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ABSTRACT

Objective. We documented the prevalence, distribution, and correlates of 
hepatitis C virus (HCV) infection among urban homeless adults. 

Methods. We sampled a community-based probability sample of 534 home-
less adults from 41 shelters and meal programs in the Skid Row area of 
downtown Los Angeles, California. Participants were interviewed and tested 
for HCV, hepatitis B, and HIV. Outcomes included prevalence, distribution, and 
correlates of HCV infection; awareness of HCV positivity; and HCV counseling 
and treatment history. 

Results. Overall, 26.7% of the sample tested HCV-positive and 4.0% tested 
HIV-positive. In logistic regression analysis, independent predictors of HCV 
infection for the total sample included older age, less education, prison history, 
and single- and multiple-drug injection. Among lifetime drug injectors, inde-
pendent predictors of HCV infection included older age, prison history, and no 
history of intranasal cocaine use. Among reported non-injectors, predictors of 
HCV infection included older age, less education, use of non-injection drugs, 
and three or more tattoos. Sexual behaviors and snorting or smoking drugs 
had no independent relationship with HCV infection. Among HCV-infected 
adults, nearly half (46.1%) were unaware of their infection. 

Conclusions. Despite the high prevalence of HCV infection, nearly half of the 
cases were hidden and few had ever received any HCV-related treatment. 
While injection drug use was the strongest independent predictor, patterns of 
injection drug use, non-injection drug use, prison stays, and multiple tat-
toos were also independent predictors of HCV. Findings suggest that urgent 
interventions are needed to screen, counsel, and treat urban homeless adults 
for HCV infection.
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The hepatitis C virus (HCV) is the most common 
chronic blood-borne viral infection in the United 
States. Beginning in 1988–1994,1 the National Health 
and Nutrition Examination Survey (NHANES), a survey 
of U.S. households, began estimating prevalence rates 
for hepatitis C infection in the U.S. general popula-
tion for those aged 6 years and older. The most recent 
national prevalence estimate (based on the 1999–2002 
NHANES) was 1.6%, or about 4.1 million people.2 The 
primary identified means of transmission was through 
injection drug use. Unfortunately, the NHANES 
excluded large groups at high risk for HCV infection. 
A recent article suggested that if high-risk groups that 
were missed or underrepresented in NHANES (i.e., 
homeless or incarcerated people, Veterans, health-care 
workers, and those on long-term dialysis)3 had been 
included, a conservative estimate of HCV in the U.S. 
would have been somewhat higher, at 2.0% or about 
5.2 million people.4,5 These understudied populations 
that constitute a significant reservoir of HCV infection 
can provide additional insight into the extent and cor-
relates of HCV infection. 

Recent studies suggest that homeless adults in urban 
areas are at particularly high risk for hepatitis C infec-
tion (19%–69%) due to high rates of risky injection 
drug use.6–13 Unfortunately, these studies have usually 
been based on convenience, clinical, or subgroup 
samples, and findings may not generalize beyond the 
groups studied.14 

We documented the prevalence, distribution, and 
risk factors for HCV infection based on a probability 
sample of homeless adults. This study fills an important 
gap in the literature by using a large representative 
sample of inner-city homeless adults to generate a 
more accurate estimate of HCV infection in an urban 
homeless adult population. Further, we documented 
the high prevalence of “hidden” (i.e., participants were 
unaware of their infection status) HCV infection in this 
group and the current unmet need for HCV screening 
and HCV-specific health services. Findings will inform 
future intervention and treatment programs aimed 
at preventing exposure to and transmission of HCV 
among homeless people and the general population. 

METHODS

For the University of California at Los Angeles (UCLA)/
Alcohol Research Group (ARG)/RAND Corporation 
Homeless Hepatitis Study (known as the UCLA/ARG/
RAND Homeless Hepatitis Study), a community-based 
probability sample of homeless adults was recruited 
from the Skid Row area in downtown Los Angeles 
(LA), from June 2003 to February 2004. 

Target population
The target population was adults who experienced 
homelessness during the previous night. To be eligible, 
participants had to be 18 years of age; have spent the 
previous night either (1) in a public or private shelter 
or (2) on the streets (i.e., in a public or private place 
not designed for, or ordinarily used as, regular sleeping 
accommodations for humans);15 be English-speaking; 
and demonstrate cognitive competence, assessed as 
needed.16 

Design
We adapted the service-sector approach to probability 
sampling, which has been used successfully in previous 
work with homeless populations17–19 and which report-
edly represents the great majority of homeless adults 
in urban areas (usually 85%–94%).20–22 We constructed 
a sampling frame of shelters and free meal programs 
throughout LA’s Skid Row area, which is bounded by 
four freeways (the Harbor, Santa Monica, Hollywood, 
and Interstate-5 freeways). We compiled a list of all 
programs that served homeless adults in the target 
area. From the list, all shelter and meal programs were 
selected to constitute the sampling frame. Treatment 
programs were excluded. The sampling frame con-
sisted of 41 service programs: 19 shelter programs at 
10 locations and 22 meal programs at nine locations. 

We employed a two-stage representative sampling 
design. First, we stratified the frame by site and site-use 
days (i.e., days of the week on which target services 
were provided) as sampling units. Second, clients 
were sampled on selected site-use days using sampling 
strategies that were tailored to each site (either simple 
random or systematic random sampling). One site (2% 
of eligible sites) refused to participate. 

Of 903 program clients screened for study eligibility, 
586 were initially identified as eligible. Among these, 41 
refused enrollment, and one could not be subsequently 
located. Ten were later identified as repeaters, and their 
second interviews were excluded. The final sample 
included 534 clients for an interview and blood draw 
completion rate of 92.7% (534/576). The combined 
screening and interview response rate was 83.0%. 

Data collection
The RAND Survey Research Group conducted the 
fieldwork.23 Interviewers briefly screened each sampled 
client for eligibility. Data collection took about 90 
minutes and included informed consent, structured 
interview, pretest counseling, and serum collection. 

Each participant received $30 cash for completing 
the interview and serum collection. Participants were 
then given an appointment for one week later at the 
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same site to obtain test results. A toll-free telephone 
number was provided to all participants to receive test 
results by phone. Participants were originally offered 
$10 to return for results. Subsequently, the incentive 
was raised to $25 to increase the return rate. The 
overall rate of notification of test results, either in 
person or by phone, was 92%. Participants informed 
by phone (n3) were not given the second incentive. 
On average, notification occurred seven days after 
baseline (median 5 7 days, mean 5 25 days). Those 
testing positive for HCV, hepatitis B, or human immu-
nodeficiency virus (HIV) were given appointments for 
follow-up medical care at one of three specific primary 
care clinics serving homeless people in the Skid Row 
area. In addition, all respondents notified in person 
were given a list of local clinics where they could obtain 
health care. 

Measures

Background measures. Baseline survey data were collected 
through structured face-to-face 60-minute computer-
assisted personal interviews (about 400 questions). 
Biological sex was operationalized by sex attributed 
at birth. Current homelessness was operationalized by 
having stayed in a homeless shelter or on the street 
during the previous night, and chronic homelessness 
was defined by an accumulation of 12 months or lon-
ger spent homeless since 18 years of age. Prison stays 
and psychiatric hospitalizations, lifetime transfusion of 
blood or blood products before 1990, and number of 
tattoos were also assessed. 

Diagnostic measures. Lifetime and current (12-month) 
major mental and substance-use disorders were assessed 
by selected modules from a computerized version of the 
Diagnostic Interview Schedule, Version IV (DIS-IV).24 
To reduce respondent burden, a standardized, short-
ened version of the DIS-IV was used. For each module, 
questions were asked only until the participant either 
met minimum criteria for a specific diagnosis or was 
excluded from the diagnosis. Modules included assess-
ment of major affective disorders (including depression 
and bipolar disorders), schizophrenia, alcohol use 
disorders, and drug use disorders. Drug disorders were 
assessed in aggregate as well as by specific classes of 
drugs, including opiates, cocaine, amphetamines and 
other stimulants, sedatives, and hallucinogens.

Self-reported substance use. Alcohol measures included 
recent frequent heavy drinking (“binge drinking”), 
defined as five or more drinks at least once per month 
in the previous 12 months. Drug use measures included 
lifetime and recent (12-month) use of marijuana, 
cocaine, ecstasy or other hallucinogens, sedatives and 

hypnotics, methamphetamine or other stimulants, 
heroin (alone or combined with other drugs), and 
other opiates. Mode of use (e.g., injection, “snorting,” 
or smoking) was also assessed. Lifetime injection of 
illicit drugs (i.e., drugs not prescribed for the user 
or not used as prescribed) and injections of specific 
drugs or combinations of drugs were also assessed. 
Injectors were also asked whether they had ever shared 
previously used or potentially contaminated injection 
paraphernalia (including needles or syringes, water 
for rinsing needles, cotton for filtering drug solutions, 
or “cookers” [e.g., spoons or bottle caps for dissolving 
drugs]), or injected drugs in a “shooting gallery” (i.e., 
a place where injection drug users may congregate, 
purchase, or inject drugs) or in another place where 
the participant did not know who else had used the 
injection paraphernalia. We also assessed history of 
overdose while using injection drugs (i.e., participant 
lost consciousness and had to be revived).

Regarding non-injection drug use, questions covered 
lifetime smoking of crack or any other drugs, intrana-
sal use of cocaine or other drugs (i.e., snorting), and 
sharing straws for intranasal drug use.

Lifetime pattern of drug use was created as a vari-
able with five categories, which were adapted from the 
three-category drug-use variable that Armstrong and 
colleagues used to predict HCV.2 The five categories 
in the new variable were mutually exclusive, with par-
ticipants assigned to the pattern of their most severe 
drug use. We divided non-injectors into those report-
ing (1) no drug use, (2) non-injection drug use (e.g., 
cocaine, methamphetamine, or hallucinogens) includ-
ing marijuana, and (3) non-injection drug use exclud-
ing marijuana. Injection drug use was divided into two 
subgroups based on the number of different types of 
drugs ever injected: (1) single-drug injection (i.e., the 
participant only ever injected one specific drug [e.g., 
only heroin]) and (2) multiple-drug injection (i.e., 
the participant ever injected more than one specific 
drug [e.g., heroin and cocaine], whether separately or 
simultaneously [e.g., a speedball]).18  

Separately, mixed-drug injection identified partici-
pants who had ever injected a mixture of two or more 
drugs.18,25,26 

Sexual behaviors and conditions. Assessment of lifetime 
sexual risk behaviors included asking biological males 
if they had ever had sex of any kind with another man 
(i.e., men who have sex with men [MSM]). Lifetime 
sex risk also included sex work (i.e., receiving cash or 
drugs for sex) and a prior diagnosis of syphilis, gonor-
rhea, or Chlamydia. Recent (past 12 months) sexual 
risk behavior included sex with five or more partners.18
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HCV history. We also assessed histories of counseling, 
blood testing, and treatment for HCV. 

Blood test measures
Participants were tested for lifetime infection with 
HCV. Serum was tested for HCV antibodies using a 
second-generation enzyme-linked immunosorbent 
assay (ELISA). Per Centers for Disease Control and 
Prevention (CDC) recommendation, only ELISA 
tests with a signal-to-cutoff ratio of 3.8 required 
confirmation using a supplemental recombinant 
immunoblot assay (RIBA, 3.0 generation). Among the 
155 participants who tested positive, indeterminate, or 
borderline-negative for HCV on the ELISA test, 20 had 
signal-to-cutoff ratios 3.8 and required confirmation 
of HCV positivity with the RIBA test.27 Fourteen of 
these participants were confirmed HCV-positive, and 
six were coded HCV-negative, leaving 149 HCV-positive 
participants overall. Infectiousness and chronic HCV 
infection were not assessed.

Lifetime HIV infection was determined by ELISA 
with confirmation by Western blot testing. Serum was 
tested for alanine aminotransferase (ALT) as a marker 
of active liver disease.

Data analysis
All analyses were weighted to adjust for each par-
ticipant’s selection probabilities, multiple screenings, 
and frequency of site utilization. Sample sizes were 
unweighted. Using SAS®,28 unadjusted (bivariate) 
associations between categorical variables and HCV 
infection status were tested with Chi-square and Fisher’s 
exact statistics for the total sample and separately 
for injectors and non-injectors. We used odds ratios 
(ORs) to describe the magnitude of these associations, 
although the unadjusted ORs may overestimate the 
magnitude of the associations where HCV is common. 
Note that ORs do not represent risk ratios here. 

To create a core multivariate model of indepen-
dent predictors of HCV infection, only those variables 
associated with HCV with two-sided p-values 0.15 in 
unadjusted (bivariate) analyses were entered into a 
stepwise backward multiple logistic regression. This 
method was used due to the large number of variables 
that might be associated with HCV infection relative 
to the sample size. Four dummy variables representing 
the mutually exclusive categories of drug-use patterns 
described previously were forced into the stepwise 
model: “having injected two or more drugs,” “having 
injected only one drug,” “having used non-injection 
drugs including marijuana,” and “having used non-
injection drugs excluding marijuana.” The reference 

category was “no reported lifetime drug use.” Variables 
associated with HCV with p-values 0.05 were retained 
in the final multivariate model. Models were similarly 
constructed for mutually exclusive subgroups of partici-
pants who reported either (1) lifetime drug injection 
or (2) no lifetime drug injection. 

Multicollinearity was found to be a problem in the 
regression models with two variables: multiple-drug 
injection (two or more drugs injected at different times 
or simultaneously) and mixed-drug injection (two or 
more drugs injected simultaneously). Consequently, 
both variables were forced into separate but otherwise 
equal regression models to identify the stronger fac-
tor; hence, multiple-drug injection was used for two of 
the three final logistical regression models (i.e., total 
sample and injector subsample). We assessed goodness 
of fit for all three models using the Hosmer-Lemeshow 
test. We used Stata® to analyze survey data to control 
for possible cluster effects and to utilize the sampling 
weights.29

RESULTS

Sample characteristics
The majority of the total sample was male (73.6%), 
black (79.7%), U.S.-born (89.9%), and older than 40 
years of age (73.6%) (Table 1). The mean age was 
45.8 years (data not shown). Nearly all had completed 
at least 10 years of education. The majority (70.8%) 
reported chronic homelessness, and the median aggre-
gated time spent homeless as an adult was 2.2 years 
(data not shown). About two-thirds spent the previous 
night on the street, while only one-third were in shel-
ters. Many participants met lifetime diagnostic criteria 
for major mental disorders (e.g., depression [31.8%] 
and schizophrenia [7.0%]) and serious substance use 
disorders (e.g., alcohol dependence [29.7%] and drug 
dependence [33.2%]).

Prevalence of HCV infection 
More than one-quarter of the sample (26.7%) tested 
positive for HCV antibodies, indicating infection during 
the lifetime (Table 1). Among these participants, 5% 
had ALT levels that were twice the upper limit of nor-
mal, suggesting active liver disease (data not shown). 

Among the total sample, 4.0% tested seropositive 
for HIV, including 0.7% who had tested positive for 
both HCV and HIV. That is, 18.7% of HIV-infected 
participants were also infected with HCV, and 2.8% 
of HCV-infected participants were also infected with 
HIV (data not shown). 
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Table 1. HCV seroprevalence, by risk factor, among urban homeless adults in downtown  
Los Angeles, California, 2003–2004

Variable
Sample 

N (percent)
HCV-positive 

Percent OR (95% CI)

Total sample   534 (100.0) 26.7
Demographics
  Age (in years)a

    18–39 137 (26.4) 10.4 Ref.
    40 397 (73.6) 32.5 4.15 (2.37, 7.27)
  Genderb

    Male 424 (79.7) 29.4 2.18 (1.20, 3.98)
    Female 110 (20.3) 16.0 Ref.
  Race/ethnicity
    White 71 (12.9) 25.2 Ref.
    Black 373 (69.6) 27.0 1.10 (2.61, 1.98)
    Latino/Hispanic 57 (11.1) 28.4 1.17 (0.54, 2.57)
    Other 33 (6.4) 23.0 0.89 (0.34, 2.32)
  Educationb

    9th grade 53 (9.2) 46.9 Ref.
    10th grade 481 (90.8) 24.6 0.37 (0.20, 0.69)
  Veteran
    Yes 108 (19.6) 28.0 1.09 (0.66, 1.77)
    No 426 (80.4) 26.3 Ref.
  Born in U.S.c

    Yes 483 (89.9) 28.1 2.41 (1.09, 5.34)
    No   51 (10.1) 14.0 Ref.
Homelessness history
  In shelter, previous night
    Yes 163 (35.2) 24.6 0.85 (0.55, 1.31)
    No 27.8 (64.8) 27.8 Ref.
  Chronic homelessness (12 months)
    Yes 393 (70.8) 28.0 1.24 (0.77, 2.01)
    No 149 (29.2) 23.8 Ref.
Institutional history
  Prison, lifetimea

    Yes 154 (28.1) 41.5 2.75 (1.80, 4.20)
    No 378 (71.9) 20.5 Ref.
  Psychiatric hospitalization, lifetime
    Yes 100 (18.8) 28.4 1.11 (0.69, 1.81)
    No 434 (81.2) 26.3 Ref.
Potential transmission routes
  Transfusion blood products before 1990d

    Yes 48 (9.5) 37.2 1.72 (0.94, 3.15)
    No 484 (90.5) 25.6 Ref.
  3 tattoos, lifetimed

    Yes   55 (11.2) 36.4 1.70 (0.96, 3.01)
    No 465 (88.8) 25.2 Ref.
Mental health
  Major depression, lifetimee

    Yes 170 (31.8) 30.6 1.17 (0.94, 1.44)
    No 356 (68.2) 24.5 Ref.
  Schizophrenia, lifetimee

    Yes 38 (7.0) 27.0 1.02 (0.70, 1.48)
    No 490 (93.0) 26.7 Ref.

continued on p. 412



412    Research Articles

Public Health Reports  /  July–August 2012  /  Volume 127

Variable
Sample 

N (percent)
HCV-positive 

Percent OR (95% CI)

Drugs
  Drug dependence, lifetimea,e

    Yes 180 (33.2) 38.3 2.35 (1.58, 3.49)
    No 348 (66.8) 20.9 Ref.
  Cocaine dependence, lifetimec,e

    Yes 164 (29.9) 34.2 1.69 (1.13, 2.55)
    No 363 (70.1) 23.5 Ref.
  Amphetamine dependence, lifetimea,e

    Yes 33 (6.0) 52.1 3.26 (1.58, 6.73)
    No 495 (94.0) 25.1 Ref.
  Opiates dependence, lifetimea,e

    Yes 26 (5.4) 81.5 14.30 (5.45, 37.50)
    No 502 (94.6) 23.5 Ref.
  Injection drug use, lifetimea

    Yes 111 (20.4) 77.6 22.03 (12.97, 39.40)
    No 423 (79.6) 13.6 Ref.
  Injection drug use, past 12 monthsa

    Yes 12 (2.7) 79.6 11.55 (3.14, 42.51)
    No 522 (97.3) 25.2 Ref.
  Mixed-drug injection, lifetimea,f

    Yes 53 (9.8) 84.8 21.91 (9.90, 48.04)
    No 481 (90.2) 20.3 Ref.
  Drug smoker (crack or other drug), lifetimea

    Yes 361 (67.8) 32.1 2.63 (1.60, 4.33)
    No 173 (32.2) 15.2 Ref.
  Intranasal cocaine use, lifetimea

    Yes 207 (39.4) 35.9 2.15 (1.46, 3.18)
    No 327 (60.6) 20.7 Ref.
  Drug use, lifetimea,g

    No drug use   80 (14.2) 12.6 Ref.
    Non-injection drug use, including marijuanah 297 (57.2) 11.1  0.86 (0.40, 1.86)
    Non-injection drug use, excluding marijuanai 46 (8.3) 33.1 3.42 (1.36, 8.63)
    Single-drug injectionj 35 (6.5) 67.6 14.44 (5.42, 38.50)
    Multiple-drug injectionk 76 (13.8) 82.4 32.50 (13.16, 80.29)
Alcohol
  Alcohol dependence, lifetimed,e

    Yes 155 (29.7) 32.0 1.46 (0.97. 2.20)
    No 373 (70.3) 24.4 Ref.
  Binge drinking, past 12 monthsb

    Yes 221 (42.1) 32.7 1.70 (1.15, 2.50)
    No 313 (57.9) 22.3 Ref.

Table 1 (continued). HCV seroprevalence, by risk factor, among urban homeless adults in downtown  
Los Angeles, California, 2003–2004

continued on p. 413

Distribution of HCV

Total sample. In bivariate analysis of the total sample 
(Table 1), HCV prevalence was significantly higher 
among participants who were male, older (40 years of 
age), less educated, U.S.-born, former prison inmates, 
and lifetime injectors (especially injectors of mixed 
drugs). More than half (59.3%) of those with HCV 
infection disclosed having ever injected drugs, while 

40.7% with HCV did not report this well-known HCV 
risk factor (data not shown). 

In the total sample, HCV was also significantly higher 
among participants who met diagnostic criteria for 
drug dependence generally and for opiate dependence 
specifically, and among participants who reported ever 
smoking crack or other drugs or intranasal use of 
cocaine. Finally, HCV was significantly higher among 
MSM, as well as participants with recent binge drinking, 
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Table 1 (continued). HCV seroprevalence, by risk factor, among urban homeless adults in downtown  
Los Angeles, California, 2003–2004

Variable
Sample 

N (percent)
HCV-positive 

Percent OR (95% CI)

Sexual behavior
  MSM, lifetime (among 424 males reporting)c

    Yes 79 (17.7) 39.5 1.75 (1.04, 2.94)
    No 345 (82.3) 27.2 Ref.
  Sex for cash, lifetimea

    Yes 115 (21.4) 40.1 2.26 (1.46, 3.50)
    No 418 (78.6) 22.9 Ref.
  Sex for drugs, lifetime
    Yes 84 (14.7) 31.1 1.30 (0.77, 2.19)
    No 449 (85.3) 25.8 Ref.
  Syphilis, lifetimeb

    Yes 48 (8.4) 43.3 2.27 (1.21, 4.28)
    No 486 (91.6) 25.1 Ref.
  Gonorrhea, lifetimeb

    Yes 108 (1.9) 39.4 2.10 (1.30, 3.40)
    No 426 (80.9) 23.7 Ref.
  Chlamydia, lifetime
    Yes 33 (6.1) 28.4 1.12 (0.50, 2.49)
    No 498 (93.9) 26.3 Ref.
  5 sex partners, past 12 months
    Yes 104 (19.5) 26.0 1.05 (0.64. 1.70)
    No 429 (80.5) 28.4 Ref.

Note: Percentages are weighted; sample sizes are unweighted. 
ap,0.001
bp,0.01 
cp,0.05 
dp,0.10
eAssessed with computerized Diagnostic Interview Schedule, Version IV (based on Diagnostic and Statistical Manual of the American Psychiatric 
Association, Version IV criteria)
fMixed injection drug use (i.e., combined two or more drugs during the same injection)
gCategories are mutually exclusive, with participants assigned to their most severe drug-use category.
hNon-injection drug user who reported lifetime marijuana use 
iNon-injection drug user who did not report lifetime marijuana use
jSingle-drug injector
kMultiple-drug injector (i.e., injected more than one drug, at the same time or at different times)

HCV 5 hepatitis C virus

OR 5 odds ratio

CI 5 confidence interval

Ref. 5 reference group

MSM 5 men who have sex with men

lifetime syphilis or gonorrhea, and lifetime receipt of 
cash for sex work. HCV was only marginally higher 
among people with alcohol dependence and those who 
reported transfusion of blood products before 1990. 

Injector vs. non-injector subgroups

Injectors. One-fifth of the total sample (20.4%) reported 
lifetime injection drug use (Table 1). Among injectors, 
77.6% tested HCV-positive. 

In bivariate analysis of injectors, HCV infection 
was significantly higher among black vs. white par-
ticipants (OR3.10) and among those who were 
older (OR55.46) or had a prison history (OR3.82) 
(Table  2). HCV was also significantly higher among 
those who had injected for more than 20 years vs. those 
who had injected drugs for 20 years. Compared with 
other injectors, the rate of HCV infection was lower 
among MSM injectors.
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Compared with single-drug injectors, HCV rates 
were significantly higher among multiple-drug injec-
tors. Bivariate analysis revealed that compared with 
single-drug injectors, significantly more multiple-drug 
injectors reported use of drug-injection paraphernalia 
that someone else had already used, including solutions 
(44.6% vs. 13.9%, p0.01); water, cookers, or cotton 
(60.1% vs. 34.6%, p0.05); and borrowed needles or 
syringes (57.1% vs. 26.6%, p0.01). Compared with 
single-drug injectors, significantly more multiple-drug 
injectors also had injected in shooting galleries or in 
other places where they did not know who else had 
used the equipment before them (27.6% vs. 7.8%, 
p0.05). Further, more multiple-drug injectors than 
single-drug injectors reported overdoses (31.3% vs. 
11.0%, p0.05) (data not shown).

Non-injectors. In the non-injector subgroup (Table 2), 
13.6% tested positive for HCV. In bivariate analysis 
among non-injectors, HCV rates were significantly 
higher among participants who were older and less edu-
cated, used non-injection drugs (excluding marijuana), 
had three or more tattoos, or had a prison history. 

Multivariable analysis of HCV infection 

Total sample. Multivariate analysis is presented in Table 
3. Pattern of lifetime drug use was associated with HCV 
infection. Compared with non-drug users in the total 
sample, multiple-drug injectors had 27.1 times the odds 
of HCV infection, single-drug injectors had 12.5 times 
the odds of HCV infection, and users of non-injection 
drugs (excluding marijuana) had 2.9 times the odds of 
HCV infection. HCV infection rates for non-injection 
drug users (including marijuana) did not differ from 
those who reported no drug use. Other important 
independent predictors of HCV infection for the total 
sample included older age, less education, and having 
been in prison. 

While histories of intranasal drug use or smoking of 
crack or other drugs were significant at the bivariate 
level for the total sample, neither had an independent 
relationship with HCV in the multivariate analysis. 
Similarly, despite significant associations with HCV at 
the bivariate level, none of the sexual risk behaviors 
demonstrated an independent association with HCV 
infection after controlling for other variables. 

Injector vs. non-injector subgroups

Injectors. For the lifetime injector subgroup (Table 3), 
HCV infection was independently associated with 
older age and prison history. Among injectors, ever 
using cocaine intranasally was protective against HCV 
infection.

In two separate multiple logistic regression mod-
els for injectors, neither multiple-drug injection nor 
mixed-drug injection was significantly associated with 
HCV infection, perhaps due to the small sample size 
of injectors. 

Non-injectors. In the regression model for the residual 
group of reported non-injectors (Table 3), use of 
non-injection drugs (excluding marijuana), three or 
more tattoos, older age, and less education were each 
independently associated with HCV infection. 

HCV awareness, testing, counseling, and treatment
Nearly half (46.1%) of HCV-infected participants were 
not aware of their infection status before we tested 
them. Rates of previous HCV testing were 35.5% of the 
total sample, 51.2% of those testing HCV-positive, and 
48.9% of lifetime injectors. Most participants had never 
received counseling about HCV (including 72.6% of 
the total sample, 65.2% of those testing HCV-positive, 
and 60.5% of injectors) (data not shown). 

Among participants who were aware of their HCV 
infection (i.e., they reported previous HCV diagnosis 
and serotested HCV-positive), 39.5% had ever been 
referred for HCV-related care, 5.2% had ever received 
HCV-related medical care, and only 3.1% were cur-
rently receiving HCV-related medical care. 

DISCUSSION

Since the identification of HCV in 198930 and its classi-
fication as a leading emerging disease, questions persist 
about the intensity of its proliferation. Four times as 
prevalent as chronic HIV infection,5 HCV has infected 
an estimated 2.7–3.9 million Americans.2 HCV is more 
viable than HIV because it spreads and maintains infec-
tiousness more easily, which contributes to its higher 
proliferation.31,32 The primary identified means of 
transmission historically included injection drug use, 
blood transfusions or donated organs before 1992, 
hemodialysis, birth to an infected mother, needlesticks, 
and unsafe therapeutic injections.33,34 Other transmis-
sion modes have also been implicated, including sexual 
contact, nonsterile application of tattoos and body 
piercings, sharing of straws used to inhale cocaine or 
other drugs, and smoking crack cocaine.33,35  

HCV prevalence among homeless people in Skid Row
In this representative community-based sample of 
homeless adults in the Skid Row area of LA, lifetime 
prevalence of HCV infection was 26.7%. This rate is 
comparable with lower estimates reported for U.S. 
homeless adults based on clinical or convenience 
samples (19%–69%).5,7–9,11–13,36 However, it contrasts 
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Table 2. HCV seroprevalence among urban homeless adults, by risk factor, stratified by drug injection:  
downtown Los Angeles, California, 2003–2004

Variable

Injector group Non-injector group

N (percent)
HCV 

Percent OR (95% CI) N (percent)
HCV 

Percent OR (95% CI)

Total sample 111 (100.0) 77.6 423 (100.0) 13.6
Demographics
  Age (in years) a b

    18–39 92 (15.4) 47.5 Ref. 2,118 (9.3) 5.4 Ref.
    40 19 (84.6) 83.2 5.46 (1.83, 16.27) 7,305 (0.8) 17.0 3.60 (1.56, 8.31)
  Gender
    Male 102 (91.4) 78.1 1.33 (0.30, 5.95) 7,322 (6.7) 14.5 1.43 (0.70, 2.92)
    Female 9 (8.7) 72.8 Ref. 101 (23.3) 10.6 Ref.
  Race/ethnicity b

    White 21 (20.9) 66.5 Ref. 50 (11.1) 6.0 Ref.
    African American 73 (65.1) 86.1 3.10 (1.03, 9.35) 300 (70.7) 13.1 2.35 (0.67, 8.17)
    Latino/Hispanic 13 (11.7) 64.4 0.91 (0.22, 3.84) 44 (11.0) 18.7 3.58 (0.87, 14.65)
    Other 4 (3.3) 25.1 0.17 (0.01, 2.12) 29 (7.2) 22.7 4.58 (1.05, 19.90)
  Education completed b

    9th grade 15 (15.6) 79.1 Ref. 388 (7.6) 30.0 Ref.
    10th grade 74 (84.4) 77.4 0.87 (0.70, 1.09) 35 (92.4) 12.3 0.33 (0.15, 0.74)
  Veteran
    Yes 26 (20.4) 92.5 4.38 (0.85, 22.49) 82 (19.4) 10.7 0.71 (0.33, 1.53)
    No 85 (79.6) 73.8 Ref. 341 (80.6) 14.3 Ref.
  Born in U.S.
    Yes 106 (95.6) 80.3 15.61 (0.66, 147.11) 377 (88.5) 13.7 1.03 (0.43, 2.48)
    No 5 (4.4) 20.7 Ref. 46 (11.5) 13.3 Ref.
History of homelessness
  In shelter, previous night
    Yes 32 (31.6) 77.4 0.98 (0.38, 2.55) 131 (36.1) 12.7 0.89 (0.49, 1.60)
    No 79 (68.4) 77.8 Ref. 292 (63.9) 14.1 Ref.
  Chronic homelessness, 12 months
    Yes 83 (73.7) 80.3  1.75 (0.67, 4.57) 310 (70.0) 13.8 1.04 (0.56, 1.91)
    No 28 (26.3) 70.1 Ref. 112 (30.0) 13.4 Ref.
Institutional history
  Prison, lifetime b c

    Yes 48 (43.2) 89.3 3.82 (1.32, 11.06) 106 (24.3) 19.9 1.94 (1.07, 3.51)
    No 62 (56.8) 68.5 Ref. 316 (75.8) 11.4 Ref.
  Psychiatric hospitalization, lifetime
    Yes 29 (27.9) 69.9 0.56 (0.22, 1.44) 71 (16.4) 10.4 0.70 (0.31, 1.59)
    No 82 (72.1) 80.6 Ref. 352 (83.6) 14.3 Ref.
Potential transmission 
  Transfusion blood products  
  before 1990
    Yes 18 (14.3) 86.1 1.92 (0.43, 8.60) 30 (8.2) 15.5 1.17 (0.45, 3.08)
    No 93 (85.7) 76.2 Ref. 391 (91.8) 13.5 Ref.
  3 tattoos, lifetime b

    Yes 12 (12.5) 70.2 0.65 (0.18, 2.32) 43 (10.9) 26.7 2.64 (1.27, 5.46)
    No 94 (87.5) 78.5 Ref. 371 (89.1) 12.1 Ref.
Mental health
  Major depression, lifetimed

    Yes 44 (42.9) 70.8 0.76 (0.48, 1.19) 126 (29.1) 15.9 1.28 (0.71. 2.31)
    No 64 (57.1) 81.0 Ref. 292 (70.9) 12.9 Ref.
  Schizophrenia, lifetimed

    Yes 8 (9.5) 80.5 1.23 (0.24, 6.23) 30 (6.5) 7.5 0.49 (0.12, 2.11)
    No 101 (90.6) 76.5 Ref. 389 (93.5) 14.2 Ref.

continued on p. 416
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continued on p. 417

Variable

Injector group Non-injector group

N (percent)
HCV 

Percent OR (95% CI) N (percent)
HCV 

Percent OR (95% CI)

Drugs
  Drug dependence, lifetime
    Yes 63 (57.5) 76.6 0.90 (0.36, 2.24) 117 (27.0) 17.5 1.51 (0.83, 2.72)
    No 46 (42.5) 78.4 Ref. 302 (73.0) 12.4 Ref.
  Cocaine dependence, lifetimed

    Yes 54 (47.4) 72.9 0.61 (0.25, 1.51) 110 (25.4) 15.8 1.25 (0.68, 2.31)
    No 55 (52.6) 81.4 Ref. 308 (74.6) 13.1 Ref.
  Amphetamine dependence, lifetimed

    Yes 17 (14.5) 68.6 0.58 (0.19, 1.76) 16 (3.3) 31.5 3.05 (0.95, 9.75)
    No 92 (83.6) 79.1 Ref. 403 (96.7) 13.1 Ref.
  Opiate dependence, lifetimed

    Yes 22 (21.8) 91.4 3.83 (0.85, 17.30) 4 (1.2) 37.2 3.81 (0.63, 23.02)
    No 87 (78.2) 73.5 Ref. 415 (98.8) 13.5 Ref.
  Injection drug use, past 12 months
    Yes 79 (71.2) 79.6 1.14 (0.29, 4.45) NA NA NA
    No 32 (28.8) 77.4 Ref. NA NA NA
  Injection drug use $20 years b

    Yes 69 (63.3) 87.6 4.65 (1.78, 12.10) NA NA NA
    No 42 (36.7) 60.4 Ref. NA NA NA
  Drug smoker (crack or other drug),  
  lifetime
    Yes 101 (89.9) 79.1 2.06 (0.55. 7.67) 260 (62.2) 14.7 1.28 (0.71, 2.31)
    No 10 (10.1) 64.8 Ref. 163 (37.8) 11.8 Ref.
  Intranasal cocaine use, lifetime
    Yes 79 (72.6) 74.1 0.43 (0.13, 1.37) 128 (30.9) 13.0 0.92 (0.50, 1.69)
    No 32 (27.4) 87.1 Ref. 295 (69.2) 13.9 Ref.
Drug use, lifetimee c

    No drug use NA NA NA 80 (17.9) 12.6 Ref.
    Non-injection drug use, including  
      marijuanaf

NA NA NA 29 (71.8) 11.1 0.97 (0.46, 2.04)

    Non-injection drug use, excluding  
      marijuanag

NA NA NA 46 (10.4) 33.1 3.06 (1.23, 7.63)

    Single-drug injectionh 35 (32.1) 67.6 Ref. NA NA NA
    Multiple-drug injectioni  76 (67.9) 82.4 2.25 (0.90, 5.64) NA NA NA
  Mixed-drug injection, lifetimej

    Yes 53 (48.3) 84.8 2.29 (0.89, 5.91) NA NA NA
    No 58 (51.7) 70.9 Ref. NA NA NA
Alcohol
  Alcohol dependence, lifetimea

    Yes 45 (39.7) 70.0 0.50 (0.20, 1.24) 110 (27.2) 17.9 1.57 (0.87, 2.83)
    No 64 (60.3) 82.2 Ref. 309 (72.8) 12.2 Ref.
  Binge drinking, past 12 months
    Yes 65 (59.3) 74.5 0.63 (0.24, 1.61) 156 (37.7) 15.9 1.35 (0.77, 2.38)
    No 46 (40.7) 82.3 Ref. 267 (62.3) 12.2 Ref.

Table 2 (continued). HCV seroprevalence among urban homeless adults, by risk factor, stratified by drug 
injection: downtown Los Angeles, California, 2003–2004

starkly with the 1.6%–2.0% HCV prevalence estimated 
for the U.S. general population (in part, the high con-
trast is exaggerated by the younger age range of the 
NHANES comparison group [those aged 6 years and 
older], which includes very low-risk young people).2–5 

HCV risk factors 

Injection drug use. Consistent with the literature on HCV 
among general1,37,38 and homeless6 populations,8,10 the 
strongest independent predictor of HCV infection in 
this sample was lifetime injection drug use. Similar to 
the general population,1 other independent predictors 
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Variable

Injector group Non-injector group

N (percent)
HCV 

Percent OR (95% CI) N (percent)
HCV 

Percent OR (95% CI)

Sexual behavior
  MSM, lifetime (among males  
  reporting: 102 injectors, 322  
  non-injectors)
    Yes 33 (33.4) 63.6 0.30 (0.11, 0.79) 46 (13.0) 20.6 1.65 (0.72, 3.75)
    No 69 (66.6) 85.4 Ref. 276 (87.0) 13.6 Ref.
  Sex for cash, lifetime
    Yes 41 (38.7) 78.9 1.13 (0.45, 2.84) 74 (17.0) 17.5 1.46 (0.74, 2.90)
    No 70 (61.4) 76.9 Ref. 348 (83.0) 12.7 Ref.
  Sex for drugs, lifetime
    Yes 30 (25.2) 70.1 0.58 (0.22, 1.54) 54 (12.0) 10.2 0.70 (0.27, 1.82)
    No 81 (74.8) 80.2 Ref. 368 (88.0) 13.9 Ref.
  Syphilis, lifetime
    Yes 15 (14.4) 93.2 4.59 (0.62, 34.11) 33 (6.9) 16.4 1.27 (0.46, 3.53)
    No 96 (85.6) 75.0 Ref. 390 (93.1) 13.4 Ref.
  Gonorrhea, lifetime
    Yes 41 (37.6) 83.9 1.84 (0.69, 4.92) 67 (14.3) 9.6 0.63 (0.26, 1.57)
    No 70 (42.4) 73.9 Ref. 356 (85.7) 14.3 Ref.
  Chlamydia, lifetime
    Yes 12 (9.8) 64.2 0.48 (0.13, 1.83) 21 (5.1) 11.3 0.81 (0.21, 3.15)
    No 98 (90.2) 78.4 Ref. 400 (94.9) 13.6 Ref.
  5 sex partners, past 12 months
    Yes 31 (29.6) 72.4 0.66 (0.26, 1.70) 73 (16.3) 6.5 0.39 (0.14, 1.07)
    No 80 (70.4) 79.8 Ref. 349 (83.7) 15.0 Ref.

Note: Percentages are weighted; sample sizes are unweighted. Percentages may sum to .100% due to rounding.
ap0.001
bp0.01  
cp0.05  
dBased on the Diagnostic Interview Schedule, Version IV
eCategories are mutually exclusive, with participants assigned to their most severe drug-use category.
fNon-injection drug use including marijuana: those who reported lifetime marijuana use and use of other non-injection drugs
gNon-injection drug use excluding marijuana: those who reported no lifetime marijuana use but use of other non-injection drugs
hSingle-drug injector
iMultiple-drug injector indicates someone who injected more than one drug, at the same time or at different times.
jMixed injection drug use indicates someone who combined two or more drugs during the same injection.

HCV  hepatitis C virus

OR  odds ratio

CI  confidence interval

Ref.  reference group

NA  not applicable

MSM  men who have sex with men

Table 2 (continued). HCV seroprevalence among urban homeless adults, by risk factor, stratified by drug 
injection: downtown Los Angeles, California, 2003–2004

of HCV among injectors included older age and prison 
history. Injectors had a much higher HCV prevalence 
(77.6%) compared with reported non-injectors in this 
sample (13.6%), and compared with injectors of similar 
age in the U.S. general population (58%).2 The rates 
of injection drug use and HCV among injectors in the 
sample were similar to those for a general homeless 

sample.11 However, the rate of injection drug use in 
this study was lower compared with previous studies 
of high-risk homeless subsamples.6–10,12,13 

Patterns of injection drug use associated with HCV infection. 
Among the total sample, participants with a lifetime 
drug-use pattern that included injection of multiple 
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Table 3. Results of logistic regression analysis for HCV infection among urban homeless adults  
in downtown Los Angeles, California, 2003–2004

Characteristic
Total sample (n5526) 

OR (95% CI)
Injectors (n5110) 

OR (95% CI)
Non-injectors (n5412) 

OR (95% CI)

Age 40 years 4.34 (2.12, 8.88)a 3.64 (1.02, 12.95)b 4.69 (1.97, 11.18)c

Higher education (10 years) 0.86 (0.75, 0.98)b NA 0.87 (0.76, 1.00)b

Prison history 1.92 (1.10, 3.34)b 4.55 (1.23, 16.85)b

3 tattoos, lifetime NA NA 2.75 (1.13, 6.69)b

Drug-use pattern, lifetime (vs. no drug use)d

  Non-injection drug use, including marijuanae 0.76 (0.33, 1.74) NA 0.87 (0.38, 2.01)
  Non-injection drug use, excluding marijuanaf 2.87 (1.02, 8.07)b NA 3.08 (1.11, 8.54)b

  Single-drug injectiong 12.54 (4.00, 39.28)a NA NA
  Multiple-drug injectionh 27.10 (9.48, 77.46)a NA NA
Intranasal cocaine use, lifetime NA 0.26 (0.08, 0.87)b NA

Note: Percentages are weighted; sample sizes are not weighted. Sample sizes are reduced due to list-wise deletion of missing values. 
ap0.001
bp0.05
cp0.01
dCategories are mutually exclusive, with participants assigned to their most severe drug-use category.
eThose who reported lifetime marijuana use and/or use of other non-injection drugs, but no injection drug use
fThose who did not report lifetime marijuana use but reported use of other non-injection drugs
gSingle-drug injectors only injected one drug during their lifetime.
hMultiple drug injectors injected more than one drug during their lifetime, during the same injection or at different times.

HCV 5 hepatitis C virus

OR 5 odds ratio

CI 5 confidence interval

NA 5 not applicable

drugs (whether injected singly or in combination) 
had twice the odds of having HCV compared with 
single-drug injectors.37 Higher HCV rates among 
multiple-drug injectors have been reported elsewhere.39 
Increased odds of HCV infection among multiple-drug 
injectors may be due to more high-risk injection prac-
tices (e.g., sharing injection paraphernalia), as reported 
in the current study.

Non-injection drug use independently associated with HCV 
infection. Use of non-injection drugs has been found to 
be associated with HCV infection among the general 
population.1,40 For the overall homeless sample and 
for the non-injector subgroup, HCV infection was 
independently associated with a lifetime pattern of 
drug use that excluded injection drugs and marijuana. 

Contrary to expectation, however, this finding 
was apparently not due to smoking (e.g., crack) or 
“snorting” (inhaling) drugs. In bivariate analysis of 
non-injectors, HCV was not significantly higher among 
those who reported these suspected risk behaviors.

The relatively high prevalence of HCV infection 
among the non-injector subgroup may represent under-
reported injection drug use, which led to misclassifica-
tion of injectors as non-injectors and subsequent artifi-

cial inflation of HCV infection in the group reporting 
a lifetime pattern of drug use that excluded injection 
drugs and marijuana. No findings in this study offer 
an alternative explanation.

However, in this sample, not all non-injection drug 
use was associated with HCV. For example, the lifetime 
pattern of drug use that excluded injection drugs but 
included marijuana included participants who reported 
marijuana as their only drug use. This second group 
of non-injectors was not independently associated with 
HCV infection. 

Prison history associated with higher HCV rates
Prison history was an independent predictor of HCV 
infection among the total sample and among injectors. 
Increased testing and counseling about HCV and sub-
stance use upon prison entry and release into the com-
munity are needed as part of HCV reduction efforts.14 

Tattoos associated with HCV among  
non-injection drug users
HCV infection was 13.6% among non-injection drug 
users. Controlling for important covariates, non-
injection drug participants who reported three or more 
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tattoos had greater odds of HCV infection than those 
with fewer or no tattoos. Numerous studies suggest that 
people with tattoos are at increased risk for HCV,41–45 
although there is controversy about the role of tattoos 
in HCV transmission.33,46–48 

“Hidden” hepatitis C and unmet need for treatment
This study documented a high rate of hidden HCV 
infection among homeless adults. That is, nearly half 
of homeless adults with HCV infection were unaware 
of their HCV status. Only half of those with HCV infec-
tion had ever been tested for HCV. 

The lack of awareness of HCV infection can have 
serious consequences. First, if individuals do not know 
their HCV infected status, they can inadvertently infect 
others. Furthermore, most people exposed to HCV 
in the U.S. general population develop chronic HCV 
(85%–95%) and never clear the virus from their sys-
tems.49 If unaware of their infections, they will not seek 
out primary or specialty health care to monitor and 
treat their HCV, which can lead to long-term risk for 
serious medical problems (e.g., cirrhosis, end-stage liver 
disease, liver transplantation, or hepatocellular carci-
noma) and even death.5 Because most HCV-infected 
injectors in this study first used injection drugs 20 or 
more years ago, the majority may soon need costly 
medical care.14 Studies are needed to identify barriers 
to testing and treatment of homeless people and to 
determine the degree to which early screening and 
appropriate treatment of HCV infection might reduce 
serious long-term health problems and costs associated 
with chronic HCV infection. 

Only one-quarter of the sample had ever received 
any counseling or education about the prevention, 
consequences, and transmission of HCV. Even among 
those who correctly knew that they were infected, few 
had received any HCV-related medical care. These 
findings demonstrate a clear unmet need for preven-
tion, screening, and treatment interventions among 
this high-risk population.50,51 

Our findings reinforce the recommendation that 
clinicians screen (i.e., test) homeless adults for HCV, 
particularly those reporting a history of injection drug 
use, a prison stay, unspecified hepatitis, or HIV.2 Using 
the CDC-recommended method for HCV screening,27 
only 13% of homeless adults who tested HCV-positive 
on initial screening with ELISA required the more 
costly RIBA test for confirmation. Thus, voluntary test-
ing for all homeless adults, especially those at high risk 
for HCV, should be feasible, even with fiscal constraints. 

Limitations
This study was subject to several limitations. While HCV, 
HIV, and ALT status were assessed with blood tests, 
most measures were based on self-report, which can 
be subject to recall bias and other measurement errors 
(e.g., injection drug use may have been underreported 
due to stigma, possibly inflating the rate of HCV infec-
tion among reported non-injectors). Also, sampling 
error may have resulted from a strategy that targeted 
only meal and shelter programs; however, previous 
studies21,52 suggest that similar sampling frames have 
captured the great majority (85%–94%) of homeless 
adults in U.S. urban areas. Additionally, findings may 
not generalize beyond the population and geographic 
area studied; however, our sample demographics paral-
lel other rigorous studies of homeless adults in U.S. 
urban areas.18,19,53,54 Furthermore, cost constraints pre-
vented blood testing of HCV-positive cases for current 
HCV infectiousness and the prevalence of chronic HCV. 
Finally, given the study’s cross-sectional design, causal 
inferences cannot be made about the associations 
between HCV infection and independent risk factors 
(e.g., multiple-drug injection, non-injection drug use, 
prison, or tattoos).

Despite these limitations, as far as we know, this is 
the first estimate of HCV infection rates among urban 
homeless adults in the U.S. reported for a population-
based probability sample. Previous studies have been 
largely based on convenience, clinical, or subgroup 
samples, which have problems with their generaliz-
ability to the larger urban homeless population.13 

CONCLUSIONS

This and previous studies suggest that U.S. urban 
homeless adults are at high risk for HCV infection. 
Findings further suggest that as many as half of those 
infected with HCV may be unaware of their infection. 
Homeless adults need interventions that include HCV 
education, counseling, voluntary testing, and treatment 
services. HCV prevention and treatment programs 
could be modeled after successful HIV/AIDS interven-
tions developed for shelters, meal programs, health 
clinics, substance abuse treatment programs, outreach, 
and other service programs. If resources are limited, 
findings suggest that interventions prioritize urban 
homeless subgroups that are at the highest risk for 
HCV infection; that is, those with a history of injection 
drug use, time spent in prison, and multiple tattoos. 
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