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Abstract 
In this study, we investigated the distribution of lesions and protozoa in LWD piglets inoculated orally
with oocysts of Toxoplasma gondii (Strain O-1) isolated from a cat.  Infected piglets developed fever,
diarrhea, dyspnea and loss of appetite.  They were euthanatized at 8 and 10 days after the inoculation.
Histologically, necrotic and nonsuppurative inflammatory lesions were observed in many different
organs, more severely in the lymph nodes, thymus, spleen, stomach, intestine, adrenal gland, pancreas,
lungs and liver.  Minor lesions were observed in the bone marrow, tongue, heart, skeletal muscles, spi-
nal cord and brain.  Using an immunohistochemical staining technique, we were able to confirm the
presence of tachyzoites in all of the above-mentioned organs as well as some other organs that were
characterized by an absence of necrotic lesions such as the salivary glands and kidney.
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Introduction

Toxoplasmosis is caused by infection with Toxo-
plasma gondii (T. gondii), a protozoan parasite related to
the coccidia10.  T. gondii infections are common in warm-
blooded animals4.  Postnatally, animals and humans
become infected with this parasite either by ingesting
food or water contaminated with sporulated T. gondii
oocysts or by consuming meat containing tissue cysts10.
Cats and other felines are the only animals known to
excrete oocysts in their feces, and are thought to be
important vectors in the transmission of T. gondii to pigs
and other animals10.  Toxoplasmosis is a type of parasito-
logical zoonosis, and the consumption of pork is consid-
ered to be the major source of human infection in the
United States3,4.  Numerous studies have investigated
both naturally and experimentally induced toxoplasmo-
sis in pigs1,2,6,7,9,11,12.  Some of these studies have reported
the distribution of lesions and protozoa in young
piglets2,9,11 although there are no detailed studies investi-
gating the distribution of lesions and protozoa in different
organs and tissues of piglets infected with T. gondii.  In

this study, immunohistochemical techniques were used to
investigate the distribution of lesions and protozoa in
young piglets that were experimentally inoculated with T.
gondii. 

Materials and methods

Two 3-month-old LWD piglets (Nos. 1 & 2) were
inoculated orally with 4 × 106 oocysts of T. gondii O-1
strain isolated from a cat.  Piglet No. 1 was euthanatized
8 days after the inoculation and piglet No. 2, 10 days after
the inoculation.

Tissue samples for histological examination were
collected from each of the piglets following the gross
examination that was carried out at necropsy.  Tissues
(Table 1) were fixed in 10% neutral buffered formalin,
embedded in paraffin wax, processed by routine methods,
and stained with either hematoxylin and eosin (HE), or
with periodic-acid Schiff (PAS).

The presence of Toxoplasma antigens in the forma-
lin-fixed, paraffin-embedded tissues was confirmed by
the strept-avidin-biotin complex immunoperoxidase
(SAB-IP) method, using a SAB kit (Nichirei Corp.,
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Tokyo, Japan) following pretreatment with 0.1% Acti-
nase E at room temperature for 30 min.  Anti-Toxoplasma
rabbit serum (National Institute of Animal Health, Japan)
was used as the primary antibody, at a dilution of 1:1,024.
All of the samples were counterstained with hematoxylin.
Tissue sections from the uninfected control piglet (No. 3)
and sera sourced from a non-immunized rabbit were used
as controls.

Results

Following inoculation with the oocysts, both of the
piglets showed severe symptoms including fever (41ºC),
loss of appetite, diarrhea, dyspnea, cyanosis and ble-

pharedema. 
An increase in the volume of peritoneal and pleural

fluid was noted for the infected animals during necropsy.
The lung exhibited signs of edematous swelling.  The
mesenteric, gastric, hepatic and thoracic lymph nodes
were found to be enlarged.  Necrotic foci and severe
hemorrhages were observed on the surface of the lymph
nodes.  The spleen was also enlarged.  Ulcerations and
hemorrhagic symptoms were observed in the gastrointes-
tinal mucous membrane, more notably in the region from
the ileum to the colon. 

The main histopathological lesions observed in the
two piglets were lymphatic depletion and necrosis in the
lymphatic organs, including the thymus and lymph

Table 1.  Distribution of lesions and protozoa in experimental porcine toxoplasmosis

Organ Piglet No. 1 (PID 8) Piglet No. 2 (PID 10)

Necrotic lesions Detection of 
T. gondii by IHC

Necrotic lesions Detection of 
T. gondii by IHC

Liver ++ ++ +++ +
Spleen ++ +++ +++ ++
Kidney – + – +
Heart – – + +
Lung +++ +++ +++ +++
Tongue + + + +
Salivary gland – + – +
Esophagus + + + +
Stomach +++ ++ ++ ++
Small intestine +++ ++ ++ ++
Large intestine ++ ++ +++ +++
Gallbladder ++ + ++ +
Bladder – – – –
Pancreas ++ + ++ +
Adrenal gland ++ ++ ++ ++
Thyroid gland – – – –
Hypophysis – – – –
Thymus +++ +++ +++ ++
Bone marrow + + + +
Tonsil +++ +++ +++ ++
Lymph nodes +++ +++ +++ ++
Cerebrum + + + +
Cerebellum + – + –
Spinal cord + – + –
Ganglion – – – –
Diaphragm – + + +
Skeletal muscle – + + +
Eye – – – –
Nasal mucosa – – – –
Skin + – + –

PID: Post inoculation days.  +++: Severe.  ++: Moderate.  +: Slight.  –: Negative.
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nodes.  Interstitial pneumonia and necrosis was evident in
the lungs (Fig. 1).  Moderate to severe necrosis and
inflammation was observed in the stomach and intestines,
which affected the mucosa, submucosa and muscle lay-
ers.  The lesions which appeared in the large intestine of
the piglet No. 2, were severer than those of the piglet No.
1.  Tachyzoites were detected in all of the lesions (Fig. 1).
Focal to massive necrosis and the presence of tachyzoites
were noted frequently in the liver, spleen and adrenal

gland.  In the cerebrum, cerebellum and spinal cord,
slight non-suppurative encephalitis was observed.  These
lesions were characterized by perivascular cuffing and
the presence of mononuclear cells and focal gliosis.
Minor lesions characterized by necrosis and inflamma-
tion were also observed in the bone marrow, tongue and
esophagus in both of the infected piglets as well as the
heart of piglet No. 2.  Some inflammation was also
observed in the skeletal muscle although necrotic foci

Fig. 1. Lung; Piglet No. 1 infected with oocysts of T. gondii
O-1 strain 

Tachyzoites (arrows) are seen in the necrotic lesion
of the alveolar wall.  HE.  ×630.

Fig. 2. Liver; Piglet No. 1 
Toxoplasma antigens, which are consistent with
tachyzoites (arrows) are detected in the necrotic
focus. SAB-IP method, hematoxylin counterstain.
×400.

Fig. 3. Colon; Piglet No. 1 
Toxoplasma antigens, which are consistent with
tachyzoites (arrows) are detected in the necrotic
lamina proplia. SAB-IP method, hematoxylin coun-
terstain.  ×630.

Fig. 4. Kidney; Piglet No. 1 
Toxoplasma antigens, which are consistent with
tachyzoites (arrows) are detected in the interstitial
tissue. SAB-IP method, hematoxylin counterstain.
×630.
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were not detected.  No tachyzoites were detected in the
PAS stained sections.  No histological abnormalities were
noted in the non-infected control piglet (No. 3).

Numerous positively stained tachyzoites were
detected in all of the organs characterized by necrotic and
inflammatory lesions (Table 1) (Figs. 2 & 3).  In the kid-
ney (Fig. 4) and salivary gland, positively stained
tachyzoites without histopathological lesions could be
seen (Table 1).  In the cerebrum, a small number of
tachyzoites and cysts were observed around the focal gli-
osis or necrotic foci.  However, positively stained
tachyzoites were not observed in the cerebellum and spi-
nal cord, even in tissues showing histopathological
lesions.  No antigen-positive tachyzoites were detected in
the bladder, thyroid gland, hypophysis, eye, nasal mucosa
or skin (Table 1).  No antigens were detected in the non-
infected control piglet (No. 3).

Discussion

Toxoplasmosis was experimentally induced in
young piglets by intraoral inoculation of T. gondii
oocysts (Strain O-1) isolated from a cat.  Experimental
studies have indicated that the ingestion of T. gondii
oocysts by pigs is more likely to result in clinical disease
than the ingestion of tissue cysts10.  Infected piglets
developed fever, diarrhea, dyspnea and a loss of appe-
tite.  Histologically, necrotic and nonsuppurative inflam-
matory lesions were observed in many different organs,
more severely in the lymph nodes, thymus, spleen, stom-
ach, intestine, adrenal gland, lungs and liver.  Minor
lesions were also observed in the bone marrow, tongue,
heart, skeletal muscle and brain.  Using an immunohis-
tochemical staining technique, it was possible to detect
the presence of tachyzoites in all of the above-mentioned
organs as well as some other organs that did not show
evidence of necrotic lesions, such as salivary glands and
kidney. 

Toxoplasmosis is caused by infection with T. gondii,
a protozoan parasite related to the coccidia10.  Infections
caused by this parasite are common in both humans and
animals10. Following ingestion, oocysts (or bradyzoites)
can survive passage through the stomach10. Once in the
intestine of the host animal, sporozoites (or bradyzoites)
develop into a fast-multiplying stage referred to as
tachyzoites10.  Tachyzoites multiply in the lamina propria
of the intestine and eventually spread throughout the
entire body10.  Tachyzoites cause tissue damage and even-
tually develop into the bradyzoite stage after which they
form tissue cysts10. 

The results of this study show that routine histo-
pathological analysis of HE stained sections can be used

to detect lesions caused by infection with T. gondii.  In
certain organs, such as kidneys and salivary gland, it was
possible to observe tachyzoites by immunohistochemical
staining that were not detected by histopathological
examination of HE stained sections. Bradyzoites have
many PAS-positive granules whereas tachyzoites have
few or no PAS-positive granules in PAS stained sections5.
This immunohistochemical technique was also found to
be useful for detecting tachyzoites that were not detected
using the PAS staining technique. 

The distribution of lesions and protozoa in young
piglets infected with T. gondii has been investigated
using routine histological examination and mouse inocu-
lation methods2,9,11. However, these reports did not
include a comprehensive investigation of all organs.  The
use of HE-stained sections for detecting small tachyzoites
was shown in this study to be unreliable.  Alternative
techniques such as the mouse inoculation method are
costly and time-consuming10.  In this study we found that
the Toxoplasma antigens in formalin-fixed, paraffin-
embedded tissues can be easily detected using the immu-
nohistochemical technique described here, suggesting
that this method is suitable for the diagnosis of toxoplas-
mosis in pigs6–8.  In this study, the distribution of proto-
zoa in infected young piglets was clearly demonstrated
by immunohistochemistry, and the target organ of
tachyzoites of T. gondii was clarified in detail (Table 1).
Using the immunohistological technique described here
we detected, for the first time, the presence of tachyzoites
in bone marrow tissue.  The eye is known to be one of the
organs affected by porcine toxoplasmosis2,6.  However, in
this study, neither histological lesions nor tachyzoites
were detected in the eye tissue of the inoculated piglets. 

In recent years, outbreaks of porcine toxoplasmosis
in Japan have been rare.  However, toxoplasmosis is rec-
ognized as an important problem for human and animal
health in many other countries.  Toxoplasmosis is an
important type of parasitic zoonosis.  The consumption of
pork is considered to be a major source of human infec-
tion in the United States3,4.  Continuous surveillance of
potentially infected food products is required to ensure
that porcine toxoplasmosis does not cause health prob-
lems among animals and humans. 
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