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ABSTRACT

Background: This study was aimed to precisely estimate the prevalence of hepatitis B surface antigen (HBsAg) and anti-
hepatitis C virus antibody (anti-HCV) stratified by sex and birth year in Japan.

Methods: Three large-scaled cohorts: first-time blood donors, periodic health check-up, and comprehensive health check-up with
lifestyle education (Ningen dock) were used for pooled prevalence of HBsAg and anti-HCV using meta-regression.

Results: Trends of birth year-specific prevalence of HBsAg and anti-HCV among the three cohorts were similar to one another,
while birth year-specific pooled prevalence of HBsAg peaked in the 1941–1950 birth cohort. Prevalence of anti-HCV showed a
decreasing trend by birth year.

Conclusion: We could estimate the pooled prevalence of HBsAg and anti-HCV based on nationwide data. The results can be
used as reference data for various countermeasures for hepatitis eradication.
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INTRODUCTION

Globally, 1.4 million people died due to hepatitis virus infection
yearly.1–3 Mortality due to hepatitis was higher than that due to
human immunodeficiency virus (HIV) or malaria, and viral
hepatitis has become one of the main causes of liver cirrhosis and
liver cancer.3 In 2015, it was estimated that 257 million people
were persistently infected with hepatitis B virus (HBV) and 71
million with hepatitis C virus (HCV).1,2

In Japan, advanced countermeasures for hepatitis, such as
prevention of vertical infection of HBV, screening of blood for
transfusion, and hepatitis virus screening for residents, were first
introduced ahead of others in the world.4 These virus infections
are currently under control in Japan, with positive rates varying
by birth year rather than age.

It is important to know the number of hepatitis virus carriers
(persistent infection), and that number is basic information for
viral hepatitis and liver cancer countermeasures. However, it is

difficult to know the number of hepatitis virus carriers among the
general population because some of them have no symptoms
despite being infected by hepatitis virus.

The number of HBV and HCV carriers in general healthy
Japanese populations has been estimated based on data from first-
time blood donors and government health checkup examinees.5

Serological testing for hepatitis virus was performed as screening
before blood donation, prenatal checkup, preoperative screening,
and so on, but the type and age range of subject may vary for each
screening. Blood donors generally comprise young individuals
(aged 20s–30s) and tend to have relatively low prevalence of
HBV and HCV. In contrast, government health checkup
examinees, starting since 2002, generally target those aged 40
years and over and comprise older individuals.5 Meanwhile, data
from populations such as those from occupational=work sites are
lacking.5 Therefore, aggregating estimates by adding large-scale
data from occupational=worksite populations will increase the
representativeness of HBV and HCV carrier rates in Japan.
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Furthermore, it is crucial to estimate positive rates by birth year
rather than age because HBV or HCV infection is more likely to
have been influenced by cohort effect than by age effect. It is
reported that the incidence rates of HBV and HCV infection have
been very low after 2000,6,7 and the sanitation status during
childhood and the preventive measures (such as national program
for passive and active immunoprophylaxis of babies born to
carrier mothers and HBV=HCV screening of blood trans-
fusion4,8,9) affect the chronic infection with HBV. Therefore, in
this study, we stratified estimated prevalence rates by birth year,
not by age.

In this study, we estimated the prevalence of HBV and HCV
among the general population in Japan with high precision using
meta-regression based on results of studies among first-time
blood donors, periodic health checkup recipients, and the
examinees of the comprehensive health checkup with lifestyle
education (Ningen dock).

METHOD

Study subjects
The following three large-scaled cohorts were used to estimate
the prevalence of hepatitis B surface antigen (HBsAg) and
antibody to hepatitis C virus (anti-HCV) in Japan.

First-time blood donors
During 1995 to 2000, 3,485,648 peoples (aged 16–69 years)
donated whole blood or apheresis products as their first time.
Their sera were tested routinely for serum markers of HBV and
HCV infections.

HBsAg was determined using reversed-passive hemagglutina-
tion with reagents made in-house by the Japanese Red
Cross Blood Center. Anti-HCV was determined using passive
hemagglutination with commercial kits (the second genera-
tion HCV PHA [Dinabott, Tokyo, Japan] and HCV PA
[Ortho Diagnostics, Tokyo, Japan]). The cutoff level for the
hemagglutination test of HBsAg was 22 and that of anti-HCV
was either 25 or 24.

Examinees of hepatitis virus infections through
periodic health check-ups
Since 2002 in Japan, individuals who turned 40, 45, 50, 55, 60,
65 and 70 years were offered tests for hepatitis viruses through a
5-year national project on periodic health check-ups. Through the
end of the project in 2006, 6,228,967 individuals were tested for
HBV and 6,204,968 individuals had received tests for HCV.
However, sex-specific data among them was not published, so
this data was used only for estimation of prevalence in both sexes.

As for HCV screening, each subject was screened using the
flowchart of HCV screening from the Ministry of Health, Labour
and Welfare Japan (MHLW), and the result of screening was
published as “high possibility of HCV infection” not “anti-HCV
positive”. In this study, we assumed that 70% of anti-HCV
positive person are persistently infected with HCV; therefore,
we transformed the positive rate of “high possibility of HCV
infection” by 1.00=0.70 multiplied.

Examinees of hepatitis virus infections through
the comprehensive health checkup with lifestyle
education (Ningen dock)
Information on HBV and HCV infection among the Ningen Dock

examinees in 2014 was extracted from the Japan Ningen Dock
Study database after approval by the Research Ethics Committee
of the Japan Society of Ningen Dock (approval number 0010,
October 2017). The data comprised summary tables with the
number of positive and negative infections by sex and birth year
at the time of the checkup, without any personal identifiers. HBV
infection was determined at the checkup via the detection of
hepatitis B surface antigen (HBsAg), and HCV via the presence
of anti-HCV antibody in serum (anti-HCV). The data included the
results for the 1.6 million individuals conducted. Data of
1,153,261 examinees of HBV and 742,783 examinees of HCV
were used.

Statistical analysis
Meta-regression analysis was performed to estimate birth year-
specific pooled prevalence of HBsAg and anti-HCV by three
categories (both sexes, male, and female), using aggregated data
of two or three cohorts. We assumed that relation between
prevalence of HBsAg or anti-HCV and birth year were
approximated by a cubic spline regression model:

fðxÞ ¼
Xq

j¼1
�jBjðxÞ

where Bj(x) is basis function of local cubic polynomials

BjðxÞ ¼ aj þ bjðx � xjÞ þ cjðx � xjÞ2 þ djðx � xjÞ3
ðxj � x < xj þ 1Þ

and x is dummy code of birth year such as x = 1 for 1931–35;
x = 2 for 1936–40, …; x = 11 for 1981–85, q = 11 is number of
birth-cohorts.10 The cubic spline method uses a set of third-degree
polynomials spliced together such that the resulting curve is
continuous and smooth at the splices (knot points). Fitting a cubic
spline curve was estimated based on weight of each cohort’s
sample size and penalty least-squared method, which means that
the estimation is done by minimizing an objective function that is
a combination of the sum of squares error and a penalty for
curvature integrated over the curve extent given by Reinsch.11 We
also calculated conservative 95% confidence intervals (CIs) of
pooled prevalence using Wald’s CI with use of theoretical
maximum value of variance of pooled prevalence.

All statistical analyses were performed using JMP 13 (SAS
Institute Inc., Cary, NC, USA).

Ethical considerations
This study used data of the first-time blood donors and examinees
of hepatitis virus infections through periodic health check-ups
from the already published papers available as secondary data in
the public domain; ethics approval was not required for them.
Information on HBV and HCV infection among the Ningen Dock
examinees in 2014 was extracted from the Japan Ningen Dock
Study database after approval by the Research Ethics Committee
of the Japan Society of Ningen Dock (approval number 0010,
October 2017).

RESULTS

Sex- and birth year-specific prevalence of HBsAg and anti-HCV
among the three cohorts are shown in Table 1 and Figure 1
as dots. For reference, two cohorts of first-time blood donors
(2001–2006 and 2007–2011) and periodic health check-ups
(2008–2012) are also shown as white circles.
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－ Pooled prevalence by meta-regression

R   =0.892 R   =0.632

R   =0.862 R   =0.882

R   =0.842 R   =0.952

Figure 1. Pooled prevalence of HBsAg and anti-HCV by meta-regression model. This figure showed the HBsAg and anti-HCV
prevalence of each cohort study and the pooled prevalence of HBsAg and anti-HCV using meta-regression model. The
three left sided figures represent for HBsAg prevalence while the three right sided ones represent for anti-HCV
prevalence. The two figures in upper row represent for the overall prevalence while the middle and lower rows indicate
for the respective prevalence in male and female respectively. In each figure, the earlier cohort studies were showed
with red, green and blue dots while the later studies were indicated with red, orange and blue colored rings. The line in
every figure indicates for the resultant pooled prevalence by meta-regression model.
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As for HBsAg, prevalence of three cohorts are close to
one another and spline curve is well fitted except for the people
whose birth year is earlier than around 1950. As for the people
whose birth year is earlier than around 1950, prevalence of
HBsAg among first-time blood donors is higher than that among
Ningen Dock examinees. Regression curve of HBsAg based on
cubic spline curve shows peaks in 1941–45 and 1946–50 birth
cohorts.

As for anti-HCV, prevalence among the three cohorts were
close to one another in people whose birth year is later than
around 1940. For the people whose birth year is earlier than 1940,
prevalence of anti-HCV among periodic health checkup attendees
is lower than that among Ningen Dock examinees and first-time
blood donors. The regression curve of anti-HCV shows a
decreasing trend by birth year.

DISCUSSION

First-time blood donors is a large cohort; however, most of them
are in a young generation who were aged 39 years old or younger,
and middle and elder generation members are not common in this
cohort. On the other hand, many of the examinees of periodic
health check-ups or Ningen dock were 40 years or older. In this
study, we combined some prevalence rates among large-scaled
populations and estimated the precise prevalence as a pooled one.
Birth year-specific pooled prevalence of HBsAg peaked in the
1941–1950 birth cohort. That of anti-HCV shows a decreasing
trend by birth year.

In Japan, large-scale sero-prevalence studies among all first-
time blood donors were conducted three times: 1995–2000,
2001–2006, and 2007–2011.5,12,13 During each period of study,
screening of hepatitis B and C was promoted, and residents
who were already known to be infected never go for blood
donation and are not involved in prevalence study. For this
reason, the prevalence of both diseases seems to be under-
estimated. Therefore, we used prevalence in 1995–2000, which
was similar to that of the Ningen dock examinees among cohorts
who were born in later years, for meta-regression. Although,
for the prevalence among cohorts who were born in earlier years
are different, R2 ranged from 0.84–0.95. It is suggested that
members of two big cohorts who were born in later years were
very similar.

In fact, hepatitis virus carriers can be categorized into four
groups: a) undiagnosed carriers, b) patients, c) carriers who know
their own infection status but have not been seen at hospital, and
d) new infection.13 In this study, we estimated the prevalence of
undiagnosed carriers among the general population.

Age and birth cohort effects can be seen in liver cancer
mortality, especially in the cohort who were born in the 1930s.14

In Japan, the main cause of liver cancer is persistent HBV and
HCV infection. In this study, we observed a peak of prevalence of
anti-HCV among the 1931–1935 birth cohort.

Low prevalence of HBsAg among the young generation was
observed in this study. According to mathematical model study of
infectious routes of HBV infection, the number of HBV carriers
with horizontal infection was estimated to be 2.17–3.93 times
higher than that with vertical infection among 1950–1959 birth
cohorts, while the ratio was decreased to 0.06–0.37 times among
the 1980–1985 birth cohorts.15 Countermeasures for preventing
mother-to-infant infection of HBV were introduced since 1986,
and prevalence of HBsAg is expected to become very low.

The estimated prevalence of hepatitis virus in this study can
also be used for analysis of correlation between hepatitis virus
carrier and liver cancer, as well as risk factor analysis of liver
cancer. It is also important for updating the data for monitoring of
hepatitis virus infection transmission.

In conclusion, we estimated the pooled prevalence of HBsAg
and anti-HCV based on nationwide data. The results will be
important reference data for various countermeasures for hepatitis
eradication.
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