Hepatitis B Virus Infections of Distinct Genotypes

distribution, however, only two HBV genotypes prevail
in most countries; the United States is the only
exception with seven (A-G) genotypes [Chu et al.,
2003; Westland et al., 2003]. Thus, genotypes A and D
are common in Europe and India, while genotypes B and
C are frequent in Asia [Magnius and Norder, 1995;
Miyakawa and Mizokami, 2003]. Therefore, comparison
has been restricted between patients infected with
genotypes A and D, as well as those with B and C
[Zhanget al., 1996; Mayerat et al., 1999; Kao et al., 2000,
Orito et al., 2001; Chu et al., 2002; Thakur et al., 2002].

During 31 years from 1973 to 2003, 4,121 patients
visited Toranomon Hospital in the Metropolitan Tokyo,
and HBV genotypes were determined in them. There
were 128 patients with genotype A, of whom 87 were
chronically infected with HBV at the presentation. They
were followed along with the 413 patients chronically
infected with genotype B and the 3,389 with genotype C
for seroclearance of hepatitis B surface antigen (HBsAg)
and hepatitis B e antigen (HBeAg). Furthermore, pa-
tients with genotype A were grouped by the presence or
absence of HBeAg at the presentation, as well as se-
roconversion during the follow-up, and they were com-
pared for virological and clinical outcomes.

MATERIALS AND METHODS
Patients Chronically Infected With HBV

During 31 years from April 1973 to December 2003,
genotypes of HBV DNA were determined in 4,121
patients with HBsAg in the Department of Gastroenter-
ology at Toranomon Hospital in the Metropolitan Tokyo.
Genotypes were A in 128 (3.11%) patients, B in 431
(10.46%), C in 3,434 (83.32%), D in 4 (0.97%), E in 1
(0.02%), and F in 3 (0.07%); they were not classifiable in
the remaining 120 (2.91%) patients.

Of the 128 patients infected with HBV genotype A, 41
(32%) presented with acute hepatitis B as diagnosed by
high-titered IgM antibody to hepatitis B core antigen.
The remaining 87 (68%) patients were chronically
infected with HBV genotype A when they visited our
hospital. Their diagnoses were asymptomatic carriers
with persistently normal ALT levels in 38 (44%) and
chronic hepatitis in 39 (45%). In addition, nine (10%)
patients presented with cirrhosis and one (1%) with
hepatocellular carcinoma. Chronic hepatitis was diag-
nosed by liver biopsies performed under laparoscopy,
and liver cirrhosis by liver biopsy and/or ultrasono-
graphic images plus laparocopic findings. Hepatocellu-
lar carcinoma was diagnosed by imaging modalities,
such as ultrasonography, computed tomography, and
magnetic resonance imaging, and by liver biopsy if
necessary.

The 87 patients infected chronically with HBV
genotype A had the median age of 34 years (range: 11—
67 years), included 72 (83%) men and were followed for
the median of 5.0 years (0.1-22 years). Only two (2%)
had a history of blood transfusion, and three (3%) were
co-infected with hepatitis C virus. They had the median
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serum HBV DNA level at 4.2 log copies/ml, and HBeAg
was detected in sera from 32 (37%). Subgenotypes of A
[Bowyer et al., 1997; Sugauchi et al., 2004] were Aa
(Asian or African type) in 5 (6%) and Ae (European type)
in 65 (756%); they were not classifiable in the remaining
17 (19%).

Serological Markers of HBV Infection

HBsAg was determined by hemagglutination
(MyCell; Institute of Immunology Co., Ltd., Tokyo,
Japan) or enzyme-linked immunosorbent assay (ELISA)
(ELISA, F-HBsAg; Sysmex, Kobe, Japan), and HBeAg
by ELISA (ELISA, F-HBe; Sysmex). HBV DNA was
determined by quantitative polymerase chain reaction
(PCR) (Amplicor HBV Monitor Test; Roche Molecular
Systems, Inc., New Jersey) and the results were
expressed in log copies/ml within a detection range from
2.6 to 7.6.

Genotypes of HBV

The six major genotypes (A-F) were determined
serologically by ELISA (HBV GENOTYPE EIA; Insti-
tute of Immunology). The method utilizes the combina-
tion of epitopes on preS2-region products that is specific
for each genotype [Usuda et al., 1999, 2000]. Genotype G
was determined by preS2 serotype for genotype D and
HBsAg subtype adw, and H was recognized by serotype
for genotype C and subtype adw, respectively; these
combinations were specific for genotypes G and H,
respectively [Kato et al., 2001, 2004].

Subgenotypes of A designated Ae prevalent in Europe
and Aafrequentin Africa as well as Asia [Sugauchiet al,,
2004] (corresponding to A’ originally reported by Bowyer
et al. [1997]), were determined by the nucleotide
sequence in the S gene [Sugauchi et al., 2004]. Briefly,
nucleic acids were extracted from serum and a sequence
of the large S gene was amplified by PCR with nested
primers. The first-round PCR was performed with BGF1
(sense, 5'-CTG TGG AAG GCT GGC ATT CT-3' [nt
2757-2776]) and BGR2 (antisense, 5-GGC AGG ATA
GCC GCATTG TG-3' [nt 1050—1079]) primers, and the
second-round PCR with PLF5Bm (sense, 5'-TGT GGA
TCC TGC ACC GAA CAT GGA GAA-3' [nt 136—162])
and BR112 (antisense, 5'-TTC CGT CGA CAT ATC CCA
TGA AGT TAA GGG A-3' [nt 865—895]) as well as BGIF5
(sense, 5'-TGC GGG TCA CCATAT TCT TG-3[nt 2811—
2830]) and BGR6 (antisense, 5-AGA AGT CCA CCA
CGA GTC TA-3' [nt 249-268]) for 35 cycles each (94°C,
1 min [5 min in the first c¢ycle]; 53°C, 2 min; and 72°C,
3 min [7 min in the last cycle]). Amplification products
were run on gel electrophoresis and stained with BIG
Dye (Applied Biosystems, California), purified by
Qiquick PC purification kit (Qiagen, Hilden, Germany)
and then sequenced in AGI Prism 310 Genetic Analyzer
(Applied Biosystems). The large S-gene sequences
were analyzed phylogenetically along with reference
Aa and Ae sequences by six-parameter and neighbor-
joining methods [Gojobori et al., 1982; Saitou and Nei,
1987].
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Determination of Hyaluronic Acid in Serum

Hyaluronic acid was determined by the aggiutination
of microparticles coated with proteins that specifically
bind with it (Flpia-Ace HA, Fujirepio, Tokyo, Japan).

Statistical Analysis

Frequencies were compared between groups by the
Mann—Whitney U-test and Fisher’s exact test, and
means by the Wilcoxon signed rank test. Loss of HBeAg
or HBsAg was compared in the Kaplan—Meier life table,
and differences were evaluated by log-rank test after the
production limit method. A P-value less than 0.05 was
considered significant.

RESULTS

Patients Infected Chronically With
HBV Genotype A

There were 45 patients who were infected chronically
with HBV genotype A and had been followed for 3 years
or longer. Of them, 19 had persistently normal ALT
levels (asymptomatic carriers), while the remaining
26 with elevated ALT levels possessed biopsy-proven
chronic hepatitis. Table I compares demographic and
virological characteristics at the baseline between the
19 asymptomatic carriers and 26 patients with chronic
hepatitis. HBeAg was more frequent and the median
HBVDNA level higher in patients with chronic hepatitis
than asymptomatic carriers. The majority of asympto-
matic carriers (79% [15/19]) and patients with chronic
hepatitis (73% [19/26]) were infected with subgenotype
Ae. There were three (12%) patients infected with sub-
genotype Aa and two of them had chronic hepatitis.
Subgenotypes were not classifiable in the remaining
four (21%) asymptomatic carriers and four (15%) pa-
tients with chronic hepatitis. Liver disease worsened in
a single patient with chronic hepatitis. He was 47 years
old at the presentation and infected with subgenotype
Ae. Cirrhosis developed followed by hepatocellular car-
cinoma in him.

HBsAg and HBeAg in Patients With Chronic
Hepatitis Infected With HBV Genotype A

Of the 26 patients infected with HBV genotype A, 4
(15%) lost HBsAg during follow-up, in comparison with
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16 of the 116 (14%) patients with genotype B and 68 of
the 862 (8%) with genotype C. Figure 1 compares ser-
oclearanace of HBsAg among patients with genotype A,
B, or C. The loss of HBsAg at 5 years was significantly
more frequent in patients with genotype A than B or C
(12% vs. 2% or 3%, P =0.0395).

Ofthe 26 hepatitis patients with genotype A, 19 (75%)
possessed HBeAg at the presentation. HBeAg was
cleared from serum in 14 (74%) of them during follow-
up, in comparison with the seroclearance in 36 of the 41
(88%) patients with genotype B and in 347 of the 562
(62%) with genotype C. Figure 2 compares seroclearance
of HBeAg among patients with genotype A, B, or C. At
5 years of follow-up, HBeAg was cleared more frequently
in patients with genotype B than in those with genotype
Aor C(78% vs. 58% or 45%, P =0.00001).

Development of Cirrhosis and Hepatocellular
Carcinoma in Patients Infected With HBV of
Various Genotypes

Figure 3 compares the development of cirrhosis in
patients infected with genotype A, B, or C. Of the
patients with genotype A, cirrhosis developed in only
one at 5 years, but not any more during follow-up for
20 years. In contrast, cirrhosis increased steadily in
patients with genotype B or C; it developed twice more
often in patients with genotype C than B (30% vs. 14%).

Hepatocellular carcinoma developed in the single
cirrhotic patient with genotype A, but did not in any
others with genotype A during follow up for 20 years
(Fig. 4). It increased with time, however, in patients
with genotype B or C. Hepatocellular carcinoma tended
to develop more frequently in patients with genotype C
than B at 20 years (15% vs. 11%).

Changes in HBV DNA Levels and Hyaluronic
Acid in the Patients Infected With HBV
Genotype A

Of the 26 patients with genotype A, 14 (54%)
seroconverted for the loss of HBeAg, while 5 (19%) kept
it throughout follow-up longer than 3 years; the
remaining 7 (27%) patients were without HBeAg at
the presentation and thereafter. Table II compares
demographic and virological characteristics of the three

TABLE I. Baseline Characteristics of the 45 Patients Infected With HBV Genotype A Who Were Followed for Longer Than

3 Years

Feature Asymptomatic carriers (n =19) Chronic Hepatitis (n = 26) Differences
Age (years)® 29 (11-48) 32 (13-59) NS¢
Male 15 (79%) 24 (92%) NS
Follow-up (years)? 6.5 (3.4-17.7) 6.8 (3.5-18.6) NS
History of transfusion 0 (0%) 1 (4%) NS
Anti-HCV 0 (0%) 1 (4%) NS
HBeAg positive 3 (16%) 19 (75%) P=0.0002
HBV DNA (log copies/ml) <2.6 (<2.6-5.9) >7.6 (<2.6—->7.6) P=0.001
Subgroups (Aa/Ae/NDP) 0%/79%/21% 12%/73%/15% NS

“Median values are shown with the range in parentheses.
"Not determined.
“Not significant.
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Fig. 1. Seroclearance of HBsAg during follow-up. Clearance rates of
HBsAg are compared among patients with chronic hepatitis B who
were infected with genotypes A, B, or Cby the Kaplan—Meier life table.
Differences are significant between genotype A and genotypes B and C
at 5 and 10 years, as well as between genotypes B and C at 20 years by
the log-rank test. Seroclearance of HBsAg did not spontaneously
occurt in all of them.

groups of patients at the baseline. Levels of HBV DNA
were significantly lower in the patients without HBeAg
than in those whom HBeAg persisted or who serocon-
verted within 3 years (P =0.03).

Figure 5 compares changes in HBV DNA levels among
patients infected with genotype A in whom HBeAg
persisted, who seroconverted and who had remained
negative for HBeAg. HBV DNA levels >7.6 log copies/ml
continued for longer than 8 years in four of the five (80%)
patients with persistent HBeAg. HBV DNA levels
decreased in 13 of the 14 (93%) patients with serocon-
version; they slightly changed from 6.7 to 7 log copies/ml
in the remaining one patient. HBV DNA decreased to
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Fig. 2. Seroclearance of HBeAg during follow-up. Clearance rates of
HBeAg are compared among patients with chronic hepatitis B who
were infected with genotypes A, B, or Cby the Kaplan—Meier life table.
Differences are significant among genotypes A—C at 5 years as well as
between genotypes B and C since 10 years or later by the log-rank test.
Seroclearance of HBeAg did not spontaneously occurr in all of them.
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Fig. 3. Development of cirrhosis in patients infected with HBV
genotype A, B, or C.

levels below the detection limit in 4 of the 14 (29%)
patients with seroconversion and 1 of the 7 (14%)
without HBeAg at the baseline. Of the 7 patients
without HBeAg, 4 (57%) kept HBV DNA in detectable
levels, comparable to 9 of the 14 (64%) patients with
seroconversion. Decreases in HBV DNA during follow-
up for 3 years or longer were significantly more frequent
in the patients with seroconversion and those without
HBeAg than in those with persistent HBeAg (93% [13/
14] and 86% [6/7] vs. 20% [1/5], P=0.0095 by the
Fisher’s exact test).

Figure 6 compares serum levels of hyaluronic acid
among patients infected with genotype A in whom
HBeAg persisted, who seroconverted and who had
remained HBeAg-negative. Hyaluronic acid increased
in four of the five (80%) patients in whom HBeAg
persisted in contrast to only one of the seven (14%)
patients without HBeAg. Increases in serum levels of
hyaluronic acid >10 ng/ml was more frequent in the
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Fig. 4. Development of hepatocellular carcinoma in patients infected
with HBV genotype A, B, or C.
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TABLE II. Baseline Characteristics of the 26 Patients Infected With HBV Genotype A in Whom HBeAg Persisted, Who
Seroconverted and Who Were Without HBeAg at the Presentation

Feature

HBeAg persisted (n=5) Seroconverted (n=14) Without HBeAg (n=7) Differences
Age (years)” 49 (24-59) 30 (13-60) 33 (14-41) N&*
Male 5 (100%) 14 (100%) 5 (71%) NS
Follow-up (years)® 6.2 (3.7-7.4) 9.2 (3.0-21) 8.1 (3.9-17) NS
History of transfusion 0 1(7%) 0 NS
Anti-HCV 0 0 1 (14%) NS
HBYV DNA (log copies/m}) >7.6 (all patients) >7.6 (6.7->7.6) 4.1 (<2.6-7.1) P=0.03
Subgroups (Aa/Ae/NDP) (0%/80%/20%) (7%/79%/14%) (29%/57%/14%) NS
“Median values are shown with the range in parentheses.
"Not determined.
“Not significant.
patients with persistent HBeAg than in those with DISCUSSION

seroconversion and those without HBeAg (80% [4/5] vs.
14%1[2/14] and 14% [1/7], P =0.017 by the Fisher’s exact
test).

Of the 19 hepatitis patients presenting with serum
HBeAg, 16 received antiviral and/or steroid withdrawal
therapies, and 11 (69%) responded by the loss of HBeAg,
while the remaining 4 failed to do so (Table III). There
were three patients in whom HBeAg disappeared with-
out receiving treatments. In total, therefore, serocon-
version was accomplished in 14 of the 19 (74%) patients
with genotype A.
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Fig. 5. Changesinserum levels of HBV DNA from the baseline to the

last follow-up. Patients in whom HBeAg persisted, who seroconverted
and who were without HBeAg at the baseline are compared.
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Of the eight genotypes of HBV, E, and F are local, and
confined to Central Africa and Central/South America,
respectively [Magnius and Norder, 1995; Miyakawa and
Mizokami, 2003]. Genotype H is genetically close to F
and distributes in Central America [Arauz-Ruiz et al.,
2002]. Genotype G occurs very rarely [Stuyver et al.,
2000; Chu et al., 2003; Kato et al., 2004], and is always
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Fig. 6. Changes in serum levels of hyaluronic acid from the baseline
to the last follow-up. Patients in whom HBeAg persisted, who
seroconverted and who were without HBeAg at the baseline are
compared.
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TABLE III. Loss of HBeAg in the 19 Hepatitis Patients Infected With HBV Genotype A Who Had Been Followed for Longer
Than 3 Years

Case No. Sex/age Pathology Sub-group Treatment HBeAg Lost
1 M23 F1/A1 Ae Interferon Yes
2 M33 F2/A1 Ae Interferon Yes
3 M44 F3/A1 Ae Interferon Yes
4 M57 F2/A1 Ae Interferon Yes
5 M13 F1/A1 Ae Steroid withdrawal Yes
6 Mi6 F1/A1 Ae Steroid withdrawal Yes
7 M28 F1/A1 ND Steroid withdrawal Yes
8 M47 F2/A1 Aa Steroid withdrawal Yes
9 M17 F1/A1 Ae Steroid/Interferon Yes

10 M29 F1/A1 Ae Lamivudine Yes

11 M38 F1/A1 Ae Lamivudine Yes

12 M30 F1/A0 Ae None Yes

13 M39 F1A1 Ae None Yes

14 M47 F3/A2 Ae None Yes

15 M24 F2/A2 Ae Interferon and others® No

16 M43 F2/A1 Ae Steroid/Interferon No

17 M48 F1/A2 Ae Interferon/Lamivudine No

18 M49 F1/A1 ND? Steroid withdrawal No

19 M59 F1Al1 Ae Interferon No

Not determined.

PThe patient received interferon, lamivudine interferon/lamivudine, and then lamivudine plus entecavir.

co-infected with HBV of the other genotypes [Kato et al.,
2002, 2003]. Thus, only four genotypes (A—D) are left for
comparison in epidemiological and clinical studies in
most countries of the world. Since even these four
genotypes have distinct geographical distributions,
comparison with respect to severity of liver disease or
response to antiviral treatment is hardly feasible among
them, except in multi-national studies on patients of
diverse ethnicities [Westland et al., 2003; Janssen et al.,
2005].

In the Toranomon Hospital in Tokyo, by far the most
patients presenting with HBsAg were infected with
HBYV of genotype B (10.5%) or C (83.3%), and genotype
A infected only a minority (3.10%) of them. During
31 years, 128 patients with genotype A visited there.
Unlike most infections with genotype B and C trans-
mitted perinatally from carrier mothers with HBeAg
[Okada et al., 1976], genotype A infection in Japan is
often acquired in the adulthood by men having extra-
marital sexual contacts either with men or women; there
has been no evidence for maternal transmission of HBV
genotype A in Japan [Kobayashi et al., 2002, 2003;
Ogawa et al., 2002; Suzuki et al., 2005]. HBV infection
prevails among homosexuals in Western countries
where genotype A is frequent, who poorly respond to
vaccines [Goilav and Piot, 1989]. Genotype A infection in
Japan has a propensity to become chronic and tends to
respond to antiviral therapies better than genotype B or
C infection [Kobayashi et al., 2002, 2003 Suzuki et al.,
2005].

In the present study, we have compared the virologi-
cal outcome among infections with HBV genotypes A, B,
and C, and found substantial differences. Patients with
genotype A fared better than those with genotype B or C
in that they cleared HBsAg and HBeAg faster during
follow-up (Figs. 1 and 2). It is not certain, however,
whether or not the observed differences are influenced

by the duration of HBV infection. HBV genotype A is
contracted predominantly by men in the adulthood and
genotypes B or C had been transmitted perinatally until
1986 when the national immunoprophylaxis started. It
needs to be pointed out that this study is retrospective in
nature, and most patients with HBeAg had received
interferon, lamivudine or steroid withdrawal, or combi-
nation thereof. Of the 16 patients with genotype A who
received treatment, 11 (69%) responded and cleared
HBeAg from serum. In addition, three patients lost
HBeAg spontaneously. Hence seroconversion was
achieved in 14 of the 19 (74%) patients with genotype
A. In view of lamivudine, adefovir dipivoxil, and pegy-
lated interferon that are reported efficacious in treat-
ment of chronic hepatitis B [Perrillo et al., 2000;
Hadziyannis et al., 2003; Kumada, 2003; Janssen et al.,
2005], it would be unethical to evaluate genotype-
dependent differences in the natural course of persistent
HBYV infection.

Of the 45 individuals chronically infected with HBV
genotype A and had been followed for 3 years or longer,
HBeAg was more frequent and HBV DNA levels higher
in the 26 patients with biopsy-proven chronic hepatitis
than in the 19 asymptomatic carriers. Among the
26 patients with genotype A, HBeAg persisted through-
out the observation in 5 (19%) and disappeared in 14 (54%);
HBeAg remained negative in the other 7 (27%) patients.
HBV DNA stayed in high levels more frequently
(P=0.0095) in the patients with persistent HBeAg
(80% [4/5]) than in those who seroconverted (7% [1/14])
or remained HBeAg-negative (29% [2/7]). Furthermore,
increasesin serum hyaluronic acid >10 ng/ml were more
frequent (P=0.017) in the patients with persistent
HBeAg (80% [4/5]) than in those with seroconversion
(14% 1[2/17]) or HBeAg-negative (14% [1/71). Although
the patients with genotype A fare better than those
with genotype B or C, persistent HBeAg refractory to
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treatment would predict ongoing liver disease with
fibrosis in progress.

Recently, subgenotypes have been recognized and
they may influence the biology of HBV and liver disease.
For instance, a subgenotype of B having the recombina-
tion with genotype C (Ba) induces more severe liver
disease with poorer response to lamivudine than that
without the recombination (Bj) [Sugauchi et al., 2002,
2003; Akuta et al., 2003]. As for genotype A, there are
two subgenotypes with different geographical distribu-
tions. Subgenotype Ae is common in Europe and the
United States, while Aa is prevalent in Asia and Africa
[Bowyer et al., 1997; Sugauchi et al., 2004]. In a case-
control study, HBeAg was more frequent and HBV DNA
levels higher in carriers of Ae than Aa [Tanaka et al.,
2004]. The majority of genotype A strains from our
patients (86%) were found to be Ae; they were probably
introduced to Japan by immigrants and visitors from
foreign countries [Kobayashi et al., 2004]. Cirrhosis and
hepatocellular carcinoma developed in only one of the 19
(6%} patients infected with subgenotype Ae, in remark-
able contrast to frequent hepatocellular carcinoma in
Africa where infection with subgenotype Aa is common
during the infancy [Kew et al., 2005].

Although there have been accumulating lines of
evidence for virological and clinical influence of HBV
genotypes, there are conflicting views on them. Differ-
ences between genotypes B and C in Asia [Kao et al.,
2000; Orito et al., 2001; Tsubota et al., 2001; Chan et al.,
2004; Yu et al, 2005] have not been reproduced,
probably due to selection bias for the patients with
severe disease [Sumi et al., 2003] or subgenotypes of B
different between Japan (Bj) and Hong Kong (Ba) [Yuen
et al., 2004]. Liver disease, once advanced beyond a
certain severity, will progress spontaneously irrespec-
tive of HBV genotypes. Subgenotype Ba having the
recombination with genotype C may be endowed with a
higher disease-inducing capacity than subgenotype Bj
without the recombination [Sugauchi et al., 2002].

Of patients infected with three different genotypes
in Japan, the virological outcome of persistent HBV
infection was more favorable for those with genotype A
than B and C in that order. It is not known where
genotype D stands, although it fares worse than
genotype A in chronic HBV infection [Thakur et al.,
2002; Janssen et al., 2005]. In ranking the four major
genotypes (A—D) in disease-inducing capacity and
response to antiviral therapies, perinatals, or adulthood
transmission, as well as subgenotypes inherent to
countries, would have to be taken into considerations
[Sugauchi et al., 2002, 2004; Norder et al., 2004].
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Predictive Factors of Virological Non-Response to
Interferon-Ribavirin Combination Therapy for
Patients Infected With Hepatitis C Virus of
Genotypelb and High Viral Load

Norio Akuta,!* Fumltaka Suzuki,* H1t0m1 Sezakl, YOShl%’lel Suzuki,! Tetsu uya Hosaka,'

Takashi Someya,! Masahiro Kobayashi,!

Satoshx Saitoh," Sachiyo Watahlkl,

Junko Sato,?

Mariko Kobayashi,? Yasuji Arase,’ Kenji Ikeda,! and Hiromitsu Kumada'®

Depal tment of Gastroenterology, Toranomon Hospital, Tokyo, Japan
2Liver Research Labor atory, Toranomon Hospital, Tokyo, Japan

Patients with high viral load (>1.0 x 10° 1U/ml)
of hepatitis C virus (HCV) genotype 1b do not
achieve high sustained virological response rates
to interferon (IFN)/ribavirin combination therapy.
Previous studies suggested that pretreatment
amino acid (aa) substitution patterns in the HCV
core region could affect virological non-response
especially in patients who could not achieve HCV-
RNA negativity during treatment. The present
study evaluated 167 consecutive Japanese adults
with high HCV genotype 1b viral load who received
combination therapy for >24 weeks. A case-control
study matched for age, sex, genotype, and viral
load was conducted to investigate the predictive
factors for virological non-response, especially
absolute virological non-response (patients who
could not achieve >2 log decline of HCV RNA
from baseline during the initial 24 weeks of
therapy). Virological non-response was identified
in 26.3% of patients, and 45.5% of these were
absolute virological non-responders. Multivari-
ate analysis identified ribavirin dose <11.0 mg/
kg. moderate-to-severe hepatocyte steatosis, and
substitutions of aa 70 and/or 91 in the core region
as significant independent factors associated
with virological non-response. The majority of
absolute virological non-responders had such
substitutionsinthe core region (95.0%), as well as
substitution of glutamine at aa 70 and/or methio-
nine at aa 91 (90.0%). In the present work, such
substitutions significantly affected the viral
kinetics in virological non-responders. The
results suggest that viral, host, and treatment-
related factors determine the response to IFN/
ribavirin combination therapy in patients with
high HCV genotype1b viral load, and that amino
acid substitution patterns in the core region is

© 2005 WILEY-LISS, INC.

potentially useful pretreatment predictor of vir-
ological non-response. J. Med. Virol. 78:83-
90, 20086. © 2005 Wiley-Liss, Inc.

KEY WORDS: HCV; core region; hepatocyte
steatosis; interferon; ribavirin;
virological non-response; case-

control study

INTRODUCTION

The aims of IFN therapy for chronic hepatitis C
virus (HCV) infection include reduction of the risk of
development of HCC and liver-related death by viral
clearance, and then by normalization of alanine amino-
transferase (ALT) even if viral clearance cannot be
achieved [Ikeda et al., 1999; Akuta et al., 2005a]. The
most effective initial therapy for viral clearance is the
combination of interferon (IFN) and ribavirin adminis-
tered for 48 weeks [Mannset al., 2001; Fried et al., 2002].
However, patients with high load of genotype lb virus
(>1.0 x 105 [U/ml), dominant in Japan, do not achieve
high sustained virological response rates (less than
50%), even when the most effective combination treat-
ment (pegylated IFN plus ribavirin) is administered
for 48 weeks [Manns et al., 2001; Fried et al., 2002].
Furthermore, in genotype 1b, virological non-respon-
ders are seen frequently who do not achieve HCV-RNA

Grant sponsor: Ministry of Health, Labor and Welfare, Japan.

*Correspondence to: Norio Akuta, MD, Depértment of Gastro-
enterology, Toranomon Hospital, 2-2-2 Toranomon, Minato-ku,
Tokyo 105-0001, Japan. E-mail: akuta-gi@umin.ac.jp

Accepted 3 October 2005

DOI 10.1002/jmv.20507

Published online in Wiley InterScience

(www.interscience.wiley.com)

@WILEY .
InterScience®

© DISCOVER SOMETHING GREAT

— 382~



84

negativity, as determined by polymerase chain reaction
(PCR), during treatment. The underlying mechanism(s)
of the different virological response to treatment in
patients with 1b strain infection is still not clear.

Using multivariate analysis, Akuta et al. [2005b]
identified hypoalbuminemia, pretreatment substi-
tutions of amino acid (aa) 70 in the core region and
pretreatment substitutions of aa 91 as independent and
significant pretreatment factors associated with virolo-
gical non-response, based on 48-week combination
therapy of IFN plus ribavirin [Akuta et al., 2005b].
Especially, substitutions of arginine (R) by glutamine
(Q) at aa 70, and/or leucine (L) by methionine (M) at aa
91 were significantly more common in virological non-
responders. Decline of HCV-RNA levels during treat-
ment in patients with specific substitutions in the core
region was significantly less than in those without such
substitutions [Akuta et al., 2005b].

The aims of the present study were the following: (1) to
investigate the proportion of virological non-responders
among a large number of Japanese adult patients who
received combination therapy. Especially, to determine
the proportion of absolute virological non-responders
(i.e., ultimate resistant cases) who did not achieve a log
decline of more than 2 from baseline HCV RNA during
the initial 24 weeks of therapy, (2) to conduct a case-
control study between groups matched for age, sex,
genotype, and viral loads, to identify the predictive
factors associated with virological non-response, includ-
ing pretreatment amino acid substitution patterns in
the core region, (3) to examine the initial viral kinetics in
virological non-responders according to the virological
features of the core region.

PATIENTS AND METHODS
Study Population

A total of 323 HCV-infected Japanese adult patients
were recruited consecutively into the study of combina-
tion therapy with IFN (pegylated [PEG]-IFNo-2b or
IFNe-2b) plus ribavirin for 24 weeks or more between
1999 and 2004 at Toranomon Hospital, Tokyo, Japan.
Among these, 167 patients were selected in the present
study based on the following criteria. (1) They were
negative for hepatitis B surface antigen (radioimmu-
noassay, Dainabot, Tokyo, Japan), positive for anti-HCV
(third-generation enzyme immunoassay, Chiron Corp.,
Emerville, CA), and positive for HCV RNA qualitative
analysis with PCR (Amplicor, Roche Diagnostic Sys-
tems, California). (2) They were naive to ribavirin
therapy. (3) They were infected with HCV genotype 1b
alone. (4) Each had a high viral load (>1.0 x 10° ITU/ml)
by quantitative analysis of HCV RNA with PCR (Cobas
Amplicor HCV monitor v 2.0 using the 10-fold dilution
method, Roche Diagnostics, Tokyo, Japan) at the start of
treatment. (5) Fach had chronic hepatitis, without
cirrhosis or hepatocellular carcinoma (HCC), as con-
firmed by biopsy examination within the preceding
12 months of enrolment. (6) They had abnormal serum
ALT levels (the upper limit of normal for ALT; 50 TU/1)
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within the preceding 2 months of enrolment. (7) Their
body weight was >40 kg. (8) All were free of coinfection
with human immunodeficiency virus. (9) None had been
treated with antiviral or immunosuppressive agents
within the preceding 3 months of enrolment. (10) None
was an alcoholic; lifetime cumulative alcohol intake was
<500 kg (mild to moderate alcohol intake). (11) None
had diabetes, other forms of hepatitis, such as hemo-
chromatosis, Wilson disease, primary biliary cirrhosis,
alcoholic liver disease, and autoimmune liver disease.
(12) None of the females was pregnant or lactating
mother. (13) All accepted treatment for 24 weeks or more
as outlined in the study protocol, as well as repeated
evaluation of HCV-RNA levels during treatment (at
least once every month). (14) Each signed a consent
form of the study protocol that had been approved by
the Human Ethics Review Committee of Toranomon
Hospital.

With regard to the treatment protocol, 21 (31.8%)
patients received PEG-IFNa-2b at a dose of 1.5 pg/kg
subcutaneously each week plus oral ribavirin at 600-
800 mg/day for 24 weeks or more. The remaining 45
(68.2%) patients received 6 million units of IFNa-2b
intramuscularly each day for 24 weeks or more (daily for
the initial 2 weeks, followed by three times per week for
22 weeks or more), and oral ribavirin at a dose of 600—
800 mg/day for 24 weeks or more.

Table I summarizes the profiles and data of the
167 patients at the commencement of combination
therapy of IFN plus ribavirin. They included 119 men
and 48 women, aged 22—-68 years (median, 54 years).
The median total duration of treatment was 24 weeks
(range, 24—48 weeks). In 46 (27.5%) patients, the dose of
ribavirin was reduced during treatment due to a fall in
hemoglobin concentration.

Patients who remained positive for HCV RNA based
on quantitative and/or qualitative PCR analyses dur-
ing and at the end of initial 24 weeks of combination
therapy, were defined as virological non-responders. On
the other hand, patients who became HCV RNA nega-
tive by qualitative PCR analysis during and/or at the
end of initial 24 weeks were defined as virological
responders. Virological non-responders who could not or
could achieve a log decline of more than 2 from baseline
of HCV RNA based on quantitative PCR analyses during
the initial 24 weeks of combination therapy, were
defined as absolute virological non-responders or rela-
tive virological non-responders, respectively.

Applying multivariate analysis, previous studies
identified substitutions of aa 70 in the core region and
substitutions of aa 91 as independent and significant
pretreatment factors associated with virological non-
response to combination therapy in patients with high
viralload of genotype 1b [Akuta et al., 2005b]. Therefore,
based on the larger numbers of patients, a case-control
study was conducted to compare the substitution pat-
terns in aa 70 and/or aa 91 of the core region, between
virological non-responders and virological responders
who were matched for age, sex, genotype, and viral load,
in the present study.
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TABLE 1. Patient Profile and Laboratory Data at Commencement of Combination Therapy
of Interferon Plus Ribavirin

n
Age (years)*

Sex (M/F)

Positive history of blood transfusion
Positive family history of liver disease
Genotype 1b

High viral load (>1.0 x 10° IU/ml)
Serum alanine aminotransferase (IU/)*
Serum albumin (g/dl)*

Hemoglobin (g/dD)* )

Platelet count (x10%/mm?®)*

Stage (F1/F2/F3)*

167

54 (22-68)
119/48

50 (29.9%)

52 (31.1%)
167 (100%)
167 (100%)

90 (24-398)
3.8(2.7-4.7)
14.8 (11.1-18.2)
17.3 (7.1-26.4)

94/44/29

Data are number and percentages of patients, except those denoted by *, which represent the median

(range) values.

“Stage of chronic hepatitis by Desmet et al. [1994). ALT levels were abnormal in all patients at recruitment,
Normal reference ranges: 6—-50 TU/L for alanine aminotransferase and 8.9—5.2 g/dl for albumin.

Laboratory Tests

Blood samples were obtained at least once every
month before, during, and after treatment, and were
 analyzed for ALT and HCV-RNA levels. The serum
samples were frozen at —80°C within 4 hr of collection
and were thawed at the time of measurement. HCV
genotype was determined by PCR using a mixed primer
set derived from the nucleotide sequences of NS5 region
[Chayamaet al., 1993]. HCV-RNA levels were measured
quantitatively by PCR (Cobas Amplicor HCV monitor v
2.0 using the 10-fold dilution method, Roche Diagnos-
tics, Tokyo, Japan) at least once every month before,
during, and after therapy. The dynamic range of the
assay was 5.0 x 10°t0 5.0 x 10° TU/ml. Samples collected
during and after therapy that showed undetectable
levels of HCV-RNA (<5.0 x 10° IU/ml) were checked also
by qualitative PCR (Amplicor, Roche Diagnostic Sys-
tems, California), which has a higher sensitivity than
quantitative analysis, and the results were expressed

as positive or negative. The lower limit of the assay was
50 TU/ml.

Histopathological Examination of
Liver Biopsies

Liver biopsy specimens were obtained percutaneously
or at peritoneoscopy using a modified Vim Silverman
needle with an internal diameter of 2 mm (Tohoku Uni-
versity style, Kakinuma Factory, Tokyo, Japan), fixed in
10% formalin, and stained with hematoxylin and eosin,
Masson’s trichrome, silver impregnation, and periodic
acid-Schiff after diastase digestion. All specimens for
examinations contained six or more portal areas. Histo-
pathological diagnosis was confirmed by an experienced
liver pathologist (H.K.) who was blinded to the clinical
data. Chronic hepatitis was diagnosed based on histo-
logical assessment according to the scoring system
of Desmet et al. [1994]. Hepatocyte steatosis was graded
as either none (absent), mild (less than 1/3 of hepato-
cytes involved), moderate (greater than 1/3 but less
than 2/3 of hepatocytes involved), or severe (greater
than 2/3 of hepatocytes involved) [D’Alessandro et al.,
19911.

Nucleotide Sequencing of the
Core and NS5A Gene

The core amino acids (aa) 1-191 and NS5A aa 2209—
2248 (IFN-sensitivity determining region [ISDR])
{Enomoto et al., 1995, 1996] sequences were determined
by the direct sequencing method using pretreatment
sera of 66 patients. These sequences were compared
with the consensus sequence of genotype 1b, which was
determined by comparing the sequences obtained in this
study and prototype sequence (HCV J) [Kato et al.,
1990]. HCV RNA was extracted from serum samples
at the start of treatment and reverse transcribed with
random primers and MMLV reverse transcriptase
(Takara Syuzo, Tokyo, Japan). DNA fragments were
amplified by PCR using the following primers. (a)
Nucleotide sequences of the core region: The first-round
PCR was performed with CC11 (sense, 5-GCC ATA
GTG GTCTGC GGA AC-3') and el4 (antisense, 5-GGA
GCA GTC CTT CGT GAC ATG-3') primers, and the
second-round PCR with CC9 (sense, 5'-GCT AGC CGA
GTA GTG TT-83) and el4 (antisense) primers. (b)
Nucleotide sequences of ISDR in NS5A: The first-round
PCR was performed with ISDR1 (sense, 5-ATG CCC
ATG CCA GGT TCC AG-3) and ISDR2 (antisense, 5'-
AGC TCC GCC AAG GCA GAA GA-3') primers, and the
second-round PCR with ISDR3 (sense, 5-ACC GGA
TGT GGC AGT GCT CA-3) and ISDR4 (antisense, 5'-
GTA ATC CGG GCG TGC CCA TA-3') primers. ([a],
hemi-nested PCR; [b], nested PCR). All samples were
denatured initially at 95°C for 15 min. The 35 cycles of
amplification were set as follows: denaturation for 1 min
at 94°C, annealing of primers for 2 min at 55°C, and
extension for 3 min at 72°C with an additional 7 min for
extension. Then 1 pl of the first PCR product was
transferred to the second PCR reaction. The conditions
for the second PCR were the same as the first PCR,
except that the second PCR primers were used instead of
the first PCR primers. The amplified PCR products were
purified by the QIA quick PCR purification kit (Qiagen,
Tokyo, Japan) after agarose gel electrophoresis and then
used for direct sequencing. Dideoxynucleotide termina-
tion sequencing was performed with the Big Dye Deoxy
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Terminator Cycle Sequencing kit (Perkin-Elmer, Tokyo,
Japan).

To avoid false-positive results, the procedures recom-
mended by Kwok and Higuchi [1989] to prevent conta-
mination were strictly applied to these PCR assays. No
false positive results were observed in this study.

Viral Kinetic Study of Virological
Non-Response

Viral kinetics in the initial 24 weeks was evaluated in
the two groups of absolute virological non-responders
and relative virological non-responders at three time
points (8, 12, and 24 weeks during treatment). Decline of
HCV-RNA levels from baseline was expressed using
logg of viral load at each time point, in comparison with
the pretreatment viral load. For data analysis, logio
of the cut-off value (5.0x10% IU/ml) was used for HCV-
RNA values below the limit of detection.

Statistical Analysis

Non-parametric tests were used to compare the
characteristics of the groups, including the Mann—
Whitney U test, Chi-squared test, and Fisher’s exact
probability test. Multiple comparisons were examined
by the Bonferroni test. Univariate and multivariate
logistic regression analyses were used to determine the
factors that significantly contributed to virological non-
response. The odds ratios and 95% confidence intervals
(95% CI) were also calculated. All P values less than
0.05 by the two-tailed test were considered significant.
Variables that achieved statistical significance (P<
0.05) or marginal significance (P < 0.10) on univariate
analysis were entered into multiple logistic regression
analysis to identify significant independent factors.
Potential predictive factors associated with virological
non-response included the following variables: sex, age,
history of blood transfusion, familial history of liver
disease, body mass index, ALT, albumin, hemoglobin,
platelet count, indocyanine green retention rate at
15 min ICG R15), serum iron, serum ferritin, creatinine
clearance, viremia level, pathological staging, hepato-
cyte steatosis, type of IFN, ribavirin dose relative to body
weight, dose reduction, and pretreatment amino acid
substitution in the core and ISDR of NS5A. Statistical
analyses were performed using the SPSS software
(SPSS, Inc., Chicago, IL).

RESULTS

The response to [FN/ribavirin combination treatment
protocol among the 167 patients included virological
non-response in 44 (26.3%) and virological response in
123 (73.7%). Furthermore, the first group of 44 virolo-
gical non-responders consisted of 20 absolute virological
non-responders (45.5%) and 24 relative virological non-
responders (54.5%). To compare the pretreatment
features between virological non-responders and vir-
ological responders, all 44 virological non-responders
entered a case-control study along with 22 virological
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responders. The latter group was selected from among
the 123 because they matched patients of the virological
non-response group with respect to sex, age, genotype,
and viral load. Table II lists the clinical and virological
features of patients who entered the matched case-
control study.

Predictive Factors Associated With Virological
Non-Response in Multivariate Analysis

The clinical and virological data listed in Table II for
the whole population sample were analyzed to deter-
mine the factors that could predict virological non-
response. Univariate analysis identified six parameters
that tended to or significantly influenced the virological
non-response. These included ribavirin dose according
to body weight (P =0.019), staging (P=0.024), serum
albumin (P =0.062), hepatocyte steatosis (P=0.049),
and presence of aa substitution in HCV core in the
pretreatment sample (substitution of aa 70, P =0.030;
and aa 70 and/or 91, P=0.006). ISDR amino acid
substitutions, which had been reported as one predictor
of sustained virological response by IFN monotherapy
[Enomoto et al., 1995, 19961, were not identified as a
predictor of virological non-response to the combination
therapy of IFN/ribavirin.

Multivariate analysis identified three parameters
that independently influenced virological non-response;
ribavirin dose (P=0.019), hepatocyte steatosis (P=
0.040), and substitutions of aa 70 and/or 91 (P = 0.005)
(Table III).

Treatment Efficacy According to Amino Acid
Substitution Patterns in HCV Core Region

Frequencies of the substitution site at aa 70 were
60.0% (12/20), 37.5% (9/24), and 18.2% (4/22) in the three
groups of absolute virological non-responders, relative
virological non-responders, and virclogical responders,
respectively. The proportion of such substitution site in
absolute virological non-responders was significantly
higher than that in virological responders (P =0.015;
Bonferroni test). Frequencies of substitution pattern of
glutamine (Q) at aa 70 were 55.0% (11/20), 37.5% (9/24),
and 13.6% (3/22) in the three groups of absolute
virological non-responders, relative virological non-res-
ponders, and virological responders, respectively. The
proportion of such substitution pattern in absolute
virological non-responders was significantly higher
than that in virological responders (P =0.014; Bonfer-
roni test).

The frequencies of substitution sites at aa 70 and/ or
91, which were a significant predictor of virological non-
response based on multivariate analysis, were 95.0%
(19/20), 62.5% (15/24), and 40.9% (9/22) in the three
groups of absolute virological non-responders, relative
virological non-responders, and virological responders,
respectively. The proportion of such substitution sites in
absolute virological non-responders was significantly
higher than that in relative virological non-responders
(P =0.049; Bonferroni test) and virological responders
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TABLE II. Clinical and Virological Features of Patients Infected With HCV Genotypelb With or Without Virological Response
to Combination Therapy of Interferon Plus Ribavirin (Matched Case-Control study)

Virological non-responders

(case; n=44)

Virological responders

(control; n =22)

Matching data
Age (years)*
Sex (M/F)
Genotype 1b
High viral load (>1.0 x 10° TU/ml)"
Demographic data
Positive history of blood transfusion
Positive family history of liver disease
Body mass index (kg/m?)*
Laboratory data™
Serum alanine aminotransferase (IU/L)
Serum albumin (g/dl)
Hemoglobin (g/dl)
Platelet count (x 10*/mm?®)
ICG R15 (%)?
Serum iron (pg/dl)
Serum ferritin (ug/L)
Creatinine clearance (ml/min)
Viral load (KTU/ml)
Histological findings

53 (24-67)
33/11

44 (100%)

44 (100%)

8 (18.2%)
11 (25.0%)
23.5 (17.3-32.3)

78.5 (24-247)
3.7 (3.3-4.7)

14.7 (12.0-17.0)

16.2 (7.1-26.6)
18 (7-49)

149 (51-253)
158 (19-696)

95.7 (42.6-174.6)

1,650 (160—-5100)

53 (20-64)
17/5

22 (100%)

22 (100%)

6 (27.3%)
7 (31.8%)
22.9 (19.3-28.8)

100.5 (43—-276)
3.9 (3.4-4.2)
15.0 (12.2-17.4)
15.7 (10.1-30.9)
12 (7-26)

142 (52-308)
136 (<10-644)
106.3 (45.7-131.0)
1,700 (650—4900)

Stage (F1/F2/F3) 19/15/10 15/7/0
Hepatocyte steatosis (none-mild/ 33/11 21/1
moderate-severe)
Treatment :
PEG-IFNw-2b/IFNa-2b 11/33 10/12
Ribavirin dose (mg/kg)* 10.8 (7.3-14.2) 11.4 (9.7-13.0)
Virological features
Number of amino acid substitutions in 26/11/3/4 10/10/2/0
ISDR (0/1-3/>4/ND)
Presence of amino acid substitutions
sites in the core region
aa 70 21 (47.7%) 4 (18.2%)
aa 91 22 (50.0%) 7 (31.8%)
aa 70 and/ or 91 34 (77.3%) 9 (40.9%)

Data are number and percentages of patients, except those denoted by *, which represent the median (range) values.

“ICG R15: indocyanine green retention rate at 15 min.

bStage of chronic hepatitis by Desmet et al. [1994]. ALT levels were abnormal in all patients at recruitment. Normal reference ranges: 6—50 IU/L

for alanine aminotransferase and 3.9-5.2 g/dl for albumin.

(P < 0.001; Bonferroni test). Frequencies of substitution
patternsof glutamine (Q) at aa 70 and/or methionine (M)
at aa 91 were 90.0% (18/20), 62.5% (15/24), and 40.9% (9/
22) in the three groups of absolute virological non-
responders, relative virological non-responders, and
virological responders, respectively. The proportion of
such substitution patterns in absolute virological non-
responders was significantly higher than in virological
responders (P = 0.002; Bonferroni test). Figure 1 shows
the association of aa substitution patterns at aa 70 and/

or 91 and response to combination therapy. There were
no significant differences in other substitution sites,
patterns and treatment efficacy among the three groups.

Viral Kinetics in Virological Non-Responderstpb

The decline of HCV-RNA levels at 8, 12, and 24 weeks
relative to baseline was evaluated in absolute virological
non-responders and relative virological non-responders.
The decline at each time point was significantly lower in

TABLE 1I1. Factors Associated With Virological Non-Response to Combination Therapy of Interferon Plus Ribavirin in
66 Patients Infected With HCV Genotype 1b, Identified by Multivariate Analysis

Factor Category Odds ratio (95% confidence interval) P
Ribavirin dose (mg/kg) 1: <11.0 1

2: >11.0 0.195 (0.050-0.765) 0.019
Hepatocyte steatosis 1: None, mild 1

2: Moderate, severe 14.299 (1.127~181.344) 0.040
Substitution of aa 70 and/or 91 1: Absent 1

2: Present 7.343 (1.841-29.285) 0.005

Only variables that achieved statistical significance (P < 0.05) on multivariate logistic regression are shown.

J. Med. Virol. DOI 10.1002/jmv

—386—



88

(%)

80

60

40

20

Akuta et al.

. Presence of substitution at aa 70 and/or 91 (%)

Presence of substitution pattern (Q at aa 70 and/or M at aa 91) (%}

0
Absolute Relative
virological non-responders virological non-responders Virological responders
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Fig. 1. Frequencies of substitutions at amino acid sites 70 and/or 91
and substitution patterns (glutamine [Q] at aa 70 and/or methionine
[M] at aa 91) in HCV core region are evaluated in three groups of
absolute virological non-responders, relative virological non-respon-
ders, and virological responders. The proportion of such substitution
sites in absolute virological non-responders was significantly higher

absolute virological non-responders than in relative viro-
logical non-responders (8 weeks, P=0.001; 12 weeks,
P <0.001; 24 weeks, P<0.001). Figure 2 shows the
decline of HCV-RNA levels in virological non-respon-
ders, according to aa substitutions of the core region.
The decline at each time point was significantly lower
in patients with substitution sites of aa 70 and/or 91
than in those without them (8 weeks, P=0.004;
12 weeks, P=0.005; 24 weeks, P=0.013), and with
substitution patterns of @ at aa 70 and/or M at aa 91
than in those without them (8 weeks, P=0.008,;
12 weeks, P=0.015; 24 weeks, P=0.011).

Presence of substitution at aa 70 and/or 91 (n=34)

= == = Ahsence of substitution at aa 70 and/or 91 (n=10)

0

-1.0

-3.0

Decline of Log, (HCV RNA (IU/mi)

Pretreatment 8 weeks 12 weeks 24 weeks
Fig. 2. Logchanges in viral load from baseline at 8, 12, and 24 weeks
during treatment, according to amino acid substitutions of the HCV
core region. Bars within the boxes indicate the median value of log
changes in viral load. The boxes denote the 25th to 75th centiles, the
lower and upper bars the 10th and 90th centiles, respectively. The
decline of HCV-RNA levels at each time point was significantly lower in
patients with substitution sites of aa 70 and/or 91 than in those without

them Mann—Whitney U test).

J. Med. Virol. DOI 10.1002/jmv

than that in relative virological non-responders (P = 0.049; Bonferroni
test) and virological responders (P < 0.001; Bonferroni test). The
proportion of such substitution patterns in absolute virological non-
responders was significantly higher than that in virological responders
(P =0.002; Bonferroni test).

DISCUSSION

Using multivariate analysis, Akuta et al. [2005b]
identified pretreatment substitutions of aa 70 in the core
region and substitutions of aa 91 as independent and
significant pretreatment factors associated with virolo-
gical non-response to 48-week combination therapy of
IFN plus ribavirin. Substitutions of R by Q at aa 70 and/
or L by M at aa 91, were significantly more common in
virological non-responders. Furthermore, decline of
HCV-RNA levels during treatment in patients with
specific substitutions in the core region was significantly
less than in those without such substitutions [Akuta
et al., 2005b]. Using the same analysis, the present
study based on a larger number of patients has also
identified substitution patterns in aa 70 and/or aa 91 as
independent and significant pretreatment factors asso-
ciated with virological non-response to combination
therapy, by a case-control study matched for age, sex,
genotype, viral loads. Especially, most absolute virolo-
gical non-responders, as ultimate resistant cases, were
found to have such specific substitution sites (95.0%),
and also had substitution patterns of glutamine (Q) at aa
70 and/or methionine (M) at aa 91 (90.0%).

Furthermore, such specific substitutions also signifi-
cantly affected the viral kinetics in absolute virological
non-responders and relative virological non-responders.
Hence, we propose that the aa substitution pattern in
the core region is useful as a pretreatment predictor of
virological non-response to IFN/ribavirin combination
therapy.

IFN-o and IFN-P bind to type I IFN receptor, and one
major pathway in type I IFN signaling involve the Jak-
STAT signaling cascade [Song and Shuai, 1998; Stoiber
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et al, 1999; Auernhammer and Melmed, 2001; Alex-
ander, 2002; Fujimoto and Naka, 2003; Lalvakolanu,
2003; Viotides et al., 2004]. Previous studies reported
that the HCV core region might be associated with
resistance to the antiviral actions of IFN therapy
involving the Jak-STAT signaling cascade [Blindenba-
cher et al., 2003; Bode et al., 2003; Melén et al., 2004; de
Lucas et al., 2005]. The present study identified amino
acid substitutions in the HCV core as a predictor of
virological non-response to IFN/ribavirin combination
therapy. This result suggests that substitutions of
amino acids in the HCV core region might be associated
with resistance to the antiviral actions of IFN therapy
involving the Jak-STAT signaling cascade. Further
studies that examine the structural and functional
impact of core amino acid 70 and/or 91 substitutions
during IFN/ribavirin combination therapy should be
conducted in the future to confirm the above finding.

In the present study, virological non-response was
noted in 26.3% of patients with high viral load of
genotype 1b who received IFN/ribavirin combination
therapy. This rate is worse than that of only 2.0% in
patients with high viral load of genotype 2a treated with
IFN alone [Akuta et al., 2002]. Akuta et al. [2002]
examined patients infected with genotype 2a and
reported that virological non-responders had higher
viral load and one or more of other negative predictive
factors associated with sustained virological response
(i.e., lower total dose of IFN, moderate-to-severe grade of
hepatocyte steatosis, lower levels of albumin, and ALT).
Based on the above findings, it was concluded that a
complex of negative predictive factors, including viral,
host, and treatment-related factors, was the underlying
cause of resistance to IFN treatment [Akuta et al., 2002].
Using multivariate analysis, the present study of
patients with high viral load of genotype 1b who were
treated with IFN/ribavirin, also identified lower riba-
virin dose (as treatment-related factor), moderate-to-
severe grade of hepatocyte steatosis (as host factor), and
substitutions of aa 70 and/or 91 in the core region (as
viral factor) as independent and significant factors
associated with virological non-response. In this regard,
another recent study did not identify ribavirin dose as an
independent and significant predictor of virological non-
response [Akuta et al., 2005b]. This discrepant finding
may be due to the non-uniform dose of ribavirin used in
the treatment of patients, which was not strictly
adjusted according to body weight (e.g., 600 mg for
weight <60 kg, and 800 mg for weight >60 kg). Thus, the
response to combination therapy of IFN/ribavirin is
based on a dynamic tripartite interaction of the virus,
host, and treatment-related factors. Further under-
standing of the complex interactions between these
factors should facilitate the development of more
effective therapeutic regimens.

Akuta et al. [2005b] reported that virological response
to 48-week combination therapy of IFN/ribavirin was
significantly influenced as negative predictive factor
by the presence of pretreatment hypoalbuminemia,
which might reflect liver function, based on multivariate

analysis. However, the same analysis in the present
study did not identify serum albumin concentration
as a significant predictor of virological non-response,
although univariate analysis identified it as one of the
parameters that tended to influence virological non-
response. This discrepant finding could be due to one or
more factors. The first is probably related to the design
of the present study based on a case-control study
matched for age and sex. The second is probably related
totherelatively small number of patients in the previous
study. A large-scale prospective study should be con-
ducted in the future to establish the role of pretreatment
hypoalbuminemia in virological non-response to 48-
week IFN/ribavirin combination therapy.

In conclusion, the present study demonstrated that
amino acid substitution patterns in the core region is a
potentially useful predictor of virological non-response.
One limitation of this study was that it did not examine
other viral factors, such as amino acid substitutions in
areas other than the core region and ISDR of HCV
genome, as well as other host factors such as IFN-
inducible protein kinase, MxA, and 2',5'-OAS protein
[Gale et al., 1997, Wang and Floyd-Smith, 1997: Ronni
et al., 1998; Antonelli et al., 1999; Akuta et al., 2003;
Vlotides et al., 2004]. These factors should be investi-
gated together with other factors in future studies.
Moreover, further large-scale prospective studies are
necessary to investigate whether the present results
also explain resistance to combination therapy of TFN/
ribavirin.
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INTRODUCTION

The clinical outcome in patients with acute hepa-
titis B varies widely. Although hepatitis is self-limited
in most ] tlent B atures range, from}
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Factors that determine the clinical outcome remain
unknown.

-Viral nucleotide (nt) mutations have been shown to-

influence the clinical m qf acute hepati tis B.
Mutations itf ‘thE* ﬁn’écor 8'9664?‘& th éfé"
core promoter (BCP) regith’ ('I'i'?'é 64y ard'é ﬁc o’{fx o

in patients with fulminant hepatlc ‘Fhiluré TCaaAN
et al., 1991; Kosaka et al.,, 1991; Liang et al.,, 1991;
Omata et al 1991; Hawkins ot al.; 1994“561‘60( Sl
1995; Baumert et al., 1996; Chu et al 1996]. Viral fac-,
tors other. than these .mutations may_influence the .,
clinical outcome of acute hepatltls T

Eight genotypes of HBV have \been identified by, se-:
quence divergence greater than 8%, mm\the\ entn’ ;
genome, and they are designated by capltal alphabet’:
letters from A to H [Okamoto etial’;: 1988; Norderet al:;
1994; Stuyver et al.;:2000; Al’é‘hz-‘Ruib‘*é"t igl}» 2002
Furthermore, recombinant HBV strains consisting of
two different genotypes have been reported [Bollyky
et al., 1996; Morozov et al., 2000]. Genotype distribution
is different in different countries and even in distinct
areas of the same country {Orito et al., 2001a; Kao, 2002;
Kato!et:ali12002; Mivakawasand Mizbkaii;” 2003].
Therefore; I'surveys: on/gehotype  distribution may be
helpful:in identifying transmission toltes and 'evaluat-
ing oclinicalwelevanece, it 7o T BEYIQNAE 1108

It has<bedn’:shown: thatothe! elinioal outeome of
chronic: hepatitiz < B is winfhienced by HBV:igeno-
types.cIn Asianw patients:. withi chronic-hepatitis: B,
gensiype Cluimdésdcidted withdater seroednversion of
hepatitis B e antigen!(HBeAg) /and: morenéb%ﬁreczhver
damage than genotype 1 B [Kao et al,, 20;) rito et al.

ib; 2002: Ding et al." 9002, Sugiﬁiclu

et al., 20 LeWls ti ”from India has shown
that gehotype D i$"associatéd’ With more severe liver
disease than genotype A [Thakur et al., 2002]. Geno-
type A is peculiar in that A1896 in the precore region
oceurs infrequently, because it causes instability of the
stem-loop structures of the pregenome encapsidation
signal [Li et al., 1993; Lok et al., 1994]. These reports
suggest that HBV genotypes also influence the clinical
characteristics of acute hepatitis. Recent, studies on
small - numbers . of : patients  with . acute hepatitis: B
suggest that the clinicalicoiirse may differ: ainong:in-
fections with distinct HBV genotypes (Mayerat et'al.,
1999; Kobayashl et ‘al., 2002;" Ogawa et"al.,’ 2002]
However, the association; between viral’ genotype and
severity of liver disease remains’ uncertam in acute
HBYV infection.

Toevaluate the effect of HBV genotypes on the chmcal
characteristics of acute hepatitis B, a multi-center study
on 145 patients was conducted in Japan. .

);q*

"’teél‘;s W

Rositive for.HB

Yotsuyanagi et al.

MATERIALS AND METHODS
Patients

During 1992 through 2001, serum samples were col-
lectedfr m 147 patients dlagnosed ith acute hepat;tls
'Bdadifk § mstltﬁﬁigﬁ@ Oy phtientsltrdmivii sbia at
the 0 set f hepatl ig Were tored wer ¢ included: in
thisls g S&%y{rﬂﬂe %atieh%é Tibed {nf thétrd-

politan areas( % kypand r0%a ,gulykg
the others in W {: C?égagkag‘ %ﬁf Ngg?ya *4nd
Sapporo. Criteria for the dlagnosls of acute hepatitis B

were: (1) Acute onset of liver injury without a hlstory of
hyéi‘ ﬂﬁsf”ﬁncﬁldfl én& ﬂétéctlon of Bepatlﬁss B ‘éurféée

§ﬂﬁf eﬂ" ,s:e@iﬁg ru ’&ﬁ’d(_‘z}l", tffbb
Avirce 61' Hé tfg w e:écl ”d‘ééi ysero glc

conorsity | n‘\)y

" Ao ’gthe 147 afients; acﬁte he’""tmsB Y 8ix
‘Was j)li" ted' 5}9 hé aﬁq encephalopath & f‘p{
longed ‘prothrombin tlme for thé diagnosis. of fulm}-
nantl;;gpap;xc fajlure. Other two (1%) p.gments remamed
3sAg for. lpnger than, 6,months, and, J;hey
were considered 0 have acquired chrome infections, i

o Sera from the; 147\patlents with.acute hepatitis B were

exardinedvirdlogicallyand the resulta-were ¢brrelated

with clinical'and demographlc chiaracteristids. Informed

 consent ‘was obtaivied from each patient for the pirpose

of this study. The study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki and
approved by the Ethics Commlttees of our mstltutlons
..’” = e x}l ’ ‘H )‘ B
-Deternunatlon of
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156f HBY DNA W
tmn—xﬁég{mﬁerd Hmplification
protef qn s Sy /(C hdgm D‘ ' _
Tokyo; Japan) fié‘ iratocol eported‘ $am
et &l 1999] The afige of detéction by “TMA ‘Wa ﬁ‘om
3.7" SHome" s(LGE)/mI (10%7 copies
COTT: OQ éop '/1211)‘_1;5"8‘7 ;(}Ef
copi studi

HBV ‘genotypes: in- most samples were ~detemnned
with eommiercial énsyme immanodgsay kits (HBV Geno-
type BIA; Tnstitate of Traimuriology Co: Litd.,YTokyo,
Japan)involving‘monocdlohal -antibodies to genotype-
specific’epitopes in'theipreS2-region, ag reported: pre-
viously:[Usuda et-al., '1999,-2000; Kato: et al:; :2001].
Genotypes in- 18:(12%) samples: were determined by
genotype-specifié probeé assay (Smitest HBV Genotyping
Kit;GenomeScience, Fukushima, Japan). Inbrief, DNA
extractéd from serwin was amplified by the polymerase
chain reaction (PCR) with three sense primers (sl: 5'-
ACO AAC OCT €TG:GGAFTC-TIT €C-3'; s2: 5-ACC
AAT CCT CTG ' GGA TTC.TTC. CC-3' and 83: 5'-AGC
AAT CCT:CTA GGA TTC:CTT CC-3 int 2902—2924])
and an'antisense primer (asl: 5-GAG CCT GAG GGC
TCC ACC C-8' [nt 3091-3073]) biotinated at the 5'-end;
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they ‘were ‘deduced from conserved sequences in the
preS1 region of HBV. The biotin-labeled and amplified

HBV DNA was denatured in an alkaline solution, and.
tested for hybridization to probes specific for one or other
of the seven genotypes (A—G) immobilized on wells of a
96-well microplate. Thereafter, hybiridization was de-
tected’ by staining with' the streptavidine-horseradish
peroxidase (HRP) conjugate [Kato et al., 2003].
Subtypes of genotype B, in terms of Ba with the

recombination with genotype C and'Bj w1thout it
were determmed by dlrect sequencing of precoré and )

core regions by the method reported prevmusly [Sugau-
chiet al 2002b] EERE

Amplifying and Sequencmg HBV DNA > E
of Genotype A Isolates v

A subgroup of genotype Ais reported with the deSIgna-

tion of A’ from South’ Afnca Phlhppmefs Malawi, and
Belgium [Bowyer et al., 1997; Kramvis et al., 2002
Sugauchi et al., 2004} Randomly_, selected HBV/A
samples were classxﬁed into genotype A and subtype A? «
by sequencmg the § I'egmn For amphﬁcatxon and se-

quencing, the entire 8 reglon Was d1v1ded xnto twor“_
fragments, spanning nt 3130-478 and nt 378- 878,

respectively, and they were amplified by two-stage PCR.
The outer primers for amplification of the 1st fragment
were: 5-ACC AAT CGG CAGTCA GGA AG-3' (sense: nt
3121-3140) and 5/-CTG GAATTA GAGGAC AAACG-8
{antisense: nt 488-469) and the inner primers were: 5+
CAGTCAGGAAGG CAG CETACT-8 (sense: nt 31.30—
3160)sand: 5-AGG ACA: AAC -GGG CAAs CAT: AC-8
(antisense: nt.478-459). The outer primers for amplifi-
cation of the-2nd fragment were: 5'-"FGT.CCT GGT AT
CGC TGG AT-3 (sehise:nit 359--378) and:5!-CAA CGT
ACC CCAACT TCCAA-3" (antisensé: nt 909-890) and
the'inner. primers were: §'-TGT. GTC TGC GGC:GTT
TTATC-8 (sense: nt 378-397) and 5ATG: AAG TTT
AGG GAATAA CC-3' (antisense: nt 878-859).1:+ .11
- The first stage of amplification was icarried out.in.a
thermal cycler for 40 cycles (94°C;: 1 sini:65°C, 1 min;
72°C; 1 min)in 100 pl of the reaction mixture containing
200:pM dN'IPs, 1.0 yM-each: of primers.and-1 x PCR
buffer (50 mM KCl, 10 mM Tris-HCl1 (pH 8.3),1.5 mM
MgCly; and 0,.001% (wt/vab) gelatin) and 2 U of Ampli-Taq
polymerase (Perkin Elmer Cetus Corp:; Connecticut).
PCR products (2 ) were subjected to the second stage
of amplification unider the saine conditiors as the first
stage. Standard- précautions: to: avoid ‘contamination
were iexercised ‘during PCR with & negatlve control
serum included in each run. v
. Amplification products were purlﬁed on leard PCR
preps DNA purification resin (Promega; Wisconsin), and
sequenced’ bidirectionally. ‘with:.the :Dye  Terminator
Cycle. Sequencing Ready Reaction Kit: (PE Applied
Biosystems, California)using the PCR primers. Sequen-
cing was performed in an automated DNA sequencer
(ABI 377: PE Applied Biosystems). :
- The nucleotide sequences of HBV/A xsolates from
patients were compared with-those of 25 reference HBV/
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“A strains including subtypé A’ retrieved from the DDBJ/
' EMBL/GenBank database, as well as representatives of

. theother six major genotypes (B—G). Phylogenetic trees
were constructed with the mega program version 2.1
using the Kimura two-parameter matrix and the
neighbor-joining method [Sugita et al., 1991]. To con-
firm the reliability’ of phylogenetic tree analysis, boot-
strap resampling, and reconstructlon were carrled out
500 tlmes : : S e sdsb

Detectlon of Pomt Mutations in the Precore
and BCP Regions of HBYV |

Mutatlon inthe precore region for A1896. Was__
by enzyme-linked minisequence assay (SmltestgHBV
Pre-C BELMA, Roche: Dlagnostlcs Tokyo, Japan):-and
mutations’ in the BCP regmn for' T1762/A1764'vgere
“ detedted by enzyme hnked specific probe gasgay (Smltest
HBV Core. Promoter Mutatlon Detection Klt, Genome
Sclence Laboratory, ‘Tokyo, Japan) according to.the
manufacturer’s instructions, after ‘the priiciples des-
‘eribed prewously [Orito et al., 2001b], Thé’ results were

recorded 2% “the wﬂd type” and “the. mutant. type”

expressed doxmnantly by HBV 1solates

Statlstlcal Analyms

Data were analyzed by chi-square test or Fisher's
exact test for categorical data and Student’s ¢-test or
Mann~Whitney:' U-test, for..continueus. variables.: P-
values: legs: than, 0.05 iwere vegarded ; as ;statistically
significamti: Logistie: ‘regression:; i(backwavd-logistic: re-
gression) was . tiged :in- the multivariate analysis.to
evaluate the factors assocxated with dlfferences betWeen
geIlOt.YpeSAandC Virieeleieiled{noyy 1S fiity i

' Distribution of HBV Genotypes . = -

~HBV genstypes were determined in'145 of the' 147
(99%) patients with acute hepatitis B; they were un-
fypeable'in the remaining two patisits (’I‘able D). Geno-
type Atvad detected in'27 (19%) patlents Bin 8(5%), Cin
109 (75%); ‘and mixed" genotypes with B-and C:in: the
remaininig one' (1%). In: the 69’ patients with:acute
hepatitig B from metropolitan areas (’I‘okyo, Kawasaki,
and Tokorozawa), genotype A was found ini'21(30%), B
in B (7%), anid Cin 43(63%). In'the 76 patients from:the

'other ‘areas in-the mainland, by contrast,: genotype A

occurred in 6 (8%); B in 3:(4%), C in 66 (87%), and mixed

‘genotypes with B and C'in one (1%). Thus, genotype A

was significantly more frequent in patients with ‘acute
hepatitis B from'the metropohtan than the other areas
(30% vs: 8% P<0 001) .

o Demographlc and Clinical leferenees .
" Among Patients Infected With HBY
of Dlstmct Genotypes

Chmcal and demographlc backgrounds in pa’ments
with ‘acute hepatitis B-who were infected with HBV of
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seit 7 Yotsuyanagi et all,

’I‘ABLE 1. Demographm and Clinical Differences. Among Patients, Wlth Acute Hepatms Who Were Infeoted W 1th HBV.,.1;

P B nito b e e OfplﬂtlnCtGenOt}’,Pﬁ? Voves teudnetp oo un""‘; AR Gopuey !"""“:
.,.‘r Bi Gexixdtypes of HBV ' : Diffel‘ences (A (’S/ C)
s ot L ”C [ o ‘.;,-»u:l Multlvarlate T
NNy LN E URRI R A B 'U wanate, pgnstmregressmn
ni:"z,ﬁ Piii i {?Z‘BS ind 09)) I ikt (rf./ ,:ph ST (?{V&hle) ¢ I (-lr?.va‘h*ex

Areds i v

pEE T Tadteeesy B o teirannyy apie
Metropolitan (n=69) 21 (30%) 5 (%) i
Others (n=176) 6 (8%) 3 (4%)
3 A e s 0., 887 ¢
Q«)ei 1 gt _’w in ‘”%5 (§§% u?:(gggf)]'
Transmlsswn rotibbs o #eriined Wb
' Hetemsexual A ) é&(ﬁ%)v g §37%)
Hbmo Jexdti] e TR by 8g) Y
drdgﬁ””' S EE RS ¢ U1 g'ollll :
uIJnl_ﬂwm Aot I 54 (50%) v

_ tzhépatmfaﬂixi'e f‘} 6 »’ e
g 2969¢,1275 2953;%106 )

,‘“‘4’7é:i:161”m’ 0,1|& 47 /i

Precore andB(é};)i:nutat;ons nu;,smt«m i;(ﬁj():?%) ''''''
IEERLIN Ii*’u ¥l
BCP 1762T 1764y, ™ . 16(1'7 )
‘Preoog‘ebx‘ (‘“”}’{2’/ /

i3 N T
24/26 (92%) 11 4/B.(5O%) 57/932 1!7%)(i it/ /1‘%(%33 )

. 20/10% (éd%) - ’*fNo digberli
14/76. CL9%) 111~ b1« N6 dagatos o
B 21/102.(R6%) i

St fn foat ff;<00mu~- 0,087
égggg?g
(4] : piiis )AEE
5 PR ,‘ ROTI
69‘(57 ) e 1(100 by '0.093' e
SrFa e D ey Taeb bt o
52 (48%) 0 0.197
2 (2%) 0 <0.001
8 (%) 0 0.280
4; g‘ég‘?)'ﬁ)f‘é i B EL09%) v ers ,10 0% s uaivtilonmd
0, T €13 ,»3 PPy 2’ \(} ‘
2889 + 1867 gt s gg i 0.084

TEKBM s A8 i

TRt Ve

*Maximum data are shown for alanine ammon‘ansferase (AL’I‘) bl]u'ubm a.vici a]kéﬁné pﬁbspha ;
e it f bide s

dﬂfereﬁb ngeﬁof:ypes aie compared! in Table 4 Paﬁletrbs
withigetiotyperA wére youngerthat these With genotype
O (29:3 & 8/0vei 86,64 18.61years; P 0,016)! ‘The
propomm of ‘melei ﬁaﬁents wHs *hxgher* in genotype
A& than' G dnfeétion | (98% we.~57% IP==0008); 'The
main route of transmission identified i the patients
with acute hepatitis B was extramarital heterosexual
contacts. Homosexual-actiyityswas more frequent in
patients with geno e A than C (5/27 (19%) vs. 2/109
(1 8%), P 2060 3O HE ey aendyosda faidd

: Theimaximun ALT, levels were lowerin. patients
thh, genotype 4 than,B.or, G- mfeetmn (2069 31075,
2952 +:1106.and 2889 . 1867 IUMmSp%vely.Avs,
P.50.02; Avs: C, B= 0.03) The maximum bilirubin a\,nd
alkaline phosphatase: levels  were; ne, different::among
patignta; infected, with) HBV . of different genotypes.
Fulminant  hepatic, failure, develuped dr cone;; (13%)
patient with.genotype B-and- f‘we £B%) with.genotype.C;
noi patients-with genotype A camer down:with it. Evoly-
tion, inte, chronic infectionjocourred in.fwo patients.(ane
with. genotype Arand ‘one -with . genotype: C).-The. re-
maining 137.(96%) patlents ran; a non—fulmmant and
self-limited disease. . S IRV i

~HBeAg was; found in; 24 of. the 26. (92%) pa‘ments
with genotype A, 4 of the 8 (50%):with genotype B and
57 of the 93 (61%) with genotype C; it was no dif-
ferent between, genotype A than genotype C infection
(P=0.357), Of the sl patients With fihiiiniant
failure, only 6he 1'7 a)h HB ‘.; A

With logistic Multivariate” regressmn analysis, the
variables foridifferences between :genotypes:A and C
were sex (odds ratio (OR), 6.45; 95% confidence interval

‘quﬁtﬂ i ' ol 0% o »

foo by

(CI), A 378 30 21‘3' F & U.OO 18) and area (OR .25; 95%
CI, 0:076+0:830; P +=0.0024).:: : f i

‘Roiites: ofr transmisgion /Were compaﬁedr betw(—:en
genetypes iA/eiid Cinpatientd with acité hepatitisiB
frommetropolitanareas.Altliough the mean agewasno
different; frequénily the-propovtioniof malé'patients
Was Bighei?'ih geiibtypé A than € inféction: ) Y{(20/21
(95%) 8. 28/43¢65%), P = 0.012)/Homodéxual patiérits
Had morefrequently genttype A than C infection: (5/21
(24%) Wt 1444 2%); R=10.012).  Additionally Hetérobeéx-
uals with sovltiple unspecifi¢ parther's Hadin: genotype
Amore frequently than @inféction ' (7/2 (68%) vd. 6/
26:1(23%);1¢P=:6.085; wespectively): : However, swith
logistici multivariate: ' regression'  analysis,  noneé ‘o6f
thdse vabiables: d}ﬁ'ex“ed between genotypéi A 'and iC
mfectlons R STTT A AT S I ST L

iFigure/l e:olhpares serune HBV DNA leveld on aﬂmis—
ston:among patients infected with differént genotypes.
HBV DNA levels wére higher in patients with genotypé
Athar C(5.90 4:%:46 ve.:5:18 1 1.36 LGE/ml; P=-0.002).
--Amongthe 1456:patients whose HBV gehetypes could
be determined; 54 (A 15, By 4 and €185) were followed
for HBsAg in serum every 2«4 weeks untildt ‘disap-
peared: The time between the first.and last:detégtioh of
HBsAg was- défined as ithe- duration " of :HBgAg; .and
compared betwéen patients infected with BV of geno-
types:A and G (Fig::2a). The duration of HBsAg: was
longer’ in: patients with :genotype ‘A:than ¢ infection
(1.96 4 109 ‘(ni=15): vs.111.28 £ 1.42- months (n=35),
P =0.02). When patients with fulminant hepatic failure
were excluded, the miean duration of HBsAg in patients
with: genotype € became lohger, but it was still sherter

51’
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i

iy re, . tops "
patlents W;th acute hepatltls B Wlth

1, HBVFDNA leve
genotypes ‘A, B, or Cat the presentahon ox plots are given “with
horizontal lirfes for thé médians, tpper and lower édges indicating the
25th:and 75th centiles; tespectively, and:bars represent the extrémes
Wxthout ipcluding; outliers, Shaded areas outsxde. the range of
i ‘bythe'IgMAmeth‘ Yo o o

Y u::,; -

!\I“

Subtypes of Genotypes»A and B

Among the 27: HBV/‘A molates, 9 were selectedi at
random_ ‘and the: entire’ §;region wasiamplified:'and
sequenced for them.:Seven of them were!classified into
genotype A and the remaining 2-into subgroap A/ The
sequence: divérgence . within the..seven -genotype. A
isolates ranged from 0.12% to 2.01% in-pair-wise com-
parison, while that between two sibgroup A’ and seven
genotiype A isolates spanned firom;5.70% t0:6.53%.. . :.

A phylogenetic tree was constructed-on: the entire:. 8-
gene dequences. from: these nine sequences along with
those from 31 HBV isolates retrieved from the database
(Fig. 3). The seven-(78%) -HBV.isolates: classified into
genotype A clustered 'with: reported . HBV/A: isolates,
while the remaining two isolates:classified:into ‘sub-
group A’ (¢ases 8:and 4) joined thie branch of sibgroup A’.
~8ix of the eight: HBV/B: isolates were: available for
‘analysis of subtypes.- Two (both from:the metropolitan
area) were classified as Ba-and the remaining four, in-
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('months)

1 : 2 .3 4 5 6 ('months)

i Flg 2. The dﬁration o%HBsAg’i’n ﬁ@tients ivﬁth acute hepatitis B with

genotypes A or C. The results are shown for (a) all patients, and (b)
patients with the wild-type sequences both in precore and BCP regions
of HBV. ~ '

Bj.:One; of: the;four patients, infected with subtype BJ

‘%developed fulminant hepati fallure, Whlle the remam-

ith subtype Bj a8 well a:

‘Ba ran a non-fulminant course. ‘- -

.. Point Mutations in the Precore and Basic .
"Core Promot;er Regmns of HBV '

......

-~ All the 27 HBViisblates of gtenotypeAm whlch muta—
tions weie sought had the wild-type sequences both in

‘the ‘precore -and; BCP:reégiong,:In_contrast; of thei102

genotype C isolates whose priecore and BCP sequences
were examined, 27 (26%) had mutations in the pretore
or BCP-regionis (P=0.096); Furthermore, of the four
genotype . 0. isolates  from:. patients: with: fulminant
hepatic failure:whose .gehetic mutations -could ;be de-

termined; three: had :mutations 'in’ theBCP region

(T'1762/A1764) and two had a'mutation in the. precore
regionr (A18986). Only: one isolate had:the wild-type:se-
quences both in the precore and .BCP regions. Of
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