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Abstract

Recent studies indicate that genotypes of hepatitis
B virus (HBV) are closely associated with pathogenesis
and clinical outcome in HBV related liver diseases.
However, the prevalence of these HBV genotypes and
clinical features in HBV carriers remain unclear. From
1977 to 2004, a health-screening program in Iwate
Prefecture identified 6,711 HBV carriers. A sample of
661 cases (male, 343; female, 318) was extracted
using a stratified random sampling method. In

addition, further 30 HBV carriers -complicated with -

HCC during long-term follow-up were identified from
the registration system for cancer patients of Iwate
Prefecture, and they were enrolled in the study. HBV
genotypes were determined using an enzyme linked
immunosorbent assay Kit. Distribution of HBV
genotypes showed 19 (2.9%) with genotype A, 297

(44.9%) with genotype B, and 345 (62.2%) with
genotype C. In 30 cases with HCC, genotype B and

genotype C were 30% and 70%, respectively. HBV'

genotypes are closely associated with age, positive
rate of HB e antigen (HBeAg), and fluctuation of
serumn alanine aminotransferase (ALT) levels during
a follow-up. Cases that developed HCC with genotype
B were found to be significantly older compared to
genotype C. In conclusion, the prevalence of
genotypes B and G were equal in HBV carriers residing
in Iwate Prefecture. Differences between HBV
genotypes, in particular genotypes B and C, were
closely associated with positive‘rate of HBeAg,
fluctuating serum ALT levels, and clinical outcomes of
these carriers.

Key words : health-screening, HBY carrier residents, HBV genotype,
HB e antigen, hepatocellular carcinoma

1. Introduction
In Asian and African countries, Hepatitis B
virus (HBV) infection is still a major cause of

A}

acute hepatitis (AH) and various forms of
chronic infection, including asymptorﬁatic
HBV carrier state, chronic hepatitis (CH),

12
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liver cirrhosis (LC), and hepatocellular
carcinoma (HCC), because infection occurs
predominantly through perinatal transmission

to babies from carrier mothers who are
| positive for hepatitis B e antigen (HBeAg)
in serum or through horizontal spread during
infancy. Eight genotypes of HBV from A to H
are currently recognized!'?’ and have

3-7) 1

distinct geographical distributions n

general, while genotypes B and C frequently

4'6), genotypes A and D are

7)

occur in Asia
common in Western countries’’. In Japanese
patients with chronic HBV infection, the
geographic distribution of genotypes B and C
also differs among regions of Japane). In
particular, genotype B is relatively frequent in
the Tohoku region (the northern part of
mainland Japan), which includes Iwate
Prefecture, compared to other regions except
the Okinawa region. Many recent studies
have shown that HBV genotypes are closely
associated with clinical manifestations and
outcome in patients with acute or chronic

8-10)  Purthermore, recent

liver diseases
reports have also demonstrated that the
differences between genotypes B and C, and
subtypes of genotype B are considered as
causative agents of HCC® %% However,
these data were primarily obtained from
inpatients and outpatients who visited one
hospital.

Approximately one million people are
estimated to be HBV carriers in Japan. The
majority of these HBV carriers are receiving
no medical treatment or follow-up care. A
small number of these HBV carriers who are
HBeAg positive or have abnormal levels of
serum alanine aminotransferase ALT are
recognized as a high-risk group for developing
CH and LC or HCC®'*'® However, to ensure

precise health management for all HBV
carriers, it is important to clarify the
differences between clinical characteristics of
all HBV carriers with different genotypes.

In the present study, we clarify: 1) the
prevalence of HBV genotypes in HBV carriers
identified during a health-screening program
in Iwate Prefecture; 2 ) the relationship
betweeh HBV genotypes and age; 3 ) the
relationship between HBV genotypes and rate
of positive HBeAg and changes of serum
transaminase levels during long-term follow-
up; and 4 ) the prevalence of HBV genotypes
and the clinical profiles of HBV carriers
complicated with hepatocellular carcinoma
during a long-term follow-up.

II. Subjects and Methods

1. Subjects

From 1977 to 2004, a total of 381,601
Japanese residents (male: 172,961; female:
208,640) of Iwate Prefecture received a
health screen at the institute of Iwate Healthy
Science Association. Among these individuals,
6,711 residents (male: 3,576; female: 3,135)
were diaghosed as HBV carriers. Using the
stratified random sampling method, 661 HBV
carriers (male: 343; female: 318) were
recruited into samples of approximately equal
age and number of individuals for a follow-up
every six months or annually by the Iwate
Healthy Science Association until 2004.
Further 60 HBV carriers complicated with
HCC during a follow-up were also recruited
from the Registration System for Cancer
Patients of Iwate Prefecture. However, only
30 cases with HCC were examined in this
study because blood samples could not be
obtained from all cases.

Demographic information for HBV carriers
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Table 1. Demographics of HBV carriers with or without HCC

Cases without HCC Cases with HGC
Total number of HBV carriers 661 30
Sex (male:female) 343:318 21:9
Median age (years, range) 419 (16~80) 474 (35~67)
Male 41.3 (16~75) 47.0 (35~65)
Female 42.9 (19~80) 48.6 (35~67)
Median follow-up period (years, range) 10 (2~26) 8§ (2~15)
Male 9 (2~26) 8§ (2~15)
Female 10 ( 2~26) "9 (4~13)
Serum transaminase levels (mean * SD) ,
AST (JU/L) 24.2 + 23.0% 54.3 +41.2
ALT (UML) 29.9 £ 23.6* 38.3 = 33.3

* p<0.05 (compared to cases with HCC)

with or without HCC are shown in Table 1.

The study protocol was approved by the
Human Ethics Review Committee of Iwate
Medical University, and was permitted by the
Committee of Iwate Health Service
Association and Iwate Medical Association.

2. Methods

We used the initial serum samples for
determination of HBV genotypes which were
stored at —20°C in the institute of Iwate
Health Service Association.

HBV genotypes were determined using an
enzyme linked immunosorbent assay (ELISA)
kit (Institute of Immunology Co., Ltd., Tokyo,
Japan) according to the method previously
reported by Usuda, et al.'”™. Briefly, 10ulofa
serum sample was placed on a plate fixed
with monoclonal antibodies against epitope b

(located in the pre-S antigen of HBV, and

common to all genotypes) , epitope m
(specific to genotype B), and epitopes k, s
and 1 (associated with several genotypes) . A
reactive enzyme was then added for color
development, and absorbency was measured
to determine HBV genotype.

HBsAg was determined using comrnercial

hemagglutination assay kits (MyCell, Institute
of Immunology Co. Ltd., Tokyo, Japan) .
HBeAg and anti-HB e antibody (anti-HBe)
were also determined using commercial
enzyme imrmunoassay kits.

Serumn levels of ALT, asparate aminotransferase
(AST) and y -glutamyltransferase (y -GTP)
were examined using a routine automatic
analyzer.

3. Statistical analysis

Data are expressed as mean=xstandard
deviation (SD) or median (range) . Comparisons
between the groups were performed by Chi-
square test of Fisher's exact test.
Probabilities of less than 0.05 were considered
statistically significant.

III. Results
1. Distribution of HBV genotypes and
their relationship with age
Of 680 cases, 19 (2.9%) were genotype A,
297 (44.9%) were genotype B, and 345
(52.2%) were genotype C. The 30 cases with
HCC showed 9 (30%) cases of genotype B‘
and 21 (70%) cases of genotype C. Genotype
A was not detected in HCC cases.
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Table 2. The relationship between positive rate of HBeAg in each genotype and age at first examination

Genotype A Genotype B Genotype C
Total numbers ' 19 297 345
Sex (male:female) 13:6 157:140 173:172
Numbers of HBeAg positive (%) # 0 (0) 11(3.7) 115(33.3) ¥, *x
Sex (male:female) 0:0 8:3 66:49
>29 years 0 (0) 7(24.1) 29 (43.9)
30 ~39 0 (0) 2(3.3) 37(33.0)
40 ~49 0 (0) 0(0) 28(28.9)
50 ~58 0 (0) 1(1.2) 13(26.5)
60 ~69 0 (0) 1(2.9) 7(36.8)
70< 0 (0) 0(0) ' 1(50.0)
Liver function tests
AST (JU/L) 224 £ 11.1 258 £ 127 33.8 &+ 29.9% *
ALT (IUL) 29.3 + 22.1 277+ 175 40.8 = 50.0
g-GTP (IU/L) 294 + 223 289 + 409 36.2 £47.2

* *p<0.01 (compared to genotypes A and B, respectively)

++ %% 50,001 (compared to genotypes A and B, respectively)
# Percentage is the rate of HBeAg positive cases among the total number of HBV carriers in each age group

The relationship between each HBV
genotype and age is shown in Figure 1. When
the age of HBV carriers was compared based
on age in 2003, genotype A was found only in
the 20~30-year-old carriers. The rate of
genotype B gradually increased as age
increased and was the highest in carriers over
70 years old. The rate of genotype C was
higher in 40 to 60 years old, but lower in

carriers over 70 years old.

2 . Positive rate of HBeAg in each HBV

genotype

The positive rate of HBeAg for each
genotype of HBV was 0% in genotype A, 3.7%
in genotype B and 33.3% in genotype C. The
positive rate of HBeAg in genotype C was
significantly higher (p<0.001) than that in
genotypes A and B. The relationship between
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Table 3. Profiles of HCC cases with genotype B or C

* Genotype B (9) Genotype C(21)
Age developed to HCC (years) 64 + 13* 52.7 £ 9
Numbers of HBeAg positive (%) 0 (0%) 6(27.3%)
Serum ALT levels during follow-up 394 £ 228 65.5 & 52.8

* p<0.05 (compared to genotype C)

the positive rate of HBeAg in genotypes B and
C and age is shown in Table 2. In 20- to 30-
year-old genotype B carriers, 11 carriers
exhib’ifed a relatively higher positive rate of
HBeAg. On the other hand, in genotype C,
the percentages of HBeAg positive cases were
higher than genotype B at all ages, in
particular, in the carriers in their 20s.

3. Changes in the HBeAg/anti-HBe
system in genotype B and C carriers
during follow-up

Six (54.5%) of 11 genotype B carriers who

were positive for HBeAg at the first
examination seroconverted to anti-HBe
during follow-up, while 5 (45.5%) carriers
remained HBeAg positive during follow-up.
Of the 115 genotype C carriers who were
positive for HBeAg at the first examination, 24
(20.9%) carriers seroconverted to anti-HBe
and 12 (10.4%) carriers were positive for
alternately between HBeAg and anti-HBe,
while 79 (68.7%) carriers remained HBeAg
positive during follow-up. Duration until the
seroconversion from HBeAg to anti-HBe was
4 542.3 years (range; 2 ~ 8 years) in
genotype B, and 6.0+4.2 years (1 ~15 years)
in genotype C.

4 . Relationship between HBV genotypes
and serum ALT levels during follow-up

Serum ALT levels during a long-term

follow-up were compared among the three
HBV genotypes. Serum ALT levels of each
HBV genotype were 29.3+22.1 IU/L in

genotype A, 27.7+17.5 IU/L in genotype B,
40.8+50.0 TU/L in genotype C. The levels of
serum ALT in the genotype C were
significantly higher (p<0.05) than those of
genotype B, but no significant differences
were observed between genotypes A and B.

5. Analysis of HBV carriers complicated

with HCC

Comparison between HCC cases with
genotype B or C is shown in Table 3. Cases
with genotype B were significantly older
compared to the cases with genotype C. All
cases with genotype B exhibited a negative
rate of HBeAg at the start of follow-up, while
HBeAg was positive in 27.3% of cases with
genotype C. Serum ALT levels during follow-
up were significantly higher in genotype C
than in genotype B. '

IV. Discussion

In Iwate Prefecture, the immunoprophylaxis
of perinatal transraission of HBV was started
in 1981 and covered more than 60% of all
babies by 1986 when it became a mandatory
national program'®. Briefly, 20.7% of HBV
carrier mothers were positive for HBsAg and
their babies received immunoprophylaxis. As
a result of this program, the prevalence of
HBsAg decreased from 0.75% in children born
between 1978 and 1980 to 0.23% in those born
between 1981 and 1985, and further to 0.04%
in those born between 1986 and 1990.
Therefore, it is believed that the prevention of
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perinatal HBV transmission influences not
only mother-to-baby transmission but also
horizontal transmission from HBV carrier
children who might be infected during
infancy. However, there are still many HBV
carriers who have not received
immunoprophylaxis under the national
program for prevention of HBV infection.

Among the HBV carriers residing in Japan,
a small number of HBeAg positive carriers or
carriers with abnormal levels of serum ALT
are recognized ds a high-risk group for
developing CH and LC or HCC®  !*18)
However, clinical features and outcome in the
majority of HBV carriers with different HBV
subtypes remain unclarified.

In this large-scale survey three genotypes
were found among HBV carriers residing in
[wate Prefecture who were identified during a
health-screening program between 1977 and
2004. HBV genotypes B and C were the most
common, followed by genotype A. In a
previously published report by Orito and
colleaguese), concerning the geographic
distribution of HBV genotypes among patients
with chronic liver disease in Japan, the
prevalence of genotype B in the Tohoku area
including Iwate Prefecture was reported to be
higher (22.9%) than that of the other
mainland areas. However, the rate of HBV
genotype B in this study was higher than
expected (44.5%) , even if a high rate of HBV
genotype B was considered to be endemic in
the Toholku area. A possible reason for this is
that our subjects lived without any medical
management.

- Generally, in HBV carrier residents with
genotype B, seroconversion from HBeAg to
anti-HBe occurs at a young age (10-20 years
after birth) , resulting in stabilization of liver

function. Therefore, the majority of HBV
genotype B carriers live as asymptomatic
carriers who do not require medical
management or follow-up'®. Actually, the
positive rate of HBeAg in carrier residents
with genotype B was extremely low compared
to carrier residents with genotype C at the
start of follow-up. On the other hand, it has
been found that seroconversion from HBeAg
to anti-HBe at a young age is not frequent in
genotype C carriers, and in most patients
abnormal serum ALT levels remain® © 9.
Therefore, the HBV carriers with genotype C
have many opportunities to visit the "hospital
and receive the medical management,
resulting in high prevalence of genotype C. In
the present study, the prevalence in every age
group of genotype C carriers were
significantly lower than rates of anti-HBe of
genotype B carriers, while the serum AST and
ALT levels were higher in genotype C.
Ishikawa, et al.'® previously showed that the
seroconversion from HBeAg to anti-HBe was
less likely to occur in genotype C carriers,
especially in carriers in their 40s. These
subjects were also more likely to develop
chronic liver disease, because their serum
transaminase levels fluctuated and their HBV-
DNA levels were high.

Interestingly, in the present study we found
that the prevalence rate of genotype A was
relatively high among young people from 20 to
30 years old. Genotype A is the predominant
genotype in Europe and the United States”.
A previous report concerning the geographic
distribution of HBV genotypes in Japan
showed a low prevalence rate (1.7%) of HBV
genotype A%, A recent report has suggested
that acute hepatitis patients infected with
HBV genotype A often transfer to a persistent



