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Abstract

Alterations in T cell immunity occur with aging. Influenza causes significant morbidity and
mortality in the elderly. We investigated the relationship of serum IgG responses with
hemagglutinin inhibition (HI) antibody titers and the frequency of distinct T cell subsets in young
and elderly people who received the inactivated influenza vaccine. Influenza vaccine-specific 1gG
responses correlated with the increase of HI antibody titers and the frequency of CD4™ T cells
producing IFN-y and IL-17 in young, but not elderly, people. Also, only in young people, such
1gG responses correlated with the frequency of memory T cells, especially central memory cells,
CD45RA™ effector memory CD8* T cells and IL-7 receptor alpha high effector memory CD8* T
cells with potent survival and proliferative capacity. These findings suggest that aging alters the
association of influenza-vaccine specific 1gG responses with HI antibody titers, cytokine-
producing capacity and proportions of memory T cells in humans.
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1. Introduction

Age-associated alterations occur in the immune system that comprises innate and adaptive
immunities [1-6]. These changes account in part for the development of pathologic
conditions like infections, malignancies and inflammatory diseases that are associated with
aging. T cells, a component of adaptive immunity, play a critical role in the immune system.
T cells are involved in host defense against microorganisms and malignancy as well as in

© 2013 Elsevier Inc. All rights reserved.
"Correspondence: Insoo Kang, Department of Internal Medicine, Yale School of Medicine, 300 Cedar Street, New Haven, CT 06520,
Ielephone: +01-203-785-6678, Fax: +01-203-785-7053, Insoo.kang@yale.edu.

KSK and NL contributed equally to this work.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kang et al.

Page 2

regulating other immune responses such as antibody production from B cells [2, 3].
Alterations in the number and function of T cells are found with aging [2, 3]. Aged mice
have decreased generation of naive T cells with atrophy of the thymus as well as expansion
of memory T cells with reduced T cell receptor (TCR) repertoire diversity [2, 7-9]. In
addition, changes in the effector function of T cells, including cytokine production, cell
proliferation and cytotoxicity, have been found with aging [2, 3, 5, 10].

Memory T cells can be divided into several subsets. Central memory (CM) T cells with the
expression of lymphoid tissue homing chemokine receptor 7 (CCR7) can migrate to
secondary lymphoid tissues like the lymph nodes and spleen, while effector memory (EM) T
cells can move to inflamed or infected peripheral tissues [11]. The cytokine IL-7 is
essentially involved in the maintenance of memory T cells by promoting cell survival [12].
Indeed, two different subsets of EM CD8* T cells with high and low levels of IL-7 receptor
alpha chain expression (IL-7Ra9" and 1°W) exist in human peripheral blood. IL-7RaMgh
EM CD8* T cells have potent cell proliferative and survival capacity compared to
IL-7Ra!°% EM CD8* T cells [13]. Of interest, the proportions of naive, CM and EM T cells
as well as IL-7RaMi9" and oW EM CD8™ T cells change with aging [13, 14].

CD4* T helper (Th) cells can be divided into Th1, Th2 and Th17 cells based on the
cytokines predominantly produced by individual Th cell subsets [15]. Th cells can promote
humoral immune responses by producing cytokines as well as providing co-stimulation to B
cells [16]. Recent studies reported increased antibody production and immunoglobulin
isotype class switching by the cytokine IL-17 which is produced primarily by Th17 cells
[17]. IFN-v, the stereotypic cytokine produced by Th1 cells, could increase the generation
of 1gG2a while IL-4 derived from Th2 cells enhances the production of IgG1 in mice [18].
The findings from previous studies investigating the effect of aging on Th cell cytokines, in
particular IFN-y and 1L-4, were largely inconsistent (reviewed in [2]). Of interest, we
recently reported a decreased frequency of IL-17-producing memory CD4* T cells in the
peripheral blood of the elderly, compared to young people [10].

Influenza is common but can be a serious medical illness which causes significant morbidity
and mortality in the elderly [19]. In fact, most deaths associated with influenza are seen in
people age 65 or older [19]. Although the influenza vaccine can provide protection against
an influenza virus infection, the vaccine response appears to decline with aging [4, 20-23].
The assay for hemagglutination inhibition (HI) antibody titers has been used to determine
the response to influenza vaccine. In fact, the levels of the increase in serum HI antibody
titers after influenza vaccination were lower in the elderly than in the young [20, 24]. Also,
the elderly had decreased levels of influenza virus-specific CD4* and CD8* T cell responses
compared to young adults after vaccination [22, 23, 25, 26]. Such impaired humoral and
cellular immune responses to influenza vaccine could stem in part from alterations in the
immune system with aging [21, 22]. The accumulation of memory CD8* T cells expressing
CDA45RA or lacking CD28 expression, which may represent a functionally senescent cell
population with reduced telomerase activity, was associated with a blunted increase in serum
HI antibody titers in the elderly after influenza vaccination [27-29]. This finding suggests
that the age-associated expansion of memory T cells could have a detrimental effect on the
development of vaccine responses.

Here we studied the relationship of serum IgG responses with HI antibody titers as well as
the frequency of T cell subsets with distinct cellular characteristics in young and elderly
people who received influenza vaccine. Although serum IgG responses to influenza vaccine
correlated with the increase of HI antibody titers in young people, a similar correlation was
not found in elderly people. The frequency of CD4* T cells producing IFN-y and I1L-17
correlated with 1gG responses to influenza vaccine in the young but not in the elderly. In
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addition, such 1gG responses correlated with the frequency of memory CD4* and CD8" T
cells subsets, especially CM, I1L-7Ra"9" EM and CD45RA™ EM CD8* T cells, only in the
young. These findings suggest that aging affects the association of 1gG and HI antibody
responses specific for the influenza vaccine as well as the relationship of the cytokine-
producing capacity and the proportions of memory T cells with the development of
influenza vaccine-specific 1gG responses in humans.

2. Materials and Methods

2.1. Human Subjects

Healthy elderly subjects 65 years of age (n = 26) or older and healthy young subjects 40
years of age or younger (n = 29) were recruited for this study. The mean age = SD for young
and elderly subjects was 24.9 years + 2.2 and 75.3 years * 6.8, respectively. The gender
distribution was not different between the two groups (F:M, 16:13 and 15:11, respectively
for young and elderly groups, 2= 0.851 by Chi-square test). Twenty six of 29 young
subjects and all 26 elderly subjects had received influenza vaccine in the previous year (P=
0.238 by Fisher’s exact test). Individuals who were taking immunosuppressive drugs or had
a disease potentially affecting the immune system, including cancer and autoimmunity were
excluded [10, 13, 24, 26, 30, 31]. All subjects were vaccinated in October 2011 with a
commercially available inactivated subvirion trivalent 2011-2012 influenza vaccine
containing the following strains: A/California/7/2009 (H1N1), A/Perth/16/2009 (H3N2) and
B/Brisbane/60/2008. Peripheral blood was collected before vaccination and at a mean of 32
days (range, 29 — 36 days) after vaccination. Informed consent was obtained from all
subjects. This work was approved by the institutional review committee of Yale University.

2.2. Flow cytometric analysis

Peripheral blood mononuclear cells (PBMCs) were prepared from blood on FicollPAQUE
gradients. Cells were stained with antibodies to APC-Cy7-CD3, Pacific Blue-CD8, PE-Cy7-
CCRY7, PE-Cy5-CD45RA (all from BD Biosciences, San Jose, CA) and FITC-IL-7Ra
(R&D Systems, Minneapolis, MN) or isotype antibodies. For intracellular cytokine staining,
PBMCs were stimulated for 4 hours with a combination of phorbol myristate acetate (PMA,
50 ng/ml; Sigma-Aldrich, St. Louis, MO) and ionomycin (1 pg/ml; Sigma-Aldrich) or PBS
(control) in the presence of Golgiplug (BD Biosciences). Stimulated cells were stained with
antibodies to APC-Cy7-CD3, Alexa Fluor 700-CD4, PE-Cy5-CD8 (all from BD
Biosciences). Cells were fixed, permeabilized and stained with antibodies to Alexa Fluor
488-1L-17A (eBioscience, San Diego, CA) and PE-Cy7-IFN-y (BD Biosciences). Cells
were analyzed using an LSRII® flow cytometer (BD Biosciences) and FlowJo software
(Tree Star, Ashland, OR).

2.3. Determination of anti-influenza virus antibodies in serum

Collected serum samples were separated into aliquots and stored at a temperature of —-80°C
until assayed. Anti-influenza virus IgG antibodies in serum were measured by ELISA as
previously described [26], with some modifications. Briefly, 96 well-microtiter plates were
coated overnight at 4°C with lysates of individual strains of influenza virus (A/California, A/
Perth and B/Brisbane, kindly provided from Sanofi-Pasteur US, Swiftwater, PA) in coating
buffer at 5 ng/ml. After blocking with 1% BSA, plates were loaded with a 1:20,000 dilution
of serum in 0.1% BSA in duplicates followed by incubation for two hours at room
temperature. This dilution was selected based on the finding of a pilot study using two-fold
serial dilutions of antigens and serum (data not shown). Plates were washed and incubated
for one hour at room temperature with anti-human IgG antibodies conjugated with biotin
(eBioscience). After washing, plates were incubated for 30 minutes with horseradish
peroxidase (HRP) conjugated with avidin (eBioscience). Plates were then washed again and
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developed by adding 3,3",5,5 -tetramethylbenzidine (TMB, eBioscience). The optical
density (OD) was read at 405 nm. The OD values of individual samples were compared
against the OD value of the same internal control serum through the experiments. HI assays
on pre- and postvaccine serum samples were performed as described [24] to determine
antibody titers against each of the strains of influenza virus included in the 2011-2012
influenza vaccine using antigen reagents specific to the vaccine. HI antibody seroconversion
to a strain in the vaccine was defined as a 4-fold or greater increase in antibody titer between
pre- and postvaccine serum samples [24].

2.4, Statistical Analysis

3. Results

The unpaired or paired ¢- test, Pearson correlation and Chi-square test were used for
statistical analyses as appropriate using SPSS 19.0 (SPSS Inc.). Pvalues of less than 0.05
were considered statistically significant.

3.1. Influenza virus-specific IgG responses correlate with the changes in HIl antibody titers
in the young but not in the elderly after influenza vaccination

We measured serum levels of IgG specific for individual strains of influenza virus included
in the vaccine in young and elderly adults by ELISA before and after influenza vaccination.
These strains were A/California/7/2009 (H1N1), A/Perth/16/2009 (H3N2) and B/Brisbane/
60/2008. Before vaccination, the elderly had higher levels of IgG specific for two A strains
(H1N1 and H3N2) than the young although both groups had similar levels of 1gG specific
for strain B (Table 1). The vaccination increased IgG levels for all three strains in the young
whereas it increased 1gG levels for only HIN1 and B strains in the elderly (Figure 1A-B).
We obtained the pre-vaccination 1gG to post vaccination IgG ratio (referred to as pre/post
IgG ratio) for each strain. The young had higher pre/post 1gG ratios for all three strains
compared to the elderly (Figure 1C), indicating reduced IgG responses to influenza vaccine
with aging. In addition to measuring total 1gG responses to influenza vaccine, we
determined HI antibody titers before and after influenza vaccination. The proportion of
individuals with seroconversion for HIN1 and H3N2 strains was not different between
young and elderly groups although the young group had a higher proportion of
seroconverters for B strain than the elderly group (Supplementary Figure 1). We correlated
pre/post 1gG ratios with the results of the hemagglutination inhibition (HI) assay. In the
young, pre/post 1gG ratios were highly correlated with the changes in HI antibody titers
before and after vaccination (Figure 2A). However, no such correlation was found in the
elderly (Figure 2B).

3.2. Influenza vaccine-specific IgG responses correlate with the frequency of peripheral
CD4* T cells producing IFN-y and IL-17 as well as with CD8™ T cells producing IFN-y in the
young but not in the elderly

T cell immunity plays a role in the development of humoral immune responses. We
measured the frequency of peripheral CD4* and CD8* T cells producing IFN-y and IL-17 in
response to PMA/ionomycin before vaccination (Figure 3, representative data) and
correlated the results with 1gG responses (pre-vaccination to post-vaccination 1gG ratios).
As previously reported [10], young and elderly people had an altered frequency of T cells
producing these cytokines (Supplementary Table 1). The frequency of CD4* T cells
producing IFN-y and IL-17 correlated with pre to post-vaccination 1gG ratios of HIN1 and
H3N2 strains in the young but not in the elderly (Figure 4). The frequency of CD4* T cells
producing these cytokines did not correlate with pre to post-vaccination IgG ratios of the B
strain in either group (data not shown). Although a large number of CD8* T cells produced
IFN-y, CD8" T cells producing I1L-17 was rarely found by this assay (young vs. elderly,
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0.2% + 0.15 vs. 0.15% + 0.1%, P = 0.145). In correlating with CD8* T cells producing
cytokines, the frequency of IFN-y- and IL-17-producing cells correlated with pre/post 19gG
ratios of H3N2 strains (Figure 4). Although a similar trend was noticed between the
frequency of IFN-y-producing CD8" T cells and pre to post-vaccination IgG ratios of HIN1
strain, it was not statistically significant. The frequency of CD8* T cells producing IFN-y
and IL-17 did not correlate with pre to post-vaccination 1gG ratios of B strain in young and
elderly groups (data not shown). Overall, our data suggest that an age-associated alteration
occurs in the relationship of 1gG responses to influenza A virus in the influenza vaccine with
cytokine production by T cells, especially CD4" cells, in humans.

3.3. The frequency of memory T cell subsets correlates with influenza vaccine-specific IgG
immune responses in the young but not in the elderly

Aging is associated with alterations in the frequency of T cell subsets [2, 7-9]. In
concordance with findings from previous studies, we found that young and elderly people
had an altered frequency of CD8* T cell subsets in particular (Supplementary Table I1) [13,
14]. Pre/post 1gG ratios of HIN1 and H3N2 strains correlated with the frequency of memory
CD8* T cell subsets including central and effector memory cells as well as IL-7Ra"9" and
CD45RA™ effector memory CD8* T cells in the young but not in the elderly (Figure 5). In
contrast, the frequency of naive CD8" T cells inversely correlated with pre/post 1gG ratios of
H1N1 and H3NZ2 strains in the young but not in the elderly (data not shown). The correlative
analysis of non-CD8* T cells including CD4* T cells showed similar results. The frequency
of memory non-CD8" T cells, particularly CM cells, correlated with pre/post IgG ratios of
H1N1 and H3NZ2 strains in the young but not in the elderly (Supplementary Figure 2). There
was no relationship noticed between the frequency of T cell subsets and pre/post IgG ratios
of the B strain in both groups (data not show). These observations imply that aging affects
the correlation of 1gG responses to the frequency of T cell subsets in humans recognizing the
influenza A vaccine strains.

4. Discussion

In the current study, we investigated the relationship of serum IgG responses with Hl
antibody titers and the frequency of T cell subsets in young and elderly people who received
influenza vaccine. Serum 1gG responses to the influenza vaccine correlated with the increase
of HI antibody titers in young people. However, a similar correlation was not found in
elderly people. The frequency of CD4* T cells producing IFN-y and IL-17 correlated with
IgG responses to influenza A viral strains included in the vaccine in young but not in elderly
people. Also, only in the young, such 1gG responses correlated with the frequency of
memory T cells, especially CM, CD45RA™ EM and IL-7RaM9" EM CD8* T cells with
strong cell survival and proliferative capacity [13, 32]. These findings suggest that aging
affects the association of 1gG and HI antibody responses specific for influenza vaccine as
well as the relationship of the cytokine-producing capacity and the proportions of memory T
cells with influenza vaccine-specific 1gG responses in humans.

Influenza vaccination induces both humoral and cellular immune responses [22]. Before
influenza vaccination, elderly people in our study cohort had higher levels of 1gG antibodies
specific for HIN1 and H3N2 strains compared to young people. However, after vaccination,
the increase of these antibodies was much higher in young people than in elderly people,
suggesting reduced 1gG responses to influenza vaccine with aging. Higher levels of IgG
antibodies to HIN1 and H3N2 strains in elderly people could reflect previous infections and/
or vaccination, which may affect the antibody response to subsequent vaccination. In our
study, young and elderly people had similar rates of influenza vaccination in the year prior
to the study participation (number of vaccinated subjects/total number of subjects, 26 of 29
vs. 26 of 26, respectively, £=0.238 by Fisher’s exact test). Traditionally, humoral immune
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responses to influenza vaccine have been determined by the HI assay although the
inactivated viruses in the vaccine contain additional antigens which can induce antibody
production. In our study, we found a strong correlation between 1gG responses and HI
antibody titers for individual strains of influenza virus in the vaccine after vaccination in the
young but not in the elderly. In accordance with our finding on young individuals, a recent
study reported the correlation of HI antibody titers and the frequency of plasmablasts
producing 1gG specific for influenza vaccine [33]. An alteration in B cell repertoire also
occurs with aging [34]. In addition, elderly people had a decreased frequency of influenza-
vaccine specific plasmablasts compared to young people [35]. Such alterations could be
responsible for the lack of the correlation between the total Ig responses and HI antibody
titers in the elderly, leading to the generation of humoral responses to limited sets of
antigens.

T cell immunity plays a critical role in host defense against microorganisms. This is
achieved by providing help to other immune cells such as B cells as well as directly killing
pathogen-infected cells [2]. T cell-derived cytokines including IFN-y and IL-17 are known
to promote humoral immunity. In fact, higher levels of IFN-y and lower levels of IL-10
production from influenza virus-stimulated PBMCs better predicted protection from the
influenza vaccine in the elderly compared to HI antibody titers [36]. A recent study showed
that the influenza virus-infected I1L-17 knockout mice had worse lung immunopathology and
reduced survival with decreased B cell migration to the lung compared to infected wild-type
mice [37]. Previous studies reported impaired CD4* and CD8" T cell responses to influenza
vaccine in elderly people compared to young people [22, 23, 25, 26]. In our study, we found
that the overall capacity of CD4" T cells to produce IFN-y and IL-17 in response to PMA
and ionomycin correlated with the subsequent generation of 1gG responses to influenza virus
H1N1 and H3N2 in young, but not elderly people. This finding suggests that aging affects
the relationship of such cytokine-producing capacity with IgG immune responses although
the exact mechanism is unknown. A possible explanation could be related to any previous
exposure to the same or similar influenza virus in elderly people, leading to the generation
of long-lived plasma and memory B cells. Influenza vaccination could induce the
development of secondary antibody response from these cells, which may not be as
dependent on T cells as that of primary antibody response. In our study, the frequency of
cytokine-producing CD4* T cells and memory T cell subsets correlated with 1gG responses
specific for HIN1 and H3N2 strains but not for B strain in the young. It is unclear why such
discrepancy occurred. A possible explanation for this finding could be the sample size of our
study. Alternatively, our study population could have a recent influenza B infection
affecting B cell repertoire.

Memory T cells that have previously experienced antigen stimulation can rapidly expand
and produce cytokines upon encountering the same antigen. Aging is known to be associated
with the expansion of memory T cells, especially memory CD8* T cells, reflecting past
microbial exposure [2, 3]. Although it is conceivable that such expansion of memory T cells
is beneficial to host defense, it is unclear whether it could also help vaccine responses in
young and elderly people. In the elderly, the accumulation of memory CD8" T cells
expressing CD45RA or lacking CD28 expression, which may represent a functionally
senescent cell population, was associated with a diminished increase in serum HI antibody
titers after influenza vaccination [27-29]. On the contrary, in influenza vaccinated-elderly
people, the development of protective antibodies correlated with an increased frequency of
memory CD8* T cells that expressed CD62L, a selectin-type adhesion molecule acting as a
lymphoid tissue homing receptor, after influenza vaccination [38]. T cells with the lymphoid
tissue homing capacity can provide help to B cells in the lymphoid tissue like the spleen and
lymph nodes where T and B cells interact to generate antibody producing cells [39]. These
observations suggest that the expansion of different memory T cell subsets could have
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distinct effects in the development of humoral immune responses to influenza vaccine. Of
interest, in our study, we found that the young but not the elderly had a positive correlation
of the frequency of memory T cells, especially CCR7* CM T cells with the capacity to
migrate to lymph nodes and spleen, with 1gG responses to HIN1 and H3N2 strains included
in the vaccine. Similarly, the latter 1gG responses correlated with the frequency of
IL-7RaM9" EM CD8* T cells and CD45RA™ EM CD8* T cells. This observation is
intriguing since IL-7Ra"9" EM CD8" T cells and CD45RA~ EM CD8" T cells are known
to have potent cell survival and proliferative capacity [13, 32]. The immune response
induced by one strain of influenza A virus can provide a certain level of protection against
infection with a different strain. This phenomenon of so-called heterosubtypic immunity
involves antibodies and T cells which are cross-reactive to both strains of the virus [40]. It is
possible that the correlation of IgG responses to influenza vaccine with the frequency of
memory T cells in the young could be secondary in part to such heterosubtypic immunity.
Despite the expansion of the memory T cell population with aging, this correlation was
absent in the elderly. Reduced T cell repertoire diversity associated with aging could be a
possible explanation for this lack of correlation [13, 22].

Taken together, our study showed that serum 1gG responses to the influenza vaccine
correlated with the increase of HI antibody titers in the young but not in the elderly.
Similarly, the frequency of CD4* T cells producing IFN-y and IL-17 correlated with IgG
responses to influenza A virus in the vaccine in the young but not in the elderly. In addition,
only in the young, such IgG responses correlated with the frequency of memory T cells,
especially CM, IL-7RaNM9" EM and CD45RA™ EM CD8™ T cells with the potent cell
survival and proliferative capacity [13, 32]. These findings suggest that aging alters the
association of 1gG and HI antibody responses specific for influenza vaccine as well as the
relationship of cytokine-producing capacity and the proportions of memory T cells to the
development of influenza vaccine-specific 1gG responses in humans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Theincreasein serum levels of influenza virus-specific 1gG islower in elderly people
compar ed to young people after influenza vaccination

(A-B) Serum levels of IgG specific for individual strains of influenza virus included in
influenza vaccine 2011-2012 (A/California/7/2009 (H1N1), A/Perth/16/2009 (H3N2) and
B/Brisbane/60/2008) were measured in young (n = 29) and elderly (n = 26) adults by ELISA
before and ~32 days (range, 29-36 days) after influenza vaccination. (A) 1gG levels in pre-
and post-vaccination sera were compared in young and elderly people. (B) Ratios of pre-
and post-vaccination 1gG levels were compared between young and elderly people. Pvalues
were obtained by paired (A) or unpaired (B) £test.
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correlate with the changes in hemagglutinin inhibition (HI) antibody titersin young but not
elderly people after influenza vaccination
(A-B) Serum levels of IgG specific for individual strains of influenza virus included in
influenza vaccine 2011-2012 (A/California/7/2009 (H1N1), A/Perth/16/2009 (H3N2) and
B/Brisbane/60/2008) were measured in young (n = 29) and elderly (n = 26) adults by ELISA
before and ~32 days (range, 29-36 days) after influenza vaccination. Serum HI antibody
titers for the same strains of influenza virus were measured by HI assay. (AB) Ratios of Pre/
post vaccination IgG levels specific for individual influenza viral strains were correlated
with the changes in HI antibody titers in young and elderly people. Pvalues were
determined by Pearson correlation analysis.
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Figure 3. Flow cytometric data showing T cell subsets producing | FN-y and IL-17 in human
peripheral blood

(A-B) PBMCs were obtained from the peripheral blood of healthy young (A) and elderly
(B) individuals. (A) PBMCs were stimulated for 4 hours ex vivo with PMA and ionomycin
or PBS (control) in the presence of Golgiplug. Cells were stained with antibodies to CD3,
CD4 and CD8. Stained cells were then fixed, permeabilized and stained with antibodies to
IL-17 and IFN-y. The frequency of CD4* T cells producing IL-17 and/or IFN-y was
measured using flow cytometry.
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Figure 4. Correlation of CD4" and CD8" T cells producing IFN-y and IL-17 with | gG responses

to influenza vaccinein young and elderly people

PBMCs were obtained from healthy young (n = 29) and elderly (n = 26) people before
influenza vaccination. Cells were stimulated 4 hours with PMA/ionomycin or control (PBS)
followed by flow cytometric analysis for CD4* and CD8* T cells producing IFN-y and
IL-17 as shown in Figure 3. Serum levels of 1gG specific for influenza virus (A/California/
7/2009 (HIN1) and A/Perth/16/2009 (H3N2)) in pre- and post-vaccination sera were
determined by ELISA as described in Figure 1. Ratios of pre- and post-vaccination 1gG
levels were calculated and correlated with the frequency of CD4* and CD8* T cells
producing cytokines. Pvalues were determined by Pearson correlation analysis.
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Figure5. Correlation of CD8* T cell subsetswith 1gG responses to influenza vaccinein young
and elderly people
PBMCs from healthy young (n = 23) and elderly (n = 26) people were analyzed for naive
(CCR7*CD45RAY), central memory (CM, CCR7*CD45RA"), effector memory (EM,
CCR7-CD45RA*7), IL-7 receptor alpha high and low (IL-7Ra9" and '°W) EM CD8* T
cells by flow cytometry before influenza vaccination. Serum levels of 1gG specific for
influenza virus (A/California/7/2009 (H1N1) and A/Perth/16/2009 (H3NZ2)) in pre- and post-
vaccination sera were determined by ELISA as described in Figure 1. Ratios of pre- and
post-vaccination IgG levels were calculated and correlated with the frequency of individual
subsets of CD8* T cells as indicated. Total memory CD8" T cells include CM and EM
CD8™ T cells. Pvalues were determined by Pearson correlation analysis.
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Table |

Pre- and post-vaccination levels of serum 19G specific for influenza virus strains in young and elderly people”

Serum IgG levels

Influenza vaccine strain P value
Young Elderly
Pre 0.27+0.19 | 0.37+0.19 0.046
HIN1
Post 0.60+0.25 | 0.54+0.27 0.388
Pre 0.18+£0.10 | 0.30+0.18 0.006
H3N2
Post 0.34+0.13 | 0.35+0.19 0.787
Pre 0.34+0.22 | 0.38+0.20 0.404
Brisbane
Post 0.58+0.20 | 0.51+0.24 0.248
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data from 29 young and 26 elderly subjects; Pvalues were obtained by two-tailed Student’s #test
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