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Background: HIV-infected persons have less robust antibody re-
sponses to influenza vaccines.

Objective: To compare the immunogenicity of high-dose influenza
vaccine with that of standard dosing in HIV-positive participants.

Design: Randomized, double-blind, controlled trial. (ClinicalTrials
.gov: NCT01262846)

Setting: The MacGregor Clinic of the Hospital of the University of
Pennsylvania, Philadelphia, from 27 October 2010 to 27 March
2011.

Participants: HIV-infected persons older than 18 years.

Intervention: Participants were randomly assigned to receive either
a standard dose (15 mcg of antigen per strain) or a high dose (60
mcg/strain) of the influenza trivalent vaccine.

Measurements: The primary end point was the rate of seroprotec-
tion, defined as antibody titers of 1:40 or greater on the hemag-
glutination inhibition assay 21 to 28 days after vaccination. The
primary safety end point was frequency and intensity of adverse
events. Secondary end points were seroconversion rate (defined as
a greater than 4-fold increase in antibody titers) and the geometric
mean antibody titer.

Results: 195 participants enrolled, and 190 completed the study
(93 in the standard-dose group and 97 in the high-dose group).
The seroprotection rates after vaccination were higher in the high-
dose group for the H1N1 (96% vs. 87%; treatment difference, 9
percentage points [95% CI, 1 to 17 percentage points]; P �
0.029), H3N2 (96% vs. 92%; treatment difference, 3 percentage
points [CI, �3 to 10 percentage points]; P � 0.32), and influenza
B (91% vs. 80%; treatment difference, 11 percentage points [CI, 1
to 21 percentage points]; P � 0.030) strains. Both vaccines were
well-tolerated, with myalgia (19%), malaise (14%), and local pain
(10%) the most frequent adverse events.

Limitations: The effectiveness of the vaccine in preventing clinical
influenza was not evaluated. The number of participants with CD4
counts less than 0.200 � 109 cells/L was limited.

Conclusion: HIV-infected persons reach higher levels of influenza
seroprotection if vaccinated with the high-dose trivalent vaccine
than with the standard-dose.

Primary Funding Source: National Institute of Allergy and Infec-
tious Diseases and Center for AIDS Research of the University of
Pennsylvania.
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The emergence of a novel influenza A H1N1 subtype in
the spring of 2009 and its subsequent spread to pan-

demic levels (as declared by the World Health Organiza-
tion [1]) have highlighted the continuing threat of the
influenza virus and recall the challenges of past pandemics.
In each of these instances, human populations lacked sub-
stantial levels of preexisting immunity to the pandemic
influenza virus, resulting in rapid spread and massively in-
creased morbidity and mortality worldwide (1, 2).

Immunosuppressed persons are at particular risk for
contracting the influenza virus and have been shown to
have an increased risk for complications after influenza in-
fections (3). Although data supporting a higher influenza
incidence among HIV-infected persons are scant (4–6),
several studies have shown greater hospitalization rates (7),
extended illness (8, 9), and increased mortality (10) in this
population. Recent epidemiologic studies have shown sim-
ilar patterns with the pandemic H1N1 strain among HIV-
infected persons (11, 12). This has been a particularly wor-
risome trend in South Africa, where 53% of the deaths
from H1N1 over 7 months in 2009 had underlying HIV
infection (13). Furthermore, data from Mexico suggest
that patients with CD4 counts less than 0.200 � 109

cells/L or an opportunistic infection are at increased risk

for complications requiring inpatient care (relative risk,
24.5) and mechanical ventilation (relative risk, 19.7) (14).

In healthy adults, the inactivated seasonal influenza
vaccine provides an estimated protective efficacy of 70% to
90% (15). This correlates with levels of antibody to viral
receptor hemagglutinin, as measured by the serum hemag-
glutination inhibition (HI) assay, with titers of 1:40 or
greater corresponding to relative protection from the influ-
enza virus (16, 17). Several studies have shown that anti-
body responses after seasonal influenza immunization in
HIV-infected persons are lower than in the general popu-
lation, although this finding has not been consistent across
all studies (18–24). Data from our recent study suggest
similar difficulties in attaining protection with the pan-
demic H1N1 influenza vaccine, with only 61% (95% CI,
51% to 71%) of HIV-infected persons developing protec-
tive titers (25). The main predictors of vaccine response in
this population have been CD4 cell count and the presence
of HIV viremia (26–28). Despite poor seroconversion
rates, the general recommendation is yearly influenza vac-
cination for all HIV-infected patients with the dose level of
15 mcg of antigen per strain found in the standard influ-
enza vaccines (29, 30).
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It is necessary to evaluate strategies that increase the
efficacy of influenza vaccination in HIV-infected persons.
Higher doses of antigen have been associated with higher
antibody titers in other poorly responsive populations,
such as elderly adults (31–33). We hypothesized that in-
creasing the antigen dose with the recently approved
Fluzone High-Dose vaccine (Sanofi Pasteur, Bridgewater,
New Jersey) would lead to improved immunogenicity in
HIV-infected persons.

METHODS

Design Overview
We conducted a single-site, double-blind, randomized,

controlled trial comparing the immunogenicity of a high-
dose (HD) influenza vaccine with the standard dose (SD)
in HIV-infected persons. The vaccines were compared in
parallel, with a 1:1 allocation ratio of participants to each
study group.

Setting and Participants
HIV-infected persons older than 18 years who had an

indication for receiving the influenza vaccine were eligible
for recruitment. Other inclusion criteria were that partici-
pants had to be receiving stable antiretroviral therapy
(ART) (as outlined in the U.S. Department of Health and
Human Services treatment guidelines for HIV-1–infected
persons [34]) or not receiving ART and not intending to
start it in the next 30 days. We excluded persons with a
known allergy to eggs or other components of the vaccine
and a history of severe reactions to previous immunization

with seasonal influenza, as well as previous recipients of the
2010–2011 seasonal influenza vaccine. We also excluded
recipients of other licensed live vaccines within 4 weeks or
inactivated vaccines within 1 week of study entry. Patients
who were receiving experimental treatments, systemic che-
motherapy for the previous 36 months, or steroids and
other immunomodulators or who had a history of the
Guillain–Barré syndrome were excluded.

The study was done at the MacGregor Clinic of the
Hospital of the University of Pennsylvania in Philadelphia.
Sequential clinic patients who agreed to participate were
enrolled. We recruited the first patient on 27 October
2010 and completed the last follow-up on 27 March 2011.
All patients provided informed consent. The study was
approved by the University of Pennsylvania Institutional
Review Board and registered at ClinicalTrials.gov.

Randomization and Interventions
We performed simple unrestricted randomization by

using a computerized random-number generator. Eligible
patients were randomly assigned in equal numbers to the 2
intervention groups, with no stratification. The study phar-
macist who prepared the vaccines for administration kept
the allocation sequence secured and was the only team
member aware of each participant’s allocation. The rest of
the study team and the patients were blinded to the vaccine
assignment.

Vaccine
For the HD study group, we used a licensed HD for-

mulation of a trivalent, inactivated, unadjuvanted influenza
vaccine for intramuscular use, prepared from influenza vi-
ruses propagated in embryonated chicken eggs (Fluzone
High-Dose, lot 37756AA). Each 0.5-mL dose contained
60 mcg of hemagglutinin from the following strains:
A/California/07/2009 X-179A (H1N1), A/Victoria/210/
2009 X-187 (H3N2 [an A/Perth/16/2009–like virus]),
and B/Brisbane/60/2008 (influenza B). Patients randomly
assigned to the SD group received a licensed trivalent in-
fluenza vaccine (Fluzone, lot U32347DA), with each
0.5-mL dose containing 15 mcg of antigen from each of
the previously listed strains.

Each participant had baseline studies measuring CD4
cell count and HIV viral load before enrollment. The HD
or SD vaccine was then administered intramuscularly in
one of the deltoid muscles. Patients and staff administering
the vaccine were blinded to group assignment and type of
vaccine dispensed. Vaccine needles and syringes were iden-
tical and had opaque stickers affixed over the label to con-
ceal the formulation.

Outcomes and Follow-up
The primary outcome measure of immunogenicity for

the study was the proportion of participants with seropro-
tective antibody levels at 21 to 28 days after vaccination
(defined as antibody titers �1:40 on the HI assay). The
primary safety end point was the frequency and intensity of
adverse events up to 28 days after vaccination (the day of

Context

Compared with the general population, HIV-infected
patients may have greater morbidity and mortality from
influenza and a decreased response to seasonal influenza
vaccine.

Contribution

In a randomized, controlled trial, HIV-infected patients
who received a quadruple dose of seasonal influenza
vaccine had a higher antibody response and greater sero-
conversion rate than did those who received a standard
dose. Adverse event rates were similar in the 2 interven-
tion groups.

Caution

The trial was not powered to determine clinical efficacy or
to detect differences in the occurrence of less common
adverse events.

Implication

Administering a quadruple dose of seasonal influenza is a
possible approach to seasonal influenza vaccination of
HIV-infected patients.

—The Editors
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the final visit). Secondary end points included seroconver-
sion rate (defined as either an increase in antibody titers
from �1:10 to �1:40 at 21 to 28 days after vaccination or
a �4-fold increase in antibody titers after vaccination from
a prevaccination titer �1:10) and the geometric mean ti-
ters (GMTs) of the HI assay before and after receiving the
vaccine. We used the GMTs of duplicate results for each
specified time point for all calculations.

Immunologic Assessments
We measured antibodies to the influenza virus at base-

line and at days 21 to 28 after immunization by using the
HI assay against the 3 components of the vaccine: the
H1N1, H3N2, and influenza B strains. The analysis was
done blinded and in duplicate for each time point at Sanofi
Pasteur’s Global Clinical Immunology Laboratory in Swift-
water, Pennsylvania.

The HI assay was done according to established pro-
tocols. Briefly, sera were treated with receptor-destroying
enzymes by diluting 1 part serum with 4 parts enzyme and
were incubated overnight at 37 °C in a water bath. The
enzyme was then inactivated by 60-minute incubation at
56 °C, followed by adsorption with erythrocytes and addi-
tion of phosphate buffer saline for a final dilution of 1/10.
Assays were done in V-bottom 96-well plates by using 4
hemagglutinin units of virus per 25 �L and 0.5% turkey
erythrocytes.

Safety Assessments
We collected data on local and systemic adverse events

until the postvaccination visit (21 to 28 days) by using a
modified HIV Vaccine Trials Network questionnaire,
which has been validated by the network. We contacted
participants by telephone on the fourth and tenth days
after vaccination and asked about any adverse effects they
may have had from the vaccine. The questionnaire in-
cluded a checklist of common adverse effects and an open-
ended section for participants to relay any symptoms not
included on the checklist. These same questions were asked
in person on the follow-up visit. We used the standard
AIDS Clinical Trials Group grading scale to evaluate ad-
verse events.

Statistical Analysis
We used the statistical software SPSS, version 20.0

(SPSS, Chicago, Illinois), for data analyses. A P value less
than 0.05 was considered to be statistically significant.

We based sample size calculations on a previous study
by our group and similar studies where the seroprotection
rate in HIV-infected patients after vaccination with the
H1N1 2009 vaccine was 55% (25, 35). We selected the
sample size for this study to demonstrate the primary out-
come of vaccine superiority in the HD group. A total sam-
ple size of 232 was planned, with an anticipation that 20%
of participants would not return for the second visit at 21
to 28 days. A sample size of 192 evaluable participants (96
per group) had a 90% power to detect a 20% improvement
in the serologic response with the new HD vaccine

(G*Power, Version 3.2.1, Kiel, Germany). For the safety
end points, finding no grade 3 or grade 4 adverse events in
a total evaluable sample of 96 patients in each group pro-
vided 95% confidence that the rate in the population from
which the sample was drawn was no greater than 3%.
When 192 participants completed the last visit of the
study, enrollment was discontinued.

For the baseline characteristics, we present continuous
variables as medians and interquartile ranges and categori-
cal variables as frequencies and percentages. For the pri-
mary immunogenicity and safety outcomes and secondary
immunogenicity outcomes, estimates of proportions and
exact 95% binomial CIs and 95% CIs for the differences
between the groups (proportions and GMT ratio) were
calculated. We used the chi-square test to evaluate the sig-
nificance of the differences between groups. For GMT and
mean fold increase in GMT, we calculated the mean and
95% CI for the log10-transformed titers and then trans-
formed back to the original units by exponentiation. We
used the t test to compare the GMTs between groups.

To explore what other variables may be associated
with seroconversion, we ran logistic regression models sep-
arately for each strain. We included variables that have
been associated previously with vaccine responses in HIV-
infected persons: baseline HI antibody titer for the corre-
sponding strain, randomization to the HD group, HIV
viral load less than the limit of detection, current and nadir
CD4 cell count, sex, and receipt of ART. All of the vari-
ables were entered into the models.

Role of the Funding Source
The National Institute of Allergy and Infectious Dis-

eases and the Center for AIDS Research of the University
of Pennsylvania supported the study. The funding source
did not have any role in the design of the study, its admin-
istration, or the analysis of the results and was not involved
in manuscript preparation or submission.

RESULTS

From 27 October 2010 to 27 March 2011, we en-
rolled 195 participants. Of these, 192 vaccinated partici-
pants completed the second visit—182 within the 21-to-
28–day window and 10 outside of the window (range, 29
to 45 days). There were 2 participants whose specimens
could not be processed. All 195 participants are included
in the safety analysis, and 190 participants are included in
the immunogenicity analysis (Figure).

The participants’ baseline demographic and clinical
characteristics are summarized in Table 1. Data from both
groups show that participants were mostly men (77% in
the SD group and 64% in the HD group) and African
American (61% in the SD group and 78% in the HD
group). Most patients in both groups were receiving ART
(88% in the SD group and 90% in the HD group), and
most of the participants receiving ART had an HIV RNA
viral load less than 400 copies/mL (89% in the SD group
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and 88% in the HD group). Eighty-one percent of patients
in the SD group and 74% of patients in the HD group
who were receiving ART had HIV viral loads less than the
limit of quantification of an ultrasensitive assay. The me-

dian nadir CD4 count among patients in the SD group
was 0.166 � 109 cells/L and the median current CD4
count was 0.453 � 109 cells/L. For patients in the HD
group, the median nadir CD4 count was 0.174 � 109

cells/L and the median current CD4 count was
0.438 � 109 cells/L. Approximately 10% of the patients
had current CD4 counts less than 0.200 � 109 cells/L.
Roughly three quarters of the participants had received the
regular trivalent vaccine during the 2009–2010 season,
and half had been vaccinated against the epidemic H1N1
strain the prior year.

At the baseline evaluation, 52% of SD recipients and
49% of HD recipients had seroprotective antibody titers
(�1:40) for the H1N1 strain. Baseline seroprotective rates
were 52% in the SD group and 44% in the HD group for
the H3N2 strain and 52% in the SD group and 48% in
the HD group for the influenza B strain.

Prevaccination GMTs were similar between the 2
groups for each of the 3 antigens. Immunogenicity analysis
at the second evaluation showed that for the H1N1 strain,
the postvaccination GMTs were 344 (CI, 229 to 518) in
the SD group and 686 (CI, 509 to 926) in the HD group
(Table 2). For the H3N2 strain, GMTs were 324 (CI, 227
to 464) in the SD group and 739 (CI, 529 to 1032) in the
HD group. The GMTs for the influenza B strain were 64
in the SD group (CI, 46 to 91) and 140 in the HD group
(CI, 110 to 178). For all of these comparisons, the HD
vaccine was statistically more immunogenic than the SD
vaccine.

The percentage of persons with seroprotective anti-
body titers for the 3 virus strains was greater among those
who received the HD vaccine; significant (P � 0.05) in-
creases were seen for the H1N1 and influenza B strains

Figure. Study flow diagram.
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HD � high dose; SD � standard dose.
* Fluzone is manufactured by Sanofi Pasteur (Bridgewater, New Jersey).

Table 1. Baseline Characteristics

Characteristic SD Recipients (n � 95) HD Recipients (n � 100)

Median age (IQR), y 46 (37 to 53) 44 (35 to 50)
Male, n (%) 73 (77) 64 (64)
Race/ethnicity, n (%)

Asian/Pacific 1 (1) 0 (0)
Black 58 (61) 78 (78)
Hispanic 7 (7) 3 (3)
White 36 (38) 22 (22)

Receiving ART, % 88 90
HIV RNA load �400 copies/mL, % 89 88
HIV RNA load less than limit of detection, % 81 74

Median nadir CD4 count (IQR), � 109 cells/L 0.166 (0.037 to 0.278) 0.174 (0.045 to 0.343)
Median current CD4 count (IQR), � 109 cells/L 0.453 (0.301 to 0.660) 0.438 (0.275 to 0.625)
Current CD4 count �0.200 � 109 cells/L, n (%) 8 (8) 14 (14)
Vaccinated in 2009–2010, n (%)

Trivalent 65 (68) 76 (76)
H1N1 37 (39) 47 (47)

Baseline HI antibody titer �1:40, n (%)*
H1N1 49 (52) 49 (49)
H3N2 49 (52) 44 (44)
Influenza B 49 (52) 48 (48)

ART � antiretroviral therapy; HD � high dose; HI � hemagglutination inhibition; IQR � interquartile range; SD � standard dose.
* N � 190. Only participants included in the efficacy analysis had baseline titers available.
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(Table 3). At weeks 3 to 4, the HD vaccine was more
immunogenic than the SD vaccine for the H1N1 strain
(treatment difference, 9 percentage points [CI, 1 to 17
percentage points]; P � 0.029). The difference favoring
the HD vaccine was 3 percentage points (CI, �3 to 10
percentage points; P � 0.32) for the H3N2 strain and 11
percentage points (CI, 1 to 21 percentage points; P �
0.030) for the influenza B strain. Seroconversion rates were
also greater in the HD group than in the SD group for the
H1N1 (75% vs. 59%), H3N2 (78% vs. 74%), and influ-
enza B (56% vs. 34%) strains.

In an exploratory analysis, participants with current
CD4 counts less than 0.200 � 109 cells/L seemed to be
less responsive to both the HD and SD influenza vaccina-
tions. Among the 14 participants in the HD group with
CD4 counts less than 0.200 � 109 cells/L, fewer devel-
oped seroprotective levels than did those with CD4 counts
greater than 0.200 � 109 cells/L (93% vs. 96% for H1N1,
79% vs. 99% for H3N2, and 64% vs. 95% for influenza
B). The seroprotective response rates among the partici-
pants receiving the HD vaccine tended to be higher than
among those receiving the SD vaccine (Appendix Table 1,
available at www.annals.org).

In logistic regression models built separately for each
strain, baseline HI antibody titer for the corresponding
strain and randomization to the HD group were always
associated with seroconversion. HIV viral load less than the
limit of detection, current and nadir CD4 cell count, sex,
and receipt of ART were not independently associated with

seroconversion in these models (Appendix Table 2, avail-
able at www.annals.org).

Both vaccines were well-tolerated, with grade 1 to
grade 2 local reactions at the injection site elicited in less
than 20% of the participants and no differences between
the 2 study groups. Mild systemic adverse events (head-
ache, malaise, and myalgia) were noted in 10% to 20% of
the participants. There was no significant difference in the
local or systemic reactions between the 2 groups and no
serious adverse events related to vaccine administration.
Three participants were hospitalized during the study (for
pancreatitis, candidiasis, and right lower extremity cellulitis
[not at the injection site]); these hospitalizations were con-
sidered unrelated to the vaccine. Table 4 summarizes ad-
verse events reported. The most frequent local adverse
events were pain and tenderness at the injection site. The
most frequent systemic adverse effect was myalgia, fol-
lowed by malaise and headache.

DISCUSSION

The results from this randomized, controlled study
suggest that 1 way to increase the protective antibody titers
for influenza in HIV-infected persons is to administer a
higher dose (60 mcg/antigen—4 times the standard dose
of 15 mcg/antigen) of the trivalent seasonal influenza vac-
cine. For every antigen studied, the HD formulation re-
sulted in an increased average antibody titer and higher
seroconversion and seroprotective rates compared with the

Table 2. Prevaccination and Postvaccination GMTs

Virus Strain Day HI GMTs (95% CI) GMT Ratio
(HD–SD) (95% CI)

P Value

SD Recipients (n � 93) HD Recipients (n � 97)

H1N1 (A/California/07/2009 X-179A) 0 22 (14 to 37) 25 (15 to 40) 1.1 (0.4 to 1.8) –
21 344 (229 to 518) 686 (509 to 926) 2.0 (1.2 to 3.3) 0.008

H3N2 (A/Victoria/210/2009 X-187) 0 25 (16 to 42) 26 (16 to 42) 1.0 (0.5 to 1.8) –
21 324 (227 to 464) 739 (529 to 1032) 2.3 (1.4 to 3.7) 0.001

Influenza B (B/Brisbane/60/2008) 0 17 (11 to 25) 20 (14 to 28) 1.2 (0.5 to 1.4) –
21 64 (46 to 91) 140 (110 to 178) 2.2 (1.4 to 3.3) �0.001

GMT � geometric mean titer; HD � high dose; HI � hemagglutination inhibition; SD � standard dose.

Table 3. Seroconversion and Seroprotection Rates After Vaccination*

Variable Type of Vaccine Proportion (95% CI) Difference (95% CI),
percentage points

P Value

SD Recipients (n � 93) HD Recipients (n � 97)

Seroconversion H1N1 59 (49 to 69) 75 (67 to 84) 16 (3 to 29) 0.018
H3N2 74 (65 to 83) 78 (70 to 87) 4 (�8 to 16) 0.50
Influenza B 34 (25 to 44) 56 (46 to 66) 21 (7 to 35) 0.003

Seroprotection H1N1 87 (80 to 94) 96 (92 to 100) 9 (1 to 17) 0.029
H3N2 92 (87 to 98) 96 (92 to 100) 3 (�3 to 10) 0.32
Influenza B 80 (71 to 88) 91 (85 to 97) 11 (1 to 21) 0.030

HD � high dose; SD � standard dose.
* Seroconversion is defined as a 4-fold increase in antibody titer from baseline or an increase in titer from �1:10 to 1:40. Seroprotection is defined as an antibody titer �1:40.
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SD influenza vaccine. The HD vaccine was also well-
tolerated, with adverse event rates similar to those of the
SD vaccine. Our exploratory analysis suggests that the HD
vaccine may also be more immunogenic than standard dos-
ing in patients with CD4 counts less than 0.200 � 109

cells/L.
Although rates of influenza vaccination have been in-

creasing in high-risk populations, such as HIV-infected
persons, data from previous studies suggest that, indepen-
dent of virologic control and CD4 recovery, as many as
40% of HIV-positive persons do not reach seroprotective
antibody levels after vaccination (36, 37). This suggests
that the current influenza vaccination strategy for this
group may be inadequate, given the increased morbidity
and mortality associated with influenza infection in this
population (38).

Alternative dosing strategies have been tried in other
studies. Two different studies have evaluated the use of
higher doses of influenza vaccine to improve vaccine effi-
cacy in HIV-infected persons. One such study was done by
Cooper and colleagues (39) at 12 Canadian HIV Trials
Network sites. That trial assessed 3 dosing strategies for
influenza vaccine in HIV-infected adults: 2 standard doses
(15 mcg) over 28 days, 2 double doses (30 mcg) over 28
days, and a single standard dose. Even with the increased
antigen dose and booster dosing, unadjuvanted influenza

vaccine immunogenicity was poor, with rates of serocon-
version in the 50% range. The second study, done by El
Sahly and colleagues (40), compared the use of 1 or 2 doses
of 15 mcg or 30 mcg hemagglutinin of the 2009 H1N1
vaccine given 21 days apart to participants stratified by
baseline CD4 cell count. The higher dose was more im-
munogenic, particularly among persons with CD4 counts
less than 0.200 � 109 cells/L; however, the percentage of
participants with seroprotective antibody titers 3 weeks af-
ter the second dose was still less than the desirable levels
(74% and 69%, respectively, of the participants with a
high and low CD4 cell count who were receiving the
HD vaccine had titers �1:40). In that study, the addition
of a second 30-mcg dose did not clearly improve the
immunogenicity.

Another strategy has been the use of adjuvants, such as
ASO3 and MF59. Two doses of the ASO3 adjuvanted
2009 H1N1 vaccine and a single dose of the MF59 adju-
vanted vaccine resulted in immune responses in HIV-
infected adults similar to those in healthy adults (41, 42).
A second dose in the MF59 study had only modest addi-
tional effects. Currently, however, the use of these adju-
vants is not approved in many countries, including the
United States.

The main limitation of our study (and many influenza
vaccine trials in immunosuppressed populations) is that we
measured serologic responses rather than the incidence of
clinical influenza, which would require a much larger sam-
ple size. Other immunogenicity measurements, such as vi-
rus microneutralization, interferon-� enzyme-linked im-
munospot, or proliferation assays, would provide good
corollary information but were not done because of budget
limitations.

Most of the patients in our practice are receiving ART
and have an undetectable HIV RNA viral load and a rela-
tively high CD4 cell count. Our study therefore had lim-
ited power to detect different effects of the 2 vaccines
among participants with ongoing HIV viremia or low
CD4 cell counts—arguably the populations most at risk
for morbidity and mortality from influenza. However, the
higher dose of the influenza vaccine was more immuno-
genic in these 2 populations, and there is no biologically
plausible reason to believe that the standard dose would
prove to be more efficacious than the higher dose in these
poorly reactive groups in a larger study.

Half of the participants in this study had evidence of
protective titers at baseline, which was probably the result
of an increased rate of vaccination associated with the
2009–2010 pandemic and the fact that HIV-infected per-
sons are more frequently engaged in care than are other
underserved populations. This high baseline seropositivity
rate may have contributed to the very high seroprotection
rate at the end of our study.

The implications of this research are important for
future vaccination efforts in the HIV-positive population.
This study suggests that a substantial number of HIV-

Table 4. Adverse Events During the Trial*

Adverse Event SD Recipients
(n � 95)

HD Recipients
(n � 100)

Serious adverse event, n (%)† 3 (3.2) 0 (0.0)
Death 0 (0.0) 0 (0.0)
Hospitalization 3 (3.2) 0 (0.0)

Patients with >1 adverse event, n (%) 76 (80.0) 90 (90.0)

Local adverse events, n (%)‡ 16 (16.8) 30 (30.0)
Pain 4 (4.2) 15 (15.0)
Redness 1 (1.1) 3 (3.0)
Induration 1 (1.1) 2 (2.0)
Tenderness 10 (10.5) 10 (10.0)

Systemic adverse events, n (%)‡ 57 (60.2) 60 (60.0)
Arthralgia 3 (3.2) 5 (5.0)
Chills 3 (3.2) 5 (5.0)
Diarrhea 1 (1.1) 0 (0.0)
Nausea 8 (8.4) 7 (7.0)
Headache 9 (9.5) 8 (8.0)
Lymphadenopathy 1 (1.1) 0 (0.0)
Malaise 14 (14.7) 13 (13.0)
Myalgia 17 (17.9) 19 (19.0)
Vomiting 1 (1.1) 3 (3.0)

HD � high dose; SD � standard dose.
* Events were recorded in telephone interviews on the fourth and tenth days after
vaccination and on a questionnaire completed during the follow-up visits on days
21 to 28.
† Hospitalizations were due to esophageal candidiasis, right lower extremity cellu-
litis, and pancreatitis. All events were in the SD group and were determined to be
unrelated to the vaccine intervention.
‡ The number of patients with a specific adverse event at least once during the
study is shown. A patient could have more than 1 adverse event.
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infected patients may not be obtaining sufficient protec-
tion with the standard influenza vaccine. A strategy with a
single HD immunization is much easier to implement than
a multiple-dose schedule (38). Although a higher dose is 1
route to the protection of this vulnerable population, other
strategies may also be explored in the future, such as alter-
native vaccines, the use of adjuvants, or new schedule
strategies.

From University of Pennsylvania and Drexel University, Philadelphia,
Pennsylvania.

Disclaimer: Sanofi Pasteur was not involved in the study design or the
analysis.

Grant Support: In part by grant U01-AI069467 from the National
Institute of Allergy and Infectious Diseases and grant P30-AI045008
from the Center for AIDS Research to the University of Pennsylvania.

Potential Conflicts of Interest: Disclosures can be viewed at www
.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum�M12
-1043.

Reproducible Research Statement: Study protocol, statistical code, and
data set: Available from Dr. Tebas (e-mail, pablo.tebas@uphs.upenn
.edu).

Requests for Single Reprints: Pablo Tebas, MD, University of Penn-
sylvania, AIDS Clinical Research Unit, 502 Johnson Pavillion, 3610
Hamilton Walk, Philadelphia, PA 19104.

Current author addresses and author contributions are available at www
.annals.org.

References
1. Gatherer D. The 2009 H1N1 influenza outbreak in its historical context.
J Clin Virol. 2009;45:174-8. [PMID: 19540156]
2. Oxford JS. Influenza A pandemics of the 20th century with special reference to
1918: virology, pathology and epidemiology. Rev Med Virol. 2000;10:119-33.
[PMID: 10713598]
3. Kunisaki KM, Janoff EN. Influenza in immunosuppressed populations: a
review of infection frequency, morbidity, mortality, and vaccine responses. Lancet
Infect Dis. 2009;9:493-504. [PMID: 19628174]
4. Cohen JP, Macauley C. Susceptibility to influenza A in HIV-positive patients
[Letter]. JAMA. 1989;261:245. [PMID: 2909018]
5. Fine AD, Bridges CB, De Guzman AM, Glover L, Zeller B, Wong SJ, et al.
Influenza A among patients with human immunodeficiency virus: an outbreak of
infection at a residential facility in New York City. Clin Infect Dis. 2001;32:
1784-91. [PMID: 11360221]
6. Fiore AE, Shay DK, Haber P, Iskander JK, Uyeki TM, Mootrey G, et al;
Advisory Committee on Immunization Practices (ACIP), Centers for Disease
Control and Prevention (CDC). Prevention and control of influenza. Recom-
mendations of the Advisory Committee on Immunization Practices (ACIP),
2007. MMWR Recomm Rep. 2007;56(RR-6):1-54. [PMID: 17625497]
7. Neuzil KM, Coffey CS, Mitchel EF Jr, Griffin MR. Cardiopulmonary hos-
pitalizations during influenza season in adults and adolescents with ad-
vanced HIV infection. J Acquir Immune Defic Syndr. 2003;34:304-7. [PMID:
14600576]
8. Radwan HM, Cheeseman SH, Lai KK, Ellison III RT. Influenza in human
immunodeficiency virus-infected patients during the 1997-1998 influenza sea-
son. Clin Infect Dis. 2000;31:604-6. [PMID: 10987729]
9. Safrin S, Rush JD, Mills J. Influenza in patients with human immunodefi-
ciency virus infection. Chest. 1990;98:33-7. [PMID: 2361409]

10. Lin JC, Nichol KL. Excess mortality due to pneumonia or influenza during
influenza seasons among persons with acquired immunodeficiency syndrome.
Arch Intern Med. 2001;161:441-6. [PMID: 11176770]
11. Gilsdorf A, Poggensee G; Working Group Pandemic Influenza A(H1N1)v.
Influenza A(H1N1)v in Germany: the first 10,000 cases. Euro Surveill. 2009;14.
[PMID: 19712649]
12. Oliveira W, Carmo E, Penna G, Kuchenbecker R, Santos H, Araujo W,
et al; Surveillance Team for the pandemic influenza A(H1N1) 2009 in the
Ministry of Health. Pandemic H1N1 influenza in Brazil: analysis of the first
34,506 notified cases of influenza-like illness with severe acute respiratory infec-
tion (SARI) [Editorial]. Euro Surveill. 2009;14. [PMID: 19883548]
13. Archer B, Cohen C, Naidoo D, Thomas J, Makunga C, Blumberg L, et al.
Interim report on pandemic H1N1 influenza virus infections in South Africa,
April to October 2009: epidemiology and factors associated with fatal cases. Euro
Surveill. 2009;14. [PMID: 19883549]
14. Reyes-Terán G, de la Rosa-Zamboni D, Ormsby CE, Vázquez-Pérez J,
Ablanedo-Terrazas Y, Vega-Barrientos R, et al. Clinical features of subjects in-
fected with HIV and H1N1 influenza virus. In: 17th Conference of Retrovirus
and Opportunistic Infections; 16–19 February 2010; San Francisco, CA. Ab-
stract 803LB.
15. Jefferson T, Di Pietrantonj C, Rivetti A, Bawazeer GA, Al-Ansary LA,
Ferroni E. Vaccines for preventing influenza in healthy adults. Cochrane Data-
base Syst Rev. 2010:CD001269. [PMID: 20614424]
16. Couch RB, Kasel JA. Immunity to influenza in man. Annu Rev Microbiol.
1983;37:529-49. [PMID: 6357060]
17. Ennis FA, Mayner RE, Barry DW, Manischewitz JE, Dunlap RC, Verbo-
nitz MW, et al. Correlation of laboratory studies with clinical responses to
A/New Jersey influenza vaccines. J Infect Dis. 1977;136 Suppl:S397-406.
[PMID: 606763]
18. Brydak LB, Hryniewicz HJ, Machala M, Horban A. Humoral response to
influenza vaccination in HIV-infected patients. Clin Drug Investig. 1999;17:
441-9.
19. Durando P, Fenoglio D, Boschini A, Ansaldi F, Icardi G, Sticchi L, et al.
Safety and immunogenicity of two influenza virus subunit vaccines, with or with-
out MF59 adjuvant, administered to human immunodeficiency virus type
1-seropositive and -seronegative adults. Clin Vaccine Immunol. 2008;15:253-9.
[PMID: 18003811]
20. Kroon FP, Rimmelzwaan GF, Roos MT, Osterhaus AD, Hamann D,
Miedema F, et al. Restored humoral immune response to influenza vaccination
in HIV-infected adults treated with highly active antiretroviral therapy. AIDS.
1998;12:F217-23. [PMID: 9863863]
21. Miotti PG, Nelson KE, Dallabetta GA, Farzadegan H, Margolick J, Cle-
ments ML. The influence of HIV infection on antibody responses to a two-dose
regimen of influenza vaccine. JAMA. 1989;262:779-83. [PMID: 2787416]
22. Nelson KE, Clements ML, Miotti P, Cohn S, Polk BF. The influence of
human immunodeficiency virus (HIV) infection on antibody responses to influ-
enza vaccines. Ann Intern Med. 1988;109:383-8. [PMID: 2970238]
23. Ragni MV, Ruben FL, Winkelstein A, Spero JA, Bontempo FA, Lewis JH.
Antibody responses to immunization of patients with hemophilia with and with-
out evidence of human immunodeficiency virus (human T-lymphotropic virus
type III) infection. J Lab Clin Med. 1987;109:545-9. [PMID: 3572201]
24. Zanetti AR, Amendola A, Besana S, Boschini A, Tanzi E. Safety and im-
munogenicity of influenza vaccination in individuals infected with HIV. Vaccine.
2002;20 Suppl 5:B29-32. [PMID: 12477415]
25. Tebas P, Frank I, Lewis M, Quinn J, Zifchak L, Thomas A, et al; Center
for AIDS Research and Clinical Trials Unit of the University of Pennsylvania.
Poor immunogenicity of the H1N1 2009 vaccine in well controlled HIV-
infected individuals. AIDS. 2010;24:2187-92. [PMID: 20616698]
26. Evison J, Farese S, Seitz M, Uehlinger DE, Furrer H, Mühlemann K.
Randomized, double-blind comparative trial of subunit and virosomal influenza
vaccines for immunocompromised patients. Clin Infect Dis. 2009;48:1402-12.
[PMID: 19361304]
27. Fuller JD, Craven DE, Steger KA, Cox N, Heeren TC, Chernoff D. Influ-
enza vaccination of human immunodeficiency virus (HIV)-infected adults: im-
pact on plasma levels of HIV type 1 RNA and determinants of antibody response.
Clin Infect Dis. 1999;28:541-7. [PMID: 10194075]
28. Yamanaka H, Teruya K, Tanaka M, Kikuchi Y, Takahashi T, Kimura S,
et al; HIV/Influenza Vaccine Study Team. Efficacy and immunologic responses
to influenza vaccine in HIV-1-infected patients. J Acquir Immune Defic Syndr.
2005;39:167-73. [PMID: 15905732]

Original ResearchHigh-Dose Seasonal Influenza Vaccine in HIV-Infected Persons

www.annals.org 1 January 2013 Annals of Internal Medicine Volume 158 • Number 1 25

Downloaded From: http://annals.org/ by Jules Levin on 01/03/2013



29. Aberg JA, Gallant JE, Anderson J, Oleske JM, Libman H, Currier JS, et al;
HIV Medicine Association of the Infectious Diseases Society of America. Pri-
mary care guidelines for the management of persons infected with human immu-
nodeficiency virus: recommendations of the HIV Medicine Association of the
Infectious Diseases Society of America. Clin Infect Dis. 2004;39:609-29. [PMID:
15356773]
30. Fiore AE, Shay DK, Broder K, Iskander JK, Uyeki TM, Mootrey G, et al;
Centers for Disease Control and Prevention. Prevention and control of seasonal
influenza with vaccines: recommendations of the Advisory Committee on Immu-
nization Practices (ACIP), 2009. MMWR Recomm Rep. 2009;58(RR-8):1-52.
[PMID: 19644442]
31. Mostow SR, Schoenbaum SC, Dowdle WR, Coleman MT, Kaye HS.
Inactivated vaccines. 1. Volunteer studies with very high doses of influenza vac-
cine purified by zonal ultracentrifugation. Postgrad Med J. 1973;49:152-8.
[PMID: 4802501]
32. Palache AM, Beyer WE, Sprenger MJ, Masurel N, de Jonge S, Vardy A,
et al. Antibody response after influenza immunization with various vaccine doses:
a double-blind, placebo-controlled, multi-centre, dose-response study in elderly
nursing-home residents and young volunteers. Vaccine. 1993;11:3-9. [PMID:
8427034]
33. Falsey AR, Treanor JJ, Tornieporth N, Capellan J, Gorse GJ. Randomized,
double-blind controlled phase 3 trial comparing the immunogenicity of high-
dose and standard-dose influenza vaccine in adults 65 years of age and older.
J Infect Dis. 2009;200:172-80. [PMID: 19508159]
34. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines
for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents.
Washington, DC: U.S. Department of Health and Human Services; 2011:1-166.
Accessed at www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf on
17 March 2012.

35. Crum-Cianflone NF, Eberly LE, Duplessis C, Maguire J, Ganesan A, Faix
D, et al. Immunogenicity of a monovalent 2009 influenza A (H1N1) vaccine in
an immunocompromised population: a prospective study comparing HIV-
infected adults with HIV-uninfected adults. Clin Infect Dis. 2011;52:138-46.
[PMID: 21148532]
36. Monto AS. Seasonal influenza and vaccination coverage. Vaccine. 2010;28
Suppl 4:D33-44. [PMID: 20713259]
37. Tremblay CL, Rouleau D, Fortin C, Toma E, Sylla M, Cyr L, et al.
Immunogenicity and tolerability of an inactivated and adjuvanted pandemic
H1N1 influenza vaccine, in HIV-1-infected patients. Vaccine. 2011;29:1359-63.
[PMID: 21185423]
38. Overton ET. Sometimes, more is better [Editorial]. J Infect Dis. 2012;205:
697-9. [PMID: 22275400]
39. Cooper C, Thorne A, Klein M, Conway B, Boivin G, Haase D, et al;
CIHR Canadian HIV Trials Network Influenza Vaccine Research Group. Im-
munogenicity is not improved by increased antigen dose or booster dosing of
seasonal influenza vaccine in a randomized trial of HIV infected adults. PLoS
One. 2011;6:e17758. [PMID: 21512577]
40. El Sahly HM, Davis C, Kotloff K, Meier J, Winokur PL, Wald A, et al.
Higher antigen content improves the immune response to 2009 H1N1 influenza
vaccine in HIV-infected adults: a randomized clinical trial. J Infect Dis. 2012;
205:703-12. [PMID: 22275399]
41. Bickel M, von Hentig N, Wieters I, Khaykin P, Nisius G, Haberl A, et al.
Immune response after two doses of the novel split virion, adjuvanted pandemic
H1N1 influenza A vaccine in HIV-1-infected patients. Clin Infect Dis. 2011;52:
122-7. [PMID: 21148530]
42. Soonawala D, Rimmelzwaan GF, Gelinck LB, Visser LG, Kroon FP. Re-
sponse to 2009 pandemic influenza A (H1N1) vaccine in HIV-infected patients
and the influence of prior seasonal influenza vaccination. PLoS One. 2011;6:
e16496. [PMID: 21304982]

HIGHLIGHTS OF WWW.ANNALS.ORG

Online-first articles: The latest clinical news before publication in the print
edition.

Quick links: Article-specific CME, slides, patient information, multimedia,
and commenting and sharing features.

Smaller article collections: Immediate access to collections organized by
specialty, disease, and special topics.

Better search tools: More meaningful results, with screening and refining
options.

Mobility: Automatic mobile-friendly display when accessing annals.org
from any smart phone.

Original Research High-Dose Seasonal Influenza Vaccine in HIV-Infected Persons

26 1 January 2013 Annals of Internal Medicine Volume 158 • Number 1 www.annals.org

Downloaded From: http://annals.org/ by Jules Levin on 01/03/2013



Current Author Addresses: Dr. McKittrick: Jefferson Hospital Ambu-
latory Practice, 833 Chestnut Street, Suite 220, Philadelphia, PA 19107.
Drs. Frank, White, Boyer, and Tebas; Ms. Kim, Ms. Kappes, Ms. Di-
Giorgio, and Mr. Kenney: University of Pennsylvania, AIDS Clinical
Research Unit, 502 Johnson Pavillion, 3610 Hamilton Walk, Philadel-
phia, PA 19104.
Dr. Jacobson: Partnership Comprehensive Care Practice, 1427 Vine
Street, 3rd Floor, Philadelphia, PA 19102.

Author Contributions: Conception and design: J.M. Jacobson, C.J.
White, P. Tebas.
Analysis and interpretation of the data: N. McKittrick, I. Frank, J.M.
Jacobson, C.J. White, P. Tebas.
Drafting of the article: N. McKittrick, J. Boyer, P. Tebas.
Critical revision of the article for important intellectual content: N.
McKittrick, I. Frank, J.M. Jacobson, C.J. White, P. Tebas.
Final approval of the article: N. McKittrick, I. Frank, J.M. Jacobson,
C.J. White, P. Tebas.
Provision of study materials or patients: N. McKittrick, I. Frank, J.M.
Jacobson, D. Kim, R. Kappes, C. DiGiorgio, T. Kenney, P. Tebas.
Statistical expertise: P. Tebas.
Obtaining of funding: P. Tebas.
Administrative, technical, or logistic support: N. McKittrick, I. Frank,
J.M. Jacobson, C.J. White, D. Kim, R. Kappes, C. DiGiorgio, T. Ken-
ney, P. Tebas.
Collection and assembly of data: N. McKittrick, J.M. Jacobson,
C. DiGiorgio, T. Kenney, J. Boyer, P. Tebas.

Appendix Table 1. Seroconversion and Seroprotection Rates in Participants With CD4 Counts Less Than 0.200 � 109 cells/L

Variable Type of Vaccine Proportion (95% CI) Difference (95% CI),
percentage points

P Value

SD Recipients (n � 8) HD Recipients (n � 14)

Seroconversion H1N1 50 (13 to 87) 79 (56 to 100) 29 (�12 to 69) 0.22
H3N2 50 (13 to 87) 71 (47 to 96) 21 (�21 to 64) 0.36
Influenza B 25 (0 to 57) 36 (10 to 62) 11 (�31 to 53) 0.61

Seroprotection H1N1 75 (43 to 100) 93 (79 to 100) 18 (�12 to 48) 0.34
H3N2 50 (13 to 87) 79 (56 to 100) 29 (�12 to 69) 0.22
Influenza B 36 (2 to 73) 64 (38 to 90) 27 (�17 to 71) 0.26

HD � high dose; SD � standard dose.

Appendix Table 2. Logistic Regression Model Data

Variable H1N1 H3N2 Influenza B

Odds Ratio (95% CI) P Value Odds Ratio (95% CI) P Value Odds Ratio (95% CI) P Value

HD vs. SD vaccine 2.906 (1.427–5.918) 0.003 2.828 (1.455–5.499) 0.002 2.828 (1.455–5.499) 0.002
Undetectable HIV viral load 0.986 (0.619–1.570) 0.95 0.688 (0.419–1.129) 0.139 0.688 (0.419–1.129) 0.139
Sex 2.124 (0.965–4.674) 0.061 0.762 (0.362–1.603) 0.47 0.762 (0.362–1.603) 0.47
Race 0.823 (0.379–1.785) 0.62 1.354 (0.653–2.806) 0.42 1.354 (0.653–2.806) 0.42
Current CD4 cell count 1.002 (1.000–1.003) 0.074 0.999 (0.998–1.001) 0.43 0.999 (0.998–1.001) 0.43
Nadir CD4 cell count 0.998 (0.996–1.001) 0.20 1.000 (0.998–1.002) 0.98 1.000 (0.998–1.002) 0.98
Receiving ART 2.087 (0.613–7.107) 0.24 0.963 (0.288–3.225) 0.95 0.963 (0.288–3.225) 0.95
Baseline seronegativity* 0.474 (0.334–0.673) �0.001 0.438 (0.280–0.686) �0.001 0.438 (0.280–0.686) �0.001

ART � antiretroviral therapy; HD � high dose; SD � standard dose.
* For antigen of interest.
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