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Human immunodeficiency virus type 1 (HIV-1)–infected indi-
viduals, despite receipt of antiretroviral therapy (ART), often
have impaired vaccine responses. We examined the role that im-
mune activation and cellular phenotypes play in influenza A
(H1N1) vaccine responsiveness in HIV-infected subjects receiv-
ingART.Subjects received theH1N1vaccine (15-µgdose;Novar-
tis), and antibody titers at baseline and after immunizationwere
evaluated. Subjects were classified as responders if, by week 3, se-
roprotection guidelines were met. Responders had higher per-
centages of baseline naive T cells and lower percentages of
terminally differentiated T cells, compared with nonresponders.
Additionally, thenaiveCD4+T-cell percentage andagewereneg-
atively correlated. Preservation of naive T-cell populations by
starting therapy early could impact vaccine responses against in-
fluenza virus and other pathogens, especially as this population
ages.
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Apart from the severity of the 2009 influenza A(H1N1) pan-
demic, seasonal influenza can lead to serious illness in elderly
individuals, people with chronic infections, and immunocom-
promised individuals [1]. Human immunodeficiency virus
type 1 (HIV-1) infection induces changes in cytokine secretion,
increased levels of apoptosis, exhaustion, and senescence [2]. As

this population ages, so does their immune system, further com-
pounding defects of the immune system, such as defects to the
innate arm of immunity [3]. The data indicating that HIV–
infected individuals have a higher frequency of influenza virus
infection are limited [4], but several studies have demonstrated
that HIV–infected patients are more likely to have severe or pro-
longed influenza virus infections [5]. The widespread use of
highly active antiretroviral therapy (HAART) has decreased
the rate of complications of influenza in HIV–infected in-
dividuals but has not returned the rate to that of the HIV-
uninfected population [5]. As a consequence of this, treatment
guidelines recommend yearly influenza vaccination for all pa-
tients with HIV infection [6].

HIV–infected individuals respond poorly to influenza vacci-
nation. Poor responses have been associated with CD4+ T-cell
counts and HIV RNA levels [7].Despite immune reconstitution
that is enough to prevent the development of opportunistic in-
fections, HIV-positive subjects receiving ART are shown to have
poor antibody responses and memory B-cell responses [8]. To
achieve seroprotection in these individuals, often higher or mul-
tiple doses are necessary [9].

The purpose of this study was to understand what dysregula-
tion might be occurring in HIV–infected individuals that pre-
vents them from responding to influenza vaccination.
Understanding the immune dysregulation in these individuals
can help elucidate better preventive strategies against influenza
virus and maybe other pathogens and improve the immunoge-
nicity of vaccine regimens in this population. We have a partic-
ular interest in evaluating prevaccination baseline characteristics
that would serve as predictors of their vaccine response. Specifi-
cally, we are interested in the CD4+ T-cell responses, which pro-
vide help to B cells.

METHODS

Vaccine
Subjects received a single 15-µg dose of the monovalent, unad-
juvanted, inactivated, split virus H1N1 vaccine (Novartis, Basel,
Switzerland). Each participant had baseline studies performed
at the time of enrollment followed by the intramuscular admin-
istration of the 2009 H1N1 vaccine (0.5 mL) to one of the del-
toid muscles. Two telephone calls and serological response
evaluations were completed 21–28 days after vaccination.

Subjects
HIV–infected individuals >18 years of age who had an indica-
tion to receive the H1N1 vaccine were included in the study.

Received 10 October 2013; accepted 26 February 2014; electronically published 8 March
2014.

Correspondence: Jean D. Boyer, PhD, 422 Curie Blvd, 705 Stellar Chance Labs, Philadelphia,
PA 19104 (boyerj@mail.med.upenn.edu).

The Journal of Infectious Diseases 2014;210:646–50
© The Author 2014. Published by Oxford University Press on behalf of the Infectious Diseases
Society of America. All rights reserved. For Permissions, please e-mail: journals.permissions@
oup.com.
DOI: 10.1093/infdis/jiu132

646 • JID 2014:210 (15 August) • BRIEF REPORT

mailto:boyerj@mail.med.upenn.edu
mailto:journals.permissions@oup.com
mailto:journals.permissions@oup.com


Individuals with a known allergy to eggs or other components
of the vaccine, a history of severe reactions to previous immu-
nization with seasonal influenza vaccine, a known case of H1N1
influenza during the spring of 2009, or past receipt of the novel
H1N1 vaccine were excluded. A total of 120 subjects were in-
cluded in the study, which was described elsewhere by McKit-
trick et al [9]. All patients provided informed consent. Forty-six
subjects had frozen peripheral blood mononuclear cells

available to use for the purpose of this study. These 46 subjects
had baseline hemagglutination inhibition (HAI) titers of <40,
were receiving ART, and were aged 26–77 years (median age,
48 years); 69.6% were male, 63% were black, 10.9% were His-
panic/Latino, 23.9% were white, and 2.1% were Asian/Pacific Is-
lander. Furthermore, they had an average CD4+ T-cell count
(±SD) of 542 ± 306.8 cells/µL, and an average nadir CD4+ T-
cell count (±SD) of 193 ± 187.2 cells/µL; the HIV RNA load

Figure 1. Peripheral blood mononuclear cells were stained for markers of differentiation and analyzed via multiparameter flow cytometry. A and B, Mean
percentages (±SD) of naive (CD27+CD45RO−; 50.2% vs 33.5%; P = .02; A) and terminally differentiated effector (CD27−CD45RO−; 3.2% vs 11.3%; P = .007;
B) CD4+ T cells in the CD4+ T-cell population among responders and nonresponders. C and D, Mean percentages (±SD) of naive (CD27+CD45RO−; 41.5% vs
23.4%; P = .001; C) and terminally differentiated effector (CD27−CD45RO−; 26.1% vs 40.2%; P = .005; D) CD8+ T cells in the CD8+ T-cell population among
responders and nonresponders. E and F, Mean percentages (±SD) of activated (CD38+HLA-DR+) CD4+ T cells (1.56% ± 1.63% [n = 27] vs 1.95% ± 2.87%
[n = 19]; P = .7; E ) and CD8+ T cells (1.91% ± 1.79% [n = 27] vs 2.3% ± 3.63% [n = 19]; P = .8; F ) among responders and nonresponders.
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was <400 copies/mL in 90% and below the limit of quantifica-
tion in 85%. At week 3, 61% of the subjects met the guidelines
for seroprotection.

Hemagglutination Inhibition Assay
Antibody titers of the 120 subjects were measured using an HAI
assay as previously described [10].The HAI assays were done by
McKittrick et al at Bioqual [9]. For the 46 subjects in this study,
if they had a week 3 titer of >1:40 and a 4-fold increase in their
HAI titer, they were classified as seroprotected and responders
to vaccination, while those with titers of <1:40 and/or a <4-fold
increase in their HAI titer were classified as nonresponders.

Flow Cytometry
Samples from 46 of the 120 subjects were available and were ex-
amined for their memory and activation phenotypes, using
multiparameter flow cytometry. Antibodies were as follows:
CD3 (fluorescein isothiocyanate), CD4 (allophycocyanin
[APC]–Cy7), CD8 (AF700), CD27 (APC), and HLA-DR (phy-
coerythrin [PE]–Cy5) from BD-Pharmingen; CD45RO (ECD)
from Beckman Coulter; CD38 (PE-Cy7) from eBioscience;
CD25 (PE) from Becton-Dickinson; CD127 (V450) from BD
Horizon; and Viability Dye (Aqua) from Invitrogen. Forty-six
subjects were analyzed, and cellular (CD27 and CD45RO)
and activation (HLA-DR and CD38) phenotypes were com-
pared using an unpaired t test between responders and nonre-
sponders. Cell surface staining was done at 4°C for 30–45
minutes in the dark, and gating was done as described in Sup-
plementary Figure 1.

Predictors of Response
A multivariate logistic regression model was used to examine
the predictors of response, which included viral load, prevacci-
nation CD4+ T-cell count, nadir CD4+ T-cell count, age, and
naive and terminally differentiated CD4+ and CD8+ T cells. A
multivariate logistic regression model was also used to examine
the effect of age on the percentage of naive CD4+ T cells and
total activated CD4+ T cells.

RESULTS

Flow Cytometry
At week 3 after vaccination, 59% of the subjects in this study were
responders (ie, they had HAI titers of ≥1:40 and a 4-fold HAI
titer increase). We assessed the T-cell phenotype, including
level of T-cell activation, of responders and nonresponders. We
found that responders showed a higher percentage of baseline
naive CD4+ T cells (50.2% vs 33.5%; P = .02; Figure 1A) and
CD8+ T cells (41.5% vs 23.4%; P = .001; Figure 1C) and a lower
percentage of terminally differentiated CD4+ T cells (3.2% vs
11.3%; P = .007; Figure 1B) and CD8+ T cells (26.1% vs 40.2%;
P = .005; Figure 1D) than nonresponders.

We did not observe a difference between responders and
nonresponders on the baseline (day 0, before vaccination) fre-
quency of the cellular activation markers HLA-DR+CD38+ for
both CD4+ T cells (mean [±SD], 1.56% ± 1.63% [n = 27] vs
1.95% ± 2.87% [n = 19]; P = .688; Figure 1E ) and CD8+ T cells
(mean [±SD], 1.91% ± 1.79% [n = 27] vs 2.3% ± 3.63% [n = 19];
P = .8409; Figure 1F).

Predictors of Vaccine Response
In a logistic regression model that included the viral load, pre-
vaccination CD4+ T-cell count, nadir CD4+ T-cell count, age,
and percentages of naive and terminally differentiated CD4+

and CD8+ T cells, the frequencies of naive CD4+ T cells
(n = 46; P = .024; R2 = 0.111) and terminally differentiated
CD8+ T cells (n = 46; P = .0004; R2 = 0.251) were the only inde-
pendent predictors of response.

Since age is known to put individuals at risk for severe influ-
enza virus infection, we examined whether age had an effect on
the CD4+ T-cell population. We noticed that age was signifi-
cantly negatively correlated with the total percentage of naive

Figure 2. Multivariate regression analysis examining linear regression
between the percentage of naive (CD27+CD45RO−) CD4+ T cells in the
CD4+ T-cell population and age (n = 46; R2 =−0.182; P = .003; A) and be-
tween the percentage of naive CD4+ T cells in the CD4+ T-cell population
and the nadir CD4+ T-cell count (n = 46; R2 = 0.141; P = .01; B ).
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CD4+ T cells (n = 46; P = .003; R2 = −0.182; Figure 2A). Fur-
thermore, since HIV infection leads to depletion of the
CD4+ T-cell population, we examined whether the nadir
CD4+ T-cell count was related to the naive CD4+ T-cell popu-
lation after the start of ART. There was a significant positive
correlation between the nadir CD4+ T-cell count and the per-
centage of naive CD4+ T cells (n = 46; P = .01; R2 = 0.141;
Figure 2B).

DISCUSSION

The baseline frequency of naive and terminally differentiated
T cells were directly and inversely, respectively, associated
with seroprotection after H1N1 vaccination (Figure 1A–D).
However, responders and nonresponders did not differ signifi-
cantly in their levels of baseline activation (Figure 1E–F).

Our study therefore demonstrates the potential roles that the
frequencies of naive and terminally differentiated T cells play in
vaccine responses and underscores the importance of preserv-
ing the naive T-cell population to ensure vaccination responses
and presumably response to natural infection.

Patients with HIV infection have been characterized with
premature immunosenescence and persistent ongoing inflam-
mation or so-called inflammaging. This is similar to what is ob-
served in older individuals but occurs decades earlier in
patients living with HIV. This phenomenon occurs despite
well-controlled viral replication with the use of HAART [2].
This immunosenescence has been associated with a lack of
CD4+ T-cell recovery after the initiation of HAART [11], can-
cers, AIDS progression [2], and death. We hypothesized that
this phenomenon would be associated with lack of vaccine re-
sponse [2, 11].

In elderly individuals, the reduced numbers of naive T cells
can potentially impact how likely an HIV-infected individual
will achieve seroprotection after influenza vaccination. In the el-
derly population, there is a loss of thymic tissue, T-cell num-
bers, and stimulation sensitivity of the naive CD4+ T-cell
population [12]. This depletion of the CD4+ T-cell subset and
reduction in thymic function are also aspects that are shown
to affect HIV–infected individuals [13]. Maintaining a healthy
T-cell population is important since T-cell–mediated protection
helps avoid issues with influenza virus infection when antibod-
ies cannot provide sterilizing immunity [14]. It is possible that
in addition to the immune dysregulation caused by HIV infec-
tion, age may be a compounding factor that influences whether
an individual will respond to influenza vaccination and should
be taken into consideration to provide better immunization
strategies for these individuals.

Since age increases the risk for more-severe disease, the Cen-
ters for Disease Control and Prevention suggests that certain
vaccines, such as pneumococcal and shingles vaccines, be
given to elderly individuals aged ≥60 years [15]. Furthermore,

as with HIV-negative elderly individuals, older HIV-infected
individuals exhibit more activation and inflammatory cyto-
kines/chemokines [2] and fewer naive CD4+ T cells (Figures 1A
and 2A) than the general population, despite good virological
control. Therefore, these findings suggest that it is necessary
to administer some vaccines (such as shingles vaccine) earlier
than currently recommended, before further immunological
damage occurs.

In summary, our study suggests that the baseline frequency of
naive T cells may affect the vaccine response to influenza in
HIV-infected individuals, especially as they age. Strategies tar-
geting the preservation of the naive population or the use of
immunomodulators could potentially improve the vaccine
response and potentially decrease the morbidity associated
with these infections. It may be important to initiate ART
early, especially since we saw a positive association with the
nadir CD4+ T-cell count and naive CD4+ T-cell count (Fig-
ure 2B). Furthermore, response to vaccination may be used as
a surrogate marker of immune recovery in patients with HIV
infection.
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