestinal samples from all 79 pigs. Most of the
PCV2-associated enteric lesions described here were si-
milar to those reported previously (Kim et al. 2004, Segalés
& Domingo 2004, Jensen et al. 2006); however, this report
includes additional features in PCV2-associated intestinal
changes in PMWS naturally affected pigs. A number of
diseases have been associated with swine enteritis. Porcine
proliferative enteropathy (PPE), swine dysentery and
porcine colonic spirochetosis caused by Brachyspira spp.,
colibacillosis, and porcine salmonellosis are some of the
most common bacterial diarrheal diseases of growing to
finishing pigs (Moxley & Duhamel 2004).

PPE caused by Lawsonia intracellularis is also asso-
ciated with unthriftness, retarded growth, wasting, and
diarrhoea in pigs, but it was detected in only one pig. The
absence in most sections of L. Intracellularis infection, an
initial suspicion and a plausible explanation for the
decreased goblet cell mucin stores (Lawson & Gebhart
2000, Driemeier et al. 2002) motivated further investigation.
Depletion of goblet cell acid mucin stores were demonstrated
in association with consistent PCV2 immunolabelling in in-
testinal samples from 24 pigs by the combination of anti-
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PCV2 immunostaining with Alcian blue counterstaining.
Combined staining methods have been reported as useful
for studying simultaneously pathogenic agents and the
microscopic changes induced by them (Genta et al. 1994,
Driemeier et al. 2002). The cause of the decreasing of the
goblet cell mucin stores reported here is unknown. The
possibility that some of these cases with depletion of mucin
stores in goblet cells were previously chronically infected
with Lawsonia intracellularis can not be excluded. Physio-
logical responses of goblet cells to intestinal insults are
poorly defined; however, it has been suggested that intes-
tinal microbes may affect goblet cell dynamics directly via
the local release of bioactive factors or indirectly via
activation of host immune cells (Deplancke & Gaskins
2001). Intestinal parasites were not observed in this study.

Rota- and coronavirus are worldwide causes of neonatal
gastrenteric disease of pigs (Herbst et al. 1989, Paul &
Stevenson 1999). Villous atrophy has commonly been linked
to coronavirus infection (Barker et al. 1993), which usually
occurs at a younger age. Areas with atrophied and fused
villi were observed in samples from 27 pigs, most of which
also correlated with anti-PCV2 IS; however, anti-coronavirus
labelling was not seen and rotavirus was detected by PCR
in fecal samples of 4 between 12 from these 27 pigs.
Serogroups of rotavirus have been detected isolately and
as mixed infections in pigs with and without clinical signs of
enteric disorder (Alfieri et al. 1999, Barry et al. 2008). Simi-
lar situations have been reported on porcine enteric
caliciviruses (Kim et al. 2006, Martinéz et al. 2006). Again,
the participation of these agents in association or not with
PCV2 in some cases described here can not be ruled out.
The role of such co-infections in pigs as well as its
association with intestinal lesions and diarrhea in infected
pigs is still not clear (Wang et al., 2006).

Shallow crypts and flattened, fused, and widened villi
were evidenced by electron microscopy and were probably
associated with edema, lymphatic distension and lympho-
histiocytic infiltrate. Lymphangiectasy, which has already
been associated with PMWS (Clark 1997), was observed
in intestinal samples from 25 pigs and correlated with anti-
PCV2 IS in samples from 11 pigs. The cause of lymphatic
dilatation is often unknown, but it is assumed to be
subsequent to drainage difficulties, which might be linked
to the lymphangitis seen in these cases, similarly as it may
occur in Johne’s disease. Granulomatous lymphadenitis and
enteritis caused by Mycobacterium spp. were diagnostic
possibilities excluded by negative results in Ziehl-Neelsen
and anti-Mycobacterium 1S methods. In addition, pigs in
this study originated from herds previously tested negative
for antibodies against classical swine fever.

Brachyspira spp., which may cause diffuse catarrhal and
hemorrhagic or fibrinonecrotic colitis (Moxley & Duhamel
1999) was bacteriologically detected as concurrent infection
in 4 cases of PCV2-associated enteritis, 2 of which also
showed anti-Brachyspira IS in samples with focal areas of
necrosis. Varying degrees of necrotizing enteritis were seen
in samples from 29 PMWS-affected pigs, of which 17 were

immunohistochemically confirmed as co-infected with
Salmonella spp. Necrotizing enteritis has typically been
linked to swine salmonellosis (Schwartz 1999), but also
has been described in PCV2 infection (Kim & Chae 2004,
Segalés et al. 2004, Jensen et al. 2006). Necrotizing enteritis
has also been linked to porcine parvovirus (Duhamel et al.
1991), but anti-PPV IS was not observed. When present,
lesions in swine enteric colibacillosis may be somewhat mild
and unspecific, and may include coliform bacteria adhered
to the villous epithelium and mucosal neutrophilic infiltration
(Moxley & Duhamel 1999). Although especially the former
of these changes was not seen, E. coli was detected co-
infecting with PCV2 the intestines from 5 pigs. Concurrent
infections have frequently been associated with PCV2-
enteritis (Carrasco et al. 2000, Segalés et al. 2001, Ha et
al. 2005, Jensen et al. 2006). In total, bacterial and viral co-
infections with PCV2 were identified respectively in samples
from 27 and 8 out of the 79 pigs, confirming that concurrent
infections are expected in PMWS.

Except for the reasonable hypothesis that necrotizing
colitis may be caused by Salmonella spp. (Schwartz 1999),
PCV2 (Segalés et al. 2004, Jensen et al. 2006), or both
together, the extent to which the lesions described above
might be attributed to the bacteria studied, or even to others
organinsms not included here remains unknown. The same
applies to the viruses studied and the other changes
described here. Moreover, it cannot be ruled out that the
presence of PCV2 and the aforementioned changes were
independent. However, the consistent PCV2 immuno-
labelling associated with characteristic (Clark 1997, Kim et
al. 2004, Segalés et al. 2004, Jensen et al. 2006), and
additional microscopic lesions was indicative that PCV2 may
be involved in the pathogenesis of the intestinal lesions
described here. Lesions such as villous atrophy,
lymphangiectasy, and lymphohistiocytic infiltrates in intes-
tinal tissues could comprehensively be associated with low
rates of assimilation and digestion, which may certainly lead
animals to the retarded growth and desnutrition usually seen
in PMWS-affected pigs.
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