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Abstract Diphyllobothriasis caused by the infection of
adult Diphyllobothrium tapeworms sporadically occurs in
Chile. The occurrence of the disease is closely linked to the
consumption of raw or undercooked freshwater and marine
fishes. Diagnosis of diphyllobothriasis has been based on
laboratory examinations of the morphological character-
istics of proglottids and eggs passed in the feces. Although
determination of the parasite to the species level is possible
through histologic examination of proglottid specimens, the
parasites of patients who only discharge eggs cannot be
diagnosed to the species level. Determining the species
responsible for the infection of humans and other animals in
affected areas is an important component of understanding
the epidemiologic and enzootic characteristics of any
infectious disease. We therefore compared the classification
results obtained using a molecular approach with those
obtained from morphological and histopathological exam-
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ination of proglottids or eggs from five Chilean individuals
with diphyllobothriasis. DNA analysis confirmed that the
causative Diphyllobothrium species in Chile were first
identified as Diphyllobothrium latum and Diphyllobothrium
pacificum at least. Furthermore, mitochondrial cytochrome
¢ oxidase subunit 1 gene analysis also supported the
hypothesis that D. latum from Chile originated from
Europe.

Intreduction

Diphyllobothriasis caused by the infection of adult Diphyl-
lobothrium tapeworms is a fish-borne cestodiasis that is
endemic to the countries of the southern cone of South
America, which includes Chile (Sagua et al. 1976, 2001;
Torres et al. 1983, 1993, 1998; Mercado et al. 1988; Kurte
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et al. 1990; Gonzalez et al. 1999) and Argentina (Semenas
and Ubeda 1997; Semenas et al. 2001) and Peru in the
Pacific coast (Lumbreras et al. 1982). The occurrence of the
disease is closely linked to the consumption of raw or
undercooked freshwater or marine fishes. The majority of
laboratory diagnoses of diphyllobothriasis have been based
on morphological characteristics of expelled proglottids and
eggs passed in the feces. Identification of the parasite to
species level has depended on the histological examination
of proglottids, which means that the parasites responsible
for intestinal infections in patients who only discharge eggs
could not be identified to species level. However, deter-
mining the Diphyllobothrium species responsible for human
and other animal infections within a particular geographic area
is important to understand the epidemiologic and enzootic

Fig. 1 Diphyllobothrium
samples examined in the present
study. a Wrinkled proglottids
obtained from Case 1, Arrow
indicates longitudinal
protuberance situated near the
uterine pore. b Sagittal view of
the proglottids shown in a. LP
longitudinal protuberance, CS
cirrus sac, SV seminal vesicle,
UP uterine pore, U uterus
containing eggs; hematoxylin—
eosin stain. ¢ proglottids
expelled by Case 2. d Sagittal
view of the proglottid shown

in ¢; hematoxylin-eosin stain,

e Proglottids obtained from Case
3. U uterus composed of four to
six dendritic loops. f, g Eggs
passed in the fecal samples of
Cases 4 and 5, respectively.
Arrows indicate opercula
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aspects of diphyllobothriasis. Despite numerous reports on
diphyllobothriasis cases in South America, the causative
species have never been identified using DNA techniques. In
the present study, the results obtained from a molecular
diagnosis combined with morphological and histopathological
studies of proglottids and eggs obtained from five Chilean
individuals with diphyllobothriasis are described.

Case reports

Case 1 The patient was a 3-year-old boy residing in
Antofagasta, northern Chile, who complained of proglottid
expulsion (Fig. 1a). The patient was likely to have been
infected in 2000. Clinical courses were not well-documented,
but proglottids were purged naturally and were preserved in
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formalin for 9 years at the University of Antofagasta, Chile.
At a retrospective interview, the patient’s mother said that
they frequently ate a local fish dish, ceviche, raw marine
fishes, such as corvina (Sciaena deliciosa) and cojinova
(Seriolella violacea) marinated with lemon juice. The child
did not have a history of overseas travel.

Case 2 The patient was a 24-year-old man residing in
Santiago, the capital of Chile, who expelled proglottids in
his feces in 2003 (Fig.lc). The patient stated that he
frequently ate salmons from southern Chile, which his
mother smoked at home. The tapeworm was successfully
purged by administration of praziquantel. The case was also
considered to be due to domestic infection because of the
lack ‘of overseas travel.

Case 3 The patient was a 13-year-old boy residing in Santiago,
Chile. The boy elininated strobila via the anus (Fig. 1¢e), which
was sent to the Parasitology. Laboratory of the Faculty of
Medicine, University of Chile in 2009. He frequently ate
freshwater fishes, most probably salmonids captured on
frequent family fishing trips to the XIV Region de Los Rios
in southern Chile. He also ate fried marine fishes. He had no
digestive manifestations except for the expulsion of the
proglottids when his intestinal contents were evacuated. He
was treated with praziquantel and fecal samples were egg-
negative in a conirol examination after treatment.

Cuase 4 The patient was a 13-year-old girl residing in
Santiago, Chile, with no clinical history or epidemiological
data. In June 2009, a fecal sample was sent to the Parasitology
Laboratory at the Faculty of Medicine at University of Chile,
where microscopic examination of the sample showed the
presence of abundant Diphyllobothrium spp. eggs (Fig. 11).

Case 5 The patient was a 36-year-old woman residing in
Santiago, Chile. She mentioned no trips abroad or to other
regions within Chile. A parasitological examination of fecal
samples was solicited by her medical doctor after she
complained of experiencing digestive discomfort during a
routine consultation in March 2009. She mentioned that she
frequently ate ceviche, as well as salmon, albeit less
frequently. Microscopic examination of her feces showed
eggs of Diphyllobothrium spp. (Fig. 1g). She was treated
with praziquantel and microscopic: examination revealed
that she was egg-negative after treatment.

Materials and methods
The diphyllobothriid samples examined in the present study

were obtained as follows: Proglottids (No. 1) from Case 1
and eggs (No. 5) from Case 5 were fixed in 10% and 2%
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formalin, respectively. Two proglottids (Nos. 2 and 3) from
Cases 2 and 3, and an egg sample (No. 4) from Case 4 were
preserved in 70% ethanol. For histopathological examina-
tion, proglottid samples (Nos. 1 and 2) were processed to
paraffin-embedded specimens. The sagittal sections were
stained with hematoxylin—eosin and observed.

For the molecular analysis, genomic DNA (gDNA) from
the formalin-fixed proglottids (No. 1) was extracted from
the 10-um-thick unstained paraffin sections using a
DEXPAT kit (TaKaRa Bio, Japan). For the ethanol-fixed
proglottids (Nos. 2 and 3), gDNAs were prepared using a
DNeasy Blood and Tissue kit (Qiagen, Germany). For egg
samples (Nos. 4 and 5), 10 pL of 50 mM NaOH or 0.1%
SDS/proteinase K solution was added to the individual
eggs, which were then crushed by physical pressure under a
sterecomicroscope. The eggs were then lysed in NaOH or
SDS/proteinase K at 58~60°C for 1.5 h, and the resulting
supernatants were used as template DNA for the polymerase
chain reaction (PCR).

Amplification of the mitochondrial cytochrome ¢ oxidase
subunit 1 genes (cox]) was performed by PCR in a 50-puL
reaction mixture with Ex Tag DNA polymerase (Hot Start
version, TaKaRa Bio, Japan). KOD FX DNA polymerase
(TOYOBO, Japan) was also used for formalin-fixed samples.
To amplify short sequences of the cox! genes in formalin-
fixed samples (Nos. 1 and 5), the following primer pairs
were used: Dpac/F816 (5>-TTTGTTATTCGCCATGTTTTC
CATTGT-3%) and Dpac/R956 (5’-TTTATACCTGTTGGTA
CTCCAATAA-3"), Dpac/F733 (5-GTGCTTATTTTACCA
GGTTTCGGTA-3") and Dpac/R956, and/or Dpac/F920 (5°-
CGGTAACCATGATTATTGGAGTACC-3") and Dpac/
R1100 (5’-ATATTATCTAACACACAAGCAGAA-3’). For
ethanol-fixed samples, the primer pair Diphyllo nad3 (5’-
ATGTTAGCTTTATTTTTTGGTGG-3’) and Diphyllo rrnl/R
(5>-ACCAAATAATTGCAATCCTTTCGTAC-3") was used
to amplify the complete cox/ gene. The PCR was performed
for 35 cycles of denaturation (94°C, 30 s), annealing (58°C,
30 s), and extension (72°C, 60~90 s) plus one cycle of 72°C
for 5 min (Yamasaki and Kuramochi 2009). When KOD FX
DNA polymerase was used, the DNA was denatured at 98°C
for 15 min prior to. perform the PCR described above.
Amplicons were: confirmed by 3~4% agarose gel electro-
phoresis or capillary electrophoresis (HAD-GT12, e-Gene
Inc., USA) and purified using a NucleoSpin Extract II kit
(Macherey-Nagel, Germany) for use as templates for direct
sequencing. Samples for direct sequencing were prepared
using an ABI PRISM BigDye Terminator Cycle Sequencing
Ready Reaction kit (Applied Biosystems Inc., USA) and
sequencing was- performed on ABI PRISM 3100-Advant
Genetic  Analyzer (Applied Biosystems, USA). Sequence
data were analyzed using EditSeq and MegAlign softwares
(DNASTAR Inc., USA) and a phylogenetic tree was
constructed by the neighbor-joining method using the
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MEGA program (version 4.2, http://www.mbio.ncsu.edu/
BioEdit/bioedit.html).

Results and discussion

Diphyllobothriid samples obtained from five Chilean patients
were first identified based on the morphological characters.
The surface of the proglottids obtained from Case ! had a
wrinkled appearance and a longitudinal profuberance was
observed on the ventral surface (see arrow in Fig, la). A
sagittal view of the proglottids shows the characteristic
longitudinal protuberance, the morphology of the cirrus sac
and seminal vesicle with thick walls, and relative position of
the cirrus sac and seminal vesicle, all of which are suggestive
of Diphyllobothrium pacificum (Fig. 1b). The proglottids
(Fig. 1c) obtained from Case 2 show the cirrus sac as being
obliquely oriented relative to the anterior—posterior axis of
the proglottids, with the seminal vesicle located posterior to
the cirrus sac (Fig. 1d), all of which are characteristics of
Diphyllobothrium latum. Although the sagittal views of the
proglottids from Case 3 could not be obtained, the pro-
glottids were considered to be from D. latum due to the uteri
being composed of four to six dendritic loops (Fig. 1¢). The
eggs passed in the feces of Case 4 appeared operculated,
thin-walled, and light yellow—brown in color, with dimen-
sions of 67.8+1.8x48.1+£1.0 um (#=20) and were consid-
ered to be typical of Diphyllobothrium spp. (Fig. 1f). The
eggs found in the feces of Case 5 were elliptic, light yellow—
brown in color, with dimensjons of 55.7+2.2x42,7+0.9 um
(n=10) and were also considered to be from Diphylloboth-
rium spp. (Fig. 1g). Although the eggs from Case 5 were
smaller than the eggs excreted by Case 4, superposition of
egg dimensions in Diphyllobothrium species has been
described (P. Torres, personal communication). DNA anal-

Fig. 2 Phylogenetic tree
inferred from cox! (396 bp)
nucleotide sequences using

the neighbor-joining method.
Sample No. 5 was based on a
356 bp coxl sequence. Asterisks
indicate Diphyllobothrium
samples from Chile. Numbers
at branches denote bootstrap
values for 1,000 replicates and

ysis was performed to confirm the classifications obtained
using morphological and histopathological characters.

PCR products containing complete cox/ gene (approx-
imately 1.7 kb) were amplified in ethanol-fixed samples
(Nos. 2, 3, and 4, data not shown). DNA sequencing
revealed that the three samples identified morphologically
as D. latum had identical nucleotide sequences (AB504899,
AB510496, and AB511963 for Nos. 2, 3, and 4, respec-
tively) and were confirmed to be D. latum by BLAST
search and phylogenetic analysis (Fig. 2). Conversely,
amplification of the target DNA in formalin-fixed samples
(Nos. 1 and 5) was difficult due to DNA degradation by
formalin. However, short DNA fragments were successfully
amplified and the partial cox/ sequences of 107 bp
(AB525408) and 356 bp (AB517949) obtained from Nos.
1 and 5, respectively, were identified as D. pacificum
(Fig. 2). D. pacificum from Case 1 were not included in
Fig. 2 because the gene fragment measured only 107 bp. A
transitional nucleotide substitution (G/A) at position 972 of
the cox! genes was observed between D. pacificum isolates
from Chile (No. 5) and Peru (AM747494).

Between the time of the first reported human case of
diphyllobothriasis in Chile in 1950 (Neghme et al. 1950)
and 2001, at least 81 and 16 cases have been attributed to
D. latum and D. pacificum, respectively (Torres et al. 1993;
Sagua et al. 2001). In these cases, the etiologic agents were
identified based on the morphology of the expelled
proglottids and eggs passed in the feces. The present study
is the first to confirm the causative species of diphyllobo-
thriasis in South America using a combination of DNA
analysis combined with morphological and histopatholog-
ical examination. Nucleotide sequence of the cox/ gene of
D. latum from Chile is identical to those of cox] genes of
D. latum from Europe and Russia (Fig. 2), supporting
that D. latum in South America was historically introduced

Proglottid (Case 2, AB504899)*
D. latum (Russia, DQ985706)

98} Proglottid (Case 3, AB510496)*
D. latum (Russia, AB269325)
Egg (Case 4, AB511963)*
D. latum (Switzerland, FM209180)

100[— D.dendriticumn (Norway, DQ768194)
D. dendriticum (Norway, DQ768193)

the scale bar represents the
genetic distance based on
Kimura’s two-parameter model

711 D. nihonkaiense (New Zealand, AB364645)
D. nihonkaiense (Switzerland, AM412560)
100)| D. nihonkaiense (Canada, AM778552)
73' D, nihonkaiense (Japan, AB268585)
— Egg (Case 5, AB517949)*

80

0.02
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by European immigrants and tourists infected with the
parasite (Neghme et al. 1950; Semenas and Ubeda 1997).
To confirm this, further analysis using more samples of
D. latum from Chile and Argentina is needed.

Patients in Cases 1 and 5 had eaten corvina (S. deliciosa)
and cojinova (S. violacea), both of which have been
confirmed as second intermediate hosts of D. pacificum
in Peru (Escalante and Miranda 1986). In southern
Chile, plerocercoids of Diphyllobothrium latum and
Diphyllobothrium dendriticum have been reported to be
prevalent in rainbow trout (Oncorhynchus mykiss), coho
salmon (Oncorhynchus kisutch), Atlantic salmon (Salmo
salar), and brown trout (Salmo trutta; Torres et al. 1989a, b,
2000, 2002, 2004; Yamasaki et al. unpublished data); Cases
3 and 4 had histories of eating salmonids. Salmon meat has
become an increasingly important global commodity, and
increased exports of fresh/chilled salmon have been promot-
ed by rapid advances in international transport systems and
technology. Taken together, these advances have resulted
in an increase in the emergence of diphyllobothriasis in
regions where it was previously absent (Cabello 2007a, b).
An outbreak of human diphyllobothriasis in Brazil where it
was previously unknown was likely related to the consump-
tion of sushi or sashimi from aquacultured Atlantic salmon
imported from Chile or due to the indigenous common snook
(Centropomus undecimalis, Sampaio et al. 2005).

Cases 1, 3, and 4 were children. Case 1 was a 3-year-old
boy infected by D. pacificum, and Cases 3 and 4 were
parasitized by D. latum. Mercado et al. also reported a D.
pacificum infection in a 3-year-old Chilean boy (Mercado
et al. 1988). These data appear to show that the consump-
tion of fish can cause infections in both children and adults,
with none of the apparent age-related bias observed in
human-cestode infection cycles associated with the con-
sumption of raw or undercooked bovine and porcine meat
(Mercado and Arias 1995).

Given the morphological similarities among diphyllobothriid
species, the application of molecular identification methods
for accurately identifying Diphyllobothrium species is
both important and helpful for accumulating geographical,
ecological, and epidemiological information related to
diphyllobothriid parasites and diphyllobothriasis.
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Cerebral épargaosis

- The wandering lesion

MRIs demonstrate the migration of the lesion from the cerebellar hemisphere to the vermis over a period of 7 weeks. (A} Initial image, (B) 4 weeks later, and
(C) 7 weeks later. The tunnel sign appearing as a hollow tube (arrow) represents the moving track of a migrating worm. Giemsa-stained CSF (D} shows a high

number of edsinophils.

A 38-year-old Japanese man presented with a 2-year history of cerebellar ataxia, fever, and headaches. MRI
revealed migration of the lesion (figure, A—C). CSF cytology showed eosinophilic meningitis (figure, D);
serum and CSF ELISA were positive for Spirometra erinaceieuropaei. :

Human sparganosis is a rare parasitic infection by the larval cestode of Spirometra that results from
ingesting the plerocercoid harbored in frogs, snakes, and chickens. Repbrted wotldwide, sparganosis is most
prevalent in Southeast and Eastern Asia. The diagnosis is suggested by a wandering lesion, especially in
endemic areas; the tunnel sign on postcontrast MRI is characteristic.! The preferred treatment is the surgical

removal of live worm.,
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Abstract. Ectopic infection with Paragonimus miyazakii was determined to be the cause of a
subcutaneous inguinal mass in a 15-month-old, male, boar-hunting dog. On histologic examination, the
mass comprised granulomatous panniculitis, intralesional adult trematodes and eggs, and lymphadenitis.
Extrapulmonary paragonimosis in animals is rare. This appears to be the first report in a dog of ectopic

P. miyazakii infection with mature trematodes and e

and surrounding subcutis.

Key words:
subcutis.

Paragonimosis is a parasitic disease caused by
trematodes of the genus Paragonimus and is an
important food-borne endemic zoonosis worldwide.68
Adult trematodes reside in the lungs of definitive hosts
(humans and various wild and domestic animals,
including dogs).%® Ectopic paragonimosis with larvae
and/or adults is well recognized in humans;>68 however,
only a few cases of natural or experimentally induced
ectopic paragonimosis were reported in dogs.!:25714 To
the best of our knowledge, this represents the first report
of extrapulmonary P. miyazakii infection in a dog with
mature trematodes and eggs in an inguinal mass that
involved lymph nodes and surrounding subcutis.

A 15-month-old, setter-type, male dog that had been
used for boar hunting was presented to a private animal
hospital for examination of a palpable inguinal mass.
Reportedly, the dog occasionally ate raw wild boar
meat. Lymphoma was suspected clinically, so a core
biopsy of the inguinal mass was performed. After
unidentifiable fragments of a parasite were detected on
histologic examination, excisional biopsy was performed
for diagnosis and therapy.

On gross examination, the formalin-fixed subcutane-
ous mass was gray and lobulated, approximately 16 X
10 X 10 cm. The cut surface of the mass was mottled
yellow-brown to dark-red and contained trematodes
and enlarged lymph nodes. By stereomicroscopy, the
trematodes, encapsulated in cysts, were whitish, had a
thick ellipsoidal body and a small, reddish, crater-
shaped acetabulum. Eggs were operculate, irregularly

ggs that involved the inguinofemoral lymphocenter

Dogs; ectopic parasitism; histopathology; lymphadenitis; Paragonimus miyazakii;

barrel shaped, and averaged 77.7 um X 48.0 in length
and width,

On histologic examination, the subcutaneous mass
comprised granulomatous panniculitis with cysts that
contained adult trematodes and eggs, and lymphadenitis
associated with the eggs. Dense, broad bands of fibrous
tissue encapsulated the mass and dissected between the
cysts and nodules (Figs. 1, 2). Cysts contained single or
paired adults, scattered mature eggs, mixed inflamma-
tory cells, red blood cells, and necrotic debris. Nodules
consisted of numerous mature and degenerated eggs in
granulomatous inflammation (Fig. 2). Some nodules
contained a central mass of eggs and a thin peripheral
rim of fibrosis; in others, solid nodules of eggs were
separated by fine fibrous septa. Infiltrating leukocytes
included a variable number and mixture of plasma cells,
lymphocytes, neutrophils, eosinophils, and macrophag-
es, with a few multinucleated giant cells. The affected
lymph nodes had both small and massive clusters of eggs
scattered throughout the nodal sinuses (Fig. 3). Some
egg clusters elicited granulomatous response. Follicles
were hyperplastic with prominent germinal centers;
nodal fibrosis was severe and diffuse.

On histologic examination, the adult trematodes had
tegument, with a single spine, well-developed oral and
ventral suckers, uterus, ovary, and intestine. Numerous
mature eggs were in the uterus; lobes of the ovary were
moderately branched. Testes and vitelline ducts were
also fully developed and contained mature sperm and
vitelline cells, respectively.
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Inguinal subcutaneous mass; dog. Granulo-

Fig. 1.
matous panniculitis and lymphadenitis associated with
adult trematodes and eggs. HE. Bar = 1 mm.

Fig. 2. Inguinal subcutaneous mass; dog. Clusters
of trematode eggs in granulomatous inflammation. HE.
Bar = 100 pm.

Fig. 3. Lymph node of the inguinofemoral lym-
phocenter; dog. Granulomatous lymphadenitis with
trematode eggs. Lymphoid follicles have prominent
germinal centers. HE. Bar = 400 pym.
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Fig. 4. RFLP analysis of ITS2 PCR products. The
DNA from the sample (S), P. westermani (diploid type)
(Pw), P. miyazakii (Pm), and Paragonimus ohirai (Po)
was amplified with ITS2-specific PCR primers and
digested with endonucleases, BsoBI, and BssSI. The
restricted fragments of the sample are identical to those
for P. miyazakii.

Microscopic features of the adult parasites and
stereomicroscopic features of the eggs were characteris-
tic of Paragonimus spp., so ectopic paragonimosis was
diagnosed. After approximately 2 weeks, the excision
site swelled again to approximately two thirds of its size
before surgery. Oral praziquantel treatment (10 mg/kg,
once a day, for 10 days) was administered. The swelling
subsided after the treatment, and the dog has remained
free of clinical disease, without further treatment, for
more than 2 years. Additional clinical examinations,
including chest radiography or fecal examination for
Paragonimus eggs, were not performed.

The Paragonimus sp. was identified from the forma-
lin-fixed specimen by polymerase chain reaction (PCR)
linked restriction fragment length polymorphisms
(RFLPs) and DNA sequencing.!? Restricted fragment
length polymorphisms of the second internal transcribed
spacer (ITS2) from nuclear ribosomal DNA were
identical to those of P. miyazakii (Fig. 4), and the
sequences of ITS2 were identical to those deposited in
the GenBank/EMBL/DDBIJ nucleotide database (acces-
sion number U96912) for P. miyazakii. The species was
thus identified as P. miyazakii.

Paragonimosis is an important food-borne parasitic
zoonosis caused by trematodes (genus Paragonimus),
which infect the lungs of humans and various other
animals.%? At least 28 species of Paragonimus have been
identified,® and 10 species are recognized as causing
human disease.® Paragonimus spp. are mainly parasites
of cats, dogs, and various mammals that eat freshwater
crabs and crayfish (the second intermediate host), as
well as the raw meat of wild boars (the paratenic host).’
Occasionally, humans become accidental hosts.® With
approximately 200 million people at risk and 22 million
people infected worldwide, paragonimosis still is an
important public health threat.® In the Far East,
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including Japan, the prevalence of human parasitic
diseases has been greatly reduced as living standards
improved, but pulmonary paragonimosis remains an
important endemic parasitic disease.!! Dogs and cats, as
more likely definitive hosts, generally play a greater role
than humans in the Paragonimus life cycle.®

In veterinary medicine, 2 Paragonimus spp., Para-
gonimus westermani and Paragonimus kellicotti, are of
particular interest.* P. westermani is the best-known
species in Asia; P. kellicotti occurs in North America. In
addition, in Japan, P. miyazakii is another important
species responsible for human and animal paragonimo-
§is.36:10

Paragonimus trematodes usually infect the lungs of
the mammalian host.> However, aberrant migration
may be more likely in accidental hosts,® and, because
humans are less suitable than other mammals as a
definitive host for Paragomimus, they may be more
commonly affected by ectopic paragonimosis. In human
extrapulmonary paragonimosis, various sites and tis-
sues, including the brain, spinal cord, abdominal cavity,
or subcutis, may be involved;>»%# pathologic effects are
principally caused by the presence of adult trematodes
and eggs, the movement of trematodes through tissues,
and the metabolites produced by trematodes.?> Some
species differences exist in the frequency and effect of
ectopic paragonimosis. Subcutaneous masses associated
with parasitic migration reportedly occur in 20-60% of
Paragonimus skrjahbini infections, compared with ap-
proximately 10% with P. westermani and 2.4% with P.
miyazakii (2/82).%1° For those Paragonimus spp., such as
P. miyazakii and P. skrjahbini, for which humans are an
unsuitable host, the trematodes are unlikely to mature,
so eggs are rarely found in extrapulmonary sites.3

In dogs, ectopic paragonimosis is rare 25714 Ip
reported cases, extrapulmonary lesions were mostly
produced by migration of immature trematodes or by
eggs;>'* exceptional cases had P. westermani cysts and
eggs in trachobronchial lymph nodes’ or spleen.?S In
contrast, the present case developed an inguinal sub-
cutaneous mass that contained encysted solitary or pairs
of adult trematodes. The trematodes had matured in this
ectopic location, forming cysts and producing eggs.
Granulomatous panniculitis and Iymphadenitis were
mainly attributed to the presence of eggs. Because dogs
are definitive hosts for P. miyazakii, the incidence of
canine extrapulmonary paragonimosis should be low.
However, once P. miyazakii settles in an extrapulmo-
nary site, maturation and egg laying may occur, as in the
present case,

In this dog, the trematodes may have migrated to
an inguinal lymph node, mated, deposited eggs, and
provoked lymphadenitis and regional panniculitis. In
human medicine, lymphadenitis because of the presence
of metazoan parasites, including Paragonimus or their
eggs, is rare but has been described.!* In dogs, such
lymphadenitis is also rare but has been described with P.
westermani’ and P. kellicotti infection.! However, lesions
in those cases were much less severe than in the present
case.
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Metacercariae, the encysted larval stage of flukes capable
of infecting the final and/or paratenic hosts, of Paragonimus
miyazakii and of both diploid and triploid forms of P.
westermani are found in the Japanese freshwater crab,
Geothelphusa dehaani, which acts as the second intermedi-
ate host in Japan. This crab is known as Sawagani in Japanese
and is widely distributed in Japan, from Hokkaido to Kyushu
islands, including Yakushima Island. Both Paragonimus spp.
are known to be medically important causes of human infec-
tion, although the respiratory symptoms that develop in pa-
tients vary according to the form and species of the causative
lung fluke. Chronic cough with rusty-colored sputum is the
most common symptom of patients infected with the triploid
form of P. westermani, while infection with P. miyazakii and
the diploid form of P. westermani usually causes pleural
effusion without remarkable lesions in the lung parenchyma
0. .

In Japan, the incidence of Paragonimus infection has in-
creased among long-term foreign residents (2,3). It is postu-
lated that long-term residents from Asian countries such as
China, Korea and Thailand maintain their dietary habits in
Japan and, thus, ingest uncooked Sawagani in their ethnic
dishes. Infection of people outside of these groups who eat
these dishes has also been reported. There is a need for cau-
tion regarding paragonimiasis associated with these eating
habits. In some cases, the causative foodstuff included in these
dishes was identified as Sawagani sold at local retail fish
markets.

In the present study, we purchased Sawagani originating
from three prefectures (Shizuoka Prefecture in the Tokai dis-
trict, and Miyazaki and Nagasaki prefectures in the Kyushu
district) at retail fish markets in the Tokyo metropolitan area
between April 2004 and February 2008 and examined these
crabs for the prevalence of Paragonimus metacercariae (Table
1). Lung fluke metacercariae were detected in 44 (17%) of
266 examined crabs. The positive crabs harbored a total of
169 metacercariae, with the average numbers of metacercariae
being 3.8 and 0.64 per positive crab and per crab of the total
number of crabs examined, respectively. The maximum num-
ber of metacercariae in a single crab was 23 in a crab originat-
ing in Miyazaki Prefecture that was purchased in February
2008.

Individual metacercariae isolated from the crabs were

*Corresponding author: Mailing address: Department of Parasit-
ology, National Institute of Infectious Diseases, Toyama 1-23-
1, Shinjuku-ku, Tokyo 162-8640, Japan. Tel: +81-3-5285-1111
ext, 2734, E-mail: hsugi@nih.go.jp
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Table 1. Prevalence, number and species of Paragonimus metacercariae
in Japanese freshwater crabs, Geothelphusa dehaani, sold at retail fish
markets in the Tokyo metropolitan area, Japan

Month of Origin No. of crabs No.of Mc?  Species?
purchase (Prefecture) examined infected  detected of Mc
Apr. 2004  Shizuoka 48 0 0

Apr. 2007  Miyazaki 46 0 0

Apr. 2007  Miyazaki 16 7 29 Pm
Apr.2007  Nagasaki 21 5 9 Pm

June 2007  Shizuoka 35 0 0

June 2007  Miyazaki 44 5 9 Pw (3n)
Jan. 2008  Miyazaki 30 4 6 Pm, Pw (2n)
Feb. 2008  Miyazaki 26 23 116 Pm

Total 266 44 169

: Metacercariae.

2: Pm, P. miyazakii, Pw (2n), the diploid form of P. westermani; Pw (3n),
the triploid form of P. westermani.

identified to the species (P. westermani or P. miyazakii) and,
further, to the form (diploid or triploid) for P. westermani,
The metacercariae of P. miyazakii could be morphologically
discriminated from those of P. westermani by the presence of
a membranous substance, as well as by the absence of a stylet
(1). Of a total of 169 isolated metacercariae, both of these
characteristics were confirmed in only 20 metacercariae, which
were identified as P. miyazakii. The remaining metacercariae
were subjected to molecular identification by PCR-restriction
fragment length polymorphism (RFLP) analysis and sequenc-
ing. First, the total genomic DNA was prepared from indi-
vidual metacercariae following our previously described
method (4). The ITS2 region of the nuclear ribosomal DNA
(rDNA) and a portion of the 16S mitochondrial rDNA were
amplified by PCR using primer pairs 3S (forward: 5-GGTA
CCGGTGGATCACTCGGCTCGTG-3") with A28 (reverse:
5-GGGATCCTGGTTAGTTTCTTTTCCTCCGC-3') (5) and
T7-1 (forward: 5-ATTTACATCAGTGGGCCGTC-3") with
SP6-1 (reverse: 5-GATCCAAAAGCATGTGAAAC-3) (6),
respectively. The amplified products were treated with restric-
tion enzymes and separated by electrophoresis on agarose
gel (RFLP analysis). For the RFLP analyses, we selected
restriction enzymes SnaBlI and BssSI to digest the ITS2 PCR
products from P. westermani and P. miyazakii (4). We selected
enzymes SnaBI and BsrDI based on the theoretical restric-
tion maps generated from the 16S mitochondrial rDNA
sequences of diploid and triploid forms of P. westermani (6,7).
Undigested amplicons were sequenced using the correspond-
ing primers to verify the identification made by RFLP analy-
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Fig. 1. RFLP patterns of PCR products amplified from the DNA of P.
westermani metacercariae (lanes 1-3 for both the diploid and riploid
forms; lanes 7-9 for the diploid form; lanes 10-12 for the triploid
form) or P. miyazakii metacercariae (lanes 4 - 6). The ITS2 PCR prod-
ucts were untreated (lanes 1 and 4) or treated with endonucleases
SnaBI (lanes 2 and 5) or BssSI (lanes 3 and 6). The 163 rDNA PCR
products were also untreated (lanes 7 and 10) or treated with endo-
nucleases SnaBI (lanes 8 and 11) or Bs»DI (lanes 9 and 12). A 100-bp
DNA ladder marker was used to estimate the size of the fragments.

sis.

PCR amplification with the primer pair 3S and A28 gener-
ated single 520-bp products from the metacercarial DNA
samples. Electrophoresis of.the restriction enzyme-digested
products resulted in two species-specific RFLP patterns,
as previously described (4). Species identification of the
metacercariae was made based on the digestion patterns of
amplification products. Products that were digested with
SnaBl to produce 2 fragments (about 420 bp and 100 bp) but
remained undigested with BssSI were identified as those of
P. westermani. Products that were undigested with SnaBI
but were digested with BssSI to produce 2 fragments (about
300 bp and 220 bp; Fig. 1) were identified as those of P.
miyazakii.

DNA samples prepared from P. westermani metacercariae
were further analyzed to determine the form, i.e., diploid
or triploid. PCR amplification of mitochondrial DNA with
the primer pair SP6-1 and T7-1 produced a single 840-bp
product. Restriction digestion of PCR products was used to
identify the diploid and triploid forms. Products that were
digested with SnaBI to produce 2 fragments (about 550 bp
and 290 bp) but remained undigested with Bs#DI were iden-
tified as those of the diploid form. Products that remained
undigested with SnaBI but were digested with BsrDI to
produce 2 fragments (about 560 bp and 280 bp; Fig. 1) were
identified as those of the triploid form. The species and forms
identified by the RFLP analyses were verified by sequencing
of the respective PCR products.

Consequently, as shown in Table 1, most of the metacer-
cariae were identified as P. miyazakii (157 metacercariae from
36 positive crabs), while the others were P. westermani (3
metacercariae from 3 positive crabs and 9 metacercariae
from 5 positive crabs were of the diploid and triploid forms,
respectively). However, there were no mixed infections either
with P. miyazakii and P. westermani (diploid and/or triploid
forms) or with both forms of P. westermani in any crab ex-
amined in the present study.

Sawagani from Miyazaki Prefecture were also purchased
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at aretail fish market in Fukuoka City in April 2008 and were
examined for Paragonimus metacercariae. P. miyazakii meta-
cercariae (35 in total) were detected in 15 of 30 examined
crabs. This finding implies that Sawagani with Paragonimus
metacercariae that are responsible for human infections are
likely also sold in retail fish markets in areas other than To-
kyo.

The heat resistance of P. westermani metacercariae within
the crab hosts was investigated almost a century ago (8). The
Japanese mitten crab, Eriocheir japonicus, which played a
major role as the second intermediate host in spreading the
human infection of P. westermani at that time in Japan was
investigated (P. miyazakii metacercariae have never been iso-
lated from this crab species). It was shown that boiling in-
fected crabs at 55°C for 5 min killed all the metacercariae (8).
However, to the best of our knowledge, the conditions re-
quired to kill metacercariae of P. westermani and P. miyazakii
in Sawagani have not yet been well examined, although we
are currently investigating these conditions. Therefore, the
implementation of a health education campaign is recom-
mended throughout Japan to emphasize that Sawagani, even
those sold at retail fish markets, are potential sources of lung
fluke infection in humans. Special attention should be paid
to ethnic dishes that are prepared with uncooked Sawagani.

This study was supported in part by grants for Emerging
and Re-emerging Infectious Diseases from the Ministry of
Health, Labour and Welfare of Japan (H18-Shinko-ippan-008
and H20-Shinko-ippan-016).
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