880 T. litsuka et al.

survey that were reported by 49 of the responding insti-
tutions. Of the 164 children, 28 were excluded from
analysis due to incomplete medical records, such as
missing birth data, date of first visit and sex. As a result,
a total of 136 children with HBV infection were ana-
lyzed. No subjects were diagnosed with HBV infection
based only on the presence of IgM antibody to anti-HBc
(IgM anti-HBc) or anti-HBs, without any evidence of
HBsAg or HBV DNA detection.

A total of 126 HCV-infected children were finally
reported by 47 institutions with qualifying children
among the 267 institutions that responded (response
rate 42%). Of the 126 children, 12 were excluded due to
incomplete medical records. As a result, 114 children
with HCV infection were analyzed. Two children who
were anti-HCV positive and HCV RNA negative, and had
a history of blood transfusion, but subsequently spon-
taneously became seronegative for anti-HCV, were not
enrolled in this study.

In Japan, children up to junior high school age tend to
be seen by pediatricians when they visit the hospital for
the first time, while high school students are usually
seen by internists. The upper age limit of junior high
school children is 15 years. Therefore, the incidences of
both HBV and HCV infections in this study were inves-
tigated among children under 15 years of age. The year
of the diagnosis ranged from 1985-2005 for HBV and
from 1988-2005 for HCV, and was divided into two
periods, namely, until 2002 and from 2003-2005. The
year of birth ranged from 1983-2005 both for HBV
and HCV, and the period was divided into one 2-year
(1983-1984) and seven 3-year (1985-2005) periods.
The year of birth was also divided into two periods,
namely until and after 1989 when the Japan Red Cross
began anti-HBc and anti-HCV (c100-3) tests for blood
donor screening. Most HBV-infected children (94%)
were born in 1986 or after when a nationwide immu-
nization program was started for infants born to HBV
carrier mothers to prevent perinatal transmission.

Statistical analysis

The data were analyzed by the Mann-Whitney test and
Fisher’s exact test where appropriate. P < 0.05 was con-
sidered statistically significant.

RESULTS

Subjects with pediatric HBV infection

TOTAL OF 136 subjects were infected with HBYV,
comprising 71 males and 65 females, with a
male : female ratio of 1.1:1. The age at the time of diag-
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Table I Age at the diagnosis of HBV or HCV infection by
transmission routes

Groups of transmission HBV, median HCV, median

route (range) (range)
Maternal n=90 n=80
3m(0m-18y)t Iy(0Om-14y)t
Horizontal n=3i n=28
4y (i1im-idy) 7y(ly-19y)
Intrafamilial n=20 n=2
3y(iim-i2y) (6y,8y)
fatrogenic n=38 n=25
4y(1y-10y) 7y (ly-19y)
Other horizontal n=3 n=1
6y (ly-ldy, (13y)
Unxnown n=15 n==6
5y(1y-13y) 5y (1y-9y)

tCompared with the horizontal group including intrafamilial,
iatrogenic and other horizontal groups (Mann-Whitney U-test;
P <0.0001).

+Compared with the horizontal group including intrafamilial,
iatrogenic and other horizontal groups (Mann-Whitney U-test;
P <0.0001).

Transmission routes were categorized into the following groups:
maternal; intrafamilial (defined as intrafamilial transmission
other than maternal transmission); iatrogenic; other horizontal;
and unknown. Data are presented as the median with the range
indicated in parenthesis. HBV, hepatitis B virus; HCV, hepatitis C
virus; m, months; y, years.

nosis ranged from O months to 18years (median
1 year), including 18 years in one case and under
15 years in the others. The age at the first hospital visit
ranged from O months to 18 years (median 2 years),
including 18 years in one case and under 15 years in the
others. All subjects were positive for HBsAg. No subjects
who were HBsAg negative but HBV DNA positive were
reported. Of these, 78 subjects (57%) with constantly
normal transaminase levels in the serum, 21 subjects
(15%) with occasionally abnormal transaminase levels,
34 subjects (25%) with chronic hepatitis, two subjects
(19%) with acute hepatitis and one subject (0.7%) with
fulminant hepatitis were reported. None of the subjects
had cirrhosis or hepatocarcinoma. As shown in Table 1,
the median age at diagnosis in case of maternal
HBV transmission was 3 months {range 0 months to
18 years), which was significantly younger than in the
case of horizontal HBV transmission (P < 0.0001).
Table 2 shows the number of subjects and percentage
of HBV infection by the different infection routes and
the year of diagnosis divided into two periods: from
1985-2002 and from 2003-2005. The number of sub-
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Table 2 Number of children with hepatitis B virus (HBV)
infection according to the calendar yezar of diagnosis and the
transmission routes

Groups of transmission 1985-2002, 2003-2005%,
route n=92 (%) n =44 (%)
Maternal 60% (65) 30% (68)
Intrafamilial 14 (15) 6 (14)
Father to child 10 4
Others 4 2
latrogenic 4 (4) 4 (9)
Blood transfusion 3 1
Others§ 1 3
Otker horizontal 2(2) 19 (2)
Unknown 12 (13) 3(7)

+Compared with the children diagnosed from 1985-2002
(Fisher’s exact test; P=0.625).

$Including a case with horizontal infection of HBV, which was
transmitted from the mother with HBV infection acquired after
delivery.

§All four cases thought to have HBV infection caused by liver
transplantation from an anti-HBc-positive donor.

YA case thought to have HBV infection transmitted by sexual
intercourse.

Data are expressed as the number of children with percentage
indicated in parenthesis.

jects who were newly diagnosed with HBV infection
from 2003-2005 was 44, comprising 15 in 2003, 17 in
2004 and 12 in 2005. Among these 44 subjects ranging
in age at the time of diagnosis from 0 months to
18 years (median 6 months), 43 were under 15 years of
age, so the incidence of newly diagnosed HBV infection
in subjects under 15 years of age was 14.3/year. Of these
44 subjects, the putative routes of infection reported in
this questionnaire were maternal transmission in 30
subjects (68%), intrafamilial transmission in six sub-
jects (14%) including father-to-child transmission in
four subjects and other intrafamilial transmission in two
subjects, and iatrogenic transmission in four subjects
comprising three subjects who underwent liver trans-
plantation from an anti-HBc-positive donor, and one
subject with a history of blood transfusion. Other hori-
zontal transmission included suspected sexual inter-
course in one subject. The subjects with maternal
infection included one subject who was suspected to
have horizontal infection from the mother with acute
hepatitis B.

Among the 92 cases of HBV-infected subjects diag-
nosed from 1985-2002, the transmission routes were
maternal transmission in 60 subjects {65%), intrafamil-
fal transmission in 14 subjects (15%) including father-
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to-child transmission in 10 subjects, other intrafamilial
transmission in four subjects, and iatrogenic transmis-
sion in four subjects (4%). No significant difference was
observed in the distribution of the transmission routes
between subjects diagnosed from 1985-2002 and those
diagnosed from 2003-2005 (P =0.625).

In the 88 subjects with maternal infection excluding
two cases of horizontal infection (from mothers with
postpartum HBV infection), HBsAg was found to have
become positive in 16 subjects (18%) at 0 months
old, 23 (26%) at 1 month, 11 (13%) between 2 and
5 months, 17 (19%) between 6 and 11 months, and 20
(23%) at 1year or older. Among children infected
maternally with HBV, 77% (68/88) had a history of
receiving HBV immunoprophylaxis or becoming HBsAg
positive by 3 months of age, and it corresponded with
those with vertical infection.

Figure 1 shows the proportion of transmission routes
in HBV-infected subjects by the period of the year of
birth. Although the majority of the transmission routes
in the last period of the year of birth from 2003-2005
were found to be maternal, there were no remarkable
changes in the distribution of transmission routes in the
other 3-year periods.

Subjects with pediatric HCV infection

A total of 114 subjects were infected with HCV, com-
prising 60 males and 54 females, with a male : female
ratio of 1.1:1. The age at the time of diagnosis ranged
from 0 months to 19 years (median 1 year), including
16 years in one case, 19years in one and under
15 years in the others. The age at the first hospital visit
ranged from 0 months to 19 years (median 3 years),
including 16 years in three cases, 19 years in one and
under 15 years in the others. Of these, 61 subjects
(54%) had constantly normal serum transaminase
levels, 37 subjects (32%) occasionally had abnormal
transaminase levels and 16 subjects (14%) had abnor-
mal transaminase levels for at least 6 months. None
of the subjects had cirrhosis or hepatocarcinoma. As
shown in Table 1, the median age at diagnosis in
case of maternal HCV transmission was 1 year (range
0 months to 14 years), which was significantly younger
than that in case of horizontal HCV transmission
(P < 0.0001).

Table 3 shows the number of subjects with HCV infec-
tion by the transmission routes and diagnostic years.
The number of subjects with newly diagnosed HCV
infection from 2003-2005 was 26, comprising eight in
2003, nine in 2004 and nine in 2005. Among these 26
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subjects ranging in diagnostic age from 0 months to
19 years (median 1 year), 24 were under the age of
15 years, and therefore the incidence of newly diag-
nosed HCV infection among children under 15 years of
age was 8.0/year.

Regarding the transmission routes among the 26 sub-
jects newly diagnosed from 2003-2005 compared with
the 88 subjects newly diagnosed from 1988-2002,
maternal, intrafamilial, iatrogenic, other horizontal and
unknown transmission accounted for 77%, 4%, 8%, 4%
and 8% in HCV (vs 68%, 1%, 26%, 0% and 5%), respec-
tively, which was a statistically significant difference

Table 3 Number of children with an HCV infection according
to the calendar year of diagnosis and transmission routes

Groups of transmission 1988-2002, 2003-20051,
route n=288 (%) n=26 (%)
Maternal 60% (68) 20 (77)
Intrafamilial . 1(1) 1(4)
Father to child 0 1
Others i 0
latrogenic 23 (26) 2 (8)
Blood transfusion 23 2
Others 0 0
Otker horizontal 0 (0) §(4)
Unknown 4 (5) 2 (8)

+*Comparec with the chilcren diagnosec frem

1988-2002 (Fisher's exact test; P < 0.05).

tinciuging a case with a histery of biced transfusion.

§A case cf an Lv. drug user.

Data are expressec. as number of children with the perceniages
incdicaiec in pareniheses.
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iatrogenic, other horizontal and
unknown transmission are shown
according to the birth-year periods.

(P<0.05). Maternal transmission was found to be a
leading cause in both periods. Among 85% (68 cases) of
the maternally transmitted HCV subjects, infection was
inferred to have occurred at the time of birth according
to the questionnaire sheets in this survey. latrogenic
transmission was reported to exclusively occur in asso-
ciation with blood transfusion.

Figure 2 shows the proportion of the transmission
routes in HCV-infected subjects by the period of birth
year. Among HCV-infected subjects born before 1991,
the leading route of infection was blood transfusion.
However, no cases transmitted by blood transfusion
were reported among subjects born in 1993 or after, in
addition to the low prevalence of other horizontal trans-
mission. Therefore, maternal transmission tended to be
a major source of infection among subjects born in
1991 or after.

Comparison between subjects with HBV
infection and those with HCV infection

Figure 3 shows a comparison of the transmission routes
of HBV with those of HCV according to the year of birth.
Comparison of subjects born since 1990 with those
born before 1990, showed that the proportion of cases
of maternal, intrafamilial, latrogenic, other horizontal
and unknown transmission changed from 52%, 19%,
4%, 7% and 19% to 70%, 14%, 6%, 1% and 9%, respec-
tively, in HBV (P=0.120), which was not statistically
significant, and from 14%, 0%, 76%, 4% and 7% (o
89%, 2%, 4%, 0% and 5%, respectively, in HCV
(P<0.001), which was statistically significant. As for
HBV, maternal transmission was still found to be a
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leading source of infection and horizontal transmission DISCUSSION
that accounted for 20-30% in both groups. Meanwhile,
among HCV-infected subjects, iatrogenic transmission O FAR, THERE have been several reports on the
had markedly decreased and the proportion of cases prevalence of HBV and HCV infections among
with horizontal transmission shifted from 80% to 6%. healthy children in Japan. The Japan Red Cross has been
Inversely, maternal transmission tended to be a promi- screening blood donors for HBs antigen since 1972 and
nent source of infection. for high-titer anti-HBc since 1989 to detect HBV, and for
1983-1989 1990-2005
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Figure 3 Distribution of the transmission routes of hepatitis B virus (HBV) or kepatitis C virus (HCV) infection according to the
calendar year of birtz. In children born between 1983 and 1989 in comparison to 1990 and 2005, the proportions of cases of
maternal, intrafamilial, iatrogenic, otier horizontal and unknown transmission shifted from 52%, 9%, 4%, 7% and 19% to 70%,
14%, 6%, 1% and 9% in HBV, and changed from 14%, 0%, 76%, 4% and 7% to 89%, 2%, 4%, 0% and 5% in HCV, respectively.
(&) Compared between the HBV-infected children born between 1983 and 1989 and those born between 1990 and 2005 (Fisher's
exact test; P=0..20). {b) Compared between the HCV-infected children born between 1983 and 1989 and those born between
1990 and 2005 {Fister's exact test; P < 0.001).
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anti-11CV with first generation assay since 1989, which
was changed to second generation assay in 1992, to
detect HCV; the prevalence of both HBV and HCV infec-
tions among blood donors was found to decrease
according to the year of birth.*'* In fact, among blood
donors between the ages of 16-19 years who were
born from 1981-1984, the prevalence rate of HBsAg
and anti-HCV tended to decrease to 0.23% and 0.13%,
respectively.™

Since 1986, nationwide immunoprophylaxis of high-
risk babies whose mothers were HBe antigen positive
was implemented and was found to be highly effica-
cious to prevent perinatal transmission of HBV.*°
Among children born around 1986, a significant
decrease in the rate of HBsAg-positive donors was
observed.” Moreover, in schoolchildren born between
1981 and 1985 in Iwate Prefecture, Japan, the preva-
lence rate of HBsAg was reported to be 0.47% to 0.16%,
which was reduced to 0.06% to 0.02% in those born
between 1986 and 1989.° Similar trends in HBV infec-
tion among elementary school children were also
reported in Shizuoka, another prefecture in Japan,® but
there have been no reports of children born in the 1990s
or later.

On the other hand, there are still no comprehensive
reports on HCV prevalence among healthy Japanese
children. According to the HCV screening of pregnant
women conducted from 1992 through 1999 in Tottori
Prefecture, Japan, the rate of HCV carrier mothers who
were both anti-HCV and HCV RNA positive was found
to be 0.39%, while the rate of mother-to-child infection
among their children was 8%.'” Therefore, the percent-
age of maternally infected infants with HCV born in
the 1990s is estimated to be 0.03%. No overall studies
on the prevalence of HBV and HCV among children
younger than the subjects of the abovementioned
reports have so far been reported in Japan.

According to this survey, the annual average numbers
of newly diagnosed children under 15 years of age
during the period between 2003 and 2005 were 14.3
with HBV and 8.0 with HCV. It is possible that other
children than the subjects of this study visited other
institutions such as pediatric clinics or departments of
internal medicine, or that patients who were newly
infected during this period did not visit any institution
due to a lack of symptoms. Moreover, we cannot
simply compare the incidence of newly diagnosed chil-
dren in this study with the previously reported preva-
lence rate of HBV and HCV infections among Japanese
children. Although a survey of the prevalence of carrier
children throughout the country or in some munici-
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palities is very important, the survey of the incidence of
newly diagnosed children used in this study should
possibly be conducted on an ongoing basis in the
future to determine trends in the incidences of new
infections. The results of this study can therefore be
used as basic data.

Among Japanese HBV-infected children, it was
reported that maternal transmission was the major
route of HBV infection followed by intrafamilial
transmission.'® This study also shows a similar dis-
tribution among subjects according to the year of birth
as well as the year of the diagnosis. Moreover, most
subjects with maternal infection were apparently diag-
nosed during infancy, and those with horizontal infec-
tion such as intrafamilial infection at an older age.
Considering these findings, we would suggest that there
were no remarkable changes over the years during the
last two decades in terms of infection route distribution
of HBV, and we therefore need to carefully consider
the necessary measures to simultaneously prevent both
horizontal HBV infection and maternal infection.
Moreover, transfusion-acquired HBV infection still
occurred at a relatively low rate, but HBV infection after
liver transplantation from an anti-HBc-positive donor
has emerged,’' and was reported in four children in the
present study. Undoubtedly, it is expected that its
occurrence will decrease in the future by avoiding liver
allografts from anti-HBc-positive donors, which is not
always easy to accomplish in Japan because of the
shortage of donated liver allografts.”’ In this study,
there was only one suspected case of sexual transmis-
sion, but it is necessary to monitor continuously
whether an increasing trend may also be seen among
children in the future.

Approximately three-quarters of children infected
maternally with HBV had either a history of hepatitis B
immunization regardless of whether it was appropriate
or not, or a history of becoming HBsAg positive within
early infancy. Although the transmission mechanism in
case of maternal infection could not be precisely eluci-
dated because of insufficient information, most subjects
with maternal infection were considered to have been
infected vertically.

Regarding HCV infection among Japanese children,
transfusion-acquired infection has markedly decreased
since the early 1990s and almost all infections occurred
through maternal transmission, similar to the observa-
tions reported in Italy’ and the UK.” The rate of mater-
nal transmission of HCV is approximately 5%,'7 %%
which seems to be low. However, in addition to
improved screening of the blood supply, horizontal
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transmission by other modes (e.g. i.v. drug abuse,
tattoos and other beauty treatments) remains a sig-
nificant issue among young adults, but not children.
Consequently, maternal transmission tends to be the
prominent source of infection. Therefore, prevention of
maternal transmission without HCV vaccine is a very
important measure to consider. We believe that the
number of new patients with maternal infection can be
further decreased if hepatitis in pre-pregnant HCV-
infected women is stabilized with such treatments as
interferon therapy.

Taking the appropriate countermeasures to treat these
infections among children into consideration, we need
to steadily implement the following basic treatment
steps for both HBV and HCV infections: (i) maintaining
or improving the quality of blood donor screening tests;
(ii) promoting the treatment of hepatitis in virus carri-
ers, especially women prior to pregnancy in case of
HCV; and (iii) attempting to identify more carriers by
performing virus surveys of individuals that come into
close contact with such patients, including their family
members. As for HBV, in addition to the above treat-
ment steps, we should improve the current strategy of
HBV vaccine immunization in Japan by: (i) promoting
more accurate and highly complete implementation of
the current immunoprophylaxis for babies born to HBV
carrier mothers; (ii) conducting thorough vaccination of
uninfected family members using family surveys; and
(iii) considering the establishment of a universal vacci-
nation program for all children to prevent horizontal
infection.

Our efforts to eliminate HBV and HCV infections
should therefore continue. As long as the present social,
sanitary and medical conditions in Japan do not dete-
riorate, it is expected that HCV infection will be elimi-
nated in the future even without using HCV vaccine,
which is currently not available, because the maternal
transmission rate is relatively low'” and horizontal
transmission is thought to be negligible.?* Meanwhile,
regarding HBV, the current high levels of vaccination
coverage of Japanese infants born to HBV carriers must
be sustained or even increased. Moreover, the establish-
ment of a universal vaccination program in Japan
should be considered as a necessary step to decrease
horizontal HBV transmission and eventually eliminate
HBV infection.

In conclusion, although the exact incidences of both
HBV and HCV infections among Japanese children
remains unclear, HBV horizontal transmission, which is
preventable with vaccine, has not decreased percentage-
wise, but most new HCV infections appear to be due to
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maternal transmission. Because there is an increasing
trend in the occurrence of adult acute HBV infection and
growing concern about an increase in horizontal HBV
transmission, the national HBV vaccination program
should be expanded to a universal vaccination program
for all children to eliminate HBV infection.
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