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Abstract

Two chimpanzees were inoculated with hepatitis C virus
(HCV) and followed on a daily basis for 12 days. HCV
RNA became detectable in their sera on day 5 by poly-
merase chain reaction with the detection limit of 102
copies/ml. Based on an exponential growth observed
until 8 or 9 days after inoculation in their sera, the dou-
bling time of HCV in the circulation was estimated at 6.3~
8.6 h and log time (time required to grow 10-fold) at 31.3-
42.9 h. The exact doubling time of HCV determined in
them would help pian an efficient strategy for screening
out blood donors in the window period of infection
hetween the exposure and the development of antibody
to HCV in serum.

Copyright € 2005 S. Karger AG, Basel

There still remains a residual risk of contracting hepa-
titis C virus (HCV) infection after transfusion with blood
units without the antibody against it (anti-HCV) detect-
able by the second- and third-generation immunoassays
[1]. Anti-HCYV is not raised in the circulation of individu-
als during the ‘window period’ after the exposure to HCV
that is estimated at an average of 55 days in chimpanzees
with experimental infection [2] and 41 days in human
beings [3]. In order to identify early HCV infection, nucle-
ic acid amplification testing (NAT) has been introduced
to transfusion services [3, 4]. NAT can detect by far the
most blood units in the window period of HCV infection,
but cannot identify them all on a theoretical basis {5].
Even when 200 pl of serum from a donor is tested by the
individual NAT, approximately 102 copies/ml of HCV
RNA are required to produce a positive result. The sensi-
tivity is reduced further in a mini-pool NAT performed
on 50 donors in the current practice, in which a single
donor is represented by merely 4 pl of serum. In actuality,
HCV infection can occur in the recipient of platelet con-
centrates from a blood donor testing negative by NAT

[61.
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The doubling time and log time (time required for
growing 10-fold) of HCV in the circulation are prerequi-
site to planning a strategy for efficiently detecting HCV
infection in blood donors as well as for understanding the
limit of current screening methods based on polymerase
chain reaction (PCR). They have not been determined
accurately, however, due to the lack of in vitro systems for
HCV culture. The documented doubling time of HCV
varies widely from 2.4 h (0.1 day) [3] to 14.9 h [7] or
17.3 h (0.72 day) {5].

The dynamics of HCV growth in an early phase of
infection were analyzed in the circulation of 2 chimpan-
zees for determining how soon HCV RNA increases to
102 copies/ml that can be detected by the individual NAT.
Further, the doubling time and log time of HCV RNA
were estimated based on the exponential growth in their
sera during an early phase of infection.

Two chimpanzees entered the experimental transmis-
sion study - chimp No. 224 (C224: male, 14 years old,
weight 59.1 kg) and chimp No. 267 (C267: female, 7 years
- old, weight 49.0 kg). They both were kept in individual
cages and received humane care in accordance with all
relevant requirements for the use of primates in an
approved facility. Neither of them had serological or
molecular virological evidence for past or present HCV
infection before the inoculation. They received inocula
while they were under anesthesia with ketamine hydro-
chloride.

Fresh-frozen plasma was obtained from a donor who
was in the window period of infection with HCV genotype
1b. It was separated within 6 h after blood collection, and
contained HCV RNA at a titer of 8.4 x 10 copies/ml
determined by Tag Man PCR (Applied Biosystems Ja-
pan, Tokyo, Japan). The plasma was kept frozen at -80°
in 1-ml aliquots; the infectious activity of the plasma in
chimpanzees decreased >100-fold during these proce-
dures [8]. An aliquot (1 ml) of this plasma was thawed in a
37° bath and injected intravenously to C224. The other
chimpanzee (C267) was inoculated with a passage of
another fresh-frozen plasma through a chimpanzee that
had been inoculated with 1 ml of it and developed vire-
mia [8]; the plasma was donated by an individual in the
window period of co-infection with HCV genotypes 1b
and 2a. Serum obtained from the chimpanzee 7 weeks
after inoculation was aliquoted in 1-ml volumes and snap-
frozen in liquid nitrogen. An aliquot was serially diluted
10-fold with self serum of C267, and 1 ml of a 1:103 dilu-
tion containing approximately 200 copies of HCV RNA
was injected intravenously to C267; it corresponded to 10
times the minimal infectious dose of HCV in chimpan-
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zees [8]. After the inoculation, serum samples were ob-
tained from them daily during the same hour in the morn-
ing (9-10 a.m.) for the first 12 days. They had been kept
frozen at -80°, and were tested for HCV RNA simulta-
neously in the same assay by Taq Man PCR.

The dynamics of HCV RNA in sera from the 2 chim-
panzees during an early phase of infection are illustrated
in figure 1. HCV RNA was first detected in serum taken 5
days after the inoculation from them both by Tag Man
PCR. Then, HCV RNA titers increased exponentially on
the log scale for § days after inoculation in C224, and until
9 days in C267. Thereafter, HCV RNA in them deviated
from the straight line of exponential growth. Based on the
linearity of an initial exponential growth and the coeffi-
cient of determination, the doubling time of HCV replica-
tion was calculated to be 6.3 and 8.6 h, and the time
required to grow 10-fold (log time) to be 31.3 and 42.9 h
in C224 and C267, respectively; they were in a remark-
ably good agreement. :

The growth of HCV was closely followed in the circula-
tion of 2 chimpanzees, 1 of whom (C267) had been inocu-
lated with passaged and calibrated HCV from a chimp in
the preacute phase of infection [8]. The growth curves of
HCV in the 2 chimpanzees were strikingly similar. HCV
RNA was not detected for 5 days, then increased expo-
nentially until the 8th or 9th day, and decreased thereaf-
ter. The failure in detecting HCV RNA during the initial 4
days would be attributed, in part, to a limited sensitivity
of the Taqg Man PCR method (10? copies/ml). When the
linear growth was extrapolated beyond the detection of
HCV RNA in serum, however, it converged to day 3 in 1
chimp and a little later than day 2 in the other (fig. 1).
Hence, it would be reasonably delineated that HCV
would have started circulating in both chimpanzees as
early as 2-3 days after infection, a few days before HCV
RNA became detectable by PCR 5 days after the inocula-
tion.

The time from HCYV transmission to the first detection
of viral RNA in the circulation is called the ‘eclipse’ phase
[3], which may vary by the size of inoculated dose and the
sensitivity in detecting HCV RNA. The eclipse phase of 5
days observed in the chimpanzees (C267) inoculated with
10 times the minimal infectious dose of HCV [§] was lon-
ger than that of 3 days reported for an experimentally
transmitted chimpanzee inoculated with 0.5 ml of human
serum containing 10%-* chimp infectious doses per ml [9].
Since high-dose transmission by transfusions has been
excluded by anti-HCV screening [1] and low-dose infec-
tion through blood units in the NAT window period is at
issue nowadays [3, 4], a longer eclipse phase would be
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Fig. 1. Exponential growth of HCV during an early phase of HCV infection in 2 chimpanzees experimentally trans-
mitted with pedigreed inocula. HCV RNA was determined by Taq Man PCR. Solid circles and the solid line represent
the linear exponential growth of HCV. Dotted lines show an imaginary growth below the detection limit in initial days
(to the left) as well as a putative exponential growth beyond the linearity (to the right). Open circles are HCV RNA
levels that deviated from the linearity of exponential growth. R? = Coefficient of determination; D2 = doubling time;

Dj = the log time required for growing 10-fold.

more informative practically. An observed interval be-
tween ‘true’ eclipse phase (2-3 days) and PCR eclipse
phase (up to 5 days), however, indicates that NAT would
not be able to close the window spanning a few days after
the exposure to HCV,

The duration of exponential HCV growth is called the
‘ramp-up’ phase [5]. Should the ramp-up phase last until
all susceptible hepatocytes are infected, the slope of expo-
nential growth would hardly be influenced by the size of
HCV dose. Doubling times of HCV in the circulation cal-
culated on the exponential growth of viral RNA 1in the 2
chimpanzees were 6.23 and 8.36 h, respectively. They
were half as long as 14.9 h [7] and 17.3 h [5] reported in
human beings. It is not clear how such a big discrepancy
has arisen. Although species differences may give an
account on it. a rigorous and meticulous design for experi-
mental transmission conducted in chimpanzees would
hardly be feasible for HCV infection in the transfusion
setting. This issue needs to be looked into and settled,
since the doubling time of HCV is crucial in working out
measures for increasing the blood safety.

The results obtained in this study would help deter-
mine the size of pool in NAT for efficiently screening
HCV RNA in blood donors. Due to extremely fast replica-

Intervirology 20035;48:120-123

tion of HCV, the merit of reducing the size of pool would
have its own limit. Based on the doubling time of 6.3-
8.6 h in this study, the window can be narrowed by at
most 1.3-1.8 days even by performing the individual
NAT, in place of a mini-pool NAT on 50 donors in the
current practice. This goes along with the mathematical
model of Weusten et al. [5] who calculated the risk of con-
tracting HCV infection to decrease only to one half by
performing the individual NAT in comparison with a
mini-pool NAT on 50 donors. Despite the doubling time
of HCV, which is much shorter than hepatitis B virus
(62.4 h) or human immunodeficiency virus type 1(20.5 h)
[10], there would be a limitation in narrowing the window
period by performing the individual NAT. For further
increasing the safety of blood transfusion, in terms of the
risk for HCV infection, the other strategies would need to
be considered. such as condensing HCV RNA in more
amounts of serum from individual donors before per-
forming a mini-pool NAT.

Tanaka et al.
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Molecular evolutionary analyses implicate injection treatment
for schistosomiasis in the initial hepatitis C epidemics in Japan
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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 (S/)-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-nonendemic areas in Japan and a cross-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 Sj 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.

Keywords: Hepatitis C virus; Schistosoma japonicunt; Molecular evolutionary analysis; Hepatocellular carcinoma

1. Introduction

Recently, the molecular clock has been successfully
applied to long-term serial serum samples containing

Received 17 June 2004; received in revised form 1 September 2004; hepatitis C virus (HCV) from the US and Japan and
accepred 6 September 2004, available online 22 October 2004 estimated the spread time of HCV in the 1930s in Japan,
* Corre'spondmg autl.lor. Tel:: + 81 52 853 8292; fax: +81452 842.0021. which is 30 years earlier than that in the US in the 1960s [1].
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Abbreviations HCV, hepatitis C virus; Anti-HCV, antibody to HCV; Insofar as a long duration of HCV infection is the mdst
HCC, hepatocellular carcinoma; §j, Schistosoma japonicum. important factor for the development 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 epidemiological
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
(Ministry 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 (Sj) conducted since
1921 in these areas. In fact, shared needles and syringes for
intravenous injection lreatment 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% CI1=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 §j 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 S§j-
endemic areas.

2. Meterials and methods

2.1. Sample collection

In Japan during 2001, 18] random serum samples positive for anti-
HCV were obtained from patients with chronic liver disease in widely
separated areas previously endemic for §j, including Kofu in Yamanashi
(n=75), Katayama in Hiroshima (#=50) and Chikugo in Saga/Fukuoka
Prefectures (n=56). Schistosomiasis was diagnosed by ultrasonographic
(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 study. In brief, 1gG
antibodies binding to two different schistosome antigens, Sj adult worm
antigen and §j egg antigen. were detected using an enzyme-linked
immunosorbent assay (ELISA). As it is now accepted that ELISA titer
of egg antigen-specific 1gG is reliable for case-detection rather than 1gG
for adult worm antigen [4-6], the results based on the egg antigen-
specific JgG were accepted in this study. Samples 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 II Ortho HCV (Ortho-Clinical Diagnostics K.K., Tokyo.
Japan). As patients with §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. For a cross-sectional study. 30 serum samples were obtained
from patients infected with HCV in Aichi Prefecture where Sj has not
been endemic. The age- and sex- matced patients were also selected
from the Sj-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 inforined consent to participate in the
virological research of HCV. Information of injection treatment for Sj
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.. Lid.. 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 NSSB region was
amplified by polymerase chain reaction (PCR) with primers described
previously []]. PCR products were directly sequenced with Prism Big Dye
(Applied Biosystems. Foster City. California, 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 a
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 10 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 s-test was conducted for
the interior branch length and its standard error. which is computed using
the bootstrap procedure.

2.4. Demographic model

A reconstructed tree was built on the NS5B 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 HKY85 with the molecular clock enforced by PAUP
version 4.0b8.

As 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.)0}. A parametric
maximum-likelihood was estitnated by several models with the computer
software Genie v3.5 10 build 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 meand+
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 or incomplete for sequencing and the remaining
16 samples (9%) of genotype 2a were excluded in this study
due 1o a minor population. Of the HCV-1b strains, 47 were
recovered from patients in Yamanashi, 31 in Hiroshima and
35 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 analyses. 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 ratio among patients
from these four areas (Fig. 1). Although the mean age of
Sj-posilive patients was just higher than that of Sj-negative
paiients in once Sj-endemic areas or matched-control
patients in Aichi Prefecture, there were also no significant
differences between these groups (Table 1).

,
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Fig. 1. Geographic distribution of Schistosoma Jjaponicum (Sj) and
characteristics of pafients infected with HCV. § (+) and § (~)
denote, respectively, presence and absence of infection with §/
diagnosed by ultrasonographic and/or computer tomographic methods
or serological examinations. Pie graphs include the age (mean
standard deviation) and sex rafio (male/female).

Table 1
Characteristics of patients with and without schistosomiasis
Schistosoma japonicum Controls
Positive Negative {Aichi)
(n=64) (1=49) (n=18)
Mean age
Total 69.9+7.7 674187 66.5+9.2
Y amanashi 69.917.2 6731112
Hiroshima 712487 67.616.5
Saga/Fukuoka 69.017.7 67.517.1
Sex (male/femnale)
Total 34/30 24125 9/9
Yamanashi 13/11 11/12
Hiroshima 10711 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 patienis 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 10~ 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 (1), 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 number, the incidence of HCC was significantly
higher in Sj-positive than -negative patients (P =0.0226) or
controls (P=0.0488) (Table 1).
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Fig. 2. A phylogenetic tree constructed on NS5B sequences of HCV-1b
strains in Schistosoma japonicum (Sj)-positive (n=64) and -negative
(n =67) groups. The numbers in the tree indicate bootstrap reliability
by the interior branch fest. §j+ indicates Sj-positive strains. YAM;
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4. Discussion

The specific demographic model based on the neutral
theory [3.11.12]. which has a constant size in the past
and changes (o 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 S§j-positive patients was estimated 20
years earlier than that in §j-negative patients from three
areas in Japan where §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 tartarate 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 treatment for Sj, such as intravenous stimulants
popular during and after World War 11 [13] and medical
treatments including transfusion with blood units from
paid donors in the past, would have imposed the risk for
HCV (ransmission 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 less-
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 §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 §j in Japan were mainly
conducted among relatively younger people including
school children after screening of Sj {4,16.17], while the
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Fig. 3. The maximum-likelihood estimates of N (f) on the effective number of infections with HCV genotype 1b in Japan for Schistosoma japonicum
(Sj)-positive group (a) and Sj-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

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

clock in the NS5B region.

small shellfish (Miyairi-kai) serving as the natural host.
More than 200,000 individuals were estimated to have been
infected with §j in Yamanashi Prefecture alone during 1965
through 1990 [16] and approximately 1,000,000 patients in
the 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 infection has disappeared in
Japan since long ago, there are still elderly people with



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 antimony! potassium tartarate (tartar emetic)
from the 1961 until 1986 are suspected to have given rise lo
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
schistosomiasis 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, acceleraled 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 §j 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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