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Abstract
Objective—To assess the humoral immune response to low-dose AS03-adjuvanted and standard-
dose nonadjuvanted 2009 pandemic H1N1 influenza A vaccine in HIV-infected aviremic
individuals receiving antiretroviral therapy and in uninfected individuals.

Design—A three-arm study.

Setting—Two clinics: one at the National Institutes of Health in Bethesda, Maryland, USA; and
the other at the Maple Leaf Medical Clinic in Toronto, Ontario, Canada.

Participants—HIV-infected and HIV-uninfected adults.

Intervention—Single intramuscular 15µg dose of the monovalent inactivated 2009 pandemic
H1N1 influenza A vaccine without adjuvant or 3.75µg dose of the same strain with adjuvant
AS03.

Main outcomes—Immunogenicity, as measured by hemagglutination inhibition (HAI) antibody
titers and vaccine-specific memory B-cell responses.

Results—A total of 74 participants were enrolled. Twenty-one HIV-infected individuals received
the low-dose adjuvanted 2009 pandemic H1N1 influenza A vaccine. Twenty-nine HIV-infected
and 24 HIV-uninfected individuals received the standard-dose nonadjuvanted vaccine. There were
no significant differences in antibody responses at 9 weeks postvaccination among the three
groups studied. However, the IgG memory B-cell response against the vaccine was significantly
higher in the HIV-infected group that received the low-dose adjuvanted vaccine when compared to
the HIV-infected and uninfected groups that received the standard-dose nonadjuvanted vaccine.
Conclusions remained unchanged after regression adjustment for age, gender, CD4+ T-cell count,
and baseline HAI titer.
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Conclusion—These data suggest that adjuvants could be used to expand coverage through dose
sparing and improve humoral immune responses in immunocompromised individuals.

Keywords
adjuvants; antibody response; HIV infection; memory B-cell response; pandemic influenza;
vaccination

Introduction
The rapid emergence of the 2009 pandemic H1N1 influenza A virus led to unprecedented
global efforts to vaccinate large numbers of people within a short period of time. Several
high-risk groups were identified for priority vaccination, including immunocompromised
individuals [1]. Among this priority list are HIV-infected individuals [1]. Longstanding
recommendations to vaccinate HIV-infected individuals against seasonal influenza stem
from several reports that HIV disease is associated with higher influenza-related morbidity
and mortality rates compared to the general population [2–5].

Vaccination remains the most efficacious and cost-effective strategy to prevent the spread of
influenza and to reduce influenza-related morbidities and mortalities [6]. However, as
seasonal influenza viruses vary from year to year (antigenic drift) and novel strains emerge
(antigenic shift), such as the 2009 pandemic H1N1 influenza A virus, current vaccination
production and implementation approaches may not be adequate with regard to the amount
of vaccine available (surge capacity), the strength of the immune response that is elicited, or
the breadth of coverage against divergent strains. The use of adjuvants provides the
opportunity to spare dosage as well as to increase the strength and breadth of elicited
responses [7, 8]. Several studies performed on healthy individuals have demonstrated that
inclusion of adjuvant in influenza vaccines is safe [7–11]. Two of these studies reported an
increase in immunogenicity and cross-reactivity for an adjuvanted H5N1 vaccine [7, 9],
whereas results were mixed in the three other studies reporting on the immunogenicity of the
2009 pandemic H1N1 vaccine. Modest enhancing effects were shown in one interim report
using the oil-in-water adjuvant MF59 [10] and in one preliminary report using another oil-
in-water adjuvant, AS03A [8]. However, decreased immunogenicity was shown in the third
study in which alum was used as adjuvant [11]. Furthermore, adjuvants have been shown to
enhance the strength of immune responses to vaccines in immunocompromised individuals
[12], including against seasonal influenza in HIV-infected individuals [13]. The enhancing
effects of adjuvants may be particularly important for influenza vaccines, given the
numerous reports showing an impaired humoral immune response to nonadjuvanted
seasonal influenza vaccination in HIV-infected individuals [14–17]. Reduced responsiveness
to seasonal influenza vaccination has also been associated with HIV disease progression [14,
16, 18, 19], which in turn is associated with increasing incidences of influenza-related
morbidity and mortality [2, 4, 5]. However, in a recent report on the 2009 pandemic H1N1
strain, antibody responses to a nonadjuvanted vaccine were poor even among well controlled
HIV-infected individuals [20]. Thus, it would be important to attempt to increase the
strength of the immune response to influenza vaccination in HIV-infected individuals,
especially against new emerging strains of influenza such as the 2009 pandemic H1N1
wherein preexisting immunity is expected to be low. The induction and maintenance of a
humoral immune response following vaccination with an inactivated influenza virus
formulation is necessary to confer protection against infection [21]. Serologic antibody
titers, the most widely reported component of the humoral immune response following
vaccination, are maintained by long-lived plasma cells residing primarily in the bone
marrow and the spleen [22, 23].However, humoral immunity is alsomaintained by antigen-
specific memory B cells [22, 23], a less frequently reported component of the humoral
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response that may be as essential as plasma cells in maintaining memory for rapid antibody
responses [24]. In this regard, whereas pathogen-specific antibodies induced by vaccination
are the first line of defense following re-exposure, pathogen-specific memory B cells are
rapidly induced to undergo affinity maturation, a process that increases the effectiveness of
the antibody response and helps prevent the emergence of clinical manifestations associated
with the pathogen [23].

In this study, we report on the humoral immune response against the inactivated 2009
pandemic H1N1 influenza A virus whole-virion vaccine, administered either at full dose
without adjuvant or at one-quarter dose in the presence of an oil-in-water emulsion-based
adjuvant AS03. The effect of adjuvant was studied in two groups of HIV-infected
individuals both of which had been rendered aviremic by antiretroviral therapy (ART) and
one group of HIV-uninfected individuals. The responses measured included
hemagglutination inhibition (HAI) antibody titers in serum as well as vaccine-specific
memory B-cell frequencies in the peripheral blood. Our findings indicate that adjuvants may
increase the immunogenicity of influenza vaccines in immunocompromised individuals,
especially against new emerging pandemic strains to which individuals may not have been
previously exposed and against which there may be little or no preexisting, cross-reacting
immunity.

Methods
Participants

We recruited 74 participants over the age of 18 years between October 2009 and January
2010 to receive a single dose of vaccine against the 2009 pandemic H1N1 influenza A virus.
Participants recruited at the National Institutes of Health (NIH) in the United States included
24 HIV-uninfected (NIH-HIV-negative) and 29 HIV-infected (NIH-HIV-positive)
individuals. The NIH-HIV-negative group consisted of healthcare workers who were
identified for priority vaccination against the 2009 pandemic H1N1 influenza A virus. In
addition, 21 HIV-infected participants were recruited at the Maple Leaf Medical Clinic in
Toronto, Ontario, Canada (TO-HIV-positive). All participants in the two HIV-infected
groups were receiving effective ART and maintained a level of HIV plasma viremia below
the limit of detection of 50 copies of HIV RNA per milliliter at the time of study (branched
DNA assay; Bayer Diagnostics, New York, New York, USA, and Chiron Corp, Emeryville,
California, USA). Lymphocyte counts were performed at core facilities of the two sites. All
participants provided informed consent for procedures approved by the Institutional Review
Boards of the National Institute of Allergy and Infectious Diseases (NIAID), at the NIH,
USA, the University of Toronto, Toronto, Canada, and by the Office of Human Subjects
Research at the NIH, USA.

Vaccines
Participants recruited at the NIH site received one dose of inactivated split-virion vaccine
derived from A/California/ 7/2009 H1N1-like X-179A strain containing 15µg hemagglutinin
(Novartis Vaccines, Cambridge, Massachusetts, USA), in accordance with recommendations
from the US Centers for Disease Control and Prevention. Participants recruited at the
Toronto site received one dose of an adjuvanted inactivated split-virion vaccine derived
from the above strain and containing 3.75µg hemagglutinin (GlaxoSmithKline, Research
Triangle Park, North Carolina, USA), in accordance with recommendations from the Public
Health Agency of Canada. The adjuvanted vaccine was administered following
emulsification with the adjuvant AS03 (containing 11.86 mg DL-α-tocopherol, 10.69 mg
squalene, and 4.86 mg polysorbate 80 per dose), as per the manufacturer’s
recommendations.
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Procedures
Serum was obtained prior to vaccination and at day 63+/− 7 days postvaccination. In two
groups, NIH-HIV-negative and TO-HIV-positive, additional serum samples were available
between day 7 and day 28 postvaccination. Antibody titers against A/California/7/2009
H1N1 were measured in duplicate on stored serum samples by the HAI assay in a standard
microtiter format as previously described [25]. Whole blood was obtained at day 63
postvaccination and peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll
density centrifugation. To evaluate the memory B-cell response, PBMCs were stimulated for
4 days with Staphylococcus aureus Cowan and CpG oligonucleotide and then used to
measure frequencies of antibody-secreting cells (ASCs) by ELI-SPOT as previously
described [14], with the following modifications. Acrowell polyvinylidene fluoride filter
plates (Pall, Port Washington, New York, USA) were coated with the nonadjuvanted H1N1
vaccine preparation. Bound antibodies were detected using alkaline phosphatase conjugated
antihuman IgG and peroxidase conjugated antihuman IgA (KPL, Gaithersburg, Maryland,
USA) with subsequent development using alkaline phosphatase and peroxidase substrate
kits (Vector Laboratories, Burlingame, California, USA). ASC frequencies were normalized
to the number of B cells in each sample by evaluating percentage CD19+ B cells in cultured
PBMCs using cytofluorometric analysis.

Statistical analysis
Geometric mean titers (GMTs) of HAI responses were calculated for each group and
reported with 95% confidence intervals. Differences in HAI titers and ASC frequencies
between the three groups were analyzed using the Kruskal–Wallis test followed by pairwise
analyses using the Wilcoxon rank-sum test. Regression analyses were performed to
statistically address potential confounding between groups and CD4+ T-cell count, age,
gender, and baseline HAI titer. The variables age and CD4+ T-cell count were compared
pairwise using theWilcoxon ranksum test, whereas gender was compared pairwise using
Fisher’s exact test. Key analyses were repeated after omission of five patients with
suspected exposure to natural influenza. All reported P values are two-sided with no
adjustment for multiple testing. Analyses were performed using SAS (Version 9.2; SAS
Institute, Cary, North Carolina, USA) and Prism software (Version 5.0; GraphPad Software,
La Jolla, California, USA).

Results
Table 1 shows group demographics for the 74 participants. There were no significant
differences in age among the three groups. As expected, there was a significant difference in
CD4+ T-cell counts between the NIH-HIV-negative group and the two HIV-positive groups
(P=0.0008 for NIH-HIV-positive and P=0.0004 for TO-HIV-positive). However, there was
no significant difference between the two HIV-positive groups. There were significant
differences between groups regarding gender that were beyond the control of the study
design, given that no exclusion other than HIV plasma viremia was considered for the HIV-
positive groups and that the majority of healthcare workers who volunteered for the study at
NIH were women. The P values for gender differences between each group were as follows:
0.0061 for NIH-HIV-negative vs. NIH-HIV-positive; <0.0001 for NIH-HIV-negative vs.
TO-HIV-positive; and 0.0147 for NIH-HIV-positive vs. TO-HIV-positive. However, based
on previous findings [26], the gender bias was likely to have a negligible effect on immune
response outcomes.

Evidence of preexposure to or the existence of cross-reactive immunity to 2009 pandemic
H1N1 influenza was evaluated using various parameters, depending on the availability and
timing of pre and postvaccination serum samples and clinical observations. In the NIH-HIV-
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negative group, sequential serum samples were available on several participants, and
baseline serum samples were obtained several weeks prior to vaccination. As shown in Fig.
1(a), peak antibody responses occurred at 14 days postvaccination, consistent with
preliminary findings for the 2009 pandemic H1N1 influenza vaccine [1, 10]. Based on
expected HAI kinetics and clinical reporting, evidence of recent exposure to H1N1 was
identified in three of the 24 NIH-HIV-negative participants. A similar level of preexposure
was observed in the NIH-HIV-positive participants (Table 1). In the TO-HIV-positive
group, serum samples were available at day 0, as well as day 7 and day 63 postvaccination
(Fig. 1b). The kinetics of HAI and clinical reporting suggest that two individuals may have
been recently exposed (Fig. 1a), and another four had prevaccination reactivity to a virus or
vaccine similar to the 2009 pandemic H1N1 influenza A virus (Table 1).

HAI titers for each group are shown at day 63 postvaccination in Fig. 2, with statistical
analyses shown in Table 2. There was no significant difference in HAI titers between the
three groups studied and the differences in log HAI titers among the three groups remained
nonsignificant after regression adjustments for baseline HAI titer.

Frequencies of memory B-cell response against the 2009 pandemic H1N1 influenza vaccine
at day 63 postvaccination were measured by ELISPOT after in-vitro stimulation (Fig. 3).
Several subsets of memory B cells exist in the peripheral blood of HIV-infected individuals,
especially those with ongoing viremia [27]. However, we have shown that the majority of
influenza-specific memory B cells are CD27+ B cells [28], and more specifically CD21hi/
CD27+ B cells in HIV-aviremic individuals [29]. Although the amount of blood obtained in
the current study precluded precise determination of the phenotype of H1N1-specific
memory B cells, preculture analysis confirmed that the majority of memory B cells in both
HIV-aviremic groups and HIV-negative individuals were of the CD21hi/CD27+ phenotype
(data not shown). Furthermore, plasma cells present at the start of the culture period were
unlikely to contribute significantly to these frequencies given that they represented less than
2% of peripheral blood B cells in the cohorts studied here (data not shown) and that they
preferentially die during the in-vitro stimulation period [28]. Controls for nonspecific
binding (Keyhole limpet hemocyanin) and total immunoglobulin-secreting capacity (IgG
and IgA) were also included for each sample. The latter control also served to verify that
delays in transportation of blood from Toronto did not alter overall B-cell properties. There
was no significant difference in total immunoglobulin-secreting capacity (IgG and IgA)
between the two HIV-positive groups, although they were both significantly higher
compared to the NIH-HIV-negative group (Table 2), consistent with residual B-cell
hyperactivity in HIV-infected individuals receiving ART [27]. Finally, H1N1 vaccine-
specific memory B-cell IgG responses were significantly higher in the TO-HIV-positive
group having received the adjuvanted quarter-dose vaccine formulation compared to both
the NIH-HIV-negative and NIH-HIV-positive groups having received the nonadjuvanted
standard-dose vaccine formulation (Fig. 3 and Table 2). H1N1 IgA-specific responseswere
not significantly different between the three groups (Table 2). However, IgA responses
constituted a minor component of the H1N1-specific response when compared to total IgA
and H1N1-specific IgG responses (see Table 1 and Fig. 3). Regression analyses using
frequency and log frequency of B-cell responses as outcomes while adjusting for CD4+ T-
cell count, age, gender, and baseline HAI titer were all consistent with the between group
comparisons of Table 2. Results were unchanged when five participants with evidence of
exposure to natural influenza were excluded from analyses.

Discussion
In the present study, we showed that vaccination of HIV-infected individuals with a low-
dose AS03-adjuvanted 2009 pandemic H1N1 influenza A formulation induced a higher
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memory B-cell response and a similar antibody response when compared to vaccination
with a standard full-dose nonadjuvanted vaccine in both HIV-infected and HIV-uninfected
individuals. The enhanced response observed with an adjuvanted vaccine given at one-
quarter the dose of the nonadjuvanted formulation raises two important concepts: that
adjuvants such as AS03 may help extend coverage among a greater number of individuals in
times of limited vaccine supply through dose-sparing; and that adjuvants may help improve
immune responses, especially against neoantigens such as the 2009 pandemic H1N1 strain,
in immunocompromised individuals, including HIV-infected individuals. Previous studies
on seasonal influenza have shown that HIV-infected individuals with low CD4+ T-cell
counts and ongoing HIV viremia have lower antibody and B-cell responses compared to
healthy individuals [14–17]. A more recent study on the immunogenicity of a nonadjuvanted
2009 pandemic H1N1 influenza vaccine found low seroconversion rates even among HIV-
infected individuals with favorable immunologic and virologic profiles [20]. Given the
evidence that adjuvants can safely induce and boost humoral immune responses to vaccines
in immunocompromised individuals [12, 13, 30, 31], our present findings suggest that
adjuvants may provide new opportunities for improving protection against influenza in high-
risk individuals.

A recent study reported a low rate of seroconversion in HIV-infected individuals who
received an AS03-adjuvanted vaccine against pandemic 2009 H1N1 influenza [32];
however, there was no healthy control group and results were discussed in relation to recent
reporting on response to this vaccine formulation. Caution should be exerted when
comparing studies in which differences in HAI assays are inevitable [33], especially in light
of the fact that for a majority of individuals pandemic 2009 H1N1 influenza represents a
neoantigen. Our data showed the induction of low HAI titers for all groups studied.
However, we measured the antibody response at day 63, several weeks past the peak of day
21 reported in other studies [8, 10, 11]. Furthermore, there are indications that protection
against influenza, and in particular against pandemic 2009 H1N1 influenza, can be conferred
in the absence of measurable HAI titers [26]. In this regard, although there is evidence that
antibody responses are correlated with memory B-cell responses for certain antigens [24],
this may not be the case for influenza in which memory B cells can be detected in the
absence of antibodies [34]. However, regardless of the nature of the antigen and correlations
between responses, antibodies secreted from long-lived plasma cells and affinity-matured
antibodies arising from memory B cells, are both thought to be essential for maintaining
humoral immunity [22, 23].

Our study contained a number of limitations, including a relatively small sample size and
time constraints that precluded randomization and complete serologic baseline data. The low
sample size limited our ability to detect potential differences in HAI titers between the
groups studied. Nonetheless, our data indicated that the adjuvanted low-dose was similar to
the nonadjuvanted standard-dose formulation in inducing antibodies against the vaccine.
With regard to baseline serologies, the absence of serum samples in the NIH-HIV-negative
groups was compensated by numerous samples prior to and following vaccination, in
addition to extensive clinical documentation and evidence from regression analyses, which
indicated that imbalances between the groups did not affect outcomes. Our results provide a
rational basis for designing a larger randomized study.

Thus, on the basis of our findings, we recommend further investigation into the use of
adjuvants in influenza vaccine formulations, particularly when used in immunocompromised
individuals against new emerging pandemic strains against which there may be little or no
preexisting, cross-reacting immunity. Previous studies have shown AS03-based
formulations to be safe [8, 9], and our study showed evidence of enhanced immunogenicity
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with a low-dose formulation. Future studies on immunogenicity and protection should
include the assessment of antibody as well as memory B-cell responses.
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Fig. 1. Kinetics of hemagglutination inhibition antibody response to 2009 pandemic H1N1
influenza A vaccine
Graphs are shown for (a) NIH-HIV-negative and (b) TO-HIV-positive groups. The bold line
represents the geometric mean titer (GMT) for each group. The broken line on the X-axis in
(a) indicates that baseline serologies were measured several weeks prior to vaccination at
day 0.
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Fig. 2. Hemagglutination inhibition titers against the 2009 pandemic H1N1 influenza A virus at 9
weeks postvaccination
Horizontal bars represent the geometric mean titer (GMT) and whiskers indicate the 95%
confidence interval for each group.
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Fig. 3. Memory B-cell responses against the 2009 pandemic H1N1 influenza A vaccine at 9 weeks
postvaccination
Frequencies of vaccine-specific antibody-secreting cells (ASCs) were measured from
peripheral blood mononuclear cells (PBMCs) after 4 days of stimulation and reported per
million B cells for (a) IgG and (b) IgA. Horizontal bars represent the median for each group.
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Table 1

Description of study groups.

NIH-HIV-negative NIH-HIV-positive TO-HIV-positive

Number of participants 24 29 21

Age (years)a 43 (23–61) 45 (24–73) 47 (26–62)

Men 9 (38%) 21 (72%) 21 (100%)

CD4+ T-cell count (cells/µl)a 805 (440–1401) 590 (194–962) 520 (190–1230)

HIV RNA (copies/ml plasma) N/A <50 <50

H1N1 vaccine 15 µg without AS03 15 µg without AS03 3.75 µg with AS03

Evidence of H1N1 prereactivityb 3 (12%) 4 (14%) 6 (29%)

Baseline HAI titer ≥1 : 40 N/A 3 (15%) 3 (14%)

N/A, not applicable.

a
Median (range).

b
Detectable hemagglutination inhibition (HAI) titer (≥1 : 10) prior to vaccination.
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