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Abstract
A total of 600 healthy adults ≥ 65 years were randomized to receive 2 vaccinations 1 month apart of
a subvirion avian influenza A/H5N1 vaccine containing 3.75, 7.5, 15, or 45 μg of hemagglutinin
(HA) with or without aluminum hydroxide (AlOH). All formulations were safe. Groups given the
vaccine with AlOH had more injection site discomfort. Dose-related increases in antibody responses
were noted after the second vaccination. Antibody responses to the vaccine were not enhanced by
AlOH at any HA dose level. A microneutralization titer ≥ 40 was observed in 36% and 40% of
subjects who received 45 μg of HA with or without AlOH, respectively.
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1. Introduction
The World Health Organization (WHO) has identified influenza A/H5N1 vaccine development
as a cornerstone of pandemic preparedness [1]. Treanor, et al. [2] studied a two-dose regimen
of a nonadjuvanted subvirion H5N1 vaccine that was subsequently approved by the United
States Food and Drug Administration on 17 April 2007 [3]. Adults ≥ 65 years of age were not
included in the Treanor, et al. [2] study. The immune responses of elderly adults to influenza
vaccines are generally diminished as compared to those of younger adults [4]. Aluminum salts
have been proposed as possible adjuvants for use in combination with pandemic influenza
vaccine antigens to improve immune responses [5-7]. Therefore, in the current study, we
evaluated this subvirion inactivated influenza H5N1 vaccine at a range of doses with or without
aluminum hydroxide (AlOH) in healthy adults ≥ 65 years of age. This report describes our
results with respect to the safety and immunogenicity of these vaccine formulations.

2. Materials and methods
2.1 Vaccines

Inactivated subvirion influenza A/H5N1 vaccine was prepared using the reassortant virus A/
Vietnam/1203/2004 × A/Puerto Rico/8/34, derived by reverse-genetics techniques as
previously described [2]. Four dose levels (3.75 μg of HA/0.25 mL; 7.5 μg of HA/0.5 mL; 15
μg of HA/0.5 mL; or 45 μg of HA/0.5 mL) were formulated with (+) or without (-) AlOH at
1200 μg (Al) per mL (sanofi pasteur, Swiftwater, PA).

2.2 Subjects
Subjects were 65 years of age or older and were ambulatory and judged to be medically stable
for any underlying conditions, including acceptable vital signs (heart rate < 100 bpm and blood
pressure ≤ 160 mm Hg systolic and ≤ 90 mm Hg diastolic), and no new or changes in
prescription medications within 3 months of vaccination. Exclusion criteria included
immunosuppression; known allergy to any component of the vaccines (including eggs); history
of Guillain-Barré syndrome; prior receipt of an influenza A/H5 vaccine; and receipt of licensed
inactivated or live vaccines within the preceding 2 weeks or 4 weeks, respectively. The protocol
and consent forms were approved by the institutional review board of each participating study
site.

2.3 Study design
We conducted a multicenter, randomized, dose-ranging clinical trial. All subjects as well as
site and laboratory staff, except the vaccinators, were blinded to the vaccines administered.
The vaccinators were not involved in the assessment of responses after immunization. Written
informed consent was obtained from potential subjects prior to screening. Eligible subjects
were randomly assigned to receive two doses of vaccine with approximately 60 subjects in
each of the 3.75, 7.5, and 15 μg groups, and approximately 120 subjects in the 45 μg groups
(Table 1). Each vaccination was administered into the deltoid muscle, and the two doses were
administered approximately 28 days apart. Subjects were observed for at least 15 minutes after
each immunization. For the seven days after each immunization, subjects recorded their oral
temperature and the presence and severity of injection site findings (pain, tenderness, redness,
and swelling) and systemic symptoms (feverishness, malaise, myalgias, headache, and nausea)
on a memory aid. Subjects were seen in the clinic on days 2 and 8 after each vaccination, at
which time their memory aids were reviewed by study staff. Twenty-eight days after each
vaccination and 6 months after the second vaccination, the interim medical history was
reviewed. Blood specimens for antibody assays were collected before and one month after each
vaccination and 6 months after the second vaccination. Adverse events (AEs) and serious
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adverse events (SAEs) were defined, graded, and followed as previously reported in the Keitel,
et al. [8] study of this vaccine in younger adults.

2.4 Antibody assays
Microneutralization (Neut) and hemagglutination-inhibition (HAI) assays were performed at
the Southern Research Institute as previously described [8]. Seroconversion was defined as a
four-fold or greater increase in antibody titer after vaccination (if antibody was detectable in
the pre-vaccination sample) or an increase in titer from < 10 before vaccination to ≥ 40 after
vaccination.

2.5 Statistical considerations
Prior to analyzing the endpoints, tests of homogeneity were performed to evaluate any
differences between groups with respect to age, race/ethnicity, and gender. Frequencies of
reactogenicity after each vaccination were based on the most severe response reported. Overall
comparisons between vaccine groups were based on Fisher's exact test in which reactogenicity
was dichotomized as none to mild or moderate to severe. Logistic regression models,
controlling for age and gender, were used to evaluate differences between vaccine groups for
injection site/systemic reactogenicity.

This study was not designed to test a specific immunogenicity hypothesis. The goal was to
achieve initial estimates of this vaccine's dose-dependent and adjuvant-dependent immune
responses for future investigations. The sample size for the 45 μg group (n = 120) was larger
than for other dose levels and was selected to test the significance of an adjuvant effect within
this dose group, with an 80% power to detect a difference in the proportion of responders of
50%, provided the response rate was 40% or greater in the nonadjuvant group.

Immune responses were summarized in terms of H5-specific Neut and HAI antibody titers,
transformed to a logarithmic scale for analyses. Analyses included the distribution of titers
(emphasizing the proportion of subjects achieving titers that were ≥ 40 and a 4-fold rise over
baseline) at 28 and 56 days after the first vaccination. Fisher's exact test and ANOVA were
used to test the effect of AlOH for dichotomous (titer ≥ 40, 4-fold rise) and continuous
[geometric mean titers (GMT)] measures, respectively. Univariate and multivariate logistic
regression and linear regression were conducted for 4-fold responses and GMT, respectively.
The Cochran-Armitage trend test was performed to explore the dose response. The scores of
the doses for this test were defined as 3.75, 7.5, 15, and 45. One-sided exact p values were
selected. No adjustments were made for multiple comparisons.

3. Results
3.1 Subjects

A total of 600 subjects were enrolled between March and August 2006. The reasons that
subjects were withdrawn from the study are shown in Figure 1. The subject who received an
incorrect dose as the first vaccine was excluded from the safety and immunogenicity analyses.
Two subjects who did not receive the second vaccine and did not provide post-vaccination
blood samples were excluded from all immunogenicity analyses. One subject did not return
for a blood sample 28 days after the first vaccination and was consequently not included in the
immunogenicity analyses for this time point, but this subject was included in all other analyses
for which data were available. Baseline demographic characteristics of enrolled subjects are
shown in Table 1. No significant differences in baseline gender, ethnicity, race, or age were
noted between the vaccine groups.
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3.2 Safety and Reactogenicity
Serious Adverse Events—Thirty-seven serious adverse events, including two deaths, were
reported during the study. None of these SAEs was considered to be associated with
vaccination. One subject with a history of hypertension and a transient ischemic attack died of
natural causes 46 days after receiving the second vaccination. A second subject died of an
astrocytoma 151 days after receiving the second vaccination.

Injection Site Reactogenicity—Tenderness at the injection site was the most common
solicited adverse event. Most injection site symptoms were mild and peaked on day 0 or 1. No
severe injection site reactions were reported following either vaccination. For the
nonadjuvanted groups after both vaccinations, a dose-related increase in the frequency of
injection site tenderness was observed (p = 0.05 and 0.002 after the first and second
vaccinations, respectively) (Figure 2). Tenderness was significantly higher in the AlOH group
compared to the nonadjuvanted group for all dose levels and both vaccinations (p ≤ 0.03 for
all comparisons) except the 45 μg group after the second vaccination (p = 0.5). The frequencies
of pain and tenderness were both significantly greater after the first vaccination than after the
second vaccination for the 45 μg with AlOH group (p = 0.02 and 0.003, respectively). In logistic
regression analyses, the inclusion of AlOH was independently associated with a higher
frequency of tenderness after both vaccinations and of pain after the first vaccination only.
Increased HA dose and younger age were associated with a higher frequency of tenderness
after the first vaccination only; no gender-related differences were noted (data not shown).

Systemic Reactogenicity—No severe systemic reactogenicity symptoms were reported
following either vaccination. Malaise was the most prevalent systemic reaction reported across
all groups. For the AlOH or nonadjuvanted groups after either vaccination, no dose-related
increases in systemic symptoms were observed. No significant differences in individual
symptoms were observed when comparing the frequencies of systemic reactions between the
AlOH and nonadjuvanted groups at the same dose level. A comparison of the frequencies of
any systemic reaction between the first and second vaccinations at the same dose level found
that malaise and headache were more frequent after the first vaccination for the 3.75 μg group
(p = 0.04 and 0.01, respectively; data not shown). In logistic regression analyses, younger age
was independently associated with a higher frequency of headache after both vaccinations and
female gender was associated with an increased frequency of headache after the second
vaccination only (data not shown).

Other Adverse Events—One hundred thirty-four unsolicited AEs associated with
vaccination were reported by 94 (15.7%) subjects. Ninety-five subjects had AEs due to
abnormal vital signs as assessed prior to receipt of the second vaccination. The most common
abnormal vital sign was systolic hypertension. There did not appear to be a significant dose-
related difference in the occurrence of vital sign AEs across the vaccine groups.

3.3 Immunogenicity
Serum HAI and Neut antibody responses before the first vaccination and 28 days after the first
and second vaccinations are shown in Table 2. The GMTs of serum HAI and Neut antibodies
before vaccination were similar among all groups. The percentages of subjects achieving a
serum HAI or Neut antibody titer ≥ 40 twenty-eight days after the second vaccination are shown
in Figure 3.

Dose-response relationships after vaccination—Significant dose-response
relationships for serum HAI and Neut antibody responses (GMTs, proportions of subjects with
seroconversion, and the proportions of subjects with a titer ≥ 40) were observed after receipt
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of the second vaccination in both the adjuvanted and nonadjuvanted vaccine groups (p < 0.01
for all comparisons).

Effect of aluminum hydroxide on antibody responses—No significant differences in
serum HAI or Neut antibody responses (GMTs, proportions of subjects with seroconversion,
and the proportions of subjects with a titer ≥ 40) were observed between adjuvanted and
nonadjuvanted groups given similar doses of vaccine after the first or second vaccination (p =
not significant for all comparisons). In regression analyses, increasing HA dose was associated
with higher serum HAI and Neut antibody responses (GMTs and proportions of subjects with
seroconversion) after the first and second vaccinations (data not shown).

Baseline antibody responses—At baseline, 9% of subjects had detectable HAI antibody
(titer ≥ 10), and 15% had detectable Neut antibody. To gain insight into whether these low
levels of antibody reflected antibody to H5 or were nonspecific background, we compared the
antibody response in these subjects after the first vaccination. We reasoned that those with true
H5 antibody should be primed and have a higher response to the vaccine. When the HAI and
Neut titers 28 days after the first vaccination were compared, the subjects with preexisting
antibody had higher GMTs than subjects without preexisting antibody (94.0 vs. 7.8 for HAI;
49.6 vs. 8.0 for Neut; p < 0.0001 for both comparisons, Wilcoxon rank test) (Table 3). Subjects
with preexisting antibody were also more likely to have seroconversion after the first
vaccination (38% vs. 11% for HAI; 24% vs. 6.3% for Neut; p < 0.0001 for both comparisons,
Fisher's exact test) (Table 3). These significant differences remained when adjusting for HA
dose and adjuvant.

4. Discussion
Our results confirm and extend previous observations [7,8,9] related to the use of AlOH to
improve the immunogenicity of H5N1 vaccines. The frequency of injection site tenderness
was increased in groups receiving vaccine with AlOH. Dose-related increases in injection site
tenderness also were noted. The addition of AlOH did not clinically improve antibody
responses for the antigen doses tested. Our observations are also in agreement with those of
Treanor, et al. [10] who studied this same nonadjuvanted vaccine among healthy elderly adults
but also included a 90 μg dose group.

Previous studies [2,9] have also detected HAI, and more often Neut, antibodies to H5N1 virus
prior to vaccination. The concern is whether these results represent true antibody to H5 or
antibody to a cross-reacting epitope from H1, H2, or H3 viruses. Throsby, et al. [11] recently
described a panel of monoclonal antibodies recovered from combinatorial display libraries that
were constructed from human IgM+ memory B cells of recent seasonal influenza vaccinees.
These monoclonal antibodies have broad heterosubtypic neutralizing activity against
antigenically diverse H1, H2, H5, and H9 influenza subtypes. Neutralizing antibody also may
be due to N1 specific antibody, as H1N1 viruses have circulated and been part of seasonal
influenza vaccines. Subjects were not questioned regarding their past contacts with poultry or
aquatic fowl. Subjects with preexisting antibody responded better to the first vaccination than
subjects without preexisting antibody, an observation also made by Bernstein, et al. [9]. This
improved response may be more suggestive of a booster response. This interesting observation
deserves additional study.

One strategy to improve the immunogenicity of this H5N1 vaccine could be a prime-boost
regimen whereby the H5N1 vaccine is included in annual vaccinations to prime the population
and then a booster dose provided at the start of a pandemic. Recent reports by Zangwill, et al.
[12] and Goji, et al. [13] suggest that the prime-boost strategy may be feasible. In the study by
Zangwill and colleagues [12], healthy subjects 18-64 years of age who had previously received
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two doses (7.5-, 15-, 45-, or 90-μg each) of a nonadjuvanted subvirion inactivated H5N1
influenza vaccine received a third vaccination six months later of the same dose. The third dose
of vaccine stimulated a Neut antibody response that was of greater magnitude than that seen
28 days after the second vaccination [2,12]. Available elderly subjects in our study who
received two doses of H5N1 vaccine are currently being enrolled in a clinical trial that will
evaluate their immune responses to a third dose of H5N1 vaccine from a different clade
administered more than two years after initial receipt of an H5N1 vaccine.

A second strategy could be the use of other adjuvants to improve immunogenicity. MF59 is
an oil-in-water emulsion adjuvant that has been demonstrated to increase antibody titers to
avian influenza H9N2 [14] and H5N1 [9] vaccines in healthy adults. These trials did not include
adults ≥ 65 years of age. MF59 has been approved for use in seasonal influenza vaccines for
the elderly in several countries in Europe [15]. Thus, this strategy also deserves additional
study.

Improving the immunogenicity of influenza vaccines will only partially meet the challenge of
preparing an aging population for future epidemics and pandemics. By 2020, individuals ≥ 65
years of age will comprise about 16% of the projected population of the United States [16].
The impact of pandemic influenza on this population group may depend on their past exposures
to similar influenza viruses, either by natural infection or vaccination. The promotion of
seasonal influenza vaccination among the elderly is an important first step toward pandemic
preparedness.
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Figure 1.
Profile of the clinical trial and the reasons for subject withdrawal.
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Figure 2.
Percentage of subjects with injection site tenderness during the 7 days after receipt of different
doses of inactivated influenza A/H5N1 vaccine with (white bars) or without (black bars)
aluminum hydroxide (AlOH) adjuvant.
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Figure 3.
Percentage of subjects achieving a serum HAI or Neut titer ≥ 40 approximately 28 days after
receipt of two vaccinations with inactivated influenza A/H5N1 vaccine with (white bars) or
without (black bars) aluminum hydroxide (AlOH) adjuvant.
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Table 3
Comparisons of geometric mean titer (GMT) at Day 0 and after the first vaccination and proportions with
seroconversion 28 days after the first vaccination, for subjects with a baseline titer < 10 and those with baseline titer
≥ 10

Baseline Titer <10 Baseline Titer ≥ 10 P value

HAI N 540 56

Baseline GMT 5.0 38.1 <.0001*

Post Dose 1 GMT 7.8 94.0 <.0001*

Number (%) w/ 4-Fold Rise 60 (11) 21 (38) <.0001**

Neut N 509 87

Baseline GMT 5.2 25.4 <.0001*

Post Dose 1 GMT 8.0 49.6 <.0001*

Number (%) w/ 4-Fold Rise 32 (6.3) 21 (24) <.0001**

*
Wilcoxon rank test

**
Fisher's exact test
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