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Study design

Baseline: 
• HCV viremia screening
• Liver stiffness measurement
• Pan-genotypic treatment
• Behavioural and quality of life
  (QoL) questionnaire

Follow-up : 
• Treatment adherence
• Behavioural and QoL
• SVR assessment (FU12)
• Reinfection monitoring at FU12
  and every 6 months (FU36, FU60)

LOW acceptance
HIGH loss to follow-up
and reinfection

Regardless viral
response:
↓ High-risk practices
↑ Quality of life

Highlights Lay summary

� HCV treatment can be successfully delivered to active

PWID with high-risk practices.

� HCV treatment has benefits beyond sustained viro-
logical response.

� PWID reported lower injection frequency and risk
practices after engaging in the HCV programme.

� However, linkage-to-care for PWID attending harm
reduction centres is challenging.

� The high dropout and reinfection rates hamper HCV
microelimination in this population.
https://doi.org/10.1016/j.jhepr.2022.100580
People who inject drugs attending harm reduction
centres represent the most difficult population to treat
for hepatitis C. We show that hepatitis C treatment has
a significant benefit beyond viral cure, including
improving quality of life, and decreasing injection
frequency and risk practices. However, intrinsic bar-
riers and the high reinfection rates hamper the
achievement of viral microelimination in this setting.
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Background & Aims: Significant scale-up of treatment among people who inject drugs (PWID) is crucial to achieveWHO HCV
elimination targets. We explored the impact of on-site HCV diagnosis and treatment on PWID in an externalised hepatology
clinic at the biggest harm reduction centre (HRC) in Barcelona attending to a marginalised PWID population with ongoing
high-risk practices.
Methods: On-site HCV point-of-care testing was performed for diagnosis and treatment delivery. HCV-RNA was assessed at
SVR12 (sustained virologic response at 12 weeks) and every 6 months. The programme included behavioural questionnaires
at baseline and after treatment.
Results: Between 2018 and 2020, 919 individuals were prospectively enrolled. Of these, only 46% accepted HCV screening.
HCV-RNA+ prevalence was 55.7% (n = 234). Of the 168 (72%) individuals starting treatment, 48% were foreigners, 32%
homeless, 73% unemployed, and 62% had a history of incarceration. At enrolment, 70% injected drugs daily and 30% reported
sharing needles or paraphernalia. Intention-to-treat SVR12 was 60%; only 4% were virological failures, the remaining were
either early reinfections (20%) or losses to follow-up (16%). The overall reinfection rate during follow-up was 31/100 persons/
year. HIV coinfection and daily injection were associated with a higher risk of reinfection. Nonetheless, beyond viral clearance,
antiviral therapy was associated with a significant reduction in injection frequency, risk practices, and homelessness.
Conclusions: HCV treatment can be successfully delivered to active PWID with high-risk practices and has a significant
benefit beyond HCV elimination. However, approaching this difficult spectrum of the PWID population implies significant
barriers such as low rate of screening acceptance and high dropout and reinfection rates.
Lay summary: People who inject drugs attending harm reduction centres represent the most difficult population to treat for
hepatitis C. We show that hepatitis C treatment has a significant benefit beyond viral cure, including improving quality of life,
and decreasing injection frequency and risk practices. However, intrinsic barriers and the high reinfection rates hamper the
achievement of viral microelimination in this setting.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Current treatment with highly effective direct-acting antivirals
(DAA) offers a unique opportunity to reduce HCV-related liver
disease burden and improve epidemic control. However, in Spain
and many other countries, viraemic HCV infection is generally
diagnosed at specialised health centres and HCV therapy can
only be prescribed in hospital settings. Because people who
inject drugs (PWID) often do not have access to primary care
Keywords: Hepatitis C; Drug users; Antiviral therapy; Dried blood spot testing; High-
risk practices.
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services or get lost in referrals to hospitals, hepatitis C diagnosis
in these individuals remains inadequate.1 Linkage-to-care is also
dependent on drug use, psychiatric comorbidities, and social and
economic barriers. In addition, PWIDs may face stigma and
discrimination within the conventional health care system,
posing additional barriers to HCV elimination.2 Thus, despite the
high prevalence of HCV infection among PWID (30–70%) and the
evidence of excellent DAA treatment outcomes in terms of effi-
cacy and safety, many individuals remain unscreened, and
furthermore, most of those who are diagnosed remain
untreated.3

In addition to the considerable burden of HCV infection
among PWIDs, transmission continues as a result of ongoing risk
behaviours.4 Thus, a relevant and unique characteristic of this
high-risk group is the possibility of HCV reinfection after

https://doi.org/10.1016/j.jhepr.2022.100580
http://creativecommons.org/licenses/by-nc-nd/4.0/
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successful antiviral therapy as a result of recurrent HCV expo-
sures. PWID reporting ongoing injection drug use after cure have
higher HCV reinfection incidence, ranging between 4 and 30/100
persons/year.5–7 These differences in reinfection rates reflect the
heterogenicity of PWID cohorts which often include former or
sporadic injectors attending addiction treatment centres.

The REDAN La Mina is the largest harm reduction centre
(HRC) in Catalonia.8 The centre covers basic needs and facilitates
access to needle and syringe programmes (NSPs), but has a
limited infrastructure and lacks blood extraction facilities. In
addition, the centre attends to a marginalised high-risk PWID
population with a significant proportion of migrants, particularly
from endemic areas for HCV, such as Eastern Europe.9 A recent
study in a cohort of 100 individuals in this centre reported a
prevalence of viraemic HCV infection of 63% with only 36% of
participants with a previous HCV diagnosis having received
antiviral treatment before participating in the study and thus,
confirming the presence of significant gaps in the HCV contin-
uum as a result of health system, provider, and patient
barriers.10,11

As the most effective programmes at ensuring a successful
HCV care cascade among PWID are models built on already
existing infrastructures for drug users,1,12 our study aimed at
evaluating whether active PWID attending this HRC could be
successfully recruited and treated through an externalised hep-
atology outpatient clinic. The specific endpoints of our study
were: (1) to evaluate a pilot HCV screening and direct linkage-to-
care programme addressed to active PWID to guarantee prompt
global access to antiviral therapy at the HRC; (2) to evaluate the
impact of a HCV screening and treatment programme on drug
injection habits, use of social resources, and behavioural prac-
tices; and (3) to assess the rate of HCV reinfection and associated
risk factors by monitoring HCV-RNA by point-of-care testing
(PoCT) and HCV genotype in dried blood spot (DBS) samples
during follow-up.
Patients and methods
Study design and population
This is a prospective study that piloted an externalised hep-
atology outpatient clinic embedded in an urban HRC in Barce-
lona, Spain between November 2018 and November 2020.
Eligible patients included those >−18 years old and willing to
participate in the study by written informed consent. Exclusion
criteria included decompensated liver disease, pregnancy,
concomitant uncontrolled mental health disorder, or any con-
traindications to receive all-oral antiviral therapy with a pan-
genotypic regimen. The study was approved by the institu-
tional Ethics Board at Hospital Clínic, Barcelona, Spain (HCB/
2018/0755 and HCB/2019/0783).

On-site strategy for screening and linkage-to-care
At recruitment, on-site screening with PoCT for HCV-IgG anti-
body and HCV-RNA (fingerstick capillary blood) were offered to
all HRC users. HCV-IgG PoCT was offered only when the self-
reported HCV status was unknown, whereas in the remaining
cases HCV-RNA assessment was the first option for testing.
When the HCV-RNA result was positive, a DBS sample was
collected and patients underwent liver stiffness measurement
(LSM) and a comprehensive bio-behavioural questionnaire the
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same day. The questionnaire included sociodemographic infor-
mation, history and frequency of current drug use, patterns of
injection (including high-risk practices), sexual risk behaviours
as well as use of opioid substitution therapy (OST).

The patient’s clinical history and concomitant medication was
telematically evaluated by the hepatologist to prescribe antiviral
therapy. Patients initiated antiviral therapy within 1 week after
diagnosis. Choice of antiviral therapy was based on the physi-
cian’s criteria considering fibrosis stage and drug–drug in-
teractions (DDIs). Treatment duration was 12 weeks for
sofosbuvir/velpatasvir and 8 weeks for glecaprevir/pibretasvir.
Treatment was delivered at the HRC and adherence was assessed
by daily or weekly visits according to the individual needs of the
patient. HCV-RNA testing (GeneXpert®, Cepheid, Sunnyvale, CA,
USA) and DBS collection as well as the bio-behavioural ques-
tionnaire were performed at the HRC at 12 weeks of follow-up
after the end of treatment (FU12) and every 6 months there-
after (FU36, FU60) to assess sustained virological response (SVR),
reinfection, and impact of antiviral therapy on drug use behav-
iour and quality of life (Short Form-12 [SF-12] Health Survey). For
individuals with positive HCV-RNA at any point after end of
therapy, a DBS sample was analysed to differentiate relapse vs.
reinfection by sequencing of an NS5B fragment in comparison
with the baseline DBS sample, and re-treatment was proposed.

Individuals with compensated advanced liver disease
assessed by portable LSM >−9.5 kPa were referred to a specialised
hepatology clinic, although treatment was initiated at the HRC.
For patients imprisoned during treatment, antiviral therapy was
delivered at the prison from the HRC and vice versa in case of
release. HCV-RNA blood test analyses were performed while in
prison if needed, and bi-directional communication with the
hepatologist allowed continued adherence monitoring or eval-
uation of SVR/reinfection.

HCV-RNA testing by GeneXpert®

Capillary whole-blood (100 ll) was collected by fingerstick ac-
cording to the manufacturer’s instructions and immediately
tested with the Xpert FS assay on a 4-module GeneXpert® Sys-
tem operated by the study nurse (lower limit of detection [LoD],
35 IU/ml; lower limit of quantification [LoQ], 100 IU/ml). Test
results were validated remotely from the reference laboratory
using TeamViewer software (TeamViewer, Göppingen,
Germany).

HCV-RNA testing and genotyping in DBSs
Fingerprick capillary blood samples were obtained from all vir-
aemic participants as DBSs and were subjected to automated
nucleic acids extraction and qualitative testing for HCV-RNA as
previously described.13,14 Briefly, DBS cards were dried at room
temperature, kept in individual zipped plastic bags with desic-
cant, and stored at room temperature. Samples were sent to the
laboratory for testing. Baseline DBS samples were stored at
–80 �C until processing if HCV-RNA was positive at any of the
follow-up points. For HCV genotyping, RNA previously extracted
from DBS samples was subjected to reverse-transcription. NS5B
amplification was performed by heminested-PCR, followed by
Sanger sequencing and phylogenetic analysis along with refer-
ence sequences were performed as previously described.15 When
this methodology failed to provide a valid sequence as a result of
low viral loads, the Abbott HCV Genotype II assay Abbott
2vol. 4 j 100580



919 PWID were evaluated

Accept screening: 420 (45.7%) 

Do not accept screening (499, 54.3%):
Denial or lack of time (68%)
Follow-up in other clinic (19%)
Other (13%)

-
-
-

Positive HCV-RNA : 234/420 (55.7%)

Start antiviral therapy: 168 (71.8%)

-  
-
-
-

Reasons for not starting therapy (66, 28.2%)
Lost to follow-up (80%)
Prefers Hospital outpatient clinic (8%)
Drug-drug interactions (3%)
Imprisonment (3%)

- Other (6%)

HCV IgG PoCT: 131 GeneXpert: 289

HCV Ab-: 54 HCV Ab+: 77

HCV RNA negative: 132 

Fig. 1. Study flowchart. PWID, people who inject drugs.
Laboratories (Abbott Park, IL, USA) was used from the RNA pre-
viously extracted from DBS samples.

Statistical analysis
Continuous variables are reported as median and IQR and cate-
gorical variables are reported as absolute and relative fre-
quencies. Groups were compared using the t test, Mann-Whitney
U test, or Wilcoxon test for continuous variables and the X2 test
or Fisher’s exact test for categorical variables, as appropriate.
Significance was established as a 2-sided p value of <0.05.
Multivariate logistic regression was used to analyse the associ-
ation between patient characteristics and reinfection. We used
the forward stepwise selection method and included only vari-
ables with statistical significance (p <0.05) at the univariate
analysis after adjustment and discarding interactions and
without forcing the entry of variables into the model. Analyses
were performed using IBM SPSS version 26 (IBM Corp, Armonk,
NY, USA).
Results
Characteristics of the study population
The study flow-chart is shown in Fig. 1. During the study period,
919 active PWID attending the HRC were evaluated. Of these, 420
accepted screening (46%). The main reason for non-acceptance of
HCV screening was denial or lack of time (68%). When evaluating
the differences among those accepting screening or not, both
cohorts were similar regarding gender, age, and foreign nation-
ality. However, those accepting screening were more frequently
homeless and daily injectors (Table S1). Among those accepting
screening, the prevalence of active HCV infection was 55.7% (234/
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420) and of these, 72% of patients initiated antiviral therapy. The
main reason for not starting therapy (n = 66) was loss to follow-
up. As shown in Table 1, these patients had complex social
backgrounds and severe drug injection patterns with high-risk
practices. Importantly, there were no major differences be-
tween patients initiating antiviral therapy or not.

Focusing on patients starting antiviral therapy (n = 168), most
were male (88%) with median age 41 years old, 48% were for-
eigners, 32% homeless, and 58% had no family support (Table 1).
The rate of unemployment was high (73%) and only 30% had
studies beyond secondary education. In addition, more than two-
thirds had been previously incarcerated. With regard to drug use,
most (70%) were daily injectors, with 59% more than once a day
and the most common injected drugs were cocaine, heroin, and
speedball. In addition, a significant proportion of patients re-
ported high-risk practices such as syringe or paraphernalia
sharing (17% and 35%, respectively), or sexual risk behaviours
(37%). HIV coinfection was present in 20% but only 19/33 were
under antiretroviral therapy. Regarding HCV infection, a signifi-
cant proportion of patients (73%) had a previous diagnosis but
only 24% had received antiviral therapy. Only 11% had advanced
fibrosis (F3–4). All patients received a pan-genotypic regimen.
Patients receiving a 12-week treatment duration (58%) were
more frequently HIV+ (30% vs. 7%), had received previous HCV
antiviral therapy (24% vs. 8%) and had advanced fibrosis (16% vs.
4%), all p <0.05. There were no other differences regarding
baseline characteristics among both groups (Table S2).
HCV-care cascade
Outcomes after treatment are depicted in Fig. 2. Out of the 148
patients who reached 12 weeks of follow-up (FU12),
3vol. 4 j 100580



Table 1. Baseline characteristics of PWID population with positive HCV-RNA according to HCV antiviral treatment status.

Variables Total HCV-RNA+ n = 234 Treated n = 168 Untreated n = 66

Age (years) 41 (34–47) 41 (35–48) 38 (32–45)
Male 207 (88) 147 (88) 60 (90)
Foreign nationality 116 (49) 80 (48) 36 (54)
Homeless 82 (35) 54 (32) 28 (42)
Family support 124 (53) 98 (58) 26 (39)
Unemployment 151 (65) 123 (73) 28 (44)
Previously incarcerated* 123 (60) 104 (63) 19 (50)
Educational level*:

None 4 (2) 4 (2) 0 (0)
Primary education 91 (44) 71 (43) 20 (53)
Secondary education 49 (24) 43 (26) 6 (16)
Highschool 15 (7) 13 (8) 2 (5)
University degree 25 (12) 22 (13) 3 (8)
Vocational training 13 (6) 12 (7) 1 (3)

Healthcare system attendance:
Primary care 66 (28) 56 (33) 10 (15)
Hospital 43 (18) 30 (18) 13 (20)

Drug injection (previous 6 months):
>Once/day 132 (56) 99 (59) 33 (51)
Once/day 25 (11) 19 (11) 6 (10)
Weekly 30 (13) 22 (13) 8 (12)
<Weekly 41 (17) 23 (14) 18 (27)
None 6 (3) 5 (3) 1 (2)

Drug consumption (previous 6 months):
Cocaine 207 (88) 145 (86) 62 (95)
Heroin 208 (89) 145 (86) 63 (95)
Cocaine and heroin 174 (79) 125 (74) 49 (74)
Cannabis 113 (48) 93 (55) 20 (32)
Speedball 171 (73) 116 (69) 55 (83)

Syringe sharing (previous 6 months)* 36 (18) 29 (17) 7 (18)
Paraphernalia sharing (previous 6 months)* 77 (38) 59 (36) 18 (45)
Risky sexual relationships (previous 6 months)† 77 (44) 63 (41) 14 (56)
Alcohol consumption (previous 6 months) 72 (31) 59 (35) 13 (19)

>28 units/week 27 (12) 22 (13) 5 (8)
Opioid substitution therapy (OST) 104 (44) 82 (49) 22 (33)
Concomitant psychiatric medication*

Benzodiazepines 80 (39) 65 (39) 25 (63)
Antidepressants 34 (17) 28 (17) 6 (15)
Antipsychotics 23 (11) 19 (11) 4 (10)

HIV+ 47 (20) 33 (20) 14 (21)
TARGA therapy among HIV+ 27/47 (57) 19/33 (58) 8/14 (57)
Previous HCV+ diagnosis 152 (65) 123 (73) 29 (44)
Previous HCV antiviral therapy 36 (15) 29 (17) 7 (11)
HCV-RNA (IU/ml) 538,000 (91,300–1,875,000) 538,000 (74,725–1,665,000) 511,000 (113,500–2,680,000)
Baseline FibroScan® (kPa) n = 199 n = 168 n = 31
Fibrosis stage 6 (4.9–7.5) 6 (4.8–7.6) 6 (4.9–7.5)

F0–1 150 (75) 126 (75) 24 (77)
F2 27 (14) 23 (14) 4 (13)
F3 12 (6) 11 (6) 1 (3)
F4 10 (5) 8 (5) 2 (6)

Advanced fibrosis (LSM >−9.5 kPa) 22 (11) 19 (11) 3 (10)

Qualitative variables are expressed as n (%) and quantitative variables median (P25–P75). LSM, liver stiffness measurement; PWID, people who inject drugs; TARGA, antire-
troviral therapy.
* Available in n = 205, 165, and 40 individuals in each group.
† Available in n = 179, 154, and 25 individuals in each group. The remaining individuals declined to answer or referred ‘unknown’.
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undetectable HCV-RNA by intention-to-treat (ITT) was 60% and
per protocol (PP) 71%. Importantly, among those with follow-up
data, the reasons for HCV-RNA positivity per ITT were relapse in
6 patients (4%) and reinfection in 30 (15%). All individuals who
relapsed had prematurely discontinued antiviral therapy and had
completed less than 50% of the total treatment. During follow-
up, reinfection was diagnosed in 42 individuals, with reinfec-
tion rates diminishing during subsequent follow-up being 9%
JHEP Reports 2022
and 4.5% at FU36 and FU60; respectively. On the contrary, losses
to follow-up increased from 16% at FU12 to 36% at FU36 and 46%
at FU60. Regarding safety only 9 patients reported adverse
events (headache and gastrointestinal symptoms) and all were
mild. Among those lost to follow-up, there were 4 deaths un-
related to the study, (2 as a result of drug overdose, 1 to an un-
derlying cardiac condition, and 1 to suicide); none occurred
while on treatment.
4vol. 4 j 100580
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Fig. 2. HCV care cascade. (A) Treatment outcomes at FU12, FU36, FU60 by ITT
or, in the case of FU12 also PP excluding losses to follow-up. (B) Projected HCV
care cascade considering screening and treatment acceptance at the harm
reduction centre. FU, follow-up; ITT, intention-to-treat; n.a., not applicable; PP,
per protocol; PWID, people who inject drugs.
Fig. 2B projects the HCV care cascade at the HRC extrapolating
the results of our study in terms of screening acceptance rate
(46%), HCV-RNA+ prevalence (56%), treatment initiation rate
(72%) and percentage of HCV-RNA undetectable at FU12 per ITT
(60%).

Adherence during antiviral therapy
Considering all patients initiating antiviral therapy, 134 (80%)
patients completed >−80% of total prescribed therapy but only 60%
did so within the expected treatment duration (8 or 12 weeks ± 3
days). Gaps of treatment discontinuation, even if longer than 7
days, did not affect SVR rates (Fig. S1). Thus, adherence did not
significantly affect overall SVR rates in this study. Only prema-
ture treatment discontinuation (median treatment duration 3
[2–4] weeks) was associated to high relapse rates in 6 of 10 with
FU12 assessment.

Determinants and outcomes of reinfection
As previously mentioned, 42 patients had a reinfection after the
first treatment with most cases occurring as early as FU12 (71%).
We aimed to analyse the determinants of reinfection during
follow-up to identify those individuals at higher risk (Table 2).
Socioeconomic factors and drug-use behaviours were associated
to a higher risk of reinfection; specifically, being homeless, living
with HIV+, and having high-risk practices such as daily drug
injection and syringe, or paraphernalia sharing. In addition, we
found that imprisonment either before or during treatment were
more frequent among those experiencing reinfection. When
performing multivariate regression analysis, only HIV+ (adjusted
odds ratio [OR]: 5.6; 95% CI 1.9–15.9); p = 0.001) and daily in-
jection habit (OR 2.8; 95% CI (1.1–7.2); p = 0.03) remained as
independent predictors of reinfection. Outcomes after reinfec-
tion are depicted in Fig. S2.

Positive impact of enrolment in a HCV programme on risk
practices, social resources, and quality of life
Finally, we were interested in assessing how enrolment in an
HCV testing and linkage-to-care programme could impact on risk
practices and social networks among the 125 PWID completing
the bio-behavioural questionnaire at baseline and FU12. As
shown in Table 3, the inclusion in the programme for HCV
antiviral therapy had a positive impact on PWID with high risk
practices regardless of treatment outcome. The most striking
effect was an overall decrease of injection frequency in 40% of
patients, with a marked decrease in the proportion of daily in-
jectors compared with baseline (71% vs. 36%, p <0.05) (Fig. 3).
Self-reported risk practices such as syringe and paraphernalia
sharing, as well as high-risk sexual relationships, were also
markedly reduced. In addition, the number of PWID linked to an
OST programme also increased. Importantly, other relevant so-
cial characteristics such as homelessness improved after being
engaged in the programme. Achieving or not SVR did not appear
to influence the observed improvements on risk practices and
social network (Table S3). Longer follow-up (FU36) was associ-
ated with a greater improvement in homelessly, injection fre-
quency, harm practices, and OST engagement (Table S4).

In addition, all components of quality of life evaluated using
the SF-12 Health Survey improved at FU12 compared with
baseline. Physical functioning and vitality reached levels com-
parable to the general population (Fig. 4). These data suggest a
positive impact of enrolling in a microelimination programme
beyond virological outcomes.
JHEP Reports 2022
Discussion
Most studies on HCV microelimination programmes in PWID
claim very good results in terms of HCV elimination but might
not offer a realistic perspective. In addition, there are few data on
how enrolment in such programmes impacts injection habits
and social networks and resources. The results of our study in a
high-risk group of PWID attending a HRC are novel in the field as
they stress the barriers to achieve microelimination, but also the
benefits of implementing on-site all the steps of an HCV care
cascade. Indeed, the target population of this study included a
marginalised PWID population with high rates of unemploy-
ment, homelessness, and incarceration and a significant
5vol. 4 j 100580



Table 2. Differences between PWID presenting with reinfection or not during follow-up.

Univariate analysis Multivariate analysis

Variables No reinfection n = 83 Reinfection n = 42 p OR (95% CI); p (adjusted)

Baseline
Age (years) 42 (35–49) 41 (34–47) 0.40
Male 72 (87) 37 (88) 0.77
Foreign nationality 30 (36) 18 (43) 0.56
Homeless 23 (28) 21 (50) 0.009
Unemployment 59 (71) 34 (81) 0.13
Secondary education or lower 58 (69) 27 (64) 0.59
Previously incarcerated 45 (54) 32 (76) 0.039
Daily drug injection 55 (66) 34 (81) 0.09
Cocaine 67 (81) 42 (100) 0.01
Heroin 72 (87) 34 (81) 0.65
Syringe sharing 11 (13) 12 (29) 0.049
Paraphernalia sharing 29 (35) 16 (38) 0.69
Risky sexual relationships* 36 (43) 16 (38) 0.84
Alcohol consumption 36 (43) 10 (24) 0.10

>28 units/week 13 (16) 3 (7) 0.25
Opioid substitution therapy 42 (51) 20 (48) 0.85
HIV+ 11 (13) 17 (40) 0.002 5.6 (1.9–15.9); p = 0.001
Previous HCV+ diagnosis 67(81) 34 (81) 0.99
Previous HCV antiviral therapy 13 (16) 11 (26) 0.22
Advanced fibrosis 9 (11) 6 (14) 0.99
During antiviral therapy
8 weeks treatment duration 36 (43) 20 (48) 0.70
Treatment intake

<80% 10 (12) 5 (12) 0.99
<50% 7 (8) 3 (7) 0.99

Imprisonment during treatment 3 (4) 7 (17) 0.03
Daily drug injection 23 (28) 22 (52) 0.009 2.8 (1.1–7.2); p = 0.03

Qualitative variables are expressed as n (%) and quantitative variables median (P25–P75). Univariate and multivariate competing risk regression analysis for reinfection
including homelessness, syringe sharing, HIV, and daily injection. Values in bold denote statistical significance.
* n = 119.
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proportion of migrants with low economic resources and family
support. In addition, this is a PWID population with high-risk
practices in terms of daily injection, syringe or paraphernalia
sharing, and sexual risk practices. Thus, this externalised liver
disease clinic is positioned in the most difficult spectrum of the
PWID population.
Table 3. Impact of antiviral therapy on injection patterns, high-risk prac-
tices and social networks among those with paired analysis at baseline and
FU12 (n = 125).

Variables Baseline FU12 p

Homeless 54 (43) 28 (22) 0.001
Family support 80 (64) 77 (62) 0.99
Unemployment 93 (74) 78 (62) 0.64
Daily vs. non-daily drug injection 89 (71) 45 (36) <0.001
Drug injection frequency

>Once/day 74 (59) 33 (26) <0.001
Once/day 15 (12) 12 (10)
Weekly 17 (14) 21 (17)
<Weekly 15 (12) 45 (36)
None 4 (3) 14 (11)

Syringe sharing 23 (18) 7 (6) 0.009
Paraphernalia sharing 45 (36) 22 (18) 0.012
Risky sexual relationships* 52 (44) 22 (18) 0.001
Alcohol consumption 46 (37) 29 (23) 0.09

>28 units/week 16 (13) 8 (6) 0.14
Opioid substitution therapy 62 (49) 67 (54) 0.045

Qualitative variables are expressed as n (%) and quantitative variables median (P25–
P75). Paired t test or non-parametric paired sample tests were used where appro-
priate. Values in bold denote statistical significance.
* n = 119. FU12, 12 weeks follow-up.

JHEP Reports 2022
The first barrier we encountered was engaging the PWID
population into the programme as only 46% accepted HCV
screening despite repeated proposals and flexible schedule
offered by the study team. Social and economic background may
limit engagement in this type of programme because of other
priorities above HCV diagnosis and treatment. In addition, the
main purpose of a HRC is to offer assistance to proceed to safe
injection thus, HCV screening was offered either before or after
drug consumption and both would be not optimal moments to
engage these individuals. Not unexpectedly, the second barrier
was the not negligible rate of loss to follow-up, either to initiate
antiviral treatment or fulfil any of the follow-up visits (18% and
29%, respectively). Because of the intrinsic characteristics of this
population, most lacked mobile phones or other means of
contact.

Despite the abovementioned barriers, this patient-centred
circuit demonstrates that HCV treatment can be successfully
delivered also to active PWID with high-risk practices. In terms
of screening, almost one-third of those tested was a new diag-
nosis and were not aware of their status. Even among those with
previous HCV diagnosis in our study, only 24% had received a
previous course of antiviral therapy, reflecting the relevant bar-
riers in linkage-to-care and treatment access within conven-
tional health care circuits.14 Overall, among those individuals
who accepted HCV screening, more than 70% of viraemic pa-
tients initiated antiviral treatment. In addition, and despite the
complex background, most patients completed more than 80% of
the total prescribed treatment, highlighting that prompt
6vol. 4 j 100580
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Fig. 3. Improvement in injection pattern at baseline and FU12 after treat-
ment (p <0.001 by paired analysis). FU12, 12 weeks follow-up.
initiation of antiviral therapy after diagnosis and on-site moni-
toring is effective to engage this population in a real-life setting.
Similarly to previous studies, our results also support the notion
that missed doses while on treatment did not impact on out-
comes if treatment uptake was >80%.16,17 Despite other risk fac-
tors for liver disease progression such as alcohol use and HIV
coinfection,18 only 11% had advanced liver disease. This low rate
of advanced disease is reassuring for those microelimination
programmes that do not have the capability to assess liver dis-
ease stage.

A relevant finding of our study is the positive impact beyond
HCV viral clearance in those PWID who engaged in the extern-
alised HCV model. Although more than 89% were still active
PWID after treatment, injection frequency was reduced from a
daily to a non-daily basis in >30%. Being engaged in a healthcare
programme focused on HCV also had a positive impact in risk
practices such as syringe or paraphernalia sharing and sexual
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relationships. Furthermore, the risk behaviours further
decreased with longer follow-up such as 36 weeks after therapy.

In addition, the psychological impact of living with hepatitis C
is well documented with many people experiencing depression
and anxiety, symptoms that are even more common among
PWID.19 Importantly, in our study, participants reported im-
provements in all the components of the quality of life survey
questionnaire after being engaged in the programme.

We also found extremely relevant the reduction in home-
lessness observed after treatment, probably reflecting increased
health awareness after HCV therapy. Unstable housing often co-
occurs with illicit drug use and is an important risk factor for
mortality independent of known risk factors including HIV
infection and patterns of drug use.20 Furthermore, homelessness
has also been linked with subsequent increases in drug use,
injection-related risk behaviour, and relapse in those who have
stopped injecting drugs.21

However, our results also provide relevant (and worrisome)
data regarding reinfection, as other studies have been limited by
their retrospective nature, or lack of systematic testing of per-
sons at risk for HCV reinfection at regular and/or short in-
tervals.22–24 The high rates of reinfection (31/100 persons/year)
also reflect that this study approached a PWID population with
high-risk practices. In this cohort, HIV coinfection and regular
daily injection after treatment were the only independent factors
associated with a higher risk or reinfection. Current and daily
injection drug use has been associated with higher rates of
reinfection in other studies.25 The role of HIV infection in
increasing the risk of HCV reinfection is not completely clear, but
has been reported both among PWID and among men who have
sex with men. HIV infection is associated with an approximately
3-fold reduction in rates of spontaneous recovery from an acute
HCV infection.26 As such, one may postulate that HIV-infected
persons have similar rates of HCV reinfection to HIV-uninfected
persons but may be less likely to spontaneously clear these re-
infections owing to a weaker immune response and are thus
more likely to have reinfections detected.

It is important to highlight that more than 70% of cases of
reinfection occurred within the first 12 weeks after antiviral
SF RE MH

General population norm

Worse health

Better health

Mental health scores

lysis). BP, bodily pain; GH, general health; MCS, mental component summary;
; RP, role physical; RE, role emotional; SF, social functioning; VT, vitality.
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therapy. In several studies reinfection has been defined as a
positive HCV-PCR after documented initial HCV clearance which
may have underestimated the true reinfection rates.6 The
decrease in reinfection rate over time observed in our study may
imply a development of specific protective behaviours and rou-
tines and these pragmatic strategies can be also used as models
for other PWID to minimise reinfection.24 In addition, because of
the high HCV prevalence at baseline, an ongoing test-and-treat
strategy over time with the consequent decrease in HCV preva-
lence would be necessary before observing a reduction in HCV
reinfection. Although the detection of reinfection in a treated
population should not be interpreted to be a programme failure,
it highlights the relevance of implementing educational strate-
gies to minimise reinfections. If we are not able to combine easy
access to treatments along with harm reduction and behavioural
interventions, microelimination programmes will be unable to
successfully eliminate hepatitis C.

Finally, our study has some limitations. First, the not negli-
gible loss to follow-up rate precludes complete evaluation of
treatment outcomes. Thus, we cannot exclude that individuals
compliant with follow-up visits were those with more favourable
JHEP Reports 2022
outcomes. Second, because of the increasing rate of losses to
follow-up we cannot discard an underestimation of the rein-
fection rate. However, we cannot discard that the highest risk
individuals were infected within the early follow-up period
whereas the remainder belonged to a lower-risk population.
Finally, information on drug-use risk behaviours was self-
reported and might be prone to response bias and socially
desirable responses. However, previous studies also have shown
that self-reported information on drug use has been shown to be
reliable and valid.27

In summary, this patient-centred circuit demonstrates that
HCV treatment can be successfully delivered to active PWID
with high-risk practices and has a significant benefit in injec-
tion patterns and use of social resources. However, intrinsic
barriers in this population such as low rate of screening
acceptance and high loss to follow-up as well as significant
high reinfection rates hamper a successful elimination of hep-
atitis C in PWID. Studies in the field should stress the diffi-
culties rather than the achievements to promote specific
interventions such as incentives and educational and harm
reduction measures.
Abbreviations
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