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Abstract
Hepatitis B-specific memory B cell (HSMBC) frequencies were measured following hepatitis B
vaccination in 15 HIV uninfected and 12 HIV infected adolescents. HSMBC were detected at
significantly lower frequencies in HIV infected than in HIV uninfected individuals. The detection
of HBsAb >10 mIU/ml at study week 28 was strongly associated with the detection of HSMBC and
a direct correlation between HBsAb titers and HSMBC frequencies was observed. In HIV uninfected
individuals, antibody titers >1000 mIU/ml were associated with higher HSMC frequencies. Lower
HSMBC frequencies, reduced memory B cell (MBC) proliferation, and altered B cell phenotypes
were measured in viremic HIV infected individuals compared with aviremic HIV infected or HIV
uninfected individuals.
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1. Introduction
HIV and HBV share several risk factors, and co-infection frequently occurs [1]. HIV infection
prolongs HBV infectivity and significantly increases mortality risk in HBV infected patients
[2,3]. HBV can accelerate progression to AIDS; HIV infection has been associated with a rapid
decline in HBV antibody titers, reactivation of latent HBV, or increased risk of re-infection
[4–8]. HBV co-infection complicates clinical management of HIV co-infection and may limit
antiviral options [9]. HBV vaccination is thus routinely recommended for HIV infected
individuals. The HBV vaccines used in the present study (Engerix, Recombivax, and Twinrix)
were licensed for general use based on immunogenicity data obtained from studies of HIV
uninfected individuals [10–12]. However, suboptimal seroconversion to HBV vaccination has
been documented in HIV infected individuals [4,8,13]. Some investigators have thus suggested
that increasing the dose or number of vaccinations or including adjuvants may improve
responses to HBV immunization in HIV infected individuals [4,8,13–18].

HBV antibody titers above 10 mIU/ml to HBV surface antigen (HBsAb) are considered
protective [7,19–21]. Even following successful HBV vaccination in healthy individuals, levels
may decrease below this cut-off over time [7]. In animal models, however, some protection
against subsequent re-challenge persists despite waning of antibody levels below the 10 mIU/
ml threshold [19]. HSMBC have been detected in vaccinated or exposed human subjects with
antibody levels less than 10 mIU/ml [22,23], suggesting the potential importance of HBV-
specific memory in protection against infection or disease.

Multiple B cell abnormalities have been described in HIV infection, including increased
expression of cell-activation markers, hypergammaglobulinemia, and depletion of memory B
cells (MBC) leading to ineffective recall responses [24–27]. B cell dysfunction may result in
lower rates of seroconversion, accelerate the decline of antibody levels, and impair the
generation or accelerate the loss of antigen-specific MBC in HIV infected patients [28,29].
Improved B cell function was observed following the initiation of highly active antiretroviral
therapy (HAART) in viremic HIV infected adults but MBC frequencies remained low over a
year after viral control was attained [30].

In the present study, we evaluated the generation and maintenance of HBV-specific antibodies
and MBC following HBV vaccination of HIV infected and HIV uninfected adolescents. We
also explored the relationship between the detection of MBC immediately following
vaccination and persistence of antibodies one year following completion of HBV vaccination.
Finally, we evaluated the effects of HIV replication on circulating B cell phenotypes and
proliferation. To our knowledge, this is the first longitudinal study of the generation and
maintenance of HBV-specific memory B cell responses in HIV infected or uninfected HBV
vaccine recipients.

2. Materials and methods
2.1. Adolescent Trials Network for HIV/AIDS Interventions (ATN) - ATN048 study design

ATN048 was a sub-study of ATN protocols 024 and 025. Briefly, ATN024 compared HBsAb
responses in HIV infected adolescents 12 to 24 years of age who were randomized to one of 3
different HBV vaccine regimens: 1) standard adult dose of Engerix-B (20 mcg HBsAg); 2)
increased adult dose of Engerix-B (40 mcg HBsAg); or 3) standard adult dose of Twinrix (720
EL.U Hep A/20 mcg HBsAg). Vaccines were administered at study entry, week 4, and week
24; antibody titers to HBsAg and HBV-specific memory B cell (HSMBC) frequencies were
measured at study week 28. Individuals with antibody titers <10 mIU/ml at study week 28
received a booster dose of Engerix B-increased adult dose at study week 48. HBsAb titers and
HSMBC frequencies were re-checked at week 72 on all ATN024 participants. CD4 T cell

Mehta et al. Page 2

Vaccine. Author manuscript; available in PMC 2011 May 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



counts were measured using standard flow cytometric techniques. Plasma HIV-1 RNA levels
were measured using commercial assays. HIV-1 viremia was defined as circulating plasma
HIV-1 RNA levels of >400 copies/ml.

ATN025 compared HBsAb responses in HIV uninfected adolescents 12 to 18 years of age who
were randomized to one of 2 different HBV vaccine regimens: 1) standard adult dose
Recombivax (10 mcg HBsAg); or 2) Twinrix (720 EL.U Hep A/20 mcg HBsAg). Vaccines
were given at entry and week 24 and HBSAb titers were measured at week 28. Study
participants with HBSAb <10 mIU/ml at week 28 week received a booster dose of Recombivax
between weeks 48 and 76. HBsAb titers and HSMBC frequencies were re-checked at week 76
on all ATN025 participants.

2.2. Study subjects
Individuals were eligible to participate in ATN048 study if they had not received prior HBV
vaccinations and lacked antibodies to HBV core and surface antigens. Fifteen HIV uninfected
and 12 HIV infected adolescents enrolled in the study, were followed through week 28, and
had sufficient plasma and peripheral blood mononuclear cell (PBMC) samples for analyses
(Table 1). Proliferation and B cell surface phenotyping were done on 11 HIV infected and 9
HIV uninfected study participants who had sufficient PBMC repositories to complete these
assays. Seven HIV uninfected and 6 HIV infected, viremic adult donors were also evaluated
as controls in the proliferation and phenotypic B cell studies. Mononuclear cells from 4 HIV
and HBV uninfected cord blood specimens as well as 12 HIV uninfected, HBV uninfected and
unimmunized children between 24 to 36 months of age were used to determine specificity of
the ELISPOT assay. All studies were approved by the human subjects committee at each of
the clinical sites and at the University of Massachusetts Medical School.

2.3. Cell preparation and flow cytometry
PBMC were separated using Ficoll Hypaque from heparin-treated whole blood and then
cryopreserved for batch testing [31]. After thawing, PBMC were stained with CD14 and CD56
on Alexa 700, CD3 V450, and Live Dead Blue (LDB); subsequent gating using these
parameters excluded non-B and dead cells. Appropriate single-color, matched isotype,
fluorescence-minus-one (FMO), and doublet exclusion controls were also used to delineate the
populations of interest. B cell surface phenotyping was evaluated by staining with fluorescent
molecule-conjugated anti-human monoclonal antibodies binding to CD19 (PerCP), CD27
(APC-H7), CD21 (Fitc), BAFF-R (PE), and CD95 (APC). All fluorochromes were purchased
from BD Biosciences except for LDB and CD21, which were purchased from Invitrogen
(Carlsbad, CA) and Beckman Coulter (Fullerton, CA), respectively.

Samples were acquired using an LSR2 flow cytometer (BD Biosciences, San Diego, CA) and
analyzed with FlowJo software (Tree Star, Ashland, OR).

2.4. Measurement of antibody titers to HBV surface antigen (HBsAb)
HBsAb titers were measured in plasma samples taken at entry, week 28, and week 76 from
HIV uninfected patients, and at entry, week 28, and week 72 from HIV infected patients using
an automated immunometric technique (VITROS ECiQ) for quantitative HBsAb (Kit #
51938W, Quest Diagnostics, Madison, NJ). Individuals were considered to have made an
antibody response when HBsAb titers equaled or exceeded 10 mIU/ml.

2.5. Polyclonal stimulation of PBMC
PBMC were cultured for 6 days in R-10 media (RPMI1640; GIBCO/Invitrogen, Grand Island,
NY) supplemented with 10% fetal calf serum (GIBCO/Invitrogen), 0.1% Gentamicin 10 mg/
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ml stock reagent (GIBCO/Invitrogen), and 1% 100X L-glutamine (GIBCO/Invitrogen) [32].
This was further supplemented with 6 ug/ml CpG (Coley Pharmaceutical Group, Kanata,
Canada), a 1:10,000 dilution of Staphylococus aureus Cowan A (Cat. No. P7155, Sigma
Aldrich, St. Louis, MO), and a 1:10,000 dilution of pokeweed mitogen (Cat. No. L9379, Sigma
Aldrich).

2.6. ELISPOT assay
Following polyclonal activation, PBMC from the 3 selected time points for each individual
were tested together in a single assay to avoid inter-assay variability. ELISPOT plates
(Millipore Corp. Billerica, MA) were coated with goat anti-human IgG (Invitrogen) to measure
total IgG; HBsAg (Fitzgerald Industries International, Concord, MA); tetanus (positive control;
Massachusetts Biologics Laboratories, Mattapan, MA); or Keyhole Limpet Hemocyanin
(negative control; A.G. Scientific, San Diego, CA). High HBV responder donor PBMC were
run on every plate as an additional positive control. Cells were plated at 250,000 cells per well
and incubated overnight. Plates were incubated with mouse anti-human pan IgG Fc biotin
conjugated antibody (Hybridoma Reagent Laboratory, Baldwin, MD) for 1 hour, followed by
exposure to HRP-conjugated streptavidin for two hours. AEC substrate reagent (BD
Biosciences) was used to develop the spots that were then counted with an ELISPOT reader
(CTL, Cleveland, OH). HSMBC frequency was expressed as spot forming cells (SFC)/million
PBMC. Responses were considered positive in wells with >12 SFC/million PBMC, and only
if the antigen specific response exceeded three times the negative control value.

The specificity of the ELISPOT assay for the detection of HSMBC was demonstrated using
cord blood samples from 4 infants born to HBV uninfected women and PBMC from 12 HIV
uninfected, HBV seronegative children (born prior to routine infant immunization). HSMBC
were not detected in the peripheral blood of these 16 HBV uninfected infants and children (data
not shown).

2.7. Memory B cell proliferation assay
MBC proliferation was quantified using a membrane dye dilution assay adapted from
Greenough, et al. [33]. PBMC were treated with 8uM PKH26, a fluorescent membrane dye,
using the manufacturer’s protocol (Sigma Chemical Co.), and then subjected to polyclonal
stimulation. After 6 days, PBMC were stained with CD19-PerCP, CD21-FITC, and CD27-
APC, and were acquired using a 4-color FACSCalibur flow cytometer (BD Biosciences).
CellQuest software (BD Biosciences) was used for analysis. The proliferation index was
calculated using Modfit (Verity Software, Topsham, ME) as the sum of memory B cells in all
generations divided by the computed number of original parent MBC present at the start of the
experiment.

2.8. Statistical analysis
Statistical analyses were performed using GraphPad Prism (GraphPad Software, La Jolla, CA)
and SAS (SAS Institute, Cary, NC). The Mann-Whitney U test and mixed effects models were
used to analyze the differences in antibody titers, HSMBC frequencies, and comparison of
circulating B cell phenotypes among the study groups. Fisher’s exact test was used to test the
hypothesis that detectable memory at week 28 was associated with antibody levels at week 28
and at weeks 72/76. Spearman’s rank correlation was used to evaluate the relationship between
viral loads and B lymphocyte proliferation, and between HBsAb titers and HSMBC frequencies
at week 28. Linear mixed effects models were used to compare B cell phenotypes and
proliferation between study groups to accommodate for repeated measurements over time on
the same individual. Linear mixed effects regression models compared proliferation with B
cell surface phenotypes and similarly accounted for multiple data points per study subject over
time. Statistical tests with p-values of 0.05 or less were regarded as statistically significant.
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3. Results
3.1. Baseline patient characteristics

Fifteen HIV uninfected individuals were evaluated. Age at study ranged from 12.2 to 18 years
(median 16.4 years; Table 1). Twelve HIV infected individuals were studied. Age at initiation
of study ranged from 15.8 to 24.9 years (median 21.6 years). The median absolute CD4 count
at the initiation of the study was 459 (range 52–560). Plasma HIV RNA copy number ranged
from <400 – 51,600 (median 1038) copies/ml. Five (42%) HIV infected individuals were on
antiretroviral therapy; 4 (80%) of these 5 individuals had plasma HIV RNA copy number <400
copies/ml (Table 1).

3.2. Seroconversion and detection of HSMBC in HIV uninfected and in HIV infected
individuals

All HIV infected and HIV uninfected individuals were HBsAb negative (<10 mIU/ml) at entry.
HBsAb were detected at titers >10 mIU/ml in 14 (93%) of the 15 HIV uninfected study
participants and in eight (67%) of the 12 HIV infected study participants at study week 28
(Table 2). Neither the seroconversion rates nor the median antibody titers differed significantly
between the two groups. However, HSMBC were detected at significantly lower frequencies
in HIV infected individuals than in HIV uninfected individuals at week 28 (p = 0.03, Mann
Whitney U test; Fig. 1).

3.3. HBsAb seroconversion at week 28 is associated with with HSMBC detection
The detection of HBsAb >10 mIU/ml at study week 28 was strongly associated with the
detection of HSMBC at study week 28 in both HIV uninfected and HIV infected individuals
(Fisher’s exact test, p <0.0007). A similar association, between HBsAb >10 mIU/ml and
HSMBC responses, was also seen at study weeks 72/76 (p = 0.02). There was a direct
correlation between HBsAb titers and HSMBC frequencies (Spearman R=0.60, p = 0.02). In
addition, high titer HIV uninfected responders (HBsAb >1000 mIU/ml) had higher HSMBC
frequencies than low titer HIV uninfected responders (HBsAb <1000 mIU/ml; p = 0.03, Mann
Whitney U test; Fig. 2).

3.4. High rates of HBV antibody and HSMBC persistence in HIV infected and uninfected
individuals

Overall, 13 (87%) of 15 HIV uninfected study participants had positive HBsAb responses at
week 76. All 13 of these individuals had protective antibody titers at week 28 (Table 2). An
additional HIV uninfected study participant with detectable HBsAb at week 28 was
seronegative at week 76. The single HIV uninfected individual with undetectable HBsAb at
week 28 was re-immunized at week 48 but remained seronegative at week 76. PBMC were
available at week 76 from 10 HIV uninfected study participants with protective HBsAb titers
and detectable HSMBC at week 28; 9 (90%) had persistently detectable HSMBC.

Overall, 7 (58%) of 12 HIV infected study participants had positive HBsAb responses at week
72 (p = 0.095 for comparison with 13/15 = 87% HIV uninfected study participants). All 7 of
these individuals had detectable HBsAb at week 28 (Table 2). One additional HIV infected
study participant with detectable HBsAb at week 28 was seronegative at week 72. Four HIV
positive study participants who were HBsAb negative at week 28 were re-immunized at week
48 but remained seronegative at week 76. Five (71%) of 7 HIV infected study participants with
protective HBsAb titers and detectable HSMBC at week 28 had persistently detectable
HSMBC at week 76.
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3.5. Altered circulating B cell phenotypes are observed in HIV infected individuals
B cell (CD19+) percentages and numbers and memory B cell (CD19+CD27+) frequencies did
not differ between HIV uninfected and HIV infected study subjects (data not shown). Higher
frequencies of B cells and MBC with reduced CD21 expression (Fig. 3) and increased CD95
expression (Fig. 4) were measured at all three time points in HIV infected study participants
compared with HIV uninfected study participants. At entry and week 28, higher frequencies
of B cells and MBC with reduced CD21 expression were detected in viremic (RNA <400
copies/ml) HIV infected study participants than in aviremic (RNA >400 copies/ml) study
participants. CD95 expression on MBC of aviremic HIV infected study participants was
significantly lower at entry and week 28 (Fig. 4) than that measured in viremic HIV infected
study participants. Cell surface Baff-R expression on B cells and MBC was similar in HIV
uninfected and HIV infected study subjects.

3.6. Reduced MBC proliferation in viremic HIV infected individuals
Reduced MBC proliferation was observed at all 3 time points in HIV infected study participants
compared with HIV uninfected study participants (Fig. 5). At entry and week 28, reduced
proliferation indices were observed in viremic HIV infected viremic individuals compared with
HIV infected aviremic individuals (p = 0.016 at entry; p = 0.008 at week 28). Viral loads were
negatively correlated with memory and naïve B cell proliferation (Spearman's Rank
correlation, R = −0.73, p <0.02 and R = −0.7, p <0.03, respectively). Mixed effects models
showed that higher frequencies of CD21+ memory B cells were associated with higher memory
B cell proliferation (p <0.0001 and p <0.001, respectively).

4. Discussion
Vaccination has played a vital role in curbing the spread of infectious diseases [13]. Ensuring
successful vaccination of HIV infected patients is important for protection of individuals and
the community [13]. To our knowledge, the development and maintenance of HSMBC in HIV
uninfected and HIV infected individuals following HBV vaccination has not been well-
characterized. This study also reports changes in B cell phenotypes and proliferation associated
with lower antibody titers and HSMBC frequencies in HIV infected individuals.

Lower HSMBC frequencies were observed in HIV infected patients following vaccination.
Lower rates of HBsAb seroconversion and accelerated serum antibody decline have been
reported in HIV infected individuals compared with HIV uninfected individuals following
primary immunization [18,34]. Seroreversion over time is associated with lower post-
vaccination antibody levels in HIV infected [16] as well as HIV uninfected [35] individuals.
A recent cross sectional study reported that HIV infected patients with either natural or vaccine-
elicited immunity had lower HBV-specific MBC frequencies than HIV uninfected controls
[23]. Our study adds to these findings by demonstrating reduced HSMBC production in HIV
infected individuals immediately following vaccination, which was associated with altered
memory B cell phenotypes and reduced memory B cell proliferation. In HIV infected and HIV
uninfected individuals with detectable HBV antibodies and HSMBC at week 28, rates of
antibody and HSMBC persistence one year following completion of the vaccine series were
not significantly different; the observed rate of protection at 72/76 weeks among all vaccinated
subjects was greater for those who were HIV uninfected, though again not statistically
significant. Cruciani et al, [16] have recently reported similar levels of antibody persistence at
one year post-vaccination in HIV infected individuals; significant declines in anti-HBV
antibody levels were observed, however, on follow-up 2 years post-vaccination. Longer
follow-up of an antibody and HSMBC levels was not feasible in this study but would be of
interest in future studies.
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The detection of HBsAb >10 mIU/ml at study week 28 was strongly associated with the
detection of HSMBC and a direct correlation between HBsAb titers and HSMBC frequencies
was observed. The association between HBsAb and HSMBC response, though relatively weak
(Spearman correlation = 0.60, p = 0.02), is consistent with the observed greater HBsAb and
HSMBC response among HIV uninfected subjects and the corresponding lower observed
response among HIV uninfected subjects. In HIV uninfected individuals, antibody titers >1000
mIU/ml were significantly associated with higher HSMC frequencies. Our results indicating
a correlation between HBsAb and HSMBC are compatible with two recent studies in infants
that reported an association between detectable MBC immediately following vaccination with
long-term maintenance of antibodies [36,37]. The enumeration of MBC following vaccination
may improve our understanding of correlates of vaccine efficacy.

We [38] and others [37] have reported that early initiation of HAART may preserve primary
responses to vaccine. Our data and others’ [30] demonstrate that in individuals with established
HIV-1 infection, suboptimal B cell responses are associated with alterations in B cell and
memory B cell phenotypes, including an expansion of B cells and MBC expressing low levels
of CD21, higher levels of CD95, and reduced proliferative capacity at entry and week 28 (i.e.
before and immediately after completing all vaccinations). Similar (but not statistically
significant trends were noted at week 72/76. CD21- B cells have been shown to proliferate
poorly and produce high titers of non-specific antibodies; production of antigen-specific
antibodies also appears to be impaired. CD95+ B cells are more prone to apoptosis [39].

Of note, is that the majority of individuals in our study had CD4 T cell counts >350 cells/
mm3. In this group of HIV infected individuals with relatively high CD4 counts, vaccine
responses did not correlate with CD4 T cell counts. Lower HSMBC responses, altered B cell
and memory B cell phenotypes, and reduced memory B cell proliferative capacity were
observed in viremic individuals. A prior retrospective study [40] reported that the development
of antibody responses following HBV vaccination of HIV infected adults was associated with
undetectable viremia. In a recent prospective HBV vaccine study in HIV infected adults, receipt
of 3 or more vaccines, HAART, and lower plasma HIV RNA were associated with the
development of HBsAb titers >10 mIU/ml, even in individuals with high CD4 counts [41].
Lao-araya et al [42] reported impaired HBsAb responses in HIV infected, viremic children.
Current recommendations regarding CD4 thresholds for initiation of ARV attempt to balance
risk of progression to AIDS and death with adverse effects of ARV. Our data indicating lower
HSMBC response rates in HIV infected, viremic individuals with relatively good CD4 counts
support earlier initiation of ARV. Further, it may be well to postpone primary vaccinations in
HIV infected individuals until viremia is controlled by ARV. In situations where vaccination
has preceded effective antiretroviral therapy, revision in vaccine regimens to provide booster
doses following suppression of viral replication may be required.

In conclusion, we report that HIV infection results in the impaired generation of HBV-specific
memory B cell responses following vaccination in HIV infected individuals. Measurement of
hepatitis B-specific memory B cell frequencies may be a valuable adjunct to antibody titers.
Better understanding of how HIV disrupts the B cell compartment could have important
implications for vaccine development and recommended immunization regimens.
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Fig. 1. HSMBC frequencies (spot forming cells per million PBMC) in 15 HIV uninfected and 12
HIV infected study patients at study week 28
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Fig. 2. HSMBC frequencies (spot forming cells per million PBMC) in HIV uninfected and HIV
infected study patients stratified as high titer responders (HBsAb >1000 mIU/ml) or low titer
responders (HBsAb <1000 mIU/ml) at study week 28
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Fig. 3. Percentages of circulating (A) CD19+ B cells and (B) CD19+CD27+ memory B cells that are
CD21− in HIV uninfected and HIV infected donors and study subjects at entry, week 28 and week
72/76
Open diamonds represent aviremic HIV infected study subjects (plasma HIV-1 RNA <400
copies/ml) and closed diamonds represent viremic HIV infected study subjects (plasma HIV-1
RNA >400 copies/ml). Horizontal bars indicate significant differences between the HIV
infected and HIV uninfected study subjects. Vertical bars indicate significant differences
between the HIV aviremic study subjects and the HIV viremic subjects. Seven HIV uninfected
(closed circles) and 6 HIV infected, viremic (closed squares) adult donors constituted the
control population.
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Fig. 4. CD95 expression on CD19+ B cells (A) and CD19+CD27+ memory B cells (B) in HIV
uninfected and HIV infected donors and study subjects at entry, week 28 and week 72/76
Open diamonds represent aviremic HIV infected study subjects (plasma HIV-1 RNA <400
copies/ml) and closed diamonds represent viremic HIV infected study subjects (plasma HIV-1
RNA >400 copies/ml). Horizontal bars indicate significant differences between the HIV
infected and HIV uninfected study subjects. Vertical bars indicate significant differences
between the HIV aviremic study subjects and the HIV viremic study subjects. Seven HIV
uninfected (closed circles) and 6 HIV infected, viremic (closed squares) adult donors
constituted the control population.
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Fig. 5. Proliferation indices for memory B cells (MBC PI) in HIV uninfected and HIV infected
donors and study subjects at entry, week 28 and week 72/76
Open diamonds represent aviremic HIV infected study subjects (plasma HIV-1 RNA <400
copies/ml) and closed diamonds represent viremic HIV infected study subjects (plasma HIV-1
RNA >400 copies/ml). Horizontal bars indicate significant differences between the HIV
infected and HIV uninfected study subjects. Vertical bars indicate significant differences
between the HIV aviremic study subjects and the HIV viremic subjects. Seven HIV uninfected
(closed circles) and 6 HIV infected, viremic (closed squares) adult donors constituted the
control population.
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Table 1

Baseline Patient Characteristics

HIV-Uninfected HIV-Infected

Number 15 12

 Male 11 (73%) 6 (50%)

 Female 4 (27%) 6 (50%)

Age in years (median) 12.2 – 18 (16.4) 15.8 – 24.9 (21.6)

Plasma HIV RNA (median) N/A <400 – 51,600 (1038)

No. with plasma HIV RNA <400 copies/ml N/A 6 (50%)

Absolute CD4 count (median) N/A 52 – 560 (459)

No. on antiretroviral therapy N/A 5 (42%)

N/A = not applicable
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