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Abstract:

Objective Despite recent advances in hepatitis C virus (HCV) treatment, some HCV-positive individuals are
unaware of their infection. The present study aimed to assess the rate and age distribution in Saga Prefecture
regarding i) HCV infection and HCV screening and ii) direct acting anti-viral (DAA) treatment.

Methods HCV screening data collected at a medical institution or in the workplace were obtained from the
administrative database in Saga Prefecture between April 1, 2008 and March 31, 2014. DAA treatment data
from Saga Prefecture were obtained from the DAA treatment reimbursement recipient database between Oc-
tober 2014 and March 2017.

Results There were 35,625 individuals who underwent HCV screening, and the HCV positive rate was
1.18% (421 individuals), which increased in an age-related manner. The screening rate in the screened popu-
lations peaked at 45-74 years of age (approximately 6%) and decreased in the younger and older generations.
The estimated percentage of DAA treatment peaked at 65-74 years old (65.8%) and significantly decreased
inversely with age in the younger generations; only 9.4% of HCV carriers received DAA treatment in the 20-
to 34-year age group. The proportion of subjects who received a complete physical examination for DAA
treatment was higher in the subjects who were screened at a medical institution than in those screened at the
workplace.

Conclusion The rate of subjects who underwent HCV screening and DAA treatment was not high, espe-
cially in the younger generation, in Saga Prefecture. This group should be targeted for HCV screening and
treatment.
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tion and mortality caused by HCC and HCV-related diseases
remain serious problems (1-5).
HCV treatment has dramatically improved in recent years,

Introduction

The estimated number of individuals who are chronically
infected with hepatitis C virus (HCV) in Japan is between
1.5 and 2 million (approximately 1% of the total popula-
tion), and HCV infection, in addition to hepatitis B virus in-
fection, has been a major cause of hepatocellular carcinoma
(HCC) (1-5). Whereas the prevalence of HCV infection has
decreased in Japan in a time-dependent manner, HCV infec-

and the most recent HCV treatment breakthrough was asso-
ciated with the development of direct-acting antivirals
(DAASs) (6-9). The introduction of a combination of DAAs
as fixed-dose formulations in 2014 dramatically changed the
treatment of patients with HCV genotype 1b (HCV-1b) in
Japan (9-11). Several phase III trials conducted in Japanese
HCV-1b-infected patients indicated the potent efficacy
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(based on sustained viral responders) of different DAAs,
which were associated with few adverse events (12-14). The
development of DAAs has thus made HCV infection a treat-
able disease, with cure rates above 90% (15).

However, despite recent advances in HCV treatment,
many HCV-positive individuals in Japan are unaware of
their HCV infection and/or have limited access to the appro-
priate medical care (16, 17), suggesting that early HCV de-
tection and treatment of new cases might be paramount for
reducing the morbidity and mortality that are associated
with HCV infection in Japan. Nationwide screening for
HCV in Japan started in 2002 as part of the health examina-
tions that are provided by the municipal governments, and
the screening was performed at primary care medical institu-
tions or in the workplace as part of routine occupational
health checkups. The hepatitis medical care coordinators, be-
ginning in Yamanashi Prefecture (18-20), facilitated HCV
screening and treatment throughout Japan. Because of the
high mortality rate of HCC in Saga Prefecture, HCV screen-
ing began in 1994 in Saga (18).

The purpose of the present study was to i) evaluate the
number of subjects who received HCV screening in Saga
Prefecture, ii) estimate the number of the infections using
the participation and positive rate of HCV screening, and iii)
determine the proportion of subjects who completed the in-
tensive complete physical examination who were HCV-
positive and received DAA treatment in Saga Prefecture.

Materials and Methods

The data were obtained from the administrative database
that included HCV screening and treatment in Saga Prefec-
ture, and the Saga Prefecture database and Saga University
database between April 1, 2008, and March, 31, 2017, were
pooled. The cost of HCV screening and HCV antibody
blood tests was covered by the government of Saga Prefec-
ture. Subjects underwent HCV screening at 268 medical in-
stitutions in Saga, or in the workplace as part of routine oc-
cupational health checkups.

Borderline subjects with intermediate or low HCV anti-
body titers underwent the HCV RNA test. Subjects with
high HCV antibody titers or who were HCV RNA-positive
were recommended to visit a medical institution for the in-
tensive complete physical examination that is required for
DAA treatment, which is covered by partial medical expense
subsidies through the Japanese National Health Insurance
program. They received DAA treatment with any of the fol-
lowing five combinations: i) daclatasvir + asunaprevir; ii)
sofosbuvir + ledipasvir; iii) sofosbuvir + ribavirin; iv) ombi-
tasvir + paritaprevir + ritonavir; or v) elbasvir + grazoprevir.
Data on DAA treatment reimbursement recipients in Saga
Prefecture between October 1, 2014, and March 31, 2017,
were recorded in the liver disease database.

The protocol of the present study was approved by the In-
stitutional Review Board of Saga University Hospital. All
individuals who participated in HCV screening and received

DAA treatment reimbursement provided their written in-
formed consent to participate in this study.

The subjects were analyzed by age as of 2014 and in 10-
year intervals. Subjects under 20 years of age who were not
included in the HCV screening were excluded from the sur-
vey. Individuals 20 to 34 years of age were grouped to-
gether because of the limited number of such subjects. The
age groups were as follows: 20-34 years, 35-44 years, 45-54
years, 55-64 years, 65-74 years, 75-84 years, and >85 years.
The estimated number of HCV-positive individuals in Saga
Prefecture was obtained by multiplying the population by
the HCV-positive rate. The populational data from Saga in
2013 published by Saga Prefecture were used in the present
calculation. The proportion of individuals who underwent
the intensive complete physical examination at a medical in-
stitution after receiving an HCV-positive result was calcu-
lated in order to compare the implementation rate of the
complete physical examination between screening at a medi-
cal institution and screening at the workplace.

Statistical analyses were conducted using a chi-square test
to compare the distribution of the subjects. Statistical signifi-
cance for the objectives was set at p<0.05. All statistical
analyses were performed using the JMP pro software pro-
gram, ver. 13.1 (JMP Japan., Tokyo, Japan).

Results

Number and distribution of subjects screened for
HCV

There were 35,625 subjects who underwent HCV screen-
ing in Saga Prefecture between April 2008 and November
2014. Among participants who underwent HCV screening,
16,928 were men, and 18,570 were women, and the sex was
unknown for 127 participants.

There were 421 HCV-positive results (1.2%). Table shows
the number of subjects screened for HCV and the number of
HCV-positive subjects. The age distribution was different be-
tween the overall population and the HCV-positive subjects
(p<0.001). The proportion of HCV-positive individuals sig-
nificantly increased in an age-related manner, from 0.5% in
the 20- to 34-years age group to 3.6% in the >85 years age
group (p<0.001).

The estimated number of HCV-positive individuals in
Saga in 2013 was 8,480. There were 2,541 people who un-
derwent DAA treatment for HCV in Saga between October
2014 and March 2017. In addition, there was a significant
difference in the distribution of the number of treated and
untreated HCV carriers (p<0.001). The precise analysis of
this distribution is shown in Fig. 1.

Fig. 2 shows the proportion of HCV-screened subjects in
each age group in Saga Prefecture. The rate of subjects
screened for HCV in each generation were 4.2% (20-34
years), 5.5% (35-44 years), 6.3% (45-54 years), 6.3% (55-64
years), 6.1% (65-74 years), 4.0% (75-84 years), and 2.9% (>
85 years). Among these generations, the percentage of sub-
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Table. Positive Rate of Anti-HCV Antibody and Estimated Number of HCV Carriers in Order of Age
Group.
Age (years) in 2014 AD
20-34  35-44  45-54  55-64  65-74  75-84 >85 Total
Population in Saga, n 123252 103,970 100,632 126,349 99,817 79,486 38,884 672,390
(183%) (155%) (15.0%) (18.8%) (14.8%) (11.8%) (5.8%)  (100%)
Number of HCV 5176 5714 6,299 8,015 6,121 3,168 1,132 35,625 ] p<0.001
screened, n (145%) (160%) (17.7%) (22.5%) (172%) (8.9%) (32%)  (100%)
Number of HCV 28 33 69 93 78 79 41 421
positive, n 67%)  (1.8%) (16.4%) (22.1%) (18.5%) (18.8%) (9.7%)  (100%)
HCYV positive rate 0.5% 0.6% 1.1% 1.2% 1.3% 2.5% 3.6% 1.2%
Estimated number of 650 600 1,102 1,466 1,272 1,982 1,408 8,480
HCV carriers, n 73%)  (T1%) (13.0%) (173%) (15.0%) (23.4%) (16.6%) (100%)
Number of treated 61 106 330 665 837 518 24 2,541
HCV carriers, n (24%)  (42%) (13.0%) (262%) (32.9%) (20.4%) (0.9%)  (100%)
Number of non-treated 589 494 772 801 435 1,464 1,384 5,939 ] p<0.001
HCV carriers, n 9.9%)  (83%) (13.0%) (13.5%) (13%) (247%) (23.3%)  (100%)

n: number of subjects, HCV: hepatitis C virus

Distribution between the Saga population and the number of HCV patients screened was statistically different (p<0.001). Distribu-

tion between treated and non-treated HCV carriers was statistically different (p<0.001).
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Figure 1. The proportion of patients who received DAA treatment between October 1, 2014, and

March 31, 2017. The percentage was calculated from the estimated number of hepatitis C virus car-
riers in Saga Prefecture. DAA: direct-acting antivirals, OR: odds ratio

jects who underwent HCV screening peaked among subjects
who were 45-54 years old, 55-64 years old, and 65-74 years
old, and the percentage who received HCV screening in the
65- to 74-years age group was significantly higher compared
with other generations including the 20- to 34-years, 35- to
44-years, 75- to 84-years, and >85 years groups.

Number and distribution of recipients who received
DAA treatment

Fig. 1 indicates the number of DAA treatment recipients
by age group in 2014. Between October 2014 and March
2017, there were 2,541 DAA treatment recipients. There was
an unequal distribution of recipients, with a peak of 65.8%
in the 65- to 74-years group. The percentage of recipients
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Figure 2. The proportion of subjects who were screened for hepatitis C virus (by each generation)
in Saga Prefecture between April 2008 and November 2014. OR: odds ratio

who received DAA treatment decreased inversely with age
in the age groups <64 years, and the percentage decreased
in the 75- to 84-years and 285 years groups compared with
the 65- to 74-years group. The age-related distribution for
who received DAA treatment was not affected by gender in
the present study (data not shown).

Proportion of the HCV-positive individuals who un-
derwent a complete physical examination after HCV
screening

Between April 2013 and March 2016, HCV screening
identified 271 individuals who were HCV-positive. Among
the 271 HCV-positive subjects, 94 were identified in the
workplace, and 177 were identified at a medical institution.
Among the HCV-positive subjects, 142 (52.4%) received a
complete physical examination. Fig. 3 compares the propor-
tion of HCV-positive individuals who underwent a complete
physical examination after being identified in the workplace
and those who were identified at the medical institution.
Over 50% of the HCV-positive subjects who were identified
at a medical institution received a complete physical exami-
nation (65.5%), which was significantly higher than the per-
centage of HCV-positive subjects who were identified in the
workplace (27.7%, p<0.001). While the average age of sub-
jects who underwent screening at a medical institution was
significantly higher than those screened at the workplace
(56.2+16.8 years old vs. 52.2+13.1 years old, p<0.05) and
the gender distribution was not markedly different between
the two groups, age adjustment had no influence on the re-
sults of Fig. 3.

Discussion

The present study indicates that i) the percentage of sub-
jects who received HCV screening in Saga Prefecture was
relatively low, and ii) among the screened HCV-positive sub-
jects, the proportion of those who received DAA treatment
was not high, especially in the younger generations in Saga
Prefecture.

As indicated in the present study, the proportion of sub-
jects who underwent HCV screening was not high in Saga
Prefecture, and the HCV screening percentage was particu-
larly low among the younger generations (20-44 years old)
and older generation (275 years old). The low screening rate
in the younger generations might be because they are busy
with work and/or have little interest in their own health. A
previous study indicated that subjects who received HCV
screening in the workplace lacked sufficient knowledge
about hepatitis and HCV screening (21). Compared to the
younger generations, the low HCV screening rate in the
older generation might be a result of little interest in their
own health, and HCV detection at a medical institution may
have been because of a comorbidity before routine HCV
screening.

Among HCV-positive subjects in Saga Prefecture, ap-
proximately 30% received DAA treatment, as indicated in
Fig. 1. Among all generations, 65.8% of subjects who were
65-74 years old received DAA treatment, while the treat-
ment rate was markedly decreased in the younger genera-
tions. Several reasons might explain the reduced DAA treat-
ment rate in the younger generation, including being busy
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Figure 3. Rate of subjects who received a complete physical examination among the hepatitis C
virus positive subjects screened between April 1, 2013, and March 31, 2016. Results are compared

between screening at the workplace and in a medical institution.

with work, having little interest in HCV, the medical cost of
the DAA treatment, and having a bad impression of painful
HCYV interferon treatment (22-24). In Japan, subjects 65-74
years of age, which is just after the retirement age limit,
might have enough time and money for DAA treatment and
be particularly interested in preserving their health. The low
treatment rate in the older generations (275 years old) might
be because of several factors in addition to the potential rea-
sons cited for the younger generations. In addition to a low
sustained viral responder rate and many side effects of inter-
feron therapy (22, 23), several physicians in Japan do not
use this therapeutic approach for older HCV carriers (25).
The present study indicated that relatively few HCV-
positive subjects who were identified in the workplace went
on to receive a complete physical examination, which is re-
quired for DAA treatment, compared to HCV-positive sub-
jects identified at a medical institution. Similar to the low
HCV screening rate, being busy and having no interest in
health care might be the main reasons for this low percent-
age. In addition, many individuals might have missed the
notification, as the results of HCV screening performed at
the workplace are mailed to the subject’s home or corre-
sponding workplace. The medical institution assessed the
HCV-positive subjects more closely using information for
DAA treatment of HCV. Based on these results, several pro-
jects have been proposed at the Ministry of Health, Labour
and Welfare in Japan (26), and the Saga Prefecture govern-
ment has started to recommend that HCV screening be in-
cluded in the routine medical checkup at the workplace
without any individual charge, resulting in a 10-fold increase
in the HCV screening rate in the last year, which might in-

crease the frequency of DAA treatment.

The present study did not include cases of HCV detected
at hospital admission blood tests or a gynecological
checkup. For HCV treatment, interferon-based therapy was
not included. HCV treatment using DAAs has shown
marked progress, and almost all patients have achieved HCV
eradication without any serious side effects. The present
findings suggest that many HCV-positive individuals in the
working-age population might not be receiving the appropri-
ate treatment for HCV. HCV screening and DAA treatment
are insufficient in the younger and older generations in Ja-
pan. The early detection and treatment of HCV, especially in
the younger generation, is important in order to prevent the
progression of HCV-related diseases (26, 27). Therefore, fur-
ther intensive HCV screening and treatment in Japan are
warranted.
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