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Although hepatitis C virus (HCV) is a major cause
of non-A non-B hepatitis, its pathogenic role in
fulminant hepatitis remains controversial. A 32-
year-old man contracted hepatitis. Serum ALT
concentration was reached to 6,970 IU/L, the
lowest prothrombin time value was 16% and
jaundice and stage II encephalopathy were
developed. HCV RNA was detected in this patient
by reverse transcription polymerase chain reac-
tion in sera at the acute phase, and it was
undetectable during the remission phase when
anti-HCV was found. The entire genome of
infected HCV was recovered, cloned, and
sequenced from this patient, and compared with
the clones of six other chronic hepatitis patients.
Phylogenetic analysis revealed a clustering
around genotype 2a and a deviation from the
other 2a chronic hepatitis strains. Calculating the
genetic distance in each subgenomic region
revealed that the 50untranslated region (50UTR),
core, nonstructural (NS) 3, and NS5A were
severely deviated. Of 20 clones of the hypervari-
able region (HVR), 17 showed an identical
sequence with the others showing a difference
of only one amino acid. HCV was isolated from a
fulminant hepatitis patient and its entire genome
was recovered; a clustering around genotype 2a
was observed, but the sequence deviated espe-
cially in 50UTR, core, NS3, and NS5A; and
monoclonality of the HVR sequence was found
not only in the fulminant hepatitis patient but in a
certain percentage of chronic hepatitis patients.
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INTRODUCTION

Fulminant hepatitis is de®ned as an occurrence of
hepatic encephalopathy within 8 weeks of the initial
symptoms of hepatitis [Trey and Davidson, 1970].

Various etiologies are known to cause fulminant
hepatitis. Hepatotropic viruses, hepatitis A virus
(HAV), and hepatitis B virus (HBV) are some of the
most common causes of fulminant hepatitis [Lee, 1993;
O'Grady et al., 1993]. HBV has been implicated in
fulminant hepatitis in a number of studies, such as
those investigating genomic mutations in the precore
and core promoter regions [Kosaka et al., 1991; Liang
et al., 1991; Omata et al., 1991; Sato et al., 1995].
Although the discovery that hepatitis C virus (HCV) as
a main cause of acute and chronic non-A non-B
hepatitis, its pathogenic role in fulminant hepatitis
remains controversial. HCV was not detected in
fulminant hepatitis in some studies [Wright et al.,
1991; Liang et al., 1993; Fukai et al., 1998], whereas
others suggested substantial etiological involvement of
HCV in fulminant hepatitis [Yoshiba et al., 1994;
Gordon et al., 1995; Villamil et al., 1995]. For a possible
explanation of this discrepancy, some viral character-
istics of HCV should be considered, such as the
differential distribution of genotypes or strains with
speci®c genomic mutations in partial regions. Farci
et al. [1996] described the clinical, virological, and
histological pro®le of a patient with HCV associated
fulminant hepatitis. They reported subsequently on
another case of fulminant hepatitis with HCV whose
serum was inoculated experimentally into a chimpan-
zee [Farci et al., 1999]. The chimpanzee developed
unusually severe acute hepatitis, suggesting that a
virulent HCV strain may be implicated in the patho-
genesis of fulminant hepatitis.

Recently, a case of fulminant hepatitis in which HCV
RNA that was detected in sera was diagnosed. To
elucidate the role of strain speci®c viral characteristics
of HCV in fulminant hepatitis, the entire nucleotide
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sequence of HCV isolated from his sera was deter-
mined. For a comparison, the entire nucleotide
sequences of six other strains isolated from chronic
hepatitis patients were also determined.

MATERIALS AND METHODS

Patients

A 32-year-old man was admitted with a 5-day history
of general fatigue, high-grade fever, and liver dysfunc-
tion. No evidence of prior liver diseases was found, and
the patient had no history of drug-taking or alcohol
consumption. He had not received any blood transfu-
sions, taken any intravenous drugs, undergone acu-
puncture, nor had sexual contact with a known
hepatitis virus carrier in the previous 6 months.
Physical examination revealed slight conjunctival
jaundice. After admission, serum aspartate amino-
transferase (AST) and alanine aminotransferase
(ALT) concentrations were 9,160 IU/l and 6,970 IU/l,
respectively. The minimum prothrombin time value
was 16%. Stage II encephalopathy developed 5 days
after admission. HCV RNA was detected by reverse
transcription polymerase chain reaction (RT-PCR) in
sera at the acute phase. Serum HCV RNA was
quanti®ed by using an Amplicor Monitor HCV test
(Roche Diagnostic Systems, NJ). The titre was
105 copies/ml at admission, 104 copies/ml 25 days after
admission, and undetectable during the remission
phase. Anti-HCV antibody was positive at this point
(second generation enzyme linked immunosorbent
assay, Ortho Diagnostics, Tokyo, Japan) (Fig. 1). The
genotype of this HCV strain was 2a. All viral markers
of the other hepatitis viruses, anti-HAV antibodies

(IgG and IgM), HBV markers (HBsAg, anti-HBs,
HBeAg, anti-HBe, anti-HBc, and HBV DNA), and GB
virus -C/hepatitis G virus RNA, were negative. Analy-
sis of antibodies to the EB virus and cytomegalovirus
revealed a past history of infection. Following treat-
ment, including plasma exchange and administration
of prednisolone, his condition improved and he is now in
good overall health. Serum samples at two points
during the acute phase and recovered HCV RNA were
collected (points A and B, Fig. 1).

For a comparison, six chronic hepatitis patients with
HCV genotype 2a were selected randomly and serum
samples were taken (patient CH 1-6, CH1, a 59-year-
old woman; CH2, a 47-year-old man; CH3, a 49-year-old
man; CH4, a 59-year-old woman; CH5, a 39-year-old
man; and CH6, a 45-year-old man). All patients were
followed for at least 6 months and diagnosed as chronic
hepatitis by biochemical liver function tests, ultrasono-
graphy, computerised tomography, and histology of
biopsy specimens. All samples were stored at 808C until
use.

RNA Extraction and cDNA Synthesis

Total RNA was extracted from 250 ml of serum by
using the acid-guanidiniumisothiocyanate-phenol-
chloroform method (ISOGEN-LS, Nippon gene Co.,
Ltd., Tokyo, Japan), precipitated with isopropanol,
washed with ethanol, and dissolved in 20 ml of distilled
water with diethylpyrocarbonate. A 10 ml aliquot of the
RNA solution was subjected to reverse transcription
with random hexamer and moloney murine leukemia
virus reverse transcriptase (Superscript II, Life Tech-
nologies, Rockville, MD) at 378C for 1 hour.

Fig. 1. Clinical course of the fulminant hepatitis patient with HCV. Time points A and B indicate the
points at which serum samples were obtained. ALT, alanine aminotransferase; PT, prothrombin time
value.
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Isolation of HCV

PCR primers of 20-mer designed based on the
sequence of HC-J6 (accession number is D00944) were
used to amplify 12 fragments of HCV cDNA (nt 64-466,
nt 337-829, nt 6371303, nt 1158-2348, nt 2305-3491, nt
3489-4648, nt 4566-5951, nt 5902-6983, nt 6967-8015,
nt 7972-8872, nt 8700-9262, and nt 9251-9613; nucleo-
tide numbers were according to HC-J6 and not
including primer sequence) to cover the entire HCV
genome. One microlitre of the cDNA was subjected to
PCR with TaKaRa LA Taq polymerase (Takara Bio-
chemicals, Kyoto, Japan), and PCR conditions consisted
of 40 cycles each of denaturing at 958C for 30 seconds,
annealing at 608C for 30 seconds, and extension at 728C
for 1 minute. To determine the terminal 50 end
sequence, cDNA was synthesised with a 50UTR primer
(antisense), tailed with terminal deoxynucleotidyl
transferase and dCTP homopolymer, and then ampli-
®ed by PCR (50 RACE System for Rapid Ampli®cation of
cDNA Ends Version 2.0, Life Technologies). To deter-
mine the terminal 30 end sequence, extracted RNAs
were polyadenylated using poly A polymerase (Takara
Biochemicals), converted to cDNA with 38-mer oligo-
nucleoited containing (T)33, and ampli®ed with a 30UTR
primer and primer used on reverse transcription.
Ampli®ed products were separated by agarose gel
electrophoresis, and then cloned into pGEM-T EASY
vector (Promega, Madison, WI), sequenced with Big
Dye Terminator Mix and an automated DNA sequencer
model 310 (PE Biosystems, Fostercity, CA). The
consensus sequence of ®ve isolates was adopted in each
region. To obtain comparative sequences, the entire
genome of HCV from six chronic hepatitis patients was
determined in the same manner as the strain from the
fulminant hepatitis patient.

Computer Analysis

To elucidate the relationship between the entire
genome sequence of HCV isolated from the fulminant
hepatitis patient and the reference sequences from the
other chronic hepatitis patients and strain HC-J6
described previously, a phylogenetic tree was con-
structed. The number of nucleotide substitutions per
site at each nucleotide position was estimated by the
six-parameter method [Gojobori et al., 1982]. Based on
the estimate, a phylogenetic tree was drawn using the
neighbour-joining method [Saitou and Nei, 1987]. In
order to clarify the diversity in each subgenomic region,
genetic distances were calculated between all possible
pairs of HCV 2a strains isolated in this study and
HC-J6, and between the strain from the fulminant
hepatitis patient and the other patients by the six-
parameter method (nucleotide) and Kimura's two-
parameter method (amino acid) [Kimura, 1980] using
the molecular evolutionary software system ODEN
version 1.1.1 [Ina, 1994]. The ratio of these two values
(mean genetic distance between JFH-1 and other 2a
strains/mean genetic distance among all 2a strains)
were compared.

Population of HVR Sequences

To assess the complexity of infected HCV in each
patient, HVR sequences of 20 clones from the fulminant
hepatitis patient and of 9±10 clones from the other six
chronic hepatitis patients were determined.

RESULTS

HCV Isolated From Patient

The entire genome of HCV was recovered from the
serum of the patient with fulminant hepatitis during
the acute phase of hepatitis at point A shown in Figure
1. This strain (tentatively named as JFH-1) has a 9,678
bp genome and contains a long open reading frame
spanning nt 341-9439 and coding 3033 aa, as does HC-
J6. Strains isolated from the six chronic hepatitis
patients (CH1±6) were composed of 9681, 9677, 9678,
9676, 9691, and 9686 bp, respectively, and were coding
3032±3033 aa (tentatively named as JCH-1±6, respec-
tively). By phylogenetic analysis, these strains were
clustered into genotype 2a, whereas JFH-1 was seen to
deviate from the other strains, JCH-1±6 and HC-J6
(Fig. 2).

Genetic Distances in Each Subgenomic Region

To determine the degree of deviation in each
subgenomic region, the ratios of mean genetic distances
(mean genetic distance between JFH-1 and other 2a
strains/mean genetic distance among all 2a strains)
were calculated. In the nucleotide, the mean genetic
distance of the entire genome between JFH-1 and the
other 2a strains and among all 2a strains were
0.1136�0.0073 and 0.0969�0.0140, respectively, and

Fig. 2. Phylogenetic tree drawn of the entire genome of HCV
including strains isolated in this study and strains which have been
reported entire genome (HC-J6; accession number is D00944, HC-J8;
D10988, and BEBE1; D50409) in the branch of genotype 2 and
representative strains which have been reported entire genome (H77;
AF009606, HCVTaiwan; M84754, HCV-JK1; X61596, HCV-JT;
D11168 and HCV-BK; M58335) in the branch of genotype 1. The root
of the neighbor-joining tree was tentatively taken as the midpoint of
the longest path. The length of the horizontal bar indicates the
number of nucleotide substitutions per site.
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the ratio of these two values was 1.173. Among the
subgenomic regions, the ratio of 50 untranslated region
(UTR) showed the greatest diversity: 1.387. In the
amino acids, mean genetic distances of the entire
genome between JFH-1 and the other 2a strains and
among all 2a strains were 0.0918�0.0052 and
0.0716�0.0139, respectively, and the ratio of these
two values was 1.282. Among the subgenomic regions,
the ratios of core, nonstructural (NS) 3, and NS5A
indicated greater diversity were 1.560, 1.464, and
1.596, respectively (Table I). In the envelope region,

mean genetic distances were greater both between
JFH-1 and the other 2a strains and among all 2a
strains. Therefore a lower ratio was found.

Population of HVR Sequence

Quasispecies distributions of the hypervariable
region (HVR) were analysed in the fulminant hepatitis
patient and chronic hepatitis patients. Amino acid
sequences and their frequencies in each patient are
shown in Table II. At point A in the fulminant hepatitis

TABLE I. Ratio of Mean Genetic Distances Between Pairs Among JFH-1 and Genotype 2a Strains in Each Subgenomic
Region*

Region

Nucleotide Amino Acid

JFH-1a

(mean�SD)
Genotype 2ab

(mean�SD) Ratio
JFH-1a

(mean�SD)
Genotype 2ab

(mean�SD) Ratio

50UTR 0.0130�0.0039 0.0094�0.0048 1.387 NA
core 0.0744�0.0075 0.0595�0.0119 1.251 0.0741�0.0129 0.0475�0.0225 1.560
E1 0.1182�0.0104 0.1199�0.0173 0.986 0.1023�0.0196 0.189�0.0231 0.940
E2 0.1580�0.0162 0.1428�0.0233 1.107 0.1399�0.0130 0.1313�0.0155 1.066
NS2 0.1498�0.0098 0.1205�0.0256 1.243 0.1413�0.0157 0.1088�0.0307 1.298
NS3 0.1145�0.0091 0.0980�0.0142 1.168 0.0657�0.0050 0.0449�0.0136 1.464
NS4A 0.1407�0.0166 0.1127�0.0275 1.249 0.0456�0.0104 0.0437�0.0182 1.044
NS4B 0.0949�0.0081 0.0806�0.0117 1.178 0.0239�0.0053 0.0196�0.0065 1.223
NS5A 0.1122�0.0081 0.0918�0.0155 1.222 0.1616�0.0100 0.1013�0.0378 1.596
NS5B 0.0835�0.0072 0.0688�0.0122 1.213 0.0555�0.0074 0.0460�0.0108 1.208
30UTRc 0.0791�0.0230 0.0799�0.0266 0.989 NA
Entire genome 0.1136�0.0073 0.0969�0.0140 1.173 0.0918�0.0052 0.0716�0.0139 1.282

*NA, not available; UTR; untraslated region; E, envelope; NS, nonstructual.
aMean genetic distances are calculated between JFH-1 and the other genotype 2a strains.
bMean genetic distances are calculated between all posssible pairs of genotype 2a strains including JFH-1.
cThese data are not including HC-J6.

TABLE II. Population of HVR Sequence Among Patients*

Patient HVR sequence Number

FH point A :GTTTVGGAVARSTNVIAGVFSHGPQQN 17
: . . . . . . . . . . . . . .P. . . . . . . . . . . . . . . . . . . 1
: . . . . . . . . . . . . . . .I . . . . . . . . . . . . . . . . . . 1
: . . . . . . . . . . . . . . . . . . . . S . . . . . . . . . . . . 1

point B : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
CH-1 :YTTTTGSAAGRTTSSLASAFSPGARQN 6

: . . . . . . . . . .A . S . . . . . .V. . .A. . . . . . . . . 3
CH-2 :GTYAVGGSTAHTTKGIASFFSPGARQN 2

:H . RT. .A. . .A. . . .AAQ . LTGL . TQ. . . . 2
:H . RT. .A. . . . . .. . AAQSLTGL . TQ 1
:Q . RT. . .AAGR . AHSF. .L . A. . . .Q. . . 1
:Q . RT. . .AAGR . AIAF. . L . A. . . .Q. . . 1
:Q . RT.A. . . . .RAAQSFTGL.TQ. . . . . . . . 1
:S . RT. . . . .V. . .A. .LS.L.T. . . . . . . . . . . . 1
:D. . . . . . . . .V.RAAQSFTGL.TQ. . . . . . . . 1

CH-3 :HTVTVGGSAGFTTSSLTALFVRGPQQK 8
: . . . . . . . . . . . . . .A. . . . . . . . . . . . . . . . . 1
: . . . . . . . . . . . . . . . . .D. . . . . . . . . . . . . . . 1

CH-4 :TQ-TIFSSAAHNAYGLARVFTAGAKQN 9
: . . . . . . . . . . . . . . .S. . . . . . . . . . . . . . . . . 1

CH-5 :GTHTTGAVAASNARGLASLFTSGPKQN 5
:R . M. . .GA.GRS . FSITT. . . .SR . SQ . K 3
:N . M. . .G. . .RA . S.F . . . . .SF . SH . K 1
:N . M. . .G. . .RA. S.F. . . . .SF . SH .E 1

CH-6 :HTRT-GSSVGYATSGIVGLFTSGPKQN 10

*HVR, hypervariable region; FH, fulminant hepatitis patient; CH, chronic hepatitis patient.
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patient, 17/20 clones of HVR sequences were identical,
and the other three clones differed by only one amino
acid. At point B, all (20/20) clones were identical. On
the other hand, in the chronic hepatitis patients, varied
populations of the HVR sequences were demonstrated
in each case. In CH-2 and 5, one or two predominant
strains and other minor strains were isolated, and a
higher complexity was observed. In contrast, in CH-4
and 6, most clones were identical and the population of
the HVR sequences appeared to be monoclonal. In the
other patients, CH-1 and 3, the complexity of the HVR
population was intermediate.

DISCUSSION

In the present case, the diagnosis of fulminant
hepatitis was based on an assessment of clinical,
biochemical, and virological parameters. HCV was
detected during the acute phase of hepatitis and
became negative at the remission phase when anti-
HCV was detected. All other causative agents, hepatitis
viruses including HAV and HBV, drugs, and alcohol
were ruled out. These ®ndings suggested strongly that
the hepatitis in this case was caused by HCV infection.
Therefore, the entire genome of HCV from this patient
was recovered and compared with the strains isolated
from six chronic hepatitis patients. Based on the data,
it was concluded that 1) the HCV strain from this
patient (JFH-1) was clustered around genotype 2a, but
some deviation from the other strains, especially in
50UTR, core, NS3, and NS5A were observed, and 2)
monoclonality of the HVR sequence was observed not
only in the fulminant hepatitis patient but in a certain
percentage of the chronic hepatitis patients.

HCV is believed to be noncytopathic and hepatitis is
mediated by host immune responses. Vento et al. [1996]
reported two patients infected with HCV, who devel-
oped fulminant hepatitis upon withdrawal of che-
motherapy. Thus, host immune status may be an
important factor in the development of fulminant
hepatitis. In the case of HBV, a particular viral strain
was shown to cause an outbreak of fulminant hepatitis
from a single HBV carrier [Oren et al., 1989]. Similarly,
a speci®c HCV strain has also been suggested to cause
severe acute hepatitis in the chimpanzee [Farci et al.,
1999]. Therefore, some HCV strains or genotypes may
be involved in the pathogenesis of fulminant hepatitis.
In terms of genotype, cases of fulminant hepatitis with
HCV genotypes 1a, 1b, and 2a have been reported [Chu
et al., 1994; Farci et al., 1996, 1999; Vento et al., 1996].
In these reports, no apparent correlation was observed
between a certain genotype of HCV and fulminant
hepatitis. The prevalence of HCV genotypes is known to
differ among the various geographic regions world-
wide. Genotype 2a is relatively common in Asian areas,
such as Japan, Taiwan, China, and Indonesia, and
relatively rare in Western countries [Okamoto et al.,
1992; Ohno et al., 1997]. Likewise, in Asian countries,
the involvement of HCV in fulminant hepatitis is often
suggested. If the particular strain of HCV genotype 2a

shows a greater tendency to cause fulminant hepatitis
than the other genotypes, this hypothesis may explain
the discrepancy between the prevalence of HCV in
fulminant hepatitis patients in Western and Asian
countries.

Among other RNA viruses, such as poliovirus or
Japanese encephalitis virus, point mutations are
known to be important determinants of virulence and
other viral phenotypes [Nomoto, 1993; Sumiyoshi et al.,
1995]. All of the ten clones of full length HCV genome of
genotype 2a that had been deposited in the DDBJ/
EMBL/GenBank showed clustering with our clones
from chronic hepatitis patients (JCH-1±6) but not with
the clone from fulminant hepatitis (JFH-1) (data not
shown). This strain (JFH-1) showed deviation from the
other 2a strains, especially in 50UTR, core, NS3, and
NS5A (Table I). The regions, 50UTR, NS3, and NS5A,
appeared to be associated with viral replication by some
investigators [Tsukiyama-Kohara et al., 1992; Grakoui
et al., 1993; Kim et al., 1995]. Mutations in these
regions may affect the ef®cacy of viral replication,
although the motifs of serine protease, helicase and
polymerase of HCV or predicted secondary structures of
internal ribosome entry site were conserved in all
strains isolated in this study. Acceleration of viral
replication may play a pivotal role in the development
of fulminant hepatitis. On the other hand, the core
region encodes the viral capsid protein and is consid-
ered to have multiple functions in the regulation of
cellular genes at the transcriptional level [Ray et al.,
1995, 1996a,b]. The in¯uence on cell death in hepatitis
of core proteins may be related to the development of
fulminant hepatitis. It is necessary to determine which
regions are important in causing fulminant hepatitis by
constructing infectious RNA and experimental animal
models in future studies. The biological characteristics
of this clone need to be studied before any conclusion
can be drawn about the causal relationship between
this clone and fulminant hepatitis.

In a previous report, monoclonality of the HVR
sequence was demonstrated in a fulminant hepatitis
patient [Farci et al., 1996]. With the present data, a
lower degree of diversity was observed in the HCV
populations in HVR sequences of our fulminant
hepatitis patient. Monoclonality of the HCV population
at the time of infection or during hepatitis may be
essential in the development of fulminant hepatitis.
However, this monoclonality was also observed in a
certain percentage of the other chronic hepatitis
patients. Thus, a lower degree of diversity of HCV does
not always lead to severe hepatitis. In other words,
monoclonality of the viral population might be impor-
tant but not suf®cient for the development of fulminant
hepatitis. The lower degree of diversity of the viral
population might contribute to the development of
speci®c immune responses and elimination of HCV
infection, given that this patient showed an unusually
recovery from fulminant hepatitis. In any event, to
clarify the association between viral characteristics of
HCV and the development of fulminant hepatitis,
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further studies are needed to determine the biological
characters of JFH-1 and other HCV clones isolated
from fulminant hepatitis.

In summary, an entire genome of HCV was recovered
from a fulminant hepatitis patient, and this strain was
clustered around genotype 2a, but some deviation was
observed from other strains isolated from chronic
hepatitis patients, especially in 50UTR, core, NS3, and
NS5A.
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