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ABSTRACT. The number of lung fluke species.documented-.in:Thaidand;totals
six.. Of them,: P. heterotremus is-the most.important, as it-affects humans.
Adthough- P;:westermani.iszfound, as metacercariae in:the:same .crab:species
as P. heterotremus -in-Thailand, human infections:with P.-westermani:have
not been.confirmed. In.order to accurately:discriminate between individual
metacercariae;of these;two species,we established a multiplex:PCR: method:
Through:this method, two products. eachbwere?'a'rnplif:ieg from:the metacercarial
DNA=samples:of P:.-heterotremus:.(ca;::310 and-520:bp) rand R:.westermani- (ca.
L40:and: 520:bp) «:In:contrast;: 520-bp.products alone were found to-be'generated
from:the: DNA:samples of :P.: siamensis, P...bangkokensis: and,P:. -harinasutai;
threesother:species-of lung.flukes-known to:occur .in:Thailand:.:Digestion
of these 520-bp products with the restriction enzyme ScrFI could

unequivocally discriminate species by the number and size of the produced
band(s): three bands (ca. 60, 210 and 250 bp) for.P. harinasutai, two bands
(ca. 250 and 270 bp) for- P. bangkokensis, -and. an uncut band: (520 bp} for
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P} siamensis’. The ‘established multiplex PCR' used in -combindtion with
réestriction enzyme-digestion (PCR-RFLP with ScrFI) is effective for
discriminating the five different species of the lung flukes occurring in

Thailand, even at the metacercarial stage.

INTRODUCTION

The number of lung fluke species documented in Thailand totals six (Blair
et al, 1999; Srisont et al, 1997): Paragonimus westermani, P. siamensis,
P. heterotremus:’ P: 'bangkokensis, P. macrorchis and P. harinasutai.-Of them,
P. heterotremus is the most' important; as+it affects’”humans. Although /P
westermani occurs as metacercariae in the same crab species as.P. heterotremus
in Thailand, human infections with.PJ:westérmani have#notibeen confitmed
(Blair et al, 1998). In order to accurately discriminate between individual
metacercariae ofithesetwo ‘species, ‘we‘established a’mulfiplex:PCRumethod
(Sugiyama“et-al;:2005). In' this study;we further/évaluated: the uséfulness
of the previously established multiplex PCR for species-level discrimindtion
among P. siamensis, P. bangkokensis and P. harinasutai,-thred ‘otherispecies

of lung flukes known to occur in Thailand.

MATERIALS AND METHODS

Parasite ' samplés:and:DNA ‘dsolation

The metacercariae of*P. siamensis:(Fig. 1) Wére harvested from the
freshwater.crab; Sayamia germaini:, captured in paddy fields ‘din'Prachin Biri
Province, iThailand (Srisont:etval, 1997)..The metacercariae of:P
bangkokensis::(Figi -2)::were harvested from the' freshwatercrab, Ranguna
smalleyl’;. captured in a Mountain stream-in Surat-Thani Proévincé; »Thailand
(Rangsiruji~et-al; in press). The metacercariae ‘0f-P.. hetérotremusyiP;
westermani-(strain Thailand):and‘P. harinasutai (Figi’'3) were harvested from
the:freshwater crab} Larnaudia larnaudii: captured in ‘a mountain stredam'in
Saraburi:Province, Thailand. (Kawashimd et-al, 1989). -DNA‘isamples were
prepared from.the metacercariae as previously described:(Sugivami: et al,
2002).

DNA amplification ‘and sequencing
For in’iil,tiple’k PCR:amplification (Sugiyama et al, 2005), the P.
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heterotremus-specific.forward primer (PhTFLl; 5'-TTCCCCAACGTGGCCTTGTGT-3',
alignment:positions:184: to. 204 for the'.P. heterotremus seécond:inteinal
tranSCribedaspacerJ(ITSZQ:regioneofathefnuclearariboépmalaDNA;(rDNA))wand
a newly-designed:P.:westermani-specific forward:primer: (PwTF3;

5 2GTCTGCGTTCGATGCTGACCTACG>3 !, talignment - positions:367 to:390 for the:P.
westermani ITS2 region) were  used in<combination:with" an
interspecies-conserved. primer -pair, 35=(forward,

5' ~-GGTACCGGTGGATCACTCGGCTCGTG-3"') -and; A28 (reverse;

5% ~GGGATCCTGGTTAGTTTCTTTTCCTCEGC-3") : (Bowles et al;, 1995): These: primers
were all incorporated into a single-tube reaction. The:multiplex PCR
amplification was:performed as previously:described .{Sugiyama et al, 2004)
using:0.:1-uMofi PhTFl:;.and:'PwTF3 primers:, 0.5 iuM of’ 35S and A28 primers, 2:5
units:of the.Taq:polymerase (Invitrogen,. USA) and:10 ng of:the DNA.template.
Thenresultant@PCR:prbduCts.weneﬁseparated;byxelectropgoresis-onaz%;(w/v)
agarose gels:

The -amplified products. were. extracted :from:;agarose-gels: and -sequenced
using:the-corresponding primers:;and:the BigDye Terminator Cycle Seguencing
Kit:: (Applied: Biosystems,: USA)-on an automated :sequencer :(ABI310, -Applied
BiosystemgingheAsequence,alignmeﬁt.andgcomparison~were;completed.using the

GENETYX-WIN. (ver. 7.0, Software .Development Co., Japan) :program.

restriction fragment length polymorphism: (PCR-RFLP))

The amplified products (4 pl) were also treated with five units of the
restriction enzyme HincII, Stul or ScrFI (New England Biolabs, USA) at 37°C
for 12 h. The treated samples were:then separated by electrophoresis on 3%
(w/v) agarose gels.

_RESULTS

Basedron«the:established multiplex:-PCR method. (Sugiyama et al;2005);
we:confirmed :that :two:products -each were amplified from;the: metacercarial
DNA samples.of:P. heterotremus (ca. 310 and 520 bp) and:P. westermani. (ca.
140 and 520.bp) (Fig.- 4)..0n the other hand; 520-bp products:alone:were
generated from the metacercarial -DNA samples of P. siamensis,:P. bangkokensis
and.P. harinasutai (Fig. 4): Sequence- analysis of the:amplified products
revealed:-r that the aligned ITS2 region was 463 bp in length: in. each of.the

latter three species” (Fig. 5).



‘Similarity’ searches of the GenBank/EMBL/DDBJ nucleotide  databases
revealed: that:the P.wsiamensis and P. harihasutai - ITS2:sequences:were
identical tothelsequences deposited under accessiof!numbers:AF1596057and
AF159609, respectively:.iHowever, there-is-no:sequence datasin:the
GenBank7/EMBL/DDBJ ‘for:P. bangkokensis; ' theréforeé, weldepositedrthe  ITS2
region sequence undériaccession” number AB248091w

Pairwise comparisons.between.P. siamensis:and: eéach ofiP.-bangkokensis
and P. harinasutai revealed.33 {7.1%) or 34 (7.3%)'nucleotide differences,
respectively. In'contrast, only oneé (0.2%) nué¢léectide diffetrence was found
between P.. bangkokensis and.P.: harinasGtai-:

For.species discrimination by PCR-RFLP, the restriction eénzymes, HincII,
Stul. and ScrFI,-were Selected on the:basis ‘ofi the theoretical restriction
maps. generated from the ITS2 sequences:of -P.  siamensis ) P:ibatgkokensis and
P harifasutai~(Figu~5). Digestion with HincII discriminatéd: P: siamensis
by the restriction pattern of two distinctive bands of about 110 and-410
bp-in-size,>while:the: :520-bp amplification products: .of the’two other species
remainedsuncut (Fig."6) {.In:Contrast, the PCR product of 'P.isiamensis remainéd
uncutiby Stul;.while>those of :the ‘two other spécies-were cleaved toiprodice
th‘bandslefTabout7220“andf3005bpuHDigestion&with S¢rFI . could:unequivocally
diécriminate“P:fsiamenéis,—P; bangkokensis-and P. harinasutai by number and
size of the produced band(s): three bands (ca. 60, 210 and 250 bp) for P.
harinasutai, two bands. (ca! 250:and 270 bp) for P. bangkokernsis; and an uiicdt

band (520 bp) for P. sidmensis. (Fig::6).

-DISCUSSION

The phylogenetic relationships of the Paragonimus species occurring in
Thailand have been demonstrated using genetic markers in the ITS2 region
of the rDNA (Blair et al, 1998; Iwagami®ét al, 2000). In these studies, the
ITS2 sequences were amplified by PCR with the primer pair, 3S and A28, from
DNA-samples’prepared from adult worms..Using this primei:pair.withitwo.other
_species-~specific¢'primers:to the previously established multipléx PCRimethod
(Sugiyama et al, 2005), weidemonstrated.that the 520-bp ITS2%séquences -aloiie
were*generated+fromAthe'individualJmetacercariae‘of P." siaménsis,i Pi
bangkokensis .and-P..-harinasutai. ‘Through.pairwise comparisons 'of"the
sequences” of” themamplified- products; these” species: were: unequivocally
discriminated from one another. We ‘then utilized nucleotide differences to

select the restriction enzymes HincII, Stul and ScrFI:for the PCR-RFLRA
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analyses, which allowed development of a more rapid and labor-saving
discrimination:method:.: Of: the restriction enzymes examined,:we confirmed
that.ScrFIl allowed;the most efficient. discrimination among these, species
based..oen:.the number -and size of . the:produced. bandy(s):...It:is-noteworthy that
the analysis with this enzyme .could uneguivocally. discriminate between: P.
bangkokensis and P. harinasutai, which have only a single base difference
in-the,, IT$2 region.-

JIn.-this study, we-demonstrated that:the previously establishedmultiplex
PCR method: (Sugiyama:et:al;. 2005); -whenisused in:combinationiwith:the
restriction enzyme digestion, is effective for discriminating the five
different.species. of: .lung. flukes.occurring :in.:Thailand,: even-at:the:
metacercarial.stage. .This method.may be . applicable to Paragonimus occurring
in other Asian countries like China and India where sets: of: Paragonimus:
species that have not yet been studied occur. Further collaborative studies,
ingluding.evaluation.of -the usefulness of this-method;;;are now in progress

in sthese .areas. using:locally obtained;parasite samples.
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Legends: to- Figures

Fig 1w Photomicrograph® of ‘fresh P/ siamensis metacercariae. The
metacercariae were encysted by a thick wall and had & spherdical shape:Thé
wall thickness averaged 94 um. The diameter of the cyst ranged from 668 to
- 736 pm’ with® anaverage “of 701! um: Bar is:150 um.

Fig 2. Photomicrograph of fresh P. bangkokensis metacercariae. The

metacercariaé were encysted by a wall and had a spherical ‘to silboval shape:

The wall thickness averaged 13 um. The longitudinal and transverse:diameters
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of the cyst ranged from 379 to 521 um and 365 to 469 um, respectively, with
average dimensions of 437 x 422 pm. Bar is 150 um.

Fig 3. Photomicrograph of fresh P. harinasutai metacercariae. The
metacercariae were encysted by a wall and exhibited a spherical to suboval
shape. The wall thickness averaged 14 um. The longitudinal and transverse
diameters of the cyst ranged from 570 to 748 ym and 534 to 724 ym, respectively,
with average dimensions of 655 x 634 pum. Bar is 150 um.

Fig 4. Results of multiplex PCR amplification of the metacercarial DNA
samples from P. heterotremus (lane 1), P. westermani (lane 2), P. siamensis
(lane 3), P. bangkokensis (lane 4) and P. harinasutai (lane 5). Two PCR
fragments were amplified from the metacercarial DNA samples of P.
heterotremus (ca. 310 and 520 bp) and P. westermani (ca. 140 and 520 bp).
A single 520-bp fragment was produced for P. siamensis, P. bangkokensis and
P. harinasutai. A 100-bp DNA ladder was used to estimate the sizes of the
bands (lane M).

Fig 5. Aligned sequences of the ITS2 region from P. siamensis (Ps), P.
bangkokensis (Pb) and P. harinasutai (Ph) metacercariae. A dot in the P.
bangkokensis and P. harinasutai sequences indicates identity with the P.
siamensis sequence. The recognition sites of the HincII (GTT/GAC), Stul
(AGG/CCT) and ScrFI (CC/CGG and CC/GGG) restriction enzymes are enclosed

in boxes. The numbers refer to the lengths of the nucleotide sequences.

Fig 6. Results of RFLP analysis of the ITS2 products amplified from P.
siamensis (lanes 1, 4 and 7), P. bangkokensis (lanes 2, 5, and.B) and P.
harinasutai (lanes 3, 6, and 9) metacercarial DNA samples. The PCR product
of P. siamensis (ca. 520 bp) was cleaved with HincII, producing two bands
{(ca. 110 and 410 bp, lane 1). The PCR products of the two other species remained
uncut (lanes 2 and 3). In contrast, the PCR product of P. siamensis remained
uncut with Stul (lane 4), while those of the two other species were cleaved
to produce two bands (ca. 220 and 300 bp, lanes 5 and 6). Digestion with
ScrFI discriminated P. harinasutai based on the restriction pattern of three
distinctive bands (ca. 60, 210 and 250 bp, lane 9). The PCR products of P.
bangkokensis were cleaved with ScrFI to produce two distinctive bands (ca.
250 and 270 bp, lane 8), while those of P. siamensis remained uncut (lane
7). Both 25-bp and 100-bp DNA ladders were used to estimate the sizes of
the bands (lanes M' and M, respectively).
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Ps 001l: TGTCGATGAAGAGCGCAGCCAACTGTGTGAATTAATGCGAACTGCATACTGCTTTGAACA
Pb 001: ...... e e e e C ittt B
Ph 001: ....ciiiiveinnnn . ottt B
Ps 061: TCGACATCTTGAACGCATATTGCGGCCACGGGTTAGCCTGTGGCCACGCCTGTCCGAGGG
2 o T 1 0 O e e et
Ph 06Ll: ... iiiiinennnnns e e et . e e
Ps 121: TCGGCTTATAAACTATCGCGACGCCCAAAAAGTCGCGGCTTGGGTCTTGCCAGCTGGCGT
Pb 121: ............ e e e ettt e e e e e N
D = o Tt 0 Tttt e et enns
Ps 181: GATCTCCCCAATCAGGTCTCGTGCCTGTGGGGTGTCAGATCTATGGCGTTTCCCTAACAT
Pb 181: LT G...T.AC..T...T.G........ Gttt e ittt et e e, C.
Ph 181: T Gl..T.AC..T T.G.vovvvnn C it ittt et ittt et aeann C
Ps 241: GCGCACCCACGTTGCGGCTGAAAGCCTTGACGGGGATGTGGCAACGGAATCGTG
Pb 241: - T Te W Te e, P P c i ..
Ph 241: B P O P € I I €
Stul
Ps 301: GCTCAGTAGATGAATTATGTGCGCGTTCCGTTGTCCTGTCTTCATCTGTGGTTTATGTTG
Pb 301: ....... [ | L C..... A..A...... A..... G C
Ph 301: ....... GA..T.T. ittt et ierneenn C..... A..A...... A.. G C
, HincII .
Ps 361: CGCGTGGTCTGTGTTCGACGTTGACICTATCTATGTGCCATATGGTTCATTCTCCTGACCT
Pb 361: Townnn G..C..CT..T.C......GAG.......... G...C. i ittt it
Ph 361: Te'vnn G..C..CT..T.C...... GAG....vo0vn G Civeennnn N
Ps 421: CGGATCAGACGTGAGTACCCGCTGAACTTAAGCATATCACTAA 463
Pb 421: ..... C et e st ettt C et s e st 463
Ph 421: ...t eieiennnns ettt e 463
Fig. 5
- 8 -

— 270 —

060
060
060

120
120
120

180
180
180

240
240
240

300
300
300

360
360
360



271



' HAMEMIRRFER 100 £

@

IEMRRIEZB(LS B S EEAOEGEER

Genetic factors associated with hepatic fibrosis of schistosomiasis japonica
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A: Grade 0, B:Gtade I, C: Grade II, D : Grade II (BiEIFy7:

BHERZET3).
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Abstract

As part of a search for good animal models for human schistosomiasis, two miniature pigs of the CLAWN strain (C-1, C-2) were
inoculated percutancously with 200 Schistosoma japonicum cercariae of the Chinese strain, and the subsequent infection was monitored
parasitologically, pathologically and serologically. Egg excretion into feces began at 5 weeks post-infection (p.i.) and became pronounced
from 8 weeks to 17-20 weeks p.i. The average number of eggs in 1 g feces of each pig at the peak period between 8 and 20 weeks were 288
and 277, respectively. C-1 and C-2 were killed and perfused at 27 and 47 weeks p.i. and adult worm numbers recovered were 35 and 15,
respectively. C-2 had at least four pairs of viable mature worms but no detectable fecal eggs for a month before perfusion, suggesting that any
produced eggs were not excreted into the feces during this period. Egg deposits associated with inflammatory reactions were observed by
histological examination of the liver, spleen, pancreas, mesenteric lymph nodes, lung, and small intestine. This suggests that reduced fecal
excretion of eggs into the feces did not correlate to reduced parasitc numbers in the chronic phase of schistosomiasis. This is the first report
showing the miniature pig to be a potential model for human S. japonicum infection.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Miniature pig; Schistosoma japonicum; Animal model

1. Introduction

Schistosomiasis is one of the major communicable dis-
eases to endanger public health and is of socio-economic
importance worldwide. In spite of various efforts to control
it, an estimated 200 million people are still infected [1]. In
China, the Philippines, and Indonesia, Schistosoma japoni-
cum is endemic. Extensive control programs such as snail

Abbreviations: SEA (schistosome soluble egg antigens); SWA (schis-
tosome adult worm antigens); EPG (eggs number per 1 gram feces); MHC
(major histocompatibility complex); SLA (swine leukocyte antigen).
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control, mass chemotherapy, and education have been
carried out for over 40 years in these areas and have brought
about the control of S. japonicum infections in some
endemic regions, but large endemic areas still remain in
China and the Philippines. In these areas, the presence of
reservoir hosts, such as water buffalo and cattle, has made
the control more difficult [2,3]. Studies of S. japonicum
infection in these animals, as well as in man, have been
required to overcome this difficulty.

Most of our knowledge about schistosomiasis is drawn
from experiments in primates and rodents. Although pri-
mates are good hosts for experimental infection [4], the high
cost and ethical concerns make them a difficult model for
researchers to maintain. The use of rodents has several
problems as a model for schistosomiasis. A single worm

276 —



294 K. Watanabe et al. / Parasitology International 53 (2004) 293-299

pair in the mouse model affects hepatic blood flow and is
said to be equivalent to a burden of approximately 4000
worms in man. The average life span of the schistosomes in
humans is longer than that of mice, thereby eliminating their
use in studies for long-term effects [5].

Although water buffalo and cattle are the most important
reservoir hosts in China, the pig is also known to be another
reservoir [2,9]. As an experimental model, it is impractical
to use water buffalo and cattle, and, therefore the pig has
gained more attention from researchers who are involved in
pathology or protective immunity [6—11]. However, the
major drawback of standard pigs is the large body mass at
3-4 months old, which reaches more than 100 kg. The
schistosome infection needs at least 3 months for research-
ers to be able to observe its clinical course, and the standard
pig’s large body size makes handling more difficuit com-
pared with other animal models, like rodents. Therefore,
smaller pigs, such as the miniature pig, were expected to be
ideal. However, Reid and Lichtenberg [12] had already
reported that the miniature pig could not serve as an
adequate substitute for primates. Following this initial
report, miniature pigs have not been used as an animal
model. Recently, a new miniature pig strain established in
Japan (the CLAWN strain) has become available. Therefore,
we evaluated the use of this strain of miniature pigs as a
model for human schistosomiasis.

2. Materials and methods

2.1. Experimental animals

The CLAWN strain miniature pigs (Fig. 1) were origi-
nally established by Y. Nakanishi during the 1980s and bred
in the Japan Farm Clawn Institute (Kagoshima, Japan).
Briefly, this pig was developed by crossbreeding two kinds
of F1: one is the F1 crossbreed of the Gottingen strain
miniature pig and the Ohmini strain miniature pig; and the
other is the F1 crossbreed of the Landrace strain pig and the

Fig. 1. The CLWAN miniature pig.

Great Yorkshire strain pig. Generally the weight of the
CLAWN miniature pig is approximately 30 kg in the 8-
months old and approximately 80 kg in the 24-months old.
Two 6-week-old CLAWN strain pigs (C-1 and C-2, 3 kg and
2.5 kg, respectively) were used in this study. The pigs were
fed standard nutrient chow based on their body weights,
with water ad libitum. The experimental protocol was
approved by the Animal Ethical Committee of Nagasaki
University.

2.2. Parasite and parasitological technigue

Pigs were percutaneously inoculated with 200 cercariae
using a coverslip. The cercariae were shed from infected
snails (Oncomelania hupensis) with a Chinese strain of S.
Jjaponicum maintained in the Jiangsu Provincial Institute of
Parasitic Diseases Control, Wuxi, Jiangsu Province, Peo-
ple’s Republic of China.

Feces were collected every week and the number of eggs
excreted into the feces was counted using a method
described by Willingham et al. [7]. Briefly, approximately
10 g of feces was homogenized and suspended in 500 ml of
1.2% sodium chloride solution. The feces suspension was
poured into a series of three sieves with mesh sizes of 400
pm, 100 pm, and 45 um, respectively. The residue left on
the 45-pm mesh was recovered with 1.2% sodium chloride
solution and then centrifuged. One-tenth of the sediment
was examined for S. japonicum eggs by light microscopy.
Epgs per gram of feces (EPG) were calculated from the
counts.

2.3. Blood collection

Blood was collected from the auricular vein once a week.
Before taking blood, pigs were anesthetized by intramus-
cular injection with 0.2 mg/kg midazolam (Yamanouchi
Pharmaceutical Co. Ltd. Tokyo, Japan) and 40 pg/kg
medetomidine (Orion Corp., Espoo, Finland). The ratio of
eosinophils number against total white blood cells number
were determined on the peripheral blood smear after May-
Griinwald Gimsa staining.

2.4. Enzyme-linked immunosorbent assay (ELISA)

An ELISA was performed as described previously [8]. To
block the non-specific binding, phosphate buffered saline
containing 0.1% blocking agent (Blocking Reagent,
1096176, Roche Diagnostics, Mannheim, Germany) was
used.

2.5. Perfusion

S. japonicum adult worms were recovered from the liver
and mesenteric veins using a previously described perfusion
technique [8]. Pigs were killed by overdose intravenous
injection of pentobarbital (30 mg/kg). Heparin sulfate (5000
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IU) was also injected intravenously, The thorax and abdo-
men were cut open by one central longitudinal section from
neck to anus. A plastic tube, 1 cm in diameter, was inserted
into the descending aorta just above the diaphragm and
ligated by silk string just under the renal arteries. Another
tube for the flush-out was inserted into the portal vein at the
entry to the liver and ligated. Twenty liters of saline
containing sodium citrate (15 g/l) was then flushed through
the peritoneal vessels. The fluid flushed out of the tube
inserted into the portal vein contained the adult worms, and
these were captured by the stainless steel mesh. After
perfusion, the portal vein was re-examined for residual
worms by careful observation.

After recovering the adult worms, the organs were
also perfused with periodate—lysine—paraformaldehyde
(PLP) solution for fixation. Organs were then excised
and immersed in the PLP solution. They were conven-
tionally processed, embedded in paraffin, and sectioned
at 3 pum. Sections were stained with hematoxylin—eosin
(HE), Masson’s trichrome, and the periodic acid Schiff
reaction.

A part of liver (left hepatic lobe) was digested in 3%
KOH at 37 °C for 24 h. The eggs number in one tenth of the
digested fluid was counted to determine the number of eggs
per gram of each organ.

3. Results
3.1. S. japonicum infection in miniature pigs

To confirm the establishment of S. japonicum infection,
fecal egg excretion (EPG) was monitored every week (Fig.
2). Fecal eggs were first detected at five weeks post-
infection (p.i.). The kinetics of EPG showed a biphasic
pattern. By 8 weeks p.i. in both pigs, EPG increased
dramatically to approximately 400. In C-2, EPG increased
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Fig. 2. Fecal egg excretion expressed in eggs per gram of feces of two
miniature pigs infected with 200 cercariae of a Chinese strain of
Schistosoma japonicum. Open circle, data from the C-1 pig. Closed square,
data from the C-2 pig. *sacrificed for the perfusion experiment.

further to approximately 700 at 10 weeks p.i. The EPG then
gradually decreased to approximately 50 at 14—15 weeks
p.i. before increasing again. Afterwards, egg excretion
persisted at a relatively low level. The eggs excreted at 25
weeks p.i. were still able to hatch in an artificial water pond
under light (data not shown). During the infection, the
eosinophilia was observed in C-1 at 26 weeks p.i. (9.5%),
in C-2 at 13 weeks p.i. (22%).

C-1 was killed at 27 weeks p.i. to examine the worm
recovery. The weight of the pig at the time of killing was
22 kg. The recovered number of worms was 35 (male,
20; female, 13; sex undetermined, 2; 11 paired worms
were among these): Thirty-three worms were viable, two
worms were dead. The number of eggs in the liver was
361/g liver. ‘

C-2 was killed at 47 weeks p.i. The weight at that
time was 42 kg. The adult worms were recovered after
portal vein perfusion. The number of worms recovered
was 15 (male, 10; female, 5; 4 paired worms were among
these). All these worms were alive and all paired female
worms had eggs in their uteri. The number of eggs in the
liver was 119/g liver.

3.2. Histology

In both pigs, organs (lungs, heart, kidneys, liver, spleen,
pancreas, mesenteric lymph nodes, small intestine, large
intestine, and brain) were removed and processed for
pathological analysis. In C-1 (killed at 27 weeks p.i.), no
marked change was macroscopically observed except for
moderate enlargement of the mesenteric and portal lymph
nodes. Neither apparent fibrosis nor cirrhotic changes were
observed in the liver. Histologically, S. japonicum eggs were
detected in the liver, spleen, pancreas, small intestine,
mesenteric lymph nodes, and lungs (Fig. 3a, b, f—h).
Deposited eggs were associated with a granulomatous
reaction consisting of multinucleated giant cells of foreign
body type, epithelioid cells, macrophages, neutrophils, and
eosinophils. The granulomatous reaction was surrounded
with mild fibrosis and lymphocytic infiltration. The gran-
ulomas were localized in and near the portal tract of the liver
(Fig. 3a), in the submucosal layer of the small intestine (Fig.
3h), within the peripheral sinus of the mesenteric lymph
nodes, and within the vessels of the pancreas and lungs (Fig.
3f, g). Portal—portal bridging fibrosis was occasionally
observed in the liver, but lobular disorganization was not
apparent.

In C-2 (killed at 47 weeks p.i.), an enlarged spleen and
mesenteric lymph nodes, and petechial hemorrhage in the
large intestine were observed macroscopically. Histologi-
cally, granulomas were found in the liver, pancreas, small
intestine, mesenteric lymph nodes, and lungs. The granulo-
mas were relatively small and mainly consisted of epithe-
lioid cells and fibroblasts without being surrounded by
eosinophils and lymphocytes (Fig. 3d).
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