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FiGUE 3. Immunohistochemical localization of granzyme B in the jejunum of mu/+ (a—c, €) and rnw/mu rats (d, f) performed on formalin-
fixed paraffin-embedded tissue sections. (a—b) Negative control sections of rnuw/+ rats, uninfected and 10 days after infection, respectively. Sections
were incubated with normal IgG instead of granzyme B-specific IgG. (c~d) Granzyme B localization in uninfected rnw/+ and mu/mu rats,
respectively. (e—f) Granzyme B localization in rnu/+ and row/rou rats 10 days after Nippostrongylus brasiliensis infection, respectively. Granzyme
B immunoreactivity (indicated by arrows in ¢ and d but not indicated in e and f) shows granular staining localized in the perinuclear cytoplasmic
region of small-sized mononuclear cells. Nuclei are lightly counterstained with hematoxylin. ’

Because the granzyme B expression level was increased in
euthymic rats in association with the progression of villus at-
rophy, the granzyme B* cell distribution in the jejunal mucosa
was examined by immunochistochemistry. Granzyme B immu-
noreactivity showed granular staining mairly in the perinuciear
cytoplasmic region and was confined mostly to mononuclear
cells (Fig. 3). The majority of granzyme B~ cells were observed

. in the villus epithelivm of euthymic as well as athymic rats,

although some granzyme B+ cells were also found in the pro-
pria mucosa, Unexpectedly, the granzyme B> cell numbers in
the epithelium and propria mucosa of uninfected athymic rats
were significantly more than those in euthymic rats (Table ).
However, intraepithelial and propria mucosal granzyme B* cells
showed a remarkable increase in euthymic rats 10 days after
infection, the numbers being significantly more than those in
corresponding athymic rats. Twenty days after infection, gran-
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TagLE II. Numbers of granzyme B* cells in the jejunum of euthymic mu/+ and athymic raw/enu rats infected with Nippostrongylus brasiliensis.*

Granzyme B+
cells (no./VCU)
rau/+ rnu/rou
Day IE PM IE PM
0t 93 + 0.8% 4.1 = 0.6% 189 = 1.3 6.8 % 07
10 203 + 1.04§ 102 = 0.1%§ 11.2 = 2.0§ 6.5 = 0.3
20 85 = 1.8% 59+ 0.7 202 = 1.3 76 % 1.3

* Granzyme B immunchistochemisiry was performed on formalin-fixed paraffin-embedded tissue sections. Positive cells in the epithelium (JE) and the propria mucosa
(PM) were counted in 10 villus-crypt units (VCU) and then the cell oumber per VCU was calculated, Al data are means *+ SE of 4 rats.

1 Unjnfected control.
% Significantly different from mu/fmn rats (P < 0.05).
§ Significantly different from -day 0 (P < 0.05).

zyme B* cell numbers returned to preinfection levels. In athy-
mic rats, granzyme B* cell numbers were decreased 10 days
after infection.

Granzyme B expression is reportedly found mainly in CTL
and NK cells (Jenne and Tschopp, 1988). To examine the dis-
tribution of T cells in the jejunal mucosa, inununohistochemical
studies were performed using antibodies to pan-T-cell marker
CD3. In athymic animals, substantial numbers of CD3* cells
were observed in the villus epithelium, whereas few cells were
found in the lamina propria mucosa (Table III), consistent with
previous reports that IEL are not depleted in athymic rats (Vaa-
ge et al., 1990; McKay et al., 1995). In euthymic rats, nematode
infection induced significant increases of propria mucosal CD3+
cell numbers, whereas intraepithelial CD3* cell numbers de-
creased after infection (Table IN). CD$ is expressed on large
proportions of mature CTL and some populations of NK cells.
Despite the fact that athymic rats had large numbers of gran-
zyme B+ cells, only small numbers of CD8* cells were found
in the epithelium as well as the propria mucosa (Table IV), In
euthymic rats, intraepithelial CD8* cell numbers decreased sig-
nificantly after infection, whereas propria mucosal CD8* cell
numbers did not change significantly. We tried double immu-
nostaining of CD8 and granzyme B on formalin-fixed paraffin-
embedded tissue sections, but it was unsuccessful.

DISCUSSION

It is known that T cell-associated damage to the small intes-
tinte, such as that which occurs in graft-versus-host disease, pro-

duces villus atrophy (Felstein and Mowat, 1990; Lionetti et al.,
1993). Ferguson and Jarrett (1975) reported that thymus-de-
prived (B) rats did not develop villus atrophy after N. brasi-
liensis infection, suggesting that T cell-dependent mechanisms
have an important role in the progression of villus atrophy in
nematode infection as well. These results showed that villus
atrophy did not develop in nematode-infected athymic rats at
least until 20 days after infection. However, as reported previ-
ously (D’Inca et al., 1992), crypt hyperplasia developed in athy-
mic rats at a level comparable with that in euthymic rats, sug-
gesting that certain levels of epithelial damage occurred even
in athymic rats. In fact, nematode-infected athymic rats showed
morphological alterations such as mucosal edema and sloughing
off of some enterocytes from the villus tips, although these
alterations were less intense than those in euthymic rats. Col-
lectively, these results suggest that epithelial injuries and cell
loss occurred in both euthymic and athymic rats but that the -
enteropathy in athymic rats was not sufficiently severe to cause
villus atrophy and could have been compensated for by the
crypt stem cell replication. D'Inca et al. (1992) reported that

.partial villus atrophy developed 21 days after infection in athy-. ...

mic rats together with decreases in disaccharide enzyme activ-
ities and increases in epithelial permeability, although 10 days
after infection there was no villus atrophy. In their study, the
number of L3 Jarvae inoculated in athymic rats was 3 times
more than that in this study. It seems that T cell-dependent
mechanisms play a major role in the development of vilius at-
rophy, although under conditions of high worm burdens, T cell-
independent mechanisms might also play a certain role.

TasLE III. Numbers of CD3* cells in the jejunum of euthymic mw/+ and athymic mu/mmu rats infected with Nippostrongylus brasiliensis.*

CD3+ cells
(mo./VCU)
muw/+ ;'nufmu
Day IE PM IE PM
Ot 9.1 = 1.0% 53 = 0.3% 43 0.7 0.02 £0.02
10 7.0 * 24 245 = 1.8%% 4.2 + 0.1 0.03 = 0.02
20 4.0 = 0.6§ 8.1 + 0218 40 =041 0.05 = 0.01

* CP3 immunohistochemistry was performed on formalin-fixed paraffin-embedded tissue sections. Positive cells in the epithelivm (IE} and the propria mucosa (PM)
were counted in 10 villus-crypt units (VCU) and then the cell number per YCU was calculated. All data are means * SE of 4 rats.

% Uninfected control.
1 Significantly different from rmu/mu rats (£ < 0.05).
§ Significantly different from day O (P < 0.05).
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TasLs IV. Numbers of CD8* cells in the jejunum of euthymic rnu/-+
and athymic mu/mu rats infected with Nippostrongylus brasiliensis.*

CDg*
cells (no/VCU)
my/+ mu/rou
Day IE PM 1E PM
o7 5.2 x 0.6 8.5 = 0.61 0.3 +02 1.1 =02
10 3.0 £ 0.748 6.0 + 1.2% 0504 1.7 02
20 1.9 = 0.5%§ 8.0 = 031 02 0.1 1.3 02

* CD8 immunchistochemistry was performed on formalin-fixed paraffin-cmbed-
ded tissue sections. Positive cells in the epithelium (IE} and the propria mucosa
(PM) were connted in 10 villus-crypt units (VCU) and then the cell number per
VCU was calculated. All data are means + SE of 4 rars.

+ Uninfected control.

t Significantly different from rnw/rnu rats (P < 0.03).

§ Significantly different from day 0 (P < 0.05).

The mechanisms whereby T cells regulate enteropathy or the
development of villus atrophy are not thoroughly understood.
Granzyme B is a cytotoxic cell granule protease that plays a
critical role in mediating cytotoxicity and is expressed mainly
in CD8* T cells and NK cells, as well as in some populations
of CD4* T cells. Immunohistochemica! studies showed that
granzyme B* cells were found not only in euthymic but also in
athymic rat intestinal mucosa, consistent with previous reports
that TEL. and NK cells are not depleted in athymic rats (Sfaksi
et al.,, 1985; Vaage et al., 1990; Hougen, 1991; McKay et al.,
1995). After infection, granzyme B transcript levels and gran-
zyme B* cell numbers increased significantly in euthymic rats
in association with the development of villus atrophy. In con-
trast, athymic rat granzyme B* cells in the epithelial compart-
ment decreased in number after infection, whereas those in the
propria mucosa did not change significantly. These results
clearly indicate that granzyme B* cytotoxic cells did not pro-
liferate in athymic rats, probably for lack of growth factors,
such as interlevkin (IL.)-2, derived from activated T cells. The
precise mechanisms causing the significant reduction in gran-
zyme B—immunoreactive celis 10 days after infection in athy-
mic rats were not clarified in this study. Athymic rats developed
crypt hyperplasia, which peaked 10 days after infection, sug-
gesting that epithelial turnover was accelerated during that pe-
riod. Given the acceleration of epithelial turnover, a large pro-
portion of intraepithelial granzyme B+ cells may also have been
lost while repopulation of the cells was delayed until 20 days
after infection. Alternatively, it is also possible that the reduc-
tion of granzyme B* cells was partly due to reduced staining
cansed by secretion of the enzyme in response to the worm.

FasL is also expressed on some populations of CD4+ T cells,
CD38* T cells, and NK cells and mediates target cell killing
through Fasl-Fas (CD95) interaction. Unlike granzyme B ex-
pression, FasL. expression was not increased significantly after
infection in either athymic or euthymic rats, suggesting that
Fasl-Fas interaction might not play important roles in medi-
ating villus epithelial injury or apoptosis after nematode infec-
tion (or both). The discrepancy in the expression of granzyme
B and FasL after infection suggests that granzyme B and FasL
are pot necessarily regulated in a coordinated fashion.

TNF-ce is produced by a wide variety of cells, including T
cells, NK cells, macrophages, and mast cells. In macrophages,

TNF-a synthesis can be induced by various pathogens, includ-
ing viruses, bacteria, and parasites, as well as by cytokines (IL-
1, IL-2, interferon-vy, granulocyte-macrophage—colony stimulat-
ing factor fluid, and TNF-« itself) (Herbein and O’Brien, 2000).
In the euthymic rats in this study, the TNF-a transcript levels
increased significantly in association with villus atrophy. Sur
prisingly, infected athymic rats showed higher TNF-o transcript
levels than euthymic rats, and the high levels were sustained
even 20 days after infection. The high and sustained TNF-a
upregulation in infected athymic rats and the transient TNF-a
upregulation in euthymic rats seemed to be positively correlated
with the worm burden in the small intestine in each animal,
suggesting the possibility that TNF-o upregulation was induced
by nematode-related factors. TNF-o is a key cytokine in the
inflammatory processes of various diseases such as inflamma-
tory bowel disease and rheumatoid arthritis. It has been reported
that neutralization of TNF-a by administration of a monoclonal
antibody induced a detectable decrease in the inflammatory pa-
rameters of colitis (Van Deventer, 1999), and TNF-o antagontist
ameliorated joint inflammation, although the antagonist had Iit-
tle effect on tissue destruction (Joosten et al., 1999). Thus,
TNF-e upregulation after nematode infection might be associ-
ated with the development of some aspects of inflammatory
responses in the intestinal mucosa that could occur without T
cell regulation. It has been reporied that villus atrophy did not
occur in Trichinella spiralis—infected TNFR™~ or iNOS—-
mice, indicating that TNF-o and nitric oxide are involved in
intestinal pathology in nematode infection (Lawrence et al.,
1998, 2000). In this study, no association was observed between
TNF-o upregulation and villus atrophy, suggesting that TNF--
o—induced inflammation was not sufficiently intense to cause
tissue damage. The mechanisms involved in the intestinal pa-,
thology might differ among parasite species as well as among
host species. Collectively, the present RT-PCR and immunohis-
tochemical studies showed that development of villus atrophy
was associated most significantly with the proliferation of gran-
zyme B* cells in the epithelium and propria mucosa and was
not associated with the transcript levels of FasL. or TNF-.

In euthymic zats, CD3* T cells increased significantly in the
intestinal propria mucosa, whereas intraepithelial CD3* T cell
numbers were not increased but rather decreased 20 days after
infection. CD8 is expressed on large proportions of mature CTL
and some populations of NK cells. The CD8* cell numbers also
decreased in the epithelium after infection, whereas those in the
propria mucosa showed no significant change. The reduction of
IEL numbers after N. brasiliensis infection is partly comparable
with the effects on IEL kinetics in T. spiralis—infected mice, in
which IEL numbers increased 4—7 days after infection but dis-
played a significant reduction to below normal levels from 14—
29 days after infection (Bozic et al., 1998). Athymic rats, as
reported previously, had substantial numbers of CD3* T cells
in the epithelinun but virtually none in the propria mucosa (Vaa-
ge et al.,, 1990; Hougen, 1991; McKay et al., 1995). Because
our atterapt to perform double immunostaining of CD8 and
granzyme B on formalin-fixed paraffin-embedded tissue sec-
tions was unsuccessful in this study, it was not clarified whether
some granzyme B* cells express CD8. However, our finding of
the presence of large numbers of granzyme B* cells in athymic
rats, which had few CD8* cells, as well as the dissociated ki-
netics of granzyme B+ cells and CD&* cells in the propria mu-



cosa of euthymic rats after infection, suggests that the majority
of granzyme B+ cells might not express CDS.

It has been suggested that mucosal mast cell activation has
an important role in N. brasiliensis~induced enteropathy in both
immunocompetent and athymic rats (I’ Inca et al., 1990, 1992,
McKay et al., 1995). We reported previously that in mast cell-
deficient Ws/Ws rats, villus atrophy developed as early as in
wild-type +/+ rats after N. brasiliensis infection (Hyoh et al.,
1999). Thus, despite the fact that mast cell activation aggravates
the nematode-induced enteropathy, other effector mechanisms
are more likely to be involved in the induction of villus atrophy.

Granzyme B-containing cells have the potential to induce
apoptosis in closely contacted target cells after exposure to
granzyme B together with perforin (Jenne and Tschopp, 1988).
Thus, large numbers of activated granzyme B+ cells might play

a significant part in inducing enhanced cellular damage or ap- -

optosis in epithelial cells, which could result in villus atrophy.
The failure of villus atrophy to develop in athymic rats despite
the presence of relatively large numbers of granzyme B+ cells
before infection might be due to the lack of proliferation or
invasion of the cells from the propria mucosa inte the epithe-
lium during infection. It has been suggested that IL-4 and IL-
13 are critical for M. brasiliensis worm expulsion, and mucin
secretion or muscle contraction (or both) has been proposed as
being directly involved in expelling worms from the intestine
(Nawa et al., 1994; Urban et al., 1998; Zhao et al., 2003). It

would be of interest to determine whether granzyme B~ cells .

could also act as effector cells involved in worm expulsion.
Although granzyme B reportedly has an antibacterial property
(Shafer et al., 1991), it is not clear whether it has an antihel-
minthic effect as well or whether granzyme B* cell proliferation
is dependent on IL-4 or IL-13 (or both).

Taken together, these results show for the first time that cells
expressing the cytotoxic protease granzyme B infiltrate the vil-
lus epithelium and propria mucosa of the small intestine in as-
sociation with the occurrence of villus atrophy after nematode
infection. The types of granzyme B-—expressing cells that jnfil-
trate after nematode infection still remain to be identified, and
their role in the progression of enteropathy should be further
clarified.
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Case Report

Case of acute ileus caused by a spirurina larva
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A growing body of clinical cases suggests that a kind of
nematode larva, type X larva of the suborder Spirurina that
inhabits firefly squids (Warasenié scintillans, or ‘Hotaru-ika’
in Japanese), can cause acute ileus in humans. However,
the tarva itself has rarely been found in the wall of the
ohstructed intestine, We describe here a case of acute ileus,
in which a type X spirurina larva was found histologically.
A 60-year-old Japanese man suffered from acute abdomen,
and an emergency laparctomy revealed a marked stenosis
of the ileum. Histological study of the surgically resected
ileum showed severe cosinophilic enteritis and a nematode
larva. The morphological features of this larva were identi-
cal to those of the type X spirurina larva. Interestingly, the
larva that was found existed within a small blood vessel,
suggesting that the larva migrans of type X spirurina can
take place via vasculature. The patient in the present case
did not recall ingesting raw squids prior to the onset of his
disease. Hence, this indicates that even if the ingestion of
raw firefly squids is uncertain, spirurina infection should be
included in the differential diagnosis of acute ileus or eosi-
nophilic enteritis.

Key words: eosinophilic enteritis, ileus, larva migrans, raw fish,
spirurina larva

Obstruction of the small intestine, or ileus, Is caused by
various kinds of disorders. Parasitic infections can cause
acute ileus; anisakiasis is one such infection and is well
known in countries where raw fish is one of the national
culinary staples.™®

Recently in Japan there has been an increasing number
of clinical cases of acute ileus, which were believed to be
caused by a parasite other than anisakis.>® These cases
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arose from eating raw firefly' squids (Watasenia scinfillans,
or ‘Hotaru-ika’ in Japanese),*® and the patients’ peripheral
blood showed eosinophitia,®™® compatible with a parasite
infection. W. scintifians is known to be a host of type X larva
of the suborder Spirurina,’®" a kind of nematcde larva that
was originally characterized by Hasegawa.'®'* Many of the
patienis were shown to have serum antibodies against this
larval nematode.®® Thus, type X spirurina larva is suspected
of infecting humans and causing acute ileus. However, cases
in which the body of the spirurina larva was found in the
obstructed intestine of patients are extremely rare.®=

In contrast, there are a number of cases of cutaneous
creeping eruption that have occurred after the eating of raw
W scintiflans and histologically they have shown a type X
spirurina larva in the skin eruption.''% It is likely that type X
spirurina larvae migrate from the Intestine through the skin,
but little is known about the route(s) of the spirurina larva
migrans.

In the current paper, we describe a case of acute ileus,
which showed a severe stenosis with eosinophilic enteritis of
the ileum. A type X larva of the suborder Spirurina was
shown histologically in the ileal wall, giving eloquent evidence
that type X spirurina larva is one of the causative agents of
acute ileus and sosinophilic enteritis in humans. A brief dis-
cussion about the possible vascular route of the spirurina
larva migrans is also provided.

CLINICAL SUMMARY

A B0-year-old Japanese man complained of abdominal pain
several hours after he had eaten several kinds of raw fish.
He did not'recall eating any squids. The pain became more
severe the next day and he was admitted to Shakathoken
Kobe Central Hospital. On admission, he presented with
symptoms of acute abdomen and the laboratory data showed
that the serum C-reactive protein (2.3 mg/dL) and peripheral



white blood cell count (12 900/mm®) were significantly ele-
vated over the normal ranges. Peripheral blood eosinophils
were not counted. Emergency laparotomy revealed a severe
stenosis of the ileun, and the ileumn just oral to the stenosis
was markedly dilated with ischemic changes. Partial resec-
tion of the ileum was performed. The patient's postoperative
course was unremarkable.

The serum antibody against anisakis was examined 5 days
after the operation, but was negative.

PATHOLOGICAL FINDINGS

The wall of the obstructed ileum was markedly thickened and
the mucosa showed a small low prominence, approximately
4 mm in diameter, whose surface was eroded (Fig. 1).

Microscopically, there was a severe and extensive phleg-
monous inflammation in the ileal wall (Fig. 2). Many of the
inflammatory cells were eosinophils (Fig. 2). In the subse-
rosa just below the small mucosal prominence, the body of
a nematode larva was discovered (Fig. 3). It was found within
a dilated venule (Fig. 4). The body of the larva was approxi-
mately 100 um in diameter. The cuticle had no spines, but it
had surface transverse annulations approximately 3 um in
width (Fig. 5). The muscle layer was of the polymyarian (24~
27 muscle bundles in a quadrant) coelomyarian type. The
lateral chords projected bilaterally and occupied the body
cavity. Cross-section of the glandular esophagus measured
approximately 38 x 45 um. These morphological features are
summatized in Table 1 and were identical to those of type X
larva of the suborder Spirurina.

Figure 1 Macroscopic view of the ileal mucosa at the site of steno-
sis. The mucosa is edematous, and there is a smail low prominence
of the muceosa whose surface is eroded.
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DISCUSSION

Acute ileus with eosinophilic enteritis can be caused after the
ingestion of raw fish that are the normal hosts of parasites,
and anisakiasis is the most popular of the parasite-induced
acute ileus.™ Freezing of raw fish prior to market delivery is
effective in destroying the anisakis larvae and has succeeded
in preventing anisakiasis in the Netherlands.'®

Over the previous 20 years in Japan, it has been noted that
acute ileus was brought on afier the ingestion of a kind of
raw squid.“® This squid, W scintiflans, is not the hoest of
anisakis, but recent parasitological investigations have found
that the visceral organs of W. scintiflans are inhabited by
a kind of larval nematode, type X larva of the suborder
Spirurina.’*"" Serological examination of patients has often
revealed the presence of antibodies against the type X spiru-
rina larva, indicating infection with this' parasite.5® Thus,

Figure2 The ileal wall at the site of stenosis (HE). The ileal sub-
mucosa is markedly thickened, and there is a severe phlegmonous
inflammation. Many of the inflammatory cells are eosinophils {inset).
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Figure 3 Three cross-sections of the body of a larval nematode
found in the ileal subserosa (HE).

Figure 4 The larva is present within the luriina of a dilated venule,
which is outlined by a thin layer of reticulin (elastica van Gieson).

acute ileus following ingestion of W. scintiflans is believed to
be an infectious disease caused by the type X spirurina larva.
Although there was a large decrease in the number of clinical

cases in 1995 when the squids were frozen to destroy any _

Figure 5 Transverse annulations {arrows) of the surface of the
larval cuticle, which are characteristic to spirurina farvae.

Table 1 Morphological features of the larva

Body width 78-92 x 97-101 um

Cuticle Thin (1 pm)
Annulation 2-3um

Sormatic musculature Polymyarian coelomyarian type

Muscle cells in a quadrant 24-27

Dorsal and ventral chords Small, clear

Lateral chords Small, clear

Glandular esophagus 34-42 x 4347 pm
No. branches g )

Intestine 18-24 x 2529 pm
No. cells 6

larvae before they came into the market, a number of cases
were still reported every year after 1996, probably because
of inappropriate freezing procedures.” However, cases in
which the body of the spirurina larva was found in .the
obstructed intestine of the patients are exiremely rare; there
are only four such cases reported in the literature.>®

In the present case of acute ileus, we successfully showed
the body of a larval nematode in the wall of the obstructed
ileumn, which showed severe eosinophiiic enteritis, The struc-
ture of this larva was different from that of anisakis iarvae;'
for example, its body was much smaller than an anisakis
larval body (approximately 200—-600 pm in diameter), its mus-
cle cells were much fewer than those of anisakis (60-80
muscle cells per quadrant), and its lateral chords expanded
to occupy the body cavity (the lateral chords of anisakis
tarvae locally project into but do not occupy the body cavity).



We found that the surface of the larva had no spines, unlike

~ Gnathostoma larvae, and its cuticle had annulations, unlike
filariae.”»™ The nematode larva was found to be morpholog-
ically identical to type X larva of the suborder Spirurina. The
present case proves that this larva is one of the causative
agents of acute ileus in humans.

The patlent in the present case remembered eating raw
fish but no squids before the onset of his disease. Previous
parasitological studies have made it evident that type X spiru-
rina larvae can inhabit severat kinds of fish and squids other
than W. scintilians.®'®"" Therefore, it is important to be aware

of the possibility of spirurina infection in cases of acute ileus

following ingestion of raw fish, even if the history of ingesting
raw W. scintillans is uncertain.

Recent dermatological case studies have documented that
type X spirurina larvae causes cutaneous larva migrans in
humans; the body of this larva was shown histologically in
the skin of a creeping eruption that cccurred after a patient
ate raw W, scintiflans.’*'® 1t is reasonable that type X spiru-
rina larvae migrate from the intestine through the skin, but
little is known about the route(s) of the spirurina larva
migrans. A vascular route of farva migrans for some other
nematodes is proposed from experimental studies; in mice,
visceral larva migrans of Baylisascaris fransfuga can take
place by way of blood vessels.'® The human case presented
in the current paper showed, for the first time, the presence
of type X spivurina larva within a blood vessel of the intestinal
wall, suggesting that a vascular route is (one of) the way(s)
of the spirurina larva migrans.
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A MULTIPLEX PCR FOR DISCRIMINATION BETWEEN PARAGONIMUS
WESTERMANI AND P. MIYAZAKII AT THE METACERCARIAL STAGE

Hiromu Sugiyama’, Yasuyuki Morishima', Yosuke Kameoka® and Masanori Kawanaka'
g yu

lDepaurt;ment of Parasitology, Division of Genetic Resources, National Institute of Infectious Diseases, Tokyo,

Japan

Abstract. Amultiplex polymerase chain reaction (PCR) system was developed for accurate species discrimination
between Paragonimus westermani and P. miyazakii at the metacercarial stage. The interspecies-conserved and
species-specific primers designed from the sequences of the second internal transcribed spacer (ITS2) region of
muclear ribosomal DNA (\FDNA) were all incorporated into single tubes and PCR amplification was carried out.
The method allowed us to identify P. westermani and P. miyazakii, and discriminate them from F. okirai at the

metacercarial stage in a single tube reaction.

INTRODUCTION

The lung flukes, Paragonimus westermani and
P miyazakii, are of known medical importance as
pathogens causing human paragonimiasis in Japan.
The metacercariae of these species are found in the
same freshwater crab species and are morphologically
quite similar (Miyazaki, 1991). Therefore, the
development of sensitive and objective diagnostic
methods is required for accurate species
discrimination and identification of the individual
metacercariae of these species. These methods could
be used for epidemiological investigations of the
prevalence of the metacercariae in the crab host, and
thus have important implications for controlling lung
fluke disease.

We recently reported the establishment of
molecular methods based on the use of polymerase
chain reaction (PCR) for accurate discrimination of
individual metacercariae of P. westermani and F.
miyazakii (Sugiyama ez al, 2002). The methods
included direct cycle sequencing of the PCR products,
PCR-restriction fragment length polymorphism
(RFLP) and direct PCR-amplification using species-
specific primers. All of these methods utilize
nucleotide differences in the second internal
transcribed spacer (ITS2) region of nuclear ibosomal
DNA (rfDNA) for discrimination. Of these methods,
direct PCR-amplification provides a2 more rapid
differential identification of species, because only a
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single-round PCR is required. However, this method
lixnits identification to a single species and requires
concurrently-run conirols. In the present paper, we
report the development of a multiplex PCR utilizing
interspecies-conserved and species-specific primers
designed from the sequences of the ITS2 region, which
allows species discrimination of the individual
metacercaria in a single‘ tube reaction.

MATERIALS AND METHODS

Parasite material and DNA isolation

Metacercariae of P westermani (the diploid type)
and P mivazakii were harvested from the freshwater
crab, Geothelphusa dehaani, and used for DNA
isolation (Sugivama et al, 2002}, DNA was also
extracted from the metacercartae of P. ohirai, which
were isolated from the brackish water crab,
Chiromantes dehaani, collected in Tokyo, Japan
(Sugivama et al, 2004).

Primers and amplification by PCR

The P, westermani-specific forward primer (PwF1;
5'-GTTTATGTTGCGCGTGGTCTGCTTTC-3',
alignment positions 351 to 376 for P. westermani ITS2
region) and P. miyazakii-specific forward primer
(PmF1; 5'- TTCCCCAACCTGGCCTCGTGG-3',
alignment positions 184 to 204 for P, miyazakii ITS2
region) were newly designed in this study to target the
3'-terminal and the central portion of the ITS2
sequences of the corresponding species, respectively
(Fig 1). In combination with the species-specific
primers, consensus primers, 38: 5-GGTACCGG
TGGATCACTCGGCTCGTG-3" (forward) and/or
A28: 5-GGGATCCTGGTTAGTTTCTTITTCCTC
CGC-3' (reverse), which were designed based on the
conserved sequences of the 5.85 and 285 genes
(Bowles et al, 1995), were used.

327
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Pw  1:TGTCGATGAAGAGCGCAGCCAACTGTGTGAATTAATGCGAACTGCATACTGCTTTGAACA

Pm o 1. e e

.......... T

Pw 61:TCGACATCTTGAACGCATATTGCGGCCACGGGTTAGCCTGTGGCCACGCCTGTCCGAGGG

Pm 61: ... ... .. . e

Pw 121:TCGGCTTATAAACTATCGCGACGCCCAAAAAGTCGCGGCTTGGGTTTTGCCAGCTGGCGT

Pm 121 . . e e

Pw 181:GATCTCCCCAATCTGGTCTTGTGCCTGTGGGGTGCCAGATCTGTGGCGTTTCCCTAACAT

Pm 181:...T....... c....C..C...G...

Pw 241:ACTCGGGCGCACCCACGTTGCGGCTGAAAGCCTTGACGGGGATGTGGCAACGGAATCGTG

Pm241;: . TC...... T..... T....T.....

PwFl1l-->

Pw 301 :GCTCAGTGAATGATTTATGTGCGCGTTCCGCTGTCCTGTCTTCATCTGTGGT TTATGTTG

o ALLLVALVALGL AL G......

Pw 361 :CGCGTGGTCTGCTTTCGATGCTGACCTACGTATGTGCCATGTGGTTCATTCTCCTGACCT

................ 461

Fig 1- Aligred nucleotide sequences of an ITS2 region from P. westermani (Pw) and P, miyazakii (Pm) metacercariae. A hyphen
indicates an alignment gap. A dot in the P. miyazakii sequence indicates a nucleotide identical to that in P, westermani. The
5'and 3’ ends of the sequences include 5.85 IDNA and 288 rDNA, respectively. The locations of the P, westermani-specific
forward primer (PwF1; 5“GTTTATGTTGCGCGTGGTCTGCTTTC-3'") and P, miyazakii-specific forward primer (PmF1;
§-TTCCCCAACCTGGCCTCGTGG-3") are underlined. The numbers refer to alignment positions.

PCR amplification was performed as described
previously (Sugiyama et af, 2002) using 0.25 um of
each primer and 2.5 units of Taq polymerase
(Invitrogen, USA). In the present study, 1 ng of the
DNA was added to each PCR reaction (final reaction
volume, 100 pl); 1 ng of the DNA was equivalent to
about 1/250, 1/400 and 1/100 of the DNA isolated from
a single P. westermani, F. miyazakii and P. ohirai
metacercaria, respectively. The resultant PCR products
wetre separated by electrophoresis through 2% (w/v)
agarose gels. the amplified PCR products were also
excised from agarose gels and sequenced using the
corresponding primers and the BigDye Terminator
Cycle Sequencing Kit (Applied biosystems, USA)
on ap autemated sequencer (ABI310, Applied
Biosystems).

RESULTS

In the first step, the species-specificity of the newly
designed forward primers, PwF1 and PmF1, was

evaluated as to whether they could amplify different
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sized species-specific fragments from metacercarial
DNA by PCR in combination with the consensus
reverse primer A28. As was expected, the primer set
PwF1-A28 amplified a PCR product of about 140 bp
from P. westermani DNA, but not from P. miyazakii
DNA (Fig 2). In contrast, PmF1-A28 amplified a
product of about 300 bp from P. mivazakii DNA, but
not from P. westermani DNA (Fig 2).

Having demonstrated the species-specificity of the
primers PwF1 and PmF1, these two primers were
mixed and incorporated into single tubes with the
consensus primer A28 for the PCR reaction. As a
result, a PCR product of about 140 bp was amplified
from P. westermani DNA and that of about 300 bp
was from P. miyazakii DNA (Fig 3). The same PCR
amplification was carried out using DNA, extracted
from P. ohirai metacercariae but no product was
amplified (Fig 3).

We previously reported that PCR products of the
same size (520 bp) were amplified from P, westermani
and P. mivazakii metacercarial DNAs using the
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1 2 3 4

Fig 2- Results of PCR amplification of DNA from P.
westermani (lanes 1 and 2) or B miyazakii (lanes 3
and 4) metacercariae using the P. westermani-specific
PwF1 (lanes 1 and 3) and P, miyazakii-specific PmF1
(lanes 2 and 4) primers. A 100-bp DNA ladder was
used to estimate the size of the fragments.

consensus primer set 35-A28 (Sugivama et al, 2002).
These two consensus primers as well as the two species-
specific primers, PwF1 and PmF1, were all incorporated
into single tubes, and PCR amplification was then carried
out. As aresult, two PCR products of about 520 bp and
140 bp were amplified from P. wesfermani DNA and
products of about 520 bp and 300 bp were amplified
from 2 miyazakii DNA (Fig 4). In addition, we found
that only the 520-bp product was amplified from P
ohirai DNA (Fig 4). The amplified PCR products were
sequenced, and we confirmed that they corresponded
to the ITS2 regions of DN A from the respective species.

The sensitivity of the established muitiplex PCR
syster was tentatively determined by titration of the
DNA. The lowest concentration of P. westermani, P.
miyazakii and P. ohirai DNAs that produced PCR
products was estimated to be 0.001 ng (figure not
shown). This is equivalent to approximately 107 of
the total DNA isolated from a single metacercaria.

DISCUSSION

In the present study, we developed a multiplex PCR
system that allowed us to identify P, westermani and
P. miyazakii, and discriminate them from other
Paragonimus species at the metacercarial stage in a

_ single tube reaction. By this system, species-specific
bands of different sizes were produced from P
westermani DNA (140 bp) and P. miyazakii DNA (300
bp). At the same time, interspecies-conserved bands
(520 bp) were generated from DNAs prepared from

Vol 35 {Suppl 1) 2004

1 2 3

Fig 3- Results of multiplex PCR amplification of DNA. from
P, westermani (lane 1), P, miyazakii (lane 2) or P okirai
(lane 3) metacercariae using the two species-specific
primers, PwF] and PwFI, in combination with the

consensus reverse primer, A28, A 100-bp DNA ladder
was used to estimnate the size of the fragments.

R AR ESETT

Fig 4-Resuits of multiplex PCR amplification of DNA from
P. westermani (lane 1), P. miyazakii (lane 2) or P, ohirai
(lane 3) metacercariae using the two species-specific
primers, PwF1 and PmF1, combined with the
consensus primer set, 3S and A28. A 100-bp DNA
ladder was used to estimate the size of the fragments.

metacercariae of all the three species examined, P
westermani, P. miyazakii and P. ohirai. The PCR
products of about 520 bp could serve as an internal
control for the integrity of the PCR reaction and might
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function as a diagnostic reagent for genus idenfifica-
tion. The consensus primers, 35-A28, were previously
used to amplify the ITS2 region from P, ohirai adult
DNA (Blair et al, 1997).

From the high sensitivity of the multiplex PCR
system, we speculated that it has the potential to be
used for species identification and discrimination of
eggs of lung flukes, the life cycle stages with
particularly small sizes. In addition, the eggs of P.
westermani (the diploid type) and P. miyazakii are quite
similar in size and shape (Miyazaki, 1991), and
therefore it is quite difficult to differentiate the species
of individual eggs using morphological characters. As
the eggs in the feces or sputa from patients represent
the parasite stage for which diagnostic tests are most
often requested, studies are underway to elucidate the
established multiplex PCR system for this purpose..’
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ABSTRACT. Brackish water crabs infected with Paragonimus ohirai metacercariae have been reported in various regions in Japan. How-
ever, infected crabs have not been jdentified in Tokyo. We therefore collected the crab, Chiromantes dehaani, between August 2002
and July 2003 from 12 locations along the Arakawa River that flows through Tokyo. Of the 922 captured crabs, 177 (19%) from 6 loca-
tions were infected with Paragonimus metacercariae. The prevalence of metacercariae at these 6 locations ranged from 5 to 89%. The
number of metacercariae per infected crab ranged from 1 to 190, with an average of 13.1. The morphological features of the metacer-
cariae and of adult worms recovered from test rats infected with metacercariae showed that the metacercariae in the infected crabs were
P. ohirai Miyazaki, 1939. The ITS2 sequence data support this conclusion. This paper is the first description of P. ohirai infection of

crabs in Tokyo.

KEY WORDS: brackish water orab, Chiromantes dehaani, geographical distribution, lung fluke, Paragonimus ohirai.

Paragonimus metacercariae of an unknown species were
isolated from brackish water crabs in Kumamoto Prefecture,
Japan [S]. The novel species was subsequently named P.
ohirai Miyazaki, 1939 according to the morphological fea-
tures of metacercariae and adult worms from infected test
mammals [6]. Since this discovery, brackish water crabs
infected with P. ohirai metacercariae have been found in
various regions of Japan {7, 8]. However, with respect to the
Kanto district, P. chirai metacercariae have been confirmed
only in crabs found in the Boso area of Chiba Prefecture [3,
131

Although crabs infected with P. ohirai have not been
identified in other areas of the Kanto district, adult P. ohirai
worms were detected in a stray dog that died in Bunkyo
Ward, Tokyo, about 50 years ago [4]. The source of this
canine infection remains unknown. We extensively sur-
veyed the distribution of P, ohirai metacercariae in brackish
water crabs at several locations along the Arakawa River
that flows through metropolitan Tokyo.

MATERIALS AND METHODS

Isolation and examination of Paragonimus metacercar-
ige: Between August 2002 and Tuly 2003, we collected 922
brackish water crabs (Chiromantes dehaani, the second
intermediate host of P, ohirai; formerly referred to as
Sesarma dehaani or Holometopus dehaani [9]) from 12
locations along the banks of the Arakawa River in Tokyo.
To examine crabs for Paragonimus metacercariae, we
removed the carapace and then excised and compressed the
midgut gland between two 10 X 6 cm glass plates. The pres-
ence of metacercariae was examined under a stereoscopic
microscope. The compressed tissues were recovered using

J. Vet. Med. Sci. 66(8): 927-931, 2004

teasing needles or a spatula and then suspended in artificial
gastric juice consisting of 1 g of pepsin (Sigma Aldrich
Japan, Tokyo, Japan) in 1 I of 0.7% hydrochloric acid. The
digest was filtered through 60-mesh wire sieves with a little
water. The sediment in the filtrate was repeatedly washed
with 0.4% NaCl and poured onto a watch glass. Metacercar-
iae in the sediment were placed on glass slides and pressed
slightly under a coverslip for morphological observations
and measurements.

Adult worms from test rats; We infected 4 male Wistar
rats with metacercariae to raise them to adult worms. The
rats were necropsied 42 to 70 days after infection to recover
worms from the lungs and pleural cavities. Recovered
worms were compressed between two glags slides, fixed in
70% alcohol, stained with borax carmine and mounted with
Canada balsam for morphological observations and mea-
surements.

DNA amplification and sequencing of the ITS2 region:
The ribosomal DNA ITS2 region from two metacercariae
isolated from each of the 6 positive locations was amplified
by PCR and sequenced as described [10]. The primers used
were 38: 5°-GGTACCGGTGGATCACTCGGCTCGTG-3°
(forward) and A28: 5°-GGGATCCTGGTTAGTTTCTTTIT
CCTCCGC-3’ (reverse). We aligned and compared
sequences using the GENETYX-WIN (ver. 4.0, Software
Development Co., Tokyo, Japan) program.

RESULTS

Prevalence, amount and infection intensity of P. ohirai
metacercariae in crabs: We identified Paragonimus meta-
cercariae in 177 (19%) of the 922 crabs collected at the fol-
lowing locations: Senju in Adachi Ward, Yahiro in
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Fig. 1. Map of central Japan. (A) Area examined in this study is eastern Tokyo. (B) Details of study area showing locations where
brackish water crabs, C. defaani, were collected. Closed circles, locations of crabs infected with P. ohira#; open circles, locations of
uninfected crabs; star, Hakusan (formerly Koishikawa-Hara-machi) in Bunkyo Ward, where a stray dog infected with P. okirai died
about 50 years ago.

Table 1. Prevalence, amount and infection intensity of P. ohirai metacercarine in C, dehaani crabs from locations along the

Arakawa River in Tokyo
Looati No. of crabs % Total no. of me® No. of me per infected crab
catien Examined  Infected  infected detected Range Average
Itabashi Ward Funato 139 0 - - - _
Kita Ward Akabane 27 0 - - - _
Adachi Ward Koholu 5 0 - - - -
Umeda 93 0 - - - -
Senju 36 3 8 3 1 Lo
Sumida Ward Yahiro 110 86 78 858 1-64 10.0
Katsushika Ward Yofsagi 37 33 89 1,085 1-190 329
Higashi-Yotsugi 50 35 70 310 1-159 8.9
Nishi-Shinkoiwa 60 3 5 13 1-11 43
Edogawa Ward  Nishi-Kasai 58 17 29 42 1-10 2.5
Hirai 76 0 - - - -
Koto Ward Shinsuna 161 0 - - - -
Total 922 177 19 2,311 - 13.1

a) Metacercariae,
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Fig. 2. Morphology of a metacercaria. (A) Photomicrograph of a
fresh P. ohirai metacercaria encysted with a thin outer (O) and
a thick inner (I) cyst wall, attached to the liver of the crab host.
(B) Photomicrograph of the oral sucker of encysted metacer-
caria showing a stylet (arrow) doxsally embedded in the oral
sucker.

Katsushika Ward, Yotsugi, Higashi-Yotsugi and Nishi-
Shinkoiwa in Katsushika Ward, and Nishi-Kasai in
Edogawa Ward (Fig. 1). The prevalence of metacercariae at
these 6 locations varied from 5 to 89% (Table 1). We iso-
lated 2,311 metacercariae from these 177 infected crabs.
The number of metacercariae collected from an infected
crab ranged from. 1 to 190, with an average of 13.1. The
average was 2.5 per crab for all crabs examined. The high-
est incidence (89%) of metacercarial infection and the larg-
est number (32.9) of the mean burden per infected crab was
found in Yotsugi in Katsushika Ward. We did not find
Paragonimus metacercaria in 745 crabs collected from
Funato in Ttabashi Ward, Akabane in Kita Ward, Kohoku
and Umeda in Adachi Ward, Hirai in Edogawa Ward and
Shinsuna in Koto Ward.

We also attempted to collect crabs from the banks of the
Sumida River, which diverges from the Arakawa River at
Akabane in Kita Ward and flows into Tokyo Bay as one of
its tributaries (Fig. 1). However, we did not capture any
crabs from this river, probably because most of the banks
have been sealed in concrete.

Morphology of metacercariae from crabs: Paragonimus
metacercariae obtained from crabs were spherical, with thin

Fig. 3.
mounted adult worm from the lung of the rat 70 days after
infection, stained with borax carmine, showing the testes (T)
and ovary (O). (B) Photomicrograph of cuticular spines
arranged in groups.

Morphology of an adult worm. (A) Dorsal view of a

outer and thick inner walls (Fig. 2A). The thickness of the
inner cyst wall of the 50 specimens from Yotsugi ranged
from 2.9 to 5.2 pym, with an average of 4.1 ym. The longi-
tudinal and transverse diameter of the inner cyst freed from
the outer cyst ranged from 262 to 331 pm and from 196 to



