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Abstract

Background Poor connections in the cascade of viral hepatitis care have been discussed around the world. In 2011 in Japan,
500,000 to 1.25 million hepatitis B and C virus carriers needed to consult with hepatologists, so linkage-to-care (LTC) needs
to be promoted. Therefore, in this study, to improve LTC and care-seeking behaviors, we attempted to establish a community-
based intervention system and evaluate its effectiveness by analyzing behavior modifications.

Methods In a model city, Okazaki (population: 387,887 as of 2019), LTC was encouraged among HBV and HCV carri-
ers by annually mailed brochures, and their care-seeking behaviors were followed up through questionnaires for 8 years
(2012-2019). Their behavior modifications and demographic characteristics were analyzed anonymously in cooperation
with community health workers, hepatologists, and researchers.

Results Through regional HBsAg and anti-HCV screening, 333 HBV and 208 HCV carriers were identified. Before the
intervention, only 34.7% (25/72) of HBV- and 34.3% (24/70) of HCV-positive individuals had consulted with hepatologists.
However, in 2019, after the intervention, these proportions increased to 79.8% (91/114) and 91.2% (52/57), respectively.
Access to outpatient care and treatment uptake also continuously improved. However, individuals over 70 years of age were
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significantly less likely to engage in care-seeking behaviors (p < 0.05), and significantly fewer HCV-positive females received

treatment (p =0.03).

Conclusions A paper-based reiterative intervention encouraging LTC and follow-up successfully improved the care-seeking
behaviors of hepatitis virus-positive individuals and enabled their behavior modifications to be monitored. Further trials are
required to advance the system by age- and gender-specific interventions.
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Introduction

According to the World Health Organization (WHO), in
2015, more than 300 million people worldwide were living
with hepatitis B virus (HBV) or hepatitis C virus (HCV)
[1]. For viral hepatitis elimination, the WHO advocated the
necessity of improving the “continuum of viral hepatitis ser-
vices”, which includes testing, linkage-to-care (LTC), treat-
ment and long-term follow-up as chronic care. The WHO
recommends that 90% of hepatitis virus carriers should be
diagnosed, and that 80% should be treated by 2030 [1, 2].
However, in reality, the WHO estimated that only approxi-
mately 9% of HBV and 20% of HCV carriers have been
diagnosed, and further, that only 8% and 7% of those,
respectively, have been treated [1]. Therefore, the global
expansion of interventions is considered an urgent issue [1].

Meanwhile, in Japan, in 2011, the number of HBV and HCV
carriers was estimated to be between 2.09 and 2.84 million [3].
Of these carriers, approximately 780,000 individuals have not
been diagnosed, and 500,000 to 1.25 million have been diag-
nosed but have not consulted with doctors yet, while approxi-
mately 810,000 have already been treated in hospitals. Thus, in
Japan, the number of unconsulted carriers exceeds that of undiag-
nosed carriers [3, 4]. The number of undiagnosed hepatitis virus

carriers was successfully reduced [3] because the Japanese gov-
ernment launched national hepatitis virus screening in 2002 [4],
and the Basic Act on Hepatitis Measures has been in force since
2010 [5]. On the other hand, the promotion of LTC and long-
term follow-up has been more challenging. Even though Japanese
government has already established specific countermeasures for
reported major impediments of LTC, such as expensive medical
costs, inconvenient access to health-care institutions, and cultural
and linguistic differences [6, 7], based on the Basic Act [5], Japan
is still burdened with a large number of unconsulted carriers.

In addition, reports on systematic care for hepatitis virus-
positive individuals are quite limited. Most challenges have
been seen in high-income countries and targeted high-risk pop-
ulations, such as immigrants or people who inject drugs [7-9].
Moreover, retrospective studies on the care-seeking behaviors
of hepatitis virus-positive individuals or trials involving long-
term follow-up remain scarce [10-13] because the effective-
ness of interventions has mostly been evaluated within a few
years after HBV or HCV mass-screening campaigns.

Therefore, in 2012, a continuous intervention system for
encouraging LTC and long-term follow-up for hepatitis virus-
positive individuals was established as a model project through
cooperation between the National Institute of Infectious Dis-
eases (NIID), a regional core center for treating liver diseases,
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and a public health center. This study aimed to elucidate the
modifications in behavior among hepatitis virus-positive indi-
viduals and the association between their care-seeking behaviors
and demographic characteristics in the model project to evaluate
the effectiveness of continuous interventions for improving LTC
and long-term follow-up, anticipating the expanding application
of this system throughout Japan in the future.

Materials and methods

Hepatitis virus screening and study participants
in the model city

Okazaki city (population: 387,887 as of April 2019) in
Aichi Prefecture was selected as a model city. The details of

Hepatitis virus-positive individuals

Okazaki city including its residential area classification are
provided in Supplementary Fig. S1.

The details of the implementation scheme of hepatitis virus
screening and the criteria of study participants, HBsAg- or anti-
HCYV antibody-positive individuals identified during 2008-2018,
are described in Supplementary Method 1.

Continuous intervention system for encouraging
LTC and follow-up in the model city

The continuous intervention system for encouraging LTC
and follow-up was established through cooperation with
the NIID, a regional core center in Aichi Prefecture, and
a public health center in Okazaki city. The scheme of the
paper-based intervention system is shown in Fig. 1. The flow
of the system and contents of documents sent to hepatitis
virus-positive individuals are described in Supplementary
Method 2. The intervention was implemented annually for

Completed questionnaires (vi) ‘
)/(3)
AR
D L 4 .

» Analyzing completed questionnaires

333 HBV- and 208 HCV-positive individuals
identified in 2008-2018

(ZN l Documents (i)—(vi)
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« National Institute of Infectious ——
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Fig.1 Scheme of the intervention system for linkage-to-care (LTC)
and follow-up for hepatitis virus-positive individuals. The inter-
vention system was established through cooperation between the
National Institute of Infectious Diseases (NIID), a regional core
center for the treatment of liver disease, and a public health center.
(1) Prepare and send documents (i) through (v) encouraging LTC and
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Notification letters of hepatitis virus-positive results

Brochures containing clinical information on viral hepatitis

Lists of hospitals and clinics employing hepatologists in Aichi Prefecture
Explanations of how to obtain subsidies for periodic medical examinations

Questionnaires about care-seeking behaviors

questionnaires (vi) to the public health center. (2) Attach addresses
and send all documents (i) through (vi) to hepatitis virus-positive
individuals. (3) Read documents (i) through (v) encouraging LTC and
send completed questionnaires (vi) to the NIID. (4) Analyze the ques-
tionnaire responses and share the results with the public health center
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8 years (2012-2019) and LTC and follow-up were encour-
aged repeatedly among hepatitis virus-positive individuals.

Questionnaire

The process of formulating questionnaire is referred in Sup-
plementary Method 3 and the questions and answer choices
are shown in Supplementary Table S1.

Preliminary investigation

In 2012, to evaluate the effectiveness of the continuous
intervention, a preliminary investigation was implemented
on 159 HBV- and 153 HCV-positive individuals detected
through the screening during 2008-2012. The results from
the pre-investigation were regarded as the non-intervention
control.

After the intervention system was fully established,
those 159 HBV- and 153 HCV-positive individuals (312
individuals) were included in the system, LTC was encour-
aged by documents, and they responded to the questionnaire
(Supplementary Table S1) in the same year, considering
ethical aspects. Next, the intervention was implemented as
described until 2019. Since the hepatitis virus-screening and
intervention were all implemented in Okazaki city accord-
ingly, and those 312 individuals were fully included in the
intervention system, the demographic characteristics of
those 312 individuals and hepatitis virus-positive individuals
who were identified after the pre-investigation were consid-
ered to be the same, and the non-intervention and interven-
tion cohorts were balanced to assess outcomes in this study.

Data assembly and statistical analysis

We used chi-squared and Fisher’s exact tests to analyze the
associations between demographic characteristics of hepa-
titis virus-positive individuals, such as age (40-59, 60-69,
and above 70 years old), gender (male and female), and
residential area (urban, suburban, and rural areas), and the
number of individuals who had a consultation, access to
outpatient care and treatment, the frequencies of these care-
seeking behaviors, and the reasons why they did or did not
engage in the behaviors. Logistic regression analysis using
age, gender, and residential area was performed to identify
the factors related to four outcomes: response to the ques-
tionnaire, consultation, regular access to outpatient care, and
treatment. We also performed interrupted time series (ITS)
analysis [14], a type of multiple linear regression model, to
evaluate the intervention. The details of these analyses are
provided in Supplementary Method 4. p values < 0.05 were
considered statistically significant.

Results

Demographics of the hepatitis virus-positive
individuals and dropouts

In Okazaki city, free hepatitis virus testing was performed
among citizens aged 40 years and over who had no his-
tory of hepatitis virus screening and wished to be exam-
ined. In total, 35,910 and 35,888 citizens had undergone
HBYV and HCV screening, respectively, during 2012-2018.
The mean HBV- and HCV-positive rates were 0.52% and
0.26%, respectively, over these 7 years (Fig. 2a). The
demographic characteristics of the hepatitis virus-positive
individuals are shown in Supplementary Table S2. The
HBV-positive individuals consisted of 165 males (mean
age, 62.5 years) and 161 females (mean age, 60.1 years);
the age and gender of 7 individuals were unknown. On the
other hand, the HCV-positive individuals consisted of 93
males (mean age, 64.2 years) and 102 females (mean age,
71.2 years); the age and gender of 13 individuals were
unknown. Of these hepatitis virus-positive individuals,
three males and one female were co-infected with HBV
and HCV. For both HBV and HCV infections, the number
of positive individuals tended to decrease; however, the
proportions of individuals over 70 years of age increased
from 2008 (Fig. 2b, c). In the hepatitis virus screening, the
total number of screening recipients in their 40 s and 60 s
was larger than that for other generations in 2012-2019
(Supplementary Figs. S2a and S2b). The HBV-positive
rate was highest among screening recipients who were
in their 50 s (Supplementary Fig. S2a). By contrast, the
HCV-positive rate increased with age and was especially
high among females over 80 years of age (Supplemen-
tary Fig. S2b). Regarding residential areas, 185 (35.9%)
hepatitis virus-positive individuals lived in an urban area,
208 (40.3%) in the suburbs, and 123 (23.8%) in a rural
area (Supplementary Table S2) (Supplementary Fig.
S1). In total, 53 (15.9%) HBV- and 50 (24.0%) HCV-
positive individuals who participated in the study moved
out of the study area or died during the follow-up period
(2012-2019).

Behavior modifications of hepatitis virus-positive
individuals

The annual investigation and LTC encouragement for
hepatitis virus-positive individuals were implemented by
mailing letters and brochures through cooperation between
the NIID, a regional core center, and a public health center
for 8 years (Fig. 1). The participants’ care-seeking behav-
iors were analyzed during 2012-2019, and their behavior
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Fig.2 Hepatitis virus-positive rates and the numbers of hepatitis »
virus screening recipients and positive individuals in Okazaki city. a
Hepatitis virus-positive rates and the number of screening recipients
by year. HBV- and HCV-positive rates are shown by solid and dashed
lines, respectively. Dark and light gray bars show HBV and HCV
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respectively; these proportions also increased after the
start of the intervention (Fig. 4a): 57.9% (66/114) and
68.4% (39/57) accessed outpatient care regularly in 2019,
respectively. There was no significant increase regarding
the “level change” in both HBV and HCV infection, while
as for the “slope during the intervention”, “Access to out-
patient care-HBV” (p=0.0107) (Supplementary Fig. S3a,
S3c) showed significant positive trends. Among the HBV-
and HCV-positive individuals who consulted a hepatolo-
gist, 48.9% (70/143) and 67.8% (61/90), respectively, regu-
larly accessed outpatient care (Fig. 4b, left). Furthermore,
of these individuals, 65.7% (46/70) and 49.2% (30/61),
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the first encouragement of LTC and the first consultation with a hepa-
tologist. The red frames illustrate that approximately 70% of both
HBV- and HCV-positive individuals consulted a hepatologist within
1 year after the first intervention for encouraging LTC. d Reasons for
not consulting a hepatologist (multiple answers were allowed)

respectively, continued accessing outpatient care for more
than 4 years (Fig. 4b, right). Moreover, of these 76 individ-
uals (46 HBV- and 30 HCV-positive individuals), 46.1%
(35/76) never stopped accessing outpatient care, whereas
36.8% (28/76) restarted access after it had been stopped.
“No symptoms” and “My physician did not recommend
regular access to outpatient care” were the major reasons
why HBV- and HCV-positive individuals did not access
outpatient care on a regular basis (Fig. 4c). Especially
among HCV-positive individuals, “Cured by previous
treatments” was the most common reason.
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Fig.4 Behavior of regular access to outpatient care. a The proportion » a
of hepatitis virus-positive individuals who regularly accessed outpa- ©100%
tient care during 2012-2019. The solid line represents HBV and the
dashed line represents HCV infections. The asterisks show the results
in the pre-investigation. b The pie charts on the left show the pro-
portion of individuals who accessed outpatient care, and those on the
right show the duration of access. The red frames illustrate that over
65% of HBV- and approximately 50% of HCV-positive individuals
continued accessing outpatient care for more than 4 years. ¢ Reasons
for not accessing outpatient care (multiple answers were allowed)
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responses (p = 0.0503 for 40-59 years vs. over 70, and p
= 0.0454 for 60-69 years vs. over 70, respectively), con-
sultations (p = 0.0203 and p = 0.0333, respectively), and
treatment uptakes (p = 0.0173 and p = 0.0150, respec-
tively) (Table 1). Moreover, among HCV-positive indi-
viduals, a lower proportion of females compared with
males received treatment (X2 test: p=0.03).

How often hepatitis virus-positive individuals consulted
a hepatologist

No significant relation was observed between the fre-
quency of consultations and the demographic character-
istics of hepatitis virus-positive individuals.

Why hepatitis virus-positive individuals did not-consult
a hepatologist, access outpatient care regularly, or received
treatments

Regarding the reasons that HBV-positive individuals gave
for not consulting a hepatologist, “Too busy or no time”
was an especially common response among the middle-aged
(40-59 years) group (p=0.009) (Supplementary Table S4).
However, no significant associations between their demo-
graphic characteristics and answers were seen among HCV-
positive individuals (Supplementary Table S5). Regarding
the reasons for not accessing outpatient care regularly, no
significant relation with demographic characteristics was
observed among both HBV- and HCV-positive individuals
(Supplementary Tables S6 and S7). Regarding the reasons
why hepatitis virus-positive individuals received treatment,
middle-aged (40-59 years) HBV-positive individuals were
likely to answer that “Medical expenses are covered by
subsidies” (p =0.02) (Supplementary Table S8). Moreover,
males were more likely than females to answer “Feel the
necessity to receive treatment” (p =0.01) (Supplementary
Table S8). Additionally, among HCV-positive individuals,
males were more likely than females to answer that “Family
and friends recommend treatment” (p =0.008) (Supplemen-
tary Table S9).

Discussion

Our intervention successfully improved care-seeking behav-
iors of hepatitis virus-positive individuals (Figs. 3a, 4a and
5a). In particular, immense improvement was observed in
the proportion of individuals who had a consultation in the
post-intervention period (Fig. 3a, Supplementary Fig. S3a,
S3b and S3c). In most previous studies, patient—navigators
have worked on encouraging LTC and the effectiveness of
their interventions was confirmed [7, 9, 15-17]. On the other
hand, in the USA and the Netherlands, LTC was encour-
aged through postal mails; these strategies also succeeded
in promoting LTC [8, 18]. Similar to these previous studies,
our paper-based intervention involving encouragement by
notification letters and brochures was effective in improving
LTC. Especially, our annual intervention contributed to con-
tinuous increases in the proportions of individuals engag-
ing in care-seeking behaviors. Moreover, numerous previous
studies have reported that a lack of human resources hinders
the feasibility and sustainability of intervention systems [6,
7, 19]. To counter this problem, a combined use of paper
media and human resources could be a practical solution.
The improvement of care-seeking behaviors might also
have been induced by the introduction of interferon-free
direct acting antivirals (DAAs) since 2014 [4]. However,
the proportions of individuals engaged in care-seeking

@ Springer
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behaviors continued to increase gradually (Figs. 3a, 4a and
5a), not specifically after the introduction of new medicines,
which suggests that the incremental improvements were not
caused by advances in medicine only.

The timing of enrollment in the intervention system
was crucial, as more than 90% of individuals had consulta-
tions within 3 years (Fig. 3c). These results suggest that
the encouragement of LTC is more effective for individu-
als soon after they receive hepatitis virus-positive results.
Some previous studies have reported similar results [13, 16,
18]. Moreover, these results support the radical increase of
the proportion of individuals who consulted a hepatologist
after the first intervention in 2012 compared to that in the
pre-investigation period (Fig. 3a, Supplementary Fig. S3a,
S3b and S3c). Hence, caregivers should focus their atten-
tion on the period immediately following the disclosure of
test results.

The individuals who did not consult a hepatologist mostly
gave the reason of “No symptoms” (Fig. 3d). These results
suggest the need to emphasize the fact that although viral
hepatitis is asymptomatic in many cases, it actually requires
consultations and attentive care. Moreover, “Too busy or
no time” was a frequent reason given by middle-aged indi-
viduals for not consulting a hepatologist (Supplementary
Table S4): the similar result was observed in Taiwan [20].
This result implies the need for effective systems that accom-
modate individuals and provide sufficient time for consulta-
tions in the modern busy era.

By encouraging outpatient visits, patients with hepati-
tis are more likely to acquire the habit of accessing outpa-
tient care once they have consulted a hepatologist (Fig. 4b).
Nonetheless, some individuals did not access outpatient care
for the reported reason of, particularly, “My physician did
not recommend accessing outpatient care” (Fig. 4c). This
result suggests that advice from a physician has a strong
impact on the care-seeking behaviors of hepatitis virus-pos-
itive individuals; therefore, knowledge of current treatment
and management strategies for viral hepatitis, including LTC
strategies, should be kept up-to-date among physicians [6-38,
13, 18], since these have evolved substantially over the past
decade [21].

The treatment uptake was improved post-intervention
(Fig. 5a). However, the proportions might still have been
low, considering that hepatologists determine eligibility
according to the patient’s condition, so not all individuals
require treatment. Difficulties in increasing viral hepatitis
treatment uptake have also been described in previous stud-
ies [13, 15]. As medical science progresses, highly effec-
tive drugs, such as nucleic acid analogues and DAAs, have
become available for HBV and HCV-infected patients,
respectively [22, 23]. In particular, all-oral DAA therapy
has been proven to have high efficacy (cure rate >95%)
and safety, to be well tolerated, and to have low adverse

@ Springer

effects. Given these advantages, more continuous effort is
still required to improve treatment uptake. Furthermore, our
results showed that hepatitis virus-positive females were
less likely to be treated (Table 1). This tendency was also
shown in the responses regarding the reasons for receiving
treatment (Supplementary Tables S8 and S9). A low preva-
lence of treatment among females has also been observed
in other countries [13, 16], which suggests differences in
the influence of interventions and motivation toward treat-
ment between males and females. Since the same HBV and
HCV treatments are provided for both genders [22, 23],
additional encouragement for treatments among females
may be needed.

Despite the repeated intervention, hepatitis virus-posi-
tive individuals who were above 70 years of age were still
less likely to engage in care-seeking behaviors (Table 1).
Adversely, the proportion of older adults among hepatitis-
virus positive individuals has been increasing annually
(Figs. 2b, c), and HBV- and HCV-positive rates were higher
in older generations (Supplementary Figs. S2a and S2b).
These results are consistent with those in a previous study,
indicating the high prevalence of hepatitis virus infection
among older adults in Japan [4]. However, the application
of treatment for older hepatitis virus-positive individuals
remains controversial [24, 25], so an appropriate medical
care and follow-up program needs to be developed.

The scheme of this intervention system has been shared
among public health centers in Japan and a detailed manual
is available via the Internet [26].

Our study has some limitations. First, the mean response
rate for the questionnaires during 2012-2019 was 46.5% for
HBYV and 44.1% for HCV infection. Meanwhile, throughout
the 8 years of follow-up, approximately 70% of the individu-
als responded to the questionnaire at least once. Obtaining
higher response rate each year would be preferable; however,
it should be kept in mind these interventions require careful
consideration in terms of social stigma [27, 28]. The con-
siderable endeavor by the Okazaki city public health center
was implied from the high response rate over the long-term,
despite these difficulties.

Second, a pre-/post-intervention study was conducted
instead of a randomized, controlled study since all hepatitis
virus-positive individuals should be included in an interven-
tion system from an ethical perspective; the status of hepa-
titis virus-positive individuals detected in 2008-2012 in the
pre-intervention period was regarded as the non-intervention
control, and this was compared with that of individuals in
the post-intervention period. Although this study design
is not ideal, notable increments in the proportions of indi-
viduals who were engaging in care-seeking behaviors were
observed after the intervention.

Moreover, we performed ITS analysis to evaluate the
effect of the intervention. Although ITS is a statistical
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method for evaluating “the slope before the intervention
phase”, “the level change between phases before/after the
intervention”, and “the slope after the intervention phase”,
we have data for only one time point before the intervention
in this study. Therefore, we cannot evaluate “the slope before
the intervention”. “The level change between phases before/
after the intervention” is just the difference between the pre-
investigation rate and the pre-investigation rate estimated by
linear fitting of the “after intervention” data. Although this is
a limitation of the analysis, we were able to show a signifi-
cant “level change” for “Consultation-HBV”, “Consultation-
HCV”, and “Treatment-HCV”.

Furthermore, only three demographic characteristics,
age, gender, and residential area, could be analyzed in this
study. Management of the personal information of hepatitis
virus-positive individuals requires extra attention [29], con-
sidering the social stigma of viral hepatitis, and it still might
affect their life events in Japan [27, 28]. Under the thorough
supervision of the public health center, only anonymous data
were used in the present study. Inclusion of their personal
factors, such as income, occupation, educational attainment,
and their health insurance in the analysis would provide fur-
ther characteristics of the individuals, but these data should
be handled with extreme caution.

Finally, modifications in care-seeking behaviors were
analyzed based on a self-reported viral hepatitis care con-
tinuum. Therefore, the results are potentially biased and it
was difficult to prove the precision of the answers. In addi-
tion, the eligibility for treatment among the hepatitis virus-
positive individuals could not be confirmed. A scheme for
confirming the self-reported viral hepatitis care continuum
in public health centers cooperating with hepatologists,
needs to be developed in the future.

Conclusions

Our paper-based reiterative intervention and follow-up
system that encourages LTC through cooperation between
community health workers, medical experts, and research-
ers successfully promoted care-seeking behaviors among
hepatitis virus-positive individuals. The introduction of
specific encouragement modes according to patients’
demographic characteristics could improve the system.
Especially, innovative intervention methods for older
adults are required. In addition, given the high efficacy
of current treatments for both HBV and HCV infections,
encouragement of treatment uptake should be strength-
ened through this system. Moreover, additional opportuni-
ties for learning further viral hepatitis knowledge among
both hepatitis virus-positive individuals and health-care
workers, including physicians, and for the development

of human resources among hepatitis medical care coordi-
nators, would advance this system. This system could be
expected to enhance LTC and eventually contribute to the
elimination of viral hepatitis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12072-021-10269-5.
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