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Abstract: The present study is intended to observe the chronologic changes of
experimental sparganosis by histopathological observation and detection of circulating
anti-sparganum IgG antibody using ELISA. Each of 25 mice was infected with five
spargana, and they were examined after 1, 2, 4, 10 weeks or 6 months from
infection. The followings are summarized results.

1. The plerocercoids were detected in the subcutaneous tissue of the trunk, neck or
axilla, but a few often extended into the skeletal muscle. The recovery rates were
72% at the first week, 80% at the second week, 95% at the fourth week, 929 at
the tenth week and 100% at the sixth month. The larvae grew slowly in both length
and weight until 6 months.

2. Histopathologically, most of the larvae were observed alive in the soft tissue or
skeletal muscle. Numerous eosinophils, neutrophils, lymphocytes and plasma cells were
infiltrated focally around the worms by the second week, but they surrounded the
worms to form a layer of inflammatory reaction after 4 weeks of infection. Also
histiocytes and fibroblasts began to appear around the inflammatory cells at 4 weeks.
After 10 weeks, the worms encircled by a thin fibrous layer were found. After ¢
months, the worms were surrounded by either fibrous tissue or active inflammatory
cells. The inflammation looked more severe in the tracks left by the worms, rather
than around the worms.

3. The level of anti-sparganum IgG antibody in the serum showed an increase by
the fourth week, and a rapid and continuous increase was observed thereafter by the
tenth week after infection. The high level of the IgG antibody was maintained up to
6 months forming a plateau curve.

The present results suggest that the tissue reaction and antibody production in
subcutaneous sparganosis become distinctive by the fourth week after infection.
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humans. In America, larvae of S. mansonoides

INTRODUCTION are known to infect humans, and S. erinacei

is an oriental species, although there is still a

Sparganum is the plerocercoid larva of Spiro- debate whether S. erinacei and S. mansoni are
metra sp., which, in the larval stage, infects synonymous or not (Mueller, 1974; Lee et al.,
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the first intermediate host is the copepod, but
the second host is a rather wide spectrum of
vertebrates that include amphibians, reptiles,
avians and mammals. Humans usually are a
second intermediate host, though there are some
cases of adult Spirometra infection(Suzuki et
al., 1982; Lee et al., 1984).

Presently, diagnosis of sparganosis is made by
biopsy or serology, and radiologic approaches
are greatly helpful in cases of neurosparganosis
(Ishii, 1973; Kim et al., 1984; Chang ez al., 1987;
Anegawa et al., 1989). Today, the number of
known cases of sparganosis in Korea is increasing
mainly thanks to more accurate diagnosis. Its
pathologic impact in each case depends upon the
location of parasitism. Histopathologically, the
lesion is composed of a worm in a tunnel
surrounded by inflammatory cells, and histiocytes
and granulation tissue. Such findings by serology
or histology were found in chronic sparganosis.
However, the chronologic changes of histopath-
ological and serologic findings of experimental
sparganosis are not known yet. The present study
was undertaken to follow the changing pattern of
serum IgG antibody level and histopathological
course of experimental sparganosis in a model
of mice.

MATERIALS AND METHODS

The spargana were collected from the subcu-
taneous tissue of the snake, Rhabdophis tigrina
tigrina. Actively moving worms were selected
and stored in physiological saline, and their
scoleces were used for infection. Each of the
ICR mice of 20 g weight was infected with five
heads of spargana through a gavage needle.
The mice were bred in the laboratory, and 5
mice were sacrificed after 1, 2, 4, 10 weeks
or 6 months. Their blood was sampled for
serology, and their carcasses were grossly ex-
amined for the spargana. Some of the lesions
were processed iz situ for histological observa-
tion, and others were recovered for parasitolo-
gical examination. The sera were examined for
the level of anti-sparganum IgG antibody by

micro-ELISA following the methods of Kim et
al.(1984). The coating antigen was the saline
extract of whole spargana total protein of which
was 0,45 mg/ml.

RESULTS

1. The distribution and recovery of
spargana in mice
Almost all of the worms were found in the
subcutaneous tissue(Fig. 1), but a few of them
extended into the adjacent muscle. The recovery

rate was 72% at 1 week and 100% at 6
months after infection. Most of them were

found in the subcutaneous tissue of the neck,
axilla and back of trunk (Table 1). They
became longer and heavier from 7.3 mg at ]
week to 47.1 mg at 6 months (Table 2).

2. Histopathological findings

A) 1 week after infection: The worms were
in the subcutaneous soft tissue or in the mem-
brane of the skeletal muscle. There were inflam-
matory cells and necrotic debris {ocally(Fig.

2).

B) 2 weeks after infection: The worms
were in the subcutaneous soft tissue or adipose
tissue with focal infiltration of the inflammatory
cells (Fig. 3). The cells were mainly neutro-
phils or eosinophils, and a few histiocytes (Fig.
4). A tunnel-like space without a worm, which
was regarded as a remnant made by a moving
sparganum, was heavily infiltrated by numerous
inflammatory cells (Fig. 5).

C) 4 weeks after infection: The worm
became longer and folded to be found as several
sections in a lesion. Inflammatory cells sur-
rounded the worm completely and extended to
the adjacent muscles. In the outer layer, fibro-
blasts proliferated to form a layer(Fig. 6). The
vacant tunnels were filled with fibrinous exu-
date and numerous inflammatory cells.

D) 10 weeks after infection: The worms
grew in length and width. All of their sections

included calcareous corpuscles. Neutrophils,
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g- 3. A worm in a tunnel in the adipose tissue with focal infiltration of inflammatory cells, 2 weeks
after infection, X 40.
Fig. 4. High power view of the focal inflammation, x 200.
Fig. 5. Massive infiltration of inflammatory cells in an empty tunnel in the muscle, 2 weeks after
infection, x 40.
Fig. 6. The layer of fibroblasts around the worm, 4 weeks after infection, X200,



11.
12.

Three sections of a sparganum in the subcutaneous tissue surrounded by inflammatory cells and
fibrous tissue, 10 weeks after infection, Xx40.

The layer of foreign body giant cells and fibroblasts in the surrounding tissue, x200.

A sparganum in the muscle with severe inflammation, 6 months after infection, x40.

A sparganum in the subcutaneous adipose tissue surrounded by a thin layer of inflammatory
cells and fibrous tissue, 6 months after infection, x40.

High power view of the surrounding tissue, 6 months after infection, Xx200.

A focus of cell infiltration, RBCs, eosinophils, lymphocytes and histiocytes, 6 months after
infection, x200.
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Table 1. Numbers and sites of spargana in experimental mice infected with five heads each

Duration of Ne(;;pOf No. of spargana from the subcutaneous tissue of

infection mice head neck back chest abdomen axilla limbs total (%)
1 week 5 1 6 2 1 0 7 1 18 72)
2 weeks 4 1 12 1 0 1 1 0 16 (80)
4 weeks 4 0 3 5 3 0 8 0 19 (95)
10 weeks 5 2 5 12 1 1 3 0 23 (92)
6 months 6 3 11 3 2 2 9 0 30 (100)

Total 7 37 23 7 3 28 1 106 (88.3)

(%) (6.6) (34.9) (L7) (6.6) (2.8 (26.4) (0.9  (100)

Table 2. The weights of spargana recovered from
mice during the periods of infection

Duration No. of Weight(mg)/sparganum
of worms

infection measured range mean S.D.*
1 week 11 2.8~23.6 7.3 5.5
2 weeks 10 7.8~23.7 13.8 5.3
4 weeks 8 12.0~50.3 26.7 11.3

10 weeks 10 23.8~49.2 40.1 7.5
6 months 21 21.6~85.8 47.1 17.2

* S.D.; standard deviation

eosinophils and lymphocytes encircled the worms
to form an abscess, and then histiocytes, giant
cells and fibroblasts formed the next layer(Fig.
7.

granulation tissue and fibrous tissue(Fig. 8).

The outermost layer was composed of

E) ¢ months after infection: The foci of
abscess-like infiltration of the cells were still
around the worm, and some cells adhered to
Also,

tissue, inflammation and exudation were observ-

the worm surface. destruction of the
ed which were the findings of active host
reaction in acute sparganosis (Fig. 9). However,
most of the worms were surrounded by the
fibrous tissue to form a layer of worm capsule
or focal infiltration of chronic inflammatory
cells (Figs. 10, 11 & 12). The cut surfaces of
the worm were intact, as found in all of the

of the one-week infection group, but increased
to 0.456-+0. 103 after four weeks and 1. 060+
0.201 after six months (Table 3 & Fig. 13).
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Fig. 13. Anti-sparganum IgG antibody levels in
serum by the duration of infection.

Table 3. Anti-sparganum IgG antibody levels
in sera of mice during the periods of
infection :

Duration of No. of Optical density

other groups.

3. Anti-sparganum IgG antibody in
sera by micro-ELISA
The absorbances at 492 nm were 0. 101-+0. 018
in the control mice, 0,108-+0.017 in the mice

infection mice Range Mean+S.D.
control 5 0.079—0.124 0.1014-0.018
1 week 5 0.089--0.131 0.108+0.017
2 weeks 4 0.106—0.170 0.14120.024
4 weeks 4 0.327—0.735 0.456+-0.103

10 weeks 5 0.721—1.324 0.955+0.232
6 months 6 0.767—1.347

1.0604:0. 201
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DISCUSSION

Human sparganosis is usually found as a
subcutaneous lump with inflammation at the
trunk (Swartzwelder et al., 1964; Cho et al.,
1975; Chi et al., 1980).
involves the vital organs or central nervous
1976; Chi et al., 1980;
Kittiponghansa et al., 1988). Neurosparganosis

In rare occasions, it
system (Min et al.,

is clinically important because of various neuro-
logical complications. Preoperative diagnosis
of neurosparganosis remained impossible until
a couple of years ago when specific antibody
test and neuroradiological imaging techniques
were applied (Fan et al., 1986; Chang et al.,
1987; Anegawa et al., 1089).

The primary habitat of sparganum in the
present experimental mouse model is also the
subcutaneous tissue. All of the 106 recovered
worms were in the subcutaneous tissue, and
the tails of a few worms extended into the
skeletal muscle. The peritoneal cavity, thoracic
cavity and brain were examined, but no spar-
ganum was found. Choi(1984) observed the
distribution pattern of spargana in mice for two
They penetrated the

stomach or intestine within one hour after oral

weeks after infection.
ingestion. Most of them were in the peritoneal
cavity, but a few arrived at the subcutaneous
tissue after one day. All of them were in the
subcutaneous tissue after one week. They were
found at the sites of the head, neck and trunk.
The present results showed 72~100% recovery
rates by each duration of infection, and most
of them were at the neck (34.9%), axilla
(26.49) or back of the trunk (21.7%). The
present findings and Choi’s(1984) results suggest
that the larvae invade the stomach wall just
after ingestion, and then they migrate into the
subcutaneous tissue of the neck, axilla or trunk.
The low recovery rates in the early phase of
infection in the present study may be due to
incomplete detection of the small worm during
dissection.

The larvae grew continuously after infection

until six months of this observation period. The
larvae weighed 7.3 mg in the first week and
became heavier following a sigmoid curve. Such
a rapid and remarkable growth of spargana is
resulted from growth of the posterior parts to
the neck. The growth means rapid cell divisions
and active metabolism, even though the worm
is in larval stage.

At the first 2 weeks of infection the inflam-
mation was rather mild, as the inflammatory
cells were infiltrated focally around the worm.
However, much more inflammatory cells and
exudates were found in empty tunnels through
which the worms had migrated rather than
around the worms. The tunnels appear to just
undergo the process of active healing after the
worms pass through. Therefore, the empty
tunnels are older lesions than those containing
the worms, and such a time lag may partly
make the difference in the intensity of inflam-
mation. Another speculation is that the differ-
ence in the degree of inflammation may suggest
the ability of the worm to produce any anti-
inflammatory substance. However, such an effect
if any seems mnot so potent because numerous
inflammatory cells are around the worms. Con-
trary to this, secretion of the chemotactic factor
for eosiniphils and neutrophils by sparganum
was detected and purified already (Horii, 1989).
Since the sparganum is well-known for its abil-
ity of secretion of the growth hormone-like
substance (Mueller, 1974; Salem and Phares,
1986) or its anti-thyroid function (Hirai et al.,
1987),
biological substances deserves to study peculiarly

the activity of secreting such various

to sparganum.

The inflammation was very severe after 4
weeks sometimes extending into the nearby
muscles. The active inflammatory layer was
squeezed by histiocytes and fibroblasts. In infec-
tions after 10 weeks or later, the inflammatory
layer was surrounded by the granulation tissuc
and fibrous layer. Histopathologically the lesion
becomes chronic from four weeks after infection.
However, the active inflammation process con-
taining infiltration of numerous eosinophils was



also combined at 6 months after infection,
which was regarded as a newly-made focus by
the migration of the worms. In the lesions of
6 months infection, the tangled mass of a
worm and surrounding inflammation was observ-
ed as encircled by a thin layer of fibrous tissue.
As for the histopathological characteristics of
human sparganosis, Chi et al. (1980) described
that the lesion was localized around the worm
and was differentiated from that of septic
abscess in three points. First, most of the centers
of the lesions were empty or partly filled with
exudate or blood. Second was the irregular
inside margin probably due to the worm motility.
Third, the surrounding tissue was composed of
inflammatory cells, and of histiocytes and fibro-
blasts outside. In the present study of mouse
sparganosis, the granulation layer and fibrous
capsule were observed in addition to that of
Chi et al. (1980). However, the worm capsule
is not thick enough to localize the worm inside.
The texture and thickness of the capsule is
quite different from that of paragonimiasis or
hydatid cyst. Such a similar pattern of layers
around a worm was also recorded in rabbit
anisakiasis (Hong and Lee, 1987).
Anti-sparganum IgG antibody in serum in-
creased distinctively after four weeks from in-
fection. After that, the absorbance by micro-
ELISA was at its highest level in the tenth
week, and the high level was maintained for
six months of the present observation. The
chronologically changing pattern of the serum
IgG level was quite similar with that of neuro-
sparganosis in cats (Wang, 1988). The ele-
vated level of the serum IgG may last as far as
the live worm gives antigenic stimulation. The
elevated level of the serum IgG antibody in
cat paragonimiasis was noticed at 40~50 days
after infection and was at its peak after 140~
180 days (Choi et al., 1986). In rabbit anisa-
kiasis, it began to increase at 20 days and
reached at the highest at 30~60 days and then
decreased (Hong and Lee, 1987). The difference
of the chronologic patterns of specific serum
antibody level to those parasites may originate
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from the differences of duration needed for their
migration into the habitat and of the viability
after infection. The present result of ELISA
for the serum anti-sparganum IgG antibody
that serodiagnosis of sparganosis is
infection. It also

reveals
valuable after 4 weeks from
takes 4 weeks to induce chronic inflammatory
reaction in the experimental sparganosis.
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