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Abstract

Background: Since the introduction of direct-acting antivirals, thousands of chronic hepatitis C patients have been successfully
treated. However, vulnerable populations have a higher prevalence of hepatitis C virus (HCV) infection and face barriers that impede
their access to antivirals. We carried out an HCV microelimination program focused on vulnerable population groups in Malaga.
Methods: People in drug addiction treatment centers and homeless shelters in Malaga who participated in the program between
October 2020 and October 2021 were included. After providing participants with educational information on HCV, a dry drop test (DDT)
was used to collect blood for subsequent screening for HCV infection. The participants who were diagnosed with HCV infection were
scheduled for comprehensive healthcare assessments, including blood tests, ultrasonography, elastography, and the prescription of
antivirals, all conducted in a single hospital visit. Sustained viral response (SVR) was analysed 12 weeks after end of treatment.

Results: Of the 417 persons invited to participate, 271 (65%) agreed to participate in the program. These participants were screened
for HCV infection and 28 of them were diagnosed with HCV infection (10%). These hepatitis C-infected patients had a mean age of
53+ 9years; 86% were males and 93% were or had been drug users. Among 23 patients with HCV infection, HCV genotype 1a predomi-
nated (74%). Medical exams showed that 19% (4/21) had advanced fibrosis (F3—4), and 5% (1/21) had portal hypertension. Finally, 23
infected patients received treatment with glecaprevir/pibrentasvir or sofosbuvir/velpatasvir and SVR was confirmed in 22
patients (96%).

Conclusions: Drug users and homeless people have a higher prevalence of HCV infection than the general population. The microeli-
mination program with educational activity and screening tools achieved a high participation rate, easy healthcare access, and a
high rate of SVR despite the SARS-CoV-2 pandemic.
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Introduction Patients with HCV infection can develop chronic hepatitis
with the subsequent risk of progression to liver cirrhosis [2, 3].
Furthermore, HCV infection is one of the leading causes of
chronic liver disease and hepatocellular carcinoma (HCC) in the

Curing hepatitis C virus (HCV) infection, a global health problem,
is now achievable with current therapies. Accordingly, the World
Health Organization (WHO) proposed viral hepatitis C elimina-
tion as a global target with a reduction in new HCV infections by world [4]. There are currently >70 million chronic hepatitis C

90% and a decrease in the mortality rate of associated complica- patients in the world, many of whom are unaware of their infec-
tions of 65%, both by 2030 [1]. tion [5]. In recent years, thanks to the commercialization of
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direct-acting antivirals, the treatment of HCV infection has
achieved important progress with high rates of sustained
virologic response (SVR), up to 95% [6, 7], and improvements in
necroinflammation and liver fibrosis status.

According to the Alliance for the Elimination of Viral Hepatitis
in Spain, it is estimated that 0.22% of the Spanish population is
infected with HCV, 50,000 of whom are still undiagnosed, based
on findings from a cross-sectional study performed between 2017
and 2018 [8]. A large proportion of HCV infections are caused by
sharing drug injection utensils. Risky sexual behavior and shar-
ing drug inhalation utensils have also been reported as possible
ways of HCV transmission [9-12]. Therefore, populations with
the aforementioned risk factors have a high prevalence not only
of HCV infections, but also of other infections. These patients are
often associated with social stigma and face difficulties in access-
ing health services. In addition, the lack of information on HCV
infection often leads to diminished motivation to seek treatment
for the disease. This situation may be resolved by new educa-
tional program strategies [13, 14].

An additional barrier to accessing HCV treatment for drug
users and homeless people is complicated health systems in
which patients require several medical appointments to obtain
treatments. This problem may be solved through specific proto-
cols and programs involving different specialist units:
Hepatology, Infectious diseases, and Microbiology. The role of a
trained nurse as a liaison between the patient and the different
services has been reported to be successful [15]. In addition,
problems derived from the severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) pandemic have resulted in more re-
stricted access to different health units, and have consequently
created new barriers for vulnerable HCV infection popula-
tions [16].

In this particular context, we aimed to carry out a two-step
HCV microelimination program focused on drug users and home-
less people in Malaga during the SARS-CoV-2 pandemic.

Materials and methods
Recruitment

A prospective study was carried out to identify and treat HCV in-
fection among drug users and homeless people in drug addiction
treatment centers and homeless shelters in Malaga (Spain) dur-
ing the SARS-CoV-2 pandemic. The sample population was
recruited between October 2020 and October 2021.

A fully trained nurse went periodically (twice a month) to the
following centers: Meeting and Reception Center-Cruz Roja,
Provincial Drug Addiction Center, Homeless Refuge, “Pozos
Dulces” Refuge, and “AREA” alcoholism treatment center. The
nurse provided information on infection risk factors, morbidities,
and mortality related to HCV infection and treatment options,
and the offer of participating in the study was extended to peo-
ple. The inclusion criteria were as follows: (i) individuals aged
>18years, (ii) individuals who attended the aforementioned cen-
ters, and (iii) individuals who provided written informed consent.

This study was performed according to the principles of the
Declaration of Helsinki and was approved by the Médlaga Regional
Research Ethics Committee. All the participants provided written
informed consent.

Dry drop test

On-site dry drop test (DDT) (TFN-Specimen Collection Card,
Ahlstrom-Munksjo, Helsinki, Finland) [17] was used as a blood
sample collection tool for subsequent HCV screening. The DDT
consisted of pricking a finger with a lancet to draw a drop of

blood that was collected and dried on the card. The cards are
manufactured from filter paper made from pure absorbent
linters and are used as specimen collection devices when prepar-
ing dry blood samples, and for transport and storage for in vitro
diagnostic tests. To prevent damage from humidity and UV light,
the cards were stored individually in zip-lock bags with desiccant
and were kept in the dark and transported to the laboratory once
the sample had dried. In the microbiology laboratory, HCV RNA
extraction and polymerase chain reaction were done using the
Cobas® 6800 System (Roche Diagnostics, Basel, Switzerland).

Management of patients

Patients with a positive HCV viral load in the DDT underwent an
intravenous blood sample analysis in their centers to confirm the
test. Those in whom the HCV infection was confirmed were given
a multidisciplinary appointment to simplify all additional steps
into a single hospital visit (HCV genotyping, hepatitis B virus
[HBV], and human immunodeficiency virus [HIV] serology,
biochemistry with liver profile, blood count, and coagulation).
In addition, medical exams (FibroScan® and liver ultrasound)
were performed, and the patient received the diagnosis of the
physician and educational support about HCV as well as being
provided with direct-acting antiviral treatment.

Participants with a positive viral load from DDT and a nega-
tive viral load in intravenous blood samples were not considered
to have HCV infection (DDT false positive). Patients infected with
HCV were treated with glecaprevir/pibrentasvir (Maviret®,
AbbVie) or sofosbuvir/velpatasvir (Epclusa®, Gilead) based on the
decision of their physician, taking into account their previous
treatment for HCV, degree of liver fibrosis, potential risk of liver
decompensation, and drug interactions. Twelve weeks after fin-
ishing treatment, SVR was analysed. Patients with an advanced
fibrosis stage were offered follow-up HCC screening.

Data collection

Sociodemographic data (age, sex, comorbidities, country of ori-
gin, and attending center) and information on the previous use of
drugs, type, and route of consumption were collected. The fol-
lowing additional variables were also collected and analysed in
patients with HCV-positive viral load: HCV genotype (analysed by
using the Abbott Real Time HCV genotype II assay), HBV and HIV
serology, degree of fibrosis evaluated by using transient elastog-
raphy (FibroScan®), ultrasound screening for HCC, and blood
analysis including liver profile tests (aspartate aminotransferase
[AST], alanine transaminase [ALT], gamma-glutamyl transferase,
alkaline phosphatase, bilirubin, albumin, and platelets).

Statistical analysis

Mean and standard deviation or median and interquartile range
(IQR) were calculated according to data sample distribution.
Student’s t-test was used to analyse normally distributed param-
eters. Differences in qualitative variables were analysed using
the chi-square test or Fisher's exact test, as appropriate. All
results were considered statistically significant when P <0.05.
All analyzes were performed using STATA (version 17, College
Station, TX: StataCorp LLC).

Results

Participants and centers

Of the 417 persons who received the offer to participate, 271
(65%) accepted and were included in the program and screened
for HCV infection (Figure 1). The 271 participants were recruited
from five different centers in the city of Malaga: (i) Meeting
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were included. They came from:

b. Provincial Drug Addiction Center (n
c. Homeless Refuge (n = 96);
d. “Pozos Dulces” Refuge (n = 31),

From October 2020 to October 2021, a total of 271 participants

a. Meeting and Reception Center-Cruz Roja (n = 87);

e. “AREA” an alcoholism treatment center (n = 3).

= 54);

and

30 participants with positive HCV viral load

on DDT

v

2 false positive participants

28 HCV viremic participants

5 patients were not able to complete the program

for various reasons

23 patients evaluated in a single hospital
finished DAA treatment

visit and

v

1 patient refused SVR evaluation

22 patients with confirmed SVR

l

4 patients with advanced fibrosis included in the HCC screening program

Figure 1. Flow chart of participants included in the study and screened for hepatitis C virus through a dry drop test. n = number of participants, HCV =
hepatitis C virus, DDT = dry drop test, DAA = direct action antiviral, SVR = sustained viral response, HCC = hepatocellular carcinoma.

and Reception Center—Cruz Roja (87 participants), (ii) Provincial
Drug Addiction Center (54 participants), (iii) Homeless Refuge
(96 participants), (iv) “Pozos Dulces” Refuge (31 participants), and
(v) “AREA”, an alcoholism treatment center (3 participants).
Thirty participants were found to be positive for HCV by means
of DDT-mediated blood testing. Of them, 28 (10% of the total pop-
ulation screened) were confirmed in intravenous blood samples
and included in the microelimination program. Considering only
participants from the Provincial Drug Addiction Center, 20% of
the screened population were positive for HCV, demonstrating a
higher HCV infection rate among drug users.

Clinical characteristics
Males predominated among both the positive and negative HCV
viral load participants, with a higher proportion in the positive
group (86% vs 73%, P=0.170) and similarly a slightly higher
mean age in the positive group (53 vs 49 years, P=0.089), demon-
strating predominance of men among vulnerable populations.
HCV-infected and non-infected participants differed with re-
gard to previous/current drug use (93% vs 60%, P=0.001). Heroin
was the most frequently used illicit drug among the HCV-
infected participants, 79% of whom used heroin compared with
30% of non-infected participants (P < 0.001). Cocaine was the sec-
ond most frequent drug, used by 75% of HCV-infected partici-
pants compared with 42% in non-infected participants
(P=0.006). Detailed information on drug use is shown in Table 1.

In the HCV-infected group, 11 patients (48%) were on methadone
treatment, 7 patients (30%) were on antipsychotic treatments,
and 11 patients (48%) were on anxiolytic treatment (Table 2). One
patient had HIV-HCV co-infection.

HCV genotype distribution was as follows: 1a (17 patients,
74%), 1b (1 patient, 4%), 2 (1 patient, 4%), 3 (2 patients, 9%), and 4
(2 patients, 9%). FibroScan® and liver ultrasound were performed
in 21 patients (2 patients rejected undergoing evaluation):
17 patients (81%) had no fibrosis or mild fibrosis (FO-2), while
four patients (19%) had advanced fibrosis (F3-4). Ten patients
had signs of liver steatosis detected by using ultrasound (48%),
19 patients (90%) had smooth liver margins, and 2 patients (10%)
had lobulated liver margins; 1 patient (5%) had signs of portal hy-
pertension detected by using ultrasound, while none of the
patients had ascites or HCC. Regarding analytical parameters,
only median values of AST (49 U/L, IQR 35-92 U/L) and ALT
(61 U/L, IQR 36-94 U/L) were outside the normal ranges. The clini-
cal data of HCV-infected patients are shown in Table 2.

Treatment administration

Nine patients (39%) were treated with glecaprevir/pibrentasvir
and 14 patients (61%) were treated with sofosbuvir/velpatasvir.
Twelve weeks after the end of treatment, patient viral response
was evaluated. Of the 23 patients included in the program, 22
were successfully treated with confirmed SVR (detectable viral
load < 151U/mL), while 1 patient refused to undergo SVR analysis
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Table 1. Clinical and epidemiological characteristics of
vulnerable participants screened with positive HCV viral load
compared with negative HCV viral load

Characteristic Participants  Participants P-
with positive with negative value
HCV viral HCV viral
load (n=28) load (n=243)
Age, years, mean x SD 53+£9 49+12 0.089
Males, n (%) 24 (86) 178 (73) 0.170
Country of origin, n (%)
Spain 25 (89) 190 (78) 0.202
Others 3(11) 53 (22) 0.651
Recruitment center, n (%)

Cruz Roja 12 (43) 75 (31) 0.411

PDAC-M 11 (39) 43 (18) 0.135

HR-M 4 (14) 92 (38) 0.330

Pozos Dulces 1(4) 30 (12) 0.807

AREA 0(0) 3(1) -

Comorbidity, n (%)

Hypertension 6 (21) 42 (17) 0.809

Diabetes 2(7) 31(13) 0.808

Dyslipidemia 2(7) 37 (15) 0.758

Previous or current drug use, 26 (93) 145 (60) 0.001
way of consumption, n (%)

Cocaine 21 (75) 103 (42) 0.006
Inhaled 10 (36) 68 (28) 0.603
Intranasal 6 (21) 31(13) 0.608
Intravenous 1(4) 1(0.4) -
Others? 4(14) 3(1) 0.548

Heroin 22 (79) 73 (30) <0.001
Inhaled 9(32) 48 (20) 0.424
Intranasal 1(4) 2(1) 0.875
Intravenous 3(11) 6(3) 0.625
Others? 9(32) 17 (7) 0.095

Cannabis 12 (43) 77 (32) 0.453
Inhaled 11 (39) 75 (31) 0.595
Others? 1(4) 2(0.8) 0.884

Other previous or current risky habit

Alcohol, n (%) 19 (68) 116 (48) 0.106
Beverages/day, median (IQR) 10 (4-20) 10 (5-20) 0.825

Tobacco, n (%) 25 (89) 174 (72) 0.070

@ Others: tablets, infusion. HCV = hepatitis C virus, SD = standard
deviation, PDAC-M = Provincial Drug Addiction Center Mdlaga, HR-M =
Homeless Refuge Mdlaga, AREA = alcoholism treatment center, IQR =
interquartile range.

after finishing treatment. The median (IQR) time from DDT blood
collection to SVR confirmation was 202 days (184-258 days).

All patients with an advanced degree of fibrosis (F3-4)
were included in the hepatocellular cancer screening pro-
gram (Figure 1).

Discussion

HCV microelimination programs are strategic keys for achieving
the objectives of the WHO regarding viral hepatitis C elimination
by 2030 [18]. The main target of these strategies involves popula-
tions that are characterized by some form of vulnerability, such
as poverty, homelessness, or drug use [19-22]. The prevalence of
HCV-infected participants in our study conducted in the South of
Spain was 10%, which increased to 20% if only participants from
drug addiction treatment centers are considered. These preva-
lences are higher than what is estimated in the general Spanish
population (0.22%) [8] or other drug addiction treatment centers
in Southern Spain (6%) [23], but lower than reported in a recent
study on people who inject drugs in Northern Spain (56%) [24,
25]. Despite differences in infection rates, these data confirm
that drug users and homeless people are vulnerable to HCV

Table 2. Information about HCV patients who
underwent treatment

Complementary test and
administered treatment

HCV patients (n=23)

Analytical parameter, median (IQR)

AST, U/L 49 (35-92)
ALT, U/L 61 (36-94)
GGT, U/L 43 (27-90)
Alkaline phosphatase, U/L 87 (66-102)
Albumin, g/dL 4 (3.8-4.3)
Platelets, 10° U/uL 172 (147-244)
Bilirubin, mg/dL, mean + SD 0.55+0.22
INR, mean + SD 1.04+0.1
Viral load HCV, IU/mL, median (IQR) 3,040,000

(1,355,000-5,200,000)
Genotype, n (%)

1a 17 (74)

1b 1(4)

2 1 (4)

3 2(9)

4 2(9)
Co-infections, n (%)

HIV 1(4)

HBV 0
Fibrosis grade (FibroScan®), n (%)

FO-2 17 (81)

F3-4 4(19)
Liver ultrasound findings, n (%)

Signs of liver steatosis 10 (48)

Smooth liver margins 19 (90)

Lobulated liver margins 2 (10)

Signs of portal hypertension 1(5)

Ascites 0

HCC 0
Opioid substitution therapy, n (%) 11 (48)
Concomitant psychiatric medication, n (%)

Antipsychotics 7 (30)

Anxiolytics 11 (48)
HCV treatment, n (%)

Glecaprevir/pibrentasvir 9 (39)

Sofosbuvir/velpatasvir 14 (61)
Confirmed SVR, n (%) 22 (96)

HCV = hepatitis C virus, IQR = interquartile range, AST = aspartate
aminotransferase, ALT = alanine aminotransferase, GGT = gamma-glutamyl
transferase, SD = standard deviation, INR = international normalized ratio,
HIV = human immunodeficiency virus, HBV = hepatitis B virus, HCC =
hepatocellular carcinoma, SVR = sustained virological response.

infection and should be considered crucial targets for specific
screening and HCV microelimination programs.

Several barriers that hinder access to treatments in these pop-
ulations have been described [20, 26, 27]. Social stigma, complex
lifestyles, HCV not being a priority, unawareness of available ef-
fective antiviral treatments, and the need for multiple appoint-
ments and analytical tests to access HCV treatment can make
the usual healthcare process difficult. In fact, five of the viremic
patients in our study could not be treated, despite the facilities
provided in our eradication program. These patients were unable
to be localized by phone or post or were informed about the in-
fection based on intravenous blood sample but did not attend
their hospital appointments for further evaluation and treat-
ment. In order to solve this problem, new strategies for in situ
evaluation and antiviral treatment dispensation should be
implemented.

In Spain, some strategies, such as “test and treat at the point-
of-care”, were reported and compared with “standard of care”
(hospital referral in cases with confirmed HCV infection) in harm
reduction centers and addiction centers. A recent study in
Northern Spain has highlighted the advantage of a “test and treat
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at the point-of-care” strategy in HCV elimination. Focusing on
harm reduction centers, the new strategy achieved higher treat-
ment rates (63% vs 6%), higher SVR rates (64% vs 23%), and re-
duced reinfections (21% vs 24%) compared with “standard of
care.” Similarly, when focusing on addiction centers, the “test
and treat at the point-of-care” strategy demonstrated higher
treatment rates (53% vs 34%), higher SVR rates (84% vs 65%), and
reduced reinfections (0% vs 6%) compared with “standard of
care.” Hence, microelimination programs can be useful and
should be applied not only to persons on drug rehabilitation
treatments, but also to active drug users. In fact, active drug
users had worse results with “standard of care” treatment and
higher benefits of HCV microelimination programs in “test and
treat at the point-of-care” [25]. Other strategies in vulnerable
populations involving an education program and a liaising nurse
facilitating HCV evaluation and treatment in a single consulta-
tion have achieved a high rate of treatment (93.3%) and SVR
(78.8%) [23]. In addition to the measures taken in the previous
study, in the present study, we used a simplified blood collection
tool, the DDT, which could potentially be more acceptable to
many persons than a vein blood extraction; this needs to be con-
firmed in further studies.

In our study, males predominated among the screened vul-
nerable population, especially among viremic patients, similarly
to what has been seen in other Spanish studies [23, 25]. This is
probably related to more risk-associated habits among men,
such as illicit drug use. In our study, the percentage of drug use
among the HCV-infected patients reached 93%, predominantly
heroin use. Other risk-associated habits, such as consumption of
alcohol and tobacco use, were also frequent in the screened pop-
ulation, especially in HCV patients. Higher prevalence of alcohol
consumption has been described in epidemiological studies in
HCV-infected patients [23, 28]. This highlights the need for
healthcare professionals to target populations with risk-
associated habits due to the increased risk of comorbidities, such
as infections (HCV, HBV, HIV) or psychiatric disorders, among
others [10, 11, 29, 30]. In fact, one patient with HIV-HCV co-
infection was found among our patients (4%)—a small but impor-
tant percentage, although lower than in other studies (20%) [24].
Similarly to other studies, an important percentage of our
patients were under psychiatric treatment. Despite concomitant
drug use, comorbidities, and adherence doubts, 100% of the
patients treated who were retested 12 weeks after finishing the
treatment obtained SVR. This highlights the importance of
microelimination programs for HCV to circumvent complications
that hinder access and adherence to healthcare. Such programs
are not currently considered in usual protocols and health pro-
grams of the Spanish National Health System [12, 31].

The viral genotype distribution in the patients of our study
was similar to that previously reported in Spain [32], with a pre-
dominance of genotype 1 followed by genotype 3. Four patients
had advanced fibrosis. Such patients need to be included in HCC
screening programs. This highlights the need for early HCV
diagnosis and treatment in order to reduce morbidity and
mortality [33].

A study of HCV patients in the USA undergoing methadone
maintenance treatment found that educational level, information
about antiviral therapies, and good interaction with physicians
were the main issues for patients when deciding whether to start
treatment [34]. It highlights the importance of programs in which
this vulnerable population should not only be screened, but also in-
formed about the risks of infection associated with particular

behavior, the risk of morbidity in HCV-infected patients, and the
availability of easy, safe, and effective treatments.

In our study, the SARS-CoV-2 pandemic created a significant
limitation with regard to performing the study due to restrictions
of mobility and access to the different centers both for drug ad-
diction treatment center and homeless shelter users and sanitary
workers. These limitations are reasons for the limited number of
recruitments in our study. In fact, the expansion of the SARS-
CoV-2 pandemic has been a major barrier worldwide in achieving
the WHO goal of eliminating viral hepatitis as a health problem
by 2030 [35]. However, despite the limitations, we were able to in-
form people at risk in addiction and homeless centers about HCV
through a liaising nurse and collect blood samples for HCV
screening using DDT, which resulted in successful HCV treat-
ments and enhanced HCV awareness among the study popula-
tion. DDT is a rapid and minimally invasive blood collection tool
that is generally accepted by this population. Its use is not lim-
ited to drug treatment centers and shelters for homeless people,
but could also be useful in primary care and hospitals, and is ap-
plicable to persons at risk of having HCV infection during other
medical consultations. However, a limitation of DDT is the need
to perform subsequent analysis to detect the viral load. A test
that had the ability to diagnose with HCV infection in situ would
further improve microelimination programs.

We concluded that HCV microelimination programs are effec-
tive in achieving HCV elimination in vulnerable populations. In
addition, a trained nurse is an effective liaison between different
hospitals and can provide recruitment services in HCV microeli-
mination programs. Finally, these elimination programs should
be promoted and organized by National Health Systems instead
of being limited to isolated research efforts. This would enable
HCV treatment for vulnerable populations on a larger scale.
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