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Introduction. HIV-infected individuals demonstrate lower immunogenicity to the influenza vaccine, despite immunologic and
virologic control of HIV infection. Obesity has been previously shown to be associated with diminished antibody responses to
other vaccines in HIV-uninfected persons. However, no studies have examined if obesity is associated with diminished protective
immune response to influenza vaccination among HIV-infected persons on antiretroviral therapy (ART). Methods. We performed a
retrospective analysis of immunogenicity data from a clinical trial of inactivated, trivalent influenza vaccine. The primary endpoint
was the proportion of participants with seroconversion, defined as >4-fold increase in anti-hemagglutinin antibody titers after
vaccination. Secondary endpoints were the proportion of participants with seroprotection (defined as antibody titers of >1: 40) and
geometric mean hemagglutination inhibition antibody titers. Results. Overall, 48 (27%) participants were obese (body mass index >
30 kg/m?). Seroconversion rates were comparable between obese and nonobese subjects for all three vaccine strains. Further,
postvaccination geometric mean titers did not differ by body mass index category. Conclusion. Obesity was not associated with

diminished antibody response to influenza vaccination in a sample of healthy HIV-infected persons.

1. Introduction

Influenza is responsible for substantial morbidity and mor-
tality worldwide, causing over 250,000 deaths annually [1].
HIV-infected individuals are particularly vulnerable to seri-
ous complications of influenza [2, 3], but they have lower
serological responses to the influenza vaccine compared to
the general population [4-6]. While low CD4 cell counts and
HIV viremia are important determinants of vaccine response,
they do not fully explain the reduced immunogenicity to
influenza vaccine observed in this population, indicating that
other factors contribute as well [5, 6].

Obesity may be one such factor affecting vaccine immu-
nogenicity, as it has been previously implicated in reduced
immunogenicity to the hepatitis B vaccine in healthy,

uninfected adults and to tetanus toxoid in healthy adoles-
cents [7-10]. In addition, reduced immune responses to
a candidate HIV-1 vaccine were seen among overweight,
uninfected adults [11]. Obesity is associated with a chronic
inflammatory state that could lead to impairments in innate
and adaptive immune function [10, 12-14]. Further, excess
peripheral adiposity may lead to inadequate vaccine delivery
intramuscularly, reducing antigen uptake and presentation to
the immune system [15].

The potential impact of obesity on influenza vaccine
immunogenicity is of particular interest since influenza infec-
tion has been shown to be more severe among overweight
and obese individuals [14, 16-19]. However, prior studies
of influenza vaccine in HIV-uninfected individuals have
demonstrated conflicting data regarding the impact of obesity
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on vaccine immunogenicity [20-23]. Two studies among
elderly patients found no association between body mass
index (BMI) and influenza vaccine immunogenicity [21, 23].
In contrast, another study of healthy adults >18 years old
observed greater declines in antibody titers over time with
increasing BMI, despite higher influenza antibody responses
immediately after vaccination [22]. Further, pooled data
from 3 trials of HINI influenza vaccine immunogenicity
showed that one vaccine dose was associated with higher
antibody titers in obese compared to nonobese adults, but
subsequently there were no significant differences in vaccine
responsiveness by BMI following the two doses [20]. To our
knowledge, no studies to date have explored the relationship
between obesity and influenza vaccine response specifically
among HIV-infected individuals.

With the advent of ART and the fact that HIV infec-
tion disproportionately affects underserved populations with
limited access to healthy diets, obesity has become more
prevalent among HIV-infected individuals [24-28]. Given
that HIV-infected individuals are already more likely to have
impaired vaccine responses due to their underlying immuno-
compromised state, identifying potentially reversible factors,
such as obesity, that may contribute to weakened vaccine
immunogenicity is critically important. This study evaluated
if obesity was associated with diminished vaccine respon-
siveness to the 2010-2011 seasonal influenza vaccine in HIV-
infected persons and examined whether a high dose vaccine
formulation could improve immunogenicity among obese
individuals.

2. Methods

We performed a retrospective analysis of a previously
reported double-blinded, randomized, controlled trial of
standard dose (SD) versus high dose (HD) influenza vaccine
in HIV-infected persons [29]. From October 27, 2010, to
March 27,2011, the trial enrolled HIV-infected adults (18 years
or older) seen at the MacGregor Clinic of the Hospital of
the University of Pennsylvania in Philadelphia, PA. The study
was approved by the University of Pennsylvania Institutional
Review Board.

Participants were randomized to receive either the SD
formulation of the licensed, inactivated, trivalent, unadju-
vanted influenza vaccine (Fluzone, lot U3774DA) or the
HD formulation (Fluzone High Dose, lot U3635AA), which
contained 15mcg and 60 mcg, respectively, of hemagglu-
tinin from the following three strains: A/California/07/2009
X-179A (HIN1), A/Victoria/210/2009 X-187 (H3N2), and
B/Brisbane/60/2008 (influenza B). Vaccine was administered
intramuscularly in the deltoid muscle using standard-length
(5/8- or l-inch) needles, and participants provided serum
samples prior to and 21 to 28 days after vaccination. Hemag-
glutination inhibition (HAI) assays against the 3 vaccine
components (HIN1, H3N2, and influenza B) were performed,
as described previously [29], on the pre- and postvaccination
serum samples.

The primary immunogenicity endpoint was the propor-
tion of participants with seroconversion after vaccination.
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Seroconversion was defined as a 4-fold rise in hemagglutina-
tion inhibition (HAI) antibody titer if the baseline titer was
>1:10 or a postvaccination HAI titer >1:40 if the baseline
titer <1:10. Secondary endpoints were the proportion of
participants with seroprotection after immunization, defined
as a postvaccination HAT antibody titer >1: 40, as well as pre-
and postvaccination geometric mean titers (GMT) of HAI
antibody.

Height and weight measurements were obtained from an
examination performed at enrollment or during the nearest
clinic visit within 3 months. BMI was calculated as weight
(kg)/height (m)?, with obesity defined by a BMI > 30 kg/m?.
Demographic and clinical variables collected included age,
race/ethnicity, ART use, presence of diabetes, hepatitis B or
C coinfections, insulin therapy, current and nadir CD4 cell
counts, and HIV viral load.

Differences in characteristics between nonobese and
obese participants were assessed using Chi-square tests for
categorical data and Wilcoxon rank-sum tests for continuous
data. Proportions and 95% confidence intervals (CIs) of
participants with seroconversion and seroprotection were
calculated separately and between-group differences evalu-
ated by Chi-square test. It was predetermined that a sample
of 192 participants would provide 80% power to determine
a 20% difference in seroconversion rates, assuming a 25%
prevalence of obesity and two-tailed alpha of 0.05. To
exclude the possibility that obesity was a marker of preserved
or reconstituted immune function, analyses were repeated
among participants with CD4 cell counts > 200 cells/uL and
>500 cells/uL. Log transformation was performed to nor-
malize the distribution of HAI antibody titers, and Student’s
t-test was used to compare GMTs between nonobese and
obese groups for each vaccine strain. Although multiple com-
parisons were performed across correlated immunogenicity
measurements, Bonferroni correction was not appropriate
because it assumes that these measurements are independent.
We interpreted findings with caution and examined the
consistency of results across vaccine components.

3. Results

Of the 195 HIV-infected persons studied in the original
clinical trial, data on BMI and influenza vaccine response
were available for 176 persons (85 in the SD group; 91 in
the HD group). The characteristics of the study sample are
reported in Table 1. Overall, 48 (27%) participants were obese.
There were significantly more males (p < 0.001) and fewer
diabetics (p = 0.002) in the nonobese group. While the
prevalence of chronic hepatitis C infection did not differ,
chronic hepatitis B was more prevalent among nonobese than
obese participants (7.8% versus 0%; p = 0.046).

The majority were on a protease inhibitor (PI) or non-
nucleoside reverse transcriptase inhibitor- (NNRTI-) based
ART regimen, and the distribution of ART regimens was
similar between the obese and nonobese groups (p = 0.56;
Table 1). There were no differences between the groups with
respect to median nadir CD4 (p = 0.25) and current CD4
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TABLE 1: Baseline characteristics of the study sample, overall and by obese status.
Overall Nonobese , Obese ,
(n = 176) (BMI < 30 kg/m”) (BMI > 30 kg/m”) p value
(n=128) (n=48)

Median age (IQR), year 46 (38-52) 46 (37-53) 44 (38-51) 0.56
Sex, n (%)

Male 125 (71) 102 (80) 23 (48) £0.001

Female 51 (29) 26 (20) 25 (52)
Race, n (%)

White 54 (31) 44 (34) 10 (21)

Black 121 (68) 83 (65) 38 (79) 0.17

Asian/Pacific-Islander 1(0.6) 1(0.8) 0(0)
Diabetes, 1 (%) 12 (6.8) 4(3.1) 8(16.7) 0.002
Chronic hepatitis B, 1 (%) 10 (5.7) 10 (7.8) 0(0) 0.05
Chronic hepatitis C, n (%) 25 (14) 19 (15) 6 (12) 0.69
Receiving ART, 1 (%) 156 (87) 114 (89) 42 (88) 0.77

PI-based 85 (48) 63 (49) 22 (46)

NNRTI-based 43 (24) 30 (23) 13 (27)

INSTI-based 10 (5.7) 8(6.2) 2(4.2) 0.56

Other 24 (14) 15 (12) 9(19)

No ART/unknown 14 (8.0) 12 (9) 2(4.2)
ZDV, ddI, and d4T use 19 (11) 14 (11) 5 (10) 0.92
HIV RNA <400 copies/mL, n (%) 146 (83) 105 (83) 41 (85) 0.66
Median nadir CD4 count (IQR), cells/uL 168 (42-322) 156 (38-304) 197 (68-354) 0.25
Median current CD4 count (IQR), cells/uL 452 (294-640) 438 (280-630) 498 (406-690) 0.09
Median BMI (IQR), kg/m’ 25 (22-31) 24 (22-26) 36 (32-39) <0.001
Receipt of HD vaccine, 1 (%) 91 (52) 64 (50) 27 (56) 0.46

ART: antiretroviral therapy; BMI: body mass index; ddI: didanosine; d4T: stavudine; HD: high dose; IQR: interquartile range; INSTI: integrase strand transfer
inhibitor; NNRTI: nonnucleoside reverse transcriptase inhibitor; PI: protease inhibitor; ZDV: zidovudine.

(p = 0.09) counts or the proportion of participants with HIV
RNA < 400 copies/mL (p = 0.66; Table 1).

Seroconversion and seroprotection rates are presented
in Table 2. There were no significant differences in the
proportions of participants who seroconverted between the
obese and nonobese groups for all three vaccine strains: HIN1
(62% [48-77] versus 70% [62-78]; p = 0.32), H3N2 (79%
[67-91] versus 77% [69-84]; p = 0.71), and influenza B
(44% [35-52] versus 48% [33-63]; p = 0.62). An equal
proportion of nonobese and obese participants received the
HD formulation (50% versus 56%; p = 0.46; Table 1). In both
groups, seroconversion rates were higher after HD compared
to SD vaccination (Table 2).

Proportions of participants with seroprotection after vac-
cination ranged from 67 to 100% depending on the influenza
strain or vaccine formulation (Table 2). Seroprotection rates
did not differ by BMI for those who received the SD vaccine.
Alower proportion of obese individuals who received the HD
vaccine had seroprotection after vaccination against the HINI
strain only (89% [95% CI, 76 to 100%] versus 98% [95% CI,
95 to 100%]; p = 0.04). When these analyses were repeated
among those with CD4 counts > 200 cells/uL (n = 157)
and CD4 counts > 500 cells/uL (n = 78), seroconversion

and seroprotection rates did not differ by obesity for all three
influenza strains (Table 3).

Pre- and postvaccination GMTs are reported in Table 2.
For all 3 vaccine components, there were no statistically sig-
nificant differences in GMTs between obese versus nonobese
participants who received the SD vaccine. Among those who
received the HD vaccine, obese participants had a higher
baseline GMT against the HINI strain compared to normal-
weight persons (baseline GMT, 17 [9-30] versus 59 [23-154];
p = 0.02). However, postvaccination GMTs did not differ
between nonobese and obese participants for all 3 vaccine
components.

4. Discussion

To our knowledge, this is the first study to evaluate if
obesity influences influenza vaccine immunogenicity in HIV-
infected individuals. Our results showed that obese, HIV-
infected persons did not have impaired serologic responses
to influenza vaccination when compared to nonobese HIV-
infected individuals.

Our findings on influenza vaccine immunogenicity
in obese, HIV-infected participants are consistent with
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TABLE 2: Proportions of participants with seroconversion and seroprotection after vaccination and pre- and postvaccination geometric mean
titers of hemagglutination inhibition.

()

Nonobese (BMI < 30 kg/mz) Obese (BMI > 30 kg/mz)
p value
(n=128) (n=48)

Seroconversion, % (95% CI)

HINI 70 (62-78) 62 (48-77) 0.32

H3N2 77 (69-84) 79 (67-91) 0.71

Influenza B 44 (35-52) 48 (33-63) 0.62

(b)
SD vaccine recipients HD vaccine recipients
Nonobese Obese pvalue Nonobese Obese pvalue
n=064 n=21 n=64 n=27

Seroconversion, % (95% CI)

HINI 59 (47-72) 62 (39-84) 0.84 81 (71-91) 63 (43-82) 0.06

H3N2 75 (64-86) 71 (50-92) 0.74 78 (68-88) 85 (71-100) 0.44

Influenza B 34 (22-46) 29 (8-50) 0.62 53 (40-66) 63 (43-82) 0.39
Seroprotection, % (95% CI)

HIN1 86 (77-95) 90 (77-100) 0.59 98 (95-100) 89 (76-100) 0.04

H3N2 91 (83-98) 100 (100-100) 0.15 97 (92-100) 93 (82-100) 0.36

Influenza B 83 (73-92) 67 (45-89) 0.12 89 (81-97) 96 (89-100) 0.27
Prevaccination GMT (95% CI)

HINI 20 (11-37) 22 (7-67) 0.90 17 (9-30) 59 (23-154) 0.02

H3N2 33 (20-55) 17 (6-48) 0.20 24 (13-43) 23 (10-54) 0.97

Influenza B 16 (10-26) 18 (8-38) 0.84 18 (11-30) 20 (11-37) 0.86
Postvaccination GMT (95% CI)

HIN1 307 (180-524) 386 (178-839) 0.66 684 (489-955) 746 (356-1570) 0.82

H3N2 322 (202-515) 338 (192-667) 0.92 681 (439-1057) 771 (409-1456) 0.75

Influenza B 63 (42-93) 60 (25-144) 0.92 149 (109-204) 122 (78-192) 0.48

BMI: body mass index; CI: confidence interval; GMT: geometric mean titer; HD: high dose; SD: standard dose.

the results from similar investigations in obese, HIV-
uninfected persons. Two studies of older, HIV-uninfected
adults found no association between obesity and influenza
vaccine seroprotection immediately after vaccination [21,
23]. In another study of healthy adults without chronic
disease, higher HAI antibody titers to influenza vaccine
were found one month after vaccination in obese individuals
compared to normal-weight adults, although a greater decline
in antibody titers was seen after 12 months in the obese group
[22]. Thus, despite exhibiting impaired immune function
following influenza infection [14, 16-19], obese individuals
may not demonstrate reduced vaccine immunogenicity after
vaccination, independent of the presence of HIV infection.
However, it remains unclear if influenza vaccine protection
wanes more over time in obese individuals, and this should
be evaluated in future studies.

Further investigation is warranted to evaluate why obesity
does not appear to impair immune response to the influenza
vaccine in both HIV-infected and -uninfected persons. There
are several potential reasons why vaccine immunogenicity
may be unaffected by BMI among HIV-infected individ-
uals. Immune impairment from obesity may be negligible
compared to the underlying immune dysfunction caused by

HIV infection or inadequate immune recovery seen with
ART [30]. Second, HIV infection independently leads to
chronic inflammation [31], and obesity may not contribute
additionally to immune dysfunction through this mecha-
nism. Finally, ART use has been associated with peripheral
lipoatrophy, which may minimize the likelihood of inad-
equate vaccine delivery in obese, HIV-infected individuals
[32]. In this study, there were no differences between obese
and nonobese participants in the distribution of ART regi-
mens used or the proportion taking zidovudine, didanosine,
or stavudine, drugs that have been previously implicated
in lipoatrophy [33, 34], suggesting that the type of ART
may not have contributed significantly to body composition
changes. However, body composition of participants was
not formally evaluated, precluding us from making any
conclusions on the impact of altered body fat distribution on
vaccine immunogenicity in this population.

With HIV infection, a paradoxical effect may be expected
where obesity is associated with improved vaccine response.
Since uncontrolled HIV infection often causes substantial
weight loss, obesity could have been a surrogate marker
for immunologic control, leading obese individuals to
have increased vaccine immunogenicity compared to their
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TABLE 3: Proportions with seroconversion and seroprotection after vaccination among participants with CD4 cell counts > 200 cells/pL

(n = 157) and CD4 cell counts > 500 cells/uL (n = 78).

Participants with CD4 > 200 cells/uL

Nonobese (BMI < 30 kg/mz)

Obese (BMI > 30 kg/mz)

(n=78) (n = 110) (n = 47) palue
Seroconversion, % (95% CI)
HIN1 70 (61-79) 62 (47-76) 0.31
H3N2 79 (71-87) 81 (69-92) 0.80
Influenza B 45 (36-55) 49 (34-64) 0.69
Seroprotection, % (95% CI)
HIN1 94 (89-98) 89 (80-98) 0.36
H3N2 98 (96-100) 98 (94-100) 0.90
Influenza B 92 (87-97) 85 (74-96) 0.20
Participants with CD4 > 500 cells/uL Nonobese (BMI < 30 kg/mz) Obese (BMI > 30 kg/mz) pvalue
(n=78) (n =54) (n=24)
Seroconversion, % (95% CI)
HIN1 68 (56-81) 75 (56-94) 0.56
H3N2 72 (60-84) 79 (62-97) 0.52
Influenza B 35 (22-48) 38 (17-58) 0.84
Seroprotection, % (95% CI)
HINI 93 (85-100) 96 (87-100) 0.59
H3N2 98 (94-100) 100 (100-100) 0.50
Influenza B 94 (88-100) 92 (80-100) 0.64

BMI: body mass index; CI: confidence interval.

normal-weight counterparts. However, even after restricting
analyses to participants with preserved immune function
(CD4 > 200 cells/uL and> 500 cells/uL), there were no
significant differences by BMI in serologic responses after
vaccination. Thus, our study adds to the growing body of
literature that suggests that obesity is not a major factor
influencing host response to influenza vaccination, indepen-
dent of HIV status. Compared to other vaccines, there may
be innate differences to the influenza vaccine, with respect
to vaccine composition, production, or administration that
account for the overall lack of association between obesity
and vaccine immunogenicity and should be evaluated within
future studies.

Of those who received the HD vaccine, obese participants
had a statistically significantly lower seroprotection rate for
the HINI strain, but not the H3N2 or influenza B strain,
than nonobese participants. Given the increased morbidity
and mortality to the 2009 pandemic HIN1 influenza infection
observed in obese persons due to, in part, the impaired
immune response [19, 35], it is possible that immunogenicity
to the HIN1 vaccine component could be similarly attenuated
by obesity. Obese participants had higher prevaccination but
not postvaccination GMT titers against HINI, which may
help explain why there was no observed association between
obesity and the seroconversion rate for the HINI strain.
However, it is unclear why such an association would not
be present in those who received the SD vaccine. Follow-up
studies are needed to determine if indeed the HINI influenza

strain differentially affects obese individuals or this simply
represents a chance finding.

Our investigation has several potential limitations.
Height and weight measurements used to determine BMI
were collected within a 3-month period around vaccination
date. However, 74% of participants had anthropometric
measurements collected within one week of vaccination. Ad-
ditionally, since the majority of participants were maintained
on stable ART, clinically meaningful changes in weight during
such a short time period were not expected [36, 37]. As with
other influenza vaccine trials, vaccine effectiveness was
ascertained using serologic responses as surrogate measures,
which was more feasible than measuring incidence of
influenza cases. Further, our study was not powered to detect
less than 20% difference in seroconversion rates between
obese and nonobese participants. Lastly, since the majority
of study participants were men, whose body composition
may differ substantially from women, the study’s findings
may not be generalizable to women.

In summary, obesity was not independently associated
with serologic response to any of the antigens in the 2010-2011
inactivated, trivalent influenza vaccine in a predominantly
male sample of well-controlled HIV-infected individuals.
This suggests that the increasing prevalence of obesity in
the HIV-infected population may not necessarily mandate
changes to influenza vaccination strategies, such as more
frequent dosing or larger antigen doses, in order to improve
vaccine efficacy.
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