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ABSTRACT

Annual influenza vaccination is recommended as a preventive measure for all patients with asthma since
asthma exacerbations in children and adults are associated to viral infections including influenza. There
is concern about the adequate immune response in asthmatics with ICS treatment. The production of
antibodies to influenza in asthmatics has been demonstrated. However, cellular immunity is poorly
understood. The aim of the study was to compare the humoral and cellular immune responses to
influenza vaccine in asthmatic and healthy subjects.

Twenty-five asthmatic patients attending the Allergy and Clinical Immunology Service at the Hospital
General de Mexico and 25 healthy adults were included. Blood samples were obtained before, 4 and
12 months after immunization with influenza vaccine, influenza-specific antibodies were determined by
the hemagglutination inhibition test and influenza-specific memory B, TCD4+, and TCD8 + lymphocytes
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were determined by flow cytometry.

All the asthmatic patients received ICS treatment. The Geometric Mean titers for all influenza
serotypes were similar in both groups; seropositivity and the cellular immune response increased in

both groups over time and was comparable.

Influenza vaccination in asthmatic patients with immunotherapy and ICS achieved protective anti-
body levels and cellular immunity over time comparable to healthy subjects.

Introduction

The influenza virus causes respiratory disease in humans
affecting the upper and lower respiratory airways, and has
the ability to cause epidemics and pandemics.' Influenza in
asthmatic patients is associated with an increase in health care
services (hospital admissions, clinic visits, ancillary services,
and emergency department visits).” Patients with asthma may
have exacerbations, worst symptoms, risk of pneumonia, viral
lower respiratory tract infection, bronchiolitis, secondary bac-
terial infection, sepsis and a prolonged decline in lung func-
tion after an influenza episode.3 In addition, influenza
remains one of the most common causes of hospitalization
for asthma exacerbation in children.*

Influenza vaccination is recommended by the World Health
Organization (WHO) for all people older than 6 months who do
not have contraindications and especially high-risk priority
groups, including people with chronic illnesses such as asthma,
and health care workers.”® However, the effectiveness of influ-
enza vaccine depends primarily on the age and immunocompe-
tence of the subjects, and the degree of similarity between the
viruses in the vaccine and those in circulation.” The influenza
vaccination is safe in the asthmatic population as has been
demonstrated in multiple studies in children and adults, without
worsening asthma symptoms, exacerbations or decrease in peak
expiratory flow rates.*” Asthmatic patients should be vaccinated

annually according to GINA recommendation since it prevents
exacerbations, although there is concern about the immune
response, especially in those receiving a high dose of inhaled
steroids.'® However, previous studies in patients with moderate
to severe asthma showed that oral prednisone exposures did not
decrease the immune response to influenza vaccination in
children."" Although, this study only measured influenza-
specific antibodies.

The immune response generated by pathogens including
vaccines includes innate and adaptive immunity with
a humoral and a cellular component. The humoral immunity
is composed mainly of B cells that produce high-affinity and
specific antibodies and the cellular immunity is divided into
antigen-specific CD4 T-cells, who produce several cytokines
and other stimulatory factors and the CD8T-cells with the
ability to kill infected cells. Immune memory is generated
within the adaptive immune response with development of
antigen-high specificity and the capacity to rapidly generate
large numbers of antigen-specific CD4, CD8 T cells and anti-
bodies. The goal of a vaccine is to induce long-term immu-
nological memory. However, many of the vaccines currently
in use were developed with a little understanding of the
cellular immune response.'?

The memory T cells differ from naive and effector T cells
in several ways.'>'* At least two types of memory T cells have
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been described within the CD4 and CD8 T cell populations
based on their homing characteristics and their effector func-
tions. In humans, T effector-memory (TEM) and T central-
memory (TCM) cells differ both functionally and in their
migratory properties and can be distinguished based on
their CD62L and CCR?7 surface expression. TCM cells express
CCR?7 and CD62L, whereas TEM cells do not express CCR7
or CD62L."”

Asthmatic patients have been described with a Th2 and/or
Th17 pattern that could predispose to a different immune
response to vaccines.

The aim of this study was to characterize the cellular and
humoral immune responses to influenza vaccination in asth-
matic and healthy subjects.

Materials and methods
Study population and study procedures

A prospective, longitudinal, comparative, clinical trial was
performed. Asthmatic patients who attend the Allergy and
Clinical Immunology Service at the Hospital General de
México, “Dr. Eduardo Liceaga” and healthy subjects were
invited to participate in the study and signed a written
informed consent. Inclusion criteria were mild to moderate
asthma according to GINA (Global Initiative for Asthma)
guidelines and age-matched healthy subjects. Exclusion cri-
teria were egg allergy, previous allergic reaction to influenza
vaccine, immunodeficiencies, and acute respiratory infection
at the initial evaluation. Pregnancy and lack of a follow-up
blood collection were elimination criteria. The subjects
received the inactivated trivalent influenza vaccine. Blood
samples were collected prior to vaccination and 4 and
12 months after vaccination for humoral and cellular assays.
The immune response to influenza was measured 4 and
12 months postvaccination since we wanted to compare the
long term or memory response to this vaccine in asthmatics
and healthy subjects. It has been reported that antibody titers
after vaccination present a peak at 1 month postvaccination
and then decline slowly at 4 months and persists up to
12 months.'® Clinical evaluation was made 7 days after vac-
cine administration, with a special interest in adverse events
and asthma exacerbation.

Ethics

The study was approved by the Institutional Review Board of
the Hospital General de México “Dr. Eduardo Liceaga”,
Mexico City, Mexico (DI/12/309/04/044) and the Faculty of
Medicine, Universidad Nacional Autonoma de Mexico,
Mexico City, Mexico (055/2012). Written informed consent
was obtained from all participants. The study was conducted
following the Good Clinical Practice and the International
Conference of Harmonization standards.

Influenza vaccine and vaccine administration

Inactivated trivalent vaccine (Vaxigrip-Sanofi Pasteur, Paris,
France), containing 15 pg of hemagglutinin protein for each
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virus A/California/7/2009 HIN1pdmO09-like virus, A/Victoria/
361/2011 H3N2-like virus, B/Wisconsin/1/2010-like virus was
used for the winter season of 2012-2013. The vaccine was
administered intramuscularly over the deltoid area of the
left arm.

Influenza antibody assay

IgG anti-influenza antibodies were detected by the hemagglu-
tination inhibition (HI) technique. Briefly, the serum was
separated by centrifugation and frozen at —70°C until tested
in parallel. Sera treated with receptor-destroying enzyme
overnight at several dilutions (1:10 to 1:10,240) were placed
by duplicate in 96-well plates. A concentration of 8 hemag-
glutination units (HU) for each virus (A HIN1, A H3N2 and
B) was added for 30 min. A 0.85% suspension of turkey
erythrocytes was added for 20 min until HI was observed.
A titer of 21:40 was considered positive and a four-fold rise in
HI above levels before vaccination or seronegative to seropo-
sitive was considered as seroconversion.

Influenza specific cell proliferation

Fresh peripheral blood mononuclear cells (PBMCs) were
separated from whole blood by Ficoll-Hypaque (GE
Healthcare Life Sciences) gradient and stimulated with influ-
enza A HIN1, A H3N2 and B antigen prepared from infected
Madin-Darby Canine Kidney (MDCK) cell lysates in triplicate
wells, the medium was used as negative control. Briefly,
PBMCs were added to 96-well microtiter plates at
a concentration of 3 x 10> cells/well in RPMI-1640 (Gibco)
with 10% normal human serum (Sigma-Aldrich). Cell viabi-
tily was measured with trypan blue and flow cytometry, the
cells were processed the same day of the blood draw. The cells
were stimulated with 1:32 inactivated influenza A HINI,
A H3N2, and B antigen, Concanavalin A (Sigma-Aldrich)
was used as a mitogen control. After 5 days of incubation,
the cells were pulse-labeled with EAU for 18 hrs, washed in
1% PBS/BSA, centrifuged, fixed in Click-iT* fixative and
washed twice with saponin-based permeabilization-wash
reagent. Detection of EdU incorporation into the DNA of
proliferative lymphocytes was performed with the Click-iT®
EdU reaction cocktail using a DNA staining solution with
saponin-based permeabilization-wash buffer, RNase, Click-
iT® EdU Cell Cycle Alexa Fluor 488-green (Invitrogen) stain
and 1%PBS bovine serum albumin (BSA, Sigma-Aldrich). The
cells were acquired with a BD FACSCanto II"™ flow cytometer
and analyzed with the FacsDiva software (Becton Dickinson-
Biosciences).

Influenza specific T and B-cell memory populations

PBMCs were added to 96-well microtiter plates at
a concentration of 3 x 105 cells/well in RPMI-1640 (Gibco)
with 10% normal human serum (Sigma-Aldrich). The cells
were stimulated with the influenza A HINI, A H3N2 and
B antigen at a 1:32 dilution or an uninfected cell control;
Concanavalin A was used as a mitogen control. After 5 days,
the cells were stained with monoclonal antibodies conjugated



100 A. A. VELASCO-MEDINA ET AL.

to CD4-PeCy5, CD8-PeCy7 and CD19-PE cells and with
markers related to memory CCR7-APCy7, CD62L-APC and
CD27-FITC cells (BD Pharmigen, La Jolla, CA, USA). Six
colors per well were measured and compensation was per-
formed with non-stimulated cells with simple staining for
each color; 10,000 cells per patient were acquired with the
FacsCanto II cytometer and analyzed with the FacsDiva soft-
ware (Becton Dickinson-Biosciences). Cell viability was
detected with trypane blue and with the FSC and SSC area
of the cytometer with viable cells. All assays were performed
side-by-side (asthmatics and controls) the same day of the
blood draw.

Detection of Th1, Th2, and Th17 cytokines

PBMCs were added to 96-well microtiter plates at
a concentration of 3 x 10° cells/well in RPMI-1640 (Gibco).
The PBMCs were stimulated with 3 pl of Cytostim (Miltenyi
Biotec) or medium as a negative control and were incubated
at 37°C with 5% CO, for 4 hours. The supernatants were
obtained, IL-17A, IFN-y, IL-2, TNFa, IL-4, IL-6, and IL-10
cytokines were measured by flow cytometry, using a BD
Cytometric Bead Array HumanTh1/Th2/Th17 kit (Becton
Dickinson). Briefly, the supernatants were mixed with six
bead populations with distinct fluorescence intensities coated
with capture antibodies specific for each molecule, mixed with
the PE-conjugated detection antibodies, incubated, acquired
with a BD FacsCanto II flow cytometer and analyzed with the
FCAP Array v3.0 software (BD Biosciences).

Statistical analysis

Univariate and bivariate analysis was used. Geometric mean
titers (GMT), mean cpm values, the mean cell frequencies
prior, 4 months and 12 months after vaccination and baseline
cytokines were compared using the non-parametric Mann-
Whitney U test. The percentages of seroconversion after vac-
cination were compared using Chi-square tests. Friedman test
was used to determine differences in antibody means and
compare memory T cells and cell proliferation at the begin-
ning and at 4 and 12 months between the asthmatics and
healthy subjects. A p-value less than 0.05 was considered
significant.

Results

Study population, demographic and clinical
characteristics

Twenty-nine asthmatics and 29 healthy subjects were
included from October 2012 to March 2014, four asthmatic
patients and four controls were lost to follow-up. There were
no statistically significant differences between groups at base-
line regarding gender, age and body mass index (BMI), except
for a history of influenza vaccination where 68% of controls
referred previous influenza vaccination compared to 36% of
asthmatics. Twenty-four percent was receiving low dose intra-
nasal corticosteroid (ICS) treatment and 76% a medium dose
(Tablel).

Table 1. Demographic and clinical characteristics.

Healthy
subjects Asthmatics
n=25 n=25 p
Gender 18 Females 12 Females 0.60
Age, years (x+ SD) 30.48 + 7.55 30.28 + 6.31 0.91
BMI, (x+ SD) 2432 +246 2484 +435 060
Previous influenza vaccination, 17 (68%) 9 (36%) 0.024
n (%)
Asthma severity, n (%) NA Mild Intermittent  NA
6(24%)
Mild Persistent
5 (20%)
Moderate
Persistent
14 (56%)
Severe Persistent
0 (0%)
Inhaled Corticosteroids treatment, NA Low dose NA
n (%) 6 (24%)
Medium dose
19 (76%)
High dose
0 (0%)

Humoral immune response to influenza vaccine

There was no difference in the Geometric Mean Titers (GMTSs)
between controls and asthmatics for Influenza A HIN1, A H3N2,
and B at baseline. GMTs for influenza B were higher in asthmatics
compared to controls at 12 months postimmunization (p = .028).
(Figure 1A). There was no statistical difference between seropro-
tective titers between groups after vaccination, except for Influenza
B at 12 months. Within groups, there was an increase in seropo-
sitivity in the control group compared to baseline for HIN1 and
B at 4 months, which was not observed in the asthmatic group. The
GMT increased through time in both groups, yet statistical sig-
nificance was only achieved for Influenza H3N2 in controls
(p < .0001) and asthmatics (p = .045) and Influenza B for the
control group (p = .003). Baseline seropositivity was high in the
control group for Influenza A HIN1 (57%), A H3N2 (19%) and
B (28%) compared to asthmatics: A HINI (44%), A H3N2 (40%)
and B (32%), without statistical significance. An increase in ser-
opositivity through time for both groups for the three serotypes (A
HIN1, A H3N2 and B) was observed, yet statistical significance
was only achieved for Influenza A H3N2 in the control group
(Figure 1B).

Cell-mediated immune response to influenza vaccine

Influenza specific cell proliferation

Prior to vaccination, proliferative responses for the three
influenza serotypes were observed, which increased over
time after immunization and was higher after 12 months for
asthmatics and controls, with statistical significance for both
groups (p < .0001). The cell proliferation between groups was
comparable, except at 4 months for A H3N2 and 4 and
12 months for Influenza A HIN1 and B (p < .05) (Figure 2A).

Influenza specific memory T and B cells
The frequency of specific influenza memory T CD4+ lympho-
cytes increased in the asthmatic group at 4 months
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Figure 1. Humoral immune response to influenza vaccination. (A) Geometric mean titers (GMT) of hemagglutination-inhibition (HAI) antibodies and (B) percentage of
seropositivity after vaccination with influenza A HIN1, A H3N2 and B at baseline, 4 and 12 months, in healthy controls and asthmatics. (HAI titers are expressed in
geometric means, error bars represent the standard error of the mean).
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Figure 2. Cellular immune response to influenza vaccination. (A) Influenza A HIN1, AH3N2 and B specific lymphoproliferation before, 4 and 12 months after

vaccination in asthmatic and healthy individuals, representative image of cell

proliferation with EdU incorporation. (B) Specific influenza AHIN1, AH3N2 and

B memory TCD4+, TCD8+ and B lymphocytes in asthmatic and healthy individuals before, 4 and 12 months after vaccination.

postvaccination for the three serotypes (p < .05) but decreased
at 12 months (p < .001). The control group had similar
responses regarding CD4+ lymphocytes (p < .001). When we
compared the CD4+ lymphocytes between groups, there was
no statistical significance between asthmatics and controls.
The CD8 + T cell frequencies was similar in both groups
before and 4 months after vaccination, but at 12 months
a decrease was observed for the 3 viruses in asthmatics (A
HINI p < .002, A H3N2 p < .002 and B p < .0001). Specific
influenza A HIN1, A H3N2 and Influenza B memory lym-
phocytes increased in asthmatics and controls at 4 months (A
HINI p < .001, A H3N2 p < .001 and B p < .001) and
persisted high at 12 months in controls (A HIN1 p < .0001,
A H3N2 p < .083 and B p < .114) and asthmatics (A HIN1
p <.001, A H3N2 p < .001 and B p < .001). (Figure 2B).

Baseline cytokine patterns

The baseline cytokine patterns did not show differences among
groups, only for IFN-y that was higher in asthmatic patients
(p <.001). Although not statistically significant, IL-10 had a ten-
dency to be higher in asthmatic patients. No specific Th1, Th2 or
Th17 pattern was observed in any group (Figure 3).

Adverse effects
The vaccine was well tolerated; no serious adverse effects were
reported and no hospitalizations due to influenza were iden-
tified. Most individuals presented local symptoms, including
local pain (44% controls vs 36% asthmatics), erythema (32%
controls vs 16% asthmatics) and fever (4% control vs 0%
asthmatics). Local symptoms resolved within a few days fol-
lowing the administration of symptomatic treatment. Only
one control subject had fever up to 39°C and local reaction
that lasted one week and was treated with analgesic and
antipyretic.

None presented severe adverse reactions such as anaphy-
laxis or Guillain-Barré syndrome.

Discussion

Asthma is a chronic lung disease characterized by inflamma-
tion, with multiple endotypes, one of them Th2 and varying
phenotypes, but all of them have in common a predisposition
for exacerbations.'” These exacerbations have been strongly
related to viral infections such as influenza. There is a clear
recommendation for influenza vaccination in at-risk
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Figure 3. Baseline cytokine pattern in healthy and asthmatic subjects. The cytokines were comparable among groups, except for IFN-y that was higher in asthmatic
patients. No specific Th1, Th2 or Th17 pattern was observed in asthmatics or healthy individuals.

populations, one of them being asthmatic patients.'® There
are a great number of studies related to influenza vaccine’s
safety in these populations and it has been demonstrated its
benefits with a reduced number of exacerbations, fewer hos-
pitalizations, and asthma medication use."”*® Even though,
there is uncertainty regarding the level of protection that this
vaccine provides to asthmatic patients,”’ especially if they
receive steroids. The humoral immune response has been
used as the main measure of vaccine immunogenicity but
there are other immunologic parameters that can be measured
to assess the immune response. The cellular immune response
toward influenza vaccine is important since it has been recog-
nized as an important mechanism of protection, especially in
some populations such as older adults.**

In this study, we found that despite all the asthmatic
patients were using ICS, the humoral immune response to
the influenza vaccine was effective for the 3 influenza sero-
types increasing the GMTs and the percentage of seropositiv-
ity at 4 and 12 months after influenza immunization and was
comparable to healthy subjects as has been reported by other
authors where asthmatic patients with or without ICS treat-
ment show an increase in HAI titers for the 3 viruses,
although for high dose ICS treatment the B influenza virus
response was lower.'” The asthmatic patients achieved good
levels of seroprotection that were similar to the healthy
subjects.

All the asthmatic subjects were receiving immunotherapy,
which could explain the lack of a Th2 or Thl7 baseline
pattern and a similar immune response to the influenza vac-
cination to healthy subjects. Also the IL-10, although not
significant, showed a tendency to be higher in asthmatic
patients, where allergen-specific immunotherapy produces
an increase of IL10 an anti-inflammatory cytokine.”> It is
noteworthy that baseline seropositivity differs among groups;
Influenza A H3N2 was lower in the healthy subjects and
influenza B was lower in the controls, and comparable for
influenza A HIN1. Although baseline GMTs were comparable

for the 3 viruses among groups. These differences in the
baseline specific humoral immune memory may be due to
previous vaccination and previous influenza infection in both
groups and depending on the previous infections the memory
to each virus. It is also noteworthy that a higher percentage of
healthy subjects had history of influenza vaccination com-
pared to asthmatics even though the latter have an increased
risk of complications related to influenza infection.**
Regarding the assessment of the cellular immune response,
memory T and B cells were present at baseline and increased
over time in both populations, this also supports the fact that
asthmatic and healthy subjects have been in contact to the
virus previously either by vaccination or infection. And these
specific memory cells decreased a year after vaccination,
which is expected since the memory T and B cells have
a rapid expansion when they become in contact with the
antigen and produce not only memory but effector cells and
then there is a contraction. The memory CD8 + T cells
decrease over time in the asthmatic population for the 3
viruses, with significant differences with controls at
12 months, although lymphoproliferative responses are com-
parable to healthy subjects. CD8+T cells have been less stu-
died in asthma in contrast to CD4+T cells which have been
implicated primarily in its pathogenesis. Yet, both cellular
groups are important as a measure of vaccine immunogenicity
since CD4+T cells have been correlated with the antibody
response to vaccination but decline 3-4 years after.”> CD8
+T cells have been found up to 10 years after infection,*® but
they may have a different pattern after vaccination since most
influenza vaccines provide a weak stimulus for CD8+T cells.**
These cells are critical against influenza infection in the virus
clearance.”” Another evaluation of the cellular immune
response was the specific lymphoproliferation after stimula-
tion with the 3 influenza antigens. This response was also
similar between both groups and showed an increase at
4 months, but a dramatic increase at 12 months for the 3
influenza serotypes; this could suggest that the higher the
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exposure to the antigen, in this case with influenza vaccina-
tion, the memory cells might increase, and 12 months after
another stimulus the proliferative response is even higher. The
sample taken at 12 months after vaccination was drawn dur-
ing the influenza season, it is possible that the priming with
the previous vaccine and a mild or asypmptomatic influenza
infection could have boosted the cellular response, which can
explain the peak observed at that period of time.

There were no statistically significant differences in the cyto-
kine levels between both groups despite what has been described
extensively in the literature about a Th2 and/or Th17 cytokine
pattern in asthmatics. Instead, we found increased IFN-y levels
in asthmatics compared to controls. This lack of difference in the
cellular pattern could be a result of the immunotherapy, where
the goal is to diminish the Th2 and Thl7 response.*
A limitation of the study is that we only measured cytokines
before and not after immunization; it would be an interesting
way to study protection against influenza since the IFN-y: IL-10
ratio has been used as a predictor of such status.*® Other studies
have also found similar baseline serum cytokine patterns
between asthmatics and healthy subjects, but found differences
in chemokines between groups during a respiratory infection.*
We could not find this difference since we only measure
a baseline cytokine pattern to characterize the cellular response,
and not a second measure after vaccination.

As has been extensively demonstrated, the influenza vac-
cine is safe in this population and only minor adverse reac-
tions were observed without differences in both populations.
No asthmatic patients presented exacerbations after vaccine
administration, none had a diagnosis of influenza infection or
were hospitalized for respiratory complications.

One limitation of the study is that the population included
had a mean age of 30 years with SD of 7, we didn’t include
asthmatics older than 60 years old because of the immunosene-
cense which can be a confounding variable when measuring the
immune response, so it might not represent asmathics at
younger or older ages.

This study provides evidence of the humoral immune
response and a very strong cellular immune response especially
at 12 months after influenza vaccination in asthmatic patients
that is comparable to healthy subjects. It provides evidence that
with immunotherapy in asthmatic patients a similar cytokine
pattern to healthy subjects is observed which results in
a comparable immune response to influenza vaccination. Some
of the limitations include a small sample size but other transla-
tional studies where immune responses are measured are done
with even fewer patients. Another limitation is that the cytokines
were measured at baseline, they could develop a different pattern
at 4 and 12 months after vaccination.

Conclusions

In conclusion, influenza vaccination in asthmatic patients
with immunotherapy and ICS achieve protective antibody
levels and cellular immunity over time comparable to healthy
subjects with minor adverse events.
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