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ABSTRACT

Background. The World Health Organization has established interim guidance for hepatitis C virus (HCV) elimination.
We aimed to prove the concept of “treatment as prevention” by conducting a prospective HCV elimination program for
hemodialysis (HD) patients.

Methods. A universal HCV screen was launched in 22 HD centers in 2019. HCV-viremic patients were linked to care with
direct-acting antivirals (DAAs). The second screen was performed in 2021 to evaluate the effect of link-to-care in
lowering the prevalence of HCV viremia and the incidence of HCV new/re-infections.
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Results. Of 2336 patients enrolled in the first screening in 2019, 320 (13.7%) were seropositive for anti-HCV and 181 (7.7%)
were HCV-viremic. Of 152 patients successfully linked to treat with DAA, 140 (92.1%) patients achieved a sustained
virological response. Of them, 1733 patients participated in the second surveillance. Five anti-HCV-negative patients
experienced anti-HCV seroconversion. Of 119 DAA-cured patients and 102 spontaneous HCV clearance patients, none
had HCV reinfection. The annual incidence of HCV new infection was 0.1%. Sixty-one of the 620 (9.8%) newly enrolled
patients were anti-HCV-seropositive in the second survey. The overall HCV-viremic rate decreased from 7.7% in 2019 to
0.6% (15/2353) in 2021. At the institutional level, 45.5% (10/22) eradicated HCV and 82% (18/22) of HD units had no HCV

new infections or reinfections.

Conclusions. The link-to-care project proved the concept of “treatment as prevention” by which HCV microelimination
helps to prevent reinfection and new infections in the HD population.
Trial registration: ClinicalTrials.gov identifier: NCT03803410 and NCT03891550.

This multi-center prospective study demonstrated a drastic reduction in the HCV-viremic rate from 7.7% to 0.6% after
3-year linking to care of HCV microelimination in the hemodialysis population. We further proved the concept of
“treatment as prevention,” which showed that the rate of HCV primary infection was as low as 0.1%, and none of the
HCV-cured patients encountered reinfection.
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INTRODUCTION

Hepatitis C virus (HCV) infection is recognized as a major global
health burden. Patients on maintenance hemodialysis (HD) are
at great risk for HCV infection [1]. The prevalence and incidence
of HCV infection in end-stage renal disease (ESRD) patients un-
dergoing HD are also high [2, 3]. Taiwan has the leading preva-
lence and incidence of ESRD worldwide. We previously disclosed
that the prevalence of anti-HCV antibody was 13.6% in 2012-18
[3], indicating that HCV remains rampant in the HD population
in Taiwan. ESRD patients with HCV infection were more likely to
have more comedications and comorbidities than those without
HCV infection [4]. HCV-related morbidities and mortalities rep-
resent the major disease burden in the ESRD population. ESRD
patients with HCV infection are associated with higher risks of
cardiovascular disease and hospitalization, worse quality of life
and greater mortality [5, 6]. Therefore, there is an urgent need
to adopt HCV microelimination among HD patients at both the
individual and population levels.

Notably, the updated seroprevalence of HCV infection and
HCV care in the era of direct-acting antivirals (DAAs) remain
to be addressed. Despite the widespread application of DAAs in
Taiwan since 2017, the treatment uptake of DAAs in the HD pop-
ulation remained suboptimal in a recent survey [3]. Poor acces-
sibility due to underlying comorbidities accounted for one of the
major hurdles of HCV care in this population [7]. Considered col-
lectively, a comprehensive surveillance program followed by ef-
ficient linking to medical care among HD units is warranted.

By launching the ERASE-C Campaign (Establishment of an
outreach, grouping health care system to achieve microelimina-
tion of HCV for uremic patients in HD centers) in the ESRD on
HD population [7], we recently accomplished the primary goal of
>90% of HCV-infected subjects being diagnosed, >80% of whom
were being treated by the World Health Organization (WHO) in
2016 [7, 8]. The WHO recently transformed the initial target of a
>80% reduction in the incidence of new HCV infection [8] into
the absolute indicator of <5 per 100 000 new infections/year in
the interim guidance [9]. Nevertheless, both goals have rarely
been proven during HCV care in the general population or spe-
cial patient groups. We herein conducted a prospective study by

performing two mass screens actively linking HCV-viremic pa-
tients to DAA treatment in between. The evolution of HCV preva-
lence, as well as the incidence of new infection and reinfection
rates, was addressed after HCV microelimination in the HD pop-
ulation.

MATERIALS AND METHODS
Patients

The FORMOSA-LIKE Group (the Formosan Coalition for the study
of Liver Disease in Chronic Kidney Disease) is a collaborative
alliance of hepatologists and nephrologists in southern Taiwan
consisting of more than 2000 ESRD patients with maintenance
HD in 22 HD units (1 medical center, 4 regional core hospitals and
17 clinics) [3, 7]. The current link-to-care study (L-to-C) prospec-
tively launched the first universal surveillance in January 2019
(initial cohort). All HD patients were tested for anti-HCV antibod-
ies. HCV virology, including viral loads and genotypes, was fur-
ther tested in patients with anti-HCV seropositivity by the HCV
reflex testing algorithm [10]. HCV-viremic patients identified in
the first mass screen were introduced to the ERASE-C Campaign
between May 2019 and April 2020. Briefly, HCV-viremic patients
received onsite treatment by an outreach treatment team or
were consequently linked to local DAA treatment [7]. For new
patients who joined the FORMOSA-LIKE group for HD later, HCV
reflex testing was performed immediately at the time of recruit-
ment. HCV-viremic patients were linked to DAA treatment by
local hepatologists according to the HCV guidelines in Taiwan
[11-13]. The second surveillance was performed in December
2021, including the both patients who participated in surveil-
lance (longitudinal cohort) and new enrollment in the second
surveillance (new cohort). The primary objective was to address
HCV seroprevalence before and after L-to-C. The secondary
objective was to evaluate the incidence of new HCV infections
after L-to-C in the ESRD population per the requirements of the
WHO [8, 9]. All patients provided written informed consent. The
ethics committee of the Kaohsiung Medical University Hospital
approved the study (NCT numbers 03803410 and 03891550).
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HCV reinfection was defined as HCV RNA reappearance in
the second surveillance for anti-HCV-seropositive/HCV RNA-
negative subjects, either due to treatment-induced sustained vi-
rological response or to spontaneous clearance. HCV primary
infection was defined as anti-HCV seropositivity in the second
surveillance that seroconverted from anti-HCV-seronegative
subjects in the first surveillance. HCV RNA was retested at a 1-
month interval for the newly infected subjects to ensure viremic
status. HCV new infection was defined as patients with primary
HCV infection or HCV reinfection.

Laboratory testing

Biochemical analyses were performed on a multichannel au-
toanalyzer (Roche Diagnostics, Mannheim, Germany). Hepatitis
B surface antigen (HBsAg) was examined using a standard
quantitative chemiluminescent microparticle immunoassay
(ARCHITECT HBsAg, Abbott Diagnostics). HCV antibodies were
measured by a third-generation enzyme immunoassay (Abbott
Laboratories, North Chicago, IL, USA). HCV RNA and genotypes
were measured using a real-time PCR assay (RealTime HCV;
Abbott Molecular, Des Plaines, IL, USA). Anti-HCV testing is
mandatory for each ESRD patient who underwent HD in Tai-
wan. Anti-HCV-seropositive patients who refused HCV RNA
testing were stringently regarded as viremic while judging HCV
prevalence. Liver fibrosis was assessed by transient elastography
(FibroScan®; Echosens, Paris, France) before DAA treatment. A
sustained virological response (SVR12) was defined as HCV RNA
seronegativity 12 weeks after the end of DAA treatment.

Statistical analyses

Frequencies were analyzed between groups using the chi-square
(x?) test with Yates’s correction or Fisher’s exact test. Group
means were calculated as the mean + standard deviation. The
aspartate aminotransferase (AST)-to-platelet ratio index (APRI)
was calculated as [(AST level/AST upper limit)/platelet count] x
100. A fibrosis-index 4 (FIB-4) was calculated using the following
formula: age (years) x (AST in U/L)/(platelets in 10%/L) x [alanine
transaminase (ALT) in U/L]Y2. The treatment efficacy of DAAs
was evaluated by intention-to-treat analysis (ITT, all enrolled pa-
tients who received one or more dose of DAA) and a modified ITT
analysis population (mITT, subjects receiving one or more dose
of DAA with HCV RNA data available at posttreatment Week 12,
excluding nonvirological failures). Statistical analyses were per-
formed using the SPSS statistical software package, version 20
(SPSS, Chicago, IL, USA). All of the statistical analyses were based
on two-sided hypothesis tests with P < .05, which indicated sta-
tistical significance.

RESULTS
Patient profile in the first surveillance

A total of 2336 patients were enrolled in the first surveillance.
The mean age was 64.7 years and females accounted for 47.4%
(n=1108). The proportions of the comorbidities were as follows:
diabetes (49.7%), hypertension (62.5%), dyslipidemia (29.5%),
cerebrovascular disease (10.4%), cardiovascular disease (37.9%)
and systemic lupus erythematosus (1.9%). Forty-one (1.8%) pa-
tients had a history of hepatocellular carcinoma and 225 had
other malignancies (9.6%). The seroprevalences of anti-HCV and
HBsAg were 13.7% (n = 320) and 11.5% (n = 268), respectively.
Of the 320 anti-HCV-seropositive patients, 181 (56.6%) were HCV
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RNA-positive. Of the 139 anti-HCV-seropositive but HCV RNA-
negative subjects, 90 patients were due to spontaneous HCV
clearance, whereas the remaining 49 patients were due to HCV
eradication by prior antiviral therapy (Table 1).

Among the 181 HCV-viremic patients, the mean age was
66.1 years and females accounted for 47.5% (n = 86). The mean
HCV RNA level was 5.5 log IU/mL. The most common viral geno-
type was HCV genotype 2 (HCV-2) (n = 88, 48.6%), followed by
HCV-1 (43.1%, n = 78). Twelve patients (6.6%) were dually in-
fected with HBV. The mean values of APRI and FIB-4 were 0.5 and
2.5, respectively. Of the 108 patients with FibroScan data avail-
able, the mean value of liver stiffness was 9.4 kPa (Table 2). One
hundred and fifty-two (84.0%) patients were linked to DAA treat-
ment, whereas 29 patients refused further antiviral intervention.

DAA treatment responses

Of the 152 patients who received DAA treatment, 140 patients
achieved SVR12, 4 patients did not attain SVR12 and 8 patients
had no treatment outcome available (7 patients expired and 1
patient was lost to follow-up). Overall, the rate of SVR12 was
92.1% (140/152) by ITT and 97.2% (140/144) by mITT (Fig. 1).

Patient profiles in the second surveillance

In the initial cohort, 332 patients passed away, and 116 patients
were transferred out of the FORMOSA-LIKE group for HD before
the performing of the second surveillance. After excluding 155
patients who refused the second surveillance or had no data
available, 1733 patients in the initial cohort participated in the
second surveillance (namely the longitudinal cohort). Compared
with the initial cohort, patients in the longitudinal cohort were
younger and had smaller proportions of cerebrovascular disease
and cardiovascular disease (Fig. 1 and Table 1).

In addition, another 620 new HD patients were enrolled in
the FORMOSA-LIKE group during the study period and partici-
pated in the second surveillance (new cohort). Compared with
the initial cohort, the new cohort was older, had lower levels of
AST and ALT, had larger proportions of diabetes and hyperten-
sion, and had a smaller proportion of dyslipidemia. The rates of
anti-HCV (9.8% vs 13.7%, P = .01) and HCV RNA (1.3% vs 7.7%,
P < .001) in the new cohort were significantly lower than those
in the initial cohort (Table 1 and Supplementary data, Fig. S1).
Of the 53 anti-HCV-seropositive but HCV RNA-negative patients
in the new cohort, 15 were due to spontaneous HCV clearance,
whereas the other 38 patients were due to successful HCV erad-
ication by antivirals before entry (Fig. 1b). Considered collec-
tively, the seropositive rate of anti-HCV and HCV RNA viremic
rate were 12.4% (292/2353) and 0.6% (15/2353), respectively, in the
second surveillance among the combined cohort (longitudinal
cohort and new cohort) in 2021 (Table 3). Of the 17 viremic pa-
tients identified by the second screen, 6 (4 DAA naive and 2
DAA experienced) were continually linked to DAA treatment; 3 of
them achieved SVR12 (all DAA naive) (Fig. 1a and b). Ten (45.5%)
of the 22 HD centers achieved “No-C HD,” defined as a lack of
HCV-viremic HD patients or staff members in an HD center [7].

New HCV infection in the longitudinal cohort

Of the 1733 patients in the longitudinal cohort, 5 anti-HCV-
seronegative patients became anti-HCV-seropositive in the
second surveillance, leading to an annual incidence of HCV pri-
mary infections of 0.1%. Of these cases, two were HCV-viremic,
whereas the other three had spontaneous HCV RNA clearance.
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Table 1: Patient characteristics of initial cohort enrolled in the first surveillance in 2019 and new cohort in 2021.

Initial cohort, data collected in 2019

Longitudinal New cohort¢,

Total® cohort® P-value data collected in P-value

(n =2336) (n=1733) (avsb) 2021 (n = 620) (avsc)

Age (years) 64.7 £12.3 63.4 +£11.9 <.001* 66.6 £ 13.2 .001"
Female 1108 (47.4) 850 (49.0) 31 274 (44.2) .15
BMI before dialysis (kg/m?) 240+ 4.4 242+44 .15 239+45 .62
HBsAg (+) 268 (11.5) 197 (11.4) .92 67 (10.8) 67
Anti-HCV (+) 320 (13.7) 231 (13.3) 73 61(9.8) 01*

HCV RNA (+) 181 (7.7) 124 (7.2) 48 8 (1.3) <.001*
WBC (x1000/uL) 6.6 +22 6.4+20 1.00 6.8+26 .08
Hemoglobin (g/dL) 105+ 1.6 10.6 +1.5 1.00 10.4 +1.2 1.00
Platelet count (x1000/pL) 187.2 £ 63.9 187.0 £59.9 .92 188.1 £ 66.4 .76

AST (U/L) 195+ 11.2 189 +£9.9 .07 17.9+10.8 .001*

ALT (U/L) 173+ 154 16.7 £ 10.8 .14 15.6 £ 11.7 .003*
Albumin (g/dL) 39+04 4.0+0.3 1.00 39+04 1.00

Diabetes 1162 (49.7) 816 (47.1) .09 349 (56.6) .003*

Hypertension 1460 (62.5) 1059 (61.1) 38 471 (76.3) <.001*

Dyslipidemia 689 (29.5) 528 (30.5) .50 131 (21.2) <.001*
Cerebrovascular disease 243 (10.4) 148 (8.5) .05* 70 (11.3) .51
Cardiovascular disease 885 (37.9) 598 (34.5) .03* 259 (42.0) .06
Systemic lupus erythematosus 45 (1.9) 37 (2.1) .65 6 (1.0) 12
Hepatocellular carcinoma 41 (1.8) 26 (1.5) .54 10 (1.6) .87
Other malignancy 225 (9.6) 167 (9.6) 1.00 48 (7.8) 18

Data are expressed as mean =+ standard deviation or n (%).

2Initial cohort, patients who participated in first surveillance in 2019.

bLongitudinal cohort, patients who participated in both first surveillance in 2019 and second surveillance in 2021.

¢New patients who participated in the surveillance in 2021.
“Statistical significance.
BMI: body mass index; WBC: white blood cell.

Table 2: Patient characteristics of the 181 HCV-viremic patients en-
rolled in the first surveillance.

Age (years) 66.1 +10.0
Female 86 (47.5)
BMI before dialysis (kg/m?) 23.5+4.2
BMI after dialysis (kg/m?) 226 +4.1
HBsAg (+) 12 (6.6)
HCV RNA, log (IU/mL) 5.5+ 1.2
HCV genotype (1a/1b/2/6/mixed/unclassified) 5(2.8)/73

(40.3)/88 (48.6)/12
(6.6)/2 (1.1)/1 (0.6)

WBC (x1000/pL) 6.5+22
Hemoglobin (g/dL) 10.5+ 1.5
Platelet count (x1000/pL) 174.0 £ 66.2
AST (U/L) 27.5+17.7
ALT (U/L) 282 +31.9
Albumin (g/dL) 39+04
FIB-4 25+£22
APRI 0.5+0.5
Fibroscan (kPa)? 9.4+ 48
Fibroscan >12 kPa? 24 (22.2)
Diabetes 105 (58.0)
Hypertension 123 (68.0)
Dyslipidemia 44 (24.3)
Cerebrovascular disease 20 (11.0)
Cardiovascular disease 92 (50.8)
Systemic lupus erythematosus 4(2.2)
Hepatocellular carcinoma 11 (6.1)
Other malignancy 15 (16.3)

Data are expressed as mean =+ standard deviation or n (%).
an = 108.
BMI: body mass index; kPa: kilopascal; WBC: white blood cell.

As displayed in Table 4, two patients belonged to the same HD
unit. The initial seropositive rate of anti-HCV and HCV RNA
viremic rate ranged from 9.7% to 22.0% and from 5.6% to 12.0%,
respectively, in the four HD units. One patient had been admit-
ted to a hospital for diabetic foot amputation, and the other
patient had received dental procedures between the two screen-
ings. None of the five patients had a family history of HCV in-
fection or recent blood transfusion history. Otherwise, no other
potential HCV transmission route was identified.

Of the 119 SVR patients and the 102 anti-HCV-seropositive
but HCV RNA-negative patients, none had HCV RNA reappear-
ance in the second surveillance, and there was no HCV reinfec-
tion (Fig. 1a). We observed that 18 (82%) of the 22 HD centers had
no new HCV infections and fulfilled the new goal of the WHO,
with <5/100 000 new HCV infections.

Evolution of the HCV-viremic rate infection after L-to-C

The HCV-viremic rate was 7.7% (181/2336) on the first screen in
2019. Of the 152 patients who received DAAs, 31 patients did
not receive the second screen [23 passed away, 4 were trans-
ferred out, and 4 refused rescreening or had no data available
(including 3 SVR patients and one non-SVR patient)]. Eventu-
ally, 119 SVR patients and 2 non-SVR patients received the sec-
ond screen, and the viremic status remained consistent with
their SVR12 status after DAA treatment. Of the 29 HCV-viremic
patients who did not receive DAA treatment, 17 passed away
and 7 were transferred out; two patients refused the second
screening and were viewed as having persistent viremia. Af-
ter adding the two new HCV-viremic cases, there remained 10
HCV-viremic patients in the longitudinal cohort. In total, the
HCV-viremic rate decreased to 0.6% (10/1733) after executing
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A
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|

Anti-HCV () Anti-HCV (+)
(n=2016) (n=320)
RNA (+) RNA (-)
(n=181) (n=139)

Link to treat Untreated
(n=152) (n=29)
Death Death (n=23) Death Death
(n=275) " “SVR(n=15), non-SVR (n=1), | (n=17) T (=17)

death before EOF (n=7)

Transferred Transferred (n=4) ) Transferred Transferred
(n=94) + SVR (n=3), lost follow (n=7) (n=11)
before EOF (n=1)

Refuse 2nd survey Refuse 2nd survey Refuse 2nd survey N Refuse 2nd survey
/data unavailable (n=145) /data unavailable (n=4) /data unavailable (n=2) /data unavailable (n=4)
* SVR (n=3), non-SVR (n=1)

2nd survey = N=1733

| {1 ! R
Anti-HCV (=) Anti-HCV (+) RNA (-) RNA (+) RNA (+) Anti-HCV (=) Anti-HCV (+)
(n=1497) (n=5) (n=119) (n=2) (n=3)* (n=5) (n=102)
RNA (+) RNA (-) 2nd link to retreat

(n=2) (n=3) (n=2)

2nd link to treat Untreated
(n=1) (n=1)"

*patient/family preference not to treat
*early termination due to adverse events

(N=620)

! I}
Anti-HCV (=) (n=559) Anti-HCV (+) (n=61)
HCV RNA(+) (n=8) RNA (=) (n=53)

B [New patients in the 2nd survey]

[Link to treat (n=3)j [ Untreated (n=5)*]

= Y (e *patient/family preference
(SVR+(n=3) | [ SVR () (n=0) | il

Figure 1: (A) Patient flow chart in the original cohort. The first survey took place in 2019, and the second survey took place in 2021. (B) Patient flow chart in the new
cohort surveyed in 2021.
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Table 3: Patients characteristics of the total population participated
in the second surveillance in 2021.

Total (N = 2353)

Longitudinal cohort/new cohort (n) 1733/620
Age (years) 65.6 +£12.3
Female 1124 (47.8)
BMI before dialysis (kg/m?) 241+ 4.4
BMI after dialysis (kg/m?) 232+43
HBsAg (+), /N 257/2352 (10.9)
Anti-HCV (+) 292 (12.4)
HCV RNA (+) 15 (0.6)
HCV RNA log (IU/mL)? 54413
WBC (x1000/pL) 6.6+26
Hemoglobin (g/dL) 10.6 £1.3
Platelet count (x1000/pL) 184.2 £ 62.5
AST (U/L) 17.6 £11.6
ALT (U/L) 15.5 + 13.0
Albumin (g/dL) 39+04

Diabetes, n/N

Hypertension, n/N

Dyslipidemia, n/N

Cerebrovascular disease, n/N
Cardiovascular disease, n/N
Systemic lupus erythematosus, /N
Hepatocellular carcinoma, n/N
Other malignancy, /N

1164/2350 (49.5)
1533/2350 (65.2)
658/2350 (28.0)
215/2350 (9.1)
856/2350 (36.4)
43/2350 (1.8)
37/2349 (1.6)
217/2349 (9.2)

Data are expressed as mean =+ standard deviation or n (%).

an=15.

BMI: body mass index; longitudinal cohort: patients who participated in both
first surveillance in 2019 and second surveillance in 2021; WBC: white blood cell.

L-to-C in the longitudinal cohort (Fig. 1a and Supplementary
data, Fig. S1b).

DISCUSSION

The current study demonstrated a tremendous reduction in HCV
prevalence in the ESRD population after launching the L-to-C
project. Through comprehensively decentralized screening fol-
lowed by timely link-to-treat strategies, we noted a drastic re-
duction in the HCV-viremic rate from 7.7% to 0.6% as a whole in
the FORMOSA-LIKE group. At the institutional level, 10 (45.5%)
of the 22 HD centers achieved the “No-C HD” [7]. Moreover, we
proved the concept of “treatment as prevention.” Given the re-
duced prevalence of HCV in the environment, the rate of HCV

primary infection was as low as 0.1%, and none of the HCV cured
patients encountered reinfection.

The World Health Assembly has adopted the Global Health
Sector Strategy on the elimination of viral hepatitis by 2030
[8]. However, there remain many barriers to achieving the
goal of HCV elimination, including low rates of disease aware-
ness/diagnosis, ineffective linking to care and suboptimal treat-
ment action [14, 15]. In Taiwan, the majority of HD patients did
not receive antiviral therapy due to unsatisfactory efficacy and
significant adverse events in the interferon era [3]. DAAs have
replaced interferon-based therapy as the standard of care in
Taiwan since 2017 [12, 13]. The innovation of DAAs provides a
very high SVR rate of 95% or more in ESRD patients, as with
the general population in the real world in Taiwan [7, 16, 17].
However, the treatment uptake in ESRD patients remains sub-
optimal in the beginning era of DAAs in Taiwan [3]. The first
surveillance of the L-to-C project occurred in early 2019, 2 years
after DAA reimbursement in Taiwan. However, the HCV-viremic
rate remained as high as 7.7% in the population at the time of
screening. Multiple comorbidities and frequent drug-drug inter-
ventions in these patients add complexity when approaching
this population in the clinical setting [4, 18]. More than half of
the anti-HCV-seropositive patients were viremic and remained
untreated, indicating the urgent need to promote HCV care in
the cohort. After comprehensive outreach screening and conse-
quent linking to care, the viremic rate was drastically reduced to
only 0.6%. This result depicted a great reduction in HCV preva-
lence of >90%, demonstrating successful HCV microelimination
in the population.

ESRD patients with HCV infection are associated with a
higher risk of morbidities and mortality than those without
[5, 19]. Anti-HCV therapy at the patient level may prevent liver-
related morbidity/mortality. However, patients remain at risk of
contracting HCV as long as viremic patients are left untreated in
the HD units, although universal precautions have been strictly
adopted [20]. The risk of anti-HCV seroconversion increases
with time in HD facilities [1]. Despite the persistent engagement
and implementation of the Dialysis Outcomes and Practice
Patterns Study, the incidence of HCV infection was 1.2 per 100
patient-years in the participating 21 countries over a long study
period from 1996 to 2015 [1]. In Taiwan, the annual incidence
of new HCV infection among ESRD patients who underwent
maintenance HD was 1.36% in an earlier report [21] and 0.2%
between 2012 and 2019 before the widespread application of
DAAs [3]. Conversely, a recent report in Taiwan disclosed an HCV
annual reinfection rate of 0.23% in HD patients after achieving

Table 4: Characteristics of the five anti-HCV (-) patients who seroconverted to anti-HCV (+).

Original anti- Original HCV Other potential

HCV-seropositive RNA seropositive Family risk behaviors
Case Site Age anti-HCV rate in the local rate in the local history of  between the two
No. number  (years) Sex titer, S/CO HCV RNA, IU/mL? site, n/N (%) site, n/N (%) HCV surveillances
#1 No. 2 55 M 2.71 <LLOD; <LLOD 7/72 (9.7) 4/72 (5.6) No Hospitalization
for diabetic foot
amputation
#2 No. 2 61 M 9.17 0.099; recheck: 0.072 7/72 (9.7) 4/72 (5.6) No No
#3 No. 6 63 M 1.21 <LLOD; <LLOD 14/86 (16.3) 10/86 (11.6) No No
#4 No. 9 51 F 16.66 361.441; recheck: 11/50 (22.0) 6/50 (12.0) No Dental procedure
177.065
#5 No. 10 59 M 1.22 <LLOD; <LLOD 15/122 (12.3) 7/122 (5.7) No No

aRechecked 1 month apart for all patients.
M: male; F: female; LLOD: lower limit of detection, 12 IU/mL.
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SVR [22]. The latest figures on the prevalence and incidence of
HCV in the population in the DAAs era are elusive. The WHO
recently issued interim guidance establishing and validating
standardized criteria for measuring HCV elimination. One of
the goals is to achieve an annual incidence of new infection <5
in 100 000 in the general population [9]. In the current study,
we adopted the best method of choice per recommendation by
the WHO, which was direct estimation based on a prospective
cohort design using HCV antibody retesting of persons who
initially tested negative. We further disclosed a new infection
rate of only 0.1%/year, and there was no HCV reinfection after
executing the HCV microelimination program. Compared with
the early report in Taiwan (1.36%/year) [21], a >90% (92.6%)
reduction in new infections was achieved using the original
WHO goal [8]. At the institutional level, 18 (81.8%) of the 22
facilities had no new HCV infections, achieving the new WHO
indicator (<5/100 000). Although the definite transmission
route of the five newly infected HCV patients was obscure, the
risk of HCV acquisition is anticipated to be further decreased,
accompanied by the resolution of the viral reservoirs in the HD
units at the population level. In conclusion, the L-to-C program
provided a thorough demonstration of HCV microelimination
in the HD population in terms of reducing the HCV prevalence
and incidence at the population level. Long-term benefits of
HCV eradication in improving hepatic and extrahepatic out-
comes on an individual basis are anticipated in vulnerable
populations.
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