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Fig. 3 Representative pressure-flow rate (P-
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controls (Cont: [], &), and 3 repre-
sentative patients in the LC groups
in grade B (LC/B: €, @, &), respec-
tively. The hematocrit value of the er-
ythrocyte suspension is 3%.

patients is lower than that in normal controls at
any given pressure, indicating that the erythro-
cyte filterability in the patients is obviously
decreased relative to that in the controls.

3. 3 Erythrocyte filterability in patients with LC

Fig. 4 shows the mean erythrocyte filterability
in normal controls and that in patients with LC.
The ratio (%) of the flow rate of the erythro-
cyte suspension to that of suspending medium at
100 mmI,0O was used as an index of erythrocyte
filterability. The mean erythrocyte filterability in
5 normal controls was 805 £ 1.7%, whereas that
in the entire 31 LC patients was 646 + 145% (p
< 0.03). The erythrocyte filterability in the LC
groups in grade A (709 = 96%) was lower than
that in the controls, but there was no statistical
difference between the two at the significant lev-
el of 5% (p=0.053, n=8). However, the filterabili-
ty in the LC groups in grade B (659 * 11.0%: p
< 00L n=19) and in grade C (459 = 238%: p <
0.02, n=4) were significantly decreased com-
pared with that in the controls.
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g. 4 Erythrocyte filterability in patients with
LC. Bars show normal controls (Cont,
n=5), the entire LC patients (All LC,
n=31), the LC groups in grade A (L-
C/A., n=8), the LC groups in grade B

(LC/B, n=19), and the LC groups in
grade C (LC/C, n=4), respectively. The
ratio (%) of the flow rate of the ery-
throcyte suspension to that of the sus-
pending medium .at 100 mmH;O was
used as an index of erythrocyte (red
cell) filterability (RCF). Values are ex-
pressed as means + standard deviation

(*: P<0.05, **: P<0.01).

3. 4 Correlation between erythrocyte filterabil-
ity and clinical examination data

In the entire 31 patients with LC, the erythro-
cyte filterability was not correlated with the rep-
resentative hematological parameters; that is, the
hemoglobin content of blood (Hb), the hematocrit
value (Ht), the mean corpuscular hemoglobin
(MCH) and the mean corpuscular hemoglobin
concentration (MCHC) of erythrocytes, and the
platelet content of blood. However, the mean cor-
puscular volume (MCV) of erythrocytes showed
a weals, inverse correlation with the filterability
(r=—041), reflecting macrocytic anemia in the
advanced state of the clinical severity (Table 1).
Also, the filterability was not correlated with val-
ues of serum albumin, total bilirubin, total choles-
terol, cholinesterase, prothrombin time, total bile
acid, AST, ALT, lactate dehydrogenase (LDH),
y -glutamyl transpeptidase (y GTP) and LCAT.

While, in 19 patients in the LC groups in grade
B, the erythrocyte filterability showed a positive
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correlation with the Hb content of blood (r= 0.53)
and with the Ht value (r=0.55), as shown in Fig.
5. suggesting that the filterability is roughly pro-
portional to the severity of anemia in the LC
groups in grade B. Furthermore, the erythrocyte
filterability showed a weak, inverse correlation
with LDH (r= ~ 046) and total bile acid (r=—
0.39), and a weak, positive correlation with
cholinesterase (r=042) and y GTP (r=0.40).

4. Discussion

Erythrocyte filterability plays a pivotal role in
maintaining the fluent microcirculation. In partic-
ular, it is important in patients with LC showing
hemodynamic derangements such as portal
hypertension and numerous collateral circula-
tions, including esophageal varices. Previous
investigations using the nuclepore filtration tech-
nique'" * or ektacytometrym presented that the
erythrocyte deformability was impaired in LC.
However, these findings were not quantified
according to the clinical severity of LC, and
those techniques are not good in reproducibility
or sensitivity, as mentioned above. In this study,
using the newly developed, sensitive and repro-
ducible filtration apparatus (Fig. 2), we have
clearly demonstrated that the erythrocyte filter-

50

y =0.2593x +17.928
R=055

45

Ht value (%)

30 40 50 60 70 80 90
RCF (%)

Fig. 5 Positive correlation between the ery-
throcyte filterability (RCF: %) and Ht
value (%) in 19 patients in the LC
groups in grade B.

ability is impaired in cirrhotic patieats, and that
this rheological abnormality revealed a good cor-
relation with the Child-Pugh classification that is
considered to closely reflect the clinical severity
of LC.

Here, it is to be noted that the pressure-flow
rate relationships obtained by the decreasing,
negative pressure-based filtration were similar to
those of a gravity-based filtration" " as shown in
Fig. 3. Nowadays, the physiological significance
and clinical benefit of the gravity-based nickel
mesh filtration is evident"*" "™ However, in the
performance of the gravity-based filtration, great
care must be taken to avoid contamination from
emboli, formed at times such as when filling the
test materials into the vertical tube and
installing the nickel mesh filter in the holder. In
the negative pressure-based filtration, there are
no such handling problems; accordingly, the per-
formance of the new filtration technique is very
easy, rapid, and reproducible. The other methods
that sucked test cells into a filter using a con-
stant pressure or a constant rate as a driving
force, continuously suck even when the cells are
plugging the filter, thereby leading sometimes to
cell breakage; therefore, such methods are not
physiological tests. The driving force used in our
new method, iLe, decreasing negative pressure,
does not cause such cell rupture, only causing
physiological and/or pathophysiological cell plug-
ging in the filter, similar to gravity. Thus, we
have quantitatively showed the impaired filter-
ability of erythrocytes from patients with LC
using the new physiological technique.

It is generally accepted that the erythrocyte
filterability is mainly determined by 1) the
membrane properties, 2) the cellular internal
viscosity that is reflected in the MCHC, and 3)
the geometric factors of the erythrocytes that
are reflected in the surface area to volume ratio,
ie, MCV, and shape changes" “® 1n the present
study, the erythrocyte filterability in LC patients
was not correlated with MCHC. In addition, the
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filterability showed a weak, inverse correlation
with MCV (r= — 041), and no discernible shape
change was observed. Also, it is noteworthy here
that abnormal membrane lipid composition of
erythrocytes in LC resulted in a high choles-
terol/phospholipid ratio mainly due to a decrease
in phosphatidylethanolamine and sphin-
gomyelinm' " Such erythrocyte membrane lipid
alteration is considered to cause a reduced mem-
brane fluidity” ' and a reduced erythrocyte

" Therefore, these reports and

deformability
our results support that the impaired filterability
in this study is attributable mainly to the altered
erythrocyte membrane properties and partly to
the changes in surface area to volume ratio of
erythrocytes.

The lipid composition of the mature erythro-
cyte membrane is highly dependent on the sur-
rounding plasma lipid profile, and LCAT plays a
key role in the membrane lipid turnover. In the
case of chronic cholestasis and a rise in bile acid
associated with LC, LCAT activity is reduced”
LCAT deficiency typically causes an imbalance
in the cholesterol/phospholipid ratio, and leads to
an increase in the membrane rigidity and the
formation of target cells” or spur cells” which
are susceptible to one of the causes of hemolysis
due to the hypersplenismm. Although no dis-
cernible erythrocyte shape changes were found
in this study, LCAT activity was apparently
decreased in accordance with the clinical severi-
ty of LC (Table 2). Therefore, it is possible that
alterations of lipid composition and the subse-
guent decrease in the membrane fluidity cause a
decrease in the erythrocyte filterability.

Furthermore, portal hypertension and
splenomegaly are a common manifestation of LC,
in which the hepatic sinusoidal microstructure is
rearranged under the progressive hepatic fibrosis.
Persistent elevation in the portal vein pressure
induces numerous collateral microcirculations and
reactive hepatospletic reticuloendothelial hyper-
plasiaﬂf Moreover, augmented portal blood vol-
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ume™ and increased blood viscosity due to
hypergammaglobulinemia accelerate the portal
hypertension”). Portal resistance is elevated in
the LC patients, and this elevation mainly occurs
at the intrahepatic sinusoidal area™ suggesting
the existence of injured intrahepatic microcircu-
lation. It is well known that several kinds of
mechanical stress cause impairments in erythro-
cyte filterability through the mechanism of the
action of Ca™~ mediated signal transduction™"" ®
It is, therefore, likely that the accelerated portal
hypertension in the LC patients mechanically
stressed the erythrocytes and impaired the ery-
throcyte filterability. The impaired erythrocytes
could be easily trapped by the sinusoidal reticu-
loendothelial system and subsequently
sequestered, thereby leading to hemolysis and
further development of anemia.

It is well known that the severity of the LC
groups in grade A (in this study, n=38) is not so
severe, and that of the LC groups in grade C
(n=4) is very severe and sometimes associated
with many complications. As a result, it is con-
sidered that the LC groups in grade B (n=19)
show typical signs and symptoms of LC.
Therefore, we discuss the correlations between
the erythrocyte filterability and clinical examina-
tion data focused in the LC groups in grade B.
The present study revealed that the erythrocyte
filterability in the LC groups in grade B correlat-
ed with the Ht value (r=055) and with the Hb
concentration of blood (r=053) ; that is, the fil-
terability decreased as the anemia advanced,
suggesting that the filterability is roughly pro-
portional to the severity of anemia. Also, a weak,
inverse correlation between the filterability and
values of LDH (r=— 0.46) was observed.
Because the LDH value increases as liver dys-
function and hemolysis are progress, this result
indicates that the filterability reflects the severi-
ty of both liver dysfunction and anemia.
Moreover, there is a weak, inverse correlation
between the filterability and values of bile acid
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(r=-0.39). Because bile acid increases as liver
dysfunction is advances and because taurocholic
acid, a representative bile acid, impairs erythro-
cyte filterability” the result suggests that the fil-
terability is related to liver dysfunction through
the action of bile acid. In addition, we found a
weak correlation between the filterability and
cholinesterase (r= 042). Because the production
of cholinesterase decreases as liver dysfunction
is advanced, this result further suggests that the
filterability reflects liver dysfunction through the
production of cholinesterase. These results
strongly support an idea that the impaired filter-
ability and subsequent hemolysis may be the
causes of anemia,

In conclusion, the present rheological study
quantitatively demonstrated that the erythro-
cyte filterability in cirrhotic patients is impaired
in relation to the clinical severity of LC; to our
knowledge, this is the first quantitative docu-
ment concerning these factors. Furthermore, the
present study suggests that the impaired filter-
ability arises from the altered erythrocyte mem-
brane properties and a possible mechanical
stress due to the accelerated portal hypertension
accompanied with the rearranged hepatic sinu-
soidal microstructure, thus reflecting disorders
of the microcirculation.

(Part of this research has been presented at
the 27th meeting of the Japanese Society of
Biorheology on June 10, 2004, in Tokyo) .
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Abstract

Background/Aims: Controversy over the selection of patients and optimum therapeutic method for acute hepatitis C has continued. The aims
of this study were to investigate the source of infection, and to evaluate the timing of interferon (IFN) therapy in patients with acute hepatitis
C in Japan.

Methods: The records of 102 patients from 12 facilities in Japan who developed acute hepatitis C after 1990 were investigated. In the patients
treated with IFN, we performed multivariate analysis to investigate factors related to sustained virological response (SVR).

Results: Medical procedure was the most common source of infection, accounting for 32.4% in the 102 patients (33/102). Of 81 patients
treated with IFN, 71 patients were followed after IFN therapy, and 57/71 (80.3%) had SVR. The SVR rate was significantly higher in patients
treated with IFN within 24 weeks from onset of symptoms than the SVR rate in those treated after 25 weeks (P = 0.0016). Multivariate analysis
revealed that only the duration between onset of symptoms and initiation of IFN therapy (within 24 weeks) was related to SVR.
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Abbreviations: HCV, hepatitis C virus; [FN, interferon; ALT, alanine aminotransferase; SVR, sustained virological response; Peg-IFN,
pegylated interferon
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Conclusions; Our multicenter cooperative survey revealed that medical procedure was the most frequent source of infection in acute hepatitis
C. As concerns the therapy, interferon treatment should be initiated within 24 weeks after onset of symptoms.

© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Hepatitis C virus (HCV); Acute hepatitis; Medical procedure; Interferon

1. Introduction

There are about 170 million people infected with the
hepatitis C virus (HCV) worldwide [1], and the infection pro-
gresses to hepatic cirrhosis in 10-30% [1,2]. Since patients
often lack subjective symptoms even in acute hepatitis C [3],
infection is often realized by patients when the pathology
progresses to hepatic cirrhosis and hepatocellular carcinoma.
There are a variety of sources of infection, such as medical
procedure, intravenous drug use, and sexual behavior [4,5].
In addition, vertical transmission of HCV has been reported,
and itseems that maternal viral load is significant forinfection
to fetus [6]. On the other hand, as a therapy for acute hepatitis
C, interferon (IFN) administration has been established to be
effective {4,5,7-13].

Although the initial prevention of hepatitis C virus (HCV)
infection is ideal, the most effective method of preventing
progression to the chronic hepatitis C is still controversial in
the acute phase. In Japan, the development of acute hepati-
tis C due to blood transfusion has markedly decreased after
introduction of the HCV antibody test for screening of blood
donors [14]. However, infection from intravenous (i.v.) drug
use and incidences due to accidental contamination of medi-
cal staff are still important problems [15,16). Investigation for
the sources of infection in acute hepatitis C is very important
for the prevention. In this study, we investigated a national
survey on the route of infection of acute hepatitis C and the
therapeutic effectiveness according to the timing of IFN ther-
apy. This survey consists of the largest number of case reports
and may reflect the current situation of acute hepatitis C in
Japan.

2. Patients and methods
2.1. Patients

A retrospective study was performed in patients of 12
facilities nationwide who developed acute hepatitis C after
1990. The total number of patients at the facilities was 102.
Informed written consent was obtained from each patient,
and the study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki. Age, gender, source of
infection, HCV serotype or genotype, HCV-RNA level, his-
tology of liver biopsy, fluctuation in alanine aminotransferase
(ALT)level, presence or absence of IFN therapy, course when
not treated with IFN, duration between onset of symptoms
and IFN therapy, type of IFN, total dose of IFN, administra-

tion method, total duration of administration, and therapeutic
results were investigated in each patient.

2.2. Diagnosis of acute hepatitis C

The diagnostic critcria of acutc hepatitis C were HCV-
RNA detectable at the time of an elevated ALT level, followed
by development conversion of HCV antibody. Patients in
whom HCV antibody was already positive at the onset were
excluded.

2.3. Natural course

In patients who followed the natural course without any
treatments, the chronic hepatitis was defined as persistence of
HCV-RNA positivity for 6 months or longer, and resolution
was defined as a disappearance of serum HCV-RNA within
6 months followed by persistent negativity for 6 months or
longer.

2.4. Definition of fluctuation of ALT

In patients diagnosed with acute hepatitis C, when one
peak of the serum ALT level was observed, the fluctuation was
designated as monophasic, and when two or more peaks were
observed, the fluctuation was designated as bi- or multiphasic.

2.5. Serologic tests

Anti-HCV antibody was delermined using a second-
generation or third-generation enzyme-linked immunosor-
bent assay (Ortho Diagnostics Systems, Tokyo, Japan). Hep-
atitis C virus RNA was quantified by using the bDNA signal
amplification assay (Chiron Corp.) or the Cobas Amplicor
HCV Monitor test ver1.0 or 2.0 (Roche Diagnostic Sys-
tems, Tokyo, Japan). The data were represented as Meq/mi,
K copies/ml, and KIU/ml, respectively. Detection of HCV-
RNA to determine the response of IFN treatment was used by
Amplicor HCV (Roche Diagnostics K.K.., Japan). Hepatitis C
virus serotype was determined using the genotyping enzyme-
linked immunosorbent assay (Inlernational Reagenis Corpo-
ration, Tokyo, Japan) to be type 1 or 2 [17).

2.6. IFN therapy

For IFN, IFN-o (natural form, gene recombinant, or con-
sensus IFN), or IFN- was used (Table 4). No concurrent
treatment with IFN and ribavirin was administered to any
patient. Among patients treated with IFN, the sustained
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virological response (SVR) was defined undetectable HCV-
RNA in serum at least 6 months after cessation of therapy.
Non-response was defined as detectable HCV-RNA for 6
months after cessation of therapy.

2.7. Statistical analysis

Data were expressed as the mean =t standard deviation for
continuous variables and as counts for categorical variables.
The results were compared using the Chi-square test, Fisher’s
exact probability test, or Mann-Whitney U-test, depending
upon the type of data analysed. Logistic regression was used
toanalyse the factors contributing to SVR with IFN therapy. P
values <0.05 were considered significant. Statistical analyses
were performed by using Stat View software (version 5.0;
SAS Institute Inc., Cary, NC).

3. Resulis
3.1. Patient characteristics

The baseline characteristics of the 102 patients in this
study are shown in Table 1. The distribution of patients by
gender and age is shown in Table 2.

3.2. Natural course

The natural course of the disease was followed in 21
patients, and the course could be followed to the outcome

37

Table 1
Base-line characteristics of 102 patients

Age
Male/female (mean age)
Source of infection (%)

38.61+16.2 (16-84)
46 (39.2 4 16.0)/56 (38.2 - 16.5)

Medical procedure 33 (32.4)
Accidental needle stick 21 (20.6)
Sexual behavior 8(7.8)
Drug abuse 6(5.9)
Tattoo 3.9
Unknown 31(30.4)
Viral Joad (high*/low/N.D.) 46/45/11
HCVserotype(1/2/N.D.) 54/23/25
IFN/without ITFN 81/21

N.D., not determined; IFN, interferon. Details of the routes in medical pro-
cedure: surgery 14, blood transfusion 5, endoscopy 3, intravenous injection
4, invasive procedurc 3, dental therapy 3, dialysis 1.

* Viral load (high): more than 100 KTU/m! or 1 Meq/ml.

in 18 patients (the prognosis was unknown in three patients)
(Table 3). The disease progressed to chronic hepatitis C in
61.1% of the patients and resolved spontaneously in 38.9%
of the patients. The age and the fluctuation pattern of the ALT
level were significantly different between the two groups. As
for gender, serum HCV-RNA level, and SErogroup, no corre-
lation with spontaneous resolution or chronic hepatitis C was
observed.

3.3. IFN therapy

Table 4 shows the backgrounds of the 81 patients treated
with TEN. Of 71 patients in whom the effect was clarified,

Table 2
Distribution of patients according to gender and age
Age (years) Number of patients

Medical procedure (M/F)  Accidental needlestick (M/F)  Sexual behavior M/F) Drug abuse M/F)  Tattoo M/F)  Unknown (M/F)
<19 0/1 0/0 0/0 0/1 0/0 0/1
20-29 5/1 3/18 13 2/1 3/0 216
30-39 4/3 3/3 21 on 0/0 313
40-49 214 04 1/0 0/1 /0 2/3
50-59 4/3 00 0/0 0/0 0/0 2/3
60-69 4/1 0/0 0/0 0/0 0/0 2/0
70-79 0/0 0/0 0/0 0/0 0/0 i
>80 0/1 0/0 0/0 0/0 0/0 02
Total 19/14 6/15 4i4 24 3/0 12/19
M, male, F, female.
Table 3
Base-line characteristics of 18 untreated patients

Resolved group (seven cases) Chronic group (11 cases) P vatue

Age 644£152 45.6+14.3 0.0331
Gender (male/female) 2/5 417 >0,9999
HCV RNA level (high®/low/N.D.) 2/4/1 6/4/1 0.6084
Serogroup (1/2/N.D.) 4/0/3 41215 0.4667
Fluctuation of ALT tevel (monophasic/bi- or multiphasic/N.D.) 51012 0/8/3 0.0008%

N.D., not determined; ALT, alanine aminotransferase. Fluctuation of ALT level: monophasic; one peak of the serum ALT was observed, bi- or multiphasic; two
or more peaks of the serum ALT were observed (N.DD. was excluded from statistical comparisons).

® Statistically significant.
® Viral load (high): more than 100KIU/mi or 1 Meg/ml.
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Table 4

Base-line characteristics of 81 patients treated with interferon

Age 38.6+£16.2

Gender (male/female) 43/38

HCV RNA level (high/iow/N.D.) 38/36/7

HCV serogroup (1/2/N.D.) 46/21/14

Fluctuation of ALT level (monophasic/bi--or 21/53/7
multiphasic/N.ID.)

Type of IFN (a/f) 63/18

Total IFN dose (MU)
Duration of IFN administration (w)
Outcome (SVRE/NR/N.D.)

N.ID., not determined; AT T, alanine aminotransf era&e;TFN, interferon; M1J,
million units; SVR, sustained virological response; NR, non-response:
detectable HCV RNA in serum for 6 months after cessation of therapy.

2 HICV RNA level (high): more than 100 KIU/ml or 1 Meg/ml.

b Sustained virological response: undetectable HCV RNA inscrum at least
6 months after cessation of therapy.

4704 228.1 (52-972)
17.6 8.9 (4.0-42.0)
57114110

57 patients (80.3%) had SVR. Table 5 shows the results of
the logistic regression analysis of SVR-related factors. Age,
gender, serogroup, HCV-RNA level, fluctuation of ALT, dura-
tion between onset and initiation of IFN, type of IFN, total
IFN dose, and duration of IFN administration were evaluated
statistically by univariate and multivariate analysis. On mul-
tivariatc analysis as wcll as univariate analysis, the duration
between onset of symptoms and initiation of IFN therapy was
the only factor related to SVR.

The SVR rate according to the duration before initiation
of IEN therapy was investigated (Fig. 1), and the SVR rate
was found to be significantly higher in patients treated before
24 weeks than in patients treated after 25 weeks. However,
immediate administration has not been associated with higher
SVR rate (0-8 weeks versus 9-24 weeks).

On comparison of the SVR rate by the source of infection,
the SVR rate was 100% in the patients infected by accidental
needlestick (19/19) (the prognosis was unknown in two of
21 patients infected by needlestick). This was significantly
higher than that in patients infected via other routes (19/19

“P=0.0016
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Fig. 1. Sustained virological response rate according to duration between
onset of symptoms-and initiation of IFN therapy. The groups-treated with
IFN 0-24 wecks after onsct of symptoms and treated after 25 wecks were
compared. Comparison by the Chi-square test. (¥) Statistically significant;
w, week.

versus 38/52, P<0.05). The duration between onset of symp-
toms and initiation of IFN therapy was investigated according
{0 the source of infection, and the duration was shorlest in the
needlestick group (9.7 & 5.3 weeks).

4. Discussion

We examined the source of infection and optimal timing
of therapy in patients with acute hepatitis C at 12 facilities
in Japan. Since there has been no study performed in more
than 100 patients with acute hepatitis C in Japan, this study
may reflcct the current situation in Japan. HCV scrogroup of
25 patients were not determined (Table 1). Several reasons
are considered. Firsily, the study is retrospective. Secondly,

Table 5

Logistic regression analysis of odds ratio for sustained virological response

Variable Odds ratio 95% C1 P value

Univanate
Age(40>/40=<) 2.48 0.73-8.46 0.147
Gender (female/male) 2.48 0.74-8.33 0.143
Serogroup (1/2) 1.03 0.23-4.54 0.969
HCV RNA level (high®/tow) 1.75 0.46-6.68 0.413
Fluctuation of ALT (monophasic/bi-or multiphasic) 1.57 0.38-6.45 0.531
Duration between onset and initiation of IFN (<24w/>25w) 7.50 1.85-30.48 0.005P
Type of IFN (alpha/beta) 433 0.52-36.18 0.176
Total IFN dosc (>300MU/<300ML)) 2.27 0.63-8.15 0.208
Duration of IFN administration (>24w/<24w) 1.43 0.44-4.67 0.551

Multivariate
Duration between onset and injtiation of IFN (<24w/>25w) 15.78 1.37-181.61 0.027°

ALT, alanine aminotransferase; IFN, interferon; MU, million units; 95% C1, 95% confidence interval.

® HCV RNA level high: More than 100KIU/ml or 1 Meg/ml.
b Statistically significant.

— 189 —



K. Ogata et al. / Hepatology Research 34 (2006) 3540 39

titer of anti-HCV is often low in early phase of acute hepati-
tis C. Many patients were considered to be infected during a
medical procedure. Studies on risk of surgery for the devel-
opment of acute hepatitis C have been reported previously
[18]. Alfonso et al. performed a large-scale surveillance in
Italy and found that 25.5% of patients (261/1023) with acute
hepatitis C had undergone an invasive procedure. Therefore,
medical care should be recognized as an important source
of infection in the sporadic incidence of acute hepatitis C.
On the other hand, in blood donors of Western Mexico,
the most frequent risk factors for HCV transmission were
transfusion (42%) and household exposure (14.8%) [19].
Therefore, the main risk factors for infection may differ with
countries.

Since IFN therapy for acute hepatitis C is not covered by
the health care insurance, the therapy could not be adminis-
tered to all patients. The progression to the chronic hepatitis
C in the 18 patients with natural courses without IFN ther-
apy was almosl consistent with previous reporis [20,21]. As
shown in Table3, asignificant difference was observed in age,
but this may have been due to the two patients in their 80s
in the spontaneous resolution group (data not shown). The
important point is that the ALT fluctuation was monopha-
sic in all patients in the spontancous resolution group. In
contrast, the fluctuation was bi- or multiphasic in patients
who progressed to chronic hepatitis C. As a characteristic
of acute hepatitis C in which spontancous elimination of the
virus is likely to occur, it has been reported that many cases
are accompanied by subjective symptoms, such as jaundice
and influenza-like symptoms [22,23]. Subjective symptoms
are sometimes influenced by the patient’s subjective sense.
In contrast, the fluctuation of the ALT level may be a more
objective index. Hofer et al. observed the natural course for at
least 30 days after onset, and when serum HCV-RNA became
negative during this period, the discase was resolved at a
high rate, suggesting that IFN therapy should be adminis-
tered to patients in whom negative conversion of HCV-RNA
did not occur within 30 days [22]. Combined with our results,
it might be likely that the disease resolves spontaneously in
patients in whom the ALT level followed the monophasic
course, as well as in those in whom the disease is symptomatic
and negative conversion of HCV-RNA occurs in the early
stage.

As the results of IFN therapy, the SVR rate was 80.3%
(57/71) as shown in Table 4. Our present study, albeit ret-
rospective analysis, revealed that therapy initiated within
24 weeks was the only factor related to the SVR in both
univariate and multivariate analysis (Table 5). In the ran-
domized controlled study by Hwang et al., the factor related
to SVR was the HCV-RNA level before initiation of ther-
apy [9]. However, there were only 33 patients, which may
have led to a result different from our results. On the other
hand, Nomura et al. recently performed a randomized con-
trolled trial in patients with acute hepatitis C, and their results
demonstrate that the SVR rate was significantly higher in the
early-intervention group (IFN therapy was initiated 8 weeks

after the onset) than in the late-intervention group (IFN ther-
apy was initiated after 1 year observation from the onset)
(87% versus 40%) [24]. Otherwise, Gruner et al. prospec-
tively investigated the T-cell dynamics in patients with acute
hepatitis C, and found that activity of HCV-specific IFN-y-
producing T cells started to decrease 24 weeks after onset
[25]. In addition, T cell actions have been reported to be
important {or elimination of HCV in the early stage of infec-
tion [26-30], and the defective functions of HCV-specific
T cells might contribute to viral persistence in chronically
infected patients {31]. It is interesting that our results support
their reports.

Next, we evaluated the optimal timing of initiation of ther-
apy within 24 weeks. In our previous study, we administered
therapy after observation of the course for about 4 weeks
when signs of the chronic hepatitis began to appear, notimme-
diately after the onset, and obtained good results [32,33].
Licata et al. investigated the optimum timing of IFN ther-
apy by meta-analysis [34]. Their analysis shows (hat delaying
therapy 2 months after the onset of the disease does not affect
the efficacy of treatment, therefore, they suggest that patients
should be treated within 60 days from the onset to avoid
the unnecessary treatment of affected patients who would
spontaneously recover. In our study, the highest SVR rate
was obtained in the group treated 9-12 weeks after onset of
symptoms as shown in Fig. 1, which was consistent with their
analytical results.

The SVR rate obtained by combination therapy with
Pegylated-IFN (Peg-IFN) and ribavirin for chronic hepatitis
C was 30-54% {35-37], but for acute hepatitis C, the ther-
apeutic result was good even when IFN was administered
alone. To elucidate this difference, it may be important to
investigate not only the T-cell dynamics but also viral genome
in various aspects [7]. In our present study, no patients
were treated with Peg-1IFN. Recently, the efficacy of Peg-
IFN monotherapy with acute hepatitis C has been reported.
Santantonio et al. evaluated the delaying Peg-IFN therapy,
targeting sixteen patients who failed to spontaneously clear
the virus within 12 weeks from the onset. They reported that
15/16 patients (94%) showed SVR [38]. Since the highest
SVR was obtained in the group treated 9-12 weeks after
onset in our study, it is important to start the IFN therapy in
optimal timing regardless of the kind of IFN. The high SVR
has been obtained by IFN monotherapy, so that, it is neces-
sary to investigate whether ribavirin should be administered
concurrently with IEN.

In conclusion, the major sources of infection of acute hep-
atitis C in Japan were the medical procedure and accidental
needlestick. The disease may be likely to resolve sponta-
neously in patients in whom fluctuation of the ALT level
follows the monophasic course. The SVR rate was signifi-
cantly higher in the group treated with IFN within 24 weeks
after the onset of symptoms than in the group treated after 25
weeks. In cases of acute hepatitis C, it is desirable to admin-
ister IFN at least within 24 weeks when the ALT level starts
to follow a multiphasic course,
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One hundrded and forty four patients with
chronic hepatitis B were tested to identify new
mutations associated with hepatitis B e antigen
(HBeAg) negativity, using a full genome sequence
analysis. All the patients were Chinese and had
hepatitis B virus infection of genotype C. Patients
with none of the pre-core or core promoter
mutations were significantly (P<0.001) less
common in the group with anti-HBe (13%) than
in the group with HBeAg (56%). The complete
nucleotide sequence was determined in four anti-
HBe-positive patients who had neither pre-core
nor core promoter mutations and in five HBeAg-
positive patients who also had neither of these
mutations (the groups were matched for age and
sex). Six mutations were found to be significantly
more common in the former group than in the
latter: G529A (3/4 vs. 0/5), C934A (4/4 vs. 1/5),
A1053G (4/4 vs. 1/5), G1915T/A {4/4 vs. 0/5),
T2005C/A (4/4 vs. 0/5), and C3026T (3/4 vs. 0/5).
Three of the six mutations were significantly
more common in the four anti-HBe-positive
patients who had neither pre-core nor
core promoter mutations, compared to 11
HBeAg-positive patients who had pre-core and
core promoter mutations, and also compared to
15 anti-HBe-positive patients who had pre-core
and core promoter mutations, suggesting further
the specificity of these mutations. Of the six
mutations, two resulted in amino acid substitu-
tion in the polymerase protein, and one is located
near the enhancer | region. The resuits suggest
that the six newly discovered mutations are
associated with HBeAg negativity. J. Med. Virol.
76:170-175, 2005. © 2005 Wiley-Liss, Inc.

KEY WORDS: hepatitis B e antigen (HBeAg),

genotype; nucleotide mutation

© 2005 WILEY-LISS, INC,

INTRODUCTION

Approximately 350 million people are chronic carriers
of hepatitis B virus (HBV) worldwide [Maynard, 1990;
Maddrey, 2000]. Chronic HBV infection is the cause of
up to 50% of cirrhosis and 70-90% of hepatocellular
carcinomas (HCC) in China, South-East Asia, and
Africa [Lok, 1992; Fattovich, 1998], and in Asian
countries, almost all patients with chronic HBV infec-
tion have been infected perinatally from hepatitis B e
antigen (HBeAg)-positive mothers [Okada et al., 1976].
HBeAgis considered to be a marker for viral replication,
but some HBeAg-negative patients remain viremic and
continue to have active liver disease [Hadziyanniset al.,
1983; Lok et al., 1984; Bonino et al., 1986]. Many of
these patients are found to have a G to A change at
nucleotide 1896, which creates a stop codon (TAG) in the
precore (Pre-C) open reading frame, which in turn
prevents translation of the Pre-C protein and aborts
HBeAg production [Carman et al., 1989]. Other patients
have mutations in the core promoter (CP) region,
including an A to T mutation at nucleotide 1762 and a
G to A mutation at nucleotide 1764 [Okamoto et al.,
1994]. In vitro studies of this double mutation show
decreased transecription of Pre-C messenger RNA and
hence a resultant decrease in HBeAg production by 70%
[Buckwold et al., 1996; Chan et al., 1999]. A recent
follow-up study on Pre-C and CP mutations has also
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shown that the presence of these mutations is useful for
predicting seroconversion [Yamaura et al., 2003].
Besides the G1896A mutation and the A1762T/
G1764A mutation, a number of point mutations, as well
as deletions and insertions of nucleotides, have been
detected in the Pre-C region and CP region that could
correlate with seroconversion [Okamoto et al., 1990;
De Castro et al, 2001]. In the present study, the
complete HBV genome was examined for other nucleo-
tide mutations associated with HBeAg negativity, in
addition to mutations in the Pre-C and CP regions.

MATERIALS AND METHODS
Patients

A cohort of 193 Chinese patients with chronic HBV
infection who visited the Liver Disease Clinic of the
Second Hospital of HeBei Medical University in Shi-
Jjiazhuang city, North China, between June and August
2001 were enrolled in the study. These patients
comprised 124 men and 69 women and had a median
age of 29.1 years old (range: 5-73 years old). Patients
who were co-infected with hepatitis C or D virus or with
the human immunodeficiency virus and patients with
other concomitant causes of chronic liver disease were
excluded. According to the consensus diagnostic criteria
for HBV infection, 182 patients were diagnosed with
chronic hepatitis B. The remaining 11 patients had
persistently normal alanine aminotransferase (ALT:
normal range 1021 1U/L) levels, suggesting an inactive
HBV carrier stage. None of the 193 patients were treated
with antiviral agents such as interferon or lamivudine.
Of the 193 patients, 169 (87.6%) were of genotype C,
21 (10.9%) of genotype B, and 3 (1.5%) of genotype A.
For the mutation analysis, 144 patients who were
positive for either HBeAg or anti-HBe were selected
from the 169 genotype C patients. Informed consent was
obtained from each patient.

Conventional HBV Markers and
Genotyping of HBV

Hepatitis B surface antigen (HBsAg), HBeAg and
anti-HBe were measured using commercially available
enzyme immunoassay kits (Abbott Japan, Tokyo,
Japan). Serum concentration of HBV DNA was mea-
sured using the AMPLICOR HBV Monitor test (Roche
Diagnostics K.K., Tokyo, Japan), which has a quantita-
tive range of 2.6-7.6 log copies/ml. When the concentra-
tion to be tested was beyond this range, the actual
concentration was determined using a serum sample
diluted 100-fold with normal human serum. The HBV
genotype was determined using the restriction fragment
length polymorphism (RFLP) method on an S-gene
sequence amplified by polymerase chain reaction (PCR)
with nested primers [Mizokami et al., 1999].

Determination of Pre-C and CP Mutations

The 1,896th nucleotide in the Pre-C region of G or A
was detected with an enzyme-linked mini-sequence
assay kit (Roche Diagnostics), and the results were
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expressed as the percentage mutation rate, as defined by
Aritomi et al. [1998]. If the mutation rate was 0%, the
strain was considered to be Pre-C mutation-negative,
while a Pre-C mutation-positive strain was recorded
when the mutation rate exceeded 0%. The double
mutation in the CP region (A1762/T1764) was detected
using an HBV CP mutation detection kit (Smitest:
Genome Science Laboratories, Tokyo, Japan), and the
results were classified into three categories: wild, mixed,
and mutant types. A wild type strain was considered
to be CP mutation-negative, while mixed and mutant
types were recorded as CP mutation-positive strains.
The detection limits of the pre-C and the CP mutation
detection kits are both 1,000 copies/ml.

Determination of Nucleotide Sequence

The complete genome sequence was determined
according to the method described by Rokuhara et al.
[2000]. Briefly, nucleic acids were extracted from a
serum sample of 100 pl with a DNA/RNA extraction kit
(Smitest EX-R&D: Genome Science Laboratories Co.,
Ltd.). Two microliters of each DNA solution were used
for amplification by PCR. The reaction was carried out in
25 ul of PCR-mixture containing 250 umol/L of each
dNTP, 1x PCR buffer [50 mmol/L KCl, 10 mmol/L Tris-
HCI (pH 8.3), 1.5 mmol/L MgCly, 0.001% gelatin], 0.25 U
EX-Taq DNA polymerase (TaKaRa, Tokyo), and 0.25 p\M
of a primer pair. The PCR was initiated using the hot-
start technique.

To determine the full-length nucleotide sequence of
HBV, two fragments (fragments A and B) were amplified
by PCR, using the primers shown in Table I. Fragment A
(1,498 bases in length; nt 457—nt 1954) was amplified
with nested pairs of outer (SB1 and CB2) and inner
primers (SB3 and CB4), while fragment B (2162 bases in
length; nt 1611-nt 557), was amplified with nested pairs
of outer primers (es2 and PS4) and inner primers (is2 and
PS3). The first round of PCR was performed with an
outer primer set for 40 cycles (94°Cfor 1.5 min, 55°C for 1
min, and 72°C for 2 min), and was followed by an
extension reaction at 72°C for 7 min. The second round
was undertaken with an inner primer set for 30 cycles,
and was also followed by an extension reaction. PCR
products were subjected to electrophoresis on a 1.0%
agarose gel with ethidium bromide staining and visua-
lization with an UV transilluminator. The band contain-
ing the target sequence was removed and DNA was
isolated using GFX"" PCR DNA and a Gel Band
Purification kit (Amersham Pharmacia Biotech Inc.,
Piscataway, NJ). The nucleotide sequence was directly
determined by the dideoxy method, using the sequen-
cing primers shown in Table 1. The accuracy of the
sequence was ensured by comparison of the sequence
data for the complete genome obtained with sense-
sequencing primers and that obtained with anti-sense-
sequencing primers.

Statistical Analysis

Mann—Whitney’s U test was utilized for quantitative
data, and Fisher’s exact test and a Chi-square test were
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TABLE 1. Primers Used for PCR and Sequencing of HBV DNA

Sun et al.

Primer

Sequence

nt position

Primers for PCR of fragment A

SB1 Sense
CB2 Anti-sense
SB3 Sense
CB4 Anti-sense
Primers for PCR of fragment B
es2 Sense
PS4 Anti-sense
is2 Sense
PS3 Anti-sense
Primers for sequencing
SB3 Sense
asl Anti-sense
s2 Sense
as2 Anti-sense
s3 Sense
as3 Anti-sense
is2 Sense
eal Anti-sense
s4 Sense
asd Anti-sense
sb Sense
ash Anti-sense
s6 Sense
as6 Anti-sense
isl Sense
ea2 Anti-sense
sl Sense
asl Anti-sense

5-TGCTGCTATGCCTCATCTTC
5-GGAAAGAAGTCAGAAGGCAA
5-AGGTATGTTGCCCGTTTCTC
5-AAAAGAGAGTAACTCCACAG

5-ACGTCGCATGGAGACCACCG
5-CAGTTTCCGTCCGAAGGTTITG
5-GAGACCACCGTGAACGCCCA
5-GAAACATAGAGGTGCCTTGAGCAG

5-AGGTATGTTGCCCGTTTCTC
5-TGCGAAAGCCCAGGATGATG
5-TGCGAAAGCCCAGGATGATG
5-AGTTGGCGAGAAAGTGAAAGCCTG
5-CTCTGCCGATCCATACTGCGGAA
5-CGGGACGTAGACAAAGGACGT
5-GAGACCACCGTGAACGCCCA
5-TGAAAAAGTTGCATGGTGCTGGTG
5-TATCGGGAGGCCTTAGAGTCTCCG
5-ATAGGGGCATTGGTCT
5-CGCAGAAGATCTCAATCTCGG
5-GGATAGAACCTAGCAGGCAT
5-GGGTCACCATATTCTTGGGAA
5-GGGTTGAAGTCCCAATCTGGATT
5-AAGCTCTGCTAGATCCCAGAGT
5-TAGAAAATTGAGAGAAGTCCACCA
5-CATCCTGCTGCTATGCCTCATC
5-TGCGAAAGCCCAGGATGATG

(414-433)
(1974-1955)
(457-476)
(1954-1935)

(1601-1620)
(594-573)
(1611-1630)
(557-534)

(457~476)
(631-612)
(760-783)
(1107-1084)
(1256-1278)
(1434-1414)
(1611-1630)
(1827-1804)
(2012-2035)
(2314-2298)
(2417-~2437)
(2654—2635)
(2814—2834)
(2987-2965)
(18-39)
(280-257)
(409-430)
(631-612)

Nucleotides are numbered from the unique EcoRI site of HBV.

used for qualitative data. P values less than 0.05 were
considered significant. Analyses were carried out using
SPSS version 10.0J (SPSS Inc., Chicago, IL).

RESULTS

Of the 144 patients selected for mutation analysis,
90 (62.5%) were HBeAg-positive and the remaining
54 (87.5%) were anti-HBe-positive. The clinical and
virological backgrounds of the two groups of patients are
compared in Table II. The 90 HBeAg-positive patients
tended to be younger and have a higher concentration of
HBV DNA than the 54 anti-HBe patients. Patients with
none of the Pre-C and CP mutations were significantly

(P<0.001) more common in the HBeAg-positive
patients (56%) than in the anti-HBe-positive patients
(13%).

A comparison of the clinical background of seven anti-
HBe-positive patients who had neither Pre-C nor CP
mutations and 47 anti-HBe-positive patients who had
at least one of the mutations is shown in Table IIL
Distributions of age, gender, ALT level, and HBV DNA
concentration did not differ between the two groups.

Nucleotide sequences of the complete genome were
determined in four out of seven anti-HBe-positive
patients who had neither Pre-C nor CP mutations and
in 5 out of 50 HBeAg-positive patients who also had
neither mutation. All nine of the genome sequences

TABLE II. Comparison of Clinical and Virological Backgrounds of Patients With HBeAg and
Those With Anti-HBe

HBeAg-positive Anti-HBe-positive
n=90 n=>54 P

Age® 25 (5—53) 36 (11-73) <0.001°
Gender (M:F) 58:32 30:24 >0.2°
ALT* 89 (11-2100) 62 (13—-458) >0.2°
HBYV DNA (log copies/mL)* 8.3 (4.4-7.9) 5.0 (3.2-8.8) <0.001°
Pre-C/CP mutations

Both negative 50 (56%) 7 (13%) <0.001°

Pre-C mutation only 13 (14%) 20 (37%)

CP mutation only 12 (13%) 5 (9%)

Both positive 15 (17%) 22 (41%)

aData are expressed as median values (range).
"Mann-Whitney test.
“Chi-square test.
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TABLE III. Comparison of Clinical and Virological Backgrounds of Anti-HBe-Positive
Patients With Neither Pre-C nor CP Mutations and Anti-FHBe Patients With at Least one of
These Mutations

Pre-C and CP
mutation-negative

Pre-C and/or CP
mutation-positive

n="17 n=47 P
Age® 37 (18-60) 36 (11-73) >0.2°
Gender (M:F) 4:3 26:21 >0.2°
ALT® 44 (18-86) 65 (13-458) 0.17°
HBV DNA (log copies/ml)* 4.7 (3.3-5.5) 5.0 (3.2-8.8) >0.2"

*Data are expressed as median values (range).
"Mann-Whitney test.
‘Chi-square test.

determined had nucleotide lengths of 3,215 bases, and
thus there were no insertions or deletions. When the full
genome sequences were compared, the six mutations
shown in Table IV were significantly more common in
the four anti-HBe-positive patients than in the five
HBeAg-positive patients. The positions of the six
mutations in the HBV genome are shown in Figure 1.
Of the four mutations located in the polymerase gene,
the G529A and C934A mutations cause amino acid
substitutions in the polymerase protein. The C3026T
mutation does not cause an amino acid substitution in
the polymerase, but rather in the pre-S1 protein, while
the A1053G mutation does not lead to an amino acid
substitution, but the mutation is located near the
enhancer I region. The G1915T/A and T2005C/A muta-
tions are located in the core gene, but do not result in an
amino acid substitution. Patients with at least one of
the three mutations (G529A, C934A, and A1053QG)
which might affect HBV replication had a significantly
(P =0.029) lower level of HBV DNA (n =22, median
5.3 copies/ml, range 3.8—8.9) than those patients who
had no mutations (n =13, median 8.5 copies/ml, range
3.8-8.9).

To examine further the specificity of the six muta-
tions, these mutations were also determined in 11
HBeAg-positive patients who were positive for Pre-C
and CP mutations and in 15 anti-HBe-positive patients
who were also positive for Pre-C and CP mutations.
The frequencies of the six mutations were compared

between groups of patients classified according to their
HBeAg/anti-HBe and Pre-C/CP mutation status. Three
(G1915T/A, T2005C/A, and C3026T) of the six mutations
were found to be significantly more common in anti-
HBe-positive patients who had neither a Pre-C nor a CP
mutation than in the two groups of patients with Pre-C
and CP mutations, as shown in Table V.

The nucleotide sequence data reported in this paper
have been registered in the DDBJ/EMBL/GenBank
nucleotide sequence databases, with the accession
numbers AB198076-84.

DISCUSSION

Studies to date have shown that the stop codon
mutation in the Pre-C region (G1896A) and the double
mutation in the CP region (A1762T/G1764A) are in-
dependently associated with the seroconversion of
HBeAg, and that the Pre-C mutation is more directly
associated with seroconversion than the core promoter
mutation [Okamoto et al., 1994; Yamaura et al., 2003].
Only a small number of anti-HBe-positive patients
(13%) were both negative for the Pre-C and CP muta-
tions, and in the present study this rate was signifi-
cantly lower than that (56%) in HBeAg-positive
patients. These results are consistent with previous
reports, suggesting that the two mutations are the
main causes of seroconversion. However, there are also
patients in whom HBeAg secretion discontinues without

TABLE IV. Comparison of Full Nucleotide Sequences of HBV With Neither Pre-C nor CP
Mutations for HBeAg-Positive and Anti-HBe-Positive Patients

HBeAg Pre-C Anti-HBe Pre-C
Amino acid and CP and CP
substitution mutation-negative mutation-negative
Nucleotide mutation (viral protein) n=>5 n=4 P
G529A D480N (P) 0 3 0.048
None (5)
C934A L6151 (P) 1 4 0.040
A1053G None (P) 1 4 0.040
G1915T/A None (C) 0 4 0.008
T2005C/A None (C) 0 4 0.008
C3026T AB0V (Pre-S1) 0 3 0.048
None (P)

Six mutation sites with significant differences are shown. Data are expressed as the number of positives.
Statistical analysis was performed with a chi-square test. P, polymerase protein; S, surface protein; C, core

protein; Pre-S1, pre-surface 1 protein.
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C3026T
G529A
CO34A
A1053G
T2005C/A
1838
G1915T/A X

Fig. 1. Organization of the hepatitis B virus genome (genotype C)
and the approximate positions of the six nucleotide mutations in the
HBV genome. The inner circles represent the minus and plus DNA
strands of the viral genome. The different open reading frames encoded
Dby the genome, designated as S, C, P, and X, are indicated by the arrows.
Abbreviations: S, surface antigen; C, core; P, polymerase; Pre-C,
precore.

appearance of Pre-C and/or CP mutations. Thus, we
speculated that some other mutations might be asso-
ciated with HBeAg seroconversion. A variety of other
mutations in the CP and Pre-C regions have been
detected in previous studies [Carman et al., 1989;
Tillmann et al., 1995; Baumert et al., 1996; Laras et al.,
1998; Chan et al., 2000; De Castro et al., 2001; Yoo et al.,
20031, but other regions of the HBV genome have not
been analyzed sufficiently for mutations associated with
HBeAg seroconversion.

When the full nucleotide sequences of HBV genomes
of HBeAg-positive and anti-HBe-positive patients
with neither Pre-C nor CP mutations were compared,
six mutations (GH29A, C934A, A1053G, G1915T/A,
T2005C/A, C3026T) were found to be significantly more
common in the anti-HBe-positive patients. The six

Sun et al.

mutations were also more common in anti-HBe-positive
patients who had neither Pre-C nor CP mutations than
in HBeAg-positive patients or in anti-HBe-positive
patients who had Pre-C and CP mutations, with the
results being statistically significant for three (G1915T/
A, T2005C/A, C3026T) of the six mutations. These
results suggest that the six mutations are associated
with HBeAg negativity.

The mechanisms through which the six mutations
facilitate HBeAg negativity were not investigated in
the present study. However, some possible mechanisms
can be considered, based on the locations of these
mutations in the HBV genome. The G529A and C934A
mutations cause amino acid substitutions in the poly-
merase protein. Thus, these two mutations may attenu-
ate HBV replication through changes in the enzymatic
activity of the polymerase. The A1053G mutation is
located near the enhancer I region, which may affect the
replication of HBV [Bock et al., 2000]. Patients who had
at least one of the three mutations associated with HBV
replication tended to have a lower level of HBYV DNA
than those who had none of these mutations, providing
further support for a replication-associated mechanism.
Tt has been reported that amino acid substitutions in
immunogenic epitopes in the core protein are found most
frequently during or after seroconversion from HBeAg
to anti-HBe [Akarca and Lok, 1995; Carman et al,,
1995]. We found two mutations in the core gene, but
these mutations did not cause amino acid substitutions.
Thus, the mechanisms through which the G1915T/A
and T2005C/A mutations exert their effects remains
unclear.

In anti-HBe-positive patients, the clinical back-
ground, including the mean age, gender distribution,
ALT level and HBV DNA level, were similar in patients
with and without Pre-C and/or CP mutations. Although
these comparisons were cross-sectional, the results
suggest that mutations other than those in the Pre-C
and CP regions have a similar impact in patients in
whom seroconversion occurs, compared to Pre-C and CP
mutations.

The six mutations identified in the present study
have not been described previously. These mutations

TABLE V. Comparison of Six Mutations Among Three Groups Classified According to Their
HBeAg/anti-HBe and Pre-C/CP Mutation Status

Anti-HBe Pre-C HBeAg Pre-C Anti-HBe Pre-C
and CP and/or CP and/or CP
mutation-negative mutation-positive mutation-positive
Mutation site n=4 n=11 n=15
G529A 3 3 3
C934A 4 6 10
A1053G 4 4 9
G1915T/A 47 3 1
T2005C/A 4 3 4
C3026T 3¢ 0 1

Data are expressed as the number of positives. Statistical analysis was performed with Fisher’s exact test.

Other comparisons were not statistically significant.

4P = (.026 versus 11 patients with HBeAg, and P=0.001 versus 15 patients with anti-HBe.
bp = 0.026 versus 11 patients with HBeAg, and P = 0.018 versus 15 patients with anti-HBe.
°P =0.009 versus 11 patients with HBeAg, and P = 0.016 versus 15 patients with anti-HBe.
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are thought to be associated with HBeAg negativity
because they were found specifically in anti-HBe-
positive patients with neither a Pre-C nor a CP
mutation. However, several issues remain to be resolved
to clarify the real significance of the six mutations,
including the mechanisms through which they facilitate
HBeAg negativity, their universality in genotypes
other than genotype C, and their clinical relevance.
Furthermore, it is possible that immune-based selection
pressures that cause loss of HBeAg are responsible for
the selection of the mutations identified in the present
study [Locarnini, 2004]. Therefore, it is not possible to
conclude that the new mutations are definitely asso-
ciated with seroconversion, but they do provide new
clues regarding the nature of seroconversion.
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