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Summary
Background and objectives In 2009, the pandemic influenza A/H1N1 accounted for worldwide recommen-
dations about vaccination. There are few data concerning the immunogenicity or the security of the adju-
vanted-A/H1N1 vaccine in transplanted and hemodialyzed patients.

Design, setting, participants, & measurements Sera from 21 controls, 53 hemodialyzed (HD) patients, and 111 renal
transplant recipients (RT) were sampled before (T0) and 1 month after (T1) a single dose of Pandemrix® vaccine
(GSK Biologicals, AS03-adjuvanted). We measured the neutralizing antibodies against A/H1N1/2009, the geometric
mean (GM) titers, the GM titer ratios (T1/T0) with 95% confidence intervals, and the seroconversion rate (responders:
�4-fold increase in titer). The HLA and MICA immunization was determined by Luminex technology.

Results The GM titer ratio was 38 (19 to 78), 9 (5 to 16), and 5 (3 to 6) for controls, HD patients, and RT pa-
tients, respectively (P � 0.001). The proportion of responders was 90%, 57%, and 44%, respectively (P �
0.001). In RT patients, the prevalence of histocompatibility leukocyte antigen (HLA) class I, histocompatibil-
ity leukocyte antigen class II, and MHC class I-related chain A immunization, was, respectively, 15%, 14%,
and 14% before and 14%, 14%, and 11% after vaccination (P � 1, 1, and 0.39).

Conclusions The influenza A/H1N1-adjuvanted vaccine is of limited efficacy but is safe in renal disease
populations. The humoral response is lower in transplanted versus hemodialyzed patients. Further studies
are needed to improve the efficacy of vaccination in those populations.
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Introduction
Annual seasonal influenza vaccination is strongly rec-
ommended in patients with kidney transplants and
chronic kidney disease (1,2). In April 2009, a novel in-
fluenza A virus, A/California/7/2009 (H1N1) caused a
new pandemic (3). Severe illness occurred in “low-risk”
subjects without previous immunity, because no cross-
reactive antibody was found in their sera against the
new A/H1N1 strain (4). In this setting, the World
Health Organization recommended a worldwide vacci-
nation, targeting high-risk patients including those with
kidney transplants and chronic kidney disease (1,5). Ei-
ther a single dose of 3.75 �g of adjuvanted or 15 �g of
nonadjuvanted vaccine resulted in sero-conversion in
approximately 75% to 90% of healthy volunteers (6,7). In
solid organ recipients (8–11) and dialysis patients (12), the
overall rate of seroconversion to the seasonal flu vaccine is
in the range of 30% to 50%. The use of adjuvanted vaccine
has raised concerns for immunocompromised patients, be-
cause of possible induction of allo-immune responses,
such as anti-human histocompatibility leukocyte antigen
(HLA) antibodies (Abs) or MHC class I-related chain A
(MICA) Abs (13–16). Indeed, the AS03 adjuvant present

in some vaccines promotes immunogenicity by modu-
lating the expression of local cytokines and by increas-
ing the antigen loading in monocytes (17). Although this
adjuvant has been safely administered with the H1N1
and the H5N1 strains to thousands of healthy adults
(18), more data are needed about the potential for allo-
sensitization among patients with renal disease. Indeed,
many reports show that de novo occurrence of post-
transplant anti-HLA Abs is associated with chronic re-
jection and graft loss (19–21). With regard to MICA
antibodies, their formal pathogenic role on graft out-
comes is less well established, but we thought it was
worthwhile to assay them (14–16). Here, we report on
the immunogenicity and safety of a single dose of adju-
vanted vaccine in hemodialyzed patients and renal
transplant recipients. Safety was investigated by the
proportion of patients who display anti-HLA and MICA
Abs prior and after vaccination.

Materials and Methods
Patients

The study was approved by our institution’s ethics
committee, and the authors were notified to adhere to
the Declaration of Helsinki. All participants signed a
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written informed consent before inclusion. Vaccination
was proposed to all patients who attended our outpatient
renal transplant clinic during November 2009 (n � 235)
and who were on chronic hemodialysis in our center at that
time (n � 95). Exclusion criteria were transplantation
within 1 month, ongoing infection, leukopenia (�2500/�l),
intravenous immunoglobulins injection within 3 months,
and refusal of the patient. We enrolled 111 renal transplant
(RT) recipients, 53 chronic kidney disease patients under-
going hemodialysis (HD), and 21 controls who were all
healthy members of the hospital staff. All subjects were
vaccinated between October and December 2009 with the
commercially available H1N1 influenza vaccine (Pandem-
rix®; GlaxoSmithKline Biologicals, Rixensart, Belgium), for
the first time. It contains 3.75 �g of split inactivated strain
A/California/07/2009 (H1N1), together with the AS03 ad-
juvant that contains squalen, DL-�-tocopherol and poly-
sorbate 80. Blood samples were collected before (T0) and 1
month after (T1) a single vaccination that was performed in
the deltoid muscle. Serum samples were stored at �20°C.
The scientists who performed the serologic analyses were
unaware of the origin of the samples. Seasonal influenza
vaccination was performed at least 1 month after H1N1
vaccination. Of note, the vast majority of our patients had
also been vaccinated against seasonal influenza in 2008
with the subunit virion influenza vaccine (Influvac S®;
Solvay Pharma, Brussels, Belgium). This trivalent vaccine
contained purified hemagglutinin and neuraminidase of the
influenza strains A/Brisbane/59/2007 (H1N1), A/Brisbane/
10/2007 (H3N2), and B/Florida/4/2006. The following pa-
tient characteristics were recorded: age, gender, immunosup-
pressive therapy, duration of prior dialysis or transplantation,
diabetes (defined as patients treated by oral therapy or insu-
lin), and renal function according to Modification of Diet in
Renal Disease categories.

Anti-H1N1 Antibody Detection
Serum samples were obtained on days 0 (T0) and 30 (T1)

for antibody titration against the influenza A/California/
7/2009 (H1N1) using a neutralization assay. As described
previously, it is based on the ability of antibodies to inhibit
the infection of a Madin-Darby canine kidney (MDCK) cell
culture by the influenza virus (22). Briefly, 1:2 serial dilu-
tions of inactivated serum samples were preincubated with
a standardized amount of virus (100TCID50) before the
addition of MDCK cells (25,000 cells/well). After overnight
incubation, an ELISA was used to measure influenza A
viral nucleoprotein’s levels in infected MDCK cells. Be-
cause serum antibodies to the influenza virus inhibit the
viral infection of MDCK cells, the optical density (OD)
results of the ELISA are inversely proportional to the se-
rum antibody concentration. The initial dilution and lower
detection limit of this assay was 1:10. Appropriate negative
and positive control serum samples were included in all
analyses. Samples were tested in duplicate in each assay, and
assays were independently repeated once. The titer analyzed
was the geometric mean (GM) of these four test results,
expressed as the reciprocal of the strongest serum dilution
with OD490 value less than X, where X � [(average OD490

of virus control wells) � (average A490 of cell control
wells)]/2 � (average OD490 of cell control wells) (16).

Samples without detectable antibody activity were as-
signed the titer of half the assay detection limit (1:5).
Although this assay reflects the ability of the patient’s
serum to prevent viral infection of cells, there is no
formal titer cutoff for seroprotection. To calculate GM
titers, the reciprocal of serum dilutions was log trans-
formed to base 10 as recommended (23,24). This enabled
us to calculate summary statistics such as means and
confidence intervals (CIs), which were then retrans-
formed into titer equivalents (geometric mean titers) by
exponentiation. GM titers were calculated at subject
level from the quadruplicate tests of each serum sample
and at group level. All hypothesis testing was done on
log-transformed values. In addition, individual and col-
lective level geometric mean titer ratios (GMTR) (T1/T0)
were determined to quantify the increase in GM titers by
vaccination. For each variable, the result was expressed
as the point estimate with the 95% CI. Seroconversion
was defined as a four-fold or more increase in GM titers
between pre- and postvaccination samples (25).

Anti-MICA and anti-HLA Antibody Detection
Identification of serum IgG MICA Abs was performed

using Luminex beads bound to single recombinant MICA
antigens (Gen-Probe Transplant Diagnostics), as described
previously (14). HLA class I and II antibody screening was
performed according to the manufacturer’s instructions
using Luminex beads coated with HLA class I and HLA
class II antigens (Gen-Probe Transplant Diagnostics), pro-
viding either a positive or negative result. Bound antibod-
ies were identified using anti-human IgG coupled with
phycoerythrin. A sample was considered positive for class
I HLA antibodies if at least one of the seven class I HLA
beads was positive (score 3) and positive for class II HLA
antibodies if at least one of the 5 class II HLA beads was
positive (score 3). De novo MICA or HLA sensitization was
defined as the detection of MICA or HLA Abs at T1 that
were absent at T0.

Statistical Analyses
The study was exploratory by design. We recruited as

many patients as possible during the vaccination period,
with no a priori sample size calculation or power. Post hoc
analysis revealed that our study provided a 80% power to
detect a reduction in the response rate to vaccination from
90% in controls to 60% in RT and HD patients with a type
one error of 0.05. Summary statistics of antibody produc-
tion are presented as geometric means with 95% CI. In
spite of logarithmic transformation, the distribution of pre-
vaccination titers was slightly right-skewed because of the
large proportion of seronegative individuals. For this rea-
son, between-group comparisons were done using the
nonparametric Kruskal-Wallis method and the Wilcoxon
rank-sum test to compare between-group differences. The
increase in antibody titers after vaccination was tested with
the paired Wilcoxon signed rank test. The effect of patient
category on the postvaccination response was assessed by
calculating the odds ratio of seroconversion. Between-
group differences in the strength of the vaccination re-
sponse were tested by the Kruskal-Wallis and Wilcoxon
rank-sum tests. RT and HD patients differed markedly
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from controls in terms of age and gender. Possible con-
founding for these two covariates was investigated. We
used the chi-squared test for gender and ANOVA for age.
The odds ratio of seroconversion after adjustment for these
patient characteristics was calculated by logistic regression
modeling. The model was constructed to document lack of
confounding by differences in patient characteristics with-
out recurring to a specific algorithm of variable selection.
Stepwise regression techniques were unsuitable because
none of the covariates reached a sufficient degree of statis-
tical significance to be included or retained in the model.
The influence of patient category on the HLA and MICA
immunization was assessed by comparing the proportions
of patients that presented antibodies before and 1 month
after vaccination, using the McNemar test. All of the tests
were performed using Stata 10.1 software (StataCorp, Col-
lege Station, TX). A two-tailed P value of less than 0.05 was
used to reject the null hypothesis.

Results
Patients’ Baseline Data

The characteristics of controls, HD patients, and RT pa-
tients are shown in Table 1. Women were more prevalent
among controls, who were also younger than HD and RT

patients. HD patients were significantly older than RT
patients. More than 85% of the patients and controls were
Caucasians, with the others being North and black Afri-
cans. Vaccination was performed at a median of 34 months
after kidney transplantation and 32 months after the start
of dialysis. Immunosuppression in RT patients consisted of
a calcineurin inhibitor (tacrolimus, 52%; cyclosporine,
33%), a proliferation inhibitor (mycophenolic acid, 59%;
azathioprine, 32%), or mTOR inhibitors (10%). Most of the
patients were on methylprednisone (82%).

Serologic Vaccinal Responses
Anti-A/H1N1 Ab titers are shown in Table 2. There was

no difference in GM titers before vaccination (T0) between
the three groups. The GM titers differed significantly be-
tween the three groups at T1 (P � 0.001). Within each
group, there was a significant increase in mean GM titers
between T0 and T1 (P � 0.001). The ratio between the GM
titers at T1 and T0 (GMTR) was highest in the controls,
followed by dialysis and RT patients (38, nine, and five,
respectively; P � 0.001). The GMTR was also significantly
higher in HD as compared with RT recipients (P � 0.02)
and higher in controls as compared with both RT and HD

Table 1. Population characteristics

Parameter RT Patients
(n � 111)

HD Patients
(n � 53)

Controls
(n � 21) P

Males (%) 71 (64%) 33 (62%) 6 (29%) 0.09
0.8a

Age (years) (mean � SD) 55 � 12 64 � 13 41 � 12 �0.01
�0.01a

Diabetes (%) 36 (32%) 22 (42%) NA 0.26
Months since RT or HD 34 (0.4 to 323) 32 (0.2 to 278) NA
Immunosuppression (%) NA

tacrolimus 58 (52%) 0
cyclosporin 37 (33%) 1 (1.9%)
mycophenolic acid 65 (59%) 0
azathioprine 36 (32%) 0
mTOR inhibitor 11 (10%) 0
corticosteroids 91 (82%) 5 (9.4%)
dose of methylprednisolone (mg/kg)b 0.05 0.09

(0.01 to 0.21) (0.03 to 0.91)

RT, renal transplant; HD, hemodialysis; NA, not applicable.
aRenal transplanted patients versus hemodialyzed patients.
bMedian (minimum to maximum).

Table 2. Anti-H1N1 antibodies

GMT (95% CI) RT Patients (n � 111) HD Patients (n � 53) Controls (n � 21) P

GMT day 0 11 (8 to 14) 8 (6 to 11) 9 (4 to 19) 0.56
GMT day 30 50 (34 to 72) 77 (44 to 136) 361 (166 to 782) �0.001a,b

GMT ratio 5 (3 to 6) 9 (5 to 16) 38 (19 to 78) �0.001a,c

Seroconversion (%) 49/111 (44%) 30/53 (57%) 19/21 (90%) �0.001a,d

GM, geometric mean titer; CI, confidence interval; RT, renal transplant; HD, hemodialysis.
aP � 0.001 for intergroup comparisons.
bP � 0.001 for all intragroup comparisons between days 30 and 0.
cPost-tests: control versus HD, P � 0.003; control versus RT, P � 0.001; HD versus RT, P � 0.02.
dP � 0.001 by �2 for trend.
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patients (Table 2). Moreover, seroconversion was more
frequent among controls (90%) than among HD patients
(57%) and RT patients (44%) (P � 0.001). There was a
significant stepwise decrease in the proportion of respond-
ers between controls and HD and RT patients (P � 0.001,
�2 for trend).

In the univariate analysis, the odds ratio (OR) of being a
responder in HD and RT patients, respectively, was 0.13
(95% CI: 0.03 to 0.60, P � 0.009) and 0.08 (95% CI: 0.02 to
0.37, P � 0.001) as compared with controls. The multivari-
able logistic regression model showed that adjustment for
age or gender did not change the odds of seroconversion in
HD (adjusted OR: 0.14) and RT patients (adjusted OR: 0.09)
(Table 3) as compared with controls. When RT patients
were considered, univariate logistic regression model
showed that age, gender, diabetes, level of renal function
(as assessed by Modification of Diet in Renal Disease–
estimated GFR), the type of immunosuppressive drug, and
the time since transplantation were not associated with
seroconversion rates (Table 4). Although RT patients
treated with azathioprine and mycophenolic acid showed

a similar proportion of seroconversion (50% versus 41%,
P � 0.41), a significantly higher increase in antibody titers
was observed in patients receiving azathioprine (GMTR,
7.7 versus 3.7 in patients receiving mycophenolic acid, P �
0.03).

Vaccination and MICA/HLA Immunization
The prevalence of MICA and HLA sensitization at base-

line is shown in Table 5. The proportion of HLA-sensitized
patients and controls did not change after vaccination,
neither for class I nor for class II antibodies. Only two
patients, one HD and one RT, developed de novo anti-HLA
class II Abs. Along the same line, there was no significant
change in the proportion of patients and controls with
MICA Abs before and after vaccination. Of note, among
the 16 RT patients sensitized against MICA before vacci-
nation, only eight remained positive at T1, whereas four
patients developed de novo MICA Abs.

Adverse Events
No serious event related to vaccination was reported

during the study. Local inflammatory symptoms were in-
frequent and mild and resolved spontaneously without
sequelae. No rejection episode was observed in RT recipi-
ents, and their kidney graft function remained stable dur-
ing the 6 months after vaccination.

Discussion
The main data from our single-center investigation is

that the rate of seroconversion to H1N1 vaccine was 90% in
a control population, 57% in HD patients, and 44% in RT
patients. Previous asymptomatic infection with the new
influenza A/H1N1 2009 virus, as well as some minor
degree of false-positive assays, might contribute to the

Table 3. Multivariate analysis of ESRD treatment modality on
H1N1 vaccination response after adjustment for age and gender

Parameter Odds
Ratio

95% Confidence
Interval P

Hemodialysis
versus control

0.14 0.03, 0.72 0.02

Transplantation
versus control

0.09 0.02, 0.42 �0.01

Age (per 10 years) 1.05 0.80, 1.38 0.74
Male gender 0.94 0.50, 1.77 0.85

Table 4. Association between patient characteristics and response to H1N1 vaccination in renal transplant recipients

Responders % Responders OR (95% CI) P

Age at vaccination
�55 years 27/54 50 1
�55 years 22/57 38.6 0.63 (0.30 to 1.34) 0.23

Gender
female 21/40 52.5 1
male 28/71 39.4 0.59 (0.27 to 1.29) 0.18

Diabetes
no 37/75 49.3 1
yes 12/36 33.3 0.51 (0.22 to 1.17) 0.12

Renal function (MDRD) (ml/min per 1.73 m2)
�60 16/34 47.1 1
30 to 59 27/60 45 0.92 (0.40 to 2.14) 0.85
15 to 29 6/17 35.3 0.61 (0.18 to 2.04) 0.43

Immunosuppression
cyclosporine 16/37 43.2 1
tacrolimus 24/58 41.4 0.93 (0.40 to 2.13) 0.86
azathioprine 18/36 50 1
mycophenolic acid 27/65 41.5 0.71 (0.31 to 1.61) 0.41

Years since transplantation
�1 13/37 35.1 1
1 to 5 20/38 52.6 2.1 (0.8 to 5.2) 0.13
�5 16/36 44.4 1.5 (0.6 to 3.8) 0.42

OR, odds ratio; CI, confidence interval; MDRD, Modification of Diet in Renal Disease.
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presence at baseline of low titers in a small proportion of
patients (4). Our seroconversion rates are similar to those
reported with the seasonal influenza vaccine both in RT
(8–11,26,27) and HD (12,28) patients. As compared with
seroconversion rates recorded previously with seasonal
H1N1 vaccines, such as A/New Caledonia/20/99 (H1N1),
the proportion of responders among our RT patients seems
to be higher. Indeed, seroconversion was only 10% in a
series of 66 RT patients (versus 58% in healthy controls, P �
0.001) in a French study (8) and 36% in a Brazilian uncon-
trolled study of 69 patients (11). However, one should keep
in mind that with seasonal vaccines, people are likely to
have been vaccinated previously and therefore may show
less robust subsequent vaccine response. Since the submis-
sion of our work, another group reported that the propor-
tion of immune response after a single dose of AS03-
adjuvanted H1N1 vaccine was 35% among adult RT
patients, close to the 44% reported here (29). In pediatric
RT patients, a single injection of a MF59-adjuvanted H1N1
vaccine (similar to the ASO3 adjuvant) resulted in a 19%
rate of seroconversion (30). Of note, these studies assayed
seroconversion by an hemagglutination inhibition test,
whereas we performed a seroneutralization assay. This
latter test is likely to better predict the ability of the patient
serum to protect against H1N1 infection.

Two studies published after submission of our work
show a similar 60% seroconversion rate after H1N1 vacci-
nation among HD patients (31,32), but they did not report
on a direct comparison between HD and RT patients as we
did here. In spite of the older age of HD patients, their
serologic response was stronger than in our RT cohort with
regard to both the proportion of responders and their titers
against H1N1. This supports the recommendations that
vaccinations should be performed as early as possible in
the course of renal diseases (2,33). Among RT patients,
those receiving mycophenolic acid had a lower increase in
Ab response than those receiving azathioprine. This obser-
vation is similar to previous reports pertaining to influenza
vaccination (9,11,26). This work brings additional data
supporting the safety of influenza vaccination in renal
transplant recipients (8,33) and also documents that vacci-
nation does not induce sensitization against HLA or MICA
in dialyzed patients, who can become candidates for kid-
ney transplantation. De novo HLA sensitization was re-
corded in only two patients (1.1%), a proportion even
lower than the 4.8% reported by Candon et al. (8). Our

findings are in line with other recent publications that did
not report an increase in acute rejection rates triggered by
vaccination (8,9,34). Similar to HLA sensitization, the prev-
alence of MICA Abs remained stable after vaccination, and
the frequency of de novo MICA sensitization was lower
than 5%. Nevertheless, a recent report indicates that influ-
enza vaccination can trigger allo-reactive T cells among
both controls and RT patients (34). This supports the com-
mon practice to perform vaccination beyond 3 months of
transplantation to allow the restoration of an effective an-
tiviral immune response while at the same time minimiz-
ing the risk of acute rejection.

We must acknowledge that our study has a number of
limitations. First, the sample size of our cohort of RT and
HD patients was underpowered to allow for robust sub-
group analysis. Second, we did not compare different vac-
cine schemes. Third, we did not compare different vac-
cines.

Nevertheless, our data show that the influenza
A/H1N1-adjuvanted vaccine is safe, although the serocon-
version rate is only approximately 50% in HD and RT
patients. Further trials with higher vaccine doses and/or a
booster may be warranted in these populations (9,35).
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