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Abstract. A number of patients do not benefit from advance-
ments made in the treatment of chronic hepatitis B virus
(HBV) and chronic hepatitis C virus (HCV) infection due to
a lack of awareness of their infection. Therefore, the present
study aimed to investigate the reason for this and to identify
strategies to resolve this issue. Data were retrospectively
collected from medical records for the period between 2009
and 2019. Patients with chronic HBV or HCV infection who
had been referred to the hospital and were unaware of their
infection prior to their referral were eligible to participate in
the present study. Overall, 282 and 259 patients with chronic
HBYV and HCV infection, respectively, were referred to the
hospital. Of these patients, 63 in each group had been unaware
of their infection. Moreover, of the 63 patients, seven already
had hepatocellular carcinoma at diagnosis. The female patients
with HCV were older than the other patients, including the
male patients and the female patients with HBV (P=0.02), and
the patients in the HBV group were younger than those in the
HCV group (P=0.02). The majority of the patients (96/126)
had become aware of their infection by chance. In the HBV
group, patients whose infection had been detected during a
health checkup were significantly younger than those whose
infection had been detected by chance (P=0.016), but not in the
HCYV group. On the whole, these findings suggest that, in order
to identify greater numbers of patients with chronic hepatitis
infection who are unaware of their infection, the necessity
of screening for hepatitis virus in primary care, particularly
among women and elderly individuals, should be emphasized
and promoted.
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Introduction

Worldwide, ~248 million and 185 million individuals are
chronically infected with chronic hepatitis B virus (HBV) (1)
and chronic hepatitis C virus (HCV), respectively (2). These
chronic diseases are a public health burden worldwide as they
represent a characteristic and major cause of hepatocellular
carcinoma (HCC) (3.,4) and cirrhosis. However, the circum-
stances of patients with chronic HBV and HCV infection
have recently improved (5). In Japan, nucleot(s)ide analogs
for patients with chronic HBV have led to high virological,
biochemical and histological response rates (6,7), and perinatal
HBYV transmission has been almost completely eliminated (8).
Owing to a low incidence of adverse events, the safety of
nucleot(s)ide analog treatment for chronic HBV infection
has been established (9), and almost all patients with chronic
HCYV infection have been cured since the introduction of
direct-acting antivirals (DA As) (10-15). Long-term nucleot(s)
ide therapy has led to improvements in cases involving hepatic
fibrosis and the clearance of hepatitis B surface antigen
(HBsAg) (16,17). Associations have also been found between
the sustained virologic response (SVR) induced by DAA treat-
ment for HCV and significantly lower all-cause mortality and
lower incident HCC rates (18). In addition, the early diagnosis
and treatment of HCV have led to a favorable incremental
cost-effectiveness ratio in Japan (19).

Despite these marked improvements in the treatment and
prognosis of patients with chronic HBV and HCV infection,
a number of patients remain unaware of their infection, and
thus cannot receive the benefits of these advancements made
in treatment. Moreover, the delayed diagnosis of chronic
HBYV or HCV infection can result in disease progression to
the advanced stage, where treatment no longer has an impact.
In addition, the presence of cirrhosis at the time of SVR in
patients with HCV increases the risk of HCC (20). Therefore,
the earlier identification and awareness of these infections is
necessary to help eliminate these viruses and prevent their
associated complications.

Given this background, the present study targeted patients
with chronic HBV or HCV infection who were unaware of
their disease. As regards the detection of such patients, eligible
cases were defined as those whose first awareness of their
chronic HBV or HCV infection was <1 year before being
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referred to Suzuka General Hospital (i.e., individuals who had
only recently become aware of their own infection). These
patients were analyzed in terms of demographic and clinical
features, and the types of opportunities/events they led them to
become aware of their chronic HBV or HCV infection. Finally,
the present study sought to identify the issues associated with
early identification and the awareness of chronic hepatitis
infection in Japan.

Patients and methods

Patient data. The present study retrospectively collected data
from medical records at Suzuka General Hospital for the period
between January 1,2009 and December 31, 2019. Patients with
chronic HBV or HCV infection who had been referred to the
Department of Gastroenterology of the hospital and had been
unaware of their infection prior to their referral were included
in the study. Patients who had been first aware of their hepa-
titis virus infection within 1 year prior to their referral were
included as being ‘unaware of their infection’ as they were
unaware of their infection until recently. These patients who
were unaware of their hepatitis viral infection were eligible
to participate in the present study. Oral informed consents,
including the statement of agreement to the use of their samples
in scientific research were obtained from each patient at the
first medical examination in the Outpatient Department of
Suzuka General Hospital. The present study was approved by
the Ethics Committee of Suzuka General Hospital.

HBYV infection was diagnosed as HBsAg-positive and/or
HBV DNA-positive, and HCV infection was diagnosed as
anti-HCV antibody (HCV Ab) and HCV RNA-positive.
Chronic hepatitis infection, HCC and cirrhosis were diag-
nosed by ultrasonography, computed tomography (CT) and/or
magnetic resonance imaging (MRI), respectively. Cases with
a diagnosis of acute hepatitis were excluded from the study.

Serum HBsAg, anti-HBV antibody and HCV Ab levels were
measured by chemiluminescent enzyme immunoassay (CLEIA,;
Fujirebio Co., Ltd.). The measurements of HBV e-antigen,
anti-HBV e-antigen, HBV DNA, HBV genotype, HCV RNA,
HCV serogroup and HCV genotype were performed at LSI
Medience Corporation. HCV genotyping was performed when
the HCV serotyping could not be determined. Both the aspar-
tate aminotransferase (AST) and alanine aminotransferase
(ALT) values were measured using the cobas®8000 modular
analyzer series (Roche Diagnosis) or the LABOSPECTO008
(Hitachi High-Tech Corporation). The platelet count was
measured using the Sysmex XE2100I hematology automated
analyzer (Sysmex Corporation). The prothrombin time (PT)
values were measured using the Sysmex CS-2500 automated
coagulation analyzer (Sysmex Corporation). Blood specimens
were obtained by drawing blood from each patient. The serum
fraction obtained by the centrifugation (2,100 x g at room
temperature for 5 min) of the blood specimens was used for
AST and ALT analysis. The whole blood specimen was used
for the platelet count analysis. The plasma that was separated
using a container with sodium citrate was used for the analysis
of the PT values.

Statistical analysis. The patients' age, year of birth, reference
laboratory data and the types of opportunities/events that led

them to become aware of their chronic HBV or HCV infection
were also analyzed. The proportions for each type of opportu-
nity were then calculated and compared between groups. The
data are presented as the mean + SD. Statistical analysis was
conducted using StatView version 5.0 (SAS Institute Inc.). The
Mann-Whitney U test was used for the comparisons between
groups. The Kruskal-Wallis test was used for multiple compar-
isons of the data and the Mann Whitney U with Bonferroni's
correction was applied for multiple comparisons as a post hoc
test. One experiment was performed for each analysis.

Results

In total, 282 (170 males, 112 females) and 259 (150 male,
109 female) Japanese patients with chronic HBV and HCV
infection, respectively, were referred to Suzuka General
Hospital between January 1, 2009 and December 31, 2019;
among these patients, 63 in each group had no known history
of prior infection and had been unaware of their current
infection. No cases of HBV/HCV co-infection were found.

The details of the patients with the first awareness of
their chronic HBV infection (HBV group) and chronic HCV
infection (HCV group) are presented in Table I. The HBV
group included 44 male and 19 female patients. Among the
63 patients in the HBV group, 53 were both HBsAg-positive
and HBV DNA-positive (38 males, 15 females). Two patients
were HBsAg-negative, but HBV DNA-positive, and eight
patients were HBsAg-positive, but HBV DNA-negative. From
the 44 patients for whom the genotype could be determined, the
highest percentage had genotype C (79.5%). In total, two and
seven patients had genotypes A and B, respectively. All patients
in the HCV group were HCV Ab- and HCV RNA-positive. Of
the 56 patients for whom the genotype could be determined, 35
and 21 had genotype 1 and genotype 2, respectively.

The demographic and clinical characteristics of the HBV and
HCYV groups are presented in Table I1. No significant differences
were observed in the sex ratio between the groups. The median
age + standard deviation was significantly higher in the HCV
(67+16.4 years) than in the HBV group (58+18.0 years; P=0.02).
No significant differences in age were observed between the
sexes in either group. Female patients were older than male
patients in the HCV group, although this difference was not
significant (P=0.06); however, female patients with HCV were
older than the HBV and HCV male patients (P=0.02). Similar
tendencies were observed for the year of birth between sexes
and the HBV and HCV groups. As regards the comparison of
laboratory data between the HBV and HCV groups, the AST
and ALT values were significantly higher in the HCV than in
the HBV group (AST, P<0.001; ALT, P=0.003). No significant
differences were observed in the platelet count or PT values
between the HBV and HCV groups (Table II).

Subsequently, the types of opportunities/events the patients
in the HBV and HCV groups which led them to become aware
of their infection were analyzed. The majority of the patients
(96/126) had become aware of their HBV or HCV infection by
chance (e.g., during a checkup or follow-up for another disease,
other than liver disease; Table III). These opportunities to
become aware of a chronic HBV or HCV infection involved
a pre-operative search for HBV and HCV infection and a
search for transaminase value elevations during follow-up for
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Table I. Details of patients with chronic hepatitis B and C infection.
Chronic hepatitis B Chronic hepatitis C

Antibody/genotype Male (44) Female (19) Total (63)  Antibody/genotype  Male (36) Female (27) Total (63)
HBsAg-positive 42 19 61 HCVAb-positive 36 27 63
HBsAg-negative 2 0 2 HCVAb-negative 0 0 0
HBeAg-positive 12 3 15 HCV RNA-positive 36 27 63
HBeAg-negative 32 16 48 HCVRNA-negative 0 0 0
HBeAb-positive 31 15 46 Genotype 1* 17 18 35
HBeAb-negative 13 4 17 Genotype 2° 14 7 21
HBYV DNA-positive 40 15 55 No data* 5 2 7
HBV DNA-negative 4 4 8
HBV DNA-positive
and HBsAg-positive 38 15 53
Genotype A 2 0 2
Genotype B 4 3 7
Genotype C 26 9 35
No data* 12 7 19

*Genotype 1 includes serotype 1, genotype la and genotype 1b. ®Genotype2 includes serotype 2, genotype 2a and genotype 2b. “No data
includes the cases which were unmeasured and it was thus unable to identify the genotype. HBsAg, hepatitis B virus surface antigen; HBeAg,
hepatitis B virus e-antigen; HBeAb, anti-hepatitis B virus e-antigen antibody; HCVADb, anti-hepatitis C virus antibody.

Table II. Comparison of the characteristics between the chronic hepatitis B group and C group.

Characteristic Chronic hepatitis B P-value Chronic hepatitis C

N (M/F) 63 (44/19) 0.19 63 (36/27)

Age (all) years, median + SD 58+18.0 (18-86) 0.02 67+£16.4 (19-88)

(M) age years, median + SD 55+17.4 (18-84)* 0.13 59.5+15.5(19-80)°

(F) age years, median + SD 63+19.5 (23-86) 0.12 72+16.7 (25-88)f
Year of birth (all) median + SD 1955+18.0 (1927-1999) 0.03 1949+16.5 (1925-1994)
(M) median + SD 1961+17.9 (1927-1999)¢ 0.17 1953.5+16.1 (1930-1994)¢
(F) median + SD 1949+18.4 (1929-1989) 0.1 1942+16.2 (1925-1984)°
AST (IU/1), median + SD 27+£35 (13-210) <0.001 53+50 (17-314)
ALT (IU/1), median + SD 28+53 (8-270) 0.003 48+69 (7-355)
Platelet (x10°/mm?), median + SD 18065 (59-502) 0.06 159+62 (53-370)

PT (%), median + SD 92+16 (42-120) 0.52 91+£15 (39-126)

P=0.6, vs. females in HVB group. "P=0.06 vs. females in HCV group. °P=0.6, vs. year of birth of females in HBV group. “P=0.08, vs. year
of birth of females in HCV group. °P=0.02, vs. HBV and HCV male patients. 'P=0.03, vs. HBV and HCV male patients. AST, aspartate

aminotransferase; ALT, alanine aminotransferase; PT, prothrombin time;

M, male; F, female. N, number of cases; SD, standard deviation.

diseases other than liver disease. On the other hand, ~20%
of the patients (24/126) had become aware of their infection
through detection during a health checkup (Table III). With
respect to these patients, a comparison between the HBV
and HCV groups revealed that the patients were significantly
younger in the HBV group than in the HCV group (P=0.049;
Table I'V). This tendency was also observed between males in
the HBV and HCV groups (P=0.01), but not between females.
With respect to the patients whose infection had been detected
by chance during a checkup or follow-up for a disease other

than liver disease, the median age did not differ significantly
between the HBV and HCV groups. Among the patients in the
HBYV group, those whose infection had been detected during
a health checkup were significantly younger than those whose
infection had been detected by chance during follow-up for
a disease other than liver disease (P=0.016); however, this
tendency was not recognized when comparing the patients in
the HCV group (Table 1V). The patients with HBV detected
during a health checkup were younger than the other patients
(patients with HCV detected during a health checkup and the
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Table III. Comparison of opportunities/events that led to the patients becoming aware of their chronic hepatitis B and C virus
infection.

Opportunities that led to awareness of viral infection =~ Chronic hepatitis B Chronic hepatitis C ~ Chronic hepatitis B + C

Health checkup (male/female) 12 (10/2) 12 (7/5) 24 (17/7)
During the follow-up of other diseases (male/female) 46 (32/14) 50 (28/22) 96 (60/36)
Blood donation (male/female) 1(0/1) 0 (0/0) 1.(0/1)
Delivery (male/female) 1(0/1) 0 (0/0) 1.(0/1)
etc. (male/female) 3(2/1) 1 (1/0) 4 (3/1)
Total 63 (44/19) 63 (36/27) 126 (80/46)

Table I'V. Comparison of the age of patients who became aware of their chronic hepatitis virus B and C infection.

Opportunities which led to patients Chronic hepatitis B Chronic hepatitis C

becoming aware of having a viral infection Year of age (median + SD) P-value Year of age (median + SD)
Health checkup 40+9.9%¢ 0.049 58+21.6

Male 37+£5.7 0.01 59+18.6

Female 60.5+3.5 0.7 57+27.5

During the follow-up of other diseases 63.5+£17.2 0.21 67+£14.8

Male 63.5+17 0.81 62.5+15

Female 65.5+18.1 0.16 72.5+13.3

"P=0.016, vs. patients with HBV detected during the follow-up for other diseases; "P=0.46, vs. patients with HCV detected during the follow-up
for other diseases; “P=0.0007, patients with HBV detected during a health checkup vs. patients with HCV detected during a health checkup,
and patients with HBV and HCV detected during a health checkup or follow-up for a disease other than liver disease. SD, standard deviation.

Table V. Comparison of the age of patients who became aware they had chronic HBV or HCV infection, with the simultaneous

presence of HCC.

Chronic hepatitis B P-value Chronic hepatitis C
HCC(+/-) 4/59 0.69 3/60
HCC+ (age of yeas, median+SD) 68.5+10.5° 0.15 78+5.3°
HCC- (age of yeas, median + SD) 58+18.2¢ 0.03 65+16.3

P=0.32, vs. HBV without HCC. "P=0.08, vs. HCV without HCC. °P=0.048, patients with HBV without HCC vs. other patients.

HCC, hepatocellular carcinoma; SD, standard deviation.

patients with HBV and HCV detected during a health checkup
or follow-up for a disease other than liver disease; P=0.0007).
In total, seven patients (four with HBV infection and three
with HCV infection) received a diagnosis of HCC and chronic
hepatitis infection simultaneously (Table V). The patients in the
HCV group with HCC were older than those without, although
this difference was not significant (P=0.08). However, the patients
in the HBV group without HCC were younger than those without
HCC in the HCV group (P=0.03). In addition, patients with HBV
without HCC were younger than the other patients (P=0.0048).

Discussion

In the present study, ~22% of patients with chronic HBV
infection and 24% with chronic HCV infection became

aware of their infection for the first time upon referral to our
hospital. Patients with genotype C were most common in the
HBYV group, and the distribution of HBV genotype tended to
be similar to that reported in a previous study in Japan (21).
Among the patients in the HCV group, more had genotype 1
than genotype 2, and the distribution of the HCV genotype
also tended to be similar to that reported in a previous study in
Japan (22). Therefore, the population of patients first becoming
aware of their chronic HBV and HCV infections on referral
to the hospital in the present study can be generalized to the
standard population of patients with chronic HBV and HCV
infections in Japan.

The results of the present study revealed that patients first
becoming aware of their HCV infection were older than those
first becoming aware of their HBV infection. In addition,
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female patients with HCV first becoming aware of their chronic
hepatitis were older than the other patients. Thus, earlier
awareness of chronic hepatitis virus infection may benefit
patients with chronic HCV infection and female patients more
than patients with chronic HBV and/or male patients in Japan.
Since aging is independently associated with the prevalence of
HCC in patients with chronic HCV (23), a delay in awareness
regarding HCV infection is likely to increase disease severity
(e.g., HCC, decompensated cirrhosis). In the present study,
patients with chronic HCV infection and HCC were older than
those without HCC. In addition, it appeared that more patients
had active chronic hepatitis infection in the HCV than in the
HBV group due to elevated transaminase levels. Therefore,
chronic hepatitis infections, particularly HCV infection, need
to be identified earlier as these patients, particularly female
patients, may continue to live with undetected active hepatitis
and/or HCC and not receive appropriate treatment.

The findings of the present study revealed that the majority
patients had been aware of their chronic hepatitis infection
through checkups during follow-up for diseases other than liver
disease. The awareness of the chronic hepatitis virus infec-
tion through health checkups was not as common as that by
checkups during follow-up for other diseases in both the HBV
and HCV groups, which suggests that the detection of chronic
hepatitis infection in health checkups is currently used insuf-
ficiently in Japan, even though the Japanese government has
recommended screening for viral hepatitis (24). On the other
hand, patients who became aware of their chronic hepatitis
infection through a health checkup were younger than those
who became aware of their infection through a checkup during
follow-up for other diseases; this tendency was observed in the
HBYV, but not in the HCV group. Taken together, these findings
indicate that health checkups may contribute to the awareness
of chronic HBV infection in younger populations. However,
patients who became aware of their chronic HCV infection
through a health checkup were older than those with chronic
HBYV infection, particularly males. Although the reason for this
difference is unclear, Tatemichi er al (25) reported that only
5.23 and 3.82% of Japanese workers had been screened for
HBYV and HCV infection, respectively, and significantly more
workers had been tested for HBV than for HCV infection. The
use of hepatitis virus screening tools during health checkups
varies between organizations (e.g., official health checkups vs.
health checkups for company employees). HBV infection is
recognized as an occupational exposure risk for health care
workers and laboratory technicians (25), which may be attrib-
uted to the original Japanese Union Health Insurance system
in which beneficiaries underwent comprehensive health
examinations as part of a mandatory health checkup; these
examinations included screening for HBV, but not HCV (25).
In female patients, the age when they became aware of their
chronic hepatitis virus infection was high, even though it was
HBYV infection. Female Japanese patients may have fewer
opportunities for health checkups of company employees, as
there is a larger proportion of non-regular employees among
Japanese female than Japanese male workers (26).

As regards the patients who became aware of their chronic
hepatitis infection during follow-up for a disease other than
liver disease, the modality for detecting chronic hepatitis
infection is a routine checkup on admission or before an

operation in some patients (data not shown). Some of these
patients had not had their chronic hepatitis infection detected
by their family doctor before being presented with these
opportunities. Therefore, the Japanese government policy
regarding hepatitis virus screening may not be sufficiently
recognized by patients or family doctors, which suggests the
importance of informing family doctors of the need to screen
patients for chronic hepatitis infection and ensure that they are
aware of their infection as soon as possible, even if they do not
show abnormal transaminase levels, as some of the patients in
the present study, particularly those with HBV infection, had
normal transaminase levels.

The present study does have some limitations. First, the
sample size was small, and the study was conducted in single
center within one area of Japan. However, in Japan, national
healthcare insurance is a system in which everyone can access
the healthcare services they need without incurring financial
hardship (27). In addition, Japan has no barriers to accessing
health care, including financial, geographic, cultural, or infor-
mational, which makes it easier for patients to access (27).
Therefore, the results of the present study may be generaliz-
able to other areas of Japan; however, more cases from many
other areas in Japan need to be collected and analyzed in the
future. Furthermore, information on whether the participants
had a history of chronic hepatitis infection depended on patient
interviews; thus, it is possible that some patients may have
forgotten about a previous diagnosis. However, it was consid-
ered that this would not have substantially affected the results,
since past detection of chronic hepatitis infection would not
have been meaningful to such patients, as it did not cause them
to seek further treatment and/or assessment.

In conclusion, the results of the present study indicate
that health checkups are useful for detecting chronic HBV
infection earlier; however, for female patients and those with
chronic HCV, no advantage was found in becoming aware
of their infection during a health checkup compared with by
chance during follow-up for diseases other than liver disease.
The majority Japanese patients with chronic hepatitis infection
are older; therefore, it is important to improve screening for
hepatitis virus infection for elderly persons. To identify more
cases of chronic hepatitis infection who are unaware of their
infection as soon as possible, the necessarily of screening for
hepatitis virus infection should be emphasized, especially
among females and elderly persons. To this end, primary-care
doctors should also consider expanding screening for patients
who are unaware of whether they are infected with chronic
hepatitis virus, even if their transaminase levels are normal.
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