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We aimed to analyze the different patient characteristics and treatment outcomes (such as sustained viral response, SVR) between
incarcerated patients with chronic hepatitis C (CHC) and those with CHC from the outpatient department through an on-site
integrated screening and microelimination program in a detection center. In this retrospective study, which ran from May
2021 to April 2022, we included 32 consenting male prisoners aged at least 20 years who were willing to participate in the
study. Members of the control group (who received DAAs in an outpatient setting) were selected from the treated CHC
patient databank of individuals who received DAA regimens at Chi Mei Hospital between January 2021 and December 2022.
The patients in the two groups did not differ significantly in terms of age, FIB-4 score, HCV RNA, HBV coinfection,
hemogram findings, coagulation profiles, and renal function tests. However, the patients in the incarcerated group had a
significantly different genotype distribution compared to the control group, significantly lower liver enzyme levels, and higher
albumin and bilirubin levels compared to those in the control group. The rate of SVR to DAA treatment obtained among
incarcerated patients did not differ significantly from that obtained among patients in the control group. Loss to follow-up
(for several reasons) is a major reason for treatment discontinuation among these patients.

1. Introduction

Chronic hepatitis C virus (HCV) infection is a known global
health problem, prompting the World Health Organization
(WHO) to define elimination goals by 2030 by reducing
new infections by 90% and mortality by 65% [1]. People
incarcerated in prisons or jails are a key risk group for
HCV infection. The prevalence of HCV antibodies (Ab) in

closed settings was 30% in Western Europe, as estimated
in 2013 by Larney et al. This prevalence varies worldwide
as follows: approximately 35% in Australia, 29% in North
America, and 25% in East Asia [2]. The HCV prevalence
among people in correctional facilities is not geographically
uniform and can vary by state and region [3]. At any given
moment, an estimated 10.7 million incarcerated people
worldwide constitute a key group to target for HCV
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elimination [4]. In Taiwan, the prevalence of anti-HCV Ab
seropositivity was 33.5% and 34.8% in two trials conducted
in recent years [5, 6]. Injection drug use is the most common
risk factor for HCV transmission in correctional settings [7,
8]. Tattooing, sharing of the injecting apparatus, risky sexual
behavior, barbering, and even fighting were all transmissive
methods identified among incarcerated individuals with
HCV infection [9, 10]. These were the main reasons why
incarcerated individuals had a high prevalence of chronic
hepatitis C (CHC). HCV-associated liver disease, a frequent
cause of death among inmates, has recently surpassed HIV
in this respect [11]. Several preventive strategies and mea-
sures to block possible transmission routes of HCV, such
as increasing knowledge and awareness of the prevention
and auditing the competence of healthcare facilities, folk
therapists, and tattoo artists on infection control procedures,
were proposed [12]. However, due to the high efficacy of
novel direct-acting antiviral agent (DAA) development,
one of the most efficient methods of preventing transmission
may be CHC eradication via the use of DAAs [13].

Pangenotype DAAs, which have been reimbursed by
Taiwan National Health Insurance (NHI) since 2017, have
become the treatment modality for CHC because of their
high sustained viral response (SVR) rates in the general pop-
ulation. In the 2020 Taiwan consensus for special popula-
tions, many clinical trials and accumulating real-world data
suggest that DAA regimens are effective and safe in patients
who inject drugs (PWID) [14]. Moreover, DAAs are also
preferred in custodial settings because of their shorter treat-
ment course, high effectiveness, and fewer adverse effects
than pegylated interferon plus ribavirin. DAA therapy for
HCV is now logistically feasible within the prison setting
and actually aids HCV elimination [15].

Places with a high prevalence of HCV, such as prisons,
have been recognized as potential settings to implement
interventions aimed at achieving HCV microelimination
[16]. As the TraP HepC study conducted in Iceland demon-
strates, screening and simultaneous treatment for CHC were
offered to all incarcerated individuals. Such microelimina-
tion programs in high-prevalence populations can help
nations achieve the goal of HCV elimination [17]. Thus, this
case-control study is aimed at analyzing the different patient
characteristics and treatment outcomes (SVR) between
incarcerated CHC patients (incarcerated group) and CHC
patients from the outpatient department (outpatient group).

2. Materials and Methods

2.1. Methods. Through the on-site integrated screening and
microelimination program in a detection center in collabo-
ration with the correctional facility HCV screening and
treatment program elaborated by the National Health Insur-
ance Administration and Public Health Bureau, our hospital
began implementing an on-site integrated screening and
elimination program in the Tainan detection center in April
2021. In the initial phase of the program, we provided group
health education lectures to incarcerated persons and
obtained written informed consent prior to screening. Mass
screening was conducted by an outreach blood test service

during a two-week period for all incarcerated persons to
check for anti-HCV seropositivity. Reflex HCV ribonucleic
acid (RNA) examination was performed spontaneously. All
incarcerated persons in whom HCV RNA was detected were
offered the opportunity to undergo further evaluation and
receive treatment at a special on-site hepatitis C clinic. To
address this program, we established and operated a special
on-site hepatitis C clinic in the Tainan detection center on
a weekly basis after mass screening for HCV infection. The
clinic has two hepatologists, one registered nurse, and one
case manager in its staff.

To facilitate complete pre-DAA treatment assessment
during the first visit to the clinic, a portable ultrasound
machine for abdominal ultrasonography was equipped in
the prison clinic and all necessary samples for laboratory
tests before DAA treatment were collected at the same time.
Patients who tested positive for HCV RNA were treated with
glecaprevir/pibrentasvir (GLE/PIB) or sofosbuvir/velpatasvir
(SOF/VEL) if liver decompensation was detected upon pre-
sentation at the clinic or anamnesis. All treatment and
follow-up strategies were performed according to the Taiwan
NHI clinical practice guidelines. We implemented a facilitated
and streamlined process to reduce the treatment duration and
minimize the number of visits to the clinic. Patients treated
with GLE/PIB required only four clinic visits to complete
treatment and all necessary follow-up (Figure 1).

2.2. The Study Design. The on-site integrated screening and
elimination program was scheduled and initiated since
May 1, 2021. However, this program was disrupted by the
COVID-19 pandemic just after the mass screening was com-
pleted. Therefore, the first clinic for treatment was estab-
lished in August 2021.

This retrospective study was conducted between May 1,
2021, and April 30, 2022, to evaluate the efficacy of DAA
therapy and the epidemiology of HCV infection in incarcer-
ated individuals at a detection center. Only patients with
chronic HCV infection who completed a full course of
DAA treatment were included in the analysis to ensure data
integrity. To compare characteristics between incarcerated
individuals with CHC and community-dwelling individuals
with CHC, a control group was included in this study. The
control group consisted of CHC patients who received
DAA therapy at Chi Mei Hospital, a tertiary medical center
in Tainan, between January 1, 2021, and December 31, 2022.

The Institutional Review Board (IRB) of Chi Mei Hospital
approved this study under the approval number 11208-001,
and the confidentiality of enrolled patients was protected
according to the principles of the Declaration of Helsinki
and the International Conference onHarmonization for Good
Clinical Practice.

2.3. HCV-Viremic Patients Identified by Mass On-Site
Integrated Screening (Incarcerated Group). All incarcerated
individuals at the Tainan detection center (Agency of
Corrections, Ministry of Justice, Taiwan) were invited to
participate in the elimination program. We included all
consenting male prisoners aged at least 20 years who were
willing to participate in the study. Patients with less than
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six months remaining on their sentences were excluded from
this study as they would have been released from jail before
the end of the study period. Patients who had severe illness
or hepatic decompensation were also excluded from this
study. Additionally, patients who had previously received
DAA treatment were excluded based on the treatment
criteria of the NHI. Incarcerated individuals who tested pos-
itive for HCV RNA were defined as CHC-viremic patients,
and they were referred to the special on-site hepatitis C
clinic for treatment. Only patients who completed the treat-
ment and reached the end-of-treatment (EOT) point were
included in the incarcerated group.

2.4. The Control Group and Propensity Score Matching.
Members of the control group were selected from the treated
CHC patient databank of individuals who received DAA
regimens at Chi Mei Hospital between January 2021 and
December 2022. To minimize the impact of selection bias,
each incarcerated patient was matched with two controls
using the propensity score matching approach on age and
creatinine levels. Per the matching criteria, we identified 74
patients who met the matching criteria and were included
as control participants for our analysis.

2.5. Laboratory Investigations. Demographic and baseline
characteristics including sex, age, HCV genotype, HCV
RNA viral load, coinfection with hepatitis B, hemogram
(complete blood cell count), coagulation profile, hepatic
and renal functions, and alpha-fetoprotein (AFP) levels were
collected. Fibrosis-4 (FIB-4) scores were also calculated.
Advanced hepatic fibrosis (fibrosis stage F3) was assessed
using the fibrosis index based on the FIB-4 test, with a cutoff
value of ≥3.25. Liver cirrhosis was diagnosed based on the
presence of clinical, radiological, and endoscopic findings
that met the criteria for cirrhosis. Patient treatment options
were also recorded.

HCV genotypes (GTs) were analyzed via primer-specific
polymerase chain reaction, and GTs were determined using

the Abbott RealTime HCV Genotype II (Roche Molecular
Diagnostics) with the Abbott m2000 system. To assess the
virologic response after DAA therapy, serum HCV RNA
levels were quantified using the Abbott RealTime HCV viral
load assay (Abbott Molecular, USA) at two time points,
EOT, and 12 weeks posttreatment (SVR12). The lower limit
of detection was 15 IU/mL. Abdominal ultrasonography was
performed prior to treatment initiation to detect the pres-
ence of liver cirrhosis and for hepatocellular carcinoma sur-
veillance. Baseline laboratory tests were conducted within
three months before treatment initiation.

2.6. Statistical Analysis. Statistical Analysis System (SAS) sta-
tistical software (version 9.4; SAS Institute, Inc., Cary, NC,
USA) was used for all analyses. Continuous variables are
presented as mean values (standard deviations) or median
values (IQ1, IQ3), while categorical variables were presented
as counts and percentages. Pearson’s chi-square test or
Fisher’s exact test (categorical variables) and Student’s t test
or the Wilcoxon rank-sum test (continuous variables) were
used to compare baseline features between incarcerated
patients and control participants. A p value of < 0.05 was
considered statistically significant.

3. Results

3.1. Patient Flowchart of the HCV Microelimination
Program. Out of 1080 inmates, 896 (83.0%) participated in
the mass screening, among whom 181 (20.2%) were anti-
HCV seropositive. Of them, 134 (74.0%) tested positive for
HCV RNA. However, 85 subjects declined referral to the
special on-site hepatitis C clinic for reasons such as their
unwillingness to undergo treatment, transfer to other jails,
or imminent release. One patient was excluded due to
retreatment for reinfection, and two female patients were
also excluded. Ultimately, 46 (34.4%) patients received
DAA treatment. However, seven patients were released from
jail, and two patients were transferred to other correctional
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Figure 1: The on-site integrated screening and microelimination program in a detection center. Abbreviations: HCV: hepatitis C virus;
CHC: chronic hepatitis C; US: ultrasound; Lab: laboratory; DAA: direct antiviral agent; EOT: end of treatment; SVR: sustained viral
response.
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facilities during the treatment period. Ultimately, only
37 (80.4%) patients completed the treatment and reached
the EOT point, and they were enrolled as the incarcerated
group. In this group, five patients were released during the
posttreatment follow-up period and 32(86.5%) patients
reached the end of follow-up point (SVR12). The patient
flowchart of HCVmass screening, assessment, and treatment
is presented in Figure 2.

3.2. Patient Characteristics. The baseline characteristics of
patients in the incarcerated and control groups are shown
in Table 1. Those in the incarcerated group had a mean
age of 47 years, with only 2 (5.4%) patients having HBV
coinfection. Only 2 (5.4%) of the patients in the incarcerated
group had advanced fibrosis (with FIB-4 score of >3.25) and
liver cirrhosis confirmed via ultrasonography. The mean
HCV RNA level was 6.0 (log10 IU/mL), and the dominant
HCV genotype was genotype 1 (GT1a+1b, 37.8%), followed
by HCV-GT6 (18.9%), HCV-GT3 (16.2%), and mixed or
indeterminate genotypes (16.2%).

The two groups did not differ significantly in terms of
age, FIB-4 score, HCV RNA, HBV coinfection, hemogram
findings, coagulation profiles, or renal function tests. How-
ever, the patients in the incarcerated group had a signifi-
cantly different genotype distribution compared to the
control group, significantly lower liver enzyme levels, and
higher albumin and bilirubin levels compared to those in
the control group. None of the patients had decompensated
cirrhosis or liver cancer.

3.3. Treatment Efficacy. In the incarcerated group, 46
patients received DAA treatment and only 37 of them com-
pleted the treatment course, with SVR12 being achieved in
32 of them. Nine patients (seven who were released early
and two who were transferred to other prisons) during the
period of treatment and five during the follow-up period
were lost to follow-up in the incarcerated group. Fourteen
patients were also lost to follow-up in the control group.
The rate of intention-to-treat (ITT) SVR was 65.2% in the
incarcerated group and 81.0% in the control group. Lower
ITT SVR was achieved among incarcerated patients; how-
ever, the difference was not statistically significant (65.2%
vs. 81.0%, p = 0 051). The per-protocol (PP) SVRs were
93.8% and 100% in the incarcerated and outpatient groups,
respectively; however, the difference between them was not
statistically significant (p = 0 05; Figure 3).

4. Discussion

Every year, over 10 million individuals worldwide, both men
and women, are confined to prisons and other closed facili-
ties. Approximately 30% of all persons with HCV infection
in the US have spent at least a fraction of a year in a correc-
tional institution [3]. However, only a few HCV-infected
individuals in correctional facilities were aware of their
infection [18]. The majority of incarcerated individuals will
eventually be released and reintegrate into the general popu-
lation, where they can contribute to the spread of HCV in
the community [19]. HCV elimination strategies can help

mitigate the financial and medical burdens caused by
HCV. The success of these strategies relies not only on the
efforts made within correctional settings but also on the
collaboration of neighboring communities [20]. The US
Preventive Services Task Force [21] and the WHO [22] rec-
ommend that all incarcerated persons undergo HCV testing.
Despite these recommendations, HCV testing is still not uni-
versally performed at correctional institutions as a routine
entrance examination in Taiwan. The primary reason for
this observation is the payment issue within Taiwan’s health
insurance system. Reimbursement is not provided for rou-
tine examination for anti-HCV unless the individuals are
identified as having chronic hepatitis, defined as abnormal
liver function persisting for over 3 months. Therefore, even
though DAA treatment can be reimbursed for all individuals
with detected HCV-RNA under Taiwan’s NHI, identifying
and treating these potential HCV-infected patients in this
high-risk population would not be achievable without the
assistance of a special microelimination program funded by
nongovernmental organizations (NGOs) to provide univer-
sal anti-HCV screening.

The microelimination approach, which focuses on tar-
geting smaller, high-risk subpopulations for treatment, has
been proposed as an effective way of addressing HCV infec-
tions [23]. The Australian experience from the Surveillance
and Treatment of Prisoners with hepatitis C (SToP-C) study
highlights the efficacy of access to CHC patients and engage-
ment with CHC treatment for microelimination in incarcer-
ated individuals [24]. Only a few single site studies with
smaller samples have been conducted in Taiwan. Yang
et al. arranged a microelimination program for individuals
in prison in Taiwan. A total of 1,402 individuals were invited
to participate in the screening and 59% of them accepted;
165 patients received DAAs, and the overall SVR12 rate
was 100% [5]. Chen et al. arranged a HCV microelimination
program in a prison in Taiwan populated mainly by PWID.
Out of the 1,697 individuals invited to participate in anti-
HCV mass screening, 1,137 (67%) accepted [6]. In our
study, we observed a higher participation rate compared
with the previous studies, with 83.0% of individuals willingly
accepting screening. This was attributed to the on-site inte-
grated screening program conducted by group education
about this disease and the benefit of treatment, combined
with an outreach blood test service over a two-week period
for all incarcerated persons.

Data from prison-based treatment programs indicate
that providing treatment to incarcerated individuals leads
to positive clinical outcomes and is cost-effective [25–27].
These successful programs can serve as a guide for stake-
holders, including the government, in implementing HCV
elimination programs both in correctional facilities and in
the general population.

The incarcerated population was identified as a priority
for microelimination efforts due to their high prevalence of
CHC. Additionally, this group of incarcerated patients with
HCV has certain characteristics that differentiate them from
the general population. In 2018, Crowley et al. conducted a
qualitative study that revealed that the barriers to HCV
screening and treatment included lack of knowledge,
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concerns regarding confidentiality, fear of stigmatization,
liver biopsy phobia, inconsistent access to prison health ser-
vices, and delays in screening and treatment reception [28].
However, the treatment cascade existed in care and treat-
ment among patients in the incarcerated population. The
SVR12 achievement rate was excellent under the strategies
of ambulatory clinic or on-site screening and treatment pro-
gram. In our study, the PP SVR in both groups exceeded
90%. The main reason why all patients did not achieve
SVR was the loss to follow-up due to early release or trans-
fer. The virus was not detected in the serum of any patient
at the EOT.

The models of HCV care within correctional settings
exhibit significant variation both within and between coun-
tries. In addition to the unique characteristics of incarcerated
individuals with HCV, another issue may result in treatment
interruption or discontinuation of follow-up. This issue per-
tains to early release or prison transfer, which is critical
when implementing HCV treatment within correctional
facilities. According to the results of our study, nine inmates
failed to reach the EOT due to early release or prison trans-
fer. This phenomenon was indirectly responsible for our
finding of no significant difference in the ITT SVR between
the incarcerated group and the control group. Upon release
from prison and the subsequent loss of access to ongoing
treatment and follow-up, incarcerated individuals enter a
period of heightened vulnerability. During this time, they
may encounter negative health effects stemming from the
absence of long-term physical and mental support, including
the potential for treatment failure and the risk of reinfec-
tion [29].

Previous studies have revealed that loss to follow-up
upon early release from prison was a major obstacle to
HCV treatment for incarcerated patients due to long waiting
times when undergoing screening for indigent care services,
difficulty obtaining medications after being released, and

lack of awareness as to where and how to access further
treatment [15, 30]. Retrospective studies conducted in the
USA have indicated that only 10% of individuals who were
previously incarcerated manage to establish a connection
with HCV care after their release [31, 32]. Brief periods of
incarceration result in significant rates of treatment discon-
tinuation, emphasizing the critical need to ensure continuity
of care following release [33]. To address the critical chal-
lenges facing the linkage of individuals to care, particularly
during transfers between correctional settings and short
stays, it may be worthwhile to explore more streamlined
and tailored models of HCV care for implementation within
correctional settings. There are a variety of interventions
that can be implemented to support released prisoners with
linkages to care. Research on HIV has found that arranging
an appointment with an HIV primary care provider for
released patients before their release increases the likelihood
that they will complete their postrelease follow-up [34]. Sim-
ilar interventions for supporting linkage to care should also
be applied to HCV care. Improved models of HCV care
can be sustained through the incorporation of in-reach ser-
vices, where clinicians visit correctional centers to provide
on-site clinic sessions. Hariri et al. conducted a comprehen-
sive HCV care model in an Iranian provincial prison and
found that over two-thirds of patients have demonstrated
the ability to be connected to care after their release, under-
scoring the crucial role of active patient navigation in engag-
ing individuals with postrelease care [35]. Additionally, it
may be worthwhile to consider the integration of telemedi-
cine consultations, which have been demonstrated to be
both cost-effective and well-received [20]. The AASLD
guidelines also recommend providing linkage to community
healthcare upon discharge from correctional settings [36].
Community-based organizations and nongovernmental
organizations can play a vital role in facilitating the success-
ful community reintegration of offenders [37]. The New

HCV mass screen n = 896

Anti-HCV (+), n = 181

HCV RNA (+), n = 134
Decline referral,

n = 85

Received DAA therapy, n = 46

Female, n = 2

Reinfection, n = 1

End-of-treatment, n = 37

End of follow up
(SVR12), n = 32

Released, n = 7
Transferred, n = 2

Released, n = 5

Figure 2: The patient flowchart of HCV mass screening. Abbreviations: HCV: hepatitis C virus; CHC: chronic hepatitis C; DAA: direct
antiviral agent; SVR: sustained viral response.
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York State Hepatitis C Continuity Program provided evi-
dence that establishing a network of community-based pro-
viders is feasible and effective in ensuring the uninterrupted
continuation of HCV treatment following release [38].

Based on the characteristics of the two groups of patients
in our study, significant distribution differences were
observed, including the GT of HCV. The control group
had the highest prevalence of GT 2, while the incarcerated
group had the highest prevalence of GT 1 (1a+1b). This
finding is consistent with that of a meta-analysis conducted
in 2022 [39]. Furthermore, as mentioned earlier, it was
initially expected that the ITT rate in the incarcerated group
would be significantly higher than that in the control group
due to characteristics such as shorter sentences and treat-
ment duration (with the incarcerated group having a signif-

icantly higher rate of GLE/PIB usage than the control
group), higher medication adherence, and better monitor-
ing. However, due to the limited sample size of the incarcer-
ated group in our study and the issue of early release or
prison transfer before the achievement of SVR12 during
the follow-up period, the ITT analysis did not show signifi-
cant differences despite certain findings coming close to
being significantly lower in the incarcerated group than in
the control group.

This study had several limitations. First, it was a retro-
spective study that may have included biases such as
researcher bias or information bias. Second, the sample size
of incarcerated patients in our study was relatively small,
resulting in increased variability that could impact the preci-
sion and reliability of the study’s findings. Third, we did not

Table 1: Baseline characteristics: sporadic outpatient HCV therapy (control group) vs. incarcerated patients (incarcerated group).

Characteristics Control (n = 74) Incarcerated (n = 37) p value

Age (years) 49.0 (41.0, 58.0) 47.0 (42.0, 53.0) 0.4851

HCV genotype (%) 0.0008

1a 14 (18.92) 8 (21.62)

1b 12 (16.22) 6 (16.22)

2 30 (40.54) 4 (10.81)

3 3 (4.05) 6 (16.22)

6 14 (18.92) 7 (18.92)

Mixed 0 4 (10.81)

Indeterminate 1 (1.35) 2 (5.41)

Fibrosis-4 score (%) 0.2234

F0 32 (43.24) 22 (59.46)

F1 17 (22.97) 10 (27.03)

F2 11 (14.86) 2 (5.41)

F3 9 (12.16) 1 (2.70)

F4 5 (6.76) 2 (5.41)

Liver cirrhosis (%) 3 (4.02) 2 (5.41) 1

HCV RNA (log10 IU/mL) 6.2 (5.3, 6.6) 6.0 (5.2, 6.4) 0.0831

HBsAg+ (%) 6 (8.11) 2 (5.41) 0.7165

WBC (1000/u) 5.8 (4.9, 7.2) 6.1 (5.5, 7.8) 0.4546

Hemoglobin (g/dL) 14.7 (13.3, 15.8) 15.3 (14.4, 16.2) 0.0929

Platelet (1000/u) 194.5 (158.0, 235.0) 198.0 (172.0, 232.0) 0.8267

Creatinine (mg/dL) 0.9 (0.8, 1.0) 0.9 (0.8, 1.0) 0.9897

PT (seconds) 11.6 (11.0, 11.9) 11.3 (11.1, 11.8) 0.3687

INR 1.0 (1.0, 1.1) 1.0 (1.0, 1.1) 0.824

Albumin (g/dL) 4.3 (4.0, 4.5) 4.4 (4.2, 4.6) 0.0128

ALT (IU/L) 55.0 (40.0, 149.0) 38.0 (26.0, 64.0) 0.0028

AST (IU/L) 40.5 (29.0, 77.0) 30.0 (23.0, 44.0) 0.0026

Total bilirubin (mg/dL) 0.7 (0.5, 0.9) 1.0 (0.7, 1.3) 0.0004

Direct bilirubin (mg/dL) 0.3 (0.2, 0.4) 0.4 (0.3, 0.5) 0.0223

AFP (ng/mL) 5.9 (4.0, 8.9) 5.1 (4.3, 8.0) 0.5948

Treatment options (%) <0.0001
Epclusa (sofosbuvir/velpatasvir) 47 (63.51) 8 (21.62)

Maviret (glecaprevir/pibrentasvir) 27 (36.49) 29 (78.38)

Data are presented as the median (IQ1, IQ3). Categorical variables were reported as counts and percentages. Abbreviations: HCV: hepatitis C virus; HBV:
hepatitis B virus; RNA; ribonucleic acid; ALT: alanine aminotransferase; AST: aspartate aminotransferase; WBC: white blood cell; AFP: alpha-fetoprotein.
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document the side effects of DAA therapy that may have
contributed to the failure to achieve SVR. Furthermore,
our study did not assess the cost of antiviral treatment,
which precluded a cost-benefit analysis.

5. Conclusions

In conclusion, implementing a comprehensive on-site micro-
elimination program in prison settings (including education
programs, outreach screening, and treatment) appears highly
viable. The emergence of DAA drugs undoubtedly brings great
benefits to inmates affected byHCV. Except for uncontrollable
factors such as early release and prison transfer, it is highly
promising to eradicate HCV in the near future if the govern-
ment, prisons, hospitals, and community organizations collab-
orate and strengthen postrelease follow-up and treatment
continuity. This approach would effectively contribute to the
achievement of WHO targets, the mitigation of the risk of
advanced liver disease progression, and the extension of bene-
fits to the entire community upon prisoners’ release.

Data Availability

The data that support the findings of this study are available
upon reasonable request from the corresponding author.

Ethical Approval

The Institutional Review Board (IRB) of Chi Mei Hospital
approved this study under the approval number 11208-001,
and the confidentiality of enrolled patients was protected

according to the principles of the Declaration of Helsinki
and the International Conference onHarmonization for Good
Clinical Practice.

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

Hsuan-Yuan Chang and Chun-Chi Yang conceived the pre-
sented idea, collected the data, performed the statistical analy-
sis, and wrote the main manuscript text. Su-Hung Wang,
Chun-Chi Yang, and Hsing-Tao Kuo participated in the pro-
gram and prescribed treatment for patents. Chung-Han Ho
provided statistical assistance. Su-Hung Wang, Hsing-Tao
Kuo, Ming-Jen Sheu, I-Che Feng, Jui-Yi Chen, Chi-Shu Sun,
Chi-Hsing Chen, and Cheng-Yi Lin reviewed the manuscript.
Chun-Chi Yang checked the data and revised the manuscript
text. All authors have read and approved the final manuscript.

Acknowledgments

The authors would like to thank Jeffery K as the senior editor
of Impact Language Services for his English editorial
assistance.

References

[1] World Health Organization, Global Hepatitis Report, 2017,
WHO, Geneva, 2017.

0.00

20.00

40.00

60.00(%
)

80.00

100.00

120.00

Incarcerated (N = 46) Outpatient (N = 74)

ITT (intent to treat)
PP (per-protocol)

P = 0.051

P = 0.05

65.20%

81.00%
93.75%

100.00%

Figure 3: The SVR of DAA therapy between the incarcerated and outpatient HCV patients. Abbreviations: ITT: intention-to-treat;
PP: per-protocol.

7International Journal of Hepatology



[2] S. Larney, H. Kopinski, C. G. Beckwith et al., “Incidence and
prevalence of hepatitis C in prisons and other closed settings:
results of a systematic review and metaanalysis,” Hepatology,
vol. 58, no. 4, pp. 1215–1224, 2013.

[3] A. K. Varan, D. W. Mercer, M. S. Stein, and A. C. Spaulding,
“Hepatitis C seroprevalence among prison inmates since 2001:
still high but declining,” Public Health Reports, vol. 129, no. 2,
pp. 187–195, 2014.

[4] Institute for Crime & Justice Policy Research(ICPR), “World
Prison Population List, 12th edition,” https://www.prisonstudies
.org/sites/default/files/resources/downloads/wppl_12.pdf.

[5] T. H. Yang, Y. J. Fang, S. J. Hsu et al., “Microelimination of
chronic hepatitis C by universal screening plus direct-acting
antivirals for incarcerated persons in Taiwan,” Open Forum
Infectious Diseases, vol. 7, no. 8, article ofaa301, 2020.

[6] C. T. Chen, M. Y. Lu, M. H. Hsieh et al., “Outreach onsite treat-
ment with a simplified pangenotypic direct-acting anti-viral reg-
imen for hepatitis C virus microelimination in a prison,” World
Journal of Gastroenterology, vol. 28, no. 2, pp. 263–274, 2022.

[7] J. Stone, H. Fraser, A. G. Lim et al., “Incarceration history and
risk of HIV and hepatitis C virus acquisition among people
who inject drugs: a systematic review and meta-analysis,”
The Lancet Infectious Diseases, vol. 18, pp. 1397–1409, 2018.

[8] L. Degenhardt, A. Peacock, S. Colledge et al., “Global preva-
lence of injecting drug use and sociodemographic characteris-
tics and prevalence of HIV, HBV, and HCV in people who
inject drugs: a multistage systematic review,” The Lancet
Global Health, vol. 5, no. 12, pp. e1192–e1207, 2017.

[9] M. Peña-Orellana, A. Hernández-Viver, G. Caraballo-Correa,
and C. E. Albizu-García, “Prevalence of HCV risk behaviors
among prison inmates: tattooing and injection drug use,” Jour-
nal of Health Care for the Poor and Underserved, vol. 22, no. 3,
pp. 962–982, 2011.

[10] H. M. S. Sazzad, L. McCredie, C. Treloar, A. R. Lloyd, and
L. Lafferty, “Violence and hepatitis C transmission in prison-
a modified social ecological model,” PLoS One, vol. 15,
no. 12, article e0243106, 2020.

[11] A. C. Spaulding, A. Sharma, L. C. Messina, M. Zlotorzynska,
L. Miller, and I. A. Binswanger, “A comparison of liver disease
mortality with HIV and overdose mortality among Georgia
prisoners and releasees: a 2-decade cohort study of prisoners
incarcerated in 1991,” American Journal of Public Health,
vol. 105, no. 5, pp. e51–e57, 2015.

[12] R. N. Chien, S. N. Lu, R. F. Pwu, G. H. Wu, W. W. Yang, and
C. L. Liu, “Taiwan accelerates its efforts to eliminate hepatitis
C,” Global Health & Medicine, vol. 3, no. 5, pp. 293–300, 2021.

[13] R. T. Chung and T. F. Baumert, “Curing chronic hepatitis
C–the arc of a medical triumph,” The New England Journal
of Medicine, vol. 370, no. 17, pp. 1576–1578, 2014.

[14] M. L. Yu, P. J. Chen, C. Y. Dai et al., “2020 Taiwan consensus
statement on the management of hepatitis C: part (II) special
populations,” Journal of the Formosan Medical Association,
vol. 119, no. 7, pp. 1135–1157, 2020.

[15] A. S. Spaulding, A. Y. Kim, A. J. Harzke et al., “Impact of new
therapeutics for hepatitis C virus infection in incarcerated pop-
ulations,” Topics in Antiviral Medicine, vol. 21, no. 1, pp. 27–35,
2013.

[16] V. Fiore, G. De Matteis, R. Ranieri et al., “HCV testing and
treatment initiation in an Italian prison setting: a step-by-
step model to microeliminate hepatitis C,” The International
Journal on Drug Policy, vol. 90, article 103055, 2021.

[17] S. Olafsson, R. H. Fridriksdottir, T. J. Love et al., “Cascade of
care during the first 36 months of the treatment as prevention
for hepatitis C (TraP HepC) programme in Iceland: a
population-based study,” The Lancet Gastroenterology &
Hepatology, vol. 6, no. 8, pp. 628–637, 2021.

[18] A. C. Spaulding and D. L. Thomas, “Screening for HCV infec-
tion in jails,” Journal of the American Medical Association,
vol. 307, no. 12, pp. 1259-1260, 2012.

[19] J. D. Rich, S. A. Allen, and B. A.Williams, “Responding to hep-
atitis C through the criminal justice system,” The New England
Journal of Medicine, vol. 370, no. 20, pp. 1871–1874, 2014.

[20] M. J. Akiyama, N. Kronfli, J. Cabezas et al., “Hepatitis C elim-
ination among people incarcerated in prisons: challenges and
recommendations for action within a health systems frame-
work,” The Lancet Gastroenterology & Hepatology, vol. 6,
no. 5, pp. 391–400, 2021.

[21] V. A. Moyer and US Preventive Services Task Force, “Screen-
ing for hepatitis C virus infection in adults: U.S. Preventive
Services Task Force recommendation statement,” Annals of
Internal Medicine, vol. 159, no. 5, pp. 349–357, 2013.

[22] WHO Guidelines Approved by the Guidelines Review Com-
mittee, Guidelines for the screening care and treatment of
persons with chronic hepatitis C infection: updated version,
World Health Organization, Geneva, 2016.

[23] J. V. Lazarus, K. Safreed-Harmon, M. R. Thursz et al., “The
microelimination approach to eliminating hepatitis C: strate-
gic and operational considerations,” Seminars in Liver Disease,
vol. 38, no. 3, pp. 181–192, 2018.

[24] B. Hajarizadeh, J. Grebely, M. Byrne et al., “Evaluation of hep-
atitis C treatment-as-prevention within Australian prisons
(SToP-C): a prospective cohort study,” The Lancet Gastroen-
terology & Hepatology, vol. 6, no. 7, pp. 533–546, 2021.

[25] S. Babudieri, B. Longo, L. Sarmati et al., “Correlates of HIV,
HBV, and HCV infections in a prison inmate population:
results from a multicentre study in Italy,” Journal of Medical
Virology, vol. 76, no. 3, pp. 311–317, 2005.

[26] Z. Mohamed, N. Scott, D. Al-Kurdi et al., “Cost-effectiveness
of strategies to improve HCV screening, linkage-to-care and
treatment in remand prison settings in England,” Liver Inter-
national, vol. 40, no. 12, pp. 2950–2960, 2020.

[27] Z. Ward, N. Mafirakureva, J. Stone et al., “Cost-effectiveness of
mass screening for hepatitis C virus among all inmates in an
Irish prison,” The International Journal on Drug Policy,
vol. 96, article 103394, 2021.

[28] D. Crowley, M. C. Van Hout, J. S. Lambert, E. Kelly,
C. Murphy, and W. Cullen, “Barriers and facilitators to hepa-
titis C (HCV) screening and treatment-a description of pris-
oners' perspective,” Harm Reduction Journal, vol. 15, no. 1,
p. 62, 2018.

[29] S. Kendall, S. Redshaw, S. Ward, S. Wayland, and E. Sullivan,
“Systematic review of qualitative evaluations of reentry pro-
grams addressing problematic drug use and mental health
disorders amongst people transitioning from prison to com-
munities,” Health Justice, vol. 6, no. 1, p. 4, 2018.

[30] J. J. Post, A. Arain, and A. R. Lloyd, “Enhancing assessment
and treatment of hepatitis C in the custodial setting,” Clinical
Infectious Diseases, vol. 57, Supplement 2, pp. S70–S74, 2013.

[31] K. R. Hochstatter, L. J. Stockman, R. Holzmacher et al., “The
continuum of hepatitis C care for criminal justice involved
adults in the DAA era: a retrospective cohort study demon-
strating limited treatment uptake and inconsistent linkage to

8 International Journal of Hepatology

https://www.prisonstudies.org/sites/default/files/resources/downloads/wppl_12.pdf
https://www.prisonstudies.org/sites/default/files/resources/downloads/wppl_12.pdf


community-based care,” Health Justice, vol. 5, no. 1, p. 10,
2017.

[32] L. Hawks, B. L. Norton, C. O. Cunningham, and A. D. Fox,
“The hepatitis C virus treatment cascade at an urban postin-
carceration transitions clinic,” Journal of Viral Hepatitis,
vol. 23, no. 6, pp. 473–478, 2016.

[33] N. Cocoros, E. Nettle, D. Church et al., “Screening for hepatitis
C as a prevention enhancement (SHAPE) for HIV: an integra-
tion pilot initiative in a Massachusetts County correctional
facility,” Public Health Reports, vol. 129, 1 Supplement 1,
pp. 5–11, 2014.

[34] A. L. Althoff, A. Zelenev, J. P. Meyer et al., “Correlates of reten-
tion in HIV care after release from jail: results from a multisite
study,” AIDS and Behavior, vol. 17, no. S2, pp. 156–S170, 2013.

[35] S. Hariri, H. Sharafi, M. Sheikh et al., “Continuum of hepatitis
C care cascade in prison and following release in the direct-
acting antivirals era,” Harm Reduction Journal, vol. 17, no. 1,
p. 80, 2020.

[36] D. Bhattacharya, A. Aronsohn, J. Price, V. Lo Re, and AASLD-
IDSA HCV Guidance Panel, “Hepatitis C guidance 2023
update: AASLD-IDSA recommendations for testing, manag-
ing, and treating hepatitis C virus infection,” Clinical Infectious
Diseases, 2023.

[37] “United Nations Conter-Terrorism Centre,” https://toolkit
.thegctf.org/Portals/1/Documents/En/Additional-Guidance-
on-Aftercare-and-Reintegration-Programmes-for-VEO.pdf.

[38] S. J. Klein, L. N.Wright, G. S. Birkhead et al., “Promoting HCV
treatment completion for prison inmates: New York State's
hepatitis C continuity program,” Public Health Reports,
vol. 122, 2 Supplement, pp. 83–88, 2007.

[39] D. Busschots, C. Kremer, R. Bielen et al., “Hepatitis C preva-
lence in incarcerated settings between 2013-2021: a systematic
review and meta-analysis,” BMC Public Health, vol. 22, no. 1,
p. 2159, 2022.

9International Journal of Hepatology

https://toolkit.thegctf.org/Portals/1/Documents/En/Additional-Guidance-on-Aftercare-and-Reintegration-Programmes-for-VEO.pdf
https://toolkit.thegctf.org/Portals/1/Documents/En/Additional-Guidance-on-Aftercare-and-Reintegration-Programmes-for-VEO.pdf
https://toolkit.thegctf.org/Portals/1/Documents/En/Additional-Guidance-on-Aftercare-and-Reintegration-Programmes-for-VEO.pdf

	The Efficacy of On-Site Integration Screening and Microelimination Programs for Chronic Hepatitis C in a Detection Center: A Comparison of the Treatment Outcomes and Characteristics of Incarcerated Patients and Outpatients
	1. Introduction
	2. Materials and Methods
	2.1. Methods
	2.2. The Study Design
	2.3. HCV-Viremic Patients Identified by Mass On-Site Integrated Screening (Incarcerated Group)
	2.4. The Control Group and Propensity Score Matching
	2.5. Laboratory Investigations
	2.6. Statistical Analysis

	3. Results
	3.1. Patient Flowchart of the HCV Microelimination Program
	3.2. Patient Characteristics
	3.3. Treatment Efficacy

	4. Discussion
	5. Conclusions
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



