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INTRODUCTION

Schistosomiasis japonica, an important
zoonotic disease, continues to be a serious pub-
lic health and socioeconomic problem in en-
demic areas in Southeast Asia, mainly China and
the Philippines (Fernandez et al, 1982; Ross et
al, 1997; Jiang et al, 2002). Recognition of many
biological similarities between pigs and humans
has led to the use of pigs as a host model for
human schistosomiasis japonica (Willingham and
Hurst, 1996; Johansen et al, 2000). The cellular
composition of the hepatic granuloma is well de-
scribed in pigs, but not much is known of the
intestinal lesions. This study was designed to
investigate intestinal Schistosoma japonicum
granulomas. To our knowledge, this is the first
study to phenotypically characterize the cellular
inflammatory response in the cecum with par-
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Abstract. The pig has been proposed as a model for human schistosomiasis japonica and the use of
this animal model is increasing. The inflammatory response to schistosome infection in the liver and
intestine of the pig shows morphological differences, and only the hepatic granulomas have been
phenotypically characterized. The aim of the present study was to phenotypically characterize the
cellular inflammatory response in the cecum by immunohistochemistry with particular reference to
perioval granulomatous reactions in Schistosoma japonicum infected pigs. Six pigs were exposed
to 2,000 cercariae and examined 9 weeks post-infection. Three uninfected pigs of the same age
served as controls. Exposed pigs developed patent infections with the total number of worms be-
tween 6 and 110. Cecal granulomas were dominated by CD3 positive T-lymphocytes and IgG posi-
tive plasma cells. Despite the difference in the inflammatory response between the liver and the
cecum, the results from this study indicate that the phenotypic cellular composition of cecal granu-
lomas appears similar to what has previously been described in the liver.

ticular reference to perioval granulomatous re-
actions by immunohistochemistry.

MATERIALS AND METHODS

Nine helminth-naïve, specific pathogen free,
Danish Landrace/Yorkshire/Duroc crossbred
pigs (5 castrated males and 4 females) aged 6-
8 weeks at the beginning of the experiment, were
used. The pigs used in this study were treated
in accordance with the animal ethics laws of
Denmark. All pigs were kept in pens with full
concrete floors with straw bedding and housed
in helminth free conditions. They were fed a com-
mercial pelleted dry feed and water was given
ad libitum.

Six pigs were exposed to 2,000 cercariae
of a S. japonicum isolate from the Province of
Anhui, People´s Republic of China according to
the method described by Willingham et al (1996).
Three uninfected pigs served as helminth free
age controls. Nine weeks post-infection the ex-
posed pigs were euthanized and perfused ac-
cording to the method described by Bøgh et al
(1997) except no praziquantel was given prior to
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perfusion. The unexposed pigs were euthanized
by means of a captive bolt pistol and exsan-
guination, and perfusion was not done.

Worm numbers were determined as de-
scribed by Bøgh et al (1997) and the worm esta-
blishment percentage was calculated for each
pig.  The cecal tissue egg counts (TEC) was done
according to the method described by Giver et
al (1999).

Gross lesions in the cecal mucosa were
described and scored semi quantitatively based
on the number of petechiae and the presence
of nests. In this context, the word “nest” is used
to describe an aggregation of several petechiae
in a small area of the mucosa usually near an
underlying worm pair in the vasculature.

For histological examination, tissue samples
were collected from five predetermined sites in
the cecum (Fig 1), and fixed for 24 hours in 10%
neutral buffered formalin. The tissue was pro-
cessed conventionally, embedded in paraffin and
sectioned at 2-4 µm thickness. One section from
the formalin f ixed tissue was stained with
haematoxylin and eosin (HE).

Immunohistochemical staining (Table 1) was
done on cecal tissue to detect plasma cells ex-
pressing IgA, IgM, IgG and T-lymphocytes ex-
pressing CD3. The cecal tissue samples were
serially sectioned onto Superfrost® Plus glass
slides (Menzel-Gläser, Germany). As a positive
tissue control, a section of a lymph node was
used for each antibody.

Evaluation of slides was done on coded
slides to blind the investigator to the identity and
group affiliation of the pig. On cecal HE stained
sections, the lesions and eggs were described
and classified according to Hurst et al (2000b).
Furthermore, the dominant cell type was noted
and the superior cell density in the different la-
yers of the cecum was scored semi-quantita-
tively from normal to severely increased. Finally,
the cellular inflammatory response in the cecum
was phenotypically characterized by immunohis-
tochemical staining. The presence, degree and
distribution of immunostained cells in relation to
lesions were recorded.

Statistical analysis was carried out using the
F-test and two-tailed Student’s t-test. Differ-

ences were considered statistically significant at
p-values <0.05.

RESULTS

Patent infections with S. japonicum were
established in all exposed pigs, with a total num-
ber of worms between 6 and 110. The individual
variation in worm establishment rate varied with
the lowest establishment rate being 0.3% and
the highest 5.5%. The mean EPG (eggs per
gram) in the cecum was [mean ± SD (standard
deviation)] 1,898 ±  2,609. In all infected pigs,
mild diarrhea was present at the start of egg
excretion.

No gross lesions were seen in the cecum
of the uninfected pigs. In the cecum of the in-
fected pigs, a few to moderate numbers of dis-
seminated petechial hemorrhages in the mucosa
were observed, and in 3 pigs nest formation was
evident.

On the histological examination, the overall
degree of cell infiltration was significantly higher
in the infected pigs compared to the uninfected
pigs. The infected pigs showed a mild to mo-
derate degree of diffuse infiltration with eosino-
phils and mononuclear cells in the lamina pro-
pria and the submucosa of the cecum, with eosi-
nophils being the most dominant cell. Cecal
granulomas were seen around apparently intact
eggs or eggs in various stages of resorption in
both mucosa and submucosa. When visible,
eggs were usually found in clusters composed
of two to seven. The majority of the eggs in the
mucosa were free and often intact, without any
tissue reaction and if a tissue reaction was
present it was primarily as an acute inflamma-
tory focus. In the submucosa, however, the re-
sponse to the eggs was dominated by granu-
loma formation, mainly exudative-productive and
mature-productive granulomas. In these submu-
cosal granulomas most eggs were degenerated.
Large worm granulomas were also found in the
submucosa in a few pigs.

DISCUSSION

The patterns of immunostaining of IgM, IgG,
and IgA positive plasma cells and CD3 positive
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Table 1
Immunohistochemical staining.

Primary Ab Specificity Dilution Negative Pretreatment Detection Chromogene
control Ab system

A100-104A1 Porcine 1:7000 Purified 0.036% Protease5, 5 min RT5 PAP goat7 DAB8

IgG Fc fragment goat IgG3 0.06 % H2O2, 15 min RT
5% normal rabbit serum6

A100-102A1 Porcine 1:4000 Purified 0.036% Protease5, 5 min RT PAP goat7 DAB8

IgA goat IgG3 0.06 % H2O2, 15 min RT
5% normal rabbit serum6

A100-100A1 Porcine 1:9000 Purified 0.036% Protease5, 5 min RT PAP goat7 DAB8

IgM-Mu chain goat IgG3 0.06 % H2O2, 15 min RT
5% normal rabbit serum6

Polyclonal Human 1:2000 Normal rabbit 0.018 % Protease5, 5 min RT Envision/AP10 Fast Red11

A04522 CD3º Ig fraction4 1% Blocking reagent9, 20 min RT

In all immunohistochemical protocols, washing and dilution was carried out with TBS (Tris-buffered-saline, 0.05 M
Tris, pH 7.6, 0.15 M NaCl) except primary antibodies and negative control antibodies that were diluted in TBS with
0.1% BSA (Bovine serum albumin, Sigma-Aldrich, Denmark A/S, A7906).
1Goat anti Porcine antibodies (Bethyl Laboratories Inc, Mongomery, TX, USA).
2 Rabbit anti Human CD3º (DakoCytomation A/S, Denmark).
3 I9140, Sigma-Aldrich A/S, Denmark, (1:56000).
4 X0903, DakoCytomation A/S, Denmark (1:80000);
5 Sigma P8038, Sigma-Aldrich A/S, Denmark; RT: room temperature.
6 X0902, DakoCytomation A/S, Denmark.
7 A three layer horseradish PAP (peroxidase anti-peroxidase) technique using Z0454 (1:200, 30 min RT) and B0157
(1:100, 30 min RT) (DakoCytomation A/S).
8 DAB (3.3 diaminbenzedinetetrahydrochloride, Kem En Tec 4170, Denmark), 10 min RT. Counterstain; Mayers
Hematoxylin (Bie & Berntsen, Denmark).
9 Boehringer Ingelheim GmBH, Germany.
10 Two-step alkaline phosphatase conjugated EnVisionTMmethod (DakoCytomation A/S, K4018).
11 Fast Red (Kem En Tec, 4210), 10 min RT. Counterstain; Mayers Hematoxylin (Bie & Berntsen, Denmark).

T-lymphocytes in control lymph nodes were con-
sistent with results of other studies (Brown and
Bowne, 1976; Tanimoto and Ohtsuki, 1996). The
majority of submucosal granulomas did not dis-
play any IgM or IgA positive cells. However, in a
few granulomas, a small number of IgM and IgA
positive cells could be recognized in the periph-
ery. Contrary to this, IgG positive cells were seen
dispersed within most granulomas in moderate
numbers. In addition, all granulomas contained
high numbers of CD3 positive T-lymphocytes,
mainly located in the peripheral zone of the
granuloma, but occasionally a few intermingled
with the epitheloid cells in the center near the
egg (Fig 2).

The clinical, parasitological and pathologi-
cal findings in the infected pigs are in accordance
with results of other studies with similar infec-
tion doses and duration of infection in pigs
(Willingham et al, 1998; Johansen et al, 1998,
2000; Hurst et al, 2000a,b, 2002).

In the present study, we found that submu-
cosal granulomas in the cecum were dominated
by CD3 positive T-lymphocytes and IgG positive
plasma cells, while IgA and IgM positive plasma
cells were infrequently detected, and only in very
low numbers. These findings are similar to what
has been reported in hepatic granulomas (Hurst
et al, 2002). Still, many cells in the intestinal
granulomas have yet to be identified. In studies
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of the inflammatory response in the intestine of
S. bovis infected goats, it has been demon-
strated that macrophages and epitheloid-like
cells of granulomas expressed MHC Class II
molecules, whereas multinucleated giant cells
did not. B-lymphocytes were observed incon-
sistently scattered in the periphery of granulo-
mas (Lindberg et al, 1999). Whether this also
occurs in the intestine of S. japonicum infected
pigs has yet to be determined. Furthermore the
subsets of the CD3 positive T-lymphocytes re-
main to be identified in the submucosal granu-
lomas of pigs.

As shown in this study and in the study by
Hurst et al (2000b), intestinal reactions to eggs
consist mainly of no reaction or as acute inflam-

matory foci. The intestinal granulomas located
in the submucosa are more exudative than the
hepatic granulomas. Despite this distinct differ-
ence in the inflammatory response between the
liver and cecum, the phenotypic cellular com-
position of granulomas in the cecum appears
similar to granulomas in the liver with T-lympho-
cytes being present in high numbers. T-lympho-
cytes are capable of producing a wide range of
cytokines, thus having the ability to create dif-
ferent local cytokine environments in the particu-
lar organs. Oswald et al (2000) found increased
IL-4 mRNA in both the liver and the intestine,
whereas only IL-10 mRNA was increased in the
cecum. This could be one of the explanations
for the difference in reaction to S. japonicum
eggs between the liver and the intestine and
should be further explored.

In conclusion, we found that cecal granu-
lomas were dominated by CD3 positive T-lym-
phocytes and IgG positive plasma cells, which
are equivalent to hepatic granulomas.
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