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layer of the small intestine of immunosuppressed mice

Jong-Yil CHAI™, Jin KIM” and Soon-Hyung LEE"

Department of Parasitology and Institute of Endemic Diseasesl, Seoul National University College of
Medicine, Seoul 110-799, Department of Pathology?, Chonnam National University Medical School,

Kwangju 501-190, Korea

Abstract: Metagonimus yokogawai was found deeply invaded into the submucosa of the
small intestine of mice (ICR) when they were immunosuppressed by prednisolone injection.
Experimental groups consisted of control, fluke infection (1,800 metacercariae per mouse),
and fluke infection plus immunosuppression. In fluke infection group, many worms were
found sectioned in the intervillous space of the jejunum and ileum at 6 hrs, 12 hrs, and 1
day after infection, and pathological changes characterized by villous atrophy and crypt
hyperplasia were observed. After 3 days, only a few worms were found in intestinal
sections, and after 7 days, the pathological chandes became minimal.- No worm was found
penetrated beyond the mucosal layer. On the other hand, in immunosuppressed mice,
numerous worms were found sectioned in the duodenum and jejunum, irrespective of the
infection period up to 14 days. Pathological changes of the mucosa were minimal until 3
days after infection, but at 5 days marked destruction of the mucosal layer was observed.
At this time many flukes were found invaded deeply into the submucosa facing the
muscular layer. Despite continuous immunosuppression, the mucosal damage was
gradually recovered at 7-21 days post-infection. The results showed that
immunosuppression of ICR mice can induce, for a short perid of time, severe mucosal
damage, and allow deep invasion of M. yokogawai into the submucosa of the small
intestine.
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INTRODUCTION

Metagonimus yokogawai (Heterophyidae) is
well known as one of the most common
trematodes infecting the intestinal tract of man
in Korea (Chai and Lee, 1990). The most
frequent symptoms complained by the infected
patients are abdominal pain and diarrhea (Cho
et al., 1984). This fluke has drawn medical
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attention because of such clinical symptoms,
high prevalence, and wide geographical
distribution in Korea (Song et al., 1985, Ahn
and Ryang, 1988).

The major histopathological changes in the
small intestine of animals and man infected
with M. yokogawai are villous atrophy and
crypt hyperplasia with inflammatory cell
infiltration in the stroma of villi (Chai, 1979;
Lee et al., 1981; Kang et al, 1983; Chi et al,
1988). Worms are most frequently found facing
the crypt of Lieberkiihn or between the villi,
and invasion of worms is confined to the
mucosal layer (Kang et al., 1983; Rho et al.,
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Table 1. Experimental design for observation of intestinal histopathology due to M. yokogawai infection
in immunocompetent and immunosuppressed ICR mice

Interval Immunocompetent mice

Immunosuppressed mice

from infection

to sacrifice No. mice used

No. mice used

Frequency of prednisolone injection

6 hrs 3 3 4
12 hrs 3 3 4
1 day 3 3 4
3 days 3 3 5
5 days 3 3 6
7 days 3 3 7
14 days 3 3 10
21 days 3 3 14
Total 24 24

Number of uninfected control mice: 6

1984; Jang et al., 1985).

In other heterophyid flukes such as
Haplorchis spp., Procerovum spp., and
Stellantchasmus falcatus, however, extra-
intestinal migration of adult flukes or their
eggs were reported, making granulomas in the
heart, brain and spinal cord of man (Africa et
al., 1940). Yokogawa (1940) tried to explain
this phenomenon with an hypothesis that
those patients might have suffered from severe
malnutrition causing remarkable decrease of
immune responses to the parasites. Without
Immune responses, worms could invade into
the submucosal layer, and eggs and/or fluke
themselves could be carried to other organs
through the blood stream.

However, there has been no experimental
proof to support this hypothesis. Moreover, in
the case of M. yokogawai, extraintestinal
metagonimiasis has never been reported in the
literature, and it is unknown whether they can
Invade into the submucosa in immuno-
compromised hosts. This study was under-
taken to know whether M. yokogawai could
invade into the submucosal layer of the small
intestine when ICR mice were immuno-
suppressed by prednisolone injection.

MATERIALS AND METHODS

Metacercariae of M. yokogawai were isolated
from the muscle of the sweetfish, Plecoglossus
altivelis, caught from Tamjin-gang[River],
Chollanam-do, Korea. The mortar-ground fish

flesh was mixed with 10-fold volume of
artificial gastric juice, and the mixture was
incubated at 37°C for longer than 12 hrs. The
freed metacercariae were collected under
dissecting microscope, and preserved at 4°C
until use,

A total of 54 male mice (ICR strain) weighing
about 20 g were divided into three groups; 6
uninfected control group, 24 fluke infection
group, and 24 fluke infection plus immuno-
suppression group. The latter two groups of
mice were orally infected each with 1,800
metacercariae through a polyethylene capillary
tube, 1.2 mm in diameter, under slight
anesthesia with ether. Three mice each were
sacrificed by cervical dislocation at 6 hrs, 12
hrs, 1 day, 3 days, 7 days, 14 days, and 21
days post-infection (Table 1).

For fluke infection plus immunosppression
group, the mice were intramuscularly injected
with 10 mg/kg prednisolone every other day to
the inner thigh starting from 7 days prior to
infection until sacrifice.

For microscopic examinations, segments of
the duodenum, jejunum and ileum were
resected, fixed in 10% formalin, and processed
for routine hematoxylin and eosin stain. When
more than two of three mice in each experi-
mental group revealed the same histo-
phathological findings, the results were
interpreted as valid ones.



RESULTS

1. Uninfected control mice

Sections of the duodenum, jejunum and
ileum revealed long and slender villi, and their
villus/crypt (V/C) ratio was about 1.5-3.0: 1.
Villous epithelial layers were preserved well.
But occasionally non-specific inflammatory cell
infiltrations were observed in the villous
stroma.

2. M. yokogawai-infected mice

From 6 hrs to 1 day post-infection, a lot of
sectioned worms were found in the small
intestine of mice infected with the meta-
cercariae of M. yokogaiai. Worms were located
in relatively deep mucosal layer, that is, just
above the proximal part of the Lieberkithn's
crypt. Pathological changes appeared in all
sections of the small intestine, however, the
changes and sectioned worms were mainly
observed in the jejunum and ileum. At 6 to 12
hrs, the villi adjacent to worms were damaged
by compression. Especially, edematous change
or lymphatic dilation was observed near the tip
portions of the villi. However, there were no
inflammatory cell infiltrations in the villous
stroma. In 1 day group, the worms were
somewhat enlarged in size. The neighboring
villi showed flattening of epithelial cells and
pressure atrophy of epithelial layers (Fig. 1).
Marked crypt hyperplasia was also observed in
the same sections (Fig. 1). Inflammatory cell
infiltrations were noted in the villous stroma,
and almost all of them were composed of
neutrophils (Fig. 2).

Al 3 days after infection, worms were not
found easily except in a few sections, and
pathological changes were gradually restored.
At this time, the extent of pathological changes
of the mucosa was generally similar to that of 1
day group. However, exceptionally, there was
marked increase of inflammatory cell infilt-
rations, composed of many neutrophils and a
few eosinophils, and V/C ratio was decreased
to about 1:1 due to shortening of villi and
hyperplasia of crypts.

At 7 days the pathological changes became
minimal and at 21 days the mucosa became
completely normalized.
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3. M. yokogawai-infected immunosup-
pressed mice

Many sectioned worms of M. yokogawai were
found throughout the experimental period in
immunosuppressed mice {Figs. 3-8). Immuno-
suppression of mice brought about different
results on the worm location and pathological
changes in the small intestine. The sectioned
worms and pathological changes were mainly
observed in the duodenum and jejunum. The
ileumn was no more the main parasitic location,
which. is different from the infected immuno-
competent mice. Inflammatory reactions were
also remarkably reduced compared with the
immunocompetent mice.

At 6 hrs, 12 hrs, and 1 day post-infection,
the pathological changes were similar to one
another. Juvenile worms were observed in the
intervillous space of the jejunum and ileum.
There was no atrophy of the villous epithelial
layer and inflammatory cell infiltration in the
villous stroma (Fig. 3). Edematous changes
were occasionally observed near the tip of the
villi.

At 3 days post-infection, the main parasitic
location was changed into a more proximal
portion, i.e., the duodenum and jejunum.
Although some edematous changes of the villi
were recognizable (Fig. 4), no other remarkable
pathological changes were noted in the
architecture of the villi and crypts, and cellular

- composition of the villous stroma.

At 5 days, however, two of three mice showed
marked destruction of the mucosal layer
especially in the duodenum (Figs. 5-8). Villi
were degenerated and detached from the
intestinal wall, and epithelial layers of the
crypts were destroyed (Figs. 5-8). The intestinal
lumen was filled with intestinal contents and
degenerating mucosal debris (Figs. 5-7). The
muscularis mucosa was also destroyed, so that
the thickness of the intestinal wall became
markedly thin, and many worms were found
intruded into the submucosal and even
muscular layers (Figs. 5-8). Their oral suckers
were facing and compressing the thin
intestinal wall (Figs. 7 & 8). The remaining
basal portion of the villi adjacent to worms was
compressed (Fig. 5). Degeneration and loss of
all mucosal and/or submucosal layers were



Fig. 1. Jejunal villi of another immunocompetent mouse, 1-day post-infection. Two juvenile worms are
seen between three or four villi, which show atrophy of the lining epithelial layer. Crypts show
hyperplasia. H-E stain, x 45. Fig. 2. Jejunal villi of an immunocompetent mouse, 1-day post-infection. A
Juvenile worm is facing the crypt in a space between two villi and inflammatory cells are infiltrated in the
stroma of villi. H-E stain, x 100. Fig. 3. lleum of an immunosuppressed mouse, 1-day post-infection. A
Juvenile worm is seen in the intervillous space not intruding into the crypt. H-E stain, x 45. Fig. 4.
Duodenum of an immunosuppressed mouse, 3-day post-infection. Villi show their normal contour with
few inflammatory reaction in the stroma,. However, dilatation of the lymphatic space at the tip portion of
the villi is recognizable. H-E stain, x 45.

often noticed, and around these areas, worms facing the muscular layer (Figs. 6-8). Until this
were found deeply invaded into the submucosa time, worms were not fully matured (Figs. 5-8).
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Fig. 5. Duodenum of an immunosuppressed mouse, 5-day post-infection. The villi have lost their normal
contour. Two worms are seen sectioned at the basal portions of villi and they are about to intrude into
the crypt. H-E stain, x 45. Fig. 6. Duodenum of an immunosuppressed mouse, 5-day post-infection.
Villi and crypts, ie., mucosa, are completely destroyed, which allowed deep penetration of worms
(arrows). H-E stain, x 100. Fig. 7. Duodenum of another immunosuppressed mouse, 5-day post-
infection. An adolescent fluke is actively penetrating into the basal portion of the crypt and pressing the
muscle layer (arrows). H-E stain, x 45. Fig. 8. Other portion of the duodenum of an immunosuppressed
mouse, 5-day post-infection. An adolescent worm is facing the muscle layer of the intestinal wall, where
the mucosa and submucosa have been completely destroyed. The oral sucker (OS) and pharynx (P) of the

worm are visible. H-E stain, x 100.

At 7 days post-infection, the pathological
changes began to restore, and eggs of M.
yokogawai were found sectioned in worm
uteri. Crypts showed nearly normal feature,
and worms were observed in the intervillous

space just above the crypt. At 14 and 21 days,
pressure atrophy of villi was still recognizable,
but the mucosa generally showed their normal
features.
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DISCUSSION

It is well known that susceptibility of animal
hosts to certain parasitic infection is widely
variable according to different species of host
animals, and even among different strains of
animals, due to different genetic backgrounds
(Stirewalt et al., 1965; Colley, 1972; Murrell et
al, 1979). In the case of M. yokogawai, dogs,
cats, and hamsters are known to be highly
susceptible (Takahashi, 1929; Koga, 1938;
Yokogawa and Sano, 1968; Kang et al., 1983),
whereas small laboratory animals such as
mice, rats and guinea pigs are in general less
susceptible (Koga, 1938; Gushima, 1939;
Yokogawa and sano, 1968; Kagei and Kihata,
1970; Chai, 1979).

Among several strains of mice studied, KK
(diabetic) mice revealed the highest sus-
ceptibility and C57BL mice the next, whereas
CBH, DBA, A or ICR mice showed very low
susceptibility to M. yokogawai infection (Chai
et al., 1984). Especially ICR mice, which was
also used in the present study, showed less
than 1% worm recovery rate at 3-7 days post-
infection in immunocompetent mice. When ICR
mice were immunosuppressed, however, the
Worm recovery rate was elevated up to 60-80%
at the same post-infection days (Chai et al.,
1984), which indicated that the genetic
susceptibility is closely related with immune
responses of the host.

In the present study, at early stages of
infection (at 1-3 days), immunocompetent ICR
mice showed remarkable pathological changes
with many sectioned worms in the small
intestine, although the changes and worm
location were confined to the mucosal layer, At
3-7 days, spontaneous resolution of the
mucosal pathology was observed, and only a
few worms were found in sections of the small
intestine. Such a rapid spontaneous resolution
of the mucosal pathology is considered due
greatly to expulsion of worms, which is a
common and prominent feature in less
susceptible animals. Hence, in this study, the
susceptibility of ICR mice to M. yokogawai
infection is estimated also very low.

It is well known that prednisolone has a
pronounced anti-inflammatory action, and

compromises both humeoral (Fischel et al.,
1952) and cellular immune responses (Gilman
et al.,, 1991). The drug also weakens the
mucosal layer of the gastrointestinal tract and
makes ulcers (Gilman et al., 1991). Therefore,
prednisolone injection into host animals could
allow persistence, invasion, and destructive
behavior of parasites. In the case of trichinosis,
for example, administration of prednisolone
improved clinical symptoms, however, it
allowed long persistence of numerous adult
worms in the intestine and migration of a lot of
larvae to skeletal muscles due to deterioration
of host protective mechanisms (Coker, 1955),
Similarly, immunosuppressed mice infected
with Trichuris muris showed increased severity
of colitis probably due to persistence of worm
infection (Jenkins and Wakelin, 1994). Grove
et al. (1983) also reported that immuno-
suppressed dogs infected with Strongyloides
stercoralis showed a disseminated infection
occurring in ectopic sites, and increased
pathological lesions in the small intestine and
colon.

In the present study, persistence of M.
yokogawai worms was remarkable and host
responses including inflammatory reactions of
the mucosa were very weak in immuno-
suppressed mice. These findings represent that
immunosuppression of ICR mice by
prednisolone injection was successful. The
extent of intestinal pathology due to M.
yokogawai infection in immunosuppressed
mice was minimal until 3 days after infection.

However, after 5 days, probably due to
fragility of the mucosa and persistence of many
worms, there was marked destruction of
mucosal layers in the duodenum and jejunum,
and complete obliteration of mucosal integrity
was frequently observed. At this time, the
flukes were found to have invaded deeply into
the submucosa facing the muscular layer of
the intestinal wall. It is strongly suggested,
therefore, that if the mucosal immune
responses were suppressed M. yokogawai
could easily invade into the submucosal layer.
In such cases it is further suggested that adult
flukes themselves and/or their eggs might flow
inte the blood stream via exposed small
vessels, and it would be possible to make fatal
egg granulomas in the heart, brain, and spinal



cord like other kinds of heterophyid flukes
(Africa et al., 1940).

Posterior migration of helminths in the
intestinal tract has been reported in relation to
the immunity or susceptibility of host animals
(Hong and Seo, 1969; Wastling et al., 1990;
Hong et al.,, 1990}). When administered a
specific T cell-suppressing drug to Hymeno-
lepis diminuta-infected mice, it was shown that
posterior migration of worms was restricted in
a dose-dependent manner (Wastling et al.,
1990). It was also reported that as infection
period elapsed M. yokogawai worms shifted
down to the lower parts of the small intestine
or even to the large intestine (Hong and Seo,
1969). Posterior migration of worms in less
susceptible hosts is also known in another
intestinal fluke, Heterophyopsis continua (Hong
et al., 1990).

In the present study, there was a significant
difference in the location of M. yokogawai
between immunocompetent and immuno-
compromised ICR mice. In immunocompetent
mice, the main worm location was the jejunum
and ileum, but it was changed into a proximal
part, the duodenum and jejunum, in
immunosuppressed mice. It is already known
that in highly susceptible animals to M.
yokogawai infection such as dogs and cats, the
main worm location is the upper part of the
small intestine (Ito, 1964; Lee et al., 1981).
Therefore, we presume that the worms found
in the duodenum of immunosuppressed mice
would parasitize well, but those found in the
ileum of immunocompetent mice would be
expelled before long.

However, it was difficult to explain that,
despite continuous immunosuppression, the
number of worms sectioned was decreased and
mucosal pathology was restored after 14 days
post-infection in immunosuppressed mice. If
immunosuppression is the sole responsible
factor for the worm persistence and mucosal
pathology, the worms should have survived
longer than actually observed, and pathological
changes of the mucosa should have continued
or aggravated as infection progressed. In this
respect, we suggest that there should be other
factors affecting persistence of worms and
restoration of mucosal pathology in M.
yokogawai-infected mice.
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In conclusion, immunosuppression of ICR
mice by prednisolone injection can induce, for
a short period of time, severe mucosal damage
and deep invasion of M. yokogawai into the
submucosal layer of the small intestine. In
order to clarify the mechanisms of worm
invasion, mucosal damage and restoration,
further studies are required.
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Aguitta Sae A4sTad B FREdTal, Addsa AaT $ g

A ERe AYAe s AeA(ICR)Y HAAA T THEE2E FUst vheae] 99
wes AsA W zke) Wws A w9 WskE delnr] fst o] A7 AHsint.
ICRA) ob9-3 Wit 2T, aa/behEs FETERT dE 18004 24), & 8571
AEE 7ed/AdAT R P Y F 6ANNE 3F7p BAsch QIEE AT
o el e 197A B A7 A Aouels wRERw, A gde gl 2dse] 9
gk, 2ol A4 3Y o) FREE FAL A FRAHA @okn, 15 Felg olvl A o] HH
ge] 7he bt Mo ¥d AdA] whisd aleide AT 29 A Al 3 7
EQ Ayt LAFAT Pde] LAFS FAHAG. dF e A VN FH AR,
7 37kA R WHE R FEolt Auliel suE fE e A BAHA Gyt 2
Pt 7t saldele e AlelAal 9 FAe] $E % AAde] wg A AAHI, AR
e wEEs okde Bgod oY A PN 2L FHszm AL THIAA AdE A
we qhubsty Qlglch. olAR 47e ASE AR s Ad TdRE 21977 A
s ke mejrh o|4rs Aske f3vlebEs WAAA ksl FIAE we AL
Eot A4 Auke) Algk Wr} otz ATt zA FAVE AR e el
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