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Background: Asthma was the most common comorbidity of
patients hospitalized with 2009 HIN1 influenza.

Objective: We sought to assess the immunogenicity and safety of
an unadjuvanted, inactivated 2009 HIN1 vaccine in patients
with severe versus mild-to-moderate asthma.

Methods: We conducted an open-label study involving 390
participants (age, 12-79 years) enrolled in October-November
2009. Severe asthma was defined as need for 880 pg/d or more
of inhaled fluticasone equivalent, systemic corticosteroids, or
both. Within each severity group, participants were randomized
to receive intramuscularly 15 or 30 pg of 2009 HIN1 vaccine
twice 21 days apart. Immunogenicity end points were
seroprotection (hemagglutination inhibition assay titer >40) and
seroconversion (4-fold or greater titer increase). Safety was
assessed through local and systemic reactogenicity, asthma
exacerbations, and pulmonary function.

Results: In patients with mild-to-moderate asthma (n = 217), the
2009 H1N1 vaccine provided equal seroprotection 21 days after
the first immunization at the 15-pg (90.6%; 95% CI, 83.5% to
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95.4%) and 30-pg (95.3%3; 95% CI, 89.4% to 98.5%) doses. In
patients with severe asthma (n = 173), seroprotection 21 days
after the first immunization was 77.9% (95% Cl1, 67.7% to
86.1%) and 94.1% (95% Cl, 86.8% to 98.1%) at the 15- and
30-p.g doses, respectively (P =.004). The second vaccination did
not provide further increases in seroprotection. Participants with
severe asthma who are older than 60 years showed the lowest
seroprotection (44.4% at day 21) with the 15-pg dose but had
adequate seroprotection with 30 pg. The 2 dose groups did not
differ in seroconversion rates. There were no safety concerns.
Conclusion: Monovalent inactivated 2009 HIN1 pandemic
influenza vaccine was safe and provided overall seroprotection
as a surrogate of efficacy. In patients older than 60 years with
severe asthma, a 30-pg dose might be more appropriate.
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Abbreviations used
FVC: Forced vital capacity
GMT: Geometric mean titer
HAI: Hemagglutination inhibition
ICS: Inhaled corticosteroid
SAE: Serious adverse event
TIV: Trivalent seasonal influenza vaccine

The US Centers for Disease Control and Prevention estimate
that between April 2009 and March 2010, 8,720 to 18,050 deaths
and 193,000 to 398,000 hospitalizations can be attributed to the
2009 HIN1 influenza virus pandemic.' The most common comor-
bidity for patients hospitalized as a result of the 2009 HIN1 virus
infection was asthma,>* and the percentage of patients with
asthma hospitalized because of the 2009 HIN1 virus was 4- to
5-fold higher than the prevalence of asthma in the general
population.3’5

Viral infections are triggers of asthma exacerbations,®’ al-
though the role of influenza was not previously as clear as the ep-
idemiologic data from the 2009 HIN1 pandemic now indicate.
The Advisory Committee on Immunization Practices has recom-
mended vaccination of patients with chronic disorders of the pul-
monary system, including asthma.® Similarly, immunization
against influenza has been recommended for asthmatic patients
by national and international asthma management guidelines®'®
and has been reported to be safe.!!

As the 2009 HIN1 influenza pandemic was developing, it was
expected that asthma would be in the priority list for vaccination
given the limited vaccine stock that was initially available.
However, knowledge regarding the efficacy and safety of the
newly developed 2009 HIN1 pandemic influenza vaccine in this
high-risk population was unknown. Furthermore, based on sug-
gestive data from a previous study testing a seasonal influenza
vaccine,'? the hypothesis was raised that optimal immunization
rates might not be achieved in patients with severe asthma be-
cause of long-term, high-dose corticosteroid treatment.

This study was designed to assess the immunogenicity and
safety of the 2009 HIN1 vaccine in 2 groups of patients with
asthma: those with severe disease (receiving high-dose inhaled
corticosteroids [ICSs], systemic corticosteroids, or both) and
those with mild-to-moderate disease. The design of the study
included 2 intramuscular vaccine doses (15 and 30 pg), with each
dose administered twice (3 weeks apart).

METHODS
Study population

A total of 390 male and nonpregnant female participants aged 12 to 79
years were enrolled at 7 clinical centers of the National Heart, Lung, and
Blood Institute’s Severe Asthma Research Program. Eligibility was limited to
participants who (1) had physician-diagnosed asthma, (2) had confirmed
asthma symptoms within the last 12 months, and (3) did not have a known
or suspected history of the 2009 HIN1 virus infection or treatment. Patients
who had received the trivalent seasonal influenza vaccine (TIV) within 2
weeks before the study were not eligible for participation, nor was TIV vacci-
nation allowed until 3 weeks after the second 2009 HIN1 virus vaccination.
Participants receiving high doses of ICSs (>880 g of fluticasone equivalent
per day) or continuous or near-continuous (50% of year) systemic (oral or in-
jectable) corticosteroids to maintain asthma control or whose symptoms were
uncontrolled despite this treatment were classified as having severe asthma.'?
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The protocol was approved by all institutional review boards. Written in-
formed consent was obtained from each participant or his or her parent or legal
guardian. Adolescents aged 12 to 17 years provided assent.

Study design

This was a randomized, open-label study to investigate the safety and
immunogenicity of 2 administrations of an unadjuvanted, inactivated 2009
HINT1 virus vaccine (Novartis Vaccines and Diagnostics Ltd, Speke, Liver-
pool, United Kingdom) delivered intramuscularly at 2 dose levels (15 or
30 ng) 21 days apart. The 15-pg dose was administered as 1 injection, and the
30-pg dose was administered as 2 injections (15 g in each arm). A high-dose
formulation for single injection was not available at the time of the study. At
the initial clinic visit, asthma characterization was performed, and participants
were randomized into one of 2 dose-level groups stratified by asthma severity
(mild to moderate and severe), age (12-17, 18-64, and >64 years), and
investigative site. The study consisted of 5 clinic visits (days 1, 8, 21, 28, and
41), as well as 2 interim and 3 follow-up telephone contacts for safety
assessment (days 81, 141, and 201).

Solicited injection-site and systemic reactogenicity were assessed accord-
ing to conventional vaccine trials.'* Asthma-related information was obtained
from daily symptom diaries and participant reports. Specifically, in the diary
participants recorded the use of albuterol in the previous 24 hours, the number
of awakenings requiring albuterol treatment, and the presence and severity
(on a 4-point scale) of chest tightness, wheeze, cough, and shortness of breath
assessed each morning for overnight and each evening for daytime. In addi-
tion, at each study visit, information was obtained from each participant re-
garding asthma-related hospitalizations, unscheduled medical visits for
asthma management, and initiation of an oral corticosteroid burst or increase
in the regular dose of oral corticosteroids. Pulmonary function testing (spi-
rometry) was conducted at each visit. Asthma exacerbations were defined
as any of the following: (1) unscheduled medical visit for asthma manage-
ment, (2) initiation or increase in the dose of oral corticosteroids, and (3)
increase by 6 or more puffs or 2 nebulizations per day of albuterol for 2
consecutive days.

The following serum assays were performed on blood samples collected at
each clinic visit: (1) 2009 HIN1 influenza virus hemagglutination inhibition
(HAI) and (2) 2009 HIN1 influenza microneutralization. Both assays were
performed at a central laboratory (Southern Research Institute, Birmingham,
Ala) in accordance with World Health Organization—recommended stan-
dards.” In addition, at baseline, total serum IgE and specific IgE levels for 9
common aeroallergens were measured. HAI titers against the viral compo-
nents of the 2009 TIV were measured only at baseline in a subgroup of the
study population who had received the 2009 seasonal influenza vaccine before
entering our study. Each serum sample was tested against 3 influenza viruses
(A/Brisbane/59/2007 [HIN1], A/Brisbane/10/2007 [H3N2], and B/Brisbane/
60/2008), which matched the 2009-2010 TIV. The assays were conducted at
the Center for Vaccine Research, University of Pittsburgh.'

Primary immunogenicity outcomes included the percentage of participants
with putative seroprotection (HAI titers >40) and the percentage of partici-
pants with seroconversion (>4-fold increase in HAI titers) after 2 administra-
tions of the vaccine (day 41). Secondary end points included the same data
after the first vaccination (day 21). HAI titers on the viral components of the
2009 TIV were exploratory end points.

Statistical methods

A sample size of 150 participants in the group with severe asthma (75 per
dose group) was chosen to provide at least 87% power to detect seroprotection
differences of 20% or greater between dose groups (ie, 90% vs 70%).
Categorical variables were summarized with enumerations and percentages,
and exact 95% ClIs (Clopper-Pearson method) were computed to describe
seroprotection and seroconversion rates. All participants who received at least
1 vaccination and provided serum at day 1 and either days 21 or 41 were
included in the analyses. Logistic regression modeling assessed associations
between seroprotection and explanatory variables (eg, receipt of 2009
influenza vaccine), adjusting for covariates (eg, age and baseline HAI titers).
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FIG 1. Consolidated Standard of Reporting Trials diagram. Panels representing days 21, 28, and 41 report 2
groups of participants. First line, Participants who had their first vaccination on day 1 and blood draw on the
indicated study visit. Second line, Participants who had their first vaccination on day 1, second vaccination on
day 21, and blood draw on the indicated study visit. The group in the second line is a subgroup of the group in
the first line. Randomization was stratified by investigative site, asthma severity group, and age group.

RESULTS
Study participants

Study participants were enrolled from October 16 to November
13, 2009. Of the 394 enrolled and eligible subjects, 390 were
randomized (Fig 1) and received 1 (15 pg) or 2 (30 p.g) injections
of vaccine on day 1. Of these, 357 received a second administra-
tion of the same vaccine dose on day 21.

Participant age was 12 to 79 years, and those with severe
asthma were on average older than those with mild-to-moderate
asthma (Table I). Of the randomized participants, 52.8% reported
receiving the 2009 TIV at least 2 weeks before enrollment. Partic-
ipants with severe asthma had lower baseline lung function and
higher body mass index.

A total of 33 participants did not receive the second vaccination
on day 21 because of adverse events (n = 18), asthma exacer-
bations (n = 9), not meeting eligibility criteria (n = 4), and
participant withdrawal (n = 2). The percentage of participants
who missed the second vaccination did not differ between the 2
asthma severity groups.

Immunogenicity
Fig 2 presents geometric mean titers (GMTs) for the HAI assay
for all study participants. A single 15- or 30-pg dose of the 2009

HINI virus vaccine produced a robust immune response, with
significant differences between the 2 dose levels in the severe
asthma group. The second vaccination on day 21 produced no fur-
ther increases in HAI GMTs. Consequently, other analyses pre-
sented herein focus on immunogenicity at day 21, 3 weeks after
the first vaccination.

Table II presents seroprotection rates (percentage of partici-
pants with HAI titers >40) and seroconversion rates (percentage
of participants with a >4-fold increase from baseline in HAI ti-
ters), as well as absolute GMT values for all participants at base-
line and day 21. At baseline, between 21.4% and 26.7% of
subjects were seroprotected despite no clinical history of 2009
HIN1 virus infection; these rates were not different between
study groups but were higher in younger participants (data not
shown). After the first vaccination, seroprotection was greater
than 90% in the mild-to-moderate asthma group, and no differ-
ence between the 15- and 30-pg doses was noted. In the severe
asthma group seroprotection was 77.9% for participants who re-
ceived the 15-pg dose and 94.1% for those who received the
30-pg dose (P =.004). When only participants without baseline
seroprotection were analyzed, the difference in vaccine-induced
seroprotection between the 15- and 30-pg doses became even
larger in the severe asthma group (69.8% vs 92.3%, P = .001).
The 2 vaccine doses did not differ in seroconversion rates.
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TABLE I. Demographic characteristics of study participants, baseline spirometric results, and body mass index

Mild-to-moderate asthma (n = 217)

Severe asthma (n = 173)

15-pg Vaccine

30-pg Vaccine 15-pg Vaccine 30-ng Vaccine

dose (n = 110) dose (n = 107) dose (n = 87) dose (n = 86)

Current age (y) 39.1 = 18.1 36.3 = 17.0 452 = 17.0 46.5 = 173
Age at asthma onset (y) 17.1 £ 17.0 164 = 149 219 * 19.7 21.9 = 20.1
Asthma duration (y) 21.9 = 13.9 19.9 = 134 23.3 £ 16.5 24.6 = 17.8
Body mass index (kg/m?) 29.5 = 8.5 28.5 + 6.8 31.8 £ 9.7 30.1 = 8.0
FEV, (% predicted) 83.8 = 16.3 86.6 = 17.6 72.6 = 19.4 69.8 = 20.8
FVC (% predicted) 92.6 = 14.3 94.3 + 16.1 85.0 = 17.1 80.9 = 18.7
FEV,/FVC ratio (X 100) 74.5 = 9.07 75.7 = 8.99 68.4 = 10.91 68.4 = 11.76
Sex (% female) 65 58 60 52
Race (%)

White 66 76 72 65

African American 28 20 25 34

Other 5 5 2 1
Ethnicity (%)

Hispanic or Latino 4 4 3 0
Received 2009 seasonal TIV 44 51 62 57

before HINI study (%)
Received 2009 seasonal TIV 40 39 32 39

after vaccination (%)*

Values are presented as means * SDs unless otherwise noted.

*TIV was offered to all participants 21 days after the second vaccination with the 2009 pandemic HINI influenza vaccine.
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FIG 2. Geometric mean of 2009 pandemic H1N1 influenza virus serum HAI titers by asthma severity and
vaccine dose groups. Horizontal lines represent the lower detection limit of the HAI assay (1:10), as well as
the conventional seroprotection level (1:40). Pvalues represent comparisons at days 21 and 41 between the
15- and 30-pg dose groups. A, Mild-to-moderate asthma. B, Severe asthma. Green lines represent 15 pg,

and red lines represent 30 g.

Analysis of the microneutralization assay data did not reveal any
qualitative discrepancies compared with the HAI data. Correla-
tion coefficients between HAI GMTs and microneutralization
GMTs ranged from 0.73 to 0.83 for days 1 through 41. Microneu-
tralization GMTs were overall higher than HAI GMTs, as previ-
ously reported.'®!”

Age-related differences in HAI GMTs were observed. As
previously mentioned, younger participants had higher GMTs at
baseline (results not shown). After vaccination, participants 60
years or older displayed lower seroprotection rates than younger
participants (Fig 3). This phenomenon was accentuated in the se-
vere asthma group. At day 21, the seroprotection rate in older par-
ticipants with severe asthma who received the 15-pg dose was

44.4% (n = 18); the rate was 88.9%, however, in those partici-
pants receiving the 30-pg dose (n = 18, P = .012).
Seroprotection rates at days 21 or 41 (3 weeks after the first and
second HIN1 vaccination, respectively) were significantly lower
in participants who had received the 2009 TIV before enrolling in
the trial compared with those who had not (see Table E1 in this
article’s Online Repository at www.jacionline.org). The effect
of TIV was significant (P <.001 by using the logistic regression
model with seroprotection status as outcome) and remained sig-
nificant after adjustment for baseline HIN1 HAI titers, age,
HINT vaccine dose, severity group, dose X severity group inter-
action, body mass index, sex, and baseline FEV; percent pre-
dicted (P = .002). To test the hypothesis that antibodies against
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TABLE II. Immune response at day 21 after 1 dose of the 2009 pandemic influenza H1N1 vaccine

Mild-to-moderate asthma (n = 214)

Severe asthma (n = 171)

15-pg Vaccine 30-pg Vaccine 30-15 png 15-pg Vaccine 30-pg Vaccine 30-15 png
Immunogenicity end point dose (n = 107) dose (n = 107) Difference dose (n = 86) dose (n = 85) Difference
Baseline
Subjects with HAI titer 20.6 22.4 1.9 26.7 23.5 —-3.2
>1:40 (seroprotected [%])
95% CI 13.4 to 29.5 14.9 to 31.5 —1191to 15.6 17.8 to 37.4 15 to 34 —183to 11.4
P value .868 725
GMT 13.0 13.8 1.1 15.5 14.4 0.9
95% CI1 9.7to0 17.3 10.5 to 18.2 0.7to 1.6 11.1 to 21.8 10.6 to 19.7 0.6 to 1.5
P value 747 748
After vaccination at day 21
Subjects with HAI titer 90.7 95.3 4.7 77.9 94.1 16.2
>1:40 (seroprotected [%])
95% CI1 83.5t095.4 89.4 to 98.5 —9.2to 18.4 67.7 to 86.1 86.8 to 98.1 1.4 to 30.8
P value 284 .004
Subjects with 80.4 85.0 4.7 75.6 85.9 10.3
seroconversion (%)
95% CI 71.6 to 87.4 76.9 to 91.2 —9.2to 18.4 65.1 to 84.2 76.6 to 92.5 —4.5t025.2
P value 470 120
GMT 291.0 482.8 1.7 203.8 405.4 2.0
95% CI1 218.4 to 387.8 378.3 to 616.3 1.1 to 24 141.9 to 292.6 306.5 to 536.1 1.3 to 3.1
P value .008 .003
Factor increase in GMT 22.5 34.9 1.6 13.1 28.1 2.1
95% CI1 16.3 to 31 25.5 to 47.8 1to24 9.2 to 18.6 19.8 to 39.8 1.3t03.5
P value .054 .002

GMT, Geometric mean titer.

Statistical comparisons were made on log of HAI titers and then back-transformed for reporting purposes. The Fisher exact test was used for comparison of seroprotection and
seroconversion rates between dose groups. Exact binomial Cls were computed to describe seroprotection and seroconversion rates, as well as differences in rates between dose

groups.

the 3 viral components of the TIV might interfere with the HIN1
HAI assay (in which case an inverse relationship between TIV and
2009 HIN1 virus HAI titers would be expected), we measured, in
a subgroup of participants who had received the TIV before enter-
ing our study, HAI titers against the TIV viruses (HIN1 Brisbane/
59/2007, H3N2 Brisbane/10/2007, and B/Brisbane/3/2007) at
baseline. We computed correlations between the antibody titers
against the above TIV viruses and antibody titers against the
2009 pandemic HIN1 virus at day 21 after vaccination. We found
no inverse relationship between the HAI titers for the 2009 HIN1
virus and any of the TIV viruses; in contrast, a positive correlation
between the day 21 titers for the 2009 HIN1 and the day 1 titers
for the HIN1 Brisbane/59/2007 viruses was observed (data not
shown).

Atopy, evaluated for every participant by way of total serum
IgE levels and the number of positive (class I or greater) serum
allergen-specific IgE test results, had no influence on HAI GMTs
or on seroprotection rates (data not shown). Similarly, we detected
no effects of body mass index, systemic corticosteroid use for at
least 6 of the previous 12 months, or ICS dose (fluticasone
equivalents) at study entry (data not shown).

Safety (not asthma related)

After the first vaccination, 64% of participants experienced
systemic adverse events (solicited), and this did not differ
statistically between the 2 dose levels within the mild-to-
moderate and severe asthma groups nor did participants with
severe asthma experience a significantly higher rate of systemic

events (see Table E2 in this article’s Online Repository at www.
jacionline.org). After the second vaccination, less systemic reac-
togenicity was observed (46%). The percentage of participants
who experienced injection-site adverse events (solicited) within
the first 8 days of the first vaccination was higher after the 30-
g dose compared with the 15-jug dose in the severe asthma group
(P =.014). A slightly higher but statistically significant rate of se-
vere injection-site and systemic solicited reactions occurred with
the 30-.g dose in the mild-to-moderate asthma group. The severe
asthma group tended to have less frequent severe solicited reac-
tions with the 30-pg dose.

Unsolicited, non-serious adverse events (non-SAEs) were
reported by 49% of participants, with no significant differences
between dose groups or between severity groups within each
system organ class.

Three SAEs not associated with an asthma exacerbation
occurred within 21 days of vaccination. Fifteen additional SAEs
occurred during the telephone follow-up phase (days 42-201).
None of these SAEs were characterized as vaccine associated, and
there was no predilection for the higher vaccine dose or the severe
asthma group.

Safety (asthma related)

Four asthma-related SAEs (hospitalizations), 3 in the severe
asthma group, occurred within 21 days of vaccination. Only 1 of
these participants had received the 30-pg vaccine dose. Eight
additional asthma-related SAEs occurred during the telephone
follow-up phase of the study, all in the severe asthma group. One
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FIG 3. Age effect on seroprotection rates at day 21 by severity and dose-level group. A, Mild-to-moderate
asthma. B, Severe asthma. Tables below each panel provide information on the number and percentage

of participants per age group who were seroprotected.

of the SAEs was a fatality caused by status asthmaticus; the
participant died at home approximately 2 months after the second
vaccination.

Asthma exacerbations not resulting in hospitalization (non-
SAEs) were recorded in 59 participants (total of 68 events), 38 in
the severe asthma group. Thirty of the 68 exacerbations occurred
in participants who received the 30-wg dose.

Pulmonary function testing (FEV percent predicted, forced vi-
tal capacity [FVC] percent predicted, and FEV/FVC ratio) re-
sults did not demonstrate significant changes from days 1 to 8
or from days 21 to 28 within any of the asthma severity/dose
groups except for FVC percent predicted in the severe 30-pg
group, which decreased by an average of 1% from days 1 to 8
(P = .017) but returned to baseline levels on day 21 and did not
decrease after the second vaccination.

DISCUSSION

The most common comorbidity in persons hospitalized be-
cause of the 2009 pandemic HIN1 influenza virus was asthma.’
This is not surprising given that viral respiratory tract infections
are believed to be the major cause of asthma exacerbations,
even though rhinovirus is the dominant virus found in association
with these events.® Based on these experiences, asthmatic patients
are a high-priority group for HIN1 vaccination.

Our study was designed to compare the immunogenicity and
safety of 2 doses, 15 and 30 pg, of an unadjuvanted 2009 HIN1
influenza virus vaccine administered intramuscularly in patients
with mild-to-moderate and severe asthma. Severe asthma was a
primary concern because of the presumed greater risk for loss of
asthma control with HIN1 infection and the potential influence on
vaccine immunogenicity of high doses of ICSs and, in some
patients, systemic corticosteroids.

We found that both the 15-pg (standard vaccine dose) and
30-wg HINT vaccine doses generally provide excellent seropro-
tection 21 days after a single immunization in patients with mild-
to-moderate asthma. In patients with severe asthma, the response

to the 15- and 30-pg doses was significantly different, with 77.9%
achieving seroprotection with the 15-p.g dose versus 94.1% with
the 30-pg dose. This difference in seroprotection rates was not
seen in the mild-to-moderate asthma group, although HAI GMTs
after the 15-pg dose were significantly lower than those after the
30-pg dose in both groups. Interestingly, in studies conducted in
healthy adults, no differences between the 15- and 30-pg doses of
the 2009 HIN1 pandemic influenza vaccine (albeit from different
manufacturers) were found. '8!

We also observed that the vaccination response was less in
participants 60 years and older, with the lowest response (44.4%
seroprotection) in the 60-year-old or older group with severe
asthma who received the 15-g dose (Fig 3). It is well known that
the immunogenicity of TIV is diminished in older healthy
adults.”*" Our data, however, suggest an interaction between
age and disease severity in that older participants with severe
asthma receiving the 15-p.g dose had the lowest immunogenicity
to the 2009 HIN1 vaccine. Although, within the severe asthma
group, 23.3% of the participants were 60 years or older, their in-
fluence on the data was substantial: removal of these subjects
changed the seroprotection rate of the 15-pg severe asthma group
from 77.9% (95% CI, 67.7% to 86.1%) to 86.8% (95% CI, 76.4%
to 93.8%). An encouraging finding is that older participants with
severe asthma attained adequate seroprotection with the 30-pg
dose, suggesting that older adults with severe asthma might
need to be vaccinated with a higher-than-standard dose. Recent
studies with high-dose (60 pwg) TIV have demonstrated higher im-
munogenicity than the standard dose for patients older than 65
years.22’23 In our study older participants with mild-to-moderate
asthma sustained acceptable seroprotection 3 weeks after vacci-
nation with the 15-pg dose. However, 3 weeks after the second
vaccination, seroprotection decreased from 75% to 56%, again
suggesting that even in these patients the 30-pg dose might
need to be considered.

Limited studies have addressed the question of whether ICS or
systemic corticosteroid use interferes with the antibody response
to influenza immunization. The largest published study in asthma
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was that of Hanania et al,'> which compared the response to TIV in
148 patients receiving medium to high-dose ICSs versus 146 sub-
jects receiving no or low-dose ICSs. The investigators found no
difference between the 2 study groups in the responses to the influ-
enza vaccine, except in a post hoc analysis, in which significantly
lower antibody titers to influenza B were detected. In addition to
having a larger number of participants, our study of the 2009 pan-
demic HIN1 vaccine tested various immunization schedules (15
vs 30-pg dose and 1 vs 2 vaccinations) and used subjects with se-
vere asthma who were receiving a considerably higher dose of
ICSs (=880 wg/d fluticasone) and were, on average, 10 years older
compared with the participants in the Hanania et al study.

An additional observation from this study is the clear lack of a
booster response by the second vaccination (Fig 2). As in many
other studies examining immunogenicity of influenza vaccines,
the second vaccination was included in the study design to offer
a possible solution to the potential problem of low immunogenic-
ity after a single vaccination. Indeed, in several HIN1 vaccine
studies in infants or young children, a second vaccination im-
proved seroprotection rates, which were rather low after a single
vaccine dose.!®?* In older adults (61 years) Zhu et al'® also
found that the second vaccination resulted in better seroprotection
rates. In our study participants 60 years and older, the age group
with the lowest seroprotection rates after the first vaccination, did
not benefit from the second vaccine dose.

Earlier studies have reported that postvaccination GMTs
obtained with influenza vaccines can be lower in patients
reporting previous vaccination compared with GMTs in those
without previous vaccination.”*° We have made similar observa-
tions in this study. The reasons for this vaccine interference effect
are unclear. One possible explanation is that antibodies generated
after TIV vaccination could bind to the 2009 HIN1 hemaggluti-
nin vaccine component in vivo and alter its turnover, its uptake
and presentation by antigen-presenting cells, or both. Another ex-
planation could have been that serum antibodies against seasonal
viral hemagglutinin bind to the pandemic HIN1 viral hemagglu-
tinin protein in the HAI assay, thereby preventing the pandemic
HINI anti-hemagglutinin antibodies in the assay from recogniz-
ing the pandemic HIN1 hemagglutinin protein. We indirectly
tested this hypothesis in patients who had received the 2009
TIV before entering our study by examining whether baseline
HALI titers against each of the 3 viruses in the TIV vaccine were
inversely correlated with the titers against the 2009 pandemic
HINT1 virus at days 21 or 41 after the first pandemic HIN1 vacci-
nation. The lack of such correlations argues against the possibility
that our observation reflects an in vitro artifact. In prior studies
that reported similar vaccine interference, no differences in pro-
tection from influenza illness were observed.”> We and others*®
also saw that this vaccine interference effect had little effect on
the number of subjects achieving seroprotection against the
2009 pandemic HINI.

We did not identify any safety concerns with the 2009 HIN1
vaccine. Injection-site, but not systemic, reactogenicity was
overall higher in participants with severe asthma after the
30-pg dose compared with the 15-pg dose, this likely being
secondary to the fact that the 30-pg dose was delivered with 2
injections, one in each arm. On the other hand, solicited reactions
ranked as “severe” by study participants were more common in
the mild-to-moderate asthma group, regardless of vaccine dose.
Overall, we can conclude that the severe asthma group tolerated
the vaccine as well as the mild-to-moderate asthma group and that
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the 30-pg dose was equally well tolerated. In the severe asthma
group the rate of asthma exacerbations and hospitalizations in the
21 days after each vaccination was not higher than the expected
rate from historical data obtained by the Severe Asthma Research
Program investigators in patients with asthma of similar
severity.?’

Our study did not include a healthy control group because it
was designed to compare the 2 vaccine doses in 2 phenotypically
distinct groups of patients with asthma. However, we had the
opportunity to exchange information with the vaccine manufac-
turer (Novartis Vaccines and Diagnostics Ltd), who has con-
ducted immunogenicity and safety trials in healthy US adult
populations using the same doses and vaccination intervals.
Overall, the immunogenicity and safety of the 2009 HINI1
influenza virus vaccine in healthy subjects was similar to what
we observed in patients with asthma.

Our findings should not be assumed to be automatically
applicable to the live attenuated intranasal vaccine. Although
intranasal administration of the seasonal influenza vaccine has
shown efficacy and safety in persons with asthma, s patients
with severe airway disease have not been extensively tested,
and some concern exists as to the potential of inducing an asthma
exacerbation with the intranasal vaccine in this group.30’31 Itis
also not known whether the substantial nasal mucosal disease,
which is characteristic of the vast majority of these patients,*>
and the use of nasal corticosteroids can influence intranasal vac-
cine immunogenicity and safety.

In summary, adult and adolescent patients with asthma can be
safely administered the 2009 HIN1 pandemic influenza vaccine
(which is currently a component of the 2010 TIV) and will most
likely experience seroprotection at a rate comparable with healthy
subjects with a single 15-pg dose. It is noteworthy that the 30- g
dose of the vaccine led to a higher rate of seroprotection compared
with the 15-pg dose in the severe asthma group, this being
primarily because of the low seroprotection in older participants.
Indeed, older adults with severe asthma should be considered for
the 30-p.g dose, which offers substantially better seroprotection.

Clinical implications: HIN1 vaccination is safe and produces
robust antibody responses in patients with asthma. High-dose

ICSs did not adversely affect seroprotection. Patients with se-
vere asthma and older than 60 years might benefit from a higher
vaccine dose.
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APPENDIX 1

The HIN1 vaccination study was a collaboration of the
following institutions and investigators (principal investigators
are indicated by asterisks):

University of Wisconsin School of Medicine and Public Health,
Madison, Wis: W. Busse,* N. Jarjour, L. Frisque, M. Jackson, and
C. Swenson. Wake Forest University Health Sciences Center for
Genomics and Personalized Medicine Research, Winston-Salem,
NC: E. Bleecker,* W. Moore, S. Peters, D. Meyers, R. Pascual,
J. Ohar, C. Hatzis, P. Lenz, V. Ortega, A. Wahla, R. Bermudez,
T. Crews, E. Haney, R. Hmieleski, J. Krings, R. Smith, P. Spernoga,
and C. Wilmoth. Washington University School of Medicine, St
Louis, Mo: M. Castro,* K. Sumino, T. Koch, J. Tarsi, G. Gregory,
D. Burgdorf, B. Patterson, C. Christie, H. YinDeClue, and L. Carl-
strom. University of Pittsburgh Asthma Institute, Pittsburgh, Pa:
S. Wenzel,* S. Simeone, F. Holguin, S. Aujla, and T. Dill.
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Cleveland Clinic, Cleveland, Ohio: S. Erzurum,* S. Ratanamanee-
chat, D. George, R. Dweik, M. Aronica, S. Combhair, M. Koo,
L. Peterson, K. Nagle, J. Baran-Smiley, E. Mattox, P. Parikh,
R. Naples, R. Hughes, D. Laskowski, M. Baaklini, L. Danziger-
Isakov, A. Jain, and Cleveland Clinic eResearch. Emory Univer-
sity, Atlanta, Ga: A. Fitzpatrick,* M. Penugonda, K. DeMuth,
A. Stecenko, and D. Whitlock. University of Virginia Children’s
Hospital Division of Respiratory Medicine, Charlottesville, Va:
W. Teague,* B. Gaston, M. Plapp, S. Lowenhaupt, and S. Dwyer.
Statistical and Clinical Coordinating Center, Rho, Inc, Chapel
Hill, NC: H. Mitchell,* G. David, L. Aertker, S. Autry, M. Boliek,
R. Budrevich, A. Calatroni, R. James, G. Johnson, C. Hardee,
E. May, H. Ross, R. Slater, J. Schiepan, M. Walter, and D. Zaccaro.
National Institute of Allergy and Infectious Diseases, Bethesda,
Mad: A. Togias, M. Fenton, S. Sigelman, M. Gomez, and J. Poyser.
National Heart Lung and Blood Institute, Bethesda, Md: R. Smith
and G. Weinmann.
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TABLE E1. Immune response at day 21 after 1 dose of 2009 pandemic influenza H1N1 vaccine according to prior receipt of 2009

seasonal trivalent influenza vaccine

Mild-to-moderate asthma (n = 101)

Severe asthma (n = 103)

Received 2009 seasonal influenza 15-pg Vaccine 30-pg Vaccine 30-15 png 15-pg Vaccine 30-pg Vaccine 30-15 pg
vaccine before study participation dose (n = 46) dose (n = 55) Difference dose (n = 54) dose (n = 49) Difference
Baseline
Subjects with HAI titer >1:40 19.6 20.0 0.4 22.2 22.4 0.2
(seroprotected [%])
95% CI 9.4 to 33.9 10.4 to 33 —19 to 19.7 12 to 35.6 11.8 to 36.6 —19.1 to 19.4
P value >.99 >.99
GMT 13.6 13.6 1.0 13.1 13.7 1.0
95% CI 8.5 to 21.7 9.6 to 19.3 0.6 to 1.8 9.1to 19 9.1 to 20.8 0.6to 1.8
P value >.99 .869
After vaccinations at day 21
Subjects with HAI titer >1:40 87.0 92.7 5.8 74.1 89.8 15.7
(seroprotected [%])
95% CI1 73.7 to 95.1 82.4 to 98 —13.7 to 25 60.3 to 85 77.8 to 96.6 —3.8 to 34.2
P value .506 .046
Mild-to-moderate asthma (n = 113) Severe asthma (n = 68)
Did not receive 2009 seasonal influenza 15-pg Vaccine 30-pg Vaccine 30-15 ng 15-pg Vaccine 30-pg Vaccine 30-15 png
vaccine before study participation dose (n = 61) dose (n = 52) Difference dose (n = 32) dose (n = 36) Difference
Baseline
Subjects with HAI titer >1:40 21.3 25.0 3.7 34.4 25.0 —94
(seroprotected [%])
95% CI 11.9 to 33.7 14 to 38.9 —14.7 to 21.9 18.6 to 53.2 12.1 to 42.2 —32.8 to 14.6
P value .661 435
GMT 12.5 14.0 1.1 20.7 15.4 0.7
95% CI1 8.5 to 18.2 9.1 to 21.7 0.6to2 10.5 to 40.8 9.4 t0253 0.3to 1.7
P value .682 482
After vaccinations at day 21
Subjects with HAI titer >1:40 93.4 98.1 4.6 84.4 100.0 15.6
(seroprotected [%])
95% CI1 84.1 to 98.2 89.7 to 100 —13.9t0 22.8 67.2 to 94.7 90.3 to 100 —8.3 to 38.5
P value 372 .019

GMT, Geometric mean titer.

Statistical comparisons were made on log of HAI titers and then back-transformed for reporting purposes. The Fisher exact test was used for comparison of seroprotection rates
between dose groups. Exact binomial CIs were computed to describe seroprotection rates, as well as differences in rates between dose groups.
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TABLE E2. Systemic and local reactogenicity of 2009 pandemic H1N1 influenza vaccination
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Mild-to-moderate asthma

Severe asthma

All participants,

15 pg 30 pg 15 pg 30 pg both doses
After first vaccination n = 110 n = 107 n = 87 n = 86
With systemic event 58% 63% 64% 74% 64%
With local event 55% 54% 33% 52%%* 49%
After second vaccination n = 102 n = 99 n = 80 n =76
With systemic event 47% 47% 48% 42% 46%
With local event 46% 60%T 29% 38% 44%

*Comparison of 15 versus 30 pg within the severe asthma group (P = .014, Fisher exact test).

fComparison of 15 versus 30 pg within the mild-to-moderate asthma group (P = .05, Fisher exact test).
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