16.

17.

18.

19.

20.

21.

22.

23.

Rong M, Rossi EA, Zhang J, McNeer RR, van den Brande JM, Yasin M, et al.
Expression and localization of Muc4/sialomucin complex (SMC) in the adult and
developing rat intestine: implications for Muc4/SMC function. J Cell Physiol
2005;202:275-84.

Artis D, Wang ML, Keilbaugh SA, He W, Brenes M, Swain GP, et al.
RELMbeta/FIZZ2 is a goblet cell-specific immune-effector molecule in the
gastrointestinal tract. Proc Natl Acad Sci U S A. 2004;101:13596-600.

Suemori S, Lynch-Devaney K, Podolsky DK. Identification and characterization of
rat intestinal trefoil factor: tissue- and cell-specific member of the trefoil protein
family. Proc Natl Acad SciU S A. 1991;88:11017-21.

Taupin D, Podolsky DK. Trefoil factors: initiators of mucosal healing. Nat Rev Mol
Cell Biol 2003;4:721-32.

Hounsell EF, Feizi T. Gastrointestinal mucins. Structures and antigenicities of their
carbohydrate chains in health and disease. Med Biol 1982;60:227-36.

Delmotte P., Degroote S, Merten MD, Van Seuningen I, Bernigaud A, Figarella C,
et al. Influence of TNFalpha on the sialylation of mucins produced by a transformed
cell h'ne MM-39 derived from human tracheal gland cells. Glycoconj J
2001;18:487-97.

Delmotte P, Degroote S, Lafitte JJ, Lamblin G, Perini JM, Roussel P. Tumor
necrosis factor alpha increases the expression of glycosyltransferases and
sulfotransferases responsible for the biosynthesis of sialylated and/or sulfated Lewis
x epitopes in the human bronchial mucosa. J Biol Chem 2002;277:424-31.

Hull SR, Laine RA, Kaizu T, Rodriguez I, Carraway KL. Structures of the O-linked
oligosaccharides of the major cell surface sialoglycoprotein of MAT-B1 and MAT-
C1 ascites sublines of the 13762 rat mammary adenocarcinoma. J Biol Chem

1984;259:4866-77.

16

— 219 —



24.

25.

26.

27.

28.

29.

30.

31.

32.

Brockhausen I. Sulphotransferases acting on mucin-type oligosaccharides. Biochem
Soc Trans 2003;31:318-25.

Becker DJ, Lowe JB. Fucose: biosynthesis and biological function in mammals.
Glycobiology 2003;13:41R-53R.

Isshiki S, Kudo T, Nishihara S, Ikehara Y, Togayachi A, Furuya A, et al. Lewis
type 1 antigen synthase (beta3Gal-T5) is transcriptionally regulated by
homeoproteins. J Biol Chem 2003;278:36611-20.

Nishida M, Uchikawa R, Tegoshi T, Yamada M, Matsuda S, Sasabe M,vet al. Lack
of active lung anaphylaxis in congenitally mast cell-deficient Ws/Ws rats sensitized
with the nematode Nippostrongylus brasiliensis. APMIS 1998;106:709-16.

Hyoh Y, Ishizaka S, Horii T, Fujiwara A, Tegoshi T, Yamada M, et al. Activation
of caspases in intestinal villus epithelial cells of normal and nematode infected rats.
Gut 2002;50:71-7.

Buisine MP, Devisme L, Savidge TC, Gespach C, Gosselin B, Porchet N, et al.
Mucin gene expression in human embryonic and fetal intestine. Gut 1998;43:519-
24,

Uchikawa R, Yamada M, Matsuda S, Tegoshi T, Nishida M, Kamata I, et al.
Dissociation of early and late protective immunity to the nematode Nippostrongylus
brasiliensis in Brown Norway and Fischer-344 rats, Parasitology 1996;112:339-45.
Shekels LL, Anway RE, Lin J, Kennedy MW, Garside P, Lawrence CE, et al.
Coordinated Muc2 and Muc3 mucin gene expression in Trichinella spiralis
infection in wild-type and cytokine-deficient mice. Dig Dis Sci 2001;46:1757-64.
Kamal M, Wakelin D, Ouellette AJ, Smith A, Podolsky DK, Mahida YR. Mucosal
T cells regulate Paneth and intermediate cell numbers in the small intestine of T

spiralis-infected mice. Clin Exp Immunol 2001;126:117-25.

17

— 220 —



33.

34.

35.

36.

37.

Tomita M, Itoh H, Ishikawa N, Higa A, Ide H, Murakumo Y, et al. Molecular
cloning of mouse intestinal trefoil factor and its expression during goblet cell
changes. Biochem J 1995;311:293-7.

Wlad H, Maccarana M, Eriksson I, Kjellen L, Lindahl U. Biosynthesis of heparin.
Different molecular forms of O-sulfotransferases. J Biol Chem 1994;269:24538-41.
Arizono N, Kasugai T, Yamada M, Okada M, Morimoto M, Tei H, et al. Infection
of Nippostrongylus brasiliensis induces development of mucosal-type but not
connective tissue-type mast cells in genetically mast cell-deficient WS/WS Tats.
Blood 1993;81:2572-8.

Ishikawa N, Shi BB, Khan AI, Nawa Y. Reserpine-induced sulphomucin production
by goblet cells in the jejunum of rats and its significance in the establishment of
intestinal helminths. Parasite Immunol 1995;17:581-6.

Maruyama H, Hirabayashi Y, el-Malky M, Okamura S, Aoki M, Itagaki T, et al.
Strongyloides venezuelensis: longitudinal distribution of adult worms in the host
intestine is influenced by mucosal sulfated carbohydrates. Exp Parasitol

2002;100:179-85.

18

— 221 —



TABLE 1. Relative expression levels of goblet cell- and mucin glycosylation-related
genes in the gut mucosa of normal BN rats.  Total RNA was extracted from epithelium
separated from the jejunum, ileum or proximal colon, or was extracted from the

glandular stomach mucosal scrape, and RT-PCR was performed. Levels of each gene

expression were normalized to that of f-actin.  In the Table levels in the jejunum were

arbitrary expressed as 1.00.

Stomach Jejunum Ileum Colon
MUCQC2 (mucin core peptide 2) UD 1.0+02 45+18 153.2 +49.8*
MUC3 (mucin core peptide 3) Ub 1.0+£04 15+£03 7.5+3.0%
MUC4 (mucin core peptide 4) UD 1.0+03 0.7+0.1 41.0 +13.1*
Relmp (resistin-like molecule B) 28+1.7 1.0£04 04+0.1 473 +21.1*
TFF3 (intestin_al trefoil factor) 0.2+0.1 1.0+04  27+405*% 39+04*
Siat 4¢ (a-2,3-sialyltransferase IV ) 3.6+£1.0% 10402 11.7+4.1*% 70+3.0%
3ST1 (3-0 sulfotransferase-1) 127+22*% 1.0+02 13+02 154 +3.0*%
38T2 (3-0 sulfotransferase-2) 1.9+£0.7 1.0£04 11£03 33+1.6
FUT1 (o-1,2-fucosyltransferase 1) 1.0+£0.2 1.0+02 15+0.1 13.8+0.5*
FUT2 (a-1,2-fucosyltransferase 2) 3.6+£0.6% 1.0+01 15+03 143 +2.8*
FUT4 (o-1,3-fucosyltransferase 4) 4.7 £0.9* 1.0£0.1  07+£0.1*% 3.0+0.2%
Lew 1 (Lewis type 1 antigen synthase: 0.140.0% 1.0+403 03+00 29+09

81,3-N-acetylglucosaminyliransferase 5)

Data shown are mean + SE of 4 rats.  *Significantly different from the levels in the

jejunum (p<0.05). UD: undetectable,
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TABLE 2. Number of goblet cells in the jejunum and ileum after N. brasiliensis

infection.
Days afcer Jejunum Ileum
infection
0 13.1+0.7 123+0.5
7 19.1 + 1.2%* 149+1.2
14 215 +1.2% 20.0 +0.9*
21 11.3+£1.0 11.3+1.3

Each measurement was performed on paraffin-embedded tissue sections. Figures in
the table represent numbers of goblet cells/100 villus epithelial cells.  All data are

mean + SE of 4 rats.  *Significantly different from day 0 (P<0.05).
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Figure legends

Fig 1. Expression of goblet cell- and mucin glycosylation-related genes in the jejunal
(closed columns) and ileal (open columns) villus epithelium of BN rats after infection
with the nematode N. brasiliensis. Total RNA was extracted from the epithelial
fraction, reverse transcribed, and relative quantification was carried out by RT-PCR.
The quantified value for each sample was normalized with respect to that for B-action.
The data are means + SE of 4 animals. The vertical axis shows the expression levels,
with day-0 average levels expressed as 1.0. *indicates values significantly different

from the day-0 level (P<0.05).

Fig. 2. Expression of mucin glycosylation-related genes in the jejunal villus epithelium
of mast cell-deficient Ws/Ws rats after infection with the nematode N. brasiliensis.
Total RNA was extracted from the epithelial fraction and semi-quantitative RT-PCR
was performed as described in Fig. 1. The data are means + SE of 4 animals. The
vertical axis shows the expression levels, with day-0 average levels expressed as 1.0.

*indicates values significantly different from the day-0 level (P<0.05).

Fig. 3. Expression of goblet cell- and mucin glycosylation-related genes in the jejunal
villus epithelium of BN rats in the early period after infection with the nematode N
brasiliensis. Total RNA was extracted from the epithelial fraction and semi-
quantitative RT-PCR was performed as described in Fig. 1. The data are means + SE
‘of 4 animals. The vertical axis shows the expression levels, with day-0 average levels
expresseci as 1.0. *indicates values significantly different from the day-0 level

(P<0.05).
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Fig. 4. Successive upregulation of goblet cell- and mucin glycosylation-related genes in

the intestinal epithelial cells during the course of N. brasiliensis infection.
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SUMMARY: To detect the prevalence of Clonorchis sinensis, one of the important helminthes in the human
population of the Guangxi Region where Schistosoma japonicum was endemic but eliminated in the late 1980s,
the Kato-Katz thick smear technique was used for examining fecal samples from selected townships in Hengxian
County. Among 1,552 people examined, 491 (31.6%) were found infected with C. sinensis. By counting eggs
per gram feces (EPG), it was found that the light, moderate, and heavy intensities of infection occupied 55.4,
33.0, and 11.6%, respectively, with an average EPG of 4,845 in the infected subjects. The survey revealed that
the prevalence in the age groups of 0-9 and 10- 19 years old was less than 10% but was 45-50% in the groups
between 30-39 and 60 - 69 years old. A much higher prevalence was demonstrated in the male population (41.9%)
than in the females (20.5%), and heavier intensity of infection was also found in the males than in the females.
These results indicated that the prevalence of this liver fluke is increasing in the past decade in that region, and
there is an urgent need to further assess the epidemiological factors in reference to the area’s changing socio-
economic conditions and human behavior, contamination of the environment and fish ponds, inadequate farming/
fishery practices, and the infection of domestic animals.

INTRODUCTION

The Guangxi Zhuang Autonomous Region was one of the
provinces in China where Schistosoma japonicum was preva-
lent. Since the mid-1950s, by extensive interventions of mass
detection, chemotherapy for both human and cattie popula-
tion, and intermediate host (Oncomelania snail) control, the
elimination of schistosomiasis was announced in 1989 (1-3).
Meanwhile, other helminthes are highly prevalent in the
region due to its relatively poor socioeconomic development,
particularly in areas with ethnic populations. In the first
nationwide randomly sampled survey on human parasitic
infections 10 years ago, the overall infection rate of intestinal
parasites in Guangxi was 85%, and the average prevalence
of Ascaris lumbricoides, hookworms, Trichuris trichiura,
and C. sinensis in the region was 66, 38, 47, and 1.2%,
respectively (4). Investigations of C. sinensis during 1978 -
1997 revealed a prevalence ranging from 0.08 to 75% in
different areas in which the clonorchis infection had been
previously reported (5). Taenia spp. was endemic in 30
counties, mostly those with ethnic minorities. An average
prevalence was 0.36% with the highest rate of 39% in a town-
ship of Rongshui County (6). Natural nidi of Paragonimus
westermani and other paragonimus species were detected in
15 counties. A positive rate of 42% by skin test and a rate of
7% by sputum or stool examination for eggs were reported in
selected villages (7).

In order to understand the prevalennce of helminth infec-
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tions other than schistosomiasis and to provide evidence for
developing control strategies, an epidemiological study in
selected areas was proposed. This paper reports the findings
from a survey regarding C. sinensis infection.

MATERIALS AND METHODS

Areas and subjects: Hengxian County, formerly an area
in which schistosomiasis was present, was selected for the
investigation of C. sinensis infection. Three spots (townships)
in the county were identified and the whole population in
each place, about 500 people, was included in the study.

Methods: The modified Kato thick smear method (Kato-
Katz technique) was used for fecal examination (three slides
for each fecal sample) to detect eggs of C. sinensis and
intestinal nematodes, and an egg count was made to determine
the intensity of clonorchis infection (number of eggs per gram
feces [EPG]). Following the criteria set by the Chinese
Ministry of Health (8), an EPG of <1,000, between 1,000
and 9,999, and >10,000 was identified as light, moderate,
and heavy infection, respectively.

By using test kits purchased from Shenzhen Luhan
Biotechnic Co. (Shenzhen, Guangdong, China), conventional
enzyme-linked immunosorbent assay (ELISA), using crude
antigen of clonorchis adult worms, was performed for sera
from partial examinees with or without clonorchis eggs. The
preparation of the antigen followed a routine procedure:
ground powder of lyophilized adult worms was defatted by
acetone, normal saline with thiomersalate was added for 72 h
extraction, and the supernatant after centrifugation was then
used as crude antigen. The stools of those with positive
serological test but who were shown to be egg negative by Kato-
Katz technique were reexamined using the formalin-ether
concentration method.

— 230 —



Table 1. Fecal examination for the infection of Clonorchis sinensis in Hengxian

. Prevalence Intensity of infection*

Township No. -

Surveyed examined No. o Light  Moderate  Heavy Mean

infected % % % EPG

Fucheng 545 205 37.6 59.5 30.7 9.8 3034.8

Pinglang 502 157 31.3 64.3 30.6 5.1 2451.8

Pingma 505 129 25.2 38.0 39.5 22.5 9049.1

Total 1552 491 31.6 55.4 33.0 11.6 48452

* Light infection: eggs per gram feces (EPG) 1-999; moderate infection: EPG 1000 -9999;

heavy infection: EPG >10000.

Table 2. Sex distribution of Clonorchis sinensis infection in Hengxian

) Male Female
Township No.
Surveyed  examined No. No. egg o, No. No. egg %
examined  positive examined  positive

Fucheng 545 283 51.9 262 58 22.1
Pinglang 502 266 374 236 57 24.2
Pingma 505 260 354 245 37 15.1
Total 1552 809 41.9 743 152 20.5

x?=25.2367, P <0.001.

The R x C chi square (%?) test was used for statistical
analysis.

RESULTS

Prevalence of the infections of C. sinensis and intesti-
nal nematodes: A population of 1,552 from the townships of
Fucheng, Pinglang, and Pingma in Hengxian were sampled
for the survey. The overall prevalence of helminth infections
including intestinal nematodes and C. sinensis was 48.9%
ranging from 44.2 to 53.8%. The average prevalence of 4.
lumbricoides, T. trichiura, and hookworm infections was 15.9,
12.8, and 7.5%, respectively. The prevalence of clonorchis
infection was 37.6, 31.3, and 25.2% in the three townships,
respectively, with an average of 31.6%.

The intensity of clonorchis infection: According to the
Manual of Intestinal Parasite Control, the number of EPG is
used to measure the intensity of clonorchis infection. Among
the positive fecal specimens, light infection occupied 55.4%
(ranging from 38 to 64.3% in the townships), moderate
infection 33.0% (30.6-39.5%), and heavy infection 11.6%
(5.1-22.5%). The average EPG was 5159.5 (Table 1). The
highest EPG was 105,840 in one case in Pingma.

Age distribution of clonorchis infection: The prevalence
was 4.3 and 8.7% in the 0-9 and 10- 19-year-old age groups,
respectively. It reached a plateau from the 30-39-year-old
age group (50.2%) to the 60-69-year-old age group (45.4%)
(Fig. 1). Statistical analysis showed an extremely significant
difference in the prevalence among the age groups from 0-9
to 30-39 years old (P < 0.0001). In regard to the intensity of
infection, all the cases in the 0-9-year-old group showed light
infection; heavy infection occupied 6-7% in the 10-19 and
20-29-year-old groups, and from 11.3 to 16.7% in the other
groups. Evidently, the adult population was more affected.

Sex distribution of clonorchis infection: As revealed in
Table 2, the prevalence was much higher in males (41.9%)
than in females (20.5%) (P < 0.001). The intensity of infec-
tion was also heavier in the male population than in the
female population: light, moderate, and heavy infection
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occupied 46, 38, and 16%, respectively, in the males, while
in the females, 76, 22, and 2%, respectively (Fig. 2) (P <
0.0001).

Result of serological test: ELISA was performed for
serum samples taken from clonorchis egg-positives, with 191
out of 205 sera (93.2%) showing positive reaction. The sero-
logical test was also used in 207 subjects in which no eggs
had been found by the Kato-Katz method; 12 (5.6%) were
positive for the antibody. Fecal sampies from these 12 cases
were examined again using the formalin-ether concentration
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method, in which approximately 2 g. of fecal material was
used, and clonorchis eggs were found in eight cases (66.6%).

DISCUSSION

In 1989, Hengxian County was identified as a pilot area
for the national survey on human parasites (4), and the preva-
lence of clonorchiasis was 18% and those of ascaris,
hookworm, and trichuris infection was 71, 34, and 55%,
respectively. In more than a decade, the prevalence of
ascaris, hookworms, and trichuris infection significantly
decreased to 15.9, 7.5, and 12.8%, respectively. This was
partly due to the local control activities in the 1990s, including
deworming of students of primary and secondary schools. The
improvement of living standards, environmental hygiene, and
health literacy among local people also helped reduce the
transmission of the soil-transmitted helminthes. The investiga-
tion in Hengxian County revealed again that clonorchis
infection is apparently an important problem, with an increase
of its prevalence from 18 to 31.5%. There may be epidemio-
logical and socioeconomic factors that positively affected the
prevalence of clonorchis infection. For instance, people in
that area received higher incomes due to the socioeconomic
reforms of the past decade and they preferred and could
afford raw freshwater fish - a dish which was believed to be
highly delicious, nutritious, and expensive. In addition, no
specific control program was established for liver fluke, and
the routine single-dose anthelmintics are not effective for the
fluke.

People at any age can be infected by C. sinensis. Depending
on the modes of fish-eating, the most affected population
groups in China can be either children who became infected
by eating small roast fish while playing in the field such as in
some central provinces, or adults who contracted infection
by consuming fish dishes which are raw or undercooked (9).
This study showed a much higher prevalence in the adult
population than in children and adolescents, a phenomenon
often seen in the southern provinces.

As to the relationship between prevalence and sex, the
investigation demonstrated that the infection rate was double
in males in comparison to females. The intensity of infection
also showed great degrees of difference with more heavy and
moderate infections and less light infections in males than in
females. It is not clear why the males contract more and
heavier clonorchis infections. One possible reason might be
the more frequent social activities and dining opportunities
at restaurants for male adults than for females. It 1s interest-
ing to note that the age and sex distribution of clonorchis
infection in some areas of South Korea was quite coincident
with what we found in Guangxi (10).

In some areas, serological tests have been used for epide-
miological screening of clonorchis infection. In this study,
ELISA was used in a portion of the subjects with or without a
positive stool examination. It was interesting that by applying
the formalin-ether concentration technique, eggs were found
in fecal samples of two-thirds of the anti-clonorchis antibody
positives. Apparently, the concentration method is more
sensitive for detecting clonorchis eggs than is the Kato-Katz
technique because the former technique requires a much larger
quantity of fecal material and provides a clearer micro-
scopical field for identifying the small eggs. This is virtually
consistent with the previous studies which recommended that
Kato-Katz method, with its practicality and feasibility, be used
for mass survey in the field while the formalin-ether concen-
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tration technique be conducted for clinical diagnosis due to
its higher sensitivity, though it is more time-consuming (9).

It seems necessary to indicate that it has been difficult to
confirm an infection of C. sinensis only by eggs in cellophane-
covered (Kato-Katz) thick smears in areas where intestinal
trematodes in the family Heterophyidae may exist, which
excrete similar small-type eggs in feces. In the southeastern
provinces such as Guangdong and Fujian, by identification
of adult worms expelled, trematodes other than C. sinensis
were reported including Hyterophyes hyterophyes, Metagoni-
mus yokogawai, Haplochis pumilio, and Centrocestus
Jormosanus, and one case of the latter (C. formosanus) was
recorded in Guangxi (4). Although these intestinal trematodes
were not widely prevalent, mixed infection with C. sinensis
is possible in some areas. Though intestinal trematodes other
than C. sinensis were not found in the area surveyed
previously and this time, it would be of interest to determine
in further examination if these flukes are present in Hengxian
County.

While the endemicity of soil-transmitted helminthes is
decreasing, C. sinensis has become more prevalent than it
was a decade ago in the region surveyed. It is not clear what
important epidemiological factors may have contributed to
the increase of the clonorchis prevalence. Further study is of
great importance, especially in reference to the area’s chang-
ing socioeconomic conditions and human behavior, contami-
nation of the environment and fish ponds by the unhygienic
latrines and human/animal excreta, inadequate farming/
fishery practices, and the infection of domestic animals such
as cats, dogs, and pigs. Epidemiological clarification of these
factors will be essential for developing an effective control
strategy for clonorchiasis.
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AMULTIPLEX PCR FOR DISCRIMINATION BETWEEN PARAGONIMUS
WESTERMANI AND P. MIYAZAKII AT THE METACERCARIAL STAGE

Hiromu Sugiyamal, Yasuyuki Morishima', Yosuke Kameoka” and Masanori Kawanaka'

1Depeu“[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
nuclear ribosomal DNA (tDNA) were all incorporated inte single tubes and PCR amplification was carried out.
The method allowed us to identify P. westermani and P. miyazakii, and discriminate them from P. ohirai 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 P,
miyazakii (Sugiyama et 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 ribosomal
DNA (tDNA) for discrimination. Of these methods,
direct PCR-amplification provides a more rapid
differential identification of species, because only a
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single-round PCR is required. However, this method
limits identification to a single species and requires
concurrently-run controls. 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. miyazakii were harvested from the freshwater
crab, Geothelphusa dehaani, and used for DNA
isolation (Sugiyama et al, 2002). DNA was also
extracted from the metacercariae of P. ohirai, which
were isolated from the brackish water crab,
Chiromantes dehaani, collected in Tokyo, Japan
(Sugiyama et al, 2004).

Primers and amplification by PCR

The P. westermani-specific forward primer (PwF1;
5S-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, 3S: 5'-GGTACCGG
TGGATCACTCGGCTCGTG-3' (forward) and/or
A28: 5'-GGGATCCTGGTTAGTTTCTTTTCCTC
CGC-3' (reverse), which were designed based on the
conserved sequences of the 5.8S and 28S genes
(Bowles et al, 1995), were used.
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Pw 1. TGTCGATGAAGAGCGCAGCCAACTGTGTGAATTAATGCGAACTGCATACTGCTTTGAACA

Pm 1:.. .. .

.......... T .

Pw 61 :TCGACATCTTGAACGCATATTGCGGCCACGGGTTAGCCTGTGGCCACGCCTGTCCGAGGG

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

Pw 121 :TCGGCTTATAAACTATCGCGACGCCCAAAAAGTCGCGGCTTGGGTTTTGCCAGCTGGCGT

Pm 121: . ... .

Pw 181:GATCTCCCCAATCTGGTCTTGTGCCTGTGGGGTGCCAGATCTGTGGCGTTTCCCTAACAT

Pw 241:ACTCGGGCGCACCCACGTTGCGGCTGAAAGCCTTGACGGGGATGTGGCAACGGAATCGTG

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

Pw 421 :.CGGATCAGACGTGAGTACCCGCTGAACTTAAGCATATCACTAA :463

.............. .46l

Fig 1- Aligned nucleotide sequences of an ITS2 region from P. westermani (Pw) and P. miyazakii (Pm) metacercariae. A hyphen
indicates an alignment gap. A dotin the P. miyazakii sequence indicates a nucleotide identical to that in P. westermani. The
5'and 3' ends of the sequences include 5.8S rDNA and 285 rDNA, respectively. The locations of the P. westermani-specific
forward primer (PwF1; 5'-GTTTATGTTGCGCGTGGTCTGCTTTC-3") and P. miyazakii-specific forward primer (PmF1; -
5-TTCCCCAACCTGGCCTCGTGG-3") are underlined. The numbers refer to alignment positions.

PCR amplification was performed as described
previously (Sugiyama et al, 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 ul); 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, P. miyazakii and P. ohirai
metacercaria, respectively. The resultant PCR products
were 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 an automated 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. miyazakii 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. miyazakii metacercarial DNAs using the
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