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A male patient with severe acute hepatitis who was domestically
infected with a genotype H hepatitis B virus in Iwate, Japan
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Although all eight genotypes of hepatitis B virus (HBV)
strains are circulating in Japan, no cases of acute hepa-
titis with foreign HBYV strains of genotype H have thus
far been reported in Japan. Here, we report a 35-year-
old Japanese patient with severe acute hepatitis who
was domestically infected with genotype H HBV. On
admission, he had a high HBV load of 1.0 x 10° copies/
ml, elevated levels of total bilirubin (7.0mg/dl) and ala-
nine aminotransferase (36061U/), and reduced pro-
thrombin activity of 39.0%. The HB-JAIWOS isolate
obtained in the present study was composed of 3215
nucleotides and had the highest similarity of 99.7% with
the reported genotype H HBV isolate recovered from
a Japanese blood donor. The HB-JAIWOS isolate had
neither precore (A1896) nor core promoter (T1762/
A1764) mutations. However, upon comparison with the
consensus sequence of ten reported HBV isolates of the
same genotype, the HB-JATWOS isolate had 17 nucleo-
tide substitutions including five missense mutations in
the P gene, which may be related to vigorous replication
of HBV in this case. He had no history of traveling
abroad, but had had extramarital sexual contact with
two Japanese women living in Iwate, Japan, 2 weeks
and 2 months before the disease onset, respectively.
Our results suggest that rare HBV genotypes such as H
may be spreading in Japan via sexual contact. Further
molecular epidemiological studies on HBV to clarify
the exact changing profiles of de novo HBV infection
in Japan in relation to genotype and genomic variability
are warranted.
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Introduction

Hepatitis B virus (HBV) is one of the most important
causes of acute and chronic liver diseases worldwide,
including acute self-limited hepatitis, fulminant hepati-
tis, chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma. HBV possesses a circular, partially double-
stranded DNA genome of approximately 3200 nucleo-
tides (nt). It contains four major open reading frames
encoding the envelope [preS1, preS2 and surface anti-
gen (HBsAg)], precore/core antigen (HBeAg and
HBcAg), polymerase (P), and X (HBx) proteins. Eight
genotypes of HBV, A to H, have thus far been recog-
nized, and have different geographical distributions.>*
Genotype A is found predominantly in northwestern
Europe, North America, and central Africa. Genotypes
B and C are found in Southeast Asia, China, and Japan,
whereas genotype D has a worldwide distribution but is
predominant in the Mediterranean area, the Middle
East, and India. Genotype E occurs frequently in Afri-
ca, whereas genotype F is found among American na-
tives and in Polynesia and Central and South America.
Genotype G HBV has been reported in France, Ger-
many, the United States, and Mexico. The eighth geno-
type, named H, a newly described genotype, was
considered to be confined to Latin America,* but it has
been found not only in Nicaragua and Mexico but also
in the United States and Japan.*** Five of the geno-
types, A, B, C, D, and F, have been further subdivided
into subgenotypes, which are identified by Arabic
numbers.5’

In Japan, genotypes B and C are predominant, and
genotypes A, D, and F are found in small percentages
of HBV-viremic blood donors and patients with chronic
HBYV infection;*'* genotypes E, G, and H have rarely
been found in patients infected with human immuno-
deficiency virus type 1 (HIV).! Since the successful
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implementation of a nationwide program preventing
mother-to-infant infection of HBV by administering
hepatitis B immune globulins and HB vaccines to new-
bornss and nationwide nucleic acid amplification test-
ing (NAT) of voluntarily donated blood for HBV,
hepatitis C virus (HCV), and HIV by the Japanese Red
Cross Blood Transfusion Services,1’1® a major cause of
acute HBV infection in Japan is sexual contact with
HBV-viremic partners. A recent study indicated that
genotype A HBV prevails among Japanese patients
with acute hepatitis B, particularly in metropolitan
areas of Japan.” However, no patients with acute
hepatitis who were infected with foreign HBV strains
of genotype H have thus far been reported in Japan.
Here, we report a patient with severe acute hepatitis
who was domestically infected with a genotype H HBV,
most likely via sexual contact with Japanese women
living in Iwate, a nonmetropolitan area located in the
northern part of Honshu Island, Japan.

Case report

Methods

All routine hematological and biochemical examina-
tions were performed using an autoanalyzer. 'The pres-
ence of hepatitis B surface antigen (HBsAg) and the
corresponding antibody (anti-HBs), hepatitis B e anti-
gen (HBeAg) and antibody to HBeAg (anti-HBe), an-
tibody to hepatitis B core (anti-HBc¢), IgM class anti-HBc¢
and IgM class antibody to hepatitis A virus (IgM anti-
HAV) was tested by chemiluminescence enzyme im-
munoassay using kits from Fuji Rebio (Tokyo, Japan).
Third-generation antibody to HCV (anti-HCV) was
measured by chemiluminescence immunoassay (Ortho
Diagnostic Systems, Tokyo, Japan). IgG and IgM class-
es of antibodies to Epstein-Barr virus, cytomegalovirus,
human parvovirus B19, human herpesvirus type 6, and
varicella zoster virus were assayed by the fluorescent
antibody method using the respective commercial kits.

The presence of HBV DNA was determined by poly-
merase chain reaction (PCR) with nested primers tar-
geting the S gene of the HBV genome according to the
method described previously.? The amplification prod-
uct of the first-round PCR was 461 base pairs (bp), and
that of the second-round PCR was 437 bp. Quantitation
of HBV DNA was performed by real-time detection
PCR using the LightCycler-FastStart DNA Master Hy-
bridization Probes kit (Roche Diagnostics, Mannheim,
Germany) as described previously.™

The presence of antibodies to hepatitis D virus (HDV)
was determined by in-house enzyme-linked immuno-
sorbent assay (ELISA), using purified recombinant S-
HDAg protein that had been expressed in the pupae of
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silkworm, as described previously.2 IgG, IgM, and IgA
classes of antibodies to hepatitis E virus (HEV) (1gG
anti-HEV, IgM anti-HEV and IgA anti-HEV, respec-
tively) were assayed by in-house ELISA as described
previously.®

The entire nucleotide sequence of the HBV genome
was determined by methods essentially similar to those
described previously. Briefly, three overlapping re-
gions of HBV DNA were amplified by nested PCR with
TaKaRa Ex Tag (TaKaRa Bio, Shiga, Japan) and the
appropriate primers derived from conserved areas of
the genomes of the eight genotypes (A to H). The three
overlapping regions (primer sequences at both ends ex-
cluded) that were amplified spanned nt 265-1795
(1531bp), nt 1674-2380 (707bp), and nt 2282-3215
and 1-458 (1392bp). The amplification products were
sequenced directly on both strands using the BigDye
Terminator Cycle Sequencing Ready Reaction Kit on
an ABI PRISM 3100 Genetic Analyzer (Applied Bio-
systems, Foster City, CA, USA). Sequence analysis was
performed using Genetyx-Mac version 12.2.5 (Genetyx,
Tokyo, Japan) and ODEN version 1.1.1 from the DNA
Data Bank of Japan (DDBJ: National Institute of
Genetics, Mishima, Japan).? Phylogenetic trees were
constructed by the neighbor-joining method.>* Boot-
strap values were determined on 1000 resamplings of
the data sets.”

Profile and clinical course of the present case

The patient was a 35-year-old Japanese man. He no-
ticed dark urine, general fatigue, and anorexia in Au-
gust 2005. On the following day, he consulted a physician
in private practice, and abnormalities on liver function
tests were found. Two days later, he was hospitalized at
a local hospital. However, his symptoms worsened, and
his prothrombin activity was markedly low. He was
transferred to the Iwate Medical University Hospital 2
days later. He had no history of blood transfusion, trav-
el abroad, excessive intake of alcohol, or drug abuse,
However, he had had extramarital sexual contact with
two Japanese women living in Iwate Prefecture, Japan,
2 weeks and 2 months, respectively, before the onset of
the disease.

On admission, he had severe jaundice in the bulbar
conjunctiva and skin, but he was alert and there were
no abnormal vital signs. Physical examination revealed
no lymphadenopathy, hepatomegaly, splenomegaly,
ascites, or edema. Laboratory findings on admission
showed markedly elevated serum total bilirubin and
liver enzyme levels, and low serum albumin and total
cholesterol levels. Prothrombin activity was remarkably
low, and the human hepatocyte growth factor level was
moderately elevated (Table 1). Screening tests for hepa-
titis virus markers revealed positivity for HBsAg and
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Table 1. Laboratory findings on admission
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Parameter Value Parameter Value

Hematology Viral markers
White blood cells 8230/l [gM anti-HAV (C.O.1) 0.2 ()
Red blood cells 487 x 10%/ul IgM anti-HBc¢ (C.O.1.) 31.2 (+)
Hemoglobin 15.7g/dl HBsAg (C.0.L) >2000 (+)
Platelets 14.8 x 10%/ul Anti-HBs (C.0O.1.) 0.5 (-)

Blood chemistry HBeAg (C.O.1) 319.2 (+)
Total protein 6.5 g/di Anti-HBe 71.6% (+)
Albumin 3.6g/dl Anti-HBc 100% (+)
Total bilirubin 7.0mg/dl Anti-HBc (1:200 dilution) 97.5% (+)
Direct bilirubin 5.4 mg/dl HBV DNA (copies/ml) 1.0 x 10° (+)
AST 1679TUN Anti-HCV (C.0.1) 02 (-)
ALT 3606 TU/1 IgG anti-HDV (OD valué) 0.014 (-)
LDH 6431U11 IgG anti-HEV (OD value) 0.014 (-)
ALP 527101 [gM anti-HEV (OD value) 0.203 (-)
y-GTP 2121UNn I[gA anti-HEV (OD value) 0.049 (-)
Total cholesterol 65mg/dl HEV RNA -)
IeG 1451 mg/dl IgM antibody to EBV VCA <1:10(-)
IgA 176 mg/d} IgG antibody to EBV VCA 1:80 (+)
IgM 330mg/dl Antibody to EBV EBNA <1:10 (=)
NH, 38ng/dl IgM antibody to CMV <1:10 (-)
BUN 4.9mg/dl IgG antibody to CMV 1:10 (=)
Creatinine 0.6mg/dl IgM antibody to B19 (-)
Na 37mEg/1 1gG antibody to B19 +)

K 4.0mEq/ IgM antibody to HSV <1:10 (-)
Cl 106 mEq/1 IgG antibody to HSV 1:80 (+)
Coagulation tests and others IgM antibody to HHV-6 <1:10 ()
Prothrombin time 18.8s (39.0%) [gG antibody to HHV-6 1:40 (+)
Fibrinogen 210.6mg/dl IgM antibody to VZV -)
hHGF 0.75ng/ml 1gG antibody to VZV (+)

AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactic dehydrogenase; ALP, alkaline phosphatase; vGTP, yglutamyl
transpeptidase; BUN, Blood urea nitrogen; hHGE, human hepatocyte growth factor; C.O.L, cutoff index; HAV, hepatitis A virus; anti-HBc,
antibody 1o hepatitis B core; HBsAg, hepatitis B surface antigen; anti-HBs, antibody to HBsAg; HBeAg, hepatitis B ¢ antigen; anti-HBe, anti-
body to HBeAg: HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D virus; HEV, hepatitis E virus; EBV VCA, Epstein-Barr
virus viral capsid antigen: EBNA, Epstein-Barr nuclear antigen; CMV, cytomegalovirus: B19, human parvovirus B19; HSV, herpes simplex virus;
HHV-6, human herpesvirus type 6; VZV, varicella zoster virus; OD, optical density

IgM anti-HBc, but negativity for anti-HBs antibody.
HBeAg and anti-HBe antibody were both positive. The
HBV DNA titer in the circulation was markedly high
at 1.0 x 10° copies/ml. IgM antibodies against hepatitis
A, C, D, and E viruses and other viruses, including
Epstein-Barr virus, cytomegalovirus, human parvovirus
B19, herpes simplex virus, human herpes virus type 6,
and varicella zoster virus, which are known to be related
to hepatic injury, were all negative (Table 1). Further-
more, anti-nuclear antibody and anti-mitochondria an-
tibody were negative. Abdominalcomputed tomography
and ultrasonography showed no signs of hepatic failure
such as liver atrophy, irregular density of the liver, or
ascites, but did reveal slight splenomegaly and the col-
lapse and thickening of the wall of the gallbladder,
which are found in patients with acute hepatitis. Based
on these results, he was diagnosed as having severe
acute hepatitis B due to de novo HBV infection.
Figure 1 illustrates the clinical course of the patient
after admission. Although he did not receive artificial

liver support or any antiviral drug, his consciousness
level and general condition did not deteriorate and his
transaminase levels and prothrombin activity gradually
improved. Laparoscopy performed on day 22 of admis-
sion showed no macroscopic abnormalities of the liver.
Histological examination of the biopsied liver speci-
mens showed slight infiltration of mononuclear cells in
the portal area unaccompanied by fibrosis. He was dis-
charged on day 33. During the course of his iliness, the
serum HBV DNA level gradually decreased and be-
came undetectable (<30 copies/ml) on day 159. HBsAg
became negative on day 86.

Analysis of the full-length genomic sequence of HBV

The full-length genomic sequence of an HBV isolate
(HB-JAIWO0S) obtained from the present case was de-
termined and deposited in the DDBJ/GenBank/EMBL
databases (accession no. AB266536). The HB-JAIWO05
isolate had a total genomic length of 3215nt, which is
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identical to that of reported HBV isolates of genotypes
B, C, F, and H. When the entire nucleotide sequence
was compared with the reported genomes of all eight
genotypes for which the full-length sequence is known,
the HB-JAIWOS isolate was most closely related to the
genotype H isolates with identities of 97.4%-99.7%,
was close to the genotype F isolates with identities of
91.0%-92.8%, but was only 84.5%-86.8% identical to
the HBV isolates of the remaining six genotypes (A, B,
C, D, E, and G). Among the ten genotype H strains
isolated in the United States, Nicaragua, and Japan
whose full-length sequence has been determined, the
HB-JAIWO0S isolate had the highest similarity of 99.7%
with the HB-JBDH] isolate recovered from a Japanese
blood donor whose viremia was identified by nucleic
acid amplification testing and who presumably donated
blood during the serological window period at an early
stage of de novo infection.!?

A phylogenetic tree was constructed based on the
entire genomic sequence of 53HBYV isolates (including
the HB-JAIWOS isolate obtained in the present study),
which confirmed that the HB-JAIWO0S isolate segregat-
ed into genotype H (Fig. 2). Close relatedness of HB-
JATWOS with the reported HBV strains of genotype H
and clear branching of the eight genotypes were
observed.

The HB-JAIWOS isolate had neither precore (preC, .

nt 1896) nor core promoter (nt 1762, 1764) mutations
(A1896, T1762/A1764 mutation, respectively). Upon
comparison with the consensus sequence of ten report-
ed HBV isolates of the same genotype (for accession
nos., see Fig. 2), the HB-JAIWO0S isolate had 17 nucleo-

e antigen: Anti-HBe, antibody to
hepatitis B e antigen

tide substitutions that resulted in five amino acid sub-
stitutions in the P gene product, two amino acid
substitutions in the X gene product, and one each in the
preS2 region and S gene products (Table 2).

Discussion

In the present study, we reported a 35-year-old Japa-
nese man with severe acute hepatitis who was infected
with a genotype H HBV and had never been abroad. In
Japan, a recent nationwide survey revealed the frequen-
cies of various HBV genotypes among 301 patients with
acute hepatitis B: genotype C was most prevalent (67%),
followed by genotype B (15%), genotype A (14%),
genotype G (2%), and genotype D (2%). In addition
to this large-scale survey, many reports on the distribu-
tion of HBV genotypes among patients with acute
hepatitis in Japan have recently been published;!*2>-3
however, there have been no patients with acute hepa-
titis who were infected with a genotype H HBV, sug-
gesting that this is the first report of an acute hepatitis
patient in Japan who contracted infection of a genotype
H HBV domestically.

Eight genotypes of HBV are currently recognized.!
Each HBV genotype shows a distinct geographical dis-
tribution between and even within regions, and such
data are an invaluable tool in tracing the molecular
evolution and patterns and modes of spread of HBV .5
Among the eight genotypes, genotype H has most re-
cently been identified from two Nicaraguans and one
American living in Los Angeles,* and has also been



172 I. Kumagai et al.: Genotype H HBV in Japan

rd WMHBV (AF046996)
G 100 [ G-AF160501/France
G-AB056513/USA
G-AF405706/Germany
E 100 {— E-AB091255/Cote d'lvoire
E-X75657/West Africa
E-X75664/Senegal
D 100 D4-AB033559/Papua New Guinea
D3-X85254Maly
95 D1-Y07587/Germany
80 D2-X80925/UK
C4-AB048704/Australia

100 C5-AB241109/Philippines
76 C1-AB031262/Vietnam
73 2-AB033550/Japan
100

C3-X75656/Polynesia
91 A

90 100

—— A2-X02763/USA

A1-M57663/Philippines
3"_{:: A3-AB194850/Cameroon
L 82 A4-AM180623/Mali
——————— B1-D00329/Japan
B__ 100 B2-D00330AJapan
B4-AB031267/Vietnam

B3-AB033554/Indonesia
100 B5-AB210429/Philippines

_199{— H-AY090454/Nicaragua
99

H-AY090457/Nicaragua
H-AB059660/USA
H-AB059661/USA
H-AB059659/USA
H-AB064315/USA
H-AY090460/USA
H-AP007261/Japan
HB-JAIWO05

s o
=
o
o

Fig. 2. Phylogenetic tree constructed by

100 H-AB179747/Japan the neighbor-joining method based on the
H-AB205010/Japan entire nucleotide sequence of 53 hepatitis

F1-AY080458/Costa Rica B virus (HBV) isolates, using a woolly

F1-AY090458/Costa Rica monkey HBV isolate (WMHBV:

F1-AY090461/El Salvador AF046996) as an out-group. In addition

F1-AB064316/USA to the HB-JATWOS isolate obtained from

F1-AB116552/Venezuela the patient with severe acute hepatitis B

F F1-AB086397/Japan in the present study, indicated in bold

150 98 F1-AB116654/Japan type for visual clarity, 24 representative

100 F2-AY090455/Nicaragua HBYV isolates of genotypes A to Eand G

F2-X69798/Brazil and all 18 genotype F and 10 genotype H

F2-X75658/France isolates whose entire sequence is known

F2-X75663/Colombia were included for comparison. The previ-

F2-AB036910/Venezuela ously reported isolates are indicated with

F2-AB116551/Venezuela the genotype or subgenotype and acces-

F2-AB116548/Panama sion no., followed by the name of the

F2-AB116550/Panama country where it was isolated. Bootstrap

83 F2-AB036906/Venezuela values are indicated for the major nodes

0.05 100| F2-AB036905/Venezuela as a percentage of the data obtained from

F2-AB036920/Venezuela 1000 resamplings

encountered in Mexico and San Francisco.*?® However, = America and had had a sexual relationship there.!

the nature of HBV genotype H throughout the world
remains obscure. In Japan, genotype H is very rarely
found, and only three genotype H isolates have thus far
been reported. Shibayama et al.! reported that a geno-
type H strain (HB-J1260; accession no. AP007261) was
isolated from a 46-year-old Japanese patient coinfected
with HIV who had a history of traveling to South

Nakajima et al.”* isolated a genotype H strain (HBV-
IM806-2; AB205010) from a 61-year-old Japanese pa-
tient with chronic hepatitis, who while visiting
Bangkok, Thailand, 30 years earlier had had a sexual
relationship with a woman there, and 3 months after
returning to Japan acquired acute hepatitis, which
developed into chronic hepatitis B. In addition, the
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Table 2. Sequence comparison between the HBV clone from this case and the consensus sequence from ten reported HBV

clones of the same genotype (genotype H)

Nt position Nt change Genomic region Amino acid change
46 TtoG preS2, P —. Ser319 to Ala319 (P)
147 CtoT preS2, P Ala53 to Val53 (preS2), __
242 Cto A S.P GIn30 to Lys30 (S), Thr384 to Lys384 (P)
747 TtoC S, P —_—
851 TtoC P —
868 TtoC P _
870 AtoT P _
1164 Gto A P —
1287 AtoC P _
1306 Cto A P _—
1386 CtoT P, X e
1504 CtoT P. X Pro805 to Ser805 (P), Alad4 to Vald4 (X)
1632 CtoT X Arg87 to Trp87 (X)
2035 Cto A C —_
2101 Cto A C —
2410 AtoT C P — His35 to Leu3s (P)
2505 Gto A P Val67 to 1le67 (P)

Nt, nucleotide

Japanese Red Cross NAT Screening Research Group
reported that HBV genotype H has been found in only
one (0.3%) of 328 HBV DNA-positive blood donors in
Japan, and that the genotype H isolate (HB-JBDHI;
AB179747) was recovered from a 52-year-old Japanese
man who donated blood in October 2002.* These re-
sults and our present result indicate that individuals in-
fected with a genotype H HBYV are rare, but may serve
as possible infectious sources in Japan.

The number of cases of acute HBV infection in Japan
is estimated to be over 10000 cases per year. More than
50% of patients with acute hepatitis B had extramarital
sexual contact within a period of time corresponding to
the incubation period before the development of acute
hepatitis B,* indicating that a major cause of acute HBV
infection in Japan is sexual intercourse with an HBV-
viremic partner. The precise reason why genotype A
HBV has become prevalent among Japanese patients
with acute hepatitis B remains unknown. However, the
decreasing rates of mother-to-baby transmission and
transfusion-associated transmission of genotypes B and
C along with the increasing risk of sexual transmission
may be involved in the changing pattern of the distribu-
tion of HBV genotypes in Japan, and rare HBV geno-
types that are not found in chronic HBV carriers would
become prevalent among individuals with high sexual
activity with diverse partners, some of whom may be
infected with various blood-borne viruses, including
HIV and HBV, and even among individuals with sexual
relationships with commercial sex workers, who are at
high risk for contracting infection of blood-borne virus-
es. The present patient had extramarital sexual contact
with two Japanese women living in Iwate, who were not

commercial sex workers, 2 weeks and 2 months before
the disease onset, respectively, although it remains un-
known whether they were infected with HBV. The pres-
ent case occurring in a nonmetropolitan area suggests
that rare HBV genotypes such as genotype H may be
widely distributed in Japan. Extensive molecular epide-
miological surveys on the distribution of HBV genotype
are needed to ‘clarify the exact changing profile of de
novo HBV infection in Japan and to develop programs
to prevent acute HBV infection.

Severe acute hepatitis is defined as acute hepatitis
having reduced prothrombin activity of <40% but with-
out overt hepatic encephalopathy (coma grade > II).
Our case had a prothrombin activity level of 39% on
admission, but, fortunately, he did not develop hepatic
encephalopathy. A nationwide survey that evaluated
the outcome of severe acute hepatitis indicated that
31% of 164 patients with severe acute hepatitis devel-
oped overt encephalopathy and were diagnosed as hav-
ing fulminant hepatic failure.* Therefore, prothrombin
activity is one of the most important markers for pre-
dicting the development of hepatic encephalopathy in
patients with acute hepatitis. Besides prolonged pro-
thrombin time, old age and an elevated total bilirubin
level were estimated to be potential risk factors for de-
veloping encephalopathy among patients with severe
acute hepatitis.** However, our patient was young (35
years old) and his total bilirubin level was only moder-
ately elevated (7.0mg/dl). These findings may be con-
sistent with his good clinical course. Recent studies have
shown that the genotype of HBV is closely associated
with the pathogenesis and clinical outcome of HBV-
related liver diseases.’>*7 Viral factors may also play a
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role in the pathogenesis of severe acute hepatitis or
fulminant hepatitis. HBV variants with mutations in the
precore region (A1896) and/or the core promoter
(T1762 and A1764) have been implicated in fulminant
hepatitis.®+ It is possible that the frequency of genomic
mutations differs according to genotype. However, the
particular genomic mutations in genotype H HBV that
are associated with the severe or fulminant form of
acute hepatitis or exacerbation of chronic liver disease
are not known. Although the HB-JAIWOS isolate was
recovered from a patient with severe acute hepatitis B
in the present study, neither precore mutation (A1896)
nor double mutations in the core promoter region
(T1762/A1764) were present. When compared with the
consensus sequence of all ten reported genotype H
HBYV strains whose entire sequence is known, including
two Nicaraguan isolates, five Californian isolates, and
three Japanese isolates, 17 nucleotide substitutions
unique to the HB-JAIWAQS isolate were recognized. The
17 nucleotide changes included five missense mutations
(amino acids 35, 67, 319, 384, and 805) in the P gene,
which may be associated with vigorous replication of
HBY as observed at the time of admission of the pres-
ent patient (1.0 x 10° copies/ml). Although further
studies on a greater number of patients with acute hepa-
titis who are infected with genotype H HBV are re-
quired, these 17 nucleotide substitutions in HBV DNA
could be candidates for mutations associated with the
severe or fulminant form of acute hepatitis.

In conclusion, we identified and determined the full-
length sequence of a genotype H HBV (HB-JAIWO05)
that had been recovered from a 35-year-old Japanese
patient with severe acute hepatitis, who was presumed
to have contracted the disease via sexual contact with
Japanese women living in Iwate, a nonmetropolitan
area in the northern part of Honshu Island. Our results
suggest that rare HBV genotypes such as H may be
spreading in Japan via sexual contact. Further molecu-
lar epidemiological studies on HBV infection are war-
ranted to clarify the changing profiles of de novo HBV
infection in Japan in relation to genotype and genomic
variability.
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Initial load of hepatitis B virus (HBV), its changing profile, and
precore/core promoter mutations correlate with the severity and

outcome of acute HBYV infection

SHIGEHIKO SamNokaMIt, KolcH1 ABE!, AKIHIRO SATO?, RYUJiN ENDO!, YAsUHIRO Takikawal, Kazuyukl SUZUKT,

and Hiroakl OkaMoTO?
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Background. The pathogenesis of the fulminant or se-
vere form of acute hepatitis B virus (HBV) infection
remains unclear, although both host- and virus-specific
factors are considered to have a great impact on the
clinical course. We aimed to define possible viral factors
implicated in the severe form of acute HBV infection.
Merhods. We .investigated viral factors in 42 patients
with acute HBV infection: 11 had fulminant hepatitis
(FH); 9 had a severe form of acute hepatitis (SAH),
defined as having a prothrombin activity of less than
40% without encephalopathy; and 22 had acute self-
limited hepatitis (AH). Resulrs. Although there was no
significant difference in serum HBV DNA levels on
admission among the three groups, the level decreased
more rapidly in patients with SAH or FH than in those
with AH. In patients with SAH or FH, the HBV load
on admission was higher in patients who died than in
those who recovered (7.0 £ 1.6 vs 5.6 + 1.0log copies/ml;
P = 0.0293). In univariate analysis, seronegativity for
hepatitis B envelope antigen (HBeAg) and mutations
in both the precore (G1896A and/or G1899A) and core
promoter (T1753A/C and/or T1754C/G and/or A1762T/
G1764A) were associated with FH (odds ratio [OR],
5.60; P = 0.0269 and OR, 52.0; P = 0.0006; respectively).
In multivariate logistic regression analysis, only the
presence of precore/core promoter mutations was as-
sociated with FH (OR, 42.8; P = 0.0020). Conclusions.
The rapid decrease in viral load in the early phase of
acute HBYV infection was associated with the severity of
the disease. A high viral load on admission and the
presence of both precore and core promoter mutations
in patients with severe coagulopathy closely correlated
with mortality.
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Introduction

Liver injuries caused by hepatitis B virus (HBV)
broadly range from acute self-limited hepatitis (AH) to
chronic hepatitis, liver cirrhosis, and hepatocellular car-
cinoma. Fulminant hepatitis (FH) B is rare; it occurs in
approximately 1% of patients with acute hepatitis B?
and has a mortality rate of up to 80%?2 without liver
transplantation. The pathogenesis of FH in acute HBV
infection remains unclear, although both host- and
virus-specific factors are considered to have marked
effects on the clinical course. FH in adults has been re-
ported to be associated with mutations in the basic core
promoter (A to T mutation at nucleotide [nt] 1762
[A1762T] and G1764A)* and the precore region
(G1896A).4% It was suggested that these mutations of
HBYV may have affected viral replication, altered HBV-
protein expression, and induced more severe liver
damage when HBV was experimentally inoculated into
chimpanzees.s” Further analyses suggested that geno-
type B isolates had more precore mutations than geno-
type C isolates*™ and such mutations were detected
more frequently in patients with FH than in those with
acute self-limited hepatitis B.!

In a prospective study of chronic HBV infection in
the absence of interferon or nucleotide analogue ther-
apy, the HBV DNA level in circulation was found to be
associated with the progression of chronic hepatitis to
cirrhosis, irrespective of the serum alanine aminotrans-
ferase (ALT) level and hepatitis B envelope antigen
(HBeAg) status.”? However, it has not been fully inves-
tigated whether the serum HBV DNA level in acute
HBYV infection is associated with the severity or out-
come of the disease. There have been limited data on
viral replication and viral load during FHB. To date, it
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has been reported that FH patients with detectable
HBYV DNA had a lower mortality rate than those with-
out, and it has been considered that an enhanced im-
mune response decreases the viral replication level 334
suggesting that antiviral agents may not be useful for
treating FH. In previous studies, HBV DNA assays
were performed only after the onset of hepatic encepha-
lopathy, not before it. Moreover, it has not been clari-
fied yet how viral load and its changing pattern in the
early phase are associated with the clinical outcome and
whether the presence of precore or core promoter mu-
tations correlates with viral load in patients with acute
HBYV infection.

In this study, we retrospectively quantified serum
HBV DNA in 42 patients with acute HBV infection, the
severity of which ranged from acute self-limited hepa-
titis to FH observed from the early phase of the clinical
course, to assess whether viral load was an important
factor for their prognosis, in relation to precore or core
promoter mutations.

Patients and methods

Patients with acute HBYV infection

Forty-two consecutive patients with acute HBV infec-
tion, who were admitted to Iwate Medical University
Hospital from June 1990 to March 2005, were enrolled
in this study. Patients who had been treated with anti-
viral drugs and those who had received blood transfu-
sion (including plasma exchange) in a previous hospital
after the disease onset were excluded from this study.
Twenty-two patients were men, and the mean age £
standard deviation (SD) was 36 + 17 years (range, 18-75
years). Aminotransferase activity peaked within 4 days
after admission. Twenty-two patients had AH with a
prothrombin activity equal to or greater than 40% of
the control value during the clinical course; 9 patients
had the severe form of acute hepatitis (SAH) with a
reduced prothrombin activity of less than 40% of the
control value, without hepatic encephalopathy during
the clinical course; and 11 patients had FH with reduced
prothrombin activity that was less than 40% of the
control value. Signs of encephalopathy were present on
admission in 9 patients and appeared within a week
following admission in 2. Of these 11 patients, 7 patients
became comatose within 7 days after the clinical onset
of hepatitis. The appearance of early symptoms, such as
fever, anorexia, malaise, nausea, vomiting, jaundice,
and right hypochondrial discomfort, was defined as the
clinical onset. Seven patients in deep coma and who did
not undergo liver transplantation died of hepatic fail-
ure. The other 35 patients recovered spontaneously
with a marked decrease in ALT activity and normal
prothrombin activity.

S. Sainokami et al.: Risk factors for a severe form of AHB

Acute HBV infection was determined by either the
appearance of hepatitis B surface antigen (HBsAg) or
the detection of the high-titer immunoglobulin M (IgM)
antibody to hepatitis B core antigen (anti-HBc IgM).
All 42 patients were negative for antibody against hepa-
titis D virus. Although one female patient with FH was
positive for antibody to hepatitis C virus (HCV), she
had no HCV RNA detectable by reverse transcription-
polymerase chain reaction (RT-PCR) assay. The study
protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the Ethics
Committee of Iwate Medical University, and informed
consent was obtained from each patient or a family
member of the patient. Serum samples, periodically col-
lected from 31 patients after we had obtained their in-
formed consent, were stored at ~70°C until assay.

Serological markers of HBYV infection and quantitation
of HBV DNA

The presence of HBsAg was determined by radioim-
munoassay (Authria-1I-125; Abbott Japan, Tokyo, Ja-
pan) or enzyme-linked immunosorbent assay (ELISA;
AxSYM; Abbott Japan). The presence of HBeAg and
the corresponding antibody (anti-HBe) was determined
by ELISA (AxSYM; Abbott Japan) or by chemilumi-
nescence, using commercial assay kits (ARCHITECT,
Abbott Japan). IgM class anti-HBc was detected by ra-
dioimmunoassay (Authria-1I-125) or by chemilumines-
cence, using commercial assay kits (ARCHITECT).
Serum HBV DNA was quantified by real-time detection
PCR assay based on Taq Man chemistry (Operon Bio-
technologies, Tokyo, Japan), as described previously.*
All HBV DNA determinations were analyzed after
log,, transformation. The linear range of this assay was
2.3-9.0log (copies/ml). Samples with values exceeding
9.0log (copies/ml) were considered to be above the lin-
ear range of the assay and were retested after a tenfold
dilution, using normal human serum.

Genotypes and subgenotypes of HBV

The seven major HBV genotypes (A to G) were deter-
mined by a genotype-specific probe assay, using com-
mercial kits (SMITEST HBV Genotype Detection kit;
Genome Science Laboratories, Fukushima, Japan).
This assay depends on the PCR products of the preSl
region of the HBV genome (nt 2902-3091) detected by
hybridization with genotype-specific probes immobi-
lized on a microwell plate.’* For untypeable samples, the
HBYV genotype was determined by phylogenetic analy-
sis of the S gene sequence, as described previously.”
The subgenotypes of Bj (Japanese type) without re-
combination with genotype C over the precore region
and the core gene and Ba (Asian type) with the recom-
bination were determined by the restriction fragment-
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length polymorphism method based on specific
nucleotide substitutions, as previously reported.'s

Determination of HBV sequences

The sequences of HBV genomes were determined by
the direct sequencing method after PCR amplification.
Several primers were prepared for amplifying the basic
core promoter (nt 1742-1849) and precore regions (nt
1814-1900). The primers for the first-round PCR were
5-GTC TGT GCC TTC TCA TCT GCC-3' (sense, nt
1553-1573) and 5-AGA ATA GCT TGC CTG AGT
GC-3' (antisense, nt 2060-2079), and the primers for the
second-round PCR were 5-ACG TCG CAT GGA
GAC CAC CG-3 (sense, nt 1603-1622) and 5-GAA
AGA AGT CAG AAG GCA AA-3 (antisense, nt
1954-1973). In brief, 51l of DNA extracted from serum
was added to 4pul of ANTP, 0.25ul of TaKaRa Ex Taq
(TaKaRa Bio, Shiga, Japan), 5Sul of 10 x Taq poly-
merase buffer, and 20pmol of outer sense and antisense
primers. The amplification profile was 2min at 95°C,
followed by 30 cycles at 94°C for 15s (denaturation),
60°C for 45s (annealing), and 72°C for 455 (extension).
For the second-round PCR, 1l of the first PCR product
was added to the same reaction buffer with the inner
sense and antisense primers but without the outer sense
and antisense primers. The second PCR products (10pl)
were analyzed by 3% agarose gel electrophoresis using
a molecular marker, and then stained with ethidium
bromide. Direct sequencing was performed using an
ABI PRISM 3100-Avant Genetic analyzer (Applied
Biosystems Japan, Tokyo, Japan). Sequencing analysis
was carried out using GENETYX-WIN version 4
{Genetyx, Tokyo, Japan).

Statistical analysis

Biological, clinical, and virological parameters deter-
mined within 24h of admission were analyzed. Values
for results were expressed as means = SD. Differences
in clinical characteristics among the three patient groups
were analyzed by analysis of variance and the y?test.
Differences between two groups were analyzed by the
¥ test, Fisher’s exact test, or Student’s r-test. A P value
of less than 0.05 was considered to be statistically sig-
nificant. Univariate and multivariate logistic regression
analyses were performed using STATVIEW 5.0 for
Macintosh (SAS Institute, Cary, NC, USA).

Results

Patients’ characteristics

There were no significant differences among the three
groups (AH, SAH, and FH) in age, sex, duration from
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onset to admission, history of alcohol intake, or treat-
ment with antiviral and/or immunosuppressive agents
(Table 1). Although there was no appreciable differ-
ence among the three group in total bilirubin values on
admission, patients with FH had the highest mean as-
partate aminotransferase values (3453 TU/l; P = 0.0104),
the highest alanine aminotransferase values (4555 1U/L;
P=0.0144), and the lowest prothrombin activity (15.6%;
P <0.0001). However, there was a significant difference
in the positivity for HBeAg among the three groups (P
= 0.0451), and patients with FH had HBeAg on admis-
sion less frequently than those with AH (27.3% vs
72.7%; P = 0.0240). HBV genotype C predominated in
each group (66.7%-81.8%), but there was no discern-
ible difference in the frequency of genotypes/subgeno-
types among the three groups. Ten (90.9%) of the 11
patients with FH were treated with plasma exchange,
but no patients with AH or SAH received such
treatment.

Quantitation of serum HBV DNA and serial changes in
serum HBV DNA levels

In serum samples obtained within 24h of admission,
HBV DNA levels were 6.3 + 1.8log (copies/ml) in the
AH group, 5.8 + 1.2log (copies/ml) in the SAH group,
and 6.3 + 1.6log (copies/ml) in the FH group: the differ-
ence among the three groups was not statistically sig-
nificant (P = 0.6863). Twenty-one patients who did not
receive steroid pulse therapy, antiviral treatment, or
plasma exchange (15 with AH and 6 with SAH) and 10
patients with FH who received plasma exchange were
serially tested for serum HBV DNA levels (Fig. 1A-C).
Serum HBV DNA level was highest on admission in 20
of the 21 patients. In patients with AH, serum HBV
DNA level decreased gradually, and HBV DNA re-
mained detectable even 30 days after the clinical onset
(Fig. 1A). In patients with SAH, serum HBV DNA
level tended to decrease rapidly and it could not be de-
tected in 3 patients (50%) within 30 days from the clini-
cal onset (Fig. 1B). Thus, the negativity rate for serum
HBV DNA within 30 days after the clinical onset was
significantly different in these two groups (0% vs 50%;
P=0.0207). In the 10 patients with FH who were treated
with plasma exchange, the serum HBV DNA level de-
creased rather rapidly within 10 days from the clinical
onset, irrespective of whether they had received steroid
pulse, and the level further decreased gradually after-
wards in 3 patients who recovered (Fig. 1C). The nega-
tivity rate of serum HBV DNA in the FH group was not
compared with that in the other groups because 7 pa-
tients in the group died within 30 days from the disease
onset. The HBV DNA level tended to decrease rapidly
as the disease became more severe. The mean + SD
decrease of serum HBV DNA levels that were detected
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Table 1. Clinical differences among patients with AH, SAH and FH
AH (1 =22) SAH (n=9) FH (n=11) P

Age (years) 3721187 30078 395+17.0 0.3909
Sex (M/F) 13/9 4/5 5/6 0.6584
Days between onset and admission 11.0+79 7.0+42 58+25 0.0593
History of alcohol intake of over 50 g ethanol daily 4(18.2%) 1(11.1%) 1(9.1%) 0.7033
Biological data on admission

HBeAg status

HBeAg-positive 16 (72.7%) 5(55.6%) 3(27.3%) 0.0451
Anti-HBe-positive 13 (59.0%) 5 (55.6%) 9 (81.8%) 0.3624

Total bilirubin (mg/dl) 64147 93472 8.6+3.1 0.2640

AST (1U/) 1301 + 848 2342 £ 1776 3453 + 3021 0.0104

ALT (IU/N) 2266 + 1160 3197 £ 2045 4555 £ 3118 0.0144

Prothrombin time (%) 75.6 £ 24.6 37180 156 £10.2 <0.0001
Genotypes/Subgenotype

A 2(9.1%) 0 0 0.4226

Ba 1 (4.5%) 1(11.1%) 0 0.6277

Bj 2 (9.1%) 1(11.1%) 2 (18.2%) 0.7465

C 16 (72.7%) 6 (66.7%) 9 (81.8) 0.7350

H 0 1(11.1%) 0 0.1529

Bj+C 1(4.5%) 0 0 0.6277
Treatment

Interferon 1(4.5%) 0 0 0.6277

Lamivudine 3(13.6%) 1 (11.1%) 1(9.1%) 0.9271

Pulse steroid 2(9.1%) 1(11.1%) 1(9.1%) 0.9834

Plasma exchange 0 0 10 (90.9%) <0.0001

Values for continuous variables are expressed as means + SD
AH, acute self-limited hepatitis; SAH, severe form of acute hepatitis; FH. fulminant hepatitis; HBeAg, hepatitis B ¢ antigen; AST, aspartate

aminotransferase; ALT, alanine aminotransferase
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at the first two time points within 10 days from the clini-
cal onset was calculated tobe 0.22 £ 0.19log (copies/ml)/
day in the AH patients (n = 4), 1.051og (copies/ml)/day
in the SAH patient (n = 1), and 0.97 + 0.58 log (copies/
ml)/day in the FH patients (n = 8), the difference being
not statistically significant. Of note, the viremic level in
the SAH/FH patients (n = 9) decreased significantly
more rapidly than that in the AH patients (-0.98 + 0.54
vs. -0.22 + 0.191og (copies/ml)/day; P = 0.0210).

Precore and core promoter mutations of HBV

HBV mutations in the precore and core promoter re-

gions were G1896A (15 patients; 357%), G1899A (3

patients; 7.1%), A1762T/G1764A (14 patients; 33.3%),
and T1753A/C and/or T1754C/G (14 patients; 33.3%).
The frequency of mutations in the precore and core
promoter regions was compared among the three groups
(Fig. 2). G1896A was significantly more frequent in pa-
tients with FH than in those with AH (81.8% vs 9.1%;
P < 0.0001) and SAH (81.8% vs 44.4%; P < 0.05).
G1899A was less frequent than G1896A, and there was
no significant difference in the frequency of G1899A
among the three groups. The double mutation of
A1762T/G1764A was significantly more frequent in pa-
tients with FH than in those with AH (81.8% vs 13.6%;
P <0.0001) and SAH (81.8% vs 22.2%; P < 0.05). More-
over, T1753A/C and/or T1754C/G occurred less fre-
quently in patients with AH than in those with FH
(13.6% vs 54.5%; P < 0.05) and SAH (13.6% vs 55.6%;
P < 0.05). Mutations in both the precore (G1896A and/
or G1899A) and core promoter regions (T1753A/C and/
or T1754C/G and/or A1762T/G1764A) occurred more
frequently in patients with FH than in those with AH
(90.9% vs 9.1%; P < 0.0001) and SAH (90.9% vs 33.3%;
P < 0.05).

Variables correlated with FH

To identify possible predictors of the development of
FH among all patients studied, 13 potential variables
were appropriately dichotomized, as listed in Table 2.
Each of the mutations at nt 1753/1754, 1762/1764, 1896,
and 1899 was regarded as a separate variable. Of these,
seronegativity for HBeAg, G1896A, A1762T/G1764A,
and mutations in both the precore and core promoter
regions were significantly associated with FH (OR, 5.60;
95% confidence interval [CI], 1.22-25.8; P=0.0269, OR,
18.8; 95% CI, 3.19-110; P = 0.0012, OR, 3.45; 95% CI,
0.82-14.5; P =0.0905, and OR, 52.0; 95% CI, 5.38-502;
P =0.0006, respectively). Mutations in both the precore
and core promoter regions had the highest OR among
the significant mutations. In multivariate logistic regres-
sion analysis, the only independent variable significantly
associated with FH was the presence of mutations in
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Fig. 2. Frequency of precore and core promoter mutations
according to disease severity. AH, acute self-limited hepatitis;
SAH, severe form of acute hepatitis; FH, fulminant hepatitis

both the precore and core promoter regions (OR, 42.8;
95% CI, 3.93-467; P = 0.0020).

Variables correlated with death

To assess variables correlated with death in patients
with severe coagulopathy, we conducted a univariate
analysis of 13 variables in 20 patients with SAH or FH
(Table 3). Of these, only a serum HBV DNA level of
more than 6.0log (copies/ml) and mutations in both the
precore and core promoter regions were significantly
associated with a lack of recovery (OR, 13.8; 95% CI,
1.48-128; P =0.0117 and OR, 5 820 000; 95% CI, 0-ND;
P =0.0048, respectively). In addition, there was no sig-
nificant difference between patients who died and those
who recovered in the duration from onset to admission
(5.0+1.7 vs 7.1 £ 3.8 days; P =0.1883), but serum HBV
DNA levels on admission were significantly higher in
patients who died (7.0 £ 1.6 vs 5.6 £+ 1.0log [copies/ml};
P = 0.0293; Fig. 3). Two FH patients with more than
9.0log (copies/ml) of serum HBV DNA were conscious
on admission but died of encephalopathy, 13 and 14
days after admission. The multivariate regression analy-
sis did not show significant variables associated with
death, most likely due to the small number of cases
studied.

Discussion
Several virological mechanisms may account for the

development of FH in patients with acute HBV infec-
tion, but the involvement of HBV viral load in the early
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Table 2. Univariate analysis of factors correlated with fulminant hepatitis B due to

acute HBYV infection

Patients (1) OR 95% Cl P
Age (years)
>40 14 204 0.49-841 03253
<40 28 1
Sex
Female 20 146 0.37-5.80 0.5399
Male 22 1
Total bilirubin (mg/dl)
>6.0 26 371 0.69-20.0 01282
<6.0 16 1
AST (TUN)
>2000 14 345 0.82-145 0.0905
<2000 28 1
ALT (1UM)
>3000 15 1.75 0.43-714 04352
<3000 27 1
HBeAg seropositivity
Negative 18 560 1.22-258 0.0269
Positive 24 1
HBV DNA (log copies/ml)
>6.0 17 371 0.69-20.0 0.8395
<6.0 25 1
HBYV genotype
C 31 1.84 0.33-10.3 0.4861
Others 11 1
Precore mutations
G1896A
Positive 15 188  3.19-110 0.0012
Negative 27 1
G1899A
Positive 3 6.67 0.54-82.3 0.0620
Negative 39
Core promoter mutations
T1753A/C and/or T1754C/G
Positive 14 345 0.82-145 0.0905
Negative 28 1
A1762T/G1764A
Positive 14 234  3.84-143  0.0006
Negative 28 1
Precore and core promoter mutations®
Positive 15 520  5.38-502 0.0006
Negative 27 1

HBeAg, hepatitis B ¢ antigen; AST, aspartate aminotransferase; ALT, alanine aminotrans-

ferase

+Precore and core promoter mutations; mutations in both the precore (G1896A andior G1899A)
and core promoter regions (T1753A/C and/or T1754C/G and/or A1762T/G1764A)

phase of FH has remained obscure. Recent articles re-
porting the dynamics of viral replication and liver in-
jury in acute self-limited hepatitis B have shown that
the onset of clinical symptoms of acute HBV infection
coincides with the peak or initial decline in serum HBV
DNA levels.'92° Our data on the serial changes in serum
HBV DNA levels showed that, on admission, the ma-
jority of patients studied, had already passed the peak
level of serum HBV DNA. However, the duration from
onset to admission was not significantly different among
the three groups in the study (AH, SAH, and FH).
Therefore, comparison of the viral load on admission

among the three groups in the present study seemed
to be feasible. Although patients with FH received
plasma exchange, steroid pulse, or antiviral therapy,
the serum HBV DNA level tended to decrease rapidly
within 10 days from the clinical onset as the disease
became more severe. This finding may be ascribable to
heightened immune responses in the early phase of
SAH or FH.

The increased production of HBV in the liver and the
resulting excessive presentation of HBV-related epit-
opes on the surface of hepatocytes to cytotoxic T cells
may induce accelerated apoptosis. The hepatocytes that
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Table 3. Univariate analysis of factors correlated with lack of recovery in patients with SAH and FH

Patients (1) OR 95% CI p
Age (years)
>40 6 7.33 0.87-61.3 0.0540
<40 14 1
Sex
Female 11 1.14 0.18-7.28 0.8875
Male 9 I
Total bilirubin (mg/dl)
>8.0 10 4.00 0.55-29.1 0.1545
<8.0 10 1
AST (1UN)
>3000 8 3.00 0.45-20.2 0.2521
<3000 12 1
ALT (1UN)
>4000 10 1.20 0.19-7.72 0.8485
<4000 10 1
HBeAg seropositivity
Positive 8 1.20 0.19-7.72 0.8485
Negative 12 1
HBV DNA (log copies/ml)
>6.0 7 138 1.48-128 0.0117
<6.0 13 1
HBYV genotype :
C 15 2.67 0.24-30.1 0.4016
Others "5 1
Precore mutations
G1896A 13 5.14 0.48-55.7 0.1777
Positive 7 1
Negative
G1899A
Positive 2 2.00 0.11-37.8 0.6440
Negative 18 1
Core promoter mutations
T1753A/C and/or T1754C/G
Positive 11 1.14 0.18-7.28 0.8876
Negative 9 1
A1762T/G1764A
Positive 11 9.60 0.88-105 0.0640
Negative 1
Precore and core promoter mutations®
Positive 13 5820000 0-ND* 0.0048
Negative 7 1

HBeAg, hepatitis B e antigen; AST, aspartate aminotransferase; ALT, alanine aminotransferase
s+Precore and core promoter mutations; mutations in both the precore (G1896A and/or G1899A) and core promoter regions (T1753A/C and/or

T1754C/G and/or A1762T/G1764A)

#Upper limit data of 95% CI were not determined because 100% of patients with lack of recovery showed precore and core promoter

mutation

are producing HBV. diminish as the disease severity
progresses. Therefore, the circulating HBV DNA level
could be highest in AH if the replication activity of
HBV is stable. However, to our surprise, the HBV
DNA level at presentation did not differ significantly
among the three groups in this study. It may be tempt-
ing to speculate that the production of HBV virions per
hepatocytes in patients with FH may be heightened in
patients with severe disease, although the destruction of
hepatocytes proceeds swiftly in patients with FH. There-
fore, in patients with SAH and FH, we evaluated vari-

ables that were correlated to death, including the serum
HBV DNA level and the changing pattern of serum
HBV DNA during the clinical course. To find factors
affecting the clinical outcome in FH, we carried out
univariate analysis in patients with SAH and FH who
died and in those who recovered. Although mutations
in both the precore and core promoter regions were
significantly higher in nonsurvivors than in survivors,
there was no difference in the frequency of those muta-
tions, only a significant difference in viral load. Further-
more, all patients with severe coagulopathy and a high
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Fig. 3. Serum HBV DNA levels according to outcome among
patients with severe form of acute self-limited hepatitis or
fulminant hepatitis. The horizontal bars indicate the mean
values

viral load, of more than 9.0log (copies/ml), died after
being in a hepatic coma, regardless of the absence of
encephalopathy on admission. Therefore, when a pa-
tient with acute hepatitis B develops severe coagulopa-
thy, viral load is crucial for assessing the prognosis, and
it may be beneficial to administer antiviral drugs in the
initial phase within 10 days from the clinical onset.

Regarding the significance of the two precore muta-
tions (G1896A and G1899A), it is known that they alter
the regulation of HBV transcription and replication by
providing a thermodynamically stable stem-loop struc-
ture (codons 28 and 29 in the precore region) that
is involved in the encapsidation of HBV pregenomic
RNA 4212 In this study, G1896A was predominant
among precore mutations, and there were a few patients
infected with HBV with the G1899A mutation, which
was also accompanied by the G1896A mutation in one
patient. These precore mutations in this study were
closely correlated with the severity of disease, as de-
scribed previously,*s whereas there was no appreciable
difference in HBV load on admission between patients
with mutations in the precore region and those without
(data not shown).

As for core promoter mutations, they are clustered
within the region from positions 1750 to 1770 of the
HBV genome, with the double mutations of A1762T
and G1764A, being the most common.*3° Various mu-
tations at nt 1753 and nt 1754, which confer the ability
to secrete enveloped particles irrespective of the pres-

S. Sainokami et al.: Risk factors for a severe form of AHB

ence of core promoter mutations (Al1762T/G1764A)
and enhance HBV replication, were found more fre-
quently in FH than in AH.3'*2 T1753A/C and/or T1754C/
G mutations, which were accompanied by the double
mutations of A1762T and G1764A in 57% of the pa-
tients in this study, occurred significantly more fre-
quently in patients with FH than in those with AH or
SAH. To date, most investigators have taken the ap-
proach of introducing the core promoter mutations
into the background of a wild-type HBV genome and
have focused on the double mutations of A1762T and
G1764A 3335 When introduced into wild-type HBV ge-
nomes, the double mutations indeed decreased HBeAg
expression level and also enhanced viral genome repli-
cation by two- to fivefold. 3¢ The decrease in HBeAg
expression level is apparently mediated by a decrease
in the precore mRNA transcription level, whereas the
mechanism underlying enhanced replication may be
more complex, involving both a transcription binding
factor and the mutated HBx protein.® These findings
suggest much-enhanced viral replication associated with
FH. :
Recently, Ozasa et al.¥ reported that patients with
FH showed less positivity for HBeAg and were more
frequently infected with Bj than those with AH, and
that G1896A and A1762T/G1764A were more frequent
in patients with FH than in those with AH. In our cur-
rent study, although genotype C was predominant in
each group and there was no significant difference in
the distribution of genotypes/subgenotypes among the
three groups, all FH patients with HBV genotype B
were of subgenotype Bj. The close association of HBeAg
negativity and the presence of G1896A and A1762T/
G1764A with FH observed in the present study was
confirmatory, compared with the previous study by
Ozasa et al.¥ However, our present study revealed that
the serum HBV DNA level decreased more rapidly in
patients with more severe disease, and this was possibly
caused by enhanced immune-mediated apoptotic liver
damage. The high viral load in patients with severe co-

‘agulopathy increased the risk of mortality; therefore,

intensive therapeutic strategies such as liver transplan-
tation should be considered for such patients in the
early phase of the disease.
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