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Abstract
Background—Mechanisms underlying failure of influenza vaccine-induced antibody responses
in HIV-infected persons are poorly understood.

Objective—To investigate innate immune factors regulating B cell function in HIV infected
persons and to correlate them with serologic responses to H1N1/09 vaccine.

Methods—We evaluated immunologic characteristics of 17 HIV-infected patients and eight
healthy controls (HC) at 0, 7 and 28 days (designated T0, T1 and T2) following a single 15 mcg
dose of non-adjuvanted H1N1/09 influenza vaccine using Flow cytometry, ELISPOT and ELISA
assays. All HC and nine patients (53%) seroconverted with >1:40 hemagglutination inhibition
antibody titer at T2.

Results—In vaccine responders (R) and HC, serum levels of BAFF (B cell activating factor) and
APRIL (a proliferation-inducing ligand) increased from T0 to T2 in conjunction with increases in
frequencies of memory B cells. Concurrently, receptors for these factors showed changes, with
increases in expression of TACI (transmembrane activator and calcium-modulator and cyclophilin
ligand interactor) and decreases in BAFF receptor in memory B cells. IL-2 secreting cells and IgG
antibody secreting cells increased at T2 in R and HC in ex-vivo H1N1 antigen stimulated cultures.
These immunologic responses were not evident at T1 and were deficient in vaccine non-responder
patients at T2. At T0, vaccine non-responders had lower frequencies of BAFF-R and TACI
expressing memory B cells than responders.

Conclusion—Impaired memory B cell responses, deficiencies in serum BAFF and APRIL and
alterations in their receptors on B cells were associated with failure of H1N1/09 influenza vaccine
responses among virologically controlled HIV-infected patients.
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INTRODUCTION
Infection with the novel influenza A H1N1/09 virus of swine-origin resulted in estimated 57
million cases in the US from April ’09 to Jan ’10 1. People <65 yrs age were deemed more
susceptible due to lack of pre-existing immunity 2, 3 as this H1N1 strain was last associated
with the 1918 influenza pandemic. In June ’09 a H1N1/09 influenza pandemic was declared
by the World Health Organization, and the Centers for Disease Control recommended
priority H1N1 vaccination of vulnerable populations including HIV-infected people 4.

Vaccination is effective in reducing the morbidity and mortality of influenza, and humoral
immunity is a good predictor of protection against influenza virus infection 5. For the
H1N1/09 influenza vaccine, an antibody (Ab) titer of >1:40 hemagglutination inhibition
(HAI) units or a fourfold increase from baseline is considered as being protective 6. In the
general population a single 15 mcg dose of non-adjuvanted H1N1/09 vaccine resulted in a
95% seroconversion rate 7, in contrast only 60% of virologically suppressed,
immunologically stable HIV infected persons on combination antiretroviral therapy (cART)
were found to seroconvert 8. In this context, boosters or adjuvanted H1N1 vaccines have had
variable success in improving seroconversion rates 9, 10, and the immunologic basis for the
failure of the H1N1 vaccine in HIV-infected persons is not well understood 11, 12. Peripheral
B cell abnormalities with excessive cellular activation, impaired survival and altered
maturation subsets in association with established HIV infection have been well-
documented (reviewed in13). Even after virologic control with cART and CD4+ T cell
recovery, the distribution of B cell subsets does not completely revert to normal in
peripheral blood and the CD27+ memory B cells remain decreased in comparison to healthy
uninfected donors 14, 15.

Vaccine-induced primary Ab responses are regulated by cooperative interactions of B cell
intrinsic and extrinsic factors that are dependent upon a variety of accessory ligand/receptor
interactions 16, 17. Under appropriate conditions of stimulation, naive B cells are activated to
undergo maturation, proliferation and differentiation to generate Ab secreting cells 18. We
have recently documented a role for the T cell derived cytokine IL-21 and IL-21R on B cells
in the H1N1 vaccine response 15. Besides the T-B cognate interaction, there is increasing
evidence that T-independent mechanisms can induce immunoglobulin (Ig) class switching
and Ab production 19–21. In this context the contribution of the innate mediators belonging
to the tumor necrosis family, BAFF (B-cell activating factor) and APRIL (a proliferation
inducing ligand) take center stage because of their increasingly important role in B-lineage
cell differentiation, class switch recombination and survival22–25. In the present study
distinct changes in these innate helper factors and their receptors on B cells distinguished
vaccine responders from non-responders. These studies provide insight for research
directions towards delineating the molecular basis of impaired influenza vaccine responses
and improvement in vaccination strategies.

METHODS
Patient characteristics and response to vaccination

Seventeen HIV-infected persons on potent cART who were given a single intramuscular
dose (15 mcg; 0.5 ml) of inactivated monovalent A/California/07/2009 H1N1 vaccine
(Novartis Vaccines and Diagnostics, Ltd.) as standard of care were recruited for this study
during the 2009–2010 influenza season. Eight HIV uninfected persons served as controls.
Summary characteristics of the study population are shown in Table 1. HAI antibody titers
against H1N1 were performed at Bioqual, Inc Rockville, MD in serum samples using virus
and turkey RBC 8. Immediately before vaccination (T0) H1N1 Ab titers were <1:20 in 16/17
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patients and 80 in one. At 28 days post vaccination (T2), nine of 17 (52.9%) patients
developed a titer of >1:40 (median, 640; range, 80–5,120) and were designated as H1N1
vaccine responders (R). In eight patients H1N1 antibody titers were <1:20 units post
vaccination, and they were designated as H1N1 vaccine non-responders (NR). Of the 8 HC,
pre-vaccine H1N1 Ab titers were <1:20 in seven and 1:40 in one; all developed a protective
H1N1 Ab titer (median, 720; range, 80–20,480). Mean age, CD4 and CD8 T cell counts,
frequencies of CD20+ B cells and plasma virus load (VL) were statistically not different
between the patient groups at entry (Table 1). At T0, plasma HIV RNA was <50 copies/mL
in 15 patients. In two NR, HIV RNA levels were 70 and 369 copies/mL respectively, but
came down to <50 copies/mL on follow-up visits. The study was approved by the
institutional review board of the University of Miami.

Processing of blood samples
Thirty mL of peripheral venous blood was collected at three time points: pre-vaccination
(T0), day 7 (T1) and day 28 (T2) for isolation of peripheral blood mononuclear cells
(PBMC) by density gradient isolation 26. Freshly isolated PBMC were processed for
immunophenotyping and the remainder was cryopreserved in 10% DMSO and 90% fetal
calf serum in liquid nitrogen for ELISPOT assays.

B cell characterization
Freshly isolated PBMC (1×106 cells) were stained with antibodies against surface antigens
using CD3-Amcyan, CD20-allophycocyanin, CD10-PE-Cy7, CD27-Alexa700, or isotype
antibodies (BD Biosciences) along with violet amine reactive live/dead cell discrimination
dye. Samples were acquired on LSRII flow cytometer (BD biosciences) with collection of
200,000–500,000 events and analyzed using FlowJo software (TreeStar 8.8.6) as previously
described 15. Live cells were first gated for CD3−CD20+ subset and sequentially on CD27
and CD10 to identify the CD27+CD10− memory B cells. Frequencies of memory B cells
were calculated as a percentage of the total B cells, identified here as CD3−CD20+

lymphocytes. The total and memory B cell populations were further investigated for
frequency and median fluorescence intensity (MFI) for BAFF-receptor, B cell maturation
antigen (BCMA), transmembrane activator and calcium-modulator and cyclophilin ligand
interactor (TACI) and Ki67 22, 27 using reagents TACI-PE, BCMA-FITC (R&D systems),
BAFFR-APC-Cy7 (Biolegend) and Ki67 (BD biosciences).

ELISPOT assays for H1N1 vaccine antigen stimulated IL-2, IFN-γ spot forming units (SFU)
and IgG antibody secreting memory B cells (ASC) in PBMC

Cryopreserved PBMC were thawed and rested overnight and assayed by ELISPOT as
previously described 28 for H1N1 antigen stimulated IL-2 and IFN-γ SFU following PBMC
culture in triplicate for 24 hrs at 37°C in the presence or absence of 5 μg/ml H1N1 vaccine
antigen or Staphylococcus aureus Cowan-1 strain (SAC, Sigma), 1/10,000 dilution as a
positive control. Memory B cells were evaluated for IgG ASC following PBMC culture for
5 days at 37°C in the presence or absence of 5 μg/ml H1N1 vaccine antigen and SAC by
ELISPOT 15 as previously described. In some experiments, IL-2, 100U/ml (R&D systems)
was added to cultures together with H1N1 antigen at culture initiation. Spots were counted
in an automated ELISPOT reader (Immunospot version 2.08, Cellular Technologies Ltd).

ELISA assays for serum levels of BAFF and APRIL
Briefly, serum diluted 1:1 was added in duplicate, 50 μl/well to ELISA plates for human
BAFF (R&D systems) or APRIL (Bender Medsystems, Austria) followed by incubation for
2 hours at room temperature. Thereafter, plates were washed and developed as per
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manufacturer’s instructions. Values of BAFF were reported as pg/ml and APRIL as ng/ml.
Sensitivity of the assays were 3.38 pg/ml for BAFF and 0.4 ng/ml for APRIL.

Statistical analyses
Statistical analyses were performed using GraphPad Prism software (version 4.01).
Differences between pre- and post-vaccination values were assessed, within a group (paired
2-tailed) and between different groups (unpaired 2-tailed) using Student’s t test. Data for
each group are presented as individual data points or box plots with median and 25th and
75th percentile borders and error bars at 10th and 90th percentiles. Correlation between
variables was determined either by Pearson correlation or by linear regression analysis. P
values < 0.05 were considered significant.

RESULTS
H1N1/09 vaccine responders show expansions of memory B cells post vaccination

In agreement with previous studies by Moir et al 14, 29 and as reported previously 15,
distribution of B cell maturation subsets, including memory B cells at T0 revealed
differences between HC and HIV-infected patients, but the R and NR were not different
from each other. At T2 however expansions in memory B cells occurred only in R patients
and HC (Fig 1A). Concurrently, at T2, R patients and HC exhibited higher Ki67 expressing
memory B cell subsets than NR (Fig 1B). The functional memory B cell response to ex-vivo
stimulation of PBMC with H1N1 antigen for 5 days increased IgG ASC from T0 to T2 in R
patients and in HC (Fig 1C) but not in NR patients. Thus NR patients did not show
alterations in phenotypic or functional memory B cell from T0 to T2 following vaccination.
B cell characteristics at T1 were not different from T0 in any group, and are not shown. The
R and NR HIV+ patients were similar in SAC stimulated IgG secreting cell response in
ELISPOT (3374±572.8 and 3161±549.5) respectively which were significantly less (p=
<0.01) than response of HC (5181±896); these responses did not change at T1 or T2 in any
group (not shown).

H1N1/09 vaccine responders show increase in levels of serum BAFF and APRIL post
vaccination

To examine mechanisms for the observed differences in memory B cells in the R and NR
patient groups, we turned our attention to the receptor/ligand associations for the TNF ligand
superfamily members BAFF and APRIL (Fig 2), which are known to be important for
promoting B cell activation and immunoglobulin production. Serum BAFF levels were
equivalent in the study groups at T0 and increased at T2 in HC and R patients, and not in
NR patients (Fig 2A). Serum APRIL levels in patients, although higher than HC at T0 in
both R and NR groups, increased significantly at T2 only in HC and R patients and not in
NR patients (Fig 2B).

BAFF binding receptors (BBR) on B cells are differentially influenced by H1N1/09
vaccination

Emerging data in humans indicates that the expression of BBR is coordinately regulated
during B cell differentiation. BAFF binds exclusively with high affinity to BAFF-R, and
both BAFF and APRIL bind to TACI and BCMA25, 30. Frequencies and histograms of
BAFF-R and TACI expressing B cells at T0 and T2 are shown in Figs 3A–F. In HC BBR
were in the range of 95.7–99.7% for BAFF R, 9.9 – 22.4% for TACI and 0.6–2.9% for
BCMA (not shown) and were similar in total B and memory B cells. At T0, compared to
HC, R patients and NR patients had similar levels of TACI expression but significantly
fewer BAFF-R expressing B cells. Following vaccination, at T2, frequencies of BAFF-R+ B
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cells decreased and of TACI+ B cells increased in HC and R patients but were unchanged in
NR patients. In HIV infected patients, serum H1N1 Ab titer correlated inversely with BAFF-
R+ total B cells (Fig 3G) and memory B cells (r= −0.75, p=0.0002; not shown) and directly
correlated with TACI+ total B cells (Fig 3H) and memory B cells (r=0.61, p=0.005, not
shown). Similar pattern of correlations were observed in HC; serum H1N1 antibody titer
correlated inversely with BAFF-R+ total B cells (r=−0.46, p=0.003, not shown) and BAFF-
R+ memory B cells (r= −0.55, p=0.002; not shown) and directly with TACI+ total B cells
(r=0.63, p=0.007) and TACI+ memory B cells (r=0.66, p=0.002). Expression of BCMA did
not change significantly between T0 and T2 (not shown).

IL-2 secreting cells are selectively induced ex-vivo in vaccine responders
To evaluate H1N1-specific cell mediated adaptive T cell response, we performed IL-2 and
IFN-γ ELISPOT assays following stimulation of PBMC with H1N1 vaccine antigen at T0
and T2 (Fig 4). An increase in IFN-γ SFU from T0 to T2 was noted in both patient groups
and HC (Fig 4A) but increase in IL-2 SFU was observed only in HC and R patients and not
in NR patients (Fig 4B). Moreover, H1N1 induced IL-2 SFU response at T2 in HC was
significantly higher than in NR patients. Serum H1N1 antibody titers correlated with H1N1
stimulated IL-2 SFU at T2 in patients (Fig 4C) and in HC (r−0.73, p=0.005, not shown). We
investigated if exogenous IL-2 supplementation at culture initiation would influence the
H1N1-stimulated IgG ASC responses, particularly in NR patients (Fig 4D).
Supplementation of cultures with exogenous IL-2 resulted in augmented H1N1 antigen
stimulated IgG secreting cells at T2 in all 3 study groups.

DISCUSSION
Among HIV-infected patients on cART, a high proportion (47%) failed to seroconvert in
response to the H1N1/09 non-adjuvanted inactive H1N1 vaccine and failed to expand
phenotypic and functional memory B cells. Here we identified a novel association of
vaccine responses in this population with increase in innate immune factors BAFF and
APRIL in serum and changes of BBR in total and memory B cells. Importantly, frequencies
of BAFF-R and TACI in memory B cells pre-vaccination were higher in R than in NR
patients, while other B cell phenotypic characteristics were not distinguishable between the
two groups. These findings underscore the importance of innate immunity in vaccine
responses and uncover evidence of residual immune deficiency despite control of virus
replication in a subset of HIV-infected patients.

Expansions of memory B cells in response to vaccination are an important benchmark of
immune competence. The activation, proliferation and differentiation of naïve B cells in
response to immunization generates plasmablasts in the germinal centers in draining lymph
nodes and memory B cells that are and are readily identifiable in peripheral blood. Memory
B cells expand upon re-exposure to the same antigen in vivo 31, 32 and develop into antibody
secreting cells upon ex-vivo antigen stimulation15. The long lived CD10−CD27+ memory B
cells increased at T2 and ex-vivo H1N1-stimulated memory ASC responses correlated with
the H1N1 Ab titer in serum in vaccine responders but not in vaccine non-responders.

Mechanisms underlying vaccine-induced generation of memory B cells are multifactorial,
comprised of B cell intrinsic and extrinsic factors 16, 17. To probe into the underlying
mechanisms contributing to failure of H1N1 vaccine-induced B cell responses, we examined
the TNF family of molecules BAFF and APRIL, the innate immune mediators secreted
predominantly by accessory cells including monocytes, macrophages and dendritic cells.
These factors are important sources of T-independent help for B cells and play definitive
roles in regulating antibody responses 19, 33, 34. BAFF is known to deliver cell survival
signals to B cells at different stages of development and differentiation 35. The enhancement
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of Ig isotype switching in naïve B cells by activated DC is also BAFF dependent, and is
augmented by interaction of DC with activated T cells 19, 36. In respiratory syncitial virus
(RSV) bronchiolitis in infants, BAFF and APRIL are locally expressed in respiratory
epithelium and correlate with specific and total immunoglobulin levels in secretions in
surviving infants 37. APRIL is important for survival of differentiated B cells and is also
involved in Ig class switch to IgA 21, 24, 38. In our studies, BAFF and APRIL were both
upregulated in serum at T2 following H1N1/09 vaccination in R patients and HC but not in
NR patients. We did not examine these factors at T1 and it is possible that the increases in
BAFF/TACI preceded the expansions in memory B cells.

Expression of BAFF binding receptors is coordinately regulated during B cell
differentiation 22, 25, 30, 39. Of the three BAFF binding receptors, only BAFF-R is expressed
in all differentiation stages of B cells prior to development of plasma cells, in immature,
transitional, naïve and activated memory B cells.. Memory B cells express both BAFF-R
and TACI and plasmablasts downregulate BAFF-R, retain TACI and acquire BCMA. The
observed decrease in BAFF-R expression in memory B cells of vaccine responders post
vaccination implies that the cells were undergoing differentiation following vaccination-
induced activation for generating an effective Ab response 30, 39, 40. In contrast to BAFF-R,
TACI was upregulated in responders post vaccination. TACI upregulation is known to occur
rapidly after B cell activation and enables them to become responsive to BAFF and APRIL.
TACI ligation also activates class switch recombination (CSR) in differentiating B
cells 19, 30, promotes Ig isotype switch to IgA and facilitates plasma cell generation. In data
not shown we observed that ex-vivo H1N1 antigen stimulation for 24 hours on day 180 post
vaccination resulted in significant upregulation of TACI on B cells of vaccine responders
but not in non-responders. BCMA, expressed primarily on plasmablasts, is believed to play
a role in their differentiation into plasma cells 40–42 was present in low frequency in
peripheral blood and was unaffected by H1N1 vaccination. Dysfunction of the cytokines
BAFF/APRIL and BBR have been implicated in B cell mediated immunopathology
resulting from excessive or insufficient signaling by these molecules. TACI mutations are
associated with common variable immunodeficiency with Ig deficiency 43, 44. Chronically
elevated serum BAFF and APRIL have been reported in progressive HIV infection 45, 46 In
autoimmunity and hematopoietic malignancies, these factors are implicated in sustaining
undesirable autoreactive or malignant cells through inhibition of apoptosis 47. To our
knowledge this is the first description of the role of these TNF superfamily receptor/ligand
molecules in facilitating influenza vaccine-induced B cell activation.

The innate immune factors describe herein do not minimize the importance of adaptive T
cell responses in vaccine induced immunity. Quantitative loss of CD4 T cell correlates with
impaired B cell responses to seasonal influenza vaccines in HIV infected patients 48. All
patients were on cART, most with reconstitution of CD4 T cells. Qualitatively, the T cells
were deficient in IL-2 responses in ELISPOT following ex-vivo H1N1 Ag stimulation,
while IFN-γ responses were normal. These assays were performed in PBMC, and the main
contributor of IFN-γ was most likely cytotoxic CD8 T cells, whereas CD4 T cells are
presumed to be the main producers of IL-2 49. The addition of IL-2 to ELISPOT cultures
resulted in low but significant enhancement of H1N1-stimulated ASC responses in all three
study groups. IL-2 is well known for imparting T cell help to B cells in the presence of
appropriate B cell activation signals 50. We speculate that IL-2 either acted directly on B
cells or indirectly provided bystander help via stimulating secretion of other cytokines, and
was able to facilitate activation and proliferation of Ag-specific B cells ex-vivo in each of
the study groups. We have also observed lower levels of serum IL-21 post-HIN1 vaccination
in vaccine non-responder HIV infected patients 15. Collectively, our findings concur with
the concept that integrated signals from a wide spectrum of sources regulate the ability of B
cells to differentiate into pathways resulting in generation of memory cells and protective
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antibody response17, 51. Investigation of the molecular basis for the failure of B cell
responses, including transcriptional regulation of their survival, proliferation, differentiation,
class switch and somatic mutation merit future investigation.

Despite the small sample size the data were striking and the proportion of patients who
failed to seroconvert closely matched the published data 8, 10. Distinct and significant
differences in immune responses were identified that set the NR apart from R patients and
HC. HIV-infected patients who could successfully mount Ab responses to a single dose of
non-adjuvanted H1N1 vaccine had demonstrable expression of innate T-independent B cell
helper factors APRIL and BAFF as well as T-dependent cytokine IL-2, with expansion of
memory B cells, upregulation of TACI and downmodulation of BAFF-R. These
immunologic responses were deficient in vaccine non-responder patients and add to the
known HIV associated B cell hyperactivation, dysfunction and residual abnormalities in
chronically infected patients on cART 14. Our studies point to the need for continuing
investigations to examine the cumulative signaling elements that control B cell
differentiation 52 for insight into novel adjuvant strategies for local and systemic vaccines, in
which T cell-independent and T cell-dependent stimuli synergize to optimally stimulate B
lymphocytes. A focus on T-independent factors that can shape the primary antiviral antibody
response of B cells following vaccination may be critically important in an immune deficient
setting such as HIV/AIDS where cognate T cell help may be suboptimal.
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Figure 1. H1N1/09 vaccine responders show expansion of memory B cells
Frequencies of (A), Frequencies of memory B cells (CD20+CD27+CD10−) in total (CD20+)
B cells. (B), KI67+ memory B cells and (C), IgG producing ASC following ex-vivo
stimulation with H1N1 antigen.
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Figure 2. Serum BAFF and APRIL are increased in H1N1/09 vaccine responder patients
Serum levels of BAFF and APRIL were measured by ELISA. (A), Serum levels of BAFF.
(B), Serum levels of APRIL.
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Figure 3. Differential expression of BAFF-R and TACI in vaccine responder and non-responder
patients
Representative histograms showing frequency of (A) BAFF-R, (D) TACI in total B cells at
T0 (grey) and T2 (black) compared to isotype controls (filled). Expression of BAFF-R+ in
(B), total B cells; (C), memory B cells. TACI expression in (E), total B cells; (F), memory B
cells. Correlation between the H1N1 Ab titer with (G), BAFF-R+ B cells and (H), TACI+ B
cells.
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Figure 4. H1N1 antigen-stimulated IL-2, IFNγ and IgG responses in healthy controls and HIV-
infected patients pre- and post- H1N1 vaccination
Frequencies of H1N1-stimulated (A), IFN-γ and (B), IL-2 producing SFU in PBMC at T0
and T2. (C), Correlation between the H1N1 Ab titer and IL-2 SFU in PBMC ELISPOT
assay. (D), Mean H1N1-stimulated IgG ASC with and without exogenous IL-2 at T0 and
T2.
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