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ABSTRACT The response to the HBV vaccine in HIV-infected patients is deficient.
Our aim was to analyze whether a suppressive combined antiretroviral treatment
(cART) containing maraviroc (MVC-cART) was associated with a better response to
HBV vaccine. Fifty-seven patients on suppressor cART were administered the HBV
vaccine. The final response, the early response, and the maintenance of the re-
sponse were assessed. An anti-HBs titer of �10 mIU/ml was considered a positive
response. A subgroup of subjects was simultaneously vaccinated against hepatitis A
virus (HAV). Lineal regression analyses were performed to determine demographic,
clinical, and immunological factors associated with the anti-HBs titer. Vaccine re-
sponse was achieved in 90% of the subjects. After 1 year, 81% maintained protec-
tive titers. Only simultaneous HAV vaccination was independently associated with
the magnitude of the response in anti-HBs titers, with a P value of 0.045 and a re-
gression coefficient (B) [95% confident interval (CI)] of 236 [5 to 468]. In subjects
�50 years old (n � 42), MVC-cART was independently associated with the magni-
tude of the response (P � 0.009; B [95% CI], 297 [79 to 516]) together with previous
vaccination and simultaneous HAV vaccination. High rates of HBV vaccine response
can be achieved by revaccination, simultaneous HAV vaccination, and administration
of cARTs including MVC. MVC may be considered for future vaccination protocols in
patients on suppressive cART.
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HIV accelerates viral hepatitis-related liver damage, early cirrhosis, and end-stage
liver disease (1, 2). Direct antiviral agents for hepatitis C virus (HCV) infection are

paving the way for HCV eradication in HIV-coinfected patients. For hepatitis B virus
(HBV) and hepatitis A virus (HAV), the vaccine is the most effective method to prevent
the morbimortality associated with these infections, specially in HIV-infected popula-
tions. However, the response to HBV vaccine following the classic vaccination schedule
in HIV-infected patients is deficient (3). In addition to the insufficient number of patients
responding to these vaccines, in those who respond, the magnitude of protective
antibody titers is low and is subsequently lost quickly, which probably restricts the
protection of these patients in the long term (4). For this reason, interventions to
improve the response to HBV vaccine in HIV-infected patients are urgently needed.
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Apart from controlling for traditional clinical factors associated with lower rates of
response such as CD4 T-cell counts and viral load levels (5), the number of doses and
the immunization schedule seem to be important too (6, 7). However, no attention has
been paid regarding the type of antiretroviral treatment in relation to the rate and
magnitude of response. We hypothesize that a combined antiretroviral treatment
(cART) containing the CCR5 antagonist maraviroc (MVC) might increase the rates of
response to HBV vaccine in HIV-infected patients on suppressive therapy (cART). In
support of this hypothesis, we have observed that a switch from a suppressive MVC-free
cART to an MVC-containing cART decreased the levels of inflammatory biomarkers (8).
In addition, a beneficial profile in HIV disease progression markers such as soluble CD14
(sCD14) and T-cell immunosenescence has been observed in a cART including MVC (9).
Finally, we have shown that MVC is able to reduce the frequency of regulatory T-cell
(Tregs) (10) and also that a higher frequency of Tregs was associated with a lower rate
and magnitude of response to HBV vaccine in HIV-infected patients (11). Altogether,
these immunomodulatory effects of MVC may allow synchronized and coordinated
innate and adaptive immune responses, which may facilitate a better response to
vaccines. In fact, MVC has been shown to enhance meningococcal neoimmunization
and improve the response to recall antigens, such as tetanus toxoid (12). Thus, the aim
of the present work was to analyze whether a suppressive MVC-containing cART was
associated with a better response to HBV vaccine in HIV-infected patients.

RESULTS
Characteristics of the study subjects. Fifty-seven HIV-infected subjects were in-

cluded in the study, whose vaccination protocol is summarized in Fig. 1; three subjects
were lost between month 6 and the year of follow-up. Demographic, clinical, and
immunological characteristics of the subjects are summarized in Table 1. Briefly, most
were men (79%) with a median age of 44 years. During the vaccination, 46% of the
subjects were receiving a nucleoside-reverse transcriptase inhibitor (NRTI)-containing
cART (NRTI-cART) consisting of two NRTIs and one protease inhibitor (PI) or two NRTIs
and one non-NRTI. On the other hand, nearly one-half of the subjects were receiving
a maraviroc-containing cART (MVC-cART) consisting of MVC and a boosted PI or MVC
and two NRTIs. All subjects on an MVC-cART had been previously tested for CCR5-tropic
virus. Approximately one-third of the cohort had been previously vaccinated against
HBV, and one-third received simultaneous HBV and HAV vaccinations.

Rates of vaccine response and antibody titers. The vaccine response (antiHBs
�10 mIU/ml at month 6) was observed in 51/57 (90%) subjects. The mean of anti-HB
titers at month 6 in this cohort was 644 (101 to 1,000). Early responses were observed
in 20/57 (35%) subjects after the first dose (month 1) and in 42/57 (74%) of the subjects
after the second dose (month 3) (Fig. 2). Vaccine response was maintained in 44/54
(81%) subjects after 1 year of follow-up.

Maraviroc-containing cART, previous vaccination, and simultaneous HAV vac-
cination were independently associated with the magnitude of the vaccine re-
sponse in subjects younger than 50 years. The associations of different demo-

FIG 1 Vaccination protocol. Subjects received 3 intramuscular (deltoid region) double doses (40 �g) of the
recombinant Engerix-B vaccine (GlaxoSmithKline, Brentford, United Kingdom) at 0, 1, and 3 months. The
vaccine response was measured 6 months after the first dose. We measured the early response at months 1
and 3 after the first dose and the maintenance of the response 1 year after the first vaccination dose.
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graphic, clinical, and immunological characteristics with the magnitude of the final
response (anti-HBs titer) are shown in Table 2. In the unadjusted model, female sex and
simultaneous HAV vaccination were associated with the antibody titer; in addition,
MVC-cART was positively associated with the magnitude of the response with border-
line significance. In fact, the antibody titer was significantly higher in the group of
subjects receiving MVC-cART (1,000 [320 to 1,000] versus 704 [36 to 1,000] mIU/ml; P �

0.048); these groups did not differ in the parameters of the study with the exception of
age (42 [31 to 48] versus 47 [41 to 54] years; P � 0.012) and NRTI-containing cART (5
[18] versus 21 [72] subjects; P � �0.001) (see Table S1 in the supplemental material).
Only simultaneous HAV vaccination was independently associated with the magnitude
of the response in anti-HBs titers (B), with a P value of 0.045 and a regression coefficient
(B) [95% confidence interval (CI)] of 236 [5 to 468], after adjusting for sex, CD4 T-cell
counts, previous vaccination, and MVC-cART.

Interestingly, we observed that the effect of maraviroc was enhanced in subjects
younger than 50 years (n � 42). After adjusting for sex, previous AIDS, previous
vaccination, and simultaneous HAV vaccination, MVC-cART was independently

TABLE 1 Demographic, clinical, and immunological characteristics of the studied subjects

Characteristic, unit (n � 57) n (%) or median value (IQR)

Male sex, n 45 (79)
Age, yr 44 (36–50)
Nadir CD4� T-cell count, cells/mm3 257 (152–396)
CD4� T-cell count, cells/mm3 696 (552–887)
CD8� T-cell count, cells/mm3 647 (494–972)
CD4�/CD8� ratio 1.02 (0.79–1.48)
Time since diagnosis, mo 95 (42–217)
Sexual transmission, n 51 (90)
Previous AIDS, n 4 (7)
Previous HCV coinfection, n 7 (12)
NRTI-containing cART, n 26 (46)
MVC-containing cART, n 28 (49)
Previous HBV vaccination, na 19 (33)
Simultaneous HAV vaccination, n 19 (33)
CCR5 WT/Δ32, n 10 (17)
hsCRP, mg/liter 1 (0.6–2)
aPrevious HBV vaccination data were available for only 56 subjects.

FIG 2 Rates of vaccine response. Percentage of subjects responding at month 1 (early first-dose
response), month 3 (early second-dose response), and month 6 (final-vaccination response) and main-
taining response at 1 year after the first dose. The numbers inside the bars quantify the subjects with
positive vaccine response among the subjects with the vaccine response data recorded. The vaccine
response was considered positive when the anti-HBs titer was �10 mIU/ml.
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associated with the magnitude of the response (P � 0.009; B [95% CI], 297 [79 to
516]) (Table 3).

The early response was favored mainly by previous vaccination, and an addi-
tional effect of maraviroc was also observed in subjects younger than 50 years.
We also explored the potential associations of study variables with the early response
after the first dose (month 1) (see Table S2 in the supplemental material) and after the
second dose (month 3) (see Table S3 in the supplemental material). At both time points,
to be previously vaccinated against HBV was independently associated with the
antibody titer (P � �0.001; B [95% CI], 363 [216 to 510]) and (P � �0.001; B [95% CI],
483 [295 to 670]), respectively. At month 3, the sex was also independently associated
with the antibody titer (P � 0.039; B [95% CI], �228 [�444 to �11]).

When we restricted these analyses to subjects with age �50 years (n � 42), in the
early response to the second dose (month 3), we observed an independent association
with the MVC-cART (P � 0.041; B [95% CI], 206 [8 to 403]), together with that of the

TABLE 2 Multivariate analysis of factors associated with the magnitude of HBV vaccine responsea

Characteristic, unit (n � 57) Unadjusted P value; B (95% CI) Adjusted P value; B (95% CI)

Male sex, n (%) 0.013; �344 (�615–�74) 0.085; �237 (�509–33)
Age, yr 0.347; �5 (�17–6)
Nadir CD4� T-cell count, cells/mm3 0.685; 0.15 (�0.60–0.90)
CD4� T-cell count, cells/mm3 0.122; 0.37 (�0.10–0.85) 0.343; 0.21 (�0.24–0.67)
CD8� T-cell count, cells/mm3 0.569; �0.09 (�0.42–0.23)
CD4�/CD8� ratio 0.265; 107 (�83–299)
Time since diagnosis, mo 0.438; 0.46 (�0.73–1.66)
Sexual transmission, n 0.906; 22 (�357–402)
Previous AIDS, n 0.745; �74 (�529–381)
Previous HCV coinfection, n 0.831; 38 (�317–393)
NRTI containing cART, n 0.193; 152 (�79–385)
MVC containing cART, n 0.060; 217 (�9–444) 0.107; 172 (�38–383)
Previous HBV vaccination, nb (%) 0.119; 191 (�50–434) 0.070; 205 (�17–428)
Simultaneous HAV vaccination, n (%) 0.022; 282 (43–521) 0.045; 236 (5–468)
CCR5 WT/Δ32, n (%) 0.630; 73 (�232–379)
hsCRP, mg/liter 0.354; 3 (�4–11)
aDifferent factors were associated with the anti-HBs titer. All demographic, clinical, and immunological variables with a P value of �0.15 in the unadjusted model
were included in the adjusted model and are shown in bold. Male sex, CD4� T-cell count, MVC-containing cART, previous HBV vaccination, and simultaneous HAV
vaccination were included in the multivariate model. Variables with a P value of �0.05 in the adjusted model were considered statistically significant and are shown
in bold.

bPrevious HBV vaccination data were available for 56 of 57 subjects.

TABLE 3 Multivariate analysis of factors associated with the magnitude of vaccine response in subjects younger than 50 yearsa

Characteristic (n � 42) Unadjusted P value; B (95% CI) Adjusted P value; B (95% CI)

Male sex, n (%) 0.055; �294 (�595–7) 0.132; �196 (�454–61)
Age, yr 0.583; �4 (�22–12)
Nadir CD4� T-cell count, cells/mm3 0.349; 0.39 (�0.45–1.24)
CD4� T-cell count, cells/mm3 0.195; 0.36 (�0.19–0.93)
CD8� T-cell count, cells/mm3 0.448; �0.14 (�0.54–0.24)
CD4�/CD8� ratio 0.206; 138 (�79–356)
Time since diagnosis, mo 0.251; 0.79 (�0.58–2.16)
Sexual transmission, n (%) 0.579; 114 (�298–527)
Previous AIDS, n (%) 0.074; �548 (�1152–56) 0.103; �421 (�933–90)
Previous HCV coinfection, n (%) 0.453; 154 (�257–566)
NRTI containing cART, n (%) 0.351; 127 (�145–399)
MVC containing cART, n (%) 0.008; 344 (96–593) 0.009; 297 (79–516)
Previous HBV vaccination, n (%)b 0.082; 247 (�32–527) 0.047; 239 (3–474)
Simultaneous HAV vaccination, n (%) 0.029; 287 (30–544) 0.037; 238 (15–462)
CCR5 WT/Δ32, n (%) 0.398; 137 (�187–462)
hsCRP, mg/liter 0.643; 2 (�6–10)
aDifferent factors were associated with the anti-HBs titer in subjects less than 50 years. All demographic, clinical, and immunological variables with a P value of �0.15
in the unadjusted model were included in the adjusted model and are shown in bold. Male sex, previous AIDS, MVC-containing cART, previous HBV vaccination, and
simultaneous HAV vaccination were included in the multivariate model. Variables with a P value of �0.05 in the adjusted model were considered statistically
significant and are shown in bold.

bPrevious HBV vaccination data were available for 41 of 42 subjects.
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previous vaccination (P � �0.001; B [95% CI], 539 [328 to 751]) (see Table S4 in the
supplemental material).

Female sex, previous vaccination, and simultaneous vaccination were associ-
ated with the maintenance of the antibody titer 1 year after the vaccination. We
additionally analyzed the factors associated with the antibody titer maintenance after
1 year after the first dose (Table 4). Adjusted analyses revealed that female sex (P �

0.013; B [95% CI], �304 [�543 to �66]), the previous vaccination (P � 0.027; B [95% CI],
221 [26 to 415]), and the simultaneous HAV vaccination (P � 0.008; B [95% CI], 292 [80
to 503]) were independently associated with the antibody titer.

At this time point, the restriction to subjects with age �50 (n � 42) did not show
association of MVC-cART with the antibody titer maintenance (P � 0.236; B [95% CI],
126 [�86 to 340]), whereas only the sex P � 0.036; B (95% CI), �267 (�518 to �17) and
the simultaneous HAV vaccination were independently associated (P � 0.012; B [95%
CI], 287 [67 to 506]).

DISCUSSION

In this work, we show that the type of cART, specifically those combinations
including the CCR5 antagonist MVC, was associated with the magnitude of the high
rate of response (90%) to the HBV vaccine in subjects younger than 50 years old.
Additionally, we observed that simultaneous HAV vaccination, previous HBV vaccina-
tion, and female sex were also associated with the magnitude of response in the overall
population of HIV-infected patients on suppressive cART.

The association of the type of cART with the magnitude of the response only in
subjects under 50 years old is especially important since the HIV-infected population is
becoming older, with increased morbidity and mortality rates in people over 50 years
old (13). The results presented here point to an early HBV vaccination in people under
50 years old, for which an additional strategy using a MVC-cART can be adopted to
increase the magnitude of the response. The increased damage of immune function
with age, also known as immunosenescence, decreases response to vaccines among
other functions (13) and is accentuated or presents unique features in HIV infection
scenario (14, 15). This age-related immune deterioration, in people older than 50, may
compromise the beneficial immune profile exerted by MVC. The reasons why an
MVC-cART was able to increase the early and final magnitudes of the HBV vaccine
response are unknown but may reside in the very diverse immunomodulatory prop-
erties of this CCR5 antagonist. For instance, MVC has been shown to ameliorate
graft-versus-host disease in the allogeneic hematopoietic stem cell transplantation

TABLE 4 Analysis of factors associated with titer maintenance at 1 yeara

Characteristic (n � 54) Unadjusted P value; B (95% CI) Adjusted P value; B (95% CI)

Male sex, n (%) 0.003; �396 (�647–�144) 0.013; �304 (�543–�66)
Age, yr 0.431; �4 (�16–7)
Nadir CD4� T-cell count, cells/mm3 0.354; �0.32 (�1.02–0.37)
CD4� T-cell count, cells/mm3 0.307; 0.23 (�0.22–0.68)
CD8� T-cell count, cells/mm3 0.714; �0.05 (�0.36–0.25)
Ratio CD4�/CD8� 0.690; 36 (�145–218)
Time since diagnosis, mo 0.228; 0.68 (�0.44–1.81)
Sexual transmission, n (%) 0.919; 17 (�333–369)
Previous AIDS, n (%) 0.897; �27 (�449–394)
Previous HCV coinfection, n (%) 0.842; �33 (�362–296)
NRTI containing cART, n (%) 0.327; 109 (�112–331)
MVC containing cART, n (%) 0.325; 109 (�111–330)
Previous HBV vaccination, n (%)b 0.073; 204 (�20–430) 0.027; 221 (26–415)
Simultaneous HAV vaccination, n (%) 0.003; 350 (128–572) 0.008; 292 (80–503)
CCR5 WT/Δ32, n (%) 0.838; �29 (�313–255)
hsCRP, mg/liter 0.256; 4 (�3–11)
aFactors associated with the anti-HBs maintenance 1 year after the first dose. All demographic, clinical, and immunological variables with a P value of �0.15 in the
unadjusted model were included in the adjusted model and are shown in bold. Male sex, previous HBV vaccination, and simultaneous HAV vaccination were
included in the multivariate model. Variables with a P value of �0.05 in the adjusted model were considered statistically significant and are shown in bold.

bPrevious HBV vaccination data were available for 53 of 54 subjects.
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through inhibition of lymphocyte trafficking (16, 17). In addition, MVC suppressed
tumor growth and induced cell apoptosis in the setting of acute lymphoblastic leuke-
mia cells (18). In the scenario of HIV infection, in two clinical trials, MVC has been
associated with improved duodenal immunity and reduction of bone loss in
antiretroviral-naive HIV-infected patients (19, 20). Specifically, MVC may exert a better
anti-inflammatory profile that may enhance the immune response after vaccination, as
we have previously shown a decrease in levels of �2-microglobulin, soluble CD40L, and
sCD14 after switching from an MVC-free cART to an MVC-cART (8). These data, together
with the effect on reducing the Treg frequency (10, 21), which have been negatively
associated with the rate of HBV response in patients on cART (11), support our results.
Additionally, these results are in accordance with the beneficial effects of MVC in other
settings of vaccination, such as the improved response to meningococcal neoimmu-
nizations and the accelerated lymphoproliferation to tetanus toxoid boost (12). The
absence of a CCR5 WT/Δ32 variant (see Materials and Methods) association with the
magnitude of the HBV vaccine response suggests that this effect is drug specific or that
the population size is too small to derive a definitive conclusion. Further research is
encouraged to explore potential immunological mechanisms subjacent to the effect of
MVC.

In this study, we observed that double doses (40 �g) on a rapid schedule (0, 1, and
3 months) of HBV vaccination are effective in reaching a high rate of response in
HIV-infected patients on cART. This is in accordance to previous studies with all patients
on cART that have shown improved response using a double dose of intramuscular
vaccine compared to a single dose (20 �g) (7, 22). Despite the fact that most of the
patients were male, the characteristics of the included subjects, who had relatively high
CD4 T-cell counts (�300 CD4 T-cells/mm3) and undetectable viral loads because of
cART, are in accordance with previous works (23–25) as determinants to reach a high
rate of response in HIV-infected people.

Regarding the factors associated with the magnitude of the response, simultaneous
vaccination against HAV was associated not only with the final response but also with
the maintenance of the magnitude after 1 year. There are limited data about this
synergistic effect that suggest an increased rate of response in HIV-infected patients
vaccinated with the combined HAV/HBV vaccine (26, 27). The reasons for the improved
response, in our case after simultaneous vaccinations, are unknown at the moment. We
can speculate about the increased amount of adjuvant, aluminum hydroxide, which
was present in both vaccines and may favor innate and adaptive immune responses
(28), and/or, alternatively, the increased immune response due to cross-reactivity of
both types of viral antigens. In addition to this added value, HAV vaccination itself is
very important now due to the recent outbreaks of HAV infection in men who have sex
with men in HIV-infected populations (29).

Globally, two other important factors associated with the magnitude of the response
were revaccination and female sex. The revaccination has been effective in several
cohorts of nonresponders (26, 27, 30, 31). There is no global recommendation about
which schedule to use. Although we do not know if the 33% of patients with antiHBs
titers of �10 mUI/ml were nonresponders to the first vaccine or if these titers were lost
during the follow-up, revaccination yielded a high response in these subjects. These
results point out the presence of an anamnestic response favoring a higher magnitude
of response in individuals revaccinated, which raises the question of whether these
subjects are actually protected even with antiHBs levels of �10 mIU/ml (32). In any
case, these data support a periodical supervision of antiHBs titers to determine when
new boosters are needed. The influence of sex in the magnitude of the response is in
accordance with previous works involving HIV-infected patients (5, 7, 30); however, the
mechanisms behind a high response in females are poorly understood, but the
association of sex steroids with an improved innate and adaptive immunity in women
may explain it (33).

This study has some limitations. We were not able to analyze factors associated with
the rate of response due to the fact that 90% of the subjects responded to the vaccine.
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In addition, a deleterious effect has been attributed to NRTIs favoring a short telomere
length in T cells (34), which has been associated with a paucity in vaccine response (35).
Ideally, an MVC-cART with no NRTIs may be the best regimen for reaching the highest
magnitude of response; however, that combination was not represented well enough
to make any statistically significant contrast. In addition, we had to restrict the cohort
to patients younger than 50 years old, and a larger cohort is needed to confirm our
observations.

In summary, an early and high magnitude of response after HBV vaccination can be
achieved with revaccination, simultaneous HAV vaccine, and the administration of a
suppressive cART containing MVC. This CCR5 antagonist may act as an immune booster
beyond its antiviral effect, enabling a favorable immune milieu to increase the mag-
nitude of the HBV vaccine response. The inclusion of this drug in further HBV vaccina-
tion protocols in HIV-infected patients on suppressive cART should be considered.

MATERIALS AND METHODS
Study participants. In this observational study, 57 HIV-infected subjects were included from the

Assistance Vaccination Program from the Virgen del Rocío University Hospital, Seville, Spain, between
April 2013 and July 2015. Inclusion criteria were (i) being on suppressive cART (undetectable viral load)
during at least 6 months, (ii) having CD4 T-cell populations of �300 cell counts/�l, (iii) having negative
serology for HBsAg and anti-HBc, and (iv) having anti-HBs titers of �10 mIU/ml. Written informed
consent was obtained from all study participants. The study was approved by the ethics review board
from the Virgen del Rocío University Hospital.

Vaccination protocol. All subjects received 3 intramuscular (deltoid region) double doses (40 �g) of
the recombinant Engerix-B vaccine (GlaxoSmithKline, Brentford, United Kingdom) at 0, 1, and 3 months
(Fig. 1). The vaccine response was measured 6 months after the first dose. Additionally, we measured
the early response at months 1 and 3 after the first dose and the maintenance of the response 1 year
after the first dose of vaccination. The vaccine response was considered positive when the anti-HBs
titer was �10 mIU/ml. A group of subjects was simultaneously vaccinated at 0 and 6 months against
HAV (simultaneous HAV vaccination) with two intramuscular doses of the vaccine Havrix-1440
(GlaxoSmithKline, Brentford, United Kingdom). This subgroup of subjects had negative serology for
HAV.

Clinical data and laboratory measurements. Demographic, clinical, and immunological data,
including the presence of a 32-bp deletion in the CCR5 gene (CCR5Δ32) and high-sensitivity C-reactive
protein (hsCRP) levels, were recorded in a database. Absolute CD4 and CD8 T cell counts were
determined with an Epics XL-MCL flow cytometer (Beckman-Coulter, Brea, CA), according to the
manufacturer’s instructions. Plasma HIV-1 RNA levels were measured using quantitative PCR (Cobas
Ampliprep/Cobas TaqMan HIV-1 test; Roche Molecular Systems, Basel, Switzerland), according to the
manufacturer’s protocol. The detection limit was 20 HIV-RNA copies/ml. Plasma samples were tested for
HBV-related markers (HBsAg, anti-HBs, and anti-HBc) using an HBV enzyme-linked immunosorbent assay
(ELISA; Siemens Healthcare Diagnosis, Malvern, PA). Qualitative PCR amplification was used for plasma
HCV amplification (Cobas Amplicor; Roche Diagnosis); the test had a detection limit of 15 IU/ml. The
hsCRP levels were determined with an immunoturbidimetric serum assay, using Cobas 701 (Roche
Diagnostics, Mannheim, Germany). CCR5Δ32 deletion was assayed in DNA samples obtained from
peripheral blood mononuclear cells (PBMCs) using the QIAamp blood kit (Qiagen) by PCR as previously
described (36). Two fragments were generated, the wild-type (WT) fragment (185 bp) and the deleted
fragment (153 bp), detected in 2% agarose gels. Heterozygosity (CCR5 WT/Δ32) was considered when the
two fragments were present.

Statistical analyses. Continuous variables were expressed as medians and interquartile ranges [IQR]
and categorical variables as numbers and percentages. Comparisons between groups were made using
the nonparametric Mann-Whitney U test. Lineal regression analyses were performed to determine factors
associated with the magnitude of response (absolute anti-HBs titer). Among covariates, we analyzed the
type of cART as NRTI- or MVC-containing cART during the vaccination protocol. As a post hoc analysis, we
restricted the study population to subjects younger than 50 years old. All demographic, clinical, and
immunological variables with a P value of �0.15 in the unadjusted model were included in the adjusted
model. Variables with a P value of �0.05 in the adjusted model were considered statistically significant.
Statistical analyses were performed using SPSS software (version 22; IBM SPSS, Chicago, IL), and graphs
were generated using Prism (version 5, GraphPad Software, Inc.).
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