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Abstract

In order to develop predictive markers for a beneficial humoral immune response, we evaluated the in
vivo and in vitro response to the pandemic (p)H1N1 vaccine in young and elderly individuals. We
measured serum antibody response and associated this with the in vitro B-cell response to the
vaccine, measured by activation-induced cytidine deaminase (AID). Both responses decrease with
age and are significantly correlated. The percentage of switched memory B cells in blood, both before
and after vaccination, is decreased with age. The percentage of switched memory B cells at t0
correlates with the hemagglutination inhibition response and therefore, we suggest that this may be
used as a predictive marker for B-cell responsiveness. AID induced by CpG before vaccination also
predicts the robustness of the vaccine response. Plasmablasts showed a trend to increase after
vaccination in young individuals only. This report establishes molecular biomarkers of response,
percentage of switched memory B cells and AID response to CpG, useful for identifying individuals at
risk of poor response and also for measuring improvements in vaccines and monitoring optimal
humoral responses.
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Introduction

Vaccination is the most effective method of preventing influ-
enza, but the effects of vaccination are different in individu-
als of different ages (1–5). For example, in the case of
seasonal influenza vaccination, there is evidence that elderly
individuals who have routinely received the vaccine can still
contract the infection with secondary complications leading
to hospitalization, physical debilitation, exacerbation of un-
derlying medical conditions and death (6–10).
The novel strain of pH1N1 influenza virus, which emerged

in 2009 in Mexico and then spread worldwide, caused ill-
ness more among young individuals as compared with older
ones (age > 65 years) (11). This has been postulated to
occur because a cross-reactive antibody response to
pH1N1 was found in a proportion of elderly individuals, par-
ticularly those born in the second and third decade of the
20th century, that was largely absent in younger subjects
(12, 13). Although pH1N1 vaccination had been recommen-
ded for older individuals, studies on the effects of age on
the response to the pH1N1 vaccine are few and not focused
on the B-cell response (14–16).
We have previously shown an age-related impairment in

the ability of B cells to undergo Ig class switch recombina-

tion, which is due to reduced expression of both activation-
induced cytidine deaminase (AID) and the E47 transcription
factor which transcriptionally activates AID (17). More
recently, results from two seasonal influenza vaccination
years have shown that AID can accurately track optimal im-
mune responses and therefore be considered a valid marker
of the humoral response to the vaccine in humans (18).
Here, we wanted to evaluate the effects of age on the in vivo
response to the pH1N1 vaccine. The objective of this study
was to establish new biomarkers which could (i) predict
which individuals would respond less well and identify those
for possible further vaccine enhancement and (ii) be used
for future vaccine efficacy measurements.

Methods

Subjects

Experiments were conducted using blood isolated from
healthy volunteers of different ages after appropriate signed
consent. The study has been approved with IRB protocol
#20070481. The individuals participating in the study were
screened for diseases known to alter the immune response



or for consumption of medications that could alter the immune
response, as in our previously published work on seasonal in-
fluenza vaccination (18). All subjects were influenza-free at
the time of enrollment and at the time points of blood draws
and were also without symptoms associated with respiratory
infections. They were all also free from influenza at 3-month
follow-up.
Participants were 43 healthy subjects (age 20–75 years)

and were 18 females and 25 males. Three were Black, and
40 White (of which 18 identified themselves as Hispanic
Whites). For the purpose of this study, ‘elderly’ persons refer
to those >65 years of age (n = 9; mean age 70 6 1, age
range 65–75 years). Young persons were 20–64 years of
age (n = 34; mean age 42 6 2).

Vaccination

Two pH1N1 2009 monovalent vaccines were used: Novartis
NDC 66521-200-10 (subunit vaccine) and Sanofi-Pasteur
NDC 49281-640-15 (split vaccine). Sixteen young and five
elderly received the Novartis vaccine, whereas 18 young
and 4 elderly received the Sanofi-Pasteur vaccine. The two
vaccines were given in two different centers at the University
of Miami Miller School of Medicine. Both vaccines gave simi-
lar results. Blood samples were collected immediately before
vaccination (t0), 1 week (t7) and 4–6 (t28) weeks postvacci-
nation. All elderly individuals had been vaccinated with the
seasonal influenza vaccine in the previous three seasons
and in the current one. Only 7/34 (20%) of the young sub-
jects, conversely, had been vaccinated with seasonal vac-
cine in the previous and in the current season.

PBMC cultures

PBMC were collected by density gradient centrifugation on
Ficoll–Paque premium solution (GE Healthcare). Cells were
then washed three times with PBS and used either fresh or
frozen. Frozen PBMC (10 3 106) were thawed in a 37�C
water bath and washed twice with medium (RPMI 1640),
resuspended, rested for 1 h and then counted in trypan blue
to evaluate cell viability, which was usually over 80%. PBMC
(1 3 106 ml�1) were cultured in complete medium (RPMI
1640, supplemented with 10% FCS, 10 lg ml�1 Pen-Strep,
1 mM Sodium Pyruvate and 2 3 10�5 M 2-ME and 2 mM
L-glutamine), stimulated for 7 (fresh) or 3 (frozen) days, optimal
kinetics for each, in 24-well culture plates with 5 lg ml�1

CpG (ODN 2006 InvivoGen) or with influenza vaccine (2 ll ml-1

containing 106 cells).
For each subject, the vaccine used to stimulate PBMC in

vitro was the same as that given in vivo. Novartis and
Sanofi-Pasteur vaccines contained 0.76 lg ll�1 and 0.74 lg
ll�1 of protein, respectively. At the end of stimulation, cells
were harvested, and RNA extracted for quantitative (q)PCR
to evaluate AID and GAPDH mRNA expression. Although
B cells in the PBMC cultures have been stimulated in the
presence of other cell types, primarily T cells and monocytes–
macrophages, our endpoint is to measure a B-cell response,
as AID is exclusively expressed in B cells. This differs from
our previous study (18) where we used magnetically sepa-
rated (CD19+), purified B cells for culture. For the study here
with the pH1N1 vaccine response, we found that purified

B cells were unable to respond to their cognate vaccine,
perhaps due to the vaccine lacking mitogenic components
present previously. It is for this reason that we also com-
pared the B-cell response in fresh and frozen PBMC (see
below).

Flow cytometry

One hundred microliter of blood from each subject were
stained for 20 min at 4�C with the following antibodies:
APC-conjugated anti-CD19 (BD 555415), PE-conjugated
anti-CD27 (BD 555441), FITC-conjugated anti-IgD (BD
555778), biotin-SP-conjugated AffiniPure F(ab#)2 fragment
anti-human IgG (Jackson 109-066–098) and biotin-SP-conju-
gated AffiniPure F(ab#)2 fragment anti-human IgA (Jack-
son109-066-011). Biotin-conjugated antibodies were
revealed with PerCP-conjugated streptavidin (1/40 diluted;
BD 554067). Naive B cells were IgG�/IgA�CD27�, IgM
memory B cells were IgG�/IgA�/CD27+/IgD+, and
switched memory B cells were IgG+/IgA+, as previously
shown (19–21). After staining, red blood cells were lysed
using the RBC Lysing Solution BD PharmLyse (BD
555899), according to the manufacturer’s instructions. Up
to 105 events in the lymphocyte gate were acquired and
analysed on an LSRI flow cytometer (BD Biosciences) us-
ing logarithmic amplification. Single color controls were in-
cluded in every experiment to determine background
fluorescence and to set the gates.
As investigators have previously noted, antibody-secreting

cells (ASC)/plasmablasts increase 7 days after vaccination
as a marker of response (22, 23), we also investigated the
level of circulating ASC/plasmablasts at t0 and t7. To detect
ASC, PBMC were stained with FITC-conjugated anti-CD3
(BD 555339), PacBlue-conjugated anti-CD19 (Invitrogen
MHCD1928), APC-H7-conjugated anti-CD20 (BD 641396),
PE-conjugated anti-CD27 (BD 555441) and PerCP Cy5.5-
conjugated anti-CD38 (BD 551400). ASC were CD3-/CD19+/
CD20low/CD27bright/CD38bright. Samples of at least 1 3 106

events were analysed and acquired on an LSRII flow cytom-
eter (BD Biosciences).

Hemagglutination inhibition assay

We evaluated the immunogenicity of the pH1N1 vaccine in
young and elderly individuals before (t0) and after vaccina-
tion (t28) by hemagglutination inhibition (HAI) assay, as pre-
viously described (18, 24). The HAI test is useful for the
measurement of antibody titers of sera and is the most
established correlate with vaccine protectiveness (25, 26).
Briefly, paired preimmunization and postimmunization serum
samples from the same individual were tested simulta-
neously, according to Hsiung et al. (27). Serum inhibiting
titers of 1/40 or greater confer protection against infection,
whereas a 4-fold rise in the reciprocal of the titer from t0 to
t28 indicates a positive response to the vaccine and indi-
cates seroconversion (25).

Enzyme-linked immunosorbent assay

pH1N1-specific IgG, IgM and IgA concentrations in serum of
individuals before and after vaccination were evaluated by
human Ig quantitative ELISA kits (Bethyl Labs E80–104,
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E80–100 and E80–102, respectively), according to the man-
ufacturer’s instructions, after coating the plates with pH1N1
vaccine at the concentration of 2 lg ml�1. Results are
expressed as follows: OD values at t28-OD values at t0.

RNA extraction, reverse transcription–PCR and qPCR

mRNA was extracted from stimulated PBMC (106 ml�1) us-
ing the lMACS mRNA isolation kit (Miltenyi Biotec), accord-
ing to the manufacturer’s protocol, eluted into 75 ll of
preheated elution buffer, stored at �80�C until use and
qPCR performed as described (18). Calculations were made
as follows. We determined the cycle number at which tran-
scripts reached a significant threshold (Ct) for AID and
GAPDH as control. A value for the target gene, relative to
GAPDH, was calculated and expressed as DCt. We have
chosen a 2-fold rise in AID mRNA from t0 to t28 to indicates
a positive response to the vaccine (18).

Statistical analyses

Nonparametric analyses of the variables in young and el-
derly groups were performed by Mann–Whitney test (two-
tailed), whereas correlations were performed by Spearman
test, using GraphPad Prism 5 software.

Results

Aging decreases the pH1N1-specific serum response

We first analysed the effects of age on the in vivo response,
evaluated by HAI. Sera were isolated from the blood of 34
young and 9 elderly subjects before (t0) and after (t28)

pH1N1 vaccination and tested in the HAI assay. Thirty-
three/34 young and 9/9 elderly subjects had a seroprotective
titer (1/40) at t0. Geometric mean titers (GMT) at t0, which
are the geometric mean of the reciprocal of the titers (GMT
= antilog ðRlogT Þ=n, where T is the reciprocal of the HAI titer
and n is the number of samples) were comparable in young
versus elderly subjects (70 versus 64, P = 0.075). Our
results from previous years (2008–2009 and 2009–2010 sea-
sonal influenza response) have shown that elderly had a sig-
nificantly higher t0 titer (18). Fig. 1(A) shows that aging
significantly decreases the specific HAI response to the
new pH1N1 vaccine at t28. Results are expressed as fold-
increase in titer after vaccination. Among the young subjects,
nine did not respond to vaccination and had a fold-increase
<4. Among the elderly subjects, seven did not respond
and the response of the elderly individuals was signifi-
cantly reduced as compared with that of young subjects
(P = 0.0024). Although others have recently shown that the
in vivo response to the pH1N1 vaccine declines from 20 to
80 years of age (15), the purpose of our study additionally
was to correlate the in vivo HAI response in our subjects with
the in vitro response of B cells to the vaccine.
The HAI assay does not distinguish the isotype of the anti-

bodies, although it is known that IgG is the main isotype in
serum, it is the major contributor to HAI and its levels are
correlated with protection from influenza infection (28). More-
over, it has recently been shown that pH1N1-specific mono-
clonal antibodies obtained from infected, hospitalized
patients were able to bind the recombinant hemagglutinin
protein in an ELISA test, whereas only one-third of these
antibodies displayed HAI activity (22). We also evaluated
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Fig. 1. The serum response to pH1N1 vaccination decreases with age. (A) Sera isolated from subjects of different ages, before (t0) and after
vaccination (t28), were collected and analysed by HAI assay to evaluate antibody production to vaccine. Results are expressed as fold-increase
in the reciprocal of the titer after vaccination, calculated as follows: reciprocal of titer values after vaccination/reciprocal of titer values before
vaccination. Thirty-four young and nine elderly subjects were evaluated. The difference between young and old is significant (P = 0.0024). White
column: young. Black column: elderly. (B) Sera were also evaluated in pH1N1-specific IgG ELISA. Data are expressed as OD at t28–OD at t0.
The difference between young and elderly individuals is significant (P = 0.0325). White column: young. Black column: elderly. (C) Correlation
between IgG ELISA and HAI. P < 0.0001 (two-tailed). Absolute OD values for IgG ranged from 0.1 to 2.3. (D) Results of pH1N1-specific IgM and
IgA ELISA, respectively. Data are expressed as OD at t28–OD at t0. Absolute OD values for IgM ranged from 0.1 to 2.9 and for IgA from 0.1 to
1.4. The differences between the two age groups were not significant (P = 0.4028 and P = 0.8402 for IgM and IgA, respectively). White column:
young. Black column: elderly.
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the IgG-specific response by ELISA. Results (Fig. 1B) show
that aging significantly decreases the specific IgG re-
sponse in serum (P = 0.0325). In our subjects, the HAI re-
sponse was significantly correlated with the IgG ELISA
response (P < 0.0001) (Fig. 1C). Our results may differ from
those above because we assayed vaccinated, not infected
subjects. However, both pH1N1-specific IgM (left) and IgA
(right) responses were not affected by age, although a slight
decrease was observed for the IgM response (Fig. 1D).
These results show for the first time that ELISA, which eval-
uates the binding capacity but not the function of specific
antibodies, is significantly correlated with the functional
measures determined by the HAI.

Age-related decrease in pH1N1-specific AID mRNA induction

We have used AID as a marker for optimal B-cell function in
humans because it completely correlates with the ability of
B cells to class switch Ig (17) and AID regulates not only
class switch but also somatic hypermutation, necessary for
affinity maturation of Ig V regions. We have previously
shown that B cells can be stimulated in vitro by the influenza

vaccine (seasonal) to induce AID and this response is up-
regulated in young as compared with elderly subjects (18).
We therefore started our investigation by stimulating B cells
in vitro with the pH1N1 vaccine. Briefly, B cells were isolated
from the PBMC of the same individuals of different ages as
above, before (t0), or after (t28) pH1N1 vaccination and then
stimulated in vitro for 7 days to induce optimal AID mRNA.
To our surprise, we found that purified B cells did not prolif-
erate/differentiate in response to the pH1N1 vaccine in the
absence of APC and T cells (data not shown). Therefore, in
order to evaluate the B-cell response to the vaccine in vitro,
we stimulated frozen PBMC with the vaccine (or with CpG
as control). To validate this approach, we first compared the
response of fresh PBMC with that of frozen PBMC from five
young and four elderly subjects. Results in Fig. 2(A) show
that the qPCR values of AID in frozen PBMC cultures stimu-
lated with the vaccine are lower than those obtained in fresh
PBMC cultures from the same individuals. Nevertheless, the
relative expression of AID in frozen PBMC cultures (e.g. in
high versus low responder samples) is proportional to that
in fresh cultures and as is the fold-increase after vaccination.
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Fig. 2. The in vitro AID response of B cells to pH1N1 vaccination decreases with age and is correlated with the serum response. (A) Fresh or
frozen PBMC (106 cells ml–1), isolated from five young and four elderly individuals after vaccination (t28), were cultured with the vaccine, for
7 days. At the end of this time, cells were processed as described in Methods. Results are expressed as raw qPCR values of AID mRNA
normalized to GAPDH. The right part of the figure shows the fold-increases after vaccination in AID mRNA expression in cultures of fresh and
frozen PBMC. The fold-increase in AID mRNA expression after vaccination is calculated as follows: qPCR values after vaccination/qPCR values
before vaccination. The difference between the two values (fresh versus frozen) is not significant in all subjects. (B) PBMC isolated from subjects
of different ages, before (t0) and after vaccination (t28), were frozen. On the day of culture, PBMC were thawed and 106 cells ml–1 were cultured
with the vaccine, for 3 days, optimal for frozen PBMC response (data not shown). At the end of this time, cells were processed as described in
Methods. Twenty-eight young and seven elderly subjects were evaluated. Results are expressed as fold-increase in AID mRNA expression after
vaccination, calculated as above. The difference between young and old is significant (P = 0.0024). White columns: young. Black columns:
elderly. C. PBMC were cultured as described in B. Twenty-eight young and seven elderly subjects were evaluated. Of the seven elderly, two had
a positive HAI fold-increase of 4 and 8. Results are expressed as fold-increase in HAI and AID mRNA expression after vaccination, calculated as
indicated above. Spearman rho = 0.523, P = 0.0013 (two-tailed).
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We have also shown in seasonal influenza vaccinated indi-
viduals that vaccine-induced AID in purified B-cell cultures
and in frozen PBMC cultures correlate (data not shown). We
have thus validated that frozen PBMC in this assay give reli-
able results which allow their analyses not only in this report
but should also be able to be used for other studies. It should
also be noted that in many previous experiments with multiple
stimuli (anti-CD40/IL-4, seasonal influenza vaccine, CpG), no
response and very little/no cell recovery were seen with puri-
fied B cells frozen and then subsequently stimulated in vitro.
We then evaluated the response to the vaccine in vitro by

stimulating frozen PBMC obtained at t0 and t28. Results in
Fig. 2(B) show that aging significantly decreases AID mRNA
expression. In more detail, 21 of the 28 young subjects
showed at least a 2-fold up-regulation of AID mRNA at t28,
whereas only one of seven elderly had a positive response
to the vaccine. Therefore, this up-regulation was significantly
higher in young than in elderly subjects (P = 0.0024).
In order to determine whether the AID response could be

used as a marker to measure individuals with robust or poor
serum responses, we evaluated whether the in vitro AID
response of B cells to the vaccine and the in vivo HAI re-
sponse were correlated. Results in Fig. 2(C) show that in vitro
AID and in vivo HAI responses are significantly correlated
(P = 0.0013) and suggest the possibility to use AID as a novel
marker for assessing vaccine-specific and likely also other
immune responses. These results are in line with our previous
ones showing that a high seasonal influenza-specific in vitro
AID response was significantly correlated with a high HAI
response and vice versa (18).

The AID response at t0 can predict the response to the
pH1N1 vaccine

Our results in Fig. 2(B) show that the influenza-specific AID
response is lower in aged individuals, as compared with
young controls. However, as expected, the CpG response is
similar before and after vaccination in both young and
elderly individuals, although the elderly have significantly
less CpG-induced AID response as compared with the
younger adults (Fig. 3A). In order to test whether the AID at
t0 could be used to predict the robustness of the influenza
response, we measured AID in response to CpG at t0 and
correlated this with the fold-increase in the HAI serum re-
sponse. Results show that the HAI response was correla-
ted with the CpG-induced AID at t0 (P = 0.0037) (Fig. 3B),

indicating that AID in nonantigen-specific stimulated B cells
can predict the ability to generate an optimal influenza vac-
cine response.

Switched memory B cells as markers of the response to
vaccination

To identify other possible predictive markers for an optimal vac-
cine response, we measured the percentages of B-cell subsets
at t0 and t28 in response to the pH1N1 vaccine, as evaluated
by flow cytometry. Table 1 shows that the percentages of naive
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Fig. 3. The AID response at t0 can predict the response to the pH1N1
vaccine. (A) Frozen PBMC were cultured with CpG, for 3 days. Twenty-
eight young and seven elderly subjects were evaluated. Results are
expressed as AID mRNA expression (qPCR values) at t0 and t28. The
difference between young t0 versus t28 and old t0 versus t28 is not
significant. The difference between young and old t0 and young and
old t28 are both significant (P = 0.0335 and P = 0.0091, respectively).
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column: elderly t0. Dark diagonal column: old t28. (B) Correlation
between CpG-induced AID at t0 and HAI (only two elderly had
a positive HAI fold-increase of 4 and 8). P = 0.0037 (two-tailed).

Table 1. Percentages of B cell subsets from young and elderly subjects before and after H1N1 vaccination

Naive IgG�
IgA�CD27�

IgM memory
IgG�IgA�CD27+

Switched memory
IgG+IgA+CD27�

Switched memory
IgG+IgA+CD27+

Age
(years)

t0 t28 t0 t28 t0 t28 t0 t28

20–64 58 6 2 57 6 2 36 6 2 34 6 2 3 6 0.1 3 6 0.4 3 6 0.2 6 6 0.4a

>65 71 6 3b 70 6 2b 26 6 7 27 6 5 2 6 0.9 2 6 0.5 1 6 0.2b 1 6 0.3b

One hundred microliter of blood from each subject were stained as described in Methods. Results refer to CD19+ cells.
aP < 0.01, indicates the difference between t0 and t28. Total numbers and percentages of B cells decrease with age by about half to 120 cells ll–1

and 6%, respectively, so although there is an increase in the % of naive cells in the elderly, the overall numbers are decreased. The t0 values here
are consistent with those we have previously reported in 66 young and 46 elderly [see ref. (27)]
bP < 0.01, indicates the difference between the young (20–64) and the elderly (>65) individuals.
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B cells are significantly increased by age, whereas those of
IgM memory B cells did not change between young and el-
derly individuals, but all B subsets are decreased in number
with age (20). When we evaluated switched memory B cells,
we found that IgG+IgA+CD27� cells did not change between
young and elderly individuals, whereas IgG+IgA+CD27+ were
found decreased in elderly as compared with young at t0
(P < 0.01). For the response to the vaccine, we found that the
percentages of naive, IgM memory and IgG+IgA+CD27�
switched memory B cells remained the same between t0 and
t28, in both young and elderly subjects. However, the percent-
age of IgG+IgA+CD27+ switched memory B cells increased
after vaccination (t28) in young but not in elderly subjects,
with a significant difference (P = 0.0012) in the fold-increase
after vaccination between the two age groups, as we (18)
and others (29) have already shown. Therefore, the pH1N1
vaccine, as well as other vaccines (seasonal influenza and
anthrax vaccines), was able to specifically induce a subpopu-
lation of switched memory B cells, with the IgG+IgA+CD27+
phenotype.
To investigate whether IgG+IgA+CD27+ switched memory B

cells could be used as a predictive marker to assess the re-
sponse to the pH1N1 vaccine, we correlated the percentage
of this subset at t0 and the HAI response in the same individu-
als. Results in Fig. 4 show that the percentage of this subset
of switched memory cells in the blood of prevaccinated sub-
jects was significantly correlated with the fold-increase in the
in vivo response. From these results, we propose that the sub-
set of CD27+ switched memory B cells can be used as a pre-
dictive marker of the response to the pH1N1 vaccine here and
perhaps to many if not all vaccines.
We also measured the plasmablast response at t7 after in-

fluenza vaccination in 31 subjects (24 young and 7 elderly).
Others have determined that t7 is the peak for the plasma-
blast response, which is completely gone at t14 (22, 23, 30)
and we also confirmed that. Moreover, this response at t7 is
vaccine-specific, as previously shown (23, 31). Results in
Fig. 5 show that although elderly subjects had a lower fold-
increase in the percentages of plasmablasts as compared

with younger controls, this was not significant because of
the reduced numbers of subjects that came back for a blood
draw at t7 (P = 0.0838). However, this trend is encouraging
and we are pursuing the evaluation of plasmablasts at t7 in
further B-cell vaccine response studies.

Discussion

The focus of the present study was to evaluate the in vivo re-
sponse and the in vitro response of B cells from individuals of
different ages to the pH1N1 vaccine. Our results show that
aging affects both responses. Moreover, we have identified
molecular biomarkers for the response to this vaccine, which
we would suggest might also be effective predictors of the re-
sponse to other vaccines. These biomarkers are CpG-induced
AID at t0 and the percentage of switched memory B cells at
t0. Other markers can also be used to evaluate a beneficial re-
sponse, e.g. AID at t28, the increase in switched memory cells
at t28 and the increase in plasmablasts at t7, the latter here
a trend, but also present in other studies (22, 23).
Although in our study protective titers before vaccination

were found in all subjects, seroconversion rates were signifi-
cantly different in young and elderly subjects. Others have
also shown that protective serum titers before vaccination
can be observed at any age; however, in contrast with the
results herein, titers to pH1N1 after vaccination were found
increased more in elderly than in young individuals, due to
vaccination with a cross-reactive seasonal flu vaccine during
the same or previous years (14). Although others have
shown increased t0 titers for elderly to the H1N1 vaccine
(13) and only in those 80 or older (15), we (here) and
others for 65- to 80-year-old individuals (15) have not.
Surprisingly, these t0 values are lower than those we have
reported in our seasonal influenza vaccine study where the
elderly t0 values were higher than those of young (18).
These discrepancies could be explained by differences in
the history of vaccination against seasonal influenza and/or
infection. Moreover, the type of vaccine received in prior
years affects the serum antibody and the in vitro B-cell
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at t0 correlates with the in vivo serum response. Correlation between
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had a positive HAI fold-increase of 4 and 8). Spearman rho = 0.590,
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response to subsequent vaccination (32). Regardless, the re-
sponse we are measuring, fold-increase at t28, is not a result
of a difference in initial titers/activated memory cells at t0.
Here, we also show that the in vivo-specific IgG response

evaluated by ELISA is significantly higher in young than in
elderly individuals, whereas the specific IgM response is
not. This result suggests that the pH1N1 vaccine has in-
duced a strong T-dependent response, which is reduced
with age, as opposed to the IgM response which is not sig-
nificantly different between young and elderly individuals, al-
though a trend has been observed. Moreover, the pH1N1
vaccine has induced a specific, although relatively low, IgA
response, which is also present in the elderly, as others have
also found (31, 33–35).
In this paper, we have also evaluated the plasmablast re-

sponse at t7 after pH1N1 vaccination. Plasmablasts have been
shown by us (D. Frasca, B. B. Blomberg, unpublished) and
others (23, 30) to transiently appear in blood with a peak at
day 7 and then disappear. This observation suggests that the
fold-increase in the serum antibody response is associated with
the presence of effector B cells in the blood. Therefore, the
plasmablast response is another useful measure of the re-
sponse to the vaccine. This has the advantage of being an
early response (t7) as compared with the other biomarkers
(AID and switched memory B cells), which are evaluated at
t28. Moreover, in the case of seasonal influenza vaccination, it
has been shown that there is a significant correlation between
the concentration of specific antibodies secreted by plasma-
blasts at t7 and the frequency of total ASCs, as evaluated by
ELISPOT (36), suggesting that the evaluation of plasmablasts
can easily substitute for conventional serological assays for in-
vestigating the antibody response to the vaccine. We here show
that plasmablasts are increased by vaccination in young but not
in elderly individuals. Although we observed an age-related
trend, the fold-increases in young and elderly subjects were
not statistically different. We will evaluate plasmablasts in subse-
quent influenza vaccination with larger numbers of subjects.
The subset of switched memory B cells that express the

memory CD27 marker is also up-regulated in young but not
in elderly subjects after pH1N1 vaccination, as we have pre-
viously shown in seasonal influenza vaccinated people (18).
With a different method to evaluate memory B cells, others
have shown that serum antibody titers and peripheral mem-
ory B cell numbers in blood are significantly correlated in
people vaccinated against Measles, Mumps, Rubella, Vac-
cinia and Diphtheria (37). Our results are very important be-
cause memory B cells carry the history of the individual in
terms of specific immune responses and are where high-
affinity antibodies reside. These cells proliferate and differen-
tiate rapidly in recall responses generating a pool of plasma
cells concomitant with an elevation in serum antibodies and
plasma cells and preformed antibodies represent the first
line of defense of the individual from infection (37, 38).
In conclusion, our study shows that, after pH1N1 vaccina-

tion, the serum response, the induction of AID in vaccine-
stimulated cultures and the induction of switched memory
B cells in vivo decrease with aging. Our results indicate that
the AID response can be used as a biomarker for effective
B-cell (antibody) response to the pH1N1 influenza vaccine
and likely other vaccines. Other predictive biomarkers we

have revealed for an optimal vaccine response are the per-
centage of switched memory (CD27+IgG+IgA+) B cells at t0
and the AID response to CpG at t0. These biomarkers
should help to identify individuals who will have impaired
responses to vaccination and therefore reduce morbidity
and mortality due to infections in the elderly.
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