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Intanza� 9 mg (Sanofi Pasteur), a trivalent split-virion vaccine administered by intradermal (ID) injection, was
approved in Europe in 2009 for the prevention of seasonal influenza in adults 18 to 59 years. Here, we examined the
immune responses induced in adults by the ID 9 mg vaccine and the standard trivalent intramuscular (IM) vaccine
(Vaxigrip� 15 mg, Sanofi Pasteur). This trial was a randomized, controlled, single-center, open-label study in healthy
adults 18 to 40 years of age during the 2007/8 influenza season. Subjects received a single vaccination with the ID 9 mg
(n D 38) or IM 15 mg (n D 42) vaccine. Serum, saliva, and peripheral blood mononuclear cells were collected up to
180 days post-vaccination.

Geometric mean hemagglutination inhibition titers, seroprotection rates, seroconversion rates, and pre-vaccination-
to-post-vaccination ratios of geometric mean hemagglutination inhibition titers did not differ between the two
vaccines. Compared with pre-vaccination, the vaccines induced similar increases in vaccine-specific circulating B cells at
day 7 but did not induce significant increases in vaccine-specific memory B cells at day 180. Cell-mediated immunity to
all three vaccine strains, measured in peripheral blood mononuclear cells, was high at baseline and not increased by
either vaccine. Neither vaccine induced a mucosal immune response. These results show that the humoral and cellular
immune responses to the ID 9 mg vaccine are similar to those to the standard IM 15 mg vaccine.

Introduction

Intramuscular (IM) vaccination with trivalent influenza vac-
cines induces significant protective antibody responses and
remains the cornerstone in preventing seasonal influenza.1 How-
ever, due to a variety of reasons, such as not feeling at risk of con-
tracting influenza and fear of needles, seasonal influenza
vaccination remains underused, especially in adults.1,2 Intrader-
mal (ID) injection is an alternative route for delivering seasonal
influenza vaccines that also induces a strong protective immune
response.3 ID immunization takes advantage of the high concen-
tration of resident dendritic cells in the skin as well as the exten-
sive vascular and lymphatic network in the dermis, which

facilitates recruitment of blood-derived dendritic cells and migra-
tion of antigen-presenting cells to the lymph nodes.3-5

Intanza� (Sanofi Pasteur) was the first approved ID vaccine
against seasonal influenza. Intanza is a trivalent split-virion influ-
enza vaccine administered using the SoluviaTM microinjection
system (Becton Dickinson), which facilitates ID injection.6 The
vaccine was approved in 2009 by the European Medicines
Agency for the prevention of influenza in adults (�18 y; 9 mg
hemagglutinin per strain) and the elderly (�60 y; 15 mg hemag-
glutinin per strain).7 When administered to adults, it induces a
similar protective response, as measured by hemagglutination
inhibition (HI) titers, as the standard IM trivalent split-virion
vaccine (Vaxigrip� 15 mg, Sanofi Pasteur).8,9
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Both humoral immunity and cell-mediated immunity contrib-
ute to protection against influenza. Serum HI and serum single
radial hemolysis (SRH) titers are used as correlates of protection
by influenza vaccines.10,11 However, circulating antibodies are
thought to be most protective against the homologous infecting
strain.12 Cell-mediated immunity, in contrast, has the potential
to act against both heterologous and homologous strains. Circu-
lating mucosal antibodies, especially immunoglobulin (Ig) A,
may also help protect against influenza infection or aid in viral
clearance, although their role in humans remains unclear.13 The
aim of the current study was to characterize and compare
humoral and cellular responses in adult subjects following vacci-
nation with the ID split-virion influenza vaccine, Intanza 9 mg,
and the IM influenza vaccine standard, Vaxigrip 15 mg.

Results

Subjects
Of the 80 subjects included in the study, 38 received the ID

9 mg influenza vaccine and 42 received the IM 15 mg vaccine.
One subject each in the ID 9 mg and IM 15 mg vaccine groups
voluntarily discontinued before the end of the study, one subject
in the ID 9 mg vaccine group was lost to follow up, and one sub-
ject in the ID 9 mg vaccine group did not comply with the study
visit schedule. Thus, 35 in the ID 9 mg group and 41 in the IM
15 mg group completed the study. Ages (mean § standard devia-
tion D 26.6 § 5.7 in the ID 9 mg and 25.7 § 4.8 in the IM
15 mg group) and sex distributions (68.4% female in the ID
9 mg and 71.4% female in the IM 15 mg group) were similar.

Humoral immune response

Serum HI antibody concentrations
Geometric mean titers (GMTs) were similar for the ID 9 mg

and IM 15 mg groups before vaccination, increased to similar
levels 14 d after vaccination, and did not further increase between
day 14 and day 21 (Fig. 1A). At both post-vaccination time
points (days 14 and 21), GMTs were similar between the ID
9 mg and IM 15 mg groups for the two A strains (A/H1N1 and
A/H3N2). GMTs for the B strain, however, tended to be lower
in the ID 9 mg group than in the IM 15 mg group (91.2 [95%
CI, 64.6–129] vs. 181 [95% CI, 129–255] at day 14 and 78.5
[95% CI, 54.5–113] vs. 156 [95% CI, 114–214] at day 21).

Seroprotection rates were nearly 100% for A/H1N1 and A/
H3N2 at days 14 and 21 and >90% at day 180 for both the ID
9 mg and IM 15 mg groups (Fig. 1B). Against the B/Malaysia
strain, the seroprotection rate was >70% at day 14 and 21 and
>35% at day 180 for both the ID 9 mg and IM 15 mg groups.
Seroconversion rates were �60% for all three vaccine strains of
virus up to day 21 and between 20% and 60% at day 180
(Fig. 1C). Seroprotection rates and seroconversion rates were
similar between the ID 9 mg and IM 15 mg groups both before
and after vaccination.

The geometric mean of the ratio of the titer at day 14, 21, and
180 vs. the titer at day 0 (GMTR) was similar between the ID

9 mg and IM 15 mg vaccine groups for all three vaccine strains.
For all three strains, the mean GMTRs were highest at day 14 to
21 and decreased by approximately half at day 180 (Fig. 1D).

Both vaccines met or exceeded the European Union Commit-
tee for Medicinal Products for Human Use (CHMP) criteria for
annual influenza vaccines in adults.14

Figure 1. Humoral immune response in subjects receiving the ID and IM
influenza vaccines (A) Geometric mean titers (GMTs) at days 0, 14, 21,
and 180. (B) Seroprotection rates pre-vaccination (day 0) and at post-vac-
cination days 14, 21, and 180. Seroprotection was defined as a HI titer
�40. (C) Seroconversion rates at post-vaccination days 14, 21, and 180.
Seroconversion was defined as a post-vaccination HI titer �40 in subjects
with a pre-vaccination titer <10 or a �4-fold increase compared with
pre-vaccination titer in subjects with a pre-vaccination titer �10. (D) Geo-
metric mean titer ratios (GMTRs). The GMTR was the ratio of post-
vaccination HI titer vs. the pre-vaccination titer (day 0). Bars indicate
means and error bars indicate 95% CI.
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Salivary IgA concentrations
Salivary IgA was used as a surrogate measure of the mucosal

immune response.15 According to the 95% CIs, post-vaccination
total or virus-specific IgA concentrations (Fig. S1) and the ratio
of virus-specific to total IgA concentration (Fig. 2) did not
change following vaccination.

B cell response
Compared with pre-vaccination (day 0), ID 9 mg and IM

15 mg vaccination increased the number of circulating influenza
virus-specific IgG-secreting cells at day 7 to similar extents as
measured by enzyme-linked immunospot (ELISPOT) assay
(Fig. 3A). However, neither vaccine induced significant increases
in the median percentage of memory influenza virus-specific anti-
body-secreting cells (day 180 vs. day 0) (Fig. 3B).

T cell response

Th1 and Th2 cytokine response
HA-stimulated cytokine secretion was greatest for IFN-g, fol-

lowed by tumor necrosis factor (TNF)-a and interleukin (IL)-5,
whereas little IL-10 was released (Table 1). For both the ID 9 mg
and IM 15 mg vaccine groups, the median concentrations of all
four cytokines increased slightly after vaccination. At day 21,
median concentrations of IFN-g and TNF-a were slightly lower
and IL-5 and IL-10 slightly higher for the ID 9 mg than for the IM
15 mg vaccine group. Overall, however, concentrations of each
cytokine were within similar ranges for all conditions.

CD8¡ and CD8C T cell responses
For both CD8¡ and CD8C T cells, stimulation in vitro by all

three types of virus was greatest for IFN-gC cells, followed by
TNF-aC and IL-2C cells (Fig. 4). However, for both CD8¡ and
CD8C cells, frequencies and cell numbers were similar between
the ID 9 mg and IM 15 mg vaccine groups both before and after
vaccination. Frequencies of cytokine double-positive (IFN-
gCIL2C, IFN-gCTNF-aC, and IL2CTNF-aC) and triple-

Figure 2. Salivary secreted IgA response to the ID and IM influenza
vaccines Shown is the ratio of virus-specific to total IgA levels pre-
vaccination (day 0) and 10, 14, 21, and 180 d post-vaccination. Bars rep-
resent geometric means and error bars indicate 95% CIs.

Figure 3. B cell responses to the ID and IM influenza vaccines (A) Num-
ber of circulating influenza virus-specific IgG-secreting cells pre-
vaccination (day 0) and 7 d after vaccination. (B) Percent influenza virus-
specific IgG-secreting memory B cells. PBMC were treated for 5 d as pre-
viously described37 to generate antibody-secreting B cells. Bars indicate
geometric means and error bars indicate interquartile ranges.

Table 1. Cytokine release by PBMC in response to recombinant A/H1N1 Solomon Island hemagglutinin

ID 9 mg IM 15 mg

Cytokine Day 0 Day 21 Day 0 Day 21

IFN-g (pg/mL) 164 (38–437) 282 (60.5–716) 177 (52.5–387) 353 (136–623)
IL-5 (pg/mL) 5.80 (1.20–19.4) 19.6 (1.20–45.0) 10.8 (1.20–18.0) 12.8 (4.80–37.8)
IL-10 (pg/mL) 2.05 (1.40–6.29) 6.00 (1.40–13.0) 1.40 (1.40–7.6) 3.60 (1.40–11.0)
TNF-a (pg/mL) 26.7 (2.24–36.5) 32.5 (3.00–45.4) 20.0 (8.00–45.0) 41.0 (10.0–86.0)

Values are medians with interquartile (Q1-Q3) range in brackets. PBMC collected before vaccination (day 0) and 21 d after ID or IM vaccination were stimu-
lated in vitro with recombinant A/H1N1 Solomon Island hemagglutinin for 4 d. Secretion of IFN-g, IL-5, IL-10, and TNF-a was assessed in cell culture superna-
tants using a cytometric bead array assay.
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positive (IFN-gCIL2CTNF-aC) CD8¡ and CD8C T cells were
not significantly different between the ID 9 mg and IM 15 mg
vaccine groups (data not shown).

Discussion

This study compared the humoral, cellular, and mucosal
immune responses to the 2007/8 Northern hemisphere formula-
tion of the ID trivalent split-virion influenza vaccine, Intanza
9 mg, and the equivalent IM vaccine, Vaxigrip 15 mg. As mea-
sured by seroprotection rates, seroconversion rates, and GMTRs,
the ID vaccine produced a similar humoral immune response as
the IM vaccine for all three vaccine strains of influenza virus
(A/H1N1, A/H3N2, and B). Both vaccines exceeded CHMP cri-
teria for annual influenza vaccines in adults.14 Importantly, for all
three viral strains and for both vaccines, humoral immunity per-
sisted for at least 180 d. Previous randomized studies have shown
similar results, specifically, that, in adults, trivalent split-virion

vaccine administered 9 mg
ID induces a comparable
immune response as 15 mg
IM and that immunity per-
sists for at least 12 mo.8,9,16

Therefore, although the ID
vaccine is approved at a
lower dosage (9 mg) for
adults, it provides compara-
ble humoral immunity as
the IM vaccine (15 mg).

The current study also
showed that the two influ-
enza vaccines equally
increased the number of cir-
culating virus-specific IgG-
secreting effector B cells.
However, the specific mem-
ory B cell and Th1/Th2
cytokine responses were not
significantly enhanced by
either vaccine. We also
found that the CD8¡

(including CD4C) and
CD8C T-cell responses to
both the ID and IM vaccines
were weak and did not differ
before or after vaccination.
Admittedly, assays of T cell-
mediated immune response
have not been standardized,
although T cells may help
protect against influenza,12

no specific values have been
correlated with protection
from influenza or influenza-
like illness. To help address

the concerns about standardization, we took a variety of recom-
mended steps to reduce inter- and intra-assay variability.17

The mucosal immune system is thought to be important in
recovery from influenza and in protection against influenza in
the respiratory tract.13 Measles vaccine elicits antigen-specific IgA
in saliva when administered transcutaneously but not subcutane-
ously.18 Therefore, although specific IgA titer values have not
been correlated with protection from influenza or influenza-like
illness, we suspected that influenza vaccination may induce sali-
vary IgA and that there might be differences in IgA responses
between the ID and IM vaccines. However, this does not appear
to be the case because we did not detect a difference between
baseline and post-vaccination normalized salivary IgA levels for
the ID 9 mg or the IM 15 mg vaccine, and salivary IgA levels
were very low in both cases.

These cellular and humoral results agree with previous studies
on the immune responses to the IM vaccine in adults and chil-
dren.19,20 He et al. also showed that although a live attenuated
vaccine (Flumist�, MedImmune) can enhance CD4C and

Figure 4. Activated CD8C T cells (CD3CCD8CCD69C) and T helper cells (CD3CCD8¡CD69C) in response to the ID and
IM influenza vaccines Intracellular cytokine staining for CD3, CD8, CD69, IFN-g, TNF-a, and IL-2 was performed in
PBMC stimulated in vitro for 20–24 h with the indicated strains of influenza virus. Shown are the fractions of IFN-gC,
TNF-aC, and IL-2C T-helper lymphocytes (CD3CCD8¡CD69C; left panel) and CD8C T cells (CD3CCD8CCD69C; right
panel). Bars indicate medians and error bars indicate interquartile ranges.
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CD8C T-cell responses, a trivalent inactivated influenza vaccine
(Fluzone�, Sanofi Pasteur) does not.20 The inability of inacti-
vated vaccines to enhance CD4C T-cell immunity appears to be
due to a plateau in the response to influenza antigens before
adulthood following multiple exposures to the virus.21 CD8C

cytotoxic T-cell immunity was not enhanced, probably because
such a response requires live virus.22 The lack of an increased
memory B cell response following vaccination suggests that the
subjects had been previously exposed to viral strains with B/T-
cell epitopes also conserved in the 2007/8 vaccine strains. Finally,
the absence of a mucosal IgA response agrees with previous stud-
ies showing that IM influenza vaccines do not increase mucosal
levels of soluble IgA,13,15 although they may prime a mucosal
immune response to live virus.23

The lack of differences between immune responses to ID and
IM vaccination could have been due, in part, to high inter-
subject variability combined with relatively small group sizes.
Moreover, most of the subjects in this study most likely had been
previously exposed to influenza antigens sharing B/T cell epitopes
common with the 2007/8 vaccine strains. Several reports have
shown that previous influenza vaccination or virus exposure is
associated with higher post-vaccination HI titers in children24 and
young and elderly adults.25,26 In other reports, preexisting HI anti-
bodies have been linked to reduced humoral and effector B cell
responses after vaccination.27,28 The relationship between prior
immune status and antibody response to influenza may depend, in
part, on the viral type or subtype and, overall, on the complex his-
tory of priming for each individual. Relatively little is known
about the impact of pre-immunity to influenza on vaccine-specific
T cells. Boosting of influenza-specific CD4C T cell responses after
influenza vaccination may be affected by prior influenza immune
status, although this may depend on the antigenic specificity of
the T cells.28,29 We suspect that previous exposure to influenza
antigens reduced the ability to detect immunological differences
between the ID and IM vaccines in this study, but it should have
allowed us to detect large differences between the two vaccines.
Detecting differences in immune profiles between the ID and IM
influenza vaccines might have been easier in na€ıve individuals
(young children), but the ID device is not appropriate for this age
group. Finally, using T cell epitopes or peptides that detect de
novo responses, as opposed to recalled responses, might have
allowed us to distinguish ID and IM vaccines, but identifying and
selecting such epitopes may be difficult.

Conclusions about humoral responses were based on the HI
assay, which is considered the reference standard for the evaluation
of influenza vaccines.14 Both HI and SRH are recognized by the
European Medicines Agency for the assessment of influenza vac-
cines and provide correlates of protection.14,30 The HI assay is
well known to have similar sensitivity for A strains but relatively
low sensitivity for antibodies to influenza B strain in human
sera,11,31 which was confirmed when the ID vaccine was assessed
using both techniques in the elderly.11 Sensitive and specific sero-
neutralization (SN) tests have been developed and are increasingly
used to evaluate influenza vaccines, but they are not yet recognized
by the European Medicine Agency for the assessment of influenza
vaccines. Although SN assays have been reported to be more

sensitive than the HI assay, in particular for heterologous strains,
they have not been standardized and tend to be laborious and
time-consuming.32 The ID vaccine has been examined using a SN
assay, and as with SRH, the overall results have corroborated those
from the HI assay.33-35 We do not expect SN or SRH would have
yielded information beyond what the HI assay provided, especially
in the context of pre-immunity to influenza.

In conclusion, this study showed that, in healthy adults, the
2007/8 formulation of the ID trivalent split-virion vaccine,
Intanza 9 mg, and the IM formulation, Vaxigrip 15 mg, protect
against influenza by activating equivalent cellular and humoral
immune responses. Humoral, cellular, and mucosal responses did
not appear different, and both vaccines met or exceeded CHMP
criteria for annual influenza vaccines in adults. In both cases, the
vaccine’s effects appeared to be primarily mediated by induction
of a humoral response. Finally, like the IM vaccine, Intanza 9 mg
induced a humoral response that persisted for at least 180 d.

Patients and Methods

This trial was a randomized, controlled, single-center, open-
label study (EUDRACT no. 2007–002104–18) conducted at
the Unit�e de Recherche Clinique en Immunologie – Lyon Sud
(Lyon, France) between September 17, 2007 and May 5, 2008.

Ethics
The trial was conducted in accordance with the Edinburgh

revision of the Declaration of Helsinki, Good Clinical Practice
guidelines, and European Directive 2001/20/EC and was
approved by the local ethics committee. All subjects provided
written informed consent before being included in the trial.

Study subjects
Healthy adults 18 to 40 y old were recruited to receive a single

injection of trivalent split-virion vaccine by ID (Intanza 9 mg) or
IM (Vaxigrip 15 mg) injection. Subjects were excluded if they
were participating in another clinical trial in the 4 wk preceding
the trial vaccination or during the study period; if they were
known or suspected to have an immunodeficiency or be receiving
immunosuppressant drugs or treatments; had systemic hypersen-
sitivity to any of the vaccine components or history of a life-
threatening reactions to the trial vaccine or to a vaccine compo-
nents; received blood or blood-derived products in the past 3 mo
that might interfere with the assessment of immune response;
received any vaccine in the 4 wk preceding the trial vaccination
or planned receipt of any vaccine in the 4 wk following the trial
vaccination; were seropositive for human immunodeficiency
virus, hepatitis B or hepatitis C; had been vaccinated against
influenza in the previous 6 mo; had treatments or diseases in the
3 wk preceding the trial considered contraindications for IM vac-
cination; or had febrile illness or moderate or severe acute illness
or infection on the day of vaccination. Women could not be
pregnant and had to be using birth control or to not be of child-
bearing potential.
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Vaccinations
Subjects were randomized (1:1) to receive a single injection of

the 2007/8 northern hemisphere formulation of the ID trivalent
split-virion influenza vaccine (Intanza 9 mg, Sanofi Pasteur) or
the IM trivalent split-virion influenza vaccine (Vaxigrip 15 mg,
Sanofi Pasteur), which contain influenza virus strains A/Solomon
Islands/3/2006 (H1N1), A/Wisconsin/67/2005 (H3N2), and B/
Malaysia/2506/2004. All injections were administered into the
deltoid area. Subjects were assigned to the appropriate study
group using a scratchable randomization list.

Sample collection
For isolation of PBMC, blood samples were drawn before vac-

cination (day 0) and on days 7 (§1), 10 (§1), 14 (§1), 21 (§3),
and 180 (§7) after vaccination into BD Vacutainer heparin tubes
(Becton Dickinson) and PBMC were isolated by centrifugation
over a Ficoll gradient, washed, aliquoted, and stored in 10%
DMSO under liquid nitrogen. For serum collection, blood sam-
ples were also collected before vaccination (day 0) and on days
14 (§1), 21 (§3), and 180 (§7) after vaccination into BD Vacu-
tainer tubes (Becton Dickinson) and serum was collected by cen-
trifugation, aliquoted, and stored at ¡20�C. Saliva samples were
collected before vaccination and on days 7 (§1), 14 (§1), 21
(§3), and 180 (§7) by chewing on a roll-shaped saliva collector
(Salivette; Sarstedt, Orsay, France). Saliva samples were centri-
fuged, aliquoted, and stored at ¡80�C.

HI assay
HI assays were performed according to the World Health

Organization protocol.36 The serum titer was defined as the high-
est reciprocal dilution producing complete inhibition of hemag-
glutination. The lower limit of detection was a reciprocal
dilution of 10, and the upper limit of detection was a reciprocal
dilution of 10,240.

Measurement of IgA concentrations in saliva
Microtiter plates were coated overnight with 1 mg/ml poly-

clonal goat anti-human IgA antibody (Southern Biotech) in
phosphate-buffered saline (PBS) containing 5% bovine serum
albumin (BSA). Plates were washed with PBS C 5% BSA and
then incubated for 2 h at room temperature with serial dilutions
of saliva samples or human IgA (Dade-Behring) in PBS C 5%
BSA. Next, plates were incubated for 2 h with 0.5 mg/ml horse-
radish peroxidase-conjugated polyclonal goat anti-human anti-
body (Southern Biotech), followed by enzyme-linked
immunosorbent assay (ELISA) substrate for colorimetric detec-
tion (R&D Systems). Total IgA levels (mg/ml) in samples were
determined by comparison with IgA standards. Optical densities
were measured using an ELISA plate reader.

Influenza-specific IgA titers (arbitrary units/ml) were mea-
sured as described above except that the plates were coated with
1 mg/ml Vaxigrip and IgA was detected with 0.5 mg/ml peroxi-
dase-coupled polyclonal goat anti-human antibody (Southern
Biotech) and ELISA Substrate (R&D Systems). The influenza-
specific IgA titer from each sample was normalized by the total
IgA content to limit variability between samples.

B-cell ELISPOT assay
B-cell ELISPOT assays were conducted using PBMC from 15

randomly selected subjects that had accepted that their samples
be used for future testing and who had the highest numbers of
PBMC. For these experiments, PBMC were collected pre-vacci-
nation (day 0) and 7 d after vaccination. Before use in ELISPOT
assays, PBMC (5 £ 105 cells/well) were grown for 5 d in 24-well
plates in complemented RPMI (RPMI 1640 C 10% fetal calf
serum supplemented with penicillin, L-glutamine, and 50 mM
b-mercaptoethanol) supplemented with 1:100 000 pokeweed
mitogen (La Jolla Institute) and 1:10 000 fixed Staphylococcus
aureus Cowan (Sigma). Nitrocellulose-bottomed 96-well plates
were coated with Vaxigrip (1.5 mg/well) or 10 mg/ml anti-
human IgG F(ab’)2 (Becton Dickinson) and incubated overnight
at 4�C. After washing and blocking with PBS, PBMC (4 £ 105,
2 £ 105, 1 £ 105, or 5 £ 104 cells/well) in complemented
RPMI were added. After 5 h at 37�C, plates were washed with
PBS followed by PBS C 0.05% Tween-20 and then incubated
overnight at 20�C for 2 h with 1 mg/ml biotinylated mouse anti-
human pan-IgG Fc antibody (Becton Dickinson). Plates were
washed with PBS C 0.05% Tween-20 and incubated with
1:1000 peroxidase-conjugated streptavidin (Southern Biotech-
nology). Plates were washed again with PBS and PBST and then
developed with 3-amino-9-ethylcarbazole (Sigma). Spots were
counted with an automated spot reader (Microvision). Influenza-
specific B cell memory responses were also examined by ELI-
SPOT assays using PBMC collected pre-vaccination (day 0) and
180 d after vaccination that were treated for 5 d to generate anti-
body-secreting cells.37

Cytometric bead array assay
Cryopreserved PBMC isolated from each subject pre-vaccina-

tion (day 0) and 21 d after vaccination (0.2 ml of 106 cells/ml)
were thawed and resuspended in AIM V medium (Invitrogen
Life Technologies). PBMC were then added to 96-well plates
and incubated for 4 d at 37�C with or without 3 mg/ml recombi-
nant H1N1/Solomon Island hemagglutinin protein (Protein Sci-
ence). The concentrations of IFN-g, TNF-a, IL-5, and IL-10
were measured using a Th1/Th2 Cytometric Bead Array Kit (BD
Biosciences) and a BD FACS Array Bioanalyzer System (BD Bio-
sciences). The lower limits of detection were as follows: IFN-g,
7.1 pg/ml; TNF-a, 2.8 pg/ml; IL-5, 2.4 pg/ml; IL-10, 2.8 pg/ml.

Intracellular cytokine staining
Cryopreserved PBMC isolated from each subject pre-vaccina-

tion (day 0) and 21 d after vaccination were thawed and resus-
pended in AIM V medium (Invitrogen Life Technologies).
PMBC were then added to 96-well microtiter plates (1 £ 106 per
well) along with 0.5 mg/ml live influenza virus (A/H3N2 Wiscon-
sin/67/2005, A/H1N1 Solomon Islands/3/2006, or B/Malaysia/
2506/2004) at 37�C. All samples, except for those collected on
day 180, were tested in the same experiment. Lyophilized PBMCs
from an influenza-positive donor (Becton Dickinson) were
included as a quality control. PBMC from each donor were stim-
ulated in vitro with a positive antigen (staphylococcal enterotoxin
B) to confirm that cells responded correctly and consistently
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throughout the study. After 7 h, 10 mg/ml brefeldin A (Sigma)
was added, and after an additional 13 to 17 h (20–24 h total),
cells were removed from the wells using 20 mM EDTA and then
washed twice with PBS C1% BSA. The cells were fixed and per-
meabilized with 1X BD Cytofix buffer (BD Biosciences) for
15 min at 4�C. Next, the cells were washed once with BD Perm/
Wash buffer (BD Biosciences) and incubated for 30 min at 4�C
in the dark with a mixture of APC-H7-conjugated anti-CD3,
PerCPCy5.5-conjugated anti-CD8, phycoerythrin-conjugated
anti-CD69, allophycocyanin-conjugated anti-IL-2, fluorescein iso-
thiocyanate-conjugated anti- IFN-g, and phycoerythrin-Cy7-con-
jugated anti-TNF-a (BD Biosciences). The cells were washed
twice with PBS C 1% BSA. To reduce inter-assay variability, a
single pre-aliquoted mixture of lyophilized cytokine-specific anti-
body reagents was used for the entire study. Fluorescence was ana-
lyzed using a FACSCanto flow cytometer and BD DIVA software
(BD Biosciences). Gating for cell analysis was modified as little as
possible between donors. The percentage of IFN-g-positive,
tumor necrosis factor-a (TNF-a)-positive, and interleukin (IL)-2-
positive cells was determined in the CD3CCD8C and
CD3CCD8¡ cell populations. The lower limit of quantification
was 0.01% cytokine-producing cells.

Determination of study size
A target size of 40 subjects per group was chosen. Based on a

standard deviation of 0.3 for the frequency of CD8¡ T cells
expressing IFN-g as determined by intracellular staining (our
unpublished observations), the power to detect a significant dif-
ference between the two groups was 73%.

Statistical analysis
Descriptive statistics were generated using SAS version 9.1

(SAS Institute, Cary, NC). Analyses were performed in all sub-
jects vaccinated. For all assays, values below the lower limit of
detection were replaced by one half the lower limit of detection.
For HI assays, values above the upper limit of detection were
replaced by the upper limit of detection (10,240). Missing values
were not replaced. For quantitative endpoints, 95% confidence
intervals (CIs) were calculated using a normal approximation
after logarithmic transformation. For qualitative endpoints, the
95% CIs were calculated using the Clopper-Pearson exact bino-
mial method.38
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