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Abstract

IMPORTANCE Hepatitis C virus (HCV) microelimination aims to detect and treat hidden infections,
especially in at-risk groups, like people experiencing homelessness (PEH) with alcohol or drug use
disorders. Point-of-care HCV RNA testing and peer support workers are crucial for identifying and
preventing HCV infection among marginalized populations, contributing to overall elimination goals.

OBJECTIVE To assess risk factors, prevalence, and trends of active HCV infection among PEH in
Madrid, Spain (2019-2023).

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study was conducted between 2019
and 2023 in PEH, defined as people who lacked a fixed, regular, and adequate night residence,
screened on the street or in homeless shelters via mobile unit using rapid HCV antibody testing,
followed by HCV-RNA testing in Madrid, Spain. Data were analyzed from January to June 2024.

MAIN OUTCOMES AND MEASURES Active HCV infection among PEH was the main outcome. Risk
factors analyzed included being born outside of Spain, alcohol misuse, lacking financial income,
benzodiazepine use, injection drug use (IDU; including nonactive IDU and active IDU within the last
year), opioid substitution therapy participation, and sexual behavior patterns. Data were analyzed
using logistic regression. P values were adjusted for multiple testing using the false discovery rate
(q-values).

RESULTS A total of 4741 individuals were screened for HCV infection, of whom 2709 (mean [SD]
age, 42.2 [12.7]; 1953 [72.2%] men) were PEH and included in analysis. A total of 363 PEH (13.4%)
had test results positive for HCV antibodies, of whom 172 (47.4%) had test results positive for
HCV-RNA, and 148 of these (91.9%) started HCV treatment. Overall, active HCV infection prevalence
was 6.3%, and the main risk factors associated with active HCV infection included IDU,
encompassing both nonactive IDU (adjusted odds ratio [aOR], 10.9; 95% CI, 6.1-19.4; q < .001) and
active IDU in the last year (aOR, 27.0; 95% CI, 15.2-48.0; q < .001); a lack of financial income (aOR,
1.8; 95% CI, 1.1-2.9; q = .03); and alcohol misuse (aOR, 1.8; 95% CI, 1.3-2.6; q = .008). There was a
significant decrease between 2019 and 2023 in active HCV infection prevalence across the entire
population, from 7.2% to 3.4% (P = .04).

CONCLUSIONS AND RELEVANCE In this cross-sectional study of PEH in Madrid, IDU, lack of
income, and alcohol misuse were primary risk factors associated with HCV infection. The significant
decline in HCV rates observed across all risk groups during the study period suggests preventive
policies were effective in reducing HCV prevalence among the homeless population.
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Introduction

Hepatitis C virus (HCV) spreads through blood contact, with 70% of acute infections becoming
chronic. Chronic HCV infection can lead to cirrhosis, liver cancer, and death.1 Currently, no HCV
vaccine exists, but direct-acting antivirals (DAAs) cure more than 95% of people with HCV.2,3 This
advancement has drastically improved the management of disease globally.4 To eliminate HCV by
2030, the World Health Organization (WHO) aims to increase prevention, screening, and treatment.2

However, only 13% of people with HCV received treatment in 2020,5 with low engagement among
high-risk groups, like people with injection drug use (IDU), being a major challenge.6

Global HCV prevalence was 0.7% in 2020 (56.8 million people living with HCV), with only 5% of
people with HCV initiating treatment.7 While improved from 0.9% in 2015, current efforts may miss
the WHO’s 2030 elimination goal. Among 45 high-income countries, only 11 are on track, including
Spain.8 The prevalence of HCV infection decreased from 1.2% in 20139 to 0.22% in 2017 to 2018,10

associated with a national hepatitis strategy since 2015,11 unrestricted DAA access since 2017,12 and
microelimination efforts.13-16

People experiencing homelessness (PEH) are at high risk for HCV infection due to risky
behaviors, such as IDU,17-19 and barriers to health care, including discrimination and
stigmatization.5,20 Targeting HCV microelimination strategies to this population can contribute to
WHO objectives.6,21,22 While studies have examined HCV prevalence and risk factors among PEH in
other countries,23-26 there is a significant knowledge gap in Spain. Understanding these factors is
crucial to improve HCV management and achieve elimination goals.5 Point-of-care HCV testing and
peer support workers can enhance screening, linkage to care, and prevention among PEH.6,27-29 This
study aimed to assess the associated risk factors, prevalence, and temporal trends associated with
active HCV infection among PEH in Madrid, Spain, between 2019 and 2023.

Methods

This cross-sectional study was approved by the Research Ethics Committee of Hospital General
Universitario Gregorio Marañón in 2018. Written informed consent was obtained from all
participants, and the investigation adhered to the principles stated in the 1975 Declaration of
Helsinki. This report was prepared following the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

Study Population
This cross-sectional study was conducted retrospectively using data from an HCV screening
intervention targeting PEH through a mobile unit and support vehicle. The intervention focused on
hotspots, defined as locations frequented by individuals at high risk for contracting HCV infection,
between February 1, 2019, and April 3, 2023, in Madrid, following a predefined schedule. The PEH
eligible for inclusion in the study were those who lacked a fixed, regular, and adequate night
residence, generally people who lived on the streets or in shelters in the last 6 months.

The mobile unit visited these hotspots systematically and periodically, including homeless
shelters, social assistance institutions, public areas where PEH congregate, harm reduction, and
migrant centers. HCV screening was offered to all individuals considered at high risk (eg, PEH with
alcohol misuse, people with IDU, people who engage in sex work, and migrants), with participant
recruitment conducted consecutively on a first-come, first-served basis. Only data related to adult
PEH (aged �18 years), whether living on the street or in shelters, were analyzed for this study.

HCV Screening
As previously described,28 epidemiological data collection and point-of-care HCV screening tasks
were performed by a peer navigator/educator and a nurse. Capillary blood samples were collected
from participants for screening purposes. Initially, samples were tested for HCV antibodies using the
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OraQuick HCV Rapid Antibody Test (OraSure Technologies) to detect active HCV infection.
Subsequently, participants with test results positive for HCV antibodies underwent HCV-RNA testing
using the Xpert HCV Viral Load Fingerstick assay, processed within the GeneXpert System (Cepheid).

Data Collection
Participant data were collected through 10-minute interviews conducted in a private setting within
the mobile unit. Electronic tablets were used for data collection, which management facilitated
through REDCap software.30 The collected data encompassed various sociodemographic
characteristics (ie, age, gender identity, country of birth, education level, annual financial income
[derived from personal means or government financial aid], migratory and housing status, and sexual
orientation), IDU status (never and inactive or active within the last year), alcohol misuse
(consumption of >50 g per day, equivalent to 3-4 cans of beer), details on sexual habits,
benzodiazepine or opioid substitution therapy (OST) use, and study intervention date, time, and
location. The interviews and HCV screening were conducted concurrently, followed by providing
fundamental harm reduction information to prevent HCV infection acquisition.

Primary Outcome
The primary outcome of this study was the presence of an active HCV infection among PEH. The
active HCV infection rate was calculated by considering all PEH who underwent HCV-RNA testing.

Risk Factors
Potential risk factors (patient characteristics) associated with active HCV infection included age older
than 50 years, gender (women or men), calendar year in which HCV screening was performed, birth
country (Spain or other [eg, Georgia, Morocco, Romania, Venezuela]), income, undocumented
residency status (defined as residing in the country without the corresponding authorization from
Spanish authorities), benzodiazepines, alcohol misuse, IDU (never, nonactive IDU, and active IDU
within the last year), OST, and sexual intercourse behavior (never, condom use, and no condom use)
over the last year. Participants self-reported all these risk factors during the interview process.

Statistical Analysis
Statistical analyses were performed using SPSS software version 24 (IBM) and Stata software version
17 (StataCorp), with graphical representations generated using Prism software version 9 (GraphPad).
A multivariable logistic regression analysis was performed to evaluate risk factors associated with
having an active HCV infection, providing adjusted odds ratios (aORs), 95% CIs, and P values. We
forced all variables into the regression model and evaluated collinearity between risk factors, and
those with a variance inflation factor less than 5 or Spearman correlation (r) less than 0.5 were kept
in the model. This multivariable logistic regression estimated the prevalence of active HCV infection
during the study period based on identified main risk factors. Pairwise comparisons between levels
of risk factors were conducted using the pwcompare command in Stata. Moreover, univariate logistic
regression was used to calculate the prevalence of active HCV infection by calendar year in which
HCV screening was performed (independent variable) and its temporal linear trend throughout the
study period (2019-2023). In all these analyses, when a participant was examined more than once,
only 1 test per calendar year was included to provide information; that is, the unit of study was the
tests performed.

All regression analysis tests were performed using 1000 bootstrap replications. Finally, a
multiple testing correction was performed using the false discovery rate with the Benjamini and
Hochberg procedure (q-value).31 P and q-values less than .05 (2-tailed) were considered statistically
significant. Data were analyzed from January to June 2024.
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Results

Care Cascade
Of 4741 participants screened for HCV infection, 2726 (57.5%) were PEH, but only 2709 (99.4%)
underwent HCV antibody testing (mean [SD] age, 42.2 [12.7]; 1953 [72.2%] men), and 175 of these
individuals were studied more than once in different years. Among 2709 participants who
underwent HCV antibody testing, 363 (13.4%) had positive test results, of whom 172 (47.4%) had test
results positive for HCV-RNA (Figure 1). Among individuals with positive test results for HCV-RNA,
167 individuals (97.1%) received their test results and were offered linkage to treatment, of whom 161
(96.4%) accepted the linkage and attended an appointment at a hospital to initiate therapy. Of these
161 individuals, 148 (91.9%) started DAA treatment.

Participant Characteristics
The characteristics of the 2709 PEH screened for HCV infection are summarized in the Table. A total
of 1660 participants (61.3%) were born outside of Spain, 632 participants (23.3%) were receiving
some form of income, and 918 participants (33.9%) had alcohol misuse. Regarding drug use, 593
participants (21.9%) had any history of IDU, of whom 356 participants (60.0%) were not active in
their IDU and 237 participants (40.0%) were active in their IDU in the past year. Additionally, 814
participants (30.0%) used benzodiazepine, and 365 participants (13.5%) were undergoing OST. In
terms of sexual habits, 1391 participants (51.3%) reported having sexual intercourse in the past year,
with 408 participants (29.3%) reporting intercourse without using a condom.

Risk Factors Associated With Active HCV Infection
We conducted a multivariable logistic regression analysis to assess the risk factors associated with
active HCV infection; the calendar year when HCV screening was performed (variance inflation
factor = 11.6) and OST (r = 0.73 with IDU) were excluded from the model due to collinearity. Three
main risk factors were identified (Figure 2): IDU (nonactive IDU: aOR, 10.8; 95% CI, 6.1-19.4; q < .001;
active IDU: aOR, 27.0; 95% CI, 15.2-48.0; q < .001), lack of financial income (aOR, 1.8; 95% CI, 1.1-2.9;
q = .03), and alcohol misuse (aOR, 1.8; 95% CI, 1.3-2.6; q = .004). Active HCV infection prevalence
was estimated according to these risk factors separately, with findings showing significantly higher
rates among participants who engaged in IDU (nonactive IDU: prevalence, 12.9%; P < .001 active
IDU: prevalence, 26.2%; P < .001) (Figure 3A), lacked any financial income (prevalence, 7.0%;
P = .01) (Figure 3B), and misused alcohol (prevalence, 8.0%; P = .001) (Figure 3C). Active HCV
infection prevalence was also estimated by combining these risk factors (eFigure 1 in Supplement 1),

Figure 1. Flowchart of the Study Population and Results of Diagnostic Tests

4741 Participants screened between 2019-2023

2709 PEH underwent HCV antibody testing
(175 underwent ≥2 tests in different years)

363 PEH with test results positive for HCV antibodies

172 PEH with active HCV infection

2032 Excluded
2015 Not PEH

17 Without HCV antibody testing

2346 With test results negative for HCV antibodies

191 With negative HCV-RNA test results

HCV indicates hepatitis C virus; PEH, people
experiencing homelessness.
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highlighting the highest rates among participants who had active IDU, had no income, and misused
alcohol, at 37.1%, and among participants without IDU, with no economic income, and with alcohol
misuse, at 19.6% (q <.05).

Temporal Trend of HCV Infection Prevalence
The mean prevalence of active HCV infection during the study period was 6.3%. Overall, active HCV
infection rates showed a significant downward trend during the study period, from 7.2% in 2019 to
3.4% in 2023 (P = .04) (Figure 4). An analysis done according to the 3 main risk factors (eFigure 2 in
Supplement 1) found a significant downward trend in active HCV infection rates from 2019 to 2023
among participants actively engaging in IDU (from 25.5% to 10.9%; P = .04), who misused alcohol
(from 10.8% to 4.4%; P < .001), and who had no financial income (from 7.2% to 3.4%; P = .03). The
rates of these risk factors did not decrease during the period; rather, the rate of IDU remained
constant, while the rates of alcohol misuse and lack of financial income increased slightly (eFigure 3
in Supplement 1).

Table. Epidemiological Characteristics of the Study Population

Characteristics
Participants, No. (%)
(N = 2709)

Gender identity

Women 756 (27.8)

Men 1953 (72.2)

Age, y

Mean (SD) 42.2 (12.7)

>50 772 (28.8)

Birth country

Spain 1049 (38.7)

Other

Any 1660 (61.3)

Europe 348 (21.0)

Africa 473 (28.5)

North and South America 714 (43.0)

Asia 105 (6.3)

NA 20 (1.2)

Receiving any financial income 632 (23.3)

Undocumented residency status 457 (16.9)

Alcohol misuse 918 (33.9)

Benzodiazepine use 814 (30.0)

Drug consumption

Cocaine 860 (31.7)

Heroin 583 (21.5)

Marijuana 296 (10.9)

History of IDU

Any 593 (21.9)

Nonactive IDU in the last year 356 (60.0)

Active IDU in the last year 237 (40.0)

Opioid substitution therapy 365 (13.5)

Sexual intercourse behavior in the last year

Any 1391 (51.3)

Condom use 983 (70.7)

No condom use 408 (29.3)

Abbreviations: IDU, injecting drug use; NA, not available.
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Discussion

This cross-sectional study assessing a substantial sample of PEH in Madrid between 2019 and 2023
found that the main factors associated with active HCV infection were IDU, lack of financial income,
and alcohol misuse. Moreover, an assessment of active HCV infection prevalence and its temporal
trend in this population found that the rates decreased significantly over the study period overall,
from 7.2% in 2019 to 3.4% in 2023.

Figure 2. Risk Factors Associated With Active Hepatitis C Virus Infection Among the People Experiencing Homelessness

0.125 64
aOR (95% CI)
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Association analysis was performed using logistic regression adjusted by patient characteristics and 1000 bootstrap repetitions. Multiple testing corrections through the Benjamini
and Hochberg procedure (q-value) were performed to exclude spurious associations using the false discovery rate. aOR indicates adjusted odds ratio; NA, not applicable.

Figure 3. Estimation of the Prevalence of Active Hepatitis C Virus (HCV) Infection in People Experiencing
Homelessness Based on Key Risk Factors
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A decline in HCV infections has been reported globally, decreasing from 0.9% in 2015 to 0.7%
in 2020.7 However, reaching the WHO’s ambitious goal of eliminating HCV infection as a public
health threat by 2030 faces significant challenges, such as the fact that in 2020, only 21% of people
living with HCV were diagnosed and only 13% were treated.32 The current reality underscores the
barriers to HCV elimination, with only 24% of 45 high-income countries analyzed being on track to
achieve the WHO’s goal.8 Thus, ensuring universal access to affordable diagnostics and treatment is
crucial to meet the WHO’s HCV elimination targets by 2030.4

The COVID-19 pandemic also substantially hampered HCV elimination by hindering screening
and treatment efforts.33,34 Additionally, the impact of the COVID-19 pandemic on HCV elimination
goals among PEH may have been affected by disruptions in health care services, changes in social
services, and varied public health responses. However, other factors may have contributed to the
decreased trend of active HCV infection, including increased housing stability due to emergency
measures, intensified overdose prevention efforts, and reduced high-risk behaviors owing to
pandemic-related lockdowns and social distancing. In summary, COVID-19 may have impacted
screening for active HCV infection in our study, but we found a progressive decline. Further research
is needed to evaluate the longer-term impact of the COVID-19 pandemic on the trend of active HCV
infection among PEH.

PEH represent a population with limited access to HCV diagnosis and treatment, resulting in
scarce and likely underestimated prevalence data.35 Studies on this population have reported an
active HCV infection prevalence rate of 10.8% in the US between 2013 and 201635 and 10.5% in
England in 2020,36 but reliable published data for Spain are lacking. In this study, we found an overall
prevalence of 6.3% over the entire study period, with a significant decline of 52.8% between 2019
and 2023. Despite this reduction, the prevalence of active HCV infection found in this PEH
population in 2023 (3.4%) remains more than 15 times higher than the estimate for the general
population of Spain in the last serosurvey, conducted between 2017 and 2018, which reported a
prevalence of 0.22%.10 This highlights the persistent challenge of reducing the HCV infection burden
in this high-risk group.

Homelessness is commonly associated with comorbidities (eg, mental health disorders) and risk
factors (eg, alcohol misuse and illicit drug use)37 that can impact health and increase the risk of
contracting HCV infection. This study identified 3 significant risk factors associated with having an
active HCV infection among PEH: IDU, lack of financial income, and alcohol misuse.

First, IDU was the most relevant risk factor associated with having an active HCV infection in our
population, with participants actively engaged in IDU exhibiting the highest prevalence rate, at 28%,
while those without a history of IDU had the lowest prevalence, at 1.4%. Other studies have also
found that IDU is a key risk factor associated with HCV infection in PEH.26,38,39 However, most of

Figure 4. Estimation of Active Hepatitis C Virus (HCV) Infection Prevalence and Temporal Trend by Calendar
Year Throughout the Study Period Among All Included Individuals Experiencing Homelessness
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those studies used HCV antibody testing, which is not useful for detecting active HCV infections.
Therefore, HCV screening in PEH with a history of IDU should be a priority strategy to eliminate the
virus. However, there is also the question of whether it would be more practical to focus only on
people with IDU, regardless of their housing situation, since they stand out as a main intervention
target for HCV elimination in PEH.18,22 Moreover, our analysis found that even the 1.4% prevalence
rate among individuals without IDU was much higher than the 0.22% prevalence for the general
population in Spain, suggesting that there is a need for specific strategies targeted to PEH, regardless
of their history of IDU.

Second, a lack of financial income emerged as another significant risk factor associated with
having an active HCV infection among PEH. Despite the possibility that PEH who use drugs may
reduce their drug consumption due to financial constraints, the lack of income may paradoxically lead
to an increase in IDU behaviors.40 Our results indicate that the lack of financial income among active
drug users is a determining factor associated with increased active HCV infection prevalence among
PEH. This emphasizes the importance of implementing harm reduction practices among PEH and
other strategies aimed at connecting this population with social services to facilitate their integration
into society and/or allow them to obtain noncontributory benefits.

Third, alcohol misuse was identified as the third main risk factor associated with having an
active HCV infection in this study. Previous studies have yielded inconclusive results on the
association of alcohol misuse with HCV infection. While one study also reported alcohol misuse as a
significant risk factor,39 another did not find a significant association.41 Access to DAA treatment is
often restricted based on ongoing alcohol use in many settings,42,43 potentially impacting treatment
programs, particularly in WHO regions with higher alcohol consumption rates.44 Although HCV
treatment is free in Spain and there are no restrictions based on alcohol misuse, the requirement for
exclusive hospital-based administration poses challenges for microelimination strategies among
PEH. Eliminating prescription restrictions for DAAs and decentralizing treatment could enhance
acceptance and adherence, particularly among marginalized populations, such as PEH.4,28,45

The significant downward trend in active HCV infection rates found overall during the study
period cannot be attributed to reductions in these risk factors. Instead, it may be attributed to
improved diagnosis and enhanced care linkage through decentralized, non-hospital–based
approaches, similar to the methods used by the study on which this investigation is based28 and
others.46,47 This reduction in active HCV infection rates among participants could be primarily
associated with a decrease in active HCV infection prevalence among individuals engaging in IDU
between 2019 and 2023, particularly the large decrease from 2022 to 2023. This remarkable decline
in active HCV infection prevalence is likely a consequence of implementing and prioritizing targeted
screening and treatment programs within people with IDU, similar to the approach used by our study
and others. These programs include expanded access to HCV testing at the point of care, facilitating
earlier identification and treatment of individuals with HCV infection; expansion of harm reduction
programs, like needle and syringe exchange, providing access to safe drug use materials; increased
awareness about HCV, its risks, and available treatment options through targeted campaigns; and
improved coordination across sectors to offer comprehensive care for people with HCV infection,
encompassing diagnosis, follow-up, and social support.28,46,47

This decrease in active HCV infection is a positive finding, given that PEH have the highest
incidence of active HCV infection,48 thereby shedding light on the regional epidemiology of HCV
infection. Despite the decrease in active HCV infection prevalence, our study underscores the
ongoing need for prevention and risk reduction efforts. Integrating HCV services into shelter
settings49 and implementing harm reduction programs, such as safe needle provision and OST, are
crucial for minimizing bloodborne disease risks.50 Promoting safer drug consumption methods, like
using clean pipes for smoking, could significantly reduce HCV transmission and improve overall
well-being among vulnerable populations, such as PEH.51

A comprehensive understanding of the barriers impairing HCV screening, treatment uptake,
and adherence among PEH is crucial for developing effective health programs tailored to this
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population.49 Societal factors, such as stigma; logistical challenges; and individual factors, including
precarious living conditions, competing priorities, limited knowledge, and misconceptions about
HCV, play significant roles in the burden of HCV infection among PEH.49 Peer education is crucial in
addressing knowledge gaps and enhancing engagement among PEH.52,53 Furthermore, rapid HCV
testing is essential in this context, contributing to both reducing disease transmission and improving
health outcomes.54 Mobile HCV screening units have proven to be effective, easy to implement, and
cost-efficient in addressing these needs.28,46

We also want to highlight that in this study, the mobile screening unit played a pivotal role in
reaching participants at critical locations where PEH gather, using adapted HCV screening methods
suited to populationwide screening efforts. The mobile unit performed HCV screening in
systematically selected locations frequented by PEH in Madrid, in coordination with the city council
agency in charge of management of PEH, to make the sample as representative as possible. This
system has not been modified over the years, and it has been able to identify most of the PEH in
Madrid. Moreover, the mobile unit included trained peer support workers, whose participation has
improved the prevention and diagnosis of HCV infection among underserved populations in
Madrid.28,29 Despite this, it should not be ruled out that our screening strategy may have
included biases.

Limitations
This study has several limitations. First, there is a potential for selection bias, as some PEH may have
declined study participation due to the lack of financial incentives, particularly those without
financial income. Conversely, certain high-risk groups, like people with IDU, may have been more
motivated to participate to receive a diagnosis. Second, data on risk behaviors and factors may have
been susceptible to biases or incompleteness despite being collected by trained personnel, which
likely minimized errors. This could have introduced recall bias, potentially underestimating the
associations related to the frequency and route of factors, such as drug use, and overlooking other
risk factors that could be associated with an active HCV infection. Third, we use a standard definition
of homelessness; however, we recognize that some studies may differ in their criteria regarding the
duration of homelessness, although most studies used having experienced homelessness in the past
6 to 12 months. Consequently, comparisons of HCV prevalence among studies should be interpreted
with caution.

Conclusions

This cross-sectional study found that IDU, lack of financial income, and alcohol misuse were primary
risk factors associated with active HCV infection among PEH in Madrid from 2019 to 2023. Active
HCV infection rates decreased significantly over the study period, which may be attributed to the
effectiveness of targeted approaches for HCV management among this population.
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