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BEFRT T /A4 TARBRZEDOEBUALR ERFIZBTHEREFOFHIZET ZHE
TH22EE SEMEHREE

Vx ) EATORRBBEFRY AN AKEGUR (HBsAg) DORHREE L&

W5y  KERIB ESORQYERFART MK - REEHER Z=R

MREES

THZEPRENT,

AR THEHEMBRSND V= ) ¥4 7 AR HBV ORLEIZHONWT, FDERE
EHALPICT DX, BERE THEREN, »OHBV U=/ ¥4 TOBRVIIERSIN2N
HBsAg #H¥ v F3RO NS, AFFETIZ, HBVO T = ) 4 A TRERDZ LICL b7z
C—HFOT I BRERICZL Y, HBsAg OBHKRENKRES BT D LEHALMIZL

oo ZTOTEIE, HBsAg 2 FN oD = /2 A FWZBELLTRN GRS BHTE S L5725
v FERIRT D ECTEERMRTH D, £i-, WHO BMERF TH BV =/ Z 4 TRID
HBsAg EEEHEMRIZOWVWT, ZOBEMEMRGL, BN THEIN XY MEHAWTRIELZ
R, V= 8 A TICEDLTHEORE TREIND Z LR sh, EEFERNS L LGl

A. BHFZEERY
BRIFFR 7 A L2 (HBV) EEHFE (HBsAg)

i, HBVREOFE L YIHZW+ 5 L CEER
T—H—DUEDTHSH, HBVIZITE T ES
OFEMNS, ZAETIZANSHETO SFEED
BEFHE (V847 BHLATVWS (H:

TEEY ) A TIRHE SN2 9 FalE
Llpol) o TNODERDBY =) ZATFD
HBVIZ L Y 22— F & 5 HBsAgH, EN THERR
2T TR ST B8k« Z2HBsAghR H R 2 I
E (Fob) REVASORETREBINDENE
DM OWTEHRXIILBIRE 21T 2 7. EORER.
FEAEDX Y bTHEHY = ) ¥4 712 B
LD THBsAgE R TE 5 Z & RSz,

LnL, »2—FEEOXx v b (Lumipulse II
HBsAg: Bt L EAHE) B TEY =/ ¥4
7ELFOHBsAgIZ AT 5 BHREA DY = /

2 A FOHBsAgIZ L~ TH b & o 72, AR
L ZOREAEFHLNTT BB TITo 72,

X 52, WHORLDEFEHIZE Y, =2 &4
7D #12 HHBsAgEBER R BEMRAIZ OV T,
EANTHZE SN ZF v I TH SHISCL HBsAg
(AAy 7 AHE) ZRAWTHEERT- 72,

B. WF5EH ik

HBsAg D7 I JBRESER Y = 7 & A4 7RI
BLIEZLORK1L ATHD, 22TV /)&
TELFTIX140FBOT I /B (S) Mo
V) BAT () LRBRDZENREINE,
TTCIOEHROT I ) BEEH L HBsAg (E
S140T, F S140T) % &+ TEMFEICL D ER
L, TNo607 I /EBEKHBsAg &, =/
% A 7" E,F wild type ® HBsAg {2\ T, £
HBsAg EEX v b & LTERNARE2ETWS



Architect HBsAg QT (7R v b T ¥ 7350 % Hn
THEL., ThEHEEL LT 16IU/mL 55 2%
AR T 0.1IU/MmL ¥ COMRATIRAEZ VB L 72,
% L C Lumipulse [l HBsAg % v MC X 0 Eh b
FRBREOHREZRE L, £, 20Xy

Nz B %1 2 7= Lumipulse Presto HBsAg &%
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FERICIE > oA RRS (1:20 226 5 EART
1:12,500 £ T) Z2FRL, b OHFEES
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T 52T, HBsAg fiti= v F OHIED D
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EDOFE (Coleman et al. J. Med. Virol. 1999;
59:19-24.) ERERZRBIEN, HBV Y=/ F A7
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(IU/ML) %77 T 2 &R Sz,

D. BE

ARFFRIZE D, HBsAg NO—HFETDT 2/ B
RENENT D LT, HBsAgtai¥® v Ok
HEENEELZIT L2 ENREN, 20X
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DT ) BREOEWC L HHURKE R DR
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(X HCV core Ag {IZB T, 48FE D7 I /g
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137" L CvvA (Mohsan et al. J. Clin. Microbiol.
2009;47:4141-4143.)
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substitution in the hepatitis B virus surface
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detection sensitivity of an HBsAg diagnostic kit.
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Hepatitis B Virus and Its Genotypes:
New development in Japan
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Hepatitis B virus (HBV) is a major public health
problem, causing persistent infection in approxi-
mately 420 million people in the world. Recently,
it was confirmed that HBV occurs in several
genotypes with rather distinct geographical dis-
tribution. Here I summarize how this discovery
changed the concept of acute hepatitis B in Japan.

In 1988, many researchers including our group
conducted a molecular evolutionary analysis,
which enabled the quantitative estimation of
nucleotide sequence variations using all the
known nucleotide sequences of hepadnavirus.
We found that the mutation rate of HBV DNA
was approximately 10,000 times as high as that of
human genes and proposed that HBV could be
classified into groups according to the nucleotide
sequences (genotypes).! Currently, the presence
of 10 genotypes, from A to J, has been confirmed
globally?

We collected approximately 3,000 specimens
from all over the world to examine the global
geographical distribution of HBV genotypes. The
analysis revealed regional disparities; A and D
genotypes being predominant in both Europe
and North America, B and C in East Asia, D
in North Africa, E in West Africa, and F and H
in Latin America. This presumably reflects the
adaptation of HBV to the evolutionary history
of humans—that is, as human ancestors parted
from chimpanzees and began evolving into
Homo sapiens about 5 million years ago and
dispersed to various parts of the world over the
period of 200 thousand years, HBV also adapted

to the environment of various regions around the
globe. As a result, the difference in the nucleotide
sequences among HBV genotypes has grown to
more than 8.0%. This is considerably larger than
the 0.3% difference among human individuals
or the 1.2% difference between humans and
chimpanzees in comparison.

On the other hand, clinical disparities of
HBYV infections among regions have long been
recognized, even before the discovery of HBV
genotypes. For example, HBV infections in Asia
are transmitted mainly through mother-to-child
infection, which frequently become chronic and
develop into liver cancer. In Europe and North
America, HBV typically spread as a sexually
transmitted disease (STD) among adults, in
which about 10% of the cases become chronic
but rarely progress to liver cancer. On the other
hand, childhood HBYV infection predominates in
Africa, which is highly likely to become chronic,
and cases of liver cancer at younger ages are
common. These differences in clinical picture
had been explained by the difference in host
immune competence among Caucasoid, Negroid,
and Mongoloid races. However, the above-
mentioned discovery of the 8% difference in
the nucleotide sequence among HBV genotypes
supports the idea that genotypes themselves are
responsible for these clinical differences.

Japan is faced with the ever-increasing impacts
of globalization. As many as 20 million Japanese
people travel abroad each year, while 7 million
people visit Japan from overseas. As a result,
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infections with uncommon genotypes of HBV
are now being found in Japan, indicating the
spread of genotypes that are not native to the
country.? Even if only 10% of such people are to
develop chronic conditions, they could serve as
the core for the spread of foreign HBV geno-
types in Japan. In fact, a case of HBV infection
has been reported that was passed from a foreign
female to a Japanese male and then to a Japanese
female. A national survey has also revealed an

increase of a genotype commonly seen in Europe
and North America*

These facts underscore the limitations of the
current HBV infection control measures in Japan,
which focus on mother-to-child infection, and
indicate the need of HBV vaccination of all
newborns. We must also begin to recognize HBV
infection as an STD in this country as well, and
consider starting universal vaccination for all
babies and juveniles against HBV.
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The virological characteristics of hepatitis B virus
{HBV) implicated in the reactivation of occult
hepatitis B in patients who have received hema-
topoietic stem-cell transplantation or chemo-
therapy for the hematological malignancy are
not well defined. Twenty-eight HBsAg-negative
patients who received hematopoietic stem-cell
transpiantation and 138 HBsAg-negative patients
treated for malignant lymphoma with chemo-
therapy including rituximab were enrolied. Three
ofthe 28 patients {10.7%) received hematopoletic
stem-cell transplantation and one of the 138
{0.72%) patients treated for malignant lymphoma
with chemotherapy developed de novo HBV
hepatitis. Anti-HBc was detected in four and
anti-HBs in two patients. Genotype Bj was
detected in two and C in two of they all possassed
wild-type sequences in the core promoter region.
A precore stop mutation {A1896) was detected in
a patient with genotype Bj who developed
fulminant hepatic failure. HBV DNA was detected
in pretreatment HBsAg-negative samples in two
of four patients, and the HBV genome sequence
identified from sera before chemotherapy and at
the time of de novo HBV hepatitis showed 100%
homology. In an in vitro replication model,
genotype Bj with the A1896 clone obtained from
a fulminant case had a replication level much
higher than clones obtained from de novo
hepatitis B patients with genotype Bj or C with
(1896. In conclusion, this is the first report
demonstrating de novo hepatitis B from the
reactivation of occult HBV infection confirmed
by molecuiar evolutional analysis. The fulminant
outcome of HBV reactivation can be associated
with genotype Bj exhibiting high replication due

© 2011 WILEY-LISS, INC.
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to the A1896 mutation. J. Med. Virol. 83:412-

418, 2011. © 2011 Wiley-Liss, Inc.
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INTRODUCTION

Approximately 3 billion people, one half of the world
population, have been exposed to hepatitis B virus
(HBV), of whom approximately 350 million are infected
persistently [Lee, 1997]. Reactivation of hepatitisBisa
well-recognized complication in hepatitis B surface
antigen (HBsAg)-positive patients when they undergo
cytotoxic chemotherapy for malignant disease {Hoofna-
gle et al., 1982; Lok et al., 1991]. HBV reactivation has
also been reported in patients with resolved HBV
infection, as evidenced by the clearance of circulating
HBsAg and the appearance of antibodies to hepatitis B
core antigen (anti-HBc) with or without antibodies to
hepatitis B surface antigen (anti-HBs) [Hui et al., 2006;
Umemura et al., 2008; Kusumoto et al., 2009; Yeo
et al., 2009). In these patients, a low level of HBV
replication has been shown to persist in the liver and in
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peripheral-blood mononuclear cells for decades [Kuhns
et al., 1992; Fong et al., 1993]. HBV reactivation has
been reported in this setting after transplantation,
immunosuppressive therapy, and allogeneic and autol-
ogous hematopoietic stem-cell transplantation, with the
reappearance of HBsAg [Dhedin et al., 1998; Seth et al.,
2002]. De novo hepatitis B is of particular concern in this
subset of patients because it commonly results in severe
liver dysfunction and fatal hepatitis [Sarrecchia et al.,
2005].

Many HBV carriers exist in Asian countries and anti-
HBc-seropositive occult carriers have been estimated at
20%—60% in their populations [Kiyosawa et al., 1994;
Kusumoto et al., 2009]; however, the incidence, effective
monitoring, and risk assessment for reactivation of HBV
during hematopoietic stem-cell transplantation or cyto-
toxic chemotherapy need further investigation. In
addition, the virological characteristics of HBV on the
reactivation of occult hepatitis B are not well defined. In
this study, we investigated the incidence of HBV
reactivation and influences of HBV genotype and viral
mutations on the reactivation of occult hepatitis B in
patients who received hematopoietic stem-cell trans-
plantation or cytotoxic chemotherapy for hematological

malignancy.

METHODS
Patients

In this retrospective survey, 28 HBsAg-negative
patients who received hematopoietic stem-cell trans-
plantation for hematological malignancy and 138
HBsAg-negative patients treated for malignant lym-
phoma with rituximab plus cyclophosphamide, doxor-
ubicin, vincristine, and prednisone (R-CHOP) at Nagoya
City University Hospital were analyzed.

Hepatitis B virus reactivation was diagnosed when
the HBsAg status changed from negative to positive
after the initiation of chemotherapy or hematopoietic
stem-cell transplantation, with an elevation of serum
HBV DNA to more than 10° copies/mL. HBV DNA was
retrospectively quantified by real-time polymerase
chain reaction (PCR) using stored samples from patients
with HBV reactivation as described below.

Serological Markers of HBV Infection

HBsAg, HBeAg, and the corresponding 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 IgG classes was
determined by radioimmunoassay (Abbott Japan).

Quantitation 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 [Sugiyama et al., 2009].

413

Sequencing and Molecular Evolutionary
Analysis of HBV

Nucleic acids were extracted from serum samples
(100 pL) using the QIAamp DNA extraction kit (Qiagen,
Hilden, Germany) and subjected to PCR for amplifying
genomic areas bearing enhancer Il/core promoter/pre-
core/core regions [nt 1628--2364], as described previ-
ously [Sugauchi et al., 2002]. Amplicons were sequenced
directly using the ABI Prism Big Dye ver. 3.1 kit in
the AMI 3100 DNA automated sequencer (Applied
Biosystems, Foster City, CA, USA). All sequences were
analyzed in both forward and reverse directions. HBV
genotypes were determined by molecular evolutionary
analysis, Reference HBV sequences wereretrieved from
the DDBJ/EMBL/GenBank database and aligned by
CLUSTAL X, and then genetic distances were estimated
with the 6-parameter method in the Hepatitis Virus
Database (http:/s2as02.genes.nig.acjp/) [Shin et al.,
2008]. Based on obtained distances, phylogenetic trees
were constructed by the neighbor-joining (NJ) method
with the mid-point rooting option. To confirm the
reliability of the phylogenetic trees, bootstrap resam-
pling tests were performed 1000 times.

Construction of Plasmid and Site-directed
Mutagenesis of HBV DNA

Serum samples were obtained from three patients
infected with genotype Bj and a patient with Ce. HBV
DNA was extracted from 100 L serum using QlAamp
DNA blood kit (Qiagen). Four primer sets were designed
to smplify two fragments covering the entire HBV
genome. Amplified fragments were inserted into pGEM-
T Easy Vector (Promega, Madison, WI) and cloned in
DHb5a competent cells (TOYOBO, Osaka, Japan). At
least five clones of each fragment were sequenced
and the consensus sequence determined. Among them,
those containing the consensus sequence were identified
and adopted as templates for further construction.
Finally, a 1.24-fold amount of the HBV genome (nt
1413--3215/1-2185), sufficient to transcribe oversized
pregenome and precore mRNA, was constructed
into pUC19 vector (Invitrogen Corp., Carlsbad, CA).
For site-directed mutagenesis, wild-type HBV was
digested by HindIII and EcoO65I and ligated with the
fragment carrying T1762/A1764 to produce 1.24-fold the
amount of the genome carrying the precore stop-codon
mautation.

Cell Culture and DNA Transfection

For the standard replication agsay, 10-cm-diameter
dishes were seeded with 1 x 10° Huh7 cells each. After
16 hr of culture, cells were transfected with 5ug DNA
construct using the FuGENE 6 transfection reagent
{Roche Diagnostics, Indianapolis, IN) and harvested
3 days later. Transfection efficiency was measured
by cotransfecting with 0.5pg reporter plasmid
expressing secreted alkaline phosphatase and estimat-
ing its enzymatic activity in the culture supernatant.

J. Med. Virol. DOI 10.1002/mv
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Southern Blot Hybridization

Hepatitis B virus DNA samples from cells at day 3 in
culture were separated on 1.2% w/v agarose gel, trans-
ferred to a positive-charged nylon membrane (Roche
Diagnostics), and hybridized with full-length HBY DNA
labeled with alkaline phosphatase. Detection was
performed with CDP-star (Amersham Biosciences,
Piscataway, NJ), and signals were captured using the
LAS-1000 image analyzer (Fuji Photo Film, Tokyo,
Japan). Viral replication was compared between geno-
types by quantifying dots of the single-strand band.

Sugauchi et al.

serological status of the four patients are shown in
Figure 1. Three patients except case A had abnormal
ALT levels and all received an oral dideoxynucleotide
(Lamivudine or Entecavir) as soon as HBV reactivation
was suspected. Three patients (A, C, and D) recovered
from the HBV reactivation, but patient B died from
severe progressive liver failure despite intensive care.
Virological features are summarized in Table I. HBV
genotype Bj was detected in 2 (50%) and C in 2 (50%)
patients who all possessed wild-type sequences (A1762/
(1764) in the core promoter region, although the
precore stop mutation (G1896A) was detected in only
one patient with genotype Bj who developed fulminant

RESULTS hepaticfailure. None ofthe patients had PreS deletion or
Clinical and Virological Features of Patients who escape mutations in the S-region of HBV.
Developed De Novo HBV

Three of the 28 patients (10.7%) received hemato-
poietic stem-cell transplantation and one of the 138
(0.72%) patients treated for malignant lymphoma
developed de novo hepatitis B. The demographic and
clinical features of the four patients who experienced
HBV reactivation are summarized in Table I (cases A~
D). All had normal liver functions before initiation of
treatment. The mean age of the four patients with de
novo hepatitis B was 49 3 10 years and three were male,
Two patients (cases A and C) were positive for anti-HBs,
and three (cases A, B, and D) were positive for anti-HBc
at the baseline of hematopoietic stem-cell transplanta-
tion or chemotherapy. Dynamics of serial serum alanine
aminotransaminase {(ALT), total bilirubin (T.Bil),
prothrombin time (PT), HBV DNA levels, and the HBV

DNA Sequencing and Phylogenetic Analysis

Hepatitis B virus DNA was quantified retrospectively
by RTD-PCR in stored samples of the four patients with
HBYV reactivation. Evidence of occult HBV infection at
the time of the HBsAg-negative status (before com-
mencement of chemotherapy and hematopoietic stem-
cell transplantation) was detected by RTD-PCR in
patients B and C. To determine the source of HBV
infection, sera from patients B and C before commence-
ment of chemotherapy or hematopoietic stem-cell trans-
plantation (case B-1 and C-1) and at the time of HBV
reactivation (case B-2 and C-2) were subjected to HBV
core promoter and precore region (481 bp) sequencing.
Sequences encompassing the core promoter to precore
region obtained from sera before commencement of

TABLE I. Demographic, Biochemical and Virological Characteristics of Four Patients With HBV Reactivation

Cases
A B C D
Age (years) 36 47 60 52
Sex Male Male Female Male
Hemastological Malignant lymphoma Acute myeloid Multiple myeloma  Malignant lymphoma
malignancy leukemia
Source of HSCT Cord Blood (allogenic) Bone marrow Peripheral Blood None
(allogenic) (autologous)
Immune suppression Cyclosporin A Tacrolimus, Prednisolone None
therapy Prednisolone
Chemotherapy None None MCP Rituximab-CHOP
HBH\];serolog' and DNA before therapy
Anti-HBs + - + -
Anti-HBe + + - +
HBV-DNA Negative 2.8 log copy/ml 2.2 log copy/ml Negative
Pesk levels of
HBV-DNA 6.0 log copy/ml 8.6 log copy/mL 6.2 log copy/mL 6.3 log copy/mL
ALT (U/mL) 31 1435 938 1040
T. Bilirubin 0.6 18.5 0.9 4.8
ETV or LAM given + + + +
Outcome Recovered Died Recovered Recovered
HBV genotype Bj Bj Ce Ce
Core Promoter (1762/1764) Wild Wild Wwild wild
Pre Core (1896) Wild Mutant Wild Wild
PreS deletion None None None None

HSCT, hematopoietic peripheral stem cell transplantation; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone; MCP,
ranimustine, cyclophosphamide, prednisolone; ETV, entecavir; LAM lamivudine.

. Med. Virol. DOI 10.1002/jmy
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Fig. 1, Clinical course of 4 patients who developed reactivation of
HBV, Changes of serial serum ALT, T.Bil, PT, HBV DNA, and HBV
serology are shown. Hematopoietic stem-cell transplantation, hema-
topoietic peripheral stem cell transplantation; PSL, prednisolone; R~
CHOP, rituximab, cyclophosphamide, doxorubicin, vineristine, pre-
dnisolone; MCP, ranimustin, cyclophosphamide, prednisolone.
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Fig. 2. Sera from cases B and C before chemotherapy or hema-
topoietic stem-cell transplantation (case B-1 and C-1) and at the time of
HBYV reactivation (case B-2 and C-2) were sequenced from the core
promoter to precore region (481bp). The phylogenetic tree demon-
strated that patients B and C had de novo HBV hepatitis from
reactivation of occult HBV infection.

chemotherapy and at the time of de novo HBV hepatitis
showed 100% homology, and on the pylogenetictree they
were clustered together (Fig. 2). These results demon-
strated that patients B and C had de novo HBV hepatitis
from reactivation of occult HBV infection.

Wild-type HBV and Precore and Core Promoter
Mutant Replication In Vitro

Figure 3 compares Southern blotting densities of HBV
replicons constructed on bases of the following isolates:
genotype Bj with PC wild-type clone obtained from case
A (Bj: PC Wild), genotype Bj with PC mutant-type clone
obtained from case B (B} PC Mutant) and genotype C
with PC wild-type clone obtained from case C (C: PC
Wild). The densities of the single-strand band were far
higher for the Bj: PC Mutant clone obtained from patient
B who had a fulminant outcome, indicating greatly
enhanced replicative activity of the precore mutant
in vitro.

DISCUSSION

The present study highlighted HBV reactivation in
four patients who had resolved HBV infection evidenced
by clearance of circulating HBsAg and the appearance of
antibodies to anti-HBc with or without anti-HBs. Two
patients had occult HBV infection at the time of the

J. Med. Virol. DOI 10.1002/jmv
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CaseA
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Fig. 3. A: Comparison of viral replication among patients in vitro. Southern blot analysis for replicative
activity (intracellular HBV DNA) of genotype Bj with precore (PC) wild-type clone obtained from case A (Bj:
PC Wild), genotype Bj with PC mutant-type clone obtained from case B (Bj: PC Mutant) and genotype C
with PC wild-type clone obtained from case C (C: PC Wild). B: Quantitation of single-stranded HBV-DNA.

DS, double strand; SS, single strand.

HBsAg-negative status before chemotherapy, as
detected retrospectively by RTD-PCR. Sequencing of
the HBV core promoter and precore region indicated
complete matching between isolates from sera before
commencement of chemotherapy and at the time of the
manifestation of de novo hepatitis B. To our knowledge,
this is the first report demonstrating de novo hepatitis B
from the reactivation of occult HBV infection confirmed
by molecular evolutionary analysis.

Hepatatis B Virus reactivation is known to occur in
patients after solid organ transplant, allogenic, and
autologous hematopoietic stem-cell transplantation,
and after immunosuppressive therapy. Recently, HBV
reactivation has been reported to occur in HBsAg-
negative patients receiving rituximab-containing che-
motherapy. In this study, one of the 138 (0.72%)
lymphoma patients treated by R-CHOP developed de
novo hepatitis B. As 20-25% of hospitalized HBsAg-
negative patients were positive for anti-HBc and/or anti-
HBs in our hospital, around 4% developed HBV
reactivation, suggesting a high risk for this group. Hui
et al. reported that 8 of 244 HBsAg-negative lymphoma
patients receiving systemic chemotherapy developed
new-onset hepatitis B (3.3%) [Hui et al., 2006]. These 8
patients were seropositive for either HBc or HBs
antibody. Furthermore, the incidence of HBV reactiva-
tion in this cohort was higher in those receiving
rituximab-plus-steroid combination than in those
receiving other combination therapy: 12.2% (6 of 49)
and 1.0% (2 of 195), respectively [Hui et al., 2006].
Multivariate analysis demonstrated that rituximab-
plus-steroid combination chemotherapy is a risk factor
for HBV reactivation. In another report Yeo et al. [2009]
investigated 80 HBsAg-negative patients with diag-
nosed diffuse large B-cell lymphoma who were receiving
R-CHOP or CHOP and had HBV reactivation as high as
6.25% (5/80). All five patients receiving R-CHOP had an

J. Med. Virol. DOI 10.1002/jmv

anti-HBe-positive and anti-HBs-negative status at the
treatment baseline. Thus, of 21 anti-HBc-positive
lymphoma patients receiving R-CHOP in that study,
five (23.8%) developed HBV reactivation [Yeo et al,,
2009]. These observations strongly suggest that not only
HBsAg-positive patients, but also HBsAg-negative
patients with anti-HBc and/or anti-HBs and/or detect-
able serum HBV-DNA must be considered as a group at
high risk for HBV reactivation following rituximab-plus
steroid combination chemotherapy.

Eight genotypes have been classified by sequence
divergence of >8% in the entire HBV genome composed
of approximately 3200 nucleotides (nt), and designated
A to H in the order of documentation [Miyakawa and
Mizokami, 2003]. The genotypes have distinct geo-
graphical distribution and are associated with the
severity of liver disease as well as response to antiviral
therapies [Miyakawa and Mizokami, 2003]. Further-
more, subgenotypes have been reported for genotype A,
B, and C, and named Aa (Asian/African type) and Ae
(European type) [Sugauchi et al., 2004a], Bj (Japanese
type) and Ba (Asian type) [Sugauchi et al., 2003;
Sugauchi et al., 2004b], as well as Ce (east Asian type)
and Cs (southeast Asian type) [Tanaka et al., 2005].
There are increasing lines of evidence that Aa and Ae, as
well as Ba and Bj, influence the replication of HBV and
have clinical relevance [Sugauchi et al., 2002; Tanaka
et al., 2005]. In this study, the precore stop mutation
(G1896A) was detected only in a patient with genotype
Bj who developed fulminant hepatic failure. A recent
cross-sectional study in which 23 patients with reac-
tivation were compared with 529 acute hepatitis B
patients in Japan, revealed that genotype B is more
frequent among patients with HBV reactivation [Ume-
mura et al.,, 2008]. Ozasa et al. [2006] compared 40
patients with fulminant and 261 with acute self-limited
hepatitis, revealing that subgenotype Bj is associated
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