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Abstract Renal transplant recipients (RTR) are consid-
ered at high risk for influenza-associated complications due
to immunosuppression. The efficacy of standard influenza
vaccination in RTRs is unclear. Hence, we evaluated
activation of the adaptive immunity by the pandemic
influenza A(HIN1) 2009 (A(HINI1)pdm09) vaccine in
RTRs as compared to healthy controls. To determine cross-
reactivity and/or bystander activation, seasonal trivalent
influenza vaccine and tetanus/diphteria toxoid (TT/DT)
vaccine-specific T cells along with allospecific T cells were
quantified before and after A(HIN1)pdmO9 vaccination.
Vaccination-induced alloimmunity was additionally deter-
mined by quantifying serum creatinine and proinflamma-
tory protein IP-10. Contrary to healthy controls, RTRs
required a booster vaccination to achieve seroconversion
(13.3 % day 21; 90 % day 90). In contrast to humoral
immunity, sufficient A(HINI)pdmO09-specific T-cell
responses were mounted in RTRs already after the first
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immunization with a magnitude comparable with healthy
controls. Interestingly, vaccination simultaneously boosted
T cells reacting to seasonal flu but not to TT/DT, sug-
gesting cross-activation. No alloimmune effects were
recorded. In conclusion, protective antibody responses
required booster vaccination. However, sufficient cellular
immunity is established already after the first vaccination,
demonstrating differential kinetics of humoral and cellular
immunity.
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Introduction

Solid-organ transplant recipients (SOTs) have been con-
sidered at high risk for influenza infection-associated
complications owing to immunosuppressive regimens [1,
2]; virus encounter can lead to substantial morbidity in
those patients [2, 3]. Therefore, prevention of infection in
recipients of SOTs is a crucial issue. In line with this,
administration of the vaccine against the novel influenza
A(HINT1) has been recommended for individuals that are at
a high risk of infection [4].

Vaccination efficacy of immunosuppressed individuals
is controversial as antibody responses to influenza vac-
cines were found to be diminished in kidney transplant
patients compared to healthy donors in most published
data [5-8]. However, a comparable efficacy was also
described [9, 10]. A recent report suggests that rates of
both positive postvaccination humoral and cellular
responses to A(HINI) are significantly lower in immu-
nosuppressed kidney transplant recipients than those in
healthy controls [11].
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Accordingly, the frequency of hospitalizations due to
pandemic influenza A(HIN1) 2009 virus (A(HIN1)pdmO09)
infection was found to be substantially higher in kidney
transplant patients (53.8 %) as compared to the general
population (1-5 %) [12] with most severe complications
including acute kidney allograft rejection [13—15]. Despite
these dramatic consequences of infection, vaccination
against influenza in SOT recipients is a two-edged sword
due to the potential promotion of alloreactive T-cell
responses [16], also leading to transplant injury or allograft
rejection [17, 18]. Thus, there is an urgent need for vac-
cination recommendations on the basis of efficacy and
safety in these at-risk populations.

In the present study, we evaluated kinetics of humoral and
cellular responses to the A/California/7/2009 (A(HIN1)
pdm09) v-like strain vaccine in renal transplant patients
compared to healthy individuals and addressed the issue of
cross-reactivity with the seasonal flu vaccine. Considering
the concerns of adverse effects, another main focus of this
study was to investigate the safety of the vaccine by exam-
ining the concentrations of serum creatinine and inflamma-
tion-associated protein IP-10 as surrogate markers for graft
function [19, 20] as well as alloreactive T-cell responses pre-
and postvaccination [18, 21].

Materials and methods
Study population

Sixteen renal transplant recipients (RTRs, transplant out-
patient units of the University Hospital Charité, Campus
Virchow, Berlin) were enrolled in the study. Seventeen
healthy volunteers (HV) who were matched for age and
gender were included as controls. Patients and controls were
excluded for having symptoms of influenza before the
vaccination. The immunosuppressive regimens after trans-
plantation are listed in Table 1. Both groups were vacci-
nated between October and November 2009 (day 0) with
single ASO3 adjuvant-containing A/California/7/2009
(A(HIN1)pdm09) v-like strain vaccine Pandemrix®
(GlaxoSmithKline, Berlin, Germany), for the first time.
Additionally, RTRs received a booster vaccination on day
21. None of the participants received a seasonal vaccination
by Mutagrip in parallel. Blood samples for FACS analysis
were collected at days 0, 21, and 28 for all participants.
Vaccine safety was assessed by adverse event report, graft
function, and serum creatinine measurements at days 0, 21,
and 28 and at a later time points at 2, 3, and 6 months.
Antibody responses were determined at days 0 and 21 and
additionally at day 90 for RTRs only. Detailed patient
control characteristics are shown in Table 1. The study was
initiated after obtaining an approval by the local ethics
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committee, and the study was carried out upon obtaining a
signed informed consent from all the participants.

Isolation and in vitro stimulation of peripheral blood
mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from heparinized whole blood by density gradient
centrifugation using Ficoll-Paque (Amersham Pharmacia
Biotech AB, Sweden) and cultured in RPMI 1640 media
containing 0.3 mg/mL glutamine, 100 U/mL penicillin,
0.1 mg/mL streptomycin (Invitrogen), and 10 % human
AB serum (PAA Laboratories, Coelbe, Germany). To
assess cross-reactivity seasonal flu vaccine (MUTA-
GRIP®, Sanofi Pasteur MSD, Leimen, Germany) con-
taining antigens of inactivated virus strains, A/Brisbane/
59/2007 (HINI1), A/Brisbane/10/2007 (H3N2), and
B/Brisbane/60/2008 were applied. Cells were stimulated
for 16 h with A/California/7/2009 (A(HIN1)pdmO09)
v-like strain vaccine (Pandemrix®), seasonal flu vaccine
(MUTAGRIP®), combined tetanus/diphteria toxoid vac-
cine (TT/DT), or staphylococcal enterotoxin B (SEB;
Sigma, positive control) at a final concentration of 2 pg/
ml, respectively, or left unstimulated (negative control).
Secretion inhibitor Brefeldin A (Sigma) was added for the
last 14 h of culture.

Phenotyping, intracellular cytokine staining, and FACS
data analysis

After antigen stimulation, PBMCs were surface-stained
using a panel of fluorochrome-conjugated mAbs including
CD3 (BD Biosciences, San Diego, USA), CD4 (BD Bio-
sciences Pharmingen, San Diego, USA), CD69 (BD Bio-
sciences, San Diego, USA), and CD40L (Miltenyi Biotec,
Bergisch Gladbach, Germany). Intracellular cytokine
staining for IFN-y (eBiosciences, Frankfurt, Germany) and
IL-2 (BD Biosciences, San Diego, USA) was performed
using the BD Cytofix/Cytoperm Fixation/Permeabilization
Kit according to manufacturer’s instructions (BD Biosci-
ences, San Diego, USA). Approximately 2 x 10°
CD3 + T cells per sample were acquired using a LSRII
flow cytometer (BD); analysis was performed with FlowJo
software (Treestar, Ashland, USA).

Antibody titers

Influenza-specific serum antibody titers were measured by a
standard hemagglutination inhibition (HI) assay, using the
2009 HINI reference strain A/California/07/2009 and
erythrocytes from turkey hens as previously described [22].
Pre- (day 0) and postvaccination (at days 21 and 90) sera were
tested simultaneously. An international A(HIN1)pdm09
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Table 1 Clinical characteristics

. Characteristics Patients Controls
of patients and controls enrolled
in the study Sex (female/male) 412 5/12
Age (median; range; years) 47 (19-65) 42 (24-59)
Transplant age (median; range; months) 48 (8-187)
Serum creatinine (median, range; mg/dL)
Day 0 1.61 (0.79-2.05)
Day 21 1.64 (0.80-2.78)
Day 28 1.76 (0.88-2.63)
2 month 1.62 (0.96-2.71)
3 month 1.51 (0.94-2.61)
6 month 1.54 (0.94-2.65)
Maintenance immunosuppressive regimen*®
MP Methylprednisolone, TAC CNI/MMF/Pred 10
tacrolimus, CsA cyclosporine A, MP/RAPA + MMF 2
Sir sirolimus, MMF MMEF/Pred or Pred/CsA or TAC/MMF or MMEF/Pred/ 1
mycophenolate mofetil, and n.d. CsA#*
not in a detectable range .
. . IP10 (median, range; mg/dL), day O 53.26 (16.73-148.15) 29.81
* Immunosuppression at time (22.56-37.05)
point of PBMC sampling . ' ’
IP10 (median, range; mg/dL), day 21 70.32 n.d.

** One of immunosuppressive
regimen applied per one patient

(38.68-1073.86)

serum standard (National Institute for Biological Standards
and Control, London, UK) served as positive control.

Alloreactive T-cell detection

Alloantigen-specific cellular immune responses were
determined by IFN-y ELISPOT as previously described
[23]. Briefly, 96-well multiscreen filter plates (Millipore,
MAIPS 4510) were coated with a primary IFN-y mono-
clonal antibody (a-human IFN-y, Endogen M700A) at a
concentration of 3 pg/ml. Responder PBMC (3 x 10°)
were tested in triplicate against a panel of 3 HLA-typed
allostimulator B cells at a ratio of 1:1 (3 x 10°) or 2.5 pg/
ml of Staphylococcus Enterotoxin B (SEB; Sigma, positive
control) or medium alone (negative control). After devel-
oping and visualizing, the resulting spots were counted
using a computer-assisted ELISPOT reader (Immunospot,
Cellular Technologies, Ltd., Cleveland, OH, USA). The
number of SFU/10° PBMC per well was calculated from
triplicates after subtractions of the negative control. Posi-
tive ELISPOT signals were predefined as containing at
least 10 SFU per well after subtraction of the negative
control.

IP-10 ELISA

IP-10 level was measured for assessing the risk of graft
rejection as described previously [20]. IP-10 was measured
in urine from renal transplant patients and healthy donors at
days O and 21 by an IP-10 ELISA kit (Hycult Biotech)

using the manufacturer’s protocol. The IP-10 cut-off level
of 200 pg/ml was determined in our previous study to be
predictive for allograft rejection [20].

Statistical analysis

Statistical analysis was conducted using SPSS software
version 16 (SPSS Inc., Chicago, IL). Results were pre-
sented as median (range). To compare frequencies of
cytokine-producing T cells at days 0, 21, and 28, the
Mann—-Whitney U test and two-sided Wilcoxon signed rank
sum test for nonparametric dependent samples were run to
determine statistical significance, as appropriate.

Results

Demographic characteristics and safety data of study
population

Sixteen renal transplant recipients (median age 47; range
19-65) and 17 healthy controls (median age 42; range
24-59) were enrolled in the study. Detailed characteristics
of the patients are shown in Table 1. Two out of 16 patients
were excluded during the course of the study due to vac-
cination-unrelated illness and refusal of further participa-
tion, respectively. All RTRs received a second vaccination
on day 21. The vaccine was well tolerated by all study
participants. No adverse events or influenza infections
occurred after vaccination in all patients and controls. No
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cases of acute rejection occurred during 12 months fol-
lowing vaccination.

Induction of HIN1-specific T cells after primary
A(HIN1)pdm09 vaccination

Influenza-specific cellular immunity before and after vac-
cination was analyzed by flow cytometric enumeration of
activated CD1547CD4" T cells and the respective cyto-
kine expression regarding IFN-y and IL-2 after in vitro
stimulation for 16 h with A(HIN1)pdm09 vaccine (Pan-
demrix®). The data show that the frequencies of
A(HIN1)pdm09-specific CD1547CD4™ T cells in 14 out
of 16 RTRs and all healthy controls were increased
3 weeks after the vaccination compared to baseline (base-
line: median 0.000 %, range 0.000-0.066 % and day 21:
0.909 %; 0.000-1,870 %, p = 0.0092).

Correspondingly, the percentage of activated CD4" T
cells producing IFN-y and IL-2 also significantly increased
in 14 out of 16 RTRs (baseline: median 0.000 %, range
0.000-0.057 % vs. day 21: median 0.135 %, range
0.015-0.510 %, p = 0.0104 for IFN-y and baseline: median
0.000 %, range 0.000-0.170 % vs. day 21: median 0.228 %,
range 0.013-0.967 %, p = 0.0226 for IL-2), and all controls
(baseline: median 0.075 %, range 0.027-0.488 % vs. day 21:
median 0.242 %, range 0.016-0.810 %, p = 0.0029 for
IFN-v and baseline: median 0.092 %, range 0.014-0.553 %
vs. day 21: median 0.336 %, range 0.020-0.793 %,
p = 0.0046 for IL-2), respectively (Fig. 1).

With regard to the further kinetics of T-cell response, we
observed a peak of the HINI1-specific T-cell response on
day 21 in RTRs and controls for CD154"IFN-y" popula-
tions and IL-2" population of RTRs. These cells showed a
plateau until day 28. In contrast, IL-27CD4" T cells in the
control group were increasing up to day 28 (day 21: median
0.336 %, range 0.020-0.793 % vs. day 28: median
0.468 %, range 0.017-1.163 %, p = 0.0046; Fig. 1).

Of interest, 33 % RTRs and 100 % controls had
detectable HI1N1-specific IFN-y and/or IL-2 CD4 + T
cells already before vaccination.

Immunosuppressed patients mount a sufficient cellular
immunity already after the first A(HIN1)pdmO9
vaccination

In order to assess the impact of immunosuppressive treat-
ment on the vaccine-induced cellular immunity, we com-
pared the magnitude of A(HINI1)pdmO09-specific T-cell
response between RTRs and healthy controls. Although the
frequencies of IFN-y-producing T cells at day 21 were
slightly reduced in RTRs as compared to healthy individ-
uals (0.135 and 0.242 %, p = 0.046), we did not observe
differences for IL-2-producing T helper cells (0.228 % in
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RTRs vs. 0.336 % in HV, p > 0.05) (Fig. 2a). Moreover,
analyses of A(HINI)pdmO9-specific T cells simulta-
neously producing IFN-y and IL-2 in transplant patients
identified the frequencies that were comparable to healthy
controls (Fig. 2b).

Impact of A(HIN1)pdmO9 vaccination on seasonal flu-
specific T cells

To examine whether A(HIN1)pdmQ9 vaccination is also
able to concomitantly induce cross-activation of T cells
with other influenza specificities, we analyzed T-cell
immunity against trivalent seasonal influenza vaccine
(MUTAGRIP®) before and after AMHIN1)pdm09 vacci-
nation. In parallel, TT/DT vaccine-specific T-cell respon-
ses were analyzed, in order to exclude that the observed
seasonal flu-specific response are not due to bystander
activation. Interestingly, we detected increase in seasonal
flu-specific T cells upon A(HINI)pdm0O9 vaccination.
Thus, there were significantly higher frequencies of sea-
sonal flu-specific T helper cells on day 21 vs day O that
produced IL-2 (baseline: median 0.051 %, range
0.000-0.497 % vs. day 21: median 0.258 %, range
0.086-0.686 %, p = 0.033) and IFN-y (baseline: median
0.038 %, range 0.000-0.430 % vs. day 21: median
0.205 %, range 0.041-1.040 %, p = 0.029) in RTRs. The
control group exhibited a similar increase that was also
significant regarding both IFN-y (baseline: median
0.218 %, range 0.032-0.4297 % vs. day 21: median
0.452 %, range 0.110-0.740 %, p = 0.002)- and IL-2
(baseline: median 0.223 %, range 0.023-0.486 % vs. day
21: median 0.372 %, range 0.074-0.996 %, p = 0.023)-
producing T cells.

Comparison of seasonal flu-specific T-cell immunity
after A(HIN1)pdm0O9 vaccination between transplant
patients and healthy controls identified similar frequency
differences obtained for pandemic flu-specific T cells.
Thus, on day 21, the seasonal flu-induced IFN-y-producing
CD4™" T cells were detected in lower frequency in RTRs
compared to healthy controls (0.205 and 0.452 %,
p = 0.046), Fig. 3a. No statistical differences were
observed for IL-2-producing seasonal flu-specific T cells
between RTRs and controls, Fig. 3b.

Bystander T-cell activation was investigated by com-
paring the frequencies of TT/DT-specific T cells at day O
and day 21 after vaccination. Herein, we did not observe
any significant increases of TT/DT-specific T cells after
A(HIN1)pdmO9 vaccination in RTRs and controls,
respectively (p > 0.05), Fig. 3c. Together, this suggests
that A(HIN1)pdm09 vaccination boosts seasonal flu-spe-
cific immunity due to cross-reactivity rather than general
bystander activation that would equally have affected the
tetanus/diphteria response.
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Fig. 1 Kinetics of A(HINI)pdm09 vaccination-induced cellular
immunity in renal transplant patients and healthy controls. The figure
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Protective antibody response requires an additional
booster dose of A(HIN1)pdm09 vaccine in RTRs

Humoral response to vaccination was measured by
assessing seroconversion (antibody titer increase pre/post
vaccination > fourfold) and seroprotection (postvaccina-
tion HI titer of 1:40 or more) rates. For this purpose, HI
titers against A(HIN1)pdm(09 were analyzed pre- (day 0)
and postvaccination (day 21) in RTR and healthy controls.
According to recommendation of the Advisory Committee,
all RTRs were boosted with pandemic flu vaccine on day
21 and additionally investigated at day 90.

While preimmunization HI titers, absent in RTRs,
12.5 % healthy individuals exhibited serum titers higher
than 1:40, indicating previous immunization or infection
(Fig. 4). Postvaccination, seroprotection, and seroconver-
sion rates of 93.33 % were present in healthy individuals
until day 21 (1:960 median, range 1:60-1280; Fig. 4). In
contrast, only 13.3 % of RTRs developed protective HI
antibody titers until day 21 (1:40 median, range
1:40-160). Interestingly, 90 % of the patients developed
seroconversion/seroprotection on day 90 with rates com-
parable with the percentage rate of the control group on
day 21 (93.33 %). Interestingly, the median HI titers were
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Fig. 4 Efficient protective antibody induction after A(HIN1)pdm09
booster vaccination. All individuals were pandemic flu vaccinated
(day 0), and the renal transplant recipients (RTRs) received a booster
vaccination (day 21). Pandemic flu-specific antibody serum concen-
trations were determined. Data show the rate of seroprotected
individuals (transplant n = 14, healthy n = 17). No seroprotection
was found in RTRs prior vaccination. In contrast, 12.5 % of controls
showed titers of 1:40 or more at day 0. Arrow illustrates the low rate
of seroprotection in RTRs at day 21

significantly higher in the control group compared to
RTRs postvaccination (1:160, range 1:10-1:1280 for
RTRs and 1:960, range 1:30-1:1280 for controls;
p < 0.05). These data suggest that immunosuppressive
therapy reduces the vaccine-specific serum Ig induction
and indicate that an additional booster vaccination is
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required in immunocompromised patients to achieve
protective humoral immunity.

Safety of A(HIN1)pdmQO9 vaccination in renal
transplant patients

For assessing the safety of A(HINI1)pdmO9 vaccination
with regard to an induction of allospecific immunity as a
vaccination side effect, we analyzed urine IP-10 concen-
trations (days O and 21) that were previously identified as a
predictive marker of graft rejection [20]. Postvaccination
IP-10 concentrations were below the cut-off level of
200 pg/ml in both groups, except for one patient (Table 1).
This patient showed an increased IP-10 level of 1073.9 pg/
ml on day 21. Analysis of serum creatinine at days 0, 21,
and 28 and the follow-up at months 2, 3, and 6 showed,
however, no graft function deterioration. There were also
no significant changes in creatinine concentration in other
RTRs at all time points, indicating unaltered graft function
(Table 1). In addition, we assessed frequencies of allore-
active T cells before (day 0) and after (day 21) vaccination
in four patients by IFN-y ELISPOT, respectively.

Allospecific immunity was analyzed by stimulating
patient PBMCs with B cells HLA matched to the transplant
donor as previously published by us [23]. No alloantigen-
specific IFN-y-producing T cells were detectable pre- and
postvaccination in all investigated RTRs including the
patient with the highly elevated IP-10 level presented
above. These data imply stable graft function upon
A(HIN1)pdmO9 vaccination.

Discussion

Influenza is the seventh leading cause of death in the USA,
with immune-compromised populations accounting for
>90 % of influenza-related deaths [24]. Being immuno-
logically different from other influenza strains, the
A(HIN1)pdm09 virus infection caused about 256000 hos-
pitalization cases with unusual high frequency of severe
diseases in younger and otherwise healthy patients [24].
While data on humoral response in immune-compromised
patients such as transplant populations have been published
in some previous studies [8—10, 25], no comprehensive
data on induction of both humoral and cellular immunity
after vaccination with A(HINI)pdm(09 in transplant
patients are available. In this study, we demonstrate that
despite immunosuppression, protective antibody titers can
be induced in the majority of kidney transplant patients. In
contrast to healthy individuals, however, an additional
booster vaccination is required to establish seroprotection/
seroconversion. In contrast to humoral response, sufficient
cellular immunity was evident already after the first/single

vaccination in renal transplant patients with, frequencies
and quality of A(HINI)pdmO9-specific T cells mostly
comparable to that of healthy individuals. To our knowl-
edge, this is the first study demonstrating the kinetics of
cellular immunity preceding the humoral response and
establishes already after the first vaccination shot. Most
importantly, our results indicate that A(HIN1)pdmO09
vaccination was safe and well tolerated by all patients.

Overall, studies are available regarding the immunoge-
nicity and safety of the pandemic influenza vaccine in
immunosuppressed hosts with most authors focusing on
humoral immunity [25-30]. De Lavallade also addressed
cellular immune responses by detecting A(HIN1)pdmO09-
specific T cells in a cohort of stem cell transplant patients
[31]; however, no data on cellular immunity kinetics in
particular with regard to the first/booster vaccination have
been obtained. Here, we provide evidence that despite the
absence of protective antibody titers at day 21 after a single
vaccination, a robust T-cell response could be mounted in
all kidney transplant patients. The percentage of activated
CD4 + T cells producing IL-2 and/or IFN-y was signifi-
cantly increased compared to baseline with the frequencies
exceeding previously published data on CMV-, and BKV-
specific T-cell immunity in transplant patients of our center
[32, 33].

Of special interest are the data on cytokine-producing
cells. Previous studies by some groups including our own
demonstrated an important role of so-called multifunc-
tional CD4 + T cells simultaneously producing different
cytokines for the clearance of viral infections [32, 34].
Using the advantages of multicolor flow cytometry, we
analyzed the frequencies of IL-2/IFN-y double CD4 + T
cells producers. Surprisingly, the frequencies were at
comparable levels in patients and healthy controls, dem-
onstrating neglectable effect of immunosuppression on the
quality of cellular immunity in studied renal transplant
patients.

Although vaccinations are generally safe and well tol-
erated in transplant populations, there were some concerns
about allosensitization that might be provoked by influenza
immunization [35]. Therefore, we were wondering whether
A(HIN1)pdmO09 vaccination can trigger immune response
against antigenic specificities other than A(HIN1)pdm09.
For this purpose, we analyzed T cells specific for TT/DT
toxoid vaccine and allospecific B cell bank—which reflect
the level of unspecific/bystander activation. We did not
observe increase in TT/DT-specific or allospecific T cells
following vaccination with A(HIN1)pdm09 vaccine, sug-
gesting lack of unspecific/bystander activation. On the
other hand, we analyzed cross-reactivity of T cells specific
for seasonal flu vaccine containing antigens of inactivated
influenza A/Brisbane/59/2007 (HIN1) strain with 79 %
homology of hemagglutinin and 81 % homology of
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neuraminidase antigens to the A(HIN1)pdmOQ9 strain. We
found a clear frequency rise in seasonal flu-specific
CD4 + T cells after vaccination with A(HIN1)pdm09
vaccine. This finding suggests that preexisting memory T
cells against seasonal flu have been cross-activated by
A(HIN1)pdm09 vaccination due to the close relation or
more specifically shared epitopes between circulating sea-
sonal influenza viruses and the A(HIN1)pdmO09 virus [36—
39]. In fact, a bioinformatic study on influenza epitope
prediction revealed highly conserved cross-reactive
CD4 + T-cell epitopes in the hemagglutinin antigen
(95-100 %) for seasonal HIN1 and A(HINI1)pdmO9
strains [38].

Of interest, previous data on A(HIN1)pdm09 humoral
immunity published by Allwinn et al. demonstrated pre-
existing neutralizing antibodies in 19 out of 145 tested
individuals [40, 41]. In line with these data, we also
showed preexisting seasonal influenza-specific T cells and
A(HIN1)pdmO09-specific T cells in control group already
before vaccination. Therefore, we wondered whether the
previous vaccinations might be responsible for the main-
tained cellular immunity. The detailed evaluation of vac-
cination history revealed a low incidence with annual flu
vaccination in 8 %, once in 5 years in 16 %, a single
vaccination 10 years ago in 33 %, and no flu vaccination in
50 %, suggesting that the preexisting cellular immunity can
be rather explained by the history of clinically unapparent
influenza infections. Similarly, on the other hand, despite
the low vaccination history, no previous cases of clinically
apparent influenza infections were reported by study par-
ticipants. It is well known that CD4 + T cells provide
indirect help in viral clearance by secreting cytokines to
activated CD8 4+ T cells and inducing antibodies that
neutralize the virus [42, 43]. More recently, a direct role for
CD4 T cells has been suggested in chronic virus infection
[44] to induce differentiated cytotoxic CD4 + T cells [45].
Interestingly, multifunctional CD4 + T cells expressing
IFN-y and perforin directly promoted protection against
lethal influenza virus infection in mice [46]. A recent
human experimental study on influenza-infected healthy
controls demonstrated that preexisting CD4 + T cells
respond to influenza-conserved epitopes, limiting viral
shedding and severity of infection independent of the
antibody titers [47]. Taken together, these data might
indicate the protective role of IL-2/IFN-y-producing
memory T cells detected in our study and explain the lack
of clinically apparent influenza infection reported in the
study population.

In line with our finding regarding the dichotomy of
cellular and humoral responses, Ballet et al. [48] showed
that cellular responses against seasonal influenza vaccine
did not differ between healthy volunteers and immuno-
suppressed kidney-transplanted patients, despite reduced
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humoral responses in the latter group. Interestingly, in
contrast to RTRs under immunosupression, operationally
tolerant patients showed similar titers as control individu-
als, thereby directly demonstrating the effect of medication
on vaccination-induced humoral immunity.

The quality of anti-infectious defense is dependent on
the interplay of cellular and humoral immunity [49]. While
T-cell responses are essential for viral clearance, protective
antibodies are important for host defense of an acquired
influenza infection [50-52]. In our study, RTRs were
assessed for the presence of protective antibody titers
against A(HIN1)pdm09 on days 0, 21, and 90. Only
13.33 % of the renal transplant recipients developed
humoral protection until day 21 after the first
A(HIN1)pdmO09 vaccination. Nevertheless, after applica-
tion of an additional booster dose of A(HINI)pdm09
vaccine on day 21, 90 % of RTRs developed seroprotective
antibody titers of 1:40 or more. A beneficial effect with a
higher antibody response after a booster dose was also
observed in studies with children [53, 54]. In line with that,
an enhanced immune response with seroconversion rate
increase from 41.2 % after the first vaccination to 81.8 %
after the second vaccination was observed in patients with
hematopoietic stem cell transplantation [41]. In addition,
influenza A(HIN1)pdm09 vaccination elicited weaker
antibody responses in solid-organ transplant patients
compared to healthy controls or HIV patients in a recent
publication [28]. However, in the same study, several
healthy individuals who were seronegative at day 21 still
seroconverted until day 49, suggesting slower kinetics in
this subgroup. On this background, one could speculate that
some of our patients might have reached sufficient anti-
body titers at later time points even without revaccination.
Otherwise, the data by Bickel et al. [55] showed a signif-
icantly higher seroconversion rate in HIV patients repeat-
edly vaccinated by adjuvanted HIN1 vaccine during two
seasons as compared to one-dose vaccination schedule,
indicating the importance of a booster vaccination in
immunocompromised patients.

The use of adjuvant-containing vaccines in immuno-
suppressed hosts is controversially discussed [56, 57]. As a
consequence, most of the past large studies applied influ-
enza vaccines without adjuvants for immunization of SOTs
in which no increase in rejection rates or adverse effects
after vaccination were shown [10, 11, 26]. In contrast, one
study indicated that alloresponses in SOT recipients could
be potentially triggered by influenza vaccination [16]. In
our study, adverse events of AS03-adjuvanted influenza
A(HIN1)pdmOQ9 vaccination were determined by quanti-
fying urine concentrations of the proinflammatory cytokine
IP-10 along with serum creatinine levels and alloantigen-
specific IFN-y T cells. Most importantly, we did not
observe rejection episodes; in addition, all vaccinated
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patients exhibited stable serum creatinine concentrations.
Furthermore, IP-10-levels were elevated in only one
patient, in whom no organ dysfunction/rejection episode
and no increase in alloantigen-specific IFN-y T cells after
A(HIN1)pdmOQ9 vaccination were observed, indicating
independent reasons for IP-10 upregulation.

Our study has also some limitations. They include the
single-center nature of the study as well as relatively small
number of patients and healthy volunteers. Due to logistic
reasons (high work load associated with cell stimulations
and measurements and vaccination-determined limited
patient recruitment time), we were able to analyze only a
limited number of patients. Nevertheless, our study has a
pilot character with robust statistical results. Although our
results convincingly indicate that A(HIN1)pdmO09 vacci-
nation was effective, safe, and well tolerated by all
patients, a large-scale multicenter trial is required to vali-
date these findings.

In conclusion, we demonstrate that in immunosup-
pressed patients, a prime-boost regimen is required for the
induction of humoral immunity against A(HIN1)pdm09. In
contrast, cellular immunity appears to be not altered under
immunosuppressive therapy and is established already after
the first vaccination. These data suggest that sufficient
cellular immune response might enable viral clearance and
resolution of HINI1 infection transplant patients already
after the first immunization. However, to establish sero-
protection preventing infection with influenza virus, second
vaccination is required. In addition, due to the lack of
adverse events including alloimmunity, adjuvant-contain-
ing boost vaccination appears to be an appropriate regimen
for immunosuppressed patients.
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