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PATIENTS COINFECTED WITH HU-
man immunodeficiency virus 1
(HIV-1) and hepatitis B virus
(HBV) are at increased risk for

liver-related morbidity and mortality.1,2

Because both viruses share similar modes
of transmission, HIV-HBV coinfection
rate is high.1,3 Therefore, guidelines rec-
ommend that all patients with HIV in-
fection who are negative for HBV mark-
ers should be immunized for HBV.4,5

However, the immunogenicity of hepa-
titis B vaccination in adults with HIV in-
fection is between 17.5% and 72%6-10 and
is lower than in HIV-seronegative healthy
adults, in whom seroconversion rates are
more than 90%.11 Previous studies sug-
gested that modification of the stan-
dard HBV vaccination schedule (higher
hepatitis B vaccine doses, prolongation
of the vaccination schedule, or both) or

addition of a vaccine adjuvant may in-
crease response rate.6,8,9,12-17 Another pos-
sible approach to increasing response to
HBV antigen is the use of the intrader-
mal route.18 Both high hepatitis B vac-See also Patient Page.
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Context Alternative schedulesmore immunogenic than the standardhepatitis Bvaccine
regimen are needed in patients with human immunodeficiency virus 1 (HIV-1) infection.

Objective To compare the safety and immunogenicity of 4 intramuscular double-
dose and 4 intradermal low-dose regimens vs the standard hepatitis B vaccine regimen.

Design, Setting, and Participants An open-label, multicenter, 1:1:1 parallel-
group, randomized trial conducted between June 28, 2007, and October 23, 2008
(date of last patient visit, July 3, 2009) at 33 centers in France with patients enrolled in
French National Agency for Research on AIDS and Viral Hepatitis trials in adults with
HIV-1 infection who were hepatitis B virus (HBV) seronegative and having CD4 cell
counts of more than 200 cells/µL.

Intervention Patients were randomly assigned to receive 3 intramuscular injections
of the standard dose (20 µg) of recombinant HBV vaccine at weeks 0, 4, and 24 (IM20�3
group, n=145); 4 intramuscular double doses (40 µg [2 injections of 20 µg]) of re-
combinant HBV vaccine at weeks 0, 4, 8, and 24 (IM40�4 group, n=148); or 4 in-
tradermal injections of low doses (4 µg [1/5 of 20 µg]) of recombinant HBV vaccine at
weeks 0, 4, 8, and 24 (ID4�4 group, n=144).

Main Outcome Measures Percentage of responders at week 28, defined as pa-
tients with hepatitis B surface antibody (anti-HBs) of at least 10 mIU/mL in patients
who received at least 1 dose of vaccine. Patients with missing anti-HBs titer measure-
ment at the final follow-up visit at week 28 were considered as nonresponders in the
primary (efficacy) analysis.

Results A total of 437 patients were randomized to the 3 study groups, of whom 11
did not receive any vaccine. Of these, 396 had available anti-HBs titers at week 28.
The percentage of responders at week 28 was 65% (95% confidence interval [CI],
56%-72%) in the IM20�3 group (n=91), 82% (95% CI, 77%-88%) in the IM40�4
group (n=119) (P� .001 vs IM20�3 group), and 77% (95% CI, 69%-84%) in the
ID4�4 group (n=108) (P=.02 vs IM20�3 group). No safety signal and no effect on
CD4 cell count or viral load were observed.

Conclusion In adults with HIV-1, both the 4 intramuscular double-dose regimen and
the 4 intradermal low-dose regimen improved serological response compared with the
standard HBV vaccine regimen.

Trial Registration clinicaltrials.gov Identifier: NCT00480792
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cine doses and use of the intradermal
route are well tolerated.6,14,18 However,
available data on alternative HBV vacci-
nation schedules remain insufficient to
support changes in current guidelines in
the HIV setting.

The goal of the Agence Nationale de
Recherches sur le SIDA et les hépa-
tites virales (French National Agency
for Research on AIDS and Viral Hepa-
titis) HB03 VIHVAC-B trial was to com-
pare in a randomized trial the immu-
nogenicity and safety of 2 alternative
vaccination protocols (4 double-dose
intramuscular injections and 4 low-
dose intradermal injections) with the
standard HBV vaccine schedule in pa-
tients with HIV infection with a CD4
cell count of more than 200 cells/µL.

METHODS
Study Design

A phase 3, multicenter, randomized,
open-label, parallel-group, 1:1:1 allo-
cation ratio, clinical trial was per-
formed in 33 centers with patients en-
rolled in French National Agency for
Research on AIDS and Viral Hepatitis
trials in France between June 28, 2007,
and October 23, 2008. Patients were eli-
gible to participate if they were adults
with HIV-1 infection, had a CD4 cell
count of more than 200 cells/µL, had
no HBV serological marker (ie, nega-
tive for hepatitis B surface antigen,
hepatitis B surface antibody [anti-
HBs], and hepatitis B core antibody),
had unchanged antiretroviral treat-
ment for the last 2 months for patients
who were receiving antiretroviral treat-
ment at the time of the screening visit
(patients with a CD4 cell count of less
than 350 cells/µL were required to have
received antiretroviral therapy for the
last 6 months in conjunction with an
undetectable plasma HIV-1 RNA level
[�50 copies/µL]), and had a negative
pregnancy test at screening and inclu-
sion visits.

Main exclusion criteria included any
history of hepatitis B vaccination, acute
cytolysis in the last 3 months (alanine
aminotransferase, aspartate aminotrans-
ferase, or both �5 times the upper nor-
mal range), any vaccination during the

month preceding inclusion, intoler-
ance to any component of the vaccine,
ongoing opportunistic infection or he-
mopathy or solid organ cancer, unex-
plained fever the week before inclu-
sion, prothrombin ratio equal to or less
than 50%, number of platelets equal to
or less than 50 000 cells/µL, immuno-
suppressive or immunomodulating
treatment in the last 6 months before the
screening visit, splenectomy, decom-
pensated cirrhosis (Child-Pugh class B
or C [based on the classification sys-
tem for liver disease severity]), renal
function insufficiency (creatinine clear-
ance �50 mL/min [to convert to milli-
liters per second, multiply by 0.0167]),
or other immunocompromised condi-
tion not related to HIV infection (eg,
solid organ transplantation).

Patients were centrally randomized
(1:1:1) into 3 groups. Patients received
3 intramuscular injections of the stan-
dard dose (20 µg) of recombinant HBV
vaccine (GenHevac B Pasteur 20 µg,
Sanofi Pasteur, Lyon, France) at weeks
0, 4, and 24 (group IM20�3, n=145);
4 intramuscular injections of double
doses (40 µg [2 injections of 20 µg of
GenHevac B Pasteur 20 µg, Sanofi Pas-
teur]) of recombinant HBV vaccine at
weeks 0, 4, 8, and 24 (group IM40�4,
n=148); or 4 intradermal injections of
low doses (4 µg [1/5 of GenHevac B Pas-
teur 20 µg, Sanofi Pasteur]) of recom-
binant HBV vaccine at weeks 0, 4, 8, and
24 (group ID4�4, n=144).

Randomization was stratified accord-
ing to baseline CD4 cell count (200-
349 cells/µL vs �350 cells/µL), base-
line plasma HIV-1 RNA level (�50 vs
�50 copies/mL), and the presence of
anti-hepatitis C virus (HCV) antibod-
ies, as these factors were suspected to
impair the immune response to HBV
vaccination.7,8,19 Randomization was
managed by the central data center (In-
serm U707, Paris, France). The ran-
domization code was developed using
a computerized random number gen-
erator to select random permuted block
sizes of 3 and 6. The randomization list
was concealed from the investigators
who assigned participants to the vac-
cination groups through a dedicated

Web site after validating the eligibility
and stratification criteria. Instructions
were given to the center to perform
the randomization of the patients on the
day of the first vaccine injection (if
possible) to minimize delay between
randomization and administration of
vaccine (decreasing the number of ran-
domized patients excluded from the
analysis because of not receiving
vaccine).

Blood samples were planned for quan-
tification of anti-HBs titers at weeks 0,
4, 8, 12, 24, and 28. Assessment of stan-
dard biochemical tests (including ala-
nine aminotransferase and aspartate ami-
notransferase levels), CD4/CD8 cell
counts, and serum HIV-1 RNA levels
were planned at screening/baseline and
at weeks 4, 8, 12, 24, and 28.

In addition to the trial, as prespeci-
fied in the protocol, patients who
achieved a response would be fol-
lowed up until months 18, 30, and 42
to study the durability and the dynam-
ics of response (which is under inves-
tigation), and patients who did not re-
spond will be offered a maximum of 3
supplementary intramuscular injec-
tions of standard vaccine dose (20 µg)
at months 8, 9, and 10.

Written informed consent was ob-
tained from each patient before enroll-
ment. The protocol was conducted in
accordance with the Declaration of
Helsinki and French law for biomedi-
cal research and was approved by the
“Ile-de-France III” Ethics Committee
(Paris, France). An independent adju-
dication committee consisting of an in-
dependent internist, neurologist, and
hepatologist reviewed blinded safety
data. Blinding was maintained with the
use of a devoted reporting adverse event
form describing clinical events that did
not contain any information regard-
ing the group, the route, the number,
or the dose of vaccine injection. An in-
dependent data monitoring commit-
tee consisting of an independent stat-
istician, immunologist, hepatologist,
and virologist reviewed unblinded
safety and efficacy data every 6 months
during the trial. The committee was par-
ticularly mandated to make a determi-
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nation regarding the continuation of the
trial based on safety data and the pres-
ence of any immunologic response in
the ID4�4 group. These committees
had no role in the decision to submit
the manuscript.

Safety Assessment

Patients were provided with diary cards
explicitly specifying a fixed list of lo-
cal and general reactions for use in
recording whether the reactions were
present or absent after each injection.
The forms were used by patients for re-
cording the occurrence and severity of
the solicited local reactions at the in-
jection site (erythema, edema, pain, in-

duration, pruritus, discoloration, and
nodule [ie, local reactions usually ob-
served after intradermal immuniza-
tion]) during 7 days after vaccination,
solicited systemic (general) reactions
(fever, headache, asthenia, cutaneous
eruption, vertigo, malaise, nausea, vom-
iting, abdominal pain, diarrhea, myal-
gia, and arthralgia [ie, general reac-
tions previously reported during HBV
vaccine trials]), and any unsolicited ad-
verse events during 28 days after vac-
cination.

Laboratory Assays

The quantification of anti-HBs titers on
serum samples was performed in a cen-

tral laboratory (Hospital Cochin, Paris,
France) using a standardized assay
(Monolisa Anti-HBs PLUS Assay;
Bio-Rad Laboratories Inc, Marnes-la-
Coquette, France). Each sample was
tested by technical staff blinded to vac-
cine group allocation. Samples with ti-
ters of more than the upper linearity
limit of the assay were retested after
being diluted as recommended by the
manufacturer.

Statistical Analysis

The primary end point was the per-
centage of responders (patients with
anti-HBs titers �10 mIU/mL, levels
consistent with seroprotection) 4 weeks
after the last planned vaccination (week
28), as specified in the protocol. Other
prespecified immunological efficacy end
points were the percentage of patients
with anti-HBs titers of at least 10
mIU/mL at weeks 4, 8, 12, and 24; the
percentage of high-level responders (pa-
tients with anti-HBs titers �100 mIU/
mL, levels considered to confer higher
and long-term protection against in-
fection20); and the geometric mean ti-
ter of anti-HBs at weeks 4, 8, 12, 24, and
28. Special attention was paid to the
proportion and intensity of general and
local adverse events.

The hypothesis tested in our trial in
the HIV setting was that the immuno-
genicity of 2 alternative vaccination pro-
tocols (4 intramuscular double doses
and 4 intradermal low doses) was
higher than the immunogenicity of the
standard vaccination protocol. In ad-
dition, because intradermal immuni-
zation requires lower antigen doses, sig-
nificant cost savings could be of interest
in limited resource settings with high
HBV prevalence.

Our trial was designed to have a
power of 80% to detect a difference of
20% (55% vs 35%) of responders in the
IM40 � 4 and ID4 � 4 vaccination
groups in comparison with the IM20�3
group. The level of significance was set
to 2.5% 2-sided to account for multiple
comparisons with the IM20�3 group.
Taking into account early study discon-
tinuations, 140 patients had to be en-
rolled in each group.

Figure 1. Participant Flow in the ANRS HB03 VIHVAC-B Trial

522 Adult patients with HIV-1 and
CD4 cell counts >200 cells/µL
screened for eligibility

85 Excluded
48 Did not meet inclusion criteria
27 Declined to participate
6 Withdrew consent
4 Lost to follow-up

437 Randomized

145 Randomized to receive 20-µg
intramuscular ×3 recombinant
HBV vaccine (standard regimen)
141 Received vaccine as

randomized
4 Declined to participate

148 Randomized to receive 40-µg
intramuscular ×4 recombinant
HBV vaccine
145 Received vaccine as

randomized
1 Declined to participate
2 Did not meet inclusion

criteria

144 Randomized to receive 4-µg
intradermal ×4 recombinant
HBV vaccine
140 Received vaccine as

randomized
2 Declined to participate
2 Did not meet inclusion

criteria

141 Included in primary analysis
4 Excluded (did not receive

vaccine)
140 Included in safety analysis

5 Excluded
4 Did not receive vaccine
1 Lost to follow-up

145 Included in primary analysis
3 Excluded (did not receive

vaccine)
144 Included in safety analysis

4 Excluded
3 Did not receive vaccine
1 Incarcerated

140 Included in primary analysis
4 Excluded (did not receive

vaccine)
140 Included in safety analysis

4 Excluded (did not receive
vaccine)

135 Completed vaccination
6 Discontinued vaccination

4 Lost to follow-up
2 Other

133 Completed vaccination
12 Discontinued vaccination

5 Lost to follow-up
2 Adverse events
5 Other

134 Completed vaccination
6 Discontinued vaccination

3 Lost to follow-up
2 Adverse events
1 Other

Anti-HBs titer measurement
138 at week 4
134 at week 8
136 at week 12
136 at week 24
133 at week 28

Anti-HBs titer measurement
140 at week 4
136 at week 8
131 at week 12
131 at week 24
129 at week 28

Anti-HBs titer measurement
138 at week 4
138 at week 8
136 at week 12
136 at week 24
134 at week 28

HIV-1 indicates human immunodeficiency virus 1; HBV, hepatitis B virus; anti-HBs, hepatitis B surface anti-
body. The number of patients lost to follow-up does not strictly correspond with the number of patients who
discontinued the vaccination regimen because some patients may have completed the vaccination regimen
but missed the final measurement, and some patients may have discontinued the vaccination regimen but had
an anti-HBs titer measurement at week 28.
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As prespecified in the protocol, the
modified intention-to-treat analysis
population data set was defined as all pa-
tients receiving at least 1 dose of vac-
cine (n=426). Eleven randomized pa-
tients who did not receive any vaccine
were not included (FIGURE 1). The same
modified intention-to-treat analysis
population data set was considered for
the primary analysis and the second-
ary analyses, but the primary and sec-
ondary analyses differed in the method
used for handling missing measure-
ments. In the primary (efficacy) analy-
sis, patients who missed the final fol-
low-up visit at week 28 were considered
to be nonresponders (n=8 for IM20�3
group; n=16 for IM40�4 group; and
n=6 for ID4�4 group) (eTable 1; avail-
able at http://www.jama.com). In sec-
ondary analyses of the percentage of re-
sponders, percentage of high-level
responders, and geometric mean titer
by vaccination group at the specified
points, as well as the analysis of pre-
dictive covariates for response, miss-
ing titer values were handled using last
observation carried forward, this ap-
proach being the most conservative. Of
2556 measurements, 104 (4%) were
missing in 52 patients (12%). The mul-
tiple imputation method could not be
considered because missingness was re-
lated to the level of missing measure-
ment (missingness was not at ran-
dom) in patients who discontinued the
vaccination, and the number of pa-
tients in this category was too low for
valid inference. All patients with at least
1 dose of vaccine and 1 postvaccina-
tion safety measure (n=424) were in-
cluded in the safety analyses.

The Cochran-Mantel Haenszel test
was used with stratification on CD4 cell
count at baseline, plasma HIV-1 RNA
level, and HCV coinfection status to
compare the percentage of responders
in the IM40�4 and ID4�4 vaccina-
tion groups with the standard vaccina-
tion schedule (IM20�3) (� risk, 2.5%).
All other comparisons of baseline char-
acteristics or secondary immunogenic-
ity or safety criteria were performed at
5% level of significance. Proportions
were compared using the Fisher exact

test for independent samples and the
McNemar �2 test for matched pairs;
continuous outcomes were compared
using the Mann-Whitney test for inde-

pendent samples and the Wilcoxon
signed rank test for matched pairs. Con-
fidence limits for proportions were
calculated using the exact Clopper-

Table 1. Demographic and Clinical Characteristics of Patients by Vaccination Regimena

Characteristics

Recombinant HBV Vaccination Regimen

IM20�3
(n = 145)

IM40�4
(n = 148)

ID4�4
(n = 144)

Women 41 (28) 50 (34) 52 (36)

Age, median (range), y 43 (19-74) 42 (19-65) 43 (19-70)

BMI, median (range) 23 (17-36) 24 (18-56) 23 (16-39)

Active smokingb 52 (36) 45 (30) 50 (35)

Excessive alcohol usec 11 (8) 7 (5) 12 (8)

Anti-HCV antibodies 5 (3) 7 (5) 5 (3)

Time elapsed since HIV diagnosis,
median (range), y

7.0 (0.2-23.4) 8.1 (0.2-21.3) 7.3 (0.3-22.9)

CDC stage Cd 15 (10) 19 (12) 19 (13)

Nadir CD4 cell count, median (range),
cells/µL

211 (0-908) 217 (3-779) 191 (0-601)

Antiretroviral therapy 124 (86) 118 (80) 124 (86)

Baseline CD4 cell count, median (range),
cells/µL

516 (180-1632) 509 (219-1679) 482 (213-1340)

CD4 cell count �350 cells/µL 22 (15) 21 (14) 21 (15)

HIV-RNA level �50 copies/mL 114 (79) 114 (77) 113 (78)
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; CDC, Cen-

ters for Disease Control and Prevention; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency
virus; IM20�3, 3 intramuscular injections of 20-µg standard dose of recombinant HBV vaccine; IM40�4, 4 intramus-
cular double doses (40 µg [2 injections of 20 µg]) of recombinant HBV vaccine; and ID4�4, 4 intradermal injections of
low doses (4 µg [1/5 of 20 µg]) of recombinant HBV vaccine.

aData presented as No. (%) unless otherwise specified.
bDefined as smoking at least 5 cigarettes per day.
cDefined as at least 15 glasses per week for a woman or 22 glasses per week for a man, or at least 6 consecutive glasses

on at least 1 occasion per week.
dCategory of disease as defined in http://www.cdc.gov/mmwr/preview/mmwrhtml/00018871.htm.

Figure 2. Percentages of Responders and High-Level Responders by Vaccination Regimen

20-µg Intramuscular ×3 (n = 141)
Recombinant HBV vaccine

40-µg Intramuscular ×4 (n = 145)
4-µg Intradermal ×4 (n = 140)
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Anti-HBs indicates hepatitis B surface antibody; HBV, hepatitis B virus. Last observation carried forward (LOCF)
rule applied for missing values. Because the calculations were performed on LOCF-imputed data, the denomi-
nators are the number of patients receiving at least 1 vaccine dose at each time point. Error bars represent
95% confidence intervals.

HEPATITIS B VACCINE REGIMEN IN ADULTS WITH HIV-1 INFECTION

©2011 American Medical Association. All rights reserved. JAMA, April 13, 2011—Vol 305, No. 14 1435

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Pearson methods. Age was catego-
rized using quartiles of the empirical
distribution for graphical purpose and
proportions of responders across age
groups were compared using the Coch-

ran-Armitage �2 for trend. All statisti-
cal tests were 2-sided.

A list of covariates anticipated to be
associated with the antibody response
was compiled in the protocol; namely,
vaccination group, CD4 cell count, HCV
status, HIV-1 RNA detectability, age, sex,
body mass index (calculated as weight
in kilograms divided by height in me-
ters squared), smoking, excessive alco-
hol use, time elapsed since HIV diagno-
sis, nadir CD4 cell count, and US Centers
for Disease Control and Prevention
stage. Logistic regression analyses were
used to identify the predictive covari-
ates for response; assumptions were
tested and met. Covariates with P� .25
in likelihood ratio testing in univariate
analysis were included in a multivari-
ate model, and selection of indepen-
dent covariates was based on a back-
ward elimination procedure, retaining
covariates with P� .05. All statistical
computations were performed using SAS
software version 9.2 (SAS Institute Inc,
Cary, North Carolina).

RESULTS
Study Patients
A total of 437 adults infected with HIV-1
(145 in IM20�3 group, 148 in IM40�4
group, and 144 in ID4�4 group) were
randomized (Figure 1) between June 28,
2007, and October 23, 2008. No differ-
ences in baseline characteristics across
the study groups were observed
(TABLE 1). Eleven patients did not re-
ceive the vaccine and were not in-
cluded in the analysis. Overall, 141 pa-
tients in the IM20�3group,145patients
in the IM40�4 group, and 140 pa-
tients in the ID4�4 group were vacci-
nated and were included in the analy-
ses (Figure 1). The proportion of patients
whodiscontinued thevaccinationdidnot
differ between groups (P= .26). Pa-
tients were followed up in the trial for
primary comparison during 28 weeks,
ending on July 3, 2009. Anti-HBs titer at
final measurement was missing in 8 pa-
tients (6%) in the IM20�3 group, 16
(11%) in the IM40�4 group, and 6 (4%)
in the ID4�4 group (P=.06).

Immunogenicity

In the primary (efficacy) analysis, a re-
sponse was observed in 91 patients (65%;
95% confidence interval [CI], 56%-
72%) in the IM20�3 group; 119 pa-
tients (82%; 95% CI, 77%-88%) in the
IM40�4 group (P� .001 vs IM20�3
group); and 108 patients (77%; 95% CI,
69%-84%) in the ID4�4 group (P=.02
vs IM20�3 group). Using the last ob-
servation carried forward–imputed miss-
ing measurements, a response occurred
in 93 patients (66%; 95% CI, 58%-
74%) in the IM20�3 group; in 125 pa-
tients (86%; 95% CI, 80%-91%) in the
IM40�4 group (P� .001 vs IM20�3
group); and in 110 patients (79%; 95%
CI, 71%-85%) in the ID4�4 group
(P=.02 vs IM20�3 group) (FIGURE 2).
A high-level response was obtained in
58 patients (41%; 95% CI, 33%-50%)
in the IM20�3 group, in 107 patients
(74%; 95% CI, 66%-81%) in the
IM40�4 group (P� .001 vs IM20�3
group), and in 74 patients (53%; 95%
CI, 44%-61%) in the ID4�4 group
(P=.06 vs IM20�3 group). With the
40-µg intramuscular � 4 and the 4-µg

Figure 3. Geometric Mean Titer of Anti-HBs
by Vaccination Regimen

20-µg Intramuscular ×3 (n = 141)
Recombinant HBV vaccine

40-µg Intramuscular ×4 (n = 145)
4-µg Intradermal ×4 (n = 140)
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Anti-HBs indicates hepatitis B surface antibody; HBV,
hepatitis B virus. Last observation carried forward
(LOCF) rule applied for missing values. Because the
calculations were performed on LOCF-imputed data,
the denominators are the number of patients receiv-
ing at least 1 vaccine dose at each time point. Error
bars represent 95% confidence intervals.

Figure 4. Percentage of Responders at Week 28 According to Age, and CD4 Cell Count and
HIV-RNA Level Detectability by Vaccination Regimen

CD4 >350 cells/µL; HIV-RNA
≥50 copies/µL (n = 94)
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HIV indicates human immunodeficiency virus; HBV, hepatitis B virus. Last observation carried forward rule ap-
plied for missing values. Error bars represent 95% confidence intervals. For age, all P values were by Cochran-
Armitage �2 for trend (P=.003 for 20-µg intramuscular �3; P=.86 for 40-µg intramuscular �4; and P=.95 for
4-µg intradermal �4 recombinant HBV vaccine). For CD4 cell count and HIV-RNA detectability, all P values
were by Fisher exact test (P=.39 for 20-µg intramuscular �3; P=.04 for 40-µg intramuscular �4; and P=.09
for 4-µg intradermal �4 recombinant HBV vaccine).
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intradermal � 4 vaccination sched-
ules, protective anti-HBs titers were also
obtained more rapidly than with the
standard 20-µg intramuscular � 3
schedule (Figure 2).

At week 28, the geometric mean ti-
ter of anti-HBs was 55 mIU/mL (95%
CI, 31-96 mIU/mL) in the IM20�3
group, 795 mIU/mL (95% CI, 471-
1341 mIU/mL) in the IM40�4 group
(P� .001 vs IM20�3 group), and 104
mIU/mL (95% CI, 66-162 mIU/mL) in
the ID4�4 group (P=.05 vs IM20�3
group) (FIGURE 3).

Age was associated with response
in the IM20 � 3 group (P = .003)
(FIGURE 4), but not in the IM40�4
(P=.86) and ID4�4 (P=.95) groups.
The responses differed according to
HIV-1 RNA detectability and CD4
cell count in the IM40 � 4 group
(P = .04), but not in the IM20 � 3
group (P= .39) and was not statisti-
cally significant in the ID4�4 group
(P=.09) (Figure 4).

In a multivariate analysis, vaccina-
tion with the 40-µg intramuscular � 4
schedule and the 4-µg intradermal �
4 schedule induced higher response
rates than the standard 20-µg intra-
muscular � 3 schedule (TABLE 2).
Other predictive factors for response at
week 28 were female sex, lower age, no
active smoking (defined as smoking �5
cigarettes per day), higher baseline CD4
cell count, and undetectable plasma
HIV-1 RNA (Table 2).

Safety

Vaccination was discontinued in 6 pa-
tients (4%) in the IM20�3 group, 12
patients (8%) in the IM40�4 group
(P=.22 vs IM20�3 group), and 6 pa-
tients (4%) in the ID4 � 4 group
(P� .99 vs IM20�3 group). Vaccine
discontinuation was associated with
clinical or biological events in 5 pa-
tients, all of which were possibly re-
lated to vaccination (1 patient had os-
teoarthritis, 1 patient had headaches,
and 1 patient had severe cytolysis in the
IM40�4 group; and 1 patient had dys-
esthesia and 1 patient had vertigo in the
ID4�4 group). The severe cytolysis
event was a unique report of a serious

adverse event possibly related to vac-
cination. An increase in serum levels of
liver enzymes alanine aminotransfer-
ase and aspartate aminotransferase of
more than 10 times the upper limit of
normal was observed 4 weeks after the
first vaccine administration in a woman
(IM40�4 group) who had received
mifepristone for pregnancy termina-
tion 5 weeks before the first vaccine
dose. Cytolysis resolved 4 weeks after
the second vaccination without se-
quelae. Although a likely explanation
for hepatic cytolysis was mifepris-
tone, this event was coded as possibly
linked to vaccination, and coding was
confirmed by the adjudicat ion
committee.

Twenty-one other serious adverse
events were reported for 8 patients in
the IM20�3 group, 4 patients in the
IM40�4 group, and 9 patients in the
ID4�4 group (TABLE 3). None of them
was considered as being related or pos-
sibly related to vaccination or associ-
ated with vaccine discontinuation.

One patient in the IM20�3 group
(lost to follow-up) and 1 in the
IM40�4 group (incarcerated) were not
considered in the safety analysis. Over-
all, 1781 general or local adverse events
or laboratory abnormalities were re-

ported (eTable 2; available at http:
//www.jama.com), and the proportion
of patients experiencing at least 1 event
did not differ between the IM20�3 and
IM40�4 (P=.73) groups or the ID4�4
group (P=.37) (Table 3). However, pa-
tients in the IM40�4 group experi-
enced a higher rate of fever, nausea, or
edema, and patients in the ID4 � 4
group experienced a higher rate of lo-
cal adverse reactions (except pain,
which was less frequent) than did pa-
tients in the IM20�3 group. An in-
crease in levels of liver enzymes ala-
nine aminotransferase, aspartate
aminotransferase, or both of more than
the upper limit of normal occurred in
76 patients (18%), more frequently as-
sociated with HCV coinfection (6/16
[38%] HIV-HCV coinfected patients vs
70/408 (17%) HIV monoinfected pa-
tients; P=.05), and remained less than
2.5 times the upper limit of normal in
66 patients (87%). No threshold for in-
crease of liver enzyme aminotransfer-
ase levels was stipulated in the proto-
col for withholding vaccine.

No significant variation was ob-
served in the CD4 cell count between
day 0 and week 28 (mean difference,
−6.8 cells/µL; 95% CI, −32.1 to 18.4
cells/µL; P = .55 for comparison be-

Table 2. Significant Predictive Factors for Response at Week 28 (Multivariate Analysis)a

Factors
No. of Responders/

No. of Participants (%)
Adjusted OR

(95% CI)

Sex
Male 206/287 (72) 1 [Reference]

Female 122/139 (88) 2.03 (1.11-3.73)

Age, per 10-y increase 0.70 (0.54-0.92)

Recombinant HBV vaccination regimen
IM20�3 93/141 (66) 1 [Reference]

IM40�4 125/145 (86) 3.58 (1.92-6.67)

ID4�4 110/140 (79) 2.09 (1.18-3.68)

Active smokingb

No 231/282 (82) 1 [Reference]

Yes 97/144 (67) 0.46 (0.27-0.77)

Baseline CD4 cell count, per 100 cells/µL 1.12 (1.00-1.26)

Baseline HIV-RNA level
�50 copies/mL 267/332 (80) 1 [Reference]

�50 copies/mL 61/94 (65) 0.40 (0.23-0.71)
Abbreviations: CI, confidence interval; HBV, hepatitis B virus; HIV, human immunodeficiency virus; OR, odds ratio; IM20�3,

3 intramuscular injections of 20-µg standard dose of recombinant HBV vaccine; IM40�4, 4 intramuscular double doses
(40 µg [2 injections of 20 µg]) of recombinant HBV vaccine; and ID4�4, 4 intradermal injections of low doses (4 µg [1/5
of 20 µg]) of recombinant HBV vaccine.

aMissing week 28 hepatitis B surface antibody titer measurements were imputed using the last observation carried for-
ward method.

bDefined as smoking at least 5 cigarettes per day.
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tween day 0 and week 28 in the
IM20�3 group; −13.0 cells/µL; 95% CI,
−35.8 to 9.9 cells/µL; P = .34 in the
IM40�4 group; and −11.4 cells/µL;
95% CI, −35.7 to 13.0 cells/µL; P=.34
in the ID4�4 group).

The proportion of patients with at
least 50 copies/mL of HIV-1 RNA did
not differ significantly between day 0
and week 28 in those with paired

samples (28 patients [21%] at day 0 vs
23 patients [18%] at week 28, P=.20 in
131 patients in the IM20�3 group; 28
patients [21%] at day 0 vs 35 patients
[26%] at week 28, P=.09 in 133 pa-
tients in the IM40�4 group; and 25 pa-
tients [19%] at day 0 vs 24 patients
[18%] at week 28, P=.74 in 134 pa-
tients in the ID4�4 group). There was
no significant variation in plasma HIV-1

RNA level in those patients with at least
50 copies/mL of HIV-1 RNA between
day 0 and week 28 (mean difference,
0.26 log10 copies/mL; 95% CI, −0.13 to
0.66 log10 copies/mL; P = .20 in the
IM20�3 group; −0.01 log10 copies/
mL; 95% CI, −0.28 to 0.27 log10 copies/
mL; P=.59 in the IM40�4 group; and
0.19 log10 copies/mL; 95% CI, −0.17 to
0.56 log10 copies/mL; P = .16 in the
ID4�4 group).

Instruction was not provided for an-
tiretroviral therapy initiation or mainte-
nance during the trial; 2 of 20 patients
(10%) not receiving antiretroviral
therapy at baseline started antiretrovi-
ral therapy in the IM20�3 group, 3 of
30 patients (10%) in the IM40�4 group
(P� .99 vs IM20�3 group), and 1 of 19
patients (5%) in the ID4 � 4 group
(P� .99 vs IM20�3 group). Antiretro-
viral treatment was modified in 17 of 120
patients (14%) of those receiving the
treatment at baseline in the IM20�3
group, 21 of 114 patients (18%) in the
IM40�4 group (P= .48 vs IM20�3
group), and 19 of 121 patients (16%) in
the ID4�4 group (P=.86 vs IM20�3
group).

COMMENT
Our study is the first randomized trial
to our knowledge evaluating 2 alterna-
tive strategies of vaccination vs the stan-
dard HBV vaccine schedule in adults
with HIV. We observed a significant in-
crease in the response rate 1 month af-
ter the last dose of HBV vaccine in pa-
tients who received 4 intramuscular
doses of 40 µg compared with the 3
standard 20-µg doses (82% vs 65%, re-
spectively). Moreover, with the 40-µg
intramuscular � 4 schedule, a high
seroconversion rate was achieved as
soon as 12 weeks (72%; 95% CI, 64%-
79%). The proportion of responders at
week 28 with the 4-µg intradermal �
4 schedule was also higher in compari-
son with standard immunization (77%
vs 65%, respectively).

The results with the 40-µg intramus-
cular � 4 schedule are in agreement
with recent pilot studies. In the study
by Potsch et al,21 patients with HIV re-
ceived 4 doses (40 µg) of HBV vaccine

Table 3. Local and Systemic Adverse Eventsa

No. (%) of Patients
in Recombinant HBV
Vaccination Regimen P Valueb

IM20�3
(n = 140)

IM40�4
(n = 144)

ID4�4
(n = 140)

IM20�3
vs IM40�4

IM20�3
vs ID4�4

Patients with �1 adverse event
(clinical or laboratory
abnormalities), highest grade

All 119 (85) 125 (87) 125 (89) .73 .37

Grade 1 58 (41) 57 (40) 43 (31)

Grade 2 50 (36) 61 (42) 72 (51)

Grade 3 8 (6) 6 (4) 8 (6)
.67 .11

Grade 4 3 (2) 1 (1) 2 (1)

Systemic adverse eventsc

All 108 (77) 109 (76) 106 (76) .78 .89

Asthenia 15 (11) 26 (18) 23 (16) .09 .22

Headache 14 (10) 23 (16) 20 (14) .16 .36

Fever 7 (5) 18 (13) 11 (8) .03 .47

Myalgia 10 (7) 20 (14) 7 (5) .08 .62

Nausea 4 (3) 15 (10) 9 (6) .02 .26

Local adverse eventsc

All 38 (27) 60 (42) 73 (52) .01 �.001

Erythema 9 (6) 13 (9) 46 (33) .51 �.001

Pain 27 (19) 41 (28) 9 (6) .07 .002

Pruritus 3 (2) 10 (7) 28 (20) .09 �.001

Nodule 8 (6) 10 (7) 21 (15) .81 .02

Induration 5 (4) 9 (6) 19 (14) .41 .005

Edema 1 (1) 9 (6) 15 (11) .02 �.001

Discoloration 2 (1) 3 (2) 12 (9) �.99 .01

Laboratory abnormalitiesc

All 48 (34) 50 (35) 50 (36) �.99 .90

Hypertransaminemiad 27 (19) 22 (15) 27 (19) .43 �.99

Leukopenia 17 (12) 27 (19) 30 (21) .14 .054

Neutropenia 15 (11) 17 (12) 16 (11) .85 �.99

Serious adverse eventse 8 (6) 5 (3) 9 (6) .41 �.99
Abbreviations: HBV, hepatitis B virus; IM20�3, 3 intramuscular injections of 20-µg standard dose of recombinant HBV

vaccine; IM40�4, 4 intramuscular double doses (40 µg [2 injections of 20 µg]) of recombinant HBV vaccine; and ID4�4,
4 intradermal injections of low doses (4 µg [1/5 of 20 µg]) of recombinant HBV vaccine.

aValues are for patients who received at least 1 dose of vaccine with 1 postvaccination safety measure.
bFisher exact test was used for comparisons between groups.
cOnly events that occurred in at least 8% of patients in either vaccination group are shown to be able to present the data

concisely (for complete data on adverse events, see eTable 2; available at http://www.jama.com).
dHypertransaminemia was defined as alanine aminotransferase or aspartate aminotransferase or both at levels more than

1.25 times the upper limit of normal.
eSerious adverse events were defined as per the European Medicines Agency definition (http://www.emea.europa.eu

/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002749.pdf) as fatal or life-threatening events or
events that required or prolonged hospitalization, or resulted in persistent or clinically significant disability or incapacity,
or congenital anomaly or birth defect, or required intervention to prevent 1 of the specific adverse events listed above. As
per trial protocol, grade 3 local adverse events were added to the definition of serious adverse events. Only 1 serious
adverse event (occurring in the patient with severe cytolysis, described in the “Results” section) was considered asso-
ciated with the vaccine.
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at 0, 1, 2, and 6 months. An antibody
response of at least 10 mIU/mL and at
least 100 mIU/mL was observed in 89%
and 78% of patients, respectively. In the
study by Cruciani et al,14 patients with
HIV received 3 high doses (40 µg) of
HBV vaccine at 0, 1, and 2 months, and
nonresponders to the initial immuni-
zation received 1 to 3 boosters. The re-
sponse rates were 60% after the pri-
mary vaccination and 89.2% after the
boosters.14

With the 40-µg intramuscular � 4
vaccination schedule, we observed that
protective anti-HBs titers were ob-
tained more rapidly than with the stan-
dard 20-µg intramuscular � 3 sched-
ule. Therefore, in “real life,” even without
completion of the recommended 4-dose
schedule, good levels of protection could
nevertheless be achieved with only 3
doses. With the standard 20-µg intra-
muscular � 3 schedule, response to im-
munization decreased with age as pre-
viously reported.22 Of interest, the 40-µg
intramuscular � 4 vaccination sched-
ule allowed for the possibility of over-
coming this limitation and high rates of
immunization were obtained indepen-
dently of age.

The intradermal route has been
tested in several clinical trials, particu-
larly in patients with dialysis who have
suboptimal response to HBV vac-
cine.18 In patients with HIV infection,
few data exist regarding HBV immuni-
zation using the intradermal route. Our
data indicate that the 4-µg intrader-
mal � 4 administration is signifi-
cantly more efficient than the stan-
dard 20-µg intramuscular � 3
administration. Interestingly, the re-
sponse to the intradermal immuniza-
tion appeared to be independent of age.

It has been shown that the long-
term persistence of the anti-HBs re-
sponse was associated with the anti-
HBs titer after vaccination.14,20,23 In our
study, 74% of patients in the IM40�4
group had anti-HBs titers of at least 100
mIU/mL, which is considered to be fully
protective and associated with long-
term response.20,24 In the IM20�3 and
ID4�4 groups, these percentages were
41% and 53%, respectively.

Only 1 serious adverse event possi-
bly related to the vaccine was reported
in the IM40�4 group. A higher inci-
dence of injection site adverse events
was reported in the ID4 � 4 group
compared with the IM20�3 group.
Rates of solicited systemic reactions
were generally similar among all 3
groups. Although patterns observed
after subsequent injections were simi-
lar to those observed after the first
injection, the percentages of adverse
events in all groups were higher after
the first injection than after the follow-
ing injections. However, these adverse
events remained generally mild.
Despite these relative drawbacks, the
results show the potential for intrader-
mal vaccination to reduce antigen
dose compared with intramuscular
delivery. New intradermal delivery
methods such as micro-injection or
needle-free systems are in develop-
ment.25 Such devices could facilitate
vaccination campaigns after an evalua-
tion of new vaccination schedules in
controlled clinical trials.

Our study has some limitations. First,
we evaluated serum titers of anti-HBs
but we did not attempt to evaluate pro-
tection against HBV infection. How-
ever, anti-HBs titer of more than 10
mUI/mL is a widely accepted surro-
gate marker. Second, efficacy was as-
sessed at week 28 and long-term pro-
tection is presently not known. The
high percentage of patients with anti-
HBs titers of at least 100 mIU/mL in the
IM40�4 group suggests long-term per-
sistence of HBV immunization. Third,
the study design did not allow for a
comparison of 3 double doses and 4
double doses of vaccination. How-
ever, the 3 double-dose regimen was
previously evaluated by Fonseca et al6

and did not demonstrate significant su-
periority compared with the standard
regimen. Furthermore, the 4 double-
dose regimen is recommended in other
settings in which there is impairment
of immune function.26 In addition, pa-
tients with CD4 cell counts of less than
200 cells/µL were not evaluated in our
trial, to be in accordance with Euro-
pean guidelines.27

In conclusion, in a large randomized
controlled trial, both the 4 intramuscu-
lar double-dose regimen and the 4 in-
tradermal low-dose regimen improved
serological response in comparison with
a standard schedule of HBV vaccine in
adults with HIV infection with CD4 cell
counts of more than 200 cells/µL.
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Girard (Hôpital St Antoine, Paris); Jean-Michel Molina
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