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One of the most common blood-borne patho-
gens, hepatitis B virus (HBV), has been esti-
mated to infect approximately 2 billion people
worldwide, including 350 million who live
with chronic infection.1 From these chronic
infections, approximately 15% to 40% will
develop cirrhosis, liver failure, and hepatocel-
lular carcinoma, which can lead to enormous
medical expenses and loss of life.2 These stag-
gering numbers are reflected in the US natio-
nal HBV statistics as well, with a reported prev-
alence of 704 000 chronic HBV infections and
4.6% exposure in the general noninstitution-
alized population during 1999 to 2008.3,4

Because of its asymptomatic progression and
high infectious potential (50---100 times com-
pared with HIV), HBV has a greater potential to
spread in the population, especially in high-risk
groups such as drug users.5

Hepatitis B vaccine has been proved to be
highly immunogenic and effective in preven-
tion of HBV infection in infants and healthy
adults since its introduction in 1984. However,
despite the availability of a highly efficacious
vaccine, hepatitis B still remains highly preva-
lent in drug users. Impairment of inhibition
regarding high-risk sexual behavior, sharing
needles, shooting galleries, drug---sex ex-
changes, and the level of infection within the
locality play an important role in increasing
the risk of acquiring these infections in injecting
and noninjecting drug users (IDUs and NIDUs).6---8

Surprisingly, hepatitis-related awareness is
low among HIV knowledgeable drug users.9

A very high prevalence of HBV (64%) has
been observed among IDUs compared with
the general population.10 With approximately
51000 new cases of HBV infections per year,
16% are estimated to be IDUs, and unvacci-
nated IDUs have an incidence density ranging
from10 to 31 infections per100 person-years.11

Furthermore, an increasing trend of drug users
who adopt noninjected routes of heroin ad-
ministration has been observed in the United
States and other countries since late 1980s.12

NIDUs may consist of former injectors who
may have already been infected with HIV/HCV
or never injectors who may become exposed
to HBV infection through unprotected sex
through high-risk sex partners.13 NIDUs may
serve as a potential sexual transmission bridge
between high prevalence IDUs to the low
prevalence general population.14 Although
studies examining HBV infection in NIDUs are
generally lacking, a study conducted in adult
noninjecting heroin users in New York City
(1996---2001) reported that 24% of never
injectors and 49% of former injectors were
infected with HBV.13 Therefore, both IDUs
and NIDUs are among the prioritized target
population for immunization in the United
States.

Low acceptance and adherence to the stan-
dard vaccination schedule (0, 1, 6 months) is
one of the primary concerns in this unstable
population. Drug users are a hard to reach
and mobile population who often lack access
to health care. They have multiple social,

psychological, and medical needs that lead to
frequent change of residence, imprisonment, or
admission to a therapeutic community.15,16

Other barriers to vaccine compliance include
competing needs, poor relationships with
health care providers, and lack of information
or education.17,18 In our recent hepatitis B
vaccine intervention trial among not-in-
treatment drug users, we identified that par-
ticipants on an accelerated schedule (0, 1, 2
months) were significantly more likely to re-
ceive 3 doses of vaccine than those on the
standard schedule (76% vs 66%, respectively;
P< .05).19 Moreover, these participants also
had a greater anti-hepatitis B (anti-HBs; anti-
body to hepatitis B surface antigen) serocon-
version compared with the standard schedule
group at 6 months (70% vs 46%; P< .001).20

With an earlier immune response and better
adherence, the accelerated schedule seems
more advantageous. Despite these encour-
aging results, the long-term effectiveness of
this accelerated vaccination schedule remains
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unexamined. Because an anti-HBs level of
more than 10 milli-international units per
milliliter is needed to offer seroprotection
against HBV, and because drug users develop
a suboptimal immune response following
hepatitis B vaccination (58%---77%),21 it is
imperative to examine the levels of antibody
protection offered by an accelerated schedule
beyond 12 months.22

Thus, we aimed to compare the long-term
effectiveness of an accelerated vaccination
schedule with a standard vaccination schedule
in preventing HBV infections in cohort of 707
drug users, who were free of HIV and HBV
infection at enrollment and had completed 3
doses of vaccination during our HBV vaccine
intervention trial. Our secondary aim was to
identify the risk factors associated with anti-HBs
antibody loss and HBV infection, respectively.

METHODS

We conducted a large HBV vaccine in-
tervention trial from February 2004 to Oc-
tober 2009 in 2 highly endemic drug-using
neighborhoods of Houston, Texas. Inclusion
criteria for participants were aged 18 years
or older, current illicit drug use in the 48
hours before enrollment, and negative
screening tests for antibodies to HIV (anti-
HIV), hepatitis B surface antigen (HBsAg),
and anti-HBs.19 Of 1260 not-in-treatment
current drug users enrolled and cluster ran-
domized into the accelerated or standard
HBV vaccination schedule, a total of 941
drug users completed all 3 vaccine doses.19

Of these, 234 drug users were excluded
because they had immunity from natural
hepatitis infection (presence of anti-HBs
or hepatitis B core antibody [anti-HBc];
n = 222), active infection (presence of HBsAg
with anti-HBc; n = 0), or vaccination before
enrollment in the trial (presence of anti-HBs
only; n = 9).20 The remaining 707 drug users
were susceptible to new HBV infection at
enrollment (negative tests for HBsAg, anti-
HBc, and anti-HBs titer <10 mIU/mL) and
had completed all 3 HBV vaccine doses for
their schedule group; thus, we included them
for analysis in our study. All data collection
procedures and laboratory methods were
approved by the Committee for the Protec-
tion of Human Subjects at our institution.

Data Collection and Laboratory Methods

After a signed informed consent, participants
provided data on their demographic, drug
use, social, and behavioral characteristics. We
collected this information through verbally
administered questionnaires that were also
recorded electronically via computer-assisted
personal interviews (CAPI, QDS, Bethesda, MD).
We collected variables such as age, gender,
race/ethnicity, education level, marital status,
living arrangements, employment, history of
drug use patterns, and sexual habits. We
recorded drug use patterns such as current
drug use, past drug use, age at drug initiation
and length of drug use, 30-day use frequency,
and the pattern at the time of heaviest use. We
collected these details for drugs such as crack
cocaine, powder cocaine, methamphetamine,
marijuana, “fry,” heroin, speedball, codeine
syrup, alcohol, or other street drugs. We also
documented a detailed history of binging on
these drugs. Drug history also included ques-
tions on injecting drugs, age at first injection,
frequency and duration of injections, type of
drug injected, use of clean needles, and sharing
of drug use equipment with others19 (data
available as a supplement to the online version
of this article at http://www.ajph.org).

We performed blood draws for viral
markers along with interviews at 0, 6, 12, 18,
and 24 months. We tested the blood specimens
for HBsAg, anti-HBs, anti-HBc, and anti-HCV
antibodies using Abbott’s AxSYM system
(Abbott Laboratories, Chicago, IL) and anti-
HIV antibodies using the Abbott PPC Com-
mander system.

HBV infection was considered when any
participant from the 707 HBV susceptible drug
users seroconverted from a negative to a posi-
tive test for anti-HBc antibody, HBsAg, or both
at any time between enrollment and 24
months of follow-up. Thus, our analysis time
began at enrollment for incidence of HBV
infection calculations. We only calculated
anti-HBs antibody loss (anti-HBs <10mIU/mL)
for 339 participants who generated a positive
response to vaccine (anti-HBs ‡10 mIU/mL
and free from HBV infection after completion
of 3 vaccine doses) at the 12-month follow-up.
Thus, our analysis time began at 12 months
for antibody loss calculations. Chronic HBV
infection was defined as testing HBsAg positive
for more than 6 months.

Statistical Analyses

We used STATA version 11.0 (STATA
Corporation, College Station, TX) to complete
all data analyses. After we examined prelimi-
nary data for consistency and accuracy, we
calculated incidence densities of anti-HBs an-
tibody loss and HBV infection from person---
time data. We computed life tables to calculate
the cumulative incidences for each outcome by
using the Kaplan---Meier method, and we per-
formed comparisons using Wilcoxon tests.
We compared failure rates for the 2 vaccina-
tion schedules using a likelihood ratio test.
We calculated unadjusted and adjusted inci-
dence density ratios and 95% confidence in-
tervals (CIs) for various exposures of interest
by a Cox proportional hazards model. We
retained variables in the final multiple regres-
sion model based on their statistical signifi-
cance or relevance to hepatitis B infection.
We also stratified incidence densities for HBV
infection and antibody loss by age, gender,
race, education, marital status, housing status,
intravenous drug use, and illicit drug use;
and traded sex for money or drugs, men who
have sex with men, and total number of
sexual partners in past 30 days. We compared
Kaplan---Meier failure curves for each outcome
between the 2 vaccination schedules using the
Breslow---Gehan---Wilcoxon tests. A 2-tailed
P< .05 was considered statistically significant
for measures of association.

RESULTS

The follow-up rates at each time point for
707 HBV susceptible drug users was 92%
(650) at 6 months, 81% (576) at 12 months,
73% (519) at 18 months, and 67% (473) at
24 months. Baseline characteristics for this
study population, stratified by the 2 vaccina-
tion schedules, were described in detail in our
earlier study.20 These 707 participants con-
tributed approximately 1166 person-years
from the time of their enrollment. We show
the outcomes for the our study population in
Figure 1. A large proportion of participants
did not develop the desired anti-HBs antibody
level at 12-month follow-up (57% and 47%),
and these nonresponders had the highest
incidence of HBV infection (1 and 6 cases)
in accelerated and standard schedule groups,
respectively.
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Anti-Hepatitis B Antibody Loss and

Persistence

Of the 339 drug users who developed an
adequate seroprotective response after com-
pletion of 3 vaccine doses and were free of
infection at 6 months, a total of 41 lost de-
tectable anti-HBs antibodies, including 23 in
the accelerated group and 18 in the standard
group (Figure 2). The cumulative incidence of
antibody loss for the entire subgroup was 20
cases per 100 drug users (cumulative incidence
of antibody persistence was 80%). We could
not identify any statistically significant differ-
ence for anti-HBs antibody loss between ac-
celerated and standard vaccine schedules (22
vs 18 cases per 100 drug users, respectively;
likelihood ratio test: P= .223). The geometric
mean titers (GMT) were 116, 105, 58, 67, and
70 milli-international units per milliliter for the
accelerated schedule and 128, 64, 185, 159
and 150 milli-international units per milliliter
for the standard schedule at 2, 6, 12, 18, and
24 months, respectively. We found no signifi-
cant difference between the incidence density
for anti-HBs antibody loss for the accelerated
and standard schedules (186 and 127 cases
per 1000 person-years, respectively).

The effects of various exposures on inci-
dence rate of antibody loss are demonstrated
in Table 1. None of the exposures listed in the
Table 1 significantly predicted antibody loss,
except for age. Drug users who were aged 40
years or older at enrollment had a 57%
decreased incidence of antibody loss com-
pared with those younger than 40 years
(P< .05).

Hepatitis B Virus Infection

During the 2-year follow-up period, we
detected HBV infection in 10 drug users
who had completed their vaccination doses,
thus giving a cumulative incidence of 2
cases per 100 drug users. Of these 10
infection cases, 8 had received vaccination
according to the standard schedule com-
pared with 2 cases who received it accord-
ing to the accelerated schedule (cumulative
incidence of 3 cases vs 1 case per 100 drug
users, respectively). This was a statistically
significant difference in the incidence of
HBV infection between the 2 vaccination
schedules (likelihood ratio test v2 = 4;
P < .05). The incidence density for the ac-
celerated vaccination schedule (3 cases per

1000 person-years) was significantly lower
than that for the standard schedule (14
cases per 1000 person-years). Incidence
densities stratified for various exposures of
interest are shown in Table 2. None of the
exposures listed in Table 2 significantly
predicted acquisition of HBV infection, ex-
cept for HCV seropositivity at enrollment.
Having HCV at enrollment increased the
risk for acquiring HBV infection during the
follow-up (adjusted risk ratio = 6.54; 95%
CI = 1.49, 28.76; P = .013). Although not
statistically significant, the risk for HBV
infection increased by 60% for participants
who did not develop protective anti-HBs
level at 12 months. Similarly, the risk of
HBV infection was increased by 80% when
participants were vaccinated using the
standard schedule compared with the ac-
celerated schedule. Kaplan-Meier failure
curves demonstrated the significant differ-
ence in cumulative incidence rate for HBV
infection for the 2 vaccination schedules
(P < .05 for Breslow---Gehan---Wilcoxon test;
Figure 2).

A detailed description for 10 HBV infected
drug users including age, gender, vaccination
schedule, anti-HBc test results, and anti-HBs
status at 12 months is provided in Table 3.
The majority of these users were male
(80%), aged 40 years or older (70%), had
12 month anti-HBs levels less than 10
milli-international units per milliliter (70%),
received vaccination according to the stan-
dard schedule (80%), and acquired HBV
infection by 6 months of enrollment (60%).
HBsAg was detected in 2 cases, with both the
vaccination groups having 1 case each. No
chronic infection was identified in either of
the vaccination schedule groups over the
2-year period.

DISCUSSION

Important conclusions can be drawn from
our study, which was aimed at comparing
the long-term effectiveness of accelerated and
standard hepatitis B vaccine schedules in drug
users. Compared with a standard vaccination
schedule, drug users in an accelerated sched-
ule had improved adherence and a signifi-
cantly lower incidence of HBV infection, de-
spite no significant difference in the rates of

707 drug users
(3 vaccine doses; 

HBV negative)

Anti-HBs ≥ 10 mIU/mL 
at 12 months

Accelerated
365 (52%)

1HBV infection 6 

Standard
342 (48%)

Vaccination schedule

Yes
157 (43%)

1

Antibody loss
Yes
18

Yes
23

No
208 (57%)

Yes
182 (53%)

No
160 (47%)

No
141

2

No
120

00

Note. HBs = hepatitis B; HBV = hepatitis B virus. Data on antibody loss were not available for 14 (9%) drug users in the

accelerated schedule group and 23 (13%) drug users in the standard schedule group.

FIGURE 1—Outcomes stratified by vaccination schedules: Long-Term Effectiveness of

Accelerated Hepatitis B Vaccination Schedule.

RESEARCH AND PRACTICE

e38 | Research and Practice | Peer Reviewed | Shah et al. American Journal of Public Health | June 2015, Vol 105, No. 6



anti-HBs antibody loss during the 2-year
follow-up.

Compared with the general population,
which has excellent response rates to HBV
vaccinations, drug users have suboptimal an-
tibody response.15,23---26 The incidence of an-
tibody loss during the follow-up period was
not significantly different between the 2 vac-
cination schedules. To our knowledge, ours
was the first study to examine the rate of
antibody loss for a follow-up period of 2 years
following HBV vaccination by an acceler-
ated schedule. Therefore, we did not have
comparative rates of antibody loss for this
schedule from the literature. Loss of seropro-
tective antibody levels was not significantly

associated with any host characteristics, except
for age. Drug users aged 40 years or older
were significantly less likely to lose seropro-
tection following HBV vaccination compared
with younger vaccinated drug users. This
was in contrast to a decreased seroprotection
achievement by older drug users, as reported
by previous studies.20,24 Thus, it could be
speculated that although achieving seropro-
tection is difficult with increasing age, sero-
protection was probably long term when
achieved at an older age and less likely to be
lost because of immune maturity. Increasing
age is an important factor in immune response
to HBV vaccination and should be examined
further.

We observed a significantly lower incidence
of HBV infection rates in the group that re-
ceived vaccines per the accelerated schedule
compared with the standard schedule. This
might be explained by the fact that most of the
drug users in the standard vaccination schedule
were identified as infected at the 6-month
follow-up visit, when they had not yet com-
pleted their third vaccine dose and developed
a seroprotective immune response. The long
time required for completion of vaccine doses
according to the standard schedule that led to
a delayed seroprotective immune response,
coupled with continued exposure to HBV in-
fection because of their high-risk behavior,
made the accelerated vaccination schedule an

Note. The sample sizes were n = 707 HBV-susceptible drug users in part a and n = 339 vaccine responders at 12 months in part b. P values were determined by Breslow–Gehan–Wilcoxon test of

homogeneity.

FIGURE 2—Kaplan-Meier failure curves, stratified by vaccination schedules, for (a) hepatitis B virus (HBV) infection and (b) antibody to hepatitis

B surface antigen (anti-HBs) loss: Long-Term Effectiveness of Accelerated Hepatitis B Vaccination Schedule.
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ideal choice for vaccinating the drug-using
population.

Limitations

The Breslow-Wilcoxon-Gehan test demon-
strated a statistically significant difference in

the HBV infection rate between the 2 vacci-

nation schedules (P= .043), but the Cox pro-

portional hazards regression analysis did

not show a significant difference in this risk

(adjusted P= .053). The Cox proportional

hazards regression model might be lacking in
adequate power to adjust for various con-

founders, because only 10 drug users devel-

oped HBV infection over the entire study

period. As per our clinical trial reports, IDUs

were more likely to benefit from the acceler-

ated schedules,19 but we did not observe any

difference with respect to drug use factors.

Similarly, no host factors were significantly

associated with acquiring HBV infection, ex-

cept for being HCV positive at the time of

enrollment. Other studies also documented
that HCV infection at enrollment might be

a risk factor for lack of seroconversion fol-

lowing hepatitis B vaccination.24,27,28 This

might be explained by the fact that the

participant might have high-risk behaviors for

acquiring HBV and HCV infections, or a com-

promised immune status because of HCV

infection that makes them more vulnerable to

developing HBV infection. We could not

explore this association further because of the

TABLE 1—Effect of Selected Exposures on the Incidence Rate of Anti-Hepatitis B Antibody Loss Among Successfully Vaccinated Drug Users Over

the 2-year Follow-Up, Long-Term Effectiveness of Accelerated Hepatitis B Vaccination Schedule

Predictor Variable Total (No.) No. With Anti-HBs Loss (No.) Person-Years Incidence Density Adjusted Relative Risk (95% CI)a P

Overall 339 41 265 154.7 . . .

Vaccination schedule .168

Standard 182 18 141.5 127.2 1.00 (Ref)

Accelerated 157 23 123.5 186.2 1.55 (0.83, 2.89)

Age, y .014

< 40 126 21 93.5 224.6 1.00 (Ref)

‡ 40 213 20 171.5 116.6 0.43 (0.22, 0.84)

Gender . . .

Male 248 32 186 172.0

Female 91 9 79 113.9

Race .258

Non-African Americans 38 3 25.5 117.6 1.00 (Ref)

African American 301 38 239.5 158.7 2.1 (0.58, 7.57)

Education . . .

£ high school 263 32 206 155.3

> high school 76 9 59 152.5

HCV at enrollment 57 8 42 190.5 2.13 (0.83, 5.48) .116

MSM 24 4 17 235.3 1.68 (0.59, 4.83) .332

Drug use in past 30 d

IDU 13 1 10 99.9 . . .

Crack 311 37 244 151.6 . . .

Cocaine 51 8 38 210.5 . . .

Methamphetamine 10 1 8.5 117.6 . . .

Fry 10 2 7.5 266.7 . . .

Marijuana 179 20 138 145.5 . . .

Alcohol 235 28 187 150.1 . . .

Heroin 9 1 4.5 222.2 . . .

Speedball 5 0 2 0 . . .

Ever used injecting drugs 60 6 44 136.4 0.77 (0.27, 2.17) .616

Multidrug use . . .

< 2 59 7 46 152.2

‡ 2 280 34 219 155.3

Note. CI = confidence interval; HBs = hepatitis B; IDU = injecting drug use; MSM = men who have sex with men.
aCox proportional hazard regression.

RESEARCH AND PRACTICE

e40 | Research and Practice | Peer Reviewed | Shah et al. American Journal of Public Health | June 2015, Vol 105, No. 6



secondary nature of this study. Therefore, we
recommend future studies to examine this.
Another limitation of our study was the loss
to follow-up of drug users who might have
lost their seroprotection or developed HBV

infection. Unfortunately, this is an unavoid-
able limitation for any study that examines drug
users. However, there were no differences in loss
to follow-up rates between the 2 vaccination
schedule groups, thus minimizing a potential bias.

Compared with the general population,
overall anti-HBs antibody response rate was
low; however, there was adequate seropro-
tective response in vaccinated drug users.
We observed no significant difference in
terms of antibody loss between the 2 sched-
ules, but there was significantly higher in-
cidence of HBV infection rate in the standard
vaccination group. We observed no chronic
HBV carriers in either of the vaccination
schedule groups. Because this is a hard-to-
reach population with documented low
follow-up rates and adherence to vaccination
schedules, an accelerated schedule might be
more beneficial in this population. An accel-
erated schedule might help prevent HBV
infections by completing 3 doses of vaccina-
tion earlier, unlike the standard schedule, in
which an adequate seroprotective immune
response might not be achieved until 6
months. A shorter schedule would also en-
sure better compliance rates in this difficult
to follow-up population.19 In addition, if the
participants are available at 6 months follow-
up, a booster dose might be given at 6
months if a waning immune response is
observed. An accelerated HB vaccination
schedule was recommended in alcoholic
patients29 and hemodialysis patients.30 An
accelerated vaccination schedule in drug
users would be one of the steps to decrease
HBV infection and transmission in this
high-risk population, who are still reported to
have the highest rates of HBV infection
despite availability of an effective vaccine.
Because drug users do not have normal
immune response to HBV vaccine, more
immunogenic vaccines are needed. Addition
of vaccine adjuvants, such as the immunos-
timulatory DNA sequence, might be one of
the possible mechanisms to increase the
immunogenicity of HBV vaccines and thus
reduce the number of required doses.31

A recent review demonstrated that 1018
immunostimulatory DNA sequence plus
recombinant HBsAg was safe and successful
in the vaccine-hyporesponsive population.31

Another possible solution to increase the
response rates and antibody titers in drug
users could be the administration of 4 in-
tramuscular or intradermal HBV vaccine
double doses at 0, 1, 2, and 6 months,
a strategy similar to that reported in

TABLE 2—Effect of Selected Exposures on the Incidence Rate of Hepatitis B Virus Infection

Among Successfully Vaccinated Drug Users Over the 2-year Follow-Up, Long-Term

Effectiveness of Accelerated Hepatitis B Vaccination Schedule

Predictor Variable Total (No.)

No. With

HBV Infection Person-Years Incidence Density

Adjusted Relative

Risk (95% CI)a P

Overall 707 10 1166 8.6 . . .

Vaccination schedule .053

Standard 342 8 576 13.9 1.00 (Ref)

Accelerated 365 2 590 3.4 0.21 (0.04, 1.02)

Age, y .422

< 40 250 3 394 7.6 1.00 (Ref)

‡ 40 457 7 772 9.1 0.53 (0.11, 2.5)

Gender . . .

Male 543 8 881 9.1

Female 164 2 286 7.0

Race .293

Non-African 59 1 130 7.7 1.00 (Ref)

African American 616 9 1036 8.7 3.5 (0.34, 36.27)

Education . . . . . .

£ high school 534 9 885 10.2

> high school 173 1 281 3.6

HCV at enrollment 139 6 218 27.5 6.54 (1.49, 28.76) .013

MSM 47 1 71 14.2 1.63 (0.19, 13.96) .658

Past 30 d

IDU 36 0 52 0 . . . . . .

Crack 656 9 1090 8.3 . . .

Cocaine 98 2 152 13.2 . . .

Methamphetamine 22 0 39 0 . . .

Fry 16 0 27 0 . . .

Marijuana 345 4 563 7.1 . . .

Alcohol 491 8 809 9.9 . . .

Heroin 19 0 28 0 . . .

Speedball 7 0 10 0 . . .

Ever used injecting drugs 146 4 233 17.2 1.75 (0.38, 7.95) .47

No. drug use . . .

< 2 138 0 224 0

‡ 2 569 10 942 10.6

Anti-HBs antibody (mIU/ml)b .176

< 10 368 7 552.5 12.7 1.00 (Ref)

‡ 10 339 3 613.5 4.9 0.39 (0.1, 1.53)

Note. CI = confidence interval; HBs = hepatitis B; IDU = injecting drug use; MSM = men who have sex with men.
aCox proportional hazard regression.
bAt 12 months postenrollment.
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HIV-infected adults.32,33 These methods
should be further evaluated in the drug-using
population.

Conclusions

An accelerated HBV vaccination schedule
might be more preferable than a standard
vaccination schedule in preventing HBV in-
fections in drug users. Because compliance of
a longer time period and continued high-risk
behavior during that time were the 2 disad-
vantages involved with the standard vacci-
nation schedule, we recommend the accel-
erated vaccination schedule as a potential
solution in the drug-using population. Our
study should be repeated in different cohorts
to validate our findings and establish the role
of an accelerated schedule in hepatitis B
vaccination guidelines for this high-risk
population. j
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