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immunogenicity. We therefore investigated the immunogenicity and safety of a double dose non-
adjuvanted vaccination regimen against influenza HIN1pdm2009 in kidney transplant adult recipients.
Methods: A prospective single-arm study was conducted including 121 renal transplant recipients under
triple immunosuppressive regimen. Patients received 2 injections (day 0, day 21) of an inactivated, non-
adjuvanted H1N1pdm2009 vaccine. Immunogenicity (hemagglutination-inhibition [HI] antibodies and
anti-hemagglutin [HA] specific T cells) was evaluated after one and two injections (day 21, day 42) and
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Non-adjuvanted vaccine at 6 months (day 182).
Immunosuppressed patients Results: The seroprotection rate (HI antibody titer > 1/40) was 19% at day 0 (n=119), 53% at day 21
Kidney transplantation (n=118),60% at day 42 (n=116) (p=0.013; day 42 vs. day 21) and 56% at day 182 (n=113). The serocon-

version rate was 24% and 32%, the geometric mean fold rise was 3.7 and 4.6 after the first and second
injections, respectively. T-cell immunity to the HIN1pdm2009 vaccine showed a two-fold increase from
baseline, though not statistically significant, in HIN1pdm2009-HA-specific CD4+ and CD8+ T cells in 34%
and 48% of cases, respectively. No rejection episodes related to vaccination were observed while the
donor-specific antibodies and creatinine clearance remained unchanged throughout the study.
Conclusion: Administration of two doses of the non-adjuvanted influenza HIN1pdm2009 vaccine in renal
transplant patients is safe and induces a significant seroprotection, not strong enough yet to meet Euro-
pean or US requirements for adults below 60 years, but comparable to seroprotection levels usually
observed in the non immunosuppressed elderly population or conferred by a single dose of adjuvanted
vaccine in solid organ transplant recipients. These results provide useful indications for future strategies
required to improve immunogenicity of vaccines against influenza in transplanted patients.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Influenza infection in transplant recipients is associated with
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however limits vaccine immunogenicity, and a strongly immuno-
genic vaccine to elicit protective immunity without triggering
graft rejection. Data on the efficacy of seasonal influenza vaccina-
tion in kidney transplant recipients are conflicting. Some studies
report a suboptimal response to influenza vaccine in these patients
[7-10], while other showed no differences with healthy persons
[11-13]. When the HIN1pdm2009 virus appeared, most countries
recommended using two injections of either an adjuvanted or a
non-adjuvanted inactivated monovalent A H1IN1pdm2009 vaccine
inimmunocompromised individuals[14,15]. Studies demonstrated
a weak immunogenicity of a single dose of the non-adjuvanted
anti-H1N1pdm2009 vaccine in relatively small groups of kidney
transplant recipients [16,17]. A very small study failed at demon-
strating improvement after a second dose [18], while the addition
of an adjuvant to improve immunogenicity remained controversial
[19-24].

Altogether those studies used the criteria normally used to
test influenza vaccines in immunocompetent populations under
60 years old, but consensus criteria have not been defined for the
immunosuppressed population [25-27]. This latter group might be
better compared with the elderly population in whom seasonal and
pandemic influenza vaccines are highly recommended but poorly
immunogenic and lower levels of the three reference criteria rec-
ommended in Europe have been judged acceptable.

To better investigate the immunogenicity and safety of two
injections of a non-adjuvanted HIN1pdm2009 vaccine in kidney
transplanted populations, which had been thus recommended in
France, we conducted a prospective single-arm clinical trial eval-
uating these parameters after one and two injections as well as
the immune memory at 6 months, in 121 renal transplant patients
under maintenance therapy with triple immunosuppressive regi-
men.

2. Materials and methods
2.1. Vaccine

The non-adjuvanted monovalent A/H1N1pdm2009 inactivated
split-virion vaccine from Sanofi-Pasteur SA was prepared from the
reassortant virus NYMC X-179A (New York Medical College, New
York) generated from the A/California/07/2009 (H1N1) strain as
recommended by World Health Organization [28], and contained
15 wg HA in each 0.5 mL dose.

2.2. Study design

This phase 2, prospective, single-arm, clinical trial was per-
formed in three transplantation centers in France. Renal transplant
patients received two intramuscular injections (in deltoid muscle)
of influenza A HIN1pdm2009 vaccine administered 21 days apart.
Patients eligible to participate in this study were 18-65 years of age,
benefited of renal transplantation at least 6 months ago, with a cre-
atinine clearance >20 mL/min, had stable renal function defined as
serum creatinine variation <20% for the last three months, were
receiving a triple immunosuppression regimen including steroids,
calcineurin inhibitors (cyclosporine or tacrolimus) and IMPDH
inhibitors (mycophenolate mofetil or mycophenolic acid).

Main exclusion criteria were: pregnancy, acute rejection
episode during 3 months before inclusion, known human immu-
nodeficiency virus (HIV) infection, on-going treatment for chronic
hepatitis B or active hepatitis C, allergy to egg or other vaccine
components, severe adverse events after prior administration of
any influenza vaccine, multiple sclerosis, history of Guillain-Barré
syndrome, fever at inclusion, influenza (virologically documented)

during the last 6 months, contact with people infected with HIN1
influenza during the week prior to inclusion.

Written informed consent was obtained from each patient.
The protocol (ClinicalTrials. Gov: NCT01086904) was conducted in
accordance with the Declaration of Helsinki and French law, and
approved by the local Ethics Committee (“Comité de Protection des
Personnes Ile-de-France III”, Paris).

2.3. Laboratory assays

Blood samples, for assessment of hemagglutination-inhibition
(HI) antibodies were planned prior to vaccination (DO0), 21 days
after each vaccine injection (i.e., day 21 (D21) and day 42 (D42)
after first injection) and at day 182 (D182).

Specific antibody assays were performed at Sanofi-Pasteur
Global Clinical Immunology Laboratory (Swiftwater, PA, USA). The
titer of antibodies against the vaccine strain was measured in dupli-
cate for each sample by a validated HI method according to the
WHO Collaborating Center for Influenza, Centers for Diseases Con-
trol, Atlanta, USA [29].

Specific T cell-mediated responses was evaluated in a sub-
study of 29 patients from a single center using multiparametric
intracellular cytokine staining (ICS) flow cytometry assay as previ-
ously described [30]. Thawed peripheral blood mononuclear cells
(PBMCs) (above 85% viability) were stimulated for 5h with pools
of overlapping 12-18mer peptides covering the whole influenza
A/California/07/2009 (H1N1) hemagglutinin (HA) (Eurogentec®,
Liege, Belgium) together with brefeldin A and monensin (Sigma®);
positive and negative control were staphylococcal enterotoxin
B (SEB) and culture medium alone respectively. Cells were
stained using anti-CD4-ECD (Beckman Coulter®), anti-CDS-APC-
Cy7, anti-CD3-Pacific Blue, anti-CD40L-PE, anti-IFNy-Alexa700,
anti-IL2-APC, anti-TNFa-PCy7 (BD Bioscience®) and anti-MIP13-
FITC (RD Systems®) monoclonal antibodies. At least 1 million
cells were analyzed on a Gallios® Flow Cytometer and with
Kaluza® (Beckman Coulter®). Results were expressed as the sum
of frequency of HIN1pdm2009-HA-specific CD4+ or CD8+ T cells
producing IFNv, IL2, TNFa, and MIP13 and/or expressing CD40L,
after subtracting background values of negative controls.

2.4. Safety assessment

Patients were provided with diary cards to record the occur-
rence and severity (graded as mild, moderate or severe) of solicited
local or general reactions and any unsolicited adverse events during
21 days after vaccination. Temperature was recorded daily during
7 days after vaccination.

Subjects having an influenza-like illness defined as tempera-
ture above 37.8 °C with at least one influenza-like symptom were
evaluated with virological test.

All patients were tested for the presence of donor-specific anti-
HLA antibodies on DO and after the second injection on D42, using
a highly sensitive solid phase detection assay (LABScreen Single
Antigen Class I - Group 4 and Single Antigen Class Il - Group 1; One
Lambda Inc., Canoga Park, CA).

2.5. Statistical analysis

A sample size of 120 patients was needed according to the
standard criteria for evaluation of influenza vaccines [31].

Immunogenicity was analyzed by the standard HI endpoints
(with 95% confidence intervals) used by EMEA for evaluation of
influenza vaccines [25-27]: (1) seroprotection rate (HI antibody
titer > 1/40), (2) seroconversion rate (pre-vaccination titer<1/10
and a post-vaccination titer > 1/40 or at least a four-fold increase
in post-vaccination titer) and (3) geometric mean fold rise (ratio
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of geometric mean titers (GMT) of post-vaccination and baseline
antibody titers). For proportions of subjects with HI antibody, exact
confidence intervals were built. For GMT and geometric mean fold
rise, 95% confidence intervals were computed by taking the expo-
nent (logig) of the mean and of the lower and upper limits of the
95% CI of the log;o-transformed titers, and were compared using
paired t-test. The seroprotection rates were compared using the
Mac Nemar's test.

3. Results
3.1. Study patients

From November to December 2009, 121 renal transplant
patients were enrolled and received a first injection of vaccine
(Fig. 1); three patients did not receive the second injection (con-
firmed H1NT1 influenza, n=1; patient request after influenza-like
episode without virological analysis, n=1; patient request after
fainting following first injection; n=1). Patients’ characteristics are
described in Table 1.

3.2. Immunogenicity

At baseline, 19% of patients had seroprotection (HI antibodies
titers > 1/40) against A/California/07/2009 (H1N1) with 23% sero-
protected among the 61 patients who had previously received the
seasonal influenza vaccine, compared to 16% among the 58 who did
not received it (p=0.30). Overall, the proportion of patients with
seroprotection significantly increased to 53% at D21, 60% at D42
(p=<0.0001 for both) and remained at 56% on D182.

Seroconversion rates were 24% at D21, 32% at D42 and 30% at
D182. GMT increased from 13 at baseline to 48 at D21, 59 at D42
and remained stable at 52 on D182. GMT significantly rise from
baseline, was 3.7 at D21 and 4.6 at D42 (p <0.001 for both) and was
maintained at 4.0 on D182 (Table 2).

Table 1

Demographic and clinical characteristics of the patients of the TRANSFLUVAC study.
Characteristics n=121
Sex, n (%) of men 89/121 (74)
Median age (min-max), years 50.9 (20-64)

Geographic origin, n (%) -

Caucasian 103/121(85)
African 6/121(5)
Asian 2/121(2)
Other 10/121(8)
Median time since renal transplantation, 3.4(0.5-21)

(min-max), years
Anti-rejection regimen, n (%)

Prednisone/prednisolone + tacrolimus 77/121 (64)

+MMF
Prednisone/prednisolone +cyclosporine 44/121 (36)
+MMF

Estimated creatinine clearance?, median 54 (23-127)
(min-max), mL/min/1.73 m?

Coinfections, n (%)
HBV 2/121(2)
HCV 2/120(2)
HIV 0

Received 2009 seasonal influenza vaccine, n (%) 61/121 (50)

MMF: mycophenolate mofetil/mycophenolic acid.
2 Estimated with the modification of the diet in renal disease formula.

When comparing the humoral response after one and two
doses of the vaccine, the seroprotection rate and GMT significantly
increased between D21 and D42 (p=0.013 and p=0.004 respec-
tively). Of note, eleven patients (10%) non seroprotected at D21
achieved HI titers > 1/40 after the second dose of the vaccine. The
evolution with time of the distribution of individual plots of anti-
body titers is presented in Fig. 2.

No difference in seroprotection rate was observed at D21 and
D42 among the 61 patients who received previously the sea-
sonal influenza vaccination compared to those patients who did
not receive it (data not shown). Futhermore, no differences were

122 kidney transplant patients were screened

1 1 patient not included (multiple sclerosis suspected)

A 4

121 patients were included

|

121 patients were vaccinated at day O

|

2 patients not tested at day 0

119 had data included in serologic analysis at day 0

| 1 patient with confirmed HIN1 influenza at day 3

A 4

2 not tested at day 21

118 had data included in serologic analysis at day 21

|

118 patients were vaccinated at day 21
3 patients not vaccinated at day 21

|

2 not tested at day 42

116 had data included in serologic analysis at day 42

Fig. 1. Disposition of kidney transplant patients in the TRANSFLUVAC trial.
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Table 2
Immune response in kidney transplant patients: hemagglutination inhibitory antibodies against A/California/07/2009 (H1N1).
Day 0 Day 21 Day 42 Day 182
Number of tested patients 119 118 116 113

Geometric mean titer [95% CI] 12.7 (10.0-16.0)
Seroprotection rate, n (%) [95% Cl] 23/119(19) (13-28)
Seroconversion rate, n (%) [95% CI] NA

Geometric mean fold rise [95% CI] NA

47.6 (34.3-65.9)
62/118 (53) (43-62)
28/118 (24) (16-32)
3.7 (2.8-4.9)

59.0 (43.5-79.9)
70/116 (60) (51-69)
37/114 (32) (24-42)
4.6(3.5-6.0)

52.2(38.3-71.2)
63/113 (56) (46-65)
34/112 (30) (22-40)
40(3.1-5.2)

NA: not applicable.

Seroprotection rate is defined as the percentage of patients with a HI antibody titer > 1/40; seroconversion rate as the percentage of patients with a pre-vaccination HI
titer <1/10 and a post-vaccination titer > 1/40, or showing a significant increase in antibody titer defined as a pre-vaccination titer > 1:10 and at least a fourfold increase in
post-vaccination titer; geometric mean fold rise or seroconversion factor as the geometric mean of the within-subject ratios of the post-vaccination reciprocal HI titer to the

Day 0 reciprocal HI titer.

™
'

~

— 1/40

[é”lml

Antibody titer (log,, of 1titer)

0
DO(n=119)  D21(n=118) D42 (n=116) D182 (n=113)

Titer 2 1/40e : 23119 (19%)  62/118(53%) 70/116 (60%)  63/113 (56%)
— GMT (95% Cl): 12.7(10.0-6.0) 47.6(34.3-65.9) 59.0 (43.5-79.9) 52.2(38.3-71.2)

Fig. 2. Serum titers of hemagglutination inhibitory antibodies against
A/California/07/2009 (H1N1). Antibody titers are expressed as logio of 1/titer. At
each time point, seroprotection rate, (percentage of patients with a HI antibody
titer > 1/40) and GMT (geometric mean titer) are indicated.

detected in seroprotection rate or GMT at D21 or D42 between
patients receiving tacrolimus or cyclosporine (data not shown).
Similarly, gender, time from renal transplantation and history of
diabetic nephropathy were not associated to seroprotection. Con-
trarily, participant were significantly older in the group without
seroprotection than with seroprotection at D21 and D42: mean
age (standard deviation) were respectively 50 years-old (8) vs. 46
years-old (11)at D21 (p=0.04) and 52 years-old (8) vs. 47 years-old
(11) at D42 (p=0.007).

The T cell immunity substudy was performed for 29 patients
from a single center who were comparable to the rest of the
study group except for the median time since renal transplanta-
tion (1.5 [0.8; 3.6] vs. 4.0 years [2.0; 7.2], respectively, p=0.0001)
and previous seasonal influenza vaccine (34% vs. 55%, p=0.05).
Overall, low T cell reactivity was observed throughout the study
without significant increases in the frequencies of HIN1pdm2009-
HA-specific CD4+ or CD8+ T cells producing IFNv, IL2, TNFa, MIP13

Table 3

or expressing CD40L, as shown in Table 3. Nevertheless, a 2-fold
increase in frequencies of HIN1pdm2009-HA-specific CD4+ T cells
and CD8+ T cells from DO to any post-vaccination time point was
observed in 10/29 (34%) and 14/29 (48%) vaccines, respectively. No
correlation was observed between humoral and cellular responses
yet.

3.3. Safety

The total follow-up was 56.3 patients-years. At least one
injection-site reaction or general adverse event was reported for
42/121 patients (35%): injection-site reaction for 24/121 patients
(20%) or general reaction for 28/121 patients (23%). Five imme-
diate (in 4 patients) and 27 delayed (in 19 patients) solicited
injection-site reactions were reported. The most frequent injection-
site reaction was pain. No immediate and 52 delayed (28 patients)
solicited general reactions were reported. The most frequent
solicited general reactions were headache and asthenia. The major-
ity of solicited adverse events were mild to moderate in intensity;
most of them occurred after the first injection (Table 4).

One unsolicited injection-site adverse event was reported and
14 unsolicited general adverse events were reported for 9 patients,
all graded as mild to moderate except one adverse event (faint-
ing, n=2; severe). Fifteen serious adverse events were reported;
none related to the vaccination and all related to complications of
diabetic foot, urinary infection, pulmonary embolism, acute bowel
sub-occlusion, severe hypoglycemia, removal of surgical material,
inguinal hernia treatment, steroid-induced diabetes, patellar ten-
don rupture, atrial fibrillation and glomerular renal graft rejection,
evidenced 2.5 years post transplantation. The evolution was favor-
able after treatment.

The calculated creatinine clearance (MDRD formula) did not
vary during the study (median from 54 to 55mL/min/1.73 m?
between DO and D42).

On DO, 57% of the patients and 51% on D42 were tested pos-
itive for anti-HLA antibodies. At baseline, 5 (4.1%) had anti-class
I donor-specific antibodies (DSA) with mean fluorescence index

Cell-mediated response induced by non-adjuvanted influenza A HIN1pdm2009 vaccine in kidney transplant patients: median frequencies of HIN1pdm2009-HA-specific

CD4+ and CD8+ T cell by intracellular cytokine staining flow cytometry assay.

Day 0 Day 21 Day 42 Day 182 n (%) of 2-fold increase
from DO to D21, D42 or
D182
Number of tested patients 29 28 28 29 29
CD4+ T cells, median [IQR], 0.157 [0.086; 0.228] 0.095 [0.056; 0.192] 0.106 [0.059; 0.202] 0.137[0.081; 0.271] 10 (34%)
n (%) of 2-fold increase NA 6(21.4%) 5(17.9%) 7 (24.2%)
CD8+ T cells, median [IQR],  0.076 [0.040; 0.171] 0.060 [0.017; 0.116] 0.055 [0.016; 0.240] 0.107 [0.043; 0.154] 14 (48%)
n (%) of 2-fold increase NA 7 (25%) 8 (28.6%) 12 (41.4%)

NA: not applicable.

Results are expressed as the sum of frequency of HIN1pdm2009-HA-specifics CD4+ or CD8+ T cells producing IFNv, IL2, TNFo, MIP13 and/or expressing CD40L, after

subtracting the background value of cytokine production by unstimulated PBMCs.
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Table 4
Solicited reports of injection-site and general adverse events after the injection of
the influenza A HIN1pdm2009 vaccine.

First injection, Second injection,

n=121 n=117
n (%) n (%)
Solicited injection-site reactions?

Immediate (<30 min) 2(2) 3(3)
Pain 2(2) 1(1)
Erythema 0 1(1)
Edema 0 1(1)

Delayed (>30 min) 20(17) 7(6)
Pain 11(9) 6(5)
Bruise 2(2) 1(1)
Erythema 3(3) 0
Induration 2(2) 0
Edema 2(2) 0

Solicited general reactions®

Immediate (<30 min) 0 0

Delayed (>30 min) 33(27) 19(16)
Headache 14(12) 7(6)
Asthenia 9(7) 4(3)
Chills 3(2) 3(3)
Myalgia 3(2) 2(2)
Pyrexia 2(2) 1(1)
Arthralgia 1(1) 1(1)
Hyperhydrosis 1(1) 1(1)

2 Intensity: mild, n=18; moderate, n=3; unknown, n=11.
b Intensity: mild, n=45; moderate, n=7.

(MFI) ranging from 430 to 2425; 13 (10.7%) had DSA against class I
antigens with MFI ranging from 303 to 8500. At D42, two (1.7%)
had DSA against class I (MFI of 1300 and 2058) and 12 (10.1%)
against Class Il molecules (MFI ranging from 263 to 9000). Specifici-
ties and MFIs were not modified by vaccination. Only one patient
had de novo DSA against 2 different class Il antigens but at very low
titers (MFI < positivity threshold) without clinical consequences
and remained unchanged after the second injection.

Clinical episodes suggestive of influenza A infection occurred in
3 patients, one at day 3 (virologically confirmed) and two at day 23
and day 27 (not virologically confirmed).

4. Discussion

This prospective study showed that two doses of the non-
adjuvanted H1IN1pdm2009 vaccine induce a significant, though
relatively low, immune response in renal transplant adults
with triple immunosuppressive regimen. The seroprotection rate
increased significantly from 19% to 53% and 60% after one and
two doses respectively and was maintained until 6 months
post-vaccination. Similarly, the seroconversion rate increased sig-
nificantly to 24% and 32% with a 3.7 and 4.6 fold GMT rise after the
first and second injections, respectively. Age was the only factor
negatively influencing the rate of response.

Our results after the first dose are below the EMEA criteria, as
reported after a single dose of a non-adjuvanted vaccine in 151
renal transplant recipients with 44% seroprotection and 32% sero-
conversion rates [17], but are nevertheless higher than the ones
reported in a small study of 18 kidney transplants recipients show-
ing 11% and 6% seroprotection and seroconversion rates after one
dose [18].

The benefit of a second dose to increase immunogenicity has
already been demonstrated for an adjuvanted HIN1pdm2009 vac-
cine in patients with hematological malignancies but not in renal
transplant recipients [19,32]. Our results evidenced the ability of
two dose regimen of un-adjuvanted pandemic vaccine to improve
vaccine responses in kidney transplant adults in contrast with ear-
lier studies of seasonal and pandemic vaccine in the same settings
[13,18,33,34]. Differences might be explained by a lower response

to the trivalent than to the monovalent vaccine, as recently sug-
gested in healthy subjects in whom a monovalent HIN1pdm2009
vaccine immunogenicity was slightly higher than the trivalent one,
though both reached protection criteria [35]. Importantly the two
doses of non-adjuvanted vaccine used here yielded comparable
immunogenicity to that reported after a single dose adjuvanted
pandemic vaccine where seroconversion rates ranged between 32
and 44%[19-21], except for one study with 75% in kidney transplant
adults [23].

The seroprotection and seroconversion rate and GMT we report
after two doses remained stable at 6 months, suggesting this reg-
imen might be superior to a single adjuvanted vaccine injection
showing the decline from 82% down to 22.5% at one year [23,36].
To our knowledge, this is the first demonstration that two injec-
tions of a non-adjuvanted vaccine are capable to induce a stable
immune memory at 6 months in renal transplanted adults.

The humoral immunogenicity we report, though improved by
the second dose, remains much lower than the seroprotection
rates of 92% and 80%, respectively, reported with two doses of
the same non-adjuvanted monovalent HIN1pdm2009 vaccine in
other immunocompromised populations such as HIV-infected or
SLE patients [37,38]. This suggests that the level of immunosup-
pression in kidney transplant recipients is much stronger than
in those two groups of immunosuppressed patients. Most of our
patients received tacrolimus and MMF, drugs previously associ-
ated with a profound reduction of immune response to influenza
vaccines [7,13,17,39,40]. Accordingly, the low humoral immuno-
genicity in kidney transplant recipients is in accordance with the
very weak T cell immunogenicity, though no correlations were
observed between two sets of responses, as previously reported
[9,39,41].

The time interval from renal transplantation plays a role since
patients transplanted less than 87 months before had a lower anti-
body response [40]. This could also explain our results, since 75%
of patients had been transplanted for less than 71 months. Of note,
contrasting with other studies [ 19,40], the time interval since trans-
plantation and other factors as gender and treatment did not play
a role. Age was the only factor significantly influencing the vac-
cination outcome in our study, suggesting the major therapeutic
immunosuppression administered in these transplant recipients is
provoking an accelerated immune senescence. Importantly, eval-
uation of influenza vaccines in immunosuppressed populations
questions the criteria to be used. These criteria have been defined by
the European Union Committee for Medicinal Products for Human
Use (CHMP) for immunocompetent adults below 60 years-old
(seroprotection >70%, seroconversion >40% and geometric mean
fold rise >2.5) with at least one to be reached for the seasonal vac-
cine, but the three criteria for the pandemic vaccine. In our study,
these pandemic criteria were not achieved despite the second dose,
as seroprotection was only 60% at D42. In contrast, the three CHMP
requirements (seroprotection >60%, seroconversion >30%, geomet-
ric mean fold rise >2.0) defined for the elderly (>60 years) were
met after our two doses of the non-adjuvanted vaccine. Regula-
tory requirements for influenza vaccines close to the ones followed
for aging might be required in transplant recipients, as in other
immunocompromised patients.

In earlier rare reports, influenza infection has been associated
with onset of graft rejection [2,42-44], raising the theoretical ques-
tion of an increased risk of acute rejection after vaccination and
subsequent immune stimulation [11,45]. In our study, no decline
of renal function and no acute rejection related to vaccination were
reported. The baseline proportion of anti-HLA antibodies specifici-
ties or MFIs of DSAs remained unchanged after two vaccinations,
except in one patient, though at a very low titer, as previously
reported for seasonal unadjuvanted vaccine [41], but contrasting
with a study using a HIN1 pandemic adjuvanted vaccine [19].
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Our study has some limitations. The trial did not include a
healthy control group. However, several studies have assessed
this new non-adjuvanted monovalent HIN1pdm2009 vaccine in
healthy populations and populations of interest. In addition, it was
not acceptable to compare in arandomized trial one vs. two doses of
vaccine in renal transplant patients since French guidelines recom-
mended two injections in immunocompromised individuals [14].

The study was not designed to evaluate clinical protec-
tion against influenza and the clinical consequences of the
H1N1pdm2009 influenza have been more limited than previously
expected.

In conclusion, our results confirm that immunizing transplant
patients against influenza remains a challenge and requires new
strategies. This study demonstrates that the administration of two
doses of a non-adjuvanted influenza vaccine in renal transplant
patients is safe and induces a significant seroprotection, not strong
enough to meet the European or US requirements for pandemic
vaccine in adults below 60 years, but comparable to seroprotec-
tion usually observed in the non immunosuppressed elderly, and
acceptable for a seasonal influenza vaccine. This suggests that
specific regulatory requirements should be developed for immuno-
compromised patients and re-inforces the value of vaccination
against seasonal influenza in transplant patients.
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