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Abstract
Background—Hepatitis B vaccine provides a model for improving uptake and completion of
multi-dose vaccinations in the drug-using community.

Methods—DASH project conducted randomized controlled trial among not-in-treatment current
drug users in two urban neighborhoods. Neighborhoods were cluster-randomized to receive a
standard (HIV information) or enhanced (HBV vaccine acceptance/adherence) behavioral
intervention; participants within clusters were randomized to a standard (0, 1, 6 mo) or accelerated
(0, 1, 2 mo) vaccination schedule. Outcomes were completion of three-dose vaccine and HBV
seroprotection.

Results—Of those screening negative for HIV/HBV, 77% accepted HB vaccination and 75% of
those received all 3 doses. Injecting drug users (IDUs) on the accelerated schedule were
significantly more likely to receive 3 doses (76%) than those on the standard schedule (66%, p=.
04), although for drug users as a whole the adherence was 77% and 73%. No difference in
adherence was observed between behavioral intervention groups. Predictors of adherence were
older age, African American race, stable housing, and alcohol use. Cumulative HBV
seroprotection (≥10 mIU/mL) was gained by 12 months by 65% of those completing.
Seroprotection at 6 months was greater for the accelerated schedule group.

Conclusions—The accelerated vaccine schedule improves hepatitis B vaccination adherence
among IDU.
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INTRODUCTION
Hepatitis B is one of the most frequently reported preventable diseases in the U.S., with
78,000 new infections annually [1–3]. The most frequently reported risk factors for
contracting hepatitis B virus (HBV) are multiple heterosexual sex partners, male-to-male
sex, and injecting drug use. Individuals with at least one of these risk factors make up 75%
of new HBV infections [4]. At least 20% of HBV infections occur in injecting drug users
(IDUs) [5,6]. Vaccine-preventable, HBV may result in persistent lifelong infection. The
asymptomatic nature of chronic hepatitis B presents a public health threat because of its
highly infectious nature. Long-term health consequences can develop in 15%–40% of
chronically infected individuals, including cirrhosis, liver failure, and hepatocellular
carcinoma [7]. Because the risk of developing clinical hepatitis after acute infection is
greater in adults, vaccination will prevent more cases of clinical hepatitis and reduce future
health-care costs [8].

Immunization strategies in the United States targeting healthcare workers, high-risk adults,
and infants/children have been instrumental in reducing overall hepatitis B transmission and
incidence. However, drug users have one of the lowest immunization rates in the nation
[9,10], with a continued high prevalence of HBV infection and chronic carrier status [4,11–
14]. We began the Drugs, AIDS, STDs, and Hepatitis (DASH) project to target drug users
for AIDS, STDs, and hepatitis prevention research [15].

Effective HBV vaccination in drug users requires their adherence to a multi-dose vaccine
schedule, which is needed for an adequate immune response to the vaccine. Few studies
have focused on the behaviors that may affect vaccine acceptance and adherence in drug
users. Instead, vaccination programs have sought to identify better ways to administer all
three doses of the vaccine [16,17], without addressing the behaviors and behavioral
cognitions (e.g., attitudes towards vaccines) that could contribute to non-acceptance of or
non-adherence to the HBV vaccine schedule [18–20].

An individual’s immune response to a multi-dose vaccine may be compromised by
characteristics or behaviors specific to drug-using populations; identification of these factors
is necessary to design effective vaccination initiatives. Previous research indicates that
altering hepatitis B vaccine schedules may increase adherence and also elicit an earlier
adequate protective immune response [21,22]. Little is known of the durability of immune
protection in drug users with shorter vaccination protocols.

HBV and hepatitis C virus (HCV) were endemic among IDU even before HIV. Common
risk factors for these blood-borne viral agents, such as multi-person use of injecting
equipment and risky sexual behaviors, have resulted in a high prevalence of infection of all
three viruses among drug users. However, a significant proportion of this population
remains at risk for these infections, and should be targeted for vaccination [15,23]. The
objectives of this study was to evaluate an HBV vaccination program as a model for future
HIV or HCV vaccine efficacy trials in drug-using populations. Two components were
analyzed to determine if they increased vaccine three-dose adherence: a behavioral
intervention and an accelerated vaccine schedule. The latter was also evaluated to see if it
had any significant effect on immune response.
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METHODS
Study Design and Population

A randomized controlled trial was conducted among not-in-treatment current drug users in
urban neighborhoods in Houston, Texas. This study was approved by the appropriate
Institutional Review Board and followed USDHHS human experimentation guidelines.

From February 2004 through October 2007 we screened 2827 not-in-treatment drug users
for HIV and HBV, HCV infections. Study participants were recruited by outreach workers
and chain-referral methods from drug distribution areas, street corners, and crack houses in
two neighborhoods. All screening took place at a designated community field site.
Eligibility criteria were: (1) age 18 years or over, (2) local residence with valid contact
information for follow-up, (3) self-report of illicit drug use (e.g., cocaine, heroin,
methamphetamine, marijuana) in the 48 hours prior to screening, and (4) willingness and
competency to give informed consent. Drug use was confirmed by urine screen using
OnTrack Teststik (Varian Inc., Palo Alto, CA).

After verbal screening and informed consent, a medical assistant or nurse performed a blood
draw of 10 ml for the preliminary susceptibility screening test, the Core Combo HIV-
HBsAg-HCV rapid test (Core Diagnostics, UK), to detect antibodies to hepatitis B surface
antigen (HBsAg), HIV 1/2 (anti-HIV), and HCV (anti-HCV). If the blood tested both HIV
and HBsAg negative, the sample underwent testing for antibody to HBsAg (anti-HBs) by
microparticle enzyme immunoassay (AxSYM, Abbott Laboratories, Chicago, IL). Screened
participants negative for HBsAg, anti-HIV, and anti-HBs were qualified for enrollment into
the randomized acceptance/adherence study. The hepatitis B core antibody (anti-HBc) was
not tested at screening because a positive anti-HBc test alone does not indicate protective
immunity, and it was deemed ethically necessary to revaccinate these participants. Anti-HBc
positive participants were excluded from the immune response subgroup analysis.

Enhanced Behavioral and Accelerated Vaccine Schedule Interventions
Randomization of the enhanced and standard behavioral interventions occurred at the
neighborhood level. Study participants enrolled in odd-numbered months received the HB
vaccine (Engerix B, 20ug/1ml, GlaxoSmithKline) on the standard schedule of 0, 1, and 6
months. Participants enrolled in even-numbered months followed the accelerated schedule
of 0, 1 and 2 months.

The HBV vaccination behavioral intervention of four, 15–20 min sessions was based on
brief self-efficacy interventions previously developed for community-based HIV prevention
programs [24]. The purpose was to increase drug users’ acceptance and adherence to HBV
vaccine protocols by increasing self-efficacy, positive outcome expectations, perceived peer
group support, and the value attached to HBV vaccination. The intervention provided
accurate and salient information about HBV and HBV vaccination, the benefits that could be
gained and the losses avoided by being tested and vaccinated for HBV, vicarious experience
(discussion, stories, modeling, graduated mastery learning processes), verbal persuasion by
peer outreach workers, and positive emotional arousal. Sessions 1 and 2 were delivered at
screening and enrollment, after obtaining written informed consent, and Session 3 at the
one-month visit (2nd dose). Session 4 was delivered before the 3rd dose of vaccine: for the
accelerated schedule, at a 6-week visit with the last dose at 2 months; for the standard
schedule, at the 2-month visit with the last dose at 6 months. The standard behavioral
intervention, given at the same times, delivered NIDA information on HIV awareness and
prevention [25].
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Enrollment and Follow-up
Study participants were enrolled into one of four arms: standard and enhanced behavioral
interventions crossed with standard (0, 1, 6 month) and accelerated (0, 1, 2 month) vaccine
schedules (see Figure 1). Those who were eligible, based on blood screening results and
acceptance of HB vaccination, were further enrolled in a sub-study, with separate consent,
for follow-up, to track vaccine adherence efficacy and durability. After enrollment, these
sub-study participants underwent follow-up at 1, 2, 6, 12, 18, and 24 months for interview
and blood draw for anti-HIV, anti-HCV, anti-HBs, anti-HBc, and HBsAg. A gratuity of $30
was paid at enrollment, and $20 for each subsequent follow-up visit, to all participants.

Data Collection and Laboratory Methods
The screening, enrollment, and follow-up questionnaires were adapted from instruments
used in previous studies. The enrollment baseline questionnaire included additional
questions on drug bingeing (drug, places, sexual behaviors while bingeing), and HBV
perception scales (strongly agree to strongly disagree) with regard to the transmission of
HBV and to HBV vaccination. All interviews were verbally administered and recorded
electronically via computer-assisted personal interview (CAPI, QDS, Bethesda, MD).

Blood specimens collected at enrollment and follow-up were tested for anti-HIV (Abbott
PPC Commander system, Abbott Laboratories, Chicago, IL), and for anti-HCV, anti-HBs,
HBsAg, anti-HBc (all Abbott’s AxSYM system). Repeatedly reactive HIV samples were
confirmed by western blot (Cambridge Biotech).

Definitions
Western blots with an indeterminate or positive result were considered positive for HIV.
Past or current HBV infection was defined as positive for HBsAg, anti-HBc, or both, with or
without anti-HBs. HCV infection was defined as the detection of anti-HCV. Participants
who were willing to receive at least one dose of HB vaccine and completed at least one dose
were defined as acceptors and were compared to non-acceptors. Adherence was defined as
completing all three doses of the HB vaccine, irrespective of schedule. An anti-HBs titer of
≥10 IU/mL was the cut point for seroprotection.

Statistical Analysis
Sample sizes were calculated by the methods of Dupont and Plummer [26] at the two-sided
significance level of alpha=0.05. With a sample size of more than 300 in each group, the
study had 80% power to detect a 10% difference between groups with α=.05.

Questionnaire data were exported into SAS 9.1 (Cary, NC). Data analysis was performed
using STATA 9.1 (College Station, TX). For simple logistic regression analysis, odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated for each risk factor and
demographic variable. In the case of small cell sizes, the chi-square test and Fisher’s exact
test were also used to determine significance of associations. Because of their small
numbers, Asian and other races were combined with Hispanic race for analysis.

For multiple logistic regression analysis, risk factors with a p-value <0.2 in the simple
logistic regression, together with age, gender, and race, were entered into the multiple
logistic regression model. Independent variables in the multiple logistic regression models
were eliminated based on backward stepwise regression [27]. Adjusted ORs and 95% CIs
were calculated for the variables with a p-value ≤0.05 or which were biologically plausible
in the final model.

Seroprotection rates were calculated and compared at 2, 6, and 12 months.
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RESULTS
Study Population, Enrollment, and Acceptance of HB Vaccination

Of the participants who were screened, 58% (1643/2827) had negative results for anti-HIV,
HBsAg, and anti-HBs, and 77% (1266/1643) of those were enrolled in the randomized
intervention study. Of the 377 eligible but not enrolled, over 90% could not be re-contacted.
Six participants had missing data in the intervention longitudinal analyses, for a total of
1260 for analysis (see Figure 1).

Significant differences existed among age groups between those receiving the enhanced and
standard interventions (Table 1). Significant differences between the two vaccine groups
existed in participants who traded sex for money or drugs in the last 30 days or used a
combination of drugs in the past 30 days. The 2% who are listed as “No drug use in last 30
days” screened positive for drugs at the initial contact but denied current use at enrollment.
The educational levels of all groups were higher than for the Houston population as a whole.

When we compared the characteristics of participants who accepted the HB vaccine to
participants who did not, after adjustment in the multivariable analysis (data not shown),
females (OR=1.40, 95% CI=1.02–1.84), participants 50 years and older (reference, ≤29
years old; OR=2.2, 95% CI=1.43–3.30), Blacks (OR=1.51, 95% CI=1.04–2.20), and
participants using drugs ≤10 times per week (OR=2.01, 95% CI=1.46–2.76) were
significantly more likely to accept the vaccine.

Adherence to Three-dose HB Vaccine
Three-fourths of the enrollees (941/1260) completed all three vaccine doses (Figure 1). As
seen in Table 2, two-arm comparison (vaccine schedule), the standard group had an
adherence rate of 73% and the accelerated group’s rate was 77%, p=0.09. After stratification
by IDU status, adherence rates were significantly different for those on the standard (66%)
versus accelerated (76%) vaccine schedules (p=0.04), while no significant difference was
observed in non-IDUs.

In the four-arm comparison, the accelerated vaccine schedule may have improved adherence
among those receiving the standard behavioral intervention (p=.08) but did not among those
receiving the enhanced version (p=.80). In both the two-arm and four-arm comparisons, the
enhanced behavioral intervention had no effect on improving adherence.

Among participants who did not complete the 3 doses of HB vaccine, about half received
their first dose of vaccine only (data not shown). The major reason for non-adherence
observed in this study was the inability to follow up with the individual due to invalid
contact information; other reasons included jail and refusal.

When we compared the adherent and non-adherent subjects in the univariate analysis,
African Americans, participants who traded sex for money or drugs in the past 30 days,
participants currently using alcohol, and participants with stable housing were significantly
more adherent to the HB vaccine. Participants who injected drugs, used crack cocaine,
methamphetamines, or speedball were less adherent to the HB vaccine. No significant
differences in adherence were found as the number of drugs used increased.

A multiple logistic regression was used to identify predictors of HB vaccine adherence
(Table 3). Those on the accelerated vaccine schedule, older, African Americans, or alcohol
users, were all significantly more likely to receive all three doses; participants who used
speedball or who lived on the street were significantly less likely to do so. The enhanced
behavioral intervention was not a significant predictor of receiving three HB vaccine doses.
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HB Seroprotection Rates among Susceptible Vaccinees
The substudy participants included 707 who were susceptible to HBV at enrollment, who
completed three doses of the HB vaccine, and whose immune response to the vaccine could
be assessed (Figure 2). Of the 308 participants not assessed, 33 participants had evidence of
anti-HBs (≥10 mIU/mL) and 275 tested positive for anti-HBc. The characteristics of the 707
substudy participants resembled the total enrolled study participants (data not shown).

For cumulative seroprotection, persons with measured anti-HBs titers were classified into
seroprotection evident at the 2-, 6-, or 12-month visits, regardless of negative response at
previous or subsequent visits. Overall, 459 of the 707 HBV-susceptible individuals (65%)
developed the minimal adequate protective anti-HBs titer by 12 months after enrollment.

Because each vaccine group received their first two doses at 0 and 1 month, the rates of
protection at 2 months were similar (Figure 2). Those on the accelerated schedule, who had
received their third dose at 2 months, were significantly more likely (62% v 49%) to have
effective seroprotection at 6 months than those on the standard schedule, who had yet to
receive their third dose.

DISCUSSION
This is the first study to examine the effectiveness of an enhanced behavioral intervention as
well as of an accelerated vaccine schedule in increasing acceptance and adherence to HB
vaccination among not-in-treatment drug users. A slight difference was observed in the
overall adherence rate between the standard (73%) and accelerated (77%) vaccine schedules,
and those on the accelerated schedule were 26% more likely to achieve completion when
controlling for factors including race and age (p=0.08). While this did not reach statistical
significance, it is suggestive, and a study with a larger sample size might confirm it.
However, the accelerated schedule made a significant difference (p=.04) for the IDU
subgroup, raising completion rates by ten percentage points (66% to 76%). The behavioral
intervention did not confound the association between the accelerated schedule intervention
and completion of the series. The overall adherence rate of 75% is toward the higher end of
those reported among many published studies (41%–88%), using different types of
incentives [4,13,28–31]. The accelerated schedule adherence of 77% is higher than in other
reported studies, 21%-70% [28,30].

The cluster-randomized design for the enhanced behavioral intervention, with randomization
at the neighborhood level, was necessary to prevent contamination between the two groups.
We adjusted the difference of independent variables at baseline among intervention groups
in the analysis to minimize bias and confounding factors.

The results of this study indicate that providing monetary incentives at each visit, free
vaccinations, and a shorter vaccine schedule may encourage adherence, particularly among
the highly at-risk group of IDUs. It also showed that enrollment and follow-up of drug users
can be effectively achieved without the necessity of establishing an association with a
healthcare/STD clinic, needle exchange program, or other services in contact with this
population [17].

Adherence to multi-dose vaccine schedules by drug users may be affected primarily by
obstacles that prevent repeated contact with healthcare services, such as lack of a permanent
residence, involvement in illicit activities, incarceration, and treatment center visits. This is
particularly true for IDUs, who are also less likely to accept or complete the HBV vaccine
series than non-injection drug users [13]. In the current study, drug users living on the streets
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were twice as likely to not receive all three vaccine doses. Users of speedball (mixed heroin
and cocaine, injected) were significantly less likely to be adherent.

Young drug users are a cause of concern because of poor compliance to preventive health
behaviors and disparity in HBV infection. From 1982 to 1989, the majority of acute HBV
infections occurred in individuals aged 20–29 years. Two studies in California showed that
only 10% of drug users less than 30 years old completed the vaccine schedule [32,33].
Addressing low vaccination is critical in young drug users because most incident
transmission occurs soon after the initiation of injection drug use [11,34]. Other studies have
shown that non-traditional means to provide vaccination, such as flexible vaccine schedules
and the use of outreach workers, worked to remove barriers to enrollment and adherence for
young drug users [17,21,35]. The current study was not successful in enrolling a
proportionate number of younger participants (18–29), perhaps because of the chain-referral
recruiting methods, which will tend to skew to those who have been in an area longer (and
are thus older). Results of this study showed that older drug users were more likely to
complete the HB vaccine series.

The behavioral intervention used in this study aimed at increasing HB vaccine adherence by
increasing drug users’ self-efficacy beliefs. The results suggest that this behavioral
intervention had no significant effect on HB vaccine adherence, though other studies have
shown that high self-efficacy increases it [9,36,37]. In our study, the standard behavioral
intervention provided health-related and prevention information about HIV; a no-
intervention control group might have provided more information about the effect of a brief
intervention on drug users’ motivations to comply with a multi-dose schedule. Future
qualitative studies of drug users may be needed to identify behavioral barriers preventing
adherence to the HB vaccine and to develop and test behavioral interventions to increase
such adherence.

While the educational component appears to have made no significant difference in the
completion rates of the two different vaccination schedules, completion rates for both
schedules were high. This suggests that the driving force for completion was financial rather
than informational. The $20 per follow up visit appears to have been a primary motivation
for return even up to a year later. This is consistent with findings that show that such
moderate compensation for participation in public health research is part of an “informal
economy” that is valued by people on the margins of the formal economy [38]. Rather than
limiting the efficacy of the behavioral intervention, the payments appear to have
compensated, as it were, for the behavioral intervention’s inefficacy.

The overall seroprotection rate of 65% among the HBV-susceptible subgroup is comparable
to the findings from existing HB vaccine research on drug-using populations (66.4%–76%)
[21,29,39–42]. The substantial difference in cumulative six-month seroprotection rates
between the standard (49%) and accelerated schedules (62%) underscores the need to
administer subsequent vaccine doses as rapidly as possible. Compressed schedules are
particularly germane to IDUs, who were 58% more likely to receive 3 doses if they were on
the accelerated rather than the standard dosing schedule. It is further worth noting that
receiving the third dose at 2 months rather than at 6 months may provide additional months
of protection [43], months during which an initiating drug user may migrate to injection
drug use or partake in risky sexual behaviors (increasing the risk of transmission). This
suggests that the focus of multi-dose vaccination programs for adult drug users should be on
ensuring schedule completion using accelerated schedules, thus eliminating potential
reservoirs of hepatitis B and transmission threats to their drug-using networks. Further
follow-up of long-term immune protection in such populations is needed.
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There remains an urgent need for better hepatitis B vaccines for at-risk populations, such as
injecting drug users, those who are HIV-positive, other immunocompromised patients,
dialysis patients, and those with end-stage liver disease. It should be emphasized that our
study population was HIV negative; therefore, our results are valid for the immune-
competent.

This study serves as a model for a future HIV or HCV vaccine trial and provides
information on the effectiveness of accelerated vaccine schedules for increasing
immunization in the drug user community. Creating a model for an HIV/HCV vaccine’s
acceptance and adherence among drug users is an important public health goal. Drug users,
especially minority drug users, are the largest group of newly diagnosed HIV and HCV
cases. To effectively control HIV and HCV epidemics, once vaccines become available, the
drug-using population will need to be targeted. Unless an effective model based upon
empirical experience with drug users is developed, any attempt to implement an HIV or
HCV vaccination program among drug users is likely to be thwarted. Our study indicated
that straightforward payment for the receipt of immunizations of benefit to the recipient may
not only be ethically sound but make economic sense for the use of limited public health
resources.

Abbreviations

anti-HBc antibody to hepatitis B core antigen

anti-HBs antibody to HBsAg

anti-HCV antibody to hepatitis C virus

CI confidence interval

DASH Drugs AIDS STDs Hepatitis project
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HCV hepatitis C virus

HIV human immunodeficiency virus

IDU injecting drug use, injecting drug users
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Figure 1.
Participants’ Screening, Enrollment, and Follow Up in Hepatitis B Vaccine Intervention
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Figure 2.
Cumulative Seroprotection Rates among Standard and Accelerated Schedule Groups at 2,6,
and 12 Month Follow-up
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Table 3

FACTORS ASSOCIATED WITH ADHERENCE OF DRUG USERS TO THE 3-DOSE HB VACCINE BY
MULTIPLE LOGISTIC REGRESSION

3-Doses
Adherence

Adjusted*
Odds Ratio
(95%CI) P-value

Vaccine schedule intervention

      Standard (0, 1, 6 mo) 454/626 (73%) Reference

      Accelerated (0, 1, 2 mo) 486/634 (77%) 1.26 (0.97–1.64) 0.08

Behavioral intervention

      Standard 477/630 (76%) Reference

      Enhanced 463/630 (74%) 0.89 (0.48–1.16) 0.40

Age in years

      ≤29 68/119 (57%) Reference

      30–39 210/295 (71%) 1.73 (1.10–2.73) 0.02

      40–49 408/548 (74%) 1.98 (1.30–3.03) <0.01

      ≥50 254/297 (86%) 3.96 (2.40–6.56) <0.01

Race

      White 78/129 (60%) Reference

      Black 824/1071 (77%) 1.56 (1.04–2.34) 0.03

      Hispanic/Other 38/59 (64%) 0.97 (0.50–1.88) 0.92

Housing status

      Permanent/Temporary 911/1207 (75%) Reference

      Streets 29/52 (66%) 0.48 (0.26–0.87) 0.02

Current speedball use

      No 929/1236 (75%) Reference

      Yes 11/24 (46%) 0.26 (0.11–0.63) <0.01

Current alcohol use

      No 190/451 (24%) Reference

      Yes 618/808 (76%) 1.38 (1.05–1.80) 0.02

*
Adjusted for interventions, age, race, housing status, speedball, alcohol, crack cocaine and methamphetamine use, injection drug use, trading sex

for money or drugs
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