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ABSTRACT

Objectives Hepatitis C virus (HCV) infection is the
leading cause of cirrhosis and hepatocellular carcinoma
worldwide. Tzukuan, located in the southwestern area

of Taiwan, is an HCV hyperendemic area (>30%). This
study aimed to assess the changing epidemiological
characteristics of HCV infection and to evaluate the long-
term outcomes after the implementation of public health
strategies for two decades.

Design A population-based retrospective cohort study.
Setting A comprehensive care programme was
implemented, namely COMPACT Study, in Tzukuan since
1997.

Participants A total of 10714 residents participated the
screening.

Outcome measures The HCV status, demographic and
clinical profiles of the participants were recorded and
validated annually from 2000 through 2019.

Results The HCV infection prevalence rates were

21.1% (1076/5099) in 2000-2004, 18.8% (239/1269) in
2005-2009, 14.1% (292/2071) in 2010-2014 and 10.3%
(234/2275) in 2015-2019 (p for trend test <0.0001).
Among them, 1614 underwent repeated tests during

the follow-up period. The annual incidence rates were
0.54% in 2005-2009, 0.4% in 2010-2014 and 0.22%

in 2015-2019, respectively (p=0.01). In addition to old
age, lower education level was a major risk factor for HCV
infection across different periods. HCV infection prevalence
rate among those illiterates reached 40.9%, followed by
28.5% in those with elementary school level, and <10%
in those with high school or higher levels. The major risk
factor has shifted from iatrogenic exposure in 2000-2009
to household transmission after 2010.

Conclusions HCV infection has been decreasing

and the epidemiological features are changing in the
hyperendemic area by continuing education, prevention
and treatment strategies.

INTRODUCTION
Hepatitis C virus (HCV) infection is the
leading cause of chronic hepatitis C, liver

’1 ,2,3,5,6 M|ng'|_ung Yu,1 ,2,3,6

Strengths and limitations of this study

» The major strength of the study was to investigate
the changing prevalence and incidence of a hepati-
tis C virus (HCV) hyperendemic area in the longest
follow-up period.

» This was the first to assess whether a comprehen-
sive and continuous public health programme is
effective in decreasing the HCV hyperendemic in a
community setting.

» The changes of epidemiological features deserved
elucidation in a long follow-up period.

» The community effectiveness of HCV treatment
might be periodically assessed with the recent tre-
mendous progress in HCV treatment regimens.

» The application of the current model in different re-
gions awaits further evaluation

cirrhosis and hepatocellular carcinoma
(HCC) worldwide.' ? Taiwan is not an excep-
tion for HCV infection with a general preva-
lence rate of 3.3%.” * Approximately 745109
patients had HCV infection, and only 8.1% of
these HCV patients have received successful
antiviral therapy.” Of note, there were scat-
tered hyperendemic areas in the south-
western coast with a high prevalence rate
reaching 40%. Therefore, there is a pressing
need to ameliorate and/or eliminate the
hyperendemic situation in order to achieve
the goals of HCV elimination proposed by
WHO by 2030. The effectiveness validation of
interventional strategies could pave the way
for future implementation of public health
strategies in other HCV hyperendemic areas
in Taiwan and other countries worldwide.
Tzukuan, located in the suburban area of
Kaohsiung City in southern Taiwan, was one
of the HCV hyperendemic areas in Taiwan.
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It had an extremely high anti-HCV+ prevalence (>40%)
among adult residents with an annual incidence rate of
4.5%.° Moreover, 90% of patients with HCC in this town
were attributed to have HCV infection.” Against this
background, several preventive measures of community
health have been vigorously implemented in the past two
decades. A specific study was conducted for Tzukuan: a
comprehensive healthcare system targeting hepatitis C
virus infection in an endemic area of Taiwan (COMPACT)
since 1997. The efforts included mass screening among
residents, public education and advocacy, group educa-
tion programmes for healthcare workers, referral for
antiviral treatment and provision of risk-reduction coun-
selling.”® The significant amelioration of the anti-HCV
epidemic in both adults and teenagers proved the effi-
cacy of public health strategies implemented for one
decade.”™ With the tremendous changing landscape of
HCV management in terms of diagnosis and treatment,
there is a need to elucidate the long-term follow-up char-
acteristics in a public health setting.

Consequently, the present study was conducted to assess
the changing prevalence and incidence of HCV infection
in Tzukuan in the past decades. In addition, this study
also aimed to evaluate the changing status of the major
hurdle of HCV elimination, mainly disease awareness, in
the hyperendemic areas.

METHODS

Design

This population-based retrospective cohort study was
conducted in subjects living in Tzukuan Township. The
study was conducted after obtaining approval from the
ethical committee of Kaohsiung Medical University
Hospital and according to the Declaration of Helsinki. All
patients provided written informed consent before study
entry.

Setting

Tzukuan Township, with an area of 11592 ka, is located
in the northern suburban area of Kaohsiung City in
southern Taiwan. The total population was 40 444, 37000
and 35843 in 1997, 2005 and 2019, respectively.9 Since
1997, a programme has been implemented: a compre-
hensive care programme, namely COMPACT Study. The
programme included several screening stations providing
a free liver disease survey for residents. Their results were
monitored annually by Kaohsiung Medical University
Hospital. The effectiveness and follow-up assessments
were performed in related institutions such as schools,
administration bureau, community centres, clinics and
medical referral centres.

Data collection

The flowchart of residents enrolled for further analysis
is shown in figure 1. Liver disease screening tests, which
included measuring for HBsAg, anti-HCV, aspartate and
alanine aminotransferases (AST and ALI, respectively)

Residents of Tzukuan participated the free
screening in a voluntary basis since 2000
(n=15,958)

Excluded

1. Age <18 years old (n=23)

2. Repeated visit (n=5,180)

3. Lack of anti-HCV data (n=41)

Enrolled residents
(n=10,714)

N S N

2000-2004 2005-2009 20102014 2015-2019
(n=5,099) (n=1,269) (n=2,071) (n=2,275)
Figure 1 Flow chart of the study.

levels, were performed in all residents of Tzukuan. All the
demographic data and examination data were consecu-
tively collected in follow-up database. Those who were not
residents of the area were excluded.

Laboratory examinations

Serum AST and ALT levels were measured using an
autoanalyser (Hitachi, Tokyo, Japan). Anti-HCV tests
were performed using a second-generation or third-
generation commercially available ELISA kit (AxSYM
3.0; Abbott Laboratories, North Chicago, IL, USA). All
reactive samples were tested in triplicate and confirmed
by HCV RNA assay. Detection of serum HCV RNA was
performed using a standardised, automated qualitative
reverse transcription PCR assay (COBAS AMPLICOR
Hepatitis C Virus Test, V.2.0; Roche, Branchburg, NJ,
USA). All tests were performed in duplicate. The detec-
tion limit was 50IU/mL. Further, a self~administered
structured questionnaire, including questions on blood
transmission (blood transfusion, surgery, medical injec-
tions, dental procedures, acupuncture, tattoo and body
piercing), medical history and family medical history, was
designed to identify possible routes of infection.

Statistical analysis

Continuous variables were expressed as mean+SD, and
the differences between groups were evaluated using
Student’s t-test (or ANOVA). The overall and age-specific
HCV prevalence and annual incidence rates across the
four periods (2000-2004, 2005-2009, 2010-2014, 2015-
2019) were calculated using Pearson x* test (or Fisher’s
exact test when n<5). The Cochran-Armitage test was
used to evaluate the trend of prevalence. In univariate
and multivariate logistic regression, the risk factors for
HCV infection were expressed by ORs and their 95% Cls.
All statistical analyses were performed using JMP V.14.0
(SAS Institute, Cary, NC, USA), and p value <0.01 with
the two-tailed test was considered to indicate statistical
significance.
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Figure 2 Changing hepatitis C virus (HCV) prevalence
across different time periods in Tzukuan.

Patient and public involvement statement

This research was done without patient involvement.
Patients were not invited to comment on the study
design and were not consulted to develop patient rele-
vant outcomes or interpret the results. Patients were not
invited to contribute to the writing or editing of this docu-
ment for readability or accuracy.

RESULTS

Subject characteristics and prevalence trends

Among 10714 residents who underwent initial exam-
ination, 5099, 1269, 2071 and 2275 residents visited
during the periods of 2000-2004, 2005-2009, 2010-2014
and 2015-2019, respectively (figure 2). Their mean age
was 39.6+18.4 years, and 5867 (54.8%) residents were
women (table 1). There were 1842 (17.2%) residents
with anti-HCV seropositivity. Among 46 subjects who
have received antiviral treatment, IFN-based regimens,

Table 1 Profile of first-visit 10714 Tzukuan residents
Variables Subjects  Total (n=10714) Anti-HCV- (8872) Anti-HCV+ (1842) P value
Age (years) 10705 39.6+18.4 36.5+17.5 54.9+14.8 <0.0001
Female 10714 5867 (54.8) 4858 (54.8) 1009 (54.8) 0.987
Education
llliteracy 3781 435 (11.5) 257 (8.0) 178 (32.3) <0.0001
Elementary school 688 (18.2) 495 (15.3) 193 (35.0)
High school 1937 (51.2) 1780 (55.1) 157 (28.4)
College and above 721 (19.1) 697 (21.6) 24 (4.4)
Risks
Injections or medical procedures 4488 1812 (40.4) 1479 (38.8) 333 (49.6) <0.0001
Surgery 4194 1673 (39.9) 1335 (37.1) 338 (57.1) <0.0001
Blood transfusions 3996 258 (6.5) 185 (5.5) 73 (12.2) <0.0001
Persons who inject drugs 2450 1(0.5) 4 (0.2) 7(1.8) 0.0004
Other parenteral routes* 4471 1378 (30.8) 1139 (30.0) 239 (35.6) 0.0004
Medical history
HBsAg+ 3871 227 (5.9) 165 (5.2) 62 (8.9) 0.0001
Hypertension 4108 618 (15.0) 460 (13.0) 158 (27.4) <0.0001
Diabetes 4105 254 (6.2) 189 (5.4) 65 (11.3) <0.0001
Dyslipidaemia 3630 406 (11.2) 349 (11.0) 57 (12.7) 0.287
Heart disease 3982 158 (4.0) 110 (3.2) 48 (8.7) <0.0001
Stroke 4085 61 (1.5) 38 (1.1) 23 (4.0 <0.0001
Renal disease 3928 59 (1.5) 42 (1.2) 17 (3.2) 0.0005
Cancers 4901 71 (1.5) 46 (1.1) 25 (3.5) <0.0001
Family history
Hepatitis B 3883 311 (8.0) 282 (8.4) 29 (5.4) 0.014
Hepatitis C 3884 257 (6.6) 205 (6.1) 52 (9.6) 0.0003
Cirrhosis 3933 124 (3.2) 100 (3.0) 24 (4.4) 0.075
Hepatocellular carcinoma 3944 194 (4.9) 153 (4.5) 41 (7.5) 0.003

Mean+SDor n (%).

*Other parenteral routes included acupuncture, tattooing and body piercing.
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Figure 3 Age-specific hepatitis C virus (HCV) prevalence
across different time periods in Tzukuan.

IFN-free DAAs and unknown regimens were prescribed
in 27, 7 and 12 patients, respectively. The prevalence rates
of anti-HCV+ were 21.1% in 2000-2004, 18.8% in 2005—
2009, 14.1% in 2010-2014 and 10.3% in 2015-2019 (p for
trend test <0.0001) (figure 2). A significantly decreasing
trend of age-specific prevalence was observed according
to different time periods (figure 3). Unlicensed injec-
tions or medical procedures (40.4%) were the major risk
factors among the screened subjects, followed by surgery
(39.9%) and other parenteral routes (30.8%) such as
acupuncture, tattooing and body piercing. Blood trans-
fusions (6.5%) and persons who inject drugs (0.5%) were
the minor risk factors in Tzukuan.

Changing features of annual incidence

Among these 8872 anti-HCV seronegative residents, 1614
subjects underwent more than one examination during
the follow-up period of 20 years. There were 37 subjects
who newly developed anti-HCV+. Among them, 12, 14
and 11 subjects developed anti-HCV+ in 2005-2009,
2010-2014 and in 2015-2019, respectively. The calcu-
lated annual incidence rates were 0.54% in 2005-2009,
0.4% in 2010-2014 and 0.22% in 2015-2019, respectively
(p=0.01).

Changing risk factors for HCV infection

Table 2 shows the possible risk factors for HCV infection
calculated using univariate and multivariate analyses at
different time periods. In the early time period (2005-
2009), the factors old age, lower education level, surgery
and parenteral routes including acupuncture, tattooing
and body piercing were significantly associated with a
higher risk of HCV infection (all p<0.01). In the recent
time period after 2010, other risk factors such as hyper-
tension, diabetes, heart disease, stroke and family HCV
history were significantly associated with a higher risk for
HCV infection (all p<0.01).

Further analysis showed that HCV prevalence rate
among those illiterates reached 40.9%, which was signifi-
cantly higher than that of 28.5% in those with elementary
school level, and <10% in those with high school or higher
levels (OR (95% CI) 1.8 (1.4 to 2.3) for elementary school
level; 7.9 (6.1 to 10.1) for high school level; 20.1 (12.8
to 31.5) for college and higher levels) (figure 4). There
was a 3.7-fold higher HCV prevalence in subjects whose
family members had HCV infection than in those whose
families do not have any HCV infection. The subjects had
a higher risk of HCV infection contributed by their family
members, ranging from 1.8fold (1.1 to 2.9) from their
mothers (p=0.012), 3.4-fold from their siblings (1.9 to 6.3,
p<0.0001), to 4.0-fold from their children (1.6 to 10.5,
p=0.004) (figure 5).

DISCUSSION
The current study provides the changing epidemiological
features of the longest follow-up period in an HCV hype-
rendemic area where the initial prevalence was over 30%.
With the continuous and vigorous efforts implemented
by the public and the academia, it was demonstrated that
both the HCV prevalence and the annual incidence rates
significantly decreased with time from 2005 to 2019 in
Tzukuan township. It was observed that education level
played a significant role in HCV transmission. In addition
to older age, parenteral routes and family members with
HCV infection were major risk factors associated with
HCV infection. Thus, the study provides the exhilarating
results for the implementation of public health strate-
gies and the continuous efforts of the public. The results
inspire the vigorous staff of public health and also point
to the goal of eliminating HCV infection in the future.
Continuing education, prevention and treatment strat-
egies based on the COMPACT Study have been launched
in Tzukuan since 1997 according to the guidance of HCV
prevention policies suggested by WHO. The policies
included the following: (1) providing free screening for
liver disease; (2) implementing infection control prac-
tices in healthcare settings; (3) promoting behavioural
changes among the public and healthcare workers to
reduce injection use and increase safe injection prac-
tices; (4) providing counselling for risk reduction and
for treatment referral. The four policies of the study were
the major pillars for the construction of linkage to care
in a community-based setting because disease awareness
and medical accessibility were the main hurdles for HCV
elimination. Furthermore, free liver disease screening
and promoting behavioural changes such as community
education and healthcare professional education were
the main educational works for raising disease awareness
in this project. These results and follow-up assessments of
the strategies were monitored annually by the regional
university hospital, administration bureau and commu-
nity care centres.” The current study demonstrated that
the amelioration of HCV hyperendemic situation could
be effectively achieved by comprehensive measurements
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2005-2009

(n=1269) 2010-2014 (n=2071) 2015-2019 (n=2275)

Anti-HCV (+) Anti-HCV (+) Anti-HCV (+)

OR (95% ClI) Pvalue OR (95%Cl) P value OR (95% ClI) P value
Age per 5-year increment 1.4(1.3t01.5) <0.0001 1.4(1.4t01.5) <0.0001 1.5(1.4t0 1.6) <0.0001
Elementary school vs 0.4 (0.2to0 0.6) 0.0003 0.7 (0.4to1.1) 0.132 0.7 (0.4 t0 1.0) 0.034
llliteracy

College vs llliteracy 0.03 (0.01 t0 0.08) <0.0001  0.04 (0.011t0 0.10)  <0.0001 0.08 (0.04t0 0.14)  <0.0001

Male vs female 0.8 (0.6 to 1.1) 0.138 1.1 (0.8 to 1.4) 0.544 0.9 (0.7 t0 1.2) 0.647

Yes vs no 2.4(1.61t03.5) <0.0001 1.4(1.1t0 1.9 0.015 3.4 (2.6 10 4.6) <0.0001

Yes vs no 1.6 (0.9t0 2.8) 0.101 1.8(1.0t0 2.9) 0.037 3.3 (2.1105.0) <0.0001

Yes vs no 1.2(0.9t0 1.6) 0.241 1.0(0.7 to 1.4) 0.927 2.7 (2.1t03.6) <0.0001

Yes vs no 1.8 (1.3t02.5) 0.0005 0.8 (0.6 to 1.1) 0.218 1.7 (1.3t02.9) 0.0001

HBsAg+

Dyslipidaemia

Hypertension

Diabetes

Heart disease

Stroke

Renal disease

Cancers

Family history

Yes vs no NA NA 1.0 (0.5 to 1.8) 0.995 0.6 (0.3 t0 1.0) 0.041

Yes vs no NA NA 2.0 (1.2 t0 3.4) 0.013 1.9 (1.3t0 2.9) 0.003

Yes vs no NA NA 2.1(1.1t0 4.0 0.026 1.3 (0.6 to 2.5) 0.405

Yes vs no 1.1 (0.2-3.8) 0.908 2.0 (1.2-3.4) 0.012 1.7 (1.0-2.8) 0.065

(3]
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Figure 4 Hepatitis C virus (HCV) prevalence according to
education levels.

of public health in a long-term fashion. The results were
further validated by the significant decreasing trend of
age-specific prevalence correlated with different time
periods. The results echoed previous studies on young
individuals in this township. The studies indicated that
the prevalence rate in teenagers was much lower than
that in adults and has significantly decreased. From
1995 to 2005, in teenagers, the prevalence of anti-HCV
(2.8% vs 1.0%) and HCV RNA (2.3% vs 0.5%) signifi-
cantly decreased in Tzukuan.®® Recently, direct antiviral
agents (DAAs) have tremendously changed the treatment
landscape globally and are currently the mainstream of

B3 Anti-HCV - [ Anti-HCV+
60
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p<0.0001
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2
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>
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Figure 5 Hepatitis C virus (HCV) prevalence according to
anti-HCV+ family members.

HCV treatment currently. It follows that the significant
decreasing time-dependent trend will be anticipated in
the new era of HCV treatment. Whether the accelerating
speed of HCV elimination did exist awaits elucidation.

WHO indicated that HCV is one of the major public
health threats, and its elimination is a must by 2030.
Decreasing the prevalence in highly endemic areas is the
main pathway towards microelimination. Incidence of
new HCV infection in the high endemic area is also essen-
tial for disease control. The incidence of HCV infection
among adults in Tzukuan decreased from 4.5% to 0.74%
from 1997 to 2005.°° The current study further extended
the observation period, showing that the annual inci-
dence among adults significantly decreased from 0.54%
in 2005-2009, 0.4% in 2010-2014 to 0.22% in 2015-2019.
Nonetheless, the anti-HCV+ prevalence among those
aged =65 years remained high. Generally, HCV infection
is an acquired infectious disease, and the prevalence of
HCV infection thus increases with age. Multiple comor-
bidities and the disease awareness might be the hurdles
for the successful eradication in the elderly population.
The effectiveness of HCV management in elderly individ-
uals could be a challenging task in a community setting.

Risk stratification is essential for the clarification of
the epidemiological features of HCV infection in hype-
rendemic areas. From a public health perspective, a key
feature of HCV is that the different transmission routes
have resulted in the spread of the disease among a
wide range of population. HCV is primarily transmitted
through direct percutaneous exposure to blood. Mucous
membrane exposures to blood also can result in trans-
mission, although this route is less efficient. Iatrogenic
factors such as non-sterile acupuncture, dental proce-
dures, cosmetic procedures, and sharing the needle and
syringe were the major vehicles for HCV transmission in
several high endemic areas reported of Taiwan.”? " A
previous study demonstrated that the main risk factors
of transfusions and anti-HCV-positive families were
not significant among teenagers after one decade in
Tzukuan.® The current study represented a long-term
follow-up community study showing that the risk factors
have shifted to individual hypertension, diabetes, heart
disease and stroke in the recent follow-up period. In addi-
tion to the rapid ageing change in Taiwan, the results may
imply the effective results of prevention and treatment
strategies. The strategies mainly included the initiation
of health promotion programmes and the the National
Health Insurance Scheme for generalised treatment,
which was launched in 1995 with a coverage rate of 298%
of residents in Taiwan. Meanwhile, although vertical
transmission is not an important route of transmission for
HCYV, the role of intrafamily transmission deserves further
clarification.

The current study demonstrated that low education level
was significantly associated with the risk of HCV infection.
Although age contributed in large part to the association,
the results demonstrated that there is an inverse relation-
ship between education level and HCV prevalence. This
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observation was concordant with that previous study by the
same group demonstrating that disease awareness was the
main hurdle for HCV treatment effectiveness.’ Also, the
results were concordant with the previous studies showing
that the significant association existed between low educa-
tion level and family income and HCV infection."™ In a
nationwide study, more than half of patients with HCV infec-
tion were not aware that they had the disease. This raised
the concern that education and/or advocacy efforts should
be continuously conducted in hyperendemic areas, particu-
larly among elderly individuals. To overcome the low educa-
tion level and increase disease awareness, implementing
the door-to-door screening and easy-to-access home-based
treatment strategies in a community setting may be more
feasible in the era of DAAs. An ‘outreach HCV team’ to
execute a door-to-door screening and to link those infected
patients to an outreach clinic has been implemented in
Tzukuan since 2018. The results will be informative for
future modification of the related strategies. In addition,
the interaction between education level and the number of
family members is an interesting direction for analysis.

This study had some limitations. With the rapid tremen-
dous progress in HCV treatment, the community effective-
ness of HCV treatment regimens may have an impact on
the prevalence and incidence in different periods. DAAs
have not been reimbursed until 2017 by the National
Health Insurance of Taiwan, which cover more than 95%
population in this country. The nationwide reimbursement
also has several limitations in the first 2 years. Therefore,
the impact of treatment efficacy of DAAs on the study was
quite minimal. The current study defined those who were
anti-HCV+ as having HCV infection, which could overesti-
mate the prevalence because those who received previous
treatment or anti-HCV+/HCVRNA- were not excluded. In
addition, the diagnosis of comorbidities was mainly based
on the questionnaire response from the recruited subjects.
The accurate diagnosis based on the clinical aspects, prefer-
ably for a long term, will be more informative for the eluci-
dation of the interaction between them.

In conclusion, our study demonstrated the significant
amelioration of HCV in the hyperendemic area with
long-term public health efforts. Data from the long-term
follow-up period indicated changing epidemiological
features in this area. Thus, the inspiring results are infor-
mative to achieve the goals of HCV infection elimina-
tion by 2030. The pacing towards the goals advocated by
WHO will be much faster in the era of easy-to-access and
extremely high efficacy of DAAs. More aggressive strat-
egies such as door-to-door screening and home-based
on-site treatment strategies may be implemented based
on the finding of the current study.
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