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Abstract

Renal transplant recipients are at increased risk of developing invasive pneumococcal diseases but may have poor response
to the 23-valent pneumococcal polysaccharide vaccine (PPV). It may be possible to enhance immunogenicity by priming
with 7-valent pneumococcal conjugate vaccine (7vPnC) and boosting with PPV 1 year later. In a randomized single-blind,
controlled study, adult recipients of renal transplants received either 7nPVC or PPV followed by PPV 1 year later. The vaccine
response was defined as 2-fold increase in antibody concentration from baseline and an absolute post-vaccination values
=1 pug/ml. The primary endpoint was vaccine response of the primed group (7vPnC/PPV) compared with single PPV
vaccination. Antibody concentrations for 10 serotypes were measured at baseline, 8 weeks after first vaccination, before
second vaccination, and 8 weeks after second vaccination. Of 320 screened patients, 80 patients were randomized and 62
completed the study. Revaccination with PPV achieved no significant increase of immune response in the 7vPnC/PPV group
compared with the single PPV recipients A response to at least 1 serotype was seen in 77.1% of patients who received
7vPnC and 93.1% of patients who received PPV (P=0.046). After second vaccination response to at least 1 serotype was
seen in 87.5% patients of 7vPnC/PPV group and 87.1% patients of PPV group (non significant p). The median number of
serotypes eliciting a response was 3.5 (95% Cl 2.5-4.5) in the 7vPnC/PPV group versus 5 (95% Cl 3.9-6.1) in the PPV group
(non-significant p). Immunogenicity of pneumococcal vaccination was not enhanced by the prime-boost strategy
compared with vaccination with PPV alone. Administration of a single dose of PPV should continue to be the standard of
care for adult recipients of renal transplants.
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Introduction cyclosporine, prednisone, and mycophenolate mofetil may impair
patients’ response to vaccination [5]. Recently published data have
shown a suboptimal vaccine response to PPV in heart transplant
patients [6]. Conjugate pneumococcal vaccines have been
developed in order to enhance the immunogenicity of the
polysaccharide vaccine. The 7-valent conjugate vaccine (7vPnC),
which is licensed for vaccination of children, elicits a T cell-

Streptococcus  pneumoniae, a common pathogen colonizing the
upper respiratory tract, causes substantial morbidity and mortality
from non invasive diseases such as otitis media and sinusitis to
invasive diseases, including pneumonia, septicaemia and menin-
gitis. The risk of invasive pneumococcal diseases among renal
transplant recipients is more than 60 times higher than in the
general population [1-3]. Pneumococcal polysaccharide vaccine
(PPV), a 23-valent vaccine derived from the capsular polysaccha-
ride of S. pneumoniae, is widely used and is recommended by WHO
for all individuals exceeding the 60™ and the 65" year of lifc, and
for those with underlying chronic illness and pre- and post-
splenectomy. The PPV includes 23 serotypes and thus provides the
broadest coverage of the pneumococcal vaccines available. A
single dose of this vaccine is therefore recommended for all
patients after they undergo solid-organ transplantation, with a
single additional dose of vaccine given 3-5 years later [4].
However, the use of immunosuppressive medication such as

dependent immune response and has shown immunogenicity in a
healthy adult population [7] and demonstrated immunogenicity
similar to that for PPV in a randomized trial in adult recipients of
kidney and liver transplants [8,9]. The T cell-dependent response
is more effective in producing memory B cells that may be boosted
by subsequent polysaccharide antigen vaccination to produce a
large amount of antibody. This prime—boost strategy has been
shown beneficial in cohorts of patients with hereditary spherocy-
tosis [10] and HIV infection [11], and several experts have
suggested that such a strategy may improve vaccine immunoge-
nicity in patients with solid-organ transplants [12]. However, other
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findings have shown that the immunogenicity of pneumococcal
vaccine in adult liver-transplant patients is not enhanced by a
prime—boost strategy when compared with vaccination with PPV
alone [9].

We conducted a prospective randomized, single-blind, con-
trolled trial in adult recipients of renal transplants to evaluate the
immunogenicity of a prime-boost vaccination strategy using
7vPnC followed by PPV 12 months later in comparison with
administration of standard single-dose PPV.

Materials and Methods

Patient Population

Adult renal-transplant recipients at the general hospital of
Vienna who had undergone renal transplantation at least 6
months earlier were recruited to the study during the period
November 2008 to October 2009. Exclusion criteria were previous
splenectomy, pneumococcal vaccination within the preceding 5
years, ongoing treatment for an episode of allograft rejection, any
acute febrile illness within 2 weeks prior to involvement, and use of
intravenous immunoglobulin within the preceding 6 months.
Randomization was computer generated with allocation concealed
using opaque, sequentially numbered, sealed envelopes. To
prevent subversion of the allocation sequence the name and date
of birth of each participant was written on the appropriate
envelope. Participants were randomized to receive either 7vPnC
(0.5 ml, Prevenar®; Wyeth Q2 Pharma GmbH) or PPV (0.5 ml,
Pneumo 23®, Merieux) for primary vaccination [4]. One year
later, all patients received PPV vaccination.

All the patients were blinded to their group assignment. Serum
specimens were collected at baseline, 8 weeks after the first dose of
vaccine, before the second vaccination, and 8 weeks after the
second dose of vaccine. All patients completed a 7-day diary after
each dose to record systemic symptoms, oral temperature, and the
diameter of injection site redness or swelling.

Ethics Statement

The protocol for this trial and supporting CONSORT checklist
are available as supporting information, see Checklist S1 and
Protocol S1. Written informed consent was obtained from all
patients and the study was approved by the ethics board of the
institution (EudrC'T: 2007-004590-25).

Laboratory Methods

Quantitative pneumococcal antibody titers were determined for
cach of the 7 serotypes contained in both vaccines (4, 6B, 9V, 14,
18C, 19V, 23F) and for an additional 3 serotypes included only in
PPV (1, 5, 7F) using an in-house isotype-specific reference ELISA
according to the WHO protocol at http://www.vaccine.uab.edu/
ELISA%20Protocol.pdf [13]. Briefly, 96-well microtiter plates Q4
(Greiner, Germany) were coated with previously determined
optimal antigen concentrations (serotype 14:1 mg/mlL; serotypesl,
4,5, 7F, 9V, 18C: 2 mg/mL; serotypes 6B, 19F, 23F: 5 mg/mL)
and incubated at 37°C for 5 h in a humidified chamber. Coated
plates were stored at 4°C and used within 3 weeks. Standard
reference serum (89-SF), kindly provided by Carl E. Frasch
(Center for Biologics, Rockville, MD, USA), was absorbed with
5 mg/mL of highly purified cell-wall polysaccharide (C-Ps)
(Statens Serum Institute, Copenhagen, Denmark). Quality-control
sera and test specimens were preincubated with CG-Ps at 5 mg/mL
and 22F capsular polysaccharide at 10 mg/mL final concentra-
tions to remove cross-reactive antibodies. The coated plates were
washed 5 times with 1XxTris-buffered saline containing 0.1% Brijj
35 (pH 7.2), and then serially diluted reference serum, control
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sera, and test sera were added to the plates in duplicate wells and
incubated for 2 h at room temperature. Plates were washed again
as described above and 50 pL of 1:5000 goat anti-human IgG-
alkaline phosphatase conjugate (Sigma) Q5 was added to each
well. After incubation for 2 h at room temperature, followed by a
final washing step, the plates were developed with 100 pL of
nitrophenyl phosphate substrate (Sigma) 1 mg/mL for 30 min at
room temperature. The enzyme reaction was stopped with 50 pL
of 3M NaOH and the absorbance measured at an optical density
of 405 nm in an ELISA reader. Anti-pneumococcal IgG antibody
concentrations were calculated with a weighted log-logit computer
program. The interassay coefficient of variation was about 20%.

Endpoint Definitions and Statistical Analysis

The primary endpoint was vaccine response of the primed group
(7vPnC/PPV) compared with single PPV vaccination. Although the
primary endpoint was the difference in antibody concentration as a
continuous variable between study groups, we based our calculation
of sample size on the more conservative but clinically more useful
binary variable vaccine response. The response measured by ELISA
was defined as a = 2-fold increase in antibody concentration from
baseline and an absolute post-vaccination value of at least 1 pg/ml.
Although a value of 0.35 ug/ml has been defined as a correlate of
protection for invasive disease in infant recipients of pneumococcal
conjugate vaccine [14], the convenient cut-off value of 1.0 pg/ml
was chosen because the true correlate of protection for adults is not
known. The utility of this higher cutoff value has not been assessed
in clinical trials [15].

The study was powered to detect an improvement in vaccine
response with the 7vPnCG/PPV vaccine schedule in any of the 7
serotypes compared with single PPV vaccination and was set to
yield a power of 80% at a two-sided alpha level of 5% in order to
detect a 35% improvement in the response rate for a given
serotype. The response rate in the control group was expected to
be about 45%. Thus the calculated simple size was 35 in each
group. We added 10% to adjust for potential loss-to-follow-up.

Secondary endpoints were vaccine response after the primed
7vPnC/PPV regime compared with sequential PPV/PPV vacci-
nation, decline of antibody response/vaccine response 1 year after
7vPnC or PPV vaccination, and tolerability of vaccine regimes.

The data were analyzed using SPSS 17.0 software. The two-
tailed, unpaired Student’s test was used to compare geometric
mean antibody concentrations (GMCs) for each pneumococcal
serotype in the two groups after log transformation of the raw
data, given that our distributional assumptions held. For hypoth-
esis testing we used Fisher’s exact test.

Titers at 1 year were compared with those obtained 8 weeks after
initial vaccination (7vPnC, PPV) for each serotype using the
Wilcoxon signed rank sum test to investigate the influence of time on
durability of vaccine response. The fold increase in ELISA
concentrations were calculated by dividing the post-vaccination
concentration by the pre-vaccination concentration. Differences in
serotype responses between the 7vPnC/PPV and PPV/PPV groups
were compared using the Mann-Whitney U test. To adjust the p-
values for multiple serotypes Bonferroni correction was used.
Logistic regression was used to explore available factors that might
be associated with serotype response at indicated time points. T'wo-
sided tests at 5% significance level were used in all the analyses.

Results

Patients
A total of 80 of 320 screened renal transplant recipients were
recruited for the study between November 2008 and October
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2009. Of these, 40 patients were randomly assigned to receive
7vPnC/PPV and 40 to receive PPV/PPV. After randomization, 9
patients withdrew from the study and 9 were lost to follow up, thus
62 patients patients received the second vaccination (figure S1).
Demographic characteristics and other baseline characteristics of
the randomized patients are shown in table 1. Vaccination was
well tolerated by patients in both groups (table 2). Adverse
reactions after the first immunization and after revaccination were
similar in the two groups. Most reactions were local and generally
mild; all were self-limited with resolution in 2 days. Three patients
developed pneumonia after revaccination, but pathogen was not
identified. There was no episode of allograft rejection or potential
vaccine-related rejection during the 8 weeks after vaccination.

Immunogenicity

For the primary endpoint, serotype-specific antibody concen-
trations measured by ELISA were compared in the primed
7vPnC/PPV group and the PPV group. Table 3 shows the GMCs
of serotype-specific IgG responses before and after a single dose of
7vPnC or PPV, and after revaccination with PPV 1 year later.
Data are presented graphically in figure S2. Baseline serotype-
specific IgG GMCs were high (>1.00 pg/ml) for all serotypes
measured. Serotype-specific anti-pneumococcal IgG GMCs in
patients after the 7vPnC vaccination were similar to those in PPV
recipients. Significant increases in IgG GMCs were observed from
baseline to 8 weeks following first dose for all 7vPnC serotypes in
7vPnC group and all serotypes except 6B and 19F for PPV.
Decline in serotype-specific IgG GMCs was observed during the
interval to revaccination, but antibody levels persisted well for the
majority of serotypes in both groups. Revaccination with PPV
achieved no significant increase of serotype-specific anti-pneumo-
coccal IgG titers in the 7vPnC group when compared with the
single PPV recipients (figure S3). Only modest increases were seen
in IgG GMG:s to serotypes 1 and 5 in the 7vPnC group following
PPV. A trend for a different immune response between 7vPnC and
PPV group after first vaccination was detected, but this was not
significantly relevant However, for 5 serotypes (4, 6B, 14, 18C,
23F) better response was seen in the 7vPnC/PPV group than in
recipients of a single dose of PPV vaccine.

We defined a vaccine response as a =2-fold rise in antibody
concentration from baseline and an absolute post-vaccination
value of at least 1 pg/ml. Comparison of vaccine responses to
7vPnC/PPV with responses to the PPV/PPV schedule 8 weeks
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Table 2. Local and systemic reaction to vaccination.

No (%) of patients

Adverse event 7vPnC/PPV (n =40) PPV/PPV (n=40)

local reaction 2 (5) 5(12.5)
shivering 1(2.5) 2 (5)
fatigue 1(2.5) 1(2.5)
headache 1(2.5) 2 (5)
sweating 1(2.5) 1(2.5)
myalgia 2 (5) 1 (2.5)

doi:10.1371/journal.pone.0046133.t002

after the second vaccination showed a significantly better response
to serotypes 19F and 9F in the PPV/PPV group: 3.4 (95% CI 1.7—
5.1) vs. 1.5 (95% 0.9-2.2), P=0.049, and 5.6 (95% CI 3.5-7.7) vs.
3.0. (95% CI 1.5-4.4) (figure S4). A trend toward improved
response in the PPV/PPV group was also seen for serotype 9V: 8.2
(95% 4.2-12.1) vs. 4.3 (95% CI 2.2-6.3), P=0.056.

Figure S5 shows the number of patients with seroconversion to
each serotype, defined as a minimum 2-fold titer increase and
serum concentration of at least 1 pg/ml after primary vaccination
and booster vaccination. After primary vaccination, the greatest
number of patients showing seroconversion (=50%) was seen for
serotypes 9V, 14, 18C, 1, and 7F in the PPV group and serotype
18C in the 7vPnC group. After booster vaccination, the greatest
number of patients showing seroconversion (=50%) was for
serotypes 9V, 14, and 18C in the 7vPnC/PPV group and for
serotypes 9V, 18C, and 7F in the PPV/PPV group.

Eight weeks and 1 year after first vaccination, the median
number of serotypes that elicited response was 3.0 (95% CI 2.3—
3.7) vs. 2.0 (95% CI 1.8-3.3) in the 7vPnC group, and 5 (95% CI
3.9-6.1) vs. 3.5 (95% CI 2.7-5.0) in the PPV group. After
revaccination the median number of serotypes eliciting a response
was 3.5 (95% CI 2.5-4.5) in the 7vPnC/PPV group and 4.0 (95%
CI 3.3-5.6) in PPV/PPV group. A response to at least 1 serotype 8
weeks after first vaccination was seen in 77.1% of patients who
received 7vPnC and 93.1% of patients who received PPV
(P=0.046). Similar response to at least 1 serotype was seen after
revaccination with PPV 1 year later: 7vPnC/PPV 87.5% vs. PPV/
PPV 87.1%.

Table 1. Baseline characteristics of renal transplant recipients stratified for primary endpoints.

Characteristic 7vPnC/PPV (n=33) PPV (n=40)

Mean age (years = SD) 54.05+12.04 50.47+12.80 p>0.05
Sex (M/F) 26/14 28/12 p>0.05
Time from transplant (months * SD) 63.7069.65 78.27+81.79 p>0.05
History of rejection (previous 6 months) 0 0 p>0.05
Serum creatinine at baseline (mean * SD) 1.64+0.37 umol/L 1.44%0.37 umol/L p>0.05
Immunosuppression at baseline:

Corticosteroid 26 (78.8%) 28 (70%) p>0.05
Purine synthesis inhibitor 24 (72.7%) 34 (85%) p>0.05
Calcineurin inhibitor 28 (84.8%) 37 (92.5%) p>0.05
Sirolimus 1(2.5%) 2 (5%) p>0.05
Everolimus 1 (2.5%) 1 (2.5%) p>0.05

doi:10.1371/journal.pone.0046133.t001
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Factors Associated with Immunogenicity

None of the candidate factors: age, time since transplant, and
immunosuppression, significantly predicted response in either
univariate or multivariate logistic regression modeling.

Discussion

Current guidelines of the American Society of Transplantation
state that a single dose of PPV should be given to transplant
recipients, with subsequent revaccination at 3-5 years [4].
However, at present there is no evidence that PPV protects
against pneumococcal infections in adults who are immunosup-
pressed [16].

It has been suggested by several experts that the strategy of
priming with 7vPnC and boosting with PPV may be beneficial for
immunocompromised patients, who may have suboptimal immu-
nological responses to PPV alone [12,17].

We performed a randomized, single-blind, parallel-group
controlled trial of a sequential vaccination strategy involving
administration of PPV after primary vaccination with either
7vPnC or PPV. Opverall, both vaccination strategies were well
tolerated, adverse events were generally mild, and there was no
evidence of a “triggering” effect or acute rejection.

PLOS ONE | www.plosone.org

Table 3. Geometric mean concentrations (95% Cl), expressed as ug/mL, of serotype-specific anti-pneumococcal IgG serum
antibody at baseline, 8 weeks, and 1 year after vaccination with 7vPnC and PPV, and 8 weeks after revaccination with PPV.
Geometric mean titer (ug/mL)
Serotype
8 weeks after 2nd vaccination (n=62)
Baseline (n=40) 8 weeks (n=40) 1 year (n=62) 7vnC/PPV (n=33) PPV/PPV (n=29)
4 7vPnC/PPV 1.02 (0.62-1.43) 3.61 (2.11-5.11) 1.54 (1.06-2.03) 3.01 (1.02-4.98)
PPV/PPV 1.21 (0.72-1.71) 3.31 (1.98-4.65) 2.21 (0.99-3.41) 3.19 (1.27-5.11)
6B 7vPnC/PPV 2.13 (1.54-2.74) 8.01 (3.93-12.09) 3.38 (2.02-4.75) 8.11 (2.13-14.11)
PPV/PPV 3.57 (2.27-4.88) 7.11 (4.51-9.48) 4.62 (3.05-6.19) 4.01 (2.98-5.72)
oV 7vPnC/PPV 1.69 (1.10-2.28) 5.38 (3.37-7.41) 4.24 (2.76-5.73) 4.93 (1.99-7,87)
PPV/PPV 1.94 (1.02-2.87) 6.57 (4.33-8.82) 5.23 (2.97-7.49) 8.85 (4.48-13.23)
14 7vPnC/PPV 8.92 (5.17-12.67) 30.58 (18.54-42.6) 26.05 (15.82-36.2) 37.47 (21.35-53.56)
PPV/PPV 9.82 (4.33-15.32) 32.40 (21.13-43.6) 23.01 (12.5-33.68) 35.64 (18.25-53.02)
18C 7vPnC/PPV 1.77 (1.10-2.47) 7.08 (5.1-9.06) 5.44 (3.53-7.35) 5.74 (3.1-8.38)
PPV/PPV 2.43 (1.49-3.37) 6.58 (4.3-8.56) 4.81 (3.0-6.62) 6.41 (3.59-9.23)
19F 7vPnC/PPV 5.70 (3.55-7.84) 9.31 (5.67-12.94) 6.33 (3.96-8.71) 11.83 (5.34-18.32)
PPV/PPV 5.33 (3.10-7.57) 11.81 (7.43-16.18) 9.05 (4.59-13.52) 17.26 (7.76-26.76)
23F 7vPnC/PPV 3.57 (2.52-4.63) 9.52 (6.07-12.96) 6.72 (3.63-9.81) 8.10 (3.59-12.61)
PPV/PPV 4.24 (2.82-5.67) 8.77 (5.7-11.83) 7.92 (4.3-11.54) 12.63 (6.42-18.37)
1 7vPnC/PPV 2.01 (1.48-2.54) 2.11 (1.55-2.69) 2.74 (1.25-4.22) 3.41 (2.47-4.34)
PPV/PPV 2.44 (1.62-3.27) 6.93% (4.49-9.37) 5.97 (3.27-8.69) 6.62 (3.54-9.69)
5 7vPnC/PPV 2.03 (1.44-2.63) 2.18 (1.55-2.82) 2.44 (1.37-3.52) 2.71 (1.69-3.71)
PPV/PPV 2.08 (1.71-2.45) 5.09" (3.26-6.92) 3.97 (2.1-5.84) 3.84 (1.68-5.99)
7F 7vPnC/PPV 2.95 (1.34-4.56) 3.10 (1.46-4.71) 2.51 (1.51-3.51) 5.19 (2.06-8.31)
PPV/PPV 2.64 (1.65-3.63) 7.91° (5.61-10.22) 5.90 (3.48-8.32) 8.32° (4.35-12.29)
Serotypes 1, 5, and 7F are not included in the 7vPnC vaccine.
#P<0.001 for fold increase at weeks 8 weeks, vs. 7vPNC vaccine (Mann-Whitney U Test).
Pp<0.01 for fold increase at weeks 8 weeks, vs. 7vVPNC vaccine (Mann-Whitney U Test).
“P<0.001 for fold increase at weeks 8 weeks, vs. 7vPNC vaccine (Mann-Whitney U Test.
4P =0.049 for fold increase at weeks 8 weeks, vs 7vPNC vaccine (Mann-Whitney U Test).
P =0.004 for fold increase at weeks 8 weeks, vs 7vPNC vaccine (Mann-Whitney U Test).
doi:10.1371/journal.pone.0046133.t003

In our study, the observed immune responses to the two sequential
vaccination schedules were similar. Moreover, there was no benefitin
either of the sequential regimens (7vPnC/PPV, PPV/PPV) when
compared with single-dose PPV vaccination as recommended by the
guidelines. Significantly greater increases in antibodies to serotypes
7F and 9V were seen in the PPV/PPV group when compared with the
7vPnC/PPV group, whereas only for serotype 7F we detected a
significant difference in the number of patients with seroconversion.
The response to at least 1 serotype was high in both groups (7vPnC/
PPV 87.5%, PPV/PPV 87.1%) and was similar to the response after
primaryvaccination (7vPnC77.1%,PPV 93.1%). The previousstudy
by Kumar et al. in liver transplant recipients showed no additional
benefitinsequential pneumococcal vaccination with 7vPnC followed
by PPV [9]. Further, we could not detect any benefit in an additional
dose of PPV 6 weeks after 7vPnC in heart and lung transplant
recipients [13].

To our knowledge there are no data on sequential vaccination
in renal transplant patients. Kumar et al showed that 7vPnC is
immunogenic in such patients: a response to at least 1 serotype was
seen in 22 (73.3%) of 30 patients who received 7vPnC and 16 (53.
3%) of 30 patients who received PPV (P=0.11) [7]. This is in
contrast to our present findings (77.1% response after 7vPnC vs.
93% response after PPV; P=0.046).

September 2012 | Volume 7 | Issue 9 | e46133



Several studies, however, have suggested that 7vPnC elicits a
superior immune response in adults when compared with PPV
[7,18,19]. In the majority of studies a double dose (I mL instead of
0.5 mL pediatric dose) of the conjugated vaccine was used, thus
the available data suggest that the 7vPnC vaccine, particularly
when administered at twice the usual pediatric dose, elicits a more
robust functional immune response in adults [16].

With regard to vaccine response to at least 1 serotype, our
finding of reduced response after a single dose of 7vPnC vaccine,
compared with the PPV group, may be due to the low dose
(0.5 mL) of 7vPnC used in the present study. The dose of serotype-
specific antigen in PPV is 6-10 times greater than that contained
in 7vPnC (25 pg vs. 2 pg or 4 pg) [20], and the greater antigen
dose may contribute to the higher antibody concentrations
observed. Nevertheless, the quality of the antibodies, such as
avidity or opsonic functional capacity, could not be determined by
ELISA and thus we do not know whether patients with increased
antibody concentrations show greater clinical protection from
invasive pneumococcal disease.

Some controlled studies in the non-transplantation context have
shown the potential benefit of a combined vaccination schedule,
mainly in children. In adults, however, the results are more
conflicting.

In agreement with our results, other recent studies using a
second dose of vaccine in adults have failed to show that the initial
dose of 7vPnC induces a boostable or memory response. It is
unclear why we are unable to demonstrate boostability after a dose
of 7vPnC in adults as we do in infants [21-24]. Previously,
Baxendale et al [25] showed that on day 7 after immunization of
healthy young adults with 7vPnC or PPV, pneumococcal-specific
B cells with all the characteristics of memory B cells could be
isolated, suggesting that memory had been established before
vaccination [26]. It is possible that pneumococcal antigen-
experienced adults who have encountered S. preumoniae in the
nasopharynx develop immunologic memory and, when they are
immunized with a first dose of 7vPnC or PPV, existing memory
cells are stimulated.

The time period between the prime and the boost vaccine may be
important. In a study by de Roux etal in elderly patients =70 years of
age, a combined vaccination schedule of 7vPnC followed 1 year later
by PPV induced a significant increase in immune response after the
revaccination with PPV [7]. Similarly, in a study by Chan et al, 39
patients with Hodgkin lymphoma, who were first immunized with
7vPnC and revaccinated with PPV 1 year later, were able to mount
significantly higher serotype-specific antibody concentrations than
patients who received PPV alone [27]. In contrast, in the study by
Goldblattetalno benefit couldbe observed after asecond vaccination
with either PPV or 7vPnC in older patients receiving a 7vPnC 6
months previously. Further, Miernyk et al found no improved
immune response in native Alaskan adults given 7vPnC 2 or 6 months
before PPV [28], and neither Kumar et al nor Gattringer et al could
demonstrate any benefit of a booster vaccine 6-8 weeks after the
prime vaccine in liver, heart or lung transplant recipients [13,29].
Moreover, Musher et al recently reported that subjects who received
PPV within a year of prior vaccination had almost no response to the
revaccination, although IgGlevelsincreased in proportion to the time
elapsed after the first vaccination [30]. On the basis of those results we
used a time period of 1 year between the first and second vaccinations
in the present study and did not observe any benefit of a second
vaccination with PPV 1 year after priming with 7vPnC.

We compared two sequential vaccine regimes, 7vPnC/PPV and
PPV/PPV, with single PPV vaccination. The immune response to
capsular polysaccharides is T cell independent and should have a
limited duration. If waning antibody levels are associated with
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decreased clinical protection, then it is reasonable to conclude that
revaccination may be appropriate.

The American Advisory Committee on Immunization Practices
(ACIP) of the Centers for Disecase Control and Prevention
recommends that all persons =65 years old receive PPV and that
a single revaccination be administered if =5 years have elapsed
since the initial dose and if they were <65 years old at time of
primary vaccination. Repeated vaccination has been shown to be
relatively free of adverse events [31].

Elderly persons who have been revaccinated with PPV show
significant antibody responses to most serotypes studied [32].
However, the magnitude of the antibody response in some studies
has been lower than after initial vaccination, raising questions
about whether these adults may experience hyporesponsiveness or
immune tolerance to repeated doses of these polysaccharide
antigens [20].

In recent studies by Musher et al and Manoff et al, primary
vaccination and revaccination within 3-5 years with PPV induced
antibody response in middle-aged and older adults [30,33] without
evidence of significant hyporesponsiveness with revaccination.
Nonetheless, as mentioned above, Musher et al reported that
subjects who had received PPV within a year of prior vaccination
had almost no response to revaccination with PPV, indicating that
this time interval may be too short and may induce hyporespon-
siveness. In contrast, Landgren et al reported that splenectomized
individuals with Hodgkin lymphoma showed improved immune
responses after repeated PPV vaccination beginning 1 year after
the iitial PPV dose [34]. In our study lower response after
revaccination for serotypes 4 and 6B in PPV/PPV group and for
serotypes 4, 9V, 18C and 23F in 7vPnC/PPV group was detected.
It is unclear why hyporesponse to second vaccination occurs for
these serotypes.

There are limited data on longitudinal follow-up of pneumo-
coccal antibody levels in organ transplant recipients. McCashland
et al vaccinated patients with chronic liver disease who went on to
receive a liver transplant. Pneumococcal antibody levels declined
to baseline levels rapidly in the first few months post-transplant
[35]. In a study by Blumberg et al [5], 7 heart transplant recipients
showed a decline in antibody titer to 50-80% over 2 years. In
renal transplant recipients, Kumar et al found a significant decline
of vaccine response 3 years after vaccination and use of conjugate
vaccine did not improve the durability of response [36]. However,
it was not shown how quickly the antibodies decline in such high
risk patients. In an earlier study in 33 renal transplant recipients,
patients were found to have significantly waning antibody levels 2
years post-polysaccharide vaccine [37,38].

In the present study we measured antibody concentrations 1
year after vaccination with 7vPnC or PPV and found that
serotype-specific IgG titers decreased after both vaccine regimes.
However, in comparison with baseline, no significant difference
was detected in antibody response 8 weeks and 1 year after
vaccination with single dose of 7vPnC or PPV.

On the basis of the above data, in the present study we also
revaccinated the PPV group 1 year after the initial PPV dose to
evaluate whether this approach might show a benefit in immune
response. Our results showed that the PPV/PPV regimen leads to
no significant improvement of the immune response when
compared with single PPV vaccination.

Although many of the diseases that routine immunization
prevents are rare in recipients of solid organ transplants, it is
important that these patients remain up to date with their
immunizations. As result of immunosuppression, antibody titers
achievable in transplant candidates are often suboptimal and,
associated with the underlying liver or renal failure, antibody
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responses are usually even worse when vaccines are given after
transplantation. However, immunosuppressive therapy is contin-
ually being improved and in most cases little is known about the
impact of the more recently adopted regimes on durability of
antibody response. We found that use of corticosteroid or use of
triple therapy comprising glucocorticoids (prednislone), calcineurin
inhibitors (cyclosporine or tacrolimus), and purine synthesis
inhibitors (mycophenolate mofetil, azathioprine) did not affect
the immune response. The 7vPnC vaccine is T cell dependent and
stimulates production of memory B cells. In the present study,
although we hypothesized that memory B cells may be further
stimulated by a polysaccharide booster to produce higher antibody
titers than observed with administration of the standard single-
dose PPV, no benefit of revaccination could be detected.

A limitation of our study is that we used anti-pneumococcal IgG
antibodies measured by ELISA as a surrogate marker for vaccine
efficacy. However, there is no consensus regarding the antibody level
that provides protection against infection in adults, nor what defines
an appropriate vaccine response [16]. Although older adults develop
antibody titers that are similar to those in their younger counterparts,
these antibodies have reduced function [39] and ELISA cannot
distinguish between functional and nonfunctional antibodies [40]. A
further limitation of our study is that we did not measure in vitro
opsonophagocytic killing (OPK) activity of serum antibodies with a
phagocytic cell line. OPK has been shown to correlate with immune
protection in animal studies [41] but there have been no studies
correlating OPK assay results with protection in adults. Furthermore,
unlike ELISA, the available 7-serotype opsonophagocytic assayisnot
standardized or validated.

We were also limited by the relatively small sample size of
patients and by 18 of the 80 (22.5%) patients dropping out of the
study, a higher drop-out rate than expected. The logistic
regression analysis should therefore be regarded as exploratory,
since the power to detect variables of significance is limited.

In conclusion, although the strategy of revaccination 1 year later
after primary vaccination did not cause any significant adverse
events, such as rejection, our results suggest no additional benefit
of sequential pneumococcal vaccination with 7vPnC followed by
PPV in adult recipients of renal transplants. Although a stronger
immune response was seen in the PPV/PPV group than in the
7vPnC/PPV group, significant increase in antibody response was
seen for two serotypes only.

Supporting Information

Figure S1 Flow chart.
DOCX)

References

1. Linnemann CC, First MR (1979) Risk of pneumococcal infections in renal
transplant patients. JAMA 241: 2619-2621.

2. Fedson DS (1999) Pneumococcal vaccination for older adults: the first 20 years.
Drugs Aging 15 Suppl 1: 21-30.

3. Hjuler T, Wohlfahrt J, Staum Kaltoft M, Koch A, Biggar R], et al. (2008) Risks
of invasive pneumococcal disease in children with underlying chronic diseases.
Pediatrics 122: €26-32.

4. Danzinger-Isakov L, Kumar D (2009) Guidelines for vaccination of solid organ

transplant candidates and recipients. Am J Transplant 9 Suppl 4: S258-262.

. Blumberg EA, Brozena SC, Stutman P, Wood D, Phan HM, et al. (2001)
Immunogenicity of pneumococcal vaccine in heart transplant recipients. Clin
Infect Dis 32: 307-310.

6. Sarmiento E, Rodriguez-Hernandez C, Rodriguez-Molina J, Fernandez-Yanez
J, Palomo J, et al. (2006) Impaired anti-pneumococcal polysaccharide antibody

production and invasive pneumococcal infection following heart transplantation.
Int Immunopharmacol 6: 2027-2030.

7. de Roux A, Schmole-Thoma B, Siber GR, Hackell JG, Kuhnke A, et al. (2008)
Comparison of pneumococcal conjugate polysaccharide and free polysaccharide

wr

PLOS ONE | www.plosone.org

Pneumococcal Vaccines and Renal Transplantation

Figure S2 Geometric mean concentration (GMC) of 10
serotype-specific antipneumococcal IgG serum antibod-
ies at baseline (A), 8 weeks (B) and 1 year (C) after
vaccination with 7vPnC and PPV, and 8 weeks after
revaccination with PPV (D). Note that the Y-axis scale for
serotype 14 differs from the other serotypes (with 95% confidence
interval). Serotypes 1, 5, and 7F are not included in the 7vPnC
vaccine.

(TIF)

Figure S3 Fold increase of antibody response in the
7vPnC/PPV group 8 weeks after revaccination com-
pared with the immune response of the PPV group 8
weeks after vaccination. Fold increase in ELISA concentra-
tions were determined by dividing the post-vaccination concen-
trations by the pre-vaccination concentrations in each group.

(TIF)

Figure S4 Fold increase of antibody response compared
with baseline 8 weeks after revaccination with PPV. Fold
increase in ELISA concentrations were determined by dividing the
final post-vaccination concentrations by the pre-vaccination
concentrations in each group.

(TIF)

Figure S5 Percentage of subjects responding to each
serotype 8 weeks after vaccination on the basis of
serotype-specific antibody response. Serotypes 1, 5, and
7F are not included in the 7vPnC vaccine. a) after first vaccination;
b) after second vaccination

(TTF)

Checklist S1 CONSORT 2010 checklist of information
to include when reporting a randomised trial.

DOC)

Protocol S1 Trial Protocol.
(DOC)

Acknowledgments

We thank Gabriele Janik for her help in enrolling and monitoring study
participants and Heidi Winkler for assistance in laboratory procedures.

Author Contributions

Conceived and designed the experiments: ST VP GSP MR HB. Performed
the experiments: ST VP HB. Analyzed the data: ST HB. Contributed
reagents/materials/analysis tools: ST HB. Wrote the paper: ST HB.

vaccines in elderly adults: conjugate vaccine elicits improved antibacterial
immune responses and immunological memory. Clin Infect Dis 46: 1015-1023.

8. Kumar D, Rotstein C, Miyata G, Arlen D, Humar A (2003) Randomized,
double-blind, controlled trial of pneumococcal vaccination in renal transplant
recipients. J Infect Dis 187: 1639-1645.

9. Kumar D, Chen MH, Wong G, Cobos I, Welsh B, et al. (2008) A randomized,
double-blind, placebo-controlled trial to evaluate the prime-boost strategy for
pneumococcal vaccination in adult liver transplant recipients. Clin Infect Dis 47:
885-892.

10. Stoehr GA, Rose MA, Eber SW, Heidemann K, Schubert R, et al. (2006)
Immunogenicity of sequential pneumococcal vaccination in subjects splenecto-
mised for hereditary spherocytosis. Br J Haematol 132: 788-790.

11. Lesprit P, Pedrono G, Molina JM, Goujard C, Girard PM, et al. (2007)
Immunological efficacy of a prime-boost pneumococcal vaccination in HIV-
infected adults. AIDS 21: 2425-2434.

12. Molrine DC, Hibberd PL (2001) Vaccines for transplant recipients. Infect Dis
Clin North Am 15: 273-305, xii.

13. Gattringer R, Winkler H, Roedler S, Jaksch P, Herkner H, et al. (2011)
Immunogenicity of a combined schedule of 7-valent pneumococcal conjugate

September 2012 | Volume 7 | Issue 9 | e46133



20.

21.

22.

23.

vaccine followed by a 23-valent polysaccharide vaccine in adult recipients of
heart or lung transplants. Transpl Infect Dis.

Siber GR, Chang I, Baker S, Fernsten P, O’Brien KL, et al. (2007) Estimating
the protective concentration of anti-pneumococcal capsular polysaccharide
antibodies. Vaccine 25: 3816-3826.

. Goldblatt D, Southern J, Andrews N, Ashton L, Burbidge P, et al. (2009) The

immunogenicity of 7-valent pneumococcal conjugate vaccine versus 23-valent
polysaccharide vaccine in adults aged 50-80 years. Clin Infect Dis 49: 1318
1325.

. Metersky ML, Dransfield MT, Jackson LA (2010) Determining the optimal

pneumococcal vaccination strategy for adults: is there a role for the
pneumococcal conjugate vaccine? Chest 138: 486-490.

. Edwards KM, Griffin MR (2003) Great expectations for a new vaccine.

N Engl ] Med 349: 1312-1314.

. Jackson LA, Neuzil KM, Nahm MH, Whitney CG, Yu O, et al. (2007)

Immunogenicity of varying dosages of 7-valent pneumococcal polysaccharide-
protein conjugate vaccine in seniors previously vaccinated with 23-valent
pneumococcal polysaccharide vaccine. Vaccine 25: 4029-4037.

. Dransfield MT, Nahm MH, Han MK, Harnden S, Criner GJ, et al. (2009)

Superior immune response to protein-conjugate versus free pneumococcal
polysaccharide vaccine in chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 180: 499-505.

O’Brien KL, Moisi J, Moulton LH, Madore D, Eick A, et al. (2007) Predictors of
pneumococcal conjugate vaccine immunogenicity among infants and toddlers in
an American Indian PnCRM?7 efficacy trial. J Infect Dis 196: 104—114.

Kilpi T, Ahman H, Jokinen J, Lankinen KS, Palmu A, et al. (2003) Protective
efficacy of a second pneumococcal conjugate vaccine against pneumococcal
acute otitis media in infants and children: randomized, controlled trial of a 7-
valent pneumococcal polysaccharide-meningococcal outer membrane protein
complex conjugate vaccine in 1666 children. Clin Infect Dis 37: 1155-1164.
Ahman H, Kayhty H, Tamminen P, Vuorela A, Malinoski F, et al. (1996)
Pentavalent pneumococcal oligosaccharide conjugate vaccine PncCRM is well-
tolerated and able to induce an antibody response in infants. Pediatr Infect Dis J
15: 134-139.

Zangwill KM, Greenberg DP, Chiu CY, Mendelman P, Wong VK, et al. (2003)
Safety and immunogenicity of a heptavalent pneumococcal conjugate vaccine in

infants. Vaccine 21: 1894-1900.

. Blum MD, Dagan R, Mendelman PM, Pinsk V, Giordani M, et al. (2000) A

comparison of multiple regimens of pneumococcal polysaccharide-meningococ-
cal outer membrane protein complex conjugate vaccine and pneumococcal
polysaccharide vaccine in toddlers. Vaccine 18: 2359-2367.

. Baxendale HE, Davis Z, White HN, Spellerberg MB, Stevenson FK, et al. (2000)

Immunogenetic analysis of the immune response to pneumococcal polysaccha-
ride. Eur J Immunol 30: 1214-1223.

. Goldblatt D, Hussain M, Andrews N, Ashton L, Virta C, et al. (2005) Antibody

responses to nasopharyngeal carriage of Streptococcus pneumoniae in adults: a
longitudinal household study. J Infect Dis 192: 387-393.

. Chan CY, Molrine DC, George S, Tarbell NJ, Mauch P, et al. (1996)

Pneumococcal conjugate vaccine primes for antibody responses to polysaccha-

PLOS ONE | www.plosone.org

28.

29.

30.

31.

32.

34.

36.

37.

38.

39.

40.

41.

Pneumococcal Vaccines and Renal Transplantation

ride pneumococcal vaccine after treatment of Hodgkin’s disease. J Infect Dis
173: 256-258.

Miernyk KM, Parkinson AJ, Rudolph KM, Petersen KM, Bulkow LR, et al.
(2000) Immunogenicity of a heptavalent pneumococcal conjugate vaccine in
Apache and Navajo Indian, Alaska native, and non-native American children
aged <2 years. Clin Infect Dis 31: 34-41.

Kumar D, Humar A, Plevneshi A, Green K, Prasad GV, et al. (2007) Invasive
pneumococcal disease in solid organ transplant recipients—10-year prospective
population surveillance. Am J Transplant 7: 1209-1214.

Musher DM, Manof SB, Liss C, McFetridge RD, Marchese RD, et al. (2010)
Safety and antibody response, including antibody persistence for 5 years, after
primary vaccination or revaccination with pneumococcal polysaccharide vaccine
in middle-aged and older adults. J Infect Dis 201: 516-524.

Jackson LA, Benson P, Sneller VP, Butler JC, Thompson RS, et al. (1999) Safety
of revaccination with pneumococcal polysaccharide vaccine. JAMA 281: 243~
248.

Artz AS, Ershler WB, Longo DL (2003) Pneumococcal vaccination and
revaccination of older adults. Clin Microbiol Rev 16: 308-318.

. Manoff SB, Liss C, Caulficld MJ, Marchese RD, Silber J, et al. (2010)

Revaccination with a 23-valent pneumococcal polysaccharide vaccine induces
clevated and persistent functional antibody responses in adults aged 65>
or =years. J Infect Dis 201: 525-533.

Landgren O, Bjorkholm M, Konradsen HB, Soderqvist M, Nilsson B, et al.
(2004) A prospective study on antibody response to repeated vaccinations with
pneumococcal capsular polysaccharide in splenectomized individuals with
special reference to Hodgkin’s lymphoma. J Intern Med 255: 664-673.

. McCashland TM, Preheim LC, Gentry MJ (2000) Pneumococcal vaccine

response in cirrhosis and liver transplantation. J Infect Dis 181: 757-760.
Kumar D, Welsh B, Siegal D, Chen MH, Humar A (2007) Immunogenicity of
pneumococcal vaccine in renal transplant recipients—three year follow-up of a
randomized trial. Am J Transplant 7: 633-638.

Linnemann CC, Jr., First MR, Schiffman G (1981) Response to pneumococcal
vaccine in renal transplant and hemodialysis patients. Arch Intern Med 141:
1637-1640.

Linnemann CC, Jr., First MR, Schiffman G (1986) Revaccination of renal
transplant and hemodialysis recipients with pneumococcal vaccine. Arch Intern
Med 146: 1554-1556.

Romero-Steiner S, Musher DM, Cetron MS, Pais LB, Groover JE, et al. (1999)
Reduction in functional antibody activity against Streptococcus pneumoniae in
vaccinated elderly individuals highly correlates with decreased IgG antibody
avidity. Clin Infect Dis 29: 281-288.

Johnson SE, Rubin L, Romero-Steiner S, Dykes JK, Pais LB, et al. (1999)
Correlation of opsonophagocytosis and passive protection assays using human
anticapsular antibodies in an infant mouse model of bacteremia for
Streptococcus pneumoniae. J Infect Dis 180: 133-140.

Romero-Steiner S, Libutti D, Pais LB, Dykes J, Anderson P, et al. (1997)
Standardization of an opsonophagocytic assay for the measurement of functional
antibody activity against Streptococcus pneumoniae using differentiated HL-60
cells. Clin Diagn Lab Immunol 4: 415-422.

September 2012 | Volume 7 | Issue 9 | e46133



