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Background. Despite vaccination, residents of long-term-care facilities (LTCFs) remain at high risk of influenza-
related morbidity and mortality. More-effective vaccine options for this population are needed.

Methods. We conducted a single-blinded, randomized, controlled trial comparing high-dose (HD) to standard-
dose (SD) inactivated influenza vaccine (IIV) in 205 frail, elderly residents of LTCFs during the 2011–2012 and
2012–2013 influenza seasons. Hemagglutination inhibition (HI) antibody titers were measured at baseline and 30
and 180 days following vaccination.

Results. A total of 187 subjects (91%) completed the study. The mean age was 86.7 years. Geometric mean titers
(GMTs) were significantly higher (P < .05) at day 30 for HD recipients, compared with SD recipients, for all com-
parisons except influenza A(H1N1) during 2012–2013 (the HD formulation was noninferior to the SD formulation
for influenza A[H1N1] during 2012–2013). GMTs for HD and SD recipients during 2011–2012 were as follows:
influenza A(H1N1), 78 (95% confidence interval [CI], 45–136) and 27 (95% CI, 17–44), respectively; influenza
A(H3N2), 26 (95% CI, 17–40) and 10 (95% CI, 7–15), respectively; and influenza B, 26 (95% CI, 19–35) and 14
(95% CI, 11–18), respectively. During 2012–2013, GMTs for HD and SD recipients were as follows: influenza
A(H1N1), 46 (95% CI, 33–63) and 50 (95% CI, 37–67); influenza A(H3N2), 23 (95% CI, 18–31) and 14 (95%
CI, 11–18), respectively; and influenza B, 26 (95% CI, 21–32) and 17 (95% CI, 14–22), respectively. GMTs were signifi-
cantly higher at day 180 for HD recipients, compared with SD recipients, for influenza A(H3N2) in both years (P < .001).

Conclusions. Among frail, elderly residents of LTCFs, HD influenza vaccine produced superior responses for all
strains except influenza A(H1N1) in 2012–2013.
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Each year in the United States, 3000–49 000 influenza-
associated deaths occur, with over 90% reported among
older adults aged 65 years or older [1]. Influenza also
results in an estimated 226 000 hospitalizations, with
hospitalization rates among older adults increasing

over the past 2 decades. Mortality is 16-fold higher
among adults aged ≥85 years, compared with those
aged 65–69 years [2]. The estimated average total cost
(±SD) per case of influenza in long-term care facilities
(LTCFs) in 2013 was $1886 ± $2899, with ≥80% of the
cost due to hospitalization [3].

The clinical efficacy of inactivated influenza vaccine
(IIV) is reduced in the elderly population, ranging from
17% to 60%, depending on the end point [4, 5]. The re-
duced efficacy could be caused by the decreased function
of the immune system with age [6]. Decreased functiona-
lity of the adaptive immune system is reflected by de-
creased production of antibodies by antigen-naive T and
B cells, decreased diversity of antibody responses, and de-
creased ability to respond to new and emerging pathogens
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[7]. The T and B cells produced by elderly individuals are pheno-
typically different from those produced in young adults and are
less effective at responding to infections [6].

Elderly residents of LTCFs have higher risks of influenza expo-
sure, decreased immune defenses, and higher mortality than el-
derly individuals residing elsewhere. Therefore, more-effective
vaccination options are needed for frail older adults [8]. Various
strategies have been developed to improve vaccines to elicit a
stronger immune reaction among elderly individuals. One ap-
proach to improving the immune response to vaccines has been
to increase the antigen dose in vaccines to create a high-dose
(HD) vaccine. In December 2009, the Food and Drug Adminis-
tration licensed a HD trivalent IIV (Fluzone High-Dose, Sanofi
Pasteur) specifically designed for adults aged ≥65 years. The vac-
cine contains 180 µg (60 µg of each strain) of influenza virus hem-
agglutinin per 0.5-mL dose, compared with 45 µg (15 µg of each
strain) in the standard-dose (SD) vaccine [9]. The HD vaccinewas
approved by the Food and Drug Administration via an accelerated
process that allows for quick delivery of safe products to the mar-
ketplace that may prevent serious or life-threatening diseases.

Several studies have demonstrated that HD vaccines can pro-
duce an enhanced immunologic response with no major safety
concerns [10–18]. However, no study has examined the issue by
using this preparation among LTCF residents. An older dose-
ranging study of another preparation found that higher doses
increased the response to some but not all antigens in the
LTCF setting [19]. Given the rapid growth of the older adult pop-
ulation in the United States, it is critical to examine whether HD
IIV can produce an enhanced immunologic response among frail
residents of LTCFs. Such an analysis can yield valuable data for
future effectiveness trials and, eventually, cost-effectiveness anal-
yses. This clinical trial, conducted during the 2011–2012 and
2012–2013 influenza seasons, assessed the noninferiority and
superiority of HD IIV versus SD IIV among LTCF residents.

METHODS

Study Design
This study was conducted to compare the immunogenicity of
SD IIV to that of HD IIV in frail, elderly residents of LTCFs 30
and 180 days after vaccination, using hemagglutination inhibition
(HI) antibody titers. The single-blinded, randomized, controlled
trial was conducted during 2 influenza vaccination seasons (Sep-
tember 2011–March 2012 and August 2012–March 2013). The
start of the study was delayed 1 month in the first season while
awaiting tandem approval from the Pennsylvania Department
of Health and University of Pittsburgh institutional review boards
(IRBs). The study was approved by the IRBs of the University
of Pittsburgh (PRO100110247) and the Pennsylvania De-
partments of Health, and registered at ClinicalTrials.gov as
NCT01654224. Written informed consent was obtained from all
participants or, for those without decisional capacity, from their

legal healthcare proxy. Human experimentation guidelines of the
Department of Health and Human Services and those of the
authors’ institutions were followed in the conduct of this research
study.

Sites and Participants
Frail adults aged ≥65 years were recruited from 15 community-
based LTCFs (4 nursing facilities, 3 assisted-living or personal-
care homes, and 8 independent-living facilities) with 42–178
beds in western Pennsylvania. Recruitment was conducted
throughout the entire influenza season (1 September 2011–31
March 2012 and 1 August 2012–31 March 2013). A letter intro-
ducing the study was sent to potential subjects by the facility
administration, and recruitment was performed using informa-
tional flyers, social gatherings, and facility staff referrals. Poten-
tial participants were eligible if they met the following criteria: (1)
residence at one of the participating sites; (2) age of ≥65 years;
and (3) need for full or partial assistance in at least 2 instrumental
activities of daily living and/or at least 1 activity of daily living
[20]. Clinical staff with direct knowledge of the subject’s function-
al abilities and/or medical provider confirmed the requirement for
assistance. Exclusion criteria included (1) life expectancy of <6
months; (2) history of allergic reaction to influenza vaccine, its
components, or eggs; severe allergic reaction to latex, which was
in the syringe stopper; (3) history of Guillain-Barré syndrome;
(4) immunosuppression, including active chemotherapy or radi-
ation therapy, serious current or expected immunosuppression in
the next 6 months, use of prednisone (or another systemic steroid)
at prednisone-equivalent dosages of ≥10 mg/day within the past
14 days; and (5) any condition that, in the opinion of the inves-
tigator, interfered with the evaluation of study objectives. Condi-
tions in which potential subjects could have been excluded by the
investigator included inability to reach the proxy decision maker
for subjects with impaired decisional capacity and subjects
deemed to have decisional capacity but whose judgment was
impaired from a psychiatric condition to the extent they would
not be able to comply with the study protocol. There were no ex-
clusions granted as a result of criterion 5.

Randomization and Blinding
At enrollment, participants were randomized to receive either SD
IIV (control) or HD IIV (intervention). Randomization was
computer generated and conducted by a 1:1 allocation to the
SD group or the HD group. A coordinator assigned randomly
generated study identification numbers to subjects at enrollment.
The subjects and the investigator performing the laboratory mea-
surements were blinded. Study staff administering the vaccines
and completing the clinical assessments were not blinded.

Study Interventions
All study interventions were conducted on site. Following provi-
sion of informed consent, subjects completed a baseline evalua-
tion that documented their medical condition, medications,
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immunization history, functional status, and temperature. Frailty
was measured using both functional status scales, as well as gait
speed. Functional status scales included those for standard activ-
ities of daily living and instrumental activities of daily living. Both
scales contain 7 items, each scored from 0 to 2, for a maximum
score of 14 per scale. Higher scores indicate higher functional sta-
tus. Gait speed was measured using a timed 4-m walk with a 2-m
run-in and cool-down phase. Normal scores are ≥1 m/second,
and scores of ≤0.8 m/second indicate significant frailty and in-
creased mortality risk [21, 22]. Data were collected and managed
using Research Electronic Data Capture, an Internet-based elec-
tronic data-capture tool hosted at the University of Pittsburgh.

Following collection of baseline blood samples, subjects were
administered 0.5 mL of the assigned IIV, using a 23-gauge, 2.54-
cm (1-inch) needle, in the deltoid. Vaccines used the World
Health Organization–recommended influenza virus strains for
each season: A/California/7/2009(H1N1), A/Victoria/210/2009
(H3N2), and B/Brisbane/60/2008 for 2011–2012 and A/Califor-
nia/7/2009(H1N1), A/Victoria/361/2011(H3N2), and B/Texas/
6/2011 for 2012–2013. The SD IIV and HD IIV contained 15 µg
and 60 µg, respectively, of hemagglutinin for each strain. Subjects
were observed for 15 minutes following vaccination. Follow-up
visits were conducted at 30 and 180 days (±14 days) after vaccina-
tion, to assess for vaccine-related serious adverse events and to
obtain blood samples. Blood samples were labeled using a
coded identifier, refrigerated at 4°C, and transported each day
to the laboratory for processing. The flow of enrollment to
the primary 30-day analysis appears in Figure 1.

Serum Sample Processing and Immunogenicity Testing
Each serum sample was tested in HI assays against the 3 respec-
tive vaccine strains for each season. The HI assay protocol was
adapted from the Centers for Disease Control and Prevention
laboratory-based influenza surveillance manual [23] and assessed
for antibodies that blocked hemagglutinin receptor binding and
inhibited agglutination of turkey erythrocytes. To inactivate non-
specific inhibitors, sera were treated with receptor-destroying en-
zyme before being tested [24–28].The HI titer was determined in
single assays by the reciprocal dilution of the last well that con-
tained nonagglutinated red blood cells. Positive and negative
serum controls were included for each plate.

Sample Size
To achieve a statistical power of 0.8 and an α of 0.025, the re-
quired number of subjects would depend on following elements
[29]: (1) the noninferiority margin, which was set to log2[1.5];
(2) the within-group standard deviation of the log-transformed
immunogenicity values, which was set to the standard deviation
of the log2 HI titer; and (3) the difference between the arithmet-
ic means of the probability distributions underlying the log-
transformed immunogenicity values for the HD and SD groups,
which was set to 0. By use of the historical standard deviation of

1.47, 101 subjects per group would be required to achieve stat-
istical power of 80%. On the basis of our observational data with
standard deviations ranging from 1.27 to 1.74, a sample size of
75–147 subjects per group would be needed.

Statistical Analyses
Descriptive analyses were performed for select demographic char-
acteristics of patients. χ2 and t tests were used to examine whether
participants’ characteristics differed between the HD and SD
groups. In western Pennsylvania, the primary racial group is
white; therefore, race was reported as white and nonwhite.

All outcome measures were analyzed by randomized group.
The distribution of titers are generally skewed; therefore, log-
transformed titers were used in analyses. Geometric mean titers
(GMTs), which are presented with 95% confidence intervals
(CIs), were the primary outcome. GMTs on days 0, 30s and
180 were compared between the HD and SD groups, using t
tests. Reverse cumulative distribution (RCD) curves were devel-
oped. We conducted a log-rank (Mantel–Cox) test for equality
of distributions for log2 HI titers between randomized groups.
Noninferiority and superiority tests were performed separately
for the 2011–2012 and 2012–2013 vaccine formulations because
the vaccines contained different influenza A(H3N2) and influ-
enza B strains. An upper bound >0.67 of the 2-sided 95% CI of
the ratio of postvaccination GMTHD to GMTSD indicated non-
inferiority. A lower bound of ≥1.0 of the 2-sided 95% CI of the
ratio of GMTHD to GMTSD indicated superiority.

The secondary outcomes measured included (1) the percent-
age of individuals who were seroprotected (defined as a titer of
≥40) at days 0, 30, and 180; (2) the percentage who seroconvert-
ed between day 0 and day 30; and (3) the GMT ratios between
day 30 and day 180. Seroconversion was defined as a day 30 HI
titer of ≥40 and a 4-fold increase from the day 0 HI titer. Sero-
protection and seroconversion were compared for the HD and
SD groups by using χ2 tests. McNemar tests were used to com-
pare the difference in seroprotection between day 0 and day 30,
as well as between day 0 and day 180, within each group.

We performed linear regression analyses on outcome vari-
ables, using randomized group indicators (HD vs SD) and pa-
tient characteristics, based on variables significant at P values of
≤.10 in univariate analyses. The regressions were performed
separately for the 2011–2012 and 2012–2013 vaccine formula-
tions. The statistical significance of 2-sided tests was set at an α

of <0.05.

RESULTS

Baseline Characteristics and Success of Randomization
The completion rate was 91% (187 of 205 participants) at 30
days, including 64 participants in 2011–2012 and 123 in
2012–2013; 32 subjects participated both years. The mean age
of participants was 86.7 years; 71% were aged ≥85 years. The
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majority (99%) were white, and 68% were female (Table 1). De-
mographic profiles of both groups were similar. Compared with
individuals in the HD group, a higher proportion of individuals
in the SD group were overweight or obese (61% vs 45%; P < .05)
and had a higher body mass index (BMI; defined as the weight
in kilograms divided by the height in meters squared). Self-
reported health status, functional status, and gait speed did
not differ between the SD and HD groups. Functional status
and gait speed scores confirmed the frail nature of the study pop-
ulation (Table 1). GMTs before influenza vaccination were not
different between the SD and HD groups for all strains during
both influenza seasons (Table 2). During each season, vaccines
were administered from study start until December of 2011 or

November 2012. A total of 97% and 100% of day 30 visits
were completed by 31 December 2011 and 31 December 2012,
respectively, before the onset of local seasonal influenza activity.
Day 30 visits for 2 subjects during 2011–2012 were completed in
January 2012. All day 180 visits were completed by June 2012 for
the 2011–2012 season and by March 2013 for the 2012–2013
season.

Antibody Responses at Day 30
GMTs were significantly higher at day 30 for HD recipients,
compared with SD recipients, for all comparisons except influ-
enza A(H1N1) in 2012–2013 (Table 2). HD vaccine induced su-
perior antibody responses to all 3 strains in 2011–2012 and to

Figure 1. Consolidation Standards of Reporting Trials diagram of recruitment, enrollment, randomization, follow-up, and analyses.
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the influenza A(H3N2) and influenza B strains in 2012–2013
(Supplementary Table 1). HD induced a noninferior antibody
response to influenza A(H1N1) in 2012–2013. Figure 2 shows
comparisons of RCD curves, by randomized group.

The rates of seroconversion at day 30 were higher in the HD
group for all strains in both seasons (P < .05; Table 3). The rates
of seroprotection were similar between the SD and HD groups
for all strains at day 0, whereas they were significantly higher for
influenza A(H3N2) and influenza B at day 30 in the HD group
during both influenza seasons. Within-group comparisons over
time showed that day 30 titers were higher than day 0 titers for
both groups (P < .01, for each by the McNemar test; data not
shown).

To assess the impact of BMI, which differed at randomiza-
tion, we conducted regression analyses with log2 HI titers as
the dependent variable. The difference in BMI was not found
to be significant (Supplementary Table 2). After controlling
for BMI, the HD group had significantly higher log2 HI titers
for all strains in both seasons, with the exception of influenza
A(H1N1) in 2012–2013.

Antibody Responses at Day 180
Six individuals in the SD group and 5 in the HD group died be-
fore blood sample collection at day 180. GMTs were signifi-
cantly higher at day 180 for the HD group, compared with
the SD group, for influenza A(H3N2) in both years (P < .01),

with increases of borderline significance for influenza A(H1N1)
in 2011–2012 and B in both seasons (Table 2). Seroprotection
at day 180 was significantly higher for the HD group for influenza
A(H1N1) and influenza A(H3N2) during 2011–2012 but did not
differ during 2012–2013 (Table 3).

Change in Antibody Titers Between Days 30 and 180
The duration of immunity was analyzed by comparing GMT ra-
tios between days 30 and 180 within the SD and HD groups; all
within-group comparisons showed a <1-log2 difference over
time (Table 4). Although differences were <1 log2, statistically
significant (P < .05) decreases were found for HD and SD influ-
enza B strains in 2011–2012, for HD and SD influenza
A(H1N1) strains in 2012–2013, and for the HD influenza B strain
in 2012–2013. For influenza A(H3N2), increases over time were
found in 2012–2013, which were statistically significant for the
SD group but not the HD group; in that season, Pittsburgh expe-
rienced an outbreak of influenza A(H3N2) infection clinically in
LTCFs.

Serious Adverse Events
Eleven individuals (6 in the SD group and 5 in the HD group)
died after the day 30 visit but before the day 180 visit. These
deaths were due to underlying comorbidities and were unrelated
to the study interventions. No other serious adverse events
occurred.

Table 1. Descriptive Statistics, by Randomized Group of Frail, Elderly Residents of Long-term Care Facilities

Characteristic

Overall (n = 187)

Randomized Group

P valuea

Standard Dose (n = 98) High Dose (n = 89)

Subjects, No. Value Subjects, No. Value Subjects, No. Value

Female sex, % 128 68 71 72 57 64 .22

White, non-Hispanic, % 185 99 96 98 89 100 .18
Age

Overall, y, mean ± SD 187 87 ± 6 98 86 ± 6 89 87 ± 6 .37

≥85 y, % 133 71 68 69 65 73
BMIb

Overall, mean ± SD 187 26 ± 5 98 27 ± 5 89 25 ± 5 .01

≥ 25 100 54 60 61 40 45 <.001
Health status .77

Excellent/good, % 122 65 63 64 59 66

Fair/poor/cannot answer, % 65 35 35 36 30 34
Gait speed, m/sec, mean ± SDc 158 0.7 ± 0.3 82 0.7 ± 0.3 76 0.7 ± 0.3 .83

ADL score, mean ± SD 187 11.4 ± 3.7 98 11.4 ± 3.7 89 11.5 ± 3.8 .77

IADL score, mean ± SD 187 7.9 ± 4.2 98 7.8 ± 4.3 89 7.9 ± 4.1 .88

Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living; SD, standard deviation.
a By the χ2 or t test.
b Body mass index (BMI) is defined as the weight in kilograms divided by the height in meters squared. A BMI of ≥ 25 was considered overweight or obese.
c Data were missing for 29 subjects.
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DISCUSSION

The results of this randomized clinical trial show that, with the
exception of A/H1N1 in 2012–2013, HD IIV produces higher
GMTs and seroconversion rates than SD IIV in frail, older res-
idents of LTCFs at day 30. Why HD IIV was superior to SD IIV
for influenza A(H1N1) during 2011–2012 but not 2012–2013 is
not clear. This may be because 26% of subjects (32 of 123) par-
ticipated in both seasons, when influenza A(H1N1) strains were
identical. Both vaccines were well tolerated, and there were no
study-related serious adverse events. These results are impor-
tant because this is the first study to evaluate the currently li-
censed HD IIV in the frail LTCF population. Prior studies
evaluating HD IIV were conducted in healthy or medically sta-
ble community-dwelling older adults and showed an enhanced
immunologic response with no major safety concerns [11, 12,
30]. SD IIV has decreased immunogenicity in persons ≥65
years of age [4, 31].

The duration of immunity is a key issue with the availabi-
lity of substantial vaccine supplies in September and influenza
seasons that extend into March or later [32]. One systematic
review of 8 studies found no clear evidence that vaccine-induced
antibody levels declined more rapidly in elderly individuals
[33]. Seroprotection was maintained at least 4 months after
vaccination in all 8 studies reporting these data for influenza
A(H3N2) and in 5 of the 7 studies reporting data for the influ-
enza A(H1N1) and B components. In evaluating seroprotection
at the end of the influenza season in elderly individuals, the
primary antibody response appears to be more relevant than
antibody decline [33, 34]. Antibody titers decline in elderly
individuals by 6 months after vaccination. In our data, antibody
titers generally showed little change between 1 and 6 months.
Declines that did occur, while statistically significant, were all
<1 log2 HI on average and thus are not likely to be clinically sig-
nificant. Pairwise comparison demonstrated an increase in in-
fluenza A(H3N2) titers over time during 2012–2013, probably
owing to influenza A(H3N2) infection, which was widespread
clinically in these LTCFs during 2012–2013.

This is the only study of HD IIV immunogenicity conducted
in LTCFs, where recruitment and retention of frail individuals

was particularly challenging. This study has several strengths,

including its randomized, controlled design; inclusion of

well-matched subjects; recruitment of subjects from multiple

LTCFs; inclusion of subjects typical of LTCFs nationally, in-

cluding those with significant cognitive impairment; and con-

firmation of frailty status by 2 separate methods, functional

status and gait speed. Gait speed is a recognized measure of

the frailty phenotype, directly correlated with functional sta-

tus, and is inversely proportional to mortality [22]. Mean

gait speed was only 0.7 m/second, confirming significant frail-

ty. In addition, the study measured antibody levels at 6 months

from vaccination.Ta
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Figure 2. Reverse cumulative distribution of hemagglutination inhibition titers, by year and by strain, comparing high-dose and standard-dose influenza
vaccines.
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The study has several limitations. First, the study identified
titer response, rather than clinical disease, as the primary out-
come. While protection from clinical disease is directly related
to serum titer response, it is not possible to specify an absolute
titer that confers protection [35]. A recently presented efficacy
study comparing HD and SD IIV in community-dwelling older
adults showed a correlation between higher titers and lower
rates of influenza illness and hospitalization [36]. In that

study, HD IIV produced GMTs that were nearly double those
in the SD IIV recipients while reducing laboratory-confirmed
influenza by 24%. With the exception of influenza A(H1N1)
in 2012–2013, we found similarly increased GMTs in the HD
IIV group. It is not possible to know whether this will translate
into similar reductions in clinical disease among frail HD IIV
recipients in LTCFs. We note that the GMTs and seroprotection
rates observed in our study were substantially lower than those

Table 3. Seroprotection and Seroconversion, Based on Hemagglutination Inhibition (HI) Findings at Days 0, 30, and 180, for Recipients of
Standard-Dose and High-Dose Influenza Vaccines, by Influenza Season and Vaccine Strain

Season, Serostatus and Time(s), Strain Overall, Subjects, No. (%)

Randomized Group, Subjects, No.
(%)

P valueaStandard Dose High Dose

2011–2012

Seroprotection, day 0 n = 64 n = 33 n = 31
A/California/07/2009(H1N1) 22 (34.4) 12 (36.4) 10 (32.3) .73

A/Victoria/210/2009(H3N2) 4 (6.3) 2 (6.1) 2 (6.5) .95

B/Brisbane/60/2008 13 (20.3) 5 (15.2) 8 (25.8) .29
Seroprotection, day 30 n = 64 n = 33 n = 31

A/California/07/2009(H1N1) 39 (60.9) 17 (51.5) 22 (71.0) .11

A/Victoria/210/2009(H3N2) 20 (31.3) 6 (18.2) 14 (45.2) .02
B/Brisbane/60/2008 21 (32.8) 7 (21.2) 14 (45.2) .04

Seroprotection, day 180b n = 50 n = 24 n = 26

A/California/07/2009(H1N1) 31 (62.0) 11 (45.8) 20 (76.9) .02
A/Victoria/210/2009(H3N2) 14 (28.0) 3 (12.5) 11 (42.3) .02

B/Brisbane/60/2008 7 (14.0) 1 (4.2) 6 (23.1) .10

Seroconversion, day 30/day 0 n = 64 n = 33 n = 31
A/California/07/2009(H1N1) 25 (39.1) 7 (21.2) 18 (58.1) <.01

A/Victoria/210/2009(H3N2) 12 (18.8) 3 (9.1) 9 (29.0) .04

B/Brisbane/60/2008 5 (7.8) 0 (0.0) 5 (16.1) .02
2012–2013

Seroprotection, day 0 n = 123 n = 65 n = 58

A/California/07/2009(H1N1) 61 (49.6) 35 (53.8) 26 (44.8) .32
A/Victoria/361/2011(H3N2) 5 (4.1) 3 (4.6) 2 (3.4) .74

B/Texas/6/2011 9 (7.3) 4 (6.2) 5 (8.6) .60

Seroprotection, day 30 n = 123 n = 65 n = 58
A/California/07/2009(H1N1) 81 (65.9) 47 (72.3) 34 (58.6) .11

A/Victoria/361/2011(H3N2) 46 (37.4) 16 (24.6) 30 (51.7) <.01

B/Texas/6/2011 47 (38.2) 19 (29.2) 28 (48.3) .03
Seroprotection day 180b n = 112 n = 59 n = 53

A/California/07/2009(H1N1) 56 (50.0) 31 (52.5) 25 (47.2) .57

A/Victoria/361/2011(H3N2) 51 (45.5) 23 (39.0) 28 (52.8) .14
B/Texas/6/2011 37 (33.0) 20 (33.9) 17 (32.1) .84

Seroconversion, day 30/day 0 n = 123 n = 65 n = 58

A/California/07/2009(H1N1) 21 (17.1) 7 (10.8) 14 (24.1) <.05
A/Victoria/361/2011(H3N2) 40 (32.5) 13 (20.0) 27 (46.6) <.01

B/Texas/6/2011 35 (28.5) 11 (16.9) 24 (41.4) <.01

Seroprotection was defined as a hemagglutination inhibition (HI) titer of ≥40. Seroconversion was defined as a day 30 HI titer of ≥40 and a 4-fold increase from the
day 0 HI titer.
a By the χ2 test.
b Six participants in the standard-dose group and 5 in the high-dose group died before collection of blood samples at day 180.
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in this recent study. However, GMTs cannot be directly com-
pared across studies. While intralaboratory measurement of
GMT is reliable, reproducibility across laboratories is not. In ad-
dition, the validity of using seroprotection as a surrogate marker
of vaccine protection remains doubtful [35, 37, 38]. It is unlikely
that a clinical efficacy trial will be conducted in LTCFs. The re-
cruitment rate for the present study was 9.7%. While low com-
pared with that for clinical trials in other settings, this rate is
typical of recruitment rates in other LTCF-associated trials
[39–41]. Recruitment of LTCF residents presents significant
challenges owing to the unique characteristics of the setting
and IRB protections for this vulnerable population. Moreover, re-
cruitment for a LTCF-associated vaccine trial has an additional
challenge of competing with a facility’s immunization program.
Conducted annually at the start of each influenza season, facility
immunization programs typically immunize the entire resident
population over a 24–48-hour period. Thus, any vaccine trial in
LTCFs must enroll and vaccinate individuals in an exceedingly
short time frame—as soon as vaccine becomes available but be-
fore the facility begins immunizing. A trial using clinical out-
comes would require a much larger sample size for adequate
statistical power. These realities reinforce the need for LTCFs to
continue focusing on other important influenza prevention mea-
sures, such as improving healthcare personnel vaccination rates,
active surveillance of respiratory disease, early laboratory detec-
tion, and prompt use of antiviral medications, when indicated.
A second limitation of this study is that it was only partially blind-
ed. We do not believe this to be an important factor, however, be-
cause the study focused on antibody titers and only the research
coordinators administering the vaccine were not blinded; all other

investigators, including those performing the titer measurements,
were blinded. Third, while multiple LTCFs were used, the trial
was only conducted in the Pittsburgh metropolitan region, possi-
bly limiting the generalizability of the findings. Fourth, the sam-
ple size was modest, although statistical significance was achieved.

In summary, this is the first randomized, controlled trial of
the HD IIV immune response among LTCF residents. HD
IIV produced superior HI titers for all strains among frail, elder-
ly residents of LTCFs, except for influenza A(H1N1) in 2012–
2013 (in which case noninferiority criteria were met), perhaps
because 26% of subjects (32 of 123) participated in both sea-
sons, during which influenza A(H1N1) strains were identical.
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