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factors associated with fulminant hepatitis B
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Background: Host and viral factors can promote the devel-
opment of fulminant hepatitis B (FHB), but there have been no
case—control studies for figuring out virological parameters
that can distinguish FHB.

Methods: in a case—control study, virological factors associ-
ated with the development of FHB were sought in 50 patients
with FH developed by transient hepatitis B virus (HBV) infec-
tion (FH-T} and 50 with acute self-limited hepatitis B (AHB) who
were matched for sex and age. In addition, 12 patients with
FH developed by acute exacerbation (AE) of asymptomatic
HBV carrler (ASC) (FH-C) were also compared with 12 patients
without FH by AE of chronic hepatitis B (AE-C).

Results: Higher HBV DNA levels, subgenotype B1/Bj,
A1762T/G1764A, G1896A, G1899A and A2339G mutation
were significantly more frequent (P < 0.05), while hepatitis B
e-antigen was less frequent in the FH-T patients than AHB.
In multivariate analysis, G1896A mutation (odds ratio [OR],

13.53; 95% confidence interval [Cl], 2.75-66.64), serum HBV
DNA more than 5.23 log copies/mL (OR, 5.14; 95% Cl, 1.10-
24.15) and total bilirubin more than 10.35 mg/mL (OR, 7.81;
95% Cl, 1.77-34.51) were independently associated with a
fulminant outcome by transient HBV infection. On the other
hand, in comparison with the patients between FH-C and AE-C
groups, there was no significant difference of virological
factors associated with the development of FHB.

Conclusion: A number of virological factors have been
defined that may distinguish FH-T from AHB in a case~control
study. The pathogenic mechanism of FHB between transient
HBV infection and AE of ASC would be different.

Key words: acute exacerbation of asymptomatic hepatitis B
virus carrler, fulminant hepatitis, genotypes, transient
hepatitis B virus infection
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INTRODUCTION

N JAPAN, 634 patients with fulminant hepatitis (FH)
were registered from 1998-2003. Of them, 41.8%
were infected with hepatitis B virus (HBV) that is the
most frequent cause of FH there.! HBV is classified info
eight genotypes (A~H) based on a sequence divergence
of more than 8% in the entire genome of approximately
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3200 nucleotides”® They have distinct geographical
distributions and are associated with the severity of
liver disease.®” Furthermore, subgenotypes have been
reported for HBV/A, B and G, and they are named A1/Aa
(Asian/African type) and A2/Ae (European type),® B1/Bj
(Japanese type) and B2/Ba (Asian type),” and C1/Cs
(Southeast Asian type) and C2/Ce (Fast Asian type).1%!!
HBV genotypes/subgenotypes and mutations in the pre-
core region and the core promoter can influence the
viral replication and expression of hepatitis B e-antigen
(HBeAg).G,IZ

Acute HBV infection in adulthood resolves in the
most cases by far, but can induce FH or go on to become
chronic in some. It has been reported that host and viral
factors may influence the development of fulminant
hepatitis B (FHB), but the pathogenesis of FHB remains
unclear. As for virological factors associated with FHB,
mutations in the core promoter (A1762T/G1764A)"
and the pre-core region (G1896A)"* have been
reported in association with the development of FHB in
Asia and the Middle East. Additional mutations, includ-
ing T1753V, T1754V and A2339G in the core gene are
implicated, also.””'® In regard of HBV genotypes, sub-
genotype B1/Bj is highly associated with the develop-
ment of FHB in Japan.'® In contrast, an association of
HBV genotypes with the fulminant outcome has not
been reproduced in patients from the USA and
Europe.”? Such a discrepancy would be attributed, at
least in part, to distinct geographical distributions of
HBV genotypes/subgenotypes over the world.

The original definition by Trey et al.?* about fulminant
hepatic failure is widely used all over the world. On the
other hand, in Japan, the diagnosis of FH was contingent
on a slight modification of Trey's original definition by
the Inuyama Symposium (Aichi, Japanin 1981). Further-
more, the Intractable Liver Diseases Study Group of
Japan modified the criteria for the etiology of FH and
late-onset hepatic failure in 2002. According to the crite-
ria of the Intractable Liver Diseases Study Group of Japan,
there are two clinical entities of FHB that are induced,
respectively, by transient HBV infection and acute exac-
erbation (AE) of an asymptomatic HBV carrier (ASC).!

Recently, FH developing in ASC who undergo AE is
increasing in Japan.' In patients with hematological
malignancy, in particular, rituximdb and/or ghicocorti-
coid, can reactivate HBV for the development of FHB2*
The outcome is poor for FHB precipitating in ASC who
undergo acute exacerbation,' but it has been difficult to
identify it by clinical examinations. v

As there have been no case~control studies for figur-
ing out virological parameters that can distinguish FHB,

-
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a case-control study was conducted on the patients with
FH by transient HBV infection and acute self-limited
hepatitis B (AHB) in this study, for the identification of
virological factors that influence a fulminant outcome.
In addition, the patients with FH by AE of ASC, which is
assumed as a different clinical condition from transient
HBV infection, were also compared with the patients
without FH by AE of chronic hepatitis B (CHB) in a
case~control study.

METHODS

Patients

URING 9 YEARS from 1998 to 2006, in twenty-six

hospitals all over Japan, sera were obtained from
the 50 FH patients by transient HBV infection (the FH-T
group) and the 50 patients with AHB (the AHB group)
who were controlled for age and sex. As the elder pati-
ents with FHB were enrolled in this study (mean age,
42.8 years), the mean age of AHB patients became rela-
tively high (42.9 years, Table 1). Furthermore, the 12
FH patients developed by AE of ASC (the FH-C group)
were also compared with the 12 patients without FH by
AE of CHB who were matched by age and sex (the AE-C
group).

All the serum samples tested for this study were col-
lected at hospitalization. All 124 patients had hepatitis B
surface antigen (HBsAg) in serum. Infection with hepa-
titis A virus and hepatitis C virus, as well as alcoholic
hepatitis, were excluded in them.

The diagnosis of acute hepatitis B was based on
sudden manifestation of clinical symptoms of hepatitis
and detection of high-titered immunoglobulin (Ig)M
anti-hepatitis B core (HBC). Patients with initial high-
titered anti-HBC (>90% inhibition by a 1:200 diluted
serum) were excluded. The diagnosis of FH was contin-
gent on a slight modification by Inuyama Symposium
(Aichi, Japan in 1981) of the orginal definition by
Trey etal.:” (i) coma of grade II or higher; and (ii) a
prothorombin time less than 40% developing within
8 weeks after the onset of hepatitis. To exclude AE of
ASC in FH-T and AHB groups, we confirmed the nega-
tivity of HBsAg before onset of FHB or AHB and no
family histories of hepatitis were found among all the
patients. Furthermore, serum HBsAg in all patients with
FH-T or AHB became naturally seronegative within
24 weeks. AE of ASC or CHB was defined as the eleva-
tion of alanine aminotransferase (ALT >300 IU/L) or
total bilirubin (T.bil >3.0 mg/dL).” All 24 patients with
AE of ASC or CHB could be confirmed positive for
serum HBsAg before the onset of acute liver injury.

© 2009 The Japan Society of Hepatology
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Table 1 Baseline characteristics between fulminant hepatitis B patients by transient infection (FH-T) and acute self-limited

hepatitis B (AHB) patients

Features FH-T AHB Differences
{(n=50) (n=50) P-value
Age (years) 42.8+16.1 4291 14.6 Matched
Men 25 (50%) 25 (50%) Matched
ALT (IU/L) 3788 £ 2856 217041350 <0.001
AST (IU/L) 313143673 1676 + 1851 <0.05
Total bilirubin (mg/dL) 14.8 £ 8.6 9.5+9.8 <0.01
Prothrombin time (%) 169+11.2 72.8+26.0 <0.001
HBeAg positive 15 (30%) 28 (56%) <0.01
Core protein (log U/mL) 3.21+£1.28 3.01£1.00 NS
HBcrAg (log U/mL) 530+1.32 5.95+1.13 <0.01
HBV DNA (log copies/mL) 597 +1.87 498 £1.17 <0.005
Deceased 19 (38%) 0 (0%) <0.001

AHB, acute self-limited hepatitis B; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FH-T, fulminant hepatitis B by
transient HBV infection; HBcrAg, hepatitis B core related antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; NS, not

significant.

Serological markers of HBV infection

Hepatitis B surface antigen, HBeAg and the correspond-
ing antibody (anti-HBe) were determined by enzyme
immunoassay (EIA) (AxSYM; Abbott Japan, Tokyo,
Japan) or chemiluminescence enzyme immunoassay
(CLEIA) (Fyjirebio, Tokyo, Japan). Anti-HBC of IgM
and IgG classes were determined by radioimmuno-
assay (Abbott Japan). Core protein constituting the viral
nucleocapsid and HBV core-related antigen (HBcrAg),
both of which correlate with HBV DNA in serum, were
measured by CLEIA as described elsewhere.?%

Quantification of serum HBV DNA

Hepatitis B virus DNA sequences spanning the S gene
were amplified by real-time detection polymerase chain
reaction (RTD-PCR) in accordance with the previously
described protocol®® with a slight modification;? it has a
detection limit of 100 copies/mL.

Sequencing and molecular evolutionary
analysis of HBV

Nudleic acids were extracted from serum samples
(100 puL) using the QIAamp DNA extraction kit
(Qiagen, Hilden, Germany) and subjected to PCR for
amplifying genomic areas bearing enhancer II/core
promoter/pre-core/core - regions [nt 1628-2364], as
described previously.? The target of PCR covered several
mutations which were associated with FHB. Amplicons
were sequenced directly with use of the ABI Prism Big
Dye ver. 3.0 kit in the AMI 3100 DNA automated

o
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sequencer (Applied Biosystems, Foster City, CA, USA).
All sequences were analyzed in both forward and back-
ward directions.

Hepatitis B virus genotypes were determined by mole-
cular evolutionary analysis. Reference HBV sequences
were retrieved from the DDBJ/EMBL/GenBank database
and aligned by CLUSTAL X, then genetic distances were
estimated with the 6-parameter method in the Hepatitis
Virus Database (http://s2as02.genes.nig.ac.jp/).*® Based
on obtained distances, phylogenetic trees were con-
structed by the neighbor-joining (NJ) method with the
mid-point rooting option. To confirm the reliability of
the phylogenetic trees, bootstrap resampling tests were
performed 1000 times.

Statistical analysis

Statistical differences were evaluated by the Mann-
Whitney U-test, Fisher's exact probability test and
¥?-test, where appropriate. Differences were considered
to be statistically significant at P < 0.05. Multivariate
analyses with logistic regression were utilized to sort
out independent risk factors for FHB. STATA Software
ver. 8.0 was employed for all analyses.

RESULTS
Baseline characteristics of the patients with
FHB by transient HBV infection and AHB

ABLE 1 COMPARES baseline clinical characteristics
of the 50 FH-T patients and the 50 AHB who
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were matched for age and sex. The peak ALT, AST and
T.bil levels were significantly higher (3788 +2856 vs
2170+ 1350 IU/L, P<0.001; 313113673 vs 1676
1851 IU/L, P< 0.05; and 14.8 + 8.6 vs 9.5 + 9.8 mg/dL,
P < 0.01, respectively), while HBeAg was less frequent
(30% vs 56%, P<0.01) in the FH-T patients than
AHB. The level of HBcrAg was significantly lower
(530+1.32 vs 595+ 1.13 log U/mlL, P<0.01), while
HBV DNA loads were higher (5.97+1.87 vs 4.98+%
1.17 log copies/mL, P < 0.005), in the FH-T patients
than AHB. The level of core protein in sera tended to be
higher in the FH-T patients than AHB (3.21 + 1.28 vs
3.01 +1.00 log U/mL). Death occurred more often in
the FH-T patients than AHB (38% vs 0%, P < 0.001).

HBV Genotypes and enhancer ll/core
promoter/pre-core/core Mutations in
Patients with FHB by transient HBV
infection and AHB

Figure 1(a) compares the distribution of HBV
genotypes/subgenotypes between the FH-T and the AHB
patients. The subgenotype C2/Ce was most prevalent
in both patients with FH-T and AHB (66% and 62%,
respectively), whereas B1/Bj was more frequent in
the FH-T patients than AHB (22% vs 6%, P <0.05).
Likewise, mutations in enhancer II/core promoter/pre-
core/core regions are compared between the FH-T and
AHB patients in Figure 1(b). A1762T/G1764A, G1896A,
G1899A and A2339G mutation were more frequent in
the FH-T patients than AHB (48% vs 16%, P < 0.001;
62% vs 6%, P < 0.001; 24% vs 4%, P < 0.001; and 8% vs
0%, P < 0.05, respectively).

Figure 2(a) compares various mutations between
the 11 FH-T patients and the three AHB patients who
were infected with B1/Bj. Only G189GA was signifi-
cantly more frequent (73% vs 0%, P < 0.05), while the
lack of any mutations was less common (0% vs 339%,
P < 0.05) in the FH-T patients than AHB, In comparison
with the 33 FH-T patients and the 31 AHB patients
who were infected with C2/Ce (Fig. 2b), A1762T/
G1764A (70% vs 19%, P<0.001), G1896A (61%
vs 6%, P<0.001) and the combination of all three
mutations (A1762T/G1764A and G1896A) (45% vs 6%,
P < 0.001) were significantly more frequent, while the
lack of any mutations was less common (9% vs 70%,
P <0.001) in the FH-T patients than AHB. Interestingly,
all the AHB patients with both G1896A and A1762T/
G1764A mutations suffered acute severe hepatitis B that
was defined by prothrombin time less than 40% but
without coma of grade II or higher.
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Figure 1 Genotypes/subgenotypes (a) and mutations in
core promoter, pre-core and core regions (b) between the 50
transient hepatitis B virus infection (FH-T) and the 50 acute
self-limited hepatitis B (AHB) patients.

Factors independently associated with
the development of FHB by transient
HBV infection '

The following independent factors, promoting the
development of FHB, were evaluated by multivariate
analysis: ALT, AST, T.bil, HBeAg, HBV DNA, core
protein, HBcrAg, genotypes/subgenotypes (B1/Bj or
not) and mutations (T1753V, T1754V, A1762T/
G1764A, G1896A, G1899A and A2339G). T.bil more
than 10.35 mg/dL (OR, 7.81 [95% CI, 1.77-34.51],
P=0.0067), G1896A mutation (OR, 13.53 [95% CI,
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Figure 2 Frequencies of core promoter, pre-core and core
mutations compared between the transient hepatitis B virus
infection (FH-T) and the acute self-limited hepatitis B (AHB)
patients who were infected with HBV of subgenotype B1/Bj (a)
or C2/Ce (b).
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2.75-66.64], P=0.0014) and serum HBV DNA more
than 5.23 log copies/mL (OR, 5.14 [95% CI, 1.10-
24.15), P=0.0379) were independent risk factors for
the development of FHB by transient HBV infection
(Table 2). Other mutations (T1753V, T1754V, A1762T/
G1764A, G1899A and A2339G) were not significantly
associated with the development of FHB by transient
HBYV infection, however.

Baseline clinical characteristics for
distinguishing between the patients with
FHB by AE of ASC (FH-C) and those without
FHB by AE of CHB (AE-C)

Table3 compares baseline clinical characteristics
between the 12 FH-C patients and the 12 AE-C patients
who were matched for age and sex. The levels of
T.bil were significantly higher in the FH-C patients
(15.04£7.3 vs 7.3 £8.8 mg/dL, P < 0.05), but the peak
ALT and AST levels tended to be slightly higher in the
FH-C patients than AE-C (887 £ 681 vs. 641 + 620 IU/L
and 7014451 vs 601+ 753 IU/L, respectively). There
were also no significant differences in levels of sera
HBV DNA, core protein and HBcrAg between these
two groups (7.44 +£1.51 vs 6.60 £ 1.10 log copies/ml,
5.04 +1.45vs5.07 £ 1.07 log U/mL, and 6.35+ 1.70 vs
6.29 £ 1.95 log U/mL, respectively).

HBV genotypes and enhancer Il/core
promoter/pre-core/core mutations between
the patients with FH-C and those with AE-C

There were no significant differences in the frequencies
of any HBV genotypes between the 12 FH-C patients
and the 12 AE-C patients (Fig. 3a). In addition, there
were also no significant differences in the frequencies

Table 2 Multivariate analysis for factors independently associated with fulminant hepatitis by transient HBV infection

Factors QOdds ratio 95% confidence interval P-value
Total bilirubin (mg/dL)t

<10.35 , B |

=10.35 T 7.81 1.77-34.51 0.0067
G1896A mutation

Absent 1

Present 13.53 2.75-66.64 0.0014
HBV DNA (log copies/mL)?}

<5.23 1

=5.23" 5.14 1.10-24.15 0.0379

tMedian values. HBV, hepatitis B virus.
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Table 3 Baseline characteristics between patients with FH by AE of ASC (FH-C) and those without FH by AE of CHB {AE-C)

Features FH-C AE-C Differences
(n=12) (n=12) P-value
Age (years) 51.7 %147 49.9%5.6 Matched
Male 10 (83%) 9 (75%) Matched
ALT (1U/L) 887 £ 681 641 £ 620 NS
AST (1U/L) 701 £ 451 601753 NS
Total bilirubin (mg/dL) 15.0£7.3 7.3+8.8 <0.05
Prothrombin time (%) 25.8%6.6 48.4+21.5 <0.005
HBeAg positive 4 (33%) 3 (25%) NS
Core protein (log U/mL) 5.04+1.45 5.07 £1.07 NS$
HBcrAg (log U/mL) 6.35+1.70 6.29%1.95 NS
HBV DNA (log copies/mL) 7.44 +1.51 6.60+1.10 NS

AE, acute exacerbation; ALT, alanine aminotransferase; ASC, asymptomatic HBV carrier; AST, aspartate aminotransferase; CHB, chronic
hepatitis B; HBcrAg, hepatitis B core related antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; NS, not significant.

of any specific mutations between these two groups
(Fig. 3b).

DISCUSSION

HE MAGNITUDE OF liver injuries depends on the

replication level of HBV and cytotoxic immune
responses of the host raised against viral epitopes in
general 3 Various viral factors have been proposed that
promote the development of FHB, represented by pre-
core {G1896A) and core promoter (A1762T/G1764A)
mutations.”®!® Impact of virological factors on the
development of FHB has remained controversial,
however, especially because these mutations are rarely
detected in the patients from the USA and France.”' It
has been argued that the development of FHB is not
promoted by these mutations and is dependent on host
factors including the human leukocyte antigen (HLA)
environment.?

The expression of HBeAg is terminated by G1896A
mutation in the pre-core region at the translation level,*
and downregulated by the A1762T/G1764A double
mutation at the transcription level.**3* Lamberts et al.
are the first to implicate a negative influence of HBeAg
on the replication of HBV.* Should HBeAg suppress
the replication of HBV, presumably by inhibiting the
encapsidation of pre-genome,® the lack or decrease
of HBeAg would enhance the reproduction of HBV. Fur-
thermore, HBeAg acts as a tollerogen to T cells recog-
nizing epitopes on core protein, thereby, obviating
immune injury of hepatocytes.3*¥ In the absence or
decrease of HBeAg, therefore, hosts would mount vigor
cytotoxic T-cell responses to core epitopes excessively

presented on hepatocytes, and develop severe liver inju-
ries culminating in FHB.*®

There is a possibility that influence of viral factors
such as HBV mutants with a HBeAg-negative pheno-
type, on the induction of FHB, may have been con-
founded by host factors and created disagreement.
Therefore, the sheer influence of virological factors
on FHB would need to be evaluated in case-control
studies, as has been attempted to sort out the influence
of HBV genotypes on development of cirrhosis and
hepatocellular carcinoma.® These backgrounds have
instigated us to identify virological factors accelerating
the severity of liver disease in the 50 FHB patients by
transient HBV infection and the 50 AHB patients who
were of the same ethnicity and matched for age as well
as sex.

In this case controlled study, A1762T/G1764A,
G1896A, G1899A and A2339G mutation were sig-
nificantly more frequent in the patients with FH-T
than AHB, providing further corroboration of previous
studies; 3¢ these mutations could enhance viral repli-
cation.’ Interestingly, our recent study using an in vitro
replication model, showed that A2339G mutation in
the core region enhanced viral replication and the effect
of A2339G mutation may be associated with inhibition
of the cleavage of the core protein by a furin-like pro-
tease, resulting in the high expression of the complete
core protein.'® Such enhanced HBV would induce sig-
nificant immune response, resulting in development
of FHB.

In multivariate analysis, higher levels of serum HBV
DNA and G1896A mutation were independent virologi-
cal risk factors for the development of FHB by transient
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Figure 3 Genotypes/subgenotypes (a) and mutations in core
promoter, pre-core and core regions (b) between the 12 tran-
sient hepatitis B virus infection (FH-T) and the 12 acute self-
limited hepatitis B (AHB) patients.

HBV infection (Table 2). In particular, G1896A muta-
tion was the most important factor associated with
the development of FHB. Host responses, represented
by T.bil, contributed to the development of FHB as well.

As for HBV genotypes, B1/Bj alone was significantly
more frequent in the FH-T patients in univariate analy-

© 2009 The Japan Society of Hepétology
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sis. In the patients infected with B1/Bj, G1896A was
more frequent in those with FH-T than AHB. In in vitro
replication analysis, Ozasa et al.’> observed extremely
high expressions of intra- and extracellular HBV DNA in
culture transfected with an HBV clone of B1/Bj genotype
having the G1896A mutation; a high replication would
be induced by this pre-core mutation for the induction
of FHB. Our clinical results stand in support of this in
vitro analysis. Taken altogether, chances for developing
severe acute or FH would be high in the patients with
acute hepatitis who are infected with HBV/B1 having the
pre-core mutation. By contrast, in patients infected with
C2/Ce, G1896A or A1762T/G1764A, or both was much
more frequent in the FH-T patients than AHB. Of note,
the co-occurrence of G1896A and A1762T/G1764A
mutations was invariably accompanied by either FHB or
acute severe hepatitis B in this study. Hence, these pre-
core and core-promoter mutations might have addictive
or synergetic effects for exacerbating hepatitis, when
they emerge in the patients infected with C2/Ce. Such
high-risk patients deserve special care and surveillance
for signs and symptoms of fulminant or severe acute
hepatitis B.

In the present study, serum levels of HBV DNA were
significantly higher in the patients with FH-T than AHB.
High serum levels of HBV DNA have been reported in
patients with FHB;* they are followed by rapid decrease
as the sequel of virus elimination operated by vigorous
immune responses. Because of rapid and extensive
elimination of HBV by the host immune system, HBV
DNA in serum, in general, has decreased to low levels in
patients with FHB at the presentation.® HBV DNA levels
may be subject to the time that has elapsed from the
onset of hepatitis to its measurement.® Also, serum
levels of core protein (the product of the C gene) closely
correlate with serum HBV DNA levels in patients with
hepatitis B,”” and they were compared between the FH-T
patients and AHB. The core protein was determined by
the newly developed CLEIA method; it is much easier
and less expensive than the determination of HBV DNA.,
The level of core protein has turned out to be marginally
higher in the FH-T patients than AHB (Table 1), and
therefore might not contribute to an early diagnosis
of FHB by transient infection.

Fulminant hepatitis B by AE of ASC is assumed as a
different clinical condition from FHB by transient HBV
infection. In this study, as there was no case-control
study on virological factors associated with FHB for the
patients with AE of ASC, we also attempted to identify
virological factors associated with the development of
FHB in the 12 FH-C and the 12 AE-C patients who were
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matched for age as well as sex. Disappointingly, no
differences of virological factors such as HBV genotypes
and pre-core mutations, which were strongly associated
with the development of FHB by transient infection,
were found between the FH-C and AE-C patients
(Fig. 3a,b). Purthermore, there were also no significant
differences about HBeAg-positive rate and the levels of
serum HBV DNA or core protein (Table 3), suggesting
that several host factors may play a more important role
in the development of FHB in ASC instead of virological
factors. In this case-control study, however, there seems
to be some problems: a small number of patients, dif-
ferent duration of HBV infection, different clinical stage
(ASC or CHB) at the onset of AE, and HBV quasispecies
complexity. Further investigations are needed to identify
factors associated with FHB precipitating in asymptom-
atic HBV carriers.

In conclusion, virological factors associated with
enhancement of viral replication seemed to be impor-
tant for the development of FHB in the patients by
transient HBV infection. But no virological factors were
identified for differentiation of the FH-C patients from
the AE-C patients. Hence, the pathogenic mechanism of
FHB between transient HBV infection and AE of ASC
would be different.
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CORRESPONDENCE

Pretreatment Prediction of Virological Response to Peginterferon Plus Ribavirin Therapy in Patients
with Chronic Hepatitis C, Using Viral and Host Factors: Some Concerns

To the Editor:

We read with great interest the article published in a recent issue of
HEPATOLOGY.! Shirakawa et al. enrolled 120 patients with chronic
hepatitis C (CHC) infected with genotype 1 hepatitis C virus
(HCV-1) and high baseline viral loads (HVL), defined by HCV RNA
levels = 10° international units (IU)/mL measured by quantitative
Cobas Amplicor assays (Roche Diagnostics Co. Ltd, Tokyo, Japan),
who underwent combination therapy scheduled for 48 (85%) or 72
(15%) weeks. The authors concladed that the sequence of interferon
sensitivity determining region of the HCV, the T-helper type 1 and
type 2 (Th1/Th2) ratio, body weight, and neutrophil count can be
useful for accurately predicting actual sustained virologic response
(SVR) rate before combination therapy.

The definition of HVL (= 105 IU/mL) by the authors is not in
accordance with the Asian Pacific Association for the Study of the Liver
consensus statements (= 4 X 10° TU/mL)? or other studies (= 8 X 103
IU/mL).34 Whether this definition influences the results deserves fur-
ther study. The rates of rapid virologic response (RVR, defined as
HCV RNA negative at week 4) and SVR were 45% and 21.7%,
respectively, in their study. We examined the 200 Taiwanese patients
with HCV-1 CHC in our randomized trial published recently’ and
found that 150 (75%) of these patients had serum HCV RNA = 103
TU/mL (HVL). The RVR and SVR rates of 150 patients were 64% and
34.7%, respectively, after receiving combination therapy with pegin-
terferon alpha-2a plus oral ribavirin. A significantly higher SVR rate in
patients treated for 48 weeks than 24 weeks (78.5%, 62 of 79 versus
35.4%, 34 of 71, P < 0.001) was observed. Recently, Ide et al. re-
ported 2 36% (20 of 56) SVR rate in Japanese patients with CHC and
HVL treated with peginterferon alpha-2b/ribavirin for 48 weeks.6 Ac-
cordingly, we have noticed the SVR rate and RVR rate in Taiwanese
patients with HCV-1 with HVL treated for 24 or 48 weeks were higher
than Japanese patients treated for 48 or 72 weeks. The important role
of the weight-based ribavirin exposure during the first 4 weeks of
combination therapy on the achievement of an RVR has been high-
lighted previously.” A cut-off point of 13 mg/kg/day of the first 4
weeks of weight-based ribavirin exposure have been reported associ-
ated with the achievement of an RVR.# Patients in the study by
Shirakawa et al. would have an exposure of less than 13.1 mg/kg/day
ribavirin exposure by 4 weeks (starting dose: for body weight 60 kg or
less; 600 mg/day, 61 kg to 80 kg; 800 mg/day, 81 kg or more; 1000
mg/day) which is lower than 17.4 mg/kg/day (starting dose: for body
weight 75 kg or less; 1000 mg/day, 75 kg or more; 1200 mg/day) in
‘Taiwanese patients infected with HCV-1. We agree that the valuable
finding of pretreatment predictors for SVR rate by Shirakawa et al,
should be applauded. The relative low SVR and RVR rates, even with
longer duration of treatment, compared to Taiwanese patients infected
with HCV-1 with HVL raise a concern of relative suboptimal ribavirin
exposure, and the actual role of these pretreatment predictors have to
be confirmed by further studies.
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Reply:

First, we have to point out a mistake that Dai et al. made in their
letter: the rapid virological response (RVR) and sustained virological
response (SVR) rates are described inversely with respect to our data
and maybe with respect to their data.

Dai et al. reported that the SVR rate of 64% in their study is
apparently higher than the rate of 45% in our study. We think that this
difference can be attributed to the difference in the mean ages of the
patients enrolled in the two studies. The mean age in their study seems
to have been around 50 years' and was over 10 years lower than thatin
our study (62 years old). Younger patients tended to show higher SVR
rates in our study as well, and the SVR rate in patients who were
younger than 55 years old was 61%, which is comparable to the rate
reported by Dai et al.

It is possible that a higher administration dose of ribavirin during the
first 4 weeks is associated with a higher RVR rate. However, we cannot
comment on this because our study was not designed for that purpose.

‘Weadopted the definition of high viral load generally used in Japan
(10° IU/mL). Since Dai et al. suggested that a difference in the defini-
tion of high viral load influenced the results, we recalculated factors
associated with SVR in 103 patients whose viral load was higher than
4 X 10 IU/mL and also in 89 patients whose viral load was higher
than 8 X 10 IU/mL. The same four prediction factors as those pro-
vided by the original analysis of 120 patients whose viral load was
higher than 10% IU/mL were again selected.
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Distribution of Hepatitis B Virus Genotypes among Patients with Chronic
Infection in Japan Shifting toward an Increase of Genotype A’
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Acute hepatitis B virus (HBV) infection has been increasing through promiscuous sexual contacts, and HBV
genotype A (HBV/A) is frequent in patients with acute hepatitis B (AHB) in Japan. To compare the geographic
" distribution of HBV genotypes in patients with chronic hepatitis B (CHB) in Japan between 2005 and 2006 and
between 2000 and 2001, with special attention to changes in the proportion of HBV/A, a cohert study was
performed to survey changes in genotypes of CHB patients at 16 hospitals throughout Japan. Furthermore, we
investigated the clinical characteristics of each genotype and examined the genomic characteristics of HBV/A
isolates by molecular evolutionary analyses. Of the 1,271 patients, 3.5%, 14.1%, and 82.3% were infected with
HBV/A, -B, and -C, respectively. In comparison with our previous survey during 2000 and 2001, HBV/A was
twice as frequent (3.5% versus 1.7%; P = 0.02). The mean age was lower in the patients with HBV/A than in
those with HBV/B or -C. Based on phylogenetic analyses of 11 full-length genomes and 29 pre-52/S region
sequences from patients, HBV/A isolates were imported from Europe and the United States, as well as the
Philippines and India. They clustered with HBV/A from AHB patients and have spread throughout Japan.
HBV/A has been increasing in CHB patients in Japan as a consequence of AHB spreading in the younger
generation through promiscuous sexual contacts, aided by a tendency of HBV/A to induce chronic hepatitis.
The spread of HBV/A infection in Japan should be prevented by universal vaccination programs.

Vol. 47, No. 5

Hepatitis B virus (HIBV), a member of the Hepadnaviri-
dae, is a circular, partially double-stranded DNA virus and is
one of the major causes of chronic liver diseases, including
chronic hepatitis, liver cirrhosis, and hepatocellular carci-
noma (HCC).

The HBV genome is composed of approximately 3,200 nu-
cleotides. HBV is classified into eight genotypes, designated A
to H, based on an intergroup divergence of 8% or more in the
complete nucleotide sequence (3, 23, 26, 37). They have dis-
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tinct geographical distributions and are associated with differ-
ences in clinical and virological characteristics, such as severity
of liver disease and response to antiviral therapies (7, 8, 12, 13,
22, 28). Furthermore, subgenotypes have been reported for
HBV/A, -B, and -C and named A1l to -3 (17, 38), B1 to -6 (31,
32, 40), and C1 to -6 (20, 31, 45). Equally, other genotypes are
classified into subgenotypes. There have been increasing lines
of evidence to indicate influences of HBV subgenotypes on the
outcome of liver disease and the response to antiviral therapies
(1, 39, 44).

In 2001, we reported the geographic distribution of HBV
genotypes in Japan (27). Of the 720 Japanese patients with
chronic HBV infection (CHB), 12 (1.7%) harbored HBV/A, 88
(12.2%) HBV/B, 610 (84.7%) HBV/C, 3 (0.4%) HBV/D, and
7 (1.0%) mixed genotypes. HBV/C was detected in over 94%
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of patients on the Japanese mainland, while HBV/B was found
in 64% of those in Okinawa, the southernmost islands, and
44% of those in the Tohoku area in the northern part of the
mainland.

Recently, acute HBV infection (AHB) has been increasing
in Japan, predominantly through promiscuous sexual contacts.
In addition, it was reported that HBV/A was more frequent in
patients with acute hepatitis than in those with chronic hepa-
titis (29, 41, 49). Recent studies suggest that the chances for
progression to chronic disease may differ among patients
acutely infected with HBV of distinct genotypes (21, 25); pa-
tients infected with HBV/A run an increased risk of becoming
HBYV carriers. Hence, it is of utmost concern whether chronic
HBV/A infection is increasing in Japan.

In the present study, we compared the geographic distribu-
tion of HBV genotypes in Japan during 2005 and 2006 with
2000 and 2001, with special attention to changes in the pro-
portion of HBV/A. Furthermore, we investigated the clinical
characteristics of each genotype and examined the genomic
characteristics of HBV/A isolates by molecular evolutionary
analyses,

MATERIALS AND METHODS

Patients. From September 2005 to October 2006, sera were collected from
1,370 consecutive patients with CHB at 16 representative hospitals that were
liver centers in their respective regions throughout Japan for the purpose of
investigating the geographic distribution of HBV genotypes in Japan. All of the
patients were diagnosed after they had been followed for at least 12 months.
Patients diagnosed with AHB were excluded from the study; they had a sudden
onset of clinical symptoms of hepatitis, along with high-titer antibody to HBV
core antigen of the immunoglobulin M class in serum. Their sera were tested for
alanine aminotransferase (ALT), alkaline phosphatase (ALP), y-glutamyl
transpeptidase (y-GTP), and hepatitis B e antigen (HBeAg), as well as antibody
to HBeAg (anti-HBe) (Dinabot, Tokyo, Japan). Four clinical diagnoses were
established for them. The inactive carrier state was defined by the presence of
HBYV surface antigen (HBsAg) with normal ALT levels over 1 year (examined at
Ieast four times at 3-month intervals) and without evidence of portal hyperten-
sion. Chronic hepatitis was defined by elevated ALT levels (>1.5 times the upper
limit of normal [35 IUlliter]) persisting over 6 months (with at least three
bimonthly tests). Cirrhosis was diagnosed principally by ultrasonography (coarse

. liver architecture, nodular liver surface, blunt liver edges, and hypersplenism),
platelet counts of <100,000/cm?, or a combination thereof. Histological confir-
mation by fine-needle biopsy of the liver was performed as required. HCC was
diagnosed by ultrasonography, computerized tomography, magnetic resonance
imaging, angiography, tumor biopsy, or a combination thereof,

The study protocol conformed to the 1975 declaration of Helsinki and was
approved by the ethics committees of the respective institutions. Every patient or
his/her next of kin gave informed consent to the purpose of the study.

Genotypes and subgenotypes of HBV. The six HBV genotypes (A to F) were
determined serologically by enzyme immunoassay (BIA) using commercial kits
(HBV Genotype EIA,; Institutes of Immunology Co., Ltd., Tokyo, Japan). The
method depends on the combination of epitopes on pre-S2 region products
detected by monoclonal antibodies that were specific for each of them (46, 47).
Subgenotypes of HBV/A, designated Al and A2, were determined by direct
sequencing of the pre-S2/S gene, followed by a phylogenetic analysis.

Quantification of HBV DNA and sequencing, HBV DNA levels in sera were
quantitated with a commercial kit (Amplicor HBV Monitor; Roche Diagnostics,
Basel, Switzerland) with a detection range from 2.6 to 7.6 log copies/ml. Nucleic
acids were extracted from 100 pl of serum using the Qiaamp DNA Blood Minikit
(Qiagen GmbH, Hilden, Germany). Eleven complete HBV/A genomes and 29
pre-82/S region sequences were amplified by PCR with appropriate primer sets,
as described previously (40). The amplified HBV DNA fragments were directly
sequenced using the ABI Prism Big Dye kit version 3.0 (Applied Biosystems,
Foster City, CA) in an ABI 3100 automated DNA sequencer (Applied Biosys-
tems). All sequences were analyzed in both forward and reverse directions.
Complete and partial HBV genome sequences were aligned using GENETYX
version 11.0 (Software Development Co., Ltd., Tokyo, Japan).
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TABLE 1. Characteristics of 1,271 CHB patients

Parameter Value
Characteristic
Male gender [no. (%)] 766 (60.3)
Age (yr; mean + SD) 514+ 140
Diagnosis
Inactive carrier state [no. (%)]. ..206 (16.2)
Chronic hepatitis [no. (%)] 786 (61.8)
Cirrhosis [no. (%)] 175 (13.8)
HCC [no. (%)] .104 (8.2)
Antiviral treatment [no. (%)]....covcreniiininciinins 577 (45.4)
Blood tests
Platelets (10%/mm®) 214 +30.2
ALT (IUfliter) 59.8 + 103.0
ALP (IUfliter) 270.4 + 136.0
y—GTP (IU/liter) 474 = 66.1
HBYV markers
HBeAg [no. (%)} 399 (31.4)
HBV DNA (median [range] [log copies/ml])....... 4.2 (<2.6 to >7.6)

Molecular evolutionary analysis of HBV, Reference sequences were retrieved
from the DDBJ/EMBL/GenBank databases with their accession numbers for
identification. To investigate the relationship between HBV isolates from pa-
tients with chronic and acute hepatitis B in Japan, HBV/A isolates (AH1 to -10)
were randomly retrieved from them and sequenced in our previous study (29).
Nucleotide sequences of HBV DNA were aligned by the program CLUSTAL X,
and genetic distance was estimated by the six-parameter methed (10) in the
Hepatitis Virus Database (36). Based on these values, phylogenetic trees were
constructed by the neighbor-joining method (30) with the midpoint rooting
option. To confirm the reliability of the phylogenetic trees, bootstrap resampling
tests were performed 1,000 times,

Statistical analysis, Categorical variables were compared between groups by
the x* test or Fisher’s exact test and noncategorical variables by the Mann-
Whitney U test. A P value of less than 0.05 was considered significant.

Nucleotide seq i bers. The DDBJ/EMBIL/GenBank acces-
sion numbers of the complete genome sequences of HBV isolates JPN_CH1 to
-11 are AB453979 to AB453989.

RESULTS

Distribution of HBV genotypes among patients with CHB.
Of the 1,370 serum samples, the genotype could not be deter-
mined for 99 (7.2%) by EIA due to low HBsAg levels, leaving
1,271 for analysis in this study (Table 1), Of these, 206 (16.2%)
were inactive carriers, 786 (61.8%) had chronic hepatitis, 175
(13.8%} cirrhosis, and 104 (8.2%) HCC. They had a mean age
of 51.4 = 14.0 years and included 766 (60.3%) men. They had
a median HBV DNA level of 4.2 log copies/ml, and 399
(31.4%) of them were positive for HBeAg, Antiviral treatment
had been given to 577 (45.4%) of them with interferon, lamiv-
udine, adefovir pivoxil, or entecavir,

The genotypes were HBV/A in 44 (3.5%), HBV/B in 179
(14.1%), HBV/C in 1,046 (82.2%), and HBV/D in 2 (0.2%)
(Table 2). In comparison with our previous report on the
distribution of genotypes in Japan in 2001 (27), HBV/A was
more frequent in this study (3.5% versus 1.7%; P = 0.02). Of
the 16 hospitals in this study, 10 overlapped with those in our
previous report from 2001. In these 10 hospitals, HBV/A was
more frequent in the present than in the previous survey (3.6%
versus 1.7%; P = 0.04).

The distribution of HBV genotypes in Japan differed by
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TABLE 2. Distribution of HBV Genotypes

No. (%)
Genotype
2005-2006 (n = 1,271) 2000-2001% (n = 720)
A 44 (3.5%) 12(1.7)
B 179 (14.1) 88 (12.2)
C 1,046 (82.3) 610 (84.7)
D - 2(0.2) 3(0.4)
Mixe: 0(0.0) 7(1.0)
< From Orito et al. (27).
5p = 0,02

geographic location (Fig. 1). HBV/C was the most prevalent in
the majority of areas. In the Tohoku area, the northern part of
the Japanese mainland (Honshu), HBV/B was more prevalent
than in the other areas of the Japanese mainland. In Okinawa,
the southernmost islands of Japan, HBV/B was predominant.
Of note, HBV/A was more frequent in the Kanto area (9.5%),
the metropolitan area, and Okinawa (9.1%) than in the other
areas,

Clinical differences among HBV/A, -B, and -C, Clinical back-
grounds were compared among the patients infected with
HBV/A, -B, and -C (Table 3). HBeAg was significantly less
prevalent in the patients infected with HBV/B than in those
infected with HBV/A or -C (P < 0.01 for each). When the
positivity of HBeAg was stratified by age, HBeAg was mark-
edly less common in patients infected with HBV/B than in
those infected with HBV/A or -C who were older than 40 years
of age (7/157 [4.5%] versus 4/19 [21.1%] [P < 0.05] or 215/755
[28.5%] [P < 0.01]) (Fig. 2). There were no significant differ-
ences in HBV DNA levels among patients infected with the
three genotypes. As antiviral treatments might have influenced
the severity of liver disease, clinical states were compared
among patients infected with HBV/A, -B, and -C who did and

All n=1,271
D0.2% A35%
B 14.1%

Chugoku Kinki

Kyushu
(n=87)
A0% BS5.7%

/

C94.3%

Shikoku
(n=47)

Tokai
(n=95)

J, CLmN. MICROBIOL.

did not receive it; antiviral treatments did not affect the above-
mentioned trends represented in Table 3 in age, diagnosis, and
HBeAg, as well as ALT and HBV DNA levels (data not
shown).

Additionally, we compared the distributions of age and liver
diseases in patients infected with HBV/A, -B, and -C. In pa-
tients infected with HBV/C, the prevalence of cirrhosis and
HCC increased in those older than 50 years of age compared
to younger patients (Fig. 3), whereas in the patients infected
with HBV/B, cirrhosis and HCC were rare in elderly patients.
The proportion of patients younger than 40 years of age was
higher in those infected with HBV/A than in those infected
with HBV/B or -C (25/44 [56.8%] versus 22/179 [12.3%] or
288/1,046 [27.5%]; P < 0.01 for each), while cirrhosis and HCC
were also found in those older than 50 years of age infected
with HBV/A.

Coinfection with human immunodeficiency virus type 1
(HIV-1) was found in 6 of the 44 (13.6%) patients infected
with HBV/A compared to only 3 of the 1,046 (0.3%) patients
infected with HBV/C (P < 0.0001); it occurred in none of the
179 patients infected with HBV/B.

Phylogenetic analyses. Among the 44 HBV/A isolates, the
complete genome was sequenced successfully in 11 (JPN_CH1
to -11). Seven of them were classified as HBV/A2 and four as
HBV/A1. A phylogenetic tree was constructed based on the
complete genome sequences of these 11 isolates, along with
those from two patients with AHB and those from 40 HBV/A
isolates retrieved from the database (Fig. 4). Of the seven
HBV/A2 isolates, the four from patients with CHB in this
study formed a cluster with the Japanese isolates retrieved
from the database and two from patients with AHB. Of the
other three isolates, JPN_CHS clustered with French and U.S.
isolates, JPN_CHG6 with German isolates, and JPN_CH7 with

L la[ I8 ]c Il
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Koshin '?
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o
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FIG. 1. Geographic distribution of HBV genotypes in patients with chronic HBV infection in Japan during 2005 and 2006.
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TABLE 3. Clinical characteristics of individuals chronically infected with HBV of different genotypes
Value for genotype:
Parameter
A(n = 44) B (n = 179) C (n = 1,046)

Male gender [no. (%)] 32(72.7) 112 (62.6) 621 (59.4)
Age (yr [mean = SDJ) 413 = 14.9° 55.8 = 13.7% 488 +13.3
Diagnosis

Inactive carrier state [no. (%)] 13 (29.5)° 63 (35.2) 129 (12.3)

Chronic hepatitis [no. (%)] 26 (59) 103 (57.5 656 (62.7)

Cirrhosis [no. (%)] 3(6.8) 10 (5.6) 162 (15.5)

HCC [no. (%)] 2(4.5) 3(L7P 99 (9.5)

Anti viral treatment [no. (%)] 13 (29.5)¢ 48 (26.8) 516 (49.3)
Blood tests

Platelet (10%/mm3) 233 +£21.9 25.9 + 359° 20.6 +29.5

ALT (IU/liter) 56.2 + 83.8 422 *+ 104.2¢ 63.0 +103.3

ALP (Ulliter) 247.1 1230 2555+ 979 273.9 + 141.9

v-GTP (Ufliter) 39.6 + 34.6 49.3 = 63.4 475 + 67.6
HBYV markers

HBeAg [positive rate(%)] 15 (34.0Y 17 (9.5 367 (35.1)

HBV DNA (median [range]) (log copies/ml)

4.2 (<2.6->7.6)

4.1 (<2.6->7.6) 4.2 (<2.6->17.6)

“P < 0,01, A versus B or C,
b P < 0.01, B versus C.

cP < 0.01, A versus C.

4P < 0,05, A versus C.

¢ P < 0,05, B versusC,

fP <001, A versus B.

Spanish and Ttalian isolates. All four HBV/AL1 isolates in this
study formed a cluster with Philippine and Indian isolates.

In addition, the pre-S2/S region sequences of a total of 29
isolates were determined, including the 11 isolates whose com-
plete genomes were sequenced. Of these, 21 (72%) were clas-
sified as HBV/A2 and the remaining 8 as HBV/A1. A phylo-
genetic tree was constructed based on the pre-S2/S region
sequences from the 29 isolates, along with those from 10 pa-
tients with AHB infected with HBV/A and 47 HBV/A isolates
retrieved from the database (Fig. 5). The 21 HBV/AZ2 isolates
in the present study formed a cluster with Japanese, American,
and European isolates retrieved from the database and those
from patients with acute hepatitis. In addition, some of them
were highly homologous with each other. Likewise, HBV/A1
isolates from eight patients with chronic hepatitis in this study

70
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60 ]:I Genotype B

- Genotype C

50 —

Prevalence of HBeAg (%)
a
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FIG. 2. Prevalence of HBeAg among patients infected with HBV
of different genotypes stratified by the age.

50~569 > 60

were highly homologous with those from two patients with
acute hepatitis and isolates from the Philippines and India.
Based on the phylogenetic analyses, HBV/A isolates were im-
ported from Europe and the United States, as well as the
Philippines and India, and had infiltrated throughout Japan.

DISCUSSION

Perinatal transmission from carrier mothers to their babies
has been the principal route for establishing persistent HBV
infection in Asian countries (19). In Japan, passive and active
immunoprophylaxis with HBV immune globulin and vaccine
has been mandated for babies born to HBeAg-positive carrier
mothers since 1986; this was extended to HBeAg-negative car-
rier mothers in 1995, As a result, HBsAg has become rare in
Japanese born after 1986; it was detected in only 0.2% of
first-time blood donors younger than 19 years of age in 2000
(24). However, AHB has been increasing in Japan, predomi-
nantly through promiscuous sexual contacts.

In Japan, HBV/A is detected rarely among patients with
CHB but is frequent in those with acute hepatitis (14, 25, 29,
41, 43). Yotsuyanagi et al. reported the distribution of geno-
types in 145 Japanese patients with AHB and found HBV/A in
27 (19%), HBV/B in 8 (5%), and HBV/C in 109 (75%) (49).
HBV/A is more frequent in metropolitan areas than other
areas. The majority of patients with HBV/A infection in met-
ropolitan areas have had extramarital sexual contacts with mul-
tiple irregular partners, through which they could have con-
tracted infection. In support of this view, among men who have
sex with men (MSM) who are coinfected with HBV and HIV-1
in Tokyo, most were infected with HBV/A (15, 35).

In Japan, AHB in adulthood becomes chronic in only ~1%

-g3a
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FIG. 3. Distribution of HCC, cirrhosis, chronic hepatitis, and inac-
tive carrier state among the 1,271 patients infected with HBV of
different genotypes stratified by the age.

of cases. This is much less than the progression to chronic
disease (close to 10%) in Europe and the United States, where
HBV/A prevails (34). Recent studies have suggested that the
chances for persistence may differ among patients acutely in-
fected with HBV of distinct genotypes (21, 25). In particular,
acute infection with HBV/A may bring about an increased risk
of progression to chronic disease. Therefore, an increase of
acute infection with HBV/A would result in a surge of HBV/A
among patients with CHB in Japan. In actuality, in comparison
with our previous results during 2000 and 2001 (27), HBV/A
was twice as frequent in this study (3.5% versus 1.7%; P =
0.02). HBV/A has been increasing in patients with CHB in the
Kanto area, where HBV/A in patients with acute hepatitis is
more frequent than in the other areas. In the islands of Oki-
nawa, also, HBV/A was found to be prevalent in this study. Of
the four patients infected with HBV/A there, two were coin-
fected with HIV-1. They were both MSM, and they were sus-
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FIG. 4. Phylogenetic tree constructed based on the complete ge-
nome sequences of HBV/A isolates. Those from 11 patients with
chronic infection in this study are shown in boldface italic (JPN_CH1
to -11), along with two isolates (JPN_AH1 and -2) from patients with
acute hepatitis in Japan reported in our previous study (17). Repre-
sentative isolates were retrieved from the DDBJ/EMBL/GenBank da-
tabases, including 21 HBV/Ae, 10 HBV/Aa, and 2 HBV/Ac isolates,
along with 7 HBV isolates representative of the other seven genotypes.
Isolates from the databases are identified by accession numbers, fol-
lowed by the country of origin. The bar at the bottom spans 0.01
nucleotide substitutions per site.

pected to have been infected with HIV through sexual contacts
on the Japanese mainland. It has been reported that HIV
infection increases the probability that AHBs will become
chronic (2, 11, 33, 48). Because they share routes of transmis-
sion and the risk for HIV-1 and HBV infections, approximately
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