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ARTICLE INFO ABSTRACT

Keywords: Background: In Catalonia (Spain), people who inject drugs (PWID) face numerous barriers to access to main-
Hepatitis C virus (HCV) stream healthcare services for hepatitis C confirmatory diagnosis and treatment, so simplified testing strategies
People who inject drugs (PWID) for viremic infection are urgently needed. Among PWID attending harm-reduction services in Catalonia, we

Dried blood spots (DBS)
One-step testing strategy
Unawareness

Harm-reduction services (HRS)

aimed (i) to assess the utility of an in-house HCV-RNA detection assay on dried blood spots (DBS) as a one-step
screening and confirmatory diagnosis strategy for hepatitis C, (ii) to estimate the prevalence of viremic HCV
infection, and (iii) to identify factors associated with unawareness of viremic infection.

Methods: A cross-sectional study of current PWID (N = 410) was performed in four harm-reduction services. All
participants underwent HCV antibody point-of-care testing and parallel DBS collection for centralized RNA
testing. An epidemiological questionnaire was administered. Paired EDTA-plasma samples were additionally
collected for HCV viral load testing in 300 participants.

Results: HCV-RNA testing from DBS was feasible and showed 97.2% sensitivity and 100% specificity for viral
loads > 3000 IU/mL in real-life conditions. No significant differences in the performance when detecting viremic
infections were observed between this one-step testing strategy vs. the conventional two-step algorithm invol-
ving venepuncture. Overall HCV seroprevalence was 79.8%, and prevalence of viremic infection was 58.5%.
Importantly, 35.8% of viremic HCV participants were unaware of their status, and no specific socio-demographic
or bio-behavioral factors independently associated with unawareness of viremic infection were identified.
Among participants reporting a past or current HCV infection, 29.0% stated having received HCV antiviral
treatment.

Conclusion: The high viremic HCV infection burden among PWID attending HRS, estimated for the first time in
Catalonia, together with the low levels of awareness of viremic status and access to treatment, suggest that
scaling up this one-step screening and diagnosis strategy to the network of harm-reduction services would help
to achieve HCV elimination targets set by the World Health Organization.
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Introduction

The World Health Organization (WHO) has set main targets of
reaching 90% diagnosis and 80% treatment rates to be achieved by
2030 to eliminate hepatitis C virus (HCV) infection as a major public
health threat (World Health Organization, 2016a). In Spain, since the
first National Plan against hepatitis C was approved in 2015, treatment
rates have improved remarkably (Ministerio de Sanidad, Consumo y
Bienestar Social, 2018), and recent modeling studies suggest that WHO
elimination goals could be achieved before 2030, as long as 2017 levels
of diagnosis and treatment can be maintained (Razavi, Sanchez, Pangerl
& Cornberg, 2019). Recently, the proportion of viremic individuals
unaware of their infection has been estimated at 29.4% in the general
population attending primary care in Spain (Ministerio de Sanidad,
2019), while this data is unknown for certain populations who are at
risk of HCV infection. Alternative testing strategies suitable for reaching
undiagnosed cases need to be implemented before this situation leads to
a stage where no more newly diagnosed people are available for
treatment, which could be as early as 2022 (“diagnostic burn-out”)
(Hill, Nath & Simmons, 2017).

As HCV infection can be spontaneously cleared, the mainstay in
diagnosing HCV infection is to initially screen for HCV antibodies
(evidence of past or current HCV infection), and if reactive, HCV-RNA
amplification tests are used to confirm the presence of HCV viremia in
venous blood (conventional two-step diagnosis algorithm)
(World Health Organization, 2017b). While reflex RNA testing upon a
positive serological test is being implemented in Spanish hospitals
(Crespo et al., 2019), several visits to mainstream healthcare centers are
still required, from when the antibody test is ordered until the con-
firmed diagnosis is delivered.

People who inject drugs (PWID) constitute the core of the HCV
epidemics in most European countries, where injection drug use re-
mains the main mode of transmission among incident HCV infections
(European Monitoring Centre for Drugs & Drug Addiction, 2016). De-
spite its high HCV prevalence, PWID are a marginalized population
with limited access to hepatitis C diagnosis (Grebely, Dore, Morin,
Rockstroh & Klein, 2017), which is mainly performed in mainstream
healthcare services in Catalonia. The identification of HCV viremic in-
fections among PWID is additionally hampered by the use of the venous
blood (they often have poor venous access) and the conventional two-
step diagnosis algorithm, which requires several visits at a specific date
and time to the healthcare center, leading to high rates of losses to
follow-up (Grebely, Applegate, Cunningham & Feld, 2017). Thus, de-
spite a high proportion of PWID reporting previous HCV antibody
testing, they often do not receive confirmatory HCV-RNA testing and,
consequently, are unaware of their infection, putting them at risk of
transmitting this infection to others, and making them ineligible for
antiviral treatment (Fernandez-Lépez, Folch, Maj6, Gasulla &
Casabona, 2016; Iakunchykova et al.,, 2018; Iversen et al., 2017;
Kéberg, Hammarberg, Lidman & Weiland, 2017). Accordingly, PWID
have been recently considered a key population by the WHO for tar-
geted testing of HCV viremic infection and prioritized antiviral treat-
ment (European Association for the Study of the Liver, 2018;
World Health Organization, 2018). Simplified strategies for HCV-RNA
testing that can be easily implemented at the community level are ur-
gently needed to reach people who are injecting drugs; evidence sug-
gests that patient-centered, decentralized models of care embedded
within existing services caring for this collective are required to im-
prove HCV diagnosis and treatment (Applegate, Fajardo & Sacks, 2018;
Bajis et al., 2017).

As no single HCV elimination strategy is applicable to all countries
and settings (Bruggmann & Litwin, 2013; Dore, Ward & Thursz, 2014),
micro-elimination has emerged as a strategy in which diagnosis and
treatment approaches are tailored to fit each specific population at-risk
(such as PWID) or geographical area (Lazarus, Wiktor, Colombo &
Thursz, 2017). In Catalonia, there is a comprehensive network of drug
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harm-reduction services (HRS), including 16 harm-reduction centers
and six mobile units (12 of them with supervised consumption rooms),
that altogether cared for about 6000 PWID in 2017 (personal commu-
nication ASPCAT). Through this network, programmatic data are col-
lected on a single centralized database. This infrastructure constitutes a
unique opportunity for a targeted HCV micro-elimination strategy
(Lazarus, 2017). While HRS in Catalonia offer the HCV antibody point-
of-care test (Ab-PoCT) and the seroprevalence in current PWID was
estimated at 65.8% (Folch, 2018), the prevalence of viremic infection is
unknown because seropositive individuals need referral to the health-
care system for diagnosis confirmation, which often leads to losses to
follow up (Fernandez-Lépez et al., 2016). Local estimates of viremic
HCV prevalence are necessary to estimate the burden of HCV infection,
identify key gaps in the HCV cascade of care, design evidence-based
policies and, monitor the progress towards HCV elimination
(World Health Organization, 2016b). The use of minimally invasive
dried blood spot (DBS) samples has been demonstrated to be a facil-
itating tool for increasing access to HCV testing among PWID attending
community centers (Coats & Dillon, 2015; Martin et al., 2013). Fur-
thermore, even though available commercial viral load assays have not
yet been approved by major regulatory authorities for the use of DBS,
meta-analyses have shown a high level of diagnostic performance of
both in-house and commercial assays for the use of DBS for HCV-RNA
detection (Lange et al., 2017; Vazquez-Morén et al., 2019). Thus,
among current PWID attending HRS in Catalonia, we aimed (i) to assess
the utility of an HCV-RNA detection assay on DBS as a one-step
screening and confirmatory diagnosis strategy for hepatitis C, (ii) to
estimate the prevalence of viremic HCV infection, and (iii) to identify
factors associated with unawareness of viremic infection.

Material and methods
Study design and participants

The HepCdetect II study (EMCDDA 2019) was designed as a com-
munity-based cross-sectional study in a convenience sample (N = 410)
of PWID =18 years old who had injected drugs over the previous six
months (current injectors), recruited at four HRS by their own staff
from May 2016 to July 2017. These HRS are located in the following
cities in Barcelona province: Sant Adria del Besos (hereafter, HRS-A);
Terrassa (HRS-B); Gava i El Prat de Llobregat (HRS-C); and L'Hospitalet
de Llobregat (HRS-D). HRS-A cares for the largest number of users in
Catalonia, as it is located near one of the most important drug-traf-
ficking and consumption areas in Spain. Altogether, these four HRS
cared for 2558 people in 2016, representing 45.1% of all current PWID
that attend the HRS network in Catalonia (Agéncia de Salut Piblica de
Catalunya, 2017). An economic incentive of 6€ was offered to study
participants in order to encourage their participation. Written informed
consent was obtained in accordance with law 14/2007, of 3 July, on
biomedical research and all other applicable legislation (study ap-
proved by the Ethics Committee at the Germans Trias i Pujol University
Hospital).

The sample size was calculated in order to reliably estimate the
prevalence of HCV viremic infection. We considered that at the time of
study design, there were about 2200 individuals who attended the four
participant HRS, and that the prevalence of anti-HCV antibodies from
oral fluid samples in individuals who attended HRS in Catalonia was
about 65.8% (REDAN study 2014-2015 (Folch, 2018); furthermore, we
assumed that about 26% of those exposed had spontaneously cleared
the infection (Micallef, Kaldor & Dore, 2006) and about 10% had been
cured through antiviral treatment and not reinfected, so a minimum
HCV-RNA prevalence of 45% was expected. Therefore, a minimum
sample size of 400 individuals would allow us to estimate a viremic
HCV prevalence of 45%, with a confidence of 95% and a precision of
+/— 4.45 percentage units.
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Fig. 1. Procedures used for epidemiological and biological data collection. Activities performed at the HRS and the laboratory are indicated by grey and white boxes,
respectively; 'Only performed at HRS-A; Only performed in those cases in which a discordant result was observed between self-reported hepatitis C status and

antibody point-of-care test results.

Data collection

An anonymous questionnaire administered by trained staff at the
participating HRS was used for data collection. The questionnaire in-
cluded questions related to socio-demographic characteristics, beha-
vioral data regarding previous sexual practices, injected/non-injected
drug use and types of drugs, imprisonment, self-reported HCV and HIV
testing, previous diagnosis and treatment of HCV and HIV infection,
and previous diagnosis of other unspecified sexually transmitted in-
fections (STIs). Each participant was assigned an anonymous identi-
fying number (ID) used to link the questionnaire to the tests results.

Clinical specimens and tests

The different clinical specimens and tests used are depicted in Fig. 1.

Point-of-care HIV and HCV testing

HRS in Catalonia offer HIV PoCT (HIV 1/2 Ag/Ab Combo, Alere
Inc., Waltham MA, USA) from finger-prick capillary blood and HCV Ab-
PoCT on oral fluid as part of their services when PWID report being
unaware of their HIV or HCV status. For the purpose of this study, all
participants underwent HCV Ab-PoCT testing from finger-prick capil-
lary blood (LumiQuick Diagnostics, Inc., Santa Clara, CA, USA; 97.6%
sensitivity and 99.5% specificity according to the manufacturer).

HCV-RNA testing in DBS

Finger-prick capillary blood was obtained from all participants
using safety lancets Super (Sarstedt AG & Co. KG, Safety-Lancet Super,
Niimbrecht, Germany). In order to ensure that two complete 50 pl spots
were obtained per participant, capillary blood was collected with two
EDTA capillaries marked to be filled with 50 ul of blood (Determine,
EDTA Capillary tube, Chiba, Japan). Collected blood was then spotted
(two 12 mm spots per participant) onto a Whatman card (903 protein
saver card, GE Healthcare Europe GmbH, Barcelona, Spain). Spotted
cards were air dried for at least one hour or until dry (uniform dark

brown color), and then stored with desiccant with humidity indicator
(GE Healthcare Europe GmbH, Barcelona, Spain) in individual pouches.
DBS samples were shipped weekly at room temperature to a central
laboratory for HCV-RNA testing. A previously developed in-house
single-step reverse-transcription real-time PCR assay with a lower de-
tection limit of 541 IU/mL of whole blood was used; this assay showed
100% sensitivity and specificity after a laboratory validation with
samples from hospital outpatients from the Hepatology Unit, and HCV-
RNA stability over a period of time up to two months was proven
(HepCdetect Study, Saludes et al., 2018). The number of days of storage
of DBS at room temperature prior to HCV-RNA testing was recorded. An
unrelated internal control RNA was added to each sample, and positive
and negative controls were included in each run for quality control
purposes as previously described (Saludes et al., 2018).

HIV and HCV testing in plasma

For the purpose of this study, as nursing staff were available at HRS-
A, a venous blood sample was collected in EDTA tubes (BD Vacutainer®
with EDTA K2, BD Switzerland Sarl, Vaud, Switzerland) in parallel to
DBS collection. Plasma was separated by centrifugation and frozen at
—30 °C until weekly shipment to the laboratory. The following ser-
ological and molecular markers were assessed in plasma, regardless of
the results of the PoCT tests: HCV viral load (Abbott HCV RealTime,
Abbott Molecular Inc.; lower limit of detection of 12 IU/mL), and an-
tigen and antibodies against HIV-1/2 (VITROS® HIV Combo, Ortho
Clinical Diagnostics, Raritan, NJ, USA). Additionally, in those cases in
which a discordant result was observed between self-reported hepatitis
C status and HCV Ab-PoCT, HCV serology testing (VITROS® Anti-HCV,
Ortho Clinical Diagnostics) was performed from plasma. Results were
communicated to the HRS within 1-2 weeks. HRS professionals deliv-
ered HCV viral load and HIV serology results to participants and per-
formed post-testing counseling on a return visit when possible; those
cases in which it was not possible were considered lost to follow-up.
Delivery of HCV viral load results and referral to care were recorded.
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Table 1
Socio-demographic and bio-behavioral profile of study participants.

Characteristics Total study population
(N = 410)
n (%)
Socio-demographic characteristics
Age <30 years 43 (10.5)
Male gender 350 (85.4)
Foreign origin 115 (28.0)
Educational attainment > primary 142 (34.6)
Homeless" 53 (12.9)
Paid employment® 82 (21.4)
Ever been in prison 261 (63.8)
Bio-behavioral characteristics
<5 years of injected drug use 84 (20.5)
Injection while in prison 102 (27.0)
Daily injection® 193 (47.5)
Cocaine as the most frequently injected drug” 93 (22.9)
Sharing of syringes 180 (44.0)
Sharing of other injection equipment 214 (52.6)
Practicing front-backloading 121 (30.0)
Drug snorting 230 (58.1)
Sharing cocaine snorting straw 179 (79.2)
Drug smoking 187 (48.1)
Currently in treatment for drug addiction 240 (58.5)
Unprotected sex with penetration with sex worker, 94 (23.9)
PWID, HIV-positive or MSM individuals®
Exchange of sex for drugs or money” 32(7.9)
Past or current HCV infection (antibodies and/or 337 (83.8)
RNA positive)
HIV infection 96 (23.4)
Self-reported STI” 29 (7.2)

2 Previous 6 months;.
b previous 12 months; STI, sexually transmitted infections.

HCYV genotyping in plasma

HCV viremic cases recruited at HRS-A were genotyped to assess a
potential effect of the HCV genotype on the HCV-RNA results obtained
by the DBS assay. Thus, total nucleic acids extracted from plasma for
HCV viral load testing, were subjected to a reverse-transcription
(Saludes et al., 2013) and nested-PCR amplification as previously de-
scribed (Martré et al., 2008). Purified amplification products were
subjected to bidirectional Sanger sequencing with amplification pri-
mers. Sequence readings were edited and aligned together with re-
ference sequences belonging to the different confirmed genotypes and
subtypes, and maximum likelihood phylogenetic trees were obtained,
as previously described (Saludes et al., 2019). For those participants
with a viral load between 100 and 1000 IU/mL, the Abbott RealTime
HCV Genotype II assay (Abbott Molecular Inc.) was used following
manufacturer's recommendations.

Data analyses

Assessment of the utility of an HCV-RNA detection assay on DBS as an
alternative one-step screening and confirmatory diagnosis strategy for
hepatitis C

The following analyses were performed. Firstly, as DBS collection
and storage conditions in real-life may differ from those used in the
laboratory, the logistical feasibility of DBS sampling by HRS staff (in-
cluding community workers and nurses) was evaluated as the propor-
tion of samples collected that were adequate for HCV-RNA testing; DBS
quality (color of the humidity indicator) and quantity (required number
and diameter of the spots) were verified on their reception in the la-
boratory. Secondly, using paired DBS and plasma samples for those
participants recruited at HRS-A, the clinical performance (sensitivity
and specificity) of the in-house HCV-RNA assay on DBS was assessed in
comparison with the reference viral load method (Abbott) at five
thresholds in plasma: (i) detectable HCV-RNA (below or above 12 IU/
mL; (ii) quantifiable HCV-RNA at =12 IU/mL; (iii) quantifiable HCV-
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RNA at =1000 IU/mL (European Association for the Study of the
Liver, 2018); (iv) quantifiable HCV-RNA at >3000 IU/mL
(World Health Organization, 2018); and (v) quantifiable HCV-RNA at
>50,000 IU/mL (Terrault et al., 2005). DBS results were interpreted
without knowledge of the results of the reference method in plasma.
Besides, the putative effects of several relevant parameters on HCV-
RNA results obtained from DBS samples were assessed (length of
duration of storage at room temperature of DBS samples before pro-
cessing, HIV co-infection, HCV genotype, gender and age of partici-
pants). Thirdly, as all participants from HRS-A were tested by the three
HCV assays (Ab-PoCT, viral load in plasma and HCV-RNA in DBS), we
assessed the performance of two different testing strategies when
identifying viremic cases: the traditional two-step diagnostic strategy
(Ab-PoCT screening followed by viral load confirmation in plasma if
positive for antibody, provided that this service was available at the
HRS), and the one-step RNA testing strategy from DBS. As we wished to
assess the performance of the DBS-based assay for diagnosing HCV in-
fection, participants reporting to be under antiviral treatment were
excluded from the second and third analyses.

Statistical analyses

After validation of the HCV-RNA detection assay in DBS, the overall
prevalence of viremic infection in PWID attending the four HRS was
derived from DBS. The HCV seroprevalence was derived from the de-
tection of antibodies by the Ab-PoCT in finger-prick blood. Self-re-
ported HIV infection or a positive PoCT result was used to determine
the prevalence of HIV infection. The proportion of viremic HCV parti-
cipants unaware of their status was calculated as the number of parti-
cipants who answered “no” or “I do not know” to the question “do you
have hepatitis C?”, divided by those who were RNA positive on DBS.
Proportions were compared using the Pearson's and the Fisher's exact
test. For quantitative variables, means were compared using the
Student's t-test after verification of the equality of variances using the
Levene test. The 95% confidence intervals (CI) were calculated using
the exact method. To identify factors associated with unawareness of
viremic HCV infection, univariate and multivariate logistic regression
models were performed. Variables with a significance level <0.10 in
the univariate analysis were included in the multivariate analysis, after
adjusting for age, years of injection and foreign origin, and the Odds
Ratio (OR) with its respective 95% CI was calculated. Final multivariate
models were derived using stepwise backward elimination process.
Statistical significance was set at P < 0.05. The analyses were per-
formed using SPSS version 17.

Results
Characteristics of the study population

A total of 410 individuals attending the four HRS were approached
over the study period, and all accepted to participate (n = 300 in HRS-
A, n = 44 in HRS-B, n = 27 in HRS-C, and n = 39 in HRS-D). The most
relevant socio-demographic and behavioral characteristics of the study
population are shown in Table 1. Participants had been injecting drugs
for a mean of 17.7 years, while 20.5% reported <5 years of injected
drug use. They were mostly male, with an average age of 40.5 + 8.2
years. Foreign-born participants accounted for 28.0%, mainly coming
from Central and Eastern European countries (CEE; 65.2%) and Italy
(15.6%). The proportion of participants that reported being homeless
over the past six months was 12.9%. Incarceration at least once in their
life was reported by 63.8%, and 27.0% reported drug injection while in
prison. Heroin was the most frequently used drug followed by cocaine.
The lifetime prevalence of sharing syringes was 44.0%, and 52.6% re-
ported sharing other injection equipment. Having been under drug
addiction treatment at some time was reported by 88.5% of individuals.
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Utility assessment of an HCV-RNA detection assay on DBS as an alternative
one-step screening and confirmatory diagnosis strategy for hepatitis C

DBS sampling was logistically feasible at the four HRS, as only
0.98% (4/410) of collected DBS samples were rated as inadequate to be
tested for HCV-RNA detection due to either quality or quantity. In these
cases, a second sample was requested. DBS samples were shipped and
stored at room temperature for a mean of 20.0 days (standard devia-
tion, 11.0 days) before processing.

Paired plasma samples were obtained from the 300 participants
recruited at Centre A in order to establish the clinical performance of
the DBS-based assay in comparison with viral load results in plasma.
Eleven cases were excluded, including those who reported to be under
treatment (n = 3), and those for which an invalid HCV-RNA result was
obtained from DBS (a run of nucleic acid extraction failed due to an
error of the automated extractor and there was no sample left for re-
testing, n = 8). Therefore, the comparison between DBS and plasma
results was performed in 289 participants. Of these, 93 had an un-
detectable HCV viral load in plasma and all of them tested negative by
the HCV-RNA assay from paired DBS samples; thus the DBS assay
showed 100% specificity (95% CI, 96.0-100%). On the other hand, 196
participants had detectable viral loads in plasma (range, <12 to
33,096,148 IU/mL). As a considerable proportion of viremic PWID with
low (n = 20/196, 10.2% below 3000 IU/mL; n = 18/196, 9.2% below
1000 IU/mL) and very low viral loads (n = 10/196, 5.1% below
100 IU/mL) was found, sensitivity of the DBS assay was assessed con-
sidering several relevant viral load thresholds (Table 2). When con-
sidering the requirement established by clinical guidelines for diag-
nostic viral load assays based on plasma (lower limit of detection
<15 IU/mL (European Association for the Study of the Liver, 2018), i.e.
considering all cases with detectable viral loads by Abbott) false-ne-
gative results in DBS samples were obtained in 11.7% (23 out of 196) of
the cases. An HCV viral load <1000 IU/mL was the only factor sig-
nificantly associated with obtaining false negative results (p < 0.0001);
HIV infection, foreign origin, gender, age <30, or the mean number of
days of DBS storage at room temperature before processing were not
associated. Similarly, no evidence of a genotype/subtype-specific de-
tection failure was found among the viremic patients successfully
genotyped (94.9% of the 196 cases, as the other 10 cases had a viral
load <100 IU/mL, which precluded its classification by any of the
genotyping methods used). Circulating HCV genotypes and subtypes
were 3a (38.7%), 1a (34.9%), 1b (17.7%), 4d (5.4%), 4a (2.7%), and 2a
(0.5%). All these genotypes (except for 2a, which was only detected in
one case) were represented among both true positive and false negative

Table 2
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Fig. 2. Relationship between HCV prevalence and the years of injected drug use. The
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PoCT, point-of-care test.

DBS samples. As the WHO guidelines support the use of tests that allow
for increased access and affordability of HCV diagnosis (including DBS
testing) that have a lower limit of detection of up to 3000 IU/mL
(World Health Organization, 2018), we then used this threshold; when
participants with viral loads below 3000 IU/mL were excluded, sensi-
tivity was 97.2% (171 viremic participants were positive by DBS testing
out of 176; 95% CI, 93.5-98.8%). HIV co-infection did not significantly
influence sensitivity values of the DBS assay for any of the defined
thresholds (Table 1), and specificity was 100% both in HIV positive
(17/17; 95% CI, 81.6 —100%) and negative participants (76/76; 95%
CI, 95.2—-100%).

When the performance at detecting viremic cases was compared
between the conventional two-step testing strategy vs. the alternative
one-step strategy, no significant differences were found (p = 0.230):
64.7% (187/289; 95% CI, 59.0 —70.0%) vs. 59.9% (173/289; 95% CI,
54.1 —65.3%), respectively. Additionally, Fig. 2 shows the trend in the
prevalence of HCV antibodies and RNA among the study population
attending the four HRS by years of injection (<3, 3-5 and >5 years).
As the DBS-based assay was being validated in real-life within this
study, test results were not delivered to participants. However, we were
able to assess the rate of delivery of HCV viral load results from plasma
samples (reference method) to participants recruited at HRS-A on a
return visit; results were successfully delivered to 76.0% viremic

Sensitivity of the in-house HCV-RNA assay from DBS in comparison with the reference method of viral load in plasma considering several viral load thresholds.

HCYV viral load threshold in plasma

Overall sensitivity

Sensitivity according to HIV status

Proportion % (95% CI) HIV positive HIV negative p-value
Proportion % (95% CI) Proportion % (95% CI)
Detectable (below or above 12 IU/mL)" 173/196 88.3 (83.0-92.0) 41/48 85.4 (72.8-92.8) 132/148 89.2 (83.2-93.2) 0.480
Quantifiable (=12 IU/mL) 172/191 90.1 (85.0-93.5) 41/47 87.2 (74.8-94.0) 131/144 91.0 (85.2-94.7) 0.623
>1000 IU/mL" 171/178 96.1 (92.1-98.1) 41/42 97.6 (87.7-99.6) 130/136 95.6 (90.7-98.0) 1.000
>3000 IU/mL® 171/176 97.2 (93.5-98.8) 41/42 97.6 (87.7-99.6) 130/134 97.0 (92.6-98.8) 1.000
>50,000 1U/mL* 158/158 100 (97.6-100) 39/39 100 (91.0-100) 119/119 100 (96.9-100) 1.000

IU, International Units.

Clinical viral load thresholds used for the assessment of the sensitivity of the DBS-based assay.
@ Lower limit of detection of the Abbott assay, in agreement with the lower limit of detection <15 IU/mL in serum or plasma recommended for HCV diagnosis

(European Association for the Study of the Liver, 2018).

" In specific settings, a qualitative HCV-RNA assay with a lower limit of detection <1000 IU/ml can be used to provide broad affordable access to HCV diagnosis
and care (European Association for the Study of the Liver, 2018).
¢ An HCV-RNA assay with a limit of detection of 3000 IU/mL or lower would be acceptable and identify 95% of those with viremic infection (World Health

Organization, 2018).

4 The vast majority of patients with an indication for anti-HCV therapy have an HCV-RNA level >50,000 IU/ml (Terrault et al., 2005).
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individuals (n = 155) upon a return visit a median of 90 days later
(IQR, 48-158 days), 84.5% (n = 131) of whom were newly referred to
care (most of the remaining reported to be already linked to care).

Prevalence of viremic HCV infection

While the overall HCV seroprevalence was 79.8% (327/410; 95%
CI, 75.6 — 83.4%), the prevalence of viremic infection was 58.5% (235/
402; 95% CI, 53.6-63.2%, excluding the eight invalid HCV-RNA results
representing 1.95% of all DBS). Past or current HCV infection (positive
for HCV antibodies and/or HCV-RNA in DBS) was detected in 83.8%
(337/402; 95% CI, 79.9-87.1%) of cases. Among those participants that
self-reported a past or current HCV infection (72.0%, 295/410), 29%
reported having received HCV antiviral treatment at some time. From
all viremic participants, 15 cases (6.4%) were negative for HCV anti-
bodies by the Ab-PoCT (six cases — 10.5% — among HIV co-infected).
Among these 15 cases, four were classified as acute infections within
the antibody window period (absence of antibodies was confirmed in
paired plasma samples, and all cases were HIV negative). On the other
hand, five were false negatives by this Ab-PoCT as antibodies were
detected in plasma, while the rest could not be definitively classified as
plasma was not available, although three of them reported having had a
previous HCV diagnosis on the questionnaire.

In comparison, HIV infection was self-reported or detected by PoCT
testing in 23.4% (95% CI, 19.6-27.7%) of participants, and among
those who self-reported an HIV infection, 79.1% were under anti-
retroviral therapy. Co-infection with HIV was detected in 24.3% of
viremic HCV cases. The prevalence of viremic HCV infection was not
significantly different between HIV positive and negative PWID (60.0%
vs. 58.0%, p = 0.727).

Estimation of the extent of unawareness of HCV viremic status

Results of self-reported HCV status were not recorded for 23 viremic
participants. Among the remaining HCV viremic individuals, 35.8%
(76/212) were unaware of their condition (new HCV diagnoses). In
comparison, 8.3% (8/96) of HIV-positive participants were unaware of
their HIV infection.

Results obtained in univariate and multivariate logistic regression
analyses for the identification of factors associated with unawareness of
viremic HCV infection are shown in Table 3. Univariate logistic re-
gression analysis showed that foreign origin and <5 years of injected
drug use were significantly associated with unawareness for viremic
HCV infection, whereas reporting cocaine as the most frequently in-
jected during the last six months, being currently in treatment for drug
addiction, and HIV infection were significantly associated with
awareness of viremic HCV infection. None of these variables were
identified as independent predictors of unawareness of viremic infec-
tion according to the multivariate model adjusted by age, years of

Table 3
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injection, and foreign origin.

Discussion

This study demonstrates the utility of a one-step screening and
confirmatory diagnosis strategy based on the detection of HCV-RNA
from DBS samples, as it provided reliable data on the prevalence of
viremic infection among current PWID attending HRS in Catalonia for
the first time. It also provided access for them to confirmatory diagnosis
and raised their awareness of their infection in a community-based
context. The high burden of viremic HCV infection observed, together
with the fact that there is a low level of awareness of infection and little
access to treatment, suggests that this strategy needs to be scaled up in
the HRS network.

Although HRS in Catalonia only offered the Ab-PoCT in oral fluid
before this study, it has been shown that implementation of DBS-based
HCV-RNA testing at the four participating HRS is feasible. Additionally,
the real-life validation of the in-house HCV-RNA detection assay in DBS
showed an excellent clinical performance in individuals with viral loads
above 3000 IU/mL (97.2% sensitivity and 100% specificity). Therefore,
this assay fulfills the criteria for the most recent WHO recommenda-
tions for the identification of viremic infection, which include the use of
HCV-RNA assays with a limit of detection of 3000 IU/mL or lower, with
the aim of improving access to and affordability of HCV diagnostics, as
they would identify 95% of all viremic infections (World Health
Organization, 2018). This viral load threshold has been additionally
supported by recent large studies showing that only 5% of viremic in-
dividuals show viral loads below 3000 (Bertisch et al., 2019) to
3311 IU/mL (Morgan Freiman et al., 2019). However, in this study it is
remarkable that far more PWID were below this threshold (10.2% ac-
cording to a highly sensitive commercial viral load assay in plasma).
This fact led to false-negative results in DBS, especially among in-
dividuals with a viral load <1000 IU/mL in plasma, as would be ex-
pected because of the lower limit of sensitivity of the DBS-based in-
house assay (541 IU/mL in whole blood) (Saludes et al., 2018). Several
factors could have contributed to the proportion of low viral loads that
we observed in our study population. Firstly, the above mentioned
studies have found an association between young ages and low viral
loads (Bertisch et al., 2019; Morgan Freiman et al., 2019). Morgan
Freiman et al. have hypothesized that a low HCV viral load is a sur-
rogate marker of a recently acquired infection. In fact, during acute
infection frequent fluctuations in viremia may be observed; and even
brief interludes of undetectable viral load (European Association for the
Study of the Liver, 2018). Secondly, the same authors suggest an as-
sociation of being from South East Asia with having low viral loads;
interestingly, as many individuals from that region were active PWID
and therefore at risk of early infection, the authors agreed there was a
need to perform a sub-analysis of viral loads in PWID. On the other
hand, Bertisch et al. did not find an association between a history of

Univariate and multivariate logistic regression analyses of factors associated with unawareness of viremic HCV infection for the study population.

Characteristics Proportions Univariate analysis Multivariate model

Aware (n = 136) Unaware (n = 76) OR 95% CI p AOR* 95% CI p

n (%) n (%)
Socio-demographic characteristics
Age =30 years 126 (92.6) 67 (88.2) 1.69 0.66-4.37 0.277 0.86 0.31-2.64 0.860
Foreign origin 34 (25.0) 29 (38.2) 1.85 1.01-3.38 0.046 1.64 0.87-3.12 0.128
Bio-behavioral characteristics
<5 years of injected drug use 16 (11.8) 17 (22.4) 2.16 1.02-4.58 0.044 1.92 0.85-4.33 0.116
Cocaine (most frequently injected drug)b 43 (31.6) 14 (18.7) 0.50 0.25-0.98 0.045
Currently in treatment for drug addiction 91 (66.9) 37 (48.7) 0.47 0.26-0.83 0.010 0.55 0.30-1.01 0.054
HIV infection 40 (29.4) 13 (17.1) 0.49 0.24-1.00 0.050

@ After adjusting for age, years of injection and foreign origin.

b previous 6 months; OR, odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
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intravenous drug use and low viral load (Bertisch et al., 2019). Finally,
the relatively high numbers of individuals with low viral loads observed
in the present study could also be due to a high prevalence of cirrhosis,
as heavy alcohol consumption is frequent among PWID (Irvin et al.,
2019), and cirrhosis could hamper HCV replication in the liver
(Duvoux et al., 1999; van Santen et al., 2018). In agreement with this,
Morgan Freiman et al. observed that individuals with cirrhosis tended
to have lower viral loads (Morgan Freiman et al., 2019). Unfortunately,
in the present study we could not confirm the presence of an early HCV
infection in those cases with detectable HCV antibody levels (the viral
loads of the four participants with a seronegative acute infection were
well above 3000 IU/mL) and we did not assess the stages of liver fi-
brosis. Further studies of the collective of current PWID are needed to
determine the frequency and causes of low viral loads, as these cases
might challenge simplified diagnostics assays in development
(Bertisch et al., 2019; Peeling, Boeras, Marinucci & Easterbrook, 2017).
However, even though alternative testing strategies might miss a small
proportion of individuals with low viral loads, this has to be weighed
against the benefits of identifying all those testing positive and who
otherwise might not get tested through the conventional strategies.
Besides, as viral loads may fluctuate over time, especially during acute
infection, repeated testing of those with negative results due to low
viral load would increase their chances of detection. It has been sug-
gested that frequent screening of PWID in high-prevalence settings, as
well as an improved care cascade would help to achieve the WHO HCV
elimination target of an 80% reduction in incidence by 2030
(Scott et al., 2018).

The prevalence of viremic HCV infection among PWID who attend
HRS in the province of Barcelona was 58.5%, which is the first esti-
mation for Catalonia, and is within the upper range of prevalence ob-
served among PWID in western European countries (18.9-65.8%)
(Grebely et al., 2019). Additionally, the observed HCV seroprevalence
was significantly higher than that reported by the latest cross-sectional
sample of the REDAN biennial bio-behavioral study performed in
2014-2015 in PWID who attended the HRS network in Catalonia:
79.8% vs. 65.8% respectively (p < 0.0001) (Folch, 2018). This differ-
ence could be due to several causes: firstly, different characteristics of
the study populations; secondly, an increase in the number of in-
dividuals exposed to HCV over the 2-year period between the two
studies; and thirdly, the use of a more sensitive antibody assay in the
present study (an HCV Ab-PoCT on finger-prick capillary blood with a
sensitivity of 97.6% vs. an enzyme immunoassay in oral fluid with
86.7% sensitivity, Folch, Esteve, Zaragoza, Mufioz & Casabona, 2010).
In Catalonia, on-site HCV testing with an Ab-PoCT for PWID attending
HRS has been established since 2011 (Fernandez-Lopez et al., 2016),
and those with a positive result are referred for viral load confirmation
and disease evaluation. Nonetheless, it was estimated that 31% (11/35)
of cases failed to attend for confirmatory RNA testing (Fernandez-
Lopez et al., 2016) and non-attendance is also a main barrier to ac-
cessing treatment in other parts of the world (Blackburn, Patel &
Zibbell, 2016; Iakunchykova et al., 2018; Iversen et al., 2017;
Kéberg et al., 2017). Taking this into account and given the high pre-
valence of both HCV antibodies and RNA in this collective, direct
testing of viremic HCV infection in a single step would be re-
commendable in the HRS setting in agreement with Scott et al. (2018).
This modeling study suggested that carrying out annual HCV-RNA
testing as a screening tool was justified for PWID in medium HCV-RNA
prevalence settings (i.e. 50-74%) in order to achieve the WHO target
for the reduction of new infections (Scott et al., 2018). In fact the DBS-
based RNA screening strategy has proven reliable here, as evaluation in
the field demonstrated good clinical performance and there was no
statistically significant difference in the number of viremic cases iden-
tified between the one-step and the conventional two-step strategies.
Another advantage of the one-step testing strategy is that it facilitates
early diagnosis by detecting acute infections within the antibody
window period as well as the viremic cases that give a false negative
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result for the Ab-PoCT. This allowed us to anticipate the diagnosis in
6.4% of viremic participants (10.5% among HIV-coinfected partici-
pants). In fact, it has been suggested previously that eliminating ser-
ological screening from the diagnostic algorithm could improve the
diagnosis of viremic HCV infection among HIV-infected people, who are
more prone to have false negative serological results (Grebely et al.,
2017). Importantly, the DBS-based one-step strategy described here
simplifies the testing process, although a study of the costs has not been
performed. Given the high prevalence of both HCV antibodies and RNA
observed, it would avoid the need for (i) using two different diagnostic
tests in most of the cases (antibody and RNA), (ii) performing vene-
puncture by trained personnel (PWID may have a poor vein access, and
personnel trained in venepuncture are not usually available in HRS),
and (iii) maintaining the cold chain for shipment of samples to the
central laboratory. Additionally, the limitations of the current HCV
screening strategy implemented at HRS in Catalonia based on the Ab-
PoCT are especially obvious among PWID with >5 years of injected
drug use. This group represented 79.5% of the study population and
showed a very high seroprevalence; with the current strategy, 87.4% of
those tested would require referral to care for subsequent RNA con-
firmation. In contrast, direct screening for HCV-RNA in DBS would
allow harm-reduction personnel to reserve referral to care for those
PWID who are really in need of antiviral treatment (62.3%), while
obviating referrals for those that have cleared the infection; this is
especially important as the number of cured PWID will increase with
the wider use of HCV antiviral therapies (Grebely et al., 2019;
Iversen et al., 2019). Furthermore, those viremic individuals with a
negative Ab-PoCT would not be missed with this strategy. Finally, HCV-
RNA detection from DBS in the HRS setting could provide policy makers
with useful information to monitor the local hepatitis C epidemic
among PWID; data on prevalence of viremic infection is required to
calculate many of the Core indicators to assess the progress towards
elimination goals (Grebely et al., 2019; Iversen et al., 2019;
World Health Organization, 2016b).

Another advantage is that this alternative on-site testing strategy
would enhance PWID's awareness of their viremic HCV infection status.
This would both improve awareness of viremic HCV infection, which is
required to be linked to care, and decrease injection risk behavior
(Bruneau et al., 2014). Remarkably, 35.8% of viremic participants were
unaware of their status before participating in the study; assuming si-
milar unawareness rates in PWID attending HRS in other geographical
areas in Catalonia (6000 PWID in 2017), about 1257 persons could be
unaware of their viremic infection, be at risk of transmitting this in-
fection to others and not be considered for antiviral treatment. The
proportion of unawareness was significantly higher for HCV than for
HIV infection (8.3%) in the present study population. Regarding socio-
demographic or bio-behavioral factors associated with unawareness of
viremic infection, none of the variables significantly associated in the
univariate analysis remained in the multivariate model. However, one
of these factors (being in treatment for drug use) was significantly as-
sociated with awareness of previous exposure to HCV (based on anti-
body positivity) in a larger study performed in 2008-2012, which found
that 18.9% of PWID attending the HRS network in Catalonia were
unaware of it (Parés-Badell et al., 2017). According to the WHO elim-
ination targets, with 90% of people infected aware of their status by
2030, a major increase in the diagnosis rate is still required
(World Health Organization, 2017a). As centralized testing of DBS
collected at HRS is still required, PWID have to attend a second visit to
HRS to get their HCV-RNA results. However, the use of the DBS-based
one-step diagnosis strategy in HRS could decrease the need of PWID to
attend mainstream healthcare centers for phlebotomy and delivery of
test results, thus reducing the number of individuals lost to follow up,
and consequently, increasing the number of HCV-infected PWID that
are aware of their status and that can be linked to care. Regarding
delivery of HCV-RNA results at a return visit at HRS-A, when the same
rate of delivery of viral load results was assumed for DBS results, it
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proved to be feasible for up to 76.0% of viremic individuals, taking into
consideration that it is a busy harm reduction center (the one with the
largest number of different users per year in Catalonia). Ideally, high
rates of results delivery and linkage to care should be guaranteed. While
further simplification of HCV diagnostics with a newly available in-
strumented RNA PoCT has shown excellent clinical performance and
provides results in one hour (Lamoury et al., 2018), the rate and time to
delivery of results should be evaluated.

It is important to bear in mind that the 2018 international guide-
lines established that PWID should be treated without delay with direct
acting antivirals (European Association for the Study of the
Liver, 2018), that is to say, after the recruitment for this study had
finished. Even so, a not inconsiderable proportion of those who re-
ported past or current infection had received HCV antiviral treatment
(29.0%). However, this proportion was remarkably lower than that for
those who reported being HIV positive (79.1% were receiving anti-
retroviral treatment). Altogether, these findings indicate that, while
universal HCV antibody testing has been available at the HRS network
in Catalonia for the last eight years, there is a need to scale-up HCV-
RNA testing and to facilitate access to treatment.

According to the literature, besides in-house assays, several com-
mercial, highly sensitive, automated platforms for HCV viral load
testing from serum/plasma have performed well in DBS (Catlett et al.,
2019; Lange et al., 2017; Vazquez-Morén et al., 2019), and their use
could facilitate scaling up DBS testing. However, CE marking or WHO
prequalification that would enable these commercial assays to be used
in clinical practice with delivery of results to patients have not been
obtained yet, and together with costs this might limit their use at the
present time. The need for regulatory approval of DBS-based assays has
been called for (Easterbrook, Roberts, Sands & Peeling, 2017) and the
Foundation for Innovative New Diagnostics (2019) is supporting man-
ufacturers in this process (FIND. Hepatitis C & HIV). Until these ap-
proved assays are available, the use of in-house assays validated in real-
life and complying with quality control measures according to local
regulations (Genzen, 2019; Camard, Catald, Gimeno, Martinez &
Olmos, 2013) will remain relevant.

This study presents limitations. Firstly, self-reported bio-behavioral
information may not be completely reliable due to limited recall, stig-
matization, or miscomprehension. However, we believe that this impact
was minimized by the fact that the interviews were performed by
trained staff within an environment of trust. Secondly, the in-house
assay used for HCV-RNA testing from DBS is not as sensitive as com-
mercial viral load assays, which could have led to somewhat under-
estimated overall prevalence of viremic infection. However, the results
show that the estimation obtained should not significantly differ from
that which would have been found if the conventional two-step algo-
rithm including viral load in plasma with commercial assays had been
used. Thirdly, the obtained prevalence data in the province of
Barcelona might not be representative of all PWID attending HRS in
Catalonia. Nevertheless, the most recent cross-sectional sample of the
REDAN study (2014-2015) showed that there were no significant dif-
ferences regarding seroprevalence data among the four Catalonia pro-
vinces. Fourthly, as PWID who attend HRS are those at higher risk of
HCV infection (Wood et al., 2005), the observed prevalence is not re-
presentative of the whole PWID collective in Catalonia. Finally, cost-
effectiveness studies are required to compare one-step vs. two-step di-
agnostic strategies in this high-risk population, where periodic RNA
screening has been recommended (Scott et al., 2018).

In conclusion, this DBS-based one-step screening and diagnosis
strategy represents a simple and reliable tool to increase the identifi-
cation and self-knowledge of viremic HCV infections among PWID at-
tending HRS in Catalonia. Furthermore, interventions to improve
treatment access of HCV-infected PWID are urgently needed. In this
sense, DBS testing could potentially enable assessment of treatment
outcome and monitoring of reinfection in the HRS setting. Altogether,
these data are crucial to guide efforts towards HCV micro-elimination
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among PWID in the context of the recently approved Plan for the
Prevention and Control of Hepatitis C in Catalonia (Commission for the
elaboration of the plan for the prevention & control of hepatitis C in
Catalonia, 2018) in order to achieve the elimination goals set by the
WHO.
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