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worms (Zhang et al., 2001). Spleen cells of tmmunized mice produced
an elevated level of IFN-y in response to antigen stimulation. Tn our
preliminary experiment in pigs, we also observed a significant anti-fe-
cundity effect (Ohta et al., 2004).

In spite of the accumulating evidence for the efficacies of calpain as
an anti-schistosome vaccine, it is still not clear how protective immu-
nity is induced in calpain-immunized animals. To understand how
anti-calpain immunity works, we examined the localization of calpain
in different developmental stages of S. japonicum.

Schistosoma japonicum isolated in Yamanashi, Japan, was main-
tained by standard laboratory procedure in female BALB/c mice
(SLC, Hamamatsu, Japan) and their snail hosts, Oncomelania hupensis
nosophora. Worms were recovered by the perfusion method from the
hepatic portal system of mice at 8 weeks after infection with 40 cerca-
riae (Smithers and Terry, 1965). Antigens used in the present study
were SWAP, SEA, and recombinant calpain molecules of S. japonicum.
The methods for preparation of SWAP.and SEA have been described
previously (Rosarne et al., 1996). Recombinant calpain was prepared as
previously described (Zhang et al., 2001). This recombinant calpain is
the region of 220-376 amino acid of the large subunit, and used for
immunization and several assays. Furthermore, we prepared two frag-
ments of recombinant calpain: (I} the region of 220330 amino acid
and (2) the region of 300-376 amino acid of the large subunit. These
two fragments were used to determine a monoclonal antibody recog-
nizing portion. In brief, all coding sequences were inserted to pGEX-
2TK vector {Pharmacia, Uppsala, Sweden). This vector was then
transformed into BL21 cells. The recombinant. proteins were induced
by addition of isopropanol B-p-thiogalactoside to a final concentration
of 0.1 mM for 6 h. After induction, BL21 cells were collected and lysed
with BugBuster reagent plus Benzonase (Novagen, Madison, USA).
The insoluble fraction was then solubilized in sample buffer for
SDS-PAGE to use in CBB staining and Western blotting.

Female BALB/c mice were intradermally immunized with recombi-
nant calpain plus complete Freund’s adjuvant for the first immuniza-
tion, and Frennd’s incomplete adjuvant for subsequent
immunizations, The calpﬁin was administered at 2-week intervals
and blood samples were collected before and after the immunizations.
The presence of specific antibodies was detected via ELISA (see be-
low). For the generation of monoclonal antibodies, spleen cells of
immunized mice were fused with P3x63.Ap8.653 myeloma cells using
polyethylene glycol 1500 (Boehringer-Mannheim, Germany). Hybri-
domas that secrete antibodies to calpain were selected and cloned by
limiting dilution. Ascites was produced in BALB/c mice by injecting
5% 10% hybridoma cells. Isotype was determined .in ELISA using
anti-isotype mAbs (Southern Biotechnology Associates, Birmingham,
USA). For ELISA, 5 pg/ml of antigens was coated in microtiter plates
{Nunc, Roskilde, Denmark), Wells were blocked with Tris-buffered
saline-containing 1% casein, apd incubated with antibodies. After
washing, anti-mouse IgG (H+L) (KPL, Gaithersburg, USA) was
added and incubated for 1 h. ABTS (2,2-azino-di[3-ethyl-benzthiazo-
line sulfonate]) was used as substrate and optical densities were read
in a Microplate Reader (Bio-Rad, Hercules, USA). Recombinant pro-
ieins and SWAP were fractionated on 10% SDS—polyacrylamide gels
(TEFCO, Tokyo, Japan) and electrophoretically transferred to PVDF
membrane (Bio-Rad). The membrane was blocked by 3% BSA in PBS,
and.-then incubated with antibodies in Tris-buffered saline-containing
1%. casein. - After that, membranes were washed and incubated with
peroridase-conjugated anti-rmouse IgG (H + L) (KPL). Detection of
positive bands was done using Konica immuno-stain kit {Konica, To-
kyo, Japan).

Adult worms of §. japonicum at § weeks after infection were pre-
pared for-use as frozen sections. Worms were incubated in RPMI
1640 (Sigma-Aldrich) supplemented with 10% FBS (Gibeo-BRL,
Grand Islands, USA) at 37 °C overnight to wash away the host com-
ponents. After washing worms embedded in OCT compound (Sakura
Finetechnical, Tokyo, Japan) were snap frozen, and were sliced with a
cryostat (Lica, Nassloch, Germany) at a thickness of 6 pm. Sections

A 20
L5 ¢
wy
F ~#—Calpain
o0t —E-SWAP
e ~4—SEA
0.5 |
0.0 M
0.1 1 10 100 1000 10000
concentration (ng/ml)
B kDa C kDa
113 50.3 L
L 4
93 .
355 R
2 3
50.3 Westemn blotting
_ kDa
35.5 50.3
28.8

CRB staining

Fig. 1. Preparation and analysis of KG-2E11 by ELISA and Western
blotting. (A) KG-2E11 generated from recombinant caipain-immu-
nized BALB/c mice bound to calpain tightly, although SWAP was
bound weakly and SEA was not by ELISA. (B) The soluble adult
worm antigens (50 pg/well) were _electrophoresed'in SDS-PAGE. The
bands on the gel were transferred to PVDF membrane and the
membrane was treated with KG-2E!1 (lane 1), normal mouse serum
(lane 2) and several anti-calpain antisera, each of which was individual
serum of a calpain‘immunized mouse (lanes 3-5). All lanes except for

lane 2 specifically recognized a molecule of 80 kDa, of which molecular

mass was equivalent to a large subunit of S, japericum calpain. (C)
Determination of the epitops recognized with KG-2E11 was done by
Western blotting analysis using three types of recombinant calpain.
Recombinant calpain; the region of 220-376 amino acid (lane 1); the
region’ of.220-330 amino acid (lane 2); and the region of 300-376
amino acid (lane 3} of calpain heavy chain were electrophoresed in
SDS-PAGE. Positive bindings to KG-2E1]1 were observed in lane 1
and lane 3, We confirmed by CBB staining that each protein was
transferred to PYDF membrane successfully,

were dried and pressrved in acetope for 15 min at ~20 °C. Immuno-
staining was .done using ‘a HistoScan kit (Biomeda, Foster City,
USA). After incubation -in blocking solution containing rormal rat
immunoglobulin . (Sigma-Aldrich) for 30.min at room temperature,
sections were incubated together with KG-2E1! mAb diluted 1:100
with blocking buffer for 3-9 h at 4 °C. An isotype control mAb (Dako,
Glostrup, Denmark) was used as a negative control. After washing,
each section was incubated with anti-mouse secondary antibodies
(KPL) for I h at room temperature, and as a next step was treated with
anti-goat polyclonal antibodies for 30 min (Biomeda). After treatment
of antibodies, endogenous peroxidase was blocked by the use of 0.3%
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Fig. 2. Localization of calpain in S. japonicum with KG-2E11. KG-2E11 bound to the tegument (tg) of male worms (A), but did not bind to the
tegument (1g) and the uterus (ut), including eggs (¢), of female worms (C). Isotype control mAb was non-binding (B,D). Cercariae were stained with
KG-2E1l, and then the cutlets of penetration glands (arrowhead) and the excretory pore (ep) were strongly positive (E). The secretions from
cercariae were strongly stained by KG-2E11 (F), but they were non-binding by isotype control mAb (G).

H,0; in methanol, Each section was then incubated with avidin—per-
oxidase for 15 min, stained with AEC staining solution for 10 min,
and a counter staining with hematoxylin was done. For staining whole
bodies, cercariae were fixed in acetone for 10 min at’ —20 °C. After
washing with PBS, blocking was done by putting cercariae in 1% casein
Tris buffer overnight at 4 °C. For staining “footprints” of $. japonicum
cercariae, freshly released from crushed snails, were directly placed on

silane-coated stide glasses for 1 h at rcom temperature. Afier these

slide glasses were completely dried, and they were fixed in acetone
for 10 min at =20 °C. KG-2E1l mAb was treated against both cercar-
ial bodies and footprints for 3 h at room temperature. After incubation
with biotin-conjugated antibodies (Vector laboratories, Burlingame,
USA), both cercarial bodies and footprints were reacted with avidin-
conjugated fluorescein (Vector laboratories) for 30min at room
temperature.

Mice were immunized with recombinant . japonicum calpain to
generate specific monoclonal antibodies. We obtained only one single
stable clone, KG-2E11, which bound to recombinant calpain tightly
(IgG2b, x). In ELISA, KG-2E11 showed only weak binding to S
Japonicum SWAP, and no detectable binding to SEA (Fig. 1A). Cal-

pain, thus, seemed to be a minor component of whole adult worm pro-

teins. However, it recognized an 80 kDa protein in SWAP, which

corresponded to a large calpain subunit (Fig. 1B). KG-2E1] bound
to the C-terminal portion of recombinant S. japonicum calpain in the

tested two fragments of the heavy chain (Fig. 1C). This suggested that

the KG-2E1 ] epitope is located in the region of 330376 amino acid of
calpain heavy chain.

Immunohistochemistry of adult worms with KG-: IE11 showed that
this mAb bound to the tegument of the male adult worms (Figs. 2A
and B), whereas, it did not bind tc the female tegument (Figs, 2C
and D). Schistosomes had calpain molecules in the surface of the teg-
ument in the present study as was reported previously (Siddiqui et al.,
1993). On the other hand, KG-2E11 bound strongly to the outlets of
cercarial penetration glands in S. japonicum cercariae (Fig. 2E). This
suggested that calpain seemed to be secreted from cercariae. To con-
firm that calpain was secreted from the cercarial penetration glands,
we incubated cercariae on slide glasses to let them secrete gland con-
tents on the surface of the slide glasses. It has been reported that cerca-
riae secrete mucoid substances and leave secretion spots (“footprints™}
on the bottom of the dishes (Linder, 1985). Many spots were observed
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as footprints in the substances secreted from cercariae when we tested
KG-2E11 hinding (Fig. 2F). No positive binding was observed for iso-
type control mAb (Fig. 2G), indicating that the binding was not in a
non-specific manner. Although, we still do not have solid evidence that
the secreting substances contain native or partial fraction(s) of calpain,
this could be a probable demonstration that cercariae are directly ex-
posed to calpain-driven host immunity. Several researchers have re-
ported that schistosome cercariae secrete substances containing
proteases (Chavez-Olortegui et al., 1992; Fishelson et al., 1992; Land-
sperger et al,, 1982; Stirewait and Austin, 1973). Especially; the serin
protease was localized in both pre- and post-acetabular glands of
cercariae. of S. mansoni (Fishelson et al, 1992; Marikovsky et al,
1990). Calpain is one of calcium-activated cystein proteases. At the
time of penetration caipainh may work as dermal alterations directly
or indirectly dependent on calcium activation, It is important to inves-
tigate calpain secreted from cercaria to understand the mechanism of
penetration. On the other hand, our observations that a large amount
of calpain seems -to be localized in the footprints strongly suggest
important roles of calpain during survival and/or growth of the larval
stage of schistosomes. Calpain release from newly transformed schisto-
somula of S. mansoni has been reported (Jankovic et al., 1996}, and we
have supported the expression of calpain in mechanical transformed
schistosomula in 5. japonicum (Ohta et al,, 2004). Moreover, we found
an elevated production of inducible nitric oxide synthase mRNA in the
lungs of mice immunized with recombinant. calpain (Zhang et al.,
2001}. This means that calpain from schistosomula moving on through
the lung of host stimulates the effector cells of immunized-host. We
suggest that the expression of calpain is found in-all stages from cer-
caria, through the penetration, to adult worm. However, the functions
of calpain in each stage are still unknown completely. The expression
and secretion of calpain'in cercariae is an important finding because
cercaria and schistosomula seem to be targets for protective immunity
characterized as 2 reduction of worm burden. It has been proposed
that calpain-reactive Thl cells recognize enzymes released from early
migrating Jarvae (Jankovic et al., 1996), and that antigens derived from
lung-stage schistosomulae stimulate secretion of IFN-y (Mountford
et al, 1995). The production of typel cytokines may cause a limited
migration of schistosommulae (Wilson et 'al., 1986) and the killing of
the larvae through the production of toxic nitrogen oxides {James
et al., 1984; Oswald et al., 1994). To our knowledge, this is the first
demonstration that calpain is localized in the penetration glands of
cercariae, and is secreted from cercariae, The same situation might
be supposed in schistosomula, although we still have no direct evi-
dence. These findings could be clues for understanding the reasong
why worm burden is reduced in mice immunized with calpain,
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Background/Aims: The mortality due to hepatocellular carcinoma (HCC) has ranged widely in various areas of
Japan since 30 years ago and the incidence was particularly high in once Schistosoma japonicum (Sj)-endemic areas.
Our aim was to estimate the spread time of hepatitis C virus (HCV) infection in the past with possible relevance to a
higher incidence of HCC in once Sj-endemic than Sj-nonendemic areas.

Methods: During 2001, 131 strains of HCV-1b were obtained from patients in three previously Sj-endemic areas, as
well as Sj-ronendemic areas in Japan and a cress-sectional study was conducted on them with molecular evolutionary
analyses.

Results: A phylogenetic tree reconstructed on HCV-1b sequences in the NS5B region disclosed 2 independent clusters
for Sj-positive and -negative groups with a high bootstrap value. The estimated effective number of HCV-infections
indicated a transition from quiescence to rapid exponential growth in the 1920s among patients with schistosomiasis,
which is 20 years earlier than that among patients without schistosomiasis.

Conclusions: The estimated spread time in previously Sj-endemic areas in Japan coincides with injection
treatment for §j since 1921. A high incidence of HCC there would be attributed to a long duration of HCV
infection since 1920s.
© 2004 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Recently, the molecular clock has been successfully
applied to long-term serial serum samples containing
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HCC, hepatocellular carcinoma; Sj, Schistosoma japonicur. important factor for the developmeni of hepatocellular
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carcinoma (HCC), it can be predicted that the incidence of
HCC will increase in the US over the next 2-3 decades.
Thus, a combination of classical epidemiclogical
approaches and molecular evolutionary analyses would be
particularly useful in the study of contagious diseases,
typified by HCV infection.

The way how individuals contracted HCV infection has
remained unclear in Japan. Recently, a Japanese report
(Minisiry of Health, Labour and Welfare: Distribution of
age-adjusted mortality rate from liver cancer by prefecture
between 1971 and 1975, Tokyo, 2001) indicated that the
mortality due to HCC has already varied widely in various
areas of Japan since 30 years ago; the incidence of HCC was
much higher in Saga/Fukuoka, Hiroshima and Yamanashi
Prefectures, which were once endemic for schistosomiasis
japonica in the long past. Hence, a high incidence of HCC in
the 1970s would be related to HCV transmitted by injection
treatment for Schistosoma japonicum (Sf} conducted since
1921 in these areas. In fact, shared needles and syringes for
intravenous injection treatment with antimonyl potassium
tartrate or sodium antimony tartrate posed a significant risk
for HCV transmission in endemic areas [2]. Indeed, the
prevalence of antibody to HCV (anti-HCV) is high (36.5;
95% CI=28.1-44.9%) in patients with chronic schistoso-
miasis [2] and therefore, HCV infection is considered
responsible for the development of HCC in patients with
chronic schistosomiasis.

Since, once popular intravenous injection for schisto-
somiasis was a risk factor for HCV transmission, the
spread time of HCV in the areas once endemic for §f in
Japan would deserve determination. In this study,
molecular evolutionary analyses using principles of both
population genetics and mathematical epidemiology [3]
were applied to HCV-infected patients with and without
a past history of chronic schistosomiasis in once Sj-
endemic areas.

2. Meterials and methods

2.1. Sample collection

In Japan during 2001, 181 random serum samples positive for amti-
HCV were obtained from patients with chronic liver disease in widely
separated areas previously endemic for S, including Kofu in Yamanashi
(n=73), Katayama in Hiroshima (#=>50) and Chikugo in Saga/Fukuoka
Prefectures (r=256). Schistosomiasis was diagnosed by ulasonographic
(US) and/or computer tomographic (CT) modalities or serological
examinations [4]. Two kinds of serological tests, which can detect past
history of schistosomiasis, were available in this stdy. In brief, 1gG
antibodies binding to two different schistosome antigens, §f adult worm
antigen and 5j egg antigen, were detected using an enzyme-linked
immunosorbent assay (ELISA). As it is now accepted that ELISA titer
of egg antigen-specific IgG is reliable for case-detection rather than IgG
for adult worm antigen [4-6], the results based on the egg antigen-
specific IgG were accepted in this study. Sarnples of more than 0.25 of
optical density at 415 nm were determined to be positive, as previously
confirmed [4-6]. The serum samples were tested for anti-HCV by
Lumipulse I Ortho HCV (Ottho-Clinical Diagnostics K.K., Tokyo,
Japan). As patients with S trearments were estimated to be old,

relatively older patients were selected in the Sj-endemic areas to match
age factor that might influence duration of HCV infection or HCC
incidence. For a cross-sectional study, 30 serum samples were obtained
from patients infected with HCV in Aichi Prefecture where Sf has not
been endemic. The age- and sex- matced patients were also selected
from the §j-nonendemic areas excluding influece of these factors on
HCC incidence. The study protocol conformed to the 1975 Declaration
of Helsinki and was approved by Ethic Committees of institutions.
Every patient gave a written informed consent to participate in the
virological research of HCV. Information of injection treatment for S§j
was obtained by means of self-administrated questionnaires or
structured interviews. None had been treated with interferon therapy
for HCV infection. HCC incidence was estimated by historical
information from patients themselves and/or medical records during
2001. HCC was diagnosed by liver biopsy or combination of imaging
modalities such as US, enhanced CT and angiography.

2.2. Genotyping and sequencing

Nucleic acids were extracted using a SepaGean RV-R Nucleic acid
extracting kit {Sanko Junyaku Co., Ltd., Tokyo, Japan} in accordance with
the manufacturer’s protocol. They were reverse-transcribed to cDNA using
SuperScript II Rnase H™ Reverse Transcriptase (Invirogen Corp.,
Carlsbad, California, USA) and random hexamer primer (Takara Shuzo
Co. Ltd, Tokyo, Japan) by the method described previously [7].

A sequence spanning 339 nucleotides (nt) in the NS5B region was
amplified by polymerase chain reaction (PCR) with primers described
previously [1]. PCR products were directly sequenced with Prist Big Dye
(Applied Biosystems, Foster City, Califomnia, USA) in an ABI 3100 DNA
automated sequencer. To reduce the number of artificial substitutions
arising in PCR, PLATINUM Pfx DNA Polymerase (Invirogen Corp.) with 2
very high fidelity was used. The sequences determined were utilized to
confirm HCV genotypes and construct phylogenetic trees.

2.3. Test for clustering between Sj-positive
and -negative groups

The phylogenetic tree was first constructed to examine the evolutionary
history for Sj-positive and Sj-negative groups by the neighbor joining
method [8]. Furthermore, to test whether either Sj-positive or Sj-negative
group have evolved independently or not, we conducted an interior branch
test for the neighbor-joining tree [9]. Thereafter, a -test was conducted for
the interior branch length and its standard emor, which is computed using
the bootstrap procedure.

2.4. Demographic model

A reconstructed tree was built on the NS3B sequence of 339 nt by a
heuristic maximum-likelihood topology search with stepwise-addition and
the nearest neighbor-interchange algorithms. Tree likelihood scores were
calculated using HKY8S with the molecular clock enforced by PAUP
version 4.0b8.

Ag estimates of the demographic history, a nonparametric function N
(1), known also as the skyline plot, was obtained by transforming coalescent
intervals of an observed genealogy into a piecewise plot that represents an
effective number of infections through time [3,10]. A paramertic
maximum-likelihood was estimated by several models with the computer
software Genie v3.5 to buvild a statistical framework for inferring the
demographic history of a population on phylogenies reconstructed on
sampled DNA sequences [10]. This model assumes a continuous epidemic
process in which the viral transmission parameters remain constant through
time. Model fitting was evaluated by likelihood ratio tests of the parametric
maximum-likelihood estimates [11,12].

2.5. Statistical method

Data for continuous variables were demonstrated as the meanz
standard deviation. The Fishers’ exact test, Chi square test with Yates’
correction and one-way ANOVA followed by the Scheffe’s multiple
comparison test were used to evaluate differences in the mean age, sex ratio
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and incidence of HCC between groups, respectively. Differences with P
values less than 0.05 were considered significant.

3. Results

Of 181 anti-HCV positive samples, 113 were classified
into HCV genotype 1b (HCV-1b), which is predominant in
Japan. Fifty-two of 181 samples (29%) were negative for
HCV RNA ot incomplete for sequencing and the remaining
16 samples (9%) of genotype 2a were excluded in this study
due to a minor population. Of the HCV-1b strains, 47 were
recovered from patients in Yamanashi, 31 in Hiroshima and
335 in Saga/Fukuoka Prefectures. Along with 18 HCV-1b
strains in Aichi Prefecture serving as controls, a cross-
sectional study was conducted on them with molecular
evolutionary anatyses. The patients in areas previously
endemic for §j revealed a significantly higher prevalence of
chronic schistosomiasis [24/47 (51%) in Yamanashi (Kofu
area), 21/31 (68%) in Hiroshima (Katayama area) and 19/35
(54%) in Saga/Fukuoka (Chikugo area)] than that in Aichi
Prefecture (0/18 [0%], P < 0.0001). There were no signifi-
cant differences in the mean age or sex ratic among patients
from these four areas (Fig. 1). Although the mean age of
Sj-positive patients was just higher than that of Sj-negative
patients in once §j-endemic areas or matched-control
patients in Aichi Prefecture, there were also no significant
differences between these groups (Table 1).

Hiroshima

§1%
Sits)

Fig. 1. Geographic distribution of Schistosoma japonicum (Sf) and
characteristics of patients infected with HCV. 5f {(+) and §f (—)
denote, respectively, presence and absence of infection with S§f
diagnosed by ultrasonographic and/or computer tomographic methods
or serological examinations. Pie graphs include the age (meant
standard deviation) and sex ratio (male/female).

Table 1
Characteristics of patients with and without schistosomiasis
Schistosoma japonicum Controls
Positive Negative (Aichi)
(n=64) (n=49) (n=18)
Mean age
Total 69.9+7.7 6741487 66.5+9.2
Yamanashi §9.9+7.2 67.3+11.2
Hiroshima 712187 67.616.5
Saga/Fukucka ~ 69.0%77 67.5+7.1
Sex (maleffemale)
Total 34/30 24/25 9/9
Yamanashi 3 11/12
Hiroshima 10/11 5/5
Saga/Fukuoka 11/8 8/8
Incidence of HCC  25/55 (45%) 11/48 (23%) 3/18 (17%)

The incidence of HCC in Sj-positive patients was significantly higher than
that in Sj-negative patients (P=0.0226) or controls (P==0.0488).
Abbreviations: HCC, hepatocellular carcinoma.

For cross-sectional study on the viral population size
between HCV-infected patients with and without a past
history of schistosomiasis, a phylogenetic tree for HCV-1b
strains in the Sj-positive and -negative patients was
constructed with use of the maximum-likelihood method
enforced by the molecular clock as introduced in our
previous report [1] and an independent study by Pybus et al.
[3]; a substitution rate of 5.3 X 107* per site per year [1,3]
was assumed for HCV. The phylogenetic tree disclosed 2
independent clusters for Sj-positive and -negative groups,
with a high bootstrap value (81%) by the interior branch
testing (Fig. 2), which is comparative with past epidemio-
logical backgrounds in Japan. From distinct evolutionary
histories in the two populations, the effective number of
HCV-1b infections through time, N (f), were assessed by
the skyline plot. The parameters for several models in
Genie v3.5 [3,10] were also examined. Time ¢ was then
transformed to year using the same rate, assuming the
collecting time (year 2001) as the present. Fig. 3 shows
the skyline plots and population growth for Sj-positive and
-negative patients, according to a specific demographic
model in Genie v3.5 with three parameters, piecewise
expansion growth model, that was evaluated by the
likelihood ratio testing [11,12]. Molecular evolutionary
results thus obtained supported our previous study in which

_ the divergence time of the most recent common ancestor of

HCV-1b in each area in Japan was estimated before 1850
[1]. Our estimates of the effective number of HCV-
infections showed a transition from constant size to rapid
exponential growth in the 1920s among patients with
chronic schistosomiasis in endemic areas, which is 20 years
earlier than that among patients without schistosomiasis in
the 1940s. Information on HCC was available for 121 of the
131 patients with HCV-1b. Although they were relatively
small in aumber, the incidence of HCC was significantly
higher in Sj-positive than -negative patients (P=0.0226) or
controls (P=0.0488) (Tabie 1).
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E

Kus17 Sj-negative group

81 . =

Sj-positive group

Fig. 2. A phylogenetic tree constructed on NS5B sequences of HCV-1b
strains in Schistosoma japonicum (§f)-positive (n=64) and -negative
(n=67) groups. The numbers in the tree indicate bootstrap reliability
by the interior branch test. Sj+ indicates §j-positive strains. YAM;
Yamanashi, HVHIS; Hiroshima, KU/KUS; Saga/Fukuoka, Aichi;
control strains, .

4. Discussion

The specific demographic model based on the neutral
theory [3,11,12]), which has a constant size in the past
and changes to exponential growth until the present, is
applied to investigate the Japanese endemic of HCV. By
means of the molecular evolutionary analyses, the spread
time of HCV in Sj-positive patients was estimated 20
years earlier than that in Sj-negative patients from three
areas in Japan where S§j was previously endemic
(Yamanashi, Hiroshima, Saga/Fukuoka Prefectures). The
spread time of HCV much earlier in Sj-positive than -
negative patients indicates that the previous intravenous
injection treatment with antimony compounds (antimonyl
potassium tattarate or antimony sodium tartarate) on
patients with schistosomiasis since 1921 [2] would have
been a significant risk factor for HCV transmission in
endemic areas through re-used needles and syringes.
Indeed, it might be possible that HCV transmission from
Sj-positive patients to Sj-negative patients occurs in the
once Sj-endemic areas, but we could not find such strains
in this study. One of the reasons is that residents in
the village around the river, where schistosomiasis had
been the most prevalent, might have been isolated from
those in the other areas of the same Prefecture in the
past due to the endemic disease ‘schistosomiasis’.
Interestingly, most Japanese strains from Sj-nonendemic
areas in the database clustered with the Sj-negative group
of the present study. Hence, factors other than the
injection freatment for Sj, such as intravenous stimulants
popular during and after World War H [13] and medical
treatments including transfusion with blood units from
paid donors in the past, would have imposed the risk for
HCV transmission in most areas in Japan [14]. In
addition, there would have been opportunities for HCV
transmission through inadequately sterilized needles and
syringes in general practices, which have contributed to
a large reservoir of chronic HCV infection in Japan
during the 1950s [13]. Such inadequately sterilized
medical injections were still common in the Iess-
developed world in the 20th century. WHO estimates
that unsafe injections result in 2.3-4.7 million new HCV
infections worldwide every year [15].

Although the spread time of HCV in Sj-positive group
was earlier than that in Sj-negative group, there was no
significant difference of mean age between the 2 groups.
Two possibilities are considered. One is a sampling bias; as
patients with S§j treatments were estimated to be old,
relatively older patients were selected in the Sj-endemic
areas to match age factor that might influence duration of
HCV infection or HCC incidence. Second, the ages that
patients had been infected with HCV were different between
the 2 groups; the treatments for Sf in Japan were mainly
conducted among relatively younger people including
school children after screening of Sf [4,16,17], while the
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Fig. 3. The maximum-likelihood estimates of N (¥) on the effective number of infections with HCV genotype 1b in Japan for Schistosoma japonicun
(§)-positive group (a) and §j-negative group (b) separated in the phylogenetic tree (Fig. 2). The parametric model is indicated by the grey line and
stepwise plots by the black line that represents corresponding nonparametric estimates of N (f) (number as a function of time). Genetic distances are
transformed into a time scale of year using estimates of the molecular clock in the NS5B region.

other risk factors such as blood transfusion were found in
older people excluding at least children.

A disease possibly caused by schistosomal infection in
Japan is documented in a book written some 300 years ago.
In 1847, the clinical picture of this disease was precisely
described by Yoshinao Fujii in the book ‘Katayama-ki’ that
documented an endemic disease in Katayama area as
Katayama’s disease (equivalent to schistosomiasis).
Water-borne epidemics of schistosomiasis prevailed in
inhabitants around rivers (the tributaries of the Fuji river
in Yamanashi, the Takaya river in Hiroshima and the
Chikugo river in Saga/Fukuoka) in Japan, mediated by

small shellfish (Miyairi-kai) serving as the natural host.
More than 200,000 individuals were estimated to have been
infected with Sj in Yamanashi Prefecture alone during 1965
through 1990 [16] and approxirately 1,000,000 patients in
fhe entire Japan since 1920s [17]. To cope with these
endemics, more than 10 million intravenous injections with
antimony compounds had been given in Japan since 1921
[17]. Thus, Japan would have started ahead of any other
countries, in terms of HCV spread in association with
schistosomiasis, wherein intravenous drugs were invented.
Although acute schistosomal infectior has disappeared in
Japan since long ago, there are still elderly people with
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chronic schistosomiasis in previously endemic areas, some
of whom are developing HCC [2,14]. Substantial trans-
mission among regions is supported by the lack of regional
clustering of HCV sequences in this study.

A similar situation is reported in the Nile delta in Egypt
where schistosomiasis once prevailed mediated by small
shellfish [18] and the national campaigns for injection
treatment with antimonyl potassium tartarate (tartar emetic)
from the 1961 until 1986 are suspected to have given rise to
the highest endemicity of HCV in the world ever, involving
> 20% of the national population there [19]. The prevalence
of anti-HCV is extremely high (>70%) in patients with
schistosontiasis there [18,20,21]. Highly prevalent HCV
infection in the general Egyptian population accounts for
most HCC cases in Egypt [22]. A question may arise
whether schistosomiasis alone is responsible for the
development of HCC. Patients co-infected with HCV and
Schistosoma mansoni (Sm) may have a high incidence of
viral persistence, accelerated fibrosis and development of
HCC [23,24]. A recent population-based study between two
large populations with district histories of Sm and hepatitis
C infections, however, failed to indicate any interaction
between Sm infection and the prevalence or severity of
hepatitis C [25]. Moreover, no significant histological
differences were found between anti-HCV-positive Egyp-
tian patients with and without schistosoma [26]. Hence, the
long duration of persistent HCV infection would be a more
important factor for the development of HCC than the
pathogeneticity of Sm itself.

Estimating the effective number of HCV infections has
been very informative in looking back epidemic spreads
of HCV infection in the Unites States [1] and Egypt
[12,27]. In addition, it would also be useful in predicting
the population size and extent of HCV infection. Studies
to foresee future spreads of HCV would be required to
cope with and prevent healthcare problems where de novo
infections are increasing. The advantage of molecular
evolutionary analyses, its ability to accurately estimate the
dynamics of HCV based on a limited number of isolates
in particular [3], will extend its application anywhere in
the world where clinical sequelae of persistent HCV
infection pose increasing burdens on the public health of
nations.

In conclusion, the evolutionary analyses indicated that
the estimated spread time in previously Sj-endemic areas in
Japan coincides with injection treatment for 5 conducted
since 1921. The high incidence of HCC in Sj-endemic
areas is most likely attributed to long duration of HCV

infection there transmitted through injection treatments.
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Abstract: We developed an effective PCR method to amplify S. japonicum al gene.
Specific amplification of a 420 bp DNA fragment was achieved by using nest-PCR,
the detection limit was 0.1fg when genorhic DNA was used as template, no specific
PCR product was obtained with DNA from S. mansoni. The detection of Sjal from
serum or blood samples of infected mice was successful, it is prospective to amplify S.

Japonicum DNA in human samples.

Introduction:

Schistosomiasis continues to be a serious problem of public health. Up today
available diagnostic methods are far from ideal, stool examination by Kato-Katz lacks
sensitivity especially in low prevalence, and the method also leads to frequently
misdiagnosed cases in middle or high prevalence due to highly clustered distribution
of S. japonicum eggs in stools. The antibody detection lacks specificity because of
cross-react from patients harboring intestinal nematodes, the false positive reactions
of antibody detection were observed about 15 to 21%. The detection of circulating
antigens (CAg) might be useful for monitoring the disease, for it may reflect more
reliable than antibody titers the viability and quantity of parasites in the host, but the
sensitivities of the detection of CAg are just about 60%. The circumoval precipitine
test (COPT) has remained only as a confirmatory diagnostic test in spite of its hfgh
sensitivity and specificity, since it is a very labor-intensive and expensive test.

In an attempt to surpass these diagnostic limitations polymerase chain reaction
(PCR) may constitute a good tool for the diagnosis of the Schistosoma sp. infection.
LA Pontes et al first reported using PCR on detection of a S. mansoni tandem repeat
DNA sequence. Although the PCR demands a more sophisticated laboratory and more
complex operational effort when compared with the Kato-Katz parasitological
examination, it is 10 times more sensitive than the Kato-Katz examination when
detection of S. mansoni and it is probably more sensitive than the circulating antigen
detection. In the present study we have first evaluated the possible use of the PCR to

detect Sjal element, which is a short interspersed element (SINE)-like retroposon that



occurs in high copy number (10,000) interspersed throughout the §. japonicum
genome. The PCR method developed in this study may constitute an alternative to the

available diagnostic technigues for the detection of S. j infection.

Materials and Methods

Preparation of DNA: DNA was purified from 200 pl 6f serum or whole blood using
QIAamp DNA purification kit according to the manufacturer’s instructions.
Amplification by PCR: Primers were designed to amplify the Sjal. 5’-
CATAGAAGCGATGTAGTC-3’and 5’-TGGACTGAAACTGGTCAG-3" for first
PCR,5’-GAAATATAAAGGAACCGGTGG-3’and5’-ATCCT. AAGCGAATTGCCT C
G-3” for second PCR. 1 pl of the extracted material was used as initial template; The
first PCR was carried out using an initial denaturation at 94°Cfor 2 min, followed by
40 cycles of 94°C for 30 sec, 49°C for 20 sec, and 74°C for 30 sec. The second PCR
consisted of 30 cycles of 94°C for 30 sec, 53°C for 15 sec, and 74°C for 30 sec. After
amplification, 10 ul of the products was eletrophoresed on an agarose gel, the

ampliﬁcat'ion products had their identity confirmed by sequencing performed.

. Results:

Sensitivity of PCR. To assess the sensitivity of the PCR, S japonicum adult worm
DNA was quantified and tested for amplification after serial dilutions. As shown in
Figure 1, Specific amplification of a 420 bp DNA fragment was achieved by nest-
PCR, the minimum detectable DNA quantity was 0.1 fg.

Specificity of PCR. The specificity of the PCR was evaluated by means of equal
quantities of DNA from S. m, Trypanosome evansi and Toxoplasma gondii under the
- same reaction conditions. S. j DNA was used as positive control for the amplification
reaction. As shown in Figure 2, no specific amplification was achieved for S. m
genomic DNA and DNA from S. m infected mice. No DNA amplification for
Trypanosome evansi and Toxoplasma gondii (data not shown).

Detection of mice serum different time after infection. S. j DNA from all serum



samples including 4, 5, 8 and 11 weeks after infection with 30 cercariae were detected
success. No bands were visible with negative control serum.

Detection of mice whole blood samples 4weeks after infection With different numbers
of cercaria. The whole blood samples were tested to evaluate the possibility of PCR
without separation of serum. Blood were taken from mice 4 weeks after infection with
10, 30 and 60 cercaria respectively, As shown in Figure 4, PCR was able to detect the
S.j DNA 1n whole blood samples 4 weeks after infection with 10 cercaria. No bands

were seen with the negative control serums.

Discusssion:

PCR has been acclaimed as an outstanding sensitive and specific diagnostic tool for
many diseases, but this technique has not been used for demonstrating the presence of
S. japonicum DNA.

We tested the possibility of the use of PCR for the detection of S. japonicum DNA
in serum or whole blood samples. The high sensitivity of the assay was demonstrated
by its ability to achieve amplification with minimum 0.1 fg of DNA, the PCR product
can be visible simply stained with ethidium bromide instead of silver staining. The
high sensitivity of the assay is due to the high copy number of the target sequence
throughout the genome. And the ncst—PCR method increased sensitivity and
specificity. The specificity of the test was demonstrated by the absence of specific
amplification when S. mansoni DNA and two protozoan species were used as
templates. The PCR can be performed with serum or whole blood samples, so there is
no need to separate the serum if centrifugation equipment is unavailable in field
sample collection. | .

Our results showed that the PCR method developed here is successful to detect S.
Jjaponicum DNA starting from 4 weeks after infection, developmental period of S.
Joponicum from ceraria to mature worm is about 4 weeks, it is necessary to evaluate
the PCR value before 4 weeks at the time no egg produced.

To further study the specificity of the method, other helminthic parasites such as



Ascaris, Taenia and Trichiuris need to be tested. And a kinetic profile of the DNA
after treatment in a mouse model and the efficiency of the detection in human samples
by PCR remain to be evaluated. The DNA amplification assay may constitute an
alterinative to the available diagnostic techniques for the detection of S. japonicum

infection in the future.
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Figures:
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Fig. 1. Sensitivity of the PCR. 1~8: First PCR, 9~16: Second PCR. lanes 1,9: 100pg;
2,10: 10pg; 3,11: 1pg; 4,12: 100fg; 5,13: 10fg; 6,14: 1fg; 7,15: 0.11g; 8,16: Negative

Fig. 2. Specificity of the PCR. 1~4: First PCR, 5~8: Second PCR, lanes 1,5: S.j
genome Positive control; 2,6: negative control; 3,7: S.m genome: 4,8: S.m infected

mice serum,.
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Fig. 3 Detection of mice serum different time after infection. Lanes 1, Positive

control; 2: N egative control; lanes 3~5: 4 Wks after infection; lanes 6~8: 5 Wks after



infection; lanes 9~11: 8 Wks after infection; lanes 12~13: 11 Wks after infection,

Fig. 4. Detection of mice whole blood samples 4wks after infection with different
numbers of cercaria. lanel: Positive control; lane 2: Negative control; lanes 3~5:
infected with 10 cercaria; lanes 6~8: infected with 30 cercaria; Ianes 9~11; infected

with 60 cercaria.
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